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Polymers, Colloids & Interfaces, Invited lecture PCI-011

3D Printing of Living Structural Biocomposites

M. Hirsch1, L. Lucherini2, R. Zhao2, A. Clarà Saracho3, E. Amstad2*

1Sustainable Materials Laboratory, EPFL, Lausanne, Switzerland, 2Soft Materials Laboratory, EPFL,
Lausanne, Switzerland, 3Cockrell School of Engineering, University of Texas at Austin, Austin,

United States

Nature has a remarkable ability to create composite materials by combining organic and inorganic
elements under benign conditions. Surprisingly, these natural composites often exhibit superior
mechanical properties compared to their individual building components. The key to this
evolutionary feat lies in nature's unique capability to precisely control the structure and
composition of materials. This control is achieved through the compartmentalization of reagents,
which can be selectively released in specific locations. Drawing inspiration from nature, we have
developed an energy-efficient process that harnesses compartmentalization to fabricate porous
composites based on CaCO3, exclusively using materials derived from nature. Remarkably, these
composites exhibit compressive strength similar to trabecular bones.

The unique combination of nature-derived materials, 3D printability, and good mechanical
properties is achieved through the formulation of these materials: We utilize microgel-based
granular inks, which possess inherent 3D printing capabilities. In addition, we leverage the
potential of engineered living materials to induce the formation of biominerals by bacteria. By
combining these elements, we successfully create biomineral composites with a porous trabecular
structure.

The potential applications of this system are vast. It can be utilized in art restoration, providing an
innovative solution for repairing damaged artworks. Furthermore, these composites can serve as
artificial corals, aiding in the regeneration of marine reefs. With further development, this
technology may even enable the repair of fractured or deteriorated mineral-based materials found
in natural structures such as certain bone components.

By leveraging the ingenuity of nature and utilizing cutting-edge techniques, we envision a future
where our system revolutionizes various fields, offering sustainable and effective solutions for
diverse challenges.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Polymers, Colloids & Interfaces, Short talk PCI-013

Porous Organic Polymers for Advanced Gas Separation Applications

T. Ashirov1, K. S. Song1, A. Coskun1*

1Department of Chemistry, University of Fribourg, Chemin du Musee 9, 1700 Fribourg Switzerland

Ever-increasing greenhouse gas emissions led to the development of novel functional adsorbents
that can show remarkable gas uptake and separation efficiencies. In that regard, porous organic
polymers (POPs) have gained tremendous attention due to their thermal and chemical stabilities,
structural tunability, and control over textural properties. Two main parameters define the POPs'
performance a large abundance of micropores and the presence of functional groups that
selectively bind the target gas molecules. In this direction, we have synthesized various POPs
containing macrocycles for advanced gas separation applications. The resulting POPs showed
incredible CO2 uptake capacities and IAST CO2/N2 selectivities of 137. We also tested various
solvent uptake properties of larger macrocyclic POPs. Moreover, we also explored controlling the
textural properties of POPs under solvothermal conditions. We used readily available and cheap
table salt as a hard template to control the ratio of porosity of the final POP. Not only the BET
surface area but also the ratio of the micropores and mesopores can be easily tuned by using
different amounts of templates. The resulting salt-templated polymers were tested at high
pressures, where the difference in the diffusion of gases to the pores was observed. While linear
molecules such as CO2 can go quickly in the pores, larger and bulky ones such as CH4 and N2 have
very slow diffusion rates. Thus, high selectivity values were achieved.
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Polymers, Colloids & Interfaces, Short talk PCI-014

Insights into the Dynamics of Supramolecular Materials from Semicrystalline Polyesters
by Solid State NMR

S. Thiele1, L. Piveteau2, H. Frauenrath1*

1EPFL STI IMX LMOM , 2EPFL SB ISIC-NMRP

Supramolecular network materials exhibit broadly tailorable thermomechanical properties which is
important to adjust the processability, final product performance, or recyclability of contemporary
polymer materials. These materials are typically based on the thermoreversible formation of well-
defined aggregate structures from self-complementary hydrogen-bonding ligands that serve as
physical crosslinks to the polymer matrix. The intrinsic dynamic behavior of these aggregates
often gives further rise to self-healing properties, shape-memory effects, or stimuli-
responsiveness. This dynamic behavior arises from the scission-reaggregation events of the
ligands at the molecular level, the timescale of which directly influences their macroscopic
behavior. Site-specific studies on the dynamic kinetics of supramolecular crosslinks on a molecular
scale are limited to dilute solution states, leaving a fundamental gap in our understanding of
structure-dynamics-property relationships in technologically relevant solid-state polymer
materials.

In this study, we investigate the aggregation-scission dynamics of helical one-dimensional network
junctions from β-sheet forming oligopeptide end groups of a telechelic polyester using solid-state
NMR for the first time. By employing Carr-Purcell-Meiboom-Gill relaxation dispersion experiments,
we monitor the dissociation events over time and at different temperatures, including room
temperature when the polymer matrix is semi-crystalline. Our results reveal that the amide
dissociation in the crystallized polymer matrix occurs between 0.15–0.45 ms, and is accelerated to
a range of 0.08–0.15 ms in the polymer melt at 60 °C. This methodology eliminates the need for
additional chemical modifications, can site-specifically detect dissociation events down to 1 wt% of
supramolecular linker content, and is applicable at variable temperatures, even in semi-crystalline
polymer states. Our approach therefore holds promise for advancing the understanding of
supramolecular network dynamics and for accelerating the development of next-generation
functional materials.

Emmanuel Croisier et al., Nature Communications, 2014, 5, 4728.
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Polymers, Colloids & Interfaces, Short talk PCI-015

Developing Non-Native Cascade Reactions by Means of Catalytic Nanocompartments

V. Maffeis1,2, C. Schoenenberger1, C. Palivan1,2*

1Department of Chemistry, University of Basel, Mattenstrasse 24a, CH-4058 Basel, Switzerland, 2
NCCR-Molecular Systems Engineering, Mattenstrasse 24a, CH-4058 Basel, Switzerland

Compartmentalization is fundamental in nature, where the spatial segregation of biochemical
reactions within and between cells ensures optimal conditions for the regulation of cascade
reactions. Reproducing, but also manipulating hierarchically organized compartments with regard
to their responsiveness and communication provide crucial information towards understanding
biological systems. One of the most promising strategies to mimic nature
compartimentalization is to combine synthetic nano-compartments with biomolecules in order to
develop artificial organelles and to organize them into more complex architectures with cell
mimetic functionality.

We present an exquisite spatiotemporal control of catalysis in polymeric nanosized compartments
by means of a periodate sensitive linker that controls the opening of outer membrane protein
OmpF (OmpF) channels inserted in the compartment membrane.[1] Being able to precisely time
confined reactions pave the way to controlling multifunctional cluster activity when specific
substrates or products need to be made available at a specific site and with precise timing.[2] In
addition, the combinatorial and functional diversity of catalytic nanocompartments (CNCs)
assembled into various supramolecular architectures can be exploited either in bulk or on a
surface, whereby surface immobilization offers the advantage of highly controlled spatial
organization. As an example, we developed CNC-functionalized DNA microarrays where individual
reaction compartments are kept in close proximity by a distinct geometrical arrangement to
promote effective communication.[3] Our work represents a significant advance in the field of
communicative networks by combining compartmentalization with controlled inter-compartment
distance to promote efficient cascade reactions.

 

[1] L. Zartner, V. Maffeis, C.-A. Schoenenberger, I. A. Dinu, C. G. Palivan,J. Mater. Chem. B
2021, 9, 9012.
[2] V. Maffeis, A. Belluati, I. Craciun, D. Wu, S. Novak, C.-A. Schoenenberger, C. G. Palivan,
Chem. Sci. 2021, 12, 12274.
[3] V. Maffeis, D. Hürlimann, A. Krywko-Cendrowska, C.-A. Schoenenberger, C. E. Housecroft, C.
G. Palivan, Small 2022, 2202818.
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Polymers, Colloids & Interfaces, Short talk PCI-016

Comparison of the Protective Effect of Surfactants on Antibody Stability Against
Different Interfaces

D. Zürcher1, S. Caduff1, L. Aurand1, U. Capasso Palmiero1, K. Wuchner2, P. Arosio1*

1Department of Chemistry and Applied Biosciences, ETH Zürich, Zürich, Switzerland, 2Janssen R&D,
BTDS Analytical Development, Schaffhausen, Switzerland

Maintaining the structural integrity of therapeutic proteins during their lifecycle is crucial for their
efficacy and safety. However, interactions with various interfaces can compromise protein stability
and lead to aggregation. During development, protein molecules and buffer composition must be
optimized to ensure favorable physicochemical properties, but assays that systematically probe
interfacial stability are lacking. To address this challenge, we have developed and applied a highly
controlled nanoparticle-based method based on realistic and model interfaces to evaluate the
stability of four monoclonal antibodies in the presence and absence of commonly used surfactants.

While all the surfactants demonstrated stabilizing effects against the hydrophobic air-water
interface, none of them could safeguard the antibodies from hydrophilic charged cellulose.
Additionally, polysorbates and Brij 35 provided a certain level of stability against COC and the
model hydrophobic interface, while Poloxamer 188 had minimal impact on stability across these
interfaces. 

By rapidly evaluating the stability of therapeutic proteins against various interfaces using limited
amounts of sample, this method can accelerate the selection of molecules and formulations during
early development and formulation design.

[1] Marie Kopp, Umberto Capasso Palmiero, Paolo Arosio, Mol. Pharmaceutics, 2020, 17, 909-918
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Polymers, Colloids & Interfaces, Short talk PCI-017

Unraveling the electrochemical doping in semiconducting polymers

P. Cavassin1, I. Holzer1, D. Tsokkou1, O. Bardagot1, J. Rehault1, N. Banerji1*

1University of Bern, Department of Chemistry, Biochemistry and Pharmaceutical Sciences

Organic mixed ionic-electronic conductors (OMIECs) are a class of organic materials that efficiently
support both ionic and electronic transport. Due to this remarkable property, a broad range of
emerging technologies, from energy storage to bioelectronics, rely on OMIECs. [1] A key property
of these materials is their ability to be electrochemically doped, which is an efficient and reversible
method to increase the materials electric conductivity. This process relies on the injection of
carriers into the organic film, while the counterions from an electrolyte infiltrate the film and
maintain charge neutrality. The electrochemical doping relies on a complex interplay between
multiple factors, from electrolyte choice to molecule design and film morphology, and due to the
increasing number of applications that rely on this process, there has been great interest in further
understanding its properties and fundamental mechanisms. [2]

In this work, we explore the impact of the polymer film morphology on the electrochemical
doping. We use time-resolved visible-near infrared (Vis-NIR) and in-situ Raman spectroscopy
combined with electrochemical measurements to show that the ordered and disordered domains
of poly(3-hexylthiophene) (P3HT) are doped through different mechanisms and kinetics. We
demonstrate that for intermediate doping levels, polarons and bipolarons (singly and doubly
charged species) coexist exclusively in the disordered domains. In the ordered domains, only
polarons are observed until there are no more ordered undoped chains, and only at this point
bipolarons start to be formed at these domains. We propose a kinetic model that described the
reactions that take place and show that the ordered phase is doped faster than the disordered for
all doping levels.

To confirm our propositions, we used in-situ electrochemical Raman spectroscopy, a technique
very sensitive to local conformation. We obtained good agreement with the trends observed with
Vis-NIR spectroscopy. Additionally, we compared the doping of P3HT films with different degrees of
morphology. We use regiorandom P3HT to investigate the doping in purely disordered films, and
the results strongly correlate with our proposed kinetic model. Finally, by measuring the Thz
conductivity of our films, we investigate how the polarons and bipolarons impact electronic
conductivity.

[1] J. Chung, A. Khot, B. M. Savoie, B. W. Boudouris, ACS Macro Letters, 2020, 9, 646-655.
[2] E. M. Thomas, M. A. Brady, H. Nakayama, B. C. Popere, R. A. Segalman, M. L. Chabinyc,
Advanced Functional Materials, 2018, 28, 1803687.
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Polymers, Colloids & Interfaces, Invited lecture PCI-021

The future of polyurethane adhesives

S. Reimann1

1Sika Technology AG

Due to their high versatility and well-balanced cost/performance ratio, polyurethanes are the first
choice for many applications like CASE and foams. However, reactive polyurethane systems as for
example adhesives and sealants have constantly been under regulatory pressure. This will reach
its latest peak in September 2023 with the introduction of the new REACH regulation concerning
the content of monomeric diisocyanates in finished goods.

As one of the largest producers of reactive polyurethane products for construction and industrial
applications, Sika undertook great efforts in the past years to develop polyurethanes adhesives
and sealants with the lowest possible monomeric content. This could be achieved by cleverly
designing our prepolymers as well as their production process.

We will outline the key points of the new prepolymer design and examples on how it was possible
to translate the benefits into new product properties.
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Polymers, Colloids & Interfaces, Short talk PCI-023

Block Copolymer Photonic Pigments for Optical Materials

A. Dodero1, N. Schwarz1, G. Bravetti1, A. Escher2, C. Weder1, U. Steiner1

1Adolphe Merkle Institute, 2University of Genoa

The natural world is a colorful environment. Stunning displays of coloration have evolved
throughout nature to optimize camouflage, warning, and communication, and the resulting
flamboyant visual effects and remarkable dynamic properties – often caused by an intricate
structural design at characteristic sizes in the order of visible light wavelengths – continue to
inspire scientists to unravel the underlying physics and to recreate the observed effects. Photonic
materials could bring tremendous benefits to society as their capability to emit, detect, manipulate
and control light is expected to be accompanied by several technological breakthroughs. In this
context, photonic pigments consisting of dispersable solid microparticles displaying vibrant, long-
lasting structural coloration have been attracting more and more attention as they possess great
potential to substitute traditional pigments – either organic or inorganic – henceforth having a
growing economic significance in various industrial products and end-user applications. Structural
pigments are superior to pigmentary colors in many ways, because of their tunability, resistance to
photo- or chemical bleaching, reduced dependence on toxic materials, and capability to create
spectacular unconventional effects [1].

Here, we report on the fabrication of photonic microparticles via the three-dimensional confined
self-assembly of block copolymers (BCPs) in emulsion droplets [2]. The accurate selection of the
BCP properties and the emulsification conditions leads to either highly ordered (i.e., concentric
lamellae) or quasi-random (i.e., presenting only a short-distance order) structures comprised of
alternated domains with refractive index mismatch showing strong light reflection. Here, the
bandgap spectral position can be finely tuned by using “swelling agents” enabling the formation of
supramolecular comb-like assemblies that consent to control the domain spacing thus altering
light-matter interactions. Therefore, photonic pigments with color brightness, full-spectrum
tunability, and adaptive optical properties are rapidly and easily achieved. Finally, we demonstrate
the possibility to combine these structurally colored particles with different nanomaterials – such
as plasmonic and oxide nanoparticles or emitting quantum dots – that enable the unlocking of
additional functionalities with promises in several breakthrough applications [3].

[1] Eric Goerlitzer, Robin Klupp Taylor, Nicolas Vogel, Adanced Materials, 2018, 30, 1706654.
[2] Andrea Dodero, Kenza Djeghdi, Viola Bauernfeind, Martino Airoldi, Bodo D. Wilts, Cristoph
Weder, Ullrich Steiner, Ilja Gunkel, Small 2023, 19, 2205438.
[3] Ullrich Steiner, Andrea Dodero, Chimia, 2022, 76, 826.
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Polymers, Colloids & Interfaces, Short talk PCI-024

Structural diversity in superfluorescent multicomponent nanocrystal superlattices
comprising lead halide perovskite nanocrystals

I. Cherniukh1,4, G. Rainò1,4, T. V. Sekh1,4, C. Zhu1,4, T. Stöferle2, R. F. Mahrt2, R. Erni3, M. I.
Bodnarchuk4,1*, M. V. Kovalenko1,4*

1Institute of Inorganic Chemistry, Department of Chemistry and Applied Biosciences, ETH Zürich,
CH-8093 Zürich, Switzerland, 2IBM Research Europe−Zurich, CH-8803 Rüschlikon, Switzerland, 3

Electron Microscopy Center, Empa−Swiss Federal Laboratories for Materials Science and
Technology, CH-8600 Dübendorf, Switzerland, 4Laboratory for Thin Films and Photovoltaics,

Empa−Swiss Federal Laboratories for Materials Science and Technology, CH-8600 Dübendorf,
Switzerland

Self-assembly of colloidal nanocrystals into long-range ordered superlattices is a versatile platform
for materials engineering, wherein the functionalities of the mesostructures may result not only
from the combination and enhancement of size-dependent properties of constituent building
blocks but also from synergistic effects and emergent interactions between neighboring
nanocrystals. The assembly of steric-stabilized colloidal nanocrystals coated with hydrocarbon
ligand chains relies on relatively weak (van der Waals, dipole–dipole, magnetic, Coulombic)
interactions with the considerable role of entropic contributions, with the nanocrystal shape
anisotropy often being the decisive factor determining self-organization into diverse structures.
Cesium lead halide perovskites, being synthetically available as uniform, monodisperse
nanocrystals and owing to their outstanding properties (high oscillator strength of bright triplet
excitons, slow dephasing, minimal inhomogeneous broadening of emission lines), are promising
building blocks for creating functional superlattices exhibiting collective luminescence phenomena,
namely superfluorescence. We present a broad structural diversity in binary and ternary, long-
range ordered superlattices obtained by shape-directed co-assembly of highly luminescent
CsPbBr3 nanocrystals with the spherical and shape-anisotropic building blocks. We also
demonstrate the effect of superlattice structure on the emergence of collective optical properties.

[1] Ihor Cherniukh, Gabriele Rainò, Thilo Stöferle, Max Burian, Alex Travesset, Denys Naumenko,
Heinz Amenitsch, Rolf Erni, Rainer F. Mahrt, Maryna I. Bodnarchuk, Maksym V. Kovalenko,Nature
2021, 593, 535– 542.
[2] Ihor Cherniukh, Gabriele Rainò, Taras V. Sekh, Chenglian Zhu, Yevhen Shynkarenko, Rohit
Abraham John, Etsuki Kobiyama, Rainer F. Mahrt, Thilo Stöferle, Rolf Erni, Maksym V.
Kovalenko, Maryna I. Bodnarchuk, ACS Nano 2021, 15, 16488-16500.
[3] Ihor Cherniukh, Taras V. Sekh, Gabriele Rainò, Olivia J. Ashton, Max Burian, Alex Travesset,
Modestos Athanasiou, Andreas Manoli, Rohit Abraham John, Mariia Svyrydenko, Viktoriia Morad,
Yevhen Shynkarenko, Federico Montanarella, Denys Naumenko, Heinz Amenitsch, Grigorios Itskos,
Rainer F. Mahrt, Thilo Stöferle, Rolf Erni, Maksym V. Kovalenko, Maryna I. Bodnarchuk,ACS Nano
2022, 16, 5, 7210–7232.
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Polymers, Colloids & Interfaces, Short talk PCI-025

Low-Temperature Chemical Recycling of Polymethacrylates Synthesized by RAFT
Polymerization

H. Wang1, N. P. Truong2, Z. Pei3, M. L. Coote3, A. Anastasaki1*

1ETH Zurich, 2Monash University, 3Australian National University

Reversing polymerizations and regenerating the monomer is highly beneficial for both
fundamental research and applications, yet this has remained very challenging to achieve.[1]

Herein, we report a near-quantitative (up to 92%) and catalyst-free depolymerization of various
linear, bulky, cross-linked, functional, and thermally unstable polymethacrylates synthesized by
reversible addition–fragmentation chain-transfer (RAFT) polymerization.[2],[3] Key to our approach is
to exploit the high end-group fidelity of RAFT polymers to generate chain-end radicals at 120 °C.
These radicals trigger a rapid unzipping of both conventional (e.g., poly(methyl methacrylate)) and
bulky (e.g., poly(oligo(ethylene glycol) methyl ether methacrylate)) polymers. Importantly, the
depolymerization product can be utilized to either reconstruct the linear polymer or create an
entirely new insoluble gel that can also be subjected to depolymerization. 

[1] Glen R. Jones, Hyun Suk Wang, Kostas Parkatzidis, Richard Whitfield, Nghia P. Truong, Athina
Anastasaki, J. Am Chem. Soc., 2023, 145, 9898-9915
[2] Hyun Suk Wang, Nghia P. Truong Zhipeng Pei, Michelle L. Coote, Athina Anastasaki, J. Am.
Chem. Soc., 2022, 144, 4678-4684
[3] Hyun Suk Wang, Nghia P. Truong, Glen R. Jones, Athina Anastasaki, ACS Macro Letters, 2022,
11, 1212-1216
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Polymers, Colloids & Interfaces, Short talk PCI-026

Precision Synthesis of Various Low-Bandgap Donor-Acceptor Alternating Conjugated
Polymers via Living Suzuki-Miyaura Catalyst-Transfer Polymerization

H. Kim1

1ETH Zurich, Department of Materials, Vladimir-Prelog-Weg 1-5/10, 8093 Zurich

In this study, we present the living Suzuki-Miyaura catalyst-transfer polymerization (SCTP) using a
RuPhos Pd G3 precatalyst as a versatile approach for the precision synthesis of several types of
donor-acceptor alternating conjugated polymers (DA ACPs). Initially, we optimized the living SCTP
process for biaryl monomers with varying electronic characters of both strong and medium
electron-donating (D) and electron-accepting (A) groups. This optimization allowed us to obtain DA
ACPs with controlled number-average molecular weight (Mn), narrow dispersity (Ð, 1.05-1.29), and
high yields (>87%). Furthermore, we successfully expanded this method to the controlled
polymerization (Mn = 9.2 - 40.0 kg mol−1) of a quateraryl monomer (A1-D-A2-D) containing
diketopyrrolopyrrole (DPP; a strong acceptor). Additionally, the living SCTP technique facilitated
the efficient one-step synthesis of various diblock and triblock copolymers. Lastly, the resulting DA
ACPs exhibited adjustable optical band gaps (Eg

opt) ranging from 1.29 to 1.77 eV and varied
highest occupied molecular orbital (HOMO) levels (from -5.57 to -4.75 eV), while their block
copolymers displayed wide absorption spectra and demonstrated promising light-harvesting
properties in the visible range.

[1] Alexander D. Todd, Christopher W. Bielawski, ACS Macro Lett. 2015, 4, 1254–1258.
[2] Einat Elmalem, Anton Kiriy, Wilhelm T. S. Huck, Macromolecules 2011, 44, 9057–9061.
[3] Sanne Govaerts, Pieter Verstappen, Huguette Penxten, Maxime Defour, Bruno Van Mele,
Laurence Lutsen, Dirk Vanderzande, Wouter Maes, Macromolecules 2016, 49, 6411–6419.
[4] Yu Tokita, Masaru Katoh, Yoshihiro Ohta, Tsutomu Yokozawa, Chem. - A Eur. J. 2016, 22,
17436–17444.
[5] Volodymyr Senkovskyy, Roman Tkachov, Hartmut Komber, Michael Sommer, Maria Heuken,
Brigitte Voit, Wilhelm T. S. Huck, Vladislav Kataev, Andreas Petr, Anton Kiriy, J. Am. Chem. Soc.
2011, 133, 19966–19970.
[6] Wei Liu, Roman Tkachov, Hartmut Komber, Volodymyr Senkovskyy, Marcel Schubert, Zhanhua
Wei, Antonio Facchetti, Dieter Neher, Anton Kiriy, Polym. Chem. 2014, 5, 3404–3411.
[7] Roman Tkachov, Hartmut Komber, Sebastian Rauch, Albena Lederer, Ulrich Oertel, Liane
Haußler, Brigitte Voit, Anton Kiriy, Macromolecules 2014, 47, 4994–5001.
[8] Kyeong-Bae Seo, In-Hwan Lee, Jaeho Lee, Inho Choi, Tae-Lim Choi, J. Am. Chem. Soc. 2018,
140, 4335–4343.
[9] Jaeho Lee, Hyunwoo Park, Soon-Hyeok Hwang, In-Hwan Lee, Tae-Lim Choi,
Macromolecules 2020, 53, 3306–3314.
[10] Jaeho Lee, Hwangseok Kim, Hyunwoo Park, Taehyun Kim, Soon-Hyeok Hwang, Daye Seo, Taek
Dong Chung, Tae-Lim Choi, J. Am. Chem. Soc. 2021, 143, 11180–11190.
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Polymers, Colloids & Interfaces, Short talk PCI-027

Restricting the Shape-Assisted Self-Assembly of Carpyridines to One Dimension

L. Gallego1, J. F. Woods1, R. Butti1, P. Szwedziak2, A. Vargas Jentzsch3, M. Rickhaus1*

1Department of Chemistry, University of Zurich, Winterthurerstrasse 190, 8057 Zurich,
Switzerland, 2Centre for Microscopy and Image Analysis, University of Zurich, 8057 Zurich,

Switzerland, 3SAMS Research Group, University of Strasbourg, Institut Charles Sadron, CNRS;
67200 Strasbourg, France

Shape-Assisted Self-Assembly (SASA) is a process in which the shape of a monomeric unit enforces
the order between monomeric units needed for supramolecular assemblies in the absence of
strong non-covalent interactions such as H-bonding.1-3 Saddle-shaped molecules stand out for
these processes due to the translational and rotational rigidity of the monomers within the stacks.
Carpyridines (CPs) are porphyrin-related metal-containing macrocycles bearing two carbazole and
two pyridine units alternately connected through ortho aryl-aryl bonds.1,2 This arrangement results
in a saddle-shaped structure, where prefunctionalized building blocks allow the synthesis and
tuning of properties of these macrocycles. These units have shown to be effective towards
supramolecular assembly purely based on p-p interactions and assisted by the shape of the
monomers, demonstrating the significance of shape in self-assembly processes. Alkyl substitution
onto the carbazoles has allowed us to study 2D sheet formation,1,2 which combined with
substitution onto the pyridines with different side chains allows us to study the mechanism of
assembly of the monomers into oligomers, and ultimately, into micrometer-long fibers.4

[1] Joseph F. Woods, Lucía Gallego, Pauline Pfister, Mounir Maaloum, Andreas Vargas Jentzsch,
Michel Rickhaus, Nat. Commun., 2022, 13, 3681.
[2] Joseph F. Woods, Lucía Gallego, Amira Maisch, Dominik Renggli, Corrado Cuocci, Olivier
Blacque, Gunther Steinfeld, Andres Kaech, Bernhard Spingler, Andreas Vargas Jentzsch, Michel
Rickhaus, ChemRxiv 2023. https://doi.org/10.26434/chemrxiv-2023-whjkw.
[3] Lucía Gallego, Joseph F. Woods, Michel Rickhaus, M. Organic Materials, 2022, 4, 137–145.
[4] Lucía Gallego, Joseph F. Woods, Rachele Butti, Piotr Szwedziak, Andreas Vargas Jentzsch,
Michel Rickhaus, under review.
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Polymers, Colloids & Interfaces, Poster PCI-101

Metalorganic Copolymers From Iron(II) Clathrochelates: Versatile Materials and
Conspicuous Adsorbents of Lithium Ions, Iodine, and Organic Dyes

B. Alameddine, N. Baig1, S. Shetty1

1Gulf University for Science and Technology, Kuwait

The organometallic copolymers with butyl, cyclohexyl and phenyl lateral groups were made from a
one-pot complexation of iron(II) clathrochelate units that are interconnected by various thioether-
containing contorted groups and tetraphenylbenzene units. The resultant copolymers were
converted into their poly(vinyl sulfone) derivatives OTCP1-3 , OICP1-3 and CTP4-6 quantitatively
via the selective oxidation of the thioether moieties into their respective sulfones using mild
oxidation reaction conditions. The target copolymers were characterized by various instrumental
analysis techniques. The copolymers were tested as potent lithium ions adsorbents revealing a
maximum adsorption (qm) value of 2.31 mg g−1 for OTCP2. Furthermore, this same copolymer was
found to be a promising adsorbent of methylene blue (MEB); an isothermal adsorption study
divulged that OTCP2’s uptake of MEB from an aqueous solution (following the Langmuir model)
was, at maximum adsorption capacity, (qm) of 480.77 mg g−1‑; whereas the kinetic study divulged
that the adsorption follows pseudo second-order kinetics with an equilibrium adsorption capacity
(qe,cal) of 45.40 mg g−1. The iodine uptake studies of copolymers disclosed excellent iodine
properties, reaching a maximum of 360 wt.% (qe = 3600 mg g−1). The adsorption mechanisms of
the copolymers were explored using pseudo-first-order and pseudo-second-order kinetic models.
Furthermore, regeneration tests confirmed the efficiency of the target copolymers for their iodine
adsorption even after several adsorption-desorption cycles.

[1] Shetty, S.; Noorullah, B.; S., M. M.; Saleh, A.-M.; Bassam, A. Synthesis of Metalorganic
Copolymers Containing Various Con-torted Units and Iron(II) Clathrochelates with Lateral Butyl
Chains: Conspicuous Adsorbents of Lithium Ions and Methylene Blue Polymers 2022, p. 3394.
[2] Shetty, S.; Noorullah, B.; Bassam, A. Synthesis and Iodine Adsorption Properties of
Organometallic Copolymers with Propeller-Shaped Fe(II) Clathrochelates Bridged by Different
Diaryl Thioether and Their Oxidized Sulfone Derivatives  Polymers 2022, p. 4818
[3] Baig, N.; Suchetha, S.; S., H. S.; A., H. A.; Saleh, A.-M.; Bassam, A. Synthesis of Iron
Clathrochelate-Based Poly with Tetra-phenylbenzene Bridging Units Their Selective Oxidation into
Their Corresponding Poly Copolymers: Promising Materials for Iodine, Capture Polymers 2022, p.
3727
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Revisiting Tröger's Base:  Microporous Copolymers Via Sonogashira Cross-coupling and
Thiol-Yne Click Reactions For Superior Iodine and Dyes Uptake   

B. Alameddine, N. Baig1, S. Shetty1

1Gulf University for Science and Technology, Kuwait

Copolymers bearing Tröger's base were synthesized in very good yields using either a Sonogashira
cross-coupling reaction or a catalyst-free thiol-yne click reaction[1,2]. Instrumental analysis of the
target copolymers reveals their high chemical stability. Nitrogen adsorption measurements of
some copolymers reveal Brunauer-Emmett-Teller (BET) surface areas ranging from ~586 m2 g-1 to
~620 m2 g-1. Inspection of the iodine adsorption properties of the copolymer networks made using
Sonogashira cross-coupling reaction reveals their high iodine vapors uptake up to 440 wt% and
removal of iodine from a hexane solution reaching ~77% (qe = 192 mg g-1). On the other hand, the
thioether units of the copolymers made from the thiol-yne click reaction were selectively oxidized
into their respective sulfone derivatives under mild oxidation reaction conditions. Investigation of
organic dyes uptake from water of the thiol-yne copolymers proves their potential application as
selective adsorbents as proven by the quantitative removal of the cationic dye methylene blue
(MEB) when compared to anionic dyes, such as, Congo red (CR), methyl orange (MO) and methyl
blue (MB). The sulfone-containing copolymers display superior and faster MEB removal efficiencies
with respect to their corresponding synthons.

[1] Shetty, S.; Baig, N.; Moustafa, M.S.; Al-Mousawi, S.; Alameddine, B. Sizable iodine uptake of
porous copolymer networks bearing Tröger's base units. Polymer 2021, 229, 123996.
[2] Baig, N.; Shetty, S.; Moustafa, M.S.; Al-Mousawi, S.; Alameddine, B. Selective removal of toxic
organic dyes using Trӧger base-containing sulfone copolymers made from a metal-free thiol-yne
click reaction followed by oxidation. RSC Advances 2021, 11, 21170-21178.
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One-dimensional carbon-based nanostructures via the droplet-assisted growth and
shaping (DAGS) mechanism

R. Azizi1, S. Seeger1*

1Department of Chemistry, University of Zurich, Winterthurerstrasse 190, 8057 Zürich, Switzerland

One-dimensional (1D) polymeric nanostructures e.g. nanofibers, nanotubes, and nanowires are
nanomaterials with a typical diameter ranging from 1 to 100 nm which can be fabricated via
several techniques including electrospinning, self-assembly, and template methods.1-4 The droplet-
assisted growth and shaping mechanism (DAGS) belongs to one of the approaches for the
production of (1D) nanomaterials.5 Conceptually similar to the VLS method, the DAGS mechanism
uses water nanodroplets that have formed on the substrate surface to react with a precursor
generating unidimensional polymeric nanostructures namely, based on silicone, alumina, and
germanium oxide. 5-7 However, the DAGS mechanism has not been used to fabricate organic
polymeric unidimensional nanomaterials. In this work, we demonstrate that the DAGS technique
can also be applied to organic precursors such as ethyl cyanoacrylate to obtain (1D)
nanostructures. This opens up new avenues for developing (1D) nanomaterials, which, for
instance, could be exploited in superhydrophobic coatings, optoelectronics, and biomedical
applications. 8-10

[1] Younan Xia, Peidong Yang, Yugang Sun, Yiying Wu, Brian Mayers, Byron Gates, Yadong Yin,
Franklin Kim, Haoquan Yan, Advanced Materials, 2003, 15, 353–389.
[2] Yanzhong Zhang, Hongwei Ouyang, Chwee Teck Lim, Seeram Ramakrishna, Zheng-Ming
Huang, Composites Science and Technology, 2003, 63, 2223–2253.
[3] Jeffrey D. Hartgerink, Elia Beniash, Samuel I. Stupp, Science, 2001, 294, 1684–1688.
[4] Midori Ikegame, Keisuke Tajima, Takuzo Aida, Angewandte Chemie, 2003, 42, 2154–2157.
[5] Georg R J Artus, Sandro Olveira, Debabrata Patra, Stefan Seeger, Macromolecular Rapid
Communication 2017, 38.
[6] Naeem-ul-Hasan Saddiqi, Stefan Seeger, Journal of colloid and interface science, 2020, 560,
77–84.
[7] Naeem-ul-Hasan Saddiqi, Debabrata Patra, Stefan Seeger, ChemPhysChem: A European journal
of chemical physics and physical chemistry, 2019, 20, 538–544.
[8] Yuwon Lee, Sang-Hyun Park, Ki-Bum Kim, Jin-Kyu Lee, Advanced Materials, 2007, 19,
2330–2335.
[9] Yong Sheng Zhao, Hongbing Fu, Aidong Peng, Ying Ma, Qing Liao, Jiannian Yao, Accounts of
Chemical Research, 2010, 43, 409–418.
[10] Yajuan Sun, Weibing Dong, Huiyuan Wang, Yongzhuo Huang, Huike Gu, Victor C. Yang, Junbo
Gong, Polymer Chemistry, 2013, 4, 2489.
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Granular Elastomers for 3D Printing Applications

E. Baur1, E. Amstad1*

1Swiss Federal Institute of Technology Lausanne, Institute of materials, Soft Materials Laboratory
Lausanne, Switzerland

The rising interest in the field of soft robotics demands for elastic soft materials whose mechanical
properties can be locally varied to design materials that can deform in a pre-defined fashion while
bearing significant loads. Such materials have the potential to enable the design of a soft robot
that possesses high dexterity, can interact safely with humans and adapt itself to different
environments. The stiffness-toughness compromise inherent to elastomers can, at least in parts,
be addressed if they are formulated as multi-network materials.1 However, the elastomeric liquid
precursors are difficult to process, limiting the complexity of shapes they can be processed into.
The involved processing of a second network further reduces the shape control and hence
applications of these elastomers.2

In my poster, I will present a strategy to 3D print elastomers with a high spatial resolution. This is
achieved by loading elastomer-based microparticles with a precursor solution. I will discuss how
the composition and microstructure of the 3D-printed elastomers influence their mechanical
properties.

[1] Ducrot, E., Chen, Y., Bulters, M., Sijbesma, R. P. & Creton, C. Toughening Elastomers with
Sacrificial Bonds and Watching Them Break. Science, 2014, 344, 186–189.
[2] Creton, C. 50th Anniversary Perspective: Networks and Gels: Soft but Dynamic and Tough.
Macromolecules, 2017, 50, 8297–8316.
[3] Hirsch, M., Charlet, A. & Amstad, E. 3D Printing of Strong and Tough Double Network Granular
Hydrogels. Adv. Funct. Mater. 2021, 31, 2005929.
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Phenanthrene-based Light-Harvesting Supramolecular Polymers for photoredox
catalysis

R. Brisse1, A. Dutta1, J. Réhaut1, J. Jevric1, I. Kolly1, S. Langenegger1, N. Banerji1, P. Broekmann1, S.
Liu1, R. Häner1*

1Department of Chemistry, Biochemistry and Pharmaceutical Sciences, University of Bern,
CH-3012 Bern, Switzerland

One promising approach to store the ubiquitous energy of the sun is to drive photoproduction of
high energy fuels out of simple and abundant materials, such as water or CO2. In natural
photosynthetic systems, like green bacteria, this process is done via large self-standing
supramolecular assemblies of chlorophyll molecules - the so-called chlorosomes - that funnel
excitons toward a reaction center which itself initiates a redox cascade toward the fuel
production.[1] Mimicking this extremely efficient machinery is a quest that chemists have been
addressing over the last decades. One possible approach is molecular and associates an absorber
(dye, quantum dots …) with a fuel production catalyst. If a huge amount of work has been
dedicated to have more efficient catalysts for this technology,[2] less has been done to adapt the
design of the absorber to a real antenna of chromophores. Light-harvesting Supramolecular
Polymers (SPs) could enable to reach that goal and their integration into photoredox schemes is
indeed a rather unexplored field of research.[3] Building on a strong expertise in SPs chemistry and
photophysics,[4] we propose to address this issue. We will present first results regarding
photoinduced electronic transfers between phenanthrene-based SPs and suitable redox active
centers.

Photoinduced electronic transfers mediated by light-harvesting supramolecular phenanthrene
polymer (in blue)

[1] Gert. T. Oostergetel, Herbert van Amerongen, Egbert. J. Boekema, Photosynth Res, 2010,
104, 245.
[2]          Marcos Gil-Sepulcre, Antoni Llobet, Nat Catal, 2022, 5, 79.
[3] Oliver Dumele, Jiahao Chen, James V. Passarelli, Samuel I. Stupp,Advanced Materials,
2020, 32, 1907247.
[4] Christian B. Winiger, Shaoguang. Li, Ganesh R. Kumar, Simon Langenegger, Robert
Häner, Angewandte Chemie International Edition, 2014, 53, 13609.
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Dynamic Synthesis of Bamboo-Shaped Silicone Nanorods to Control Water Repulsion
and Collection

K. Chen1, S. Seeger1*

1Department of Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich,
Switzerland.

Design and synthesis of regular and morphologically controllable silicone micro and nanostructures
have long been a topic of great interest in materials and surface science. Although there has been
extensive research on the fabrication of ordered and uniform structures, most of the methods such
as chemical etching and lithography are limited to long-term treatment under harsh conditions,
hazardous chemicals, environmental impact, and high cost. Our research systematically
investigates the synergistic influence of various growth parameters for silicone nanorods (SNRs)
and proposes the dynamic Droplet Assisted Growth and Shaping (d-DAGS) strategy to achieve one-
step synthesis and in-situ shape control of SNRs.1 The periodic dynamic regulation of growth
parameters, such as relative humidity, precursors, and reaction time, contributes to the fabrication
of highly regular bamboo-shaped SNRs with an adjustable number of segments, which provides
novel insights into the mechanism of the traditional chemical vapor deposition method and the "tip-
growth" model. Compared with the conventional 1D silicone nanofilaments and wires, which are
usually fragile and irregular due to their soft mechanical properties,2 the bamboo-shaped SNRs
have enhanced mechanical stiffness and, therefore, can keep growing into the straight ultra-long
rods with super-high aspect ratio and perfect superhydrophobicity with nearly 180o static water
contact angle. Based on the strong chemical stability and water resistance properties, the
versatility of bamboo-shaped SNRs is presented in the improvement of buoyancy, self-cleaning,
and water harvesting. Meanwhile, the d-DAGS strategy promotes more possibilities to fabricate
specially designed bamboo-shaped structures through the regulation of each independent, distinct
segment. Further chemical modifications on the specific segments of the bamboo-shaped SNRs to
endow them with unique physical and chemical properties are promising and will allow their
applications to be extended to a broader range of fields.

[1] Kangwei Chen, Shanqiu Liu, Yuen-Yee Lau, Stefan Seeger, Small, 2022, 18 (40), 2203820.
[2] Georg R.J. Artus, Stefan Seeger, Adv. Colloid Interface Sci., 2014, 209, 144.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Polymers, Colloids & Interfaces, Poster PCI-107

Self-assembly of cholane-pyrene oligomers

E. Ehret1, M. Thiede1, S. M. Langenegger1, R. Häner1*

1University of Bern

A growing interest for tunable nanoscale polymers has been observed in the past decade. The
main interests are their ability to act as light-harvesting devices and their nonclassical
optoelectronic behavior which find application in a variety of fields. It was previously shown that
phosphodiester di-alkynyl-substituted pyrene trimers[1,2] allowed the formation of 2D
supramolecular polymers. In this work, we have studied the possibility of replacing the
polyaromatic residues present in the construct with cholane moieties. One pyrene unit was kept to
investigate the photophysical properties of the oligomer. The aggregation process of the oligomer
will be presented.

[1]: M. Vybornyi, A.V. Rudnev, S.M. Langenegger, T. Wandlowski, G. Calzaferri, R. Häner, Angew.
Chem. Int. Ed. 2013, 52, 11488–11493.

[2]: M. Vybornyi, Y. Vyborna, R. Häner, ChemistryOpen 2017, 6, 488-491.
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Synthesis of hollow square macrocycle as nanochannels and hollow square helices

S. farooq1, A. F. Kilbinger1

1Department of chemistry , University of fribourg 1700 Switzerland.

Macrocycles and foldamers with substantial tubular cavities are intriguing and have captured
significant attention. Foldamers and macrocycles with non-collapsible hydrophilic cavities have
demonstrated exceptional properties in areas such as cation recognition and highly conducting
membranes.1 Conversely, helical foldamers and macrocycles that are rich in hydrophobic interior
surfaces have shown exceptional performance in the field of water permeation.2 Recent work by
Takuzo Aida's group3 has highlighted how these hydrophobic interior surfaces in macrocycles act
as artificial water channels responsible for water permeation, using a densely fluorous interior
surface system. However, the yield of these macrocycles is low, 0.0055-0.16%, which limits their
potential for use in membrane technology for water purification. Furthermore, the diacid and
diamine monomers used in this system restrict the ability to synthesize helices of a specific length
with narrow dispersity.
We have developed a novel category of hollow square macrocycles (1) with an internal diameter of
0.9 nm, as well as helices (1a) (Scheme 1) that feature a non-collapsible cavity of roughly 0.9 nm,
and possess hydrophobic interior surfaces. Additionally, we obtained macrocycles with a diameter
of 1.5 nm (2) and 2 nm (3) (Scheme 1). The square shape of the macrocycle (1) was confirmed by
the solid-state structure (Figure 1a). Dynamic light scattering (DLS) of these macrocycles and
helices revealed significant aggregation in chloroform solution, which increased with increasing
concentration. Evidence of nanochannels was found in these macrocycles, based on the crystal
structure packing of 1 and 2 (Figure 1). Furthermore, the linear stacking of macrocycles 1, 2, and 3
was confirmed by atomic force microscopy (AFM) analysis (Figure 2)
The water permeability and salt rejection tests of macrocycles and polymers, both in vesicles as

well as in fabricating the membranes using interfacial polymerization, are under investigation.

[1] Pedersen, C. J. Cyclic polyethers and their complexes with metal salts. J. Am. Chem. Soc. 89,
2495–2496 (1967). 
[2] Helsel, A. J.; Brown, A. L.; Yamato, K.; Feng, W.; Yuan, L.; Clements, A. J.; Harding, S. v.; Szabo,
G.; Shao, Z.; Gong, B. Highly Conducting Transmembrane Pores Formed by Aromatic Oligoamide
Macrocycles. J Am Chem Soc 2008, 130 (47).
[3] Roy, A.; Shen, J.; Joshi, H.; Song, W.; Tu, Y. M.; Chowdhury, R.; Ye, R.; Li, N.; Ren, C.; Kumar, M.;
Aksimentiev, A.; Zeng, H. Foldamer-Based Ultrapermeable and Highly Selective Artificial Water
Channels That Exclude Protons. Nat Nanotechnol 2021, 16 (8), 911–917.
[4] Itoh, Y.; Chen, S.; Hirahara, R.; Konda, T.; Aoki, T.; Ueda, T.; Shimada, I.; Cannon, J. J.; Shao, C.;
Shiomi, J.; Tabata, K. V.; Noji, H.; Sato, K.; Aida, T. Ultrafast Water Permeation through
Nanochannels with a Densely Fluorous Interior Surface. Science (1979) 2022, 376 (6594).
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Quantifying Förster-type energy transfer from single perovskite quantum dots to
organic dyes

L. G. Feld1,2, S. C. Boehme1,2, V. Morad1,2, Y. Sahin1,2, D. Dirin1,2, G. Rainò1,2, M. V. Kovalenko1,2*

1Institute of Inorganic Chemistry, Department of Chemistry and Applied Biosciences, ETH Zürich,
Zürich, 8093 Switzerland, 2Laboratory for Thin Films and Photovoltaics, Empa – Swiss Federal

Laboratories for Materials Science and Technology, Dübendorf, 8600 Switzerland

Colloidal quantum dots (QDs) are promising photoredox catalysts that offer broadly tunable
potentials, high absorption coefficients and regenerability. These properties have prompted QDs to
be examined for various photocatalytic reactions, from water splitting and CO2 reduction to
various organic transformations [1]. An even wider parameter space emerges upon coupling QDs
with other homogeneous catalysts – transition metal complexes or organic dyes – in hybrid
nanoassemblies exploiting energy transfer (ET). Such nanoassemblies could significantly exceed
the performance of the individual constituents thanks to the very large absorption cross section of
QDs combined with the long-lived triplet states of co-catalysts [2]. However, understanding the
complex behavior arising in hybrid nanoassemblies requires methods with high spatio-temporal
resolution [3]. Here, we probe ET from single lead halide perovskite QDs to organic dye molecules
employing single-particle photoluminescence spectroscopy with single-photon resolution. We
identify ET by spatial, temporal, and photon-photon correlations in the QD and dye emission.
Exploiting the high temporal resolution of our experiment as well as the discrete quenching steps
due to photobleaching of individual organic dyes, we observe a characteristic Förster-type ET, with
efficiencies higher than 70% in the sole case of a strong donor-acceptor spectral overlap. Our work
sheds light on the processes occurring at the QD/molecule interface and demonstrates the
feasibility of sensitizing organic catalysts with QDs.

This publication was created as part of NCCR Catalysis, a National Centre of Competence in
Research funded by the Swiss National Science Foundation.

 

[1] Y. Jiang, C. Wang, C. R. Rogers, M. S. Kodaimati and E. A. Weiss, Nat. Chem., 2019, 11,
1034-1040.
[2]   S. P. Pitre, C. D. McTiernan, J. C. Scaiano, Acc. Chem. Res., 2016, 49, 1320-1330.
[3]   J. Zhou, A. I. Chizhik, S. Chu, D. A. Jin, Nature, 2020, 579, 41-50.
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Tetraoxa[8]circulene-Based Porous Materials

P. W. Fritz1, A. Coskun1*

1University of Fribourg, Switzerland

Tetraoxa[8]circulenes (TOCs) are a subclass of hetero[8]circulenes featuring a planar
cyclooctatetraene core, endowing them with unique aromatic features, that influence their
electronic properties, which made them the subject of several experimental and computational
studies. [1,2] Despite this interest in small-molecule TOCs and ample interest by the computational
community, extended TOC structures had not been reported in the literature.

Recently, we reported the first extended polymeric TOC (pTOCs) based on an acid-mediated
cyclization procedure.[3] The obtained semiconductive polymers featured tunable porosity and
could be post-synthetically modified or doped to further control their conductive properties. Based
on these findings, we developed further protocols to change the degree of conjugation and to
introduce heteroatoms into the pTOCs, thus further altering their physical and charge/electron
transport properties.

Besides such porous organic polymers, TOC-based framework materials are exciting due to their
ordered structures and more isotropic properties. To that end, we have developed suitable TOC-
based linkers and prepared Cu-based metal-organic frameworks and boronate-ester-linked
covalent organic frameworks. These materials exhibit excellent semiconducting properties and are
currently being investigated as supercapacitors and ion conductors.

[1] S. Radenkovic, I. Gutman, P. Bultinck, J Phys Chem A 2012, 116, 9421-9430.

[2] C. B. Nielsen, T. Brock-Nannestad, T. K. Reenberg, P. Hammershoj, J. B. Christensen, J. W.
Stouwdam, M. Pittelkow, Chem. Eur. J. 2010, 16, 13030-13034.

[3] P. W. Fritz, T. Chen, T. Ashirov, A.-D. Nguyen, M. Dincă, A. Coskun, Angew. Chem. Int.
Ed. 2022, n/a, e202116527.
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3D Printing of functional organoids at room temperature

R. M. García Montero1, E. Amstad1*

1Soft Materials Laboratory, Institute of Materials, École Polytechnique Fédérale de Lausanne,
Lausanne CH-1015, Switzerland

Organoids derived from stem cells represent a powerful tool to study the growth, development and
function of normal and pathologic human tissues. In addition, they have the potential to serve as
excellent models to test drugs, thereby reducing the need for animal tests. Unfortunately, it is still
challenging to fabricate organoids that display a similar functionality as natural tissues in vitro.
Organoids are typically grown from hydrogel-based scaffolds with well-defined 3D shapes. To
obtain tight control over the 3D structure, hydrogels are frequently 3D printed. Matrigel, the most
commonly used scaffold that can be 3D printed, must be processed at low temperatures and the
printing duration is very limited because the rheological properties of Matrigel change over time.

In this poster, I will outline a possible route to address this limitation by using cell-loaded
viscoelastic capsules that can be processed into 3D printable inks. Importantly, this formulation
would enable room temperature 3D printing for an extended time, thereby addressing the most
stringent limitations of Matrigel.
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Scale-up strategy for lipidic mesophases production

R. Gazzi1, P. Luciani1, S. Aleandri1*

1Department of Chemistry, Biochemistry and Pharmaceutical Sciences; University of Bern

Ulcerative colitis (UC) is a chronic inflammatory disorder involving the colon and rectum which has
no cure. The severe dose-dependent side effects caused by oral therapies combined with the
favourable localization of the disease encouraged the development of local therapies using
enemas and foams as dosage forms. However, the efficacy of these formulations is limited due to
insufficient retention time in the rectum. In this scenario, our research group developed an in situ
forming gel, named TIF-Gel, for the treatment of UC aiming for high local retention and low
systemic drug exposure [1]. TIF-Gel is a lipidic mesophase (LMP)-based formulation characterized
by a low viscosity lamellar phase at room temperature, which provides an easy application by the
patient, and a high viscosity cubic phase at the rectal temperature, providing high drug retention.
The TIF-Gel process flow chart is shown in Figure 1, which is the method commonly used for the
preparation of LMP-based drug delivery systems. In such a method, however, critical process
parameters (CPP) that could affect the quality of the final formulation were identified. Quality
deviation due to CPP becomes a bigger issue when larger batches, for example, for preclinical
studies, need to be produced.

We aimed thus to develop a more reproducible and robust production method for LMP. With our
optimized approach, we could avoid lyophilization and the use of organic solvents, making the
large-scale production of LMP more sustainable. In this study we used a Quality by Design
approach based on a Design of Experiments to select the best conditions to produce the TIF-Gel.
We selected the mixing and equilibration times of the formulation as independent variables, and
the LMP phase geometry, the drug homogeneity within the syringe, and the drug release rate as
dependent variables. We evaluated the versatility of our optimized approach by incorporating five
drugs with diverse physicochemical properties into the TIF-Gel. Overall, using the new production
method, we obtained LMP with lamellar phase geometry at 25 ⁰C and cubic phase at 38 ⁰C, high
drug homogeneity within the syringe and drug release rates comparable to the formulation
produced by the standard methodology.

 

[1] Marianna Carone, Marianne R. Spalinger, Robert A. Gaultney, Raffaele Mezzenga, Aart Mookhoe
k, Philippe Krebs, Gerhard Rogler, Paola Luciani, Simone Aleandri, Nature Communications, 2023,
In press. Pre-print available at bioRxiv doi.org/10.1101/2022.09.28.509483.
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Hyperbranched polyarylethenes synthesized by successive C–H vinylation

A. Y. Gitlina1, K. Severin1*

1Institut des Sciences et Ingénierie Chimiques, Ecole Polytechnique Fédérale de Lausanne (EPFL),
Av. F.-A. Forel 2, 1015 Lausanne, Switzerland

Since the aggregation-induced emission (AIE) phenomenon was discovered for tetraphenylethene
(TPE) in 2007,1 polymers based on tri- and tetraphenylethene have received renewed interest.2
These polymers stand out for highly functional properties such as enhanced AIE, high
luminescence quantum yield in the solid state, high porosity, and response to additives. As a
consequence, polyarylethenes were applied as effective sensors for explosives and metal ions, as
gas sorption compounds, and as light-emitting materials.3,4

Polyarylethenes are generally synthesized from monomers featuring reactive functional groups
(halogens, boronic acids, terminal alkynes) using C‒C coupling reactions,2 reductive olefinations,
or cyclotrimerizations.4 The existing approaches are effective and high-yielding. However, the final
polymeric products remain chemically unstable due to the presence of the functional groups on
the ends or in the periphery.

Here we show a novel procedure for the synthesis of polyarylethenes. As coupling polymerization,
we employ a С‒H vinylation of aromatic cores mediated by acid-induced cleavage of a triazene
(Scheme 1).

Scheme 1. Synthesis of polyarylethenes via C‒H polyvinylation.

The methodology allows obtaining ‘inert’ polyarylethenes without reactive functional groups in
good yield. The branched polyarylethenes were characterized by NMR, HRMS, GPC, TGA, and
elemental analysis. They show a size-dependent luminescence and a double emission in the solid
state and in aggregates. The unusual AIE behaviour allows ratiometric detection of metal ions in
water solutions.

The authors are sincerely grateful for financial support from the Swiss National Science Foundation
(SNSF) and the EPFL.

[1]   Y. Dong, J. W. Y. Lam, A. Qin, Appl. Phys. Lett., 2007, 91, 011111.
[2]   H. Zhou, X. Wang, T. T. Lin, Polym. Chem., 2016, 7, 6309.
[3]   Y. Liu, J. Roose, J. W. Y. Yam and B. Z. Tang, Macromolecules, 2015, 48, 8098.
[4]   R. Hu, J. W. Y. Lam, J. Liu, Polym. Chem., 2012, 3, 1481.
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Switchable asymmetric water transport in dense nanocomposite membranes

L. Grillo1, C. Weder1*

1Adolphe Merkle Institute, University of Fribourg, Chemin des Verdiers 4, 1700 Fribourg,
Switzerland

Directional transport of water has technological relevance in several applications, from separation
processes[1] to functional clothing[2] and smart packaging[3]. While this feature has been widely
implemented in asymmetric porous materials to achieve directional wetting,[4] studies on non-
porous membranes with directional water transport are rather limited. As part of a renewed
interest in this topic, our group recently developed dense nanocomposite membranes inspired by
plant cuticles that exhibit asymmetric water transport characteristics.[5]

Here we report compositionally asymmetric membranes based on a hydrophobic
poly(styrene)-block-poly(butadiene)-block-poly(styrene) (SBS) copolymer and hydrophilic polyvinyl
alcohol (PVA) nanofibers. The water-induced plasticization of PVA, combined with the asymmetric
structure, results in directional water transport when the membranes are exposed to large relative
humidity (RH) gradients. The directionality can easily be tuned by varying the composition of the
membranes, enabling the development of a wide variety of new materials with switchable
asymmetric water transport that may be useful for packaging applications.

[1] Aristotelis Kamtsikakis et al., Journal of Membrane Science, 2021, 635, 119473.

[2] Yifan Si et al., Advanced Fiber Materials, 2023, 5, 138–153.

[3] Yuichi Hirata et al., Journal of Membrane Science, 2005, 256, 7–17.

[4] Hui Zhou, Zhiguang Guo, Journal of Materials Chemistry A, 2019, 7, 12921–12950.

[5] Aristotelis Kamtsikakis et al., Nature Communications, 2021, 12, 1267.
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The key role of reaction engineering in catalytic recycling of HDPE and PP

S. Jaydev1, K. Chikri1, M. Usteri1, A. J. Martín1, G. Pagani1, J. Pérez-Ramírez1*

1ETH Zurich

High-density polyethylene (HDPE) and polypropylene (PP) account for nearly 50% of all plastic
waste produced. Life cycle assessments point at their catalytic hydro-conversion into light alkanes
as a potential long-term environmentally and economically viable solution.[1] Investigations have
largely focused on catalyst development, despite the presumably large relevance of reaction
engineering due to the distinctive nature of plastic as reactants. As non-Newtonian fluids when
melted, their highly viscous and shear-thinning nature (Fig 1a.) may dictate mass transport
properties not properly described by classical theories for internal and external mass transport
limitations, underscoring the role of rheology to assess catalyst-feedstock contact[2]. Systematic
studies over a reference Ru/TiO2 catalyst revealed and rationalized distinctive responses to fluid
velocity, flow pattern, and catalyst sieve sizes. Distinctive flow patterns imposed by stirrer
geometry are described by cyclic motion of the feedstock in axial flow, bringing about greater
catalyst-feedstock contact, leading to higher conversion, whereas sideways motion in radial flow
leads to the catalysts being settled at the bottom (Fig. 1b). Multiphase CFD simulations and high-
speed imaging revealed that the lower viscosity of PP under operating shear (Fig. 1a) favour a
more homogeneous distribution of catalyst particles in the reactor, in contrast to the more viscous
HDPE, for which catalyst sieve size becomes key (Fig. 1c). The aforementioned observations
indicate that reaction engineering is thus of utmost importance for the evaluation of catalytic
performance. Consequently, this study also identifies operating conditions characterized by non-
dimensional numbers for minimizing the influence of viscosity of HDPE and PP, under which
catalyst are recommended to be evaluated (torque > 10 N.cm with axial flow, T > 473 K).

Fig. 1a Chemical structure and viscosity (under changing torque) of the two feedstocks (PP,
MFI = 4, HDPE, MFI = 2.2). b Yields of different fractions for PP and HDPE under varying mixing
patterns c Yields of different fractions for PP and HDPE under varying sieve size. Reaction
conditions: T = 498 K, P = 20 bar H2, t = 4 h and catalyst/plastic = 5 wt.%

[1] A.J. Martín, C. Mondelli, S. D. Jaydev, J. Pérez-Ramírez, Chem 2021, 7, 1487-1533.
[2] J. Ge, B. Peters, Chem. Eng. J. 2023, 466, 143251.
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Enabling reprocessability and flame retardancy of fiber reinforced epoxy composites
via reactive approach

W. Klingler-Wu1, V. Michaud2, G. A. Barandun3, S. Gaan1*

1Laboratory for Advanced Fibers, 2Laboratory for Processing of Advanced Composites (LPAC), 3
Institute for Materials technology and plastics processing

The increasing amount of fossil-based plastic waste ending up in our environment is one of the
most pressing issues of the oncoming decades. Thus, development of re-usable polymers with a
prolonged useful lifetime heralds the switch for a transition towards a more circular economy.[1] A
novel class of dynamic phosphonate ester bonds containing thermoset has been designed and
synthesized, via a simple one-pot and two-step procedure.[2] The resulting material has been used
to fabricate natural fiber reinforced polymer composites (FRPCs), which demonstrated exceptional
reparability, recyclability and flame retardancy. The chemical structures and compositions of the
chemical precursor and thermosets are confirmed by solution and solid phase NMR spectroscopy,
elemental analysis, and Fourier transform infrared spectroscopy. The covalent incorporation
of monomer/polymeri phosphite moieties in the thermoset matrix introduced sufficient dynamic P-
O ester bonds, and promoted the exchange of network strands under moderate heating condition,
resulting in scratch reparability and recyclability. Due to the presence of phosphorus in the
structure, the thermoset also exhibited excellent flame retardancy in varied fire tests. Applications
of the thermoset as fire protective coating on wood samples and polymer matrix in FRPC were
explored. Fire tests confirmed their excellent fire performance via intumescent mechanism.
In order to improve the recyclability of thermosetting materials, various recyclable materials have
been synthesized via incorporation of wide variety of covalent exchangeable bond.[3, 4] Some of
these materials containing sufficient carboxylic ester, disulfide, siloxane, imine, diketoenamine,
Diels−Alder adduct, dioxaborolane bonds etc., can "flow" again like thermoplastics through
network topological rearrangement by thermally triggered catalytical bond exchanges. Such
network structures are fixed at product operating temperatures when the exchange reaction
kinetics are frozen. Among the various dynamic covalent bonds, phosphorous ester based
transesterification reaction may provide a multifaceted solution, this functionality not only offers
excellent fire protection, but also has industrial relevance due to ready availability of monomers
and straightforward synthesis procedure. Phosphate triester based thermosets brought new
inspirations into multifunctional vitrimer material.[5] If we could replace the phosphate with
phosphonate, the P-C bond will theoretically bring even better material stability and flame
retardancy, as it is a chemically and thermally stable analog of a P–O bond.

[1] Wu Klingler, W.; Bifulco, A.; Polisi, C.; Huang, Z.; Gaan, S. Recyclable inherently flame-retardant
thermosets: Chemistry, properties and applications. Composites Part B: Engineering 2023,
110667. DOI: https://doi.org/10.1016/j.compositesb.2023.110667.
[2] Wu Klingler, W.; Rougier, V.; Huang, Z.; Parida, D.; Lehner, S.; Casutt, A.; Rentsch, D.; Hedlund,
K. B.; Barandun, G. A.; Michaud, V.; et al. Recyclable flame retardant phosphonated epoxy based
thermosets enabled via a reactive approach. Chemical Engineering Journal 2023, 466, 143051.
DOI: https://doi.org/10.1016/j.cej.2023.143051.
[3 ]Pei, Z.; Yang, Y.; Chen, Q.; Terentjev, E. M.; Wei, Y.; Ji, Y. Mouldable liquid-crystalline elastomer
actuators with exchangeable covalent bonds. Nat Mater 2014, 13 (1), 36-41. DOI:
10.1038/nmat3812. Deng, J.; Kuang, X.; Liu, R.; Ding, W.; Wang, A. C.; Lai, Y. C.; Dong, K.; Wen, Z.;
Wang, Y.; Wang, L.; et al. Vitrimer Elastomer-Based Jigsaw Puzzle-Like Healable Triboelectric
Nanogenerator for Self-Powered Wearable Electronics. Adv Mater 2018, 30 (14), e1705918. DOI:
10.1002/adma.201705918.
[4] Feng, X.; Li, G. Catalyst-free β-hydroxy phosphate ester exchange for robust fire-proof
vitrimers. Chemical Engineering Journal 2021, 417, 129132. DOI:
https://doi.org/10.1016/j.cej.2021.129132.
[5] Salmeia, K. A.; Gaan, S. An overview of some recent advances in DOPO-derivatives: Chemistry
and flame retardant applications. Polymer Degradation and Stability 2015, 113, 119-134. DOI:
10.1016/j.polymdegradstab.2014.12.014.
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Silicone Nanofilament Coatings as Flexible Catalyst Supports for a Knoevenagel
Condensation Reaction in Batch and Flow Systems

Y. Lau1, K. Chen1, S. Liu1, L. Reith1, S. Seeger1*

1Department of Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich,
Switzerland

In this work, the application of silicone nanofilament (SNF) coatings as catalyst supports for amino
moieties from (3-aminopropyl)triethoxysilane (APTES) was investigated. During the past years, our
group has established a highly facile method to grow SNF on substrates via a droplet-assisted
growth and shaping (DAGS) approach at room temperature [1]. With the optimized coating
conditions identified, the Brunauer–Emmett–Teller surface areas of a bare glass filter substrate and
bare glass beads after the coating have increased by 5-fold and 16-fold, respectively. The SNF-
coated filters were readily functionalized with amino groups via a liquid-phase deposition process,
and their catalytic activities for a Knoevenagel reaction were evaluated using a batch reactor and
a packed bed reactor. In both reactors, the as-prepared filters demonstrated superior catalytic
performance over the functionalized filters without SNF coatings. Notably, the unique flexibility of
the SNF coatings allowed the facile preparation of a packed bed reactor and a scalable catalytic
system. It is expected that the packed bed system established in this study will support the
development and the use of various SNF-supported organocatalysts and catalytic materials.

[1] Georg Artus, Stefan Jung, Jan Zimmermann, Hans-Peter Gautschi, Klaus Marquardt, and Stefan
Seeger, Advanced Materials, 2006, 18, 2758-2762.
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Charge-Selectively Permeable Microcapsules

C. Li1, E. Amstad1*

1Swiss Federal Institute of Technology in Lausanne (EPFL)

Microcapsules with a selectively permeable shell are attractive delivery vehicles, containers for
sensing, and micro-reactions. While capsules displaying a size-selective permeability have been
frequently reported1–4, capsules with charge-selectivity are much rarer. Here, we introduce a new
type of capsule possessing viscoelastic shells that display a charge-selective permeability. The
capsules are composed of chelator-functionalized surfactants that have been crosslinked with
appropriate ion clusters. We demonstrate that these capsules can repeatedly uptake and release
selected reagents. These capsules have the potential to be used, for example, for wastewater
treatment, or as picoliter-sized reaction vessels to selectively conduct chemical reactions only
within capsule cores. 

[1] Werner, J. G.; Deveney, B. T.; Nawar, S.; Weitz, D. A.  Funct. Mater. 2018, 28 , 1803385.
[2] Steinacher, M.; Cont, A.; Du, H.; Persat, A.; Amstad, E. ACS Appl. Mater. Interfaces 2021, 13,
15601–15609.
[3] Michielin, G.; Maerkl, S. J. Scientific  Reports 2022, 12 , 1–9.
[4] Choi, Y. H.; Hwang, J. S.; Han, S. H.; Lee, C. S.; Jeon, S. J.; Kim, S. H. Funct. Mater. 2021, 31,
2100782.
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Degradable Polymers via Catalytic Living ROMP

A. Mandal1, A. Kilbinger1*

1Department of Chemistry, University of Fribourg, Chemin du Musée 9, 1700 Fribourg ,Switzerland

The development of degradable polymers has commanded significant attention over the past half-
century. 1 Since most of the metathesis polymers lack backbone degradability, recent efforts have
been directed toward expanding the family of degradable polymers accessible via olefin
metathesis polymerization for their potential applications in drug delivery, therapeutics,
technology as well as for environmental sustainability. Although several routes have been
developed to synthesize degradable polymers via ring-opening metathesis polymerization (ROMP),
they all rely on the utilization of stoichiometric amounts of ruthenium-based metal catalysts, which
bestow a ruthenium carbene on each polymer chain during the polymerization. This often results
in high catalyst loading, which is quite expensive and leads to toxic metal contaminants in the
synthesized polymers, potentially hindering the industrial and biomedical applications of these
materials. The design of ROMP methods that require only a catalytic amount of ruthenium catalyst
is desirable to realize lower costs and the most sustainable syntheses compared with ROMP using
a traditional amount of catalyst. But, finding a catalytic ROMP protocol that will facilitate the
synthesis of living and degradable polymers has always been a challenging issue. Herein, we have
demonstrated a new catalytic living ROMP mechanism exploiting the regioselectivity and high
metathesis activity of vinyl ethers as chain transfer agents (CTAs) to synthesize narrowly
dispersed degradable polymers by copolymerizing 2,3-dihydrofuran (DHF) with several norbornene
derivatives.2,3 All characteristics of a living polymerization such as narrow dispersity, excellent
molar mass control, and the ability to form block copolymers are achieved by this method. This
simple and one-pot approach allows the use of up to 200 times less ruthenium complex than
traditional living ROMP. Narrowly dispersed ROMP-ROMP diblock copolymers, ATRP from a ROMP
macro-initiator, and living ROMP from a PEG-based macro chain transfer agent were also
synthesized quite straightforwardly by this strategy. We believe that this cost-effective,
sustainable, and environmentally friendly synthesis of degradable polymers and block copolymers
enabled by this method will find various applications in bordering fields.

(1) Sun, H.; Liang, Y.; Thompson, M. P.; Gianneschi, N. C. Degradable Polymers via Olefin
Metathesis Polymerization. Prog. Polym. Sci. 2021, 120, 101427.
(2) Mandal, A.; Mandal, I.; Kilbinger, A. F. M. Catalytic Living Ring-Opening Metathesis

Polymerization using Vinyl Ethers as Effective Chain Transfer Agents.Angew. Chem. Int. Ed.
2023, 62, e202211842.
(3) Stoddart, A. Catalytic living ROMP. Nat. Synth. 2023, 2, 3.
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A Handful of Sustainable Routes for Catalytic Ring-Opening Metathesis Polymerization

I. Mandal1, A. F. Kilbinger2*

1University of Fribourg, Department of Chemistry , Chemin du Musée 9, CH-1700, Fribourg,
Switzerland, 2University of Fribourg, Department of Chemistry, Chemin du Musée 9, CH-1700,

Fribourg, Switzerland

For many decades, the ring-opening metathesis polymerization (ROMP) using Grubbs complexes
has been a well-known technique. However, stoichiometric amounts of toxic and expensive Ru
complexes are required with respect to the number of polymer chains formed for typical ROMP. In
2022, our group discovered that conjugated 1,3 dienes1 and styrenes2 can act as effective chain
transfer agents (CTAs) that catalytically allow for polymerization, reducing the required amount of
Ru complex by up to 1000 times compared to classical syntheses. Our detailed mechanistic
analysis uncovered a new kinetically controlled chain transfer mechanism. Furthermore, our
catalytic method allows access to structurally new block copolymer combinations that were
previously unachievable3.

Moreover, we have recently revealed that using the same CTAs under slow monomer addition
conditions can achieve a degenerative exchange mechanism4. This mechanism involves the
reversible exchange of vinyl groups (derived from CTAs such as styrene), giving the macroscopic
impression that all polymer chain ends can propagate quasi-simultaneously. It turns out that
virtually all ROMP polymers prepared over the last 50 years have carried the correct end-group for
degenerative exchange, meaning they could be activated again and turned into block copolymers
with only sub-stoichiometric quantities of Grubbs catalysts.

This discovery has exciting implications for the field of ROMP and may pave the way for more
sustainable and cost-effective polymer synthesis.

(1) Indradip Mandal, Ankita Mandal, Md. Atiur Rahman, Andreas F. M. Kilbinger, Chem. Sci. 2022,
13, 12469–12478.
(2) Indradip Mandal, Andreas F. M. Kilbinger, JACS Au 2022, 2, 2800–2808.
(3) Indradip Mandal, Ankita Mandal, Andreas F. M. Kilbinger, ACS Macro Lett. 2022, 11,
1384–1389.
(4) Indradip Mandal, Andreas F. M. Kilbinger, Under revision (Angew. Chem., 2023).
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Hierarchical Self-organization of Polymersomes and Janus Nanoparticles Mediated by
DNA
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A significant approach in various fields such as chemistry, electronics, and technology is the self-
organization of nano-objects into complex architectures. This strategy aims to generate novel
systems with unique properties and functionalities [1–3]. An important step in creating
interconnected artificial organelles is the DNA hybridization between synthetic assemblies,
including polymersomes, nanoparticles, and micelles. These assemblies facilitate cascade
reactions among different encapsulated catalytic compounds and can imitate cell signaling and
interactions[4,5].

In this study, we explore the self-organization of clusters formed by "hard" Janus nanoparticles
(JNPs) and "soft" polymersomes, presenting a universal approach to developing a hybrid system
with multiple functions for specific bio-applications. The polymer-based JNPs possess anisotropic
composition and orthogonally addressable functionality, making them an asymmetric platform
suitable for directional interactions[6,7] with the soft polymersomes. These clusters are formed
through the hybridization of complementary ssDNA strands attached to each component. While
adhering to the surface of the "hard" JNPs, the polymersomes undergo deformation but maintain
their structural integrity due to the robustness of the block copolymer membrane. Notably, the
polymersomes retain their vesicular architecture even after assembly into JNP-polymersome
clusters, allowing for the encapsulation of various types of functional cargo[8]. Lastly, the study
investigates the biocompatibility of these clusters and their interactions with cell surfaces,
facilitated by scavenger receptors.

[1]            C. Gong, S. Sun, Y. Zhang, L. Sun, Z. Su, A. Wu, G. Wei, Nanoscale 2019, 11, 4147.
[2]            G. Zhu, Z. Xu, Y. Yang, X. Dai, L.-T. Yan, ACS Nano 2018, 12, 9467.
[3]            M. R. Jones, N. C. Seeman, C. A. Mirkin, Science 2015.
[4]            A. Belluati, I. Craciun, J. Liu, C. G. Palivan, Biomacromolecules 2018, 19, 4023.
[5] J. Liu, V. Postupalenko, S. Lörcher, D. Wu, M. Chami, W. Meier, C. G. Palivan,Nano Lett.
2016, 16, 7128.
[6]            C. Kang, A. Honciuc, ACS Nano 2018, 12, 3741.
[7]            V. Mihali, A. Honciuc, Adv. Mater. Interfaces 2022, 9, 2101713.
[8]            V. Mihali, M. Skowicki, D. Messmer, C. G. Palivan, Nano Today 2023, 48, 101741.
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Insertion of dynamically self-assembling capsules into planar polymer membranes for
specific guest uptake

M. S. Muthwill1,2, F. Sciortino1, M. Bina1, C. G. Palivan1,2*

1University of Basel, 2NCCR Molecular Systems Engineering

Solid-supported membranes offer great potential in material and life sciences. Especially the use of
amphiphilic block-copolymers introduces many advantages over lipid membranes. Due to their
robustness and compatibility for the combination with biomacromolecules, polymers are good
candidates for the generation of functional surfaces with biomimicking properties. However, there
is still a need for novel strategies which allow for adaptation of the systems to specific
requirements, such as selective molecule recognition and permeability. In this study, we used a
solvent-assisted approach for polymer hybrid membrane deposition and show the successful
insertion of a synthetic host for specific guest complexation: Resorcinarenes, which assemble into
hexameric capsules in apolar solvents, were inserted into a solid-supported, planar PMOXA-PDMS-
PMOXA triblock copolymer membrane. Their functionality was assessed by a Quartz-Crystal
Microbalance with Dissipation (QCM-D)-based guest uptake assay. Physicochemical
characterisation is provided by Atomic Force Microscopy (AFM). The membranes containing
resorcinarenes were able to specifically take up a guest molecule from the aqueous flow, proving
the capsule assembly inside the polymer membrane and furthermore indicating the ability of a
hydrophobic polymer layer to partially mimic bulk properties of organic solvents. Resorcinarene
capsules, which provide a large cavity with specific encapsulation affinity for cationic and
polyhydroxylated molecules via specific host-guest interactions, could in the future serve as novel,
dynamic membrane transporters with specificity for cations and certain sugars, which makes them
interesting as well for biological applications.
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Combating multidrug-resistant bacterial infections with peptide-loaded lipid-polymer
hybrid nanoparticles
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Antimicrobial resistance is a global health concern that is rising to dangerously high levels.
Antimicrobial peptides (AMPs) have emerged as promising alternatives to antibiotics due to their
high efficacy and low resistance rates against several bacterial strains1. However, the clinical
application of AMPs is hampered by their toxicity, immunogenicity and rapid degradation in vivo.
This study aims to develop a novel AMP delivery system based on non-toxic and non-immunogenic
nanocarriers with tunable physicochemical properties to improve the stability and therapeutic
efficacy of AMPs in vivo.

Lipid-polymer hybrid nanoparticles (LPNPs) that combine the advantages of both liposomes and
polymeric nanoparticles2 were developed for the encapsulation of two antimicrobial peptides,
cathelicidin (LL-37) and Human beta-defensin 3 (hBD3). These peptides present the main defense
response of the respiratory system and are known for their broad-spectrum antibacterial activity
against multidrug-resistant Gram+ and Gram- bacterial strains3.

The peptide-loaded LPNPs were prepared by emulsion-solvent evaporation method using both
sonication and microfluidic mixing. The formulations were characterized for their physicochemical
characteristics (DLS), their morphology (AFM, TEM), as well their stability after lyophilization and
storage under different conditions. Finally, their antimicrobial efficacy towards E. Coli and B.
Subtilis, was tested and compared to the peptide solutions.  

The LPNP formulations that were developed demonstrated an optimal size (~150 nm), and
polydispersity index (PDI < 0.2) with a spherical morphology. Compared to liposomes, they
maintained their physicochemical characteristics after lyophilization and storage in different
temperatures. In addition, they demonstrated enhanced antimicrobial activity towards the E. Coli
and B. Subtilis bacterial strains.

In summary, a novel lipid-polymer hybrid nanoparticle system was developed that exhibited
optimal physicochemical properties, stability and improved antimicrobial efficacy compared to the
peptide solutions, indicating that they could be an important alternative tool for the fight against
bacterial resistance. Further in vitro and in vivo studies are needed to exploit the potential of this
novel LPNP system.

[1] Luu, T., Li, W., O'Brien‐Simpson, N. M., & Hong, Y. (2021). Recent applications of aggregation
induced emission probes for antimicrobial peptide studies. Chemistry–An Asian Journal, 16(9),
1027-1040.
[2] Mandal, B., Bhattacharjee, H., Mittal, N., Sah, H., Balabathula, P., & Thoma, L. A. (2013). Wood
GC: Core–shell-type lipid–polymer hybrid nanoparticles as a drug delivery platform. Nanomedicine:
Nanotechnology, Biology and Medicine, 9(4), 474-491.
[3] Lohova, Elizabeta, Zane Vitenberga-Verza, Dzintra Kazoka, and Mara Pilmane. "Local Defence
System in Healthy Lungs." Clinics and Practice 11, no. 4 (2021): 728-746.
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Responsive supramolecular cross-links for healable double polymer networks
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Double polymer networks (DNs) consist of two polymer networks that usually exhibit different
physical properties. These materials are of great interest thanks to the remarkable mechanical
properties (toughness, elasticity) that one can achieve, and they can find direct applications in
engineering or the medical field.[1]

DNs comprising covalent cross-links synthesized either in the presence or absence of a solvent have been
deeply investigated.[2][3] little attention has been dedicated to DNs containing supramolecular cross-
links. Supramolecular bonds can be highly dynamic and DNs containing such motifs can offer ease of
(re)processing and recyclability as well as the possibility of being healable.

Here, we report the synthesis of different DN elastomers based on poly(butyl acrylate) (PBA) that
comprise covalent and dynamic cross-links in different molar feeds (Fig. 1). The supramolecular polymer
networks are made by reversible addition−fragmentation chain-transfer (RAFT) co-polymerization of butyl
acrylate (BA) with either 2-ureido-4[1H]pyrimidinone (UPy) motif, which dimerizes by quadrupole
hydrogen bonding interaction, or the 2,6-bis(1′-methylbenzimidazolyl)pyridine (MeBip) tridentate ligand,
which forms complexes with Zn2+ ions in a 2:1 stoichiometry.[5][6][7] The covalent polymer network
(PBA-BDA) comprises 1,4-butanediol diacrylate (BDA) as a covalent cross-link, and is prepared by UV-
initiated free-radical polymerization (UV curing).[8] The thermomechanical properties of the individual
networks and their multiple combinations are investigated. In addition, we investigated the
responsiveness of PNs comprising dynamic cross-links by healing studies.

[1] Jia Yang et al., Advanced Functional Materials, 2022, 32, 2110244.
[2] Etienne Ducrot et al., Science, 2014, 344, 186-189.
[3] Jian Ping Gong et al., Advanced Materials, 2003, 15, 1155-1158. 
[4] Takuzo Aida et al., Israel Journal of Chemistry, 2020, 60, 33–47.
[5] Julien Sautaux et al., Macromolecules, 2018, 51, 5867-5874.
[6] Laura N. Neumann et al., Polymer Chemistry, 2020, 11, 586-592.
[7] Marco Mareliati et al., Macromolecules, 2022, 55, 5164-5175.
[8] James R. Hemmer et al., Journal of the American Chemical Society, 2021, 143, 45,
18859–18863.
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Despite the remarkable breakthroughs in catalyst-transfer polymerization (CTP) technology in the
precision synthesis of conjugated polymers, modulating the monomer reactivity is still challenging.
We report that, by boronate tuning, we can modulate the rate of the Suzuki–Miyaura CTP (SCTP) of
3-hexylthiophene with high control. First, cyclic boronate esters showed different polymerization
rates depending on their diol subunit structure. Additionally, the rates of the N-coordinated
boronates were differentiated by tuning their O- or N-substituents. Notably, the origin of the
difference in reactivity could be explained by the N → B bond lengths. The detailed structural
analysis of the resulting polymers by 1H NMR and MALDI-TOF spectrometry showed that the slower
and more stable boronate monomers were less prone to homocoupling and protodeboronation,
thereby producing poly(3-hexylthiophene) (P3HT) with higher control (i.e., molecular weight,
dispersity, end-group fidelity, and yield). By rational optimizations to suppress homocoupling and
protodeboronation, well-defined P3HT were prepared at various monomer-to-initiator ratios (M/I
ratios).
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Unraveling the synthesis, structure, and properties of zirconia nanocrystals

R. Pokratath1, L. Laurent2, S. Checchia3, J. P. Mathew1, S. J. Billinge4, B. Abécassis2, K. M. Jensen5, J.
De Roo1

1Department of Chemistry, University of Basel, Mattenstrasse 24, BPR 1096, Basel 4058,
Switzerland, 2Univ Lyon, ENS de Lyon, CNRS, Université Claude Bernard Lyon1, Laboratoire de
Chimie, Lyon, France, 3ESRF Synchrotron, ID15A Beamline, 71 Avenue des Martyrs, CS40220,
38043 Grenoble, France, 4Applied Physics and Applied Mathematics Department, Columbia
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Energy and memory storage systems play a vital role in numerous applications, ranging from
consumer electronics to renewable energy. Ongoing research aims to enhance the performance
and capabilities of these technologies while enabling new applications. One promising avenue for
advancement lies in materials with switchable polarization behaviors, such as ferroelectricity,
which have the potential to significantly improve developments in this field. Nanomaterials
possess unique physical, chemical, and biological properties that differ from their bulk
counterparts, making them highly attractive for many applications. However, their properties are
often determined by size, shape, and structure, so understanding the relationship between
synthesis and structure is crucial for optimizing their properties. In this work, we investigate the
formation mechanism of zirconia nanocrystals using a powerful combination of techniques,
including X-ray scattering, NMR spectroscopy, quantum chemical calculations, and
chromatography.1, 2 Through these methods, we identified the active precursor species and
amorphous intermediate in the reaction mixture and hypothesized an alternative mechanism for
precursor decomposition and nanocrystal formation. By using various precursor combinations, we
demonstrated several strategies for controlling the kinetics of the reaction and achieving size
tuning, which is particularly challenging for group 4 and 5 metal oxides. Furthermore, we
conducted a thorough structural characterization of zirconia nanocrystals using pair distribution
function analysis, which revealed a distinct local structure distortion in the material. Intriguingly,
this distortion induces switchable polarization properties in ZrO2. Overall, our study sheds new
light on the formation and properties of zirconia nanocrystals and opens up new possibilities for
the design of novel energy and memory storage systems based on switchable polarization
behaviors.

 

1. Pokratath, R.; Lermusiaux, L.;  Checchia, S.;  Mathew, J. P.;  Cooper, S. R.;  Mathiesen, J. K.; 
Landaburu, G.;  Banarjee, S.;  Tao, S.;  Reichholf, N.;  Billinge, S. J. L.;  Abecassis, B.;  Jensen, K. M.
Ø.; De Roo, J., An amorphous phase precedes crystallization; unraveling the colloidal synthesis of
zirconium oxide nanocrystals. ACS Nano, 17, 9, 8796-8806, 2023.

2. Pokratath, R.; Van Den Eynden, D.;  Cooper, S. R.;  Mathiesen, J. K.;  Waser, V.;  Devereux, M.; 
Billinge, S. J. L.;  Meuwly, M.;  Jensen, K. M. Ø.; De Roo, J., Mechanistic Insight into the Precursor
Chemistry of ZrO2 and HfO2 Nanocrystals; towards Size-Tunable Syntheses. JACS Au, 2, 4, 827-838,
2022.
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What we learnt from PEGylation of virus-like particles for vaccination

M. Radiom1, S. Ganguillet1, Y. Turgay1, V. Lentsch1, T. Keys1, E. Causa2, J. Kotar2, P. Cicuta2, R.
Mezzenga1*, E. Slack1*

1Institute of Food, Nutrition and Health, ETH Zürich, Zürich, Switzerland, 2Biological and Soft
Systems, Cavendish Laboratory, University of Cambridge, Cambridge CB3 0HE, U.K

Virus-like particles (VLPs) have shown great potential in vaccination and drug delivery as
nanocarriers of antigenic and therapeutic molecules [1]. VLPs are soft (~ 100 pN/nm) and
proteinaceous colloidal particles (20–200 nm) that are susceptible to bio-mechanical and chemical
stress leading to aggregation and disintegration, c.f. figure below for an example of VLP vaccines
and Ref. [2]. These susceptibilities are expected to limit their application in various indications. We
have very recently shown that polyethylene glycol (PEG) crosslinking of surface amine groups of a
VLP assembled from Acinetobacter phage coat protein AP205, namely AP205 VLP, modulated the
VLP’s resistance to mechanical stress [3]. Building on this observation, here we present that the
other stability profiles of AP205 VLP, including resistance to enzymatic degradation and pH-
induced aggregation, are also modulated after PEG-crosslinking. In an in vitro model of human
nasal tissue with motile cilia (representing mucosal administration), PEG-crosslinked as well as
native AP205 VLPs were cleared via mucociliary clearance, thereby PEG-crosslinking did not make
a noticeable difference. In in vivo mouse vaccinations, interestingly, PEG-crosslinking increased
immune activation against the coat protein in addition to producing anti-PEG serum IgG. It is
expected that by understanding the biophysical and immunological limits of VLPs, the VLP-based
vaccine and drug delivery technology will present highly effective nanocarriers leading to reduced
administration dosage and/or number of schedules.

[1] Martin Bachmann, Gary Jennings, Nature Reviews Immunology, 2010, 10, 787-796.
[2] Antonius Armanious, Milad Radiom, Raffaele Mezzenga, Current Opinion in Colloid & Interface
Science, 2023, 66, 101703.
[3] Milad Radiom, Tim Keys, Yagmur Turgay, Ahmed Ali, Swapan Preet, Serge Chesnov, Viviane
Lutz-Bueno, Emma Slack, Raffaele Mezzenga, Journal of Colloids and Interface Science, 2023, 634,
963-971.
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Surface functionalization strategies for optimal DNA biosensor performance

P. Robin1, A. Kavand1, P. Skigin1, L. Mayoraz1, S. Marocco2, J. Pagnoncelli 2, D. Staedler3, I.
Stefanini2*, S. Gerber-Lemaire1*

1Institute of Chemical Sciences and Engineering, Ecole Polytechnique Fédérale de Lausanne, 2
Department of Innovative Technologies, University of Applied Sciences of Southern Switzerland, 3

TIBIO Services, Scitec Research SA

The emergence of the COVID-19 pandemia highlighted the need for rapid, accurate and massive
virus detection techniques to control the circulation of infectious diseases. Surface DNA-biosensors
are interesting candidates for this purpose as they provide a high sensitivity detection, are
affordable and can be implemented in microfluidic systems for automated detection.1

The design of such surfaces must address a number of parameters, such as the density and
orientation of immobilized single-strand DNA (ssDNA) probes, which have been identified as key
factors to control the performance of the biosensing device.1,2 The available binding sites should
be maximized to provide a large number of anchoring sites for the targeted gene, in order to
increase the sensitivity of the sensor.

We suggest a variety of strategies to immobilize ssDNA probes on glass surfaces. The
resulting sensing surfaces displayed different DNA probe densities, geometrical configurations and
behaviours. A first simple system was obtained by conjugating ssDNA probes to amino-coated
surfaces via a short succinic linker. Later, branched-peptides were developed to reach a higher
immobilization density on borosilicate surfaces.3 Then, the use of spacers of different lengths were
developed to study the effect of the DNA/surface spacing on the hybridization density. Finally,
ssDNA probes were conjugated through a stimuli-responsive polymer to obtain DNA biosensors
with antifouling properties.

Overall, diverse surface functionalization strategies were developed for the conjugation of ssDNA
probes on glass surfaces to obtain DNA biosensors with tailored configurations and behaviours.
The resulting sensing surfaces were further implemented in a microfluidic screening platform for
the detection of unamplified viral RNA from saliva samples. As a proof-of concept, with a simple
functionalization pattern, a detection limit of 10 aM was reached for the identification of SARS-
CoV-2 RNA by fluorescence readout, in 10 minutes from human saliva with a high specificity.4 The
detection efficiency of the newly developed sensing surfaces is under study for several viral RNAs.

We are grateful for financial support by the Swiss Confederation in the form of an Innosuisse grant
38934.1 IP-LS and the Swiss National Science Foundation via a NRP 78 grant 4078P0_198265.

[1]  F. R. R. Teles and L. P. Fonseca, Talanta, 2008, 77, 606–623.
[2] S. B. Nimse, K. Song, M. D. Sonawane, D. R. Sayyed and T. Kim, Sensors, 2014, 14,
22208–22229.
[3]  A. Kavand, P. Robin, L. Mayoraz, M. Mensi, S. Gerber-Lemaire, Manuscript in preparation
[4] P. Robin, L. Barnabei, S. Marocco, J. Pagnoncelli, D. Nicolis, C. Tarantelli, A. C. Tavilla, R.
Robortella, L. Cascione, L. Mayoraz, C. M. A. Journot, M. Mensi, F. Bertoni, I. Stefanini and S. Gerber-
Lemaire, Biosensors and Bioelectronics: X, 2023, 13, 100302.
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Cascade Cyclopolymerization of 5-Ethynyl-1,8-Nonadiyne Derivatives to Synthesize Low
Band Gap Conjugated Polyacetylenes Containing a Fused Bicyclic Structure

H. Ryu1, J. Sung2, G. Kim2, Y. Xu3, R. H. Grubbs4, T. Choi1*

1ETH Zürich, Department of Materials, Zürich 8093, Switzerland, 2Seoul National University,
Department of Chemistry, Seoul 08826, Republic of Korea, 3Peking University, College of

Chemistry and Molecular Engineering, Beijing 100871, China, 4California Institute of Technology,
Division of Chemistry and Chemical Engineering, Pasadena, California 91125, USA

Cyclopolymerization is a powerful method for synthesizing polyacetylenes containing four- to
seven-membered rings. However, the structure of the repeat unit only consists of mono-
cycloalkene due to the single cyclization of diyne monomers. Herein, we demonstrate a novel
cascade cyclopolymerization to synthesize polyacetylenes containing fused bicyclic rings from
triyne monomers containing bulky dendrons via sequential cascade ring-closing metathesis. These
dendrons provided solubility and stability to the rigid bicyclic polyacetylene backbone. In addition,
we controlled the regioselectivity of the catalyst approach by altering its structure and synthesized
polymers containing fused bicyclo[4,3,0] or [4,4,0] rings with high molecular weights of up to 120
kg/mol. Interestingly, the resulting polymers showed narrower band gaps (down to 1.6 eV) than
polymers with mono-cycloalkene repeat units due to the planarization of the conjugated segment
resulting from the fused bicyclic structure.

[1] Hanseul Ryu, Jong-Chan Sung, Gangme Kim, Yan Xu, Robert H. Grubbs, Tae-Lim Choi*, Angew.
Chem. Int. Ed. 2022, 61, e202210244.
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Solution-processed phase-change memory from molecular telluride inks

F. M. Schenk1, M. Yarema1*

1Chemistry and Materials Design, Institute for Electronics, Department of Information Technology
and Electrical Engineering, ETH Zürich, 8092 Zürich, Switzerland

The demand for data storage and processing increases exponentially, projected to reach 175
zettabytes in 2025.[1] With the inability of silicon memory to meet this demand, we must turn to
alternative solutions. Phase-change memory (PCM) is among the most mature emerging
technologies, offering faster read and write times, non-volatility at elevated temperatures, and
multibit analog-type data storage potential, making it particularly suitable for neuromorphic
computing and artificial intelligence applications. PCM stores information using the stark electrical
resistance contrast between high-resistance amorphous and low-resistance crystalline phases. To
write the data, the PCM material is heated locally above the crystallization temperature (SET
process); amorphization via melt-quenching erases the data (RESET process).[2] Traditionally, PCM
devices are fabricated via sputtering techniques, lithography, lift-off, and etching steps. Solution-
phase deposition of chalcogenides at ambient temperature and pressure provides a low-cost and
scalable alternative, while simultaneously giving access to a wider range of
compositions. Moreover, thin film fabrication from the liquid phase unlocks new geometries of PCM
devices (i.e., high-aspect ratio and multilayer arrays)[3], in addition to low-cost high-throughput
printing methods.

In this talk, we report the fabrication and performance of the first high-performing liquid-based
PCM devices. While reaching state-of-the-art characteristics, our devices hold potential to
substantially undercut the price-per-bit, thereby removing the last roadblock towards wide-scale
implementation of PCM as the mainstream memory technology. We synthesize a range of PCM
material inks by dissolving bulk tellurides in an amine/thiol co-solvent. While this approach has
been reported for several technologies,[4–6] it has not yet been demonstrated for state-of-the-art
PCM applications. Upon subsequent purification steps, our telluride inks can be deposited to form
high-quality thin films with tunable thickness, low surface roughness, and high crystallinity. We
highlight the possibility to obtain stoichiometric binary PCM materials (i.e., Sb2Te3 or GeTe) and
composition-tunable ternary tellurides (i.e., Ge2Sb2Te5). Our approach allows for a wide range of
tellurides, including ultra-fast Sc-Sb-Te, while ensuring highly homogenous thin films due to mixing
on the molecular scale. We then emphasize the added value of liquid-phase engineering through
infilling of nanoscale vias, the use of flexible substrates, and multilayer deposition. Finally, we
demonstrate fabrication and characterization of prototype devices and quantify critical
performance metrics, including threshold switching, SET/RESET switching, resistance contrast,
power consumption, and cyclability of liquid-engineered PCM devices.

[1] R. Bez, P. Fantini, A. Pirovano, in ‘Semiconductor Memories and Systems’, Elsevier, 2022, p. 21.
[2] W. Zhang, R. Mazzarello, M. Wuttig, et al., Nat. Rev. Mater. 2019, 4, 150.
[3] R. Y. Wang, M. A. Caldwell, R. G. D. Jeyasingh, et al., J. Appl. Phys. 2011, 109, 113506.
[4] K. M. Koskela, M. J. Strumolo, R. L. Brutchey, Trends Chem. 2021, 3, 1061.
[5] S. Jo, S. Cho, U. J. Yang, et al., Adv. Mater. 2021, 33, 2100066.
[6] S. H. Heo, S. Jo, H. S. Kim, et al., Nat. Commun. 2019, 10, 864.
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Co-assembly of Shape Anisotropic Lead Halide Perovskite Nanocrystals into Functional
Binary Superlattices

T. V. Sekh1,5, I. Cherniukh1,5, E. Kobiyama2, T. Stöferle2, R. Erni3, G. Itskos4, M. I. Bodnarchuk1,5*, M.
V. Kovalenko1,5*

1Department of Chemistry and Applied Biosciences, Institute of Inorganic Chemistry, ETH Zürich,
Zürich, Switzerland, 2IBM Research Europe — Zurich, Säumerstrasse, 4, Rüschlikon, Switzerland, 3

Electron Microscopy Center, Empa – Swiss Federal Laboratories for Materials Science and
Technology, Ueberlandstrasse, 129, Dübendorf, Switzerland, 4Experimental Condensed Matter

Physics Laboratory, Department of Physics, University of Cyprus, 1678 Nicosia, Cyprus, 5
Laboratory of Thin Films and Photovoltaics, Empa – Swiss Federal Laboratories for Materials

Science and Technology, Ueberlandstrasse, 129, Dübendorf, Switzerland

Over the last few decades, the development of new approaches in colloidal chemistry enabled the
synthesis of various colloidal nanocrystals in the monodisperse form. This, in turn, opened a new
avenue for extensive research and application possibilities of novel nanomaterials. To this end,
nanocrystal self-assembly holds great promise for creating metamaterials with tunable
functionalities which originate not only from ensemble-average properties but also from diverse
synergistic and collective effects, including conductivity enhancement, exchange coupling effects
as well as collective light emission–superfluorescence [1]. The last was recently exhibited on the
lead halide perovskite nanocrystal superlattices [2]. Such peculiar optical properties, together with
a high degree of monodispersity, size tunability, and shape anisotropy of perovskite nanocrystals,
stimulated research in exploring multicomponent superlattices, wherein perovskite nanocubes are
combined with non-emissive nanocrystal spacers [3]. Thus, a whole plethora of superlattice types
has become accessible, encompassing the superlattices comprised of perovskite nanocubes and
spherical, truncated cuboid, or disc-shaped nanocrystals [4]. Not only were the perovskite
superlattices obtained as films on the flat substrates including at the liquid-air interface, but also
as spherically confined 3-dimensional supraparticles. Apart from superlattice type and morphology
diversification, we managed to vary the superlattice composition by employing mixed halide and
hybrid organic-inorganic perovskite nanocrystals [5]. A particular interest lies in studying
superlattices containing a few light emitter types, wherein promising collective phenomena are
expected to emerge.

[1] Michael A. Boles et al. Chem Rev. 2016, 116, 11220-11289.
[2] Gabriele Rainò et al. Nature, 2018, 563, 671-675.
[3] Ihor Cherniukh et al. Nature, 2021, 593, 535-542.
[4] Ihor Cherniukh et al. ACS Nano, 2021, 15, 16488-16500.
[5] Ihor Cherniukh et al. ACS Nano, 2022, 16, 7210-7232.
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Lithium niobate nanoparticles functionalization with proteins for cancer active
targeting

A. Spada1, A. Gheata1, S. Gerber1*

1Institute of Chemical Sciences and Engineering, SCI-SB-SG, École Polytechnique Fédérale de
Lausanne, CH-1015 Lausanne, Switzerland

Nowadays, cancer is a major health burden and has become the second leading cause of death in
industrialized countries. Cancer mortality can be reduced through early stage detection and
appropriate selective treatment. Conventional imaging techniques and cancer treatments lack
sensitivity for early detection and show poor specificity, causing adverse side effects.
Nanomedicine has emerged as an appealing tool to support early diagnosis and targeted tumor
therapy[1],[2].

Harmonic nanoparticles (HNPs) are known for their efficient non-linear optical response by
generation of second and third harmonic signals under ultrafast laser irradiation, which makes
them appealing probes for bioimaging applications[3]. The HNPs can be functionalized with i)
imaging probes for multimodal imaging; ii) photocaged cargos for controlled drug delivery; and iii)
targeting ligands for active targeting of cancer cells. We herein present a functionalization
strategy based on the silanization of LiNbO3 (LNO) HNPs through water-in-oil microemulsion[4] to
introduce surface reactive moieties followed by post-conjugation to targeting ligands, such as anti-
EGFR antibodies. In order to enhance covalent immobilization over unspecific protein adsorption,
surface covering with peptide mimics was investigated and showed promising anti-fouling
properties. A small library of peptides was designed through solid phase peptide synthesis (SPPS)
for further conjugation to antibodies using click reactions.

The long-term perspective of the project is to use protein-coated nanoparticles as theranostic
nanoplatforms, focusing on the active targeting feature, through the use of monoclonal antibodies,
or smaller engineered protein fragments, such as affibodies. Several grafting strategies will be
investigated in the future. Potentially, these nanocarriers, simultaneously decorated with targeting
ligands, anti-cancer drugs and imaging probes, could combine early detection and in vivo cancer
treatment.

[1] Shreelaxmi Gavas, Sameer Quazi, Tomasz M Karpinski, Nanoscale Res Lett, 2021, 16(1): 173.
[2] Stephanie D Steichen, Mary Caldorera-Moore, Nicholas A Peppas, Eur J Pharm Sci, 2013, 48(3):
416-427.
[3] Andrii Rogov, Marie Irondelle, Fernanda Ramos Gomes, Julia Bode, Davide Staedler, Solène
Passemard, Sébastien Courvoisier, Yasuaki Yamamoto, François Waharte, Daniel Ciepielewski,
Philippe Rideau, Sandrine Gerber-Lemaire, Frauke Alves, Jean Salamero, Luigi Bonacina, Jean-
Pierre Wolf, ACS Photonics, 2015, 1416-1422.
[4] Adrian Gheata, Alessandra Spada, Manon Wittwer, Ameni Dhouib, Emilie Molina, Yannick
Mugnier, Sandrine Gerber-Lemaire, Nanomaterials, 2023, 13(3): 522.
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Supramolecular Assembly of Pyrene-DNA Conjugates into Columnar Vesicles
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1Department of Chemistry, Biochemistry, and Pharmaceutical Sciences, University of Bern,
Freiestrasse 3, 3012 Bern, Switzerland, 2Institute of Anatomy, University of Bern, Baltzerstrasse 2,

3012 Bern, Switzerland

The arrangement of structural subunits plays a crucial role in the shape of both natural and
artificial supramolecular assemblies. In DNA nanotechnology, the well-defined DNA framework is
utilized to achieve the spatial organization of functional groups.[1] In previous work DNA was
modified with phenanthrene sticky ends forming vesicular supramolecular assemblies with light-
harvesting properties[2] and E-tetraphenylethylenes modifications forming aggregation-induced
emission active assemblies.[3-4] In this work, we modified two complementary DNA strands with
1,6-dialkynyl-pyrenes at the 3’-end (Figure 1a). Cryo-EM were performed after self-assembly
revealing columnar vesicles (Figure 1b). In addition, the self-assembly was analyzed and discussed
with fluorescence spectroscopy, UV-vis spectroscopy, and AFM.

Figure 1 (a) Schematic representation of the self-assembled vesicles formed from 1,6-dialkynyl-
pyrene-modified single strands and chemical structure of the pyrene-modification. (b) Cryo-EM
image of vesicular assemblies.

[1] Mykhailo Vybornyi, Yuliia Vyborna, Robert Häner, Chem. Soc. Rev., 2019, 48, 4347-4360.
[2] Caroline D. Bösch, Jovana Jevric, Nutcha Bürki, Markus Probst, Simon M. Langenegger, Robert
Häner, Bioconjugate Chem., 2018, 29, 1505–1509.
[3] Simon Rothenbühler, Ioan Iacovache, Simon M. Langenegger, Benoît Zuber, Robert Häner,
Nanoscale, 2020, 41, 21118-21123.
[4] Simon Rothenbühler, Ioan Iacovache, Simon M. Langenegger, Benoît Zuber, Robert Häner,
Bioconjugate Chem. 2023, 34, 70-77.
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Unraveling Structure Formation in Tailor-Made Buriti Oil Emulsion during Simulated
Digestion

R. V. M. Freire1, L. Hong1, M. Peterek2, S. Canarelli3, S. Rezzi3, S. Salentinig1*

1Chemistry Department, University of Fribourg, Chemin du Musée 9, 1700 Fribourg, Switzerland, 2
ScopeM, ETH Zurich, Otto-Stern-Weg 3, 8093 Zurich, Switzerland, 3Swiss Nutrition and Health

Foundation, Rte de la Corniche 1, 1066 Epalinges, Switzerland

The formation of lyotropic liquid crystalline (LLC) structures during lipid digestion can be explored
to add functionality to food, boosting bioaccessibility of nutrients or influencing digestion kinetics.1
In particular, lipolysis products from monounsaturated triglycerides present interesting colloidal
properties such as the self-assembly of pH-responsive structures, including LLC phases.2 The oil
from the Amazonian buriti fruit (Mauritia flexuosa) is rich in carotenoids, vitamin E and has a large
amount of unsaturated fatty acids, known for their benefits on cardiometabolic health. 

In this work, we design buriti oil-based emulsions and report its dynamic colloidal transformations
during in vitro digestion using an innovative combination of multistep digestion model (oral,
gastric, and intestinal steps) with in situ synchrotron Small angle X-ray scattering (SAXS).
Additionally, cryogenic electron microscopy and dynamic light scattering are used to complement
the investigation. The whey protein-stabilized buriti oil-in-water emulsion remains structured as
emulsion droplets during oral and gastric digestion, and eventually transforms into LLC structures
under compromised bile salt concentrations in the simulated intestinal digestion phase. The
structure formation is found to be strongly pH- and bile salt-dependent and can be tailored with
vitamin E supplementation in the oil. The colloidal digestion structures could maintain and even
improve bioaccessibility of the hydrophobic nutrients.

These results can further guide the design of innovative food materials with a controlled rate of
lipid digestion and absorption, with applications in newly designed delivery systems for bioactives
and nutrients with improved bioaccessibility.

Figure 1. Time-resolved in situ SAXS curves of simulated intestinal digestion of buriti oil emulsion
and artistic representations of the observed structures.

[1] Stefan Salentinig, Current Opinion in Colloid & Interface Science, 2019, 39, 190-201.
[2] Rafael V.M. Freire, Eliane Haenni, Lind Hong, Mark Gontsarik, Stefan Salentinig, Advanced
Materials Interfaces, 2022, 9 (23).
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Bio-Inspired Hierarchical Structure Formation in a Supramolecular Polymer

M. Wendling1

1Ecole Polytechnique Fédérale de Lausanne (EPFL). Institute of Materials. Laboratory of
Macromolecular and Organic Materials (LMOM)

Supramolecular polymers are based on discrete building blocks that thermoreversibly self-
assemble into defined architectures through non-covalent interactions such as hydrogen bonding,
often resulting in materials with tailored structure, dynamic behavior, properties and function. The
attachment of supramolecular ligands to polymer chains is, however, almost exclusively restricted
to low molecular weight polymer segments, which consequently lack entanglement and exhibit
brittle failure under low loads in tension. We have developed a supramolecular modification
strategy that persists even when high molecular weight base polymers are employed, which is
based on the co-assembly of bioinspired oligopeptide end groups with a matching low molecular
weight additive into highly dispersed, polymer-tethered nanofibrils. The resulting supramolecular
network gives rise to a variety of new melt properties that promise drastic improvements in
materials processability or recyclability, but a detailed structural characterization of these
nanofibrils and a profound understanding of their formation is required for a universal applicability
of this approach to various technologically important base polymers.

Here we investigate the structure formation behavior of a hydrophobic amorphous model polymer
of three different molecular weights using the supramolecular approach aforementioned. We show
that the hydrogen-bond-driven co-assembly of additives and end-groups result in a new phase
which we were able to describe with a thermodynamic analytical model. This phase is composed of
anti-parallel beta sheets, of which a defined number stack to form helical nanofibrils that, due to
the self-limiting lateral aggregation thus have a defined and uniform diameter. As a result of the
tethering and bridging of the nanofibrils with the attached polymer segments, they are periodically
placed in an hexagonal arrangement in the bulk material.
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Structural elucidation of shape-assisted self-assembled nanosheets from π-saddles
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Questioning how molecular topography can govern supramolecular ordering is a relatively
unexplored avenue of thought and one which poses great synthetic challenge that could lead
towards new functional materials. “Carpyridines” (Fig. 1a) — saddle-shaped macrocycles fused
from carbazoles and pyridines — are an underdeveloped example of a simple system bearing
negative Gaussian curvature that could hold such promise.1 

Derivatisation of these non-planar systems through peripheral functionalisation of the aromatic
core has yielded supramolecular assemblies (Fig. 1b, c) in the form of 2D sheets on surface with
the thickness of a single molecule and fantastic edge definition.1 Varying the length of alkyl chain
in the macrocycle has then resulted in different types of nanosheet,2 which hints at the subtle
interplay between weak forces alongside the assisting role of shape. Using a combination of
diffraction techniques, including micro-electron diffraction, the composition of these nanosheets
can be elucidated to examine what effect shape has upon supramolecular ordering within the
assembly.2

Fig. 1. a) Structure of Carpyridine (2H-Car-R) functionalised with R groups, and when R = n-C6H13,
assemblies were visualized under b) AFM and c) TEM as 2D sheets.

 

[1] Woods, J. F.; Gallego, L.; Pfister, P.; Maaloum, M.; Vargas Jentzsch, A.; Rickhaus, M. Nat. Comm.,
2022, 13, 3681.
[2] Woods, J. F.; Gallego, L.; Maisch, A.; Renggli, D.; Cuocci, C.; Blacque, O.; Steinfeld, G.; Kaech,
A.; Spingler, B.; Vargas Jentzsch, A.; Rickhaus, M. Chemrxiv, 2023, DOI:
10.26434/chemrxiv-2023-whjkw
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Size-Tunable Semiconducting 2D Nanorectangles from Conjugated Polyenyne
Homopolymer Synthesized via Cascade Metathesis and Metallotropy Polymerization

N. Yun1, C. Kang2, S. Yang2, S. Hwang2, J. Park1, T. Choi1*

1ETH Zurich, 2Seoul National University

Size-tunable semiconducting two-dimensional (2D) nanosheets from conjugated homopolymers
are promising materials for easy access to optoelectronic applications, but it has been challenging
due to the low solubility of conjugated homopolymers. Herein, we report size-tunable and uniform
semiconducting 2D nanorectangles via living crystallization-driven self-assembly (CDSA) of a fully
conjugated polyenyne homopolymer prepared by cascade metathesis and metallotropy (M&M)
polymerization. The resulting polyenyne with enhanced solubility successfully underwent living
CDSA via biaxial growth mechanism, thereby producing 2D nanorectangles with sizes precisely
tuned from 0.1 to 3.0 μm2 with narrow dispersity mostly less than 1.1 and low aspect ratios less
than 3.1. Furthermore, living CDSA produced complex 2D block comicelles with different heights
from various degrees of polymerization (DPs) of unimers. Based on diffraction analyses and DFT
calculations, we proposed an interdigitating packing model with an orthorhombic crystal lattice of
semiconducting 2D nanorectangles.

Namkyu Yun, Cheol Kang, Sanghee Yang, Soon-Hyeok Hwang, Jun-Mo Park, Tae-Lim Choi, J. Am.
Chem. Soc. 2023, 145, 9029-9038.
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Enhancing Volumetric Capacitance in pgBTTT Polymers through Ethylene Glycol Side
Chain Variation and Blending Approaches
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The development of efficient electrochemical devices necessitates a comprehensive
understanding of how polymer structure influences their performance. In this study, we
investigated the impact of ethylene glycol side chains on the volumetric capacitance of pgBTTT, a
regiochemistry-driven organic electrochemical transistor1. Inspired by prior research on polymer
design and mixed conductors2, we synthesized a series of pgBTTT polymers with varying
percentages of hydrophilic, ethylene glycol side chains, ranging from 50% to 100%. Our findings
revealed a positive correlation between the percentage of ethylene glycol side chains and the
volumetric capacitance of the polymers, except at 90% side chain content.

Building upon these findings, we further explored the potential of blending as a method for
enhancing the volumetric capacitance of the polymers3. Two distinct blending approaches were
employed: pgBTTT with pBTTT (OR)2, and pgBTTT with pgBTTT-OEG-OR. The volumetric
capacitance of the blend with pBTTT (OR)2 was found to increase in accordance with the trend
established by the varying side chain percentages. However, the blend with pgBTTT-OEG-OR
demonstrated a consistent volumetric capacitance across the same ratios4, with both blends
exhibiting lower volumetric capacitance than copolymers, except at a 90% ethylene glycol side
chain ratio.

Additionally, we examined the effect of film thickness on the kinetics of doping and dedoping5. We
discovered a direct relationship, with increased thickness leading to longer doping and dedoping
times. This observation holds potential for future investigations into the interplay between side
chain modifications and doping kinetics.

Our study provides valuable insights into the manipulation of polymer structure for improved
electrochemical performance, serving as a foundation for the design of high-performing organic
electrochemical transistors and mixed conductors. 
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