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1. Personal information

Position: Chair in Soft Matter Physics, Adolphe Merkle Institute, Fribourg; web: ami.swiss/physics
Identifiers: ORCID: 0000-0001-5936-339X; Google Scholar: Ullrich Steiner (user=uTjdToAAAAAJ)
Publications: 371 publications; >27’000 citations; h-index: 91; current citation rate: ca. 2000 per year

2. Education

1998 Habilitation in experimental physics, Konstanz University, Germany
1993 Dr. Rer. Nat. (doctorate in Physics), with distinction, Konstanz University.
1989 Dip. Phys. (Physics diploma), Konstanz University, Germany

3. Employment history

2014– Soft Matter Physics Chair, Adolphe Merkle Institute, Fribourg
2004–14 John Humphrey Plummer Professor of the Physics of Materials

Cavendish Laboratory, University of Cambridge
1999–04 Professor of Polymer Chemistry, Department of Polymer Chemistry, University of Groningen, NL
1996–99 Head of Polymers at Interfaces group, Physics Department, Konstanz University, Germany
1995–96 Postdoctoral Research Assistant, Institut Charles Sadron, Strasbourg, France
1993–95 Postdoctoral Research Assistant, Department of Physics of Complex Systems, Weizmann Institute
1989–93 Research Assistant, Department of Materials and Interfaces, Weizmann Institute, Israel
1988–89 Research Assistant, Polymer Department, Weizmann Institute, Israel

4. Leadership positions and institutional responsibilities

2022– Director of the Adolphe Merkle Insistute
2022– Member of the Starting Grant Evaluation Commission Mathematics, Natural and Engineering Sciences
2022– Member of the Ambizione Evaluation Commission Mathematics, Natural and Engineering Sciences
2021– Chairman of the CORE Materials/Physics Panel of the Luxembourg National Research Fund (FNR)
2020– Director of the National Competence Center in Research “Bioinspired Materials”
2019–2021 Member of the CORE Materials/Physics Panel of the Luxembourg National Research Fund (FNR)
2018–2022 Deputy-director of the Adolphe Merkle Institute
2018–2022 Member of the PRIMA Evaluation Commission Mathematics, Natural and Engineering Sciences
2017–2020 Member of the Research Promotion Committee of the University of Fribourg
2017–2020 Member of the local SNF committee of the University of Fribourg
2015–2019 Organization and lead: “Specialized Master of Science in the Chemistry and Physics of Soft Materials”
2014– Member of several faculty appointment committees in the Faculty of Science, University of Fribourg
2014– Member of executive board of the Adolphe Merkle Institute
2014–2020 Member of the scientific advisory board of the Doctoral Training Centre NanoDTC, Cambridge
2009–2014 Member of the executive board of the Doctoral Training Centre NanoDTC, Cambridge
2004–2014 Departmental and faculty committee memberships, Department of Physics, University of Cambridge
2004–2006 Head of the Biological and Soft Systems sector of the Department of Physics, University of Cambridge

5. Currently funded research projects

2023–28 SNSF Sinergia: “Strong Localization of Light through the Controlled Assembly of Amorphous Patchy
Colloid Networks”

2022–26 SNSF NCCR Bioinspired Materials: “Complete photonic band gap materials made by self-assembly of
bottlebrush block terpolymers”

2022–26 SNSF NCCR Bioinspired Materials: “Enhancing structural colour through absorption”
2019–24 ERC Advanced Grant: “Photonic Structural Materials with Controlled Disorder” (PrISMoID)

6. Supervision of junior researchers

Advancement of former group members into academic positions.

2024 Jovana Milic: University of Turku, Associate Professor
2024 Stefan Guldin, Technical University of Munich, Professor
2023 Silvia Vignolini, Max Planck Institute of Colloids and Interfaces, Director
2022 Antonio Abate: University of Bielefeld, Professor
2022 Xiao Hua: Lancaster Univerisity, Lecturer
2021 Ahu Gumrah Parry: University of Manchester, Senior Lecturer

http://www.ami.swiss/physics
http://orcid.org/0000-0001-5936-339X
https://scholar.google.com/citations?user=uTjdToAAAAAJ


2021 Bodo Wilts: University of Salzburg, Professor
2021 Jovana Milic: Adolphe Merkle Institute, University of Fribourg, Assistant Professor
2020 Tobias Wenzel: Pontificia Universidad Catolica de Chile, Assistant Professor
2020 Michael Saliba: University of Stuttgart, Professor & Director of the Institute for Photovoltaics
2019 Michael Saliba: Technical University of Darmstadt, Professor
2018 Alessandro Sepe: Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Professor
2016 Sandeep Pathak: Indian Institute of Technology Delhi, Associate Professor
2015 Stefan Guldin, University College London, Professor in Chemical Engineering
2014 Silvia Vignolini, University of Cambridge, Professor in Chemistry
2014 Li Li, East China Normal University, Professor
2013 Mathias Kolle, MIT, Associate Professor in Mechanical Engineering
2013 Pola Goldberg Oppenheimer, University of Birmingham, Professor
2012 Urbasi Sinha, Raman Research Institute, Bangalore, Professor
2012 Erik Schäffer, University of Tübingen, Professor for Cellular Nanoscience
2010 Sabine Ludwigs, University of Stuttgart, Full Professor (Chair) in Chemistry
2000 Elias Perez, Universidad Autonoma de San Luis Potosi, Mexico, Profesor-Investigador

Supervised post-docs (4 current, 29 past): Rushna Quddus, Viola Vogler Neuling, Andrea Dodero, Matthias Saba, Ilja
Gunkel (Qcells), Wenhui Wang, Efrain Ochoa Martinez (U. Fribourg), Antonio Günzler (Sensirion), Cédric Kilchoer
(CPAutomatation), Bodo Wilts (U. Salzburg), Esteban Bermudez (University of Costa Rica), Guillaume Moriceau, Re-
za Ghanbari (Chalmers University), Somayyeh Gholipour, Michael Saliba (University of Stuttgart), Xio Hua (Universi-
ty of Oxford), Alessandro Sepe (Chinese Academy of Science), James Dolan (University of Cambridge), Silvia Vignolini
(University of Cambridge), Gen Kamita (GMO Internet), Alex Finnemore (Theorm), Maik Scherrer(Papierfabrik Lou-
sienthal), Sandeep Pathak (IIT Dehli), Sven Hüttner (U. Bayreuth), Katherine Thomas (APS, Physical Review), Peter
Kohn (Bosch), Urbasi Sinha (RRI, India), Sabine Ludwigs (U. Stuttgart), Jakob Heier (EMPA), Frank Terjung, Eĺıas
Pérez (U. San Luis)

Supervised PhD students (13 current, 48 past): Nicolas Bruder, Victoire Cabannes de Cauna, Florin Hemman, Niklas
Schwarz, Thomas Kainz, Bilel Abdennadher, Weifan Luo, Viola Bauernfeind, Cédric Schumacher, Réne Isli, Martino
Airoldi, Christina Prado, Alessandro Parisotto, Kenza Djeghdi (Qcells), Minh Tri Nguyen (Vinfast/VinES Energy So-
lution), Parnian Ferdowsi (EPFL), Doha Abdelrahman (Impossible Materials), Andrea Palumbo (Metrohm Autolab),
Antonio Günzler (Sensirion), Narjes Abdollahi (U. Basel), Johannes Bergmann (Lonza), Alexandre Redondo (PMI),
Cédric Kilchoer (CPAutomatation), Mirela Malekovic, Xioayuan Sheng, Preston Sutton (U Deakin), Sandy Sanchez
(EPFL), Karolina Korzeb (Zimmer Biomet), Michael Fischer (WSAudiology), Tobias Wenzel (UC de Chile), Bart
Roose (U. Cambridge), Karl Gödel (Bosch) Jonathan Lim (DSO Singapore), James Dolan (U. Cambridge), Harry
Beeson (British Parliament), Raphael Dehmel (Lidl Stiftung), Zhuxia Rong , Stefano Salvatore (ASML), Gen Kamita
(GMO Internet), Pedro Cunha (Base4), Alex Finnemore (Theorem), Stefan Guldin (UCL), Ellie Kim (Mc Kinsey),
Li Li (East China Normal U.) , Maik Scherrer (P. Louisenthal), Katherine Thomas (APS), Pola Goldberg Oppenhei-
mer (U. Birmingham), Sven Hüttner (U. Bayreuth), Mathias Kolle (MIT), Rosa Poetes (Mc Kinsey), Nicoleta Voicu
(DSM), David Barbero (U. Umea), Mihaela Nedelcu (Continental), Ed Crossland (Oxford PV), Pieter vd Wal (Merit
Coatings), Stephan Harkma TNO), Ole Göbel (Bruker), Mihai Morairu (DSM), Erik Schäffer (U. Tübingen), Stefan
Walheim (KIT), Martin Böltau (VDI)

7. Teaching Activities

Responsible for Soft Matter Physics Teaching since 1999 at 3 universities. Current courses: Soft Matter Physics,
Polymer Engineering, Energy Materials, Functional Materials, Physics of Daily Life, Photonics and Plamonics.

8. Editorical Activities

2012 – Member of the Editorial Advisory Board of “Advanced Optical Materials” , Wiley
2010 – Member of the International Advisory Board of “Journal of Polymer Science Part B:

Polymer Physics”, Wiley
2005–09 Founding Chairman of the Editorial Board of “Soft Matter” (RSC)

9. Fellowships and memberships in academic societies

2018 – Member, American Chemical Society
2005– Fellow of the Royal Society of Chemistry
2007–2014 Fellow of St. Edmunds College
1991– Member of the American Physical Society
1989– Member of the German Physical Society
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10. Organization of conferences

2026 Gordon Conference “Bioinspired Materials”, 16-21 June 2024, Les Diablerets, Switzerland
2025 European Polymer Conference “MacroLight” (EUPOC 2025), Bertinoro (IT), May 11-15, 2025.
2024 Gordon Conference “Bioinspired Materials”, 16-21 June 2024, Les Diablerets, Switzerland
2016 Fall Meeting of the MRS, Symposium Biomineralization, 27 Nov.-2 Dec. 2016, Boston
2013 EMRS Symposium Organic & hybrid interfaces in excitonic solar cells, Strasbourg, France
2011 10th International Conference on Materials Chemistry (MC10), 4-7 July 2011, Manchester
2009 Faraday Discussion 143: Soft Nanotechnology, 15-17 June 2009, London
2008 International conference on Self-assembly and Self-organisation 10-12 Dec 2008, Cambridge.

11. Prizes, awards, fellowships

2022 Visiting Fellow at New York University
2019 Recipient of an ERC Advanced Grant
2016 Peabody visiting Professor at MIT
2014 Macro Group UK Medal of the Royal Society of Chemistry
2014 Selby Traveling Fellowship by Australian Academy of Science
2021 Visiting Fellow at Harvard University
2008–2010 Fellow of the Freiburg Institute of Advanced Studies (FRIAS)
2002 Raymond and Beverly Sackler Prize for Physical Sciences
1998–99 Heisenberg Fellow, German Science Foundation
1996–98 Fellow (Habilitationsfelloship), German Science Foundation
1995–96 Fellow, Alfred Kastler Foundation, France
1994–95 Fellow, Weizmann Foundation, Israel
1993–94 Postdoctoral Fellow, German Science Foundation
1990–92 Scholar, Minerva Foundation, Germany
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Research Focus

The research interests of Ulli Steiner’s research group lie in the structure formation mechanisms in a range of materials
on the 1 nm to 1 µm length scale. The focus is particularly on material functions that derive from, or are optimised by,
the presence of nanostructures. To this end, the Steiner group’s research extends from the fundamental understanding
of the structure-function relationship to developing valuable strategies in the applied sphere.

1. Nature-Inspired Photonics

The colour arising from periodic photonic structures in nature is only seemingly based on well-understood physical
principles. Structural colour arises from light interference and typically requires highly ordered morphologies on the 100-
nm length scale, preventing its wide adoption. Through evolution, structural colour in many organisms was optimised
to an order-disorder interplay, structurally more robust than perfect order. Learning from nature, we are approaching
this problem from several angles. (1) Replicating porous chitin and ceratin networks into metal composites allows
us to acquire 3D tomograms of the photonic morphologies and extract morphological measures of the order-disorder
interplay [1–13]. (2) Electromagnetic modelling of these datasets, combined with the generation of model morphologies,
allows predicting the photonic response of these materials. (3) To gain a better understanding, we replicate photonic
morphologies [14–18]. (4) In collaboration with the Pine group at NYU, we design and assemble colloidal “Lego”-
blocks into partially disordered networks mimicking the order-disorder interplay, aiming to understand the required
morphological parameters and construct robust structural colour. Finally, we aim to create scalable photonic paint by
creating 10-µm-sized colloidal spheres with internal photonic morphologies [19–21].

2. Photonic Structures in Plants

Creating colour by structuring materials on the ca. 100 nm length scale (multilayers, gratings, etc.) is ubiquitous in
the animal kingdom. Until my collaborator Prof. Beverley Glover (a plant scientist at the University of Cambridge) and
I entered this field about ten years ago, it was believed that structural colour is absent (or very rare) in plants. Over
the years, we demonstrated a range of structural and optical phenomena in plants and their biological function. This
includes interference and coherent scattering from surface gratings on many plant petals, which enhances recognition
from pollinators [22–27], the explanation of the intense glossiness in buttercup flowers [28], serving the same purpose,
chiral-nematic nanocellulose multilayers in the Polia and Margaritaria fruits [29,30], where the function is seed dispersal
by birds [23,27], and other optical effects [31–35].

3. Optical Metamaterials and Metasurfaces

Nano-sized metal inclusions in dielectric materials give rise to colour, for example, in glass, as has been harnessed
over the centuries. This optical response arises from localised resonant electron surface oscillations (surface plasmon
polaritons). In extended periodic nanolattices these electronic modes can propagate across the material and couple out
as light. Compared to dielectric (photonic) materials in which the electrons interact only weakly with the propagating
electromagnetic waves, these so-called metamaterials can have interesting, unusual properties, such as a negative
refractive index, which can give rise to the self-focussing of light or cloaking. While it is possible to use lithography
to obtain metamaterials that are active at microwave and infrared frequencies, structure control on the 10-nm length
scale is required for the visible wavelength range. The Steiner group has pioneered the replication of self-assembled
block-copolymer morphologies into plasmonic metals to obtain visible metamaterials and has characterised these in
terms of various parameters [36–45]. Magentic [46] and mechanical [47, 48] metamaterials have also been created and
characterised. Our current focus lies in (1) exploring the electromagnetic mode spectrum of non-intersecting double-
network lattices [49], (2) the role of metamaterial surfaces on the mode spectra [39], and (3) the construction of
polarised thermal emitters based on micrometre-sized metamaterials [50].

4. Perovskite Photovoltaics

Over the past 10+ years, the highly performing meso-patterned photovoltaics field has undergone a tremendous
transition. Evolving from dye-sensitised solar cells with power conversion efficiencies of around 12%, perovskite-based
solar cells now exhibit lab performances that rival the established silicon technologies. There are, however, still several
limitations, many of which arise from the mesoporous metal oxide scaffold that forms one of the electrodes. Over the
past ten years, we have pioneered an alternative method for manufacturing these electrodes, involving a combination of
block-copolymer self-assembly and sol-gel chemistries. In particular, we have shown how defects within the metal-oxide
assembly limit the performance and lifetime of these devices, and we have solved this problem by passivating lattice
defects through doping with suitable metal ions. These doping strategies are now routinely used in device manufacture.
We developed an alternative to the ubiquitous titanium-dioxide standard, which induces photodegradation of the
organic components within the cells, doped tin-oxide, that does not suffer from this problem. Furthermore, we have
developed strategies to improve perovskite morphologies and ion migration to address the still challenging issues of
device lifetime and to extend the current processing methods towards scalable techniques on flexible substrates [51–72].
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5. Li-ion Batteries and Super-Capacitors

Our work on Li-ion batteries focuses on the interplay of nanomorphologies in Li-ion batteries within the battery
architecture on the 100µm scale. The battery components we investigate are the electrodes (anodes and cathodes), the
electrolyte, and solid-electrolyte interfaces. Since Li-ions intercalate into anodes and cathodes, high surface areas of
nanostructured materials are beneficial. However, since the batteries are large, nanostructures have many operational
disadvantages (ion diffusion limitation, electrical conductivity, mechanical stability). Using established manufacturing
procedures, we have developed 10-µm-sized nanoporous colloids that can be assembled to battery electrodes. The
resulting mesostructured electrodes outperform the industry standards regarding energy and power densities and
cycle life. Secondly, since the formation of so-called solid electrolyte interface layers clogs the nanoporosity and leads
to capacity fading, we have developed liquid electrolyte additives that passivate electrode surfaces on the nanometre
scale, preventing the build-up of these layers, substantially improving battery cycling and suppressing capacity fading.
Thirdly, we have developed block-copolymer-based solid electrolytes to replace combustible liquid electrolytes and
enable lithium metal as an anode. Our main contribution was the elucidation of nanometre-sized interfacial layers
with electrodes, paving the way for the further development of these electrodes [73–84].

6. Dye-Sensitised and Polymer-Based Photovoltaics

While currently partially eclipsed by the progress of perovskite photovoltaics (vide supra) ], dye-sensitised solar cells
and those based on conjugated polymers have steadily progressed over the past two decades. This progress is largely
based on a better understanding of the structure-function relationship in these materials. The Steiner group has
substantially contributed to this understanding by studying the interplay of crystallisation and phase formation on
hierarchical length scales from 10 nm up [85–112], with two detailed studies having made a particular impact in this
community [72,113].

7. Biomimetics

Bioinspiration has been an important aspect of Steiner’s research for 30 years. While most recent projects surround
optical principles encountered in nature, some projects pursue different questions. We have, for example, carefully
analysed the nacre synthesis and deposition in molluscs and, based on this knowledge, developed an entirely in vitro
approach for the biomimetic (but entirely non-biological) synthesis of mother of pearl [114, 115]. In a different pro-
ject, we have biomimetically created the hierarchical fibrillar adhesion structures found in geckos and many insects
based on entirely nonbiological materials (epoxy, carbon nanotubes) [116, 117]. In a recent study, we have develo-
ped a biodegradable spray-on coating for plants that defeats insect adhesion mechanisms, providing non-toxic plant
protection [118,119].

8. Fundamental Polymer Physics

With a background in polymer physics, the Steiner group has maintained an interest in pursuing fundamental science
in this field. Much of this research focused on macromolecular systems quenched far from thermodynamic equilibrium.
We studied how a range of material properties are altered in non-equilibrated systems and developed a qualitative
and partially quantitative understanding of molecular structures to measurable parameters [120–125]. In this context,
the expertise of the Steiner group lies in the contactless probing of polymer film using electric fields [126–136]. While
the main focus lies in the fundamental understanding of non-equilibrated macromolecular systems, the generated
knowledge is of practical interest. We have shown that polymers (particularly in confined geometries) are rarely ideal
(in a thermodynamic sense), and very often, processing technologies result in quenched systems. Very recently, we
have studied defect structures in block-copolymer assemblies [137,138].

9. Other Work

The Steiner group maintains a broad collaborative network, leading to publications that cannot be cast into the
categories above. Examples are the development of novel probes for surface-enhanced Raman scattering (SERS)
[139–144], plasmonic water splitting [145], optical sensors [146], transistors [147,148] and inorganic thin films [149].
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[18] S. Walheim, E. Schäffer, J. Mlynek, and U. Steiner. Nanophase-separated polymer films as high-performance antireflection coatings.

Science, 283(5401):520–522, 1999, doi:10.1126/science.283.5401.520.
[19] Andrea Dodero, Kenza Djeghdi, Viola Bauernfeind, Martino Airoldi, Bodo D. Wilts, Christoph Weder, Ullrich Steiner, and Ilja Gunkel.

Robust full-spectral color tuning of photonic colloids. Small, 19(6), 2022, doi:10.1002/smll.202205438.

[20] Ullrich Steiner and Andrea Dodero. Block copolymer-based photonic pigments: Towards structural non-iridescent brilliant coloration.
CHIMIA, 76(10):826, 2022, doi:10.2533/chimia.2022.826.

[21] Guillaume Moriceau, Cédric Kilchoer, Kenza Djeghdi, Christoph Weder, Ullrich Steiner, Bodo D. Wilts, and Ilja Gunkel. Photonic
particles made by the confined self-assembly of a supramolecular comb-like block copolymer. Macromolecular Rapid Communica-

tions, 42(24), 2021, doi:10.1002/marc.202100522.

[22] Bodo D. Wilts, Paula J. Rudall, Edwige Moyroud, Tom Gregory, Yu Ogawa, Silvia Vignolini, Ullrich Steiner, and Beverley J. Glover.
Ultrastructure and optics of the prism-like petal epidermal cells of Eschscholzia californica (California poppy). New Phytologist,

219(3):1124–1133, 2018, doi:10.1111/nph.15229.

[23] Edwige Moyroud, Tobias Wenzel, Rox Middleton, Paula J. Rudall, Hannah Banks, Alison Reed, Greg Mellers, Patrick Killoran,
M. Murphy Westwood, Ullrich Steiner, Silvia Vignolini, and Beverley J. Glover. Disorder in convergent floral nanostructures enhances

signalling to bees. Nature, 550:469–474, 2017, doi:10.1038/nature24285.

[24] Silvia Vignolini, Edwige Moyroud, Thomas Hingant, Hannah Banks, Paula J. Rudall, Ullrich Steiner, and Beverley J. Glover. The
flower of Hibiscus trionum is both visibly and measurably iridescent. New Phytologist, 205(1):97–101, 2015, doi:10.1111/nph.12958.

[25] Silvia Vignolini, Edwige Moyroud, Thomas Hingant, Hannah Banks, Paula J. Rudall, Ullrich Steiner, and Beverley J. Glover. Is floral

iridescence a biologically relevant cue in plant–pollinator signalling? a response to van der kooi et al. (2014b). New Phytologist,
205(1):21–22, 2015, doi:10.1111/nph.13178.

[26] H.M. Whitney, M. Kolle, R. Alvarez-Fernandez, U. Steiner, and B.J. Glover. Contributions of iridescence to floral patterning. Com-
municative and Integrative Biology, 2(3):230–232, 2009, doi:10.4161/cib.2.3.8084.

[27] H.M. Whitney, M. Kolle, P. Andrew, L. Chittka, U. Steiner, and B.J. Glover. Floral iridescence, produced by diffractive optics, acts

as a cue for animal pollinators. Science, 323(5910):130–133, 2009, doi:10.1126/science.1166256.
[28] S. Vignolini, M. M. Thomas, M. Kolle, T. Wenzel, A. Rowland, P. J. Rudall, J. J. Baumberg, B. J. Glover, and U. Steiner. Directional

scattering from the glossy flower of Ranunculus: how the buttercup lights up your chin. Journal of The Royal Society Interface,

9(71):1295–1301, 2011, doi:10.1098/rsif.2011.0759.
[29] Silvia Vignolini, Thomas Gregory, Mathias Kolle, Alfie Lethbridge, Edwige Moyroud, Ullrich Steiner, Beverley J. Glover, Peter Vukusic,

and Paula J. Rudall. Structural colour from helicoidal cell-wall architecture in fruits of Margaritaria nobilis. Journal of The Royal
Society Interface, 13(124):20160645, 2016, doi:10.1098/rsif.2016.0645.

[30] S. Vignolini, P. J. Rudall, A. V. Rowland, A. Reed, E. Moyroud, R. B. Faden, J. J. Baumberg, B. J. Glover, and U. Steiner.

Pointillist structural color in Pollia fruit. Proceedings of the National Academy of Sciences, 109(39):15712–15715, 2012,

doi:10.1073/pnas.1210105109.
[31] Viola Bauernfeind, Anna Ronikier, Micha l Ronikier, Gregor Kozlowski, Ullrich Steiner, and Bodo D. Wilts. Thin film structural color

is widespread in slime molds (Myxomycetes, Amoebozoa). Optics Express, 32(4):5429, 2024, doi:10.1364/oe.511875.
[32] Chris J. Chandler, Bodo D. Wilts, Silvia Vignolini, Juliet Brodie, Ullrich Steiner, Paula J. Rudall, Beverley J. Glover, Thomas Gregory,

and Rachel H. Walker. Structural colour in Chondrus crispus. Sci. Rep., 5:11645, 2015, doi:10.1038/srep11645.

[33] S. Vignolini, M.P. Davey, R.M. Bateman, P.J. Rudall, E. Moyroud, J. Tratt, S. Malmgren, U. Steiner, and B.J. Glover. The mirror
crack’d: Both pigment and structure contribute to the glossy blue appearance of the mirror orchid, Ophrys speculum. New Phytologist,

196(4):1038–1047, 2012, doi:10.1111/j.1469-8137.2012.04356.x.

[34] Heather M. Whitney, Rosa Poetes, Ullrich Steiner, Lars Chittka, and Beverley J. Glover. Determining the contribution of epidermal
cell shape to petal wettability using isogenic Antirrhinum lines. PLoS ONE, 6(3):e17576, 2011, doi:10.1371/journal.pone.0017576.

[35] K. R. Thomas, M. Kolle, H. M. Whitney, B. J. Glover, and U. Steiner. Function of blue iridescence in tropical understorey plants.

Journal of The Royal Society Interface, 7(53):1699–1707, 2010, doi:10.1098/rsif.2010.0201.
[36] Cédric Kilchoer, Doha Abdelrahman, S. Narjes Abdollahi, Ava A. LaRocca, Ullrich Steiner, Matthias Saba, Ilja Gunkel, and Bodo D.

Wilts. Hyperbolic optical metamaterials from shear-aligned block copolymer cylinder arrays. Advanced Photonics Research, 1(2),

2020, doi:10.1002/adpr.202000037.

6

http://dx.doi.org/10.2533/chimia.2019.47
http://dx.doi.org/10.1098/rsfs.2018.0044
http://dx.doi.org/10.1002/adma.201702057
http://dx.doi.org/10.1126/sciadv.1603119
http://dx.doi.org/10.1002/adom.201600879
http://dx.doi.org/10.1038/srep06075
http://dx.doi.org/10.1021/am501995e
http://dx.doi.org/10.1002/adom.201400112
http://dx.doi.org/10.1021/nl402832u
http://dx.doi.org/10.1038/nnano.2010.101
http://dx.doi.org/10.1126/science.283.5401.520
http://dx.doi.org/10.1002/smll.202205438
http://dx.doi.org/10.2533/chimia.2022.826
http://dx.doi.org/10.1002/marc.202100522
http://dx.doi.org/10.1111/nph.15229
http://dx.doi.org/10.1038/nature24285
http://dx.doi.org/10.1111/nph.12958
http://dx.doi.org/10.1111/nph.13178
http://dx.doi.org/10.4161/cib.2.3.8084
http://dx.doi.org/10.1126/science.1166256
http://dx.doi.org/10.1098/rsif.2011.0759
http://dx.doi.org/10.1098/rsif.2016.0645
http://dx.doi.org/10.1073/pnas.1210105109
http://dx.doi.org/10.1364/oe.511875
http://dx.doi.org/10.1038/srep11645
http://dx.doi.org/10.1111/j.1469-8137.2012.04356.x
http://dx.doi.org/10.1371/journal.pone.0017576
http://dx.doi.org/10.1098/rsif.2010.0201
http://dx.doi.org/10.1002/adpr.202000037


[37] Cédric Kilchoer, Narjes Abdollahi, James A. Dolan, Doha Abdelrahman, Matthias Saba, Ulrich Wiesner, Ullrich Steiner, Ilja Gunkel,
and Bodo D. Wilts. Strong circular dichroism in single gyroid optical metamaterials. Advanced Optical Materials, 8(13), 2020,

doi:10.1002/adom.201902131.
[38] Cédric Kilchoer, Narjes Abdollahi, Ullrich Steiner, Ilja Gunkel, and Bodo D. Wilts. Determining the complex Jones matrix elements

of a chiral 3D optical metamaterial. APL Photonics, 4(12):126107, 2019, doi:10.1063/1.5127169.

[39] James A. Dolan, Raphael Dehmel, Angela Demetriadou, Yibei Gu, Ulrich Wiesner, Timothy D. Wilkinson, Ilja Gunkel, Ortwin Hess,
Jeremy J. Baumberg, Ullrich Steiner, Matthias Saba, and Bodo D. Wilts. Metasurfaces atop metamaterials: Surface morphology induces

linear dichroism in gyroid optical metamaterials. Advanced Materials, 31(2), 2018, doi:10.1002/adma.201803478.

[40] James A. Dolan, Matthias Saba, Raphael Dehmel, Ilja Gunkel, Yibei Gu, Ulrich Wiesner, Ortwin Hess, Timothy D. Wilkinson,
Jeremy J. Baumberg, Ullrich Steiner, and Bodo D. Wilts. Gyroid optical metamaterials: Calculating the effective permittivity of

multi-domain samples. ACS Photonics, 2016, doi:10.1021/acsphotonics.6b00400.

[41] Edward Crossland, Henry Snaith, and Ullrich Steiner. Electrochemical replication of self-assembled block copolymer nanostructures.
In Electrochemical Nanofabrication, pages 59–111. Informa UK Limited, 2016.

[42] Stefano Salvatore, Silvia Vignolini, Julian Philpott, Morgan Stefik, Ulrich Wiesner, Jeremy J. Baumberg, and Ullrich Steiner. A high

transmission wave-guide wire network made by self-assembly. Nanoscale, 7(3):1032–1036, 2015, doi:10.1039/c4nr04485a.
[43] S. Salvatore, A. Demetriadou, S. Vignolini, S.S. Oh, S. Wuestner, N.A. Yufa, M. Stefik, U. Wiesner, J.J. Baumberg, O. Hess, and U. Stei-

ner. Tunable 3D extended self-assembled gold metamaterials with enhanced light transmission. Advanced Materials, 25(19):2713–

2716, 2013, doi:10.1002/adma.201300193.
[44] Silvia Vignolini, Nataliya A. Yufa, Pedro S. Cunha, Stefan Guldin, Ilia Rushkin, Morgan Stefik, Kahyun Hur, Ulrich Wiesner, Jeremy J.

Baumberg, and Ullrich Steiner. A 3D optical metamaterial made by self-assembly. Advanced Materials, 24(10):OP23–OP27, 2012,
doi:10.1002/adma.201103610.

[45] N. Gibbons, J.J. Baumberg, C.L. Bower, M. Kolle, and U. Steiner. Scalable cylindrical metallodielectric metamaterials. Advanced

Materials, 21(38-39):3933–3936, 2009, doi:10.1002/adma.200900461.

[46] Justin Llandro, David M. Love, András Kovács, Jan Caron, Kunal N. Vyas, Attila Kákay, Ruslan Salikhov, Kilian Lenz, JÃ¼rgen
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