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WELCOME GREETING 
 
Dear Symposium Participants:  

 

It is our great pleasure to welcome you all to the 20th International Symposium on 

Surfactants in Solution (SIS 2014), to be held in Coimbra.  

 

The genesis of this series of symposia dates back to 1976 when the premier event in this 

series was held with the title "Micellization, Solubilization, and Microemulsions." The 

highlight of the 1976 meeting was the illuminating presentation by Dr. Gilbert Spencer 

Hartley (a pioneer and a giant in the field of amphiphilic/amphipathic substances) entitled 

"Micelles: Retrospects and Prospects". Since 1976, this series of symposia has been held 

continuously on a biennial basis in many corners of the globe. The SIS2014 represents a 

significant milestone in the annals of SIS meetings as it is the 20th event, which is an 

important landmark. 

 

The scientific program of this meeting in Coimbra comprises 6 plenary lectures (by leading 

scientists in their fields), around 250 talks and 260 posters. This event will provide an ideal 

forum to initiate fruitful discussions, to exchange ideas and to establish collaborations on 

the diverse topics of surfactant science and technology. Both fundamental and applied 

aspects of surfactants will be covered, ranging from biomedical to nanotechnological 

applications, from self-assembled materials to technical formulations, from interfacial 

properties to molecular simulations, from energy conversion to green and bio-inspired 

materials. The participants in this conference hail from many countries and all continents, 

and thus, the meeting is truly international in scope, spirit and atmosphere.  

 

We very much appreciate your coming and sharing your latest research findings.  

 

Coimbra is a friendly university town with an outstanding historical heritage, in fact last 

year it was classified as UNESCO World Heritage site. The University, which was 

founded in 1290, is one of the world’s oldest. To visit the University of Coimbra is to 

pursue the intellectual history of the country in the school that graduated some of the most 

distinguished personalities in national science and culture. You will also find it especially 

rewarding to have the opportunity to visit Coimbra’s ancient monasteries, the Botanical 

Garden, the Roman town of Conimbriga and plenty of other sites and attractions. 

 

We greatly acknowledge all our sponsors for their generous support of this conference. The 

organization of this meeting has been a joint effort from members of the University of 

Coimbra and University of Porto, and so we are also grateful to volunteers from both 

institutions for helping materialize this program. We are also greatly indebted to all session 

chairpersons for their help in putting together the program. 

 

We are delighted that the University of Coimbra has this opportunity to be your host. We 

are looking forward to seeing you here in June 2014 and to make SIS2014 a memorable 

scientific and cultural experience. 

 

Sincerely, 

Kash Mittal, Artur Valente and Eduardo Marques 
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[PL1]   KASH MITTAL AWARD 

 

Lipid-Based Fluid Molecular Architectures for Delivery  

of Dendrimers and Macromolecular Bioactives 
  

Nissim Garti 

Casali Institute of Applied Chemistry, Department of Chemistry 

The Hebrew University of Jerusalem, Israel 

garti@mail.huji.ac.il 

 

 
In the last two decades we concentrated our effort in learning the physical properties of lipids and 

surfactants in solution. We designed and modified various molecular architectures with the aim of 

entrapment (solubilization) of bioactives and reactants in their core, or at their interfaces and 

explored the potential of these structures to serve as carriers and nanoreactors.  

We learned to prepare charge-charge complexes of proteins and hydrocolloids, emulsified 

microemulsions and double emulsions. In this presentation I will concentrate in bringing the major 

achievements derived from two families of vehicles for delivery of bioactives, nutraceuticals, 

antioxidants and drugs.  

The first delivery vehicle was termed NSSL (Nano Size Self-assembled Liquid) and the second 

MLDS (Modified Lyotropic Delivery Systems). 

In order to better understand the potential of each system we designed and adopted advanced 

analytical (PGSE-NMR, Chromatographic- NMR, Sub-zero DSC, EPR and ATR-FTIR) and 

theoretical (Monte Carlo simulations) tools... 

Fluid discontinuous cubic mesophases (V or QL phases) were made by incorporation of 

hydrotropes within the headgroups of the major lipophilic surfactants (glycerol monooleate, GMO 

and phosphatidyl choline, PL), and triglycerides (TAG) as spacers within the tails of the 

surfactants. In a similar way (different compositions) we managed to construct stable fluid 

modified reverse hexagonal mesophases (HmII) at room temperature.  

The length of the aqueous channels, the diameter of the tubes and the thickness of the oil phase 

were modified to accommodate high molecular weight guest molecules as solubilizates. 

Loading capacities and the interactions of various lipophilic as well as hydrophilic solubilizates 

(bioactive) with the surfactants interface were determined and characterized. 

The vehicles were used to solubilize class IV bioactives both insoluble and non-bioavailable 

compounds (such as lycopene, CoQ10, pytosterols, lutein, DHA curcumin, vitamins D and E) and 

macromolecules such as proteins, enzymes, DNA and SiRNA.  

Delivery profiles of various bioactives were studied across the guts membranes, skin (transdermal), 

ocular and transcellular. 

Several types of specific molecules were ‘anchored’ on the interface of the vehicle such as 

‘membrane recognition agents (PC)’, ‘penetrating agents’ and lipolysis enzymes to enable the 

structures to adhere to the membrane and open the tight junctions. The delivery patterns indicate 

enhanced penetration to the blood stream. Protein-based drugs (growth hormones, cyclosporine, 

and desmopressin. calcitonin) were solubilized in very significant loads and delivered at will. 

Multi step strategy was designed to deliver the drugs all the way from the guts to the blood stream 

and into specific organs, cells and the brain using derivatized dendrimers and/or tannic acid. 

In addition these vehicles were used as nano reactors for interfacial regioselective chemical and 

enzymatic reactions as well as nano reservoirs for interfacial crystallization and guiding species for 

crystallization of new polymorphic fats, lipids and drugs. 

Mesophases for ‘On-demand’ and ‘consecutive’ release of aroma, colorants, antioxidants and other 

bioactives can be formulated using physical (shear, ultrasound, temp.) and other controls 

(enzymatic and triggered release). 

Three start-up companies for making the NSSL and the LDS vehicles were established (Nutralease, 

LDS, Ocular NewCo) mainly for drugs that presently are given intravenous or subcutaneous.  
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KASH MITTAL AWARDEE 
 

 

PROF. NISSIM GARTI 
 

The Casali Institute of Applied Chemistry 

 The Hebrew University of Jerusalem, Israel 

 

Garti is a full professor of Chemistry and the Director of the Casali Institute of Applied Chemistry, 

The Department of Chemistry of the Hebrew University of Jerusalem, Israel.  

 

Garti was announced as a ‘distinguished professor’ and was titled as ‘Ratner Chair of Chemistry of 

the Hebrew University’ (2011). 

 

He was awarded with several international (and Israeli) prizes. Among the Awards are: “Life-Time 

Scientific Achievement in Food Science” (Israel, 2012), “Supelco Award” for Outstanding 

Achievements in Lipid Chemistry (AOCS, 2013) “Chang Award for Outstanding Scientific 

Achievements and Innovative Research“ of the American Oil Chemists Society (2011, AOCS), 

“Corporate Research Award” (AOCS, 2012), “The International Food Technologists Award for 

outstanding achievements in food science (IFT)”. Lord Kaye (British) Award (twice) and the 

Rockefeller Award for helping to feed the poor countries population and others. 

 

Recently he was recognized by the University as one of the 23 most important inventors and 

contributors to innovation in Israel and his contribution is acknowledged in the Hall of Fame of 

the University. 

 

Garti is the Director of the Casali Institute (for the second time) and was Director of the School of 

Applied Science and Technology. Presently he is also member of the Management Committee 

(Board of Directors) of the Hebrew University. Garti was lately (2013) nominated as “Chairman of 

the Innovation Forum of the Food Society of Israel”. 

 

Garti is the chairman and CEO of LDS-Lyotropic Delivery Systems (established 2012), Start-Up 

based on his technology, developing novel delivery vehicles for ocular use (Riboflavin and 

Cyclosporine), transdermal applications (diclofenac) , oral intake (Growth Hormone) and SC and 

IV applications (propofol). Some of the drugs are in phase I of Approval. 

 

Garti’s scientific achievements include over 90 patents, >390 peer reviewed publications along 

with 13 edited books and 85 chapters in books.  
 

Garti employs over 20 MsC, PhD students and postdocs.  

 

Garti published in the last 2 years over 30 scientific papers in peer reviewed journals. 

 

Over 90 MsC and 54 PhD students graduated under Garti’s direct supervision. One of them is now 

a full professor at the Casali institute and others are professors in other institutes in Israel, Denmark 

and the US. Some are R&D leaders and managing directors in industry in Israel and in the US. 

 

His research activities are in Colloid Chemistry, Food Science, Drug Delivery Systems , Nano 

Molecular Liquid Architectures, Self–assembly Mesophases, Interfacial Phenomena and Interfacial 

Reactivity (chemical and enzymatic), Crystallization and Polymorphism Phenomena , New 

Analytical Tools (chromatographic-NMR, SD-NMR, Sub-zero DSC), Dispersion Technology, 

Membranes, Nutraceuticals, Hydrocolloids/Proteins Interactions and Interfacial Activity, Liquid 

Encapsulation of Bioactives, Fats (physical properties, crystallization and enzymatic reactions). 
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Among his main activities are: “designing and preparing of new (patented) nano-sized fluid 

molecular architectures as delivery vehicles for nutraceuticals, cosmetoceuticals and 

pharmaceuticals. His major recent focus is on solubilization and delivery of macro bioactive 

molecules (DNA, RNA, Peptides, enzymes and drugs). 

 

His international activities are as consultant and R&D adviser to several global companies such as 

PepsiCo, Kraft Foods, Nestle, Ingredion, ADM and in Israel (Lycored, Shemen, PureN, Gat, Teva, 

Zohar Dalia) and many other R&D companies. 

 

Garti is focusing mainly on developing four major types of delivery vehicles: Modified Double 

Emulsions of W/O/W (MDE), novel fully dilatable and highly bioavailable nanosize self-

assembled liquid vehicles (NSSL), modified non-invertible microemulsions and novel fluid 

Lyotropic Liquid Crystals (LLC). 

 

Garti is composing novel molecular architectures from surface active molecules (surfactants and 

biopolymers) that self-assemble into liquid and fluid nanostructures. The nanostructures have very 

high solubilization (loading) capacities and are capable to encapsulate various non-soluble food 

additives and drugs. They are designed to by-bass the stomach and to adsorb selectively in the 

lumen, and deliver the bioactives to the blood stream. The new vehicles are protecting the 

bioactives against environmental degradation (on the shelf and in the digestive tracts). The vehicles 

were termed ‘Busses’. They are capable of entrapping also dendrimers attached to biomarkers and 

drugs and can migrate from the blood to the brain crossing the Blood Brain Barrier (BBB) and also 

penetrate cell membranes. 

 

Some of these vehicles are releasing the bioactives also trans membrane in a controlled and 

triggered release and are termed ‘on-demand‘ release vehicles. 

 

Garti established Adumin Food Ingredients (became a public company in 2003), Green Clouds 

(2004), Nutralease (2009) and LDS (2012). 

 

Nutralease is producing and marketing nutraceuticals loaded on NSSL vehicles, to the food 

industry. The company was purchased lately by Frutarom, Ltd. 

 

In February 2013 a new start-up called LDS (Lyotropic Delivery Vehicles) was established as 

R&D company making novel LLC vehicles. 

 

Garti’s activities are global. He is an associate editor of scientific journals and has organized 

several national and international conferences (the last one in October 2103 in Israel). Garti 

consults and is funded by global companies.  

 

Garti is active in the academic work at the Hebrew University, Hadassah Academic Institute 

(Board of Directors) and international activities (journals, organizing committees, etc).  
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[PL2] 

 

From Surfactants to Cells:  

Broad Implications of DNA Association with Cationic Species 
 

Maria Miguel, Carmen Morán, Diana Costa, Dan Lundberg, Mónica Rosa, Cecilia Leal, 

Rita Dias, Alberto Pais, Artur Valente, Björn Lindman 

 
Department of Chemistry, Coimbra University, Coimbra, Portugal 

Physical Chemistry, Lund University, Lund, Sweden 

mgmiguel@ci.uc.pt 

 

 

DNA associates strongly with cationic cosolutes: surfactants, lipids, proteins and polymers. Here 

we review a broad range of studies including aspects from simple systems to biological 

implications. 

The binding patterns for several systems are presented, illustrating the consequences of surfactant 

binding to DNA in terms of phase behaviour, compaction/decompaction and microstructure. These 

systems are characterized by a strong associative phase separation. In an attempt to mimic the 

DNA-histone interactions in chromatin, the phase behaviour and aggregate structures in different 

aqueous mixtures of DNA and cationic proteins were investigated.  
We also describe the preparation of covalent DNA gels and present their swelling-deswelling 

behaviour. It was found that covalent gels offer novel opportunities for monitoring DNA-cosolute 

interactions. A local phase separation in covalent gels can lead, in some conditions, to the 

formation of a surface phase, as a “skin”. The covalent gels can also be combined with a light-

triggered release feature, for DNA and pharmaceuticals. 

Based on the associative phase separation, the preparation of novel DNA particles by mixing DNA 

with surfactant and protein solutions can be achieved. Surface morphology, degree of DNA 

entrapment, swelling/deswelling behaviour and kinetics of DNA/protein release are also described. 

The different types of studies were performed for both double- and single-stranded DNA. 

Throughout, a stronger interaction is observed with denatured DNA. On the basis of these results 

and other observations it is found useful to view DNA as an amphiphilic polymer self-assembling, 

and interacting, by hydrophobic interactions. 

Cationic lipids and surfactants are efficient in compacting DNA and can also be efficient 

transfection agents. The effect of aminoacid-based surfactants on different formulations in 

transfection studies is presented. Furthermore, as exemplified in talk, the covalent gels and gel 

particles may have significant biotechnological applications.  

Finally, the matter of interactions between DNA and histones and the competition with lipids is 

addressed. 
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[PL3] 

 

The Coming of Age of Cryo-TEM in The Study of Surfactants in Solution 

 
Yeshayahu (Ishi) Talmon 

 
Department of Chemical Engineering and The Russell Berrie Nanotechnology Institute (RBNI), 

Technion-Israel Institute of Technology, Haifa 32000, Israel 

ishi@tx.technion.ac.il 

 
 

Cryogenic-temperature electron microscopy (cryo-EM) is now a mature methodology. Cryogenic-

temperature transmission electron microscopy (cryo-TEM) is now accepted as an almost standard 

tool in the study of complex liquids, i.e., liquid systems with aggregates or building blocks on the 

nanometric scale. Methodologies have been developed to help capture the nanostructure of liquid 

systems, while preserving their original state at a given concentration and temperature. Cryo-TEM 

is now widely used to study synthetic, biological, and medical systems. Originally developed for 

aqueous systems, it has been also applied successfully in the study of non-aqueous systems, even in 

unusual solvents, such as strong acids. 

 

Recent developments in high-resolution scanning electron microscopy (HR-SEM) have made it an 

ideal tool for the study of nanoparticles and colloids in viscous systems or in systems containing 

large objects, hundreds of nanometers and larger, in which small (nanometric) features are to be 

imaged, e.g., hydrogels or biological cells. Such system cannot be studied by cryo-TEM. Improved 

field-emission electron guns, electron optics and detectors have made it possible to image 

nanoparticles by SEM down to a few nanometers. Liquid nanostructured systems can now be 

studied by cryo-SEM, using much-improved cryogenic specimen holders and transfer systems, 

even without conductive coating. In recent years we have developed a novel specimen preparation 

methodology for cryo-SEM specimens that preserves the original nanostructure of labile complex 

liquids at specified composition and temperature, quite similarly to what had been done in cryo-

TEM. 

 

In my talk I will describe briefly the history of cryo-EM applied in the study of complex liquids, 

and the state-of-the-technology of cryo-TEM and cryo-SEM. I will demonstrate the application of 

our methodologies in nano- and biotechnology. Among others I will describe applications in the 

study of microemulsions, liotropic liquid crystals, blood microparticles, and carbon nanotubes in 

chlorosulfonic acid. I will also discus the still needed developments of the cryo-EM. 
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[PL4] 

 

Clay-Colloid Mixtures: From Liquid Crystals to Drilling Muds 
 

Henk N.W. Lekkerkerker 

 
Van't Hoff Laboratory for Physical and Colloid Chemistry 

Debye Institute for Nanomaterials Science, Utrecht University, The Netherlands 

h.n.w.lekkerkerker@uu.nl 

 
 

Swelling clay minerals are layered aluminosilicate compounds consisting of two tetrahedral layers 

sandwiching one octahedral layer .The whole structure bears a negative layer charge compensated 

by interlayer exchangeable cations. 

An important property of swelling clay minerals is their ability to form yield stress materials when 

dispersed in water which is used extensively in various industrial applications (drilling fluids, 

cosmetics,etc). 

The addition of small amounts of nanocolloids to clay suspensions leads to interesting, and 

potentially economically important effects. Addition of cationic Gibbsite ,Boehmite and Ludox CL 

(alumina coated silica spheres) nanocolloids to Hectorite and Montmorillonite dispersions leads to 

enhancements of all the rheological parameters characteristic of a gelling system. 

On the other hand adding anionic silica nanospheres to weak Hectorite gels leads the collapse of 

the gels, while the strong gels remain space filling, though their storage modulus and yield stress 

are compromised. 

Furthermore small amounts of silica spheres have a significant effect on the liquid crystal phase 

behaviour of Beidellite suspensions which show a true Isotropic–Nematic phase transition before 

gelation sets in (Paineau et al J. Phys. Chem. B 2009,113,15858). The addition of anionic silica 

nanospheres speeds up markedly the Isotropic-Nematic phase separation process and most 

impressively Beidellite suspensions trapped in a gel state attain Isotropic-Nematic phase separation 

on the addition of silica nanospheres. 

The microscopic mechanisms involved in the weakening of the rheology and modification of the 

liquid crystal phase behaviour of smectite clay suspensions upon the addition of anionic silica 

nanoparticles behaviour are not clear at this moment and constitute a challenging theoretical 

endeavour.  
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[PL5] 

 

Real-World Modeling of Living System with Surfactant:  

Self-Organized Structure and Dynamic Function 

 
Kenichi Yoshikawa 

 

Faculty of Life and Medical Sciences, Doshisha University, Kyotanabe 610-0394, Japan 

keyoshik@mail.doshisha.ac.jp 

 

 

1. Significance of Cell-Sized Confinement [1,2]  

All of the living cells on the earth maintain their lives by using closed membranes with the 

thickness of ~5nm. To gain insight into the effect of cell-sized confinement, many studies have 

been performed on model cellular systems. However, it has been rather difficult to evaluate the 

effect of cell-sized confinement, due to the technical difficulties of encapsulating desired amounts 

of specific genomic DNA, proteins, and substrates.  

 

2. Specific Conformation/Localization of Macromolecules under Cell-Sized Confinement 

We will show our recent results on the specific character of genomic DNA confined in a narrow 

space with tens of micrometer covered by lipid membrane.[1,2] It was found that, in a ‘crowding’ 

condition, DNA molecules are depressed onto the membrane surface by keeping elongated 

conformation. From the study with theoretical modeling, it is predicted the 

localization/conformation of proteins as well as genomic DNA is highly dependent on the stiffness 

of the surrounding membrane, which should be an interesting future target of experimental study. 

[3,4]  

 

3. Promotion of Genetic Activity under Cell-Sized Confinement  

It has been shown that biochemical reactions such as RNA transcription and protein expression 

from DNA are highly accelerated in cell-sized confinement covered by phospholipid monolayer.[5] 

It was also fund that all-or-none switching of the transcriptional activity is generated through the 

discrete transition of conformation /localization of genomic DNA under confinement.[6]  

 

4. Novel Methodology to Prepare Cell-Sized Liposome with Desired Content  

We will show the useful application of droplet transfer method to obtain stable, cell-sized liposome 

with desired amounts of contents, such as DNA, proteins, and energetic substrates. [7,8] 

 

 

[1] Yanagisawa, M.; Sakaue, T.; Yoshikawa, K. Characteristic behavior of crowding 

macromolecules confined in cell-sized droplets. In Inter. Rev. Cell Mol. Biol., 2014, 307, 175-204. 

[2] Hamada, T.; Yoshikawa, K., Materials, 2012, 5, 2292–2305.  

[3] Shew, C.-Y.; Kondo, K.; Yoshikawa, K., J. Chem. Phys., 2014, 140, 024907/1-9.  

[4] Glagoleva, A. A.; Vasilevskaya, V.V.; Yoshikawa, K.; Khokhlov, A. R., J. Chem. Phys., 2013, 

139, 244901/1-8.  

[5] Kato, A.; Yanagisawa, M.; Sato, Y.; Fujiwara K.; Yoshikawa, K., Scientific Reports, 2012, 2, 

283/1–5.  

[6] Tsuji, A; Yoshikawa, K., J. Amer. Chem. Soc., 2010, 132, 12464–12471.  

[7] Ito, H.; Yamanaka, T.; Kato S.; , Hamada, T.; Takagi, M.; Ichikawa M.; Yoshikawa, K., Soft 

Matter, 2013, 9, 9539–9547. 

[8] Yanagisawa, M.; Iwamoto, M., Kato, A.; Yoshikawa, K.; Oiki, S., J. Amer. Chem. Soc., 2011, 

133, 11774–11779.  
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[PL6] 

 

Dynamics of Surfactants at Interfaces 

 
Colin D. Bain 

 

Department of Chemistry, Durham University, United Kingdom 

c.d.bain@durham.ac.uk 

 

 

Most practical formulations contain surfactants for a diverse range of purposes, including as 

wetting agents, dispersants, emulsifiers, foam-formers, detergents, rheology modifiers and 

lubricants. Often, surfactants are used under dynamic conditions where the rate of adsorption of the 

surfactants to a surface and the response of the surface film to shear or dilation play an important 

role. The timescales involved can range from microseconds in applications such as inkjet printing 

or high-shear mixers to seconds or longer in shampoos or detergents. Surfactants are frequently 

used at concentrations above their critical micelle concentration and in combination with other 

surfactants or polymers. Consequently, the kinetics of aggregation, disaggregation and transport in 

the bulk phase play an important role in determining the time-dependent interfacial properties. This 

talk will describe our efforts in recent years to study the dynamics of surfactant adsorption on 

timescales from milliseconds to microseconds both in pure surfactant systems below the critical 

micelle concentration [1] and in more complex systems containing micelles [2, 3], mixtures of 

surfactants [2, 3, 4] or mixtures of surfactants with polymers [5]. Experimental platforms include 

overflowing cylinders (OFC) [1, 3, 5], axisymmetric jets [2] and wall jets [4]. 

Studies on the OFC show that medium-chain surfactants (chain length n = 10–12) typically show 

diffusion-controlled adsorption at the air-water interface, except very close to saturation coverage, 

with fast micelle breakdown kinetics [1]. Long-chain nonionic surfactants, however, show more 

complex kinetics in an OFC and in liquid jets that are very sensitive to the presence of ionic 

impurities, which we interpret as evidence for direct micellar adsorption [2, 3]. Interactions of 

charged surfactants with oppositely charged polymers show rich adsorption dynamics in which 

polymer-surfactant complexes and larger aggregates play an important role [5]. At the solid–liquid 

interface, the interplay between mass transport, bulk speciation and adsorption isotherms leads to 

unexpected dynamics of adsorption and desorption [4].  

 
 

 

 

 

 

 

 

The work presented here would not have been possible without the dedicated effort of many postdocs and 

PhD students, including T. Battal, E. Tyrode, L. Yang, I. Griffiths, M. Weiss, D. Colegate, A. Angus-Smyth, 

D. Woods and C. Yan. Financial support from the EPSRC, EU, ILL and Unilever is gratefully 

acknowledged.  

 

 

[1] Bain, C. D. Adv. Colloid Interface Sci. 2008, 144, 4–12. 

[2] Colegate, D. M.; Bain, C. D. Phys. Rev. Lett. 2005, 95, 198302. 

[3]Yan, C.; Angus-Smyth, A.; Bain, C. D. Faraday Discuss. 2013, 160, 54–61. 

[4] Woods, D. A.; Petkov, J.; Bain, C. D. J. Phys. Chem. B 2011, 115, 7353–7363. 

[5] Angus-Smyth, A.; Bain, C. D.; Varga. I.; Campbell, R. A. Soft Matter 2013, 9, 6103–6117.  
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[IL1] 

 

Adsorption Mechanisms of Polyelectrolytes and Proteins 
 

Zbigniew Adamczyk, Maria Morga, Aneta Michna 

 
J. Haber Institute of Catalysis and Surface Chemistry Polish Academy of Sciences, Poland 

ncadamcz@cyf-kr.edu.pl 

 

 

Kinetics of adsorption and monolayer stability of various cationic polyelectrolytes at 

solid/electrolyte interfaces were discussed. In order to properly interpret adsorption mechanisms of 

the polyelectrolytes their bulk characteristics were acquired by DLS, microelectrophoretic and 

dynamic viscosity measurements for various pHs and ionic strengths. From these measurements 

the diffusion coefficients, hydrodynamic diameters, intrinsic viscosities, electrophoretic mobilities 

and the electrokinetic (effective) charges per molecule were derived. It was demonstrated that in 

contrast to common views, the effective charge is only a small fraction, usually 10%, of the 

nominal charge predicted from the dissociation equilibria. It was also shown that using these 

experimental data acquired in the limit of low ionic strength,   the polyelectrolyte molecule contour 

lengths and backbone diameters can be predicted using the slender body theory. For higher ionic 

strength the molecules assume more collapsed conformations in accordance with molecular 

dynamic modeling where the effective ionization degree is considered. Subsequently, the kinetics 

of polyelectrolyte adsorption was analyzed with the emphasis focused on the in situ electrokinetic 

measurements (streaming potential). Using these methods, the coverage of polyelectrolyte in 

adsorption and desorption runs can be quantitatively determined. In this way, using the 3-

dimensional (3D) electrokinetic model, the desorption constants, the equilibrium adsorption 

constants and the binding energies of polyelectrolytes are evaluated with a precision inaccessible to 

other methods. It was shown that the binding energies agree with the model of discrete electrostatic 

interactions among ion pairs. The mean-field electrostatic interaction approach proved inadequate. 

The results obtained for polyelectrolytes were used as reference data for the interpretation of 

protein adsorption at various solid/electrolyte interfaces (mica, polymeric latex particles). It was 

demonstrated that the ion pair concept can be used for explaining anomalous adsorption of 

fibrinogen and serum albumins under physiological conditions, i.e., pH 7.4, 0.15 M NaCl, at 

surfaces bearing the same sign of surface charge as the protein molecules. 
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Supramolecular surfactants derived from host:guest complexes between a hexamethylated p-

sulfonatocalix[6]arene (SC6HM) and dodecyltrimethylammonium bromide (C12TAB) are 

reported. Supramolecular surfactants self-aggregate at concentrations much lower than that 

corresponding to pure dodecyltrimethylammonium bromide. Above the critical aggregation 

concentration, CAC, the concentrations of free and micellized surfactant are strongly influenced by 

the [SC6HM]. If there is free SC6HM in solution, the addition of C12TAB mainly results in 

increasing the concentration of micellized surfactant but when all SC6HM have been aggregated 

the addition of C12TAB results in increasing substantially the concentration of free surfactant in 

solution. When the concentration of free surfactant is equal to the CMC of the pure system a 

second independent aggregation process is observed. This aggregation behavior has many features 

similar to that of more complex systems made of surfactants in the presence of oppositely charged 

polyelectrolytes. In this way, calixarenes can serve as simple models to mimic polyelectrolytes and 

to get insights into the complex behavior displayed by these macromolecules.  
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Stimuli responsiveness in polymer design is burgeoning and is providing basis for diversely new 

and advanced materials. These advanced materials include switchable porosity in membranes and 

coatings, switchable particle formation and thermodynamically stable nanoparticle dispersions, 

mechanicochemically-coupling polymers that provide directed mechanical stress in response to 

intensive fields, and switchable stabilization and compatibility of nanomaterials in changing 

environments, among others. Ionic liquid acrylate surfactants facilitate the design of such 

switchable phenomena. The growth of ionic liquid applications and the concomitant incorporation 

of ionic liquids into polymeric materials have resulted in a plethora of new polymers based on the 

imidazolium group. Such polymers have been found to exhibit all of the above-articulated 

advanced material properties and can be distinguished as a class of cationic polyelectrolytes [1,2]. 

  In water and other solvents the interaction strength of various anions with the imidazolium group 

follows a Hofmeister series that imparts highly solvophilic character to highly solvophobic 

character depending on the particular anion-imidazolium ion-pair. We show that the dynamic range 

of these interactions spans 104 in concentration, and is the basis for tuning various stimuli 

responsive interactions [3]. The most fundamental effect is how these interactions affect polymer 

solubility. Switching solubility from high to low forms a basis for advanced dispersion phase 

transfer. It also provides approaches to switching between transparent gels and open cell porous 

materials. These effects are shown to be applicable to the formation of thin films by nanolatexes, 

and that subsequently can be transformed into porous membranes. Another exciting application 

area is the incorporation of such imidazolium groups into block copolymers. Block copolymers and 

nanolatexes have been demonstrated to be excellent stabilizers for nanocarbons and other materials 

in water [4]. When used by adsorption from solution, these nanolatexes behave as osmotic spheres 

and the triblocks as osmotic brushes; both classes of polymer are shown to immunize against 

Debye-Hückel charge screening induced coagulation. Particularly interesting are observations that 

di-stimuli responsive diblocks can reversibly form thermodynamically stable dispersions [5].  

  Highly stable and concentrated nanocarbon dispersions in water are shown to provide high 

performance new materials, including templated coatings with very high thermal conductivities 

(0.8 to 3 kW/m/K). Waterborne graphene dispersions, the most concentrated and most highly 

disperse to be reported to date, are shown to form optical-rheological fluids that become light 

reflecting in shear fields [6]. These graphene dispersions are also used to demonstrate a new type of 

deposition process based upon the stimuli responsiveness of the stabilizing copolymer. 

  Some insight into how these anion responsive polymers function has become empirically 

available, and much opportunity remains for significantly extending our understanding as well as 

designing more refined stimuli responsive advanced materials derived from imidazolium-based and 

related polymers. 
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The self-association process of surfactant molecules is nowadays widely represented in many 

fields, ranging from biological systems to technical applications and industrial products such as 

pharmaceuticals, cosmetics, detergents, paints, food, etc. Whereas hydrophobic effect is essential 

for micellization of nonionic amphiphiles, electrostatic interactions must be also considered when 

the micellization of ionic surfactants is discussed. In the ionic surfactant solution specific ion 

effects play an important role and affect the critical micelle concentration, size/shape of the 

micelles and thermodynamic parameters of the micellization process [1]. 

 

Whereas the micellization of cationic surfactants (especially dodecyltrimethylammonium chloride) 

in the presence of different salts  (anions) have been well investigated in last years [2-5], this is not 

the case for the anionic surfactants [1]. Therefore new experiments (isothermal titration calorimetry 

and electrical conductivity measurements) on some model anionic surfactants in water have been 

carried out. 

  

In this contribution first the influence of alkali metal cations on the micellization process of 

carboxylate surfactants in aqueous solution will be shown.  Next, the parameters for micellization 

process of   sodium dodecyl sulfate in the presence of short chain ionic liquids differing in 

hydrophobicity of cation will be presented.  New results for anionic surfactants will be compared 

with already reported values for cationic surfactants in salt solutions [2-5]. 

  

Finally, the effect of salt addition and nature of counterions on the thermodynamic parameters of 

the micellization of  ionic surfactants in water will be discussed. 
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Water at high temperatures and high pressures near the gas/liquid critical point (Tc = 374 ºC, Pc = 

22.1 MPa) shows properties that are remarkably different from those at ambient conditions. For 

example, the dielectric constant of water decreases to ~2 at 400 ºC and 25 MPa, the value of which 

is comparable to those of hydrocarbons [1]. Accordingly, water becomes freely miscible with 

various oils [2,3].  

We used this unique phase behavior to develop a novel bottom-up emulsification process, which 

we called MAGIQ (Monodisperse Nanodroplet Generation In Quenched hydrothermal solution). In 

this process, emulsification was performed by cooling homogeneous solutions of oil in supercritical 

water (SCW). Oil droplets were formed in a bottom-up manner by self-assembly of oil molecules 

(Fig. 1). A flow-type instrument was developed to perform MAGIQ. The instrument allowed to 

apply fast and deep temperature-quench, ~200 ºC/sec, to homogeneous solutions of oil in SCW so 

that the oil phase-separated rapidly to generate nano-sized droplets. Residence time of the oil was 

also kept short (less than 5 seconds) to prevent thermal degradation of the oil. In tests using 

dodecane and a nonionic surfactant, Brij 97, emulsions containing nano-sized and monodisperse 

dodecane droplets with average diameter of 61 nm were obtained in just 10 seconds [4]. The 

limiting size of droplets obtained by a high-pressure homogenizer was ~150 nm, confirming the 

advantage of the bottom-up approach for producing nano-sized droplets. 

 

 
Fig. 1. A–D) In situ optical microscopy images of droplets of dodecane in water taken at a constant pressure 

of 25 MPa. Images were taken while heating the mixture at 11.6 ºC/min. E and F) Formation of dodecane 

droplets upon cooling from (D) at 4.5 ºC/min. Scale bars represent 50 μm. 
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Bile salts (BSs) are biological surfactants with a very peculiar structure. They have a rigid and 

large steroid skeleton, carrying hydroxyl group(s) in specific positions and orientations, which is 

joined to a charged head by a chain spacer. Due to this structure, the self-assembly of BSs cannot 

be explained on the basis of the conventional geometric rules of surfactant packing and it is 

expected that they aggregate in very uncommon and ordered supramolecular arrangements. It has 

been shown that classes of rigid surfactants with new amphiphilic structures and self-assembly 

properties can be synthesized using bile salts as substrates.[1-5] In particular, it was reported that 

some of these surfactants can form thermo- or pH-responsive tubular aggregates,[1,2] whereas in 

mixtures of anionic and cationic forms of these derivatives catanionic tubules with tunable charge 

are formed.[3] Recently, new amino-acid or sugar-substituted derivatives have been synthesized, 

which form gels of extremely narrow hollow fibers [4] or monodisperse single walled tubules via 

scrolling of layers (Figure).[5] Self-associating molecules have shown a growing interest in the last 

decades for their employment in nanotechnology. The reported results demonstrate that bile acid 

derivatives could provide molecules with uncommon and versatile aggregation properties that 

could open up the possibilities for designing new nanostructured biomaterials. 

 

 
 

Figure: Examples of supramolecular aggregates of bile salt derivatives. 
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Peptide self-assembly has received considerable attention in the recent years. Peptides are 

composed of hydrophilic and hydrophobic amino acids, sequenced either randomly or in a custom 

designed fashion. The ability to sequence amino acids generates a new set of amphiphilic 

compounds that may or may not exhibit surfactant-like properties. In this work, as model peptides, 

homologous peptide series AnK where A is alanine, K is lysine and n=4, 6, 8 and 10 are used to 

study peptide self-assembly in aqueous medium. Based on the findings the question of 

thermodynamic equilibrium of peptide self-assembly is discussed. 

 
 

Figure. Tentative equilibrium phase diagrams of water-AnK peptide systems at room temperature, with n=4, 

6, 8, and 10. I denotes an isotropic liquid phase, X denotes a crystalline peptide phase, N & H are nematic 

and hexagonal phases of peptide nanotubes and L denote a peptide lamellar phase.  is the peptide volume 

fraction.  
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The behavior of fluoro- and hydrocarbon surfactants at solid /water interface is receiving increasing 

attention due to its importance for many engineering applications. For example, to ensure the 

durability of superhydrophobic coatings it is necessary that the surfactants molecules responsible 

for low surface energy of solids were irreversibly adsorbed onto the solid surface. Besides, the 

important factors influencing the value of surface energy of solids, and thus their functional 

properties, are the packing density and the orientational order of the fluoro- and hydrocarbon 

surfactants.  

In this presentation we will discuss the behavior of fluoro- and hydrocarbon surfactants at solid 

/water interface in long-term contact with electrolyte solutions with pH ranging from 1 to 13, and at 

different temperatures. The adsorption/desorption processes and the interaction of surfactants 

adsorbed on substrate /water interface with water will be analyzed on the basis of digital processing 

of sessile drop images completed with FTIR spectroscopy, EDS, and other methods. 
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Wetting properties, spreading and evaporation of surfactant solutions differ considerably from that 

of pure liquids. Wetting properties are determined by adsorption of surfactant at all interfaces 

involved. Adsorption on liquid/air and liquid/solid interface depends on surfactant chemistry. That 

is why the lower surface tension does not result automatically in better wetting properties [1]. 

Spreading of surfactant solutions causes redistribution of surfactant at the interface and in the bulk. 

As a result surface concentration gradients appear and spreading kinetics is influenced by solutal 

Marangoni effect. Disjoining pressure, being the driving force of spreading also depends on the 

local surfactant concentration [2]. 

During evaporation the local changes in the surfactant concentration can occur as well, but an 

increase in the total concentration due to a decrease of the droplet volume at concentrations below 

CMC also come into play. Nevertheless the evaporation of droplets of surfactant solutions is 

described very well by theory developed for pure liquids, especially at concentrations above CMC 

[3]. 

Here we present a thorough consideration of peculiarities in spreading and evaporation of 

surfactant solutions based on both theory and experimental results.   
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This work aims at the understanding of the role of the PEI-Fe(III) interaction in DNA 

condensation, using experimental and theoretical methods. An initial characterization of the binary 

mixture PEI-Fe(III) is followed by the study of the ternary mixture DNA-PEI-Fe(III). In the 

experimental part, chelation between PEI-Fe(III) is inspected by potentiometry and electrical 

conductance measurements and the respective importance for condensation analyzed. Three 

different mixing protocols for the components were imposed using different PEIs, both branched 

and linear. With the premixing of the condensing agents, the neutralization and condensation of 

DNA becomes less efficient. Results show the influence of PEI structural properties in the ternary 

mixture, with a larger removal of Fe(III) from the solution when less efficient PEI is added. 

Overall, a coherent picture in which Fe(III) compensates PEI, probably modulating the respective 

charge, emerges. Some points raised in the experimental part were rationalized using Monte Carlo 

simulations. Different architectured polycation (PC) chains were modeled and an interaction 

between PC and multivalent ions, mimicking chelation, imposed. It was found that chelation 

enhances polyanion (PA) compaction, irrespective of the PC architecture and charge density and 

the amount of multivalent ions in each polyplex compensates the negative charge unbalanced by 

the PC. The charge density and the ability of chelation of each PC dictate the disposition of each 

condensing agent along the PA backbone, and their coexistence strengthens PA compaction. The 

deep understanding of these ternary mixtures is a step forward in the optimization of such systems 

for application in gene delivery. 
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Piculell and co-workers introduced the concept of complex salts [1] in the study of polyelectrolytes 

mixed with oppositely charged surfactants. Complex salts are surfactant ions with polyelectrolytes 

serving as counter-ions. This fact reduces the complexity of the systems, since there is no excess 

salt present. Here we present a study of complex salts of cetyltrimethyl ammonium surfactants with 

carboxylate counter-ions being acetate, succinate, citrate and butyl tetra carboxylate, with the aim 

of investigating the effect of oligomerization of the counter-ions. More specifically, we use 

sorption calorimetry [2] to accurately determine the phase boundaries in the concentrated regime. 

The concentration intervals in which various hydrates and liquid crystalline phases exist are 

identified. The water activity is determined in the concentrated regime and the influence of 

counter-ion oligomerization on the water activity is discussed. 

With a combination of pulsed field-gradient and magic angle spinning NMR it has been possible to 

determine component resolved self-diffusion coefficients in the concentrated liquid crystalline 

regimes, with typically less than 10 water molecules per surfactant ion. The magnitude of the water 

diffusion rate, the influence of the degree of oligomerization of the counter-ions on their diffusion 

coefficients and the diffusion of the surfactants under these conditions will be presented.   
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Proteolytic degradation and release of microgel-loaded peptides was investigated for trypsin, 

poly(acrylic acid-co-acrylamide) microgels, and oppositely charged polylysine, using a method 

combination of confocal microscopy and micromanipulator-assisted light microscopy. Results 

show that trypsin-induced release of polylysine increased with increasing trypsin concentration, 

decreasing microgel charge density, and decreasing peptide molecular weight. While the microgel 

offered good protection against enzymatic degradation at high microgel charge density, it was also 

observed that the cationic peptide enabled trypsin to bind throughout the peptide-loaded microgels, 

even when it did not bind to the peptide-void ones. With the exception of highly charged microgels, 

proteolytic degradation throughout the peptide-loaded microgel resulted in the generation of short 

and non-adsorbing peptide stretches, giving rise to the concentration and peptide length 

dependence observed. A simple random scission model was able to qualitatively capture these 

experimental findings. Conversely, peptide loading strongly influences microgel matrix 

degradation in cases of strong association with the microgel network, here demonstrated by 

concanavalin A (ConA) incorporated in dextran microgels at different loadings, in the presence of 

free glucose competing for ConA binding, at different pH, and at different dextranase 

concentrations. Again, a simple scission model was able to qualitatively capture the experimental 

effects observed. Collectively, the results demonstrate that microgel-peptide interactions greatly 

affect both matrix degradation and proteolytic stability of microgel-loaded peptides, and need to be 

considered in the use of microgels, e.g., as carriers for protein and peptide drugs. 
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 “Clouding” is a common phenomenon with aqueous surfactant systems. It is due to the separation 

of a concentrated surfactant phase from a dilute one. Usually (but not always) the separated phase 

is a micellar (isotropic) solution. Typically the separated phase contains 10-30wt.% surfactant, 

while the dilute phase has a concentration at about the cmc.  All surfactant types show this 

behaviour, but under a variety of different conditions. The best known surfactants for clouding are 

the polyoxyethylene nonionics [CnH2n+1(CH2CH2)OH, CnEOm]. This phase separation occurs on 

heating to the cloud point/temperature (a lower consolute boundary). In fact this is the low 

temperature part of a closed miscibility loop. Similar behaviour also occurs with zwitterionic and 

ionic surfactants, but is much less common and requires specific conditions. This presentation will 

give an overview of the circumstances required for clouding and offer some insights into the 

molecular mechanisms. 

 

“Clouding” requires a net attractive interaction between the micelles. For CnEOm surfactants this 

arises from EO-EO attractions which increase with temperature, hence the lower consolute 

boundary. Micelle shape and size also play a major role in the behaviour. Important indications of 

micelle structures at the cloud point can be gleaned from the mesophases formed at higher 

concentrations. The concentration at which clouding is first observed is also a key indicator of 

micelle structure.  Nonionic surfactants with poly-hydroxy headgroups also show clouding, but the 

mechanism of attraction is less well understood. 

 

Zwitterionic surfactants give an upper consolute boundary, i.e. “clouding” on cooling. In this case 

the attraction arises from specific conformations of the headgroups – probably an electrostatic 

force. Ionic surfactants also show “clouding”, but for most the presence of electrolyte is required 

(Hofmeister effects). Again, micelle shape and size are important variables that determine the 

behaviour. 

 

“Clouding” frequently occurs during the formulation of surfactant products – sometimes it is 

desired, but often it is a negative property. This can be controlled by simple modifications to the 

formulation which change micelle shape or disrupt the inter-micellar attractions. 
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It is well established today that inorganic nanoparticles and self-assembled nanostructures, 

composed of, e.g., responsive amphiphilic block copolymers can be stabilized by carrying charges 

[1]. In this presentation, various aspects of charge-induced interactions will be discussed in the 

framework of different systems. 
 Results will be presented to show how the stabilization of poly(N-isopropylacrylamide) 

(PNIPAAM) microgels can be affected by factors such as polymer concentration, addition of ionic 

surfactant to particles without charged acid groups, amount of charged groups in the polymer, and 

pH [2,3]. 

 In a series of charged thermoresponsive diblock copolymers [4], containing PNIPAAM, we will 

show that the electrostatic stabilization effect of the particles is strongly contracted by the 

interchain associations generated through PNIPAAM segments at high temperatures.The 

magnitude of the temperature-induced turbidity change becomes larger as the length of the 

PNIPAAM block is enlarged and as the polymer concentration increases. It was found that the 

value of the cloud point drops with increasing polymer concentration, enlarged length of the 

PNIPAAM block, and augmented salinity. 

The formation and stabilization of micelles and core-shell particles from charged amphiphilic 

triblock copolymers that are responsive to temperature changes will be analyzed, and the intricate 

interplay between electrostatic and hydrophobic at elevated temperatures will be elucidated. The 

effect of an anionic and a cationic block in triblock copolymer species on the structure of the 

micelles will be illustrated. Both copolymer series display a transition temperature at elevated 

temperature, where the molecularly dispersed copolymers self-assemble into larger structures, 

which can be described as either spherical or cylindrical micelles. These structures are affected by 

the polymer composition, both with respect to the length of the temperature-sensitive block and the 

specific character of the charged block [5]. 

 In the last part of the presentation, the use of cationic diblock copolymers for gene delivery will be 

discussed. For this purpose, thermoresponsive block copolymers formed by units of N-

isopropylacrylamide and of (3-acrylamidopropyl)trimethylammonium chloride to efficiently 

deliver siRNAs were examined [6]. An extensive study was performed with four different 

copolymers using a human fibrosarcoma cell line as cell model. The silencing ability and 

cytotoxicity of the generated copolymer-based siRNA delivery systems were found to be dependent 

on the cloud point of the polymer, which corresponds to the transition temperature at which the 

aggregation or precipitation of the polymer molecules becomes thermodynamically more favorable 

than their solubilization. 

[1] Block Copolymers in Nanoscience, Lazzari, M., Liu, G., Lecommandoux, S., Eds. ; Wiley-

VCH : Weinheim, 2006. 

[2] Al-Manasir, N; Zhu, K; Kjøniksen, A.-L.; Knudsen, K. D.; Karlsson, G.;Nyström, B. 

1. 2009, 113, 11115. 

[3] Al-Manasir, N.; Zhu, K.; Kjøniksen, A.-L.; Knudsen, K.D.; Nyström, B. Colloid Polym. Sci. 

2012, 290, 931. 

[4]Bayati, S.; Zhu, K.; Trinh, L.T.T.; Kjøniksen, A.-L.; Nyström, B. 2012, 116, 11386. 

[5] Behrens, M.A.; Lopez, M.; Kjøniksen, A.-L.; Zhu, K.; Nyström, B.; Pedersen, J.S., J. Appl. 

Cryst. 2014 47, 22. 

[6] Ana M. Cardoso, A. M. et al. Mol. Pharmaceutics 2014, 11, 819−827.  
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The nature of tribocharge formed by rubbing two solids is not yet a matter of scientific consensus 

but new developments are now bringing new ideas and solutions to this problem. In this laboratory, 

we found that rubbing two different materials produces charge patterns of positive and negative 

charge on both surfaces, as opposed to the widespread view represented in the “triboelectric 

series”, according to which one of the surfaces acquires positive charge while the other becomes 

negative. Charge patterns have a fractal dimension higher than both surface roughness and 

chemical variations, evidencing the immobility of the charge-bearing species. On the other hand, 

charges are easily removed by rinsing with suitable liquids as e.g. ethanol. 

Since domains are well separated and the charged species can be extracted, they were identified 

using different analytical techniques: IR and Raman microspectral measurements, electron energy-

loss spectral imaging (EELS) and controlled pyrolysis. In the case of PTFE rubbed with LDPE, the 

results show that the positive species derive from polyethylene while the negative species are 

fluorocarbonoxyanions. Their formation is explained by using a mechanochemical mechanism: 

polymer chains are broken forming free-radicals that undergo electron transfer following their 

electronegativy. The formation of amphiphilic tribo-ions allow us to explain many interesting 

features of electrostatic charging, as the stability (evidenced in the Figure), the easy removal by 

solvents and charge segregation pattern, due to the well-known immiscibility of polymers and 

polymer fragments. 

 

 
Electrostatic potential distribution on a PTFE surface sheared with a spinning LDPE disk. Bright domains are 

positive, dark domains are negative. The plots show the potential variation with time for various positive and 

negative spots. 
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I will give an invited talk about application of advanced AFM based techniques to biological 

processes/phenomena. In the talk I will cover application of the following: 

 

•High resolution AFM imaging 

•Surface force mapping of cells  

•Adhesion force measurements between materials 

•Nanoindentation testing  

•High frequency band rheology analysis 
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Since their emergence in the 1970s, gemini surfactants have attracted great interest, mainly due to 

their superior surface properties when compared to their monomeric analogues.[1] The 

development of ever more efficient and effective compounds, presenting high biodegradability and 

low cytotoxicity, has been the aim of research groups worldwide, both from industry and academia. 

The evolution has been towards the inclusion of natural synthons (amino acids, peptides, sugars) 

into the molecular structure of the surfactants, which led to a significant enhancement of their 

toxicological profile.[2] In this context, our research team has been involved in the synthesis and 

assessment of the physicochemical properties and biological profile of amino acid based 

surfactants.[3-6] Herein, the recent advances with serine-based surfactants will be presented. 

Beginning with an explanation on the rational design of the surfactants, through the synthetic 

methodologies employed, the point of view of the synthetic chemist will be given. Further, the self-

assembling properties and main phase behavior features of these serine-based surfactants, their 

cytotoxic profile and their DNA-compaction capacity, will be discussed.  

 

  

 
 

Figure: Molecular structure and light microscopy/cryo-SEM images of aqueous dispersions of 

gemini surfactant (12Ser)2CON12, depicting vesicle aggregates. 
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One of the major paradigms in “soft matter” physics and chemistry is to take benefit of the weak 

mutual interactions between the constitutive molecules (surfactants, oil, water etc.), in order to 

assemble spontaneously structures with refined structural control at the molecular scale. 

Furthermore, the weakness of the interactions makes possible the design of stimulus-responsive 

systems, as a minor change in the environment (temperature, pH, ionic strength etc.) often 

translates into a spontaneous structural modification in the self-assembled system. 

However, these weak interactions also hinder using directly most of the surfactant mesophases as 

bulk, solid-state materials. It is particularly detrimental as the mesophases have otherwise the 

perfect characteristic sizes and chemical versatility to tailor nanomaterials with advanced 

functionalities. This raises the general issue of quenching the surfactant phases, in order to benefit 

both from the advantages of self-assembly, and from the durability requested for most solid-state 

nanomaterials. To date, quenching these soft nanostructures has essentially been addressed using an 

irreversible chemical modification, e.g. polymerisation of the surfactant or of monomers either in 

the polar or apolar phase. 

Here, I will discuss an alternative route which consists in thermal quenching, i.e. in self-assembling 

the surfactant phases at high (e.g. >50°C) temperature, and quenching them thermally at room 

temperature. I will first present the case of surfactant vesicles with solid-state bilayers at room 

temperature, which provides them with exceptional durability towards fusion and osmotic stress, 

and raises fundamental issues related to crystallization constrained in two dimensions. As a second 

example, I will show how the general approach of quenched self-assembly can be used to formulate 

proton conducting membranes for fuel cells, using microemulsions where the oil phase is solid at 

room temperature. This approach is conceptually simple, allows formulation of self-healing 

materials, and allows translating the rich phenomenology of soft matter in functional solid-state 

materials. 
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Nanogels, aqueous dispersion of hydrogel nanoparticles, are a received great interest due to their 

high water contents and small particle size. In this talk, diverse morphologies of self-assembled 

nanostructures of amphiphilic poly(amino acid)s, and their self-aggregates of cross-linked micelles 

will be discussed for biomedical applications such as drug delivery carriers and MRI contrast 

agents. Figure 1 shows that hydrophobic PSI was converted into hydrophilic poly(aspartic acid)s 

(PAsp) to obtain PEG-PAsp nanogels. The PEG-PAsp nanogels had small particle size in range of 

80~130 nm. PEG-PAsp nanogels can absorb 50 times volume of water as much as its polymer 

volume in SANS analysis. Nanogels formed by disulfide resembled the pH sensitive release of 

insulin and reversible cleavage in presence of reducing agents in tumor cells. 
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Aqueous three-phase surfactant systems (A3PS) are important, multicomponent, stable three-phase 

equilibria with coexisting forms in a single colloid system, but have been largely ignored regarding 

further characterization and application. Mixing simple, commercially available, single-tailed 

anionic/nonionic or anionic/cationic surfactants in water can spontaneously produce stable A3PS 

with coexisting multiscale self-assembled structures including discs, lamellas, micelles, and 

vesicles. The phase behavior, phase volume and aggregate structure may be readily adjusted by 

variation of surfactant ratios, concentrations, or temperature. As with conventional aqueous two-

phase systems (A2PS), A3PS may be applied in partition and extraction processes, and may also 

serve as a template for the synchronized, mild synthesis of CdS crystals with multiple 

morphologies and scales. We expect that this present work can expand recognition of A3PS for use 

in theoretical and applied studies. 
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Recently, interest has emerged in stimuli-responsive wormlike micelles (WLMs)due to their 

peculiar micellar structures, tunable rheological behaviours, and potential applications. Simpler 

“green” triggers for switching WLMs between an “on” and “off” state without compromising their 

inherent properties are also highly desirable.[1]Here we developed three CO2-triggered wormlike 

micellar systems based on the following surfactants respectively: “pseudo”-gemini surfactants 

containing a commodity anionic surfactant and a diamine with molar ratio of 2:1,[2] a C18-tailed 

polyamine,[3] and a C22-tailed tertiary amine.[4] Before introducing CO2, all of these surfactant 

solutions are low-viscosity emulsion-like fluid; however, upon bubbling CO2 for only 2 minutes, 

they immediately transform into transparent viscoelastic gels with viscosity thousandtimes higher 

than that of the original solution. When CO2 is displaced with N2 or air, the gels restore to their 

initial low-viscous cloudy state. Of special interest is that such a CO2-responsive behaviour is 

reversible when cyclically bubbling and removing CO2, and could be repeated several cycles 

without loss of response to CO2 (Figures 1A and 1B). Cryo-TEM observation before and after 

CO2 streaming reveals a microstructural transition from spherical micelles to WLMs networks, 

NMR characterization of the corresponding species attributes the mechanism to the protonation and 

deprotonation of the amine groups in the systems. Compared with traditional trigger of HCl, 

CO2 does not produce contamination and accumulation of by-products in the solution, which may 

prolong the switchable cycles. These unique features furnish CO2-switchable WLMs to thicken and 

separate specific fluids for a myriad of technological applications, particularly water-alternate-gas 

oil recovery process. 
 

 

Figure 1: The appearance (A), viscosity (B), and cryo-TEM images of C18-tailed polyamine aqueous 

solution before and after CO2 treatment. 
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Surfactants can create through self-assembly nanoscale environments of varying and tunable shape, 

dimensions, mobility, local polarity, concentration, and reactivity. Surfactants can thus nucleate or 

initiate nanoparticle (NP) formation, facilitate NP growth, and control NP size and shape. Surface 

active molecules can be further useful in surface-modifying NPs for dispersibility and 

compatibility, and in promoting long-range NP organization. The presentation will highlight 

findings from our research on the (a) size- and shape-controlled NP synthesis inside self-assembled 

templates formed by amphiphilic block copolymers (ABC) in the presence of selective solvents [1-

5], (b) ABC surface-modification and organization of pre-formed NPs [6], and (c) incorporation of 

NPs in ordered ABC matrices [7,8]. The interplay between the fundamentals of surfactant self-

assembly and these NP applications will be discussed so as to inform future design of NP systems. 
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Nano-emulsions, apart from an intrinsic fundamental interest have found an increasing use in many 

different applications (chemical, pharmaceutical, cosmetic, etc.). The advantages of using nano-

emulsions over conventional emulsions (or macro-emulsions) are a consequence of their small 

(submicrometer) droplet size which confers them stability against sedimentation or creaming and 

optical transparency. Although nano-emulsions, have been generally prepared by dispersion or 

high-energy emulsification methods, their formation by condensation or low-energy methods has 

focused a great deal of attention in the recent years. At present, the mechanisms of nano-emulsion 

formation by phase inversion low-energy emulsification methods using conventional surfactants 

(non-ionic or ionic) and nonpolar or semipolar oils are quite well established. Phase behaviour 

studies have shown that the size of the droplets is governed by the surfactant phase structure 

(bicontinuous microemulsion or lamellar) at the inversion point induced by either temperature or 

composition [1]. However, little is known concerning the formation of nano-emulsions by low-

energy methods in systems with a polymer dissolved in a polar solvent as oil component. These 

systems are interesting when nano-emulsions are used as templates for polymeric nanoparticles 

intended for biomedical applications [2]. In this lecture, nano-emulsion formation by the phase 

inversion composition (PIC) method in water/surfactant/polymer solution systems will be first 

discussed. This will be followed by a description of nano-emulsion characterization and properties 
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To have the benefits of water (a greener and inexpensive solvent) and to overcome the 

immiscibility problem of reaction components (reactants, catalyst, solvent, etc.), the surfactant 

micellar systems are effective means to carry out the organic synthesis in aqueous medium [1, 2]. 

The efficiency of micellar systems was demonstrated to establish greener and economic processes 

for selective synthesis of important chemicals. Some industrially important base catalyzed aldol 

condensation reactions (as model reactions) were performed in aqueous micellar medium using 

homogeneous catalysts (inorganic/ organic bases). In comparison of biphasic reactions in water (in 

absence of surfactant) or in neat condition, the reactions in aqueous micellar solution were 

observed to be significantly faster and selective to desired product without consumption of catalyst. 

The surfactant structure and concentration are major factors influencing the reaction rate and 

product selectivity. The results were interpreted in terms of surface pH, molecular cavities in 

micelles, total interfacial area created by rapid formation and disintegration of micelles as well as 

life time of micelles. In addition, it was observed that micelle brings the reactant(s) molecules in a 

specific orientation at the micellar surface and brings to an activated form for the reaction. The 

easier product separation, reusability of micellar solution and catalyst in consecutive reaction 

cycles are advantageous features of micellar assisted synthesis. 
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Sulfoxide, i.e. the partially oxidized thiol linkage, can be used as a nonionic hydrophilic headgroup 

in surfactant molecules. Sulfoxide surfactants were detailed in six US patents all prior to the early 

1980’s and have been the subject of ~15 refereed journal publications since they were first 

mentioned in the late 1950’s. Clearly however, these surfactants are not well-studied in the 

scientific literature, and in this talk I will discuss our work on surfactants based on this relatively 

unstudied headgroup. 

The sulfoxide surfactants that are the focus of this talk are shown in Figure 1 below, namely the 

esterification reaction product of (2-hydroxy-4-(methylthio)butanoate) (HMTBA) and a fatty 

alcohol and are the subject of a recent patent application. Because the former contains both an acid 

and a secondary alcohol, the former can react with itself and hence the number of hydrophilic 

groups can be controlled which in turn allows for longer hydrophobes. Other surfactants that can be 

built from the HMTBA building block include the reaction of a fatty acid with the alcohol (yields a 

carboxylate surfactant) as well as the reaction of an alcohol ethoxylate with HMTBA (gives a 

nonionic surfactant with two headgroup types). This talk will discuss the properties of this class of 

surfactants, focussing primarily on the structure shown in Figure 1 but some of the other analogues 

will be briefly discussed as well. 

Compared to other nonionic surfactants, surface tensions are very low, among the lowest ever 

found for hydrocarbon surfactants. Such low surface tensions are, in fact, a common characteristic 

for all sulfoxide surfactants. The solubility of sulfoxide surfactants is quite high; the salt tolerance 

of the anionic surfactant is orders of magnitude higher than for an analogous alkyl carboxylate and 

no evidence of coacervate phases has been found with the nonionic molecules unlike with 

ethoxylate-based surfactants. The foam stability of these molecules is quite low; the molecules do 

foam reasonably well but tend to make unstable foams. From a more practical perspective, these 

molecules have shown excellent efficacy in model laundry formulations. Our work shows that 

sulfoxides possibly represent a new commercially-relevant headgroup for nonionic surfactants. 

 

 

 
Figure 1- HMTBA (left) and structure of HMTBA-based sulfoxide surfactant (right). 
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Mixtures of anionic and nonionic surfactants are widely used in numerous applications. In these 

applications the different surfactants interact with each other and with the surfaces in the system. 

This regards especially the dispersion of solid particles in aqueous systems. The adsorption 

mechanism of surfactants at the solid-liquid interface is one important parameter for the stability of 

dispersions. 

In the present study the adsorption process of anionic surfactants, nonionic surfactants and their 

mixtures on non-polar (carbon black and graphite) and polar surfaces (silica) is investigated using a 

combination of adsorption isotherms, calorimetry, Atomic Force Microscopy (AFM) and High 

Resolution Fluorescence Microscopy (TIRF-M) in order to propose a model for the adsorption of 

mixtures. In addition to this, a comparison is done between the adsorption parameters and the 

stabilization behavior of solid particles by mixtures of different anionic and nonionic surfactants. 

The results obtained by the combination of the different techniques show a strong influence of the 

structure of the anionic surfactant and the nonionic surfactant on the adsorption behavior of the 

mixtures. 

The surfactants are adsorbed in a flat orientation to the non-polar surface with a further aggregation 

to micellar-like aggregates at higher concentrations. This could be assumed from the calorimetric 

data in combination with the adsorbed amounts dependent on the surface coverage. AFM 

measurements of the structure of the mixed surfactant layers on flat surfaces directly in the 

surfactant solution confirmed the results of adsorption experiments. They show semi-cylindrical 

structures starting already below the critical micelle concentration for the non-polar surface. In 

studies of the adsorption of surfactants on polar surfaces with AFM and TIRF-M spherical micelles 

could be identified. For mixtures of anionic surfactants with nonionic surfactants a complex 

behavior with different structures of the adsorbed layer on the polar and non-polar surfaces can be 

seen. The structures depend on the type and molecular mass of the nonionic surfactant. A model for 

the structure is discussed. 

A direct correlation of the results of the adsorption measurements to the stability of the dispersions 

was possible. 
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The importance of non-equilibrium effects in oppositely charged polyelectrolyte/surfactant (P/S) 

mixtures [1-2] and their influence on interfacial properties [3-4] are attracting increased attention. 

Here three distinct mechanisms by which bulk aggregates affect and can even control the interfacial 

properties of poly(diallyldimethylammonium chloride)/sodium dodecyl sulfate (Pdadmac/SDS) 

mixtures are identified in terms of adsorption vs. deposition under gravity [5] vs. trapping or 

spreading of particles delivered by convection [6]. Complementary surface-sensitive techniques 

were used to categorize samples at the air/water interface with respect to the dynamic changes in 

the bulk phase behavior, bulk composition and sample history. First, we show that aggregates 

spontaneously penetrate the adsorption layer depending on the particle charge, which is attributed 

to specific interactions with the oppositely charged headgroups of the surfactant monolayer. In this 

case, non-equilibrium effects can be harnessed to tune the interfacial properties simply by changing 

the sample handling method. In a second distinct mechanism, aggregates inherently become 

trapped at the interface as a result of convection during creation of the interface. This irreversible 

process is most pronounced for aggregates of minimum charge and depends on the state of bulk 

aggregation; see figure for Brewster angle microscopy images of samples in three different states 

with respect to the bulk composition (scale bar = 100 microns). A third mechanism occurs where 

aggregates are deposited at interfaces due to their transport under gravity. This process is mediated 

by aggregate density rather than charge and the influence on the properties of the interface depends 

on its location relative to the bulk liquid. The prevalence of each process critically depends on 

different factors, which are systematically outlined here for the first time. This work highlights the 

sheer complexity by which aggregates from the bulk can directly perturb the interfacial properties 

of a P/S mixture from equilibrium. Our findings [7] offer scope to understand seemingly 

mysterious unreproducible effects which can compromise the performance of formulations in wide 

ranging applications from foams to emulsions and lubricants.  
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Keratins are important structural fibrous proteins and are the main constituting components in skin, 

hair, wool, feathers, nails, horns and connecting tissues [1]. Their physical and biological studies 

have direct relevance to health and disease and also bear important implications to hair and skin 

care. In addition to personal care, there are many other reasons that require us to understand how 

keratins behave physically and how they interact with other molecules. Wool is predominantly 

composed of keratin proteins that provide desirable properties such as strength, insolubility, and 

moisture regaining and retaining. The purpose of this work is to develop water-soluble keratin 

polypeptides from sheep wool, which can be used to form smooth molecular layers and optically 

flat thin films. These model biointerfaces can facilitate various physical and biological 

measurements that would otherwise be too difficult to contemplate. Successful preparation of 

keratin samples was demonstrated by identification of molecular weights of the key components 

from gel electrophoresis and measurements of their surface tension and basic solution properties. 

Zeta potential measurements from keratin samples prepared demonstrated almost identical pH 

dependent surface charge distributions with isoelectric points around pH 3.5, showing that during 

purification by dialysis has completed removal of SDS used during wool fibre dissolution. 

Further studies from keratin adsorption onto solid surfaces by spectroscopic ellipsometry and 

neutron reflection have established the nature of the spin coated films. 
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As a kind of functional substance, the diverse performances of surfactants come from their specific 

aggregation and adsorption behavior in bulk phase and on interfaces derived by the amphoteric 

characters of the molecules. The adsorption of surfactants at the interfaces play a crucial role in 

many important industrial processes, such as deterging, flotation, oil extraction, deinking, etc. The 

detail information of the interfacial region is very important for undertanding the theoretical 

mechanism and building up the structure-performance relationship of the surfactants, but is not 

easy to get, primarily due to the shortage of experimental methods for studying the interface layer 

on a molecular level. Though a variety of modern experimental techniques, such as interfacial 

rheology, Raman, neutron reflection, fluorescence, SHG and VSF have been used to study the 

compositive, structural and dynamical properties of the interface layer, but the specific micro 

characteristics and the behavior of amphiphilic molecules could only be understood by inference.  

In our research, molecular dynamics (MD) simulation method was utilized to investigate the 

molecular array behavior of surfactants on water/silica, oil/water interfaces and in foam films, and 

the effect of inorganic cations was studied. It was found that the bivalent cationic ions combined on 

the negatively charged silica surface in mineral water medium and changed the adsorption trend of 

anionic, cationic and zwitteronic surfactants notably comparing with that in pure water, and the 

definite interation between multivalent cations and the ionic head groups of surfactants induced the 

obvious variation of the array behavior of the surfactant molecules on oil/water and gas/water 

interfaces, too. The results provided valuable information for deeply understanding of the 

experimental phenomena. 
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Langmuir monolayers of polymers and block copolymers [1] represent a very interesting model 

case of quasi-2D confined polymer systems since their thickness approaches the single molecule 

one, thus depicting the extreme case of confined environment, and since their dynamics are 

governed by few very specific interactions. For this reason, very recently, the interest of 

researchers toward the structure and the dynamics of Langmuir polymer monolayers has steadily 

grown up, showing a clear dependence of the chain conformation on the molecular weight and on 

the polymer-subphase interactions [2]. However, these studies have dealt only with homopolymer 

Langmuir films, i.e. with homogeneous layers, but it is well known that block copolymer 

monolayers phase separate into well defined nanostructures which are expected to affect the 

polymer conformation and dynamics. 

Here we report a full in situ structural and rheological characterization of a model weakly 

amphiphilic block copolymer, polystyrene-b-polymethylmethacrylate (PS-PMMA), which is 

known to form characteristic quasi 2D surface micelles when spread at the air/water interface, as a 

function of the relative blocks length, namely PS-PMMA 50-50 and PS-PMMA 66-33. In 

particular two block copolymers bearing the same length of the surface active PMMA block but 

different length of the hydrophobic PS one were spread on the air water interface and analyzed by 

means of Grazing Incidence X-Ray Scattering (GISAXS) and X-Ray Reflectivity (XRR) at ID10 

beamline of the European Synchrotron Radiation Facility. 

The GISAXS data for the PS-PMMA 50-50 confirm the presence of 2D spherical micelles which 

gradually approach each other by compressing the monolayer up to the phase transition at 12 

mN/m. This transition corresponds to the onset of chain entanglement among the PMMA coronas 

and, after it, the compressibility of the monolayer sensibly decreases. Conversely the PS-PMMA 

66-33, despite bearing the same PMMA block length, forms wormlike micelles whose distance 

among them is, at any surface pressure value, much higher than the distance requested for the 

PMMA chain entanglement. 

These results will be combined with the XRR data and the rheological characterization of the 

monolayers [3] to show that a different spreading behaviour has to be involved leading, for the case 

of the PS-PMMA 50-50 monolayer, to an extended conformation of the PMMA block and to a 

coiled one for the case of the PS-PMMA 66-33. 
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The physical interactions between globular proteins and ionic surfactants result in the formation of 

protein/surfactant complexes in aqueous solutions. If the components are similarly charged, the 

absolute value of the total charge of the complex can exceed significantly the corresponding value 

for a globule of pure protein. On the other hand, recent results show that the complex preserves its 

globular structure in a broad concentration range [1]. This gives a possibility to use the 

protein/surfactant complexes in the studies of the influence of the globular charge on the adsorption 

rate. In this work the charge of a globule of bovine serum albumin was changed at the expense of 

physical interactions between the globule and molecules of sodium dodecyl sulfate. The kinetic 

dependencies of the dynamic dilational surface elasticity indicate that the protein tertiary structure 

is preserved in the concentration range under investigation. The kinetic dependencies of the 

adsorbed amount were measured by the ellipsometry. A simple model based on the Smoluchowski 

equation was developed to describe the adsorption kinetics of the complexes between globular 

proteins and ionic surfactants at the gas-liquid interface. The results of calculations were compared 

with the data of ellipsometric measurements for solutions of the complexes between bovine serum 

albumin and sodium dodecylsulfate. The charge of the complex was the only fitting parameter. The 

obtained values of the charge were much less than those calculated from the dissociation constant 

of amino and carboxylic groups but agreed with the data [2] obtained from the electrophoretic 

mobility thereby indicating the counter ion condensation on the surface of the globule.  
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The structure and property of adsorbed film at soft interfaces including gas/liquid and liquid/liquid 

interfaces is a fundamental structure of more complicated molecular organized systems such as 

biological membranes and thus it is of significance to study the state of adsorbed film in order to 

understand the structure-function relation of them. 

Our previous studies on the adsorbed films at the hexane/water interface by interfacial tensiometry 

and X-ray reflection indicated that 1H,1H,2H,2H-perfluorodecanol (FC10OH) forms condensed 

monolayer in which the molecules orient almost normally to the interface, and that 

1H,1H,10H,10H-perfluorodecane-1,10-diol (FC10diol), which has two hydroxyl groups at both 

ends of hydrophobic chain, orients parallel and is densely packed in the condensed monolayer and 

then piles spontaneously to form multilayer.[1,2] 

We focus on, in this study, the effect of molecular orientation on the miscibility and structure of the 

adsorbed film in the mixed FC10diol-FC10OH system. The interfacial tension and X-ray 

reflectivity at the hexane solution/water interface were measured as a function of total molality m 

and composition of FC10OH in the mixture X2 under atmospheric pressure at 298.15K. The 

interfacial pressure vs. mean area per molecule curves showed that two kinds of condensed 

monolayers (C1 and C2) and multilayer (M) states appeared depending on m and X2. The phase 

diagram of adsorption indicated that FC10OH molecules are richer in C2 than in C1 state. The X-

ray reflectivity measurements manifest that the condensed monolayer below X2=0.985 is 

heterogeneous in which the normal- and parallel-oriented domains coexist at the interface (C1 

state), and that above X2=0.985 seems to be homogeneous with normal molecular orientation (C2 

state). The structure of M state depends on those of condensed monolayers, on which the molecules 

pile spontaneouly. 

The heterogeneous structure in C1 state is compared to that previously observed in the mixed 

system of FC10diol-FC12OH, which has longer fluorocarbon chain length than FC10OH, and will 

be discussed in terms of domain line tension. 
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Silica materials are used in a wide variety of industrial and consumer applications [1,2]. On the 

other hand, an exposure to silica-containing dusts is associated with a risk of lung diseases, i.e. 

silicosis, cancer or autoimmune disorders. The toxicity of silica is reduced if coated with 

phospholipid layers - lung surfactants (mostly phospholipid, DPPC) [3]. However, subsequent 

enzyme action restores cytotoxicity of the crystalline colloidal silica. Silica assemblies of 

phospholipid layers deposited on silica particles have attracted attention also because of their 

biomedical and biotechnological applications, e.g. as biological sensors and drug delivery system 

[1]. 

The aim of this study was to investigate the effect of DPPC monolayer on surface properties of 

powdered quartz (SiO2/DPPCML) and silicon wafer (Si/DPPCML) before and after phospholipase A2 

(PLA2) action. DPPC on quartz particles was deposited from chloroform solution and the 

monolayer on silicon surface by using the Langmuir-Blodgett technique. The surface free energy 

and its components of powdered quartz before and after contact with PLA2 solutions (NaCl or 

TRIS buffer) were determined from thin-layer wicking method based on penetration of probe 

liquids (water, formamide and diiodomethane) into the powder bed [4], and those of the supported 

DPPC monolayer on silicon were monitored by contact angle measurements of the probe liquids. In 

order to visualize the changes of structure of DPPC monolayer its topography images were 

obtained from AFM. The obtained results showed that most evident changes in wettability, 

apparent surface free energy, of DPPC monolayer supported on silicon (Si/DPPCML) and treated 

with PLA2 occur within first 15 min after initiation of the hydrolysis. The analysis of topography 

images of the phospholipid monolayer clearly reveals that degradation of monolayer has occurred. 

The modification of quartz powder with DPPC resulted in decrease of total apparent surface free 

energy which then has increased after the PLA2action, up to the value obtained for bare quartz. 

This again revealed the hydrolysis reaction. The influence of PLA2 on the surface free energy 

changes of DPPC monolayer deposited on silicon correlated with those observed for quartz powder 

and pointed out the complete hydrolysis of DPPC by PLA2 enzyme. The AFM images shed more 

light onto the modified DPPC monolayer topography during the hydrolysis catalyzed by PLA2 and 

confirmed the surface free energy changes. 
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Excipient proteins and surfactants play a key role in immuno-reagent storage and processing 

stability and are fundamental to the assay performance often by reducing non-specific binding 

(NSB). Immuno-reagent formulations are exposed to varied material surfaces during 

manufacturing, storage, and their use on automated immuno-analyzers. Understanding interaction 

of excipient proteins at these surfaces will help with design of better immunoassays. To this effect, 

interactions at solid-liquid interfaces were characterized using Quartz Crystal Microbalance with 

Dissipation monitoring (QCM-D). Adsorption behaviors on surfaces allowing either ionic 

interactions (stainless steel (SS) and glass) or non-ionic interactions (polystyrene (PS) and 

polytetrafluoroethylene (PTFE)) were studied. Normal human plasma proteins adsorbed on both 

types of surfaces with comparatively more adsorption on glass and SS than on PS and PTFE 

surfaces. Efficiency of conventional blockers, bovine serum albumin (BSA) and Mouse 

Immunoglobulin G (IgG) to reduce NSB from plasma proteins was compared. BSA prevented 

adsorption of plasma proteins on PS and PTFE surfaces, whereas Mouse IgG prevented adsorption 

of plasma proteins on SS and glass surfaces. Effect of non-ionic surfactants on NSB reduction 

effectiveness of excipient proteins was also characterized. Although a non-ionic surfactant mixed 

with Mouse IgG or BSA significantly reduced adsorption of the blocker protein on the non-charged 

surfaces, mixed layer of the surfactant and blocker protein, if any, did not prevent subsequent 

adsorption of the plasma proteins on those surfaces. The non-ionic surfactant mixed with Mouse 

IgG or BSA did not hinder adosorption of the blocker protein on charged surfaces with no impact 

on susequent adsorption behavior of plasma proteins. Results indicate that NSB reduction 

effectiveness was not predominantly dependent on the blocker but the surface that was being 

blocked.  
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We report on the competitive adsorption of dipalmitoylphosphatidylcholine (DPPC) and bovine 

serum albumin (BSA) at the surface of a gas bubble submitted to sinusoidal oscillations at 

frequencies close to those encountered in respiration. We found that DPPC can then totally displace 

BSA from the interface.[1] The periodical surface variations dramatically accelerate the adsorption 

kinetics of the phospholipid; induce a dilute-to-condensed phase transition in the interfacial film; 

and permanently decrease the interfacial tension.[2] In the absence of oscillations, BSA is rapidly 

adsorbed at the interface, hindering the access of DPPC. We show that application of prolonged 

periodical variations provides a convenient tool for investigating, and possibly counteracting, the 

inhibitory effect of BSA towards phospholipid adsorption at an interface. We further show that the 

kinetics of expulsion of BSA by DPPC can be increased by a further order of magnitude by 

introducing a fluorocarbon in the bubble’s gas phase.[3] Previous studies have established that 

fluorocarbons greatly facilitate DPPC re-spreading in Langmuir monolayers and prevent the 

deleterious effect of BSA penetration in these monolayers.[4,5] We have also established that 

fluorocarbons, when part of the bubble’s gas phase, dramatically lower the equilibrium interfacial 

tension of phospholipids, hence playing the unexpected role of a co-surfactant.[6,7] Our results 

should provide means of counteracting the potent lung surfactant inactivating effect of BSA. 
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Adsorption of synthetic and biological macromolecules on surfaces and interfaces is a field with 

great variety of applications because of its impact on the physicochemical properties i.e. 

biocompatibilty, stimuli-responiveness and stability of the modified surfaces. Physical adsorption 

of polyelectrolytes on flat surfaces is achieved by a variety of driving forces i.e. electrostatic, 

specific and hydrophobic. Interactions of proteins with adsorbed polyelectrolytes is a field of great 

biophysical interest [1]. In solution, diblock polyelectrolytes self-assemble into micelles. The 

hydrophobic blocks aggregate to form a dense core, whereas the hydrophilic polyelectrolyte blocks 

form a highly hydrated corona[2]. These micelles contain groups that interact with surface groups 

to form physical bonds upon adsorption. 

We use Surface Plasmon Resonance (SPR) to study the adsorption kinetics of poly-(tert-

butylstyrene-b-sodium (sulfamate/carboxylate) isoprene) (PtBS-b-SCPI) micelles on the 

silver/water interface and the interactions of the adsorbed layers with the oppositely charged 

lysozyme. The PtBS-b-SCPI micelles interact with lysozyme in solution mainly due to electrostatic 

attractions [3,4] and hence they are expected to interact on surfaces as well. SPR uses the excited 

plasmons formed at the interface of a thin metallic film and an insulating material (normally a 

glass) when light is totally reflected on the glass/metal interface [5]. As the angle of the incident 

light increases the reflected intensity passes through a minimum (resonance). Adsorption of 

substances on the metal surface from solution is detected by shifts in the resonance angle, making 

SPR a very sensitive tool for surface studies. 

The kinetics and adsorbed amount of micelles under study depends on the solution concentration. 

In the case of 0.5 mg/ml PtBS-b-SCPI we observe an initial abrupt adsorption mechanism, an 

intermediate-time mechanism and a long-time mechanism. The same mechanisms are found for the 

0.1mg/ml solutions but with lower adsorbed amounts and faster relaxation time (for the 

intermediate mechanism). Adding lysozyme to the solution we observe complexation with the 

adsorbed micelle layers and enhancement of adsorbed amount in comparison to the adsorption of 

lysozyme on the bare silver surface. For the dense adsorbed layers (0.5 mg/ml PtBS-b-SCPI) there 

are possible rearrangements of the adsorbed micelles caused by the incoming lysozyme globules. 
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We have recently reported the formation of vertically stratified films made from partially 

fluorinated alkanes [CnF2n+1CmH2m+1 or (FnHm)] that comprise a lower monolayer of surface 

micelles surmounted by a bilayer of the same FnHm[1]. In the present study, our objective is to 

investigate surface behavior of gemini-type partially fluorinated alkanes 

[(CnF2n+1CH2)(Cm−2H2m−3)CH− CH(CnF2n+1CH2)(Cm−2H2m−3) or di(FnHm)]. The binary interaction 

between the alkanes (F10Hm and di(F10Hm)) and dipalmitoylphosphatidylcholine (DPPC), which 

is a major component in pulmonary surfactants, have been elucidated to clarify the effect of the 

number of hydrophobic chains in the alkanes. Surface pressure ( )–molecular area (A) and surface 

potential ( V)–A isotherms for monolayers of F10Hm, di(F10Hm), and DPPC were measured on 

water at 298.2 K. The Wilhelmy method and the vibrating capacitor method (the Kelvin method) 

were used. The resultant data for these systems were analyzed using the additivity rule. The excess 

Gibbs free energy of mixing for the present systems were calculated from the −A isotherms. 

Assuming a regular surface mixture, the Joos equation, which allows description of the collapse 

pressure of a monolayer made of two miscible components, was used to establish the miscibility 

within the monolayer. An interaction parameter and an interaction energy were also calculated. The 

phase behavior for the binary DPPC/F10Hm and DPPC/di(F10Hm) systems was visualized with 

Brewster angle microscopy (BAM), fluorescence microscopy (FM), and atomic force microscopy 

(AFM). 
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Pentacyclic triterpenes (PT) are active pharmaceuticals in the therapy of multiple diseases [1], as 

cancers [2] and bacterial infections [3]. PT do not alternate the organization of normal membranes, 

but are considered mitochondrial toxins which can effectively disintegrate the inner membrane and 

trigger the process of apoptosis. Some authors suggest that PT can effectively interact with 

cardiolipins (CL) in membranes [4]; however, it was not experimentally corroborated. As both CL 

and PT are surface active and water insoluble, binary Langmuir monolayers turned out to be 

convenient model platforms for the investigation of PT with CL. In our investigation we applied six 

different PT belonging to three families: lupanes (lupeol, Lup and betulinic acid, BAc), oleananes 

(β-amyrin, AMbet and oleanolic acid, Ola) and ursanes (α-amyrin, AMalf and ursolic acid, Urs) 

and three different CL: tetralinoleoyl-CL (BHCL) – the main CL of mammalian mitochondria, 

tetraoleoyl-CL (TOCL) – CL of human lymphoblasts and CL extracted from E. coli (ECCL). For 

comparison we studied also binary systems containing the above mentioned PT and 

phosphatidylglycerols (PG) strictly correlated with the three CL investigated here. In our studies 

we applied Langmuir technique combined with Brewster angle microscopy (BAM). On the basis of 

surface pressure (π) – mean molecular area (A) isotherms the thermodynamic analysis of the excess 

free energy of mixing (ΔGexc) was also performed. Our results indicate that the interactions of PT 

with PG are energetically beneficial (negative values of ΔGexc). On the contrary, for multiple binary 

systems containing PT and CL the ΔGexc values were significantly positive, proving unfavorable 

interactions between these molecules. Therefore, it can be stated that among different anionic 

phospholipids present in mitochondrial and bacterial membranes, CL are the molecules specifically 

targeted by PT. Our results indicate that the most membrane-disintegrating terpenes are these 

belonging to ursane family, AMalf i Urs. Our studies performed on model systems indicate that the 

membrane activity of the oleanane family terpenes is lower and less specific as compared with the 

other groups. Regarding the lupane family, it turned out that betulinic acid can disintegrate BHCL 

monolayers but was inactive in the films of ECCL. These results are in accordance with the 

literature – BAc exhibit high anticancer activity but is inactive as antibacterial drug. 
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It was recently pointed out that measurements of the interfacial shear rheology of polymer and 

surfactant monolayers using standard surface rheometers lead to values of viscosity several orders 

of magnitude higher than those measured by microrheological techniques (particle tracking). [1] It 

was suggested that one of the possible sources of discrepancy might be the large difference of the 

Boussinesq number, Bo, for each of the families of surface rheometers.The aim of the present work 

is to check whether this suggestion is the source of the observed discrepancies. 

We have set-up a magnetic wire surface shear rheometer that using a magnetic microwire (diameter 

25 mm) allows to obtain the surface shear moduli over a broad range of Bo up to values close to 

those corresponding to microparticles trapped at the monolayer. By using the microwire we have 

been able to extend both the frequency and shear moduli ranges available to commercial magnetic 

needle rheometers. The use of the microwire allows one to measure shear modulus in the 1·10-7 to 

5·10-6 N/m range, which is not available with the standard magnetic needles with diameter larger 

than 100 mm. 

An insoluble monolayer of Pentadecanoic acid has been investigated with this equipment and also 

using the particle tracking technique. The results show that the values of the real and imaginary 

components of the surface shear modulus obtained with a standard magnetic needle and the 

microwire differ slightly.. However, there is still a noticeable discrepancy with the data obtained 

using particle tracking videomicroscopy [2]. This means that the explanation of the discrepancies 

based on the difference of the Boussinesq number is not correct for insoluble monolayers. 
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Ionic liquids are expected to function as novel lubricants due totheir attractive characteristics such 

as high thermal stability, low vapor pressure, and conductive property. For using of the ionic 

liquids as lubricants, it is necessary to find out the tribochemical decomposition mechanism of the 

ionic liquids. It is considered that the decomposition of ionic liquids is related to mechanical life 

and lubricating properties. Several investigations have performed to find out the mechanism of 

halogen-containing ionic liquids [1]. However, the halogen in the ionic liquids causes the formation 

of toxic hydrogen halide, and the corrosion of metallic materials. Thus, it is demanded to use the 

halogen-free ionic liquids for reduction of environmental burdens. In this study, the lubricating 

properties of halogen-free ionic liquids ([EMIM] [TCB] and [BMPL] [TCB]) on a nascent surface 

of AISI52100 were investigated by the ball-on-disk friction tester under vacuum condition. 

Outgassing due to tribochemical decomposition was analyzed with a quadrupole mass spectrometer 

(Q-mass). The sliding tests were performed at a normal load of 4.5 N, sliding speed of 52.3 

mm/sec., for 30 min. 

Figure 1 shows the behavior of friction andoutgassing pressure under lubrication with [EMIM] 

[TCB] and [BMPL] [TCB]. The fragments of CH3, C2H6, C3H8, and C4H10 are derived from the 

cationic component. The fragment of CN is derived from the anionic component. [BMPL] [TCB] 

showed lower friction coefficient than [EMIM] [TCB]. The outgassing derived from the cation of 

[EMIM] [TCB] was high in the initial stage. On the other hand, the outgassing derived from the 

anion was not changed during whole test time. The outgassing derived from the cation and anion of 

[BMPL] [TCB] was higher than that of [EMIM] [TCB]. Though, the amount of outgassing derived 

from the anion was lower than that derived from the cation. From these results, it is considered that 

cation was decomposed on the nascent steel surface and anion adsorbed on the surface. In addition, 

it is presumed that the large amount of anion, which bond is free, adsorbed on the nascent steel 

surface because [BMPL] cation was decomposed easily. 

From these results about lubricating properties and tribochemical decomposition, the 

decomposition of halogen-free ionic liquids lead to improve the lubricating properties due to the 

fosterage of anionic adsorption on the nascent steel surface. 

 
Figure 1 Variation in partial pressure due to sliding for (a) [EMIM] [TCB], (b) [BMPL] [TCB] 
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The effects of lateral geometric confinement on an adsorbed surfactant layer are the subject of this 

talk. Surfaces with random and controlled confining patterns were used. For random confinement, 

adsorption isotherms of cetyltrimethylammonium bromide (CTAB) at 20, 30, 40, 50 and 60°C on 

gold at two different roughnesses as quantified by AFM were measured using a QCM. Adsorbed 

mass was decreased with increasing substrate roughness, while the dissipation remained 

statistically unchanged. The speed of adsorption was also slower for the rough surfaces 

surprisingly, and clear evidence of cooperativity in adsorption was lost for the rough surface as 

well. The effect of lateral geometric confinements with controlled geometry was also studied. The 

pattern was a “trench” with silica at the bottom and polymethyl methacylate walls where the size of 

the trench varied between 30 and 60 nm. An atomic force microscope was used to obtain images of 

aggregates within the trench structures and compared to the images of aggregates with no 

confinement.  
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The Langmuir technique allows preparation of model membranes by spreading phospholipid 

monolayers at the air/water interface. Compared to lipid membranes in the form of bilayers, lipid 

monomolecular films (Langmuir films) are readily amenable to study via a rich variety of 

experimental techniques. Consequently, this approach offers a unique possibility of investigating 

the interaction between membranes formed and different molecules. 

Here, monomolecular films used as models of cell membranes were studied upon interaction with 

newly synthesized amphiphilic molecules. The molecules used were macrocycles and 

pseudopeptides conceived as potential antibiotics, ionophores or transfection agents. New insights 

in the mechanism of action of chosen calixarene, crown ether and gemini amphiphilic 

pseudopeptide derivatives will be presented. 

The surface pressure-area and surface potential-area compression isotherms, as well as Brewster 

angle microscopy and polarization-modulation infrared reflection-absorption spectroscopy were 

used to study the monolayers. Moreover, miscibility of the new molecules with membrane lipids 

and molecular modeling of those systems were performed. 

A better understanding of the mechanism of interaction obtained from Langmuir studies will allow 

engineering of new drug structures and may lead to more efficient and/or new pharmacological 

applications. 
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Biosensing methods and devices using graphene oxide (GO) have recently been explored for 

detection and quantification of specific biomolecules from body fluid samples, such as saliva, milk, 

urine, and serum [1-3]. For a practical diagnostics application, any sensing system must show an 

absence of non-selective detection of abundant proteins in the fluid matrix. Since lysozyme is an 

abundant protein in these body fluids (e.g. around 21.4 and 7 µg/mL of lysozyme is found in 

human milk and saliva respectively, from healthy individuals, and more than 15 or even 100 µg/mL 

in patients suffering from leukemia, renal disease, and sarcoidosis) [4-6], it may interfere with 

detections and quantification if it has strong interaction with GO. Therefore, one fundamental 

question that needs to be addressed before any development of GO based diagnostics method is 

how GO interacts with lysozyme. In this study, GO has demonstrated a huge quenching effect on 

fluorescence of lysozyme, yet it only slightly quenches other proteins, such as bovine serum 

albumin and human serum albumin. The nature of this strong interaction between GO and 

lysozyme is determined to be mainly an electrostatic interaction from studies of fluorescence 

quenching, zeta potential, dynamic light scattering, and atomic force microscopy. This interaction 

is so strong that we are able to subsequently eliminate and separate lysozyme from aqueous 

solution onto the surface of GO. Furthermore, the strong electrostatic interaction also renders the 

selective adsorption of lysozyme on GO from a mixture of binary and ternary proteins. This 

selectivity is confirmed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-

PAGE), fluorescence spectroscopy, and UV-vis absorption spectroscopy. 
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Cadmium (Cd) is a chemical element that is found naturally in a costal ground. In addition, 

significant amounts have been observed in industrial wastewaters [1]. The wastewater treatment for 

the removal of cadmium is considered difficult by traditional processes (chemical precipitation, 

adsorption with activated carbon and membrane techniques). The hydroxyapatite (HAP), 

Ca10(PO4)6(OH)2 is considered a bioceramic material with great potential for metal ions removal 

[2]. In this context, the present study aims to synthesize, characterize and analyze the potential of 

HAP for the removal of Cd+2 ions by adsorption from aqueous solution. Chemical precipitation was 

the chosen method for the synthesis of hydroxyapatite samples, due to its low cost and simplicity. 

These samples were characterized by SEM/EDS, FTIR, XRD and nitrogen adsorption. Afterwards 

HAP was tested for uptaking cadmium ions from synthetic solutions. These tests were performed in 

batch conditions, under pH control (pH 5) and agitation, by using 0.04 g of HAP to 40 mL of 

aqueous solution. The XRD and FTIR spectra showed structural properties of HAP. In addition, the 

synthetized HAP revealed great potential for application in cadmium ions removal (rates above 94 

%), Figure 1A. It is important to note that the rate of adsorption is fast (less than 2 h). The 

efficiency of removal of Cd (II) was confirmed by XRD analysis, with the occurrence of cadmium 

phosphate calcium hydroxide, Figure 1B. 

 
Figure 1: Removal efficiency Cd (II) uptake by HAP (A) and XRD pattern of the solid residue 

Hydroxyapatite (Cd+2). 
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In the paper investigations concern on influence of copper nanoparticles on the oil lubrication 

efficiency were presented. The AP/E Core 600 (paraffin oil) was adopted as the base oil. Base oil 

was modified by creating lubricating compositions containing addition of 0,02%Cu or 0,25%Cu 

granulation 40nm or addition of 0,02%Cu/CuO or 0,25%Cu/CuO granulation 100nm. 

To achieve the goals, the following research plan has been adopted: 1) Examine the effectiveness 

of lubrication of the following oils on the basis of two criteria: limit load Fg, and wear 

characteristic as the function of load d=f(F), 2) Examine the effectiveness of the additives to oil on 

the basis of limit wear load index Goz/40, 3) Assessment of lubricants under conditions of linearly 

increasing load, in which was analyzed the course of seizing until judged to seizure of the node, i.e. 

qualitative method classification of motor oils (according to API GL). 

Investigations were carried out using a standard four–ball extreme pressure tester. Stage 1. was 

carried out in accordance with PN-76/C-04147 "Tests of Oils and Lubricants". In 2. Stage 

determined limit wear load Goz/40, according to the methodology described in WTWT-94/MPS-025 

with adopted conditions: load 40 daN, time 3600 s, rotational speed of upper ball n=500 rot/min. 

The higher the value Goz/40 index, the better the efficiency of the tested lubricant in reducing wear. 

The third stage of tests was carried out by the qualitative classification automotive gear oils, 

developed at the National Research Institute in Radom. The study was performed by running four 

ball bearings in the presence of the tested lubricant under increasing continuously load and 

simultaneous registration of changes of friction torque until it is proven seizure node 

(immobilization of the spindle of apparatus), or achieve load in friction node amounting to 7200 N. 

Tests at each stage and for each measurement point were always repeated minimum five times. The 

results were statistically handled at a confidence level of 95% using Student’s t-test. 

Tribological research on the effects of nanoparticles modifying base oil can be summarized as 

follows:  

a) Modification of the base oil by addition of copper nanoparticles in amounts 0.02% and 0.25% by 

mass does not substantially improve the tribological characteristics of steel friction nodes, i.e. 

reduce their wear and increasing resistance to seizure,  

b) Analyzed oil and its modifications formed according to the criterion limiting pressure of seizure 

(p0z) a qualitative group lower than GL-3 gear oils,  

c) In the assessment of the base oil and its modifications according to the limit wear load Goz/40, but 

the current in food industry machines, this base oil has very good anti-wear properties (Goz/40 > 600 

N/mm2), 

d) The sedimentation demonstrates a lack formation of the colloidal compound and disqualify the 

tested lubricants as a lubricating material used in the sliding nodes. 
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Alumina is an important industrial material both in its own right and as a model for the natural 

oxide formed on aluminium metal. Presented here is the adsorption behaviour of a phosphate-based 

surfactant (sodium bis-(2ethylhexyl)phosphate) from water onto this surface [1]. Neutron 

reflectometry (NR) is used alongside laboratory techniques to characterise the adsorbed bilayer 

under varying pH and added salt. This behaviour is compared to the adsorption of the sulphonate 

surfactant analogue (AOT) documented in literature [2], and extended to show NR results of the 

competition between these two functional groups within the mixed system.  

A greater surface excess is found for the sulphonate than phosphate surfactant, with the addition of 

sulphonate able to “compete-off” some of the phosphate in the mixed system. These results are 

discussed in terms of both the Hofmeister series and slight differences in surfactant geometry (bond 

angles).  
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The formation of stable liquid bridge networks during the evaporation of a liquid suspension 

through a template of latex particles is an exciting development in evaporative lithography, which 

has great potential for creating patterned microwire networks out of nanoparticles.1,2 With the aid 

of video-microscopy, we demonstrate that these liquid bridges are in fact the border zone between 

the underlying substrate and foam films vertical to the substrate, which are formed during the 

evaporation of the liquid from the suspension (Figure 1). The stability of the foam films and thus 

the liquid bridge network stability are due to the presence of a small amount of surfactant in the 

evaporating solution. We show that the same type of foam film stabilized liquid bridge network can 

also propagate in 3D clusters of spherical particles, which has important implications for the 

understanding of wet granular matter.3 

 

 

 
 

Figure 1. Images of a pair of spherical particles on a glass substrate. (left) The liquid droplet meniscus 

between the spheres and the substrate at an earlier stage of the drying. (right) Following the evaporation 

completion a stable foam film vertical to the underlying substrate is observed. 
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We have conducted an extensive study of the application of 1) surfactant concentration gradients to 

generate flow and of 2) chemical surface patterns to confine the liquid and guide the flow along 

predefined trajectories [1-5]. Figure 1(a) shows an example of a liquid rivulet of 1.5 mm width, 

where an insoluble surfactant deposited to the left of the field of view generates a surface 

deformation and flow towards the right. Figure 1(b) shows a droplet of an immiscible surfactant 

that spontaneously propels itself along a rivulet and that is split into two daughter droplets at a 

junction in the chemical patterning. Using optical interferometry, absorption and fluorescence 

microscopy we have measured the time evolution of the liquid film thickness and the surfactant 

concentration profiles. We have studied both soluble and insoluble surfactants and systems 

involving both liquid-air and liquid-liquid interfaces in the context of applications ranging from 

inkjet printing to enhanced oil recovery. 

 

 
Fig. 1: (a) Liquid surface deformation and flow induced by a spreading surfactant monolayer along a 

hydrophilic stripe. (b) Self-propulsion and splitting of immiscible surfactant droplet moving along chemical 

surface patterns. 

  

 

 

 

Acknowledgements: The authors would like to thank Steffen Berg and Axel Makurat from Shell International 

Exploration and Production (Rijswijk, The Netherlands) for the inspiring collaboration. The authors 

gratefully acknowledge that this research is supported partially by the Dutch Technology Foundation STW, 

applied science division of NWO and the Technology Program of the Ministry of Economic Affairs. 

 

[1] Sinz, D. K. N.; Hanyak, M.; Darhuber, A.A., Phys. Chem. Chem. Phys. 2011, 13, 9768-9777. 

[2] Sinz, D. K. N.; Darhuber, A.A., Lab Chip 2012, 12, 705-707. 

[3] Sinz, D. K. N.; Hanyak, M.; Darhuber, A.A., J. Colloid Interface Sci. 2011, 364, 519-529. 

[4] Hanyak, M.; Sinz, D. K. N.; Darhuber, A.A., Soft Matter 2012, 8, 3660-3671. 

[5] Sinz, D. K. N.; Hanyak, M.; Darhuber, A.A., J. Phys. Chem. Lett. 2013, 4, 1039-1043. 

  



2-4. INTERFACIAL PHENOMENA 

74 

[O2.3] 

 

Interrelation between surfactant adsorption kinetics, interfacial rheology 

and emulsion stability 

 

T. Sobisch1*, A. Uhl1, N. Mucic², J. Krägel², A.V. Makievski3, R. Miller² and D. Lerche1 

 
1LUM GmbH, Justus-von-Liebig-Str. 3, 12489 Berlin / Germany 

2MPI für Kolloid- und Grenzflächenforschung, Am Mühlenberg 1, 14424 Potsdam / Germany 

³ SINTERFACE Technologies, Volmerstrasse 5, 12489 Berlin / Germany 

*info@lum-gmbh.de 

 

The right choice of emulsifier is an ongoing challenge in emulsion technology. The time scale of 

the emulsification process has a strong impact on the emulsifier efficiency, which can only become 

effective if the adsorption kinetics are fast enough to avoid coalescence of freshly formed droplets. 

Additionally, the interfacial rheology at the oil-water interface determines the final emulsion 

stability. 

In a first attempt to correlate surfactant adsorption kinetics, interfacial rheology and emulsion 

stability for technical grade surfactants characterized by a homolog distribution model systems 

paraffin oil / water / nonionic surfactants were investigated, where the EO-chain length was varied. 

The kinetics and thermodynamic properties of the surfactants at the oil/water interface were 

measured by using drop profile analysis tensiometry. The same tool is applied for the investigation 

of the interfacial dilational rheology by recording the interfacial tension response to harmonic area 

compressions-expansions of the studied drop. 

Emulsions were prepared with a dissolver type homogenizer. Stability of emulsions was 

investigated as function of time of processing, surfactant concentration and HLB value using 

multisample analytical centrifugation. Not only the extent of phase separation but also the kinetics 

are directly measured in-situ. 

Emulsion stability increases with time of emulsification. The emulsifier with 5 EO units is far more 

effective than that with 12 EO units. Adsorption equilibrium at the interface is reached in seconds. 

The kinetics of adsorption show clearly a depletion effect of surfactant molecules from the aqueous 

phase, which is especially pronounced for the emulsifier with low polarity. Nonetheless, at higher 

surfactant concentration the interfacial tension is lower for this surfactant. 

  



2-4. INTERFACIAL PHENOMENA 

75 

[O2.4] 

 

Effect of grease thickener and surface material on rheological properties 

of a wall layer 
 

Maciej Paszkowski 
 

Wrocław University of Technology 

 

 

Lubricating greases should have the best possible sliding and anticorrosion properties as well as the 

lowest resistance to flow independent of the ambient conditions during their supply into the friction 

junction. The problem of the lubricating greases’ flow resistance is nowadays especially important 

in relation to lubrication systems. It results, first of all, from more and more intense automation of 

these systems. The flow resistance has a negative effect on an appropriate operation of the systems 

of central lubrication. The significant factor that reduces the resistance to flow is the formation of a 

wall layer in the region of the lubricating grease contact with a duct’s surface. The layer has quite 

different rheological properties than the bulk grease. The wall layer’s formation can significantly 

reduce the pressure gradient along ducts. The paper presents the results of research upon an effect 

of the type of lubricating grease and of the material of a surface on rheological properties of the 

wall layer. The greases thickened with simple and complex lithium soaps and polyurea were tested, 

which were produced on the basis of polyalphaolefine oils. The thickener’s content in the greases 

tested was constant and was 10%. The greases did not contain solid additives. The wall layer’s 

formation was observed in the vicinity of the surfaces made of the materials used to produce ducts 

in lubrication systems. These materials were the following metal alloys: ASTM C11000 Copper, 

ASTM 2017 Aluminum. Thermoplastics (PA6, PE) and elastomers (MVQ/VMQ, NBR) were also 

used. All the material has the similar roughness. The results of experimental investigations are 

presented which were performed under the conditions of a steady state flow. The dynamic-

oscillatory tests were also carried out. In both experiments a modified rotational rheometer Physica 

AntonPaar MCR was used that worked in a plate-plate system. 
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The hydrophobic attraction describes the well-known tendency for nonpolar molecules and 

surfaces to agglomerate in water, controlled by the reorganization of intervening water molecules 

to minimize disruption to their hydrogen bonding network. Past measurements of such attraction 

between extended non-polar surfaces with dimensions in the micrometre to centimetre scale, had 

been made between chemically hydrophobised solid mica or silica surfaces. The reported range of 

the attraction between these engineered surfaces varied from tens to hundreds of nanometres and 

has magnitudes larger than conventional colloidal forces. 

This additional attraction has been attributed to arise from adsorbed mobile molecular layers 

rearranging to form charged patches on the surfaces, with further subtleties arising if species within 

the hydrophobic layer can change conformation during interaction. Capillary bridging by 

nanobubbles formed on hydrophobic surfaces provides another source of strong, long-range 

attraction and degassing the water affects the range and magnitude Therefore where solid surfaces 

have been rendered hydrophobic by surface modification, different mechanisms, perhaps not 

directly related to the molecular properties of water, seem to be responsible for the additional 

attraction between such hydrophobised solid surfaces. 

Here, we use dynamic force measurements to probe the interaction between two hydrophobic 

fluorinated oil drops in water by moderating the electrical double layer interaction through 

adjusting the solution pH and ionic strength and the van der Waals attraction by refractive index 

matching using mixtures of perfluorooctane (with refractive index lower than that of water) and 

perfluorobenzene (with refractive index higher than that of water)[1]. Hydrodynamic interaction, 

controlled by varying the relative velocity of the two drops, is the used to quantify the hydrophobic 

interaction between the molecularly smooth but soft deformable drops. We observe only a strong, 

short-ranged attraction with an exponential decay length of 0.30 ± 0.03 nm, comparable to 

molecular correlations of water molecules. 
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In this paper, we report our results on the scientific parameters (e.g.water penetration,contact angle, 

particle size of dust generated, breaking strength, abrasion rate/wear rate, weight/density, surface 

morphology) of black board chalks as well as dustless chalks. We had shown a novel use of 

surfactants for quality improvement of chalks. In India, there is more than 5.4 million chalk sticks 

consumed per day in class rooms. Imported dustless chalks are 10 times higher in the price than 

normal chalks, Hence Majority of academic institutions use normal gypsum based chalks which 

generate 3 to 4 times more dust particles of smaller size than carbonate based imported chalks. No 

scientific criteria have been reported to distinguish between normal and dustless chalks. From our 

results, it is possible to differentiate these two types of chalks based on scientific methods and 

parameters. From wettability data, we had observed that gypsum based normal chalks are 

hydrophilic and Imported carbonate based chalks are hydrophobic. We have measured particle size 

produced during writing process for gypsum based chalks which is in the range of 150 – 400 nm, 

whereas for carbonate based chalks, particle size is in the range of 800-1500 nm. Large particle size 

favors sedimentation in the air rather than staying in air for a longer time which can create 

occupational health hazard for teachers. In conventional chalk making process, gypsum powder and 

water is used in equal proportion then slurry is poured into a brass molding block and after curing, 

it will be dried in sunlight. We had added a surfactant (AOT) to the gypsum slurry to make gypsum 

particle hydrophobic. The resulting hydrophobic chalk increases particle – particle interaction and 

hence larger dust particles are generated during the writing/erasing process. Addition this surfactant 

also increased the breaking strength and decreased wear rate. The writing performance of chalk is 

improved after adding surfactant. Using this approach, we have been able to improve quality of 

existing chalk in a cost effective manner which also helps the health of teachers and students. 
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Nowadays, the technologies solutions to increase the recovery oil in some zones of the Faja 

Petrolífera del Orinoco (FPO) are oriented to the cold production technologies. The nonreactive 

matrix stimulation is one of them. It consists in the use of tensoactive mixtures systems, which 

interacts with the productive zone interface to reduce the pressure drop which is affected by many 

factors, one of these is the wettability reversion of the sand. This study presents, a viable alternative 

by the use of a rhamnolipid biosurfactant as tensoactive agent. This biosurfactant has the adequate 

interfacial properties to be applied like stimulant in the FPO´s wells. The characterization of its 

interfacial properties showed that the critical micelle concentration is reached at 100 ppm (25 °C), 

and the surface tension in this point is 27 mN/m, similar to the value reported in the literature 

[1,2,3,4]. Characterization by NMR and IR were also performed. The results of the interfacial 

tension measures provided a range of values between 1.10 and 1.13 mN/m. Contact angle measures 

were carried out to demonstrate that the rhamnolipid biosurfactant is a propitious agent to reverse 

the silica sheet wettability. Once the sheets were exposed to the biosurfactant, they did not showed 

adherence to the crude oil drop, meaning that a reversion in the wettability took place. This result 

suggests that the rhamnolipid biosurfactant can be used in nonreactive technologies. 
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The biological and/or medical studies have explored new technologies for imaging the living body 

or organs using cell- and tissue-markers in order to ensure good spatial resolution, sensitivity, and 

detectability. Here we introduce two markers based on giant vesicles (GVs), which are composed 

of closed bilayer membrane of lipids and have diameters larger than 1 µm. 

High-field magnetic resonance imaging (MRI) with contrast media is already in clinical use, and 

the design of new MRI probes for pharmaceutical and medical applications has attracted much 

attention. Superparamagnetic iron oxide (SPIO) is a promising candidate for the development of 

smart and functional probes. The use of large SPIO particles (> 1 µm) may induce long-term 

toxicity, hence the  smaller SPIO particles, especially of the nanometer-sized SPIO particles that 

are currently used for cell tracking, are used. This results in loss of signal detectability. We thus 

focused on GVs that encapsulate SPIO at a high number density as highly sensitive MRI probes. 

We prepared SPIO-GV that composed of almost single lamellar membrane and had a diameter of 

4.7 ± 2.2 µm. We acquired in vivo micro MR images of medaka embryos that were injected with 

SPIO-GVs. After injection of SPIO-GV into one cell of a 4-cell stage embryo with a glass capillary 

and fixing with paraformaldehyde, dark spots with a typical diameter of 200 µm were observed at 

the location of the blastomeres in the MR images of these injected cells. This indicates that the GV-

based SPIO MRI contrast agent that we developed as a cell-marker could enhance the MRI signal 

at a cellular level. 

Among various techniques using preoperative or intraoperative gastrointestinal endoscopy to assist 

intraoperative localization of tumors,  there has scarcely been tissue markers which can be injected 

from within the digestive tract by using an endoscopic instrument and visualized from its outside. 

Meanwhile, near-infrared (NIR) fluorescent molecules, such as indocyanine green (ICG), have 

drawn much attention as a navigation surgery probe because the NIR light has high permeability in 

the organ tissues and they can be excited and detected from outside of the organ tissue with the 

fluorescence CCD camera. The only problem for using this fluorescent probes for the tissue marker 

still remains in terms of the blur and bleaching. We developed a novel tissue marker based on GVs. 

The marker was prepared by so-called water-in-oil emulsion centrifugation method as mixing ICG 

with GVs of lecithin and  polyglycerol-polyricinoleate (PGPR). We injected the tissue marker into 

the inner gastric surface of an anesthetized pig using an endoscopic syringe and observed the 

injection site using a fluorescence laparoscopic camera. The diameter of the spot blur was 

approximately 2 cm over a 5-h period, demonstrating the utility of this procedure as a tissue marker 

for tumor marking, and suggesting its potential for assisting navigation during surgical procedures. 
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Solving the problem of a rational and complex processing of refractory ores is relevant 

world objective. Complex mineral composition of raw materials submitted by hard-

floatability minerals determines significant losses of valuable metals from their final 

tailings. Topical application of the technology is sulfidizing roast of such type of raw 

material and the studying of electrokinetic properties of sulfidizing products. 

The aim of the work was to determine the possibility of sulfidizing products flotation 

separation (flotation middlings) and the studying of electrokinetic pyrrhotites 

characteristics of different composition, the study of the potential stability of the system. 

To characterize the flotation properties of nonferrous metals sulphides were used the zeta 

potential - the most important characteristic of the electric double layer. Electrokinetic 

phenomena determine many features of the filtration of liquids through porous media, 

flotation and water fining. The value of the zeta potential gives an indication of the 

potential stability of the system, which is very important flotation circuit choosing [1]. 

For the defining of flotation separation opportunity of sulfidizing products as a pyrite 

bearing products (flotation dressing middlings) were studied the electrokinetic 

characteristics of pyrrhotites of different compounds by macro electrophoresis. 

Were investigated 4 pyrrhotites samples, distinguishing by structure compound: 1 –

Fe0,85S;  2 –Fe0,86S;  3 –Fe0,87S;  4 –Fe0,89S  at рН medium from 5 till 13. 

The result of x-potential defining allow to conclude that potential of all pyrrhotites 

increasing at  pH increasing from 5 till 13, the electrophoresis rate also increasing at  pH 

increasing from 5  before 13. with decreasing of sulfur contention in pyrrhotite  x-potential 

is decreasing with  - 52,1 mV in pyrrhotite Fe0,85S before - 40,8 mV in pyrrhotite Fe0,89S. 

Thus the floatability of pyrrhotites at sulfur contention decreasing in his compound is 

lowering. So, taking into account that   x-potential of lead and zinc sulfides equal: -15,6 

and -13,8 mV accordingly, its become possible the flotation separation of low-sulfur 

pyrrhotite and sulfides of non-ferrous metals. 

Flotation tailings separation of magnetic separation was carried out by direct cycle scheme 

using standard reagents (flotation machine FA – 237;solid:liquid= 2.5:1). The results 

showed that the flotation dressing of zinc-oligonite ore is practically impossible without 

sulfidizing roast.  
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Introduction: Phosphatidylcholine (PC) forms only lamellar mesophases in water, but it can be 

driven to self-assemble spontaneously into nonlamellar lyotropic liquid crystalline (LLC) 

mesophases by the addition of a third apolar component (oil) [2]. We report the formation of a 

reverse micellar cubic mesophase of symmetry Fm3m (Q225) in ternary mixtures of soy bean PC, 

water, and an organic solvent, including cyclohexane, (R)-(+)-limonene, and isooctane, at room 

temperature [1]. The mesophase structure consists of a compact packing of remarkably large 

reverse micelles in a face-centered cubic (fcc) lattice, a type of micellar packing not yet reported 

for reverse micellar mesophases. 

Methods: Samples were equilibrated several weeks, and then characterized by Small Angle X-Ray 

Scattering (SAXS) and shear rheology. The Fm3m structure is compared with the non-compact 

Fd3m structure found in the PC/water/α-tocopherol system. Form factor fitting in the pure L2 phase 

and in the Fm3m-L2 coexistence region yields quantitative estimations of the micellar low 

polydispersity and PC interface rigidity. 

Results: The mesophase spacegroup was identified based on spacing ratios and peak intensities. 

The variations of structural parameters point out to a classical hard-sphere phase diagram, showing 

an order-disorder transition Fm3m-L2 with an extended coexistence region. Micellar 

polydispersities σ/Rc were below 0.2, yielding interface rigidities 2κ+κ’ of 1.6-2.0 kBT. 

Discussion: The compact Fm3m structure results mainly from (i) the release of lipid tail frustration 

and (ii) hard-sphere interactions between remarkably monodisperse micelles. The oil fills the 

geometric voids in the cell and modifies interface bending properties by penetrating the PC tails. 

 

 

(Left) SAXS pattern from the fcc packing in the reverse Fm3m structure in PC/water/oil systems (right). 
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Recently, fluids with environmental stimuli-responsive ability have attracted much attention due to 

their wide applications in household chemicals, industry, and even in military. For example, the 

stimuli-responsive shear thickening fluids have been employed to make liquid body armor [1]. 

Among them, stimuli-responsive fluids based on conventional surfactants, owing to the aggregate 

morphology transitions such as reversible wormlike micelle to spherical micelle or vesicle 

transitions, were one of the most studied. However, nearly all of those fluids can be trigged only by 

one type of environmental factors such as pH, heat, CO2, light, and electric [2]. Multiple stimuli-

responsive fluids have realized by employing polymeric surfactants, whereas it remains a challenge 

for low molecular weight surfactants [3]. Herein, we report a stimuli-thickening fluid based on very 

simple chemicals, which can by trigged by pH, temperature and light. The key components are 

identified to be 4-(trifluoromethyl) salicylic acid (4 FS) and a cationic surfactant, 1-[2-(4-

decylphenylazo-phenoxy)-ethyl]-3-methylimidazolium bromide (C10AZOC2IMB). The initial 

aqueous solution of the binary mixtures appears to be turbid with a very low viscosity owing to the 

vesicles formation, which turns into transparent viscoelastic fluid upon increasing the solution pH, 

temperature, or directly irradiating by UV light due to the formation of wormlike micelles. This 

process is reversible by varying pH, temperature, or using Vis light. Various techniques such as UV 

light spectroscopy, DLS, rheology, NMR and cryo-TEM were employed to characterize the fluid 

structures. It can be concluded that a new avenue in designing multiple stimuli-responsive fluids 

avoiding complicated polymers is discovered. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Acknowledgements: This work was supported by the National Natural Science Foundation of China (NSFC 

21273165) 

 

 

[1] Hasanzadeh M.; Mottaghitalab V., J. Mater. Eng. Perform. 2014, DOI: 10.1007/s11665-014-

0870-6. 

[2] Lu Y.C.; Zhou T.F.; Fan Q.; Dong J.F.; Li X.F., J. Colloid Interface Sci. 2013, 412, 107-111. 

[3] Liu F.; Urban M.W., Prog. Polym. Sci. 2010, 35, 3-23. 
 

  

http://www.eventgest.com/GEST/´´http:/link.springer.com/search?facet-author=%22M.+Hasanzadeh%22´´
http://www.eventgest.com/GEST/´´http:/link.springer.com/search?facet-author=%22V.+Mottaghitalab%22´´


5. PHASE BEHAVIOR AND SELF-ASSEMBLY 

83 

[O5.3] 

 

Surface segregation at the liquid-vapor interphase of binary aqueous 

systems of alkyl acetates with partial miscibility 
 

Carolina Bermúdez-Salguero, Jesús Gracia-Fadrique* 

 

Laboratorio de Superficies, Departamento de Fisicoquímica, Facultad de Química, Universidad 

Nacional Autónoma de México, México, D.F., 04510, México 

*jgraciaf@unam.mx 

 

 

Binary aqueous systems with partial miscibility segregate into two liquid phases when their global 

composition lies between an interval defined by the aqueous and the organic saturated phases. 

Below and above the saturation compositions, there is only one liquid phase. In the water-rich 

region, surface tension decreases with increasing solute concentration due to its adsorption at the 

liquid-vapor interphase [1]. Therefore, the solute surface concentration is larger than the bulk 

concentration, leading to the hypothesis of surface segregation at the liquid-vapor interphase prior 

to bulk liquid-liquid segregation.  

Surface segregation was theoretically and experimentally demonstrated by means of a classic 

thermodynamic stability test and Brewster Angle Microscopy (BAM), in agreement with Molecular 

Dynamics Simulations (MDS). The construction of stability diagrams of Gibbs energy of mixing 

[2] demands the knowledge of the absolute surface composition, computed from the surface tension 

curve. The stability diagrams of the binary aqueous mixtures of methyl, ethyl, propyl and butyl 

acetates demonstrate surface segregation into an aqueous and an organic surface phase. Bulk 

composition at which surface segregation is predicted lies below the aqueous saturated composition 

[3], showing that the segregation phenomenon starts at the surface and then proceeds 

volumetrically. Definite acetate-rich domains were observed at the BAM for solutions with 

concentrations above this critical concentration. MDS support the observations, illustrating the 

adsorption of the acetates and its aggregation trend.  
 

 

Surface stability diagram of the system (water + methyl acetate) at 298.15 K 
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Sophorolipids, a class of bolaform biosurfactants, are yeast-derived, water-soluble glycolipids with 

very low toxicity, antimicrobial properties and greater biodegradability compared to their 

petroleum-based counterparts and therefore gained more and more attraction as alternative 

surfactants. Their synthesis is based on the use of renewable feedstocks fed to the yeast S. 

Bombicola, which produces large amounts (>300g/L [1]) of sophorolipids (Fig.1, Scheme 

illustrating the biosynthesis of sophorolipid biosurfactants). Thus, the biosynthesis of this 

surfactant is an attractive combination of green chemistry and lower carbon footprint providing less 

waste. 

Numerous industrial applications exist such as cosmetics (skin care products) and cleansing 

formulations taking into account the low foaming potential and high surface activity properties of 

sophorolipids[2]. Sophorolipids exhibit interesting self-assembling properties in aqueous 

solution[3] because of their asymmetric molecular structure comprising two different hydrophilic 

headgroups, including a pH-responsive COOH end group. In particular, we have recently 

discovered[4] the unexpected formation of giant ribbons with nanoscale chirality under acidic and 

neutral pH conditions by the fully hydrogenated form of this compound. We thoroughly 

characterized the ribbons using a broad panel of advanced characterization techniques such as 

Small Angle Neutron Scattering (SANS), Transmission Electron Microscopy under cryogenic 

conditions (cryo-TEM) and Solid State Nuclear Magnetic Resonance (ssNMR). 

The goal of this contribution is to bring further insight into the understanding and control of the 

chiral ribbons formed by sophorolipids as a function of different physicochemical parameters. 
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Dic16-amidine is a novel cationic lipid with very high fusogenic efficiency at low temperatures. In 

this work, we characterize the structure of diC16-amidine bilayers by comparing it to the structure 

of bilayers formed by dipalmitoyl phosphatidylcholine (DPPC), a zwitterionic lipid that has the 

same hydrophobic domain.  

Differential scanning calorimetry (DSC) shows that both lipid bilayers have very similar gel-fluid 

transition temperatures, 41°C and 42°C for DPPC and diC16-amidine, respectively. The cationic 

bilayer displays a less cooperative phase transition and no pretransition is observed. 

Both bilayers were also structurally analyzed from surface to core, using 5-, 7-, 10-, 12-, 14-, and 

16-PCSL spin labels. As expected, electron spin resonance (ESR) spectroscopy shows that the gel 

phase of DPPC presents a flexibility gradient towards the core. In contrast, for diC16-amidine 

bilayers the gradient is present only down to the 12th acyl chain carbon. In diC16-amidine gel 

phase, the 14th and 16th carbons are in a very rigid environment, similar to the one observed at the 

bilayer surface and probed by 5- and 7-PCSL. This result suggests that dic16-amidine presents a 

partially interdigitated gel phase that might explain its high fusogenic activity. In the fluid phase, 

diC16-amidine has a more rigid bilayer surface and a less packed bilayer core than DPPC bilayers. 
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The interaction types and forming supramolecular structures in a system based on a nanocluster 

polyoxomolybdate with toroid shape (Mo138) and a cationic surfactant (dodecylpyridinium 

chloride) were studied in solution. Nanocluster Mo138 is forming hollow spherical globules in 

solution which consists of multycharged (-32) polyoxoanion. The original method to determine the 

exact composition of ion-associates which produced in this system was created. It allowed to make 

an adsorption isotherm (fig.1 L). Basing on analysis of it we confirmed and expanded our model 

(created early) describing of formation ion-associates processes in dependence on component ratio 

and pH. We used FTIR-spectroscopy to confirm the nanocluster integrity; and FTIR-spectroscopy 

and NMR (1H) for an ion-associate structure analysis. The resulting adsorption isotherm has 

anomalous type that displays in the isoelectric point of a system. The first part of isotherm is called 

like a S-type (by Ch.H. Giles classification) – it means that solute molecules (surfactant) located on 

nanocluster surface have strong “solute-solute” force. The shape of first part of isotherm is 

characteristic for Lengmure isotherm which transforms to isotherm of multimolecular adsorption. 

But when components ratio in system “Mo138-Cationic surfactant” is near to 1/60 (the isoelectric 

point, at pH=3.8) a course of isotherm is changing suddenly. We analyzed zeta-potential (fig.1 R) 

of a system in dependence of components ratio and we discovered that on nanocluster surface after 

isoelectric point the second adsorption layer is formed. It consists of surfactant molecules 

connected with first layer by its non-polar tails and directed by polar group to solution. But taking 

into account of the maximum charge of nanocluster Mo138 and at isoelectric point on its surface are 

located approximately 40 surfactant molecules (only 32 from them connected with Mo138 by 

electrostatic force) – it means that part of molecules should be directed by polar group to solution 

and recharging surface to positive value. But we have another situation in experiment. That shows 

an approximately 10 molecules of surfactant were adsorbed by alternative way – we suppose that 

there is a very important role of inner hole (diameter 2.0 nm) of nanocluster Mo138. We have 

investigated extraction degree ion-associates with assigned components ratios 1/24 (at pH=1.8) and 

1/60 (at pH=3.8) to a number of organic solvents and we created a method for apply of ion-

associates to some substrates. 
 

 
 

Figure 1: Adsorption isotherm (L) and zeta-potential (R) in a system “Mo138-Dodecylpyridinium chloride”. 
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In the current context of sustainable development, the use of agro-based molecules instead of 

petrochemical product is one of the challenges of our century. Fatty acids are green molecules 

available in large amount in nature and present original interfacial properties [1]. Despite their 

attractive properties, the use of long fatty acid chains is restricted because of their low solubility in 

water. To improve it, various strategies can be used such as mixtures with cationic surfactant to 

obtain catanionic systems or ion-pairing with organic counter-ions. In all cases, the main parameter 

is the molar ratio between the fatty acid and the component used to its dispersion [2]. Contrary to 

fatty acid catanionic systems, very few data are available in the literature about the effect of the 

molar ratio in the case of organic counter-ion [3]. Our aim was to investigate the impact of the 

molar ratio on fatty acid assemblies in bulk for myristic acid and choline hydroxide as organic 

counter-ion. The molar ratio (R) was defined as the ratio between the molar number of choline and 

the molar number of myristic acid. 

First, we determined the phase diagram of the myristic acid/choline hydroxide system as a function 

of both temperature and R. We observed three different phases (Fig 1.a. and b). To determine the 

self-assembly structure in each phases, we performed SANS experiments. As a function of R and 

temperature, various fatty acid self-assemblies were obtained. At high R, only micelles were 

present for all the temperatures whereas at low R, lamellar phases or vesicles were present (Fig 

1.c). Then, we determined the physical state of the fatty acid chain embedded in these self-

assemblies by coupling NMR and DSC. We measured the chain melting transition from gel state to 

fluid state as a function of R. The chain melting transition temperature seemed to decrease by 

increasing R. In a second step, we studied the ionization state of the fatty acid by coupling pH and 

infra-red spectroscopy analyses. At low R, fatty acid molecules were present under two forms: 

carboxylic and carboxylate. When the two forms coexist, hydrogen bonding formation can occur. 

By increasing R, the content of carboxylic form decreased until all fatty acids were under 

carboxylates form from R=1. This change occurring at molecular scale seems to be one of the 

factors at the origin of the structural self-assemblies transitions at the microscopic scale. 

Our results show that by modifying R between myristic acid and choline hydroxide, we can tune 

the ionization state of the fatty acid, the chain melting transition as well as the interactions at 

molecular state level leading to the formation of various self-assemblies in bulk. 

 
Figure: Phase diagram (a), photographs at 20°C (b) with the corresponding SANS curves (c). 

 

[1] Fameau AL., et al., Angewandte Chemie, 2011, 123, 8414-8419 

[2] Zemb T. et al., Science 1999, 283, 816-819 

[3] Fameau AL., et al., Advances in Colloid and Interface Science, 2014  



5. PHASE BEHAVIOR AND SELF-ASSEMBLY 

88 

[O5.8] 

 

Phase Behaviour and Relaxation Kinetics in the SLMI/cetyl 

betaine/water System 

 

Joseph C. Flood1*, Gordon J. T. Tiddy2 and Robin A. Curtis3 

 
1 Joseph C. Flood, joseph.flood@postgrad.manchester.ac.uk 

2 Gordon J. T. Tiddy, gordon.tiddy@manchester.ac.uk 
3 Robin A. Curtis, R.Curtis@manchester.ac.uk 

 
 

Shampoo and shower gel formulations commonly incorporate two or more surfactant materials to 

optimise macroscopic viscosity and enhance cleansing properties. Viscoelastic behaviour is 

observed in surfactant mixtures as the fluid isotropic composition approaches a liquid crystal phase 

boundary. Long time-dependent kinetics associated with the formulation process of such products 

can result in unpredictable performance and quality issues. Authors have previously demonstrated 

that time-dependent effects (hours to weeks) in the viscoelastic phase region of anionic/zwitterionic 

surfactant mixtures are linked to order of mixing and amphiphile composition[1-3]. In this research 

we construct a ternary phase diagram for the sodium lauroyl methyl isethionate (SLMI)/(N-

hexadecyl-N,N-dimethylammonio)acetate (cetyl betaine)/water system depicting viscoelastic and 

liquid crystal phase regions. A combination of optical microscopy and x-ray scattering techniques 

are used to delineate mesophase structure. Nuclear magnetic resonance spectroscopy, light 

scattering and viscosity measurements are used to observe relaxation kinetics on mixing individual 

aqueous components in the aforementioned system. The dependence of kinetics on SLMI/cetyl 

betaine mole ratio is complex, however slow relaxations were found on diluting non-viscoelastic 

SLMI-rich solutions to compositions within the viscoelastic phase boundary. The results of this 

work will provide an insight into micellar build-up and break down mechanisms. 
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Surfactants have been applied in many chemical industries, such as detergents, paints, dyestuffs, 

paper coatings, inks, plastics and fibers, personal care and cosmetics, agrochemicals, 

pharmaceuticals, food processing, etc. In addition, they play an important role in the oil industry. 

Their increasing production and consumption show that there is still a need for such compounds. At 

the same time, it is expected that the surfactants should be safe for health and the environment. For 

these reasons, consumption of compounds with an aromatic ring decreases recently. However, 

despite many innovative solutions, linear alkylbenzene sulphonates and alkyl ether sulfates are the 

most popular surfactants - 30% of the total production. Unfortunately, manufacturers are not 

willing to cover the increased costs of raw materials in order to make their products eco-friendly. 

This confirms the surprisingly low participation of natural alkylpolyglucosides in the production of 

nonionic surfactants. Hence, it seems to be extremely important to search for appropriate sources of 

raw materials. Such proposal is 2-ethylhexyl alcohol.It has not been explored intensively as a raw 

material for surfactants, for its relatively weak potential as a hydrophobe. However, some further 

derivatizations make 2-ethylhexanol a valuable component of innovative surfactants, which exhibit 

very interesting and unique interfacial activity. 

Surface properties of new nonionic surfactants are presented in this work. The series of 

polyoxyethylates of 2-ethylhexanol monopropoxylate (EH-P1-En) was obtained, where n denotes 

average polyaddition degree 2, 4, 6, 8, 10, 12.Authors interpreted surface activity and adsorption of 

obtained surfactants. For this purpose surface tension (γCMC), critical micelle concentrations 

(CMC), surface excess concentrations at the saturated interface (Γmax), the minimum surface 

occupied by a molecule at the interface (Amin)and the Gibbs free energy of adsorption layer (ΔG0
ads) 

were investigated. The surface tension was determined using the shape drop method. Drop shape 

analysis is one of the most important and frequently used methods to characterize surfaces in the 

scientific and industrial communities. In addition, the wettability of new type surfactants was 

characterized. In this purpose values of contact angle (CA) were determined. Wetting ability is 

important in surfactant applications, such as coating, cleaning, emulsion polymerization, pesticide 

formulation, skin care and color cosmetics, etc. 

Whole results compared with popular references - sodium salts of sulfated or oxyethylated lauryl 

alcohols and also with oxyethylated C12-C14 alcohols. The synthesized products demonstrate typical 

surface properties of ethoxylate-type nonionic surfactants. 
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Nanodiscs are self-assembled discoidal nanoparticles composed of amphiphilic α-helical scaffold 

proteins or peptides that wrap themselves around the circumference of a lipid bilayer in a belt-like 

manner. In this study, an amphiphilic helical peptide that mimics helix 10 of human apoA-I was 

newly synthesized by solid phase peptide synthesis using Fmoc chemistry, and its physicochemical 

properties including surface tension, self-association, and solubilization abilities were evaluated 

and related directly to nanodisc formation. 

The synthesized peptide having hydrophobic and hydrophilic faces behaves like a general 

surfactant, affording a critical association concentration (CAC) of 2.7 × 10−5 M and γCAC of 51.2 

mN∙m−1 in aqueous solution. Interestingly, only a peptide solution above its CAC was able to 

microsolubilize dimyristoylphosphatidylcholine (DMPC) vesicles, and lipid nanodiscs with an 

average diameter of 9.5 ± 2.7 nm were observed by dynamic light scattering and negative stain 

transmission electron microscopy. 

Moreover, the zeta potentials of the lipid nanodiscs were measured for the first time as a function 

of pH, and the values changed from positive (+20 mV) to negative (−30 mV). In particular, 

nanodisc solutions at acidic pH 4 (+20 mV) or basic pH 9 (−20 mV) were found to be stable for 

longer than 6 months as a result of the electrostatic repulsion between the particles. 
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Biological systems have always fascinated mankind with their complexity and performance. In 

recent years there has been an increasing interest in biomimetic membranes for water treatment 

applications and biosensor devices [1]. However, there is still insufficient understanding of how the 

biomimetic membranes could be integrated and interfaced with other necessary elements for 

producing working devices. Another major challenge is to verify the integrity of the membrane 

during separation processes.  

In this study we investigate the time and surface potential dependence of formation of mixed lipid 

bilayers via fusion of large unilamelar vesicles (LUV) on polycarbonate track-etched membranes 

coated with a conductive gold layer. The combination of a porous substrate with a conductive 

surface was designed to simultaneously examine – for the first time – both membrane permeability 

to water and salt and membrane integrity. To facilitate formation of the lipid membrane, the gold 

layer was modified with a self-assembled monolayer of 1-octanethiol, which presence was verified 

by contact angle and AFM force spectroscopy. A mixed hybrid membrane was formed on the 

substrate and within the pores (see the picture) in NaCl and phosphate buffer solutions. 

Electrochemical measurements were performed in a custom-made 2-compartment forward osmosis 

microcell (schematically shown in the picture), which contained two complementary electrical 

circuits for measuring electrochemical impedance across the supported membrane as well as free-

standing membrane in the pores. AFM, impedance spectroscopy and fluorescent microscopy were 

used to verify the expected membrane formation.  

Presently, forward osmosis experiments are being conducted to measure the osmotic permeability 

and selectivity of the membrane, while simultaneous impedance measurements ensure the integrity 

of the membrane. In the future this approach and setup will be used to study membrane with 

incorporated water channel proteins (aquaporins).  
 

 
 

Schematic representation of the osmosis microcell with 4 embedded electrodes for impedance measurements. 

The microcell contains two compartments separated by a biomimetic membrane supported in a porous 

substrate, whose structure is schematically shown on the right. 
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Suspensions of nano-sized carbon, in particular, suspensions of single wall carbon nanotubes 

(SWCNT) are probably among the most promising candidates for working out a practical material 

for optical power limiting (OPL) of laser irradiation [1]. SWCNTs dissolve readily only in some 

wetting organic media; contrary, to obtain a suspension of SWCNTs in water-containing solvent 

one needs to employ stabilizers. Ionic surfactants are germane to this end. The use of OPL 

materials necessitates their stability in a broad temperature interval, including sub-zero values. To 

attain this goal we focused on a binary solvent “water + glycerol” with a composition 

corresponding to its eutectic point (- 47°C). To get insight into mechanisms of interaction between 

surfactant micro-environment and SWCNTs and temperature /temporal stability of suspensions in 

binary polar milieu we studied Krafft boundaries, critical micellar concentrations, counter-ion 

binding degrees and micellar sizes for a number of ionic surfactants commonly used as stabilizers, 

viz., sodium dodecylsulfate (SDS) and sodium desoxycholate (SDOC). It tops up our recent study 

of similar solutions with sodium dodecylbenzensulfonate (SDBS) [2]. SDBS and SDS were studied 

in binary solvents with varied content of glycerol (0-80 % wt.), SDOC was dissolved solely in the 

eutectic binary solvent composition. The latter solvent composition was also applied to a study of 

aggregative properties of a mixed amphiphile “SDS+ionic liquid hexylmethilimidazolium 

chloride”with several relative compositions of components. Next, we processed dispersions of 

SWCNTs stabilized by each of the surfactants studied in the eutectic “water+glycerol” medium. 

Optical absorbance spectroscopy was employed for monitoring temperature/temporal stability of 

dispersions and for segregation of an increment of p-plasmonic contribution into OPL behavior of 

the systems. Reciprocals of the output optical energy vs. the incident energy of laser light were 

measured in single-shot and pulse-periodic regimes of laser irradiation. 
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The binary mixtures of the neutral phospholipid dipalmitoylphosphatidylcholine (DPPC) and the 

cationic lipid dioctadecyldimethylammonium bromide (DODAB) can be used to deliver DNA to 

cells aiming at gene therapy and drug delivery. The properties of these lipid molecules are crucial 

for DNA delivery efficiency. To this end, we studied the structure and phase behavior (especially 

the phase stability and phase separation/domain formation issues) of the DPPC–DODAB binary 

mixtures at three selected DPPC/DODAB molar ratios (1/2, 1/1, and 2/1). For both the diluted (1 

mg/mL) and concentrated (25 wt %) samples of the 1/1 and 2/1 samples, they undergo reversible 

gel–fluid phase transitions upon heating and cooling, and no crystalline phase forms, which may be 

important for practical applications. For the 1/2 sample, cooling from the mixed fluid phase results 

in the formation of a DODAB-rich gel domain and a DPPC/DODAB mixed gel domain, such a 

phase-separated mixed gel state can undergo a further demixing and crystallization, producing a 

DODAB-rich crystalline domain and a DPPC-rich tilted gel domain upon prolonged (or plus low-

temperature) incubations. FTIR results provide submolecular-level details on the phase transitions: 

DPPC and DODAB undergo cooperative structural rearrangements in the 1/1 and 2/1 samples upon 

heating. For the 1/2 sample, the melting of DODAB (in DODAB-rich patches) is prior to the 

melting of DPPC (in DPPC-rich patches) in the mixed crystalline/gel state. It is interesting to find 

that all the three lipid binary systems can hold large amounts of water in the lipid interlamellar 

regions, allowing the incorporation of a large number of water-soluble substances such as DNA or 

proteins. Finally, the influences of water content and salt concentration on the repeat distance of the 

1/1 sample have also been studied. 
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A novel and well-defined stimuli-responsive diblock copolymers of poly[oligo(ethylene oxide) 

methyl ether methacrylate]-b-poly[2-(Diisopropylamino)ethyl methacrylate] (POEOMA-b-PDPA), 

were successfully synthesized via supplemental activator and reducing agent (SARA) atom transfer 

radical polymerization (ATRP). The molecular structures and characteristics were confirmed by 

GPC, 1H NMR, and FT-IR. The self-assembly behavior of these polymers in aqueous solutions was 

studied using fluorescence spectrometry, DLS and TEM techniques. The influence of the different 

chain lengths in the final self-assembled structure was investigated. The micellar structure was 

made of PDPA as the core and the POEOMA brush-like polymer as the corona. Due to the pH-

sensitivity of the PDPA block, these micelles can disassemble at pH values below 6.25. The 

hydrophobic character of the PDPA segment at physiological pH make these block copolymers a 

very interesting strategy in the development of smart nanocarriers of hydrophobic 

chemotherapeutic agents. 
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Gemini surfactants have attracted much attention because they have excellent interfacial properties 

such as low critical micelle concentration (cmc) and low surface tension value at cmc in aqueous 

solutions. However the synthesis and subsequent purification process of the gemini surfactants are 

more complicated than those of conventional monomeric surfactants. We have recently reported 

the formation of ion complex having gemini-like structure in aqueous mixtures of tertiary 

alkylamine and dicarboxylic acid1. The objective of this work is to investigate phase behavior of 

N,N–dimethylhexadecylamine (DMHA) / dicarboxylic acids with various alkyl chain lengths / 

water ternary systems. 

The gemini-like ion complexes showed excellent interfacial activities such as low critical micelle 

concentration (cmc) and low surface tension at cmc than the monomeric type surfactant. Pyrene 

fluorescence probe measurements indicated that the gemini-like complexes form micelles whose 

interior is more hydrophobic than those formed by the monomeric surfactant. In addition, various 

liquid crystalline phases like hexagonal, cubic, and lamellar ones were observed in concentrated 

solutions. The effect of spacer chain length (alkyl chain length) of dicarboxylic acid on the 

interfacial properties will be also discussed. 
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There is increasing evidence that matrix stiffness and permeability modulates various phenotypic 

activities of cells surrounded by a three-dimensional (3D) matrix in specifically skin tissue. This 

study therefore presents an advanced biomaterial design strategy to decrease the inverse 

dependency between permeability and stiffness of a cell encapsulating hydrogel. Hydrogels were 

made by cross-linking poly(ethylene glycol) diacrylate (PEGDA) with poly(propylene 

glycol) methacrylate (PPGMA) acting as a pendant hydrophobic polymer chain. Increasing the 

mass fraction of PPGMA while keeping the total polymer concentration constant led to a decrease 

in the elastic modulus (E) of the hydrogel, but caused a minimal increase in the swelling ratio (Q). 

The micro-domains of the end groups of pendant PPG chains further fine tuned the dependency 

between Q and E of the hydrogel for regulating the encapsulating cells.  
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Thermoresponsive copolymers have generated substantial attention in both polymer science and 

biomaterials. These polymers show intriguing key characteristics (thermally induced contraction 

and aggregation), as well as reversible gelation [1]. The thermoresponsive characteristic of 

polymers in solution is due to the type of the interactions (hydrophobic and hydrogen bonding) 

between the solvent and the polymer. Increasing the temperature may lead to the evolution of 

stronger interactions (development of critical solution transitions), together with a change in the 

polymer chain conformation (such as polypeptides, liquid crystalline polymers, crystalline 

polymers etc.)[2]. 

Some water-soluble polymers, such as poly(N-isopropylacrylamide) (PNIPAM) and poly(ethylene 

oxide) (PEO) exhibit a poorer solubility with rising temperature, as opposed to some other 

polymers, which demonstrate an increased solubility in water with raising temperature. The former 

type of behavior is typical for systems with a low critical solution temperature (LCST)[2]. 

Block copolymers consisting of one charged and one hydrophobic block (or hydrophobically end-

capped polyelectrolytes) can be considered as ionic polymeric surfactants [3]. The existence of 

ionic groups leads to an increase in the value of LCST [4]. 

In this study, effects of temperature, polymer concentration, and ionic strength on the self-assembly 

of the charged end-capped triblock copolymer of C18-PEG10-b-PNIPAAM54-b-PAMPS(-)10 have 

been studied using turbidimetry and dynamic light scattering (DLS). Increasing the ionic strength 

will lead to deacreased values of the cloud point (CP), which is an indication of enhanced 

aggregation due to the screening of Coulomb repulsions (figure1). 

 

Figure1: Turbidity measurements of 0.5wt% polymer solutions in aqueous  

media with different NaCl concentrations 

 

[1] Liu, R.; Fraylich, M.; Saunders, B. Colloid and Polymer Science 2009, 287, 627-643. 
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One of the current applications of arenediazonium salts, ArN+
2 X-, exploits the unique 

characteristics of the reactions between their cations and weakly basic nucleophiles (antioxidants) 

to probe their localization in the colloidal systems (foods, cosmetics and pharmaceutical 

formulations). One of the most important limiting factors in the application of ArN+
2 for 

quantitative investigations of the structure and composition of association colloids and emulsions is 

their stability. 

The purpose of our studies was to investigate the influence of the surfactant type and temperature 

on the kinetics of decomposition of ArN+
2 ions with various substituents in the benzene ring. 

Kinetic data were obtained spectrometrically by monitoring the decrease in the absorbance due to 

the disappearance of ArN+
2 at an appropriate wavelength. The observed rate constants, kobs, were 

found by fitting the absorbance vs. the time data to the integrated first-order kinetic equation. The 

stability of arenediazonium ions depends on the character of substituent. The methyl group 

accelerates the decomposition rate whereas the bromide group reveals a retarding effect. 

When the surfactant was added to the system, the increase of the reaction rate was observed up to 

the CMC. Above the CMC the rate dropped abruptly to the values somewhat higher (for CTAB and 

TX-100) or slightly lower (in the case of SDS) than in the buffered aqueous solution. It means that 

the SDS micelles stabilize ArN+
2 ions but the effect is rather poor and depends on the substituent 

type. Nonionic and cationic surfactants exhibit an opposite effect. 

As one could expect, the most pronounced factor determining the decomposition rate of 

arenediazonium ions is temperature. When it increased from 22oC to 60oC, the rise of kobs by two 

orders of magnitude was observed. 
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Owing to their unique electric, thermal and mechanical properties, carbon nanotubes (CNTs) are 

interesting materials that present many promises and many challenges. However, due to their high 

aspect ratio and polarizability, pristine CNTs are prone to form highly cohesive bundles, a fact that 

hinders most of the applications, where individual and aligned nanotubes are required. Thus, CNTs, 

hydrophobic in nature, do not disperse well in water, requiring either surface modification or non-

covalent dispersing agents such as surfactants, proteins, or polymers, which are assumed to adsorb 

onto the CNT outer surface and exert steric or electrostatic repulsion among the individual 

nanotubes. [1] 

In this work, we study by 1H NMR diffusometry the dynamics of the molecular interaction, in 

aqueous dispersion, between the block copolymer Pluronics F127 and single-walled carbon 

nanotubes (SWNT) [2]. The diffusional decays obtained are not single exponential indicating that 

the polymer is in two states: free as unimer in solution and nanotube-bound (Figure 1a). Fitting a 

two-site exchange model to the data indicates that at any instant, only a small fraction of polymer 

molecules are adsorbed on the nanotubes, with polydisperse residence times in the range of 

100−400 ms. Most significantly, we further provide an estimate of D = (3−8) × 10−12 m2 s−1 for the 

coefficient of lateral diffusion of the polymer along the nanotube surface, which is an order of 

magnitude slower than the corresponding coefficient in water. Overall, the emerging physical 

picture is that of a nonwrapping state for the polymer on the nanotube surface [2]. 

 
 

Figure 1. (a) 1H echo decay, at different diffusion times (Δ), of the CH2 protons of block copolymer F127 in 

aqueous SWNT dispersion; (b) lateral diffusion and dynamic equilibrium between free and bound polymer.  
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The aggregation number and the critical micelle concentration (CMC) are probably the most 

important parameters that require to be considered in the development of surfactant-based 

commercial products as well as in fundamental applications involving surfactants. The most 

accessible experiments aimed to determine micelle aggregation numbers require using a fluorescent 

probe and a quencher [1], although other methods including light scattering and small angle 

neutron scattering are also available [2,3]. The results are often dependent on the molecules 

selected and they present some limitations such as the temperature and concentration range of the 

surfactant employed in the experiments. Dilution isothermal titration calorimetric (ITC) 

experiments of surfactant solutions above the CMC have shown to be clearly sensitive to the 

structure of the molecules, and so to that of the corresponding aggregates. Some attempts have 

been made to get physicochemical and structural parameters of the nanoaggregates from 

calorimetric measurements [4,5]. In the present work we conclusively demonstrate that precise 

aggregation numbers of surfactant micelles can be directly obtained from single ITC experiments. 

Additionally, a complete thermodynamic characterization of the demicellization isotherms, 

including the dilution heat of surfactant monomers and micelles, as well as the enthalpy and the 

Gibbs energy changes for the molecular transfer from the solution to the aggregates is directly 

obtained. A variety of molecules with different chain lengths, polar head groups and at different 

temperatures are employed to validate the method. The proposed model is expected to be publicly 

available soon from the platform AFFINImeter [6]. 
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Fluorescently labelled polymers are nowadays of extreme relevance in the study of polymer 

dynamics,protein folding, as chemosensores, etc. [1-2] 

With the aim of understanding the influence of the size of the polymer chain and pyrene loading, in 

the present study, two type of polymers -poly(acrylic acid), PAAMePy, and poly(N-

isopropylacrylamide), PNIPAMPy- with different chain sizes and grafted with different degrees of 

pyrene were investigated in organic solvents and water by steady-state and time-resolved (ps and 

ns) fluorescence techniques. The behavior of PAAMePy is shown to be complex (with sums of 3 to 

4 exponentials) and dependent on the skeleton size and distribution of the fluorescent probes. [3-4] 

Kinetic schemes are proposed and solved. 

 
 

Figure 1: Structure of (A) PAAMePy and (B) PNIPAMPy polymers. 
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By analysis of experimental data, a quantitative theoretical interpretation of the solubility limit of 

fatty acids and alcohols in micellar solutions of water-soluble surfactants is presented and a general 

picture of the phase behavior of the investigated systems is given in the form of phase diagrams. 

The limited solubility of the fatty acids and alcohols in the micelles of conventional surfactants is 

explained with the precipitation of their monomers in the bulk, rather than with micelle phase 

separation. An original approach to the determination of the parameter of interaction between the 

components in the mixed micelles b is developed, which is based on analysis of the dependence of 

the saturation concentration on the fatty acid/alcohol chainlength [1]. This approach is alternative 

to the known method based on the dependence of CMC on the surfactant molar fractions in mixed 

solutions. The long chain fatty acids and alcohols (n = 14, 16 and 18) exhibit ideal mixing in the 

micelles of the anionic surfactant sodium laurylethersulfate (SLES) and the zwitterionic surfactant 

cocamidopropyl betaine (CAPB) at the working temperatures of 25, 30, 35 and 40 °C. Deviations 

from ideality are observed for the fatty acids and alcohols of shorter chain (n = 10 and 12), which 

can be explained by a mismatch with the longer chains of the surfactant molecules. Furthermore, 

using the values of the thermodynamic parameters of the system, its phase diagram is constructed, 

which consists of four domains, viz. mixed micelles; coexistent micelles and crystallites; 

crystallites without micelles, and molecular solution. The four boundary lines intersect in a 

quadruple point, Q. The results could be useful for understanding, quantitative interpretation and 

prediction of the phase behavior of mixed micellar solutions that contain a water-soluble surfactant 

and an amphiphile of limited solubility, such as the fatty acids, alcohols, carboxylates, etc. [2]. 

 

 
 

Phase diagram of the aqueous solutions of anionic surfactant (SLES) and lauric acid (LA), and a sketch of the 

formed mixed micelles in equilibrium with the monomers of the surfactant and fatty acid. 
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Experimental measurements for a variety of surfactants unexpectedly show that the CMC becomes 

constant with respect to increasing the size of the hydrophobic tail. This observation disagrees with 

theoretical models where it is expected to continue to decrease exponentially. Due to the lack of a 

satisfactory explanation for such a discrepancy from theory, we have studied these systems using 

an explicit microscopic model solved using the Single Chain Mean Field (SCMF) theory combined 

with the relevant micellar kinetic effects. In particular, we use our coarse grained model for 

polyethylene oxide alkyl ether to describe a series of nonionic gemini surfactants. In Figure 1 a 

typical configuration found in the bulk solution of one of the surfactants is given together with the 

chemical formula. When the kinetic corrections are included to correct the equilibrium CMC values 

from the SCMF scheme, it is possible to reproduce the correct order of magnitude of the 

experimental CMC results. Hence it appears that the theoretical predictions disagree with the 

experimental values because they are not true equilibrium values due to the fact that the time scales 

for these low CMC values become astronomically large.  

 

 
 

 

Figure 1: Chemical formula and sample configuration of a coarse-grained gemini surfactant with 30 central 

carbon groups (grey beads) and 30 oxyethylene units (red beads).  
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We have showed a non-biological system to mimic amoeba-like blebbing motion, which is the 

spontaneous motion of an interface under a far-from-equilibrium condition. When an oil solution 

(tetradecane including parmitic acid, PA) is deposited to float on a water solution (water including 

stearyl-trimethyl-ammonium chloride, STAC), the interface between oil and water deforms locally 

and repeatedly. We interpreted that the interfacial motion is governed by continuous creation and 

destruction of the gel-like aggregate of STAC, tetradecane and PA at an oil-water interface. [1-3] 

In order to observe nano-scale structure of the gel-like aggregates formed at the interface, micro-

beam small-angle X-ray scattering (SAXS) experiments were carried out. [4] The experimental 

results indicate that a highly-ordered lamellar structure is formed and stacked as pillars below the 

moving interface. Additionally, we have done millimeter-beam small-angle neutron scattering 

(SANS) measurements to investigate the structural details of the aggregates, especially at the initial 

stage of the blebbing motion. The result shows that the lamelar repeat distance near the interface is 

longer than that apart from the interface. These results suggest that the construction of the long 

repeat distance lamelar structure and transform to the short repeat distance lamelar structure is a 

driving force of the spontaneous motion of the oil/water interface. 

 
Figure caption: SANS profiles observed near and apart from the oil/water interface. 
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Dendrimers have been of particular interest to the polymer science field in the past three decades, 

because they have awell-defined architecture and a large degree of functionality in a single 

macromolecule. The large number of terminal groups and the nanoporous nature of the interior at 

higher generations. Furthermore, dendrimers are ideal building blocks for polymer architecture, 

because their structure can be precisely controlled. The combination of linear and dendritic blocks 

is an interesting approach to build amphiphilic block copolymers that can give rise to 

supramolecular aggregates in solution. This type of dendrimeric diblock copolymers with one 

linear block and one dendritic block have been synthesized by a number of different groupsand 

characterized. 

We synthesized a pendant hydrophobic dendron-containing monomer, and it was polymerized 

using hydrophilic linear macro-chain transfer agent to prepare amphiphilic diblock copolymers 

composed of linear polymer block and dendron-bearing block via reversible addition-fragmentation 

chain taransfer (RAFT) radical polymerization. This type of amphiphilic diblock copolymers can 

be expected that the polymer forms different type ofself-assemblies with high functionality. In this 

study, ageneration 3.5 (G3.5) poly(amido amine) dendron with 16 hydrophobic n-butyl terminal 

groups-bearing acrylamide monomer (AaUG3.5) was prepared by thecondensation reaction 

between an amino group in the focal point of G3.5 and acarboxylic acid group in 11-

acrylamidoundecanoic acid. We chose poly(2-methacryloyl-oxyethylphosphorylcholine) (pMPC) 

as a linear hydrophilic block, since pMPC exhibits excellent biocompatibility and 

antithrombogenicity. For as-prepared amphiphilic diblock copolymers (PmDn), their self-association 

behavior in water was investigated. 

According to TEM and light scattering data, aggregates formed from two diblock copolymers with 

different compositions (P98D3 and P269D1) were large compounds(micelles and vesicles, 

respectively). The micelles formed from P98D3 cannot incorporate hydrophilic guest polymer 

molecules of dextran, because the aggregates do not have hydrophilic hollow interior to incorporate 

hydrophilic guest molecules. On the other hand, the vesicles formed from P269D1 can incorporate 

dextran with molecular weight of 3,000 into the hollow interial. The vesicle formed from P269D1 

can be expected to be a good candidate for carrier of drug delivery system, because the surface of 

the vesicle was covered with biocompatible pMPC chains. 
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Control over size, shape and composition of nanomaterials is one of the major concerns in the field 

of nanoscience today. Liquid crystals (LCs) manifest order and mobility on the molecular level, 

and are therefore considered as suitable candidates for nanoparticles solf-templating. The LC state 

can be used as an organizing agent for preformed nanoparticles or the hybrids may be formed by 

the in-situ synthesis of nanoparticles within a LC matrix. Whereas the large majority of such 

research employs lyotropic LCs, very few publications deal with the elaboration of nanomaterials 

within thermotropic ones.[1,2] 

In a first part, we will describe the synthesis of amphiphilic hyperbranched complexes obtained 

from ionic interactions between hyperbranched polyamidoamine and an anionic surfactant, sodium 

dodecylsulfate.[3] Then will be presented the LC properties of these complexes characterized by 

polarizing optical microscopy, differential scanning calorimetry, and small-angle X-ray scattering. 

The relationship between the structural characteristics of the polymers (size of the hyperbranched 

core, hyperbranched or dendritic nature of the core, substitution ratio) and the mesomorphic 

properties will be also discussed and compared to the literature results [4,5]. 

Then, we will focus on the role of the LC phase in the size of the in-situ formation of gold 

nanoparticles. The templating effect of the liquid crystal mesophase resulted in the formation of 

isotropic nanoparticles, whose size was dictated by the local organization of the mesophase and by 

molar mass of the hyperbranched complex. 

Lastly, the aggregation of these complexes in solutionwill be presented. The size and the shape of 

the aggregates obtained were characterized by transmission electronic microscopy and dynamic 

light scattering. 
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Solving the problem of a rational and complex processing of refractory ores is relevant world 

objective. Complex mineral composition of raw materials submitted by hard-floatability minerals 

determines significant losses of valuable metals from their final tailings. Topical application of the 

technology is sulfidizing roast of such type of raw material and the studying of electrokinetic 

properties of sulfidizing products. 

The aim of the work was to determine the possibility of sulfidizing products flotation separation 

(flotation middlings) and the studying of electrokinetic pyrrhotites characteristics of different 

composition, the study of the potential stability of the system. 

To characterize the flotation properties of nonferrous metals sulphides were used the zeta potential 

- the most important characteristic of the electric double layer. Electrokinetic phenomena determine 

many features of the filtration of liquids through porous media, flotation and water fining. The 

value of the zeta potential gives an indication of the potential stability of the system, which is very 

important flotation circuit choosing. Stability of the system can identify whether the behavior of the 

studied products under different conditions. A clear understanding of system stability aspects 

allows very accurate to optimize the research phase, and can raise the quality of applied operations. 

Measurement of zeta - potential takes a detailed analysis of the dispersion causes, flocculation or 

aggregation causes, and can be applied to improve the elaborations of dispersions, emulsions and 

suspensions[1]. 

For the defining of flotation separation opportunity of sulfidizing products as a pyrite bearing 

products (flotation dressing middlings) were studied the electrokinetic characteristics of pyrrhotites 

of different compounds by macro electrophoresis. 

Were investigated 4 pyrrhotites samples, distinguishing by structure compound: 1 –Fe0,85S; 2 –

Fe0,86S; 3 –Fe0,87S; 4 –Fe0,89S at рН medium from 5 till 13. 

The result of x-potential defining allow to conclude that potential of all pyrrhotites increasing at pH 

increasing from 5 till 13, the electrophoresis rate also increasing at pH increasing from 5 before 13. 

with decreasing of sulfur contention in pyrrhotite x-potential is decreasing with - 52,1 mV in 

pyrrhotite Fe0,85S before - 40,8 mV in pyrrhotite Fe0,89S. 

Thus the floatability of pyrrhotites at sulfur contention decreasing in his compound is lowering. So, 

taking into account that x-potential of lead and zinc sulfides equal: -15,6 and -13,8 mV 

accordingly, its become possible the flotation separation of low-sulfur pyrrhotite and sulfides of 

non-ferrous metals. 

Flotation tailings separation of magnetic separation was carried out by direct cycle scheme using 

standard reagents (flotation machine FA – 237;solid:liquid= 2.5:1). The results showed that the 

flotation dressing of zinc-oligonite ore is practically impossible without sulfidizing roast. At the 

activating of the process the zinc extraction increases almost in 3 times and consist about 86-90 % 

when its content in the foam product 20-23 %, while the zinc content in the tailings 0,35-0,34 %. 
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An increasing number of studies directed at supercooling of water droplets on surfaces with 

different wettabilities have appeared in recent years. This activity has been stimulated by the 

recognition that water supercooling phenomena can be effectively used to develop methods for 

protecting outdoor equipment and infrastructure elements against icing and snow accretion [1]. In 

this paper we discuss the nucleation kinetics of supercooled sessile droplets of aqueous surfactant 

solutions on superhydrophobic surfaces in the isothermal conditions, at different supercoolings and 

water vapor saturations. The statistics of nucleation events for the ensembles of freezing sessile 

droplets is compared to the corresponding statistics for distilled water droplets[2]. The observed 

behavior is analyzed on the basis of different nucleation mechanisms.  
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Microemulsions are of general scientific and industrial interest, especially, regarding their tuneable 

nanostructure. Thus, their equilibrium properties such as phase behaviour [1] and microstructure 

[2] were extensively studied whereas their non-equilibrium properties were hardly resolved. 

Existing studies mainly focus on structural transitions rather than the primary formation itself [3]. 

However, for many applications understanding the primary formation kinetics of those systems is 

crucial. Regarding e.g. the load dependent use of water-diesel microemulsions [4] in diesel engines 

or general microemulsion application in template controlled nanoparticle synthesis it is vital to 

know how fast they form when being mixed on-board right before combustion or during the 

particle formation. In first investigations on the subject [5] we studied the primary formation 

kinetics by a combination of Small Angle Neutron Scattering (SANS) and a fast stopped-flow 

device. Two unstructured binary mixtures of D2O/NaCl and cyclohexane/C10E5 (pentaethylene 

glycol monodecyl ether) were mixed and followed by time-resolved SANS. We observed that after 

already 20 ms, when we could record the first scattering curve, the microstructure in the form of 

water-in-oil droplets existed and undergoes radial growth to more swollen ones resulting in the 

final microstructure. To understand the influence of additives such as diblock-copolymers 

complementary experiments were conducted now apparently modifying the membrane stiffness 

and bending rigidity leading to a slowing down of the formation process. 
 

 
Figure 1. Time resolved-scattering curves of the mixing of unstructured polar and non-polar solutions 

forming a microemulsion in bulk (left) and film contrast (right). 
 

Acknowledgements: The authors would like to thank H. Metzner and the workshop of the Department of 
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Two series of Aerosol-OT-analogue surfactants (di-BCnSS and di-BCnSG) with hyper-branched 

alkyl tails (hedgehog groups) have been synthesized and shown to demonstrate interfacial 

properties comparable to those seen in fluorocarbon (FC) systems. The headgroup structures of di-

BCnSS and di-BCnSG are sulfosuccinate (R-OCO-CH2CH(-SO3Na)-COOR) and sulfogultarate (R-

OCO-CH2CH2CH(-SO3Na)-COOR) respectively. The hedgehog groups (R) were 3,3-dimethyl-2-

butyl (carbon number n = 6), 2,6-dimethyl-4-heptyl (n = 9), 1-isobutyl-3,5-dimethylhexyl (n = 12), 

and 5,7,7-trimethyl-2-(1,3,3-trimethyl-buthyl)-octyl (n = 18). 

Critical micelle concentration (CMC), surface tension at the CMC (γCMC) and minimum area per 

molecule (Amin) were obtained from surface tension measurements of aqueous surfactant solutions. 

The results were examined for relationships between the structure of the hedgehog group and the 

packing density at the interface. To evaluate A and B-values of Klevens equation [1] for hedgehog 

surfactants, Log(CMC) was plotted as a function of the total carbon number in the surfactant 

double-tail. A linear relationship was observed, producing B-values of 0.20-0.25 for di-BCnSS and 

di-BCnSG, compared to a value of 0.31 for standard double-straight-tail sulfosuccinate surfactants 

[2]. The lower B-values of these hedgehog surfactants highlights their weaker hydrophobicity 

compared with double-straight-tail surfactants. 

The branching factor is known as one of the parameters that regulates Amin [1], and was able to 

explain the difference in Amin values for hedgehog surfactants. To clarify how hydrocarbon density 

in the surfactant-tail layer (ρlayer) affects γCMC, the ρlayer of each double-tail surfactant was 

calculated, and the relationship between γCMC and ρlayer for the double-tail surfactants examined 

along with data of AOT1-AOT6, AOTGLU and di-C6GLU reported in earlier papers [1, 2]. As 

expected in the design of low surface energy surfactant layers, ρlayer was identified as an important 

property to manage γCMC as a higher ρlayer leads to ã lower γCMC. Interestingly, surfactants with BC9 

and BC12-tails achieved much lower γCMC, even at low ρlayer values of < 0.55 g cm−3. The lowest 

surface energy surfactant studied here was di-BC9SG which had a γCMC of only 24.0 mN m−1. Such 

a low γCMC is comparable to those obtained with short FC-tail surfactants (eg. 22.0 mNm−1for the 

sulfosuccinate-type FC-surfactant with R=F(CF2)6CH2CH2-). 
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Recently, we developed a detailed molecular-thermodynamic model, which describes the growth of 

disclike aggregates [1,2]. Our approach extends the ladder model for cylindrical micelles [3] to 

disclike micelles, representing the latter as toro-discs. Taking into account the geometrical 

constraints for an expanding semitoroidal periphery, we derived analytical expressions for the 

micellar size distribution and for the mean aggregation number. The key parameter is given by the 

difference between the chemical potentials of a molecule in cylindrical and discoidal micellar 

environment. In dimensionless form, the difference, scaled by kT, is denoted by p. Free energy 

calculations demonstrate that for p < 0 the formation of cylindrical micelles is energetically 

favorable, whereas for p > 0 disclike micelles should form. However, the growth of the latter with 

the increase of surfactant concentration is limited due to the rise of their positive peripheral energy. 

For this reason, disclike micelles appear in a certain (narrow) concentration range. By processing 

light-scattering data for fluorinated cationic surfactants [4], we found that the best fit gives small 

positive values of p, in accord with the theoretical predictions. The fact that typical disclike 

micelles form only in the special case 0 < p < 0.1 explains why such micelles represent a relatively 

rare form of stable surfactant self-assembly. In case they appear in solution, one can analyze their 

growth by the proposed model. 

 

 
Figure. Disclike micelle and its semitoroidal periphery, and a diagram of the molar fraction of surfactant in 

micellar form, X - X1, vs. the dimensionless excess energy, p, where the domain with disclike micelles is 

shown. 
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Enzyme catalysed biotransformations offer great potential due to high substrate specificity and high 

enantioselectivity, e.g. as observed for lipases. However, many processes lack the right reaction 

conditions to benefit from all the enzyme’s advantages as special requirements are needed to 

achieve optimum enzyme activity and stability. We propose a bicontinuous microemulsion for 

lipase catalysed hydrolysis reactions. The large connected interface between oil and water domain 

consists of a surfactant monolayer, where the lipase adsorbs and converts substrates from the oil 

phase of the microemulsion. In the present contribution, a basic microemulsion consisting of 

buffer-n-octane-nonionic surfactant CiEj was used to investigate the key factors that determine a 

successful hydrolysis reaction catalysed by the lipase B from Candida antarctica. In a model 

reaction, p-nitrophenyl palmitate, -laurate and -caprylate were used as substrates, yielding the 

respective fatty acid and p-nitrophenol as products. The kinetics of the reaction was then monitored 

by UV/Vis detecting the formation of p-nitrophenol as a function of time. The phase behaviour of 

the microemulsions containing the reactants was studied, and their partitioning between the phases 

determined. Special focus was set on clarifying the behaviour of p-nitrophenol in the 

microemulsion and the effect of the reaction media on the spectral properties of the product. 

Temperature, ionic strength and substrate polarity was varied to determine the optimum values for 

Cal B based on the obtained second order rate constants k2. The Cal B activity was found to be 

linearly dependent on both enzyme and substrate concentration, as expected. Surface tension 

measurements of diluted Cal B solutions were carried out and correlated with the performed 

activity measurements. The impact of the composition of the interfacial film on the Cal B activity 

was measured using two different co-surfactants, the phospholipid 1,2-dioleoyl-sn-glycero-3-

phosphocholine (DOPC) and the sugar surfactant decyl β-D-glucopyranoside (β-C10G1). 

  



7. MICELLES, EMULSIONS AND MICROEMULSIONS 

113 

[O7.5] 
 

Specific Ion Effects in Water Ordering at Ionic Surfactant Stabilized 

Nanoscopic Interfaces 

 
Yixing Chen, Rüdiger Scheu, Cornelis Lütgebaucks, Carlos Macias Romero, Sylvie Roke* 

 
Laboratory for fundamentalBioPhotonics, École Polytechnique Fédérale de Lausanne 

*sylvie.roke@epfl.ch 

 

 

Ionic surfactants are widely used to stabilize the oil/water interface, presumably with their 

hydrophobic tail affecting the oil and the charged head group ordering the water. However, the 

molecular picture of the interaction is more complex and depends on the nature of the charged head 

group of ionic surfactants [1]. Here, we employ elastic second harmonic scattering (ESHS) [2] to 

determine how specific ion effects affect the water ordering at nanoscopic interfaces. The ESHS 

signal in the PP polarization combination (P-horizontally polarized incident beam, P-horizontally 

polarized scattering beam) directly reflects changes in the orientational correlations of the water 

molecules. We find that dodecylsulfate (DS-) ions significantly orient the water molecules around 

the nanoscopic oil/water interface through hydrogen bonding and electrostatic interaction, which 

give rise to a large coherent ESHS signal. In contrast, dodecyltrimethylammonium (DTA+) ions 

show a very weak interaction with the surrounding water molecules, resulting in an interfacial 

water structure similar with that in the bulk. The ESHS signal thus shows no notable change 

induced by the presence of the nanoscopic interface stabilized by DTA+. Our work suggests that 

the anionic head group of the surfactant participates in the water network through strong specific 

ion-water interactions and thus stabilizes the oil/water interface. The cationic head group, however, 

shows a weak effect in water ordering and thus does not assist the stabilization. Therefore, we 

conclude that specific ion effects result in different stabilization mechanisms of ionic surfactants. 

 

 
Figure. The interfacial ζ-potential and ESHS response. (A) Absolute values of the zeta potential for droplet 

solutions with different concentrations of DS- and DTA+.(B) ESHS results for droplet solutions with different 

concentrations of SDS and DTAB. The zeta potential for a surfactant free droplet solution is ~-50mV. 
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The effect of hydrophobic co-surfactants (Igepal Co-210 and Chremophor RH 40) on the formation 

of O/W nanoemulsions by the Phase Inversion Temperature (PIT) method has been studied in 

water/Miglyol 812 systems. The hydrophilic surfactant used was Kolliphor HS15. The effects of 

the hydrophobic/hydrophilic surfactant ratio, of the overall surfactant concentration and of 

temperature cycling on the PIT, on the drop size and on the phase inversion temperature and phase 

inversion path were studied, and optimisation routes were suggested in terms of PIT tuning and 

drop size control. Temperature induced phase inversion was only feasible in the presence of 

hydrophobic co-surfactants, whereas the hydrophillic surfactant alone did not induce phase 

inversion. Nanoemulsions with mean drop diameter ranging from 50nm to 200nm were produced 

with polydispersity índex smaller than 0.2. Conductivity measurements showed that increasing the 

concentration of the hydrophobic surfactants caused a significant decrease of the PIT as shown in 

Figure 1a). The width of the transitional phase inversion zone decreased for hydrophobic co-

surfactant weight fractions up to 0.4, whereas further increase of the hydrophobic co-surfactant 

concentration led to broader transitional zones. The mean drop size decreased initially for 

increasing hydrophobic co-surfactant weight fraction from 0.05 to 0.2, then it reached a plateau and 

it increased with further increase of the weigh fraction to 0.3 or higher. A hydrophobic co-

surfactant concentration between 0.25-0.3 ww% seemed to offer the optimum solution between low 

PIT, and small mean drop sizes of about 80nm. Temperature cycling had a small effect on the PIT 

and the drop size, however it had a strong effect on the phase inversion path. Polarised light 

microscopy observations showed birefringence for the first phase inversion (cycle 0), indicating 

that the first phase inversion occured through the formation of a lamelar liquid crystal phase (LLC). 

However, no birefringence was observed when temperature cycling was applied indicating that 

temperature cyncling may have caused the phase inversion path to change by eliminating the 

formation of the liquid crystal phase for any subsequent cycles, as shown in figure 1b) and c).  

 

 

 
 

Figure 1: Polarised light microscopy images showing a) cycle 0, birefringence of LLC phase b) cycle 2, no 

birefringence - absence of LLC, and c) Decreasing PIT with increasing co-surfactant ww % fraction 

  



7. MICELLES, EMULSIONS AND MICROEMULSIONS 

115 

[O7.7] 

 

Partitioning of Organic Additives in Micellar Solution of Surfactants 

 
Jonas Fuchs, Monika Schönhoff 

 

Institute of Physical Chemistry, WWU Muenster, Corrensstr. 28/30, 48149 Münster, Germany 

 

 

We investigate the partitioning of various small organic guest molecules in aqueous micellar 

solutions, in particular with respect to specific interactions with either cationic, anionic or non-

ionic surfactants. For this purpose, diffusion coefficients of guest molecules and of surfactants in 

different micellar solutions are determined using Pulsed Field Gradient NMR. The bound fraction 

of guest, f, is then calculated from the diffusion coefficients of both species.  

In order to compare anionic, cationic and non-ionic micelles with respect to their uptake of guest 

molecules, a problem arises due to the very different cmc values and the fact that experiments 

should be performed at guest concentrations much lower than surfactant concentrations, cguest << cS. 

This limits the accessible concentration range and requires a method to compare bound fractions 

even when measured at very different cS. Here, we consider the guest incorporation as a reversible 

reaction, described by an association constant KA, which can be calculated from surfactant 

concentration and diffusion coefficients. We show that the association constant KA is a suitable 

parameter for comparison of guest incorporation in different systems, independent of surfactant or 

additive concentration. This approach allows to compare incorporated fractions for surfactant-

additive-systems even with very different cmc values.  

Additives are characterized by a hydrophobicity specified by the octanol/water partition coefficient, 

POW. For surfactant mixtures, additives in a medium range of log(POW) already showed a significant 

dependence of f on log(POW) [1]. In contrast to these previous results, we explore here the relevance 

of specific interactions of substituents of the aromatic additives with the surfactant head groups. In 

addition, interactions of the different head groups with the aromatic ring system are investigated. 

In general, we observe a clear dependence of bound fraction and of association constant on 

hydrophobicity of the guest molecule, but we also find unexpected interactions between special 

aromatic additives and the anionic surfactant caused by structural features. 

 

 

 

 
Figure 1: Micelles in solution with additives of different hydrophobicity. Left: very hydrophilic additives, 

located preferentially in the solvent phase. Middle: very hydrophobic additives in the core of a micelle. 

Right: a special case in which additives are preferentially forming additional interactions with the surfactant 

head groups. 
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We have recently proposed a new general concept regarding amphiphilic materials that have been 

named as “active interfacial modifier (AIM)” [1]. In emulsion systems, AIM is essentially 

insoluble in both water and organic solvents (oils); however, it possesses moieties that are attracted 

to each of these immiscible liquid phases. Hence, AIM practically stays just at the interface 

between the two liquid phases and makes the resulting emulsion stable. In general, amphiphiles or 

emulsifiers are distributed into the interfacial and bulk phases. This means that the effective 

amount of amphiphiles for stabilizing the interface becomes lower than the added amount in the 

system. From this point of view, the material concept of AIM is eco-friendly for achieving precise 

control of interfacial properties without loss of amphiphiles in the system. 

In our previous work, we have employed an amphiphilic peptide-silicone hybrid polymer as an 

example for the AIM concept [1, 2]. The use of this amphiphilic polymer enabled us to prepare 

stable water-in-oil (W/O) emulsions even by relatively gentle vortex mixing for a wide range of the 

three components. Additionally, the viscosity of the prepared emulsions was found to be relatively 

low and quasi-Newtonian fluid was obtained at water concentrations up to ca. 30 wt% [1]. These 

characteristic features result from an independent third phase of the amphiphilic polymer formed 

between the two liquid phases. We also found that the emulsion system experiences destabilization 

through sedimentation, but hardly any coalescence occurs owing to the presence of the AIM third 

phase [2].  

One of our recent studies is directed toward finding AIM materials. For example, we have focused 

on the use of polyion complex (PIC) or complex coacervate as an AIM material. PIC consists of 

oppositely charged polyelectrolytes and exhibits amphiphilic nature under appropriate conditions 

[3]. We have also studied emulsification by a series of zwitterionic phosphorylcholine-like gemini 

amphiphiles. Relatively stable oil-in-water (O/W) emulsions were obtained when employing the 

amphiphiles having suitable hydrocarbon chain lengths. The key process in this emulsification is a 

control of temperature; the emulsification was performed above the gel-liquid crystal transition 

temperature of the amphiphiles and then the emulsion samples obtained here were stored below the 

transition temperature (at room temperature). This indicates that a liquid crystalline phase of the 

amphiphiles stabilizes the oil droplets in the emulsification process, whereas the gel phase localized 

at the oil/water interface prevents coalescence between droplets at room temperature. 
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We present fully atomistic molecular dynamics simulations of ternary octanol/ethanol/water 

mixtures. It is commonly known that octanol is completely soluble in pure ethanol, but 

octanol/water mixtures show a miscibility gap, and at a critical water content phase separation 

takes places in the ternary system. Our study focuses on the one-phase region of the phase diagram, 

where a macroscopically homogeneous system is present. The molecular-scale structure in this 

region reveals an increasing tendency of octanol aggregation with increasing water content. At low 

water concentration the aggregation is characterized by the formation of small clusters, but at 

higher water contents micelle-like aggregates of ethanol and octanol are observed before phase 

separation sets in. Different approaches to the determination of the micellar interface based on 

structural and energetic arguments are discussed. 

Our observations from molecular simulations are consistent with WAXS wide-angle x-ray 

scattering experimental data. Our results demonstrate the emergence of a surfactant-free 

microemulsion in ternary systems, which arise when two immiscible compounds are mixed by help 

of a third component, the hydrotrope. The presented concept is assumed to be of general 

importance for such ternary mixtures. 
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In recent years, the utilisation of supercritical carbon dioxide has received considerable attention as 

green solvent. However, the applications of this green solvent are hindered by its nature where 

efficient solubilisation of solute is only possible by addition of expensive and non-biodegradable 

fluorinated (F)-surfactant to produce water-in-CO2 (w/c) microemulsions [1]. Despite of several 

alternative compound such as hydrocarbon (H)-surfactants have been synthesised [2,3]; their 

performances which are indicated by cloud point pressure, Ptrans remained poor compared to (F)-

surfactant for w/c microemulsion stabilisation. To address this challenge, hybrid (F-chain/H-chain) 

CF2/AOT4 sulfosuccinate, surfactant was developed [4] where the architecture focused on 

reducing fluorine content while retaining acceptable level of Ptrans. Interestingly, the established 

synthesis route of hybrid sulfosuccinate surfactant represents a notable simpler and cheaper method 

as compared to the hybrid (H-chain/F-chain) sulphate surfactant. Now for optimisation, H-chain of 

hybrid CF2/AOT4 surfactant was substituted with different CO2-philic hydrocarbon chains [2,4,5]. 

The surfactant performances were investigated by high–pressure phase behaviour, UV–visible 

spectroscopy and air-water (a/w) surface tension measurements. The results show that introduction 

of bulky H-chain reduce fluorine content of hybrid sulfosuccinate surfactant, also provide better 

performance in stabilising w/c microemulsions as indicated by Ptrans. Significantly, this work has 

advanced the understanding of how hybridisation surfactant chain approach can be used to generate 

cheaper and effective surfactant for stabilising w/c microemulsions. 
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Biosurfactants (BSs) are environmentally friendly surfactants that are abundantly produced from 

renewable resources by a variety of microorganisms. Because of its structural diversity, they 

exhibit unique properties including high surface activity, low toxicity and various biological 

functions compared to common synthetic surfactants. Surfactin (SF) is one of the most promising 

BS, which is produced by Bacillus subtilis. SF has a heptapeptide moiety cyclized between the C-

terminal carboxyl and the side chain of hydroxyl group to form a lactone linkage and this unique 

“lariat” shaped surfactant is well known to show remarkable surface activity. 

In biological environment, SF also plays as ionophore where SF traps several metal ions in its 

cyclic structure and transport them across lipid bilayer of cell membrane. For this reason, it is 

suggested that SF is applicable to “multifunctional surfactant” exhibiting high surface activity, ion 

recognition property, biodegradability and low toxicity. However, the details of relationship 

between self-assembling and ion-recognition properties in water have not been studied 

systematically, and most of them remain to be clarified. Here we report that relationship between 

self-assembling and ion recognition properties of SF in water. 

We found that SF induced spontaneous formation of giant micelles in aqueous solution, which was 

confirmed by dynamic light scattering (DLS) and fleez-fracture transmission electron microscope 

(FF-TEM) measurements, where its hydrodynamic radius was micrometer size. The critical micelle 

concentration (CMC) of SF was also determined by the Welhelmy method (25 oC), revealing that 

SF has a considerably low CMC of 2.7 x 10-5 M in water. SF reduces surface tension of pure water 

from 72 mN/m to 27 mN/m. Circular dichroism (CD) measurement of SF in water with different 

concentration showd that SF formed b-sheet structure in water via hydrogen bonding interactions 

between cyclic heptapeptide rings.MALDI-TOFMS spectrum of the mixture of SF (1 mM) and 

CsCl (20 mM) contains m/z peaks ascribed to surfactin cesium salts, indicating that SF shows not 

only high surface activity but also high affinity for cesium ion. 
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Microemulsions with supercritical CO2 are promising alternatives for organic solvents, especially 

when the use of both hydrophilic and hydrophobic substances is required. However, only 

fluorinated surfactants, which are environmentally unfriendly, are appropriate to formulate well-

structured microemulsions. While most approaches deal with the design of new surfactants with a 

reduced degree of fluorination [1], we discovered that the substitution of CO2 by cyclohexane 

enables a considerable reduction of fluorinated surfactants. A pressure-dependent optimum 

cyclohexane-to-CO2 ratio between 1:6 and 1:4 was found for the most efficient solubilization of the 

CO2/cyclohexane mixture. Due to repulsive interactions of cyclohexane and fluorinated surfactants 

the formation of a concentration gradient of cyclohexane inside the micelles swollen with the 

CO2/cyclohexane mixture was expected. In a systematic contrast variation study small angle 

neutron scattering was used in order to elucidate the distribution of cyclohexane within the micellar 

core. The analysis of the recorded scattering curves (Figure 1) by the Generalized Indirect Fourier 

Transformation [2] (GIFT) clearly shows that the scattering length density profiles differ 

considerably from scCO2-microemulsions without cyclohexane [3]. Instead of a nearly constant 

scattering length density, a density profile that varies systematically over half of the droplet radius 

was detected. Thus, the hypothesis of the formation of depletion zone of cyclohexane close to the 

fluorinated amphiphilic film could clearly be proven. 
 

 
Figure 1: Different neutron contrast conditions (in each case left, schematic: red, GIFT-results: blue) and the 

according scattering curves (in each case right). 
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A self-consistent field study is presented on the design of active and passive targeting block 

copolymeric micelles. These micelles form in water by the self-assembly of triblock copolymers 

with a hydrophilic middle block and two hydrophobic outer blocks [1,2]. A minority amount of 

diblock copolymers, typically just one, with the same chemistry, are taken to co-assemble into 

these micelles. At the end of the hydrophilic block of the diblock copolymers a targeting moiety 

(TM) is present. Assuming that the rotation of the micelle towards the target is sufficiently fast, we 

can elaborate a one-gradient cell model, wherein the micelle is in the center and the receptor (R) 

substrate exists on the outer plane of the spherical coordinate system. 

The distribution function of the targeting moiety can be converted into a Landau free energy as a 

function of the distance of the targeting moiety from the adsorbing substrate. Typically, this 

Landau free energy has local minima and corresponding maxima. The lowest minimum, which is 

the ground state, shifts from within the micelle to the adsorbing state upon bringing the substrate 

closer to the micelle, implying a jump-like translocation of the targeting moiety. Equally deep 

minima represent the binodal of the phase transition, which is, due to the finite chain length, first-

order like. The maximum in between the two relevant minima imply that there is an activation 

barrier for the targeting moiety to reach the receptor surface. The time to cross this barrier is 

expected to increase exponentially with the barrier height. 

We localize the parameter space wherein the targeting moiety is (when the micelle is far from the 

target) preferably hidden in the stealthy hydrophilic corona of the micelle, which is desirable to 

avoid undesired immune responses, and still can jump out of the corona to reach the target quick 

enough, that is when the barrier height is sufficiently low. The latter requirement may be identified 

by a spinodal condition. We found that such hidden TMs can still jump-like establish a TM-R 

contact at distances up to twice the corona size.  
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We report on the synthesis of macroporous magnetic composites using highly concentrated 

Pickering emulsions [1-3] stabilized by magnetite (Fe3O4) nanoparticles [4], which were coated 

with different concentrations of oleic acid to tune their hydrophilic-hydrophobic affinity. 

Moreover, the effect of a nonionic hydrophobic surfactant on the adsorption of nanoparticles at the 

water-oil interface was investigated. Phase behavior and emulsion stability studies, combined with 

interfacial tension measurements and TEM observations, demonstrated that surfactant produces a 

complete desorption of nanoparticles from the interface. The main reason was the preferential 

adsorption of surfactant on the nanoparticles, which changed its wetting properties. Stable, highly 

concentrated water-in-styrene Pickering emulsions were prepared, and, after polymerization of 

styrene, low-density macroporous monoliths were obtained (Fig.1a), with magnetite nanoparticles 

firmly anchored on pore surface (Fig.1b). In absence of surfactant, these polystyrene macroporous 

monoliths had very large macropores with a closed-cell pore morphology. However, the 

interconnectivity of pores was greatly improved by adding the surfactant at small concentrations 

(below the critical micellar concentration). 

 

 
Figure 1. Examples of a porous solid foam (a) and magnetite nanoparticles adsorbed on the surface of pores 

(b). 
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Considerable attention has been focused on supercooled water for several decades, and several 

hypotheses were proposed to explain its anomalous properties, such as the thermodynamic 

singularity at 228 K, in a unified way [1,2]. One difficulty with experimental investigations of 

supercooled water is the presence of homogeneous nucleation to an ice crystal at ~235 K and 

atmospheric pressure. Water confined in mesoporous materials is an important candidate for 

studies of supercooled water because confined water does not freeze at low temperatures [2]. 

There, however, has been an issue on the interaction between confined water and the internal 

surface of the cage used for the confinement; a sufficiently strong interaction can affect the 

properties of confined water, thus distorting the measured values of these properties [2]. We have 

recently demonstrated that a reverse micellar solution is a new candidate to overcome the issue [3]. 

A reverse micelle is a nanometer-scale cage filled with water (Figure 1), and its aqueous cavity 

radius can be controlled experimentally [4-6]. On the other hand, terahertz (THz) spectroscopy of 

liquid water shows that cooperative motions of water are related to the thermodynamic singularity 

at 228 K; although the temperature range of the measurement is limited above the melting point 

[7]. Thus, we have carried out THz spectroscopy of water confined in AOT/isooctane reverse 

micelle over a wider temperature range. THz time-domain spectroscopy was used to obtain the 

optical constants (i.e., absorption coefficient and refractive index) of water in the solution. In the 

presentation, I will describe the results on temperature dependence of the relaxation time of the 

water in the picosecond temporal range, for example, its considerable increase with decreasing 

temperature due to the confinement effect, and discontinuous change at a certain temperature due 

to water shedding from the reverse micelle. 

 

 
Figure1. Schematic diagram of a reverse micelle. 
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The objective of this work is to obtain vegetable oil emulsions suitable to carry out the hydrolysis 

of the emulsified triglycerides. To do that we have studied and optimized three different factors: oil 

phase volume fraction (Φ), mass of emulsifier/volume of oil phase (S) and applied energy/volume 

of oil phase (E). We also have investigated the effect of two emulsifiers: a hydrocolloid, gum 

arabic, and the nonionic surfactant Glucopone 600 (G600). Droplet size was measured with a Z-

sizer Nano (Malvern Instruments) and emulsions stability was monitored for 24 h by using a 

commercial device (LUMiCheck®, LUM). To optimize lipase activity small droplets are desired, in 

order to maximize the specific interfacial area of the emulsion. A significant effect of Φ, S and E 

over average droplet size was observed. Smaller droplets were obtained with higher amounts of 

emulsifier and lower Φ values. Applied energy also affects, though slightly, increasing the size. 

G600 yields smaller droplets than gum arabic. As regards emulsion stability, all samples underwent 

destabilization by creaming; only Φ and S were found significant in this response. Stability was 

similar for both emulsifiers. Back-scattered light profile can be adjusted to a pseudo-first order 

kinetic, with a residual back-scattering within 24 h. Destabilization pattern strongly depends on Φ. 

For experiment carried out with gum arabic, when Φ is increased to 0.15 the back-scattering vs. 

time curve shows an initial delay period (Fig. 1), where no destabilization could be appreciated 

(constant back-scattering). According to Robins [1] the delay phase occurs in polymer-stabilized 

emulsions at high oil volume fraction or strong depletion interactions, where the emulsion forms a 

single network structure. The information gathered in this study will serve to optimize the 

formulation of vegetable oil emulsions used as reaction media for the enzymatic hydrolysis of 

triglycerides [2]. So, hydrolysis test were carried out with the optimum conditions found for each 

emulsifier. In spite of the smaller droplet size being obtained with G600, the extent of fatty acids 

hydrolysis was higher with gum arabic. This could be due to the inhibition of lipase activity by this 

nonionic surfactant [3]. 

 

 
Figure 1. Back sckattered light profile of emulsions prepared with gum arabic as emulsifier. Φ = 0.15. 
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The combination of high temperature, salinity, and hardness in a given petroleum reservoir have 

led the research effort from petroleum sulfonates to technical grade alkyl ether sulfonates (AES). 

[1-3] These surfactants have been always considered as essentially anionic. However, due to their 

partial degree of ethoxylation, they may exhibit dual anionic-nonionic solubilization behavior in 

brine. In this study, we investigated the effect of temperature on the solubilization behavior of 

iC17OE7S (weight fraction 0.15 of iC17OE7 in the presence of weight fraction 0.85 of iC17OE7S 

in the mixture) and iC17EO10S (weight fraction 0.15 of iC17OE10 in the presence of weight 

fraction 0.85 of iC17OE10S in the mixture) in brine. At room temperature and in the concentration 

range 0.025-1.0 wt%, iC17OE7S form turbid solutions which eventually separate into two phases, 

a gel-like suspension and a clear lower phase. These solutions remained turbid upon heating to 95 

˚C, suggesting a clear point for iC17OE7S above the boiling point of water. On the other hand, 

iC17EO10S forms clear and stable solutions at room temperature (22 ˚C), indicating a surfactant 

clear point below room temperature. However, upon heating, concentration dependent clear-to-

turbid transition temperatures were observed and were attributed to the cloud point of the alkyl 

ether component (weight fraction 0.15 wt% of iC17EO10 in the mixture) in the presence of anionic 

component (weight fraction 0.85 of iC17EO10S in the mixture). Addition of extrinsic nonionic 

alkyl ether (AE) surfactants having different degree of ethoxylation (iC9EOx, x = 6, 10, and 14) to 

to iC17OE7S resulted in a significant decrease in iC17EO7S clear point from above the boiling 

point of water to below 22 ˚C, depending on the degree of ethoxylation with a concomittant effect 

of the anionic component (weight fraction 0.85 of iC17EO7S) on the overall cloud point in 

iC17EO7S(iC17EO7)/iC9EOx mixed micelles. Similar trends were observed for iC17EO10S 

surfactant. This cloud point variation was attributed to the interrelationship of the increase in mixed 

micelle charge with increasing xan; the dehydration of OE groups via interactions with the 

sulfonate groups; and the possible effect of some shielding of SO3
- groups by nearby extended POE 

chains of the nonionic surfactants. The significance of these interesting observations is that 

technical grade AES used in EOR formulations may exhibit dual anionic (clear point) and turbid 

(cloud point) in high salinity. Combination of AES-AE surfactants can be used to formulate clear 

and stable EOR formulations in a wide range of reservoir temperatures at high salinity and 

hardness. 

 
Figure. Temperature-concentration phase diagram for iC17EO10S (wt fraction 0.15 of non-ionic component iC17EO10 

in the presence of wt fraction 0.85 on anionic component iC17EO10S in the mixture) in brine. 
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Surfactant formulations that have been designed to achieve ultra-low interfacial tensions are once 

again being investigated as a cost-effective way to enhance recovery of oil from existing reservoirs. 

Ultra-low interfacial tensions can be challenging to measure and in the oil industry formulation is 

often determined from equilibrium phase behaviour1 while the injected formulations require that all 

the active components are included in the aqueous solution to be injected into the reservoir. 

After a brief introduction to the topic, I will show some results with formulations that would give 

rise to equilibrium phases of L1 (o/w microemulsion + oil) and L3 (middle phase + o + w). The 

displacement of oil by these formulations from a small rock core and from a two-dimensional 

transparent micromodel is followed by NMR and optical microscopy, respectively. 

The observations provide insights to the detailed mechanism of chemical EOR, where surfactant 

formulations are designed to generate ultra-low interfacial tension on contact with capillary trapped 

oil in porous media. 
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Foams made from emulsions are found in many industrial products, where either they are 

purposefully created for reasons of function and texture or they are an unwanted side product due 

to the foaming of an emulsion during preparation or use. Interestingly, depending on the volume 

fractions of the components and on the type of surfactant and oil used, emulsions can strongly 

increase the stability of foams or decrease it. Although research has been conducted on emulsions 

as anti-foams, their use as stabilising agents for foaming has so far been less explored. 

We have studied model foam-emulsion systems using a single surfactant to stabilise both the oil 

drops and the air bubbles. We observed changes from very unstable to long-lived foams. The 

behaviour of emulsion droplets within the foam network depends strongly on the concentration of 

surfactant. This concentration changes the interactions between the emulsion droplets, but also 

those between the emulsion and the foam, and is crucial to the overall stability and ageing of the 

foamed emulsions. We have also examined the creaming of emulsion droplets in model confined 

structures, mimicking the complex network formed by foam bubbles. Interesting effects can be 

observed in such experiments. The relation between these findings and the peculiar behaviour of 

foamed emulsions will be discussed. 

 

 

 
Figure caption: Emulsion droplets in foams. 
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Magnetic fluids are colloidal liquids made of ferromagnetic nanoparticles (NPs), which become 

strongly magnetized in a magnetic field, and the fluids are of considerable interest because of their 

potential novel applications in several technological fields of nanoscience. To make high 

performance magnetic fluids, control of the magnetic NPs dispersibility is a vital issue. In this 

work, we report a one-pot preparation method of Fe3O4 nanoparticles (NPs) from a FeCl2 precursor 

at room temperature using a long-chain amidoamine derivative (Fig.1; C18AA) acting as the 

reducing and capping agent. The as-prepared aqueous dispersion of Fe3O4 NPs acted as a water-

base magnetic fluid. The magnetic Fe3O4 NPs are characterized by using TEM, XRD, XPS, FT-IR 

and SQUID. Further, we demonstrate that oil-base magnetic fluids can be prepared simply by the 

addition of organic solvents into dried Fe3O4 NPs obtained by evaporating the as-prepared 

dispersion. Interestingly, the dispersions of several organic solvents show thixotropic properties, 

and the dispersion shape molded by a magnetic field can retain even after the removal of the 

magnetic filed. Further, we showed that the combination of Fe3O4 NPs and C18AA enable to 

prepare double stimuli responsive O/W emulsions which act as heat induced gelator and magnetic 

fluid. [1] 

Synthesis of Fe3O4 NPs is as follows. 1 M aqueous solution of FeCl2 was added into C18AA 

aqueous solution, and the mixture was stood for 24 h at room temperature without stirring. Double 

stimuli responsive O/W emulsions were prepared by adding Fe3O4 NPs obtained at [C18AA]=200 

mM into O/W emulsions consisting of C18AA, toluene and aqueous HCl. 

Fe3O4 NPs obtained at [C18AA]>200 mM were dispersed in water for a long time and the 

dispersion showed magnetic fluid property (Fig.2a), whereas Fe3O4 NPs prepared at a low 

concentration of C18AA rapidly precipitated, because the former and latter diameters were ~10 nm 

(Fig.2b) and ~60 nm, respectively. Obviously, this result indicated that the size control of Fe3O4 

NPs is essential for preparing magnetic fluid. Further, the presence of C18AA brought about a shift 

of zero-point of charge (ZPC) of Fe3O4 NPs from pH7 to pH11, as shown in Fig.3, which is 

probably caused by the adsorption of C18AA onto Fe3O4 NPs. Consequently, the dispersion of 

Fe3O4 NPs capped with C18AA had a high resistance against pH. Interestingly, we can easily 

prepare magnetic fluids of Fe3O4 NPs dispersed in toluene, instead of water. Apparently, this fact 

leads to the result that Fe3O4 NPs can be easily dispersed in O/W emulsions of 

C18AA/toluene/aqueous LiCl. The O/W emulsions containing Fe3O4 NPs were acted as both 

magnetic fluid and heat-induced gelator. This enable us to give an opportunity to hold the shape of 

the dispersion by heating, after we made a desirable shape by magnetic field. 
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Langmuir., 2013, 29, 1669.  
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Synergistic behavior is observed when cationic surfactant, cetyl trimethyl ammonium tosylate 

(CTAT) is mixed with small amounts of sodium dodecyl sulfate (SDS) and also with branched 

sodium dodecyl benzene sulfonate (SDBS). Micellar nanostructures and drag reduction in turbulent 

flow are both markedly affected by addition of the anionic surfactants to CTAT and also by the 

addition of excess sodium tosylate (Na TOS).  

The effects of different ratios of SDS or SDBS to CTAT and of the addition of Na TOS on micellar 

nanostructures obtained by Cryo-TEM imaging and on the turbulent flow drag reduction 

effectiveness and temperature ranges of the mixtures are described. 

Small concentrations of SDS and of branched SDBS increased the drag reduction effectiveness at 

high temperatures. The presence of branched SDBS led to increased branching of the threadlike 

micelles. Addition of Na TOS increased the upper temperature limit for drag reduction and also 

resistance of the micelles to shear breakdown. 
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Vesicles are widely used to entrap either hydrophilic, lipophilic or amphiphilic compounds. In this 

contribution, the sorption of phenol by dioctadecyl dimethyl ammonium chloride (DODAC) 

vesicles was studied. Special attention was paid to the influence of environmental conditions that 

affect the mutual interaction between solute and sorbent. In this respect, the pH was found to play a 

decisive role. Whereas only a minor fraction (i.e. 25 to 40%) of the dissolved phenol was sorbed by 

DODAC vesicles at neutral pH, nearly complete sorption was obtained at pH conditions whereby 

phenol became dissociated into the phenolate anion provided that a molar exces of DODAC was 

applied. Interestingly, this observed pH effect was reversible and hence most of the sorbed 

(anionic) phenol was set free upon subsequent acidification. Whereas the surface charge of the 

cationic DODAC vesicles was neutralized by phenolate sorption at alkaline pH, still a complete 

neutralization or charge reversal could not be obtained, which was in line with the extrapolated 

molar sorption maximum of 1/1 from Langmuir isotherm fitting. 

When performing sorption studies at different temperatures (and not just 25°C as done above), the 

sorption efficiency was found to increase with temperature, with a maximum around the gel to 

liquid crystalline phase transition temperature. Hence, sorption was not only affected by the surface 

charge properties, but also by the fluidity of the membrane. Diffusion NMR data revealed that this 

pronounced temperature effect was much more pronounced for extruded, as compared to sonicated 

DODAC vesicle, which is in line with the previously described incomplete freezing of the 

surfactant in sonicated vesicles [1]. 

In a next part, the influence of sorption on the surfactant’s phase behaviour was studied by 

determining the bilayer density as a function of tempertaure. Whereas phenol incorporation at 

neutral pH decreased the phase transition temperature (by disturbing the parallel packing of the 

octadecyl chains), the opposite effect was observed at alkaline pH. Apparently, the reduced 

repulsion by phenolate binding to the cationic headgroups overruled the effect of phenolate 

insertion. 

Overall, our data clearly showed that the sorption of an ionisable solute by DODAC vesicles is not 

only affected by the surface charge and fluidity of the bilayer, but that in return the latter 

characteristics are also affected by solute sorption. Hereby, the effect was strongly dependent on 

the ionic form of the solute: whereas the neutral phenolate made the membranes less rigid, the 

opposite was observed upon sorption of the anionic phenolate. 
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8. VESICLES, LIPOSOMES, NIOSOMES AND COLLOIDOSOMES 

131 

[O8.2] 

 

Nanoseconds dynamics in lipid vesicles: Thickness fluctuations in pure, 

mixed, and peptide incorporated membranes 
 

Michihiro Nagao1, Paul D. Butler2, Rana Ashkar3, Andrea C. Woodka4, Robert Bradbury1 

 
1NIST and Indiana University, USA 

2NIST and University of Delaware, USA 

 3NIST and University of Maryland, USA 
4United States Military Academy, USA  

 

 

Lipid molecules are a primary component of biological cell membranes, and have been found to 

have a role in determining the structure and function of certain membrane proteins [1]. The 

insertion of membrane proteins in lipid bilayers lead to an increase in the deformation free energy 

of the bilayers as well as to a change in the bilayer thickness. It is increasingly clear that structure, 

particularly in such self-assembled systems, can be closely coupled to the dynamics and that more 

thorough study of those dynamics is critical to gaining a complete understanding of these complex 

systems. Recently some of the authors demonstrated the efficacy of neutron spin echo spectroscopy 

in measuring lipid membrane thickness fluctuations in pure lipid bilayers [2]. Unilamellar vesicles 

of pure zwitterionic saturated lipid molecules with different tail lengths, dimylistoyl-, dipalmitoyl-, 

and distearoyl-phosphatidylcholine (DMPC, DPPC, and DSPC), dissolved in deuterium oxide 

clearly showed the presence of thickness fluctuations in the bilayers on top of bending fluctuations 

in fluid phase. The fluctuation time scales were found to be on the order of 100 ns with the 

fluctuation amplitude being constant at about 10 % of the bilayer thickness. Following the pure 

lipid bilayer experiment, we performed measurements on mixed lipid bilayers of DMPC and DSPC 

[3]. A significantly enhanced thickness fluctuation amplitude above that of the pure systems was 

observed in equimolar mixture of DMPC and DSPC at temperatures beyond the highest melting 

transition. This can be understood as due to the bilayer thickness in the mixed system being 

substantially smaller than optimum for DSPC molecules as evident by structural characterization 

allowing for much larger excursions in and out of the membrane. This can be explained by the 

deformation free energy model [4], which associates larger thickness fluctuation amplitudes with 

more compressible membranes. Finally we look at the effect of peptides incorporated into lipid 

bilayers on the bilayer dynamics. Gramicidin and alamethicin were chosen as model test cases. 

Gramicidin incorporated bilayers exhibit an enhancement of thickness fluctuations at low 

gramicidin concentration while a suppression of the fluctuations is seen in alamethicin-

incorporated bilayers. These results indicate that small changes in peptide or even lipid molecules 

can lead to quite different effects on these collective movements which may relate to channel 

formation among other things. 

 

 

 
Acknowledgements: This work utilized facilities supported in part by the National Science Foundation under 

Agreement No. DMR-0944772. 

 

 

 

[1] Phillips, R.; Ursell, T.; Wiggins, P.; Sens, P., Nature 2009, 459, 379-385. 

[2] Woodka, A.C.; Butler, B.D.; Porcar, L.; Farago, B.; Nagao, M., Physical Review Letters 2012, 

109, 058102. 

[3] Ashkar, R.; Butler, P.D.; Woodka, A.C.; Kuntal, M.; Koga, T.; Nagao, M., in preparation. 

[4] Huang, H.W.; Biophysical Journal 1986, 50, 1061-1070. 
  



8. VESICLES, LIPOSOMES, NIOSOMES AND COLLOIDOSOMES 

132 

[O8.3] 

 

Quatsomes: vesicles formed by self-assembly of sterols and quaternary 

ammonium surfactants 
 

Jaume Veciana1, Lidia Ferrer-Tasies1, Evelyn Moreno-Calvo1, Ingrid Cabrera1, Elisa 

Elizondo1, Mary Cano-Sarabia2, M. Aguilella-Arzo3, Angelina Angelova4, Sylvane Lesieur4, 

Susagna Ricart2, Jordi Faraudo2, Nora Ventosa1 
 

1ICMAB (CSIC)/CIBER-BBN, 2ICMAB (CSIC), 3Universitat Jaume I, 4Univ Paris-Sud 

 

There is a large interest in finding non-lipid building-blocks or tectons which self-assemble into 

stable vesicles, and which satisfy the quality standards required in pharmaceutical formulations 

(see: http://ncl.cancer.gov/).1 Here we show the ability of quaternary ammonium sufactants and 

sterols to self-assemble forming stable amphiphilic bimolecular building-blocks with the 

appropriate structural characteristics to form. in aqueous phases, closed bilayers, which we named 

quatsomes. When prepared by using compressed fluids, these colloidal structures are stable for 

periods as long as years, their morphology do not change upon rising temperature or dilution and 

show outstanding vesicle to vesicle homogeneity regarding size, lamellarity and membrane 

supramolecular organization.2,3 Phase behaviour analysis of different aqueous mixtures of the 

quaternary ammonium surfactant CTAB and cholesterol (Chol), using optical density. quasi-elastic 

light scattering and cryo-TEM, have shown that a pure vesicular phase is only formed at equimolar 

proportions of both components, whereas a coexistence of vesicular structures with other types of 

colloidal and crystalline phases is observed when one moves away from the equimolar ratio.4 

Molecular dynamic simulations with atomistic detail revealed that the cholesterol and CTAB pair 

works as a unique supramolecular architecture for the formation of more complex colloidal phases 

such as vesicles. This bimolecular synthon can be considered, to a good extend, as a single entity 

which self-assembles in particularly stable vesicles. The remarkable structural and thermodynamic 

properties of a Chol/CTAB bilayer at 1:1 molar ratio predicted from MD simulations provide a 

theoretical support to justify the experimental high thermal stability and the exceptional 

morphological properties attributed to vesicles prepared by procedures involving a solvent-free 

stage.5 Much functionality can be implemented simultaneously in quatsomes, either by a covalent 

attachement to sterol-like molecules, by a electrostatic interaction with the cationic ammonium 

head of surfactant units or by a hydrophobic interaction with the bilayer. All these possibilities 

open a broad range of applications in pharmacy, cosmetics, and materials to prepare multi-

functional nano-objects.6,7 
 

 
Figure: Cryo-TEM image of quatsomes formed by the self-assembling of (a) CTAB and (b) cholesterol molecules 

 

[1] M. Antonietti et al. Adv. Mater. 2003, 15, 1323-1333. 

[2] M. Cano-Sarabia, et al., Langmuir 2008, 24, 2433-2437. 

[3] E. Elizondo et al. J. Am. Chem. Soc., 2011, 134, 1918-1921. 

[4] L. Ferrer-Tasies et al. Langmuir, 2013, 29, 6519-6528. 
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Amphiphilic molecules with two polar headgroups connected by one or two long alkyl chains are 

called bolaamphiphiles [1]. Depending on the size of the polar groups in relation to the cross-

sectional area of the connecting alkyl chains, these bolaamphiphiles form either the already known 

lyotropic phases or a completely new type of aggregate structure, namely very long and stiff 

nanofibers with a diameter similar to the length of the molecules [2,3]. These nanofibers lead to a 

gelling of the aqueous solution due to a physical cross-linking of the nanofibers via hydrophobic 

contacts and due to entanglements. These nanofibers can be converted into micellar-like aggregates 

upon heating. This process is connected with a "melting" of the hydrocarbon chains and can be 

followed by different methods, such as DSC, FT-IR, WAXS, SANS, and electron microscopy [3-

5]. The question whether bolalipids of different lengths or different headgroup structures can form 

mixed fibers was addressed by using the methods mentioned above. Also, the stability of the fiber 

aggregation of bolalipids in mixtures with phospholipids forming lamellar bilayers is discussed. 

The question whether single-chain bolalipids can be incorporated into phospholipid bilayers to 

stabilize bilayer membranes is particularly important, as possibly lipid vesicles used for drug 

delivery could be improved in their stability. The contribution addresses the question which type of 

aggregate structure dominates the self-assembly of bipolar and monopolar amphiphiles in aqueous 

suspension [6,7]. 
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Sphingosine and sphingosine-1-phosphate (S1P) are ceramide-delivered sphingolipids that have 

signaling roles as second messengers. Both compounds are synthetized from ceramide, a key 

intermediate in sphingomyeline metabolism, in the following fashion: ceramide → sphingosine → 

S1P, and each step is interconvertible. The balance between these three lipids is called 

“sphingolipids rheostat” since it determines cell fate: ceramide and sphingosine enhance apoptosis, 

while S1P promotes proliferation and cell division [1]. It appears possible that at least part of the 

biological functions of ceramide, sphingosine and S1P are mediated by an effect on the lipid 

bilayer properties of the cell membrane [2]. That is possibly related to their special chemical 

structures. Both lipids are single-chained sphingolipids (Figure). In addition, sphingosine is 

positively charged at physiological pH, which is a rare occurrence among natural lipids, while S1P 

is a partially negatively charged zwitterion. Using artificial lipid membranes (large unilamellar 

vesicles, LUVs), we investigated the possibility that the antagonistic behavior of both lipids might 

be related to their effect on the physical properties of the lipid bilayer. 

We studied sphingosine and S1P effect on membrane packing and electrostatic properties by 

general polarization (GP) measurements with LAURDAN and zeta potential measurements using 

LUVs made of egg phosphatidylcholine (eggPC) and the two single-chained lipids of interest. First, 

the separate effects of sphingosine and S1P were examined up to 40 mol% content of total lipid. 

GP measurement showed that sphingosine has a membrane-structuring effect, which is consistent 

with [2], while S1P had no significant effect. Increased content of sphingosine progressively 

increased zeta potential to positive values. In contrast, increased content of S1P progressively 

decreased zeta potential to more negative values. The opposite sphingosine and S1P electrostatic 

properties enabled us to find a composition that gives zero zeta potential by mixing the two lipids 

in proper proportions in eggPC matrix. Interestingly, the lipid packing effect of sphingosine was 

enhanced in the presence of S1P. This synergetic effect between sphingosine and S1P indicates the 

existence of special interactions between these two single-chained sphingolipids. 

In addition to the synergetic effect on membrane structuring, the possibility of tuning membrane 

electrostatic properties by adjusting sphingosine/S1P ratio might give another implication or 

explanation of the mechanism of the “sphingolipids rheostat”. Such distinct effects might be 

involved in the antagonistic role of both lipids and the cellular activities dependent on the lipid 

membrane. For example, the possibility of modulating zeta potential through the sphingosine/S1P 

ratio could be important in regulating the interaction of signaling enzymes with the cell membrane. 

 
Figure. Chemical structure of sphingosine (up) and S1P (down) 
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The mixing of surfactants and/or lipids enables the formation of various vesicles with unique 

features, due to the ideality of alkyl chains mixing and additional modulation due to the presence of 

polar groups on the surface. Cat-anionic vesicles obtained by mixing oppositely charged cationic 

and anionic species in non-stoichiometric amounts have important biomedical applications [1,2]. 

Size and charge modulation make cat-anionic vesicles suitable as carriers for molecular transfer 

across the cell membrane. Biopolymer binding is controlled by the surface charge density of the 

vesicles and by that of DNA, RNA, or protein. Thus, possible inherent drawbacks for the 

biopolymers to cross the cell membrane are potentially overcome. The biocompatibility assessment 

of the above matrices is of primary importance. In non-appropriate conditions, vesicles may show a 

relevant cytotoxicity; therefore exposure of the cells must be accurately evaluated. The behavior of 

the single surfactants must also be evaluated since these are endowed of intrinsic and specific 

cytotocicity [3]. Supposedly, vesicle biocompatibility could be significantly improved whenever 

lipid mixtures and/or new generation of biocompatible surfactants are used. The most promising 

ones have amino-acids as polar head groups. These form charged vesicles of suitable size, which 

favor the efficient transfection of exogenous biopolymers and/or small molecules inside the 

aqueous lumen of cells. 
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Two trisiloxane-tailed surface active ionic liquids, 1-methyl-3-trisiloxaneimidazolium chloride 

([Si(3)Mim]Cl) and trisiloxanepyridinium chloride ([Si(3)Py]Cl), were synthesized by one two-step 

method and their aggregation behavior in aqueous solution were investigated in detail. Both the 

ionic liquids had a superior surface activity than conventional ones and could self-assemble into 

vesicular-like aggregates in water. Meanwhile, coarse-grained (CG) molecular dynamics 

simulation on the basis of MARTINI force field has been also conducted to investigate their 

aggregation behavior in aqueous solution for further. Vesicles were observed at the final stage of 

the simulation and their partially truncated views and density profiles were obtained to describe the 

structure in detail. 

For the application of such ionic liquids, mesoporous silica nanospheres could be prepared by a 

facile route using [Si(3)Py]Cl as template. The organosilicone component of the ionic liquids 

template contributes to the reaction during the formation of mesoporous material, which leads to a 

firm skeleton of pores resulting in excellent thermal stability. Futhermore, yolk-shell silica spheres 

consisting of a core and an outer shell were also prepared by a one-step method using [Si(3)Py]Cl 

as template. The core size, void space and shell thickness could be tailored by adjusting the 

concentration of the trisiloxane-tailed IL. Gratifyingly, the yolk-shell structures obtained exhibited 

essentially identical morphology and void structure before and after calcination. 
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Several diseases are produced by genetic disorder; these problems can be reversed by using DNA 

as a therapeutic drug, in what it is called Gene Therapy. However, gene therapy presents many 

drawbacks that need to be overcomed, such as finding an optimal transfection vector capable of 

protecting and transporting the DNA into the cells. Cationic Gemini Lipids (GCLs) start to be 

common and recommendable vectors in nucleic acid delivery, since they have proved to improve 

transfection efficiency (TE). GCLs are amphiphilic molecules containing two head groups linked 

by a rigid or flexible spacer. Compared to cationic lipids, GCLs have superior properties such as a 

lower critical aggregation concentration, double charge per unit, a lower toxicity and a wider 

possibility of structural modifications. However, two of the biggest problems of lipidic type vectors 

that still remain to be solved are their low transfection levels and their intrinsic cytotoxicity. At this 

respect, our group is involved in the last years in the development of new GCLs with improved 

bioavailability benefits.[1] In this study, we use the lipoplex formed by pEGFP-C3 plasmid DNA 

(pDNA) and mixed liposomes, consisting of [(C16Imidazol)2(C2H4O)nC2H4], (where n is the 

oxyethylene spacer length, n = 1, 2 or 3 between Imidazol heads) and DOPE zwitterionic lipid. The 

lipoplexes have been analyzed by zeta potential, gel electrophoresis, SAXS, cryo-TEM, 

fluorescence anisotropy, flow cytometry, fluorescence microscopy and cell viability/cytotoxicity 

experiments to establish a structure-biological activity relationship. The study has been carried out 

at several mixed liposome compositions, a, and effective charge ratios, reff, of the lipoplex. The 

electrochemical study confirms that pDNA is efficiently compacted by GCLs, its effective negative 

charge being less than that of the linear DNA (25 %), as shown in previous works.[2] SAXS 

diffractograms show that lipoplexes formed by GCLs present a mix of lamellar structures at rich 

DOPE compositions (a=0.2) and rich GCL composition (a=0.7). Cryo-TEM micrographs show 

cluster-type and finger print multilamellar structures. TE of pDNA in HEK293T, HeLa, CaCO2 

and H460 cells is higher using lipoplexes containing GCLs with imidazol heads and oxyethylene 

spacer than that for the commercial agent for transfection, Lipofectamine 2000. Finally, since these 

lipid formulations do not show any significant levels of toxicity, the reported lipoplexes can be 

considered as adequate DNA vectors for gene therapy. 
 

 
 

Figure 1. Cryo-TEM and Transfection Results 
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Magnetoliposomes (liposomes entrapping magnetic nanoparticles) are of large importance in drug 

delivery, as they can be guided and localized into the therapeutic site of interest by external 

magnetic field gradients and used in cancer treatment by hyperthermia [1,2]. 

In this work, nickel ferrite and manganese ferrite nanoparticles were synthesized by coprecipitation 

method. The systems were characterized by SEM, AFM, DLS, XRD and EDX. The magnetic 

properties were measured by SQUID. Both types of nanoparticles exhibit superparamagnetic 

behavior at room temperature (with coercive fields of 12 Oe for nickel ferrites and 6 Oe for 

manganese ferrites), being suitable for biomedical applications.  

The resulting magnetic nanoparticles were either covered with a lipid bilayer, forming dry 

magnetoliposomes (DMLs), or entrapped in liposomes, originating aqueous magnetoliposomes 

(AMLs). Dry magnetoliposomes synthesis, based on a new promising route, results in two lipid 

layers surrounding one or more nanoparticles. This structure was confirmed by FRET (Förster 

Resonance Energy Transfer) measurements between the fluorescent-labeled lipids NBD-C12-HPC 

(NBD acting as donor) included in the second lipid layer and rhodamine B DOPE (acceptor) in the 

first lipid layer. An average donor-acceptor distance of 3.1 nm was estimated.  

Preliminary assays of the non-specific interactions of magnetoliposomes with biological 

membranes (modeled using giant unilamellar vesicles, GUVs) were performed. Membrane fusion 

between the magnetoliposomes and GUVs was confirmed by FRET between the labeled lipid 

NBD-C12-HPC (donor) and the hydrophobic dye Nile Red (acceptor) (Figure 1). 

 
 

Figure 1. A: Fluorescence spectra of AMLs (containing nickel ferrite NPs) labeled with Nile Red and NBD-

C12-HPC, before (-) and after (--) interaction with GUVs. B: Schematic representation 
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Cubosomes and hexosomes enveloping well-defined internal nanostructures are promising soft 

nanocarriers for entrapment of anticancer drugs intended for cancer therapy. These lyotropic liquid 

crystalline particles display nanostructures closely related to those observed in biological 

membranes. They have high interfacial area and are tailored for solubilizing amphiphilic, 

hydrophobic, and hydrophilic drugs owing to their highly ordered self-assembled interiors. In this 

study, the effect of lipid composition on the internal nanostructures of cisplatin-free and cisplatin-

loaded cubosomes and hexosomes was investigated using synchrotron small angle X-ray scattering 

(SAXS). The investigated dispersions were based on phytantriol (PHYT), PHYT/vitamin E 

mixture, or a binary mixture of PHYT with the negatively charged phospholipid 1,2-distearoyl-

glycero-3-phosphoglycerol (DSPG). The findings reveal that the effects of human plasma (1:1 lipid 

to plasma weight ratio) and cisplatin on the internal structures of these nanostructured dispersions 

are strongly dependent on the lipid composition (see Figure 1). In addition to the structural 

investigations and cryo-TEM, size-exclusion chromatography (SEC)-UV was also used to learn on 

the solubilization of cisplatin and its localization. These experiments were designed to shed light on 

the distribution of cisplatin between the internal nanostructure and the continuous aqueous medium 

of these dispersions. This study provides a basic understanding of the effect of human plasma on 

nanoparticulate cubosomal and hexosomal formulations intended for intravenous drug delivery. It 

is important to combine these studies in the future with relevant in vitro and in vivo evaluations in 

order to establish a link between the interaction of cubosomes and hexosomes with plasma 

components and the performance after administration. 

 
Figure 1: Illustration of the internal structure of lyotropic liquid crystalline colloidal dispersion based on 

phytantriol in the presence of cisplatin and human plasma.  
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The modular structure of phospholipids allows for a large variety of biophysical properties. Here, 

we present a combined effort of organic synthesis and biophysics. Our goal is to alter specific parts 

of the phospholipid structure and study the effects such changes have on phospholipid mono- and 

bilayer organization [1]. 

In particular, we summarize our work on mechanosensitive liposomes [2]. These vesicles are tight 

in the resting state but release their cargo when submitted to elevated shear stresses. Such high 

wall-shear stresses are found e.g. when blood is passed from open blood vessels into stenosed 

blood vessels. The purely physics-based targeting using mechanosensitive liposomes therefore 

represents a fresh approach in drug delivery. 

A set of artificial bis-amido- and bis-urea-phospholipids have been synthesized. Their monolayer 

and bilayer properties have been analyzed and the dominance of the phospholipid geometry (1,3- 

vs. 1,2-fatty acid substitution pattern) over the intermolecular hydrogen bonding forces have been 

noted. The bilayer vesicles form a type II membrane which is discontinuous. The membrane 

defects are attenuated during vesicle exposure to shear forces, making the liposomes shear sensitive 

[3]. 

 

 
 
Figure 1: Chemical structures of artificial phospholipids. Through the introduction of amido- and urea-groups 

into the hydrophilic/hydrophobic interface region the balance between intermolecular hydrogen bonding vs. 

van der Waals interactions can be studied. 
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The recognition abilities of p-sulfonatocalix[4]arenes (SC4) enable them to be applied in the design 

of amphiphiles constructed from non-covalent bonds (supramolecular amphiphiles) [1,2]. In a 

previous work, we have studied how SC4 can promote the self-aggregation of a conventional single 

chain surfactant by regulating the degree of order in the aggregates [3]. The electrostatic repulsion 

between the polar head groups of the surfactant prevents the formation of large three-dimensional 

structures. However, when SC4 is added to the solution of surfactant it is observed the formation of 

vesicles.  

Bolaamphiphiles, also known as bolaforms, are usually described as molecules with a hydrophobic 

skeleton and hydrophilic headgroups on both ends. The difference in the structure when compared 

to conventional surfactants enables this type of molecules to have other properties and useful 

application. Ditopic guests are commonly needed to achieve highly ordered assemblies, such as 

supramolecular polymers. Despite the interest in bolaforms in the last years, only recently some 

attention has been given to the interactions of bolaforms with macrocycles. In this work, several 

NMR methods were performed, which when allied with the thermodynamic parameters obtained 

by isothermal titration calorimetry give the complete binding behavior for the complexation of 

bolaform surfactant by SC4 [4]. 

 

 
 

Figure 1: Schematic representation of the possible structures formed between the macrocycle and the 

surfactants. 
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Monoolein (MO)-based liposomes were previously validated as nanocarriers for plasmid DNA 

(pDNA) and short interfering RNA (siRNA) delivery [1, 2, 3]. For both types of nucleic acids, 

lipoplexes were found to be well internalized by the cells and to induce good transfection 

efficiencies, without significant cytotoxic effects.  

In the present work, siRNA-lipoplexes composed by dioctadecyldimethylammonium bromide 

(DODAB) and MO, at cationic:neutral lipid molar ratios (2:1), were further optimized by the 

inclusion of Poly(ethylene glycol) (PEG) at the surface of the nanocarriers. This approach 

constitutes one of the main strategies to improve stability and circulation times of nanoparticles in 

vivo, and is therefore the next step in the production of an efficient MO-based gene delivery 

system. 

The PEGylated siRNA-lipoplexes silencing efficiency, cellular internalization, cytotoxicity and 

stability in serum were evaluated in vitro, in order to assess their potential as in vivo siRNA 

nanocarriers. siRNA-lipoplexes were found to be smaller than 150 nm and efficiently internalized 

by the cells, as quantified by flow cytometry and confirmed by confocal microscopy. Effective 

silencing efficiencies were obtained, and the presence of PEG did not increase the cytotoxic 

response to siRNA-lipoplexes. Additionally, a good stability in bodily fluids was achieved.  

This work shows the potential of using MO in siRNA delivery systems, and reinforces the 

importance of the carefully optimization of nanocarriers before in vivo application. 
 

 

 

 

 

Acknowledgements: This work was supported by FEDER through POFC – COMPETE and by national funds 

from FCT through the projects PEst-OE/BIA/UI4050/2014 and PEST-C/FIS/UI607/2013 and 

PTDC/QUI/69795/2006. Ana Oliveira holds scholarship SFRH/BD/68588/2010. This work is protected by 

Portuguese National Patent nº 104158-Refª DP/01/2008/10900-31/12/2008 and International Patent 

submitted: PCT/IB2009/05361-PPI nº40759/09. 

 

 

[1] Neves Silva, J.P.; Oliveira, A.C.N.; Gomes, A.C.; Real Oliveira, M.E.C.D. Development of 

dioctadecyldimethylammonium bromide/monoolein liposomes for gene delivery. In Cell 

Interaction; Gowder, S., Ed.; InTech: Rijeka Croatia, 2012; pp 245-272.  

[2] Silva, J. P. N.; Oliveira, A. C. N.; Casal, M. P. P. A.; Gomes, A. C.; Coutinho, P. J. G.; 

Coutinho, O. P.; Real Oliveira, M.E.C.D., DODAB:monoolein-based lipoplexes as non-viral 

vectors for transfection of mammalian cells, Biochim. Biophys. Acta 2011, 1808, 2440–2449. 

[3] Oliveira, A. C. N.; Martens, T. F.;Raemdonck, K;Adati, R. D.;Feitosa E.;Botelho, C.;Gomes, A. 

C.; Braeckmans, K; Real Oliveira, M.E.C.D, Dioctadecyldimethylammonium:monoolein 

nanocarriers for efficient in vitro gene silencing (submitted).  



8. VESICLES, LIPOSOMES, NIOSOMES AND COLLOIDOSOMES 

143 

[O8.14] 
 

Self-assembling Behavior in Tranexamic Acid Cetyl 

Hydrochloride/Water Binary System 

 

Yuji Yamashita1; Tamaki Ohta1; Masayoshi Miyamoto2; Kazutami Sakamoto1 

 

1Chiba Institute of Science; 2K.K.Chanel Research and Technology Development Laboratory 

 
Tranexamic acid cetyl hydrochloride (TXC), which is synthesized by chemically modifying the 

tranexamic acid with the hydrophobic C16-chain, is utilized as an active ingredient in cosmetics. 

The chemical structure results in the higher hydrophobicity than water-soluble tranexamic acid 

which help percutaneous absorption through stratum corneum. [1] Although TXC was designed for 

the sake of the transdermal permeability to enhance bioavailability, we are interested in its structure 

as cationic amphiphile. Therefore, we focused on the amphiphilic nature of TXC and carried out 

the phase study in the TXC/water binary system. 

Binary mixtures at different compositions showed a variety of self-assembling structures. 

Increasing TXC concentration induced phase transition from the micellar solution to the lamellar 

liquid crystal (Lα) via the hexagonal liquid crystal (H1) (Figure 1). Comparing with the general 

cationic surfactant systems such as CTAB, the TXC system showed highly organized orientation of 

LC and higher Krafft temperature due to its strong inter-molecular interaction between cyclohexyl 

groups which is a rigid six-membered ring conformation in the molecule. SAXS, DSC, and POM 

measurements demonstrated the specific molecular packing of TXC below and above the Krafft 

temperature. 

Furthermore, it was found that α-gel or Lα appeared at 25 °C upon the partial substitution of a fatty 

alcohol (CnOH)to TXC at 1wt.% (TXC+CnOH) aqueous solution. The behavior is similar to the 

other cationic surfactants.[2]The crystal structure of hydrated TXC turned to Lα for C12OH and α-

gel for C14OH and C16OH, which were more stable than the TXC itself. The presence of CnOH 

allowed to expand interlayer water domain of the lamellae to accommodatelarge amount of 

confined water, resulting in the water-swollen structure. 

In our presentation, we will introduce an interesting self-assembly structure by TXC with 

cyclohexyl hydrophobe in the center of the molecule as an unique amphiphile. Cosmetic 

formulations such as emulsification will be developed by takening advantage of this unique self-

assembly 
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The combination of proteins and synthetic polymers is an appealing strategy to prepare biohybrid 

systems and address challenges in life sciences [1]. In this study, a novel synthesis route using 

Reversible Addition-Fragmentation chain Transfer (RAFT) polymerisation was used to prepare 

amphiphilic di and triblock copolymers based on poly(N-(2-hydroxypropyl)methacrylamide) 

(PHPMA) and poly(ε-caprolactone) (PCL) with adjusted molecular weights and low polydispersity 

indices. A fluorescent protein, namely green fluorescent protein (eGFP), was prepared by 

incorporation of a unique sequence and, using transpeptidase Sortase A [2], site-specifically 

conjugated to the synthesised block copolymers to form protein–block copolymer biohybrids. 

Our approach allows the gradual increase of the length of the hydrophobic/hydrophilic segments in 

the biohybrids and thus enables progressive understanding of the complex relationship between 

polymer blocks and structural properties. 

Small-angle X-ray/Neutron scattering (SAXS/SANS), dynamic light scattering (DLS) and cryo-

transmission electron microscopy (cryo-TEM) illustrated the formation of structured nano-

biohybrids. 

 

 
SANS, DLS and cryo-TEM analyses of PHPMA-b-PCL-b-PHPMA triblock copolymer (left) and its eGFP-

biohybrid (right). 

 

 

 

[1]  Rabotyagova OS, Cebe P, Kaplan DL. Protein-Based Block Copolymers. Biomacromolecules 

2011;12:269-89. 

[2]  Chan L, Cross HF, She JK, Cavalli G, Martins HFP, Neylon C. Covalent Attachment of 

Proteins to Solid Supports and Surfaces via Sortase-Mediated Ligation. PLoS ONE 2007;2.  



8. VESICLES, LIPOSOMES, NIOSOMES AND COLLOIDOSOMES 

145 

[O8.16] 

 

Effect of cholesterol on zeta potential of positively-charged liposomes 

with lecithin and alkyl quaternary ammonium salts 
 

Kenji Aramaki1, Yuki Watanabe1, Junpei Takahashi1, Yoshikazu Konno2 
 

1Yokohama National University, Japan 
2KOSÉ Corporation, Japan 

 

 

Liposomes are widely used as drug carriers for drug delivery systems and also for functional 

cosmetics due to biocompatibility and encapsulation ability of active molecules. As liposomes are 

applied for transdermal delivery systems, positively-charged liposomes are known to improve 

delivery efficiency compared to negatively-charged lecithin liposomes since skin surface is 

negatively charged. [1] In this presentation, first, we report effect of cationic surfactant molecular 

structure on zeta potential of positively-charged liposomes prepared with soybean lecithin and alkyl 

quaternary ammonium salts (single- and double-tailed alkyl quaternary ammonium chlorides, 

C12TAC, C16TAC, C18TAC, C22TAC, 2C12DAC and 2C18DAC) and, then, we report effect of 

cholesterol mixing on zeta potential behavior. 

Zeta potential of soybean lecithin liposomes was about -40 mV. It dramatically increased by 

substituting small fraction of lecithin with cationic surfactants and, then, degree of increment was 

gradually reduced at higher cationic surfactant fraction. Finally the zeta potential reached to a 

similar maximum value, about +50 mV, for all the single-tailed cationic surfactant systems except 

for C12TAC which could be mixed in liposome but also forms micelles separately in water. Mixing 

double-tailed cationic surfactants also increases the zeta potential of liposomes and the maximum 

value in the double-tailed cationic surfactant system was about +60 mV which is slightly higher 

than the single-tailed cationic surfactant systems. Averaged hydrodynamic diameter of the lecithin 

liposomes was about 100 nm and it was almost unchanged throughout the cationic surfactant 

mixing fraction studied. 

We studied effect of cholesterol mixing on the zeta potential behavior of the lecithin-2C18DAC 

liposomes. Upon increasing X (mole fraction of cholesterol in liposomes) up to 0.3, the zeta 

potential curve was gradually shifted to a direction to reach the maximum value with smaller X. 

However the zeta potential curve at X=0.4 was dramatically shifted to much lower cationic 

surfactant composition. DSC and X-ray scattering measurements revealed the phase transition in 

bilayer membranes from α-type crystalline state to the intermediate gel phase or the liquid ordered 

phase [2] at X=0.4. This phase transition in the bilayer membrane could induce the dramatic change 

in the zeta potential behavior at X=0.4. 
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Synthetic lipoamino acids, such as the serine-based bis-quaternary gemini (dimeric) surfactants 

herein presented, have gained growing attention due to their interesting physicochemical properties 

and biological potential. In addition to their low critical aggregation concentrations and versatility 

in self-assembled structures formed in water (micelles and vesicles), these serine-based 

amphiphiles molecules present low cell toxicity due to the inclusion of amino acid residues 

chemically linked to the quaternary ammonium headgroups [1]. The purpose of combining this 

family of novel amino acid-based gemini molecules with the neutral helper lipid monoolein (MO) 

was to develop highly functional and fusogenic cationic aggregates capable of complexing and 

delivering small interference RNA (siRNA) for gene silencing therapy [2]. All formulations 

developed were compared with respect to their associated RNA encapsulation percentage, cell 

toxicity profile (Figure 1) and silencing of GFP expression. 

 

 
Figure 1: Cell toxicity profile of (12Ser)2-N12:MO aggregates, as determined by MTT cell viability assays. 
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We report on the formation of polymeric micelles in water using triblock copolymers with a 

polyethylene glycol middle block and various hydrophobic outer blocks prepared with the 

precipitation method [1]. We use hydrophobic copolymers and enable fast mixing by combining 

the copolymers in the solvent. This enables to make small particles without surfactants in the water 

phase that has several advantages. Micelles form in a reproducible manner with a narrow size 

distribution. By comparison with self-consistent field calculations we find that the hydrodynamic 

size and the loading of the micelles are consistent with experimental findings [2]. This enables to 

design nanoparticles/micelles with defined size and loading that are able to encapsulate 

hydrophobic compounds [3]. 
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Not only in the human body (such as joints) lubrication is of high significance, it is also a key issue 

in a wide range of personal care products. Whilst lubrication in the human body is mediated by 

various bio-macromolecules and lipids, personal care products use synthetic polymers in order to 

achieve efficient lubrication. 

Pluronics® are well-known amphiphilic triblock co-polymers with the chemical structure 

poly(ethylene oxide)–poly(propylene oxide)–poly(ethylene oxide). Pluronics® are widely studied in 

terms of their bulk behaviour but relatively less is known about their interfacial frictional 

properties. They have been shown previously to adsorb onto silica [1] and to form surface micells 

[2]. In this study, the lubrication properties of Pluronic® F127, with the chemical composition 

PEO99-PPO65-PEO99, is investigated on silica in terms of its self-assembled surface structure, load 

bearing properties and self-healing capacity by using colloidal probe Atomic Force Microscopy 

(AFM). Complementary X-Ray Reflectivity (XRR) measurements have indicated that complex 

structures are formed by the polymer, depending on the polymer concentration. 

We find that the details of the self-assembled structures of the polymer significantly influence the 

lubrication properties. A strong concentration dependance of the observed friction coefficients was 

demonstrated evoking from changes in the surface structure. Furthermore, two different friction 

regimes, a low load regime with extremely low friction and a high load regime with friction 

coefficients ~ 0.1, were demonstrated for micellar solutions, suggesting pressure- and shear-

induced structural changes in the surface polymer layer. 

 
Figure 1: The chemical structure of Pluronic® F127and its solution micells shown during the confinement 

between a silica sphere and silica substrate during the schematically shown AFM colloidal probe 

measurement [3]. 
 
 

 

 

Acknowledgements: I would like to thank the Marie Curie NanoS3 ITN for my funding. 
 

 

 

[1] Malmsten, M.; Linse, P.; Cosgrove, T., Macromolecules 1992, 25(9), 2474-2481. 

[2] Sarkar, B.; Venugopal, V.; Tsianou, M.; Alexandridis, P., Colloids and Surfaces A: Physico-

chemical and Engineering Aspects 2013, 422(0), 155-164. 

[3] http://chemeng.mcmaster.ca/, called 06/02/2014. 

  

http://chemeng.mcmaster.ca/


9. POLYMERIC AND POLYMERIZABLE SURFACTANTS 
 

149 

[O9.3] 
 

Non-Surfactants in Solution 2. Mechanism and Stimuli-Responsibility of 

Non-Surface Activity of Ionic Diblock Copolymers 
 

Hideki Matsuoka, Yuko Kido, Shotaro Moriya, Masahiro Hachisuka, Tomoyuki Onishi, 

Saurabh Shrivastava, Murugaboopathy Sivanantham and Arjun Ghosh 

 

Kyoto University, Japan 

 

More than 10 years ago, we found that ionic amphiphilic diblock copolymers show a very unique 

character, ´´non-surface activity´´ [1-7]. They do not adsorb at the air/water interface, so its 

aqueous solution does not show surface tension reduction and foam formation. However, they form 

micelles in the bulk solution. This may be out of the common sense of surfactant chemistry, and we 

reported this curious phenomenon in SIS2008 at Berlin. 

There are some requirements for appearance of non-surface activity. (1) Low ionic strength. Non-

surface active polymer changes to be surface active by salt addition. This means that one of the key 

factors of this nature is an electrostatic interaction, which might be an image charge effect at the 

air/water interface. (2) The balance of hydrophobicity and ionic nature. Almost same length of 

hydrophobic and ionic block polymer shows highest non-surface activity. Both of longer and 

shorter hydrophobic block reduce the non-surface activity. (3) Total molecular weight should be 

large enough.[6] 20:20 polymer is surface active while 50:50 polymer is non-active. This means 

that non-surface activity is some kind of polymer effect. (4) The polymer should ´´block´´ 

copolymer, which can form micelle. Homopolymer should not be non-surface active although the 

image charge repulsion would be strong enough.[5] Random copolymer is highly surface active. 

These means that ´´micelle formation´´ is another key factor for appearance of non-surface activity. 

In general, the critical micelle concentration (cmc) polymer micelle is low. For ionic amphiphilic 

diblock copolymer, the polymer adsorption at the air/water interface is highly destabilized by 

image charge repulsion, so adsorption does not occur until relatively higher polymer concentration, 

and at the same time, this makes cmc lower. As a result, micelle formation occurs before adoption 

occurs. This is the mechanism of non-surface activity, i.e., micelle formation without adsorption. 

Since its mechanism is now clarified, we can control the non-surface activity by external stimuli. 

We have synthesized novel ionic amphiphilic diblock copolymers with stimuli-responsive 

monomers. Novel examples of non-surface active/surface active transition by pH [4], temperature 

[3], and light irradiation will be described (Fig.1) and their potential application as a novel 

molecular device will be discussed. 
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A novel class of symmetric amphi- and triphilic (hydrophilic, lipophilic, fluorophilic) block 

copolymers has been investigated with respect to their interactions with lipid membranes. The 

amphiphilic triblock copolymer has the structure PGMA20-PPO34-PGMA20 (GP). Its triphilic 

derivative is made by attaching perfluoroalkyl moieties to either end which leads to F9-PGMA20-

PPO34-PGMA20-F9 (F-GP). 

The hydrophobic poly(propylene oxide) (PPO) block is sufficiently long to span a lipid bilayer. 

The poly(glycerol monomethacrylate) (PGMA) blocks have a high propensity for hydrogen 

bonding. The hydrophobic and lipophobic perfluoroalkyl moieties have the tendency to phase 

segregate in aqueous as well as in an hydrocarbon environment. 

By systematic differential scanning calorimetry (DSC) measurements we could show that GP as 

well as F-GP binding have membrane stabilizing and destabilizing components. PPO and F9 blocks 

insert into the hydrophobic part of the membrane concomitantly with PGMA block adsorption to 

the lipid headgroup layer. The F9 chains act as additional membrane anchor. The insertion of the 

PPO blocks of both GP and F-GP could be proven by 2D NOESY NMR spectroscopy. By 

fluorescence microscopy we could show that F-GP binding leads to leakiness of POPC giant 

unilamellar vesicles (GUVs), allowing the influx of water soluble dyes as well as the translocation 

of the complete triphilic polymer. Using monolayer adsorption and compression experiments we 

could show that the perfluorinated moieties enhanced the insertion of the polymers into lipid 

monolayers. Infrared Reflection Absorption Spectroscopy (IRRAS) data showed the impact of 

polymer adsorption on the acyl chain order of lipid monolayers, which appeared to be higher for 

the triphilic than for the amphiphilic polymer. 

In summary, the introduction of a fluorophilic moites into amphiphilic polymers increases the 

interaction with lipid membranes and disturbs its barrier function. 

 

 
Figure 1: Structures of the studied blockcopolymers GP and F-GP and schematic representation of a polymer 

chain with its hydrophobic (yellow), hydrophilic (blue) and fluorophilic (red) building blocks and their 

approximate lengths in fully stretched conformation. 
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Froth flotation is a process used to extract mineral particles from ore or to remove pollutants from 

soil or water using a water bath, air bubbles and a foaming or hydrophobic agent [1]. Ionic species 

can be extracted from a water phase using the same process of flotation. Addition of surfactants 

able to form complexes with the ionic species may lead after bubbling to a foam where the 

surfactants and the ionic species are concentrated. A final skimming step would extract the 

pollutants. 

We studied the use of octyl glucoside derivatives as flotation agents to remove metallic cations 

from a water phase. Combining a specific chelating group with the inner properties of alkyl 

saccharides should give very efficient flotation agents able to chelate cations. In this study we 

synthesized a range of octylglucopyranoside derivatives and determined their surfactant properties. 

Octylglucopyranoside has been modified on the carbon 6 by addition of chelating groups like 

carboxylic acid, hydroxamic acid, amine, thiol [2, 3]. Flotation experiments at the laboratory scale 

were performed on aqueous solutions containing metal salts (Fe3+, Cr3+, Cd2+, Ni2+, etc...). The most 

interesting results were obtained in the extraction of Fe3+ or Cu2+. 

 

 

 

 

 

Principle of flotation 
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Surfactant molecules can be synthesized from a variety of sources. While the hydrophobic group is 

often derived from vegetable oils, the hydrophilic group is often of a synthetic organic or inorganic 

origin.  

In this present work, two new surface active molecules are presented. Lauramidopropyl glyceryl 

dimethyl ammonium chloride or LGDMAC is a quaternary ammonium compound derived from 

lauric acid as a source of hydrophobic part and glycerol contributes towards the hydrophilic part of 

the molecule1. The purity of the product was ascertained and physicochemical properties which 

make it useful as a surfactant were measured. Sophorolipids are glycolipid biosurfactants produced 

by yeasts with the fatty acids providing the hydrophobic chain. In the present work, sophorolipids 

were prepared by using fatty alcohol instead and the surface active properties of this new molecule 

were also studied2,3. 
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The ever growing demand of surfactants requires development of new generation of surfactant 

molecules having considerable portion of renewable structure motifs [1,2]. These new surfactants 

need to be developed by cost effective and energy saving methodology utilizing renewable 

feedstock [3] and their structural design should contain biocompatible functional groups that may 

be easily degraded in the environment after use. Working on the similar concept variety of new 

types of biocompatible ester functionalized cationic surfactants based on linear fatty acids and fatty 

alcohols have been synthesized (Figure 1). These new surfactants have been characterized using 

spectroscopic techniques. Further, these surfactants have been investigated for their self-

aggregation properties by several available physical, analytical and spectroscopic techniques and 

found to be having comparable surface properties compared to conventional cationic surfactants. 

The ease of synthesis combined with good surface properties makes them ideal for many consumer 

and industrial application. 
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Sophorolipids are a class of biosurfactants belonging to the family of alkylglycosides and which are 

produced by the yeast Candida bombicola in presence of sugars, fatty acids and water. These 

compounds are developed at an industrial scale because of the high production rate, which is 

several hundred grams per liter of the yeast culture batch. If they are appealing to the cleansing and 

cosmetic industries, their potential is much larger.[1,2] Recent work discuss their antibacterial and 

anticancer properties and even some tests as polymer precursor were attempted. Specific 

applications in the field of material science also start to appear but the amount of work is still in its 

infancy. 

This communication has the goal of showing the application of the acidic form of sophorolipids in 

the field of nanoscience. Their self-assembly behaviour in water will be discussed and in particular 

its strong dependence on pH, salt addition, temperature and molecular geometry. It will be shown 

how acidic sophorolipids may form micelles, chiral fibers and layered nanoscale sheets by playing 

with these parameters.[3,4,5] It will be shown how they can be used as templates for mesoporous 

silica powders and thin films [6] but also as surface capping agents for the stabilization of iron 

oxide nanoparticle in water. [7] We will also show its antimicrobial activity after deposition of flat 

surfaces. 
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Petroleum´s accidents should be controlled as faster as possible for the preservation of the marine 

life, however the ways to synthesize dispersants are sustainably impracticable because of high 

toxicities arising from the chemical surfactants [1]. Biotechnology is the ecological answer to 

reduce contamination of oil slicks [2] throughout the use of specific microorganisms in industrial 

residues producing the biosurfactant: the petroleum bioremediator [3]. In this context, the yeast 

Candida guilliermondii was cultivated in a medium containing molasses, residual soybean oil, and 

corn steep in a pilot industrial bioreactor (50.0 L) to produce the microbial biomolecule. After 

removal of cells the crude biosurfactant was submitted to two stability processes by adding 

potassium sorbate with and without heating by fluent steam. During 120 days the surfactant 

properties like surface tension, emulsification and dispersion indexes [4] were evaluated in specific 

conditions of pH, temperature and salt addition. Furthermore, the cost to maintain the biomolecule 

stable was estimated showing that potassium sorbate was the best conservation methodology, 

especially at pH 10, 50 °C and in the presence of 5% of NaCl. Apart from stability, the capacity of 

reducing the surface tension and the ability of oils emulsification were hardly improved after 

application of the this conservation method. Therefore, the biosurfactant produced by Candida 

guilliermondii is able to control oil slicks on seawater after a large period of conservation at low 

cost. 
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Background: This contribution deals with chemical processes at the biological membranes of 

endothelial cells in the blood vessels. Basic observation is that the intensity of blood flow navigates 

the vascular width through a negative feedback circle. When the blood flow increases, the vessels 

become wider; when it decreases, the vascular smooth muscle cells contract. A sensor 

macromolecule reacts on the shear stress generated by the flowing blood. In the present 

investigation, a naturally occurring biosensor is characterized which is crucially involved in the 

regulation of peripheral blood flow and organ perfusion. A dysfunction of this sensor can lead to 

organ insufficiency, hypertension and arteriosclerosis.Methods: 23Na+ and 39K+ NMR as well as 

ellipsometry measurements were performed on native proteoheparan sulfate HS-PG 

(syndecan/perlecan). Flow-dependent tension and membrane potential were determined in human 

coronary arteries from heart transplantations. Nontreated, intact preparations were compared to 

deendothelialized vascular segments and to preparations incubated in a low-concentrated trypsin 

solution. Trypsination led to shedding of the ectodomain of the transmembrane proteoglycan 

syndecan and to disintegration of the subendothelial matrix.  

Results and Discussion: Based on its viscoelastic properties, HS-PG is proposed to be present as a 

random coil under ‘no flow’ conditions and as an unfurled filament structure with increasing flow. 

Additional anionic binding sites to which Na+ ions from the blood can bind, are released by this 

shear stress-dependent conformational change. The Na+ binding triggers the signal transduction 

chain for a vasodilatory vessel reaction. Decrease in flow effects, for reasons of innermolecular 

elastic recoil forces of the macromolecules, an entropic coiling, the release of Na+ ions into the 

blood and thus an interruption of the signal chain. Vasoconstriction is the consequence. The 

reversible Na+ binding to HS-PG is dependent on the three-dimensional structure of this 

polyelectrolyte. Since Ca2+ ions have a high affinity constant for proteoglycans, we expected 

studies on the interaction between Na+ and Ca2+ binding to syndecan to provide a greater insight 

into the microdynamic polymer changes. When adsorbing HS-PG to a hydrophobic silica surface, 

the adsorption occurs via its hydrophobic protein moiety, which acts as an anchor for this 

macromolecule. Thus, we have a model for the in vivo scenario, since the orientation of the sensor 

macromolecule is similar to that in the endothelial cell membrane.  

Conclusion: Viscoelastic and polyelectrolytic HS-PGs integrated into the membrane of vascular 

endothelial cells and the extracellular matrix may serve as a flow sensor. These biosensor 

macromolecules respond to shear stress by a conformational change. Under in vivo conditions, the 

membrane integral syndecan primarily responds to low shear rates, while matrix-anchored perlecan 

reacts preferably to high shear rates. 

 



11. SURFACTANT – POLYMER INTERACTIONS 

157 

[O11.1] 

 

Soluble Aggregates in Aqueous Solutions of Polyion-Surfactant Ion 

Complex Salts and a Nonionic Surfactant 
 

Karin Schillén1, John Janiak1, Matija Tomšič2, Dan Lundberg3, Gerd Olofsson1, Lennart 

Piculell1 

 
1Division of Physical Chemistry, Lund University, P.O. Box 124, SE-221 00 Lund, Sweden 

 2Faculty of Chemistry and Chemical Technology, University of Ljubljana, Aškerčeva 5, SI-1000 

Ljubljana, Slovenia 

 3CR Competence AB, P.O. Box 124, SE-221 00 Lund, Sweden  

 
 

Water-soluble aggregates based on two polyion-surfactant ion "complex salts", consisting of 

hexadecyltrimethylammonium (C16TA+) and polyacrylate (PA-) with either 25 or 6000 repeating 

units, with added nonionic surfactant octaethylene glycol monododecyl ether (C12E8) have been 

investigated [1]. A previous phase study has shown that added C12E5 or C12E8 can solubilize 

complex salts in aqueous systems, and that increasing the poly(ethylene oxide) chain length of the 

nonionic surfactant and decreasing the polyion length favor dissolution [2]. In this work we report 

on dynamic light scattering, NMR diffusometry, small-angle X-ray scattering, and isothermal 

titration calorimetry measurements performed to characterize the solubilized composite aggregates 

in dilute aqueous solution in terms of size and stoichiometry. It was found that mixed aggregates of 

polyacrylate, C16TA+ ions, and C12E8, with almost constant stoichiometry, coexist with micelles of 

pure C12E8 at all investigated mixing ratios. The length of the polyion only weakly affects the 

stoichiometry of the mixed aggregates while strongly affecting their size and water solubility. 
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Development of processes to render inorganic nanoparticles (NPs) dispersible and stable in water 

has received considerable attention in the past decade, the final nanomaterial having many 

applications in catalysis, material science, biology etc… Two different families of amphiphilic 

polymers were synthesized and their chemical structure was finely tuned to control properties of 

the final nanohybrids. [1-5] 

Hyperbranched polymer with a core-multishell architecture composed of a hydrophilic core, a 

hydrophobic inner shell and a hydrophilic outer shell allows the formation and/or the stabilization 

of NPs (Au, Pd, Pt, ZnO …) in different media.[1-2] Their properties were mainly controlled by the 

specific architecture of the polymer. Moreover, the amphiphilic structure of the shell allows the 

stabilization of preformed hydrophobic and hydrophilic NPs in water and organic solvents. 

Catalytic applications of such structures were investigated using various hydrogenation reactions in 

solvents ranging from polar to unpolar. This study demonstrated a good accessibility of the 

catalytic sites under mild conditions depending on the organization at the metal/polymer interface. 

Homo- or block- copolymers polymers comprising a stimuli responsive block allow the 

formation of nanohybrids with properties that can be modulated simply by an external stimulus. [3-

5] RAFT/MADIX technology was employed to prepare well-defined polymers of various natures 

and architectures. Their response to an external stimulus was found to be a crucial parameter to 

modulate the catalytic properties and directed assembly on surfaces. Besides, the reversibility of 

the stabilization process was investigated. 

 

Figure. A. Stabilization of luminescent ZnO nanoparticles by core-multishell hyperbranched structures. B. 

Schematic structure and TEM images (negative staining) of gold nanoparticles stabilized by amphiphilic 

block copolymers comprising a thermosensitive block (PNIPAM). 
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The presence of phenolic compounds in industrial wastewaters (pharmaceutical, petrochemical, 

cork, textiles industries, etc.) is of concern in terms of environmental and human health protection. 

Even in low concentrations these compounds present high toxicity and low biodegradation, which 

is particularly marked for higher degree of substitution in the aromatic ring. 

The removal of phenolic compounds from wastewater is crucial to comply with the European 

Legislation, being their adsorption a conventional and effective route for industrial effluents. 

Adsorbents with high selectivity and adsorption capacity are needed, and the silica based aerogels 

are promising materials due to their extremely high porosity/surface area, chemical versatility and 

possibility of reutilization [1-3]. Since phenolic compounds have functional groups of hydrophobic 

and hydrophilic character, giving rise to several types of interactions with the adsorbent, an 

improved adsorption may be achieved by tailoring the aerogel surface chemistry. 

In this work, silica based aerogels with different degrees of hydrophobicity/hydrophilicity were 

synthesized, by using a combination of methyltrimethoxysilane (MTMS) and tetramethyl 

orthosilicate (TMOS) precursors in different proportions (molar % of TMOS:MTMS from 80:20 to 

5:95) in order to provide a variable number of methyl and hydroxyl groups in the structure. The 

sol-gel synthesis followed a one-step NH4OH-catalyzed procedure. The drying of the gels was 

accomplished by supercritical fluid drying/extraction with CO2, which retain the gel porosity in the 

final materials. 

The appearance of the obtained aerogels is shown in Figure 1. The transparency of the samples 

increases with the TMOS amount, indicating an increase of the degree of order and density of the 

silica structure, as was confirmed by bulk density and porosity measurements.  

The adsorption capacity of the aerogels towards several phenolic compounds – phenol, 

hydrobenzoic acid, p-cresol, 4-clorophenol – was evaluated from measurements of initial and 

equilibrium concentrations of adsorbate in solution using a UV-Vis absorption spectrophotometer. 

This enabled us to study the various kinds of interactions in the adsorption process and the aerogels 

selectivity for each adsorbate as function of the balance of functional groups in the aerogel surface.  

 

 
Figure 1: Aerogels obtained by using TMOS:MTMS molar percentages of: a) 80:20, b) 50:50, c) 5:95. 
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Passive microrheology based on Diffusing Wave Spectroscopy is a new innovative technique for 

the study of the viscoelastic properties and the gel point transition of polymers and hydrogels. 

Passive microrheology consists of using micron sized particles to measure the local deformation of 

a sample resulting from the thermal energy, that is to say the Brownian motion. 

DWS is an extension of the DLS technique to opaque media. The determination of the Mean 

Square Displacement (MSD) curve enables the complete characterization of the viscoelastic 

properties of a sample. The technique allows to measure particles displacement in a spatial range 

between 0.1 and 100 nm and a time scale between 10-3 and 105 seconds. 

Biopolymers have been introduced to a large scale of formulation not only in the food sector. Their 

unique properties in stabilization, structuration as well as texturation made them to extensively 

used components. Especially the stabilization capacity for emulsions and formulation is of outmost 

interest. 

This work presents several examples how passive microrheology can be used for the 

characterization of formulations in food production. Information about elasticity and viscosity can 

be obtained as well as the gel point for gelling systems. The time curing superposition method [1-4] 

allows the precise determination of the gel point according to the Winter-Chambon-Criterion. 
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Among various polymers, Teflon® surface possesses extreme hydrophobicity (low surface energy), 

which is of great interest to both industries and academia. In this report, we discuss the stability of 

aqueous Teflon® dispersions (particle size range of 100-3000 nm) formulated by a novel strategy 

that involves distinct combinations of surfactant and polymer mixtures for dispersion stabilization. 

As a first step, the hydrophobic Teflon® particles were wetted using range of surfactants (Ionic, 

Triton, Brij, Tween and Pluronic series) bearing different hydrophobic lipophilic balance (HLB) 

and further characterized by contact angle and liquid penetration in packed powder measurements. 

The interaction between hydrophobic chains of surfactants and Teflon® particle surface is the 

driving force resulting in wetting of Teflon particle surface. Further, these wetted particles in 

aqueous solutions were mixed with various polymers, namely Polyvinyl alcohol (PVA), Polyvinyl 

pyrrolidone (PVP), Hydroxyethyl cellulose (HEC) and Hydroxypropyl methyl cellulose (HPMC). 

The rate of sedimentation for the final dispersions was measured using a pan suspended into the 

dispersion from a transducer recording the increase in weight with time. A significant stability was 

noticed for Teflon particles suspended in surfactant + polymer mixtures, which was linearly 

proportional to the concentration of added polymer. The viscosity measurements were attempted in 

order to delineate the distinct molecular mechanism responsible for better dispersion stability 

caused by surfactant + polymer interactions with Teflon particles. The observed phenomenon can 

be possibly explained by molecular interactions between the hydrophobic chains of surfactant 

molecules and polar groups in polymer architecture. Brij-O10+HEC mixture was found to be the 

best surfactant+polymer combination for decreasing the sedimentation of the Teflon particles in the 

final formulation. As measured by DLS, the hydrodynamic volume of the Teflon particles increases 

up to ~55% in the final formulation. These dispersions could be further explored for various 

technological applications such as paints, inks, protective coatings etc. 
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The use of self-assembled materials as templates in materials synthesis is a rapidly growing area. 

However, the subset of work that focuses on rodlike and wormlike self-assembled micelles for 

polymerization of organic solution is under-utilized given the potential of these systems for 

synthesizing anisotropic materials. The use of particles with anisotropic shape is of significant 

interest since it allows fabrication of structures with special symmetries and degree of packing, as 

well as with anisotropic properties [1]. Rod-like polymer particles could have interesting properties 

and could find many practical applications; however, few methods for the production of such 

particles are available. In this work we introduced and investigate a method for synthesis of a new 

class of polymeric nanorods and nanofibrils based on emulsion polymerization using wormlike 

polymerizable micelles as template. Wormlike micelles, are elongated and semiflexible aggregates 

of surfactant molecules. The equilibrium and dynamics of the micellar structures, however, are 

determined by a delicate balance of intermolecular forces that can be easily disrupted. In the 

current study it has been observed that addition of oils or polymers typically reduces the average 

micelle length and results in a dramatic decrease of the solution viscosity on the microstructure and 

loss of the highly elongated and entangled micelles. Solubilization and polymerization of styrene in 

different Cetyl trimethyl ammonium Tosylate (CTAT) wormlike solutions, at various: 

concentrations, temperatures and initiator systems, have been performed, and have been showed to 

preferentially form spherical particles. During the polymerization process, the viscosity is reduced 

by several orders of magnitude to a water-like value, and no viscoelasticity can be observed either 

visually or rheometrically. These data suggest a transition from rodlike to spherical micellar 

aggregates. A polymerizable surfactant, cetyltrimethylammonium 4-vinylbenzoate (CTVB), 

containing a polymerizable counterion, has been prepared and investigated with the purpose of  

“locking in” the micellar structure over the oil polymerization so that the template is less sensitive 

to environmental changes. Elongated particles and long polymer fibrils have been formed 

depending on cross linker concentration used, partially preserving the structure of the parent 

micelle upon polymerization.  Therefore, the presented approach represents a possible method for 

the production of anisotropic particles, with the purpose of studying their assembly for the 

preparation of nano- and microstructured material. 
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Conjugated polyelectrolytes (CPEs) and oligoelectrolytes have emerged over the last 25 years as 

important materials with applications in areas such as charge transport layers in optoelectronic 

devices, optical sensors and biomedical imaging agents [1]. They combine the luminescence 

properties of conjugated polymers with the general characteristics of polyelectrolytes, such as 

solubility in water and polar solvents. In addition, they show interesting aggregation behavior with 

surfactants. The high sensitivity of their fluorescence provides possibilities of studying 

polyelectrolyte-surfactant interactions at very low concentrations. We will consider the behavior of 

both negatively and positively charged CPEs having fluorene, thiophene and phenylenevinylene 

units on their backbone. These interactions have been studied by fluorescence and absorption 

spectroscopy, electrical conductivity, NMR, small angle X-ray (SAXS) and neutron (SANS) 

scattering and molecular dynamics simulations. CPEs normally form dispersions in water, but, for 

example with poly{1,4-phenylene-[9,9-bis(4-phenoxy-butylsulfonate)]fluorene-2,7-diyl}(PBS-

PFP) may be dissolved at the molecular level by addition of nonionic surfactants, such as n-dodecyl 

pentaoxyethylene glycol ether (C12E5), to form cylindrical aggregates [2]. With oppositely charge 

CPEs and surfactants, complex behavior is observed [3,4], with ion association at low 

concentrations up to charge neutralization, followed by formation of extended structures, leading in 

some cases to phase separation. At higher concentrations (in the region of the surfactant cmc), 

formation of surfactant/CPE mixed micelles occurs. Similar behavior is found with conjugated 

oligoelectrolytes [5]. The relevance of this behaviour to the interaction of non-conjugated 

polyelectrolytes with surfactants will be discussed. 
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So-called double hydrophilic block polyelectrolytes (DHBP), that is, diblock copolymers composed 

of a polyelectrolyte block and a neutral hydrophilic block, co-assemble in aqueous solutions with 

oppositely charged ionic surfactants into core-shell particles with the core formed by the water-

insoluble polyelectrolyte-surfactant (PE-S) complex and the shell formed by the solvated 

hydrophilic blocks. The co-assembly process usually leads to the formation spherical structures 

with the well segregated core and shell domains, the former consisting of the disordered phase 

containing densely packed surfactant micelles. In this communication, we report on experimental 

studies (light scattering, SAXS, TEM) of two types DHBP/ionic surfactant systems that exhibit 

deviations from the above-described scenario: (i) co-assembly involving surfactant with bulky 

fluorocarbon hydrophobic chains, leading to formation of wormlike particles (Fig. 1) [1], and (ii) 

co-assembly involving DHBP with rigid polyelectrolyte blocks [2]. Here we show that the DHBP-

surfactant system forms water-insoluble complexes for compositions close to the zero net charge. 

This phase separation occurs instead of the rearrangement of the system to core-shell particles, 

which is hindered due to conformational rigidity of the polyelectrolyte blocks. For the surfactant 

amounts below and above the precipitation region, large spherical aggregates and their clusters are 

present in the solution. SAXS measurements indicate that although the system does not form the 

core-shell particles with the PE-S core and the neutral hydrophilic shell, the aggregates contain 

domains of closely packed surfactant micelles which bind to both polyelectrolyte blocks and 

neutral hydrophilic blocks. 

 

 
 
Figure 1: Cryo-TEM micrograph of wormlike particles formed by the complex of poly(sodium 2-sulfamate-

3-carboxylate isoprene)-block-poly(ethylene oxide) and N-(1,1,2,2-tetrahydroperfluorofluorodecyl) 

pyridinium chloride. 
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´´Complex salts´´, that is, ionic surfactants with polymeric counterions, are typically insoluble in 

water, but form a variety of hydrated structures, similar to those formed by the corresponding 

conventional ionic surfactants (with monovalent counterions) at the same levels of hydration [1]. 

Complex salts are thus interesting candidates as internally structured, water-insoluble, but water-

responsive materials, containing both hydrophobic and aqueous domains. In this presentation, we 

will address the possibility to obtain such materials as surface coatings. We have explored a facile 

method to produce complex salt coatings via deposition of complex salts dissolved in ethanol - a 

good solvent for complex salts [2, 3]. It is possible to cast a complex salt film [4] by simply 

spreading an ethanolic solution onto a surface. Good wettability is found for a variety of 

hydrophilic and hydrophobic surfaces. When an initially dry complex salt film is immersed in 

water, it immediately responds by swelling, but does not dissolve. Interestingly, films can be 

designed that do not dissolve even in quite concentrated solutions of excess ionic surfactant. The 

structures of the hydrated complex salt coatings can be controlled by varying the polyion and/or 

surfactant ion, by adding a co-surfactant or, interestingly, by controlling the water activity. SAXS 

studies confirm that the phase structures previously observed for bulk systems [1] also form in the 

surface coatings. With increasing water content in the film the structure may change, for example, 

from hexagonal to micellar cubic. 
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Injectable porous hydrogels may be advantageous for tissue engineering applications and drug 

delivery systems due to enhancing nutrient and waste transport, improved cell growth and the 

delivery of targeted drugs. Nevertheless, current available techniques for the creation of injectable 

porous hydrogels involve the use of cytotoxic materials and invasive techniques, which could result 

in toxic scaffolds formation, in the case of tissue engineering, and toxic matrixes for drug delivery 

purposes. Moreover, they lack the ability of controlling porosity and pore sizes, which disable the 

design of tailor-made hydrogels for specific applications. Therefore, a new technique that 

incorporates both elements could lead to a new generation of materials. The overall goal of the 

current research is to develop a methodology based on Oil-in-Water emulsion-templating technique 

for the creation of injectable porous PEG-Fibrinogen (PF) biocompatible hydrogels, while 

manipulating their porosity and pore sizes. The relationship between physical and mechanical 

properties of the hydrogel to porosity and pore size is investigated. In order to achieve this goal, 

hydrogels with pore sizes from nanometer to micron scale are prepared and characterized by size 

analysis, High Resolution Scanning Electron Microscopy (HR-SEM), swelling and diffusion 

experiments, cytotoxicity assays and mechanical characterization. Pore size and porosity are 

manipulated through surfactant concentration and oil to water ratio as demonstrated in figure 1. 

 
 

Figure 1: PEG-Fibrinogen hydrogels with (A) no emulsion-templating, (B) 5/95 oil-in-water emulsion, (C) 

25/75 oil-in-water emulsion, (D) 50/50 oil-in-water emulsion. 
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Surfactants, along with other variables, are known to alter the permeability of compounds through 

human skin. Several transdermal studies have highlighted surfactant-skin interactions [1, 2], though 

little research has focused on the effect of surfactants on drug transport through a frequently used in 

vitro skin mimic, namely silicone membrane. This study investigated the effect of sodium dodecyl 

sulfate (SDS, an anionic surfactant) on the permeation of lidocaine and caffeine through silicone 

membrane. A Franz-type diffusion cell was used with a diffusion area of 0.95 cm2 and a receptor 

volume of 4 mL. The drug concentration in the donor solution was 2 mg/mL with SDS present at 

concentrations of 0, 4, 8 and 20 mM. The donor phase was separated from the receptor phase by 

the silicone membrane. Samples were routinely collected from the receptor phase and replaced 

immediately with pre-warmed fresh buffer. Collected samples were then analysed using UV 

spectroscopy to quantify the model compound. In all cases the presence of SDS reduced the 

transport of drugs across the membrane (Figure 1, the data for caffeine is not shown here). Based 

on these results it would appear that there is a strong relationship between the amount permeated 

and changes in the concentration of surfactant. However the mechanism of the SDS effect is 

thought to be related to drug-surfactant and/or surfactant-membrane interactions. Overall it can be 

seen that the presence of a particular anionic surfactant reduced the permeation of both lidocaine 

and caffeine through silicone membrane. Such findings regarding surfactant might be crucial in the 

design and development of in vitro drug diffusion studies. 
 

 
 

Figure 1: Permeation profiles of lidocaine in the presence of SDS through silicone membrane.  
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Cellulose has many industrial applications and is the most used biopolymer in the world. The 

estimated amount of cellulose and derivatives used each year, exceed 75 million tons[1]. Many 

important cellulose applications involve, at some stage, dissolution and, for different reasons, this 

task is normally complicated. The development of cheaper, environmentally and human friendly 

alternatives, without toxic compounds, to the solvents used nowadays is thus of great interest in the 

industrial circle. In this work, we have developed new promising alkali based solvents, showing 

good dissolution ability of cellulose with reasonably high molecular weight. The addition of 

amphiphilic molecules (such as urea and surfactants) to the alkali based cellulose solutions results 

on an increase of the solubility of cellulose in solution and also in a decrease of the viscosity of the 

system [2,3]. Additionally, these amphiphilic additives also prevent time dependent gelation of the 

solution. These cellulose solutions are a very promissory for fiber spinning (e.g. textile 

applications). Finally, cellulose regeneration under the form of transparent films was achieved from 

cellulose solutions using simple coagulations systems such as water, ethanol or acidic solutions. 
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Developing needle free immunization methods is one of the goals of vaccine research [1]. The 

nasal mucosa presents many advantages to exploit, as for example high amount of lymphoid tissue. 

It also represents a natural barrier with limitations for the formulations to be successfully delivered 

[2, 3]. Considering the advantages and disadvantages of the nasal mucosa, it is fair to consider it 

worth exploiting for vaccination purposes, once it as the potential for eliciting both mucosal and 

systemic immune responses [2]. A polymeric nanoparticulate system was developed, characterized 

and tested in vitro for mucosal vaccine delivery pruposes. Chitosan, a biodegradable and 

biocompatible polymer was chosen for its mucoahesive properties and ability to stimulate cells of 

the immune system [4, 5], while poly-ε-caprolactone (PCL) was selected due to its high 

hydrophobicity which could further enhance uptake by cells [6]. Chitosan/ PCL nanoparticles and 

PCL nanoparticles were prepared by nanoprecipitation technique. Both particles presented good 

model antigen loading efficacies (myoglobin, BSA, ovalbumin, lactalbumin, α-casein and 

lysozyme) and their sizes suggested being ideal to be taken up by cells (199 ± 62 nm and 165 ± 35 

nm, respectively for chitosan/PCL and PCL nanoparticles). Particles were freeze dried with a 

trehalose in order to evaluate their potential as a powder formulation. TEM images showed small 

round shaped nanoparticles that tend to form small agglomerates after freeze dried. TEM also 

showed ovalbumin adsorption on the particles and by circular dichroic spectroscopy it was possible 

to notice that the secondary structure type of the protein is more beta sheet on both nanoparticles, 

than alpha helix as for the native protein. Although only small differences were achieved when 

introducing chitosan on PCL nanoparticles (Chitosan/PCL), they presented advantages as an 

antigen delivery system. Namely, higher loading efficacies for model antigens, better cytotoxic 

profile on spleen cells and much higher uptake by A549 cells, which makes Chitosan/PCL 

nanoparticles a promising freeze dried antigen delivery system. 
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Aggregation between polyelectrolytes and surfactants in solution has been widely studied but the 

use of surfactants to control molecular interactions between charged polymers at the solid/water 

interface has received much less attention. By controlling the degree of aggregation between the 

polyelectrolyte and the surfactant the attraction of the aggregated system to a silica surface 

modified with a surface bound polymer can be tuned. Both preliminary attenuated total internal 

reflection Fourier transform infrared spectroscopy data along with quartz crystal microbalance data 

will be presented that shows the interaction of a polyelectrolyte surfactant complex (PSC), 

containing the surfactant cetylpyridinium bromide (CPBM) and the polyelectrolyte poly(sodium-4-

sulfonate) (PSS), with a surface bound polymer, polystyrene-co-maleic anhydride. The data 

indicates that the interaction of the PSC with the surface bound polymer is controllable by the 

degree of aggregation of PSS with CPBM. The data also indicates that interaction of the PSC with 

the surface bound polymer is reversible to some extent by changing the pH of the system and the 

surfactant aggregation of the PSC. This data will be presented in the context of developing systems 

where surfactants can be employed like a molecular switch to initiate the exchange of molecular 

cargo between macromolecules interacting at the liquid/solid interface. This exchange of molecular 

cargo is ultimately envisioned to initiate or terminate chemical reactions. 
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Mixed polymer-surfactant systems are very interesting not only for academia researchers but also 

for industry. Polymer and surfactants are very often used in combination in cosmetic, medicinal, 

and pharmaceutical preparations. Particularly, complex surfactant-polymer solutions are used for 

the synthesis of highly stable and controllable water-based ferrofluids (magnetic fluids (MF)). 

Poly(ethylene glycol) (PEG) is frequently used for increasing of biocompatibility of MF. At the 

same time, the introduction of PEG into initially stable MF can result in their structural 

reorganization. Such effect was recently observed [1] by small-angle neutron scattering (SANS) in 

MF where nanoparticles of magnetite (size below 10 nm) are placed in water and coated by double 

layer of sodium oleate (SO). In particular, comparatively small and compact nanoparticle 

aggregates (size at level of 40 nm) in the initial samples transfer to large (size above 120 nm) and 

developed (fractal dimension 2.5) associates after PEG is added to the system with the ratio above 

2:1 with respect to magnetite content [1]. It should be noted that smaller amount of added PEG did 

not lead to aggregates reorganization.The goal of the given work is to reveal by means of SANS the 

structure and interaction in complex aqueous micellar solutions of surfactant (SO and 

dodecylbenzene sulfonic acid (DBSA)) with PEG. SO and DBSA are actively used for stabilization 

of aqueous MF.First step in such study was investigation of pure aqueous solutions of PEG [2] and 

surfactants [3] themselves. Some part of the polymer molecules in concentrated polymer solutions 

is found to form aggregates with size exceeding 30 nm. The form-factor of Gaussian coil is used to 

describe low concentrated PEG solutions. The interparticle interaction effect is well observed for 

PEG solutions with concentration higher than 3% where. In pure surfactant solutions a typical 

increase in the micelle size with the growth in the surfactant concentration within a range of 0.06-

0.52 mol/l (2-17 vol. %).) is found, which can be related to the transition from spherical to rod-like 

micelles. The obtained data are used for estimating surfactant micelle concentration in water-based 

MF stabilized with DBSA. Despite the fact that PEG addition into surfactant solutions should 

effectively increase the distance between micelles, a decrease in the micelle interaction radius takes 

place, which points to some kind of screening. Effect of screening of interaction takes place at PEG 

addition above 5 vol. %. 

The obtained results are important specifically for understanding the synthesis procedure of highly 

stable water-based magnetic fluids with controllable properties. 
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Living organisms are able to form morphologically diverse minerals produced in a complex 

manner and in media of specified compositions. In most biomineralization processes many soluble 

biopolymers exist in minute quantities; these control the nucleation, growth, orientation, and 

polymorph selection. Such processes lead to the formation of minerals with diverse biological 

functions and distinct properties such as corals, shells, carapaces and spicules, otoliths, bones and 

teeth (all cases of beneficial mineralization), as well as pathological processes, e.g., bone disease, 

dental calculus, and renal stone formation. Our current group efforts are directed toward the 

crystallization of calcium-bearing minerals, calcium carbonate (the most abundant biomineral, and 

of high industrial relevance in a range of products), calcium oxalate (the major constituent of 

kidney stones), and calcium phosphate (the main component of bones and teeth). We establish that 

water-soluble macromolecules (polyelectrolytes, polypeptides, surfactants) mimic in an effective 

way the role of soluble biomineralization polymers and can control the final morphology and 

polymorphic occurrence by face-selective adsorption on crystals (thermodynamic regime) and/or 

by temporarily stabilizing ‘less stable’ polymorphs (kinetic regime). For example, in the case of 

calcium oxalate, we have demonstrated that anionic polyelectrolytes can be very effective toward 

kidney stone inhibition. Calcium oxalate exists in three polymorphs, the metastable dihydrate 

(COD) and trihydrate (COT), and the thermodynamically stable monohydrate (COM) which is 

mainly responsible for kidney, gall, and bladder stones. We have shown that sodium poly(styrene 

sulfonate) (PSS) (as a model anionic macromolecule) reduces the growth rate, alters the crystal 

morphology, and favors the formation of COD over COM at low concentrations. At sufficiently 

high PSS concentrations the crystallization of calcium oxalate is completely inhibited. We have 

established the mechanism of action through macroscopic kinetic measurements and microscopic 

Atomic Force Microscopy. Furthermore, we have demonstrated that the effects of anionic 

polyelectrolytes on the nucleation and growth of calcium oxalate were remarkably reduced or even 

completely eliminated when oppositely charged surfactants are introduced in the system. Such 

competitive interactions between macromolecules can have significant implications on the 

effectiveness of inhibitory molecules and should be taken into consideration. 

 

  



11. SURFACTANT – POLYMER INTERACTIONS 

173 

[O11.17] 

 

The Effect of the Bile Salt Sodium Glycodeoxycholate on the Association 

Behavior of PEO-PPO-PEO Triblock Copolymers 
 

Solmaz Bayati1; Kenneth D. Knudsen2; Gerd Olofsson1; Luciano Galantini3; Karin 

Schillén1 
 

1Division of Physical Chemistry, Lund University, P.O. Box 124, SE-221 00 Lund, Sweden; 
2Department of Physics, Institute for Energy Technology, P.O. Box 40, N-2027 Kjeller, Norway; 

3Department of Chemistry, Sapienza University of Rome, P.le A. Moro 5, 00185 Rome, Italy 

 

 

Malabsorption of bile acids at the end part of the small intestine causes bile acid diarrhea in human 

body. The aim of this study is to investigate the possibility of using nonionic triblock copolymers 

based on poly(ethylene oxide) (PEO) and poly(propylene oxide) (PPO) instead of present 

sequestrants in the treatment of this disease [1]. The influence of a bile salt, sodium 

glycodeoxycholate (NaGDC), on the association behavior in water of three triblock copolymers 

with different block lengths of PEO and PPO [EO19-PO29-EO19 (denoted P65), EO20-PO69-EO20 

(denoted P123) and EO100-PO65-EO100 (denoted F127)], has been studied by means of dynamic and 

static light scattering (DLS/SLS), small angle X-ray scattering (SAXS), small angle neutron 

scattering (SANS), differential scanning calorimetry (DSC) and zeta potential measurements. The 

triblock copolymers form micelles with a PPO core and a PEO corona in aqueous solution above a 

critical micelle concentration, CMC, and a critical micelle temperature (7-10 nm in hydrodynamic 

radius). A sphere-to-rod transition at the elevated temperatures has previously been reported for the 

P123 micelle [3]. NaGDC forms micelles in water with a radius of around 1.6 nm [2]. All results 

from the above techniques confirm the interaction of the bile salt with these triblock copolymers. 

At low bile salt concentrations, polymer-rich mixed complexes are formed, which become 

increasingly charged as the concentration of bile salt increases. The electrostatic interaction 

between the complexes is evidenced in the scattering experiments. At high bile salt concentrations, 

as the disintegration of the block copolymer micelle begins, bile-salt-rich mixed complexes coexist 

with the polymer-rich complexes. In addition, the shape change of the P123 micelle is prohibited 

by addition of the bile salt. 
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The interactions between neutral water-soluble polymers, like poly(ethylene glycol), PEG, and 

cationic double-chain vesicle-forming surfactants, like dialkyldimethylammonium bromide, 

DnDAB (n = 12-18 carbon atoms), are known to be weak and may result in stabilization and 

formation of highly ordered networks [1]. Such mixed systems can be used to mimic biological 

membranes and act as drug delivery system, especially for nucleic acid for cell transfection [2]; the 

polymer may also function as a good osmotic controller for lipid bilayers required in entrapment of 

small molecules in the internal aqueous compartment. Here we describe the effect of up to 30 wt% 

PEG 35 kDa on the thermal, kinetic and stability behavior of spontaneously formed cationic 

surfactant vesicles from DnDAB. The polymer-surfactant systems were monitored by differential 

scanning calorimetry, DSC, and the heating and cooling transition temperatures and enthalpies 

revealed. Characteristic thermograms of DnDAB in the absence and presence of PEG present up to 

three main endotherms in the heating (Figure 1), the gel-to-tilted (intermediate) state transition, the 

first tilted-to-liquid crystalline (LC) transition, and the second gel-to-LC transition, respectively, at 

temperatures Ts, Tm and Tp, that increase with the surfactant chain length.In the cooling, up to two 

main exotherms were detected (curves not shown). The DSC thermograms for all neat DnDAB 

samples display Tm-transition, while only those having longer chains display the Ts- or Tp-

transition. In presence of up to 10 wt%, PEG plays minor effects on the thermal behavior of 

DnDAB. Overall, the bilayer structures are preserved even when the polymer solution is rather 

viscous (> 10 wt%), especially for the longer surfactants. At low concentrations (< 5.0 wt%), PEG 

decreases slightly both Tm and the corresponding enthalpy (DHm), with stronger effects for the 

shorter (n = 12, 14) chains. The results indicate weak PEG-DnDAB interactions, thus preserving the 

bilayer structures and stability of the surfactant bilayers at least up to 5 or 10 wt% PEG, 

respectively for the shorter or longer chain surfactants. The presence of stabilized DnDAB bilayers 

in PEG aqueous gels may also be of practical interest, e.g.as drug delivery system. 

 

 
 

Figure 1. Heating thermograms of DnDAB 5 mM, for n = 12-18, in presence of PEG up to 30 wt%. 
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It has been shown recently that the dynamic dilational surface elasticity decreases abruptly in a 

narrow surfactant concentration range below the critical micellar concentration. This decrease was 

connected with the beginning of aggregate formation in the surface layer [1]. The aim of this work 

consists in the estimation of the influence of ionic strength on the dynamic surface properties of 

polyelectrolyte/surfactants solutions [2]. 

The surface properties of polyelectrolyte/surfactant solutions of low ionic strength at low surfactant 

concentrations can change for more than one day. In this case the abrupt decrease of the surface 

elasticity was observed at concentrations a little less than those corresponding to the beginning of 

opalescence and/or phase separation in the bulk. The increase of the solution’s ionic strength 

results in an increase of the adsorption rate due to the decrease of the electrostatic adsorption 

barrier. This leads to strong changes of the surface dilational rheological properties and thereby of 

the surface layer structure at surfactant concentrations one order of magnitude lower than the 

concentrations corresponding to the phase separation in the bulk phase. At concentrations close to 

the charge match point of the components the rheological properties are influenced by micro-

aggregates adsorbed from the bulk phase. In this concentration range one can observe effects of the 

sample history on the rheological behavior and the heterogeneity of the interface. 

A slight increase of the solution’s ionic strength gives a possibility to trace the formation of 

adsorption layer during the time of experiment (~ 5 hours). It was shown that the heterogeneity of 

the surface layer in the range of low surfactant concentrations was connected with the formation of 

micro-aggregates directly in the adsorption film. 
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Cosmetic formulations for hair are mixtures of cationic polyelectrolytes and anionic surfactants. 

Adsorption of either the pure polyelectrolyte or the polyelectrolyte-surfactant associative mixture 

on the hydrophobic keratin surface restores or improves the tribological properties of hair. 

Modelling of such multicomponent mixtures is a challenging topic. This talk will focus on the 

effects of the chain architecture of polymers and surfactants on the co-operative adsorption of these 

component on both hydrophilic and hydrophobic surfaces using self-consistent field theory of 

Scheutjens and Fleer. We discuss adsorption scenarios originating either from pure electrostatics or 

other interactions between the segments of surfactants and/or polymers with the surfaces. We show 

that by tuning the position of hydrophobic and hydrophilic fragments on the monomer level, e.g. by 

inclusion of short hydrophilic side chains attached to the hydrophobic backbone of the polymer or 

insertion of short polyoxyethylene sequences the adhesive and tribological properties can be 

tailored. 

 

 
Figure 1. Schematic showing morphology of an adsorbed layer of a cationic polymer (yellow) and an anionic 

surfactant (blue) on a model hair surface (negatively charged). This structure is an outcome of a two gradient 

self-consistent field calculation using a cylindrical lattice. 
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The friction resistance in polymer - steel sliding couples depends on surface geometrical structure 

of steel. Usually, the influence of surface roughness of steel on coefficient of friction during sliding 

movement is described [1, 2, 3, 4]. The high static friction coefficient means that the static friction 

resistance plays an important role in the energy consumption during start-up period. The 

minimization of static frictional resistance is the important issue in polymer-metal sliding couples 

operating under dry friction conditions. There have been four typical polymer sliding materials 

chosen: polyamide (PA 6), polyoxymethylene (POM), polytetrafluoroethylene (PTFE), composite 

based on PTFE (PTFE + 40 weight % of bronze powder). Depending on the variant of surface 

roughness and the texture direction of steel counterface differences in the static friction of polymer 

material can be observed. Test results show the significant influence of surface geometrical 

structure (roughness, texture direction) of steel counterface on the value of static friction coefficient 

of polymer materials sliding against steel. The coefficient of static friction increases with 

increasing the angle β of texture direction (relative to the direction of friction). This is mainly due 

to the increasing participation of mechanical interaction of the steel surface asperities and polymer 

materials. For polymer materials, that have a higher hardness (PA, POM) the static friction 

resistance is reduced when the surface roughness Ra of the steel counterface is greater than 0.5 

microns. The most preferred roughness of steel, due to the frictional resistance during start-up 

period, for the PTFE composites is less than 0.2 micron. It is necessary to know tribological 

characteristics of all sliding materials to determine the frictional resistance that occurs in the sliding 

elements of machines. 

 

 
 

Figure1. The effect of surface geometrical structure (roughness Ra, texture direction β) of steel counterface 

on the value of static friction coefficient µ0. 
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The solubilisation of vesicles or membrane patches of non-soluble lipids by bile salts is a 

fundamental process in fat digestion. By using Brownian Dynamics simulations with solvent free 

coarse grained models for 1,2-dipalmitoyl-sn-glycero-3-phosphatidyl¬choline (DPPC) and sodium 

cholate the mechanism of the vesicle to micelle transition has been studied. In case of large vesicles 

of physiologically relevant size (30nm - 50nm), the solubilisation mechanism comprises following 

stages: 1.) adsorption of bile salts on the vesicle membrane, 2.) enhanced pore formation with 

increasing bile salt concentration at the pore rim, 3.) development of protrusions from large local 

shape fluctuations, 4.) detachment of protrusions, consisting of mixtures of lipids and bile salts, as 

wormlike micelles, 5.) incorporation of additional bile salts into the micelles with following decay 

into smaller ones, and 6.) enlargement of pores up to complete destruction of the vesicle (Fig. 

1).The transition of smaller vesicles has different intermediate structures. Firstly, one pore growth 

up to produce a cup-like open vesicle which then transforms into a bilayer. In a second step the 

bilayer patch becomes porously and is transformed into a network of worm-like micelles. Finally 

the network decays into single worm-like mixed micelles.  

 
Figure 1: Snapshot of a vesicle undergoing transition into worm-like micelles. 
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Since the onset of polymeric micelles application as drug delivery systems in the late 1980s [1], 

numerous polymer self-assemblies have been extensively investigated, designated to deliver 

various substances including: low-molecular-weight anticancer drugs, contrast/imaging agents, 

proteins, plasmid DNA, antisense DNA, and more recently short interfering RNA (siRNA). 

Promising building blocks of drug delivery containers are deemed the nonionic soluble surfactants 

poly(ethylene glycol) alkyl ethers, abbreviated as C12Ex, where x refers to the number of 

oxyethylene units (E) in the hydrophilic head of the molecule and C12 represents the n-dodecane 

tail. 

The aim of the present study is to determine the head-size effect on the geometry transitions of 

C12Ex (x=3÷8) aggregates upon concentration increase. MARTINI [2] coarse-graining molecular 

dynamic simulations (NPT ensemble at 293 K) of the self-assembly process of the listed surfactants 

in aqueous solution were carried out with periodic boundary conditions applied. Extending earlier 

estimates [3], aggregation numbers and aggregate shapes were defined and the concentrations at 

which certain geometrical transitions occurred were specified. The latter were quantified in terms 

of shape anisotropy supplemented by a detailed structural analysis of the micelles as a function of 

aggregation number. 
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The formation of calcium naphthenate precipitates composed mainly of tetra-carboxylic acids 

presents significant technical and scientific challenges to the petroleum industry. The hypothesis 

that the precipitation reaction occurs at the oil-water interface in liquid-liquid dispersions by a 

cross-linking reaction between the tetra-carboxylic acids and calcium ions, still needs to be 

confirmed. Consequently, a dynamic mass transport model is presented in order to predict the 

interfacial concentrations of tetra- and mono-carboxylic acids in a water-in-oil dispersion as the 

acids migrate from the oil phase to the water phase. The mixed monolayer adsorption isotherm 

employed in the model is parameterized by a combination of molecular dynamics (MD) 

simulations and equilibrium interfacial tension (IFT) experiments making the modeling approach 

multi-scale. The mass transport model accounts for competitive mass transport and adsorption, 

dissociation of the acids at the interface, phase partitioning, and formation of micelles in the water 

phase. The interfacial concentration of the tetra-carboxylic acid is employed to estimate the amount 

of calcium naphthenate precipitate that could be formed in liquid-liquid dispersions. The model 

suggests that the estimated amount of precipitate produced reaches a maximum value as a function 

of the volume fraction of water (water cut) and then drops off significantly with increasing water 

cut. This prediction is testable experimentally and is in agreement with field observations. The 

results suggest that the amount of interfacial area in the dispersion is a significant factor affecting 

the likelihood of precipitate formation. The model is well-suited to be employed with a library of 

crude-oil pseudo-surfactants to formulate model oil systems that could be used to evaluate the risk 

of calcium naphthenate precipitation based on the oil composition and the surface to volume ratio 

of the dispersion. The model formulation is general and, thus, applicable to a wide variety of 

surfactant systems employed in many different applications. 
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Bacterial cells are very different from eukaryotic cells; they present no nuclear membrane that 

confines the DNA and there is no compelling evidence for the existence of histone-like proteins 

that condense and organize the genome. Instead, there are a few other types of proteins that 

modulate the DNA by inducing, for example, its bending and bridging. One of the most common 

histone-like proteins, H-NS, is a dimer that can self-associate into oligomers and that is able to 

bridge different tracts of DNA [1]. In addition, and contrary to eukaryotic cells, bacteria have no 

nuclear membrane. The fact that the cytoplasm has a very large concentration of macromolecules 

(RNA and proteins) is believed to favor DNA condensation due to molecular crowding effects [2]. 

In this respect, it has been shown that cell lysis is accompanied by DNA decompaction [3]. In this 

work we assess the effect of crowding and protein self-association on the condensation of a model 

DNA molecule, using Monte Carlo simulations. We have found that the, within the tested 

parameters, crowding does not affect significantly the DNA size. On the other hand, and not 

surprisingly, inducing the self-assembly of the model proteins leads to a strong condensation of the 

DNA. Interestingly, such self-association keeps the DNA-proteins complex (nucleoid) intact even 

when the crowding proteins are negatively charged, and thus can compete with DNA for protein 

binding. 

 

 

Figure: Representative snapshots of model bacterial cells showing the effect of protein (dark blue sphere) 

self-association on DNA (red spheres) condensation and DNA-protein complex stability upon competition 

with charged crowding (light blue spheres) molecules. The green and yellow spheres represent the 

counterions of DNA, proteins and crowding agents. 
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Experiments suggest that the ability of surfactants to lower the interfacial tension (IFT) is different 

in oil-water emulsions, where the drop size is of the order 10-100 nm [1]. We use our recently 

developed model for IFT predictions to describe IFT behaviour in the sodium dodecyl sulphate 

(SDS) -hexadecane-water system. We can predict the CMC to be 12 mM, which is in excellent 

agreement with the experimental value of 8 mM. For planar interfaces, the amount of SDS 

adsorbed is negligible compared to the bulk concentration, while.for nanoemulsions, the total 

surface area of the oil-water interface is so large that SDS adsorption significantly depletes the bulk 

concentration. By taking into account mass transfer of surfactants from the water phase to the oil-

water interface, we show that the concentration of SDS in the water phase is reduced by about an 

order of magnitude for a nanoemulsion with a drop size of 50 nm. This helps explain why a given 

concentration of SDS is less efficient in reducing IFT in nanoemulsions compared to planar 

surfaces (Figure 1). Our results suggest that there is no fundamental difference between surfactant 

behaviour in nanoemulsions and emulsions with larger drop sizes, provided the mass balance 

between surfactant in bulk solution and surfactant adsorbed at interfaces is taken into account. 

 

 
Figure 1. IFT for the SDS-hexadecane-water system as a function of SDS concentration in the water phase 

for a 1 vol% oil in water nanoemulsion with 50 nm drop size and for a planar oil-water interface. The 

COSMO surface of the SDS molecule at the oil-water interface is shown right. 
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The N,N-Dimethyldodecylamine-N-oxide (LDAO) is a zwitterionic detergent that can form large 

micelles (~104 LDAO per aggregate [1]) in water. This surfactant is often used in pharmaceutical 

industries or in academic researches for studying membrane protein complexes. Despite their 

practical interests, structural properties of the LDAO aggregates were not extensively explored 

especially with molecular dynamics (MD) simulations. To fill the gap, we used the “building 

blocks” approach [2-3] to derived RESP atomic partial charges for this detergent compatible with 

the AMBER force field and its successive adaptations (Figure 1). Key points of the procedure are 

the definition of the elementary molecular fragments with well-identified conformations as well as 

the derivation of reproducible RESP charge values. These charges were tested and validated by 

carrying out MD of micelles in explicit water with different force fields based on AMBER (i.e. 

AMBER99SB, AMBER12SB and GAFF) and different starting conditions (i.e. preassembled and 

self-aggregated). We have examined different micellar structural properties (such as the micelle 

size, shape, surfactant headgroup conformation and hydration) and found that our parameters are 

able to reproduce accurately results obtained in experiments.  

To evaluate our force field with a more complex system, we also examined with large scale MD 

(380 K atoms, including water), the interactions between LDAO and a large membrane complex, 

the Light Harvesting complex II (LH2) of Rhodopseudomonas acidophila strain 10050 (Figure 2). 

This complex is often studied with the LDAO in single-molecule spectroscopic experiments [4]. 

We examined different characteristic properties of detergent-LDAO complex such as membrane 

covering of LH2 complex, density profiles, pigments-peptides and pigments-pigments distances 

and found a good agreement with the literature data. These simulations results were compared with 

simulations performed with LH2 complex embedded in β-octyl glucoside micelle.  
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It is well-known that micelles grow in size with increasing surfactant concentration and it is 

generally believed that small spherical micelles grow in only one direction to form 

spherocylindrical micelles. However, the idea of a sphere-to-cylinder transition and the subsequent 

growth of spherocylindrical micelles have been found to be inconsistent with experimentally 

obtained aggregation numbers as function of surfactant concentration [1]. In this work we have 

carried out small-angle neutron scattering (SANS) measurements in order to correlate the versatile 

growth behaviour that may be experimentally observed, with the detailed geometrical shape of pure 

Gemini as well as mixed CTAB/SOS surfactant micelles. It is found that weakly growing micelles 

are shaped as oblate spheroids or triaxial ellipsoidal tablets that grow slightly with respect to both 

width and length. As the surfactant concentration is further raised, the extent of growth may 

increase progressively and start to grow conspicuously strong above the so called second cmc. 

Most interestingly, the width of the micelles is observed to decrease above about the second cmc 

where the micelles grow strongly in the length direction. Excellent agreements are obtained 

between experimental results and theoretical predictions based on thermodynamics of self-

assembly and bending elasticity (the general micelle model [2]), both with respect to growth 

behaviour and geometrical shape of the micelles. Moreover, we demonstrate that the three bending 

elasticity constants spontaneous curvature, bending rigidity and saddle-splay constant may all be 

determined from an experimental aggregation number versus surfactant concentration plot. In 

accordance, it is found that the bending rigidity and spontaneous curvature decreases whereas the 

saddle-splay concstant increases with an increasing fraction of SOS in mixed CTAB-rich 

CTAB/SOS micelles. 
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Lateral compression of a lipid monolayer at an air/water interface increases its surface density and 

reduces surface tension. Reduction of surface tension is possible until a certain threshold, below 

which the monolayer becomes unstable at the interface and collapses. For homogeneous 

monolayers, collapse is known to proceed via wrinkling/buckling, followed by folding into bilayers 

in water. For heterogeneous monolayers with coexisting phases, the mechanism of collapse remains 

unclear.We used molecular dynamics simulations to investigate collapse of heterogeneous lipid 

monolayers. The coarse-grained force field Martini was employed to achieve large length (~80 

nm)and time (~10-25 us) scales. In monolayers of saturated and unsaturated lipids and cholesterol, 

liquid-liquid (Ld-Lo) and liquid-solid (LE-LC) phase coexistence was reproduced. The monolayer 

minimum surface tension decreased in the presence of LC domains, in particular if they percolated. 

Lo domains facilitated monolayer collapse due to the spontaneous curvature induced at a high 

cholesterol concentration. Upon collapse, folds formed in the liquid (disordered) phase; curved 

domains shifted the nucleation sites towards the phase boundaries. The liquid (disordered) phase 

was preferentially transferred into bilayers, in agreement with the selective squeeze-out hypothesis. 

As a result, the composition and phase distribution were altered in the monolayer in equilibrium 

with bilayers compared to a flat monolayer at the same surface tension. The composition and phase 

behavior of the bilayers depended on the degree of monolayer compression. The monolayer-bilayer 

connection region was enriched in unsaturated lipids. Percolation of solid domains slowed down 

monolayer collapse by several orders of magnitude. These results are important for understanding 

the mechanism of 2D-3D transformations in heterogeneous thin films and the role of lateral 

organization in biological membranes. The study is directly relevant for the function of lung 

surfactant, and can explain the role of nano-domains in its surface activity and inhibition by an 

increased cholesterol concentration. 

 

 
Figure 1. Monolayer in equilibrium with bilayers. Top view (a,b), and upside-down view with sliced bilayers 

(c,d). The 3:1:1 DPPC: POPG: DOPC mixture at 270 K at the equilibrium surface tension separated into the 

LE and LC phases (a,c). The 5:3:4 DPPC: DOPC: cholesterol mixture at 290 K at the equilibrium surface 

tension separated into the Ld and Lo phases (b,d).DPPC is shown in green, DOPC in orange, POPG in 

yellow, cholesterol in purple, water not shown. 
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Charge sensitivity analysis [1] offers a variety of properties of great importance in determining the 

behavior of the molecular system. In general, charge sensitivity measures a response of a given 

parameter characterizing one fragment of the system per unit displacement of another parameter 

describing the second fragment. The response is measured under specific constraints imposed on 

the molecular remainder. One can therefore define a wide range of sensitivities for each chemically 

interesting partitioning of the molecular system and probe the trends in chemical/physical 

processes. Molecular fragments resolution is typical for classical molecular dynamics simulations. 

In this resolution, molecular system is regarded as a collection of molecules, each maintaining its 

chemical identity. The semi-empirical variant of charge sensitivity analysis in fragment resolution 

was recently parameterized for AMBER and CHARMM force-fields [2-4]. This presentation 

illustrates application of charge sensitivity analysis to mixed monolayer composed of 

phospholipids (DMPG, DMPS,DMPE,DMPC) and calixarenes (p-tert-butylcalix[4]arene-mono-

propylnalidixate, p-tert-butylcalix[4]arene-bis-propylnalidixate, para-guanidinoethyl-

calix[4]arene) at water air interface [5-7]. All investigated calixarenes have antibacterial activity 

and our studies were undertaken to get more insight into the mechanism of their biological activity. 

The current analysis includes time evolution of the Fukui function indices, polarization matrix 

elements and softness/hardness data. The results obtained clearly indicate that the combination of 

charge sensitivity analysis with molecular dynamics simulations is a very promising tool in 

analyzing composed molecular systems. 
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Aggregation states of sodium salts of maleamic acid derivatives of lauryl ester of tyrosine (MTNa) 

and phenyl alanine (MPNa) in water, are strongly pH responsive. The pH-induced transformations 

are reversible. A novel spin-probe-partitioning electron paramagnetic resonance (SPPEPR) method 

and Dynamic Light Scattering (DLS) were used to characterize the aggregates. Results of high 

precision fitting of the second harmonic EPR spectra of the small spin probe di-tert-butyl nitroxide 

(DTBN) in these aggregates together with DLS showed that at pH ~ 7.54, MTNa formed micelles, 

MPNa vesicles. MTNa exhibited a pH-induced micelle to vesicle transition as pH was lowered 

toward 6. MTNa, at pH ~7.54, formed small micelles at low concentrations that transformed to 

long worm like micelles for concentrations ≥ 0.05M accompanied by a 30-fold increase in solution 

viscosity. The hydrodynamic radii from DLS confirmed the presence of small micellar aggregates 

of radius ~ 2 nm in MTNa at pH ~ 7.54 at the lower concentrations; coexisting micelles (~ 2 nm) 

and vesicles (~ 50 nm) at pH near 6.5 and vesicles (radii ~ 70 nm) at pH near 6 and large vesicles 

(85 nm) in MPNa at pH ~ 7.60. Both of MTNa and MPNa precipitated upon reduction of pH below 

6 and below 7 respectively. SPPEPR was able to discriminate between vesicle and micelle forms, 

whereas the polarities determined from the first harmonic EPR could not. Results of Small Angle 

Neutron Scattering will also be presented. 
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Mixtures of ethoxylated carboxylates and quaternary ammonium surfactants provide one approach 

for formulating surfactants for enhanced oil recovery processes at high temperatures and with hard 

reservoir brines. The ethoxylated carboxylates provide tolerance to salinity and hardness. Because 

the surfactants can be chosen to have molar excess of either anionic or cationic surfactant at 

conditions favorable for achieving low interfacial tensions, adsorption should be reduced by using a 

formulation with the same sign of net electrostatic charge as the reservoir rock. The very low CMC 

values of the mixtures should also promote low adsorption. Although our groups have tested 

anionic-cationic mixtures in the laboratory at temperatures exceeding 100°C and over a range of 

salinities (total dissolved solids, TDS) including some exceeding 150,000 mg/L, this presentation 

will focus on equilibrium phase behavior with 1-octane as model oil for a system at ~80°C with a 

hard brine having TDS of ~5000 mg/L. Winsor III phase behavior with high oil solubilization was 

observed. Effects of changing EO chain length of the carboxylate and hydrocarbon chain length of 

the cationic surfactant on phase behavior will be presented, as will results of interfacial tension 

measurements. 
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Surfactants chemicals in surface and ground-water supplies have become a major environmental 

problem. Amine surfactants (alkylamines-ether amines) are employed (and discarded) massively to 

separate iron ores by a process named flotation. This work deals with the removal of amines 

(employed in the Brazilian mining industry) by forming colloidal precipitates in the alkaline 

medium and flotation with both microbubbles (MB) and nanobubbles (NB) [1]. A commercial 

cationic alkyl methyl ether amine having the molecular formula: [R–(O–CH2)3–NH3] + 

CH3COO– (where R is a hydrocarbon chain of ten carbon atoms) was utilised and Figure 1 shows 

formation (after 30 min) of the colloidal precipitates at pH 10, whereby these species grow to a 

maximum at the isolectric point, pH 11. Results were obtained using a ZetaSizer Nano ZS (red 

badge) - ZEN3600 – Malvern® Instrument which measured both the size and the zeta potential of 

the amine colloidal precipitates species. Flotation with MB and NB was carried out in a micro 

column (280 mm high; 23 mm inner diameter; 0.24 L capacity) and the MB separation from the 

NB was done in a second micro column (500 mm high; 120 mm inner diameter; 0.5 L capacity). 

The bubbles splitting column had two air inlets near the base; one connected to the same saturator 

vessel (air dissolved at Psat of 66.1 psi for 25 min, receiving a flow through a needle valve at 0.2 

L.min−1. After separation of the MB which rose rapidly (3 min), the flux with NB fed the flotation 

cell through the second outlet by pressure difference. Flotation of colloids lasted 2 min and results 

corresponded to triplicate after samples were collected and analised from the bottom of the column 

by a photometric technique. Results showed that NB were better flotation collector for the colloidal 

precipitates than the MB, because they attach to the colloids, coalesce and rise smoothly to the top. 

MB levitate too fast to interact with the colloids. It appears that this technique has a great potential 

in this particular treatment of residual amines bearing surfactants. 
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Gene therapy holds a great potential against genetic diseases, which are characterized by abnormal 

protein expression. The major drawback of this type of therapy is the lack of ability of the nucleic 

acids to enter the cells unaided, and the consequent need of a suitable vehicle. Nonviral carriers 

must be able to protect the nucleic acid molecules from nuclease degradation and to interact with 

biological membranes, facilitating their internalization, either through direct translocation across 

the lipid bilayer or through the endocytic pathway. Intracellular escape from the endolysosomal 

system, dissociation of the surfactant/DNA complexes and delivery of the nucleic acids to (or close 

to) the intracellular target are also required for successful transfection. Often, DNA release occurs 

upon complex-membrane interaction and consequent destabilization, but this process should occur 

intracellularly, thus avoiding premature DNA release. Therefore, gene delivery systems should 

accommodate several different highly-tuned properties in order to successfully accomplish this 

task. Gemini surfactants have been designed to exhibit low toxicity and immunogenicity, high 

stability in biological fluids and high biodegradability, which are requirements for safe gene 

delivery systems. Therefore, gemini surfactants have been exploited as nonviral gene carriers, with 

promising results. With the purpose of identifying gemini surfactant features leading to efficient 

nucleic acid delivery, conventional gemini surfactants [alkanediyl-α,ω-

bis(alkyldimethylammonium bromide)] and a new family of serine-derived gemini surfactants [1] 

were investigated for their ability to mediate gene delivery. A systematic characterization of the 

gemini surfactants in terms of their mesomorphic behavior was performed. Furthermore, 

surfactant-membrane interactions were evaluated using lipid membrane models and 

spectrophotometric, fluorimetric and calorimetric techniques. Surfactant/DNA complexes were 

studied in terms of their hydrodynamic diameter, surface charge (zeta potential) and colloidal 

stability over time. For those complexes which were able to efficiently mediate gene delivery and 

promote transfection, the cellular internalization processes were identified using pharmacological 

inhibitors of the major cellular uptake pathways. In this presentation, transfection efficiency will be 

correlated with the properties exhibited by gemini surfactants and by their DNA complexes, aiming 

at unraveling key features those systems should exhibit to efficiently overcome the cellular barriers 

and to improve their performance, hence providing clues for a more rational design of highly 

efficient nonviral systems for nucleic acid delivery. 
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The effect of nanoparticles (NPs) on the physicochemical properties of lung surfactant is a topic of 

increasing interest due to the rapid expansion of nanotechnologies and the potential for human 

exposure to airborne NPs. Langmuir monolayers of DPPC, the major component of the lung 

surfactant, at the air/liquid interface represent a good model to understand the lung surfactant 

behaviour and its interactions with NPs. In my study, DPPC monolayers were investigated by the 

analysis of surface pressure-area (SP-A) compression isotherms recorded at experimental 

conditions similar to those found in human lungs. 

In previous studies, NPs have been deposited from liquid suspensions using a microsyringe, usually 

for ease of application. In this work, a method for NP aerosol deposition onto DPPC monolayers 

has been developed and compared with depositions from liquid suspensions. CeO2 NPs (a 

commonly engineered NP used as a fuel additive) were first deposited from chloroform solution on 

top of a DPPC monolayer, which had no effect on the SP-A isotherms for any NP mass deposited. 

NPs translocated directly through the lipid monolayer into the subphase, with no removal of DPPC 

indicating limited NP-DPPC interactions and the hydrophilic nature of the NPs in this system. In 

the second deposition method, NPs were premixed with DPPC and deposited on top of a clean 

liquid subphase. TEM images showed that DPPC coated the NPs, making them more hydrophobic 

and thus promoting adsorption into the interface. The presence of NPs at the liquid surface shifted 

the isotherm to higher areas per molecule, hindered the nucleation of the LC phase and reduced the 

collapse surface pressure value. Third, NPs in aerosol form were deposited on top of a DPPC 

monolayer. Results showed that NPs were not present at the liquid surface and did not affect the 

local nucleation of LC domains. However, collapse surface pressure values increased with NP mass 

deposited. It is expected that NPs were in contact with the hydrophobic tails of DPPC and 

promoted the formation of close-packed DPPC monolayers. 

Our conclusion is that the deposition method leads to different interactions between CeO2 NPs and 

DPPC which result in different effects on the dynamic surface tension and phase behaviour of 

DPPC monolayers. Aerosol deposition is considered the most realistic model of inhaled NP 

interactions with lung surfactant. Further investigation of the effects seen are underway, including 

visualisation of the interface using ToF ISMS and AFM, and analysis of the subphase to detect 

CeO2 NPs using ICP-MS. 
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The interest in the nanoparticle research has increased drastically in the last decades, both for 

developing bionanomaterials and using different nanomaterials for biomedical applications, for 

example in drug delivery1. How the nanomaterials interact with proteins are of importance for both 

biomaterial development and for biomedical applications.2 Proteins are one of the building blocks 

of the human metabolism and their function is closely related to their native structure therefore 

structural perturbations may lead to a loss of function. Here we have developed a rapid screening 

method for monitoring changes in how much hydrophobic surface of proteins expose due to their 

interaction with nanoparticle surfaces using fluorescence spectroscopy in 96-well-plate format with 

the help of non-covalent dye 8-Anilino-1-naphtalene-sulfonic acid (ANS). Changes in the surface 

hydrophobicity of protein can be directly related to changes in protein conformation. This method 

is efficient for fast screening a variety of proteins and nanoparticles with different conditions at the 

same time as well as to track the interaction between proteins and nanoparticles with time 

resolution. The method is also flexible in the sense that it can be adopted to use different non-

covalent dyes, in a variety of buffer, salt, nanoparticle and with different proteins. 
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Helium-3 filled pressurized tubes are the current state of art in radiation portal monitors used for 

detecting illicit transport of special nuclear materials (SME). Due to the recent shortage of He-3 

production, the development of inexpensive and efficient thermal neutron detectors, effectively 

discriminating gamma radiation, is a critical requirement for homeland security and nuclear 

nonproliferation [1]. As a solution, a novel, ultra economic technology, based on specially designed 

surfactants, has been developed at the Institute of Polymers, Bulgarian Academy of Sciences. 

Explanation of the detection mechanism and preliminary experimental results demonstrating the 

proof of concept is presented. The benefits of the novelty are compared over the existing 

technologies. 
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Porous ceramics is an important class of materials which is usually characterized with low mass 

density and high specific surface area. These properties make the porous ceramics a desirable 

material for vast range of applications, spanning from simple construction blocks to highly efficient 

catalyst supports, and even to templates for tissue engineering. Advantageous method for 

preparation of highly porous ceramic materials is the direct foaming technique (with liquid 

suspension of mineral particles used as a precursor), followed by drying and sintering of the 

prepared wet foams. 

The current study presents the major effects of each step of the process of preparation of porous 

materials from particle-stabilized foams: (a) Formation of a foam, in presence of surfactant-particle 

mixtures, (b) Stabilization of the wet foam against drainage, Ostwald ripening and coalescence; (c) 

Drying of the wet foams without formation of cracks and (d) Characterization of the porosity of the 

material based on the properties of the wet foams. 

Systematic experiments were made to characterize each of the presented steps based on the type of 

the used surfactant and its concentration, the concentration of particles, air volume fraction in the 

wet foams, etc. 

The most important new results could be summarized as follows: (1) The formation of foams and 

their stability against drainage and Ostwald ripening depend significantly on the rheological 

properties of the surfactant-particle mixtures, used for their preparation; (2) The stability of the wet 

foams against drying depends on the level of aggregation of the particles, upon adding the 

surfactant; (3) The foams shrink isotropically (the suspension and the bubbles shrink 

simultaneously) during the process of drying, which has been explained in details in a newly 

developed theoretical model. 

As a final result of the study, porous materials [3] with controllable density and shrinkage could be 

prepared based on the properties of the surfactant-particle mixtures. 
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Amphiphilic compounds are widely used as nanocontainers for therapeutic agents. In this field 

cationic surfactants are of special interest due to their high affinity toward the negatively charged 

biological species, such as nucleic acids. Despite the fact that synthetic carriers demonstrate 

marked advantages over viral vectors (the absence of immune response, simplicity of fabrication 

and possibility of scaling) their transfection efficacy is insufficient. Therefore, the design of novel 

generations of nonviral vectors is a challenging task, with criteria of biocompatibility, low toxicity, 

and appropriate size taken into account. Our works focus on these problems. Different homological 

series of cationic surfactants are designed including mono-, di- and multicharged amphiphiles and 

those bearing natural fragments. Effective complexation activity of uracilic and diterpenoid 

surfactants toward decamer DNA was reported [1,2], with the role of the hydrophobicity and the 

nature of counterions emphasized. Herein we present two series of cationic surfactants with 

ammonium and phosphonium head groups and compare their single-head and gemini analogs. 

Ammonium surfactants studied (16-s-16-OH) are hydroxyethylated counterparts of typical 16-s-16 

geminis (s=4, 6, 12). Phosphonium salts are exemplified by alkyltriphenylphosphonium bromides 

(alkyl=octyl, decyl, dodecyl, tetradecyl, hexadecyl, octadecyl) and geminis of the same 

hydrophobicity with ethylene spacer. The work involved the monitoring of the size of lipoplexes, 

their zeta potential, the integration with lipid bilayer, the transfection efficacy, cytotoxicity, etc. For 

geminis 16-s-16-OH superior activity of compound with s=12 was revealed in complexation with 

oligonucleotide (ethidium bromide exclusion study) and transfection of plasmid DNA. This is 

probably due to longer flexible spacer that provides an appropriate complementary for the charged 

sites of surfactants and DNA. For amphiphilic phosphonium salts much higher complexation 

activity toward oligonucleotide and transfection efficacy is revealed for gemini analogs as 

compared to single-head surfactants. As a whole, hydroxyethylated geminis demonstrated more 

advanced activity compared to phosphonium salts. Meanwhile the latter are less toxic and have an 

order lower critical micelle concentration. 
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Ag@C coaxial nanocables is regarded as a kind of ideal interconnects in nanoscale devices. It is 

important to fabricate Ag@C nanocables with controllable size as needed in different requirements. 

In this study, ultra-long and uniform Ag@C nanocables with controllable diameters of 50-400 nm, 

length up to several hundreds of micrometers were obtained by a simple hydrothermal processing 

through salicylic acid reduction of AgNO3. Salicylic acid acted as both reducing agent and the 

surface stabilizing agent in our method. It was observed that the size of the synthesized Ag@C 

nanocables had a strong dependence on the concentration of salicylic acid. The X-ray diffraction 

(XRD) and energy dispersive X-ray spectroscopy (EDS) analysis data indicated that the Ag 

nanowires were free of any contamination, while the electron diifraction (ED) analysis had 

revealed the nanowires to be single crystals. The electrical properties of the as-prepared Ag@C 

nanocables had also been investigated. 
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The foaming behavior of aqueous surfactant solutions is characterized by a large number of 

different parameters. In particular, foamability and foam stability as well as the time dependent 

evolution of the liquid content and the bubble-size distribution of the foam are of great scientific 

interest because they can provide information about the dynamics of foam aging and foam decay 

processes as there are bubble bursting, drainage, Ostwald ripening, and coalescence. Further, 

relationships between these different parameters can be observed and theoretically explained as for 

example a homogeneous initial bubble size distribution comes along with slower aging processes 

and thus can results in a more stable foam (compare e.g. Ref[1]). 

However, there is not only a large number of various parameters to characterize foams there are 

also various ways of foam generation as e.g. sparging with gas, mechanical stirring, or pouring of 

liquid (e.g. according to the Ross-Miles standard [2]). And it is often not easy to predict how these 

different foam generating methods correlate to each other. In our study we investigated the foaming 

behavior of two different (anionic and nonanionic) surfactant solutions using three different foam 

generating methods. All measurements have been performed using the KRÜSS Dynamic Foam 

Analyzer DFA100. The DFA100 monitors simultaneously the time dependence of the foamability, 

the liquid content and the bubble size distribution facilitating to find correlations between, for 

example, homogeneity in bubble-size distribution and foam stability or other relations amongst 

these parameters. We will briefly review the different foam analyzing methods and present our 

results obtained on the two surfactant systems measured in different concentrations. In addition, we 

investigated which parameter is most affected if the foam generating method is changed. Finally, 

we will discuss the application example of characterizing firefighting foams. 

 

 
Figure 1 – The DFA100 (left) and a typical foam structure data set (right). 
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The quasi-elastic laser scattering (QELS) for measurements of surface and interface tensions 

enables detection without interference by monitoring the frequency of capillary waves with a laser. 

It is, therefore, very suitable method for clarification of the non-equilibrium phenomena at the 

surface and interface that surfactants are strongly related to. In non-equilibrium open system, 

inhomogeneous surface and interface tension distributions lead to spontaneous agitation due to the 

Marangoni effect, caused by a concentration gradient of the surfactants adsorbed on. In this 

presentation, we deliver on a talk on some applications by QELS method. 

The time courses of the interfacial tension of two interfaces and the electric potential between the 

donor | membrane | acceptor phases were simultaneously examined.[1] An aqueous solution of 

CTAB, a nitrobenzene solution of TBATPB, and an aqueous solution of NaCl were used as the 

surfactant in the aqueous donor phase, the hydrophobic electrolyte in the membrane phase, and the 

electrolyte in the aqueous acceptor phase, respectively. It was found that the oscillatory behavior of 

the potential was synchronized with that of the interface tension at the membrane/acceptor 

interface, which was caused by the feeding and the following rapid adsorption of CTA+ surfactants 

to it. 

Time-resolved measurements of the interfacial tension of propagating chemical waves of the 

Belousov–Zhabotinsky reaction based on the iron complex catalysts were carried out without 

stirring. A delayed response of the interfacial tension with respect to absorption was found with the 

delay being ligand-dependent when the reaction was conducted at a liquid/liquid interface. This 

behavior was attributed to differences in adsorption activity of the hydrophobic metal catalyst. The 

delay time and the increase in interfacial tension were also reproduced by a model considering the 

rate constants of equilibrium adsorption.[2] 

The surface tension gradients in the front and rear sides of a alcohol(1-hexanol) droplet and a 

camphor boat exhibiting self-propelled motion on water surface were compared. The velocity of 

the alcohol droplet strongly correlated to the difference of the inverse of the recovery distances of 

the surface tensions between them.[3] This result indicated that the spontaneous alcohol droplet 

motion was governed by an imbalance in the Marangoni convection flow, induced by an 

asymmetric surface tension distribution. On the other hand, The uniform motion of the boat was 

induced by a difference in surface tension between the front and rear sides.[4] 
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Zwitterionic sulfobetaine surfactants have been shown to increase the biocompatibility of medical 

implants[1] as well as act as promising coatings upon nanoparticles for temperature-responsive 

drug release[2]. They are often used as foam stabilising agents in cosmetics[3] and are considered 

non-toxic, leading to their common incorporation into mild formulations such as baby shampoo. 

Despite the large number of potential applications of these surfactants and their use in the 

commercial setting, their physiochemical properties are yet to have been investigated in any great 

detail. In particular their properties at the air-water interface have received far less attention than 

other similar compounds such as phospholipids. We have synthesised a series of sulfobetaine 

surfactants with single and double hydrocarbon chains stemming from an ammonium-sulfonate 

headgroup. We have utilised Langmuir trough techniques, Brewster angle microscopy and x-

ray/neutron reflectometry to show that sulfobetaine surfactants form stable Langmuir monolayers. 

We also highlight marked differences in phase behaviour between single and double-tailed species, 

showing large variation in chain tilt with lateral compression. Finally we assess the effect of mono- 

and di-valent cations in the subphase upon the structure of the monolayer at the air-water interface. 

 
Fig. 1- Surface Pressure-Area isotherm of single and double chain sulfobetaine surfactants. Accompanying 

BAM image for the double-tailed analogue. 
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The use of microfluidic chips with in-situ small-angle X-ray scattering (SAXS), offers new 

interesting possibilities for the study of surfactants and other soft materials under flow [1]. In first 

place, the manipulation of fluids allows for an experimental control (e.g. rate of mixing, shear rate, 

concentration gradients, confinement) that has been previously unavailable, opening the possibility 

for new experiments. In second place, sample consumption is reduced to the microliter scale, 

allowing experiments with expensive and rare materials to be performed at a lower cost. In third 

place, the constant flow of material prevents radiation damage (critical for X-ray synchrotron 

radiation). 

In this work we study the SDS-pentanol-water ternary system’s lamellar to oil-in-water (o/w) and 

lamellar to water-in-oil (w/o) microemulsion transitions, induced by mixing a lamellar phase with 

water or pentanol in a crossed microchannel configuration (Fig 1). By manipulating the individual 

flow-rates, one can carefully tune the final composition following the dilution jump, and 

furthermore, probe different time-scales of the transition. The ongoing structural evolution is 

simultaneously monitored in-situ with SAXS. 

The main findings show that lamellar to o/w droplets transition (through mixing with water) is 

first-order, with a microemulsion SAXS signature coexisting with the initial lamellar peak since 

very early mixing times. Conversely the lamellar to w/o reverse droplets transition (through mixing 

with pentanol) involves an intermediate lamellar phase where the bilayer first incorporates 

pentanol, and only later gives place to the reverse droplets. 

 

 
 

Figure 1: Schematic of the described experiment. The lamellar phase is flown in the middle microchannel 

(100x100 μm cross section), and mixed with either water or pentanol, flowing from the side channels. The 

three flow rates and their ratios determine the final composition of the system (chosen to match the 

microemulsion regions of the phase diagram) and the observation time. 
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Colloidal systems (e.g. surfactants, dispersions, emulsions etc.) are intensively investigated systems 

in current science. Consequently, an essential point is the careful characterization of these systems 

in solution at different concentrations and/or temperatures.  

The small angle X-ray scattering (SAXS) technique offers precise and fast measurements to 

investigate parameters such as size, shape, inner structure and interaction effects of particles. SAXS 

covers a size range of 0.1nm to 100nm and is often used as a complementary method to TEM, 

AFM or NMR techniques. 

 

In the past, SAXS measurements were mainly performed at synchrotron facilities. Thanks to recent 

developments, laboratory instruments have become an excellent alternative (Figure 1). 

We are going to present the latest developments and trends in the field of laboratory SAXS 

instruments. Automated sample measurements at different concentrations and/or temperatures will 

be discussed as well as novel techniques in sample positioning which are commonly known from 

synchrotron measuring stations. 

 

 

 
Figure 1 – Laboratory SAXS instrument. 
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Chelation treatment has been widely utilized in various industrial processes such as pulp and paper 

production, cleaning, chemical processing, agriculture, metal working and surface treatment 

industries. A group of chelating surfactant has been designed to improve the functionality of 

chelating agents by introducing surface activity in order to facilitate removal of metal ion chelates 

from aqueous solution via ion flotation [1]. This modification could be an alternative to overcome 

environmental issues caused by non biodegradability of most commonly used chelating agents. An 

electrochemical membrane treatment was applied to treat aqueous solution containing complexes 

of Cu(II) and a DTPA-based (diethylenetriaminepentaacetic acid) chelating surfactant, 4-C12-

DTPA [2,3]. Electrochemical studies indicated that by electrodeposition of copper ions onto the 

cathode, 4-C12-DTPA can be consequently regenerated to be returned and reused in further 

processing. The parameters evaluated in this study were electrolysis time, operating pH of solution 

and applied current. The obtained results revealed that the recovery efficiency was improved by the 

increasing reaction time and applied current. 

 

 
Figure 1 –  Molecular structure of 4-C12-DTPA at high pH [1]. 
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If one peruses the studies of surfactants in solutions, the related techniques characterize species and 

processes mostly occurring at ambient temperatures. The technique discussed here is related with 

“frozen solutions” and cryogenic temperatures. It was originally designed in 1950-ies, for studies 

of reactive species, such as radicals. The “matrix isolation” name was coined by George Pimentel 

who pioneered this field [1] simultaneously with George Porter [2]. Very briefly, the matrix 

isolation is a technique where guest molecules are trapped in rigid host materials (usually solidified 

noble gases at 5-30 K) and are thereby prevented from undergoing diffusion. The unique sampling 

conditions characteristic of matrix isolation open the possibility to follow mechanistically complex 

chemical reactions and intricate photochemical processes. In the recent years matrix isolation has 

received strong stimulus due to the availability of new instrumentation. 

This contribution will cover some experimental results obtained over the past few years through 

collaboration between the Coimbra and Warsaw laboratories, providing a new insight into the 

photochemistry of matrix isolated cytosines [3-7]. The experimental methods, applied in these 

studies, represent the state of the art in matrix-isolation photochemistry [8]. Our experiments 

demonstrated that a range of different photoisomerizations occur in monomeric cytosines, which is 

in contrast with the common opinion about the photostability of this class of compounds. We 

believe that these results should be of interest for a wide scientific community. 
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The adsorption of surfactants on solid surfaces has been subject of numerous publications due to 

the importance for the stability of dispersions. Only in recent years the structure of adsorption 

layers could be directly visualized at ambient conditions using atomic force microscopy (AFM). 

[1,2] Today, for single surfactants, the decisive parameters of adsorption are almost fully 

understood. However in most technical applications surfactant mixtures are used. Therefore 

interactions of different surfactants in solution and at interfaces need to be considered. The 

combination of low and high molecular weight surfactants results in an even more complex mixing 

behavior whose understanding is essential to achieve optimal functionality. [3] A comparison 

between these two classes of amphiphiles should lead to a better knowledge of surfactant 

interaction patterns in mixtures.  

In this study AFM was applied directly to the aqueous solutions of poly(ethylene oxide)-

poly(propylene oxide)-poly(ethylene oxide) triblock copolymers in the mixture with nonionic, 

anionic and cationic low molecular weight surfactants in equilibrium with a solid surface. It was 

possible to image the structure of surfactant aggregates at liquid/solid interfaces as well as 

analyzing the composition of adsorption layers. The application of hydrophobic highly oriented 

pyrolytic graphite (HOPG) and hydrophilic mica as solid substrates provided information about 

different interaction mechanisms dependent on the surface polarity, surfactant concentration and 

the character of the low molecular weight component. Simple models of the adsorption out of 

surfactant mixtures were derived from the observed structures. In addition surface tension, uv-vis 

spectroscopy and dynamic light scattering measurements were carried out to study the same 

systems in the bulk phase and at the liquid/air interface. The results show a specific aggregation 

and adsorption behavior dependent of the molecular structure and the ratio of the substances. A 

comparison between the liquid/solid and liquid/air interfaces gives further insights into the 

interaction between low and high molecular weight surfactants on different surfaces. 
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The stability of the liquid films between protein covered bubbles has been studied using the drop 

and bubble micro manipulator DBMM (SINTERFACE Technologies, Berlin). It is a new 

experimental tool for the quantitative analysis of the interaction between two drops or two bubbles 

or even between a single drop and a single bubble in a liquid medium [1]. In order to investigate 

the stabilizing effect of β-lactoglobulin (BLG), two bubbles are studied in aqueous BLG solutions 

at different BLG solution concentrations, different ageing times [2] and solution pH. A threshold 

concentration of BLG is required to prevent immediate coalescence. The longer the ageing time 

above this BLG threshold concentration is the longer is the lifetime of the liquid film between the 

two bubbles. The adsorbed amount of BLG determined as a function of time and concentration by 

bubble profile tensiometry correlates with the observed coalescence behaviour of the two 

contacting bubbles. 

Furthermore, the DBMM is used to quantify the stability between protein covered oil droplets in an 

aqueous medium and to demonstrate how the addition of low molecular surfactants can change the 

coalescence behaviour. Also these experiments are compared with the corresponding adsorption 

layer characteristics. 
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Long-chain alkanes do not spread on pure water but can penetrate into the adsorbed film of 

surfactant of similar chain length [1]. We have recently demonstrated that the solution surface 

covered with surfactant-alkane mixed adsorbed film shows a transition to afrozen monolayer upon 

cooling [2]. In this talk, this freezingtransition was utilized to control the thickness of foam films 

stabilized by cationic surfactants [3]. 

Hexadecyltrimethylammonium bromide (CTAB) was chosen as surfactant and tetradecane as 

alkane. The thickness of foam film supported by the Sheludko-Exerowa cell was measured as a 

function of temperature at fixed surfactant concentrations. In order to examine the counterion 

distribution in the electrical double layer beneath the adsorbed film, the X-ray absorption fine 

structure technique was applied to Br- ions in the adsorbed film under the total-reflection condition 

at the air-solution interface [4]. 

Figure 1 shows an example of our thickness measurements. It is clearly demonstrated that the foam 

film thins at temperature very close to the freezing transition temperature of the mixed adsorbed 

film determined by the ellipsometry. Considering that the foam film has a characteristic thickness 

of common black film even after the thickness transition, it is suggested that observed thinning is 

attributable to the slight decrease in the electrical double layer repulsion. This conclusion was 

supported by thetheoretical analysisof XAFS sectra which indicated that the number of Br- ions 

bound to CTA+ ions increased at the freezing transition.  

 

 
 
Figure 1: Thickness of CTAB foam film vs. temperature plots in the absence (filled square) and in the 

presence of tetradecane (open square). The CTA+ - tetradecane mixed adsorbed film is in chain-melting state 

at high temperatures whereas in chain-frozen state at low temperatures.  
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The adsorbed film of amphiphiles have three different physical states called as gaseous, expanded 

and condensed states respectively corresponding to two dimensional gas, liquid and solid phases. In 

general, the condensed film formation is limited to nonionic, oil soluble amphiphiles because ionic 

surfactants do not form condensed film due to the electrostatic repulsion between head groups. 

However, we have recently found the condensed film of cationic surfactants at alkane-water 

interfaces. In this case, the penetration of alkane molecules into the surfactant adsorbed film 

increases the lateral van der Waals interaction between hydrophobic groups and realizes the 

condensed film formation. 

In this study, we examined the effect of alkane chain length and counterion species on the 

condensed film formation of hexadecyltrimethylammonium bromide (HTAB) and 

hexadecyltrimethylammonium chloride (HTAC) at alkane-water interface. We adopted dodecane 

(C12), tetradecane (C14), hexadecane (C16) and their mixtures as the alkane phases. The interfacial 

tension (g) and ellipticity (r) at alkane-water interfaces were measured by varying temperature (T) 

at constant surfactant molality (m) and alkane composition in the bulk alkane phase (x2). 

Figure 1 shows the expanded-condensed phase transition temperature, T eq, and freezing 

temperature of bulk alkane of the C14-C16 mixture. The T eq is increased with increasing x2 

suggesting that the adsorption of C16 is more favorable for the condensed film formation compared 

with C14. Ellipsometry showed that the condensed film almost consists of HTAB and C16 even 

when the content of C16 in the bulk phase was 20%. The condensed film formation of C14-C16 

mixture ends at x2 = 0.8 where the T eq curve intersects with the bulk freezing curve. 

Figure 2 shows the Teq vs. m curves at C14-water interface both for HTAB and HTAC. In the 

HTAB system, the condensed film formation was occurred in the whole m range. However, on the 

other hand, the condensed film was disappeared in the low m region in the HTAC system. 

Furthermore, the Teq of the former system is higher than that of the later system. These findings 

may be caused by the difference in the interfacial density of surfactants. 

We will also discuss the results of thermodynamic analysis for other alkane systems. 

 

 

Figure 1. The freezing temperature of (1) HTAB adsorbed film and (2) bulk alkane mixture vs. x2 curves at m 

= 0.6 mmol kg-1. Figure 2. The phase transition temperature of (1) HTAB, and (2) HTAC adsorbed films at 

C14-water interface as a function of m.  
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Developing needle free immunization methods is one of the goals of vaccine research [1]. The 

nasal mucosa presents many advantages to exploit, as for example high amount of lymphoid tissue. 

It also represents a natural barrier with limitations for the formulations to be successfully delivered 

[2, 3]. Considering the advantages and disadvantages of the nasal mucosa, it is fair to consider it 

worth exploiting for vaccination purposes, once it as the potential for eliciting both mucosal and 

systemic immune responses [2]. A polymeric nanoparticulate system was developed, characterized 

and tested in vitro for mucosal vaccine delivery pruposes. Chitosan, a biodegradable and 

biocompatible polymer was chosen for its mucoahesive properties and ability to stimulate cells of 

the immune system [4, 5], while poly-ε-caprolactone (PCL) was selected due to its high 

hydrophobicity which could further enhance uptake by cells [6]. Chitosan/ PCL nanoparticles and 

PCL nanoparticles were prepared by nanoprecipitation technique. Both particles presented good 

model antigen loading efficacies (myoglobin, BSA, ovalbumin, lactalbumin, α-casein and 

lysozyme) and their sizes suggested being ideal to be taken up by cells (199 ± 62 nm and 165 ± 35 

nm, respectively for chitosan/PCL and PCL nanoparticles). Particles were freeze dried with a 

trehalose in order to evaluate their potential as a powder formulation. TEM images showed small 

round shaped nanoparticles that tend to form small agglomerates after freeze dried. TEM also 

showed ovalbumin adsorption on the particles and by circular dichroic spectroscopy it was possible 

to notice that the secondary structure type of the protein is more beta sheet on both nanoparticles, 

than alpha helix as for the native protein. Although only small differences were achieved when 

introducing chitosan on PCL nanoparticles (Chitosan/PCL), they presented advantages as an 

antigen delivery system. Namely, higher loading efficacies for model antigens, better cytotoxic 

profile on spleen cells and much higher uptake by A549 cells, which makes Chitosan/PCL 

nanoparticles a promising freeze dried antigen delivery system. 

 

 
Acknowledgements:This work was supported by Portuguese Foundation for Science and Technology (FCT) - 

project PTDC/SAU-FAR/115044/2009, by FCT in cooperation with Coordination for the Improvement of 

Higher Education Personnel (Brazil) - FCT/CAPES Proc. N.o 329/13, by the Center for Neuroscience and 

Cell Biology, University of Coimbra, PEst-C/SAU/LA0001/2011 and by FCT fellowship DFRH - 

SFRH/BD/81350/2011. 

 

 

[1] Friede M.; Aguado M.T., Adv Drug Deliv Rev 2005, 57: 325-331.  

[2]Jadhav, K.R.; Gambhire, M.N.; Shaikh, et al., Current Drug Therapy 2007, 2: 27-38. 

[3] Neutra M.R.; Kozlowski P.A., Nat Rev Immunol 2006, 6: 148-158. 

[4] Baldrick, P.; Regul Toxicol Pharmacol 2010, 56: 290-299. 

[5] Gao W.; Lai J.C.; Leung S.W., Front Physiol 2012, 3: 321. 

[6] Singh J.; Pandit S.; Bramwell V.W.; Alpar H.O., Methods 2006, 38: 96-105. 



1. ADSORPTION, MONOLAYERS AND FILMS 

212 

[P1.6] 

 

Study of HIV-1 FP inhibition by GBV-C peptides using lipid nano-

assemblies 
 

Alba Ortiz1, Oscar Domènech2, Montserrat Muñoz-Juncosa2, Josefina Prat2, Isabel Haro3, 

Victòria Girona2, M Asunción Alsina2, Montserrat Pujol2 

 
1Department of Physical Chemistry, Faculty of Pharmacy, IN2UB, Associated Unit to CSI, UB Av. 

Joan XXIII sn. 08028 Barcelona, Spain 
2Department of Physical Chemistry, Faculty of Pharmacy, IN2UB, Associated Unit to CSI, UB Av. 

Joan XXIII sn. 08028 Barcelona, Spain 
3Unit of Synthesis and Biomedical Application of Peptides, Department of Biomedical Chemistry, 

IQAC-CSIC, Jordi Girona 18, 08034, Barcelona, Spain 

 

 

The GB virus C (GBV-C) has been investigated in the context of the human immunodeficiency 

virus (HIV) infection. GBV-C and HIV-1 viruses have similar transmission routes so co-infection 

is frequent in people with AIDS. Many studies suggest that these people exhibit delayed 

progression of AIDS, indicating a beneficial influence of GBV-C on patients with HIV infection 

[1]. In this context, peptides from structural proteins of GBV-C viruses have been studied to 

identify their capacity to inhibit HIV-1 fusion peptide (HIV-1 FP) at the membrane level [2, 3]. In 

this work the morphological changes in lipid nano-assemblies (induced by HIV-1 FP, GBV-C 

peptides and their mixtures) were investigated by AFM and fluorescence microscopy. A mixture of 

PC/PS (3:2) was used as a membrane composition. PC is the major component of the outer leaflet 

of uninfected cells, whereas PS, a hallmark of programmed cell death, is expressed at elevated 

levels in HIV-1-infected T cells or macrophages because of the association of apoptosis with the 

progression of AIDS [4]. GBV-C peptide sequences from E1 and E2 structural proteins were 

assayed and compared with HIV-1 FP activity using LB and SLB films. For example, Figure 1 

shows the AFM images obtained for E2(133-150) in SLB film. Clearly, E2(133-150) peptide 

inhibits the HIV-1 FP activity at the membrane level, so it may be a good candidate for a potential 

HIV inhibitor to be considered in later studies.  

 

 
 

Figure1. Supported Lipid Bilayer (SLB) of DMPC:DMPS (3:2) before A) and C) and after 30 min incubation 

of HIV-1 FP at 5 mM B) or HIV-1 FP/E2(133-150) peptides at 5 mM/10mM D). Scale bar is 20 nm. 
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Antimicrobial peptides offer a new class of therapeutic agents to which bacteria may not be able to 

develop genetic resistance, since their main activity is in the lipid component of the bacterial cell 

membrane [1]. We have developed a series of synthetic cationic cyclic lipopeptides based on 

natural polymyxin [2], and in this work we explore the interaction of spx85, an analog that contains 

a C12 fatty acid at the N-terminus and two residues of arginine. This analog has been selected from 

its broad spectrum antibacterial activity in the micromolar range, and it has a disruptive action on 

the cytoplasmic membrane of bacteria, as demonstrated by TEM. In order to obtain information on 

the interaction of this analog with membrane lipids, we have obtained thermodynamic parameters 

from mixed monolayers prepared with PG and PG/PE, as models of Gram positive and Gram 

negative bacteria respectively. Langmuir-Blodgett films have been extracted on solid mica plates 

and observed by confocal microscopy, and images are consistent with a strong destabilizing effect 

on the membrane organization. 
 

 
 

Structure of analogue spx85 (a); confocal microscopy images of a DPPG monolayer without (b) and with 5 

mol% spx85 (c); TEM images of Escherichia coli treated with spx85 (d). 
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The principal role of cholesterol in biological membrane relays on its stiffening and ordering, thus 

strengthening the interactions between individual components. This makes the membrane more 

stable and lowers its permeability to water and other molecules [1,2]. However, cholesterol exhibits 

solubility limit in DOPC bilayer and if its amount exceeds the limit the excess precipitate as 

monohydrate crystals, or are formed immiscible cholesterol bilayer domains within the membrane 

[3,4].The effect of cholesterol (Chol) various content on enzymatic hydrolysis of solid supported 

unsaturated DOPC (1,2-dioleoyl-sn-glycero-3-phosphatidylcholine) bilayers and DOPC/Chol 

liposomes was investigated at 20oC and 37oC. The effect was examined via changes of apparent 

surface free energy and its components of the bilayers. The energy changes were calculated from 

the measured apparent advancing contact angles. These parameters were compared with zeta 

potential changes of corresponding DOPC/Chol liposomes. Also topography of some of the 

supported bilayers was determined using AFM. The obtained results demonstrate that the amount 

of cholesterol in DOPC bilayers influence the film surface polarity which changes during the 

hydrolysis reaction caused by the phospholipase A2 enzyme and also depends on the process 

temperature. The amount of cholesterol in DOPC bilayer regulates to some extent the enzyme 

action which appears in the changes of apparent surface free energy of the supported lipid bilayers, 

especially in the changes of electron-donor component resulting from hydrogen bonds formation 

with the phospholipid polar groups. The effect appears also in the changes of zeta potential of 

DOPC and DOPC/Chol liposomes. These results may be helpful for better understanding of the 

role of cholesterol in the native biological membranes, as well may have some practical meaning 

for preparation of surfaces of needed hydrophilicity. 
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One or two nalidixic acid groups were conjugated to the lower rim of p-tert-butylcalix[4]arene 

through the propylenic spacer to develop new potential macrocyclic carriers for antibacterial 

therapy [1, 2]. With the aim of a better understanding of the factors which affect the translocation 

ability of these conjugates across the bacterial membrane, the interfacial properties of the 

calixarene conjugates were studied in mixed Langmuir monolayers containing 1,2-dimyristoyl-sn-

glycero-3-phosphoethanolamine (DMPE), a model bacterial membrane lipid [3, 4]. 

Langmuir balance technique was used to analyze the structure and interactions of nalidixate 

conjugated calixarenes with the phospholipid monolayer formed at the water-air interface. To 

achieve molecular level information about the interaction among conjugates and membrane lipid, 

we carried out atomistic molecular dynamics simulation as well as polarization modulation infrared 

reflection-absorption studies of the DMPE and DMPE bound calixarene conjugates. The effect of 

calixarene conjugates on the hydrophobic chain conformation and orientation of DMPE was 

explored. The presence of calixarene derivatives increases the chain tilt in DMPE, decreasing the 

orientational ordering of phospholipid molecules. Our study also shows the importance of the 

second pending arm in calixarene molecule on the intermolecular interaction with DMPE. In the 

case of mono-substituted calixarene derivative (p-tert-butylcalix[4]arene-monopropylnalidixate), 

the interaction between calixarene and DMPE is weaker due to a different relative orientation of 

the phospholipid headgroup. On the other hand, in the case of the bis-substituted calixarene 

derivative (p-tert-butylcalix[4]arene-bispropylnalidixate), the two pendant arms present in the 

molecule would facilitate a more vertical orientation of the molecules at the interface and stronger 

intermolecular interaction with DMPE; the interactions probably occur via the phosphate and 

carbonyl groups as a shift of stretching vibrations to the higher frequencies was observed. 
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Tetra-p-guanidinoethylcalix[4]arene was synthesized as a possible antibacterial agent. It was 

shown that this derivative is active in vitro against various Gram-positive and Gram-negative 

bacteria and does not show cell toxicity [1, 2]. Moreover, our previous studies indicate that 

different calixarene derivatives are miscible with phosphoglycerides and can be easily incorporated 

into lipid membranes [3-5].  

In this research, the Langmuir monolayers and polarization modulation infrared reflection-

absorption spectroscopy were used to investigate the interaction of tetra-p-guanidino-

ethylcalix[4]arene with different lipids, namely phosphatidylethanolamines and 

phosphatidylglycerols bearing unsaturated or saturated hydcarbon chains of different lengths. The 

two classes of lipids were used as model lipids of the eukaryotic or bacterial cell membranes, 

respectively. The monolayers were exposed to tetra-p-guanidino-ethylcalix[4]arene at a 

concentration corresponding to the minimum inhibitory concentration found for E. Coli. It was 

showed that tetra-p-guanidinoethylcalix[4]arene does not insert in phosphatidylethanolamine 

monolayers and has a marked preference for phosphatidylglycerol monolayers. Moreover, tetra-p-

guanidinoethylcalix[4]arene preferentially locates at the more fluid membranes prepraed with 

unsaturated lipids or lipids having shorter alkyl chains. The higher affinity of the calixarene 

drivative for phosphatidylglycerol enriched membranes may explain its antibacterial activity. 
 

 

 

 

 

 

 

Acknowledgements: The work was supported by National Science Centre project 

2012/07/B/ST5/00890.  
 
 

[1] Mourer, M.; Dibama, H. M.; Fontanay, S.; Grare, M.; Duval, R. E.; Finance, C.; Regnouf de 

Vains, J.-B. Bioorg. Med. Chem. 2009, 17, 5496-5509. 

[2] Mourer, M.; Duval, R. E.; M.; Finance, C.; Regnouf de Vains, J.-B. Bioorg. Med. Chem. 2006, 

16, 2960-2963. 

[3] Korchowiec, B.; Ben Salem, A.; Corvis, Y.; Regnouf de Vains, J.-B.; Korchowiec, J.; Rogalska, 

E. J. Phys. Chem. B 2007, 111, 13231-13242. 

[4] Korchowiec, B.; Gorczyca, M.; Ben Salem, A.; Regnouf de Vains, J.-B.; Rogalska, E Colloids 

Surf. B 2013, 103, 217-222. 

[5] Sautrey, G.; Orlof, M.; Korchowiec, B.; Regnouf de Vains, J.-B.; Rogalska, E. J. Phys. Chem. B 

2011, 115, 15002-15012.  



1. ADSORPTION, MONOLAYERS AND FILMS 

217 

[P1.11] 

 

Surface pressure isotherm for a monolayer of charged colloidal particles 

at a liquid interface: experiment vs theory 
 

Plamen V. Petkov, Krassimir D. Danov, Peter A. Kralchevsky 

 

Dept. Chem. Engineering, Faculty of Chemistry & Pharmacy, Sofia University, Sofia, Bulgaria 

 

 

Monolayers from electrically charged micron-sized silica particles, spread on the air/water 

interface, are investigated. Because of the electrostatic repulsion, the distances between the 

particles are considerably greater than their diameters [1, 2], i.e. we are dealing with non-densely 

packed interfacial layers. The electrostatic repulsion between the particles occurs through the air 

phase. Surface pressure vs area isotherms were measured by Langmuir trough and the monolayers’ 

morphology was monitored by microscope. The mean area per particle is determined by Delaunay 

triangulation and Voronoi diagrams. In terms of mean area, the surface pressure for monolayers 

from polydisperse and monodisperse particles obeys the same law. The experiments show that Π ~ 

L–3 at large L, where Π is the surface pressure and L is the mean interparticle distance [3]. A 

theoretical cell model is developed, which predicts not only the aforementioned asymptotic law, 

but also the whole Π(L) dependence [3]. The model presumes a periodic distribution of the surface 

charge density, which induces a corresponding electric field in the air phase. Then, the Maxwell 

pressure tensor of the electric field in the air phase is calculated and integrated according to the 

Bakker’s formula to determine the surface pressure. Thus, all collective effects from the 

electrostatic interparticle interactions are taken into account, as well as the effects from the particle 

finite size. By evaporation of water, the particle monolayers are deposited on a solid substrate 

placed on the bottom of the trough. The electrostatic interparticle repulsion is strong enough to 

withstand the attractive lateral capillary immersion forces that are operative during the drying of 

the monolayer on the substrate. The obtained experimental results and the developed model can be 

useful for the prediction and control of the properties of non-densely packed interfacial monolayers 

from charged particles that find applications for producing micro-patterned surfaces. 
 

 
 

(Left) The electric field contribution to the surface pressure is calculated using the Bakker formula. (Right) 

The model is in excellent agreement with the experimental data, which show that asymptotically Πel ~ L–3. 
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Colloid particle deposition was applied to characterize bovine and human fibrinogen (Fb) 

monolayers on mica produced by controlled adsorption under diffusion transport at pH 3.5. The 

surface concentration of Fb was determined by AFM enumeration of single molecules adsorbed 

over the substrate surface. The electrokinetic properties of Fb monolayers for various ionic strength 

were studied using the in situ streaming potential measurements. It was shown that Fb adsorbs 

irreversibly on mica for a broad range of ionic strength of 4x10-4 to 0.15 M, NaCl. The 

overcharging of initially negative mica surface occurred for fibrinogen surface concentrations 

higher than 1400 μm-2. The orientation of fibrinogen molecules in the monolayers was evaluated by 

the colloid deposition method involving negatively charged polystyrene latex microspheres, 820 

nm in diameter. An anomalous deposition of negative latex particles on substrates exhibiting a 

negative zeta potential was observed, which contradicts the mean-field DLVO predictions. 

Measurable deposition was observed even at low ionic strength where the minimum approach 

distance of latex particles to the interface exceeds 70 nm (for 6x10-4 M NaCl). This confirms that at 

this pH, fibrinogen molecules adsorb end-on on mica assuming extended conformations with the 

positive charge located mostly in the end part of the αA chains. This agrees with previous 

experimental1 and theoretical2 result discussed in the literature. These unusual latex deposition on 

Fb monolayers was quantitatively interpreted in terms of the random site adsorption model3. It was 

concluded that the colloid deposition method is an efficient tool for revealing protein adsorption 

mechanisms at solid/electrolyte interfaces. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acknowledgments: This work was supported by the POIG.01.01.02-12-028/09. 

 

 

[1] Santore, M.M.; Wertz Ch.F. Protein spreading kinetics at liquid-solid interfaces via an 

adsorption probe method. Langmuir 2005, 21, 10172-10178. 

[2] Adamczyk, Z.; Cichocki, B.; Ekiel-Jeżewska, M.L.; Słowicka, A.; Wajnryb, E.; Wasilewska, 

M. Fibrinogen conformations and charge in electrolyte solutions derived from DLS and dynamic 

viscosity measurements. J. Colloid Interface Sci. 2012, 385, 244-257. 

[3] Jin, X.; Wang, N.H.L.; Tarjus, G.; Talbot, J. Irreversible adsorption on nonuniform surfaces: the 

random site model. J. Phys. Chem. 1993, 97, 4256-4258. 

  



1. ADSORPTION, MONOLAYERS AND FILMS 

219 

[P1.13] 

 

Studies of the interactions of ursane-type pentacyclic triterpenes with 

model membranes of Escherichia coli 
 

Marcin Broniatowski, Michał Flasiński 

 

Jagiellonian University, Faculty of Chemistry, Department of Environmental Chemistry, Poland 

 

 

Pentacyclic triterpenes (PT) from the ursane family: α-amyrin (AMalf) and ursolic acid (Urs) are 

compounds of high anticancer [1] and antibacterial [2] activity. Regarding the antibacterial 

properties, these compounds exhibit biocidal activity against Gram positive and Gram negative 

bacteria. Moreover, they turned out to be active against multi-drug resistant bacterial strains; thus, 

they are perspective drugs in the therapy of nosocomial infections [3]. Hospital-acquired infections, 

often correlated with Gram negative bacteria, are a serious problem in recent medicine. The 

antibacterial action of PT is connected with their direct interaction with the components of bacterial 

membranes, especially with anionic phospholipids as cardiolipins (CL) and phosphatidylglycerols 

(PG). The composition of bacterial membrane depends on the species and on the environmental 

conditions in which a given bacterial strain functions. E. coli is a model Gram negative bacteria for 

which the membrane composition is conservative and weakly dependant to the environment. 

Globally, it contains 75% of phosphatidylethanolamine (PE), 20% of PG and 5% of CL [4]; 

however, CL is not uniformly distributed and can be found in CL-rich domains. In our studies we 

applied Langmuir monolayers as model platforms for the investigation of the interactions of 

ursane-type PT with E. coli phospholipids. We investigated the interactions in binary (PT/PE, 

PT/PG, PT/CL) and ternary systems: PT/PE/CL and PT/PE/PG in which the natural proportion 

between PE and anionic phospholipids (75%: 25%) was preserved. In our studies we applied CL 

and PG extracted from E. coli membrane. It is of importance, because the fatty acid composition of 

bacterial CL and PG is completely different than in eukaryotic species. In our studies we applied 

the Langmuir monolayer technique combined with direct visualization of the monolayers by 

Brewster angle microscopy. On the basis of the registered π-A isotherms thermodynamic analysis 

of the excess free energy of mixing (ΔGexc) was performed. Regarding the binary systems, it turned 

out that both the investigated terpenes have higher potential for the disintegration of the CL-rich 

domains than PG-rich films. The results are not so unambiguous as far as the ternary mixtures are 

concerned. It turned out that AMalf interacts similarly with the E. coli CL and PG in the 

investigated ternary mixtures. On the contrary, the studies performed on ternary systems indicate 

that E. coli CL is the molecule targeted by Urs. 
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Miscibility and interaction between solute molecules in the adsorbed film and micelles can be 

examined by drawing the phase diagrams of adsorption (PDA) and micelle formation (PDM) [1].  

PDA is composed of the concentration vs. bulk composition and the concentration vs. surface 

composition curves at constant surface tension, and PDM the critical micelle concentration (cmc) 

vs. bulk composition and cmc vs. micellar composition curves.  Since adenosine phosphates (ATP, 

ADP, and AMP), very important substances in biological systems, are surface inactive and have the 

different number of anionic phosphate group, they are useful to consider the electrostatic 

interaction with ionic surfactants in the adsorbed film and micelles.  In this report, we examine 

incorporation of adenosine phosphates into adsorbed film and micelles of 

dodecyltrimethylammonium bromide (DTAB) by comparing the shapes of PDA and PDM for 

adenosine phosphates with each other.  

Surface tensions 𝛾 of aqueous mixtures of dodecyltrimethylammonium bromide (DTAB) and 

disodium salts of adenosine phosphates (ATP, ADP, and AMP), were measured as functions of 

total molality �̂�(= 3𝑚1 + 2𝑚2) and mole fraction of DTAB  �̂�2(= 2𝑚2 �̂�⁄ )  in the mixtures at 25 

ºC by the drop volume method.  𝑚1 and 𝑚2 are the molalities of disodium salts of adenosine 

phosphates and DTAB, respectively.  In order to obtain the fractions of ionic species of 

hydrogenated adenosine phosphate anions, pH of the aqueous mixtures was measured as functions 

of �̂� and �̂�2 at 25 ºC. 

The values of �̂� at constant 𝛾 taken from the 𝛾 vs �̂� curves at constant �̂�2, were plotted against �̂�2.  

The values of the surface composition �̂�2
H were calculated by applying �̂�2

H = �̂�2 − (�̂�1�̂�2/

�̂�)(𝜕�̂�/𝜕�̂�2)
𝑇,𝑝,𝛾

 to the �̂� vs �̂�2 curves [1]. By adding the �̂� vs �̂�2
H curve to the �̂� vs �̂�2 curve, 

we obtained PDA. In contrast to the curves for ADP and AMP, the �̂� vs �̂�2 curve of ATP has a 

distinct minimum, which suggests the strong electrostatic attraction between ATP anions and DTA+ 

ion.  The PDA for ATP showed the formation of the surface azeotrope [2].  Similar observation 

was obtained for the calcium chloride-sodium dodecyl sulfate mixture [3]. In the �̂�2 region higher 

than the minimum, �̂�2
H ≤ �̂�2 ≤ 1 is observed.  This fact indicates the incorporation of ATP into the 

adsorbed film of DTAB. On the other hand, �̂�2 ≤ �̂�2
H is observed in the �̂�2 region lower than the 

minimum.  However, at low �̂�2 values far from the minimum, the corresponding �̂�2
H values were 

found to exceed unity, which indicates the negative adsorption of ATP. This complex behavior may 

be related to fact that the solutions became turbid.  The PDA for both of ADP and AMP were a part 

of the cigar shape and, also, indicated the incorporation of ADP and AMP, but the incorporation of 

AMP was smaller than ADP.  Similar results were obtained for PDM.  Therefore, we may say that 

the magnitude of the incorporation of adenosine phosphates into the adsorbed film and micelles of 

DTAB are in the order of ATP > ADP > AMP judging from the shape of PDA and PDM. This fact 

may be attributable to the electrostatic attraction between anionic phosphate groups and DTA+ ion. 
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Last years, Deng at al. discovered new class of amphiphilic materials: incompletely condensed 

silsesquioxanes which form stable Langmuir monolayers at the air/water interface [1]. These 

compounds show very high potential as nanofillers in nanocomposites [2], in nanobiomedicine [3], 

catalysis [4] and in production of low surface energy coatings [5]. This large potential results from 

numerous possible derivatives of polyhedral oligomeric silsesquioxanes (POSS) that are 

synthesized by substitution of different reactive of nonreactive groups to eight corners of the 

silicon-oxygen skeleton [6]. However, interfacial properties of these materials are poorly described 

[7-8]. 

In this study we present the interfacial characterization of new POSS compounds. We discuss here 

the influence of chemical structure on the properties of Langmuir monolayers and Langmuir-

Blodgett (LB) films. We used fully condensed silsesquioxanes with mixed side groups. Interfacial 

properties were studied by using Langmuir trough (KSV Nima) equipped with Brewster angle 

microscope and surface potential sensor. Interfacial stress rheology (ISR, KSV Nima) was used to 

determine viscoelastic behavior of the monolayers. 

We found that fully condensed silsesquioxanes form stable monolayers at the air water interface. 

Their compressibility and stability strongly depend on the character and arrangement of side 

groups. We showed that fluorinated POSS in LB films modify surface hydrophobicity and allow 

obtaining low surface energy materials while POSS molecule with epoxy groups exhibit interesting 

morphology in BAM images showing star-like domains around collapse point. 

 

 

 

 
Acknowledgements: This work was financially supported by Polish National Science Centre, Grant No. 

UMO-2012/05/B/ST02200. 
 

 

[1] Deng J., Hottle J. R., Polidan J.T., Kim H.J., Farmer-Creely C.E.,Viers B.D.,Esker, Langmuir 

2004, 20, 109-115. 

[2] Kuo S.-W., Chang F.-C., Progress Polymer Sci. 2011, 36, 1649–1696 

[3] Ren F., Carniato F., Rizzi M., Marchese L., Laus M., Antonio D., J. App. Polym. Sci. 2013,129, 

699–706 

[4] Leng Y., J. Liu, C. Zhang, Jiang P., Catal. Sci. Technol. 2014, 4, 997-1004 

[5] Ganesh V.A., Nair A. S., Raut H.K., Yuan Tan T.T., He C., Ramakrishna S., Xu J., J. Mater. 

Chem. 2012, 22, 18479-18485 

[6] Dutkiewicz M., Maciejewski H., Marciniec B., Synthesis, 2009, 12, 2019–2024[7] Kim C., 

Esker A.R. , Runge F.E. , Yu H. Macromolecules 2006, 39, 4889-4893 

[8] Deng J., Farmer-Creely C. E., Viers B. D., Esker A.R., Langmuir 2004, 20, 2527-2530. 

  

https://www.eventgest.com/CLIENTES/abreu/´´mailto:katarzyna.dopierala@put.poznan.pl´´


1. ADSORPTION, MONOLAYERS AND FILMS 

222 

[P1.16] 

 

Influence of n-alcohols chain length (C2-C10) on initial acceleration, local 

and terminal velocities of the rising bubbles  
 

Marcel Krzan, Kazimierz Malysa 

 

J. Haber Institute of Catalysis and Surface Chemistry PAS, Poland 

 

 

 

Description of the bubbles motion is a key problem that has a bearing on a wide range of 

application from froth flotation to biotechnology and chemical engineering. Due to complex nature 

of bubble motion there still doesn’t exist any general theory describing motion of the bubbles at 

high Reynolds numbers. Presence of surface active substances (SAS) affects (diminishes) strongly 

velocity of the rising bubble. Viscous drag exerted by continuous medium on the rising bubble 

surface causes uneven distribution of the SAS molecules adsorbed, with significantly lowered 

adsorption coverage at the upstream pole of the rising bubble. The uneven adsorption coverage 

means arising of the surface tension gradient over the bubble surface, which retards the bubble 

surface fluidity and in a consequence the bubble velocity is lowered.  

The paper presents results of determination of initial acceleration, profiles of the local velocities, 

values of maximum and terminal velocities, size and shape variations of the bubbles rising in 

solutions of n-alkanols homologous series (C2-C10). Influence of solution concentration and n-

alkanol chain length on timescale of establishment of a steady state, uneven distribution of the SAS 

molecules over the bubble surface, was evaluated. After detachment from the capillary the bubbles 

accelerated rapidly, but initial acceleration was lowered in n-alkanol solutions. Profiles of the 

bubble local velocity showed a strong dependence on n-alkanol concentration, as expected. 

Presence of contaminations of higher surface active affected significantly the local velocity profiles 

in n-alkanol solutions. Interesting differences in profiles of the bubble local velocity, related to the 

n-alkanol chain length, were observed. Namely, in solutions of alkanols with C≤4, i.e., of lower 

surface activity, the bubbles always attained a plateau value of terminal velocity immediately after 

the acceleration stage. In the case low concentrations of n-alkanols with C5 the accelerating 

bubbles were reaching a maximum velocity and next a deceleration stage was observed prior 

attaining the terminal velocity. Numerical calculations of adsorption coverage over surface of the 

detaching bubbles (adsorption times at the capillary orifice: 1.2-1.6s) showed that the bubbles 

adsorption coverage’s were lower than the equilibrium ones in the case of alkanols with longer 

chain length. It indicates that establishment of the surface tension gradients immobilizing bubble 

interface is related to the n-alkanol adsorption kinetics. The values of the terminal velocity 

diminished drastically with increasing solution concentration, from the value of 35 cm/s in water 

down to about 15 cm/s in the high concentrations of n-alkanols studied. Minimum adsorption 

coverage’s, needed for full immobilization of the rising bubble surface, were systematically and 

significantly decreasing with chain length of n-alkanol molecule, from ca. 73% for C4 to ca. 0.1% 

for C-10.  
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In various applications the stabilization of solid-liquid dispersions by means of surface-active 

substances is crucial. For a better understanding and the possibility to control these stabilizing 

processes, it is essential to explore the aggregation structures of surfactants on solid surfaces. For 

this aim a new approach to image these aggregates has been investigated using high resolution 

fluorescence microscopy. 
In biological systems the fluorescent dye nile red is used for coloring lipid aggregates such as 

membranes. In order to find a polarity-sensitive fluorescent probe for a new approach of imaging 

surfactant aggregates, nile red was studied via light absorption and emission measurements. First 

experiments on the detection and analysis of surfactant aggregates on solid surfaces using nile red 

were performed via high resolution fluorescence microscopy. 
Absorption and emission measurements of nile red showed an enhanced fluorescence quantum 

yield in the hydrophobic environment of micelles, liposomes and vesicles compared with water. 

This effect was less distinct for other tested fluorescent dyes. In spectroscopic studies the cmc of a 

polyethylene oxide-polypropylene oxide ABA copolymer was determined using nile red. 
Total internal reflection fluorescence (TIRF) microscopy is beneficial for imaging structures at 

solid-liquid-interfaces as just fluorophores only in a surface layer of approximately 100 nm are 

excited [1]. Since light microscopy is limited in resolution due to diffraction phenomena a post-

processing of raw data can improve resolution drastically. For subdiffraction imaging the so called 

PAINT (point accumulation for imaging in nanoscale topography) method [2] has been chosen, 

which uses 2-dimensional Gaussian fitting to yield higher localization precisions. 
In this study, the combination of TIRF microscopy and PAINT processing has been applied in 

order to analyze liposomes, micellar aggregates and vesicles adsorbed onto glass surfaces of 

different polarity. The environment-sensitive probe nile red has been used as fluorescent reporter 

for hydrophobic micelle cores. Signal density distribution analysis of PAINT derived high 

resolution images allowed a quantitative analysis of aggregates of different sizes. Liposomes were 

prepared by extrusion with filters of different pore sizes ranging from 50 to 200 nm. For cationic 

double chain surfactants unilamellar vesicles of similar size were identified. An example for the 

formation of spherical micelles of polyethylene oxide-polypropylene oxide ABA copolymers is 

shown below. The results give new insights into the structure of adsorbed layers at surfaces and the 

importance for various applications. 

 
Figure: Aqueous polyethylene oxide-polypropylene oxide ABA copolymer solution on hydrophobized glass 

with fluorescent probe nile red (10-6 M). 
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Pulmonary surfactants cover an alveolar surface in mammal lungs. They are characterized at 

immiscibility among the components containing phospholipids, neutral lipids, proteins, and so on. 

We have investigated lipid mixtures composed of egg yolk lecithin (eggPC) to develop the low cost 

pulmonary surfactants. In a previous study, two-dimensional (2D) monolayers at the air-water 

interface were investigated for the physicochemical interactions of eggPC with palmitic acid (PA), 

1-hexadecanol (HD), and an equimolar PA/HD mixture[1]. PA, HD, and the equimolar mixture of 

PA/HD were partially miscible with eggPC in the binary and ternary monolayer states. It was 

suggested that PA and HD interact both thermodynamically and morphologically with certain 

components containing fatty acid moieties, such as C16:0 in eggPC. Here, as lipid components in 

pulmonary surfactants, we have used the lipid mixture of eggPC/PA/HD (= 0.30/0.35/0.35, 

mol/mol/mol), which shows immiscibility of eggPC with PA and HD within a monolayer. Surface 

pressure (π)–molecular area (A) and surface potential (ΔV)–A isotherms on 0.02 M Tris buffer (pH 

7.4) with 0.13 M NaCl at 298.2 K were measured for monolayers of the lipid mixture and a 18-mer 

amphiphilic á-helical peptide (Hel 13-5) employing the Wilhelmy method and ionizing electrode 

method, respectively. Their interfacial behavior was also visualized with fluorescence microscopy. 

The evaluation of efficacy as a pulmonary surfactant was performed in terms of a hysteresis in π–A 

isotherms. In comparison to pulmonary surfactants derived from animal sources, the present 

preparations can be prepared at lower costs. Therefore, they are useful for the treatment of 

respiratory distress syndrome and acute respiratory distress syndrome as well as other pulmonary 

diseases.  
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Lauryl gallate (LG) exhibits antioxidant activity protecting, e.g. mitochondrial functions and 

human red blood cells, from oxidative stresses [1]. The oxidation of unsaturated fatty acids in 

biological membranes causes a decrease in the membrane fluidity and disrupts its structure and 

function. On the other hand, some studies show that lauryl gallate exhibits a potential antitumour 

activity towards chemically induced skin tumours or breast cancer [2] involving apoptotic 

processes in growing cells. Antiviral activity of lauryl gallate against animal viruses (e.g. influenza, 

African swine fever) is also reported [3]. The LG activity is attributed to its surfactant-like effects, 

which can induce lipid membrane perturbation and membrane protein inactivation. The slight 

solubility of LG in water facilitates its penetration into the membrane interior where it interacts 

with the components altering the membrane stability. 

Herein, our study is focused on the influence of LG on the properties of model membranes at the 

molecular level. The classical Langmuir monolayer technique was used to investigate the 

interactions and phase behaviour between various constituents of biological membranes and lauryl 

gallate, based on surface pressure-area per molecule (π-A) isotherms recorded at 20oC. The model 

biological membranes constituents: 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 2-

oleoyl-1-palmitoyl-sn-glycero-3-phosphocholine (POPC), and 1,2-dioleoyl-sn-glycero-3-

phosphocholine (DOPC), and cholesterol (Chol), were applied. Analysis of the obtained results 

provided information on the mean molecular area, the excess Gibbs energy of mixing, and the 

compression modulus of monolayers. These results may be helpful in order to rationalize LG 

behaviour in living systems, i.e. in membrane antioxidant protection and direct participation in the 

anti-inflammatory and anti-tumor activities.  
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Adsorbed film at gas/liquid and liquid/liquid interfaces is of great importance as a simple model of 

more complicated molecular organized systems such as biological membrane, emulsion and so on. 

Our previous study on the adsorbed film of hybrid alcohol, 2-perfluorooctylethanol 

(CF3(CF2)7(CH2)2OH ; F8H2OH), at the hexane/water interface indicated that F8H2OH molecules 

exhibited phase transition between the expanded and condensed states and formed the condensed 

domains in the expanded film mainly due to an enhanced interaction between F8H2OH molecules 

induced by the weak interaction between F8H2OH and hexane molecules.[1,2] In this study, we 

employed 6-perfluorohexylhexanol (CF3(CF2)5(CH2)6OH ; F6H6OH) which consists of same length 

of fluorocarbon (FC) and hydrocarbon (HC) chains and thus is expected to show affinities with 

both F8H2OH and hexane molecules, and studied the effect of addition of F6H6OH on the state of 

the adsorbed F8H2OH film by interfacial tensiometry and X-ray reflection. The discontinuous 

change in the interfacial pressure vs. mean molecular area curves at the expanded •NC condensed 

phase transition becomes obscure with increasing the bulk composition of F6H6OH X2 (Fig.1), 

suggesting the increase in the domain coverage in the expanded state. Thus, it is expected that 

F6H6OH molecules adsorb preferentially at the domain boundary and promote the formation of 

many smaller domains; F6H6OH molecule may act as line active agent (linactant) [3].• 
 

 
Fig. 1 interfacial pressure vs. mean molecular area 
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Interactions between bacteria and material surfaces play an important role in biology and different 

process technologies [1]. The objective of this study is to investigate the influence of shear flow on 

the degree of biofilm detachment. The study was made on stainless steel brushed (Ra=0.05μm) and 

electro-polished (Ra=0.29μm) materials as well as on material coated with polymers. Biofilms 

grown in static conditions were exposed to laminar (Q=0.20 mL min-1) and turbulent flow (Q=1200 

mL min-1) of phosphate buffered saline media. The preliminary results with E.coli show that 

turbulent flow removes significant more cells that laminar flow on both materials. The results 

indicate that shear force influences the biofilm detaching. We also found that the detachment of 

cells was more efficient on material surface with lower roughness which corresponds to the fact 

that biofilm thickness is one of the factors involved in its destruction. In our study the phenomena 

of sloughing can be observed where on electro polished and brushed materials laminar flow caused 

removal of large pieces of E. coli biofilm. In case of turbulent flow abrasion mechanism was 

detected on both materials that result in massive collision of biofilm. It is critically important to be 

able to quantify baseline levels of detachment during steady-state cultivation in order to be able to 

study effects of hydrodynamics [2]. Detachment of bacteria from biofilm significantly influences 

the biofilm performance and therefore analysing the hydrodynamic conditions plays the vital role 

of understanding biofilms. Understanding and controlling the mechanisms of biofilm is a 

significant socio-economic issue and a major focus of contemporary microbiology.  
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Polythiophenes have been extensively studied due to their special properties like conductivity, 

luminescence and chromism, aiming to prepare solar cells and several types of sensors [1,2].Gold 

nanoparticles have been incorporated in these polymers to improve their properties. In this 

work,Langmuir-Schaefer (LS) and spin-coating of neat poly (3-hexylthiophene) (P3HT) and LS 

films of P3HT containing gold nanoparticles (AuNp) or gold nanoparticle capped with thiol 

(AuNPThiol) in different proportions (P3HT90%, P3HT75% and P3HT50%) were obtained and 

used in testing of gas optical sensors using vapors of six solvents (water, n-hexane, 

dichloromethane, chloroform, THF and toluene), and a significant response was obtained only for 

the last three solvents. The responses of LS and spin-coating films of neat P3HT as sensors were 

compared, and despite the higher sensitivity of spin-coating films, and LS films presented better 

selectivity and reversibility of the responses. The responses for LS films of P3HT and gold 

nanoparticles were lower than those presented by the films of neat P3HT for chloroform, THF and 

toluene, such as demonstrated in Figure 1. This behavior indicates a strong interaction between the 

polymer molecules and gold nanoparticles, and therefore the interaction between analyte-polymer 

is less pronounced. 

 
Figure 1: Difference in the maximum absorbance for optical sensors testing with toluene for LS films of pure 

P3HT and P3HT containing AuNp and AuNpThiol. 
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The viscoelastic properties of thin surfactant films at interfaces are preeminent characteristics that 

often determine practicability of self-assembled colloids (emulsion, microbubbles, foams) in 

applications.[1] Water-soluble surfactants are notoriously believed unable to produce adsorbed 

Gibb films with high viscoelastic properties at the air/water interface. Dilational rheology has 

recently been used to study these soluble surfactants. It is interesting to note that the viscoelastic 

modulus E only reaches ~250 mN m-1 for the liquid condensed phase of Langmuir monolayers of 

dipalmitoylphosphatidylcholine,[2] and for Class II hydrophobins,[3] the latter being known to 

form monolayers with high mechanical strength.[4] Because they are easy to implement, water-

soluble surfactants that would produce stable interfacial films with high elasticity are highly 

desirable. We now report that short chain perfluoroalkylated phosphates exhibit a highly unusual 

behavior at the air/water interface.[5] First, these surfactants are able to form stable Langmuir films 

at the air/water interface in spite of being water-soluble. Second, we found hitherto unobserved 

transitions in both Gibbs and Langmuir films of these soluble surfactants. Third, in their condensed 

phase, the films exhibit exceptional elasticity with viscoelastic modules (E~1000 mN m-1) that can 

be up to an order of magnitude larger than those recorded for phospholipids, proteins and polymer 

films commonly considered as highly elastic. Fourth, the amphiphilic phosphate molecules 

spontaneously form crystalline, micron-size polyhedral domains on water, thus featuring a new 

type of two-dimensional colloidal monolayer. 
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Liquid alkanes with 15~50 carbon atoms and alkanols with 10~28 ones form respectively 

condensed monolayer and bilayer at the temperature Ts which is a few degrees above the bulk 

freezing temperature Tb. These phenomena are known as surface freezing (SF). In this study, we 

employed Octadecane (C18) – 1-Dodecanol (C12OH) mixture, and investigated the SF phenomenon 

mainly by surface tension measurement in order to clarify the effect of the structure difference in 

SF layers of each pure component on the miscibility of molecules at the liquid surface. 

The surface tension () of C12OH + C18 mixture was measured as a function of temperature (T) and 

mole fraction of C18 in the liquid mixture (x2) under atmospheric pressure. Differential scanning 

calorimeter (Perkin-Elmer Pyris1) was employed to determine Tb. All samples were saturated with 

water at desired temperature before measurements. 

The  vs. T curves at all x2 show a distinct break point at Ts corresponding to a phase transition 

between surface liquid (SL) and surface freezing (SF) states (Fig1). The Ts value decreases with the 

addition of one component to the other and the Ts vs. x2 plot has a sharp cusp at x20.23, suggesting 

that the SF structure and miscibility of molecules at the surface are strikingly different from each 

other below and above x20.23. 

The surface mole fraction of C18, x2
, estimated thermodynamically in the SF layer is richer in 

C12OH at low and in C18 at high x2 than the bulk liquid. The excess entropy of surface is negative in 

the SF state and thus the mixing of C12OH and C18 is not favorable. Furthermore, the phase diagram 

of the surface (Fig2) shows an eutectic mixture type. Thus, an expected structure of the SF state is 

that the SF monolayer domains of C18 are surrounded by the SF bilayer of C12OH at low and the SF 

bilayer domains of C12OH are formed in the SF monolayer of C18 at high x2. 
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Ionic liquids based on imidazolium cations such as 1-buthyl-3-methylimidazolium [BMIM] have 

been extensively investigated over the last years [1]. They are finding a potential for utilization in 

more widely areas of technology. From the perspective of application of ionic liquids to lubricant, 

ionic liquids have excellent properties for lubricants and additives such as high thermal stability, 

low volatility, non-flammability, and broad liquid range. In addition, physical and chemical 

properties of ionic liquid can be tailored by varying the cation or anion and their combination [2]. 

Moreover, ionic liquids exhibit distinctive behavior at interface such as formation of double layer 

structure at charged surface [3]. The interfacial structures of ionic liquids would be expected to 

affect the frictional properties under boundary or mixed lubrication regimes. Nevertheless, a 

relationship between interfacial structure of ionic liquids and their frictional properties has not been 

clear due to the difficulty of measuring the buried interface. 

In this research, we intend to clarify the effect of interfacial structure of ionic liquids on their 

frictional properties. Interfacial structures of ionic liquids were observed by sum frequency 

generation (SFG) spectroscopy which can selectively probe a buried interface. In our previous 

research, it is known that ionic liquids cause a chemical reaction and make a complex interfacial 

situation at surface of practical ferrous material [4]. Therefore, in order to analyze without complex 

chemical reactions, a self-assembled monolayer (SAM) formed on gold substrate was used as 

substrate. Then, ionic liquid – SAM interface was observed using SFG. In addition, we performed 

friction test using ionic liquids and SAM surface to investigate the effect of interfacial molecular 

structure on friction property. 
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Whilst there exists a vast wealth of publications concerning corrosion inhibition, very few attempt 

any structural investigation of the molecular-level interfacial interactions between the inhibitors 

and the surfaces they seek to protect. In this work, we present a detailed study of the mechanism of 

two proposed inhibitors of nickel corrosion in acidic solution, sodium dodecyl sulfate (SDS) and 

dodecyltrimethylammonium bromide (DoTAB), showing how neutron reflectivity, supported by 

other surface-study techniques, gives a comprehensive quantitative description of the corrosion 

process and the relative protection imparted by the two inhibitors. 

Neutron reflectometry offers a unique opportunity to observe in situ corrosion inhibition of metal 

surfaces in liquid environments1, yielding layer thicknesses and surface roughnesses to angstrom 

resolution, both of the metal (and oxide) layers and those of the inhibitors. The technique is 

particularly powerful when different contrast solvents (protonated or perdeuterated) are used, such 

that they are “matched” either to the surface, or to the surfactant layer; this allows consecutive data 

sets of the same sample to selectively probe either the metal layer roughening and dissolution, or 

the state of the protective inhibitor layer. In this work, the surfaces and surfactant layers were 

monitored over a range of decreasing pH; the results clearly show that the SDS layer was a 

substantially superior inhibitor, with the surface experiencing only minimal roughening even when 

continually flushed through with acidic solution at pH 2. In contrast, the surface exposed to 

DoTAB dissolved almost entirely. Off-specular scattering, solution depletion isotherms and AFM 

were used to support and expand these observations. 

 

 
Figure 1. Neutron reflection data showing a) the SDS-protected surface, which shows little change 

as pH is decreased whereas b) the surface exposed to DoTAB shows extensive metal dissolution 

and roughening. 
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New soft surfactants (so-called environmentally-friendly or ecologically–safe surfactants) are 

continuously being designed and synthesized in order to attain products with specific 

physicochemical properties for targeted applications, e.g., as detergents, antistatics, antimicrobial 

agents,micellar-templated nanomaterials, surface-modified agentsm[1-3]. Chemically and/or 

enzymatically induced cleavage of their labile/soft linkage, that is present in their structure, may 

cause the separation of the polar part and the hydrophobic tail and, as a consequence, loss of 

surface activity. 

Two homologous series of soft structures, i.e., the esterquat-type N,N-dimethyl-N,N-bis[2-

alkoxycarbonyl)ethyl]ammonium bromides (2xCnE-Br, n=10,12) and the diamidequat-type N,N-

dimethyl-N,N-bis[3-(alkylamido)ethyl]ammonium bromides (2xCnA-Br, n=8,10,12), were 

synthesized according to the technologically convenient procedure. To obtain the surfactants, 

methyl, decyl or dodecyl acrylate was converted in reaction with methylamine to N-methyl-N,N-

bis[2-(alkoxycarbonyl)ethyl]amines (2xCnE, n = 1,10,12). These reactions were carried out on 

semi–commercial scale in a multifunctional LabMax reactor with React IR 4000 probe. [4] Methyl 

esters (2xCnE, n = 1) treated with n-octyl, n-decyl or n-dodecyl amine gave N-methyl-N,N-bis[3-

(alkylamido)ethyl]amines (2xCnA n = 8,10,12). Theantielectrostatic effect of the studied 

surfactants was measured on a polyethylene (LDPE) film (Wigofil, Poland) and a polypropylene 

(PP) nonwoven fabric (Wigofil, Poland) that did not contain any lubricants or antioxidants as in 

[2]. We have demonstrated excellent antielectrostatic properties, reducing significantly the surface 

resistance. In some cases results were even better than those obtained for a commercial antistatic 

agent.The adsorption behavior of surfactants was investigated by surface tension measurements 

using the pendant drop shape analysis method. Air/solution interface adsorption behavior of 

selected cleavable ester and amide-containing cationic surfactants was examined both 

experimentally, and theoretically upon the surfactant pH dependent cleavage. The results of the 

present study may prove useful in the understanding of the properties of adsorption layers of 

dichain soft structures in view of their potential application in pH-controlled processes undergoing 

at the interfaces. 
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Adsorption behaviors of protein molecules onto a lipid monolayer formed at the oil/water interface 

have been investigated by measuring the interfacial tension by non-invasive time-resolved quasi-

elastic laser scattering (QELS) method. Mechanism of them to the oil/water interface has been 

extensively studied by measuring the interfacial tension, although the study on the adsorption of 

protein onto the lipid monolayer has been limited.[1] QELS method allows the measurement of the 

interfacial tension without probe contact and any deformations by measuring the frequencies of 

capillary waves with a laser beam. Therefore, it enables us to apply the study on the adsorption of 

protein molecules onto the lipid monolayer at the oil/water interface.[2] 

The aliquot of protein solution was introduced onto the water layer in the quarts cell, where a lipid 

monolayer was formed at the water/chloroform interface. Lysozyme was used as a positively 

charged protein molecules, and DOPS (1,2-dioleoyl-sn-glycero-3-phospho-L-serine sodium salt) 

and DOPC (1,2-dioleoyl-sn-glycero-3-phosphocholine) were used as negatively charged and 

zwitterionic lipids, respectively. In addition to the lipid, the effect of salt concentrations (0.1 M and 

1.0 M) in the aqueous phase on the adsorption behavior was also examined. 

Three regimes could be recognized in the change of the interfacial tension in the adsorption process 

of lysozyme, while their terms strongly depended on the kind of lipid molecules at the interface and 

the concentration of NaCl in an aqueous phase. In DOPS as monolayer and 0.1 M NaCl solution, 

there were no interfacial tension changes during several hundred seconds in the second regime after 

the rapid adsorption in the first regime, which was due to the electrostatic interaction of lysozyme 

to DOPS monolayer. In 1.0 M NaCl solution, the term of the second regime became longer. It is 

considered that electrostatic interaction between lysozyme and DOPS monolayer delays the overall 

conformation change caused by the hydrophobic interaction in the third regime. In DOPC as 

monolayer and 0.1 M NaCl solution, the gradual decrease in surface tension of the second regime 

was observed after the rapid decrease in surface tension caused by the electrostatic interaction in 

the first regime. In 1.0 M NaCl solution, the surface tension decreases slowly at the first regime and 

the boundaries between first and second regimes became obscure. The main role of NaCl 

electrolyte on the adsorption of lysozyme onto a lipid monolayer was considered to be not the 

electrostatic interaction, but the hydrophobic one because the result obtained in this work cannot be 

explained by the screening effect by the increase in NaCl. 
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The topic of particle-stabilised foams is relevant in many industrial applications such as the food 

industry, cosmetic, and mineral processing.  This study is concerned with the gas dispersion 

properties and foaming of colloidal particles in the presence of an inorganic electrolyte. Silica 

particles with a nominal size of 300 nm have been surface treated by esterification with 1-octanol 

to achieve intermediate hydrophobicity.  Pneumatic foams were generated by passing nitrogen gas 

through a porous disk into the dispersions.  The addition of particles was shown to slightly increase 

the gas holdup and had no significant effect on the foaminess of aqueous dispersions in the 

concentration range 0 – 6 wt%.  Inorganic electrolyte (NaCl) in sufficient amount to coagulate the 

particles significantly improved both gas dispersion and foaminess (see Fig.1).  Electrolytes are 

known to reduce the energy barrier that has to be overcome for the adsorption of particles to an 

interface and increase the hydrophobicity of the particles.  As well, coagulated particulates are 

known to have greater capture efficiency and hinder drainage, which could explain the improved 

foaminess. Special attention was taken on investigating the effect of the chemistry of the 

continuous phase on the foaming properties.  This was essential due to the use of a co-solvent to 

disperse the particles, which was shown to impact the foaminess of the dispersion if not removed 

adequately. 

 

 

 
 

 

Figure 1.  Foaminess of silica (Si-OC8H17) dispersions at different concentrations in the presence of (♦) 

1x10-5 M, (■) 1x10-3 M, and (▲) 1x10-1 M NaCl.  The error bars represent a 99 % confidence interval with n 

= 3 - 5. 
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The adsorption kinetics of a simple surfactant system on novel nano-porous plasma polymerized 

films exhibiting a vertical chemical gradient are studied. The gradient layers consist of a 

hydrophilic bottom layer gradually changing to a hydrophobic top layer. The (variable) thickness of 

these gradients is of the same order of magnitude as the size of the adsorbing molecules. This 

allows the surfactant molecules to “sense” both, the hydrophobic and the hydrophilic part of the 

layer. It is thus expected that the vertical chemical gradient poses a kinetic barrier for desorption, 

such that the excess mass of adsorbed molecules will stay in a kinetically trapped meta-stable state. 

A prerequisite for the adsorption and trapping of the molecules within the gradient layer is the 

effective hydration of the entire film. Thus, the hydration of the hydrophobic layer was investigated 

and found to depend on film properties [1]. The adsorption kinetics are investigated using the 

Transmission Interferometric Adsorption Sensor (TInAS), an optical technique providing both, 

reasonable sampling rates and high mass resolution [2]. The influences of gradient properties such 

as thickness, relative hydrophobicity and density on the adsorption kinetics of the surfactant 

molecules are investigated. 
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The micellization and interfacial interaction behaviors of three cationic vanillin-based surfactants 

in presence of both Cetyl trimethyl ammonium bromide (CTABr) and Cetyl dimethyl phosphine 

were investigated at various molar ratios. Surface tension measurements were used to obtain the 

critical micelle concentration (CMC) values of the studied surfactants, these CMC values were 

obtained as functions of the composition. The mixed systems data were analyzed according to the 

regular solution model developed by Rubingh for mixed micelles. Two interaction parameters were 

obtained for each system, the interaction at the interface, and in the micellar phase. The properties 

of the mixed systems at interface and in bulk of the solutions were correlated to the individual 

surface properties of each surfactant.  
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Ester-quats surfactants in the series of (alcanoyloxy) propyl n-alkyl dimethyl ammonium bromide 

referred as LC3Cm (where m is the hydrocarbon chain lengths 8, 12 and 14) were synthesized and 

characterized by the usual spectroscopic methods (RMN, IR, MS). Their physico-chemical 

properties were investigated by surface tension and conductimetric measurements.  

The inhibitory effect of these ester-quats on the corrosion of iron in1M HCl was investigated using 

weight loss, resistance, electrochemical polarization and electrochemical impedance methods. 

Results obtained show that these compounds are good corrosion inhibitors and the high inhibition 

efficiencies were observed around their critical micellar concentration (CMCs). The effect of 

temperature on the corrosion inhibition of iron has been also studied in the temperature range [20-

60°C] and then the activation energies in the absence and presence of different concentrations of 

surfactants have been evaluated. Kinetic and Thermodynamic parameters of adsorption were also 

determined and discussed. The surface morphology of iron samples immersed in 1M HCl in the 

absence and in the presence of inhibitor at various concentrations was studied by scanning electron 

microscopy (SEM).  
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A synthesis of a family of Gemini Amphiphilic Pseudopeptides (GAPs) differing by the amino acid 

side chain, the length of the central spacer and the nature of the hydrophobic tails has been carried 

out [1]. Most of the pseudopeptides are able to self-assemble into nanostructures displaying 

different shapes like fibres, tubes, tapes or vesicles. The factors determining the final nanostructure 

are polarity and pH value of the environment [2]. The self-assembled systems based on 

pseudopeptidic compounds are applied in biomedicine and for fabrication of new materials [3].  

Taking into account that self-assembly process of GAPs can be modulated by adjusting pH, in this 

work, the impact of pH on the molecular organization of these compounds in Langmuir monolayers 

was studied. Four GAPs differing by the central spacer and the nature of the side chains were 

chosen. The properties of GAPs were studied in monomolecular films formed at different pH (3, 

5.6, 7 and 11) of the subphase. Surface pressure-molecular area (Π-A) isotherms, surface potential-

molecular area (ΔV-A) isotherms and polarization-modulation infrared reflection-absorption 

spectroscopy (PM-IRRAS) were used to characterize the monolayers. 

The results obtained show that there is a relationship between the chemical structure of the GAPs 

and their interfacial properties. Indeed, stability of the films depends on the pH of the subphase. 

The most stable and condensed monolayers were formed at basic pH values. On the other hand, at 

acidic pH, expansion of GAPs monolayers occurs. The latter is due probably to electrostatic 

repulsion between amino acid residues. 
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The kinetics of surfactant adsorption/desorption from the fluid/fluid interface is a fundamental 

problem of interfacial science playing a crucial role in various processes such as wetting, foaming, 

etc. The usual experimental approach to this problem is to measure the dynamic surface tension 

γ(t), although the existing theoretical models generally predict the time dependence of the surface 

concentration Γ(t). Therefore an exact theoretical expression for the equation of state γ(Γ) is 

required to link the surface tension to the surface concentration. In the current study we overcome 

this drawback by direct measurements of the adsorption isotherms. 

In our work desorption behavior of two different systems is investigated: non-ionic surfactant 

(C12E6) and ionic surfactant with excess of inorganic salt (CTAB+NaBr). The dynamic surface 

tension is measured by bubble shape analysis method using a commercial tensiometer “Tracker” 

(Teclis, France). Adsorption isotherms are experimentally determined by measuring the surface 

tension response during a fast bubble compression or expansion [1]. If the relative rate of area 

dilatation is sufficiently high, there is no any exchange of surfactant between the surface layer and 

the sub-phase during the experiment and the equation of state γ(Γ) can be easily measured. Using 

the experimentally determined equation of state the dynamic surface tension γ(t) during 

adsorption/desorption process can be directly converted to the kinetic dependencies of surface 

concentration Γ(t) without any additional theoretical assumptions. We recently showed that the 

adsorption process can be largely described by surfactant diffusion [2]. However for desorption the 

obtained dependencies can only be described using a mixed kinetic model, which combines 

diffusion with significant adsorption and desorption barriers. 

The proposed method allows a direct and simple access to the adsorption/desorpion kinetics and 

helps shed light on the complex problem of surfactant behavior in the surface layer. 
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Chitosan is a nontoxic, biodegradable and biocompatible polymer, that can be naturally found in 

the shells of crustaceans (crabs, prawns, lobsters), insects, mollusks, and in cell walls of fungi. 

Chitosan is a copolymer comprising units of 2-deoxy-N-acetyl-D-glucosamine and 2-deoxy-D-

glucosamine, obtained from the deacetylation of chitin in alkaline medium and is considered a 

cationic polyelectrolyte which has amino groups to throughout its chain. This feature provides the 

ability of chitosan to interact with various materials that contribute to the surface treatment of 

textile fabrics, such as a greater capacity for adsorption of the dye [1-3]. Thus, the present study 

aimed to evaluate the effectiveness of dyes adsorption by textile fabrics through the application of 

chitosan as an element of surface functionalization. 

The extraction of chitin was performed by the steps of demineralization, deproteinization and 

deodorizing. To obtain the chitosan was performed alkaline deacetylation of chitin with NaOH. 

Chitosan was characterized by XRD, FTIR, SEM, Zeta Potential and Particle Size. The 

functionalization of the textile substrate proceeded in the following order: rinsing the textile 

substrate (soybean mesh), functionalization with bio polyelectrolyte  (chitosan), impregnating the 

photosensitive nanocapsules, the wool polymerization, color analysis (sun and spectrophotometer). 

Figure 01 shows the analyzed tissues (treated and untreated). Being observed under ultraviolet 

light, a higher adsorption and standardization of photosensitive nanocapsules for tissue treated with 

higher concentration of polyelectrolyte. This is confirmed by spectrophotometric analysis (Figure 

02), in which one observes an increase in tinting strength obtained (15% better). This fact is due to 

the greater number of active sites from the polyelectrolyte, favoring the adsorption of 

photosensitive nanocapsules. 

 

 

Fig 1: (A) Untreated Sample (b) Sample 

treated with polyelectrolyte. 
Fig 2: Reflectance spectrum 
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Wetting and spreading phenomena are of great practical importance and of great scientific interest. 

That is why the search for new surfactants and their compositions enabling spreading of water-

based formulations over hydrophobic substrates (including biological ones, such as plants and 

human tissues) is very active during the several last decades. The champions among the spreading 

agents are trisiloxane surfactants being awarded with the name “superspreaders” for their superior 

performance [1]. Surprisingly, despite enormous work done on superspreading, the mechanism 

governing the phenomenon as well as effect of the various system characteristics is not clear till 

now [1,2]. 

Obviously, to go further, the wider range of surfactants facilitating spreading should be brought 

into consideration, to compare the physico-chemical properties and spreadability of their aqueous 

solutions with those of trisiloxanes. Good candidates for such comparative study are catanionic 

surfactants, i.e. the mixtures of cationic and anionic ones. It is known [3] that they can effectively 

promote spreading on moderately hydrophobic substrates, such as polyethylene, but only if special 

protocol is used: drop of one solution is placed on the top of another. Solutions of individual 

components or their mixture practically do not facilitate spreading. In this work we studied the 

spreading properties on hydrophobic substrates one of such catanionic mixtures, 

dodecyltrimethylammonium bromide and sodium decanesulfonate as related to their adsorption on 

water/air interface.  
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Starch-based products are the frequently used composite materials in food, paper, packaging 

industries, but also in the pharmacy because they are abundant, low cost and biodegradable. 

Biosurfactant modification of starch materials causing an increase of their biocompatibility is based 

on the adhesion between the components. One less common technique to improve the adhesion in 

the interface is the change of temperature of composite preparation. When heated starch in water 

solution undergoes an irreversible transition called gelatinization. After absorption of water and 

swelling starch granules lose crystallinity and leach amylose. It is interesting to find how the 

internal structure can influence its surface properties before and after phospholipid modification. 

Switchable wettability may be a convenient parameter providing information on surface properties. 

To determine the hydrophilicity, the contact angle was calculated by the computer software from 

the droplet shape (GBX Contact Angle Meter, France). From these data the surface free energy and 

components could be also calculated. Mean advancing angle measured for water was lower twice 

after PC treatment. For native starch effect of temperature on the wettability is visible at once and 

growing in time. For starch/biosurfactant effect of temperature is minor and decreasing during time 

of experiment. After 240 s it is near the same value for three investigated temperatures closed to 

superhydrophilic region. Native untreated starches are insoluble in cold water, after biosurfactant 

treatment the surface energy can increase and wettability, adhesion enhancements and consequently 

the reengineering in the surfaces are produced. The phospatidylcholine modification of starch at 

different temperature of preparation (room, physiological and 60 oC) give different possibility of 

crosslinking through the reaction of starch with biosurfactant. For example PC introduced 

phosphate groups into the starch molecules, which provided a small negative charge on the starch 

granules. Mean diameters of starch granules without biosurfactant modification are normally in the 

range 2.5-3.5 µm, after PC modification are as small as about 1 µm which can be easier suspended 

in deionized water and more stable. The smallest granules were obtained at 37 oC. The starch and 

modified starch interfaces were characterized by FTIR Nicolet 8700A and AFM images 

(Nanoscope V, Bruker, USA). The pictures of starch surfaces prepared at room temp. and 60 oC 

show similar roughness. The surface of starch at 37 oC are different, more smooth and uniform and 

obtained RMS roughness values are the smallest. Achieved results open up possibilities for starch 

applications where uniform thin films have been required (microfluidic devices, anti-fouling 

coatings, biocompatible implants and foils for food packaging).  
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The solid wettability depends on the functional groups on its surface and the kind of the wetting 

liquid. In practice, to obtain the proper wetting of the solid surface by water, the mixtures of 

various surfactants are applied. In the case of low-energy hydrophobic solids, the complete wetting 

of their surface is difficult to reach even in the case of the multicomponent surfactant systems. That 

is why different additives like the short-chain alcohols are applied. 

The aim of this research was to investigate the influence of the mixture of two classical surfactants: 

sodium dodecylsulphate (SDDS) and Triton X-100 (TX-100) with methanol on the wettability of 

polytetrafluoroethylene (PTFE) by the equilibrium contact angle measurements. The measurements 

were made in the wide range of surfactant mixture concentration and in the whole range of alcohol 

concentration. Experimental data indicate that the biggest changes of the PTFE wettability occur in 

the range of alcohol concentration in which it is present in the monomeric form in the bulk phase. 

Moreover, the shape of the contact angle isotherm as a function of alcohol concentration differs 

from that of the aqueous solutions of methanol. In the range of TX-100+SDDS mixture 

concentration corresponding to its saturated monolayer at the solution-air interface in the absence 

of alcohol and in the range of low alcohol concentration, the increase of the contact angle value 

was observed. Additionally, the critical surface tension of PTFE wetting [1] and the adhesion work 

of the solutions to its surface were determined. 
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While the Marangoni-stress-driven spreading of surfactants along continuous fluid interfaces is a 

well-studied problem, we demonstrate experimentally that swift and efficient surfactant transport 

can also occur along discontinuous interfaces. We used chemical surface patterning to create arrays 

of discrete drops and liquid bridges immersed inside a second immiscible liquid. Surface-active 

compounds introduced at one end of the linear array are transported along the array via surfactant-

induced interfacial convection at a rate by far exceeding diffusion. We believe this mechanism to 

be relevant to the application of surfactants in enhanced oil recovery, where oil−water interfaces 

are likely to be discontinuous. Marangoni flows can provide access to dead-end pores and low-

permeability regions that are otherwise bypassed by conventional pressure-driven waterfloods. 

 

 

 

 

 
 

Fig. 1: False-color representation of the surfactant concentration distribution around an array of 

liquid droplets immersed in a second immiscible liquid phase. 
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Wettability reversion is a factor which affects the heavy and extraheavy oil´s wells production. 

Hence the importance of studying the mechanisms involved in this phenomena to propose 

technologic solutions. Some works reports that asphaltenes and resins are responsible of the 

wettability reversion [1, 2, 3]. Also, it has been suggested that the reversion mechanism is 

promoted by the asphaltenes precipitation. In a first stage, in this work the crude oil fractions 

implicated in the wettability reversion were identified through a pore model, thereby using NMR 

tubes of 10 mm diameter. Results showed that the wettability reversion is given by the asphaltenes 

and resins migration from the crude oil bulk, crossing the crude oil-water interface, to finally 

adhere to the surface, bypassing the precipitation due to the tensioactive properties nature of these 

molecules. In a second phase, the reversion degree caused by the asphaltenes and resins was 

determined on silica sheets, by contact angle measures. For this, it was necessary to isolate the 

asphaltenes and resins of two crudes (M and C) from the Faja Petrolífera del Orinoco (FPO). 

During four weeks the silica sheets, previously wet in water, were put in contact with solutions of 

10, 25, 50, 100, 250 and 300 ppm of each fraction. In general, noteworthy changes in contact angle 

measures were evidenced after the third week, being the values in 90°-95° to the sheets wet in the 

resins solutions and 110° to the sheets wet in asphaltenes solutions, indicating this a wettability 

reversion effectively took place in the M and C crudes oil. Once demonstrated this, it was designed 

a formulation (SRNI) based in a mix of non ionic surfactants and of short chain (C1-C2) n-alcohol 

cosurfactants, which is able to reverse the oil-wetting condition. The application of the formulation 

was oriented as a nonreactive stimulation technology for the FPO’s wells. 
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Liquids that produce stable foams on Earth also produce stable foams in microgravity 

environments as it could be expected (1). It is less obvious to guess what will happen with liquids 

that produce small amounts of foam or no foam at all on Earth. Experiments in parabolic flights 

and in the International Space Station showed that even water can produce significant amount of 

foams, although only if the liquid volume fraction is higher than about 35%. Ethanol-water 

mixtures also produce foams in microgravity, the amount being maximum in a range of ethanol 

volume fraction of 10-20% as on Earth (but the foam volume in microgravity is much larger). Still 

more unexpected, aqueous surfactant solutions containing antifoam particles (hydrophobic silica, 

nonionic solutions above the cloud point) produce appreciable amounts of foams in microgravity. 

All the foams produced in microgravity remain stable over long periods of time. We will explain 

how we have been able to rationalize these observations. 
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Wettability is a widely used property in many industrial applications. It is an important parameter 

in determining the degree of adhesion or affinity of a liquid to a solid substrate. If the liquid 

spreads out completely on the solid surface, forming a thin liquid film, the solid surface is 

completely wet by the liquid. In contrast, a partial wetting state is observed when the liquid only 

spreads to a limited extent, maintaining a characteristic drop shape on the solid surface. In both 

cases, the level of wettability of the system is determined quantitatively by the contact angle [1]. 

The Young’s equation gives the equilibrium between the solid/liquid/vapor phases at the point of 

contact, also called triple point [2].  In this study, the degree of adhesion of nonionic surfactant 

solutions on long-chain paraffin surfaces was investigated. The nonylphenol polyethoxylate 

surfactant, with 10, 20, 30, and 40 ethylene oxide units, was used to obtain the surfactant solutions, 

according to each surfactant critical micelle concentration. Interaction between the solid-liquid 

phases was determined by measuring the contact angle, while the morphology of the surfaces was 

obtained by atomic force microscopy. First, the melting point of the three paraffin materials was 

determined. The paraffin substrates were obtained by heating each of the paraffin materials until its 

melting point and depositing in a PVC molding apparatus (3.0cm inner diameter and 1.5cm height). 

It was observed the evolution of the advancing contact angle, establishing a relationship between 

dynamic wettability with spreading over time. The contact angles obtained demonstrate that the 

molecular weight of paraffin has a direct influence on the wettability of the surface by the 

surfactant solutions. The rise in paraffin molecular weight promoted a reduction in the contact 

angle between solid-liquid interfaces due to the formation of surfaces with lower roughness. The 

melted paraffin deposited on the surface crystallizes more abruptly as higher its melting 

temperature is, which impedes crystal formation, leaving the surface more amorphous and, 

consequently, with less irregularities. The increase in ethoxylation degree promotes an increase in 

c.m.c. value, surface area (A), and Gibbs free energy (ΔGmic - absolute value). In contrast, an 

increase in ethoxylation degree promotes a decrease in the adsorption per unit of area of surface 

excess concentration (Γ). When the ethoxylation degree of surfactant decreased, an increase in 

paraffin surface wettability by surfactant solutions was observed, confirming that a reduction in the 

hydrophilic degree of surfactant enhances its interaction with non-polar media. 
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The hydrophobins are proteins that form the most rigid adsorption layers on the air-water and oil-

water interfaces in comparison with the other amphiphilic proteins. A strong short-range attraction 

(hydrophobic surface force) was detected between two HFBII hydrophobin adsorption layers 

across water [1]. Here, we investigate single adsorption layers and foam films from mixed solutions 

of HFBII with the milk protein b-lactoglobulin (BLG) and the egg protein ovalbumin (OVA), as 

well as with the nonionic surfactant Tween 20. The results are compared with those for adsorption 

layers from HFBII alone and from HFBII + b-casein. The rheology measurements were carried out 

by a rotational rheometer with adsorption layers at the air-water interface. The data for the 

interfacial shear stress comply with a viscoelastic thixotropic rheological model [2]. The addition 

of BLG and OVA increases the shear elasticity and viscosity of the HFBII adsorption layers. In 

contrast, the addition of the disordered protein b-casein and of Tween 20 significantly decreases the 

surface rigidity. To understand how the differences between the rheological behaviors of the 

investigated systems are related to the structure of the respective mixed protein layers, we carried 

out experiments with thin foam films. The results imply that the hydrophobin and BLG (or OVA) 

form two separate adherent layers at the interface. Conversely, the b-casein and Tween 20 form a 

mixed layer with the HFBII and their presence disturbs the integrity of the hydrophobin elastic 

membrane. The obtained results indicate that it is possible to replace up to 90–95 % of the 

hydrophobin in the solution with a globular milk or egg protein without any essential decrease of 

the surface rigidity, and reveal the possible reasons for this effect. 

 

 

(Left) Shear stress tsh vs time t obtained in angle-ramp regime at five different concentrations of added Tween 

20. (Right) At the final stage of film thinning, the globular protein (BLG) is pressed out. 
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The protein adsorption at liquid – fluid interfaces is an important step in various technological and 

biotechnological processes [1]. At the same time, the degree of destruction of the protein’s tertiary 

and secondary structures in the course of adsorption still remains to be elucidated [2,3]. It has been 

shown recently that the unfolding of globular proteins in the surface layer results in a local 

maximum of the dilational dynamic surface elasticity [3,4]. The surface elasticity dependences of 

solutions of bovine serum albumin (BSA) and beta-lactoglobulin (BLG) in presence of sufficient 

amount of strong denaturants such as urea and guanidinium chloride (GuHCl) are non-monotonic 

and approach low values close to equilibrium indicating the formation of loops and tails in the 

surface layer.The lysozyme molecules are more stable at the interface as compared to BLG and 

BSA, and the local maximum of the surface elasticity appears at higher concentrations of the 

denaturants than in the case of BSA and BLG solutions. The addition of polyelectrolytes to 

protein/GuHCl solutions can result to further changes of the kinetic dependencies of the dynamic 

surface elasticity if the protein and polyelectrolyte are oppositely charged. The influence of 

polyelectrolyte is quite week for the mixed polydiallyldimetylammoniumchloride (PDADMAC) 

and BSA/GuHCl solutions at pH 7 but very strong in the case of mixed sodium 

polystyrenesulfonate (PSS) and lysozyme/GuHCl solutions also at pH 7. In the latter case the 

kinetic dependencies of the dynamic surface elasticity indicate the complete loss of the lysozyme’s 

tertiary structure in the surface layer if the PSS concentration exceeds 0.1 g/l. This strong 

synergistic effect was observed only for the unfolding of lysozyme globules in the surface layer 

under the influence of PSS/GuHCl mixture and probably elucidates the contribution of electrostatic 

interactions between the protein and denaturant in the course of globule unfolding. If GuHCl is 

replaced by urea this effect disappears and the kinetic dependencies of the surface elasticity 

become monotonic if the PSS concentration is higher than 0.01 g/l. Another prerequisite of the 

synergistic effect is probably the flexibility of the polyelectrolyte chain facilitating the interaction 

with the oppositely charged amino acid residues of the partly destroyed protein globule. 
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The paper presents the experimental results of research upon the effect of an internal DC electric 

field on the braking torque in a rotating shaft–oil–rotary lip seal system. In the research 

polyalkylene glycol (PAG) and synthetic oil PAO and two additives — antiwear (AW) and friction 

modifier (FM) — were used. The research was carried out for a friction junction similar to that as 

used in a sump of car engines. In the interfacial systems: a metal shaft–oil and oil–a rotary lip seal 

the DC electric field was generated after the DC voltage had been applied between the earthed 

rotating metal shaft and the stiffening ring of a lip seal. The rotating shaft’s braking torque was 

measured for different base oil’s temperatures and for different oil–AW and FM additive mixtures 

with 0.1 and 0.5 wt% and for different angular shaft’s velocities and DC voltages. The 

temperatures were regulated within a range of 60 to 100 °C while the angular velocities ranged 

from 500 to 2000 rpm. The DC voltage was varied from 0 to ±1500 V. The upper voltage was 

limited by the electric strength of an oil film in the gap between the rotating shaft’s surface and the 

lip of a lip seal. It was found that the changes in the braking torque were dependent on the polarity 

and value of the DC voltage applied.  

Also an effect of the additives used on the electrorheological characteristics of lubricating 

oil–additive mixtures was studied. To this end the dynamic–oscillatory tests were performed. For 

each mixture the trends of complex viscosity changes and of the electric current for a constant 

amplitude and frequency of oscillating movement of a plate were obtained. The tests were 

performed using a rotating rheometer that worked in a plate–plate system equipped with a special 

head for electrorheological research.  

 

 

In both experiments (Figs. 1 and 2) it was found that the external electric field in the both interfacial systems 

caused the braking torque and the complex viscosity to be reduced. 
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N-alkyl pyrrolidones are well-known solvent with low vapor pressure and toxicity, which are 

widely used in industrial applications such as flocculation of particles, skin permeation enhancers, 

shampoo and cosmetics [1]. Though those compounds have good surface activity, they exhibit 

lower consolute temperatures and phase separation occurred even at ambient temperatures [2]. 

Recently, we have reported a series of Gemini surfactants with pyrrolidone head groups (Di-CnNP) 

that showed excellent surface activity and interesting pH-responsive aggregation behaviors [3, 4]. 

In this paper we investigated the surface activity of pyrrolidone based single-tailed surfactants 

(CmNPs, Scheme 1) and compared to their dimmer partners. Interestingly, the aggregation behavior 

of CmNPs is richer and exhibit pH, CO2 and Cu2+ multiple stimuli-sensitivity as confirmed by 

rheology, static and dynamic light scattering, and cryo-TEM measurements. The mechanisms of 

those transitions are further illustrated by employing NMR technique. The pH-dependent reversible 

spherical micelle to vesicle transitions via wormlike micelle observed in the CmNP aqueous 

solutions are owing to the protonation state variation of amino group in the molecule. Similarly, 

bubbling and removing CO2 also induced reversible vesicle to wormlike micelles transitions. 

Furthermore, CuCl2 induced micelle to vesicle transitions are mainly due to the coordination 

interactions between Cu2+ and CmNPs. According to their multiple stimuli-sensitivity, CmNPs will 

shed some lights to design and synthesis new stimulus responsive materials.  
 
 

 
 

Scheme 1. Chemical structures. 
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Sulfobetaines constitute an important class of zwitterionic surfactants which are mild/less irritating 

to skin as compared to many ionic surfactants and are commonly used in personal care products. 

Their hydrophilic polar head carries both positive and negative charges thus rendering its 

hydrophilicity in between ionic and nonionic amphiphiles. The micellar characteristics of 

alkyldimethylammoniopropane-1-sulfonate (C10 – C16PS) in water and NaCl solutions are 

examined. The interfacial activity, micellar parameters and solubilization capacity were evaluated. 

The effect of these surfactants on Triton X-100 micelles was monitored by dynamic light scattering 

(DLS) measurements. Progressive addition of zwitterionic surfactant decreases apparent micelle 

size of nonionic micelles due to gradual formation of mixed micelles possesing ionic character. The 

mixed surfactant systems showed ideal mixing behavior, with the obtained interaction parameters 

falling practically around same values as obtained by the theoretical calculations. These results are 

in agreement to data reported by Penfold et. al. [1]. We report a detailed study on interaction of 

zwitterionic surfactants with TX-100 micelles using different analytical methods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[1] Hines, J. D.; Thomas, R. K.;Garrett, P. R.; Rennie, G. K.; Penfold, J., J. Phys. Chem. B 1997, 

101, 9215-9223.  
 

  



5. PHASE BEHAVIOR AND SELF-ASSEMBLY 

254 

[P5.3] 

 

Key factors regulating the mass delivery of macromolecules to model cell 

membranes: gravity and electrostatics 

 

Richard Campbell1, Erik Watkins1, Vivien Jagalski2, Anna Runnsjo-Åkesson2, Marité 

Cárdenas2 

 
1Institut Laue-Langevin, France 

2University of Copenhagen, Denmark 

 

 

An immense research effort has been invested over the years to understand the mechanisms of 

interactions between macromolecules and cell membranes [1]. Positively charged macromolecules 

can be recruited into the cell by the endocytosis pathway and then trafficked by different organelles 

according to their charge [2]. A key challenge is to develop drug delivery systems involving the 

efficient transport of therapeutic agents to lipid membranes [3]. One approach is to position 

reservoirs of the drug in contact with the membrane for continuous delivery by slow diffusion [4]. 

In this case the drug may be encapsulated into aggregates of lyotropic phase, thus providing a way 

to reduce dosages and the frequency of injections administered to patients. 

Here we show that both gravity and electrostatics are key factors regulating interactions between 

model cell membranes and self-assembled lamellar aggregates of dendrimers and phospholipids 

[5]. The system is a proxy for the trafficking of reservoirs of therapeutic drugs to cell membranes 

for slow diffusion. Neutron reflectometry measurements were carried out on supported lipid 

bilayers of varying charge and on hydrophilic silica surfaces. Using a novel approach, we made 

measurements both above and below the bulk liquid to highlight effects of bulk phase separation 

and gravity on the interfacial properties. Translocation of the macromolecule across the membrane 

and adsorption of the lamellar aggregates occur only when the membrane (1) is located above the 

bulk liquid and (2) has sufficient negative charge. The directionality effects were dramatic and we 

emphasize their effects to researchers involved in biochemical investigations of complex 

formulations in the future. Further, our findings indicate the potential to switch on the interaction 

mechanism through tuning the charge of the aggregates and/or to specific cell types, which we 

discuss in the context of potential future targeted drug delivery applications. 
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Sophorolipids are a class of biosurfactants belonging to the family of alkylglycosides and which are 

produced by the yeast Candida bombicola in presence of sugars, fatty acids and water. These 

compounds are developed at an industrial scale because of the high production rate, which is 

several hundred grams per liter of the yeast culture batch. If they are appealing to the cleansing and 

cosmetic industries, their potential is much larger.[1,2] Recent work discuss their antibacterial and 

anticancer properties and even some tests as polymer precursor were attempted. Specific 

applications in the field of material science also start to appear but the amount of work is still in its 

infancy. 

This communication has the goal of showing the self-assembling properties of the acidic form of 

sophorolipids. In water, their self-assembly behaviour strongly depends on pH. In particular, 

SANS, ASAXS, coupled to cryo-TEM and Molecular Dynamic Simulations will be used to 

precisely describe the micellar shape, size and surface charge distribution but also the interactions 

with counterions according to their nature (monovalent, divalent). pH effect will be shown to have 

a strong influence on the nature of the assemblies, as micelles disrupt in favour of larger assemblies 

whose morphology will be described using high-resolution cryo-TEM coupled with sample tilting. 

The effect of the molecular geometry will also be shown as micelles can be transformed into 

infinitely long fibers with nanoscale chirality. [3,4,5] In this case, a combination of SANS, WAXS 

and solid state NMR will be used to describe the molecular arrangement within the fibers. Few 

examples of application in the field of mesopore generation in silica powders and thin films [6] and 

stabilization of iron oxide nanoparticle [7] will briefly be mentioned. 
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The milk protein kappa-casein forms in aqueous solutions several types of assemblies, including 

amyloid-like fibrils that are known to be associated with various neurodegenerative diseases. 

Therefore, kappa-casein can be considered a good model for studying beta-amyloid formation.  

Previous studies showed that beta-casein influences kappa-casein fibrilization [1, 2]. Here, we 

extend our work on the self-assembly of caseins [3, 4, 5] and focus on identifying the mode of 

interactions and the mechanism that lead to inhibition or prevention of kappa casein fibrils by beta-

casein. We studied the interactions between the two proteins by isothermal titration calorimetry 

(ITC). Our results clearly confirm an interaction between beta-casein species (monomers and 

micelles) and kappa-casein fibrils, taking place at the concentrations of beta-casein exceeding the 

beta-casein CMC. We consider the interactions as adsorption of beta-casein monomers and 

micelles on kappa-casein fibrils. Values of the total interaction enthalpies were calculated. The 

differences found are attributed to changes in the number or length of the fibrils. Confirmation of 

the interaction we obtained by fluorescence light microscopy. Cryogenic-transmission electron 

microscopy (cryo-TEM) indicated changes in the fibrils morphology. Small-angle X-ray scattering 

(SAXS) demonstrated wider distribution of the fibrils width in the presence of beta-casein. 
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Synergistic growth of rodlike micelles at low surfactant concentrations was found in binary mixed 

solutions of anionic and zwitterionic surfactants [1]. By selecting a composition near the maximal 

micelle size of the binary system (80 % cocamidopropyl betaine, CAPB, and 20 % sodium 

laurylethersulfate with one ethylene-oxide group, SLES-1EO), we studied the effect of a third 

component – fatty acid: caprylic, capric, lauric or myristic. For a given fatty acid concentration 

domain, the viscosity of the micellar solution exhibits a sharp and high maximum, which is higher 

for the acids of shorter chain. Experiments with polarized light and NMR revealed that these 

viscous solutions are isotropic, i.e. we are dealing with micellar solutions, rather than with liquid-

crystalline phases. Light scattering experiments with solutions diluted with D2O or H2O are in 

accord with elongated or spheroidal aggregates, respectively. Cryo-TEM experiments with the 

concentrated systems revealed a complex phase behavior: wormlike micelles up to the peak; giant 

interwoven micelles just after the peak; and disclike micelles transformed into vesicles far to the 

right of the viscosity maximum. Such complexity is to be expected in view of the thermodynamic 

theory of disclike micelles [2,3]. The observed resonance growth of giant micelles could be due to 

the optimal spatial packing of hydrocarbon chains (in the micelle interior) and of headgroups (at 

the micelle surface) for a certain composition of the investigated ternary surfactant system. 
 

 
 

Plots of the viscosity of the ternary solutions vs the concentration of added capric or lauric acid. 
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Systematic experimental study is performed about the effects of chain length (varied between C8 

and C18) and concentration of fatty acids (FAc), used as co-surfactants to the mixture of the 

anionic surfactant SLES and the zwitterionic surfactant CAPB. The following properties are 

studied: bulk viscosity of the concentrated solutions (10 wt % surfactants), and dynamic and 

equilibrium surface tensions, surface modulus, and foam rheological properties for the diluted 

foaming solutions (0.5 wt % surfactants). The obtained results show that C8-C10 FAc induce 

formation of worm-like micelles in the concentrated surfactant solutions, which leads to 

transformation of these solutions into visco-elastic fluids with very high apparent viscosity, see Fig. 

1. The same FAc shorten the characteristic adsorption time of the diluted solutions by more than 10 

times. In contrast, C14-C18 FAc have small effect on the viscosity of the concentrated solutions, 

but increase the surface modulus above 350 mN/m which leads to higher friction inside sheared 

foams and to much smaller bubbles in the formed foams. The intermediate chain C12 FAc 

combines some of the properties seen with C10 FAc and other properties seen with C14 FAc. 

These results clearly demonstrate how appropriate co-surfactants can be used for efficient control 

of the rheological properties of concentrated surfactant solutions and some of the foam attributes. 

 

 
 

Figure 1. Apparent shear viscosity as a function of fatty acid concentration, in 10 wt % BS solution for C8Ac 

(blue squares), C10Ac (red circles), C12Ac (green triangles), and C14Ac (pink diamonds). 
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Gemini surfactants are a relatively new class of surface active agents containing two single-chain 

amphiphilic molecules linked together at the head group level by a spacer [1] (Fig 1.). Gemini 

surfactants revealed higher surface activity compared to the corresponding conventional single tail 

surfactants of the same tail length and the same polar head group. Moreover, the measured value of 

the critical micelle concentration (CMC) of gemini surfactants is up to two orders lower than that 

of their traditional analogues [2, 3 ,4]. This creates the opportunity to receive commercial and 

industrial products with much lower concentration of surfactants without losing their efficiency.  

A series of gemini surfactants with 4-dodecylbenzene tails, sulfonic head groups, and different 

length of flexible polyethylene spacer was obtained. The physicochemical properties, surface 

activity and aggregation behavior were investigated. Obtained gemini surfactants were more 

effective in decreasing surface tension and the measured of CMC values were at least two order of 

magnitude lower compared with the conventional single tail surfactant. DLS measurement revealed 

presence of two distribution of aggregates with apparent hydrodynamic radii of about 50 and 150-

250 nm. With increasing spacer length the size of the smaller and larger aggregates increased. 
 

 

 

Figure 1. Structure of gemini surfactants. 
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Surfactants aggregate into micelles in aqueous solutions, what determines its properties and affects 

application. Higher surface activity in comparison to conventional analogues, gives gemini 

surfactants the opportunity for efficient application in very small concentrations [1]. Amidoamine 

based surfactants are widely applied in household chemistry formulations, cosmetics and industrial 

additives, including antimicriobial agents [2]. 

A series of gemini surfactants based on amidoamines (m-s-m structure) varying in alkyl spacer 

length (figure 1), has been synthesized and their aggregation and surface properties in aqueous 

solution were determined by tensiometric, conductometric and scattering methods. The obtained 

gemini-amidoamines have very low critical micelle concentration (CMC) values and low Krafft 

points. CMCs were two orders of magnitude lower compared to single tail analogue and showed 

spacer-length dependence. Above CMC, surfactants formed aggregates as observed by dynamic 

light scattering measurements. Chemical nature, length and structure of the spacer are important 

feature affecting micellization and aggregation properties of gemini surfactants [3]. 

 
 

 
 

Figure 1. Synthesis of amidoamine gemini surfactants, s = 3, 4, 6, 8, 10, 12. 
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Shampoo and shower gel formulations commonly incorporate two or more surfactant materials to 

optimise macroscopic viscosity and enhance cleansing properties. Viscoelastic behaviour is 

observed in surfactant mixtures as the fluid isotropic composition approaches a liquid crystal phase 

boundary. Long time-dependent kinetics associated with the formulation process of such products 

can result in unpredictable performance and quality issues. Authors have previously demonstrated 

that time-dependent effects (hours to weeks) in the viscoelastic phase region of anionic/zwitterionic 

surfactant mixtures are linked to order of mixing and amphiphile composition[1-3]. In this research 

we construct a ternary phase diagram for the sodium lauroyl methyl isethionate (SLMI)/(N-

hexadecyl-N,N-dimethylammonio)acetate (cetyl betaine)/water system depicting viscoelastic and 

liquid crystal phase regions. A combination of optical microscopy and x-ray scattering techniques 

are used to delineate mesophase structure. Nuclear magnetic resonance spectroscopy, light 

scattering and viscosity measurements are used to observe relaxation kinetics on mixing individual 

aqueous components in the aforementioned system. The dependence of kinetics on SLMI/cetyl 

betaine mole ratio is complex, however slow relaxations were found on diluting non-viscoelastic 

SLMI-rich solutions to compositions within the viscoelastic phase boundary. The results of this 

work will provide an insight into micellar build-up and break down mechanisms. 
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Alkylamidopropyldiethylamine oxides are amphoteric surfactants that can exist in the form of a 

cationic or zwitterionic surfactant depending on the pH [1]. In acidic solution the amine oxide head 

group is protonated, whereas under alkaline conditions the amine oxide head group is net zero 

charged. 

Amphoteric surfactants have unique properties such as low toxicity, high stability against 

electrolytes, acides, alkalis, hard water, and degradation by reducing or oxidizing agent. The 

amphoterics are dermatologically mild surfactants and moreover are able to reduce irritation 

properties of anionic surfactants due to complex formation. As mild surfactants they are mainly 

used in cosmetics and toiletries [2]. 

The synthesis and properties of alkylamidopropyldiethylamine oxides with different alkyl chain 

length is presented (Fig. 1).The dual function of obtained surfactants were determined using zeta 

potential measurement. The aggregation and surface properties were investigated depending on the 

pH value using tensiometric method. The decrease of CMC value with increasing pH has been 

observed. At fixed pH the CMC value decreased with increasing chain length. 

 
 

 

 

 

Figure 1. Schematic structure of the alkylamidopropyldiethylamine oxides. 
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Aqueous solutions of surfactants have long been the focus of neutron scattering studies. In this 

experiment we have used Small Angle Neutron Scattering (SANS) to measure the effect of altering 

a variety of sample conditions on a lamellar phase consisting of a nonionic surfactant, tetraethylene 

glycol monododecyl ether (C12E4), D2O and deuterated octane. We have progressively replaced 

nonionic surfactant with an anionic surfactant, sodium dodecyl sulfate (SDS) up to a level of 5% 

SDS. At each concentration of SDS the D2O / octane ratio has been varied from 100% D2O across 

a full range of solvent compositions to 100% octane, and measurements repeated over a range of 

temperatures. Each set of measurements was conducted for three different total surfactant 

concentrations, 20%, 17.5% and 15%. 

Notable changes in the scattering were observed upon the addition of charge to the lamellar 

bilayers in both the water dominant and oil rich regions. The effects on the lamellar structure upon 

charge addition were far more developed and immediate in the water rich region, while those 

solutions where the octane predominated only displayed markedly different behaviour to the purely 

C12E4 / solvent mixtures in the presence of 5% SDS. This contrast in the behaviour of the lamellar 

structures when a charged surfactant is added, depending on whether it is in a water or oil rich 

environment, proves interesting when considering the balance between the steric interactions that 

govern nonionicsurfactant systems and the electrostatic interactions that affect charged surfactant 

systems. 
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The self-assembling behaviour of amphiphilic block copolymers in solution as an approach for 

engineering nano-objects has been focus of a broad interest by the scientific community[1]. These 

structures of diblock copolymers have a strong potential in many applications, ranging from 

microreactors, biological therapeutic and diagnostic agents, drug delivery and transport to 

rheological additives and embedded encapsulations[2]. The morphology of block copolymer 

assemblies is controlled by a delicate balance of forces that can be tailor by several variables, such 

as composition and chain length of each block, tension between the core and the bulk solvent, ratio 

of hydrophilic to hydrophobic block, concentrations, as well as solvents, temperatures or 

additives[3]. 

In this research work, the formation of tailor-made magnetic hybrid nanostructured has been 

explored by applying a self-assembly methodology with different block copolymers (BC) in the 

presence of oleic-coated superparamagnetic iron oxide nanoparticles (SPION). We show that 

depending on the nature of the interactions that are provided by the anchoring block, polystyrene, 

poly(4-vinyl pyridine) or poly(2-(dimethylamino)ethyl methacrylate), the hybrid nanostructures 

can range, respectively, from small-sized nanodispersions, large nanoaggregates, to polymersome 

nanostructures. To the best of our knowledge, the latter represent the first report of well defined 

magnetic vesicles containing peripheric SPION and a hydrophobic core prepared by block 

copolymer self-assembly, which may find relevant applications, such as in magnetically-targeted 

drug delivery. 
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The self-assembly of biological and synthetic based lipids into micro- and nano- structures has 

been the subject of intense study in past years, both for basic research and for potential 

applications, ranging from controlled release to electroactive composites [1]. Lipids as 

phosphatidylcholine (PC), phosphatidylethanolamine (PE) and phosphatidylserines (PS) that are 

common in the plasma membranes, can exhibit a variety of lamellar phases in aqueous solution. 

Some of them (e.g., PS) as well as synthetic or mixed-lipid systems can form chiral aggregates in 

the form of cylindrical tubes, to minimize their free energy requirement. 

The first class of tube-forming amphiphilic lipids was reported by Yager and Schoen in 1984 [2], 

from a diacetylenic phosphatidylcholine lipid, 1,2-bis (tricosa-l0,l2-diynoyl)-sn-glycero-3-

phosphocholine, designated DC8,9PC. Several theoretical approaches were suggested regarding the 

chiral self-assembly of synthetic phospholipids; however these theories of chiral packing do not 

consider the effect of solvent on tubule morphology. Addition of short chain alcohols was found to 

have a strong influence on bilayer uniformity, yet, little is known about the tendency towards single 

or multilayered tubular structures [3]. 

Cryo-transmission electron microscopy (cryo-TEM) is a powerful direct imaging technique which 

enables to capture intermediate structures (Fig 1) and follow dynamic processes. We used cryo-

TEM to study the self-assembly pathway of DC8,9PC from liposomes to microtubes in different 

solvent environments, through the liquid crystalline to the gel phase transition. 

 

 
 

Fig 1. DC8,9PC lipid intermediate membrane structures.  
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The derivatives of 1,4-diazabicyclo[2.2.2]octane (DABCO) are of great interest due to their wide 

practical applications. This work focuses on mono-, bis- and tetra quaternary ammonium salts of 

DABCO. We have investigated the influence of various structural units (the number of charged 

centers and the alkyl chain length) on the interfacial adsorption and aggregation characteristics, as 

well as on the solubilization, catalytic and antimicrobial properties. The self-assembly in aqueous 

solutions and adsorption at water-air interface were examined by physical methods (tensiometry, 

conductometry, potentiometry, fluorimetry, spectrophotometry). The critical micelle concentration 

(CMC) and the adsorption parameters, the degree of counterion (Br-) binding with the micelles 

were determined. The aggregate sizes are examined by dynamic light scattering. The aggregation 

numbers were estimated by fluorimetry (quenching of pyrene fluorescence with cetylpyridinium 

bromide used as a quencher). The ability of quaternized salts of DABCO to solubilize the 

hydrophobic organic dye (Orange OT) was studied by spectrophotometry. The solubilization 

capacity of aggregates was calculated. The catalytic activity of quaternized salts of DABCO 

aggregates was investigated in the hydrolysis of alkyl (4-nitrophenyl) chloromethylphosphonates 

(PAE).The kinetics of there actions was studied by UV-vis spectrophotometry and 31P NMR 

methods. Reaction kinetics was treated in terms of pseudophase model of micellar catalysis. It has 

been shown that the CMCs of mono- and tetra-quaternary ammonium salts of DABCO are lower 

than their bis-quaternary analogues. The increase in the number of charged centers (from one to 

four) leads to the decrease of both the aggregation number of micelles and the catalytic effect 

toward hydrolysis of PAE, while improves the solubilization capacity of aggregates. The increase 

in alkyl chain length of quaternary salts of DABCO improves their aggregation capacity, i.e. 

decrease CMC values and increase aggregation number of micelles), solubilization and catalytic 

properties. In order to elucidate the potentiality of investigated amphiphiles to the gene transport 

through a biological membrane, their ability to integrate into model liposomes was studied.  
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In this work, we investigated the effect of temperature on the solubiliation behavior of three 30% 

active and 85% sulfonated (0.15 weight fraction of nonionic component in the presence of 0.85 

weight fraction of anionic component) alkyl ether sulfonate (nC17-O-(CH2CH2O)7-SO3Na: 

nC17EO7S), (iC17-O-(CH2CH2O)10-SO3Na: iC17EO10S) and (nC17-O-(CH2CH2O)10-SO3Na: 

nC17EO10S) in a petroleum formation brine having high salinity and hardness (total salinity: 181 

g/L, Ca2+: 10.3 g/L, and Mg2+: 4.0 g/L). iC17EO10S was found to form turbid solutions at room 

temperature (23 oC) in the concentration range 0.025-1.0 wt%, which ultimately separate into two 

phases, a gel-like suspension and a clear lower phase. Upon heating, these solutions remain turbid, 

suggestion a clear point above the boiling point of water. On the other hand, iC17EO10S formed 

clear and stable solutions in brine at room temperature, suggesting a surfactant clear point below 

room temperature. Upon heating, concentration dependent clear-to-turbid transition temperatures 

were observed and were attributed to the cloud point of the nonionic component (weight fraction 

0.15 iC17EO10 in the mixture) in the presence of the anionic component (weight fraction 0.85 

iC17EO10S in the mixture). nC17EO10S formed turbid solutions which turned clean at room 

temperature, suggesting a clear point above room temperature. Upon increasing the temperature, a 

concentration-dependent turbid-to-clear transition occurred, followed by a clea-to-turbid one. The 

clear and cloud transitions were attributed to the clear point of the anionic component (weight 

fraction 0.85 nC17EO10S in the mixture) and to the cloud point of the nonionic (weight fraction 

0.15 nC17EO10 in the mixture). The significance of these observations is that ethoxylated 

sulfonates (usually considered as essentiallly anionic surfactants) may exhibit dual clear point and 

cloud point solubilization behavior in high salinity. This is of paramount importance when using 

these AES surfactants for EOR formulations. 

 

 
Figure1. Temperature- surfactant concentration (wt%) phase diagram for nC17EO10S (weight fraction 0.15 

nC17EO10 in the mixture) in the presence of the anionic component (weight fraction 0.85 nC17EO10S) in 

brine: clear point (♦) and cloud point (■). 
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Tailored solvents represent a wholly new paradigm in manufacturing and processing. Designing 

and producing solvents that meet programmed, specific requirements for a particular purpose 

greatly increases our ability to improve the process economics, selectivity, and yield 

Self-assembly processes are giving access to advanced functional supramolecular materials and 

providing an original approach to nanoscience and nanotechnology. However such appealing 

power remains virtually unexplored for the production of tailored solvents.  

In this work, environment-responsive alkanol-based supramolecular solvents were synthesized and 

characterized, and their potential to behave as restricted access properties extractants was assessed. 

Supramolecular solvent (SUPRAS) is a relatively recent term [1] that refers to the surfactant-rich 

phase (i.e. coacervate) separated from colloidal solutions of surfactants by self-assembly processes. 

This term emphasizes that amphiphiles form self-organized supramolecular structures in the 

separated liquid phase, this being the most distinctive feature compared to molecular solvents and 

ionic liquids.  

Alkanol-based SUPRAS were synthesized by adding water to solutions of (C7-C14) alkyl alcohols 

in tetrahydrofuran (THF). Water promoted alkanol self-assembly and caused liquid phase 

separation [2]. Phase diagrams depicting the boundaries for the region where separation of two 

isotropic liquids from ternary mixture of alkanol, THF, and water occurred, were obtained. The 

global composition of the solvent, the size of the coacervate droplets that form it, and the aqueous 

cavities of the inverted hexagonal arrangement of the alkanols can be tailored by controlling the 

environment (specifically, the THF:water ratio in the bulk solution) for alkanol self-assembly. 

Interestingly, SUPRAS are highly adaptive and the previous features can all be reversed by 

modifying the environment. The spontaneous self-assembly of these solvents followed predictable 

routes, and their composition and volume can be accurately predicted from equations derived in 

this work. The solvents were structurally elucidated by light and cryo-scanning electron 

microscopy.  

Extractive applications exploiting the molecular size-based restricted access properties of SUPRAS 

were developed. Solutes of increasing molecular weight were extracted from food and 

environmental samples with recoveries that were dependent on the vacuole size in the SUPRAS, 

while macromolecules such as proteins, carbohydrates and humic acids were excluded. These 

properties allow SUPRAS to be used as restricted access materials for the direct isolation of low 

molecular mass solutes from solid samples with no interference from high molecular mass matrix 

components.  
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Double-tailed surfactants such as phospholipids and dialkyl dimethyl ammonium halides are 

known to form lamellar liquid crystalline phases in wide composition range in aqueous systems. 

Nonionic double-tailed surfactants such as glycolipids with double phytanyl chains [1] have also 

been known to form lamellar phase. In this presentation we report phase behavior and structure of 

lamellar liquid crystalline phases in aqueous systems with a novel nonionic double-tailed 

surfactant, polyglyceryl dialkyl ether. 

The structure of the polyglycerol dialkyl ether, (C12)2Gn employed in this study is a two tail - one 

head type. It has a linear polyglycerol chain as a hydrophylic chain (n = 2.3, 5.4, 9.4 and 13.8) and 

two dodecyl chains attached to one end of the polyglycerol chain. Aqueous phase behavior in a 

composition-temperature phase diagram was relatively simple for all the series of the surfactant 

molecules. It showed a solid phase below a Krafft point around 20°C and a lamellar liquid 

crystalline phase with a single-phase state (Lα) or equilibration with a water phase (W+Lα) above 

the Krafft point. The Lα region in the (C12)2G13.8 system was formed in the widest composition and 

temperature ranges. The Lα region was shrunk gradually as n decreases although it remains exists 

even in the systems with (C12)2G2.3 having relatively smaller Griffin´s HLB value, 3.7. In dilute 

region (W+Lα), large multi-lamellar vesicles were formed by a simple agitation and small vesicles 

with about 100 nm of averaged diameter were formed by ultrasonication. 

Small angle X-ray scattering measurements showed a clear set of lamellar Bragg peaks except for 

the (C12)2G2.3 system. With interlayer spacings obtained from the 1st order peaks, averaged 

molecular occupied areas at hydrophylic-hydrophobic interface in the lamellar structure were 

calculated. As decreasing surfactant (or increasing water) concentration, water hydration is 

increased, in general, in any surfactant systems. In the present (C12)2Gn systems, the degree of 

increasing molecular occupied area is dependent on the hydrophilic group size. It is the lowest for n 

= 5.4 and the highest for n = 13.8. Especially the hydration for n = 13.8 was extraordinary, as the 

molecular occupied area was increased from around 0.6 nm2 at 80 wt% of surfactant concentration 

to around 1.1 nm2 at 30 wt%. This results shows much stronger hydration ability for the 

polyglycerol chain compared to poly(oxyethylene) chain [2-4], which could be attributed to the 

strong hydrogen bonding ability of the polyglycerol chain. 
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Amidoamine oxide surfactants (AAO) have multiple hydrogen bonding sites. One is an amine 

oxide group, and the others are amide groups. When amine oxide groups are partly protonated, 

hydrogen bonds form between protonated and deprotonated amine oxide groups [1, 2]. On the other 

hand, hydrogen bonding between amide groups is independent of the pH of solutions. 

We prepared AAO samplesin which the hydrocarbon chains, number and arrangement of amide 

groups, and spacer length differed between the amide and amine oxide groupsand examined the 

solution properties and gelation behavior [3, 4]. Some chemical structures of AAOs we synthesized 

are shown in Fig. 1. The various chemical structures significantly affected the interactions between 

molecules, such as the hydrophobic interactions and hydrogen bonding. In particular, hydrogen 

bonding was greatly affected by the position and arrangement of the amide groups in the molecule. 

We found that some AAOs form gels in water, salt aqueous solutions, and various organic solvents. 

We studied the temperature dependence of the viscosity of AAO aqueous solutions. For most 

AAOs, the viscosity of the aqueous solution increased initially with decrease in temperature, and 

sharp rise in viscosity was observed at gelation temperature. The gelation temperatures increased 

with increasing number of amide groups, spacer length, and hydrocarbon chain length. On the other 

hand, some AAOs with an oleyl chain did not show the critical gelation temperatures. In addition, 

we found different kinds of aggregate structures, such as thread-like, tubes, and ribbon-like 

structures in gel-like solutions by cryogenic transmission electron microscopy. The shapes of 

aggregate were related with the chemical structures of AAOs. 

Salt solution gels are applicable for cosmetics, and organogels are applicable for environmental and 

industrial use. Amidoamine oxide surfactants are easily synthesized due to their simple chemical 

structures, which is a useful property for industrial use. 

 
Figure 1 Examples of chemical structures of AAOs. (a) OLAMl-n (l=1-3, n=3 and 6), (b) RNC-n  

(R=C12H25, C14H29, C16H33, C18H37, and Oleyl; n=3 and 6), (c) RCNC-n (R=C11H23, C13H27, 

C15H31, C17H35, and CH3(CH2)7CH=CH(CH2)7 (OL); n=3 and 6) 
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Although the precipitation of long chain carboxylic acids from aqueous solutions upon addition of 

the heavy metal lead(II) ion has long been known and widely studied, there is still only limited 

quantitative information on the driving force for this process. This omission needs to be addressed 

as it is relevant to areas as diverse as corrosion inhibition [1], and art conservation [2]. In addition, 

information on the phase separation mechanism and structures of the solutions will be important in 

the development of models of such systems. 

The interaction of sodium octanoate, decanoate and dodecanoate, and sodium dodecylsulfate with 

lead(II) has been studied in aqueous solutions using potentiometry, electrical conductivity, turbidity 

and ICP-OES measurements [3]. At the lead(II) concentration used (1.0 mM), relatively strong 

interactions are observed with the decanoate and dodecanaote, leading to formation of the lead 

carboxylates (soaps) as insoluble complexes. In the carboxylates case, all techniques show 1:2 

(metal:carboxylate) stoichiometry corresponding to charge neutralization. With sodium octanoate 

and lead(II), a rather weaker interaction is seen, and complexation is only observed at 

metal:carboxylate ratios > 0.5. However, in contrast to our previous work on octanoate and 

calcium(II) in aqueous solutions [4], precipitation does occur at higher concentrations. 

Association constants of the complexes have been determined from potentiometric measurements 

and are consistent with data on solubility products. A comparison is made of the effect of surfactant 

head group on the interactions with lead(II) using two surfactants with the same chain length: 

dodecanoate and dodecylsulfate. Differences in their interactions with this metal ion in aqueous 

solutions are interpreted in terms of greater covalency of the bond between the metal and the 

carboxylate than with the sulfate group. 

Precipitation in lead(II) surfactant based systems involves a fine balance between hydrophobic 

factors, hydration effects and metal carboxylate interactions. These effects can be controlled for 

specific applications to lead(II) chemistry, such as environmental remediation, art conservation and 

corrosion protection. 
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Layered double hydroxides (LDHs), also known as anionic clays, with the general composition 

[M2+
1-xM3+

x(OH)2](An-)x/n·zH2O (M2+ = Mg2+, Zn2+, Ni2+ etc, M3+ = Al3+, Cr3+, Ga3+ etc), consist of 

positively charged brucite-like layers and interlamellar exchangeable anions. The intercalation of 

photoactive guests in these matrices is a versatile method for the synthesis of photofunctional 

materials with potential applications in light emitting devices, non-linear optics, pigments and 

sensors [1]. Pyrene is one of the most widespread fluorescence probes due to the ability of excimer 

formation and consequently emission in addition to the fluorescence of the fluorophore (monomer) 

itself [2].In the present work, 1-pyrenesulfonate (PS) and the surfactant 1-heptanesulfonate (HS) 

were intercalated in Zn,Al LDHs by a coprecipitation method, giving the materials denoted as 

Zn,Al-PS and Zn,Al-HS, respectively. In order to avoid aggregation of the guest molecule, a new 

material was synthesized by co-intercalation of PS and the anionic surfactant HS into the galleries 

of the Zn,Al LDH, affording Zn,Al-PS-HS. The three materials were characterized by FT-IR, 

Raman, 13CP MAS NMR, powder X-ray diffraction, thermogravimetric analysis and elemental 

analysis. Fluorescence studies were also performed and are described. 

 

 
 

Figure 1: Schematic representation of the possible arrangement of guest anions in Zn,Al-PS-HS. 
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Polyelectrolytes are known to drastically affect the phase behavior of oppositely charged 

surfactants. Generally, at stoichiometric charge ratio, an associative demixing occurs and the 

formed complex salt is concentrated in a phase coexisting with a dilute phase. The architecture of 

polyion is an important factor in the characteristics of the assemblies [1] and the present study 

investigates the phase behavior of complex salts using acrylate polyions carrying neutral side 

chains (of EO or NIPAM) of different lengths and at varying grafting densities.  

The aggregates formed in water were characterized by SAXS, DLS and diffusion NMR to analyze 

properties of the system (stability, thermosensitivity) and to identify the different mesophases 

observed due to the rich phase behavior presented. 

Gold nanoparticles can be grown in presence of the mentioned complex salts through the reduction 

of HAuCl4 by ascorbic acid. The effect of the complex salts of different polymers on the 

nanoparticles shape and size is being studied, as well as the final location of the complex salts after 

obtaining the nanoparticles. 

Polyelectrolytes can also be used to coat inorganic nanoparticles by electrostatic complexation. 

One example is the recovery of gold nanorods preformed and involved by a C16TABr bilayer. The 

use of the previously mentioned grafted polyanions is an alternative way to coat these 

nanoparticles, as an attempt to control the assembly of nanoparticles. This is another example of 

the importance of the complexation of polyions and oppositely charged surfactants to colloidal 

systems and some recent results will be presented. 
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Thermoresponsive polymers show excellent features as temperature sensors. These kind of 

polymers undergo a coil-to-globule transition when surpassing their own Low Critical Solution 

Temperature (LCST) which reflects a change in solubility in a given solvent. From previous studies 

and from our own research it is clear that the polymer solubility can be affected by several 

chemical species added to the polymer aqueous solutions. Our interest is to shift the LCST of a 

given thermo-responsive polymer to a target temperature value in a simple and low-cost way. For 

this purpose we used two thermo-responsive polymers - the most widely studied water-soluble 

thermo-responsive homopolymer, poly (N-isopropyl acrylamide) or PNIPAM, and Poly 

((diethylene glycol methyl ether methacrylate)-co-(triethylene glycol methyl ether methacrylate)) 

or P(mDEGMA-mTEGMA) - and surfactants, salts, co-solvents and urea derivatives as additives to 

tune the polymers LCST. The contribution of these additives to the thermal response of the two 

polymers may increase or decrease the LCST. This was investigated by UV-Vis, Rheology, 

Dynamic Light Scattering and Raman Spectroscopy. The results are interpreted based on the role of 

hydrophobic and electrostatic associations. 
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Nano-structured assemblies of varying complexity — viz. micelles, disks, tubules, fibers, and 

vesicles — can be created from small organic compounds and conventional amphiphiles making 

use of associative noncovalent interactions [1]. The macrocycle p-sulfonatocalix[4]arene (SC4) is a 

known receptor for organic ammonium cations in aqueous solution. Its strong binding ability for 

these guests is mainly due to the p-rich cavity and the additional anchoring points offered by the 

sulfonate groups [2]. In a previous work, we have studied the interactions in aqueous solution 

between SC4 and tetradecyltrimethylammonium bromide, showing the formation of giant 

unilamellar vesicles with high capacity for being stored by lyophilization (without use of cryo-

protectants) and then rehydrated without change of size or shape [3]. In this work, we have 

explored the interactions of SC4 with a cationic amino acid-based surfactant with a C16 alkyl 

chain. It was possible to observe the formation of flexible µm-long supramolecular tubes for a 

relatively wide range of macrocycle/surfactant mixing ratios. The formation process is slow (some 

days) and once assembled, the aggregates show fast Brownian motion, breaking into and reforming 

from spherical aggregates (vesicles). Results from surface tension, light microscopy, cryo-SEM and 

NMR will be presented and discussed, as well as the proposed structure for the bilayer-based 

aggregates. 

 

 
 

Figure: A) Supramolecular Ser16/SC4 tubules: light microscopy (a and d), fluorescence microscopy (b and 

e) and cryo-SEM (c and f). B) Possible interaction between the two molecules and respective bilayer 

formation. Bars: A, B, D, E - 5 µm; C - 1 µm; F - 2 µm. 
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Stimulus responsive hydrogels present the potential to exhibit reversible volumetric changes in 

response to external stimuli including pH, electric current, temperature and ionic strength. 

Therefore, these hydrogels have been studied for various applications including controlled drug 

delivery, tissue engineering, microscale actuators and microfluidic flow control. This study 

demonstrates that a new method to align and control spatial organization of bioactive hydrogel into 

microchannels of a poly(vinylidene fluoride) membrane and guide growth direction and spacing of 

living cells. This integrated bioactive hydrogel system was prepared by fabricating a micro-

channeled PVDF membranes and subsequently filling micro-channels with a hydrogel of 

chemically active methacrylic alginate. We believe that the integrated bioactive hydrogel 

membrane developed in this study will be highly useful for a broad array of drug delivery 

carriers in varied applications. 
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We show that auto-condensation of organoalkoxysilane reactive surfactants, followed by suitable 

anion exchange, produces solvent-free nanoparticle nanofluids we call organosiloxane 

supramolecular liquids. We find that classical liquid properties are exhibited with some distinct 

differences. We observe heat capacity anomalies manifested as lambda transitions in excess heat 

capacity centered around a glass transition (Tg) and around a freezing transition. The Tg-proximal 

lambda transition is the first experimental realization of an enthalpic phase transition overlying a 

glass transition. The existence of such a connection or coincidence has undergone decades of 

theoretical conjecture. The second anomaly spanning the melting/freezing range is the first reported 

excess enthalpy ever reported for an experimental particulate fluid undergoing a phase transition. 

The integral enthalpy from these lambda transitions is quantitatively accounted for by the loss of 

specific surface area of the particles, and the associated surface free energy, upon freezing and 

upon cooling beneath the glass transition temperature. This new material and cousins to be 

similarly derived promise to become useful in developing soft-sphere potentials in the 

thermodynamics of polymeric liquids [1]. We also find that these fluid particles, because of their 

polydispersity, are the first experimental example exhibiting three-dimensional crystallization 

frustration with demonstrable coexistence of crystals and amorphous solid phases. 

  Similarly composed nanofluids obtained by condensation on nanosilica core templates and surface 

decorated with both ionic liquid organic salt groups and with various reactive groups are exotic 

cross-linking agents that define new types of resins. Such agents can be used to counter 

embrittlement provided by nanofillers while increasing toughness. We show that such materials can 

be used to produce thin films including UV protective clearcoats and an interesting new family of 

adhesives [2,3]. 

 

 
Figure 1. TEM of nanofluid (20 nm scale bar). 

 
 

[1] Texter, J.; Bian, K.; Chojnowski, D.; Byrom, J., Chem. Int. Ed. 2013, 52, 2511-2515. 

[2] Texter, J.; Qiu, Z.; Crombez, R.; Byrom, J.; Shen, W., Polymer Chem. 2011, 2, 1778-1787. 

[3] Texter, J.; Qiu, Z.; Crombez, R.; Shen, W., J. Poly. Sci. A. Poly. Sci. 2013, 51, 3439-3448. 

  



5. PHASE BEHAVIOR AND SELF-ASSEMBLY 

278 

[P5.27] 

 

Microstructure and cytotoxicity of mixed surfactin/lipid and 

surfactin/surfactant systems: towards stimuli-responsiveness aggregates 

 

Li Yin1,2, Lígia M. Rodrigues2*, Eduardo F. Marques1* 

 

1Centro de Investigação em Química, Department of Chemistry and Biochemistry, Faculty of 

Sciences, University of Porto, Rua do Campo Alegre, s/n, 4169-007 Porto, Portugal. 
2Centre of Biological Engineering, University of Minho, 4710-057 Braga, Portugal. 

*lrmr@deb.um.pt; *efmarque@fc.up.pt 

 

 

Biosurfactants are amphiphiles of natural origin produced by microorganisms, which display a 

wealth of chemical structures. Once isolated, they can be used for a wide range of applications, 

namely in the environmental and biomedical fields. Microbial surfactants are particularly 

interesting for therapeutic use due to their low toxicity, high biodegradability and effectiveness at 

extreme temperature or pH [1]. Currently, there is a strong demand for biocompatible nanocarriers, 

such as vesicles, that are also stimuli-responsive, so that targeted and controlled in situ delivery of 

drugs can be successfully attained [2-3]. In this work, we have investigated the structural and 

biological features of binary mixtures of the biosurfactant surfactin isolated from Bacillus subtilis 

with the natural lipid DOPE (1,2-Dioleoyl-sn-Glycero-3-phosphoethanolamine) and with the 

synthetic double-chained surfactant DDAB (didodecyldimethylammonium bromide). The 

physicochemical conditions of formation of surfactin-rich vesicles (namely, amphiphile mixing 

ratio, concentration, ionic strength and pH) and other biosurfactant-rich aggregates have been 

explored, resorting to phase behavior mapping and structural characterization by video-enhanced 

light microscopy with epifluorescence, cryo-SEM and DLS. Cytotoxicity studies (MTS assays) 

performed to determine the range of effective concentrations and exposure times for each type of 

aggregate previously characterized will also be reported in this work. 
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Thermotropic liquid crystal (TLC) formation is driven by the differential character of molecules, 

namely shape, polarity, charge and molecular geometry, which leads to the segregation of 

incompatible portions of molecules and alignment of others.[1] Electro-optical properties of TLCs 

have had a great impact in technology, allowing for the development of displays, sensors and new 

devices such as smart phones or tablets [1]. 

In this work, thermotropic liquid crystal formation by salt-free catanionic surfactants 

(alkyltrimethylammonium alkylsulfonates, designated by TAmSon) has been investigated as a 

function of chain length mismatch (asymmetry). Previous studies on these compounds have 

revealed an unusual and rich asymmetry-dependent lyotropic phase behavior [2]. Herein, phase 

transition temperatures and transition enthalpies/entropies were determined by differential scanning 

calorimetry, while mesophases were assigned by polarized light microscopy [3]. Three series of 

compounds were investigated, namely: the TA16Son series, where n = 6-10; the TAmSo8 series, 

where m = 12-16; and a constant m+n series, TAmSon where m + n = 22. Typically, several solid 

phases and two smectic mesophases are found prior to isotropization to the liquid phase. As 

asymmetry decreases, two somewhat counterintuitive tendencies emerge: a general decrease in 

enthalpy/entropy for solid–solid and solid–first mesophase transitions, and an increase in solid–first 

mesophase transition temperatures. Yet, solid phases are seen to be more stable for the most 

asymmetric compounds, while the second mesophase is more stable for the least asymmetric ones, 

in what appears to be a more complex behavior than expected. The results are globally interpreted 

in terms of subtle differences in chain interdigitation and packing, and odd-even chain effects. 
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The investigation of the phase behavior of aqueous surfactant mixtures is an important step for a 

fundamental understanding of these systems and is often crucial for technical and industrial 

applications of surfactants. In catanionic mixtures, the strong association between two ionic 

surfactants of opposite charge resulting from headgroup Coulombic attractions and, predominantly, 

from the entropy gain of counterion mixing, may lead to the formation of a stable complex salt 

(catanionic surfactant) and a simple salt (electrolyte). In such cases, the mixture becomes a four-

component system, for which a ternary phase diagram is an approximate representation that 

requires experimental support. 

The main goal of this work has been to investigate the phase behavior over the full concentration 

range for two catanionic mixtures comprising bis-quat gemini surfactants and the bile salt sodium 

taurodeoxycholate, STDC, a biologically relevant amphiphile with a non-flexible steroid skeleton. 

The phase diagrams for the binary 12-2-12/water and 12-6-12/water were initially mapped. For the 

12-6-12/STDC/water and 12-2-12/STDC/water systems, the phase diagrams were built up by 

investigating equilibrium samples at 25 ºC and 50 ºC. The phase behavior and phase structure were 

characterized by a combination of polarized light microscopy (PLM), DSC, 2H NMR and SAXS. 

The most striking feature is the formation of a large isotropic solution phase, originating from the 

water corner towards the Gemini-rich side of the phase diagrams. The high stability range of this 

solution indicates a strong associative behavior and confirms bile salts as powerful dispersing 

agents. 

The phase diagram of the 12-6-12/STDC/water system for the whole composition range at 25 °C. 

The dotted lines starting at the water corner represent equimolar (upper line) and equicharged 

(lower line) compositions. 
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The novel block copolymers based on poly(vinyl chloride) with poly(vinyl acetate), polystyrene 

and poly(methyl acrylate) were successful synthesized by controlled/”living” radical 

polymerization, namely Atom Transfer Radical Polymerization[1] and Reversible Addition-

Fragmentation chain Transfer Polymerization[2]. The well-defined structures of block copolymers 

were confirmed using 1H NMR, MALDI-TOF and GPC techniques. The self-assembly behavior of 

these block copolymers was studied using DLS, AFM and TEM techniques. The self-assembly 

performance was evaluated as a function of the copolymers structure (composition and molecular 

weight) and the self-assembly conditions (solvent and concentration).  
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The interaction of DNA polyanion with a dispersion of cationic liposomes results in a formation of 

colloid particles of regular inner microstructure. They attract attention as delivery vectors for 

genetic material. Despite the fact that cationic liposomes have been used for transfection, and 

commercial lipid formulations are available, their efficiency needs to be improved. We will discuss 

structural diversity and binding capacity for DNA of complexes prepared from neutral 

phospholipids and N-alkyl-N,N-dimethylamine-N-oxides (CnNO). CnNO are largely used in 

pharmaceutical formulations. Theyare non-ionic surfactants at the physiological value of pH, 

however a strong polar N–O bond with a high electron density on the oxygen results in the 

protonation of molecules (C12N+OH) at acidic pH (pK~5). Polymorphic behaviour of complexes 

prepared with both, phosphatidylcholines or phosphatidylethanolamines at different composition, 

pH and temperature was studied using small angle X-ray diffraction (SAXD). The system shows a 

large variety of liquid-crystalline phases, for example: at pH ~ 7.2, lamellar (L) and hexagonal (HII) 

phases were detected in the C12NO/dioleylphosphatidylethanolamine (DOPE) mixture. 

Incorporation of DNA into the mixture led to the formation of additional condensed Lα
Cand HII

C 

phases; at acidic conditions the HII
C to LαCphase transition can be modulated through molar ratio of 

C12NO/DOPE. Complexes of C12NO/DOPE/DNA at C12NO/DOPE~ 4 molar ratio and pH ~7 

have shown a cubic phase of Pn3m space group after the heating to 80oC and cooling back to 20oC. 

The newly formed Pn3m cubic phase tested for several days in a wide temperature range has shown 

excellent stability. UV-vis experiments revealed that both the complexes composition and pH 

modulate their binding capacity for DNA reaching up to ~95 % of total DNA volume in the sample 

at acidic condition. The rich structural polymorphism of C12NO/lipid/DNA complexes modulated 

through pH and composition suggests the use of C12NO/lipid mixture as promising vector for drug 

delivery systems. 
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Several amphiphilic molecules show, in aqueous solutions, two transitions concentrations: the 

critical micelle concentration (cmc) and the second cmc or second transition micellar concentration 

(cmt) [1]. Conductivity measurements have been considered one of the most straightforward 

methods to obtain information about the second cmc, due to its high sensitivity and reproducibility 

[2]. Several authors have interpreted this second cmc as due to structural micellar changes, most 

likely a sphere to rod-like transition.  

Formation of different micelle shapes aggregates has been previously proposed for sodium 

dodecylbenzenesulfonate (NaDBS) or other alkyl-benzenesulfonates solutions [3]. 

In this communication we will report the analysis of both transitions (cmc and cmt) occurring in 

aqueous solutions of sodium dodecylbenzenesulfonate as seen by electrical conductivity and 

surface tension. The dependence on both transitions on the temperature was also studied. For all 

temperatures, two inflexion points on the plot of specific conductivity as a function of NaDBS 

concentration can be found. The first transition concentration occurs at the critical micelle 

concentration (cmc), whilst the second critical concentration, cmt, is assigned to a sphere-to-rod 

micelles transition. The dependence of cmc and cmt on the temperature allows the computation of 

the corresponding thermodynamic functions: Gibbs free energy, enthalpy and entropy changes. For 

the cmc, enthalpy and entropy increments were found that decrease with the temperature values. 

However, an anomalous behaviour was obtained for the cmt, where both ΔS0 and ΔH0 values raised 

with the temperature increase. However, for both transitions, an enthalpy-entropy compensation is 

observed. These results will be compared with similar systems reported in the literature. 
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Pophyrins and their metal complexesperform a wide range of functions in living systems. They are 

the essential pigments in the transport of oxygen by hemoglobin, oxidative degradation processes 

by cytocrome enzyme P-450, and the photosynthetic processes in green plants. Aditionally, water 

soluble porphyrins can self-assemble into supramolecular aggregates (J- or H-aggregates – see 

Scheme 1) allowing the fabrication of new materials, with applications in light harvesting, electron 

and energy transport, namely, solar energy conversion, optoelectronic devices and solar fuel 

production [1]. 

Recently we have found that aggregation of ionic surfactants can be controlled to form organized 

structures with, for example, trivalent metal ions [2]. Considering the relevance the porphyrin 

moiety for different applications, we are studying how the presence of N-alkyltrimethylammonium 

cationic surfactants, with different alkyl chain lengths (with 10, 12 and 16 methylene groups), 

either as unimers or micelles, can control the meso-substituted porphyrin aggregation in aqueous 

solution as seen by UV-visible and fluorescence techniques. In general, at low surfactant 

concentrations, J-aggregates seems to be be favoured, whilst at surfactant concentrations above 

than the cmc, H-aggregates seems to be predominant. 

The effect of the presence of these anionic porphyrins, in aqueous solution on the micellization 

parameters of those cationic surfactants was also measured. In the presence of TPPS the Gibbs free 

energy of micellization of cationic surfactants decreases and is essentially enthalpy-driven, 

highlighting the importance of TPPS-micelle hydrophobic interactions.  
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Arenediazonium ions are strong oxidizing agents that in the presence of suitable electron donors 

(e.g. antioxidants) readily participate in electron transfer reactions. These redox reactions have 

attracted considerable interest because of the well-known mutagenic and carcinogenic properties of 

the ions or the other species derived from their dediazoniation process [1]. The use of modern 

electrochemical methods such as differential pulse polarography (DPP), differential pulse 

voltammetry (DPV) and cyclic voltammetry (CV) plays an important role when investigating 

arenediazonium chemistry, especially in the complex matrix such as colloids and in biological 

fluids. 

In this communication the effects of the surfactant type on the peak potential Ep and peak current Ip 

of benzenediazonium tetrafluoroborate (BD) and 4-nitrobenzenediazonium tetrafluoroborate 

(NBD) reduction, obtained by means of the differential pulse polarography (DPP) method, will be 

presented [2]. In our investigation we used three surfactants: nonionic TX-100, cationc CTAB and 

anionic SDS. All measurements were carried out at pH = 2 and T = 25 oC. From the obtained 

results it follows that the most pronounced changes of the peak potential and peak current are 

observed at the surfactant concentrations below CMC. At higher surfactant concentrations these 

parameters remain approximately constant. The nonionic and cationic surfactants shift the peak 

potential to the more negative values whereas the effect of SDS is opposite. In all cases the 

decrease of peak currents with the increase of surfactant concentration was observed. The changes 

of Ep and Ip of arenediazonium ions result from their interactions with the surfactant molecules 

adsorbed at the electrode surface as well as with the surfactant micelles in the solution. The 

chemical structure of arenediazonium ions (the type of substituent and their position in the benzene 

ring) is also of some importance. 
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Crude oil is commonly extracted as a water in oil (W/O) emulsion, where the oil phase is a 

complex mixture of linear and aromatic hydrocarbons, resins and asphaltenes, whereas the water 

droplets contain electrolytes that could damage the refining oil industry equipment producing 

corrosion and catalyst degradation. In order to avoid these damages, the removal of electrolytes 

from crude oil is of main importance for this industry. Asphaltenes and resins are natural 

surfactants that tend to form a stable film at the water-oil interface; they avoid droplets coalescence 

increasing the emulsion stability. The typical processes to remove electrolytes consist of bringing 

in contact a crude oil stream with a fresh stream of water containing additional surfactants that 

induce dehydration [1]. The study of the interfacial region of these systems could shed light on the 

processes involved in the competition between the natural surfactants and the surfactants added to 

replace the former from the interface and to promote the rupture of the interfacial film when water 

droplets collide, leading to the eventual phase separation. The analysis of interfacial tension (IFT) 

curves provides a guideline to determine the controlling mechanisms of adsorption [2] along with 

the use of empirical models, as that of Hua-Rosen [3], which allows to compare the effect of each 

surfactant on IFT by means of a characteristic time. To determine these mechanisms, several 

experiments on dynamic IFT were carried out on a mexican crude oil and water in presence of 

different surfactants, focused on the effect of surfactant structure and carrying phase. 
 

 
 

Dynamic interfacial Tension (IFT) of Water + Crude Oil + Surfactant systems at 293[K]. 
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The functionality of polymeric nanoparticles (NPs) for biomedical drug delivery applications 

strongly depends on their size. The preparation of such particles can be performed by 

nanoprecipitation [1] of polymers or (block)copolymers into a bad solvent. In the presence of a 

stabilizing surfactant the size is governed by kinetics. We describe the diffusion-limited 

coalescence [2] process using a simple von Smoluchowski theory [3] for the size of NPs formed. 

Two relevant time scales, a mixing and a coalescence time, are identified and their ratio is shown to 

determine the final NP diameter. The size is found to scale in a universal manner and is 

predominantly sensitive to the mixing time and the polymer concentration if the surfactant 

concentration is sufficiently high. Theoretical predictions are in good agreement with experimental 

data [4]. 
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We report kinetic studies of clinically related drug conjugates consisting of 2-hydroxypropyl 

methacrylamide(HPMA) based copolymers [1]. In these new conjugates, cholesterol moieties are 

attached to HPMA backbone by pH-sensitive hydrazone bond [2]. They differ in a defined amount 

of cholesterol derivatives that change the hydrophobicity of copolymers. We performed time-

resolved FCS measurements to characterize nanoparticle fate after changing from pH values typical 

for blood (pH=7.4) to those typical for tumor cells (pH=5.0). In order to investigate the long-term 

kinetics of the dilute solutions of the HPMA-copolymers I, II and III with different cholesterol 

derived moieties, namely 5α-cholestanon, Opb-Chol and Lev-Chol, we performed a long-time 

experiment. The duration of the experiments was one month, measurements were done every week. 

Figure 1 shows the changes of the hydrodynamic radii and of the fraction of slow (large) particles 

with time for the copolymer I. For conjugates I and III, the long-term kinetics of nanoparticle size 

was observed. It was established that the growth rate and steady-state size of nanoparticles depend 

on the hydrophobicity of the cholesterol derivative.  
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When surfactants interact with solid surfaces, they form an adsorbed layer at the solid/solution 

interface. Incorporation of water-insoluble organic molecules (solutes) into the adsorbed surfactant 

layer usually takes place even if the solutes themselves hardly adsorb at the interface. This 

phenomenon is called “surface solubilization” or “adsolubilization” [1]. There a number of studies 

focusing on the adsolubilization not only from academic but also from industrial standpoints, and 

these studies have provided significant knowledge in their equilibrium state [2]. 

In this work, we have studied adsolubilization kinetics by means of two major analytical 

techniques; one is a quartz crystal microbalance with dissipation monitoring (QCM-D) technique 

and the other is ellipsometry. The surfactant used in this study was hexadecyltrimethylammonium 

bromide (HTAB) and the solute was 2-naphthol as a typical example. Silica substrates were used 

for these measurements. It should be noted that, in these measurements, aqueous solutions of 

HTAB were initially introduced into the QCM-D/ellipsometer liquid cell at various HTAB 

concentrations and then an aqueous solution of 2-naphthol (with HTAB set at each initial 

concentration) was introduced into the cells. This means that HTAB initially forms molecular 

aggregates at the silica/aqueous solution interface, and then 2-naphthol is solubilized into the 

adsorbed aggregates if this occurs in the presence of HTAB monomers/micelles in the bulk 

solution. The QCM-D measurements demonstrated that a faster adsolubilization (and subsequent 

swelling of the adsorbed aggregates) takes place at lower HTAB concentrations (below the critical 

micelle concentration of HTAB under the current experimental conditions). It seems likely that 

HTAB molecules adsorbed in the fast adsolubilization region orient their hydrocarbon chains into 

the bulk solution and make the silica surface hydrophobic. Hence we suggest that the 

adsolubilization kinetics is strongly dependent on the initial morphology of the surfactant 

aggregates adsorbed at the silica/aqueous solution interface. 
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Bile salts (BS) have a rigid steroid skeleton and present facial amphiphilicity. They can form 

micelles and a variety of aggregates in aqueous solution above cmc, having thus a great potential 

for use in life science and in biomedical applications [1]. The aggregation properties of BS in 

aqueous media are very different from those of common ionic surfactants. Therefore, it is to be 

expected that in mixed systems with BS the adopted structures will reflect their very specific 

molecular structure and self-assembly behavior. ITC is now well established as the best 

experimental approach to directly obtain the thermodynamic properties of surfactant aggregation 

[2,3]. With ITC we can get from one experiment the energetic parameters and the critical 

concentrations of the various events. Further, we can identify factors that govern the interactions in 

these systems. 

In the work we present results for systems of bile salts (NaDCA and NaCA)with both oppositely 

charged gemini and the same charged SDS,respectively, obtained mainly by ITC, conductivity and 

turbidity measurements. Gemini surfactants of the dicationic quaternary ammonium type 

(C12CSC12Br2, S=2, 6, 10), were used. For oppositely charged C12CSC12Br2/bile saltsystems we 

obtained the critical parameters, cmcmix for the formation of bile salt-rich mixed micelles, CP for the 

formationof a precipitate and CR for its redissolution, and CM for the positive charge-rich mixed 

micelles as well as the corresponding enthalpy changes. The dependence of these parameters on the 

spacer length is discussed in detail. For the same charge SDS/bile saltsystems, the results show 

mainly the effect of hydrophobic interaction on the aggregation behavior of the mixed systems. 
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Emulsions are used in a wide field of industrial applications and concern many different 

applications (food, pharmaceutical, agricultural application). In the last decades a vast amount of 

scientific research has been developed to improve the understanding of these complex systems. 

Using new analytical techniques, it is now possible to control and tailor properties of emulsions and 

to get a better understanding of the long-time stability. Following this idea, stability measurements, 

which were commonly done by simple visual observations, can now be performed automatically 

via an optical device. 

This instrument is based on Multiple Light Scattering and is associated to a vertical scanning of the 

sample. It enables to identify and quantify instability phenomena before they are visible to the 

operator (up to 200 times earlier). Physical parameters and kinetics can be computed in order to 

facilitate and improve sample comparison. 
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Calcium carbonate (CaCO3) is one of the important fillers used in the industries of plastics, rubber, 

paint, and so on. One of the most problematic issues for the use of CaCO3 is the hydrophilic 

property, and this problem makes it very difficult to be used widely [1].It is well-known that the 

wettability of particles can be easily modified in aqueous media via interaction with amphiphilic 

compounds [2]. In this study, the effect of adsorption behavior of anionic surfactants such as linear 

alkyl benzene sulfonate (LAS) and dodecyl benzene sulfonate (DBSA) on the CaCO3 substrate was 

investigated by a quartz crystal microbalance measurement with dissipation monitoring (QCM-D), 

contact angle measurement, and zeta potential analyzer technique. Additional tests such as fourier 

transform infrared spectrometry (FT-IR) analysis and floating test have been conducted to evaluate 

the adsorption behavior of an anionic surfactant on the CaCO3 substrate. Under acidic conditions, 

the adsorption of an anionic surfactant on the substrate was mainly due to an electrostatic 

interaction between the positively charged CaCO3 surface and the negatively charged head group of 

surfactant molecules. However, contact angle measurement has shown a different wetting behavior 

depending on surfactant concentration. In a low surfactant concentration region, CaCO3 surface 

becomes more hydrophobic with an increase in surfactant concentration. However, further increase 

in surfactant concentration caused a reverse change in a wetting property from hydrophobic to 

hydrophilic. QCM-D measurements have been performed using quartz crystals coated with CaCO3 

to observe mass of adsorbed surfactant molecules and structural properties of molecular layers. The 

results revealed that monolayer adsorption of surfactant molecules at the particle-water interface 

occurs in a low surfactant concentration region and the thickness of forming molecular layers was 

found to be almost the same as the length of a single surfactant molecule. On the other hand, both 

the mass of adsorbed surfactant molecules and the thickness of forming molecular layers indicated 

bilayer formation of surfactant molecules in a high surfactant concentration region, which evidently 

resulted in an increase in hydrophilicity of CaCO3 surface. Also, the thickness of forming 

molecular layers corresponds to almost twice the length of a single surfactant molecule. Visual 

floating test results have shown a good agreement with measurements of contact angle and QCM-

D. 
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Solution properties of mixed surfactants are more interesting than pure surfactants, from both 

physicochemical and application points of view. By virtue of the better performances in 

solubilization, transportation, etc., mixed surfactants have gained importance in industrial, 

pharmaceutical, and biological fields [1]. When two (or more) kinds of surfactants are in solution, a 

complex balance of intermolecular forces is responsible for the formation of mixed micelles against 

the formation of micelles by one type of surfactant [2]. Due to their applied interest, several binary 

combinatins of different types of surfactants have been studied, and the nature of mutual interaction 

of monomers in the mixed micelles has been quantitatively analyzed by using different theories [3]. 

The micellization and micellar growth in the mixtures of N,N-dimethyl, N-phenyl,N-

dodecylammonium bromide, PH12, N,N-dimethyl,N-ciclohexylmethyl,N-dodecylammonium 

bromide, CH12, and their two dimeric counterparts m-dimethylphenyl-α-ω-

bis(dodecyldimethylammonium) bromide, 12PH12, and m-dimethylciclohexyl-α-ω-

bis(dodecyldimethylammonium) bromide, 12CH12, with dodecyltrimethylammoniumbromide, 

DTAB, and with N-decanoyl N-methylglucamide, MEGA10, were investigated at 303 K. Circular 

dichroism, CD, experiments showed the formation of mixed micelles. Two-dimensional, 2D, 

rotating frame nuclear Overhauser effect spectroscopy (ROESY) experiments indicated that the 

arrangement of the rings in the pure and mixed micelles is similar, with the rings bent into the 

micelle interior avoiding contact with water. Application of different theoretical approaches shows 

that PH12 and CH12 mixtures with DTAB and with MEGA10 behave almost ideally. The binary 

systems of 12PH12 and 12CH12 with DTAB and with MEGA10 show a non ideal behavior. An 

increment in the solution mole fraction of MEGA10 and DTAB diminishes the tendency of the 

micellar aggregates to grow. 
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Pickering emulsions were prepared with thermal responsive nano-SiO2 as solid particle emulsifiers 

and liquid paraffin as the oil phase. The effects of adding amount of solid particles, water, liquid 

paraffin, inorganic salt and charging sequence on emulsion properties were investigated. Emulsion 

performance were comprehensively analyzed through the separated water and oil value, optical 

micrographs, particle size distribution, viscosity, technological conditions of preparation were 

summarized. And changes of emulsion at 20℃ and 60℃ as a function of temperature were 

observed. 

With the increase of solid particle content, the emulsion drop size decreases, viscosity increases, 

stability of emulsion is improved; with oil content increasing, emulsion drop size increases slightly. 

The different charging sequence leads to the different drop size and viscosity of the emulsion. If 

solid particle was firstly ultrasonically dispersed in water and then adding of paraffin, the emulsion 

of bigger drop size and less viscosity will be received, the other way round, the emulsion has 

smaller drop size, more viscosity and stronger stability. The addition of NaCl promotes the particle 

adsorption at the oil/water interface, the formation of network structure at the interface maks drop 

size smaller, interfacial film strength increasing, emulsion viscosity enhancing and stability 

stronger. 
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We explored the self-assembly of cyclodextrins (CDs) at the tetradecane/aqueous solution interface 

through formation of inclusion complexes (ICs). We studied the surface activity of CDs at both the 

air-water and the oil-water interface. Although a-CD and b-CD are not surface active at the air-

water interface, they form pseudo-surfactants as an inclusion complex with linear oil molecules at 

the oil-water interface which further assemble into microcrystals at the oil-water interface. We 

discovered that the morphology and the size of the microcrystals formed by these ICs are 

dependent on the type of CD and oil used. We demonstrated the spontaneous formation of a dense 

layer of adsorbed CD-tetradecane IC microcrystals at the tetradecane-water interface. At large oil 

volume fractions, this phenomenon led to the formation of a Pickering type of oil-in-water 

emulsion stabilised by adsorbed CD-oil microcrystals while at low oil volume fractions it 

completely solubilises the oil in the form of IC microcrystals. This emulsion stabilisation 

mechanism with sustainable materials like CDs may find applications in surfactant free 

pharmaceutical and cosmetic formulations reducing the release of surfactants in the 

environment.We also report the preparation of o/w emulsions stabilised by microcrystals of 

cyclodextrin-oil inclusion complexes. The inclusion complexes are formed by threading 

cyclodextrins from the aqueous phase on n-tetradecane or silicone oil molecules from the emulsion 

drop surface which grow further into microrods and micro-platelets depending on the type of 

cyclodextrin (CD) used. These microcrystals remain attached at the surface of the emulsion drops 

and form densely packed layers. The novelty in this emulsion stabilisation mechanism is that 

molecularly dissolved cyclodextrin from the continuous aqueous phase is assembled into colloid 

particles directly onto the emulsion drop surface, i.e. molecular adsorption leads to effective 

Pickering stabilisation. The β-CD stabilised tetradecane-in-water emulsions were so stable that we 

used this system as a template for preparation of cyclodextrinosomes. These structures were 

produced solely through formation of cyclodextrin-oil inclusion complexes and their assembly into 

a crystalline phase on the drop surface retained its stability after the removal of the core oil. We 

also reported the preparation of CD-stabilised emulsions with a range of other oils and studied the 

effect of the salt concentration in the aqueous phase, the type of CD and the oil volume fraction on 

the type of emulsion formed. The CD-stabilised emulsions can be applied in a range of surfactant-

free formulations with possible applications in cosmetics, home and personal care. 

Cyclodextrinosomes could find applications in pharmaceutical formulations as drug delivery 

vehicles. 

 

 
 

[1] Mathapa, B.G.; Paunov, V.N.; J. Mater. Chem. A, 2013, 1, 10836-10846. 

[2] Mathapa, B.G.; Paunov, V.N.; Phys. Chem. Chem. Phys., 2013, 15, 17903-17904.  



7. MICELLES, EMULSIONS AND MICROEMULSIONS 

296 

[P7.5] 

 

Spectroscopic Properties of Apigenin in AOT Reverse Micelles 
 

Hyoung-Ryun Park1, Seo-Eun Im1, Junseong Lee1, Jee-Bum Lee2, Ki-Min Bark3 

 

1Department of Chemistry, Chonnam National University 
2Department of Dermatology, Chonnam National University Medical School 

3Department of Chemical Education, Gyeongsang National University 

 

 

Apigenin (4´,5,7-trihydroxyflavone) is one of the flavonoids and considered as an important 

bioactive compound incorporating specific interactions with nucleic acids, enzymes and 

protein.[1,2,3]Regarding that there is only limited studies about its spectroscopic properties, we 

investigated its spectroscopic behavior in AOT reverse micelles using UV-vis absorption 

spectrophotometer and steady state fluorescence spectroscopy. It is revealed that the aqueous 

apigenin hastwo maximum peaks at 266 nm and 338 nm in the absorption spectra and the shapes of 

themhighly depend on the presence of oxygen in aqueous solution. Its steady-state fluorescence 

emission spectra did not observe in aqueous solution. However, different spectroscopic behaviors 

of apigenin was observed in AOT reverse micelles. The intensity and position of the absorption 

maximum peaks does not exhibit any systematic change as a function of water concentration in 

AOT reverse micelles. The steady-state fluorescence emission spectrum was measured in AOT 

reverse micelle with the fluorescence maximum peak at 312nm. The shape of the fluorescence 

spectra depended strongly on the environment of reverse micelle. Its fluorescence spectrum was 

changed according to water content in AOT reverse micelles. As the water concentration in the 

micelle increases, the fluorescence quantum yields of apigenin decreased gradually as the R value 

increased. 
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The main objective of solid waste treatment is to reduce its toxicity, minimize the volume, and 

isolate desired components. The microemulsion systems have important properties, which enable 

their use as an alternative in the treatment of bottom sludge from crude oil storage tanks. Among 

these properties, one can mention the capacity to reduce surface tension, its high stability, its low 

viscosity, the presence of micellar structures, and the ability to solubilize polar and nonpolar 

compounds [1, 2, 3, 4, 5]. In this paper, the influence of the components of a microemulsion system 

were evaluated in the solubilization of aged oil sludge. It was used a 2³ factorial design, with 

triplicate in the central point. The factors of the factorial design were the concentration of active 

matter (surfactant + co-surfactant = [S+C]), the C/S ratio, and the oil phase concentration ([OP]). 

The minimum and maximum levels for each factor were 25% - 40%, 0.5 – 1, and 2% - 5%, 

respectively. The monitored response was the solubilization efficiency of the aged oil sludge, 

determined by a mass balance, in which the solid concentration (waste) was considered. The 

Statistica software package (version 6.0) was used for data analyses. The microemulsion used in 

the factorial design was composed by a nonionic surfactant (UNT L90), a co-surfactant (n-butanol), 

an aqueous phase (tap water), and an oil phase (kerosene). Solubilization efficiencies ranged from 

77% to 84%. The factor [S+C] and the interaction between the three studied factors showed 

significant effects. The raise in the concentration of active matter [S+C] favored the sludge 

solubilization, while the interaction between three variables resulted in an unfavorable effect. The 

microemulsion systems presented better efficiencies when was used, simultaneously, all factors in 

the maximum level or in the minimum level, showing that the interaction of the variables promoted 

a synergism effect, enhancing the solubilization process. Thus, the microemulsion system may be 

chosen according to the best economic viability. By using the linear regression analysis, a first 

order polynomial model was obtained to describe the solubilization efficiency. The validation of 

this model was performed with the variance analysis (ANOVA), which verified the significance 

and predictability of the model in the 95% confidence level. 
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In the petroleum industry, well stimulation operations are intended to restore or improve oil 

productivity. Its main two types of operations are matrix acidizing and hydraulic fracturing. The 

acidizing operation has as main objective to remove damage caused in drilling or workover 

operations, that can be performed both in sandstone and carbonate reservoirs. One of the most 

critical points of acidizing operation is the control of acid-formation reactions. When the reaction 

rate is high, the acid injected will be consumed in the region near the well bore, not providing the 

adequate formation penetration. This work aimed to develop microemulsion systems that are stable 

in different oilfield conditions and to evaluate the kinetics of calcite dissolution on these systems. 

The microemulsion systems were composed by RNX110, UNTL90, or OMS (castor oil soap) as 

surfactants; sec-butanol or n-butanol as co-surfactants; xylene or kerosene as oil phases; and HCl 

aqueous solutions (15-26%) as aqueous phase. The results showed that the microemulsion systems 

were stable up to 100ºC, at high concentrations of calcium, to salinity of up to 35000ppm, and up 

to 25% HCl concentration. The kinetics of calcite dissolution by acidified microemulsion systems, 

when compared with 15% HCl solution, was up to 14 times slower. The injection into core samples 

showed that acidified microemulsion systems favor a more distributed flow and create longer paths, 

promoting 177% to 890% increments on permeability. The results showed the potential application 

of acidified microemulsion systems in well acidizing operations. 
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Water-in-oil (W/O) microemulsions offer considerable advantages in the nano-encapsulation of 

bioactive ingredients (e.g. proteins), due to its stability, ease of preparation and ability to form 

spontaneously. Developments of microemulsion based formulations require routine analytical 

techniques that allow users to evaluate ’suitability’ of microemulsion droplets for successful 

encapsulation, thus providing an appropriate level of hydration and bioactivity of encapsulated 

compounds. This requires efficient analytical techniques for characterization of the microemulsion 

droplet size, the state of water and state of encapsulated compounds in the droplets, bioactivity (e.g. 

enzymes) of encapsulated compounds, and monitoring of chemical reactions curried in 

microemulsions.  

In our research, we have applied High-Resolution Ultrasonic Spectroscopy (HR-US) for the 

outlined tasks. The technique is based on precision measurements of ultrasonic velocity and 

attenuation in the frequency range 1 to 20MHz. Its exceptional sensitivity to microstructural 

transitions in microemulsions has already been reported [1-4]. 

This presentation describes application of ultrasonic titration measurements in dilute and 

concentrated (viscous) microemulsion systems for detailed analysis of state of water in aqueous 

droplets of non-ionic (Epikuron 200-isopropyl myristate-water and Tween 80 & Span 20-ethyl 

oleate-water) and ionic (AOT-isooctane-water) microemulsion systems. The interpretation of the 

ultrasonic data obtained, utilizing general relationships between compressibility and structural and 

physical characteristics of microemulsions, allowed identification of different “sub states” of 

microemulsion components, which was used for upgrading the microemulsion phase diagrams with 

different “sub phases” corresponding to different states of water in microemulsion droplets. The 

identification of these “sub phases” and their position on the phase diagram allowed optimization 

of encapsulation in microemulsion droplets of enzymes, which require an appropriate level of 

hydration for their functioning. In addition, application of HR-US technique for real-time 

monitoring of hydrolysis of oligopeptides and oligosaccharides, as well as assessment of activity of 

encapsulated enzymes (α-chymotrypsin and β-glucosidase) is described. 
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Solubilization of n-alkylbenzenes such as benzene, toluene, ethylbenzene, n-propylbenzene, n-

butylbenzene, and n-pentylbenzene into micelles of decanediyl-1-10-bis(dimethylt-

etradecylammonium bromide) (14-10-14,2Br−) has been investigated, where equilibrium 

concentrations of all the solubilizates were determined spectrophotometrically at 288.2, 298.2, and 

308.2 K. As expected easily, the concentration of the solubilizates remained constant below the 

critical micelle concentration (cmc) and increased linearly with an increase in 14-10-14,2Br− 

concentration above the cmc. The Gibbs energy change (ΔG0) for their solubilization was evaluated 

by the partitioning of the solubilizates between the aqueous phase and the micellar phase. 

Accordingly, enthalpy and entropy changes for their solubilization were also evaluated from the 

temperature dependence of the ΔG0 values. The hydrodynamic diameter of micellar aggregates 

with or without the solubilizates was also measured by dynamic light scattering. The micellar 

aggregates greatly grow in size from 3 (no solubilizates) to 100−300 nm (solubilized in 

equilibrium) at 288.2 K. In addition, the solubilization site of n-alkylbenzenes in the micelles was 

also examined by the data obtained from thermodynamical parameters, absorption spectra, FT-IR 

spectra, 1H NMR spectra, and two-dimensional nuclear overhauser effect spectroscopy (2D 

NOESY). 
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Gemini surfactants of alkanediyl-1-10-bis(dimethyltetradecylammonium bromide) (14-s-14,2Br−) 

have been synthesized and characterized to understand the effect of spacer length on micelle 

formation behavior. Their solution properties were investigated by surface tension measurement at 

288.2, 298.2, and 308.2 K. The surface tension was measured by employing the drop volume 

method. From change in surface tension against concentration, the critical micelle concentration 

(cmc), surface excess amount ( ), and apparent molecular surface area (A) were determined. In 

addition, electrical conductivity of aqueous solutions of the two surfactants was measured. The cmc 

and the degree of ionization of the micelles were determined from the slopes of the two intersecting 

lines below and above the break in the conductivity−concentration plot. The cmc values determined 

by the tensiometer are agreed well with those by the conductivity. The standard Gibbs energy, 

enthalpy, and entropy of the micellization process were also estimated. The hydrodynamic diameter 

of micellar aggregates was also measured by dynamic light scattering (DLS). As a result, the cmc 

values do not decrease monotonously with increasing spacer lengths; 14-10-14,2Br− < 14-2-

14,2Br− < 14-6-14,2Br−. The detailed role of the spacer in gemini surfactants was discussed from 

the thermodynamic perspective.  
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Emulsions consist of liquid droplets dispersed in a continuous liquid phase, and amphiphiles (i.e., 

surfactants or emulsifiers) stabilize the emulsion droplets as a result of their adsorption at the 

liquid/liquid interface. In general, amphiphiles are distributed into the interface layer as a surface 

excess toward bulk concentration, and hence, the effective amount of amphiphiles required to 

stabilize the interface becomes lower than the added amount in the system. In order to achieve a 

precise control over the interfacial properties with the lowest expense of energy and materials, the 

concentration of amphiphiles dissolved in continuous liquid phases must be minimized. From this 

point of view, we have proposed a new general concept regarding the amphiphilic materials that 

have been named as “active interfacial modifier (AIM)” [1]. In emulsion systems, AIM is 

intrinsically insoluble in both water and oils, but possesses moieties that are attracted to each of 

these immiscible liquid phases. Hence, an AIM practically stays just at the interface, thereby 

contributing to the formation of a stable emulsion. 

In this work, we focus on emulsification by a series of zwitterionic phosphorylcholine-like gemini 

amphiphiles as an AIM material. The chemical structure is shown in Figure 1. These materials are 

intrinsically insoluble in both water and most of oils, and hence we expect that, under appropriate 

conditions, they are localized at the oil/water interface as an independent third phase or layer to 

make emulsion stable. Relatively stable oil-in-water (O/W) type emulsions were obtained when 

18P-2-18N, hexadecane, and water were emulsified in the following processes; i.e., 18P-2-18N was 

dispersed in water using a probe-type ultrasonic homogenizer, and then hexadecane was mixed 

with the aqueous dispersion system under ultrasonic homogenization. These processes were 

performed at 80 ºC, and once the emulsions were prepared, they were stored at room temperature. 

Differential scanning calorimetry measurements indicated that 18P-2-18N dispersed in water 

experiences a gel-liquid crystal phase transition at ca. 57 ºC. Additionally, the hexadecane/water 

interfacial tension was found to be decreased with increasing 18P-2-18N concentration at 80 ºC, 

whereas almost unchanged at 25 ºC. These suggest that a liquid crystalline 18P-2-18N phase 

stabilizes the oil droplets at 80 ºC, whereas the gel phase localized at the oil/water interface 

prevents coalescence between droplets at 25 ºC. We believe that this system is a smart emulsion to 

stabilize the oil/water interface without loss of amphiphilic materials added to the system. 

 

 
Figure 1. A typical chemical structure of the gemini amphiphiles used in this study, 18P-2-18N. 
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Polymer-based nanoparticles are materials of intense scientific interest in the biomedical area due 

to a wide variety of potential applications including in the drug delivery systems (DDS). 

Polycaprolactone (PCL) has great promise in the biomedical field as DDS [1].Emulsification of 

polymer mixtures has demonstrated to be an efficient strategy to form nanoparticles. [2] The 

stability of an emulsion is related both to chemical nature of interfacial film and to 

attraction/repulsion force balance occurring among the particles suspended in the liquid, which are 

important in the prevention of the coagulation. The main goal of this work was produce PCL 

nanoparticles loaded with progesterone (P4) for use in DDS using scCO2-assisted drying of reverse 

emulsions. The nanoparticle-forming emulsion was prepared by mixing a 10% (w/v) PCL solution 

containing P4 and a 2% (w/v) PVA aqueous solution (as an emulsifying agent) through a two-step 

process. In the first step, 600 mg of PCL were dissolved in 6 mL of ethyl acetate. After the 

homogenization, 720 µg of P4 were introduced into the resulting solution. In the second step, 600 

mg of PVA were dissolved in 30 mL of distilled-deionized water at room temperature. After that, 6 

glass tubes were filled up with 1 mL of P4/PCL solution and subsequently 5 mL of PVA aqueous 

solution. Emulsion particles were dried in a scCO2 and the results compared with drying at ambient 

conditions. Figure 1 shows the atomic force microscopy (AFM) images of PCL nanoparticles dried 

using the conventional method (a) and the scCO2 methods (b). 

The distribution curve of conventionally dried PCL nanoparticles showed an average diameter of 

174 nm. On the other hand, a narrower distribution and smaller particles, with an average diameter 

of 82 nm, is seen for scCO2-based PCL nanoparticles. The synthesis strategy proposed in the 

present work, which was based on the emulsification of an ethyl acetate-water mixture containing 

PCL and P4 and followed by drying in scCO2, readily allowed the production of drug-loaded 

nanoparticles with sub-100 nm average diameters. To demonstrate the potential of scCO2-based 

PCL nanoparticles for application as DDS carriers, release kinetic of P4 was performed. It was 

found that the P4 release can be sustained for approximately 11 h. 

 

 
Figure 1. AFM phase images of PCL nanoparticles dried from ethyl acetate-in-water emulsion by using a 

conventional process (a) and scCO2 antisolvent expansion process (b). 
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Water-in-oil emulsions attract the interest of researchers, due to their importance in several 

technological areas – cosmetics, foods, petrochemistry, and others. Still, the main types of forces 

and factors which control the stability and the other properties of water-in-oil emulsions are poorly 

understood. In this study we perform a systematic series of experiments, aimed at determining the 

effects of several factors on the stability and behavior of water-oil-water emulsion films. These 

factors include (1) surfactant concentration in the oily phase for two oil-soluble nonionic 

surfactants, Span 20 and Span 80; (2) electrolyte concentration in the aqueous phase, and (3) drop 

size. The obtained results clearly show that, under all conditions studied, more stable oil-water-oil 

films are formed when Span 80 is used as a surfactant. For both surfactants, the stability of the 

emulsion films increases with the increase of surfactant concentration. At low surfactant 

concentrations, the films rupture after the formation of a thin (black) spot in the interior of the film, 

whereas at higher surfactant concentrations a film with thickness of ca. 20 nm is formed and 

remains stable for a certain period of time before rupturing. The stability of the films, formed 

between small water droplets and large aqueous phase of the same composition (homophase) 

depends strongly not only on surfactant concentration, but also on the drop size. At low surfactant 

concentrations, the lifetime of drops with size lower than 20 mm, increases significantly with the 

decrease of drop size. The lifetime of drops with size between 20 mm and 100 mm is very short, » 

10 s. The lifetime of drops with size above 100 mm increases with the increase of drop size. The 

obtained experimental results are compared with theoretical predictions, available in the literature 

and a good agreement is established. The reason is that the small drops thin down to a critical film 

thickness and rupture, without forming a plane-parallel film (so-called Taylor regime of drop 

approach), whereas the larger drops form a planar film before their rupture (so-called Reynolds 

regime of planar film thinning). These two regimes were previously observed for oil-in-water 

droplets [1, 2]. The obtained results are discussed in the context of the stability of water-in-oil 

emulsions. 

 

 

 

 

 

 

 

 

 

 

 

[1] Gurkov, T. D.; Basheva, E. S., In: Encyclopedia of Surface & Colloid Science, A. T. Hubbard 

(Ed.), Marcel Dekker, New York, 2002. 

[2] Basheva, E. S.; Gurkov, T. D.; Ivanov, I. B.; Bantchev, G.; Campbell, B.; Borwankar, R., 

Langmuir 1999, 15, 6764-6769.   



7. MICELLES, EMULSIONS AND MICROEMULSIONS 

305 

[P7.14] 

 

Small-angle Neutron Scattering: a Structural Analysis of Zwitterionic 

Dodecyl-phosphocholine (C12PC) Micelles 
 

Elias Pambou1, John Crewe1, Mohammed Yaseen1, Faheem N. Padia1, Sarah Rogers2; 

Jian R. Lu1* 

 

1 Biological Physics Group, School of Physics and Astronomy, University of Manchester, U.K. 
2 STFC ISIS Facility, Rutherford Appleton Laboratory, Didcot, U.K. 

* j.lu@manchester.ac.uk 
 
 

A structural analysis of dodecyl-phosphocholine (C12PC) micelles was carried out using small 

angle neutron scattering (SANS). For the first time four C12PC scattering contrasts could be 

simultaneously modelled by developing an analytical program capable of iteratively fitting small-

angle scattering intensity profiles to various different core-shell micelle models and determining 

the most representative fitting. To develop the four scattering contrasts, H/D substitution was 

exploited by selectively synthesising and labelling the surfactant chain and head-groups1, allowing 

the C12PC micellar shape and structure to be studied using fully protonated, head deuterated and 

tail-deuterated surfactants in D2O, and fully deuterated surfactants in H2O. Simultaneously fitting 

four scattering contrasts of a particular sample proved challenging but produced a far more reliable 

result than the single profile fittings commonly adopted. C12PC micelles at 10 mM were found to 

be well represented by a spherical core-shell model with a total radius of 27 ± 2 Å and with both 

surfactant aggregation number, 58 ± 7 and shell hydration, 25 ± 5. As concentration was increased 

from 10 mM up to 200 mM, an emergence and subsequent increase in polydispersity with 

concentration was observed, demonstrated by a two-population spherical core-shell model 

developed to describe micelles co-existing in dynamic equilibrium. Using four contrasts at 100 

mM, the micelle distribution was modelled as larger spherical micelles (31 ± 3 Å) co-existing with 

smaller sizes (24 ± 3 Å). Significantly, a steady increase in the fraction of large micelles was 

observed with increasing concentration, with the two-population spherical core-shell model 

proving effective at interpreting the data obtained. Results therefore show that as the surfactant 

concentration is increased above its CMC (0.91 mM), an increase in both average micelle size and 

polydispersity is observed. 

 

 
Figure. Schematic showing the correlation between micelle poly-dispersity and micelle concentration. As 

concentration is increased to 200 mM a larger, secondary micelle structure becomes more prominent 

suggesting a the development of a dynamic equilibrium of two structures. 
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Dodecyltrimethylammonium triflate (DTATf) micelles are disk-shaped aggregates, poorly 

hydrated, with high aggregation number, highly packed and ordered [1, 2]. These properties are 

partially explained by ion-pairing between triflate and the headgroup of the surfactant [3]. Sodium 

triflate (NaTf) induces macroscopic phase separation in DTATf solutions [4] but the driving forces 

for this phenomenon are still to be determined. To fill this gap, we performed rheology and 

dielectric relaxation spectroscopy (DRS) measurements of DTATf/NaTf solutions. The relative 

Newtonian viscosity (hr) of the DTATf solutions as a function of [NaTf] increased to a maximum 

at higher [DTATf] (Fig 1A). The initial hr increase can be attributed to monomer addition, i.e., 

increase in the aggregation number. The hr decrease can be rationalized by assuming that an 

additional counterion condensation at the micellar interface leads to a decrease in inter-aggregate 

repulsion. Electric charge reduction of aggregates can indeed lead to hr decrease [5]. In DRS 

experiments, a reduction of the amplitude of the mode denoted “1”, related to the non-adsorbed 

counterions surrounding the micellar aggregate, was observed (Fig. 1B). This result can be 

interpreted as a compression of this layer, leading to a higher counterion adsorption at the micellar 

interface. 

In conclusion, NaTf addition to DTATf solutions results in an increase of counterions adsorbed at 

the micellar interface reducing the electric charge of the aggregates. At a [NaTf] limit, when the 

repulsion between the (barely) charged aggregates is sufficiently small, a closer proximity between 

aggregates is allowed and; thus, phase separation can ensue. 
 

 
Figure 1. A) relative Newtonian viscosity, hr, of different [DTATf] as a function of [NaTf]; B) dielectric loss 

spectra, e’’, of 0.03 M DTATf as a function of [NaTf] 
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This paper presents the lasing effects that occur by laser irradiation of micro-droplets containing 

emulsions [1] composed by a mixture of oil and Rhodamine 6G (Rh6G) solution in water. This 

optical resonant effect takes place due to the amplification obtained within the spherical resonant 

cavity constituted by the droplets themselves that amplify along different wavelengths the Rh6G 

emitted fluorescence radiation.  

For this study, several concentrations of Rh6G in water were selected in order to evaluate the 

radiative emission of the laser dye seeded into the micro-droplet. The emulsions were irradiated by 

a pulsed laser beam emitted at 532 nm by SHG/Nd:YAG laser (pulse time width at half maximum 

6ns, laser pulses repetition rate 10 pps). 

The droplets were generated using a computer controlled system Hamilton Microlab 500 and their 

volumes of typically 10 µl, with (consequently) dimensions not larger than 3mm, were produced. 

To highlight the lasing emission we measured the laser induced fluorescence (LIF) emitted by the 

droplets at different collection points on the droplet’s surface (Figure 1) [2]. 

The obtained results include a comparison between the optical emission obtained from simple 

Rh6G droplets and from structured droplets containing Rh6G as a core and a thin layer of oil 

covering it. The main conclusion is that the signal obtained from the emulsion containing Rh6G as 

active medium is more intense than the one obtained for the other type of droplets. At the same 

time the Rh6G molecules within the emulsion present a faster degradation which is observed in the 

intensity decrease in a short period of time along with a change of the product color in the area of 

interaction. After 50 seconds of irradiation of a droplet, 80% decrease in peak intensity is observed. 

 

 
Figure 1. Experimental set-up. 
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Synthesis of Ionic compounds partially derived from biomass (lactate, pyruvate) with amphiphilic 

character have been studied for their properties to extract metallic ions. Among all the processes 

that can be used to remove metallic particles from a water phase, one can use surfactants, it is 

called flotation. This process requires a foaming or hydrophobic agent and air bubbling [1]. In the 

case of metallic ions, the use of surfactants able to form ionic complexes should be an advantage to 

extract the pollutants from the water phase. After bubbling, the ionic species are concentrated in the 

foam and a final skimming step should remove the pollutants. Here, we present our results on the 

extraction of NiCl2, PbCl2, CdCl2, CuCl2 and As2O3. Good results were obtained in the extraction 

of Cu2+ and As3+. 
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The development of orally administered delivery systems for therapeutic agents, in particular, 

hydrophilic peptides [1], is a challenging task due to their instability in the gastrointestinal tract and 

also from the viewpoint of understanding the rate limiting step in the drug absorption process. The 

clinical use of hydrophilic peptides and proteins, such as insulin, glucagonlike peptide 1 (GLP-1) 

and other anorexigenic peptides commonly used in diabetes are prevented by their poor oral 

bioavailability and short-term activity upon the parenteral administration [2]. Compared to simple 

solution formulations, peptide nanoparticles with sustained release improve the bioavailability, 

with lower harmful side-effects observed. This work aims at developing and characterizing several 

types of lipid nanoparticles loaded with hydrophilic molecules. Lipid nanoparticulate carries 

including solid lipid nanoparticles(SLN-particles) optimized to increase stability, therapeutic effect 

and preparations safety are assumed to be designed. In the present work, the various types of 

nanoparticles (liposomes, aqueous- and gel-core SLN-particles) have been characterized and 

compared. The concentration and the components ratio of the system, operating parameters and the 

kind of homogenizing equipment have been varied. As a result, stable nanoparticles of desired 

mean size have been fabricated. It has been found that the stability of SLN-particles depends on the 

type of nanoparticle core. Gel-core SLN- particles are more stable than aqueous-core SLN-

particles. It has been shown that an increase in the core volume is possible for gel-core SLN-

particles during their preparation. This is especially important in the case of encapsulation of large 

molecules. To determine the encapsulation efficiency (EE) and “in vitro” guest release we used the 

model molecules, e.g. hydrophilic dye (Methylene blue), fluorescent probe (Rhodamine B) and 

peptide (insulin). It has been shown that EE depends on the type of nanoparticles. EE of the 

Rhodamine-containing SLN-particles (80-90%) is higher than EE of liposomes (25%). In vitro 

release study revealed that release of Rhodamine from gel-core SLN-particles is slower as 

compared to aqueous-core SLN-particles. To sum up, this work is of importance from the 

viewpoint of the design of novel drug delivery systems such as gel-core SLN-particles that are 

promising carriers for therapeutic peptides. 
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Antifoam emulsions added to immunoassay formulations prevent undesirable foaming during 

manufacturing processes, shipping, or handling by automated analytical instruments in the clinical 

laboratory. Tp reduce design risks associated to the use of antifoam we set to understand how these 

agents behaved in immunoassay-formulations. The mechanical properties and physical stability of 

common immunoassay formulations containing a polymethylsiloxane (PDMS) based antifoam 

emulsion at low volume fraction = 0.02 were investigated at pH 5, 7, and 9, while in the abscence 

or presence of either 1% bovine serum albumin (BSA), 1% human IgG, 1% sodium caseinate, 1% 

Triton X-100 or 0.1% Pluronic F127. Oscillatory rheological measurements indicated a strong 

dependency of the G´ (elastic modulus) and G´´ (viscous modulus) to pH. Light microscopy 

examination of the dispersions did not reveal flocculation events impacting rheology but particle 

size by laser diffraction identified a single distribution at pH 5 or 7 and multimodal distribution at 

pH 9 indicating stronger interparticle interactions at this pH. Presence of protein influenced the 

rheological behavior and droplet distribution profile. This interaction between protein and antifoam 

was specific to protein type suggesting that protein chemistry plays a key role on determining the 

interparticle interactions. Emulsion stability over time was monitored by multi-light scattering with 

the Turbiscan method and by visual comparison. The diluted antifoam emulsion began creaming 

within hours but could be fully re-dispersed by gentle mixing. The presence of non-ionic surfactant 

Triton X-100 or block co-polymer Pluronic F-127 produced two visible phases across the bulk 

dispersion while protein containing formulations appeared on a single visible phase. Creaming 

backscattering peak kinetics indicated a faster movement of the emulsion in the presence of 

surfactants when compared to protein excipients. The findings of this work further our 

understanding of immunoassay excipient interactions with the antifoam emulsions used in these 

formulations thus leading to better design options. 
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Complex research of premicellar and micellar association in aqueous solutions of the anionic 

surfactants with different hydrocarbon chain length - sodium alkyl sulfates having hydrocarbon 

chains from 10 to 16 carbon atoms was carried out. In particular, the NMR-self-diffusion and 

conductivity of water solutions of anionic sodium decyl, dodecyl, tetradecyl and hexadecyl sulfates 

was studied under alteration of surfactant concentration and solution temperature. We present the 

detailed experimental data on the self-association characteristics for the studied line of surfactants, 

such as critical micelle concentrations at two temperatures: 30 ºC and 40 ºC, and temperature 

intervals corresponding to micelle formation, and discuss the possible transfer phenomena in 

micellar solutions. 
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Short-chain alcohols are the common additives which can strongly modify the surface and 

volumetric properties of the aqueous solutions of surfactants. Alcohol behavior in the bulk phase of 

the solution depends on the number of carbon atoms in its chain and its concentration. Despite a lot 

of literature data [1, 2], alcohol influence on the critical micelle concentration of surfactants in the 

whole range of its concentration has not been exactly explained yet. 

For that reason we investigated the volumetric properties of the aqueous solutions of the mixture of 

two classical surfactants: anionic sodium dodecylsulphate (SDDS) and nonionic Triton X-100 (TX-

100) with ethanol. We carried out the measurements of density, dynamic viscosity and specific 

conductivity of the solutions in the whole range of alcohol concentration and in the range of 

surfactant mixture concentration from 1 x 10-5 to 1 x 10-2 M. From the obtained results, the critical 

micelle concentration (CMC) of the SDDS+TX-100 mixture at the constant alcohol concentration 

in the bulk phase and the critical aggregation concentration (CAC) of alcohol were determined. It 

appeared that surfactants form micelles only below CAC. The synergetic effect in the micelle 

formation was not found, only the negative deviation from the linear dependence between CMC 

and the surfactant mixture composition. The apparent and partial molar volumes of ethanol and 

water were also calculated. The presence of the mixed micelles was detected by the viscosity, 

density and specific conductivity measurements, but at slightly different values of the surfactant 

mixture concentration. 
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Emulsion type and stability are associated with the Hydrophile-Lipophile balance (HLB) of the 

system. Since determination of HLB value of essential oils appears as a critical step for 

development of emulsions, evaluation of required HLB values for sweet fennel oil is the aim of this 

work1. The potential advantage of encapsulating oils at the nanoscale is to protect them from 

physical and chemical degradation, which increases their bioactivity through the activation of 

passive mechanisms of cell absorption2. In addition, antioxidant essential oils could be vehiculated 

inside nanostructures to help improving human antioxidant defense systems, preventing free radical 

mediated cellular damage and consequently, many diseases 3.In this study, Tween® 20 (TW20), 

Span 80® (SP80) and Pluronic F68® (PF68) were used in a wide range of HLB values from 4.0 to 

21.23 at different ratios, at a total blend concentration of 15 wt% while the total oil concentration 

was held constant (5 wt%). Four of the most promising formulations were selected and processed 

in a high-pressure homogenizer (HPH) EmulsiFlex C5 (5 cycles, 10,000 psi). Droplet mean size 

and droplet size distribution of the dispersed phases in all the prepared nanoemulsions, as well as 

their stability over time, were evaluated using a commercial DLS instrument (Zetasizer Nano ZS, 

Malvern, UK). The antioxidant potential of Sweet Fennel oil was assessed using DPPH• (2,2-

Diphenyl-1-picrylhydrazyl) free radical capture essay. The ability to scavenge DPPH• radical was 

measured by the discoloration of the solutions prepared in this experiment, using 

spectrophotometry. The EC50 (half maximal effective concentration) of the sweet fennel oil and 

ascorbic acid standard solution were determined. The results showed that surfactant-oil rate was 

found to influence the particle size distribution of the produced systems. Mixtures with a narrow 

range of HLB enhance the stability of sweet fennel emulsions and exhibited long-term stability. 

Optimum stability of oil-water emulsions was obtained at HLB range 16.7–19.5. After processing, 

the lowest and the highest mean droplet diameters were obtained at HLB 16.7 (48.75 nm) and 19.5 

(231.3 nm), respectively. The o/w nanoemulsions also presented narrow size distributions and PDI 

(polidispesivity index) up to 0.2, under the processing conditions employed in this work. Moreover, 

emulsions with sweet fennel oil were finer and presented some bluish reflection, typical of 

nanoemulsions. Sweet fennel oil presented antioxidant potential, with an EC50 of 111 µg/mL. The 

results obtained were relevant and could corroborate to the application of sweet fennel oil 

nanoemulsions in drug delivery.  
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Cyclodextrins (CDs) are cyclic oligosaccharides, which are produced by enzymatic degradation of 

starch. CDs have sub-nanometer sized hydrophobic cavities in which guest molecules with an 

appropriate size and shape can be incorporated in water. Thus, the CDs have been applied in food, 

cosmetics, and pharmaceutical fields. A few research groups have reported that CDs were used as 

the emulsifier. [1-3] Mathapa et al. have shown that CDs could form stable oil-in-water (o/w) 

emulsion via adsorption of microcrystals of CD-n-alkane inclusion complexes (ICs) at the oil-water 

interface. [3,4] However, the formation of stable emulsion system has been depending on the type 

of oil and concentration of CDs (1-10 wt% in water). Furthermore, the extra microcrystals of ICs 

were precipitated and unstable in water. Here, we have studied the new class of emulsifier and 

emulsion stabilizer, which consists of crosslinked CD nanoparticles.It was found that the 

crosslinked CD nanoparticles (CDNPs) could form stable o/w type emulsion via adsorption of the 

nanoparticles at oil-water interface. 

Crosslinked CD polymer was prepared from β-cyclodextrin derivative, 2,6-di-O-methyl β-

cyclodectrin (DM-β-CD) by crosslinking with p-phenylene diisocyanate (PDI) at the appropriate 

crosslinker feed ratio to CD. The CDNPs were obtained by the self-assembly of CD polymer in 

aqueous solution through dialysis method. The particle size and morphology were characterized by 

dynamic light scattering (DLS) measurement and scanning electro microscope (SEM), respectively. 

Emulsions were prepared by mixture of the CDNPs aqueous dispersion (0.01-0.1wt%) with the 

typical nonpolar oils. The mixture of water/oil (1/1 v/v%) was homogenized at 8000 rpm for 60 

sec. The phase behavior of the emulsion system was studied using visual and microscopic 

observation after 24 h.  

The particle size of CDNPs (0.1 wt% in water) showed the bimodal peaks at about 20 and 200 nm 

from DLS data, which might suggest the unimers and micelles, respectively. The CDNPs aqueous 

dispersion could stably form o/w type emulsion as an emulsifier. It was confirmed that the CDNPs 

as soft gel particles swollen in water could adsorb at water-oil interface, and gave self-supporting 

interfacial layer on which the particles were interconnected through the entanglement and fusion 

together from microscopic observations. The flexible interfacial layer might contribute to the 

effective coverage of oil droplets and stable emulsion even in the low concentration of CDNPs. 
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We have recently developed a novel cinnamic acid-type photo-cleavable surfactant1. This 

surfactant experiences photo-cleavage through UV-induced cyclization in aqueous solutions. The 

photo-cleavage not only reduces its capabilities as a surfactant but also yields two functional 

materials including a coumarin derivative and an aminated polyoxyethylene compound. In this 

study we have synthesized a novel photo-cleavable surfactant (C4-C-Gly) which gives glycine, an 

amino acid, according to Scheme 1 and studied the effect of UV light irradiation on the interfacial 

properties. 

The photo cleavable nature has been characterized by means of UV/Vis absorption spectra. The 

UV light irradiation to an aqueous solution of C4-C-Gly results in a decreased A322 value and 

anincreased A194 value, which indicates the formation of the coumarin derivative and sodium salt of 

glycine. The photo-cleavage of C4-C-Gly induces an increased interfacial tension between 

squalane and water (Fig.1), while induces an increased solubilization power for oil orange (Fig.2) 

after UV light irradiation. The mechanism of this photo-induced change in interfacial properties 

will be discussed. 
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Non-ionic surfactants are used as efficient demulsifying agents for breaking emulsions, first of all, 

for destabilizing of crude oil emulsions. The quality of oil and oil products depends on the oil 

nature and other factors such as amount of water, salt and mechanical impurities. Oil emulsions 

forms as a result of mixing oil with ground water [1]. Demulsification (emulsion breaking) is 

necessary in many practical applications as the oil industry and waste water treatment in 

environmental technology. The emulsion stability results from the presence of interfacial barrier 

preventing coalescence of the dispersed water droplets. The most effective method to overcome the 

problem is to demulsify the crude oil by using demulsifiers [2]. Non-ionic surfactants based on 

copolymers showed high efficiency due to their surface activity at the oil – water interface and 

ability to displace natural stabilizers of oil [3]. This paper presents the effect of demulsifying 

compositions based on polyoxyethylated compounds for oil from Kazakhstan fields. The 

thermochemical dewatering was carried out at temperature from 400C to 700C. The water amount 

was identified by using Dean-Stark method. The sample of oil contents 22,3% of water. IR-

spectrum data prove the amount of water in this oil. The micro-pictures obtained by optical 

microscopy show the size of water droplets in oil medium equal to 5-25 mkm. Demulsification of 

the crude oil is a primary processing of oil involving dewatering and desalting of oil. 

Demulsification is an important problem for Republic of Kazakhstan because our country is one of 

great oil produsing one. West Kazakhstan oil (Zhana Uzen field and others) differs by high density 

and stability due to high molecular surface active components: high molecular paraffines, resins 

and asphaltenes. It was confirmed by gas chromatography data. The composition based on block 

copolymers of ethylenediamine showed dewatering degree equals to 1,32%. The most optimal ratio 

in compositions is 1:1. Demulsifiers are dissolved in kerosene and benzene. Maximum result was 

obtained with using the following composites: PE 6100: RPE (1:1) – W=51,95%, Basorol 150 R1 : 

RPE6100 (1:1) – W=47,62%, where PE 6100 : RPE, Basorol – are block copolymers based on 

alcohols and diamines. 
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Marine oil spills can cause detrimental effects on ecosystems. One way to combat oil spills is by 

utilizing dispersants which reduce the oil-water interfacial tension, allowing for oil droplet 

formation and dilution through the water column, thus accelerating the degradation process by 

bacteria. Even though current dispersants are relatively non-toxic, they still add solvents and 

contaminants to the environment due to the large amounts used. To this end, we explore the use of 

mineral particles in dispersants in order to reduce the amounts of surfactants utilized and to develop 

formulations that have low impact on the environment. 

We consider mineral (silica or clay) particles in terms of their ability to disperse oil in water. The 

surface properties of the nanoparticles are modified by a change in the solution pH and/or the 

adsorption on the surface of surfactants of the poly(ethylene oxide)-poly(propylene oxide)-

poly(ethylene oxide) (PEO-PPO-PEO) family. The physical adsorption of surfactant polymers, and 

corresponding interactions between nanoparticles, can be modulated by the addition of displacers 

such as polar organic solvents or electrolytes. The nature of both the surfactants and the particles 

and their concentration affect the droplet size and polydispersity as well as the stability of the 

emulsions to creaming and/or coalescence. Under certain conditions the particles have shown 

synergistic effects with surfactants. 

The connection that we establish between (a) the surfactant organization on the nanoparticle 

surface and in the bulk solution and (b) macroscopic properties of the dispersions can guide the 

design of more effective environmentally benign dispersant systems. 
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Various technological areas. The adsorption of ions on the surface of dipolar ionic surfactants 

occurs in the presence of electrolytes in solution, and results in changes in the physicochemical 

behavior of the micellar aggregates. This arises primarily due to increased electrostatic repulsion 

between micelles, which promotes changes in the shape and size of the micelles.[1] The selectivity 

of the preferential adsorption of anions into the micellar surface generally follows the Hofmeister 

series.[2] Conversely, the selectivity for the adsorption of cations is less well known, although 

dipolar ionic micelles show a marked preference for cations with higher charge.[2] Some 

techniques can be employed to study the interaction between ions and micelles, such as 

conductivity, potential, molecular fluorescence, light scattering and turbidity. This work focuses on 

the techniques of conductivity, potentiometric titration and molecular fluorescence. 

Using a probe selective for sodium and potassium, 4,4′-[1,4,10,13-Tetraoxa-7,16-

diazacyclooctadecane-7,16-diylbis(5-methoxy-6,2-benzofurandiyl)]bis-1,3-benzenedicarboxylic 

acid (PBFI), the intent was to evaluate the competitive incorporation of ions in dipolar ionic 

surfactant micelles, particularly focusing on the interaction between sodium and potassium salts. 

The comparison between salts with the same anion, but different cations, may indicate whether or 

not the preference for the incorporation of cations in the micellar surface is related to the zeta 

potential on the surface of the micelles. 
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When a non-ionic ethylenoxide (EO) surfactant like TX-100 is added to an ionic liquid (IL), the 

formation of micelles is observed after a certain threshold concentration is exceeded.[1] It is 

assumed that in such systems the hydrophobic parts of the surfactant form the core of the micelle, 

whereas the IL interacts with the EO units of the surfactant. Experimental evidence for this 

interaction was gained by ROESY-NMR studies indicating a spatial proximity between the IL and 

the hydrophilic surfactant head group.[2] Upon addition of an oil these micelles swell to form 

microemulsion-droplets with a pool of oil inside and the surface covered with surfactant, as 

demonstrated for [BMIm]BF4 – cyclohexane – TX-100.[2] 

In the ternary system H2O – [BMIm]PF6 – TX 100 the IL replaces not the water but the oil. For 

such systems it is postulated that the water interacts with the EO units, whereas the IL is now 

assumed to be on the hydrophobic side of the surfactant, inside of the micelle.[3] An explicit proof 

for this assumption is still lacking. 

However, this would mean that the IL interacts with the hydrophilic as well as with the 

hydrophobic part of the surfactant, depending on the solvent used. But what should then be the 

driving force for the formation of surfactant micelles in the binary IL – surfactant systems in the 

first place? 

Raising this question demonstrates that one of the prior assumptions must be wrong and this is 

most likely the interaction of the IL with the hydrophobic part of the surfactant. In other words, the 

current model of an IL pool within the droplets of an aqueous microemulsion is highly 

questionable. Thus, an alternative model of corona swollen micelles as shown in the figure below is 

proposed and a set of experimental methods aimed distinguishing between these two models was 

applied. The so far performed methods involve ROESY-NMR, Pulsed field gradient NMR and 

Spinning drop tensiometry. 

The poster shows the latest results in clarifying the question about the nature of the nano-structure 

ternary H2O – [BMIm]PF6 – TX-100 systems. 

 

 
Compared models for the nano-structure of the ternary system H2O – [BMIm]PF6 – TX-100. 
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The formation of emulsions at almost every stage of the production and processing of crude oils 

has been historically the subject of numerous studies in the petroleum industry due to associated 

operational issues that require considerable technical attention, interventions and lots of expenses. 

The demulsifier additives as an emulsion-breaking method have been developed to solve these 

problems and since it has been proven that microemulsion based demulsifiers may improve 

significantly the production of oil and gas; this work aims to evaluate the microemulsions 

technology to improve the efficiency of demulsifier additives in breaking W/O emulsions of heavy 

and extraheavy crude oils produced in Venezuela.  

The microemulsion system conformed of an aqueous phase (distillated water), an oil phase (diesel), 

a surfactant (mixture of fatty acids), the surfactant activator (weak organic base) and a cosurfactant 

(short-chain alcohol) is the main component of a product consisting of 80% microemulsion and 

20% demulsifier (called “Demicro”); and the proposed methodology included microemulsions 

formulation, turbidity testing, measurement of density, static stability tests, making and 

characterization of W/O emulsions and bottle tests for demulsification studies. 

Demicro was tested in the lab for demulsification purposes on a range of emulsion-diluent systems, 

demonstrating that there is a synergistic effect between the microemulsion and the demulsifier 

previously selected when they coexist as only one product; since significant demulsification rates 

and efficiency were obtained when using this product in comparison with the demulsifier used by 

itself. Complete breakdown of extraheavy oil emulsions occurred in emulsion-diluent systems 80-

20 and 90-10. However, the best system evaluated was 80-20 because it required only between 5.5 

and 7.5 hours for the complete demulsification process. 
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The emulsifying power is an important property in several areas particulary in cosmetic and 

pharmaceutical activities. The surfactants are used as emulsifiers when they exhibit the good 

surface activity and when the emulsion resist to change in its properties over time. These properties 

are related to various parameters such as surface tension (γCMC), critical micelle concentration 

(CMC) and hydrophlic-lipophilic balance (HLB). 

In this work, we have study the surface activity, the emulsifying power and the type of emulsion of 

a series of sodium methyl esters sulfonates (MES) with different chain lengths. The emulsification 

properties were measured following the procedure described by Shimada [1]. The evolution of the 

emulsion stability is determined and compared with a commercial anionic surfactant (SDS). The 

HLB was determined experimentally [2] and theorically by the Griffin and Davies- Rideal equation 

[3]. 

The results show that the synthesized surfactants present a good surface activity and a good 

emulsion stability, the value of HLB show that this surfactant is an oil /water emusifiers. 
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Antifoam emulsions added to immunoassay formulations prevent undesirable foaming during 

manufacturing processes, shipping, or handling by automated analytical instruments in the clinical 

laboratory. Tp reduce design risks associated to the use of antifoam we set to understand how these 

agents behaved in immunoassay-formulations. The mechanical properties and physical stability of 

common immunoassay formulations containing a polymethylsiloxane (PDMS) based antifoam 

emulsion at low volumen fraction = 0.02 were investigated at pH 5, 7, and 9, while in the abscence 

or presence of either 1% bovine serum albumin (BSA), 1% human IgG, 1% sodium caseinate, 1% 

Triton X-100 or 0.1% Pluronic F127. Oscillatory rheological measurements indicated a strong 

dependency of the G´ (elastic modulus) and G´´ (viscous modulus) to pH. Light microscopy 

examination of the dispersions did not reveal flocculation events impacting rheology but particle 

size by laser diffraction identified a single distribution at pH 5 or 7 and multimodal distribution at 

pH 9 indicating stronger interparticle interactions at this pH. Presence of protein influenced the 

rheological behavior and droplet distribution profile. This interaction between protein and antifoam 

was specific to protein type suggesting that protein chemistry plays a key role on determining the 

interparticle interactions. Emulsion stability over time was monitored by multi-light scattering with 

the Turbiscan method and by visual comparison. The diluted antifoam emulsion began creaming 

within hours but could be fully re-dispersed by gentle mixing. The presence of non-ionic surfactant 

Triton X-100 or block co-polymer Pluronic F-127 produced two visible phases across the bulk 

dispersion while protein containing formulations appeared on a single visible phase. Creaming 

backscattering peak kinetics indicated a faster movement of the emulsion in the presence of 

surfactants when compared to protein excipients. The findings of this work further our 

understanding of immunoassay excipient interactions with the antifoam emulsions used in these 

formulations thus leading to better design options. 
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Surfactant are important ingredient in a great number of formulations ad processes, practically any 

human activity deals with surfactant. Their cooperative action tend to squeeze the hydrocarbon 

portion out of the water and hence they form many different aggregates such micelles, vesicles, 

liquid crystals, etc. whose type and properties depend on the amphiphile structure and on the 

solubilization conditions. Among them, micelles represent a simple model that can mimic some of 

the properties of biological systems. The ability of aqueous micellised surfactants to affect reaction 

rate and equilibrium constants is well established [1], hence investigations of the surface 

composition of aggregates should provide useful structural and chemical information. 

Since many years our group is involved in study about the influence of surfactant nature and 

structure, namely head group size, on properties [2]. 

Head group size control water penetration in to micelle structure affecting, in such a way, local 

polarity and hydrogen bond forming ability as shown by kinetic and NMR measurements. 

Despite the fact that the synthesis of surfactant is a simple one, purification some time is very 

frustrating and time consuming. 

Many hydrophobic non-micelle forming ammonium salts such as aliquat, tetrapenthyl ammonium 

etc. are commonly used as phase transfer catalyst. We decided to investigate such hydrophobic 

ammonium salts to dope the surface of cationic CTAB (Cetyltrimethylammonium bromide) 

micelles to mimic, through mixing of simple constituents, the properties of micelles formed by 

single pure surfactants of more complex structure. So, instead of synthesizing complex surfactant, 

we are interested on study such simple mixed systems. 

As model reaction to study such mixed systems we investigated the well known kinetic of 

cyclization of o-(3-halopropyl)phenol [3], and also we investigated the variations in the polarity of 

the micellar surface by measuring the changes of the anthracene spectral R coefficient, where R is 

the ratio between the maximum and minimum band absorption, for anthracene λ amax= 376.0 and 

λ amin= 362.0. The R parameter is a well known function of the solvent polarity. 

Kinetics shows a strong dependence n nature and amount of the non-surfactant ammonium salt, 

while the effect on the R parameter is smaller. 
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Current interest in carbohydrate based surfactants, also known as glycolipids [1], is growing 

rapidly as besides their proven physical properties, these have high bio-degradability and lower 

toxicity and posses broad spectrum of molecular architecture. Carbohydrate based gemini 

surfactants [2] possess two hydrophilic sugar head groups and two hydrophobic alkyl tails linked 

by a flexible [3] or rigid [4] spacer, which can be hydrophilic or hydrophobic [5]. 

Novel glucose-based non-ionic gemini amphiphiles comprising two sugar head groups, two 

hydrophobic tails having chain length of C14 and C16 and a bent Ar–CH2–Ar spacer have been 

synthesized. The head groups of the geminis consist of glucose entities (with reducing function 

blocked in a cyclic acetal group) connected through C-6 to tertiary amines. These amphiphiles were 

explored as reverse micellar systems, for the encapsulation of D- and L-enantiomers of ultraviolet-

absorbing aromatic α-amino acids viz. histidine (His), phenylalanine (Phe), tyrosine (Tyr) and 

tryptophan (Trp) in n-hexane, without any added water. Reverse micellar studies revealed that 

aromatic a-amino acids were encapsulated in the sequence His>Tyr>Phe>Trp. In most cases, D-

enantiomer was found better encapsulated than L-enantiomer in the reverse micellar probes of the 

gemini surfactants. Gemini 7 was found more efficient in encapsulation than 6. 
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Amino acid-based surfactants have received much attention as an environmentally and human 

friendly material in the field of personal care applications. Sodium N-acylglutamates are typical 

examples of such amino acid-based surfactants. However it is not easy to increase the viscosity of 

their aqueous solutions because of their large headgroup geometry. We have offered a unique way 

to increase the aqueous solution viscosity by means of acylglutamic acid-alkylamine complex as 

gemini-like amphiphiles in the absence of additional electrolytes or cosurfactants [1]. The general 

chemical structure of acylglutamic acid–alkylamine complexabbreviated as nGlu-mDMA (n and m 

are the hydrocarbon chain lengths, 8, 10, 12, 14 and 16) is shown in Figure 1(a). In this study, we 

have systematically investigated effects of the chain length on the rheological properties of nGlu-

mDMA in aqueous solutions. Figure 1(b) shows the zero-shear viscosity of nGlu-12DMA aqueous 

solutions (3 wt%) as a function of pH. For all of the nGlu-12DMA systems, zero-shear viscosity 

increases with pH until a maximum is reached and then decreases. In addition, an increased chain 

length (n) results in a higher viscosity, and we obtained hydrogels in some cases. From these results 

we suggest that the increased viscosity results from the formation of wormlike micelles and/or 

hydrogels, and this behavior strongly depends on the chain lengths of the complex. 
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Catalytic olefin polymerization represents one of the major chemical industries. The heterogeneous 

single-site polymerization catalysts based on early transition metals currently dominate this field. 

Cost-efficient and highly productive catalysts compatible with modern industrial-scale 

polymerization processes are a subject of intensive research and development in industrial and 

academic labs. Controlled morphology of catalyst particles is crucially important for the 

polymerization process and properties of the polymer resin. Borealis proprietary Sirius Catalyst 

Technology utilizes emulsions as templates for the synthesis of single-site polymerization catalysts. 

Sirius catalysts are obtained as highly uniform microspheres with narrow particle size distribution 

and excellent intraparticle and interparticle homogeneity. When subjected to olefin polymerization, 

catalysts produce uniform spherical particles of polyolefin resin. Key advantages of Sirius catalyst 

technology also include excellent catalyst fragmentation and ability to fine-tune catalyst chemistry 

in order to obtain polyolefin resins with enhanced properties. 
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Nanoemulsions have attracted much attention for their application in material science, food, 

nutraceutical and pharmaceutical field as delivery systems for lipophilic bioactive ingredients, such 

as essencial oils. In general, nanoemulsions are oil-in-water emulsions with an droplet 

hydrodynamic size (diameter) less than 200 nm. These properties lead to better stability, optical 

transparency and larger surface area1. Sweet fennel essential oil (Foeniculum vulgare) (SFO) is a 

source of medicinal and aromatic compound widely used in culinary, as flavoring in food, 

beverages and cosmetic industries as well. The aim of this study is to develop and characterize 

stable o/w nanoemulsion-based delivery systems for the encapsulation of SFO. We constructed 

pseudo-ternary phase diagrams based on oil, surfactant mixture, and water. The influence of 

surfactant concentration was investigated by varying the surfactant-to-oil ratio (SOR). Surfactant, 

oil, and water were added to a becher and then stirred on a stirring plate at room temperature. The 

total oil content in the final systems was held constant, while the SOR was varied by altering the 

amounts of surfactant and water content in each the system. Nine different systems were evaluated 

in SOR as follows 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1, yelding 99 samples. After the 

identification of nanoemulsion region in the pseudo-phase diagrams, the formulations were 

processed in a high-pressure homogenizer (HPH) EmulsiFlex C5. The coarse emulsions were 

processed for six cycles through a HPH at 10,000 psi to obtain nanoemulsions. The droplet size 

distribution, mean droplet diameter, polydispersity index (PDI), and zeta potential of samples were 

measured in DLS instrument (Zetasizer Nano ZS, Malvern Instruments, Malvern, UK). SOR was 

found to influence the particle size distribution of the systems produced. Nanoemulsions with a 

mean particle diameter of about 100 nm could be produced at a final system composition of 2-8 

wt% of SFO and 6-16 wt% of surfactant mixture. The results showed that the oil/water 

nanoemulsions presented mean droplet sizes values under 100nm, narrow size distributions and 

PDI maximum of 0.3 when prepared in the HPH equipment, under the conditions employed in this 

work. Given the non-ionic feature of the surfactans employed here, all formulations presented low 

negative charges (-2 mV), which due to the anionic groups of the fatty acids and glycols present in 

the oil. Shear viscosity measurements were performed for the most promising formulations using a 

dynamic shear rheometer (Haake RheoStress 600, Thermo Electron Corporation) equipped with a 

cone-plate geometry. All measurements were carried over a range of different shear rates (0.1–100 

s-1) at 25 oC. The apparent shear viscosity was measured. A shear thinning behavior was observed. 
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We have recently reported on reversible change in viscosity of wormlike micellar solution formed 

by cetyltrimethylammonium bromide (CTAB) containing sodium salicylate (NaSal) as a result of 

the trans-cis photo-isomerization of azobenzene-modified cationic surfactant (4-butylazobenzene-

4’-(oxyethyl)trimethylammonium bromide, AZTMA).1 Here we study a photo-induced reversible 

change in viscoelasticity for “reversed” worm-like micellar solution (lecithine / D-Ribose / 

azobenzene / decane system) using the trans-cisphotoisomerization reaction of azobenzene. The 

four components solution had a high viscoelasticity characteristic to Maxwell-type behavior, while 

UV-light irradiation to this viscous solution induced a significant decrease in zero-shear viscosity. 

In addition, this photo-induced viscosity change showed excellent reversibility. 

We also used Fourier transform infrared spectroscopy (FT-IR) to investigate the interactions 

between lecithine and azobenzene derivetives (p-(phenylazo)phenol, p-(phenylazo)benzoic acid, p-

aminoazobenzene) via hydrogen bonding. The FT-IR measurement enables us to determine the 

relative positions of the azobenzene derivetives in the hydrophilic moiety of reversed worm-like 

micelle2.  The hydroxyl group of p-(phenylazo)phenol formsstrong hydrogen bonds with a 

phosphate groups of lecithine, thus decreasing the worm-like micellar network.  Based on these 

results, we designed and synthesized 4-[4′-(butoxy-phenylazo)phenoxy]-1-butanol,  (Figure 1) as a 

new photo-swithcable molecle.  In the lecithine / D-Ribose / 4-[4′-(butoxy-phenylazo)phenoxy]-1-

butanol / decane system, significant reduction of viscoelasticity (1/147) was observed after UV-

light irradiation and this photo-induced viscosity change showed excellent reversibility.  
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Oil is the most used power source in the modern society. Being a non-renewable energy, oil is a 

highly explored resource and the single source of available energy to respond to the current real 

needs. Thus it becomes essential to add extra motivation to recover a greater percentage of the oil 

present in each reservoir. In an oil reservoir, only ca. 50% of the oil is recovered after the primary 

and secondary recovery process. Therefore a large amount of oil is still present in the oil reservoirs 

but the efficiency of the current recover methods is too limited and too expensive to be applied. 

There are many methods being explored for this purpose. Chemical methods are one of the 

possibilities, they are inefficient but promising. We centered our study in the these methods; they 

are at the moment not fully efficient methods although ASP flooding (alkaline-surfactant-polymer) 

shows reasonable percentage of oil recovered. 

This project concerns the understanding of the relationship between the surfactant architecture and 

the oil recovery efficiency. We use a large variety of surfactants with systematic variations in their 

hydrophobic tails and hydrophilic headgroups to emulsify and remove the oil from different types 

of rocks. Both anionic (SLS, SLES, SLE2S, SLE11S, LAS) and cationic surfactant (DDAB) were 

investigated, at different pH and temperatures. Therefore the role of both emulsification and 

saponification induced by high pH were explored. The concentration of the amphiphiles varied 

within 0.5-2 wt% and the tests were carried out at 25 ºC, 50 ºC and 80 ºC. The rocks were selected 

to represent the real rock composition in an oil reservoir: limestone, sandstone and sand with white 

and red clay. Paraffin (C22) and 1-decanol were used as oil models. The values of 

superficial/interfacial tensions of the different systems were measured by tensiometry while the 

amount of surfactant adsorbed on the rock was measured by FTIR-IR. 

The results show a clear relationship between the hydrophobicity of the surfactant and the 

efficiency of oil removal. 
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Fatty acids are widely distributed in living bodies as a constituent of various complex lipids such as 

triglycerides, phospholipids, glycolipids, and so on[1]. Although the level of free acids is generally 

low in body tissue and fluids, they affect a variety of physiological functions of biomembranes[2]. 

The partitioning of free fatty acids between the aqueous phase and the lipid bilayer phase is of 

importance not only from a pure physicochemical point of view, but also in relation to a large 

number of biological and biotechnological processes where the amphiphilic fatty acids act as 

regulatory lipids for the functioning of several lipid membrane associated processes[3]. The 

incorporation of fatty acids into the membrane leads to a change in the property of lipid membrane 

stability and bending rigidity as well as for the functioning of membrane-associated enzymes, 

peptides, and proteins. Furthermore, important drug and drug delivery aspects are closely related to 

the way free fatty acids incorporate into lipid membranes and distribute themselves laterally in the 

heterogeneous membrane structure[1-3]. From the viewpoint of performance, it is important to 

understand how fatty acids have an influence on changing packing property of lipid membranes. 

Even though many studies have been carried out to investigate the effect of amphiphilic solutes 

such as lysolipids and fatty acids on liposome systems, no systematic work has been performed on 

the structure of fatty acids with an 18 carbon chain on the membrane fluidity of liposomes.In the 

present work, the interaction of fatty acid with the vesicle membrane of phospholipids was 

investigated by using 4 different kinds of soybean lecithin and 3 different types of fatty acid of 

different molecular structure. It has been found that the addition of fatty acid produced close 

packing of liposomes mainly due to the penetration of fatty acid molecules into liposome vesicles, 

which resulted in a decrease in liposome size. The closest picking of liposomes with stearic acid, 

oleic acid and linoleic acid was found at the molar ratios of fatty acid to lecithin of 0.70, 0.50, and 

0.25 respectively. Further increase in fatty acid contents in liposomes produced aggregates of lipid 

particles. The membrane fluidity of liposomes was characterized by measuring membrane 

deformability, fluorescence anisotropy, and transmission electron microscopy and compared with 

measurements of particle size and zeta potential of liposomes. 
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Conventional treatments for patients suffering from mitochondrial cytopathies are, in most of the 

cases, inefficient and there is, until now, no effective cure. Mitochondrial gene therapy can be seen 

as a valuable approach to reestablish normal metabolic function, adding a new perspective of 

treatment for mitochondrial diseases. We developed novel mitochondrial-targeted plasmid DNA 

nanoparticles by incorporation of rhodamine 123, a fluorescent amphiphile with mitochondria 

affinity. These biocompatible nanocarriers have suitable sizes for gene therapy purposes, negative 

zeta potential values and are able to protect the encapsulated pDNA from nucleases digestion. 

Furthermore, the pDNA vectors were easily internalized into different cell lines and targeted 

delivery to mitochondria was confirmed by fluorescence confocal microscopy. In addition, p53 

protein inexpression, mediated by rhodamine nanoparticles, demonstrates the ability of the 

proposed system to target mitochondria; due to the different codon usage in mitochondria, p53 

protein cannot be expressed. Overall, the presented model pDNA constructs possess interesting 

properties as gene delivery systems and their mitochondrial target ability might have a profound 

relevance for further engineering of adequate vectors to be applied in mitochondrial gene therapy 

field. 
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Cationic double-chain surfactants assemble in water as bilayer vesicles in a similar way to natural 

lipids [1]. This makes cationic surfactants highly appropriate for many purposes such as mimicking 

cell membranes or functioning as drug deliverers. Here we delineate the single isotropic cationic 

vesicle phase (Ves) in the didodecyldimethylammonium bromide (DDAB)/water system, limited 

by the critical concentrations, C1 ≈ 0.05 mM and C2 ≈ 0.7 mM, as the onset of unilamellar vesicle 

formation and of two-phase separation into Ves + Lam (lamellar) phases, respectively (Figure 1). 

Isothermal titration calorimetry (ITC), turbidity, and crossed polaroids observations indicate that 

below C1 the dispersion is dominated by free monomers, but rich in uni- and multilamellar vesicles 

between C’2 and C2, with C’2 = 0.21 mM being the onset of multilamellar vesicle formation prior 

phase separation. Above C2, the volume of the Lam phase increases, while that for the Ves phase is 

inhibited to vanish around C3 ≈ 21 mM. Differential scanning calorimetry (DSC) data show that the 

gel-to-liquid crystalline transition at Tm ≈ 16 oC is highly cooperative (DT1/2 ≈ 0.3 oC), and its 

melting enthalpy (DHm) increases with DDAB concentration [2]. The system also displays 

remarkably slow liquid crystalline-to-gel kinetics, as demonstrated by DSC. Moreover, a cooling 

transition around T’m ≈ 9.5 oC reported here for the first time, is ascribed to the liquid crystalline-

to-gel transition (thermal hysteresis DTm ≈ 6.5 oC). T’m was obtained by monitoring the Tm values 

as function of the sample equilibration time in the equipment cell. Around T’m, Tm decreases 

steeply to zero. Ves and Lam structure formation is indicated also from the hydrodynamic diameter 

(DH), being 100-140 and 800-1200 nm, respectively, below Tm. The zeta potential (z) increases 

with DDAB concentration but does not change much with temperature, indicating no pronounced 

structural change when temperature varies around Tm. The knowledge of DDAB properties is 

highly important for application, e.g., in DNA compaction/decompaction for cell transfection. 

 

 
 

Figure 1. Top: Phase map (25 oC) of DDAB/water, showing the phase sequence: Monomer (Mon), Vesicle 

(Ves), Ves + Lam, and Lam. C1 ≈0.05 mM, C’2 ≈0.21 mM, C2 ≈0.7 mM, C3 ≈21 mM. Bottom: Schematic 

structures dominated in the phases. 
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Cationic liposomes are a rapidly growing approach of enormous potential in gene therapy.[1] 

Usually, the liposomes used as non-viral vectors of genetic material (DNA or RNA) in nucleic acid 

delivery are made of a mixture of cationic and zwitteronic lipids. Their advantages, compared with 

viral vectors, are non-toxicity, non-immunogenicity and relatively cheap and easy protocols of 

synthesis. However, factors as transfection efficiency and cell viability must be improved. Among 

the wide variety of cationic lipids (CLs), those named gemini lipids are known to show better 

performances as transfecting agents, the tail length, the spacer group and the type of cationic polar 

heads being structural factors directly correlated with their capacity to transfect DNA to cells in an 

efficient and safe way.[2] In this work, we present a physicochemical characterization of lipoplexes 

formed by cationic lipids, either of classical type (one tail-one head) or gemini type (two tails-two 

heads), a zwitteronic lipid (DOPE) and the green fluorescent protein encoding plasmid DNA 

pEGFP-C3 (pDNA). Accordingly, CLs used in this work consist of one (PH12) or two (12PH12) 

12C hydrophobic tails with cuaternary dimethyl ammonium cationic heads linked to an aromatic 

ring. The lipoplexes have been analyzed by zeta potential, agarose gel electrophoresis and small 

angle X-ray diffraction (SAXS) to establish a relationship between the charge, the structure and 

liposome-plasmid interaction. The study has been carried out at different compositions of mixed 

lipid, in terms of molar ratios (α) and of lipoplex, in terms of either charge (reff) or mass (L/D) 

ratios. The electrochemical study (zeta potential and gel electrophoresis) indicates that the effective 

charge of pDNA is less negative than expected, in agreement with previuos studies. [3] This effect is 

found to be higher for the gemini surfactant 12PH12 than for its monomeric counterpart (12PH). 

SAXS diffractograms show that lipoplexes present mainly a lamellar structure at different lipid 

molar fraction for both lipids. 
 

 
 

Figure 1. Structure of cationic lipids, classical type and Gemini type 
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The aim of this work was to study the effect of sodium dodecyl sulfate (SDS) addition on different 

aqueous formulations of Span 80 (sorbitan monooleate) and citric acid. Span 80 is a non-ionic 

surfactant that forms microscopic vesicles called niosomes, consisting of an aqueous core enclosed 

by a bilayer membrane of non-ionic surfactant monomers based on their amphiphilic nature. 

Niosomes can entrap active compounds or drugs and are useful in a great number of industrial 

areas such as cosmetic, food, pharmaceutics and medicine. The membrane properties are 

influenced by the formulation and preparation method, affecting the permeability, stability, size, 

and drug/active compound entrapment capacity of niosomes. 

In this study, Span 80 (20 mM) niosomes modified with SDS (2, 4, and 10 mM) containing citric 

acid (5-75 mM) were prepared by sonication of 10 mL samples in deionized water using a probe 

type sonicator (Fisher Scientific 75042, 500 W) at 30% amplitude. Sonication was applied in pulses 

of 5 seconds (5 s ultrasound and 5 s pause) with samples immersed in an ice bath to avoid their 

overheating. Ultrasonication effective times of 5, 10, and 15 minutes were tested. After sonication, 

samples were centrifuged (Eppendorf 5804 centrifuge) at 9000 rpm for 45 minutes and the 

supernatant was analyzed. Aliquots of supernatant were separated by centrifugal ultrafiltration 

using Amicon Ultra-4 units (Millipore) with 10 kDa cut off regenerated cellulose membranes, and 

permeates were analyzed. 

The size of niosomes was measured by dynamic light scattering (DLS) using a Malvern Zetasizer 

Nano ZS (Malvern Instruments Ltd.). Zeta potential was measured using phase analysis light 

scattering (PALS) with the aforementioned Zetasizer device and citric acid was measured by HPLC 

(Beckman System Gold). 

Experimental results indicated that SDS addition in concentrations lower than CMC improved the 

stability (higher zeta potential absolute value) of formulated niosomes, while their size remained 

constant. 

Best results were achieved for niosome dispersions with 2 mM of SDS and 5 minutes of 

ultrasonication effective time, obtaining citric acid entrapment efficiencies of about 25%, with an 

average size smaller than 170 nm, polydispersity index lower than 0.25 and zeta potential lower 

than –45 mV, indicating dispersions with a monomodal size distribution and high stability. 
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Nanostructured lipid carriers (NLC) have been studied in the last years for administration through 

different pathways, playing an important role in drug delivery.[1] In the present work, the goal was 

the optimization of a nanostructured lipid carriers formulation composed of precirol, oleic acid and 

stabilized by Tween 80® through the application of a central composite design (Figure 1). NLC 

were produced by hot high pressure homogenization, and evaluated as drug carriers for porphyrins 

(5,10,15,20-tetraphenylporphyrin and meso-Tetra(4-carboxyphenyl)porphine). The selected 

independent variables, x1, x2 and x3 included emulsifier concentration, liquid:solid lipid ratio, and 

lipid phase concentration, respectively, while the dependent variables or responses included 

particle size, polydispersity index and zeta potential. 

Experimental results of 15 formulations yielded mean particle size ranging from 105 to 534 nm, 

with a polydispersity index from 0.20 to 0.32, and zeta potential values ranging from -16.9 to -34.5 

mV. The most important parameter was the liquid:solid lipid ratio, followed by the emulsifier 

concentration. Higher liquid:solid lipid ratios, as well as higher Tween 80® concentrations, induce a 

decrease in particle size. In summary, using a second-order model we obtained 

D = 182.7 – 33.7x1 – 82.8x2 + 42.1x3 – 4.2x1x2 + 4.4x2x3 – 7.8x1x3 + 20.8x12 + 43.0x22 +17.5x32 + 

4.6x1x2x3 

and an optimal formulation was determined, with mean particle sizes ranging from 91 to 156 nm, 

with a polydispersity index from 0.29 to 0.31, and zeta potential values ranging from -31.7 to -37.3 

mV. The use of Tween 80® to stabilize the formulation allowed the production of smaller particles, 

and provided fair stability to the dispersion produced. The NLC were able to incorporate the 

porphyrins under study, with no significant changes in particle size and zeta potential, constituting 

promising carriers for these compounds. The application of experimental design provided a deeper 

understanding of the system, and also proved to be a useful tool for the optimization of the 

nanoparticle formulation. 
 

 
Figure 1. Central composite design for a three factor experiment [2] 
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The development of cationic liposomes, including combination of different cationic lipids, in order 

to improve the efficiency of liposomal nanocarriers for gene delivery has been a focus of intense 

research in recent years. In previous studies we have been study the potential of DODAB:MO as 

non-viral vector for transfection and for gene silencing therapy [1,2]. In this study we included (β-

[N-(N´,N’-dimethylaminoethane)-carbamoyl] cholesterol hydrochloride (DC-Chol) in 

dioctadecyldimethylammonium halide (DODAC):monoolein (MO) mixed liposomes to optimize 

the lipoplex structural properties and better promoter transfection. 

Differential scanning calorimetry studies revealed that DC-Chol has a different impact on 

DODAC:MO bilayers depending on the MO molar fraction, resulting in different liposomal 

membrane fluidity. 

DODAC-based liposomes were further evaluated regarding mean size, surface charge and ability to 

complex DNA. All studied liposomes efficiently condensed DNA, and positively charged 

lipoplexes with small size (< 150 nm) were formed. 

Cytotoxicity and transfection efficiency were evaluated on human embryonic kidney 293T cells, 

and correlated well with the physicochemical and thermotropic properties of the liposomes. This 

work shows that the inclusion of a third lipid DC-Chol on DODAC:MO liposomes improves their 

capacity to promote effective transfection. 
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The evolution of cationic liposomes into one of the most appealing and versatile nonviral vectors 

for delivery of nucleic acids [1], together with the discovery of RNA interference (RNAi) [2], have 

made of the development cationic liposomes-based delivery of siRNA to specific cells, an 

appealing strategy for treating genetic disorders. 

Our work consisted in the development and characterization of novel nanometric systems (≈ 100 to 

150 nm) for specific delivery of therapeutic siRNA. These systems, based on 

dioctadecyldimethylammonium chloride (DODAC)/monoolein (MO) liposomes, were previously 

validated by our group as a promising vector for plasmid DNA delivery [3]. In this work, 

DODAC/MO vesicles were coated with polyetilenoglycol (PEG) grafted lipids to increase 

circulating half-life, and PEG-folate grafted lipids to obtain selectivity towards folate receptor 

expressing (FR+) cells, a receptor characteristically overexpressed in several cancer types including 

chronic myeloid leukemia [4]. 

DODAC/MO/PEG liposomes and derived RNA-lipoplexes (liposome-RNA complexes) were 

produced and shown to be stable in conditions simulating their application by intravenous injection 

(incubated in solutions of different concentrations of NaCl and H3O+ and in fetal bovine serum 

solutions at 30 e 80% (v/v)). The systems were highly effective in RNA complexation, with 

efficiencies up to 99%, and the uptake of PEG-Folate coated systems was greater in FR+ cells, 

comparing to FR- cells and to systems without surface PEG-Folate, indicating selectivity towards 

the folate receptor. 

Altogether, these results support these systems as appealing vectors for selective delivery of siRNA 

to cells overexpressing the folate receptor. 
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Catanionic vesicles are formed by mixing two oppositely charged surfactants in non-stoichiometric 

ratios. [1] Their structure is similar to cellular membranes. Therefore, they can be used as vectors 

in non-viral DNA transfection. Catanionic vesicles own a great kinetic stability and a lower 

cytotoxicity compared to the single surfactants. [2] Their size and charge can be tuned by varying 

the mole ratio between the two species. [3] The characterization of non-viral vectors is crucial since 

the efficiency of gene delivery is related to their supramolecular arrangement. Despite the great 

deal of studies, the DNA/vesicles complexes structure is not clearly understood and various 

hypotheses have been proposed. In fact, the results depend on several factors such as the 

constituent lipids structure, the DNA/lipids ratio and the mole ratio between the two surfactants. 

In this work, two aqueous catanionic mixtures (didodecyldimethylammonium bromide/sodium 

lauroylsarcosinate and didecyldimethylammonium bromide/sodium 8-sulfatehexadecane) have 

been studied in diluted concentrations regimes (≤ 30 mmol/kg), where vesicular aggregates are 

formed. The phase behavior has been determined by visual inspection, polarized light microscopy, 

dynamic light scattering and ζ-potential measurements. In both systems we found a wide region of 

vesicles existence. Their size and surface charge density depend on the mole ratio between the 

surfactants and on the overall concentration. Vesicles stability with time, temperature, ionic 

strength and pH was checked. In order to study the interaction with DNA, optimal concentrations 

and mole ratios were properly selected to get positively charged vesicles. Depending on DNA 

concentration, we identified three different regions: 1) at low DNA concentrations, DNA/vesicles 

complexes are stable in solution; 2) at intermediate DNA concentrations, a precipitate is formed 

and ζ-potential abruptly decreases; 3) at high DNA concentrations, the precipitate is partially 

redissolved and ζ-potential invert its sign. DNA adsorbed onto vesicles undergoes a condensation 

process, as seen by circular dichroism. SAXS measurements on the precipitate show that this is 

formed by a lamellar phase of the surfactants, with DNA stacked between the lamellae. Addition of 

the negative surfactant to the complexes causes the partial release of DNA from the complexes. 
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Life on Earth has developed based on cell membranes composed by amphiphilic molecules with a 

polar head and long hydrocarbon chains; in aqueous systems these are able to assemble in a bi-

layer and are therefore suitable to mediate transport of chemical species from one side to the other. 

The purpose of this work is to mimic aqueous membranes, with the difference that the proposed 

membranes will be designed to assemble in a lipophilic hydrocarbon environment.1 These self-

assembled membranes are to be formed by “dual” amphiphilic molecules with a non-polar head 

and one or two polar tails. 

We have synthesized different new amphipiles, possessing PEG tails and lipophilic heads, and we 

have studied aggregate formation in hydrocarbon solvents using dynamic light scattering (DLS). 

Once these membrane structures will be available, they will be further used to mimic trans-

membrane transport by insertion in the membrane of tailor-made trans-membrane protein analogs, 

with appropriate dimensions and structure for solute transport. 

 
 

 
Figure 1: Reverse membranes 
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Biomineralization is a common process by which organisms precipitate inorganic minerals which 

unique morphologies and hierarchical structures strongly determine their biofunctions and 

mechanical properties. During biomineralization organic matrices in biological organisms are 

capable of controlling the inorganic crystal growth to a remarkable degree. Calcium phosphate and 

calcium carbonate are principal inorganic crystals produced in a biomineralization processes in 

biological systems. Ordered deposition of calcium phosphate on an extracellular organic matrix is 

the first stage of hard tissue mineralization in vertebrate, whereas calcium carbonate is one of the 

most important biomineral being present in mollusk shells or corals. 

Phospholipids, like dipalmitoylphosphatidylcholine (DPPC) are principal components of the cell 

membrane. Lipids and lipids oxidation products are present in calcified tissues as cellular 

components and they are found in bone and cartilage, enamel and dentin. From the point of 

biomineralization, phospholipids are probably the most important one [1, 2]. 

In this work dipalmitoylphosphatidylcholine supported mono- and bilayers, as well as liposomes of 

average diameter about 100 nm were used as a matrix for calcium carbonate precipitation. To 

determine crystal forms and shape of the precipitated calcium carbonate, Raman spectra and 

scanning electron microscopy were used. It was found that the phospholipid deposited on the mica 

surface influences mineralization. The mineral structure obtained in the presence of DPPC is more 

organized and the crystal forms depend on the amount of the phospholipid (mono-or bilayer). 
 

 

Figure 1: Images of calcium carbonate deposited on bare mica and DPPC coated mica slides obtained from 

optical microscope at 200 × magnification 
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Positively charged catanionic vesicles could be fabricated from an ion pair amphiphile (IPA), 

hexadecyltrimethylammonium-dodecylsulfate (HTMA-DS), with double-chained cationic 

surfactant, dialkyldimethylammonium bromide (DXDAB). In order to further improve the physical 

stability of the HTMA-DS/DXDAB catanionic vesicles, the approach of incorporating cholesterol 

into the catanionic vesicular bilayers was applied. This study systematically investigated the effects 

of cholesterol on physical stability and molecular packing characteristics of catanionic vesicles 

composed of IPAand DXDAB. IPAs with asymmetric alkyl chains, HTMA-DS, and symmetric 

alkyl chains, dodecyltrimethylammonium-dodecylsulfate (DTMA-DS), were used, respectively, to 

form positively charged catanionic vesicles by a mechanical dispersion process with the addition of 

various molar fractions of DXDAB. It was found that catanionic vesicles composed of HTMA-DS 

and DXDAB possessed better physical stability than those composed of DTMA-DS and DXDAB, 

probably due to the strong molecular interaction in the mixed HTMA-DS/DXDAB vesicular 

bilayers. With the addition of a proper amount of cholesterol, the physical stability of the 

IPA/DXDAB catanionic vesicles could be improved. The Fourier transform infrared analyses 

revealed that the molecular packing in the bilayer structures of the IPA/DXDAB catanionic 

vesicles became disordered with the increased molar fraction of cholesterol, and this phenomenon 

was more pronounced in the mixed DTMA-DS/DXDAB vesicles than in the mixed HTMA-

DS/DXDAB vesicles. Moreover, the charge characteristics of the vesicles were enhanced with the 

increased molar fraction of cholesterol,which was more significant in the mixed HTMA-

DS/DXDAB vesicles than in the mixed DTMA-DS/DXDAB vesicles. These results suggested that 

the incorporation of cholesterol into the vesicular bilayers could not only adjust the molecular 

packing in the bilayers but also enhance the charge characteristic of the vesicles composed of 

HTMA-DS or DTMA-DS with DXDAB, resulting in the enhanced physical stability of the 

vesicles. 
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Biological binding processes are often pH-dependent due to the negative charge onto the 

membrane surface, hence the sorption and the distribution of a drug are strictly connected to the 

lipophilic nature and the ionization degree under physiological conditions [1,2,3]. 

The pKa values of three pH-sensitive fluorinated phenols, 2,4,6-trifluorophenol (3FP), 2,3,5,6-

tetrafluorophenol (4FP) and 2,3,4,5,6-pentafluorophenol (5FP), have been determined at 25°C by 

using UV-vis and 19F-NMR spectroscopy in aqueous solution. The effect of extruded liposomes 

formed by the natural zwitterionic phospholipid POPC (1-palmitoyl-2-oleoyl-phosphatidylcholine), 

the commercial cationic surfactant DDAB (didodecyldimethylammonium bromide) and POPC-

DDAB mixed liposomes on the pKa of the probes have been investigated. The probe-liposome 

interaction depends on both the equilibrium between the neutral and ionic form of the fluorinated 

phenols and the charge onto the liposomal surface determined by Zeta Potential measurements in a 

wide pH range [4]. 
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Dialkyl cationic surfactants, such as dioctadecyl dimethyl ammonium chloride (DODAC) or 

bromide (DODAB) form multilamellar vesicles upon dispersion in water. In order to study the 

influence of the surfactant’s counterion on its behaviour in aqueous dispersion, a method was 

developed that enabled to prepare the same dialkyl surfactant with different counterions, ranging 

from fluoride to iodide. Visually, quite transparent and hence rather uni- or oligolamellar vesicles 

were prepared when fluoride was selected as counterion, whereas very turbid dispersions were 

obtained using iodide instead, whereby the chloride and bromide surfactant had an intermediate 

behaviour. These observations seemed to indicate an increasing degree of surface charge 

neutralization by the heavier anions, in line with the Hofmeister series, which was indeed 

confirmed by electrophoretic light scattering measurements. In order to further quantify the 

surfactant-counterion interaction, diffusion H-NMR measurements were performed on dispersions 

of a dialkyl cationic surfactant with methyl sulphate counterion in deuterated water. The diffusion 

data clearly showed that the organic anion was largely surfactant bound in aqueous dispersions: 

whereas the diffusion coefficient of methyl sulphate in an aqueous solution of its sodium salt was 

9.46 10-10 m2/s, this value was reduced to 1.79 10-10 m2/s when the methylsulphate was present as 

the counterion of cationic vesicles (whose diffusion coefficient was only 0.25 10-10 m2/s). When 

adding different sodium halides to the vesicular dispersion with methyl sulphate counterion, the 

mobility of the latter anion gradually increased from fluoride over chloride and bromide or iodide, 

which clearly indicated its gradual displacement from the vesicular surface by the stronger binding 

anions.  

The data obtained indicate that the cationic dialkyl surfactant’s counterion has a significant 

influence on its behaviour upon dispersion in water. Hence, selection of an appropriate counterion 

may enable to adjust or control the properties of vesicular dispersions. In addition, it was shown 

that the binding characteristics of inorganic anions may be indirectly determined from their effect 

on the diffusion properties of an organic counterion, which may be determined by H-NMR. 
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The interplay existing between protein and surfactant structures is intensively studied because of 

the important roles it may play in a number of biological, pharmaceutical and industrial 

applications [1]. In particular, self-assembling of proteins with surfactant vesicles of opposite 

charged surface may have some chance to design stable, biocompatible and efficient delivery 

scaffolds within biological systems [2,3].  

In this framework here we focused on the cationic unilamellar vesicles (SUV) of dimethyl-

dioctadecyl-ammonium-bromide (DDAB) and the net negative-charged Bovine Serum Albumin 

(BSA) as benchmarking molecules of various biomedical-relevant proteins-surfactant vesicle 

interactions [1,4].  

We used DLS methodologies combining size distribution and Zeta potential to investigate on 

water-dispersed nano-sized SUV of DDAB exhibiting cationic surface in presence of opposite 

charged BSA. Using IR and UV Absorbance spectroscopies we also analyzed the BSA folding 

related to the interaction with DDAB vesicles.  

Our measurements clearly show that the BSA is able to adsorb onto the vesicle surface of DDAB 

and to form mesoscopic aggregations (see Fig.1) via electrostatic interaction. The aggregation of 

DDAB-BSA vesicles can be activated and modulated in size as we detected by varying 

protein/surfactant molar ratios (see Fig.1) as well as the pH of the dispersion. We explained this 

behaviour in terms of a balance between the attraction, due to the non-homogeneous charge 

distribution on the surface of the BSA-decorated DDAB vesicles, and the repulsion due to their net 

charge. The changes we observed on the secondary structure of BSA seem closely related to the 

size of the structures which we figure out as biocompatible clusters of BSA-DDAB SUV. 

 

Figure 1: Schematic representation of Zeta potential distribution, justified through the aggregation of BSA 

(red, negatively charged) and DDAB (white, positively charged), modulating BSA/DDAB molar ratio 

(logarithmic scale) at pH=7.0. 
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There has been a continuous need to develop and optimize nano-structured systems that protect and 

deliver biomolecules effectively to target cells. Cationic gemini surfactants can co-assemble with 

DNA due to a strong electrostatic association. The formation of lipoplexes, used as non-viral 

vectors for transfection, through electrostatic and hydrophobic interactions is affected by various 

physicochemical parameters. Commonly, the efficiency of DNA complexation is enhanced by the 

inclusion of a neutral lipid (helper lipid), which also plays an important role in transfection 

efficiency. Here, we have studied the DNA compaction ability by mixtures of serine-based gemini 

surfactants, (nSer)2N5, and monoolein (MO) as helper lipid [1]. The micelle-forming serine 

surfactants contain long lipophilic chains (12- to 18-C atoms) and a five CH2 spacer, linked to the 

amino acid residue by amine linkages (figure) [2]. Lipoplexes of (nSer)2N5/MO at different molar 

ratios (2:1, 1:1, 1:2 and 1:4) and at different charge ratios were studied, using DLS, zeta potential 

and ethidium bromide exclusion assays. Light microscopy and cryo-SEM to detect changes in 

structural morphology of the aggregates will also be presented. All of (nSer)2N5/MO mixtures 

show the ability to efficiently compact DNA and all lipoplexes formed are positively charged. The 

cytotoxic profile of the MO/surfactant mixtures and of the lipoplexes has also been investigated 

through MTT assays. 

 
Figure: Chemical structures of serine gemini surfactants and monoolein. 
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Over the last decades, several delivery vehicles have been designed based on different 

nanomaterials, such as liposomes, polymers, dendrimers, nanotubes and nanoparticles. In what 

concerns liposomes, the vast majority of the studies found in literature are based either on 

conventional lipid-based liposomes, which suffer from poor chemical and colloidal long-time 

stability, or on synthetic surfactants that have relatively high levels of cytotoxicity. [1] To improve 

biocompatibility and biodegradability, synthetic surfactants containing natural structural motifs, 

like amino acids, sugars and fatty acids, have emerged and shown to present attractive 

physicochemical and biological features. [2]  

In recent years, we have addressed the synthesis, interfacial and aggregation behavior of a variety 

of ionic amino acid-based surfactants, and mixtures thereof. We have shown that mixtures of 

serine/lysine-based surfactants, as well as different families of serine-derived gemini surfactants, 

exhibit interesting vesicle-forming properties. [3] Herein, we report the phase behavior and 

microstructure of serine-based catanionic mixtures composed by single-chained cationic (C12, 

C16,) and double-chained anionic (C8-8, C12-12) surfactants. Phase maps for the C12/C12-12, 

C12/C8-8 and C16/C8-8 mixtures are available, where regions of vesicle formation can be 

identified. Characterization of aggregate morphology, zeta potential and stability as a function of 

the cationic/anionic surfactant mixing ratio, and total surfactant concentration, has been performed 

by DSC, tensiometry, video-enhanced light microscopy (VELM), dynamic light scattering, cryo-

SEM and cryo-TEM. 
 

 
Figure: Phase map for the 16Ser/8-8Ser catanionic mixture, highlighting the region of vesicle formation. 
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Voacamine, a bisindolic alkaloid extracted from Peschiera fuchsiaefolia, displays several 

pharmacological properties, such as cardiotonic effect, antimalarial activity and enhancement of the 

cytotoxic effect of doxorubicin (DOX) on multidrug resistant tumour cells.1 

The inclusion of VOA in liposome formulations could increase its potential application by i) 

rendering it soluble in water, ii) controlling its pharmacokinetics and biodistribution, iii) increasing 

its accumulation in target tissues and iv) avoiding or reducing its accumulation in healthy tissues, 

thus reducing toxic effects. 

Actually the two tertiary amine groups of VOA could be exploited to load it in the internal aqueous 

compartment of liposomes by a remote loading technique. 

Here we report the inclusion of VOA into gemini based cationic liposomes by a remote loading 

technique where an ammonium sulfate gradient generates a transmembrane pH imbalance 

necessary a transmembrane pH imbalance necessary to trigger loading of VOA.2 

The gemini surfactant 1, was chosen as cationic component of liposomes, due to the fact that it is 

characterized by low toxicity and was shown able to attribute to phospholipid formulations high 

delivery efficacy.3 

VOA loaded in liposomes composed of DOPC (1,2-dioleoyl-sn-glycero-3-phosphocholine), gemini 

and cholesterol (in a 1.6:0.4:1 ratio) with high efficacy was evaluated against free VOA on an 

osteosarcoma cell line. 
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Aloe emodin (1,8-Dihydroxy-3-(hydroxymethyl)-9,10-anthracenedione), AE, is an anthraquinone 

compound contained in the exudate from the inner epidermal layers of Aloe leaves. This 

anthracene derivative is a polyphenol that has been reported to possess many therapeutic properties, 

such as antineoplastic, antibacterial, anti-inflammatory and scavenging activity on free radicals 

acting through several cellular mechanism and pathways. Because of its properties, AE attracts 

increasing interest for its application in the treatment of many diseases. The inclusion of AE in a 

nanocarrier could enlarge and improve its application by i) increasing its solubility in water, ii) 

controlling its pharmacokinetics and biodistribution, iii) increasing its accumulation in target 

tissues and iv) avoiding or reducing its accumulation in healthy tissues, thus reducing its toxicity 

and side effects. The acidic properties of AE could be exploited to load it in the liposome aqueous 

compartment by a “remote loading” technique1 that involves a higher entrapment efficacy 

compared with the inclusion in the lipid bilayer. 

Herein we report on the loading of AE into gemini based cationic liposomes by a remote loading 

approach in which a calcium acetate gradient creates the transmembrane pH imbalance.2 A number 

of different cationic liposomes formulated with a natural phospholipid, the gemini surfactant, and 

cholesterol were explored for the inclusion of AE. In fact it is known that the positive charge on 

liposome surface facilitates their interaction with cell membrane3,4 and attributes to the nanovectors 

an intrinsic specificity toward certain tissues.5 
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Chlorophyll a (Chl a) is the main pigment of the photosynthetic process of higher plants and algae. 

Its characteristic functions as energy collector, in the antenna, and primary electron carrier, in the 

reaction center, act cooperatively and strongly depend on the pigment molecular organiza-

tion/aggregation in the lipid matrix of thylakoid membranes. Chl a in the living photosynthetic 

organisms exists in complex oligomeric states, which are difficult to study in vivo. To investigate 

aggregation processes of Chl a, we used an in vitro reconstitution procedure, with this pigment 

incorporated in liposomes of the lipid DMPC (1,2-dimyristoyl-sn-glycero-3-phosphocholine), 

micelles and pre-micelle media of the detergent DTAC(n-dodecyltrimethylammonium chloride), 

and mixed, spontaneous DMPC–DTAC vesicles and micelles. Chl a oligomers were characterized 

by UV−visible absorption, steady-state and time-resolved fluorescence, and fluorescence lifetime 

imaging microscopy (FLIM). In DMPC liposomes and DMPC–DTAC vesicles and micelles, three 

fluorescence lifetimes indicated the coexistence of Chl a monomers (≈5 ns) and oligomers (≈1–2 to 

≈0.1 ns). The increase in DTAC amount, in the mixed system, induces progressive solubilization of 

DMPC liposomes (from vesicles to micelles) and simultaneous disruption of Chl a aggregates: in 

pure DTAC micelles, mostly monomers were found. FLIM images of Chl a inserted in giant 

colloidal structures, vesicles (Figure 1) and cylindrical (threadlike) micelles, gave the colloids 

morphology, as well as the mean lifetimes of Chl a monomers and oligomers. Equivalent diameters 

of the colloidal structures containing Chl a, obtained by fluorescence correlation spectroscopy, 

agree with previous dynamic light scattering data [1]. 

 

 
Figure 1. A FLIM image of Chl a in pure DMPC liposomes (centre), revealing monomers in vesicles outer 

monolayers (red) and H-type dimers/aggregates in inter-bilayer spaces (green). 
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Liposomes are lipid vesicles that can be functionalized with fluorescent surfactants in order to 

apply them as sensors. We have exploited such approach trying to verify the potential of using 

lipid’s structure reorganization (for different formulations) in order to develop specific sensors. 

Structure features (like internal reorganization) can be probed by the ratio between excimer and 

monomer fluorescence, according to the fluorescent surfactant concentration 

We investigated the excimer/monomer ratio formulated with an amphiphilic fluorescent molecule 

and phospholipid to elucidate the lipid organization. The fluorescent amphiphilic is characterized 

by a pyrrolidinium headgroup and a hydrocarbon tail tagged with a pyrene residue[1](1). We have 

investigated the influence of vesicle size and temperature on the lipid organization. 

 
 

Figure 1: Molecule of fluorescent surfactant 
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Liposomes have been the hallmark of lipid-based nanoparticles for site-specific delivery of drugs 

and pharmaceuticals. However, the loading capacity of liposomes can still be improved by tuning 

their composition and adding components such as albumin. Bovine serum albumin (BSA) is an 

abundant and low-cost protein with a molecular weight of 66 kDa Moreover, it is interesting that 

BSA is a polyampholyte and its charge is pH dependent, making BSA containing formulations 

ideal candidates for loading and releasing drugs, because the pH-dependent property provides 

reversible sites to bind and release drugs [1]. 

In this work it is aimed the study of the encapsulation process of BSA in a formulation comprising 

Dioctadecyldimethylammonium Bromide (DODAB) and Monoolein (MO) in a ratio of 1:2 for drug 

delivery purposes. Given the pH-dependent properties of BSA characterization studies initiated 

with the study of the protein by spectrophotometry UV-Vis and fluorescence at different relevant 

pH values (pH 5.5 typical of the gastric acidic conditions and 7.4 typical of the blood stream). 

Formulations at different BSA:lipid ratios: 200, 500, 1000, 2000 and 5000 μg BSA/μmol lipid by 

the thin film hydration method followed by extrusion were prepared and characterized in terms of 

size and surface charge of the nanoparticles by dynamic and electrophoretic light scattering.BSA 

encapsulation efficiency was also evaluated using Amicon Ultra-15 Centrifugal Filter Units 

followed by spectrophotometric quantification. 

 
Figure 1: Size distribution (left graph) of free bovine serum albumin (BSA) and BSA encapsulated in 

dioctadecyldimethylammonium bromide (DODAB):monoolein (MO) liposomes. Zeta-potential distribution 

(right graph) of DODAB:MO liposomes with or without BSA encapsulated. 
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Calcium carbonate (CaCO3) is one of the most abundant biomaterials in nature. It is found as 

different polymorphs, consisting, in the order of increasing solubility, of calcite, aragonite, vaterite, 

calcium carbonate monohydrate, calcium carbonate hexahydrate, and amorphous calcium 

carbonate. In the biological systems, calcite, aragonite, vaterite, and amorphous calcium carbonate 

can nucleate and grow stably, and their lattice can maintain stability in the presence of bioorganic 

macromolecules. As a result, calcium carbonate is one of the most suitable and highly focused 

materials for the research of biomineralization and simulation of mineralization as well [1]. 

Currently, a large number of proteins and polysaccharide involved in the control of 

biomineralization have been described. There is no single type of polysaccharide associated with 

biominerals, but such polysaccharides are mainly hydroxylated, carboxylated, or sulfated or contain 

a mixture of these functional moieties, which may bind Ca2+ ions and could control crystal 

nucleation and growth by lowering the interfacial energy between the crystal and the 

macromolecular substrate [12]. 

In this study ability of polysaccharide layers to act as templates for mineralization of calcium 

carbonate was examinated. 

Firstly the possible interactions between the polysaccharides and calcium ionswas determined by 

the conductivity and zeta potential measurements. Then calcium carbonate was precipitated without 

and in the presence of obtained polysaccharide by mixing up solutions containing calcium and 

carbonate ions. Raman spectroscopyand scanning electronic microscopy (SEM) were used to 

characterize obtained mineral crystals. 
 

 
Figure 1: Extracellular polysaccharides produced by bacterial strains Rhodoccocus belonging to 

Actinomycetales. 
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Simvastatin (SV) is a lactone prodrug that is hydrolyzed in vivo, in the liver and non-hepatic 

tissues, to the corresponding β-hydroxy acid (simvastatin acid, SVA). The latter is a potent 

inhibitor of the enzyme 3-hydroxy-3-methylglutaryl coenzyme A reductase, involved in the 

cholesterol synthesis. This inhibition is mainly responsible for reducing LDL-C levels, but 

simvastatin has also been shown to reduce the levels of triglycerides and increase the levels of 

HDL-C. However, one of the most important drawbacks for the use of SV is the poor solubility in 

water that forces the use of larger therapeutic doses to attain therapeutic levels, thus enhancing the 

respective side effects. Hydrogels are polymeric materials with a three dimensional network 

structure that can imbibe water, buffered or physiological solutions. Poly(vinyl alcohol) (PVA) 

hydrogels have demonstrated a great potential to act as a matrix for different applications such as 

sensors, biomedical and separation processes. Our aim is to understand if PVA can act as an 

appropriate matrix for dissolution and delivery of SV. For that, the loading of SV into freeze-

thawing PVA cryogels was carried out. From thermal analysis, we found that by increasing the 

amount of SV incorporated in PVA matrices, the degradation temperature of PVA decreases. This 

is accompanied by a decrease in the melting temperature and the corresponding melting enthalpy as 

seen by DSC, indicating that in the presence of SV the PVA structure becomes more amorphous. 

Such modification can also be observed by molecular dynamic (MD) studies. These studies show 

that the structure of PVA in water suffers changes in the presence of SV in such a way that the 

hydroxyl groups tend to move away from SV (Figure 1), allowing for a better interaction of the 

latter with the hydrocarbon chain, whilst hydroxyl groups interact with water molecules, suggesting 

an amphiphilic behavior of PVA. The interaction between SV and PVA is also confirmed by 

release studies to water-ethanol 1:1 and 1:3 volume fractions; the release kinetics of SV, at 

different pH values, follows a zero order kinetics, but the amount of released SV is below the 

initially loaded amount, confirming the interaction SV-PVA. 

 

 
Figure 1: Two views of a typical MD snapshot for a SV molecule and a model PVA (13 monomers) 

interacting in a box with 1552 TIP3 water molecules using periodic boundary conditions and the OPLS-AA 

force field: (a) water molecules visible, (b) detail view with water molecules not visible.  
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Polymer surfactant CAE85 is a telechelic carboxyl group derivative of Pluronic P85. The structure 

of these two surfactants is HOOC–CH2–CH2–CO–O–(EO)26-(PO)39-(EO)26–CO–CH2–CH2–

COOH and (EO)26-(PO)39-(EO)26, respectively (EO stands for ethylene oxide, PO for propylene 

oxide). Pluronic P85 and its modification CAE85 are responsive to temperature: they are soluble in 

aqueous media at low temperature, but undergo micelle formation when the temperature is 

increased above a critical value, the so called critical micellization temperature. Previously [1], we 

have reported that the macromolecules of CAE85 can deprotonate when in micelles and this 

process consists of two stages. The first stage is explained by the theories developed for low-

molecular weight surfactants. The second stage appears only in sufficiently dense micelles – the 

required density is achieved by a temperature increase and equilibration with time. In the work 

presented here, small angle X-ray scattering (SAXS), vibrational (infrared and Raman) 

spectroscopy, quantum chemical calculations, dynamical mechanical analysis (DMA) and pH 

determination were used for comparison of association and gelation behavior of modified CAE85 

with the behavior of the original, unmodified Pluronic P85. 
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Recently, we have reported (i) aqueous solution properties of cationic gemini surfactants modified 

with polymerizable methacryloyl groups at the terminal of hydrophobic chains and (ii) their 

polymerization behavior in aqueous solutions. Such surfactants have been developed for enhancing 

kinetic and/or mechanical stability of molecular assemblies in aqueous solution. This means that 

polymerized structures are insensitive to dilution effects and polymerized assemblies persist even 

below the cmc. It is expected that polymerization occurs more effectively for gemini surfactants 

than for monomeric ones, resulting from the condensation effect in the gemini structure. However, 

all the cationic polymerizable gemini surfactants reported so far bear their polymerizable moieties 

at the terminal of the hydrophobic chains (T(tail)-type polymerizable surfactants). 

In this study, we have newly synthesized a polymerizable cationic gemini surfactant whose 

polymerizable groups are introduced in the vicinity of hydrophilic moieties (H (head)-type) and 

investigated its basic interfacial properties. Cmc (critical micelle concentration), C20 (concentration 

required to reduce the surface tension of the solvent by 20 mN/m), ãcmc (the surface tension at the 

cmc), Ãcmc (the maximum surface excess concentration at the air/water interface), Amin (the 

minimum area per surfactant molecule at the air/water interface), and cmc/C20 ratio (a measure of 

the tendency to form micelles relative to adsorb at the air/water interface) were evaluated and 

compared with those for the corresponding monomeric cationic polymerizable surfactant. 
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The self-assembly of surfactants in ionic liquids can be modulated by changing the cation or the 

anion of the solvent [1,2,3] to control the size, the stability and the morphology of the aggregates.  

The effect of the water-miscible BMIMBF4 and the water-immiscible BMIMPF6 and BMIMTf2N 

on the aggregation behaviour of the triblock Pluronic L121 [(PEO)5-(PPO)68-(PEO)5] have been 

determined by using NIR spectroscopy. The critical aggregation concentration of L121 has been 

measured at 25°C and compared to the data obtained in deuterated water. The formation of 

supramolecular structures has been confirmed by optical microscopy.  

Fluorescent vesicles can be observed after the incorporation of Nile Red into the polymeric bilayer 

or by linking fluorescein isothiocyanate (FITC) to the copolymer structure [4]. The investigation of 

the aggregation properties of block copolymers in ILs can contribute to improve the promising 

activity of polymeric vesicles as carrier systems in nonpolar media. 

 

 

 

Confocal optical micrograph of L121-FITC in BMIMBF4 
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Polymer structure responds to interactions between the polymer and solvent molecules. Addition of 

a second solvent to a polymer solution can greatly enhance or reduce the polymer miscibility and 

accordingly modulate the polymer conformation and functions such as viscosity control, colloidal 

stability, or delivery of actives [1,2]. This is especially true in the case where water is the main 

solvent. Polymers dissolved in mixtures of water with polar organic solvents are widely used in 

applications such as coatings, paints and inks, pharmaceutics, personal care products, food and 

drinks. Solvent mixtures are also common in polymer processing such as blending and separation. 

Amphiphilic polymers of the poly(ethylene oxide)-block-poly(propylene oxide) (PEO-PPO) family 

are well-known for self-assembling in water (selective solvent for PEO) into (core-shell spherical) 

micelles, and, at higher concentrations, into cubic, hexagonal, and lamellar lyotropic liquid crystals 

[3]. We are interested on how the aqueous phase behavior and structure of these amphiphiles can 

be modulated by the addition of polar organic solvents (e.g., glycerol, ethanol, propylene 

carbonate, triacetin) [4,5]. We are also interested on how polar organic solvents can affect the 

organization of PEO-PPO amphiphiles on the surface of nanoparticles dispersed in water and the 

ensuing properties of these colloidal dispersions [6,7]. Our studies combine macroscopic 

observations (e.g., phase boundaries, viscosity) with microscopic measurements (using 

spectroscopy and small-angle X-ray scattering), and aim to relate the type of structure formed and 

its characteristic dimensions to the relative swelling of the polymer blocks and to the location of the 

solvent in the amphiphile assembly. Solvent-induced changes in surfactant and polymer 

nanostructure have interesting repercussions in formulations and nanomaterials synthesis [8]. 
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Recently formulations based surfactant mixtures of fatty acids (C18 -C22) and their salts generated 

with a weak-basic compound such as monoethanolamine were studied due to their excellent 

interfacial properties, among which can be mentioned: low and ultra-low interfacial tensions, 

spontaneous emulsification of oil-water systems, high tolerance to salinity and temperatures 

[1,2,3]. Due to these properties surfactant formulations based on this mixture are being used for 

different applications in the Venezuelan oil industry, for example in emulsified formulation of 

drilling fluids [3], microemulsions for diesel fuel [1,2,3] and transportation of heavy and extra 

heavy oil. However, these formulations of surfactants may have other properties that also are 

interesting for oil industry, such as viscoelastic properties for applications in hydraulic fracturing, 

EOR for heavy oil and extra heavy oil and water shutoff.  

This work represents the first stage in the characterization of the viscoelastic properties that may 

occur for these fatty acids and their salts.  

Concentrated formulations in an optimum ratio (3:1) to the surfactant mixture of fatty acids and 

salts were prepared to carry out rotational and oscillatory rheological studies to characterize the 

viscoelastic behavior of such mixtures also were determined interfacial tensions for the solutions. 

Through the rheological studies (rotational) was observed that the mixtures showed the shear-

thinning behavior characteristic of viscoelastic fluids, which is mitigated by the temperature 

increase. In addition, was found that the presence of inorganic salts in the water of formulation not 

produced significant changes in relation to the values of viscosity as well as on the rheological 

properties and molecular conformational dynamics. The increase in the magnitude of the elasticity 

modules, G´ and G´´ (elastic and viscous module), to the mixtures with increasing concentration of 

surfactant was demonstrated as a result of increased capacity viscosifying mixtures as well as an 

increased probability of entanglements between the molecular species present. The interfacial 

tensions between the formulations and extra heavy oil (it is in the order of 10-2 mN/m) at studied 

temperatures (45 - 60°C) not showed significant variations despite the increase in the concentration 

of surfactant in the aqueous phase. 
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The cationic polymers based on dimethyldiallylammonium chloride have been widely used in 

wastewater treatment, mining, oil exploration, slurry dewatering, paper making, dye fixative, and 

many others due to its good water solubility, no toxicity, high charge density and molecular weight 

[1-3]. 

The new flocculants - Copolymers (P(DMDAAC-DMAA)) N,N-dimethyl-N,N-diallylammonium 

Chloride (DMDAAC) and N-dimethylacrylamide (DMAA) were synthesized in this work. 

The copolymers of P(DMDAAC-DMAA) having various molar ratios of monomers were 

synthesized in aqueous mediumusing red-ox initiator system – the mixture of sodium hydrosulfite 

and potassium persulfate. Initiators were used in an amount of 0.05 wt. % by weight of the 

monomers. The volume ratio of solvent : monomers was 50:50 %. The ampoules with monomers’ 

mixture were purgedwith inert gas (argon) during 30 minutes and sealed. Then they were heated at 

333 K for 3 hours. 

The obtained copolymers were purified three times by precipitation in an aqueous solution of 

acetone and dried under vacuum at a temperature of 313 K to a constant weight. Monomers 

DMDAAC (65% aqueous solution) and DMAA (the purity 99%) were bought from company 

“Sigma-Aldrich”. Intrinsic viscosities of the resulted copolymers were measured in aqueous 

solutions of NaCl by method of viscosimetry at 298 K. The resulting copolymers are an amorphous 

gray powder, and dissolve well in water. The compositions of the copolymers were determined by 

methods of FTIR, NMR and conductometric titration of chloride ions in DMDAAC with AgNO3 

solutions. 

It was found that the activity of monomer DMAA in the copolymerization reaction is more than 

that of DMDAAC. Consequently the copolymers always are enriched by the monomers DMAA. 

The synthesized copolymers flocculation ability was tested in high turbid bentonite solution and 

animal slurry (biological wastes of animals and birds), and the results showed that the copolymers 

P(DMDAAC-DMAA) have good flocculation ability.  
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Synthetic macrocyclic amphiphiles of various architectures have been studied extensively and have 

produced assemblies with a great variety of shapes and sizes. From this point of view a large 

attention has been paid to thiacalixarenes due to their unique structure, functionalization capability 

and variety of conformations [1, 2]. 

We now report a new synthetic amphiphilic receptors 6 based on athiacalix[4]arene platform. The 

synthesis was performed according to figure 1. On the first step dibromoethyl(propyl) fragments 

were introduced under Mitsunobu reaction conditions to give compound 1. Another synthetic route 

was the reaction with long alkyl alkohols to give compound 2. Both routes lead to the compound 

3a,b in 1,3 – alternate configuration. Substitution of halogen to azide in the case of propylbromide 

lead to desirable diazide4b. In the case of bromoethyl derivative the formation of product 5 

inpartial cone was found. Azidopropyl derivative 4 b was successfully converted into 1,2,3–

triazoles 6a,b with good yields. The interdependence of the aggregation behavior of new 

amphiphilic receptors will be discussed as well. 
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HFBII is a class II hydrophobin isolated from Trichoderma reesei.This amphiphilic protein forms 

the most rigid adsorption layers at the air/water interface among all investigated proteins. HFBII is 

known also as an excellent foam stabilizer [1]. The HFBII adsorption layers are dense, of low 

permeability to gas transfer across the films separating the bubbles in the foam. For this reason, the 

foam disproportionation (Ostwald ripening) is suppressed. Moreover, because of their high surface 

rigidity (surface shear elasticity) the solidified HFBII adsorption layers behave like tension free 

shells – the Laplace pressure (the driving force of the foam disproportionation) is close to zero [2]. 

In the present study we produced and investigated foams from aqueous solutions of hydrophobin, 

alone, and from its mixed solutions with other proteins: β-lactoglobulin (BLG); β-casein; 

ovalbumin (OVA) and bovine serum albumin (BSA). In the case of hydrophobin alone, very stable 

foams with fine bubbles (R32 < 20 μm) were obtained at HFBII concentrations ≥ 0.2 wt%. Upon 

storage for 2–3 weeks, the decrease of the foam volume and weight (indicating drainage of water) 

is minimal. In the mixed solutions, HFBII can be partially replaced with the globular proteins BLG, 

OVA and BSA up to 94 % without any significant decrease of the foam stability. However, the 

addition of the disordered protein β-casein to the hydrophobin solutions leads to a pronounced 

foam destabilizing effect. The different effect of globular and disordered proteins on the stability of 

the foams with hydrophobin is discussed in relation to the structure of the formed mixed adsorption 

layers on the bubble surfaces. 

 

 
 

Typical foam stabilized with HFBII and the degree of foam conservation after storage for 12 days; the 

concentration of BLG, OVA and BSA is 0.5 wt%; the total protein concentration is raised by adding HFBII 
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Collagen is the most abundant protein in vertebrates, constituting about 30% of all proteins in 

tissues of a human body. It can be found in skin, tendons, cartilages, bones, teeth and even blood 

vessel walls [1-2]. Collagen molecule consists of three left-handed helical polypeptide chains, 

rolled into a right-handed triple helix. Each of the chains consists of about 1000 amino acid 

residues with molecular weight of about 100 kDa. The helices are cross-linked by a network of 

intermolecular bonds and intramolecular bridges. 

Being well water-soluble fibrous protein with little exposed hydrophobicity, native collagen is 

weakly surface active; the surface pressure of its aqueous solutions does not exceed 14 mN/m. 

However, its Gibbs layers at the water/air interface display exceptional dilatational rheology 

parameters, comparable with those of globular proteins: at high frequency limit (0.1 Hz) the layers 

are predominantly elastic, with the storage modulus, E’ reaching 58 mN/m. Increasing temperature 

during adsorption helps to reduce the surface tension, but the resulting layers show diminished 

surface elastic response. On the other hand, the samples heated at elevated temperatures and 

measured after cooling down to the room temperature maintain their high surface elasticity [3]. 

The predominantly elastic character of the layers suggests that collagen molecules may form a 

solid-like network at the water/air interface, even though the surface tension is not significantly 

reduced. Thus collagen, even in its not processed form has a potential to stabilize biocompatible 

foams/emulsions. 

 

 
Dilatational rheological parameters (E’, E”) and surface tension isotherm for type I bovine collagen solution 

(4 g/L) Frequency of oscillation f=0.1 Hz, T=21 oC. 
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Cyclic amphiphilic molecules are often recognized in nature, and give significant functionalities 

arising from its topology effects [1]. It is also known that the natural surfactant of surfactin which 

has a unique cyclic heptapeptide ring interlinked with b-hydroxy fatty acid exhibits not only 

remarkably high surface activity but also salt stability compared with its ring-opened linear 

derivative [2].However, mimic and synthesis of such biological design are generally difficult, and 

only a few studies have been done on the effect of topological structure on the properties of 

surfactants available for practical use. 

In this study, we designed and synthesized cyclic nonionic surfactants composed of 

poly(oxyethylene) and alkyl ether (cyclic-POEAEs) with different ring size (Figure 1). The 

surfactant properties were then investigated and directly compared with those of linear-POEAEs 

which are the most widely used nonionic surfactants. 

Cyclic POEAEs were synthesized by a reaction of polyethylene glycol (PEG600 or PEG1000) with 

1,12-dibromododecane in the presence of sodium hydride in DMF(16)/Hexane(4) at 55 °C for 

overnight. After reaction, the mixtures were separated and purified with preparative reverse-phase 

HPLC, and the resulting yields were11 %for c-POE(600)C12 and 16 % for c-POE(1000)C12, 

respectively. Side reactions including bimolecular elimination of alkyl halide to form terminal 

olefin cause the lowering yields. In spite of their unique cyclic topology whose one side is 

hydrophilic and the other side is hydrophobic, both cyclic POEAEs were found to give surface 

activities as high as those linear counterparts. 

 

 

 
Figure 1: Structure of cyclic-POEAEs 
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Biosurfactants are biological surface active agents produced by microorganisms, plants and animals 

[1]. Compared to conventional synthetic surfactants, biosurfactants exhibit great variability in their 

hydrophobic and hydrophilic moieties, as well as a generally lower environmental impact [2, 3]. 

Lipopeptides produced by bacteria of the Bacillus genus [4], are among the most effective 

biosurfactants. In the present work we have studied the production of a microbial surfactant from 

Bacillus sp., and its application to wash soils contaminated by lubricant oil. Soil washing 

experiments were also conducted with saponin from Quillaja Bark. The amount of motor oil 

removed from the soil increased with surfactant concentration and temperature. The maximum 

percentage of oil removed was 85%, approximately, for both saponin and Bacillus sp. surfactant; 

however, a higher concentration of saponin (2.4 g/L vs. 60 mg/L of the microbial surfactant) was 

needed to reach this maximum. In addition, the stability of O/W emulsions formulated with 

dodecane and both surfactants was studied by monitoring the back-scattered light intensity at the 

bottom of a cuvette containing an emulsion sample. Emulsions formulated with both surfactants 

underwent a fast destabilization by creaming, with a decrease of scattering intensity of 90% within 

two hours. Only the emulsions prepared with saponin concentrations three-fold higher than its 

CMC remained stable for a longer period. 
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In July, 2010, one of the major oil crashes occurred in Gulf of Mexico in which about 800 millions 

liters from the mixture of oils, and hidrocarbons were spilled in the open ocean. Alternatively, 

scientists applied an average of 7 million liters of chemical dispersants to retrieve the petroleum, 

although there was an increase of the environment´s toxicity, because of the petroleum derivate 

origin of these detergents, expanding the ecological imbalance [1]. In this way, the application of 

low-cost biosurfactants obtained from microorganisms cultivated in industrial wastes can be an 

attractive alternative in petroleum remediation. Biosurfactants offer better surface-active properties, 

and reduce the levels of toxicity in the environment [2,3]. In this work, the stability properties from 

the crude biosurfactants produced by Candida bombicola URM 3718 and Candida sphaerica 

UCP0995, and formulated with potassium sorbate were compared throughout the determination of 

the surface tension and the indexes of emulsification and dispersion during 120 days [4]. These 

parameters were tested under different pHs, salinities, and heatings in order to select the best 

conditions for application of the biomolecules. The cell-free broth (crude biosurfactant) from the 

yeast C. sphaerica showed the best results for surface tension (22.45 mN/m), for motor oil 

emulsification (maximum of 94.1%), and for motor oil dispersion (maximum of 73.3%). On the 

other hand, the yeast C. bombicola produced surface active compounds with better emulsifications 

indexes of corn and soybean vegetable oils of 60.0 and 49.5%, respectively. Therefore, the 

biosurfactant synthesized by C. sphaerica shows ability to act in the control of petroleum derivate 

disasters in marine environments due to the better compatibility with the requirement of 

remediation. 
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Conventional cationic gemini surfactants (bis-quats) have proven to be effective for the delivery of 

genetic material to cells.[1] However, their applicability is somewhat limited by their toxicity 

profile. To overcome this issue, a great deal of effort has been devoted to the development of 

increasingly biofriendly and biocompatible amphiphiles. Thus, in the last decades, several sugar-, 

amino acid- and peptide-based gemini surfactants have been synthesized, with many of them 

showing attractive biological features. [2] 

In this context, we have been involved in the synthesis and evaluation of the physicochemical 

properties of quaternary ammonium salts derived from the amino acid serine.[3] Here, we report 

the results obtained with three different families of gemini surfactants concerning their self-

aggregation behavior and interaction with DNA. All the compounds studied have a 12-carbon alkyl 

chain linked to the nitrogen atom of the amino acid but differ in the nature of the bond to the 12-

carbon spacer: [(12Ser)2N12] – amine bond; [(12Ser)2CON12] – amide bond; [(12Ser)2COO12] – 

ester bond (see figure). When in aqueous solutions, surfactant (12Ser)2N12 forms micelles, while 

(12Ser)2CON12 and (12Ser)2COO12 spontaneously form vesicles. The assessment of the 

interfacial properties has been carried out by tensiometry. Characterization of vesicle morphology, 

zeta potential and stability has been performed by video-enhanced light microscopy (VELM), 

dynamic light scattering and cryo-SEM. The interaction/compaction of the aggregates with DNA, 

at different charge ratios and in presence/absence of helper lipid (DOPE), as studied by dynamic 

light scattering, fluorescence microscopy and cryo-SEM, will be presented and rationalized. 

 
Figure: Chemical structures of serine-based gemini surfactants. 
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Serine-based gemini surfactants have been recently synthetized and characterized [1], with the 

ultimate goal of designing suitable vectors for intracellular gene delivery. The inclusion of helper 

lipids is one of the possible strategies to potentiate the transfection efficiency of cationic surfactants 

[2]. Monoolein (MO) is known to be a strong promoter of inverted nonbilayer structures — e.g. 

inverted cubic mesophases — and enhance the fusogenicity of the nanostructures, thus contributing 

to a higher transfection efficiency of the lipoplexes [3]. Since lipid-based vectors are designed for 

therapeutic use, it is crucial to characterize the type of nano-assemblies present. 

In this work, we have explored the effect of MO on the self-assembly features of three novel series 

of gemini amino acid-based surfactant derived from serine, with spacers based either on amide, 

ester and amine linkages (Figure 1). Overall, the results show that the incorporation of MO in 

liposomal/micellar aggregates induces a decrease in aggregate size, without the need of other 

mechanic processes such sonication or extrusion to increase their stability over time. Dynamic light 

scattering (DLS), electrophoretic light scattering (zeta potential), fluorescence microscopy and 

video-enhanced light microscopy allowed a comprehensive characterization of the phase behavior 

and aggregate morphology of the surfactant/MO systems. 
 

 
Figure 1: Chemical structure of serine-based gemini surfactants (12Ser)2N12, (12Ser)2CON12 and 

(12Ser)2COO12 and the helper lipid Monoolein (MO). 
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Novel amino-acid based surfactants have emerged as a viable alternative to conventional 

surfactants due to the presence of an amino acid polar headgroup, which allows the reduction of 

toxicity and the simultaneous increase of biodegradability [1]. Another interesting feature is that 

aside from self-assembly into micelles, vesicles and liquid crystalline phases, these amphiphiles 

have the ability of forming supramolecular aggregates, such as tubules, fibers and ribbons, due to 

the common presence of a chiral center (the amino acid chiral carbon) and hydrogen bonding. 

These self-assembled tubules have high potential as delivery systems, due to their unique 

morphology (high aspect ratio and responsiveness to external parameters). We have recently shown 

that novel surfactants based on the amino acid lysine exhibit the formation of nano/microtubes in 

aqueous solution [2]. This work comprises the synthesis and assessment of the physicochemical 

properties of a family of similar double-chained anionic surfactants derived from the amino acid L-

lysine, but with varying degree of chain length asymmetry (see figure).The surfactants were 

obtained from the corresponding Nβ-benzyloxycarbonyl-lysine methyl ester chloride by 

condensation with different fatty acids followed by saponification of the methyl esters. The 

structures of the molecules were established by spectroscopic methods (1H and 13C NMR, mass 

spectroscopy). To investigate the effect of chain length asymmetry on the aggregation behavior, we 

have resorted to different experimental techniques, namely (i) surface tension, to determined 

critical aggregation concentrations and surface activity; and (ii) light microscopy, cryo-SEM and 

dynamic light scattering, to characterize the structural properties of the aggregates, with focus on 

tubules and spontaneously formed vesicles. 

 

 
Figure: Surface tension curves for 10Lys16 and 16Lys10 and light micrograph of the tubules obtained upon 

cooling of a solution of 10Lys16. 
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An Aspergillus niger SIS 45-2 strain isolated from the Caatinga soil of Pernambuco (Brazil) was 

found to be a biosurfactant producer. From preliminary results there was a clearing zone in the blood 

agar as a result of complete hemolysis with a diameter of <1 cm. The studies were carried out using 

a 23 full factorial design for biosurfactant production using inorganic salt medium (ISM), 

supplemented with waste frying soybean oil (WSO), yeast extract (YE), and sodium chloride (SC); 

and wheat bran (WB) in constant concentration (10%w/v). The biosurfactant was produced by 

A. niger in the stationary phase of growth at 96h, assay 3 corresponding to WFO (5% v/v), YE 

(3.5% w/v), SC (2% w/v), in a constant concentration of WB (4.5% w/v), at pH 7.0 (Figure1). The 

results also showed that the emulsification index and surface tension of the biosurfactant produced 

in this study were stable at temperatures ranging from 0-100°C, pH (2-12) values and at different 

concentrations of NaCl (2-12% w/v). The production yield of the biosurfactant was estimated as 

1.6 g/L. The polymeric biosurfactant consisted of lipids (31.5% w/w), carbohydrates (10.8% w/w) 

and protein (14.8% w/w), anionic charge, CMC of 1.5 (% w/v), and a 21.03cm2 oil displacement 

area (ODA). These results suggest A. niger strain may be useful in the petroleum industry and may 

help in the bioremediation of oil contaminated sites. 

Figure 1: Surface tension (mN/m) variation during the time in course of biomass (g/L) and pH. 
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To find ways to synthesize amphiphilic derivatives of phenols and calixarenes, do not requiring the 

use of aggressive or dangerous and harmful initial compounds and lead to the formation of 

products easily degraded in the environment to form small fragments that do not have surface-

active properties, is an actual problem. Such derivatives may be prepared by introducing a readily 

hydrolyzable by esterases / lipases ester groups. Ehylenecarbonate in this regard is the promising 

agent. 

In the present study it was established that the interaction of ethylene carbonate with p-tert-

butylphenol and p-tert-butylcalix[4]arene under thermal heating leads to formation polioxyethylene 

derivatives, whereas the use of microwave irradiation leads to the formation of a new oligomeric 

structures (I), containing polioxyethylene and polycarbonate fragments. The regularities of the 

effect of the size of the cation, ratio of reagents on the degree of oligomerization and the ratio of 

ethylene oxide and ethylene carbonate units in the products of a reaction carried out under 

microwave irradiation. It is shown that the introduction of ethylene carbonate units in the 

hydrophilic part of the classical ethylene oxide amphiphiles practically does not change the critical 

micelle concentration (CMC). 
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It is known that block copolymers consisting of a polyelectrolyte and hydrophilic block co-

assemble with oppositely charged ionic surfactants to form various nanosized structures [1]. We 

report on studies of complex nanoaggregates of cationic perfluorinated surfactant N-(1,1,2,2-

tetrahydroperfluorodecyl) pyridinium chloride and double hydrophilic block polymer poly(ethylene 

oxide)-b-poly((2-sulfamate-3-carboxylate)isoprene). The study was aimed at characterization of the 

association behavior of the copolymer–fluorosurfactant aggregates in aqueous solutions depending 

on amount of added surfactant, pH, solvent and structure of the copolymer. The results show that 

the tendency of the fluorosurfactant to form elongated threadlike micelles [2] drives the complex 

co-assembly to a flexible core–shell cylindrical morphology with the core of the copolymer-

fluorosurfactant complex and the shell of the PEO blocks. 

 
Cryo-TEM image: a) randomly scattered worms, b) associated worms, c) surfactant vesicles 
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We have studied the behavior of pH-sensitive polymers designed on the base of polymethacrylic 

acid. The amino acids were methacroylated to obtain polymers with polymethacrylic acid backbone 

and attached amino acid residues in the side chain. Three particular amino acids have been taken 

for this purpose: valine (P1), phenylalanine (P2) and the sequence glycine-leucine (P3). The 

variation in hydrophobicity of amino acid has been used to assess the impact of hydrophobicity on 

the behavior of the entire polymer and their interaction with a surfactant. The nonionic surfactant 

Brij98 was chosen for that purpose. There are two main reasons for the presence of surfactant in 

polymer solution; it promotes the rearrangement of a polymer molecule and the formation of stable 

nanoparticles below critical pH and can be used as an analog of amphiphilic drugs for future 

applications. 

Previous analysis of these systems displayed the formation of stable nanoparticles with decreasing 

in pH value and reversibility of the particles with pH alteration [1,2]. We focused in our 

investigation on the physical processes that are in charge of nanoparticle formation. ITC 

(Isothermal Titration Calorimetry) and electrophoretic measurements reveal significant differences 

in the mechanism of interaction between the surfactant and the polymers P1 and P2 (P3). Two 

different models could be applied. While the polymer P2 forms hydrogen bonds with a head-group 

of the surfactant and makes “core-shell” structure nanoparticles, the polymer P1 with the lack of 

any hydrogen bonds forms pearl-necklace complexes due to the hydrophobic forces. 
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Polymer-surfactant interactions have been extensively studied in the last two decades with respect 

to the preparation of self-assembled nanoparticles and nanostructured materials with promising 

applications. In the case of neutral hydrophobic polymers, surfactants are often used as stabilizers 

in order to prepare polymeric nanoparticles in aqueous media. In our study aqueous dispersions of 

hydrophobic high-molar-mass cellulose-graft-polystyrene (Cel-g-PS) copolymers were prepared by 

nanoprecipitation from 1,4-dioxane solutions using sodium dodecyl sulfate (SDS) as a stabilizer. 

The size and structure of formed Cel-g-PS nanoparticles were studied by a combination of 

scattering techniques (static and dynamic light scattering, SAXS) and transmission electron 

microscopy. The scattering and microscopy data show that nanoprecipitation of Cel-g-PS leads to 

the formation of polydisperse aggregates of collapsed Cel-g-PS macromolecules containing 

entrapped SDS micelles in the kinetically frozen state. It was found that the final size of the 

aggregates can be controlled by changing the copolymer concentration in the preparation protocol. 

 

 
Transmission electron micrograph of cellulose-graft-polystyrene nanoparticles in aqueous dispersions.  
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The complex formation between cationic surfactant, tetradecyltrimethyl- ammonium bromide 

(TTAB) and anionic polyelectrolyte, poly(acrylic acid) (PAA) has been carefully investigated by 

using isothermal titration calorimetry (ITC) and surface tension. The titration of TTAB into 

0.05wt% PAA aqueous solution (molecular weight = 450000) demonstrates an exothermic peak 

due to the formation of PAA/TTAB complex driven by the electrostatic attraction between 

oppositely charged PAA and TTAB. When the TTAB concentration reaches a saturated 

concentration Cs, PAA is saturated with PAA/TTAB complexes. When the TTAB concentration is 

larger than Cs, TTAB would not bind to PAA anymore. When the TTAB concentration is further 

increased up to the critical micelle concentration Cm, the TTAB free micelles start to form. The 

effect of the PAA concentrations on the characteristic concentrations Cs and Cm is examined by 

using different concentrations of PAA aqueous solutions. It is found that the characteristic 

concentrations Cs and Cm increase along with the PAA concentration. The effect of PAA 

molecular weight on the aggregation behavior is explored by using PAAs of six different molecular 

weights: 450000, 250000, 130000, 25000, 5000 and 1800. As PAA molecular weight decreases 

from 450000 to 1800, there is no way to identify two characteristic concentrations Cs and Cm from 

the ITC measurements. In addition, surface tension and turbidity are applied to extract the 

information of Cs and Cm. The consistency between these three methods is carefully examined and 

discussed. 
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In some ionic liquids the controlled dissolution of cellulose can be achieved. Ionic liquids with that 

feature could be used as solvents for preparation of cellulose-polymer blends. Deeper 

understanding of possible interactions of the added second polymer (synthetic or biological) with 

cellulose can improve development of novel materials for many different applications. Pluronics® 

are a group of nonionic triblock temperature-responsive copolymers that are widely used in 

industry, cosmetics and drug delivery. Furthermore, Pluronics® might interact with dissolved 

cellulose. The attenuated-total-reflection Fourier-transform infrared spectroscopy (ATR FT-IR), 

Raman spectroscopy, small-angle X-ray scattering (SAXS) and wide-angle X-ray scattering 

(WAXS) were used for studying mixtures of Pluronic® F88 ((ethylene oxide)103 – (propylene 

oxide)39 – (ethylene oxide)103) with cellulose (AVICEL® PH-101) in ionic liquid (IL) – 1-butyl-

3-methylimidazolium chloride (bmimCl). 

Ternary mixtures of F88/AVICEL/bmimCl and corresponding binary systems (F88/bmimCl and 

cellulose/bmimCl) were prepared. In the fingerprint region, significant changes in the ATR FT-IR 

spectra of ternary mixture were detected compared to the spectra of neat substances. New intensive 

sharp peaks were observed at about 905, 880, and 820 cm-1 in the spectra of F88/cellulose/bmimCl 

(ternary). The intensities of the newly observed peaks depend on temperature of the mixture and 

concentration of both polymers in the mixture. The appearance of these bands in the spectra might 

be caused by changes in the conformation of PEO blocks of Pluronic due to interaction with 

cellulose[1]. Another possible explanation of newly observed bands is that new peaks mean partial 

ordering of ionic liquid molecules around Pluronic[2] and/or cellulose chains. To confirm ordering, 

the samples were investigated using SAXS and WAXS methods which are widely used for such 

studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[1]  Kondo, T.; Sawatari, C., Polymer 1994, 35, 4423–4428. 

[2]  Lee, H.-N.; Newell, N.; Bai, Z.; Lodge, T.P., Macromolecules 2012, 45, 3627–3633. 

  



11. SURFACTANT – POLYMER INTERACTIONS  

376 

[P11.6] 

 

Competitive adsorption of hydrophobin and surfactant: sequential vs 

parallel adsorption and effect of surfactant micelles 
 

Rumyana D. Stanimirova1, Krassimir D. Danov1, Krastanka G. Marimova1, Peter A. 

Kralchevsky1, Elka S. Basheva1, Simeon D. Stoyanov2, Eddie G. Pelan2
  

 
1Dept. Chem. Engineering, Faculty of Chemistry & Pharmacy, Sofia University, Sofia, Bulgaria 

2Unilever Research & Development Vlaardingen, 3133AT Vlaardingen, Netherlands 

 
 
The competitive adsorption of the protein HFBII hydrophobin and the anionic surfactant sodium 

dodecyl sulfate (SDS) is investigated in experiments on parallel and sequential adsorption of the 

two components. The dynamic surface tension and the surface storage and loss dilatational moduli 

are determined from the profile of buoyant bubbles formed at the tip of a capillary [1]. The 

oscillating bubble method is used, and experiments with thin foam films are also carried out. The 

experiments on sequential adsorption are performed by exchanging the HFBII solution around the 

bubble with an SDS solution. The results indicate that if HFBII has first adsorbed at the air/water 

interface, it cannot be displaced by SDS at any concentration, both below and above the critical 

micellization concentration (CMC). In the case of parallel adsorption, there is a considerable 

difference between the cases below and above the CMC. In the former case, SDS cannot prevent 

the adsorption of HFBII at the interface, whereas in the latter case adsorption of HFBII is absent, 

which can be explained with hydrophilization of the hydrophobin aggregates by the SDS in the 

bulk. In the cases where HFBII adsorption layers are formed, their surface dilatational elasticity 

markedly decreases in the presence of SDS, but recovers after washing out the SDS. With respect 

to their dilatational rheology, all investigated hydrophobin layers exhibit purely elastic behavior 

[2]. As a function of surface tension, the dilatational elasticity of HFBII exhibits a high maximum, 

which could be explained with the occurrence of a phase transition in the protein adsorption layer – 

merging of smaller surface aggregates into larger ones, followed by a percolation transition and 

solidification of the formed protein network. 

 

(Left) In the case of parallel adsorption above the CMC, the HFBII forms mixed aggregates with SDS in the 

bulk and does not adsorb at the air/water interface. (Right) In the case of sequential adsorption, having first 

adsorbed at the interface, the HFBII cannot be displaced by SDS, even at concentrations above the CMC. 
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An ideal lyotropic lamellar mesophase can be described as bilayers of surfactant in an ordered 

array of flat planes, where layers of water alternate with surfactant bilayers. This kind of organized 

medium is often found in different products that are used in areas such as: medicine, cosmetics or 

detergency. Additionally, macromolecules are included in most cases with the function of obtaining 

specific results as rheology control. The simplest system of these products is obtained by mixture 

of three components: water, a surfactant and a polymer. The incorporation of water soluble 

polymers to a lamellar phase can induce different processes in the medium, depending on variables 

as the molecular weight or the charge density of the polymer: When the polymer does not show 

association with the surfactant and the macromolecular coils are larger than the thickness of the 

water layer, two phases are formed: one rich in surfactant and other one rich in polymer. On the 

order hand, when the coils are smaller than the thickness of the water only one phase is formed [1]. 

The addition of a charged polymer to a lyotropic lamellar mesophase formed by oppositely charged 

surfactants usually leds to a polymer-surfactant complex and, as a consequence, a phase separation 

occurs [2].It is known that the interaction of poly(N-isopropyl acrylamide), PNIPA, with water is 

sensitive to temperature and the addition of a third component in the solution modifies its lower 

critical solution temperature, LCST. The aim of this work is to evaluate the influence of the 

temperature when PNIPA is incorporated in a lamellar phase obtained by the mixture of an anionic 

surfactant (Sodium bis(2-etylhexyl)sulfosuccinate (AOT)) and water. 
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Mixtures of polyelectrolytes and surfactants of opposite charge have received much attention in the 

last years not only for their academic interest, but also for their importance in different industrial 

sectors: cosmetic, pharmaceutical, food industry, among others. [1,2] In the case of hair-care 

applications the nature of the molecules used have shifted from anionic to zwitterionic and 

biocompatible components in order to make the product formulations healthier and more 

environmentally benign. 

In this work we have studied Sunbright (a zwitterionic polymer) and Chitosan Succinamide (a 

biopolymer of vegetal origin) mixed with sodium laureyl sulfate, sodium lauroyl methyl isethionate 

(anionic surfactants) and cocoyl betaine (zwitterionic surfactant) on a negatively charged surface 

(that mimic hair fibres). Formation and adsorption of complex have been studied in both solid-

liquid and liquid-air interfaces by surface tension, ζ potential, dynamic light scattering, quartz-

crystal microbalance, and ellipsometry measurements. 

The results show that there is a strong synergistic effect between the polyelectrolyte and the 

surfactant in decreasing the air/liquid surface tension. The c.m.c. or the mixture being significantly 

lower than the one of the pure surfactant. The results of the adsorption at the solid/liquid interface 

have shown that the addition of the surfactant increases the adsorption of the pure polyelectrolyte, 

specially for some surfactant concentrations close to coacervation region, and at high surfactant 

concentrations for the chitosan polymer. 

The results demonstrate that despite the charge of hair fibres, the use of zwitterionic polymers and 

biopolymers show appropriate adsorption behavior for hair care purposes, while being a more 

sustainable alternative than the classic cationic polymers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[1]  Svenson, A.V.; Huang, L.; Johnson, E.S; Nylander, T.; Piculell, L., ACS Applied Mat. Interf. 

2009, 1, 2431-2442. 

[2]  Llamas, S.; Guzmán, E.; Ortega, F., Baghdadli, N.; Cazeneuve, C.; Rubio, R.G.; Luengo, G.S., 

Adv. Colloid Interf. Sci. 2014 (submitted) 

  



11. SURFACTANT – POLYMER INTERACTIONS  

379 

[P11.9] 

 

DTAB effects upon the oligomeric stability of Glossoscolex paulistus 

hemoglobin monitored by fluorescein isothiocyanate probe 

 

Ana Eliza B. Barros, Francisco A. O. Carvalho, José W. P. Carvalho, Marcel Tabak* 

  
Instituto de Química de São Carlos, Universidade de São Paulo, São Carlos, SP, Brazil 

* marcel@sc.usp.br  
 
 

Fluorescein isothiocyanate (FITC)-hemoglobin conjugates were prepared with two probe/heme 

ratios (1:5 and 2:1). Glossoscolex paulistus extracellular giant hemoglobin (HbGp) was used, with 

a molecular mass of 3.6 MDa [1,2]. Optical absorption and fluorescence emission studies were 

performed to characterize the interactions of FITC with oxy-HbGp, at pH values 7.0 and 9.0, 

exposed to different DTAB surfactant concentrations. At pH 7.0, an overall 30-fold increase in 

HbGp tryptophans emission, involving several steps, is observed, while FITC emission, after an 

initial reduction at low surfactant, increases only 3-fold. A blue shift of FITC maximum emission is 

observed together with a 4-fold and 3-fold reduction of quantum yield, respectively, at 1:5 and 2:1 

ratios, as compared to pure buffer, similar to that noticed for myoglobin-FITC conjugates [3]. The 

3-fold FITC emission increase with DTAB concentration is due to protein structural changes in the 

probe vicinity, leading to partial removal of fluorescence quenching. The behavior as a function of 

DTAB concentration, at the two probe/heme ratios, is very similar, and the number of bound 

probes is 2-fold higher at the 2:1 ratio. Our present results regarding surfactant effects are similar to 

previous work with hydrophobic ANS fluorescence probe [4]. 

 
Optical absorption spectra for oxy-HbGp, labeled with FITC at 2:1 ratio, at pH 7.0, with concentrations of 

DTAB in the range from 0 to 20 mmol/L. The characteristic band for FITC at 480 nm is seen together with 

oxy-HbGp Soret band at 415 nm and Q bands in the range 500-600 nm. In the surfactant range between 2.0 

and 7.0 mmol/L light scattering due to aggregation is noticed. 
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The extracellular hemoglobin of annelid Glossoscolex paulistus (HbGp) has a molecular mass of 

3600 kDa and an oligomeric structure composed of heme-containing globin-like chains (144 

subunits) and 36 additional polypeptide chains lacking a heme group, and named linkers. This work 

focuses on the characterization of dissociated species in equilibrium in the SDS-HbGp system, 

monitored by AUC. SDS induces HbGp oligomeric dissociation above 0.1 mmol/L of surfactant. 

At 0.1 mmol/L of SDS, in the presence of 200 and 300 µg/mL of oxy-HbGp, a single species is 

observed, characterized by sedimentation coefficient s20,w of 58.4 ± 0.5 S and molecular mass 

(MM) of 3,600 ± 80 kDa, assigned to the un-dissociated protein [1]. However, at 100 µg/mL of 

oxy-HbGp, the presence of abcd tetramer in the solution is noticed, suggesting that the oligomeric 

dissociation is dependent on the protein concentration. The increase of SDS concentration 

promotes the full oxy-HbGp oligomeric dissociation into smaller subunits, such as, monomer d, 

trimer abc, tetramer abcd. At 0.4 mmol/L of SDS s20,w values of 2.18 ± 0.07 S, 3.45 ± 0.07 S and 

5.6 ± 0.5 S are assigned, respectively, to the monomer d, trimer abc and tetramer abcd species, with 

several SDS molecules bound to their structure (Fig. 1). The SDS effect upon the HbGp oligomeric 

stability is quite similar to that reported for the denaturant urea, and alkaline pH [2,3]. Thus, the 

order of oxy-HbGp dissociation, in the presence of SDS, is given by dodecamer (abdc)3, followed 

by tetramer abcd, trimer abc and monomer d. Our results are consistent with literature reports for 

HbGp in different conditions, as monitored by AUC and MALDI-TOF-MS [3,4]. 

 

 
Continuous sedimentation coefficient distribution c(S) curves for oxy-HbGp, in the presence of 0.4 mmol/L 

of SDS, at pH 7.0. The letters a, b and c are associated to the monomer d, trimer abc and tetramer abcd 

species, respectively. 
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Expanding of using of macromolecular surfactants (MMS) in the economy stimulates the 

researches for developing of new MMS. 

The purpose of this work: Synthesis of associates of weak polymeric acids with hydrophobized 

cationic surfactants (SA) and study of surface-active properties of such associates . 

Objects of research: polyacrylic (PAA), polymethacrylic (PMAA) acids, cationic surfactants: 

cetyltrimethylammonium bromide (CTAB), dimethyldioctadecylammonium chloride 

(DMDODAH). 

Methods: Potentiometric, Spektroturbidometric, Viscozimetric titrations, determination of electric 

mobility of associate particles.  

Results and discussion: Interaction of cationic surfactants with polyacids accompanied by a marked 

decreasing in pH (Fig.1) and an increasing in the optical density of the system. This is due to 

reacting of polyacid with surfactant, resulting in appearing of strong mineral acid. 

Polyacids associates with the cationic surfactants have a high hydrophobicity (m-number of 

hydrophobic groups, related to 1 mole of functional groups (-COOH) of polyacids. 

Increasing of hydrophobicity of the polymer chains during complexation of polyacides with SA 

leads to an increasing of compaction (Fig.3) and changing of ζ-potential of the associate particles 

(Fig.2). It was observed, that changes in the properties of polyacid associates with cationic SA 

contributes to their surface activity at the water/air interface.  

Conclusion: Interaction of weak polymeric acids (PAA, PMAA) with hydrophobized surfactants 

leads to formation of compact surface-active associates. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Potentiometric titration of PAA with CTAB (1) and DMDODAX (2) Fig.2 Dependence of ζ-potential 

of complexes of PAA with CTAB (1) and DMDODAH (2) on the surfactant’s relative concentration (n) 

Fig.3 Viscosimetric titration of PAA with CTAB at 293 K (1) 313 K (3) and 333 K (3). 
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The interaction between the copolymer poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene 

oxide) (PEO20-PPO70-PEO20, P123) and the biopolymer hidroxyethyl cellulose (HEC) in 

aqueous solutions has been studied using differential scanning calorimetry (DSC) and pendant drop 

tensiometry. Differential scanning calorimetry was used to obtain the thermodynamic parameters of 

micellization of solutions of P123 at different concentrations, and to measure the effect of adding 

the biopolymer on the energetics of micellization. For the pure P123 aqueous solutions the critical 

micelle temperature decreases as the copolymer concentration increases. For this system the 

thermodynamic parameters (H specifically) are independent of the concentration in contrast to 

observations reported for similar copolymers [1]. Fixing the concentration of P123 and increasing 

gradually the concentration of HEC up to the solubility limit does not modify the thermodynamic 

parameters in comparison for the pure P123 system. 

The surface tension was measured using the pendant drop technique at 298.15 K for pure P123 

aqueous solutions and for the mixtures where the concentration of HEC was fixed and the 

concentration of P123 was gradually modified. The resulting surface tensions were analyzed using 

the Gibbs adsorption isotherm equation and the phase diagram for the micelle formation was 

constructed for each system. The calculated thermodynamic parameters were the Gibbs energy of 

micellization (Gmic), the critical micelle concentration (CMC), surface excess concentration max) 

and minimum area per surfactant (Amin) for the individual component and their mixtures.  
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Starch-based material is attractive biopolymer mainly because it is low cost and biodegradable. 

Such materials are modified to obtain new products with altered properties, adapted to a wide range 

of uses in food, paper, and packaging industries, but also in the pharmacy and medicine. One of 

modification technique is usage of low-temperature plasmas, on the other hand from medical point 

of view the modification by biosurfactants is important. Plasma treatments change the superficial 

properties of the material based on the formation of free radicals on the surface in the uppermost 

layers of the substrate, thus not affecting the overall desirable bulk properties. By plasma processes 

the topography, the chemical nature and wetting properties of the surface can be changed to obtain 

new applications. The nature of cold gas plasma surface modification leads itself on precise control 

and process repeatability. Reengineering the surfaces by introducing functional groups in a 

controlled and reproducible manner, greatly enhances adhesive permanency and reliability. The 

starch and PC modified starch surface were prepared at room, physiological 37°C and 60 °C 

temperature. Surfaces were exposed to the plasma at a frequency operation of 40 kHz and an 

average power of max. 400 W during 5 minutes. Plasma treatment with air or O2 gases has a two-

fold effect on the polymer surface, an oxidizing effect and change of the cross-link density. As the 

surface is oxidized and partially removed, the hydrophobic character of starch is changed to 

become increasingly hydrophilic. Air plasma was used to increase wettability and biocompatibility 

of (bio)polymer surfaces. To better description of surfaces the FTIR spectra were taken with a 

FTIR Nicolet, Thermo Scientific Inc. Advancing and receding contact angles of the probe liquids 

(water, formamide and diiodomethane) on the starch biopolymer and starch/phosphatidylcholine 

(PC) surfaces were measured using a contact angle meter GBX (France) equipped with humidity-

controlled chamber and digital camera. The another characteristic of plasma relies upon the 

production of active species, that are more numerous, different in kind and more energetic than 

those produced in chemical reaction. The AFM images show that the obtained surfaces are of 

different roughness, but the RMS values were the smallest for the plasma modificated surface. 

Effect of plasma was small visible for room temperature and 60 °C, but more visible for 

physiological temperature. The surfaces of the biopolymer composite treated with plasma can 

result in stronger bonds with the surface and the formation of the film, which solely modifies the 

surface and have a good adhesive function. Plasma modification of polimer depends on the 

composition and on the topographic nature and gives possibilities to obtain new products with 

altered properties. 
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Polymer modified bitumen (PMB) is used extensively in thin asphalt surfacing and seals [1]. In 

order to evaluate performances, PMB has to be characterized in a different way than ordinary tests 

empirical rheological tests, such as penetration test, softening point etc. However the eventual 

improved performance properties are not easy to demonstrate with the conventional methods. This 

work gives an overview of a test program to characterize Calprene and Calprene + PPA modified 

bitumens by using conventional as well as non-conventional methods at different bitumen ageing 

steps. The effect of the filler addition on the supra-molecular organization of the bituminous binder 

was also investigated. This test program exploited fundamental rheological tests, based on a state of 

the art dynamic shear rheometer in the temperature range of -30°C to 160 °C. From these 

experiments, the influence of both Calprene and Calprene + PPA addition on bitumen binder was 

determined. 

 

 
Plot of tan δ vs temperature of fresh, calprene modified, calprene+PPA modified bitumens. 
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The polymer charge density changes has been obtained by copolymerization of N-

isopropylacrylamide (NIPAA) with acrylic acid (AAc) at mole ratio of 2.2, 10 and 20. Changing 

the contents of acrylic acid the polymer charge changes as well. Moreover nonionic vesicles have 

been added to the polymer/aqueous solution. The effect of acrylic acid content in the 

copolymerized PNIPAAcoAAc was investigated in aqueous solutions and in vesicular dispersion. 

The combined effect of nonionic vesicles and polymer charge density on the thermal gelation of 

poly(Nisopropylacrylamide co-Acrylic acid) aqueous system has been explored using rheological 

technique and imaging NMR. The rheological behavior of the polymer/vesiscles/water system is 

strongly affected by both vesicles content and polymer charge density[1,2]. The results are useful 

to understand the polymer-surfactant interactions and the thermogelation mechanism. 
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Polymer/surfactant mixtures have a wide range of industrial and technological applications due to 

their specific behavior at different interfaces. To understand their behavior different techniques are 

used at the interfaces, such as surface and interfacial tension, dilational and shear rheology, 

ellipsometry, and in the bulk, methods such as DLS and zeta potential measurements. The 

properties of polyelectrolyte/surfactant mixtures and effect of different solution conditions like 

effect of surfactant chain length, effect of ionic strength, pH and temperature have been studied so 

far mainly at the water/air interface. In contrast, there are only very few investigations dedicated to 

the adsorption layers at the water/oil interface, in particular at the water/hexane, octane or 

hexadecane interfaces [1]. These works also include investigations of the influence of chain length 

of sodium alkyl sulphates on the adsorption of polyelectrolyte/ surfactant mixed systems [2]. That 

is why the present work is devoted to studies of the bulk (DLS and zeta potential measurements) 

and surface properties (interfacial tension and dilational rheology) of polyallyl amine hydrochloride 

/alkylsulphate mixtures at water/oil interfaces. Effect of surfactant hydrophobicity (influence of oil 

alkyl chain length), effect of added salt, temperature and pH are studied of the above mentioned 

systems. 

The results show that the surfactant hydrophobicity has a significant impact on the interfacial 

properties of polyelectrolyte/surfactant mixtures at water/oil interfaces. Interfacial tension 

measurements of PAH solutions with added alkyl sulphates of different alkyl chain lengths show 

different adsorption mechanisms controlled by free surfactant molecules in competition with 

PAH/alkyl sulphate complexes at the interface. 

The dilational elasticity values also change strongly with increasing surfactant chain length. The 

structure of the polycomplexes changes from a densely packed, particle like object to a bulky or 

even fluffy associate for large radicals which then can affect the physical and mechanical 

characteristics of the interfacial adsorption layers and by this can determine the stability of 

corresponding emulsion films. 

Studies of the properties of polyelectrolyte/surfactant associates in the aqueous bulk show gradual 

neutralization of the charges of the polycation through electrostatic interaction. However, negative 

charge values beyond an equimolar polyelectrolyte/surfactant ratio for the longer alkyl chains (C14 

and C16). This is happening because at sufficiently high surfactant concentrations the hydrophobic 

interaction starts to become effective and indicates the existence of a steric barrier of interaction of 

surfactant molecules due to their large alkyl radicals with polyelectrolyte functional groups. Added 

salt and temperature effects are also discussed in detail. 
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The general direction of our investigation is to determine the effect of the types of plant extracts 

obtained under supercritical CO2 conditions on physicochemical and functional properties of 

selected cosmetics. The extracts are hydrophobic and, therefore, they must be stabilized by 

emulsifiers in aqueous solutions. 

Polyvinylpyrrolidone (PVP) and sodium lauryl sulfate (SLS) were selected as solubilizing 

compounds. PVP is a neutral polymer with an amphiphilic nature. It is a component of a number of 

pharmaceutical and cosmetic formulations which guarantees its safe application. The degrees of 

polymerization of the compounds selected were 90, 450 and 14 400. SLS was selected due to its 

high ability to form complexes with PVP. Besides, it meets the standards of COSMOS (Cosmetics 

Organic Standards) as it is based on natural raw materials. 

Tests were carried out on aqueous solutions of polymers, surfactants and polymer plus surfactant. 

The effects of the type and concentration of individual components and a relative share of polymers 

and surfactant on stability, viscosity, foamability and surface tension were determined. Based on 

the results obtained, it was found that aqueous solutions of SLS and PVP were stable, whereas 

binary solutions (SLS+PVP) were unstable at low concentrations of alkyl sulfates. The results were 

interpreted on the basis of interactions of components and formation of complexes. 

Surface activity of polyvinylpyrrolidones was low and surface tension (σ) of their solutions was 

comparable to that of water. A considerable effect of SLS on a decrease in the σ value was 

observed. The values for PVP+SLS solutions were even two times lower than those for PVP. 

Polymer solutions did not form foam. However, an addition of surfactants (over 0.1%) caused that 

the solutions produced a stable foam (ca. 500 cm3). 

Summing up, the results obtained confirm literature reports on the possibility of forming complexes 

between polymers and anionic surfactants. They can also serve as a basis for development of 

formulations of stable o/w emulsions of hydrophobic plant extracts obtained under supercritical 

CO2 conditions. 
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Environmental conditions significantly affect the value of the coefficient of static friction during 

co-operation of sliding machine elements. The studies about the influence of temperature on the 

friction processes can be found in the literature [1-4], but there is little information about the effect 

of humidity on these processes. In addition to this, there is little information about other polymers 

than polyamide (PA).The high static friction coefficient means that the static friction resistance 

plays an important role in the energy consumption during start-up period. The minimization of 

static frictional resistance is the important issue in polymer-metal sliding couples operating under 

dry friction conditions. The authors have attempted to analyze the influence of temperature and 

humidity on the coefficient of static friction of chosen sliding couples – polymeric materials 

(PEEK, POM, PTFE) on steel. Research was carried out under dry friction conditions in a climate 

chamber at temperatures ranging from +10° C to +90° C and relative humidity from 35% to 95%. 

Tribological investigations in the static friction were carried out on the rig “pin-on-disk”.  

The test results were used to develop regression functions. These functions are presented in graphs 

to help analyse the influence of environmental conditions on the coefficient friction. Test results 

show the significant influence of temperature and relative humidity on the value of static friction 

coefficient of polymer materials sliding against steel.  

 

 
 

The example of the effect of environment conditions (temperature T, relative humidity f) on the coefficient of 

static friction μ0 for sliding couple steel - PEEK. 
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A general understanding of interactions between DNA and oppositely charged agents provides a 

basis for developing novel DNA gel particles. The adsorption strength, which is tuned by varying 

the structure of the cationic agent, allows the control of the spatial homogeneity of the gelation 

process, producing either a homogeneous DNA matrix or different DNA reservoir devices. It was 

shown that DNA was effectively entrapped in the assayed cationic surfactant, protein and 

polysaccharide solutions, protecting its secondary structure. When the DNA gel particles are 

inserted in a medium, different responses occur: swelling or deswelling, dissolution, and DNA 

release. Controlling the magnitude of the DNA release and achieving controlled release systems 

was accomplished by changing the composition in the cationic solutions where particles were 

formed [1].  

Although the molecular details of the mechanism by which cationic carriers mediate DNA delivery 

are still poorly understood, current evidence supports the hypothesis that the DNA complexes enter 

cells by means of endocytosis. Often, the particle size ranges from 100 nm to higher than 1 µm, 

and, evidently, the efficiency of cellular uptake and subsequent intracellular processing, a 

prerequisite for effective cellular transfection, may well depend on particle size[2]. On the basis of 

designing DNA particles for therapeutic purposes and address the problem of the size, we 

speculated that double-emulsion-solvent-evaporation techniques could be used to prepare these 

particles at nanometer scale. The effect of the surfactant structure (hydrocarbon chain length, 

number of hydrocarbon chains and polar head), homogenization process and solvent characteristics 

on the properties of the water-in-oil (w/o) emulsion have been studied. The presence of some 

polymers on the second aqueous solution modifies the properties of the obtained nanoparticles, in 

terms of size, surface charge and hydrophobicity. In vitro cell culture lines have been used to 

identify the cytotoxicy of these systems[3]. 
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Nanosized particles of poly(acrylic acid), which is chemically cross-linked and hydrophobically 

modified, was investigated with the swelling behaviour as triggered by ionization and surfactant 

binding. It was found that the viscosity, elasticity and transmittance of the solutions are 

dramatically affected when the pH increases above 6.5; viscosity changes can amount to more than 

7 orders of magnitude. At low pH, where the polymer is weakly charged and the interaction with 

the solvent is poor, and the solution is liquid-like (G’’>G’) and turbid. At pHs above 6.5, the 

solution becomes a transparent gel with solid-like behaviour (G’>G’’). Additionally, at low pH, the 

addition of anionic surfactant promotes the swelling of the polymer with consequent gelation 

leading to a solution behaviour with essentially identical properties as when the polymer has a high 

charge density. Thus addition of moderate amounts of surfactant can increase the viscosity by 7 

orders of magnitude. Moreover, an increase in the surfactant chain length is found to strengthen the 

surfactant binding to the polymer. The results are discussed in terms of the delicate balance 

between the osmotic swelling (counterion entropy effect) and restoring forces due to the 

hydrophobic interactions. 
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In recent years there has been significant development in biomaterials engineering used in the joint 

replacement. In order to reduce the risk of complications after prosthesis implantation the sliding 

properties and wear resistant of polymers used in prosthesis components has been improved. 

Currently, numerous studies are conducted to explain and describe wear process, but it is still a gap 

in tribological characteristics polymers materials used in contemporary arthroplasty.In the paper 

has been described wear analysis of retrieved acetabular cups of PE-UHMW. The paper presents 

the findings of macroscopic and microscopic surface topography and the results of microhardness 

change in polymeric acetabula surfaces after reimplantation. There was made an attempt dependent 

parameters of patients after reimplantation hip replacements from wear processes observed in the 

investigated polymer acetabula. The study was conducted using a SHIMADZU HMV-2 

microhardness tester and SEM observation. The multidirectional scratches, fibrils, foldings and 

delaminations were observed extensively of examined surfaces (Fig. 1). Observed structures are 

comparable to similar studies [1]. 
 

 

Fig. 1. Examples of microscopic pictures of investigated retrieved acetabular cups. 
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Thin polymeric films have numerous applications in a vast diversity of fields including membranes, 

coatings, adhesives, cosmetics, biomedical devices. They can be prepared starting from the melt, 

from a solution, a colloidal dispersion, by several different processes, one of the major one being 

casting and drying. Among all possibilities, our main interest is in thin supported films prepared by 

drying of aqueous polymer colloidal dispersions (also called latexes) [1]. 

Latex films have specificities, mainly due to their particular structure and the presence of 

surfactants [2]. Even when it is a minor constituent, the surfactant may heavily affect film 

formation mechanisms [3] and film properties [4]. From the large number of papers, either 

experimental or theoretical, dealing with distribution of surfactants in latex films, it is clear that the 

subject is highly complex and deserves much further research effort. This is the reason why we 

decided to try to speed up improvements by using simulation. 

Our approach is inspired by cellular automata: spatially distributed systems that change states 

according to local rules. The latex film is divided into cubic cells, each one having several state 

variables (temperature, volume fractions, local stresses, etc.). These state variables evolve as a 

result of matter or energy being exchanged between neighboring cells (by diffusion, convection, or 

because of particle deformation). The latex inside the cells can go through different states (liquid 

dispersion, wet gel, dry gel) depending of the values taken by the cells´ state variables. These states 

determine the evolution rules that apply. The simulation is based on Object Oriented Programming 

using the Python software, at quite modest computational cost. 

At the present stage, the simulation is able to reproduce theoretical results by Routh et al. [5] within 

a similar set of assumptions. Some refinements were already implemented, the major ones being 

particle deformation and total drying (where Routh´s model only deals with rigid particles and a 

limit polymer volume fraction of 0.64), to get closer to reality. Provided some short term further 

improvements, the simulation will approach experimental results by Arnold et al. [6] and, 

hopefully, shed light on phenomena at molecular level, like surfactant desorption in highly 

concentrated colloids, difficult to study experimentally. 
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The high efficiencies observed in photosynthetic light harvesting systems are a result of their 

elegant self-assembled structures. In order to mimic these structures in synthetic systems it is 

required to both control and understand aggregation.  

Here the use of computational techniques is presented as a method by which to observe the 

behaviour of small fluorene and thiophene-based conjugated polymer structures [1]. Interest lies 

primarily in the study of anionic (PBS-PF2T [2] and PBS-PFT) and cationic (HTMA) 

polyelectrolyte species as well as neutral (PFO) and zwitterionic (ZT) polymers and their observed 

aggregation behaviour as well as the significance of surfactant presence upon this aggregation. 

Dynamic simulations have thus far indicated that aggregation of these polymer species is inhibited 

in the presence of non-ionic oxyethylene based surfactants [3], C¬mEn, by way of separating the 

polymers and encapsulating them in liquid crystalline surfactant phases. Here the effects of CmEn, 

as well as polyvinyl alcohol (PVA), sulfur dodecyl sulfonate (SDS) and cocamidopropyl betaine 

(CAPB) are invesitgated as aggregation inhibitors. The importance of various inter- and intra-

molecular interactions, as well as solute environments will be discussed as contributing factors in 

the production of well-defined aggregated structures. Experimental findings are also included to 

form an overall representation of the process.  
 

 
Examples of the conjugated polymers which have formed the focus of the study of polymer-surfactant 

interactions 
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Interfacial tension is an important factor for two-phase liquid behaviour in a variety of systems, 

ranging from water flooding in oil recovery to drug delivery and other industrial processes such as 

corrosion inhibition. We present a model for predicting interfacial tension from first principles, 

using density functional theory (DFT) calculations. The DFT calculations are combined with the 

COSMO-RS implicit solvent model [1], which allows for molecules to be solvated at a 

liquid/liquid interface (Figure 1). Our model requires no experimental input and can be used for 

liquid/liquid systems of arbitrary compositions. The consistency of our predictions with 

experimental data is very good for binary, ternary and multicomponent water/organic compound 

systems (Figure 1). This provides confidence for using the model to predict behaviour at 

water/organic interfaces in the presence of surface active compounds. The method is very fast and 

can be used for screening, as well as to extend data from experiments into conditions where 

measurements are technically too difficult, time consuming or impossible. 

 

 
Figure 1. Comparison between predicted and experimental IFT for binary (left) and ternary systems (middle). 

The COSMO surfaces for the most probable configurations of aniline and water at an aniline-water interface 

(right) with the interface marked in grey (aniline = light grey, water = dark grey). 
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The interactions of alginate with calcium ions are of primary importance to the formation of 

calcium alginate hydrophilic gels which may be applied in various industries (e.g. water-treatment, 

food, biotechnology...). The main aim of the study was to apply the advanced molecular modeling 

techniques (the ‘hybrid’ molecular dynamics based on the combination of the classical, 

biomolecular force fields with the quantum mechanics/DFT methodology) to elucidate the process 

of calcium binding to alginates (natural biopolymers) and their two components, i.e. b-D-

mannuronate and a-L-guluronate anions. The reasons for performing such type of research are as 

follows: (i) to increase the accuracy of the computations and to estimate the errors inherent in the 

biomolecular force fields which may not reflect the strength of the Ca2+-carboxyl group 

interactions correctly. (ii) to compare the binding features characteristic of both polymer chain and 

single uronate residues; (iii) to explain the molecular basis for the diverse (macroscopic) affinities 

for calcium ions exhibited by alginates containing different ratios of b-D-mannuronate and a-L-

guluronate residues. 

Based on the results of the simulations, we concluded that the preferential interaction of Ca2+ 

include the coordination with negatively charged carboxyl group and water molecules. Other types 

of oxygen atoms (e.g., those of hydroxyl group or ring atoms) do not contribute to the coordination 

of calcium. The found calcium binding modes positively verify the previously proposed 

modification of the egg-box model according to which only the carboxyl groups of two 

poly(guluronate) chains contribute to the binding of calcium and to the junction of these two 

chains. 
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Solubilization in micellar surfactant solutions is important in biological, pharmaceutical and 

industrial processes. For example, in pharmacy micelles are used as containers for drug molecule, 

in industry solubilization plays a key role in detergency, cosmetics, oil recovery and separation. 

Surfactant micelles enhance also the removal of contaminates from porous media. Based on that 

capability of micelles surfactant-enhanced aquifer remediation was developed. 

To study micellar systems molecular dynamics simulations can be applied. The all-atom 

simulations of micellar systems are time-consuming and limited to relatively small length and time 

scales. However, the all-atom simulation gives detailed insight in surfactant molecules and 

solubilizate interactions and structure of formed aggregates. Additionally, free-energy studies could 

help us understand mechanism of solubilization process. 

In this work, molecular dynamics simulations were presented for surfactant solutions containing 

small organic compounds which solubilize into micelles. 
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One of the great challenges in membrane biophysics is to find means to foster the transport of 

drugs across complex membrane structures. In this spirit, we elucidate methodological challenges 

associated with free energy computations of complex chain-like molecules across lipid membranes 

[1]. As an appropriate standard molecule to this end, we consider NBD-labeled fatty amine, NBD-

Cn, which is here dealt with as a homologous series with varying chain lengths [2-4]. We found the 

membrane-water interface region to be highly sensitive to details in free energy computations. 

Despite considerable simulation times we observed substantial hysteresis, due to the small 

frequency of insertion/desorption events of the amphiphile’s alkyl chain in the membrane interface. 

The hysteresis was most pronounced when the amphiphile was pulled from water to the membrane, 

and compromised the data that was not in line with experiments [3,4]. The subtleties in umbrella 

sampling for computing distance along the transition path were also observed to be potential causes 

of artifacts. With the PGD (pull geometry distance) scheme, in which the distance from the 

molecule was computed to a reference plane determined by an average over all lipids in the 

membrane, we found marked deformations in membrane structure when the amphiphile was close 

to the membrane. The deformations were weaker with the PGC (pull geometry cylinder) method, 

where the reference plane is chosen based on lipids that are within a cylinder of radius 1.7 nm from 

the amphiphile. Importantly, the free energy results given by PGC were found to be qualitatively 

consistent with experimental data [3,4], while the PGD results were not. We conclude that with 

long amphiphiles there is reason for concern with regard to computations of their free energy 

profiles. The membrane-water interface is the region where the greatest care is warranted. Several 

properties of the system were analyzed which give an illustration of the amphiphiles permeating 

through the lipid membranes. 

 

Acknowledgements: Doctoral stipend N.º SFRH/BD/65375/2009 by FCT (H. A. L. F.). FEDER, through the COMPETE 

program, and by FCT, project reference FCOMP-01-0124-FEDER-010787 (FCT PTDC/QUI-QUI/098198/2008) (L. M. 

S. L.). Academy of Finland (project funds and the Center of Excellence grant (T. R., I. V.)). European Research Council 

(Advanced Grant CROWDED-PRO-LIPIDS) (I. V.). Advanced Computing Laboratory at University of Coimbra 

(http://www.lca.uc.pt) and CSC-IT Center for Science (http://www.csc.fi). 

 

[1]  Filipe, H. A. L.; Moreno, M. J.; Róg, T.; Vattulainen, I.; Loura, L. M. S., JPCB 2014, in press, DOI: 

10.1021/jp501622d. 

[2]  Filipe, H. A. L.; Moreno, M. J.; Loura, L. M. S., JPCB 2011, 115, 10109-10119. 

[3]  Cardoso, R. M. S.; Filipe, H. A. L.; Gomes, F.; Moreira, N. D.; Vaz, W. L. C.; Moreno, M. J., JPCB 

2010, 114, 16337-16346. 

[4]  Cardoso, R. M. S.; Martins, P. A. T.; Gomes, F.; Doktorovova, S.; Vaz, W. L. C.; Moreno, M. J., JPCB 

2011, 115, 10098-10108.  



12. THEORY AND SIMULATION 

398 

[P12.7] 

 

Theoretical studies on conformation of conjugated organic polymers in 

solution 
 

Licínia L. G. Justino*, M. Luísa Ramos and Hugh D. Burrows 

 
Chemistry Department and Coimbra Chemistry Center 

University of Coimbra, 3004-535 Coimbra, Portugal 

*liciniaj@ci.uc.pt 

 
 
Conjugated organic polymers and polyelectrolytes have emerged as important classes of molecules 

for use as the active material in electronic and optoelectronic devices. Their particular physical and 

chemical characteristics, combining the electronic properties of semiconductors or metals with the 

low cost and the ease of processing of organic polymers, make them especially attractive in the 

development of new technologies. Fluorene based materials are particularly important because of 

their chemical and thermal stability, high photoluminescence quantum efficiency, and ease of 

property tuning by copolymerization.[1] Additionally, alkyl chains can be introduced at the 

fluorene C-9 position, offering the possibility of controlling the polymer or polyelectrolyte 

solubility, liquid crystallinity, chirality, and modulate interchain interactions in films. Although the 

rigid fluorene monomer units are not affected by the inclusion of the alkyl side chains, this may, 

however, influence intrachain conformation, changing the physical, electronic and optical 

properties of the materials. We have been particularly interested in nanostructuring these and 

related systems through interactions with surfactants. This can have dramatic effects on the 

polymer conformation in solution. We have been using Density Functional Theory and Møller-

Plesset computational methods, together with NMR spectroscopy, to obtain information on 

backbone conformational behaviour of conjugated polymers and polyelectrolytes in solution.[2-4] 

In these studies, the influence of conformation on the magnetic shielding constants of the 1H and 

13C nuclei of the polymer backbone has been investigated through computational methods, and 

variable temperature NMR spectra have been analysed on the light of the theoretical findings. This 

allows conclusions about the conformational behaviour of the polymers and polyelectrolytes. 
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Fluorescence spectroscopy and microscopy have been used as tools to study membrane biophysics 

for decades now. Because phospholipids are non-fluorescent, the use of extrinsic membrane probes 

in this context is commonplace. Two major points of concern arise regarding this matter, namely 

the incomplete understanding of the probe behavior inside the bilayer and the perturbation of the 

latter resulting from probe incorporation. To this effect, molecular dynamics (MD) simulations, by 

providing detailed atomic-scale information, represent a valuable way to characterize the location 

and dynamics of bilayer-inserted membrane probes, as well as the magnitude of perturbation they 

induce on the host lipid structure, and several important classes of reporter molecules have been 

studied in recent years [1,2]. Among the letter, 1,6-diphenylhexatriene (DPH) and its 

trimethylammonium derivative (TMA-DPH) have been extensively used as probes of membrane 

fluidity/order [3,4]. In this study, we employ atomistic MD simulations to characterize the behavior 

of DPH and TMA-DPH in 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and 

POPC/cholesterol (4:1) bilayers (Fig. 1), to gain insight regarding both probe properties 

(fluorophore location, exposure to solvent, orientation, and dynamics) and their effects on the host 

membrane (average area/lipid, bilayer thickness, order and dynamics). A comparison between the 

behaviors of the two probes will be presented, also relating to literature experimental measurements 

using fluorescence spectroscopy [3,4]. 
 

 
Figure 1: Probe structures (left) and simulation snapshots of DPH (middle) and TMA-DPH (right) in POPC. 

 

 

Acknowledgements: Funding by FEDER, through the COMPETE program, and by FCT (Fundação para a 

Ciência e a Tecnologia, Portugal), project reference FCOMP-01-0124-FEDER-010787 (FCT PTDC/QUI-

QUI/098198/2008) is acknowledged. JRR and PDS acknowledge FCT and the same project for research 

grants. LMSL acknowledges FCT for funding through project PEst-OE/QUI/UI0313/2014. 

 

[1]  Loura, L. M. S.; Ramalho, J. P. P., Biophys. Rev. 2009, 1, 141-148. 

[2]  Loura, L. M. S.; Ramalho, J. P. P., Molecules 2011, 16, 5437-5452. 

[3]  Lentz, B.R., Chem. Phys. Lipids 1989, 50, 171-190. 

[4]  Lentz, B.R., Chem. Phys. Lipids 1993, 64, 99-116. 



12. THEORY AND SIMULATION 

400 

[P12.9] 

 

Pyrene as polarity probe in sphingomyelin and sphingomyelin/cholesterol 

bilayers: a molecular dynamics simulation study 
 

António M. T. M. do Canto1, Patrícia D. Santos1, Jorge Martins2, Luís M. S. Loura3,4 
 

1Centro de Química de Évora, Departamento de Química, Escola de Ciências e Tecnologia, 

Universidade de Évora, Portugal 

 2IBB–CBME and DCBB–FCT, Universidade do Algarve, Campus de Gambelas, Faro, Portugal 
3Centro de Química de Coimbra, Universidade de Coimbra, Portugal 

4 Faculdade de Farmácia, Universidade de Coimbra, Portugal  
 
 
Pyrene (Fig. 1) is a polycyclic aromatic hydrocarbon noted for its remarkable spectroscopic 

properties, such as an unusually long fluorescence lifetime (> 100 ns in a variety of aerated 

solvents and membrane systems), emission spectrum highly sensitive to solvent polarity and 

concentration-dependent and/or viscosity-dependent excimer formation. Among the many uses of 

pyrene as a fluorescent probe, measurement of equivalent lipid bilayer polarity through the pyrene 

Ham effect stands out. To this effect, the ratio of the fluorescence intensities of the first and third 

vibronic bands (I1/I3) in the emission spectra of pyrene is measured [1]. However, issues 

concerning the precise location of bilayer-inserted pyrene and the possibility of probe-induced 

perturbation of host bilayer properties are potential sources of concern in this regard. Atomistic 

molecular dynamics (MD) simulations constitute a useful method for the characterization of lipid 

membrane systems [2], and, in particular, to realize the behavior of fluorescence probes upon 

incorporation in lipid bilayers [3,4]. Following our recent MD study of pyrene-labeled POPC and 

POPC/cholesterol bilayers [5], we present a detailed characterization of the behavior of this probe 

in palmitoylsphingomyelin (PSM) and PSM/cholesterol membranes (Fig. 1), with emphasis on the 

degree of proximity between the pyrene fluorophore and water molecules inside bilayers, related to 

the use of pyrene to measure equivalent lipid bilayer polarity. 

 
Figure 1: Pyrene structure (left) and simulation snapshots of pyrene/PSM (middle) and 

pyrene/PSM/cholesterol (right) bilayers. 

 
Acknowledgements: A.M.T.M.C., P.D.S., and L.M.S.L. acknowledge funding by FEDER, through the COMPETE 

program, and by FCT (Fundação para a Ciência e a Tecnologia, Portugal), project reference FCOMP-01-0124-FEDER-

010787 (FCT PTDC/QUI-QUI/098198/2008). L.M.S.L. acknowledges project PEst-OE/QUI/UI0313/2014 from FCT. 

J.M. acknowledges the subsidy by national Portuguese funding through FCT – Fundação para a Ciência e a Tecnologia, 

projects ref. PEst-OE/EQB/LA0023/2013, and PTDC/QUI-BIQ/112943/2009. 

 
[1]  Lyubartsev, A. P.; Rabinovich, A. L., Soft Matter 2011, 7, 25-39. 
[2]  Arrais, D.; Martins, J., Biochim. Biophys. Acta 2007, 1768, 2914-2922. 
[3]  Loura, L. M. S.; Ramalho, J. P. P., Biophys. Rev. 2009, 1, 141-148. 
[4]  Loura, L. M. S.; Ramalho, J. P. P., Molecules 2011, 16, 5437-5452. 
[5]  Loura, L. M. S.; Martins do Canto, A. M. T.; Martins, J, Biochim. Biophys. Acta 2013, 1828, 1094-

1101.  

  



12. THEORY AND SIMULATION 

401 

[P12.10] 

 

Structure of colloidal clusters from searching with global optimization 

methods  
 

Jorge M.C. Marques1, Rafael D. Oliveira1,2 
 

1Departamento de Química, Universidade de Coimbra, Portugal 

 2 Escola de Química, Universidade Federal do Rio de Janeiro, Brazil 

 

 

Recent experiments involving colloidal systems have revealed new possibilities to investigate 

clusters at the mesoscale [1, 2]. In turn, it has been shown that simple pairwise potential functions 

may be used to predict some observable properties of colloidal clusters [3]. In this context, short-

ranged Morse potentials provide good models to describe depletion interactions in colloid-polymer 

systems [4], which are in close agreement with the Asakura-Oosawa theory [5]. In particular, 

Wales and collaborators [6] have employed the Morse potential (with the range parameter fixed at 

ρ=30) and the basin-hopping algorithm for a global optimization study of the 19-particle cluster. 

Since global optimization algorithms are valuable tools for discovering low-energy structures of 

clusters, several methods have been proposed in literature. For instance, we have developed 

evolutionary algorithms (EA) to search for the global minimum structure of atomic clusters [7, 8] 

that have shown to be efficient in the global optimization of short-ranged Morse clusters up to 

N=80 [9]. In the present work, we employ our EA to study colloidal clusters modeled with very 

short-ranged Morse potentials (i.e., with ρ=25, 30 and 40) and number of particles (N) varying 

from 3 to 38. Thus, one may obtain relevant information concerning the evolution of energetic and 

structural properties with the cluster size and interaction range, e.g., by means of monitoring the 

“magic numbers” and the bond-orientational order parameters [10]. As ρ increases, the global 

minimum structure tends to decrease the strain as well as the average number of nearest-neighbor 

contacts. For various values of N, we have also found energetically quasi-degenerated clusters that 

present distinct structures. Moreover, we perform a detailed analysis of the low-energy minima of 

small clusters focusing on their symmetry, frequency of occurring (in the optimization from initial 

random geometries) and emergence of chiral structures. 
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In contrast to the nonionic micelles, a diffusivity of ionic micelles can be a non-monotonic function 

of the total surfactant concentration [1,2]. The results on the diffusivity in micellar solutions are 

usually obtained by dynamic light scattering experiments. Interpretation of the experimental data is 

typically based on a bimodal approximation for the distribution of surfactant aggregates which 

presumes that there are only monomers and stable micelles of certain size. More reliable is picture 

of dispersed aggregates, and here the methods of molecular modeling allowing one to look at 

individual aggregates and analyze the distribution of their sizes can be very helpful. The diffusivity 

of ionic micelles and all monomers in aqueous solution is simulated via Monte Carlo and molecular 

dynamics methods as a function of aggregation number and total surfactant concentration. A 

molecular dynamics of aqueous solution of sodium dodecyl sulphate (SDS) at normal conditions is 

carried out using MDynaMix package [3]. An all-atom representation of SDS and solvent has been 

employed, CHARMM36 force field [4] and TIPS3P water model [5] are used. Within a Monte 

Carlo approach, a system of charged hard spheres of different sizes in a dielectric continuum is 

simulated in order to study an equilibrium distribution of negatively charged micelles and 

monovalent positive counterions. A distribution of sizes of the spheres corresponds to a typical 

distribution of stable ionic surfactant aggregates in aggregation numbers. The result of the 

simulations is a dependence of the micelle diffusivity on micelle aggregation number, surfactant 

concentration and concentration of added electrolyte. This dependence is compared with the 

experimental results and some theoretical models.  
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The interaction between polyelectrolytes and surfaces is of great relevance in a wide range of 

applications both in biological and technological fields, as can be inferred from the huge number of 

works devoted to topic. Despite the different aspects covered in the literature including some 

attempts addressing the adsorption of polyions on like-charged surfaces, the features underlying the 

interaction between polyplexes and the target surfaces still need to be clarified.In this work, we 

resort to Monte Carlo simulations, using a simple model to explore the interaction between 

polyplexes, involving a long polyanion and shorter polycations of different chain length, and a 

negatively charged surface, in which variations in the charge density are performed. The charges 

present in the surface are mobile, so as to assess polarization and chain/surface correlation effects. 

It is shown that the degree of adsorption is non-monotonic, as the number of polycations is 

increased. It is also seen that the charge density of the surface strongly affects the adsorption 

behaviour. 
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Computational modeling of soft matter has been intensively studied in academic environments for 

a long time, but it was not considered as a versatile R&D tool from an industrial point of view. The 

main reasons were the limited variety in parameterized chemistry, most common methods being 

too computationally intensive and thus limiting the sampled space and time, and the gap between 

more efficient methods developed for physical investigations and their practical use in a real life 

system. By combining coarse grained simulation methods with an in-house parameterization tool, 

the computational modeling of complex formulations is now possible at BASF. Our computational 

workflows now being used for the development of new products, we can bypass the two main 

bottlenecks in R&D, namely the development time and cost of a new product. We can parameterize 

a large variety of chemical groups and simulate complex formulations using coarse grained 

simulations. Complex formulations loaded with surfactants and polymers are of high relevance in 

many applications like cosmetics, home care and agriculture. Our computational workflow 

provides not only qualitative insight into new and existing chemical systems, but also allows a 

systematic and efficient screening of the parameter space with a quantitative predictive power. 

 

 
Snapshot of a complex formulation containing an oil in water emulsion stabilized with surfactants. 
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Studies of bacterial membranes are fundamental for understanding and counteract bacterial 

resistance. Bacterial membranes are composed of three main lipids, namely 

phosphatidylethanolamine (PE), phosphatidylglycerol (PG) and cardiolipin (CL) [1]. Cardiolipin, 

unlike most of the other phospholipids, carries four acyl chains and two negative charges. In this 

dimeric-like structure, the two phosphatidyl moieties are linked by a central glycerol group [2].  

The properties of bacterial membranes are widely studied using different techniques. In this work, 

we have performed molecular dynamics (MD) simulation of phosphatidylglycerol and cardiolipin 

Langmuir monolayers. 1,2-dimyristoyl-sn-glycero-3-[phospho-rac-(1-glycerol)] (DMPG) and 1,3-

bis[1,2-dimyristoyl-sn-glycero-3-phospho]-sn-glycerol (CL) monolayers were used as models of 

bacterial cell membranes. The main goal of this study was to establish correlation between the 

phospholipid structure and the molecule organization in the monomolecular films formed at the air-

water interface. 

The NAMD2 package and CHARM27 force field were used to run MD calculations. The 

simulations were performed under constant number of particles (N), constant temperature (T), 

constant normal pressure (pN), and constant surface tension (γ): NpNγT ensemble [3]. All 

simulations were carried out for 50 ns. The MD calculations supplied detailed atomic information 

about structure and properties of DMPG and CL monolayers. From molecular dynamics data, 

information about degree of hydration of polar heads was obtained. Ordering of phospholipids was 

analysed in terms of order parameter, rotational order parameter and tilt angle of hydrocarbon tails. 

The theoretical results were compared to experimental observations, obtained from surface pressure 

and surface potential measurements and polarization-modulation infrared reflection-absorption 

spectroscopy.  
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Detailed knowledge of the interfacial phenomena can contribute significantly to the rational 

practical application of small amphiphiles in electrochemistry, extraction, stabilization of 

emulsions and drug design [Bard,A.J., Faulkner,L.R., Electrochemical Methods: Fundamentals and 

Applications; Wiley: New York, 1980, HaslamS., Croucher,S. G., Hickman, C. G., Frey, J. G. 

Phys. Chem. Chem. Phys.2000, 2, 3235–3245, Wilson, M. A., Pohorille, A. J. Am. Chem. Soc 

1994, 116, 1490-1501]. Particularly interesting are the heterogeneous oil-water formulations, where 

the aqueous and the hydrophobic phases tend to express different molecular structure and 

characteristics under identical conditions (temperature, pressure, external electric field). Surfactant 

behavior in such environments, though less exhaustively studied, is known to differ distinctly from 

the one observed in bulk water or oil or at the gas-liquid interface [Slavchov, R.I. et. al. In: 

Surfactant Science and Technology: Retrospects and Prospects; L. RömstedEd.; Taylor and 

Francis: LLC, 2013, in press]. Insight of both adsorption and molecular transport between the 

different phases can be acquired when the underlying free energy change for transfer of an 

amphiphilic molecule between the two phases is described [Patel, S. et. al.J. Mol. Graph. Model. 

2011, 29, 876-887]. 

The first stage of our approach are classical Molecular dynamics simulations of models of pure 

water-oil interface. Three normal alkanes (pentane, hexane and heptane) were chosen to represent 

the hydrophobic environment. A number of properties benchmarking liquid-liquid interfacial 

systems were estimated, including mass density profiles, interfacial tension, electrostatic potentials, 

and thickness of the surface layer, and showed reasonable correspondence to published data. Static 

configurations from these simulations were then taken as model systems, where a single alkanol 

molecule was inserted. Short-chained n-alcohols were used to represent the amphiphilic behavior 

of non-ionic species in each of the three water-alkane models. The free energy (PMF) profile for 

transfer of an alkanol across the interface was obtained from umbrella sampling calculations, 

followed by WHAM analysis. The results were compared with thermodynamic data for the 

adsorption energy and partition coefficient of alcohols at the water-alkane interface at various 

temperatures, as well as with the predictions of a phenomenological model [Slavchov, R.I. et. al. 

in: Without bounds: a scientific canvas of nonlinearity and complex dynamics, Ed. R.G. Rubio et 

al. Springer-Verlag, 2013; Grоzеv, N. А.et. al. Bulg. J. Chem. 2013, 2, 1-11]. 
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Petroleum is extremely important to the modern society. Its production and distribution are affected 

by corrosion process, caused by the presence of fluids with acid pH, salts and oxides. In order to 

minimize the economic and environmental problems caused by the corrosion, several methods can 

be applied, including the use of chemical inhibitors. Surfactant molecules have been widely studied 

and used as corrosion inhibitors. The use of surfactants is based on its ability to easily adsorb on 

metallic surface, forming an interfacial film that protects the surface from corrosive action, even 

when used at low concentrations. Plants have bioactive substances, which are called secondary 

metabolites. The saponins are natural surfactants found in many plant species. They were 

considered as vegetable excretion products. However, currently, it is known that these substances 

are extremely important for many industrial segments, such as pharmaceutical, food, cosmetics, 

petroleum, among others. The saponins act as adsorption promoters, foaming agent, emulsifying 

agent, and detergent. The Ilex paraguariensis Saint Hilaire (mate or yerba mate) is a vegetable that 

is intensively cultivated and consumed in South America [1]. The saponins obtained from Ilex 

paraguariensis Saint Hilaire were investigated as corrosion inhibitors in this research. Initially, it 

was obtained the phytochemical profile using the methodology developed by Matos [2]. This 

analysis is a sequential analytical procedure that detects the presence of certain organic compounds 

(secondary metabolites) that are the main objective of the chemistry of natural products. The 

purpose of this analysis was to identify the polar secondary metabolites, in particular the polycyclic 

terpenoid glycosides (saponins). The saponin fraction was characterized by viscosity, pH, cloud 

point, and surface tension measurements. After, the natural surfactant was used in electrochemical 

assays (linear voltammetry) to determine its applicability as corrosion inhibitor. The saponin 

fraction was added to a 3% NaCl solution to obtain saponin solutions with concentration ranging 

from 12.5ppm to 100ppm. It was observed that the biodegradable surfactant acts as a corrosion 

inhibition for ASSI 1018 carbon steel, reaching 96% maximum inhibition when used at 12 ppm. 
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Recycling of papers by flotation deinking is today a very important process, especially in Germany 

or Western Europe. A conventional deinking process can be divided into three processes; a) ink 

detachment from the fibres, using surfactants and additives, b) ink agglomeration or ink dispersion 

and c) removal of ink by air flotation. As found previously, instead of air flotation, ink can be 

effectively removed by adsorption on polymer surfaces (granules) such as polyamide [1, 2] or 

polypropylene too. In the following this process is called “adsorption deinking”. Compared with 

the conventional process it works at significantly higher solid content (about 20%) and therefore 

the consumption of water and energy can be drastically reduced.  

However, despite this process worked very well, there is still a lack of understanding of the true 

mechanism of the deinking process, especially the influence of polymer as well as the type of paper 

and the type of ink. The aim of the present work was hence to study the “chemistry” of “adsorption 

deinking” in dependence on different types of paper (newspaper (NP), slightly calandert (SC) – and 

light weight coated (LWC) – papers). Further, the influence of ink – type, for instance heat-set or 

cold-set, was also investigated. 

The experiments were made according to the INGEDE- method 11, using additives such as oleic 

acid (0.8%), sodium hydroxide (0.6%), and sodium silicate (1.8%) at pH of about 8. This process 

can be characterized not only by the degree of ink adsorption (colour of polymer granules), but also 

by the charge (polyelectrolyte titration; PCD Mütek) and the dynamic surface tension [3] of the 

deinking suspension in presence of different papers. It will be shown that the low surface tension of 

the “surfactant-mixture” increases by adding printed paper, demonstrating that the surfactant will 

be adsorbed on the ink and/or the fibre. The extent of this change depends on the properties of 

papers or inks. Most efficient systems in adsorption deinking such as cold-set/SC (black granules, 

white cellulose) had a higher surface tension and a lower charge in suspension, compared with 

other samples. 
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It is a matter of strategic independence for Europe to urgently find processes taking better account 

of environmental and economic issues, when mining and recycling rare earth elements (REE). 

Currently there is no such process available and there is no waste recycling for rare earth elements 

at all. Moreover, 97% of the mining operations are performed in China, hence representing a major 

Damocles´ Sword for the rest of the world’s economy. 

Our objective is on one hand to develop the fundamental understanding involved in the process’ 

complex fluids (both experimental and theoretical) and on second hand to use it to develop a new, 

cost effective and environmentally friendly REE recycling process. We will achieve this: (i) by 

enabling, for the first time ever, the fast measurement of free energy of mass transfer between 

complex fluids; hence it will now be possible to explore and understand an extensive number of 

process formulations and phase diagrams (just one such study usually takes years but will then be 

performed in a matter of days); (ii) develop predictive models of ion separation including the effect 

of long-range interactions between metal cations and micelles; (iii) by using the experimental 

results and prediction tools developed, we will design an advanced & environmentally friendly 

process formulations and pilot plant; (iv) by enhancing the extraction kinetics and selectivity, by 

implementing a new, innovative and selective triggering cation exchange process step (ca. the 

exchange kinetics of a cation will be enhanced). This will represent a major breakthrough in the 

field of transfer methods between complex fluids. 

An expected direct consequence of REE-CYCLE will be that acid waste volumes and other 

harmful process wastes will be reduced by one to two orders of magnitude. This will bring RRE 

recycling and mining environmental impact to levels acceptable for the world as well as greatly 

reduce process running costs. Hence, industrial processing plant will be able to re-open in Europe. 
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Aggregated proteins are associated with neurodegenerative disorders, such as Alzheimer’s disease 

(AD), characterized by accumulation of the -amyloid peptide and formation of insoluble, 

extracellular aggregates that lead to neuronal cell death and dementia [1]. Cationic micelles from 

gemini surfactants are known to disassemble and clear mature -amyloid (A) fibrils by forming 

soluble mixed aggregates [2]. Despite their in vitro efficiency, these surfactants showed 

cytotoxicity associated with the presence of quaternary ammonium head groups [2].  

Amino acid-based surfactants, as condensation products of natural origin amino acids and fatty 

acids or their derivatives, meet the requirements of both biological and ecological compatibility 

[3,4] and thus represent a promising class of surfactants to be studied as -amyloid disassembly 

agents. A novel cationic amino acid-based gemini surfactant derived from cysteine, (C12Cys)2, 

was synthesized and both its supramolecular behaviour and its interaction with the model protein 

bovine serum albumin (BSA) have been characterized under physiological mimetic conditions 

(PBS, pH 7.4). 

Surface tension measurements were used to obtain important system parameters, such as critical 

micelle concentration (CMC), critical aggregation concentration (CAC), protein saturation point 

(PSP) and the amount of surfactant binding to protein (M). Formation of a protein-surfactant 

complex was verified by UV-visible spectroscopy. 
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Amphotericin B (AmB) is a hydrophobic polyene antibiotic used in the therapy of systemic fungal 

infections. Due to its poor water solubility, it is formulated as a colloidal suspension for 

intravenous administration using deoxycholate as the solubilising agent [1]. However, severe 

toxicity of the formulation has prompted the development of more efficient and safer delivery 

agents [2]. Gemini amino acid-based surfactants constitute a promising alternative to the biological 

bile salt surfactant(s), as both biocompatible and biodegradable drug carriers. Because of their 

dimeric structure geminis usually show lower critical micelle concentration, better surface activity 

and higher solubilising power when compared to conventional single-chain surfactants [3,4].  

The supramolecular behaviour of an anionic gemini surfactant derived from cysteine, (C8Cys)2, 

was characterized by tensiometry and its solubilising power towards the hydrophobic drug AmB 

was assayed by UV-visible spectroscopy, under biomimetic conditions (PBS, pH 7.4). Important 

surfactant parameters, such as critical micelle concentration (CMC), surface tension at the CMC 

(cmc), maximum surface excess concentration (Γmax) and minimum area occupied per molecule 

at the water/air interface (Amin) were determined. Solubilisation capacity was quantified in terms 

of molar solubilisation ratio (χ), micelle-water partition coefficient (Kp) and Gibbs energy of 

solubilisation (Gºs). The results were compared with the ones obtained for sodium deoxycholate 

(NaDC) and complemented with rheological measurements, as for NaDC solutions with a 

concentration of 0.01 mol L−1 or higher, a shear-thinning gel is formed, under the experimental 

conditions studied. 
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Influence of the model cationic surfactant, dodecylammonium chloride (DDACl), on the self-

assembly of sodium caseinate (NaCN) has been investigated by light scattering, zeta potential and 

rheological measurements as well as by light and confocal laser scanning microscopy. In the 

absence of DDACl, NaCN self-assembly proceeds through the formation of submicelles and their 

aggregation into micelles. DDACl interacts with NaCN supramolecules via its hydrophilic and 

hydrophobic groups, inducing changes in their structure, that is depending on DDACl 

concentration various complexes are formed. DDACl monomers interact with NaCN in a different 

way compared to their micelles. Surfactant monomers form soluble complexes (similar to 

surfactant mixed micelles) at lower while insoluble gelatinous complexes at higher NaCN 

concentration. At surfactant micellar concentration soluble complexes with casein chains wrapped 

around surfactant micelles are formed. The rheological properties were studied in systems with 

monomer or micellar DDACl and varying NaCN concentration. The shear stress-shear rate plot 

showed Newtonian behaviour in all the studied systems, however,the viscosity enhancement 

strongly depends on the complex interplay between the size and charge as well as the structure of 

formed complexes. 
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Detergents are acommonly and widely used group of chemicals. The income of detergents 

manufacturers in the total income of chemical companies in Poland in 2010 was 4 %, of which 85 

% were washing powders [1]. 

High production and consumption of detergents makes a potential threat to the environment. The 

environment protection against insertion of additional quantities of chemicals led to the 

development of innovative form of concentrated detergents as gels, tablets or gel capsules [2]. 

Pro ecologically minded customers are looking for new unconventional natural laundry detergents 

as an alternative to traditional ones. 

Due to the increasing popularity of ecological, non-conventional laundry detergents, such as 

washing ball (plastic balls filled with metallic beads, recommended for those with allergies) or 

chestnut washing (Asian tree fruit "Sapindus Trifollatus") and appearing in the media information 

about their comparable properties with traditional detergents, it was decided to verify that 

information in laboratory conditions. 

The washing efficacy and effect on the fabric of different conventional detergents (powder, gel, 

tablets, capsules) and ecological natural detergents (washing balls and chestnut) were compared. 

The detergency and devastating impact on the fabric were investigated. 
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The ability of tetracaine (TC) – a surface active drug – to cross biological membranes is pH-

dependent, since this drug may assume the neutral, singly (TCH+) and doubly positively charged 

(TCH22+) forms. Cyclodextrins (CD) have been successfully used as drug carriers because they 

recognizably improve the bioavailability of many therapeutic molecules. 

This work provides a new insight on fundamental principles of the interaction mechanism between 

two forms of tetracaine - a potent local anesthetic - both in neutral (TC) and ionized (TC+) states, 

with β-CD and HP-β-CD, and how such interactions affects the transport of tetracaine, at different 

concentrations, across a model membrane. The kinetics and mechanism of TC release from HPMC 

gels is also evaluated giving an insight on the role of cyclodextrin on the tetracaine transport.  

HPLC, fluorescence and NMR spectroscopies provided solid physicochemical knowledge of these 

systems and in vitro studies were performed to obtain relevant data on the transport and mechanism 

parameters. HPLC and fluorescence spectroscopy data revealed that tetracaine interacts with both 

cyclodextrins on a 1:1 stoichiometry but it is observed that neutral tetracaine forms more stables 

complexes (ca. 1050 M-1 for both cyclodextrins) than in its ionized form (628 and 337 M-1 for β-

CD and HP-β-CD respectively). Despite of that, no host-guest interactions take place as seen by 

ROESY.  

This study clearly demonstrates that both forms of tetracaine are successfully released from the 

formulations at a controlled rate, following a Super-Case II transport mechanism and the transport 

of tetracaine can be tuned by using cyclodextrins. 
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The importance of heavy crude oil increases with increasing price of light crude oil and 

development of technique in recovery of heavy crude oil. Also, the importance of solvent 

deasphalting process has been increased. SDA (Solvent Deasphalting) process is a refinery process 

for removing asphaltenes from crude oil/residue to obtain DAO (Deasphaltened Oil). Asphaltene 

can cause fouling and corrosion in pipe and plant during reaction and transportation. Asphaltene 

precipitates in n-heptane solvent. Because water exists in crude oil, the crude oil possesses water-

in-oil emulsion state. Asphaltene places in interface between water and oil because of its polarity. 

By adding specific surfactant, such as nonylphenylether(NP), asphaltenes can be partitioned into 

aqueous phase [1]. This technique might be applied to pretreatment of solvent deasphalting system 

(SDA) to reduce load on SDA process. 

To increase the efficiency of pretreatment process, asphaltene was oxidized to aggregate asphaltene 

in bitumen. The chemical property of oxidized asphaltene was examined. We compared the 

efficiency of oxidized asphaltene with some alkylphenol ethoxylate surfactants (NP7, NP40S, and 

Triton-X 100) on precipitation of asphaltene. Also, we analyzed chemical property of asphaltene 

which is precipitated with oxidized asphaltene. 
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Over 25 years ago, Tang and VanSlyke [1] showed that efficient electroluminescence could be 

obtained from a device based on tris(8-hydroxyquinoline)aluminium(III) (Alq3). The area of 

organic light emitting diodes (OLEDs) based on Alq3 for high resolution displays has developed 

from this into a multibillion Euro industry. We have been studying the luminescent complexes 

formed by the water soluble ligand 8-hydroxyquinoline-5-sulfonate (8-HQS) with Al(III) [2] and 

various other metal ions using 1H and 13C NMR, UV/visible absorption and fluorescence 

spectroscopy, and density functional theory (DFT). It has recently been shown that these can be 

incorporated as water based components into LEDs by self-assembly in appropriate matrices, such 

as layered double hydroxides (LDHs) [3]. LDHs involve surfactants, and to obtain more 

information on nanostructuring in these systems we have studied the effect of anionic, cationic and 

neutral surfactants on the complexation of 8-HQS with aluminium(III) in aqueous solutions using 

NMR, absorption and fluorescence spectroscopy and DFT. Potential applications of these systems 

in both optoelectronics and sensing will be discussed. 
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Wide using of foams in fire putting, construction, mining and ore dressing, dedusting, medicine, 

food and cosmetic industries requires the development of new foamers [1-3].  

The purpose of this research - the study of the influence of Surfactants on the foaming properties of 

keratin foamer. 

Objects of research: Keratin foamer (KF) synthesized on the basis of sheep wool, anionic 

surfactants - oleate Na (OlNa), sulfanol; cationic surfactant: cetylpyridinium bromide (CPB) and 

nonionic surfactant - OP -10 (oxiethylated alkylphenol). 

Research methods - Ross – Miles foaming method, viscometry, spektroturbidimetriy. 

Results and discussion 

Keratin foaming agent in its pure form hasn’t a high foaming and foam-stabilizing ability - foam 

lifetime is only 5-7 minutes. With the introduction of surfactant foaming and foam-stabilizing 

properties of keratin foamer significantly improved - the introduction of the CPB and sulphanol 

(1∙10-3mol/l) leads to growing foam lifetime (fig. 1).  

It can be connected with forming of mixed adsorption layer of CPB and KF (fig. 2) when the 

surfactant reduces the interfacial tension and KF increase the viscosity of liquid in Gibbs - Plato 

chanals, forming of structural -mechanical barrier. Improvement of foam forming sulphanol - KF 

mixtures may be associated not only with high foaming properties of anionic surfactant, but also by 

formation of an electrostatic complex with KF and increasing surface activity of the complex. 

Conclusion: On the base of surfactant – KF mixtures was created a new composite foam formers, 

necessary for fire put and foam construction. 
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Titania (TiO2) is one of the most promising materials applicable for the photocatalyst and 

sunscreen agent due to positive hole generated by UV light irradiation and high UV absorbability. 

When titania is used as sunscreen agent, photocatalytic activity results in the injury of skin tissue. 

Then, titania is coated with silica to suppress the photocatalytic activity. However, the effect of 

photocatalytic activity suppressed by surface coating on skin tissue is not clear. This study aims at 

the investigation of in vitro cytotoxicity under UV light irradiation using titania particulate films 

coated with silica, silane coupling agents and fibroblasts. 

Titania particulate films coated with silica were obtained by spin coating the suspension containing 

titania particles and tetraethoxysilane on a glass substrate at various condition (4000 – 6000 rpm) 

and calcination at 450℃ for 1 h. The obtained composite films were immersed into 10 mM N-(2-

aminoethyl)-3-aminopropyltrimethoxysilane (EDA-Si) ethanol solution for 24 h. After immersion, 

the films were heated at 120℃ for 12 h. 

XRD patterns of the films prepared by spin coating with various conditions were assigned to 

anatase-type titania. SEM images clearly showed that titania particles were on the glass substrates. 

These findings demonstrate that titania particulate films were formed. 

Next, we carried out contact angle and FT-IR measurements. The values of contact angle of 

particulate films after immersion into EDA-Si solution were higher than that before immersion. 

The peak assigned to C-H stretching vibration originated from EDA-Si appeared at around 2700 

cm-1 in the FT-IR spectrum of particulate films after immersion into EDA-Si solution. These 

results indicated that we succeeded in the fabrication of titania particulate films covered with silica 

and silane coupling agents. 

We will report the results of in vitro cytotoxicity using fibroblasts on the particulate films under 

UV light irradiation. 
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Recently, the loss of the domestic fruits is being increased by Grapholita molesta (Lepidoptera : 

Tortricidae) in South Korea[1]. To solve this damage, pesticide is used. However, pesticide is 

limited to use for preventing introduced larvaes into fruits. And after using the pesticide, farmers 

can’t work in orchard due to hazardous characteristic of pesticide.  

Mating disruption device of the insect sex pheromone is a received great interest due to their 

environment friendly characteristics. Sex pheromone mating disruption is an approach used to 

control several moth pest species of pome fruit by disrupting the ability of the males to find 

females and consequently prevent mating[2]. The following study was performed to determine the 

effectiveness of several new mating disruption dispensers. Ideally, dispensers should be release 

enough pheromone consistently over the oriental fruit moths 2-3 generational life span 

(apploximately 140~150days) without pheromone degradation[3]. In this study, we focus on 

controlling the release rate of the Grapholita molest sex pheromone and maintaining stability of 

that.  

Organogel materials were used as controlled release carriers for insect sex pheromone for mating 

disruption of orchard pests. The organogel is a class of gel composed of a liquid organic phase 

within a three-dimensional, cross-linked network[4]. So the pheromone can be contained into them 

through non-covalent bond like pai-pai stacking, hydrogen bonding between the organogel and 

pheromone. The pore size of organogels can be adjusted by using cross linker agent and the release 

rate of pheromone can be controlled.  

The organogel mating disruption device must be protected by polymer film from fluctuated 

environment. The polymer film thickness was also important factor for controlling release rate. It is 

defined that the polymer film, polyethylene film, thickness affect to control release rate of the 

pheromone. UV and oxygen exposure of the dispensers accelerates degradation of the pheromone, 

which may inhibit success of mating disruption. We have made improvements over time through 

the use of UV-adsorbers and stabilizers to the dispenser to reduce the rate of pheromone 

degradation. 

These results are essential in order to expand the use of mating disruption in pome protection. The 

organogel system performed well as a carrier for controlled release of insect sex pheromones in 

laboratory test with a constant release-rate for an extend time period. 
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Zinc oxide is one of the promising materials applicable for photocatalyst, sunscreen agent and 

medicine. The fabrication condition such as pH value, reaction temperature, reaction time and 

additive can control the morphologies of the obtained zinc oxide particles. We succeeded in the 

synthesis of single-crystal hexagonal platy-like zinc oxide particles of the size of 10-20 mm. In this 

study, we synthesized zinc oxide particles with different zinc oxide precursor concentrations and 

investigated the shape of the obtained particles. 

Sodium octyl sulfate (SOS), sodium dodecyl sulfate (SDS) and sodium hexadecyl sulfate (SHS) 

were used as anionic surfactants. ZnSO4 aqueous solution was added in anionic surfactants 

aqueous solution adjusted pH value with ammonia water. The concentration of ZnSO4 aqueous 

solution was changed from 0.1 to 2.0 M. The mixture was stirred at 70°C for 24 h. After stirring, 

hydrothermal treatment at 150°C for 24 h was carried out. For comparison, the particles were 

synthesized without anionic surfactants. The structural properties were investigated by XRD 

measurements and SEM observations. 

We investigated first the crystal structural properties of the obtained particles using XRD 

measurements. All XRD patterns of the particles synthesized with or without anionic surfactants 

had the diffraction peaks assigned to ZnO (ICDD : 36-1451). 

Next, the morphologies of the obtained zinc oxide particles were investigated using SEM 

observations. SEM images of the particles synthesized in the presence of SDS and SHS clearly 

showed that hexagonal platy particles were formed. Meanwhile, the shapes of the particles 

fabricated with SOS and without anionic surfactants were hexagonal rod. 

Finally, we also investigated the size of the particles obtained by changing precursor concentration 

using SEM images. The size of the particles synthesized in the presence of SOS at higher precursor 

concentration decreased. However, the size of particles fabricated with SDS and SHS increased 

with increasing concentration of zinc oxide precursor.  
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Spherical silica particles have attracted attention in terms of the possible applications to separating 

materials, adsorbents and carrieres for drag delivery system. One of the most famous technique for 

the synthesis of silica spheres is Stöber method. However, the synthesis of silica/organic 

compounds composite spherical particles using Stöber method is difficult. In contrast, the synthesis 

of inorganic spheres using molecular self-assemblies of amphiphilic molecules as structure 

directing agents promises facile process to prepare inorganic/organic composite spheres. This study 

aims at fabrication of silica spherical particles using liposomes as a templating material. 

Silica/organic compounds composite spheres were also prepared. 

Tetraethoxysilane (TEOS) was used as a precursor of silica. Cetyltrimethylammonium bromide 

(CTAB) was used as a cationic surfactant. Liposomes of egg phosphatidylcholine were prepared by 

the Bangham method using mixed solution containing TEOS and CTAB. After the fabrication of 

liposome, liposome dispersion was dialyzed for 4 days to remove TEOS and CTAB from bulk 

solution. 

We investigated the morphologies of the obtained silica particles by SEM observations. SEM 

image of the obtained particles clearly showed that the spherical hollow particles were formed. 

Low-angle XRD pattern of the particles had a broaden peak, indicating formation of the ordered 

mesostructure. These results demonstrated that silica hollow spheres with mesostructure were 

obtained. These findings also suggested that liposomes and CTAB determined the morphology and 

the mesostructure of the obtained particles, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Acknowledgements:This work was supported by JSPS KAKENHI Grant-in-Aid for Young Scientists (B) 

25820344. 

 
  



13. SURFACTANT SYSTEMS IN LIFE, ENERGY, ENVIRONMENT AND MATERIALS 
 

422 

[P13.16] 

 

The interplay of SDS and TMePyP in the surfactant micellization and 

phorphyrin aggregation properties 
 

C.M.R. Almeida; Bruno F. O. Nascimento; M. Pineiro; A.J.M. Valente* 
 

Department of Chemistry, University of Coimbra, POrtugal 

*avalente@ci.uc.pt 

 

 
5,10,15,20-Tetrakis-(N-methyl-4-pyridyl)porphyrin tetraiodine (TMePyP - 1) is a water soluble 

porphyrin, highly symmetrical, with four coordination sites that compared with di- and tri-cationic 

ligands, are relatively rarely used as molecular building blocks [1]. 

 The addition of the anionic surfactant sodium dodecylsulfate (SDS) to di- or tri-valent ions leads, 

in general, to precipitation , due to the formation of the di-or tri-valent metal dodecylsulfates, 

respectively; recently, it has been reported that dodecylsulfates of the model trivalent ions (e.g., 

Al(III), La(III)) are characterized by ordered lamellar structures [2]. Following this, our aim is to 

understand how surfactants can contribute for ordering porphyrins and so to increase the 

application of porphyrins in diverse fields such as cancer treatment [3], bactericidal infections 

treatment [4] and calalysis [5]. 

Here, the effect of the presence of 5,10,15,20-tetrakis-(N-methyl-4-pyridyl)porphyrin tetraiodine 

on the micellization properties of sodium dodecyl sulfate is studied. The interaction between SDS 

and TMPP occurs at concentration well below the SDS CMC, indicating a stoichiometry 1:3.5 

(TMPP:SDS), suggesting that charge neutralization plays an important role on the interaction 

process. However, on the contrary to results obtained for interactions between trivalent metal ions 

and SDS [6], these aggregates dissolve in the presence of an excess of SDS. It is also worth 

noticing that, in the presence of TMePyP the entropy of micellization of SDS becomes negative. 

On the other hand the effect of SDS on the porphyrin structure was followed by fluorescence 

spectroscopy. Concerning this, it should be highlighted that upon addition of SDS the structure of 

TMePyP suffers a rearrangement following a slow kinetic process. 
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The consumption of nonsteroidal anti-inflammatory drugs (NSAIDs) is ubiquitous due to their anti-

inflammatory, analgesic and antipyretic properties and is associated with the occurrence of adverse 

effects. [1] The NSAIDs-induced gastrointestinal (GI) toxicity is related not only to the inhibition 

of cyclooxygenase-1 but also to the topic actions of these drugs on the GI mucosa, including their 

deleterious effect on the phospholipid layer of the mucosal surface. [2] Different approaches have 

been considered to develop novel molecules with a better safety profile, including the association 

of existing NSAIDs with protective mediators, such as nitric oxide. [3] In this context, the aim of 

this work is to study the interaction of indomethacin and derivatives (acemetacin and NO-

indomethacin) with liposomes made of 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC). 

Large unilamellar vesicles of DMPC were prepared by the film hydration method, followed by 

extrusion. The partition coefficient (Kp) of drugs between aqueous media and vesicles was 

determined by derivative spectrophotometry [4] and the effect of indomethacin and derivatives on 

the phase transition parameters of DMPC was evaluated by differential scanning calorimetry. All 

experiments were performed at pH 5.0 and pH 7.4. The Kp of indomethacin and acemetacin is pH-

dependent and higher at pH 5.0, since the pKa of these drugs is around 5 and the existence of 

neutral molecules favors the drugs interaction with the DMPC bilayer. NO-indomethacin exhibits 

the highest Kp due to its higher hydrophobicity. All three NSAIDs decrease the main phase 

transition temperature (Tm) of DMPC with increasing drug/lipid ratios at both pHs. However, the 

effect of indomethacin and acemetacin is higher at pH 5.0, at which they also increase the full 

width at half height (ΔT1/2). NO-indomethacin (pKa=11.7) exerts a similar effect on the phase 

transition parameters at both pHs, decreasing Tm and increasing ΔT1/2. Therefore, indomethacin 

and derivatives may decrease the fluidity of biological membranes and disrupt their barrier 

properties. These effects may facilitate the penetration of protons and other noxious agents in the 

GI mucosa, leading to the development of GI adverse effects. 
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Cancer remains a global health problem and a major cause of death worldwide. Statistical analysis 

published by the International Agency for Research on Cancer from the World Health Organization 

reveals that if the estimated trends continue, the incidence of all cancer cases will raise from 12.7 

million new cases in 2008 to 21.2 million by 2030 [1]. The majority of the drugs currently used for 

cancer treatment are broadly cytotoxic molecules with substantial toxicity to normal tissues, thus 

limiting their clinical application. Drug targeting using nanocarriers are seen as promising 

therapeutic alternatives as they can protect the body from the toxic side effects of the drug also 

reducing the quantity of drug required to achieve a therapeutic effect [2]. 

In this work it is aimed the development of an anticancer liposomal formulation for doxorubicin 

(DOX) delivery (Figure 1). The liposomal systems were optimized starting from different lipid 

combinations of dioctadecyldimethylammonium bromide (DODAB):monoolein (MO) that may be 

tuned to present more rigid DODAB enriched lamellar structures or more fluid non-lamellar 

inverted MO enriched structures (Figure 1), thus presenting a great potential as a drug 

encapsulation system [3].    

The characterization studies initiated with the study of DOX by spectrophotometry UV-Vis and 

fluorescence at different relevant pH values (pH 5.5 typical of the cancer tissues and 7.4 typical of 

the blood stream). The physical-chemical characterization of the lipid formulations (with or 

without DOX) was made at the same pH conditions by evaluation of nanoparticles size and surface 

charge by dynamic and electrophoretic light scattering. DOX encapsulation efficiency was also 

evaluated using Amicon Ultra-15 Centrifugal Filter Units. 

 
Figure 1: Chemical structure of doxorubicin (DOX) and schematic representation of 

dioctadecyldimethylammonium bromide (DODAB):monoolein (MO) formulation with lamellar and inverted 

non-lamellar structures 
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According to recent statistic provided by the CESIO, the total quantity of surfactants produced in 

Western Europe in 2010 has been estimated to be 2.95 million tons, most of which belong to non-

ionic surfactants, 1.40 million tons [1]. In the last decades, non-ionic surfactants have increased 

their market share, to reach about 40 % of the total surfactant production. Non-ionic surfactants do 

not produce ions in aqueous solution. Consequently, they are compatible with other types and are 

excellent candidates to enter complex mixtures, as found in many commercial products.Glycerine 

polyoxyethylene ester (GPE) is a special group of non-ionic surfactants of vegetable origin and 

completely harmless to the skin. The GPErange is characterized by its ecological and toxicological 

advantages when compared with other non-ionic surfactants. This fact makes them highly suitable 

for environmentally friendly detergents, which can thus achieve better classification in accordance 

to the European Directive of Preparations (1999/45/EC) [2]. 

The potential environmental impact of chemicals is often determined by their ecotoxicity. In order 

to contribute to increasing the information concerning the aquatic toxicity of GPEs, in this study 

the toxicity of four GPEs, with different degrees of ethoxylation and esterification, was 

investigated. Three standards tests with different organisms were use: the LumiStox® 300 test with 

luminescent bacteria V. fischeri [3], the 24-h immobilization test with microcrustaceans D. magna 

[4], and the 72-h algal growth-inhibition test with microalgae S. capricornutum [5].These species 

cover a large part of the trophic levels and are considered as surrogate for all aquatic organisms. 

Results show that the most sensitive organism to the toxic effects of the GPEs was the bacterium V. 

fischeri. Toxicity values allow classify these surfactants as harmful according to the European 

Regulation (EC) 1272/2008 [6] of classification, labelling and packaging of substances and 

mixtures. 
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Surfactants, due to the wide application in industry and household and shortcomings of existing 

methods of wastewater treatment, find their way into natural waters. Different types of anionic, 

nonionic, and cationic surfactants have been detected in sewage effluents [1]. Although surfactants 

have been considered nontoxic and harmless, recent studies have demonstrated the surfactants and 

their biodegradation products fate in the environment [2], and may be harmful to fauna and flora in 

surface waters. Due to their contribution to the deterioration of the environment, it requires them to 

be as innocuous as possible, i.e.: Low toxicity and easily biodegradability. Among the different 

types of non-ionic surfactants, amine oxidesconstitute a particular type, they are classified as 

nitrogen non-ionic surfactants, exhibit cationic behaviour in acid solution, and can be ionized 

depending on the pH of the test medium. They show good foaming properties are skin compatible 

and are compatible with anionic surfactants; therefore can be used to give synergistic advantage to 

formulations [3]. 

This work is aimed at assessing the biodegradability of amine-oxide-based surfactants, studying the 

influence of the surfactant concentration and establishing the structural characteristics that govern 

the susceptibility of these molecules to be degraded. Three amine oxide-based-surfactants, AO-

R12, AO-R14 and AO-Cocoamido,were tested in a ready biodegradability test, the OECD 301 E 

screening test [4], under different surfactant concentrations. The biodegradation process was 

monitored by measuring the residual-surfactant concentration over time by dissolved organic 

carbon measurements. 

Results show that the biodegradability is influenced by the surfactant concentration; that is, the 

percentage of biodegradation achieved is higher when surfactant concentration is higher. Results 

also indicate that AO-Cocoamido is the least biodegradable, and the AO-R14 (with the longest 

alkyl chain) the most biodegradable amine oxide tested. These surfactants can be considered 

readily biodegradable, according to García et al. [5], because amine-oxide-based surfactants are 

rapidly and easily converted into CO2, H2O, and biomass under aerobic conditions. 
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The increasing worldwide pollution of water is mainly due to contamination of surface water and 

groundwater with chemical compounds arising from industrial discharges, pharmaceutical, health 

care, personal care products, domestic products such as surfactants, excess use of pesticides or 

fertilizers applied in agriculture, and leaching from landfilling of domestic wastes. 

It is imperative to enforce the protection and remediation of these environmental problems to 

provide adequate treatment of contaminated waters to preserve the natural ecosystem. 

Normally, studies of photodegradation of pollutants involve aqueous solution in the absence of 

surfactants. However, surfactants are present in many commercial formulations involving health 

care products, pharmaceutical formulations and pesticides, and also enter domestic and industrial 

effluents from other sources. It is, therefore, important to study their influence on pollutant 

photodegradation. 

Photocatalytic processes using TiO2 are widely used in water treatment, mainly due to low cost and 

good photostability [1, 2]. We have prepared nanoparticles of TiO2 from Ti(iPrO)4 through the sol-

gel method under acidic conditions (HCl), followed by calcination at 500ºC [3]. These were 

characterized by X-ray diffraction, BET adsorption isotherm, diffuse reflectance spectroscopy 

(DRS), FTIR and scanning electronic microscopy (SEM), and their photoactivity was tested in the 

degradation of ibuprofen, alprazolam and bentazon in the presence of the anionic sodium dodecyl 

sulfate (SDS), and of alprazolam with the non-ionic pentaethylene glycol monododecyl ether 

(C12E5). We observed decreasing photodegradation of these model pollutants in the presence of 

these surfactants, although in some cases, increases in degradation rates had previously been 

reported with other pollutants [4]. The competing importance of degradation pathways with 

pollutants and surfactants will be discussed, 
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Perfluorinated and Polyfluorinated surfactants have been used in a wide range of products because 

of their versatility. However, a part of fluorosurfactants, such as perfluorooctane sulfonic acid 

(PFOS), has been recently substituted because their bioaccumulation potency and health adverse 

effect were reported. In the environmental analyses, to understand the environmental pollution of 

such fluorosurfactant, target analysis by liquid chromatography/mass spectrometry (LC/MS) is 

commonly used because it is highly sensitive and specific. Consequently, an understanding of the 

sources of pollution and the mechanisms of mass transfer has been improved [1]. However, it is not 

enough to carry out target analysis alone because fluorinated substances are present in various 

chemical forms. In the past few years, multidimensional chromatography coupled with MS 

provides a comprehensive analysis and has been applied to the characterization of natural products 

and industrial materials such as polymers [2]. In addition, the screening and identification of 

emerging contaminants by accurate mass measurement have attracted attention in environmental 

science [3]. The aim of the present study is examination on aspects of overlooking environmental 

burden from unknown fluorosurfactants. Two LC columns that have fluorinated and conventional 

octadecyl stationary phases were adopted for off-line 2D-LC to separate complex fluorosurfactant 

products. Through annotation of high-resolution (HR) mass spectra and elucidation of 

fragmentation paths, the chemical structures of fluorosurfactants were determined. 

Dionex UltiMate 3000 liquid chromatograph and ThermoFisher Exactive mass spectrometer were 

used as LC/MS in the present study. Exactive can demonstrate high mass accuracy of 5 ppm. The 

products examined here consisted of fabric stain repellents and industrial coatings. An Epic FO-LB 

(ES Industries) and a TSK-Gel ODS-100S (Tosoh Corp.) were used as LC columns. 

Mass spectra obtained by 1D-LC/HR-MS were too complex to extract one compound from huge 

amounts of data because the ions were generally accompanied by numerous ions, such as co-

eluting ions, adduct ions, and fragment ions, that appeared at same retention time. The number of 

co-eluting ions was reduced by 2D-LC. Several fluorosurfactants could be structurally determined 

by annotation of extracted HR mass spectra and consideration of fragmentation paths. The 

significance of retention time of fluorosurfactants was also examined. 

 
Figure. Two-dimensional chromatogram and annotation of extracted mass spectrum. Accurate m/z values are 

shown in the figure. 

[1]  de Voogt P. Reviews of Environmental Contamination and Toxicology, Perfluorinated 

alkylated substances, 208; Springer: Berlin, 2010. 

[2]  Dugo, P.; Cacciola F.; Kumm T.; Dugo G.; Mondello L., J Chromatogr A 2008, 1184, 353-

368. 

[3]  Hernández F.; Sancho J. V.; Ibáñez; Abad E.; Portolés T.; Mattioli L., Anal Bioanl Chem 

2012, 403, 1251-1264.   



13. SURFACTANT SYSTEMS IN LIFE, ENERGY, ENVIRONMENT AND MATERIALS 
 

429 

[P13.23] 

 

Interfacial Properties of Oleic Acid-Based Gemini Surfactants: Effects of 

Headgroup Chirality and Linker Units 
 

Tomoaki Okano; Takeshi Endo; Kenichi Sakai; Hideki Sakai; Masahiko Abe 
 

Faculty of Science and Technology, Tokyo University of Science, Japan 

 
 

Gemini surfactants are dimers of monomeric surfactants linked with a spacer at the level of 

headgroups. One of the key properties of gemini surfactants is the remarkably low critical micelle 

concentration (cmc) in aqueous media, which enables us to reduce the total consumption of 

surfactants in waterborne chemical products. Nevertheless, the number of commercially available 

gemini surfactants is very limited because the synthesis and subsequent purification process is 

generally more complicated than that of conventional monomeric surfactants. 

Based on this background, we have developed oleic acid-based gemini surfactants in the last 

several years in order to provide cost-effective gemini surfactants in the market1). The surfactants 

used in this study were a series of oleic acid-based cationic gemini surfactants synthesized in our 

laboratory.The headgroups of these surfactants are primary amines and positively charged in acidic 

solutions. It should be noted that the chirality of these headgroups is controlled in their syntheses; 

i.e., both the L- and D-forms were synthesized in this study. Additionally, the hydrocarbon 

(C10H21) chain is covalently bound to the terminal carbonyl group of oleic acid via ester (Es) or 

amide (Am) bonding. 

The aqueous temperature-concentration phase diagrams of the surfactants were examined through 

the combination of visual appearance observations, optical and polarized microscope observations, 

and small angle X-ray scattering (SAXS) measurements. From these measurments, for both of the 

L-Es and D-Es analogues, we observed micellar solutions below 55wt%, and then the micellar 

phase was changed to a lamellar liquid crystal phase. On the other hand, for both of the L-Am and 

D-Am analogues, no liquid crystal phase was observed. We will demonstrate such phase behaviors 

in order to see if the difference in the headgroup chirality and the linker units make significant 

impacts on the phase behaviors.  
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The key issues in surfactant-based formulations are the structure-performance relationships and 

their ability to stabilize new forms of nowadays’ products – cosmetic, functional surfaces, drug 

delivery system. Therefore, much research is being devoted to these areas in our group, especially 

in relation to multifunctional (so called multiheaded) surfactants [1]. Owing to their excellent 

surface and performance properties, insignificant adverse environmental impact and the fact that 

they can be synthesized from renewable materials [1], such surfactants can provide numerous new 

opportunities for delivering active substances [2].  

Solid lipid nanoparticles (SLNs) are made of physiological and compatible lipids with a high 

melting point. Nanostructural lipid cariers (NLCs) containing mixed lipids (solid and liquid lipid) 

are coated by amphiphilic surfactants. The stabilized besides the physical stability, can effect the 

crystallinity and the kinetics of polymorphic transitions of lipid after crystallization of 

nanoparticles [3]. Emulsifiers used in the production of lipid nanoparticles (e.g., Tween 80, 

Poloxamer 188) are not biodegradable and biocompatible with the components of biological 

membranes, which can be toxic to the body. According to the above, there is a need for other types 

of emulsifiers which, are more environmentally friendly than most of the commercially available 

surfactants. 

The aim of the present study was to evaluate the ability of 1,1-bis{[3-(N,N-

dimethylamino)ethyl]amido}alkane di-N-oxide surfactants to create stable, small sized SLNs 

dispersions containing various kinds of solid lipids (at body temperature) as lipid matrix, and NLCs 

which lipid matrix were mixtures of used solid lipid in SLNs with constant amounts of Miglyol 812 

as liquid oils. The studied di-N-oxide surfactants proved to be very promising agents in controlling 

both the formation process and improved term stability, and physical as well as chemical states of 

the lipid nanoparticles (SLN and NLC). DLS measurements confirmed particle diameter in the 

range of 100–350 nm, with polydispersity index below 0.35. The obtained SEM, TEM and AFM 

images reveal that the morphology of NLCs and SLNs was almost spherical. Doppler 

electrophoresis provided a positive ζ-potential. According to the DSC measurements, the surfactant 

influence upon the physical stability and the crystalline state of the lipid matrix of nanoparticles 

was observed. Our study demonstrated that bifunctional N-oxides surfactants are suitable for the 

stabilization of SLN and NLC dispersions and could provide a good opportunity for fabricating a 

new functional class of stabilizers of nanoparticles as well as have a progressive impact to 

development of a new type of cosmetics or pharmaceutical formulations. 
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Due to its important industrial applications, several studies are developed, focused on the use of 

new materials, with the aim of improving the performance, efficiency and viability of some 

separation processes. Vermiculite is an argilomineral with high cation exchange capacity and 

expandable crystalline structure. They are clays and have in their composition aluminum silicates 

or magnesium hydrated, it may contain elements such as iron, potassium, lithium and others. The 

surfactants can be applied in organophilization of clays. The microemulsions are 

thermodynamically stable systems formed by the action of an amphiphilic molecule, a surfactant, at 

the interface of two immiscible liquids, oil and water. In this work were produced organophilizated 

vermiculite using solutions of ionic surfactants, dodecylammonium chloride (DDAC) and 

cethyltrimethylammonium bromide (C16TAB), as well as a microemulsion using DDAC as 

surfactant. The general composition of the microemulsion system used was: aqueous phase 88%, 

Co-Surfactant/Surfactant 10%, and oil phase 2%. Several analytical techniques were used for the 

characterization of microemulsion and the produced material. The microemulsions used had an 

average diameter of 0.92 nm. The vermiculite had a CEC (Cation Exchange Capacity) of 172 

meq/100g and has as majority cation magnesium (24.25%). The analysis of DRX showed the 

increase in basal space from 1.48 nm to 4.01 nm (C16TAB 4) and 3.03 nm (DDAC M1A). This 

results show that as the concentration of the surfactant in the exchange solution increases, the 

intensity of the characteristic peak of vermiculite decreases, and that after the treatment of 

vermiculite appears new peaks in the region of 2θ < 5, (Figure 1), in which the observed peaks 

demonstrate the modifications carried out. TG analysis showed that up to 220° C the DDAC 

organovermiculites (M1A) have greater thermal stability than sodium vermiculites.

 
Figure 1: (a) diffractogram of vermiculite modified with DDAC; (b) diffractogram of vermiculite modified 

with CTAB. 
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The discovery of the unique properties of carbon nanotubes (CNT) did grow interest to its 

application in nanocomposites, for a wide variety of purposes. However, the greatest challenge for 

its application is associated with the natural tendency to aggregate, resulting in the loss of its 

beneficial properties. To overcome this problem it is common the use of surfactants and/or 

ultrasonic energy to promote their dispersion in suspension. 

This work is focused on the influence of surfactants’ properties on the dispersion of carbon 

nanotubes and on the influence of the quality of dispersions on the mechanical properties of 

stabilized soil. 

For this, two surfactants (Glycerox and Amber 4001, supplied by AQUATech, Switzerland, and 

differing in molecular weight and charge) were fully characterized, followed by the study of which 

surfactant concentrations were more efficient on the dispersion of the CNTs. The characterization 

methods were based on light scattering techniques: Dynamic Light Scattering (DLS) for the 

hydrodynamic diameter and Static Light Scattering (SLS) for the molecular weight. Suspensions of 

CNTs were prepared in solutions of the aforementioned surfactants with different concentrations, 

and further dispersion was promoted using ultra-sounds (20 kHz during 5 minutes). The dispersions 

of CNTs in these two surfactants were then fully characterized using again DLS.  

Finally, the dispersions of carbon nanotubes have been added to the main agent responsible for soil 

stabilization, the binder (Portland cement type I 42.5R), and the mechanical behavior of the new 

composite material was studied by unconfined compressive strength tests.  

The results of unconfined compressive strength tests led to conclude that the introduction of CNTs 

in the binder can have huge impact on the mechanical properties of the stabilized soil. Furthermore, 

the quality of the dispersion of CNTs has also got a very high impact on the performance achieved. 

In addition, it was verified that adding surfactant alone to the binder, before mixing it with the soil, 

does also have a positive impact on the mechanical properties of the stabilized soil. It was verified 

an improvement up to 77% in the compressive strength of the material (qumax) and 155% in 

Young’s modulus, referred to the reference test where no carbon nanotubes nor surfactant were 

added, fundamentally dependent on surfactant type and concentration used.   
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Biofuels are usually produced from plant oils such as corn, sugar-cane, soybean, sunflower and 

palm tree that compete with food crops for land. Microalgae are renewable energy sources that 

provide a sustainable alternative for oil and biomaterials production for many applications. They 

are the fastest-growing crops in the world and their oil yield is over 200 times that of the best 

terrestrial oil seed crops. They reduce greenhouse gases, clean waste water, do not compete with 

applications in the food and agricultural sphere since they do not require arable land, and have 

lower water requirements than typical crops. Microalgae systems require relatively small areas, and 

can be developed vertically in non-agricultural regions and in water treatment stations. The current 

method to assess the lipid content of microalgae cells involves extraction with organic solvents. 

The excessive time consumption, pollution, and ambiguous results (related to additional cell 

constituents, such as pigments, starch, etc.) make this technique unattractive. Fluorescent lipid 

probes have emerged as a promising tool to overcome these issues. 

Derivatives of 4,4-difluoro-4-bora-(3a,4a)-diaza-s-indacene (BODIPY®) constitute an attractive 

class of visible light absorbing dyes with a wide variety of applications. This stems from a 

combination of factors, including the relatively easy synthesis and excellent properties, such as 

thermal and photochemical stability, high molar extinction coefficients and high fluorescence 

quantum yields. Because of their unparalleled properties there has been a growing interest in the 

use of BODIPYs for fluorescence sensing and imaging of biomolecules and other systems [3]. 

We are developing a simple, reliable, fast response method for lipid detection and quantification, 

using a new BODIPY assessed on the microalgae Nannochloropsis sp., which is rich in lipid 

production. 

The BODIPY stain technique combined with the analysis software Image J to measure volume 

fractions of the intracellular lipid bodies, shows excellent potential to become a standard method 

for volume measurement. This provides an attractive strategy for lipid quantification in the mass 

production of biofuels. 
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Fluorescent dyes are extensively used in sensing and imaging of a plethora of biochemical 

structures within subcellular compartments and even performs in vivo monitoring of biological 

processes [1,2]. BODIPY (4,4-difluoro-4-bora-3a,4a-diaza-s-indacene) derivatives are widely used 

in biological applications because of their excellent properties, such as high fluorescence quantum 

yields, high molar extinction coefficients, narrow absorption and emission spectra, and high 

photochemical stability [3,4]. 

We have synthesized a number of BODIPY derivatives functionalized with two long alkyl chains 

for use as lipid probes. The synthesized BODIPYs have a very limited solubility in water, but 

dissolve in surfactant micelles. We have evaluated their behavior in aqueous media in the presence 

of varying concentrations of surfactants through their fluorescence and absorption spectra. 

In the absence of surfactants the absorption and emission intensities depend on the BODIPY 

concentration. Upon addition of anionic (SDS) or cationic (DTAC) surfactants, broadening of the 

fluorescence spectra and increases in the emission intensity were observed. The emission reaches a 

plateau when the concentration attains a certain value, corresponding to the surfactant critical 

micelle concentration, suggesting incorporation in surfactant micelles. At the BODPY 

concentrations used (< 1 molecule per micelle) small angle X-ray scattering (SAXS) studies 

indicate no significant changes in micellar structure.  

 
Fig. 1 - Chemical structure of 8-[3,5(bis-dodecyloxy)phenyl]-4,4-difluoro-4-bora-(3a,4a)-diaza-s-indacene. 
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Carbon nanotubes (CNTs) are emerging materials with a plethora of potential applications, e.g. 

reinforcement in composites and drug delivery. However, pristine CNTs are prone to entanglement 

and formation of bundles due to the strong intertube van der Waals attractions. This is a drawback 

since major applications require CNTs individually dispersed. Moreover, applications in electronics 

and optoelectronics devices require efficient separation of CNTs with different chiralities [1]. One 

approach to disperse CNTs is through the physical adsorption of amphiphilic molecules onto 

nanotube surface. 

Despite active research there is no clear understanding about the dispersion mechanism and the 

microscopic configuration of surfactants around CNT, e.g. encapsulation in cylindrical micelle, 

adsorption of hemimicelles or random adsorption of surfactants on the CNT. With respect to the 

chemical structure of the surfactant, molecules with aromatic moieties seem to be more efficient in 

dispersing CNTs due to the possibility of π-π stacking interactions [2]. In what concerns the cmc 

effect of surfactants, the maximum dispersion efficiency is usually achieved near the cmc [3]. 

However, it is also known that at higher surfactant concentrations depletion of CNTs occurs [4]. 

Overall, there is a lack of systematic high precision data on the surfactant-based dispersion that can 

allow generalization and deeper understanding. 

Herein, by a stringent control of the experimental conditions we evaluate the dispersion efficiency 

of different surfactants (SDS, SDBS; DTAB/TTAB/CTAB; CPyCl) and correlate the dispersion 

efficiency of SWNT and MWNT with the physico-chemical properties of the surfactants. The 

effect of surfactant tail length, the polar head group charge and the presence of aromatic group on 

surfactant chemical structure is evaluated. 

 
Figure 1: The ultrasonic acoustic vibration causes exfoliation of CNTs, favoring the adsorption of the 

surfactant onto the CNT surface. 
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The design and optimization of smart nanostructured vectors for controlled drug delivery is an 

exciting challenge in biomedicine [1]. Herein, we present a study on the development of self-

assembled tubular structures as vectors for loading proteins or peptides using novel amphiphiles 

derived from lysine, whose aggregation is sensitive to temperature and pH. Recently, we have 

investigated the lyotropic phase behavior and phase microstructure of novel lysine-based 

surfactants, which self-assemble below Krafft temperature as nano/micro-tubes [2-3]. In this work, 

we characterize different nanotube/lysozyme systems and evaluate their structural features, lability 

and in vitro activity. An initial study on the formation and morphology of the tubular aggregates, 

focusing particularly on the effect of temperature and pH, will be presented resorting to light 

microscopy, cryo-SEM and zeta potential measurements. Cytotoxicity studies on the free tubes and 

tube/lysozyme aggregates, as well as the preliminary assessment of the lysozyme loading 

efficiency, will also be reported and critically discussed. 

 

 
Figure: Interaction of lysozyme with lysine-based surfactant nanotubes. 
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The yeast Candida glabrata UCP/WFCC1556 isolated from Caatinga soil of Pernambuco (PE, 

Brazil) showed production of biosurfactant using inorganic salt media (ISM) supplemented with 

milk whey (MW) and corn steep liquor (CSL), as substrates. Therefore, this study aimed to 

evaluate the production of biosurfactant in optimizated medium by submerged bioprocesses using 

sequential experimental Central Composite Design (CCD) 22. The wastes MW and CSL represent 

good, cheap and easily available substrates which have the advantage of reducing the production 

cost and help to produce the biosurfactant economically. Such production was observed when the 

strain was grown on soluble substrates, such as MW and CSL in the second experimental design, 

when there was a correlation between MW (40%) and CSL (20%), and the surface tension water 

decreased from 72 to 28.8 mN/m. The biosurfactant formed a stable and compact emulsion index 

with soybean, canola and cotton oils at temperatures ranging from 0-1200 C, pH (2-14), and NaCl 

concentrations (2-20%). The purified anionic biosurfactant yield was 5.80 g/ L-1, and the Fourier 

transform infrared (FT-IR) spectroscopy analysis confirmed the presence of functional groups of 

the lipoprotein. The spread oil test showed the ability of the biosurfactant application to 

disperse engine oil (Figure 1). Observation of both tensio-active and emulsifying activities 

indicated that biosurfactant was produced by a newly isolated and promising strain of C. glabrata.  

 

 
Figure 1: Oil displacement area formed with engine oil: (A) Biosurfactant and Triton-X 100(B) 
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Medical formulations deposited on the alveolar surface of human lungs during therapeutic 

inhalations may interact with pulmonary surfactant and result in undesirable side effects. Hence, it 

is justified to dedicate experimental investigation to assess the effect of several novel therapeutic 

aerosols on the dynamic surface activity of lung surfactant. 

In the present study, maximum bubble pressure tensiometry was employed to evaluate the impact 

of liposomes as potential drug carriers and components of novel multifunctional composite 

powders intended for drug delivery by inhalation (mannitol and disodium cromoglycate) on the 

dynamic surface activity of animal-derived pulmonary surfactant (Survanta, Abbott Laboratories, 

France) at the air-water interface. Production and characterization of composite powders are 

discussed in detail in earlier work [1]. Liposomal drug carriers were prepared by film hydration 

method using lecithin and lecithin/cholesterol mixture (3:1 w/w) dissolved in chloroform. After 

solvent evaporation in a rounded flask, the lipid film was hydrated with isotonic sodium chloride 

aqueous solution (Gilbert Laboratories, France).  

Dynamic profiles of surface tension at the air-water interface were obtained using BP2 tensiometer 

(Krüss, RFN) and all measurements were run in such a way that the concentration of phospholipids 

in Survanta solutions was kept constant in every tested sample. The interactions of several 

concentrations of powders’ components, lecithin and lecithin/cholesterol (3:1 w/w) liposomal 

colloids with model pulmonary surfactant were investigated at physiological temperature. 

Obtained results indicate that all studied concentrations of composite powders’ components shows 

little impact on the dynamic surface activity of pulmonary surfactant. It may be considered as a 

positive result, which reduces the likelihood of occurring negative side effects during possible 

future treatment 

In contrast, the liposomal drug carriers enhance significantly the surface activity of investigated 

lung surfactant, probably due to co-adsorption of free lipid molecules released during vesicles 

rearrangement. The result indicates a significant interaction between liposomes and pulmonary 

surfactant components which may change their physiological functions and consequently lead to 

adverse effects during therapeutic inhalations. Further studies are needed for more profound 

analysis of the observed effects. 
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The double-tailed quaternary ammonium surfactant, di-n-decyl-dimethylammonium chloride, 

[DiC10][Cl], is a well-known antimicrobial agent. It is currently combined with non-ionic 

surfactants (polyethoxylated alcohols, CiEj) for cleaning and disinfecting hard surfaces and medical 

instruments. However, these two surfactants exhibit an antagonistic effect due to the formation of 

mixed micelles which reduces the concentration of free [DiC10][Cl] and alters both biocidal and 

detergent activities [1]. As cyclodextrins (CD) are known to form more or less stable complexes 

with many surfactants [2], we have assessed their ability to prevent this inhibition. 

Indeed, previous work has shown that [DiC10][Cl] encapsulated in CD, acts as an effective 

antibacterial agent against Pseudomonas aeruginosa [3]. The current study is focused on another 

microbial target, the fungus Candida albicans, which is responsible of severe infections such as 

septicemia in immunocompromised individuals (AIDS, chemotherapy, organ transplantation …) 

and patients in intensive care units. The antifungal activity of [DiC10][Cl], and its a, b, g CDs 

inclusion complexes has been investigated both in silico (molecular properties calculation and 

molecular dynamics) and in vitro (antifungal activity, potentiometry and zetametry) using C. 

albicans ATCC 10231. 

Results demonstrate that [DiC10] cations encapsulated in CDs can act as efficient antifungal agents 

against C. albicans. The proposed antifungal mechanism for CD [DiC10][Cl] involves four steps: 

(1) the positively charged complex diffuses through the solution (2) it adsorbs onto the fungus 

membrane surface by electrostatic interaction (3) then it dissociates and the ammonium inserts into 

the microorganism membrane (4) the change of the cell surface charge induces cell lysis [4]. 

 

 
Figure 1: Proposed mechanism for the antimicrobial activity of cyclodextrin / [DiC10][Cl] mixtures 

 

[1]  Rauwel G.; Leclercq L.; Criquelion J.; Aubry J.M.; Nardello-Rataj V., J. Coll. Interf. Sci., 

2012, 374, 176-186. 

[2]  Leclercq L.; Nardello-Rataj V.; Turmine M.; Azaroual N.; Aubry J.M., Langmuir, 2010, 26, 

1718-1723. 

[3]  Leclercq L.; Nardello-Rataj V.; Rauwel G.; Aubry J.M., Eur J. Pharm. Sci., 2010, 41, 265-

275. 

[4]  Leclercq L.; Lubart Q.; Dewilde A.; Aubry J.M.; Nardello-Rataj V., Eur J. Pharm. Sci., 2012, 

46, 336-345. 



14. EXPERIMENTAL METHODS IN SURFACTANT RESEARCH 

440 

[P14.1] 

 

Synthesis and Biological Activity of Some Amide-Based Cationic 

Surfactant complexes with Co (II) and Cu (II) 
 

Ahmed Ibrahim Ibrahim Adawy, Emad Abdelati  

 

Egyptian Petroleum Research Institute, Egypt 

 

 

In this study, different cationic surfactants were prepared by esterfication of different fatty acids 

like dodecanoic acid, tetradecanoic acid and hexadecanoic acid with ethanol then amidation of the 

prepared esters with N, N dimethyl ethylene diamine then quaternized the tertiary amines with 

benzyl bromide to produce a series of quaternary ammonium salts then preparing of 

metallocationic surfactants by complexing the cationic surfactants with cobalt chloride and copper 

chloride. 

In these surfactants the metal complex entity containing the central metal ion with its primary 

coordination sphere acts as the head group and the hydrophobic entity of one or more ligands acts 

as the tail part. 

Surfactant metal complexes are expected to provide a wide range of interesting phenomena on 

aggregation in aqueous solution due to variations in charge numbers, size and extent of 

hydrophobicity through combination of the central metal and ligands [1]. 

The biological active compounds become more bacteriostatic and carcinostatic upon chelation with 

metal ions [2]. 

Surface tension at different four temperatures of these metallocationic surfactants was investigated. 

The surface parameters including critical micelle concentration (CMC), maximum surface excess 

(Γmax), minimum surface area (Amin), efficiency (PC20) and effectiveness (πCMC) were studied. 

The thermodynamic parameters such as free energy of micellization (ΔGo
mic) and adsorption 

(ΔGo
ads), enthalpy (∆Ho

m), (∆Ho
ads) and entropy (∆So

m), (∆So
ads) were calculated. 

The antimicrobial activity was determined via the inhibition zone diameter of the prepared 

compounds, which measured against six strains of a representative group of microorganisms. 

The results indicate that these metallocationic surfactants have good surface properties and good 

biological activity on broad spectrum of micro-organisms. 
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Electrostatic forces are one of the most powerful driving forces for molecular interactions in 

solution and thus responsible for solute behavior inside the solution (homogeneous or 

heterogeneous parts) and at interfacing surfaces [1,2]. 

Some solutes (strong electrolytes) can maintain their ionization behavior upon a wide pH range 

while other (weak electrolytes) varies its ionization status depending on pH media value. This 

behavior may be very interesting when dealing with surfactants and other aggregates interactions 

since its condensation status will depend on local pH values [3-5]. This pH dependent ionization 

degree induces a variable ability for solutes to behaving differently in a specific pH range which is 

advantageous in inducing assembling / disassembling strategies which can be helpful to condition 

several phenomena with important applications [4,5]. 

Due to the informatic advances in nowadays laboratory techniques, using PC-controlled 

equipments and several instrumental improvements, new working conditions are possible for data 

acquisition and processing allowing us to better estimate solute ionization behavior [5,6]. 

In this work we review some of most popular methods and models to retrieve ionization constants, 

their approaches and vulnerabilities and we propose a full model for thermodynamic constant 

estimation using all information in the potentiometric titration record under well controlled 

experimental conditions. 
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The amoeba-like motion of an oil droplet is a spontaneously deformation of an oil droplet on an 

aqueous surface. Placing an oil droplet with a fatty acid on an aqueous phase with a cationic 

surfactant, the oil droplet initially took spherical shape as an ordinary droplet. After a certain 

induction period, the droplet showed quick spreading and recoiling several times in a second. Then 

the bleb repeatedly appeared and disappeared at the edge of the oil droplet. The mechanism of such 

a amoeba-like droplet deformation can be considered as follows: the internal pressure of an oil 

droplet mechanically increases due to the generation of elastic aggregation only at the oil-water 

interface.[1,2] The behavior of surfactants at each interface is very important, although it has never 

been clarified experimentally. A time-resolved quasi-elastic laser scattering (QELS) method 

affords us to measure the interfacial tension in a non-contact manner. In this work, the interfacial 

tension both at the aqueous phase and at the oil phase were taken by QELS and the visualization of 

the convective flow of aqueous phase and oil droplet with powder carried out, and then the 

mechanism of droplet deformation was discussed. 

The concentration of STAC in aqueous phase was 1 mM. The oil droplet was composed of decane 

and palmitic acid. The concentration of palmitic acid was 20 mM. Aqueous phase was filled in the 

Petri dish. The oil droplet was pinned using a tip of micropipette the center of the Petri dish. There 

are three stages in the droplet deformation: shrinking, spreading/recoiling, and blebbing. We 

measured the surface tensions of the aqueous phase and the oil droplet at blebbing stage by QELS. 

When the oil droplet was inthe shrinking and the spreading/recoiling stages, the surface tension of 

the aqueous phase decreased largely. The reason was considered that the aggregate of the 

surfactants generated at oil-aqueous phase interface spread on the aqueous phase. It was, 

further,explained that the shrinking/recoiling stage is driven by Marangoni convection induced by 

the surface tension gradient of the aqueous surface. On the other hand, the surface tension of 

aqueous phase was constant at the blebbing stage. It was, therefore, concluded that the blebbing 

motion was not driven by a Marangoni convection due to the surface tension imbalance. When the 

size of the bleb becamea maximum, the surface tension gavea maximum or a minimum value. It 

was also found that some domains formed in the oil droplet by visualizing the convective flow. It 

was considered that the palmitic acid apparently adsorb or desorb on the oil surface along with the 

deformation of the bleb. In the presentation, we discuss the bleb motion according to these results. 
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Several chemical oscillatory systems on liquid–liquid interfaces have been proposed and it was 

reported the use of a three-phase oscillatory system consisting of a liquid membrane of water, 

organic solvents, and water as the basis for a chemical sensor. In their oscillatory system, pulse-like 

changes of the electric potential were periodically observed when surfactants were dissolved in one 

aqueous phase (donor phase). In the case of liquid–liquid two-phase chemical oscillatory 

phenomena, repeated pulse-like changes of the electric potential with rapid flip motions of the 

interface are known when surfactant solutions are continuously injected into the aqueous phase at a 

certain rate through a capillary. When the interfacial tension measurement by quasi elastic laser 

scattering (QELS) method was performed non-invasively just below the capillary tip that injected 

the surfactant solution, synchronization of the flip motion and the pulse-like change of the 

interfacial tension was observed.[1,2] In this presentation, it is shown that the time courses of the 

interfacial tension of two interfaces and the electric potential between the donor / membrane / 

acceptor phases were simultaneously examined using a QELS method, which monitors capillary 

wave frequencies. 

An aqueous solution of cetyltrimethylammonium bromide (CTAB), a nitrobenzene solution of 

tetrabutylammonium tetraphenylborate (TPATPB), and an aqueous solution of sodium chloride 

(NaCl) were used as the surfactant in the aqueous donor phase, the hydrophobic electrolyte in the 

organic membrane phase, and the electrolyte in the aqueous acceptor phase, respectively. It was 

found that the oscillatory behavior of the potential was synchronized with that of the interface 

tension at the membrane/acceptor interface, which was caused by the feeding and the following 

rapid adsorption of CTA+ surfactants to it due to the Marangoni effect. It was further found that 

changes in the concentrations of NaCl in the aqueous acceptor phase and 1-butanol in the aqueous 

donor phase can affect the interval, amplitudes of the interfacial tension, and electric potential for 

the pulse-like drops. Two mechanisms were proposed to explain the changes in the interval and the 

amplitude of the oscillatory behavior: (1) an increase in the transfer rate of CTA+ from the donor 

phase to the acceptor phase by 1-butanol and (2) lowering of the threshold in the interfacial tension 

imbalance for Marangoni convection by increasing the adsorption rate of CTA+ due to the 

electrostatic screening by NaCl.[3] 
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The poly(ethylene oxide)/poly(propylene oxide)/poly(ethylene oxide) triblock copolymers continue 

to be the subject of numerous studies in various fields like chemistry, biology, physics, 

farmaceutic. Among various Pluronics, F127 is probably the most widely studied due to its 

stability, nontoxicity and its thermoreversibille gelling property at room temperature.1 These 

properties can be enhanced when interact with other species.2 The spin probe method of EPR 

spectroscopy is often used to investigate nonuniform systems at nanoscale level.3 Here, we will 

present an EPR investigation on F127 micellar self-assembly and on the micelle to gel transition 

using the spin probes presented in Fig. 1. The effect of cyclodextrins on F127 micelles and micelle 

to gel transition is also described as it is revealed by spin probes. The schematic representation of 

F127 micelle and locations of the spin probes in the micelle are presented in Fig.1. The EPR 

spectra of all three spin probes involved in this study, have been collected in the temperature 

interval 273-233 K. For example, the EPR spectra of all three spin probes in F127 solution (10%) 

are shown in Fig. 1. The analysis of EPR spectra revealed that micellisation and gellation processes 

are sensed by the spin probes which resides deeper in the F127 micelles. On the other hand, the 

EPR measurements led to conclusion that the interaction between HPB and pluronic chains does 

not involve the formation of pseudo-polyrotaxanes. 
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The processes of bioremediation and bioremoval appear as innovative technologies in the removal 

of compounds derivate from oil, among others pollutants [1]. Surfactants are amphipathic 

molecules that accumulate at interfaces, decrease interfacial tensions, and form aggregate structures 

such as micelles [2]. Biosurfactants constitute one of the main classes of natural surfactants 

produced by micro-organisms, being classified in accordance with their chemical composition or 

microbial origin [3]. These polymers had attracted, in the last few years, considerable interest due 

to biodegradable nature, low toxicity and diversity of applications [4]. In this paper we used a 

medium formulated with distilled water supplemented with 9 % ground-nut oil refinery residue 

plus and 9 % corn steep liquor as substrates to produce a biosurfactant from Candida sphaerica, at 

28 °C during 144h under200rpm. The isolated biosurfactant was formed with a yield of 9g/L. The 

biosurfactant showed high surface tension reducing activity (25 mN/m), a small CMC value and 

was characterized as a glycolipid. The crude biosurfactant was capable of dispersing approximately 

90% of oil droplets in seawater and proved to be non-toxic to indigenous marine microbiota. The 

crude biosurfactant demonstrated no toxicity against seeds of Brassica oleracea or the 

microcrustacean Artemia salina employed as a bioindicator. The biosurfactant acted as a solubilizer 

of motor oil in sea water as demonstrated by the acceleration and growth of the microorganisms 

indigenous throughout the 30 days of cultivation in the presence of the biosurfactant. The present 

findings indicate the application potential of the biosurfactant produced by C. sphaerica in the oil 

industry as a complement to remediation processes involving contaminated soil and water. 
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The biosurfactants are amphiphilic molecules which have a hydrophobic region composed by fatty 

acid long-chain, or hydroxyl alkyl -B- hydroxyacid and a hydrophilic consisting of carbohydrate , 

carboxylic acid , phosphate, alcohol or cyclic peptide [1,2] . Synthetic chemicals have enough risks 

to the environment and public health; however surfactants from biological sources are favored for 

their biodegradability and low toxicity minimizing environmental impacts [3]. This study goal to 

evaluate the biosurfactant production by Geobacillus stearothermophilus (UCP 0986) , isolated 

from soil contaminated by oil in flasks of 500 mL capacity , containing 200 mL of production 

medium consisting of 7.5 % of palm oil and 4.5 % of corn steep liquor , distributed according to 

conditions set by a central composite design ( CCRD ) . The response variable was the reduction of 

surface tension and emulsification index. Phytotoxicity test using lettuce seeds and cauliflower was 

conducted. The biosurfactant extracted was tested at concentrations of 1000, 500, 250, 125, 50 and 

10 mg/L. The best result was provided in the central point of planning DCCR with reduced surface 

water tension to 72 mN 25.30 / m, and showed 100% vegetable fat emulsification with post - frying 

as a hydrophobic substrate. The isolated biosurfactant by G. stearothermophilus UCP 0986 

presented no phytotoxic effect on the tested concentrations (10, 50, 100, 125, 250, 500 and 1000 

mg / L). Studies have shown that the biosurfactant has no toxicity study trophic level, as also 

indicated that the G. stearothermophilus is a micro - organism with high biotechnological potential. 
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The interface science today is an important area of soft matter physics, biology, chemistry and 

pharmacy. Due to widespread applications in practical and functional systems the knowledge about 

formation, stability and breakdown of different kinds of interfaces including liquid-solid, liquid-air 

and liquid-liquid interfaces is of a great importance. The mentioned types of interfaces are essential 

constituents of mixed surfactant layers, biological systems, polymer multilayers and blends, 

polyelectrolytes. Due to the continuing development of neutron reflectometry over the past 

decades, major advances have been made into the investigation of the structure of surfaces and 

interfaces. In comparison with other methods dealing with interfaces one can enumerate several 

advantages using neutrons. First, the neutrons scattering is a weak interaction and the samples are 

not destroyed or even influenced by neutrons. Second, the contrast variation using isotopic 

substitution hydrogen/deuterium allows in particular in fluid or biological samples to create 

contrasts between selected parts of the sample. Third, the possibility to probe rather easily magnetic 

structures of or in mono or multilayers due to the magnetic moment of neutrons is an enormous 

advantage. The important feature of the modern neutron reflectometry is the development of 

instruments with horizontal sample plane for studying fluid-containing interfaces with high 

resolution. Neutron reflectometry for the interface science in modern soft matter physics is applied 

in different fields. 

The neutron reflectivity is very sensitive to the nanoscaled inhomogeneities at the interfaces with 

liquids. The number of important parameters can be obtained including the width of interface and 

its mean density. The direct modeling of interface profiles allows one to find out the molecule 

distribution over the depth of the interface, which makes it possible to follow the interface phase 

diagrams by varying different conditions (temperature, concentration). 

The multifunctional neutron reflectometer GRAINS with horizontal sample plane was started-up at 

the modernized IBR-2 reactor (Joint Institute for Nuclear Research, Dubna, Russia) in 2013. At the 

moment instrument is operated in so-called “basic configuration”. The main advantage of the 

instrument is possibility for studying free surfaces of liquids and liquid-containing interfaces for 

liquid interfaces studies. The following information about the system at solid-liquid, air-liquid and 

liquid-liquid interfaces is derived from experiment at GRAINS instrument: depth nuclear scattering 

length density profile (including mean density of each layer and its width); roughness of the layer 

and depth periodicity. 

Reflectometr GRAINS is operated according to user policy at IBR-2 reactor and users are well 

come to submit proposals. Scientists from any country of the world can apply for beam time. 
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The property and function of a biomembrane are strongly related to the thermal fluctuation. Some 

attempts to measure the tension of a biomembrane have been carried out using a living cell. 

However an actual living cell contains a lot of trash and foreign substances, so that exclusion of 

these effects is much difficult. Free-standing bilayer lipid membranes (BLMs) are well-known as 

one of the artificial biomembrane models and their static and dynamic properties have been 

extensively investigated. BLMs thermally fluctuate at various frequency-modes and their behavior 

strongly depends on the surroundings and the external stimulation. It is, therefore, is very important 

for the elucidation of their physiological functions to evaluate the fluctuation of BLMs. 

Conventional techniques for measurements of membrane tensiongive rise to a deformation of 

BLMs itself in a large area (~10 μm order)[1], in which the physiological stimulation disturbs the 

measurement of the original physiological properties. Then, we have constructed the optical system 

of laser-induced surface deformation spectroscopy (LISD)[2], which affords us to measure an 

interfacial tension of a liquid/liquid interface below several μN/m in a non-contact manner. In this 

study, we aim to measure the membrane tension of the BLMs by LISD and discuss their 

fluctuation. 

For LISD, we measure the modulation frequency dependence on the interface deformation induced 

by radiation pressure of a laser beam at the interface. The interfacial displacement excited by the 

pump laser (532 nm) was estimated by a deflection of another probe laser (633 nm). The interface 

tension could be derived from the frequency response of its deformation. BLMs were fabricated by 

the folding method[3]. A chloroform/n-hexane (1:1, v/v) solution dissolving mixed lipid 2 mg/mL 

composed of phosphatidylcholine (PC), phosphatidylethanolamine (PE), and cholesterol (Chol) 

was spread out a teflon foil with a 0.4 mm diameter hole in 1 M KCl solution containing 10 mM 

HEPES/KOH buffer (pH 7.4). The refractive index was adjusted by addition of different sugar 

solutions into both of the aqueous phases to give rise to deform the BLMs by a pump laser. 

We have succeeded in acquisition of the LISD signal in the formed BLMs. From analysis of the 

obtained LISD data, the membrane tensions of BLMs with PC:PE:Chol = 7:1:2 (w/w/w) and 7:1:4 

was estimated to be 7.4±0.3 and 242±50 μN/m, respectively. Increase of cholesterol in BLMs 

makes rigid, so that the above-results are reasonable. We have a plan to investigate a change in 

membrane tension due to an association of membrane proteins and their reaction. 
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It is well-known that an alcohol droplet and a camphor boat floated on an aqueous phase move 

spontaneously. It has been considered that a Marangoni convection which is induced by a surface 

tension gradient in the front and rear sides of the alcohol droplet plays an important role on the 

motion, whereas the difference in the surface tension around the camphor boat has been reported as 

the driving force. A lot of numerical analytical investigations regarding to these motions have been 

carried out,[1][2] although the surface tension gradient and the difference in the surface tension 

have never been measured directly. A time-resolved quasi-elastic laser scattering (QELS) method 

enables us to measure the surface and interface tensions in a non-invasive manner, so that it is very 

suitable tool to apply the above-mentioned non-equilibrium phenomena. In this work, the surface 

tension distributions around a1-hexanoldroplet and a camphor boat on an aqueous phase have been 

derived by QELS and the driving forces of them boat are discussed.  

A 0.58 vol% aqueous phase of 1-hexanol was filled in the circular channel and the velocity of the 

droplet can be controlled by changing the depth of the aqueous phase. A 50 μL droplet showed 

one-directional regular motion along the circular channel. According to the QELS results, it was 

proven that the surface tension gradient in the front side of the droplet was larger than that in the 

rearside of droplet, leading to the asymmetric convection flow. Regarding to the Marangoni 

convection, the recovery distance of the surface tension was evaluated by fitting the obtained data 

with an exponential function because the surface tension gradient is proportional to the inverse of 

the recovery distance. As a result, the velocity of the alcohol droplet linearly correlates to the 

difference in the inverse of the recovery distances between the front and rear sides. These results 

confirm that the asymmetric Marangoni convection flow caused by the surface tension gradient of 

the alcohol droplet is the dominant factor for the vectorial motion. 

The camphor boat consisted of a polyester film (thickness = 0.1 mm) with three camphor disks 

(diameter and thickness 3 mm and 1 mm, respectively) glued to the rear side. The velocity of the 

boat was controled by changing the camphor concentration in an aqueous phase and the boat 

moved uniformly along the circular channel. Accorging to the QELS results, it was proven that the 

camphor boat motion was chiefly driven by the difference in surface tension between the front and 

rear of the camphor boat. Furthermore, a surface tension gradient was observed only at the rear 

side, although a contribution of Marangoni convection was independent of the boat velocity. 
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The fluorescent complexes formed between 8-hydroxyquinoline (8-HQ) and metal ions find 

applications in areas as diverse as optoelectronics and metal sensing. However, these are frequently 

limited by low solubility in water. The excellent characteristics of ionic surfactants allow 

solubilisation of both 8-HQ and the complexes within micellar domains [1,2]. Previous studies 

have suggested that surfactants enhance complexation with heavy metals [3], while micelles of 

cationic and anionic surfactants can increase the adsorption of heavy metals to suspended particles 

[4]. 

We report the determination of Al(III) and Cr(III) through complexation with 8-HQ in the presence 

of the surfactants CTAB and SDS using spectrofluorimetry. The proposed method employs the 

fluorescent probe 8-hydroxyquinoline (8-HQ). This technique allows the solubilization in micelles 

[5] of the complex formed between 8-HQ and Al3+ or Cr3+, avoiding problems associated with 

precipitation. 

Under the experimental conditions ([8-HQ] = 2.0x10-4 mol.L-1, [M(III)] in the range 0 to 6.0x10-5 

mol.L-1), the surfactant CTAB is most favourable for solubilization of the complex formed 

between metal and 8-HQ, and also leads to a fluorescence enhancement to increase the detection 

limit of the metal ion. Electrical conductivity measurements provide information on the effect of 

surfactant on metal ion complexation. This method should be adaptable to other metal ions and 

provides a sensitive analytical method for their determination. 
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HLB is a very practical concept to identify the properties of surfactant as an emulsifier. Many 

methods to calculate HLB had been proposed, but some are not for general molecules and others 

are too complicated in practice. Davies’s method, as one of the typical methods to calculate HLB, 

refers certain unit value to each functional group as either hydrophilic or hydrophobic element, and 

HLB of the molecule can be calculated as a summation of total unit. Such calculated HLB, 

however, would not work for many emulsifiers other than polyoxyethylene (POE) type non-ionic 

surfactants. This is because HLB was established for and by POE nonionics. 

It is noteworthy that thin layer chromatography (TLC) gives hydrophilic and hydrophobic character 

of the molecule by using normal phase or reversed phase method, respectively. We have originally 

investigated the empirical method for the characterization of amino acid-based surfactants in 

comparison with POE alkyl ethers based on this TLC analysis.[1] For pure POE alkyl ethers 

(CmEOn), Esquena and Solans further indicated that combination of two experimental values 

measured by the reversed and normal phase TLC well expressed surfactant characteristics, 

compatible to HLB.[2] With reviewing our previous procedure, the present study shows the novel 

method to evaluate potency not only for CmEOn but for general molecules to propose a practical 

index of surfactant characteristics as integrated surfactant potency (ISP).[3]  

ISP is expressed as the ratio of two capacity constants empirically obtained by the individual TLC 

measurements, as seen in Figure 1. With increasing the POE chain length (higher hydrophilicity), 

the spot migrate less for normal phase TLC because of the stronger interaction with the hydrophilic 

silica surface of the TLC plate. Even for the reversed phase TLC which silica surface is lipophilic, 

the longer POE also withholds the spot evolution, suggesting that the POE chain possesses 

“lipophilicity” too. 

In addition, it is shown that ISP was linearly correlated to the surfactant properties such as cloud 

temperature, which is inconsistent with HLB. In the presentation, we will look back to the basics of 

HLB and renovate it to ISP as practical parameter longed by industry with theoretical back ground.  

 

 

 
 

TLC measurement of the series of pure polyoxyethylene-dodecyl ether (C12EOn) using the normal and 

reverse phase plates. The spots are placed downward with increasing the EO chain length. 
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One of the most important elements of the development of surfactants is the search for suitable 

sources of raw materials. Such material is 2-ethylhexyl alcohol (2-EH), available and relatively 

inexpensive. 2-EH is used in production of plasticizers, in the textile industry as a wetting agent, in 

the petroleum refining industry as a factor for improving the cetane number, and also in the 

production of film-(2-ethylhexyl methacrylate, acrylate). As the result of a radical reduction of the 

2-EH derived phthalate plasticizers, significant spare capacities of 2-ethylhexanol can be available 

for new applications at competitive prices. The proposed concept of synthesis of 2-ethylhexanol 

monopropoxy-polyethoxylates is original and has not been reported in the literature. Generally, 

scientific reports on ethoxylates since the publishing of early reports on ester ethoxylation have not 

anticipated any revolutionary changes in the structure of production of the major types of 

surfactants. The products of ethoxylation of carboxylic acid methyl esters, in spite of their 

favorable economic assessment and ecotoxicity evaluation, have not satisfied expectations for 

developments in their application and they remain to have a minor share in the industrial 

production of surfactants. 

The aim of this work was to study the main characteristic of obtained polyoxyethylates of 2-

ethylhexanol monopropoxylate (EH-P1-En), where n denotes average polyaddition degree 2, 4, 6, 8, 

10, 12. The physicochemical parameters like density, refractive index, foaming properties, and 

cloud point (CP) were investigated. Furthermore, thermogravimetrical analyses were performed. 

The results were compared with known from state-of-the-art surfactants, such as lauryl fraction 

alcohol ethoxylates, sodium salts of sulfated and oxyethylated lauryl alcohols. It was found, that 2-

ethylhexanol can be utilized effectively as a hydrophobe feedstock for the manufacture of valuable 

EH-P1-En-type surfactants. They exhibit typical properties of nonionic surfactants. Additionally, the 

thermogravimetry has proven to be a useful technique in the study of ethoxylation products. The 

parameters which affect significantly the usage properties are included in the thermogravimetric 

characteristics of ethoxylates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Acknowledgements: The work was financed by the grant PBS1/A5/28/2012 from the National Centre for 

Research and Development, Poland. 

 

  



14. EXPERIMENTAL METHODS IN SURFACTANT RESEARCH 

453 

[P14.14] 

 

Determination of micelle aggregation numbers from surface tension 

measurements 

 

Pablo F. Garrido, Alfredo Amigo*, Pilar Brocos; Ángel Piñeiro 

 

Department of Applied Physics, Faculty of Physics, Campus Vida, University of Santiago de 

Compostela, 15782. Santiago de Compostela. Spain. 

*alfredo.amigo@usc.es 

 

 

Surface tension is an extremely interesting physicochemical property. It is extraordinarily simple to 

measure and, at the same time, it is sensitive to even tiny amounts of amphiphilic molecules in 

aqueous solution. For solutions of small molecules showing fast diffusion it is possible to get 

reasonably good estimations of this property just counting the number of drops detaching from a 

capillary syringe for a given volume, injected at a “controlled” rate. Equilibrium surface tension 

measurements are typically employed to determine the critical micelle concentration (CMC) of 

surfactants although other properties such as activity coefficients have also been estimated 

throughout the application of different equations of state [1,3]. On the other hand, the 

determination of micelle aggregation numbers requires relatively complex experiments using a 

fluorescent probe and a quencher. The aggregation number, together with the CMC, is perhaps the 

most important parameter that has to be considered in the development of surfactant based 

commercial products. In the present work we propose a method to determine the aggregation 

number of surfactant micelles from surface tension measurements. A series of alkyl 

glucopyranoside molecules with different chain lengths and at different temperatures are employed 

to test the method. The proposed model is expected to be implemented soon in the platform 

AFFINImeter to be publicly available [4]. 
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This communication will present studies on two systems capable of forming particles in which the 

cores display liquid-crystalline structures. The first system is formed with complex salts prepared 

with a cationic surfactant and a neutral-anionic block copolymer. In mixtures with water, the 

surfactant molecules assemble to form aggregates that interact with the oppositely-charged blocks 

to form mesophases. The whole system forms a core-shell structure in which the neutral blocks 

compose the particle corona and, probably together with electrostatic contributions, are responsible 

for the high kinetic stability of the dispersions. These mesophases reproduce the structure and 

properties of the ones previously studied for complex salts of homopolyions and surfactant. 

 

The second system is composed by a bicontinuous cubic phase formed by phytantriol and other 

surfactants, which is designed to respond to biochemical triggers such as the presence of specific 

enzymes. Results will be presented on their response to lipases and the phase transition caused by 

the action of this enzyme. 
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Transfer of lipids between nanostructured droplets in surfactant stabilized and Pickering O/W 

emulsions has been studied by time-resolved small angle X-ray scattering (SAXS). The special 

features of self-assembled liquid-crystalline phases have been applied to examine the kinetics of 

internal phase reorganization imposed by lipid release and uptake by the droplets. The findings 

reveal faster transfer kinetics in Pickering emulsions1 than in emulsions stabilized with Pluronic 

F127 even though the opposite effect was expected! It is shown that the transfer kinetics can be 

accelerated by adding free surfactant to the dispersions, and that this acceleration becomes more 

dominant when free micelles are formed. The effect of immobilization of the droplets has been 

studied by incorporating them into the appropriate hydrogel network. In such conditions, and at 

high enough concentrations of the hydrogel where non-ergodic systems are obtained, the droplets 

are arrested and the transfer slows down significantly2,3. 
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The deposition of soft and hard particles with the help of oppositely charged 

polyelectrolyte/surfactant (P/S) systems have numerous industrial applications such as detergency, 

paints, oil recovery, the pharmaceuticals, food and biotechnology. The deposition is a delicate 

balance between the bulk solution phase behavior of the system and the forces that control the 

interaction with the surface. We will discuss deposition from polyelectrolyte/oppositely charged 

surfactant system where we exploit the associative phase behavior and surface interactions to 

obtain selective deposition. Generally, maximum surface excess from polyelectrolyte surfactant 

mixtures coincides with this phase separation region and this process is often kinetically controlled. 

It also appears that if the particle and the surface have the same surface properties, deposition is 

significantly lower than under mismatched conditions. Recent data on the association of SDS and 

biosurfactants to PAMAM dendrimers and its consequence for the interfacial behavior will be 

discussed. 

 

 

 

  



COST CM1101 WORKSHOP 

460 

[IL.C4] 

 

Surfactant Adsorption at the Water/Air, Water/Alkane Vapor and 

Water/Bulk Alkane Interfaces 
 

Reinhard Miller1; Aliyar Javadi1; Nenad Mucic1; Eugene Aksenenko2; 

Valentin Fainerman3 
 

1MPI für Kolloid- und Grenzflächenforschung, Potsdam, Germany 
2Ukrainian Academy of Science, Kiev, Ukraine 

3Medical University, Donetsk, Ukraine 

 

 

Typically, the adsorption of surfactants at water/oil interfaces is described by models developed for 

the most frequently studied water/air interface. However, the presence of an oil phase leads to 

interaction between the hydrophobic chains of the surfactant molecules with the oil molecules. 

The interfacial tension isotherms of aqueous surfactant solutions at three different fluid interfaces 

are measured by using the Drop Profile Analysis Tensiometry (PAT-1, Sinterface Technologies, 

Germany). The surfactants under study were decyl-, dodecyl-, tetradecyl- and hexadecyltrimethyl 

ammonium bromide (CnTAB with n= 10, 12, 14, and 16). The three different liquid/fluid interfaces 

studied here are as follows: Solution/air interface/Solution/hexane vapor interface /Solution/bulk 

hexane interface. 

In earlier work we used the Frumkin Ionic Compressibility model (FIC) for analyzing CnTAB 

adsorption data. Now we have elaborated a new theory for water/fluid systems containing bulk oil 

or oil vapor. The new model considers a co-adsorption of the surfactant and the oil molecules. It is 

demonstrated that this model allows a better discussion of the molecular situation at the three 

different studied interfaces. 

Dependence of equilibrium surface tension for CnTAB solutions at the solution/air (thin lines), 

solution/hexane vapor (thick lines) and solution/bulk hexane interface (dotted lines); C10TAB – 

C12TAB – C14TAB – C16TAB; the horizontal lines correspond to the surfactant free systems. 
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In solvent extraction, a concentrated solution of mixed salts is contacted in order to obtain 

equilibrium with a reverse (W/o) micelle or microemulsion. Desextraction corresponds to the 

reverse process. Selectivity is obtained via cascades. The common point of all three two-phase 

equilibria is that they correspond to a precise point in tie-lines of a pseudo-four phase diagram[1,2]. 

Selectivity between targeted and non targeted in an efficient separation, due to a difference in 

chemical potential of the species between the concentrated ionic solution and the reverse micelles: 

a strong supra-molecular complexation mechanism is in counter-balanced by entropic terms 

combined in an adsorption isotherm on a divided flexible interface, in order to understand the 

apparent distribution “constants” and their variation, with formulation and temperature, 

determination of phase diagram is necessary. 

We use an excellent system combining extractants used for extracting selectively uranium from 

iron. There is a maximum in selectivity in a domain of mole ratio of the extractants used. We have 

recently shown that this maximum is related to an enzyme-like cooperative effect for which the 

free energy of transfer exceeds the free energy of micellisation via a templating effect[3]. 

Moreover, in this type of synergic extraction, there is a strong influence of the solvent, via 

“wetting” of the reverse micelle, as was demonstrated by Evans and Ninham in the eighties[4]. 

Moreover, when comparing di-ethyl hexyl and octane as solvents, there is a systematic trend 

towards stability of the system versus extraction/desextraction of bulky ion pairs. This is related to 

lower values of the extractant film bending constant, that is higher for linear chains than for 

branched chains. This systematic trend is in extraction efficiency, not in selectivity, and 

consistently explained by the knowledge of the free energy of associated extractants, a cooperative 

effect that cannot be taken into account with stoichiometric unstructured “complexes” that are used 

currently in chemical engineering. 

In order to predict solvent effects, we demonstrate that it is necessary to use theory of aggregation, 

with curvature, are per head-group, depletion and hydration forces. The natural explanation of 

solvent effect not only on the location of the so-called third phase (Winsor III) transition[5], but 

also on the effect of solvent on the free energy of transfer is one of the successes of modern 

approach to micelles and microemulsions used for solubilisation and the reverse process: i.e. 

separation. 
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A general understanding of interactions between DNA and oppositely charged agents provides a 

basis for developing novel DNA gel particles.1 The adsorption strength, which is tuned by varying 

the structure of the cationic agent, allows the control of the spatial homogeneity of the gelation 

process, producing either a homogeneous DNA matrix or different DNA reservoir devices. It was 

shown that DNA was effectively entrapped in the assayed cationic surfactant, protein and 

polysaccharide solutions, protecting its secondary structure. When the DNA gel particles are 

inserted in a medium, different responses occur: swelling or deswelling, dissolution, and DNA 

release.Controlling the magnitude of the DNA release and achieving controlled release systems 

was accomplished by changing the composition in the cationic solutions where particles were 

formed. 

On the basis of designing DNA gel particles for therapeutic purposes, recent studies on the 

haemolytic and the cytotoxic assessments of the obtained DNA gel particles have been also 

performed. One drawback of the DNA gel particles, in toxicological terms, is the need for a 

cationic compound, which may cause some cell damage. However, our results indicate that the 

effect of the cationic agent can be modulated when administered in a DNA gel system, rather than 

in an aqueous solution.2 Unlike delivery in an aqueous solution, the cytotoxicity of the cationic 

system can be reduced when the opposite charges between the cationic compounds and DNA 

spontaneously result in complexation due to electrostatic interactions. The magnitude of DNA 

entrapment can be controlled and controlled release systems achieved through the formation of a 

DNA-oppositely charged complex network giving rise to these DNA gel particles. The decrease in 

toxicity as well as the formation of a releasable high DNA content reservoir renders these DNA gel 

particles promising DNA vehicles for use as a nonviral gene delivery system. 
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The surface modification of solid particles dispersed in solutions by surfactant adsorption is an 

usual method to obtain different degree of hydrophobicity of the particles and, consequently, to 

induce different behaviour when interacting with the fluid interface. Depending on the nature and 

concentration of the surfactant, initially hydrophilic particles like silica nanoparticles, NP, may 

transfer at the interface, captured by the adsorbed molecules, or cross the interface desorbing in the 

second phase, modifying eventually the composition of the interfacial layer.  

We report here some results of a study on the interfacial properties of a water-hexane system 

containing silica NP and fatty acid at different length of the hydrophobic chain. Recent studies, in 

fact, have pointed out that the utilisation of fatty acid can be an interesting alternative to synthetic 

surfactants, for the wettability modification of particles because confer adequate and controlled 

physico-chemical characteristics to the particle-laden interfaces for the long-term stabilization of 

emulsions and foams [1,2]. Being the hydrophobic interaction at the bases of the surface 

modification of the NP surface, the chain-length is expected to play a key role in the control of the 

different processes occurring in the system: the formation of NP-fatty acid complexes, the 

segregation of these complexes to the fluid interface and their potential re-dispersion among the 

two bulk phases. To deepen these aspects, butyric acid (C4), capric acid (C10), palmitic acid (C16) 

and arachidic acid (C20) have been investigated at water-hexane interface, in presence of silica NP, 

by complementary measurements of the interfacial properties, such as surface tension and 

dilational rheology by oscillating drop experiments. To better understand the structural 

characteristics of the particle laden layers obtained with these systems, the fatty acid – silica NP 

mixed layers, spread on aqueous surface, have been also analysed by Brewster Angle Microscopy 

and Ellipsometry. This study allowed us to evidence a succession of adsorption-desorption 

processes of the different species involved, such as silica NP, NP-fatty acid complexes and fatty 

acid molecules. The results pointed out the important role of the surfactant concentration, 

compared to the silica NP content and the volume ratio of the two liquid phases, for the formation 

of stable mixed layers at the water-hexane interfaces. This is related to the stabilization mechanism 

of the corresponding emulsions, obtained by these systems, because the formation of a solid-like 

armour around the dispersed droplet, that prevent their coalescence, confer the disperse system a 

high long-term stability. 

 

 

 

 

 

 

 

 

 

 

1] Santini, E.; Guzman, E.; Ravera, F.; Ferrari, M.; Liggieri, L.; Phys. Chem. Chem. Phys., 2012, 
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Our filed has established profound understanding of most of the key aspects of micellization. One 

exception is the origin of the viscosity peak in micellar solutions reported by Prof. Hoffmann more 

than 2 decades ago, which remains a puzzling phenomenon to-date. That pioneering work and 

following studies in charged and uncharged systems detailed that the zero-shear viscosity can 

become a million times greater than the solvent viscosity, and display one or two maxima. The 

growths rules responsible for the first viscosity decrease are not resolved, and there is no clear 

explanation for the existence of a second maximum region. Using cryo-TEM we revealed a number 

of growth mechanisms and structures and for the first time resolved the nanostructures associated 

with the regime of second viscosity peak. Moreover, we established a clear understanding of 

micellar growth laws affecting the viscosity, and the relations between the chemical structure, the 

micelles nanostructure, and the solution viscosity. This understanding allows us to predict the 

formation of a viscosity peak and the mechanism associated with the viscosity decrease, for some 

given compositions. 
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We report the fabrication of novel composite microcapsules for protection and programmed release 

of cells upon change of pH in a narrow range [1]. The microcapsules were prepared from yeast 

cells as a model for probiotics combined with aqueous solution of ammonium salt of shellac doped 

with a pH sensitive polyelectrolyte. The cells dispersions in aqueous solution of ammonium shellac 

were spray-dried or spray co-precipitated to yield composite shellac-cell microcapsules in which 

the cells retained their viability even when treated with aqueous solutions of very low pH and 

subjected to mechanical stress. We demonstrate two types of triggered release of cells from these 

microcapsules with pH trigger and cell growth trigger and evaluate the microcapsules 

disintegration rates. Depending on the type of the polyelectrolyte integrated in the shellac 

microcapsules they can be programmed to give very versatile responses ranging from slow cell 

release to explosive swelling and disintegration at higher pH or exposure to growth media. We 

show that the cells retain their viability following their release from the microcapsules into the 

aqueous media. We modeled the pH triggered release kinetics of cells from the composite 

microcapsules linking the rate constant of cell release with the swelling/dissolution rate of the 

shellac matrix, the pH of the aqueous media and the size of the capsules [2]. The model links the 

microcapsules disintegration time with the release rate constant. For growth triggered release of 

cells from the composite microcapsules, the rate constant of cell release depends on concentration 

of nutrients in the culture media and the cells volume fraction in the microcapsules. In a 

complementary experimental study we compare the release rate constants of cells from shellac-cell 

microcapsules at different value of the pH in the aqueous media. Such composite microcapsules 

could find applications in formulations for protection and delivery of probiotic and other cell 

cultures with programmed and triggered release of the encapsulated cells in cell implants, including 

stem cells and live vaccines.  
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One way to increase the bioavailability and thus the efficiency of an active pharmaceutical 

ingredient (API) is to appropriately formulate it into a vector. Nowadays challenges in 

encapsulation technologies for drug delivery applications are the design of nanomatrices that (i) are 

able to provide sustainable drug release (especially those which has low solubility in the receiving 

phase) and (ii) respond to changes to external stimuli (i.e. temperature, pH). Here we report an 

original nanovector for loading and release of curcumin (CU), a hydrophobic API, known for its 

anti-oxidant or anti-cancer activity. The vector is prepared by combining solid lipid nanoparticles 

(SLN) with mesostructured silica materials. Indeed, silica is known to be safe, not only for the 

environment, but also for the human body within a certain range of administrated dose while SLN 

are promising drug carriers with potential applications in pharmaceutics. Therefore, combining 

mesoporous silica with solid lipid nanoparticles is a straightforward approach for the design of 

advanced formulations in drug delivery or food chemistry. 

The carrier matrix were prepared by first loading the curcumin into dispersions of solid lipid 

nanoparticles in a micellar phase, followed by the silicalization of the colloidal system by sol-gel. 

[1,2]. The dual templating mechanism afforded a compartmentalized nanovector, with both macro 

and mesostructured domains. The SLN act as a reservoir of curcumin while the surfactant present 

in mesopores is assisting the release (Fig. 1). Moreover, the sustainability of the release depends on 

the nature of the solid lipid and on the pH of the receiving phase. Cell viability experiments 

confirm the potentiality of the designed silica-SLN-CU nanovector for drug delivery formulation. 

 

 
Figure 1: Surfactant-assisted and pH-controlled delivery of curcumin from compartmentalized meso-

macrostructured silica matrix. 

 

[1] Ravetti-Duran, R.; Blin, J.-L.; Stébé, M.-J.; Castel, C.; Pasc, A., J. Mater. Chem. 2012, 22, 

21540-21548. 

[2] Pasc, A.; Blin, J.-L.; Stébé, M.-J.; Ghanbaja, J., RSC Advances 2011, 1, 1204-1206. 
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Saponins class of molecules, found in over 500 plant species [1-3] in various parts of the plant like 

roots, leafs, bark, seeds, stems, etc. The saponin content in some (parts of) plants can reach up to 10-

20% of dry matter, which makes natural source extraction potentially commercially feasible and 

sustainable. Saponins are surfactants as the saponin molecule contains a hydrophobic part, composed of 

a triterpenoid skeleton, and a hydrophilic part consisting of one or more (rarely more than two) 

oligosaccharide chains, attached to the hydrophobic scaffold (aglycone).  

The active components of many herbal extracts in Ayurveda, Traditional Chinese Medicine,  Indian 

tribes in South and North America as well the traditional herbal recipes from Europe and Middle East 

are actually sapoins. Saponins are known to cause several (favourable) biological effects, such as anti-

inflammatory, anti-microbial, adjuvant, cholesterol-lowering, anti-cancer action, etc. Saponins are also 

very surface active and show unique behavior of the air/water and oil/water interfaces. Saponins are one 

of the oldest detergents and people from India, China and South America have used saponin extracts as 

means of washing and disinfecting clothes for centuries. Now a days saponisn are used as foaming 

agents and emulsifiers in food  and cosmetic products.   

From a purely scientific point of view saponins are unique and differ from classical surfactants, which 

normally have hydrophilic head group and hydrophobic tail. Saponins on the contrary can be considered 

as inverted (gemini) surfactants, having relatively flat, rectangular like, hydrophobic skeleton, usually 

consisting of 27-30 carbon atoms, and normally one or two hydrophilic glycosyl chains. More 

interestingly, the hydrophobic (triterpenoid) blocks have tendency to stack and form self-assembled 

structures, while glycosyl chains, when packed at high concentration below the surface can form 

hydrogen bonds, resulting in glassy layers. In addition, due to the axial asymmetry of the head group 

one can expect the interactions and self-assembly to have some anisotropy as well. All this complexity 

gives rise to a multitude of interesting properties of these molecules when they self-assemble at 

interfaces or in bulk, both as pure components or in presence of other biologically relevant lipids like 

cholesterol, which also has a triterpenoidal skeleton, and phospholipids.   

More interestingly saponins in late 19th century, Lord Rayleigh has used  saponins to settle a dispute 

between Plateau and Marangoni on the existence of surface viscosity and also to the outline advantages 

of various experimental methods for measuring  rehological proprieties of liquid interfaces, variants of 

which we are using still today[4].  

Despite of the long history of use and the large number of applications saponins are still poorly studied 

from scientific point of view and up to date, insight into the structure-function relations in saponin and 

saponin-lipid mixtures is remarkably limited. In this talk we will look at saponins, coming from various 

plant species, discuss their structure, functionalities and behavior like bulk self-assembly and surface 

rheological properties [5-7]. 
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P, Heng. L., De Groot, A., Gruppen, H., Phytochemistry 2007, 68, 275. [3] Guglu-Ustundag, Q., Mazza, G., 

Critical Rev. Food Sci. Nutrition 2007, 47, 231. [4] Lord Rayleigh, Proceedings of the Royal Society of 

London, 48, (1890), pp. 127-140. [5] R. Stanimirova, K. Marinova, S. Tcholakova, N. D. Denkov, S. 

Stoyanov, E. Pelan, Langmuir, 2011, 27, 12486-12498. [6] Golemanov, K.; Tcholakova, S.; Denkov, N. D.; 

Pelan, E.; Stoyanov, S. D., Langmuir, 2012, 28, 12071. [7] Golemanov, Konstantin; Tcholakova, Slavka; 

Denkov, Nikolai; Pelan, Eddie; Stoyanov, Simeon D. , Soft Matter, 2013, 9, 5738.  
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Systems composed of oppositely charged polyelectrolytes (PE) and surfactants show rich self-

aggregation behavior that varies over a large size range and have many applications e.g. in 

cosmetics, detergency and drug delivery[1]. Mixtures of the cationic polyelectrolyte JR 400 with 

anionic surfactants in the semi-dilute regime with a slight excess of polymer charges form highly 

viscous network structures, with their viscosity increasing by 3-4 orders of magnitude as compared 

with the pure polymer solution, while mixtures with excess surfactant charges form solutions with 

viscosities even below those of the polymer solution [2,3].  

Using small-angle neutron scattering (SANS), neutron spin-echo (NSE) and fluorescence 

correlation spectroscopy (FCS), we have been able to track the origins at the mesoscale responsible 

for the remarkable changes in the macroscopic behavior of these solutions. As neutrons allow for 

an easy variation of the contrast by changing the isotopic composition and fluorescence methods 

allow to chemically label specific parts of the system with a fluorophore, it is possible to study the 

individual components of the sample, thereby gaining insights difficult to acquire with other 

methods. While SANS observes the structure of solutions, NSE and FCS monitor its dynamics. It 

was observed that mixed rod-like aggregates are formed in the PE excess which interconnect 

several PE chains. Increasing the surfactant concentration decreases the fraction of PE in the 

aggregates, thus reducing the level of connectivity and decreasing the viscosity of the solution.  

In summary, we studied the mesoscopic structure and dynamics of oppositely charged 

PE/surfactant complexes with both an excess of surfactant and PE. Combining SANS, NSE and 

FCS, we gained an understanding of the role of the individual components and the structural 

changes at the mesoscale responsible for the changes in macroscopic viscosity, helping the future 

development of tailored delivery systems and other applications.  
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Exceptional properties of metal nanoparticles present many opportunities for applications in 

numerous fields such as catalysis, medicine, electronics, optics [1]. Consequently, much effort has 

been devoted to produce nanoparticles in a controlled manner and to increase the production yield 

in a cost-effective manner. Still, the systematic production of uniform small metal nanoparticles 

poses a long-standing challenge. 

We will report a general approach for the controlled, high yield synthesis of small and uniform 

metal nanoparticles in dense microemulsions. Anionic (Na-AOT), cationic (DDAB) and non-ionic 

(Triton X-100 and Brij-35) were used to produce nanoparticles of different size. By using various 

types of surfactants, we demonstrate the generality of our approach. It enables us to extend the 

control over the size, uniformity of nanoparticles and the timescale of the synthesis procedure, 

compared to the limiting single template system. 

The approach consists of four crucial steps: (a) selection of a surfactant, (b) study of a phase 

diagram and selection of suitable microemulsion compositions, (c) synthesis and (d) extraction of 

the nanoparticles (Figure 1). 

As a result metal nanoparticles (such as Pt, Ag, Au, Fe and alloys) with a size range from 2.4 to 6.2 

nm were produced. The size and monodispersity was controlled by the surfactant packing 

parameter. Platinum nanoparticles were harvested on carbon support and tested as a catalyst 

material in Proton Exchange Membrane Fuel Cell (PEMFC) and showed high activity and 

excellent durability. 

 
Figure: A general approach of a synthesis of metal nanoparticles in dense microemulsion. Scale bar of 10 nm. 

 

 

 

 

[1] Schmid, G., General Introduction, in Nanoparticles. 2005, Wiley-VCH Verlag GmbH & Co. 

KGaA. p. 1-3. 
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Pathogenic microorganisms are gradually becoming resistant to antibiotics, thereby novel 

antimicrobial technology are urgently needed. Photodynamic therapy (PDT) is a process that 

employs electromagnetic waves to generate reactive oxygen species through a class a chemicals 

known as photosensitisers. PDT has shown antimicrobial activity as the oxygen reactive species 

can inactivate microorganisms, at the same time, the doses required to provide antimicrobial 

actions are not lethal to mammalian cells. 

We covalently bound Toulidine blue O (TBO), a very common and safe photosensitiser, to silica 

nanoparticles. The conjugates exhibited antimicrobial activity against S. epidermidis and E. coli 

when irradiated with laser light at 630 nm. Using a light source with a power of 500 mW the 

bacterial reduction was 2 log10 for S. epidermidis and E. coli after 2 and 3 min respectively. No 

antimicrobial activity was exhibited by the unconjugated nanoparticles. 

This work demonstrates that Silica nanoparticles can be made photoactive through binding TBO. 

These nanoparticles can be employed to prepare materials such as hydrogels and topical creams 

that exhibit light dependant antimicrobial activity. The use of silica supported TBO instead of the 

free drug enables the formulation of nanoconmposites with enhanced mechanical properties 

accompanying the light activated antimicrobial activity. 
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In the first part of the presentation some special features of PNIPAAM in solution will be 

discussed. It will be shown that the value of the cloud point drops with increasing molecular weight 

of PNIPAAM and increasing polymer concentration [3]. The aggregates formed at higher 

temperatures are larger as the molecular weight of PNIPAAM increases. In the second part, some 

characteristic features of uncharged and charged thermo-responsive amphiphilic copolymers, 

containing PNIPAAM, in aqueous solution and in the presence of an ionic surfactant will be 

discussed. The intricate competition between hydrophobic interactions and repulsive electrostatic 

forces will be scrutinized. Furthermore, temperature-induced intermicellization of “hairy” and 

“crew-cut” micelles in aqueous solutions of a thermoresponsive methoxy(ethylene glycol)-block-

poly(N-isopropylacrylamide) (MPEGn-b-NIPAAM71) copolymer, where n varies from n=0 (“crew-

cut”) to n=114 (“hairy”), is reported [4]. The temperature-induced aggregation is less pronounced 

in solutions of copolymers with long hydrophilic chains, and the intermicellar structures exhibit an 

interesting transition at intermediate temperatures. It is shown that long hydrophilic chains prevent 

the species from forming aggregates at elevated temperatures and they stabilize the nanostructures. 

The experimental results will be compared with Monte Carlo simulations and nice correlations will 

be demonstrated. 

In one type of stimuli-responsive polymer, thermogel polymers, the polymer aqueous solution 

undergoes sol-to-gel transition as the temperature increases. Drugs or cells can be mixed into the 

polymer aqueous solution when it is in its lower viscosity solution state. After injection of the 

solution into a target site, heating prompts the formation of a hydrogel depot in situ, which can then 

act as a drug releasing system or a cell growing matrix. 

In this presentation, we have employed small-angle neutron scattering (SANS) technique to study 

temperature-induced structural transitions of water-soluble triblock copolymers of the type [1,2] 

poly(D,L-lactic acid-co-glycolic acid)1170-block-poly(ethylene glycol)n-poly(D,L-lactic acid-co-

glycolic acid)1170 (PLGA1170-b-PEGn-PLGA1170). The length of the PEG spacer assumes two values 

(n =1000 and n =1500) and this gives rise to fundamental different structural features of the 

polymer complexes in dilute and semidilute concentration regimes at different temperatures. 
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Conjugated poly(thiophene)s (PT) are an important class of conjugated polymers which have 

received great attention as active materials in optoelectronic devices and in biosensing. They show 

unique chromic features that can be used as simple and sensible detection tool.Zwitterionic CPEs 

(ZCPE) have great advantage over regular CPEs due to the absence of counterions. It has been 

shown that the size of the counterion can have a strong effect on the optical properties of the 

CPEs.[1] This may be an advantage for modulating the degree of aggregation in solution and hence 

its optical properties.However, mobile counterions may also have drawbacks on the device 

performance, due to their effect on the phtoluminesce (PL) of the light emitting layer and the work 

function of the cathode. Zwitterionic CPEs show better electron injection properties and 

improvement of the electrodes performance.[2-4] The device containing a zwitterionic polymer 

active layer showed a very short response times due to localized nature of the ions near the 

cathodes, which facilitates charge injection; and an increase in the current efficiency by a factor of 

two has been achieved.[2] Thus, the characterization of ZCPE-surfactant nanostructures is very 

important for the development of new platforms. In this paper we investigate the optical and 

structural properties of a zwitterionic poly-[3-((N-(4-sulfonate-1-butyl)-N,N-diethylammonium)-

heaxane-2,5-thiophene) (P3SDEAHT) conjugated polyelectrolyte and its interaction in water with 

surfactants, using absorption, fluorescence, electrical conductivity, small-angle X-ray scattering 

(SAXS) and molecular dynamic simulations. 
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Vancomycin (VCM) is a glycopeptide antibiotic active against most Gram-positive bacteria, but 

with high toxicity, which is normally used for treatments in solution form [1]. If a VCM solution in 

de-ionized water is exposed to laser radiation, foam may be generated in specific experimental 

conditions. This foam contains VCM molecules and/or photoproducts generated by the interaction 

of the VCM and solvent molecules with the laser radiation.  

A potential application of the results occurs if photoproducts with bactericide effects, but with 

lower toxicity than the VCM parent compound are formed during laser irradiation. Similar findings 

were obtained on Chlorpromazine [2]. This study is also supported by observations made on 

Polidocanol foams which are more efficient in varicose veins treatments than in solution form [3]. 

The UV-Vis absorption, FTIR and MS spectra of VCM solutions recorded before and after 

exposure to laser beams were employed to detect the modification of VCM molecules and the 

formation of photoproducts that appear during/as a consequence of irradiation. The laser induced 

fluorescence (LIF) spectra yielded real-time information about the modifications of VCM 

molecules while exposing the medicines solutions to laser beam. The irradiation was made with a 

pulsed laser beam emitted as the forth harmonic of a Nd:YAG laser radiation (λ=266nm), the 

average beam energy varying within 1–40mJ. The exposure time was chosen function of several 

parameters such as: the volume of the solution, the laser beam characteristics (energy, focus waist 

and place, beam divergence) and the irradiation geometry.   

The foams were obtained in two cases; one is a bulky sample, with a volume of 0.5mL, when the 

foam is produced if the laser beam has 40mJ minimum average energy. In the second, the sample 

solution is exposed to laser radiation as droplet in pendant position in air. For droplets of 5μL 

volume, foams were generated starting with a minimum laser beam average energy of 7mJ. 

Foams generation in VCM solutions during laser irradiation requires a bubble nucleation, most 

probably generated by the transient acoustic waves induced by the laser pulse, similar to the 

process described in [4]. A contribution to the foam production may have the production of Cl- 

after VCM hydrochloride interaction with the laser beam, which may generate Cl2 and may not 

migrate outside the solution. The foam produces modifications of the VCM molecules, especially 

to the tyrosine radicals in the glycopeptide, as indicated by absorption spectra. 
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The self-association of amphiphilic molecules into micelles, vesicles, and membranes plays a vital 

role in many biological processes and technical applications. The driving force for the association 

of amphiphiles and also the protein folding is the hydrophobic effect (or sometimes hydrophobic 

interactions), which is accompanied by an increase in the entropy due to the disruption of the 

hydrogen bonding network in liquid water [1]. However, the micellization of ionic surfactants is 

influenced not only by hydrophobic interactions but also by electrostatic forces between charged 

headgroups and salt ions or co-ions in the solution [2-5]. The relative position of the hydroxylic 

and the carboxylic group in the hydroxybenzoate (HB) anion has a great impact on transport 

properties of this species [6] and influences crucially the self-organisation of cationic surfactants 

[2-5]. The transition from rod to spherical micelles of CTAC in the presence of o-HB has already 

been studied on the molecular level by means of molecular dynamics simulations (MDS) [7]. 

However, no studies has been done so far, that would deal with the influence of other two HB 

isomers on the micellisation of cationic surfactants on the molecular level. In this contribution an 

employment of atomistic molecular dynamics simulations for a study of the micellization of an 

cationic surfactant, namely, the dodecyltrimethylammonium chloride (DTAC) in the presence of 

different isomers of the hydroxybenzoate (o-HB, m-HB, p-HB) anion will be presented. Our results 

will enlighten the observed differences in structural, electrostatic, and perhaps thermodynamic 

properties of the DTAC association on the molecular level. These findings will contribute to the 

understanding of the widely studied specific ion effect on the molecular level. 
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Recently, there has been a rapid growth in emerging research areas such as nanotechnology, 

photonics and bioengineering, which require porous structures with well-defined structural, 

interfacial, compositional and morphological properties. However, these applications often require 

materials with porosity at multiple length scales. For example, it was reported that a hierarchical 

combination of pores reduces transport limitations in catalysis, resulting in higher activities and 

better controlled over selectivity1. The development of hierarchical porous materials has therefore 

attracted much interest over the past few years and in the literature many papers are focused on the 

synthesis of meso-macro, micro-macro or micro-mesoporous materials. However, only few of them 

deal with bimodal systems having two types of mesopores. Ordered mesoporous materials can be 

prepared according to the cooperative assembly mechanism2 (CTM) by using micelles as building 

blocks or through the liquid crystal templating3 (LCT) process by using liquid crystals phase as 

fingerprint. One strategy to prepare the bimodal mesoporous materials consists in using mixtures of 

templates. Here we have used of a mixture of polyoxyethylene fluoroalkyl ether 

[C8F17C2H4(OC2H4)9OH, labeled RF
8(EO)9] and triblock copolymer [(EO)20(PO)70(EO)20, labeled 

P123] as building block to design the bimodal silica mesoporous through the LCT. Indeed, due to 

the difference in polarities between the fluorocarbon and hydrocarbon chains, nonideal net 

repulsive interactions can occur. Therefore, these surfactant mixtures appear to be excellent 

candidates to design bimodal mesostructures. The RF
8(EO)9/P123/water phase diagram has been 

investigated in detail. We have focused our study on the rich-RF
8(EO)9 part of the diagram. 

Materials have been prepared by varying the RF
8(EO)9/P123 (R)weight ratio from 9 to 1. In the 

investigated range of R, the mesopore size distribution exhibits two narrow peaks centered at 4.0 

nm and 10.0 nm. A slight variation of mesopore size with the change of R is detected, i.e. with the 

variation of the characteristic of the mixed surfactant if we assume that both amphiphiles form only 

one entity. A comparison of the characteristics of the bimodal materials with those obtained via the 

CTM4 mechanism is also made. 
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The extended “surface quasi two-dimensional electrolyte” (STDE) model of ionic surfactant 

adsorption [1] was applied for the description of the surface tension isotherms of mixed non-

ionic/ionic or ionic/ionic surfactant systems on the example of the isotherms for esterquats and 

diesterquats, which are surface active quaternary ammonium compounds having long alkyl chains, 

in which the hydrophobic parts of the moieties are linked to the charged head group via ester bonds 

R-CO-O- or ROC(O)- [2]. As a consequence of that specific structure upon hydrolysis they 

decompose into fragments characterized by various surface activity. Therefore, they may be 

referred to as „cleavable surfactants”, which are stable in aqueous solutions only in a defined pH 

range for a certain period of time. The surface tension isotherms of investigated surfactants were 

determined by the pendant drop shape analysis method. The results show that, depending on the 

surfactant structure, partial hydrolysis of ester bond leads to the increase of the relative surface 

activity, more pronounced in the basic conditions (pH 10). That can be explained by formation, as 

the result of hydrolysis, of either nonionic surfactant (alkanol) - cationic surfactant (esterquad) 

mixture or alkanoate anions, which can form dimmers with unhydrolyzed surfactants. Even in 

natural pH we also observe gradual increase of the surface activity with time, corresponding to the 

hydrolytic decomposition of the studied esterquats. Our theoretical model can correctly describe 

surface tension isotherms, providing the information on the composition of the resulting mixtures, 

whereas preliminary QM computation confirm the observed dependence of the hydrolysis rate on 

the presence of methyl side group in the surfactants headgroup. 
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During the last years there has been a great interest from food industry in the formulation of edible 

water-in-oil nanodispersions due to their ability to encapsulate biologically active hydrophilic 

substances (minerals, antioxidants, etc.). 

The aim of this work was to formulate stable nanodispersions and test the potential ability of 

therein droplets to effectively solubilize hydrophilic antioxidants. These systems had then to be 

used in digestion models in order to investigate their behavior under gastrointestinal conditions. 

Transparent water-in-oil emulsions, of an average droplet size of 200nm, based on sunflower oil 

were successfully formulated under low shear rate processes [1]. Water-in-oil microemulsions 

based on medium chain triglycerides (MCT) were, also, successfully formulated using a small 

amount of biocompatible surfactants. 

The above nanodispersions were used as reservoirs of hydroxytyrosol, a phenolic compound 

claimed for its antioxidant properties, and were examined for their structural properties in the 

presence and absence of the molecule. Also, encapsulated hydroxytyrosol was assessed for its 

scavenging activity by applying Electron Paramagnetic Resonance spectroscopy [2]. 

The developed systems were, finally, used in gastrointestinal digestion models using the pH-stat 

method [3]. In both cases, the presence of surfactants and bioactive molecule had a critical effect 

on the behavior of gastric and pancreatic lipases. 
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While the surface tension of complex mixtures determines the performance of countless consumer 

products and the fate of many important natural processes, the property is notoriously difficult to 

interpret and model. For example, it was established in Oxford over a decade ago that some 

oppositely charged polyelectrolyte/surfactant (P/S) mixtures, e.g., polydiallyldimethylammonium 

chloride)/ sodium dodecyl sulfate (Pdadmac/SDS), exhibit a peak in their surface tension isotherms 

[1]. A hypothesis was put forward that the peak resulted from an equilibrium between a surface-

active P/S complex and a non-surface active P/S complex, and this physical picture was later 

formalized in a thermodynamic model [2]. Recently we have linked systematically the size and 

position of the surface tension peak of a strongly interacting P/S mixture to the slow dynamic 

changes which take place in the bulk due to aggregation, precipitation and sedimentation [3]. We 

have also demonstrated the non-equilibrium nature of the system through the creation of different 

surface properties for equivalent samples that experienced different histories [4]. Last year we 

published a new approach to predict the surface tension in the phase separation region of oppositely 

charged P/S mixtures, which is based on the non-equilibrium framework of comprehensive 

precipitation of aggregates [5]. The approach does not require any measurements of the surface 

properties of the mixtures, and excellent agreement has been achieved with the experimental data 

in all the investigated systems. Nevertheless it was commented in a paper published earlier this 

year [6] that our results on the surface tension peak in the sodium (polystyrene sulfonate)/ 

dodecyltrimethylammonium bromide (NaPSS/DTAB) system [5] are not genuine. In this talk we 

aim to convince the audience of the contrary. To achieve this aim we present data where the 

position and magnitude of the surface tension peak for the NaPSS/DTAB system is rationalized 

with respect to the ionic strength, as well as data which show that the system exhibits extreme non-

equilibrium characteristics in the absence of added inert electrolyte (see figure). 
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Cellulose is difficult to dissolve and the use of cellulose in formulations, including the formation of 

colloidal particles and fibers is limited by solubility limitations. Cellulose is known to be insoluble 

in water and in many organic solvents, but can be dissolved in a number of solvents of intermediate 

properties, like N-methylmorpholine N-oxide (NMMO) and ionic liquids (ILs) which, apparently, 

are not clearly related. It can also be dissolved in water at extreme pHs, in particular if a cosolute of 

intermediate polarity is added. The insolubility in water is often referred to strong intermolecular 

hydrogen bonding between cellulose molecules. Revisiting some fundamental polymer 

physicochemical aspects (i.e. intermolecular interactions) a different picture is now revealed: 

cellulose is significantly amphiphilic and hydrophobic interactions are important to understand its 

solubility pattern. We discuss the balance between hydrogen-bonding and hydrophobic interactions 

as well as experimental support for the hydrophobic properties of cellulose. For example, diffferent 

surfactant may have a dramatic effect on dissolution and gelation. 
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Aqueous foams are extremely complex systems with a cellular internal structure, consisting of 

polydisperse gas bubbles separated by thin liquid films. The foam evolution and its transient 

stability are functions of drainage and rupture of liquid films between air bubbles. It is influenced 

by capillary forces, gravitational acceleration and viscous forces for the liquid between the 

individual bubbles. The rate of foam drainage depends not only on the above-mentioned 

hydrodynamic parameters of the foam system, but is also determined by the surface rheological 

properties of the adsorption layers at the liquid interfaces.  

Our aim was to develop a new technology of generating of bio-inspired, easy degradable, 

biopolymer based aqueous foams for biomedical application. Thus, the specific objective of this 

work was to find correlations between surface activity and foaming properties of biopolymers 

solutions and biopolymers/surfactant mixtures. The foams of the pure biopolymers (proteins like 

BSA, casein and polysaccharides i.e. methyl cellulose, alginic acid) and solutions of their mixtures 

with anionic surfactant (lauric arginate LEA) were analysed.  

Foam stability was determined by monitoring the liquid drainage out of the foam volume with two 

complementary techniques: i) in a classical foam column, where the decreasing of the foam height 

and variations of the bottom liquid level were measured and ii) in a rotational Hele-Shaw cell (2D 

foam) for the evolution of the local liquid fraction on various levels of the foam.  

Dynamic surface tension measurements were chosen to investigate the adsorption state in the 

interface layer under dynamic conditions. Additionally, the rising bubble method was used to 

determine the concentration of biopolymer and its mixture with lauric arginate that allows a 

complete immobilizationof the bubble surface just after detachment from the capillary orifice.  
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Self-assembled structures such as micelles and vesicles have frequently been discussed as model 

systems for biological cells because they can mimic their ability to compartmentalize matter for 

biological and material processing such as DNA-replication and nanoparticle synthesis 

respectively. However, in contrast to most synthetic self-assembling systems the natural systems 

are not equilibrium processes. Attention is therefore now focusing on dissipative self-assembling 

systems where energy input is required to sustain the self-assembled state. These systems have the 

potential to adapt themselves and enter into different self-assembled states depending on 

environmental conditions whereas their equilibrium counterparts can only assemble or disassemble. 

Recently, we have constructed a dissipative self-assembling system using a chemical fuel[1] and 

presently more examples are being worked on. The thermo- dynamic description of such non-

equilibrium processes[2] invokes some interesting questions regarding the nature of the entropy 

production, the relation between the driving forces and the dissipation rate, and the energy 

transduction pathways that will be discussed during this presentation.. 
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Emulsification via phase inversion, an emulsification pathway consisting in the switch of a water-

in-oil emulsion into an oil-in-water micro- or nano-emulsion, is a process often exploited to obtain 

micro- and nano-emulsions1 and is widely used in fabrication of cosmetic products, pharmaceutical 

products, foodstuff and detergents. Phase inversion process is a route to obtain finely dispersed 

droplets in a continuous phase. Theinversion of phases can be brought about by changing the 

temperatureof the system (phase inversion temperature method), by changing the volume fraction 

of the phases (phase inversion composition method), by adding salts or by the action of flow; e.g. 

extensional flow. This work hasbeen focused on “phase inversion composition” emulsification of 

mixtures composed by distilled water, mineraloil and two non-ionic surfactants (one lipophilic one 

hydrophilic), keeping a constant room temperature. This method consist in the dropwise addition of 

water to the oil surfactant solution. Different parameters as i) oil content ii) surfactant content, iii) 

surfactants to oil ratio iv) lipophilic surfactant to hydrophilic surfactant ratio, have been varied in 

order to produce o/w emulsions stable over an extended time frame and then evaluating their effect 

on morphology of the emulsion produced. By this emulsification pathway, it has been possible to 

produce long term stable emulsions with great energy saving due tolow energy mixing requirement 

and room temperature process of emulsification. Static light scattering has been used to 

characterize droplet size distribution. Static images of the emulsion acquired by optical microscopy 

and confocal light scanning microscopy (by adding a fluorescent dye into the aqueous phase2) have 

been reported, thus showing the evident linking between emulsion stability and finely dispersed 

morphology associated with unimodal droplet size distribution. Among all the investigated 

parameters, it has been pointed out that surfactant to oil ratio and the ratio between the two 

surfactants are the most important parameters affecting emulsion stability. When this parameters 

are optimized, a long term stable (more than 6 months) nano- emulsion having unimodal droplet 

size distribution has been obtained. Respect to the latter nano-emulsion, in the case of un-optimized 

parameters, the formation of a macro-emulsion having greater average droplet size associated with 

multimodal distribution, has been showed. Furthermore, time-lapse microscopy performed on the 

macro-emulsion showed clearly fast phenomena of droplets coalescence, eventually leading to 

phase separation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

[1]  Solans, C.; Solé, I., Current Opinion in Colloid & Interface Science 2012, 17, 246-254.  

[2]  Pommella, A.; Caserta, S.; Guida, V.; Guido, S., Physical Review Letters 2012, 108, 138301. 

  



COST CM1101 WORKSHOP 

483 

[C22] 

 

Attractive interactions between like charged surfaces mediated by 

molecules with spatially distributed charge  
 

Klemen Bohinc 

 

University of Ljubljana, Faculty of Health Sciences, Slovenia  

 
 
The interaction between highly charged surfaces separated by a solution of molecules with spatially 

distributed charge is examined (1, 2). Such interactions could not be described by the mean field 

theory. More advanced methods have to be used in order to introduce the correlations between 

highly charged particles. In this work I focus on the system of highly charged surfaces immersed in 

a solution with two different representations of the molecular shape: rod-like and spherical. The 

system is theoretically described by the functional density and field theory. The free energy is 

calculated. For sufficiently long molecules and large surface charge densities an attractive force 

between like surfaces arises due to the spatially distributed charges within the molecules (2-4). The 

added salt has influence on the condition for the attractive force between like charged surfaces (5). 

Also the discreteness of surface charge will be studied (6). The theoretical results will be compared 

with Monte Carlo simulations (5-7). Recent measurements with multivalent rigid rod like particles 

will be discussed.  

 

Figure 1: Equilibrium electrostatic free energy of rod-like ions as a function of the separation between 

charged surfaces for three different salt concentrations (a) 0.001 mol/l (b) 0.1 mol/l and (c) 0.2 mol/l ; the 

length of rod-like ions is l= 4nm and the surface charge density is 0.05 C/m2. 
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Molecular dynamics simulations are now often used to model behavior of surfactants in aqueous 

solutions. Still, only two different phases are typically simulated: lamellar liquid crystalline phases 

and micellar solutions. The phase behavior of surfactants is however much richer. In particular, 

various non-lamellar liquid crystalline phases are of interest from both for fundamental science and 

applications. Simulation of such phases is a great challenge because of relatively high required 

simulation box size and long equilibration times. In experiments equilibration times as long as days 

or even weeks are required for obtaining certain liquid crystalline phases, while times accessible in 

MD simulations are typically nanoseconds or microseconds. In this work it is proposed to simulate 

liquid crystalline phases of surfactants using initial geometry that resembles the expected structure 

of the liquid crystalline phases. For some cases of three-dimensional liquid crystalline phases it can 

be the only possible approach due to limitations imposed by the geometry of the unit cell on the 

geometry and size of the simulation box. MD simulations of different aqueous phases of ionic 

surfactant dodecyl trimethyl ammonium chloride (DTAC) are presented. In particular lamellar, 

bicontinuous cubic, hexagonal and micellar phases are simulated. It is shown that from reasonably 

constructed initial geometry the system relaxes into equilibrium state (see for example Figure 1) in 

simulation times easily accessible in molecular dynamics. Structural, dynamic and thermodynamic 

properties of the simulated phases are presented. Application of molecular dynamics simulations 

for prediction of surfactant phase diagrams is discussed. 

 

 
Figure 1: Nitrogen density map of the 2D hexagonal phase of DTAC in water. 
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Highly water repellent coatings can be efficiently exploited in many applications where interactions 

with aqueous environment are usually strongly to be avoided like for protection and friction 

reduction in marine environment. 

High contact angles above 150° and a very small hysteresis are often obtained by combining 

roughness and chemistry of the surfaces. 

SH surfaces under investigation have been prepared by different preparation methods with the aim 

to provide more resistant and long lasting coatings. 

Mixed organic-inorganic systems obtained by using nanoparticles and capsules to provide self-

healing properties have been prepared and their aging resistance has been evaluated as a function of 

the composition and thickness of the coating. 

Surface characterization and on-field electrochemical studies have been carried out to test the 

performance in terms of fouling prevention and protection of metals in underwater conditions. 
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We combine experiments with Langmuirtrough and atomic force microscopy (AFM) to investigate 

the special properties of the proteinHFBII hydrophobin layers spread on the air-water interface. 

Thehydrophobin interfacial layers possess exceptionally highsurfacedilatational [1] and shear [2] 

elastic moduli. 

The AFM images show that the spread HFBII layersare rather inhomogeneous, (i.e., they contain 

voids, monolayerand multilayer domains). A continuous compression of thelayer leads to filling the 

voids and transformation of a part of the monolayer into a trilayer. The trilayer appears in the form 

oflarge surface domains, which can be formed by folding and subduction of parts from the initial 

monolayer. The trilayer appearsalso in the form of numerous submicrometer spots, which can be 

obtained by forcing protein molecules out of the monolayerand their self-assembly into adjacent 

pimples. Such structures are formed because not only the hydrophobic parts, but also 

thehydrophilic parts of the HFBII molecules can adhere to each other in the water medium. 

The results shed light on the relation betweenthe mesoscopic structure of hydrophobin interfacial 

layers and their unique mechanical properties [3] that find applications in theproduction of foams 

and emulsions of extraordinary stability; for the immobilization of functional molecules at surfaces, 

and ascoating agents for surface modification. 
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Physical properties of aqueous solutions of hydrophobically modified cross-linked polyacrylates 

change quite extensively, as the polymer is charged up. A study is carried out concerning the 

similarities between two polymer ionization processes, i. e. by pH increment and anionic surfactant 

addition. The two processes charge the polymer by distinctly different mechanisms. At sufficiently 

high pH the carboxylic groups of the polymer are all virtually ionized and the polymer is, therefore, 

fully charged. The effective repulsion among the charged groups due to the entropy of the 

counterions promotes an increased stiffness as well as an expansion of the polymer particle. We 

investigate here how the ionization and swelling will be if, instead of high pH, the polymer is 

placed at low pH conditions but associated to ionic surfactants. Surfactants associate to the polymer 

both in a non-cooperative way by the binding of individual surfactant molecules and in a 

cooperative way as micelles since the polymer promotes surfactant self-assembly. This binding 

leads to a highly charged polymer-surfactant complex and leads to an osmotic swelling as well. The 

swelling and the gelation were monitored by rheology and dynamic light scattering, of polymer 

solutions at different pH’s and by adding ionic surfactants at low pH. The results show that 

ionization by surfactants and by pH lead to approximately the same gelation degree, as can be seen 

by similar viscosity values. Both processes result in dramatic viscosity increases, up to 8 orders of 

magnitude. More hydrophobic surfactants, with longer alkyl chain, are shown to be more efficient 

as enhancers of swelling and gelation. The network that is formed at high pH or at sufficiently high 

concentration of surfactant can be weakened or even disrupted if monovalent or divalent salts are 

added, demonstrating the role of counterion entropy. 
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Cellulose can be used in the native or derivatized forms and the major advantage is its availability 

as a raw material since is a renewable and biodegradable resource. Cellulose potential is enormous; 

for instance, it is believed that forest based raw materials can play a major role in replacing fossil 

oil based fibers and cotton by new ecological man-made fibers in both woven and nonwoven end 

applications. However, when working with cellulose some important applications involve its 

dissolution and, for different reasons, this task is normally complicated. The existing solvents for 

cellulose are of highly different nature giving great challenges in the understanding and analyzing 

the subtle balance between different interactions. In the cellulose field it is striking that the 

discussion focuses only on hydrogen bonding as driving force for cellulose association and 

insolubility in water. We believe that the current mechanistic basis, that leading groups in academia 

and industry use as a basis for their development, must be seriously questioned and may well turn 

out to be completely wrong. We here revisit some fundamental polymer physicochemical aspects 

and reveal a different picture: cellulose is significantly amphiphilic and hydrophobic interactions 

are important to understand its solubility pattern [1-3]. A few examples of the effect of different 

amphiphilic additives, such as surfactants, on cellulose dissolution will be discussed. 
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Here, we investigate the surface shear rheology of HFBII hydrophobin layers at the oil/water 

interface. Experiments in two different dynamic regimes, angle-ramp and oscillations, have been 

carried out with a rotational rheometer. The rheological data obtained in both regimes comply with 

a viscoelastic thixotropic model [1, 2], which is used to determine the surface shear elasticity and 

viscosity, Esh and hsh. Their values for HFBII at oil/water interfaces are somewhat lower than at the 

air/water interface. Moreover, Esh and hsh depend on the nature of the oil, being smaller for the 

hexadecane/water in comparison with the soybean-oil/water interface. It is remarkable that Esh is 

independent of the rate of strain in the whole investigated range of shear rates. For oil/water 

interfaces, Esh and hsh determined for HFBII layers are considerably greater than for other proteins, 

like lysozyme and b-casein. It is confirmed that the hydrophobin forms the most rigid surface 

layers among all investigated proteins – the present data indicate that this is fulfilled not only for 

the air/water, but also for the oil/water interface. The rheological behavior of all investigated 

interfacial layers complies with the viscoelastic thixotropic model, which represents a 

generalization of the Maxwell model. The wide applicability of this model is confirmed by 

analyzing literature data for adsorption layers at oil/water interfaces from lysozyme and b-casein – 

both native and cross-linked by an enzyme, as well as for films from asphaltene. Thus, the model 

turns out to be a versatile tool for determining the surface shear elasticity and viscosity, Esh and hsh, 

from raw data for the storage and loss moduli, G´ and G´´. 

 

 
Figure 1: Plots of the mean shear elasticity <Esh> vs. the rate-of-strain amplitude a, and of the shear 

viscosity sh vs. the rate of strain, calculated from the experimental G´ and G". 
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Tuning magnetic properties is a challenge in advanced materials research, for various applications including 

high storage capacity media, diagnostics, imaging, hyperthermia probes or targeted delivery. Most of 

magnetic systems consist of either molecular nanomagnets (n < 30 atoms) or magnetic nanoparticles (n= 100-

1000). Very recently, colloidal systems (i.e. micelles, micro-emulsions and emulsions), based on magneto-

responsive surfactants were reported as being able to bridge this gap, allowing thus fine control upon the 

cluster size n, whilst combining magnetic ordering with low-density and electrical insulation [1]. 

Herein will be presented novel contributions on magnetic surfactants that are able to form either vesicles or 

solid lipid nanoparticles. Straightforward applications of these systems might be found in magneto-

responsive drug delivery. Moreover, hexagonally ordered meso- and meso-macroporous materials with 

magnetic properties could be achieved by using magnetic surfactants as structure directing agents of silica 

[2]. Finally, it will be shown that magnetic properties of the self-assembled surfactants and of the resulting 

materials are highly dependent on the molecular organization system and on confinement of the metallic 

centres, respectively. 

 

 
Figure 1: Imprinting pathway with magneto-surfactants of magneto-responsive porous silica 
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Antibiotics are still the most effective agents used to fight bacterial infections. Their administration 

to patients is generally through oral, topical or parenteral route; antibiotics are quickly metabolised 

or excreted from the human body, this leads to the need for frequent administration and their half 

life is usually an important factor in the therapeutic choice. In order to render the administration 

less frequent, antibiotic release from a carried can be employed. 

In this work we covalently bound gentamicin to gold nanoparticles capped with cysteine or 

glutathione. The conjugates exhibited antimicrobial activity against S. aureus and MRSA at 

concentrations as low as 0.1 mg NP/ml consistent with an antibiotic load of 1 % w/w. No 

antimicrobial activity was exhibited by the unconjugated nanoparticles. The release of gentamicin 

from the conjugates was monitor in buffer solutions at pH = 7, 6, 5 and 4. In all cases the release of 

antibiotic increased over two days when all bound gentamicin was released. At pH =4 after 2 days 

the concentration of gentamicin on the buffer decreased possibly because of reconjugation. 

This work demonstrates that gold nanoparticles can be employed as antibiotic carriers providing a 

continuous release of antibiotic over few days. Glutathione appeared a better coupling agent than 

cysteine allowing higher load of gentamicin resulting in lower inhibitory conjugate concentrations. 
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Cork stoppers used in bottles of beverages must undergo a surface treatment to acquire the desired 

mechanical properties. The development of such surface treatment requires an elegant selection of 

polymer architectures due both to make a robust film and to prevent polymer migration to the 

beverage solution.  

The objective of the present work is the development of an innovative and effective coating for 

cork surfaces using amphiphilic polymers. A series of amphiphilic polymers, FDA approved for 

food and drink use, varying on its structure, molecular weight, charge, etc, were selected. These 

polymers combine specifications to ensure their strong adhesion to the cork and this includes the 

presence of hydrophilic and hydrophobic moieties, a suitable molecular weight, a specific solubility 

on the beverage solution. Also, the polymers should form transparent films and prevent any sensory 

deviation. The purpose is to find a relationship among the polymer architecture the properties of the 

film formed and the polymer film migration to the aqueous solution of the beverage. IR 

spectroscopy was used to investigate the migration of the polymer coating to a model solution. The 

polymeric solutions were analyzed by IR spectroscopy, rheology and DSC while the films formed 

were assessed by contact angle studies, dynamic mechanical thermal analysis (DMTA) and SEM. 

The results obtained show a commitment among polymer degree of crosslinking, presence of 

hydrophobic groups and higher affinity to the cork surface. 
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Evaporation process in a porous medium containing a certain percentage of moisture is a thermal 

process, many materials can be dried simply by heating to a temperature higher than the boiling 

point of the liquid. These processes are very common in many industrial manufactures, typically 

being the final stage of a sequence of operations. Typically the removal of the moisture from the 

porous solids also involves the transport of the liquid phase, through mechanisms that may be 

different depending on the microstructure of the system. 

During the drying processes in porous media different transport mechanisms are involved. The 

vapor diffusion in the pores is regulated by Fick´s law, where vapor diffusivity depends on the 

tortuosity of the pores. The transport of gas generated by pressure gradients follows the Darcy’s 

law. Another possible mechanism which has recently aroused interest is the flow of liquid along the 

edges of a pore with a rectangular section, whose geometry contributes to increase the drying rate 

compared to capillaries with circular cross section[1-2]. The increase in the speed of drying found 

in a cell filled with a high density of silica spheres with respect to the case of an empty cell of equal 

volume is also attributed to the same effect [3-4]. 

The diffusive flow of steam can increase[5] due to the presence of mechanisms of 

condensation/evaporation through remote areas of liquid, which entails a lowering of the vapor 

pressure (dependent on the curvature in accordance with the Kelvin equation), although so far has 

not been given any direct experimental evidence. The gradients of surface tension can also be 

induced by concentration gradients in the multi-component liquid mixtures. 

In conclusion, some fundamental questions about the physic of porous media still need an answer. 

How is the water distributed inside the pores and what is the dynamic interface in the process of 

drying? What are the mechanisms that regulate the drying depending on the material tested? What 

is the interaction between the mass and heat transfer? Is there a control mechanism that can be used 

in order to improve the efficiency of drying? Finding an answer to these questions would represent 

a significant step forward in the comprehension of transport phenomena in porous media, and the 

starting point for the development of predictive models of the drying process that can be applicable 

in several industrial fields.  
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Surfactant systems morphology is a topic of high scientific interest that has various industrial 

applications. However, while many studies have been addressed to the phase behavior of water-

surfactants solutions, only limited information is available in literature on flow-induced 

morphology of such systems[1]. The recent advances in rheo-optical techniques help now to 

elucidate the changes in microstructural conformation taking place in the lamellar phase during 

flow[2]. 

The focus of this work is to develop a quantitative investigation of the flow behavior of single 

surfactant multilamellar vesicles (SMLVs)[3,4]. The fluid investigated is a solution of HLAS in 

water, a surfactant widely used in the detergent industry. Depending on concentration, different 

phases can be observed, such as planar lamellae, unilamerllar and multilamellar vesicles. We 

focused on a range of concentration where lamellar phase inclusions are surrounded by an isotropic 

matrix, and eventually form SMLVs. Vesicle shape has been quantified by image analysis 

techniques. Different setups allow the direct observation of the sample, either during the flow or in 

static conditions, by several microscopy imaging techniques including high speed, bright field, 

phase contrast and confocal. A simple shear flow cell, where the fluid is placed among two parallel 

transparent glass plates one of which is translating respect to the other, allow the sample 

observation both along the vorticity and velocity gradient directions, using two different setups, 

hence allowing the three-dimensional reconstruction of the system microstructure. A different flow 

cell can be used to investigate the Poiseuille flow using a cylindrical microcapillary. 

The main result is that SMLVs are deformed and oriented by the action of shear flow while 

keeping constant volume, and exhibit complex dynamic modes (i.e., tumbling, breathing and tank-

treading). SMLV deformation shows some analogies with the behavior of a single droplet 

immersed in an immiscible fluid, thus suggesting possible non-dimensional scaling parameters 

such as the Capillary number, that is the ratio between the shear and the interfacial stress. 

Furthermore, 3D shape reconstruction of confocal images of SMLVs, was used to identify the 

presence of both superficial and internal defect, whose role in the deformation dynamics is 

discussed. 

A possible application of the physical insight provided by this work is in the rationale design of 

processing methods of surfactant-based systems. 
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The surface activity and aggregation behaviour of the two Quillaja Bark Saponins (QBS) will be 

compared using surface tension, conductometry and dynamic light scattering. Despite the same 

origin (bark of the Quillaja saponaria Molina tree), the two QBS show markedly different ionic 

character and critical micelle concentrations. The new interpretation of the surface tension 

isotherms for both QBS allowed us to resolve the previous discrepancy concerning the orientation 

of the saponin molecules in the adsorbed layer [1-2]. The effect of three food-related proteins (hen 

egg lysozyme and bovine β-lactoglobulin and β-casein) on surface tension of the saponins is also 

described. Dynamic surface tension was measured using a drop shape analysis method during one 

hour at fixed protein concentrations and variable QBS concentrations. Both dynamic and 

extrapolated equilibrium surface tensions of the protein/QBS mixtures depend not only on the 

protein, but also on the QBS source. In general, the surface tension for mixtures of the QBS with 

lower CMC and less ionic character show less pronounced synergistic effects. This is especially 

well visible for β-casein/QBS mixtures, where a characteristic maximum in the surface tension 

isotherm around the molar ratio of one can be noticed for one saponin product, but not for the 

other. 
 

 
Interfacial tension isotherms for pure QBS solutions: „Sigma” and „SuperSap”. 
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Pumpkin (Cucurbita sp.) seeds are rich in proteins, with protein content ranging from 24–38% wt. 

The main group of proteins in pumpkin seeds are salt–soluble globulins, accompanied by glutelins 

and lesser amounts of albumins and prolamins. During oil extraction by cold pressing process an 

oil cake is obtained as a byproduct of the process. Protein content in the oil cake is as high as 

63.5% wt., and as such is a rich source of vegetable proteins [1, 2, 3]. There is, however, only a 

limited number of investigations on bioactive and functional properties of these proteins. In this 

work, investigation on emulsifying properties of pumpkin (Cucurbita pepo) seed protein isolate 

(PSPI) and its hydrolysate (PSPH) was carried out. Firstly, influence of pH (3–8) and ionic strength 

(0–1M NaCl) on solubility, and adsorption at air–water and oil–water interface of PSPI and PSPH 

was investigated. Solubility of PSPI was lowest at pI=5, and highest at pH=8, whereas changes in 

pH only slightly influenced solubility of PSPH. Both salting–in and salting–out of PSPI were 

observed, which depends on pH of a solution. Ionic strength has little effect on solubility of PSPH. 

PSPI and PSPH adsorb at air–water and oil–water interface, as evident by a decrease in 

surface/interfacial tension. Secondly, 20% wt. emulsions of sunflower oil in a water solution of 

PSPI and PSPH at different pH and ionic strength were prepared by Ultraturrax T–25 at 10000 

rpm. Emulsions were characterized by mean diameter and creaming stability. The most stable 

emulsions with lowest mean diameter d43=37μm were obtained when emulsifying sunflower oil in 

1% wt. PSPI solution at pH=3 and 0M ionic strength. No significant differences in emulsifying 

properties between PSPI and PSPH were observed. 
 

 

 

 

 

 

 

 

 

 

 

 

Acknowledgements: This work was financed by Ministry of Education, Science, and Technological 

Development of Republic of Serbia, Grant No. III 46010. It is done within COST CM1101 and MP1106 

actions framework.  

 

 

[1]  Rezig, L., Chibani, F., Chouaibi, M., Dalgalarrondo, M., Hessini, K., Gu, J. and Hamdi, S., 

Journal of Agricultural and Food Chemistry 2013, 61, 7715−7721. 

[2]  Rodrigues, I. M., Coelho, J. F. J., Graça, V. S., Carvalho, M., Journal of Food Engineering 

2012, 109, 337–346. 

[3]  Peričin, D., Radulović-Popović, Lj., Vaštag, Ž., Mađarev-Popović, S., Trivić, S., Food 
Chemistry 2009, 115, 753–757. 

  



COST CM1101 WORKSHOP 

497 

[PC.8] 

 

Gas dispersion properties and foaming of colloidal particles in the 

presence of an inorganic electrolyte 
 

G. Bournival1; S Ata2; G. J. Jameson2 

 
1Centre for Multiphase Processes, The University of Newcastle, UK 

2The School of Mining Engineering, The University of New South Wales, Australia 

 
 
The topic of particle-stabilised foams is relevant in many industrial applications such as the food 

industry, cosmetic, and mineral processing. This study is concerned with the gas dispersion 

properties and foaming of colloidal particles in the presence of an inorganic electrolyte. Silica 

particles with a nominal size of 300 nm have been surface treated by esterification with 1-octanol 

to achieve intermediate hydrophobicity. Pneumatic foams were generated by passing nitrogen gas 

through a porous disk into the dispersions. The addition of particles was shown to slightly increase 

the gas holdup and had no significant effect on the foaminess of aqueous dispersions in the 

concentration range 0 – 6 wt%. Inorganic electrolyte (NaCl) in sufficient amount to coagulate the 

particles significantly improved both gas dispersion and foaminess (see Fig.1). Electrolytes are 

known to reduce the energy barrier that has to be overcome for the adsorption of particles to an 

interface and increase the hydrophobicity of the particles. As well, coagulated particulates are 

known to have greater capture efficiency and hinder drainage, which could explain the improved 

foaminess. Special attention was taken on investigating the effect of the chemistry of the 

continuous phase on the foaming properties. This was essential due to the use of a co-solvent to 

disperse the particles, which was shown to impact the foaminess of the dispersion if not removed 

adequately. 

 

 
Figure 1: Foaminess of silica (Si-OC8H17) dispersions at different concentrations in the presence of (♦) 

1x10-5 M, (■) 1x10-3 M, and (▲) 1x10-1 M NaCl. The error bars represent a 99 % confidence interval with n 

= 3 - 5. 
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Colloidal nanostructures comprising Au and Au-Ag bimetallic cores have been reported to show 

unique properties for Surface Enhanced Raman Spectroscopy (SERS) analysis and with many 

applications, including catalysis, temperature or pH sensing, light-responsive materials and general 

sensors for detecting different types of analytes [1, 2]. In these systems, the metallic core provides 

the necessary enhancing properties for SERS. 

SERS is proposed as useful technique overcoming the current availably commercial immunoassay-

based devices used to determine “in situ” the presence of drugs in oral fluids, which required an 

obligatory second confirmatory analysis by chromatography coupled to mass spectrometry. This is 

a current forensic challenge since the detection of drugs in oral fluids is a noninvasive sampling 

process and the matrix is clean and easily collected, avoiding adulterations during police control 

tests. In addition, drugs have a similarly short life-time (from minutes to hours) in oral fluids as in 

blood samples, which is important for confirming a recent consumption. 

In this communication we desing a sensor system based on Ag colloidal nanostructure assembled 

on a solid substrate in order to provide additional Raman enhancement due to the greater specific 

surface density of hot spots [3]. The synthesis, characterization and detection limits of these 

systems were tested using 1-naptalenethiol as Raman active probe. Then, major prevalence drugs in 

Europe such as cocaine and 3,4-methylenedioxy-N-methylamphetamine (MDMA) drugs are being 

studied with the final goal to detect traces of those in oral fluids. 
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There is an increasing interest in the development of therapeutic systems that can be precisely 

controlled by non-invasive techniques. For example, light can be used in photodynamic therapy 

(PDT) to activate a photosensitizer (PS) that after excitation transform the oxygen molecules into 

reactive oxygen species (ROS), mainly singlet oxygen molecules, which are highly reactive and 

cytotoxic.[1] One of the major challenges is the inaccessibility of visible light to the deep tissues. 

This drawback is due to the fact that below wavelengths of 700 nm light can only penetrate few 

millimeters under the tissue surface.[2] An interesting solution to overcome this problem is the use 

of up-conversion nanoparticles (UCNPs)since they are capable of converting NIR light into UV-

Vis light, via a multiphoton absorption process. UCNPs has emerged as an attractive alternative for 

the generation of anti-Stokes emissions.[3] This method encompasses the benefit of high 

conversion efficiency, without the need for intense coherent excitation sources, with the inherent 

advantages of large anti-Stokes shifts, sharp emission bandwidths, and long excited-state lifetimes. 

The preparation of small-sized lanthanide-doped nanoparticles with high photostability, low 

photobleaching and cytotoxicity would permit to develop systems suitable for bio-labeling, 

imaging or drug delivery applications. In this work, we present our recent results in the synthesis, 

properties modification, surface functionalization and application of these interesting systems in the 

field of the biomedical applications. 

 

 
 

Fig. 1 a) pumping mechanism of NIR photons from Yb3+ to Er3+ and Tm3+, b) emission spectra after 

exciting with 980 nm laser, c) and d) TEM images of NaYF4, Yb,Tm and SiO2@NaYF4,Yb,Er. The inset in 

the center shows the emission of each sample under naked ayes after exciting with a 980 nm laser beam. 

 

[1]  Juarranz, A. Jaen, P. Sanz-Rodriguez, F. Cuevas, J. Gonzlez, S. Photodynamic Therapy of 
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[2]  Zhang, P. Steelant, W. Kumar, M. Scholfield, M. Versatile Photosensitizers for Photodynamic 

Therapy at Infrared Excitation. J. Am. Chem. Soc. 2007, 129, 4526. 
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core–shell nanoparticles Nature Mat. 2011, 10, 968. 
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Many small triblock siloxane copolymers belonging to the family of poly(ethylene 

oxide)−poly(dimethylsiloxane)−poly-(ethylene oxide), PEOx-PDMSy-PEOx, are now widely used 

as lubricants, water repellents, antifoaming and demulsification agents due to their amphiphilic 

properties.1 This sort of triblock copolymers have also attracted much interest, especially for their 

resemblance to the Pluronic® copolymers already used as efficient template in the preparation of 

organized mesoporous silica materials. 

The phase diagram of the triblock silicone copolymer (EO)12−(DMS)13−(EO)12 (I) in water shows 

direct micellar and hexagonal phases, which are thermally stable. The structural parameters of the 

hexagonal liquid crystal were determined by SAXS and have been compared with those of 

micelles1, 2. 

Afterwards, mesoporous materials were synthesized through the self-assembling mechanism with 

this siloxane copolymer. The resulting molecular sieves are hexagonally ordered mesopores and 

presented surprisingly perfect spherical morphology with homogeneous size distribution (Figure 

1A)2. Then (EO)12−(DMS)13−(EO)12 copolymer was functionalized with triethoxysilane propyl 

isocyanate through the hydroxyl group carried by PEO side chains to afford (EtO3Si-

(CH2)3NHCOO-(EO)12−(DMS)13−(EO)12 (F). The later was mixed to the genuine siloxane 

copolymer at variable ratios in order to obtain mesoporous silica materials with controllable surface 

chemistry. Thereby, we found astonishingly that the mesoporous particle morphology elongates 

from spheres to hexagonal rods relatively to the mixture ratio of silicon copolymer and 

functionalized compound (Figure 1B,C). The morphology and the mesostructure of the mesoporous 

silica materials were characterized by electronic microscopy (TEM, SEM) and by SAXS. 
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Organic bridges have been introduced directly into the channel walls of ordered mesoporous silicas 

since 1999.[1] Periodic mesoporous organo-silicas (PMOs) with controlled porosity are built by 

bottom-up approaches through the use of template-assisted self-assembly method. The template 

together with the synthesis conditions and the building blocks allow to define the structure, pore 

shape and size, and their connectivity.  

In this communication the self-assembly methodology is used to prepare phenylene-PMO with 

different pore size, by changing the alkyl chain length of the cationic surfactant.[2] Post-synthesis 

modification of the phenyl group with amine functionalities is achieved by strong acid treatment in 

two steps as shown in Scheme 1. The prepared materials, with pore size between 2.5 and 3.9 nm, 

were tested in CO2/CH4 gas adsorption separation. Moreover, a combined Transmission Electron 

Microscopy, -196 ºC N2 adsorption/ desorption isotherms, X-ray diffraction characterization 

techniques are used to study the textural and physical properties of the materials prepared. The 

microstructure will be discussed as a function of the pore size and according to the degree of 

functionalization. A correlation between the pore size of the materials and gas adsorption will be 

proposed. Complementary techniques such as solid-state nuclear magnetic resonance, and 

thermogravimetric analyses are used to evaluate the chemical properties and the stability of the 

materials. 

 

 
Scheme 1: Typical synthesis of PMOs and subsequently amination 
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Micelles and microemulsions are one-phase, thermodynamically stable, optically transparent, 

solutions. Emulsions are two-phase mixtures and without stirring eventually phase separate.  This 

distinction appears in practical applications such as microemulsions in drug delivery and emulsified 

foods. At the supramolecular level they look and behave differently. Models for chemical reactivity 

in microemulsions are well established, but developing a model for reactivity in emulsions has 

been a slog, primarily because determining component distributions is tough. Mixing of the 

emulsion followed by isolation and analysis of phases does not work, because component 

concentrations in the interfacial region are unmeasurable.  And the seemingly sensible expectation 

that reaction rates depend on droplet size is still not clearly demonstrated.  We have developed a 

viable approach for determining component distributions and chemical reactivity in emulsions 

based on pseudophase kinetic models originally developed for micelles and microemulsions and 

also several experimental methods that work in opaque, fluid emulsions without separating phases.  

These advances should enhance the utility of emulsions as reaction media and aid in selecting the 

optimal antioxidant for a particular food. 

In pseudophase kinetic models of an emulsion, component distributions and interfacial rate 

constants are modeled by conceptualizing stirred emulsion = microemulsions. The mixing of 

surfactant, oil and water creates an emulsion with three reactive regions, Fig. 1.  The AO reacts 

with a long chain arenediazonium ion, 16-ArN2
+, only in the interfacial region—its concentration 

in the oil and water regions is negligible. The rate expression is: 

 kobs = kI[16-ArN2
+](AOI) 

The value of kobs for the reaction of an arenediazonium probe, 16-ArN2
+, with AO, is measured 

over a range of surfactant concentrations. Two partition constants, PO
I and PW

I, describe the 

distribution of the AO within the emulsion. The values of kobs are proportional to the total volumes 

of oil, interfacial and aqueous regions despite the fact that regions are divided into typical oil-in-

water droplets and whose size matters little because the emulsion components are in dynamic 

equilibrium.  At the molecular level, the organization of emulsions and microemulsions are 

essentially the same. Two factors contribute to kobs: (a) the distribution of the AO, which depends 

on its solubility (hydrophobicity) in the three regions; and (b) kI, the second order rate constant for 

the reaction in the interfacial region. In emulsions, as in microemulsions, kI depends on medium 

effects that reflect the solvent properties of the interfacial region.  Oil is oil (non polar), water is 

water (polar), and the interface is of intermediate polarity. The primary focus of this talk is on the 

logic of the approach used to model reactions in emulsions including: (i) determination of partition 

constants and rate constants for 

antioxidants; and interpretation of their 

effects on reactivity; and (ii) time 

permitting, results ion-specific effects in 

zwitterionic emulsions and the non-effect 

of average droplet size on kobs. The results 

demonstrate that pseudophase kinetic 

analyses provide a unique, versatile, and 

robust solution to interpreting chemical 

reactivity in emulsions. 

Romsted, L. S., Bravo-Díaz, C., Current Opinion in Colloid and Interface Science, 2013, 18, 3-14.

[Fig. 1. Emulsion droplets, left, emulsion model, right.]  
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The factors that determine the rate of alkaline hydrolysis of the micelle-incorporated ester p-

nitrophenyl octanoate (NPO) in mixed cationic (CTAB, hexadecyltrimethylammonium bromide)-

zwitterionic (CDAPS, 3-(hexadecyldimethylammonium)-1-propane sulfonate) micelles were 

investigated over the entire range of molar ratios of the two surfactants. The fundamental 

parameters necessary for analysis of the kinetic data within the framework of the pseudophase ion 

exchange (PPIE) model were determined independently. These parameters included the critical 

micelle concentrations (determined by tensiometry), the net degrees of counterion dissociation (α, 

from conductivity measurements and from bromide counterion quenching of micelle-incorporated 

fluorescence probes) and chloride/bromide and iodoacetate/bromide counterion exchange 

selectivity (from fluorescence quenching data) measured as a function of the relative proportions of 

CTAB and CDAPS. These two detergents form micelles with similar aggregation numbers and the 

CMC values showed that the mixed micelle formation is only mildly synergistic, as expected for 

near ideal mixing. Under these conditions (no added electrolyte), in which specific anion binding to 

the zwitterionic micellar component is relatively unimportant [1], bromide counterion binding to 

the mixed micelles only becomes important above ca. 10-15 mol% of CTAB in the mixed micelles. 

Both the degree of bromide counterion binding and the selectivity in counterion exchange increase 

with increasing mole fraction of CTAB in the mixed micelles. Initial attempts to fit the observed 

first order rate constants for the alkaline hydrolysis of NPO at 30 oC. in 0.010 M Tris-HBr buffer, 

pH 8.97, using the conventional PPIE approach [2,3] clearly failed to reproduce the observed 

kinetic behavior at the higher CDAPS mole fractions in the mixed micelles. This was shown to be 

due to the neglect of the background electrolyte concentration in the standard PPIE model 

equations, which only take into account the reactivity due to the Gibbs excess local counterion 

concentrations. Incorporation of the background concentration of hydroxide ion into the PPIE 

kinetic equations, however, resulted in good reproduction of the observed kinetic behavior over the 

entire range of relative proportions of CTAB/CDAPS and of detergent concentrations. 
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Accumulation of antioxidants in the interfacial region of food emulsions is crucial to optimize their 

efficiency in inhibiting lipid oxidation. However, determining their concentrations in the interfacial 

regions emulsions is not an easy task because the physical impossibility of isolating the interfacial 

region from the aqueous and oil ones makes that their distributions need to be assessed in the intact 

emulsions. We developed a new kinetic method to determine their partition constants in the intact 

emulsions and hence their distributions.[1] The results are interpreted on the basis of the 

pseudophase kinetic model and has been tested successfully in ionic, zwitterionic and neutral 

emulsions prepared with edible oils (corn, olive), and different emulsifiers (Tween, Span) and AOs 

under different experimental conditions (acidity, temperature,) providing an innovative, robust and 

feasible solution to the problem of modeling and determining distribution of AOs in emulsions. 

Recent results from our group[2]show that at constant emulsifier volume fraction ΦI, the 

concentrations of gallic acid (GA) and propyl, octyl, and lauryl gallates (PG, OG, and LG, 

respectively) in the interfacial region of stripped corn oil emulsions do not correlate with their 

hydrophoicity but follow the order PG > GA > OG > LG. A similar trend was observed when 

measuring their efficiencies in inhibiting the oxidation of the lipids in the oil. These results strongly 

support the idea that the efficiency of an AO correlates with its fraction in the interfacial region and 

provides a molecular interpretation of the nonlinear tendency in the AO efficiency with increasing 

AO hydrophobicity (“cutoff effect”). 

AO efficiency depends on its interfacial molarity. An increase in the surfactant concentration (e.g., 

ΦI ) promotes incorporation of AOs to the interfacial region. However, its effective concentration 

in the interfacial region depends on both the extent of its incorporation to the interfacial region and 

the increase in the interfacial volume. For AOs of moderate hydrophobicity (moderate - low 

partition constant POI values between the oil and interfacial region), an increase in ΦI increases 

their AO efficiency because the increase in their percentage in the interfacial region overcomes the 

dilution effect caused by the increase in the interfacial volume. However, for very hydrophobic 

AOs with large POI values, addition of more surfactant in an effort to enhance their concentration 

in the interfacial region may result in a decrease in their efficiency because of the dilution effect. 
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The SN2 reaction between chloride ions and dimethy-4-nitrophenylsulfonium 

trifluoromethanesulfonate have been studied in microemulsions formulated with ionic liquids and a 

cationic surfactant, benzyl-n-hexadecyldimethylammonium chlorie (BHDC). Ionic liquids having 

two different anions, [bmim][Cl] and [bmim][BF4],  are used as disperse phase of the 

microemulsion. In order to analyze the kinetic data a mechanism based on the ion-exchange 

pseudophase model have been developed. The main conclusion reached in this work is that an 

important exchange between the anions of the ionic liquid and the surfactant are being observed. 

This exchange has important consequences on the composition and properties of the dispersed 

phase. 
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Dendrimers are useful carriers of drug administration since they improve the bioavailability, 

biocompatibility and water solubility of drugs. However, it seems that the dendrimers’ potential 

capability to sustain delivery of the encapsulated drugs is much lower compared to that of colloidal 

vehicles. In order to improve the performance of dendrimers as delivery agents, we propose a new 

generation of drug delivery vehicles based on entrapment and integration of dendrimers into 

lyotropic liquid crystals. The formation of the new dendrimer-LLC system, presented in this study, 

may potentially enhance the delivery of dendrimers as therapeutic agent as a carrier for oral and 

transdermal release. 

A second generation (G-2) of poly(propylene imine) dendrimer (PPI) was solubilized into lamellar 

(L), diamond reverse cubic (Q224) and reverse hexagonal (HII) LLCs composed of GMO (glycerol 

monooleate), and water (and D--tocopherol in the HII system). It was revealed that PPI-G2 

functioned as a "water pump", competing with the lipid head-groups for water binding. As a result, 

L→HII and Q224→HII structural shifts were detected, probably caused by the dehydration of 

monoolein headgroups and subsequent increase of the lipid's critical packing parameter (CPP). In 

the case of HII, as a result of the balance between the dehydration of the monoolein headgroups and 

significant presence of PPI within the interfacial region, increasing the quantity of hydrogen bonds, 

no structural transitions occurred. 

Few analytical tools including Cross  Polarized Light Microscopy (CPLM) , small angle X-ray 

scattering (SAXS) and Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) 

along with UV spectrophotometry were utilized to elucidate the structure modifications. PPI-G2 

functioned as a "water pump", competing with the lipid head-groups for water binding. As a result, 

L→HII and Q224→HII structural shifts were detected (at 20 and 10 wt% PPI-G2 content for L  and 

Q224, respectively), probably caused by the dehydration of monoolein headgroups and subsequent 

increase of the lipid's critical packing parameter (CPP).I-G2. 

Formulations based on cosolubilization of 0.25 wt%  gallic acid (GA) and  25 wt% from the 

aqueous phase of  PPIG2 dendrimer in three types of GMO-based  mesophases: lamellar (L), 

diamond reverse cubic (Q224) and  two  types (one with MCT and the other with  D-   tocopherol) 

reverse hexagonal (HII) mesophases were explored . The diffusion of GA out of the mesophases 

depends on the water content in the inner channels and  on the PPIG2 concentration. The release 

from each of the HII mixtures shows also a dependency on the type of oil. 
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The bidentanted ligand pyridine-2-azo-p-dimethylaniline (PADA) forms complexes with different 

metallic ions such as Co2+, Zn2+, Mn2+, Ni2+, etc. The formation of metal–ligand complexes 

between divalent metallic ions and the bidentanted ligand PADA has been studied in a variety of 

solvents and also in microheterogeneous media as micelles, microemulsions and vesicles. The 

complexation between Ni2+ and PADA was studied in [bmim][PF6]/TX100/water 

microemulsions. The apparent complexation constant (Kapp) depends on microemulsion 

composition and we found that the value of the complexation constant increases with the water 

content of the IL microemulsion. The proposed model, which takes into account the heterogeneity 

of the system at the microscopic scale, allows us to determine the distribution constants of both 

reactants and the real complexation constant (K) at the interface. In addition, the complex is less 

stable in IL microemulsion than in water due to a more efficient hydration of the nickel 

hexahydrate coordination complex that arises from the interaction between the surfactant and the 

interfacial water. 

 

 
Figure 1: Variation of absorption spectra of PADA in water/TX-100/[bmin][PF6] microemulsion at 25 ◦C 

upon the addition of increasing amounts of Ni2+ (Ni2+ concentration ranges from 0 to 1x10-4 M). [TX-100] 

= 0.25 M, W = 2 and [PADA] = 2.3 x 10-5 M. The absorption band at 435 nm corresponds to PADA whereas 

the band at 550 nm corresponds to Ni–PADA complex 
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Bile salt aggregates formed in aqueous solutions are more structured than conventional micelles 

and have binding sites with different properties. Bile salt aggregates are adaptable host systems in 

contrast to host-guest systems with rigid hosts, such as macrocycles. Kinetic studies using singlet 

and triplet excited states showed that the guests in the small primary aggregates have long 

residence times and are well protected from quenchers in the aqueous phase [1]. However, the 

packing of the guest-bile salt aggregate was dependent on the shape and structure of the guest, 

showing that the aggregate is adaptable to the guest located in its interior [2]. This adaptability 

leads to the incorporation of molecules with significantly different sizes and polarities. This 

property can be exploited to incorporate functional compounds, such as photochromes, in bile salt 

aggregates without loosing the guest’s functional properties [3]. 

The bile salt sodium deoxycholate forms gels [4,5] that are thixotropic. Photophysical probes were 

employed to characterize these gels with respect to the polarity of the binding sites and the effect of 

temperature. An annealing effect was observed suggesting that the distribution of the hydrophobic 

probe was not at equilibrium before the solution was heated. The gels were mechanically stabilized 

in the presence of cucurbit[n]urils. Temperature annealing experiments showed a gradual decrease 

for the polarity sensed by pyrene as a fluorescent probe during the heating cycle, while during the 

cooling cycle an abrupt transition was observed. The temperature at which the abrupt transition 

occurs changes with the concentration ratio of cucurbit[6]uril and sodium deoxycholate. This 

behavior was the same for subsequent cycles. Changes in the fluorescence lifetimes for the 

emission of pyrene with the temperature parallel the changes observed for the polarity around 

pyrene. Rheology experiments are being performed that complement the photophysical studies. 

These results show that cucurbit[n]urils modify the structure of the gel and structural 

characterization studies will be pursued in the near future. 

 

 

 

 

 

 

 

 
Acknowledgements: The authors thank the Natural Sciences and Engineering Research Council (NSERC) for 

financial support. 

 

 

[1]  Rinco, O., Nolet, M.-C., Ovans, R., Bohne, C., Photochem. Photobiol. Sci.2003, 2, 1140-1151. 

[2]  Li, R., Carpentier, E., Newell, E.D., Olague, L.M., Heafey, E., Yihwa, C., Bohne, C., 

Langmuir 2009, 25, 13800-13808. 

[3]  Li, R., Santos, C.S., Norsten, T.B, Morimitsu, K., Bohne, C., Chem. Commun. 2010, 46, 1941-

1943. 

[4]  Rich, A., Blow, D.M., Nature 1958, 182, 423-426. 

[5]  Sobotka, H., Czeczowiczka, N., J. Colloid Sci. 1958, 13, 188-191. 

  



REACTIVITY IN COLLOIDAL SYSTEMS AND AT INTERFACES 

512 

[IR6] 

 

Catalysis on a multivalent monolayer  
 

Paolo Scrimin 

 

Department of Chemical Sciences, University of Padova, Italy 

 
 
Clusters of gold atoms 2-10 nm in diameter may be easily covered by a monolayer made of organic 

molecules terminating with a thiol because of the relatively strong Au-SR bond formed. Quite 

interesting features are emerging concerning: a) the interaction between the thiols and the gold 

atoms on the surface of the gold cluster; b) the distribution of the thiols on the monolayer; c) the 

interaction of polyions with the charged surface of the monolayer. I will address the possibility to 

control chirality in a reversible fashion by using peptide sequences as passivating units.[1] I will 

also show it is possible to control the topology of the monolayer by design.[2] This may allow one 

to obtain an uneven distribution of the passivating molecules whenever mixed compositions are 

used. Furthermore, by taking advantage of the multivalent interaction between charged oligomers 

and the surface of cationic (or anionic) nanoparticles selective catalysts[3] and sensors[4] may be 

obtained. 

All the above issues will be discussed with recent examples from my own laboratory that will be 

presented by comparing these systems and more classical aggregation colloids like micelles and 

vesicles.[5]. 
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The deoxyribonucleic acid, DNA, is known to exist in different conformations. The adopted 

conformation depends on factors such as the hydration level, modifications of DNA bases, and the 

presence of different agents such as multivalent ions, positively charged polypeptides, 

nanoparticles, etc.[1]. Cationic surfactants can induce conformational changes in DNA depending 

on the [surfactant]/[DNA] ratio. This change consists of the compaction of the polynucleotide in 

which the strands go from an elongated double helix (also called extended coil state) to a compact 

globule form. The compaction of DNA caused by the cationic surfactants is driven by electrostatic 

as well as by hydrophobic interactions [2].The study of surfactants/DNA systems is of interest due 

to their biomedical applications.  

Up to date the interactions between DNA and surfactants have been studied by using a wide set of 

more or less sophisticated techniques such as calorimetry, circular dichroism, electron microscopy, 

etc. However, kinetic studies have not being used in order to get information about DNA 

conformational changes in surfactant/DNA systems. In this work, two electron transfer reactions, 

[Ru(NH3)5pz]2+ + S2O82- and [Fe(bpy)3]2+ + S2O82-, were studied in the presence of calf 

thymus DNA in cetyltrimethylammonium bromide solutions. The positively charged Ru(II) and 

Fe(II) complexes will both bind to the DNA by electrostatic interactions with the phosphate groups 

of the polynucleotide, while the S2O82- ions remain in the bulk solution. The different nature of 

the ligands, pyrazine and 2,2´-bipyridine, can also exert some influence on the DNA-surfactant 

interactions, and thus on DNA compaction. Kinetics results give information not only on the molar 

ratio [surfactant]/[DNA] at which the polymer compaction happens, but also about the influence of 

the nucleic acid conformation on electron transfer processes. The reaction [Fe(bpy)3]2+ + S2O82- 

was also studied in alkanediyl-α-ω-bis(dodecyldimethyl-amonium)bromide (12-s-12,2Br- with s=2 

and 10)-DNA solutions. Comparison of the results shows that single-chain and dimeric surfactants 

behave differently in the compaction of DNA. To the authors’ knowledge, it is the first time that 

kinetic studies have been used to obtain information about DNA conformational changes 
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Micelles provide versatile platforms for reactivity and catalysis.[1] Typically, micellar kinetics are 

analysed in terms of a pseudophase model, considering the solution as consisting of multiple 

domains, with each domain providing a distinct reaction medium. To understand micellar effects 

on chemical reactivity, an understanding of the local reaction medium offered by micelles is 

needed. 

Using a series of hydrolytic probes (Fig.1), we have developed a model for reproducing medium 

effects in the micellar Stern region and have applied this to cationic surfactants CTAB, DTAB[2,3] 

and anionic SDS[4]. The medium effects in the micellar Stern regions of these surfactants are 

reproduced by simple aqueous model solutions containing small-molecule mimics for the 

surfactant headgroups and tails. For CTAB this solution consists of 2.5 mol dm-3 tetramethyl 

ammonium bromide and 3.4 mol dm-3 1 propanol, while for SDS this solution consists of 3.5 mol 

dm-3 M sodium methyl sulphate and 1.8 mol dm-3 M 1-propanol. These model solutions 

quantitatively reproduce the micellar rate-retarding effects found for the hydrolytic probes and 

accurately predict the micropolarity of the micellar Stern region as reported by the ET(30) 

solvatochromic probe. 

The model solutions quantify the contributions of local water concentration, polarity, hydrophobic 

interactions, ionic interactions, and local charge to the observed medium effects. For our probes, 

the rate-retarding effects are mainly caused by interactions with the surfactant headgroups, but the 

local polarity is mainly the result of interactions with the hydrophobic surfactant tails. Therefore 

both a mimic for the surfactant tails and a mimic for the surfactant headgroups are required to 

reproduce the medium effects as experienced by a variety of probes. 

The ability to prepare model solutions mimicking the micellar reaction medium allows a detailed 

understanding of micellar effects on reactivity and supports the development of designed 

environments for catalysis, bioinspired and biometic chemistry etc.. 

 

 
 

Figure 1 – A hydrolytic probe reaction is used to develop a model solution accurately reproducing the 

reaction environment offered by the micellar Stern region  
 

 

[1]  Buurma, N.J., Adv. Phys. Org. Chem. 2009, 43, 1-37. 

[2]  Buurma, N.J., Herranz, A.M., Engberts, J.B.F.N., J.Chem.Soc., Perkin Trans.2 1999, 113-119. 

[3]  Buurma N.J., Serena P., Blandamer M.J., Engberts J.B.F.N., J.Org.Chem. 2004, 69, 3899-

3906. 

[4]  Onel, L., Buurma, N.J., J. Phys. Chem. B 2011, 115, 13199-13211. 

  



REACTIVITY IN COLLOIDAL SYSTEMS AND AT INTERFACES 

515 

[IR9]  

 

Specific ion effects on micelles: the case of trifluoromethane sulfonate 

and its properties and applications  
 

Filipe S. Lima, Iolanda M. Cuccovia, Hernan Chaimovich 
 

Departamento de Bioquímica, Instituto de Química, Universidade de São Paulo, SP, Brasil  

 
 
A variety of ionic micellar properties, such as Kraft temperature, critical micelle concentration 

(CMC), degree of counterion dissociation (α), aggregation number (Nagg), and shape, are 

exquisitely modulated by the nature of the counterion. Spherical micelles can grow, increasing 

Nagg up to a limiting value defined by the length of the hydrocarbon chain, where a further 

increase in Nagg leads to sphere-to-rod transitions, and, as a limit, to phase separation. Sphere-to-

rod transitions are induced by some aromatic counterions that partially insert into the hydrophobic 

micellar core, dehydrate, and form ion pairs at the interface. We have recently found that a simple, 

non-aromatic counterion, i.e., trifluoromethane sulfonate (Tf), produces results similar to those of 

aromatic counterions and, also induces phase separation [1 – 4]. Dodecyltrimethylammonium 

(DTA) Tf micelles were experimentally characterized by NMR spectroscopy, EPR probing, 

Dielectric Relaxation Spectroscopy, and Small Angle X-ray Scattering; The micelles were then 

computationally calculated by Molecular Dynamics (MD) simulations. DTATf aggregates are 

discoid. They exhibit a smooth, ion-paired and dehydrated surface, and a high level of order of the 

hydrocarbon chain. The Nagg (> 100) increases sharply with [detergent] and [NaTf]. MD 

simulations were consistent with the experimental data, and gave atomic resolution descriptions 

elucidating both the high surface activity of Tf at the air/water interface and the penetration of the 

CF3- group into the hydrophobic micellar core, as well as interfacial ion pairing. Our present 

understanding allows us to rationalize the phase separation of the DTATf system and constitutes a 

significant contribution towards a theoretical description of the effect of ion specificity on micellar 

form changes. The different properties of DTATf aggregates have been used to prepare DNA-

surfactant gel particles with distinct features, as well as the obtainment of size- and shape-

controllable nanoparticles. 
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Near the cusp of the 20th century, Franz Hofmeister discovered that specific-ions influence the 

conformational stability and solubility of proteins. A set of ions form series (which bears his name) 

[1], that reflects their effectiveness at precipitating proteins. Association colloids, such as micelles, 

composed of ionic amphiphiles also correlate with Hofmeister series. A thorough understanding of 

forces or factors that contribute to the delicate balance-of-forces controlling surfactant self-

assembly and size and shape represents an unsolved problem in colloid and interface science [2]. In 

the present study, efficient physical chemistry methods, like chemical trapping, fluorescence 

quenching and conductivity measurements, are combined with fully atomistic molecular dynamics 

simulations to obtain a deeper understanding of ion specificity induced by diverse mono- and poly-

atomic counteranions interacting with cationic micelles. We describe the effect of counterions on 

the micellization behavior of the gemini surfactant in terms of complex interplay of: anions 

hydrophobicity, hydration, interfacial packing of ions, and ionic morphology. Indeed, our results 

demonstrate that the balancing effects cooperatively affect the propensity of counterions to form 

ion pairs with surfactant headgroups and the entropy gain upon micellization. Moreover, for the 

first time, molecular dynamics simulations are able to corroborate and validate the measurements 

obtained with chemical trapping reactions [3]. Firstly because they show that the probe 

arenediazonium can rightly accommodate within the micelle (Fig. 1) and hence can properly 

sample the interfacial area with its reactive head, and then because the computed counterions 

interface molarities agree remarkably well with the experimental values obtained through 

nucleophilic aromatic substitutions. These results provide new observations in conceiving the effect 

of anions on the subtle balance of forces controlling aggregate morphology and solution properties 

of cationic amphiphiles. 

 

 
Figure 1: Micelle composed of 27 gemini surfactants 10-2-10 together with the probe arenediazonum. 

Yellow surface and blue beads for the hydrophobic tails and polar heads of the gemini surfactant, 

respectively. The probe is depicted with VDW representation (white, cyan and blue balls for hydrogen, 

carbon and nitrogen atoms respectively). Chloride anions are depicted with red balls. 
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Replacement of the ammonium group of sulfobetaines by an imidazolium ring generates a new 

class of surfactants, for example, 3-(1-tetradecyl-3-imidazolio)propanesulfonate (ImS3-14) which 

can be used to stabilize nanoparticles.[1-5] 

In fact, unless stabilized, metallic nanoparticles are thermodynamically unstable in solution and 

tend to agglomerate. The use of SB3-n as stabilizer of metallic nanoparticles in biphasic catalysis, 

affects the role of mass transfer between the two phases. In addition, interactions of surfactant 

molecules with nanoparticles may modify their catalytic activity and the selectivity of NP. 

Palladium NPs are prepared in a simple procedure in aqueous solutions, reducing K2PdCl4 with 

NaBH4 in the presence of ImS3-12 and no palladium black was observed for ImS3-12 stabilized 

PdNP dispersions even after one year of storage at room temperature. Transmission electron 

microscopy shows well dispersed NPs, with no sign of aggregation, and an average diameter of 3.4 

nm. The surfactant forms a double layer around the PdNPs, with the imidazolium and the sulfonate 

group close to Pd, minimizing the interactions between PdNPs. 

The stabilized PdNPs show significant catalytic activity in the hydrogenation of alkenes, even with 

a Pd:alkene ratio of 1 : 20,000. In the hydrogenation of cyclohexene, on average, a Turn-Over 

Frequency (TOF) of 1000 hr-1 was observed, and leeching of the Pd from the nanoparticles to the 

organic phase is negligible. In fact, Pd/ImS3-12 NPs, adsorbed onto basic aluminium oxide 

(Al2O3), can be used in the hydrogenation of biodiesel. 

Alternatively, an application of zwitterionic surfactants is the formation of reverse micelles by 

dissolution in an apolar solvent in the presence of a small amount of water, a method which allows 

the formation of PdNPs, RhNPs and Au NPs. 
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Surfactant molecules in a solvent self-associate into various kinds of supramolecular assemblies 

such as micelles, vesicles, and liquid crystals and their mixture, especially those of nonionic and 

ionic surfactants are used in many practical applications, such as detergents, cosmetics, oil 

recovery, drug delivery systems, emulsified polymerization, coating technology, and 

mesostructured nanofilms [1]. For these applications, the structural and solution properties of the 

mixed surfactant systems should be controlled effectively. Therefore, it is useful to understand how 

the molecular structures of surfactants in mixtures affect the solution properties, such as the size, 

shape, and surface charge density of the mixed micelles. For these reasons, structural properties of 

nonionic-ionic surfactant mixed micellar solutions have been investigated theoretically and 

experimentally [2]. In the mixture of two or more different surfactants (nonionic and ionic), the 

complex aggregation behavior of the mixture of surfactants in solution is a result of a delicate 

balance of opposing forces, i.e., the steric hindrance among the polar head groups of the surfactant 

molecules and electrostatic repulsion energy between charges on the polar head of the ionic 

surfactant molecules [3]. Therefore, the structural properties of the nonionic-ionic mixed micellar 

solutions should be studied as a function of the molar ratio to determine the effect of molecular 

interaction between the surfactants in a mixed micelle on its formation. Practically, this 

understanding can help in choosing relevant surfactant structures that will result in the desired 

properties. NMR spectroscopy is one of the most convenient methods for simultaneous monitoring 

of changes in aggregate morphologies of interaction between components.  

In this study, we investigated the formation in water of mixed micelle using zwitterionic and 

anionic surfactants employing multinuclear NMR to study the influence of intramicellar interaction 

and surfactant molecular shape on the properties of mixed micelles.  

In our experiments, we kept the surfactant concentration well above their cmc values, so the 

observed chemical shifts are those of aggregated assemblies formed upon mixing of the surfactants. 

Interestingly enough, NMR experiments suggest that under the chosen experimental conditions 

upon mixing of pure surfactants two different families of mixed aggregates are formed both larger 

than the original single component micelles. The fact that the different mixed micelles coexist 

unchanged many days after solution preparation, suggest that the system is under thermodynamic 

control. 
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Among stable sources of “active” bromine the are tribromides (dibromobromates) that are have 

long shelf life and relative safe for handling [1]. In alkaline water solution, they form a pair 

HOBr/BrO- giving both nucleophilic and oxidative proprties to a system. Cetyl 

trimethylammonium tribromide (dibromobromate) CTABr3 is a precursor of the micellar system 

with reactive counterion providing remarkable micellar effects of cleavage of organophosphorous 

esters [2, 3]. 

We propose the micellar systems based on a series of cationic gemini m-2-m tribromides (namely, 

10-2-10, 12-2-12, and 14-2-14), and 14-4-14 tribromide, in the reactions with two 

organophosphiorous compounds, 4-nitrotrophenyl esters of diethylphosphate (paraoxon) and 

diethylphosphonate (arminum). The concentration and pH profiles for studied micellar systems 

were compared with those for CTABr3 and CTABr + “active bromine generated from bromine or 

stable molecular complexes of bromine. 

Comparison of PPM and PIE kinetical models allows us to estimate applicabilities and define the 

limitations of the two widely used kinetical approaches in the presence of both reactive (BrO-) and 

inert (Br-) counterions spontaneously forming in situ, comprising conditions of incomplete 

deprotonation of HOBr. The capability of the latter to oxidize 4-nitrophenol has been studied. 

Further development of the micellar systems where an oxidant and an alpha-nucleophile coexist 

can lead to the broad-spectrum formulation. 
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Threading of the axis through the ring is a necessary requirement for the synthesis of a rotaxane. 

Cyclodextrins offer several advantages compared to other ring molecules: CDs are readily available 

in both high purities and large quantities. Furthermore, CDs can be functionalized by a wide variety 

of synthetic methods. They are water-soluble and biocompatible. 

In this communication we show the kinetic results obtained by threading α-CD by a series of 

cationic bolaform surfactants with different space length between both heads (s=8-22 carbon 

atoms). For space lengths smaller than 14 carbon atoms [2]pseudorotaxanes are formed with a 

bimolecular rate constant that depends on the size of the surfactant. For spacers larger than 18 

carbon atoms two α-CD are threaded forming a [3]pseudorotaxane. Kinetic processes for threading 

the first and second cyclodextrin molecules can be differentiated yielding new insights on the 

mechanism of pseudorotaxane formation. 
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Food components containing unsaturated fatty acids are extremely susceptible to oxidation, a 

radical reaction that diminishes the organoleptic properties of the foods. To retard or to inhibit lipid 

oxidation, antioxidants, AOs, are commonly added to foods. Particularly, phenolic antioxidants 

have attracted much attention due to their antioxidant activity and special attention has been given 

to catechol derivatives such as catechol itself, quercetin, catechin, caffeic, chlorogenic, rosmarinic 

and protocatechuic acids. All of them have been shown to be very powerful antioxidants because of 

the presence of a catechol (1,2 dihydroxybenzene) group in their structure, which participates in the 

delocalization and stabilization of radical intermediates leading to the stable quinone products. The 

efficiency of antioxidants in inhibiting lipid oxidation depends on their intrinsic reactivity against 

the radicals and their concentration at the reaction site. In emulsified systems, the reaction site is 

the interfacial region, but antioxidants may distribute between the oil, interfacial and aqueous 

regions of the emulsion. Thus, their concentration at the reaction site do not parallel their 

stoichiometric concentration and need to be determined in the intact emulsions because of the 

physical impossibility of separating the interfacial from the aqueous and oil regions. Here we report 

on the distribution of catechol, CAT, in stripped corn oil-in-water emulsions. The distribution of 

CAT is described by two partition constants, that between the oil-interfacial region, PO
I, and that 

between the aqueous and interfacial region, PW
I, which are obtained in the intact emulsions by 

employing a kinetic method that exploits the reaction between the hydrophobic 4-

hexadecylbencenediazonium ion (16-ArN2
+) and CAT. The results are analyzed according to the 

pseudophase kinetic model.[1] Results indicate that CAT distributes between three regions and an 

increase in emulsifier concentration promotes the incorporation of CAT to the interfacial region of 

the emulsions, so that at the emulsifier volume fraction of 0.037, more than ~70% is located in that 

region. Comparison of results with those obtained for different catechol derivatives indicate that the 

fraction of antioxidant in the interfacial region of the emulsions does not correlate with their 

polarity. [2]. Results should contribute to a better understanding of the distribution of AOs in 

emulsions. 
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We studied the solvolysis of 4-methoxybenzenesulfonyl chloride (MBSC) in the presence of 

surfactants (alkyltrimethylammonium bromide) and cyclodextrins (g-CD). This method’s 

applicability is based on the ability of both cyclodextrins and micelles to modify the solvolytic rate 

constants. It should be noted that the solvolytic rate constant for MBSC decreases more than one 

order of magnitude, on-going from bulk water to the micelles or the cavity of the cyclodextrins. 

The addition of g-CD to the reaction media inhibits the hydrolysis of MBSC. The experimental 

behaviour can be explained by considering a mechanistic behaviour where MBSC bind g-CD and 

the reaction takes place simultaneously in water and through the MBSC-CD complex. 

The influence of the surfactant concentration has been studied in a wide interval of concentrations 

that includes both the regions prior to the cmc, where the molecules of surfactant are presented as 

monomers dispersed in the solution and the regions after the cmc where the surfactant molecules 

are associated to form micelles. The pseudo-first-order rate constant, kobs, remains practically 

unchanged on increasing the surfactant concentration up until the cmc. At surfactant concentrations 

higher than the cmc, a clear decrease in kobs can be observed due to the substrate incorporation into 

the micelles where the rate of solvolytic reaction is smaller than in bulk water. 

The mixed systems were investigated by carrying out experiments in which the g-CD concentration 

was kept constantand the surfactant concentration was varied from values clearly lower than the 

cmc to values beyond the micellization point. The experimental behavior observed can be explain 

qualitatively considering the different complexation/micellization simultaneous processes. It can be 

observed an initial decrease of the kobs as the surfactant concentration increases. This effect is can 

be explained as a consequence of a cooperative effect yielding a mixed complex formed by 

cyclodextrin-surfactant-MBSC. After a minimum value kobs starts to increase as a consequence of 

the inclusion of two surfactant molecules into the cavity of the cyclodextrin and the expulsion of 

MBSC to bulk water. Subsequent decrease in kobs is compatible with the micellar effect on 

solvolysis of MBSC. 
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Diblock copolymers of poly (methyl metacrylate)-block-poly (N, N-dimetilaminoethyl 

metacrylate), PMMAn-b-PDMAEMAm, (Scheme 1) are amphipathic and can aggregate like 

surfactants, exhibiting, different chemical behavior and biocompatibility. We synthesized three 

diblock copolymer (Copol I, II and V) with different molar masses and n/m molar ratios. PMMAn-

b-DMAEMAm copolymers were characterized and their interactions with large unilamelar vesicles 

(LUVs), prepared with mixtures of phosphatydilcholine (PC) and phosphatydilglycerol (PG) with 

different PC:PG molar ratios, were determined. Material and Methods: LUVs of PC and PG 

mixtures, prepared by extrusion (100 nm diameter membranes) were loaded with 50 mM of 

carboxyfluorescein (CF) and non-entrapped CF removed by Sephadex-G25 chromatography. The 

permeability kinetics of the LUVs upon addition of the copolymer was followed by measuring the 

increase in the fluorescence of CF upon leakage. Results: The diblock copolymers were 

synthesized by RAFT polymerization of methyl methacrylate, MMA, and dimethylaminoethyl 

methacrylate, DMAEMA. The molar mass, determined by GPC chromatography and the n/m ratios 

for each copolymer, determined by NMR were: Copol I: 4.03 x 104 (n/m = 1/6.3); Copol II: 1.93 x 

104 (n/m = 1/3) and Copol V: 2.46 x 104 (n/m = 1/1.1). The pKa of the amino groups of PMMAn-b-

PDMAEMAm, determined by potentiometric titration, were in the range of 5.7 and 9.5. The 

copolymers interacted with LUVs leading to CF leakage. The % leakage increased with copolymer 

concentration and with PG content in LUVs. The interaction of the copolymers with LUV´s was 

pH dependent, decreasing at pHs above 9.0 indicating that the protonation of the amino groups are 

fundamental for inducing leakage. At pH´s > 8, larger percentages of PG were required to achieve 

maximum leakage, consistent with a predominant electrostatic interaction between the copolymers 

and the negatively charged LUVs.  

 

 
Structure of PMMA-b-PDMAEMA  
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The effective lubrication mechanisms found in animal joints are mostly based on sugar-based 

polymers (i.e. glycoproteins) that use the facility with which these molecules can be hydrated to 

hold a significant amount of water at the surfaces to be lubricated. Several parameters are involved 

in the behavior of natural lubricant molecules including charge, conformation, elasticity, 

hydrophobicity, hydrogen bonding, etc. However, the precise way in which these parameters 

function is still debated. In an attempt to mimic and understand the lubricating properties of the 

natural molecules, several synthetic polymers including amphiphilic copolymers, simpler than their 

natural counterparts, have been studied. Experimental surface forces studies of different classes of 

solvated polymer- and nanoparticle- bearing surfaces were carried out using the surface forces 

apparatus and similar molecular techniques will be presented in order to elucidate the friction 

mechanism between surfactant- and polymer-bearing surfaces. 
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Control of friction is one of the most practical problems in our daily life, which covers almost all 

the areas from basic science to applied engineerings. In this talk we discuss our recent numerical 

and experimental studies on nanotribology at nanoscale carbon and Si interfaces. 

First we have experimentally developed the fullerene molecular bearings [1,2], measured peeling 

process of graphene [3], and performed the molecular mechanics simulations of nanoscale friction 

at the interfaces of the graphene/C60 and graphene/graphene interface [4]. Anisotropy of friction of 

graphite/C60 interface is found, where the maximum and minimum friction appears for the 

commensurate and other scan directions, respectively. It is clarified that the small rotation and 

elastic contact of C60 molecules contribute to the ultralow friction. Similar anisotropy is also found 

during the peeling process at graphene/graphene interface during surface contact. 

Next the nanoscale shear and fracture of the opposing Si tips are studied by molecular dynamics 

simulation. It is clarified that, under the high loading condition of several GPa, nanocontact region 

becomes amorphous [5]. During the shear process, the characteristic transition of the dynamics of 

the amorphous contact region occurs. First amorphous contact region slides at Si/Si interface. As 

the shear proceeds, the amorphous region becomes thinner and longer, and turns into nanowire. 

The nanowire elongates until it breaks. The simulated contact diameter and angle are in good 

agreement with those obtained by MEMS in TEM. Thus the dynamics of the amorphous contact 

region plays a major role in the shear process of opposing Si tips under the high loading condition, 

which can give us clue to understand the mechanism of dynamics of the single real contact area of 

silicon. 
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Vegetable oils and their derivatives are amphiphilic and display a number of properties critical to 

their application in tribological processes. Among such properties are: viscosity, viscosity index, 

oxidation stability, cold flow, boundary friction, etc. The properties of these biobased amphiphiles 

depend on the exact structures of their lipophilic and hydrophilic components. The lipophilic chain 

can vary in the number of carbons (chain length), degree of unsaturation, and presence/absence of 

functional groups on the chain. The hydrophilic head can vary in the type of functional group (e.g., 

ester, hydroxyl, epoxy, carboxylic acid, etc), number of functional groups (e.g., mono-, di-, tri-), 

and location of the functional group. A property (e.g. oxidation stability) of a specific biobased 

amphiphile depends on the exact combination of the structures of its hydrophilic and lipophilic 

components. This presentation explores structure-property correlations aimed at predicting certain 

tribological properties of biobased amphiphiles. 
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Fatty acids are well known for their good friction properties. In literature, different lubrication 

mechanisms were proposed in literature by Well and Southcombe, Hardy and later Bowden and 

Tabor [1]. All models proposed are based on the formation of a closed packed monolayer of fatty 

acid molecules on metal surfaces. Among different types of fatty acids, stearic acid (C18) exhibits 

one of the best friction behaviors [2]. The problem is that alone, the molecule is not soluble in base 

oil at ambient temperature. But mixed with unsaturated fatty acids, like it is the case in vegetable 

oils (ex: soybean), fraction of stearic acid becomes soluble. In this paper, we propose to study the 

friction behavior of mixtures of saturated and unsaturated C18 fatty acids in base oil. 

The main originality of this work is to use a multi-technique approach, coupling experimental tests 

(friction tests and surface analyses) as well as computational chemistry tools (Molecular dynamics 

(MD) and Tight-Binding Quantum Chemistry (TB-QC) simulations) [3]. For friction tests, 

reciprocating friction experiments under cylinder-on-flat configuration were carried out using steel-

steel contact (AISI52100). The tests were run at 0.56 mm/s of sliding speed and under a normal 

load of 50 N. Different temperatures were tested: 50°C, 100°C and 150°C and concerning 

lubricants, several blends were also used: pure PAO4, PAO4+2%W of C18 fatty acids (stearic, 

oleic or linoleic acids) and PAO4 +1%w of stearic acid and 1%w of oleic or linoleic acid. 

Friction tests results show clearly that among the molecules considered here, stearic acid exhibits 

the best tribological behavior, even at 150°C. This is related to the generation of a close-packed 

monolayer on steel surfaces. When stearic acid is blended with unsaturated molecules (oleic or 

linoleic acid), the good tribological behavior characteristic of stearic acid is lost. 

To understand these results, MD simulations have been carried out and show that in fact, 

unsaturated molecules diffuse faster than stearic acid in PAO4. That means the unsaturated 

molecules have access first to the surface prior to stearic acid. Then, they adsorb chemically (TB-

QC calculations) on the iron oxide, and since the interaction is through chemisorption, they do not 

desorb under our testing condition. In addition, the presence of double carbon bonds in unsaturated 

molecules induce steric effect, which inhibits the generation of a well arranged monolayer leading 

to “high” friction behavior. 
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Surface texturing has been used extensively to improve the tribological properties of machine 

elements. Many studies have shown that surface texturing offered good performance from 

boundary lubrication to hydrodynamic lubrication.We have developed a novel nanopatterning 

method for nanostripe fabrication that incorporates a multilayer film and a microscale slope array 

[1]. Furthermore, we have proposed a design concept for nanostripe structures in the tribological 

applications [2].  Here, we combined nanostripe structure and self-assembled monolayer (SAM) in 

order to control the frictional property. We analyzed the effect of molecular modification on the 

frictional property of nanostripe surface. 

The fabrication sequence for the textured surfaces involved three steps. First, microgrooves were 

fabricated on a Si(100) substrate using photolithography. Then, iron (Fe) and gold (Au) multilayer 

film was deposited by physical vapor deposition (PVD). The thickness of each layer was 300 nm. 

Finally, the substrate was polished and different materials appeared on the surface as parallel 

stripes. Nanostripe sanples were immersed in ethanol solutions containing hexadecanethiol (HDT) 

at a concentration of 1mM for 24 h. After removal from the solution, the Au substrates were rinsed 

with pure ethanol to remove the physisorbed multilayer of HDT.Tribological examinations were 

performed using atomic force microscopy (AFM). All AFM observations were performed at room 

temperature using a rectangular shaped silicon cantilever with a spring constant of about 0.28 N/m 

for deflection and about 92 N/m for torsion. . The normal load was varied from approximately 0.5 

to 50 nN. The sliding velocity was 10 μm/s, and the sliding distance was 10 μm. The sliding 

direction was chosen to be a direction perpendicular to the nanostripes. 

At the load less than 10 nN, the frictional properties of nanostripes were analogous with or without 

molecular modification. When the nomal load was greater than 10 nN, the friction force of 

nanostripes with HDT modification was less than that of nanostripes without HDT modification. 

Here, we considered the pull-off force observed by AFM force curve corresponds to an adhesion 

force. The pull-off force of the nanostripes with and without HDT modification was approximately 

-2.34 nN and -7.3 nN, respectively. Therefore, difference of adhesion is thought to have caused the 

frictional properties depending on HDT modification. 

Friction force of Au region was larger than that of Fe region. On the basis of JKR theory, the 

difference in work of adhesion of Fe and Au regions affects the firctional property of nanostripes. 
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Understanding the working mechanisms of lubricants is of great interest for the development of 

novel approaches of reduction of energy waste and wear of materials. In particular, this knowledge 

will guide the design of water-based lubrication strategies, which are necessary for biomedical and 

environmentally-friendly applications. It has been shown that water films oppose a small resistance 

to shear because of its low viscosity. However, water can act as an effective lubricant only if it 

remains between rubbing surfaces; in reality, it is apparent that its load-bearing capabilities are 

rather poor. For this reason, additives are typically added to water to improve its lubrication 

properties; salts, surfactant and polymer are regularly used as friction modifiers. They facilitate the 

sliding of proximate surfaces through a variety of mechanisms including steric or electrostatic 

repulsion and surface hydration, usually as a result of the adsorption of a lubricant boundary 

layer.[1] In this work few examples of lubricant systems of increasing complexity based on self-

assembled surfactant layers will be described. It will be discussed how the morphology of 

surfactant films, which is determined by the molecular structure of the surfactant, has important 

implications on the cohesion and lubricant properties of the boundary layer.[2] It will then be 

described how these properties are modified due to the coadsorption of cosurfactants or 

copolymers.[3] These examples illustrate the complexity of the subject and suggest pathways for 

the smart design of multi-component water-based boundary lubricants. 
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The article presents the results of preliminary exploratory research of the influence of selected 

exploitational preparations added to lubricative oils, in order to improve their lubricative properties, 

on the tribological properties of PTFE and some PTFE composites during the mixed friction with 

steel. These studies have shown that the addition of such exploitational preparations to the 

lubricative oils may affect, depending on the type of polymer material, on the increase or decrease 

of their wear during the friction with steel (Fig. 1a). In order to try to explain this phenomenon, the 

research of microhardness of PTFE in the surface layer of examined composites (Fig. 1b) and 

microscopic observations of the sliding surface after friction process was conducted. These studies 

allowed to formulate a hypothesis concerning the way of the impact of these exploitational 

preparations on the process of wear of PTFE composites and some certain composites during the 

mixed friction with steel. 

 

 
 Figure 1: a) the weight scale test of PTFE composites after the mixed friction with C45 steel under different 

lubrication conditions: PE-1 – oil with the addition of 10 % wag. MOTOR LIFE, PE-2 – oil with the addition 

of 20% wag. MOTONOVA (METABOND),  
b) microhardness of HV0, 025 of PTFE in the surface layer of tested PTFE composites after the friction 

process with a C45 steel in different lubrication conditions; p=4 MPa, v=1.5 m/s 
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The formation of a boundary film by reaction with a gas-phase lubricant or lubricant additive 

formally occurs in several steps that involve the initial adsorption and reaction of the lubricant 

molecule on the surface, followed by shear-induced decomposition and formation of the boundary 

film.   Fully understanding this sequence of reaction steps will enable the structure of the additive 

molecule to be related to the nature of the resulting boundary lubricating film. This reaction 

sequence is explored by examining the surface chemistry of the reactant in ultrahigh vacuum to 

identify the adsorbed species that form from the molecular precursor. The effect of shear is 

investigated by carrying out friction measurements using an ultrahigh vacuum tribometer, by 

analyzing the elemental composition in the wear track region using Auger spectroscopy and by 

detecting gas-phase products evolved during sliding. 

The approach is illustrated using several examples. The first is gas-phase lubrication of copper by 

dialkyl disulfides and trisulfides. They initially react to form thiolate species on the surface and 

shear at the interface causes sulfur and some carbon to penetrate the substrate to form a boundary 

film that reduces friction. The variation in the amount of methane desorbing from the surface per 

pass during sliding allows the shear-induced rate of thiolate reaction to be measured. This enables 

models for the shear-induced decomposition to be tested experimentally. 

In a second example, the tribological chemistry of borate esters on copper is explored using 

isopropoxy tetramethyl dioxaborolane (ITDB), and tetramethyl dioxaborolane (TDB) as gas-phase 

lubricants. TDB decomposes to deposit BOx species on the surface and produces an initial decrease 

in friction coefficient that is not sustained. ITDB, which reacts at room temperature to form a 

surface tetramethyl dioxaborolide species, results in an immediate and sustained decrease in 

friction coefficient when used as a gas-phase lubricant for copper. Thus, the surface chemistry of 

the borate esters can be correlated with their tribological properties and illustrates that replacing a 

hydrogen atom in TDB with a 2-propoxy group in ITDB has a profound influence on both the 

surface and tribological chemistry. 
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Flexible polyurethane (FPU) is one of the most traditional polymers used in numerous purposes. 

Several attempts were proceeded to recycle FPU polymers, but these attempts finalized to produce 

monomers to few applications. Cutting fluids formulations required several additives; one of the 

important additives is emulsifying agent. In our study, FPU was thermally hydrolyzed in presence 

of polyether compounds to obtain hydrophilic intermediates. The products converted into effective 

nonionic and cationic emulsifiers for metal working fluids containing mineral or vegetable oils. 
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Water is not a preferred choice of base lubricant for most engineering tribosystems due to its poor 

capabilities to take up external load. Brush-forming polymers have been found to provide a facile 

means to improve the pressure responsiveness and interfacial friction forces. The mechanisms 

behind the lubricity of sliding polymer brush contacts are closely related to the formation of the 

highly solvated layers to oppose the interpenetration and to assist smooth lateral shear. Among 

brush-forming polymers, polyelectrolytes are known to display superior lubricating properties 

compared to neutral ones, owing to incorporation of a large amount of counterions within brush 

layer, thus increasing osmotic pressure. But, this effect has been observed from irreversibly 

immobilized polyelectrolyte chains on surface to date. Unfortunately, monolayer lubricating films 

are exposed to the risk of irreversible rupture from the underlying substrates from tribostress. In 

contrast, grafting of polymer brushes via non-covalent bonding to the surface, together with excess 

polymers in bulk solution, can ensure that initially adsorbed polymers that are sheared off by 

tribostress can be readily replaced by excess polymers in solution, i.e. ‘self-heal’ tribologically 

stressed areas. In this context, one may conjecture that the combination of the superior lubricity of 

charged polymer brushes over neutral ones and ‘self-healing’ mechanism may offer synergetic 

effect in aqueous lubrication. In order to test this hypothesis, we have synthesized three groups of 

copolymers that are designed to spontaneously adsorb onto nonpolar surfaces, yet displaying 

distinct charged species; (i) diblock copolymers, poly(acrylic acid) (PAA)-b-X and poly(ethylene 

glycol) (PEG)-b-X as a neutral counterpart, where X is either polystyrene (PS) or poly(2-

methoxyethylacrylate) (PMEA) as anchoring block (ii) comb-like, graft copolymers comprised of 

poly(2-hydroxyethyl methacrylate) (PHEMA) backbone  and a randomly copolymerized chain 

of  poly(methacrylic acid) (PMAA) and PMEA as side chains, namely PHEMA-g-(PMEA-co-

PMAA) [3] (iii) triblock copolymers composed of PMEA as a central block and PEG and PMAA 

chains as the two buoyant blocks, namely PEG-b-PMEA-b-PMAA and its fully neutral counterpart 

PEG-b-PMEA-b-PEG. The copolymers with fully charged polymer chains, such as the diblock 

copolymers, did not show superior lubricating properties compared to their PEG-based neutral 

counterparts under the “self-healing” conditions, and it is ascribed primarily to the electrostatic 

repulsion between the neighboring copolymers on the same side. However, “dilution” of charge 

concentration along the grafted polymer chains, as with the comb-like graft copolymers and 

triblock copolymers has shown a great improvement in the aqueous lubricating properties even 

under self-healing condition. Details on the surface adsorption and lubricating effects by three 

groups of copolymers are to be discussed. 
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It is an undisputable fact that surface texture has a profound influence on the functional behavior 

and responses of all engineering systems and products. Typical high-impact examples include: 

biomedical applications (e.g., resistance to bio-film formation), energy production (e.g., algae-

philic/phobic properties, reflectivity of solar-cells), mechanical systems (e.g., friction reduction in 

machinery), etc. Yet, the current scientific basis and technologies are limited in their ability to 

engineer and physically impart precisely controlled surface textures that result in a specific 

engineering performance. In this presentation some of the key R&D issues, with particular 

emphasis on the salient features of micro/meso-scale manufacturing process developments that are 

needed for the realization of surfaces in terms of both topographical and physical properties to meet 

precisely prescribed functional characteristics will be presented. Specifically, capabilities that 

currently do not exist will be targeted. These are characterized by the following attributes: large 

surface areas, high density surface features, “hard materials” (metals, ceramics, composites, etc.), 

and mass-production rates/efficiencies that result in low cost. Examples of micro-cutting, -forming 

and -laser processing will be presented for tribological, biomedical and energy-related applications. 

The talk will raise more questions than offer answers to the underlying problems. 
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It is known that one of the serious environmental problems is how to get rid of used polymers, 

mainly polyethylene terephthalate (PET), which have high thermal and irradiation stabilities. 

Another environmental and health problem is the bi-products of the microbial degradation of 

cutting fluids. The degraded cutting fluid has irritating effect on the workers skin, in addition to the 

bad smells produced. The objective of this study is to solve such problems by recycling (PET) 

polymer in the manufacture of cutting fluids formulations to improve the stability of the cutting 

fluids against bacterial degradation and to increase the economic impact of the cutting fluids. 
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Lubricants additives play an important role to improve wear and friction performance. A model 

surface, using controlled combinations of surface materials, material coverage and domain sizes of 

each material, is effective for understanding the effects of the reactions between surface materials 

and additives upon tribological properties. We have developed a novel nanopattering method for 

nano-stripe fabrication and have examined the tribological properties of nanostripe surfaces [1]. 

We considered that nanostripe surfaces are suitable for a model surface used to examine the effects 

of additives on the surface materials because the surface materials, nanostripe size and coverage of 

each material can be controlled for the nanostripe surfaces. In this study, we fabricated nanostripe 

surfaces consisting of two kinds of materials and examined the effects of the lubricant additives on 

the tribological properties. 

Details of the fabrication method have been described elsewhere [1]. We fabricated the Au-Cr 

nanostripe structure by deposition of a Au-Cr multilayer film on a microscale slope allay and 

mechanical polishing. The frictional properties of the samples were examined using a home-made 

pin-on-plate tribometer with a load of 9.8-98 mN and average sliding speed of 1.0 mm/sec. The pin 

was made of borosilicate glass (Pyrex). Poly-á-olefin (PAO) and PAO contained 0.3 wt% acid 

phosphate ester (APE) were used as lubricants.The effects of the additive on the surface chemical 

states were examined using X-ray photoelectron spectroscopy (XPS). 

The results of friction tests of Au-Cr nanostriope surface showed that the friction coefficients using 

PAO were 0.25 to 0.30 and those using PAO+APE were almost 0.1, indicating that APE lowered 

the friction coefficients [2]. To examine the surface chemical states after friction tests, XPS 

analysis of the nanostripe surfaces were carried out. The XPS spectra of the nanostripe surfaces in 

the C(1s) region. Several peaks were observed for the Au-Cr nanostripe surfaces after sliding using 

PAO. One strong peak was assigned to aliphatic chains and other shoulder peaks were assigned to 

carbon bound to oxygen. When APE was added, the shape of shoulder peaks changed and parts of 

shoulder peak could be assigned to C-O-P, indicating that compounds containing phosphorus 

formed during friction tests and the phosphorus compounds acted as lubricants film and lower 

friction coefficients and wear. 

In summary, the tribological properties of nanostripe surfaces consisting Au-Cr multilayer were 

investigated to examine the effect of the lubricant additives. The results of friction tests showed 

that APE lower friction coefficients, indicating that the phosphorus compounds on surface acted as 

lubricants film and lower friction coefficients and wear. 

 

 

 

 

 

 

 

 

 

 

[1]  Ando, Y., et al., Nanotechnology 2010, 21, 095304-1-095304-5. 

[2]  Nakano, M., et al., Tribology Online 2014, to be published. 
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The environmental conditions in which the sliding elements collaborate considerably determine the 

tribological properties of the mating pair, particularly in the case of plastic elements. The literature 

does not offer too much information on the role of low temperature in the tribological processes 

occuring in the natural climate, ie. The experiment was carried out for metal-polymer sliding pairs. 

In the research, bearing steel ŁH15 with other polymer materials, such as PA6, PEI, PET, PTFE 

and PEEK were used. The research was conducted on T-25 tribological tester produced by IteE in 

Radom, Poland. The tester enables the ´pin-on-disc´ testing within a demanded temperature range, 

which in the case of this experiment was T = (-50 ÷ 0) °C. Parameters for the research were: unit 

pressure p = 1MPa and sliding velocity v = 1m/s. 

The surface examination was carried out of the atomic force microscopy (AFM). In these tests, the 

module Phase Imaging Mode was used. ‘Phase imaging’ in AFM refers to recording the phase shift 

signal in intermittent-contact AFM. The phase shift can be thought of as a “delay” in the oscillation 

of the cantilever as is moves up and down in and out of contact with the sample. The polymer film, 

i.e. a thin layer of polymer forms on the surface of the co-operating metal element. It reduces the 

roughness of the steel surface influencing thus, among others, the friction and wear processes. The 

studies show transfer of polymeric material on the surface of the steel in the setting temperature 

range. Dependence of the polymer film and roughness of the steel surface was observed. 

 

 
Figure 1: Selected photographs from the atomic force microscopy AFM, after the tribological tests for sliding 

pair Steel – PEI: a) wave mode image, b) phase mode image. 
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Molecular origin of lubrication can be investigated by recording real time friction and molecular 

structural changes in the lubricant. Here, we have developed an in situ technique by combining the 

features of a sliding wear tester and attenuated total reflection infrared spectroscopy (ATR-IR). 

Sliding wear tester with a linear reciprocating cylindrical disc exerts normal and shear forces on to 

the lubricant coated ATR crystal. ATR –IR acquires the vibration response of lubricant molecular 

structure in the wavenumber 400 to 4000 cm-1. Friction due to normal force and velocity can induce 

permanent and/or temporary changes to the lubricant molecular structure. Changes in the molecular 

structure, like creating or breaking of bonds during and after friction can be recognized by ATR-IR. 

By combining the friction and vibration response of the lubricants we have developed a model to 

diagnose the stability of lubrication behavior. As an example, we have applied this integrated 

technique to study the stability of glycerol and okra mucilage based lubricating system. The results 

indicate a direct relationship between stability of molecular structure to its friction response. 
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Drilling fluids for petroleum well construction are a complex mixture of base component (water or 

oil) and different additives including: a weighting material, commonly barite (Ba2SO4) or hematite 

(Fe2O3) to increase fluid density, polymers to control rheological properties, salts for shale swelling 

inhibition and surfactants for friction reduction, among others. For many years, barite has been 

used as the primary weighting material for drilling fluids. Unfortunately, world reserve of barite is 

decreasing in quality and quantity, whereas international demand for fluid densifier is increasing 

from year to year, due to increased drilling activity worldwide. Owing to this consideration, 

PDVSA, Venezuelan national oil company, has initiated a project to develop alternate weighting 

materials, including replacement of barite by hematite produced in Venezuela. Hematite has shown 

some advantages over barite: a higher specific gravity, solubility in acid media and lower attrition 

rate. However, the principal obstacle that has limited the use of hematite as weighting material in 

drilling fluid systems has been its erosive and abrasive wear effect on components of the fluid 

circulation system. The higher wear rate produced by hematite particles is consequence of their 

morphology (size, hardness) and angularity (shape-edge) relative to barite. In this work, the 

adsorption phenomenon of mixed surfactant systems on hematite was investigated and how this 

affects the wear behavior of particles on water-based drilling fluids. Three surfactant mixtures (A, 

B and C) were employed containing: 20% w/w ethoxylated (4, 7 or 9 EO) phosphate ester and 80% 

w/w ethoxylated (4, 7 or 9 EO) alcohol. The results showed that the surfactant systems studied 

adsorb on hematite particles, the extend of the adsorption strongly depended on the surfactant 

structure. Surfactant mixtures at concentration of 1% w/v in water, pH 10 and at three different 

temperatures (25, 49 and 80°C) were evaluated as friction and wear reducing additives in water. All 

solutions investigated exhibited an excellent performance of friction reduction of up to 60%, 

relative to water. Surfactants addition into the reference slurry (hematite, bentonite and water) at 

concentration of 1% w/v and pH 10 helped to reduce wear caused by particles. At 80°C, the best 

performance was achieved by surfactant C corresponding to wear reduction of about 51%, relative 

to hematite reference slurry; or 23%, relative to barite reference slurry. Similar results were 

observed for the other two temperatures evaluated. The research suggest that surfactant adsorption 

onto hematite particles could be related to wear reduction. It is believed that surfactant adsorbed 

not only on the metal surfaces but also on the hematite particles generates a highly packed and 

densely ordered film, minimizing the impact of hematite particles due to the electrostatic repulsion 

between the negative charged surfaces, thus, leading to a lower mass loss. 
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For testing biodegradability there are many different test methods but there are only two different 

main principles: primary degradation or mineralization. 

The mineralization methods are often called “complete degradation” because the molecules of the 

sample could be broken down to the final product carbon dioxide which is an indicator for how 

much of the test substance is already degraded. But this doesn’t mean that all molecules of the 

sample are broken down to carbon dioxide, because a biodegradation rate of 60% is enough to be 

considered as biodegradable. In case of a sample which contains only one kind of molecules (pure 

substance), this interpretation may be right. But in case of a mixture an interpretation of a positive 

test result (>60%) is impossible, as there could be components which are not at all biodegradable. 

In this case the term “complete degradation” is a misleading description. 

Methods for primary degradation are easier and much more precise. This shows the OECD round 

robin test of 1988. In this kind of test method the molecules of the sample are also broken down to 

the final product carbon dioxide but the indicator of the degradation rate is the concentration of the 

remaining sample molecules and their dissolved degradation products. A substance is considered as 

biodegradable if the biodegradation rate is higher than 80%. 

The reliability of biodegradation tests 

Most of the today’s biodegradation test method descriptions do not even have any data about their 

reproducibility. The only data about reproducibility can be found in the test method descriptions of 

CEC-L-103-12, DIN EN ISO 14593 and ASTM D 5864. Data about reproducibility of the OECD 

301 tests can be found in the publication of the round robin test of 1988. 

Compared to the usual lubrication lab test methods, the reproducibility of the biodegradation test 

methods are very poor with exception of OECD 301 A and CEC-L-103-12. It is notable that these 

two methods aren’t respirometric methods. In OECD 301 A and CEC-L-103-12 the decrease of test 

sample and its non volatile intermediates are measured. 

It seems that the precision of the respirometric test methods is much poorer. Lubricants are 

mixtures of poor water soluble substances. Unfortunately it is not possible to use OECD 301 A for 

testing poor water soluble substances. 

Up to now the test method CEC-L-103-12 is the only test method for testing biodegradability of 

lubricants which has a similar reproducibility R like usual test methods of a lubricant laboratory. 
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A considerable amount of lubricating oils and greases are contaminating our environment, such as 

chain-saw oil, discharged motor oil, hydraulic leaks from agricultural and construction machinery, 

railroad greases and greases for agricultural machinery. Used lubricant is often more harmful than 

the fresh lubricant. Over the last few years, price of petroleum crude oils and pressure on lubricant 

producers and consumers has caused them to seek a solution involving less environmentally 

harmful lubricants. In order to aid environmental protection, biodegradable lubricants have been 

developed based on vegetable oils and synthetic esters. Vegetable oil based lubricants are 

recommended for use in environmentally sensitive areas such as forestry, water treatment, water 

management, railroads, agriculture hydraulic systems and military applications. Although vegetable 

oils are known to have some technical shortcomings as lubricants, governmental support, emerging 

technology and ongoing uncertainty in petroleum crude oil supply are all contributing to the 

development of new bio-based lubricants. Another significant driver for the industrial use of 

vegetable oils is “green chemistry” initiatives by the U.S. government which promote the 

development of new biobased products and processes. Synthetic ester-based lubricants are more 

expensive than vegetable oils. Vegetable oil-based lubricants have excellent lubricity, 

biodegradability, better viscosity-temperature characteristics and low evaporation loss, but poor 

thermo-oxidative stability and cold flow behavior. This paper presents use of additives in 

combination with genetically modified oils and chemically modified oils to improve the oxidation 

and cold flow behavior of vegetable oils. The oxidation behavior was studied using pressure 

differential scanning calorimetry (PDSC) and Rotary Bomb Oxidation Test (RBOT), while the low 

temperature property was studied using pour-point measurements. We found that the combination 

of high-oleic vegetable oils and chemical additives offer the best option for achieving the ultimate 

goal. Lubricants thus formulated exhibit superior oxidative stability, and improved low temperature 

properties compared to some of the commercially available bio-based industrial oils, and are at par 

with petroleum-based lubricants. 
 

  



SURFACTANTS IN TRIBOLOGY 

545 

[IT16] 

 

Changes on the dental biomaterials surface caused by friction process  
 

Anna Dobrowolska1, Tomasz Dabrowa2, Wojciech Wieleba1  

 
1Prosthodontics Chair, Faculty of Dentistry, Wroclaw Medical University, 

PL- 50367 Wroclaw, Poland 
2Fundamentals of Machine Design and Tribology Chair, Faculty of Mechanical Engineering, 

Wroclaw University of Technology, PL-50371 Wroclaw, Poland 
*anna.magdalena.dobrowolska@pwr.wroc.pl 

 

 

Problem of the partial or complete dentition loss touches great number of people, especially the 

elderly ones. According to WHO data (1), only in Europe, in respect to the country, the size of 

edentulousness prevalence among people over 65 years of age ranges from 14 up to 78%. 

Application of dental prosthesis, in such cases is necessary. Rapid development of medical and 

engineering sciences, as well as their cooperation, allow to find new solutions and materials, what 

in effect give an increase of utilization convenience and lifetime of artificial dentures. One of 

commonly used dentures type is double crown system (also called telescopic), which working 

principle is based on the friction connection between two parts, the internal (patrix) and external 

(matrix) crowns. The main goal of this work is to improve functioning and operation time of 

the  telescopic dentures by establishing the most appropriate working conditions (from the 

tribological point of view) for each material pair. In order to this both static and kinetic friction 

tests (10 thousand of cycles in reciprocating movement under different unit pressure) and the 

microscopic observations of crowns surface were made. 

 

 

Figure 1: Picture of sample  FGP (chemo-hardenable composite) surface which was rubbed with gold alloy 

Degulor M. Red points indicate gold particles distributed among the composite FGP surface (SEM Phenom 

ProX, Phenom-World BV,Netherlands). 

 

 

 

 

 

[1]  Petersen, P. E., The World Oral Health Report 2003: continuous improvement of oral health 

in the 21st century — the approach of the WHO Global Oral Health Programme, Denmark, 

2003. 
[2]  Petersen, P. E.; Bourgeois, D.; Ogawa, H.; Estupinan-Day, S.; Ndiaye, C., Bulletin of the 

World Health Organization 2005, 83, 661-669. 
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Mucus gels are viscous slimes that are found from the surfaces of various internal organs, such as 

cervical, gastrointestinal, oculi, and reproductive tracts. A primary role of mucus gels in biological 

systems is known to be the protection against pathogen and mechanical insult as well as the 

lubrication of biological contacts. Mucins, the major macromolecular constituent of the mucus gels, 

not only serve as a building block of mucus gels, but also display unique slipperiness at the 

interface between engineering materials by forming a lubricating film at concentrations. In this 

study, aqueous lubricating properties of bovine submaxillary mucin (BSM) and porcine gastric 

mucin (PGM) films at a self-mated elastomeric contact are investigated with a focus on the changes 

in the lubrication properties when they are exposed to globular proteins, such as albumin, or 

mucoadhesive polymers, such as chitosan. The lubricating properties of the mucins were 

investigated over a wide range of contact scale by employing atomic force microscopy (AFM), pin-

on-disk tribometry, and mini-traction machine (MTM). In parallel, the structural/conformational 

features of the mucins were studied with circular dichroism (CD) spectroscopy and dynamic light 

scattering (DLS), and surface adsorption properties were investigated with optical waveguide 

lightmode spectroscopy (OWLS). The study started from the purification of the mucins as received 

from a manufacturer (“ar-BSM” and “ar-PGM”) by means of anion exchange chromatography. 

BSM showed a slightly, yet clearly improved lubricating functionalities by removing impurities. A 

major “impurity” from ar-BSM was found to be bovine serum albumin (BSA). Purified BSM, 

namely “ae-BSM”, provided an opportunity to investigate the interaction of BSM and BSA. Even if 

a similar amount of BSA in ar-BSM (ca. 9%) is added to ae-BSM, the structural and tribological 

features of BSM-BSA were substantially different from those of ar-BSM when they are freshly 

mixed. However, a prolonged interaction between BSM and BSA led to different results. In 

contrast to BSM, PGM showed a complex pH and concentration dependence in the surface 

adsorption and lubricating properties. Interestingly, when PGM and chitosan were mixed at pH 3, 

at which neither of them showed noticeable lubricating effect at 0.1 mg/mL, a significant 

synergetic improvement in the lubricating properties were observed. This is ascribed to the 

compensation of opposite charges of PGM (negative) and chitosan (positive) at pH 3, and 

consequent improvement in the adsorption onto the contacting surfaces, which were verified by 

zeta potential measurements and optical waveguide lightmode spectroscopy (OWLS), respectively. 

Further details on the influence of the interaction of the mucins with globular proteins or 

mucoadhesive polymers are to be discussed. 
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In metal stabilization implants systems very often occur a friction between tighten elements of 

instalation, e.g. between screw and the rods, etc. The reciprocating friction, high contact pressure 

and aggressive environment [1] cause the tribocorrosion on contact surface. The main aim of 

investigation was to recognize the effects of tribocorrosion on contact surface. 
The research concerns on two different biomaterials: stainless steel AISI 316L and titanium alloy 

Ti6Al4V and also on the lubrication fluids: ringer’s solution[2] and acidic sodium lactate. 
The friction samples were 5 mm diameter pins, of equal materials. The friction distance in each 

period had l=2 mm. The frequency of friction cycles was f=10 Hrz and the contact pressure was set 

on p=1 MPa. Each measurement takes 5 hour (18 000 cycles of friction). The solution was 

thermostated (37°C) and pumped by a peristaltic pump to friction node. 
After the friction process the contact surface has been analyzed, by measurement of roughness, 

toughness, SEM observation and EDS analyze. 
The acid sodium lactate proved to be more aggressive environment than ringer’s solution, and with 

the friction operations intense the corrosion process. For this solution also the wear of the metal 

samples was much higher. The effects of tribocorrosion were changes of roughness and hardness 

on contact surface. In the case of ringer’s solution appears the tough oxidation layer on metal 

surface, especially on 316L steel (Fig. 1a). The oxidation layer reduce the typically abrasive 

mechanisms and decrease the wear of the material. The SEM analysis revealed amount of oxidation 

participles on samples surface. For titanium alloy also appears scratches and foldings on the contact 

surface(Fig. 1b). 

 
Figure 1: Examples of SEM pictures of investigated material a). 316L staleness steel (ringer’s solution),  

b).Ti6Al4V titanium alloy (ringer’s solution). 

 

 

[1]  Donaldson, J. R.; Miles, J.; Sri-Ram K, et al., Hip International 2010, 20, 242-7. 
[2]  de Lange, E.; De Boer, A.G.; Breimer, D. D., Advanced drug delivery reviews 2000, 45, 125-

148. 
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Treatment of idiopathic scoliosis with high magnitude of curvature angle is based on the 

application of a spinal instrumentation (such like wires, hooks, screws and cables) during surgical 

operation. All components are made with metallic biomaterials. The experiment consists in testing 

the static friction coefficient of biomaterials that origins from three groups: austenitic steel 316L, 

CoCrMo alloy Vitalium and titanium alloy Ti6Al4V under different unit pressure values. During 

operation all elements are fixed together but when patient recovers and start his normal life small 

movements in the spinal instrumentation set can be observed (as a result of vibrations caused for 

example by walking). This is the moment when static friction can be observed. For the sake of high 

probability of corrosion appearance, it is extremely important to use instrumentation made with 

exactly the same materials (it even has to come from the same batch), that is why the materials 

chosen for the rubbing pairs was the same. In order to approximate conditions inside the human 

body friction pairs were submerged in two fluids: Ringers solution and the acid sodium lactate. 

After the tribological tests, microscopic observations of the rubbing surfaces were made and 

compared. 

 

 
Figure1: Pictures of biomaterials samples surfaces after the friction process. Successively from the right: 

steel 316L, Vitalium and titanium alloy Ti6Al4V (SEM Phenom ProX, Phenom-World BV, Netherlands). 

 

 

 

 

 

 

 
[1]  Mohaideen, A.; Nagarkatti, D.; Banta, J. V.; Foley, C. L., Pediatr Radiol 2000, 30, 110-118. 

[3]  Donaldson, J. R.; Miles, J.; Sri-Ram K, et al., Hip International 2010, 20, 242-7. 
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Drilling fluid used in the oil industry, are complex mixture of base component and different 

additives. Each additive provides a required property which helps to control the performance of the 

fluid and permit an efficient drilling operation.The lubricity function of drilling fluid is extremely 

important, due to the existence of frictional forces during all stages of well construction (drilling, 

completion and maintenance) and sources of frictional forces include pipe resistance to rotation and 

to raising and lowering movement inside the well in contact with either the wellbore (metal-to-

rock) or the casing (metal-to-metal). As for the lubricity improvement of the fluid, this can be 

achieved using lubricant additives, generally available as film producing liquids, solid beads, 

powders or fibers. In order to establish structures of surfactants that can be employed to control 

friction and wear in drilling fluids, in this work the effect of adsorption of surfactant mixtures with 

different degrees of ethoxylation on the tribological properties of bilayers (tribofilm) formed on 

steel surfaces under boundary lubricated conditions was evaluated. Three surfactant mixtures were 

employed containing: 20% w/w ethoxylated (4, 7 or 9 EO)lauryl phosphate ester and 80% w/w 

ethoxylated (4, 7 or 9 EO) lauryl alcohol. The stability of the tribofilm formed on steel surfaces and 

the wear behavior of surfactant mixtures in aqueous solutions at concentration of 1% w/v, pH 4, 7 

and 10 and at three different temperatures (25, 49 and 80°C) were evaluated through dynamic 

friction tests applying constant velocity, and strain oscillation. The wear behavior was determined 

by analyzing the wear scar using an optical surface profilometry technique. At all experimental 

conditions of pH and temperatures the surfactant mixtures 4EO displayed the best performance 

with respect to reduce friction and the stability of the tribofilm formed. The surfactant mixtures 

4EO to all experimental conditions studied achieved to reduce the friction of about 67%, relative to 

reference system (water) and close to 25% relative to the surfactant mixtures 7EO and 9EO 

respectively. 
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Nanostructural physical techniques such as lipid deposition by coadsorption of lipid-detergent 

micelles or by vesicle fusion method and atomic force microscopy are used to reproduce and 

characterize the nano-mechanical resistance of supported phospholipid bilayers forming biological 

rubbing surfaces. 

Thus, the aim of the present work is to study in more details DOPC (Dioleoyl phosphatidylcholine) 

fluid bilayers prepared by the micelle and vesicle method and to investigate the influence of the 

lubricant composition on their tribological properties in order to better understand the molecular 

mechanisms responsible for lubrication by phospholipid bilayers. 

We observed a clear correlation between membrane resistance (probed by force spectroscopy with 

an atomic force microscope) and the tribological properties of lipid bilayers (using our homemade 

biotribometer). The latter allows simultaneously the measurement of the friction coefficient and the 

visualization of surface degradation by fluorescence microscopy. 

In ultrapure water (pH 5.5), bilayers are not resistant and spontaneously adsorb to the other 

contacting surface. In both buffered (TRIS, pH 7.2) and buffered saline solution (NaCl 150mM, 

TRIS, pH 7.2) phospholipids’ bilayers are more resistant and present better lubricant properties. 

This study therefore shows that good mechanical stability of the bilayers is essential to obtain low 

friction and suggests that the low friction coefficient is ensured by hydration layers between 

adjacent lipid bilayers. It also suggests an important role of the ions and the buffered medium in 

maintaining stable bilayers. 

 
 

 
 

Figure A: AFM: Force spectroscopy nanoindentation experiments to measure the resistance of lipid bilayer to 

normal stress. B- Tribological test to measure the friction coefficient. C- Fluorescence microscopy: to 

measure lipid degradation during shear 
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The basic functions of cutting fluids are cooling and lubrication of cutting tools. The types of 

cutting fluids are oils, emulsions and microemulsions. Apart from a number of advantages they also 

have disadvantages which are difficult or even impossible to eliminate. They pose a hazard for 

human health and the natural environment during their application and disposal. Additionally, oils 

exhibit low efficiency in carrying off heat from the friction area. 

The disadvantages can be avoided by proper selection of aqueous solutions of chemical substances 

which can be treated as a new generation of cutting fluids. They are a good alternative for oils and 

emulsions. Surfactants are components of the proposed cutting fluids, apart from water, foam 

inhibitors, biocides and corrosion inhibitors. The subject of the study was the effect of the type and 

concentration of surfactants on physicochemical (stability, surface tension, wettability, viscosity 

and foamability) and tribological properties (resistance to motion, wear, antiseizure ability). After 

carrying out an extensive research program, it was possible to choose stable solutions which do not 

cause metal corrosion and do not foam. Their viscosity was comparable with that of water. Thus, 

no disturbances should be observed during flow. 

Tribological tests were performed on a four-ball tester (TO-2 Tester). At the load of 2 kN the 

coefficient of friction and mean wear scar diameter of the ball were two to three times lower in 

relation to water. The fluids proposed had excellent antiseizure properties. They did not undergo 

seizure at maximum loads (7.2 kN). The data indicate that no scuffing or material damage should 

not occur during machining. Also, the values of limiting pressure of seizure are high, even ten 

times higher than those for water. This characteristic determines high load carrying ability of the 

system. 

Based on this investigation, it can be stated that the proposed aqueous solutions meet the basic 

criteria for their application as cutting fluids. 
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There are many industrial applications which use organic additives to manipulate the surface 

properties of a material, from lubricant or anti-corrosion additives, through to hydrophobic 

coatings. Many of these scenarios work under dynamic conditions with a flowing liquid, yet much 

of the research is carried out under static conditions. In this work we demonstrate how changes in 

the interfacial behaviour of the surfactant sodium bis(2-ethylhexyl) sulfosuccinate (AOT) on 

alumina under applied shear can be probed via neutron reflectometry. 

Adsorbed bilayers of the AOT are clearly identified in the reflection experiment, but show no sign 

of any structural changes under the steady or oscillatory shear applied in this work. This behaviour 

contrasts with a higher concentration multilamellar adsorbed phase of AOT which shows 

pronounced changes in structure with increasing steady and oscillatory shear. 
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