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Transport of calcium ions through thick biomimetic polymer membranes

M. Lomora1, F. Itel1, I.A. Dinu1, C. G. Palivan1*

1University of Basel

Nature represents a fascinating source of inspiration, through its complex and controlled
reactions with high specificity. A particular example is reflected by ion-transporters, which
mediate ion passage across cellular membranes, in a selective manner, to initiate these
complex reactions [1]. An elegant strategy is to mimic biocompartments and cell membranes,
through the combination of biological entities and synthetic nanocompartments, for the
development of theranostic applications [2]. One approach is to use lipid membranes, which are
selectively permeabilized by ion-transporters [3]. Due to their lack of stability, the use of
synthetic membranes based on block copolymers provides a better solution for technological
applications. They offer enhanced mechanical stability and tunability of their proprieties in
terms of flexibility, thickness, or stimuli-responsiveness [4]. Block copolymers, based on
poly(2–methyloxazoline)–block–poly(dimethylsiloxane)–block–poly(2–methyloxazoline
(PMOXAx-PDMSy-PMOXAx), were successfully shown to self-assemble in aqueous solutions into
polymer vesicles [5, 6], with a membrane which could be successfully permeabilized with ion-
transporters [7]. This was surprising, taking into account that the membrane of these vesicles
had twice the thickness of a typical membrane of a lipid vesicle (10.7 nm compared with 5 nm).
As a model ion-transporter, ionomycin was chosen and it was shown to successfully
permeabilize these thick membranes towards divalent cations, such as Ca2+, without any
perturbation of the polymer vesicle architecture. This resulted in a stimuli-responsive system,
as a support for the development of biosensing platforms with a selective and rapid efficacy.

[1]George R. Dubyak,Adv Physiol Educ,2004, 28, 143-154.
[2] Pascal Tanner, Patric Baumann, Ramona Enea, Ozana Onaca, Cornelia G. Palivan, Wolfgang
Meier, Accounts of Chemical Research,2011, 44, 1039-1049.
[3]Warren L. Erdahl, Clifford J. Chapman, Richard W. Taylor, Douglas R. Pfeiffer,Biophysical
Joumal,1994, 66, 1678-1693.
[4] Violeta Malinova, Serena Belegrinou, Dirk de Bruyn Ouboter, Wolfgang Peter Meier,Adv
Polym Sci,2010, 224, 113-165.
[5] Corinne Nardin, Thomas Hirt, Jorg Leukel, Wolfgang Meier,Langmuir,2000, 16, 1035-1041.
[6] Fabian Itel, Mohamed Chami, Adrian Najer, Samuel Loercher, Dalin Wu, Ionel Adrian Dinu,
Wolfgang Meier, Macromolecules,2014, 47, 7588-7596.
[7] Mihai Lomora, Fabian Itel, Ionel Adrian Dinu, Cornelia G. Palivan, PCCP,2015,
DOI:10.1039/C4CP05879H.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Polymers, Colloids and Interfaces, Poster PCI-102

Amphiphilic Hexayne Derivatives as Precursors for Atomically Dense Carbon
Nanolayers

B. Schulte1, S. Schrettl1, H. Frauenrath1*

1EPF Lausanne

Two-dimensional nanostructures (e.g. graphene, molybdenum disulfide, phosphorene) are
considered as promising materials for technological progress due to their outstanding thermal,
mechanical, and electrical properties [1]. Especially two-dimensional carbon nanomaterials offer
new possibilities in the fields of organic electronics, membrane technology, and
nanocomposites. The access to two-dimensional carbon nanomaterials remains challenging and
synthetic routes follow either top-down or bottom-up strategies [2]. Top-down approaches yield
materials with a high degree of structural perfection, but are mostly restricted to small-scale
production. Bottom-up approaches have the advantage that they allow to study structure-
property relationships in depth. However, these procedures are often synthetically demanding
and mostly rely on temperatures above 600°C for the carbonization of low molecular weight
precursors. Such high temperatures preclude the chemical functionalization of carbon
nanomaterials, which makes further processing difficult.
Recently, we have presented an alternative approach to obtain two-dimensional carbon
nanomaterials that is based on the use of hexayne amphiphiles as molecular precursors [3, 4].
The sp-hybridized carbons of the hexayne moiety in such amphiphilic precursor molecules show
a high reactivity and are susceptible to crosslinking under mild conditions, i.e., irradiation with
UV light at room temperature. Notably, the chemical functionality of the precursor translates
directly in the functionality of the crosslinked carbon nanostructure. Extending our work on the
fabrication of self-supporting carbon nanosheets at the air-water interface, we explore the
properties of crosslinked hexayne amphiphiles in detail.

Figure 1. (a) Self-assembly of hexayne amphiphiles at the air-water interface. (b) Crosslinking
of the hexayne amphiphiles at room temperature by UV irradiation. (c) Crosslinked carbon
nanosheet on a transmission electron microscopy grid.

[1] S.-L. Cai, W.-G. Zhang, R. N. Zuckermann, Z.-T. Li, X. Zhao, Y. Liu, Adv. Mater.,2015, doi:
10.1002/adma.201500124.
[2] T.N. Hoheisel, S. Schrettl, R. Szilluweit, H. Frauenrath, Angew. Chem. Int. Ed.,2010, 49,
6496.
[3] R. Szilluweit, T.N. Hoheisel, M. Fritzsche, B. Ketterer, A. Fontcuberta I Morral, D. Demurtas,
V. Laporte, R. Verel, S. Bolisetty, R. Mezzanga, H. Frauenrath, Nano Lett.,2012, 12, 2573.
[4] S. Schrettl, C. Stefaniu, C. Schwieger, G. Pasche, E. Oveisi, Y. Fontana, A. F. I. Morral, J.
Reguera, R. Petraglia, C. Corminboeuf, G. Brezesinski, H. Frauenrath, Nature Chem.,2014, 6,
468.
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Development of functionalized hybrid hydrogels

F. Noverraz1, S. Passemard1, R. Mahou1, F. Borcard1, S. Gerber1*, C. Wandrey1*

1EPF Lausanne

The progress of medical therapies, which rely on the transplantation of microencapsulated cells,
depends on the quality of the encapsulating material. Such material has to be biocompatible, its
physical characteristics have to be adjustable, and the microencapsulation process must be
simple and not harm the cells.

Although great progresses were done concerning the resistance of microspheres1-4 inevitable
inflammation response and fibrosis formation leading to cell asphyxiation is observed for long
term experiments5. Therefore improving lifetime of microspheres in living organisms by tuning
the composition of the polymeric components of the hydrogels is necessary. The strategy used
for this purpose relies on the conjugation of anti-inflammatory agents on the polymeric
components or cross-linkers involved in hydrogel formation to obtain microspheres with surface
functionalization that might be released in a controlled manner around the transplantation site.
Depending on the chemical linkage envisaged for the conjugation process, different time scales
for local delivery are expected.

[1] R. Mahou, C. Wandrey, Macromolecules, 2010, 43, 1371–1378.
[2] R. Mahou, G. Kollarikova, C. Gonelle-Gispert, R. Meier, F. Schmitt, N.M. Tran, M. Dufresne, I.
Altimari, I. Lacik, L. Bühler, L. Juillerat-Jeanneret, C. Legallais, C. Wandrey,
Macromol. Symp., 2013, 329, 49-57.
[3] R. Mahou, R. Meier, L. Bühler, C. Wandrey, Materials, 2014, 7(1), 275-286.
[4] R Mahou, F Borcard, S Gerber-Lemaire, L Bühler, C Wandrey,Chemistry of
Materials, submitted, under revision.
[5]. Vériter, S.;Mergen, J.; Goebbels, R.-M.; Aouassar, N.; Grégoire, C.; Jordan, B.; Levêque, P.;
Gallez, B.; Gianello, P.; Dufrane, D. Tissue Engineering Part A 2009, 16, 1503–1513.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Polymers, Colloids and Interfaces, Poster PCI-104

Supramolecular organogels based on boronate esters and imidazolyl ligands

N. Luisier1, R. Scopelliti1, K. Severin1*

1EPF Lausanne

Dative boron-nitrogen bond is a molecular interaction of growing interest in supramolecular
chemistry. Previous reports have shown its use for the formation of polymer materials or
molecular cages. We demonstrate the use of this reversible covalent binding for the synthesis
of organogel via B-N adducts formation of imidazolyl ligands on diboronate ester compounds.1 A
large variety of boronate esters could thus be gelated together with bis(imidazole-1-yl)methane
ligands in non-polar solvents such as 1,2-dichlorobenzene, toluene or mesitylene. Those gels all
showed the expected solid-like behavior during rheology measurements. Surprisingly gelation
could also be achieved in polar solvents as THF or acetone. Some samples were showing very
low critical gel concentration, as low as 0.02 percent in weight, which illustrate the strong
binding of the gel components, and the large solvent-gelator interaction. Gelation could also be
obtained in one-pot reaction upon direct mixing of diboronic acid, catechol and imidazolyl
donor. We also reported the formation of a four-component organogel by in-situ synthesis of an
imine-bridged diboronic acid through condensation of a formyl-benzeneboronic acid with an
amino-benzeneboronic acid.2 This last gel could successfully be post-modified to increase its
mechanic resistance.

1. N. Luisier, R. Scopelliti and K. Severin, Manuscript in preparation.
2. N. Luisier, K. Schenk and K. Severin, Chem. Commun., 2014, 50, 10233–6.
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PEGylation of sodium alginate for tuning the properties of hydrogel microspheres

S. Passemard1, F. Noverraz1, V. Crivelli1, R. Mahou1, F. Borcard1, E. Montanari2, L. Bühler2, C.
Wandrey1, S. Gerber1*

1Institute of Chemical Sciences and Engineering, EPFL, Lausanne, 2University Hospital of
Geneva, Surgical Research Unit, Geneva

Cells microencapsulation is a promising technology to treat a wide range of diseases through
cells transplantation. The scaffold materials for cell immobilization consist of biocompatible
hydrogels which require specific physical properties. In particular, long term cell viability and
functionality is strongly influenced by the network density, the mechanical stability and
permeability of hydrogel microspheres (MS). While the hydrogel calcium alginate (Ca-alg)
display favorable biocompatibility for biomedical applications, several limitations including
insufficient stability and permselectivity were reported. We present herein the reinforcement of
Ca-alg MS by combination of Na-alg with poly(ethylene glycol) (PEG) derivatives to allow
hydrogel formation by both electrostatic and covalent crosslinking. Physical properties of the
resulting microspheres (MS) will be discussed and compared between the different systems.

Heterobifunctional a-amino-w-mercapto-poly(ethylene glycol) and a-amino-w-lipoyl-
poly(ethylene glycol) 1000 were synthetized and grafted to Na-alg hydroxyl functionalities
through ester or carbamate linkages. The resulting materials were investigated for their ability
to form MS through the combination of fast electrostatic interactions of Na-alg with calcium ions
with covalent disulfide crosslinking, in one-step processes. The influence of the chemical
composition and formulation of the different polymeric materials on the physical properties of
the resulting MS was studied. In addition, the compatibility of these MS for human cells
microencapsulation was evaluated in vitro and long term MS stability was investigated in animal
models.

Redouan Mahou et al., Macromol. Symp. 2013, 329, 49-57.
Solène Passemard et al., Bioorg. Med. Chem. Let. 2013, 23, 5006-5010.
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Light-Induced Fragrance Release from Microcapsules Containing 2-Oxoacetates

A. Herrmann1, A. Trachsel1, N. Paret1, D. Berthier1

1Firmenich SA, Division Recherche & Développement, Route des Jeunes 1, 1211 Genève 8

Because of its importance for our everyday life, the UN declared 2015 the International Year of
Light. The UVA region of natural daylight provides enough energy to isomerise and cleave
covalent bonds. This allows using light as a trigger for the controlled release of a multitude of
bioactive compounds from stimuli-responsive materials [1]. To be smelled, fragrances have to
evaporate from surfaces that are typically exposed to daylight. Light-sensitive delivery systems
are thus particularly suitable to control the release of these compounds [2]. 

In this context, 2-oxoacetates have been explored as photocleavable fragrance precursors
(profragrances) that generate aldehydes or ketones when exposed to light [3]. Depending on
whether the photoreaction proceeds in the presence or absence of oxygen, an equivalent of
CO2 or CO is formed as side-product of the reaction. The formation of gas has been reported in
the literature, but no advantage has so far been taken from it. We now discovered that
photoirradiation of 2-oxoacetates encapsulated in core-shell microcapsules generates CO2/CO
sufficiently fast to build up an overpressure inside the capsules, which cleaves the capsule wall
and releases the (co-)encapsulated volatiles [4]. Dynamic headspace measurements confirmed
the generation of the gas and the release of the fragrances. Optical microscopy demonstrated
the formation of gas bubbles, the cleavage of the capsule wall and the leaking out of the
encapsulated oil phase. 

[1] See for example: E. Fleige, M. A. Quadir, R. Haag, Adv. Drug. Delivery Rev., 2012, 64,
866–884.
[2] A. Herrmann, Photochem. Photobiol. Sci., 2012, 11, 446–459.
[3] S. Hu, D. C. Neckers, J. Org. Chem., 1997, 62, 564–567; S. Rochat, C. Minardi, J.-Y. de Saint
Laumer, A. Herrmann, Helv. Chim. Acta, 2000, 83, 1645–1671.
[4] N. Paret, A. Trachsel. D. L. Berthier, A. Herrmann, Angew. Chem. Int. Ed., 2015, 54,
2275–2279.
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Effect of Reactive Extrusion on the Morphology of Polymer Nanocomposites

S. Shokoohi1, G. Khanbabaei1

1Chemical, Polymeric and Petrochemical Technology Development Research Division, Research
Institute of Petroleum Industry, Tehran, Iran

Reactive extrusion of functional groups present on the macromolecular chains of polymer blend
constituents including Polypropylene/Polyamide6/Maleic Anhydride-grafted Ethylene Propylene
Diene Monomer alters the morphology of corresponding polymer blend/clay nanocomposites. In
fact, amine end groups on the polyamide6 chains tend to establish interactions with the
succinic functionalities grafted on Ethylene Propylene Diene Monomer (EPDM) affecting the
surface tension between the phases[1-2]. In other words, the amphiphilic grafted copolymer,
gathers at the EPDM-PA6 interface and decreases the interfacial tension between the two
dispersed phases involved [3]. Direct observation of morphology through Scanning Electron
Microscope confirms the role of surface tension balance affected through the in-situ reactions
which are evidenced by Fourier Transform Infrared Spectroscopy, on the formation of final
microstructure.

Dynamic interfacial energy model was used to predict the morphology of samples containing
different compositions of functionalized compatibilizing agent. Calculation results were
compared with the microstructures observed through microscopy indicating model accuracy of
40%. A new model was developed offering 80% precision through consideration of ignored
effective parameters. Results showed that in the investigated polymer blend samples the
compatibilizer composition does affect the EPDM shell thickness and also the overall size of
composite droplets dispersed within the polypropylene matrix but do not alter the core/shell
type of morphology driven by the thermodynamic of investigated ternary system where at the
presence of nanoclay, the governing equations fail due to the interactions of involved polar
groups with clay gallery surfaces. The phenomena involved at the presence of clay are
discussed in this research work.

[1] H. Ohishi, Journal of Applied Polymer Science, 2004, 93(4), 1567-1576.
[2] S. Shokoohi and A. Arefazar, Polymers for Advanced Technologies, 2009, 20(5), 433-447.
[3] C. Wang, J.X. Su, J. Li, H. Yang, Q. Zhang, R.N. Du, and Q. Fu, Polymer, 2006, 47, 3197-3206.
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An investigation into thermal analysis methods of detection and quantification of
oxidative degradation of PVC-coated constructional steel.

R.L. Alexander1

1Swansea University UK

PVC-coated steel used for construction consists of many layers of coatings, which, together with
their interfaces, make up a complex system. Model paints have been made using industrial
components of this system in order to simplify it and therefore gain a better understanding of
the degradation mechanisms present. Different solvents and alternative methods of curing
have been tried and the resulting paints tested by thermal analysis. Differential Scanning
Calorimetry (DSC), Thermogravimetric Analysis (TGA), Dynamic Mechanical Analysis (DMA) and
Gas Chromatography Mass Spectrometry (GC/MS) have been used to analyse the model paints
and their degradation products. Organically coated steels, that have been weathered using
industry standard accelerated testing have been tested for comparison. The methods show
potential to detect early stages of degradation.
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Structural characteristics of amyloid-like fibers issued from a human estrogen
receptor α-derived peptide

Y. Jacquot1, L. Khemtmourian1, M. Belnou2, C. Byrne1, G. Dieteler3

1Université Pierre et Marie Curie, Paris, 2UPMC / ENS, Paris, 3EPFL, Lausanne

At 10 mM, the peptide corresponding to the 295-311 sequence of the hinge region of the
human estrogen receptor alpha (peptide ERa17p) shares a panel of interesting pharmacological
properties [1,2]. It provokes, in physiological conditions, apoptosis and specifically the death of
breast cancer cells [1].

Whereas it is random when alone in solution [3], it adopts an a helix conformation when bound
to Ca2+-calmodulin [4]. By using circular dichroism (CD) spectroscopy and differential scanning
calorimetry (DSC), we have shown that the peptide ERa17p, when used at concentration ≥ 50
mM, adopts a b-sheet secondary structure when associated with anionic membranes (micelles,
vesicles), exclusively; no folding was observed with neutral lipids [5,6]. This observation
suggests that the folding of the peptide occurs in an anionic environment. Remarkably,
transmission electronic microscopy (TEM) showed that this b-sheet conformation was
accompanied by the formation of fibers occurring around anionic vesicles [6]. The homogeneity
of the anionic vesicles was affected in the presence of the peptide since a calcein leakage was
observed.

When alone in water, at neutral pH and at concentrations ≥ 50 mM, this secondary structure
was accompanied by the formation of particularly long fibers originating from nucleation
regions [6]. It was shown by using TEM that these fibers were twisted, with a periodicity of 45
nm, as commonly observed with amyloid-like fibers [6]. Such observations were supported by
nano-infrared spectroscopy (nano-IR) and atomic force microscopy (AFM). In the case of AFM,
the fibers were observed with mica, which is a cationic substrate, reinforcing the concept that
negative charges are important for the folding of amyloidogenic peptides [6,7]. Also, we
observed by using fluorescence spectroscopy that the kinetics of formation of fibers was
dramatically increased in the presence of anions such as sulfate.

Cancer cells, rich in phosphatidylserine, may be considered to be anionic. Accordingly, we
hypothesize that the apoptotic effects of the peptide ERa17p on cancer cells could be due to its
propensity to recognize negative charges and to destabilize cell membranes.
br

[1] V. Pelekanou, M. Kampa, D. Gallo, G. Notas, M. Troullinaki, H. Duvillier, Y. Jacquot, E.N.
Stathopoulos, E. Castanas G. Leclercq. Mol. Oncol. 2011, 5, 36-47.
[2] G. Notas, M. Kampa, V. Pelekanou, M. Troullinaki, Y. Jacquot, G. Leclercq, E. Castanas. Mol.
Oncol. 2013, 7, 595-610.
[3] D. Gallo, Y. Jacquot, A. Cleeren, F. Jacquemotte, I. Laïos, G. Laurent, G. Leclercq. Lett. Drug
Design Discov. 2007, 4, 346-355.
[4] L. Carlier, C. Byrne, E. Miclet, S. Bourgoin-Voillard, M. Nicaise, J.C. Tabet, M. Desmadril, G.
Leclercq, O. Lequin, Y. Jacquot. Biochem. Biophys. Res. Commun. 2012, 419, 356-361.
[5] C. Byrne, L. Khemtémourian, V. Pelekanou, M. Kampa, G. Leclercq, S. Sagan, E. Castanas, F.
Burlina, Y. Jacquot. Steroids 2012, 77, 979-987.
[6] F.S. Ruggeri, C. Byrne, L. Khemtémourian, G. Ducouret, G. Dietler, Y. Jacquot.J. Pept. Sci.
2014, 21, 95-104.
[7] N.S. Gandhi, I. Landrieu, C. Byrne, P. Kukic, L. Amniai, F.X. Cantrelle, J.M. Wieruszeski, R.L.
Mancera, Y. Jacquot, G. Lippens. A phosphorylation-induced turn defines the Alzheimer’s
disease AT8 antibody epitope on the tau protein. Angew. Chem. Int. (Ed. English) 2015 (in
press).
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H-Bonded Supramolecular Polymers Selectively Dispersing and Subsequent
Releasing Single-Walled Carbon Nanotubes

G. Ke1, M. Mayor1*

1University of Basel

Single walled carbon nanotubes (SWCNTs) have outstanding physical (mechanical and
electronic) properties which depend on the arrangement of the carbon atoms when a graphene
sheet is rolled into a tube. While chemistry fails so far to synthesize monodisperse tubes with
given n,m indices, impressive steps were made in sorting tubes. In particular, some polymers
and copolymers comprising rigid aromatic subunits display excellent selectivity towards specific
nanotubes, as they form strong π-π stacking interaction with the nanotube surface, such as
fluorene, and carbazole-based polymers.1-4 A drawback of this approach is that the polymers
tightly wrap around the SWCNTs and it becomes extremely difficult to get rid of them. However,
various applications require polymer-free SWCNTs. In this research proposal we would like to
develop a series of H-bonded supramolecular polymers to disperse reversibly SWCNTs with
particular diameters, n,m-indices and hopefully even chirality. For this purpose we designed a
self-complementary structure with a 2,6-di(acetylamino)pyridine on one end and the imidic
uracil derivate at the other end. The triple hydrogen bonds formed between both terminal units
enables the formation and breaking up of supramolecular polymers. In the middle of the
monomer units, various rigid aromatic subunits will be adopted to selectively interact with the
SWCNTs. Once the SWCNTs are successfully dispersed, it can be released via addition of a bit
polar solvents or acidic solutions, which are very effective in disputing hydrogen bonds.

1. Chen, F.; Wang, B.; Chen, Y.; Li, L.-J. Nano Letters 2007, 7, (10), 3013-3017.
2. Nish, A.; Hwang, J.-Y.; Doig, J.; Nicholas, R. J. Nat Nano 2007, 2, (10), 640-646.
3. Lemasson, F. A.; Strunk, T.; Gerstel, P.; Hennrich, F.; Lebedkin, S.; Barner-Kowollik, C.;
Wenzel, W.; Kappes, M. M.; Mayor, M. Journal of the American Chemical Society 2010, 133, (4),
652-655.
4. Lemasson, F.; Berton, N.; Tittmann, J.; Hennrich, F.; Kappes, M. M.; Mayor, M.
Macromolecules 2011, 45, (2), 713-722.
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Synthetic biocompartments with selective membrane permeability towards protons
and monovalent cations

M. Lomora1, F. Itel1, I.A. Dinu1, M. Garni1, M. Spulber1, C. G. Palivan1*

1University of Basel

Regulation of ions across cellular membranes has implications for cell division, cell volume
regulation, in maintaining the stability of the cell’s internal environment, or providing specific
signaling functions [1]. For a better understanding of the biological processes, the design of
models based on synthetic polymer compartments [2] with tuneable proprieties of their
membrane is desired. The permeabilization of these membranes with ion channels induces the
formation of gates for allowing specific ions to pass through. In this respect, we present
biomimetic membranes with selective ion permeability and preserved architecture upon
insertion of biopores. The biomimetic membranes consisted of a block copolymer library,
composed of
poly(2–methyloxazoline)–block–poly(dimethylsiloxane)–block–poly(2–methyloxazoline)
(PMOXAx-PDMSy-PMOXAx) triblock copolymers, with membrane thicknesses in the range of
9.2-16.2 nm, able to self-assemble in aqueous solutions into polymer vesicles (polymersomes)
[3]. Their membranes were successfully permeabilized using a model biopore, gramicidin,
allowing the passage of protons (H+) and monovalent ions (Na+, K+) [4]. Due to the flexibility of
block copolymers, gramicidin (2.5 nm in length) was shown to be functional within the
hydrophobic domain, up to a membrane thickness of 12.1 nm. The permeabilization of
polymersomes membranes, for protons and ions (Na+, K+) passage, is a novel strategy for the
development of synthetic biocompartments, with maintained integrity upon insertion of
biopores, and selective ion permeability. This biomimetic approach enables the design of ion
biosensors, nanoreactors, or specialized artificial organelles, in which the influx of ions is
necessary for in situ reactions.

[1] Dayue Darrel Duan, Tong-hui Ma, Acta Pharmacologica Sinica, 2011, 32, 673-674.
[2] Cornelia G. Palivan, Ozana Fischer-Onaca, Mihaela Delcea, Fabian Itel, Wolfgang Meier,
Chem. Soc. Rev.,2012, 41, 2800-2823.
[3] Fabian Itel, Mohamed Chami, Adrian Najer, Samuel Loercher, Dalin Wu, Ionel Adrian Dinu,
Wolfgang Meier, Macromolecules, 2014, 47, 7588-7596.
[4] Mihai Lomora, Martina Garni, Fabian Itel, Pascal Tanner, Mariana Spulber, Cornelia G.
Palivan, Biomaterials, 2015, 53, 406-414;
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Development of triggered nanoreactor platforms

T. Einfalt1, C. G. Palivan1*

1University of Basel

Development of pH-triggered platforms plays a pivotal role in various scientific fields, ranging
from nanomedicine to biosensing applications. As an example the pH, temperature and
reduction potential in the body often varies, which is especially noticeable in the case of
inflamed or cancerous tissue. These differences in environment conditions can be exploited by
therapeutic or diagnostic systems that are responsive to the local changes in environment.
Here, we introduce polymer nanoreactors with pH and reduction triggered activity. These
nanoreactors are based on polymer vesicles, whose membrane permeability is controlled by
insertion of chemically modified channel proteins acting as “gates”. The previous concept of
nanoreactors, where active compounds are encapsulated inside polymer compartments
(proteins, enzymes, mimics) and are able to act in situ, is extended by chemically modification
of the membrane protein such to serve as an responsive gate. Only in certain conditions the
gate is opened (by releasing its cap) and the enzymatic substrate can enter vesicular
compartment. Through this the substrate the enzymatic reaction can take place: the
subsequent products of the reaction are released in the nanoreactors environment. Through
encapsulation of different enzymes, the nanoreactors can be tailored for purposes of therapy or
biosensing.
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Phenanthrene Nanotubes

C. D. Bösch1, S. M. Langenegger1, R. Häner1*

1University of Bern

The self-assembly of oligomers into well-defined supramolecular polymers is of large interest in
the material sciences [1]. In previous work we showed the formation of two-dimensional
supramolecular polymers by pyrene oligomers [2] and the formation of one-dimensional
supramolecular polymers by phenanthrene oligomers [3]. The latter is remarkable because the
assembled phenanthrene units act as an antenna which effectively transfers its excitation
energy to a pyrene acceptor.

The appearance of self-assembled nanostructures seems to depend on the substitution
geometry of the phosphodiester-linked monomers. In this poster we will present the findings for
a 2,7-disubstituted phenanthrene oligomer which forms tubular structures in aqueous medium.
The formation of supramolecular polymers is studied by temperature-dependent absorption and
fluorescence measurements and visualized by atomic force microscopy. Further it will be of
interest to see if these phenanthrene assemblies also act as a light-harvesting antenna in
combination with a suitable acceptor.

[1] G. M. Whitesides, J. P. Mathias, C. T. Seto, Science, 1991, 254, 1312-1319.
[2] M. Vyborni, A. V. Rudnev, S. M. Langenegger, T. Wandlowski, G. Galzaferri, R. Häner, Angew.
Chem. Int. Ed., 2013, 52, 11488-11493.
[3] C. B. Winiger, S. Li, G. R. Kumar, S. M. Langenegger, R. Häner, Angew. Chem. Int. Ed., 2014,
53, 13603-13613.
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The formation of large assemblies through single, non-covalently attached pyrene
phosphates

M. Probst1, R. Häner1*

1Universität Bern

The precise construction of functional entities with a well-defined morphology is a key challenge
in materials science. The process has to be reproducible as well as predictable. In this work, we
describe the self-assembly of negatively charged pyrene monomers in aqueous media into
supramolecular polymers. The morphology of the aggregates was characterized by AFM. Due
the distinct UV-Vis and fluorescence properties of the amphiphilic molecules, spectroscopy
revealed important insights into the intermolecular interactions of these building blocks.

M. Vybornyi, A.V. Rudnev, S.M. Langenegger, T. Wandlowski, G. Calzaferri, R. Häner, Angew.
Chem. Int. Ed., 2013, 52, 11488–11493.
C.B. Winiger, S. Li, G.R. Kumar, S.M. Langenegger, R. Häner, Angew. Chem. Int. Ed., 2014, 53,
13609-13613.
M. Vybornyi, A. Rudnev, R. Häner, Chem. Mater., 2015, 27, 1426-1431.
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Hierarchical self-assembly of the DNA-grafted supramolecular polymers

Y. Vyborna1, R. Häner1*

1University of Bern

Conjugation of functional entities with a specific set of optical, mechanical or biological
properties to DNA strands allows engineering of sophisticated DNA-containing architectures.[1],

[2] Among various hybrid systems, DNA-grafted polymers occupy an important place in modern
materials science. [3] In this contribution we present the non-covalent synthesis and properties
of DNA-grafted linear supramolecular polymers (SPs), which are assembled in a controllable
manner from short chimeric DNA-pyrene oligomers. The synthetic oligomers consist of two
parts: a 10 nucleotides long DNA chain and a covalently attached segment of variable number
of phosphodiester-linked pyrenes. The temperature-dependent formation of DNA-grafted SPs is
described by a nucleation-elongation mechanism. 
The high tendency of pyrenes to aggregate in water, leads to the rapid formation of SPs. The
core of the assemblies consists of stacked pyrenes. They form a 1D platform, to which the DNA
chains are attached. Combined spectroscopic and microscopic studies reveal that the major
driving forces of the polymerization are π-stacking of pyrenes and hydrophobic interactions, and
DNA pairing contributes to a lesser extent. [4] AFM and TEM experiments demonstrate that the
1D SPs appear as elongated ribbons with a length of several hundred nanometers. They exhibit
an apparent helical structure with a pitch-to-pitch distance of 50±15 nm. 
Since DNA pairing is a highly selective process, the ongoing studies are aimed to utilize DNA-
grafted SPs for the programmable arrangement of functional entities. For example, the addition
of non-modified complementary DNA strands to the DNA-grafted SPs leads to the cooperative
formation of higher-order assemblies. Also, our experiments suggest that the fluorescent
pyrene core of 1D ribbons serves as an efficient donor platform for energy transfer applications.

 

[1] T. Aida, E. Meijer, S. Stupp, Science 2012, 335, 813–817
[2] C. K. McLaughlin, G. D. Hamblin, H. F. Sleiman, Chemical Society Reviews 2011, 40,
5647–5656.
[3] Peng, L.; Wu, S.; You, M.; Han, D.; Chen, Y.; Fu, T.; Tan, W. Chem. Sci. 2013, 4, 1928.
[4] Y. Vyborna, M. Vybornyi, A. Rudnev, R. Häner Angew. Chem. Int. Ed. 2015, 54,
10.1002/anie.201502066R1.
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Pt(0) containing metallosupramolecular polymers

L. M. Olaechea1, C. Weder1*

1University of Fribourg

Supramolecular polymers (SP’s) are macromolecules formed by monomeric units connected
through reversible, non-covalent interactions. SP’s can be thus synthesized by self-assembly of
molecules containing a variety of supramolecular motifs that are capable of interacting via
hydrogen bonding, metal-ligand complexation, ion pairing, or host guest interactions. As a
result, SP’s combine the advantages of dynamic supramolecular interactions and the physical
properties of polymers.

A sub-group of SP’s are metallosupramolecular polymers (MSP’s), which are assembled through
metal-ligand complex formation. Building on our previous work on cross-linked Pt(0)-containing
MSP’s,[1] we have recently developed a synthetic framework for the synthesis of linear Pt(0)

containing MSP’s. These materials are synthesized by fast ligand exchange between a
Pt(0)(styrene)3 complex and diphenyl acetylene-terminated telechelic
poly(ethylene-co-butylene)(DPA-O-PEB-O-DPA)(Figure 1). This procedure presents clear practical
advantages over current examples in the literature, which introduce the metal center by in situ
reduction of a previously introduced metallic salt.[2]

Homogeneous films of the new polymer were formed by solvent casting and characterized by
small angle X-ray scattering (SAXS), transmission electron microscopy (TEM) and Fourier
transform infrared spectroscopy (FTIR), revealing a random nanophase segregation and
adequate stability under ambient conditions. The stimuli responsiveness of this material in the
context of irreversible Pt nanoparticle formation will also be discussed.

[1] Akshay Kokil,Christian Huber, Walter R. Caseri, Christoph Weder,Macromolecular Chemistry
and Physics, 2003, 204, 40-45.
[2] Seung Whan Lee, Justin R. Kumpfer, Pin Ann Lin, Guodong Li, Xuan P. A. Gao, Stuart J.
Rowan, and R. Mohan Sankaran, Macromolecules,  2012, 45, 8201− 8210.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Polymers, Colloids and Interfaces, Poster PCI-117

Incorporation of dithiomaleimide as mechanophores into polymers chain.

M. Karman1, Y. C. Simon1, C. Weder1*

1Adolphe Merkle Institute

While mechanical forces are well-known to cause the non-specific breaking of chemical bonds in
polymers, the exploitation of targeted chain scission at mechanically weak links has only
recently begun to attract considerable attention. It appears, however, that this design approach
is useful to create a broad range of possibly useful stimuli-responsive materials, whose
response can be tailored via the choice of mechanically weak motifs that are commonly
referred to as mechanophores. Dibromomaleimide derivatives are known to react with disulfide
bridges present in proteins and the substitution of the two bromine groups by alkylthiols leads
to highly fluorescent products. Therefore, dibromomaleimides have been used in protein
labeling and self-reporting micelles. Here we show that the dithiomaleimide (DTM) group can
serve as a mechanophore, which signals mechanically induced cleavage by a significant change
of its fluorescence behavior. DTM-containing poly(ε-caprolactone)s (PCL) were synthesized
using a ring-opening polymerization and employing a diol derivative of DTM as initiator. When
solutions of high-molecular weight samples of PCL-DTM-PCL were exposed to ultrasonication, an
exponential decrease of the molecular weight and the fluorescence emission intensity were
observed, as a result of sonochemical chain scission. On the other hand, no changes in
molecular weight and optical properties were seen when the same experiment was carried out
with a sample whose molecular weight was below the critical limit required for sonochemical
dissociation, supporting the conclusion that the activation is indeed the result of a
mechanochemical transduction process.
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Side reactions in polycondensation of aromatic amino acids

M. Badoux1, C. Storz1, A. Kilbinger1*

1University of Fribourg

Yokozawa et al.[1] have described reaction conditions that have been used for living
polymerization yielding aromatic amide polymers (aramides). These conditions rely on the
reaction of lithium anilides and 4-aminobenzoic acid esters. We have adopted the "Yokozawa-
conditions" for step-growth polymerizations with the aim of achieving high molecular weight
aramides of highly substitued 2,5-dialkoxy-4-aminobenzoic acid ester monomers. [2]

Here we describe model reactions (figure) in order to optimize reaction conditions and
understand side reactions observed by us. After identifying several side reactions[3], we
modified the reported procedure using different protecting groups on the aniline nitrogen
and/or replacing the lithium amide base with N-heterocyclic carbenes [4]. The poster presents
and rationalizes the best conditions for our highly substituted aminobenzoic acid ester
monomers.

[1] Sugi R., Yokoyama A., Furuyama T., Uchiyama M., and Yokozawa T., J. Am. Chem.
Soc.,2005,127, 10172
[2] Schulze M., Michen B., Fink A. and Kilbinger A. F. M., Macromolecules, 2013, 46, 5520 - 5530
[3] Thiele U. and Wittig G., Liebigs Ann. Chem., 1969, 726, 1 - 12
[4] Naumann S., Epple S., Bonten C. and Buchmeiser M. R., ACS Macro Lett., 2013, 2, 609.
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Synthesis of polymer-silver nanocomposites for biomedical applications 

M. Tan1, K. Fromm1*

1University of Fribourg

In the last decades, polymeric materials have attracted a significant interest in the biomedical
field especially in their use as implants. With the emergence of new multi-drug resistant
bacteria and despite the advanced sterilization procedures, the contamination of implant
surfaces by bacteria is a new challenge to overcome.1 Then, the designing of new
antibacterial/bactericidal surfaces in order to prevent bacterial adhesion and biofilm formation
is a serious concern.

Many compounds possess antimicrobial properties such as antimicrobial peptides (AMPs),
quaternary ammonium compounds, polycationic polymers and metallic elements.2 Among the
last, silver has already been proved to be effective against bacterial infections even at low
concentration (0,1-10 ppm).3 Furthermore, it has been demonstrated that nano-sized silver
could be even more efficient due to a better interaction with bacteria and a more long-term
activity compared to ionic silver.4 For these reasons, silver nanoparticles (NPs) will be exploited
in the framework of this project.

The incorporation of silver NPs in a polymer matrix has been shown to allow a higher
antibacterial activity1 and also to prevent aggregation.5 More importantly, the polymers can be
designed in order to enhance the antibacterial properties of the final composite by reducing the
bacterial adhesion or incorporating biocidal groups. Hedrick and co-workers highlighted that
aliphatic polycarbonates (APCs) functionalized with imidazole or pyridine compounds could
provide this biocidal activity.6 

APCs are very suitable for biomedical applications owing to their good biocompatibility,
biodegradability, low toxicity and minimized inflammatory response upon hydrolysis. In
addition, monomers can be easily tagged with specific functionalities allowing a fine-tuning of
the polymer functionality in line with the targeted application.7 In this context, ACPs with
different side chains will be synthesized in order to bind silver ions and thus enhance
antimicrobial properties. 

1L. Guo, W. Yuan, Z. Lu, C. Li, Colloids and Surface A: Physiochem. Eng. Aspects, 2013, 439,
69-83.
2J. Hasan, R. J. Crawford, E. P. Ivanova, Trends in Biotechnology, 2013, 31, 295-308.
3S. Silver, L. T. Phung, G. Silver, J. Ind. Microbiol. Biotechnol., 2006, 33, 627-634.
4J. R. Morones, J. L. Elechiguerra, A. Camacho, K. Holt, J.B. Kouri, J.T. Ramirez, M.J. Yacaman.,
Nanotechnology, 2005, 16, 2346-53.
5E. Bae, H. J. Park, J. Lee, Y. Kim, J. Yoon, K. Park, K. Choi, J. Yi, Environ. Toxicol. Chem., 2010,
29 2154–60.
6V. W. L. Ng, J. P. K Tan, J. Leong, Z. X. Voo, J. L. Hedrick, Y.Y. Yang, Macromolecules, 2014, 47,
1285−91.
7F. Suriano, O. Coulembier, J. L. Hedrick, P. Dubois, Polym. Chem., 2011, 2, 528-33.
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Design of Ag@SiO2 nanorattles for antimicrobial implant coatings

S. Abram1, K. Fromm1*

1University of Fribourg

Medical progress and an ageing world population have led to an increasing use of foreign
materials inside the human body. Consequently also the number of infections related to these
implants has grown significantly.[1] Antimicrobial coatings that prevent the formation of
infectious biofilms on the surface of the implants could make an important contribution to
overcome that issue. Silver is known for its good antimicrobial and biocompatible properties
and could therefore play an important role in the fight against implant infections, especially if
they are caused by antibiotic resistant bacteria.[2]

This project covers the synthesis of Ag nanoparticles that are encapsulated inside a protective
silica shell in order to prevent aggregation or a too fast release of the antimicrobial active Ag+

ions. The silica shell provides reactive sites to covalently attach the antimicrobial
nanocontainers to the implant surface. Furthermore it enables the functionalization with
biosensor units to create a stimuli responsive release of the Ag+ only in the presence of
bacteria.

We have developed a reliable synthesis of well-defined Ag@SiO2 nanorattles that combines the
polyol method for synthesizing Ag nanoparticles [3] with a modified Stöber method [4] for
growing the silica shell and a surface protected etching protocol [5] for partial removal of the
inner part of that shell.

[1] Suganthan Veerachamy, Tejasri Yarlagadda, Geetha Manivasagam and Prasad KDV
Yarlagadda, Proc IMechE Part H: J Engineering in Medicine,2014, 228, 1083-1099.
[2] Sonja Eckhardt, Priscilla S. Brunetto, Jacinthe Gagnon, Magdalena Priebe, Bernd Giese,
Katharina M. Fromm, Chem. Rev., 2013, 113, 4708-4754.
[3] Pierre-Yves Silvert, Ronald Herrera-Urbina, Nicolas Duvauchelle, Venugopal Vijayakrishnan,
Kamar Tekaia Elhsissen, J. Mater. Chem., 1996, 6, 573-577.
[4] Guo Liang Li, Chin An Tai, K. G. Neoh, E. T. Kang, Xinlin Yang, Polym. Chem., 2011, 2,
1368-1374.
[5] Feng Hu, Yan Zhang, Guangcun Chen, Chunyan Li, Qiangbin Wang, small, 2015, 11,
985-993.
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DNA complexation effect on a cyanine probe studied at liquid/water interfaces by
SSHG

G. L. Licari1, C.-S. Hsieh1, E. Vauthey1*

1University of Geneva

TOSAC-bz is a monomeric cyanine molecule belonging to the YOPRO1 class1,2, which is a well-
known fluorescent DNA probe, and that displays surfactant properties. The DNA binding
properties of this dye make it an attractive tool for studying the dynamics and the orientation of
biological molecules at the interface between two different immiscible liquids. Such an
environment can be a model of cell membrane. Early studies on the excited-state dynamics of
these dyes in solution have revealed an ultrafast nonradiative deactivation with time constants
of the order of few picoseconds.

We have measured the ultrafast excited state dynamics of TOSAC-bz in the presence and
absence of DNA at the liquid/liquid interface using surface second harmonic generation
(SSHG).3,4 In general, we observe slower dynamics than in bulk solution. Our newly built SSHG
setup allows us to probe selectively different second-order susceptibility elements by
controlling the polarization of the three interacting beams. Our results reveal a dramatic change
upon addition of DNA to the dye solution with the TR-SSHG signal at the ppp polarization
geometry disappearing (picture below). The lifetime associated with the monomeric dye excited
state relaxation is also increasing when DNA is added, showing that the binding of the
macromolecule has a strong impact on its dynamics.

[1] Carlsson C., Larsson A., Jonsson M., Albinsson B., Norden B.,Journal of Physical Chemistry,
1994, 98, 10313.
[2] Furstenberg A., Deligeorgiev T. G., Gadjev N. I., Vasilev A. A., Vauthey E., Chemistry, 2007,
13, 8600.
[3] Eisenthal K. B., Chem Rev, 1996, 96, 1343.
[4] Brevet P.-F., Surface Second Harmonic Generation, 1997.
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Large-scale self-assembled gold nanoparticle arrays and plasmonic-enhanced
fluorescence

M. Chekini1, J. Bierwagen1, T. Bürgi1*

1University of Geneva

In recent years potential applications of metallic nanoparticles as an efficient source of light,
heat and energetic electrons at the nanoscale regime attract a lot of attention and lead to their
extensive study. Nanoparticles’ plasmon resonances can be tuned by altering their size, shape,
surrounding medium and even their assemblies and spatial arrangement. Their unique light
interaction and recent advances in their syntheses and application paved the way toward their
use in chemical, biological and therapeutics fields. Their strong interaction with light
(absorption, scattering and electromagnetic field confinement) found application in sensing,
detection and enhanced spectroscopy.

The localized surface plasmon resonances of metallic nanoparticles confine the electromagnetic
field and cause intense near-fields. The latter can enhance the optical properties of nearby
emitters by improving their absorption and emission, especially inside narrow gaps between
nanoparticles. Thus the electromagnetic properties of the plasmonic system and its
enhancement effect are both distance dependent.

In this work we applied layer-by-layer method (LBL) to provide a well-defined distance between
the dye layer and the gold nanoparticles and we investigated the plasmon-enhanced
fluorescence of single array and double arrays of gold nanoparticles. A different number of
oppositely charged polyelectrolyte bilayers were applied in-between the nanoparticle array and
the dye layer and the effect of spatial arrangement and distance dependency on fluorescence
enhancement is investigated. Excitation wavelength dependency and the necessity of overlap
of plasmon resonance with excitation wavelength are discussed. A maximum of a 99-fold
increase in the fluorescence intensity of the dye layer sandwiched between two gold
nanoparticle arrays is found. The interaction of the dye layer with the plasmonic system causes
a spectral shift in the emission spectrum and fluorescence lifetimes in presence of nanoparticle
arrays. However the lifetime increased with increasing distance between the dye and gold
nanoparticle arrays.
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Dispersion stability of layered double hydroxide particles in the presence of
polyelectrolytes

M. Pavlovic1, V. Prevot2, M. Adok-Sipiczki1, C. Nardin1, I. Szilgyi1

1Department of Inorganic and Analytical Chemistry, University of Geneva, 1205 Geneva,
Switzerland, 2Institute of Chemistry, Blaise Pascal University, CNRS, UMR 6296, 63171 Aubiere,

France

Layered nanomaterials have been in the focus of investigations due to their growing
applications ranging from development of sensors through solar cells to catalysis. In many of
such applications, these lamellar particles are used in dispersions where aggregation and
related colloidal stability is an important issue. Therefore, we have recently studied formulation
of layered double hydroxide (LDH) dispersions using polyelectrolytes. Accordingly,
electrophoretic mobility measurements were carried out with LDH particles in the presence of
the negatively charged MacroRaft polyelectrolyte. The MacroRaft adsorbs strongly on the
oppositely charged LDHs leading to surface charge neutralization followed by overcharging at
high doses (see figure).

Aggregation processes were followed in time-resolved dynamic light scattering experiments to
probe the dispersion stability of the system. Stability ratios close to unity indicated fast
aggregation at doses lower than the charge neutralization point. Images taken by atomic force
and transmission electron microscopy revealed that the nanoplatelets prefer face-to-face
orientation in the aggregates. However, the samples were stable at higher MacroRaft
concentrations at which the particles were negatively charged. The dispersions showed long-
time kinetic stability even at high ionic strengths under these conditions. In summary, colloidal
stability of aqueous LDH dispersions can be well tuned by polyelectrolytes, accordingly, the
particles can be aggregated, but highly stable dispersions can be also obtained if one applies
the appropriate polyelectrolyte dose.
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Inverse Schulze-Hardy Rule

T. Cao1, I. Szilgyi1, T. Oncsik1, G. Trefalt1, M. Borkovec1*

1University of Geneva

Schulze and Hardy discovered that multivalent ions are more effective in destabilizing colloidal
suspensions than monovalent ones.1, 2 The classical Derjaguin, Landau, Verwey, and Overbeek
(DLVO) theory predicts that colloidal suspensions are stable at low salt concentrations and are
unstable at higher ones. The transition between these two regimes is referred to as the critical
coagulation concentration (CCC). For highly charged particles, the DLVO theory suggests CCC is
proportional to 1/z6, where z is the counterion valence. This dependence is called the Schulze-
Hardy rule.

In this work, the aggregation behavior of positively charged amidine latex particles and
negatively charged sulfate latex in salt solutions containing multivalent coions and monovalent
counterions was studied by time-resolved light scattering techniques. The results show that the
CCC is inversely proportional to the coion valence. We argue that an analogous the inverse
Schulze-Hardy rule can be formulated in this situation, namely CCC is proportional to 1/z. The
dependencies of the CCC on the valence predicted by the inverse Schulze-Hardy rule and the
Debye-Hückel theory (CCC is proportional to 1/ z(z+1)) are compared with the experimental
data (Fig. 1a). We have also carried out DLVO calculations of the CCCs within the Poisson-
Boltzmann theory for different charge densities (Fig. 1b).3 For high charge densities, the 1/z
dependence is obtained, while the Debye-Hückel dependence is recovered for low charge
densities.

[1] Schulze, H. J. Prakt. Chem. 1882, 25, 431-452.
[2] Hardy, W. B. Proc. Roy. Soc. London 1900, 66, 110-125.
[3] Trefalt, G.; Szilagyi, I.; Borkovec, M. J. Colloid Interf. Sci. 2013, 406, 111-120.
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Improved fiber diameter determination of nanofibers through image analysis using a
hierarchical scaling approach.

F. Deuber1, C. Adlhart1*

1Zurich University of Applied Sciences, ZHAW

The determination of nanofiber diameters from SEM images is the standard procedure in
characterizing the fiber morphology of electrospun materials. Typically, fiber diameter
determination is done manually – a time consuming step including subjective factors of the
analyst. An automated approach should save time and reduce the subjective part of the
operator. However, only very few algorithms for fiber diameter determination have been
reported. Recently, Öznergiz et al. reported a robust algorithm based on a radon transformation
through which they were able to determine fiber diameters within given boundaries [1]. We
improved their approach by adding a hierarchical scaling strategy. The latter operates without
boundary conditions for a large variety of fiber structures from straight fibers, through fibers
containing beads to coiled fibers. It will not work for parallel fibers.

Fig 1. Sample result of the proposed approach. (a) The orginal SEM of electrospun PVP
nanofibers; (b) After a Canny edge detection; (c) Radon transformed picture. The arrows are
highlighting the found nanofibers.

[1] E. Öznergiz, Y. E. Kiyak, M. E. Kamasak, I. Yildirim, J. Nanomat. 2014, 738490, 1-6.
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Tuning the size and aspect ratio of arrays of silica nanochannels

N. Zucchetto1, D. Brühwiler1*

1Zurich University of Applied Sciences, ZHAW

Arrays of silica nanochannels (ASNCs) are ordered mesoporous silica particles with hexagonal
prismatic shape. The entrances of the well-defined one-dimensional nanochannels are located
on the base surfaces of the hexagonal prisms. The aspect ratio of the micrometer-sized
particles (length-to-diameter ratio) can be tuned in the range of 0.8 to 2.2 by the addition of KCl
or CaCl2 to the liquid crystal templated synthesis and by an adjustment of the relative amounts
of silica precursor (tetraethoxysilane) and structure-directing agent
(hexadecyltrimethylammonium bromide). In addition to the influence of K+ and Ca2+ on the
particle morphology, the pore diameter and the pore wall thickness also depend on the
presence of these cations in the synthesis mixture.
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Surface Activity of Nanoparticle Suspensions at Interfaces

Y. Zen Tan1, D. Wu1, J. Chew2, A. Honciuc1*

1Zurich University of Applied Sciences, ZHAW, 2Nanyang Technological University

The design and development of amphiphilic nanoparticles is of growing interest in the field of
nanoscience. The use of novel nanocarriers may be extended beyond the drug delivery, to
applications, such as precious and radioactive metal recovery. Some applications may require
the nanocarriers to partition at interfaces. The polarity balance needed for this partitioning
requires meticulous design of the synthetic and measurement procedures. We have used
pendant drop tensiometry to quantitatively characterize the interfacial activity of surfactant-
free nanoparticles. The surfactant-free silica and polystyrene-based nanoparticles were
synthesized, or post-modified during the experiment so that they acquire varying surface
polarities and thus the appropriate amphiphilic balance for interfacial partitioning. Our focus
was to verify the accuracy and robustness of the measurement method for further application
to other surface-active nanoparticles systems. 
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Ellipsoid-Shaped Superparamagnetic Nanoclusters through Emulsion Electrospinning

M. B. Bannwarth1, S. Ulrich1, R. M. Rossi1, L. F. Boesel1

1Empa, Laboratory for Protection and Physiology, Lerchenfeldstrasse 5, CH-9014 St.Gallen,
Switzerland

One-dimensional (1D) organic/inorganic nanomagnets with high saturation magnetization and
superparamagnetic properties are difficult to obtain. Nonetheless, they are highly desirable 1D-
materials since the properties differ strongly for their spherical counterparts. Common
approaches to generate such 1D-stuctures include i) template assistance, [1] ii) self-assembly
of the single building blocks,[2-4] or iii) electrospinning. We now developed a process that
allows to generate superparamagnetic nanoellipsoids with a high saturation magnetization (Fig.
1 E) by implementing magnetic droplets into electrospinning to obtain stretched iron oxide
clusters.[5] In this novel process the aspect ratio of the ellipsoids strongly correlates with the
diameter of the spun fibers (Fig. 1 A-C). The aspect ratio of the ellipsoids strongly increases with
a decreasing fiber diameter. After spinning, the polymer fibers can easily dissolved in water to
obtain an aqueous dispersion of the ellipsoid clusters, which makes them accessible for various
biomedical applications (Fig. 1 D). 

Fig. 1. TEM images of stretched iron oxide clusters within an electrospun fiber with decreasing
fiber diameter and increasing aspect ratio of the clusters (A-C) and ellipsoid-shaped clusters
after dissolution of the polymer fibers (D). Vibrating sample magnetometer measurement curve
of the ellipsoid-shaped nanoclusters of superparamagnetic particles (E). 

[1] J. M. Lorcy, F. Massuyeau, P. Moreau, O. Chauvet, E. Faulques, J. Wery, J. L. Duvail,
Nanotechnology 2009, 20.
[2] M. B. Bannwarth, S. W. Kazer, S. Ulrich, G. Glasser, D. Crespy, K. Landfester, Angew. Chem.
Int. Ed. 2013, 52, 10107-10111.
[3] M. B. Bannwarth, T. Weidner, E. Eidmann, K. Landfester, D. Crespy, Chem. Mater. 2014, 26,
1300-1302.
[4] M. B. Bannwarth, S. Utech, S. Ebert, D. A. Weitz, D. Crespy, K. Landfester, ACS Nano 2015,
9, 2720-2728.
[5] M. B. Bannwarth, A. Camerlo, S. Ulrich, G. Jakob, G. Fortunato, R. M. Rossi, L. F. Boesel,
Chem. Commun. 2015, 51, 3758-3761.
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Long-lived charge carriers in organic Nanowires

R. J. Hafner1, H. Frauenrath1*

1EPF Lausanne

One-dimensional nanostructures of organic semiconductors are expected to become important
components for their use as defined charge percolation paths in future nanoelectronic devices,
including organic field-effect transistors or organic solar cells. Furthermore, they can serve as
excellent model systems for fundamental investigations of charge generation and transport in
organic semiconductors. We recently reported how ‘well-defined’ nanowires that comprise a
single stack of π-conjugated segments at their core are obtained from oligopeptide-
functionalized quaterthiophenes or perylene bisimide.1, 2

Such nanowire systems based on semiconducting molecules exhibit a photo-induced formation
of polaron-like charge carriers with unusually long lifetimes. The origin of the formation and
stability of these charge carriers was investigated spectroscopically, and related to macroscopic
transport in two-point devices.Here, we demonstrate that similar nanowires can be obtained
from a variety of different π-conjugated segments, such as quinquethiophene 1, the
corresponding derivatives 2 with diketopyrrolopyrrole cores as well as 3 1,7-dicyano
perylenbisimide, respectively. Our results, thus, provide an example of a universal organic
nanowire model system that successfully links molecular design, well-defined supramolecular
structure formation, charge carrier generation, and finally macroscopic charge transport.

[1] L. F. Tian, R. Szilluweit, R. Marty, L. Bertschi, M. Zerson, E. C. Spitzner, R. Magerle, H.
Frauenrath, Chem. Sci. 2012, 3, 1512-1521.
[2] R. Marty, R. Szilluweit, A. Sánchez-Ferrer, S. Bolisetty, J. Adamcik, R. Mezzenga, E.Spitzner,
M. Feifer, S. N. Steinmann, C. Corminboeuf, H. Frauenrath, ACS Nano 2013, 7, 8498-8508. 
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Porous nitrogen-doped carbon materials generated from fractal gels for CO2 capture

A. Beltzung1, L. Bosetti1, H. Wu1, G. Storti1, M. Morbidelli1*

1ETH Zurich

The use of solid sorbents for CO2 capture has become a real challenge in the last decade. In the
aim of achieving target separation performances, well-defined porosity and suitable surface
chemistry are needed. In contrast to widely used activated carbons, displaying high CO2-uptake
but rather disadvantageous pore size, polymeric materials containing nitrogen appear to be
good candidates to fulfil the task of adsorbing CO2 selectively and reversibly. [1] This project
includes all relevant steps, from the synthesis to the application focusing on the chemistry
behind the thermal treatments.

The following process is made of several steps aimed to optimize the material. The first step is
the preparation of colloidal dispersions of non-porous nanoparticles made of acrylonitrile by
emulsion polymerization. Then, the dispersions are destabilized to form a fractal gel. Large
pores are typically obtained during this destabilization (or gelation) step, which permit the
introduction of a perfusive behaviour. The third step, intended to produce micropores to
increase surface area and to ease the diffusion towards active sites, is partial polymer
decomposition by pyrolysis. [2,3] This last treatment is actually a series of multiple thermal
steps: oxidation in air to perform stabilization reaction involving cyclization of the cyanide
functional groups and dehydrogenation of the backbone with formation of conjugated double
bounds, followed by pyrolysis under nitrogen to complete the stabilization and form very small
pores by controlled polymer degradation. It appears that cyclization reactions are decisive for
further heat treatments. In fact, the thermal stability of the polymer depends very strongly on
the oxidation followed by stabilization. The figure below shows the N2-adsorption isotherms of
polyacrylonitrile (PAN) after oxidation (PANOx), stabilization (PANStab) and pyrolysis (PANPyr).
It can be observed, that their porous structure is retained along with the thermal treatment
steps.

[1]: J. Kitchin, Ind. Eng. Chem. Res., 2012, 51, 6907-6915
[2]: D. J. Malik, A. W. Trochimczuk, S. Ronka, PLoS One, 2012, 7, e43354
[3]: M. Rahaman, A. Ismail, A. Mustafa, Polym. Degrad. Stab., 2007, 92, 1421-1432
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Synthesis and characterization of homologous (non-)interacting (hybrid) dendronized
polymers with tunable bulk properties

L. F. Scherz1, S. Costanzo2, T. Schweizer1, A. D. Schlüter1*, D. Vlassopoulos2,3*

1ETH Zurich, 2FORTH Heraklion, Greece, 3University of Crete, Greece

Dendronized polymers (DPs) with thickness and persistence length tunable through the
generation number (g) hold the potential for applications in membranes, adhesives, chemical
and biological sensing or microelectronics [1]. In order to approach the intrinsic properties of
these unusual comb polymers, we recently synthesized "hybrid" DPs bearing oligoethylene
glycol based dendrons in the periphery. These novel DPs are aimed at switching off the
hydrogen bonding and Π-Π stacking interactions that are present in the prototype "classic" DPs
[2] of our laboratory (Figure 1a). Here, we present a systematic study of homologous PG1-3,
H(1+1) and H(1+2) DPs with various backbone lengths (Pn), whose bulk material properties
have been investigated by differential scanning calorimetry and dynamic mechanical
measurements. Compared to PG1-3, H(1+1) and H(1+2) show higher segmental mobility, which
is reflected in considerably lower glass transition temperatures for these novel DPs. Conversely
to the classic DPs, no increase of the low frequency elastic plateau is observed for the hybrid
DPs and the moduli follow the same mastercurves irrespective of Pn, as exemplified by the PG2
and H(1+1) series (Figure 1b). For both DP series, interpenetration can provide entanglement-
like behavior, albeit with different viscoelastic moduli. Combined with previous measurements
[3] and molecular dynamics simulations [4], our results demonstrate remarkable effects of the
chemical structure on the rheological response of such highly branched polymers with ultra-
high molar mass and pave the way into exciting applications.

[1] A. D. Schlüter, J. Rabe, Angew. Chem. Int. Ed. 2000, 39, 864-883.
[2] Y. Guo, J.D. van Beek, B. Zhang, M. Colussi, P. Walde, A. Zhang, M. Kröger, A. Halperin, A. D.
Schlüter, J. Am. Chem. Soc. 2009, 131, 11841-11854.
[3] R. Pasquino, B. Zhang, R. Sigel, H. Yu, M. Ottiger, O. Bertran, C. Alemán, A. D. Schlüter, D.
Vlassopoulos, Macromolecules 2012, 45, 8813-8823.
[4] E. Córdova-Mateo, O. Bertran, B. Zhang, D. Vlassopoulos, R. Pasquino, A. D. Schlüter, M.
Kröger, C. Alemán, Soft Matter 2014, 10, 1032-1044.
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Nanocrystals of Cesium Lead Halide Perovskites (CsPbX3, X=Cl, Br, and I) Showing
Bright Emission with Wide Color Gamut 

L. Protesescu1,3, S. Yakunin1,3, M. Bodnarchuk1,3, F. Krieg1,3, R. Caputo1, C. Hendon2, R. X. Yang2,
A. Walsh2, M. Kovalenko1,3*

1ETH Zurich, 2University of Bath, 3EMPA Dubendorf

The emergence of metal halides perovskites, such as hybrid organic-inorganic CH3NH3PbI3,
have attracted enormous attention as solution-deposited absorbing layers for solar cells with
power conversion efficiencies exceeding 20%, as well as for light emitting deviced, and as
lasing materials.[1,2] Herein we present a new avenue for halide perovskites by designing
highly luminescent perovskite-based quantum dot materials. Using inexpensive commercial
precursors, we synthesized fully inorganic cesium lead halide perovskites (CsPbX3, X=Cl, Br,
and I or mixed halide systems Cl/Br and Br/I) in the form of to monodisperse colloidal
nanocubes (4-15 nm edge lengths) .[3]

Through compositional modulations and quantum size-effects, the bandgap energies and
emission spectra are readily tunable over the entire visible spectral region of 410-700nm. The
photoluminescence of CsPbX3 nanocrystals is characterized by narrow emission line-widths,
wide color gamut covering up to 140% of the NTSC color standard, high quantum yields of up to
90% and radiative lifetimes in the range of 4-29ns (Figure 1).Particularly appealing are highly-
stable blue and green emitting CsPbX3 NCs (440-530nm), since the corresponding metal-
chalcogenide QDs show reduced chemical and photo-stability at these wavelengths.

[1] M. Gratzel, Nat. Mater., 2014, 13, 838.
[2] Z. K. Tan, R. S.Moghaddam, M. L. Lai, P. Docampo, R. Higler,F. Deschler, M. Price, A.
Sadhanala,L. M. Pazos, D. Credgington, F. Hanuch,T. Bein,H. J. Snaith, R. H. Friend, Nature
nanotechnology, 2014, 9, 687.
[3] L. Protesescu, S.Yakunin, M. I. Bodnarchuk, F. Krieg, R. Caputo, C. H. Hendon, R. X. Yang,
A.Walsh, M. V. Kovalenko, Nano Letters, 2015.
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Controlled synthesis and functionalization of AuTTF micro- and nanowire sensors

M. Lenz1, Y. Xing1, P. Dittrich1*

1ETH Zurich

Conductive nano- and microwires are very promising sensing elements. In the past years,
various approaches to form such wires have been presented. However, most of them are based
on reactions in bulk with little control on the reaction conditions of individual wires, and require
post-processing such as purification. In addition, it is still challenging to integrate the created
structures into a functional analytical device. Recently, we showed the advantage of
microfluidic devices for the creation of nanowires made of metal organic compounds or
coordination polymers (1-3). We exploited the laminar flow conditions providing a well-defined
interface between two streams (1), or used small reaction volumes to allow defined diffusion of
the precursors (2).

Here, we demonstrate an improved microchip design for the site-specific formation of single
nano- and microwires, where we exploit the increased permeability of the microchip substrate
poly(dimethyl)siloxane (PDMS) for organic molecules after swelling caused by an organic
solvent. In these devices, two adjacent, but still fully separated microchannel systems are filled
with the precursor solutions HAuCl4 and tetrathiafulvalene (TTF) in acetonitrile, respectively.
Swelling of PDMS by acetonitrile enables the diffusion of TTF towards the HAuCl4 solution, where
the redox reaction to AuTTF takes place yielding extraordinary long wires of several hundred
micrometers. The geometry of the channels provides physical constraints with respect to
number, orientation and localization of the created wires.

We utilized such wires before for sensing gases (2), In addition, we successfully achieved the
functionalization of nanowires for label-free sensing of biomolecules. Binding of dopamine to
the functionalized wires could be detected by using Raman spectroscopy. Moreover, we showed
in a proof-of-concept experiment that we could immobilize antibodies on the nanowires to
enable the binding and detection of analytes with a high specificity. Future work focuses on the
realization of conductivity measurements for sensing biomolecules.

[1] Josep Puigmarti-Luis, Daniel Schaffhauser, Brian R. Burg, Petra S. Dittrich, Advanced
Materials, 2010, 22, 2255-2259.
[2] Benjamin Z. Cvetković, Josep Puigmarti-Luis, Daniel Schaffhauser, Thomas Ryll, Stefan
Schmid, Petra S. Dittrich, ACS Nano, 2013, 7, 183-190.
[3] Josep Puigmarti-Luis, Marta Rubio-Martínez, Urs Hartfelder, Inhar Imaz, Daniel Maspoch,
Petra S. Dittrich, Journal of the American Chemical Society, 2011, 133, 4216-4219.b
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Insight into how vesicles control the course of a laccase – catalysed oligomerization
reaction

S. Luginbühl1, P. Walde1*

1Polymer Chemistry, Department of Materials, ETH Zurich

Sodium bis-(2-ethylhexyl)sulfosuccinate (AOT) vesicles are used as ‘soft templates’ for the
enzymatic oxidation and oligomerization of the aniline dimer, p-aminodiphenylamine (PADPA),
with Trametes versicolor laccase and molecular oxygen to form oligo(PADPA). The products
thus formed in the presence of vesicles exhibit a UV-vis-NIR spectrum which is typical for
polyaniline in the conductive emeraldine salt form (PANI – ES). The presence of the vesicles was
found to be crucial for the formation of the desired products1. We attempt to understand the
molecular mechanism underlying this ‘template effect’. The reactions were conducted with both
conventional PADPA and selectively deuterium – labelled PADPA. The resulting products were
then extracted and analysed by reverse phase HPLC – MS. These measurements suggest that
there are at least two reaction routes in the presence of vesicles, a major and a minor pathway.
Without vesicles, significant side reactions occur, most prominently hydrolysis, which was
determined by using H2

18O.

Figure 1: Schematic illustration of the laccase-catalyzed PADPA oxidation and oligomerization
reaction occurring on the surface of vesicles with a diameter of about 80 nm.

Acknowledgments: We thank Louis Bertschi, MS Service Lab, LOC, ETHZ for his support in the
ESI – MS measurements; SNF project number: 200020_150254.
References:
[1] Junker, K., et al., ACS Catalysis, 2014, 4, 3421

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Polymers, Colloids and Interfaces, Poster PCI-135

Stability of radiation grafted polymer electrolyte membranes for water electrolysis
cells

A. Albert1

1Paul Scherrer Institute, Villigen

Radiation grafted membranes are functional polymer membranes that can acts as proton
conductor, electric insulator and gas separator for fuel cell and electrolyser application. Despite
all the similarities of the fuel cell and electrolyser membranes, the operating condition of both
applications is different. Fuel cell membrane works under partially humidified condition,
meanwhile electrolyser membrane under fully hydrated condition.

In 2011, Enomoto et al. investigated the degradation manner of radiation grafted membrane in
aqueous media. They found out that thepoly (styrenesulfonic acid) (PSSA) radiation grafted
membranes undergo swelling-induced detachment of the grafted polymers from the
hydrophobic base film in water at 85 °C and 95 °C. From the proposed degradation mechanism
it is highly possible that radiation grafted membranes will be unstable for electrolyser
application, since the membrane will always in contact with water at elevated temperature.

In our previous study, we synthesised radiation grafted membranes based on the combination
of styrene, α-methyl styrene, acrylonitrile, 1,3-diisopropenylbenzene. These membranes
showed better properties, such as lower area resistance, lower hydrogen crossover and
mechanically more robust than the state of the art electrolyser membranes likes Nafion 115
and 117.

In this work, the stability of these membranes is investigated. The first stability test was
performed by immersing the membranes under water at elevated temperature. The membrane
before and after the test is characterised in terms of area resistance, hydrogen crossover,
swelling, Ion Exchange Capacity (IEC), FTIR and SEM/EDX. The water after the test is
investigated by UV-Vis and IC.

The results indicated that the S/AN, S/AN/DiPB radiation grafted membranes are not stable
under the first test. This confirms the results of Enomoto et al. However, the AMS/AN/DiPB is
stable under this test and contradictory to the mechanism of swelling-induced detachment,
because the swelling of AMS/AN/DiPB is similar to that of S/AN/DiPB. Therefore, we conclude
that the degradation mechanism of radiation grafted membrane is not only caused by
swellingswelling-induced detachment.

The second test was conducted by letting the membranes in a peroxide-rich environment. The
membranes are characterised in terms of the area resistance and hydrogen crossover before
and after the test. The results showed that S/AN membranes had higher area resistance and
hydrogen crossover after the test. By adding the DiPB as crosslinker, S/AN/DiPB and
AMS/AN/DiPB membranes had only higher area resistance but not hydrogen crossover, which
indicated the stability improvement.

The research leading to these results has received funding from the European Union´s Seventh
Framework Programme (FP7/2007-2013) for the Fuel Cells and Hydrogen Joint Technology
Initiative under grant agreement n°303484.

[1] K. Enomoto, S. Takahashi, T. Iwase, T. Yamashita and Y. Maekawa,J. Mater. Chem., 2011,
21, 9343.
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Intact flying nanoparticles for gas-phase investigations

A. Gallego1, U. Sezer2, M. Mayor3, M. Arndt2*

1University of Basel, 2University of Vienna, 3University of Basel

Sublimation of heavy particles as intact entities is a difficult challenge as large particles tend to
decompose or fragmentize before the sublimation temperature is reached. However, it is a
fundamental requirement when the physical behaviour of isolated entities in the gas-phase is to
be investigated. Interferometry experiments of heavy particles are our ultimate goal1. Thus, we
developed a system that allowed us to achieve the first key step of our research: the
sublimation and characterization of intact nanoparticles (NPs). Although some evidences of
sublimed NPs were already reported2,3, its characterization as intact flying entities was not
testified.

With this purpose, we synthesize metallic NPs stabilized with perfluorinated ligands in order to
reduce the delocalized electron density on the carbon frames of the shell. It generates low-
polarized particles and minimizes the particle-particle and particle-surface interactions. The NPs
were vaporized with a laser desorption method and characterized with MALDI-ToF spectroscopy.
The value of mass detected perfectly correlates with the one previously obtained under
standard conditions and its resolution confirms that the ligands remain attached to the core of
the NPs.

This experiment not only represents a key stage for the subsequent quantum experiments, but
also shows the potential of combining chemical design with an accurate built-up technology,
opening a range of new possibilities for energy and/or biological applications.

[1] Nat. Phys., 2014, 10, 271
[2] J. Opt. Soc. Am., 2014, 31, C15
[3] Nat. Nanotechnol., 2007, 2, 486
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Surfactant-Free Polarity Tuned Polymeric Nanoparticles Prepared by Ultrasonic
Emulsion-Polymerization 

D. Wu1, R. Zambail1, A. Honciuc1*

1Zurich University of Applied Sciences, ZHAW

Abstract: We report the synthesis of sub-100 nm surfactant-free polymeric nanoparticles with
varying polarity by highly-effective emulsification of a monomer-oil/water emulsion and
subsequent polymerization driven by acoustic radiation. The surface polarity gradient of the
nanoparticles was achieved by applying different concentrations of a polar co-monomer during
the polymerization under ultrasonic treatment. The influence of dispersion time, emulsion
nanodroplet composition, monomer ratio, initiator type and co-stabilizer on the nanoparticles’
diameter, polydispersity, morphology and polarity, was investigated by DLS, SEM, FTIR, EDX
and zeta potential. Most importantly, the polarity tuned nanoparticles were tested for their
ability to partition at liquid-liquid and liquid-vapor interfaces.
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Janus Dumbbells: A flexible template for colloidal chemistry

F. Guignard1, M. Lattuada1*

1Adolphe Merkle Institute, University of Fribourg

The recent development of nanotechnology led to an increased amount of scientist working on
nanoparticles worldwide. However, most of the studies are focusing on spherical isotropic
nanoparticles, which are the easier to prepare. We used a described procedure [1,2] to prepare
shape-anisotropic, asymmetrically-functionalized dumbbells nanoparticles covering a good
range of size and aspect ratio. We then used the presence of silane groups on one hemisphere
of the dumbbells only to selectively functionalize the nanoparticles [1], creating different types
of hybrids.

The hydrolysis and condensation of a silane precursor covered one bulb with a thin layer of
silica. Upon removal of the polymeric template, we prepared silica nanobowls bearing a well-
defined opening in their shell. Calcination of the template at 550 °C led to purely hydrophilic
silica nanobowls, while the dissolution of the template in THF gave birth to Janus nanobowls
having a thin polymer layer on their inner side. We proved the different reactivity of the inside
and outside surfaces by selectively binding oppositely-charged silica nanoparticles. They
selectively adhered outside the Janus nanobowls, while they were present both inside and
outside the nanobowls prepared by calcination [2].

Magnetic anisotropic nanoparticles were prepared either by attaching negatively charged
Superparamagnetic Iron Oxide Nanoparticles (SPIONS) on dipolar dumbbells, or by preparing
dumbbells with commercially available magnetic beads as seed nanoparticles. In both cases,
we obtained asymmetric dumbbells with magnetic nanoparticles only on one side. We then
studied the impact of shape-anisotropy on the directed self-assembly of these nanoparticles in
the presence of an external magnetic field. We showed that it is possible to change the types of
chain-like structures obtained by tuning the aspect ratio of the dumbbells.

Using the same dipolar dumbbells, we prepared Janus nanomotors by selectively attaching
citrate-coated platinum nanocrystals on one hemisphere. The resulting nanoparticles can
undergo self-propulsion when place in a solution containing hydrogen peroxide fuel. The
catalytic decomposition of the fuel is only taking place on one side of the dumbbells, generating
a gradient which leads to effective propulsion.

Finally, we made the dumbbells temperature-responsive by growing some poly-N-
isopropylacrylamide brushes on one hemisphere. We first attached an initiator to the dumbbells
by silane chemistry, and then used a surface initiated atom transfer radical polymerization
(ATRP) to grow the PNIPAM chains. This renders the dumbbells hydrophilic below 32 °C (PNIPAM
LCST), and amphiphilic above. We showed that it is possible to induce aggregation between the
dumbbells by hydrophobic interactions above LCST. These stimuli-responsive nanoparticles
have also been used to prepare multiple Pickering emulsions.
 

[1] F. Guignard, M. Lattuada, Chimia (Polymer and Colloid Highlights), 67, 829 (2013).
[2] F. Guignard, M. Lattuada, Langmuir, 2015, 31 (16), 4635–4643
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Stimuli-responsive azo-containing polymeric materials 

M. A. Ayer1, Y. C. Simon1, C. Weder1*

1Adolphe Merkle Institute

Molecules comprising aliphatic azo moieties have been widely studied as radical polymerization
initiators, but interestingly only a few studies have demonstrated their usefulness as stimuli-
responsive motifs that are covalently incorporated in macromolecular constructs. The azo motif
is well-known to be activated by heat, which results in the cleavage of its C-N bonds, inducing
the release of N2 and producing C-centered tertiary radicals that can further react. These
systems were also proven to cleave upon mechanical activation in solution by sonochemistry.
However, the solid-state behavior of azo-containing polymers has remained largely unexplored.
Here we present the syntheses of linear azo-containing polyurethanes and PVOH organogels in
which azo-group containing-motifs serve as cross-links. We report on the thermally and optically
induced responses of these materials in solution and the solid state and show that the behavior,
quite surprisingly, depends strongly on the nature of the polymer backbone, the state of matter,
and in solution also on the nature of the solvent. The solid-state properties of the azo-
containing materials may be particularly useful. In this case, irreversible cleavage of the azo
motifs is observed. For the linear polyurethanes, this leads to a molecular weight decrease,
concomitant with a significant reduction of the elongation at break and the tensile strength. The
azo-containing organogels undergo a de-cross-linking reaction, which also causes pronounced
changes of the material’s mechanical properties. Since N2 is formed in the process, significant
foaming is observed.

A) Stress-strain curves of neat (black line) and heated (red) films of an azo-containing
polyurethane; the inset shows the chemical structure of the azo motif employed. B) Schematic
illustration of the molecular weight decrease caused by treating the samples with heat or light.
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ATRPases: Controlling Radical Polymerizations with Enzymes

N. Bruns1, C. Fodor1, J. Pollard1, B. Gajewska1

1University of Fribourg

Controlled/living radical polymerizations enable the synthesis of well-defined functional
polymers with complex architectures and predetermined molecular weights, as well as narrow
molecular weight distributions. Atom transfer radical polymerization (ATRP) has become one of
the most widely used polymerization techniques due to its versatility: it can be applied to
polymerize the majority of common monomers, it allows the addition of functional groups and it
is compatible with numerous biomolecules. However, some monomers, such as N-
vinylimidazole, cannot be polymerized by ATRP because the monomer is incompatible with the
copper complexes needed for this reaction. The catalysts also represent a challenge for those
monomers that are compatible with ATRP, because they can be toxic and potentially harmful to
the environment. Moreover, the catalysts can have a negative impact on the polymer properties
if not fully removed from the product. A greener approach involves the use of enzymes as
catalysts, so-called “ATRPases”, rather than transition metals. We have discovered that the
metalloproteins horseradish peroxidase and hemoglobin catalyze ATRP under activators
regenerated by electron transfer (ARGET) conditions. Moreover, copper-containing laccases
from tree fungi were found to be excellent catalysts for the controlled radical polymerization of
N-vinylimidazole. Enzymatic ATRP can yield polymers with predetermined molecular weight,
narrow molecular weight distribution and very low residual metal content. Therefore, it offers
new opportunities for synthetic polymer chemistry.

[1] Severin J. Sigg, Farzad Seidi, Kasper Renggli, Tilana B. Silva, Gergely Kali, Nico Bruns,
Macromol.Rapid Commun. 2011, 32, 21, 1710-1715.
[2] G. Kali, Tilana B. Silva, Severin J. Sigg, Farzad Seidi, Kasper Renggli, Nico Bruns in Progress
in Controlled Radical Polymerization: Mechanisms and Techniques (eds: K. Matyjaszewski,
B.S.Sumerlin, N. V. Tsarevsky), ACS Symp. Ser. 2012, 1100, 171-181.
[3] Tilana B. Silva, Mariana Spulber, Marzena C. Kocik, Farzad Seidi, Himanshu Charan, Martin
Rother, Severin J. Sigg, Kasper Renggli, Gergely Kali, Nico Bruns, Biomacromolecules 2013, 14,
2703-2712.
[4] Maria Valentina Dinu, Mariana Spulber, Kasper Renggli, Dalin Wu, Christophe A. Monnier,
Alke Petri-Fink, Nico Bruns, Macromol. Rapid Commun. 2015, 36, 507-514.
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Cholesterol Interactions with an Artificial Phospholipid

R. Tanasescu1, A. Zumbühl1*

1University of Fribourg

Phospholipid vesicles are attractive biocompatible drug carriers. Nowadays, 13 liposomal drug
formulations are approved by the FDA for in human use.[1]

We have recently reported on the use of shear stress responsive vesicles for purely physics
based targeted drug delivery.[2] Pad-PC-Pad, an artificial phospholipid, forms lentil shaped
vesicles that release their payload when the vesicles are exposed to shear stress but not when
they are at rest; the vesicles are mechanosensitive.

Bilayer studies show that the mechanosensitivity is induced by interdigitated bilayer
membranes. Monolayer experiments corroborate this hypothesis by showing a high fluidity
whereas cryo transmission electron micrographs show lenticular large unilamelar vesicles.
Clearly, an additional force is present in bilayers that is absent in monolayers: membrane
interdigitation.

Here, we have studied the influence of cholesterol on a Pad-PC-Pad 1,3-diamidophospholipid
bilayer and monolayer membrane. The addition of cholesterol reduces the stiffness of the
membrane and thus leads to spherical membranes. 30 mol% cholesterol is sufficient to
completely remove the main phase transition of the bilayer membrane and to lead to a liquid-
ordered membrane organization. In DPPC:cholesterol mixtures, the main phase transition is still
maintained even after 40 mol% cholesterol.[3] Adding cholesterol to monolayers of Pad-PC-Pad
condenses these almost down to the size of a molecule of cholesterol. Overall, cholesterol
clearly dominates the forces at play between Pad-PC-Pad and cholesterol.

[1] D. Mellal, A. Zumbuehl, Journal of Materials Chemistry B, 2014, 2, 247-252.
[2] M. N. Holme, I. A. Fedotenko, D. Abegg, J. Althaus, L. Babel, F. Favarger, R. Reiter, R.
Tanasescu, P. L. Zaffalon, A. Ziegler, B. Muller, T. Saxer, A. Zumbuehl, Nature
Nanotechnology 2012, 7, 536-43.
[3] L. Redondo-Morata, M. I. Giannotti, F. Sanz, Langmuir 2012, 28, 12851-12860.
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Amyloid Fibrils as reinforcement filler of polymeric nanocomposite materials

S. Rima1, M. Lattuada1*

1University of Fribourg

Fibers have fascinated mankind since the very beginning. Most of textile products are made of
fibers, which for centuries have been obtained from natural sources. Many biological materials
use nano fibers as building block. One of the best examples is spider webs. The incredible
properties of spider silk fibers, with their exceptional toughness, have prompted scientist to
investigate their structure in the hope of creating light weight but highly resistant materials.
Given the difficulty in working with silk proteins, we used instead amyloid fibrils, which are less
known but have similar structure to silk and are much easier to prepare, to create an entire new
class of reinforced rubber materials.

In this project, a novel type of composite polymeric materials reinforced by protein fibrils has
been prepared. Protein fibrils are self-assembled structures resulting from partial denaturation
of certain proteins, and the resulting aggregation mediated by beta-sheets interactions. These
structures are characterized by an extremely large aspect ratio, with a diameter that changes
depending on the age of the fibrils, and on the degree of association of the different strands.
For the fibrils used in our experiments, which are prepared by partial denaturation of beta-lacto
globulin at pH 2.0 and 80°C for 24 hours, and at a concentration of 10mg/ml, typical diameters
are about 25nm with a length of several micrometers. For the first time high concentrations of
fibrils have been incorporated into a polymer. The process used to incorporate fibrils is unique.
We started from a suspension of polymer particles in water, which are mixed with the fibrils in
the aqueous phase. It has been observed that not only the elastic modulus of composite
materials with fibrils is increased, but also the ductility of the materials is enormously improved.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Polymers, Colloids and Interfaces, Poster PCI-144

Development of cell membrane mechanosensor for quantitative force detection of
peptides

J. Kulhavy1, K. Sugihara1*

1Department of Physical Chemistry, University of Geneva

Membrane forces play pivotal roles in numerous physiological processes such as endocytosis,
cell mutations and calcium signalling.

Currently used characterization methods such as atomic force microscope (AFM) or optical
tweezers allow for the controlled force application but not for the detection of the forces applied
to the bilayers.1,2,3 Micro-aspiration of giant unilamellar vesicles (GUV) enables the
quantification of surface tension, however, its conversion into local forces is difficult.4

We develop a mechanosensitive membrane probe that enables direct measurement of
molecular forces applied on lipid bilayers. We employ a mechanochromic polymer
polydiacetylene (PDA) that changes its colour and fluorescence intensity upon application of
forces.5,6 The biggest challenge is to maintain the homogeneity and fluidity of lipid bilayers
after staining the membrane by the probe to increase the biocompatibility without
compromising its sensitivity. The probe was calibrated by correlating the fluorescence intensity
and the applied forces by AFM. As a proof of principal, pore-forming peptide melittin was
incorporated into the probe-stained planar lipid bilayers and its forces distribution within the
membrane was studied by fluorescence and dark-field microscopy.

[1] Florin, E. L.; Moy, V. T.; Gaub, H.E. Science 1994, 264, (5157), 415-417.
[2] Hinterdorfer, P.; Baumgartner, W.; Gruber, H. J., Schilcher, K.; Schindler,H. Proc. Natl. Acad.
Sci. U.S.A. 1996, 93, (8), 3477-3481.
[3] Litvinov, R.I.; Vilaire, G.; Shuman, H.; Bennett, J. S.; Wiesel J. W. J. Biol. Chem. 2003, 278,
(51), 51285-5129.
[4] Evans, E.; Ritchie, K.; Merkel, R. Biophys. J. 1995, 68, (6), 2580-2587.
[5] Chance, R. R. Macromolecules 1980, 13, (2), 396-398.
[6] Carpick, R. W.; Sasaki, D. Y.; Burns, A. R. Langmuir 2000, 16, (3), 1270-1278.
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Characterization of voltage sensitive dyes with free-standing lipid bilayers

M. Tsemperouli1, K. Sugihara1*

1University of Geneva

Voltage sensitive dyes (VSDs) are powerful tools for membrane potential monitoring. The
characterization of VSDs is commonly performed either directly with living cells or with vesicles
where the membrane potential is established by incorporating ion selective channels. However,
both characterization methods lack the possibility to precisely control the voltage sequences,
thus are enable to study the kinetics of the dyes. In this work, we demonstrate a new approach
for the VSD characterization using free-standing lipid bilayers. First, pores (f = 1 mm) were
fabricated in silicon nitride thin (200 nm) membranes by focused ion beam (FIB). Second, the
membrane with pores was mounted in a home-made electrochemical cell where both sides of
the membrane is electrically accessible. Third, free-standing lipid bilayers were formed over the
pores by giant unilamellar vesicle (GUV) rupture. After the incorporation of VSDs (e.g.
di-4-ANNEPS), the fluorescence signal from the bilayer is monitored by fluorescence microscopy
while applying different voltage sequences. This platform offers the possibility 1) to apply any
voltage sequences, 2) to modify bilayer composition freely, and 3) to acquire two-dimensional
mapping of the VSD activities, allowing more detailed studies of VSDs.
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Ionic liquids and ion-specific effects in particle aggregation: an experimental study
beyond the Hofmeister series

T. Oncsik1, G. Trefalt1, I. Szilágyi1, M. Borkovec1*

1Department of Inorganic and Analytical Chemistry, University of Geneva

Since the pioneering work of Hofmeister, ion-specific effects are of great interest in many
scientific areas such as physical and colloidal chemistry as well as biology [1]. However, most of
the studies deal with simple electrolytes, the effect of ionic liquid (IL) constituents on
coagulation has not been investigated so far.

In the present work, aggregation of two oppositely charged hydrophobic colloidal particles
(sulphate and amidine functionalized polystyrene latices) was investigated in the presence of
simple electrolytes and ILs by electrophoresis and time-resolved dynamic light scattering (DLS).
In the systems investigated, the simple electrolyte and IL constituent anions and cations were
systematically varied. Depending on whether they act as counterion or co-ion, direct and
indirect order of the Hofmeister series can be observed. In some cases, no ion-specificity can be
seen. These results are in a good agreement with our previous studies [2]. In general, the IL
constituent cations tend to adsorb on oppositely charged surface, lowering its charge density,
thus the critical coagulation concentration. This effect is more pronounced when increasing the
hydrophobicity of the ion by a longer alkyl chain. The electrophoretic mobility measurements
confirm the stability behaviors in an excellent fashion. Accordingly, screening, neutralization
and overcharging are all possible, in some cases even restabilization can be observed at the
concentration range investigated.

Figure 1: Electrophoretic mobility and stability plots of systems containing sulphate modified
latex particles and different types of ionic liquids.

[1] Werner Kunz, Pierandrea Lo Nostro, Barry W. Ninham, Curr. Opin. Colloid Interface Sci.,
2004, 9, 1-18.
[2] Tamas Oncsik, Gregor Trefalt, István Szilágyi, Michal Borkovec, Langmuir, 2015, 31(13),
3799-3807.
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Tuning the nanostructure and the properties of silica surfaces by heat treatment

V. Valmacco1, P. Maroni1, G. Trefalt1, M. Borkovec1*

1University of Geneva

Due to its plain relevance in nature, industry and technology, silica colloids and silica surfaces
have been largely investigated, and their behavior is often referred to as “anomalous” because
it is not well described by the DLVO theory, especially for their unusual stability at high salt
levels and high pH [1,2]. Nevertheless it has been extensively used as a model substrate for
surface force studies and some discrepancies still exist within the literature data, mostly due to
the different preparation techniques used and the history-dependent characteristic of the
surface itself. Our work aims to give some insight into this landscape, trying to quantify the
effects of different surface treatments and relate them with actual surface parameters.

5 µm silica colloids have been subjected to heat treatment at different temperatures (from
1050°C to 1300°C, 2h) and then the forces acting between single pairs of colloids have been
measured by the Atomic Force Microscopy (AFM) colloidal probe technique in KCl solutions,
pH4. From the measurements, surface force parameters such as double layer potential and
Hamaker constant have been extrapolated and compared. 

The results show that the heat treatment and the temperature at which it is performed affect
dramatically the surface forces acting between the colloids. Upon increasing the temperature
both the surface potential and the Hamaker constant increase substantially, for the latter a
jump from 0.06 to 2.5 * 10-21 has been observed going from untreated to 1250°C treated
samples. AFM topography and SEM images have been collected in order to verify how the
treatment impacts the shape and the topography of the colloids. Our experiments show that the
heat treatment decrease substantially the surface roughness, in correlation to the observed
variation of surface potential and Hamaker constant.

In conclusion, our work demonstrate how appropriate and controlled heat treatment can be
used to tune the nanostructure of silica surfaces and consequently modulate their interfacial
behavior.

[1] M. Colic, M. L. Fisher, J. Franks, Langmuir, 1998, 14, 6107-6112.
[2] J. J. Adler, Y. I. Rabinovich, B. M.Moudgil, J. Colloid and Int. Sci., 2001, 231, 249-258.
[3] W. Ducker, T. Senden, R. M. Pashley, Nature, 1991, 353, 239-241.
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Enhancing the Rheological Properties of a Sulfobetaine using a Cationic Surfactant

S. Shokoohi1, B. Vafakish1, M. Barari1

1Chemical, Polymeric and Petrochemical Technology Development Research Division, Research
Institute of Petroleum Industry, Tehran, Iran

Long chain sulfobetaine surfactants based on Oleyl amidoamines are one of the fantastic topics
in recent years, but the synergistic effects between these new surfactants with other ones have
been less documented. In this work, comparative studies were examined on a sulfobetaine and
a mixture of it with a long-chain cationic surfactant. The chemical structures of two surfactants
are shown below. The measured parameter was viscosity .vs. shear rate for individual betaine
and mixture of two surfactants [1,2]

The oleyl amidosulfobetaine was obtained through a two-step synthesis method. In the first
step, the amidoamine was obtained by gradual addition of N,N-dimethyl propanediamine
(DMAPA) to oleic acid. In the second step, the prepared amidoamine was reacted with sodium
3-chloro-2-hydroxypropane sulfonate in a solvent mixture of Ethanol, water and propylene
glycol and NaOH was used as a catalyst. The selected solvent mixture prevents the gelling of
the product with high active content of 40% [3].

To evaluate the rheological properties of the synthesized sulfobetaine, viscosity .vs. shear rate
different compositions containing sulfobetaine and KCl were prepared and the steady shear
viscosities as a function of shear rate of each composition was measured at room temperature.
Using a mixture of sulfobetaine and long-chain cationic surfactant the stability of viscosity .vs.
shear rate was notably enhanced which shows the synergistic effect of cationic surfactant [4].

[1] Z. Chu, Y. Feng, Synthesis Letter, 2009, 16, 2655-2658.
[2] Z. Chu, Y. Feng, Langmuir, 2012, 28, 1175-1181.
[3] Y. Wang, Y. Zhang, X. Liu, J. Wang, L. Wei, Y. Feng,Journal of Surfactants and Detergents,
2014, 17, 295-301.
[4] J. Yang, Current Opinion in Colloid and Interface Science, 2002, 7,276-281.
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Synthesis And Electrophoretic Properties Of Nanoparticles Linked To Dendrimer-Dyes
Branched Structures

C. Jablonski1, S. Stebler1, R. Oehrlein2, Z. Szamel3, G. Grundler1*, U. Pieles1*

1FHNW, University of Applied Sciences, Muttenz, 2BASF Research Center, Basel, 33CSEM
Muttenz

Electronic paper also called e-ink is a rapid developing technology with a huge market potential.
Devices like the e-readers Amazon Kindle, the iRex iLlad or SONY PRS family have recently
deployed a large increase of interest in e-paper display technologies. However, the current
devices only display black and white. Prototypes colored e-readers lack color brilliance, contrast
and exhibit insufficient stability. We describe herein a new approach based on non-pigmented,
stable (chemically and light) colored nanoparticles exhibiting mobility in an electrophoretic
device (voltage 20-60V). Functional hybrid nanoparticles were synthesized and characterized
consisting of a silica nanocore (Q8M8

H nanocages) decorated with preassembled dendrimer
branched structures carrying a latent charge to be released in the final charging step and three
appropriate individual dyes (yellow, magenta, cyan) (Fig.1-left).

Fig.1-left: final charged assembly of dyes dendrimers and silica nanoparticles. Fig.1-right:
principle of the color substractive model.

The final charged and colored particles were tested by CSEM in an electrophoretic device
showing a movement controlled by the polarity and intensity of the voltage applied. The display
of colors following the C(Cyan) M(Magenta) Y(Yellow) subtractive color model (Fig.1.-right)
should lead to a fine tuned improvement of color brightness, color saturation and contrast and
overall a better image quality.

[1] R. Oehrlein et al., Chimia, 2009, 63,6, 351.
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