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Microbial biosurfactants, such as rhamnolipid, are considered as a greener alterrasisié
based surfactants because they are made from renewable resources in a biological proce
the simple drogn replacement of fossthased surfactants with biosurfactants in applicatieads t
a loss of performance in most caséfence, new synergistic surfactant combinatiomsth
biosurfactants must be identifidéorthe optimization of such systenot only equilibrium propertie
must bestudied, but also the dynamic interfacial properéies highly relevandepending on tt
typical time scale of theespectiveapplication[2].

Therefore, we combined the biosurfactant rhamnolipid pittentialy renewable ethoxylat
and investigated their properties at different time scales. We found that efficient microer
emerge with rhamnolipids and hydrophobic ethoxylates in equilibrium. These ethoxylates |
are slow intheir adsorption to interfaces, whereas a high ratio of rhamnolipid accelera
adsorption. Having understood the surfactant systems with pure substances, we then an
technical systems. The fatty almd and higher ethoxylated species in technical ethoxylates le:
different behavior at interfaces in equilibrium and +guilibrium conditions
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Figure 1. outline of the talk
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Combining SAXS and statistics to study self-assembly of surfactants
from renewable resources
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Surfactants from renewable resources are developed to replace petrochemical surfactants.
Their attractiveness is explained by their biodegradability, low toxicity and their environmental
friendliness but they are also known to present interesting solution self-assembly properties,
controlled by temperature, pH or type of ion!.

The most common methods employed to study the self-assembly properties of surfactants in
solution are surface tension, light and X-rays scattering. However, when surfactants are obtained from
renewable resources, the actual raw samples are not pure?, but they are in fact a mixture of a number
of structurally-related molecules that may have an impact on the self-assembly properties. The use of
DLS or surface tension measurement is then not advised because complex morphologies and
impurities can introduce biases. On the other hand, X-ray scattering is the most suitable analytical
technique for a number of reasons (provided a reasonable number of coexisting phases): fast
acquisition (from ms to s scale), information on size, morphology and interactions, statistically
meaningful, high throughput equipment available.

Here, we show how high throughput SAXS using synchrotron (ESRF) radiation allowed to
study about 400 samples of raw surfactants from renewable resources, prepared by varying different
conditions like pH, storage time and temperature, purification, concentration and dilution. The large
number of experiments allows to perform a statistical study correlating each parameter to the size,
shape and core-shell structure of self-assembled aggregates, after fitting each SAXS profile with

known numerical model (core-shell ellipsoid of revolution).
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Figure 1. SAXS fittings of a sphere and a cylinder shape
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Inkjet-printed nanocomposites
of hybrid nanoparticles and polyvinyl alcohol
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Electrically conductive structures canrhade frommetatbased inks/pastes Imkjet or scree
printing. Inkjet printing saves material and can produce structures with high precision but
colloidally stalde particles, which in commercial inkdten carryinsulating organic ligand#\ post
treatment is necessary to obtain conductive structures, which limits the choice of subs
applicability. Hybrid nanoparticlesith metal core and aconductive polymer as ligarghelldo no
requiresinteing and are conductivafterthe solventevaporation[1,2]

Limitations of such hybrids include weakihesioron glass or polyethylene terephthalate
limited stability in water. Hergwve investigatanocomposites of hybrid nanoparticles in matric
insulating polyvinyl alcohol¢PVA) with different molecular weigrgand degregof hydrolysis We
creatednkjet-printablenanocompositewith large filling ratios, printed them, and characterized
electricalresistivity, adhesion, bendabilitgiretchability,and stabilityin water.

The colloidal stability of the hybrid particles was affected by the addition of PV Aand we
were able to print nanocomposites with to 10 vol% PVA.A fraction of 5 vol% PVA in the
composite increased the adhesisumrprisingly theaddition of10 vol% highly hydrolyzed PVA ewv
increased the conductivityfthe composites remained stabféeer500 bendgo 3.1cm, and thi
relative resistanceemainedbetween 0.9 and 1.4 after 569cles t010 % strain. The addition ¢
PVA also increased the stability in water.

We will discuss a possiblephase separatiodue to interactiondetweenPVA and the
conductive polymer PEDOT:PSS that the particle carry as a ligandh could explain increases
conductivities.Finally, we demonstrate that is still possible to redisperghe particlesfrom the
nanocomposite and recycle them

original after test removed part

Figure 1. Adhesion test ohkjet-prlnted nanocomposﬂesof hybrld partlcles vath and Wlth 10/ol% PVA
(Mw = 89.0001 98.000; 99+ % hydrolyzed)
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Crystallization-driven Gelation and Solvent Exchange towards
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Aerogels are a diverse class of highly porous materials with intrinsic properties suct
density, high specific surface area, low thermal conductivity, low sonic velocityalrdielectric
constant, etc., obtained by replacing liquid from theesponding gels with air.[1] Semicrystall
polymers can form thermoreversible gels in organic solvents by crystallization, where tiny cry
constitute the physical croisks of the threadimensional polymer network.[2] The
thermoreversible orgegels can be converted to aerogels by either supercritical drying or-
drying. The popularization of freezlrying in aerogel preparation has simultaneously booste
use of solvent exchange strategies before solvent extraction from polymer geleved th
possibility to tune the thermal, mechanical and other properties of polymer aerogels by modi
crystallization and solvent exchange conditions has been least explored.

Herein, we show faciland sustainablenethods to enhance the p@actide (PLA) aeroge
properties. PLA is a commercially important biodegradable polymer that exists in two enan
forms, poly(L:-lactide) and poly(Blactide). We devisa facile strategy for the stereocomplex (¢
formation between these enantiomers in the gel state in order to enhance the thermal and r
properties of PLA aerogels. A unique morpholagyobtained for SC aerogel (Figure 1a).[3]
modifying the solvent exchangsgtep that follows the thermoreversible gelation,-fgisource
molecules such as chitosan, sodium alginate, and phyticaeeidssembled onto the PLA
framework in a layeoverlayer (LoL) fashion, which greatly improsthe flameretardant propertis
of the aerogel (Figure 1b)

(a}Stereocomplex PLA Aerogel PLA Aerogel

;‘?’

Figure 1. Morphology of PLA aerogel after (a) the SC formation and (b) the LoL assembly
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Synergism and kinetics of lipase-peptide systems
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Theeffectof bothchemistry and temperatuire cleaning processas critical tothe removal ¢
solid and liquid fatgrom substratesWhile liquid fatsareremoved by forming emulsignsolid fat:
must first be melted at high temperatures (T > 50°Gp be emulsified [*l However this proces
requiresa considerable amount of energy heatthe cleaningliquid, which is not sustainabl
Therefore new waysto remove solid fats at low temperatures (T < 30&® neededLipase
catalyzed fathydrolysis which is well known from literatuteis used forthis purposg? This
approach is extended ltge addition ofmovel peptidedo promote the removadf solid fatsin a
sustainablenanner

In thiswork, thedesorptiorof solid fats wastudiedusingthe quartz crystal microbalance w
dissipation monitoringQCM-D). It was foundthat thecharacteristidcime required forsolid fat
desorptionis significantly reducedwhensmall amounts of peptideseadsorbed aio thesolid fa
prior tolipase additionThis meanshatthe order of addition plays@ucialrole in this synergisti
effect betweenlipase and peptidd-urthermore, tihas been showthat the desorption timeof the
lipasepeptidesystens is similar orevenshorterthan that ottonventionalipasesurfactant systern
As a result bio-basedpeptidescan be considered as a sustainabléernative toconventione
surfactants
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Figure 1. QCM-D measurementwith plotteddesorption time$or bothlipase andipasepeptide system
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Investigating the interactions between the biosurfactant rhamnolipid
and cationic guar gum using light scattering based microrheology
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Combinations of anionic surfactants and cationic polyelectrolytes are frequently L
ingredients in various applications. For example, in shampoos, they help to reduce the comkt
of the hair and provide a smooth hair feeling. Laundry and clgapplications typically conta
ionic surfactants or surfactant mixtures and may also include cationic polyelectrolytes, whic
soil release polymers and prevensmling.

The adsorption behavior of polyelectrolytes onto substrates is decisively controlled by 1
interactions of mixtures of polymers and surfactants. These interactions have been ex
researched since the 1950s3]1 However, due to climate crigithere is an urgent need to repl
complex, weHestablished fosslbased systems with green and sustainable polgoréactan
systems.

Conventional systems, which contain a cationic polyelectrolyte and anionic surfactan
been extensively studied-B]. Recent studies have mostly focused on systems containing €
well-described biosurfactant or a welkkscribed biopolymer. Hower, there is still a lack of reseal
on combinations of both biopolymers and biosurfactants.

In this work, we investigated the interactions between abased cationic derivate
hydroxypropyl guar and the biosurfactant rhamnolipid. To study the bulk behavior, among
light scattering based techniques were used. In addition, rheologiperpes were accessed us
microrheologyA quartz crystal microbalance with dissipation (QENIwas used to investigate 1
adsorption properties on model surfaces. Anionically modified gold surfaces were used to
negatively charged surface @émaged hair. The bulk interaction properties were adjusted, re:
in a significant improvement in polymer deposition on the model surfaces compared to t
polymer solution. It has been shown that there is a clear correlation between interadherisulk
phase and the adsorption behavior.
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Using tetraPEG Hydrogels to Mimic the Properties of Mucus
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Mucus is a biological hydrogébund atsurfaces in the human body, which serves cr
functions such as protecting tissues from pathodéhsMucus is mainly made from higf
glycosylated polypeptidesalled mucinsthat are crosslinked via disulfide bontsderstanding tf
physicochemical properties of mucuscisallenging due to its complexierarchalstructureanc
limited sample availabilityConverselytetraPEG hydrogelgprepared from mutually reactiveagr
PEG precursorgiave a neardeal networkstructureandclearly defined viscoelastic propertiasc
are thereforevell-suited forinvestigations o&tructuredynamics relationsf hydrogelq2].

Startingfrom an ideaketraPEGnetwork structuréFigure 1A on the leff)we systematicall
introduce2-armPEG segment® reducdghe number of crosslinks amtcreasehe mesh sizeJsing
this procedure, @ were able tdesign softetraPEG hydrogelfat mimic the structure and rheol
of mucus.These soft hydrogels were then comprehensively characterized assiitigtory shee
rheology and scattering techniques to obtkatailedinformation aboutheir structure and dynamij
which are also instruiete about mucus.
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Figure 1. A) Proposechydrogel structures obtained by introducingn segments into a tetraPEG
hydrogel B) At a specific composition, muelike rheology can be achieved) Dynamic light scattering
reveals two regimes: below a criticala#m concentration, diffusion of single molecular fragments is <

while above we see the dynamics of the network.

Acknowledgements:We thank thédeutsche Forschungsgemeinschaftfunding this workas par
of SFB 1449 We thank théeutscher Akademischer Austauschdiémstunding a research stay
the Sakai lab at thdniversity of Tokyo, where large parts of this research were conducted.

References
[1] J. Witten, T. Samad, K. Ribbed&urr. Opin. Biotechnol2018, 52, 124133
[2] M. Shibayama, X. Li, TSakai,Colloid Polym S¢i2019, 297, 112.



| 19™ ZSIGMONDY COLLOQUIUM 2024 |
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Here, we report on the synthesis and investigation of novel macromolecular phe
containing 3pyrenol. The concept of photoacid is based on a significant drop pKilvalue of suc
molecules upon irradiation by light of appropriate wavelengthcalled exciteestate proton transt
(ESPT). ThepKa drop of Epyrenol photoacids can be achieved by visible light irradiation, m
them appropriate for application on living tissues.

We have formed a library of amphiphilic medtimuli-responsive (temperature, pH, lic
polymers of different structures using subsequent polymerization andpglgstierizatiol
modification. The obtained polymers form nanoparticles in water that aretalelecapsulate
hydrophobic drug curcumin. The obtained results show the potential of polymeric photoa
controlled drug delivery.

Figure 1. Schematicepresentation of thdrug release from thpolyphotoacid micelles
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A versatile method for facile and reliable synthesis of gradient colloidal
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Colloidal particles are widely used in a large field of applications. Many of these require a well-
tailored particle size and size distribution.[1] Seeded growth reactions are well reported approaches
to target these demands. However, mainly batch-wise syntheses return discrete particle sizes.[2] Since
gradient structures coming into the focus of current research, novel versatile methods to produce well
controlled continuous gradient colloidal particles are needed. With the controlled emulsion extraction
process (CrEEP), Schdttle ef al. presented the first method to cope with that.[3] We introduce the
next iteration of the setup, providing a higher degree of reliability and versatility. We achieved
particles with a time-resolved size gradient, which can be adjusted to exclude specific particle sizes.
Further, we demonstrate the level of wversatility by additional variation of the monomer feed
composition leading to gradual change in size and glass transition temperature. Beyond polymer
particles, CrEEP can be also applied to sol-gel methods, such as silica Stéber synthesis. The
controlled Stéber extraction process (CrESP) also results into a size gradient.

Size Gradient

Figure 1. Setup of the CrEEP and CrESP methods. With those, we are able to synthesize a size gradient, as
well as a gradient in glass transition temperature. Further, we adapted the concept and transferred it to
silica Stéber synthesis.
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Stabilization of Apolar Nanoparticle Dispersions by Molecular Additives

Tobias Knapp Bart-Jan Niebuut, Mohammad Rashedul Hasafsaph WidmeCooper and
Tobias Kraus®
LINM ¢ Leibniz Institute for New Material, Saarbriicken, Germany
2 ARC Centre of Excellence in Exciton Science, University of Sydney, Sydney, Australl
3 Saarland UniversityColloid and Interface Chemistraarbriicken, Germany

Presenting author-enail: tobiasvalentin.knapp@leibrinm.de

Keywords: dispersion, noipolar nanoparticles, colloidal stability, molecular additive, SAK®
simulations

Ligandstabilized inorganic nanoparticle@®uNPs) are promising building blocks f{
materials with weldefined structures and properties. Their colloidal stability is limited
uncontrolled agglomeration causes undefined microstructuresnpatiefunctionality. Previou
work has shown that the temperatdependent agglomeration of AuNBgoverned byhe disorded
to-order transition of the ligand shell and affected by lighgand and liganeolvent interactior
[1]. For examplethe addition otyclohexane promotes disordered shells and improves the cc
stability. Excessligand moleculesdestabilize dispersions by an entropic mechanismHg2te, wt
study how cyclical amines and thiolstabilize the disordered state of the ligands and impro\
colloidal stability of the dispersion

Small angle Xray scattering was used determine the agglomeration temperatdiggio, Of
hexadecanethiedoated AUNP in the presencef small cacentrations ofpyrrolidine, azonan
tetrahydrothiophene and thiona#enine-basedadditiveslowered Taggb by not more than 2 K, whi
sulfide-based additives loweretlaggy Up to 28 K where smaller molecule showed a stror
stabilizing effect.MD simulationsindicated,that physisorption cannot account ftris decreas
chemisorption andeplacement of hexadecanethioldyglical sulfideson AuNP surfaces was sho
to strongly hinder ligand ordering, thereby reducifiggge Surprisingly, Mhgher additive
concentrations increasé@dygio, possibly due to a clustering transition on the AuNP surface.

physisorbed = weak effect chemisorbed = strong effect

Figure 1. Overview of the possible interaction mechanism of the additives with an AUNP and the re
stabilizing effect. Left: physisorption with a westlbilizingeffect, right: chemisorption with a strong effe
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of carbon black/polydimethylsiloxane composites

Lingyu Liu !, Thomas Kister ! and Tobias Kraus ¢

INM-Leibniz Institute for New Materials, Saarbriicken, 66123, Germany
? Saarland University, Colloid and Interface Chemistry, Saarbriicken, 66123, Germany

Lingyu.Liu{@leibniz-inm.de
Keywords: carbon black, stretchable conductors, piezoresistive effect, film thickness

Fully soft robots will open new possibilities and applications [1]. Many such robots are powered
by dielectric actuators and controlled by dielectric elastomer switches. Both require electrodes with
well-defined piezoresistivity. They are usually based on composites of carbon black (CB) in soft
matrices. The agglomeration state and distribution of CB affect the composites’ electrical response
to deformation, but the colloidal and structural background is poorly understood.

In this study, we examined the electro-mechanical characteristics and stability of CB-filled
polydimethylsiloxane (PDMS) elastomers at different layer thicknesses. Composites with filling
ratios of 8 vol% CB particles (from Thermo Scientific Chemicals) in liquid silicone (Sylgard 184,
Dow Corning) and organic solvents were blended at 2350 rpm for 3 minutes using a speedmixer. The
material was then spin-coated onto a circular silicone film (Wacker) with a thickness of 50 um at spin
speeds ranging from 1000 rpm to 8000 rpm for | minute, resulting in layer thickness between 1 to
20 pm. Subsequently, all the films were cured at 80 °C for 3 hours.

‘We assessed the electro-mechanical properties and the durability of the composites under cyclic
loading using a tensile testing machine coupled with a 2-point electrical measurement. Composites
of different thicknesses were subjected to 10% strain for at least 300 cycles. The results, presented in
Figure 1, show an initial rapid increase in resistivity. which then plateaued at higher cycle counts. We
observed that as the thickness of the film decreases, its piezoresistivity changes more significantly
under the same strain due to the geometric restriction of the film. This effect will be discussed in
terms of edge effects.
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Figure 1. Change in electrical resistances of 8 vol% carbon black/PDMS composite films under cyclical
loading to 10% strain during 300 cycles (left). The maximal changes in piezoresistivity are shown as a

Sfunction of film thickness (vight).
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Achieving precise transfer of functional molecules within the micrometer dimension on «
substrates poses a significant challefyjpA solid-phase transfesf functional moleculess inkin
such range through direct contdmetweenan inked stamp and the substrate possiblevia
microcontact printing (LCPR[2,3] Thistechniquecanbe usedo pattern variousubstrateHowever,
the inherent difficulty lies in the accurate patterning of substrates, attributed to the molecular ¢
and mobility particularly, ifreactivesmallmolecules are used k.

We, therefore,presentan acurate surface patterninigchnique which involvegrafting
polymerbrushesdirectly from the stamp s s efficfemtlg restricing ink diffusion. [2,3] This
approach allows for the covalent attachment of functional ink molecules to polymer chains, €
a stable bond upon transfer to the substrate and interaction with sacfaee groupsPrecise
patterning of various rougtapillary activesurfaceswas successfully carried out employing t
polymerbrush assisted methstiowcasing its versatility and efficaityaccuratesurface patterning

( O
HN HN
OH v o) Accurate Ink transfer

C
o]
Polymer-attached ink ‘ ‘ , NH,
¢
Inking é?‘! ! I ! 5 §§:§ . Printing ’ I
—_ § —> 3 * 4 sl
- - P PR N O o

Patterned stamp Grafted polymer brush

Grafting
—

A | lUU
1
1
1
1% & 2 An 20
Conventional : Polymer-assisted b

Figure 1 a. Schematic representation of PolyrassisteduCP (alkoxysilane ink transfer to oxic
surface) b. Comparison between th&ubrescencenicroscopy imageof patterned substratgsing
conventional and pgmer-assistequCP.
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Electrogelation allowdtegrowth of hydrogel films on a conductive surface wiilgh tempore
andspatialcontrolin theformationprocessinducing a local change in pH by eletysis of waterat
the electrode interfadeiggersthe hydrogelation of pH-responsive gelator molecule. In this st
we use gold electrodes to asseenliblydrogelfilms of N, N NjjsM-cgrboxyphenylenel,3,5
benzenetricarboxamide (BTAQf. Fig. 1a)[1] by potentiostaticcontrol Protonation of BTA in tF
vicinity of electrales triggers selissembly into supramolecular fibekghich build a hydrog
network (cf. Fig. 1).[2,3] We demonstrated the growth &TA hydrogel films in the micromet
regime with an accuracgf a few tens of nanometens thickness Such filmsform at moderati
potentials within a few secondwrakingthem interesting for biomedical coatings.

The thickness of teehydrogel flmshas been determined yo atomic forcemicroscopy
basedtechniquesi(a) dried films are imaged esitu (Fig. 1c) and @) in-situ nanoindentation
employed to investigate the hydrated std&igy.(1c). Further, we show how the gelation prot
depends on the gelation time, applied potenéiatl gelatorconcentratiorj3] The hereintroducet
approachfor electrogelation of BTAprovides easy access to controlled hydrdiyy@ formation ir
the low micrometer regimé&urthermore, thaydrogelatiorconceptand analytical methods are ea
transferableo otherpH-responsive or reversibly forming hydrogel systems on a large vari
conductive surfaces
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Figure 1. BTAElectrogelation a) Molecular stucture of BTAb) Fibrous structure of a dried BTA hydro
by AFM b) In-situ thickness determination of electrogelated hydrogel films by AFM nanoindentat
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Manmade materials in contact waljueous environmentt@come rapidly colonized by living mai
like proteins, macromoleculebacteria, diatomsor other fouling species. Frequentigilure of
devices and substantial maintenance costs are among the penalties associadatingifirocesse
As the use of biocides is heavily restricted in many applicatgsnve;onmentallyfriendly low-fouling
materials are intensively explorg¢t]. While several hydrophilic and hydrophobic materials ¢
promising propsies, their combination into amphiphilic coatings usitee best of the two worl
[2]. As hydrophilic compound, zwitterionic materials with different molecular architectures
developed and their structdf@enction relationship against different fouling organisms have
studied [3].Amphiphilic coatings based on zwitterionic polymers have been designed and th
polyelectrolyte properties have been characterized by several methods including AFM and S
antifouling properties against a range of fouling speaneshort term field exposures the oceatr
and in biomedical aayshave beerassessedndwill be discussed4,5,6]. Based on the obtain
data,fundamental structusproperty correlations and the implications for inert zwitterionic cog
will be discussed.
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Block copolymer cubosomes are a novel and rapidly evolving class of mesopofimigal
nanomaterials. They can be synthesized in a scalable manner by-bptsaihassembly using blo
copolymergY Cubosomes exhibit bicontinuous pore systems which permeate the entire s
Therefore, theyposses high surface areas, which is of great interest for many applicatior
Figure 1).[2 Currently, almost all cubosomes consist of the chemically inert polystyrene (PS),
does not impart any function beyond mechanical stabifityhis work, multiple alternatives tohe
inert PS are synthesized to yield functional polymer cubosomes:

Firstly, poly(4vinylpyridine) (P4VP) has an addressable nitrogen atomaricoordinate t
various metalsuch adPt for catalysis applications. Furthermore, organic substances like drt
also be loaded and released in a controlled manner by adjusting the pH.

Secondly, mesoporous carbon is one of the most interesting materials in energy stc
conversion. However, most synthesis paths require hard templating, HF etching or further t
wasteful stepdere a direct synthesis was developea poly(acrylonitrile) (PAN) cubosomes.

Finally, organic batteries often suffer from poor performance due to the low porosity
cathode. By utilizing poly(TEMPO methacrylate) (PTMAR common cathode material in orge
batteries a cubosomdasedcathode system was developed.

PS > Chemically inert
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o
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Figure 1. Chemically inert PS and functional polymer alternatives from this work, which carfdootiona
cubosomes. The background is an example &M image of a cubosome.
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In the development of new emerging matenals, one field of mterest is the forced assembly of
nanoparticles through spray-drymg, creating supraparticles. By adjusting the spray-drymg
parameters, supraparticles provide ad]mtablepﬂlexmes and surface areas, along with the combimation
of multiple nanoparticle functionalities. These highly porous supraparticles have a large vanety of
applications e.g., as temperature recorders, magnetic semsors, and hydrogen mdicators.[™] To
fabncate even more advanced matenals, further functionalization of supraparticles can be
accomplished via the atomic layer deposition (ALD) process P!

ALD provides monolayer-by-monolayer matenal deposihon, with plahbmum bemng a
commonly used matenal for ATD. However, the combination of platinum with supraparticles throngh
ALD i1s yet unprecedented The synthesis of such new matenials is shown in Figure 1. Supraparticles
are spray-dned to generate systems with different pore sizes and surface areas. They are subsequently
subjected to vanous Pt-ALD cycles and then tested for their catalytic activity in the reduction of
4-Nitrophenol. An mcrease in the pore sizes of the supraparticles is highly favored even though the
active surface area and the amount of platinum are drastically reduced. This shows that diffusion and
mass transport are lighly mmportant for such mesoporous supraparticle systems. Iron oxde
nanoparticles are subsequently miroduced to the supraparticles, allowing for additional magnetic
separation and mductive heating capabilities.

Supraparticles conslsting of varlous nana bullding blocks providing multiple functonalltles
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Figure 1. Scheme qftﬁ'a.gwﬁms qfs@rmdmﬁam different nanoparticle building blocks and their
Jurther fimctionalization with platinum via atomic layver deposition {ALD) towards catalytically active
supraparticles.
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Mucus, a complex biological hydrogel, which consists of Mucus glycoproteins (mucins),
lipids, ions, proteins, cells, cellular debris, and water as components [1], surrounds the surfaces of the
human body, including the respiratory organs and digestive tract. It fulfills important functions, such
as acting as a protective barrier against foreign bodies [2]. Apart from that, it is well known that this
kind of slime forms a three-dimensional viscoelastic network structure which is stabilized by diverse
molecular interactions for instance hydrogen bonding, hydrophobic and electrostatic interactions [3].
Our goal is to comprehend how the dynamic properties of native mucus are related to its mesoscopic
structure. This project is related to the collaborative research centre (CRC) 1449 which is financed
by the German Research Foundation and tends to investigate the protective functions of hydrogels at
biological interfaces. For this purpose we try to mimic the viscoelastic properties of this biological
hydrogel by synthesizing a non-toxic one which consists of poly(ethylene oxide) (PEO) as well as
hydrophobically modified poly(methacrylic acid) (HM-PMAA). The modification of PMAA with
Cy, or Cy6—side chains leads to hydrophobic interactions besides the already existing hydrogen bonds
between PMAA and PEO, which forms a hydrogel after blending both polymers in a certain ratio and
a certain pH-range. After the establishment of this model-system a non-ionic surfactant, Brij O10,
was additionally added to strengthen the hydrophobic interactions and to understand the self-
assemblance of the side chains acting as crosslinking points in the hydrogel network. Macrorheology
is the key method for hydrogel characterization.

o o

=
=1

1TEERR

depeys

G'and G' [Pa)
G'and G" [Pa)
.

LR 1 10 100 .1 1 10 100
w [rad/s] wrad/s]

Figure 1. Macrorheology data (G’ and G") of the hydrogel which consists of HM-PMAA and PEO at various
DpH [lefi] and the same hydrogel in the presence of 2 mol% Brij O 10 [right]. PMAA was modified with
Imol% Hexadecyvlamine (C1I6).
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A series of custorsable and portable sensdnave been developed since Clark and L
developed the first oxygen biosensor in 1962 [1]. Conventional fabrication of elediromedica
sensors requires muktep fabrication processes involving thermal sintering and the
environmentally harmful chemicals to achieve sufficient electrical conduc{®jty. novel approac
that avoids multstep fabrication involves the use of electrically conductive, sfreeerinks for direc
printing. The nanopé#cles' surface is modified with a conductive polymeimttrease conductivi
and enable direct attachment of specific i8¢3Ve study howthe formation and structure of t
shelldepends on the pHependant dispersion state and conformaticghe@tonductive polymer

We investigatedthe pH-dependent ligand exchangg cetyltrimethylammonium bromic
(CTAB) on gold nanoparticleAUNPs@CTAB)with a diameter of 74 nnby the conductive
polythiophene poly(3-hexylthiophene 5-diyl) (P3KHT). The pH-dependent dispersibility
P3KHT in waterthat we find inStatic Light Scattering(SLS) and UWVis (Figure 1A) implies
improved dispersibility of the polymer at higher pHdcoiling at lower pHLigandexchanget pH
values between 8 and 1&d to hybrid nanoparticle dispersiomisat we characterizedith Ramai
spectroscopyrigure 1B shows thahigher pH leveldead to relatively more pronouncés-P3KHT
bondfingerprint peaks and decrease in ACTAB bonds.Both indicate a pklependant efficienc
of the ligand exchange process

The resultsshow thatthe pH value during the ligand exchangih polymerscan affect its
efficiency and affect the functionality of the dispersions
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Figure 1. (A) Static light scatteringls0°) and U\tvis absorption maximaf aqueoud?3KHT solutions as
function of pH.The change in dispersion state affects ligand exchahgaeNPs@CTARs visible in (B)
Raman spectrafter treatment witiP3KHT solutionsat different pH.
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