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Preface

Welcome to the 32" Conference of the European Colloid and Interface Society (EC1S2018)
in Ljubljana. This conference is putting Slovenia on the list of countries which have hosted
this event since the first in 1987 in Como, Italy. With participating scientists from 47
countries, EC1S2018 has become a global event.

The conference was organized jointly by the University of Ljubljana (Faculty of Chemistry
and Chemical Technology, Faculty of Pharmacy, Biotechnical Faculty, Faculty of
Mathematics and Physics), National Institute of Chemistry, Jozef Stefan Institute and the
Slovene Chemical Society. We hope that this conference will meet your expectations and
serve, as previous ones have, to exchange ideas and findings, to promote contacts and
networks and to strengthen old and establish new collaborations in the rapid growing field of
colloid and interface research.

The topics cover fundamental and applied advances in interfaces, dispersed systems, wetting,
complex fluids, micro- and nano-materials, nanoparticles, specific-ion effects, self-assembly
of surfactants, polymers and proteins and advances in theory and instrumentation. Besides the
12 topics of the ECIS2018 conference, which will be organized in a traditional way, there
will also be an additional Satellite Session entitled Modern Engineering of Colloids and
Interfaces, hosting a selected group of invited speakers. Last year, the international colloid
and interface community lost six prominent representatives of extreme professional authority:
Hans Lyklema, Dotchi Exerowa, Dimo Platikanov, Kare Larsson, Helmuth M&hwald and
Ivan B. Ivanov. At EC1S2018 the European Colloid and Interface Society will honour them at
the Memorial Session.

The scientific programme of the conference consists of 6 plenary lectures. Amongst these,
one will be given by the Solvay prize winner and one by Overbeek medal winner.
Furthermore, we have 37 keynote lectures, 13 invited and 24 selected by the International
Scientific Committee, who has also selected 177 oral presentations from more than 400
submitted abstracts for oral presentations. Across three poster sessions, 375 posters will be
presented. The participants have the possibility to submit manuscripts and reports about their
oral and poster presentations for peer-review and rapid publication in special issues of
Colloid and Surfaces A (Elsevier) and Polymers (MDPI).

We thank all the sponsors of the conference for their support.
Finally, we thank you for participating in the conference and for contributing to its scientific

content.

The 32™ ECIS Conference Organizing Committee
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Bridging the Gap between Molecules and Nanoparticles

Fugenia Kumacheva

Department of Chemistry, University of Toronto, 80 Saint George street, Toronto, ON M5S 3H6, Canada

Presenting author email: ekumache@chem.utorontoca

The concept of “colloidal molecules” builds on the analogy between colloidal particles and molecules. For
about a hundred years, colloidal particles have been utilized to model the behavior of atoms or molecules.
Recently, this approach has been reversed: reactions between molecules are now being used to model
nanoparticle self-organization. In particular, polymer science offers unique strategies to address the
challenges in nanoparticle assembly.

By using lessons of polymer physics and chemistry, we develop new paradigms for nanoparticle
patterning and self-organization. A surface-pinned micelle approach has been utilized to create "colloidal
molecules" [1,2]. A striking resemblance between block copolymers and amphiphilic nanoparticles enabled
nanoparticle assembly in nanostructures with varying morphologies, all mapped by state diagrams. A marked
similarity between step-growth polymerization and nanoparticle self-assembly enabled growth of
nanopolymers, with a quantitative prediction of the architecture of linear, branched, and cyclic
nanostructures, their aggregation number and size distribution, as well as the formation of isomers [3].
Building on this similarity, we proposed the concept of colloidal chain stoppers [4], as well as random and
block copolymers [5].

This work has far-reaching implications for the molecular world (by offering simple, easy to
visualize nanoscale models for polymerization reactions), and for the nano-world (by providing a polymer
approach to nanostructures with structure-dependent electronic, optical, and magnetic properties).
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Figure 1. Left: Schematic of the nanopatterning strategy. Right: state diagram of nanoparticle states, plotted
in the coordinates of nanoparticle diameter-polymer grafting density [1]

[1]R. M. Choueiri, E. Galati, H. Thérien-Aubin, A. Klinkova, E. M. Larin, A. Querejeta-Fernandez, L. Han,
H. L. Xin, O. Gang, E. Zhulina, M. Rubinstein, and E. Kumacheva, Nature, 2016, 538, 79.

[2]E. Galati, E. M. Tebbe, A. Querejeta-Fernandez, H. L. Xin, O. Gang, E. B. Zhulina and E. Kumacheva,
ACS Nano, 2017, 23, 4995.

[3]K. Liu, Z. Nie, N. Zhao, W. Li, M. Rubinstein, and E. Kumacheva, Science, 2010, 329, 197.

[4]A. Klinkova, H. Thérien-Aubin, R. M. Choueiri, M. Rubinstein, and E. Kumacheva, Proc. Nat. Acad.
Sci. U.S.A., 2013, 110, 18775.

[5]K. Liu, A. Lukach, K. Sugikawa, L. Chung, J. Vickery, H. Therien-Aubin, B. Yang, M. Rubinstein, and
E. Kumacheva, Angew. Chem. Int. Ed., 2014, 53, 2648.
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Quantum dots and other nanocrystals: from basic science to applications in
materials and life sciences

Horst Weller
Institut fiir Physikalische Chemie, Universitdt Hamburg, Grindelallee 117, 20146 Hamburg, Germany

Presenting author email: weller@chemie.uni-hamburg.de

Although nanocrystals are used already in may applications, the knowledge on their formation is still in its
infancy. We will present results on the nucleation and growth of nanocrystals obtained from uv-vis
spectroscopy and x-ray scattering data obtained in a rapid continuous flow apparatus and we will address
examples of ion exchange processes.

Nanocrystals are currently used in many areas of materials science. We will present examples of
nanocomposites with outstanding mechanical and thermal properties. Quantum dots are used for display and
lighting applications. The talk describes the current status of their large-scale production and their
fluorescence properties.

The key idea for using nanocrystals for biomedical diagnostics is to benefit from their outstanding
physical properties in the visualization of biological events or malignant cells or tissues. This requires a
special design of the ligand shell, which preserves the fluorescent, magnetic and plasmonic properties of the
particles in the biological environment on one side and allows a specific targeting on the other. The lecture
reports on different chemical approaches and describes factors determining the biological response on fully
synthetic nanocrystals. We will highlight concepts based on PEGylation and show how small deviations in
the ligand shell alters the behavior in biological environment substantially. Moreover, we will present
combinatorial approaches for the functionalization of the nanocrystals with biological affinity molecules to
improve targeting specifity and concepts to optimize the physical properties of the inorganic core to increase
the sensitivity for the respective imaging techniques.
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Nanoparticle delivery systems for antimicrobial peptides

M. Malmsten'*

'Department of Pharmacy, University of Copenhagen, DK-2100 Copenhagen, Denmark
*Department of Pharmacy, Uppsala University, P.O. Box 580, SE-752 32 Uppsala, Sweden

Presenting author email: martin.malmsten@sund.ku.dk

Due to rapidly increasing resistance development against conventional antibiotics, finding novel approaches
for the treatment of infections has emerged as a major health issue. Antimicrobial peptides (AMPs) have
attracted interest in this context, and there is by now a considerable literature on the identification such
peptides, as well as on their optimization to reach potent antimicrobial and anti- inflammatory effects at
simultaneously low toxicity against human cells. In comparison, delivery systems for antimicrobial peptides
have attracted considerably less interest. However, such delivery systems are likely to play a key role in the
development of potent and safe AMP-based therapeutics, e.g., through reducing chemical or biological
degradation of AMPs either in the formulation or after administration, by reducing adverse side-effects, by
controlling AMP release rate, by promoting biofilm penetration, or through achieving co-localization with
intracellular pathogens.

Here, an overview is provided of some of our recent work on delivery systems for antimicrobial
peptides, including polymer nanogels [1,2], mesoporous silica [3], nanoclays/nanosheets [4], and quantum
dots, with special focus on AMP-carrier interactions, as well as consequences of these for membrane
interactions, as well as for antimicrobial and related biological effects of AMP-containing formulations.
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Figure 1. Nanoparticulate drug delivery systems provide various advantages for antimicrobial peptides.

[1] R. Nordstréom, R., et al. J. Colloid Interface Sci., 2018, 513, 141.

[2] S. Singh, et al., ACS Appl. Mater. Interfaces, 2017, 9, 40094.

[3] K. Braun, et al. J. Colloid Interface Sci., 2016, 475, 161.

[4] S. Malekkhaiat Héffner, et al. Phys. Chem. Chem. Phys., 2017, 19, 23832.
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The Littlest Amphiphiles: Nanostructured Solvents and Self-Assembly

G.G. Warr
School of Chemistry and University of Sydney Nano Institute, The University of Sydney, 2006, Australia

Presenting author email: gregory.warr@sydney.edu.au

Ionic liquids (ILs) have become objects of great interest over the past decade or so, but it is over 30 years
since Evans’ pioneering work that showed that surfactant self-assembly into micelles and lyotropic phases
could occur in the IL ethylammonium nitrate [1-2]. Since then, the number and variety of ILs has increased
exponentially, and they have insinuated themselves into almost every corner of chemistry. Recently, a
number of studies have revealed new insights into the structure of ILs and their mixtures [3], including the
novel class known as deep eutectic solvents (DESs).

This talk will review the use of neutron beam, X-ray and other complementary techniques that have
revealed the inherent amphiphilic character of the bulk structure of ILs [4], how their surfactant character is
affected by cation and anion structure [5], and how such inherently nanostructured solvents differ from
familiar molecular solvents. I will then examine how ILs behave as solvents for simple polar and non-polar
solutes [6], in mixtures with molecular species including as DESs, and for genuine amphiphiles including
small molecule surfactants [7], cosurfactants [8], and block copolymers [9]. Finally I will examine the
similarities and differences between solvophobic self-assembly into micelles, microemulsions, and lyotropic
liquid crystals in water and ILs.

[1] Evans, D. F.; Yamauchi, A.; Roman, R.; Casassa, E. Z., J. Colloid Interface Sci., 1982, 88, 89.

[2] Evans, D. F.; Kaler, E. W.; Benton, W. J., J. Phys. Chem., 1983, 87, 533.

[3] Hayes, R.; Warr, G. G.; Atkin, R., Chem. Rev. (Washington, DC, U. S.), 2015, 115 (13), 6357.

[4] a) Murphy, T., Atkin, R., G.G. Warr, G.G., Curr. Opin. Colloid Interface Sci., 2015, 20, 282. b) J. Phys.
Chem. B, 2014, 118, 12017.

[5] Hayes, R.; Imberti, S.; Warr, G. G.; Atkin, R., J. Phys. Chem. C, 2014, 118, 13998.

[6] Hayes, R.; Imberti, S.; Warr, G. G.; Atkin, R., Angew.Chem., Int. Ed., 2012, 51, 7468.

[7] Dolan, A.; Atkin, R.; Warr, G. G., Chemical Science, 2015, 6, 6189.

[8] Jiang, H. J.; FitzGerald, P. A.; Dolan, A.; Atkin, R.; Warr, G. G., J. Phys. Chem. B, 2014, 118, 9983.

[9] Atkin, R.; De Fina, L. M.; Kiederling, U.; Warr, G. G., J. Phys. Chem. B, 2009, 113, 12201.
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Liquid Crystal Colloids

(12

Igor Musevic

'Condensed Matter Physics Department, Jozef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia
*Faculty of Mathematics and Physics, University of Ljubljana, Jadranska 19, 1000 Ljubljana, Slovenia

Presenting author email: igor.musevic@jjs.si

Nematic colloids are dispersions of microparticles in nematic liquid crystals [1]. These are fascinating
materials, showing several novel classes of colloidal forces, which do not exist in ordinary colloids with
isotropic solvents. The interaction of liquid crystal molecules with the surfaces of particles induces
topological defects in a form of points and closed loops, which are the generators of forces between colloidal
inclusions. Because of the inevitable presence of topological defects, nematic colloids are also called
topological colloids, where the topology is responsible for topological-defect-mediated colloidal interactions.
This provides colloidal assembly in 2D and 3D nematic colloidal crystals [2] and colloidal interactions
mediated by colloidal entanglement [3], where knotted and linked topological defect loops form knots and
links of arbitrary complexity [4]. In all cases, the colloidal binding energy is of the order of several 1000 KgT.
This is several orders of magnitude higher than for water-based colloids and could provide new strategies for
topological soft materials and applications in photonics. An overview of this rapidly developing field is
presented, together with some interesting applications to soft matter photonics and recent studies of
topological charge production and control [5].

Figure 1. Selected examples of liquid crystal colloids. (a) Glass microsphere is accompanied by a point
topological defect. (b) A glass microsphere could be encircled by a closed defect ring. (c) Colloidal crystals
can be assembled from microspheres. (d) Particles in the liquid crystals can be entangled, knotted and linked.
(d) Koch star colloidal particles in nematics show huge number of topological defects.

[1] I. Musevi¢, Liquid Crystal Colloids, 2017, Springer, Cham, Switzerland.

[2] I. Musevi¢, M. Skarabot, U. Tkalec, M. Ravnik, and S. Zumer, Science, 2016, 313, 954.

[3] M. Ravnik, et al. Phys. Rev. Lett., 2007, 99, 247801.

[4] U. Tkalec, M. Ravnik, S. Copar, S. Zumer, I. Musevi¢, Science, 2011, 333, 62.

[5] M. Nikkhou, M. Skarabot, S. Copar, M. Ravnik, S. Zumer and 1. Musevi¢, Nature Physics, 2015, 11, 183.
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Self-organised structures in suspensions of mineral colloidal plates: From
colloidal liquid crystals to self-assembled nanocomposites

H. N. W. Lekkerkerker

Van 't Hoff Laboratory for Physical and Colloid Chemistry Utrecht University, The Netherlands

Presenting author email: H.N.W.Lekkerkerker@uu.nl

One of the most remarkable phenomena exhibited by concentrated suspensions of colloidal particles is the
spontaneous transition from fluid-like structures to those exhibiting long-range spatial and/or orientational
order (colloidal crystals and colloidal liquid crystals). The fact that such ordering can occur in suspensions in
which interparticle forces are purely repulsive provides a dramatic realization of the predictions made by
Lars Onsager in the 1940’s and later substantiated by computer simulations. From these studies it is clear,
that the ordering is driven by entropy.

Liquid crystalline phases in suspensions of rod like mineral colloidal particles have been known for a
long time. As early as 1925 Zocher reported on the observation of a nematic phase in suspensions of V,0s. A
decade later Langmuir reported on sols of platelike clay particles that after standing for several 100 hours
separated into an isotropic and nematic phase. However the experiment of Langmuir could not be repeated,
instead a birefringent gel was observed. The first unambiguous experimental observation of a nematic phase
and columnar phase in a suspension of plate like colloids dates from, predicted by Frenkel and coworkers by
computer simulations [1] dates from 2000 [2]. In the last decade interesting liquid crystal phase transitions
have been observed in suspensions of both natural (clay) plate like particles as well as synthetic nanosheets.
After a brief review of some of these results I will focus on the competition between liquid crystal formation
and gelation in suspensions of plate like colloids Results of liquid crystal phases of colloidal platelets as
templates for the generation of ordered silicastructures and polymer nanocomposites will be presented.

[1] F.M. van der Kooij, K. Kassapidou and H.N.W.Lekkerkerker, Nature, 2000, 406, 868.
[2] J.A.C. Veerman and D. Frenkel, Phys. Rev. A, 1992, 45, 5632.
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INluminating interfaces in soft matter by single-molecule localization microscopy

I.K. Voets, A. Aloiand N. Vilanova

Department of Chemical Engineering and Chemistry and Institute for Complex Molecular Systems,
Eindhoven University of Technology, Eindhoven, 5600 MB, the Netherlands

Presenting author email: i.voets@tue.nl

Self-organization provides a fast, efficient, and low-cost pathway to functional and responsive hierarchically
structured materials that are difficult if not impossible to prepare by other means [1-4]. One of the key
challenges in the field is the direct visualization in these soft multicomponent materials of the structural
hierarchy at sub-um length scales with minimal perturbation and chemical specificity.

Aiming to enable in-situ, three-dimensional, sub-diffraction imaging of complex soft materials with
minimal perturbation, we recently developed a straight forward strategy for single-molecule localization
microscopy that we coined interface Point Accumulation for Imaging in nanoscale Topography, in short
‘iPAINT’ [5]. I will showcase examples of iPAINT imaging of solid/liquid, liquid/liquid and liquid/air
interfaces [5], supramolecular fibers in organic solvents [6, 7], complex coacervate core micelles (C3Ms) [8],
and particle- laden interfaces, demonstrating the general applicability of the method which opens up a new
vista on nanostructured soft matter [9].

Acknowledgements: The authors acknowledge funding from the Netherlands Organisation for Scientific
Research (NWO ECHO-STIP Grant 717.013.005, NWO VIDI Grant 723.014.006) and the European Union
(FP7-PEOPLE-2012-ITN SOMATAI contract 316866).

[1] M. A.J. Gillissen, T. Terashima, E. W. Meijer, A. R. A. Palmans and I. K. Voets Macromolecules, 2013,
46, 4120.

[2] P. J. M. Stals, M. A. J. Gillissen, T. F. E. Paffen, T. F. A. de Greef, P. Lindner, E. W. Meijer, A. R. A.
Palmans, and I. K. Voets Macromolecules, 2014, 47, 2947.

[3] G. M. ter Huurne, M. A. J. Gillissen, A. R. A. Palmans, I. K. Voets and E. W. Meijer Macromolecules,
2015, 48, 3949.

[4] 1. de Feijter, L. Albertazzi, A. R. A. Palmans, I. K. Voets, Langmuir, 2015, 31, 57. [5] A. Aloi, N.
Vilanova, L. Albertazzi, I. K. Voets, RSC Nanoscale, 2016, 8, 8712.

[6] A. Aloi; A. Vargas Jentzsch; N. Vilanova; L. Albertazzi; I. K. VVoets, Journal of the American Chemical
Society, 2016, 138, 2953.

[7] B. Adelizzi, A. Aloi, N. Van Zee, A. R. A. Palmans, E. W. Meijer, I. K. Voets ACS Nano 2018, DOI:
10.1021/acsnano0.8b00396.

[8] A. Aloi, C. Guibert, L. L. C. Olijve, I. K. Voets, Polymer, 2016, 107, 450.

[9] A. Aloi; I. K. Voets Soft Matter Nanoscopy, Current Opinion in Colloid and Interface Science 2018,
DOI: 10.1016/j.cocis.2018.03.001.
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Smart Air-Water Interfaces with Arylazopyrazole Surfactants and their Role in
Photoresponsive Aqueous Foam

M. Schnurbus®, L. Stricker?, B.J. Ravoo?and B. Braunschweig*

'Institute of Physical Chemistry and Center for Soft Nanoscience, Westfilische Wilhelms-Universitit
Miinster, Miinster, 48149, Germany
?Institute and Center for Soft Nanoscience, Westfilische Wilhelms-Universitdt Miinster, Miinster, 48149
Germany

Presenting author email: braunschweig@uni-muenster.de

Foams are ubiquitous in our daily lives and in industrial applications. The vast number of possibilities to use
foam in industrial processes and products originate from their unique physico-chemical properties.
Classically, surfactants, polyelectrolytes and proteins are used as molecular building blocks to stabilize
aqueous foam. In order to formulate foam with specific properties, its structure must be controlled at the
molecular level of the air-water interface and structure-property relations can be applied through the
hierarchy of foam [1-3]. Molecular-level characterization of the interface with methods like tensiometry,
vibrational sum-frequency generation (SFG) are in this case essential.

In this contribution, we introduce a new class of photo-switchable surfactants and their 2D assemblies
at the air-water interface, which make the interface as well as macroscopic foam responsive to light
irradiation. This opens exciting new possibilities for foams such as self-healing capabilities or the possibility
to adapt foam properties by photo-switching of the surfactants. Specifically, we have used arylazopyrazole
tetraethylene glycol carboxylic acid (AAP-E,) surfactants to functionalize aqueous foam and the ubiquitous
air-water interface. The AAP-E, surfactants were studied in the bulk solution with UV/Vis spectroscopy and
at the interface with vibrational SFG spectroscopy as well as with tensiometry. Additional foaming
experiments were performed with a dynamic foam analyzer in order to study the role of AAP-E, surfactants
at the ubiquitous air/water interface as well as within macroscopic foam. In the bulk, it is possible to switch
the AAP-E, surfactant reversibly from trans to cis configurations and vice versa using 380 nm UV and 520
nm green light, respectively.

At the interface, we demonstrate excellent switching ability of AAP-E, surfactants and a substantial
modification of the surface tension. In addition, we show that the response of the interface is strongly
influenced by lateral electrostatic interactions, which can be tuned by the charging state of AAP-E,.
Consequently, the electrostatic disjoining pressure and thus the foam stability are highly dependent on the
bulk pH and the charging state of the interface. For that reason, we have studied both the surface net charge
(SFG) and the surface excess (tensiometry) as important parameters that determine foam stability in this
system and show that neutral pH conditions lead to the optimal compromise between switching ability,
surface excess and surface charging. Measurements on the foam stability demonstrated that foams under
irradiation with green light are more stable than foams irradiated with UV light.

Acknowledgements: The authors are grateful for the funding from the European Research Council (ERC)
under the European Union's Horizon 2020 research and innovation program (grant agreement No 638278).
This work was in part funded by the Volkswagen Foundation.

[1] M. Schnurbus, L. Stricker, B.J. Ravoo and B. Braunschweig, Langmuir, 2018, under revision.

[2] S. Streubel, F. Schulze-Zachau, E. Weilenborn and B. Braunschweig, J. Phys. Chem. C, 2017, 121,
27992.

[3] F. Schulze-Zachau and B. Braunschweig, Langmuir, 2017, 33, 3499.
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Rough particles at fluid interfaces

M. Zanini', S.E. Anachkov?, I. Lesov?, C-P. Hsu', E. Marini, C. Marschelke®, A. Synytska®and L.Isa*
'Department of Materials, ETH Zurich, Switzerland
“Department of Chemical and Pharmaceutical Engineering, Sofia University, Sofia, Bulgaria
*Department of Polymer Interfaces, Leibniz Institute of Polymer Research, Dresden, Germany

Presenting author email: michele.zanini@mat.ethz.ch

Surface heterogeneities, including surface roughness, significantly affect the adsorption, motion and
interactions of particles at fluid interfaces. These aspects have been the focus of many studies, but there is
still a lack of systematic experimental work where roughness is tailored over a broad range of length scales
and where its effect on particle wettability is investigated at the single-particle level. Here, we synthesize a
library of all-silica microparticles with uniform surface chemistry, but tuneable surface roughness [1] and
study both their spontaneous adsorption [2] and forced desorption [3] at/from oil-water interfaces. Akin to
contact-line pinning for macroscopic droplets on structured surfaces, we demonstrate that surface roughness
strongly pins the contact lines of particles. As a consequence, their spontaneous adsorption is arrested in
long-lived metastable positions and the interface around each particle is deformed as predicted by capillary
theory. Moreover, pinning imparts tremendous contact angle hysteresis for rough particles adsorbing either
from the polar, or the non-polar phase. For large enough roughness, this can practically invert the particle
wettability, irrespective of their chemical nature, e.g. rough hydrophilic particles can behave as hydrophobic
ones if adsorbing from the oil. As a unique consequence, the same rough particles can be used as universal
stabilizers for both water-in-oil and oil-in-water emulsions by just changing the phase in which they are
initially dispersed. Similarly, desorption may also be affected by pinning of the contact line at surface
features. Depending on roughness, both pinning- and sliding-dominated desorption events are observed.
Moreover, the link between the input load exerted on the colloid during adsorption and the resulting maximal
adhesion force upon desorption can be described as function of the surface roughness and surface chemistry,
as measured by AFM. These results both shed light on fundamental phenomena concerning particle
adsorption/desorption and indicate surface roughness as an engineering parameter to tune the wetting

properties of colloidal particles.
a) b)

Spontaneous adsorption Forced desorption

|
Approach Retraction

Figure 1. a) All-silica raspberry-like colloids with different surface roughness (upper row) and the same
colloids spontaneously adsorbed at a water-oil interface (lower row). b) Schematics of forced desorption
measurements by means of an AFM (upper row) and an example of two rough colloidal probes (lower row).

Acknowledgements: LI and MZ acknowledge the financial support from the Swiss National Science
Foundation (grant PPOOP2_144646/1). L1, IL and SEA acknowledge the financial support from the Scientific
Exchange Programme NMS.CH grants Sciex 14.081 and Sciex 14.082.

[1] M. Zanini, C.-P. Hsu, T. Magrini, E. Marini and L. Isa, Colloid Surface A, 2017, 532, 116.

[2] M. Zanini, C. Marschelke, S. E. Anachkov, E. Marini, A. Synytska and L. Isa, Nat. Commun., 2017, 8,
15701.

[3] M. Zanini, I. Lesov, E. Marini, C.-P. Hsu, C. Marschelke, A. Synytska, S. E. Anachkov and L. Isa,
Langmuir, 2018, DOI: 10.1021/acs.langmuir.8b00327.
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Slow lipid flip-flop revealed by neutron scattering experiments

Y. Gerellit, U. Perez-Salas?and L. Porcar*

YInstitut Laue Langevin, 71 Avenue des Martyrs, Grenoble, 38042, France
“Department of Physics, University of Illinois, 845 W. Taylor St. M/C 273, Chicago, US

Presenting author email: gerelli@ill.fr

The phospholipid bilayer is the basic structural motif of most biological membranes. As such, many
biological processes occur within or in the proximity of the cell membrane, and therefore, interest in the
properties and behavior of lipids in membranes is considerable. For example, it is found that in nature the
lipid distribution across the inner and outer leaflet of cell membranes is asymmetric and this asymmetry
plays a prominent role in processes like cell fusion, activation of the coagulation processes and the
recognition and removal of apoptotic cells by macrophages [1]. Therefore, there is great interest in studying
the factors determining lipid movement across membranes as well as the resulting lipid mapping in the
membrane, both of which are far from being understood and characterized.

In the literature, big discrepancies in the timescale of the occurrence of lipid flip-flop in model bilayer
systems are found, partly due to the fact that these measurements were based on the indirect observation of
the process [2,3]. Combining time resolved small angle neutron scattering and neutron reflectometry, we
have shown that it is possible to capture inter and intra vesicular exchange as well as lipid composition
differences in the leaflets of a model bilayer with the sub-nanometer spatial resolution and for times scales as
short as a few minutes [4-6].

In this presentation | will provide new insight on the characteristics of inter- and intra-bilayer
rearrangement processes. In particular, 1 will report on the rates and energetics of pure lipids as well as
cholesterol transfer in different lipids environments. These results will be discussed with respect to MD
predictions and to the presence of defects that can render the lipid intra-bilayer movement (flip-flop) the time
limiting process or not.
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Figure 1.

Left. Time- and temperature resolved NR experimental data following the equilibration of an asymmetric
bilayer as caused by the lipid flip-flop. The sketches of the initial and final bilayers are shown. Center.
Evolution of the scattering length density profile extracted from the data shown on the left panel. The blue
curve represent the initial asymmetric structure while the red one the final symmetric bilayer. Right. Sketch
of the flip-flop and exchange processes that can be characterized simultaneously by SANS.

[1] P.F. Devaux, Biochemistry, 1991, 30, 1163.

[2] M. Nakano et al., Phys. Rev. Lett., 2007, 98, 238101.
[3] T. Anglin et al., J. Phys. Chem. B, 2010, 114, 1903.
[4] Y. Gerelli et al., Langmuir, 2013, 29, 12762.

[5] S. Garg et al. Biophys. J., 2011, 101, 370.

[6] Y. Gerelli et al., Langmuir, 2012, 28, 15922.
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As described by S. U. Pickering in 1907 [1], particles spontaneously adsorb to the surface of droplets and
emulsify them for a long period of time (so-called Pickering emulsions). This effect can be enhanced by
giving the particle a hydrophilic and a hydrophobic region (Janus particles) [2]. These particles arrange
themselves preferably at interfaces between two non-miscible fluids [3].

Our idea is: We increase the number of regions on the surface of the particles by one. Liquid films
should be able to be stabilized by these particles instead of spherical droplets. We regard these films as
membranes and call them Pickering membranes, and we call the particles we use for this approach Saturn
particles (others call them triblock Janus or patchy particles).

The used Saturn particles are produced by masking the caps of hydrophobically coated silica particles
and etching the equatorial region in between them via hydrofluoric acid in one step [4].

According to our experience, it is far easier to create such water films stabilized by Saturn particles in
air as a foam than in a hydrophobic fluid. We do this by suspending Saturn particles in ultrapure water and
carefully pumping air bubbles into the water from below. A Pickering membrane is formed. The Saturn
particles self-assemble in the water film and protrude it on both sides (see Figure 1). Instead of rupturing the
film via the bridging-dewetting mechanism, the Saturn particles stabilize the water film for several days.

When replacing the air above the Pickering membrane with one of two gases (CO, or SFe), the gas or
air permeates through the stabilized water film and the Pickering membrane moves. When replacing the gas
with air, the Pickering membrane moves back again (see Figure 2). We capture the movement of the
Pickering membrane on video to determine the movement speed and therefrom calculate the experimental
permeance in quite good agreement with theoretical predictions.

air

Figure 1: Schematic drawing and light microscope picture of a Saturn particle stabilized water film
(Pickering membrane).

t=0min t =15 min t—30m|n t =50 min t—95m|n

Figure 2: The permeation of COZ through a Pickering membrane. The CO, above the membrane permeates
through it (a—c). The CO;is replaced by air after 30 min. The CO, below the membrane permeates back
through the membrane until there is only air left (c—€). Scale bar is 2 mm.

[1] S. U. Pickering, J. Chem. Soc., Trans, 1907, 91, 2001.

[2] C. Casagrande, P. Fabre, E. Raphael, M. Veyssie, Europhys. Lett., 1989, 9, 251.
[3] B. P. Binks, P. D. I. Fletcher, Langmuir, 2001, 17, 4708.

[4] M. M. Krejca, C. Wiistner, W. A. Goedel, Langmuir, 2017, 33, 10772.
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Deep-sea hydrothermal vents are hot springs occurring on the bottom of the ocean (Figure 1), from which
hot and compressed water, sometimes in the supercritical state (T, = 374 °C, P, = 22.1 MPa) [1] gushes out
[2]. Molecules in the surrounding cold deep-sea water is instantaneously heated to ultra-high temperatures
when they are engulfed in the vent-water stream, and immediately quenched to near-freezing temperature
when they get out of it. Supercritical water (SCW) exhibit properties that are remarkably different from those
of ambient water. For example, the dielectric constant of water decreases from 79 at 25 °C to 2.5 at 400 °C
under a constant pressure of 25 MPa. Accordingly, various oils freely mix with SCW [3].

The unique physicochemical environments of the deep-sea hydrothermal vent inspired us to develop a
novel bottom-up process for making nanoemulsions called MAGIQ (Monodisperse nAnodroplet Generation
In Quenched hydrothermal solution) [4]. In MAGIQ, emulsification was performed by chilling homogeneous
solutions of oils in SCW, and oil droplets were formed in a bottom-up manner by self-assembly of oil
molecules. The process is completely different from conventional top-down processes for making emulsions,
where large droplets are repeatedly disrupted to finer ones.

A flow-type instrument was developed to perform MAGIQ. The instrument allows us to apply fast and
deep temperature-quenching, ~200 °C/sec, to homogeneous solutions of oils in SCW so that the oil phase-
separated rapidly to generate nano-sized droplets. In tests using dodecane and a nonionic surfactant, Brij 97,
emulsions containing dodecane droplets with an average diameter of 61 nm were obtained in less than 10
seconds.

Recent developments of MAGIQ will be presented in this talk. These include fabrication of wax
nanoparticles [5] and development of a high-temperature and high-pressure microfluidic device for
continuous production of nanoemulsions (Figure 2).

Figure 1. Deep-sea hydrothermal vent. Figure 2. A microfluidic device for continuous
production of nanoemulsions by MAGIQ.

Acknowledgements: This work was supported by Adaptable and Seamless Technology Transfer Program
through Target-driven R&D (A-STEP) by Japan Science and Technology Agency (JST).

[1] S. Deguchi, K. Tsujii, Soft Matter, 2007, 3, 797.

[2] Koschinsky, A. et al. Geology, 2008, 36, 615.

[3] Brunner, E. J. Chem. Thermodyn., 1990, 22, 335.

[4] S. Deguchi, N. Ifuku, Angew. Chem. Int. Ed., 2013, 52, 64009.
[5] S. Okada Y. Kanasaki and S. Deguchi, in preparation.
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Utilizing colloidal particles for the assembly of the shell of nano- and microcapsules holds great promise for
the tailor-made design of new functional materials. As recently reviewed by us, increasing research efforts
are devoted to the synthesis of such colloidal capsules, by which the integration of modular building-blocks
with distinct physical, chemical, or morphological characteristics in a capsule’s shell can result in novel
properties, not present in previous encapsulation structures [1].

Since there is basically no limitation in the type of nanoparticle used for the formation of these
vesicles, it is possible to introduce distinct functionality (i.e. superparamagnetism, fluorescence, plasmonic
coupling, drug-loaded particles) into the shell of colloidosomes and similar capsules. Colloidal capsules
therefore have great potential for biomedical applications, as is demonstrated in a diverse range of reports
from this field which aim at pharmaceutical agent encapsulation, targeted drug delivery and theranostics.

However, many fundamental questions about the assembly of such capsules remain, especially
regarding the complex interplay of surfactants and particles at liquid interfaces (Figure 1). In our work [2],
we use a combination of oil-soluble surfactants (lipids) and hydrophilic nanoparticles to produce submicron
colloidosomes from Pickering emulsions. In this system, the lipids partially dissociate at the emulsion
droplet interface and introduce a charge, which mitigates the electrostatic repulsion between the
nanoparticles at the interface and between interface and adsorbing nanoparticles, resulting in the formation
of rigid nanoparticle films at the emulsion droplet interface. We are studying film formation by both
interfacial shear rheology and pendant drop dilational rheology in combination with analyzing the dynamic
surface tension of the system. This allows us to separate the contributions of surfactants and particles to the
interfacial energy and the rheological properties of the interface and with that increase our understanding of
the formation of colloidosome shells.
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Figure 1. (A) Formation of a submicron colloidosome via a Pickering emulsion in the presence of
surfactants, (B) Competitive adsorption energies at the decane/water interface between nanoparticles and
surfactants occupying the same area as the nanoparticles.

[1] Bollhorst T, Rezwan K, Maas M. Chem Soc Rev. 2017, 46, 2091.

[2] Bollhorst T, Shahabi S, Worz K, Petters C, Dringen R, Maas M, Rezwan K. Angew Chem Int Ed.
2015, 54, 118.

14


mailto:michael.maas@uni-bremen.de

OP1.1
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Membrane systems that naturally occur as densely packed membrane stacks (thylakoids in plants or myelin
in the nervous system of higher vertebrates) contain high amounts of glycolipids. The common feature of
these glycolipids is their sugar headgroups that display multiple small electric dipoles in the form of
hydroxyl groups. The repulsion between these glycolipid rich membranes is of much shorter range than that
between zwitterionic phospholipids, whose headgroups are dominated by a single large dipole. In thylakoids
from higher plants their composition is dominated by a high fraction of 2 uncharged glycolipids, the mono-
and di-galactoglycerolipids MGDG and DGDG, and the anionic sulfolipid SQDG that have been conserved
by evolution, together with the anionic phospholipid phosphatidylglycerol (PG). Using neutron diffraction
under controlled humidity, we observed that the thylakoid lipid mixture self-organizes as a regular stack of
bilayers. This natural lipid mixture was shown to switch from hexagonal Il toward lamellar phase on
hydration. This transition and the observed phase coexistence are modulated by the fine-tuning of the lipid
profile, in particular the MGDG/DGDG ratio, and by the hydration. Our analysis highlights the critical role
of DGDG as a contributing component to the membrane stacking. DGDG interactions balance the short
range hydration repulsion as well as the longer range

electrostatic contribution of the charged lipids PG and

SQDG and allow the persistence of regularly stacked R " wo ‘ot
membranes at high hydration. Using MD simulations, we Wi ; @ e foids oo ol
were able to reproduce the repulsion forces between 103 ‘i Felntielramaonetall 4
DGDG membranes, as measured by neutron diffraction  _ f R § 1
(ND) under controlled humidity. The simulations reveal £ ] . &

that the repulsion between glycolipid membranes is solely = .| h A ‘\f\ ? i
governed by the hydrogen-bond balance between water and b . $ { f
the sugars featuring water-like dipoles. Additional _— } PClpids ]
repulsion mechanisms, which require correlated large n=o.12mom | T =T A,
dipoles and are responsible for the stronger swelling of k- s . e
phospholipid membranes, are inoperative for the Dy (nm)

egCOIIpIdS These results explain the tight cohesion Figure 1. Comparison ofpressure-distance

between glycolipid bilayers from thylakoid membranes, curves obtained experimentally and by MD
which is essential for the biogenesis of photosynthetic simulations for DGDG and PC lipids.

membranes.

Acknowledgements: This work was supported by the French National Research Agency (ANR) under
grants ReGal (ANR-10- BLAN-1524), DiaDomOil (ANR-12-BIME-0005), and ChloroMitoLipid (ANR-12-
JSV2-0001,) and by the Labex Grenoble Alliance for Integrated Structural Cell Biology (GRAL); and by the
Max Planck Society and the German Research Foundation (DFG) through an Emmy-Noether grant (SCHN
1396/1) and SFB 1112. Neutron beamtime was allocated on instrument D16 at Institut Laue - Langevin,
Grenoble, France.

[1] B. Demé, C. Cataye, M.A. Block, E. Maréchal, and J. Jouhet, FASEB Journal, 2014, 28, 3373.

[2] M. Kandugé, A. Schlaich, A. H. de Vries, J. Jouhet, E. Maréchal, B. Demé, R.R. Netz, E. Schneck, Nature
Communications, 2017, 8, 14899.
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M. Fujinami, Y. Watahiki, L. Chiari and T. Nomoto
Department of Applied Chemistry & Biotechnology, Chiba University, Inage, Chiba 263-8522, Japan

Presenting author email: fujinami@faculty.chiba-u.jp

In non-equilibrium open systems involving interfaces, macroscopic molecular transport is observed in
isothermal processes with the spontaneous motion of objects curried in the fluid. Given the existence of a
large variety of systems with their own inherent chemical properties, the kinematics of the self-propelled
motion and the dynamics of the forces driving these systems often remain largely unknown. Quasi-elastic
laser scattering (QELS) method involves light scattering by capillary waves, and is one of the most useful
tools non-invasively for measuring interfacial tension in such non-equilibrium systems [1]. We focus on the
characteristics of the self-propelled motion of a sodium oleate tablet and a plastic sheet bearing sodium
oleate tablets, i.e. a sodium oleate boat. In this presentation we aim to clarify their propulsion mechanism
experimentally using the QELS method

We investigated the spontaneous motion of sodium oleate tablets at air-water and water-nitrobenzene
interfaces. Although no motion was observed on the water surface, the sodium oleate tablets were self-
propelled at the water-nitrobenzene interface. We quantitatively elucidated the dynamics of this motion
through measurements of the interfacial tension distribution around the sodium oleate tablets at both
interfaces. A uniform surface tension distribution at the water surface induced by the homogeneous
adsorption of oleate/oleic acid molecules explained the absence of motion. On the other hand, the uneven
interfacial tension distribution generated by the inhomogeneous adsorption of oleate/oleic acid was observed
at the water-nitrobenzene interface. Although oleic acid molecules cannot be desorbed from sodium oleate in
water, they can be desorbed in an oil phase and get unevenly adsorbed to the interface. The induced
interfacial tension gradient at the water-oil interface becomes the driving force of the tablet.

In the self-propelled motion of a sodium oleate boat at an aqueous solution-nitrobenzene interface, we
successfully measured the interfacial tension difference at the front and rear of the boat for different boat
speeds. We quantitatively proved that the driving force of the motion of the boat is the interfacial tension
difference at the front and rear of the boat, as shown in Fig.1. In addition, the greater the interfacial tension
difference driving the boat, the faster was the boat. However, the increasing rate of the boat speed was
gradually reduced as the interfacial tension gradient became higher. This was thought to be due to the
decelerating effect of the Marangoni flow generated by the interfacial tension behind the boat, whose flow
became progressively faster as the boat speed increased.

In conclusion, we quantitatively showed through QELS measurements that the interfacial tension
gradient was the key factor behind the continued self-propelled motion of the objects.
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Figure 1. (a) Time change in the interfacial tension of the aqueous solution-nitrobenzene interface. The
average speed of the sodium oleate boat during each lap is also shown. (b) Extended view of a selected time
range of (a). The dashed lines represent the times when the boat passed through the measurement point.

[1] T. Nomoto, T. Toyota, and M. Fujinami, Anal. Sci. 2014, 30, 707.
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Surfaces decorated with densely-tethered polymer chains — referred to as polymer brushes — have been
shown to possess desirable anti-biofouling and lubricating properties that are directly dependent on their
structure [1]. These surfaces can be engineered to exhibit a structural response to stimuli such as pH,
temperature, and the presence of specific ions and molecules, resulting in surfaces with controllable
properties. Understanding and observing the structure of these systems is of great importance if the
mechanisms behind their behaviour and function are to be understood. Neutron Reflectometry is the
technique best suited for examining the physical structure of solvated polymer brushes in-situ [2] however
the analysis of collected data is plagued with systemic issues, which are especially pronounced for diffuse,
low- contrast interfaces such as polymer brushes and the molecules adsorbed within (fig.1).

Here we present a cross-section of our work on stimuli responsive polymer brushes and report on the
development of a new method for the analysis of neutron reflectometry data from these diffuse interfaces.
This method utilises a freeform spline (fig.1) in conjunction with a parallel-tempered Markov-Chain Monte
Carlo approach for model fitting and uncertainty analysis, overcoming contemporary problems such as
model-dependence, solution multiplicity and local-minima acceptance. We present a case study of this
method, focusing on the interaction between the anionic surfactant sodium dodecyl sulfate (SDS) and a
thermoresponsive Poly(N-isopropylacrylamide) (NIPAM) brush, in which we use our method to find all
viable fits to data (fig.1, HH) and rigorously approximate profile uncertainty (fig.1). Using this method, we
can extract useful information from extremely diffuse ‘low-information’ interfaces (fig.1, mM) and follow the
structural response of NIPAM to SDS across a wide temperature and concentration range.
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Figure 1. Selected fits from a NIPAM brush system for which temperature and SDS concentration was
varied. Il Brush extended at 27.5°C, exhibiting profile multimodality ( Bl accepted fit). Wl Brush
collapsing at 32.5°C.mm Brush extended at 27.5°C, further swollen by exposure to a 3.5mM SDS solution.
Bl SDS within the brush at 27.5°C. One and two sigma profile regions are shaded.

Acknowledgements: This project is financially supported by the Australian Government and AINSE

[1] W. L. Chen, R. Cordero, H Tran, and C.K Ober, Macromolecules, 2017, 50, 4089.
[2] M. Ballauff and O.V. Borisov, Polymer (United Kingdom), 2016, 98, 402.
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We present here a significant extension of the confocal optical microscope designed by Mario Corti for gas
bubbles (presented ECIS Bordeaux 2015) and that is used since several years to investigate nanometre
surface waves on oil droplets suspended in an aqueous solutions (presented by Paola Brocca in Madrid
2017).

The surface waves in the initial arrangement were produced by typically 30V/cm alternating electrical
field that is inducing surface vibration modes that are detected optically. The problem with this arrangement
is that electrochemical effects at the liquid-liquid interface are intimately mixed with the surface elasticity
that has to be investigated.

In the new arrangement presented, the surface waves are generated mechanically. Hence they can be
detected optically and also by induction electrodes located near the bubble. Instead of electro-acoustic
coupling, we use acousto-electrical coupling in the same time than acoustic detection. The Onsager principle
is used in order to identify acousto-electric and electro-acoustic coupling, while electrical response
unambiguously detects surface diffuse layer effects.

We will show the first results obtained by this modified device, that represents a new ultra-sensitive
experimental method to study nanometre amplitude waves produced on mm-size droplets.

Acknowledgements: ERC project Ree-Cycle grant “rare earth recycling with low harmful emissions (2012-
2018)
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Microgels are highly interfacial active, although not being amphiphilic. They readily adsorb to liquid/liquid,
liquid/air or solid interfaces and deform [1]. Their interfacial behavior makes microgels useful for many
applications in the field of advanced polymeric coatings [2]. Not only the temperature-induced changes in
topography but also of the mechanical properties of the microgels play an important role, e.g. for cell
adhesion on a microgel coated surface [3].

We studied microgels with unique internal structures, (i) one with a rigid silica core and a PNIPAM
shell, (ii) hollow microgels obtained by dissolving the silica core, and (iii) ultra-low cross-linked microgels.
The morphology and nanomechanical properties of these microgels at surfaces were investigated with an
scanning force microscope (SFM). An important parameter is the size of the probe compared to the
dimensions of the microgel [4]. We will demonstrate that indentation experiments using a sharp tip lead to
penetration of the porous swollen microgel networks. Therefore, force-distance curve measurements enable
to probe the segment density distribution orthogonal to the substrate of adsorbed single microgels.
Measurements using blunt tips are causing a compression of the microgel and provide information on their
global mechanical properties.
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Figure 1. Schematic illustration of a sharp SFM tip approaching the water/microgel interface. The density
variation close to the tip is probed for a swollen hollow microgel by force-distance curve measurements.

Acknowledgements: The Deutsche Forschungsgemeinschaft (DFG) is acknowledged for financial support
within the Sonderforschungsbereich SFB 985 “Functional Microgels and Microgel Systems”.

[1] A. Mourran, W. Yaodong, R. A. Gumerov, A. A. Rudov, I. I. Potemkin, A. Pich, M. Maller, Langmuir,
2016, 32, 723.
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Bio and aqueous applications of ionic liquids (IL) such as catalysis in micelles formed in aqueous IL
solutions or extraction of chemicals from biologic materials rely on surface-active and self-assembly
properties of ILs. Here, we discuss qualitative relations of the interfacial and bulk structuring of a water-
soluble surface-active IL ([CsMIm][CI]) on chemically controlled surfaces over a wide range of water
concentrations using both force probe and X-ray scattering experiments.

As shown in Figure 1, our data indicate that IL structuring evolves from surfactant-like surface
adsorption at low IL concentrations, to micellar bulk structure adsorption above the critical micelle
concentration, to planar bilayer formation in ILs with <1 wt % of water and at high charging of the surface.
Interfacial structuring is controlled by mesoscopic bulk structuring at high water concentrations. Surface
chemistry and surface charges decisively steer interfacial ordering of ions if the water concentration is low
and/or the surface charge is high. We also demonstrate that controlling the interfacial forces by using self-
assembled monolayer chemistry allows tuning of interfacial structures. Both the ratio of the head group size
to the hydrophobic tail volume as well as the surface charging trigger the bulk structure and offer a tool for
predicting interfacial structures. Based on the applied techniques and analyses, a qualitative prediction of
molecular layering of ILs in agueous systems is possible.
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Figure 1. 2D-FD AFM measurements of water-concentration dependent interfacial structuring of

[CsMIm][CI]/water mixtures on freshly cleaved mica surfaces with schematic structural interpretations as
inset.
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Cationic vesicles, such as those of quaternary ammonium surfactant DEEDMAC, are mimics to liposomes
and promising delivery vectors. It is of fundamental, as well as practical, importance to study the interactions
between such vesicles and oppositely charged (anionic) surfactants, as these interactions can account for
improved performance in their applications, but also contribute to the vesicular rupture and destabilisation of
such dispersions. SFA studies of DEEDMAC bilayers prepared using the Langmuir-Blodgett deposition
method have been reported previously [1, 2], investigating DEEDMAC interactions with cationic polymers.
However, there is a lack of understanding of the interfacial behaviour of DEEDMAC/SDS complexes.

In this study, we have employed synchrotron X-ray reflectivity (XRR) [3] and surface force apparatus
(SFA) [4] to study the structure and interactions of DEEDMAC bilayers at the solid-liquid interface, to
correlate with their solution behaviour revealed using small angle neutron scattering (SANS) and dynamic
light scattering (DLS). Here, DLS and zeta potential measurements of DEEDMAC and SDS showed a
charge inversion at high enough SDS concentrations, suggesting that their complexation has taken place [5].

For the XRR characterisation at the solid-liquid interface, a dispersion of 5 mg/mL DEEDMAC
vesicles of ~100 nm in diameter prepared by the extrusion method was ruptured to form a bilayer on the
negatively charged mica surface. The thickness of the bilayer was ~3 nm, which agrees with that of a
DEEDMAC bilayer in a vesicle (~3.5 nm) as previously reported [6].

Our SFA results confirm formation of a DEEDMAC bilayer (3 to 4 nm thick; Fig.1), in agreement
with the XRR data. The interactions between such cationic bilayers immersed in increasing concentrations of
SDS were studied. Upon addition of SDS above its cmc, the presence of a ~40 nm thick surface layer was
observed, indicating adsorption of SDS aggregates on the cationic bilayer. The behaviour of such surface
complex layers under confinement and shear was also investigated, revealing a relatively low friction
coefficient, with a distinct stick-slip behaviour. These SFA results on DEEDMAC bilayers from vesicle
rupturing in the presence of oppositely charged surfactant aggregates are unprecedented. We will compare
these results with previous SFA measurements on the interactions between Langmuir-Blodgett deposited
DEEDMAC layers and cationic polymers [1, 2].
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Figure 1. a) A schematic representation of DEEDMAC-bilayer formation via vesicle rupture, and their
interactions with SDS aggregates at the solid-liquid interface; and b) the force vs separation distance data in
different SDS concentrations, collected when the surfaces were approaching and separating.
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We investigate the stability of a classical oil-in-water emulsion in the limit of very low surfactant
concentration, by employing a combination of different techniques covering a wide range of scales.
Structural information from macro-imaging and microscopy is combined with dynamics investigated by
Differential Dynamic Microscopy (DDM) and Diffusing Wave Spectroscopy (DWS), to access the mean
square displacement of droplets and rheological properties of the system. DDM analyses time sequences of
microimages, accessing dynamics on the mm-pm length range at times >0.01s [1]. DWS is a spectroscopic
technique sensitive to tiniest motions and to fast time scales by analysing the time evolution of coherent light
that has been multiply scattered within a turbid sample [2].

Focusing on DWS, we discuss different experimental approaches to experiments and analysis applied
to emulsions; we investigate the obtainable accuracy of the correlation functions, of the mean square
displacements and of the complex shear modulus that from them can be deduced [3]. This point -critical to
avoid artifacts- is often overlooked in the literature.

We report on the application of these techniques to the study of long-time ageing and stability of
prototypical SDS dodecane-in-water emulsions at low SDS concentration [3,4]. The combination of macro-
imaging, micro-imaging, DDM and DWS, in conjunction with interface properties analysis, offers a
consistent picture of the mechanisms stabilizing this emulsion, well below the CMC. Stability with minimal
concentration of surfactant is a relevant applicative topic e.g. for environment reasons.
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Figure 1. The combination of macro-imaging, micro-imaging, DDM and DWS enables the characterization
of emulsion stability at very low surfactant concentrations, well the below CMC.

[1] Giavazzi, F. & Cerbino, R. J. Opt. 2014, 16, 83001.

[2] Weitz, D. A., & Pine, D. J. Diffusing-wave spectroscopy. In W. Brown (Ed.), Dynamic Light Scattering:
The Method and Some Applications. Clarendon Press. (1993)

[3] Orsi, D. et al. in preparation (2018)

[4] Llamas, S. et al. Langmuir, submitted (2018)
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In this work, we demonstrate the possibility of controlling and tuning the formation of extended structures,
acting as surface active material reservoirs, in surface loaded, out-of-equilibrium films of poly(sodium
styrene sulfonate)/dodecyltrimethylammonium bromide (NaPSS/DTAB). The films are formed by exploiting
the Marangoni spreading from dispersions of highly surface active NaPSS/DTAB aggregates in combination
with their fast dissociation upon contact with the air/water interface [1]. This investigation has been carried
out by the means of ellipsometry, Brewster angle microscopy (BAM), surface pressure vs. area isotherms
(Wilhelmy method) and neutron reflectometry (NR) [2].

The formation of surface active material reservoirs in contact with the film is triggered by the presence
of compact NaPSS/DTAB aggregates embedded in the film, and the process is favoured only when the
charge of the aggregates matches that of the surfactant. Moreover, it is possible to control the reservoirs
formation both in terms of morphology and surface excess of the two components, either by consecutively
dispensing small aliquot of NaPSS/DTAB dispersions onto the water surface or by compressing a surface
loaded film. Upon expansion, the fast re-supply of surface active material from the extended structures
delays the relaxation of the surface pressure. Although there are of course important differences in the
composition of the system with that of lung surfactant, in which protein activates the formation of reservoirs
upon compression that resupply the interface upon expansion [3], excitingly there is analogy in the behavior
that has not been observed before, which we are actively exploiting as we continue this work.

This study could open up new possibilities to control such film dynamics in related systems through
the rational design of particles in the future. In addition it can have some immediate practical application for
the efficient and eco-sustainable production of organic thin films prior to transfer application.
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Figure 1. a) Dynamic phase shift of the air/water interface during five consecutive additions of
NaPSS/DTAB dispersion with different charge/structure. b) Surfactant surface excess derived from in-situ
NR measurements during the compression of the interface. The respective BAM images are on the right side
of each panel for 2 different surface ages.

[1] R.A. Campbell, A. Tummino, B.A. Noskov, I. Varga, Soft Matter, 2016, 12, 5304.

[2] A. Tummino, J. Toscano, F. Sebastiani, B. A. Noskov, I. Varga, R. A. Campbell, Langmuir, 2018, 34,
2312

[3] E. Lopez-Rodriguez, J. Pérez-Gil, Biochim. Biophys. Acta, Biomembr., 2014, 1838, 1568.
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Industrial formulations commonly use amphiphilic macromolecules as steric stabilisers and the chosen
polymers may be required to remain adsorbed across a wide range of dilutions, ionic strengths and in the
presence of additional surface active species. A typical hair conditioner formulation, for example, contains
low molecular weight poly(dimethyl siloxane), PDMS oil, emulsified by Pluronic polymers (including F127)
in a buffer solution; at point of use, it can be subjected to significant dilution and be brought into contact
with anionic and non-ionic surfactants. The complex interactions between the polymers, surfactants and the
electrolytes at the interface will affect the performance of the final product.

We have developed a covalently anchored PDMS film as an immobilised oil layer to study the
structures of Pluronic F127 adsorbed at the oil/water interface. We will describe the changes in the adsorbed
structure in a salty environment as well as the interfacial structures of mixed stabiliser systems F127/SDS
and F127/C16TAB, looking also at the impact that these environments have on the steric barrier provided by
the polymer.

Results from neutron reflection and QCM highlight that the structures at the oil/water and air/water
interfaces differ. It was found that F127 forms a loosely packed thin layer at the PDMS/water interface,
while addition of SDS and CTAB causes desorption of F127 from the interface. Mixed stabilisers exhibit
competitive adsorption behaviour where low concentrations of surfactants cause swelling of the PEO
segments of F127 and high concentrations of surfactants completely solubilise the F127 (Figure 1).

The effect of salt on the adsorption behaviour was also investigated. Both UV-Vis absorbance and
QCM studies showed addition of different sodium halide salts leads to dehydration and collapse of the
adsorbed F127 layer and that the effect is larger for more kosmotropic anions.

These results help elucidate the mechanism of adsorption of amphiphilic polymers, their function as
colloidal stabilisers at the oil/water interface and guide the selection of polymeric stabilisers for industrial
formulation.

Increasing CTAB/
SDS concentration

PDMS

Figure 1. Changes to the conformation of the Pluronic polymer on the surface, and eventual displacement
from the surface, as a result of added surfactants.
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The basic statistical mechanical models of delocalized (liquid interface) adsorption of surfactants involve
three well-defined parameters: the adsorption energy, the hard-disc area of the molecule, and the lateral
attraction parameter. However, many studies of the adsorption at water|oil interfaces report unexpected
negative values of the attraction parameter, and hard-disc areas that are significantly larger than the
crystallographic cross-section area of the surfactant. We show that the new sticky disc adsorption model [1]
has serious advantages over other, more popular adsorption theories:

o it is the only model that is compatible with the experimental crystallographic area per molecule,
both at water|air and water|oil interfaces;

o it predicts correctly the transition from non-cohesive to cohesive behaviour of the monolayer with
the increase of the chain length or the decrease of temperature.

A model of the lateral attraction (the 2™ virial coefficient of the adsorption layer) is presented, from
which it follows that £ has strongly non-linear dependence on the hydrocarbon chain length, the area of the

head group and the temperature. Using the model of S, experimental data, and the law of corresponding
states, the critical point of the adsorbed layer could be determined, allowing one to predict the transition from
sub- critical to super-critical behaviour with respect to the gaseous-liquid expanded phase transition.

We also discuss the explicit effect of the solvent molecules in the adsorption layer on its properties. It
is shown that the osmotic effect from the solvent can be rigorously represented as an effective lateral
attraction.
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Polymer latex particles of diameter <300 nm have been prepared in the absence of surfactants through a
Pickering-type emulsion polymerisation process stabilised in part by silica nanoparticles [1]. Control of the
silica wettability through modulation of reaction pH or by reaction of the nanoparticles with a hydrophobic
silane resulted in silica-covered latex particles. Conditions were investigated to maximise adsorption of
nanoparticles onto the surface of the latex such that the resultant latex was both film-forming and completely
armoured in nano-silica. The oil-in-water emulsion polymerisation process used methyl methacrylate
(MMA) and n-butyl acrylate (BA) as co-monomers, along with a water-soluble initiator, in the presence of a
commercially available colloidal nano-silica (Ludox®- TM40). It was found that precise pH control before
polymerisation using methacrylic acid (MAA) facilitated the formation of armoured latexes, and mechanistic
features of this process are discussed. An alternate method of the preparation of these latexes were identified
whereby the addition of vinyltriethoxysilane (VTES) to control wettability readily resulted in latexes
completely armoured in colloidal nano-silica (Figure 1). The latexes were characterised using SEM, cryo-
TEM and AFM imaging techniques and the mechanism behind the adsorption was investigated through
surface pressure and contact angle measurements in order to understand the factors that influence this
irreversible adsorption. Results indicate that nanoparticle attachment (but intriguingly not latex size) is
dependent on particle wettability, providing new insight into the formation of nanoparticle-armoured latexes,
along with opportunities for further development of diversely functionalized inorganic/organic polymer
composite particles.

Figure 1. a) SEM image and b) AFM image of latexes prepared using MMA+VTES at pH 4.5 showing
attachment of nanosilica onto the particle surface

[1] S A.F Bon, C. A. L Colard, P. J. Colver, J. Am. Chem., 2008, 130, 16850.
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Chemical additives are added to automotive lubricating oils for two main purposes: to minimise degradative
processes within the engine (such as oxidation, wear and corrosion) and to confer other beneficial properties
to the oil and engine (such as increased viscosity index, improved fuel economy and reduced
particulate/gaseous emissions). Low friction between components is highly important, as it results in both
improved fuel economy and a reduction in wear. However, in the mixed and boundary lubrication regimes
between metal surfaces in contact as shown in the Stribeck curve [1], the low viscosity of the lubricating oil
limits its load bearing capacity, leading to high wear. This problem can be circumvented by the addition of
chemical species termed ‘friction modifier additives’ to engine oil formulations, which maintain a separating
film between surfaces even in the boundary regime [2]. It has been demonstrated that certain amphiphilic
copolymers can adsorb onto polar surfaces from a selective, non-polar solvent and reduce friction in these
regimes while maintaining wear performance [3,4]. However, the polymer structures at the solid-liquid
interface under such tribological conditions are not currently well understood, which is critical to rational
design of polymer molecular architecture for its optimal friction and wear performance as lubricant additives.

Our system of interest is a class of functionalised amphiphilic copolymers, bearing up to 10% by
weight of polar graft groups. A Langmuir-Blodgett trough has been used to control the lateral packing
density of monolayers of these polymers and observe their surface activity at the air-water interface via a I1-
A isotherm study and Brewster angle microscopy (BAM). Subsequent probing of their interfacial structure in
situ and when transferred to the mica-air interface via Langmuir-Blodgett (LB) deposition has been
performed using synchrotron X-ray reflectivity (XRR) [5]. The XRR data demonstrate the formation of
surprisingly thick layers (20-70 nm, increasing with packing density) at the air-water interface, which are
retained when transferred to a mica substrate and suggests that either multilayer or brush structures are
formed by the polymers as opposed to a simple adsorbed monolayer. Adsorption isotherms for these
polymers onto iron (I11) oxide powder (a model engine surface) from n-dodecane have also demonstrated
evidence for aggregate adsorption from solution at higher bulk polymer concentrations.

Finally, the surface forces apparatus (SFA) has been used to measure the interactions between two
symmetrical LB-deposited layers of polymer in n-dodecane between two mica surfaces. The normal force
profiles can be fitted to the Alexander-de Gennes model describing the interactions between symmetrical
polymer brush layers under confinement, shedding light on the possible interfacial structure adopted by these
polymers in a tribocontact. Future shear measurements in the SFA will help to correlate the confined
interfacial structure to the lubrication mediated by these polymers. This will help to link the polymer
molecular architecture to their interfacial structure and the lubrication they mediate, the understanding of
which is crucial to the future rational design of new polymeric friction modifiers.

[1] W.H. Briscoe, Current Opinion in Colloid and Interface Science, 2017, 27, 1.

[2] H. A. Spikes, Tribology Letters, 2015, 60:5.

[3] C. Marques, J. F. Joanny and L. Leibler, Macromolecules, 1988, 21(4), 1051.

[4] J. Fan, M. Muller, T. Stohr and H. A. Spikes, Tribology Letters, 2007, 28, 287.

[5] W.H. Briscoe, F. Speranza, P. Li, O. Konovalov, L. Bouchenoire, J. van Stam, J. Klein, R.M.J. Jacobs
and R.K. Thomas, Soft Matter, 2012, 8, 5055.
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In contrast to solid colloidal particles, microgels respond to external stimuli such as the temperature and the
pH of the solution. This peculiarity has been widely applied in bulk experiments, where the subsequent size
changes can be used to tune the particle volume fraction with no change in its number density [1]. Recently,
stimuli-sensitive microgels have also demonstrated to provide a unique approach to stabilize emulsions: their
porosity and softness allow them to deform and flatten in presence of liquid-liquid interfaces [2]. Despite the
plain experimental interest, theory stands behind, as models lack a comprehensive description in terms of the
internal polymeric nature of the microgels, which is fundamental to describe their elasticity and
deformability, especially in high density states.

We aim to fill this gap by modelling in silico realistic PNIPAM microgels whose form factors and
swelling behavior reproduce experimental outcomes [3]. Moreover, by extending this protocol to treat
explicitly the solvent [4], we are able to perform Molecular Dynamics simulations of liquid-liquid interfaces.
Indeed, varying the parameters of the monomer-solvent potential, we can selectively tune the surface tension
enabling the asymmetric squeeze of the network, as expected for solvents of different qualities. Moreover,
we note a dependence on the number of crosslinks of the microgel: the higher their amount, the stiffer the
polymer network. The newly designed protocol will allow us to provide a three-dimensional characterization
of the microgels positioning and microstructure both at interfaces and in bulk, paving the way to the
calculation of multiple particles’ effective interactions.
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Figure 1. The left panel reports a comparison between swelling curves of the microgel in bulk obtained with
implicit and explicit solvent models; both are reported in terms of the rescaled gyration radius as function of
an effective swelling parameter. The central and right panels, instead, show the computational and the
experimental realizations of a microgel at the water-oil interface (experiments taken from Ref. [2]).
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The introduction of a pair of material slabs in vacuum breaks its translational symmetry giving rise to the
Casimir-Lifshitz force between the slabs. If, in addition, the material slabs are birefringent or anisotropic, the
rotational symmetry of vacuum is broken in which case a torque appears between the slabs tending to rotate
and align their principal optical axes [1]. While the existence of the Casimir-Lifshitz torque is of great
fundamental interest, its experimental realization will pave way for device applications such as nano-
switches and actuators.

We present a perturbative theory of the Casimir-Lifshitz torque between planar biaxial materials and
demonstrate that the torque in the retarded limit between a pair of biaxially polarizable anisotropic slabs can
exhibit a change of sign over separation distance [2]. The sign-reversal is a consequence of the intersection
of the in-planar dielectric components of one of the material slabs or of both the slabs but at significantly
different frequencies. In the present work, this feature is exploited to change and enhance the magnitude and
the sign of torque from material manipulation such as injection of carriers. In particular, with the aid of our
perturbative theory, we will demonstrate the effect on torque due to the presence of an intervening liquid
medium between the pair of interacting planar slabs. The feasibility of experimental detection of torque
employing the sign-reversal effect is discussed.

—_
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Figure 1. Schematic figure displaying the reversal of sign of torque with distance. (Figure courtesy [2])
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The adsorption of globular poly(amido amine) dendrimers of generation 8 (PAMAMGS) and elongated
poly(diallyldimethylammonium chloride) (PDADMAC) on mica at various ionic strengths and pHs was
studied by in situ streaming potential measurements and AFM.

The macrocations were characterized in the bulk using the dynamic light scattering (DLS) and
electrophoretic mobility measurements (LDV). The hydrodynamic diameters of PAMAMGS8 and
PDADMAC derived from the DLS measurements were independent of ionic strength and buffer type. At pH
range 4-10 they were equal to 10.4 nm and 38.5 nm, respectively [1,2]. The electrophoretic mobility, the zeta
potential and the electrokinetic charge of these macroions were also determined. It was found that both they
were positively charged at pH up to 10 for the ionic strength range 102-0.15 M [1, 2].

The adsorption of these macrocations on negatively charged mica substrate was studied by in situ
streaming potential measurements interpreted in terms of the electrokinetic model [1, 2]. Additionally, the
PAMAMGS kinetics was determined using a direct AFM imaging at various pHs [1]. The acid-base
properties of the dendrimer layers adsorbed on mica were also determined (Fig. 1). The desorption kinetics
of macroions from monolayers of various coverage under forced convection conditions was also studied. It
was found that the dendrimer and PDADMAC adsorption was partially reversible for pH above 5.8 [1]. The
obtained results were quantitatively interpreted in terms of the random sequential adsorption (RSA) model.
This allowed us to evaluate the equilibrium adsorption constant and the binding energy for the macroions at
various ionic strengths, and pHs. The binding energy of dendrimers at pH 5.8 for the ionic strength of 10-2M
was equal to -19 KT, which was close to the value of —20 kT theoretically predicted applying the mean-field
DLVO theory [1]. The binding energy of PDADMAC molecules was equal to -20 kT [2].

The PAMAMGS and PDADMAC monolayers can be exploited as an effective platform to investigate the
binding kinetics of various ligands such as anticancer and antivirials drugs, antibodies and bacteria.
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Figure 1. Zeta potential of PAMAMGS dendrimers determined by electrokinetic methods.
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The increasing requirements for sustainability and multifunctionality in nowadays’ society encourage
research and development on materials derived from renewable, naturally occurring resources featuring
active properties, particularly antibacterial activity. This is of noteworthy importance for the food industry,
which requires that products reach remote regions as a result of recent food-consuming trends driven by
globalization and industrialization. During storage and transportation, though, food items are susceptible to
microbial spoilage [1]. Another important aspect from a food supply chain standpoint is weight, provided
that it is directly related to distribution costs.

In this sense, cellulose stands out as a promising material because it combines the aforementioned
renewability with wide availability and extremely high capacity of undergoing surface modification as a
result of its chemical structure [2], which is also herein exploited. In this contribution, highly porous, light-
weight foam-like materials based on nanofibrillated cellulose (NFC) are addressed, as well as physical and
chemical functionalization routes aimed at providing them with antimicrobial activity against relevant
pathogenic bacteria.

More specifically, different surface chemical modification routes have been used to induce cationic
groups onto NFC surfaces in order to boost their electrostatic interaction with microbial cells, leading to the
leakage of their essential contents (i.e., lysis). Examples include reactions of NFC with Girard’s reagent T
and glycidyltrimethylammonium chloride (EPTMAC) to end up with positively charged quaternary
ammonium groups. Another chemical means of providing NFC-based foam-like materials with antimicrobial
activity is chemically grafting antimicrobially active peptides onto NFC surface. Both of these strategies are
carried out in aqueous NFC dispersions, which are subsequently dried by freeze-, supercritical CO2- or oven-
drying to form cryogels, aerogels, or xerogels, respectively [3]. Adsorption of antimicrobial polyelectrolytes
(e.g., chitosan and sodium alginate) through layer-by-layer approach onto NFC-based aerogels is also
discussed.

In summary, the production of quasi-cylindrical ca. 15-mm-long, 12.5-mm-diameter NFC-based
aerogels will be addressed, as well as physical and chemical strategies to provide these with antibacterial
activity. Morphological, mechanical, and water-holding properties will be presented is details.

Acknowledgements: This work was supported by Sdao Paulo Research Foundation (FAPESP, grants
#2017/07013-1 and #2015/25406-5). The authors are thankful to Dr. M.B. Cardoso and Dr. L.B. Capeletti
(LNNano/CNPEM) for carrying out antimicrobial tests as well as for Dr. E.P. Maia at Suzano Papel e
Celulose (Brazil) for kindly donating cellulose samples.

[1] C.G. Otoni, P.J.P. Espitia, R.J. Avena-Bustillos and T.H. McHugh, Food Research International, 2016,
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[2] D. Klemm, F. Kramer, S. Moritz, T. Lindstréom, M. Ankerfors, D. Gray and A. Dorris, Angewandte
Chemie International Edition, 2011, 50, 5438.
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Metasurfaces are 2D objects of thickness t that strongly interact with waves of characteristic wavelength
A >>t. Such objects may be used as focusing devices, beam deflector, filters, mirrors etc.... The general
action of such devices is to shape a given phase front in order to achieve various properties [1]. To perform
such devices, researchers may use resonators, which consist of small entities strongly interacting with the
incoming wave [2]. Another method is the use of Gradient Index Materials (GRIN), which are most of the
time obtained by shaping the structure of the material [3]. In such cases, the device remains most of the time
larger than the wavelength. Here we present a novel class of GRIN metasurfaces made of porous soft silicone
rubbers for focusing, deflecting, rotating and absorbing acoustic wave in water, with thicknesses around A/5.
We use the dependence of the refractive index n of soft porous polymer materials with their porosity ¢

(n == where ¢, and c,_ are the longitudinal sound speed in a reference medium and in a given material

respectlvely) that we showed in previous works [4]. Here, we achieve a spatial gradient of porosity in the
materials using soft-matter technology to fulfil required refractive index profile (Figure 1). These
subwavelength GRIN metasurfaces were achieved by a control over the spatial distribution of porosities in
soft silicone rubbers using an emulsion templating method (referred to as “polyHipe” for polymerized High
Internal Phase Emulsion). The obtained GRIN samples were fabricated by UV polymerizing successive layer
of emulsion exhibiting different and fully controlled volume fractions. The final wet samples were dried
using supercritical CO,, without collapse and deformation of the pore structures. Once dried, the samples
were positioned in front of an ultrasound transducer and its effect on the acoustic field is measured.

The ultrasonic experiment characterizations have an excellent quantitative agreement with finite
element simulations. Our GRIN metasurfaces permit portable, low-cost and efficient applications such as
biomedical imaging/detection and micro particle control [5].

re

Acoustic index

0 5 ¢(%)10 15

Figure 1.(a) Evolution of n as a function of porosity; Insert : SEM images of porous PDMS materials (with ¢ = 5% and
12%); (b) Porous sample with gradient of porosity resulting in a gradient of acoustic index. Each stripe of the sample is
9 mm wide with a porosity that decreases from left (15 %) to right (1%).
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[5] R. Kumar, O. Mondain-Monval, T. Brunet, O. Poncelet, Y. Jin, S. Marre, A. Kovalenko, Patent
FR1852569 (2018)

32


mailto:kumar@crpp-bordeaux.cnrs.fr

OPI1.19

Emulsion destabilization by confinement

R. I. Dekker, A. Deblaisand D. Bonn

Van der Waals-Zeeman Institute, Institute of Physics, University of Amsterdam, Science Park 904, 1098 XH
Amsterdam, The Netherlands

Presenting author email: r.i.dekker@uva.nl

Emulsions play an important role in everyday life and can be found in for example food, cosmetics and
paints. The destabilization of emulsions is a key step in for example oil recovery, to extract water from crude
oil. Present techniques to destabilize these crude oil emulsions are often energy-intensive and/or use
chemical additives that end up in the water [1]. Recently, it was shown that mechanical destabilization during
spreading can be used to destabilize emulsions also [2]; however its mechanism remained unclear.

We study the destabilization of surfactant-stabilized oil-in water emulsions placed between two glass
plates that are pressed together. Using confocal microscopy, we observe the deformation of the oil droplets
from perfectly spherical to ellipsoidal. Applying more pressure the sample thickness becomes comparable to
the drop size and the emulsion film between the droplets becomes clearly visible. This film thins and
eventually breaks, leading to the massive coalescence of droplets occurred and hence the destabilization of
the emulsion. This new technique then allows for separation of the oil and water phases from an initial
emulsion in a simple manner.

[1] A. A. Pefia, G. J. Hirasaki and C. A. Miller, Ind. Eng. Chem. Res.,2005, 44, 1139.
[2] A. Deblais, R. Haric, D. Bonn, A. Colin and H. Kellay, Langmuir, 2015, 31, 5971.
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Plastic bags are used to collect and store blood for transfusion purposes. The most common material used for
these bags is polyvinylchloride (PVC) which is plasticized with di(2-ethylhexyl) phthalate (DEHP). DEHP is
inherently toxic [1] and leeches out of the polymer matrix. However, DEHP has been shown to stabilize red
blood cells and thereby increase the shelf life of stored blood [2,3]. We have studied how DEHP interacts
with a lipid monolayer by utilizing a simple binary model system, consisting of the lipid 1,2-dimyristoyl-sn-
glycero- 3-phosphocholine (DMPC) and the plasticizer DEHP. This investigation has been performed
primarily by surface pressure measurements, using a Langmuir trough, and by neutron reflectometry.
Deuterated DEHP was synthesized and used in the reflectivity measurements to identify that component
directly.

Monolayers of DMPC behave significantly differently when DEHP is introduced. First, a monolayer
with high surface pressure is formed at larger areas when DEHP is present. Further, a plateau in the surface
pressure becomes apparent as the DEHP content is increased in the monolayer. Following the isotherm
studies, neutron reflectivity was measured at surface pressures above and below the plateau-region for four
different compositions (0, 20, 40 and 60 mol% DEHP respectively) and in two different contrasts (deuterated
DMPC + hydrogenous DEHP and hydrogenous DMPC + deuterated DEHP). Data could be well-fitted as
uniform monolayers which suggests that there is intermixing at a molecular level. At 60 mol% initial DEHP
content, DEHP content is reduced in the monolayer as the surface pressure increases. This is not the case for
the other monolayer compositions which indicates that DEHP is squeezed out of the monolayer at high
surface pressures when the content is too high. At least 25 mol% of DEHP remains at surface pressures of 30
mN/m. Data representing this are shown in Figure 1.

Given that the DEHP mixes with the DMPC in the monolayer, we conclude from the pressure-area
isotherms that DEHP helps the formation of a more compact monolayer even at large surface areas.
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Figure 1. Molar ratio between DEHP and DMPC for different surface pressures as obtained from fitting

reflectivity data.
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lons and charged peptides can have dramatic effects on the properties of membranes. A case in point is
Calcium and its crucial role in vesicle fusion [1]. We simulated Calcium-mediated vesicle fusion using All-
atom molecular dynamics [2] and described the effect of Calcium on membrane curvature [3]. With the help
of a new approach to determining membrane elastic properties [4] we gained new insights into the
mechanism of membrane fusion and curvature generation by ions. Specifically, we explore the effect of
calcium on the curvature and elastic properties of membranes of different composition. Another example of
prominent membrane deformations caused by ions is the internalization of arginine rich cell penetrating
peptides. We present an investigation of the role of ion pairing [5] and a new mechanism for entry driven by
curvature elasticity [1]. Furthermore, we apply our methodology to a host of other ions and membrane
compositions in order to explore the molecular origins of curvature generation and membrane stiffening by
charged adsorbates.

0.2 S TN T 1.4 S 2.11s
Ca* Cross-linking Lipid Flip-flop Fusion Stalk Fusion Pore

Figure 1. All atom simulation of Ca.-mediated vesicle fusion
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Cellular membranes can feature lipid domains relevant for signalling, intracellular transport and cell division
[1-3]. Their shape is set by the cytoskeleton and varies from elongated neurons to disk-like red blood cells.
Previous studies were not able to model the scaffolding properties of the cytoskeleton and test how its shape
influences the localization of lipid domains [4-7].

Here, we present a new class of multicomponent vesicles supported by colloidal scaffolds of designed
shape (Figure 1). We find that the domain composition adapts to the geometry, giving rise to a novel
"antimixed" state. Theoretical modelling allows us to link geometric pinning of domains to the material
parameters of the membrane.

Our results provide key insights into phase separation in cellular membranes and on curved surfaces in
general.

Figure 1. Four multicomponent lipid vesicles supported by colloidal scaffolds of designed shape used in the
present study. Green and magenta colours label, respectively, the saturated and unsaturated lipids and show a
striking interplay between the geometry of the substrate and the chemical composition of the lipids.
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Several key cellular events require accurate placement and timing in the assembly of complex protein
machineries. Unlike eukaryotes, prokaryotes lack the dedicated cell machinery that help in transporting
protein to a targeted region. As a result all such transport is diffusion limited [1]. It is therefore intriguing
how proteins find and associate with particular regions of the plasma membrane in prokaryotes. Among the
potential candidates that seem to promote protein association - membrane curvature and (or) composition
have emerged as the frontrunners. Local curvature of membrane, as defined by the shape of the cell or certain
organelles, may be specifically recognized by certain shape-sensing proteins while local membrane
composition might strongly influence the membrane association of certain proteins that interact preferentially
with specific phospholipids.

Using fluorescence microscopy, we have tried to comprehend the role played by membrane curvature
and composition in protein localization and assembly on cell membranes. We have investigated the
interaction of the bacterial protein DivIVA with model lipid membranes that closely mimic the composition
of the inner leaflet of the plasma membrane in the gram positive bacteria, Streptomyces coelicolor [2].
DivIVA is a determinant of cell polarity that is ubiquitous in gram-positive bacteria [3-5]. In Streptomyces
and other Actinobacteria, it is essential for viability and for orchestrating cell polarity, polar growth and cell
shape determination [6,7].

We find that the association of DivIVA with GUVs is strongly influenced by the composition of the
membrane [Fig.1c]. Our results indicate that cardiolipin plays a key role in facilitating the association of
DivIVA irrespective of the size of the GUVs hinting that membrane curvature might not be an essential
parameter for the case of DivIVA. As an ongoing part of our research we are trying to elucidate the
contribution of local membrane curvature towards this interaction.
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Figure 1. Biomimetic model membrane system. a. Schematic of a giant unilamellar vesicle — GUV. b.
GUVs prepared in physiological buffer and labelled with ATTO647N dye. c. DivIVA-mNeongreen binds to
GUVs that have cardiolipin. d. Binding of DivIVA-mNeongreen not observed in the absence of cardiolipin.

[1] J. Deich, E. M. Judd, H. H. McAdams and W. E. Moerner, Proc Natl Acad Sci USA, 2002, 101, 15921.

[2] C. Sohlenkamp, O. Geiger, FEMS Microbiol. Rev, 2016, 40, 133.

[3] M. A. Oliva, S. Halbedel, S. M. Freund, P. Dutow, T. A. Leonard, D. B. Veprintsev, L. W. Hamoen and
J. Léwe, EMBO J, 2010, 29, 1988.

[4] R. Lenarcic, S. Halbedel, L. Visser, M. Shaw, L. J. Wu, J. Errington, D. Marenduzzo and L. W. Hamoen,
EMBO J., 2009, 28, 2272.

[5] K. S. Ramamurthi and R. Losick R, Proc. Natl. Acad. Sci. USA, 2009, 106, 13541.

[6] K. Flardh, Mol. Microbiol, 2003, 49:1523.

[7]1 A. M. Hempel, S. Cantlay, V. Molle, S. B. Wang, M. J. Naldrett, J. L. Parker, D. M. Richards, Y. G,
Jung, M. J. Buttner, K. Flardh, Proc. Natl. Acad. Sci. USA, 2012, 109:E2371.

37


mailto:mohammad_arif.kamal@fkem1.lu.se

OP1.24

Effects of oxidative stress on physicochemical properties and disruption of
polyunsaturated phospholipid membranes

E. Parra’, K. L. Browning? S. Bucciarelli*and M. Malmsten*?

'Group of Surface and Colloid Chemistry Group, Dep. Pharmacy, University of Copenhagen, Denmark.
’LEO Foundation Centre for Cutaneous Drug Delivery, University of Copenhagen, Denmark.
3Group of Biostructural Research, Dep. Drug Design and Pharmacology, University of Copenhagen,
Denmark.

Presenting author email: elisa.parra@sund.ku.dk

Oxidation of lipid membranes is widely known to play a crucial role in many cellular processes and
pathological conditions such as apoptosis, inflammation, infection, or sepsis, through direct damage of the
cell membrane. Both enzymatic and non-enzymatic oxidation, the latter occurring via direct exposure to
reactive oxygen species (ROS), lead to lipid peroxidation in living cells and tissues. ROS attack lipids
containing C-C double bonds, especially those containing polyunsaturated fatty acids (PUFA). This leads to
lipid degradation into oxidation products such as truncated phospholipids or carbonyl compounds, which
appear to function as signalling molecules and danger markers for damaged tissue, and have dramatic effects
on membrane structure, stability, and subsequent protein interactions. PUFAs are highly abundant in
biological tissues, representing between 30-60% of the total fatty acid composition depending on the tissue
and animal, so their inclusion in model systems designed to study oxidation of biologically relevant
membranes is crucial.

In this study, we have used a combination of different biophysical and surface-chemical techniques in
order to characterize the effect of oxidation on the structure, stability, and disruption of PUFA-containing
membranes. Particularly, we have studied model lipid bilayers containing arachidonic acid, the most
abundant amongst the different PUFA species found in mammalian tissues. We have used fluorescence-
based assays to study lipid peroxidation, MDA production, stability, and content leakage of 1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphocholine/1-palmitoyl-2-arachidonoyl-sn-glycero-3-phosphocholine
(POPC/PAPC) large unilamellar vesicles (LUV) under various oxidative conditions, finding that short-A UV
was the most effective oxidation treatment, especially in the presence of H,0,. Employing a quartz crystal
microbalance with dissipation monitoring (QCM-D) and vibrational spectroscopy (FTIR-ATR), we have
found evidences for partial material loss from deposited POPC/PAPC bilayers, possibly by acyl chain
fragmentation. We have also detected surface charge rearrangements by z-potential measurements before
and after UV exposure and H,O, addition. Furthermore, small angle X-ray scattering (SAXS) has been
employed to investigate bilayer structure and thickness of these systems, finding that both PAPC contents
and UV exposure appeared to induce bilayer thinning. Finally, preliminary neutron reflectometry studies
have been performed in supported bilayers formed at solid-liquid interfaces, providing further information on
oxidation-induced desorption and structural rearrangements thereof. Together, these experiments will
establish the conditions to induce and quantify membrane oxidation in cell-like model membranes as a
precursor to future experiments addressing nanoparticle-induced oxidative stress and disruption pathways.
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Vesicles are closed surfactant bilayers. They can be found in many formulations we use on a daily basis but
they also serve as simple model systems for cells. Depending on the exact composition and preparation of the
formulation, either uni- or multilamellar vesicles can be formed, where unilamellar vesicles (ULVSs) consist
of only a single closed surfactant bilayer and multilamellar vesicles (MLVs) have an onion-like shape with
several consecutive bilayers.

One of the key parameters determining the stability of vesicles is the bending elasticity of the
membrane. Neutron Spin-Echo Spectroscopy (NSE) is the neutron scattering method which allows to
monitor the smallest energy changes and is therefore well suited to observe relatively slow motions such as
the undulation movements of vesicle membranes which are studied here [1].

Adding oppositely charged polyelectrolyte (PE) to ULVs can lead to the formation of MLVs
consisting of consecutive layers of surfactant bilayers connected by mixed layers of water and
polyelectrolyte [2].

The bending rigidity of a membrane strongly depends on its thickness, as is shown for ULVs and
therefore, strong changes are to be expected when changing from ULVs to MLVs, the membrane thickness
of the latter being much larger than the former. However, whether changes are observed depends on the
chemical nature of the PE, as shown here, where 2 different systems, one of them containing flexible
polyacrylic acid, the other one containing rigid chitosan, are compared and it is seen that vesicles with many
surfactant bilayers are only formed when the flexibility of the membrane is retained even in MLVs.

Figure 1. Sketch of a MLV with consecutive surfactant bilayers, separated by PE layers.

[1] I. Hoffmann, Colloid and Polymer Science, 2014, 292, 2053.
[2] L. Chiappisi, S. Prévost, I. Grillo, M. Gradzielski, Langmuir, 2014, 30, 10608.
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Microgels are deformable polymeric particles used to stabilize so-called Pickering emulsions [1] due to their
ability to adsorb at interfaces. These microgels are known to flatten at drop surfaces [2]. In order to improve
the understanding of the emulsion stabilization mechanism and of emulsion properties, the role of microgels
adsorption at model liquid interfaces [3] has been studied. In this work, we examined, using the pendent drop
method, the spontaneous adsorption of thermo-sensitive microgels, composed totally or in part by p(N-
isopropylacrylamide) (pNIPAM). We screened various parameters either during the synthesis like the cross-
linking density i.e. the microgel deformability and the presence of charges through the use of pH sensitive
groups or in-situ (pH, electrolyte concentrations). We show how all these parameters, as well as the microgel
bulk concentration impact their kinetics of adsorption. Moreover, we measured the interface dilatational
visco-elasticity using the oscillatory drop method. We show that the maximal dilational interfacial elastic
modulus increases as the cross-linking density decreases. We then attempt to correlate these interfacial
properties with the emulsions properties (stability, aggregation...). We also make the link between the
kinetics of adsorption and the required conditions to prepare emulsions using microfluidics.
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Figure 1. Microgels at interfaces: a) CryoSEM picture of microgels adsorbed at the surface of a drop and b)
Elastic modulus as a function of surface pressure for microgels with two different cross-linking densities
more deformable microgels (black square) and less deformable ones (red circle) and scheme of their profile
view in different conformations at different surface pressures.
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2011, 7, 7689.
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Aerated emulsions solely stabilized with the help of adsorbed particles have been prepared. Pickering
emulsions where oil droplets are stabilized by solid particles in place of surfactant are well-known. Pickering
foams have received more recent attention. Aerated emulsions combine the two.

The stabilization of aerated emulsion by solid particles with no help of additional surfactant has been
studied. Large uptake of air was achieved by whipping an oil-in-water Pickering emulsion using squalane as
oil and hydrophobic colloidal silica for stabilization.

Non-aggregated silica colloidal nanoparticles of 20 nm diameter (Ludox) were hydrophobized by
adsorption of a short-chain amphiphilic molecule (n-butyl amine) in order to stabilize an o/w emulsion by
Pickering effect. It has been shown by Gonzenbach, Studart, Tervoort and Glaucker [1,2] that such silica
nanoparticles made hydrophobic by adsorption of short amphiphilic molecules were able to stabilize
Pickering foams for long durations. Arriaga and Langevin [3] argued that origin of such high stability was
gelation of particles in the aqueous layers. The same system has been used for the preparation of aerated
emulsions. Stable Pickering emulsions of squalane could be prepared over wide concentration ranges of oil
and silica. Aerated emulsions were prepared by whipping the o/w emulsions, reaching expansion coefficients
of 4. This system stabilizes aerated Pickering emulsions only with nanoparticles modified with short-chained
amphiphilic molecules that could not stabilize the foam alone.

Adsorption of n-butyl amine on silica and emulsion droplet size and stability were investigated. The
amounts of oil, silica and butyl amine were varied so as to optimize expansion and foam stability. 20% oil
led to highest expansion but quite poor stability. The stability is critical since destabilization could start
before the natural gelation of the system. High stability was reached for concentrated emulsions (60%oil);
but improved stability was at the expense of expansion. The mechanism of foam stabilization was adsorption
of oil droplets at the surface of air bubbles (Fig 1).

Left: 5 wt% n-butylamine, 22 wt% silica, 60 wt% squalane. Right: 3 wt% n-butylamine, 11.5 wt%
silica, 20 wt% squalane.

[1] U.T. Gonzenbach, A.R. Studart, E. Tervoort and L.J. Gauckler, Angew. Chem. Int. Ed. 2006, 45, 3526.

[2] U.T. Gonzenbach, A.R. Studart, E. Tervoort and L.J. Gauckler, Langmuir 2006, 22, 10983.

[3] L.R. Arriaga, W. Drenckhan, A. Salonen, J.A. Rodrigues, R. iﬁiguez-Panmares, E. Rio and D. Langevin,
Soft Matter 2012, 8, 11085.
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Pickering emulsions or solid-stabilized emulsions were defined at the beginning of the 20w century in
pioneering works of Ramsden [1] and Pickering [2]. In the last years, many researchers have paid attention to
the ability of two-dimensional (2D) materials to promote the formation of special classes of Pickering
emulsions [3].We focus our attention in exfoliated boron nitride due to its high surface area and its planar
structures [4]. BN monolayer has demonstrated outstanding properties such as biocompatibility, high
temperature stability and corrosion resistance, enhanced oxidation resistance and large thermal conductivity.

In this study, we reported for the first time a simple method to prepare inverse Pickering emulsions
using non-modified exfoliated hexagonal boron nitride (h-BN) as stabilizer agent. Ethyl benzoate was
ascribed as the oil phase, because this aromatic organic solvent is almost completely insoluble in water and
has been already successfully used for preparing Pickering emulsion with graphene oxide [5]. The stability
and type of h-BN Pickering emulsions formulated with different BN concentrations and by varying oil/water
(o/w) ratios are studied and discussed. Besides, the BN nanosheets are characterized by AFM, water contact
angle (WCA) and SAXS and the characteristics of emulsions are discussed using a multiscale approach. First
the emulsion structure is analyzed microscopically through optical and epifluorescence microscopy, and
macroscopically by the study of the rheological behaviors. The average droplet size decreases with h-BN
concentration whereas the emulsions achieve good stability at high BN concentrations and high o/w ratios. In
all formulations, the emulsions are water-in-oil (W/O) type due mainly to the hydrophobicity of h-BN. The
Pickering emulsion formulated with 2 wt% of BN is the most interesting due to its high long-term stability
and its high viscosity [6].This research paves the way for the fabrication of boron nitride-based functional
materials with novel nanostructures and microstructures using Pickering emulsions as soft template.
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Figure 1. Microscopy image of 2 wt% BN emulsion and viscosity curves at different shear rates.

[1] W. Ramsden, Proceedings of the royal Society of London, 1903, 72, 156.

[2] S. U. Pickering, Journal of the Chemical Society, Transactions, 1907, 91, 2001.

[3] M. A. Creighton, Y. Ohata, J. Miyawaki, A. Bose, R. H. Hurt, Langmuir, 2014, 30, 3687

[4] D. Golberg, Y. Bando, Y. Huang, T. Terao, M. Mitome, C. Tang, C. Zhi, ACS nano, 2010, 4, 2979.

[5] Y. He, F. Wu, X. Sun, R. Li, Y. Guo, C. Li, L. Zhang, F. Xing, W. Wang, J. Gao, ACS applied materials
& interfaces, 2013, 5, 4843.
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Low bioavailability of drugs due to their insolubility in biological fluids, polymorphism and stability
phenomena is one of the problems in pharmaceutics. This is correlated with the need to develop new dosage
and delivery systems, for the selected drugs, to specific targets. In sclerotherapy, the use of foams containing
active medicines reduces the quantities of drugs needed for the treatment while it enhances medicines effects
due to the fact that the contact surface area with veins walls is increased (by filling it entirely for veins
smaller than 12 mm) and prevent intravascular haemorrhage. These sclerosing agents are injected into the
blood vessel as foams [1,2]. Encapsulating a drug in emulsions could improve its bioavailability, given its
solubility in that system, and could allow its delivery to a specific target.

This work describes: a) a new laser-assisted device developed to generate emulsions with nano/micro
structure containing drugs that may be used as transport vectors to specific targets; b) spectroscopic,
microfluidic and optical microscopy studies of such emulsions formed by a sclerosing medicine/ surfactant
and oily Vitamin A.

The effect of laser radiation on emulsions and their components constitutes an important part of this
work. Therefore, the UV-Vis absorption, FTIR and Raman spectra of the solutions and of the generated
emulsions were recorded before and after exposure to laser beams. Optical microscopy was employed to
characterize the dimensions of the component droplets before and after the emulsions were irradiated.

Figure 1 presents the set-up used to generate the nano/micro-emulsions. The double syringe system mixes the
two liquids while the focused beam breaks the obtained droplets within the emulsion into nm sized droplets.

This type of laser-assisted device that generates emulsions with micro- and nano- structures is a novel
emulsifying system, for the best of our knowledge, and has the advantage to allow the use of small quantities
of solutions, as low as few hundreds of ul.

Sclerosing agent

Figure 1. Schematic representation of the laser-assisted device developed to generate emulsions.
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Microemulsions are clear, homogeneous and easy to prepare dispersions of water and oil stabilised by one or
more amphiphiles - typically a surfactant and a cosurfactant. Due to their numerous beneficial properties,
including long-term stability, clarity and low viscosity, and their ability to solubilize large quantities of
hydrophilic and/or lipophilic materials, microemulsions have been widely studied for their potential as
formulation media and encapsulation vehicles in a variety of areas. Nonetheless, few commercial food- and
drug-grade microemulsions have been developed over the years, mainly due to the need to use high
surfactant concentrations and/or cosurfactants to promote microemulsification, which results in poor
toxicology profiles of the systems.

To address this issue, the aim of this project is to increase the understanding of the guiding principles
for the formation of pharmaceutically acceptable cosurfactant-free non-aqueous microemulsions, in which
the naturally occurring lipid soybean phosphatidylcholine (SPC) is employed as the surfactant and various
generally regarded as safe (GRAS) solvents are used. To this end, a large range of polar solvents (PSs, used
in place of water) and non-polar solvents (NPSs, oils) were employed for the systematic study of the effect of
solvent structure and physico-chemical properties on the phase behaviour, air-solvent interface lipid packing
and bulk microstructure of non-aqueous SPC systems. The results of these studies suggest a relationship
between the changes in lipid surface packing upon introduction of different solvents, the extent of the clear
(microemulsion) area in the corresponding phase diagrams and the microstructure characteristics of the bulk
PS/SPC and PS/SPC/NPS mixtures. In particular, it appears that there are two key structural solvent
characteristics that affect the behaviour of the systems: the amphiphilicity of the polar solvent and the
molecular volume of the non-polar solvent, which when increased and decreased, respectively, promote
increased lipid/solvent interfacial mixing and flexibility, an increase in the microemulsion (clear) area of
existence in the phase diagrams and a transition of the microstructures observed from lamellar to large
ellipsoidal to smaller more spherical structures (Figure 1).
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Figure 1. Effect of polar solvent amphiphilicity on lipid air-solvent interface packing, phase behaviour and
microstructure in PS/SPC and PS/SPC/NPS systems.
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The assembly of graphene oxide (GO) flakes into macroscopic films has risen the problem of wrinkling. The
behaviour is a direct consequence of 2D buckling instabilities generated by a compressive stress. During film
compression, hydrogen-bonding interactions impede GO flakes slippage, forcing the film in bending in the
third dimension. Some research efforts have been devoted [1,2] in defining and controlling this peculiar
behaviour in GO liquid crystals dispersions. However, only simple wrinkles alignment has been produced
through the applications of shear flows. Here, we show how basic physical-chemical parameters
(concentration, temperature, rheology) control the onset of wrinkling in GO macroscopic films [3]. In
addition, we define and discuss easy scalable processes to design different wrinkling patterns. The successful
procedures derived from evaporation control, contact angle and surface tension effects during film drying.

The relation between GO film roughness and its antimicrobial activity has already been demonstrated.
We expect that tuning wrinkles spacing and structure may add selectivity. Patterned films can be also used as
templates for controlled nanoparticles deposition for SERS.

Figure 1. Cross-polarizing micrograph of a GO film with controlled design.
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Esterquats are surface active quaternary ammonium compounds having long alkyl chains, in which the
hydrophobic part of the moieties are linked to the charged head group via ester bonds R—CO-O- or
ROC(O)- [1]. As a consequence of that specific structure, esterquats upon hydrolysis decompose into
fragments characterized by various surface activity. Therefore, they may be referred to as ,.cleavable
surfactants”, which usually biodegrade more rapidly than the related alkylquats as they are stable in aqueous
solutions only in a narrow pH window for a certain period of time. We investigated four esterquat
surfactants: regular esterquats, N,N,N—trimethyl-2— (dodecanoyloxy)ethane-ammonium bromide (DMM-11)
and N,N,N-trimethyl-2—(dodecanoyloxy) —1-methylethaneammonium bromide (DMP2M-11)) having —O—
CO- bond between quaternary amine and hydrophobic tail and betaine esters with —CO-O— bond:
dodecyloxycarbonyl-methyl-N,N,N-trimethyl ammonium bromide (DMGM-12)), and dodecyloxycarbonyl—
1-ethyl-N,N,N- trimethylammonium bromide (DMALM-12)). We demonstrated that depending on the
surfactant structure, partial hydrolysis of ester bond can lead to increase of the relative surface activity, more
pronounced in the basic conditions (pH 10), that can be explained by formation of surface active hydrolysis
products dodecanoate anion or dodecanol that exhibit synergistic effect with the surfactants in decreasing
surface tension. The differences of the hydrolysis rate were explained by the results of DFT calculation of the
reaction energetics that allowed to substanthtiate some of the “surface quasi two-dimensional electrolyte”
(STDE) model parameters used for the description of surface tensions isotherms [2].

Additionally we examined adsorption properties of four amidoquats, i.e, surface active quaternary
ammonium compounds, in which the hydrophobic part of the moieties (C10 and C12 alkyl chains) are linked
to the charged head group via amide bonds R—CO-NH- or R—-NH-CO- . As the DFT calculation suggested
that the effect of hydrolysis is less pronounced than for esterquats, the alternative explanation for differences
of surface activity was proposed based on formation of a hydrogen bounded dimers.
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Figure 1. Examples of the molecular structure of investigated surfactants.
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Materials exhibiting dual or hierarchical porosities have today attracted widespread interest for industrial
applications and generated fascination in materials sciencei. Here, we present a new method to create
monolithic materials with both highly ordered mesoporosity and macroporosity. These materials have been
synthesized by combining the sol-gel process, emulsion templatingz and the ternary phase behavior of
Pluronic (P123)/dodecane/water in the presence of salt.

We showed the importance of the salt’s chemical nature and we introduce the kosmotrope/chaotrope
balance effect on sol-gel polycondensation process. Results show that the salt plays a dual role. First, at the
macroscopic level it decreases the stability of the oil-in-water emulsion, which involves an increase of the
cell diameter with the salt concentration. Second, at the mesoscale level sulfate anions strengthen the
hydrophobic interactions leading to mesopore ordering. Nevertheless, at very high concentration, the
kosmotrope effect of sulfate anions disturbs the cooperative templating mechanism and the mesoporous
network of the final material becomes less ordered. The effect of synthesis temperature was also studied.

The materials obtained called SBA-15,Si(HIPE) self-standing monoliths exhibit thereby highly
ordered mesopores, high specific surface areas, tunable open macroporosity while offering mechanical
strengths (Young's modulus) of 0.15-1 MPa without collapsing at high strainss. These new kinds of materials
offer new perspectives for the synthesis of highly organize porous materials at every scale (from tunable
macropores to order mesopores).
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Figure 1. Scheme of the synthesis of the self standing porous silica monoliths, exhibiting both macroporosity
and ordered mesoporosity.
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Surface roughness plays a key role in modulating the hydrophobicity of a surface. Nevertheless as we go to
smaller length scales the spatial distribution of the chemical interactions plays a key role in the hydrophobic
character of a surface.

In this work we focused our efforts in trying to understand the complex interplay between nano-scale
roughness and chemistry in a widely used material: Cellulose Nano Crystals (CNC). Cellulose Nano Crystals
(CNC) have a wide range of applications due to its biocompatibility, nanostructure and surface chemistry [1].
But one of the most complex characteristics of cellulose is its amphiphillic character, which is a topic of on
going debate [2].

In this study we presented a series of molecular dynamic simulations of a CNC cellulose interface [3].
We simulated two characteristic cellulose crystallographic planes with different hydrophobicity and nano-
scale structure. These exposed crystal planes were studied interacting with different molecules to better
understand the surface hydrophobic character and the role of the nano-scale roughness. In particular we
studied the following systems: water nano-droplet interacting with CNC to analyze the interface
water/cellulose, water/tetraphenylborate/CNC to analyze the interaction with a super-hydrophobic ion and
water/methane/CNC to analyze the interaction with a small hydrophobic molecule.

The results of this work provide a framework to better understanding of the driving forces at the
surface of CNC and other cellulose materials, and would help towards the rational design of future
applications.
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Figure 1. Snapshot of the simulation of a water nano-droplet over CNC.
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The isobaric desorption from air-water interface of decanol and dodecanol monolayers is shown to
proceed under mixed energy barrier-diffusion control (“ky & D” in fig. 1); the role of the convective
diffusion is also discussed. The decrease of the area A of the monolayer at fixed surface pressure was
followed in order to determine the rate constant of barrier desorption, K4, as a function of the surface
pressure, the surfactant structure, and the salt concentration. All other characteristics of the studied systems
(surface activity, diffusion coefficient, solubility) have been determined independently, using auxiliary
measurements of the spreading pressure around surfactant crystals. Pure diffusion-controlled desorption (“D”
in fig. 1) greatly overestimates the desorption rate; the first 30-60 s of the desorption process are actually
under barrier control.

We further show that the barrier desorption rate increases as the monolayer approaches the collapse
area per molecule (in contrast to some of the existing literature models) and is also phase-dependant. For
both the liquid expanded and the liquid condensed states of the monolayer, the dependence of the average
desorption time 1/ky of a surfactant molecule is a linear function of the area per molecule (fig. 2). It is also
demonstrated that the desorption rate changes with the salt concentration and the structure of the amphiphile.

0.8

2000 °
In(A,/A) —
Q o )
0.6 2 1500
- collapse
QD
£ 5
04 = 1000 &
. g Bb\
g &
(’\,
g 500 \*-‘\b
-0
0.2 2 N
-]
§° C,,H,s0H,17 C
C,H,;,OH, 5 mN/m, 25 °C o 0
) Z 15 20 25 30 35
0 200 400 600
[s] area per molecule [A2]
Figure 1. Isobaric desorption of dodecanol: Figure 2. Average desorption time (1/Kq) vs.
Decrease of the area A of the monolayer with time. area per molecule of the monolayer.
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Consumer perception of topical formulations plays a central role in the cosmetic industry and there is a
constant demand on formulators to develop new formulations that appeal to costumers in terms of
functionality as well as sensory feel. Even in the pharmaceutical industry, there is a requirement for cosmetic
appeal of the formulations for better patient-compliance. Film formation upon application and subsequent
reformulation due to evaporation of volatile excipients will have a major impact on tactile (i.e. sensory,
cosmetic) perception of the skin.

Finger friction measurements on artificial skin (Vitro-Skin®) have shown great potential in the
evaluation of tactile perception of formulations using a ForceBoard™ [1-2]. Measurements were performed
by moving the index finger across the skin substrate and the friction coefficient (1) was calculated as the
ratio between normalized applied load (L) and the friction force (F).

In the current study, we introduce excised skin as an alternative to Vitro-Skin®. Measurements were
performed to evaluate the perception of touch and possible effect of film formation under controlled ambient
conditions. Novel particle stabilized (Pickering) formulations [3-4] were compared to commercial creams.
The present investigation presents a method to perform friction measurements on excised skin and evaluate
formulation properties responsible for a pleasant sensory perception.

[1] Helgesson, M. http://www.forceboard.com

[2] Skedung, L., et al., Skin Research and Technology, 2016; 22, 46.

[3] Timgren, A., Rayner, M., Sj66, M., and Dejmek, Procedia Food Sci., 2011, 1, 95.

[4] Wahlgren, M., Engblom, J., Sj66, M., and Rayner, M. Curr. Pharm. Biotechnol., 2014, 14, 1222.
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Knowing the double layer potential (DLP) of the liquid-gas interface is essential to analyse the mechanisms of
foam stabilization. However, no straightforward method is available to measure DLP. Sum-frequency
generation (SFG) spectroscopy is tested to measure in Situ the DLP at the liquid-gas interface of mixed
solutions of non-ionic and cationic surfactants: tetraethyleneglycol-monodecylether (CioE4) and
hexadecyltrimethylamonium bromide (CisTAB), respectively. Different surfactant molar ratios were used to
tune the DLP. The intrinsic negative charging of the surface of pure water is significantly modified by
adsorbing CicTAB while CioE4 changes only slightly the DLP-magnitude [1-3]. On charged interfaces, the
SFG intensity depends not only on the second-order of susceptibility (x®) but also on the third-order of
susceptibility (3x®) due to the contribution of the local electric field generated by the water molecules in a few
molecular layers below the interface [4-6]. The proposed SFG approach for quantifying the DLP requires first
its calibration to untangle the y® and »x® from the spectra. DLP is estimated from theoretical (DLVO) analysis
of experimental disjoining pressure isotherm for foam films; as measured with the thin-film pressure balance
(TFPB) technique [7] and used to validate the SFG data. This approach will allow to measure the DLP at the
liquid-air interface combining a single calibration of foam film measurement and multiple set of SFG spectra.

Our preliminary results shows a good agreement between both techniques, however SFG shows lower
DLP values. This approach has its limitations due to the assumptions taken to detangle the SFG spectra. This
is the first study to our knowledge that combines TFPB and SFG experiments for studying soft interfaces.

120

100+

80+

Potential (mV)

60

0.1 1
C,,TAB concentration (mM)

Figure 1. Double layer potential versus CisTAB concentration measured by the TFPB (black square) and
SFG spectroscopy (red triangle).
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Foam is a serious problem during bioprocesses [1]. Uncontrolled foam formation can bring either to a decrease
of mass/heat transfer, or it can damage the cells by the bubble bursting, or, in very severe cases, it can cause
the leakage of culture fluids from the exit lines, the loss of sterility and contamination problems [2].

The main reasons of foam formation can be relative either to the procedure parameters, like the stirring
or the introduction of gases inside the bioreactor or to the formulation of the cell culture media or to the
production of proteins and by-products by the cells during the bioprocesses [3].

Foam can be minimized by lowering the rates of aeration and agitation or it can be removed by
mechanical foam breakers (e.g., pressure changes, acoustic waves, electric discharge, and change of
temperature) but not always those parameters can be changed or the methods can be applied, because the cells
are quite sensitive to such factors [4].

Another way to prevent or decrease the foam is to add a chemical antifoam agent, which is generally a
surface-active substance, hydrophobic and with low solubility [4]. Many antifoam agents are already
commercially available but, most of the time, they are employed without a specifical evaluation of their
characteristics, their performances and their potential effects upon the process [3].

The main task of the project is to understand the chemical and physical causes behind the formation and
the stabilization of foams in bioprocesses and to identify the crucial aspects that can be addressed. Surface
properties, such as surface tension, interfacial tension and spreading parameters are evaluated to shed light on
what is responsible for the foam during the cell culture. The other principal goal is the investigation of the
working principles of the chemical antifoam agents, to select their characteristics, tailor their surface and
chemical properties to each bioprocess and improve their efficiency.

[1] M. Rafati-Atri and S.N. Ashrafizadeh, Pak.J. Biotechnol, 2010, 7, 19.
[2] F. Vardar-Sukan, Biotechnol. Adv., 1998, 16, 913.
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As plenty of cancer types are characterised by a high resistance to chemotherapy, conventional antitumor
agents frequently act unspecifically and cause serious side effects, the development of alternative therapeutic
strategies employing substances with high pharmacological activity and low toxicity seems to be crucial.
Minerval (2-hydroxyoleic acid, HOA) is Membrane Lipid Therapy drug with confirmed anticancer activity.
Its effectiveness in the treatment of such disorders as leukemia, melanoma, glioma and lung cancer has been
described [1-3]. Therapeutic effect of this substance is associated with its incorporation into cell membrane
and modification of the membrane-lipid composition. This alternations influence the localization and activity
of pivotal membrane proteins with subsequent modulation of important cellular functions and cell signaling
pathways. Despite its effectiveness in cancer treatment and lack of side effects, its molecular mechanism of
action is not fully elucidated. A deeper knowledge about HOA antitumoral mechanism may facilitate
application of this compound in treatment of other cancer types and improve the efficacy by structural
modifications of oleic acid or Minerval molecule.

The aim of this study was to investigate the influence of HOA on stability, fluidity, permeability and
molecular organization of artificial lipid membranes in the context of its membrane-related anticancer
properties. The experiments were performed for main components of B16 melanoma cell membranes [4]. As
the model of biomembranes Langmuir films and liposomes were applied.

[1] V. Llado, A. Gutierrez, J. Martinez, P. V. Escrib4, et al., J. Cell. Mol. Med., 2010, 14, 659.
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Dynamics of bubble motion is important for mass transfer applications and is of great interest whenever it
comes to technological processes involving multiphase flow. A bubble’s velocity in fluids depends mainly
on bubble’s size, density difference between liquid and gas phases, liquid viscosity and properties of the
liquid/gas interface. In pure liquids, a bubble surface is fully mobile and, as a consequence, the viscous drag
is significantly reduced. Adsorption of surface-active substances (SAS) at the bubble surface affects the
fluidity of the liquid/gas interface, which leads to lowering of the bubble velocity. In solution of SAS, as a
result of the viscous drag, a non-uniform distribution of the adsorbed SAS molecules, i.e. dynamic
adsorption layer (DAL), is formed over the surface of the rising bubble [1]. Kinetic of the DAL formation is
very important parameter, determining not only bubble rising dynamics but also stability of liquid films
formed by the colliding bubble at various interfaces [2].

We report results of systematic experiments, during which monitoring of course of the rising bubble
(radius 0.74 mm) velocity variations, correlated with deformation changes, was used as a marker of different
stages of the DAL structure formation and full establishment. The bubble formation and the degree of
adsorption coverage at its surface at the moment of detachment were controlled using an elaborated automatic
bubble generator coupled with a programmable bubble trap, allowing precise control of (i) bubble detaching
interval and (ii) time available for adsorption of SAS molecules at the motionless (captured) bubble interface.
It was found that increase in the adsorption times (in the range of 1.6 — 300 s), i.e. increase in precisely
controlled degree of the initial bubble adsorption coverage (calculated theoretically from chosen adsorption
model), has a profound influence on the kinetics of dynamic adsorption layer (DAL) development. When the
adsorption time was longer (initial adsorption coverage was higher) the maxima at the velocity profiles were
smaller, narrower and the bubble terminal velocity (full DAL structure) was established faster (after shorter
distance covered by the bubble). Accordingly, similar trend was observed in the case of bubble shape
pulsations. Example of this effect is presented in Fig. 1, where velocity and shape pulsation profiles are
presented for bubble detaching with different initial adsorption coverage in Tween80 solution of constant
concentration (1x10° M).
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Figure 1. Variations in (A) bubble local velocities and (B) its deformation ratio, as a function of distance in
Tween80 solution of constant concentration (1x10° M) and different controlled adsorption times.
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Saponins are natural surfactants which are widely used in food and pharmaceutical industries. In our previous
study [1] we characterized the surface rheological properties of saponins on air-water interface, subjected to
shear and dilatational deformations. We established that triterpenoid saponins (such as Escin, Tea saponin,
Berry saponin concentrate and Quillaja Dry) formed adsorption layers with very high surface elasticities and
viscosities. In the current study we measured the rheological response of the adsorption layers formed on
hexadecane-water and sunflower oil-water interfaces under dilatational deformation by using Capillary
Pressure Tensiometry (CPT). We found that the adsorption layers formed from Quillaja Dry and Berry saponin
concentrate solutions behave as a solid shell (see Figure 1). The other studied saponins have high diltational
elasticity on oil-water interface which allow us to determine the effect of diltational surface elasticity on the
rheological response of formed emulsions from these solutions. We prepared emulsions with oil fractions
between 65 wt% and 75 wt% and measured their elastic modulus. The obtained experimental results showed
that the dimensionless elasticity of emulsions depends significantly on the dilatational elasticity of adsorption
layers formed on the drop surface. When dilatational surface elasticity is below 40 mN/m the dimensionless
elasticity is very close to one predicted by theoretical expressions derived by Mason and Princen [2-3], whereas
when the dilatational surface elasticity is above 40 mN/m the dimensionless elasticity of emulsions becomes
higher than theoretically calculated ones, in some cases more than 3-times.

(A) (B)
Figure 1. Drop of (A) BSC solution in sunflower oil (B) sunflower oil in QD solution. Oil or solution
is pushed into the drop, the whole surface starts moving as a solid body.
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This study aimed to establish the similarities and differences in the behavior of adsorption layers of native
egg yolk (EY) and enzymatically modified egg yolk (MEY) at the oil-water interface. The properties of
adsorption layers were characterized by measuring interfacial tension and surface dilatational modulus. The
interactions between adsorption layers formed on two oil-water interfaces were evaluated by optical
observations of emulsion films formed in the capillary cell. The chemical composition, electrokinetic
properties and rheological properties of the studied egg yolk solutions were also determined. It was found
that the rate of adsorption is faster and dilatational surface moduli are lower, whereas the equilibrium surface
tension is higher for adsorption layers formed from a solution of MEY. Faster film thinning and thinner films
are formed from modified egg yolk solutions. To explain these differences between EY and MEY, it was
assumed that the interfacial properties of MEY are mainly determined by the lysophospholipids, which are
products of the enzymatic modification of the egg yolk. The addition of lysolipid even at a relatively low
concentration (corresponding to 60 % degree of conversion) into the solution of EY leads to properties of
adsorption layers and emulsion films which are typical for enzymatically modified egg yolk.
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The size distribution of droplets is an important characteristic of every emulsion as it affects its stability,
optical and rheological properties. We studied the main factors affecting the drop size and polydispersity in
oil-in-water emulsions with low weight fraction of the oil phase (®o;. = 0.05), prepared by using rotor-stator
homogenizer. The obtained results demonstrate that increasing the viscosity of the aqueous phase, 1c, above
a certain critical value, leads to a transition from inertial to viscous turbulent regime of emulsification. The
analysis of the results showed that the maximum diameter, dves, of the drops, obtained in the inertial regime,
is well described by the classic Davies model [1], whereas the model of Kolmogorov [2] and Hinze [3] for
emulsification in viscous turbulent regime is not appropriate for description of the maximum drop diameters
obtained at high aqueous phase viscosity. The major aims of the current study was to carefully analyze the
results obtained by the emulsification experiments in viscous turbulent regime with rotor-stator homogenizer
and to find an appropriate equation that adequately accounts for the contributions of (1) continuous phase
viscosity; (2) rotor speed; (3) interfacial tension on the droplet size. The proposed new equation describes
very well the drop sizes of all emulsions obtained in viscous turbulent regime. To check the validity of the
new equation, we carried out additional experiments at high oil concentrations. We found that the proposed
equation describes very well also the experimental results about the drop size in emulsions with ®@g;. > 0.6.
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The biocompatible triblock copolymers of poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide)
(PEO-PPO- PEO), also known as Pluronics, can reduce interfacial tension and are commonly used as an
emulsifier or a dispersion stabilizer in pharmaceutical industry. The effectiveness of this compound is closely
related to its adsorption behavior at interface. In this study, the adsorption isotherms of surface pressures and
film thickness were monitored in-situ for a series of Pluronics with different molecular weight or
hydrophobicity to delineate the adsorption mechanism of Pluronics at air-water interface.

Phase transition behavior of Pluronics molecules was observed and a phase transition model was
applied to quantitatively describe this behavior. For Pluronics with 80% of EO, one observed two phase
transition regions from the adsorption isotherms of surface pressure before CMC. The two transition regions
occur at bulk concentration of about 10°~10° mM, and 10°~107 mM and with corresponding surface
pressures of ~10 and 25 dyne/cm, which are close to the pure-PEO and pure-PPO monolayer saturation
surface pressure, respectively. Together with the surface concentration evaluated for each transition states, it
is suggested that the phase transition behavior of Pluronics can be described by different corresponding
adsorption conformations: for very low concentration (<10® mM), both PEO and PPO segments of Pluronics
adsorb on the interface in a fully extended form without obvious increasing surface pressure and thickness.
Followed the increases in solution concentration, the adsorbed PEO chain becomes saturate at the 1%
transition region, i.e. bulk concentration of around 10°~10° mM. For C > the 1* transition region, PEO
chains becomes oversaturated and thus is expected to protrude into the aqueous solution. At concentration
ranging from 10* to 10° mM, Pluronics turned into “brush” configuration and the PEO chains are
completely expelled into the aqueous solution while the PPO region is remained on the interface. Further
increasing solution concentration, for PEO << PPO, the adsorbed PPO chain will saturate and even become
more coiled, while for PEO >> PPO, the PEO coils in solution might be compressed and become more
extended, which is in accompanied with an increase in the adsorbed film thickness.
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Figure 1. Adsorption isotherm of Puronics with (a) EO=80%; (b) EO=20%
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In recent years, many studies have focused on the search the new carriers of drugs or genetic material. One
of the interesting group of compounds using in drug delivery systems are cationic lipoids. These synthetic
bioactive molecules of amphiphilic structure exhibit similar properties to natural lipids. However, a lot of
them demonstrate strong toxicity limiting their in vivo application [1-3]. The triesters of phosphatidylcholine
are a particular group of cationic lipoids which as derivatives of natural phosphocholines are characterized
by relatively lower toxicity [4].

Progress in increasing effectiveness of lipofection or drug delivery by cationic lipoids is impeded due
to not completely known mechanism these processes. It is supposed that it proceeds through many stages.
Nevertheless, the biological membrane is the first place an action of these bioactive molecules.

The goal of the surveys were to determine the impact of the structure of two bioactive molecules - 1-
palmitoyl-2-oleoyl-sn-glycero-3-ethylphosphocholine ~ (EPOPC) and  1,2-dipalmitoyl-sn-glycero-3-
ethylphosphocholine (EDPPC) on the properties of model mammalian membranes. The investigations
included the analysis of the influence of selected cationic lipoids on the molecular organization of mixed
phosphatidylcholine/ sphingomyelin/cholesterol system in which the molar ratio of lipids reflected the
proportion of these lipids in the lipid rafts. In studies were used Langmuir monolayer technique in
combination with Brewster angle microscopy and liposomal systems with the application of dynamic light
scattering (DLS), zeta potential measurements, the experiments concerning the release of calcein entrapped
in the liposomes after titration with surfactant solution and steady-state fluorescence anisotropy of DPH.

The obtained results indicated that the structure of bioactive molecules exert huge effect on properties
of model membrane. The incorporation of cationic lipoids lead to the weakness of intermolecular interaction
in model lipid raft wherein EDPPC exert more unfavourable impact (appear more repulsive interactions) on
membrane components than EPOPC. Furthermore, cationic lipoid with saturated bindings in acyl chains is
more destabilizing model membrane by decrease of condensation and ordering degree. Otherwise, the
changes of structure in hydrophobic part also contribute to the emergence of differences in the fluidity and
permeability of lipid raft.
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Morphological behavior study of giant quasispherical vesicles with long tubular protrusions (tethers) in
various environment conditions was performed both experimentally and using Monte Carlo computer
modeling. The effect of the local change of the membrane curvature on the shape of the studied objects was
visualized and simulated over time. The experimental observation of the vesicles was carried out via inverted
phase contrast microscopy. The bending elastic modulus of the lipid membrane of vesicle containing tethers
is measured at various environmental condition using the method of thermally induced shape fluctuations [1].

The Monte Carlo method on randomly triangulated mesh [2] was used to simulate thermal fluctuations
of the vesicle membrane. Meshed model includes membrane patches with intrinsic curvature with radius much
smaller than the average radius of the whole vesicle. Due to random movement of the patches (diffusion) they
cluster up to form areas where small local curvatures of the membrane are energetically favorable. This results
in budding effect and long tubular protrusions formation which is the topic of the presenting poster.

The experimental results were compared with the Monte Carlo simulations. The model predictions are
in good agreement with the experimental data, demonstrating the validity of the proposed model.

Figure 1. The result of simulated vesicle with protrusions. The vertices on the mesh shown in red
represents points of attachment of proteins with intrinsic curvature.
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Recently, cationic liposomes have generated enormous interest in the field of nanotechnology as excellent
candidates for application as carriers of genetic material or drugs. For this reason, it is important to know their
properties and impact on the components of animal cell membranes. An example of compound that forms this
type of nanostructure is DC — Cholesterol (3B-[N-(N',N'-dimethylaminoethane)-carbamoyl]cholesterol), which
has a tertiary amino group and carbamoyl bond which can be hydrolized by cellular esterases. This structure
makes that DC — Cholesterol is biodegradable and less toxic [1].

One of the ways to prolong the circulation lifetime of cationic liposomes is the incorporation of
poly(ethylene glycol) (PEG) in lipid — based carriers. PEG is a linear polyether diol which is characterized by
biocompatibility, lack of toxicity, low immunogenicity and excellent excretion kinetics. The most common
hypothesis which explains the ability of PEG to improve circulation time of liposomes in blood stream is based
on “steric stabilization” that can reduce liposomal aggregation and plasma protein adsorption. At present, the
most popular method of surface modification of liposomal formulations with PEG is anchoring the polymer in
the liposomal membrane via a cross — linked lipid, such as DSPE-PEG, during liposomes preparation. The
attached PEG can have increasing polymer length from PEG350 to PEG5000. PEGylated liposomes display
prolonged blood circulation, whereby enhances the distribution in targeted tissues. What is more, the presence
of PEG chains on the liposomal surface increases drug solubility and avoids the liposomal aggregation,
improving stability of vesicles [2-3].

The aim of the research was to investigate the influence of poly(ethylene glycol) length (PEG350 and
PEG2000) on the interactions between DC — Cholesterol and POPC — phospholipid naturally occurring in
animal cells. The investigations included also the analysis of the influence of polymer length on the properties
of cationic liposomes (DC — Chol/POPC). The study were conducted with the application of Langmuir
Monolayer Technique which enables for registering the dependence of the surface pressure () from the surface
per single molecule in the monolayer (A). The morphology of surface films was examined with usage of
Brewster Angle Microscopy (BAM). The liposomal formulations were researched with using of Dynamic
Light Scattering (DLS, zeta potential measurements and Spectrofluorymetry which allowed for following the
release of calcein encapsulated in liposomes and changes of fluorescence anisotropy of DPH.

The obtained results of research proved that the length of PEG chains significantly changes the
interactions between components in artificial model membranes. What is more, addition of DSPE — PEG
which has different polymer length (PEG350 and PEG2000) in cationic liposomes changes their stability,
permeability and anisotropy.

[1] K. M. Hui, Gene Therapy: From Laboratory to the Clinic, 1994, Chapter 6, 113, World Scientific,
Singapore.

[2] M. L. Immordino, F. Dosio, L. Cattel, Int. J. Nanomedicine, 2006, 1, 297.

[3] N. D. Santos, C. Allen, A.D. Doppen, M. Anantha, Biochimica et Biophysica Acta, 2007, 1768, 1367.
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Silicone emulsions are advantageously used when one wants building materials to become water-repellent
[1], textiles to become softer, leather to become more resistant to abrasion, paper to become anti-adherent,
hair to become easier to comb, etc. They can also provide lubrication and demolding between various
surfaces, and allow to prevent the formation of undesired foam in various media [2]. Such emulsions may be
made from reactive or non-reactive silicones, from fluid or highly viscous oils, from linear or network
structures, and are stabilized by surfactants, polymers or particles [3,4].

Behind this diversity lies a set of common interfacial phenomena that one needs to take into account
when formulating a silicone emulsion (as represented in Figure 1). What makes it especially challenging is
the fact that most of the phenomena at stake tend to be antagonistic: oil droplets must be efficiently stabilized
while air bubbles should simultaneously be unfavored; coalescence must be promoted as soon as the droplets
reach the targeted surface but avoided during the whole process leading to that step; providing
hydrophobicity via silicone emulsions implies the need for emulsifiers that are inherently hydrophilic;
reactivity should be preserved during storage but triggered in the final film.

Those interfacial phenomena are primarily governed by the emulsifying system, which should
provide simultaneously low interfacial tension, steric and/or electrostatic repulsion, thermal resistance,
ability to spread and coalesce on the surface, while complying with specific regulatory constraints (personal
care, food-contact, ecolabels...). Challenges for future formulations include the search for emulsifying
systems which minimize the rate of organic matter, which allow to stabilize concentrated emulsions while
maintaining a reasonable viscosity, or which provide a better compromise between shear stability and
coalescence upon application.
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Figure 1. Interfacial phenomena related to silicone emulsions when applied on a surface.

[1]J. MacMullen, Z. Zhang, J. Radulovic, H. Dhakal and N. Bennett, Construction and Building Materials,
2012, 37, 283.

[2] N. Denkov, K. Marinova and S. Tcholakova, Advances in Colloid and Interface Science, 2014, 206, 57.

[3] Y. Li, Silicone Dispersions, 2016, CRC Press, City, Country.

[4] M. Kawaguchi, Advances in Colloid and Interface Science, 2016, 233, 186.
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Electrostatic interactions between charged macroions in electrolyte solutions are of fundamental importance
in surface and colloid chemistry [1]. Mobile ions and nanoparticles of an electrolyte interact with a charged
macroion and an electric double layer is formed. In this work, we consider large charged macroions in an
aqueous solution composed of nanoparticles with given spatial charge distribution. We perform the
minimization of an appropriate free energy functional. The result is the non-linear integral-differential
equation for the electrostatic potential with appropriate boundary conditions. The equations were solved
numerically. We discuss how various model parameters of the system influence structural properties of the
electric double layer. We consider conditions for attractive interaction between charge macroions embedded
in a water solution of continuously charged spherical nanoparticles [2,3].

[1] K. Bohinc, G. Volpe Bossa and S. May, Adv. Coll. Int. Sci., 2017, 249, 220.
[2] S. Spada, S. Gavryushov, K. Bohinc. J. Mol. Lig., 2018 In press.
[3] K. Bohinc, G. Volpe Bossa, S. Gavryushov, S. May, J. Chem. Phys., 2016, 145, 234901.
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The lipid bilayer that separates the interior of the cell from the outside environment is an important
component of the cell membrane. The properties of the cell membranes can be affected by various
parameters of the lipid bilayer membrane, such as shape, composition, embedded molecules and surrounding
environment. The membrane tension is also an important parameter, which is sensitive to any applied forces,
deformations and the functions of some membrane proteins. The lipid structures and compositions are also
related to the deformation and fine structure of the membranes. However, the relations between membrane
tension, composition and fluidity have not been investigated even for the model membranes because of
limitations in the measurement methods.

We have constructed an optical system for laser-induced surface deformation spectroscopy (LISD) [1].
This enabled us to carry out non-invasive measurements of the interfacial tension of liquid/liquid interfaces
even for values below several uN/m. The LISD method was applied to models of the cell membranes, such
as free-standing black lipid membranes (BLMs). These membranes were formed using the folding method
that enables small deformations and involves low amounts of residual organic solvents. By using BLMs, the
effect of any co-existing components on the membrane properties can be individually and accurately
evaluated. For the evaluation of the fluidity, the fluorescence recovery after photobleaching (FRAP)
technique [2] was also applied to the BLMs formed in the same chamber and with the same geometry. By
measuring both the membrane tension and diffusion coefficient with the LISD and FRAP methods for
similarly prepared BLMs, a systematic study of the relation between membrane tension, molecular
composition and diffusion coefficient was successfully completed.

For the evaluation of the effect of cholesterol on the membrane tension and fluidity, the cholesterol
concentration in 1, 2-Dioleoyl-sn-glycero-3-phosphocholine (DOPC)-based BLMs was varied and LISD and
FRAP measurements were conducted. When the cholesterol concentration was raised, the membrane tension
increased whereas the diffusion coefficient decreased. As the increase of cholesterol induced a stronger
hydrophobic interaction between the membrane components, we can also expect that such strengthening of
the molecular interaction, in turn, resulted in a larger membrane tension and a lower fluidity of the
compositions. This is because the stronger interaction suppressed the motion of molecules.
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Figure 1. Membrane tension and diffusion coefficient of the DOPC-based BLMs for various cholesterol
concentrations.

[1] T. Takei, T. Yaguchi, T. Fujii, T. Nomoto, T. Toyota, and M. Fujinami, Soft Matter 2015, 11 8641.
[2] D. Axelrod, D. E. Koppel, J. Schlessinger, E. Elson, and W. W. Webb, Biophys. J. 1976, 16 1055.
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Mixtures of surfactants and organic additives are increasingly attracting attention because of their unique
viscoelastic properties in aqueous solutions. Moreover, it is well known that organic additives cause an abrupt
decline in the critical micelle concentration in surfactant solutions. It is inferred that organic additives affect,
not only the bulk solution, but also Gibbs monolayers organized at the air-solution interface [1,2]. However,
the effects of the isomer and concentration of organic additives on the Gibbs monolayer have not been
investigated in detail. In this study, we have investigated the effects of the isomer and concentration by
measuring infrared reflection spectra, ultraviolet-visible reflection spectra, and surface tensions of Gibbs
monolayers of mixtures of sodium dodecyl sulfate (SDS) and p-phenylenediamine or 0-phenylenediamine for
a constant concentration of SDS (2 mM) and different concentrations of phenylenediamine.

We observed an initial abrupt decrease and a subsequent flattening out of the surface tension on
increasing the phenylenediamine concentration (Figure 1). The surface-tension-lowering effect was more
pronounced for 0-phenylenediamine compared to that for p-phenylenediamine. The peak intensities of the
methylene antisymmetric stretching band of SDS in the infrared reflection spectra were slightly enhanced on
adding phenylenediamine. The peak intensities remained nearly constant on increasing the phenylenediamine
concentration. The peak arising due to 0-phenylenediamine was visible in the ultraviolet-visible reflection
spectrum. However, the corresponding peak for p-phenylenediamine was not visible. These results indicate
that these amines, which are not surface active, enhance the surface activity of the surfactant solution because
of their adsorption on the water surface. Moreover, the extent of the effect depends on the molecular structure
of the organic additive.
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Figure 1. Surface tension of mixtures of SDS (2mM) and phenylenediamine aqueous solutions as a function
of the phenylenediamine concentration.
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Study on line tension arising between liquid-order (Lo) and liquid-disorder (Ld) domains is essentially
important to understand a raft structure formation of biological membrane because of its effect on domain
size and shape. In this research, we challenged ourselves to measure and calculate line tension values at the
bilayer compositions on various tie lines drawn in the phase diagram constructed by Feigenson group [1,2].

Two ternary systems were investigated: (1) distearoyl phosphatidylcholine (DSPC)/dioleoyl
phosphatidylcholine (DOPC)/cholesterol (Chol), and (2) brain sphingomyelin (bSM)/DOPC/Chol. Giant
unilamellar vesicle (GUV) was prepared by electroformation method [3]. The domain was visualized using a
wide-field fluorescence microscope, and the line tension was measured at 21 °C by flicker spectroscopy [4].
To limit light-induced artifact effect on line tension, only 0.2 mol% of fluorescent dye; 1,1-didodecyl-
3,3,3,3-tetramethylindocarbocyanine perchlorate (C12:0 Dil) was added.

Representatively, a result for DSPC/DOPC/Chol system was summarized in Figure 1. For both
systems, the line tension values reduce as lipid compositions of Lo and Ld phases get closer to each other.
The experimental values are inconsistent with theoretical ones calculated based on elastic theory [5].
Evaluation of line tension using modified elastic theory is on-going [6], and so far, the values are expected to
be lower than former theory, suggesting that outer and inner leaflets of bilayer lipid domain are not
completely in register. A result of evaluation and an interpretation of dependence of line tension on lipid
compositions of both phases will be presented.
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Figure 1. Phase diagram and line tension values for DSPC/DOPC/Chol.
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We analyse the possibilities offered by Diffusing-Wave Spectroscopy (DWS) to characterize rheological
properties of turbid samples. In these samples, light has experienced an enormous number of scattering events
over a total volume that spans several mm?; DWS, through time-correlation analysis of the light intensity,
yields a measurement of the average nanoscopic motion of the scattering centres -i.e. of the mean square
displacement (MSD)- over times spanning from the nanosecond up to hours. Microrheology results are
obtained by the application of Generalized Stokes-Einstein Relations [1] which relate MSD to the frequency
dependent complex shear modulus G*(w) = G'(w) + i G"'(w), where G* and G”’ are respectively the elastic
and viscous moduli. In this respect, DWS is analogous to Multiple Particle Tracking; its advantages are a) the
applicability to turbid samples, b) superior statistics, due to the larger number of scattering particles probed,
and c) the sensitivity to tiny displacement.

We discuss advantages and critical points of different experimental approaches to DWS
measurements. The accuracy of the DWS correlation functions is a key factor ruling the attainable sensitivity
in G*(w) measurements [2]. We report on the influence of experimental setup and correlation algorithms on
the Signal-To-Noise ratio of DWS microrheology, with particular focus on the advantages provided by fast
multipixel detectors. We also review different numerical approaches to extract the frequency dependent
complex shear modulus G*(w) from the MSD.

The proposed strategies have been applied to study the mechanical modulus of emulsions [3] and gel
systems as a function of ageing time. This approach has also been used to investigate the change in the
mechanical response of photosensitive wormlike micelles, that show a decrease of G*(w) of several order of
magnitudes upon UV irradiation [4].
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Figure 1. A typical DWS correlation function (left panel), from which MSD (central panel) and
complex mechanical modulus G*(w) are deduced (right panel).

[1] Mason TG. Rheol Acta, 2000, 39, 371.
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[4] Ketner, A. et al. Journal of the American Chemical Society, 2007, 129, 1553.
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Although the magnetic field (MF) effects are investigated for many years still some of the results are
debatable. The published papers deal which the magnetic fields application in industry, agriculture,
medicine, and others areas [1-4]. Initially the principal goal of MF application was protection against hard
scale formation at elevated temperatures in industrial pipes or house heating installations. Successful
application of MF eliminate usage of chemicals for water softness which are expensive and harmful for the
environment. To our knowledge only a few papers dealing with investigation of magnetic field effects on
surfactant solutions have been published. On the other hand, surfactants are present in the surface and waste
waters, soil, and many industrial waters, sewage treatment plants, laundry, etc. Therefore it seemed us
interesting to learn whether some effects would be observed also in a surfactant solution.

For this purpose a static MF (max. 0.5 or 0.65T) originating from a cylindrical Nd magnet or three N-
S-N poles connected magnets was applied in which the sample of 10° M anionic sodium dodecyl sulfate
(SDS) or cationic dodecyl three methyl amonium bromide (DoTAB) solution (both concentrations below
CMC, respectively) was placed for 2-3 h in an open plastic vessel. Every 30 min the vessel was weighed and
evaporated amount of water was calculated. Simultaneously the same reference volume of the surfactant was
left without MF which was also weighed. Some evaporation experiments were continued up to 2-3 days.
First a significant increase in the evaporation rate was found for MF treated Milli-Q water (10-40 mg during
2h). Then, from the MF untreated SDS solution smaller amounts of water evaporated from MF treated water
than from pure water. However, from MF treated SDS solution water evaporated faster than that from
untreated one. In the case of cationic DoTAB surfactant if the solution was not MF treated the water
evaporation rate was faster than that of pure water. Also from MF treated solution water evaporated faster
than from untreated. Similar relationships were observed for the long time (2-3 days) MF treated solutions of
these two surfactant solutions. Moreover, preliminary experiments showed that the static MF treatment of the
anionic surfactant solution significantly decreased its surface tension if its concentration is below CMC.
Similar experiments are under way with the cationic surfactant.

The classical magnetic field theory hardly can explain the observed effects. The latest theories
developed to explain magnetic field effects claim that more important is the interacting MF gradient than its
strength. Also the non-classical theory of nucleation mechanism and formation of dynamically ordered, so
called liquid like oxyanion polymers are used to explain the magnetic field action. Possible mechanisms
which would be helpful to explain the observed MF effects in the studied surfactants solutions will be
presented.
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number DEC-2016/21/B/ST4/00987.
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Poly (butyl acrylate), PNnBA, readily spreads at the air/water interface and its basic properties are already
well studied [1]. For intermediate pressures, the film thickness is found to be of the order of 1...2 nm [2].
We prepare Langmuir monolayers of PNBA homopolymers and its block copolymers with poly (ethylene
glycol), PEG-b-PnBA, as a block partner. In this series the molecular weight ranges from 5...30 kg/mol
while the PEG block in the block copolymers acts as a small hydrophilic anchor of constant size (Mx= 0.3
kg/mol). After investigating the general compression behaviour with the Langmuir technique, we develop a
structural model based on in-situ Brewster-Angle-Microscopy (BAM), in-situ X-Ray reflectometry (XRR)
and Langmuir-Blodgett measurements in the compressed state. Additionally, we investigate the ability of
iron oxide nanoparticles of different sizes (5, 10 and 20 nm) to form monolayers and try to introduce them
into the PnBA polymer films to create composite films.

In the semi-dilute regime, we find that the PEG block in the diblock copolymers can tune the air/water
interface from approximately 6 solvent to good solvent conditions using a power law analysis established by
de Gennes [3]. In the concentrated regime, a phase transition from a 2D continuous water-free monolayer to
more complex structure occurs. BAM imaging and off-specular surface scattering (XRR) provide a consistent
picture of film breakup. The film is in an initial capillary instability stage of dewetting that can be described
analogous to spinodal decomposition in fluid mixtures. Our results suggest a preferred length scale of 2.5 pm.
However, the fluctuating quantity is the height of the surface instead of composition fluctuations. In addition,
hysteresis experiment were performed indicating that polymer is removed from the film in the highly
compressed state [4].

The iron oxide nanoparticles are able to form a monolayer of roughly 7 nm and 13 nm for the 5
respectively 10 nm large particles confirmed by specular reflectivity measurements. Our results from Langmuir
experiments and XRR measurements show that the 20 nm particles do not form a monolayer at the air-water
interface. First results on the composite films indicate that the 5 and 10 nm particles have been successfully
introduced into a composite film with the PEGs-b-PnBA 3, block copolymer. The compression isotherms of
the composite films greatly resemble the pure polymer films especially for the 5 nm particles. For the 10 nm
films stronger deviations are visible. XRR results indicate that the film thickness is significantly smaller
compared to the pure iron oxide films, however, further analysis of the composite films is part of our current
work.

[1] D.J. Crisp, Journal of Colloid Science, 1946, 1, 49.

[2] K. Witte, S. Kewalramani, I. Kuzmenko, W. Sun, M. Fukuto, Y.-Y. Won, Macromolecules, 2010, 43, 2990.
[3] De Gennes, Scaling Concepts in Polymer Physics, 1979, I11, 81, Cornell University Press, New York, USA.
[4] C. Appel, M. Kraska, C. Riittiger, M. Gallei, B. Stiihn, 2018, submitted.
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In pharmaceutical, cosmetics, detergency and painting applications, it is very important to understand
the structural changes in bulk that occur during the drying process of formulations, as that is essentially
happening during their practical application (mainly evaporation of water) because it is the key factor to
control texture. Also, it is very important to understand the static and dynamic adsorption process of
surfactants on a substrate and the structure of the adsorbed dried film because it is the key factor that controls
function and properties of the formed film [1,2]. Therefore, we focused on the difference of self-assembled
structures of water/glycerol/polyoxyethylene (30) phytosteryl ether (EO30PS) system in bulk and on a solid
substrate because the interaction between substrate and surfactant has a substantial effect on the self-
assembly which may be related to the bulk structure but in detail may also differ strongly from the bulk
situation. In bulk, neutron small angle scattering (SANS) experiments show that with increasing loss of water,
the degree of ordering was increased and changes of the aggregate structure only occurred at the highest
water concentration. The results also indicated that spherical micelles of EO30PS are densely packed and
become ordered during the drying process. On the other hand, neutron reflectometry (NR) revealed that
EO30PS molecules adsorb onto a Si surface in form of bilayers and the resulting analysis indicated that for
higher concentrations there are on average two bilayers on the substrate. However, off-specular neutron
reflectometry also indicated that EO30PS molecules do not always cover all of Si surface. Hence the
adsorbed membrane structure of EO30PS is probably not well-ordered. Atomic force microscope (AFM)
images of the adsorbed film formed by EO30PS surfactant were consistent with the NR results. The
combination of these experimental results then allows for a much deeper understanding of the structural
properties of practical formulations as they are applied for instance in cosmetic lotions.
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Figure 1. (a) SANS and (b) NR data of D,0O/glycerol/EO30PS solutions at 25 °C: D,O/glycerol/
EO30PS = 85.5/9.5/5 (blue), 72/18/10 (black), 59.5/25.5/15 (green), 48/32/20 (purple), and
37.5/37.5/25 (red). Sample compositions were based on light water.
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The analogous picture of normal membrane structure in cell is created by reverse micelles, besides water
dissolved in the core of micelle represents the best model of the confined water in biosystems [1]. The
doping of most widely used sodium bis (2-ethylhexyl) sulfosuccinate (AOT) reverse micelles interface by
bile salts is used to increase enzyme catalytic activity [2]. Besides incorporation of the bile salts into AOT
reverse micelles results in increasing of size of the water pool and in the lowering of the percolation
temperature [3]. Moreover bile salts are biological surfactants with ability to enhance drug permeation
through biological membranes [4].

The goal of the proposed work was to study the influence of additives of ionic biological surfactant
sodium cholate introduced in the water nanodroplets of AOT reverse micelles on the: ratio of the bound, free
and trapped water fractions, binding process of optical probes with reverse micelles, study of influence of
amount of water additives on percolation of conductivity of mixed reverse microemulsions, etc. with
infrared, UV-visible spectroscopy and conductivity measurements.

The microstructure of AOT reverse micelles in the presence of ionic sodium cholate was investigated
using infrared spectroscopy in the range of water/surfactant molar ratio (W=1+10). Deconvolution of the O-
H stretching vibrational absorption spectra in the region of 3000-3800 cm™ into three subpeaks (free, bound
and trapped water fractions) with a Gauss fitting program and Monte Carlo method was accomplished at the
low values (W=1+4) of water/surfactant molar ratio (W).

The microenvironment of mixed reverse microemulsions (AOT+sodium cholate) was investigated
with an ultraviolet-visible spectroscopy by using of ortho-nitroaniline and methyl orange as molecular
probes. The values of binding constants and association degrees of ortho-nitroaniline and methyl orange with
AOT reverse micelles at different concentrations of sodium cholate were determined.

Electrical conductivity of the reversed mixed micellar solutions (AOT+sodium cholate) was studied.
Influence of concentration of sodium cholate on percolation of conductivity of AOT reverse microemulsions
was investigated.

The obtained results are discussed based on the model of formation of primary and secondary
micelles of bile salts at below and above the critical micelle concentration respectively [5].

Results may be useful in the investigations of the interface features of reverse micelles as models for
biomembranes i.e. in the investigations of water structure, when it is confined to nanometer-scale cavities,
viz. in biological systems.

[1] L. Gebicka and M. Jurgas-Grudzinska. Z.Naturforsch., 2004, 59, 887.

[2] K.S.Freeman, S.S.Lee, D.J.Kiserow and L.B.McGown. J. Colloid Interface Sci., 1998, 207, 344.

[3] H.Yang, K.Erford, D.J.Kiserow and L.B.McGown. J. Colloid Interface Sci., 2003, 262, 531.

[4]. M. Stojancevic, N. Pavlovic, S. Golocorbin-Kon and M. Milkov. Frontiers in Life Sciences, 2013, 7,
112.

[5] L. B. Partay et al, Progr. Colloid Polym. Sci., 2008, 135. 181.
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Non-linear phenomena in non-equilibrium systems have attracted significant attention in fundamental
physico-chemical systems, such as biological membranes, chemical sensors and solvent extractions. A
common feature in many of these phenomena is the presence of inhomogeneous interfacial tensions and
solutal Marangoni convections that control the dynamics of the system. In our laboratory, we have recently
developed a new technique, the so-called quasi-elastic laser scattering (QELS) method, to investigate several
applications of these systems [1]. This technique allowed us to measure the interfacial tension between
liquid-liquid or gas-liquid phases by measuring the frequency of the light scattered by the capillary waves.
The great advantage of this method is that it is non-invasive, i.e. it does not require any mechanical probe to
be inserted into the system. This property is critical to conduct accurate measurements when investigating
the molecular behaviour at interfaces. Therefore, using this technique it is possible to systematically
investigate the relationship between interfacial tension changes and non-equilibrium phenomena.

Here, we review and summarize our recent applications of the QELS method to the study of chemical
oscillations in three-phase (donor/membrane/acceptor) systems consisting of immiscible liquids, such as
water/oil/water [2, 3]. When surfactants such as cetyltrimethylammonium bromide (CTAB) were dissolved
in the donor phase, recurring pulses in the potential difference between the aqueous phases were observed.
This kind of oscillations are considered fundamental chemical approaches to biological phenomena [4] with
potentially important applications, such as chemical sensors that can identify the molecular nature, because
the oscillation pattern depends on the liquid phase.

Our QELS measurements revealed the presence of oscillations also in the interfacial tension of the
acceptor phase and that these oscillations were synchronous with the donor-acceptor potential difference.
This indicated that the oscillations were due to the inhomogeneous adsorption and desorption of the
surfactants at the acceptor interface. In turn, this uneven interfacial tension distribution generated a
Marangoni convection in the oil phase. In order to visualize this convection and clarify its role in the
formation of the oscillations, we added a fluorescent molecule, rhodamine 6G, as the surfactant in the donor
phase. We analysed the behaviour of these surfactant molecules during their diffusion in the bulk of the
membrane phase and their adsorption and desorption at the acceptor-oil interface by observation of their
fluorescence with a digital camera. This convection was found to be responsible for the continuous transports
of thodamine 6G to the acceptor phase interface during the potential drop.

[1] T. Nomoto, T. Toyota, M. Fujinami, Anal. Sci., 2014, 30, 707.

[2] T. Nomoto, K. Goto, K. Uchiyama, T. Toyota, M. Fujinami, Anal. Sci., 2014, 30, 463.
[3] K. Goto, T. Nomoto, T. Toyota, M. Fujinami, J. Coll. Interf. Sci., 2016, 462, 351.

[4] R. Larter, Chem. Rev., 1990, 90, 355.
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Hydrophobic materials, such as inert gases, hydrocarbon oils, ice, Teflon or diamond do not chemically react
neither with water molecules neither with ions from aqueous electrolyte solution. Due to surface
hydrophobicity water dipoles are repulsed from the surfaces and orientation of water molecules is less random
than in the bulk of the solution. This ordering and distribution of the water molecules and ions in the vicinity
of the surface causes the formation of the electrical interfacial layer [1]. It was found for all hydrophobic
materials that the electrophoretic mobility, and thus the surface charge and surface potentials, are pH dependent
[2]. The value of isoelectric point was found to be in the acidic region, between pH 2 and 4. The origin of
electrical charge of the inert material/interface, and pH dependency, have been a subject of numerous debates
in the recent years and is still not solved [3].

In this research we analyzed reactions and process within interfacial layer of inert (Teflon, diamond and
graphite)/aqueous electrolyte solution. We defined hydronium (H") and hydroxide (OH") ion as potential —
determining ions. The distribution of H" and OH™ ions between bulk and interface is described as separate
accumulation of H" and OH™ ions at the interface. Total reaction is described as exchange of H and OH™ ions

between bulk of solution and the interface [ 2H" (aq) +=0H 2=H"+H,0 (l) ] (Figure 1).

The thermodynamic parameters of the above mentioned processes are obtained indirectly from the
temperature dependency of equilibrium parameters. Determining temperature dependence of electroneutrality
points (isoelectric point or point of zero charge) enables the evaluation of the difference in standard distribution
enthalpies of H" and OH". This data enables us to better understand the behaviour of the electrical interfacial
layer and creation of the suitable mathematical and physical models [4]. Electroneutrality points were obtained
in the temperature range from 10 °C to 50 °C by using variety of methods: Streaming potential, Electrophoretic
mobility and potentiometric mass titration. Differences in standard distribution enthalpy of H and OH™ ions
on the Teflon, diamond and graphite surfaces was calculated and compared.

(a) (b)
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= H (aq) OH (a9) *H (aq)
3 sOH 3 i 1
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b : e : H,Om
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Figure 1. Exchange of H" and OH™ ions between interfacial layer and bulk of the solution and dissociation of
water molecule in the bulk of the aqueous electrolyte solution.
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Attractive interactions between drops in which aggregation, rather than coalescence occurs, lead to the
formation of aggregates, gels or microstructures that then control the phase behaviour, stability, rheology and
most importantly function of formulated products (e.g., food, personal care products, pharmaceutical
formulations). These forces are often highly system specific and are a function of a number of additive
components. This talk will focus on a new method using a microfluidic device to measure the attractive surface
forces between drops that arise from multi-component complex fluids including polymers, polyelectrolytes or
polymer-surfactant systems. The attractive interactions between oil drops in SDS and PVP measured through
direct force measurements using an atomic force microscope (AFM) and through a novel microfluidic drop
chaining device to measure surface forces will be compared. This presentation will also discuss aspects such
as the effects of drop size and adsorption kinetics on the attractive behaviour observed in both measurement
techniques.
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Cellulose is the most abundant, biodegradable and renewable natural polymer on earth, and therefore a key
source for sustainable materials in an industrial scale. During the last decade, researchers in the field paid
attention to cellulose amphiphilic nature, giving a new perspective for cellulose insolubility in water [1-3].

Cellulose polar-nonpolar structural anisotropy along glucose ring planes raised questions regarding its
adsorption behaviour at oil-water interfaces, as well as its ability of stabilizing oil droplets. Many cellulose
derivatives are efficient polymeric emulsifiers, and have been widely used in commercial applications [4].
Other types of cellulosic stabilizers are particle-type celluloses, namely, cellulose microcrystalline powder,
cellulose nanocrystals, cellulose micro-/nanofibrils and regenerated cellulose [5-7]. Particle-type celluloses
behave as “Pickering” stabilizers, a mechanism that differs from flexible polymer stabilization [8]. Here, the
key question is how does native cellulose behave at oil-water interfaces in its molecular state?

The purpose of this work is to demonstrate the amphiphilic character of cellulose by its ability to
efficiently create emulsions. Preliminary results showed that molecular dispersed native cellulose is a powerful
emulsifier being able to create nanosized emulsions with improved stability and optical properties, compared
to cellulose derivatives and particle-types based emulsions.

[1] W.G. Glasser, et al., Cellulose, 2012, 19, 589.

[2] B. Medronho, and B. Lindman, Current Opinion in Colloid & Interface Science, 2014, 19, 32.

[3] B. Medronho, et al., Nordic Pulp & Paper Research Journal, 2015, 30, 58.

[4] T. Wuestenberg, Cellulose and Cellulose Derivatives in the Food Industry: Fundamentals and
Applications, 2014, John Wiley & Sons, Weinheim, Germany.

[5] S. Lam, K.P. Velikov and O.D. Velev, Current Opinion in Colloid & Interface Science, 2014, 19, 490.

[6] D.M. Rein, R. Khalfin and Y. Cohen, Journal of Colloid and Interface Science, 2012, 386, 456.

[7] X.1. Jia, et al., Journal of Agricultural and Food Chemistry, 2013, 61, 12405.

[8] D.J. McClements and C.E. Gumus, Advances in Colloid and Interface Science, 2016, 234, 3.
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Antimicrobial peptides (AMPs) are ubiquitous compounds that work as a primary defense against pathogenic
microorganisms. BP100, (KKLFKKILKYL-NH,), a rationally designed short, highly cationic AMP, acts
against many bacteria, displaying low toxicity to eukaryotic cells [1]. In previous work we found that its
mechanism of action depends on membrane surface charge and on peptide-to-lipid ratio [2].

Here we present the studies of two BP100 analogs: BP100-alanyl-hexadecyl-1-amine (BP100-Ala-NH-
Ci6Hs3) and cyclo(1-4)-D-Cys', Ile?, Leu?®, Cys*-BP100 (Cyclo(1-4)-cILC-BP100) (Figure 1). We studied their
binding to large unilamellar vesicles (LUV) of palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC)
and 1-palmitoyl-2-oleoyl-sn-glycero-3-[phospho-rac-(1-glycerol)] (POPG) of variable lipid composition, as
well as their conformational and functional properties, comparing them to those of BP100. The analogs bound
to LUV of POPC:POPG with higher affinity and a lesser dependence on electrostatic forces than BP100. In
the presence of LUV, BP100 and BP100-Ala-NH-C,¢H33 acquired a-helical conformation, while Cyclo(1-4)-
cILC-BP100) was partly a-helical and partly B-turn. Taking in conjunction the light scattering determination
of particle size and zeta potential, the redistribution of a probe initially located in the vesicles outer leaflet, the
leakage of LUVs internal contents, and the optical microscopy of giant unilamellar vesicles, it was concluded
that, at high concentrations, all three peptides acted by a carpet mechanism causing membrane disruption,
while at low concentrations the peptides acted by disorganizing the lipid bilayer, probably causing membrane
thinning. However, the analogs exhibited a higher degree of activity and lesser membrane surface charge
dependence, probably due to their greater hydrophobicity. The MIC values of both analogs towards Gram-
positive and Gram-negative bacteria were similar to those of the parent compound; in contrast, both peptides
exerted a much greater hemolytic effect. Confocal microscopy showed Gram-positive B. subtilis killing with
concomitant extensive membrane damage suggestive of lipid clustering, or peptide-lipid aggregation. These
results were in agreement with those found in model membranes.

A

Figure 1. Structures of (A) BP100, (B) BP100-Ala-NH-C;¢H33 and (C) Cyclo(1-4)-cILC-BP100.
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This paper includes the results of investigations the polyelectrolyte complexes systems used for
preparing microparticles by a W/O/W double emulsion technique for hydrophilic active agents delivery. By
double emulsion method, the core droplets can be loaded with many substances to achieve various functions
such as the encapsulation of nutrients, drugs, antibodies etc. [1]. The primary W/O emulsion consists of
aqueous protein solution dispersed in an organic phase containing an oil-soluble surfactant, e.g., Dioctyl
sulfosuccinate sodium salt (AOT) in soybean oil. For encapsulation and controlled release of active
ingredients were used polyelectrolyte complexes formed by Chitosan and Xanthan gum, Chitosan and
Alginate, that can be used to encapsulate proteins, enzymes etc.

Lipase from Mucor miehei was used as the active ingredient to be encapsulated by double emulsion
technique. In order to establish the optimal conditions for NPs formation, different formulations were
prepared by changing the concentrations of Chitosan, Xanthan gum, Chitosan and Sodium Alginate at
different pH values while analyzing their effect on the size, surface change and association efficiency of the
loaded agent.

Some of the formulation parameters were determined in previous works [2] and were used for enzyme
encapsulation. Determination of microcapsule formula was evaluated by encapsulation efficiency, loading
capacity, and release profile. In the first step, enzyme was loaded into oil with surfactant for obtainment O/W
primary emulsion. In the second step, 3 ml of the primary W/O emulsions were then re-emulsified in 25 ml
of 0.5%w/v, Chitosan solution at 3000 rpm for 1 min at room temperature. 5 ml of the secondary emulsion,
produced by use of a Chitosan solution, then were incubated into 25 ml of 3% sodium alginate solution
during 2 h., and then by injection was passed through 1% solution of CaCl,, and washed by water, filtrated.
Then microcapsules were passed through 0,7% of Sodium Alginate, and 1% of CaCl,.

The mechanical strength of hydrogel networks obtained by the interaction between Chitosan and
Xanthan Gum complexes also allowed obtaining microcapsules that can be used for drug delivery and
controlled release.

For detecting of lipase activity was used the fluorescein dibutyrate and measurements were monitored
by UV- -spectrophotometer [3].

The association efficiency of the resulted enzyme microcapsules reached 83,5%, after 2 h incubation
in PBS solution, the total release reached 70%.
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32™ Conference of the European and Interface Society.

[1] Z. Che, T-N. Wong, N-T. Nguyen. Microfluidics and Nanofluidics. 2017, 21(8), 1.

[2] B. Mutaliyeva, D. Grigoriev, G. Madybekova, A. Sharipova, S. Aidarova, A. Saparbekova and
R. Miller. Colloids and Surfaces A: Physicochemical and Engineering Aspects. 2017, 521, 147.

[3] G.Lomolino, G.Di Pierro and A.Lante. Food Technol. Biotechnol. 2012, 50 (4) 479.

77


mailto:mbota@list.ru
https://link.springer.com/journal/10404

PP1.30

Influence of the structure of organosilicon compounds on their
colloidal-chemical properties

Ezhova A.A.", Gritskova L.A. ', K.Ibrashev®, M.Gabdullin?, Gritskova L.V.*,
S.Aidarova®®’, A.Sharipova’, B. Mutaliyeva®

"Moscow Technological University, Moscow, 86 Vernadsky Prospekt, Russia
’Kazakh-British technical university, Almaty, 59 Tole bi, Kazakhstan
*Kazakh national research technical university named after K.I.Satpayev, Almaty, 22 Satpayev,
Kazakhstan
4Pirogov Russian National Research Medical University, Ostrovitianov str.1, Moscow, Russia M.
°Auezov South-Kazakhstan State University, Shymkent, Tauke-khana, 5, Kazakhstan

Presenting author email: ainano9999@gmail.com

One of the way to synthesize the stable polymer suspensions is heterophasic polymerization of vinyl
monomers in the presence of water-insoluble organosilicon compounds. To explain the high stability of
polymer suspensions, the influence of the structure of the organosilicon compound on its colloidal-chemical
properties was studied.

It was shown that when the transition from the linear to the comb-like structure of the organosilicon
compound occurs, the interfacial tension decreases from 28 to 4 mJ/m’, while the surface activity of
organosilicon compounds increases from 2.5 to 14 mNem’/mol. It should be noted that organosilicon
compounds are capable of forming of the interfacial layers with a thickness of 7.5-135 nm, which greatly
exceeds the allowable levels of the interfacial layer for hydrocarbon surfactants.

Thus, it can be assumed that the high stability of polymer suspensions is related to the surface
activity of their structure and time in their interfacial layers of the stability barriers. Interfacial adsorption
layers on the surface of monomer droplets and subsequently polymer-monomer particles formed from a
polymer in their surface layer during the creating and using of organosilicon surfactants adsorbed on the
surface of monomer droplets from the bulk. The amount of surfactants in the interfacial layer of polymer-
monomer particles increases with the polymerization due to its incompatibility with the formed polymer
and its forced displacement onto the surface of the particles. In the process of displacement the surfactant
conformation is changed, it can crystallize, become denser, i.e. the interfacial layer becomes more durable.
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Single Gallium/Gallium(hydr)oxide Ga/GaO.H, layers were prepared by induced break-up after forced
wetting. Multilayers were formed by repeating the deposition procedure. X-ray reflectivity shows a
multilayer structure. The repeat unit consists of a Ga layer covered by a GaOxHy layer (thickness 2.9 nm).
The multilayer thickness is proportional to the number of deposited layers. The multilayer-air roughness may
be smaller than the substrate-multilayer roughness, which is attributed to the large surface tension of
Gallium. The electric conductivity of a multilayer follows Ohm’s law. The sheet resistance decreases with
the number of deposited layers. We suggest that induced break-up after forced wetting is an environmentally
friendly way to produce large ultrathin conductive layers from fluid metals [1].

Figure 1. This is a comparison between theory and experimental data.
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By crossing the so-called volume phase transition temperature (VPTT), acrylamide based thermo-responsive
hydrogel particles made of e.g. poly-N-n-propylacrylamide (PNNPAM) undergo a reversible micro-phase
separation process. In the case of PNNPAM the VPTT is located at T = 22 °C [1]. Thus, by increasing the
temperature and therefore crossing the VPTT, a reversible switching from a swollen hydrophilic to a collapsed
hydrophobic particle is observed. In this study, we investigate the properties of non-ionic water-in-oil (w/0)
microemulsions doped with these thermo-responsive polymers. While, on the one hand the PNNPAM-particles
influence the phase behavior and the microstructure of w/o-microemulsions, the confinement given by the
microemulsion affects the structure and the VPTT of the particles on the other hand. Thereby, both effects
depend strongly on the number density and the size of microemulsion droplets and particles. To investigate
the mutual influence, collapsed particles (0.25 wt% in D>O) were solubilized in w/o-microemulsions of the
type D,0O — cyclohexane(d12) — Ci2Es¢ in a first series of experiments. As it is seen in figure 1 left, the doping
of the w/o-microemulsions with collapsed hydrogel particles have almost no influence on the phase behavior.
Small angle neutron scattering (SANS) experiments were performed to elucidate the structure of the doped
w/o-microemulsions. Figure 1 right shows the recorded SANS-curves of the collapsed hydrogel particles in
D,0 (0.25 wt%), the hydrogel-free microemulsion (film contrast) and the hydrogel doped w/o-microemulsions
(hydrogel/film contrast) at T =29.5 °C. Comparing the scattering curves, an increase of the scattering intensity
at low g and a less pronounced oscillation at intermediate ( can be observed for the doped microemulsion. The
analysis of the scattering curves by appropriate models [2-4] suggests that sphere to cylinder transition is
induced by doping spherical w/o-microemulsions with collapsed hydrogel particles.
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Figure 1. (Left): Phase diagrams of the system D,O- cyclohexane(d12) — C2E¢ with and without PNNPAM-
particles. (Right): Exemplary scattering curves of the collapsed PNNPAM-particles, the pure w/o-
microemulsion and the doped w/o-microemulsion.
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Aqueous particle stabilized foams can be found in many technical applications and food products.
In these systems the particles adsorb at the air-liquid interfaces of the foam and stabilize them. When altering
the properties of the particles like their hydrophobicity, the properties of the produced foams can be changed.
Typical particles are modified silica nanospheres, but also soft colloidal particles like proteins, especially in
food-related systems [1].

Another class of soft colloidal particles are cross-linked, short-chained poly-N-isopropylacrylamide
(NIPAM) polymers, which have attracted much attention during the last years and were studied with various
techniques and in the context of multiple possible applications. Since these microgels are responsive to
external stimuli like temperature, materials made from them can be considered “smart” materials. A
prominent example are thermo-responsive emulsions stabilized by microgel particles adsorbed at the water-
oil interface. In these systems the emulsion stability can be controlled by changing the temperature [2,3].

In this contribution we exploit the interfacial activity of PNIPAM microgels to stabilise aqueous
foams. These foams are very stable at temperatures below the volume phase transition temperature (VPTT)
of NIPAM and can be destabilised by increasing the temperature above the VPTT. Furthermore we shine
light on the relationship between the properties of individual microgels (e.g. size, elasticity, particle
concentration) and the properties of foams, prepared with them.

Acknowledgements: We thank the German Federal Ministry of Research and Education (BMBF) for
funding.
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Over the past decade the fundamental research on CO,-microemulsions has gained increasing interest.
Especially, the possibility to tune the phase behavior and nanostructure via the pressure is one outstanding
property of these systems. Often non-biodegradable, fluorinated surfactants are used to formulate well-
structured CO,-microemulsions [1]. From the application point of view, well-structured CO,-microemulsions
stabilized by biodegradable hydrocarbon surfactants are of utmost interest. Consequently, a number of
research groups focused on the synthesis of such surfactants, which solubilize scCO, efficiently [2,3]. Here
the properties of the microemulsion system H20/NaClO4—C02—Capstone® FS-3100 was studied as a
function of composition, temperature and pressure. Capstone® FS-3100 is a F-(CF,);-(CH,CH,0);-H
surfactant with a short perfluorinated alkyl chain, i.e. a low bio accumulation and toxicity. To the best of our
knowledge, this is the first time the phase inversion of a CO,-microemulsion is fully evidenced by studying
the water-rich, balanced and CO,-rich part of the phase diagram. The analysis of the SANS curves, recorded
close to the respective emulsification failure boundaries and the efficiency point, clearly show a transition
from CO,-swollen micelles in water via bicontinuous structures to water swollen micelles in CO,.
Furthermore, as found for the oily counterparts [4], the length scale of the structure runs through a maximum
at the phase inversion temperature. These results indicate that the corresponding state description for
classical state of the art microemulsions, found by Sottmann and Strey [4], is also applicable to

CO,-microemulsion systems.
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Figure 1. Left: Exemplary SANS curves of balanced, CO,-in-water and water-in-CO, microemulsions made
from D,0/NaClO4 — CO, — FS-3100. The data were described using the Teubner-Strey model and the form
factor for polydisperse spheres/cylinders combined with a hard-sphere/Ornstein-Zernike structure factor [5],
respectively. Right: Scaled characteristic length scale £dc;i, as a function of the reduced temperature
2(T-T,»)/AT for H,O — n-octane — CoE,4 [6] and D,O/NaClO4 — CO, — FS-3100.
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Polysaccharides are widely employed in many industries such as food or cosmetic mainly to stabilize oil-in-
water emulsions. Indeed, the rheological behaviour of the aqueous phase can be controlled by increasing the
viscosity, thus slowing down or inhibiting the phenomenon leading to instability (creaming, flocculation and
coalescence). Among them, xanthan gum is the most used due to its outstanding thickening properties.
Moreover, xanthan can adopt two different conformations', with distinct rheological properties'*! depending
on the experimental conditions: an ordered semi-rigid helical structure or a disordered flexible coil.
However, because of its poor interfacial properties, the addition of an emulsifier remains necessary to
disperse and stabilize the oil droplets. Unfortunately, the use of low molecular weight surfactants has many
disadvantages related to toxicological and environmental considerations. To overcome this problem, we
developed amphiphilic xanthan derivatives by grafting alkyl residues onto the polysaccharide backbone.

The objective of the present work is to describe how the structure and the stability of oil-in-water
emulsions containing amphiphilic xanthan, modified under both conformations, can be controlled. In
solution, modified xanthan present much better bulk rheological properties than pristine xanthan™. In
addition, shear interfacial viscoelasticity has been strongly improved compared to unmodified xanthan',
hence confirming the potential stabilizing properties.

Finally, as expected, unmodified xanthan cannot stabilize the emulsions as phase separation occurred
within only few hours while emulsions obtained with modified xanthan remain stable over months (see
figure 1).

These results clearly demonstrate the high potential for hydrophobically modified xanthan as
emulsion’s stabilizer which has been studied as a function of polymer conformation, concentration, grafting
density and hydrophobic chains length.

—

Figure 1. Photographs of oil-in-water emulsions containing pristine xanthan one day after preparation (left)
and containing modified xanthan after 3 months (right).
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The interplay between softness and liquid-to-solid transition is one of the more general problem in nature, for
example in the kinetic of protein folding [1] or for living cells [2]. In this contribution, we present the phase
behavior of water suspensions of ultra low crosslinked poly(N-isopropylacrylamide) microgels studied in three
and two-dimensions. In three-dimensions the phase behavior is comparable to the one of regular crosslinked
microgels: Coexistence between crystals and liquid and fully crystalline samples are observed (Fig. 1A) [3,4].
Small-angle neutron scattering measurements of the single particle form factors show no failure of the spherical
shape, both in crystalline and disordered, overcrowded samples.

At the oil-water interface, a rich phase behavior for regular crosslinked microgels with a solid-solid
phase transition is reported [5]. We monitored the compressions isotherms and analyzed atomic force
microscopy images of depositions at different concentrations of ultra low crosslinked microgels. It is revealed
that in two-dimensions their crystallization is suppressed (Fig. 1B). The reason for this is the wide variation of
the microgels bulk moduli together with the reduced mobility of the microgels due to the confinement.
Furthermore, the degree of compression can be used to switch the property of the depositions from the linear
polymer-like to the one of a suspension of colloidal particles.

Figure 1. A) Crystals formed by the ultra low crosslinked microgels in water suspensions, three dimensional.
B) Disordered arrangement of microgels imaged with atomic force microscope after deposition, two
dimensional.
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Responsive aqueous foams that refer to foams for which the macroscopic stability with time can be
switched between a stable and an unstable state have recently attracted a growing interest [1]. The optimization
of many processes such as washing or material recovery processes require at the same time the formation of a
stable foam, as well as the need to destabilize it in another step of the process. Such ability to rapidly destroy
the foam on demand is however a difficult goal to achieve, because the more stable the foam is, the more
difficult it is to destabilize. In view of the numerous applications, the design of responsive foams is a new and
important issue. However, up to now, there was no system for which the threshold temperature of
destabilization can be precisely chosen within a wide range of temperatures limiting their potential for
applications. Our approach to design thermoresponsive foams with a widely adjustable temperature threshold
of destabilization is based on a green formulation: 12-hydroxystearic acid (12-HSA) mixed with counterions
(alkanolamine) of different chain lengths, and at different molar ratio R between the fatty acid and the
counterions [2-3].

First, by coupling microscopy techniques, small angle neutron & X-ray scattering and DSC, we
investigated the bulk structures, from the molecular to the mesoscopic scale. For all the couterions and
depending on the temperature T and R, either micron-size tubes or micelles were formed. We showed that
tubes transitioned into micelles at a precise temperature. This temperature transition depended on both R and
the alkyl chain length of the counter-ion and could be precisely tuned from 20°C to 75°C. We highlighted that
the transition at the supramolecular scale came from the chain melting phenomenon at low R and the surface
melting process of the hydrogen bonds at high R [2].

Second, at the macroscopic scale, we demonstrated that there was always a range of T for which stable
foams can be produced, whatever the counterion and R [3]. All these foams had a neat critical temperature of
destabilization, above which they rapidly collapsed. Remarkably, this critical temperature can also be
continuously set between 20°C and 75°C, by changing the counterion and T (Figure 1). We demonstrated that
the foam stability was directly correlated to the supramolecular scale: the foam stable/unstable transition was
controlled by the topological change of the fatty acid self-assemblies from micron-size tubes to micelles.

Thus, a proper choice of R and of the counterion length enables to set the temperature transition over a
range that almost covers the one for which water is liquid. It is the first time that, by using the same surfactant,
responsive foams are made with a threshold temperature varying over such a wide range of temperatures [3].
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Figure 1: Illustration of the thermoresponsive foams with a threshold temperature between 20 to 75°C.
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Recycling of metals in hydrometallurgy is based on liquid-liquid extraction and desextraction between
complex fluids [1]. These are concentrated acidic or basic aqueous solutions in contact with organized
organic phases containing extractant molecules (which selective affinity to extracts metal ions) in the form of
water-poor microemulsions. Winsor Il regime with excess aqueous solution is required for efficient
electrolyte transfer. The free energy of electrolyte transfer between phases is much lower than the free
energy of complexation in all industrially cases.

Here, we combined a general model based on thermodynamics equations [2] taking into account the
microemulsion structures for which the free energy is calculated using a Gaussian random fields model [3-4]
in order to calculate the ion free energy of transfer between an aqueous reservoir and an organized organic
phase. We show that taking into account extensive values for the complexation, the extractant adsorption at
the interface, and the active area variation allows for predicting the free energy of extraction. This is also
confirmed by small angle scattering as a signature of the type of water-poor self-assembly. Furthermore, we
demonstrate that the apparent selectivity is really different from the complexation energy differences
between ions.

To our best knowledge, this is the first theory proposed to link complexation with nearest neighbour
and free energy of phase equilibria from first principles. We will show the strength as well as the weaknesses
of this emerging modelling method using Gaussian random waves.
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Figure 1. (Left) Schematic representation of water-poor microemulsion. (Right) Free energy of ion transfer
to water poor-microemulsion calculated as a function of the free energy of ion complexation using different
levels of approximation.
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Ultrathin multilayers containing graphene oxide (GO) nanosheets hold a great promise in diverse applications
involving energy storage, electronics, water purification by filtration or deposition of antireflective coatings.
Many of these applications require that the film assembled in a layer-by-layer (LbL) manner is in direct contact
with a liquid phase, most often water or an aqueous solution. Obviously, the multilayer must retain its integrity
in a given solution and temperature interval in order to be practically useful for e.g. water-solute separation.
Although the mechanical stability of GO LbL structures have been characterized by tribological test methods
in dry state [1], there has been much less emphasis on the investigation of chemical stability of
polymer/graphene oxide composite nanofilms in contact with water and in solutions of potentially reactive
chemical substances. Low stability of LbL films in certain solutions (e.g. due to disintegration or chemical
modification) is one of the possible limiting factors for their potential applications.

This presentation focuses on the LbL assembly of hybrid nanofilms composed of alternating layers of
graphene oxide colloidal particles and a cationic polyelectrolyte (poly(diallyldimethylammonium chloride,
PDDA)) and their deconstruction. Although it has been demonstrated long time ago that oppositely charged
colloidal species of GO and PDDA are capable for the alternating assembly over charged surfaces such as
glass or quartz [2,3], the effect of the type and composition of the dispersion medium both on the multilayer
build-up has just been scarcely studied. Herein, we show the effect of the solution pH conditions on the optical
thickness and structure of films containing few hybrid (PDDA/GO) bilayers. The second part of the
presentation will concern with the immersion stability of the ultrathin assemblies in different types of
electrolyte solutions involving dilute and strong acids and bases [4], which show anomalous behaviour as
compared to the stability behaviour of the “traditional”, all-polyelectrolyte multilayers [5].
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Figure 1. LbL build-up of graphene oxide multilayers aided by polyelectrolytes on quartz support.
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Nanoparticles are widely found in modern technologies, ranging from biosensors to food additives [1].
However, the cytotoxic effects of nanoparticles are not well understood, stimulating a new research area
dubbed ‘nanotoxicity’. Nanotoxicity has been found to depend upon the size, shape and surface chemistry of
nanoparticles, and can be imparted via a multitude of toxicity pathways [2]. The most common method for
determining the cytotoxic effects of nanoparticles has been through dye-based cytotoxicity assays that can
provide information such as cell proliferation, glucose consumption and membrane permeability [3]. However,
these assays give little information about the fundamental interactions between nanoparticles and cells that
lead to cellular entry (endocytosis) and resulting toxicity. An understanding of nanoparticle interactions with
membranes is key to understanding endocytosis, membrane fusion and nanotoxicity, as well as improving
drug-delivery-vector design. Due to the complex nature of cells, this is difficult to examine in vitro and so
using membrane models represents a promising and important alternative approach.

This project aims to explore how the physicochemical properties of nanoparticles influence their
interactions with various membrane models. Many self-assembled lipid systems can be used to model cell
membranes [4], including monolayers, bilayers, lipid mesophases, and liposomes. Whilst lipid multilayers
have also long been recognised as bearing structural resemblance to cell membranes, they are conventionally
prepared by using spin-casting from a volatile organic solvent [5]; thus, it has been difficult to study the
interactions between such lipid multilayers with biomedically relevant nanoparticles often dispersed in
aqueous media. Here we use a recently developed method for preparation of lipid multilayers and bilayers via
drop-casting aqueous phosphatidylcholine (PC; a common eukaryotic membrane lipid) liposome dispersions
on mica substrates, which have been characterised using synchrotron X-ray reflectivity (XRR) at the ESRF in
Grenoble [6].

We have investigated how polyamidoamine (PAMAM) dendritic nanoparticles (dendrimers) of
varying size (or generation), dosage, and terminal groups (NH: or hydrophobic C;, chains), influence d-spacing
in PC bilayers, as well as coherence length (L.) and paracrystalline disorder (g) in PC multilayers. The
composition and thus fluidity of the membranes was altered by the addition of varying ratios of cholesterol
and by using saturated and unsaturated lipid tail groups (DOPC/DPPC). Atomic force microscopy (AFM) was
used to investigate the topology of lipid multilayers. Interestingly, multilayer structural disorder is promoted
not only by the dendrimer size and functionalisation, but also by the method of dendrimer addition in the
liposome preparation. This is evident from the shift in the Bragg peak positions, AQ, as well as the peak
broadening (i.e. widening in the peak full width at half maximum) in the XRR curves. Co-assembly of the
dendrimer with the lipids during the early stage of the liposome formation led to dendrimer intercalation in the
ultimate stacked lipid bilayers. We will discuss the implications of our results to the energetic considerations
in nanoparticle cellular entrance.
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The structure and property of adsorbed film at soft interfaces are affected by molecular interaction closely
related to molecular packing which is affected appreciably by the geometrical shape of molecules as well as
that of interface. Since molecular assemblies of surfactants are of importance as a fundamental model for
complicated molecular organized systems such as biological membrane, systematic studies on adsorbed
films at soft interfaces as well as aggregates in surfactant solution are crucial to understand the structure-
function relation of molecular organized system. In this study, we aim at discussing the miscibility of
cationic  surfactant, tetradecyltrimehylammonium bromide (C14TAB) and zwitterionic one,
tetradecylphosphocholine (C14PC) molecules in surface adsorbed film and micelle on the basis of X-ray
reflectivity (XR) [1] and X-ray absorption fine structure (XAFS) [2] measurements coupled with surface
tensiometry.

Phase diagram of adsorption and that of micelle formation showed negative deviation from ideal mixing
of molecules both in the adsorbed film and micelle. The excess Gibbs energy is more negative in the micelle
than in the adsorbed film, indicating that the interaction between C14TAB and C14PC is stronger in the micelle
than that in the adsorbed film. This is mainly due to the fact that the critical packing parameters (cpp) of both
C14TAB and C14PC molecules are close to 1/3 because of their large head groups and therefore the packing
of molecules is energetically more favorable in spherical micelle than at planer adsorbed film.

Electron density profile normal to the surface indicated that in the pure films the charged head groups
of C14TAB and C14PC take staggered arrangement to reduce electrostatic repulsion between them. In the
mixed system, on the other hand, the mixing of C14TAB and C14PC relaxes staggered arrangement due to an
attractive ion — dipole interaction between cationic trimethylammonium (TMA) and zwitterionic
phosphocholine (PC) groups. This was supported by lower Br ion binding in the mixed adsorbed film than in
the pure C14TAB film determined by total reflection XAFS analysis. Another noticeable point was that Br ion
binding is higher in the adsorbed film than in the micelle. This induces an enhancement of ion — dipole
interaction in spherical micelle compared to that at planar adsorbed film, and eventually the interaction
between TMA and PC groups becomes favourable in addition to that between hydrophobic chains in mixed
micelle than in the adsorbed film.
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Figure 1 Fraction of bound Br ion vs. film and micelle compositions.
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When cells or organisms are subjected to dehydration and/or freezing, a key factor in survival is the interaction
between membranes and cryoprotective molecules. These molecules fall into two categories: those found in
nature (e.g. sugars manufactured inside cells which cannot permeate membranes); and molecules used in
laboratory cryopreservation (membrane penetrating molecules, such as DMSO and glycerol). Both classes of
molecules can alter membrane structure, but the mechanisms differ.

Previously we have studied the structure of synthetic membranes in the presence of sugars using
SAXS and SANS [eg 1-2]. More recently, we have conducted membrane diffraction experiments on stacked
multilamellar membranes which provides higher order diffraction information, allowing the Fourier
reconstruction of the bilayer structure [3-4]. By deuteration of various components, and adjusting neutron
contrast by changing the D,O/H,O ratio, the positions of these molecules within the bilayer may be
determined with high precision.

In this talk we will present recent results on DMSO, and compare these with previous results on
non-penetrating cryoprotectants, highlighting the different modes of action of these two types of molecules.
The relevance of these results to our understanding of cryopreservation will be discussed.

[1] C.J. Garvey, T. Lenné, K.L. Koster, B. Kent, G. Bryant Int. J. Molecular Sciences, 2013, 14, 8148.

[2] B. Kent, C.J. Garvey, T. Lenné, L. Porcar, V.M. Garamus, G. Bryant Soft Matter, 2010, 6, 1197.

[3] B. Kent, T. Hunt, T.A. Darwish, T. HauB}, C.J. Garvey, G. Bryant J. Royal Soc.Interf., 2014, 11,20140069.

[4] B. Kent, T. HauB3, B. Demé, V. Cristiglio, T. Darwish, T. Hunt, G. Bryant, C.J. Garvey Langmuir, 2015,
31, 9134.
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Depositing particles on fibers has been long standing with wide-ranging applications in diverse areas such as
sensors, solid-state devices, and high-performance composite materials [1]. It has been shown that textile
surfaces when modified with colloidal particles result in more durable fibers with features such as water and
dirt repellency, and anti-fouling characteristics.

Besides, recently, there has been much interest in directing particles to specific locations by patterning
flat substrates [2] through a surface functionalization by chemically modifying the substrate to contain active
sites guiding the particles to desired locations.

In the current work, we bridge the gap between uniform particle depositions on fibers and directed
assembly of particles on flat surfaces, which, to the best of our knowledge, has not yet been done. We
demonstrate a proof of concept for the selective deposition of nanoparticles on chemically modified
micrometer size glass fibers (GFs), referred to as “patterned” GFs containing hydrophilic and hydrophobic
segments. We then localize polystyrene nanoparticles onto the hydrophilic segments of these fibers deposited
via a dip-coating method. To achieve a contrast in wettability, cleaned hydrophilic GF segments were treated
with Octadecyltrichlorosilane (J&K Scientific GmBH, Germany) (OTS treated). The nanoparticles used in this
study were commercially available Polystyrene (PS) latex nanoparticles (Microparticles GmBH, Germany)
with a mean particle diameter of 99.0 + 0.4 nm suspended in milliQ water at a particle concentration of 1 wt%.
Dynamic contact angle measurements by the Wilhelmy technique and deposition of PS nanoparticles via dip
coating were conducted using a force tensiometer (K100SF, Kruss GmbH Germany) at room temperature.
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Figure 1. (Left) SEM images of the non-OTS and OTS treated segments of a glass fiber. (Right) Particle

counts along the length of patterned GFs (withdrawal velocity of 500 mm/min)

By comparing the advancing and receding contact angle values of the different GF surfaces, we can conclude
that the non-OTS treated segments are nicely hydrophilic while for the OTS treated segments, the angles tend
more towards the hydrophobic regime. This sharp contrast in wettability facilitates to selectively drive the
deposition of the nanoparticle on the non-OTS treated segments as evidence by Figure 1.

Thus, this approach demonstrates the possibility for the controlled localization of particles on fibers. In
perspective, we will create consecutive patterns of varying surface functionalities to direct the deposition of
particles on fiber surfaces for potential application in composite materials.

Acknowledgements: This work was supported by Department of Materials Engineering of KU Leuven.

[1] L. Tzounis, C. Gravalidis, S. Vassiliadou, S. Logothetidis, Materials Today: Proceedings, 2017, 4, 7070.
[2] C.L. Wirth, M. De Volder, J. Vermant, Langmuir, 2015, 31, 1632.
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Langevin dynamics method was used for modeling Pickering emulsion stabilization. The influence of
nanoparticle and droplet parameters on the kinetics of SiO; nanoparticle adsorption on the surface of oil
droplets was numerically determined.

The tendency toward reducing the stability of emulsions with a decrease in the diameter of oil droplets
was observed. Drops with a diameter of 1000 nm and higher were resistant to flocculation and coalescence at
the ionic strength of the aqueous phase lower than 0.05 mol/l. The distance between oil droplets increased at
all stages of modeling due to electrostatic repulsion between oil drops with adsorbed SiO, nanoparticles.

Drops with a diameter of 700 nm were unstable to flocculation. Aggregation of droplets started after
~1+10*s. The time of flocculation beginning decreased with decreasing oil droplet diameters and it was equal
0.35¢10* s in emulsions with 300 nm droplets. Moreover, droplets with diameters lower than 300 nm were
unstable toward coalescence.

Fractions of flocculated drops and the number of drops in flocs were determined for different parameters
of the emulsions. Emulsion stability diagram with regions of emulsions unstable and stable toward flocculation
and coalescence was obtained.

Figure 1. Individual droplets and floc formed as a result of SiO, nanoparticle adsorption on the surface of oil
droplets. -potential of SiO; nanoparticles -50 mV, oil droplets - -10 mV. lonic strength of the aqueous phase
- 0.05 mol/l.

Acknowledgements: This work was supported by the Ministry of Education and Science of Russia through
the government assignment 10.4650.2017/6.7 and Russian Foundation for Basic Research grant 16-03-00658.
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New photoresponsive surfactants, N-(azobenzene-4-oxy-2-hydroxypropyl)-N-(alkyloxy-2-
hydroxypropyl)aminopropyl sulfonate (GnAZO0AS), have been designed by incorporating alkylglycidyl ether
derivatives by the attack of a nucleophilic reagent with photochromic property as a azobenzene. G12AZOAS
surfactant solution was converted to 93 % cis isomer by UV irradiation at 350 nm and the cis isomer mixture
was reconverted again to 74% trans isomer by irradiation in the visible region (A > 445 nm). The critical
micelle concentration (CMC) of the trans form was about 1.45%107 mole/l and the value of the 93% cis form
was 2.84x10* mole/l. In the region between these two CMC values the surface activity can be photocontrolled.
And the difference in cmc for cis and trans isomers of GnAZ0AS surfactants increased proportionally with the
chain length of the alkyl group. The minimum average area per molecule, which may be attributed to the effect
of structure between planar and bent, the area for the trans and cis isomers of the surfactant is 1.14 and 2.19
nm?, respectively. The emulsifying ability of the cis isomer was less active than the trans one. Also, the studies
on physical properties such as critical micelle concentration, emulsion stability and foaming test of the
synthesized surfactants have been carried out with respect to changes before and after the UV/vis light
irradiation.

[1]7. Eastoe and A. Vesperias, Soft Matter, 2005, 1, 338.
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Plant exudates like Acacia gums are made of glycosylated hydroxyproline-rich proteins, with a high
proportion of heavily branched neutral and charged sugars in the polysaccharide moiety. These
hyperbranched arabinogalactan-proteins (AGPs) display high added-value functionalities in particular their
ability to adsorb at solid-liquid and liquid-liquid interfaces. Industrial applications of these AGPs concern
mainly stabilization of dispersed food systems and as adhesive. However, even if applications of these AGPs
are widely spread, little is known about the molecular mechanism underlying the adsorption properties of
these hyperbranched AGPs [1,2].

The present study focus on the adsorption of Acacia gums (A. senegal and A. seyal), and its molecular
fractions isolated by chromatography at solid-liquid interfaces, onto gold surfaces characterized with a quartz
crystal microbalance with dissipation monitoring (QCM-D) and surface plasmon resonance (SPR). Those are
powerful methods that allow highly sensitive, quantitative, real-time, in situ and noninvasive detection of
molecules adsorption on a solid surface. QCM-D probes the variation of shear of an oscillating piezoelectric
sensor, caused by changes in the total mass of the adsorbed molecules, while SPR allows the determination
of the mass of the adsorbed species from the change of refractivity of the gold film. Combining those two
techniques can provide information on the sorption mechanisms, structural changes and obtained the state of
hydration of the adsorbed film. Comparing protein-rich and polysaccharide-rich molecular fractions will
allow the determination of their respective contribution in the formation of surface interactions in AGPs. The
effect of pH and ionic strength in solution on the adsorption behavior, the maximum coverage and the
thickness of the layer were investigated, and the fraction of water in the gums film was estimated.

A. senegal and A. seyal gums present different adsorption behavior depending on experimental
conditions. While both gum forms an interfacial viscoelastic film, A. seyal gum generally presents a more
rigid and homogenous film on the gold surface at weak adsorption. There are specific pH conditions where
strong or weak gum adsorption occurs, but A. seyal gum always presents a weaker adsorption on the gold
surface than A. senegal gum (Figure 1). Both gums present, a very hydrated film (70-90%), with low
adsorption near the isoelectric point of the whole gum the adsorption increasing however with ionic strength
in solution. Interestingly, it was observed a slow decrease of the degree of hydration near the isoelectric
point. These results show a relationship between the protein content in AGPs and its adsorption capacity.
Gold surface after adsorption of gums and fractions were characterized by AFM and XPS spectroscopy to
map the film after drying (thickness, structure) and provide chemical information.
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Figure 1. Acacia gums adsorption on gold surface with 10 mM acetate in solution

[1] D. Renard et al, Biomacromolecules, 2006, 7, 2637.
[2] C. Sanchez et al, Food Hydrocolloids, 2018, 78, 140.
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A new approach for the microencapsulation of active ingredients used for the targeted delivery of
functional reagents and its controlled release in the necessary medium is the use of various types of
emulsions stabilized by synthetic and natural systems. Managed delivery means, such as micro- and nano-
capsules, can protect active substances from the effects of the external environment and ensure their
prolonged action.

In this regard, the development of a smart encapsulation technology based on direct, double,

multiple emulsions is interesting. For this it is needed to carry out a study to identify the colloidal chemical
features of the formation of interfacial adsorption layers at the liquid interfaces and to establish the features
of emulsification with synthetic and natural composite materials.
The aim of this work is to study the mixed adsorption layers of emulsion stabilizers (synthetic and natural
systems) at the water / liquid interface. Interfacial tension, dilational rheology of sodium caseinate and its
mixture with xanthan gum were studied. From the obtained features the optimal concentration of studied
objects were determined which further were used for the capsulation of polyphytic oil and Vitamine E by
direct emulsification. The optimal conditions (concentration ratio, pH) were determined. It was shown,
the perspectives such systems as emulsion stabilizers and for the capsulation of active ingredients.
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Biocides are chemical substances that can deter or kill the microorganisms responsible for biofouling. A
bright representative of a new class of "green" biocides, it is possible to name compounds of the
isothiazolinone group and among them, especially 4,5-dichloro-2-n-octyl-4-isotriazolin-3-one (DCOIT).

The main advantages of the biocide DCOIT are of its broad spectrum of antimicrobial activity at
very low concentrations, self-regulation of the concentration in aqueous media due to its poor water
solubility, and rapid biodegradability and therefore low environmental harmfulness.

In this work the properties of nanocontainers with biocide DCOIT, such as size, electrokinetic
potential, polydispersity and the possibilities of using Pickering emulsions in the system
TPM+DCOIT/SiO,were investigated, for the obtaining of organic protective coatings containing containers.

Suspensions of final nanocontainers showed a very high degree of monodispersion.

Due to the fact that the nanocontainer shell was formed partially by hydrophobized silica
nanoparticles, the zeta potential of the final containers had a sufficiently high negative charge at pH=7.

The content of biocide in nanocontainers with included in it DCOIT varied from 10 to 30% by
weight.

The possibility of encapsulating the biocide DCOIT was experimentally established using silica
nanoparticles.

Optimal parameters of the encapsulation process in the TPM + DCOIT/Si0, system were determined
and the composition was determined by conducting a full-scale series of experiments, which provides a
fundamental scientific basis for this technique.

A positive effect of the encapsulation of the biocidal DCOIT in nanocontainers was established,
which was confirmed by statistically reliable tests of biological activity.
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Emulsion is a dispersion of droplets of one fluid in a second fluid. Conventionally, it is formed by
simple mixing of two immiscible fluids and thermodynamically stabilized by surfactant for specific
period. Recently, emulsions with complex geometries including multiple emulsion, Janus emulsion, or
multilayered emulsion have been interested because of their significant potential in many applications
including foods, pharmaceuticals, cosmetics, functional materials, and chemical separation. Contrary
to the tremendous importance, unfortunately, the preparation method remains one of the most challenging
issues from a colloid perspective.

Here, we report that novel scientific finding of generation of complex emulsions based on phase
separation of droplet. The basic principle of phase separation of emulsion droplet can be induced from
mass-transfer of separating agent triggering control of the formation of multiple emulsions in confined
microfluidic system and novel approach generating complex multiple emulsions in a single step
mediates precision control of the size of droplets, efficient encapsulation as well as compartment of active
ingredient into desired position in a emulsions droplet.
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Figure 1. Generation of multiple emulsions from single droplet in a microfluidic channel
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Recently, there has been an increasing interest within the food industry to employ natural ingredients as an
alternative for synthetics due to the consumer demands. Synthetic food preservatives can be potentially
replaced with naturally occurring compounds known as essential oils. In this study, cinnamaldehyde with
outstanding properties such as antimicrobial, antioxidant, and anticancer was utilized to formulate
nanoemulsions with hydrophobically modified inulin (HMI) and the outcomes were compared with a
commonly used Tween 80 surfactant. The cinnamaldehyde oil-in-water nanoemulsions were successfully
produced with no considerable particle size changes during long-term storage (30days) at 20°C. Surprisingly,
the formed nanoemulsions showed no evidence of physiochemical instability when exposed to a very high salt
content (2M) as well as to thermal processing at 90°C for 30min with a constant droplet size (<150nm). Cryo-
SEM confirmed the morphology and droplet size distribution of the fabricated nanoemulsions. Antimicrobial
tests exhibited that only 1-2% of these nanoemulsions was enough to entirely suppress the growth of E.coli
and S. aureus. Agar well diffusion assays presented that these colloidal dispersions were more effective against
S. aureus than E.coli.

The results obtained from this study have invaluable implications for the fabrication of a natural
colloidal dispersion with potential antimicrobial applications in not only food industry, but also
pharmaceuticals and beauty products.
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Figure 1. Droplet size changes of nanoemulsions in the absence and presence of high salt content.

[1] Sedaghat Doost, A., Dewettinck, K., Devlieghere, F., & Van der Meeren, P., Food chemistry, 2018, 258,
237.

[2] Sedaghat Doost, A., Sinnaeve, D., De Neve, L., & Van der Meeren, P., Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2017, 525, 38.
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A system composed of two semi-infinitive bulk phases (air/electrolyte solution) divided by a flat charged surface
is studied. The particular considered surface is modelled as a Langmuir type monolayer consisting of two surface
sub-phases, divided by a circle contact line (see Fig.1). The charge distribution in the liquid phase (gg) as well as
on the surface (gs) is assumed within the framework of the Gouy-Chapman theory. The gas phase is supposed
electro neutral. This system defines a non-trivial 3D-2D-1D boundary value problem, formulated and solved for
a straight line (1D) phase elsewhere [1,2]. The novel element here is that the line phase is a charged circle (rim).
The rim curvature effect includes the appearance of additional potential difference inside/outside the circle.
Basic analytical relations are obtained and evaluated for the surface potential. The role of the potential is
discussed with respect to the bio- membrane pore permeability. Another effect, the so-called Maxwell stress is
analyzed. Special attention is paid on its radial component at the rim. Aside of the mentioned above effects,
some electrical parameters, specific for 2D, 1D phases, are discussed. Such parameters are the respective surface
dielectric constants, g5 (2D) and ¢ (1D). Formally defined within the generalized Maxwell equations, they are
evaluated and shortly discussed as excess quantities (within the framework of Gibbs’ theory).

Line phase (1D): g, = const #0
Gas phase: g, =0, ¢, =1

S8

D

Surface (2D-) phase : g, #0, &, =(40+2)x10°m

Liquid (3D-) phase : g, #0, &, =80

Figure 1. A sketch of the studied system, with all substantial physical parameters.

[1] Radoev, B., Boev, T., Avramov, M., Adv. In Colloid and Interface Sci., 2005, 114-115, 93.
[2] Boev, T. Mathematical models for electrostatics of heterogeneous media, Part 4, 83-100, InTech — ISBN
978-953-51-0239-7 (March, 2012); on line: www.intechopen/books/electrostatics
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A fluorocarbon chain is lower cohesiveness and higher rigidity than hydrocarbon chains. In addition, a
fluorocarbon has hydrophobicity and lipophobicity simultaneously. These properties are useful for
applications in various fields such as biomedical and industry fields [1]. We had already investigated the
binary monolayer properties of the fluorinated compounds and DPPC system [2]. Herein, in this study,
the binary monolayer properties of the fluorinated compounds and 1-palmitoyl-2-[16-fluoropalmitoyl]-
phosphatidylcholine (F-DPPC) were investigated to understand the interaction and an aspect of
biomembrane interaction on their interfacial behaviour.

Partially fluorinated alcohol of (perfluorohexyl)nonanol (F6HOOH), was synthesized [2].
1-palmitoyl-2-[ 16-fluoropalmitoyl]-phosphatidylcholine (F-DPPC) was obtained from Avanti Polar Lipids
(Alabaster, AL). The surface pressure (m—molecular area (A) and surface potential (AV) — A
isotherms were measured for two-component monolayers made of and partially fluorinated alcohol of
(perfluorohexyl) nonanol (F6H9OH) on the substrate solution of 0.15 M NaCl at 298.2 K. The
Wilhelmy method and the ionizing electrode method were used. Brewster angle microscopy (BAM),
fluorescence microscopy (FM) were also employed.

We have investigated that the binary Langmuir monolayers of F-DPPC and F6H9OH behaviour.
The data for the binary system were analysed using an additivity rule. The excess Gibbs free energy of
mixing for the present system were calculated from the m —A isotherms. Two-dimensional phase diagrams
were constructed on the basis of the disordered/ordered phase transition pressure and the monolayer collapse
pressure versus the molar fraction of FOHO9OH. The transition pressures and which allows description
of the collapse pressure of a monolayer made of two miscible components, was used to establish the
miscibility within the monolayer. An interaction parameter and an interaction energy were calculated.
These analyses suggested that the binary F-DPPC/F6H9OH monolayers were miscible with each other.
The phase diagrams of the two systems were classified into the positive azeotropic type. Furthermore,
morphological observations with Brewster angle microscopy (BAM) and fluorescence microscopy (FM)
were carried out to support the binary miscibility. These results suggest that FOH9OH fluidizes F-DPPC
monolayers.

[1] M. P. Krafft, Soft Matter. 2015, 30, 5982.

[2] H. Nakahara, T. Yamada, C. Usui, S. Yokomizo, O. Shibata, In Recent Progress in Colloid and
Surface Chemistry with Biological Applications, ACS Symposium Series, 2015, Vol. 1215, pp1-24,
American Chemical Society: Washington, DC, USA.
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Aromatic polyimides are promising membrane materials for gas separation because of their outstanding gas
separation properties, thermal stability and mechanical properties. Despite their excellent membrane
properties, most existing polyimides containing aromatic backbone are generally insoluble in common
organic casting solvents, leading to restricted membrane modification such as asymmetric membrane and
thin-film composite to give high gas permeation flux. The solubility of aromatic polyimides can be improved
by incorporating alicyclic structure into the aromatic polyimide backbone and by impeding the formation of
intermolecular charge-transfer complex between nitrogen and carbonyl group. Among various alicyclic
dianhydride, 5-(2,5-dioxotetrahydrofuryl)-3-methyl-3-cyclohexene-1,2-dicarboxylic anhydride (DOCDA)
was selected because it is a cheap chemical and can be easily synthesized by Ene Synthesis.In this study, we
synthesized the soluble polyimides that prepared by a one-step thermal imidization process in the presence of
DOCDA and various aromatic diamines. Also, we synthesized DOCDA-based copolyimides by adding
various dianhydrides and diamines with different chemical structure to improve the gas permeation
properties. Thin dense membranes were prepared by solution casting method to investigate their gas
separation properties. All synthesized polyimides were characterized by Fourier transform infrared
spectroscopy (FT-IR) and X-ray diffraction (XRD). The thermal properties of the polyimide membranes
were observed with differential scanning calorimeter (DSC) and thermogravimetric analyser (TGA). The gas
permeabilities and ideal selectivities for H,, CO,, N,, and CH, of the prepared polyimides were tested using a
time-lag based gas permeation apparatus. The gas permeation properties of the polyimide membranes were
measured for six representative gases (H,, CO,, O,, CO, N,, and CH,). The gas permeabilities and
selectivities of polyimide membranes were significantly influenced by the chemical structure of the
diamines, which could be explained reasonably by the kinetic diameter of gases, the fractional free volumes
and d-spacing values of the polyimides. DOCDA-based polyimides also showed very high selectivities for
H,/CH, and CO,/CH, and slightly low permeabilities for H, and CO,, which performances were comparable
to the commercial polyimide materials, P84® and Matrimid® used in gas separation field.

[1] D. FE. Sanders, Z. P. Smith, R. Guo, L. M. Robeson, J. E. McGrath, D. R. Paul, B. D. Freeman,
Polymer, .... ,54,4729.
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Nanocomposite materials based on polytetrafluoroethylene are used for the manufacture of sealing parts in
the friction units of various machines. The main influence on the properties of the polymer matrix is exerted
at the interface between the polymer base and nanomodifier particles, which are often represented by natural
silicates. The modifier undergoes mechanical activation before addition. As a result, different ions are
released into the medium, including magnesium ions, which are capable of electrostatic and donor-acceptor
interaction with other components of the medium. This may be one of the main reasons for the marked
improvement in the properties of composite materials.

The surface properties of the nanomodifier were studied using the example of bentonite. The method
of adsorption from aqueous solutions of methylene blue was used to study the properties of the initial
bentonite (B), the bentonite activated by grinding (B,.) or by the action of hydrochloric acid (B,4). The
methylene blue adsorption isotherms on all samples (fig. 1) correspond to the Langmuir adsorption equation.
The specific surface area of bentonite decreases approximately three times for mechanically activated
bentonite and almost twice for acid activated. It was found that the fraction of the fine suspension in the
aqueous extracts becomes smaller by the acid-activation and even smaller by the mechanically activation of
bentonite. In the latter case, a significant fraction of the fine fraction remains on the walls of the mill. The
loss of fine suspension during acid activation is explained by its washing out during the sample preparation.

The adsorption constant for the activated bentonite samples almost doubles for acid-activated
bentonite and for mechanically activated bentonite. Analysis of aqueous extracts from the samples showed
that the number of mobile magnesium ions increased substantially after activation by both methods (fig.2).
They can form a strong the donor-acceptor bond with extensive conjugated system of electrons of the
methylene blue, as well as the ions of aluminum released during activation.

Thus, the activation of bentonite used as a modifier of polytetrafluoroethylen can lead to an increase in
the interaction of the polymer with the nanoparticles of additive due to the donor-acceptor interaction of
fluorine atoms having unshared electron pairs with the magnesium ions on the surface of the silicate
particles. Even for chloroform, the share of donor-acceptor interaction in the energy of adsorption on
magnesium oxide is as high as 46.7% [1]. Apparently, the same nature of interaction underlies the regulation
of decomposition of polytetrafluoroethylene waste in the presence of oxides and hydroxides of alkaline earth
metals [2]. A refinement of the above assumption can be obtained only after studying the adsorption on
bentonite samples of fluorine-containing hydrocarbons from their solutions in an indifferent organic solvent.
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Figure 1. Isotherms for the adsorption of methylene  Figure 2. The contents of exchangeable cations in
blue on bentonite initial (B) and activated aqueous extracts from bentonite samples: B,
mechanically (B,.) or by the action of acid (B,.;4) activated (B,) and (B,q). Solid:liquid = 1:10.

[1] Lanin S. N., Kovaleva N. V., Zung F. T., Lanina K. S., Moscow University Chem. Bull., 2008, 49, 300.

[2] Vnutskyh Zh. A. Interaction of polytetrafluoroethylene with oxides and hydroxides of alkaline earth
metals. PhD Thesis Abstract, 2000, 20 p. Perm State University, Perm, RF.
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Ice is an important component of the natural environment. In natural conditions, its presence is due to
negative temperatures existing in the moisture-containing systems. Ice is present as inclusions in permafrost
rocks or an independent component in glacial systems. Soluble indicator chemicals move to the surface from
different depths in permafrost due to migration through unfrozen water films. Taking into account the
composition of permafrost, it is possible to distinguish water films that exist due to the adsorption properties
of mineral and organic rock components and the so-called quasi-liquid films on the surface of ice inclusions.
If a noticeable degree of salinity is, unfrozen films can include a layer of a bulk aqueous solution substances.

Until quite recently, the quasi-liquid film of ice was envisaged to be a unique phase state of water,
which could only exist in the presence of a volume ice phase, therefore it was called non-autonomous. To
estimate its influence on migration processes, it was necessary to study the physico-chemical properties of
the film. By sorption from solutions in hydrophobic solvents, it was established that organic substances
(methanol, ethanol, carboxylic acids with the low molecular weight) having a high partition coefficient
between water and the phase of the organic solvent pass into the quasi-liquid film from the solution [1].

The presence of a transition layer was also established at the ice-water interface when studying
sorption molybdate anions from an aqueous solution [2]. They are indicators of the behavior of a quasi-liquid
ice film under changing conditions. The addition of a magnesium salt facilitated the sorption of molybdate
anions [3, 4], while the addition of ethanol lowered it [4]. In the latter case, the authors hypothesized the
influence of the hydrophobic part of the alcohol molecule on the "strengthening" of the water structure in the
film, as well as the adsorption of polar molecules of ethanol on the surface of ice particles. The latter was
confirmed by the aggregation of ice particles in aqueous solution if ethanol was added. The assumption of
such behavior in a system of organic matter with polar molecules required experimental verification.

Acetic and chloroacetic acids were selected for sorption experiments. Three sections are evident on the
isotherms of sorption of these acids (fig. 1). The first, similar to experiments with solutions in hydrophobic
solvents, should be associated with the transition of acid molecules from the aqueous solution into a quasi-
liquid film of ice. The subsequent increase in sorption may be due to the thickening of the transition film due
to the additional melting of the layers of the solid phase of ice adjacent to the quasi-liquid film. If the acid
concentration increases further, the acid molecules are adsorbed on the surface of the ice particles. The
difference in adsorption isotherms for two acids can be due to their different relation both to the components
of the solution and to the quasi-liquid film itself.
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Figure 1. Sorption (S) of acetic (a) and chloroacetic (b) acids on the surface of dispersed ice from aqueous
solutions with KCl at -4 (a) and -4.2 °C (b).

[1] Nechaev N. A., Fedoseeva V. 1., Fedoseev N. F., Zhurn. Fizich. Khim., 1981, 55, 1822.
[2] Fedoseeva V. 1., Fedoseev N. F., Colloid.J., 2010,72, 583.

[3] Fedoseeva V. 1., Fedoseev N. F., Burnasheva M. P., Colloid.J., 2015,77, 821.

[4] Fedoseeva V. L., Fedoseev N. F., Burnasheva M. P., Earth’s Cryosphere, 2018, 1, 27.
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Dry mouth is a common but often overlooked condition. Dry mouth is due to systemic and chronic diseases
such as Sjegren’s syndrome and radiation towards the head and the neck region. Last but not least, dry mouth
is a common side-effect of many different medications [1]. Taking into account the increasing amount of
elderly in the population, problems related to dry mouth is likely to explode in the future. Dry mouth is not a
dangerous disease in itself, but can lead to both painful and more serious diseases such as wounds, fungal
infections, dental caries and erosion of the teeth. People diagnosed with dry mouth are likely to have
problems with eating and swallowing. In addition dry mouth gives a considerably reduced quality of life.

One of the most important aspects of having good oral health is saliva. Saliva is composed of 99%
water and 1% of inorganic and organic constituents. In saliva, micelle-like globules of proteins can be found,
with a size of 50 nm — 1 pm. These micelles form the acquired enamel pellicle at the teeth and are also
lubricating the oral cavity. Liposomes are spherical entities in the same size area as the micelles of saliva.
Liposomes could have a potential as a salivary substitute, acting by a biomimetic approach. In order to
increase the bioadhesive properties of the liposomes, the liposomes can be coated with a biopolymer.

In this study liposomes (from Egg PC or Soy PC combined with Egg PG or DOTAP) were prepared
by the thin film method and extruded 200 nm. The hydration medium used was 5 mM phosphate buffer pH
6.8. The liposomes were coated with 0.1 wt % alginate, low methoxylated pectin or chitosan. The size and
the charge of the prepared formulations were characterized according to size, polydispersity index (PDI) and
charge.

The formulations were investigated with respect to the interaction with artificial saliva and the
adhesive properties towards hydroxyapatite (a model substance of the teeth) and towards mucous producing
cells. In addition the lubricating properties and the toxicity towards buccal cells (TR146 cells) and mucous
producing cells (HT29-MTX) were studied. Finally, the water adsorption/desorption properties by the use of
dynamic vapour sorption measurements (DVS measurements) were investigated.

The study showed that stable polymer coated liposomes could be prepared [2]. This was verified by an
increase in size and a shift in the zeta potential. The coating process seemed to be driven by electrostatic
deposition. Some of the formulations showed strong interaction with artificial saliva and also adhesion to
both hydroxyapatite and the mucous producing cells [3]. These interactions were mainly dependant of the
charge of the formulation itself. The formulations with positive charge interacted strongest. However, also
the formulations with a negative charge interacted to some degree. Interestingly, some of the formulations
had lubricating properties (preliminary data). Almost all the investigated formulations tended to be non-toxic
towards the two types of cells investigated. The water adsorption/desorption properties of the formulations
revealed results of great interest. The polymer coated liposomes turned out to adsorb more water than both
the uncoated liposomes and the biopolymers dissolved in phosphate buffer [4].

This study has shown that liposomes and polymer coated liposomes may have great potential in
improving oral health, and in special, improving the oral condition of dry mouth patients.

Acknowledgements: The author would like to thank The Research Council of Norway Grant 231324/F20
for financial support.
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Nanomedicine has become one of the most exciting challenges of the present century with peculiar attention
to innovative nanocarriers for the drug delivery of specific biomacromolecules, such as anticancer proteins,
antibacteria peptides and peculiar polysaccharides used to address specific molecular recognition. However
proteins and peptides need a stealth carrier to improve their self-life in biological fluids. Due to their good
biocompatibility and possibility of functionalisation, ordered mesoporous silica nanoparticles (MSN) are
receiving great attention as drug depot carriers. Here an overview of recent results related to preparation,
drug loading and stability of functionalised MSN in the presence of physiological fluids will be presented [1-
8]. It will be shown that electrostatic interactions, ionic strength and specific ions effects at the functionalised
MSN charged surfaces address the stability of the system and the cell internalization. Results related to the
use of the biopolymers hyaluronic acid and chitosan as stimuli-responsive agents, and the proteins lysozyme
and bovine serum albumin as an antibacteria model protein and an important component of serum,
respectively, will be discussed. Besides the usual characterizations through SAXS, DLS and Zeta potential,
TEM image techniques, based on different strategies to prepare the samples, were used to give evidence of
the protein location inside or at the surface of the MSN, whereas fluorescence confocal microscopy and
TEM allowed to investigate the biocompatibility and the role of the biopolymers on the internalization into
different kinds of cells (see Fig. 1).

> a 0
Figure 1. (a)-(b) Loading and functionalization of MSN; (c) TEM image of proteins in the MSN pores; (d)
Internalization of functionalised MSN.
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The advances in PCR sequencing techniques have facilitated the discovery of noncoding nucleic acids, such
as microRNAs (miRNAS), that are being used as biomarkers for cancer or viral infections facilitating their
early diagnostics [1,2]. However, proper diagnosis of disease requires the analysis of multiple sequences
(multiplexing) by gRT-PCR. This type of sequencing is valid only in wealthy regions since these techniques
require specific labs, trained personnel, and expensive reagents. In this work, we report the application of
upconverting nanoparticles (UCNP), made of NaYF,Yb*:Er*, for the development of a novel
oligonucleotides detection technique that could overcome some of the aforementioned drawbacks. We have
developed two different methods able to detect picomolar concentrations of specific oligonucleotides.

The first method is based on a homogenous assay that uses fluorescence resonance energy transfer
(FRET) between the UCNP and graphene oxide (GO). In this case, monodisperse UCNPs were
functionalized with single strand DNA (ssDNA) that allows the interaction between the nucleobases of the
DNA and the GO inducing luminescence quenching due to the FRET between the donor UCNP and acceptor
GO. The presence of the complementary DNA provokes the hybridization and the formation of double strand
DNA that does not interact with the GO surface reducing the luminescence quenching.

The second method is based on a heterogeneous assay with high specificity for the detection of
miRNA that is expressed during the infection of dengue fever. On this occasion, the UCNP is functionalized
with a ssDNA that contains an azide group. In the presence of a specific target sequence, inter-strand ligation
is possible via a click-reaction between the azide of the UCNP probe and dibenzo-cyclooctyne (DBCO)-
ssDNA- biotin probe present in the solution. As a result of this specific and selective process, biotin is
covalently attached to the surface of the UCNP. The biotin presence allows the selective capture on a
streptavidin-coated support, giving a luminescent signal proportional to the amount of complementary
miRNA present in the sample. The limit of detection (LOD) of this technique allows its direct comparison
with a PCR technique with a LOD of 10" moles [3].

Acknowledgements: We acknowledge the Spanish MINECO MAT2014-55065R and MAT2017-83111R
for the support, Comunidad de Madrid B2017/BMD-3867, and Santander-UCM PR26/16-12B-3.
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Nanoparticles and liposomes are used as versatile drug nanocarriers. Upon injection into the bloodstream a
protein layer will immediately coat the nanocarrier surface forming the so-called protein corona. This
alteration of the nanocarrier surface chemistry can induce changes of the drug carrier properties and interfere
with the carrier’s targeting mechanism. In order to prevent this non-specific protein adsorption, drug
nanocarriers are often coated with protein repelling polymers. By far the most widely used protein repelling
polymer is poly(ethylene glycol) (PEG), but new and more biodegradable non-fouling polymers have been
recently proposed. It has also been shown that the adsorption of certain proteins can be beneficial and
promote specific cellular uptake.

A deeper understanding of protein adsorption to surfaces modified with non-fouling polymers is
therefore desirable to control the protein corona composition and possibly its orientation and determine how
these polymers interact with the proteins. We use monolayers at the air/water interface as model systems for
differently functionalized surfaces. We study the influence of interaction between the polymer and the
proteins by means of surface sensitive vibrational sum-frequency generation (SFG) spectroscopy to probe
the polymer/water and the protein/polymer interaction. Our results on PEG suggest that, for certain proteins,
the PEG density not only influences the amount of adsorbed protein but also the ordering at the surface [1]
while for other new non-fouling polymers the interactions seem altoghether more complex [2]. These
findings will help in designing new polymers for biomedical applications.

\
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Figure 1. Interaction of Blood Proteins with non-fouling polymeric surfaces.
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Theranostic multimodal nanoparticles (TNs) have been synthesized and characterized to obtain effective and
selective vehicles that combine therapeutic and diagnostic capability. In particular superparamagnetic iron-
oxide nanoparticles (SPIONs) have been exploited as magnetic resonance contrast agents for biomedical
imaging. Besides their intrinsic physico-chemical properties, such nanoparticles (NPs) are valuable platforms
able, when suitably functionalized, to deliver imaging and/or therapeutic agents in a selective way to a
cellular target. Here, FesO, NPs have been decorated with hydrofobically-modified molecules in order to
address additional tasks: probes for positron emission tomography/computed tomography (PET/CT),
anticancer agents. Recently, we optimized a versatile functionalization strategy based on decorating NP
surface with biocompatible amphiphililes, such as lisophosphocholines, through hydrophobic interaction [1].
In principle, the method allows amphiphilic molecules with different functions to be easily lodged in the
lipid layer. For the PET/CT applications, the surface of both NPs have been functionalized with suitably
designed amphiphilic NOTA derivatives as chelating agents for 68Ga complexation. The anticancer activity
have been achieved using the amphiphilic Ru(lll) complex-based molecules we have recently synthesized
and proved to have high antiproliferative activity against several tumor cells through tests in vitro [2].
Aptamers, short single-stranded oligonucleotides, and peptides have been used as targeting molecules able to
recognize tumor markers specifically, discriminating between health and sick cells, to overcome the severe
issue of the lack of selectivity of the typical agents for cancer treatment and diagnosis. We have focused on
oligonucleotide sequences bearing a hydrophobic tail in 3’ or 5’ position, which should be lodged in the lipid
shell of NPs. An anti-VEGF DNA aptamer known to adopt a G-quadruplex structure since VEGF, being
involved in the development and progression of several cancers, have been exploited both in diagnostics and
as a drug target. Here we will present a comprehensive work from the design and physico-chemical
characterization to the in vivo applications [3].
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Controlled drug delivery is one of the major research topics in the pharmaceutical field. Drug delivery
through the skin is one of the preferred routes of administration for animal health. Depending on the drug to
be delivered to the animal, either topical (minimal transversal diffusion) or systemic (transdermal diffusion)
delivery pathway must be privileged. Formulation must then be adapted to each drug in order to control and
select the skin penetration pathway.

Among all the possible drug delivery systems, liposomes have been highly developed because of their
lipid-based composition which makes them biocompatible. The barrier nature of the skin makes it difficult
for most drugs to penetrate by this route and liposomes have been shown to improve delivery through the
skin [1]. However, many questions remain to be answered on the mechanism of action of these vesicular
formulations [2-3] notably because the comparison between the different published studies is hardly feasible.
It is indeed admitted that three parameters play a major role in liposomes diffusion through the skin: their
size, their surface charge and their elasticity. In most studies, all three parameters are varied at the same time
thus no conclusion on the real impact of each parameter can be drawn [4].

We propose here to analyse the influence of each individual parameter on the penetration of drug-
loaded liposomes. Onion-type liposomes were chosen for drug encapsulation. Their multi-lamellar structure,
succession of concentric phospholipid bilayers alternating with aqueous layers, allows the encapsulation of
both hydrophilic and hydrophobic drugs, and also high storage ability [5]. Moreover, as will be shown, the
key parameters can be independently controlled by vesicle composition. Dinotefuran, an insecticide of the
neonicotinoid class, was chosen as the model drug. For ethical, practical and economic reasons, artificial
membranes are used as a simple and reproducible alternative to animal skin. The in vitro penetration kinetics
of onions differing in their formulations is followed using a non-invasive optical technigue: confocal Raman
microscopy (Figure 1). Conclusions on the importance of each parameter will be given from the comparisons
of penetration depth profiles.

Figure 1. Imaging of onion-type liposomes (pink colour) diffusion front through artificial skin membrane by
confocal Raman microscopy.
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Fabry disease is a lysosomal storage disorder, where a mutation in the a-Galactosidase A (GLA) gene causes
accumulation of glycosphingolipids leading to damage of the kidneys, heart and nervous system. The disease
is currently treated by intravenously injection of free GLA in the patient causing instability of GLA, high
immunogenicity, low bioavailability and in the end high medicine prices. To overcome this, the first steps to
develop liposomes that can encapsulate GLA and improve the performance has been begun. More work with
the liposomes is necessary and currently being done to archive perfect control of the assembly process and
even better performance. The liposomes can be formed of several different components that can alter the
size, polydispersity and structure of the liposomes, and characterization of different formulations is therefore
important in the improvement of the liposomal formulations. We have used small-angle X-ray scattering
(SAXS) to get structural information of the system in presence of different liposomal components. We use a
para crystalline model [1] with a finite number of layers and disorder between layers, with a set of Gaussians
to describe the cross-section profile of the lipid bilayer. Scattering from GLA contributes to the total signal
and is in the model added to the scattering from the bilayers, so that an estimate of the amount of GLA can
be obtained. With our model, we can track GLA in the liposomes as well as changes in bilayer thickness,
amount of multi-lamellar structures and bilayer ordering. With cryo-TEM, we can get an estimate of the
number of bilayers which correlates well with the number obtained with SAXS and at the same time the
GLA concentrations determined with SAXS fits well with the absolute GLA concentrations. Increasing
distance between layers correlates well with incorporation of larger molecules and generally the model
parameters fits well with those found with other techniques. Overall, the SAXS data can give us a lot of
information on the structure, composition and polydispersity of the liposomes. To complement SAXS we
used static and dynamic light scattering to obtain information on the size and polydispersity of the samples.
This information was used for the SAXS model as well as for characterization of the homogeneity of the
samples. All this information is an important step for further development of new liposomal drug
formulations and will help in the design of new liposomes with desirable characteristics which in turn might
help improving the treatment of Fabry Disease and other diseases were liposomal drug delivery can improve
treatment.
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Figure 1. Small-angle X-ray scattering data of a liposomal drug formulation and a model fit
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In the field of nanomedicine, colloidal nanocarriers receive increasing attention to be developed for
applications in diagnostics and therapy. It is now well accepted that those developed nanocarriers systems
need to be well characterized in biological media in order to assess their biological fate after administration
to an organism. In this regard, the so-called ‘protein corona’ that forms when blood proteins adsorb onto
nanocarriers surfaces has received much attention [1]. Interestingly, in the protein corona of many different
colloidal nanocarrier systems a significant amount of apolipoproteins was found and their concentration was
enriched in comparison to blood levels [2,3]. However, the reason for this enrichment has not been
understood yet. Therefore, we aimed at getting further insight into the interaction mechanisms between
lipoproteins, which present the natural occurring form of apolipoproteins, and model nanoparticles.

In this study, we analysed the formation of a corona after incubation of polystyrene nanoparticles with
different types of lipoproteins (high density lipoproteins — HDL, low density lipoproteins — LDL and very
low density lipoproteins — VLDL) as well as the complex blood plasma mixture [4]. For detailed
characterization, isothermal titration calorimetry (ITC), liquid chromatography-mass spectrometry (LC-MS),
cholesterol and protein assays and transmission electron microscopy (TEM) were applied. It was found that
indeed complete lipoproteins interacted with the nanoparticle surface and this interaction was not purely
driven by the adsorption of apolipoproteins. From ITC and TEM it was concluded that lipoproteins
disintegrated upon surface contact and the lipoprotein molecules (such as lipids, cholesterol, triglycerides
etc.) formed a layer around the nanoparticles until saturation was reached. This was supported by the fact
that significant amounts of cholesterol and cholesterol esters were found in the corona, even in concentrated
plasma where additionally a high amount of proteins was present.

In conclusion, we can support the idea of a ‘biomolecule corona’ formation — a term that recently
came up in literature — rather than a pure ‘protein corona’. Regarding the design of such nanocarriers
surfaces this implies that many more factors need to be taken into account to achieve a controlled behaviour
in a biological environment.

-

Figure 1. Schematic illustration of lipoprotein-nanoparticle interaction: Lipoproteins disintegrate and lipids
cover the nanoparticle surface.

[1] I. Lynch, K. A. Dawson, Nano Letters, 2008, 3, 40.

[2] S. Tenzer, D. Docter, J. Kuharev et al., Nature Nanotechnology, 2013, 8, 772.
[3] S. Schéttler, G. Becker, S. Winzen et al., Nature Nanotechnology, 2016, 11, 372.
[4] J. Miiller, D. Prozeller, A. Ghazaryan et al., Acta Biomaterialia, 2018, in press.
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Membrane interactions are critical for the successful use of inorganic nanoparticles as antimicrobial agents
and as carriers of, or co-actives with, antimicrobial peptides (AMPS). In order to contribute to an increased
understanding of these, we investigated the effects of particle size and charge on nanoclay interactions with
both bacteria-mimicking, mammalian-mimicking lipid membranes as well as Gram-negative and Gram-
positive bacteria.

The first project focused on cationic charged layered double hydroxide nanoparticles (LDH) and the
effect of particles size (42-208 nm) [1]. It was found that with decreasing particle size increased binding to
bacteria-mimicking membranes, extractions of anionic lipids and resulting membrane destabilization was
seen. This also translated into size-dependent synergetic effects with the antimicrobial peptide LL-37. Due to
possible strong interactions with anionic lipopolysaccharide and peptidoglycan layers, direct membrane
disruption of both Gram-negative and Gram-positive bacteria is suppressed. However, LDH nanoparticles
cause size-dependent charge reversal and resulting flocculation of both liposomes and bacteria, which may
provide a mechanism for bacterial confinement or clearance.

A follow up study on nanoclays was conducted focusing on the membrane interactions of anionic
charged laponite nanoparticle in the absence and presence of LL-37. Because of the net negative charge of
laponite nanoparticles, LL-37 loading capacity increases with increasing charge contrast. Peptide binding to
laponite nanoparticles was demonstrated to occur primarily at the outer surface of the nanoparticles in a
largely helical conformation, causing charge reversal, effects again increasing with pH.

Bare as well as peptide-loaded laponite nanoparticles caused bacteria flocculation of E. coli,
originating from the interaction of laponite with bacterial lipopolysaccharide (LPS), present in the outer E.
coli membrane. This effect seems to be limited to Gram-negative bacteria as laponite did not cause
flocculation of Bacillus subtilis (B. subtilis), nor did it bind to lipoteichoic acid in such bacterial membranes.

As such, the present investigation reports on several novel phenomena by demonstrating that size of
the nanoparticle, in this case of LDH nanoparticles, affects membrane interactions and that nanoparticle
charge does not invariably control membrane destabilization and bacteria flocculation, by identifying the
ability of anionic laponite nanoparticles to effectively flocculate Gram-negative bacteria through LPS
binding, the latter offering a promising approach for confinement of infection and inflammation caused by
such pathogens.

[1] S. Malekkhaiat Héffner, L. Nystrom, R. Nordstrom, Z. P. Xu, M. Davoudi, A. Schmidtchen, M.
Malmsten, Phys. Chem. Chem. Phys., 2017, 19, 23832.
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In the last few years, it has been discovered that the majority of eukaryotic and prokaryotic cells release
small lipid vesicles. These vesicles, generally called micro-vesicles or exosomes, are becoming the object of
a great scientific interest, because of their role as carrier of information about progenitor cells, through their
cargo of proteins and nucleic acids and the biochemical composition of their membrane [1]. Here we present
a study of the temperature-induced phase transitions in the membrane of bacterial Outer-Membrane-Vesicles
(OMVs). In particular, we study the OMVs produced by Escherichia Coli because they are considered a
model system for biological studies. Indeed, as known from the literature [2], Escherichia Coli membrane
presents different temperature phase transitions due to structural changes in the organization of the lipid
bilayer. In our study, we have studied the phase transition behaviour of the OMVs membrane by Light
Scattering measurements at varying temperature [3]. OMVs were characterized by the presence of phase
transitions similar to those revealed for E. Coli membrane but occurring at slightly different temperatures. In
order to better understand the membrane behaviour at the transition temperature, SAXS measurements have
been made and will be analysed in the next future.
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Figure 1: Light scattered intensity as function of temperature. For both increasing (red) and decreasing
(blue) temperature it is clear that a membrane phase transition occurs.

[1] A. V. Vlassov et al., Biochimica et Biophysica Acta, 2012, 1820, 940.
[2] H. Trauble et al., Biochimica et Biophysica Acta, 1973, 307, 491.
[3] N. Michel et al., Chemistry and Physics of lipids, 2006, 139, 11.

113


mailto:angelo.sarra@uniroma3.it

OP2.6

pH-responsive mesoporous silica nanoparticles dual-modified with
“gatekeeper” biopolymers for drug delivery

A. Zou', V.M. Garamus®

'Shanghai Key Laboratory of Functional Materials Chemistry, State Key Laboratory of Bioreactor
Engineering, East China University of Science and Technology, Shanghai 200237, P.R. China
’Helmholtz-Zentrum Geesthacht: Centre for Materials and Coast Research, Institute of Materials Research,
Max-Planck-Str. 1, D-21502 Geesthacht, Germany

Presenting author email: vasyl.haramus@hzg.de

Advance drug delivery carriers with potential of personalized medicine include stealth and targeting
components. Building up of such functionalized components is realized via specific coating. Promising
design (Scheme 1) of a long-circulating, highly dispersed and pH-sensitive mesoporous silica nanoparticles
(MSNs) carrier includes the surface modification with polymers: polydopamine (PDA) and polyethylene
glycol (PEG) i.e. MSNs@PDA-PEG nanoparticles [1].

Small angle X-ray scattering (SAXS) and transmission electron microscopy (TEM) measurements
confirmed that the MSNs of hexagonal structure with the layer of PDA and PEG of thickness ~ 20 nm can be
successfully prepared. Bovine serum albumin (BSA) adsorption experiments showed that less protein was
absorbed to MSNs@PDA-PEG nanoparticles after the anchoring of PEG, which supports the stealth
properties of prepared carriers. Doxorubicin hydrochloride (DOX) was used as model drugs to be
encapsulated into  MSNs@PDA-PEG  nanoparticles (DOX/MSNs@PDA-PEG  nanoparticles).
DOX/MSNs@PDA-PEG nanoparticles exhibits proper entrapment efficiency and drug loading up to 94.2%
and 31.4%, respectively. The in vitro release profile of DOX/MSNs@PDA-PEG nanoparticles exhibited pH-
responsive and gradual drug release. Cytotoxicity assay showed that DOX/MSNs@PDA-PEG nanoparticles
had comparable cytotoxicity to A549 cells compared to pure DOX. The intracellular distribution of
DOX/MSNs@PDA-PEG nanoparticles was displayed by using confocal laser scanning microscope. It points
that PDA and PEG can play “gatekeeper” and stealth roles for MSNs as promising nanocarriers for cancer
treatment.
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Figure 1. The preparation process of MSNs@PDA-PEG and DOX/MSNs@PDA-PEG nanoparticles.

[1] X. Li, V. M. Garamus, N. Li, Y. Gong, Z. Zhe, Z. Tian, A. Zou, Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2018, doi.org/10.1016/j.colsurfa.2018.03.047.
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The development of nanovehicles for intracellular drug delivery is strongly bound to the understating and
control of cellular uptake mechanisms. We have recently demonstrated that the cellular uptake of block
copolymer nanoparticles is substantially influenced by the length (or molecular weight) of PEO stabilizing
shells and by the chemical nature of the hydrophobic core. [1] We further focused on the cellular uptake of
block copolymer assemblies consisting of a pH-responsive poly[2-(diisopropylamino)ethyl methacrylate]
(PDPA) core stabilized by three different biocompatible hydrophilic shells: zwitterionic type poly(2-
methacryloyloxyethyl phosphorylcholine) (PMPC), highly hydrated poly(ethylene oxide) (PEO) and an also
proven non-toxic and non-immunogenic poly(N-(2-hydroxypropyl)methacrylamide) (PHPMA). All particles
had a spherical core-shell structure. The largest particles with the thickest hydrophilic stabilizing shell
obtained from PMPC,q-b-PDPA; were internalized to higher level than those smaller in size and stabilized
by PEO or PHPMA and produced from PEO;,-b-PDPA,; or PHPMAg,-b-PDPA,,, respectively. Such a
behavior was confirmed among different cell lines with assemblies being internalized to a higher degree in
cancer (HelLa) as compared to healthy (Telo-RF) cells. The behavior was attributed to the preferred affinity
of PMPC to cell membranes and particularly to scavenger receptors.[2] Therefore, cellular uptake of
nanoparticles at the sub-100 nm size range may be governed by the chemical nature of the stabilizing layer
rather than particles size and/or shell thickness.
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Figure 1. The flow cytometry and fluorescence microscopy data demonstrate that the PMPC 4-b-PDPA;q
nanoparticles are internalized to higher extent as compared to PEO;,,-b-PDPA43 or PHPMAG,-b-PDPA.,.

Acknowledgements: These investigations were sponsored by FAPESP (Grant 2017/00459-4). C.E.C thanks
the fellowship granted by FAPESP (2015/24686-4).

[1] de Castro, C. E. et al., Macromolecular Bioscience, 2016, 16, 1643.
[2] de Castro, C. E. et al., Langmuir, 2018, 34, 2180.
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The preparation of silver nanoparticle layers characterized by controlled coverage, structure, stability and
surface charge is in the centre of scientists dealing with nanomaterials. Taking into account biological
applications, one should remember that highly dense nanoparticle coatings gradually released silver
nanoparticles and ions are more efficient in the prevention of the development of pathogens. It was proven
that the toxicity of positively charged nanoparticles is larger than that of negatively charged particles due to
attractive electrostatic interactions with phospholipid cell membranes of microorganisms. Considering the
deficit of reliable experimental data the aim of this work was to develop robust methods for preparing
monolayers of positively charged silver nanoparticles applying the colloidal self-assembly process.

Cysteine-functionalized silver nanoparticles of an average size of 22+4 nm (DLS, TEM), applied in
the studies, were synthesized in chemical reduction method using sodium borohydride and silver nitrate. The
functionalization of nanoparticle surface by cysteine was confirmed by surface enhanced Raman
spectroscopy (SERS) and inductively coupled plasma optical emission spectrometry (ICP-OES). The
electrophoretic mobility measurements allowed to determine the isoelectric point of nanoparticles, which
appeared at pH 5.1.

Deposition mechanisms of nanoparticles on bare and polyelectrolyte-modified substrates (mica, silica)
was investigated by atomic force microscopy (AFM), scanning electron microscopy (SEM) and streaming
potential measurements (SP).The influence of ionic strength and pH was studied in detail. It was found that
that the diffusion-controlled deposition of nanoparticles on bare silica at acidic conditions allowed to obtain
positively charged silver monolayers of coverage up to 34%. The negatively charged monolayers of coverage
up to 30% were formed at basic conditions on poly(allylamine chloride) (PAH) or
poly(diallyldimethylammonium chloride) (PDADMAC) modified surfaces. The density and structure of
monolayers were tuned by changing ionic strength of silver suspensions used in deposition experiments.
Additionally, the streaming potential measurements allowed to determine the acid-base characteristics and
the stability of silver nanoparticle monolayers. The desorption of nanoparticles from the monolayers was
noted for ionic strength above 10 M. Also the influence of pH on the desorption kinetics of nanoparticles
was quantitatively evaluated. Using the random sequential adsorption model (RSA) and 3D electrokinetic
model for the interpretation of experimental data, the equilibrium adsorption constant and binding energies
between the nanoparticles and surfaces were calculated.
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Figure 1.pH-dependent deposition mechanisms of cysteine-functionalized silver nanoparticles.
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One of the most important problems for treatment of severe neurological diseases is the delivery of drugs to
the central nervous system (CNS) due to inability of certain molecules to pass through the blood-brain barrier
(BBB). To overcome this problem different colloid nanocarriers can be used. The encapsulation of drugs into
nanocontainers improves bioavailability, reduces administered doses, insures prolonged release, and
facilitates delivery to targets.

The treatment of acute organophosphorus poisoning consists of administering a combination of
acetylcholinesterase (AChE) reactivator (quaternary oximes), atropine as anticholinergic drug, and an
anticonvulsant to prevent irreversible brain damage [1]. However, current quaternary oximes are unable to
reactivate phosphylated AChE in the CNS because they do not cross significantly the BBB [2]. Strategies for
designing nanocarriers for drug delivery to the CNS and screening for BBB permeability showed that
nanoparticles based on natural and biodegradable materials are promising. Lipid nanoparticles are
biocompatible and biodegradable and have very low toxicity, thereby fulfilling the requirements of
preclinical safety [3].

We report the preparation of pralidoxime chloride (2-PAM)- and a new efficient hydrophobic
uncharged 3- hydroxy-2-pyridine aldoxime-loaded solid lipid nanoparticles. These encapsulated oximes are
suitable for intravenous (iv) administration, and in vivo efficient therapy of rats poisoned by paraoxon. To
realize the potential of combination therapy, design of formulation delivery systems for delivery of two
oximes with different physiochemical properties was investigated. Several tasks were solved: i) overcoming
BBB for 2- PAM and its reactivating action of brain AChE; ii) increasing the bioavailability (solubility) of 3-
hydroxy-2- pyridine aldoxime; iii) to achieve sequential release of both oxime and prolongation of the time
window of oxime therapy.

In addition, new mixed cationic liposomes based on L-a-phosphatidylcholine and cationic surfactant
administered via the intranasal route were found to overcome the BBB, allowing oximes to reach directly
central AChEs. This last approach provides evidence that reactivation of central AChEs can be achieved by a
non-invasive approach.

Acknowledgements: The work was supported by Russian Science Foundation, grant No. 14-50-00014.
[1] R.C. Gupta, Handbook of toxicology of chemical warfare agents, 2015, Academic Press-Elsevier,
Amsterdam.

[2] P. Masson, Phosphorus. Sulfur Silicon Relat. Elem., 2016, 191, 1433.
[3] S. Doktorovova, A.B. Kovacevi¢, M.L. Garcia, E.B. Souto, Eur. J. Pharm. Biopharm., 2016, 108, 235.
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Understanding the selective permeability of biological membranes is important when designing novel
molecules for a wide variety of applications. Examples of these molecules are penetration enhancers such as
sucrose monolaurate (SML), a chemical that interferes with the integrity of the stratum corneum of the skin.
Experimental studies using quartz crystal microbalance suggest that adding sucrose monolaurate to a model
bilayer of DOPC and DOPS will lead to spontaneous membrane disruption [1]. An understanding of the
mechanism and factors underpinning the observed membrane disruption process will help us design better
functioning formulations with SML for potential applications in drug delivery and consumer care. In this
talk, molecular dynamics simulations of the interactions between SML and a model membrane bilayer will
be presented. We used the CHARMMS36 [2] family of force fields to develop the parameters for sucrose
monolaurate with the initial atom typing performed using ParamChem [3,4]. Our model membrane was
constructed using the portal CHARMM-GUI. Simulations were performed using Gromacs [5]. The results of
our simulations indicate the SML parameters we developed adequately describe the behaviour of SML
molecules in an aqueous solution. SML molecules would transiently insert into the model membrane and
leaving it, which is in good agreement with experimental data [1]. We have also considered the interactions
of SML micelles with the model membrane to simulate concentrations above CMC. Our simulations shed
lights on how the membrane integrity can be affected by the presence of SML.

FEA R A

Figure 1. SML micelle interacting with model membrane.
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Pathogenic bacteria cause millions of infections annually and billions of dollars are spent on decontamination
of equipment and cleaning of tubes, pipes or ship hulls. Biofilm formation is battled with antibiotics,
biocides or specific surface modification. However, proven toxicity and increasing resistance of bacteria
raises the issue how to prevent adhesion of bacteria to surfaces [1]. Superhydrophobic surfaces have been
proposed to delay biofilm formation [2]. Their efficiency was related to the reduced anchoring area caused
by entrapped air. Here we challenge this assumption by testing the adhesion of E. coli bacteria to surfaces of
different topography and wettability. Surprisingly, surface topography can outweigh wettability. An irregular
three-dimensional layer of silicone nanofilaments suppresses bacterial adhesion, both, in the presence and
absence of an air cushion. Our results suggest that every 3D topography will delay biofilm formation, (i) if
bacteria do not fit into the pores of the coating or (ii) if bending of the bacteria is required to adhere [3].
Thus, such a 3D topography offers a hitherto underestimated possibility to design antibacterial surfaces
which do not require biocides or antibiotics.
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Figure 1. To design surfaces that suppress biofilm formation, we investigated surfaces of different
topography and wettability. Surprisingly, surface topography can outweigh wettability. Surfaces, including
superhydrophobic surfaces, suppress biofilm formation if their 3D topography and characteristic length
scales require that bacteria need to bend. The presence of an air cushion is of minor importance.

Acknowledgements: D.V., P.B. like to thank the European Union’s Horizon 2020 research and innovation
program LubISS No 722497.
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Dispersions of glycerol monooleate (GMO) in water, so called cubosomes, have a self-assembled self-
assembled bicontinuous cubic structure in their interior. The low-viscous cubomoses are formed by use of a
suitable dispersion methods and stabilizing agents from the highly viscous bulk liquid crystalline phase.
They have the capacity of carrying both hydrophilic, lipophilic as well as amphiphilic molecules. These
colloids can form an ideal carrier system for molecules such as antibacterial peptides (AMPs), keeping them
in a solubilized state in water and even protecting them against degradation in the biological environment [1,
2].

Here, we report the preparation and characterization of GMO-peptide self-assemblies based on the
interaction of cubosomes and the amphiphilic a-helical AMP LL-37, a host defense peptide that is found in
humans. Small angle X-ray scattering (SAXS), dynamic light scattering (DLS) and cryogenic transmission
electron microscopy (cryo-TEM) were used to characterize and visualize the colloidal structures. The impact
of stabilizer and LL-37 loading on the self-assembled structure will be discussed. LL-37 was found to
integrate spontaneously into the interfacial layer of the cubosomes, where it actively and critically
contributes to the packing of the molecules gradually transforming the cubosomes to micelles, see Fig. 1a.
[1,3] Additional antibacterial assays on a broad range of both gram negative and positive bacteria strains,
together with toxicity assays bridge the colloidal structure and composition to the biological activity[3] .The
nanostructural transformations in the GMO-LL-37 self-assemblies and the impact on their corresponding
biological activities, may guide the further development of these nanocarriers for the targeted delivery of
poorly water-soluble AMPs and may form an alternative system to conventional antibiotics.
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Figure 1. a) SAXS patterns of GMO-based dispersions with varying GMO: LL-37 w/w ratios at 25 °C b)
Antibacterial performance of selected self-assemblies against E. coli with corresponding controls. The
bacterial culture was treated with 64 pg/mL of LL-37 in the form of a free solution (positive control) or as
part of a selected self-assembled nanostructure.
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Surfactants are often used in oral health products such as toothpastes and mouthwashes. The use these
compounds has been related to exacerbation of periodontal disease, initiation and progression of gingival
recession and recurrent oral ulceration [1]. However, oral care products without surfactants have been
unsuccessful as these components fulfil several functions [2]. They serve as solubilizing, dispersing,
emulsifying and wetting agents. Moreover, they promote foaming, which is preferred by consumers since it
provides a perception of cleanliness. Thus, it is of high interest [1, 3] to identify and use surfactants with the
lower adverse effects. In this context, it is of great value to understand how surfactants interact with the first
interfacial layer that they encounter i.e., the salivary pellicles. Salivary pellicles are (mostly) proteinaceous
nm-thick films that form on any type of surface upon exposure to saliva. The role of the pellicle is manifold.
Among its functions, hydration and lubrication of the underlying tissues is often listed [4]. Along with
others, we have performed previous studies on surfactant-pellicle interactions e.g., [5]. However, at present
there are no systematic investigations on how these interactions are affected by properties of the surfactants,
such as their ionic character, or on how they alter functions fulfilled by the pellicle like hydrating and
lubricating the underlying surfaces. Here we present such an study with a focus on amphoteric and nonionic
surfactants, which are seen as potential substitutes for ionic surfactants i.e., those more often used in oral
health products, but are also known to specially cause adverse reactions to oral tissues [6]. We have
performed ellipsometry, QCM-D and neutron reflectometry investigations in order to elucidate how
amphoteric and nonionic surfactants alter structural properties e.g., thickness and hydration, of salivary
pellicles. Moreover, we have also investigated how these interactions alter the lubrication properties of
salivary pellicles as measured with an Atomic Force Microscope.

[1] C. Moore, M. Addy and J. Moran, Int. J. Dent. Hyg., 2008, 6, 193.

[2] M. Pader, Surfactants in Cosmetics, Surfactants in Oral Hygiene Products, Marcel Dekker Inc., New
York, US.

[3] B.B. Herlofson and P. Barkvoll, Acta Odontol. Scand., 1996, 54, 150.

[4] L. Lindh, W. Aroonsang, J. Sotres and T. Arnebrant, T. Monogr Oral Sci., 2014, 24, 30.

[5] I.C.H. Berg, U. Elofsson, A. Joiner, M. Malmsten and T. Arnebrant, Biofouling, 2001, 17, 173.

[6] B.B. Herlofson and P. Barkvoll, P. Acta Odontol. Scand., 1994, 52, 257.
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Deep vein thrombosis (DVT) is a dangerous and painful condition in which blood clots form in deep veins
(e.g. femoral vein). If these clots become unstable and detach, they can be delivered to the lungs resulting in
a life threating complication called pulmonary embolism (PE) [1]. Mechanisms of clot development remain
unclear, however researchers suspect that the specific flow patterns in veins, especially around the valve
flaps play a fundamental role [2].

In order to study DVT, we fabricate valves made of polyethylene glycol diacrylate (PEGDA) in-situ in
a microfluidic device achieving control over geometry and elasticity using stop flow lithography [3,4]. By
tuning PEGDA and photoinitiator concentration we independently varied the elasticity of each valve’s leaflet
in order to obtain symmetrical or asymmetrical characteristics. To analyse the velocity profiles we exploit
ghost particle velocimetry (GPV) [5,6] and we study particle accumulation, mimicking clot formation, by
flowing polystyrene particles. Here we show the results we obtained. In particular, we found that particles
tend to accumulate at the tip of symmetric leaflet valves whereas in an asymmetrical valve a predominant
accumulation behind the more flexible valve leaflet happens. We were also able to describe, experimentally
and computationally, the vorticity developing at the tip of the flexible valves that might be linked to the
formation of thrombi.

Elasticity of valve and flow conditions are important factors when looking at clot formation in DVT as
they will influence residence time behind the valve and thus increase likelihood of thrombus formation and
this is important as a major risk factor for DVT in the elderly is a reduced elasticity of their valves.

Symmetrical

Flexible

Figure 1. Visual representation of how the stiffness of the valve influences particle build up.
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Training for studentship (EP/L016346/1). DV acknowledges Wellcome Trust for funding (15161SSFIRA23).
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Diffusion magnetic resonance imaging (MRI) can be applied for non-invasive probing of the microstructure
of biological tissue. This possibility has motivated the development of several MRI protocols capable of
identifying and quantifying microstructural changes in human organs, including the brain, to be used as tools
for fundamental research as well as diagnostics [1]. In the development of new such MRI protocols, access to
reference objects, phantoms, with well-defined microstructures is crucial for optimization and validation. In a
typical desired application, it is necessary to establish that the methods developed can accurately distinguish
between microstructures of different local anisotropy. More specifically, the key point is the ability to
separate different structures with respect to anisotropy in the diffusion of water.

Agueous surfactant mixtures can form liquid crystalline phases with anisotropic structures of different
symmetry, e.g. lamellar and hexagonal structures, and dimension on a length-scale appropriate for MRI
phantoms. In this talk, the development of useful MRI phantoms from aqueous surfactant mixtures will be
discussed [2]. It appears that a good understanding of surfactant phase behaviour may indeed be useful for
helping us to better understand the brain.

Figure 1. lllustration, rendered from molecular dynamics simulation data, of a reverse hexagonal liquid
crystalline phase of sodium dioctyl sulfosuccinate AOT (white sodium ions, red hydrophilic headgroups,
yellow hydrophobic tails), isooctane, and water (blue). A liquid crystalline phase of this type has been found
to be successfully applicable as a MRI phantom.

[1] D. Le Bihan, Nat. Rev. Neurosci. 2003, 4, 469.
[2] M. Nilsson, J. Larsson, D. Lundberg, F. Szczepankiewicz, T. Witzel, C.-F. Westin, K. Bryskhe, and D.
Topgaard. Magn. Reson. Med. 2017, 79, 1817.
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In the last decades, therapeutic proteins and monoclonal antibodies (mAbs) in particular are increasingly
used for treatment of various adverse conditions such as cancer, autoimmune diseases and life-threatening
infections with growing success, which is projected well into the future. However, proteins are inherently
labile molecules that often undergo unwanted chemical or physical degradation during manufacturing and
storage. In particular, aggregation is a commonly observed degradation pathway of therapeutic protein drug
products. Aggregates of all sizes were shown to increase the risk of unwanted immune response during
treatment. Prevention of their formation is thus crucial in determining the formulation stability and safety [1].
Protein aggregation depends on many factors, such as as temperature, pH, solution
composition and container type. Many different aggregation pathways are known and described by models in
literature [2]. In addition to that, every protein exhibits different aggregation properties due to its unique
amino acid sequence to a point that even monoclonal antibodies of the same subclass have to be treated
individually during production process development. Pharmaceutical companies therefore employ broad
screenings to determine
stability of each therapeutic protein molecule under different conditions.

Our work is the design of these screenings to obtain the most physio-chemical stability properties of
the protein molecule from the minimum amount of sample. In addition to aggregation, other degradation
pathways such as oxidation and fragmentation are also considered. Size exclusion chromatography, affinity
chromatography, capillary electrophoresis, dynamic light scattering, flow image microscopy and differential
scanning calorimetry are the main methods used in the screening. Different stability parameters, such as
denaturation temperature and dynamic interaction parameter, are linked to degradation under various
conditions [3]. Basic mass action models of aggregation are applied to get a better understanding of
concentration dependence of aggregation. Because proteins are surface active molecules, the influence of
interfaces on aggregation are also studied.
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Figure 1. Effect of protein concentration on aggregation dynamics and a schematic representation of the
underlying processes.

[1] K. D. Rataniji, J. P. Derrick, R. J. Dearman and I. Kimber, Journal of Immunotoxicology, 2014, 11, 99.
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The role of bacteria fimbriae in the formation of biofilms (e.g. at the urinary track) has been studied under
different conditions. Fimbriae, which cover the entire surface of bacteria, are highly coiled peptide chains of
just few nanometers in diameter that can be up to several micrometers long. They are used by bacteria to
adhere to other bacteria as well as to interact with their environment [1]. In addition, they carry adhesins
which attach them firmly to the substrate, so that the bacteria can withstand shear forces and obtain nutrients.
In the specific case of E. coli, type 1 fimbriae are known to attach to mannose via the so-called catch-bonds
by means of the receptors located at their end-region, while the rest of the structure is known to be dominated
by hydrophobic moieties, responsible for nonspecific interactions [2].

In this work, a novel Atomic Force Microscopy (force spectroscopy-based) methodology for capturing
E. coli fimbriae at different bacteria-to-tip/cantilever distances will be presented [3]. The “fishing” of
fimbriae was performed under varying measuring conditions (i.e. cantilever chemistry, tip geometry, contact
time, environmental bulk solutions, and number of fimbriae), which influenced the success and strength of
the final bond formation. Subsequently, a controlled retracting motion of the cantilever enabled the recording
of physical magnitudes such as the maximum tip/fimbriae adhesion, or even to monitor the appearance of
unfolding events of the coiled fimbriae chains. The inter-relation of these magnitudes provides an insight
about the structure and the functional role of fimbriae.
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Figure 1. (Left) Sketch of the measuring setup. Dashed lines indicate the different heights at which the
cantilever is located. (Right) Adhesive force values as obtained from the minimum in the retraction plot..

[1] G. Francius, P. Polyakov, J. Merlin, Y. Abe, J.-M. Ghigo, C. Merlin, C. Beloin and J. F. L. Duval Plos
One, 2011, 6, e20066.

[2] M. Forero, O. Yakovenko, E. V. Sokurenko, W. E. Thomas and V. Vogel, Plos Biol., 2006, 4, e298.
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Spina Bifida - literally meaning “split spine” in Latin - is the most common birth defect with 0.2 %
occurrence worldwide [1]. It is due to foetus’ spine failing to close during the first month of pregnancy,
resulting in the exposure of nerves to the amniotic fluid, with permanent consequences affecting both
cognitive and psychometric capacities [2]. To date no treatment exists and the damage to the nerves is
irreversible. However, a possible solution could lie in the so-called “double hit hypothesis”, which
conjectures that covering the opening in the spinal cord with a material non-permeable to then amniotic-fluid
would protect the nerves and therefore prevent the induced life-long complications [3].

This project aims to design, synthesize, and characterise biocompatible hydrogels and microgels which
would adhere to the spina bifida opening to form tough and highly flexible protective wound dressing that
seals the nerves from the amniotic fluid. Hydrogels appear as a material of choice in tissue engineering
because of their elasticity and tensile strength very close to human tissues [4,5]. Recent research in wound
healing has highlighted the potential of polysaccharides as adhesive, biocompatible materials [6].

To this end, chitosan was derivatised with carbic anhydride to provide a range of functionalised
polymers that could be crosslinked via thiol-ene photoclick chemistry. The mechanical properties of the
resulting hydrogels could be varied by controlled and preliminary cell studied highlighted their potential
applications in tissue engineering. Alternatively, microgels with a diameter varying between 150 and 300 nm
could be successfully prepared by using water-in-oil nanoemulsions as templates, with gelation facilitated by
in situ photo-initiated cross-linking. The microgel particles were then isolated and characterised by dynamic
light scattering (DLS), Zeta potential measurements and electron microscopy. The outer shell of the
microgels was successfully functionalised by click chemistry to allow further generation of complex wound
healing materials.
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Figure 1. Synthesis of chitosan-functionalised microgels.
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Existing methods to measure tactile spatial acuity under static touch are criticized to have low sensitivity
failing to detect or underestimating sensory deficits [1]. This study reports on a new method to quantify
tactile discrimination ability based on blinded active exploration of systematically varying micro-textured
surfaces and a same-different paradigm. The developed method was employed to compare tactile ability of
young and elderly women using active touch [2]. Wrinkle-patterned surfaces were made in-house at RISE as
previously described in Skedung et al. [3]. Surfaces SO (blank), S20 (~20um), S40 (~40pum), S60 (~60um),
S80 (~80um) were repeatedly and randomly compared against a reference (~100um). Sixty female
participants, 30 young (age 18-25) and 30 elderly (age 65-85) judged whether presented pairs of surfaces
were perceived as same or different. Biomechanical properties were measured by means of a finger hydration
(Corneometer CM 825), finger elasticity (Cutometer MPA580) and tactile friction (ForceBoard). The results
reveal that elderly participants show significantly reduced fine texture discrimination ability. The young
group successfully differentiated S20 and S40 from Ref100 with average correct responses of 97% and 87%,
respectively. The drop in tactile ability was seen with S60 (55% correct responses). The drop in
discrimination ability for the elderly group is observed already with S20 (63% correct responses). Both
groups successfully distinguish the blank SO and showed similar results on S80 and Refl00 (compared
against itself where the correct answer is same). The elderly group also displays statistically lower finger
friction coefficient, finger moisture and finger elasticity, suggesting a link. The tactile perception test and
biomechanical properties were measured in dry state as well as 30 min after application of two humectant
formulas on the index finger (containing 5% and 7% glycerol tested randomly and in blind on two different
days). The ability to distinguish S20 significantly improved with both 5% and 7% of humectant, as has been
observed also during static touch [4]. The increase in finger hydration and elasticity indicate that skin-
tribological properties play a role in the immediate but temporary remediation of dynamic tactile
discrimination. With this new method, not only the deterioration can be quantified, but its remediation by
training or treatment can also easily be assessed.

[1] J. C. Craig and K. O. Johnson, The Two-Point Threshold:Not a Measure of Tactile Spatial Resolution,
Current Directions in Psychological Science, 2000, 9, 29.

[2] L. Skedung, C. El Rawadi, M. Arvidsson, C. Farcet, G. S. Luengo, L. Breton, and M. W. Rutland,
Mechanisms of tactile sensory deterioration amongst the elderly, In press in Scientific Reports 2018.

[3] L. Skedung, M. Arvidsson, J. Y. Chung, C. M. Stafford, B. Berglund, and M. W. Rutland, Feeling small:
Exploring the tactile perception limits, Scientific Reports, 2013, 3, 2617.

[4]J. L. Leveque, J. Dresler, E. Ribot-Ciscar, J. P. Roll, and C. Poelman, Changes in tactile spatial
discrimination and cutaneous coding properties by skin hydration in the elderly, J Invest Dermatol, 2000,
115, 454.
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Ceramides consist of a sphingosine covalently bound to a fatty acid by an amide linkage. They are involved
in the regulation of diverse cellular functions such as cell growth, differentiation, senescence, apoptosis and
immune responses [1]. Ceramides are also structural elements of many cells and tissues.

The outermost layer of the skin, the stratum corneum, is formed by a broad range of lipids, proteins
and cells called corneocytes [2]. Among the intercellular lipids, ceramides are the main one, accounting for
40-50% of total intracellular lipids [3]. Human hair also contains ceramides but in this case, in trace amounts.
Ceramides are highly hydrophobic molecules which play a major role in the water-retaining property and
barrier function of hair as well as skin [1, 4]. However, the ceramide layer can be partially degraded due to
environmental effects such as radiation or pollution. This has stimulated the research on the development of
new formulations enabling for the reparation of ceramide barrier. However, its poor solubility may be seen as
an important drawback for the preparation of platforms for encapsulation and controlled release of ceramides
in skin repairing application. On the other hand, the insolubility of ceramides can become an advantage to
increase the deposition of ceramide onto the skin because it is expected that skin repairing formulation must
allow a maximization of both the adsorption and the absorption of ceramide in the skin. In recent years,
several formulations have been tested for the encapsulation of ceramide-like molecules for the fabrication of
formulations with applications in the cosmetic field, e.g. vesicles, elongated micelles, or emulsions.
However, the main drawback of such formulations is their low effectiveness for ceramide encapsulation
(below 2 wt%). This has been recently improved using microemulsions and lamellar phases as platform for
ceramide encapsulation, with the latter allowing us to enhance the encapsulation yield.

In this communication, we discuss our recent advancements on the fabrication of platforms for the
encapsulation of ceramide-like molecules, focusing our interest in those cases in which a significant
enhancement of the encapsulation yield is obtained. It is expected that aqueous formulations containing high
amounts of encapsulated ceramide-like molecules can present important advantages on skin care cosmetics.

Acknowledgements: This work has been funded by MINECO and L’Oréal S.A.
[1] Y.S. Lee et al., Arch. Pharm. Res., 2009, 32, 1795.
[2] Y. Itaya et al., Biochem. Biophys. Res. Comm., 2017, 473, 114.

[3] Y. Tianetal., J. Disp. Sci. Tech., 2016, 37, 1115.
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Microbubbles (i.e. gas particles of less than ten microns in diameter dispersed in an aqueous medium) are
being used as contrast agents for ultrasound imaging, targeted drug and gene delivery.[1-3] The shell of the
microbubbles can be built from surfactants, lipids, polymers, nanoparticles, or from combinations of these
materials.[4, 5]

We report the preparation and characterization of stable fluorocarbon-stabilized microbubbles with a
shell of phospholipids that incorporates iron oxide nanoparticles grafted by dendrons fitted with pegylated
chains [6]. We first present an investigation of Langmuir monolayers made from mixtures of phospholipids
and dendrons (Fig 1a). The results show that the dendrons form microdomains within the mixed monolayers,
as assessed by compression isotherms and atomic force microscopy after transfer on silicon wafers (Fig 1b).

Fluorocarbon gases, when introduced in microbubbles act as osmotic agents [7] and as cosurfactants to
phospholipids [8, 9]. In a second part dedicated to microbubbles, we show that introducing the fluorocarbon
in either the gas phase or the aqueous phase strongly impacts the size and stability characteristics of
phospholipid-shelled microbubbles. We also found that small and stable microbubbles with dendronized iron
oxide nanoparticles in their phospholipid shell can be obtained, as assessed by optical microscopy and an
acoustical attenuation method. These new functional microbubbles can be used as contrast agents for both
magnetic resonance and ultrasound imaging.
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Figure 1. a) Schematic representation of a dendronized iron oxide nanoparticle and structure of dendrons; b)
height AFM image of a LB film of a mixture of DMPC and dendron DV4-38 transferred on a silicon wafer at
16 mN m™,
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Supersaturable dosage forms such as amorphous solid dispersions (ASD) are used for developing poorly
soluble drugs for oral delivery. Supersaturated solution may cause phase separation into concentrated and
diluted phases, and, the former may be stabilized as a colloidal phase due to surface stabilization by
polymers in the case of ASD [1]. Impact of formation of the colloidal phase to the oral absorption has not
been clarified yet. In this study, supersaturation followed by phase separation was evaluated for fenofibrate
(FEN), and attempts were made to clarify relationship between phase separation behavior and oral absorption
using three excipient polymers, vinylpyrrolidone-vinyl acetate copolymer (PVPVA), poly(methacrylic acid-
co-methyl methacrylate) (Eudragit), and hydroxypropyl methylcellulose acetate succinate (HPMCAS).

For comprehending the supersaturation and phase separation behaviors, FEN was first dissolved in
ethanol and added to 0.5 wt% polymer solution prepared by phosphate buffer. The solutions/dispersions were
subjected to turbidity measurements to determine the phase separation concentration. As shown in the table,
FEN dissolved molecularly in the phosphate buffer up to ca. 1 pg/mL at 25 oC, and it was rarely influenced
by the presence of polymer. This concentration is approximately 10-fold of the equilibrium solubility. Above
this concentration, the particle with ca. 400 nm in size was obtained for HPMCAS and Eudragit solutions,
but the particle grew to the micro-scale in the phosphate buffer and PVPVA solution. ASDs were prepared
using three polymers and also used as starting materials to acquire similar phase separation concentrations
with those found for the artificial supersaturation system. Addition of 0.1% Tween 80 raised the phase
separation concentration, where its dependency on the polymer species became evident likely due to
difference in the crystallization inhibitory effect of each polymer.

ASDs were orally administered to fasted rats at a dose of 7.5 mg/kg. As FEN is metabolized almost
completely in the liver during the first-pass metabolism, fenofibric acid (FA), active metabolite, was
evaluated in the HPLC analysis. As shown in the figure, oral absorption was the most enhanced by Eudragit
ASD, followed by PVPVA ASD. Absorption from HPMCAS was not improved relative to that from
physical mixture, most likely due to limited absorption by the dissolution rate. The phase separation
concentration seems to be a good predictor of order of the in vivo absorption, if it is solubility-limited. Thus,
it should be important to comprehend the free solute concentration after the phase separation for predicting
absorption from ASDs.

8 Phase separation concentrations of supersaturated FEN solutions (pg/ml)
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Figure. (Left) Plasma FA concentration profile after oral administration of FEN formulations: Eudragit ASD
(circles), PVPVA ASD (squares), HPMCAS ASD (triangles), and physical mixture with mannitol
(diamonds). (Right) Phase separation concentrations of supersaturated FEN solutions.

[1] K. Kawakami, Exp. Opin. Drug Delivery, 2017, 14, 735.
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Detection of residual plasmin activity in milk represents a difficult challenge for the dairy industry.
Conventional methods are either too expensive or incapable of providing enough data from UHT treated
milk. Acoustic wave—based biosensors operated in the thickness shear mode (TSM) showed potential for the
detection of proteolysis of B-casein, a milk protein, by protease plasmin. An ultra-high frequency device, the
electromagnetic piezoelectric acoustic sensor (EMPAS), designed to enhance the sensitivity of TSM, was
tested for detection of plasmin at low concentration. -casein layers immobilised on the hydrophilic or
hydrophobized surfaces of EMPAS quartz discs were used as substrate for the enzyme. On both surface
types, the adsorbed p-casein mass and the stability of the layer was compared, with the result that
hydrophobic surfaces provide superior conditions for immobilisation than the hydrophilic case. Consequent
proteolysis measurements of these substrate layers were carried out in a broad plasmin concentration range
(32 pM — 10 nM) in flow mode. Initial reaction rates measured at different enzyme concentrations have been
used to construct a calibration curve based on an inverse Michaelis—Menten type equation. The sensitivity of
the EMPAS allowed measurements of as low as 32 pM concentration of plasmin, reaching (and often
exceeding) levels comparable to state of the art techniques like ELISA. The presented method however,
unlike ELISA, is effective on a timescale of minute.
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Figure 1. A and B: Time course curves of plasmin activity on -casein at different plasmin concentrations,
plotted on identical scales (measurement points and fitted Hill curves). A) hydrophilic, native quartz crystal:
a) 10 nM; b) 5 nM; c) 1 nM; d) 500 pM; e) 100 pM; B) hydrophobic, silanized quartz crystal: a) 10 nM;
b) 3.16 nM; c) 1.78 nM; d) 1 nM; e) 316 pM; f) 100 pM; g) 31.6 pM. C: Rates of df/dt initial frequency
change determined at different cp_plasmin concentrations for hydrophilic (m) and hydrophobic (e) quartz
crystal surfaces, respectively.
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Polyethoxylated sorbitan fatty acid esters (polysorbates) are non-ionic surfactants used for numerous applications within
biochemistry, food production, cosmetics and pharmaceutics as e.g. excipients in vaccines, emulsifiers, and for
stabilization of proteins against unfolding [1-2]. Polysorbate 80 contains a hydrophilic headgroup with polyethylene
oxide (PEO) oligomers (on average 20 EO units) attached to a sorbitan ring and esterified to a hydrophobic oleic acid
ester chain (see insert in Figure 1). However, the synthesis of such macromolecules is not straightforward and does not
provide a pure product, but rather a very diverse and heterogeneous mixture comprising of a variety of PEO isosorbide-
and sorbitan-(mono- di- and tri-)-esters, PEO-esters, and free fatty acids etc. (see an example of a MALDI-TOF
spectrum of polysorbate 80 in Figure 1). Different molecules present in the surfactant mixture affect properties relevant
for the excipient performance in e.g. pharmaceutical formulations. The performance of this excipient is largely taken for
granted despite the fact that raw material batch-to-batch variations can be large while still within specifications of the
pharmacopoeias. Due to the extensive use of this surfactants in health and food science its chemical stability and
aggregation behavior is extremely important to assess in order to avoid adverse biological effects.

By isolating individual component groups from the mixture, their abundance and individual physical properties
have been characterised. Each group of isolated molecules, characterised with e.g., calorimetric techniques, MALDI-
TOF and 1H/13C-NMR, provides a piece of the puzzle to understand the behaviour of the mixture. It also provides novel
insights into opportunities to improve the performance of the widely used excipient polysorbate 80.

w-1 7% w+x+y+z=20

Figure 1. MALDI-TOF MS spectrum of the diverse molecular mixture of a polysorbate 80 sample. The
mixture contains several subspecies (highlighted mass distributions) and the regular peak spacing
corresponds to 44 Da, which equals one EO unit. Insert: Molecular structure of polysorbate 80.

[1] T.W. Randolph and L.S. Jones, Pharm Biotechnol, 2002, 13, 159.
[2] T.A. Khan, H.C. Mahler and R.S. Kishore, Eur J Pharm Biopharm, 2015, 97, 60.
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Smart drug delivery vectors improve the efficiency of the delivery on the target cells, thereby minimizing the
associated side effects in the treatment of patients. This type of vectorization can be achieved by
nanostructured colloidal systems, such as micelles, liposomes, microemulsions, nanocapsules, dendrimers
and polymers. When constituted by amphiphilic molecules, these vectors present considerable advantages,
namely versatility in physicochemical properties and sensitivity to stimuli. Amino acid-based surfactants, in
particular, are rather promising systems [1], because of their high biodegradability and reduced human
cytotoxicity. In addition to forming micelles and liposomes, they can self-organize into other complex
supramolecular structures, such as fibers, twisted ribbons, helical tapes and nanotubes [2,3].

In this work, we have studied a family of novel anionic double-chained lysine-based surfactants,
with variable degree of chain length mismatch, comprising compounds 8Lysn and mLys8, and 10Lysn and
mLys10, with n, m = 12, 14 and 16; and the compounds 12Lys16/16Lys12, where the numbers represent the
number of C atoms in each alkyl chain. These compounds are able to form tubules with different
morphologies in water, at room temperature. To obtain structural insight on these assemblies, microscopic
techniques such as video- enhanced light microscopy (VELM), scanning electron microscopy (SEM),
cryogenic scanning electron microscopy (cryo-SEM), cryogenic transmission electron microscopy (cryo-
TEM) and atomic force microscopy (AFM) were used (figure 1). Interactions of the tubules with the protein
lysozyme, under varying experimental conditions, was investigated by DSC microcalorimetry and UV/VIS
spectroscopy, with the main goal of assessing the efficiency of the tubules as pH- and temperature-sensitive
nanocarriers for a model biomolecule. Furthermore, a systematic study on the stability of these aggregates
when in contact with different fluids was carried out (serum, artificial saliva, artificial sweat, blood). Results
on the toxicity of the tubules per se and the tubule/lysozyme aggregates in human cells will also be
presented.
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Figure 1. Tubular nanostructures of 8Lys16 in water (0.5% w/w) as observed by: a) VELM, b) cryo-SEM,
c¢) cryo-TEM.
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Nanotechnology is an interdisciplinary and multidisciplinary research field involving chemistry,
physics, material science, biology, and medicine. Especially, nanotechnology is currently offering
various exciting possibilities in biomedical fields and this application is referred to as ‘nanomedicine’. It is
the field of research with huge expectations for the development of personalized therapies based on new
nanoparticles as nanoscale materials effectively interact with biological systems. Therefore, the use of
nanodiagnostics imaging and nanotherapeutics for use in targeted drug delivery may overcome many
intractable health challenges.

The term “theranostic” is defined as a material that combines the modalities of therapy and
diagnostic imaging. Thus, theranostics deliver therapeutic drugs and diagnostic imaging agents at the same
time within one dose. Because of multifunctional properties, theranostic nanocarriers possess huge
application potential in the personalized nanomedicine which is focused on developing therapies, that are
tailored and optimized for the medical treatment of the individual characteristics of each patient.

The aim of our work was to develop of the method of preparation polyelectrolyte nanocarriers
containing anticancer drugs (e.g. Taxol) and gadolinium based MR contrast agents. The theranostic
polyelectrolyte nanocarriers were formed by sequential adsorption technique (layer by layer). The
polyelectrolyte shell was formed from biocompatible polyelectrolytes poly-L-Lysine (PLL), polyglutamic
acid (PGA) and Gadolinium based compounds: Gadolinium labelled-PLL or/and Gadopentetic acid.
The formed nanocarriers were modified for passive targeting by pegylation. The size of formed
nanocarriers was ~150 nm. The nanocapsules were tested as the MRI detectable drug delivery system. The
results show the high activity of encapsulated drugs and they may be a promising platform for future
personalized targeted therapies (e.g. cancer) or other biomedical applications.

Acknowledgements: This work was supported by grants from the Polish National Science Centre,
grant UMO-2015/17/B/ST5/02808.
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Targeted drug delivery using stimuli-responsive carriers has provided a new approach for addressing the
limitations of the conventional chemotherapy (high toxicity, poor tumor selectivity, multidrug resistance) but
still faces many challenges. In this study, we proposed coupling a hierarchically structured double emulsion-
based doxorubicin hydrochloride (DOX) delivery systems with specific pH-triggered drug release mechanism
in the treatment of brain cancer (glioblastoma multiforme-GBM). The pH-triggered release- is regarded as one
of the general strategies in targeting the acidic microenvironment of solid tumors.

In this study, two stable (water-in-oil-in-water) double emulsions DE-1 and DE-2 with pH stimuli-
responsive biomaterial (sodium carboxymethylcellulose (Na-CMC)) in the external phase and encapsulated
DOX in the internal droplets were prepared using a Couette-Taylor flow contactor [1]. For both emulsions, the
DOX encapsulation efficiency over 95% was reached. The sizes of the internal drops of DE-1 and DE-2 were
5.3 and 3.7um respectively. Three surfactants (Poloxamer 407, Tween80, Pluronic P-123) were located in the
external phase of emulsions DE-2 to promote the formation of smaller droplets (8.9um) compared to the
emulsions DE-1 without Poloxamer 407 (19.8um) which significantly reduces the surface tensions at the
interfaces. To study the release behavior, the emulsions were diluted in phosphate buffered saline (PBS) at pH
6.3 (simulation of tumor tissue environment) and pH 7.4 (normal tissue). The volume ratios of the emulsion to
PBS were 1:10, 1:100. Dilution of the emulsions did not affect their stability. For all emulsions, the release
rates at pH 6.3 were higher than those at pH 7.4 (Fig. 1), demonstrating an obvious pH-responsive controlled
release performance. At pH 6.3, the Na-CMC shows pH-dependent changes in the polymer network cause
viscosity reduction and faster release of DOX. For DE-2 the release rate of DOX was faster than for DE-1
which is related to their different internal structure. The study confirmed that the releasing the DOX from
double emulsions can be modified through the morphology/structure, composition and physicochemical
parameters of emulsions. The results showed that the DOX-loaded emulsion might be classified as a potential
hierarchically structured carriers for programmable pH-triggered drug delivery. These systems may also be
suitable for targeting specific sites after the emulsion surface activation by deposition on the surfaces of the
drops appropriate antibodies against the receptor that recognize the receptors of GBM cancer cells.
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Figure 1. The cumulative release profiles of DOX from hierarchically structured emulsions DE-1 and DE-2.
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In present-day studies of surfaces and interfaces at the submicron level, thermal neutron reflectometry is
increasingly being used. In this connection, the development of neutron reflectometers with a horizontal
sample plane for experiments on neutron scattering on free surfaces of liquids and soft media, as well as on
hidden interlayers in solid-liquid interfaces, especially in applied research, is of current interest. Thus, at the
IBR-2 pulsed reactor (JINR, Dubna), investigations were started on a new GRAINS neutron reflectometer
[1] of this type. The reflectometer operates in the time-of-flight mode (wavelength range of 0.05 — 1 nm)
taking advantage of a broad wavelength band of the cold moderator at the IBR-2. The inclined incident beam
of thermal neutrons (grazing angle of 3 — 25 mrad, flux at the sample of 2x10° s'ecm™) is formed by special
deflecting neutron mirrors. The report presents the results of the first experiments on the reflectometer
employing the analysis of specular reflectivity and diffuse scattering, which demonstrate the capabilities of
the instrument with respect to studies of planar interfaces containing colloidal phases related with different
applications. They include adsorption layers from nanoparticles suspensions and polymer solutions and
electrochemical interfaces with liquid lithium-containing electrolytes. Steps are indicated for the further
development of the reflectometer.

[1] M.V. Avdeev, V.I. Bodnarchuk, V.I. Petrenko, 1.V. Gapon, O.V. Tomchuk, A.V. Nagornyi, V.A.
Ulyanov, L.A. Bulavin, V.L. Aksenov, Cryst. Rep. 2017, 62 (6), 1014.
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Zein is renewable, non-toxic, digestible plant protein extracted from corn. It is prolamine, which is
soluble in concentrated aqueous-ethanol mixtures and it precipitates and forms nanoparticles when
its alcohol solution is added to bulk of water. Because of its hydrophobicity zein was already investigated
for encapsulation of different essential oils and other non-polar compounds. Natural resins can be added to
zein solutions in order to prepare composite nanoparticles, with different characteristics and
encapsulation efficiency.

In this paper, carvacrol loaded zein and composite zein/resin nanoparticles were prepared
by antisolvent precipitation. Firstly, zein/resin mixtures with varying mass ratio of the biopolymers
were dissolved in 90% aqueous ethanol in order to obtain 2% wt. solutions. Thereafter, carvacrol oil is
added to the aqueous ethanol solutions in amount of 5% w/w based on the biopolymers mass. Such
solutions of biopolymers and carvacrol were then drop-wise added into a bulk of water in order to
prepare loaded nanoparticles. Influence of zein/resin mass ratio on the encapsulation efficiency of
thus prepared nanoparticles was investigated spectrophotometrically. It was shown that encapsulation
of carvacrol is possible in both zein and zein/resin composite nanoparticles. The zein/resin mass
ratio influences the encapsulation efficiency.

Acknowledgement: This work was financed by Ministry of Education, Science and
Technological Development of Republic of Serbia, Grant No. III 46010/3 and 2018/AP05131968 Committee
of Science of the Ministry of Education and Science of the Republic of Kazakhstan.
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Sulfobetaine type surfactants are electroneutral salts carrying both a positive and a negative charge in the
same molecule. Sulfobetaines possess two ionic centers of different sign, cationic one is usually quaternary
nitrogen while anionic sulfonate moiety. The differences in the structure such as the length and presence of
hydroxyl group of the spacer separating the quaternary ammonium center from the sulfonate group divides
them into several subgroups. Sulfobetaines, whose hydrophilic polar headgroup carry both a positive and a
negative charge in the molecule are interesting in several aspects. They exhibit good surface properties, good
solubility in water and detergency. As reported in the literature they can be mild to eyes and skin. Moreover
they are not toxic and can produce high and stabile foam. Additionally sulfobetaines are hard water and
degradation by oxidizing and reducing agents resistance compounds while comparing to many ionic
surfactants. Sulfobetaines are insensitive to pH change. The effect of temperature changes and addition of
electrolyte on sulfobetaines has been found to be minimal. They are also interesting compounds due to their
biocidal activity [1,2].

The sulfobetaine type surfactants can be obtained in the quaternization reaction. The tertiary amines
in which one of the group bonded to the nitrogen atom is long alkyl chin reacts with sulfate salts or sultones.
However the significant step of synthesis is nucleophilic substitution reaction in which tertiary amines are
obtained.

In the reaction which scheme is presented in fig. 1 both single and gemini sulfobetaines can be
obtained. However the right selection of conditions of reaction is very significant. Slight changes in the
reaction conditions can cause the reaction to proceed in a different direction. This is especially important
when considering synthesis of both homo- and heterogemini surfactants [3].

AR sulfobetaine

Amine/Diamine + R—X _ i +  sultones/sulfate salts
Diamine-R = gemini sulfobetaine

Figure 1. General route of synthesis of sulfobetaines and gemini sulfobetaines
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Sulfobetaine surfactants are electroneutral salts possessing, in the same molecule, two ionic centers of
different sign. Sulfobetaines are compounds structurally similar to alkylbetaines. However they contain a
sulfonate group instead of carboxylic one. Compounds belonging to this group can be divided into several
subgroups differing from each other with the length and presence of hydroxyl group of the spacer separating
the quaternary ammonium center from the sulfonate group [1].

They have no net charge. They are pH-Insensitive thus in neutral, alkaline and cationic solutions
they exist in the form of internal salts. Together with the pH—dependent alkylbetaines, they are classified to
zwiterionic surfactants [2].

Biocides are inorganic or synthetic organic molecules used to disinfect, sanitize or sterilize objects
and surfaces, and to preserve materials or processes from microbiological degradation [3]. Biocides are a
large group of compounds that have been classified for the mechanism of biocidal action. The scheme of
their division is presented in fig. 1.

Sulfobetaines are compounds interesting due to their biocidal activity. Experimental data shows that
this activity is differentiated. To the most active compounds from the group of N-alkyl-N,N-dimethyl- 3-
ammonio-1-propanesulfonates and N-alkyl-N,N-dimethyl-4-ammonio-1-butanesulfonates are these with
alkyl chain consisting of 14 and 16 carbon atoms in the molecule. Minimal Inhibition Concentration research
indicates that antibacterial activity of sulfobetaines belonging to different homologues series is high but
varied. Sulfobetaine type surfactants can act also as antifungal agent. They demonstrate activity against
Candida Albicans also against drug-resistant strains of the fungi. They also show fungistatic activity against
fungi from Fusarium strain. The experiments shows that sulfobetaines can increase the fungistatic activity of
strobilurins and benzimidazoles fungicides [4].

Sulfobetaines present antimicrobial activity. It depends not only on the length of hydrophobic alkyl
chain but also form the structure of hydrophilic head. It also is varied for microorganism tested.

Biocides
Electrophiles Membrane Active
¥ Y g )
Oxidants Electrophiles Lytic Protonophores
Halogens Formaldehyde Quats Parabens
Peroxy Cmpds FA-releasers Biguanides Weak acids
Isothiazolones Phenols Pyrithione
Bronopol Alcohols
Cu, Hg, Ag

Figure 1. Mechanisms of action of biocides (Source: [Chapman 2003])
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siRNAs are short protein-non-coding sequences of RNA, which are able to regulate gene expression via
RNA interference (RNAi). This natural regulatory process by which siRNAs interact with mRNA leads to
degradation of target mRNA in the cell cytoplasm. This approach allows downregulation of expression of
pathological proteins resulting from genetic abnormalities. Nowadays, RNAi becomes a powerful tool for a
regulation of many cell functions. Among all transfection systems used in gene delivery, polycationic
polymers and lipids are considered as a “gold standard”. Herein, we report cationic polymer-grafted
fluorescent nanodiamonds (FND@P) which can serve as traceable carriers for introducing of therapeutically
active siRNAs into cells. Their specific properties as a high binding capacity, a possibility to attach targeting
molecule, and an ability to protect siRNA against enzymatic cleavage together with unique optical features
make them suitable for theranostic applications.

The main aim of this work is to design a new therapeutic construct based on the carrier FND@P
delivering siRNA (FND@P@siRNA) in human cell line originating from Ewing Sarcoma tumor — a rare
bone- cancer with genetic origin in the vast majority of cases (EWS-Flil oncogene). In this study, we
modified the FND surface with silica (hydrated SiO,) and synthetic copolymers grafted directly from the
surface. This “grafting from” coating approach leads to denser and better-protecting coatings than “grafting
to” approach (polymer synthesized in solution and then attached to the surface). The positive charge of
polymer layer allows siRNA molecules to bind to FNDs via electrostatic interaction. Moreover, due to
electrosteric stabilization, this polymer coating protects FNDs against precipitating in biological solutions.
We proved in cultured human Ewing Sarcoma cells, that FND@P@siRNA complexes inhibit the expression
of the EWS-FIil oncogene, with a similar efficacy as Lipofectamine transfection agent, but even in the
presence of serum, a condition restricting the Lipofectamine function. These promising results show that
newly designed polymeric complex with siRNA is a suitable candidate for in vivo testing.

140



PP2.9

Polyelectrolyte induced controlled aggregation of cells: metabolic coupling

T. Rijavecl, R.J. van Tatenhove-Pel?, 1. Rybkinl, H. Bachmann®’, A. Lapanje1
'Department of Environmental Sciences, Jozef Stefan Institute, 1000 Ljubljana, Slovenia
2AIMMS, VU University, 108 1HZ Amsterdam, The Netherlands
’NIZO, 6710 BA Ede, Netherlands

Presenting author email: ales.lapanje@jjs.si

Using the layer-by-layer (LBL) approach charged polyelectrolytes can be deposited on surfaces [1]. This
allows electrostatic modification of cellular surfaces [2], either by reversing or strengthening the
cell’s surface charge or by constructing a multilayer polyelectrolyte capsule around the cell [3]. Such
nanocapsules complement the physiological characteristics of bacterial cells and allow to add new
features through the incorporation of e.g. nanoparticles, enzymes or ligands.

Bacterial cells are usually negatively charged on the surface, which is mainly due to the
negative moieties of bio-molecules incorporated into the cell membrane and/or cell wall. Using the LBL
approach and polyelectrolytes, like polyethyleneimin (PEI[+]), we electrostatically reversed the negative
surface charge of bacteria to make it positive (Fig. 1). This way we could attach the modified
positively charged cell to negatively charged surfaces including negatively charged cells. By using two or
more different types of cells, we constructed artificial cellular aggregates in a controlled manner (Fig. 1).

We show how to produce bacterial aggregates in bulk to harbor in the center a single
positively charged cell and around it multiple negatively charged cells that metabolically complement one
another. By constructing an LBL capsule and by incorporating magnetic particles into the nanocapsule of the
central cell, we further propose an approach for the enrichment of these artificially prepared aggregates.

The tight associations of the cells in the aggregates allow efficient transport of metabolites
between the cells and thereby improves the efficiency of metabolic pathways. This offers the basis
for the development of applications in industrial biotechnology, food production, biosensors,
medicine and ecoremediation.
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Figure 1: The preparation of the artiﬁc1ally constructed multicellular aggregates. (A) The surface charge of
the first cell type is altered to be positive in order for it to be attached to negatively charged cells of the
second type. (B) Aggregates of different combinations and number of cells can be constructed.

Acknowledgements: Project funding: SLO-ARRS J4-7640, Urban Initiative project - Applause, Bilateral
Slovenian-Russian project BI-RU/16-18-039
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Since the uprising of nanobiotechnology in the past decades, the design and development of effective drug
delivery carriers for anticancer therapy and diagnostics has become an important field of scientific research
[1]. Much work is currently focused in the preparation of well-defined polyelectrolyte nanostructures in terms
of their main components, template-type, size and surface charge which factors play a significantly role in the
nanocarrier behavior in vivo [2]. Those functional nanocarriers can be fabricated by layer-by-layer (LbL)
assembly of anionic and cationic polyelectrolytes on charged interface - emerged as one of the most versatile,
convenient and, simple method of nanocontainers fabrication that may provide advantages of controlling the
structure, composition and thickness of the formed layers and, thus, may allow the engineering of shells on the
nano-level [3].

Thus, the present contribution deals with encapsulation of poorly water-soluble photosensitizing agents
with high potential in photodynamic therapy (PDT) - porphyrin-origin dyes, i.e, Verteporfin (VP) and meso-
tetraphenylporphyrin (TPP) in two types of disodium N-dodecyliminodiacetate, C2(COONa),-stabilized
multilayer nanocapsules (NCs) obtained by LbL coating of solid (nanoprecipitated), or liquid (nanoemulsion-
templated) oil core via biocompatible, i.e, poly(L-glutamic acid)/poly(L-lysine) - PGA/PLL polyelectrolyte
shells. Zeta potential measurements allowed to evaluate progress of the polyelectrolytes LbL deposition on
both cores and the NCs' stability. Backscattering profiles (BS) confirmed the long-lasting stability of the
optimized nanosystems, which size (Dy<200 nm), polidyspersity and morphology were examined by dynamic
light scattering (DLS), atomic force microscopy (AFM) and transmission electron microscopy (TEM)
techniques. The NCs photodynamic potential was evaluated via photobleaching rate, reactive oxygen species
(ROS) generation and in vitro drug release under physiological conditions or in the presence of human serum
albumin (HSA). The biological potential of the encapsulated VP and TPP for further in vivo NCs behavior was
evaluated in cytotoxicity as well as photocytotoxicity studies upon well characterized human cancer cell line
— ovarian carcinoma (A2780) — and normal human ovarian fibroblasts (HOF).

Our studies indicated that the encapsulation of VP and TPP in the varied-core multilayer NCs (primary
with the solid one) increases their solubility in aqueous solution and protection from the surrounding medium
by reducing the photobleaching rate and improving their photochemical properties during irradiation in regards
to the free (non-encapsulated) PSs molecules. /n vitro sustained release under physiological conditions or in
the presence of human serum albumin (HSA) was achieved in favour of the solid core NCs for both VP and
TPP. The biological response upon human ovarian cells provided the NCs biocompatibility upon normal
ovarian HOF fibroblasts and improved photodynamic activity in the tumor A2780 cell line. To accomplish,
the designed NCs - offering better chemical and physical stability, the high PS loading capacity, ability to
release it in a controlled and continuous manner and biocompatibility - can be considered as effective
nanocarriers for potential PDT of ovarian cancer.

Acknowledgements: The financial support by a statutory activity subsidy from the Polish Ministry of
Science and Higher Education for the Faculty of Chemistry of Wroctaw University of Technology. This
work was financially supported by Warsaw University of Technology
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Stratum corneum (SC) constitutes the main barrier for drugs diffusing through the skin, while also protecting
the body from harmful chemicals and infection, and preventing trans-epidermal water loss. The skin barrier
is commonly described by the “brick and mortar model” [1] with the corneocytes being the “bricks”, and the
lipid matrix between the corneocytes forming the mortar. The lipid matrix is thought to be the main
transportation pathway through the skin barrier. It is a complex mixture of mainly free fatty acids, ceramides
and cholesterol, in a roughly equimolar ratio, assembling into two distinct phases; the long and short
periodicity phases (LPP and SPP, respectively) [1]. The exact composition of lipids plays an important role
in the proper formation of LPP and SPP, drug penetration over the skin, and skin barrier function. Lipid
composition is often dysregulated in skin conditions such as atopic dermatitis and psoriasis [1]. There is a
current need for reproducible, well-characterised models of human SC to test drug absorption through, as
well as a better understanding of the significance of the individual lipid components in human SC matrix on
SC barrier function.

The aim of this project is to develop physical models of the SC formed of commercially available
lipids by spincoating lipid mixtures onto solid supports, in order to mimic the molecular structure of native
SC lipid matrix. The structure and interactions of the supported lipid film with drug compounds will be
characterised and compared to total extract of pig SC using neutron reflectometry, ATR-FTIR and QCM-D
measurements.

ATR-FTIR: Attenuated total reflection (ATR) Fourier transformed infrared (FTIR) spectroscopy
allows deposition of a lipid layer onto a prism, and the subsequent study of functional group environment as
a function of temperature (phase transitions) or as a result of lipid multilayer interactions. Studying the SC
lipid models with ATR-FTIR will allow us to compare their phase behaviour, lipid multilayer interactions
with various drug compounds, and potential subsequent structural lateral changes to the lipid film.

Neutron reflectometry: Neutron reflectometry provides insight into the structure perpendicular to
interfaces, making it possible to investigate the internal structure of the lipid multilayer at physiologically
relevant conditions.

QCM-D: Quartz crystal microbalance with dissipation (QCM-D) quantitatively measures changes in
film thickness and rigidity without the use of external probes. Changes in molecular structure of the lipid
multilayers under different conditions are also possible to assess through changes in dissipation, which
relates to rigidity of the supported lipid film. It is also possible to expose the lipid multilayers to various
molecules of interest to study binding to the SC lipids.

[1]J. van Smeden and J. A. Bouwstra, Curr Probl Dermatol. 2016, 49, 8.

143



PP2.12

Evaluation of novel cationic pyridinium-based amphiphile C12-Man-Q as an
efficient in vitro gene delivery agent

A.Plotniecel’z, G.Apsite3 , B.Vigantel, A.Vezane®, L.Timofej eva’ , M.Rucins', V.Ose’ , Kl.Pajustel,
P.Dimitrijevsl’z, M.Plotniece'?, K.Pajustel, A.Sobolev' and T.Kozlovska®

! Latvian Institute of Organic Synthesis, Riga, LV-106, Latvia
*Riga Stradin§ University, Riga, LV-1007, Latvia
3Latvian Biomedical Research and Study Centre, Riga, LV-1067, Latvia

Presenting author email: aiva@osi.lv

Gene therapy has become the research focus for many laboratories in pharmacy, medicine, biochemistry and
chemical engineering worldwide. Synthetic cationic lipids are widely used components of non-viral gene
carriers and the factors regulating their transfection efficiency are subject of considerable interest.[1] The
development of novel nontoxic cationic structures high gene transfection efficiencies is of great
importance.[2]

A number of cationic 1,4-dihydropyridine (1,4-DHP) amphiphiles capable of transfecting plasmid
DNA (pDNA) into different cell lines in vitro were developed by our research group. During these studies it
was established that 1,1'-[(3,5-didodecyloxycarbonyl-4-phenyl-1,4-dihydropyridine-2,6-diyl)dimethylen]-
bispyridinium dibromide (D-19) was the optimal structure among tested synthetic lipid-like compounds.[3-5]

The aim of the present study was to investigate the influence of remoted cationic moieties at the
positions 2 and 6 of 1,4-DHP molecule on gene delivery activity. The results of transfection efficiency in
various cell lines of synthesised amphiphile C12-Man-Q were compared with data obtained for cationic 1,4-
DHP derivative D-19.

The target cationic 1,4-DHP derivative C12-Man-Q with remoted from 1,4-DHP cycle cationic
moieties at the positions 2 and 6 was synthesised in the multistep procedure, including Mannich reaction
with the subsequent amine quaternisation in 50% yield. Transfection efficiencies of compounds were
evaluated in BHK-21, Cos7, Huh and HepG2 cell lines. The obtained data showed that compound D-19
possessed high activity when transfecting active proliferating cells. We propose that compound D-19 is cell
type specific as the differences in the transfection efficacy were found for the tested cell lines. The most
significant property of compound C12-Man-Q is its moderate ability to transfect many cell lines. Comparing
with compound D-19, new derivative C12-Man-Q is less cell type specific.
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Figure 1. Structures of tested compounds: D-19 and C12-Man-Q.
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Biopolymers are of wide use in biomedicine and pharmacy owing to their versatile properties, including low
rate of dissolution, hindering settling of suspensions, etc. Chitosan (CH) is a cationic polysaccharide, which
can undergo biodegradation and, at the same time, it is biocompatible. Chitosan may be a feasible starting
material for the replacement of synthetic polymers in many applications, because it is obtained from a
renewable resource, chitin, in contrast to the polymers synthesized from other carbon resources such as crude
oil. Graphene oxide (GO) is a layered particle prepared from graphite oxide by delamination. The rich
surface chemistry and enormous surface area of GO makes it feasible as a platform for the immobilization of
nanosized particles and drug molecules as well.

We have synthesized graphite oxide by the Hummers-Offeman method and obtained GO in aqueous
suspensions. Chitosan nanoparticles (CH NPs) have been obtained from chitosan solutions using solutions
containing hydrogenphosphate anions. Nanocomposites containing CH and GO particles have been prepared
by heterocoagulation at different mass ratios.

These composites have been loaded with anti-inflammatory drug, ketoprofen. The effect of several
parameters (most importantly, the mass ratio of the composite and the particle diameter of CH NPs) on the
dissolution kinetics of the drug molecules have been investigated. It has been revealed that he release of the
drug follows a first-order kinetics and the presence of GO platelets slows down the release of ibuprofen at
constant CH NP particle sizes.

Figure 1. TEM image of a GO/CH NP composite at 50 to 1 mass ratios, at different magnifications (left:
scale bar of 200 nm, right scale bar of 100 nm).

Acknowledgements: The author T. Szab6 gratefully acknowledges the support of grant FK-124851. This
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Capacities in Hungary (L. Janovak).
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The adsorption kinetics of heptadecafluoro-1-nonanol (CoH2F170H) onto a clean air-water interface at low
surfactant concentrations studied. A video-enhanced pendant bubble tensiometer was used to measure the y
(t) data of aqueous CoH,F7OH solutions. A new generalized Frumkin-Langmuir phase transition model
was built up to simulate the y(C) and y(t) data (Fig. 1).

At higher surfactant concentrations, a constant-y region at 64.8 mN/m was observed for one hundred to
a few thousand seconds during the y(t) relaxation. This constant-y region implies the existence of a phase
transition of the adsorbed surfactant monolayer at air-water interface. The y(t) data of CoH,F;7OH can be
simulated perfectly using this mixed-controlled phase transition model with the adsorption rate constants
B1=1.0+0.5 and B>=13+4 (10° cm*/mol.s). It is therefore concluded that the adsorption process of CoHaF170H
onto a clean air-water interface is of mixed-control.

C = 1.38x10-8 mol/cm?
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Figure 1. (left) Representative y(t) data for the adsorption of CoH,F7;OH onto a fresh air-water interface for
Co=0.4 (a), (b) 0.6, () 0.99, (d) 1.21, (e) 1.38, (f) 1.62, (g) 1.89, (h) 2.15, (i) 2.48, and (j) 3.0 (10~* mol/
cm?). (left inset) The reproducibility of the y(t) data near the plateau region at C=1.38x10® mol/cm®. (right)
Comparison between the experimental y(t) data and the simulated diffusion-controlled y(t) curves from the
generalized Frumkin-Langmuir phase transition model: C = 1.38 (a) and 2.15 (b) (10" mol/cm?).
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The relaxation of surface tension (ST) is crucial in processes involving significant surface deformation,
such as the impact of surfactant-laden liquid drop on solid substrates. The relaxations of ST and surface
dilational rate of nonionic surfactant TX-100, ionic surfactant aerosol-OT (AOT) and sodium dodecyl sulfate
(SDS) solutions during a rapid surface expansion were studied by monitoring a continuously expanding
bubble using a pendant bubble tensiometer. The experimental data showed that during rapid bubble
expansion, the STs of the AOT and TX-100 solutions increased with time, whereas the ST of the SDS
solution remained nearly constant. A theoretical ST, y(t), curve of an isolated bubble surface was simulated,
and this y(t) curve matched well with the experimental y(t) data for the AOT (Fig. 1) and TX-100 solutions.
For TX-100, its mass transport was confirmed to be negligible at a surface dilational rate of A > 1.5 s”'. For
AQT, the rate of mass transfer of AOT molecules from the bulk phase to the bubble surface during bubble
expansion (at A < 3 s!) is much slower than the depletion rate of surfactants at the surface. In contrast, the
mass transport of SDS molecules from the bulk to the bubble surface is much faster than the depletion rate of
surfactants at the surface.
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Figure 1. Dependence of ST (y) on the relative surface area (A/Ars) during the rapid expansion of the
bubble in aqueous AOT+10 mM NaCl solutions with Cyor = 2.43 (a), 1.50 (b), 0.88 (c), and 0.27 (d) (10}
mol/cm?).
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Nonionic triblock copolymers, known as Pluronics®, have received a considerable attention as modern drug
and gene delivery carriers [1]. They have the general formula EOx-POy-EOx, and are composed of a
hydrophobic poly(propylene oxide) (PPO) block and two units of a hydrophilic poly(ethylene oxide) (PEO)
block [2]. Their amphiphilic character results into surfactant properties, which include the ability to interact
with hydrophobic surfaces and biological membranes. Above their critical micelle concentration (cmc), these
copolymers self-assemble into micelles. Due to their core—shell structure, polymeric micelles such as F127
have the ability to solubilize hydrophobic drugs in the PPO core, thereby enhancing their solubility in water
media. In addition, they are suitable for drug delivery in medicine [1] as they are non-toxic and stabilized to
aggregation, protein adsorption and deactivation because of the presence of the PEO corona. The stability of
the loaded pluronic micelles is however low due to their high cmc (~1 mM for F127) resulting in their
disaggregation by dilution or interaction with the blood components. The mixture of pluronic micelles with
other polymers/surfactants [3] enhances the stability of the resulting micelles thus increasing the bioavailability
of the encapsulated drugs.

The loading efficiency of bile salt/pluronic coformulation [4] toward the fluorescent anticancer antibiotic
doxorubicin (DX) has been studied. DX is administered as chlorohydrate to enhance its solubility in water.
This limits its solubilization into F127 micelles to the corona region. To promote its solubility in the
hydrophobic core of F127 micelles, a coformulation with the cationic bile salt sodium cholate (NaC) has been
used. Indeed, in the presence of NaC the DX experience a more apolar environment, as indicated by its
fluorescence spectra (Figure 1 — panel A) and its stability in water is sensibly enhanced. A slow evolution of
the micellar aggregates dimensions at 40°C has been observed that matches the micropolarity changes deduced
by the fluorescent properties of the guest molecule DX (Figure 1 — panel B).
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Figure 1. Panel A: Emission spectra of DX in different solvents (Aexe= 410nm). The inset shows the value of
the 11/, ratio as a function of & (same colour as in the main graph) and in F127/NaC samples. Panel B: 3D
plot showing the 1i/1, evolution with time at 40°C and as a function of MR.
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Unique optical properties of fluorescent nanodiamonds (FNDs), especially the fluorescence stability and
durability, concurrently with FNDs low toxicity attract attention in the field of bioimaging
applications. Additionally, the possibility of wvarious optical biosensors construction makes this
material even more interesting. This was demonstrated for example as ratiometric change in FND
fluorescence spectra with environmental charge changes [1]. However, FND-based optical biosensors are
still in the beginning of their development making this field highly challenging.

Here we are showing a platform for construction of optical sensors based on FNDs coated in multi-
stimuli responsive polymeric shell. The shell reacts reversibly on changes in its environment — namely pH
and temperature, by swelling and collapsing. The complex shell composition contains four types of
monomers: two are serving for pH (acrylic acid) and temperature (N-isopropyl acrylamide) response,
one for further modification by click chemistry, and the last one works as a crosslinker. We have
developed the optimum reaction conditions to synthetize shells with maximum response and confirmed their
reversible behavior. The best working polymer composition shows the maximum pH response at elevated
temperature which is very convenient for measurements in living systems requiring the temperature of 37 °C.
Additionally, we measured the fluorescence response for both pH and temperature and observed monotonous
ratiometric change for both. This indicates that our particles can be further used as a platform for optical
construction of nanoscale pH sensors and nanothermometers.

[1] V. Petrakova, 1. Rehor, J. Stursa, M. Ledvina, M. Nesladek and P. Cigler, Nanoscale, 2015, 29, 12307.
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Revealing adsorption mechanisms of bioparticles at solid/liquid interfaces is of a major significance for a
variety of fields. Especially significant are protein adsorption phenomena involved in blood coagulation,
artificial organ failure, plaque formation, inflammatory response, fouling of contact lenses, ultrafiltration and
membrane filtration units. On the other hand, controlled protein deposition on various surfaces is a prerequisite
of their efficient separation and purification by chromatography, gel electrophoresis, filtration, for biosensing,
bioreactors, and immunological assays.

Immunoassays are important application areas of proteins immobilized on solid substrates. Common
adsorbed proteins are immunoglobulins G (IgG) or their active fragments, which specifically bind to its antigen
with high affinity. Although immobilized antibodies play a critical role in immunoassays, the mechanisms of
the immobilization processes are poorly understood. Little in situ research has been done on how IgG adsorb
on immobilized proteins monolayers. There is lack of systematic investigations of the relationship between the
immobilization conditions and resulting protein coverage, local distribution, and orientation of this adsorbed
protein and their bioactivity. Therefore, the main goal was to elucidate mechanisms of fibrinogen/IgG molecule
adsorption at silica substrates and to develop the protocol for a sensitive method for detection of trace amounts
of antibodies based on physical attachment of the antibody to fibrinogen monolayers.

Experimental measurements have been performed using a variety of complementary methods adequate
for study protein adsorption under wet, in sifu conditions including streaming potential, OWLS, and QCM.
The obtained results furnished vital information about the kinetics of the protein adsorption, maximum
coverages and their interactions at silica substrates.
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Figure 1. A scheme of HPF /IgG bilayer formation.
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Lipids in eukaryotic cell membranes have been shown to cluster in rafts with different compositions
and molecular packing. It has also been demonstrated that these rafts plays an important role in the
assembly of enveloped viruses [1]. The human immunodeficiency virus (HIV-1) is one of them and its
cellular infection takes place through a membrane fusion process which involves a lipid raft present at the
host membrane. In turn, it has been demonstrated that HIV-1 virus shares their infection mechanism with
GBV-C virus so its derived peptides have been studied in the context of HIV-1 inhibition

It explains that, new approaches have been developed to study the interaction by using models
of biological membranes, mimicking their structure, but limited to only a few lipids in composition.
Among these models, lipid monolayers on planar supports, usually built by Langmuir-Blodgett (LB)
transfer [2], bilayers deposited by vesicle spreading and giant unilamellar vesicles (GUVs) made
according to well described methodology [3] allow visualization of raft-like domains which provides
tangible proof for the coexistence of liquid-ordered (L,) and liquid-disordered (Lq) phases [4]. At last, these
models are particularly well-adapted to surface-sensitive physical techniques, such as atomic force
microscopy (AFM) and fluorescence microscopy (FM) [5]. On other hand, some HIV-1 inhibitors used
in anti-AIDS therapy have shown certain affinity with these rigid domains of the membrane [6].

The aim of this work is focused on the formation of the membrane lipid domains, their
structural properties and the changes caused by HIV-1 and GBV-C peptides when interacts with them.
Figure 1 shows the Lo/Ld phase observed when GUVs of DOPC/DOPS/ sphingomyelin and cholesterol were
obtained.

>

Figure 1. Confocal images of giant liposomes. Composition: LIP/Chol/SM (1:1:1) containing A: 1%
NBD-PC, B: 1% DiL C20:0 and C: 1% NBD and 1% DIL C20:0. LIP: DOPC/DOPS (3:2), Chol:
cholesterol, SM: sphingomyelin.
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Poly(lactic-co-glycolic acid), PLGA based drug loaded particles were prepared by nanoprecipitation method.
Parabens were chosen as model drugs, because the polarity of the molecules with increasing length of alkyl
chain changes gradually while the main part of the structure stays the same. Due to this property, the series
of parabens can be used to examine the influence of the polarity of the drug molecule on the potential drug
content of the carrier system. Our aim was to study the relation of the polarity of the methyl-, ethyl-, propyl-,
butyl- and heptylparaben with the encapsulation efficiency into PLGA nanoparticles.

Size and size distribution of the prepared PLGA particles were characterized by dynamic light
scattering. Drug content of the nanoparticles was determined by UV-VIS spectroscopy.

The molecular interaction between the parabens and the PLGA was studied in a Langmuir- balance.
The thin layer of PLGA was prepared on the water surface by spreading its chloroformic solution.
Penetration of the parabens was measured into the preformed PLGA monolayer. During the measurements
the aquaeous solution of the parabens was injected into the subphase. The change in the surface pressure was
measured as a function of time [1] and used as the indicator of affinity to the PLGA. Surface pressure (m) —
area (A) isotherms of PLGA and PLGA and paraben mixed films were also recorded at air/water interface.
[2] The pressure of squeezing out of parabens was determined.

The results of the penetration and squeezing out measurements were compared to the series of
parabens. The molecular interaction behaviour was evaluated taking into consideration the molecules’
polarity and their surface activity determined by pendant drop method.
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Figure 1. The drug content (red dots) of the PLGA NPs and the encapsulation efficiency (black squares)
for the series of parabens
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There exist a number of silver-colored products around us. Most of the products are coated by metallic paints
containing metal powders. Metal-colored films obtained metallic paints cut off radio wave, and therefore
metallic paints cannot apply to communication devices. In addition, metallic paints may evoke metal allergy
to people having sensitive skins [1]. In order to solve these problems, we have found that some organic
compounds, azobenzene and stilbene derivatives, form gold- or silver-lustrous organic crystals [2-3].
Recently novel compounds having a benzanilide skeleton have been synthesized in our lab. They can form
silver- lustrous organic crystals. In this paper, we will introduce the synthesis of the new compounds and the
silver luster of their crystals.

Benzanilide derivatives (Figure 1) have been synthesized through two reaction steps. The derivative
(1) forms silver-colored crystalsby recrystallization using ethanol and the derivative (2) also gives silver-
colored crystals by recrystallizing from acetonitrile and water (Figure 2(a) and (b)).

The luster of the silver-colored crystals was evaluated in terms of specular reflectance. The specular
reflectance of the crystals of 1 or 2 was higher than that of gray origami. When the color of the lustrous
crystals was estimated using CIELAB color space measurements, the color of the crystals of 1 or 2 was
similar to that of silver-colored origami. The crystals of 2 were added to water, followed by vortex. The
obtained dispersion was stable, which suggests that the crystals of 2 may be applied to water-soluble inkjet
inks (Figure 2(c)).

R =-CHz (1) and -OH (2)

Figurel. Chemical structures of benzanilide derivatives

Figure 2. Silver-lustrous organic crystals of (a) 1 and (b) 2. (c) shows
the stable dispersion of 2 in water.
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The extracellular and subcellular compartments are characterized by specific pH levels that can be
modified by pathophysiological states. Accordingly, when pH-responsive nano-assemblies are exposed
to such milieus, they can respond via changes in their structure and/or surface charge.[1-2] The
structural changes of polymeric assemblies induced by environmental conditions can be exploited for the
delivery of therapeutic drugs and genes into specific sites of action.[3] In this framework, we highlight the
potential use of pH-responsive block copolymers for the intracellular delivery of hydrophilic therapeutics.
Several poly ([ N - ( 2 - hydroxypropyl ) ] methacrylamide ) - b - poly [ 2 - ( diisopropylamino ) ethyl
methacrylate ] diblock copolymers (PHPMA-b-PDPA) were synthesized by RAFT polymerization and
characterized by NMR and SEC. Self-assembled vesicular structures (also known as polymersomes) with a
desirable size for cellular uptake (Ry ~ 50 nm) and low polydispersity (PDI = 0.07) were produced
from selected block copolymers using the microfluidic technique (MF). They were further characterized by
static light scattering, zeta potential and TEM imaging (Fig.1). Cyanine 3 DBCO and Cyanine 5 DBCO
were covalently bound to the block copolymers by copper free click chemistry reaction. The successful of
this approach was evaluated by FRET measurements. In the steps further, the encapsulation and release
of the chemotherapeutic drug doxorubicin and other therapeutic biomacromolecules will be investigated.
Intracellular trafficking will be evaluated using fluorescent dyes attached by click chemistry as well as by
the interaction of the produced polymersomes with biologically milieus.
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Figure 1. Size distribution for the produced Polymersomes by using MF in different flow rates (left) and
TEM image of the polymersomes produced from the PHPMA;5-b-PDPAg; diblock copolymer at flow rate =
200 L'min! (PBS, pH 7.4) / 100 L'min-! (polymer solution at 5 mg'mL™").
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Protein functionalization of mesoporous silica nanoparticles (MSNs) represents a key factor in the design and
engineering of new targeted and controlled drug-delivery systems. However, in order to visualize and
determine the fine localization of proteins adsorbed in nanoparticles, we have employed specific transmission
electron microscopy (TEM) analytical strategies based on the use of gold conjugates.

To date, we used gold-conjugated-bovine serum albumin to determine how different biopolymers affect
the formation of a protein corona around functionalized MSNs through direct TEM observation of surface
bound proteins [1], whereas in previous investigations we applied the Immune Gold Staining (IGS) method to
prove the localization of lysozyme adsorbed inside SBA-15 pores [2]. IGS procedures have been extensively
used to localize proteins in animal tissues and are mainly characterized by the gold conjugate antibody aptitude
to recognize and bind specifically proteins allowing their visualization by conventional TEM. Additionally, in
previous investigations [3] we visualized by means of the silver enhancement procedure antibody fragments
F(ab’)GAMIgG conjugated with ultra-small gold nanoparticles, GNPs (diameter 0.8 nm), immobilized into
the mesopores of amino functionalized SBA-15 mesoporous silica. The silver enhancement technique
permitted the amplification of the ultra-small size of GNPs that acted as nucleation sites for the deposition of
metallic Ag atoms obtained by the reduction of Ag" ions. The silver-enhanced GNPs are visible at conventional
TEM thus allowing for an unequivocal imaging of the location of the antibody fragment-GNPs conjugates
inside the channels of SBA-15. These nano-bioconjugates are being studied for either cancer therapies and
imaging purposes.

The use of gold conjugates is gaining in popularity, representing a fundamental tool to design future
applications of MSNs in biomedicine, pointing out that we are at the very beginning of a new age of the
nanomaterial science: the “mesoporous golden age”.

Figure 1. TEM micrograph of gold-conjugated bovine serum albumin adsorbed on MSN surfaces (a).
Graphical representation of gold nanoparticle interaction with MSN (b).
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Lipopolysaccharide (LPS), also known as endotoxin, is one of the major cause for sepsis [1]. Polymyxin B (PMB) is a
molecule known to bind to the lipid A part of LPS with specificity [2]. However, because of its toxicity, PMB cannot be
applied directly to human body as a free drug. Instead, the immobilized PMB was used in an extra-corporeal device, such
as Toraymyxin®, to remove endotoxin in blood. Nevertheless, the adsorption behaviors of LPS on PMB immobilized
surfaces are still not well understood. The aim of this research is to study the effect of surface density and immobilization
conditions of PMB molecules on its adsorption behavior to lipopolysaccharide (LPS) molecules.

This work describes the immobilization of Polymyxin B (PMB) molecules to a mixed self- assembled monolayers
(SAMs) of alkanethiolates on gold derived from the 1-Undecanethiol and the 16-Mercaptohexadecanoic acid (Rcoow, soin
=0.0-1.0) , and studies of biospecific binding behaviors of lipopolysaccharide (LPS) to these SAMs with different PMB
surface concentration. The method involves the generation of activated N-hydroxy- succinimidyl (NHS) esters from the
carboxylic acid groups of 16-Mercaptohexadecanoic acid and the reaction of these active esters with amino groups of
PMB molecules. The influences of Rcoown, soin to the amount of PMB that was immobilized and the kinetics of adsorption
and desorption of LPS to/from the PMB immobilized surfaces were investigated with Ellipsometry and surface plasmon
resonance (SPR) spectroscopy. Langmuir (one to one binding) and Bivalent analyte interaction models are used to find
out the best-fit solutions of the rates of adsorption/desorption rate constant.

Experimental results indicate that LPS bind with PMB in the ratio of [LPS]:[PMB]=1:2 when PMB molecules are
immobilized in coupling buffer at pH 8.4, while for PMB immobilized at pH 9.4, Langmuir model of [LPS]:[PMB]=1:1
gives better results. The binding stoichiometry of LPS with PMB remains the same at 25°C and 37°C suggesting that LPS
in gel phase (<30°C) or in liquid crystalline phase(>35°C) does not change its binding stoichiometry. Beside, Rcoon, soln
was adjusted to modify the surfaces with different surface concentration of PMB. The demonstration of the resistance of
mixed SAMs to nonspecific adsorption of PMB and LPS showed the nonspecific adsorption of PMB and LPS on these
surfaces both decreased with the increase of Rcoom, som. Therefore, the adsorption of LPS molecules on a PMB
immobilized SAMs derived from Rcoon, soin close to 1.0 should be mainly specific binding between LPS and immobilized
PMB in mixed SAMs.
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Figure 1. (a) Sensogram obtained by passing 200nM LPS over pure Au-S(CH;5)COOH SAM surface to which polymyxin
B (2mgmL"!in 10mM hepes buffer at pH 8.4). Bivalent analyte interaction model are used to find the best-fit solutions to
determine the kinetics of association and dissociation of LPS to the surface. (b) Sensogram obtained by passing 200nM
LPS over pure Au-S(CH;5)COOH SAM surface to which polymyxin B (2mgmL"! in 25mM phosphate buffer at pH9.4).
Langmuir model are used to find the best-fit solutions to determine the kinetics of association and dissociation of LPS to
the surface.
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Gallic acid (GA) is a natural phenolic compound known for its high antioxidant capacity. The last decade the
interest for its wide spectrum of activities has been increased with emphasis to its antioxidant, antimicrobial,
anti-inflammatory, anticancer, neuroprotectant and antidepressant activities [1, 2]. Prime concern regarding
GA targeted delivery is the improvement of its therapeutic efficacy through different strategies for higher
bioavailability and prolonged activity. Nanodispersions, due to their unique properties have attracted
increasing attention as potential drug delivery systems either as vehicles for topical administration or as
bioavailability enhancers for poorly soluble bioactive compounds. Particularly, microemulsions offer a
protective and stable environment for the encapsulated molecules, higher solubilization capacity and faster
permeation as a result of their small globule size [3].

In the present study, we propose a nonionic water-in-oil (W/O) microemulsion based on extra virgin
olive oil (EVOO) combined with sunflower oil (SO) as an appropriate vehicle for the delivery of GA. The
system was constructed with the addition of distilled monoglycerides and polysorbate 80, as the nonionic
surfactants. Polysorbate 80 is known for its penetration enhancement activity in drug delivery systems and its
non-toxic nature. Structural characterization of the system, in the absence and the presence of GA, has been
conducted regarding particle size distribution using the Dynamic Light Scattering Technique (DLS). Swollen
micelles with diameter of approximately 28 nm were detected. The interfacial properties of the multi-
component system were studied by Electron Paramagnetic Resonance (EPR) applying the spin-probing
technique. Spin probe’s (5-DSA) mobility was relatively decreased due to the complexity of the system,
while the addition of GA showed a strong interaction between the encapsulated molecule and the surfactant
layer of the system. EPR was also applied for the quantification of the antioxidant activity of the system with
the use of the stable free radical Galvinoxyl. The high antioxidant activity of the GA, towards Galvinoxyl,
remained after its encapsulation in the W/O microemulsion and the stability of the antioxidant activity
examined as a function of encapsulation time. In addition, the cytotoxicity effect of the proposed system was
assessed towards the nasal cell line RPMI-2650 in order to examine the suitability of the nanodispersion for
the nasal delivery of GA. Furthermore, a microemulsion-based organogel was composed with the addition of
the proposed microemulsion in Hydroxypropyl cellulose (HPC) in order to compare the release profile of GA
from both formulations with the use of Franz cell diffusion assay.

1. Structural study 2. Antioxidant acrivity 3. Release studies

Encapsulation of gallic acid
in microemulsion
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Current approaches of foaming liquids are limited to mechanical methods, pressure and chemical reactions;
laser foaming being used in a few cases only for solids. Another method of foam generation was reported by
Lazare in [1,2], where thin films of collagen and similar biopolymers were exposed to pulsed laser radiation.
Laser pulses have generated micro-foams at the surface of biopolymers thin films. Laser foaming is also used
at the surface of plastics, gas bubbles formed in the melted plastic allowing to create patterns, letters, etc.

This paper proposes to study the generation of foams in medicine solutions by exposing them to laser
radiation, which, according to the best of our knowledge, is a novel method of foaming liquids.

Results obtained when exposing antibiotic solutions (Vancomycin in water) to a pulsed Nd-YAG laser
radiation are the starting point of this paper. During irradiation, Vancomycin molecules are modified and new
photoproducts are formed. These modifications were recorded in real time measuring the dynamic interfacial
tension at the surface of an air bubble generated in suspended position through a curved capillary in the
Vancomycin solutions. Some of the generated photoproducts were hydrophobic and migrated to the
air/solution interface leading to a decrease in the surface tension of the solution recorded during irradiation.
Several photoproducts generated during exposure of Vancomycin solutions to laser radiation were identified
by UV-Vis-NIR absorption spectroscopy, FTIR absorption spectroscopy and liquid chromatography and time-
of-flight mass spectrometry measurements [3].

The foams were obtained for two kinds of samples; one is a bulky sample, with a total volume of,
typically, 0.5mL in which case the foam is produced if the laser beam has 40mJ minimum average energy.
Below this value the foam is not produced and at much higher beam energies, losses of material from the
samples in the cuvette may shuffle the foam forming process. The total exposure time to produce a significant
foam quantity is two hours, but the start of the foam forming is noticed much earlier, after tens of minutes of
interaction with the laser beam.

The sample solution may be exposed to laser radiation as droplet in pendant position in air. The experiments
of this kind were made on droplets of SpuL volume, i.e. of 2.12mm diameter and the laser beam average energy
to generate foam out of the droplet material was 7 mJ.

In terms of time intervals to obtain foams out of VCM water solutions, the foam production proves to
be much faster (one order of magnitude) in droplet form than in bulk. More, in droplet all the material is
transformed in foam whereas in bulk only a significant, but not all, part of the solution is generating the foam.
The formation of foams in VCM solutions during exposure to laser beams requires a bubble nucleation, most
probably generated by the transient acoustic wave induced by the laser pulse, similar to the process described
in[1, 2]. A contribution to the foam production may have also the production of Cl, after VCM hydrochloride
interaction with the laser beam, since the Cl, may not migrate outside the liquid/droplet due to the fact that the
surface tension of the solution at the interface with the surrounding air is opposed to it.

The foam generation during laser irradiation produces modifications of the VCM molecules, especially
to the tyrosine radicals in the molecule.
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The presence of biofilm causes problems in many walks of life, including the food and medical industries,
where they can lead to contamination or infection. The irreversible attachment of bacteria on to a surface is
the first sage of biofilm development. In this study the interaction between Pseudomonas fluorescens
biofilm, a model gram-negative biofilm, on a surface treated with three kinds of polymer have been
examined via Attenuated Total Reflectance FTIR spectroscopy and fluorescent microscopy.

Using the ATR-FTIR technique, the first stage of bacterial attachment and kinetic of biofilm
evolution on the three polymers was registered. Based on the obtained spectra the differences in the bacterial
mechanism of attachment depend on polymeric structure and functional groups and their changes over time
have been measured. Additionally, the surfaces were examined via fluorescent microscopy to visualize the
percentage of surface area occupied by the bacteria after their initial attachment.

Data suggests that the functional groups of the polymers interact with bacterial cells to stimulate them
to secrete proteins and polysaccharides which leads to irreversible attachment of bacteria to the surface, and
furthermore impacts on the development of biofilm. The results show that for each of the surfaces, the time
for irreversible bacterial attachment and mechanism of attachment is closely related to the surface chemistry
and interaction between functional group, cells membrane and adhesive proteins.
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Figure 1. a) The ATR-FTIR spectra recorded shows biofilm evolution in time on Polymer n.1.b) Plot
of integrated intensity ratio versus time under 3h growth of P. fluorescens biofilm on Polymer 1 layer.
Key: AMII- amide II bond; PO- PO2- bond, the signal from phospholipids, phosphodiester; PS- C-O-,
O-H coupled with C-O, the signal from polysaccharides. ¢) Visual interpretation of initial bacteria
attachment during biofilm formation on the Polymer n.1. d) The Polymer n.1 surface with bacteria
attachment after 3 hours from inoculation.
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Due to the progressively increasing resistance of bacteria towards antibiotics, the search for
different approaches and alternative therapies to suppress bacterial growth in different cases is a top
priority [1]. Bacterial cells need to maintain their membrane architecture for regulating the trans-
membrane potential, essential requisites for growth as well as metabolic activity [2]. The cell wall can be
disrupted, for example, by cationic antimicrobial agents [2,3] and changes in bacteria size/shape or cell wall
thickness, or even proteins and DNA/RNA 3D structure, can be accessed by small angle scattering
techniques [4,5].

As a structure sensitive tool, SAXS provides a rapid feedback on drug induced ultrastructural
alteration in bacteria which the most studied are E. coli cells [6]. At the ESRF we obtained useful SAXS
information regarding changes in the bacteria size, cell wall thickness and cytoplasmic polymers radius of
gyration when exposed at different pH (2, 7 and 12) as with different concentrations of hydrogen peroxide.
As can be seen in figure 1, it was possible to observe multi-scale changes to the bacterial cell. This way, the
effect of different actives is being assessed as well by applying mathematical models to quantify
the changes in the microorganisms’ morphology [7].

In support of the synchrotron SAXS information, dynamic/static light scattering and and electrokinetic
or zeta potential measurements have been used as bench top techniques [2, 8-10]. Moreover, we aim
at obtaining information regarding reaction kinetics, mode of action and structure-function relationships
between the active chemistry and the cellular response.

Oscillations shifted to higher q values:

/ diameter reduction

Upturn around 0.1-1nm shifted to lower q
values: increased thickness

|

Higher signal at high q:
cytoplasm damage/disruption

|

102 10"
q[nm™)

Figure 1. — SAXS signal of E. Hirae exposed to pH=2 and hydrogen peroxide (red), pH=7 (green) and
pH=12 (blue).
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Presently, carbon nanotubes (CNTs) belong to the most important building blocks in nanotechnology
because of their excellent electronic, thermal, and mechanical properties. Thus, CNTs are extensively studied
from the viewpoint of their potential applications in composites, electronics, computers and hydrogen storage
[1]. In nanomedicine the applications of CNTs include biosensors, biomolecular recognition devices,
molecular transporters, and cancer therapy and diagnoses [2]. The interactions of CNTs with proteins attract
attention of scientific community since it plays important role in biochemical processes in biological
systems. In case of undesired protein adsorption, CNTs are coated with the protective layer of polymer
chains. Thanks to its biocompatibility and nontoxicity poly(ethylene oxide) (PEO) is frequently employed
for this purpose.

The molecular dynamics simulations have been performed to study the interactions between PEO-
modified CNT and oligopeptides composed of 24 amino acids of different affinity for water. Specifically,
oligoglycine and oligovaline represent small and large nonpolar protein moieties, respectively, while
oligoserine represents small neutral polar moiety. Oligoaspartate and oligolysine serve, respectively, as
representatives of negatively and positively charged polar protein moieties. In order to address the effect of
PEO coverage on the interactions between CNT and different oligopeptides the interactions between
oligopeptides and uncoated CNT are also investigated. In addition, the effect of water and NaCl at
physiological concentration is scrutinized. The radial density distribution of grafted PEO chains and water
molecules, the distance of oligopeptides from the coated and uncoated CNT as well as the effect of the CNT
on the conformation of oligopeptides are evaluated.

This study is meant to contribute to understanding of the complex interactions between proteins and
PEO coated CNTs in biological systems and to uncover the function of PEO, water, and salt in these
interactions. . 5.3 -
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Figure 1. PEO-modified CNT interacting with oligolysine in water under salt free conditions (only the

counterions Cl™ are considered) (a) and in water solution with physiological concentration of NaCl. Water
molecules are omitted for the clarity.
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Food contamination due to the presence of microorganisms is a serious problem. New food preservation
systems are being studied to kill or inhibit spoilage and pathogenic microorganisms that contaminate food
and reduce shelf life of products. Chitosan films with potential application to food preservation have
witnessed great developments during the last years. Chitosan is a cationic polysaccharide with the ability to
form films and possessing antimicrobial properties. It is water insoluble but can be dissolved in acidic
solutions. In the present work three different acids (acetic, lactic and citric), were used in Chitosan
dissolution and both the resultant solutions and formed films were characterized. It was concluded that
chitosan -water-acetic acid systems shows the highest antimicrobial activity due to the highest charge
density, compared to the mixtures with lactic and citric acid. Viscous solutions are also detected. Chitosan —
acetic acid films are also the best suitable since lactic and citric acids remain in the films, changing their
properties, which does not happens with acetic acid. The incorporation of acetic acid leads to very resistant
films while very fragile but elastic films are formed when lactic acid are incorporated. This was seen by the
evaluation of elongation to break forces.

A good selection of the type of acid not only facilitates the dissolution of chitosan but also plays a
key role in the properties of the formed solutions and films.
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Figure 1. Zeta potential of chitosan solutions (0.5wt%) dissolved with different acids at pH=2 (left);

minimum inhibitory concentration of chitosan dissolved in different acids (right).
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This study presents the laser modifications of properties of two new hydantoin derivatives’ colloidal solutions.
The obtained results are useful to further investigate the specific interactions of these solutions with other
materials, including biological targets.

The two chemical compounds under SZ2 and SZ7 general names are new developed hydantoin
derivatives with promising antitumoral [1] and antimycobacterial [2] properties. They were prepared as
solutions in ultrapure deionised water at different concentrations.

Using a dedicated experimental arrangement, the samples prepared as bulk or droplets were exposed to
laser radiation emitted at 266 nm as the fourth harmonic of a Nd:YAG laser for different time intervals up to
1 h. The laser induced modifications on the colloidal solutions properties were investigated through FTIR and
LIF (Laser Induced Fluorescence), as well as by using specific optofluidic measurements (surface tension
dynamic and contact angle).

As general presentation, the colloidal solution samples precipitate after 1 h laser beam irradiation and
SZ7 solutions change their colour. Furthermore, if SZ2 irradiated solution sample is centrifuged for a couple
of seconds, a very stable foam is produced.

A general result of the experiments’ analysis is that modifications are induced in molecular structures
of hydantoin derivatives by exposure to laser radiation of microdroplets or bulk samples. This fact evidences
that in both cases molecules are photoreactive. Changes produced in microdroplet presentation are faster than
in bulk exposure. This could be due to higher ratio between the number of photons in the laser beam and the
number of molecules in microdroplet comparatively with bulk samples [3].

The vibrational fluctuations observed in FTIR spectra upon 266 nm Nd:YAG pulsed laser beam could
suggest the braking of SZ2 molecule and the separation of the radical attached to the thio-hydantoin ring
accompanied by the rearrangement of the molecules and hydrogen bonds formation. Likewise, the interaction
of SZ7 solution with laser radiation may conduct to the cleavage of the alkyl side-chain of the thio-hydantoin
ring and could affect the thio-hydantoin structure itself [4].

The resonant interaction of laser beams with these hydantoin derivatives needs to be further studied, for
example with respect to the photoproduct identification and their isolation. Performing microbiological assays
for ‘cocktail’ photoproducts solutions is also of interest. The main conclusion at this stage is that our
investigated materials are photoreactive, this opening many possibilities both in biomedical field, and in other
industrial activities involving the use of hydantoins, as well.
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II1-P2-2.1-PED-2016-0420 and the PN Nucleu project: 18.13/2018.
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Mediterranean plants are rich in biologically active compounds (BACs) such as essential oils, antioxidants
and volatile compounds, which often have unique features, from nutritive to medicinal properties, as
well as antioxidant and antimicrobial activities. These remarkable properties of BACs can be used in the
production of functional foods.

From the economical point of the view, there are challenges to reduce the processing costs and to
minimize the use of organic solvents. Thus, there is a need towards the implementation of innovative
strategies and non-conventional methods, which are following the concept of Green Technology [1].
Extractions by means of high voltage electrical discharges (HVED) resulted to be very efficient in
recovering BACs from plants. HVED can give highly valuable plant extracts with regards to an
environmentally friendly way that follows the nowadays preferred ,,green concepts. These procedures
are rapid, convenient, economical, sustainable, and efficient, and with great potential for industrial
upscaling [2,3].

Most of these biologically active compounds have low water solubility, strong flavors/odors and are
generally unstable and degrade easily under conventional processing and storage conditions. Encapsulation
of these compounds is an excellent choice to stabilize them and mask their strong flavors and odors, thus
protect them and enable their delivery in food systems as well as the controlled and targeted release.

In our research, extracts and essential oils obtained by means of the non-conventional HVED method
and with use of ,,green* solvents, are to be implemented into different food matrices in order to obtain food
products with high added values, e.g. functional foods. However, in order to successfully implement BACs
into these food matrices, encapsulation techonology was employed. Use of different biopolymeric carriers for
the proper optimization and production of the microcapsules was investigated. Obtained HVED extracts with
the highest share of sought BACs were encapsulated with Biichi Encapsulator B-390 via the simple ionic
gelation method. Also, lyophilization was used as a method to compare the stability and longevity of
encapsulated BACs vs non-encapsulated. Either hydrophilic BACs or lipophilic as well as the combination of
both were encapsulated into different biopolymeric carriers with different number of layers.

Combination of the main carrier, sodium alginate, different co-biopolymers was more thoroughly
investigated. Physicochemical analyses were performed for different combinations as well as the morphology
of obtained microcapsules. Additional coatings were also applied to obtain microcapsules with optimal
properties for desired retention and release of the encapsulated bioactive compounds. Release kinetics of
BACs from microcapsules were also evaluated and statistical predictions for desired achievements were
performed.

In the end, obtained optimal microcapsules will be implemented into desired food matrices with sought
properties.

Acknowledgements: Authors would like to acknowledge the Croatian Science Foundation for their
financing of the project titled “High voltage discharges for green solvent extraction of bioactive
compounds from Mediterranean herbs (IP-2016-06-1913)”.
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Nanoparticles offer a great potential as drug delivery systems [1]. However, in order to design efficient
tumor-penetrating drug nanocarriers, the relationship between physicochemical properties (e.g. size, form,
charge) of such nanocarriers and their therapeutic activities must be understood in detail. In this work we
explored the influence of NP size in the delivery of mitomycin (MEMC), a DNA alkylating agent, to tumor
cells using classic monolayer cell cultures and multilayer tumor spheroids models [2]. Both passive targeting
and actively enhanced cellular internalization play significant roles in tumor-targeted therapy. Programmed
specific responsive ligands on the nanoparticles expects that nanocarriers respond to external stimuli and
transform into more cell-interactive forms upon arrival at the tumor tissue for enhanced cellular
internalization. In this perspective, we have also recently described a supramolecular chemistry approach to
control the cellular uptake of small AuNPs (2 nm) based on a host—guest interaction between pyranine and
an oligocationic covalent cage. We proved that attaching enough pyranine molecules onto AuNPs hamper
their cell internalization owing to the build-up of a high negative potential on their surface. Addition of cage
switches the negative surface into positive, and induces the cellular uptake of AuNPs [3].

[1] Wong. P.T, Choi. S. K, Chem. Rev., 2015, 115, 3388.
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Softwood is a natural source of one of the most abundant polysaccharides found in plant cell walls.
Hemicellulose (galactoglucomannan, GGM) makes up to 25% of the wood in Sweden, however, most of it is
treated as waist from agriculture and forest industries. Our goal is development of sustainable and efficient
methodology based on biocatalytical processes to convert GGM into products with added value like surfactants
for detergent formulations and coatings for wood and paper. This study is focused on interfacial behaviour of
compounds derived from hemicellulose. This includes the surface tension and micelle formation of the novel
hexyl mannoside surfactant synthesized within the project by means of enzymatic catalysis using f-mannanase
and alcohol acceptor [1]. Furthermore, the influence of the extraction technique on the adsorption kinetics of
unmodified GGM to spin coated cellulose surfaces will be presented. Using ellipsometry and neutron
reflectometry measurements we will show how adsorption behaviour of GGM can be controlled by changing
galactose substitution degree and molecular weight.

[1] J. Morrill, A. Aronsson, A. Rosengren, P. Naidjonoka, P. von Freiesleben, K.B.R.M. Hrogh,
K.E. Bergquist, T. Nylander, E.N. Karlsson, P. Aldecreutz and H. Stélbrand, Applied Microbiology and
Biotechnology, 2018.
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Natural and man-made fibres possess desirable properties such as structural integrity, high
mechanical performance and processability, making them functional components in a wide range of
applications [1]. In many cases (e.g. personal care products or textiles), the sensation of touch
facilitated by fibres is a key performance indicator. Although different empirical methods have been
developed to introduce softness into synthetic fibres (e.g. crimping and surfactant additives) to
mimic that of natural fibres, there is still a lack of understanding of how the sensation of touch on
fibres could be tailored for different synthetic fibres in different applications. On a fundamental
level, fibre softness can be related to frictional properties they mediate, which are in turn related to
their surface topography, nanomechanical characteristics (e.g. stiffness and adhesion) and crystal
structure. Optimisation of these properties via fibre processing is thus essential.

In this study, optical microscopy (OM), scanning electron microscopy (SEM), atomic
force microscopy (AFM) and X-Ray diffraction (XRD) have been used to characterise the
surface topography, morphology and crystal structure, respectively, of fibres and fabrics [2,
3]. Seven commercially available synthetic fibres have been studied. These fibres are from
three different suppliers and vary in composition and surface morphology. Two of the samples are
nonwoven sheets with the rest of them being single fibres [4]. The fibre geometry, especially its
crimping, was observed by OM (Fig.1 a). SEM (Fig.1 b) revealed differences in fibre surface
topographies, with some of them exhibiting smooth surfaces whereas others the presence of irregular
aberrations. High resolution AFM (Fig.1 c, d) provided detailed topography and mechanical
properties across fibre surfaces such as rigidity, stiffness and adhesion. The results suggest that
erucamide (a surfactant additive) in the fibre might have migrated to the fibre surface during
processing, giving rise to the observed surface features. Preliminary XRD on fibre bundles (Figl.d)
show that the crystallinity of the fibres differed, which underpin all the above observed topographic
and mechanical properties. We will discuss such detailed morphological and structural information
in the context of the sensation of touch mediated by these fibres.

Intensity

o R i S _=.
Figure 1. a) OM crimping in fibres; b) SEM image of the same fibres; c) QNM AFM image of
surfactant additives on a single fibre surface; d) 3D AFM image of fibre with surfactant; and e) XRD
of bundles of fibres.
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The stabilisation of nanoparticles in physiological buffers is essential for their use in various
biomedical applications. The colloidal stabilisation is especially challenging when the nanoparticles display
platelet shape and permanent magnetic moments. Magnetic barium-hexaferrite nanoparticles (BFNPs)
appear in the form of very thin platelet crystals — nanoplatelets and are permanent nanomagnets with the
easy axis of magnetisation oriented perpendicular to the platelet. Therefore, in addition to van der Waals
attractive forces, long-range magnetic dipole-dipole interactions have to be considered when preparing their
stable suspensions. The platelet shape of BFNPs is also an important factor, as the inter-particles forces are
larger for the plate-like particles than for spherical particles of the same volume.

In this work, we successfully stabilised the suspensions of BFNPs in physiological buffers used for in-
vitro tests on cells. The BFNPs, ~50 nm wide and 3 nm thick, were synthesised hydrothermally. First, the
BFNPs were stabilised in aqueous suspension with adsorption of citric acid, which provided high zeta
potentials at high pH values. Subsequently, the nanoplatelets were coated with a thin (2-3 nm), uniform silica
layer using a modified Stober process. The silica layer maintained a high zeta potential and provided a non-
magnetic layer that reduces magnetic dipole-dipole interactions. Both citric acid-adsorbed and silica-coated
BFNPs were colloidally stable in deionised water but slowly aggregated in complex aqueous media, such as
cell culture media (DMEM medium with 10% fetal bovine serum). The stability of the BFNPs in such
complex media was only enabled by grafting with dextran. The dextran was pre-reacted with (3-glycidyloxy-
propyl)trimethoxy-silane and then reacted with silanol —Si-OH functional groups at the surfaces of the silica-
coated nanoplatelets. The covalently-bonded dextran assured the colloidal stability of the BFNPs also in the
physiological buffer by providing steric repulsive forces.

Dextran, =/

A,

Figure 1. TEM image of as-synthesized BFNPs, 2. TEM image of silica-coated BFNPs, the thin amorphous
silica layer can only be seen when platelets are oriented perpendicular to the surface, and 3. Schematic
presentation of the coating of the BFNPs.
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Pulmonary surfactant (PS) is a multicomponent complex of lipids and proteins which covers the alveolar
surface. The pulmonary surfactant system has proven to be of crucial importance to breathing process. The
lack, deficiency or inactivation of PS is the cause of severe respiratory disorders, sometimes lethal, such as
the Neonatal Respiratory Distress Syndrome, or the pulmonary dysfunction related with different processes
as injury, inflammation or sepsis, due to action of a variety of inhibitory substances (e.g., plasma proteins,
free fatty acids, lyso- and unsaturated phospholipids).

The gained knowledge on black foam films (BFF) from aqueous solutions of phospholipids,
phospholipid-protein mixtures and PS (or its components) is successfully applied for the investigation of
structure and stability of alveolar surface. The conditions for BFF formation are close to the physiological in
order to “serve” the in vivo situation. Microscopic foam films studied by means of microinterferometric
technique enable measuring the dependence of probability W of BFF formation on bulk concentration C,
dependence of film thickness 4 on electrolyte concentration and isotherms of disjoining pressure /7 vs. film
thickness 4. The very sensitive parameters related to BFF formation and stability are used as a diagnostic
method for foetal lung maturity assessment and to analyze the PS properties.

In the present study, the obtained dependence of probability W for BFF formation versus bulk
concentration for films from gastric aspirates (GA) from healthy neonates are compared with data for GA
samples from prematurely born babes. The updated version of Exerowa black film method will be presented.

The inactivation effect on PS surface activity due to action of different type of inhibitors is also
investigated by the BFF method. The results show that addition of inhibitors causes destabilization of the
BFFs and formation of mixed adsorbed layers at the solution/air interfaces. The studies also outline the
perspective for the potential application of the BFF method for investigating the effect of a variety of
inhibitory substances and could help in better understanding of processes of pulmonary surfactant
inactivation in pathological conditions.
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The deposition of charged polyelectrolytes to surfaces using the layer-by-layer (LBL) approach [1]
allow the electrostatic modification of biotic and abiotic surfaces [2-3]. Using this approach, we
electrostatically modified the surface of bacterial cells and the metal surface to construct a multilayered
artificial biofilm structure on the the steel surface (Fig. 1). By applying such artificial biofilm, we aimed to
(1) affect the early stages of microbial attachment to the raw material, (ii) alter the successive development of
natural biofilms and (iii) change the final composition of the surface bacterial community. This way the
MIC-promoting community in not established, because the succession process, which normally leads to the
development of microbiologically influenced corrosion (MIC), is altered. This ecological and evolutionary
(ECO-EVO) approach used here does not actively prevent the growth of unwanted target bacteria, but rather
steers the development of a community towards the desired final composition (Fig. 1).

For the application of the LBL approach we used combinations of positively and negatively charged
polyelectrolytes, PEI[+]-PAA[-] and chitosan[+]-lignosulphonate[-]. The use of oppositely charged
polyelectrolytes allowed us to change the cell surface layer-by-layer as well as apply the encapsulated cells
to the oppositely charged surface in the same manner (Fig. 1). The chosen antibiotic producing bacteria and
the polyelectrolytes both acted anti-bacterially, forming the basis for alteration of the natural communities
that were to develop on the exposed metal surface. The prepared artificial biofilm was tested in the sea
environment and the results showed significantly changed the composition and diversity of natural biofilms.
As demonstrated by DGGE analysis and 16S rRNA gene sequencing their diversity was the highest on the
raw metal surface, while the applied artificial biofilm out-selected a subset of only a few bacterial taxa, the
most importantly excluding those previously associated with MIC.

In summary, our approach allows a controlled delivery of bacterial cells to the surface using electrostatic
interactions, resulting in the construction of an artificial biofilm that can alter the succession of natural
surface bacterial communities.

metal surface

Figure 1: Artificial biofilms. (A) Electrostatic attachment of cells to the surface using charged
polyelectrolytes to prepare multilayered artificial biofilms. (B) Artificial biofilms (dark gray) select the
population of cells that attach to the surface and join the surface community.
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Dissolution properties of drug molecules strongly depend on the surface morphology and the
crystalline structure. Complex multicomponent systems (water-soluble inclusion complexes, self-
emulsifying systems, nanosuspensions) are intensively studied for their potential of overcoming poor
aqueous solubility and thus bioavailability. However, numerous interactions within such systems
involve the risk of unpredictable changes during production or storage. In pharmaceutical production
drug molecules are often crystallized in bulk solutions, which may fail in terms of inducing specific
polymorphs. Altered molecular arrangements can be achieved by introducing environmental or
geometrical constraints, i.e. by crystallization on a solid surface. Surfaces minimize the system’s entropy
and thus enable faster nucleation which makes polymorphic forms accessible via a solid substrate.

Pharmaceutical-relevant examples like phenytoin, clotrimazole and paracetamol reveal distinct
morphologies or surface-induced polymorphism. Variation in the morphology, in particular the crystal
size, as well as subsequently introduced API top-coatings allow adjusting the dissolution properties.

We investigate the film-forming properties of selected APIs and the influence of morphological
variations on the dissolution behavior. Thin films are studied in dependence of different annealing/
temperature-treatment processes. The surface and crystalline properties were investigated by atomic force
microscopy and grazing-incidence X-ray scattering (GISAXS, GIXD).

[1] HM.A. Ehmann et al., The Jorunal of Physical Chemistry C, 2014, DOI 10.1021/jp502330e.
[2] D. Reischl et al., Cryst Growth Des, 2015, 15(9), DOI 10.1021/acs.cgd.5b01002.
[3] P. Christian et al., ACS Applied Materials & Interfaces, 2016, DOI 10.1021/acsami.6b06015.
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The understanding of the physico-chemical bases underlying the behavior of polymer — surfactant mixtures
in bulk and upon adsorption at interfaces presents high interest due to the importance of such systems in
different technological and industrial fields, ranging from drug delivery systems to mineral processing, and
from tertiary oil recovery to the development of cosmetic formulations for hair care [1].

In this communication, we present a comprehensive study of the behavior of mixtures of cosmetic
interest formed by poly(diallyldimethylammonium chloride) and different rhamnolipids, which differs on
their hydrophilic character. For this purpose, the complexation occurring in bulk has been correlated to the
adsorption of these mixtures at interfaces (solid or fluids). This is interesting because conditioning
performance is related to the adsorption of polyelectrolyte — surfactant complexes onto the intricate surface
of hairs, whereas the cleansing and foaming properties of the mixtures are related primarily to the behavior
of these systems at the water/vapor interface.

We have combined several bulk characterization techniques: dynamic light scattering, {-potential,
turbidimetry and surface sensitive techniques such as tensiometry, quartz crystal microbalance, ellipsometry,
neutron reflectometry and atomic force microscopy. This has allowed us to obtain a direct correlation
between the bulk behavior and the adsorption properties. The study of the adsorption of the mixtures onto
solid surfaces has shown an increase of the adsorbed amount as the composition is closer to the onset on the
phase separation, which can be considered as an example of a precipitation enhanced adsorption [2]. It is
worth mentioning that in the studied systems, phase separation is not associated with the formation of neutral
complexes as in most of systems studied in the literature, as in this case it is associated with the formation of
complexes involving several polymer chains which remain overcharged. The type of surfactant and its
concentration allowed us to tune the adsorbed amount and the hydration properties of the adsorbed layers
onto solid surfaces. When the adsorption at the water/vapor interface is considered, a direct correlation
between the composition of the bulk complexes and the composition of the interface was found. This is an
important difference with diluted systems [3,4]. This study provides important insights on the conditioning
effect, lubrication (water content) and cleansing properties of polyelectrolyte — surfactant mixtures.

Acknowledgements: This work has been funded by MINECO and L’Oréal S.A.
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The so-called nanoera is leading to the diffusion of nanotechnology in all areas of research. Its benefit for
medicinal applications is being fully exploited with continuously expanding application margins.
Nanobiotechnology, however, is still generally limited to research studies, whereas the leap into the practical
utilization of nanosystems in biotechnology is still lacking. This absence is surprising considering the real
potential for enhanced results deriving from the colloidal dimension. Furthermore, the environmental
changes in the world demand greater sustainability in all sectors, including industrial production. Here,
biotechnology offers a true opportunity for more sustainable processing routes. Nevertheless, much more
effort is needed with deeper and more targeted investigations. Downstream processing in particular, which is
usually a time-consuming and expensive sequence of separation and purification steps, could benefit from
nanosystems for bioseparation purposes far more than it currently does. The approach proposed here is to
harness magnetic forces to develop a platform of separation strategies using iron oxide nanoparticles as
adsorbents for biomolecules to meet downstream requirements.

Magnetic nanoparticles have been a research focus in the nanofield for several decades, generating an
increasing number of publications and patents. Their synthesis, coating and functionalization is carried out
employing multiple routes. We focus specifically on the use of the simplest and least expensive version, the
bare iron oxide nanoparticles. Advantages for processing include their high specific surface area, the lack of
degradation over time or due to environmental conditions, as well as the absence of mass transfer limitations.
Large scale biomaterial recovery is carried out using high-gradient magnetic separation, a method which
enables the reduction of processing steps due to the direct capture of the target material from the cell
homogenate or fermentation broth [1]. Our work combines a thorough understanding of the nanoparticles’
surface properties and the mechanisms at the interphase of the aqueous medium with interaction studies of
different classes of materials, from amino acids [2] to peptides [3-4], proteins [5] and whole cell systems. We
develop strategies to control biomolecule adsorption and desorption based on our understanding of the
binding forces responsible for the bio-nano interaction and the impact of environmental conditions.
Moreover, we demonstrate that the binding patterns reported in laboratory scale studies open exciting doors
for sustainable and economic processing routes beyond the limits of conventional purification processes. By
means of numerous examples of magnetic biomolecule recovery, e.g. of self-engineered tagged proteins or of
microalgae cells, we illustrate the range of application for downstream processing goals.

From our work of the last few years, we know there are still many unanswered questions about
working with colloidal systems. Issues such as how the agglomeration behaviour of nanoparticles influences
their capacity for biomolecule adsorption, the symbiotic role of different types of biomolecules in enhancing
nanoparticle surface utilisation, the role of the ions from the medium in affecting the probability of binding
or unexpected adsorption results are all questions which cannot be answered at the moment, which go
beyond our own understanding and are formulated to seek possible answers. For sustainable progress in
downstream processing, further knowledge on the driving mechanisms at the bio-nano interface is essential.
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The antisolvent precipitation is an established bottom-up approach to produce nanoparticles (NPs) of poorly
water-soluble active pharmaceutical ingredients (APIs) [1,2]. It is intended to enhance the bioavailability of
an API by producing smaller particles, but little is known about the growth and the stabilization mechanism
of organic NPs during the precipitation process. However, this knowledge is crucial for the production of
smaller and long-term stable API NPs.

Studying the formation and growth of poorly water-soluble organic nanoparticles with in situ
small-angle neutron scattering (SANS) enables us to characterize the growth and the stabilization of the
particles during the precipitation process with a temporal resolution in the ms regime. The influence of two
structurally different and commonly used stabilizers (sodium dodecyl sulfate (SDS) as an anionic and
tetraethylene glycol monododecyl ether (Ci2E4) as a nonionic surfactant) on the growth and ripening of the
model API fenofibrate has been studied (cf. figure 1). Fenofibrate has been solved in ethanol and mixed
together with 25 wt% surfactant solved in D,O with a ratio of 1 : 9 using the stopped-flow technique.

The analyses of first in situ SANS data reveal an early beginning of Ostwald ripening for all surfactant
systems already after the first 250 ms. Since nonionic surfactants have low critical micelle concentrations,
we additionally studied a micellar stabilization for Ci2E4 (cmc = 0.08 mM), which solubilizes the API,
reducing the supersaturation and leading to an increased growth rate and an inhibited ripening (cf. right side
of figure 1). The results for the used model API fenofibrate will be compared to small (below 20 nm) and
long-term stable alkane NPs, also prepared by antisolvent precipitation and without the need of any
additional surfactant.
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Figure 1. /eft: First in situ SANS data of the fast growth kinetics of nanoparticles of the model API
fenofibrate during the antisolvent precipitation with SDS as anionic surfactant. Right: First analyses
demonstrate the growth of fenofibrate nanoparticles during the first 2 seconds. The calculated mass-weighted
mean diameter of the used log-normally distributed particles sizes is shown as a function of time. The model
reveals an early beginning of ripening for all surfactant systems already after the first 250 ms.

[1] A. A. Thorat et al, Chem. Eng. J., 2012, 181, 1.
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We report a study concerned with the interfacial properties and emulsification features of high viscosity Silicone
Oils (SO) in the presence of blood proteins.

SO are commonly used in a variety of ophthalmologic surgeries to replace the vitreous body: the gellike
substance that fills the vitreous cavity of the eye. Such procedure, called vitrectomy, is performed to treat several
pathological or traumatic vitreoretinal conditions. The main drawback of using these SO is their tendency to
emulsify in the aqueous phase produced in the ocular cavity. This results in various post-surgical complications in
a significant number of patients. With the SO presently in use, emulsification invariably occurs, often in a period
shorter than the time suitable to achieve the complete healing of retinal damages. Elucidating the role of
endogenous surfactants in the above emulsification phenomena is an important step to support the development of
new SO for ophthalmology more resistant to emulsification.

In the present study, therefore, we have investigated the adsorption kinetics of blood serum in an aqueous
buffer solution at the interface with a 1000 ¢St Silicon Oil, also obtaining the equilibrium interfacial tensions.

In addition, the viscoelasticity module of these adsorption layer has been measured as a function of the
area perturbation frequency, in a range between 10-3 and 10-1 Hz.

These measurements have been compared with those obtained using only some key blood proteins, such as
albumin and globulin, in order to identify the components most involved in the emulsification process.

Overall, the results show significant effects on the interfacial tension and the dilational viscoelasticity compatible
with a facilitation of the formation of stable emulsions.

These results have been also compared with preliminary emulsification tests.
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Natural surfactants at fluid interfaces are widely investigated as stabilizers of emulsions and foams for many
applied fields where it is important to have bio-compatible and biodegradable products, such as body-care
and bio-medical fields.

The present work focuses on the properties of solutions containing Saponine, which is a natural
surfactant mainly extracted from some plant species and Chitosan, a bio-active bio-polymer with
antibacterial and antifungal properties and for that used as natural preservative. We investigated the surface
properties of these dispersions in comparison with the properties of formation and stabilization of the
respective liquid foams.

To this aim, measurements of surface tension and dilational rheology were carried out by a Profile
Analysis Tensiometer (PAT-1, Sinterface) varying the composition of the solutions, while the foamability
and the behaviour of the obtained foams studied by different methodology based on membrane and syringe
methods.

The results show that Saponine presents very important amphiphilic properties, characterized by, a
strong decrease of surface tension and high values of the dilational viscoelasticity, already at very low
concentration. These peculiarities are relevant for its utilization as foam stabilizer. On the other hand, the
presence of Chitosan, seems to be very important because tends increase the viscoelastic modulus of the
Saponin adsorption layer and to enhance the foamability of the system, under defined conditions.

Aim of the present study is to contribute to the development of new formulations of biodegradable
and biocompatible foams for industrial application, able also to reduce the use of synthetic surfactants in
commercial products.
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Figure 1. Surface tension and dilational viscoelasticity of Saponine and Chitosan solutions
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In the search for better treatments, lipid based drug delivery systems are used to improve therapeutic
outcomes. However, the in vivo fate of these materials is still unclear. There remains considerable
uncertainty about basic processes like the nuances of enzyme function and consequently, the mechanism of
lipolysis and the malfunction of lipases in diseases. Lipolysis can modify the self-assembly of a range of
different lipid colloids, where the extent and direction of the reaction is contingent on the presence of bile
salts and pH [1]. For instance, upon hydrolysis: medium chain triglyceride emulsions transition to vesicles
[2]; monoolein cubosomes transition from inverse cubic through a variety of inverse nanostructures to
dispersed oil droplets [3]; milk emulsions transition to a variety of differently ordered nanostructures [4].
The selective lipolysis of lipids from the interface of lipidic particles can also direct phase transitions [5, 6],
where the products of hydrolysis align themselves within the lipid bilayer according to their physicochemical
properties [7].

Towards the development of lipid based nanomaterials as drug delivery systems, this study seeks to
understand nanostructural changes of phosphatidylcholine (PC) and phosphatidylethanolamine (PE) based
particles during hydrolysis with phospholipase C; an interfacially active enzyme that was until recently
viewed only as an instrument of lipidic degradation. Both PC and PE are extensively used in different ratios
in the formulation of liposomal drug delivery products, however the molecular mechanisms of their
respective roles in the final delivery to the site of action is not completely understood. Thus, in this study,
lipolysis as meditator for triggered drug release and vesicle fusion is investigated using time-resolved
synchrotron SAXS (Fig. 1), NMR and cryoSEM. As the different phospholipids play different roles both in
lipid homeostasis as well as drug delivery, it is important to study the dynamic behaviour of these
formulations in order to understand both the contradictory events of unexpected drug release and the
enhancement of drug release by this mechanism.

A. phosphatidylethanolamine B. phosphatidylcholine

Intensity

q(A") q(A")
Figure 1. The hydrolysis of PE and PC particles by phospholipase C as observed via time-resolved SAXS.
Both particle types undergo a series of phase transitions as lipolysis progresses.
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Due to their specific porous structure and superparamagnetic property, mesoporous aggregates (MAs) could
allow physical delivering of drugs to the desired target area through the influences of an external magnetic
field [1]. Thus, the total drug concentration administered into an organism is reduced drastically and side
effects are avoided. Intention was to use the flavonol loaded agglomerates of magnetite nanoparticles as
vectors that can be directed by means of magnetic field gradient towards a certain location.

Loading of poorly soluble, hydrophobic flavonols (quercetin, myricetin and myricitrin)
onto mesoporous aggregates comprised of uncoated magnetite nanoparticles and their release under the
influence of permanent and/or alternating magnetic field was investigated [2]. Besides low toxicity due to
the lack of nanoparticle coatings the investigated mesoporous structures are shown to possess an
advantageous feature of high loading efficiency of flavonols [3]. In addition to electrostatic interaction
between hydroxyl groups at the surface of the FesOs MAs, governing the initial stages of drug loading,
the interactions between flavonol molecules contribute to high loading efficiency. The stabilization is
considered crucial especially in biological applications. However, if the idea is to bring unusually high
quantity of flavonol into the intestinal tract the use of flavonol loaded agglomerates seems reasonable.

This study confirmed that the mesoporous Fe;O4 structures presents an universal, stable and excellent
drug delivery material particularly able to load and release with high efficiency flavonols of different
physico-chemical and/or structural properties. The fine-tuning of their drug release by means of weak
external magnetic field oscillating with very low frequency was demonstrated indicating the high
potential of mesoporous material as drug carriers.
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Figure 1. Comparison of cumulative release profile of myricitrin from MA with feeding ratio 1:6 in
PBS/EtOH (50:50 v/v) without and withpermanent and alternating magnetic field (8Hz).
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Halloysite nanotubes (HNTs) have recently emerged as promising candidates for targeted drug delivery [1].
HNTs are low-toxic and low-cost aluminosilicate clays with nanotubular structure, presenting a positively
charged AI(OH); inner lumen and a negatively charged SiO, outer surface, which can support a selective
functionalization of the two surfaces. In this work, we investigated the loading and release mechanisms of
the tetrathia[7]helicene (7-TH) derivative linked via an imine bond to HNTs. The 7-TH scaffold displays
promising intercalation properties for DNA, with a high degree of enantioselective recognition [2].
Moreover, a 7-TH derivative showed potent inhibitory activity against telomerase, demonstrating the great
potential of 7-TH as therapeutic cytotoxic molecules [2,3]. We analyzed functionalized HNTs as well as
Al,O5 and SiO; layers, as models of the inner and outer surfaces, by means of surface-sensitive synchrotron-
based techniques (XPS, UPS and NEXAFS spectroscopies). The oxide surfaces were analyzed both before
and after functionalization with helicene derivatives through a (3-aminopropyl)triethoxysilane (APTES)
linker [4]. Furthermore, the effect of a treatment in acidic conditions was investigated to prove the release of
the helicene moiety from the oxide carrier at the extracellular pH of tumor cells. The surface state and atomic
ratios of key elements within the organic layer determined by XPS proved the successful coupling of the
helicene aldehyde to the APTES-functionalized films, clarifying differences in the reactivity of the two
oxides. The sulfur peak confirmed the results obtained on the model films, supporting the reliability of the
two adopted model surfaces. Moreover, NEXAFS results provided indication of a preferential orientation of
helicene moieties at the oxide surface, which is lacking in APTES-functionalized layers. A further
confirmation of the complete release of helicene moieties upon treatment in mild acidic conditions was given
by NEXAFS spectra, showing a random orientation of the C and N functional groups after the release
treatment. Preliminary in vitro toxicity tests on cancer cell lines characterized by different extracellular pH
values show data consistent with a pH-triggered release of the 7-TH moiety, as also supported by kinetics
data about the release in various physiological conditions. Work is currently under way to achieve a selective
functionalization of the inner and outer surfaces by orthogonal functionalization strategies.

H:,C CH:,
—before release

after release

a)

Si—OR T T T T

% ;}f 174 170 166 162 158
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Figure 1. a) TEM image of a halloysite nanotube; b) Proposed reaction mechanism between the helicene
derivative and the APTES-grafted surface; c) S 2p region of alumina films functionalized with helicene
before and after release.

[1] Y. Lvov, W. Wang , L. Zhang and R. Fakhrullin, Adv. Mater., 2016, 28, 1227.

] K. Shinohara, Y. Sannohe, S. Kaieda, et al., J. Am. Chem. Soc., 2010, 132, 3778.
] S. Cauteruccio, C. Bartoli, C. Carrara, et al., ChemPlusChem, 2014, 80, 490.

] D. Meroni, L. Lo Presti, G. Di Liberto, et al., J. Phys. Chem. C, 2017, 121, 430.
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The research aiming at the development of experimental and theoretical basis of the interfacial behaviour of
volatile surfactant will be presented. As non-conventional volatile surfactants we study commercially
available compounds such as synthetic perfumes, essential oils, terpenes. Typically such light amphiphilic
compounds possess a distinct odour, and have low to negligible solubility in water. In contrast to basic
physico-chemical properties, e.g. boiling temperature, solubility, partition coefficient, such properties of
volatile amphiphiles as polarity, volatility and interfacial activity are not systematically studied and therefore
are not available in handbooks and databases.

A distinctive feature of volatile amphiphiles is that they provide low dynamic values of the surface
tension. Also they can act as plasticizers for fabrics, plastic and hair. On the other side, in contrast to
conventional surfactants, volatile amphiphiles evaporate from air-water interface, so that the static surface
tension increases with the surface age time on a time scale of seconds. Using facile and low cost
measurements such as static and dynamic tensiometry, we systematically evaluate valuable information on
the volatility of the volatile surfactants which is not straightforward to evaluate using even more complex
analytical techniques. Several examples of experimental database of characterized volatile surfactants with
established “structure-property-function” relationship will be presented. This methodological approach is
further developed to disclose dynamic interactions of volatile surfactants with other components of detergent
and cosmetic formulations.

Due to their high surface activity, volatile surfactants are envisaged to be useful in processes and
technologies which involve newly creating interfaces at the time scales of milliseconds and below, such as
spraying, coating technologies, laundry, stabilization of emulsions in cosmetic and food industry.

Acknowledgements: The research is supported by the Russian Foundation for Basic Research (RFBR),
research project Ne 18-53-76005.

180



PP2.49

Applications of Surface Chemistry in the Cosmetic Industry. Optimizing the use
of surfactants and water with foams

P. Valois!, P. Petitl, L. Nicolas-Morgantini®, F. Restagno', E. Rio!, G. S. Luengo®

"Laboratoire de Physique des Solides, CNRS, Univ. Paris-Sud, Université Paris-Saclay, 91400 Orsay, France
2L’Oréal, Research and Innovation, Aulnay-sous-Bois, France
3L’Oréal, Research and Innovation, Saint-Ouen, France

Presenting author email: gluengo@rd.loreal.com

A great diversity of materials are used to protect or improve the structural and sensorial properties of Surfaces
(hair, skin, nail...). From shampoos to lacquers or gels, materials are used commonly used to perform a
particular function (mechanical , optical, etc.) upon adsorption and/or penetration in the fiber or either after a
particular change in a external conditions that may trigger its activation (temperature, weathering, etc.).

Knowledge of the structure and nature of the substrate is essential if we want to clearly determine the
degree of improvement of its physical properties. This description will be further illustrated with a few
examples of our current research efforts deciphering the physical chemical properties of hair at the bulk and
surface level and at the macro, micro and sub-microscopic scale.

The contact and spreading of complex fluids on real surfaces is essential for various physicochemical
applications such as, in cosmetics the deposition of personal care products on hair and skin. As an example of
common surface treatment (cleaning) of the cosmetic substrate, we will describe the nature and properties of
polymers and surfactants commonly used in shampoos. One of the characteristics of these kind of products is
the formation of foams, but little is known about their contribution for cleaning.

In this study, we developed a new protocol to precisely measure the cleaning efficiency of surfactant
solutions and foams made with the same surfactant solutions based on a spectroscopic method. More precisely,
we add a well-controlled amount of colored sebum, we clean the hair with our test foam or solution and we
remove completely the unwashed sebum. The sebum remaining after washing is quantified by visible
spectroscopy.

We tested either classical detergents such as SLES at different concentrations or white egg. The studies
were performed on natural or bleached hair. In all the studied cases, we did not observe any difference in the
cleaning efficiency between the bulk solutions and the foams made from the solutions. In addition we studied
the entrainment mechanism of dry monodisperse foams when a solid plate is pulled out of a bath. This situation
is fond commonly during hair’s or skin water rinsing situation that controls the efficient removal.

The results of this study could allow to develop new shampoos formulations or dispensers in order to
replace washing solutions by foams that could have the same cleaning efficiency with a lower amount of
surfactants; diminishing the water rinsing needs during application to the consumer’s advantage.

[1] Jones, S., Rio, E., Cazeneuve, C., Nicolas-Morgantini, L., Restagno, F., & Luengo, G. S. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 2016, 498, 268.
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In recent years, biopolymer nanoparticles (NPs) have attracted great attention as a promising carrier system
for targeted delivery of functional ingredients. New natural ingredients with functional applications is
becoming a challenge. We therefore utilized a novel hydrocolloid known as almond gum (AG) to
fabricate nanoparticles as a delivery system for bioactive compounds. We found that combination of AG and
shellac biopolymers using co-precipitating technique could create a colloidal dispersion resistant to a
proposed stomach pH (1.2) meaning that they can likely survive the stomach conditions reaching the
intestines. The negative surface charges obtained from electrophoretic mobility data and particle size
confirmed the electrosteric stabilization of the particles. The physical stability of this colloidal
dispersion was greatly improved with incorporation of the surfactant polysorbate 80 (PS 80) resulting in a
substantial decrease in particle size to 90nm, which remained stable in stress conditions (very low pH
and thermal processing). Quercetin, as a bioactive compound model, was used for encapsulation within the
nanoparticles. Our results suggested that the encapsulation efficiency was 78% with no surfactant while this
increased to 99% in the presence of PS 80. SEM confirmed that nanoparticles were formed whereas
FTIR proved the interaction of quercetin within the core material of biopolymer matrix. The solid-state
studies performed using differential scanning calorimetry (DSC) confirmed the conversion of quercetin
crystals to a solid amorphous form. The release study showed that more than 80% of the encapsulated
quercetin released from the nanoparticles at simulated intestine pH (7.4). The antioxidant activity and UV-
visible chemical stability studies indicated that incorporation of quercetin within the nanoparticles
significantly decreased the chemical degradation of quercetin at alkaline pH conditions as compared to
the bare quercetin.

This research has important consequences for fabrication of novel biopolymer nanoparticles applicable in
bioactive delivery in the food industry or drug delivery.

Figure 1. A Cryo-SEM photograph of the quercetin loaded nanoparticles.

[1] A. Sedaghat Doost, D. A. R. Muhammad, C. V. Stevens, K. Dewettinck, P. Van der Meeren, Food
hydrocolloids (in press).
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Micellar solubilisation, next to wetting, emulsification and mobilization plays an important role in everyday
hygiene, cleansing but also in environmental protection [1], drug delivery systems, and even in digestion of
fats. For the industrial application of solubilization it is crucial to provide high efficiency and at the same
time reduce human or environmental impact which are pronounced respectively by skin irritation and
accumulation of hardly-biodegradable compounds in the environment. To reduce these effects, a promising
and alternative for synthetic surfactants, namely biosurfactants (BSs) may be applied for solubilisation.
Biosurfactants are most efficiently produced by microbial synthesis, with rhamnolipids (RLs) being the most
widely examined group of these natural surfactants.

RLs are a promising and environmentally friendly alternative for synthetic surfactants as they are
casily biodegradable [2], and mild to the skin [3]. Moreover, they form micelles at lower concentrations than
synthetic surfactants [2] and solubilize hydrocarbons at concentrations even below the CMC [4].

Nowadays the industrial application of biosurfactant for cleansing or ground and water remediation
processes has to be preceded by a multitude of experiments and analyses allowing to optimize the
composition of the product. Myriads of successful laboratory experiments do however not guarantee the
success on industrial scale. This altogether makes the process of fitting product to application very
complicated and time-consuming. Therefore, we aimed at simplification of this procedure by creation of a
mathematical model to predict efficiency of solubilisation in biosurfactant solutions.

Database for the model covered literature and experimental results. In our experimental part we
assessed the influence of pH and the purity on solubilization efficiency of biosurfactants. We used purified
rhamnolipids (RLs), their mixture with microbial polysaccharide and RL biocomplex with polysaccharide as
solubilizing agents, and dodecane and canola oil as solubilizates of different hydrophobicity. We observed
that pH of the process had larger impact on the solubilisation efficiency, expressed as molar solubilisation
ratio (MSR), than the purity of solubilizing agent.

In the mathematical part of the research we used a series of chemical and phenomenological
descriptors to predict the MSR of RLs aqueous solution. The model was created using an evolutionary
algorithm with i.e. CMC, purity of BS, pH, and logK,,, of solubilizate as descriptors. The purity of BS was
described using the arbitrary purity scale that we created before [S]. The most suitable equation with
coefficient of determination R*= 0.842 was found. Based on the model we ranked the parameters upon their
increasing influence on solubilization efficiency.

To our knowledge this was the first approach to predict solubilisation efficiency. The results of our
research may be used for both, the design of scientific solubilisation experiments and for creation of optimal
formulations for application of interest.

[1] C.N. Mulligan, Environmental Pollution, 2005, 133, 183.

[2] L.E. Ktosowska-Chomiczewska, K. Medrzycka and E. Karpenko, in: Research and application of new
technologies in wastewater treatment and municipal solid waste disposal in Ukraine, Sweden and Poland,
2011, vol. 17, ed. E. Plaza and E. Levlin, TRITA-LWR.REPORT, Stockholm, Sweden.

[3] G. Ozdemir and O Sezgin, Colloids and surfaces B: Biointerfaces, 2006, 52, 1.

[4] H. Zhong, X. Yang, F. Tan, M.L. Brusseau, L. Yang, Z. Liu, G. Zeng and X. Yuan, New Journal of
Chemistry, 2016, 40, 2028.

[5] LE. Klosowska-Chomiczewska, K. Medrzycka, E. Hallmann, E. Karpenko, T. Pokynbroda, A.
Macierzanka and C. Jungnickel, Journal of Colloid and Interface Science, 2017, 488, 10.
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The decontamination performance was investigated according to the type and concentration of the
foam decontaminating agent containing nanoparticles [1-2]. For this purpose, the weight loss of the
simulated FeCr,O4 oxide specimen was measured by the decontamination time for four kinds of foam
decontaminating agents, and the surface before and after decontamination were analysed using
SEM & EDX. The decontamination behavior of these foam decontaminating agents were compared
with those of the chemical solution decontaminating agents. The radioactive demonstration test of foam
decontamination was performed on the SG plug drawn from the nuclear power plant site.

It can be concluded that the Ce (IV) concentration rather than the HNOs concentration has a large effect
on the foam decontamination behavior, and that a Ce (IV) concentration of 0.5 M or more is
required. Comparing the decontamination behavior of foam decontamination and solution
decontamination using the same chemical decontaminating agent for 8 h decontamination based on the
weight loss, the removal rate of the foam decontamination method (formulation of 2M HNO;/ 0.5M Ce
(IV) in 1%(v/v)TBS + 1wt.% M-5 silica) is about 75.6% of the solution decontaminating method, showing a
relatively effective decontamination performance.

The radioactive decontamination demonstration test performed on the SG plug drawn from the
nuclear power plant site revealed that the Co removal % of KAERI foam decontaminating agent showed
50.3% during the first 2 h and then 59.3% and 64.0% after 4 h and 6 h, respectively. It can be seen that the
removal rate by the second decontamination shows only 14-15% of the removal rate by the first
decontamination, and thus the effect of repeated decontamination is not large.

Co removal %

N R R i
0O 1 2 3 4 5 6 7 8 9 10 11 12 13
Time(h)

Figure 1. Cobalt removal % of KAERI foam decontaminating agent.

Acknowledgements: This work has been carried out under the Nuclear R&D Program (NRF-2017 M2A 8A
5015144) funded by Ministry of Science, ICT & Future planning.

[1] C. H. Jung, W. K. Choi, J. K. Moon, “Oxidation of Ce(Il) in Foam Decontaminant Containing TBS
Surfactant”, 10" ICMMA, Dec. 1-3, 2016, KhonKaen (2016).

[2] C. H. Jung et al., “Dissolution of Chemical Decontaminating Agent for a Foam Decontamination”,
Transactions of the Korean Nuclear Society Spring Meeting, May 18-19, 2017, Jeju (2017).
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Fluorinated surfactants are more efficient than hydrogenated surfactants because of the surface tension can
be reduced by small amounts of fluorinated surfactants. Moreover, the feature of hydrophobicity and
lipophobicity provides phase separation and self-assembly. These properties are useful for applications in
various fields such as biomedical and industry fields [1]. The perfluorinated double long-chain salts with
divalent counterions which have various hydrocarbon spacer lengths have been synthesized [2, 3]. Herein, in
this  study, the Dbinary monolayer properties of the fluorinated compounds and
dipalmitoylphosphatidylcholine (DPPC) were investigated to understand the spacer length effect and an
aspect of biomembrane interaction on their interfacial behaviour.

The fluorinated compounds, 1,1’-(1,m-alkanediyl)-bispyridinium perfluorotetradecane carboxy-late
(abbreviation: CnBP(FC14)2; n = 2, 6, 10), were synthesized. DPPC was obtained from Avanti Polar Lipids
(Alabaster, AL). Surface pressure (m)-molecular area (A) and surface potential (AV)-A isotherms were
measured on 0.15 M NaCl at 298.2 K. Brewster angle microscopy (BAM), fluorescence microscopy (FM)
and atomic force microscopy (AFM) were also employed.

We have investigated that the binary Langmuir monolayers of DPPC and CnBP(FC14)2 behaviour.
Two-dimensional phase diagrams were constructed on the basis of the disordered/ordered phase transition
pressure and the monolayer collapse pressure versus the molar fraction of CnBP(FC14)2 (Xcnepkci4y2). The
transition pressures and collapse pressures changed against Xcnpprcisp. In the morphology (BAM and FM),
the dispersion degree of two regions (ordered and disordered) were depending on the spacer length of
Gemini type perfluorinated surfactants. The miscibility is also confirmed by AFM at nanometer scales.

[1] M. P. Krafft, Soft Matter., 2015, 30, 5982.

[2] Y. Matsumoto, H. Nakahara, Y. Moroi, O. Shibata, Langmuir, 2007, 23, 9629.

[3]J. Masuda, H. Nakahara, S. Karasawa, Y. Moroi, O. Shibata, Langmuir, 2007, 23, 8778.
[4] R. Kato, H. Nakahara, O. Shibata, J. Oleo Sci., 2017, 66, 479.
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The property of a newly synthesized tetrazine derivative comprised of double C18-saturated hydrocarbon chain
(C18-rTz-C18) has been studied in situ at the air-water interface. C18-rTz-C18 or a gemini amphiphile
contributes to restriction of its tetrazine moiety on the interface, which is expected to be used for bioimaging and
analytical reagents. Herein, to understand lateral interactions between Tz and biomembrane constituents, we
investigated the interfacial behavior of Langmuir monolayers composed of C18-rTz-C18 and biomembrane lipids
such as DPPC, DPPG, DPPE, PSM, and Cholesterol (Ch). The lateral interaction of the binary monolayers was
analyzed with the surface pressure (m)—molecular area (A) and surface potential (AV)—A isotherms. These
thermodynamic data indicate that all of the two-components are miscible with each other. In particular, as
opposed to the others, the monolayer stability of DPPE, which is a major constituent of the inner surface of cell
membranes, is attenuated by the small-amount addition of C18-rTz-C18. This specific interaction implies the
membrane destruction from the inside. The phase behavior during monolayer compression was visualized with
Brewster angle microscopy (BAM), fluorescence microscopy (FM), and atomic force microscopy (AFM). The
obtained morphologies exhibit a coexistence state of two different liquid- condensed domains derived from extra
phospholipids and phospholipids—C18-rTz-C18 monolayers.

Acknowledgements: This work was supported by a Grant-in-Aid for Scientific Research 16K08216 from the
Japan Society for the Promotion of Science (JSPS).

[1] H. Nakahara, M. Hagimori, T. Mukai, O. Shibata, Langmuir, 2016, 32, 6591.
[2] H. Nakahara, M. Hagimori, T. Mukai, O. Shibata, Colloids and Surfaces B: Biointerfaces, 2018, 164, 1.
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We report a strong enhancement in the antimicrobial action of berberine and chlorhexidine encapsulated into
polyacrylic acid-based nanogels followed by further surface functionalisation [1]. Due to the highly
developed surface area, the nanogel carrier amplifies the contact of berberine and chlorhexidine with
microbial cells and increases its antimicrobial efficiency. We show that such cationic nanogel carriers of
berberine can adhere directly to the cell membranes and maintain a very high concentration of berberine
directly on the cell surface. We developed a novel surface functionalized nanocarrier for berberine by using
polyacrylic acid based-nanogel particles (Carbopol Aqua SF1) coated with a cationic polyelectrolyte
(PDAC) which shows a strong boost of the berberine antimicrobial action. We demonstrated that the
antimicrobial action of the PDAC coated nanogel loaded with berberine and chlorhexidine on E. coli, yeast,
and C. reinhardtii is much higher than that of the equivalent solution of both free berberine and free
chlorhexidine due to the electrostatic adhesion between the positively charged nanogel particles and the cell
membranes. Our results also showed a marked increase in their antimicrobial action at shorter incubation
times compared to the non-coated nanogel particles loaded with the same antimicrobial agent under identical
conditions. We attribute this boost in the antimicrobial effect of these cationic nanocarriers to their
accumulation on the cell membranes which sustains a high concentration of released berberine or
chlorhexidine causing cell death within much shorter incubation times. This study can provide a blueprint for
boosting the action of other cationic antimicrobial agents by encapsulating them into nanogel carriers
functionalised with a cationic surface layer. This nanotechnology-based approach could lead to the
development of more effective wound dressings, disinfecting agents, antimicrobial surfaces, and antiseptic
and antialgal/antibiofouling formulations.

Collapsed nanogel
particles (pH 5.5)

PDAC-coated berberine-loaded
nanogel particles

Figure 1. TOP: Fabrication of cationic surface functionalised nanogel particles loaded with berberine and
their antibacterial effect; BOTTOM.: E.coli cells after incubation with berberine-loaded carbomer nanogel
surface functionalised with PDAC.

Acknowledgements. M.A. is grateful to the Higher Education Ministry of Iraq for financial support from his
PhD studentship.

[1] M.J. Al-Awady, G.M. Greenway, V.N. Paunov, J. Mater. Chem. B, 2017, 5, 7885.
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Despite the spectacular success of antibiotics over recent decades, the risk that the bacteria will eventually
learn how to develop resistance to most known antibiotics is relatively high. The reason of increasing the
number of antibiotic-resistant bacteria is that the survivors are capable of transmitting the resistance to other
species. Therefore, alternative solutions are needed to fight bacteria using non-specific interactions which
are more difficult to overcome, e.g. electrostatic ones. Basing on a concept of Anti-Microbial Peptides
(AMP), that constitute the first line of defence of most higher organisms, and taking advantage of inherently
negative surface charge of all bacteria, we aim to fabricate polymeric surfaces with permanent positive
surface charge. They should be able to electrostatically attract and contact-kill bacteria in areas especially
prone to bacterial colonization.

In this contribution we present the synthesis and characterization of methyl methacrylate — ethyl acrylate
and styrene - ethyl acrylate copolymers obtained by emulsion polymerization initiated by a cationic or
anionic initiator in presence of a cationic surfactant — cetyltrimethylammonium bromide (CTAB). The
positive charge of CTAB introduced during the synthesis remains on the latex surface even after extensive
dilution and dialysis, providing electrostatic barrier to coalescence of the particles (Fig.1). Also the films
produced from the positively charged dispersion maintain positive zeta potential values and display
pronounced electrostatic antimicrobial activity.
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Figure 1. {-potential vs pH for acrylic latex obtained in presence of SDS and CTAB
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[2] Mensa, B.; Kim, Y. H.; Choi, S.; Scott, R.; Caputo, G. A.; DeGrado, W. F. Antimicrob. Agents
Chemother., 2011, 55, 5043.

188


mailto:kamil.wojciechowski@ch.pw.edu.pl

PP2.57

Surface activity of saponin-rich plant extracts

K. Wojciechowski'?, I. Goral "2, 1. Jurek %, A. Kezwon ', M. Brynda '

! SaponLabs Ltd, , Noakowskiego 3, 00-664 Warsaw, Poland
> Warsaw University of Technology, Faculty of Chemistry, Noakowskiego 3, Warsaw, 00-664, Poland

Presenting author email: kamil.wojciechowski@ch.pw.edu.pl

Numerous living organisms produce biosurfactants, typically considered as secondary metabolites which are
usually assigned to self-defence mechanisms. In plant kingdom, saponins are one of the most abundant
biosurfactants. They share steroidal or triterpenoid hydrophobic backbone, which is substituted with 1-3
hydrophilic oligosugar groups. As a consequence, many saponins exhibit not only biological (e.g.
membranolytic) activity, but may also be used as natural surfactants, emulsifiers, foaming agents, etc. In this
respect, they offer an interesting alternative to synthetic surfactants, which provide often better sensorial
properties, but are inferior in terms of biocompatibility and biodegradability.

Besides the currently most employed sources of saponins (Yucca shidiggera and Quillaja saponaria
Molina), many other plants have been reported to be potential sustainable sources of saponins. They include
e.g. soapwort, chestnut, quinoa, rupturewort, oat, soybeans, licorice, rosemary, horsetail, etc.

In this contribution we present the results of the study dedicated to screening the foaming and surface
tension-reducing ability of saponin-rich plant extracts. To preserve the original composition of temperature-
sensitive saponins the extracts were obtained by cold-maceration and subsequently spray-dried.

v Y .
Figure 1. Soapwort (Saponaria officinalis, L.)
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During their lifetime, monoclonal antibodies (mAbs) encounter multiple interfaces starting with the
production process until their long-term storage. The amphiphilic nature of proteins accounts for their
adsorption to interfaces. While still not fully understood, adsorption is generally considered an initial step
towards mAb aggregation and particle formation [1-2]. The aim of the study was to characterize the
adsorption tendency of mAbs towards the air interface and correlate it to formulation instability.

Drop Shape Analysis (PAT1M; Sinterface, Germany) was used to measure the mAb affinity towards
the air interface. Three mAbs from the EU-PIPPI Project were formulated at 1 mg/ml in 10 mM Histidine
buffer (pH =5, 6, 7.5; + 140 mM NaCl). In solution molecular properties were investigated using intrinsic
and extrinsic fluorescence for determining the monomeric folded state and surface hydrophobicity in the
different formulations. Dynamic Light Scattering (DynaPro; Wyatt, USA) was used to determine the
diffusion coefficients of the different mAb formulations and for calculation of the diffusion interaction
parameter (Kd) as a predictive tool for colloidal stability. Mechanical stress studies were done at the same
formulation conditions using a reciprocal shaker (HS260; IKA, Germany). Stressed samples were analysed
for aggregate formation using flow microscopy (FlowCam; Fluid Imaging, USA).

In-solution mAb characteristics impacted the measured adsorption kinetics to the air interface. The
extent of mAb adsorption determined by the loss in the measured surface tension reflected on the mechanical
stability of the different formulations. Furthermore, the Kd measurements corresponded to the aggregation
behaviour.
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Figure 1. Exemplary results for one mAb Left: Equilibrium surface tension. Right:
Subvisible Particle concentration upon mechanical stress.
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Visible light as an external stimulus for smart drug-delivery systems is advantageous for a number of reasons
including its non-invasive nature, temporal control, convenience, ease of use and abundance during daily
activity.

We found that colloidal system of goethite nanoparticles at specific pH range adsorbs cationic dyes
such as methylene blue (MB) rapidly (in less than one minute) and desorbs in long term (5 h) under visible
light (Figure 1). We are hypothesizing that visible light irradiation causes heating of goethite nanoparticles,
thereby promoting desorption of the MB. Light is absorbed by goethite and photogenerated holes and
electrons are recombining but energy is released as a heat thus promoting desorption.
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Figure 1. Absorbtion spectra of MB adsorbtion (a) and desorbtion (b) onto goethte nanoparticles

The observed results show a potential for practical application as a visible light driven drug release
system, for example, in a natural sunlight, where, depending on the intensity of the sun, drug release is
initiated.
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The capillary forces on the macro- and nanoscale are emerging as a research theme of interest, because of the
unusual characteristics of the attraction potential induced by liquid bridging as compared to the traditional
surface interactions. Capillary attraction between particles can lead to their assembly into complex
architectures at sub-micron length-scale. However, the presence of capillary forces at the nanoscale has not
been used as a tool for nanoparticle binding in liquid media. Recently, we demonstrated that nanocapillary
forces can be used for permanently assembling superparamagnetic nanoparticles covered by lipid shell into
magnetically responsive ultraflexible chains and self-healing gels [1].

We show that maghemite nanoparticles wetted with lipids can be assembled into microfilaments upon
the application of external magnetic field. Initial burst of magnetic field aligns the particles into bundles.
After switching off the field the particles retain their linear arrangement by a soft attractive potential induced
by the lipid junctions playing the role of nanocapillary bridges. The bridges formed between the particles
enable their permanent binding and sustain the flexible microfilament structure (Figure 1). The role of
surface wettability and formation of liquid menisci was related to the thermodynamic phase of the surface
adsorbed lipid. The presence of nanocapillary bridges provides high flexibility to the resulting chains by
allowing for particle rolling and sliding. We evaluate persistence length of the chains by finding the decay in
bond correlations along the chain contour. We demonstrated that the persistence length is comparable to
persistence length of bio-molecules proving the ultrahigh flexible nature of the assembled chains.

This lipid based capillary binding is an unconventional way of assembling structures at meso-, micro
and nanoscale. This assembly mechanism opens new pathways for making multifunctional materials, which
can be dynamically reconfigured and programmed, including reassembling microbots, and self-repairing gels
with unusual magnetic and rheological responses [3-4].

Figure 1: Illustration of nanocapillary bridged filaments assembled into 2D gel-like network.

[1] B. Bharti, A-L. Fameau, M. Rubinstein & O.D. Velev. Nature Materials, 2015, 14, 1104.
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The drying of a colloidal droplet has attracted considerable attention because of its inherent complexity as
well as its significance in applications such as coating, printing, and layering processes [1, 2]. There has been
great interest in controlling the well-known ‘coffee-ring' effect, in which the contact line of an evaporating
drop is pinned to the substrate so that dispersed particles are deposited onto the three-phase contact line [1].
Large ~um-scale convection-driven flows typically determine the structure of the deposited film.
Interparticle forces which operate on nm-separations, at least in aqueous systems, are relatively unimportant.
Our aim is to explore if much longer-range colloidal forces, comparable to hydrodynamic flows, could be
used to control particle drying.

We generate controllable pm-range electrostatic interactions in a suspension by using a charge control
additive (the surfactant, dioctyl sodium sulfosuccinate [AOT]), and an organic salt, tetradodecylammonium
tetrakis (3,5-bis (trifluoromethyl)phenyl)borate (TDAT) in a nonpolar solvent. The drying of drops
containing monodisperse, fluorescent poly-(methyl methacrylate) (PMMA) particles was studied by confocal
light scanning microscopy (CLSM). Image analysis was used to quantify the spatial deposition of the
particles onto a hydrophobically-coated glass substrate. The existence and extent of a ‘coffee-ring’ deposit
was characterized.

We find that the drying patterns are controlled by a competition between the evaporation rate of the
solvent and the strength and range of the electrostatic interactions. In highly-volatile solvents, such as
hexane, hydrodynamic flows dominate particle deposition. With weak electrostatic interactions a well-
defined coffee- ring is produced. Increasing the strength of repulsions, the intensity of the ‘ring’ is observed
to first reduce and then in highly-charged systems to be totally suppressed. In less volatile solvents, such as
dodecane where evaporation is diffusion-controlled, the role of colloidal forces is more complex with
evidence for modification of both particle-particle and particle-substrate interactions. Finally, high salt
concentrations induce particles attraction and the formation of clusters in bulk solution which inhibit the
formation of a ring-like deposit.

Figure 1. The formation of particle cluster in the bulk solution (left) inhibits the formation of ‘ring-like’
deposition pattern (right).

[1] R. Deegan, O. Bakajin, T. Dupont, G. Huber, S. Nagel and T. Witten, Nature, 1997, 389, 827.
[2] P. Kavehpour, B. Ovryn and G. McKinley, Colloids and Surfaces A, 2002, 206, 409.
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Microgels are macromolecular networks swollen by the solvent they are dissolved in. They are unique
systems that are distinctly different from common colloids, such as, e.g., rigid nanoparticles, flexible
macromolecules, micelles or vesicles. [1] When swollen, they are soft and have a fuzzy surface with
dangling chains and the presence of cross-links provides structural integrity - in contrast to linear and (hyper-
) branched polymers. Finally, microgels reveal interface activity without being amphiphilic.

The combination of being soft and porous while still having a stable structure through the cross-linked
network as well as the possibility to introduce chemical functionality at different positions will allow to tune
the microgels behaving as hard or soft objects. At high packing density, or in other words in crowded
environments, microgels might deswell, interpenetrate or deform and one can imagine that not only the
degree of crosslinking but also the morphology of the microgels are important.

We will discuss the interaction of microgels of different chemical functionality and architecture as,
e.g., core-shell, hollow [2-4] and multi-shell hollow microgels [5,6] in bulk solution as well as at fluid
interfaces.

The structure is probed by means of neutron scattering employing contrast variations as well as by
(super- resolved) fluorescence microscopy. [7] Properties of microgels at interfaces are determined by means
of scanning force and electron microscopy as well as by compression isotherms and interfacial rheology. The
experimental results will be compared to computer simulations.
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Suspensions of magnetic nanoplatelets in isotropic solvents are very interesting examples of ferrofluids. It
has been shown that above a certain concentration @y, such suspensions form ferromagnetic nematic phase
[1], which makes this system a unique example of a dipolar fluid. The formation of nematic phase is driven
by anisotropic electrostatic and long-range dipolar magnetic interactions.

We studied the evolution of short range positional and orientational magnetic order in the suspensions
with volume fractions below and above ®y;, using small angle neutron scattering (SANS). The results show
that in the absence of an external magnetic field, short range positional and orientational order already exist
at relatively low volume fractions. The scattering patterns have distinctive peaks located along the platelets
axis, and smaller peaks at lower scattering vectors in the perpendicular direction (Fig. 1a). Polarized SANS
(Fig 1b) revealed that the average magnetic orientation in two types of peaks points in opposite directions, as
schematically shown in Fig. 1c. In the nematic phase the peaks along the platelets axis, which correspond to
ferromagnetic ordering, are stronger indicating that the contribution of magnetic interactions to the formation
of the nematic phase is significant. The observations can be qualitatively explained by a simple model, which
takes into account screened electrostatic and dipolar magnetic interactions.

Figure 1. a) SANS intensities showing positional correlations. The peaks in the horizontal direction
correspond to ~30 nm, while the ones in the vertical direction to ~90 nm. b) SANSPOL intensity difference
showing magnetic correlations. The blue regions corresponds to antiferromagnetic and the red to
ferromagnetic correlations. c) Scheme of positional and magnetic correlations of the neighboring platelets.
®=0.07,B=0.19 mT.

[1] M. Shuai, et al, Nat. Commun., 2016, 7, 10394.
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Anisotropic rod like colloidal particles have a much richer phase diagram, compared to their spherical
counterparts including a variety of liquid-crystalline (LC) phases. Such phases are controlled by particle
concentration, external stimuli (thermal, electric, magnetic or flow) or by tuning the inherent inter-particle
potential [1]. Predicting microstructural changes in rod like colloidal suspensions undergoing shear flow is
challenging due to the interplay of particle’s orientational and positional distribution with the imposed field.
These lead to shifting phase boundaries in the isotropic-nematic region and are influenced by particle size,
aspect ratio, surface properties, polydispersity, flexibility, shear rate, etc. Experimentally, the combination of
probing techniques such as scattering and microscopy in conjunction with rheometry is valuable for an in-
depth understanding of rodlike colloidal behavior under flow.

Micron-size charged stabilized silica rods are a model system to study ideal colloidal rods of low
aspect ratio (~5-10) with interactions that are tunable from long range repulsive to strongly attractive [2].
Here we present a comprehensive study of shear induced microstructural changes of suspensions of repulsive
and attractive silica rod particles at different particle volume fractions and their effect on the linear and
nonlinear viscoelastic properties. Micron sized fluorescent silica rods (L= 4 pm, L/D = 10) (Figure 1 (a))
were tuned from repulsive in glycerol/water solvent mixture to attractive in glycerol/NaCl or water/CsCl
mixtures. A combination of rheology and confocal microscopy (Rheo-confocal) captures the microstructural
changes under shear (Figure 1 (b &c)), tracking single particle dynamics (via confocal microscopy) or large
length scale structures (at lower magnifications). The linear and nonlinear rheological response is monitored
in dilute and concentrated regimes to build a “phase diagram” with shear equilibrium and out-of-equilibrium
shear- induced microstructures. In repulsive glasses, we visually confirm that the peak stress associated with
start up shear experiments are due to the alignment of rods in the flow direction. Rods aligned in the flow
direction form the new “shear equilibrium” state which is irreversible upon shear cessation. In attractive
colloidal gels “log-rolling” structures are created at concentration around 1 to 2.5 c* at rates Pe, = 0.5 - 32 as
an interplay between shear and confinement, with implications in the rheology. We discuss these findings
linking structure dynamics and rheometry.
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Figure 1. (a) SEM images of silica rods, (b) 3D confocal microscopy image of the repulsive silica rod
suspension and (c) start-up shear experiment on a repulsive silica rod suspension.
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We evidence here how the tuning of the interface between the nanoparticles and the solvent as well as the
solvent itself can modify the properties of a colloidal dispersion [1,2]. We are here mainly interested in the
interparticle interaction, the nanostructure, and the thermodiffusion properties, i.e. the behaviour of the
nanoparticles in a temperature gradient. Indeed, depending on the tuning of the interface, they may move
either towards cold or hot regions, which is quantified by the Soret coefficient [1]. Knowing the
thermodiffusion properties is mandatory for all applications that necessitate a thermal gradient, such as
thermoelectric or heat transfer ones [3].

The system presented is constituted of iron oxide nanoparticles (NPs) of y-Fe,O; (diameter ~ 8 nm)
dispersed in polar solvents, ionic liquids or mixtures of solvents.

In water, changing the nature of the counterions of negatively charged identical NPs (counterions Li,
Na tetamethylammonium, tetrabutylammonium) modifies the interparticle interaction and the sign of the
Soret coefficient [1]. The same effects are obtained by keeping the same particles (then positively charged
with perchlorate counterions) however dispersing them either in water or in dimethylsulfoxide (DMSO) [2].
Stable dispersions can be obtained in the whole range of compositions from water to DMSO however
modulating the properties in an unexpected way.

The nature of the counterions of the nanoparticles (Li, Na, Rb, Sr) also controls the nanostructure and
interactions of the particles dispersed in a pure ionic liquid (here ethylammonium nitrate, EAN). Mixing
mole