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Cyclodextrins (CDs) are cyclic oligosaccharides formed by six (α), seven (β), or eight (γ) 1,4-linked α-D-
glucopyranoside units. They are probably the first family of molecules that spring to mind when one looks 
to encapsulate small hydrophobic species [1]. CDs meet a number of characteristics that are not easy to 
bring together in a family of compounds, namely low toxicity, biocompatibility, chemical stability, and ease 
of synthesis and purification [2,3] Additionally, CDs are good targets for chemical modifications, which can 
enhance further their various attributes [4]. Nevertheless, the fundamental behavior of CDs in aqueous 
solutions and at interfaces is not yet fully understood. 
 
In the present work [5], the spontaneous aggregation of α-CD molecules in aqueous solution and the 
interactions of the resulting aggregates at the liquid/air interface have been studied at 283 K and 298 K 
using a battery of experimental techniques: transmission electron microscopy, dynamic light scattering, 
isothermal titration calorimetry, surface tensiometry, Brewster angle microscopy, neutron reflectometry 
and ellipsometry. We show that molecules spontaneously form aggregates in the bulk that grow in size 
with time. These aggregates adsorb to form films at the water/air interface with their size in the bulk 
determining the adsorption rate. The material that reaches the interface coalesces laterally to form two-
dimensional organized domains on the micrometer scale with a layer thickness on the nanometer scale. 
These processes are affected by the ages of the bulk and the interface and the temperature. The resulting 
film morphology is locked in a kinetically-trapped state. Our results reveal a surprising complexity of the 
parallel physical processes taking place in what might have seemed at first like a rather simple system. 
 

    
Figure. (left) Dynamic light scattering data for fresh and aged α-CD solutions both at 283 and 298 K; (Right) 
Ellipsometry data showing the adsorption of aggregates under the same experimental conditions – in this case the 
lateral inhomogeneities results from patches of α-CD moving in and out of the laser beam by Brownian motion. 
 

[1] M. Messner, S. V. Kurkov, M. E. Brewster, P. Jansook & T. Loftsson, Int. J. Pharm. 2011, 407, 174. 
[2] K. Connors, Chem. Rev. 1997, 97, 1325. 
[3] J. Szejtli, Chem. Rev. 1998, 98, 1743. 
[4] R. Challa, A. Ahuja, J. Ali & R. K. Khar, AAPS PharmSciTech 2005, 6, E329–E357. 
[5] J. Hernandez-Pascacio, Á. Piñeiro, J. M. Ruso et al., Langmuir 2016, under review. 
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Ultrathin�gold�nanowires�(AuNWs)�with�diameters�below�2�nm�and�aspect�ratios�above�1000�combine�great�
mechanical� flexibility� with� good� colloidal� stability.� Their� conductive� gold� core�makes� them� suitable� as�
building� block� for� transparent� electrode� materials� in� display� and� solar� technology,� where� the� major�
challenge� is� their� controlled� assembly� [1,2].� SelfͲassembly� is� an� elegant� route� towards� functional� 3D�
architectures�[3]�that�could,�for�instance,�serve�as�key�components�in�miniaturized�circuits�[4].�To�engineer�
such�selfͲorganized�superstructures,�a�substantiated�understanding�of�nanoparticle� interactions� is�crucial.�
To�date,�however,�the�interactions�of�AuNW�have�not�been�examined�thoroughly.�
We� synthesized�AuNW�using�oleylamine� (OAm)�as� capping� ligand� in�a� simple,�wetͲchemical� synthesis�at�
room�temperature�[5]�and�investigated�their�assembly�behavior�as�a�function�of�ligandͲsolvent�interactions.�
We� found� that� the� choice� of� solvent� already� affects� their� anisotropic� growth� during� synthesis.� Good�
qualities�of�wires�were�obtained�when�synthesizing�them�in�nͲalkanes�(Figure�1a).��
We� studied� AuNW� that� were� synthesized� in� nͲhexane� and� analyzed� the� influence� of� excess� ligand�
concentration�and�solvent� type�on� the�wires’�assembly� in�dispersion.� �Small�angle�XͲray�scattering� (SAXS,�
Figure� 1b)� indicates� the� bundling� of� AuNWs� in� nͲhexane�with� a� Bragg� peak� that� originates� from� their�
hexagonal� arrangement.� In� contrast,� cyclohexane� (Figure� 1c)� prevents� the� formation� of� ordered�
superstructures,�and�no�Bragg�peak�emerges.�The� lattice�parameter�of� the�bundles�can�be�modulated�by�
varying�the�excess�ligand�concentration.��
We�introduce�a�model�that�considers�weak�intermolecular�interactions�and�entropy�to�describe�the�wires’�
assembly.� LigandͲligand,� ligandͲsolvent� and� solventͲsolvent� interactions� are� the�main�driving� forces.�The�
hydrophobic� parts� of� OAm� layers� can� interlock� like� the� teeth� of� a� zipper� while� they� undergo� London�
dispersion�forces� (Figure�1d).�This�superstructure� is�stable� in�dispersion� if�solventͲsolvent� interactions�are�
stronger� than� ligandͲsolvent� interactions� or� if� the� solvent� can� intercalate� into� OAm� the� double� layer�
without� disturbing� its� order.� Other� solvents� keep� the� AuNW� randomly� dispersed.� We� believe� that�
understanding� the� wires’� assembly� behavior� can� lead� to� protocols� for� the� bottomͲup� assembly� of�
hierarchical�superstructures,�for�example�in�electronic�circuits.�

�

�

[1] S.�Ye,�A.�R.�Rathmell,�et�al.,�Adv.�Mater.,�2014,�26,�6670.��
[2] J.H.M.�Maurer,�L.�GonzalezͲGarcia,�et�al.,�Nano�Lett.,�DOI:�10.1021/acs.nanolett.5b04319.�
[3] L.�Cademartiri�and�K.�J.�M.�Bishop,�Nat.�Mater.,�2015,�14,�2.��
[4] M.�C.�P.�Wang�and�B.�D.�Gates,�Mater.�Today,�2009,�12,�34.�
[5] H.�Feng,�Y.�Yang,�et�al.,�Chem.�Comm.,�2009,�15,�1984.�

Figure�1�(a)�TEM�image�of�AuNWs;�(b,c)�SAXS�patterns�of�AuNWs�dispersed�in�(b)�nͲhexane�
(c)�cyclohexane;�(d)�schematic�depiction�of�solventͲdriven�AuNW�assembly.�
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In the last years, the mechanism of formation of a coating layer (nanocapsule) around 
a target species is capturing large fundamental and technological interest; to quote 
few applications, encapsulation is essential in the pharmaceutical field, where it plays 
an important role in drug delivery in the human body [1], or as a means to protect 
proteins, peptides and DNA from contact with the external environment [2]; in food 
industry, encapsulation may be used to preserve the quality of nutraceuticals [3]. One 
of the way to design encapsulating structures relies on their spontaneous appearance 
through self-assembly. In this context, the self-assembling properties of amphiphilic 
molecules, lipids, colloids and protein-like copolymers are very promising [4]. 
Here we present a Monte Carlo simulation study of the coating process of colloidal 
dimers onto spherical nanoparticles. To this end we investigate a simplified mixture of 
hard spheres (the guest particles) and hard dimers formed by two tangent spheres of 
different  size  (the  encapsulating  agents);  in  our  scheme,  the  implicit  role  of  the 
solvent is to provide an effective attraction between the smaller particle of a dimer 
and a guest sphere, whose range depends on their relative size. By tuning the size 
and concentration of  guests,  under overall  dilute conditions a rich phase behavior 
emerges: for small sizes and/or low concentrations, the preferred arrangement is to 
form  compact  aggregates  (capsules)  of  variable  sizes,  where  one  or  few  guest 
particles are coated with dimers; for larger sizes and moderate guest concentrations, 
other scenarios are realized, including equilibrium separation between a guest-rich 
and a guest-poor phase. Our results serve as a framework for a more systematic 
investigation  of  self-assembled  structures  of  functionalized  dimers  capable  of 
encapsulating target particles, like for instance noble proteins in a colloidal dispersion.

Figure Typical self-assembled capsules resulting from simulation upon increasing the guest 
size.  

            [1] L. Zhang et al., ACS Nano, 2008, 2, 1696.

            [2] S. D. Perrault and W. M.  Shih, ACS Nano, 2014, 8, 5132.    
            [3] M. A. Augustin and Y. Hemar,Chem. Soc. Rev., 2008, 38, 902.  
            [4] R. Malik, J. Genzer  and C. K. Hall, Langmuir, 2015, 31, 3518.
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Recently, scientific as well as technological interest in the synthesis of novel peptide-based hydrogel 
materials have grown dramatically. Applications of such materials mostly concern the biomedical field with 
examples covering diverse sectors such as drug delivery, tissue engineering and production of scaffolds for 
cell growth, thanks to their biocompatibility and biodegradability [1]. 
In this framework, we have explored the phase diagram of molecular gels produced from a solution of the 
aromatic polypeptide derivative fluorenyl-methoxycarbonyl(poly)phenylalanine (Fmoc-polyPhe) [2]. Our 
experiments indicate the importance of phenylalanine in the gel formation, suggesting that different 
combinations of Fmoc-polyPhe promote the formation of gels with different strength and fluidity. 
Furthermore, we have characterized the kinetic of gelation demostrating its reversibility. By combining 
Dynamic Light Scattering and Fourier Transform Infrared Spectroscopy techniques we have revealed that 
the gel structural details strongly depends on temperature suggesting a specific mechanisms of formation. 
The complex self-assembled networks formed by nanofibers has been investigated by Atomic Force 
Microscopy investigation on hydrogels deposited on mica, and the structural details of the nanofibers have 
been determined. 
These information can be used for a rational optimization of the design and of the applications of novel 
hydrogels. 
 
 

  
Figure 1.Fourier Transform Infrared Spectroscopy  and Atomic Force Microscopy investigation on hydrogel to different 
temperature 

 
[1] H. J. Chung, T. G. Park 2009. Self-assembled and nanostructured hydrogels for drug delivery and tissue 

engineering. Nano Today 4: 429-437. 
[2] N.A. Dudukovic and C. F. Zukoski 2014. Mechanical Properties of Self-Assembled Fmoc-Diphenylalanine 

Molecular Gels. Langmuir 30: 4493−4500. 
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!
Thanks!to!the!pioneering!work!of!N.!Seeman![1],!DNA!plays!nowadays!a!key!role!in!the!development!of!new!
materials,!based!on!its!capability!to!self<assemble!by!design!into!supramolecular!nanometric!aggregates![2],!
which!act!as!versatile!building!blocks.!Here!we!present!the!successful!design!and!experimental!realization!
of!an!innovative!material,!a!one<pot!DNA!hydrogel!able!to!melt!both!on!heating!and!on!cooling,!completely!
based!on!competitive! interactions!encoded! in!smartly!disegned!DNA!sequences.!Specifically,!we!exploit!a!
mixture!of!tetravalent!DNA!nanostars!(A!particles)! [3]!and!monovalent!single<stranded!DNA!sequences!(B!
particles),!acting!as!competitors,!to!recreate!in!the!laboratory!the!theoretical!model!proposed!in!Ref.![4].!In!
this!model,!the!relative!strength!of!the!AA!and!AB!interactions!determines!the!low!temperature!structure!
of!the!system:!either!a!fluid!of!diffusive!AB4!clusters!(in!which!four!B!particles!saturate!all!the!bonding!sites!
of!particle!A)!or!a!spanning!tetravalent!network!of!AA!bonds,!i.e.!a!highly!viscous!gel.!Interestingly,!such!a!
system!exhibits!a!Safran’s! like!re<entrant!phase!behaviour![4],!resulting!from!the!competition!of!different!
bonding!patterns!(which!creates!on!cooling!a!cross<over!from!fluid!to!gel!to!fluid!again).!We!thus!provide!an!
example! of! the! possibility! to! rationally! design! biocompatible! bulk! materials! with! unconventional! phase!
diagrams! and! tunable! properties.! Dynamic! light! scattering! experiments! show! that! the! gel! changes! its!
structural!relaxation!time!by!several!orders!of!magnitude!in!a!few!temperature!degrees,!dissolving!both!at!
high!and!at!low!temperatures.!
!
!
!
!
!
(
(
Acknowledgments(TB,!FBom,!FBor,!RC!and!FS!acknowledge!support! from!MIUR!through!the!PRIN!action.!
JFC!and!FS!acknowledge!support!from!ETN<COLLDENSE!(H2020<MCSA<ITN<2014,!Grant!No.!642774).!ML!and!
FS!acknowledge!support!from!Sapienza.!
!
!
!

[1] N.!Seeman,!Nature,!2003,!421,!427.!
[2] Y.!Ke,!L.!Ong,!W.!Shih,!P.!T.!Yin,!Science,!2012,!338,!1177.!
[3] S.!Biffi,!R.!Cerbino,F.!Bomboi,!E.M.!Paraboschi,!R.!Asselta,!F.!Sciortino,!T.!Bellini,!PNAS,!2013,!110,!15633.!
[4] S.!Roldàn<Vargas,!F.!Smallenburg,!W.!Kob,!F.!Sciortino,!Sci.!Rep.!(2013),!3,!2451.!
[5] T.!Tlusty!and!S.!A.!Safran,!Science,!2000,!290,!1328.!

!

Poster P1.5

— 5 —



�

�

Morphological�changes�in�gemini�surfactant´s�selfͲassembly�induced�by�
coordination�with�metallic�salts�

�
Mariana�A.�Fernández1*,�Rafael�Oliveira2,�Noelia�Machado1,�Erica�M.�Pachón�Gómez1�

�
1Instituto�de�Investigaciones�en�FísicoͲQuímica�de�Córdoba�(INFIQCͲCONICET),�Departamento�de�Química�

Orgánica,�Facultad�de�Ciencias�Químicas,�Universidad�Nacional�de�Córdoba,�Córdoba,�Argentina��
�2Centro�de�Investigaciones�en�Química�Biológica�de�Córdoba�(CIQUIBICͲCONICET),�Departamento�de�
Química�Biológica,�Facultad�de�Ciencias�Químicas,�Universidad�Nacional�de�Córdoba,�Córdoba,�Argentina�

�
*marfer@fcq.unc.edu.ar�

�
Gemini�surfactants�are�very�interesting�systems,�consisting�of�two�hydrophobic�tails�connected�by�a�spacer�
between�polar�head�groups.�Their�molecular�structures�confer�them�particular�physicochemical�properties�
as� lower� critical�micelle� concentration� (CMC)� and� higher� efficiency� in� decreasing� the� surface� tension� of�
water� than� the�corresponding�single�chain�surfactants.�Often,� they�exhibit�unusual�morphologies� in� their�
aggregates,� higher� solubilizing� capacity� and� interesting� properties� that� can� be� explored� in� potential�
applications.�
Many�amphiphilic�systems�can�coordinate�metal� ions.�The�interaction�of�gemini�surfactants�with�metals� in�
many� cases� can� change� the� aggregate´s�morphology� [1].� Sodium� didecamino� cystine� (SDDC),� a� gemini�
surfactant� (Figure� 1),�was� synthetized� in� our� laboratory� from� cystine� (dimer� of� cysteine)� and� decanoyl�
chloride,�according� to� literature� [2].� Its�aggregates�were�characterized�by�surface�tension�measurements,�
fluorescence� quenching� and�DOSYͲNMR.� It�was� found� that� SDDC� forms� spherical�micellar� aggregates� of�
small�size�(diameter�ख़10�nm),�CMC=3�x�10Ͳ4�M�and�aggregation�number�of�23.�
We�studied� the� interaction�of� this� surfactant�with�different�metallic� salts� finding� the� formation�of� stable�
aggregates�with�CuSO4,�AgNO3� and� FeCl3.�Non� stable� systems�were� formed�with� Zn(II),�Ni(II)� and�Co(II).�
Solutions�of�CuSO4�that�are�instable�at�pH�higher�than�6,�in�the�presence�of�the�gemini�surfactant,�remains�
stable� for�at� least�1�month.�Similar� results�were�obtained�with�Ag(I)�and�Fe(III)�but� in� these�cases� it�was�
necessary�a�higher�amount�of�surfactant�to�maintain�the�cations� in�solution.�The�geminiͲmetal�aggregates�
were� studied� using�microscopic� techniques� and� SAXS� (smallͲangle� XͲray� scattering).� A� transition� from�
micelles�to�vesicles�was�observed�for�the�surfactant�when�it�is�in�the�presence�of�the�metallic�salts.��
The� interaction�between� the� surfactant� and� the� cations�produces� selfͲassembled� systems�with�different�
properties� than� those� of� the� surfactant� alone,� and� in� these� aggregates� the�metals� are�maintained� in�
solution�for�a�long�time.�All�these�results�will�be�discussed�in�detail�in�this�work.  
�
�
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� � � Figure�1�Structure�of�sodium�didecamine�cystine�(SDDC)�
�
� [1]�T.�Owen,�A.�Butler,�Coord.�Chem.�Rev.�2011,�255,�678.�
� [2]�H.�Fan,�F.�Han,�Z.�Liu,�L.�Qin,�Z.�Li,�D.�Liang,�F.�Ke,�J.�Huang,�H.�Fu,�J.�Colloid�Interface�Sci.�2008,�321,�227.�
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Amphiphilic&block&copolymers&have&characteristics&such&as&a&wide&range&of&HLB,&low&toxicity&and&

low&cmc.& Therefore& they&are&widely&used& in&many& fields& including&pharmaceuticals,& cosmetics& and& foods.&

While& a& poly(oxyethylene)& chain& is& generally& used& as& a& hydrophilic& group,& we& used& a& polyglycerol& chain.&

Since&glycerol&is&a&byIproduct&from&soap&and&biodiesel&production,&it&is&important&to&utilize&it&effectively.&In&

this&paper,&we&report&anomalous&formation&of&the&rectangular&phase&by&GmBOnGmItype&triblock&copolymer&

(Fig.&1)&in&a&wide&composition&range.&

& In& the& branched& type/water& system,& the& optical& anisotropic& liquid& crystal& was& formed& in& the&

concentration&range,&50I80&wt%,&and&two&phase&equilibrium&of&the& liquid&crystalline&phase&and&the&water&

phase& was& observed& below& 40& wt%& (Fig.& 2).& By& aboveImentioned& phase& behavior& and& smallIangle& XIray&

scattering&(SAXS)&results,&we&characterized&the&liquid&crystalline&phase&as&the&reverse&rectangular&(R2)&phase.&

To&the&best&of&our&knowledge,&the&R2&phase&formation&in&such&a&wide&range&of&composition&is&not&known.&In&

addition,&we&found&that&the&lattice&long&side&of&the&R2&phase&was&elongated&while&the&short&side&was&kept&

almost&constant&with&increasing&the&water&content.&On&the&other&hand,&in&the&linear&type/water&system,&the&

range&of&the&R2&phase&was&shrunk.&Furthermore,&positively&curved&spherical&micelle&(Wm)&and&lamellar&liquid&

crystal& (Lα)&were&also&formed.&Thus,&these&data&suggest&that&the&branched&type& is&more&hydrophobic&than&

the&linear&type.& &
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���Figure 1  Molecular structures of GmBOnGm��������� Figure 2  The Phase diagram of the 
G5.0BO25.0G5.0(Branched type)/water system  �
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Human gene therapy is an emerging technology that may have the significant potential for 
treatment of inherited and acquired diseases such as cancer, Huntington's chorea, AIDS, 
cardiovascular diseases, and many others. These therapeutic approach, based on permanently or 
transiently replacing genetic defects with exogenous nucleic acids, gives an opportunity to increase 
efficiency of treatment. The main challenge in gene therapy is to develop carriers that can efficiently 
deliver nucleic acids directly through plasma membrane. One of the most promising group of 
delivery systems are polymeric nanoparticles as their chemical structure can be modified to allow 
designing nanocarriers with desired physicochemical properties. 
In the present work we were focused on preparation of safe, non-toxic and biodegradable polymer-based 
gene nanocarriers (polyplexes) as non-viral vectors for gene delivery. The nanocarriers composed from 
plasmid DNA (pDNA) and encapsulated with synthetic (poly-L-Lysine (PLL), poly-L-glutamic acid (PGA)) and/
or natural (chitosan (CHI), alginate (ALG)) were synthesized using self-assembly technique. The 
encapsulation process were performed using layer-by-layer (LbL) method that allowed to obtain multilayer 
shells (PLL/PGA, CHI/ALG). All polyplex nanoparticles were characterized by size, size distribution and 
zeta potential. Cytotoxicity tests of the synthesized nanosystems and their stability in the simulated body 
fluid (SBF) was also determined. 

Acknowledgements: The research leading to these results was supported by the Norwegian 
Financial Mechanism grant Pol-Nor/199523/64/2013 “NanoNeucar” and M. Smoluchowski scholarship, 
KNOW. 
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!
The!ability!of!guan(os)ine!and!guan(os)ine!derivatives! in!aqueous!or!organic! solution! to!selfG!assemble! in!
supramolecular! structures,! from! HoogsteenGbound! GGquartets! to! GGribbons! and! GGquadruplexes,! is! an!
attractive!unique!feature!of!this! low!molecular!weight!compound.!MetalGion! induced!guanosineGbased!GG
quadruplexes!have!been!first!reported!in!the!early!1960s[1]!and!their!structural!properties!and!interactions!
were!fully!analysed[2].!It!is!now!wellGknown!that!aqueous!solutions!of!guanosine!compounds!can!form!gels!
through!GGquadruplex!selfGassembly:!stable!hydrogels!at!neutral!pH!over!a!wide!temperature!range!were!in!
particular!found!in!binary!mixtures!of!5'Gguanosine!monophosphate!(GMP)!potassium!salt,!and!guanosine!
(G).!These!hydrogels!are!able!to!entrap!water!and!could!be!used! in!a!wide!range!of!biotechnological!and!
clinical! applications! as! cellular! immobilization,! drug! delivery,! biomolecules! separation! if! the! gelation!
properties!are!controlled!and!convenient[3].!
In! our! work,! we! focused! on! the! swelling! behavior,! temperature! stability! and! anisotropic! properties! of!
GMP/G! hydrogels.! Indeed,! gelation! was! studied! over! the! temperature! range! of! 5G90! °C! using! visual!
detection,!while!2DGSmall!Angle!XGray!Scattering!images!were!used!to!derive!at!different!composition!and!
hydration! the! structural! properties! of! the! gel.! For! the! lower! G/GMP! investigated! ratios,! a! characteristic!
butterfly!scattering! in! the!SAXS!2D! images!confirmed!the!presence!of!an!ordered!phase.!Azimuthal!scans!
were! then! used! to! quantify! the! hydrogel! orientation! state! and! to! derive! the! temperatureGconcentration!
dependence!of!the!GGquadruplex!order!parameter.!
This!novel!weak!chiral!hydrogel!medium!formed!by! the!self!assembly!of!GMP/G,! reversible!over!a!broad!
range!of!temperature!and!concentration!of!the!mixture!and!characterized!by!an!order!parameter!that!can!
be! systematically! tuned! by! external! factors,! has! enormous! potential! for! the!measurement! of!molecular!
anisotropy! of! small! and! medium! sized! waterGsoluble! molecules! and! for! differentiate! enantiomers! and!
enantiotopic!directions.!
!
!
Acknowledgements$We!thank!the!Italian!MIUR!for!financial!support!in!the!frame!of!the!National!Interest!

Research!Program!(PRIN!2010G2011,!grant!2010LKE4CC).$

!
[1]! Gellert!M.!et!al.,!Proc.!Natl.!Acad.!Sci.!U.S.A.,!1962,!48,!2013G2018.!
[2]! Mariani!P.!et!al.,!Biophys.!J.,!1998,!74G430.!
[3]! Dash!J.!and!Saha!P.,!Org.!Biomol.!Chem,!2016,!17:29:54.!
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Sodium	 Lauryl	 Ether	 Sulfates	 (	 SLES	 )	 are	 synthetic	 surfactants	 characterized	 by	 the	 presence	 of	 an	
hydrocarbon	chain	of	twelve	carbons	attached	to	the	sulfate	polar	head	via	an	ethoxy	chain	with	a	variable	
polymerization	 degree	 n.	 They	 are	 used	 in	 the	 detergency	 since	 they	 are	 stable	 in	 hard	 water,	
dermatologically	 compatible,	 high	 foaming	 and	 excellent	 emulsifiers.	 Their	 self-assembly	 in	 application	
oriented	 formulations	 is	 therefore	 considerably	 interesting.	 In	 this	 work	 the	 self-assembly	 of	 SLES	 at	
different	degrees	of	polymerization	and	of	SDS	(n=0)	was	 investigated	as	a	 function	of	 ionic	strength	and	
temperature.	Moreover,	the	effect	of	trimethoxy	benzoic	acid	(TMBA)	an	hydrotrope	used	as	a	stabilizer	in	
some	 commercial	 formulations,	 was	 analyzed.	 The	 analysis	 was	 carried	 out	 by	 correlating	 the	 data	 of	
several	 techniques	 such	 as	 Static	 and	 Dynamic	 Light	 Scattering	 (SLS	 and	 DLS)	 and	 Small	 Angle	 X-ray	
Scattering	 (SAXS).	 We	 observed	 that,	 at	 constant	 surfactant	 concentration	 (wt%),	 the	 addition	 of	 NaCl	
causes	 a	 growth	 of	 SLES	 aggregates	 starting	 from	 a	 critical	 salt	 concentration.	 An	 increase	 of	 the	
polymerization	degree	imply	higher	critical	salt	concentration	and	a	reduced	growth[1,2].	
	A	significant	growth	was	observed	for	n	≤2	whereas	no	growth	occurred	for	n≥4.	A	borderline	behavior	was	
observed	for	n=3.	At	high	NaCl	concentration,	temperature	caused	a	decrease	in	the	aggregate	size	for	SLES	
with	n	≤2		whereas	no	variation	was	detected	for	n	≥	3.	The	disintegration	induced	by	temperature	for	the	
short	SLES	(n=1	and	2)	doesn’t	lead	to	the	achievement	of	the	size	of	the	primary	micelle,	contrary	to	what	
happens	for	the	SDS	[3].		
Although	TMBA	is	effective	in	stabilizing	commercial	formulations,	no	structural	effect	due	to	its	presence	
was	observed	on	SLES.		SAXS	shows	that	the	micelles	have	a	core-shell	structure,	with	an	hydrophobic	core	
characterized	 by	 the	 presence	 of	 hydrocarbon	 chains	 and	 a	 shell	 formed	 by	 the	 ethoxyl	 moieties	 and	
sulphate	heads.	 In	agreement	with	this	mode	we	saw	that	the	shell	thickness	increases	with	increasing	n,		
while	core	size	remains	approximately	constant.	Spherical	micelles	are	formed	at	low	concentration	of	NaCl	
which	grow	to	form	worms	beyond	the	critical	NaCl	concentration.		

	

[1]		Zoeller	N.		and	Blankschtein	D.	Langmuir,	1998,	14,	7155-7165	
[2]		Hayashi	S.	and	Ikeda	S.,	J.	Phys.	Chem.,	1980,	84,	744-751	
[3]		P.	J.	Missel,	N.	A.	Mazer,	G.	Benedek,	C.	Y.	Young,	J.	Phys.	Chem.,	1980,	84,	1044-1057	
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Fixing	colloidal	particles	at	solid/liquid	interfaces	using	Moringa	
oleifera	seed	protein	as	‘glue’	

Shirin	Nouhi*,	Maja	S.	Hellsing,	Adrian	R.	Rennie	

Uppsala	University,	Sweden	

*shirin.nouhi@physics.uu.se

Colloidal	particles	such	as	polymer	latices	can	form	large	crystalline	structures	close	to,	but	not	directly	

on	a	solid/liquid	 interface	by	combination	of	flow,	packing	constraints	and	charged	repulsion	imposed	

by	the	solid	boundary	[1].		These	structures	can	be	used	directly	to	modify	large	areas	and	as	templates	

for	two-dimensional	 metallic	 structures	 using	 lithography.	 	 Such	 materials	 are	 not	 yet	 used	 widely	

since	 preserving	 the	 required	 structure	 on	 drying	 remains	 as	 a	 major	 challenge.	 	 Particles	 tend	 to	

move	 and	the	 structures	 often	 crack.		 Proteins	 extracted	 from	 the	 seeds	 of	Moringa	 oleifera	 trees	
have	 been	 shown	 to	 be	 effective	 flocculants	 for	 particles	 dispersed	 in	 water	 [2]	 to	 which	 they	 bind	

strongly.	 	 These	proteins	 also	adsorb	 irreversibly	 to	mineral	 surfaces	 such	as	 silica	and	alumina	 [3,	4].		

These	features	of	the	 proteins	 allow	 them	 to	 be	 used	 as	 a	 ‘glue’	 to	 stick	 particles	 in	 position	 and	 to	

retain	 their	 self-organized	 structure.	 	 We	 present	 neutron	 reflectivity	 and	 off-specular	 scattering	

measurements	 as	well	 as	 atomic	 force	 microscopy	 images	 from	 colloidal	 particles	 in	 the	 presence	

and	 absence	 of	Moringa	protein.		Moringa	protein	has	been	shown	to	bind	polystyrene	latex	and	silica	
particles	successfully	at	a	surface,	even	after	extensive	rinsing	with	water	and	anionic	surfactant,	C16TAB.

Figure	1.	Schematic	picture	of	the	structure	of	particles	at	solid/liquid	interface	before	and	after	rinsing	are	shown	

on	the	left	with	reflectivity	data	showing	the	layering	of	particles	in	the	presence	(dark	blue	circles)	and	absence	of	

Moringa	oleifera	proteins	(light	blue	triangles).	
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Nanocomplexes composed of polyelectrolytes and oppositely charged macromolecules or low molecular 
weight amphiphiles are widely used in modern nanotechnology for permselective barrier films, fuel cell 
membranes, nanostructured coatings and separators. The production of drug delivery capsules and the 
efficient delivery of bioactive molecules (e.g. DNA, proteins or drugs) usually also requires the 
encapsulation of the active component [1]. 

For charged molecules encapsulation can be achieved by using oppositely charged carriers. However, due 
to the strong interaction of the components, these systems are prone to the formation of trapped non-
equilibrium aggregates during the mixing, which is related to the large temporal concentration gradients in 
the system. This gives rise to the formation of large aggregates, which can further grow during storage [2]. 

We developed a new method for the formation of non-aggregated, colloidally stable nanocomposites of 
macromolecules and oppositely charged actives for a very wide range of mixing ratios. The key points of the 
approach is firstly the suppression of local concentration inhomogenities during the complex formation 
using a novel triggered self-assembly technique and secondly promoting the stability of the primary 
complexes close to 1:1 mixing ratio by using stabilizating agents, like non-ionic surfactants and block 
copolymers. The efficiency of the method will be demonstrated on various model systems, e.g. for 
polyelectrolyte / surfactant and polyelectrolyte / polyelectrolyte complexes. 
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Mucoadhesion - A Prerequisite or a Constraint in Nasal Drug Delivery? 
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The nasal cavity offers an attractive route for systemic drug delivery. Administration is easy with a 
rapid onset, first-pass metabolism can be avoided and there is a potential possibility to circumvent 
the blood-brain barrier. One major problem with nasal administration, however, is to circumvent the 
effect of mucocilliary clearance and prolong duration of an applied formulation at the site of action. 
The most common way to accomplished this is by adding various polymers to the formulation to 
induce interactions with the mucosa. However, this also lowers the water activity of the formulation 
and imposes a water gradient over the mucosa, which potentially induces a mucosal response 
affecting the barrier structure and properties. 

The aim of this project was to determine if a nasal formulation with low water activity, that favours 
mucoadhesion, would also induce a mucosal response detrimental to drug absorption. We 
approached this problem by performing drug permeability studies ex vivo in flow-through diffusion 
cells with porcine nasal mucosa at 32°C. Donor formulations comprised Xylometazoline HCl dissolved 
in PBS pH 7.4 and PEG 1500 were used to adjust the water activity in these formulations from 1 to 
0.8 (=65% PEG)1. Drug solubility was determined to match the thermodynamic activity of the drugs in 
the alternative formulations.  

Our results show that a water gradient can be used to regulate drug flux over nasal mucosa, similar 
to what has previously been shown with oral mucosa and skin1, 2. We have also shown that drug 
permeability over nasal mucosa is much higher than over oral mucosa and skin (nasal > oral > skin)1,2. 
If mucoadhesion is achieved through water sorption by the applied formulation this mechanism will 
counteract drug uptake. The present data shows the importance of understanding water sorption 
and how it affects drug transport in nasal drug delivery systems. 

 

References: 
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based on isosorbide 

 
Maroua Ben Abdelkader 1, Nedra Azizi 1, Mejed Chemli 1, Yves Chevalier 2,*, Olivier Boyron 3, 

Mustapha Majdoub 1 

 
1Laboratoire des Interfaces et Matériaux Avancés (LIMA), Faculté des Sciences, Bd de l’Environnement, 5019 

Monastir, Tunisia. 
2Laboratoire d’Automatique et de Génie des Procédés (LAGEP), Université Claude Bernard Lyon 1, UMR 

CNRS 5007, 43 bd 11 Novembre 1918, F-69622 Villeurbanne Cedex, France. 
3Laboratoire de Chimie Catalyse Polymères et Procédés (C2P2), Université Claude Bernard Lyon 1, UMR 
CNRS 5265, 43 bd 11 Novembre 1918, F-69616 Villeurbanne Cedex, France. 

*chevalier@lagep.univ-lyon1.fr 
 
A facile and effective method for the preparation of a new cationic surfactant derived from isosorbide is 
introduced. The synthesis consists in condensation of isosorbide and epichlorhydrin yielding a low molar 
mass prepolymer (DGEDAS) and subsequent condensation to a fatty amine. The derived Dodecylamino 
Diglycidyl Ether of Isosorbide (DoDGEDAS) surfactant was characterized for its chemical structure using 1H 
NMR and size exclusion chromatography. The use of oligomers of isosorbide provided water-solubility to 
the DoDGEDAS surfactant. It exhibited a low CMC and higher degree of micelle ionization compared with 
other cationic surfactants. O/W emulsions were prepared using this new bio-based surfactant and the 
influence of several parameters was investigated. A definite benefit of the DoDGEDAS surfactant was its 
ability to stabilize o/w emulsion droplets at lower concentrations (0.1%) than usual emulsifiers. The ] 
potential measurements proved a good stability of o/w emulsions and the cationic character of DoDGEDAS. 
The isoelectric point was at the alkaline pH 12.3, so that emulsion droplets were positively charged in the 
pH range of most practical applications. Thereby, such new cationic surfactants could be used for 
cosmetotextile applications and as fabric softeners or hair conditioners. The thermal stability of DoDGEDAS 
up to 300°C makes it suitable for applications at high temperatures, and its cationic character is a good 
starting point regarding applications requiring strong adsorption to negatively charged surfaces. 

 

Figure 1 Reaction scheme for the synthesis of isosorbide-based surfactants. 
 

[1] Synthesis and emulsifier properties of a new bio-sourced surfactant based on isosorbide. 
Ben Abdelkader M, Azizi N, Chemli M, Chevalier Y, Boyron O, Majdoub M; Colloids Surfaces A 2016, 492, 
1-11. doi:10.1016/j.colsurfa.2015.12.014 
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New aminoalkyl derivatives of E-cyclodextrin (E-CD), in their cationic and neutral forms, were 
investigated for their surface-active properties, self-association as micelles, and properties as 
emulsifiers. E-cyclodextrin was mono- or per-substituted at its narrow rim by short (butyl) or long 
(dodecyl) aliphatic chains. The mono-substituted E-CDs are classical surfactants having a single 
hydrophobic tail and a single hydrophilic head; the per-substituted E-CDs have seven hydrophobic 
tails and seven hydrophilic heads. The cationic form is soluble in water and the neutral form is not. 
The measured solubility of the neutral form was very low. Stable nanoparticles were prepared by 
dispersion by ultrasound, yielding polydisperse nanoparticles of 500 nm, or by the 
nanoprecipitation method yielding nanoparticles of 100-200 nm with a narrow size distribution. 
All cationic E-CD surfactants show surface activity and self-assemble as micelles above a well-
defined cmc because of the interactions between their hydrophobic tails. Though the main 
features of the surface-activity look similar to classical surfactants, such amphiphilic E-CDs show 
several specificities. The short-chained butyl derivatives behave as classical long-chained 
surfactant do. The head-tail interaction between the long dodecyl chain and the E-CD cavity of 
mono-substituted E-CD causes the formation of an intramolecular inclusion complex that weakens 
its hydrophobic character. The seven dodecyl chains of per-substituted E-CD tightly pack together 
such as lowering the contact area with water and weakening their hydrophobic character. Part of 
the counterions of multi-charged per-substituted E-CD is associated as ion pairs with the cationic 
amphiphilic E-CD. A close analogy with the behavior of gemini surfactants is worth noticing. 

 
Figure 1 Chemical formulae, abbreviations and schematic representation of cationic amphiphilic E-cyclodextrins. 
 

[1] Preparation and characterization of nanoparticles made from amphiphilic mono and per-aminoalkyl-E-
cyclodextrins. 
Baâzaoui M, Béjaoui I, Kalfat R, Amdouni N, Hbaieb S, Chevalier Y; Colloids Surfaces A 2015, 484, 365-
376. doi:10.1016/j.colsurfa.2015.08.015 
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Hydrogels formed by various combination of amphiphilic molecules are widely used for the formulations of 
skin moisturizing creams and hair conditioners in the cosmetic and pharmaceutical industries. Recently, we 
found that the ternary system of a crude hydrogenated lecithin (PC70), hexadecanol (HD) and water forms 
a novel type of hydrogel, and proposed a new gelation mechanism that water continuum surrounding 
homogeneously distributed charged bilayer sheets works as the structural network in the hydrogel [1,2]. In 
order to make efficient use of the PC70/HD hydrogel as commercial products, we need to clarify the solvent 
effect on the gelation because the solvent such as polyol and alcohol, which must be added to almost all 
cosmetic and pharmaceutical products for the purpose of moisturization or preservation, often causes 
serious damage to the hydrogel formation. Hence, we investigated the effect of solvent on the structures 
and physicochemical properties of the PC70/HD hydrogel by optical microscopy, freeze-fracture electron 
microscopy, synchrotron X-ray diffraction and differential scanning calorimetry. We found that the addition 
of a solvent with a low dielectric constant to the PC70/HD/water system caused disintegration of the 
hydrogel, a decrease in the chain-melting phase transition temperature and a change in lamellarity of the 
PC70/HD bilayers. Moreover, the disintergation of the hydrogel was closely related to the formation of 
large flat stcked bilayers. In the absence of additional solvent, the hydrogel is formed as a result of the 
homogeneous distribution of bilayer sheets throughout the solution because the bilayer has a surface 
charge derived from the charged lipids in the PC70 as described in the previous study [1]. Calculation of the 
interbilayer interaction energy based on the DLVO theory suggested that the reduction of the aqueous 
medium dielectric constant may lower the energy barrier preventing flat bilayers from coming closer 
together, leading to the disintegration of the hydrogel. 

 
[1] Y. Nakagawa, H. Nakazawa, S. Kato, J. Colloid Interface Sci., 2012, 376, 146. 
[2] Y. Nakagawa, M. Ohta, H. Nakazawa, S. Kato, Colloids Surf. A, 2014, 443, 272. 
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Vesicle templated hollow nanocapsules are interesting systems with their potential applications in 
pharmaceutical processes as drug carriers, cosmetic and detergency formulations [1]. Insertion of different 
monomers and cross-linking agents into the bilayer of vesicle templates with consecutive polymerization 
lead to polymeric nanocapsules [2]. A well-defined spontaneously formed vesicle system from mixing of 
micellar TDMAO (tetradecyldimethylamine oxide) and LiPFOS (lithium perfluorooctylsulfonate) solutions, 
can be controlled with respect to the size by the addition of the Pluronic type of copolymers (EOn-POm-EOn) 
via the mechanism of vesicle formation with a polydispersity of 5% [3-4]. These vesicles are kinetically 
stabilised and therefore offer the possibility to use them as templates and eventually to stabilise their 
structure by UV induced radical polymerization.  
The structural changes of the vesicles upon incorporation of the different monomers and the cross-linker as 
well as the effect of subsequent polymerization in the membrane have been investigated by light scattering, 
small angle neutron scattering (SANS), electron microscopy and turbidity measurements. Similarly the 
formed polymerized vesicles and polymeric capsules have been characterized by light and neutron 
scattering and electron microscopy. SANS analyses indicate an evident transition from monomer loaded 
micellar system to vesicle structure and these structures are retained during the subsequent polymerization 
process which shows that the initial structures can be successfully used as templates (fig 1). From this study 
valuable information regarding a systematic and optimized formation of such nano-sized polymer capsules 
shall be gained as they would be interesting for instance as containers for active agents. 
 

 

 

 

 

            

    

            
            Figure 1  a) SANS intensity patterns of vesicles containing   b) Cryo-TEM image of cross-linked polymerized                                
                                increasing monomer amounts.                                   vesicles. 
 
 

[1] H. Ringsdorf, B. Schlarb and J. Venzmer, Angew. Chem. Int. Ed. Engl., 1998, 27, 113. 
[2] J. Hotz and W. Meier, Advanced Material, 1998, 10, 1387. 
[3] K. Bressel, M. Muthig, S. Prevost, J. Gummel, T. Narayanan and M. Gradzielski, ACS Nano, 2012, 6, 5858. 
[4] K. Bressel and M. Gradzielski, Soft Matter, 2015, 11, 2445. 
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Heteropolymers are important examples in material science of self-assembling systems. The technology for

the synthesis and manipula;on of such heteropolymers is already advanced, and it is nowadays possible to

synthesize  polymers  made of  up 7  di3erent monomers with complex  pa4ern arrangements  (e.g.  block

copolymers) [1,2]. However, it is s;ll not possible to design heteropolymers with control over the single

chain self-assembling proper;es comparable to what natural bio-polymers, such as DNA and proteins, can

achieve. Here we introduce a criterion to discriminate between polymers that can be designed to adopt a

predetermined structure from polymers that cannot, and show that this criterion is ful:lled by the addi;on

of few direc;onal interac;ons to the monomers of the chain. The criterion is based on the appearance of a

par;cular  peak  in  the  radial  distribu;on  func;on  that  dominates  over  the  random  packing  of  the

heteropolymer. We show that the presence of such a peak indicates that it exists at least one pa4ern that

will drive the system to collapse towards a speci:c target structure. Moreover, we show that the peak is a

universal feature of all designable heteropolymers, as it is domina;ng also the radial distribu;on func;on of

natural proteins. The criterion that we present can be applied to engineer new types of self-assembling

modular polymers that will open new applica;ons for polymer-based materials science.

Figure1 Designability diagram for each patch number for freely rota;ng chains (le=) and freely jointed chains (right),

for di3erent alphabet sizes. For each case, the chosen target structure is shown. The systems in the blue area are

designable, the ones in the yellow area are not designable and the one in the green area is borderline. When the

number of patches increases the interac;ons are again isotropic, such as in the case without patches.

[1] T. P. Lodge, Macromolecular Chemistry and Physics , 2003, 204, 265.

[2] A. Hirao, T. Higashihara, and K. Inoue, Macromolecules , 2008, 41, 3579.
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Aqueous solutions of three catanionic compounds based on alkyl imidazolium cations (CnMIm, n=4, 6 and 8) 
and ibuprofenate anion (Ibu) have been studied by small angle neutron scattering on either side of the 
critical concentration. For comparison sodium ibuprofenate has also been considered. The critical 
concentration decreases exponentially from 0.1M to 0.004M when the alkyl chain length n increases from 4 
to 8 [1] and beyond the systems either micellize (n=4 and 6) or phase separate (n=8) [2]. The micelles are 
either spherical (n=4) or elongated (n=6). Despite this diverse behaviour beyond the transition, the aqueous 
solutions of all these compounds show the same type of structuration in the pre-transitional range of 
concentration. Analysis of the structure factor shows that micellization as well as demixing of the catanionic 
ionic liquids do not proceed through nucleation of dense premicellar aggregates containing few molecules, 
as usually admitted for the premicellar state, but rather occur within spatially extended concentration 
fluctuations of small amplitude. The structure factor in the pre-transitional state can be accounted for by a 
modified Orstein–Zernike equation that includes some ordering within the higher concentration domains. 
Moreover the ratio χΤ/ξ2 of the compressibility over the square of the correlation length scales as C-1,4, 
where C is the concentration, for all systems. These results as well as others obtained on more classical 
surfactants and copolymers are in line with recently proposed scenarii of demixing [3] that have been 
experimentally observed for crystallization but not for liquid-liquid phase separation. 
 

 
 

Figure 1 Left: Scattering patterns of IbuC6MIm on either side of its critical micellization concentration. Right: Master 
curve characterizing the universal feature of the pre-transitional state of compounds about to micellize or to phase 
separate. 
 

[1] Tourné-Péteilh, C.; Devoisselle, J. M.; Vioux, A.; Judeinstein, P.; In, M.; Viau, L. Phys. Chem. Chem. Phys. 
2011, 13, 15523−15529.. 

[2] Tourné-Péteilh, C.; Coasne, B.; In, M.; Brevet, D.; Devoisselle, J.-M.; Vioux, A.; Viau, L. Langmuir 2014, 30, 
1229-1238. 

[3] J. F. Lutsko J. Chem. Phys. 136,134502 (2012).  
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Supported lipid bilayers on soft polymer cushion are promising systems for various biomimetic applications 
such as biosensors, drug carriers or theranostic systems. However, the mechanism of SLB formation after 
exposure of small lipid vesicles to modified solid material is not fully understood. The complete control of 
lipids adsorption on polyelectrolyte multilayers depends on a large number of factors and it still needs 
some improvements to be able to design desired structures. 
In our studies we have focused on the formation of supported lipid bilayer in relation to structural and 
chemical properties of underlying cushion assembled from various polyelectrolyte multilayers. Lipid 
vesicles were formed from zwitterionic 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and 1-
palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE) in phosphate buffer. Polyelectrolyte 
multilayers were used as cushions for lipid bilayer. PEMs were constructed by the layer by layer deposition 
of selected polyions (PEI, PLL, PDADMAC as polycations and PGA, PSS as polyanions) on quartz or silicon 
surface. The film thickness and swelling properties were characterized by ellipsometry and their roughness 
was determined using AFM. Additionally, the wetting and zeta potential of all studied substrates were 
performed to find the relation of their surface properties with the kinetics and mechanism of SLB formation 
process. The arrangements of lipids on polyelectrolyte films in dependence on the type of the cushion were 
investigated using the quartz crystal microbalance with dissipation (QCM-D) and atomic force microscopy 
(AFM). We have found that the type of the cushion plays a major role during the SLB formation affecting in 
the end its quality. 
We have also discovered that the amount of water entrapped within polyelectrolyte film may have an 
impact on the bilayer formation, inducing the kinetics of bilayer growth. Finally, we can control the lipid 
structure at the surface. 
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2011/01/DST5/04913. 
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Perfluorooctanesulfonates (PFOS) are considered as persistent organic pollutants (POPs) and they are 
thought to be bio-accumulative and difficult to biodegrade. It is generally known that the biodegradation of 
a certain chemical can be closely related to its solubility in water, i.e. the less soluble, the more difficult to 
biodegrade [1]. The difficulty in biodegradation of PFOS is probably a result of the relatively few naturally 
occurring defluorinating enzymes, but it could not be denied that their poor solubility ascribed to the highly 
hydrophobic fluorocarbon chain has made the situation even worse, which prevents effective contact with 
corresponding microorganism in water environment. It has also been reported that water can act as oxygen 
source for degradation products in the degradation process of fluorocarbon chains [2].  
Cyclohexanecarboxylic acid, 1-sulfo-, sodium salt (1:2) (SC, Figure 1) is a by-product in industrial production 
of caprolactam, which has been hugely generated each year but abandoned without clear application 
values. 
Potassium perfluorooctane sulfonate (KPFOS) and sodium perfluorooctane sulfonate (NaPFOS) are two 
typical PFOS. They exhibit poor surface activities in aqueous solution at room temperature because of their 
high Krafft points [3]. In this work, the solubilization effects of SC on KPFOS and NaPFOS, as well as sodium 
dodecylbenzene sulfonate (SDBS) for comparison, were studied by surface tension measurement at 25 °C.  
The structure of purified SC was characterized and confirmed by 1H and 13C NMR. When SC was added, the 
effectiveness of KPFOS and NaPFOS in surface tension reduction was both greatly enhanced and KPFOS 
showed higher efficiency in surface tension reduction than NaPFOS. In particular, with the assistance of SC 
the minimum surface tension of KPFOS could even be as low as 18.3 mN/m at 25 °C. In contrast, the surface 
activity of SDBS was significantly reduced by SC, with the cmc largely increased. As a conclusion, the SC 
could act as an effective hydrotropic agent and it was able to recover the inherent character of KPFOS and 
NaPFOS as highly surface-active fluorinated surfactants by increasing their solubility. While for SDBS, which 
is already soluble at room temperature, SC lowered its surface activity as usual.   
This work is promising, not only because it makes high-Krafft-point fluorinated surfactants more applicable 
at room temperature, but also because of its environmental significance. Firstly, the usage of SC separated 
from industrial by-products has made the waste to be useful as a novel hydrotropic agent. Secondly, this 
work would be helpful in future studies on the degradation of PFOS, where detectable acceleration of 
biodegradation rate could be expected. 

COO
SO3

-Na+
Na

 
 

 
[1] L. Bardi, A. Mattei, S. Steffan and M. Marzona, Enzyme Microb Technol, 2000, 27, 709. 
[2] H. Hori, E. Hayakawa, H. Einaga, S. Kutsuna, K. Koike, T. Ibusuki, H. Kiatagawa and R. Arakawa, Environ Sci 

Technol, 2004, 38, 6118. 
[3] K. Shinoda, M. Hato and T. Hayashi, J Phys Chem, 1972, 76, 909. 

 

Figure 1 Molecular structure of SC. 
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In recent years, stimuli-responsive micelles made of amphiphilic block copolymers, have received 
much attention in the field of drug delivery. Although programmed release of encapsulated biomolecules 
at the target location is highly desired, it is still very challenging. Enzymes show great promise as 
triggers for disassembly of nanocarriers, thanks to their observed over expression in specific diseases, 
which can be utilized for selective drug release only at the target site.� We have developed a highly 
modular design of amphiphilic polymer-dendron hybrids, composed of linear hydrophilic 
polyethyleneglycol (PEG) block and a hydrophobic enzyme-responsive dendron [1]. These hybrids 
can spontaneously self-assemble into nano-size micelles that can disassemble and release its 
encapsulated cargo upon enzymatic hydrolysis of the hydrophobic end-groups. Herein, we applied 
this platform to prepare a set of hybrids with highly precise structural-changes, in order to study their 
structure-activity relationships. The effects of the length of the dendritic end groups and the PEG 
on the self-assembly and disassembly were extensively studied.�Taking advantage of this modular and 
well-defined system, we were able to demonstrate that small changes in the hydrophobic dendron 
block, can lead to dramatic changes in the size of the assembled nanoparticle and more importantly 
on its rate of disassembly. In addition, we show that by adjusting the PEG length, the disassembly rates 
can be tuned. This detailed molecular study enhanced our fundamental understanding of enzyme-
responsive platforms, which can potentially be applied to create smart drug delivery platforms with 
tunable sizes and release rates.  

ϭ I. Rosenbaum, A. J. Harnoy, E. Tirosh, M. Buzhor, M. Segal, L. Frid, R. Shaharabani, R. Avinery, R. Beck�
ĂŶĚ�R.:͘�Amir, :͘��ŵ͘��ŚĞŵ͘�^ŽĐ͕͘�ϮϬϭϱ͕�ϭϯϳ͕�ϮϮϳϲ. 
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Cationic surfactants can interact with cellular membranes of microorganisms, and hence have attracted 
much attention in developing antimicrobial agents. Cationic amphiphiles have also been used in new 
therapeutic biomedical applications as cationic vesicles to encapsulate RNA or DNA for cellular transfer in 
gene therapy. Cationic amino acid-based surfactants are a potential candidate in such biomedical 
applications, because of their relatively environmental and less toxic nature [1, 2]. 
In this work, we synthesized cationic lysine-based surfactants (n-Lys) and studied their interfacial 
properties. The chemical structure of n-Lys (n is the hydrocarbon chain length, 10, 12, and 14) is shown 
in FigƵƌĞ 1. We measured their static surface tension and aqueous phase behavior at 25 ºC. The solution pH 
was fixed at 2.5, where the two amino headgroups are expected to be fully neutralized by HCl. The aqueous 
phase behavior was assessed with a combination of visual appearance, optical and polarized microscopy, 
and small angle X-ray scattering measurements.  
We found a decreased critical micelle concentration (cmc) of the surfactants with an increase in the alkyl 
chain length. We also observed the following phase transition with increasing surfactant concentration; 
isotropic micellar phase – discontinuous cubic phase – hexagonal liquid crystal phase. The phase transition 
concentrations shifted to lower values with increasing hydrocarbon chain length. These results are 
rationalized by the concept of critical packing parameter (CPP); i.e., the longer hydrocarbon analogues 
exhibit larger CPP and hence tend to form lesser positive curved molecular aggregates. 

[1] A. Colomer et al., J. Med. Chem., 2011, 54, 989.
[2] A. Colomer et al., Langmuir. 2013, 29, 7912.

FigƵƌĞ 1 Chemical structure of n-Lys (n = 10, 12, 14)
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!
Colloidal! particles,! with! site=specific! interactions,! known! as! patchy! particles! are! promising! candidates! to!
study!self=assembly! leading!to!the! formation!of!complex!hierarchical!structures.!We!recently!presented!a!
simple!synthetic!route!to!produce!patchy!particles!with!tunable!patch!size!at!fluid=water!interfaces![1].!This!
method!allows!one!to!create!a!patch!of!gold!or!silica!on!positively!charged!polystyrene!particles.!The!as=
grown! layer! of! silica! or! gold! on! the! surface! can! be! further! engineered! to! have! negative! charges! and!
therefore! the!particles! formed! in! this! approach!are!bi=polar! in!nature.! These!patchy!particles! form! finite!
sized!aggregates!in!deionized!water!and!in!electrolyte!solution.!We!find!that!the!cluster!size!distribution!can!
be!controlled!by!varying! the!salt! concentration!and!volume! fraction!of! the!particles.!Further,!we!present!
results!on!clustering!in!a!mixture!containing!bi=polar!patchy!particle!and!charged!isotropic!particles.!We!find!
that! the! patch! size! (coverage)! controls! the! cluster! size! distribution.! Due! to! the! competition! between!
attractive! and! repulsive! electrostatic! interactions,! the! cluster! growth! is! found! to! be! self=limiting.! The!
clustering! process! is! characterized! by! dynamic! light! scattering! and! high! resolutions! scanning! electron!
microscopy.! The! experimental! results! are! compared! with! Monte! Carlo! simulations! to! understand! the!
complex!interplay!of!patchy!and!electrostatic!interactions!that!dictate!the!cluster!size!and!composition.!!
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�ĨĨĞĐƚ�ŽĨ��ƐƉŚĂůƚĞŶĞ�^ƚƌƵĐƚƵƌĞ�ŽŶ��ƐƐŽĐŝĂƚŝŽŶ�ĂŶĚ�
�ŐŐƌĞŐĂƚŝŽŶ�ǁŝƚŚ�ŽůĞŝĐ�ĂĐŝĚ�ƵƐŝŶŐ�DŽůĞĐƵůĂƌ��ǇŶĂŵŝĐƐ

�ĞƐĂƌĞ�KůŝǀŝĞƌŽ�ZŽƐƐŝϭΎ͕�WĂŽůŝŶŽ��ĂƉƵƚŽϭ͕�ZŝĐŚĂƌĚ�ZŝǀĞƌĂϮ͕�WĂƚƌŝĐŝŽ�WƵĐŚĂŝĐĞůĂϮ͕�
>ƵŝƐ�sŝůůĂŵĂŐƵĂϮ͕�DĂŶƵĞůĂ��ĂƌŝŶŝϯ͕�WŝĞƚƌŽ��ĂůĂŶĚƌĂϱ͕�&ƌĂŶĐĞƐĐŽ��ŚŝĂƌĂǀĂůůŽƚŝϯ͕ϰ�

ϭ�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝƐƚƌǇ�ĂŶĚ��ŚĞŵŝĐĂů�dĞĐŚŶŽůŽŐŝĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůĂďƌŝĂ͕�ϴϳϬϯϲ�
�ƌĐĂǀĂĐĂƚĂ�Ěŝ�ZĞŶĚĞ�;�^Ϳ͕�/ƚĂůǇ͖�ƚĞůͬ͘ĨĂǆ͘�нϯϵ�ϬϵϴϰϰϵϮϬϰϱ�

Ϯ�ĞƉĂƌƚĂŵĞŶƚŽ�ĚĞ�YƵşŵŝĐĂ͕�̂ ĞĐĐŝſŶ�&ŝƐŝĐŽƋƵşŵŝĐĂ�Ǉ�DĂƚĞŵĄƚŝĐĂƐ͕�hŶŝǀĞƌƐŝĚĂĚ�dĠĐŶŝĐĂ�
WĂƌƚŝĐƵůĂƌ�ĚĞ�>ŽũĂ͕��ƉĂƌƚĂĚŽ�ϭϭͲϬϭͲϲϬϴ͕�>ŽũĂ͕��ĐƵĂĚŽƌ�

ϯ�ĞƉĂƌƚŵĞŶƚ� ŽĨ� �ŶǀŝƌŽŶŵĞŶƚĂů� ĂŶĚ� �ŚĞŵŝĐĂů� �ŶŐŝŶĞĞƌŝŶŐ͕� hŶŝǀĞƌƐŝƚǇ� ŽĨ� �ĂůĂďƌŝĂ͕�ϴϳϬϯϲ�
ZĞŶĚĞ�;�^Ϳ͕�/ƚĂůǇ�

ϰZĞƐĞĂƌĐŚ� /ŶƐƚŝƚƵƚĞ� ĨŽƌ� 'ĞŽͲ,ǇĚƌŽůŽŐŝĐĂů� WƌŽƚĞĐƚŝŽŶ� Ͳ� /ƚĂůŝĂŶ� EĂƚŝŽŶĂů� ZĞƐĞĂƌĐŚ�
�ŽƵŶĐŝů͕�ϴϳϬϯϲ�ZĞŶĚĞ�;�^Ϳ͕�/ƚĂůǇ

ϱ�EZͲ/^DE͕�EĂƚŝŽŶĂů��ŽƵŶĐŝů�ŽĨ�ZĞƐĞĂƌĐŚ͕�sŝĂ�^ĂůĂƌŝĂ�Ŭŵ�Ϯϵ͘ϯϬϬ͕�DŽŶƚĞƌŽƚŽŶĚŽ�^ƚĂǌŝŽŶĞ�
;ZDͿ͕�/ƚĂůǇ

/Ŷ�ƚŚĞ�ƉƌĞƐĞŶƚ�ŝŶǀĞƐƚŝŐĂƚŝŽŶ�ƚŚĞ�ĞĨĨĞĐƚƐ�ƉƌŽĚƵĐĞĚ�ďǇ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ĂůŝĞŶ�ŵŽůĞĐƵůĞƐ�ŽŶ�ƚŚĞ�
ƐĞůĨͲĂƐƐĞŵďůǇ�ŽĨ� ƌĞƉƌĞƐĞŶƚĂƚŝǀĞ�ĂƐƉŚĂůƚĞŶĞ�ŵŽůĞĐƵůĞƐ�ŚĂƐ�ďĞĞŶ� ŝŶǀĞƐƚŝŐĂƚĞĚ�ďǇ�ŵĞĂŶƐ�ŽĨ�
ŵŽůĞĐƵůĂƌ�ĚǇŶĂŵŝĐƐ�;D�Ϳ�ƚĞĐŚŶŝƋƵĞ͘�dǁŽ�ƌĞƉƌĞƐĞŶƚĂƚŝǀĞ�ĂƐƉŚĂůƚĞŶĞ�ŵŽůĞĐƵůĞƐ�ŚĂǀĞ�ďĞĞŶ�
ŵŽĚĞůůĞĚ� ĂĐĐŽƌĚŝŶŐ� ƚŽ� ƐƚƌƵĐƚƵƌĞƐ� ĨƌŽŵ� sĞŶĞǌƵĞůĂŶ� ĐƌƵĚĞ� ŽŝůƐ͘� dŚĞ� ĂůŝĞŶ� ŵŽůĞĐƵůĞƐ�
ĐŽŶƐŝĚĞƌĞĚ� ĨŽƌ� ƚŚĞ� ƐŝŵƵůĂƚŝŽŶƐ� ǁĞƌĞ� ďĞůŽŶŐŝŶŐ� ƚŽ� ƚŚĞ� ƚǁŽ� ĐƵƌƌĞŶƚůǇ� ƵƐĞĚ� ĐůĂƐƐĞƐ� ŽĨ�
ŵŽůĞĐƵůĞƐ� ŽĨ� ůŽŶŐͲĐŚĂŝŶĞĚ� ĐĂƌďŽǆǇůŝĐ� ĂĐŝĚƐ� ĂŶĚ� ĂůŬǇůĂŵŝŶĞƐ͘� ^ƉĞĐŝĨŝĐĂůůǇ͕�ǁĞ�ŚĂǀĞ� ĐŚŽƐĞŶ�
ĨŽƌ�ŽƵƌ�ƐƚƵĚŝĞƐ�ŽůĞŝĐ�ĂĐŝĚ�ĂŶĚ�ďŝƐ�;ϮͲĞƚŚǇů�ŚĞǆǇůͿ�ĂŵŝŶĞ�ďĞĐĂƵƐĞ�ǁĞ�ĐŽŶƐŝĚĞƌ�ƚŚĞǇ�ŵĂǇ�ŚĂǀĞ�
ĞŶŚĂŶĐĞĚ� ƉĞƌĨŽƌŵĂŶĐĞƐ� ĚƵĞ� ƚŽ� ƚŚĞŝƌ� ƉĞĐƵůŝĂƌ� ƐƚƌƵĐƚƵƌĞƐ͘� dŚĞ� ƌĞƐƵůƚƐ� ǁŝůů� ďĞ� ƵƐĞĚ� ƚŽ�
ƵŶĚĞƌƐƚĂŶĚ� ƚŚĞ� ƐƚƌƵĐƚƵƌĂů� ĂŶĚ� ĚǇŶĂŵŝĐĂů� ĨĂĐƚŽƌƐ� ŝŶĨůƵĞŶĐŝŶŐ� ƚŚĞ� ĂƐƉŚĂůƚĞŶĞ� ĂŐŐƌĞŐĂƚŝŽŶ�
ƚŚƵƐ�ŚĞůƉŝŶŐ�ƚŽ�ĐŚŽŽƐĞ�ŽĨ�ĂĚͲŚŽĐ�ďŝƚƵŵĞŶ�ĂĚĚŝƚŝǀĞƐ͘�ĨƵƚƵƌĞ�ĚŝƌĞĐƚŝŽŶƐ�ŝŶ�ƚŚĞ�ƉŝůŽƚĞĚ�ĚĞƐŝŐŶ�
ŽĨ�ĂĚͲŚŽĐ�ďŝƚƵŵĞŶ�ĂĚĚŝƚŝǀĞƐ͘

�ΎĐĞƐĂƌĞ͘ŽůŝǀŝĞƌŽΛƵŶŝĐĂů͘ŝƚ
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�ŚŝƌĂů��ǇĐůŽďƵƚĂŶĞ�ɴͲ�ŵŝŶŽ��ĐŝĚͲ�ĂƐĞĚ��ŵƉŚŝƉŚŝůĞƐ͗�/ŶĨůƵĞŶĐĞ�ŽĨ�
ĐŝƐͬƚƌĂŶƐ�^ƚĞƌĞŽĐŚĞŵŝƐƚƌǇ�ŽŶ��ŽŶĚĞŶƐĞĚ�WŚĂƐĞ�ĂŶĚ�DŽŶŽůĂǇĞƌ�^ƚƌƵĐƚƵƌĞ�

ZĂŵŽŶ�WŽŶƐϭΎ͕��ůĞƐƐĂŶĚƌŽ�^ŽƌƌĞŶƚŝϮ͕�KŶĂ�/ůůĂϮ͕�ZŽƐĂ�D͘�KƌƚƵŹŽϮ�

ϭ�ĞƉĂƌƚĂŵĞŶƚ�ĚĞ�dĞĐŶŽůŽŐŝĂ�YƵşŵŝĐĂ�ŝ�ĚĞ�dĞŶƐŝŽĂĐƚŝƵƐ͕�/ŶƐƚŝƚƵƚ�ĚĞ�YƵşŵŝĐĂ��ǀĂŶĕĂĚĂ�ĚĞ��ĂƚĂůƵŶǇĂ͕
/Y��о�^/�͕�Đͬ�:ŽƌĚŝ�'ŝƌŽŶĂ�ϭϴͲϮϲ͕�ϬϴϬϯϰ��ĂƌĐĞůŽŶĂ͕�^ƉĂŝŶ

Ϯ�ĞƉĂƌƚĂŵĞŶƚ�ĚĞ�YƵşŵŝĐĂ͕�hŶŝǀĞƌƐŝƚĂƚ��ƵƚžŶŽŵĂ�ĚĞ��ĂƌĐĞůŽŶĂ͕�Ϭϴϭϵϯ͕��ĞƌĚĂŶǇŽůĂ�ĚĞů�sĂůůğƐ͕
�ĂƌĐĞůŽŶĂ͕�^ƉĂŝŶ

�
ΎƌĂŵŽŶ͘ƉŽŶƐΛŝƋĂĐ͘ĐƐŝĐ͘ĞƐ

EĞǁ� ĚŝĂƐƚĞƌĞŽŵĞƌŝĐ� ŶŽŶͲŝŽŶŝĐ� ĂŵƉŚŝƉŚŝůĞƐ͕� ĐŝƐͲ� ĂŶĚ� ƚƌĂŶƐͲϭ͕� ďĂƐĞĚ� ŽŶ� Ă� ĐǇĐůŽďƵƚĂŶĞ� ďĞƚĂͲĂŵŝŶŽ� ĞƐƚĞƌ�
ŵŽŝĞƚǇ� ŚĂǀĞ� ďĞĞŶ� ŝŶǀĞƐƚŝŐĂƚĞĚ� ƚŽ� ŐĂŝŶ� ŝŶƐŝŐŚƚ� ŝŶ� ƚŚĞ� ŝŶĨůƵĞŶĐĞ� ĞǆĞƌƚĞĚ� ďǇ� ĐŝƐͬƚƌĂŶƐ� ƐƚĞƌĞŽĐŚĞŵŝƐƚƌǇ� ĂŶĚ�
ƐƚĞƌĞŽĐŚĞŵŝĐĂů� ĐŽŶƐƚƌĂŝŶƚƐ� ŽŶ� ƚŚĞ� ƉŚǇƐŝĐŽĐŚĞŵŝĐĂů� ďĞŚĂǀŝŽƌ͕�ŵŽůĞĐƵůĂƌ� ŽƌŐĂŶŝǌĂƚŝŽŶ͕� ĂŶĚ� ŵŽƌƉŚŽůŽŐǇ� ŽĨ�
ƚŚĞŝƌ� >ĂŶŐŵƵŝƌ�ŵŽŶŽůĂǇĞƌƐ� ĂŶĚ� ĚƌǇ� ƐŽůŝĚ� ƐƚĂƚĞƐ͘� �ůů� ƚŚĞƐĞ� ĨĞĂƚƵƌĞƐ� ĂƌĞ� ƌĞůĞǀĂŶƚ� ƚŽ� ƚŚĞ� ƌĂƚŝŽŶĂů� ĚĞƐŝŐŶ� ŽĨ�
ĨƵŶĐƚŝŽŶĂů�ŵĂƚĞƌŝĂůƐ͘�dƌĂŶƐͲϭ� ƐŚŽǁĞĚ� Ă�ŚŝŐŚĞƌ� ƚŚĞƌŵĂů� ƐƚĂďŝůŝƚǇ� ƚŚĂŶ�ĐŝƐͲϭ͘� &Žƌ� ƚŚĞ� ůĂƚƚĞƌ͕� Ă�ŚŝŐŚĞƌ�ĨůƵŝĚŝƚǇ�
ŽĨ� ŝƚƐ� ŵŽŶŽůĂǇĞƌƐ� ǁĂƐ� ŽďƐĞƌǀĞĚ� ǁŚĞŶ� ĐŽŵƉĂƌĞĚ� ǁŝƚŚ� ƚŚĞ� ĨŝůŵƐ� ĨŽƌŵĞĚ� ďǇ� ƚƌĂŶƐͲϭ� ǁŚŽƐĞ� ��D� ŝŵĂŐĞƐ�
ƌĞǀĞĂůĞĚ�ƚŚĞ�ĨŽƌŵĂƚŝŽŶ�ŽĨ�ĐŽŶĚĞŶƐĞĚ�ƉŚĂƐĞ�ĚŽŵĂŝŶƐ�ǁŝƚŚ�Ă�ĚĞŶĚƌŝƚŝĐ�ƐŚĂƉĞ͕�ǁŚŝĐŚ�ĂƌĞ�ĐŚŝƌĂů�ĂŶĚ�Ăůů�ŽĨ�ƚŚĞŵ�
ĨĞĂƚƵƌĞ� ƚŚĞ�ƐĂŵĞ�ĐŚŝƌĂů� ƐŝŐŶ͘��ůƚŚŽƵŐŚ� ƚŚĞ� ĨŽƌŵĂƚŝŽŶ�ŽĨ�>��ƉŚĂƐĞ�ĚŽŵĂŝŶƐ�ǁĂƐ�ŶŽƚ�ŽďƐĞƌǀĞĚ�ďǇ� ��D� ĨŽƌ�
ĐŝƐͲϭ͕� ĐŽŵƉĂĐƚ� ĚĞŶĚƌŝƚŝĐ� ĐƌǇƐƚĂůƐ� ĨůŽĂƚŝŶŐ� ŽŶ� Ă� ĨůƵŝĚ� ƐƵďƉŚĂƐĞ� ǁĞƌĞ� ŽďƐĞƌǀĞĚ� ďĞǇŽŶĚ� ƚŚĞ�ĐŽůůĂƉƐĞ͕� ǁŚŝĐŚ�
ĂƌĞ� ĂƚƚƌŝďƵƚĂďůĞ� ƚŽ� ŵƵůƚŝůĂǇĞƌĞĚ� ϯ�� ƐƚƌƵĐƚƵƌĞƐ͘� dŚĞƐĞ� ĚŝĨĨĞƌĞŶĐĞƐ� ĐĂŶ� ďĞ� ĞǆƉůĂŝŶĞĚ� ďǇ�ƚŚĞ� ĨŽƌŵĂƚŝŽŶ� ŽĨ�
ŚǇĚƌŽŐĞŶͲďŽŶĚƐ� ďĞƚǁĞĞŶ� ƚŚĞ� ĂŵŝĚĞ� ŐƌŽƵƉƐ� ŽĨ� ĐŽŶƐĞĐƵƚŝǀĞ� ŵŽůĞĐƵůĞƐ� ĂůůŽǁŝŶŐ� ƚŚĞ� ĨŽƌŵĂƚŝŽŶ� ŽĨ�
ĞǆƚĞŶĚĞĚ� ĐŚĂŝŶƐ� ĨŽƌ� ƚƌĂŶƐͲϭ� ŐŝǀŝŶŐ� ŽƌĚĞƌĞĚ� ĂƌƌĂŶŐĞŵĞŶƚƐ͘� ,ŽǁĞǀĞƌ͕� ĨŽƌ� ĐŝƐͲϭ͕� ƚŚŝƐ� ĂůŝŐŶŵĞŶƚ�
ĐŽĞǆŝƐƚƐ� ǁŝƚŚ� ĂŶŽƚŚĞƌ� ŽŶĞ� ƚŚĂƚ� ĂůůŽǁƐ� ƚŚĞ� ƐŝŵƵůƚĂŶĞŽƵƐ� ĨŽƌŵĂƚŝŽŶ� ŽĨ� ƚǁŽ� ŚǇĚƌŽŐĞŶ� ďŽŶĚƐ�ďĞƚǁĞĞŶ� ƚŚĞ�
ĂŵŝĚĞ� ĂŶĚ� ƚŚĞ� ĞƐƚĞƌ� ŐƌŽƵƉƐ� ŽĨ� ĂĚũĂĐĞŶƚ� ŵŽůĞĐƵůĞƐ͘� /Ŷ� ĂĚĚŝƚŝŽŶ͕� ƚŚĞ� ƉƌŽƉĞŶƐŝƚǇ� ƚŽ� ĨŽƌŵ�ŝŶƚƌĂŵŽůĞĐƵůĂƌ�
ŚǇĚƌŽŐĞŶͲďŽŶĚƐ� ŵƵƐƚ� ďĞ� ĐŽŶƐŝĚĞƌĞĚ� ƚŽ� ũƵƐƚŝĨǇ� ƚŚĞ� ĨŽƌŵĂƚŝŽŶ� ŽĨ� ĚŝĨĨĞƌĞŶƚ� ƉĂƚƚĞƌŶƐ� ŽĨ�ŚǇĚƌŽŐĞŶͲďŽŶĚŝŶŐ�
ĂŶĚ͕� ĐŽŶƐĞƋƵĞŶƚůǇ͕� ƚŚĞ� ĨŽƌŵĂƚŝŽŶ� ŽĨ� ůĞƐƐ� ŽƌĚĞƌĞĚ� ƉŚĂƐĞƐ͘� dŚŽƐĞ� ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ� ĂƌĞ�ĐŽŶŐƌƵĞŶƚ� ĂůƐŽ� ǁŝƚŚ�
ƚŚĞ� ƌĞƐƵůƚƐ� ŽďƚĂŝŶĞĚ� ĨƌŽŵ� ^�y^Ͳt�y^� ĞǆƉĞƌŝŵĞŶƚƐ� ǁŚŝĐŚ� ƐƵŐŐĞƐƚ� Ă� ŵŽƌĞ� ďĞŶƚ� ĐŽŶĨŝŐƵƌĂƚŝŽŶ� ĨŽƌ� ĐŝƐͲϭ�
ƚŚĂŶ�ĨŽƌ�ƚƌĂŶƐͲϭ͘�

�ĐŬŶŽǁůĞĚŐŵĞŶƚ͗�tĞ�ƚŚĂŶŬ� :ĂƵŵĞ��ĂĞůůĞƐ͕� ŝŶ� ƚŚĞ� ^�y^Ͳt�y^� ƐĞƌǀŝĐĞ� Ăƚ� /Y��͕� ĨŽƌ� yͲZĂǇ�ŵĞĂƐƵƌĞŵĞŶƚƐ͖�
ĂŶĚ��ƌ͘�&ĂďƌŝǌŝŽ�DĂƌŝŶĞůůŝ� ĨŽƌ�ƚŚĞ�ŽƉƚŝŵŝǌĂƚŝŽŶ�ŽĨ�ƚŚĞ�ĚŝŵĞƌŝĐ�ƐƚƌƵĐƚƵƌĞƐ�ŝŶ�&ŝŐƵƌĞ�ϳ͘�&ŝŶĂŶĐŝĂů�ƐƵƉƉŽƌƚ�ĨƌŽŵ�
D/E��K�;ŐƌĂŶƚƐ��dYϮϬϭϯͲϰϭϱϭϰͲW͕�ĂŶĚ��dYϮϬϭϯͲϰϯϳϱϰͲWͿ� ŝƐ�ŐƌĂƚĞĨƵůůǇ�ĂĐŬŶŽǁůĞĚŐĞĚ͘��ƵƚŚŽƌƐ�ĂůƐŽ�ƚŚĂŶŬ�
ƚŚĞ�ƐƵƉƉŽƌƚ�ĨƌŽŵ�'ĞŶĞƌĂůŝƚĂƚ�ĚĞ��ĂƚĂůƵŶǇĂ�;ϮϬϭϰ^'Zϯϱϴ�ĂŶĚ�ϮϬϭϰ^'ZϴϯϲͿ͘�
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Great application potential of polymer dendrimers was recognized immediately after the first synthesis of this 
type of polymers as these three dimensional nano-sized globular macromolecules have well 
defined architectures, shapes and sizes. Simultaneously, dendrimers offer a number of possibilities how to 
modify and control their properties. The low molar agents may be encapsulated in to the interior of 
dendrimers or attached onto dendrimer surface. Furthermore, dendrimer can be tailored for specific needs 
by the functional groups. Functional peripheral groups can improve the solubility of dendrimer and/or 
enhance the solubility of low molar agents. The functionalized branching points with preferential interaction 
with low molar compound can work as “condensation centers” and enlarge the amount of encapsulated 
agents. In the case of copolymer dendrimer, the core may be also tailored as nanocontainer for specific drugs 
or pollutants. Local or global bifunctionalization enables two or more functions being present in one 
dendrimer molecule and is very important for so called “smart” applications.  
Recent developments in synthesis provided a large variety of functionalized dendrimer structures and 
nowadays extensive experimental research of such systems is running. The computer simulations of these 
systems are very desirable because they elucidate the complex behavior of dendrimer solution from the 
thermodynamic point of view and so represent helpful assistance for experimental work. 
We studied the solubilization of low molar compound in functionalized amphiphilic polymer dendrimer in 
the dilute solutions by means of dissipative particle dynamics. We focused on the better understanding of 
the relation between the amount of solubilized compounds and the types, positions and interactions of 
functional groups on the one side and the conformational behavior of polymer dendrimer and the architecture 
of obtained nanostructures on the second side. 
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Supramolecular�selfͲassembly� is�an�attractive�pathway�for�bottomͲup�synthesis�of�novel�nanomaterials.�In�
particular,� this� approach� allows� the� spontaneous� formation� of� structures� of� wellͲdefined� shapes� and�
monodisperse� characteristic� sizes.� Because� nanotechnology� mainly� relies� on� sizeͲdependent� physical�
phenomena,�the�control�of�monodispersity�is�required,�but�the�possibility�of�tuning�the�size�is�also�essential.�
For�selfͲassembling�systems,�shape,�size,�and�monodispersity�are�mainly�settled�by�the�chemical�structure�of�
the�building�block�[1].�
In�water,�a�model�octapeptide�selfͲassembles�into�highly�monodisperse�supramolecular�nanotubes,�whose�
structure�was�previously�determined.�A�mixture�of�this�peptide�in�pure�water�at�10%�(w/w)�allows�to�obtain�
monodisperse�nanotubes�of�few�hundred�micrometers�length�with�a�diameter�and�wall�thickness�of�24,4�nm�
and�1,8�nm,�respectively.�These�nanotubes�result�from�the� lateral� interaction�between�ɴͲsheets�filaments�
made�of�peptide�dimers.�The�building�blocks� is�mainly�driven�by�amphiphilicity�and�a�systematic�aromatic�
aliphatic�side�chain�segregation�[2Ͳ3].�Moreover,�a�previous�study�demonstrated�that�anionic�counterions�
play�an�important�structural�role,�since�they�can�tune�the�diameter�of�the�nanotubes�in�a�19Ͳ26�nm�range�[4].��
Here,�we�modulated�in�a�controlled�way�the�diameter�of�peptide�nanotube�by�the�condensation�of�an�acidͲ
basic�molecule.� The� charge� variation� of� the� acidͲbasic�molecule� allows� a� pHͲtunning� of� the� nanotube�
diameter� control,� with� an� excellent� monodispersity� in� a� 23� (low� pH)Ͳ36� (high� pH)� nm� range.� Several�
techniques,� as� XͲray� diffraction� and� vibrational� spectroscopies� (Raman� and�ATRͲFTIR)� has� been� used� to�
validate�and� to�elucidate� the�key�elements�of� the�molecular�origins�of� the�diameter�modulation.�We�will�
present�you� this�original�and�simple�system�which�allow� to�obtained�different�diameter�of�monodisperse�
nanotubes.��
�
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Spurred	by	the	wealth	of	 intriguing	ordered	phases	accessible	and	enabled	by	 important	advances	 in	the	
synthesis	of	colloids,	enormous	theoretical	and	experimental	effort	has	been	dedicated	to	the	production	
of	 shape-	 and	 interaction-anisotropic	 particles.	 In	 this	 area,	 non-spherical	 clusters	 formed	 through	 the	
association	of	 spherical	 colloids	and	 referred	 to	as	 colloidal	molecules	have	gained	much	 interest	due	 to	
their	 potential	 applications	 in	 functional	 materials	 science	 where	 colloidal	 crystals	 with	 novel	 optical	
properties	 are	 desired.	Moreover,	 when	 the	 colloidal	molecules	 or	 their	 constituent	 building	 blocks	 are	
designed	so	that	intermolecular	interactions	can	be	evoked,	these	systems	can	be	used	as	model	systems	
to	study	self-assembly	and	the	concomitant	construction	of	increasingly	complex	structures.	
	
We	 describe	 a	 new	 route	 to	 colloidal	 molecules	 where	 thermoresponsive	 poly(N-isopropylacrylamide)	
(PNIPAM)	and	poly(N-isopropylmethacrylamide)	(PNIPMAM)	microgel	particles	serve	as	discrete,	externally	
manipulable	 interaction	 sites.	 In	 a	 previous	 study	 we	 developed	 an	 in	 situ	 microgel-Pickering	 emulsion	
approach	 for	 the	synthesis	of	micron-sized	microgel-decorated	polydimethylsiloxane	 (PDMS)	emulsion	oil	
droplets	 with	 a	 small	 number	 of	 microgels	 adsorbed	 to	 the	 droplet	 interface	 and	 whose	 reversible	
association	could	be	triggered	above	the	volume	phase	transition	temperature	(VPTT)	of	the	microgels	[1].	
We	have	now	studied	the	time	evolution	of	the	synthesis	process,	which	can	be	quenched	through	dialysis	
at	a	desired	state	to	yield	colloidal	molecule-like	microgel	clusters.	
	
	

	
Figure	1	 In	the	early	stages	of	the	 in	situ	microgel-Pickering	emulsion	approach,	micron-sized	colloidal	molecule-like	
microgel	clusters	are	present.	The	growth	can	be	quenched	through	dialysis.	

[1] L.	K.	Månsson,	J.	N.	 Immink,	A.	M.	Mihut,	P.	Schurtenberger	and	J.	 J.	Crassous,	Faraday	Discuss.,	2015,	
181,	49.	
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WƌĞƉĂƌĂƚŝŽŶ�ŽĨ�EŽǀĞů�KŝůͲŝŶͲKŝů��ŵƵůƐŝŽŶƐ�
^ƚĂďŝůŝǌĞĚ�ďǇ�/ŽŶ��ŽŵƉůĞǆĞƐ��

,ŝĚĞŬŝ�^ĂŬĂŝϭ͕ϮΎ͕��ĂƐĂŬŽ�DŽƌŝŽŬŝϭ͕�zŽƐŚŝĨƵŵŝ�tĂƚĂŶĂďĞϯ͕�<ĂǌƵǇƵŬŝ��ŶĚŽϯ͕�,ŝƌŽƐŚŝ�
,ĂǇĂƐŚŝϯ͕�,ŝƌŽǇƵŬŝ�KŐĂǁĂϯ͕�<Žũŝ�dƐƵĐŚŝǇĂϮ͕�dĂŬĞƐŚŝ��ŶĚŽϭ͕�Ϯ͕�<ĞŶŝĐŚŝ�^ĂŬĂŝϭ͕�Ϯ

ϭ&ĂĐƵůƚǇ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕�dŽŬǇŽ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ͕�:ĂƉĂŶ�
ϮZĞƐĞĂƌĐŚ�/ŶƐƚŝƚƵƚĞ�ĨŽƌ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕�dŽŬǇŽ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ͕�:ĂƉĂŶ�

ϯ�ZŝƐŽ�<ĂŐĂŬƵ��ŽƌƉŽƌĂƚŝŽŶ͕�:ĂƉĂŶ�

ΎŚŝƐĂŬĂŝΛƌƐ͘ŶŽĚĂ͘ƚƵƐ͘ĂĐ͘ũƉ

KŝůͲŝŶͲKŝů� ;KͬKͿ� ƚǇƉĞ� ĞŵƵůƐŝŽŶƐ� ĂƌĞ� ĚŝƐƉĞƌƐĞĚ� ƐǇƐƚĞŵƐ� ĐŽŶƐŝƐƚŝŶŐ� ŽĨ� ƚǁŽ� Žƌ� ŵŽƌĞ� ŵƵƚƵĂůůǇ� ŝŶƐŽůƵďůĞ� Žƌ�
ƐƉĂƌŝŶŐůǇ�ƐŽůƵďůĞ�ŽƌŐĂŶŝĐ�ůŝƋƵŝĚƐ͘�dŚĞ�KͬK�ƚǇƉĞ�ĞŵƵůƐŝŽŶƐ�ŚĂǀĞ�ŐĂƚŚĞƌĞĚ�ƐŝŐŶŝĨŝĐĂŶƚ�ĂƚƚĞŶƚŝŽŶƐ�ǁŝƚŚ�Ă�ǀŝĞǁ�ƚŽ�
ĂƉƉůŝĐĂƚŝŽŶƐ� ĨŽƌ� ŝŶŬ͕� ĐŽƐŵĞƚŝĐƐ͕� ĂŶĚ� ƐŽ�ŽŶ� ϭ͘� �,ŽǁĞǀĞƌ͕�ƉƌĞƉĂƌĂƚŝŽŶ�ŽĨ� ƚŚĞ�KͬK� ƚǇƉĞ�ĞŵƵůƐŝŽŶƐ�ǁŝƚŚ� ŚŝŐŚ�
ĚŝƐƉĞƌƐŝďŝůŝƚǇ�ŚĂƐ�ďĞĞŶ�ŬĞƉƚ�ĚŝĨĨŝĐƵůƚ�ďĞĐĂƵƐĞ�ƚŚĞ�ĂĚƐŽƌƉƚŝŽŶ�ĞĨĨŝĐŝĞŶĐǇ�ŽĨ�ĂŵƉŚŝƉŚŝůŝĐ�ŵŽůĞĐƵůĞƐ� ƚŽ�ƚŚĞ�KͬK�
ŝŶƚĞƌĨĂĐĞ�ŝƐ�ŐĞŶĞƌĂůůǇ�ůŽǁ͘��/Ŷ�ƚŚŝƐ�ƐƚƵĚǇ͕�ǁĞ�ƐƚƵĚŝĞĚ�ƚŚĞ�ƉƌĞƉĂƌĂƚŝŽŶ�ŽĨ�ŚŝŐŚůǇ�ƐƚĂďůĞ�KͬK�ƚǇƉĞ�ĞŵƵůƐŝŽŶƐ�ƵƐŝŶŐ�
ĂŶ�ŝŽŶ�ĐŽŵƉůĞǆ�ĨŽƌŵĂƚŝŽŶ�ďĞƚǁĞĞŶ�ĂŶ�ĂŵŝŶĞͲƚǇƉĞ�ĞŵƵůƐŝĨŝĞƌ�ĂŶĚ�Ă�ƉŚŽƐƉŚŽƌŝĐ�ĂĐŝĚ�ƚǇƉĞ�ĐŽͲĞŵƵůƐŝĨŝĞƌ�Ăƚ�ƚŚĞ�
ŝŶƚĞƌĨĂĐĞ͘
KͬK�ƚǇƉĞ�ĞŵƵůƐŝŽŶƐ�ǁĞƌĞ�ƉƌĞƉĂƌĞĚ�ƵƐŝŶŐ�ŝƐŽƉĂƌĂĨĨŝŶ�Žƌ�ŶŽƌŵĂů�ƉĂƌĂĨĨŝŶ�ĂĚĚĞĚ�ďǇ�ƚŚĞ�ĂŵŝŶĞ�ƚǇƉĞ�ĞŵƵůƐŝĨŝĞƌ�
ĂƐ�Ă�ĐŽŶƚŝŶƵŽƵƐ�ƉŚĂƐĞ͕�ĂŶĚ�ŵĞƚŚĂŶŽů�Žƌ�ĞƚŚĂŶŽů�ĂĚĚĞĚ�ďǇ�ƚŚĞ�ƉŚŽƐƉŚŽƌŝĐ�ĂĐŝĚ�ƚǇƉĞ�ĞŵƵůƐŝĨŝĞƌ�ĂƐ�Ă�ĚŝƐƉĞƌƐĞĚ�
ƉŚĂƐĞ͘� �dŚĞ�ĚŝƐƉĞƌƐĞĚ�ƉŚĂƐĞ�ǁĂƐ�ĂĚĚĞĚ�ƚŽ� ƚŚĞ�ĐŽŶƚŝŶƵŽƵƐ�ƉŚĂƐĞ�Ăƚ�ǀĂƌŝŽƵƐ�ĐŽŵƉŽƐŝƚŝŽŶƐ�ĂŶĚ�ĚŝƐƉĞƌƐĞĚ�ďǇ�
ƵůƚƌĂƐŽŶŝĐ�ƚƌĞĂƚŵĞŶƚ͘�
DĞƚŚĂŶŽů�ͬ�ŝƐŽƉĂƌĂĨĨŝŶ�ƚǇƉĞ�ĞŵƵůƐŝŽŶƐ�ǁŝƚŚ�ϮϬ�ǁƚй�ĚŝƐƉĞƌƐĞĚ�ƉŚĂƐĞ�ĐŽŶƚĞŶƚ�ǁĞƌĞ�ƉƌĞƉĂƌĞĚ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�
ŽĨ�ϭϬ�ǁƚй�ĂŵŝŶĞ�ƚǇƉĞ�ĞŵƵůƐŝĨŝĞƌ�ĂĚĚĞĚ�ƚŽ�ƚŚĞ�ĐŽŶƚŝŶƵŽƵƐ�ƉŚĂƐĞ͘��,ŽǁĞǀĞƌ͕�ŽďƚĂŝŶĞĚ�ĞŵƵůƐŝŽŶƐ�ǁĞƌĞ�ƉŚĂƐĞͲ
ƐĞƉĂƌĂƚĞĚ�ĂĨƚĞƌ�ĨĞǁ�ŚŽƵƌƐ͘�dŚĞŶ�ƚŚĞ�ƉŚŽƐƉŚŽƌŝĐ�ĂĐŝĚ�ƚǇƉĞ�ĐŽͲĞŵƵůƐŝĨŝĞƌ�ǁĂƐ�ĂĚĚĞĚ�ƚŽ�ŝŶŶĞƌ�ĚŝƐƉĞƌƐĞĚ�ƉŚĂƐĞ�
;ŵĞƚŚĂŶŽůͿ� ǁŝƚŚ� ǀĂƌŝŽƵƐ� ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ͘� ,ŝŐŚůǇ� ƐƚĂďůĞ� ;ĂďŽƵƚ� ƚŚƌĞĞ� ŵŽŶƚŚƐͿ� ŵĞƚŚĂŶŽů� ͬ� ŝƐŽƉĂƌĂĨĨŝŶ� ƚǇƉĞ�
ĞŵƵůƐŝŽŶƐ� ǁŝƚŚ� ĂďŽƵƚ� ϭϱϬ� Ŷŵ� ŝŶ� ƐŝǌĞ� ǁĞƌĞ� ĂďůĞ� ƚŽ� ďĞ� ŽďƚĂŝŶĞĚ� Ăƚ� ƚŚĞ� ĨŽůůŽǁŝŶŐ� ĐŽŵƉŽƐŝƚŝŽŶ͖�
ŝƐŽƉĂƌĂĨĨŝŶ͗ŵĞƚŚĂŶŽů�с�ϴ͗Ϯ�ǁƚй͕�ϭϬ�ǁƚй�ĂŵŝŶĞ�ƚǇƉĞ�ĞŵƵůƐŝĨŝĞƌ͕�ĂŶĚ�ϮϬǁƚй�ƉŚŽƐƉŚŽƌŝĐ�ĂĐŝĚ�ƚǇƉĞ�ĐŽͲĞŵƵůƐŝĨŝĞƌ�
;&ŝŐƵƌĞ�ϭͿ͘
tĞ� ĂůƐŽ� ĞǆĂŵŝŶĞĚ� ƚŚĞ� ĞĨĨĞĐƚ� ŽĨ� ĐŚĞŵŝĐĂů� ŶĂƚƵƌĞ� ŽĨ� ĐŽŶƚŝŶƵŽƵƐ� ĂŶĚ� ĚŝƐƉĞƌƐĞĚ� ƉŚĂƐĞƐ� ŽŶ� ƚŚĞ� ĚŝƐƉĞƌƐŝŽŶ�
ƐƚĂďŝůŝƚǇ� ŽĨ�KͬK�ĞŵƵůƐŝŽŶƐ͘�tŚĞŶ�ĞƚŚĂŶŽů�ǁĂƐ�ƵƐĞĚ�ĂƐ� Ă�ĚŝƐƉĞƌƐĞ�ƉŚĂƐĞ͕� ƚŚĞ�ĞŵƵůƐŝŽŶ�ǁĂƐ�ĚĞƐƚĂďŝůŝǌĞĚ� ĂƐ�
ĐŽŵƉĂƌĞĚ�ǁŝƚŚ�ƚŚĂƚ�ƉƌĞƉĂƌĞĚ�ǁŝƚŚ�ŵĞƚŚĂŶŽů͘�dŚŝƐ�ŝŶƐƚĂďŝůŝƚǇ�ǁĂƐ�ĐĂƵƐĞĚ�ďǇ�ƚŚĞ�ŝŶĐƌĞĂƐĞĚ�ƐŽůƵďŝůŝƚǇ�ŽĨ�ĞƚŚĂŶŽů�
ŝŶ�ŝƐŽƉĂƌĂĨĨŝŶ͘��KŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕�ƚŚĞ�ĞŵƵůƐŝŽŶ�ƵƐŝŶŐ�ŶŽƌŵĂů�ƉĂƌĂĨĨŝŶ�ĂƐ�Ă�ĐŽŶƚŝŶƵŽƵƐ�ƉŚĂƐĞ�ƐŚŽǁĞĚ�ŚŝŐŚĞƌ�
ĚŝƐƉĞƌƐŝŽŶ�ƐƚĂďŝůŝƚǇ� ƚŚĂŶ�ƚŚĂƚ�ƵƐŝŶŐ� ŝƐŽƉĂƌĂĨĨŝŶ͘�,ŝŐŚůǇ�ƐƚĂďůĞ�KͬK�ĞŵƵůƐŝŽŶƐ�ǁĞƌĞ�ƐŚŽǁŶ�ƚŽ�ďĞ�ŽďƚĂŝŶĞĚ�ďǇ�
ƵƐŝŶŐ�ŽŝůƐ�ǁŝƚŚ�ůŽǁ�ŵƵƚƵĂů�ƐŽůƵďŝůŝƚǇ�ĂŶĚ�ĂůƐŽ�ďǇ�ĂĚĚŝŶŐ�ƚŚĞ�ĐŽͲĞŵƵůƐŝĨŝĞƌ�ƚŽ�ĚŝƐƉĞƌƐĞĚ�ƉŚĂƐĞ�ǁŚŝĐŚ�ŝŶƚĞƌĂĐƚƐ�
ǁŝƚŚ�ƚŚĞ�ĞŵƵůƐŝĨŝĞƌ�Ăƚ�ƚŚĞ�KͬK�ŝŶƚĞƌĨĂĐĞ͘��
/Ŷ�ĂĚĚŝƚŝŽŶ͕�WsW�;WŽůǇǀŝŶǇůƉǇƌƌŽůŝĚŽŶĞͿ�ŵŝĐƌŽĐĂƉƐƵůĞƐ�ǁŝƚŚ�ƚŚĞ�ƐŝǌĞ�ůĞƐƐ�ĐĂ͘�ϭϬϬ�Ŷŵ�ĂŶĚ�ƚŚĞ�ĚŝƐƉĞƌƐŝŽŶ�ƐƚĂďŝůŝƚǇ�
ŚŝŐŚĞƌ� ƚŚĂŶ� Ă� ǇĞĂƌ�ǁĞƌĞ� ĂůƐŽ� ƐƵĐĐĞƐƐĨƵůůǇ� ƉƌĞƉĂƌĞĚ� ŝŶ� ŶŽƌŵĂů� ƉĂƌĂĨĨŝŶ� ďǇ� ƚŚĞ� ƐŽůǀĞŶƚ� ĞǀĂƉŽƌĂƚŝŽŶ�ŵĞƚŚŽĚ�
ƵƐŝŶŐ�ƚŚĞ�ƉƌĞƐĞŶƚ�KͬK�ĞŵƵůƐŝŽŶƐ͘
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	Phase	Behavior,	Hydration,	and	Self-assembled	Structures	of	Aqueous	

Alcohol	Ethoxylate	and	Methyl	Ester	Ethoxylate	

Taku	Ogura1*,	Takesi	Akahane2,	Kenshi	Amano2,	Ryo	Hyodo1,	Keiichi	Yanase2,	and	Takaaki	Sato2

1	R	&	D,	LION	Corporation,	7-2-1	Hirai,	Edogawa-ku,	Tokyo,	132-0035	Japan	
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*t-ogura@lion.co.jp

We	 combine	 small-angle	 X-ray	 scattering	 (SAXS)	 and	 dynamic	 light	
scattering	 (DLS)	 with	 dielectric	 relaxation	 spectroscopy	 (DRS)	 to	
investigate	 phase	 behavior,	 surfactant	 hydration,	 static	 structures,	
and	 Brownian	 dynamics	 in	 aqueous	 solutions	 of	 alcohol	 ethoxylate	
(C12E15)	 and	 methyl	 ester	 ethoxylate	 (C12MEE)	 [1],	 hereafter	
abbreviated	as	AE	and	MEE,	respectively.	AE	is	a	conventional	CiEj

[1] I.	Hama	et	al.,	J.	Am.	Oil	Chem.	Soc.͕�ϭϵϵϳ͕	74,	829.
[2] B.Weyerich	et	al.,	J.	Appl.	Cryst.͕�ϭϵϵϵ͕	32,	197.
[3] N.F.	Carnahan,	K.E.	Starling,	J.	Chem.	Phys.͕�ϭϵϲϵ͕	51,	635.
[4] T.	Sato	and	T.	Ogura	et	al.,	J.	Phys.	Chem.��͕�ϮϬϭϲ͕	120,	5444.

type	 surfactant,	whereas	C12MEE	 is	 synthesized	 from	natural	plant-�Scheme	 1	Molecular	 structure	 of	 AE	 and	MEE.	

based	oils	having	a	methoxy	terminal	group	 in	a	hydrophilic	chain.	 In	particular,	we	focus	on	effects	of	the	
end-cap	architectures	of	these	non-ionic	surfactant	molecules.	We	find	that	AE	and	MEE	show	considerably	
different	 phase	 behavior	 in	 water.	 At	 ambient	 temperature,	 AE	 produces	 liquid	 crystalline	 phases	 at	 w	
(surfactant	weight	 fraction)	 >	 0.35,	whereas	MEE	 retains	 a	 disordered	 (liquid)	 phase	 in	 an	 extremely	wide	
concentration	 range	 (w	 <	 0.7).	 SAXS	 data	 are	 analyzed	 relaying	 on	 a	 generalized	 indirect	 Fourier	
transformation	 (GIFT)	 technique	 [2].	 Structure	 factor	 deduced	 from	 SAXS	 intensities	 indicates	 that	 the	
osmotic	 compressibility	 of	 both	 AE	 and	 MEE	 solutions	 are	 markedly	 lower	 than	 those	 predicted	 from	
surfactant	volume	and	the	Carnahan-Starling	equation	[3].	The	effective	hydration	number	of	AE	and	MEE	are	
evaluated	by	DRS	as	a	function	of	surfactant	concentration	from	the	excess	bulk	water	relaxation	amplitude	
[4].	SAXS	and	DRS	results	unambiguously	demonstrate	that	hydration	water	molecules,	exhibiting	about	four	
times	slower	collective	reorientational	dynamics	than	bulk	water,	contribute	to	the	excluded	volume	of	the	
micelles.	A	blocked	terminal	hydrogen-bond	donor/acceptor	site	of	MEE	causes	smaller	hydration	number	of	
MEE	 than	 AE,	 resulting	 in	 the	 lower	 excluded	 volume	 of	 the	MEE	micelles.	 The	 effective	micellar	 volume	
fraction,	 φ� eff,	 should	 be	 quantitatively	 defined	 by	 incorporating	 these	 hydration	 effects.	 Importantly,	 if	
voluminosity,	which	is	to	be	defined	as	micellar	volume	fraction	per	unit	mass,	is	calculated	from	SAXS,	DRS,	
and	 solution	 density	 data,	 this	 quantity	 becomes	 clearly	 a	 decreasing	 function	 of	 w,	 demonstrating	
progressive	dehydration	of	the	surfactant	at	higher	w.	The	collective	diffusion	constants�ĚĞƚĞƌŵŝŶĞĚ�ďǇ��>^�
ĨŽƌ�ƚŚĞ����ĂŶĚ�D���ŵŝĐĞůůĞƐ�ƐŚŽǁ�Ă�ŵŽŶŽƚŽŶŽƵƐ�ŝŶĐƌĞĂƐĞ�ƵƉ�ƚŽ�ʔĞĨĨ�у�Ϭ͘ϱ͕�ǁŚŝĐŚ�ŝƐ�ŐĞŶĞƌĂůůǇ�ĞǆƉĞĐƚĞĚ�ĨŽƌ�
ƚŚĞ� ŚĂƌĚƐƉŚĞƌĞ͘� &ƵƌƚŚĞƌŵŽƌĞ͕� ǌĞƌŽͲƐŚĞĂƌͲƌĂƚĞ� ǀŝƐĐŽƐŝƚŝĞƐ� ŽĨ� ƚŚĞ� ��� ĂŶĚ� D��� ƐŽůƵƚŝŽŶƐ� ŽďĞǇ� Ă� <ƌŝĞŐĞƌʹ
�ŽƵŐŚĞƌƚǇ�ŵŽĚĞů�ŝŶ�ƚŚĞ�ŝĚĞŶƚŝĐĂů�ŵŝĐĞůůĂƌ�ƉĂĐŬŝŶŐ�ĨƌĂĐƚŝŽŶ�ƌĂŶŐĞ͕�ŝĨ�ƚŚĞǇ�ĂƌĞ�ƉůŽƚƚĞĚ�ĂŐĂŝŶƐƚ�ʔĞĨĨ�ĚĞƚĞƌŵŝŶĞĚ�
ďǇ�^�y^�ĂŶĚ��Z^͘�KƵƌ�ĚĂƚĂ�ĚĞŵŽŶƐƚƌĂƚĞ� ƚŚĂƚ�Ăůů� ƐƚĂƚŝĐ͕�ĚǇŶĂŵŝĐ͕�ĂŶĚ�ŵĞĐŚĂŶŝĐĂů�ƉƌŽƉĞƌƚŝĞƐ�ŽĨ� ƚŚĞ����ĂŶĚ�
D���ŵŝĐĞůůĂƌ� ƐŽůƵƚŝŽŶƐ� ĐĂŶ� ďĞ� ĞǆƉůĂŝŶĞĚ� ŝŶ� Ă� ĐŽŶƐŝƐƚĞŶƚ� ĂŶĚ� ƋƵĂŶƚŝƚĂƚŝǀĞ�ŵĂŶŶĞƌ� ŽŶůǇ�ǁŚĞŶ� ƚŚĞ� ĞǆĐůƵĚĞĚ�
ǀŽůƵŵĞ�ŽĨ�ƚŚĞ�ŚǇĚƌĂƚŝŽŶ�ǁĂƚĞƌ�ŵŽůĞĐƵůĞƐ�ŝƐ�ĞǆƉůŝĐŝƚůǇ�ĂĐĐŽƵŶƚĞĚ�ĨŽƌ͘�	

FigƵƌĞ	 1	 (A)	 The	 GIFT	 analysis	 of	 the	 SAXS	 intensities	 of	
aqueous	AE	and	MEE	solutions	at	w	=	0.15	at	25�,	and	 	 (B)	
the	extrapolated	structure	factor,	S(q�0),	as	a	function	of	w.	
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Lophine dimer is one of the photochromic compounds whose color is reversibly changed by photo irradiation. 
Upon UV light irradiation, the dimer solution is readily colorized because the dimer is cleaved into a pair of 
lophyl radicals. Afterwards, a thermal recombination reaction of the radical species causes bleaching of the 
color [1]. The coloration reaction with photo irradiation is much faster than general photochromic reactions 
[2]. On the other hand, the thermal decoloration reaction is much slower compared with the coloration 
reaction because the rate of the recombination reaction is dominated by the collision of the radical species 
diffusing in a solvent matrix. Recently, Abe and coworkers accomplished a rapid recombination reaction of 
the lophyl radicals with a synthetic approach [3][4]. In this case, in order to inhibit the diffusion of the photo-
generated radical species, two lophine units in the structure are covalently bonded with naphthalene, 
cyclophane, or benzene moieties. From this finding, we assumed that if a lophine dimer was solubilized in 
micelles formed by surfactants, the recombination reaction was accelerated because the distance between 
the radical species could be shorter than that in a solvent. In previous study, we have tried an acceleration 
of a recombination reaction of the lophyl radicals in a nano-cage formed by micelles. In this result, the 
decoloration rates of the lophine dimer derivative bearing alkyl chains as solubilizing groups were accelerated 
about 100 times in CTAB aqueous solution compared with those in organic solvents. In this study, we have 
synthesized a novel amphiphilic lophine dimer for further acceleration of the decoloration rate of the lophine 
dimer and for expanding application of a lophine dimer. 
A novel amphiphilic lophine dimer bearing quaternary ammonium salt as hydrophilic groups (N-C6-LPD) was 
synthesized with 4 steps. In the step 1, bromohexane was introduced to 4-hydroxybenzaldehyde by a 
Williamson ether synthesis. In the step 2, the lophine derivative was synthesized from the obtained 
compound in the step 1. In the step 3 and 4, the lophine derivative was dimerized and quaternary ammonium 
salt was introduced as hydrophilic groups. The structure of the obtained compounds was determined by 1H-
NMR and ESI-MS. We will also demonstrate the photochromic and interfacial properties of N-C6-LPD in the 
poster session. 

[1] T. Hayashi, K. Mawda, Bull. Chem. Soc. Jpn., 1960, 33, 565. 
[2] Y. Satoh, J. Abe, et al., Chem. Phys. Lett., 2007, 448, 228. 
[3] F. Iwahori, J. Abe, et al., J. Phys. Org. Chem., 2007, 20, 857. 
[4] Y. Kishimoto, J. Abe, J. Am. Chem. Soc., 2009, 131, 4227. 

Figure 1 The structure of N-C6-LPD 
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Self-Assembly of Rod-Like Patchy Particles
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Morphology and properties  of  self-assembled structures are  related to the characteristics  of  individual

building blocks. However, finding transition from characteristics of building blocks toward self-assembled

structures remain challenging task even for very simple systems.

Here we present a theory and Monte Carlo simulations of rod-like patchy particles, which can represent

amphiphilic alpha helices, functionalized nanotubes, or prolate shaped colloids. Based on simulations we

determined  structure  diagrams,  where  the  system  composition  and  morphology  of  self-assembled

structures are depicted as a function of temperature, concentration, and model parameters. The rod-like

patchy particles were modeled as speherocylinders with one or two attractive stripes running along its long

axis [1]. Particles with one patch form rather regular clusters with the single hydrophobic core. For short

range (hydrophobic like) interactions, we observe stable clusters of sizes up to tetramers while for longer

range interactions even larger clusters were observed. Particles with two patches assembled to ring-like

clusters, where the cluster size is given by an angle between the patches. The observed structures are in

agreement with experimentally determined assemblies of coiled-coils [2] and the system composition is in

agreement with our theory based on statistical mechanics.

These results provide a useful information for prediction of geometry and abundance of self-assembled

structures formed by rod-like patchy particles at different conditions.

Acknowledgements This work was supported by the Czech Science Foundation (grant 14-12598S) and by 

the project CEITEC 2020 (LQ1601) with financial support from the Ministry of Education, Youth and Sports 

of the Czech Republic under the National Sustainability Program II.

Computational resources were provided by the CESNET LM2015042 and the CERIT Scientific Cloud 

LM2015085, provided under the programme "Projects of Large Research, Development, and Innovations 

Infrastructures".

[1] Vácha,  Robert,  and  Daan  Frenkel.  Relation  between  molecular  shape  and  the  morphology  of  self-

assembling aggregates: a simulation study, Biophysical Journal 2011, 101.6, 1432-1439.

[2] Moutevelis, Efrosini, and Derek N. Woolfson. A periodic table of coiled-coil protein structures, Journal of

Molecular Biology 2009, 385.3, 726-732.
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Single microgels in core/shell equilibrium: A novel method for limited 
volume studies 

Claes Jidheden1* and Per Hansson1 
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*claes.jidheden@farmaci.uu.se 

We have developed a method for introducing limited amounts of surfactant and/or protein in single micro 
gels held in a small aqueous volume. This makes investigating core/shell formations in equilibrium possible 
in a way not previously explored. Dodecyltrimethylamoniumbromide (DTAB) and cytochrome c has been 
used with results in line with theoretical predictions and core/shell formations with cytochrome c with 
Cetyltrimethylamoniumbromide (CTAB) has been achieved. The simplicity of the method makes 
experiments quick and opens up for studying expensive or hard-to-obtain substances due to the small 
amounts of material required.  

 

 

 

 

Figure 1. DTAB with Rhodamin B fluorescence marker absorbed into a single microgel displaying a stable core/shell 
formation after 24 hours. 

 

 

 

 

 

Figure 2.  Cytochrome c and CTAB with Rhodamin B fluorescence marker absorbed into a single microgel displaying a 
stable core/shell formation after 3.5 hours with CTAB in the shell encapsulating the core with cytochrome c. 
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Polyoxometalates+ (POMs)+ are+ nanometric+ metal4oxide+ anions+ with+ unique+ chemical+ and+ physical+
properties.[1]+ During+ the+ last+ ten+ years,+ significant+ efforts+ have+ been+made+ to+ graft+ alkyl+ chains+ on+
POMs+ to+ acquire+ surface+ activity+ and+ self4assembly+ properties,+ which+ is+ essential+ for+ catalysis+
applications+and+ for+producing+organic4inorganic+hybrid+materials+with+desired+nanostructures.[243]+
After+having+ shown+ that+POMs4based+ surfactants+ are+produced+ spontaneously+ through+non4covalent+
interactions+in+water+by+simply+mixing+non4ionic+surfactants+with+the+most+common+POMs+of+Keggin’s+
type,+ tungstosilicate+(SiW12O4044)+and+tungstophosphate+(PW12O4034),+we+now+present+the+ influence+of+
POMs+on+micellization+using+tensiometry.+By+solving+a+lateral+equation+of+state,+we+can+explain+either+
an+increase+or+a+decrease+of+the+CMC+and+therefore+we+can+obtain+an+interaction+magnitude+between+
POMs+and+micelles+of+the+order+of+15kT.+This+value+is+fully+consistent+with+the+strong+effects+observed+
in+the+presence+of+POMs+such+as+cloud+point+variation.[4]+The+description+of+the+interaction+between+
POMs+and+either+ethoxy+or+sugar+groups+makes+ it+possible+ to+have+a+different+ insight+ into+biological+
systems+that+contain+POMs+in+medical+applications.+

!
Figure& 1! Figure! Chemical! structures! of! (a)! POM:! [SiW12O40]

40! (SiW40)! or! [PW12O40]
30! (PW30);! n! =! 4! (Si)! and! 3! (P),! (b)!

tetraethyleneglycol! monooctyl! ether! (C8E4),! and! (c)! n0octyl0b0D0monoglucoside! (C8G1).! Sketch! of! a! C8G1! micelle!
covered!by! a!POM!anion.!Hofmeister’s! series! from!kosmotropic! (salting0out)! to! chaotropic! (salting0in)! anions,! POM!
were!found!to!act!as!super0chaotropic!anions.!Influence+of+POMs+on+micellization.!
&
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Two-dimensional self-assembly of amphiphilic molecules at interfaces has attracted continuous attention 
in fundamental research and potential applications. A Langmuir monolayer at the air/water interface is a 
simple and useful system for studying the in-plane self-assembly. The significant advantage of this 
monomolecular system is that the molecular self-assembly and thus resultant two-dimensional morphology 
can be controlled by conditions for monolayer preparation, nature of film molecule, and most distinctively, 
lateral compression/expansion using mobile barriers. The easy transfer of the monolayer on a solid 
substrate using an appropriate method such as the Langmuir-Blodgett technique is also beneficial for 
structural characterization and technological applications. 

In this work, we utilized micro-phase separation systems in binary mixed Langmuir monolayers for 
fabrication of two-dimensional template surfaces usable to site-selective three-dimensional growth of silica 
precursors. The phase-separated monolayers are typically composed of condensed-phase micro-domains 
and a surrounding continuous phase, where either of them is formed by a long-chain organosilane 
chemically adsorbable to the hydroxylic surface of silicon-wafer substrate whereas another is made of a 
normal amphiphilic compound such as a long-chain fatty acid nonreactive to the substrate surface. The 
deposited monolayers were thoroughly rinsed with organic solvents to remove the physisorbed phase from 
the monolayers, resulting in exposure of the underlying hydroxylic substrate surfaces, and then immersed 
into a 3-aminopropyltriethoxysilane (APTES) solution. The APTES molecules formed a chemisorbed 
monolayer on the exposed hydroxylic regions in a short immersion time, but longer immersion induced the 
formation of vertically grown structure (VGS) via a surface sol-gel reaction on the APTES monolayers. 
Structural analysis of VGS using X-ray diffractometry suggested the APTES molecules are tightly packed with 
parallel orientation of molecular axis to the growing direction of VGS. Infrared spectroscopic data indicated 
the APTES molecules are hydrolysed and form hydrogen bonds between terminal amine and silanol groups, 
and partially condensed to form siloxane bonds. The in-plane distribution and shape of VGS follow the 
morphology of the physisorbed phase in the original monolayer surface, and thus can be controlled by 
selecting an appropriate combination of mixing film molecules and monolayer preparation condition. It has 
been succeeded to prepare VGS with cylindrical, hole, curved or straight narrow wall shape. In addition, the 
VGS surfaces are applicable for further adsorption of other materials on or between the structures.  
Acknowledgements:  This work was supported by JSPS KAKENHI Grant Number 15K05469. 
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Solid lipid nanoparticles (SLN) have been used as an alternative nanocarrier since the 1990s, which can  be 
prepared by using various physiologically related lipids, emulsifiers and water [1]. Due to their high 
biocompatibility, stability and availability, to encapsulate various active materials, SLNs are distinguished 
from other alternatives in the use of pharmaceutics and biomedical applications.  In addition  to their use in 
several areas including, more versatile systems can be established via self-assembly of SLNs. These self-
assembled structures, independently of their single form, possess attractive properties such as high 
stability, enhanced functionality and increased loading capacity. Colloidal microcapsules are one of the 
most interested part of these self-assembled structures whose shell side are composed of nanoparticles [2].                           

In this study, it is aimed to prepare novel colloidal microcapsules as an alternative drug delivery agent by 
using SLNs as the constituent of shell side. Aminated positively charged PS particles wereused as core 
material. Within the context of this study, anionic SLNs and cationic gold nanoparticles (AuNPs) were 
synthesized by using “Microemulsion Method” and “Seed-Mediated Method”, respectively. These 
nanoparticles were absorbed onto the surface of PS particles by using “Layer-by-Layer technique (LbL)”. 
Incubation time and amount of nanoparticles were optimized and absorption steps were monitored by 
tracking the change of zeta-potential. Moreover, Scanning Electron Microscopy images of coated PS 
particles were taken to observe the degree of surface coverage. It is presented in the Figure 1. after the 
optimization, SLNs on the surface can be seen clearly which indicates the accomplishment of the coverage 
of surface and supported the zeta-potential values. Drug encapsulation and release studies have been 
performed by using several drugs such as dexamethasone, ibuprofen etc. after core removal. As such, a 
versatile diagnotherapy agent has been successfully prepared which carries therapeutic ingredients and can 
be used as a biosensor by the virtue of AuNPs. 

                    

Figure 1. SEM images of A) bare PS particle, B) 4 layer absorption onto the PS particles, C) SLNs on the surfaces 

 

[1] Mehnert, W., Mader, K., 2001, Advanced Drug Delivery Reviews, 47, 165-196. 

[2] Bae, J. et al. 2013, Current Organic Chemistry, 17, 3-13. 
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A poly(2-(dimethylamino)ethyl methacrylate) (PDMA) chain transfer agent (CTA) was used for the reversible 
addition-fragmentation chain transfer (RAFT) alcoholic dispersion polymerisation of benzyl methacrylate 
(BzMA) in ethanol at 70˚C [1]. THF GPC analysis indicated a well-controlled polymerisation with molecular 
weight increasing linearly with conversion. GPC traces also showed high blocking efficiencies with no 
homopolymer contamination apparent, and Mw/Mn values were less than 1.35 in all cases. 1H NMR studies 
confirmed greater than 98% BzMA conversion when targeting PBzMA degrees of polymerization (DP) of up 
to 800. The PBzMA block becomes insoluble as it grows, leading to in situ formation of sterically-stabilised 
diblock copolymer nanoparticles via polymerisation-induced self-assembly (PISA). Fixing the mean DP of the 
PDMA stabilizer block at 99 units and systematically varying the DP of the PBzMA block enables a series of 
spherical nanoparticles of tunable diameter to be obtained. 
 
Two methods were employed for the silicification of these spherical nanoparticles. The first protocol was 
based on that reported previously by Armes and co-workers using TMOS as a precursor [2], and the second 
protocol was based on a formulation involving TEOS and L-lysine reported by Nandiyanto et al. [3]. Various 
silica coating thicknesses were targeted and these silicified particles were then used to produce hollow silica 
spheres (via pyrolysis of the organic polymer template) [2]. Small angle X-ray scattering (SAXS) was used to 
investigate the structure of the silica layer produced by each method. In principle, this approach can be used 
to produce hollow silica spheres which could have various potential applications, such as catalysis, drug 
delivery, anti-reflective coatings or thermal insulation. 
 

 
Figure 1: Chain extension of a poly(2-dimethylamino)ethyl methacrylate (PDMA) macro-CTA via ethanolic RAFT 
dispersion polymerisation of benzyl methacrylate (BzMA) to produce sterically-stabilised PDMA-PBzMA diblock 
copolymer nanoparticles. Subsequent silica deposition by one of two different methods affords silicified nanoparticles, 
which form well-defined hollow silica nanoparticles on calcination. 
 
Acknowledgements DSM Research (Geleen, Netherlands) is thanked for funding a CASE award for ERJ’s 
EPSRC PhD studentship and also for permission to present this research. SPA acknowledges a five-year ERC 
Advanced Investigator grant (PISA 320372) and also partial project funding from Stichting Innovatie 
Alliantie (Foundation Innovation Alliance). 
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[2] J.-J. Yuan, O. O. Mykhaylyk, A. J. Ryan and S. P. Armes, J. Am. Chem. Soc., 2007, 129, 1717. 
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Instabilities in the dried colloidal film including the crack formation observed during drying of colloidal 
suspensions has recently attracted attention[1]. It has been observed experimentally that these cracks may 
be function as nanofluidic devices and have opened an entire avenue known as crack lithography[2]. In this 
context, modulation of crack patterns and propagation by external parameters such as external electric 
field will play an important role. So far, such attempts are restricted to the modulation of the interactions 
between the substrate-particle-solvent[3].
We present the findings of subjecting aqueous droplets comprising of surface modified (negatively charged) 
nanoparticles to an external DC potential. The crack formation in these colloidal droplets are monitored 
real time through optical microscopy. The substrates used are hydrophobized (ɽ~ 95º) by spin-coating  

layer of Sylgard 184. Spherical polystyrene latex particles of a constant diameter(48nm);zetapotential( N] =-
50.3mV),volume (2ʅl) and concentration (੮=0.01,(w/w)) are used throughout the study.The electric field is 
modulated by varying the voltage systematically and the corresponding evolution of crack velocity is 
depicted in Figure 1.
Applied electric field is found to favor crack initiation although the morphology of the cracks remains 
unaffected. It is evident from the aforementioned results that electrical energy may be employed to 
manipulate the crack formation process. It will be intriguing to delve in to the underlying physics 
responsible for these experimental results.

Figure 1 Crack velocity variation as a function of applied voltage

[1] A. F. Routh, Rep. Prog. Phys., 2013, 76, 046603.
[2] D. H. and T. K. Minseok Kim, Dong-Joo Kim, Nanoscale, 2015,40, 5432.
[3] U. U. Ghosh, M. Chakraborty, A. B. Bhandari, S. Chakraborty and S. Dasgupta,Langmuir,2015,
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Wormlike micelles of surfactant molecules are giant polymer-like chains that create a transient network in 
an aqueous medium. The system exhibits high viscoelastic properties which fully recovery through self-
assembly after applying a high deformation, a stress or pressure as a result of noncovalent bounds between 
molecules in the chain. The ionic surfactant molecules with long tail  (hydrophobic part)  at the presence of 
a salt usually aggregate into enormously long flexible cylindrical micelles so-called wormlike micelles. The 
viscoelastic properties are highly sensitive to many factors, for example, concentration of a salt, presence 
of hydrocarbons or temperature due to shape and length variation. Highly responsive viscoelastic 
properties which would be recovered and outstanding transformation of the micelles are attracted 
attention of scientists and industry companies. So, the surfactant solutions are often used in industry at 
thickening agents in paints, cosmetics, food. In oilfield industry the wormlike micelles solutions are applied 
as main component of fracturing fluids in oil recovery. Recent publications have demonstrated the network 
wormlike micelles as matrix in smart magnetorheological fluids and open new field for applications and 
supporting investigations. From scientific point of view the wormlike micelles are used as large hydrophobic 
containers for synthesizes, as model of polyelectrolyte solutions. Nevertheless, amount of the publications 
devoted to the wormlike micelles growth and transformation remains high in spite of more than 20 years 
active researches in the field. 
In the present work the viscoelastic properties of the aqueous solutions of the cationic surfactant erucyl 
bis(hydroxyethil)metilammonium chloride (EHAC) with inorganic mono- and multivalent salts are observed. 
The investigation allows us to describe the coions and the counterions effects on the micellar growth and 
branching. 
Rheological properties of long tailed surfactant aqueous solutions were examined as function of 
multivalence nonorganic salts concentration. SANS data, Cryo-TEM pictures and analysis of rheological 
curves indicate growth of linear wormlike micelles and branching. Increase of density of packing of 
surfactant molecules in wormlike micelles was obtained with SANS experiments upon salt addition. It was 
obtained that multivalence salt initiates dilute semidilute transition of the micelles at lower concentration. 
The effect was neglected when rheological properties curves was plotted as function of the counterions 
content. It was obtained that maximum values of the zero-shear viscosity, elastic modulus and relaxation 
time depend on coions type. Well defined three regions of zero-shear viscosity and relaxation time were 
observed upon salts content. These regions were correlated to growth of the length and branching 
formation due to counterions and coions influence. Dissociation of counterions and condensation of coions 
with increasing the salts content and density of the network was suggested as reason for the observed 
phenomena. 
Acknowledgements The financial support of Russian Science Foundation (project №15-13-00114). 
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!
The!interactions!between!dye!and!surfactant!molecules!are!important!in!various!dyeing!processes!such!as!
textile!dyeing,!photography!and!printing!ink,!as!well!as!in!chemical!research!in!fields!such!as!biochemistry,!
analytical! chemistry! and!pharmaceutical! applications.! Surfactants! are!widely! used! as! auxiliaries! in! textile!
finishing!processes.!Their!interactions!with!dyes!play!a!very!significant!role!in!achieving!uniform!dyeing.!
In!this!work!we!study!the!solubilization!and!the!interaction!of!an!azo!dye!(methyl!orange)!with!the!dodecyl!
trimethyl!ammonium!bromide!as!a!monomeric!surfactant!and!cationic!gemini!surfactants! in! the!series!of!
alkanediyl!α,ωIIbis[(dimethyl!alkyl!ammonium)!bromide)]!referred!to!as!(mIsIm),!m!=!10,!12,!14!and!s!=!2,!
3,!4!by!means!of!UV–Vis!spectroscopy.!Aggregation!with!the!anionic!dye!was!reflected!by!a!hypsochromic!
shift!with!a!decrease! in! the! intensity!of! the!absorption!band.!The! results!also!show!a!bathochromic! shift!
followed! by! a! sharp! increase! in! the! intensity! of! the! maximum! absorption! band! λmax! after! the! critical!
micellar! concentration! (CMC).! This! indicates! that! the! dye! solubility! increases! with! increasing! surfactant!
concentration.!It!was!also!observed!that!the!aggregation!of!surfactant!and!dye!takes!place!at!a!surfactant!
concentration!far!below!the!CMC!of!the!individual!surfactant.!The!effect!of!the!chain!length!as!well!as!the!
spacer!length!of!gemini!surfactants!on!the!critical!aggregation!concentration!and!CMC!were!also!examined.!
Moreover,!the!partition!coefficients!between!the!bulk!water!and!surfactant!micelles!KS!as!well!as!the!Gibbs!
energies!of!distribution!of!dye!between!the!bulk!water!and!surfactant!micelles!were!determined!using!the!
pseudoIphase!model.!The!effect!of!the!hydrophobic!chain! length!and!spacer!of!gemini!surfactants!on!the!
distribution!parameters!is!also!reported.!
!
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!
We!report!the!first!example!of!reversible!encapsulation!of!micronBsized!large!colloids!by!oppositely!charged!
submicron!small!colloids.!The!reversibility!is!achieved!by!introducing!a!pHBresponsive!layer!onto!the!small!
colloids.! The! layer! consists! of! a! mixture! of! polyacrylic! acid! and! polystyrene,! and! its! influence! on! the!
encapsulation!behavior!of!small!colloids!is!studied!as!a!function!of!the!ionic!strength!and!pH!of!the!solvent.!
We!observe!reversible!encapsulation!of! large!colloids!by!small!colloids!upon!cycling!the!pH.!Furthermore,!
the! surface! coverage! of! the! smaller! colloids! on! the! surface! of! the! large! colloids! is! tunable! by! pH.! An!
explanation! based! on! DLVOBtheory! is! provided! to! further! understand! the! reversible! encapsulation!
mechanism.!
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For many ionic surfactants and phospholipid systems, experiment and computer simulation show 
transitions from nonperforated flat bilayers and vesicles to the perforated structures and to the spatial 
networks of wormlike aggregates [1-4]. Substantial change in the system's behaviour caused by such 
transitions proves important in many fields ranging from production of oil to bioengineering and design of 
'smart' materials. 
A suitable model of a perforation in a bilayer is a hole with a toroidal rim, Fig. 1A. When three such holes 
come close, they form structural element that models a junction between three cylindrical aggregates, Fig. 
1B: a piece cut from the planar bilayer by a curvilinear triangle framed by three identical pieces of toroidal 
rims. 
In this work we apply the molecular thermodynamics model of the aggregation free energy [5] to study 
relative stability of the aggregates of different shapes. For toroidal geometry, an accurate analytical 
approximation gives the electrostatic contribution to the free energy. We illustrate the stabilization of 
perforations in bilayers and describe the sequence of shape transitions induced by adding salt, including 
formation of bicontinuous structures and branched or nonbranched wormlike micelles for ionic surfactants. 
 

     
 
Figure 1 A piece of perforated bilayer (A) and Y-shaped junction between three cylindrical micelles (B). c and b are the 
major and minor radii, respectively, of the toroidal element of the junction. 
 
 
 
Acknowledgements We thank the Russian Science Foundation (project # 16-13-10042) for financial support 
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The phase behavior of polyoxyethylene alkyl ether (CmEOn)/water system has been investigated by means 

of the ultrasensitive differential scanning calorimeter (VP-DSC). This VP-DSC is able to detect a few 
microcalorie of heat change accompanied by the very weak 1st order phase transition such as cloud point 
and LD→L3. The calorimetric profile showed not only the cloud point but an as-yet-unknown micelle 
structure transition (pre-transition) below the cloud point. Regardless of the unit numbers of EO and alkyl 
chains, this pre-transition occurred at approximately 25  ̊C below the cloud point  (Figure 1), where indeed 
the micelle suddenly initiated to grow up.  In the L1 region below this pre-transition temperature, the micelle 
size is almost independent on temperature as well as the EO chain length. On the other hand, the growth 
rate of micelle with temperature (dD/dT) depends on the EO and alkyl chain lengths in the L1’ region, and 
interestingly correlates with the transition enthalpy at the pre-transition temperature. In addition, our recent 
results demonstrated that additives such as inorganic salt can control the onset temperature of micelle 
growth and dD/dT, which may refer to Hofmeister series. In our presentation, we will further discuss 
significance of the pre-transition about practical solution properties such as solubilising oil, and Hofmeister 
series from the point of view of the thermodynamic parameters obtained from the VP-DSC measurement. 
 
 

Figure. 1 Phase diagram of the C12EOn/water system 
as functions of temperature and EO chain length 
(n). The C12EOn concentration is kept at 1 wt%. The 
micellar solution (L1) turns to the two-phase (D+W) 
at the clouding temperature via another micellar 
solution phase (L1’) identified by VP-DSC. 
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Tetra-ortho-methoxy-substituted azobenzene (mAzo) is famous for the trans-to-cis isomerization induced 
by red light (λ=625 nm) irradiating, while the cis-to-trans isomerization can be induced by heating or blue 
light (λ=470 nm) irradiating[1]. We reported a novel red-light-responsive supramolecule based on the host-
guest interaction between mAzo and β-cyclodextrin (β-CD)[2]. trans mAzo is able to form a supramolecular 
complex with β-CD spontaneously in water. Red light induces the trans-to-cis photoisomerization of mAzo 
and further the disassembly of the supramolecular complex (Figure 1 (a)). Based on the red-light-responsive 
supramolecule, red-light-responsive hydrogels (Figure 1 (b)) and mesoporous silica nanoparticles (Figure 1 
(c)) were prepared for the red light induced delivery of biomacromolecules and drugs[3]. 
 

[1] S. Samanta, A. A. Beharry, O. Sadovski, T. M. McCormick, A. Babalhavaeji, V. Tropepe and G. A. Woolley, 
J. Am. Chem. Soc., 2013, 135, 9777-9784. 

[2] D. Wang, M. Wagner, H.-J. Butt and S. Wu, Soft. Matter., 2015,11,7656-7662. 
[3] D. Wang and S. Wu, Langmuir, 2016, 32, 632-636.  

 

 

 

Figure 1 (a) Red-light-responsive supramolecules formed between mAzo and β-CD; (b) Red-light-responsive 
supramolecular hydrogels for red light induced delivery of proteins; (c) Red-light-responsive mesoporous silica 
nanoparticles for red light induced delivery of doxorubicin (DOX). 

Poster P1.48

— 48 —



  

 

Adsorption and aggregation activity of sodium dodecylsulfate and 
rhamnolipid mixture 

 
D. Mańko*, A. Zdziennicka, B. Jańczuk 

 
Department of Intefacial Phenomena, University of Maria Curie-Skłodowska, Lublin, Poland 

 

*diana_manko@poczta.umcs.lublin.pl 
 
Recently rapid development of investigations aiming at reduction of consumption of synthetic surfactants, 
especially non-biodegradable and toxic ones and replacement them by new more safety for humans and 
the environment has been observed. Of special interest are highly biodegradable and biocompatible 
surface active agents including these produced by different microorganisms (biosurfactants). Besides the 
properties typical of synthetic surfactants, biosurfactants are characterized by high surface activity, very 
low critical micelle concentration, specificity of action and biological activities. Owing to such properties 
biosurfactants can be applied in various fields of industry, medicine and pharmacy as well as in 
environment protection [1,2]. However, the application of natural surfactants is limited by the high cost of 
their production [3]. From the economic point of view it seems that application of biosurfactants as the 
addition to the synthetic one is more proper. The mixture of biosurfactants with classical surfactants can 
show the synergetic effect in the reduction of water surface tension and micelle formation [4].  
The purpose of this study was investigation of the adsorption and aggregation properties of the 
rhamnolipid mixture with classical anionic surfactant. Rhamnolipid is secondary metabolite of 
Pseudomonas aeruginosa and it belongs to the group of biosurfactants. It has very high surface activity, low 
value of critical micelle concentration and great emulsifying properties [1,3]. As a synthetic surfactants was 
chosen sodium dodecylsulfate due to the fact that it is used in many industries and it is also a component of 
large number of commonly used products e.g. cleaning and washing agents. 
The surface and volumetric properties of aqueous solutions of rhamnolipid and sodium dodecylsulfate 
mixtures were determined on the basis of surface tension, density and viscosity measurements as well as 
on the thermodynamic analysis based on the size of these surfactants and their contactable area with 
water molecules. From obtained results, among other things, the activity of sodium dodecylsulfate and 
rhamnolipid in the surface layer and micelles, Gibbs standard free energy of adsorption and micellization as 
well as Gibbs free energy of the mixing of sodium dodecylsulfate and rhamnolipid in the surface layer and 
micelles were established. These parameters were discussed in the light of the independent adsorption of 
sodium dodecylsulfate and rhamnolipid and the size of their molecules and the contactable area with water 
ones. Obtained results indicate that there is correlation between the number of water molecules being 
with contact with surfactants ones and standard free energy of adsorption and micellization of these 
compounds as well as there is synergism in the reduction of water surface tension and the micelle 
formation by studied mixtures. 
 

 
 
 
 

[1] A.M. Abdel-Mawgoud, F. Lépine, E. Déziel, Applied Microbiology and Biotechnology, 2010, 86, 1323. 
[2] I.M. Banat, R.S. Makkar, S.S. Cameotra, Applied Microbiology and Biotechnology, 2000, 53, 495. 
[3] M.M. Müller, J.H. Kügler, M. Henkel, M. Gerlitzki, B. Hörmann, M. Pöhnlein, C. Syldatk, R. Hausmann, 

Journal of Biotechnology, 2012, 162, 366. 
[4] M.L. Chen, J. Penfold, R.K. Thomas, T.J.P. Smyth, A. Perfumo, R. Marchant, I.M. Banat, P. Stevenson, A. 

Parry, I. Tucker, I. Grillo, Langmuir, 2010, 26, 17958. 
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The	 evaporation	 of	water	 from	 an	 aqueous	medium	 to	 a	 dry	 gas	 phase	 is	 a	 ubiquitous	 phenomenon	 in	
nature.	Evaporation	can	occur	freely,	as	from	oceans	into	the	air,	or	be	hindered	by	membranes	or	barrier	
films.	Land-living	organisms	face	the	challenge	of	adjusting	to	the	relative	humidity	of	ambient	air,	which	
varies	from	a	few	percent	to	saturation	at	100%,	while	the	living	cell	water	chemical	potential	corresponds	
to	 a	 relative	 humidity	 (RH)	 of	 above	 99%.	 This	 difference	 drives	 water	 transport	 from	 the	 cells	 to	 the	
ambient	air,	exposing	life	to	a	drying-out	threat.	
	
Different	strategies	have	emerged	to	counter	this	threat.	Plant	leaves	are	covered	with	a	waxy	cuticle	layer	
composed	of	polymers	and	associated	lipids,	while	animals	like	mammals	are	protected	by	a	skin	composed	
of	dead	cells	embedded	in	a	lipid	matrix,	and	a	lipid	film	on	the	tear	liquid	in	the	eyes.	
Water	 transport	 across	 an	 inert	 diffusional	 barrier	 is	 proportional	 to	 the	 difference	 in	 water	 chemical	
potential	between	the	inside	and	the	outside.	Total	water	loss	through	an	inert	membrane	would	thus	vary	
in	response	to	changes	in	the	environmental	humidity,	with	the	risk	of	massive	water	loss	in	dry	conditions.	
This	phenomenon	 is	 typically	observed	 in	 the	plant	 cuticular	 film	 that	 coats	 the	 leaves.	On	 the	 contrary,	
several	 studies	 show	 that	 for	 healthy	 human	 stratum	 corneum,	 the	 outermost	 layer	 of	 skin,	 the	
evaporation	 rate	 increases	 with	 lowering	 RH	 at	 high	 humidities,	 while	 it	 it	 is	 virtually	 constant	 and	
independent	of	the	outside	humidity	for	RH<85%.	
	
We	show	that	the	same	behavior	can	be	reproduced	using	aqueous	solutions	of	amphiphilic	molecules.	We	
uncover	the	underlying	mechanism	using	these	models	systems	and	a	controlled	drying	setup	coupled	to	a	
set	 of	 characterization	 techniques	 (small-angle	 X-ray	 scattering,	 gravimetry,	 polarized	 and	 infra-red	
microscopy).	 We	 show	 that	 evaporation	 leads	 to	 the	 build-up	 of	 a	 concentration	 gradient	 from	 the	
air/liquid	interface,	which	results	in	a	structure	gradient	and	thus	a	permeability	gradient.		
We	show	that	a	dry	phase	of	low	permeability	forms	at	the	air/liquid	interface	and	adapts	its	thickness	to	
counter	changes	 in	 the	air	humidity,	while	 setting	a	constant	water	 chemical	potential	 to	 the	 rest	of	 the	
liquid.	 This	 responsive	 shield	 is	 a	 universal	 feature	 of	 systems	 for	 which	 the	 structure,	 and	 thus	 the	
permeability,	 change	 with	 the	 water	 content.	 This	 coupling	 between	 both	 the	 driving	 force	 and	 the	
pathway	of	water	evaporation	leads	to	the	macroscopic	compensation	of	effect.	Water	evaporation	can	be	
made	humidity-independent.	
Unveiling	 this	 mechanism	 paves	 the	 way	 to	 the	 preparation	 of	 responsive	 ointments/coatings	 to	 treat	
damaged	biological	external	membranes	(skin	diseases,	dry	eye	syndrome).	These	findings	also	lead	to	new	
possibilities	 to	 design	 robust	 and	 homogeneous	 coatings	 if	 amphiphilic	 molecules	 are	 present	 in	 the	
formulation.			
	

[1] K.	Roger*,	M.	Liebi,	J.	Heimdal,	D.	Pham,	Emma	Sparr,	PNAS,	2016,	under	review	
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The self-assembly of stimuli-responsive amphiphilic block copolymers into nano-sized micelles and their 
triggered disassembly have been extensively studied in the past years. These micellar structures, which 
potentially can be utilized as drug delivery platform, are characterized by hydrophilic shell and hydrophobic 
core that can encapsulate small hydrophobic drug molecules and enhance their solubility. Upon external 
changes in the microenvironment of the stimuli-responsive micelles, the hydrophobicity of the smart 
polymers decreases, causing disassembly of the micelles, followed by release of the encapsulated drugs.  
Among the various types of stimuli, the observed over expression of specific enzymes in diseases tissues 
makes them highly potential as stimuli for selective activation of smart drug delivery systems. In light of the 
high potential of enzyme responsive systems, the next generation of smart micellar systems should be able 
to report their enzymatically induced disassembly by a spectral response.  In this talk I will present a new 
molecular design of labeled enzyme-responsive amphiphilic hybrids that can self-report their enzymatic 
activation. These polymeric hybrids are composed of a linear hydrophilic polyethyleneglycole (PEG) block, a 
dendron block with enzymatically cleavable hydrophobic end-groups and a linker that allows covalent 
binding of a labeling moiety. We will demonstrate two different imaging approaches by simply labeling the 
hybrids either with a fluorescent marker [1] or with a fluorinated molecule (for 19F-MR) [2]. At the 
assembled state, both of the systems are turned Off showing either a very weak fluorescence for the dye 
labeled hybrids or no 19F-MR signal for the fluorinated hybrids.  Enzymatic cleavage of the hydrophobic 
end-groups leads to disassembly of the micelles and causes the hybrids to diffuse away from each other.  
This structural change is translated into a turn-On of the fluorescence and the 19F-MR signal, respectively. 
This highly modular approach enables generation of customized spectral activities in response to enzymatic 
activation and hence opens the way for the fabrication of advanced smart delivery systems that can 
monitor and report drug release by tailor-made spectral responses. 
 
 

 
 
 
 
 

[1] M. Buzhor, A. J. Harnoy, E. Tirosh, A, Barak, T. Schwartz, R. J. Amir, Chemistry - A European Journal, 2015, 
21, 15633. 

[2] M. Buzhor, L. Avram, L. Frish, Y. Cohen, R. J. Amir, Journal of Materials Chemistry B, 2016, 4, 3037. 

Figure 1 Schematic representation of the labeled hybrids at the assembled state, showing an Off signal of the 
fluorescence and of the 19F- MR signal. Enzymatic activation causes structural changes that are translated into a  
turn-On of the fluorescence and the 19F-MR signal, respectively.  
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We(describe(the(selfIassembly(in(magne,c(nanocolloids(by(using(a(dipolar(hard(sphere((DHS)(model.(A(DHS(
consists(of(a(point(dipole(embedded(in(the(center(of(a(hard(sphere(that(generates( longIrange(anisotropic(
interac,ons.( At( low( temperature( DHS( par,cles( selfIassemble( into( complex( structures,( with( primary(
structures( composed( by( rings( and( chains;( understanding( the( emerging( structures( of( the( system( is(
fundamental(for(designing(new(magne,c(fluidsIbased(devices(for(technological(and(medical(applica,ons.(

We( base( our( theore,cal( approach( on( classical( Density( Func,onal( Theory,( an( approach( that( is( able( to(
capture(the(density(and(temperature(dependence(of(the(ringIchain(equilibrium.[1](In(order(to(es,mate(the(
ability(of(the(theory(to(predict((i)(the(cluster(size(distribu,on(of(rings(and(chains(at(different(values(of(the(
temperature( and( (ii)( the( individual( cluster( par,,on( func,ons,( we( perform( grandIcanonical(Monte( Carlo(
simula,ons.(We(introduce(specialized(Monte(Carlo(biased(moves,(which(favor(the(breaking(and(reforming(
of(bonds.(The(knowledge(of(the(cluster(par,,ons(func,ons,(together(with(our(analy,cal(approach,(allows(
us( to( calculate( the( free( energy( of( systems( at( lowItoIintermediate( densi,es,( where( the( clusters( can( be(
considered(as(weakly(interac,ng.[2](

We(confirm(that( for( low(concentra,ons(and( low( temperatures,( the(majority(of(magne,c(nanopar,cles( is(
aggregated(in(rings;(for(higher(concentra,ons,(low(temperature(clusters(merge(together(into(more(complex(
branched( structures,( characterized( by( junc,ons( between( chains( and( rings.( Our( results( will( allow( us( to(
describe( the( next( hierarchical( level( of( selfIassembly( in( magne,c( nanocolloids:( the( aggrega,on( of( basic(
branched(clusters(into(complex(networks.(
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Controlled self-assembly of organic molecules adsorbed on solid supports has been an attractive method of 
fabrication of functional surfaces with programmable architecture. In this contribution, with the help of 
theoretical modeling, we show how steering of directional intermolecular interactions which are encoded 
in a simple organic building block allows for the creation of 2D assemblies with largely diversified 
morphologies. To that purpose we use the canonical ensemble Monte Carlo method to simulate the self-
assembly of a model tripod-shaped molecule adsorbed on a triangular lattice. The calculations were carried 
out for flat, rigid building blocks built of four discrete segments (core plus three arm segments) and 
equipped with adjustable peripheral interaction centers providing directional intermolecular bonds. The 
simulated results demonstrated that the changes in the directionality of interactions assigned to the active 
centers are responsible for the formation of largely diversified molecular structures including ordered 
porous networks, chain and ladder structures and chiral patterns. The obtained assemblies were 
characterized and classified with respect to their structural and energetic properties. Our theoretical 
studies revealed that small changes in the position of the outer interaction centers in a tripod functional 
molecule can have  crucial influence on the morphology of the resulting adsorbed structures. These findings 
can be helpful in designing and optimization of the surface-confined self-assembly of organic tripod 
molecules with the different interaction patterns. This information can facilitate screening of molecular 
libraries to select the optimal building block able to self-assembly into a 2D superstructure with predefined 
properties.  
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Cationic surfactants, especially quaternary ammonium salts, have been widely studied, whereas less 
attention has been devoted to anionic surfactants [1]. Among them, alkyl sulfates belong to the most 
studied surfactants [2], however alkyl carboxylates are somewhat overlooked.  
 
At classical ionic surfactants the influence of counter-ion on micellization has often been the subject of 
systematic studies [1,2]. However, in mixtures of cationic and anionic surfactants both, anion and cation are 
able to form micelles [3], but by simply mixing of two ionic surfactants the counter-ions are present in the 
system and can influence many properties. Studies on pure “mixed” ionic surfactants where both, anion 
and cation tend to form micelles without the presence of any other species are rare.  
 
In this contribution, first the influence of alkali metal cations on the micellization process of long-chain 
carboxylate surfactants as anionic surfactants in aqueous solution will be shown [4]. Next, the parameters 
for micellization process of long-chain carboxylates in the presence of alkyltrimethylammonium cations 
with different length of alkyl chains (6-10 carbon atoms) will be presented. 
 
The micellization process will be investigated by electrical conductivity measurements and isothermal 
titration calorimetry. Experimental data will be analysed by help of a revised pseudo phase separation 
model in order to obtain the thermodynamic parameters of aggregation process (free energy, enthalpy, 
entropy and heat capacity changes).  
 
Finally, the relation between the heat capacity change and the hydrophobic effect, affected by the 
additional hydrophobic surface included into the dehydration process upon micellization, will be discussed 
and compared with already investigated systems.  
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In aqueous solutions, polyelectrolytes are surrounded by their counterions, where these screened like-
charged objects are expected to repel each other. However, in the presence of multivalent counterions, a 
short range attractive force, called like-charged attraction, between polyelectrolytes is found to induce 
aggregation [1]. Several theories, like Oosawa model [2] and Wigner crystal model [3], have been proposed 
for this attraction, but no consensus exists for the precise mechanism. Self-assembly based on this 
attraction can form fascinating morphologies, such as DNA cholesteric liquid crystalline and columnar 
phases [4], crosslinked raft phase of F-actin [5] and bundles of filamentous viruses [1]. This multivalent ion 
driven attractive force, beyond depletion interaction, provides an alternative to induce effective attraction 
between rod-like colloids.  
Comparing with the numerous works on DNA, fewer experiments have been done with filamentous fd 
viruses which are suitable model for self-organized system, thanks to their outstanding features: 
monodispersity in size, tunable rod flexibility, chemical and genetic modification ability, etc [6, 7]. In our 
work, fd viruses are condensed by using polyamines, e.g., Spermine (Spm4+) and Spermidine (Spd3+), as the 
inducing reagents. 
The influence of concentration of polyamines has been investigated systematically. Three regions of 
polyamine concentration are separated by two critical values: condensation and resolubilization thresholds 
where aggregates of different morphologies form in between. Two original self-assemblies, 1D layered 
columns and 2D hexagonal platelets, are obtained close to the thresholds, as shown in Figure 1. 
The aggregating process is much slower close to the thresholds, which leads to the formation of well-
defined morphologies. Kinetic growth of the self-assemblies is investigated, forming—redispersing—
reforming behavior is observed during the condensation of viruses. Phase behavior of the aggregates 
changes with virus rigidity, which is proved by using two kinds of mutants with different stiffness. Studies 
on the morphology and symmetry of the multivalent ion driven self-assemblies provide an efficient way to 
fabricate polyelectrolyte based ordered arrays. 

Figure 1 Differential interference contrast optical microscopy images of (a) layered columns and (b) hexagonal 
platelets of fd viruses induced by Spm4+ and Spd3+, and schematic representation of their respective 
structure. 

 
[1] J. Tang, et al, Biophys. J., 2002, 83, 566. 
[2] F. Oosawa, Biopolymers, 1968, 6, 1633. 
[3] B.I. Shklovskii, Phys. Rev. Lett., 1999, 82, 3268. 
[4] J. Pelta, et al, Biophys. J., 1996, 71, 48. 
[5] G.C.L. Wong, et al. Phys. Rev. Lett., 2003, 91, 018103. 
[6] E. Pouget and E. Grelet, Langmuir, 2013, 29, 8010. 
[7] Z. Zhang and E. Grelet, Soft Matter, 2013, 9, 1015. 
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The structure of the two-antennary oligoglycine �ϴ,ϭϲ;Ͳ�,ϮͲE,Ͳ'ůǇϱͿϮΎ,�ů (tectomer-2) molecule consists 
of several oligoglycine units linked to a hydrocarbon chain. This implies amphiphilic properties, 
inclƵĚŝŶŐ the onset of bulk and interfacial self-assemblies. The interfacial properties of aqueous solutions 
of �ϴ,ϭϲ;Ͳ�,ϮͲE,Ͳ'ůǇϱͿϮΎϮ,�ů (T2 with C8H16 spacer chain (T2-C8)) have been investigated after two 
and twenty four hours after preparation of the solutions. Dynamic, equilibrium and rheological 
properties of adsorption layers are studied by Profile Analysis Tensiometer. The investigated 
concentration interval is 1x10-5M to 1x10-3M T2-C8 Film drainage and stability of foam films from aqueous 
solutions of T2-C8 are studied by the microinterferometric method of Scheludko and Exerowa [1]. The 
onset of bulk assemblies is largely dependent on the charge of the amino groups, located at the ends of 
the oligoglycine chains, thus presence of electrolyte and pH dependency are crucial to the 
understanding of the properties of the system. Investigation is conducted via DLS.�The initial results 
add new knowledge about the nature of the tectomer and outline the specific characteristics of 
this substance in view of possible applications in complex fluid preparations, including drug delivery or 
extraction of various impurities from water media. 
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Four-antennary oligoglycines (T4) are able to self-organize in aqueous media into hydrophilic 
nanoaggregates called tectomers. The driving force in the formation of these self-assemblies is the 
onset of a highly coordinated intermolecular networks of H-bonds. Therefore, the size distribution and 
properties of the tectomers may be finely tuned by e.g. changes in pH, addition of salts, etc. Earlier it 
has been established that such tectomers could be used to detect and capture traces of bacterial 
lipopolysaccharides (LPS) from bacteria Escherichia coli EH100 [1]. In the current presentation a 
systematic study of aqueous solutions of T4-LPS mixtures is presented. The influence on the formation 
and stability of 4-LPS complexes, of the endotoxin concentration and the changes in the pH of the 
solutions in a wide pH range (pH=3-12), is investigated in detail. We have applied a combined 
experimental protocol including measurements of dynamic and equilibrium surface tension at the 
air/solution interface, the surface dilational rheology of the adsorption layers and examination on the 
behavior of the microscopic foam films. Bulk solution properties like sizes and charges of tectomers, LPS, 
and their complexes, are looked through using the method of Dynamic Light Scattering.  

The obtained data give valuable evidences regarding the detailed mechanisms of formation and stability 
of the tectomers and of LPS-T4 complexes. The results might serve as a basis for further design and fine 
tuning of complex aqueous systems aimed at the development of e.g. quick tests for purity of drinking 
water, for biomedical diagnostic purposes, etc.  
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The ionic liquids (ILs) under study are amphiphilic compounds containing pronounced hydrophilic and 
lipophilic molecular fragments, which predetermine their surface activity and capability of self-organization 
in the individual state and in solutions. In particular, these properties are typical of dialkylimidazolium, 
alkylpyridinium, dialkylpipiridinium and alkylammonium salts, which are the most common ILs. The self-
organization of dialkylimidazolium ILs has been studied in detail by both experimental and computer 
simulation methods [1, 2]. Among the modified ILs chiral amino acid ILs, AAILs, have high potential in the 
chiral ligand-exchange separation, e.g. in the separation of the amino acid enantiomers [3]. 
The main aim in our study of the water-miscible imidazolium-based ILs is to establish patterns of the phase 
behavior and those of the self-organization phenomena in aqueous-salt systems containing ILs [Cnmim]X of 
different structure (n = 4, 6, 8, 12, X = Cl-, Br-or anions of L-glutamine acid, L-proline, L-valine, L-leucine).The 
work is focused on the effect of the solution composition (the nature and the concentrations of ILs or 
AAILs, dissolved substances, salts), the acidity and temperature on the phase behaviour [4] and on the self-
organization phenomena, the structural and thermodynamic characteristics of the solutions. 
The structural characteristics of micellar units, the distribution of solutes (including biomolecules) between 
the aggregates and their surrounding have been investigated both experimentally, by means of micellar-
inhanced ultrafiltration, and also using the molecular dynamic (MD) simulations [2, 5] (Figure 1). 

(A) (B) (C) 
Figure 1. The micelle of [C12mim]L-Glu in water after 55 ns (A), the micelle of [C12mim]Br in the 0.2 M aqueous 
solution of L-tryptophan in zwitterionic form after 20 ns (B), and the micelle of [C12mim]Cl in the 0.2 M aqueous 
solution of toluene after 30 ns (C); T = 298.15 K. 
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Recently, polyalkyloxazolines have become great competitor of polyethyleneoxide in biomedical 
applications, due to their biocompatibility, possibility of various modifications, hydrophilicity and 
even thermoresponsivity depending on type of alkyl group. Thermoresponsive poly(2-methyl 
oxazoline)-block-poly(2-propyl oxazoline), (PMeOX)40-(PPrOX)80, was synthesized and its water 
solution behavior was studied. LCST occurring around 30°C was observed by different techniques. 
Above this temperature nanoparticles of size around 30 nm were detected.  
Sodium cobalt bis(dicarbollide), COSAN, gives many potential medical and other applications. We 
already discovered that COSAN specifically interacts with polyoxazolines. Now we present 
thermoresponsive polymeric nanoparticles containing COSAN.  After every addition of COSAN, 
LCST continually disappears and shifts to lower temperatures. Nanoparticles with increasing 
content of COSAN are smaller, with size of 15 nm. Presented results were obtained by means of 
light scattering, NMR, SAXS and cryo-TEM. 
 

 
 
Figure 1 Temperature dependence of immobilization of different groups in pure (PMeOX)40-(PPrOX)80 (left) 
and immobilization of ethylene units in polymer-COSAN nanoparticles (right). The fraction of frozen 
segments was calculated from decrease of corresponding NMR signals. 
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Quinoline derivatives are characterized by a wide spectrum of biological activity, play important role in a 
variety of biochemical processes and act as the basis of a number of drugs. Along with the design of new 
compounds of this series, manufacturing of their biocompatible formulated preparations is an important 
problem. Surfactant application opens the possibility of solving this problem. Surfactants solubilize 
hydrophobic organic compounds, which increases their content in aqueous systems, thereby enhancing 
their bioavailability.  
In the present study we characterized the solubilization effect of micellar solutions and quaternary oil-in-
water microemulsions toward a series of new arylquinolinones 1-4. 

 

 

   
1 2 3 4 

 
Systems based on non-ionic micelles approved for the medical and pharmacological practice, Tween 80, 
Pluronic F127, and Tyloxapol, as well as ionic surfactants have been used. The solubilization capacity of the 
systems was quantify by spectrophotometry. It was shown that micellar solutions of Tween 80 allow us to 
reach the 20-fold increase in the compound concentration in water. Microemulsions exhibit even higher 
effect, but their composition contains significant amounts of butanol as a co-surfactant, which limits their 
application in pharmaceutical practice. The solubilization processes are accompanied by a marked change 
in the acid-base properties of the arylquinolinones: for example pK value of compound 2 is equal to 6.2, 8.5 
and 10.4 in micellar solutions of cetyltrimethylammonium bromide, Tween 80 and sodium dodecyl sulfate, 
respectively.  
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Due to the ability to integrate with the lipid bilayer and solubilize hydrophobic molecules surfactant 
solutions considered as promising carriers of drugs and food supplements. In this case, change of surfactant 
aggregation characteristics can be observed, in particular, change of the values of critical micelle 
concentration (cmc) and size of aggregates. In this work, as the objects of investigation series of cationic 
surfactants with bulky head groups (morpholinium, triphenilphosphonium, and derivative of 
diazobicyclo[2.2.2]octane) and hydrophobic cetyl tail were selected. Choline, thymol, and cholesterol were 
used as active additives. Hydrophobic dye Sudan I with characteristic band at 500 nm was chosen to 
estimate the solubilization capacity of supramolecular systems. 
By the methods of tensiometry, conductometry, spectrophotometry, dynamic and electrophoretic light 
scattering the values of cmc, hydrodynamic diameter and zeta potential, solubilization capacity in the 
presence of choline, thymol, and cholesterol were obtained. The influence of the head group structure of 
cationic surfactant and the nature of the solubilizing agent on the main aggregation characteristics was 
testified. The competitive solubilization of the dye Sudan I showed that more intense dye solubilization was 
observed in surfactant - choline systems compare with the other mixed systems, which probably indicates 
good binding of thymol and cholesterol with a hydrophobic core of the micelles of cationic surfactants 
under study. 
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We!use!the!large!scale!molecular!dynamics!simulations!to!study!the!self@organization!of!disks!with!attached!
chains!in!two@dimensional!films.!We!introduce!a!simple!coarse@grained!model!of!the!particles.!The!cores!are!
considerably! larger! than! chain! segments.! The! chains! are!modeled!as! freely! jointed! soft!disks.!All! entities!
interact!via!Lennard@Jones!(12@6)!potential.!The!cut@off!parameters!are!used!to!control!interactions.!In!this!
work! core@core! and! segment@segment! interactions! are! attractive! while! core@segment! interactions! are!
repulsive.!The! ligands!can!slide!on!the!core.! In! real!systems!the!chain!rearrangement!on!the!surface!of!a!
hairy!particle!relies!on!weak!covalent!bonds!between!organic!ligands!and!nanocrystalline!cores![1].!
Our!main!goal! is! to!answer! the!question!how!mobility!of! ligands!affect! the!self@assembly.!We! investigate!
particles!with!three!and!four!ligands.!As!reference!systems!we!study!also!particles!with!rigid!geometry,! in!
which!ligands!are!permanently!grafted!on!chosen!positions!(vertexes!of!an!equilateral!triangle!or!vertexes!a!
square).!We! carried! out! simulations! for! different! lengths! of! chains,! energy! core@core! interactions! and! at!
different! densities! and! temperatures.! We! study! also! aggregation! process! and! calculate! average! cluster!
sizes,!the!distribution!of!cluster!sizes,!number!of!clusters.!
We!found!that!the!hairy!disks!self@organize!into!a!variety!of!morphologies!ranging!from!circular!aggregates,!
finite,!string,!double!strips!to!percolating!networks.!These!structures!depend!considerably!on!the!degree!of!
chain!mobility.!For!example,! the!particles!with!fixed!three! ligands!form!strings!of!cores! (single!strips).!On!
the! contrary,! the! particles! with! sliding! chains! form! strips! build! of! two! rows! of! cores! (double! strips).!
However,! for! sufficiently! long! grafted! chains! the!mobility! effect! vanishes! and! in! the! both! cases! particles!
assemble!into!single!strips.!An!increase!of!grafting!density!inhibits!impact!of!chain!mobility.!Nevertheless,!
we!found!different!ordered!structures!for!particles!with!four!ligands!and!fixed!or!free!chains.!Under!certain!
conditions!the!disks!decorated!by!mobile!chains!behave!similarly!to!Janus!particles![2].!
Our! findings! clearly! show! that! the! chain! mobility! can! play! an! important! role! in! self@assembly! of! hairy!
particles.!The!simulation!results!provide!guidance!for!preparation!of!new!materials.!The!structures!formed!
by!ligand@protected!nanoparticles!have!numerous!practical!applications![3].!
!
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Medium- and long-chained alcohols as co-adsorbates have the ability to change the properties of surfactant 
aggregates adsorbed on mineral surfaces. Although the interplay between alcohols and surfactants are well 
studied in bulk solution, similar information for the adsorbed state is scarce. Here, 2H isotopically labelled 
alcohols (α-position) and 2H solid-state NMR is used to study the nature of the alcohol co-adsorption sites 
in/on adsorbed surfactant aggregates. Both cationic and anionic surfactants on mineral surfaces are 
studied, which reveal charge specific interactions in the interplay between the alcohol, surfactant and 
mineral surface. Moreover, the data show that the effect of alcohol greatly depends on chain length and 
concentration of both the surfactant and alcohol.  Data from 13C/1H NMR, adsorption and Zeta Potential 
measurements are used to gain complimentary information.  
 

 

Figure 1 Recoded (A) and simulated (B) 2H NMR spectra of 1-heptanol and TTAB adsorbed on silica. Two alcohol co-
adsorption sites are observed; a schematic interpretation of these is given. Data from reference [1]. 

 

 

[1] C. Totland, A. M. Blokhus, W. Nerdal, RSC Advances, 2013, 3, 19117. 
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Bottlebrush!polymers!are!branched!polymers!with!polymeric!sideBchains!attached!to!each!repeat!unit!of!a!
linear!polymer!backbone.!This!special!architecture!gains!unique!properties!to!the!bottlebrush!polymers!one!
of!which!is!forming!selfBassembled!micelles!more!rapidly!than!other!molecules!and!with!very!low!cmc!values.!
This!property!is!very!important!especially!for!the!usage!of!the!micellar!structures!in!the!body!where!rapid!
excessive! dilution! occurs.! Also,! the! side! chains! allow! the! multiBfunctionalization! of! the! polymers! for!
recognition,!imaging!and!drug!delivery!applications![1].!Paclitaxel!(PTX)!is!one!of!the!most!effective!and!most!
commonly!used!cancer!therapeutics!which!is!active!against!various!types!of!cancers,!such!as!lung,!ovarian,!
and!breast!cancers.!The!main!limitation!of!the!PTX!is!its!low!water!solubility!as!well!as!important!side!effects.!
That!is!why!PTX!is!given!as!Taxol!which!is!a!mixture!of!Cremophor!EL!and!dehydrated!ethanol.!However,!Taxol!
also!has!significant!side!effects.!Therefore!there!is!an!urgent!need!to!develop!alternative!delivery!systems!for!
PTX.!There!are!many!studies!in!this!regard!and!polymeric!or!inorganic!nanoparticles,!lipidBbased!formulations,!
polymer!conjugates,!carbon!nanotubes,!nanocrystals,!and!cyclodextrin!nanoparticles!have!been!investigated!
[2].!In!this!study!we!aimed!to!produce!highly!stable,!biodegradable!and!biocompatible!effective!nanocarriers!
for! PTX! delivery.! For! this! purpose,! polylactideBpolyethylene! oxide! bottlebrush! block! cocopolymers! are!
allowed!to!selfBassemble!into!spherical!micelles!in!aqueous!solutions.!The!stability!of!these!micelles!under!
biological!conditions!and!their!drug!loading!capacities!are!evaluated.!The!effect!of!various!polymer!structural!
and!architectural!parameters!such!as!the!PEO!content,!the!backbone!and!side!chain!lengths,!number!of!PLA!
side!chains!attached!to!each!repeat!unit!of!the!backbone,!PEO!side!chain!geometry,!on!the!micelle!properties!
and! performance! is! investigated.! The! bottlebrush! copolymers! with! different! architectures! are! also!
functionalized!by!the!photoBcrosslinkable!coumarin!groups!in!order!to!increase!the!stability!and!PTX!loading!
capacity!of!the!micelles.!The!micelle!size!and!shape!properties!are!investigated!by!DLS!and!cryoBTEM!methods!
while! size! exclusion! chromatography! is! used! to! determine! the! loading! capacity,! release! profile! and!
intermolecular!crosslinking!efficiency.!Micellar!size!can!be!adjusted!by!changing!the!backbone!and!the!side!
chain! lengths!and!spherical!micelles!with!the!diameter!values!between!50B150!nm!are!obtained.!This!size!
range!is!appropriate!for!their!usage!inside!the!body!as!drug!delivery!agents.!The!PTX!loading!capacity!of!the!
bottlebrush!polymer!micelles!formed!in!our!study!can!be!adjusted!between!0.6B6.5%!(g!PTX/g!polymer)!by!
changing! the! polymer! architecture! and! PEO! content.! With! the! help! of! the! bottlebrush! structure,! large!
domains!inside!the!micellar!core!can!be!obtained!to!give!more!space!for!the!placement!of!the!PTX!molecules.!
This! helps! to! obtain! higher! loading! capacities! in! our! system.! The! packing! density! inside! the! micelles! is!
drastically!effected!by! the!polymer!architecture!and! the!aggregation!numbers! change!more! than!10! fold!
depending!on!the!PEO!side!chain!length!and!structure.!The!packing!density!is!effective!on!the!efficiency!of!
the!micelles!as!drug!delivery!agents!since!it!changes!both!the!encapsulation!and!the!release!performances.!
When!the!PEO!side!chain!is!longer,!polymers!are!less!densely!packed!providing!more!space!for!the!integration!
of!PTX.!This!increase!the!PTX!loading!per!hydrophobic!side!chain!however!also!increase!the!total!molecular!
weight!of!the!polymer.!So!two!opposing!effects!occur!for!PTX!loading!capacity.!The!packing!density!is!also!
quite!effective!on!the!PTX!release!profiles!and!the!%!cumulative!PTX!release!in!the!first!6h!can!be!adjusted!
from!13B74%.!This!study!is!important!as!it!shows!that,!with!the!help!of!the!bottlebrush!polymeric!structure,!
superior!control!can!be!obtained!over!the!micelle!properties!and!performance!as!drug!delivery!agents.!
!
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The!increased!effort!to!preserve!the!environment!has!driven!extensive!research!toward!the! identification!
of! surfactants! that! are! nontoxic,! biodegradable,! and! synthetized! from! sustainable! resources! [1].!
Alkylglycosides,! which! have! a! headFgroup! consisting! of! one! or! several! sugar! moieties,! promise! to!meet!
these! demands.! Alkylglycoside! surfactants! with! functionalised! oligomeric! head! group! (>3! sugars)! have!
recently!proved!possible!to!synthetize!by!enzymatic!means![2,3].!This!novel!class!of!surfactants!has!been!
specifically!designed!to!ensure!biocompatibility!and!controlled!biodegradability,!and!hence!lend!themselves!
to!applications!within!the!area!of!in!vivo!controlled!release!(e.g.!food!additives).!!

Our! study! focused!on!a! surfactant! comprising!a! long!alkyl! chain,!16!carbons,!and!a! long!glucose!chain,!8!
glucose!units,!which!is!referred!to!as!C16G8.!Since!the!functionalities!and!possible!applications!of!C16G8!can!
compete!with!the!widely!used!Polysorbate!80,!we!investigated!thoroughly!the!selfFaggregation!mechanism.!
We!characterised!the!system!with!several!techniques,!such!as!light!scattering,!both!static!(SLS)!and!dynamic!
(DLS),!NMR,!SAXS!and!SANS.!The!complementary!use!of!neutrons!and!xFrays!was!crucial!to!determine!the!
structure!of!the!aggregates,!since!the!contrast!between!the!glucose!chain!and!the!alkyl!chain!differs!when!
probed!with!xFrays!and!neutrons.!

We!will!discuss!the!effect!of!temperature!and!concentration!on!the!size!and!shape!of!the!aggregates!and,!
furthermore,! the! effect! of! different! anomeric! configurations! [4].! The! combination! of! these! techniques!
allowed! us! to! reveal! the! features! of! this! novel! sugar! surfactant! and! build! a! fundamental! knowledge!
required!for!identification!and!development!of!applications.!!
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Plant cell shape and growth are determined by the expansion pattern of the cell wall, a matrix of mixed 
polysaccharide polymers and proteins. Its stucture can be roughly described as a network of cellulose 
microfibrils tethered by hemicellulose, embedded in a higly hydrated pectin matrix. However, probing  
these components respective contributions in the overall mechanical behaviour of the wall is still a current 
challenge in plant cell biophysics. 
 
In this context, this work aims at designing plant cell wall mimicking capsules with controlled architecture, 
in order to study their mechanical properties. For this purpose, we took advantage of the strong interaction 
between cellulose nanocrystals (CNC) and xyloglucan (XG) (the most common type of hemicellulose), that 
has already been succesfully exploited to build thin CNC/XG films with the layer by layer method [1]. This 
non-electrostatic assembly was transposed onto spherical templates : giant unilamellar vesicles (GUVs) 
with dimensions comprised between 5 and 50 µm. Multilayered CNC/XG capsules have thus been built up 
to ten bilayers, sequential deposition of the components being followed by confocal microscopy (Fig.1) 
 
Indentation experiments were then performed on these cell wall mimicking objects, using an atomic force 
microscope (AFM). Young’s modulus of the capsules could be extracted from the force-depth curves and 
found to be in the 10-20 MPa range. These data are in the same order of magnitude as values obtained on 
onion epidermal peels with AFM indentation [2]. This suggests that artificial CNC/XG microcapsules could 
be a promising system to get relevant insights into plant cell wall biomechanics. 
 

 
Figure 1 Confocal microscopy image of a 10 bilayers CNC/XG microcapsule (the last layer of CNC being 
tagged with a fluorophore), with its 3D reconstruction. 
 
 

[1] B. Jean, L. Heux, F. Dubreuil, G. Chambat and F. Cousin, Langmuir, 2009, 25(7), 3920. 
[2] L. Beauzamy, J.Derr and A. Boudaoud, The Plant Journal, 2011, 67, 1116. 
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The nanohydrogel systems (NHs) are gaining an increasing interest in the field of drug delivery and for 
biomedical applications, as they can combine the favourable properties of nanotechnologies and the 
features of the hydrogels.  
In this contest, our work was focused on the preparation of a new nanoparticulate hydrogel carriers using 
the biocompatible polysaccharides gellan (Ge) [1,2] and hyaluronic acid (HA) [3-6]as starting materials. The 
HA- and Ge-based nanostructures were obtained by self-assembling of polymeric chains previously 
derivatized with hydrophobic moieties, such as prednisolone (Pred) [1,2], cholesterol (CH) [1-3,5,6] or 
riboflavin (Rfv) [4]. We obtained self-assembled NHs from hydrophobized polysaccharides according to the 
scheme described in Figure 1. 
NHs were prepared by bath sonication, nanoprecipitation or by autoclaving process, and then they were 
characterized in terms of dimensions, polydispersity, ζ-potential and stability by means of dynamic light 
scattering and Cryo-TEM microscopy (Figure 2).  
  

 
 

Figure 1. Self-assembling process of hydrophobized    Figure 2. CryoTEM micrograph of HA-based NHs 
polysaccharides in water 
 
 
These systems are versatile and stable and show an excellent biocompatibility. We successfully loaded NHs 
with hydrophilic or hydrophobic drugs, as well as with therapeutic proteins.  
In vitro evaluation of biological activity of drug-loaded NHs in anticancer and antibiotic treatments showed 
an enhanced therapeutic activity of such systems compared to the free drugs.  
 
 
 
 
 
 
[1] G. D'Arrigo, C. Di Meo, E. Gaucci, S. Chichiarelli, T. Coviello, D. Capitani, F. Alhaique, P. Matricardi, Soft Matter 
2012, 8, 11557. 
[2] G. D'Arrigo, G. Navarro, C. Di Meo, P. Matricardi, V. Torchilin, Eur. J. Pharm. Biopharm., 2014, 87, 208 
[3] E. Montanari, S. Capece, C. Di Meo, M. Meringolo, T. Coviello, E. Agostinelli, P. Matricardi, Macromol. Biosci., 2013, 
13, 1185.  
[4] C. Di Meo, E. Montanari, L. Manzi, C. Villani, T. Coviello, P. Matricardi, Carbohyd. Pol., 2015, 115, 502.  
[5] E. Montanari, M.C. De Rugeriis, C. Di Meo, T. Coviello, F. Alhaique, P. Matricardi, J. Materi.Sci.: Mat. Med, 2015, 26. 
[6] E. Montanari, G. D’Arrigo, C. Di Meo, A. Virga, T. Coviello, C. Passariello, P. Matricardi, Eur. J. Pharm. Biopharm., 
2014, 87, 518. 
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A near-monodisperse poly(stearyl methacrylate) macromolecular chain transfer agent (PSMA macro-CTA) 
was prepared via reversible addition-fragmentation chain transfer (RAFT) solution polymerisation in 
toluene. This PSMA macro-CTA was then utilised as a stabiliser block for the RAFT dispersion polymerisation 
of a highly polar monomer, N-2-(methacryloyloxy)ethyl pyrrolidone (NMEP), in n-dodecane at 90 °C. 1H 
NMR studies confirmed that the rate of NMEP polymerisation was significantly faster than that of a non-
polar monomer (benzyl methacrylate, BzMA) under the same conditions. The resulting PSMA-PNMEP 
diblock copolymer chains underwent polymerisation-induced self-assembly (PISA) during growth of the 
insoluble PNMEP block to form either spherical micelles, highly anisotropic worms or polydisperse vesicles, 
depending on the target DP of the PNMEP chains. Systematic variation of this latter parameter, along with 
the solids content, allowed the construction of a phase diagram which enabled pure morphologies to be 
reproducibly targeted. Syntheses conducted at 10% w/w solids led to the formation of kinetically-trapped 
spheres. A monotonic increase in particle diameter with PNMEP DP was observed for such PISA syntheses, 
with particle diameters of up to 462 nm being obtained for PSMA14-PNMEP960. Increasing the copolymer 
concentration to 15% w/w solids led to worm-like micelles, while vesicles were obtained at 27.5% w/w 
solids.  High (≥ 95%) NMEP conversions were achieved in all cases and 3:1 chloroform/methanol GPC 
analysis indicated relatively high blocking efficiencies. Finally, PSMA14-PNMEP49 spheres were evaluated as 
Pickering emulsifiers. Unexpectedly, it was found that either water-in-oil or oil-in-water Pickering emulsions 
could be obtained depending on the shear rate employed for homogenisation. Further investigation 
suggested that high shear rates lead to in situ inversion of the initial hydrophobic PSMA14-PNMEP49 spheres 
to form hydrophilic PNMEP49-PSMA14 spheres. 
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A poly(glycerol monomethacrylate) (PGMA) macromolecular chain transfer agent has been utilized to 
polymerize benzyl methacrylate (BzMA) via reversible addition-fragmentation chain transfer (RAFT)-
mediated aqueous emulsion polymerization. This formulation leads to the efficient formation of spherical 
diblock copolymer nanoparticles at up to 50 % solids. The degree of polymerization (DP) of the core-
forming PBzMA block has been systematically varied to control the mean particle diameter from 20 nm to 
193 nm.  Conversions of more than 99 % were achieved for PGMA51-PBzMA250 within 6 h at 70oC using 
macro-CTA/initiator molar ratios ranging from 3.0 to 10.0. DMF GPC analyses confirmed that relatively low 
polydispersities (Mw/Mn < 1.30) and high blocking efficiencies could be achieved. These spherical 
nanoparticles are stable to both freeze-thaw cycles and the presence of added salt (up to 0.25 M MgSO4). 
Three sets of PGMA51-PBzMAx spherical nanoparticles have been used to prepare stable Pickering 
emulsions at various copolymer concentrations in four model oils: sunflower oil, n-dodecane, n-hexane and 
isopropyl myristate.  A reduction in mean droplet diameter was observed via laser diffraction on increasing 
the nanoparticle concentration. Finally, the cis diol functionality on the PGMA stabilizer chains has been 
exploited to demonstrate the selective adsorption of PGMA51-PBzMA100 nanoparticles onto a micro-
patterned phenylboronic acid-functionalized planar surface. Formation of a cyclic boronate ester at pH 10 
causes strong selective binding of the nanoparticles via the cis-diol groups in the PGMA stabilizer chains, as 
judged by AFM studies. Control experiments confirmed that minimal selective nanoparticle binding 
occurred at pH 4, or if the PGMA51 stabilizer block was replaced with a PEG113 stabilizer block. 
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We present a colloidal system with tunable magnetic particle interactions. The dipole interactions are 

realized by dispersing magnetic and non-magnetic microbeads in a ferrofluid, which is a suspension of 

magnetic nanoparticles in water. In the ferrofluid both types of microbeads show magnetic behaviour with 

effective magnetic susceptibilities, which are depending on the particle concentration of the ferrofluid.

By varying the ferrofluid concentration the dipole interactions are tuned.  The resulting self assembled 

structures  in a 2D system are observed by transition light microscopy. Image analysis is used to extract the 

bead positions. This allows to detect colloidal crystals, branching chains and local variables like density and 

bead composition.

The goal of this study is to understand self assembly as a result of the driving particle interactions. Possible 

applications are magnetically tunable photonic crystals or novel magneto-rheological fluids.

Acknowledgements We acknowledge financial support from STINT (Contract No. IG2011-2067), the Swedish 

Research Council (Contract No. A0505501), and the Carl Tryggers Stiftelse (Contract No. CT 13:513 ), as well as the 

ABB group.

Poster P1.70

— 70 —



  

 

Improving Photocatalytic Activity through Electrostatic Self-Assembly: 
Polyelectrolyte Assemblies for Light Energy Conversion 

 
Anne Kutz*, Franziska Gröhn 

 
Department Chemie und Pharmazie, Interdisciplinary Center for Molecular Materials (ICMM), 

Friedrich-Alexander Universität Erlangen-Nürnberg, Erlangen, Germany 
 

*anne.kutz@fau.de 
 
Inspired by natural systems where assemblies perform efficient photosynthesis, it is of great interest to 
form synthetic nanostructures based on non-covalent interactions that bear great potential in solar energy 
conversion, including H2 generation and energy storage. Nanoscale structures showing high efficiency in 
photocatalysis are of particular importance for light energy conversion.  
 
In this contribution, new types of catalytically active and stimuli responsive nanostructures will be 
presented. Self-assembled structures are formed from polymeric templates based on different interaction 
forces, including electrostatic interaction, halogen bonding, hydrogen bonding and π-π stacking in aqueous 
solution at pH values ranging from acidic to basic conditions. Assemblies include organic macroions and 
multivalent organic or inorganic counterions, such as anionic polyoxometalates (POM) or porphyrins acting 
as both: building blocks for structure formation and photosensitizer, representing a key to versatile and 
catalytically efficient self-assembled systems. While polyoxometalates show excellent redox properties, 
porphyrins are potential candidates for light energy conversion due to their absorption properties in the 
visible wavelength range. Hence, through a combination the structures presented may be tuned for desired 
applications in the field of solar energy conversion. 
 
Detailed structural characterization and possible applications of the catalytically active polymer structures 
will be discussed. While aggregate sizes are studied using light scattering and SANS, interaction of the 
components is investigated using isothermal titration calorimetry (ITC), UV/Vis spectroscopy, ζ-potential 
and NMR. In particular, the porphyrin- and dye-photosensitized methyl viologen reduction, representing an 
important step towards H2 generation, is investigated as a model reaction revealing a substantially 
increased catalytic activity of the self-assembled structure as compared to the building blocks only. 
Experiments reveal a selectivity in which porphyrins show different photocatalytic performance depending 
on their molecular structure and resulting interaction forces. Additionally, a strong dependence of the 
catalytic activity on the applied ratio of photosensitizer to polymer as well as the pH of the solution is 
found. 
 
Electrostatic self-assembly of polyelectrolytes and polyoxometalates leads to size-tunable nanostructures 
showing modified photocatalytic activity with regard to dye degradation processes as model reaction. 
Further, based on the redox properties of polyoxometalates the formation and stabilization of metal 
nanoparticles in ternary self-assembled structures is discussed as those structures may represent potential 
candidates for water splitting systems. 
 
With that, a great variety of structures with the capability of using visible light for photocatalysis will be 
presented, demonstrating the importance of the concept of self-assembly for solar energy conversion. 
 
Acknowledgements The financial support of the German Science Foundation (DFG), the Interdisciplinary 
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It is known that colloids and nanoparticles adsorbed at liquid/liquid- or liquid/gas-interfaces experience 
capillary interaction that causes the particles to attract or repel one another. This phenomenon comes from 
the deformation of the interface by the particle. The deformation of the liquid surface depends on the 
shape of the particle and the wettability of the particles surface. Other than capillary interaction, particles 
at the interface can also experience electrostatic and steric interactions, that are different from particles in 
the bulk. Particles positioned at the interface act as a dipole when an electric field is applied perpendicular 
to the interface; the particles will therefore repel each other. Another effect that can arise, is that the 
induced particle changes in height, leading to a change in the area exposed to one of the liquids. This 
affects the shape of the interface and thus the capillary interaction.  
This complex interaction between electric repulsion and electric depended capillary interaction has been 
studied theoretically for spherical particles1. Some experimental studies have been performed on uni form 
shaped particles, larger than 1 Pm2.  In this research we will focus on particles of 500 nm and smaller,  with 
non-uniform shape and wettability. For example, dumbbells with different diameter ratios will be studied. 
The shape and wettability will greatly influence the capillary interaction between the particles3.  
The aim of this research is to understand the physical interaction of the particles on the interface: the role  
of the electrostatic interactions between particles and the coupling to the capillary interact ion. Thorough 
understanding of this coupled interaction could lead to make 2D crystal structures in a controlled way.  
 
 
Acknowledgements The financial support of The Netherlands Organization for Scientific Research (NWO) 
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We show how microfluidics can be used in combination with AC electric fields to assemble flexible chains of 
colloids [1] with full control over the sequence of particles on the single particle level. Our goal is to 
experimentally observe and control the self-folding of colloidal chains [2]. In analogy to how the sequence of 
amino acids determines the folded 3-D structure of proteins, we aim to control the folding of our colloidal 
polymers by the sequence of particles in the string [2,3]. These colloidal strings simulate biological polymers, 
but can be observed in real-time by optical microscopy. The interactions between the particles are 
determined by the individual surface modifications and by the solvent composition. Since simulations suggest 
that the prerequisites to determine a specific folded structure are different isotropic interactions plus an 
attractive directional interaction between the colloids [2], we synthesize particles with both isotropic and 
patchy interactions. Using confocal microscopy and holographic microscopy these interaction potentials 
between the different species as well as the resulting folding behavior are studied. 
  

 

Figure 1 a. capillary with external electrodes, b. zoomed capillary, c. brightfield micrograph of induced dipole driven 
string formation at the capillary wall, d. confocal micrograph of fluorescent polystyrene particles aligned in arbitrary 
sequences, e. strategy to make multiple strings with identical sequences in parallel: subsequently render the wall sticky 
for aminated particles, applying an AC field to stick at most one particle on one spot, remove excess particles, make the 
first generation of particles sticky and stick at most one second particle to the first particles, neutralize the wall and 
determine the interaction type of the first generation of particles with a functionalizing compound, making the second 
generation sticking and add a third generation, neutralize and determine the interaction type of the second generation 
and so forth. 

Acknowledgements: We are grateful for the financial support of FWF Stand-alone project P 27544 
“Selbstfaltende Partikelketten”. 
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͞KƌŐĂŶŝĐͲ/ŶŽƌŐĂŶŝĐ�,ǇďƌŝĚ��ĞŶĚƌŝŵĞƌ͟�ǁŝƚŚ�Ă��Ě^�EW�Ăƚ�/ƚƐ��ŽƌĞ͘�

Poster P1.74

— 74 —



Supramolecular+nanoparticles+based+on+phosphate+polyamine+
interactions+for+the+encapsulation+of+anti+cancer+drugs+
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!
Self4organization!of!polyamines!and!phosphate!ions!constitutes!an!important!example!of!non!
covalent! association! in! numerous! biological! media.! In! vitro! aggregation! of! polyamines! in!
phosphate!buffer!yield!to!supramolecular!complexes!similar!to!the!known!nuclear!aggregates!
of!polyamines!(NAPs)!present! in!many!replicating!cells! (1).!NAPs! interact!with!the!phosphate!
groups!of!DNA!and!modulate! the!conformation!and!protection!of!DNA!more!efficiently! than!
single!polyamines.! J.!Yu!et!al.,! reported!polyallyamine!capsules! formation!by!phosphate!salt4
cross4linked! aggregates! that! can! be! loaded! with! the! near4infrared! dye! indocyanine! for!
photothermal! cancer! treatments! (2).! Here,! we! report! a! versatile! method! to! synthesize!
multifunctional! polyamine! nanoparticles! (PANs)! through! a! simple! synthetic! procedure! in!
phosphate! buffer! solution.! PANs! are! investigated! to! load! bioactive! molecules! and/or!
hydrophobic!drugs!used!for!cancer!therapy,!as!well!as!magnetic!nanoparticles!for!theranostic!
applications!(3)!
A! detailed! study! was! conducted! to! characterize! the! formation! and! the! stability! of! PANs!
modulating! the!phosphate! ion! concentration,!pH,! ionic! strength,! time!and! temperature.! The!
size!of!PANs!is!strictly!related!to!the!phosphate!ion!concentration!and!pH.!The!resulting!PANs!
were! extensively! characterized! by! dynamic! light! scattering! (DLS),! electrophoretic! mobility!
measurements,! transmission! electron! microscopy! (TEM).! Cellular! uptake! and! intracellular!
delivery!of!encapsulated!molecules!were!studied!by!confocal!laser!scanning!microscopy!(CSLM)!
and!flow!cytometry.!PANs!toxicity!was!evaluated!in!vitro.!In!conclusion,!initial!results!indicate!
that!PANs!is!a!promising!system!for!loading!and!releasing!of!bioactive!molecules.!!
+
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The Lanreotide is an octapeptide who reveals the property to form monodisperse nanotubes with a 
high degree of monodispersity in the tube diameter (244 Å) and wall thickness (~18 Å) when it is 
mixed with pure water at 10%(w/w) and embedded tubes at higher concentration. These nanotubes 
result from the lateral interaction between β-sheets filaments made of noncovalent dimers of the 
peptide, this building blocks being driven by amphiphilicity and a systematic aromatic aliphatic 
side chain segregation (&ŝŐƵƌĞ� 1) [1͕2].� Here, we study the behaviour of this peptide in 
interaction with other self-assembly system like micelles of charged surfactant. The result 
reveals interactions between these systems and the Lanreotide, which can for example form 
fibers in presence of surfactant (&igure 2). We will also show you how the molecules impact the 
Lanreotide phase diagram (Lanreotide/structure).� To study these interactions and there 
consequences on the Lanreotide self-assembly, the morphologies and structures have been 
characterized by polarizing light and X-ray scattering (small and wide angle).  We will present you 
an original and simple system that is unique for the study of complex self-assembling processes 
generated by de novo molecules or amyloid peptides. This supramolecular self-assembly is also an 
attractive pathway for bottom-up synthesis of novel nanomaterials͘
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Figure 2: Fibers of Lanreotide 

Figure 1 : Peptide nanotube self-assembly 
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The complexation of hexadecyl trimethylammonium bromide (CTAB) with sodium poly[(vinyl alcohol)-co-
(vinyl sulfate)] (PVAS) copolymer and poly(acrylic acid (PAA ) samples of low charge density has been 
investigated using electrophoretic mobility, turbidity and dynamic light scattering measurements. The 
results indicate considerable impact of the applied mixing procedures on the PAA/CTAB mixtures. In 
contrast, for the PVAS/CTAB mixtures the effect of solution preparation protocols is less pronounced and 
limited to a narrow concentration range of CTAB excess. This marked difference in the nonequilibrium 
behavior is attributable to the different surfactant binding mechanism at the same linear initial charge 
density of the polyelectrolytes. In the case of PAA, the binding of CTAB charge up the macromolecule which 
leads to decreased solubility of the polyion/surfactant complex and elevated tendency for the formation of 
charge stabilized colloidal dispersions at surfactant excess. On the other hand, the PVAS molecules cannot 
adjust their low charge density, therefore the bound amount of surfactant to the oppositely charged groups 
is much lower compared to the PAA/CTAB system. Furthermore, contrary to the 
homopolyelectrolyte/surfactant mixtures, there is an additional binding step on the nonionic vinyl-alcohol 
units of PVAS at higher surfactant concentrations [1]. This leads to the reswelling of the PVAS/CTAB 
complexes and the disappearance of kinetically arrested states at appropriately large surfactant excess. Our 
study clearly reveals that the charge regulation feature of the polyelectrolytes and their chemistry can be 
successfully used to tune the nonequilibrium characteristics of macromolecule/surfactant association.  
 
 
Acknowledgements This publication is the partial result of the Research & Development Operational 
Programme for the project "Modernisation and Improvement of Technical Infrastructure for Research and 
Development of J. Selye University in the Fields of Nanotechnology and Intelligent Space", ITMS 
26210120042, co-funded by the European Regional Development Fund. This work was also supported by 
the Hungarian Scientific Research Fund (through the OTKA K 108646 project) which is gratefully 
acknowledged.  

 
[1] K. Bodnár, E. Fegyver, M. Nagy and R. Mészáros, Langmuir, 2016, 32, 1259. 

 

Poster P1.77

— 77 —



Carbonate based Nonionic Surfactants for Smart Cleaning of Works 
of Art  

Vinay Chauhan, Krister Holmberg and Romain Bordes 

Chalmers University of Technology, Department of Chemistry and Chemical Engineering, Applied 
Surface Chemistry, SE-412 96 Gothenburg, Sweden 

Email: vinayc@chalmers.se 
 

Smart and gentle cleaning of painted surfaces is a challenge for modern conservators. In the past, 
various traditional cleaning liquids, such as neat organic solvents, potash solution, wine, vinegar, bile, 
etc. were used but in view of their action, recycling and toxicity they are no longer considered. Most 
of the modern cleaning formulations are based on nanostructured fluids involving water, organic 
solvent and surfactants. Self-degradable surfactants are particularly suitable for such systems. It is 
considered important not to have residual surface active components on the painted surface when the 
water and the organic solvent has evaporated. It is an added advantage if the self-degradation of the 
surfactant results in fragments volatile enough to also leave the surface spontaneously. Another 
important condition is that the self-degradation should not lead to acidic products. The binder in both 
oil-based and alkyd-based paintings is susceptible to acid hydrolysis. For this reason, ester- and amide-
containing surfactants, which are otherwise a natural choice as cleavable amphiphiles,1 are not suitable 
for the purpose.  

We have explored the route of carbonate-based nonionic surfactants. Two classes of such amphiphiles 
have been synthesized, non-capped and capped, and the structures are shown below. They have been 
made by reacting an n-alkylchloroformate with a short polyethyleneglycol/ polyethyleneglycol 
monomethyl ether at low temperature. The surfactants have been characterized by tensiometry and 
other physicochemical methods.  

The degradation of these new surfactants was examined under different conditions by performing 
NMR and surface tension experiments. The pH dependency was studied in some detail. The fate of the 
hydrolysis products, i.e. octanol and an oligo(ethylene glycol) or the methyl ether of an oligo(ethylene 
glycol), on a surface was monitored by QCM-D and other surface analysis techniques. 
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DNA provides great promise as a structural building block in biological science and nanotechnology, 

owing to its highly specific binding properties allowing for precise control over molecular structures[1]. In 
recent years, hydrogels purely made of DNA or DNA-tethered polymers have brought wide interest[2][3]. 
However, the current research mainly focuses on bulk-scaled fabrication and characterization. It remains a 
challenge to understand the fundamentals of molecular-scale picture of DNA hydrogels.  

We developed microrheology to do in-house real-time measurements of DNA hydrogels[4].  A three-
branched DNA strcuture plays as the building block in our system. The hydrogel is cross-linked by DNA 
hybridization between complementary single-stranded DNA sequences on different three-branches units. 
We probed the viscoelastic properties of the sample material around the melting temperature of DNA 
sticky overhangs. Our results indicate the gelling process occurs in a narrow region around melting 
temperature. Furthermore, we systematically investigated the mechaniscs properties  of the gel at given 
temperatures below the melting point. The results provide crtical undertanding on the fundamental  
aspects of DNA-hydrogels in micro-scale, allowing for an more accurate design and precise tuning the 
gelation process of the studied material. This in the long term has the prospective in achieving efficient and 
inexpensive selective material for DNA sequencing.  
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Figure 1 (a) Micro-rheology setup to extract complex moduli of DNA-hydrogels from the trajectory of embedded 
probe colloids. (b) Micro-structure of DNA-hydrogels played with temperature. (c) Cartoon of three-branched DNA 
building block.   
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!
We! use!molecular! dynamics! simulations! to! study! the! phase! transitions! of! disks!with! attached! ligands! in!
twoBdimensional!systems.!The! ligands!are!assumed!to!be!small!disks.!They!can!be!tangent! to! the!core!or!
overlap!partially!the!nanodisk.!The!ligands!slide!on!the!core.!We!investigate!also!disks!with!rigid!geometry,!
in!which! ligands! are!permanently! grafted!on! vertexes!of! a! square.!All! entities! interact! via! LennardBJones!
(12B6)!potential.!
We!present!phase!diagrams!for!several!model!systems.!The!morphology!of!the!different!phases!is!analyzed!
using!the!calculated!structure!factors!and!radial!distribution!functions.!
We!discuss!effects!of!the!ligand!mobility.!We!show!also!how!the!length!of!coreBligand!bond!and!coreB!ligand!
interactions!influence!phase!transitions.!
In!the!studied!systems!we!observe!vaporBliquid!coexistence,!fluidBsolid!transitions!and!structural!transitions!
in!a!solid!phase.!We!show!that!the!ligand!mobility!considerably!affect!fluidBsolid!transition.! In!the!case!of!
mobile! ligands! the! transition! always! leads! immediately! to! a! hexagonal! phase.! On! the! contrary,! for! the!
decorated!disks!with!rigid!geometry!there!are!a!square!phase!that!changes!into!an!orthorhombic!phase!for!
highest! densities.!We! discuss! distribution! of! ligands! on! the! core! in! different! conditions.!We! present! the!
analysis!of!clusters!in!a!supercritical!fluid.!
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Periodic structures of plasmonic nanoparticles with controlled inter-particle spacing are interesting platforms 
for applications in optical sensing, photovoltaics and plasmonic lasers.1  
We demonstrate the fabrication of plasmonic honeycomb superstructures via an interface-mediated self-
assembly approach.2 The structures were prepared via the subsequent double deposition of colloidal 
monolayers on the same solid support. Hydrogel encapsulated spherical gold or silver nanoparticles were 
used as colloidal building blocks. The hydrogel shell controls the spacing of the particles and offers inter-
particle distances in the visible range. Furthermore, our assembly strategy allows the preparation of binary 
plasmonic honeycomb structures by the sequential deposition of nanoparticles of different materials. 
Honeycomb lattices were fabricated on TEM grids as well as cm2-scale glass supports. Structural investigation 
was carried out using TEM and AFM. The plasmonic properties of the monolayers were investigated using 
UV-vis spectroscopy. In addition, high-resolution EDX mapping on binary honeycomb lattices was performed 
to determine the exact composition of the structure. This way, individual “sub-lattices” of gold and silver 
particles can be distinguished inside the honeycomb structure.  
 
 

 
Figure 1 A: Sketch of hydrogel encapsulated silver nanoparticles with hydrodynamic diameter dh and inter-particle 
distance dc-c. B, C: bright field TEM images of a hexagonally ordered monolayer (black frame) and a honeycomb structure 
(red frame). The scale bar corresponds to 2µm.  

 
 

[1] W. Zhou, M. Dridi, J. Y. Suh, C. H. Kim, D. T. Co, M. R. Wasielewski, G. C. Schatz and T. W. Odom, Nat Nano, 
2013, 8, 506-511. 

[2] N. Vogel, C. Fernandez-Lopez, J. Perez-Juste, L. M. Liz-Marzan, K. Landfester and C. K. Weiss, Langmuir, 
2012, 28, 8985-8993. 

[3] T. Honold, K. Volk, M. Retsch and M. Karg, Colloids and Surfaces A: Physicochem. Eng. Aspects, 2016, 
submitted.  

 

Poster P1.81

— 81 —



Synthesis of dimeric surfactants derived from bile salts for preparation 
of dye sensitizers for solar cells 

Marta León Chaves1*, Víctor Hugo Soto Tellini 1,2, Jean Sanabria 1,2, Cristian Campos Fernández1, 

José Vázquez Tato3, Francisco Meijide3. 
1Escuela de Química, Universidad de Costa Rica, San José, Costa Rica. 

2Centro de Electroquímica y Energía Química, Universidad de Costa Rica, San José, Costa Rica. 
3Universidad de Santiago de Compostela, Galicia, España. 

 

*martaleon02@hotmail.com 

 
The world energy consumption, presents a general growth trend. New sources of renewable energy, such 
as photoelectrochemical cells, artificial photosynthetic devices or semiconductors used in photocatalysis, 
are being investigated and improved [1]. Dye sensitized solar cells, best known as Grätzel cells, represent 
new sources of renewable energy due to its low cost and high efficiency [2]. There is a large number of 
ruthenium complexes with organic ligands that are used as dyes in Grätzel cells. Dimeric derivates of bile 
salts, could be employed as ligands for preparation of dyes based on ruthenium (II). Bile acids and some 
derivates have been used as coadsorbents in dye sensitized solar cells, improving efficiency of the cells [3]. 
Recently, new dyes known as heteroleptic dyes have been prepared. These dyes consist in a bipyridine with 
hydrophobic substituents, such as cholesterol or adamantane [2]. The use of these molecules in dye 
sensitized solar cells represent an increase efficiency and an improvement in some properties of the cell. 
For this reason, we have synthesized two dimers, whose hydrophobic section contains two bile salts joined 
across an amide bond to bipyridine. The dimers were synthesized by the reaction between 2,2ʹ-bipyridine-
3,3ʹ−dicarboxylic acid activated with HOBt/DIC and amines in 3β position of the respective steroids (cholic 
and deoxy cholic acid). They were characterized through NMR (1H, 13C, 15N, COSY, HSQC, HMBC). 
Preliminary tests have been made in order to obtain the ruthenium complex with the deoxycholic acid 
derivate. Also, electrochemical characterization has been made to determine the behavior of dimers and 
the ruthenium complex (cyclic voltammetry and differential pulse voltammetry). The ruthenium complex 
has a behavior similar to a reversible system ( ̴ -1 V), which makes it ideal to act as a dye sensitizer. 
However, further experiments should be carried to demonstrate this condition.  

a)                                                                                              b) 

 
Figure 1. Cyclic voltammetry of a) the ligand and b) the ruthenium complex, at a scan rate of 0,1 V s-1.  

 
[1] V. I. Vullev, J. Phys. Chem. Lett., 2011, 2(5), 503.  
[2] M. K. Nazeeruddin, C. Klein, D. Di Censo, P. Liska, and M. Grätzel, Inorg. Chem., 2004, 43(14), 4216  
[3] M. Urbani, M. Grätzel, M. K. Nazeeruddin, and T. Torres, Chem. Rev., 2014, 114, 12330. 
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Na,K-ATPase (NKA) is a cation transporter present in the plasma membrane of all mammalian cells.  It 
consists of two main polypeptide chains: the α and β-subunits. NKA uses ATP hydrolysis to transport three 
Na+ ions out of the cell, and pumps two K+ ions into the cell, against their concentration gradients. Although 
NKA is well known, there is a debate whether the enzyme native state in cell membranes is a αβ-monomer 
or (αβ)n oligomers. The aim of this work was to identify oligomeric species in NKA solubilized with a non-
ionic detergent (C12E8) after purification. Purification of NKA and enzymatic activity were carried out as 
described in Santos et al. (2002) [1]. Dynamic Light scattering (DLS), Analytical Ultracentrifugation (AUC), 
Small Angle X-Ray Scattering (SAXS), Spectrophotometry were used to perform the determination of 
oligomeric species. The NKA sample forthwith chromatography purification presented seven different 
populations as identified by AUC, with monomers and tetramers amounting to ~ 55% of the total protein 
mass in solution. These two species constituted less than 40% of the total protein mass after increasing the 
NKA concentration. Removal of higher-order oligomer/aggregates from the NKA solution using 220 nm-
pore filter resulted in an increase in specific enzymatic activity. Nevertheless, new large aggregates were 
formed over an elapsed time of 20 h. Increasing C12E8 concentration avoided the re-aggregation, 
nonetheless the protein function was lost, probably because of the separation of the α and β subunits 
and/or modification in structure involved in its activity. Concluding, the results show that C12E8-solubilized 
NKA is in a dynamic equilibrium of monomers, tetramers and high-order oligomers/aggregates. It is still 
unclear which is the functional unit of NKA in vivo, and it cannot be ruled out that oligomerization could be 
a natural process involved in metabolic regulation of various membrane cellular processes. 

Acknowledgements The financial support of CNPq and FAPESP 
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Self organization of colloidal particles has many applications, particularly in fabrication of solar cells with 

advanced light management strategies. We report a simple, robust, spincoating based method for 

obtaining monolayers and two dimensional colloidal crystals in hexagonal and non hexagonal close packed 

(HCP) arrays with organic as well as inorganic colloidal particles. The non-HCP arrays were fabricated by 

spin coating the particles onto a topographically patterned substrate with different geometric arrange-

ments. The colloidal particles when spin coated on the patterned substrates, orient as per the confinement 

and we obtain particle array with non-HCP ordering. Parameters like coating speed, dilution of the colloids, 

amount of surfactant added and volume dispensed provide a control over the formation of HCP as well as 

the number of layers deposited.  

We also propose a novel technique for transfer of the particle arrays onto planar as well as non-planar 

surfaces. The colloidal array was fabricated on a sacrificial PMMA layer which was degraded by UV 

exposure and subsequently the particles were transferred to other substrates. Under this condition, the 

particles detach themselves from the template and adhere to the target substrate. This allows the colloidal 

structures to be transported across substrates irrespective of their surface energy, wettability or 

morphology. The particle array can be transferred onto a substrate, without exposing it to any kind of 

chemical or thermal environment. 

 
Figure 1 (a) Mechanism of transfer of colloidal particles, (b) AFM image for alignment of polystyrene colloids in the 

grooves of a PMMA template, (c) Transfer of colloids onto a flat glass substrate by UVO exposure. 
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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 and related complexes 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 trivalent metal ions, Al(III) and Ga(III) [2,3]. 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) [4]. LDHs involve surfactants, 
and to obtain more information on nanostructuring in these systems we have studied the effect of cationic 
tetraalkylammonium surfactants and the conjugated polyelectrolyte (CPE) poly-(9,9-bis(6-N,N,N-
trimethylamonium)hexyl)–fluorene-phenylene) bromide (HTMA-PFP), which has a similar alkylammonium 
chain to the surfactants on the complexation of 8-HQS with Zn(II) and aluminium(III). The studies have been 
extended to systems involving Ga(III) and In(III) in aqueous solutions, and will be compared with those 
previously obtained with aluminium(III) [5]. Potential applications of these aggregates in both 
optoelectronics and sensing will be discussed. These studies involve the detailed characterization of the 
systems in solution using multinuclear NMR, density functional theory (DFT), UV-visible absorption and 
luminescence spectra, luminescence lifetimes, diffusion, electrical conductivity and other electrochemical 
measurements. 
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Polyhedral oligomeric silsesquioxanes (POSS) has unique inorganic-organic core-shell structure. 
The thermal robustness of the inorganic silica cube, coupled to the flexible organic out of sphere 
functionality have highly contributed to the expansion of the chemistry of this new class of material 
[1]. Silica-based materials are widely used in the field of biomedicine because of their 
chemical inertness and biocompatibility [2]. In addition to ease of chemical functionalization, 
nanostructures and chemical stability, POSS units exhibit a variety of other attributes that make them 
attractive as drug delivery agents [3]. Due to the importance or usefulness of POSS compounds in 
viewpoint of medical applications it is necessary to know the way how these hybrid materials do 
interact with DPPC, predominant lipid component in lung surfactant. 
In the present study, the interfacial properties of Langmuir monolayers at the air/water interface of 
two component mixture of POSS derivatives with DPPC are presented. We selected two POSS 
derivatives belonging to the group of not fully condensed silsesquioxanes (with an open corner), each of 
which has, in addition to 7 isobutyl groups in the corners of the cage, also three organic functional groups 
(present in the open corner), differing in their properties (strongly polar polyether groups (PEG-
POSS) and strongly hydrophobic fluoroalkyl groups (OFP-POSS)).�The characteristics of monolayers were 
studied using a computer–controlled KSV NIMA Langmuir film balance system (KN 0033) together with 
Brewster Angle Microscopy (BAM) (KSV NIMA MicroBAM) and a KSV NIMA Surface Potential Sensor 
(SPOT).  
On the basis of the analysis of S–A isotherms as well as BAM images, it is concluded  that a 
perfluorinated OFP-POSS molecules and DPPC formed an inhomogeneous film, while 
the mixed PEG-POSS/DPPC monolayer revealed uniform character upon compression process. 
Moreover, both POSS derivatives significantly changed the character of the surface potential isotherm ('
V–A) obtained for DPPC, but in different ways. In general the results obtained indicate the existence of 
two different interaction mechanisms between DPPC and POSS which depend on the chemical character 
of moieties present in POSS molecules. 
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Liquid-liquid extraction is a crucial process for recycling chemistry. In order to reuse and to avoid 
mining of rare earths, recycling has often to be performed by separating and purifying the rare 
earths from iron. This known technology relies on ion equilibria in coexisting phases located 
between binodal tie-lines in the Winsor II regime of a microemulsion with excess brine. Since the 
systems contain ten components, the phase diagram in seven dimensions must be projected in 
tetrahedrons. The selectivity and differences of free energy of transfer can be determined with 
good reliability and with reasonable time: days instead of months needed by batch methods. 
Availability of data with variable composition allows to challenge the very few predictive models 
based on first principles and evaluating the free energy of transfer terms. 
We show here first results obtained with a microfluidic device allowing continuous exploration of 
lines in a complex phase diagram. We model the ion and extractant distribution and 
separation, and compare to expected values from available theories. In special we show that 
selective ion complexation at an oil/ water interface can be quantified by measuring time and 
concentrated phase transfer of the ions. This allows to measure free energies of transfer , than 
can be compared with theories developed for different length scales. With iron as reference 
selectivities of 2 orders of magnitude can be achieved. The selectivity changes with ion size, pH, 
and especially surprising is the finding of a strongly temperature dependent selectivity. This 
is discussed as due to a subtle interplay between entropic and enthalpic contributions, as 
expected for free energies of transfer with values of only a few kT. The time dependence of phase 
transfer can be modelled with reasonable assumptions of diffusion coefficients and geometrical 
parameters of membrane and microfluidic device as shown in the figure . To further speed up the 
interfacial transfer the application of ultrasound is investigated. By optical measurements it can thus 
be shown, that this way the interfacial roughness can be increased up to 100 nm, which is expected 
to strongly enhance phase transfer.  

&ŝŐƵƌĞ�ϭ͗ Fraction of ions in oil phase compared to aqueous phase for different rare earth ions versus contact 
time, comparing measurements and simulation.
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Lignin is the substance that makes trees and plants sturdy and it accounts for about 30% of the organic carbon 
on Earth. When wood is being processed into paper, lignin is produced as waste which is usually burnt even 
though it is a low-grade fuel. Other uses include sodium lignosulfonate, which can be used as a surfactant. 
However, it is not widely used as its surface activity is not as good as that of synthetic, commercially available 
surfactants. Hence, this project aims to modify sodium lignosulfonate into a surfactant with better surfactant 
properties. This is done by reaction with sodium lignosulfonate with polyethers and epichlorohydrin. One of 
the better end products (1% wt) gave a surface tension of 41 mN m-1 and a CMC of 0.15 g L-1. This is lower than 
the CMC and the surface tension (45 mN m-1) of the surfactant sodium lignosulfonate.  
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Gram-negative bacteria, including key pathogenic species such as Escherichia and Salmonella, are widespread 
microbes. They are characterised by the distinct structure of an outer membrane, which mainly consists of 
bacterica-specific lipopolysaccharides (LPS) and provides protection against antibacterial agents (ABAs). 
Electrostatic and hydrophobic interactions between ABAs and membrane components can lead to 
disturbance of the membrane order, weakening the protective and regulatory functions of the bacterial 
membrane. LPS and mixed phospholipid-LPS layers have been used as model membranes to study the 
interactions between peptides and bacterial membranes [1]. However, the effect of the LPS polysaccharide 
architecture, temperature and the presence of divalent cations on the membrane structure and interactions 
have not been systematically studied.  
Our X-ray reflectivity (XRR) results, using a method developed in Bristol [2], show that the formation of LPS 
layers on mica is highly dependent on temperature, calcium cation concentration and LPS polycarbohydrate 
chain length. While LPS with short (lipid A) and long carbohydrate head groups did not adsorb in any condition 
used, LPS with medium carbohydrate headgroups (Rd and Ra mutant LPS) formed layers (thickness ~ 7 nm) 
on mica in aqueous CaCl2 solutions above concentrations of 10 mM at temperatures above the Krafft 
temperature of LPS (~ 38 ⁰C). Such structural information is valuable to interpret our results from direct 
measurement of interactions of the LPS layers with each other and with a model antibacterial peptide using 
the surface force apparatus (SFA) [3].  
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Figure 1 XRR curves for LPS Ra mutant (0.1 mg/mL) on mica in buffer (HEPES, 
pH 7.4) containing 10 mM CaCl 2 at (B) room temperature, (C-E) at 65 °C 9, 
122, and 180 min after injection and (F) after rinsing with buffer on a mica . 
(A) shows a control XRR curve for bare mica in air. On the right hand side the 
schematic structure of LPS is shown. 
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Polymer electrolyte fuel cell (PEFC) is expected as a next-generation power source due to its low emission 
and high efficiency. However, oxygen transport resistance in the cathode side is dominant in the power 
losses at higher current density [1]. In the cathodic catalyst layer, there are Pt catalysts on supported 
carbon microparticles, and those particles are covered with ionomer thin films which are consist of 
polymers and water molecules. The ionomer has two properties for the water produce reactions: the 
proton conductivity and the oxygen permeability. We focused on the oxygen permeation through the 
ionomer, and molecular dynamics simulations were performed to investigate the water content 
dependence of the oxygen permeation properties: diffusivity, solubility and permeability [2]. 
An equilibrium state of the ionomer on Pt surface was constructed as shown in Figure 1, and then oxygen 
molecules permeate the ionomer. As a result, it is found that the oxygen permeability in the ionomer/gas 
interface, the bulk region and the ionomer/Pt interface, respectively, decreases as water content increases, 
and that the oxygen permeability in the ionomer/Pt interface is the smallest. Moreover, comparing the 
contributions of the diffusivity and solubility of oxygen to the oxygen permeability, the oxygen solubility is 
dominant in the oxygen permeability in the ionomer. 
 

 
 
Figure 1 Schematic view of calculation system for oxygen permeation through ionomer on Pt surface. 
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Rhodamine B-labeled poly(ethylene imine) (PEIR) was synthesized and characterized using UV-Vis 
spectroscopy, dynamic light scattering (DLS) and LDV electrophoresis. DLS measurements indicated that 
PEIR had a constant hydrodynamic diameter of 8.3 nm at an ionic strength of 10-2 M over a range of 
solution pH [1]. Electrophoretic studies confirmed that PEIR is positively charged from pH 3.0 to pH 10.6 [1]. 
The formation and stability of PEIR monolayers on a highly anionic planar mica surface were studied in situ 
using streaming potential measurements. These data were quantitatively interpreted in terms of an 
electrokinetic model assuming a three-dimensional charge distribution near the mica surface induced by 
adsorbed PEIR chains. Calibration data enabled the desorption kinetics and stability of PEIR monolayers to 
be investigated. PEIR desorption in the presence of 10-2 M salt at pH 5.8 remained modest within 24 h [1]. 
Moreover, the acid-base properties of a PEIR monolayer deposited on mica was determined via streaming 
potential measurements over a broad pH range [1]. Deposition of well-defined adsorbed layers of PEIR onto 
planar substrates such as mica can be utilized to assess the kinetics of bindings of various ligands. The 
change in zeta potential for PEIR as a function of pH in bulk solution was determined and an applied 
correction function allowed the zeta potential of PEIR-coated mica to be calculated over the pH range 3.5-
10 [1]. It was confirmed that streaming potential measurements of PEIR monolayers deposited on mica 
proved to be more informative compared to bulk solution studies over this pH range. 
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Adsorption properties of aqueous solutions of 1:1 mixture of cationic hexadecyltrimethylammonium 
chloride and non-ionic tetraethylenglycol monododecyl ether are compared to the properties of the single 
surfactant solutions at the same total concentration. Dynamic interfacial tension and dilatational rheology 
is measured by pendant drop profile analysis tensitometry. A strong synergetic effect of mixed system was 
observed in both film and adsorption properties. Properties of the adsorption layers play a key role for 
stability and drainage kinetics of thin foam films. Most of the previous work focused on single surfactant 
systems and the systematic studies on the relationship between interfacial and foam film properties of 
mixed surfactant system are rare. However, commercial industrial and household products are mostly a 
mixture of surfactants. Here, we present a study on adsorption and foam film properties of aqueous 
solutions of 1:1 (mol:mol) mixture of cationic surfactant hexadecyltrimethylammonium chloride (CTAC) and 
nonionic surfactant pentaethyleneglycol-monododecyl ether (C12E5). The results are compared to the 
corresponding single surfactant system [1, 2]. All solutions are in presence of 0.1 mol/l sodium chloride 
(NaCl). The equilibrium interfacial tension isotherms for the mixed system (CTACl/C12E5) showed lower 
interfacial tension values for the same total concentration of surfactant as juxtaposed to those of single 
surfactant systems. The critical micelle concentration for mixed system was lower, 2.0×10-5 mol/l, 
compared to 7.0×10-5 mol/l for CTAC and 6.2×10-5 mol/l for C12E5. It was found that the dilatational 
elasticity of the adsorption layers correlates to drainage kinetics of foam films and corresponding film 
lifetimes. A profound increase in the magnitude of dilatational elasticity was observed for the mixed 
systems and the maximum was shifted to much lower concentrations in comparison with the single-
surfactant case. The reported results underline the important role of adsorption layers and the surface 
dilatational properties in particular, for foam film drainage and stability. They suggest significant benefits of 
using mixed surfactant systems to achieve lower interfacial tension, higher dilatation elasticities and 
increased film stabilities for the same overall surfactant concentrations. 
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The stabilisation of foams and emulsions by solid particles is an avenue that has recently received great 
attention, owing to the significant decrease of aging that can be achieved. In such a foam, the particles  
adsorb at the air-liquid interface and create so called armoured bubbles, which can resist shrinkage and 
therefore counteract Ostwald ripening.  
Recently, a microfluidic device was developed to study the stability of a single bubble against the 
dissolution, as a minimal model for an aging foam [1]. This device enabled us to produce a single air bubble 
and to coat it with particles as it flowed through a long channel, in addition to measuring the rigidity of the 
armour [1].  
Here we use the same device to address the mechanisms for particle adsorption as the air bubble travels 
through the coating channel (Figure 1A). The final coverage is found to depend on the particle size and 
concentration, as well as on the bubble velocity. For instance, the interface coverage is higher for slowly 
moving bubbles compared with fast bubbles (Figure 1B). These effects can be understood by considering 
the flow of particles in the lubrication film that forms between the moving bubble and the rectangular 
channel walls.  
Finally, questions on bubble coverage and interface stability are currently being addressed on armours 
formed by non-spherical particles that are relevant to the food industry. 
 

Figure 1 (A) The coverage of the bubble in the channel in the evolution of time (0.5 wt.% 1.0 µm particles, U = 0.71 
mm/s). The scale bar is 1 mm. (B) The coverage of the bubble vs. the fluid velocity for 1.0 µm particles (0.5 wt. %). The 
scale bar is 100 µm. 

[1] N. Taccoen, F. Lequeux, D. Z. Gunes andC. Baroud, Physical Review X, 2016, 6, 011010. 
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We describe the preparation of transparent oil-in-water Pickering emulsions using contrast-
matched organic nanoparticles. This is achieved via addition of either sucrose or glycerol to an 
aqueous dispersion of diblock copolymer nanoparticles prior to homogenization with an equal 
volume of oil. The resulting Pickering emulsions comprise polydisperse oil droplets of 20-100 µm 
diameter and exhibit up to 96 % transmittance across the visible spectrum. In contrast, control 
experiments using non-contrast-matched copolymer nanoparticles as a Pickering emulsifier only 
produced conventional turbid emulsions. Therefore, for the preparation of highly transparent 
Pickering emulsions it is essential to use isorefractive nanoparticles in order to minimize light 
scattering. Finally, contrast-matched hydrophobic diblock copolymer nanoparticles are prepared 
and, when employed in combination with the hyrophilic nanoparticles, transparent oil-in-water-in-
oil Pickering double emulsions can be obtained 
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ƐĂǌŝǇĞΛŝƚƵ͘ĞĚƵ͘ƚƌ

/Ŷ�ƚŚŝƐ�ƐƚƵĚǇ͕�ǁĞ�ŝŶǀĞƐƚŝŐĂƚĞĚ�ƚŚĞ�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐ�ĐŚĂŶŐĞ�ŝŶ�Ĩŝůŵ�ĨŽƌŵĂƚŝŽŶ͕�ŽƉƚŝĐĂů͕�ŵŽƌƉŚŽůŽŐŝĐĂů�ĂŶĚ�
ĞůĞĐƚƌŝĐĂů� ƉƌŽƉĞƌƚŝĞƐ� ŽĨ� ƉǇƌĞŶĞ� ;WͿ� ůĂďĞůĞĚ� ƉŽůǇƐƚǇƌĞŶĞ� ;W^Ϳ� ůĂƚĞǆͬƐŝůǀĞƌ� � ŶĂŶŽƉĂƌƚŝĐůĞƐ� ;�ŐEWƐͿ�
;W^ͬ�ŐEWƐͿ�ĐŽŵƉŽƐŝƚĞƐ�ƵƐŝŶŐ�ƐƚĞĂĚǇ�ƐƚĂƚĞ�;^^&Ϳ�ĂŶĚ�ĨĂƐƚ�ƚƌĂŶƐŝĞŶƚ�;&dZ&Ϳ�ĨůƵŽƌĞƐĐĞŶĐĞ�ƚĞĐŚŶŝƋƵĞƐ�ŝŶ�
ĐŽŶũƵŶĐƚŝŽŶ�ǁŝƚŚ�hsʹǀŝƐ� ;hssͿ� ƚĞĐŚŶŝƋƵĞ͘� �EŝŶĞ�ĚŝĨĨĞƌĞŶƚ�ŵŝǆƚƵƌĞƐ�ǁĞƌĞ�ƉƌĞƉĂƌĞĚ�ďǇ�ŵŝǆŝŶŐ�ŽĨ�W^�
ůĂƚĞǆ�ĚŝƐƉĞƌƐŝŽŶ�ǁŝƚŚ�ĚŝĨĨĞƌĞŶƚ�ĂŵŽƵŶƚ�ŽĨ��ŐEWƐ�ŝŶ�ƚŚĞ�ƌĂŶŐĞ�ŽĨ�;ϬͲ�ϱϬ�ǁƚйͿ͘���W^ͬ�ŐEWƐ� �ĨŝůŵƐ�ǁĞƌĞ�
ƚŚĞŶ� ƉƌĞƉĂƌĞĚ� ŽŶ� ŐůĂƐƐ� ƐƵďƐƚƌĂƚĞƐ� ƵƐŝŶŐ� ĚƌŽƉ� ĐĂƐƚŝŶŐ� ŵĞƚŚŽĚ� ĂŶĚ� ĚƌǇŝŶŐ� Ăƚ� ƌŽŽŵ� ƚĞŵƉĞƌĂƚƵƌĞ͘��
�ĨƚĞƌ�ĚƌǇŝŶŐ͕� Ĩŝůŵ� ƐĂŵƉůĞƐ�ǁĞƌĞ� ƐĞƉĂƌĂƚĞůǇ� ĂŶŶĞĂůĞĚ� ĂďŽǀĞ� ŐůĂƐƐ� ƚƌĂŶƐŝƚŝŽŶ� ƚĞŵƉĞƌĂƚƵƌĞ� ;dŐͿ� ŽĨ� W^�
ƌĂŶŐŝŶŐ�ĨƌŽŵ� ϭϬϬ� ƚŽ� ϮϴϬ� Ϭ�� ĨŽƌ� ϭϬ�ŵŝŶ͘� /Ŷ� ŽƌĚĞƌ� ƚŽ�ŵŽŶŝƚŽƌ� Ĩŝůŵ� ĨŽƌŵĂƚŝŽŶ� ƉƌŽĐĞƐƐ͕� ĨůƵŽƌĞƐĐĞŶĐĞ�
ĞŵŝƐƐŝŽŶ� ƐƉĞĐƚƌĂ͕� ĨůƵŽƌĞƐĐĞŶĐĞ� ĚĞĐĂǇ� ĐƵƌǀĞƐ� ĂŶĚ� ƚƌĂŶƐŵŝƚƚĂŶĐĞƐ� ŽĨ� ƚŚĞƐĞ� ĐŽŵƉŽƐŝƚĞƐ� ǁĞƌĞ�
ŵĞĂƐƵƌĞĚ� ĂĨƚĞƌ� ĞĂĐŚ� ĂŶŶĞĂůŝŶŐ� ƐƚĞƉ� ĂƐ� Ă� ĨƵŶĐƚŝŽŶ� ŽĨ� �ŐEWƐ� ĐŽŶƚĞŶƚ͘� � � � dŚĞ� ĞŵŝƐƐŝŽŶ� ƐƉĞĐƚƌƵŵ�
ďĞĐĂŵĞ� ŶĂƌƌŽǁĞƌ� ϭ� ĚĞƉĞŶĚŝŶŐ� ŽŶ� ƚŚĞ� �ŐEWƐ� ĐŽŶƚĞŶƚ� ŝŶ� ƚŚĞ� ƌĂŶŐĞ� ŽĨ� ;ϯͲϯϬͿ� ǁƚй͘� &ůƵŽƌĞƐĐĞŶĐĞ�
ĞŶŚĂŶĐĞŵĞŶƚ� ĂŶĚ� ƌĞĚƵĐĞĚ� ůŝĨĞƚŝŵĞ� ǁĞƌĞ� ĂůƐŽ� ŽďƐĞƌǀĞĚ� ǁŝƚŚ� ŝŶĐƌĞĂƐŝŶŐ� �ŐEWƐ� ĐŽŶƚĞŶƚ� ŝŶ� ƚŚŝƐ�
ƌĂŶŐĞ� Ϯ͘� ,ŽǁĞǀĞƌ͕� ƚŚĞ� ĨůƵŽƌĞƐĐĞŶĐĞ� ĞŵŝƐƐŝŽŶ�ƐƉĞĐƚƌƵŵ� ƌĞŵĂŝŶĞĚ� ĂůŵŽƐƚ� ƵŶĐŚĂŶŐĞĚ� ĂŶĚ� ƚŚĞ�
ŝŶƚĞŶƐŝƚǇ� ĚĞĐƌĞĂƐĞĚ� ƐƵďƐƚĂŶƚŝĂůǇ� ǁŝƚŚ� ĂŶŶĞĂůŝŶŐ�ƚĞŵƉĞƌĂƚƵƌĞ� ǁŝƚŚ� ŝŶĐƌĞĂƐŝŶŐ� �ŐEWƐ� ĐŽŶƚĞŶƚ�
ĂďŽǀĞ� ϯϬ� ǁƚй͘� &Žƌ� ;ϯͲϯϬͿ� ǁƚй� �ŐEWƐ� ĐŽŶƚĞŶƚ͕� ĨůƵŽƌĞƐĐĞŶĐĞ� ŝŶƚĞŶƐŝƚŝĞƐ� ;/WͿ� ĨƌŽŵ� W� ĂŶĚ�
ƚƌĂŶƐŵŝƚƚĞĚ�ůŝŐŚƚ�ŝŶƚĞŶƐŝƚǇ�;/ƚƌͿ�ƚŚƌŽƵŐŚ�ƚŚĞ�ĨŝůŵƐ�ǁĞƌĞ�ŵĞĂƐƵƌĞĚ�ĂĨƚĞƌ�ĞĂĐŚ�ĂŶŶĞĂůŝŶŐ�ƐƚĞƉ͘���ĞůŽǁ�ϯϬ�
ǁƚй��ŐEWƐ͕�ƚǁŽ�ĚŝƐƚŝŶĐƚ�Ĩŝůŵ�ĨŽƌŵĂƚŝŽŶ�ƐƚĂŐĞƐ͕�ǁŚŝĐŚ�ĂƌĞ�ŶĂŵĞĚ�ĂƐ� ǀŽŝĚ� ĐůŽƐƵƌĞ� ĂŶĚ� ŝŶƚĞƌĚŝĨĨƵƐŝŽŶ�
ƉƌŽĐĞƐƐĞƐ͕� ǁĞƌĞ� ƐĞĞŶ� ŝŶ� ĨůƵŽƌĞƐĐĞŶĐĞ� ĚĂƚĂ� ϯ͘� ,ŽǁĞǀĞƌ͕� ĂďŽǀĞ� ϯϬ�ǁƚй͕�ŶŽ�ĐŚĂŶŐĞ�ǁĂƐ�ŽďƐĞƌǀĞĚ�
ŝŶ�/W�ĂŶĚ�/ƚƌ�ƵƉŽŶ�ĂŶŶĞĂůŝŶŐ͕�ǁŚĞƌĞĂƐ�ƚƌĂŶƐƉĂƌĞŶĐǇ�ĚĞĐƌĞĂƐĞĚ�ŽǀĞƌĂůů�ǁŝƚŚ�ŝŶĐƌĞĂƐŝŶŐ��ŐEWƐ�ĐŽŶƚĞŶƚ͘�
dŚĞ�ĞůĞĐƚƌŝĐĂů� ĐŽŶĚƵĐƚŝǀŝƚǇ�ŽĨ� ƚŚĞƐĞ�ĐŽŵƉŽƐŝƚĞƐ�ǁĂƐ�ŵĞĂƐƵƌĞĚ�ĂƐ�Ă� ĨƵŶĐƚŝŽŶ�ŽĨ� �ŐEWƐ� ĐŽŶƚĞŶƚ͘� /Ŷ�
ƚŚĞ� ƐƚƵĚŝĞĚ� ĐŽŶĐĞŶƚƌĂƚŝŽŶ� ƌĂŶŐĞ� ;ϬͲϱϬ�ǁƚйͿ� ŽĨ� �ŐEWƐ� ǀĞƌǇ� ůŝƚƚůĞ� ŝŶĐƌĞĂƐĞ� ŝŶ�ĞůĞĐƚƌŝĐĂů�ĐŽŶĚƵĐƚŝǀŝƚǇ�
ǁĂƐ�ŽďƐĞƌǀĞĚ͘��

ϭ :͘��ŶĚĞƌůĞŝŶ͕�WŚǇƐ͘��ŚĞŵ͘��ŚĞŵ͘�WŚǇƐ͘�ϰ͕�ϮϳϴϬ�;ϮϬϬϰͿ͘
Ϯ :͘�Z͘�>ĂŬŽǁŝĐǌ͕��ŶĂůǇƚŝĐĂů��ŝŽĐŚĞŵŝƐƚƌǇ�Ϯϵϴ͕�ϭ�;ϮϬϬϭͿ͘
ϯ ^͘�hŐƵƌ�Ğƚ�Ăů͕�:͘��ŽůůŽŝĚ�/ŶƚĞƌĨĂĐĞ�^Đŝ͘�Ϯϲϯ͕�ϲϳϰ�;ϮϬϬϯͿ͘�
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Investigation of receptor – ligand interactions play a determinant role in molecular life science. Detailed 

quantitative, kinetic and thermodynamic characterization of these biomolecular interactions may decisively 

contribute to the modern pharmaceutical developments. Surface plasmon resonance spectroscopy is capable 

of real-time monitoring of these interactions without use of labels via immobilization one of the binding 

partners (protein or small biomolecule) onto the sensor surface. Understanding the exact molecular 

mechanism of the action of kynurenic acid on Human Glutamate Receptor (GluR1) peptide fragments might 

promote future drug development for the therapeutic management of neurological disorders. In our study 

reversible bonded amount of kynurenic acid have been measured on different peptide-modified gold surface 

at different temperatures under physiological conditions 1. Besides the experimental characterization of the 

receptor-ligand systems the underlying molecular mechanism can be investigated using the methods of 

computational molecular modelling. The binding mode and structural properties of a peptide or protein 

adsorbed on a surface can be elucidated using molecular dynamics (MD) simulations2. The main object of our 

SPR experiments is to provide important parameters (quantitative data of bounded amount of drug molecule 

on different protein-covered solid support; kinetic (rate of association and dissociation) and thermodynamic 

(ΔG, ΔH, ΔS) data for better understanding of the mechanism of protein-drug molecule bindings.  
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Biosurfactants are natural surface active agents produced by different microorganisms, animals, plants and 
even by human. They have amphiphilic structure and therefore they reduce surface/interface tension and 
form aggregates above critical micelle concentration (CMC). In comparison to the classical (synthetic) 
surface active agents, biosurfactants have higher surface activity, lower values of CMC, better technological 
properties and higher stability at extreme conditions. Moreover, they are highly biodegradable, 
biocompatible and non-toxic compounds which could be used in different industries, cosmetics, 
environment protection, in food production and even in medicine and pharmacy because of their 
antimicrobial and antiadhesive properties [1]. The large-scale application and production of biosurfactants 
are currently limited by the high cost of their production [2]. However, natural surfactants could be used as 
an additive in the mixtures with classical ones and such mixtures very often present better physicochemical 
properties than systems with only one surfactant. 
The aim of present study was to describe and to compare the adsorption properties of two kinds of 
mixtures consisting of classical surfactant – typically used in many industries and household with chosen 
biosurfactant (rhamnolipid). Rhamnolipid is one of the best-known glycolipidic, natural surface active 
agents with very high surface activity and great emulsifying properties [3]. Because rhamnolipid is an 
anionic compound it can be mixed with non-ionic as well as other anionic surface active agents. The 
chosen, classical anionic surfactant is sodium dodecylsulfate. Among others, it is used in many cleaning and 
hygiene products as well as in cosmetics. The second chosen synthetic compound is non-ionic surfactant – 
Triton X-100. It is used to solubilize membrane phospholipids, DNA extraction and to purify membrane-
bound proteins and enzymes without a loss of their biological activity, as well as in almost every type of 
liquids, pastes, and powdered cleaning compounds, ranging from heavy-duty industrial and agrochemical 
products to gentle detergents [4,5]. 
The surface properties of aqueous solutions of rhamnolipid with sodium dodecylsulfate or Triton X-100 
mixtures were determined on the basis of surface tension measurements. From the obtained results, 
among other things, the Gibbs and the maximal Gibbs surface excess concentration as well as the Gibbs 
standard free energy of adsorption of mixtures were determined. We also compared the efficiency and the 
effectiveness of adsorption of prepared mixtures with single systems and with each other. We have 
indicated among others that there is a synergism in the reduction of water surface tension by studied 
mixtures and that the Triton X-100/rhamnolipid mixtures have better adsorption properties than sodium 
dodecylsulfate/rhamnolipid ones. 
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Cardiovascular devices, such as stents, peacemakers and heart valves, are generally made by metallic 
materials which provide appropriate mechanical and structural properties. Nevertheless, when a metal 
surface is implanted into the body several undesired effects can occur, such as thrombosis, inflammation 
and corrosion. 
Coating the metallic surfaces with fluorocarbon (CFx) films by Plasma Enhanced Chemical Vapour 
Deposition (PE-CVD) has been demonstrated to be a promising approach to improve the corrosion 
behaviour and the biological response of the host [1]. 
Nevertheless, the modification of some key surface properties of CFx coatings could further improve the 
blood compatibility of those coatings. For example, it has been shown that the presence of carboxyl groups 
and a moderate surface wettability could promote the appropriate proteins adhesion, improving the 
hemocompatibility and promoting the surface endothelialisation [2, 3]. 
The objective of this work is to develop an oxidation process of CFx coatings, based on a methanol plasma 
treatment, in order to tune the surface energy of CFx films without affecting the excellent properties of the 
unmodified CFx coatings, such as the integrity (i.e. impermeability/corrosion resistance) and the mechanical 
properties (elasticity and adhesion to the substrate). 
316L stainless steel (SS) substrates were electropolished and coated with CFx coatings by PECVD, as 
previously reported [1]. CFx coatings were then modified by methanol plasma treatments, carried out in the 
same reactor. The chemical composition of the surfaces was analysed by X-ray Photoelectron Spectroscopy 
(XPS); the surface energy was evaluated by static water contact angle measurements; the morphology and 
the roughness were studied by Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM), 
the elastic properties were evaluated by Contact Resonance-AFM and Torsional Harmonix-AFM while the 
adhesion of the films to the substrates by Small Punch tests. A preliminary evaluation of the 
hemocompatibility of the surfaces was performed by kinetic clotting time tests. 
Tunable oxidation of the surface of CFx coatings was successfully obtained by methanol plasma treatment, 
thus producing an increase of surface wettability, without affecting morphology, roughness and mechanical 
properties of the coatings. Blood test results showed an increased hemocompatibility of the oxidized 
samples, indicating the possibility of modulating the blood contact behaviour of fluorocarbon surfaces 
through the modulation of their surface energies. 
 
 
 

[1] M. Haidopoulos, S. Turgeon, G. Laroche, D. Mantovani,  Plasma Processes and Polymers, 2005, 2, 424.  
[2] P. Thevenot, W. Hu, L. Tang,  Current Topics in Medicinal Chemistry, 2008, 8(4), 270. 
[3] Y. Arima, H. Iwata, Biomaterials 2007, 28(20), 3074. 
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ŵ͘ĨĞƌƌĂƌŝΛŐĞ͘ŝĞŶŝ͘ĐŶƌ͘ŝƚ�

In the marine field the use of highly hydro and olephobic (amphiphobic) materials is 
relatively young and not very explored. Amphiphobic materials created for marine 
applications could be an innovative solution where technological and ecological aspects 
allow to be merged, taking into account the limitations imposed by international laws 
in terms of environmental protection.  

In particular, in this work a coating with amphiphobic/superamphiphobic behaviour for marine 
applications has been characterized and tested in both laboratory and field conditions, 
since investigations in real seawater are crucial to evaluate the behaviour of SH/SO surfaces 
because of a complexity not reproducible in laboratory. Because of the real conditions where 
the surface can operate, preliminary tests of wearing, thermal stress and durability 
have been also performed in order to study amphiphobic systems for  different 
applications related to the marine environment. 
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Tetrazine�(Tz)�is�expected�to�be�used�for�bioimaging�and�analytical�reagents.�Molecular�imaging�techniques�
will�become�important�role�in�the�clinic�and�in�drug�discovery�and�development[1,2].�It�is�known�to�react�very�
fast�with�transͲcyclooctene�under�water�in�organic�chemistry.�Herein,�to�understand�interactions�between�Tz�
and� biomembrane� constituents,�we� first� investigated� the� interfacial� behavior� of� a� newly� synthesized� Tz�
derivative�comprised�of�a�C18Ͳsaturated�hydrocarbon�chain�(rTzͲC18)�using�a�Langmuir�monolayer�spread�at�
the�airоwater�interface.�Surface�pressure�(ʌ)оmolecular�area�(A)�and�surface�potential�('V)оA�isotherms�have�
been� measured� for� monolayers� of� rTzͲC18� and� biomembrane� constituents� such� as�
dipalmitoylphosphatidylcholine� (DPPC),� DPPͲethanolamine� (DPPE),� DPPͲglycerol� (DPPG),�
palmitoylsphingomyelin� (PSM),�and�cholesterol� (Ch).�The� lipids�except� for�Ch�have�the�same�hydrophobic�
chain,�which�is�easy�to�understand�the�interaction�between�the�Tz�moiety�and�the�headgroups�of�the�lipids.�
The� lateral� interaction�between�rTzͲC18�and�the� lipids�was�thermodynamically�elucidated�from�the�excess�
Gibbs�free�energy�of�mixing�and�twoͲdimensional�phase�diagram.�The�binary�monolayers�except�for�the�Ch�
system�indicated�high�miscibility�or�affinity.�In�particular,�rTzͲC18�was�found�to�interact�more�strongly�with�
DPPE,� which� is� a�major� constituent� of� the� inner� surface� of� cell�membranes.� The� phase� behavior� and�
morphology�upon�monolayer�compression�were� investigated�by�using�Brewster�angle�microscopy� (BAM),�
fluorescence�microscopy�(FM),�and�atomic�force�microscopy�(AFM).�The�BAM�and�FM�images�for�the�DPPC/,�
DPPG/,�and�PSM/rTzͲC18�systems�exhibited�a�coexistence�state�of�two�different�liquidͲcondensed�domains�
derived� from� mainly� phospholipids� and� phospholipids/rTzͲC18� monolayers.� From� these� morphological�
observations,�it�is�worthy�to�note�that�rTzͲC18�is�possible�to�interact�with�a�limited�amount�of�the�lipids�except�
for�DPPE.�
�

[1] Hargreaves,�R.�J.,�Clin.�Pharmacol.�Ther.,�2008,�83,�349Ͳ353.�
[2] Matthews,�P.�M.;�Rabiner,�E.�A.;�Passchier,�J.;�Gunn,�R.�N.,�Br.�J.�Clin.�Pharmacol.,�2011,�73,�175Ͳ186.�

�

Poster P2.15

— 101 —



�ŽŶĚƵĐƚŝŶŐ�ƉŽůǇŵĞƌƐ�ŝŶ�ƚŚĞ�ĚĞƐŝŐŶ�ŽĨ�ŐůƵĐŽƐĞ�ďŝŽƐĞŶƐŽƌƐ�
�ƌƵŶĂƐ�ZĂŵĂŶĂǀŝĐŝƵƐϭ͕ϮΎ͕�EĂƚĂůŝũĂ�'ĞƌŵĂŶϯ͕��ƐƚĂ�<ĂƵƐĂŝƚĞͲDŝŶŬƐƚŝŵŝĞŶĞϭ͕ϯ͕��ĞŝǀŝƐ�WůĂƵƐŝŶĂŝƚŝƐϭ͕�

WŽǀŝůĂƐ�'ĞŶǇƐϭ͕�>ŝŶĂƐ�^ŝŶŬĞǀŝĐŝƵƐϭ͕��ůŵŝƌĂ�ZĂŵĂŶĂǀŝĐŝĞŶĞϭ͕ϯ�
ϭ��ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐĂů��ŚĞŵŝƐƚƌǇ͕�&ĂĐƵůƚǇ�ŽĨ��ŚĞŵŝƐƚƌǇ͕�sŝůŶŝƵƐ�hŶŝǀĞƌƐŝƚǇ͕�>ŝƚŚƵĂŶŝĂ͖

Ϯ͘�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ŝŽEĂŶŽƚĞĐŚŶŽůŽŐǇ͕��ŝǀŝƐŝŽŶ�ŽĨ�DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ�ĂŶĚ��ůĞĐƚƌŽŶŝĐƐ͕�/ŶƐƚŝƚƵƚĞ�ŽĨ�^ĞŵŝĐŽŶĚƵĐƚŽƌ
WŚǇƐŝĐƐ͕�^ƚĂƚĞ�^ĐŝĞŶƚŝĨŝĐ�ZĞƐĞĂƌĐŚ�/ŶƐƚŝƚƵƚĞ��ĞŶƚĞƌ�ĨŽƌ�WŚǇƐŝĐĂů�^ĐŝĞŶĐĞƐ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕�>ŝƚŚƵĂŶŝĂ͖�
ϯ͘ �ŝǀŝƐŝŽŶ�ŽĨ�/ŵŵƵŶŽůŽŐǇ͕�^ƚĂƚĞ�ZĞƐĞĂƌĐŚ�/ŶƐƚŝƚƵƚĞ��ĞŶƚĞƌ�ĨŽƌ�/ŶŶŽǀĂƚŝǀĞ�DĞĚŝĐŝŶĞ͕�>ŝƚŚƵĂŶŝĂ͘

ĂƌƵŶĂƐ͘ƌĂŵĂŶĂǀŝĐŝƵƐΛĐŚĨ͘ǀƵ͘ůƚ�

/Ŷ� ƚŚŝƐ� ƉƌĞƐĞŶƚĂƚŝŽŶ� ƐŽŵĞ� ƌĞĐĞŶƚ� ĂĐŚŝĞǀĞŵĞŶƚ͛Ɛ� ŝŶ� ƚŚĞ� ĂƉƉůŝĐĂƚŝŽŶƐ� ŽĨ� ĐŽŶĚƵĐƚŝŶŐ� ƉŽůǇŵĞƌƐ� ŝŶ� ƚŚĞ�
ĚĞƐŝŐŶ�ŽĨ� ŐůƵĐŽƐĞ� ďŝŽƐĞŶƐŽƌƐ� ǁŝůů� ďĞ� ŽǀĞƌǀŝĞǁĞĚ͘� 'ůƵĐŽƐĞ� ďŝŽƐĞŶƐŽƌƐ� ďĂƐĞĚ� ŽŶ� ŐůƵĐŽƐĞ� ŽǆŝĚĂƐĞ�
;'KǆͿ�ŝŵŵŽďŝůŝƐĞĚ�ŽŶ�ƐĞǀĞƌĂů�ĚŝĨĨĞƌĞŶƚ� ƚǇƉĞƐ�ĞůĞĐƚƌŽĚĞƐ�ŵŽĚŝĨŝĞĚ�ďǇ�ƐŽŵĞ�ĐŽŶĚƵĐƚŝŶŐ�ƉŽůǇŵĞƌƐ�ĂŶĚ�
ƌĞĚŽǆ�ŵĞĚŝĂƚŽƌƐ� ĂŶĚͬŽƌ� ŐŽůĚ� ŶĂŶŽƉĂƌƚŝĐůĞƐ� ǁĞƌĞ� ĚĞƐŝŐŶĞĚ� ĂŶĚ� ĞůĞĐƚƌŽͲĂŶĂůǇƚŝĐĂů� ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�
ŽĨ� ƚŚĞƐĞ� ƐĞŶƐŽƌƐ� ǁĞƌĞ� ĞǀĂůƵĂƚĞĚ͘� �ŽŶĚƵĐƚŝŶŐ� ƉŽůǇŵĞƌ� ůĂǇĞƌƐ� ŽŶ� 'KǆͲŵŽĚŝĨŝĞĚ� ĞůĞĐƚƌŽĚĞƐ� ǁĞƌĞ�
ĚĞƉŽƐŝƚĞĚ�ŝŶ�ƚǁŽ�ĚŝĨĨĞƌĞŶƚ�ǁĂǇƐ͗�;ŝͿ�ĞůĞĐƚƌŽĐŚĞŵŝĐĂůůǇ͖�;ŝŝͿ�ĐŚĞŵŝĐĂůůǇ͘�dŚĞ�ŵŽƐƚ�ŝŶƚĞƌĞƐƚŝŶŐ�ƌĞƐƵůƚƐ�ǁĞƌĞ�
ĂĐŚŝĞǀĞĚ�ǁŚĞŶ�ĐŽŶĚƵĐƚŝŶŐ�ƉŽůǇŵĞƌƐ�;ƉŽůǇƉǇƌƌŽůĞ�;WƉǇͿ�ĂŶĚ�ƉŽůǇĂŶŝůŝŶĞ�;W�E/ͿͿ�ǁĞƌĞ�ĚĞƉŽƐŝƚĞĚ�ŽŶ�ƚŚĞ�
'KǆͲŵŽĚŝĨŝĞĚ� ĞůĞĐƚƌŽĚĞƐ� ďǇ� ĐŚĞŵŝĐĂů� ŵĞƚŚŽĚ͕� ǁŚŝĐŚ� ǁĂƐ� ďĂƐĞĚ� ŽŶ� ƚŚĞ� ŐĞŶĞƌĂƚŝŽŶ� ŽĨ� ŚǇĚƌŽŐĞŶ�
ƉĞƌŽǆŝĚĞ� ďǇ� 'Kǆ�ĐĂƚĂůǇƐĞĚ� ƌĞĂĐƚŝŽŶ� ĂŶĚ� ŝŶŝƚŝĂƚŝŽŶ� ŽĨ� ƉǇƌƌŽůĞ� Žƌ� ĂŶŝůŝŶĞ� ƉŽůǇŵĞƌŝǌĂƚŝŽŶ� ŝŶƚŽ� WƉǇ� Žƌ�
W�E/� ďǇ� ŚǇĚƌŽŐĞŶ� ƉĞƌŽǆŝĚĞ͘� dŚĞ� ŝŶĨůƵĞŶĐĞ� ŽĨ� ƚŚĞ� ĨŽƌŵĞĚ� ƉŽůǇƉǇƌƌŽůĞ� ůĂǇĞƌ� ŽŶ� ƐĞŶƐŝƚŝǀŝƚǇ� ĂŶĚ�
DŝĐŚĂĞůŝƐʹDĞŶƚĞŶ�ŵŽĚĞů�ďĂƐĞĚ� ŬŝŶĞƚŝĐƐ� ŽĨ� ĚĞƐŝŐŶĞĚ� ĞůĞĐƚƌŽĐŚĞŵŝĐĂů� ďŝŽƐĞŶƐŽƌƐ� ǁĂƐ� ŝŶǀĞƐƚŝŐĂƚĞĚ͘�
,ĞƌĞ� ƉƌŽƉŽƐĞĚ� ŵĞƚŚŽĚ� ŽĨ� ĐŽŶĚƵĐƚŝŶŐ� ƉŽůǇŵĞƌ� ĚĞƉŽƐŝƚŝŽŶ� ĂůůŽǁĞĚ� ƚŽ� ĐŚĂŶŐĞ� ĂŶĂůǇƚŝĐĂů�
ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ďŝŽƐĞŶƐŽƌƐ�ďĂƐĞĚ�ŽŶ�'KǆͲŵŽĚŝĨŝĞĚ� ĞůĞĐƚƌŽĚĞƐ͘� WĂƌƚŝĐƵůĂƌůǇ� ƚŚĞ� ŝŶĐƌĞĂƐĞ� ŽĨ� DŝĐŚĂĞůŝƐ�
ĐŽŶƐƚĂŶƚ� ;<DͿ� ĂŶĚ� ƐŽŵĞ� ĚĞĐƌĞĂƐĞ� ŽĨ� ďŽƚŚ� ŵĂǆŝŵĂů� ĐƵƌƌĞŶƚ� ĂŶĚ� ƐĞŶƐŝƚŝǀŝƚǇ� ǁĂƐ� ŽďƐĞƌǀĞĚ� ďǇ� ƚŚĞ�
ŝŶĐƌĞĂƐĞ�ŽĨ�ƉŽůǇŵĞƌŝǌĂƚŝŽŶ� ƌĞĂĐƚŝŽŶ�ĚƵƌĂƚŝŽŶ� ϭ͘�,ĞŶĐĞ͕� ŚĞƌĞ� ĂƉƉůŝĞĚ� ͚ĞŶǌǇŵĂƚŝĐ� ƉŽůǇŵĞƌŝƐĂƚŝŽŶ͛� ŽĨ�
ƉǇƌƌŽůĞ� ĂŶĚ� ĂŶŝůŝŶĞ� ŚĂƐ� ŝŶĐƌĞĂƐĞĚ�ůŝŶĞĂƌ� ĚĞƚĞĐƚŝŽŶ�ƌĂŶŐĞ�ŽĨ�ŐůƵĐŽƐĞ�ďŝŽƐĞŶƐŽƌƐ�ďĂƐĞĚ�ŽŶ�ŝŵŵŽďŝůŝǌĞĚ�
'Kǆ͕� ĂŶĚ� ƚŚĞ� ůŝŶĞĂƌ� ŐůƵĐŽƐĞ� ĚĞƚĞĐƚŝŽŶ� ŝŶƚĞƌǀĂů� ĨŽƌ� 'Kǆͬ�Z� ĂŶĚ� 'Kǆͬ�ƵͲEWƐͬ�Z� ĞůĞĐƚƌŽĚĞƐ� ǁĂƐ�
ĚĞƉĞŶĚĞŶƚ�ŽŶ�ƚŚĞ�ĚƵƌĂƚŝŽŶ�ŽĨ�ƉŽůǇŵĞƌŝƐĂƚŝŽŶ͘��
/Ŷ� ĂĚĚŝƚŝŽŶ� ƚŽ� ĞůĞĐƚƌŽĐŚĞŵŝĐĂů� ŝŶǀĞƐƚŝŐĂƚŝŽŶƐ͕� ƚŚĞ� ĞŶǌǇŵĂƚŝĐ� ĨŽƌŵĂƚŝŽŶ� ŽĨ� WƉǇ� Ϯ͕� W�E/͕�
ƉŽůǇƚŚŝŽƉŚĞŶĞ� ϯ� ĂŶĚ� ƐŽŵĞ� ŽƚŚĞƌ� ĐŽŶũƵŐĂƚĞĚ� ƉŽůǇŵĞƌƐ� ǁĂƐ� ƉĞƌĨŽƌŵĞĚ� ďǇ� ŝŵŵŽďŝůŝǌĞĚ� ĂŶĚ� ďǇ�
ĚŝƐƐŽůǀĞĚ� 'Kǆ� ĂŶĚ� ĞǀĂůƵĂƚĞĚ� ďǇ� ĂƚŽŵŝĐ� ĨŽƌĐĞ�ŵŝĐƌŽƐĐŽƉǇ� ĂŶĚ� ĚǇŶĂŵŝĐ� ůŝŐŚƚ� ƐĐĂƚƚĞƌŝŶŐ� ĂŶĚ� ŝƐŽƚŽƉĞ�
ŵĞƚŚŽĚ�ϰ͘�,ǇĚƌŽŐĞŶ�ƉĞƌŽǆŝĚĞ�ŝŶĚƵĐĞĚ�WƉǇ�ůĂǇĞƌ�ĨŽƌŵĂƚŝŽŶ�ǁĂƐ�ĞǀĂůƵĂƚĞĚ�ďǇ�ĞůĞĐƚƌŽĐŚĞŵŝĐĂů�ƋƵĂƌƚǌ�
ĐƌǇƐƚĂů�ŵŝĐƌŽďĂůĂŶĐĞƐ�ϱ͘� �ůĞĐƚƌŽĐŚĞŵŝĐĂůůǇ� ƉŽůǇŵĞƌŝǌĞĚ� ϭ͕ϭϬͲƉŚĞŶĂŶƚŚƌŽůŝŶĞͲϱ͕ϲͲĚŝŽŶĞ�ǁĂƐ� ĂƉƉůŝĞĚ�
ĂƐ� Ă� ƌĞĚŽǆ� ŵĞĚŝĂƚŝŶŐ� ůĂǇĞƌ� ĨŽƌ� ƐŽŵĞ� 'KǆͲďĂƐĞĚ� ƐĞŶƐŽƌƐ� ϲ͕� ǁŚŝĐŚ� ǁŝůů� ďĞ� ĚŝƐĐƵƐƐĞĚ� ŝŶ� ƚŚŝƐ�
ƉƌĞƐĞŶƚĂƚŝŽŶ͘�

�ĐŬŶŽǁůĞĚŐĞŵĞŶƚ͗�dŚŝƐ�ƌĞƐĞĂƌĐŚ�ǁĂƐ�ĨƵŶĚĞĚ�ďǇ�Ă�ŐƌĂŶƚ�;EŽ͘�^�EͲϭϱϬϵϱͿ�ĨƌŽŵ�ƚŚĞ�ZĞƐĞĂƌĐŚ��ŽƵŶĐŝů�ŽĨ�>ŝƚŚƵĂŶŝĂ͘�

ϭ͘ �͘�ZĂŵĂŶĂǀŝĐŝƵƐ͕��͘�<ĂƵƐĂŝƚĞ͕��͘�ZĂŵĂŶĂǀŝĐŝĞŶĞ�^ĞůĨͲĞŶĐĂƉƐƵůĂƚŝŽŶ�ŽĨ�ŽǆŝĚĂƐĞƐ�ĂƐ�Ă�ďĂƐŝĐ�ĂƉƉƌŽĂĐŚ�ƚŽ�ƚƵŶĞ�
ƵƉƉĞƌ�ĚĞƚĞĐƚŝŽŶ�ůŝŵŝƚ�ŽĨ�ĂŵƉĞƌŽŵĞƚƌŝĐ�ďŽƐĞŶƐŽƌƐ͘��ŶĂůǇƐƚ�ϮϬϬϴ͕�ϭϯϯ͕�ϭϬϴϯʹϭϬϴϵ͘
Ϯ͘ E͘�'ĞƌŵĂŶ͕��͘�<ĂƵƐĂŝƚĞͲDŝŶŬƐƚŝŵŝĞŶĞ͕��͘�ZĂŵĂŶĂǀŝĐŝƵƐ͕�d͘�^ĞŵĂƐŚŬŽ͕�Z͘�DŝŬŚĂŝůŽǀĂ͕��͘�ZĂŵĂŶĂǀŝĐŝĞŶĞ͘�
dŚĞ�ƵƐĞ�ŽĨ�ĚŝĨĨĞƌĞŶƚ�ŐůƵĐŽƐĞ�ŽǆŝĚĂƐĞƐ�ĨŽƌ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĂŶ�ĂŵƉĞƌŽŵĞƚƌŝĐ�ƌĞĂŐĞŶƚůĞƐƐ�ŐůƵĐŽƐĞ�ďŝŽƐĞŶƐŽƌ�
ďĂƐĞĚ�ŽŶ�ŐŽůĚ�ŶĂŶŽƉĂƌƚŝĐůĞƐ�ĐŽǀĞƌĞĚ�ďǇ�ƉŽůǇƉǇƌƌŽůĞ͘��ůĞĐƚƌŽĐŚŝŵŝĐĂ��ĐƚĂ�ϮϬϭϱ͕�ϭϲϵ͕�ϯϮϲʹϯϯϯ͘
ϯ͘ s͘�<ƌŝŬƐƚŽůĂŝƚǇƚĞ͕�:͘�<ƵůŝĞƐŝƵƐ͕��͘�ZĂŵĂŶĂǀŝĐŝĞŶĞ͕�>͘�DŝŬŽůŝƵŶĂŝƚĞ͕��͘�<ĂƵƐĂŝƚĞͲDŝŶŬƐƚŝŵŝĞŶĞ͕�z͘�KǌƚĞŬŝŶ͕��͘�
ZĂŵĂŶĂǀŝĐŝƵƐ͕��ŶǌǇŵĂƚŝĐ�ƉŽůǇŵĞƌŝǌĂƚŝŽŶ�ŽĨ�ƉŽůǇƚŚŝŽƉŚĞŶĞ�ďǇ�ŝŵŵŽďŝůŝǌĞĚ�ŐůƵĐŽƐĞ�ŽǆŝĚĂƐĞ͘�WŽůǇŵĞƌ�ϮϬϭϰ͕�ϱϱ͕�
ϭϲϭϯͲϭϲϮϬ͘
ϰ͘ �͘�'ĂƌďĂƌĂƐ͕�>͘�DŝŬŽůŝƵŶĂŝƚĞ͕��͘�WŽƉŽǀ͕��͘�ZĂŵĂŶĂǀŝĐŝĞŶĞ͕�s͘�ZĞŵĞŝŬŝƐ͕��͘�ZĂŵĂŶĂǀŝĐŝƵƐ͘�/ƐŽƚŽƉĞ�ŵĞƚŚŽĚ�
ĨŽƌ�ƚŚĞ�ĚĞƚĞƌŵŝŶĂƚŝŽŶ�ŽĨ�ƐƚŽŝĐŚŝŽŵĞƚƌǇ�ďĞƚǁĞĞŶ�ĐŽŵƉŽƵŶĚƐ�ĨŽƌŵŝŶŐ�ƉŽůǇƉǇƌƌŽůĞ�ĂŶĚ�ŐůƵĐŽƐĞ�ŽǆŝĚĂƐĞ�
ĐŽŵƉŽƐŝƚĞ͘�WŚǇƐŝĐĂů��ŚĞŵŝƐƚƌǇ��ŚĞŵŝĐĂů�WŚǇƐŝĐƐ�ϮϬϭϱ͕�ϭϳ͕�ϮϮϱϮʹϮϮϱϴ͘
ϱ͘ �͘�WůĂƵƐŝŶĂŝƚŝƐ͕�s͘�ZĂƚĂƵƚĂŝƚĞ͕�>͘�DŝŬŽůŝƵŶĂŝƚĞ͕� >͘�^ŝŶŬĞǀŝĐŝƵƐ͕��͘�ZĂŵĂŶĂǀŝĐŝĞŶĞ͕� �͘�ZĂŵĂŶĂǀŝĐŝƵƐ�YƵĂƌƚǌ�
ĐƌǇƐƚĂů�ŵŝĐƌŽďĂůĂŶĐĞ� ďĂƐĞĚ� ĞǀĂůƵĂƚŝŽŶ� ŽĨ� ĞůĞĐƚƌŽĐŚĞŵŝĐĂů� ĨŽƌŵĂƚŝŽŶ� ŽĨ� ĂŐŐƌĞŐĂƚĞĚ� ƉŽůǇƉǇƌƌŽůĞ� ƉĂƌƚŝĐůĞ�
ďĂƐĞĚ�ůĂǇĞƌ͘�>ĂŶŐŵƵŝƌ�ϮϬϭϱ͕�ϯϭ͕�ϯϭϴϲͲϯϭϵϯ͘
ϲ͘ �͘�ZĂŵĂŶĂǀŝĐŝƵƐ͕�W͘�'ĞŶǇƐ͕��͘�ZĂŵĂŶĂǀŝĐŝĞŶĞ��ůĞĐƚƌŽĐŚĞŵŝĐĂů�/ŵƉĞĚĂŶĐĞ�^ƉĞĐƚƌŽƐĐŽƉǇ��ĂƐĞĚ��ǀĂůƵĂƚŝŽŶ�ŽĨ�
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Alpha-tocopherol is a component of pharmaceuticals, cosmetics and cosmeceuticals. It acts as an effective 
antioxidant in the protection of cellular membranes from lipid peroxidation by free radicals [1]. That is 
especially important in the prevention of carcinogenesis [2]. However, its solubility in aqueous solutions is 
very low due to the hydrophobic character of the molecule [3]. In a consequence the encapsulation of 
vitamin E is necessary,. Surfactants, which are the amphiphilic substances, can be used as carriers of such 
bioactive substances [4]. Cetyltrimethylammonium bromide (CTAB) is a cationic surfactant, which is used in 
pharmaceutical investigations [5] and possesses the antimicrobial properties [6]. 
The aim of research was to determine the interfacial and bulk properties of the CTAB solution in the 
presence of α-tocopherol in a wide range of component concentrations in the systems under consideration. 
The measurements of electrolytic conductivity, electrophoretic mobility and zeta potential (LDV- the laser 
Doppler velocimetry method) as well as the particle size distribution (DLS – the dynamic light scattering 
method) were performed in the surfactant solutions (0.25 – 25 mM) at the α-tocopherol concentration 
ranged from 0 to 11.6 mM. 
It was found that α-tocopherol lowered the electrolytic conductivity of the CTAB solutions. This was 
observed especially about the critical micelle concentration (CMC). The CMC of CTAB solutions decreased 
with the increasing α-tocopherol content as a result of the mixed aggregates formation. The presence of α-
tocopherol facilitated the aggregates dissociation. As a result, the electrophoretic mobility and zeta 
potential increased. This effect was observed for all surfactant systems. The incorporation of α-tocopherol 
molecules into the CTAB micelles caused the increase of particles size from 7-8 nm for the CTAB solutions 
to 50-60 nm for those containing vitamin E. Such small size of particles enables their penetration through 
different biological membranes. 
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The interaction between liquid droplets and solids is ubiquitous in many commercial and industrial 
applications. Often the application governs the nature of the liquid-solid interaction with the droplet 
adhesion and the ability to coat a substrate controlled by physical, chemical and environmental conditions. 
Researchers have studied droplet spreading dynamics and developed fundamental understanding for a 
range of liquid and surface properties including wettability, viscosity, surface tension, etc. However, to the 
authors’ knowledge the effect of interfacial shear elasticity on droplet spreading dynamics has not 
previously been considered.  
 
Saponin, a bio-surfactant, was used to significantly increase the interfacial shear elasticity of a droplet air-
water interface. Using a DHR-II TA Instruments rheometer, Figure 1a shows the time-dependent growth of 
interfacial shear elasticity, with concentrations above the CMC (0.008 wt.%) forming, strongly elastic 
interfacial films within a few minutes. Studying the bulk rheology of these solutions it was identified that 
the condition 0.01 wt.% saponin provided rapid interfacial aging but did not significantly increase the 

viscosity of the bulk fluid, the relative viscosity 
/

 at 10 s-1 equals 1.1 and equals 0.97 at a 100 s-1, 

thus the difference in bulk rheology between a water/ethanol (7.5% ethanol) droplet and a water droplet 
with strong interfacial elasticity is minimal.  
 
The droplet spreading dynamics were captured at 10,000 fps as a droplet was gradually brought into 
contact with a silicon wafer. Early observations indicate increased dampening of the air-water interface in 
the presence of saponin and modification to the spreading rate. For the first time, the critical role of 
interfacial shear rheology on droplet dynamics is being explored.    

 

                                                                                                                                      

 

 

 

 

 

Figure 1: a) The interfacial elasticity was plotted as a function of time in order to show the time dependence of the 
film b) Shows a water/ethanol and 0.01 wt% saponin droplet spreading on a silicon wafer. 
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Giant	Unilamellar	Vesicles	(GUV)	are	liposomes	of	10-100	µm	of	diameter	formed	by	a	single	phospholipid	
bilayer	 encompassing	 an	 aqueous	 core.	 Their	 cell-like	 size	 motivates	 the	 wide	 use	 of	 GUV	 as	 model	
membrane	system,	with	the	advantage	to	be	visible	under	light	microscope	[1].		
The	most	 commonly	 used	method	 of	 GUV	 preparation	 is	 the	 so	 called	 “electroswelling”	 of	 lipids	 under	
Alternating	 Current	 electric	 field	 which	 leads	 to	 a	 homogeneous	 population	 of	 spherical	 vesicles	
characterized	by	a	narrow	size	distribution	[2].		
Despite	 their	 great	 relevance	 as	 biomimetic	 system,	 the	 underlying	mechanism	of	GUV	 formation	 is	 still	
poorly	understood	and	an	univocal	model	explaining	the	vesicles	formation	is	still	lacking.	
In	 this	work,	by	using	phase	 contrast	microscopy	we	have	performed	a	 real	 time	 study	on	 the	kinetic	of	
GUV	 growth.	 At	 the	 same	 time,	 we	 have	 characterized	 the	 structural	 and	 topological	 properties	 of	
electroformed	vesicles	through	fluorescence	and	confocal	microscopy,	with	the	final		aim	to	define	a	simple	
and	 intuitive	 model	 which	 connects	 the	 vesicles	 features	 with	 the	 electric	 field	 parameters,	 namely	
frequency,	voltage	and	waveform.		
	

	
	
	
	
	
	
	

[1] P.	Walde,	K.	Cosentino,	H.	Engel	and	P.	Stano,	ChemBioChem,	2010,	11,	848-856.	
[2] M.	I.	Angelova,	S.	Soléau,	P.	Méléard,	F.	Faucon,	P.	Bothorel,	Prog.	Colloid	Polym.	Sci.,	1992,	89,	127-131.	

	

	

Figure	 1	 The	 graph	 shows	 the	 mean	 diameter	 of	
growing	 vesicles	 in	 function	 of	 time	 for	 a	 fixed	
frequency	 of	 10	 Hz	 and	 different	 voltages.	 The	 size	
were	collected	by	the	microscope	analysis	software.	
	

Figure	 2	 Fluorescence	 microscope	 picture	 of	 an	
electroformed	GUV.		
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When a liquid drop contacts a solid surface a mesoscopically thin film can spread ahead of the bulk 
liquid at the three phase contact line region. These films are referred to as precursor films. They are formed 
when intermolecular forces of attraction between solid and liquid are sufficiently strong to create positive 
spreading coefficients, inducing spontaneous spreading. Spreading patterns in such films are influenced by 
the nature of the liquid (e.g. its volatility) and the solid. Ionic liquids are the perfect candidates for precursor 
film studies due to their negligible vapour pressure.   

The presence of a precursor film from a droplet of imidazolium based ionic liquids (ILs) on different 
types of solids (mica, highly ordered pyrolytic graphite (HOPG), and gold <111>) are investigated. The 
macroscopic static advancing contact angle of ILs are, depending on the substrate and IL combination, 
between 9 and 45°, indicating good to partial wetting in such systems. Tapping mode atomic force 
microscopy (TM AFM) was used to investigate the morphology and thickness of the precursor film, as well as 
to assess its lateral extent.  
Synchrotron based X-ray photoelectron spectroscopy (XPS) was conducted on the precursor film of [HMIM] 
[TFSI] to provide elemental surface analysis as well as to investigate the extent of the interaction of IL ions 
with the substrate surface. 
 The morphology of precursor films was found to be substrate dependent with mica promoting the 
formation of 2D patchy ‘films’ and HOPG allowing for the formation of the continuous film (see Figure 1). 
Possible mechanisms as well as the role of chemical interactions between solids and ILs will be discussed.  

 
Figure 1. AFM height images of precursor films formed by 1-Hexyl-3-methylimidazolium 
bis(trifluormethylsulfonyl)imide on freshly cleaved mica (left panel) and freshly cleaved HOPG (right panel).  
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Nickel& oxide& (NiOx)& thin& films& obtained& via& microwave& sintering& of& metal& oxide& nanospheres& in& plasma&
atmosphere&are&important&candidates&for&the&development&of&photoelectrochemical&cells&like&the&pUtype&dyeU
sensitized&solar&cells&(DSCs)&having&photoactive&cathodes&[1U3].&In&this&contribution&we&will&present&the&surface&
characterization&of&the&electrochemical&interface&NiOx/organic&electrolyte,&which&has&been&conducted&with&
XPS&technique&in&the&grazing&angle&mode.&The&electrolyte&here&considered&is&of&technological&interest&being&
composed&by&LiClO4&in&3UmethoxyUpropionitrile&(3UMPN),&i.e.&a&non&aqueous&system&typically&utilized&in&lithium&
batteries&or&DSCs.&Upon&electrochemical&cycling&of&NiOx&in&0.2&M&LiClO4&3UMPN&we&observed&two&characteristic&
oxidation&peaks&(Figure&1)&which&are&scholarly&attributed&to&the&two&nickel&centred&processes&Ni(II)→Ni(III)&&
and&Ni(III)→Ni(IV).&Since&these&redox&processes&are&kinetically&controlled&by&a&step&localized&on&the&surface&of&
the&metallic&oxide,&we&conducted&the&ex%situ&XPS&surface&characterization&of&the&metal&oxide&kept&at&different&
states&of&polarization.&The&presence&of&chargeUcompensating&ClO4

U&and&ClU&anions&adsorbed&on&&the&surface&of&
oxidized&NiOx&was&evidenced&by&XPS&through&the&detection&of&&Cl&2p&signals&in&the&range&190U220&eV.&For&that&
it&has&been&speculated&the&mechanism&of&charge&compensation.&Different&to&the&electrochemistry&of&NiOx&in&&
aqueous&environment&[4],&the&metal&oxide&does&not&undergo&surface&rearrangement&phenomena&during&the&
redox&processes&conducted&in&this&type&of&technical&electrolyte.&
&

 
 
 
 
 
(
(
(
(
(

(
(
Figure(1.&Cyclic&voltammograms&of&NiOx&thin&film&electrode&(thickness:&0.6&&μm)&at&&&seven&different(scan&rates&
(see&inset).&Electrolyte:&LiClO4&0.2&M&in(3UMPN&
(

[1]! Awais,&M.,&Rahman,&M.,&MacElroy,&J.&D.,&Dini,&D.,&Vos,&J.&G.,&and&Dowling,&D.&P.&Surf.!Coat.!Technol.&2011,&
205,&S245(

[2]! Awais,&M.,&Gibson,&E.,&Vos,&J.&G.,&Dowling,&D.&P.,&Hagfeldt,&A.&and&Dini,&D.&ChemElectroChem&2014,&1,&384(
[3]! Wood,&C.J.&et!al.&Phys.!Chem.!Chem.!Phys.&2016,&to&be&published,&doi:&10.1039/c5cp05326a(
[4]! Marrani,&A.&G.,&Novelli,&V.,&Sheehan,&S.,&Dowling,&D.&P.&and&Dini,&D.ACS!Appl.!Mater.!Interf.&2014,&6,&143&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(
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Chitosan is a natural polysaccharide derived from chitin, used for biomedical applications and in 
pharmaceutical and biotechnology industries, as fat reduced, bactericide agent and wound healing material 
and coating agent for stabilization of vesicular systems [1]. In all these uses, its interesting properties such 
as biocompatibility, biodegradability and non-toxicity are exploited. While the efficacy for some of them is 
proven, little is known about the molecular-level interactions involved in these applications. More 
interestingly, owing to its cationic character in acidic solutions, chitosan may interact with the negatively 
charged surface of biomembranes, and therefore understanding such interactions is important for its use.  
In this work we have employed Langmuir monolayers as membrane model to probe the interactions of 
chitosan with monolayers formed by Tween20 or Span20 non-ionic surfactants, mixed to Cholesterol and 
anionic DCP, to mimic the composition of niosomal vesicles whose efficacy as drug delivery systems has 
been widely explored [2]. The aim of this investigation is to elucidate the controlling factors useful for a 
rational design of a chitosan-coated drug delivery system and understand in which conditions chitosan 
decoration of the vesicle can improve the niosomal structural properties and drug delivery efficiency.  

The surface pressure–area isotherms of equimolar Span 20/Chol and Tween 20/Chol monolayer have been 
measured at 25°C. Chitosan was dissolved in acetate buffer solution (0.03 M, pH 4.5) at different 
concentrations up to 0.45 mg/mL, where it is not surface-active. To understand the role of the different 
forces involved in the polycation-monolayer interaction, we also considered the effect of the addition of 
the anionic lipid Dicetylphosphate (DCP) to form charged Tween20/Chol/DCP films, with molar ratio 1/2/1. 
Our study revealed that chitosan strongly adsorbed at monolayers surface inducing a film expansion both 
at low and at high surface pressure, where it interacts not only superficially but also inserted to a certain 
degree into the film. In certain conditions, depending on both chitosan concentration and on the different 
hydrophilic-hydrophobic balance of the surfactants, modification of the monolayer phase transition has 
been observed. Elucidating the molecular organization of chitosan-surfactant monolayers could be useful 
to better understand the release rate of model drugs from niosomes. 
 
 

Acknowledgements The financial support of  IIT and MIUR (FIRBRBFR12BUMH) is acknowledged.  

 
[1] M. Rinaudo, Prog. Polym. Sci., 2006, 31, 603. 
[2] C. Marianecci, L. Di Marzio, F. Rinaldi, C. Celia, D. Paolino, F. Alhaique, S. Esposito and M. Carafa, Adv. 

Colloid Interface Sci., 2014, 205, 187. 
 

 

Poster P2.22

— 108 —



  

 

Properties of nanoemulsions and potential applications 
as nanodelivery systems 

 

Federica Rinaldi1*, Patrizia Nadia Hanieh2, Monica Pianella2, Elena Del Favero3, Laura Cantù3, Maria 
Carafa2, Carlotta Marianecci2 

 

1Center for Life NanoScience – IIT@Sapienza, Istituto Italiano di Tecnologia, Rome, Italy 

2Department of Drug Chemistry and Technologies, University of Rome “Sapienza”, Rome, Italy 
3Department of Medical Biotechnologies and Traslational Medicine, University of Milan, LITA, 20122 Milan, 

Italy 
 

*federica.rinaldi@iit.it  
 

Advanced drug delivery systems have been developed to overcome the major drawbacks 
associated with the conventional ones [1]. 
The aim of our work is to develop nanoemulsions suitable for delivering bioactive substances.  
Nanoemulsions (NEs) are nano-sized emulsions, manufactured for improving the delivery of active 
pharmaceutical ingredients. These carriers are composed by oil and surfactants; in particular, 
natural oils can exhibit anti-inflammatory, antioxidant, antibacterial, antiviral, anticancer and/or 
tissue regenerative activity, due to the presence of polyphenols and tocopherols [2]. The droplet 
size of NEs falls typically in the range 10–200 nm. They are kinetically more stable than 
microemulsions with no apparent flocculation or coalescence; they also improve intracellular 
penetration in biological tissues, bioavailability, tolerability and solubility of lipophilic drugs. As a 
result of the slow release of active compounds, the irritability described in tissues is low [1]. NEs 
are also non-toxic and can be formulated for different applications, such as topical, ocular, 
intravenous, intranasal and oral delivery [3].  
In this study, nanoemulsions from Neem seed oil and Tween 20 or Tween 80 as non-ionic 
surfactants were prepared. In particular, Neem oil was selected since it shows many bioactive 
properties, such as antibacterial, antimalarial and antifungal activity [4]. A mean droplet size 
ranging from 10–100 nm was obtained by modulating  the oil/surfactant ratio. Several 
nanoemulsion formulations were characterized in terms of size and ζ-potential [5,6] and 
physicochemical properties, such as microviscosity, polarity and turbidity, were evaluated. 
Furthermore stability studies were carried out for a period of 60 days at two different storage 
temperatures (4°C and 25°C). In order to evaluate the versatility of these systems in in vivo 
applications, further stability studies in different biological fluids, such as human and bovine 
serum, artificial cerebrospinal fluid (aCSF), artificial saliva, simulated gastric fluid (SGF) and 
simulated intestinal fluid (SIF), were conducted.  
This work has shown that Neem oil and Tween surfactants are able to form stable nanoemulsions 
suitable as nanodelivery systems for different administration routes. 
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Despite!the!enormous!potential!for!pharmaceutical!applications,!the!molecular!details!of!the!changes!in!the!

stratum! corneum! (SC)! associated! with! high! permeability! are! still! not! fully! understood.! There! are! many!

candidates! of! compounds! that! may! facilitate! transdermal! drug! delivery,! called! "penetration! enhancers"!

including! unsaturated! hydrocarbons,! lipids,! monoterpenes,! water! or! apolar! solvents.! These! different!

molecules!likely!influence!SC!molecular!components!in!very!different!ways.!The!aim!of!the!present!study!is!

to!characterize!the!molecular!effect!of!different!classes!of!molecules!used!as!penetration!enhancers!on!SC!

lipid!and!protein!components.!!

At! normal! relative! humidity! and! ambient! temperature,! the! main! fraction! of! SC! lipid! and! protein!

components! are! solid! and! highly! ordered,! while! there! is! a! very! minor! coMexisting! fraction! that! is!

fluid/mobile.! Changes! in! this!minor! fluid! fraction! is! inherently!difficult! to!detect! in! experimental! studies,!

however,! it! is! considered!crucial! to!SC!barrier!and!mechanical!properties.!Through! recent!developments,!

Polarization!Transfer!SolidMState!NMR!(PT!ssNMR)!method!together!with!almost!complete!peak!assignment!

of! SC! components! permits! the! detection! of! small! changes! in! the! dynamics! of! the!minor! fluid! lipid! and!

protein!components.!Simultaneously!it!gives!the!information!on!the!major!fraction!of!solid!components!in!

the! same! intact! SC! sample.! This! method! can! provide! molecularMlevel! resolution! to! differentiate! carbon!

segments!of!the!lipid!acyl!chains,!ceramide!headgroup!and!cholesterol!of!the!lipid!fraction.!Carbons!of!the!

amino!acids! in! the! terminals!and! the! cores!of! keratin! filaments! can!also!be!distinguished.! In! the!present!

study,! we! use! this! NMR!method! to! distinguish! the! effects! of! different! classes! of! penetration! enhancing!

molecules!(monoterpenes,!fatty!acids,!surfactant,!Azone,!and!small!polar!compounds)!on!the!fluidity!in!SC!

lipid!and!protein!components.!We!study!SC!at!different!hydration!levels!corresponding!to!SC!in!ambient!air!

and!hydrated!or!occlusion!conditions.!The!NMR!studies!are!complemented!with!diffusion!flowMthrough!cell!

experiment!that!provides!quantitative!information!on!the!barrier!property.!By!correlating!the!effects!on!SC!

molecular!components!and!SC!barrier!function,!we!aim!at!depended!understanding!of!!diffusional!transport!

in!SC!and!how!this!is!related!to!the!fluidity!of!the!SC!molecular!components.!

!
Figure)1!(A)!The!schematics!illustrate!the!brickMandMmortar!model!of!SC!with!corneocytes!filled!with!keratin!filaments,!

surrounded!by!a!multilamellar!lipid!matrix.!(B)!
13
C!MAS!NMR!spectra!(DP:!grey,!CP:!blue,!INEPT:!red)!of!the!SC!with!40!

wt%! water! shown! together! with! schematic! interpretations! of! the! molecular! mobility! of! the! SC! protein! and! lipid!

components.!
[1] A.!Nowacka!A,!NA.!Bongartz,!OH.!Ollila,!T.!Nylander!and!D.!Topgaard,!J.(Magn.(Reson.,!2013,!230,!165M

175.!
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[3] S.!Björklund,!J.!M.!Andersson,!Q.!D.!Pham,!A.!Nowacka,!E.!Sparr!and!D.!Topgaard,!Soft(Matter,!201!

Poster P2.24

— 110 —



  

 

The influence of gas and ions on melting of ice within porous materials 
 

M. Boström1,2*, P. Thiyam3, I. Brevik2, and C. Persson1,3,4 
 

1Centre for Materials Science and Nanotechnology, University of Oslo, Oslo, Norway 
2Department of Energy and Process Engineering, NTNU, Trondheim, Norway 

3Department of of Materials Science and Engineering, KTH, Stockholm, Sweden 
4Department of Physics, University of Oslo, Oslo, Norway 

 

* Mathias.Bostrom@smn.uio.no 
 
Complete surface melting of ice denotes the limitless thickening of a liquid film at the interface between ice 
and vapor phase driven by continuous repulsive pressure across the surface water film. We predict specific 
conditions to have liquid water at ice surfaces in frozen porous media [1]. The melting of the ice surface 
due to either repulsive ion double layer interactions [2-4] or Lifshitz forces [1] within a pore is shown to 
depend critically on the presence of diluted gas layers between ice and pore surface as well as the optical 
properties of the surface material. We study different pore surface materials including quartz, alumina and 
gold [1,5]. We demonstrate enhanced concentrations of liquid water available in pores depending on 
surface materials and vapor layers. In pore regions with metallic surface patches, there can in the presence 
of a range of nanometer sized vapor layers be a dramatic complete melting of ice surface.  In the absence 
of a vapor layer, the ice surface stays dry as there is no short range repulsion. We find that the water film 
increases with increasing vapor film thickness until the Lifshitz forces suddenly give rise to complete surface 
melting.  As the vapor film increases further, the system once again has a finite size water film and 
decreases down towards that of ice-water-vapor limit with increasing vapor thickness. These two 
discontinuous transition points occur at vapor film thicknesses close to 14 Å and 56 Å. Complete surface 
melting occurs between these two points. The origin of the first transition point in our system is that for a 
range of frequencies, gold is more polarizable than the water which is more polarizable than the ice, thus 
enhancing those components of the van der Waals interactions which promote thickening of the water film 
(cf. Ref. [6] where a single transition point was observed for ice-water-tetradecane-vapor). We find that 
above the second transition point, the water film decreases towards 35.5 Å which is the limiting value for a 
three layer system with ice-water-vapor as predicted by Elbaum and Schick [7]. Such effects from surface 
materials and gas layers on melting of ice surfaces in pores driven by Lifshitz forces have not been 
accounted in estimates for the amounts of liquid water present in the subsurface of icy planets or in 
permafrost regions. A proper account of any gas layers in pores [1] and any ions present [2] will be essential 
to account for in future investigations of liquid water at ice surfaces.  
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The expediency development of reagent modes taking into account features of the interaction with the ore 
surface on the base of physical, chemical and electrochemical properties of minerals or mineral groups 
plays one of the main roles at the present stage of development of the mining and processing industry it 
allows one to improve the efficiency of the flotation of polymetallic and other ores.  
The aim of the study is to establish the influence of physical and chemical properties of Py-Cu-Pb-Zn ore’s 
minerals on the sorption capacity of flotation reagents. 
The constants of sorption equilibrium in solutions of mixtures of sulfhydryl collectors and sodium oleate on 
the samples of Py-Cu-Pb-Zn ore were determined by the potentiometric method in this paper.  
It was shown that the saturation of the ore’s surface by molecules of collectors occurs into micropores. It is 
found that the strong interaction between the adsorbate molecules is characteristically of the potassium 
butyl xanthate, sodium dibuthyldithiophosphate, ammonium diisooctyldithiophosphate, ammonium 
isooctylbuthyldithiophosphate. On the other hand the presence the sulfides of four metals with different 
electronic structure of the outer valence orbital in the ore allow to assume the appearance of galvanic 
couples of these metals’ sulfides [1].  
Therefore the mechanism of interaction collectors’ mixtures with ore’s surface includes multiple steps: the 
oxidation of sulfur-containing collector for pyrite, removal (full or partial) of oxidation products from the 
surface, the interaction of the second component of the mixture with minerals (CuFeS2, PbS, ZnS), the 
formation of an adsorption complex with metal ions, desorption systems. In this plan, the redox potentials 
of sulfur-containing collectors is particularly relevant, which are arranged to increase the resistance to 
oxidation: C4H9OCS2K>(C4H9O)2PS2Na>(C4H9O)2PS2NH4>(i-C8H17O)(i-C4H9O)2PS2NH4>(i-C8H17O)2PS2Na>(i-
C8H17O)2PS2NH4>>C17H33COONa. 
From the results it is concluded that the fixing reaction of collector molecule occurring on the center FeS2 - 
Cu2S will take place with the highest intensity in the presence of a mixture of sodium 
diisooctyldithiophosphate - sodium oleate.  
In the case of other collectors the intensity will decrease in the row of ammonium 
isooctylisobutyldithiophosphate – sodium oleate, ammonium dibuthyldithiophosphate – sodium oleate, 
potassium butyl xanthate - sodium oleate on the active centers FeS2 – ZnS, FeS2 – PbS and FeS2 - CuFeS2 

accordingly as result of low complexing capacity of sodium oleate, and change of the interaction type of 
"adsorbate-adsorbate" due to hydrophobic effects.  
Thus, the redox potential of galvanic couples of metal sulphide has dominant effect on the sorption 
capacity of collectors in mixtures.  
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Dried blood spots (DBS) is a new blood sampling method which is utilised for blood sample collection, 
storage and transportation. During DBS application a thin porous substrate, such as cotton fibres, cellulous 
fibres and polymer membrane etc., is used as an absorbent sponge where blood droplet from a fingertip or 
syringe is collected. Then, the collected blood is preserved as a dried spot sample [1]. Accordingly, the 
whole process of DBS sampling could be considered as spreading of non-Newtonian fluid (blood drop) over 
porous substrate (DBS card) with simultaneous spreading and imbibition over and inside the porous 
substrate. 
The spreading and wetting of porous substrate by blood are complex process depending on the physical 
and chemical properties of both liquid and substrate. Blood spreading/imbibition has been investigated in 
the case when the liquid wets completely the porous substrate [2, 3]. Here the spreading behaviour of DBS 
sampling is investigated in the case of partial wetting and the results are compared with the case of 
complete wetting. Nitrocellulose membranes (NCM) with different pore size and silanized Whatman 903 
blood saving card have been used as porous substrates. The spreading experiments have been applied to 
obtain the time evolution of spreading parameters, such as, radius of droplet base and wetted region, and 
dynamic contact angle. 
The result of spreading on NCM showed that the spreading process was a partial wetting spreading with 
three subsequent stages: initial fast spreading, constant maximum droplet base and the shrinkage of the 
drop base. However, in spite of silanization of the Whatman 903 filter paper, the blood droplet showed a 
complete spreading behavior with two subsequent stages: initial fast spreading and the shrinkage of the 
drop base. A separation of red blood cells (RBCs) and blood plasma has been found in the case of the blood 
drop spreading over 0.2 and 3.0 Pm NCMs in which the RBCs are mostly collected on the membrane 
surface and plasma is collected inside the membrane pores [4]. Important to notice that the RBCs were not 
damaged during this process. This opens a completely new opportunity to (1) investigate RBCs and plasma 
separately; (2) to use this method for non-destructive separation of living cells from aqueous solutions.  
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The physicochemical study of the macrocyclic in solution provides relevant information to understand the 

host–guest chemistry in solution. The resorcin[4]arenes are macrocycles that has been used as host in 

supramolecular chemistry. In this study the surface tension at the air/water interface of two water-soluble 

resorcin[4]arenes as a function of concentration were measured using the Wilhelmy method. The results 

show the presence of aggregation concentration, Cagg. The effect of these macrocycle, at concentrations after 

and before the Cagg, on the stability of Bovine Serum Albumin (BSA) was studied by dynamic surface tension 

in aqueous solution. 
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The synthesis of composite ion-exchange materials and investigation of their functional properties are 
relatively new research area in membrane electrochemistry and high-molecular chemistry. There are a 
number of electrochemical processes which need advanced materials for the formation not only of 
electrodes but also separation films. This problem attracts the interest of researchers due to the 
development of fuel cells, sensor and electrodialysis devices. Application of perfluorinated sulfocationic 
membranes in fuel cells is limited because of significant loss in proton conductivity at high temperatures 
and low-wet conditions due to dehydration. Therefore one of the aims of production of composite 
materials is stabilization of water content and improvement of their conducting characteristics. A wide row 
of researches are focused on Nafion membranes modified by silica because these materials are prospective 
for using in fuel cells [1]. 
Present work describes features of hydrophilic and transport properties of the composites Nafion/SiO2. The 
influence of Nafion 115 membrane modified by silica on ionic selectivity, proton conductivity and 
electroosmotic permeability was studied experimentally. Water distribution curves on the effective pore 
radii were obtained also for different membranes. Water transport numbers of composite membranes in 
acid and salt solutions were investigated in dependence on solution concentration by the volumetric 
method in a two-chamber cell with reversible silver chloride electrodes. Modification of perfluorinated 
membranes by silica leads to increase electroosmotic permeability as compared to the initial membrane for 
the concentration range of 0.1 – 0.5 M. On the base of the microheterogeneous model it is possible to 
calculate characteristics of the static hydrate structure in the gel phase. The analysis of the conductivity 
concentration dependencies in the framework of the extended three-wire model of conduction permits to 
estimate current-flow channels and to evaluate the volume fraction of the inner solution in a membrane 
before and after modification. Such investigations are useful to solve the problem concerning the 
modificator localization and degree of change in configuration of polymer matrix segments. 
The theoretical estimation of “true” transport numbers was carried out using two approaches [2]. The 
concentration dependences of conductivity of Nafion and Nafion/SiO2 membranes were used to calculate 
the transport numbers of counter-ions on the base of three-wire model of conductivity of ion-exchange 
materials [3]. For the second approach, the Scatchard’s equation taking into account electroosmotic 
transfer of water and potentiometric transport numbers counter-ions was used. The analysis of 
interrelation between water-transport numbers and ion-transport numbers provides the opportunity to 
estimate dynamic hydration parameters of the counter-ions and co-ions in the membrane system. 
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For preparing glucose biosensors, octadecylamine (ODA) Langmuir monolayer has good ability in 
incorporating glucose oxidase (GOx), but the electronic conductivity of ODA is poor. On the contrary, 
poly(3-hexylthiophene) (P3HT) molecules have good electronic property, but weak interaction to the GOx. 
To get both advantages of the two molecules, mixed P3HT/ODA Langmuir monolayers are utilized in this 
work. The characteristics of the mixed P3HT/ODA Langmuir monolayers are investigated by surface 
pressure-area per molecule (π-A) isotherms and observed by an atomic force microscope. The Langmuir 
monolayers are then used as template layers to incorporate GOx, preparing P3HT/ODA/GOx LB films for 
glucose sensing studies. The results show that P3HT molecules tend to aggregate at the air/liquid interface 
and, furthermore, the P3HT monolayer has weak ability to adsorb GOx from the subphase. By using mixed 
P3HT/ODA monolayer, the presence of ODA not only inhibits the aggregation of P3HT, but also increases 
the GOx adsorption ability. The extensibility of P3HT and the homogeneity of the P3HT/ODA LB films can be 
controlled by adjusting the concentration of P3HT/ODA stock solutions.  On the glucose sensing 
experiments, the performance of the P3HT/ODA/GOx LB film is greatly improved due to the presence of 
P3HT and, furthermore, the sensibility increases with increasing extensibility of P3HT molecules. The best 
sensitivity achieved for the P3HT/ODA/GOx film is 4.2 μA cm−2mM−1 which is much higher than that 
obtained by the ODA/GOx film (2.2 μA cm−2mM−1). 

&ŝŐƵƌĞ� ϭ͘ AFM images of P3HT (a), and P3HT/ODA (b) Langmuir-Blodgett (LB) films and, (c) the 
current responses measured for the LB films to a continuous injection of glucose. 
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Nano-emulsions are emulsions, dispersions of two immiscible liquids (e.g. water and oil) stabilized by an 
interfacial surfactant film, with droplet size in the nanometric scale, generally between 20-200 nm. They 
are commonly prepared by high-energy methods (external energy input). However, preparation by low-
energy methods, which make use of the internal chemical energy of the system which is released during 
emulsification, is focusing increasing interest [1-2]. Low-energy methods are advantageous, because, 
smaller and more uniform droplets can be generated and only low-speed agitators and simple devices are 
required. It has been described that using low-energy methods, O/W nano-emulsions in 
water/surfactant/oil systems may be formed, at constant temperature, by addition of water to oil-
surfactant mixtures, microemulsions or liquid crystalline phases. This process may involve phase inversion 
(PIC method) [3] or proceed without phase inversion (so-called self-emulsification) [4]. However, the 
formation of O/W nano-emulsions from O/W type dispersions (e.g. O/W microemulsions) not triggered by 
water addition, at constant temperature, has not been reported. The aim of this work was to find out 
whether O/W nano-emulsions could be obtained at constant temperature and without phase inversion 
from O/W microemulsions by modifying the surfactant hydrophilic-lipophilic properties (e.g. by adding a 
more hydrophilic surfactant). The hypothesis was that using this strategy the spontaneous surfactant film 
curvature would be slightly modified resulting in microemulsion instability giving rise to spontaneous 
emulsification. In order to verify this hypothesis, the phase behaviour of a water/nonionic 
surfactant/aliphatic hydrocarbon system was studied to identify O/W microemulsion regions. Then, 
increasing concentrations of a more hydrophilic amphiphilic compound were added to selected O/W 
microemulsions. Nano-emulsion formation was detected at certain surfactant mixing ratios. Droplet size of 
the initial microemulsions and final nano-emulsions was determined by dynamic light-scattering (DLS). 
Analysis data from DLS measurements provided also the diffusion coefficients and polydispersity indexes 
for each type dispersions and verified no particle interaction and no changes in droplet size with the 
scattering angle. In addition, the phase behaviour studies revealed that the emulsification paths did not 
involve phase inversion. In this research, a novel approach to obtain O/W nano-emulsions from O/W 
microemulsions without dilution with water has been developed. These results, apart from a basic interest 
are also important for practical applications.    
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In order to function properly, biological membranes need to be both fluid and dense. A common way for 
Nature to increase the barrier properties and mechanical strength of lipid membranes is by use of sterols, 
for example cholesterol. Some membranes are however sterol deficient, and therefore need to be 
reinforced in other ways. Recent studies suggest that ubiquinone, a lipid soluble molecule present in most 
biological membranes, could have an important membrane stabilizing function.[1][2] We have studied the 
stabilizing effect of ubiquinone-10 (Q10) (Figure 1a), which is the dominating version of ubiquinone present 
in humans.  

Our investigations show that Q10 acts a stabilizing agent in liposomes composed of POPC, where it 
increases the lipid packing order and condenses the membranes.[2] These Q10-induced changes result in 
decreased membrane permeability and make the liposomes more resistant towards rupture. Interestingly, 
a considerably smaller amount of Q10 than of cholesterol is needed to achieve similar levels of stability. 
The quinone part of Q10 seems to be essential for the membrane-stabilizing effect, given that a quinone-
free reference molecule (solanesol, Figure1b) had no influence on the studied membrane properties.  

Currently we are studying how Q10 affects biomimetic systems. The first results indicate that Q10 has a 
clear ordering effect also in membranes with compositions similar to those of the inner mitochondrial 
membrane (IMM) and the inner membrane of gram negative bacteria (BM), see Figure 1b. These two 
systems are of particular significance, since they naturally contain high concentrations of ubiquinone but 
no, or little cholesterol.  
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Fatty acid methyl esters (FAME) are widely used as a renewable substitute fuel for petroleum diesel. Their 
production technologies from vegetable oils or animal fats, using transesterification processes, have been 
frequently described in the literature [1, 2]. The experimental works carried out by many researchers in this 
field also concern the methods of fatty acid ethyl esters (FAEEs) production [3]. The ethyl esters can be 
used for similar purposes as the methyl ones. In order to obtain biocomponents for motor fuels a 
characteristic feature of all transesterification processes for vegetable oils is striving to shift the reaction 
equilibrium towards the products. The use of the alcohol (methanol or ethanol) excess in the reagents 
mixture provides substantially complete conversion of triglycerides. Additionally it enables the separation 
of the pure fatty acid esters from the post-reaction products. However, depending on the process 
conditions, among the reaction products apart from fatty acid esters there could be some other substances 
i.a. surface active agents (Figure 1).  
 
 
 
 
 
 
 
 
 
                Figure 1. Alcoholysis process of vegetable oils in the presence of a homogeneous alkaline catalyst. 
 
In the present work partial alcoholysis of rapeseed oil (average molecular weight of the oil 933 g/mol) with 
ethanol was carried out. The mixture of transesterification products consisted of mono- and diglycerides, 
ethyl esters, potassium salts of fatty acids and glycerin. The effect of the catalyst (KOH) concentration and 
the molar ratio of ethanol to the oil on composition of the post-reaction mixture and the emulsification 
properties of the obtained products were studied. 
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This paper reports on the electroosmotic flow profiles in a suspended liquid film stabilized with both cationic 
and anionic surfactants. Experimental velocity profiles were measured using confocal micro-PIV (micron- 
resolution Particle Image Velocimetry). It was found that the resultant flow field mainly depends on the type 
of the surfactant used as the shape of the film and the zeta potentials at the gas-liquid and solid-liquid 
interfaces are affected by the characteristics of the surfactant molecules. A computational model was also 
developed to predict the flow field in this system and was verified using the experimental measurements.           
Foam consists of large number of liquid lamella that gives rise to processes that depends on surface 
phenomena and application of an electric field leads to interesting flow patterns within the foam structure 
that could lead to new applications. In recent years, electric field interactions with free suspended films/soap 
films have gained significant interest. Recent work includes liquid film motors, [1] and reverse drainage of a 
cylindrical foam column, [2]. The main purpose of this study is to determine the flow field within a suspended 
foam film as a result of electro kinetic phenomena and to investigate the effect of surfactant type on the flow 
features with the view of finding new applications for micro/nano fluidics.   
A liquid film holder is fabricated by connecting two clear borosilicate glass rods with two platinized titanium 
rod. A liquid film was suspended in the frame by pipetting a small volume of the test solution made of 
deionized water, glycerol, phosphate buffer and surfactant and carefully dispensing it to the cavity of the 
holder to make a thin film. The liquid film was in direct contact with the electrode and the glass rods and 
takes the shape of a liquid lamella observed in foam (see Figure 1). By applying an electric field of 1250 V/m 
across the liquid film, a flow field was established using electroosmotic flow. The resultant flow field within 
the cell was measure by confocal micro-PIV (micron- resolution Particle Image Velocimetry) using 1 micron 
polystyrene latex (PSL) particles. In order to account for electrophoresis of the flow visualization particles, 
electrophoretic mobility of the particles in the test solution were measured using Malvern Zetasizer Nano-
ZS.  
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Figure 1 A schematic representation of the liquid film showing the velocity measurement locations (top view). Region 
A is 700 µm from the cathode; region B is at the mid-section of the film and C is 700 µm from the anode electrode. The 
lower image shows the end elevation of the film where depth wise velocity profiles were measured.  
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Copper coating on Polyimide (PI) surface is of great interest due to both the flexibility and the 
high melting point of PI, and the low cost and high conductivity of copper. PI surface treatment for 
better adhesion has been critical in copper coating processes. This is particularly important and 
challenging for large area processing such as roll-to-roll processes. This work presents the use of an 
atmospheric pressure plasma jet (APPJ) to treat PI for electroless copper plating. The APPJ 
used in this work is a dielectric-barrier-discharge (DBD)-type plasma jet, which is a home-made 
system that can be operated under atmospheric pressure. This APPJ is comprised of two outer ring 
electrodes (one powered and one grounded) wrapped around the outer surface of the quartz tube, 
which guides the gas flow and serves as the dielectric layer. This APPJ is powered by a commercially 
available high voltage power source. Stable helium plasma jet can be sustained using a 10 kVpp high 
voltage at 25 kHz and the helium flow below 2 slm. After the plasma treatment on PI, silver nitrite ink, 
serving as the activated agent, is coated on the PI surface then heated at 55 °C. Electroless copper plating 
is then performed by soaking the PI in the copper plating bath and finally quantified by cross-cut test. It is 
found that the adhesion of the copper film can be greatly improved with plasma treatment for less than 5 
mins. The jet design and the operation conditions will be optimized to improve the adhesion of the 
coated film with the goal toward the increase in the process compatibility for high speed and large area 
coating processes. 
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Liquid droplets on deformable/soft substrate may cause the substrate to deform. Surface forces and 
substrate deformation determine the deformed shape of the substrate and its deformability affects the 
extent to which the substrate gets deformed. In the present work, the equilibrium of liquid droplets on soft 
substrates is investigated. Disjoining pressure action in the vicinity of the apparent three phase contact line 
is taken into account. It is shown that both substrate surface tension and elasticity coefficient along with 
disjoining pressure action determine the substrate deformation. A simplified linear disjoining pressure 
isotherm and simple Winkler's model to account for the substrate deformation are used which allows 
deducing analytical solutions for profiles of both droplet and deformed substrate. It is shown that for 
higher substrate surface tension there exists a smooth transition in the substrate deformation from the 
bulk of the droplet to the thin film, but as the substrate surface tension is reduced this smooth transition in 
the substrate deformation tends to transform into a jump.    
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Essential oils present a well recognized bioactivity for insect pest control. However, their 
application is rather limited due to the difficulties associated with their distribution in the 
environment. Thus, the development of commercial formulations containing this type of 
components has been scarce in the last years. A promising alternative for their application is 
the development of new oil in water emulsion in which the essential oil can remain distributed 
as small droplets in a continuous phase formed by water. The main advantage of these 
formulations is that they are aqueous based formulations, thus making easy their application, 
and reducing their environmental impact. 
We have studied  three different types of formulations, containing mainly eugenol as essential 
oil, in which the stabilization of the emulsions is obtained by different phenomena. The first 
system is formed by free surfactant emulsion stabilized by the so called “pre-ouzo” 
(water/eugenol/ethanol system). A second type of system is formed by conventional emulsion 
stabilized by Pluronic F127, being the third system Pickering emulsions in which silica 
nanoparticles are added to the formulations containing Pluronic F127. One of the main 
characteristics of these emulsions is that they can be prepared by shaking midly the samples, 
leading to stable emulsions in a wide range of compositions. 
As a proof of concepts, different insecticides (imidacloprid and azametiphos) were 
encapsulated inside the droplets, demostrating the applicability of the aforementioned 
formulations for pest control. Preliminary efficiency test of different formulations have shown 
better performance of these new formulations against different insects than conventional one. 
Thus, the results of this work open new perspective for designing new formulations with 
interest due to their enhanced bioactivity and biosustainability. 
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Properties of polymer-grafted surfaces are conveniently tuneable and this approach has found a great deal 
of technological, biomedical or biochemical application [1]. The interactions of surfaces with a matrix of 
free polymer chains might be manipulated by irreversible coating of such surfaces with chemically identical 
polymer chains. A system composed of a single polymer-grafted surface immersed in a matrix of 
homopolymers is theoretically equivalent to a system of two opposing polymer-grafted surfaces, thus, the 
behaviour of the later system is deduced from the behaviour of the former system [2]. 
Atomistic molecular dynamics study has been performed to characterize the conditions at which free 
poly(ethylene oxide) (PEO) chains are prevented from penetration into a layer of PEO chains end-grafted on 
the amorphous silica surface. The grafting density of anchored PEO chains and the molar mass of free PEO 
chains are the variable parameters. The density distributions of free and grafted PEO chains, height of the 
grafted layer, overlap parameters and orientation order parameters have been calculated and analysed. 
The comparison with the theoretical phase diagram has been drawn. As high grafting density as ~ 3.5 
chains/nm2 is needed for free PEO chains to be expelled from the grafted PEO layer on the silica support. It 
appears that two opposing PEO-grafted surfaces would not adhere when exposed to bulk free PEO chains 
of comparable molar masses. Depending on the molar mass of free PEO chains the grafted layer behaves 
like being immersed in a good or Ⱥ-solvent [3]. 
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One!of!the!leading!trends!in!contemporary!materials!science!is!the!development!of!ergonomic,!economical!
and! environmentally! friendly! new! nanoEdispersed! materials! used! in! its! structure! or! functionality! the!
principles!of!biomimetics.!One!of!the!most!rapidly!developing!at!present!time!examples!of!such!materials!
are!"autonomic"!functional!materials!having!the!property!of!selfEhealing.!Such!materials! include!polymers!
of!selfEhealing,!selfEdefending!functional!coatings!(anticorrosive,!antimicrobial)!etc.!Expanding!the!range!of!
functionality!of! such!materials! is!not!only!of!great! scientific! interest! in! the! field!of!materials! science,!but!
also!opens!up!broad!prospects!for!the!economic!implementation!of!new!materials!and!products!from!them!
in! the! national! economy! of! the! Republic! of! Kazakhstan! that! will! ensure! not! only! improve! economic!
efficiency,!but!also!reduce!the!ecological!load!to!environment.!!
Therefore,!there!is!need!to!develop!scienceEbased!approach!to!the!preparation!of!such!materials,!which!are!
nanomaterials! often! containing! nanodispersed! particles.! Therefore,! it! implies! a! comprehensive! and!
systematic!study!of!physical!and!chemical!properties!as!constituents,!and!emulsions,!their!colloidEchemical!
properties!in!the!volume!and!in!various!interfaces.!Thus,!the!study!of!the!peculiarities!of!the!formation!of!
interfacial!adsorption!layers!composed!of!surfactant!and!nanoparticles,!the!use!of!Pickering!emulsions!is!a!
promising! way! to! design! and! predict! the! properties! of! submicron! and! nanocontainers! containing! active!
ingredients!with!practically!important!functional!properties,!as!well!as!the!relevant!task!of!interdisciplinary!
science!of!nanomaterials!and!nanotechnologies.!

!!
!
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 The corrosion inhibition of carbon steel becomes of such interest because it is widely used as a 
constructional material in many industries, due to its excellent mechanical properties and low coast. 
Up to now, great number of efforts has been devoted to study the carbon steel corrosion and the 
inhibition effect using several techniques [1]. The molecules most often used as corrosion inhibitors 
are nitrogen, sulphur, oxygen and phosphorus containing compounds. These compounds get 
adsorbed onto the surface of metal from the bulk of environment forming a film at the metal 
surface. The use of phosphonic acids to protect carbon steel against corrosion has been the subject 
of various work [2]. The advantages of these compounds as inhibitors lie in the absence of toxicity. 
Electrochemical behaviour and corrosion layers of carbone steel electrode, in the absence and 
presence of a synthesized tetra-phosphonic acid (TPA), namely (methylenbis(2-hydroxy-5,1 
phenylene)) phosphonic acid in 3% NaCl medium were investigated by electrochemical impedance 
spectroscopy (EIS) and The morphology of the thin film formed on the inhibited surface of carbone 
steel  was examined using the scanning electron microscope. 

Keywords: corrosion, electrochemical impedance, thin film 
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Figure 1 : Impedance spectra of carbone steel in 3% NaCl medium in the absence and the presence of different 
concentrations of TPA. 

 
Figure 2: SEM of carbon steel immersed in 3% NaCl containing 10−3 M of TPA  
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Proteins are a class of natural molecules that have unique functionalities and potential applications 
in both biomedical and material sciences. Controlling the interaction of proteins with different 
surface substrates is a fundamental challenge. Serum albumins have been widely used as model 
proteins. In this work, bovine serum albumin (BSA) has been selected as it belongs to the dominant 
group of mammalian blood plasma proteins. BSA is characterized by a relatively high molecular 
weight, three-domain structure and an asymmetric charge distribution. BSA is able to adopt different 
conformations, which are modified by changes in pH, concentration or ionic strength.  
In our previous papers, we determined several basic physicochemical properties of bovine serum 
albumin, including the diffusion coefficient (expressed as hydrodynamic diameter), electrophoretic 
mobility, which made it possible to determine the isoelectric point, and the (electrically) non-
compensated charge of the BSA molecule [1]. Measurements of dynamic viscosity were conducted to 
determine the conformational stability of BSA in the solution [2]. Based on the dynamic viscosity, the 
effective length of this molecule was determined as a function of the solution’s pH. 
The present study focuses on the protein monolayer structure on gold surface. Gold surface is one of 
the promising surface for protein controlled delivery due to its high stability and good 
biocompatibility. We used multi parametric surface plasmon resonance (MP-SPR) and a quartz crystal 
microbalance with dissipation energy monitoring (QCM-D) to investigate the conformational 
behaviour of the BSA molecules. The selected surface techniques made it possible to trace the 
process of protein adsorption and gave insight into the adsorption mechanism of this molecule [3]. 
Both the kinetics of protein deposition and the maximum surface concentration were determined. 
From the combination of the QCM-D and MP-SPR data, with the assumption that the excess mass 
measured in QCM-D compared to the MP-SPR mass is due to trapped water molecules, we estimated 
the fraction of water in the protein film. The structure of the resulting films is strongly dependent on 
the deposition conditions. These results indicate that BSA form very hydrated films on gold surfaces 
and determine how the degree of hydration changes with pH and ionic strength. Additionally, the 
results confirmed the significant role of the highly anisotropic surface charge distribution of BSA 
molecules on the process of their adsorption. 
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Perfluorocarbon emulsions are very promising for various biomedical applications, including in vivo 
magnetic resonance imaging (MRI) taking into account that 19F nuclei are absent in most biological tissues, 
which eliminates the problem of interfering background signals. The incorporation of proton contrast 
agents (e.g. gadolinium chelates) on the surface of perfluorocarbon droplets permits to perform 
simultaneous 1H and 19F imaging thus improving significantly the quality of visualization. 
The present work is aimed at the preparation of stable perfluorocarbon emulsions with polymeric shell 
containing embedded gadolinium chelates. For these experiments, clinically approved gadolinium chelates 
(Gadovist, Magnevist, Omniscan) and clinically approved perfluorocarbon emulsion (Perftoran) were used. 
An efficient method of incorporation of gadolinium chelates into polymeric shell surrounding Perftoran 
emulsion droplets was proposed. It does not degrade the stability of the emulsion. The accumulation of 
gadolinium chelates on the shell of perfluorocarbon droplets gives high local concentration of contrast 
agent. The resulting emulsions have the same relaxivity as commercial gadolinium contrast agents like 
Omniscan, at the same time they give a strong 19F-NMR signal. Due to these properties, these emulsions are 
prospective for simultaneous 1H and 19F magnetic resonance imaging. 
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Phospholipids like phosphatidylcholines, phosphatidylethanolamines, etc. constitute important components 
of biological membranes. Therefore, they are being studied for long, as model membrane systems for 
understanding the membrane phenomena. Besides this, these compounds are widely used in industrial 
formulations and solid dosage forms. Sterols like cholesterol and phytosterols are another class of membrane 
constituents, which help in regulating membrane fluidity, as well as in water and ion transport (1). Their 
function is mainly based on the effects they have on the phase behavior of hydrated phospholipids.   

Over decades, a remarkable number of researches have been accomplished in this field. Most of them are 
confined in the systems consisting of DPPC and cholesterol. Some deal with the systems consisting of 
phospholipids and phytosterols like β- sitosterol and stigmasterol (2,3). On grounds of their health and 
environment friendly nature, phytosterols can be a good alternative to cholesterol for using in industrial and 
cosmetic formulations. But adequate studies on the systems consisting of such sterols seem lacking. 
Furthermore, sulfate derivatives of sterols are also found in organisms. Owing to their antibacterial and 
antiviral potentials (4), they are important from industrial and pharmaceutical perspectives too. However, 
no significant attempt seems to have been made on their study.   

In this presentation we are discussing the effects of sodium β- sitosteryl sulfate on the phase behaviors of 
pure phospholipids like dipalmitoylphosphatidylcholine (DPPC), distearoylphosphatidylhcoline (DSPC), 
distearoyl phosphatidylethanolamine (DSPE) etc. With an aim of better understanding the characteristics of 
near- natural membrane systems, we also plan to include binary and ternary phospholipid mixtures.  

So far, we have found that, similar to cholesterol and phytosterols (3), sodium β- sitosteryl sulfate (PSO4) 
greatly decreases the cooperativity of phase transition of DPPC. Phase transition temperatures were also 
decreased significantly. Besides, conversion of the DPPC gel phase (Lβ’), to modulated ripple phase (Pβ) and 
then to the liquid ordered (Lo) or liquid crystalline (Lα) phase was observed with increasing concentration of 
PSO4. Similar lowering of the phase transition temperature and fluidization of the bilayer were also noticed 
in commercial grade hydrogenated soy lecithin. We hope to characterize the phase behaviors of a variety of 
biologically and commercially significant phospholipids and phytosterol mixtures in near future.  

1. Schuler, I.; Milon, A.; Nakatani, Y.; Ourissono, G.; et al. Biophysics 1991, 88, 6926- 6930.

2. Kamal, A. M.; Raghunathan, V. R. Soft Matter 2012, 8, 8952-8958.

3. Wu, R.; Chen, L.; Yu, Z.; Quinn, P. J. Biochimica et Biophysica Acta 2006, 1758, 764–771.

4. D'Auria, M. V.; Minale, L.; Riccio, R. Chem. Rev. 1993, 93, 1839-1895.
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Super-heterodyne Doppler velocimetry have been successfully employed in our group for a long period of 
time to characterise electro-kinetic phenomena. It provides an integral measurement of the particle velocity 
distribution and allows simultaneous detection and quantification of superimposing electro-phoretic and 
electro-osmotic phenomena [1, 2]. Measurements at fixed low angles collect only incoherently scattered light 
and thus measure single particle properties independent of the sample structure [3]. In this contribution, we 
present an improved version of this technique allowing a continuous variation of the scattering angle. This in 
addition allows to study the influence of structure via a coherent detection scheme. Moreover, we 
implemented a novel experimental cell with exchangeable side walls, which allows us to characterise 
different surface types. The talk will highlight practical points and illustrate the versatility of the improved 
instrument with example measurements for some applications. 
Most importantly, we report a novel empirical corrections scheme for multiple scattering, implemented in 
the evaluation software. The new evaluation scheme for instance, extends the range of examinable particle 
concentrations and allows studies of the concentration dependence of the electro-kinetic properties over 
several orders of magnitude without interference by multiple scattering. Using this we can show that the 
previously measured, seemingly contradicting results on small and large colloidal spheres [4, 5, 6, 7] can be 
reconciled in a single curve. The electro-phoretic mobility of highly charged spheres under thoroughly 
deionized conditions starts with low mobilities in the single particle limit, increases up to a plateau under 
conditions of strong inter-particle interactions and formation of fluid order and finally decreases again with 
the onset of self-screening effects lowering the zeta-potential.  
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In�many�applications,�for�example�spray�cooling�or� in� internal�combustion�engines,� interactions�of�a�spray�
and� a�hot�wall� significantly� influence� the�processes.� Therefore� a� comprehensive� knowledge�of� the�nonͲ
isothermal�drop�and� spray� impact�phenomena� is�necessary� for�describing,�modelling�or� improving� those�
applications.�
Outcomes� from� an� isothermal� drop� impact�without� phase� change� (rebound,� deposition� or� splash)� are�
determined�by�the�impact�parameters,�liquid�material�properties,�substrate�morphology�and�wettability�[1].�
NonͲisothermal�drop� impacts�with�phase�change�can�be�accompanied�by�the�Marangoni�effects,�nucleate�
or� film� boiling,� evaporation� and� other� thermodynamic� effects.� By� varying� the� surface� temperature,� the�
phenomenon� of� drop� impact� can� change� significantly� and� additional� thermodynamic� influences� can� be�
observed�[2],�e.g.�the�Leidenfrost�effect�[3].�
In�the�present�work�the�phenomena�of�a�single�drop�impact�onto�a�hot�surface�for�different�hydrodynamic�
and� thermodynamic�conditions� is� studied.�A�good�understanding�of� the�mechanisms� leading� to�different�
outcomes�can�help�modelling�nonͲisothermal�spray�impact�phenomena.��
The�main�focus�of�this�experimental�study� is�the�characterization�of�the�hydrodynamic�outcome�of�a�drop�
impact�onto�hot�surfaces�with�various� roughness.�We�have�performed�experiments�with�pure�water�and�
emulsion�drops�at�different�impact�parameters�(Re�=�1000�Ͳ�5000),�surface�temperatures�(T�=�100�Ͳ�350�°C)�
and�surface�roughness.�By�changing�the�surface�morphology�and�therefore�the�wettability,�the�outcome�of�
the� nonͲisothermal� droplet� impact� can� change� significantly.� Figure� 1� shows� an� example� of� three� nonͲ
isothermal�water�drop�impacts�with�same�impact�parameter�Re�=�3500�and�surface�temperature�T�=�160�°C�
at� different� surface� roughness.� Contrary� to� expectations,� the� result� of� the� very� rough� surface� shows� a�
rebound�and�hydrophobic�related�behaviour.�

�
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Figure�1�Experimental�results:�NonͲisothermal�water�drop�impact�at�different�surface�roughness�(T�=�180°C,�Re�=�3500).
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Bespoke drop formation is an essential part of many industrial processes such as emulsification, 
spray drying, inkjet printing and others. Surfactants are often present in the aqueous formulations 
used in these processes and therefore influence the quality of the final product. In particular the 
formation of satellite droplets is undesirable in most cases. Despite the essential practical 
importance and theoretical interest in the behaviour of surfactants at highly dynamic conditions 
including fast surface deformations, the systematic experimental studies on the effect of soluble 
surfactant on thinning liquid bridges and accompanying processes are quite rare.  
Here we consider the effect of soluble surfactants on formation of aqueous drops at the tip of a 
capillary in air. Kinetics of bridges thinning, presence and size of satellite droplets, transition from 
dripping to jetting regime are studied in a broad range surfactant concentrations and activities as 
well as flow rates through the capillary.  
It is shown that the surfactant solutions with dynamic surface tension equal to the equilibrium one 
on the timescale of the drop formation behave similar to the pure liquids, whereas for slower 
equilibrating solutions dynamic effects should be taken into account. The pronounced effect of 
dynamic surface tension was observed by formation and size of satellite droplets.  
Transition from dripping to jetting occurs at smaller flow rates for the liquids with smaller surface 
tension, but for surfactants with small cmc value this transition was observed at the same flowrate 
as that of water even for solutions at concentration equal to cmc.   
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Surfactants are broadly used to enhance the wetting properties of aqueous formulations. The mixtures 
often improve the wetting performance as compared to individual surfactants due to synergetic effect. The 
mixtures of cationic and anionic surfactants demonstrate an example of such synergism, enabling transition 
from partial to complete wetting on highly hydrophobic substrate, polyethylene [1-3].  
If formulation provides the complete wetting then spreading kinetics becomes of importance. A fast 
spreading with formation of thin coating film (high spread area) is usually preferable. Kinetics of spreading 
of several surfactant formulations (solutions of superspreader BREAK-THRU S-278, triethylene glycol 
monodecyl ether and mixture of dodecyltrimethylammonium bromide and sodium octanesulfonate) on 
two substrates, polyethylene and polyvinylidene fluoride films are compared and the possible mechanisms 
responsible for the fast spreading are discussed with a special emphasis on the effect of Marangoni flow [4].  
To reach the complete wetting surfactant concentration is to be higher than the critical wetting 
concentration. But the spreading performance of surfactant solution is non-linear as related to the 
surfactant concentration. There is a maximum in spread area at certain concentration in particular when 
experiments are performed at room humidity. At very high concentration the reverse transition from the 
complete to the partial wetting was  observed. Under humidity close to 100 % spreading lasts longer and 
the spreading area is much higher than under the room humidity.   
 
        
 
Acknowledgement. This research was supported by CoWet ITN, EU; EPSRC, UK; MAP EVAPORATION, 
European Space Agency; COST MP1106, EU; Proctor & Gamble, USA. 
 

[1] N. Kovalchuk, A. Trybala, F. Mahdi, V. Starov. Colloids &  Surfaces A, 2016, In press 
[2] N.M. Kovalchuk, A. Barton, A. Trybala, V. Starov.  J Colloid Interface Sci. 2015, 459, 250. 
[3] N.M. Kovalchuk, A. Barton, A. Trybala, V. Starov. Colloids Interface Sci Communications, 2014, 1, 1.  
[4] N.M. Kovalchuk, O.K. Matar, R.V. Craster, R. Miller, V.M. Starov Soft Matter, 2016, 12, 1009. 

 
 
 

 

Poster P2.48

— 134 —



  

 

Molecular dynamics study on effects of surface interaction on ionomer 
thin film properties: morphological and proton transport properties  

 
Joji Aochi1*, Takuya Mabuchi2, Takashi Tokumasu3 

 
1Graduate school of engineering, Tohoku University, Miyagi, Japan 

 2 Graduate school of engineering, The University of Tokyo, Tokyo, Japan 
3Institute of Fluid Science, Tohoku University, Miyagi, Japan 

 

*aochi@nanoint.ifs.tohoku.ac.jp 
 
Ionomer thin films serve as proton (H+) conductive pathways in the catalyst layers of polymer electrolyte 
fuel cells. Characterizing proton transport properties in the ionomer is essential to make further developed 
fuel cells because proton conductive resistance of ionomers is considered to be one of the main factors of 
voltage loss. In the catalyst layers, the ionomer exists as nano-thin films (4-10 nm thick) [1] coated on 
supported carbon. Because of the nano-scale thickness, the ionomer property is assumed to be affected by 
the surface property of the supported carbon. One of the surface properties is surface wetting interaction 
usually attributed to the physical and chemical properties of surfaces, which possibly make differences in 
the ionomer morphology and proton transport properties.  
In this study, the catalyst layer was modeled using molecular dynamics methods, and proton transport was 
simulated in the ionomer on the three ideal LJ smooth surfaces developed by other authors [2] which have 
different strength of interactions with ionomer molecules to analyze the effect of surface wetting 
interaction on the ionomer morphology and proton transport properties. From our results, the ionomer 
morphology was found to be different depending on the surfaces as shown in Figure 1, which result in the 
difference in the proton transport property as shown in Figure 2. The detailed morphological properties 
and the important correlation between morphological and proton transport properties will be also 
discussed. 

  
Figure 1 The ionomer morphology was evaluated by 
2-D mass distribution. The density is plotted as 
function of the distance from the surface.  

Figure 2 The proton transport property was 
evaluated by self-diffusion coefficient. The data is 
plotted as function of water content in the ionomer. 
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Processes that are dominated by interfacial interactions often require large surface areas. Porous polymers 
as a subgroup of porous materials, provide the advantage of easy manufacturing and handling compared to 
crosslinked particle layers. Porous polymers, more specified polyurethane based foams (PUF) are well 
known to the industry finding application in the fields of insulation, as general light weight materials [1] or 
in demanding fields such as scaffolds in tissue engineering [2]. 
The focus on this contribution will be set towards the transfer from the bulk porous polyurethane foam into 
inks that can be used as reagents suitable for reactive inkjet printing [3, 4]. First, the materials of interest 
were tested for their generally usage as PU-reactants in bulk preparation, focusing on low viscous fluids. 
Characterization by means of rheology and tensiometry was then used to assure printability in inkjet 
processes. Moreover, the boarders of the selected materials were defined in which different material 
properties could be obtained by changing the amount e.g. of the multifunctional polyol used within the ink. 
The formation of polyurethane requires the preparation of two separate inks, one containing an 
isocyanate, and the second containing a multifunctional diol. We identified aliphatic isocyanates e.g. 
1,6-hexamethylene diisocyanate (HDI) combined with a mixture of poly(ethylene glycol) 200 and glycerol 
ethoxylate as a suitable combination to create inks that can form porous structures by placing droplets on 
top of each other in a layer by layer procedure. Furthermore, FTIR-spectroscopic studies were carried out in 
order to describe the kinetics of the reactants. Using an expermiental design it was possible to describe the 
effects caused by different concentrations of the used catalyst mixtures of 1,4-diazabicyclo[2.2.2]octane, 
Iron(III) chloride as gelling catalysts and Bis[2-(N,N-dimethylamino)ethyl] ether as a blowing catalyst. 
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Development and study of novel biomimetic and biocompatible nano-engineered functional nanofilm 
materials are currently important from fundamental and applied viewpoints [1]. Such nanomaterials can 
serve as model systems for insight into the basic structural-functional interconnections at the nano-scale in 
biological membranes and are useful for bio-medical applications including controlled drug delivery.  
We present results of a study of novel nanofilm structures (Langmuir monolayers and Langmuir-Blodgett 
films) formed by functional amphiphilic amines and their interfacial complexes with colloid nanoparticles 
and polyelectrolytes including DNA. It was found that stearoylspermine molecules form stable Langmuir 
monolayer on an aqueous subphase surface. The stearylspermine Langmuir monolayer compression 
isotherm changes caused by interactions of the monolayer with aqueous subphase components (colloid 
ligand-free magnetite nanoparticles and DNA molecules) have been studied. The observed characteristic 
changes in Langmuir monolayer compression isotherms indicated to the binding of nanoparticles and 
polyanions with cationic stearoylspermine monolayer. Monolayer LB films of interfacial polycomplexes 
formed by stearylspermine and magnetite nanoparticles or DNA molecules were deposited onto the mica 
substrate surface and the structure of obtained films was investigated using AFM technique.  
The Langmuir monolayers and deposited LB films of the other type of functional amine-containing 
compounds which are pH-sensitive synthetic lipids have been also studied. In our work the pH-sensitive 
lipid trans-4,5,didodecyloxycarbonyl- trans-2-morpholinocyclohexanol was synthesized and studied. We 
have found the substantial changes of the Langmuir monolayer compression isotherm shape of that lipid 
caused by the change in aqueous subphase pH value from 7.5 to 5. Those changes can be the result of pH-
induced conformational changes in the pH-sensitive lipid molecule. Corresponding monolayer LB films were 
deposited on mica substrate and studied using AFM technique. The various pH-dependent structural 
features including surface micelles were observed in the LB films deposited at various pH subphase values.  
The investigated functional amine-containing compounds are promising candidates for many potential 
applications including formation of liposomal vesicles for encapsulation and controlled release, DNA and 
drug delivery, formation of functional coatings on various substrate surfaces, etc.  
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Some of the biologically active compounds present in our environment have a strong influence on 
biological membranes, modifying their structure and functions. The effect of these substances is very often 
associated with damaging the target cell membrane and affecting basic membrane processes [1]. The main 
purpose of the present research was an analysis of how saponins affect model lipid monolayers simulating 
real biological cell membranes. 
Saponin are a family of glycoside type biosurfactants, produced by plants, microorganisms as well as some 
marine organisms. These natural biologically active substances are an interesting object of research, mostly 
because of a wide spectrum of their biological properties [2]. Although several studies have been 
conducted to date, the mechanism of interaction between cellular membranes and saponins remains 
unclear. Hence the need to study these phenomena [3]. 
The present study is based on measurements using monolayers closely mimicking the lipid composition of 
biological membranes of erythrocytes in the context of hemolysis by saponins. The influence of two 
different saponins – steroidal (obtained from Digitalis purpurea) and triterpenoid (obtained from Quillaja 
saponaria) on the model Langmuir monolayers was examined. Firstly, the influence of saponins on the 
monolayers consisting of single lipids, and in the next stage - on mixed monolayers was examined. In order 
to study the resistance of monolayers against saponins, a combination of surface pressure relaxation and 
surface dilational rheology was employed. This latter technique also allowed us to obtain information about 
viscoelastic properties of the studied Langmuir films. To gain additional information about the changes of 
packing and orientation of lipid molecules in Langmuir monolayers after contact with saponins, the surface 
potential measurements were carried on. The morphology changes and phase transitions of the single and 
mixed monolayers exposed to different saponins was imagined using the fluorescence microscopy. 
 

 
Figure 1 Experimental setup for a subphase exchange. 
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Rheological behavior of soft glassy materials (SGM) - such as concentrated emulsions, foams, or granular 
media - strongly depends of the volume fraction of the dispersed phase. At low volume fraction these 
systems usually can be considered as Newtonian liquids, while above a critical packing fraction they 
becomes jammed and the flow occurs via a sequence of reversible elastic deformation and irreversible 
plastic rearrangements associated with microscopic yield stress.  The yielding behavior makes such systems 
as interesting for applications as challenging from the fundamental point of view of out-of-equilibrium 
statistical mechanics [1]. It has been shown that both confined geometry and rough surface affect the 
dynamics of rearrangements leading to strong deviation from the bulk rheology. One challenging question 
therefore concerns the formation of spatially non-homogeneous features, where the global rheology is not 
able to properly capture the complex space-time behavior of the system [2,3]. 

Here we study the flow of concentrated oil-in-water emulsion above the jamming point in confined 
microfluidic channels with structured rough surface. We investigate the fluidity and the activation of plastic 
events in the terms of the kinetic elasto-plastic (KEP) model [4] close to the boundaries as a function of the 
structured geometrical roughness. The experimental results are complemented with numerical simulations 
allowing to study the fluidity field and the rate of plastic events, thus allowing us to establish a link between 
the mesoscopic plastic dynamics of the jammed material and the macroscopic flow behavior. 

Fig 1. a) Snapshot from lattice Boltzmann simulations in confined microchannels with structured roughness on the 
bottom wall. Roughness parameters w, h and g refer to the inter-post width, height and distance respectively. b) 

Sketch of a T1 plastic event. c) Profilometer image of the wall roughness of different structures. 

[1] R. G. Larson, The Structure and Rheology of Complex Fluids, Oxford University Press (1999)
[2] V. Mansard, L. Bocquet and A. Colin, Soft Matter 10, 69846989 (2014)
[3] A. Scagliarini, M. Sbragaglia and M. Bernaschi,, J. Stat. Phys. 161, 1482-1495 (2015)
[4] L. Bocquet, A. Colin and A. Adjari, Phys. Rev. Lett. 103, 036001 (2009)
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With�the�continuous�downscaling�of�transistors�in�microelectronic�devices,�the�semiconductor�industry�has�
entered� the� nanoͲage.� The� fundamental� limitations� encountered� in� planar� devices� have�motivated� the�
introduction�of�new�3Ͳdimensional�architectures� [1].�Consequently�wet� chemical�processes�used� to�etch�
and�clean�materials�are� facing�new� issues� related� to�nanoͲconfinement.�A� recent� study� showed� that� the�
chemical�etching�of�nanochannels�was�affected�by�the�decrease�in�concentration�of�active�ions�with�charge�
opposite�to�that�of� the�created�surface,�caused�by� the�overlap�of�the�electrostatic�doubleͲlayers� [2,3].� In�
this�work�etching�of�transistor�TiN�gate�films�was�studied� in�1ͲD�and�2ͲD�confined�nanoͲvolumes.�Kinetics�
were�correlated�with�surface�potentials�measured�on�planar�films.��
Test� structures�consisted� in� trenches�etched� in�Si� (1ͲD)�and�nanoholes�made�by�a� sacrificial�SiͲnanopillar�
process�(2ͲD),�that�were�covered�with�1.5nm�HfO2�and�5nm�TiN�by�ALD�(Fig.1).�The�TiN�film�was�etched�in�
solutions�of�ammonia�and�hydrogen�peroxide�at�various�temperatures.�Planar�films�were�characterized�by�
ellipsometry� and� streaming�potential,� for� etch� rate� and� surface�potential,� respectively.� The� etch� rate� in�
nanostructures�was�characterized�by�FIBͲTEM.�Fig.1�shows�an�18nm�nanohole�(initial�opening�of�5nm)�with�
TiN�mostly�etched�(c),�while�TiN�was�not�etched� in�a�15nm�nanohole�with�2nm�opening�(d).�Chemical�and�
dimensional�conditions�have�been�determined�where�etching�no�longer�occurred�with�solution�penetration�
and�etching� from� top� to�bottom�had� to�be�pursued� instead.�Kinetics�were�correlated�with�concentration�
profiles�calculated�from�surface�potentials�measured�on�planar�films.�
�

�

� ��
Figure� 1� Electron�microscopy� images� of� nanoholes:� (a)� top� down� SEM� of� nanoholes� before� HfO2/TiN� deposition;�
(b)(c)(d)�crossͲsection�TEM�of�nanoholes�before�(b)�and�after�etching�(c)(d),�with�(c)�and�without�(d)�TiN�etching.�
�

[1] L.ͲA.�Ragnarsson�et�al.,�VLSI�Tech.�Digest,�2015,�148.�
[2] A.�Okuyama�et�al.,�Solid�State�Phenom.,�2015,�219,�115.�
[3] H.�Daiguji,�Chem.�Soc.�Rev.,�2010,�39,�901.�
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Nowadays the quantum dots (QDs) is extremely interesting material. However, most applications 
require continuous QDs layers. For obtaining continuous layers the formation of films of quantum dots 
of colloidal solutions is promising, e.g. Langmuir-Blodgett technology.  
For surface pressure-area per molecule (π-A) isotherm, InSb powder (0.0014 g) has been dissolved in 
1 ml of chloroform (C = 6 mM) and then was subjected for 30 minutes to ultrasonic treatment. The 
resulting solution containing ultrafine colloidal particles was diluted to arachidic acid (Arh) chloroform 
solution. 100 µl of each solution have been sprayed over a trough surface with the approximate area 
equal to 150 cm2. We have used InSb -Arh (Fig. 1, curve 2) chloroform solutions with molar ratio of the 
[InSb]:[Arh] system being 6:1 to form monolayers. In second case formation of the liquid condensed 
phase occurs much earlier (in larger area range) during the monolayer compression. By the end of the 
compression, area per molecule for solution 2 is two times greater than the same parameter for 
solution 1. The presence of InSb in the solution increases the stiffness of the monolayer. 
  

 

Figure 1 Compression isotherms of monolayers: 1 – Arh (solution 1); 2 – InSb-Arh (solution 2) 
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At present, the quantum dots (QDs) are very interesting and promising material for photovoltaic devices. 
This interest stems from the fact that the colloidal quantum dots have unique properties that can be used 
for making solar cell elements [1]. Quantum dots and 4’-n-octyl-4-p-cyanobiphenyl liquid crystal (LC) 
Langmuir monolayers at the water-air surface have been studied by surface pressure-area isotherm 
measurement. In addition, the stabilization of quantum dots dispersion in liquid crystal matrices has been 
studied. Monolayers at the water surface and films at solid substrate were obtained at various conditions: 
concentration, different mixed ratio and different temperature. At QDs to LC of volume ratio to 2:1, and 
higher temperatures a state without a three-layer structure [2] was obtained (figure 1). Films morphology 
has been studied by AFM and STM methods. Thus, as a result of our research the optimum technique for 
generating continuous monolayers of quantum dots mixed with LC surfaces on solid substrates has been 
developed.  
 

  
Figure 1 Compression isotherms for QDs-LC solutions.  
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�
The�formation�of�Pickering�emulsions�was�investigated�by�Langevin�dynamics�method.�The�kinetics�of�SiO2�
nanoparticle�adsorption�on� the�surface�of�oil�droplets�and� the�structure�of�adsorbed� layer�was�analyzed.�
Calculations� were� performed� by� using� physical� and� chemical� parameters� obtained� in� laboratory�
experiments�or�reference�data.�
The� influence�of�nanoparticle�and�droplet�parameters�on�emulsion�stability�was�numerically�determined.�
Emulsion� stability�diagram�was�obtained� that�presented� the� regions�with�emulsions�unstable�and� stable�
towards�flocculation�and�coalescence.�
Highly�ordered�nanoparticle�layer�with�a�high�level�of�surface�coverage�was�observed�in�emulsions�stable�to�
flocculation� and� coalescence� (Figure�1a).� In� the� case�of� low� velocity�of�nanoparticle� adsorption� tenuous�
layer� was� formed� (Figure� 1b)� that� accomplished� by� droplet� flocculation.� Local� domains� with� ordered�
hexagonal�structures�were�found�in�the�systems�with�nanoparticle�amount�not�enough�to�cover�the�surface�
of�oil�droplets�and�at�high�salt�concentration�in�aqueous�phase�(Figure�1c).�In�spite�of�low�surface�coverage�
the�flocculation�was�not�observed�in�these�emulsions�for�a�long�time.�Silica�nanoparticles�formed�extended�
and�ramified�aggregates�at�high�ionic�strengths�of�aqueous�phase�and�large�amounts�of�nanoparticles.�Such�
aggregates�formed�the�network�that�separated�oil�droplets�and�prevented�their�coalescence�(Figure�1d).�
�

�
Figure�1� Snapshots�of�oil�droplets�with� SiO2�nanoparticles� at� ionic� strength� (I)�50�mM� and�nanoparticle�
number�(N)�1500�(a),�I�=�10�mM,�N�=�1000�(b),�I�=�1000�mM,�N�=�250�(c),�I�=�2000�mM,�N�=�2000�(d).�
�
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�
Following� a� literature� survey,� a� governing� mechanism� of� O/W� nanoemulsion� degradation� is� Ostwald�
ripening.�In�most�cases,�the�contribution�of�coalescence,�flocculation,�and�creaming�was�not�found�to�have�
any� significant� effect� on� nanoemulsion� breakdown.� Nevertheless� the� reported� experimental� rates� of�
Ostwald�ripening�are�usually�higher�than�the�theoretical�values�and�are�in�the�range�of�10Ͳ29Ͳ10Ͳ27�m3/s.�
In�this�investigation�we�studied�O/W�nanoemulsion�stabilized�by�nonionic�surfactants�and�with�mineral�oil�
as�dispersed�phase.�The�results�indicate�that�the�rate�of�Ostwald�ripening�for�quasiͲsteadyͲstate�conditions�
does�not�vary�with�increasing�oil�concentrations�in�nanoemulsions�up�to�0.05.�The�rates�of�Ostwald�ripening�
is� equal� to� (1.5±0.3)•10Ͳ29� m3/s� in� nanoemulsion� stabilized� by� Brij� 30� and� (1.1±0.3)•10Ͳ29� m3/s� in�
nanoemulsions� stabilized� by� Tween� 80� and� Span� 80� mixture.� The� main� mechanism� of� diluted� O/W�
nanoemulsion�destabilization�is�Ostwald�ripening.�
In� more� concentrated� nanoemulsions� with� oil� fraction� of� up� to� 0.45� coarsening� occurs� via� different�
mechanisms.� The� growth� rate� of� droplets,� i.e.� the� change� in� the� cube� of� the�mean� radius�with� time,�
increases�from�10Ͳ29�to�10Ͳ27�m3/s�with�increasing�oil�concentration�in�nanoemulsions.�During�the�first�days�
the� contribution� of� flocculation� prevails� over� other� processes� in� nanoemulsions� stabilized� by� Brij� 30.�
Coalescence�is�the�main�mechanics�of�degradation�of�these�nanoemulsions�for�long�time.�
The�droplet�growth�due�to�Ostwald�ripening�takes�place�during�5Ͳ10�days�after�nanoemulsion�preparation�
in�the�case�of�stabilization�by�Tween�80�and�Span�80.�Flocculation�has�a�substantial�impact�on�the�stability�
behavior�of�these�nanoemulsions�on�later�stages.�
Using�Tween�60�and�Span�60�as�surfactants�leads�to�the�formation�of�the�solidͲlike�adsorption�layer�on�the�
surface�of�oil�droplets�and�as�a�result� to�strong�retardation�of�Ostwald�ripening�at�ambient�temperature.�
The� investigations�of�mixed�monolayers� in�nanoemulsions�show�that�the�structure�of�the�solid�adsorption�
layer�is�discrete�and�consists�of�domains�with�different�melting�point�in�the�range�from�25�to�50�°C.�

�
Figure� 1� The�microphotograph� of� droplets� in�O/W� nanoemulsion� stabilized� by� Tween� 60� and� Span� 60�
mixture�
�
Nanocapsules�generated�from�these�nanoemulsion�droplets�demonstrate� longͲterm�colloidal�stability�and�
are�suitable�for�use�as�drug�carriers.�
�
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Reverse micelles are small aqueous droplets surrounded and stabilized by a monolayer of surfactant 
molecules and dispersed in a water immiscible organic solvent. The properties of water molecules localized 
in the interior of reversed micelles are physicochemically different from those of bulk water, i.e. water 
droplets in microemulsions provide an environment that is different from the bulk solvent. Study of 
influence of nonionic and ionic kosmotropic and chaotropic additives on the water pockets structure of the 
reverse micelles is very informative, since reverse micelles are used as a membrane–mimetic systems [1]. 
Structural changes of water pools of reverse micelles in the presence or absence of structure-making and 
structure-breaking ionic additives have been investigated by IR and NMR spectroscopy since IR and NMR 
spectroscopy are powerful methods to characterize microstructure of confined water in reversed micelles 
[2-4]. 
IR absorption spectra were recorded on a Varian 660 –IR – FTIR Spectrometer. All 1H spectra were recorded 
on Agilent Mercury 300 high resolution NMR spectrometer operating at 300 MHz. Microemulsions were 
prepared on the basis of a non-ionic surfactant, tetraethylene glycol monododecyl ether (Brij-30) and an 
anionic surfactant, sodium bis(2-ethylhexyl) sulfosuccinate (AOT), hexane, water, water solutions of 
potassium iodide and sodium flouride. To study the microstructure of the solubilized water, the O-H 
stretching vibrational absorption spectra in the region of 3000-3800 cm-1 were fitted into three subpeaks. 
Gauss function was chosen to fit the overlapped peaks. Gaussian curve fitting was achieved with a Monte 
Carlo method.  
Changes in bound, trapped and free water fractions under the influence of kosmotropic and chaotropic 
ionic additives were revealed in case of AOT and Brij-30 reverse micelles. The percentage of free water 
fraction in case of kosmotropic fluoride ions increases 3 times than in the presence of chaotropic 
potassium iodide. Opposite influence of above mentioned additives is revealed in case of Brij-30 reverse 
micelles. Formation of free water fraction is reinforced by the addition of chaotropic potassium iodide.  
Also fraction of trapped water is 3 times more in the presence of potassium iodide in case of AOT reverse 
micelles than in case of Brij-30 reverse micelles.  
NMR results showed that the chemical shift of the water proton in AOT reverse micelles varies downfield 
with an increase of the water-surfactant molar ratio. At the same time, the values of chemical shift in the 
presence of fluoride ions are higher than their values in case of iodide ions. In contrast to this the chemical 
shifts of the water proton in Brij-30 reverse micelles under the influence of iodide ions are more than in the 
presence of fluoride ions. 
Results may be useful in the area of biomimicing investigations, where unique properties of the confined 
water are still a matter of debate. 
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 [1] G.Chang, T.Huang, H.Hung.  Proc. Natl. Sci. Counc. ROC (B), 2000 24,  89. 
 [2] L.P.Novaki, O.A. El Seoud. J.Colloid Interface Sci. 1998, 202, 391. 
 [3] J.B.Brubach, A.Mermet, A.Filabozzi, P.Calavita, A.Gershek, P.Roy. J.Phys.IV France 10, 2000, Pr7, 215. 
 [4]  A. Maitra, J. Phys. Chem. 1984, 88, 5122. 

Poster P2.59

— 145 —



  

 

Stress development during drying of particulate films made from 
capillary suspensions  

 
Steffen B Fischer*, Erin Koos2 

 
Institute for Mechanical Process Engineering and Mechanics, Karlsruhe Institute of Technology, Karlsruhe, 

Germany 
  

*Steffen.Fischer@kit.edu 
 
Cracking and particle mobility are a significant problem in the drying of films from hard sphere suspensions. 
One pathway to avoid these problems is by using capillary suspensions. By adding a small amount of a 
secondary fluid immiscible to the bulk phase of a suspension, the rheological properties are significantly 
changed [1]. In the pendular state, the preferentially wetting secondary fluid forms capillary bridges between 
the particles. The capillary forces from such bridges induced the formation of a sample-spanning particle 
network thereby increasing the yield stress with moderate amounts of secondary liquid [2]. The particle 
network limits the direction of particle motion during drying and the capillary force of the bridges counters 
the capillary force within pores generated by evaporation. 
The overall stress of a film can be measured using the cantilever deflection method [3] as the film dries in a 
temperature and humidity controlled chamber. Increasing amounts of secondary liquid, which increase the 
shear modulus, can lower the overall stress in the film while drying. Capillary suspensions also change the 
shape of the stress profile as a function of drying time. Two distinct rates are observed in the capillary 
suspension whereas a more uniform stress development rate was observed for the pure suspension.  The 
second slope, just before the peak stress, remains uniform for all of the samples whereas the first slope 
decreases with increasing secondary fluid contents.  Secondary peaks are also observed, the existence of 
which is sensitive to the sample preparation method and the rheological properties of the material. Changes 
with film thickness and drying temperature are also discussed. 

 
Figure 1 Stress development of various Alumina suspensions with increasing amount of secondary liquid, which leads 
to a decrease in stress and a change in peak shape. 

[1] E. Koos, N. Willenbacher, Science, 2011, 331(6019): 897-900. 
[2] F. Bossler, E. Koos, Langmuir, 2016, 32(6): 1489-1501. 
[3] J.A. Payne.; A.B. McCormick; L.F. Francis, Review of Scientific Instruments, 1997, 68(12): 4564–4568 
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Experimental, theoretical and numerical investigations of Drop motion regained considerable attention in 
the recent years [1]. Triggered by the development of new micro-fabrication techniques and the advance of 
computational power, a new range of phenomena have been systematically investigated. Incorporating the 
effect of contact angle hysteresis in drop dynamics remains a challenging task for numerical simulations [2], 
and its effect has been little investigated. 
In this work we show, with experiments and numerical simulations of gravity driven drops crossing a chemical 
step oriented at arbitrary angles respect the direction of the body force, that the combination of contact 
angle hysteresis with macroscopic defects can lead to counter-intuitive results [3]. This because in presence 
of large contact angle hysteresis the force decomposition that would be intuitively expected is not applicable.  
Sliding measurements were performed by systematically varying the angles α, the inclination angle with the 
respect to gravity and φ the tilt angle with the respect to the direction of the in-plane body force. The 
corresponding numerical simulation were obtained through Contact Line Dominated Dynamics solved 
employing the software Surface Evolver. We observed four distinct scenarios for the drop approaching the 
chemical step as showed in of Fig.1 panels a), b), c), d).  We summarized in a phase diagram all different 
behaviors diagram as functions of angles α and φ (Fig. 1e). 
 

 

 
 

[1] D. Quéré, Annu. Mater. Res., 2008, 38, 71. 
[2] C. Semprebon, S. Herminghaus and M. Brinkmann, Europhys. Lett., 2013, 100, 16002. 
[3] C. Semprebon, D. Filippi, V. Varagnolo, et.al, Submitted to Phys. Rev. Lett. 

 
  

Figure 1:  Sequence of the four possible drop trajectories exhibited by a drop approaching the chemical step: 
a) the drop pins; b) the drop crosses the step; c) the drop slides along the step; d) the drop partially slides along 
the step and pins in a later stage. The dashed inclined lines mark the chemical step and the horizontal scale bars 
correspond to 5 mm. e) Dynamical phase diagram showing the four regions in the φ-Bo space. Filled symbols 
refer to experiments, while open symbols are evinced from simulations. 
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Emulsions!are!metastable!systems!normally!obtained!in!the!presence!of!amphiphilic!species!like!surfactant!
molecules,!polymers!or!proteins.!It!is!now!well!established!that!solid!particles!of!colloidal!size!may!also!be!
employed! to! kinetically! stabilize! emulsions.! These! so4called! Pickering! emulsions! [1]! or,! more! generally,!
solid4stabilized! emulsions,! can! be! obtained!with! a! wide! variety! of! solid! organic! or!mineral! powders! [2].!
Materials!with!outstanding!properties!compared!to!their!protein!or!surfactant!stabilized!counterparts!have!
been!elaborated![1].!
In! order! to!meet! consumers’! demand! and! to! address! the! food! industry,! naturally! occurring! amphiphilic!
particles! are! highly! sought! after.! Here,! we! explore! the! potential! use! of! solid! particles! deriving! from!
vegetable! powders! as! emulsion! stabilizers.! ! Our! approach! aims! at! valorizing! vegetable! particles! deriving!
from! either! defatted! cocoa! powder! or! vegetal! co4products! of! the! oil! industry,! namely! press! cakes! (the!
waste!of!oleaginous!seeds!after!oil!extraction).!We!compare!several!techniques!to!optimize!the!extraction!
of!residual!lipids!and!proteins!and!to!fractionate!the!particles!into!diverse!sizes.!The!efficiency!of!different!
emulsification!techniques!is!assessed!and!compared:!sonication,!propeller!type!agitation!and!high4pressure!
homogenization.!We!explore!the!evolution!of!the!droplet!average!size!as!a!function!of!the!mass!fraction!of!
particles.!The!interfacial!adsorption!of!particles!is!directly!visualized!by!fluorescent!microscopy.!
!
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The	 spreading	 of	 rain	 drops	 on	 leaves,	 cleaning	 and	 coating	 processes	 or	 just	 taking	 a	 shower	 in	 the	

morning,	in	all	these	examples	liquids	spread	and	recede	on	surfaces.	These	processes	are	well	understood	

in	the	case	of	simple	liquids	on	hard	and	flat	substrates.	However,	essentially	none	of	the	above	mentioned	

examples	fulfils	the	assumptions	of	the	existing	models.	

In	this	presentation	we	compare	 in	detail	experimental	 results	of	receding	contact	angles	with	smoothed	

particle	hydrodynamics	(SPH)	simulations.	The	experimental	setup	consists	of	a	rotating	drum	with	simple	

liquids	and	aqueous	surfactant	solutions	 [1]	while	 the	simulation	calculates	a	simplified	model	 thereof	 in	

which	an	infinite	rigid	plane	is	pulled	out	of	the	liquid.		

SPH	 simulations	 introduce	 effective	 particles	 on	 a	 quasi-macroscopic	 scale.	 This	 allows	 a	 simulation	

approach	on	macroscopic	length	and	time	scales.	Our	simulation	model	uses	an	implicit	pressure	solver	[2],	

reproduces	viscosity,	surface	tension	and	dynamic	contact	angles	of	simple	liquids	on	smooth	surfaces	with	

equilibrium	contact	 angles	 in	 the	order	of	 90º	 [3].	We	additionally	 apply	 a	 force	between	 rigid	 and	 fluid	

particles	to	reproduce	the	natural	adhesion	between	the	vertical	plane	and	the	fluid	[4].	

Comparisons	 of	 our	 simulation	 results	 with	 the	 experimental	 results	 show	 that	 the	 key	 features	 of	 the	

experiments	are	reproduced	by	the	SPH	simulation.	Furthermore,	we	use	hydrodynamic	models	 [5]	 to	 fit	

our	 experimental	 and	 simulation	 results.	 We	 discuss	 possibilities	 and	 limitation	 of	 SPH	 simulations	 of	

dynamic	wetting	with	respect	to	simple	liquids	and	aqueous	surfactant	solutions.		
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Figure	1:	A)	Snap	shots	of	the	simulation	results	for	increasing	dewetting	speeds	(from	left	to	right).	B)	Sketch	of	the	

experimental	setup.	C)	Experimental	results	for	pure	water	on	a	PS	coated	drum	in	comparison	to	a	fit	to	the	model	of	

ref	[5].	
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The presented study concerns the investigation on the existing relation between the stability of disperse 
systems and the coalescence of single bubble/drops and the interfacial properties of the corresponding liquid 
interfaces.  
Foams and emulsions have been obtained in the presence of silica nanoparticles (NPs) and palmitic acid. In 
particular, the foams are stabilised by complexes of NPs and palmitic acid dispersed in the aqueous phase, 
and the emulsions are prepared by aqueous NPs dispersions in hexane solution of palmitic acid.  The 
stabilization of the dispersed systems have been reached thanks to the formation at the fluid interface of 
complexes between the NPs and the surfactant, which are able to modify the interfacial properties and the 
rheological behaviour of the systems.  
These systems have been studied under different point of view: interfacial properties by measurements of 
dynamic interfacial/surface tensions and interfacial dilational rheology, coalescence of drops/bubbles by a 
drop-drop micromanipulator and the stability of the corresponding emulsions and foams both by direct 
observations and by Diffusion Wave Spectroscopy. 
The obtained results provide interesting information on the mechanisms involving in the stabilization of the 
studied dispersed systems and on the processes occurring at the fluid interfaces. 
These results can be useful to address the utilisation of emulsions and foams as smart platforms for the 
assembling of new nanomaterials or in the design advanced chemical processing devices (ex., liquid-liquid 
extraction).  
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Nowadays, graphene structures are very interesting material for photovoltaic devices. This interest stems 
from the fact that graphene have unique properties that can be used for transparent electrode for 
photovoltaics and display applications [1]. The most promising technology for obtaining of large surface 
area graphene is 'bottom-up' approach (graphene sheets self-assembly of the polycyclic aromatic 
hydrocarbon individual molecules). In the present work we investigated the of Langmuir monolayers 
consisting of arachidic acid and naphthalene mixture. Earlier liquid phase formation was observed with the 
addition of naphthalene in arachidic acid (fig. 1). In addition, there is a characteristic point of inflection on 
the curve 2 (by the surface pressure value is about 22 mN/m). Supposedly this point is a point of phase 
transition and molecular rearrangement arachidic acid and naphthalene molecules occur from monolayer 
to a more complex structure. 
 

  

Figure 1 Compression isotherms: 1 – Arh (solution 1); 2 –Arh-Naph (solution 2) 
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Graphene is a promising material which allows to create a new class of electronic devices (carbon-based 
devices). Although nowadays graphene is mostly used as a passive element (as a simple conductive layer 
which does not contain logic elements) graphene is already considered as a real competitor to transparent 
electrodes made of indium oxide and tin oxide used in photovoltaic devices and displays on flexible basis 
[1-4]. 
Currently Langmuir-Blodgett method may be used to synthesize the graphene monolayers from the 
naphthalene molecules. The hydrogen atoms must be removed from the edges of naphthalene to form a 
graphene monolayer from the molecules of naphthalene. One of such technological methods based on 
raising the temperature or the action of the catalyst is described in work [5]. However, some of the 
hydrogen atoms can stay connected to the carbon atoms in naphthalene molecules. Therefore, this work is 
dedicated to the theoretical study of the influence of the number of hydrogen atoms attached to 
naphthalene molecules on the potential barrier height. This investigation is carried out for the detection of 
conditions for the formation of chemical bonds between the molecules of naphthalene with different 
numbers of hydrogen atoms. Energy potential barrier is formed when physical interaction between the 
molecules is becomes chemical interaction. Chemical bonds between atoms of the naphthalene molecules 
are formed as the result of overcoming the potential barrier between the molecules. 
In this paper, investigation of dependence of the potential barrier height on the configuration of 
naphthalene molecules with different numbers of hydrogen atoms was carried out. Density functional 
theory with basis set B3LYP / STO-3g* with Lennard-Jones potential was used to perform numerical 
calculations. It was established that the smallest value of the potential barrier is achieved in the absence of 
hydrogen atoms in the naphthalene molecules. In this case, potential barrier height is equal of 0.01 eV. 
Consequently, the temperature of 48K is required for the formation of chemical bonds between the carbon 
atoms of different molecules of naphthalene with missing hydrogen bonds.  
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Fig 1 : Typical views of Myverol-based Cubosomes stabilized by 
Laponite. The well-defined Cubosomes are indicated by (C) while 
organized drops (but not obvious cubic phase!) by (O). The particles 
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ΎŵƵůůĞƌΛĞĐĞ͘Ĩƌ

The use and role of colloids as stabilizers in water of internally self-assembled domains dispersed from 
lipid-based lyotropic liquid crystalline phases is investigated and discussed. We focus on the relation 

between stabilization and formation of a 
colloidal armor around the lyotropic phase 
drops. Two different geometries (sphere-
like or disk-like) of colloids with similar 
radius, chemical surface, and charge have 
been successfully used to stabilize the 
nanostructured droplets of different 
lyotropic liquid crystalline phases (from 
cubic phases to inverse micellar phases) 
[1-7]. In particular, this has been shown referred as (V) are vesicles. 
using small angle x-ray scattering that the 
high pH due to Laponite (disk-like colloids) induced as transition from cubic phase (Cubosomes) 
to hexagonal phase (Hexosomes) when using monoglyceride lipids forming the lyotropic liquid 
crystalline phases. However, not much is known about the local structural composition of the 
cubosomes (morphology, topology…) stabilized by Laponite. This is the aim of the present 
study in which Cubosomes made of food-grade monoglyceride mixtures (Myverol product) stabilized 
in water by the presence of Laponite nanocolloids (disk-like solid colloids) have been examined 
using cryogenic transmission electron microscopy (cryo-TEM). The different morphologies locally 
observed have been determined, and characterized by FFT as well as describing the cubosomes by 
minimal surfaces. The study has been performed for fresh samples and for samples during time in 
order to characterize the in-situ pH-induced transition. The results are discussed in the 
viewed of the exact chemical composition of the lipid products. 
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In case of falling onto water during prey, beetles of genus stenus excrete the spreading alkaloids 
stenusine and norstenusine in order to be forced back to the water’s edge due to surface pressure 
[1]. The latter surface active molecules were synthesized in a two-step synthesis comprising an 
alkylation and a hydration step starting from 3-picoline and subsequently characterized with respect 
to their equilibrium and dynamic interfacial properties. 

Measurements of equilibrium surface tension revealed only a moderate effect of surface activity on 
the order of a 15 mN/m surface pressure at bulk concentrations close to the solubility limit. To access 
the non-equilibrium properties of the respective adsorption layers, surface dilatational rheology was 
used for characterization. In order to study dynamics on different time scales, oscillating pendent 
drop (0.01 - 1Hz) and oscillating bubble (5 - 500Hz) experiments were performed. The used oscillating 
bubble apparatus extends the frequency range of current standard devices based on a well-known 
principle for measuring dynamic properties of interfacial layers. These are represented by the 
complex surface dilatational modulus E. 

Next to inducing a surface pressure, these spreading alkaloids were found to render the air-water 
interface viscoelastic especially at fast perturbations. This high frequency viscoelasticity cannot be 
detected by conventional methods. This example illustrates the benefits of studies with the 
oscillating bubble technique and the additional information gained on non-equilibrium properties at 
aqueous interfaces present at biological interfaces.   

          

Figure 1 Left: Molecular Structure of stenusine. Right: Adsorption of stenusine and norstenusine renders the 
air-water interface viscoelastic. The effect is characterized by an increasing value of the surface dilatational 
modulus at frequencies exceeding 100 Hz [2].  

 [1] H. Schildknecht, et. al., Angew. Chem., 1975, 87, 421. 

[2] M. J. Hofmann, A.-A. Dietz, H. Motschmann, J. Phys. Chem. B, 2016, submitted. 
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Nanosystems! (NS),! such! as! gold! nanoparticles! or! block! copolymers! self:assembled! micelles! or!

polymersomes,!have!highly!promising!applications!in!nanomedicine.!In!this!view,!in!parallel!with!the!design!

of! efficient! nanodevices,! there! is! an! increasing! necessity! to! evaluate! their! interaction! with! biological!

systems.! In! order! to! understand! mechanisms! at! play! for! example! in! molecule! translocation! through!

membrane!proteins,!or!interaction!of!the!cell!with!nanoparticles![1],!artificial,!biomimetic!membranes!have!

been!developed!![2].!They!permit!working!with!simplified!systems,!and!are!thus!good!models!to!decompose!

the!elementary!events! (biochemical,!physical,! and!chemical)! at! stake! in! real!biological! situations.! Several!

methods! exist! to! fabricate! and! manipulate! artificial! membranes,! either! as! vesicles! (micron:sized!

compartments),! supported! or! suspended! bilayers! ![2].! In! this! context,! microfluidics! opens! new!

methodology!both!to!fabricate!and!manipulate!lipid!membranes!with!complex!composition!![3,4].!

We!study! in!real!time,!by!confocal!microscopy!and!fluorescence!correlation!spectroscopy!under!flow,!the!

interaction! of! giant! unilamellar! vesicles! (GUV)! with! nanoparticles! as! function! of! nanoparticles! surface!

chemistry,! membrane! composition,! flow! conditions.! Microchannel! geometry! including! an! upstream! Y!

junction! and! traps! enables! assessing! in! real! time! the! effect! of! NS! on! membrane,! by! measuring! their!

influence!on!permeability,!and!mechanical!properties.!As!example!of!NS:membrane!interaction,!we!study!

the!effect!of!a!photosensitive!molecule,!encapsulated! in! self:assembled!block!copolymers!assemblies,!on!

lipid!membranes.!

!
Figure(1! (a)!Typical!microchannel!architecture:!20µm!wide,!20µm!deep!channel! including! two!entries! for!

simultaneous!or!successive!vesicles!(GUV)!and!nanosystems!(NPs)!injections.!(b)!GUV!trapped!in!a!U!shaped!

constriction,!progressively!deformed!then!released!when! increasing! input!pressure! (from!top!to!bottom).!

(c)! Effect! of! illumination! on! a! trapped! GUV! put! in! contact! with! a! solution! containing! a! photosensitizer!

molecule!encapsulated!in!polymeric!self:assemblies.!

[1]! C.!Montis,!D.!Maiolo,!I.!Alessandri,!P.!Bergese,!and!D.!Berti,!Nanoscale!6,!6452!(2014).!
[2]! M.!Zagnoni,!Lab.!Chip!12,!1026!(2012).!
[3]! P.!C.!Hu,!S.!Li,!and!N.!Malmstadt,!ACS!Appl.!Mater.!Interfaces!3,!1434!(2011).!
[4]! S.!Matosevic,!BioEssays!34,!992!(2012).!!
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N-acyl amino acids are attractive anionic surfactant molecules, potentially employed as excipients for  
pharmaceutical applications. They are made up of an amino acid as polar head chemically linked via an  amide 
bond to a linear fatty acid [1]. Although surfactants are extensively employed as solubilizing agents,  
emulsifiers, and/or permeability enhancers, toxicity surely represents the major concern limiting their use  in 
pharmaceutical formulations. To fully exploit the potential of N-acyl amino acid surfactants as  
pharmaceutical excipients, their toxicological profiles need to be investigated. Artificial vesicles, as giant 
unilamellar vesicles (GUVs), are interesting in vitro bilayer models. Thanks to their ability to mimic the 
behavior of biological bilayers, they configure as useful “tools” for the investigation of surfactant-lipid 
membrane interactions. In the present case, a better understanding of such interactions can then provide a 
deeper insight into the molecular aspects upon cytotoxicity of the N-acyl amino acids [2].  
A new series of N-decanoyl amino acids with different polar heads (leucine, methionine, serine and alanine)  
was synthesized and characterized in terms of critical micelle concentration (CMC) and cytotoxicity on 
selected human cell lines[3].  
In this work, we report on a systematic analysis of the interaction between the synthesized amino acid based 
surfactants and GUVs used as cell membrane model. GUVs composed of 2.5 mM 1-palmitoyl-2 
oleoylphosphatidylcholine (POPC) were prepared by electroformation method and dispersed in a  phosphate 
buffer solution containing 1 mM of the tested surfactant. GUVs were observed by phase  contrast and 
fluorescence microscopy up to the first 20 minutes and then after 40 minutes. When exposed to surfactants, 
the lipid bilayer initially showed an excess of area, resulting in the formation of tubes and/or buds that 
remained linked to the original membrane. However, neither permeation increase nor membrane disruption 
were observed during the time of interaction. As a general result, our data suggest that hydrophilic 
interactions between the aminoacid-based surfactants and cell membranes play a key role  
in determining cellular toxicity. 
 
 

[1] Bordes, R. and Holmber, K.; Amino acid-based surfactants–do they deserve more attention?, Advances in 
Colloid and Interface Science 2015, 222, 79-91 

[2] Heerklotz, H. Interactions of surfactants with lipid membranes, Quarterly Reviews of Biophysics 2008, 41, 
205-264. 

[3] Perinelli, D.R; Casettari, L.; Cespi, M., Fini, F., Man, D.K.W; Giorgioni,G.; Canala, S.; Lam, J.K.W; Bonacucina, 
G. and Palmieri, G.F.; Chemical–physical properties and cytotoxicity of N-decanoyl amino acidbased 
surfactants: Effect of polar heads, Colloids Surfaces A Physicochem. Eng. Asp. 2016, 492, 38–46, (2016). 
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The wetting behavior of hydrocarbon liquids on water is analysed on the basis of the isotherm of disjoining 
pressure. It is shown that an important contribution to temporal variation of wettability of water surface 
originates from the solubility of water in hydrocarbon liquids. The equations for the distribution of electric 
potential inside the oil wetting film are derived within the Debye–Hückel approximation, taking into 
account the polarization of the film boundaries by discrete charges at water-oil interface and by the dipoles 
of water molecules dissolved in the film. On the basis of above equations we estimate the image charge 
contribution to the surface forces, excess free energy, isotherms of water adsorption in oil film and the 
total isotherms of disjoining pressure in hydrocarbon film. The results indicate the nonmonotonic variation 
of contact angle formed by oil droplet on aqueous surface with time, associated with kinetics of water 
solubility in oil. 
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Emulsions containing a dispersed phase volume fraction (ϕ) of higher than the maximum packing volume 
fraction of closely packed monodisperse spheres (~0.74) are referred to as highly concentrated emulsions 
(HCEs). HCEs retain their original structure at volume fractions exceeding the critical value because of the 
virtue of polydispersity and droplet deformation within the system [1]. HCEs have applications in a variety of 
fields such as the food industry, pharmaceuticals, cosmetics, petroleum products and commercial explosives. 
Microstructural development of highly concentrated water-in-oil emulsions during the emulsification was 
investigated by varying the refining time. Furthermore, the rheological characteristics are also studied to 
investigate the influence of evolved morphology.  

Emulsion samples were prepared using the high-shear mixer and emulsion samples were collected at 
different stages of emulsification to investigate its structural and rheological characteristics. Different 
characterisation techniques including confocal laser scanning laser microscopy, cryo-SEM were used to 
characterise the system, in addition to the rheometer.  Water-in-oil emulsion system, in which the dispersed 
phase constitutes > 90 wt% of total emulsion was chosen for the current study. The dispersed phase of the 
emulsion comprises of an aqueous solution of inorganic salts; solution of a polyisobutenyl succinic anhydride 
(PIBSA) based emulsifier in a blend of two industrial-grade hydrocarbon oils constitutes the continuous 
phase.  

During the initial stage of emulsification, a crude polydisperse emulsion of large droplets were formed by 
gradually incorporating the aqueous droplets into the oil blend.  In the second stage, the applied high shear 
rate resulted in decreased mean droplet size and narrower distribution width. The droplet diameter 
decreased exponentially and the Sauter mean diameter converged to an asymptotic value; further, extended 
periods of shearing did not reduce the diameter. Sauter mean diameter depends on the shearing rate and 
the rupture rate likely to be a function of both the crude emulsion diameter and the shearing rate [2]. It can 
also be observed that extended refining during emulsification results in a narrowed polydispersity of the 
droplets. Furthermore, the emulsion viscosity increased significantly with refining and this can be attributed 
to the reduction of the mean droplets size with mixing time [3]. The storage modulus, yield point and flow 
stress also increased with an increase in refining time. The change in rheological characteristics can thus be 
correlated with the emulsion microstructure that results from the emulsification conditions.  
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Bulk or surface modification of commercial membranes is an effective approach to obtain desirable 
properties pertinent for a specific application. The most perspective direction of improving perfluorinated 
membranes functioning performance in fuel cells is their modification by addition of nano-sized particles of 
organic and inorganic compounds resulting in enhancement of proton conductivity and membrane 
hydrophilic nature at low relative humidity [1, 2]. However, introduction of modifying components in 
perfluorinated matrix may dramatically affect their structural characteristics and therefore may change 
their transport properties. The influence of the organic and mineral modifying additions on perfluorinated 
membrane structure and properties was investigated in this work. 
Membranes MF-4SK (RF) and Nafion 115 (USA) were used as subjects of research; polyaniline (PANI), silica, 
hydrogen zirconium phosphate (HZP) and platinum dispersion were used as modifiers. The oxidative 
polymerization of aniline in bulk or on the surface of the perfluorinated membrane was carried out under 
static conditions in mixture of monomer and oxidant solutions, in concentration field by method of 
successive diffusion of polymerization solutions through the membrane in water, and in an external 
electrical field. The modification of membranes by HZP and silica was carried out by the synthesis of 
nanoparticles directly in perfluorinated matrix using pre-cursor. The dispersion of platinum was obtained in 
the membrane surface layer by chemical reduction of the metal from solution of hydrogen 
hexachloroplatinate with help sodium borohydride. 
The standard contact porosimetry method was applied to estimation of water distribution on pore radii and 
binding energy values in a membrane [3]. The maximum value of porosity, the area of the internal specific 
surface, the distance between fixed groups at interfaces, the degree of membrane heterogeneity as volume 
of macropores and ionic selectivity as fraction of the practically ideal selective micro and mesopores in 
membrane volume were calculated from obtained porosimetric curves.  
Membrane electroconductivity, diffusion and electroosmotic permeability were measured as well [4]. It has 
been shown that the varying of the PANI synthesis conditions allows to prepare the material with required 
set of the characteristics. The most essential changes of all electrotransport properties were observed for 
the surface modified composites. It was observed that the structure anisotropy causes the asymmetry of 
the diffusion permeability. The PANI layer on the membrane surface plays the key role for slowdown of 
ions and water transport. The bulk modification of perfluorinated membrane with HZP and silica 
nanoparticles has a significant effect on water distribution in its structure and electrotransport properties. 
In contrast to the HZP and silica, the platinum nanodispersion is deposited on membrane surface and 
doesn’t influence on structural and electrotransport characteristics of membranes. Thus the correlation 
between structural characteristics and electrotransport properties of the modified perfluorinated 
membranes is established. The role of nature of modifying components and method of membrane 
modification is revealed.  
Acknowledgements The financial support of the Russian Foundation for Basic Research (project RFBR 15-
58-16002) is gratefully acknowledged. 
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dŚĞ�ĚĞŶĂƚƵƌĂƚŝŽŶ�ŽĨ�ŬŶŽƚƚĞĚ�ƉƌŽƚĞŝŶƐ�Ăƚ�ĂŝƌͲǁĂƚĞƌ�ŝŶƚĞƌĨĂĐĞƐ

zĂŶŝ��ŚĂŽΎ͕�DĂƚĞƵƐǌ��ŚǁĂƐƚǇŬ�ĂŶĚ�DĂƌĞŬ��ŝĞƉůĂŬ

/ŶƐƚŝƚƵƚĞ�ŽĨ�WŚǇƐŝĐƐ͕�WŽůŝƐŚ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕��ů͘�>ŽƚŶŝŬŽǁ�ϯϮͬϰϲ͕�ϬϮͲϲϲϴ�tĂƌƐĂǁ͕�WŽůĂŶĚ

ΎǇĂŶŝΛŝĨƉĂŶ͘ĞĚƵ͘Ɖů�

dŚĞ�ĂĚƐŽƌƉƚŝŽŶ�ŽĨ�ƉƌŽƚĞŝŶƐ�ƚŽ�ĂŶ�ĂŝƌͲǁĂƚĞƌ�ŝŶƚĞƌĨĂĐĞ�ĐĂŶ�ĂĨĨĞĐƚ�ƚŚĞŝƌ�ďŝŽůŽŐŝĐĂů�ĨƵŶĐƚŝŽŶĂůŝƚǇ͕�ƐŝŶĐĞ�ĂĚƐŽƌďĞĚ�
ƉƌŽƚĞŝŶƐ�ĂƌĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ĞǆƉĞƌŝĞŶĐĞ�ƐƵƌĨĂĐĞ�ĚĞŶĂƚƵƌĂƚŝŽŶ�ϭ͕Ϯ͘��ĚƐŽƌďĞĚ�ƉƌŽƚĞŝŶƐ�ƚŚĂƚ�ĂĐĐƵŵƵůĂƚĞ�Ăƚ�ƚŚĞ�
ŝŶƚĞƌĨĂĐĞ�ĐĂŶ�ĨŽƌŵ�ƉƌŽƚĞŝŶƐ�ůĂǇĞƌƐ�ϭ�ǁŝƚŚ�ǀŝƐĐŽͲĞůĂƐƚŝĐ�ƉƌŽƉĞƌƚŝĞƐ�ƚŚĂƚ�ĂƌĞ�ŝŵƉŽƌƚĂŶƚ�ŝŶ�ǀĂƌŝŽƵƐ�ďŝŽůŽŐŝĐĂů�
ĂŶĚ�ĨŽŽĚͲŝŶĚƵƐƚƌǇ�ƉƌŽĐĞƐƐĞƐ�ϯ͘�,ĞƌĞ͕�ǁĞ�ĂƐŬ�ŝŶ�ǁŚĂƚ�ǁĂǇƐ�ĐĂŶ�ƚŚĞ�ŝŶƚĞƌĨĂĐĞ�ĂĨĨĞĐƚ�ŬŶŽƚƚĞĚ�ƉƌŽƚĞŝŶƐ�ϰ͕ϱ͘�
tĞ�ĐŽŶƐŝĚĞƌ�ƚŚƌĞĞ�ƐƵĐŚ�ƉƌŽƚĞŝŶƐ͕�ǁŝƚŚ�ƚŚĞ�W���ƐƚƌƵĐƚƵƌĞ�ĐŽĚĞƐ�ŽĨ�Ϯ�&s͕�ϰ>Zs͕�ĂŶĚ�ϭ:ϴϱ͘�dŚĞ�ĨŝƌƐƚ�ƚǁŽ�ŽĨ�
ƚŚĞŵ�ĂƌĞ�ƐŚĂůůŽǁůǇ�ŬŶŽƚƚĞĚ�ĂŶĚ�ƚŚĞ�ůĂƐƚ�ŽŶĞ�ŝƐ�ĚĞĞƉůǇ�ŬŶŽƚƚĞĚ͘�tĞ�ƵƐĞ�Ă�ĐŽĂƌƐĞͲŐƌĂŝŶĞĚ�ŵŽĚĞů�ϭ�ŝŶ�ǁŚŝĐŚ�
ƚŚĞ�ĞĨĨĞĐƚƐ�ŽĨ�ƚŚĞ�ŝŶƚĞƌĨĂĐĞ�ĂƌĞ�ŝŶƚƌŽĚƵĐĞĚ�ƚŚƌŽƵŐŚ�ƚŚĞ�ŚǇĚƌŽƉĂƚŚǇ�ŝŶĚĞǆ�ŽĨ�ƚŚĞ�ƌĞƐŝĚƵĞƐ�ĂŶĚ�ƚŚĞ�ƌĞƐƵůƚŝŶŐ�
ĨŽƌĐĞƐ�ĂƌĞ�ƐŵŽŽƚŚĞĚ�ŽƵƚ�ŝŶ�Ă�'ĂƵƐƐŝĂŶ�ĨĂƐŚŝŽŶ�ĂĐƌŽƐƐ�Ă�ĐĞƌƚĂŝŶ�ǁŝĚƚŚ͘�tĞ�ƐŚŽǁ�ƚŚĂƚ�ƚŚĞ�ŝŶƚĞƌĨĂĐĞ�ĐĂŶ�ƵŶƚŝĞ�
ƚŚĞ�ƐŚĂůůŽǁůǇ�ŬŶŽƚƚĞĚ�ƉƌŽƚĞŝŶƐ�ǁŚĞƌĞĂƐ�ƚŚĞ�ĚĞĞƉůǇ�ŬŶŽƚƚĞĚ�ŽŶĞƐ�ŐĞƚ�ŽŶůǇ�ĚĞĨŽƌŵĞĚ͘

ϭ �ŝĞƉůĂŬ͕�D͕͘��ůůĂŶ͕��͘��͕͘�>ĞŚĞŶǇ͕ �Z͘�>͕͘�Θ�ZĞŝĐŚ͕�WƌŽƚĞŝŶƐ�Ăƚ��ŝƌʹtĂƚĞƌ�/ŶƚĞƌĨĂĐĞƐ͗����ŽĂƌƐĞͲ'ƌĂŝŶĞĚ�DŽĚĞů͘�>ĂŶŐŵƵŝƌ͕�
ϮϬϭϰ͕�ϯϬ͕�ϭϮϴϴϴͲϭϮϴϵϲ͘
Ϯ EŽƌĚĞ͕�t͕͘�Θ�'ŝĂĐŽŵĞůůŝ͕��͘��͕͘��^��ƐƚƌƵĐƚƵƌĂů�ĐŚĂŶŐĞƐ�ĚƵƌŝŶŐ�ŚŽŵŽŵŽůĞĐƵůĂƌ�ĞǆĐŚĂŶŐĞ�ďĞƚǁĞĞŶ�ƚŚĞ�ĂĚƐŽƌďĞĚ�ĂŶĚ�
ƚŚĞ�ĚŝƐƐŽůǀĞĚ�ƐƚĂƚĞƐ͘�:ŽƵƌŶĂů�ŽĨ��ŝŽƚĞĐŚŶŽůŽŐǇ͕ �ϮϬϬϬ͕�ϳϵ͕�ϮϱϵͲϮϲϴ͘
ϯ ,ĞĂĚ͕�:͘�&͘ ͕�DĞĂůǇ͕ �d͘ �Z͕͘�DĐ�ŽƌŵĂĐŬ͕�&͘ �y͕͘�Θ�^ĞĂƚŽŶ͕��͘��͕͘��ƌǇƐƚĂů�ƐƚƌƵĐƚƵƌĞ�ŽĨ�ƚƌŝŵĞƌŝĐ�ĐĂƌďŽŚǇĚƌĂƚĞ�ƌĞĐŽŐŶŝƚŝŽŶ�ĂŶĚ�
ŶĞĐŬ�ĚŽŵĂŝŶƐ�ŽĨ�ƐƵƌĨĂĐƚĂŶƚ�ƉƌŽƚĞŝŶ��͘�:ŽƵƌŶĂů�ŽĨ��ŝŽůŽŐŝĐĂů��ŚĞŵŝƐƚƌǇ͕�ϮϬϬϯ͕�Ϯϳϴ͕�ϰϯϮϱϰͲϰϯϮϲϬ͘
ϰ >Ăŝ͕�z͘ �>͕͘�zĞŶ͕�^͘��͕͘�zƵ͕�^͘�,͘�Θ�,ǁĂŶŐ͕�:͘�<͘�Ɖ<EKd͗ �ƚŚĞ�ƉƌŽƚĞŝŶ�<EKd�ǁĞď�ƐĞƌǀĞƌ͘�EƵĐůĞŝĐ��ĐŝĚƐ�ZĞƐ͘�ϮϬϬϳ͕�ϯϱ͕�tϰϮϬ͘
ϱ ^ƵůŬŽǁƐŬĂ͕�:͘�/͕͘�ZĂǁĚŽŶ͕��͘�:͕͘�DŝůůĞƚƚ͕�<͘��͕͘�KŶƵĐŚŝĐ͕�:͘�E͕͘�Θ�^ƚĂƐŝĂŬ͕��͕͘��ŽŶƐĞƌǀĂƚŝŽŶ�ŽĨ�ĐŽŵƉůĞǆ�ŬŶŽƚƚŝŶŐ�ĂŶĚ�
ƐůŝƉŬŶŽƚƚŝŶŐ�ƉĂƚƚĞƌŶƐ�ŝŶ�ƉƌŽƚĞŝŶƐ͘� WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƚŝŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕�ϮϬϭϮ͕�ϭϬϵ͕��ϭϳϭϱͲ�ϭϳϮϯ͘�
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The intercellular lipid layers in the stratum corneum (SC) is known to play a key role in the skin barrier 
function, preventing foreign substances from penetrating into our body.  Artificial lipid membranes 
including typical SC lipids have been used as model membranes for permeation analysis of the intercellular 
lipid layer.  These membranes were usually prepared on a porous filter. In this study we developed a new 
method for permeation analysis of SC model membranes. We formed an SC model membrane directly on 
an ATR prism for FTIR analysis by spraying a mixture of ceramide, cholesterol, and free fatty acid dissolved 
in an organic solvent (chloroform:methanol=2:1) to obtain a homogeneous membrane. The structure of the 
membrane formed by spraying was checked by X-ray diffraction. 

When a substance which gives a clear FTIR signal is put onto the SC model membrane on the ATR prism, 
the FTIR signal grows gradually and reaches a saturation level because the evanescent light detecting the 
permeated substance molecules decays exponentially with distance from the prism surface.  First we 
examined the permeation of heavy water D2O as it gives an FTIR signal at 2500 cm-1, which can be easily 
distinguished from signals from lipid molecules. Figure 1 shows the growth of the peak intensity at 2500 
cm-1 after mounting a small drop of D2O onto the SC model membrane. There appeared a lag time, 
depending on the thickness of the membrane. After the lag time, the intensity increased exponentially and 
reached a saturation level. It should be noted that we put a small cover on the SC membrane since the FTIR 
signal from H2O sometimes grows during the experiment probably due to the influence of atmospheric 
humidity. The time constant for the intensity growth also depended on the thickness of the membrane, 
which we estimated from the reachable distance of the evanescent light. We also estimated the diffusion 
constant from the time constant. However, the intensity growth sometimes took place in several steps; the 
fast initial step may be due to cracks in the membrane. 

We examined the permeability of other substances and will discuss the relationship between membrane 
structures and permeation of these substances. 
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Fig. 1 Permeation of D2O into the SC model membrane composed of ceramide, 
cholesterol, and free fatty acid. (a) There appeared a lag time and a fast step in the initial 
part of the intensity growth. (b) The intensity reached a saturation level after about an 
hour. 
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Supercritical CO2 has been well known to facilitate polymer processing. [1] Interaction forces acting inside 
nano-pores determine the final polymer morphology. We study these forces in a model slit pore between 
polymer bearing surfaces, taking advantage of a custom built high pressure surface force apparatus. A 
previous study of sc CO2 between mica surfaces reported long range attractive forces, so called critical 
Casimir forces, when the critical point of CO2 was approached and “supercritical” Casimir forces along the 
extension of the coexistence line. [2] 
 
Our work further extends these findings into the realm of polymers to experimentally assess such Casimir 
forces operating at the pores of polymers under confinement. Furthermore, adhesion studies between 
supercritically solvated polymer surfaces can readily be conducted across the entire pressure -temperature 
phase diagram of CO2 in the temporal and spatial scales. These insights are expected to be benef icial for 
processing of polymers and may therefore be translated to industrial levels.  
 

Acknowledgements: We would like to acknowledge the financial support from the Swiss National Science 
Foundation (SNSF) 
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[2] Erich Schurtenberger, Manfred Heuberger, Journal of Supercritical Fluids, 2012, 71, 120– 126. 
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For the improvement of textile formulations, it is crucial to understand and control the interaction of 
amphiphilic molecules with cotton fabrics. To this aim, we study the bulk properties of mixed cationic 
double-tailed esterquat surfactants and cellulose nanocrystals. The double-tailed surfactants considered 
are found to self assemble spontaneously into uni- and multivesicular vesicles. The vesicles are broadly 
distributed, with size varying between 100 nm to 1 µm as observed by small-angle scattering, and 
cryogenic transmission electron microscopy (Fig. 1a). The vesicles are moreover stable upon dilution, 
temperature change and time, and they are positively charged. The cellulose nanocrystals used in this 
work are extracted from native cellulose by hydrolysis, resulting in anionic 200 nm fiber dispersions (Fig. 
1b) [1]. Using mixing protocols developed for enzymatic activity measurements and turbidity titration [2], 
it is found that the vesicles strongly interact with nanocellulose and form micron-sized aggregates via 
electrostatic interaction. Fluorescence optical microscopy also shows that contrary to lipoprotein corona 
or particle wrapping models [3], vesicles remain intact, and cellulose nanofibers are trapped at their 
surfaces. It is concluded that the double-tailed surfactant studied appears as an excellent candidate for 
fabric softener formulations.  

 
Figure 1: Cryogenic transmission electron microscopy of a) double-tailed surfactant vesicles and b) cellulose 
nanocrystals.  
 
[1] S. Elazzouzi Hafraoui, Y. Nishiyama, J.L. Putaux, L. Heux, F. Dubreuil and C. Rochas, Biomacromolecules 9, 57-65 
(2008)  
[2] J.-F. Berret, Macromolecules 40, 4260 (2007) 
[3] F. Mousseau, R. Le Borgne, E. Seyrek and J.-F. Berret, Langmuir 31, 7346-7354 (2015) 
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For everyone dealing with wetting and adhesion the following question is of fundamental importance. 
“What is the most approximate to measure contact angle?”[1]  
 
We split this question in the measuring of drop contours (Æ CA’s) and the analysis of measured CA’s. We 
were able to develop reasonable answers for the question even for our “dynamic” sessile drop experiments 
resulting in strongly non-axisymmetric droplets. Therefore drop contour analysis was performed using 
HPDSA.[2]  
 
The developed three procedures namely, overall, global and individual statistical analyses[3][4] will be 
briefly introduced within this contribution. These statistical procedures analyze the drop motion behavior 
and lead e.g. to advancing and receding angles (specific angles) which are not liable to subjectivity and 
allow the surface properties to be described/analyzed much more in detail. The presented three statistical 
analysis procedures are particularly suitable if a huge number of images have to be analyzed (e.g. by using a 
high speed camera).  

 
Figure 1 Schematic demonstration of the HPDSA and of the overall statistical CA analysis.[4] 
 
 

[1] K. Mittal, Contact Angle, Wettability and Adhesion, volume 6, 2009, Leiden, Boston, USA. 
[2] M. Schmitt, F. Heib, J. Chem. Phys. High-precision drop shape analysis on inclining flat surfaces: 

Introduction and comparison of this special method with commercial contact angle analysis, 2013, 139, 
134201. 

[3] M. Schmitt, J. Grub, F. Heib, J. Colloid Interface Sci. Statistical Contact Angle Analyses; "slow moving" 
drops on a horizontal silicon-oxide surface, 2015, 447, 248. 

[4] M. Schmitt, K. Groß, J. Grub, F. Heib, J. Colloid Interface Sci. Detailed Statistical Contact Angle Analyses; 
"slow moving" drops on inclining silicon-oxide surface, 2015, 447, 229. 
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Polymer dissolution plays a key role in a wide variety of applications, such as photolitography, tissue 
engineering, design of drug delivery systems and, recently, conservation science [1]. Several efforts were 
made in the past to study polymer dissolution in presence of a solvent; however, these studies investigated 
only the removal process in simple systems consisting of polymer and a good solvent [2]. Our aim is the 
study of the cleaning mechanism in presence of complex ternary fluids, containing a good solvent, a non-
solvent and surfactants, since they show optimal cleaning performances thanks to the cooperation 
between amphiphilic aggregates and the good solvent [3]. In particular, we want to investigate the effect of 
polymer molecular weight and polydispersity on both the cleaning mechanism and its kinetics.  
Different polyvinyl acetates (PVAc) with molecular weight in the range 75-855 kDa are characterized in 
terms of their chemical composition (FT-IR and NMR), crystallinity (X-ray diffraction) and thermal behaviour 
(differential scanning calorimetry); then, PVAc films are studied in order to characterize their morphology 
(AFM), chain mobility (FRAP experiments) and hydrophilic character (contact angle). Finally, these films are 
incubated with a cleaning fluid containing water, 2-butanone (MEK) as good solvent and a non-ionic 
surfactant (BioSoft N91-6) and the morphological changes occurring to the polymeric coating are followed 
by in situ confocal microscopy investigation. Our results show different interaction mechanisms between 
the polymer film and the liquid phase depending on Mw: in the case of lower Mw, we observe polymer 
removal, while for polymers with higher Mw we observe only the swelling of the film. Furthermore, the 
kinetics of polymer removal seems to be strongly dependent on the polydispersity: high polydisperse 
systems show a faster dissolution rate with respect to the polymers with lower PDI.  
 
 
 

[1] B. A. Miller-Chou and J. L. Koenig, Prog. Polym. Sci., 2003, 28, 1223. 
[2] M. Raudino, G. Selvolini, C. Montis, M. Baglioni, M. Bonini, D. Berti and P. Baglioni, ACS Appl. Mater. 

Interfaces, 2015, 7, 6244. 
[3] J. S. Papanu, D. W. Hess, A. T. Bell and D. S. Soane, J. Electrochem. Soc., 136, 1989, 3077.  
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The	 stabilization	 of	 emulsions	 by	 particles	 allows	 for	 the	 production	 of	 long-term	 stable	 surfactant-free	

emulsions	desirable	in	the	food	industry.	

In	this	work,	a	novel	method	is	described	to	produce	edible	oil-in-water	emulsions	with	a	droplet	size	of	a	

few	microns	 that	are	 stable	 for	a	 few	months.	The	droplets	 in	 the	emulsion	are	 stabilized	by	 food-grade	

silica	nanoparticles	 that	 are	modified	by	non-covalently	bound	 chitosan.	 This	 in-situ	 surface	modification	

increases	 the	particle	hydrophobicity,	 favoring	 their	adsorption	at	 the	oil-water	 interface.	The	adsorption	

behavior	of	chitosan	to	silica	nanoparticles	strongly	depends	on	the	pH	of	 the	solution.	 	 In	 this	work,	we	

demonstrate	 how	 the	modification	 of	 the	 particle	 surface	 influences	 the	 stability	 of	 the	 emulsions.	 The	

mechanisms	of	emulsion	stabilization	vary	with	the	pH	of	the	suspensions	and	will	be	discussed	on	the	basis	

of	interfacial	rheology,	light	scattering	and	optical	microscopy	data.	
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The	 development	 of	 a	 three-dimensional	 network	 that	 percolates	 through	 the	 continuous	 phase	 of	
emulsions	 is	 known	 to	 play	 a	 role	 in	 their	 stability,	 reducing	 the	 droplets’	 mobility	 and	 preventing	
gravitational	 effects	 [1].	 Previous	 studies	 have	 reported	 particular	 viscoelastic	 properties	 of	 colloidal	
agglomerates	and	continuous	network	formed	due	to	interactions	between	fumed	silica	and	chitosan	[2-3].	
In	this	work,	a	novel	system	combining	initially	non-aggregated	silica	nanoparticles	and	a	water-dispersible	
chitosan	 has	 been	 developed.	 The	 rheological	 properties	 of	 silica	 nanoparticle	 suspensions	 coated	 by	
electrostatically	 adsorbed	 chitosan	 are	 studied	 to	 shed	 light	 on	 the	 beneficial	 role	 of	 the	 percolating	
network	 in	 terms	 of	 emulsion	 stability.	 Such	 gelled	 systems	 evolve	with	 time	 and	 are	 obtained	 only	 for	
certain	pH,	silica	and	chitosan	concentrations.	By	studying	these	parameters,	it	was	found	that	aggregates	
strongly	 interconnect	 to	 form	 a	 gel-like	 network	 with	 solid-like	 mechanical	 properties	 only	 for	 specific	
conditions	 (Figure	 1).	While	 it	 is	 know	 that	 the	 singular	 links	 between	 the	 agglomerates	 come	 from	 the	
fibrous	 character	of	 the	 chitosan	 [4],	 the	determination	of	 their	 size	and	 their	observations	by	 cryo-SEM	
enable	 a	 better	 understanding	 of	 the	 aggregation	 mechanism	 and	 the	 network	 formation.	 The	
development	 of	 this	 particle	 gel	 microstructure	 is	 at	 the	 origin	 of	 network	 stabilization	 in	 food-grade	
emulsions.	
	

	

Figure	 1	Cryo-SEM	 image	 of	 a	 network	 formed	 due	 to	 agglomeration	 of	 colloidal	 particles	 in	 an	 8.7wt%	
aqueous	silica	suspension	modified	with	0.435wt%	of	chitosan	at	pH	5.5.	

Acknowledgements	We	thank	DSM	for	the	financial	support,	 Jan	Vermant	for	fruitful	discussions,	Nadine	
Peneder	for	her	help	with	the	experiments	and	Michele	Zanini	for	the	cryo-SEM	images.	
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The non equilibrium nature of spread films of proteins at the air/water interface has attracted a lot of 
attention during the last century. It is known that a lower surface tension can be achieved when spreading 
concentrated droplets of protein solution [1] than by adsorption for a given total bulk concentration. This 
approach exploits non-equilibrium effects to form kinetically-trapped, loaded films. Over a narrow range of 
concentrations, protein solutions show a decrease in surface tension up to ~ 20 mN/m. For these systems 
the application of the Gibbs adsorption isotherm to derive the surface excess leads to values that exceed the 
one of a closed-pack layer [2], thus a new picture is needed. In the present work we apply several surface 
sensitive techniques (neutron and X-ray reflectometry, ellipsometry, Brewster angle microscopy and surface 
pressure vs. area isotherm), directly at the air/water interface, to characterize fully the surface behaviour of 
spread films of defatted human serum albumin (HSA), comparing them with those formed by bulk adsorption 
[3]. Our results show clearly that the main mechanism controlling the interfacial stoichiometry of the spread 
films is the Gibbs-Marangoni spreading, which is activated only if the concentration of the spreading solution 
is high enough to ensure a sufficient surface tension gradient between the droplets and the subphase. We 
also show that the mechanical properties of the interface are strictly dependant on the morphology of the 
formed layer. The annealing of the surface during consecutive compression/expansion cycle leads to a more 
stable, durable and homogeneous layer due to the coalescence of HSA islands. Protein films have already a 
wide range of applications: from the food industry to coating based technologies. In most cases, proteins are 
used as surface stabilizer/destabilizer agents. We believe that our findings could be applied to the 
optimization of protein use for technological applications. 

 
Figure 1- left: (A) surface pressure vs. area isotherm during five consecutive compression/expansion cycles of spread (red shaded) 
and adsorbed (blue shaded) HSA films. (B) surface excess of the spread film measured by ellipsometry during the pressure vs area 
experiment; right: Brewster angle microscopy images of spread films from (A) 10 droplet of 0.01 mg/cm3 and (B) 1 droplet of 0.1 
mg/cm3 HSA solution on standard phosphate buffer (SPB) and adsorbed layers of (C) 0.00080 and (D) 0.020 mg/cm3 HSA in SPB. 

[1] Gorter E. et al., Faraday Soc. 1926, 22, 477 
[2] Fainerman V. et al., Proteins at Liquid Interfaces, 1998, p.51 
[3] Campbell R. A. et al., Langmuir, 2015, 31, 13535 
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Oppositely charged polyelectrolyte/surfactant (P/S) mixtures have generated sustained interest because of 
the huge commercial value of the formulations we use in our everyday lives [1]. Recently there has been 
growing awareness that non-equilibrium effects can determine their behavior in the bulk [2], and we have 
systematically related such effects to the interfacial properties [3,4]. 
Here we present a new methodology to prepare loaded P/S films out of equilibrium conditions at the 
air/water interface [5]. Our approach consists of exploiting the dynamic dissociation of hydrophobic neutral 
aggregates from an aqueous dispersion dropped onto pure water to form a spread film thanks to the Gibbs-
Marangoni effect. The system studied is poly(sodium styrene sulfonate)/dodecyltrimethylammonium 
bromide (NaPSS/DTAB) mixtures. A systematic investigation of the interfacial composition as well as the 
mechanical properties of the films with respect to the sample history has been carried out using ellipsometry, 
Brewster angle microscopy and specular neutron reflectometry (NR) in combination with surface pressure-
area isotherms. A new implementation of NR was used thanks to use of the FIGARO reflectometer with 
greatly improved time resolution compared with traditional approaches. 
We found that the membranes behave like perfectly insoluble Langmuir-like films over five consecutive cycles 
with an initial surface excess more than four times higher than layers formed from bulk adsorption. The 
components bind in a one-to-one molar ratio independently of the sample history, which is rationalized in 
terms of the entropy of counterion release due to the low ionic strength of the solution. To our knowledge, 
this is the first time in which the dynamic interfacial stoichiometry of a binary system has been resolved in 
situ during mechanical cycling. Lastly, we discuss how our findings may open up new possibilities in the fields 
of preparation of films at the air/water interface for coating technologies as well as encapsulation of 
functional molecules such as drugs. 
 

 
Figure 1- left: Ellipsometry measurements: A and C are spread films while B and D are adsorbed layers with equivalent compositions, 
100 ppm, 17k NaPSS with (A) 6 mM and (C) 0.4 mM DTAB; E is just the pure surfactant; centre: Langmuir isotherms of five cycles of 
spread films where each cycle is displayed darker in shading; right: Interfacial composition resolved using NR where the maxima full 
mark compression and minima mark full expansion. 

[1] G. Agam, “Industrial chemicals: Their characteristics and development”; Elsevier: Amsterdam, 1994. 
[2] A. Naderi et al. Colloid Surf. A, 2005, 253, 83 & A. Mezei et al. J. Phys. Chem. B, 2008, 112, 9693. 
[3] R. A. Campbell et al. J. Phys. Chem. Lett. 2010, 1, 3021 & J. Phys. Chem. B 2011, 115, 15202. 
[4] R. A. Campbell et al. J. Phys. Chem. B 2012, 116, 7981 & Langmuir 2014, 30, 8664. 
[5] R. A. Campbell et al. Soft Matter 2016, under review. 
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Lubricants 
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ΎŚĐŬĂŶŐΛŬƌŝĐƚ͘ƌĞ͘Ŭƌ

Lead naphthenates as well as Mo-DTC (molybdenum dithiocarbamates) and ZDDP (zinc 

dialkyldithiophosphates) have been extensively used as lubricant additives on all sides. However, those 

contain heavy metals such as zinc, molybdenum and etc., which are not biodegadable and tend to 

accumulate in living organisms, causing various diseases and disorders. 

A series of metal free antiwear additives has been derived from the reaction of the dicarboxylic acid 

derivatives and dithiophosphates via the adduct reaction of the methacrylate derivatives. The 

representative physical property of the synthesized [3-(3‘-(dialkyloxy- 

phosphrothionyl)thio-2’-methylpropanoyloxy)-2- hydropropyl] alkandioate derivatives were determined by 

measuring the four ball test. The data of the fourball test is proportionally decreased 0.55 to 0.48 mm as 

the alkyl chain length of the additive is increase 6 to 12. 

Key words :  Diacid, lubricant additives, extreme pressure additives, bio-lubricant 
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In recent years, antimicrobial peptides attract much attention of researchers [1]. Unlike isolated from 
biological materials antimicrobial peptides which have a number of disadvantages (high cost, unpredictable 
toxicity, etc.), the use of synthetic peptide antibiotics may contribute to their elimination. The key influence 
of amino acids / peptides on lipopolysaccharide membranes is binding of charged zwitterionic groups with 
the surface of the bacterial cell membrane external surface and the introduction of hydrophobic fragments 
of amino acids / peptides into the lipid part of the membrane. For the directed synthesis of effective 
antimicrobial peptides, it is necessary to study the mechanism of their interaction with compounds 
modeling biological membranes. 
In the alkylsulfates – water binary systems lyotropic mesophases formation takes place. Such 
lyomesophases are the models of biological membranes. In solutions amino acids exist in zwitterions state. 
Features of the amino acid structures influence their interaction with ionic surfactants, especially affect the 
critical micelle concentration, and hence can influence the mesomorphic behavior of such systems. The 
available data on the effect of various amino acids on the phase diagram of the sodium dodecylsulfate– 
water system concern only premicellar and micellar areas. We have not found the data on more 
concentrated systems where the liquid crystal lyotropic mesophase are forming. 
In this work, the problem of establishing the effect of the amino acid glycine on the mesomorphic 
properties of the sodium dodecylsulfate – glycine – water system has been solved. A shift of hexagonal 
phase formation to lower concentrations of sodium dodecyl sulfate in a system with a saturated aqueous 
solution of glycine as compared with the binary system of sodium dodecylsulfate – water was set. To 
interpret the data obtained the quantum-chemical calculations to determine the structure and interaction 
energy of sodium dodecylsulfate with water and glycine have been made. On the ground of these 
calculations, we assume that the introduction of the glycine leads to the preferential interaction of the 
polar groups of the sodium alkylsulfate with this amino acid that increases the volume of the polar part of 
the molecule.  The consequence is changing the micelles surface radius of curvature which leads to 
reducing the critical micelle concentration as well as the concentration of the hexagonal phase formation. 

 
Acknowledgements This work was supported by RFBR (grant No 15-43-03003r_center_a) and partly 
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(grant No 4.106.2014 K). 

 

[1] A. Giuliani, A.C. Rinaldi Antimicrobial Peptides: Methods and Protocols, 2010, 424 p., Humana Press, New 
York: USA. 

Poster P2.87

— 173 —



The effect of antimalaral drug – cyclosporin A on model biological 
membranes 

 
 

Anita Wnętrzak1, Katarzyna Makyła-Juzak2, Joanna Zemla2, Kazimierz Łątka1,  
Nuria Vila Romeu3,  Patrycja Dynarowicz-Łątka 2,*  

 
 

1) Jagiellonian University, Institute of Physics, prof. Stanisława Łojasiewicza 11, 30-348 Kraków, Poland 
2) Jagiellonian University, Faculty of Chemistry, Ingardena 3, 30-060 Kraków, Poland 
3) University of Vigo, Physical Chemistry Department, Faculty of Sciences, 32004 Ourense, Spain 

*) Corresponding author, E-mail: ucdynaro@cyf-kr.edu.pl 
 
Abstract 

Cyclosporin A (CsA), a hydrophobic peptide, mainly known for its immunosuppressant properties, 

has shown a broad range of biological activities, including antimalarial action. Since CsA was found to be 

active on membrane level, it was subjected for investigations involving membrane models, such as vesicles 

or Langmuir monolayers. Our former studies on interactions between CsA and different membrane lipids 

indicated its affinity to sphingomyelin (SM).  

Inspired by this finding we have extended our experiments on multicomponent systems and 

performed systematic investigations of CsA behavior towards artificial membranes containing different 

mutual proportion of SM and Chol, modeled with Langmuir monolayer technique. Monolayer results have 

been complemented with films structure visualization, applying Brewster angle microscopy (BAM) and 

atomic force microscopy (AFM). The obtained results of our experiments show that CsA interacts 

preferentially with SM-rich membranes, which suggests that SM may play a key role in antimalarial effect of  

CsA and can provide binding sites on the membrane surface. 
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Self-assembled monolayers (SAMs) play a key role to engineer surface properties for a wide range of 
applications. As SAM performance is strongly linked to a high surface coverage and conformational order 
there has been significant effort to understand SAM formation mechanisms. However, previous studies 
were mainly performed ex situ and only a few in situ studies exist. Although a study by Woodward and 
Schwartz (J. Am. Chem. Soc. 1996, 118, 7861) showed that dewetting can have a significant effect on the 
final SAM, the connection between in situ and ex situ molecular properties of SAMs has so far gained 
almost no attention which is presumably due to a lack of experimental methods.  
We have now performed an in situ sum-frequency generation (SFG) study of the formation of 
octadecylphosphonic acid (ODPA) SAMs on α-Al2O3 (0001) with subsequent dewetting experiments. Even 
after prolonged formation times of >16 h SFG spectra provide strong evidence for a comparatively high 
number of Gauche-defects in the resulting layer in contact with a 2-propanol solution. Additional MD 
simulations [1] suggest that one reason for the remaining defects are ODPA molecules which are 
incorporated into the layer in inverted adsorption geometry with the polar anchor group facing the solvent. 
This stabilizes the SAM without improving SAM order. While this state is persistent in solution, defects are 
healed out when the SAM is dewetted which forces a quasi-Langmuir-Blodgett transfer of molecules to 
take place when the layer is transferred from the liquid to the gas-phase. As we demonstrate, this effect 
can be utilized to optimize SAM formation and to reduce formation times without compromising SAM 
quality [1].  

In many applications SAMs are exposed to mechanical stress which can, however, significantly alter the 
conformational structure of a SAM and thus its physicochemical properties and the applicability of the SAM 
e.g. as a lubricant to modify friction at interfaces. 
For that reason we are also interested to address molecular structure changes of SAMs as a function of 
mechanical stress. In this contribution, we present results from in situ SFG spectroscopy of ODPA 
monolayers on α-Al2O3(0001) as a function of different normal forces [2]. 
Analysis of SFG spectra reveals stress-induced changes in C-H stretching modes and provides clear evidence 
for an increase in Gauche-defect density which saturates at approximately 155 MPa. After the stress is 
released, self-healing of pressure-induced defects below the timescale accessible to our SFG setup is 
observed. 
The lateral extent of the contact areas was studied with co-localized SFG spectroscopy and compared to 
theoretical predictions for pressure gradients from Hertzian contact theory. SFG experiments reveal a 
gradual increase in Gauche-defect density with pressure before saturation occurs close to the contact 
centre.  
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ĐŚĂŶŐĞ͘�hƐŝŶŐ�DŽŶƚĞ��ĂƌůŽ�ŵĞƚŚŽĚƐ�ǁĞ�ƐŚŽǁ�ƚŚĂƚ�ǁĞƚƚŝŶŐ�ďĞŚĂǀŝŽƌ�ŝƐ�ƋƵŝƚĞ�ƐĞŶƐŝƚŝǀĞ�ƚŽ�ƚŚĞ�ĐŚĂŶŐĞƐ�ŽĨ�ʍ��͘�
/Ŷ�ƉĂƌƚŝĐƵůĂƌ͕�ŝƚ�ŝƐ�ƐŚŽǁŶ�ƚŚĂƚ�ĨŽƌ�Ă�ĨŝǆĞĚ�ŝŶƚĞƌĂĐƚŝŽŶ�ďĞƚǁĞĞŶ�ƚŚĞ�ĨůƵŝĚ�ĂŶĚ�ƚŚĞ�ǁĂůů�ĂŶĚ�ĨŽƌ�Ă�ŐŝǀĞŶ�ǀĂůƵĞ�ŽĨ�
ɸ��͕� ƚŚĞ� ĐŚĂŶŐĞƐ� ŽĨ� ʍ��� ĐŽŶƐŝĚĞƌĂďůǇ� ŝŶĨůƵĞŶĐĞ� ƚŚĞ� ǁĞƚƚŝŶŐ� ƚĞŵƉĞƌĂƚƵƌĞ� ĂŶĚ� ŵĂǇ� ĐŚĂŶŐĞ� ƚŚĞ� ŶĂƚƵƌĞ� ŽĨ�
ƐƵƌĨĂĐĞ�ƉŚĂƐĞ�ƚƌĂŶƐŝƚŝŽŶƐ͘�

ϭ E͘��͘�tŝůĚŝŶŐ͕�&͘�^ĐŚŵŝĚ͕�W͘�EŝĞůĂďĂ͕�WŚǇƐ͘�ZĞǀ͘���ϱϴ͕�ϮϮϬϭ�;ϭϵϵϴͿ
Ϯ �͘�WĂƚƌǇŬŝĞũĞǁ͕�^͘�^ŽŬŽůŽǁƐŬŝ͕�WŚǇƐ͘�ZĞǀ͘���ϴϭ͕�ϬϭϮϱϬϭ�;ϮϬϭϬͿ
ϯ ^͘�DĂƚĞƌŶŝĂŬ͕��͘�WĂƚƌǇŬŝĞũĞǁ͕�^͘�^ŽŬŽůŽǁƐŬŝ͕�:͘��ŚĞŵ͘�WŚǇƐ͘�ϭϯϯ͕�ϮϰϰϱϬϭ�;ϮϬϭϬͿ
ϰ �͘�tŽǇǁŽƌĚ͕�D͘�^ĐŚŽĞŶ͕�:͘�WŚǇƐ͘��ŽŶĚĞŶƐ͘�DĂƚƚĞƌ�ϭϲ͕�ϰϳϲϭ�;ϮϬϬϰͿ
ϱ &͘�^ĐŚŵŝĚ͕�E͘��͘�tŝůĚŝŶŐ�WŚǇƐ͘�ZĞǀ͘��͕�ϲϯ͕�ϬϯϭϮϬϭ�;ϮϬϬϭͿ
ϲ E͘��͘�tŝůĚŝŶŐ͕�&͘�^ĐŚŵŝĚ͕��ŽŵƉ͘�WŚǇƐ͘��ŽŵŵƵŶ͘�ϭϰϳ͕�ϭϰϵ�;ϮϬϬϮͿ�
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Development and in vitro evaluation of water-in-oil microemulsions 

for the intestinal delivery of hydroxytyrosol 
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Harscoat-Schiavoa Fernando Leal-Calderona, Aristotelis Xenakisb 

 

a Laboratoire Chimie et Biologie des Membranes et des Nanoobjets, Univ. Bordeaux, 
Bordeaux INP, CBMN, UMR 5248, Allée Geoffroy St Hilaire, F-33600 Pessac, France 
b Institute of Biology Medicinal Chemistry & Biotechnology, National Hellenic Research 
Foundation, Athens, Greece 
 
Microemulsions have been intensively utilized as drug delivery systems because of -and 
protection against enzymatic hydrolysis, as well as the potential for promoted absorption in 
the intestinal barrier. Hydroxytyrosol (HT), a water soluble metabolite of oleuropein, is an 
antioxidant promoter of cell defense mechanisms against oxidative stress and a potential 
cancer chemo-preventive agent, but also it is claimed that has cardioprotective, anti-
inflammatory properties. 
In the present study we designed two W/O microemulsions with different types of oils (Extra 
Virgin Olive Oil and Isopropylmyristate) as continuous phase. Both systems were formulated 
with emulsifiers used for pharmaceutical applications. The reverse swollen micelles were 
used as vehicles to solubilize HT. Structural characterization of the proposed systems, in the 
presence and the absence of HT, regarding particle size distribution was obtained using 
Dynamic Light Scattering (DLS). The interfacial properties were determined by spin probing 
Electron Paramagnetic Resonance (EPR). The investigated systems were further assessed for 
their radical scavenging activity against free radicals with EPR. 
The cytotoxic effect of the above microemulsions was examined in a co-culture of Caco-2 
and HT29–MTX cells. This co-culture modulates the tight-junctional geometry and 
“tightness” and yields a mucus gel, covering the whole cell surface as an additional layer, 
mimicking thus physiological conditions of the intestinal barrier. Also, the cell monolayer 
model was used simultaneously for the study of the permeability of free and encapsulated 
HT in microemulsions, as detected by liquid chromatography and radical scavenging efficacy. 
Finally, the cell-monolayer integrity changes were compared for the different colloidal 
dispersions by TEER measurements. 
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3D printing of oil-in-water emulsions for conductive objects 
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Three dimensional (3D) printing is highly efficient tool that enables the formation of complex structures that 
was impossible to fabricate with traditional processes. Additive manufacturing, or three dimensional 
printing, is implemented in a variety of fields such as rapid prototyping and scaffolds for medical applications. 
The 3D structures are formed with various monomers or polymeric precursors and additives, while currently 
the main functionality of the structure is defined by its monomer.  
The goal of our research is to fabricate 3D porous structures containing continuous functional matrix within 
the pores. These structures are fabricated by printing a newly developed oil-in-water emulsion ink composed 
of curable acrylic monomers mixture as the "oil" droplets, dispersed in an aqueous phase. The printing is 
performed by the digital light process (DLP) method, in which the structure is formed by localized 
polymerization of monomers. At the first stage, the UV light initiates curing of the monomer droplets, while 
at the second stage, the continuous water phase evaporates and interconnected voids are formed. Currently 
we focus on impregnating the voids within the printed objects with silver nanoparticles that after a simple 
room temperature sintering process form a conductive, continues silver matrix within a solid polymer.  
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Figure 1 Scheme of the process for fabricating a conductive structure. (A) Images of an electric circuit printed from the 
curable emulsion (B) Image of the porous structure after inserting Ag in DB dispersion, sintering and connecting to 1.5V 
and LED. 
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dŚĞ�Ăŝŵ�ŽĨ� ƚŚŝƐ�ǁŽƌŬ�ǁĂƐ�ƚŽ�develop an electrochemical method for the detection of antidiabetic drugs, 
namely the substituted biguanides metformin (MF, N,N-Dimethylimidodicarbonimidic diamide), 
phenformin (PF, 2-(N-phenethylcarbamimidoyl) guanidine) and 1-phenylbiguanide (PB, 1-
(diaminomethylidene)-2-phenylguanidine). While MF has become one of the most widely prescribed oral 
glucose-lowering agent for the treatment of type 2 diabetes [1], PF and PB have been withdrawn from the 
ŵĂƌŬĞƚ already ďĞĨŽƌĞ�ϭϵϴϬ�ĚƵĞ�ƚŽ�Ă�ŚŝŐŚ�ƌŝƐŬ�ŽĨ�ůĂĐƚŝĐ�ĂĐŝĚŽƐŝƐ͘�It is noteworthy that all three compounds 
are extremely strong bases, which inevitably are present in aqueous solutions in their protonated forms, 
i.e. as single-charged cations. On the other hand, the protonation opens the possibility of their assaying by 
the ion transfer voltammetry (or amperometry) at a polarized liquid-liquid interface. Here, we demonstrate 
that the voltammetric detection of those charged cations is possible at the interface between the aqueous 
solution containing MF, PF or PB and the room-temperature ionic liquid (IL) membrane composed of highly 
ŚǇĚƌŽƉŚŽďŝĐ�ƚƌŝĚŽĚĞĐǇůŵĞƚŚǇůĂŵŵŽŶŝƵŵ�ƚĞƚƌĂŬŝƐϯ͕ϱ-bis(trifluoromethyl)phenyl] borate (TDMATFPB), see 
ref. 2 for methodology. Fig. 1 shows cyclic voltammograms of the protonated MF, and the linear 
ĐŽŶĐĞŶƚƌĂƚŝŽŶ� ĚĞƉĞŶĚĞŶĐĞ� ŽĨ� ƚŚĞ� ƉĞĂŬ� ĐƵƌƌĞŶƚ� ;ŝŶƐĞƚͿ͘ We shall also demonstrate the extremely high 
stability of protonized biguanides over the wide range of pH in the aqueous solutions and the possibility to 
estimate the acid dissociation constants Ka1 and Ka2 of their mono- and di-protonated forms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Cyclic voltammograms (10 mV s-1) of a TDMATFPB membrane in the absence (dashed line) and presence 
(solid line) of metformin at several concentrations (PDͿ͗�ϱϬ�;ϭͿ͕�ϭϬϬ�;ϮͿ͕�ϭϱϬ�;ϯͿ͕�ĂŶĚ�ϮϬϬ�;ϰͿ͘�/ŶƐĞƚ͗�WůŽƚ�ŽĨ�ƚŚĞ�ƉĞĂŬ�
ƉŽƐŝƚŝǀĞ�ƉĞĂŬ�ĐƵƌƌĞŶƚ�ip

+ vs. the metformin concentration c 0. 
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Capillary interactions between particles adsorbed at fluid interfaces arise when interface distortions by 
neighbouring particles overlap. Recently, capillary interactions have been investigated to direct anisotropic 
colloidal particles at interface with precise control over the orientation and spatial arrangement [1]. While 
equilibrium orientations and capillary interactions of dumbbell particles at fluid interfaces have been 
investigated in theory, the experiments remain largely unexplored [2].   
In this work, we present an experimental study of the self-assembly of dumbbell particles at the oil-water 
interface. Well-designed, surfactant free, and charge-stabilized dumbbells with tuneable aspect ratios were 
synthesized. Most importantly, our approach allows facile further asymmetric modification of the surface 
properties, which could in principle be utilized to direct two-dimensional self-assembly into well-defined 
structures. We systematically examined the effects of the particle geometry and wetting property on the 
structure of the colloidal monolayer at the interface, which is monitored by optical microscopy combined 
with quantitative image analysis and particle tracking. These self-assembled structures, formed by capillary 
effects and tailored by the contact angles, could provide means of controlling the magnitude and 
directionality of interface-mediated capillary interactions. 
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In emulsified dairy products as milk, yogurts and ice-creams, both size and state of dispersion of fat droplets 
are known to influence the creaminess mouthfeel [1]. Partial coalescence is ubiquitous in emulsions whose 
dispersed phase is partially crystallized [2]. Upon cooling, fat crystals formed nearby the interface can 
protrude into the continuous phase and pierce the film between adjacent droplets. This phenomenon is 
termed as partial coalescence since the shape relaxation (merging) process is frustrated by the intrinsic 
rigidity of the partially solidified droplets. In the case of dairy emulsions stabilized with proteins like sodium 
caseinate, the strong interactions between them induce interfacial stiffness likely to impede partial 
coalescence. When a low molecular weight surfactant is added, its adsorption weakens the interactions 
between proteins and the gain in interfacial fluidity allows protruding crystals to pierce the interfacial films 
[3-5]. In the present work, different types of added surfactants were examined for their ability to induce 
sensitivity towards partial coalescence and to control the emulsion texture. A model oil-in-water emulsion 
based on anhydrous milk fat stabilized with a mixture of sodium caseinate and surfactant was prepared and 
submitted to a tempering cycle, as a simple and efficient way to induce partial coalescence [3,5]. We could 
probe the influence of several parameters (surfactant nature, surfactant concentration, oil volume fraction, 
fat droplet size and emulsification process) on partial coalescence. The extent of partial coalescence was 
quantified by rheological analysis, measuring the storage modulus, while polarized microscopy, DSC, and 
surface tension measurements were performed in order to characterize the crystallized state. Interestingly, 
in the explored temperature range, partial coalescence was rather marginal in presence of crystallizable 
surfactants and very pronounced in presence of liquid surfactants. The phenomena underlying this result, 
especially interfacial crystallization, were discussed. 
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Porous media with controlled porosity and permeability are of a great importance in many industrial 
applications. Wetting of porous substrates plays a significant role in oil recovery, textile technology, 
reprography and printing, dissolution of powders and many other technical applications [1].  
Polydimethylsiloxane (PDMS) is one of the most widely used materials for bioengineering and microfluidic 
applications. It gained its popularity due to relative easiness of its elasticity modification. A possible way of 
changing the mechanical properties of the polymer is by changing the cross linking density [2]. 
Heat treatment has been proposed to modify the surface properties of PDMS [3]. The previous study was 
focussed on analysing the influence of heat treatment time on the contact angle formed by a water droplet 
on a treated substrate. The effect of heat treatment on the bulk properties of PDMS precursor has never 
been studied. The thickness and the elastic modulus of the precursor have not been varied. 
In the present study, heat treatment has been used as a method for modification of chemical properties 
and microstructure of PDMS precursor layers prepared with different crosslinking densities and 
thicknesses. Thin films of PDMS were prepared by spin coating of 2 ml of the polymer mixed with a 
crosslinking agent on a glass substrate at 1000 and 3000 rpm for 120 s. After curing the substrates all the 
films went through annealing at 6500C for 10 s, 30 s, 70 s and 300 s. In has been found that the surface 
roughness of the samples increased with increasing of the heat treatment (annealing) time. Simultaneously, 
the chemical composition of the surfaces was changed by the annealing. 
The static contact angles formed by water on treated surfaces increased after the heat treatment during 30 
s. After the heat treatment during 70 s complete wetting has been observed. All substrates subjected to a 
300 s heat treatment have developed a substantial porosity and shown imbibition behaviour.  
The imbibition dynamics has been investigated experimentally. To this purpose, a droplet of 3 µl was placed 
on a substrate, and imbibition of the liquid into the porous layer was captured using a high speed camera at 
1500 frames per second. The results showed that the initial thickness and elasticity of the precursor 
substrate subjected to heat treatment exerted a strong influence on the area imbibed and on the 
imbibition rate. We suggest that the thickness and mechanical properties of the polymer precursor films 
strongly influence the porous structure of the annealed films which governs the imbibition kinetics. 
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KWS-1 is a classical pin-hole based small angle neutron scattering diffractometer, operated by the Jülich 
Centre for Neutron Science (JCNS) at the Heinz Maier-Leibnitz Neutron source in Garching [1]. 
With the capability to perform high resolution measurements (due to its 10 % wavelength selector), KWS-1 
is highly suitable for highly ordered or highly monodisperse system investigations. Other typical applications 
concern the study of colloidal systems, such as  nanocomposites, polymer gels, networks (as sketched in 
Figure 1), polymer blends, di- or poly-block copolymers, microemulsions, complex  fluids and micelle/ 
liposome based systems, as for samples of biological interest. 
The wide sample environment and accessories available [2], make KWS-1 an instrument exploitable for 
several purposes, like Rheo-SANS studies, investigations of systems at high pressure, examinations of 
high/low temperature phenomena, kinetics of demixing, formation, aggregation, protein structure and 
folding/unfolding, as well as Grazing Incidence Scattering experiments. 
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Antracyclines (doxorubicin, daunorubicin) are among the most used drugs in cancer treatment. In order to 
be conducted to the desired intracellular targets (for example, the DNA), these chemotherapeutic agents 
need to cross multiple barriers, including biological membranes. Drug-membrane interactions are 
inevitable, play essential roles in drugs’ therapeutic activity and profoundly influence the chemotherapy 
efficacy. Biological membranes comprise different lipids that are usually not homogeneously distributed 
but can form microdomains, such as lipid rafts. In fact, it has been recognized that lipid domains enriched in 
sphingomyelin (SM) and cholesterol (Chol) are involved in different important cellular functions and act as 
functional platforms (together with proteins) for several signaling cascades.  
For that reason, this work focus on the influence of doxorubicin and daunorubicin in lipid monolayers 
composed of DPPC, DPPC:SM >4:0.9@ and DPPC:SM:Chol >4:0.9:1@ in order to mimic the aforementioned 
lipid rafts.  
A combination of different biophysical experimental techniques such as Langmuir isotherms, Brewster 
angle microscopy (BAM) and polarization modulation infrared-absorption spectroscopy (IRRAS), were used 
in order to obtain detailed information at the molecular level regarding anthracyclines interactions with 
lipids, at physiologic conditions. 
The overall results obtained contributed to unveil the importance of drugs-membrane interactions in 
antineoplastic therapeutic action and side effects, as well as in the multi-drug resistance problem, 
responsible for therapy failure. 
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The hydrophobic interaction, an attractive force between hydrophobic surfaces separated by aqueous 
solutions, underlies major natural and industrial processes, such as structures and functions of most 
biomacromolecules and detergency. Despite its ubiquity, many unknowns shroud our understanding of the 
governing factors, such as the role of entropy versus enthalpy, the hydrophobic decay length, and 
electrostatic charging at water-hydrophobe interfaces. In this talk, we will present experimental and 
theoretical results on the dependence of the hydrophobic interaction on hydrogen-bonded percolation 
networks in the intervening liquid films (of water, ethanol, and isopropanol). Experimental results will 
include force spectroscopy via the Surface Forces Apparatus and Atomic Force Microscopes and theoretical 
results will be based on classical molecular dynamics calculations.  
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Modelling of certain interactions occurring at biological cell membranes is one important aspect of studies 
of interfaces between two immiscible electrolyte solutions (ITIES). The formation of phospholipid films 
formed by L-α-dipalmitoylphosphatidylcholine (DPPC) at the water-organic solvent interfaces and some 
properties of these films have previously been studied electrochemically, using two-phase liquid systems 
composed of a weakly acidic aqueous electrolyte solution and an electrolyte solution in 1,2-dichloroethane 
[1,2]. Cyclic voltammetric measurements and determination of surface tension at the interface have led to 
the formulation of a five-step mechanism for the formation of a DPPC layer at the interface and for its 
interactions with the components of the two phases [1],  
 
                 1                          2              3                4           5 

L±
(o) ' L±

(ads) + H+
(w) ' HL+

(ads) ' HL+
(o) + A-

(o) → HLA(o) → HA(o) + L±
(o).   (1) 

 
 
In the first step, the DPPC zwitterion L± present in the organic phase (o), is adsorbed at the interface, 
attaining an adsorption steady state or equilibrium. Subsequently it undergoes an acid-base interaction 
with the hydrogen ions present in the aqueous phase (w), which leads to a steady state or even an 
equilibrium in the adsorbed state (step 2). The protonated form attains an adsorption/desorption steady 
state or equilibrium in step 3 and then it takes part in homogeneous reactions in the organic phase. These 
reactions (steps 4 and 5) involve the organic base anion, A-, and lead first to the formation of ion pair HLA(o) 
and then to regeneration of the DPPC zwitterion which can again be adsorbed at the interface, regardless 
of the potential difference across it. 
 
In view of the general importance of controllable proton transfer across interfaces (see, e.g., modelling of 
biological membranes, or numerous technological applications), the present paper is concerned with a 
more detailed study of the crucial steps of mechanism [3]. To be able to estimate their rates in relation to 
some experimental parameters, an attempt is made at formulation of a simplified mathematical model and 
at a comparison of the computed values with the experimental data.  
 
It is demonstrated that the theoretical and experimental values match semiquantitatively, supporting the 
proposed mechanism, and that the critical parameter is rate constant of step 5. Therefore, it can be 
assumed that the regeneration of the DPPC zwitterion is the reaction rate determining step in the whole 
five step cycle. 
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The sorption and flotation properties of minerals depend on the genesis of the deposit, which is manifested 
in the heterogeneity of the surface properties and thus technological features shared minerals. In turn, the 
consideration of the selection of an effective reagent for the enrichment and processing of ore is not 
possible without a detailed qualitative and quantitative analysis of complex multicomponent objects as 
polymetallic ores. The X-ray diffraction, elemental, IR-spectroscopic analysis of ores’ samples of Central 
Kazakhstan deposits. From the elemental analysis it is shown that the useful part of the oxidized ore 
represented by Fe, Pb, Cu, Zn and refractory minerals of Mn, Ti. It gives an indication of the presence in the 
samples of iron sulfides, iron oxides, lead, copper, zinc sulfides. And second type of ore consists of sulfides 
of zinc, lead, iron, copper (sphalerite, galena, pyrite, chalcopyrite, chalcocite). The physical-chemical 
parameters of interaction "adsorbate-adsorbate", "adsorbent-adsorbate" for oxygen- and sulfur-containing 
collectors were calculated. Therefore, the reactivity collectors’ mixture and the chemical affinity to 
transition and non-transition metals ions included to the mineral crystal lattice, play a decisive role in the 
interaction with the ores’ surface, and it is reflected in the sorption value. 
Further the determination of the sorption characteristics of the collectors in the composition of mixtures, 
and the comparative analysis of sorption parameters for individual collectors was carried out. The equilibria 
features  occurring in the systems "ore/solution of collectors’ mixture" in the case of Cu-Pb ore, which 
determine the influence of relation "hardness" and "softness" of collectors. 
It is shown that binding on the sulfide center is characteristically for the mixtures sodium 
dibuthyldithiophosphate (sodium isooctylisobuthyldithiophosphate, sodium diisooctyldithiophosphate) ─ 
ammonium oleate; the binding on thee sulfide and oxide centers - in the case of mixtures of sodium butyl 
xanthate (sodium diisooctyldithiophosphate) ─ sodium oleate, ammonium 
isooctylisobuthyldithiophosphate ─ potassium butyl xanthate ─ sodium oleate; the binding mainly on the 
oxide center is characteristically in the case of mixture “potassium butyl xanthate ─ sodium 
diisooctyldithiophosphate - sodium oleate”. For Py-Cu-Pb-Zn ore adsorption mechanism has a 
electrochemical nature. The optimal compositions of the mixtures and the active centers on the ore’s 
surface which providing the maximize sorption values in these conditions were established. It is determined 
that FeS2 and PbS are as reaction center for the mixture of potassium buthyl xanthate ─ sodium oleate, (i-
C8H17O)(i-C4H9O)PS2NH4 ─ C17H33COONa, (i-C8H17O)2PS2Na ─ C17H33COONa; FeS2 - Cu2S (binding on pyrite) is 
the reaction center for the mixture of sodium diisooctyldithiophosphate – sodium oleate. 
It was established that FeS2 ─ CuFeS2 (is reaction center for the mixture “C4H9OCS2K – (i-C8H17O)2PS2Na – 
C17H33COONa” (xanthate oxidation to dixantogenide, low complexing ability of sodium 
diisooctyldithiophosphate toward to Fe (II, III) and Cu (II) ions); and FeS2- ZnS is reaction center for (i-
C8H17O)(i-C4H9O)PS2NH4 - C4H9OCS2K - C17H33COONa (removal of xanthate through dixantogenide, binding of 
Fe (III) ion by oleate-ion, binding of oleate-ion on the Zn(II) ion).   
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Understanding interfacial structures of polymer/surfactant mixtures is of fundamental and practical 
importance. A key parameter affecting the polymer-surfactant interactions is the polymer architecture [1]. 
Here, we have studied two neutral co-polymers (Polymers A & B), with a centipede and comb structure 
respectively, both with a hydrophilic PEG backbone but differing lengths and grafting densities of 
hydrophobic PVAc grafts. Synchrotron X-ray and neutron reflectivity results show that a ~2 nm thick layer is 
formed at the air-water interface by the polymers, with intricate interactions with surfactants (C12TAB, 
C12E5, SDS), when present (Figure 1). The surfactant charge also plays an important role in the final 
interfacial structure observed. In addition, initial XRR results at the solid-liquid interface indicate strong 
interactions between the polymers and lipid multilayers, suggesting promising detergency properties. 
These results are further complemented by surface tension measurements and foam stability analysis, in 
order to establish a link between the structural parameters (e.g. polymer molecular architecture, surfactant 
charge, molecular weight, and hydrophobicity) and the complex polymer/surfactant interfacial behaviour 
governing their performance in a plethora of industrial applications. 

Acknowledgements The project is jointly funded by EPSRC Case Award and Procter & Gamble (P&G). The 
polymers are kindly donated by P&G.  

[1] L. Zhao and Z. Lin, Soft Matter, 2011, 7, 10520. 
 

c) 

Polymer A 
MW~ 24 000 g/mol 

Polymer B 
MW~ 27 000 g/mol 

a) 

b) 

Figure 1 a) schematic representation of a centipede Polymer A and a comb Polymer B. b) Schematic representation of 
the air-water interfacial layer with a surfactant and Polymer A. c) Fitted neutron reflectivity data for a mixed 
polymer/surfactant system consisting of 0.5 cmc of SDS and 2 cmc of Polymer A. 
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It� is�known� that�sodium�bis(2Ͳethylhexyl)�sulfosuccinate� (AOT)� reverse�micelles�are�spherical�over�a�wide�
range�of�waterͲtoͲsurfactant�molar�ratios�(W).�This�contradicts�the�traditional�concept�of�preferred�curvature:�
reverse�microemulsion�phase�diagram�calculated�with�the�Helfrich�equation�does�not�contain�any�wide�region�
of�spherical�droplets.�In�actual�fact,�this�concept�does�not�apply�to�the�AOT�monolayer�because�its�free�energy�
is�almost�a�linear�function�of�the�mean�curvature.�To�correctly�predict�the�shape�of�AOT�reverse�micelles,�it�
is�necessary�to�take�into�account�not�only�the�curvature�free�energy�but�also�the�disjoining�pressure�arising�
primarily�from�the�overlapping�of�the�electrical�double�layers�at�the�opposite�sides�of�the�water�core.�Based�
on�these�considerations,�we�develop�a�model�to�calculate�the�free�energy�of�AOT�reverse�microemulsion�[1].�
This�model�allows�us� to�explain� the�sphericity� (by�comparing� the� free�energies�of�spheres,�cylinders,�and�
lamellas)� and� to� calculate� various� thermodynamic� properties:� the� enthalpy� of� solubilization,� chemical�
potentials,�polydispersity,�and�the�phase�diagrams�(fig.ථ1).�All�results�are�in�qualitative�agreement�with�the�
available� experimental� data.� Although� the� detailed� calculations� have� been� carried� out� only� for� reverse�
microemulsions�based�on�AOT,�the�main�idea�is�expected�to�be�valid�for�any�surfactant:�if�reverse�micelles�
are�spherical�over�a�wide�range�of�waterͲtoͲsurfactant�molar�ratios,�then�there�must�be�a�repulsive�disjoining�
pressure� in� the�water� core.�Therefore,�by� considering�whether� the�disjoining�pressure�exists� for�a�given�
surfactant,�it�is�possible�to�draw�some�conclusions�about�the�structure�of�microemulsion.�
�

�
Figure�1�Calculated�phase�diagrams�of�the�reverse�microemulsion�system�based�on�pure�AOT�(left�plot)�and�on�AOT�
contaminated�by�sodium�sulfate�at�a�molar�ratio�of�1:400�(right�plot).�Roman�numerals�denote�the�following�regions.�I.�
The�oneͲphase�region�with�spherical�reverse�micelles.� II.�The�region�of�coexistence�of�spherical�and� lamellar�reverse�
micelles� (in�reality,� lamellar�reverse�micelles�must�aggregate�and� form�a�separate�phase).� III.�The�region�of� lamellar�
reverse�micelles.�IV.�The�twoͲphase�region�(reverse�microemulsion�+�brine).�
�
�
Acknowledgements�This�work�was�supported�by�the�Russian�Foundation�for�Basic�Research�(Grant�Nos.�12Ͳ
03Ͳ31496�and�13Ͳ03Ͳ00681)�

�
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The interfacial properties of Quillaja saponins (QS) are very different from those of common 
low molecular surfactants. Quillaja saponins are natural emulsifiers and can be extracted 
from the soap bark tree Quillja saponaria Molina. The extract consists of several different 
saponin derivates which differ in amount, position and type of sugar residues as well as the 
type of aglycone [1]. Differences in saponin composition, even between different QS extracts, 
affect interfacial properties tremendously [2]. Quillaja saponins were classified as an ionic 
surfactant, but the prediction of interfacial behavior remains a challenge since Quillaja 
saponins have unique properties. Quillja saponins can form highly viscoelastic interfacial 
films, adsorb slower than common low-molecular weight surfactants (mixed-barrier 
controlled) at the interface and can efficiently lower the dynamic interfacial tension. 
Additionally, very stable foams can be produced even at very low concentrations [3]. 

We characterized the interfacial and foam properties of Quillaja saponins in relation to five 
other saponins. We therefore used a two-fluid needle system coupled with drop shape 
analysis to determine short-term adsorption and related those to foam properties. 
Additionally, we characterized the interactions of Quillaja saponins with the whey protein 
beta-lactoglobulin (β-LG) at the interface and molecular level. Basic interfacial tension 
properties were characterized with dynamic interfacial tension, short-term adsorption, foam 
and dilational shear oscillation experiments. To study molecular interactions fluorescence 
quenching was analyzed and interactions at the interface were determined with sequential 
two-fluid needle experiments. We showed that β-LG and Quillaja saponins can have 
synergistic foam properties and fluorescence measurements showed that both interact via 
static quenching (complexation). We showed that short- and midterm adsorption behavior 
was not linked to foam properties. Although no clear correlation can be found between 
dilational and shear viscoelasticity and foam properties we showed that foam stabilization of 
QS is similar to proteins. QS and β-LG both stabilize foams because of the interaction 
between molecules at the interface and therefore formation of high viscoelastic films.  
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Water droplets dispersed in a continuous organic phase of an inverse miniemulsion, being stable against 
coalescence and diffusion, are able to act as nanoreactors and effectively confine crystallization of 
inorganic materials [1]. Physical and chemical properties of liquids in nanodroplets are substantially 
different from those of the bulk phase, and crystalline materials can be achieved in milder conditions than 
usually required [2]. So far, this exploitation of the miniemulsion route has been studied only under mild 
conditions (low/room temperature and ambient pressure).  
Here, we combine the miniemulsion technique with the non-standard conditions provided by solvothermal 
procedures [3, 4], to investigate the effects on the crystallization and on the properties of the materials of 
increased pressure and the consequent not-standard solvent properties in terms of dielectric constant and 
viscosity. The synergic combination of the two routes allowed us to achieve crystalline and pure phase 
ferrites (MFe2O4 where M are Mn, Fe, Co, Ni, Cu, and Zn) at lower temperature (i.e. 80 °C) than usually 
required and without any post-synthesis thermal treatment. This is an unprecedented result, affording a 
greener route to low temperature crystallization and avoiding the coalescence with the confinement 
provided by the droplets.  
The miniemulsion at ambient pressure and the batch condition either at ambient pressure or under 
solvothermal conditions, performed for sake of comparison, did not result in a comparatively highly 
crystalline ferrite, demonstrating the synergy.  
Furthermore, time-resolved experiments of crystallization of ferrites produced by the combination of the 
two routes showed that the crystallinity is achieved already after 3 hours of reaction, outlining the 
occurrence of a crystallization path requiring much less energy.  
Ferrites produced in miniemulsion were assessed as heterogeneous catalysts for the oxidation of styrene in 
organic solvents: one of the main advantages is the improved dispersibility in organic media compared to 
the batch material due to the residual presence of surfactant from the synthesis. The conversion of styrene 
reached 100% after 24 hours with CoFe2O4, MnFe2O4 and CuFe2O4 and the catalyst, magnetically recovered 
with a magnet, showed no decrease in the conversion even after 4 cycles of reaction, showing good 
recyclability. 
 

[1] R. Muñoz-Espí, C. K. Weiss and K. Landfester, Current Opinion in Colloid & Interface Science, 2012, 17, 
212. 

[2] P. Dolcet, M. Casarin, C. Maccato, L. Bovo, G. Ischia, S. Gialanella, F. Mancin, E. Tondello and S. Gross, 
Journal of Materials Chemistry, 2012, 22, 1620. 

[3] K. Byrappa, M. Yoshimura, Handbook of Hydrothermal Technology, 2001, Noyes Publications, Park Ridge, 
New Jersey, U.S.A.  
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This� research� aims� to� demonstrate� a� general� process� for� the� fabrication� of�macroporous�

oxide/metal� composite� foams� through� aqueous� gelcasting� of� Pickering� emulsions.� By�

tailoring� the�wettability�of� the�oxide�nanoparticles� through�selective�adsorption�of�organic�

surfactant�molecules� on� the� particle� surface,� the� hydrophobic� oxide� particles� are� able� to�

reside� preferentially� at� the� airͲwater� interface� during� the� emulsionͲfoaming� process.� This�

interfacial�attachment�stabilizes�the�emulsions�from�coalescence�and�disproportionation�to�

occur� between� the� neighboring� air� bubbles.� The� hydrophilic�metal� nanoparticles,� on� the�

other�hand,�are�designed� to�“stay”�between� the�oxideͲstabilized�bubbles� to� form�struts�of�

the�foams�together�with�the�oxide�particles�not�attached�at�the�interface.�Composite�foams�

of� binary� particulate� mixtures� have� been� shaped� into� desired� geometries� by� freeze�

gelcasting�with�addition�of�agar�as� the�shapeͲsetting�agent� for�avoiding�phase�segregation�

due� to� the� density� difference.� Porous� titania/nickel� (TiO2/Ni)� composite� foams�were� thus�

prepared�and�consolidated�at�elevated�temperatures,�as�shown�in�Fig.�1.�Typically,�a�porosity�

ranging� from� 60� to� 80%� with� a� bimodal� poreͲsize� distribution� was� obtained� for� the�

composite�foams.�Both�solids�concentration�and�the�oxide/metal�fractions�were�varied�in�the�

emulsion� preparation.� Their� pore� structure,� phase� distribution,�mechanical� strength,� and�

electrical� resistance� were� characterized� by� mercury� porosimetry,� electron� microscopy,�

electron� probe� microͲanalyzer,� threeͲpoint� bend� test,� and� fourͲpoint� electrical� probe,�

respectively.� �

  
Figure 1: TiO2/Ni foams with the metallic Ni particles at the strut preferentially. 

Ni�
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The natural and green surfactants are of great interest due to its excellent functional properties and being 
biologically and environmentally safe as well as ecologically adaptable. These surfactants can be mainly 
obtained from microorganisms like bacteria, yeast, and plants and can be an attractive alternative to 
synthetic surfactants [1]. The most commonly known plant based surfactants is saponin which is largely 
found in plants like Sapindus mukorossi belonging to the main plant order Sapindaceae and family 
Sapindeae. The saponin content in the fruits pericarp varies from 6 to 10 wt % [2]. Extraction of the fruit 
pericarp with water has been the most commonly used method both for scientific and domestic uses such 
as washing hair and fabric [3]. Most of these reports are mainly on the properties of pure saponin 
chemically extracted from the fruit pericarp. 
The goal of this study is to investigate the surface tension of aqueous surfactants solutions and emulsifying 
properties of a plant-based surfactant obtained from the fruit pericarp of Sapindus mukorossi and Sapindus 
trifoliatus.  

 
Figure 1 The fruit pericarp of Sapindus mukorossi and Sapindus trifoliatus. 

 
The commercially available fruits were used for preparation of aqueous solution. The effects of time of 
extraction and temperature on the reduction of water surface tension were studied. Emulsification activity 
were tested for sunflower oil, olive oil and alkanes. It was found that the surface tension of aqueous 
surfactant solution decreases with increase in the fruit pericarp concentration and changes from 72 mN/m 
for pure water to ca. 50 mN/m. The natural surfactant concentration in the solution was determined as the 
ratio of weight of the fruit pericarp to water volume. The CMC for the crude pericarp was found to be 
below 1g/L for both tested plants.  
 
[1] D. Roy, R.R. Kommalapati, S.S. Mandava, K.T. Valsaraj, W.D. Constant, Environ. Sci. Technol. 1997, 31, 670. 
[2] R. Ghagi, S.K. Satpute, B.A. Chopade, A.G. Banpurkar, Indian J. Sci.  Technol. 2011, 4, 530. 
[3] S. Muntaha, M. Nasiruddin Khan, J. Cleaner Production 2015, 93, 145.  
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The destructive influence of synthetic polymers on inorganic material in wall painting created 
in traditional fresco technique is well described in the literature [1,2]. The effective methods 
for removing altered polymer coatings by using colloidal systems such as micellar solutions and 
microemulsions, have been developed and successfully applied [3]. 
The aim of our work was verification of this knowledge in case of other mural painting 
techniques (lime casein and glue ones) very popular in Poland. We used for our experiments 
small samples of brick supports, where two-layers sand-lime mortar was applied on and then 
covered with lime whitewash. After time of 30 days necessary for the carbonation of the 
mortar, one of the paint layers (lime, lime casein or glue) was put on the top. Next, samples 
were conditioned and consolidated with two concentrations (2.5% and 5%) of selected 
binders: Mowiol 4-88, Winacet Ret 50, Winacet DP 50 and acrylic resins Primal AC33, Paraloid 
B-72. Changes of the physicochemical properties of the interface between the paint layer and 
the environment was studied by monitoring samples wettability, indentation hardness, scratch 
resistance, color and gloss, before and after accelerating aging process. 
Our preliminary results indicated that paint layers contain casein and glue, which can be 
treated as natural polymers, are characterized by different physicochemical properties then 
lime, inorganic substance, and this fact should be taken into account in the conservation 
practice. For example, natural polymeric layers are hydrophobic (values of contact angle just 
after deposition of casein paint layers were c.a. 80o and 60o for glue ones) in comparison with 
lime paint layers (contact angle value was c.a. 20o). After consolidation of lime casein paint 
layer with synthetic polymer and accelerated aging process we observed the significant 
increase (up to 140o) of contact angle only for acrylic resins. Moreover, the concentration of 2% 
Paraloid B72 was insufficient to form water impermeable films (drops disappear from interface 
during 5 minutes). All agents used to consolidate this layer enhanced adhesion to mortar 
substrate.  

Acknowledgements: The research was supported by National Science Centre- Poland, 
Project 2013/11/B/HS2/02991 
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The study of solutions to enhance oil recovery has been widely used, mainly due to large amount of oil that 

remains in reservoirs after primary and secondary recoveries. Solutions with good potential to recovery must 

have some specific characteristics such as low water/oil interfacial tension and a moderate viscosity to 

improve the efficiency of the oil swept. The fluid-rock and oil-rock interactions are of great importance 

concerning the total oil recovered. Therefore, studies involving wettability of rock surfaces are essential [1]. 

A traditional method of analysis, which is considered as standard to measures the wettability is the Amott 

test, however, this method spends too much time and sample preparation [2]. This study analyzes rock 

wettability using the technique of Low Field Nuclear Magnetic Resonance (low-field NMR). This is based on 

the relaxation rates of the magnetization of water and/or oil molecules, free or bounded at the surface of 

the pores of the rock [3]. The technique allows a quick determination of the amount of oil removed. In the 

present study, the size and pores homogeneity of sandstone and carbonate were analyzed using low field-

NMR. The rocks were impregnated with oil and then left in contact with different solutions of surfactants 

(non-ionic and zwitterionic), being possible to analyze the differences in wettability among them. Several 

concentrations of surfactants, in which differences in their: functional groups, hydrophobic chain length and 

number of chains, were studied. The NMR technique revealed excellent results, providing information related 

to the efficiency of oil extraction for each studied solution. 

 
 
Acknowledgements The financial support of PETROBRAS. 

[1] J. J. Sheng, Modern Chemical Enhanced Oil Recovery, 2011, Elsevier Inc., Chapter 1 and 13, Kidlington, 
England.  

[2] P. L., Alveskog, T. Holt and  O. Torsaeter, Journal of Petroleum Science and Engineering, 1998, 20, 247-252. 
[3] J-P., Korb, New Journal of Physics, 2011, 13, 035016. 

 

Poster P2.111

— 197 —



  

 

Disjoining pressure in a small droplet on a charged or neutral particle in 
the framework of the gradient DFT 

 
Tatiana S. Lebedeva , Alexander K. Shchekin , Dmitry V. Tatyanenko 

 
Department of Statistical Physics, St. Petersburg State University, 7/9 Universitetskaya nab., St. Petersburg, 

199034, Russia 
 

*t.podguzova@spbu.ru 
 
Key heterogeneity features of a small droplet formed on charged particles such as molecular density 
profiles can be explicitly calculated in their dependence on the droplet and particle sizes within the 
gradient density functional approach (DFT). Using the local DFT with the van der Waals equation of state for 
water, Kitamura and Onuki [1] showed that the dependence of the dielectric permittivity on density can be 
important in ion-induced nucleation in vapors of polar liquids. Here we present an analysis of the disjoining 
pressure contributions to the chemical potential per molecule in the droplet and the work of 
heterogeneous droplet formation. The analysis has been done within the frameworks of the local DFT with 
the Carnahan-Starling model for the hard-sphere contribution to the free energy, the Lennard-Jones model 
for the long-range interactions [2]. The dielectric permittivity of the fuid is taken as a known function of its 
local density. Calculations has been carried out for water and argon droplets. Fig.1 illustrates the results for 
the chemical potential per molecule in the argon droplet as a function of the external radius of the film eR  

for quartz particle with radius 10V , 30V and 50V  (burgundy, green and yellow curve correspondingly), 
82.53 10V � �  cm. Dashed curves refer to uncharged particle with molecular potential only. Droplets 

formed in absence of the nucleus are shown by the solid curves. Vertical dashed lines indicate the locations 
of the particle boundaries for each particle size. 

 
Figure 1 The chemical potential per molecule in the argon droplet formed around spherical quartz particles. 
Acknowledgements This work was supported by St. Petersburg State University grant 11.37.183.2014 and 
Russian Fond for Basic Research grant 16-03-00281 mol-a. 
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A two-dimensional dispersed system with multiple liquid droplets and gas bubbles in a continuous 
phase of another immiscible liquid is modelled numerically. This system is assumed to be isothermal with 
constant interfacial tension. Both droplets and bubbles are subject to gravity and capillarity, fully accounted 
for. Its time evolution is investigated and the influence of the initial condition discussed.  

This system is a typical example of multiphase, unsteady, free interface problem known to raise 
challenging questions regarding to numerical stability. Here a multiphase volume of fluid (VOF) code is 
employed [1-2]. It solves the continuity and Navier-Stokes equations for an incompressible medium along 
with the advection equation for a color function. In VOF methods, different immiscible fluids are treated as 
a unique continuous phase but with changing material properties (density and viscosity) according to the 
local value of color function. The interfacial stresses are directly included into Navier-Stokes equations in 
form of an equivalent body force according to the continuous approach of Brackbill [3]. Interfacial 
curvature is computed with the aid of height-function [4]. The numerical scheme is based on 2nd order 
discretization in both time and space. The finite volume method on a staggered computational mesh is 
used for spatial discretization of all the equations. Heat transfer, action of thermocapillary and 
solutocapillary stresses as well as reactivity at interfaces will be implemented in future. 

A straightforward application of this work is emulsion stability. But the actual research frame is the 
simulation of severe nuclear accidents. The meltdown of nuclear reactors generates a material called 
corium that consists of a mixture of nuclear fuel together with zircaloy (material of the first confinement 
barrier) and stainless steel. Corium actually shows up like a metal-gas-oxide dispersion where the metallic 
phase is initially confined in droplets. After cooling of the corium bath, experiments [5] demonstrated 
configurations in which this phase is preferably close to the vertical concrete walls of the concrete 
containment pit instead of being distributed in stratified layers. This unexpected behavior is most probably 
the result of a complex interplay between heat transport and reactivity at the metal/oxide interfaces. We 
believe that the simplified 2D model under development here and its accurate simulation will provide 
relevant insights for the understanding of this phase segregation phenomenon.  
 
 
Keywords: Droplet hydrodynamics, Multiphase unsteady free interfaces flows, Surface tension 
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When a nanofluid droplet dries out on homogeneous surfaces, a ring-like deposit of particles develops at the 
edge of the droplet. This phenomenon, known as the coffee ring effect, usually occurs whenever drops 
containing nonvolatile solutes evaporate on a solid surface. The evaporation process of nanofluid droplet on 
homogeneous surface generally comprises: (1) the constant contact radius mode, (2) the constant contact 
angle mode, (3) the mixed mode, and (4) the last pinned mode [1]. The critical pinning concentration was 
defined as solute concentration when nanoparticles start to pin at the edge of the droplet. That happens to 
be in the beginning of last pinned mode in the evaproation process. The critical pinning concentration 
increases along with the surface hydrophobicity, which can be identified by the receding contact angle. The 
critical pinning concentration is linearly dependent on the receding contact angle for a fixed nanoparticle size 
(400 nm in diameter), and there exists a critical receding contact angle (33˚) [1]. A droplet containing silica 
nanoparticles placed on self-assembled monolayer silaned silicon wafer with its receding contact angle 
smaller than the critical receding contact angle would always pin immediately to trigger the coffee ring 
formation. The critical pinning concentration decreases with an increase in particle size. For larger particles 
(such as, 700 and 1000 nm in diameter), the linear relationship between the critical pinning concentration 
and the receding contact angle still remains intact but shifts downward. 

Acknowledgements This work was supported by the Ministry of Science and Technology of Taiwan (Grant 
number: NSC 102-2221-E-002-207-MY3). 
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Recently, responsive aqueous foams, which can be manipulated using external fields, have been 
obtained from various systems such as surfactants, particles or polymers [1]. Contrary to aqueous foams, 
few studies have been devoted to the understanding of oil foam, despite their great potential in diverse 
fields [2]. The production of oil foams is difficult to achieve due to the inefficiency of surfactant adsorption 
at oil-air interfaces. We report a simple way to produce oil foams from oleogels, whose liquid phase is a 
mixture of sunflower oil and fatty alcohols crystals [3].  

We show that the oil foams could be easily produced by incorporating gas during the fatty alcohol 
crystallisation process. The platelet crystals coat the air bubbles in the foam and mediate the gelification of 
the continuous phase, giving rise to ultrastable oil foams (Figure 1). The quantity of foam produced is 
directly linked to the quantity of crystal particles present to stabilize air bubbles. Foam stability increases 
with increasing hydrocarbon chain length and fatty alcohol concentration, both of which affect the 
formation and melting of the crystal particles. Below the melting temperature of the crystals, oleogel foams 
are stable for months. Upon heating, these ultrastable foams collapse within a few minutes due to the 
melting of the crystal particles. The transition between crystal formation and melting is completely 
reversible, leading to thermoresponsive non-aqueous foams (Figure 1). The reversible switching between 
ultrastable and unstable foam depends solely on the temperature of the system. We demonstrate that 
these oleogel foams can be made to be photoresponsive by using internal heat sources such as carbon 
black particles, which can absorb UV light and dissipate the absorbed energy as heat.  

To our knowledge, such foams obtained from oleogel are the first example of multi-responsive non-
aqueous foams [3]. This simple approach for the formulation of responsive oil foams can be easily extended 
to other oleogel systems and can find a broad range of applications due to the availability of the 
components in large quantities and at low cost. 
 

 

Figure 1: Photographs showing the stabilization/destabilization phenomena with temperature for an oleogel foam 
stabilized by lipid crystals. The lipid melting (Tm) and crystallization (Tc) temperatures are 48.3 and 31.7°C, respectively. 
(a) Stable foam at 20°C. (b) At T > Tm, foam destabilization starts occurring in less than one minute. (c) By decreasing 
the temperature back to T < Tc, the foam becomes stable again. (d) Upon increasing T > Tm, after 2 minutes at 50°C, 
the foam is completely destroyed.  

 
 
 

[1] Fameau A.L. et al., ChemPhysChem, 2015, 16, 66. 
[2] Friberg, S. E. Curr. Opin. Colloid Interface Sci. 2010, 15, 359. 
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In recent times an increasing interest is growing for new reactive materials that can be considered as 
biomimetic material models of the intracellular matrix. In this contest, conducting polymers (CP) play a 
key point since in aqueous solutions they can behave as soft and wet biomimetic reactors under flow of 
electric currents. In fact, the peculiar redox features of CP give electrochemical properties that mimic 
several biological functions performed by specialized cells in different organs. In particular, the volume 
changes induced by the charge-compensating ions flowing into or from the CP during oxidation or 
reduction processes is a electrochemomechanical property that mimics the action of muscles. In this 
view, CP can be considered suitable materials for producing artificial muscles and actuators. 
In this work, we aim to synthetize CP films and to in situ characterize both (i) their nucleation 
mechanism and  (ii) variations in their topography, when subjected to external electrical stimuli.  To 
probe their surface properties Electrochemical Atomic Force Microscopy (EC-AFM) has been 
employed. EC-AFM is an AFM based technique, which allows the in situ analysis of the 
electrochemical reactions occurring at the solid-liquid interfaces (Fig. 1). Thus, it allows probing in real-
time and in-situ the evolution of a conductive surface immersed in an electrolytic solution under an 
applied potential. The electrochemical reaction at the interface is monitored measuring the current 
flowing through the sample.  
Structural and morphological changes of different CP (polyaniline, polypirrole, polythiophene) as a 
function of time, applied potential or current flow through the sample are investigated performing 
cyclic voltammetry (CV) experiments simultaneously to standard AFM imaging. In this way, 
conformational movements caused by re-organization of double bonds along the chains during CP 
redox reactions are monitored and discussed in term of possible new artificial intelligent motor systems. 
 

 
Figura 1 Schematic representation of the EC-AFM experimental set-up 

[1] T.F. Otero, J.G. Martinez, J. Mater. Chem. B, 2013, 1, 26. 
[2] M.J. Higgins, S.T. McGovern, G.G. Wallace, Languimir, 2009, 25(6), 3627-3633. 
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The purpose of this paper is to present the possibilities of deriving activated carbons from the waste 
softwood (pine (lat. Pínus sylvéstris), by modifying phosphoric acid and industrial (metallurgical) wastes, 
which is later followed by regeneration process of adsorption purification involving aqueous solutions 
obtained from chlorine, nitrogen, and oxygen-containing organic compounds and heavy metals ions. 
Novelty of this material is high, because it was shown that wood wastes after chemical modification, 
carbonization and hot water treatment are used for adsorption concentration of toxic organic compounds 
and some heavy metals ions firstly, and demonstrate high purification degree as compared with known 
sorbents. 
The partially formed tubular structures (average diameter ~20 μm) were observed, and spherical particles 
(average diameter 35–50 nm) appeared to form the walls of tubes. 
The structure, composition and properties of obtained sorbent, and adsorption processes were 
investigated by using X-ray, FTIR-spectroscopy, TEM, elemental analysis, LC/MS, DTA/TGA, potentiometry 
and other methods.  
Investigation of adsorption processes was carried out at statical conditions on the base of method of 
experiment planning. New model equations describing processes of adsorption concentration under the 
influence different factors (temperature, pH, initial concentration of toxicant, time) were represented. 
In result of laboratory tests it was established that the sorbent on the base of activated carbons prepared 
by chemical modification, followed by carbonization in the presence of air and water treatment, has a 
porous structure, and can be used in the processes of sorption concentration of phenol, chloroform, 
pyridine, aniline, and also heave metals ions such as Cu (II), Zn (II), Co (II), Ni (II), Fe (II, III), Pb (II), Hg (II) 
from aqueous solutions.  
The calculation of thermodynamic and kinetic parameters of adsorption processes of the toxicants from 
solutions was carried out.  
This method of obtaining a modified carbon sorbent is defended by patent of the Republic of Kazakhstan. 
Thus, it’s shown that proposed sorbent is effective, environmental-friendly, cheap product, and can be 
recommended for water purification. 
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Appropriate	 lipid	bilayer	models	 that	are	 reproducible	are	necessary	 for	 the	 investigation	of	biomolecule	
interactions	with	cell	membranes.	Still,	due	to	the	complexity	of	native	cell	membranes	with	very	diverse	
lipid	compositions,	the	majority	of	studies	are	carried	out	on	simple	one-	or	two-component	lipid	mixtures.		
Characterization	 of	 total	 lipid	 extracts	 from	 deuterated	 and	 hydrogenated	 bacterial	 and	 yeast	 cells	 in	
combination	with	the	refinement	of	deposition	protocols	has	recently	advanced	the	reconstitution	process	
of	 biomimetic	 lipid	 bilayers	 on	 solid	 surfaces	 [1-3].	 The	 use	 of	 deuterated	 lipid	 material	 is	 in	 this	 case	
essential	 for	 e.g.	 neutron	 experiments	 where	 the	 difference	 in	 contrast	 between	 deuterated	 and	 non-
deuterated	molecules	is	exploited.	
	
Here	we	present	the	separation	and	characterization	of	lipids	produced	in	a	genetically	modified	strain	of	E.	
coli	 able	 to	 produce	 the	most	 common	mammalian	 phospholipid	 (phosphatidylcholine)	 in	 addition	 to	 its	
native	 lipids	 [4].	We	show	the	effects	of	different	growth	conditions	on	 the	 total	 lipid	extracts	as	well	as	
fatty	acid	composition	of	the	obtained	lipids.		
	
Previous	studies	show	that	the	membrane	composition	of	supported	lipid	bilayers	made	by	vesicle	fusion	
does	not	always	match	the	nominal	composition	of	the	vesicles	while	interactions	between	the	lipids	and	
the	solid	support	can	result	 in	 leaflet	asymmetry	[5].	 	 In	general,	 for	supported	 lipid	membranes	that	are	
made	 from	 total	 lipid	 extracts	 (either	 deuterated	 or	 non	 deuterated)	 it	 is	 not	 possible	 to	 assess	 the	
composition	 of	 the	 bilayer	 and	 compare	 it	 to	 the	 vesicle	 composition.	 Controlling	 the	 membrane	
composition	while	still	using	native	lipids	will	allow	for	the	studies	of	the	bilayer	structure	and	asymmetry	
in	more	accurate	models	of	bacterial	or	mammalian	cellular	membranes	or	the	mitochondrial	membrane.	
Furthermore,	the	significance	of	a	certain	lipid	e.g.	 in	relation	to	binding	of	different	biomolecules	can	be	
probed.	
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During the last decades, there has been an increasing interest on the self-assembly of 
monoglycerides for different industrial applications�ϭ͘ On the other hand, much attention has 
been paid on the replacement of high energy methodologies for the use of bacteriocins, 
peptides with antimicrobial characteristics, and the enhancement of their effectiveness as food 
preservatives� Ϯ� . In the present study, water-in-oil (W/O) microemulsions based on refined olive oil 
(ROO) and distilled monoglycerides (DMG) were effectively formulated. Nisin, a well-known 
antimicrobial agent was encapsulated in the designed systems. Moreover, ethanol or propylene 
glycol were used as co-surfactants. Essential oils of Greek origin have been, finally, used to enhance 
the antimicrobial properties of the systems.  

Small Angle X-ray Scattering (SAXS) has revealed important information about the shape 
and size of the formulated nano-structrures. On the other hand, Electron Paramagnetic Resonance 
(EPR) spectroscopy has shed light on the effect of co-surfactant and essential oil content on the 
dynamics of the surfactant monolayer. Simulation of the EPR experimental spectra indicated the 
transition of the spin probe from fast to slow motion via structural modulations.  

Finally, the antimicrobial effect of the encapsulated nisin was evaluated using the Well Diffusion 
Assay (WDA) technique against Lactococcus lactis�ϯ͘�dhe effect was more pronounced in the presence 
of ethanol rather than propylene glycol. Furthermore, encapsulated nisin was tested for its activity 
against pathogens such as Staphylococcus aureus, Listeria monocytogenes, Bacillus cereus and 
Escherichia coli. Significant alterations on the efficacy of the systems were observed with the 
addition of oregano, thyme, dittany or rosemary essential oils.   

ZĞĨĞƌĞŶĐĞƐ: 
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Colloidal crystals formed by self-assembly of sub-micron colloidal spherical particles represent a new class 
of nanomaterials with promising applications as photonic crystals [1,2]. For these applications colloidal 
crystals are especially attractive materials due to large surface area, a wide range of particle sizes and low 
fabrication costs.  
The band gap properties of colloidal crystals can be tailored by thermal treatment [3]. The physical 
mechanism responsible for this phenomenon is not well understood. The annealing treatment of low-order 
spin-coated polystyrene (PS) colloidal films has provided only a rough picture of structural evolution [4]. 
Our recent X-ray diffraction studies of high-quality PS colloidal crystals [5] upon incremental heating have 
revealed detailed scenario of colloidal crystal melting [6, 7]. X-ray diffraction studies of PS colloidal crystals 
have been carried out in transmission and reflection geometries using high resolution X-ray scattering 
setup at the P10 coherence beamline of the PETRA III synchrotron at DESY Hamburg. Bragg peak 
parameters, such as q-values, integrated peak intensities, the radial and azimuthal widths, were analysed as 
a function of temperature [7]. Temperature dependencies of in-plane components of lattice distortions and 
mosaic spread as well as the size of coherently scattering domain (CSD) were evaluated by Williamson-Hall 
method. In this method the peak widths are analysed as a function of scattering vector magnitude, which 
enables to determine the sizes of CSD and lattice distortion parameters. Based on the performed analysis 
we identified four stages of structural evolution in a PS crystal film upon heating: steady-state, pre-melting, 
particle shape transformation and crystal melting. The observed peculiarities of temperature dependences 
indicated that the evolution of particle shape and induced strains play a central role in the mechanism of 
colloidal crystal melting. 
 

[1] S. G. Johnson, J. D. Joannopoulos, Photonic crystrals: The road from theory to practice, 2001, Springer, 
USA. 

[2] Y. A. Vlasov, et al. Phys. Rev. E, 2000, 61, 5784.  
[3] H. Miguez, et al. Adv. Mater. 1998, 10, 480. 
[4] G. Herzog, et al. Langmuir, 2012, 28, 8230. 
[5] J.-M. Meijer, et al. Langmuir, 2012, 28, 7631. 
[6] A.V. Zozulya, et al. J. Appl. Cryst., 2013, 46, 903. 
[7] E.A. Sulyanova, et al. Langmuir, 2015, 31(19), 5274. 
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Foamability and foam stability are important factors influencing the consumer’s impression of a beer and 
are therefore regarded as indication of product quality. Another important aspect is the structure of beer 
foam, which does not only influence the visual impression and the haptic of the foam, but is also closely 
linked to foam stability. 
The foam characteristics of a beer are influenced by various ingredients, which are intensely discussed in 
literature [1, 2]. Proteins of high molecular weight (> 5 kDa) as well as hop bitter compounds for example 
have a positive influence on foamability and foam stability, whereas alcohol rather works against foam 
production and stabilization [2]. To achieve a convincing beer foam result, the positive ingredients should 
be included in an ideal concentration while the negative ingredients should only be present at low 
concentrations. 
The presented study does not only analyze the foamability, foam stability and the rate of drained liquid of 
different beer samples but does also provide an analysis of the foam cell size distribution, i.e. the foam 
structure (Figure. 1). It also compares the data with methods recommended by MEBAK [3]. By foam 
generation and decay analysis and parallel determination of the mean bubble area and the bubble size 
distribution, a correlation between foam stability, drainage and foam structure is experimentally 
demonstrated. The foam structure can hence be used as indicator to predict foam stability. Furthermore, 
samples of different ingredient compositions are analyzed, which enables analysis of the influence of 
different ingredients not only on foamability and foam stability but also on the foam structure. 
 

        

Figure 1 Data of 2 beer samples: (a) Foam and liquid height (b) Foam structure at different time points.  
 

[1] L. Narziß, Abriß der Bierbrauerei, 1995, 319-320, Enke Verlag, Stuttgart, Germany. 
[2] D. E. Evans, C. W. Bamforth, Handbook of Alcoholic Beverages: Beer, A Quality Perspective, 2009, 1, 1-60, 

Academic Press, New York, USA. 
[3] F. Jacob, Wort, Beer, Beer-Based Beverages: Collection of Brewing Analysis Methods of the 

Mitteleuropäische Brautechnische Analysenkommission, 2013, 2, 254-265, MEBAK, Freising-
Weihenstephan, Germany. 

0

20

40

60

80

100

120

140

160

180

0 100 200 300 400 500 600

H
ei

gh
t (

m
m

) 

Time (s) 

Sample 1 total height
Sample 2 total height
Sample 1 liquid height
Sample 2 liquid height

(a) (b) 

Poster P2.121

— 207 —



  

 

Dynamic properties of Span-80 adsorbed layers at paraffin-oil/water 
interface: capillary pressure experiments under low gravity conditions 

 
P. Pandolfini 1, G. Loglio 1*, F. Ravera 1, L. Liggieri 1, V.I. Kovalchuk 2, J. Krägel 3, R. Miller 3, 

B.A. Noskov 4, A.G. Bykov 4 
 

1 CNR – Istituto di Chimica della Materia Condensata e di Tecnologie per l’Energia, 16149 Genoa, Italy 
2 Institute of Bio-Colloid Chemistry, Vernadsky str. 42, 03142 Kiev, Ukraine 

3 Max Planck Institute of Colloids and Interfaces, 14424 Potsdam/Golm, Germany 
4 Department of Colloid Chemistry, St. Petersburg State University, 198504 St. Petersburg, Russia 

*g.loglio@ge.ieni.cnr.it 
 

During the last years we have conceived, proposed and run a set of benchmark microgravity 
experiments to investigate the relationships between the features of emulsions and foams (foamability, 
stability, etc.) and the physical-chemistry of interfacial layers and liquid films. 

Actually, from April 29 to August 08, 2014, a Capillary Pressure Tensiometer (denoted as FASTER) 
accomplished scientific experiments on liquid interfaces in a microgravity environment, operating on board 
of the International Space Station. The examined systems were oil/water interfaces (i,e., water/paraffin-oil 
and n-hexane/water) with different concentrations of standard non-ionic surfactants and at different 
temperatures. The experiments were aimed at the study of the interfacial dilational properties, also 
referred as interfacial rheological properties or interfacial viscoelastic properties. 

Harmonic disturbances were imposed to the interfacial area of a liquid drop, issuing from a capillary 
tip into a surfactant-solution liquid-matrix, at different frequencies (from 1.0 to 100 Hz in the high-
frequency range and from 0.01 to 1.0 Hz in the low-frequency range), at 3 successive different amplitudes 
(from 5% to 20%). Particularly in the low frequency range, at regular intervals, also square pulse 
disturbances were imposed to each studied system. In synchronism, the drop geometrical properties and 
the differential Laplace pressure were acquired. 

The primary experimental results grant information about a) the transient and the equilibrium 
interfacial tension b) the equilibrium thermodynamic properties of the interfacial phases c) the 
mechanisms of surfactant adsorption, d) the molecular diffusion process, e) the transient and the steady-
state interfacial viscoelastic properties, f) the linearity approximation of the interfacial behaviour. 
Moreover, the data validate the Fourier-Transform relationship between surface relaxation (time domain) 
and harmonic oscillation (frequency domain), within the linearity response range. 

The advancement of the fundamental knowledge about the above-mentioned physical quantities for 
single interfaces is a preliminary step finalised to deepen the understanding of emulsions stability, as well 
as of foam stability, and then to improve a large variety of industrial processes. 

The poster specifically illustrates the results obtained for the water/paraffin-oil system. 
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A	polymer	brush	is	formed	when	polymer	chains	are	end-anchored	on	a	solid	surface	at	a	sufficiently	high	
density,	 adopting	 an	 extended	 conformation[1].	Many	 theoretical	models[2]	 and	measurements[3]	 have	
focussed	 on	 the	 properties	 of	 brush	 systems	 in	 different	 solvents.	 Further	 studies	 have	 investigated	 the	
properties	of	polyelectrolytic	brushes	in	salt	solutions[4].	However,	a	limitation	of	these	studies	arises	as	the	
concentration	of	salt	in	solution	approaches	saturation.	One	approach	to	circumvent	this	is	to	utilise	ionic	
liquids	to	facilitate	measurements	from	dilute	to	pure	salt	environments.	

In	 this	 study,	 we	 have	 investigated	 the	 interactions	 between	 surfaces	 bearing	 poly([2-
(methacryloyloxy)ethyl]dimethyl-(3-sulfopropyl)ammonium	 hydroxide)	 polymer	 brushes	 in	 mixtures	 of	
water	and	an	ionic	liquid,	1-hexyl-3-methylimidazolium	bis(triflluoromethylsulfonyl)imide.	Characterisation	
of	 the	 thickness	 of	 dry	 polymer	 layer	 grafted	 from	mica	 was	 conducted	 using	 the	 ‘bending	mica’	 X-ray	
reflectivity	technique[5],	revealing	a	typical	thickness	of	~	10	nm.	Additionally,	atomic	force	microscopy	was	
conducted	 to	 investigate	 surface	 topography,	 indicating	 a	 relatively	 uniform	 surface	 coating	 with	 high	
coverage	(cf.	Figure	1).	Finally,	measurements	of	the	normal	and	shear	forces	were	conducted	using	a	surface	
force	apparatus,	yielding	first	results	on	the	forces	mediated	by	polymer	brushes	in	an	ionic	liquid	–	water	
mixture.	
	

											 	
	

Figure	1	A:	An	X-ray	reflectivity	curve	obtained	for	the	polymer	grafted	from	a	mica	substrate.	B:	An	AFM	image	of	the	
same	sample.	
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Urban and industrial development is highly dependent on an abundant supply of clean water. 
Pharmaceutically active compounds (PhACs) and micropollutants, present in wastewater, surface water and 
groundwater pose as a threat for the quality of water supplies. 
The need of sustainable and high capacity adsorber systems which can be regenerated is evident. For this 
purpose, we synthesized crosslinked Chitosan nanoparticles (ChiNPs) and characterized their adsorption 
behaviour. A second nanoparticle system was developed to serve as covalent immobilized sensitive layer in 
a sensor application for detection of micropollutants. To produce spherical, narrow distributed particles in 
the nanometer range an inverse mini-emulsion formulation was chosen in both cases.[1] 
 
Chi-NPs via inverse miniemulsion crosslinking technique: 
This is a general approach investigating the use of ChiNPs for the remediation of wastewater. Commercially 
available Chitosanes with different molecular weights were used for the synthesis of different ChiNPs. 
Glutaraldehyde was used for covalent crosslinking of the biopolymer [2]. ChiNPs were characterized by DLS 
and SEM. Pure Chitosan of different molecular weights and the corresponding nanoparticles were tested 
via HPLC for their adsorption behaviour towards two micropollutants: diclofenac and carbamazepine. The 
results of these measurements showed a high adsorption capacity of micropollutant up to 300 mg/g for 
ChiNPs, whereas the pure bulk Chitosan showed a low capacity in the range of 50 mg/g.  
 
Sensor-NPs via Inverse miniemulsion polymerization: 
For a nanoparticle based sensor application a high selectivity of the polymeric material towards the target 
molecule is crucial. Spherical, narrow distributed particles with a mean size of 200 nm were synthesized. 
Adding the target molecule to the aqueous phase enhanced the selectivity of NPs by imprinting 
mechanisms. A water-soluble methacrylate monomer bearing a primary amino moiety was copolymerized 
with a suitable crosslinker. In following steps, the NPs were functionalized to obtain accessible azido groups 
on the particles surface. These azido moieties allowed a covalent immobilisation of NPs on the sensor 
surface, forming the desired sensor layer. This surface was brought in contact with aqueous media 
containing the target molecule. The amount of adsorbed target molecule was quantified with 
Reflectometric interference spectroscopy (RIfS) even in the presence of the decomposition products.[3]  
 
 
 
 
[1] K. Landfester, M. Willert, M. Antonietti, Macromolecules 2000, 33, 2370–2376. 
[2] L. Poon, L. D. Wilson, J. V Headley, Carbohydr. Polym. 2014, 109, 92–101. 
[3] F. Kolarov, K. Niedergall, M. Bach, G. E. M. Tovar, G. Gauglitz, Anal. Bioanal. Chem. 2012, 402, 3245–

3252. 
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Nanostructured materials which can be prepared by direct synthesis, crystallization or self-assembly 
methods e.g. Langmuir-Blodgett method (LB) have great potential, particularly as highly conductive 
transparent contact layers in photovoltaic applications and photo-emitting elements and devices [1]. In this 
work, we investigated formation and properties of Langmuir films based on copper complexes with 
arachidic acid (Arh) and polyvinylpyrrolidone (PVP) by the compression isotherm analysis. In the first series 
of experiments we have obtained compression isotherms for monolayers of 10-3 M chloroform solutions of 
Cu-nanoparticles in polyvinylpyrrolidone stabilizer – CuNPs-PVP (Fig. 2, curve 1). In the other series of 
experiments we used CuNPs-PVP-Arh chloroform solutions with molar ratio of the [CuNPs-PVP]:[Arh] 
system being 1:1 to form monolayers (Fig. 2, curve 2). Lower area of condensed state in solution 1 can be 
explained by lower stability of the monolayer due to CuNPs-PVP molecules transferring to the water 
subphase as PVP is more water-soluble than arachidic acid. Thus, monolayers of solution 2 are more 
preferrable for monolayer formation and its transfer to solid substrate. 
 

 

Figure 1 Compression isotherms of monolayers: 1 – CuNPs-PVP (solution 1); 2 – CuNPs-PVP-Arh (solution 2) 
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Bubble bursting at interfaces plays an important role in a spectrum of physical and biological phenomena, 
from foam evolution to mass transport across various interfaces [1-5]. Recently, bubble bursting at an 
air/oil/water-with-surfactant compound interface was found to disperse submicrometer oil droplets into the 
water column [6]. Inspired by this observation, here we propose a new top-down platform to generate 
functional oil-in-water nanoemulsions. We demonstrate scaled-up synthesis of nanoemulsions with stability 
for days, which offers the flexibility of further treatments and functionalization. By placing functional 
materials in the appropriate phase, we also document that the bubbling system has the capability to produce 
nanoemulsions encapsulating functional materials, such as quantum dots, silica nanoparticles and lipid 
molecules. Considering the simplicity and energy efficiency of the new bubbling platform, together with the 
diversity of products and the potential for mass production, our one-step encapsulation system offers a new 
toolbox for generating (multi-)functional nanoemulsions and nanoparticles. 
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Molecular monolayers at the air-water interface and on hard and soft surfaces are deeply studied and well 
characterized topics. However, a detailed characterization of the behavior of peptides at the air-water 
interface is a less examined matter, even if the formation of peptide monolayers is a common established 
experimental procedure. In particular, the influence of the peptide concentration on its conformations and 
on the final film structure is poorly characterized. 
In this regard, we studied three peptides at the air-water interface, namely Trichogin GA IV, [Leu4]-
Trichogin, and Z-(Aib)9-OtBu. Trichogin GA IV is an amphiphilic peptide which primary structure is n-Oct-
Aib1-Gly-Leu-Aib-Gly5-Gly-Leu-Aib-Gly-Ile10-Lol, where Aib is α-aminoisobutyric acid, n-Oct is n-octanoyl and 
Lol is leucinol. [Leu4]-Trichogin is a Trichogin analogue, in which the Aib residue at position 4 is replaced by 
a Leu. Finally, in the hydrophobic homopeptide Z-(Aib)9-OtBu, Z is a benzyloxycarbonyl group, and OtBu is a 
tert-butoxy group. Both Trichogin peptides in solution can adopt a mixed 310/α-helical conformation, but 
[Leu4]-Trichogin is also able to adopt a helix-loop-helix structure [1,2]. The homopeptide Z-(Aib)9-OtBu is 
known to prefer right- or left-helical conformations [3]. 
To study how molecules are organized at the interface, in terms of conformations and aggregation 
propensity, we used both experimental and theoretical approaches. The compression isotherms obtained 
with the Langmuir-Blodgett technique have been used, for example, to extrapolate data regarding changes 
in the aggregated structures as a function of peptide concentration. To replicate the formation of the 
monomolecular films of these peptides, we ran several molecular dynamic (MD) simulations. We also 
performed  MDs at different peptide concentrations to investigate the influence of the aggregation on the 
peptide conformational behavior. 
All these results made us able to characterize the process leading to the formation of the monomolecular 
films of these peptides and their 3D-structures, also highlighting the conformational changes induced by 
the increasing concentration, and molecular interactions under aggregative conditions. 
 

 
Figure 1: Monolayer of Z-(Aib)9-OtBu peptide 
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Selective modification of inorganic surfaces with fluorinated molecules was conducted using a Pickering 
emulsion template. Anisotropic particles were obtained, presenting one hydrophilic and one hydrophobic 
side. These particles, also called Janus particles, have attracted a lot of interest in recent years, because of 
their potential use in multiple domains such as cosmetics, pharmacy, and chemical processes, through their 
special wetting properties and specific particle-particle interactions. 
 
Silica nanoparticles were first studied [1]. These model particles of 250 nm in diameter are spherical and 
quasi monodisperse. The Pickering emulsion template consists in an oil/water emulsion obtained with wax, 
which is liquid at 60°C, as an organic phase. The silica nanoparticles stabilized the emulsion as micrometric 
wax droplets in the aqueous phase. Because of the high hydrophilicity of silica, a surfactant was added to 
increase its hydrophobicity and the stability of the wax emulsion. At ambient temperature, wax became solid 
and silica particles were partly entrapped into the organic phase, which made selective functionalization 
possible. 
 
The Pickering emulsion stabilized by silica nanoparticles was studied using particle size measurement, optical 
microscopy and scanning electron microscopy (SEM). The optimized silica/wax ratio to obtain a silica particle 
monolayer at the particle surface was determined by SEM analysis. Then, silica particles were functionalized 
with aminosilane molecules to attach amino groups at the colloid surface. Finally, a hydrophobic molecule 
was grafted to silica particles, which were characterized by FTIR, thermogravimetric (TGA) and zeta potential 
measurements. 
 
The originality of this work results from (i) the selective grafting of fluorinated chains on one side of inorganic 
nanoparticles, to make this side hydrophobic, and (ii) the versatility of the technique, since this method can 
be applied to other inorganic particles. In particular, alumina particles are non-spherical and submicronic, 
and present a positive surface charge. These particles allowed the good stabilization of the emulsion and 
could be selectively modified by adapting the same protocol. Copper oxalate particles were synthesized by a 
precipitation method, they present a platelet morphology, and a negative surface charge, and were also 
processed to be modified by the Pickering emulsion template. 
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Using two oppositely charged polymers of which one is soluble in oil and the other in water, it is possible to 
obtain an electrostatic complex at the oil-water interface. We demonstrated this [1] with a new oil-soluble 
polyanion, poly-(fluorene-co-benzothiadiazole-co-benzoic acid) (F8BTBA), in combination with two 
different water-soluble polycations. The polyelectrolytes on their own are not interfacial active, as shown 
by interfacial tension measurements; however, when both types of polyelectrolytes are present, in the oil 
and water phases respectively, the interfacial tension rapidly decreases. Confocal fluorescence microscopy 
verifies the presence of both polyelectrolytes at the interface. Owing to the purely electrostatic nature of 
the interfacial complex, it is very sensitive to ionic strength and pH. Emulsions can be stabilized for several 
weeks; using the sensitivity of the complex to pH, it is possible to reversibly make and break emulsions. 
Bright field images of pendent water drops in oil during coacervation (Figure 1) show an interesting 
phenomenon: overtime the droplets become less transparent, indicating the slow formation of the 
coacervate “skin” and suggesting that this is inhomogeneous on optical length scales. This motivated us to 
a theoretical study using the Scheutjens-Fleer self-consistent field theory. Although far from the practical 
situation we first focus on a model which is fully symmetric with respect to chain architectures, dielectric 
permittivity, excluded volume interactions and concentrations of all components. When the counter ions 
are non-selective (no preference for the oil or the water phase), we find that the theory does appropriately 
predicts the coacervate formation at the oil-water interface. From calculated adsorption isotherms we 
conclude that the system follows a pseudo partial wetting scenario, characteristic for systems that feature 
interactions on different length scales. The partial wet state implies lateral inhomogeneities along the 
coacervate film and this possibly explains the observed loss of transparency of the pendent water drops. 
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Figure 1 Bright field images of a water droplet in an oil phase during interfacial complex formation between the 
polycation PDADMAC (from the water phase) and the polyanion F8BTBA (from the oil phase). Scale bar 500 Pm. 
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Nano,	micro	or	millimetre	sized	materials,	which	have	self	propulsion	ability	on	liquid/air	 interfaces,	have	
attracted	 lot	of	attention,	and	can	be	used	 in	vide	variety	of	application	areas	such	as	biomimicry,	micro	
surgery,	cordless	sensors	or	biosensors,	drug	delivery,	etc.	This	kind	of	materials	usually	use	external	energy	
sources	 such	 as	 light,	 electrical	 or	 magnetic	 field	 for	 the	 supply	 of	 the	 energy	 to	 move.	 In	 addition	 to	
external	 energy	 sources,	 self-motion	 of	 a	 material	 on	 liquid	 surface	 can	 also	 be	 provided	 by	 creating	 a	
surface	tension	gradient.	In	this	case,	the	motion	is	resulting	from	the	Marangoni	effect	and	as	a	result	of	
the	surface	tension	difference,	material	moves	in	the	direction	from	low	surface	tension	to	high.	By	using	
the	Marangoni	effect,	several	applications	can	be	utilized	with	the	asymmetrical	 release	of	surface	active	
agents	 from	 the	 self-propelled	 material	 [1].	 In	 this	 study	 usage	 of	 the	 Marangoni	 effect	 on	 self-driven	
polymeric	 capsules	 were	 studied	 by	 the	 addition	 of	 Sodium	 Dodecyl	 Sulphate	 (SDS)	 into	 the	 capsule	
precursor	solution	and	both	the	motion	of	the	capsule	and	the	potential	use	of	this	system	on	cleaning	the	
surface	of	water	which	was	contaminated	with	oil	were	investigated.	Since	SDS	lowers	the	surface	tension,	
the	movement	of	the	capsule	increases	with	the	release	of	the	surfactant,	oil	droplets	are	repulsed	further	
and	 merged	 finally.	 Within	 this	 context,	 it	 is	 thought	 that	 the	 repulsion	 of	 the	 oil	 droplets	 would	 be	
enhanced	if	the	surface	tension	difference	increases.	So,	in	this	study,	catanionic	surfactant	mixtures	of	SDS	
and	Diethyl	trimethyl	ammonium	bromide	(DTAB)	are	also	used.	Due	to	the	synergistic	effect	between	its	
components,	catanionic	surfactant	mixtures	possess	 lower	CMC	values	and	therefore	 less	surface	tension	
values	 were	 obtained	 than	 the	 pure	 components	 of	 the	mixtures.	 These	mixtures	 with	 different	mixing	
ratios	are	 loaded	 into	the	precursor	solution	that	will	 form	Polyether	sulfone	 (PES)	capsules	at	 the	water	
surface	via	phase	inversion.	It	is	seen	that,	the	motion	of	the	catanionic	mixture	loaded	capsules	have	been	
faster	than	the	capsules	formed	just	with	SDS.	Due	to	the	spreading	of	the	surfactant	mixtures,	the	oil	film	
on	the	surface	turned	into	the	lens	form.	Therefore,	collection	of	the	droplets	became	easier.	Also,	the	oil	
droplets	have	been	 repulsed	 faster	and	merged	within	 seconds.	The	mixtures	with	 the	mole	 ratio	of	9/1	
and	7/3	SDS/DTAB	had	moved	the	oil	droplets	at	60	and	55	seconds,	respectively.	On	the	other	hand,	the	
mixture	 of	 8/2	 SDS/DTAB	 had	 repelled	 the	 oil	 contamination	 in	 45	 seconds,	 which	 is	 a	 very	 short	 time	
period	compared	to	the	others.		
The	 separation	 of	 oil	 from	 water	 is	 a	 vital	 application	 since	 water	 contamination	 effects	 the	 whole	
ecosystem,	sometimes	in	an	irreversible	way.	So,	with	its	remarkable	results,	this	study	holds	an	important	
role	in	terms	of	cleaning	and	collecting	the	contaminations	from	the	water	surface.	
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Drug	delivery	through	the	lungs	is	considered	to	be	a	very	advantageous	route	due	to	the	large	surface	area	
and	low	catabolic	enzymatic	activity.	Mucus	layer,	which	covers	the	pulmonary	airways,	provides	a	natural	
defence	to	immune	system	towards	exogenous	particles	by	its	clearance	mechanism.	However,	this	natural	
barrier	also	hinders	the	penetration	and	diffusion	of	the	therapeutics	through	the	mucus	layer,	especially	in	
case	of	lung	diseases	due	to	the	increasing	thickness	and	viscosity	of	the	mucus.	This	hindrance	occurs	as	a	
result	 of	 several	 interactions	 between	 the	mucus	 and	 the	 drug	 delivery	 system.	 In	most	 of	 the	 studies,	
polymeric	 particles	with	 100-500	 nm	of	 diameter	 are	 used	 and	 their	 diffusion	 behaviour	 are	 tried	 to	 be	
enhanced	by	modifying	the	surface	of	the	particles	with	different	functional	groups.	Stealth	design	is	also	
used	 in	 order	 to	 avoid	 the	 macrophages	 [1].	 However,	 more	 detailed	 investigation	 of	 the	 interactions	
between	 the	mucus	and	 the	drug	carriers	 should	be	performed	 in	order	 to	 increase	 the	efficiency	of	 the	
penetration	through	the	mucus	barrier.		
In	this	study,	solid	lipid	nanoparticles	(SLN)	are	used	as	model	drug	delivery	vehicles.	They	are	chosen	due	
to	their	high	biocompatibility	and	stability.	Three	different	SLNs	with	different	size	and	zeta	potentials	are	
used	and	their	 interactions	with	mucus	membrane	are	 investigated	by	using	different	techniques.	Mucin,	
which	is	the	key	glycoprotein	of	mucus,	is	used	in	order	to	mimic	the	mucus	structure.	First	of	all,	the	initial	
size	and	zeta	potential	values	of	the	SLNs	are	determined	by	using	Dynamic	Light	Scattering	and	Zeta	Sizer.	
Then,	the	same	measurements	are	carried	out	after	the	SLNs	are	incubated	in	mucin	solution.	The	change	
at	 the	 size	 and	 zeta	 potentials	 of	 the	particles	 provided	us	 to	 detect	 if	 the	particles	 are	 interacting	with	
mucin,	or	not.	Moreover,	by	using	Langmuir	trough,	mucin	layer	is	formed	at	the	air/NaCl	solution	interface	
and	particles	are	injected	to	the	subphase	of	the	mucin	membrane.	The	adsorption	and	the	penetration	of	
the	 particles	 to	 previously	 formed	mucin	 layers	 are	 examined	 by	measuring	 the	 variation	 at	 the	 surface	
pressure	with	time.	Also,	the	pre-formed	mucin	layers	are	compressed	to	selected	pressures	and	therefore,	
the	 adsorption	 behaviours	 and	 the	 diffusion	 of	 the	 particles	 are	 also	 investigated	 for	 different	 mucin	
thicknesses.	 The	 resulting	 interfaces	 are	 also	 transferred	 to	 substrates	 and	 visualized	with	 Atomic	 Force	
Microscopy	(AFM).	
From	the	variation	at	the	size	and	the	zeta	potential	values	of	the	particles,	it	is	determined	that	particles	
nearly	 show	 no	 interaction	with	mucin,	 even	 though	 at	 high	mucin	 concentrations.	 The	 results	 are	 also	
supported	by	the	AFM	images.	From	both	the	surface	pressure-time	isotherms	and	AFM	measurements,	it	
is	 obtained	 that	 SLNs	 have	 successfully	 adsorbed	 and	 diffused	 through	 the	 mucin	 layer	 towards	 the	
interface	even	at	high	mucin	thickness.	The	best	result	is	obtained	with	the	SLN,	of	which	the	zeta	potential	
is	 the	closest	 to	 zero.	The	 results	of	 this	 study	are	promising	 for	obtaining	a	drug	delivery	 system	that	 is	
able	to	adsorb	and	penetrate	through	the	mucus	layer	that	covers	the	pulmonary	airways.	
	
	
	
	
	

[1] S.K.	Lai,	YY.	Wang	and	J.	Hanes,	Advanced	Drug	Delivery	Reviews,	2009,	61,	158.	
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�

Ion�specific�effect�play�an�important�role�in�a�number�of�biological�processes�occurring�in�living�organisms.�
However,�a�comprehensive�molecular�understanding�remains�elusive.�It�is�currently�believed�that�molecular�
interfacial�interaction,�including�specific�ion�adsorption�together�with�the�concurrent�disruption�of�the�water�
structure� in� the�direct�proximity�of� functional�groups,�are� the�underlying�key�steps.�Herein�we�present�a�
vibrational�sum� frequency�spectroscopy� (VSFS)� investigation�of� ion�pair� interaction�between�monovalent�
ions�and�the�carboxylic�acid�moiety�of�a�fatty�acid�Langmuir�monolayer�at�the�liquid/vapour�interface.��

VSFS�is�a�nonͲlinear�optical�technique�with�an�exquisite�surface�specifity�that�probes�molecular�orientation�
and�allows�determining�the�charging�of�the�monolayer,�including�the�formation�of�contact�ion�pairs�with�the�
carboxylate� headgroups.� The� fatty� acid�monolayer� partially� deprotonates,� upon� addition� of� salt� to� the�
solution�subphase.�At�a�given�ion�concentration,�the�degree�of�deprotonation�was�found�to�be�ion�specific,�
but�also�strongly�pH�dependent.�Straightforward�evidences�of�the�formation�of�contact�ion�pairs�between�
selected�cations�and�the�carboxylate�group�are�obtained�with�SFG.�Additionally,�structural�changes� in�the�
interfacial�water�molecules�upon�ion�association�are�directly�probed.�We�find�that�not�only�the�nature�of�the�
cation,�but�also�that�of�the�anion�influence�the�adsorption�mechanism�to�this�biophysically�relevant�interface.�
Molecular�dynamic�simulations�were�performed�to�further�understand�the�preferential�interactions�of�the�
ions�with�the�carboxylic�/�carboxylate�head�groups.�
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Diabetes!mellitus!is!the!third!letal!disease!in!the!world!after!cardiovascular!diseases!and!cancer.!The!main!
method!of! treating!diabetes! is! the! regular! injection!of! insulin! for!maintaining! its! appropriate! level! in! the!
blood.!This!method!of!insulin!delivery!has!several!drawbacks.!In!particular!it!does!not!allow!to!simulate!the!
natural!change!in!the!level!of! insulin!in!the!blood,!there!are!difficulties!due!to!differences!in!the!glycemic!
control,! there! are! various! allergic! reactions! at! the! injection! site,! discomfort! and! other! negative! effects,!
depending!on!the!pharmaceutical!formulation!of!the!injected!insulin.!
Hydrophilicity!of! insulin! is!one!of!the!problems!for!microencapsulation!by!simple!o/w!emulsion!methods.!
This!method!is!not!efficient!for!the!entrapment!of!insulin!because!of!the!rapid!dissolution!into!the!aqueous!
continuous!phase.!By!using!a!double!emulsion!technique!is!possible!to!solve!this!problem.!Double!emulsion!
methods! are! frequently! used! for! microparticle! drug! delivery! systems.! Pharmaceuticals! and!
biopharmaceuticals!loaded!with!microparticles!as!prepared!by!double!emulsion!techniques!for!a!controlled!
delivery!are!described!in!literature.!
This!paper!also!includes!the!results!of!investigations!of!various!systems!used!for!preparing!microparticles!by!
a! W/O/W! double! emulsion! technique! for! insulin! oral! delivery.! The! primary! W/O! emulsion! consists! of!
aqueous! insulin! solution! dispersed! in! an! organic! phase! containing! an! oilPsoluble! surfactant,! e.g.,! Dioctyl!
sulfosuccinate!sodium!salt!(AOT)!in!soybean!oil!or!medium!chain!triglyceride!(MCT).!This!primary!emulsion!
is! further! dispersed! into! a! large! volume! of! an! aqueous! solution! containing! oppositively! charged! natural!
polyelectrolytes!(PE),!such!as!Chitosan!and!Xanthan!complex!in!order!to!form!a!W/O/W!double!emulsion.!
For!a!controlled!formulation!of!the!double!emulsion!with!waterPsoluble!polymeric!complexes!as!emulsifier!
of!we! studied! the! kinetics! of! adsorption! in! terms!of! surface! and! interfacial! tension! at! the!water/air! and!
water/oil!interfaces!during!the!formation!of!the!adsorption!layers!by!PEPsurfactant!complexes.!The!droplets!
size!distribution!of!the!microemulsions!and!surface!charge!(zetaPpotential)!are!experimentally!determined!
by!using!a!ZetaPSizer!(Malvern).!The!measured!mean!particle!diameter!of!the!primary!emulsions!is!between!
207!nm!and!650!nm.!The!chemical!constituents!of!the!primary!emulsions!were!AOT!(!>99%,!SigmaPAldrich),!
soybean!oil! (SigmaPAldrich),! human! insulin! (SigmaPAldrich)! and!highP! purity!water.! The!double! emulsions!
have!a!mean!particle!diameter!of!about!3244!nm,!i.e.!about!10!times!larger!than!the!primary!emulsions.!
The! systems! for! insulin! oral! delivery! were! also! studied! with! respect! to! the! stabilizing! effect! of! various!
conditions!such!as!the!choice!of!oil!as!organic!phase,!the!type!and!concentration!of!surfactants,! the!type!
and! mixing! ratio! of! polyelectrolytes! (PE)Psurfactant! complexes,! temperature,! and! were! optimized! with!
respect!to!the!ultrasonication!conditions!(amplitude,!pulse/pause!time!ratio).!
It! was! ascertained! that! the! most! stable! emulsions! are! obtained! at! AOT! concentrations! in! soybean! oil!
between!10P3!M!and!2,25`10P3!M,!which!correlates!with!literature!data.!
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The! present! work! is! devoted! to! the! study! of! adsorption! of! triclosan,! methylHtriclosan! and! chlorinated!

derivatives! by! activated! carbon.! It!was! observed,! that! the! sorption! efficiency! of! the! carbons! adsorbents!

increases!and!their!sorption!capacity!decreases!with!carbon! loading.! It!was!shown,!that!at!a!given!pH!for!

the! adsorption! in! static! mode,! there! is! an! optimum! carbon! loading! which! limits! the! triclosan!

uptake/removal.!

Thus,!for!the!studied!systems,!the!sorption!efficiency!of!the!activated!carbon!continuously! increases!until!

carbon!loading!of!ca.!of!2!g/l.!A!further!increase!of!the!carbon!loading!does!not!affect!the!sorption!process!

and! triclosan! removal! remains! practically! constant.! The! decrease! of! the! sorption! capacity! is! more!

pronounced!to!carbon!loading!up!to!2!g/l.!For!higher!carbon!loadings,!the!decrease!on!the!sorption!capacity!

is!less!pronounced.!

Triclosan!is!an!antimicrobial!active!component!in!consumer!care!products!such!as!toothpaste,!mouthwash,!

and!soaps,!as!well!as! in!household!cleaners!and!even! in! textiles,! such!as! sportswear,!bed!clothes,! shoes,!

and!carpets.!The!widespread!use!of!triclosan!provides!a!number!of!pathways!for!the!chemical!to!enter!the!

environment,!and!laboratory!tests!have!shown!it!to!be!toxic!to!aquatic!species.!The!chemical!properties!of!

triclosan!indicate!that!it!may!also!bioaccumulate!and!persist!in!the!environment.!Due!to!the!uncertainty!in!

estimating! environmental! release! by! this! pathway,! no! predicted! environmental! concentration! (PEC)! in!

surface!waters!has!been!derived.!
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Fluorosurfactants* used* in* fire9fighting* foams* have* historically* been* produced* by* two* different*methods:*
electrochemical*fluorination*(ECF)*and*telomerisation*[1].*ECF9based*fluorosurfactants*break*down*to*form*
PFOS* (perfluorooctanesulphonate)* and* PFOA* (Perfluorooctanoic* acid),* which* are* recognised* to* have*
negative*impacts*on*the*environment*and*human*health*due*to*pronounced*persistence,*variable*degrees*
of*bioaccumulation*potential*and*toxicity*[1,*2].*For*these*reasons,*and*as*a*result*of*legislative*pressures,*in*
2002*many*countries*including*EU*started*to*phase*out*the*use*of*ECF9based*fluorosurfactants*in*the*fire9
fighting* industry.* Nowadays,* all* modern* fire9fighting* foams* contain* fluorosurfactants* produced* by*
telomerisation,*also*known*as*fluorotelomers*[3].*Fluorotelomers*have*proved*to*be*a*good*alternative,*by*
delivering* fast* control* and* extinction* under* a* diverse* range* of* flammable* liquid* applications,* as* well* as*
helping*to*minimise*spread*of*fire,*prevent*reignition*and*reduce*the*amount*of*airborne*smoke*pollution.*
As*well,* fluorotelomer* based* AFFF* (aqueous* film9forming* foam)* products* do* not* bioaccumulate,* do* not*
concentrate*up* the* food*chain,*are*not*harmful* to*organisms*and*have*been*shown*to*be*non9toxic.*The*
breakdown*of*fluorotelomers*leads*to*the*formation*of*a*6:2*fluorotelomer*sulphonate*(not*PFOS*or*PFOA),*
which*although*persistent,*is*neither*bioaccumulative*or*toxic*[3].**
*
The* known* theory* underpinning* the*use* of* fire9fighting* foams* is* primitive* and* largely* empirically* based;*
few*attempts*have*been*made*to*model*or*investigate*the*behaviour*of*foam*formulations*from*a*chemical*
perspective.* Here* we* have* began* to* study* the* properties* of* three* industrial* fluorotelomer* surfactants*
found*in*a*typical*AFFF*by*force*tensiometry,*dynamic*foam*analysis*and*SANS.*Initial*tensiometric*analysis*
results* have* shown* similar* low* γCMC* values* to* their* perfluorinated* counterparts.* By* understanding* how*
these* different* materials* work* both* individually* and* as* mixed* systems,* it* will* be* possible* to* start* to*
understand* at* a* more* profound* level* the* processes* that* are* occurring* during* the* extinguishment* of*
flammable* liquids.* Additionally,* this* will* not* only* potentially* hasten* the* development* process,* but* also*
allow*the*use*of*more*environmentally*benign*chemicals*(low9F*or*H9surfactant*analogues).*Therefore,*it*is*
important* to* develop* a* more* fundamental* understanding* of* how* these* fluorosurfactants* behave,* both*
individually*and*as*mixed*systems*in*mimics*of*the*real*formulations.*
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It has been increasingly realized that emulsions with complex microstructures hold great potential for 
applications in several bio-related fields including foods [1]. However, practical applications of multiple 
emulsions are severely limited due to the factors such as the requirement of multi-step emulsification 
process and the associated physical stability issues including creaming and coalescence [2]. In the present 
work, novel emulsions (with gelled inner water droplets and gelled water continuous phase) were created 
using a simple ‘one-step’ process where the oil phase (triglyceride oil and polyglycerol polyricinoleate) and 
the water phase (containing locust bean gum and carrageenan) were emulsified at an elevated 
temperature (70°C) followed by cooling to room temperature [3]. Temperature triggered gelling of the 
synergistic biopolymer combination led to the formation of structured emulsions on cooling. Flowable to 
self-standing emulsion gels could be prepared by changing the total concentration of polymers as 
confirmed from low amplitude oscillatory shear rheology and creep recovery measurements. The cryo-SEM 
images of freeze-fractured samples revealed the presence of gelled inner water droplets. Furthermore, 
emulsions displayed thermo-reversible rheological changes which could be tuned by simply changing the 
total polymer concentration and the proportions of individual polymers. Such biopolymer-based structured 
emulsions with interesting microstructure and rheological properties could find potential applications in 
food structuring (such as creating new textures with reduced fat content). 
 

 
Figure 1: A photographic representation of the ‘one-step’ process used for emulsion formation. The variation of total 
polymer concentration in the water phase results in flowable to self-standing emulsion gels. From a) to d), the total 
polymer concentration in the aqueous phase was 1, 2, 3 and 4%wt. Representative cryo-SEM images (image width 30 
µm) of freeze-fractured emulsion droplets are provided to understand the microstructure. 
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Electrostatic interactions between colloids and surfaces are omnipresent in biological and technological 
systems. Numerous potential applications exist for asymmetrically charged colloids, but very few modelling 
studies have been presented previously. Here we describe the adsorption of charged colloids with 
asymmetric charge distributions on the basis of mean field theory, yet with an accurate account of intra-
colloidal charge-charge correlations. We minimize an appropriate mean-field free energy, which leads to an 
integral-differential equation for the electrostatic potential that we solve numerically and compare with 
Monte Carlo simulations. We analyse the degree of surface adsorption for spherical colloids with clusters of 
charge attached to one or several locations. Our results emphasize how sensitive the adsorption depends 
on the colloidal charge distribution and how this sensitivity emerges from the loss of the colloids' 
orientational entropy upon surface adsorption. 
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Adsorption of charged colloidal particles to the air–water interface prevents the dissociation of charged 
groups exposed to the low dielectric environment (air), since this leads to a very large free energy penalty. 
For such reason, colloidal particles confined to an electrolyte–air interface exhibit many interesting 
properties which have stimulated a number of theoretical and experimental works1-4. 
Here we report a full characterization of the effect of the pH of the aqueous subphase on the structure, 
rheology and surface pressure isotherms of carboxylated polystyrene (C-PS) particles at the air/water 
interface. By looking at the structure of the layers via scanning electron microscopy (SEM) and direct optical 
visualization and by characterizing the macroscopic dynamics via interfacial rheology, we show that for low 
pH values (≤11) particles experience attractions that drive the collective behavior of the layers: we observe 
the formation of clusters along the interfacial plane and we infer the presence of clustering on the z-
direction (orthogonal to the interface), making the 2D scenario unreal for such values of pH. Crystalline 
hexagonal structures, forming heterogeneous solid-like layers, were found for pH<13 and were 
characterized by both SEM images and direct visualization experiments. The latter evidenced a strong 
iridescence signal that marks the highly ordered structures at the interface (see Figure 1). On the contrary, 
we show that upon increasing the number of ionized groups of the particles adsorbed at the interface by 
increasing the subphase pH, clustering is suppressed and homogeneous liquid-like disordered layers 
appear. The stability of the monolayers has been concomitantly probed via surface pressure isotherms and 
compression-expansion cycles. As a matter of fact the cycles exhibit hysteresis due to the occurrence of 
irreversible aggregation upon compressing the C-PS layers. Consistently with the scenario emerging from 
the structural and the rheological characterization, such compression-induced irreversible clustering is 
suppressed when pH is increased, i.e. when particles repel each other enough to prevent interfacial 
flocculation. Our results shed light on the role played by pH on the stability and the dynamics of films 
formed by pH-sensitive particles, showing that their morphology and rheology can be tuned by modulating 
electrostatic forces and that dense particle films formed by only one particle layer indeed never form.  

 
 
 
 
 
 
 
 
 
 
 

Figure1: Left panel: Schematic of the particle structure at air-water interface at different subphase pH .  
Right Panel: Iridescence images of C-PS particles at air-water interface for different values of the subphase pH. 
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Membrane emulsification holds a great interest for industrial use in particle production, especially for 
production of “high technology” products and uses, for example in chromatography resins, medical 
diagnostic particles, drug carriers, food or flavour encapsulation [1]. A novel membrane emulsification system 
is reported consisting of a tubular metal membrane, periodically azimuthally (tangentially) oscillated with 
frequencies up to 50 Hz and 7 mm displacement in a gently cross flowing continuous phase. A CFD analysis 
showed consistent axial shear at the membrane surface, which became negligible at distances from the 
membrane surface greater than 0.5 mm. For comparison, CFD analysis of a fully rotating membrane 
emulsification system showed local vortices in the continuous phase leading to a variable shear along the 
axis of the membrane. Oil-in-water (o/w) emulsions were experimentally produced with a median diameter 
of 20-120 μm, and a coefficient of variation of droplet size of 8%. The drop size was correlated with shear 
stress at the membrane surface using a force balance. In a single pass of continuous phase, it was possible to 
achieve high dispersed phase concentrations of 40% v/v [2]. Uniform complex emulsion production, such as 
water-in-oil-in-water (w/o/w), is also reported using a different membrane emulsification device: Micropore 
Dispersion Cell [1]. Overall, this work enhances ME technology, showing its ability of control droplet size and 
size distribution, easy of scalability, and efficiency relatively to waste product generation and energy input. 
 

 

    

    
Figure 1. a) Schematic illustration of the Oscillating Membrane Emulsification (OME); b) o/w uniform emulsion using 
OME; c) w/o/w uniform (double) emulsion using dispersion cell [1].  
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Oily!water!generated!from!petroleum!refineries,!off&shore!platforms!etc.!should!be!reduced!to!a!safe!level!
less!than!10!ppm!before!it!discharge.!Liquid&liquid!hydrocylones!have!been!widely!used!in!the!oil!industries!
[1].!However,! they!have! limits! to! reduce!highly!mixed!oil&water!emulsion!due! to!small!oil!droplets! [2].! In!
this! study,! oil&water! emulsion!was! treated! by! electrocoagulation! in! an! electrochemical! reactor! and! then!
large!oil!droplets!in!water!were!separated!by!a!hydrocyclone.!!
An!electrical!field!of!3.0!kV/m!was!applied!to!the!electrochemical!reactor!with!an!array!of!cylindrical!tubes!
during!0&120!s.!Oil!droplets!in!water!(5%!v/v)!were!enlarged!from!an!initial!size!of!about!2!µm!to!those!of!
more! than! 20! µm! after! a! reaction! of! more! than! 40! s! as! seen! in! Fig! 1.! The! enlarged! oil! droplets! were!
separated!by!a!liquid&liquid!type!hydrocylone.!Separation!efficiency!was!less!than!80%!with!a!hydrocylone!
without!electrocoagulation!but!it!was!enhanced!to!more!than!95%!with!an!electrocoagulated!hydrocylone.!!
At!the! low!flow!rates,!oil!droplets!could!be!enlarged!to!bigger!sizes! in!the!electrochemical!reactor!due!to!
longer!reaction!time!but!small!centrifugal!forces!could!be!applied!in!the!hydrocylone.!On!the!other!hands,!
at! the! high! flow! rates,! oil! droplets! were! electrochemically! reacted! in! shorter! reaction! time! but! high!
centrifugal! force! could! be! applied! in! the! hydrocylone.! Therefore,! the! optimum! liquid! flow! rate! could! be!
found!in!the!electro&coagulated!hydrocylone.!!
!

!
Figure*1*Oil!droplet!size!distributions!of!oil&water!emulsion!(5%!v/v)!after!electro&chemical!reactions*
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          Over the recent years there has been a great interest in of preparation of new organic-inorganic hybrid 
materials which could handle specific tasks. Among many, the one which is very promising is a hybrid material 
obtained by a connection of polyhedral oligomeric silsesquioxanes (POSS) and carbon nanotubes (CNT). POSS 
are a very diversified group of chemical compounds of cube-octameric frameworks which chemical and 
physical properties are strongly dependable of structure of eight organic corner groups connected to silica-
like core [1]. Recent reports shows that the POSS/CNT hybrid material may possess tremendous thermal, 
electrical and mechanical properties of CNTs whith addition of POSS could improve them and allows to avoid 
problems with arrangement of CNTs [2].A composition of carbon nanotubes and POSS cage substituted with 
chromophores may be a suitable material for organic solar cells (OSC) or organic light emitting diodes (OLED) 
[3]. Therefore it is important to study such hybrid materials monolayers and thin films properties. 
          In this work results of experiments performed to investigate and describe formation and behavior of 
monolayers made of octaphenylsilsesquioxane/CNT as well as octaphenylgermasilsesquioxane/CNT hybrid 
material at the air/water interface in static and dynamic conditions are presented. A (KSV NIMA) equipped 
with Brewster angle microscope (BAM) and surface potential sensor (SPOT) were used to this end. Moreover, 
an investigation of properties of Langmuir-Blodgett films prepared by deposition of studied hybrid materials 
on model solid substrate was performed.  
          Obtained experimental data allow for description of the behavior of monolayers formed by studied 
POSS/CNT hybrid materials. Therefore it is important to determine conditions of deposition of monolayer 
and properties thin films on the substrate as well as interactions between molecules in the monolayer.  
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EŽǀĞů�ƌŽƵƚĞ�ƚŽ�ĐŽůůŽŝĚĂů�ƉŚŽƚŽŶŝĐ�ĐƌǇƐƚĂůƐ�ǀŝĂ�ĐŽŵƉůĞǆ�ďƵŝůĚŝŶŐ�ďůŽĐŬƐ
'ƵŝĚŽ��ǀǀŝƐĂƚŝΎ͕�DĂƌũŽůĞŝŶ��ŝũŬƐƚƌĂ

^ŽĨƚ��ŽŶĚĞŶƐĞĚ�DĂƚƚĞƌ͕ ��ĞďǇĞ�/ŶƐƚŝƚƵƚĞ�ĨŽƌ�EĂŶŽŵĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ͕�hƚƌĞĐŚƚ�hŶŝǀĞƌƐŝƚǇ͕

�WƌŝŶĐĞƚŽŶƉůĞŝŶ�ϭ͕�ϯϱϴϰ��͕�hƚƌĞĐŚƚ͕�ƚŚĞ�EĞƚŚĞƌůĂŶĚƐ

ΎŐ͘ĂǀǀŝƐĂƚŝΛƵƵ͘Ŷů

�� ĐŽŶƐŝĚĞƌĂďůĞ� ĂŵŽƵŶƚ� ŽĨ� ƌĞƐĞĂƌĐŚ� ŝŶ� ƚŚĞ� ĐŽůůŽŝĚĂů� ƐĐŝĞŶĐĞ� ĐŽŵŵƵŶŝƚǇ� ĚĞĂůƐ� ǁŝƚŚ� ƚŚĞ� ĚĞƐŝŐŶ� ĂŶĚ� ƚŚĞ�
ĨĂďƌŝĐĂƚŝŽŶ� ŽĨ� ĐƌǇƐƚĂůůŝŶĞ� ƉŚĂƐĞƐ� ƚŽ� ďĞ� ĞŵƉůŽǇĞĚ� ĂƐ� ƉŚŽƚŽŶŝĐ� ĐƌǇƐƚĂůƐ͕� ƐƚƌƵĐƚƵƌĞƐ � ǁŚŝĐŚ � ŚĂǀĞ � Ă � ƌĂƚŚĞƌ�
ďƌŽĂĚ � ĂƉƉůŝĐĂďŝůŝƚǇ � ƐƉĞĐƚƌƵŵ͕ � ƌĂŶŐŝŶŐ � ĨƌŽŵ � ŽƉƚŝĐĂů�ĨŝďĞƌƐ�ĂŶĚ�ĚŝƐƉůĂǇƐ͕�ƚŽ�;ďŝŽͲͿƐĞŶƐŝŶŐ�ĂŶĚ�ďŝŽͲŵĞĚŝĐĂů�
ĞŶŐŝŶĞĞƌŝŶŐ͕�ĂŶĚ�ĨŝŶĂůůǇ�ƚŽ�ĞŶĞƌŐǇ�ƐƚŽƌĂŐĞ � ĂŶĚ � ƐĞĐƵƌŝƚǇ � ϭͲϮ͘ � ,ĞƌĞ͕ � ǁĞ � ƐƵŐŐĞƐƚ � Ă � ŶŽǀĞů � ƌŽƵƚĞ � ƚŽ � ƚŚĞ�
ĨĂďƌŝĐĂƚŝŽŶ � ŽĨ�ĐŽůůŽŝĚĂů�>ĂǀĞƐ�ƉŚĂƐĞƐ�ʹ�ƚŚĞ�ƉƌĞĐƵƌƐŽƌƐ�ŽĨ�ƉŚŽƚŽŶŝĐ�ĐƌǇƐƚĂůƐ�ʹ�ĨƌŽŵ�Ă�ďŝŶĂƌǇ�ŵŝǆƚƵƌĞ�ŽĨ�ŚĂƌĚ�
ƐƉŚĞƌĞƐ�ĂŶĚ�ŚĂƌĚ�ƚĞƚƌĂŚĞĚƌĂů�ĐůƵƐƚĞƌƐ͘��Ǉ�ƵƐŝŶŐ�DŽŶƚĞ��ĂƌůŽ�ƐŝŵƵůĂƚŝŽŶƐ�ĂŶĚ�ĨƌĞĞ�ĞŶĞƌŐǇ � ĐĂůĐƵůĂƚŝŽŶƐ � ǁĞ�
ĐŽŵƉƵƚĞ � ƚŚĞ � ƉŚĂƐĞ � ĚŝĂŐƌĂŵ� ŽĨ � ƐƵĐŚ � Ă �ŵŝǆƚƵƌĞ � ŽĨ � ĐŽůůŽŝĚĂů�ďƵŝůĚŝŶŐ�ďůŽĐŬƐ͕�ĂŶĚ�ĨŽĐƵƐ�ŽŶ�ƚŚĞ�ƐƚĂďŝůŝƚǇ�ŽĨ�
ƚŚĞ� >ĂǀĞƐ� ƉŚĂƐĞ� ƐƚƌƵĐƚƵƌĞ͘� tĞ� ƐƚƌĞƐƐ� ƚŚĂƚ� ƚŚĞ� ƐƚƵĚŝĞĚ� ŵŝǆƚƵƌĞ� ŝƐ� ǁĞůů� ǁŝƚŚŝŶ� ĐƵƌƌĞŶƚ� ĞǆƉĞƌŝŵĞŶƚĂů�
ĐĂƉĂďŝůŝƚŝĞƐ�ϯͲϰ͘�tĞ�ƉƌĞƐĞŶƚ�ƚŚĞ � ƉŚĂƐĞ � ĚŝĂŐƌĂŵ � ŽĨ � ƚŚĞ � ƐǇƐƚĞŵ � ŝŶ � ƚŚĞ � ƌĞĚƵĐĞĚ � ƉƌĞƐƐƵƌĞ � ʹ �
ĐŽŵƉŽƐŝƚŝŽŶ�ƌĞƉƌĞƐĞŶƚĂƚŝŽŶ͘ � KƵƌ � ĨŝŶĚŝŶŐƐ � ƐŚŽǁ� Ă � ƌĞůĂƚŝǀĞůǇ � ůĂƌŐĞ � ĨůƵŝĚͲĐƌǇƐƚĂů � ĐŽĞǆŝƐƚĞŶĐĞ � ƌĞŐŝŽŶ�ǁŚŝĐŚ�
ŝƐ � ƉŽƚĞŶƚŝĂůůǇ � ĂĐĐĞƐƐŝďůĞ � ďǇ � ĞǆƉĞƌŝŵĞŶƚƐ͕ � ƵŶĐŽǀĞƌŝŶŐ � Ă � ŶĞǁ� ƉĂƚŚ � ŝŶ � ƚŚĞ � ƐĞůĨͲĂƐƐĞŵďůǇ � ƐĐĞŶĂƌŝŽ͘ � dŽ �
ĨĂĐŝůŝƚĂƚĞ � Ă � ĐŽŵƉĂƌŝƐŽŶ � ǁŝƚŚ � ĞǆƉĞƌŝŵĞŶƚĂů � ƌĞƐƵůƚƐ͕ � ǁĞ�ĂĚĚŝƚŝŽŶĂůůǇ�ĐŽŵƉƵƚĞ�ƚŚĞ�ƉŚĂƐĞ�ĚŝĂŐƌĂŵ�ŝŶ�
ƚŚĞ� ƉĂĐŬŝŶŐ� ĨƌĂĐƚŝŽŶ� ŽĨ� ƚĞƚƌĂŵĞƌƐ� ʹ� ƉĂĐŬŝŶŐ� ĨƌĂĐƚŝŽŶ � ŽĨ � ƐƉŚĞƌĞƐ � ƌĞƉƌĞƐĞŶƚĂƚŝŽŶ͕ � ĂŶĚ � ŝĚĞŶƚŝĨǇ � ƚŚĞ�
ƌĞŐŝŽŶ � ǁŚĞƌĞ � ƚŚĞ � ĨůƵŝĚ � ŝƐ � ŝŶ�ĐŽĞǆŝƐƚĞŶĐĞ�ǁŝƚŚ�ƚŚĞ�>ĂǀĞƐ�ĐƌǇƐƚĂů͘

&ŝŐƵƌĞ�ϭ�&ŝŶĂů�ĐŽŶĨŝŐƵƌĂƚŝŽŶ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�Ă�ĚŝƌĞĐƚ�ĐŽĞǆŝƐƚĞŶĐĞ�ƐŝŵƵůĂƚŝŽŶ�ŽĨ�ƚŚĞ�>ĂǀĞƐ�ĐƌǇƐƚĂů�ŽĨ�ŚĂƌĚ�ƚĞƚƌĂŵĞƌƐ�ĂŶĚ�
ŚĂƌĚ�ƐƉŚĞƌĞƐ�ĂŶĚ�ƚŚĞ�ĨůƵŝĚ�ƉŚĂƐĞ.

ϭ �͘�^ƚĞŝŶ͕��͘��͘�tŝůƐŽŶ�ĂŶĚ�^͘�'͘�ZƵĚŝƐŝůů͕��ŚĞŵ͘�^ŽĐ͘�ZĞǀ͘ ͕�ϮϬϭϯ͕�ϰϮ͕�Ϯϳϲϯ͘
Ϯ '͘�ǀŽŶ�&ƌĞǇŵĂŶŶ�Ğƚ�Ăů͕͘��ŚĞŵ͘�^ŽĐ͘�ZĞǀ͕�ϮϬϭϯ͕�ϰϮ͕�ϮϱϮϴ͘
ϯ s͘ �E͘�DĂŶŽŚĂƌĂŶ͕�D͘�d͘ ��ůƐĞƐƐĞƌ�ĂŶĚ��͘�:͘�WŝŶĞ͕�^ĐŝĞŶĐĞ͕�ϮϬϬϯ͕�ϯϬϭ͕�ϰϴϯ͘
ϰ �͘�zŽƵŶŐͲ^ĂŶŐ��Ğƚ�Ăů͕͘��ŚĞŵŝƐƚƌǇ�ŽĨ�DĂƚĞƌŝĂůƐ͕�ϮϬϬϱ͕�ϭϳ͕�ϱϬϬϲ͘�
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The synthesis of monodisperse, highly crosslinked polystyrene (PS) particles with a radius of about 500 nm 
and larger is a challenging research in molecular chemistry. The most reliable synthesis route for this is 
dispersion polymerization and different groups are currently active in this field [1, 2]. They all have in 
common the use of divinylbenzene as a cross-linking agent. However, this choice creates problems when 
aiming for high degree of crosslinking due to the difference in the copolymerization parameters, since the 
reaction mechanism is similar to bulk or solution polymerization. To overcome these drawbacks we present 
a different approach. By using diisopropenylbenzene, which provides better copolymerization parameters 
[3], as a cross-linking agent a more homogeneous polymerization and network building of the resulting 
particles could be obtained for crosslink densities up to 1:50 (one crosslink per 50 monomer units).  
 
Here, we investigated the influence of different solvent mixtures on the final particles. The procedure for 
the reaction was motivated by systematic studies of dispersion polymerization of styrene by Zhang et al. 
[4]. Using a modified procedure a 99:1 (w/w) mixture of styrene and diisopropenylbenzene was 
polymerized in different solvent mixtures of isopropylalcohol (iPrOH) and water. In this way the solution 
quality for PS in the solvent was gradually lowered with increasing content of water. A positive influence on 
the particle morphology and the degree of polymerization was observed when the polarity of the solvent 
was slightly increased. The obvious difference in the morphology is shown in fig. 1. 
 

 
Figure 1: SEM-pictures of highly crosslinked PS particles synthesized via dispersion polymerization. On the left hand 
side the particles resulting of a polymerization in pure iPrOH can be seen. The sample consist to equal parts of small 
round particles and hollow hemispherical particles. On the right hand side the resulting particles for a polymerization 
in a solvent mixture of iPrOH/H2O (80/20) are shown. Here the particles are clearly spherical and mostly within a 
radius of around 500 nm.  
 

[1] H. T. Zhang, J. X. Huang and B. B. Jiang, J. Appl. Polym. Sci., 2002, 85, 2230 
[2] J. H. L. Beal, Y. Xu, N. Al-Salim, W. M. Arnold, J. Appl. Polym. Sci., 2016, 133, 43103 
[3] G. Hild and P. Rempp, Pure & Appl. Chem., 1981, 53, 1541 
[4] X. Zhang, S. Shen and L. Fan, Polym. Bull.,2008, 61, 19 
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As being a non-meltable polymer cellulose processing is challenging, and it becomes necessary to dissolve 
the biopolymer. Despite the rich number of hydroxyl groups in the molecular structure, cellulose dissolution 
is not trivial and thus the number of suitable solvents is scarce and, in most of the cases, limited to lab-scale 
applications. Strong alkaline aqueous systems, such as NaOH and LiOH based systems with or without 
additives, represents a very interesting class of solvents due to the hypothetical low price and low 
environmental impact of the chemicals involved. Nevertheless, one important issue in these systems is 
related to low temperatures (sub-zero) often required to dissolve the material which, once the temperature 
is raised, triggers the gelation of the dope [1-3]. In this work LiOH based aqueous solvents are investigated 
regarding the stability of the solutions formed. Moreover, we will see how the temperature, presence of 
additives and concentration of the species influence the rheological properties (kinetics of gelation). The 
formation of aggregates will be followed by scattering techniques, while the hypothetical degradation of the 
biopolymers in the strong alkali media will be accessed by rheometry and molecular weight estimation by 
SEC and capillary viscometry.         

 
 
 

[1] B. Lindman, G. Karlström and L. Stigsson, Journal of Molecular Liquids, 2010, 156, 76-81. 
[2] B. Medronho, B. Lindman, Advances in Colloid and Interface Science, 2015, 222, 502-508. 
[3] M. Polleto and H. Junior, Cellulose-Fundamental Aspects and Current Trends, 2015, Chapter 1, 1-44 pages, 

In Tech.  
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The macroscopic response of colloidal systems to shear and deformation is directly coupled to their 
microscopic structural evolution. Unfortunately, in most cases the use of macroscopic rheometers does not 
allow in-situ access to the system’s microstructure at the single-particle level. 
In this work, we investigate the shear response of soft crystals of charged colloids spread at a water/oil 
interface, where the microstructure is imaged by optical microscopy. Continuous/oscillatory shear flows are 
applied by rotating/oscillating micro-fabricated magnetic disks located at the fluid-fluid interface [1]. Upon 
steady rotation, two regimes of motion are reported. At small shear rates, the monolayers flows via 
discreet hopping of the particles, i.e., the shear induced motion is defect-mediated. At larger applied rates, 
the flow induces ordering of the colloidal suspension around the disk, in the form of concentric rings.  
We also characterize the monolayers viscoelastic response to oscillatory shear flows. The mechanical 
properties of the 2D-colloidal crystal strongly depend on the amplitude and frequency of the applied 
perturbation: large amplitudes and small frequencies lead to irreversible plastic rearrangements that 
alter the monolayer crystalline microstructure.
Furthermore, we study how the presence of a second population of smaller particles affects the 
mechanical response of the monolayers. Here, the system show glassy properties and the two particle 
species yield sequentially�Ϯ. 

&ŝŐƵƌĞ�ϭ�ĂͿ��ǆĂŵƉůĞƐ�ŽĨ�ƚƌĂũĞĐƚŽƌŝĞƐ�ŝŶ�ƚŚĞ�ůĂď�;ĚĂƌŬ�ŐƌĞǇ�ůŝŶĞƐͿ�ĂŶĚ�ŝŶ�ƚŚĞ�ĐŽͲŵŽǀŝŶŐ�ƌĞĨĞƌĞŶĐĞ�ĨƌĂŵĞ�ŽĨ�ƚŚĞ�ĨůŽǁ�;ďůĂĐŬ�
ĂŶĚ� ǁŚŝƚĞͿ� ĨŽƌ� Ă� ŵŽŶŽůĂǇĞƌ� ƐŚĞĂƌĞĚ� Ăƚ� ɏ� с� Ϭ͘ϯ� ,ǌ� ;ƐƚĞĂĚǇ� ƐŚĞĂƌͿ͘� dŚĞ� ǁŚŝƚĞ� ƚƌĂũĞĐƚŽƌŝĞƐ� ĐŽƌƌĞƐƉŽŶĚ� ƚŽ� &ůŽǁŝŶŐ�
ƉĂƌƚŝĐůĞƐ͕� ǁŚĞƌĞĂƐ� ƚŚĞ� ďůĂĐŬ� ƚƌĂũĞĐƚŽƌŝĞƐ� ƌĞǀĞĂů� Ă� ĚĞĨĞĐƚͲŵĞĚŝĂƚĞĚ� ŵŽƚŝŽŶ� ;,ŽƉƉŝŶŐ� ƉĂƌƚŝĐůĞƐͿ͘� ďͿ� WĂƌƚŝĐůĞ�
ƌĞĂƌƌĂŶŐĞŵĞŶƚƐ�ƵŶĚĞƌ�ŽƐĐŝůůĂƚŽƌǇ�ƐŚĞĂƌ͘�dŚĞ�ǁŚŝƚĞ�ĚŽƚƐ�ŚŝŐŚůŝŐŚƚ�ƚŚĞ�ƉĂƌƚŝĐůĞƐ�ƚŚĂƚ�ŚĂǀĞ�ŵŽǀĞĚ�ŵŽƌĞ�ƚŚĂŶ�ŽŶĞ�ůĂƚƚŝĐĞ�
ĐŽŶƐƚĂŶƚ�ĂĨƚĞƌ�ŽŶĞ�ŽƐĐŝůůĂƚŝŽŶ�ŽĨ�ƚŚĞ�ĚŝƐŬ�;ĨƌĞƋƵĞŶĐǇ�ɏ�с�Ϭ͘ϯ�,ǌ͕�ĂŵƉůŝƚƵĚĞ�ɽ�с�ϮϬΣͿ͘�ĐͿ�DĞĐŚĂŶŝĐĂů�ƌĞƐƉŽŶƐĞ�ŽĨ�ĐŽůůŽŝĚĂů�
ŵŽŶŽůĂǇĞƌƐ�ǁŝƚŚ�ŝŶĐƌĞĂƐŝŶŐ�ĐŽǀĞƌĂŐĞ�;ĨƌŽŵ�ďŽƚƚŽŵ�ƚŽ�ƚŽƉͿ͕�ƉůŽƚƚĞĚ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ƚŚĞ�ůŽĐĂů�ƐƚƌĂŝŶ�ɶ�ĂŶĚ�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�
ɏ�ŽĨ�ƚŚĞ�ĂƉƉůŝĞĚ�ŽƐĐŝůůĂƚŽƌǇ�ƐŚĞĂƌ�ĨůŽǁ͘���

ϭ S.Q. Choi, S. Steltenkamp, J.A. Zasadzinski and T.M. Squires͕ Nature �omm͘, 2011, Ϯ, 312.
Ϯ I. Buttinoni, Z. A. Zell, T. M. Squires and L. Isa, Soft Matter, 2015, 11, 42.
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The classical Derjaguin, Landau, Verwey, and Overbeek (DLVO) theory predicts that colloidal suspensions 
are stable at low salt concentrations and are unstable at higher ones[2]. The transition between these two 
regimes is referred to as the critical coagulation concentration (CCC). For highly charged particles, the DLVO 
theory suggests CCCv1/z6, where z is the counterion valence. This dependence is called the Schulze-Hardy 
rule.  
In this work, the aggregation behavior of positively charged amidine latex particles and negatively charged 
sulfate latex in salt solutions containing multivalent coions and monovalent counterions was studied by 
time-resolved light scattering techniques. The results show that the CCC is inversely proportional to the 
coion valence. We argue that an analogous the inverse Schulze-Hardy rule can be formulated in this 
situation, namely CCCv1/z. The dependencies of the CCC on the valence predicted by inverse Schulze-
Hardy rule and the Debye-Hückel theory ( CCC 1/ ( 1)z zv � ) are compared with the experimental data (Fig. 
1a). We have also carried out DLVO calculations of the CCCs within the Poisson-Boltzmann theory for 
different charge densities (Fig. 1b)[2]. For high charge densities, the 1/z dependence is obtained, while the 
Debye-Hückel dependence is recovered for low charge densities. 

Figure 1 CCC normalized to its value in the monovalent electrolyte versus the valence of the coions 
in the salt solutions used. 
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The utilization of metal based inks and direct printing techniques to form conductive patterns on heat 
sensitive substrates have gained a lot of attention during recent years.  
Currently inkjet printing of silver nanoparticles inks, is mostly used in  printed electronics. However, the high 
cost of silver brings a major barrier for fabrication of low cost electronics devices. Among metals other than 
silver, the most promising candidate is copper, having the second lowest resistivity and 90 times less costly 
than silver. Nevertheless, two main challenges with copper particles based inks should be addressed in order 
to utilize copper inks as a replacement for silver. The first challenge is to prevent the oxidation of the copper 
nanoparticles prior to printing and after printing; the second is the requirement for sintering at high 
temperature (usually above 200 °C) of the printed copper nanoparticles, which prevents their application in 
plastic substrates.  
To address these challenges, we developed a metal organic decomposition (MOD) ink based on copper amine 
complexes that are decomposed and self-reduced into copper nanoparticles at low temperatures (T<150 °C), 
thus enabling printing conductors on heat sensitive plastic substrates such as PET (figure 1 left) and 3D 
printed plastic objects (figure 1 right) [1-3]. An inkjet ink was formulated and was found to be stable in air for 
prolonged periods, without losing its functionality and overcomes usually encountered problems with 
nanoparticles inks, such as aggregation and oxidation. The decomposition profile of the ink as well as the 
obtained film was investigated by various analyses including STA-MS, XPS, XRD and HR-SEM. 
 

 

 
Acknowledgements The financial support of Israel Ministry of Science and Technology is highly appreciated. 
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Figure 1 Ink-Jet printed copper pattern on PET film (left), and 3D printed plastic object (right), while using the copper 
complex ink 
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!
Protein! solutions!often! show!a! sudden!and! sharp!viscosity! increase!at! a! certain! threshold! concentration,!
which!depends!on!the!type!of!protein!as!well!as!on!the!solvent!conditions.!This!can!for!example!drastically!
limit! our! ability! to! formulate! biopharmaceuticals! at! suitable! therapeutic! concentrations.! However,! the!
location! of! this! liquidBsolid! transition! is! currently! hard! to! predict! using! information! solely! obtained! from!
investigations! at! low! protein! concentrations.!While! classical! rheological! experiments! covering! the!whole!
concentration!range!will!provide!important!information,!they!also!exhibit!some!drawbacks!when!applied!to!
protein!solutions!which!render!them!not!ideal!in!many!cases:!Certain!proteins,!e.g.!lysozyme,!can!unfold!at!
the!air!water!interface!in!the!rheological!instrument!and!form!a!viscoelastic!layer!that!virtually!precludes!a!
correct! determination! of! low! shear! properties! and! only! allows! for! measurements! of! the! high! shear!
viscosity.!Other!highly! interesting!proteins,!e.g.!eyeBlens!crystallins!and!various!pharmaceutically! relevant!
proteins,!are!often!available!at!limited!quantities!and!thus!not!suitably!investigated!with!classical!rheology!
due! to! the! large! sample! volumes! required.! We! have! thus! started! to! extract! information! about! the!
viscoelastic! properties! of! highly! concentrated! protein! solutions! by!measuring! the!motion! of! inert! tracer!
particles! embedded! in! small! sample! volumes.! To! achieve! artefactBfree! information!we! have! synthesized!
appropriate! tracer! particles! that! show! neither! particleBprotein! nor! particleBparticle! interactions.! This! has!
allowed!us!to!investigate!the!viscosity!as!a!function!of!concentration!by!measuring!the!motion!of!the!tracer!
particles! in! different! protein! solutions! using! Dynamic! Light! Scattering! (DLS).! For! attractive! proteins! that!
undergo!a!liquidBliquid!phase!separation,!DLSBbased!microrheology!faces!an!additional!challenge,!as!these!
may! exhibit! high! turbidity! and! strong!multiple! scattering.! DLSBbased! tracer!microrheology! then! requires!
tracer! particles!with! sufficiently! strong! scattering! to! dominate! the!protein! background,! and! the!use! of! a!
multiple! scattering! suppression! technique! such! as! the! 3D! cross! correlation!method! is! essential! to! avoid!
artefacts.! We! will! present! and! discuss! our! methodology! and! results! on! different! protein! systems! and!
compare!them!to!data!obtained!using!classical!rheology!as!well!as!other!microrheological!approaches.!
!
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Figure*1!Viscosity!increase!in!different!protein!samples!as!a!function!of!concentration!
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Bovine milk contains nutrients needed for the growth and development of the calf. The milk functions as a 
resource of lipids, proteins, amino acids, vitamins and minerals. Protein in bovine milk contains 80% caseins 
such as alpha-s1-casein (αS1CN), alpha-s2-casein (αS2CN), beta-casein (βCN), and kappa-casein �NCN), and 
20% whey proteins as α-lactoglobulin, β-lactoglobulin and blood bovine albumin. About 95% of the casein 
proteins in milk exist as colloidal particles (~ 250 nm in diameter), known as Casein Micelles (CM) [1]. 
Various models have been proposed for the CM structure. Generally, it is accepted that αS1CN, αS2CN and 
βCN are embedded within the micelle interior, while the majority of�NCN is displayed on the surface, 
forming a so-called “hairy layer” [2].  
To understand factors affecting the milk micelles, we study fresh milk samples as well as the structure and 
properties of isolated caseins [3] and the interactions between different caseins.  
Isolated NCN creates classical (surfactant-like) micelles, as well as amyloid-like fibrils. In milk, however, NCN 
fibrillization is inhibited by the association of all the caseins [3]. Another factor known to affect the quality 
of the milk and its products, which are determined by the amounts of every component in the milk, the 
structure and the size of the CMs and the size of the fat globules, is the health of the cow. In the present 
work we examine the influence of bacteria infection on the structure of CM (Figure 1, panels A and B [5]). 
Significant differences are noted in the structure of CMs and the composition of milk infected by bacteria 
compared with uninfected milk. Some of the differences are associated with the specific type of 
bacteria[4]. Structurally, disassembly of the colloidal milk micelles is found in some conditions, as well as 
fibrillization [6]. Differences in the protein composition are also noted (Figure 1, panel C). 
 
 
 
 
 
 
 
 
 
 
 

 
[1] Fox, P.F., and Mcsweeney, P.L.H, Advanced dairy chemistry-1 proteins, 2003, Milk proteins: general and 

historical aspects, p. 1-41, springer Science+Business Media New York, NY, USA. 
[2] Horne, D.S., Curr Opin Colloid In, 2006, 11(2), 148-153. 
[3] Portnaya, I., Cogan, U., Livney, Y., Ramon, O., Shimoni, K., Rosenberg, M. and Danino, D., J Agr Food Chem, 

2006, 54(15), 5555-5561. 
[4] Thorn, D.C., Meehan, S., Sunde, M., Rekas, A., Gras, S.L., MacPhee, C.E. Dobson, C.M, Wilson, M.R and 

Carver, J. A., Biochemistry, 2005, 44(51), 17027-17036. 
[5] Danino, D., Curr Opin Colloid, 2012, 76(6), 316-329. 
[6] Visser, S., Exterkate, F. A., Slangen, C. J., and de Veer, G. J, Appl Environ Microbiol, 1986, 52(5), 1162-

1166. 
 

 

Figure.1: (A) Cryo-TEM image of Casein Micelles (CM) in milk from a healthy cow. (B) Cryo-TEM image of CM with NCN 
“needles” in milk from an infected cow. (C) SDS PAGE of milk proteins from a healthy cow and from infected cows. 
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Spreading and evaporation of nanoparticle suspensions plays a very important role in technologies such as 
ink-jet printing. These phenomena are affected by the deposition of nanoparticles on the solid, the so-
called coffee-ring effect, and by the adsorption of the particles at the liquid/vapor interface.  
In this work we have studied the evaporation of aqueous suspensions of slightly hydrophobic polystyrene 
latex nanoparticles (PS-NP), and of hydrophobized silver nanoparticles (Ag-NP). We have used four 
different solid substrates: Teflon®, PET, PEN and glass, the first three being hydrophobic and the last one 
hydrophilic. For the sake of comparison we compare the results with the behaviour of solutions of a 
superspreader and of the suspensions of silica nanoparticles previously reported. We have also studied the 
Ag-NP suspensions after the addition of a surface active co-solvent. The systems under study cover a broad 
range of behaviors: silica nanoparticles do not adsorb at the L/V nor at the S/L interfaces; PS-NP slightly 
adsorb at the L/V but not at the S/L, and Ag-NP and also the superspreader strongly adsorb at both 
interfaces. 
The experimental results have been compared with the predictions of a recent theory proposed by 
Semenov et al. for pure fluids [1]. Surprisingly the agreement for the first stage of the evaporation process 
is very good despite being suspensions of particles, surfactant solutions or mixtures of nanoparticles and a 
surfactant. The same behaviour has been found irrespective of their adsorption at any of the two 
interfaces. 

Acknowledgements We are grateful for the financial support of COST MP1106, of CoWet ITN (E.U.), and of 
MINECO through grant FIS2014-62005-EXP. 
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Serious concerns have been raised about the occurrence of antibiotics in the environment due to their 
potential risk to human health and aquatic ecosystem.1 Particularly, such water contaminants contribute to 
the increased resistance of some pathogenic microorganisms to conventional antibiotics. In this context, 
recent developments in nanomaterials science and environmental nanotechnology have provided new 
methods for purification of trace pollutants in water. Our own interest in this field, led us to develop new 
colloidal sorbents for the removal of water contaminants via magnetic separation.2,3 The upgrade of such 
sorbents for simultaneous use in water purification and contaminant detection is a challenging task but of 
great practical interest. 

The present work aims the developing of SERS-active magnetic sorbents, as innovative platforms for 
magnetic removal and Raman analysis of penicillin G dissolved in water. Multifunctional nanomaterials 
combining magnetic and plasmonic components have been prepared by surface-modification of colloidal 
magnetite nanoparticles with siliceous shells enriched in dithiocarbamate groups2, followed by adsorption of 
gold nanoparticles onto the nanoparticles surfaces.3 The ability of such multifunctional sorbents to act as 
SERS platforms for the detection of penicillin G removal was then evaluated. Several analytical conditions 
have been investigated in order to optimize the SERS detection of penicillin G. Additionally, microscopic 
methods, including Raman confocal microscopy, have been employed to characterize the SERS substrates 
and respective monitoring process. These results will be discussed on a perspective of potential use of these 
materials for laboratory monitoring and water treatment units. 
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For monodisperse hard sphere polymer mixtures of size ratio around 0.1 theory and simulation predict 

pronounced phase behaviour. Starting with the hard sphere volume fractions of melting, ΦM = 0.545 and 

freezing ΦF = 0.495 and adding polymer, at first leads to marginal changes of the coexistence region, but for 

polymer reservoir packing fractions of 0.3 and larger, it considerably widens to give rise to a coexistence of a 

compressed solid of ΦS ≅ 0.74 and a very dilute fluid (or gas) of ΦF < 0.05. Experimentally, this behaviour has 

been confirmed using e.g. polymethyl methacrylate spheres in organic solvents, though a gelation of the 

samples occurred shortly after the widening of the coexistence region, due to gravitational effects. In the 

present study, we instead use very well density matched polystyrene micro-gel spheres suspended in 1-

Ethylnaphtalene. These are polydisperse with a polydispersity index of 0.07. The packing fraction behaviour we 

observed at low polymer concentration is consistent with previous experiments and theoretical expectations. 

At large polymer concentrations, however, the system phase separates into a highly compressed crystal of 

Φcrystal = 0.73 and a fluid of Φfluid = 0.5. We argue that polydispersity hinders the dilution of the remaining fluid 

by suppressing sufficient crystal formation. This occurs through a fractionation mechanism required for crystal 

formation at such large polydispersity. The gas phase is further absent, as there is no macroscopic separation 

of particle rich and particle depleted regions due to gravity in our finely density matched system, which could 

give rise to bubble nucleation. In summary, we see the onset of the expected phase separation, but its 

completion is hindered by two different kinetic effects. 
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The transport of colloidal particles in porous media is an important subject in industrial and 

environmental engineering such as filtration and colloid facilitated transport. The transport behaviour of 
colloidal particles in the packed bed of collector beads depends on the deposition of the particles onto the 
collector beads, and the deposition kinetics is influenced by electrical, van der Waals, and hydrodynamic 
interactions.  For water-saturated porous media, the initial kinetics of deposition is well described by a so-
called colloid filtration theory, which considers the deposition of a colloid particle onto the solid-water 
interface (SWI) between solution and the collector surface [1]. However, less studies have been carried out 
for the initial deposition in unsaturated porous media; the appearance of air-water interface (AWI) affects 
the transport of colloidal particles in unsaturated porous media [2]. Therefore, we conducted column 
experiments on the initial deposition stage in both water saturated and unsaturated conditions to improve 
our understanding of colloid transport in porous media.   

We used the packed bed of Toyoura sand collectors as porous media. Colloidal particles used were 
negatively charged colloidal silica and positively charged amine-modified silica. The ionic strength was 
controlled by the addition of NaCl, and the solution pHs were adjusted 6.8 and 5 for negatively and positively 
charged silica cases. Our results on the breakthrough curve of silica showed that the concentration of 
negatively charged silica at the outlet of the column decreased with increasing NaCl concentration. The 
effluent concentration of the positively charged silica weakly depended on the NaCl concentration. 
Decreasing the water content of the sand column reduced the outlet silica concentration. By fitting the 
solution of an advection-dispersion equation including the colloid deposition rate with experimental 
breakthrough curves, we obtained the deposition rate constants of AWI and SWI (Fig. 1). The deposition rate 
constants demonstrate that the AWI acts as an additional site for the colloid deposition.  The rate is controlled 
by the salt concentration and the sign of particle charge through the change in particle-AWI and particle-SWI 
interactions.   

  
Figure 1 Deposition rate constants of air-water interface (kair) and solid-water interfaces (kpc), 

left: negatively charged silica, and right: positively charged amine-modified silica. 
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It is important to predict and control the rheological properties of colloids in the field of environment, 
pharmacy, coating, and so on. The interparticle forces control the suspension properties. In the suspension 
of homo-particles, the interparticle force is explained by the DLVO force, which is the sum of van der Waals 
attractive force and electrostatic repulsive force[1]. Besides, in the case of the mixed suspension of 
oppositely charged particle/polymer, non-DLVO forces such as bridging appear[2,3]. However, the 
mechanisms of non-DLVO forces are still not fully understood.  
Our aim of the present study is to investigate the relationship between interparticle interactions and 
surface properties of colloidal particles in the mixture of oppositely charged colloid and protein; silica (302 
nm diameter) and lysozyme (about 3 nm). The surface of silica with lysozyme was characterized by the 
adsorption mass of lysozymes to silica and the zeta potential of silica covered with lysozyme. The 
interaction between the silica particles was evaluated by measuring the yield stress of the mixed 
suspensions and comparing them to the adsorption mass and the zeta potential. 
The yield stresses are plotted against the zeta potentials in Figure 1. At both pH 5 and 7, the yield stresses 
take the maximum around the isoelectric point (iep), and increasing the absolute values of zeta potentials 
decreases the yield stress. The zeta potential significantly affects the yield stress of the mixed suspension of 
silica and lysozyme. On the other hand, the maximum values of yield stresses depend on pH. Additionally, 
the yield stress takes different values even if the absolute value of zeta potential is the same. These trends 
show the existence of the non-DLVO forces and cannot be explained by the zeta potential only. We 
presume that the relative adsorption mass, which is defined as the ratio of the adsorption mass to the 
maximum adsorption mass, also affects the yield stress through the change in the interaction between 
silica covered with lysozyme.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] S.B. Johnson, G. V. Franks, P.J. Scales, D. V. Boger, and T.W. Healy, Int. J. Miner. Process., 2000, 58, 
267–304. 

[2] B.C. Ong, Y.K. Leong, and S.B. Chen, J. Colloid Interface Sci., 2009, 337, 24–31. 
[3] W. Lin, P. Galletto, and M. Borkovec, Langmuir, 2004, 20, 7465–73. 
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Figure 1 Zeta potential vs. yield stress at 10 mM KCl. 
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Colloidal	 particles	 exhibit	 faint	 structural	 color	 because	 of	 light	 scattering	 or	 absorption.	 To	overcome	
this	 drawback,	 recently,	 we	 demonstrated	 a	 facile	 method	 for	 fabricating	
submicrometer-sized	polydopamine(PDA)	black	particles	[1-3].	PDA	particles	obtained	act	as	components	
of	 the	 structural	 color	 materials	 and	 scattering	 absorbers,	 producing	 beautiful	 structural	 colors	 in	
water.	 However,	 at	 the	 solid	 state,	 obtained	 colors	 showed	 dark	 coloration	 because	 PDA	 particles	
absorb	 scattering	 light	 to	 excess.	 Herein,	 we	 prepared	 core-shell	 particles	 composed	 of	 a	
polystyrene(PS)	 core	 and	 PDA	 thin	 layers	 (PS@PDA)	 (Figure	 (a)).	 The	 PDA	 shell	 thickness,	 which	 was	
measured	 by	 SEM,	 gradually	 increased	 with	 an	 increasing	 feed	 amount	 of	 dopamine(DA)	 monomer,	
giving	 rise	 to	 PS(237	 nm)@PDA(0-22	 nm)	 particles	 with	 various	 blackness	 (Figure	 (b)).	 When	
conventional	 PS	 particles	 were	 used	 as	 a	 component,	 milky	 white	 color	 pellets	 were	 obtained.	 In	
contrast,	 PS@PDA	 particles	 produced	 bright	 structural	 color	 pellets.	 It	 is	 a	 noteworthy	fact	 that	 only	
2.5	 nm	of	 PDA	 shell	 layers	 dramatically	 increased	 the	 visibility	 of	 structural	 colors	 in	 naked	eyes.	This	
simple	 and	 novel	 process	 of	 using	 core-shell	 particles	 containing	 PDA	 shell	 layers	 can	 be	 used	 in	 basic	
research	on	structural	color	materials	and	practical	applications.	
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Innovative	Areas	 “Engineering	Neo-Biomimetics	 (No.	 15H01593)”	 from	 the	Ministry	 of	 Education	Culture	
Sports,	Science,	and	Technology	of	Japan.	
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&ŝŐƵƌĞ� ϭ	 Ă)	 Schematic	 	 representation	 of	 the	 preparation	 of	 PS@PDA	 particles.	 ď)	 Photographs	 of	
dispersed	solutions	(0.5wt%	in	water)	and	pellets	from	PS(237	nm)@PDA(0-22	nm)	particles.	
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As!reported!in!the!literature,!the!antibacterial!activity!of!silver!nanoparticles!is!correlated!with!the!rate!of!
ion! leaching! from! their! surfaces.! Therefore,! the!main! goal! of! this!work!was! to!determine! the! kinetics! of!
silver! ion! release! from! two! types! of! silver! nanoparticles! of! similar! average! size! and! different! surface!
properties!and!to!develop!a!new!theoretical!approach!describing!the!oxidative!dissolution.!!
ChargeMstabilized! silver! nanoparticles!were!prepared!by! the! chemical! reduction!of! silver! nitrate!using:! (i)!
the!mixture!of!sodium!borohydride!with!trisodium!citrate!and!(ii)!tannic!acid.!The!amount!of!leached!silver!
ions!was!determined!using!atomic!absorption!spectrometry!(AAS).!The!ultrafiltration!method!was!applied!
in! order! to! separate! the! nanoparticles! from! silver! ions.! The! experimental! results! showed! that! the!
concentration!of!released!ions!depends!on!pH,!temperature!and!surface!properties!of!nanoparticles.!It!was!
found! that! rate! of! nanoparticle! dissolution! increases! for! low! pH.! In! the! case! of! citrateMstabilized!
nanoparticles,!after!6!days!of!the!experiments,!the!concentration!of!leached!ions!was!ten!times!higher!for!
pH!3.5!than!for!pH!6.2.!It!was!observed!that!by!lowering!the!temperature!one!can!inhibit!the!dissolution!of!
nanoparticles.!
!The!experimental!results!were!interpreted!in!terms!of!a!general!model!of!an!oxidative!dissolution!of!silver!
nanoparticles,!which!rigorously!takes!into!account!the!bulk!and!surface!solute!transport.!A!twoMstep!surface!
reaction!scheme!was!considered!that!comprises!the!formation!of!silver!oxide!phase!by!direct!oxidation!and!
the!acidic!dissolution!of!this!phase!leading!to!silver!ion!release.!A!complete!set!of!equations!was!formulated!
describing!oxygen!and!silver!ion!transport!to!and!from!particles’!surfaces.!It!was!shown!that!the!theoretical!
model!adequately!reflects!the!main!features!of!the!experimental!results.!Also!the!presence!of!two!kinetic!
regimes!was!quantitatively!explained!in!terms!of!the!decrease!in!the!coverage!of!the!fast!dissolving!oxide!
layer.!!
!

!
Figure))1.!Schematic!representation!of!oxidative!dissolution!of!silver!nanoparticle.!

!
Acknowledgments:!This!work!was!supported!by!the!NCN!Research!project:!UMOM2015/19/B/ST5/00847.!
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Nature	 produces	 structural	 colors,	 which	 are	 thought	 to	 depend	 on	 the	 size	 and	 arrangement	 of	
nanostructural	elements.	For	 instance,	 the	beautiful	 iridescent	structural	colors	of	male	peacock	 feathers	
are	created	by	arrays	of	rod-like	black	melanin	granules	that	are	produced	by	DOPA.	Herein,	we	describe	a	
novel	 and	 simple	 method	 to	 create	 bright	 structural	 colors	 using	 biomimetic	 melanin-like	 particles;	
polydopamine	(PDA)	particles	(Figure).	PDA	is	typically	prepared	by	polymerizing	dopamine	(DA)	in	water,	
and	most	studies	 in	which	a	PDA	 layer	has	been	used	have	 involved	modifying	the	material’s	surface	[1].	
We	 have	 also	 demonstrated	 the	 preparation	 of	 a	 colorless	 PDA	 layer	 containing	 functional	 groups	 to	
produce	functional	polymeric	materials	[2,3].	We	developed	a	facile	method	for	fabricating	submicrometer-
sized	PDA	black	particles	[4-6],	and	used	them	as	a	non-iridescent	bright	structural	color	material	[4].	These	
particles	act	as	both	components	of	a	structural	color	material	and	scattering	absorbers.	The	particle	size	
was	 successfully	 controlled	 between	 130	 nm	 and	 256	 nm	 by	 altering	 the	 DA	 concentration.	 Amorphous	
colloidal	 structures	 consisting	 of	 PDA	particles	 showed	biomimetic	 non-iridescent,	 bright	 structural	 color	
(Figure).	The	structural	colors	and	their	textures	were	controlled	by	varying	the	particle	diameters,	the	latex	
concentrations,	and	the	arrangement	of	 the	particles.	 In	 this	way,	a	bright	structural	color	was	produced	
without	using	any	additives.	Also	surface-modification	of	PDA	particles	will	be	discussed	[5].	

&ŝŐƵƌĞ� ϭ	 Ă)	 Melanin	 granules	 and	 PDA	 particles.	 ď)	 Digital	 camera	 images	 and	 reflection	 spectra	 of	
concentrated	dispersions	of	PDA	particle	(approximately	50	wt%	in	water).		
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The	rheological	properties	of	a	particle	suspension	can	be	substantially	altered	by	adding	a	small	amount	

of	a	secondary	fluid	that	is	immiscible	with	the	bulk	phase	[1].	The	substantial	changes	in	the	strength	of	

these	capillary	 suspensions	 arise	 due	 to	 the	 capillary	 forces	 induced	 by	 the	 added	 liquid	 leading	 to	 a	

percolating	 particle	 network.	 The	 capillary	 suspension	 networks	 are	 unique	 from	 other	 types	 of	

particulate	 networks	 due	 to	 the	 nature	 of	 the	 capillary	 attraction.	 Different	 three-phase	 contact	

angles	 of	 the	 secondary	 fluid	 towards	 the	 particle	 surface	 in	 bulk	 phase	 environment	 lead	 to	 very	

different	 microstructures.	 Contact	 angles	 smaller	 than	 90°	 lead	 to	 pendular	 networks	 of	 particles	

connected	 with	 single	 capillary	 bridges	 or	 clusters	 comparable	 to	 the	 funicular	 state	 in	 wet	 granular	

matter,	whereas	 a	 different	 clustered	 structure,	the	capillary	state,	can	form	for	angles	larger	than	90°.	

Using	a	scaling	theory	by	P.	G.	de	Gennes,	the	fractal	dimension	can	be	deduced	from	the	yield	stress	or	

the	shear	modulus	 as	 function	of	 the	 solid	 volume	 fraction	 [2,	 3].	 Exponents	 obtained	using	 aluminum	

oxide	or	calcium	 carbonate	 particles	 in	 the	 pendular	 state	 indicate	 an	 increase	 in	 the	 networks	 fractal	

dimension	 with	 increasing	 particle	 size.	 This	 transition	 may	 be	 explained	 by	 the	 corresponding	

reduction	 in	 the	capillary	force	with	increasing	particle	size.�These	fractal	dimensions	are	compared	with	

the	values	measured	 from	confocal	microscopy.	Radial	particle	pair	distribution	 functions	are	obtained	

by	image	analysis,	which	can	capture	some	of	these	microstructural	differences.	The	fractal	dimension	of	

the	networks	is	computed	from	a	power-law	fit	to	the	pair	distribution	functions.	By	using	different	sized	

silica	microspheres,	 the	 fractal	 dimensionality	 is	 determined	 directly	 as	 a	 function	 of	 particle	 size	 and	

compared	to	microstructural	changes	in	the	network.		

	
	
	

ϭ E.	Koos,	Curr.	Opin.	Colloid	Interface	Sci.,�ϮϬϭϰ͕	19,	575.
Ϯ P.	G.	de	Gennes,	Scaling	Concepts	in	Polymer	Physics,	Cornell	University	Press,	Ithaca,	NY,	1980.
ϯ J.	M.	Piau	et	al.,	J.	Rheol.,�ϭϵϵϵ͕	43,	305.	

25 µm 25 µm

Figure	 1	 Confocal	 image	 of	 an	 oil-based	 model	 capillary	 suspension	 in	 the	 (left)	
pendular	 and	 (right)	 capillary	 states	 containing	 silica	 microspheres	 (red).	 The	
secondary	fluid	is	shown	in	yellow.	
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The  dispersions  of  hematite  and of  hematite-akageneite  composite  stabilized  by  sodium alkyl  sulfates�
(concentration range 0.1 to 8 mM) were studied by Malvern Zetasizer (z potential, particle size) and by�
TEM. At sufficiently  high surfactant concentration the  z potential was in the range -50 to -60 mV and�
almost pH-independent.  In spite of this high absolute value of z potential the particles were aggregated.�
Surprisingly, different specimens of reagent-grade SDS gave different particle size (pH) curves. This result�
suggests substantial role of impurities contained in reagent grade surfactants in aggregation of iron oxides. 
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The	formation	and	growth	of	crystals	in	suspensions	are	central	in	a	great	deal	of	applications,	ranging	from	
imaging,	 to	 photovoltaics,	 to	 drug	 formulation	 in	 the	 pharmaceutical	 industry.[1,	 2]	 Typically,	 when	
modeling	 crystal	 formation,	 a	 quite	 complex	 number	 of	 phenomena	 need	 to	 be	 accounted	 for,	 such	 as	
nucleation,	 growth,	 aggregation,	 and	 breakage.[1,	 3]	 Deterministic	 models	 require	 typically	 the	 fractal	
dimension	 (df)	 of	 the	 clusters	 as	 a	 key	 input	 parameter	 for	 correctly	 describing	 aggregation.	 The	 fractal	
dimension	describes	the	spatial	organization	of	the	aggregates	and	is	typically	comprised	between	1	(linear	
aggregates)	 and	 3	 (compact	 assemblies).	 In	 the	most	 general	 sense,	 df	 	 is	 a	 function	 of	 the	 aggregation	
regime	considered,[4]	but	in	the	frame	of	crystal	agglomeration	it	 is	assumed	to	be	equal	to	3,	given	that	
crystals	 grow	 and	 potential	 voids	 of	 the	 forming	 clusters	 are	 rapidly	 filled.	While	 this	 condition	 is	 often	
fulfilled,	situations	exist	where	aggregation	prevails	over	growth,	as	it	happens	in	the	undesired	formation	
of	crystals	in	flow	reactors,	often	resulting	in	clogging.[5]	In	this	frame,	the	scope	of	the	present	work	is	i)	to	
develop	a	Mont	Carlo	(MC)	method	able	to	describe	the	simultaneous	growth	and	aggregation	of	particles,	
ii)	to	evaluate	the	df		of	the	growing/aggregating	particles	in	different	conditions.	
In	particular,	a	growth	mechanism	has	been	implemented	in	a	MC	code	able	to	describe	diffusion-limited	
cluster	aggregation	(DLCA)	and	reaction-limited	cluster	aggregation	(RLCA).	The	clusters	fractal	dimension	is	
evaluated	 as	 a	 function	 of	 parameters	 such	 as	 the	 ratio	 of	 growth	 and	 aggregation	 rates,	 the	 occupied	
volume	fraction	and	the	particles	sticking	probability.	The	present	model	represents	an	interesting	tool	able	
to	 provide	 the	 fractal	 dimension	 to	 be	 employed	 in	 deterministic	 models	 to	 properly	 describe	 the	
simultaneous	growth	and	agglomeration	processes.	
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Dynarowicz-Łątka, Patrycja, 174
Dzimitrowicz, Anna, 388
Dzubiella, Joachim, 312, 334, 356, 453

Eastoe, Julian, 221
Eda, Masumi, 38
Edlund, Håkan, 355, 463
Edwards, Katarina, 118
Eiser, Erika, 79, 349
El Achouri, Mohammed, 44
Elazar, Inbar, 236
Elvingson, Christer, 327

— 548 —



Emelyanenko, Alexandre, 159, 430, 447
Emelyanenko, Kirill, 159, 447
Emelyanova, Kseniia, 46
Emo, Melanie, 495
Encinas, Noemí, 529
Endo, Takeshi, 24, 31, 33, 454, 466
Engblom, Johan, 13, 110, 330
Erceg, Ina, 530, 531
Ercioglu, Nihan, 348, 534
Eriksson, Emma, 118
Errico, Vito, 437
Escobar, Ane, 75
Eslava, Valeria, 114
Esquena, Jordi, 499, 526
Estrada, Ana, 462
Estrada, Ana C., 417
Estrela, Marco, 220
Etienne, Pascal, 533
Etrych, Thomas, 528
Evgeny, Glukhovskoy, 142
Ewa Koziel, Ewa, 432

Fabek, Sanja, 429
Fabrizio, Monica, 287
Faccini, Riccardo, 368
Faikin, Viktor, 137
Falchi, Angela M., 491
Falconi, Christian, 437
Falkman, Peter, 13
Fameau, Anne-Laure, 201
Farraj, Yousef, 234
Fasolato, Claudia, 446, 474, 475
Fateixa, Sara, 411, 462
Faure, Chrystel, 148, 183
Favero, Gabriele, 444
Fehér, Daniella, 489
Feiler, Adam, 381
Feng, Jie, 212
Feoktystov, Artem, 185
Ferencz, Andrea, 489
Fernández, Mariana, 6
Fernandez-Castanon, Javier, 5
Fernandez-Martinez, Manuel, 456
Ferrari, Michele, 100
Fessi, Hatem, 503, 504
Fessi, Nidhal, 433
Filetici, Patrizia, 5
Filho, Cesar, 329

Filippi, Daniele, 139, 147
Filippov, Anatoly, 179, 180
Filippov, Sergey K., 528
Fischer, Birgit, 361
Fischer, Steffen B, 146
Fitton, Helen, 470
Fontana, Laura, 282, 368
Forczek-Sajdak, Anna, 196
Formaggio, Fernando, 213
Forsman, Jan, 318
Frédéric, Loosli, 445
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Lasoń, Elwira, 367, 431
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Mareček, Vladimír, 88, 188
Mariani, Paolo, 157
Maric, Selma, 204
Marisca, Oana, 406
Marquis, Mélanie, 351
Marrani, Andrea, 107
Marschelke, Claudia, 422, 423
Martakova, Yulia, 288
Martchenko, Ilya, 281
Martinez Pedrero, Fernando, 276
Martinez, Vincent A., 281
Martini, Francesca, 375

Masotti, Andrea, 536
Massiera, Gladys, 533
Mastalír, Ágnes, 404
Matejicek, Pavel, 59
Mathews, Remya Ann, 25
Mathonnat, Mélody, 391
Matias, Telma, 329
Matricardi, Pietro, 67
Matsubara, Masaki, 74
Matsushita, Alan, 350
Matura, Anke, 422
Matyszewska, Dorota, 478
Maurath, Johannes, 245
Mazzarda, Flavia, 474, 475
Mazzei, Franco, 444
Mazzuca, Claudia, 213, 326
Mcclements, Jake, 387
Medoš, Žiga, 54
Medronho, Bruno, 301, 362
Meijer, Janne-Mieke, 206, 254
Meijide del Río, Francisco, 468
Meijide del Rio, Francisco, 525
Meijide, Francisco, 82
Meli, Valeria, 491
Meltzer, Christian, 175
Mende, Mandy, 313, 500
Mendez-Gonzalez, Diego, 484, 485
Mendoza, Carlos, 337
Mendoza, Carlos I., 255
Mercatelli, Luca, 287
Meriadec, Cristelle, 76
Meschini, Stefania, 476
Meszaros, Robert, 77
Metrangolo, Pierangelo, 392
Mettu, Srinivas, 467
Meucci, Marco, 287
Meunier, Gérard, 315
Meyer, Daniel, 87
Mezzenga, Raffaele, 478
Mezzi, Alessio, 370
Miastkowska, Małgorzata, 367, 431
Micheli, Laura, 326
Michna, Aneta, 92
Midea Cuccovia, Iolanda, 257
Mihut, Adriana M., 30, 281
Mikhalovsky, Sergey, 364
Mileva, Elena, 57, 93, 321

— 554 —



Miller, Reinhard, 126, 208, 219
MIMOUN, Hadj, 405
MINGOTAUD, Anne-Françoise, 156
Mirgorodskaya, Alla, 60, 61
Mishra, Himanshu, 187
Misono, Takeshi, 130
Mistura, Giampaolo, 139, 147
Mitsou, Evgenia, 177
Mizaikoff, Boris, 426
Moehwald, H., 458
Moehwald, Helmuth, 87
Mohanty, Priti, 325
Molchanov, Viacheslav, 43
Molchanov, Vyacheslav, 129
MOLINA, Emilie, 391
Molinaro, Rita, 437
Molnár, Kolos, 435
Molnár, Kristóf, 489
Monduzzi, Maura, 378, 491
Monge, Marta, 526
Montanari, Elita, 67, 440
Monteil, Julien, 177
Monteillet, Hélène, 215
Montis, Costanza, 156, 167, 457
Moréac, Alain, 29
Morales, Daniel, 117
Morbidelli, Massimo, 414
Morganti, Silvio, 368
Morioki, Asako, 31
Morris, Christopher, 487
Motschmann, Hubert, 154
Moya, Sergio, 75, 490
Mrowiec, Halina, 243
Muñoz-Espí, Rafael, 193
Muñoz-Juncosa, Montserrat, 496, 537
Muhammad Aslam, Raheema, 464
Mukai, Takahiro, 101
Mukhamarova, Nastasia, 206
Mulheran, Paul, 291
Mulheran, Paul A., 512
Muller, François, 153, 259
Munaò, Gianmarco, 3
Mura, Francesco, 474, 475
Muramatsu, Atsushi, 74
Murashkevuch, Anna, 386
Murgia, Sergio, 491
Musa, Osama, 68, 69

Mutaliyeva, Botagoz, 219, 220

Nöjd, Sofi, 325
Németh, Csaba, 435
Nagel, Jürgen, 395
Nagovitsina, Tatiana, 144
Naidjonoka, Polina, 204
Nairi, Valentina, 521
Nakagawa, Yasuharu, 16
NAKAHARA, Hiromichi, 508
Nakahara, Hiromichi, 101
Nakama, Yasunari, 47
Nakay, Emre, 402
Nakazawa, Hiromitsu, 16, 539
Nannichi, Yuri, 244
Naponiello, Gaia, 390
Narkiewicz-Michalek, Jolanta, 103, 260,

261
Nasiłowska, Weronika, 303
Nasilowska, Weronika, 353
Naskar, Bappaditya, 37
Nasuno, Eri, 38, 400
Naumova, Klavdiya, 523
Nazaruk, Ewa, 478, 493, 518
Nazyrova, Ekaterina, 115
Nerattini, Francesca, 18
Nestler, Peter, 320
Nguyen, Thi My An, 400
Niebuur, Bart-Jan, 528
Nieckarz, Damian, 53
Nikolaenko, Olga, 307
Nitti, Patrizia, 302
Niu, Ran, 263, 293
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Samoć, Marek, 380
Sanabria, Jean, 82
Sani, Elisa, 287
Santamaría-Holek, Ivan, 255
Santini, Eva, 100, 150
Santos Silva, Pedro, 225, 299
Santos, Ana Mafalda, 522
SAOUD, Abdessalam, 405
Sarac, Eylul, 379
Sarra, Angelo, 536
Sarri, F., 340
Sarri, Filippo, 345, 352
Sato, Takaaki, 32, 308
Sbragaglia, Mauro, 139
Scanavachi, Gustavo, 83
Schäffel, David, 419

— 558 —



Schönecker, Clarissa, 419
Schellenberger, Frank, 442, 529
Schenderlein, Mathias, 126
Schmidt, Anette, 361
Schmidt, Gabriela, 229
Schmidt, Judith, 491
Schmitt, Michael, 166, 408
Schopf, Andreas, 183
Schreier, Shirley, 257
Schubert, Jonas, 272
Schurtenberger, Peter, 30, 281, 325
Schuster, Fabian, 136
Schwarz, Dana, 500
Schwarz, Simona, 313, 500
Schwarzer, Madeleine, 371
Schweinfurth, Holger, 131
Schweizer, Thomas, 169
Sciortino, Francesco, 3, 5, 52
Sciubba, Fabio, 446
Scotognella, Teresa, 368
Sebastiani, Federica, 65, 170
Sebinelli, Heitor, 83
Sedlacek, Petr, 331
See, Jessica, 89
Sefcik, Jan, 291
Segal, Merav, 23
Selivanova, Natalia, 507
Semenov, Sergey, 199
Semprebon, Ciro, 147
Semproni, Maurizio, 472
Senchikhin, Ivan, 450
Sennato, Simona, 4, 108, 434, 473, 536
Shallcross, Laura, 409
Sharaf, H. El-Deen, 224
Sharipova, Altynai, 219, 220
Sharipova, Altynay, 126, 492
Shashoua, Yvonne, 304
Shaver, Michael, 387
Shchekin, Alexander, 198
Shibaev, Andrey, 129
Shibata, Hirobumi, 413
Shibata, Osamu, 101, 508
Shilov, Vladimir, 267
Shin, Sangwoo, 212
Shinkarenko, Oksana, 151, 152
Shkirskaya, Svetlana, 115, 179
Shlyapov, Rustam, 112, 189, 203

Sienkiewicz, Andrzej, 261
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