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About the
Adolphe Merkle Institute

The Adolphe Merkle Institute (AMI) is an independent competence 
center at the University of Fribourg that focuses on research and ed-
ucation in soft nanomaterials.
	 We owe our existence to Dr. Adolphe Merkle, a successful local 
entrepreneur who established the Adolphe Merkle Foundation to 
strengthen research and teaching at the University of Fribourg. His 
CHF 100 million endowment constitutes one of Switzerland’s most 
important private donations in favor of academic research.
	 Founded in 2008, AMI is, in many aspects, unique in the land-
scape of Switzerland’s research institutions. Our focus on soft nano-
materials is unmatched in Switzerland and beyond. Our research 
combines fundamental and application-oriented aspects in a multi-
disciplinary setting. Through collaborations with industrial partners, 
AMI aims to stimulate innovation, foster industrial competitiveness, 
and improve the quality of life.
	 Our researchers are currently organized into four primary and two 
junior research groups, which offer complementary expertise and in-
terests in strategically important areas: BioNanomaterials, Polymer 
Chemistry and Materials, Soft Matter Physics, Biophysics, Smart En-
ergy Materials, and Mechanoresponsive Materials. Interdisciplinary 
collaborations between our researchers are the basis for the suc-
cessful and efficient execution of complex research projects that 
transcend the boundaries of traditional scientific disciplines. This en-
vironment and world-class research facilities make AMI a desirable 
destination for master’s and PhD students, postdocs, and senior re-
searchers.
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Foreword

when subjected to mechanical forces to visualize and 
map these stresses at the microscopic level.
  Finally, the BioNanomaterials group has devel-
oped a multicellular 3D model of the human omentum, 
a visceral peritoneal fold within the abdominal cavity 
model, to study ovarian and peritoneal cancer forma-
tion. This is aimed at providing a better understanding 
of how these cancers spread. The group has also pur-
sued its investigations into microplastics, developing a 
workfl ow to detect and observe interactions with ma-
rine life. 
 You will fi nd more coverage of some of the achieve-
ments of our researchers in our “In Brief” section, with 
highlights from the last year that range from signifi cant 
awards to innovative collaborations and promotions. 
 We hope you enjoy reading this report, and thank 
you for your interest in our institute, our team, and our 
activities.

Ullrich Steiner
AMI Director and Chair of Soft Matter Physics

Dear reader,

As always, it is with great pleasure that I present the 
Adolphe Merkle Institute’s latest annual report, in 
which we look back at the previous year’s most impor-
tant activities, accomplishments, and developments. 
 After a year marked by a signifi cant transition for 
the Institute’s leadership in 2022, 2023 was high-
lighted by a major new collaborative project between 
Fribourg and New York in soft matter physics to ex-
perimentally prove a half-a-century-old theory. The Bi-
oNanomaterials group and colleagues also called for 
better nanowaste management, putting AMI’s role in 
developing new norms and practices in the spotlight. 

 As always, our research endeavors and successes 
are the beating heart of this annual report. The Polymer 
Chemistry and Materials group investigated the recy-
cling and reuse of polymers to reduce their impact on 
the environment and increase circularity.
 Our Smart Energy Materials group focused on hy-
brid halide perovskites for innovative computing sys-
tems, focusing on non-volatile memory and brain-in-
spired applications. The ability to emulate synaptic 
functions with these materials could open new ave-
nues for developing advanced computing systems that 
can operate more like the human brain.
 The BioPhysics group developed a groundbreak-
ing technique for analyzing the size and shape of 
protein aggregates implicated in Parkinson’s disease 
and other neurodegenerative disorders. This approach 
could enable detailed, single-particle analysis of pro-
tein aggregates.
 The Soft Matter Physics group investigated the 
secrets behind the extraordinary black appearance of 
the Euprotaetia inexpectata beetle, whose shell is one 
of nature’s most effective light-absorbing surfaces and 
could inspire ultra-black materials for various applica-
tions, from solar panels to stealth technology.
 The Mechanoresponsive Materials group has been 
developing an innovative method for analyzing me-
chanical stress and strain in polymers, using mechan-
ochromic molecules that change color or fl uorescence 

Building a better world   
— A message from the Director 

Prof. Ullrich Steiner



6

Overview Reserach Programs

University of Fribourg  Adolphe Merkle Institute



University of Fribourg  Adolphe Merkle Institute7

Overview Reserach Programs

7 
_Pursuing 
excellence



8 University of Fribourg  Adolphe Merkle Institute

Pursuing excellence

arranged in ways that efficiently reflect light. AMI’s 
Chair of Soft Matter Physics Prof. Ullrich Steiner and 
Prof. Frank Scheffold (Department of Physics, Univer-
sity of Fribourg) will attempt along with their colleague 
Prof. David Pine (New York University) to further our un-
derstanding of reflection by creating materials that in-
tegrate a phenomenon applicable to all kinds of waves 
but has yet to be observed experimentally for light in 
bulk materials. This phenomenon was described in the 
1950s by the physicist and Nobel-prize winner Philip 
Anderson, who showed how an electron and its quan-
tum wave could be trapped in a disordered medium. 
This so-called ‘Anderson localization’ was then pro-
posed to be also applicable to light waves. One way 
of understanding this is visualizing a complex maze 
where the walls are made of randomly placed mirrors. 
Light entering the maze might become “trapped” in 
certain areas due to the random reflections, analo-
gous to how electrons become localized in disordered  
materials.
	 “The question on our minds is whether these 
waves can actually be scattered in a random medium 
in such a way that they never emerge,” explains Stein-
er. “This theoretically predicted effect has never been 
observed experimentally.”
	 Anderson localization of light would in theory gen-
erate perfect reflection, and anything close would gen-
erate strong reflection already for very thin layers of a 
material. Scheffold has already shown with computer 
simulations that so-called disordered hyperuniform 
materials could reflect, with the right nano-architec-
ture, nearly all incoming light. These structures, which 
are starting to be discovered in nature, fall somewhere 
between highly organized crystals and disordered ma-
terials. Researchers see several potential applications 
by creating a channel within the material. By doing 

Researchers at the Adolphe Merkle Institute, the Uni-
versity of Fribourg, and New York University are inves-
tigating materials that could diffusely reflect all rays of 
incoming light, with long-term potential applications 
for example in light-based computing. Their work is 

being funded by a Swiss National Science Foundation 
(SNSF) Sinergia grant worth nearly CHF 2.8 million.

Clouds, milk, bones – all have one thing in common: 
they’re white because their constituents are sized and 

Synergy  
— Collaborating to trap light

Clouds are an example of efficient light reflection
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Pursuing excellence

so, light could not escape and be guided. This type 
of material could be used to develop ultrafast opti-
cal computers and devices, replacing certain types of 
electronics.
	 To create a material with strong localization char-
acteristics, the researchers will develop nanoscale 
building blocks designed to form three-dimensional 
networks. The design of these blocks will allow them to 
tweak morphologies, from perfectly periodic lattices to 
almost randomly assembled networks. “This will allow 
us to explore the order-disorder parameter space in 
an unprecedented fashion, providing a new avenue in 
the study of light localization in disordered but highly 
correlated network morphologies,” adds Steiner. 

	 The research is funded by an SNSF Sinergia grant 
worth CHF 2.77 million over four years. The Sinergia 
program promotes the interdisciplinary collaboration 
of two to four research groups that propose break-
through research. The project reflects that by drawing 
on the strengths of the different research groups. The 
Pine laboratory in New York has developed over the 
past two decades a colloidal system that provides un-
precedented control over mesoscopic (1 µm) network 
assembly. His sculpted colloids are tiny tetrahedral 
building blocks, from which colloidal diamond lattices 

can be constructed. They can be designed to create 
lattices with varying local constraints, allowing a con-
tinuous crossover from ordered diamond networks to 
those with a controlled increase in disorder. These lat-
tices can then be replicated into high-refractive index 
materials. AMI’s Soft Matter Physics group has devel-
oped high-resolution tomography methods allowing 
researchers to characterize the order-disorder inter-
play of seemingly disordered materials in great detail, 
as well as reducing light absorption in materials. These 
techniques will be applied to characterize the disor-
dered diamond-based lattices that will be produced in 
this project. Finally, the Scheffold laboratory has wide 
experience in characterizing the multiple scattering of 
light in optically dense materials. This will be vital to 
demonstrate experimentally that strong localization of 
light is indeed observed in the manufactured materials.

“The question on our minds is 
whether these waves can actually be 

scattered in a random medium in 
such a way that they never emerge.”

Prof. Ulllrich Steiner, 
AMI Chair of Soft Matter Physics

Potential practical applications of Anderson 	
localization			 

Optical Fibers and Communications
Anderson localization could be used to improve signal transmission 
in optical fibers. It may also allow for better image transport through 
disordered materials, potentially leading to thinner and more flexible 
fiber optic cables.

Electronics and Conductivity
The phenomenon helps explain why some materials become 
insulators under certain conditions. This understanding is crucial 
for developing and optimizing electronic components, especially 
as devices get smaller and quantum effects become possibly more 
prominent.

Photonics and Light Control
Anderson localization could be used to manipulate light in photonic 
devices. This could lead to novel optical sensors or allow to control 
light emission in LEDs and lasers.
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NATURE CHEMISTRY, ANGE-
WANDTE CHEMIE, MATERIALS 
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PARTNERS.
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OVER
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Pursuing excellence

tentionally) contaminated with engineered nanoma-
terials. More than 60 percent of engineered nano-
materials (up to 300,000 tons annually, not including 
nanoplastics) are estimated to end up in landfill. And 
while there are currently no global definitions or clas-
sifications for nanomaterials or nanowaste, there is a 
need for tangible solutions related to risk assessment, 
categorization, labeling, collection, storage, transport, 
recycling, and elimination.
	 Writing in the leading scientific journal Nature Na-
notechnology, researchers from the AMI BioNanoma-
terials group, along with colleagues from the Univer-
sity of Fribourg and EPFL, have been advocating for 
awareness of the issue, and the need for technical and 
legally binding nanowaste guidelines strictly based on 
the precautionary principle. These should rely on state-
of-the-art knowledge of nanomaterial behavior, and a 
lenient definition of nanomaterials.
	 “Nanomaterials exhibit unique physicochemical 
behaviors due to their specific sizes, compositions, 
surfaces, and shapes, necessitating specialized waste 
management approaches compared to regular chem-
ical waste,” explains BioNanomaterials co-chair Prof. 
Alke Fink.
	 Developing these initial guidelines requires case-
by-case risk assessments of the specific nanowastes 
generated, a detailed understanding of national and 
international hazardous waste and materials regula-
tions, and collaboration with laboratory staff to derive 
user-friendly ways to collect, store, and eliminate this 
waste.
	 As the researchers point out, a series of meas-
ures have already been implemented, in collaboration 
with the University of Fribourg safety officers, at the  
Institute. These include proper labeling and storage, 

and colleagues have pointed out the gaps and provid-
ed initial solutions for guidance.

Nanowaste includes manufacturing waste materials, 
end-of-life nano-enabled products, and waste (unin-

Waste containing nanomaterials — or nanowaste — is 
an emerging safety concern worldwide, requiring en-
vironmentally sound management and regulation that 
still need to be established. Researchers from the 
Adolphe Merkle Institute’s BioNanomaterials group 

Cleaning up  
— Calling for better nanowaste management  

Just like regular trash management, nanowaste should be regulated
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due to the absence of nanowaste-specific regulations, 
according to national and international hazardous ma-
terial legislation, detailed guidelines on how to dis-
pose of nanowaste correctly, and consolidation of this 
waste into a few legally permissible categories.

	 “It was important for AMI as a nanoscience center 
to play a leading role in helping kickstart this process,” 
points out Fink. “The initiative has to come from scien-
tists as we have the best understanding of nanomate-
rials.”
	 For research laboratories, such guidelines are espe-
cially important due to the high complexity of the waste 
generated, the presence of a great variety of untested 
materials, and the many different laboratory users, say 
the authors. More explicit rules for nanowaste, such as 
specific pictograms, could also help to harmonize na-
nowaste management in industry, prevent the misclas-
sification of dangerous substances into nonhazardous 
categories, and avoid unintentional exposure of people 
and the environment to hazardous nanomaterials.  
	 The recommendations presented in the article are 
targeted at researchers and policymakers in academia 

and industry. To protect human health and the environ-
ment, the researchers urge increased awareness and 
action to manage nanowaste, as well as the explicit 
inclusion of nanowaste management into multination-
al agreements. “The Basel Convention, which governs 
hazardous waste, could for example be amended to 
explicitly address nanowaste, ensuring international 
compliance and safety,” adds Fink.
	 They also caution policymakers to avoid double 
standards that would stifle the replacement of more 
hazardous conventional chemicals with novel, less 
harmful, and degradable nanomaterials.

Reference			 

Schwab, F.; Rothen-Rutishauser, B.; Scherz, A.; Meyer, T.; Karakoçak, 
B. B.; Petri-Fink, A. The Need for Awareness and Action in Managing 
Nanowaste. Nat. Nanotechnol. 2023, 1–5. https://doi.org/10.1038/
s41565-023-01331-4.

“Nanomaterials exhibit unique
physicochemical behaviors due to 
their specific sizes, compositions, 

surfaces, and shapes, necessitating 
specialized waste management 

approaches compared to regular 
chemical waste.”  
Prof. Alke Fink,

BioNanomaterials Co-Chair
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40

40%
CHF 9.13 M

97
PEOPLE

WORKED AT AMI AT THE END OF 
2023, INCLUDING PHD STUDENTS, 
POSTDOCTORAL RESEARCHERS, 
PROFESSORS, SUPPORT STAFF, 

AND INTERNS.

46%

37

OF STAFF AT AMI 
ARE WOMEN

OF THE AMI 
RESEARCHERS

ARE DOCTORAL STUDENTS.

SEMINARS
GIVEN BY EXTERNAL RESEAR-
CHERS, AND AMI STUDENTS.

ACTIVE RESEARCH PROJECTS
IN FIELDS SUCH AS BIO-INSPIRED MATERIALS, PEROVSKITE SOLAR 
CELLS, PHOTONIC STRUCTURAL MATERIALS, MECHANOCHEMISTRY, 
SUPRAMOLECULAR POLYMERS, DETECTION AND CHARACTERIZA-
TION OF NANOPARTICLES, NANOPORE FABRICATION, SINGLE-MOLE-
CULE DETECTION. 

SPENT OVERALL 
IN 2023
RESEARCH EXPENDITURES  
WERE CHF 7.87 MILLION, A SLIGHT 
INCREASE OVER 2022.
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Research at AMI

ter. This approach allows for the recovery of the orig-
inal materials, even when the polymers are originally 
part of a waste mix that emulates typical household 
waste. “The depolymerization rate can be easily adjust-
ed using factors such as the reaction temperature, the 
amount of water, and the nature and ratio of the two 
monomers,” explains Weder. “We can also fine-tune 
the mechanical properties of the resulting materials.” 
	 The fact that the conditions under which the VU 
based polymers are degraded by water can be widely 
controlled is important. The AMI researchers demon-
strated that it is, on the one hand, possible to design 
polymers that degrade in water within hours, and this 
can help to reduce the environmental impact when 
such materials are released into the environment. On 
the other hand, they also produced materials that are 
highly stable in pure water. In this case, an additional 
solvent that transports the water into the polymer is re-
quired to degrade the material.  This approach affords 
water-proof materials, which, however, can be recycled 
on demand. “We hope our results will encourage re-
searchers to pursue the further development of chem-
ical recycling of VU-based polymers,” says Weder.

	

References:

Ma, Y.; Jiang, X.; Shi, Z.; Berrocal, J. A.; Weder, C. Closed-Loop  
Recycling of Vinylogous Urethane Vitrimers. Angew. Chem. Int. Ed. 
2023, 62, e202306188. 

Ma, Y.; Jiang, X.; Yin, J.; Weder, C.; Berrocal, J.A.; Shi, Z.; Chemical 
Upcycling of Conventional Polyureas into Dynamic Covalent  
Poly(aminoketoenamide)s; Angew. Chem. Int. Ed. 2023, 62, 
e202212870.  

conditions can break and reform easily. This concept 
gained significant traction in the last decade when re-
searchers started producing a class of plastics known 
as vitrimers. Despite their network structure, these 
materials flow when heated and can, therefore, be 
reshaped – i.e., recycled – multiple times without a 
loss in mechanical properties, which is one of the key 
problems in the mechanical recycling of conventional 
plastics. 
	 To create such vitrimers, researchers have exploit-
ed different kinds of reversible bonds, including so-
called vinylogous urethanes (VU). This bond type has 
been used to make many different vitrimers that were 
demonstrated to be mechanically recyclable. Inter-
estingly, the chemical recycling of such materials has 
been largely ignored. In chemical recycling process-
es, the polymer is chemically degraded to its building 
blocks, i.e., the monomers, which can subsequently be 
used to make new polymers. Chemical recycling af-
fords products of higher quality than mechanical recy-
cling, but it is generally less cost- and energy-effective 
than mechanical recycling and has a larger environ-
mental footprint.
	 The AMI researchers  recently demonstrated that 
polymers based on VU bonds can be chemically recy-
cled at ambient temperatures upon reaction with wa-

Researchers from the Adolphe Merkle Institute’s Pol-
ymer Chemistry and Materials group are investigating 
the recycling and reuse of polymers with the goal of 
reducing their impact on the environment and increas-
ing circularity. 

Since the beginning of the 20th century, synthetic plas-
tics and other polymeric materials have become an in-
tegral part of our daily lives, but their production from 
petrochemical feedstock and current end-of-life sce-
narios are not sustainable. Moreover, conventional pol-
ymers, such as those used in plastic bottles and other 
packaging applications, are not easily degradable and 
contribute to environmental pollution.  
	 “Plastic pollution is a really important issue, so 
devising energy- and cost-efficient strategies for their 
depolymerization and the recovery of their structural 
components in high yield and purity is key to a circular 
plastics economy,” explains Prof. Christoph Weder.
	 Recycling is particularly difficult for polymer net-
works, which are used in applications where high 
durability is important, for example, automotive tires, 
and wind turbine blades. These products create large 
amounts of waste that is difficult or impossible to re-
cycle. One approach to solve this problem is to form 
the networks with dynamic bonds, which under certain 

Efficiently recycling   
— Breaking down polymers 
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Team

Prof. Christoph Weder, Dr. José Berrocal, Luca Bertossi, Véronique 
Buclin, Dr. Satyajit Das, Matilde Folkesson, Dr. Georges Formon, 
Chantal Graafsma, Luca Grillo, Dr. James Hemmer, Xueqian Hu, 
Derek Kiebala, Davide Lardani, Chaninya Mak-Iad, Franziska Marx, 
Marta Oggioni, Ilaria Onori, Chris Rader, Anita Roulin, Dr. Athanasios 
Skandalis

Key Publications

1.	 Mori, R.; Weder, C.; Sagara, Y. Mechanical (De)Activation of 
Rotaxane Mechanophores: Axle Length Matters. Macromolecules 
2023, 56, 9248–9254.  

2.	 Hemmer, J.R.; Bauernfeind, V.; Rader, C.; Weder, C.; Berrocal, J.A. 
Triarylmethane mechanophores enable full visible spectrum 
mechanochromism. Macromolecules 2023, 56, 8614–8622.  

3.	 Marx, F.; Beccard, M.; Ianiro, A.; Dodero, A.; Neumann, L.; 
Stoclet, G.; Weder, C.; Schrettl, S. Structure and Properties of 
Metallosupramolecular Polymers with a Nitrogen-based 
Bidentate Ligand. Macromolecules 2023, 56,  7320–7331.  

4.	 Kiebala, D.J.; Style, R.; Vanhecke, D.; Calvino, C.; Weder, C.; 
Schrettl, S. Sub-micrometer mechanochromic inclusions enable 
strain sensing in polymers. Adv. Funct. Mater. 2023 2304938.  

5.	 Muff, L.; Mills, A.S.; Riddle, S.; Buclin, V.; Roulin, A.; Chiel, H.J.; 
Quinn, R.D.; Weder, C.; Daltorio, K.A. Modular design of a 
polymer-bilayer-based mechanically compliant worm-like robot. 
Advanced Materials 2023, 34, 2210409.  

Prof. Christoph Weder is AMI’s Chair of Polymer Chemistry and Ma-
terials. He joined the Institute from Case Western Reserve Universi-
ty in 2009. In 2010, he became the Institute Director, serving in this 
position for 12 years. From 2014 to 2020, he was also the Director 
of the National Competence Center in Research (NCCR) Bio-In-
spired Materials, based at AMI. 

Polymers



20 University of Fribourg  Adolphe Merkle Institute

Research at AMI

erating like synapses in the brain. This unique trans-
formation is critical for the advancements of mod-
ern computing, allowing for more gradual changes 
in resistance. As a result, iodide-based devices also 
showed promising synaptic behavior, including key 
characteristics such as potentiation (the strengthening 
of synaptic connections between neurons), depres-
sion (a reduction in synaptic strength that occurs in 
response to activity), and paired-pulse facilitation (a 
process by which neural activity is increased or made 
more efficient due to prior activation). These properties 
are vital for mimicking biological synapses.
	 The findings from this study, published in the jour-
nal Materials Advances, highlight the potential of lay-
ered hybrid halide perovskites for future applications in 
neuromorphic computing. The demonstrated ability to 
emulate synaptic functions with these materials opens 
new avenues for developing advanced computing sys-
tems that can operate more like the human brain.
	 “Our research showcases the versatility and po-
tential of layered hybrid perovskites for memory and 
neuromorphic applications,” says Milic. “The transition 
from digital to analog resistive switching in these ma-
terials is particularly exciting for developing more effi-
cient and biologically inspired computing technologies 
in the future.”

References

Ganaie, M.; Bravetti, G.; Sahu, S.; Kumar, M.; V. Milić, J. Resistive 
Switching in Benzylammonium-Based Ruddlesden-Popper Layered 
Hybrid Perovskites for Non-Volatile Memory and Neuromorphic  
Computing. Mater. Adv. 2024, 5 (5), 1880–1886. 

studied layered Ruddlesden-Popper hybrid perovskites 
based on benzylammonium cations that included ei-
ther bromide or iodide in their composition. They were 
interested in hybrid perovskite materials because of 
their unique soft yet crystalline structure and mixed 
electronic-ionic conduction that has potential in artifi-
cial synapses and numerous other applications, includ-
ing for solar cells and LEDs. The focus for this project, 
though, was the switching behavior of the perovskites 
for use in neuromorphic computing. The memory de-
vices demonstrated notable resistive switching charac-
teristics associated with ion movements, essential for 
non-volatile memory applications. Unlike conventional 
3D perovskites previously explored, these layered (2D) 
perovskites displayed higher stability during operation. 
Moreover, the study revealed that iodide-based devic-
es exhibited gradual set and reset processes with re-
duced power consumption, while bromide-based de-
vices showed more abrupt switching behavior but with 
superior on/off ratios. These variations provide options 
for optimizing device performance based on specific 
application requirements.
	 A significant discovery was the transformation 
from digital (a sharp set and reset process) in the bro-
mide perovskite to analog resistive switching (gradual 
change in resistance states) in the iodide systems, op-

The Adolphe Merkle Institute’s Smart Energy Materials 
group has investigated hybrid halide perovskites for in-
novative computing systems, focusing on non-volatile 
memory and brain-inspired applications. Their results 
highlight the significant potential of these materials in 
creating more efficient and reliable resistive switching 
memory devices and artificial synapses.
	 Brain-inspired, or neuromorphic, computing sug-
gests a fundamentally different way to process infor-
mation with energy efficiency and the ability to handle 
vast amounts of data. Conventional computing systems 
are considered inefficient because of their heightened 
power consumption due to the so-called “von Neu-
mann bottleneck,” which refers to the constrained 
throughput between memory and processing units. On 
the other hand, the brain performs both “tasks” in a 
single unit, which consumes only about 20 watts, com-
pared to the megawatts of power currently required 
by a digital supercomputer simulation of an equivalent 
artificial neural network. By mimicking the brain’s ap-
proach to information processing, Neuromorphic sys-
tems can achieve substantial energy savings and han-
dle real-world applications more effectively. 
	 The Smart Energy Materials group, led by Prof. 
Jovana Milic, in collaboration with Prof. Mahesh Kumar 
from the Indian Institute of Technology in Jodhpur (IITJ), 

Perovskites  
— Designing artificial synapses for 
brain-inspired computing 
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Team

Prof. Jovana Milic, Ghewa Alsabeh, Dr. Gianluca Bravetti, Jovan Lukic, 
Weifan Luo, Murad Najafav, Mengqiong Zhu 

Key Publications

1.	 Kim, S.-J.; Kumar Chitumalla, R.; Kim, J.-M.; Jang, J.; Oh, J.-W.; 
Milić, J. V.; Seo, J.-Y. Controlled Growth of Hybrid Halide 
Perovskites by Crown Ether Complexation for Perovskite Solar 
Cells. Helv. Chim. Acta 2023, 106 (4), e202200193.  

2.	 Ochoa-Martinez, E.; Bijani-Chiquero, S.; Martínez de Yuso, M. del 
V.; Sarkar, S.; Diaz-Perez, H.; Mejia-Castellanos, R.; Eickemeyer, 
F.; Grätzel, M.; Steiner, U.; Milić, J. V. Nanocrystalline Flash 
Annealed Nickel Oxide for Large Area Perovskite Solar Cells.  
Adv. Sci. 2023, 10 (23), 2302549.  

3.	 John, T.; Cordova, K. E.; Jackson, C. T.; Hernández-Mondragón,  
A. C.; Davids, B. L.; Raheja, L.; Milić, J. V.; Borges, J. Engaging 
Early-Career Scientists in Global Policy-Making. Angew. Chem. 
Int. Ed. 2023, 62 (34), e202217841.  
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cise size and shape measurements could provide more 
reliable biomarkers.
	 “This technology could lead to more accurate and 
earlier diagnosis of diseases like Parkinson’s,” says 
Mayer. “It also opens new avenues for developing treat-
ments that target specific oligomeric forms of αSyn, 
potentially halting or even reversing disease progres-
sion.”
	 This approach could enhance our understanding of 
numerous neurodegenerative diseases beyond those 
caused by αSyn by enabling detailed, single-particle 
analysis of protein aggregates. “Our goal is to make 
this method widely accessible,” adds Mayer. “With fur-
ther development, it could become a standard tool in 
both research and clinical settings, providing critical 
data to help combat these devastating diseases.” 
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itations of previous methods, offering superior resolu-
tion and faster analysis.”
	 The study reveals that this nanopore-based meth-
od can identify ten distinct subpopulations of αSyn 
oligomer sizes, ranging from small aggregates to larg-
er structures. These findings were validated through 
comparison with traditional techniques such as trans-
mission electron microscopy and mass photometry.  
However, one advantage of this new approach is that 
the analysis occurs in the solution of oligomers and is, 
therefore, much faster.
	 Moreover, the new method can approximate the 
shapes of these oligomers, providing insights that 
align with previous estimates obtained through more 
labor-intensive methods like cryo-electron microscopy. 
This capability is significant because the shape and 
size of oligomers are linked to their ability to form toxic 
pores in cell membranes, a likely factor in their neuro-
toxicity.
	 Given the putative association between elevated 
levels of αSyn oligomers and the onset of neurodegen-
erative diseases, this method could become an ena-
bling tool for early diagnosis. Traditional immunoassays 
often struggle to differentiate between oligomers and 
other forms of αSyn, but the nanopore technique’s pre-

A groundbreaking technique developed by the Adol-
phe Merkle Institute’s BioPhysics group promises to 
improve our understanding and potential treatment of 
Parkinson’s disease and other neurodegenerative dis-
orders. Using nanopore technology, this new method 
allows for the size and shape analysis of protein aggre-
gates known as α-synuclein (αSyn) oligomers.
	 Neurodegenerative diseases, including Parkin-
son’s, dementia with Lewy bodies, and multiple system 
atrophy, share a common feature: the misfolding and 
aggregation of the αSyn protein. These aggregates, or 
oligomers, are thought to play a critical role in the pro-
gression of these diseases. However, studying these 
oligomers has proven difficult due to their small size, 
varied nature, and formation process.
	 In a study published in the journal ACS Nano, the 
AMI BioPhysics group introduced a method utilizing 
polymer-coated solid-state nanopores to measure 
resistive pulses. This innovative approach allows sci-
entists to characterize individual αSyn oligomers in 
solution rapidly and with high resolution. “This tech-
nique provides unprecedented detail on the size and 
shape of αSyn oligomers, which are important for un-
derstanding their toxicity,” explains the AMI Chair of  
BioPhysics, Prof. Michael Mayer. “It overcomes the lim-

Nanopores  
— Characterizing toxic protein 
aggregates quickly
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Prof. Michael Mayer is AMI’s Chair of BioPhysics, a position 
he took up in 2015. Previously, he was a professor of  
biomedical engineering and biophysics at the University of 
Michigan (United States) where he had been working  
since 2004. He is also AMI’s Deputy Director since 2022.
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communication. Similar super-black appearances are 
found in butterflies, birds, and spiders, but the mecha-
nisms can differ significantly. “One example is the bird 
of paradise, which exploits highly modified barbule ar-
rays in their super-black feathers that enhance multi-
ple light scattering,” adds Vogler-Neuling. “The light is 
scattered more often and is partially absorbed during 
each scattering event.” 
	 The insights gained from the Euprotaetia beetle 
could inspire potential bio-inspired applications for 
creating highly absorptive materials. By mimicking the 
beetle’s micropillar structures, scientists could devel-
op ultra-black surface coatings for a range of appli-
cations, from solar panels to stealth technology. And 
compared to other ultra-black materials like carbon 
nanotubes or nickel-phosphorous alloys, these struc-
tures would be non-toxic and not require complex 
wastewater treatment.
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	 The Euprotaetia inexpectata beetle, found in vari-
ous regions, including the Philippines, has a shell that 
absorbs up to 99.5 percent of light, making it one of 
the blackest natural substances recorded. The key to 
this phenomenon lies in the beetle’s elytra – its hard-
ened forewings – which are covered with tiny micro-
pillars. These structures significantly enhance light ab-
sorption, reducing reflectivity to as low as 0.1 percent. 
The low reflectance values are in part based on light 
guided through Mie scattering. This scattering is sig-
nificant at dimensions comparable to the wavelength 
of the incident light. For example, multiple Mie scat-
tering due to interactions with water droplets causes 
clouds to appear white. “Mie scattering at the micro-
pillar of the beetle guides the light through the pil-
lar, from where it is efficiently scattered in the forward 
direction, into the beetle’s cuticle,” explains Dr. Viola 
Vogler-Neuling. “The pillar itself and the cuticle absorb 
the light through integrated melanin, the same absorb-
ing pigment that darkens our skin, hair, and eyes.”
	 This research underscores the independent evolu-
tion of highly absorptive surfaces in nature. The bee-
tle’s unique construction adds to understanding how 
diverse organisms have evolved to minimize light re-
flection for survival benefits, such as camouflage or 

Researchers from the Adolphe Merkle Institute’s Soft 
Matter Physics group have unveiled the secrets behind 
the extraordinary black appearance of the Euprotaetia 
inexpectata beetle. Its shell is one of nature’s most ef-
fective light-absorbing surfaces and could inspire ul-
tra-black materials for various applications, from solar 
panels to stealth technology.

Structural absorption is a phenomenon that occurs 
when superficial features enhance the capacity of a 
material to absorb light. Surfaces that absorb more 
than 99 percent of incident light are commonly re-
ferred to as ‘super-black’ or ‘ultra-black.’ A notable 
property of these black surfaces is their lack of spec-
ular reflection, which occurs when light is reflected 
in a single outgoing direction, much like a mirror. The 
most widely recognized high-absorptivity materials are 
vertically aligned carbon nanotubes and etched nick-
el-phosphorous alloys with absorptivity values above 
99.9 percent over the entire visible wavelength range. 
The unique properties and appearance of materials 
with very low reflectivities make them ideal for many 
applications, including solar energy conversion, stray 
light capture in optical instruments, and artistic dis-
plays.  

Back to black  
— Beetle indicates the path to highly 
absorptive materials
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Dr. Viola Vogler-Neuling joined the AMI Soft Matter Physics group 
in 2022 after completing her PhD thesis at the Federal Institute of 
Technology in Zurich. In 2024, she was promoted to group lead-
er. Her current research interests include photonic crystals and 
bio-inspired photonics.  
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exhibited much higher local strains, which are critical 
for understanding the onset of material failure. The 
method proved to be sensitive and versatile, capable 
of detecting both macroscopic and microscopic strain 
variations.
	 This new strain-mapping approach provides a 
powerful tool for studying mechanical deformation in 
polymers. By enabling detailed visualization of strain 
distributions at the microscopic level, it enhances the 
ability to predict material failure and design more re-
silient polymeric materials. The protocol is generaliz-
able and can be applied to a wide range of polymers 
and mechanophore types, paving the way for potential 
broader adoption in material science research. 
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optical microscopy, tensile testing, and image process-
ing to create detailed maps of local strain around de-
fects in polymers. This method uses mechanophores 
with weaker bonds that respond to smaller forces com-
pared to pre-existing mechanophores, making them 
suitable for detecting low-stress mechanical process-
es. The scientists used three different supramolecu-
lar mechanophores to investigate their thesis. These 
mechanophores showed reversible optical changes 
under testing, enabling repeated measurements.
	 The researchers incorporated the mechanophores 
into polyurethane films, and then introduced circular 
defects. The films were then put under tension while 
optical changes were monitored with a fluorescence 
microscope. The researchers calibrated the mechan-
ochromic response against the applied strain, allow-
ing them to convert fluorescence images into maps of 
local strain distributions. This approach was validated 
using the three different mechanochromic systems 
and extended to study more complex strain distribu-
tions in polymers containing inorganic microparticles.
The study found that local strain around defects can 
differ significantly from the applied external strain. The 
strain maps revealed intricate deformation patterns 
that would be missed by traditional bulk measure-
ment techniques. For instance, regions near defects 

The Adolphe Merkle Institute’s Mechanoresponsive 
Materials group has developed an innovative technique 
for analyzing mechanical stress and strain in polymers. 
This method uses mechanochromic materials, which 
change color or fluorescence when subjected to me-
chanical forces, to visualize and map these stresses at 
the microscopic level. 

Understanding how defects in polymer materials react 
under mechanical stress is crucial for preventing cata-
strophic failures. Defects often cause localized stress 
and strain that can lead to crack initiation and propaga-
tion. Traditional methods of studying these phenome-
na lack the resolution to capture the intricate details at 
the molecular level. Mechanochromic mechanophores, 
which change their optical properties (color or fluo-
rescence) in response to mechanical deformation, pro-
vide a promising solution. These mechanophores allow 
for the visualization of stress and strain distributions 
within polymers in real time. However, existing mecha-
nochromic materials, typically based on rupturing co-
valent bonds, require significant force to activate and 
often provide irreversible signals, limiting their useful-
ness in detecting early-stage mechanical processes.
	 The research from the Mechanoresponsive Mate-
rials group introduces a novel protocol that combines 

Breaking point  
— Predicting polymer failures
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Prof. Jessica Clough joined the Institute in 2020 as a post- 
doctoral researcher in the Polymer Chemistry and Materials group. 
In 2022, she was awarded a five-year PRIMA grant by the  
Swiss National Science Foundation, leading to her promotion as 
Assistant Professor and the creation of the Mechanoresponsive 
Materials group.   
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	 The researchers believe that their project has been 
a success, as it opens the door to future use of the 3D 
tissue model. Knowledge generated about the omen-
tum tumor microenvironment using single-cell RNA se-
quencing during the Sinergia project will serve as the 
starting point to address specific research questions 
with the 3D model.
	 This project was funded by a grant (“The under- 
estimated role of the human omentum in metastatic 
spread”), worth a total of almost CHF 2 million over 
four years. This grant promoted the interdisciplinary 
collaboration of four research groups, in this case the 
teams of Prof. Viola Heinzelmann (Department of Bio-
medicine at the University Hospital Basel and Univer-
sity of Basel), Prof. Uwe Pieles (University of Applied 
Sciences School of Sciences (FHNW)), Prof. Ivan  
Martin (Biomedicine, University of Basel) and and the 
AMI BioNanomaterials group. 
	 “This kind of collaboration is extremely impor-
tant, since it helps us develop a comprehensive and 
more efficient approach to problem-solving, some-
thing we would not necessarily achieve alone,” adds 
Rothen-Rutishauser. “It also facilitates the transfer of 
knowledge and skills between institutions, enhancing 
overall scientific capacity.”
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the different omentum cell types. These have however 
been unable to convey the complexity of the interac-
tions of those cells, and the effects of these interac-
tions on metastatic behavior. As part of a Sinergia pro-
ject funded by the Swiss National Science Foundation, 
scientists from the AMI BioNanomaterials group and 
colleagues at the University of Basel chose to tackle 
the problem by developing a bioprinted 3D multi-cellu-
lar human omentum tissue model, consisting of meso-
thelial cells, fibroblasts, macrophages, adipocytes, and 
endothelial cells. This model parallels more closely 
with the local tissue heterogeneity of human omentum 
in vivo by considering the spatial arrangement of the 
different cell types. By exposing it to ovarian cancer 
cells, it provides a more accurate representation of the 
tumor microenvironment.
	 “With our most recent publication were able to 
show that viable multi-cellular ovarian cancer aggre-
gates exhibited invasive behavior similar to metastasis 
when applied to our 3D tissue model,” adds the AMI 
BioNanomaterials co-chair, Prof. Barbara Rothen-Rut-
ishauser. “Our data suggest that our model can be 
used in future studies to investigate ovarian cancer cell 
invasion, metastatic behavior, and interaction between 
patient-derived cancer and omental cells, opening a 
path to more personalized treatments for ovarian can-
cer.”

Researchers from the Adolphe Merkle Institute’s Bio-
Nanomaterials group and other institutions have de-
veloped a multicellular 3D human omentum model to 
study the formation of ovarian and peritoneal cancer. 
This is aimed at providing a better understanding of 
how these cancers spread.  

	 The most common types of ovarian and peritoneal 
cancers are diagnosed in most cases at an advanced 
stage, with the likelihood of surviving more than five 
years just around 20 per cent. When these different 
cancers metastasize, the majority present a prefer-
ence for the greater omentum, a visceral peritoneal 
fold within the abdominal cavity. Understanding this 
spreading process could provide vital insights into the 
cancers.
	 The overall aim of this collaboration was to un-
derstand the role of the omentum in the context of 
this complex disease thereby studying its architecture 
in-situ, generate a human omentum cell atlas, identify 
mechanisms in cancer cells promoting spread towards 
the omentum, generate a molecular information at the 
single cell level and to design, based on the in-situ 
information, a relevant 3D human model investigating 
ovarian cancer cell.
	 Researchers have previously considered exper-
imental tissue models with limited combinations of 

Women’s health  
— Understanding ovarian cancer
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in their native environment and set the foundation for a 
better understanding of the quantitative impact of the 
particles on marine species.” 
	 The AMI BioNanomaterials group has been inves-
tigating micro and nanoplastics for several years, nota-
bly the production and characterization of plastic mi-
cro- and nanoparticles made from materials commonly 
used in the packaging industry. These particles are 
subsequently used as test materials for further in-vit-
ro studies to determine the potential effects of plastic 
micro- and nanoparticles on human health.
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	 Jjuvenile Cassiopea samples were analyzed using 
a combination of confocal laser scanning microscopy, 
transmission electron microscopy, and Raman spec-
troscopy to detect polyethylene terephthalate (PET) 
and polypropylene (PP), two common forms of plastic.. 
These advanced techniques allowed the researchers 
to confirm the presence and interactions of microplas-
tics within the jellyfish tissues.
	 The study demonstrated that the properties of 
the microplastics, such as density and hydrophobicity 
influenced interactions between the jellyfish and the 
pollutants. This optimized analytical protocol marks a 
significant advancement in the detection of microplas-
tics in marine organisms, overcoming previous chal-
lenges posed by the small size and low concentration 
of the particles in natural environments.
	 This research not only provides a deeper under-
standing of how microplastics interact with marine life 
but also establishes a platform for future studies. The 
developed protocol highlights that carbon-based parti-
cles can be clearly detected in carbon-based lifeforms 
and could be instrumental in assessing the broader 
ecological impact of microplastics. 
	 “This is particularly important since our study 
shows how we could analyze environmentally relevant 
samples,” explains BioNanomaterials co-chair, Prof. 
Alke Fink. “This would allow for a more holistic under-
standing of microplastic interactions with the jellyfish 

Researchers from the Adolphe Merkle Institute’s Bio-
Nanomaterials group have established a sophisticated 
workflow to detect and observe microplastic interac-
tions with marine life. Their investigations focused on 
the Cassiopea andromeda jellyfish, a common coastal 
species.

Microplastics are tiny particles ranging from 1 microm-
eter to 5 millimeters in size resulting from the break-
down of larger plastic debris. Humans are potentially 
exposed to microplastics through oral intake, inhala-
tion, and skin contact. Originating from the degrada-
tion of larger plastic debris and direct sources such 
as wastewater treatment plants, microplastics also 
infiltrate marine ecosystems, posing a potential threat 
to the organisms there. Despite their minute size, they 
have a widespread presence in the ocean, possibly af-
fecting fish, crustaceans, sea turtles, and even jellyfish 
to name but a few.
	 Published in the journal Environmental Science & 
Technology, the study highlights the role of jellyfish, 
once considered minor players in marine food chains, 
in the transfer of marine contaminants. Cassiopea an-
dromeda, a jellyfish species inhabiting the seabed of 
shallow coastal waters, was chosen for this research 
due to its proximity to land-based sources of plastic 
waste and its potential to serve as a bioindicator spe-
cies.

Marine ecology  
— Jellyfish absorb plastic pollution
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Jessica Caldwell first joined AMI as a Master’s student in  
2017, finishing her degree in 2019. She continued at the Institute 
as a PhD student in the BioNanomaterials group, investigating  
the preparation, detection, and characterization of micro- and  
nanoplastics. Jessica successfully defended her thesis in 2024, 
and is now carrying out postdoctoral research in Italy.   
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Science outreach
The Institute’s young 

researchers were par-
ticularly active in 2023 

when it came to pre-
senting their work to a 

wider public.

Recognizing innovation
Dr. Flavia Sousa, a postdoctoral 
researcher in the AMI BioNano-
materials group, was chosen  
as one of the MIT Technology 
Review’s Innovators Under 35 
selection for 2023. 

Public outreach
AMI staff were again out and about for 
the University of Fribourg’s Explora open 
day in September. Students and staff 
took the opportunity to meet the public 
and talk about science, projects, and in-
novation with some fun activities. These 
open days are organized every two years 
by the university. The AMI BioNanoma-
terials Co-Chair, Prof. Barbara Rothen- 
Rutishauser, took part in October in the 
SATW TecDay at the Sursee college in 

Wachara Chanakul was the winner of the 
University of Fribourg’s Science Slam 
with his presentation “What if one day 
you forgot everyone you love?”, focused 

on Alzheimer’s Disease diagnostics. 
Carolina Pierucci, another member of 
the AMI BioPhysics group, was awarded 
the public prize for her presentation 
about the INTEGRATE project (“Towards 
the development of an electric organ to 
power artificial muscles”). Mauro Almeida 
of the BioNanomaterials group finished 
second in the university’s Three-Minute 
Thesis competition (MT180) for his 
short talk on “talk “Deciphering nano-
particle endocytosis to improve thera-
peutic strategies.” Almeida also took 
home the public prize for his efforts.

The annual list recognizes outstanding innovators who 
are younger than 35. The awards span a wide range 
of fields, including biotechnology, materials, computer 
hardware, energy, transportation, communications, and 
the Web. At the Institute, Sousa focused on the devel-
opment of new biological nanotherapies for brain can-
cer using polymeric and lipid nanoparticles. The Tech 

Review judges considered her research work as pio-
neering regarding the encapsulation of anti-angiogenic 
monoclonal antibodies and understanding the effica-
cy in treating glioblastoma by normalizing the tumor 
vasculature and microenvironment. Sousa was recently 
appointed as an Assistant Professor at the University of 
Groningen in the Netherlands. 

canton Lucerne. Around 1,000 students 
were registered for the day’s 64 hands-
on modules, with Rothen-Rutishauser 
focusing on nanomaterials. Altogether 
100 experts came together to foster 
students’ interest in science and tech-
nology careers.    
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Sparking ideas
Four Adolphe Merkle Institute researchers 
were awarded Spark grants by the Swiss 
National Science Foundation in 2023.

Innovation prize
The Granulytics team was 
the winner of the 2023 
Innosuisse Business Con-
cept Training Fribourg 
fi rst prize, which was 
hosted at the Institute.

Dr. Anasua Mukhopadhyay of the BioPhysics group is 
aiming to develop a nanopore-based sensor to detect 
and quantify mutant protein aggregates that feature 
in Huntington’s disease, a so-far untreatable disorder 
that causes the breakdown of nerve cells in the brain. 
This could open the door to improvements in discov-
ering and developing potential therapies. Dr. Viola 
Vogler-Neuling of the Soft Matter Physics group is in-
vestigating how structural color forms in nature in the 
pupae of butterfl ies. She is testing the hypothesis that 
these colors form through the self-assembly of lipidic 
lyotropic liquid crystals already used in drug delivery. 
By understanding this process, she hopes to mimic it 
to develop biocompatible and environmentally friendly 
photonic pigments for the food and cosmetics indus-
try.
 Prof. Jovana Milic of the Smart Energy Materials 
group is attempting to develop novel metal-free all-or-
ganic molecular perovskites using mechanosynthesis 
strategies. These materials are envisaged to feature 
exceptional ferroelectric properties, which would, un-
like conventional perovskite ferroelectrics, not pose 
environmental concerns associated with toxic metal 
components. Finally, Dr. Ruiwen He of the BioNano-
materials group aims to establish an in vitro database 
of volatile organic compound (VOC) biomarkers for 
specifi c biological processes such as air pollution-in-
duced lung infl ammation. The result could help boost 

The prize included an innovation training 
trip to Oxford, UK for the lucky winners. 
Two AMI researchers, Andela Vracar and 
Yu Larpin, both from the BioPhysics 
group, were part of the team, along with 
Owais Hameed and Katrin Sophie Wen-
drich from the University of Fribourg. 
Their project focused on developing bio-
logical therapy against antibiotic-resist-
ant bacteria for surgical site infections. 
The project has since become a spinoff, 
with Larpin as one of the co-founders, 
leveraging antimicrobial proteins and li-
pid nanocarriers.

in vivo research and non-invasive clinical detection of 
air pollution-related lung diseases.
 Spark funding is intended for projects with uncon-
ventional thinking and a unique approach. The focus 
is on promising ideas of high originality, relying on 
no or very little preliminary data that are unlikely to 
be fi nanced by other available funding schemes. Ap-
plicants can request between CHF 50,000 and CHF 
100,000 for a project duration of six to twelve months.
 The applicants must have developed the idea for 
the proposal themselves and should be able to con-
duct the project without any instructions from third 
parties.
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Milic has since taken up a position as an Associate 
Professor at the University of Turku in Finland to fulfill 
the grant conditions, which must be used in a nation 
associated with the Horizon Europe program. This is 
not currently the case for Switzerland. However, she 
remains affiliated with AMI. Milic joined the Institute in 
2020 as a Swiss National Science Foundation PRIMA 
Fellow and was promoted to Assistant Professor by the 
University of Fribourg the following year.  
	 Milic was also appointed in 2023 as one of the In-
ternational Science Council’s 100 new Fellows, the or-
ganization’s highest honor conferred on an individual. 
The council recognizes with its fellowships outstanding 
contributions to promoting science as a global public 
good. It is the only international NGO bringing togeth-

ERC grant
AMI Assistant Prof. Jovana Milic was awarded in September 2023 
a prestigious European Research Council (ERC) Starting Grant  
for her project “Smart Hybrid Materials for Opto(electro)ionics”. 

er international scientific unions and associations and 
national and regional scientific organizations such 
as academies and research councils from the natu-
ral sciences, social sciences, and the humanities. The 
Swiss Academy of Sciences and the Swiss Academy of 
Humanities and Social Sciences are both members. 

Promotion
Dr. Alessandro Ianiro, 
group leader in the AMI 
BioPhysics group, was 
appointed Assistant Pro-
fessor in the Department 
of Chemistry at the 
Katholieke Universiteit 
(KU) Leuven in Belgium 
in September 2023. 

Ianiro remains affiliated with the Institute 
as the scientific coordinator of the INTE-
GRATE project. INTEGRATE is a multi-
disciplinary research program funded 
by the European Innovation Council and 
the Swiss Secretariat for Education, Re-
search, and Innovation worth €3 million 
(awarded in 2021). The main goal is to 
develop energy-autonomous prosthetics 
and robotic devices. 

Anti-viral bed canopy 
The Institute’s young researchers were particularly ac-
tive in 2023 when it came to presenting their work to a 
wider public. Visitors to the sitem-insel (Swiss Institute 
for Translational Medicine and Entrepreneurship) open 
door day in Bern in December 2023 had the opportu-
nity to see an innovative prototype hospital bed canopy 
developed by the Nano Clean Air company in collab-
oration with AMI’s BioNanomaterials Co-Chair Prof. 
Barbara Rothen-Rutishauser and Northwestern Swit-
zerland’s University of Applied Sciences. The canopy 
was designed to inhibit the transmission of respiratory 
viruses in multi-bed hospital rooms. In tests with salt 
aerosols, viruses, and bacteria, more than 95% of air-
borne pathogens do not reach the neighboring bed 
while offering potentially high protection for health-
care staff.

In brief
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This award recognizes recipients’ 
achievements, commitment, and con-
tributions to the society, as well as 
outstanding contributions in the field 
of aerosols in medicine. Rothen-Rut-
ishauser received her award at the ISAM 
conference in Saarbrücken, Germa-
ny, along with three other researchers. 
Rothen-Rutishauser is a past president 
of the ISAM and has served on multiple 
international and national advisory com-

Fellowship
The Adolphe Merkle Institute’s Co-Chair of Bio- Nanomaterials,  
Prof. Barbara Rothen-Rutishauser was named a Fellow of the Inter- 
national Society for Aerosols in Medicine (ISAM) in 2023. 

mittees, including Switzerland’s Federal 
Commission for Air Hygiene.
	 The ISAM was founded in 1973 to 
promote and advance aerosol science 
internationally, focusing on the health 
effects of inhaled aerosols including in-
haled drug delivery for prevention and 
treatment of human disease. Its con-
ferences are among the world’s largest 
conferences on respiratory health and 
inhaled drug delivery.

In memoriam
In November 2023, we honored the 
memory of our late colleague Livia Bast 
with the public defense of her PhD the-
sis “Bio-Inspired Composite Materials 
based on Silk Proteins, Cellulose Na-
nocrystals and Polymers.” The results of 
her work were presented by her doctoral 
advisor and AMI alum Prof. Nico Bruns.
	 Livia joined AMI in 2016 as a mem-
ber of the European-funded Innovative 
Training Network PlaMatSu (Plant-In-
spired Materials and Surfaces) spear-
headed by Bruns. 

In brief

Falling Walls
The Adolphe Merkle 

Institute hosted the first 
edition of the Falling 

Walls Lab Fribourg, part 
of a global interdisciplin-
ary pitch competition for 

students and early-
career professionals.

Organized by the NCCR Bio-Inspired 
Materials, the competition had two win-
ners from the University of Fribourg, 

Mout de Vrieze and Ivana Domljanovic. 
Both travelled to Berlin in November 
2023 to take part in the global final held 
during the Falling Walls Summit.
	 Throughout the year, academic insti-
tutions  host international Falling Walls 
Labs to showcase the quality, diversity, 
and passion of their region’s most in-
novative minds. Participants are given 
three minutes to present their solutions 
to some of today’s most pressing chal-
lenges.
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Finance & Organization

The Adolphe Merkle Institute’s overall expenditures re-
mained stable in 2023 at CHF 9.13 million. 86% of 
this sum was spent on research, while an additional 
4% was invested in research equipment. Around 2% 
of the budget supported valorization activities such as 
technology transfer, communication, and marketing, 
with another 8% covering administration costs. 

Finance  
— Cost structure at AMI
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Finance & Organization

Overall expenses 2023 
CHF 9.13 million

Funding sources of overall expenses 2023

Third-party funding 2023
CHF 5.13 million

	 Adolphe Merkle Foundation / 33%

	 Grants / 55%

	 University of Fribourg / 11%

	 Industry / 1%

	 SNSF / 60%

	 EU / 20%

	 Other sources / 13%

	 Innosuisse / 4%

	 Industry / 3%

	 Research / 86%

	 Administration / 8%

	 Research equipment / 4%

	 Valorization / 2%
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Finance & Organization

Institute Council

Members

Prof. Astrid Epiney (President)
Rector of the University of Fribourg, Professor at  
the Faculty of Law, University of Fribourg

Peter Huber (Vice-president)
Administrator, Sublevo AG, Kloten, Switzerland 

Prof. Ulrich Ultes-Nitsche 
Professor in the Department of Informatics,  
University of Fribourg

Prof. Rolf Mülhaupt
Former Managing Director Freiburg Center of  
Interactive Materials and Bioinspired Technologies

Scientific Advisory Board

Members

Dr. Alan D. English (President)
Senior Research Fellow, DuPont Central Research  
and Development, USA

Prof. Luisa De Cola
Istituto di ricerche farmacologiche Mario Negri  
and University of Milano, Italy

Foundation Board

Members 

Peter Huber (President)
Administrator, Sublevo AG, Kloten, Switzerland 

Jean-Pierre Siggen 
State Minister in charge of Education, Culture and 
Sport of canton Fribourg

Chantal Robin 
Director, Fribourg Chamber of Commerce and  
Industry

Prof. Rolf Mülhaupt 
Former Managing Director Freiburg Center of  
Interactive Materials and Bioinspired Technologies

Prof. Claude Regamey
Former chairman of the Department of Internal  
Medicine, Hôpital Cantonal Fribourg, former President 
of the Ethical Committee of the Swiss Academy of 
Sciences

André Broye (Managing Director) 

In late 2007, Adolphe Merkle set up the Adolphe 
Merkle Foundation and donated CHF 100 million to 
support the University of Fribourg. The donation has 
been used primarily to establish the Adolphe Merkle 
Institute.

The Institute Council plays an important role in con-
trolling and supervising the development of the Insti-
tute at the University of Fribourg’s science faculty. It 
guarantees optimal communication and coordination 
between the University and the Foundation and helps 
the Institute to fulfill its mission and to smoothly inte-
grate into the university.

The Scientific Advisory Board is an independent team 
of experts with backgrounds and expertise in fields 
that are relevant for AMI. It provides an external view 
to help position the institute in its national and interna-
tional environment.

The Executive Board oversees daily operations at AMI 
and meets once a week. All AMI professors are mem-
bers of this management body along with the Asso-
ciate Director. They are responsible for ensuring that 
the strategy approved by the Institute Council is im-
plemented.

The Administration team provides support in many as-
pects of the Institute’s daily work and acts as an inter-
face between the University of Fribourg and AMI.

Organization  
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Finance & Organization

Prof. Giovanni Dietler
Former head of the Laboratory of Physics of Living 
Matter, EPFL, Switzerland

Prof. Alex Dommann
Former head of Department “Materials meet Life”, 
Empa, St. Gallen, Switzerland

Prof. Paula Hammond
David H. Koch Professor in Engineering, and  
Executive Officer, MIT, USA

Prof. em. Heinrich Hofmann
Former head of the Powder Technology Laboratory, 
EPFL, Switzerland

Dr. Alexander Moscho
Operating Partner, Triton Investments Advisers,  
Germany

Prof. Dieter Richter
Former director of the Institute of Solid State  
Research, Forschungszentrum Jülich, Germany

Prof. Marcus Textor 
Former head of the Biointerface Group at Department 
of Materials, ETH Zürich, Switzerland 

Prof. Ben Zhong Tang
Chair Professor of Chemistry, Hong Kong University 
of Science and Technology, China

Executive Board

Prof. Ullrich Steiner 
Director and Chair of Soft Matter Physics

Prof. Jessica Clough
Mechanoresponsive Materials group

Prof. Alke Fink
Co-Chair of BioNanomaterials

Prof. Michael Mayer
Deputy Director and Chair of Biophysics

Prof. Jovana Milic
Smart Energy Materials group

Prof. Barbara Rothen-Rutishauser
Co-Chair of BioNanomaterials

Prof. Christoph Weder
Chair of Polymer Chemistry & Materials

Administration

Scott Capper
Responsible for Communications & Marketing

Carine Jungo
Secretary

Catherine Jungo
Responsible for Human Resources

Thierry Mettraux 
Responsible for Finance & Controlling

Dr. Valeria Mozzetti
Head of Knowledge and Technology Transfer,  
Grant Writing 

Tomas Perez
Responsible for IT Support
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PhDs & Alumni

PhDs 

Our new doctors

Mauro Almeida 
(BioNanomaterials)
“Deciphering nanoparticle endocytosis 
to improve therapeutic strategies”

Livia Bast 
(Macromolecular Chemistry)
“Bio-Inspired Composite Materials 
based on Silk Proteins, Cellulose Nano-
crystals and Polymers”

Jessica Caldwell 
(BioNanomaterials)
“Optimizing Analytical Pathways for 
Micro-, Submicron-, and Nanoplastics”

Wachara Chanakul 
(BioPhysics)
“Development of an Exceptionally 
Large Biological Nanopore for Charac-
terization of Native Folded Proteins”

Kenza Djeghdi 
(Soft Matter Physics)
“Nanostructured self-assembled dia-
mond-like morphologies in biological 
and polymeric materials” 

Christina Glaubitz 
(BioNanomaterials)
“From Powder to Cellular Response: 
The Pathway of Nanoparticle Analysis”

Edona Karakaçi 
(BioPhysics)
“Plasmonic Optical Tweezers for Single 
Protein Dynamics Interrogation”

Andriy Lubskyy 
(Macromolecular Chemistry)
“Engineering of myoglobin for reac-
tions with organic radicals”

Franziska Marx 
(Polymer Chemistry and Materials)
“Healable Metallosupramolecular 
Polymers”

Minh Trí Nguyen 
(Soft Matter Physics)
“Improving electrode materials’ perfor-
mance in Li-ion batteries”

Alessandro Parisotto 
(Soft Matter Physics)
“Order and disorder in natural photonic 
structures”

Eva Susnik 
(BioNanomaterials)
“Modulating nanoparticle-cell inter-
actions in the presence of biological 
molecules”
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Alumni  

Doha Abdelrahman 
(Soft Matter Physics)

Saurabh Awasthi 
(BioPhysics)

Laura Baraldi 
(BioNanomaterials)

Kenza Djeghdi	
(Soft Matter Physics)

Andrea Escher 
(Soft Matter Physics)

Christina Glaubitz 
(BioNanomaterials)

Ilja Gunkel 
(Soft Matter Physics)

Derek Kiebala 
(Polymer Chemistry and Materials)

Asia Lanuti 
(BioPhysics)

Andriy Lubskyy 
(Macromolecular Chemistry)

Jovan Lukic 
(Smart Energy Materials)

Franziska Marx  
(Polymer Chemistry and Materials) 

Valeria Mozzetti 
(Administration)

Murad Najafav 
(Smart Energy Materials)

Minh Tri Nguyen 
(Soft Matter Physics)

Andrea Palumbo 
(Soft Matter Physics)

Alessandro Parisotto 
(Soft Matter Physics)

Cristina Prado 
(Soft Matter Physics)

Chris Rader 
(Polymer Chemistry and Materials)

Marian Reincke 
(BioPhysics)

Maria Sanz 
(BioPhysics)

Eva Susnik 
(BioNanomaterials)

Christian Sproncken 
(BioPhysics)

Brian van Büren 
(Soft Matter Physics)

Anna Wald 
(BioPhysics)

Phattadon (Samat) Yajan 
(BioNanomaterials)

People who left AMI in 2023

PhDs & Alumni
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