
Integrative Research Institute 

for the Sciences

Biannual Report 2017 & 2018

Visualization: Nickl & Partner Architekten AG





Preface

With the establishment of IRIS Adlershof in 2009, Humboldt-Universität zu Berlin has 
created an innovative platform for integrative research in the natural sciences. Today, almost 
10 years later, IRIS has become an internationally recognized player in the fields of hybrid 
inorganic and organic systems for optics and electronics, and also for the physics of space, 
time and matter. 

Started with a small office in HU’s          
Department of Physics in the Lise-Meitner-
Haus, IRIS in its present IRIS Building at Zum 
Großen Windkanal 6 hosts six theoretically 
oriented research groups, with more than 80 
scientists and students, as well as the branch 
offices of IRIS Adlershof and the Collaborative 
Research Centre 951 Hybrid Inorganic/Organ-
ic Systems for Opto-Electronics (HIOS), and 
also the ProMINT-Kolleg. 

Another 120 scientists and students 
from experimental IRIS research groups are         
looking forward to the commissioning of the 
newly constructed IRIS Research building, 
which is expected to be operational early 
2020.  The federal government, the state of 
Berlin and Humboldt-Universität zu Berlin 
are providing a total of more than 50 million 
€ for this purpose.

The successful acquisition of the funds 
required for the construction of the research 
building is considered essential for the  fu-
ture of IRIS Adlershof, since the new research 
building will be an asset for excellent research 
in its research fields, as well as the promo-
tion of young researchers. 

We have learned with great pleasure that 
outstanding junior scientists who have ob-
tained substantial research funding from 
the ERC or the German Federal Government 
to establish independent junior research 
groups, have moved from abroad to Adler-
shof to benefit from the integrative research 

culture at IRIS Adlershof, and also from the 
excellent infrastructure, expected from the 
new research building. 

During the reporting period, IRIS Adler-
shof has considerably enhanced its national 
and international cooperation and visibility, in 
particular through large collaborative projects 
such as Collaborative Research Centers, ERC 
and EU projects, and also by hosting meet-
ings and conferences. We are pleased to re-
port an increasing number of invited lectures 
at internationally siginificant conferences as 
well as highly recognized publications. 

It is my pleasure to thank all members 
and the staff of IRIS Adlershof for their dedi-
cated work, and we are all very grateful for the 
support that we have received from the ad-
ministrative departments and the President’s 
office of Humboldt-Universität zu Berlin. 
Certainly, we are very much looking forward 
to further fruitful collaborations.

 
 

Jürgen P. Rabe I Director of IRIS Adlershof
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1. executive Summary

IRIS Adlershof can look back on two very successful years in which significant positive 
growth has been achieved: In 2017 and 2018, the Integrative Research Institute for the Sci-
ences efficiently established its position as an international leader in the research areas Hy-
brid Systems for Optics and Electronics and Space-Time-Matter, made great progress in the 
promotion of young scientists and is on the verge of the inauguration of its own research 
building. 

outStanding Scientific achievementS

A clear indication of IRIS Adlershof’s posi-
tioning at the center of the scientific scene are 
the outstanding scientific achievements of 
its 22 members, three junior research group 
leaders, and about 120 early career research-
ers. Their groundbreaking scientific results 
were presented to the international scientific 
community in high impact journals and at na-
tional and international conferences.

Among the scientific highlights from 2017 
is the article “Beating the thermodynamic lim-
it with photo-activation of n-doping in organic 
semiconductors using “hyper-reductants”, pub-
lished by IRIS member Norbert Koch togeth-
er with colleagues from Georgia Tech and 
Princeton in Nature Materials. One of the key 
highlights from 2018 is the article “Collective 
molecular switching in hybrid superlattices for 
light-modulated two-dimensional electronics”, 
which was published by IRIS member Stefan 
Hecht together with international and scien-
tifically enormously recognized colleagues in 
the journal Nature Communications.

All scientific highlights will be discussed 
in Chapter Two of this report, a list of key 
conferences, seminars and outreach activi-
ties IRIS members have participated in, can 
be found in the appendix (pp. 94-100). 

That the scientific performance of the IRIS 
Adlershof members takes place at a top level 

is furthermore particularly illustrated by the 
high number of peer-reviewed publications in 
high impact journals, which exceeded 180 in 
total in the reporting years. A list of select-
ed publications can be found in the appendix 
(pp. 83-93). 

two Key objectiveS in 2017 and 2018
In order to maintain the best possible 

support and furtherance of the top achieve-
ments of its members, IRIS Adlershof strong-
ly focused on its two key objectives during 
the reporting period: to provide outstanding 
scientists with an excellent infrastructure for 
interdisciplinary research and to promote 
young scientists. 

Strong Promotion of junior ScientiStS

Following the recommendation of an ex-
pert commission and with the aim of contin-
uous further improvement, IRIS Adlershof 
significantly expanded its measures to sup-
port young scientists: In December 2017, the 
IRIS Council was extended to now include 
two representatives of the young scientists, 
Julian Miczajka, who is a doctoral student in 
Jan Plefka’s group, and Sven Ramelow, ju-
nior research group leader since 2016, as his 
deputy. This enables the young scientists to 
participate more actively in the future devel-
opment of IRIS Adlershof. Furthermore, IRIS 
Adlershof organized a series of seminars and 
supported numerous events addressed to 
promising young scientists to further encour-
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age those. All support measures and, above 
all, the outstanding achievements of IRIS Ad-
lershof’s young scientists are discussed in de-
tail in Chapter Three.

With regard to the pro-
motion of young talent 
and the related continu-
ous further enhancement 
of IRIS Adlershof, it is also 

positive to note that the promising chemist 
and ERC-grant holder Michael J. Bojdys could 
be won as a new junior research group leader. 
Due to his great enthusiasm for the concept 
of IRIS Adlershof and the research carried 
out here, he joined the Humboldt-Universität 
zu Berlin in 2018 as leader of the  junior re-
search group Functional Nanomaterials. The 
group’s research aims at the development of 
metal-free, electronic components for tran-
sistors and sensors on the basis of functional 
materials made up of light, covalently-bond-
ed atoms. At the heart of the project lies the 
challenge to transfer the control mechanisms 
and modularity known from molecular, or-
ganic chemistry to macroscopic structures. 
Bojdys reinforces the chemical aspect of the 
Integrative Institute for the Sciences and his 
collaboration with IRIS Director Jürgen P. 
Rabe and IRIS member Emil List-Kratochvil 
will further contribute to the outstanding re-
search at IRIS Adlershof. 

Bojdys is one of a total of five junior re-
search group leaders related to IRIS Adler-
shof in 2017 and 2018. Compared to previous 
years, two junior research group leaders have 
ended their activities during the reporting pe-
riod to pursue different scientific activities: 
David Bléger, who established the indepen-
dent junior research group Photodynamic 
Molecular Systems and Materials in 2013, left 
IRIS Adlershof in late 2018 to pursue a career 
in industry and the former junior research 

group leader Yan Lu was accepted as a full 
IRIS member after being appointed a W2-S 
professorship for Polymer-based Hybrid Ma-
terials at the University of Potsdam in 2017. 
An overview of all junior research group lead-
ers can be found in the appendix (p. 46). 

5 new iriS memberS

Since the recruitment of new highly qual-
ified scientists as members is of utmost im-
portance for outstanding research results and 
for the further growth of a research institute, 
it should be emphasized when looking back 
on the reporting period, that IRIS Adlershof 
was able to gain a total of five new members: 

As mentioned above, 
in 2017, the junior re-
search group leader Yan 
Lu became a full mem-
ber of IRIS Adlershof. Her 
new position is linked to 
the management of a working group at the 
Helmholtz-Zentrum Berlin für Materialien 
und Energie GmbH. There she is research-
ing in the field of colloid chemistry, focusing 
on the synthesis and characterization of hy-
brid functional materials. As an expert in the 
fields of colloid chemistry, she is an essential 
asset for IRIS Adlershof. Yan Lu about her ad-
mission to IRIS: “IRIS Adlershof is a diverse 
and high-quality research harbor where my 
Colloid chemistry team could easily meet and 
interact with groups with different research 
expertise, from theory, fundamental studies 
to applications. Being a member of IRIS Ad-
lershof provides a valuable opportunity for 
the next stage growth of my research activi-
ties on a much broader platform.”

Since Fall 2016, Kannan Balasubramanian 
has been a professor for Micro and Nano An-
alytical Sciences and a member of the Grad-
uate School SALSA at Humboldt-Universität 
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zu Berlin, and since Au-
gust 2017, he has been a 
member of IRIS Adlershof. 
Kannan Balasubramani-
an’s research focuses on 
nanostructured materials 

such as graphene, and the realization of nano 
and micro scale devices as novel analytical 
tools in a fluidic environment. His expertise 
is of particularly importance for IRIS Adler-
shof’s research focus on Hybrid Systems, to 
which the new research building is dedicated.

In the same year, Ca-
terina Cocchi became not 
only a junior professor at 
the Department of Phys-
ics of Humboldt-Univer-
sität zu Berlin but also a 

member of IRIS Adlershof. In the focus of 
her research interests is light-matter interac-
tion with advanced first principles methods, 
based on density-functional theory (DFT) 
and its time-dependent extension (TDDFT) 
as well as of many-body perturbation theo-
ry (MBPT). As a new member of IRIS Adler-
shof, Caterina Cocchi reinforces the vital link 
between theoretical and experimental phys-
ics. Caterina Cocchi about IRIS: “IRIS Adler-
shof is the home of my research. It provides 
me and my group with fully equipped office 
space and cozy common rooms. But IRIS is 
actually much more than that. By hosting and 
co-organizing seminars, workshops, and re-
search exchanges, IRIS generates the oppor-
tunities to interact with other scientists, no 
matter whether they are from the other side 
of Campus Adlershof, the other side of Berlin, 
or even the other side of the world. IRIS wel-
comes our guests and makes them feel like at 
home. It provides us with all the support that 
is indispensable for a young group to grow 
and to establish itself in the international sci-
entific scene. I could not imagine any better 

place to work in science than IRIS Adlershof!”

With the appointment 
of Michael Hintermüller as 
a new member, the valu-
able presence of mathe-
matics in the Integrative 
Research Institute for the 
Sciences is increased. Hin-
termüller is a professor for Applied Mathe-
matics at Humboldt-Universität zu Berlin, 
Director of Weierstrass Institute for Applied 
Analysis and Stochastics and Chair of the Ein-
stein Center for Mathematics Berlin. He be-
came a member of IRIS Adlershof early 2018 
and his current research interests lie in the 
area of mathematical modeling, the analysis 
of the resulting variational problems or oper-
ator equations as well as in the development, 
analysis and numerical implementation of as-
sociated solution methods. 

The admission of Igor 
Michailovitsch Sokolov 
also provides essential im-
pulses for IRIS Adlershof, 
as it strengthens the link 
between the research ar-
eas Mathematical Physics and Hybrid Sys-
tems. Igor M. Sokolov, physics professor at 
Humboldt-Universität zu Berlin, joined IRIS 
Adlershof in August 2017. The main interest 
of his research is on statistical physics and 
the physical chemistry of condensed and soft 
matter, especially problems in which the dis-
crete, disordered structure and fluctuations 
play the leading role.

With their expertise, these five new mem-
bers will contribute immensely to the fur-
ther expansion and interlinking of the IRIS 
research areas and thus strengthen the In-
stitute itself. IRIS Adlershof is very pleased 
about this enrichment.
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During the reporting period, three mem-
bers left IRIS Adlershof to pursue different 
scientific activities: Johann-Christoph Frey-
tag, one of IRIS Adlershof’s founding mem-
bers, left the Integrative Institute for the Sci-
ences in 2017 to focus on his new position 
in the Executive Board of the Einstein Center 
Digital Future. Regine von Klitzing, who had 
been an IRIS member since 2012, transferred 
to Technische Universität Darmstadt in 2017 
and and the IRIS-founding member Joachim 
Sauer became an emeritus professor in 2017. 
IRIS Adlershof would like to express its ap-
preciation for the excellent and fruitful coop-
eration over the years!  A list off all current 
members of IRIS Adlershof can be found in 
the appendix (pp. 40-46).

iriS reSearch building

With regard to IRIS Adlershof’s goal of 
creating the best possible framework for 
cutting-edge research, the progress made in 
completing the IRIS research building during 
the reporting period can be rated as positive. 
Construction progressed so far in 2017 and 
2018 that the building can be opened in early 
2020 – a milestone event for IRIS Adlershof 
which will be addressed in the next annual re-
port. The IRIS research building will provide 
outstanding scientists with excellent working 
conditions, it will allow the IRIS research ar-
eas to expand and it will further strengthen 
IRIS Adlershof’s international appreciation. 
This makes it a symbol of the continuous spa-
tial and scientific growth of IRIS Adlershof. 
Details on construction progress and the 
expansion of the research infrastructure are 
presented in the appendix (pp. 50-52). 

SucceSSfull collaborative ProjectS

During the reporting period, members 
of IRIS Adlershof were participating in im-
portant coordinated collaborative projects. 
The Graduate Schools Berlin Mathematical 

School and School of Analytical Sciences 
Adlershof (SALSA) as well as the Clusters of 
Excellence Image Knowledge Gestaltung and 
Unifying Concepts in Catalysis (UniCat) were 
particularly successful: Although the Excel-
lence Initiative and thus the projects them-
selves ended in October 2017, they emerged 
into the new Clusters of Excellence Matters 
of Activity, UniSysCat, and Math+ due to their 
great achievements. 

With regard to Collaborative Research 
Centers, IRIS Adlershof focused in particu-
lar on the preparation of the application for 
a third funding period of the CRC 951 Hybrid 
Inorganic/Organic Systems for Opto-Elec-
tronics (HIOS). The proposal was submitted 
to the German Science Foundation (DFG) in 
December 2018.  

Among the remarkable collaborative proj-
ects that launched during the reporting peri-
od and in which IRIS Adlershof’s members 
actively participate, are the EU Research Proj-
ect SAGEX and the BMBF project Q.Link.X. 
Furthermore, a joint lab between the group 
Hybrid Devices led by IRIS member Emil 
List-Kratochvil and the Helmholtz Innovation 
Lab HySPRINT was established during the re-
porting period. The collaboration focuses on 
the generative manufacturing processes for 
hybrid components. All coordinated collabo-
rative projects with IRIS involvement are ad-
dressed in detail in the appendix (pp. 53-82). 

hlrn-iv SuPer-comPuter

For the scientists at IRIS Adlershof, the 
signing of the contract for the HLRN super-
computer by the HLRN-Verbund was also a 
significant change in 2018. The supercomput-
er HLRN-IV will replace the previous model 
HLRN-III.  IRIS member Alexander Reinefeld 
explains: “With nearly a quarter of a million 
cores and computing power of about 16 pe-



ꟾ 12

ta-flops, the new system will be about six 
times faster than the previous one. This will 
enable researchers to carry out even more 
precise model calculations in the future, for 
example in environmental research, the life 
sciences, materials and engineering sciences, 
and in basic research in physics, chemistry 
and mathematics.” The computer is located 
at the Zuse Institute Berlin and is available to 
IRIS members.

international viSibility

In order to strengthen its internation-
al visibility in the two current IRIS research 
areas and to further profile the Adlershof 
campus as a place of international innovative 
research, IRIS Adlershof initiated new and in-
tensified existing fruitful international coop-
eration with international partner institutions 
that are world leaders in those research areas 
during the reporting period. 

The long-standing and intensive collabo-
ration with HU’s profile partners, Princeton 
University and National University of Singa-
pore (NUS) in the research area Novel (Opto-
) Electronic Materials are particularly import-
ant for the Integrative Research Institute for 
the Sciences. An immensely fruitful collabo-
ration between Andrivo Rusidy from the Na-
tional University of Singapore and IRIS mem-
ber Claudia Draxl is based on their common 
interest on solar-cell materials, investigating 
their interaction with radiation from two dif-
ferent perspectives, for example experiment 
on the NUS side and ab initio theory on the 
HU side. Concerning kersterites, a puzzling 
seeming discrepancy between different X-ray 
absorption measurements (K- edge and 
L2,3-edge, performed on different samples) 
and theoretical results could be solved by 
performing both probes (K- and L-edge) on 
a dedicated new sample at NUS. In-depth 
analysis based on many-body theory calcula-

tions finally revealed the different nature of 
the used samples, being either disordered 
or copper-poor. Another focus are 2D hybrid 
perovskites, where common investigations 
are dedicated to explore the effect of spin-or-
bit coupling on the excitation spectra.

To further increase its international visi-
bility and to establish and maintain import-
ant international cooperation, IRIS Adlershof 
financially supported the scientifically high-
ly acclaimed Gordon Research Conference: 
Electronic Processes in Organic Materials in 
July 2018 within the framework of the Stra-
tegic Partnership with Princeton University. 
Amongst the invited speakers of the confer-
ence, which was held in Italy, were the IRIS 
Adlershof members Norbert Koch and Clau-
dia Draxl.

In October 2018, IRIS Adlershof strength-
ened its international cooperation with the 
HU’s third strategic profile partner and one 
of the consistently top ranked universities in 
the South American subcontinent, the Uni-
versidade de São Paulo (USP).  At a very pros-
perous meeting with the USP’s president, 
Professor Vahan Agopyan, and the USP’s 
vice-president for International Relation-
ships, Professor Raul Machade Neto, in Ad-
lershof, Jan Plefka, the vice dean for research 
at the HU’s Faculty of Mathematics and Nat-
ural Sciences and a member of IRIS Adler-
shof, and IRIS’s manager Nikolai Puhlmann 
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emphasized the current study conditions on 
Humboldt’s natural science campus and the 
research opportunities at IRIS Adlershof. The 
guests from São Paulo were particularly im-
pressed by the progress of the HU’s research 
results and praised the diverse opportunities 
offered by the Adlershof science location for 
high-ranking scientific research and the train-
ing of international young scientists. 

Earlier the same year, IRIS Adlershof wel-
comed a group of students and professors 
from Morehouse College and Spelman Col-
lege, two so-called historically black colleges 
and universities or colleges from the Black 
Ivy League from Atlanta, Georgia (USA), who 
were also interested in the outstanding re-
search opportunities provided by the natural 
science campus and IRIS Adlershof. 

welcoming gueSt reSearcherS

Welcoming guest researchers is also very 
important for the expansion of IRIS Alder-
shof’s international relations, as they provide 
an important impetus for research conducted 
at the Institute. During the reporting period, 
IRIS Adlershof not only hosted guest scien-
tists but also laid the foundation for success-
ful future cooperation: 

Distinguished Professor Rich Spontak 
from the Department of Chemical and Bio-
molecular Engineering of North Carolina 
State University visited IRIS Adlershof as a 
guest professor of the Cluster of Excellence 
Image Knowledge Gestaltung within the proj-
ect Experimental Systems twice during the 
reporting period, from June to July in 2017 
and from November to December in 2018. 
Professor Spontak’s focus areas in research 
are polymer morphology and phase stabili-
ty, multifunctional and nanostructured poly-
mers, blends and networks, and the appli-
cation of microscopy techniques to polymer 

science and engineering. In winter 2018, he 
gave a lecture at the IRIS Adlershof seminar 
on Designing selective membranes from the 
ground-up: A Polymer Scientists Playground.

humboldt reSearch award

Moreover, a total of three internation-
ally acclaimed scientists won the highly re-
nowned Humboldt Research Award during 
the reporting period, who will then conduct 
research at IRIS Adlershof in the following re-
porting period:

In October 2017, Lance Jenkins Dixon 
received the renowned research prize of the 
Alexander von Humboldt Foundation. Dixon 
is a professor at the National Accelerator Lab-
oratory Slac, operated by Stanford Universi-
ty, and a leading researcher in theoretical 
high-energy physics. His contributions range 
from seminal and mathematically profound 
papers in the early phase of string theory to 
very practical high precision calculations in 
Quantum Chromodynamics (QCD) relevant 
to collider physics, and to an ever deeper 
understanding of scattering amplitudes for 
quantum field theory. The price allowed him 
to work for a total of one year with scientists 
at Humboldt-Universität zu Berlin to devel-
op new ways to solve quantum field theory 
nonperturbatively, and to investigate further 
the elusive theory of quantum gravity. He was 
hosted by IRIS Adlershof within the research 
areas Space-Time-Matter and Mathematical 
Physics.

In March 2018, Seth Marder, Professor of 
Chemistry and Materials Science and Engi-
neering (courtesy) at the Georgia Institute of 
Technology, was awarded the Humboldt Re-
search Award. Seth Marder is internationally 
recognized for his leadership in developing 
structure-property relationships for organic 
and metallo-organic materials for optical and 
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electronic applications. Whilst his time as a 
visiting professor in Adlershof, Seth Marder 
continued his collaborative studies of the ef-
fects of dopants on the properties of both or-
ganic and inorganic materials. He was hosted 
by Nobert Koch at IRIS Adlershof and the De-
partment of Physics of Humboldt-Universität 
zu Berlin.

Niklas Beisert, professor for mathemati-
cal physics at the ETH Zürich, Switzerland, 
also received the Humboldt Research Award 
in March 2018. Beisert is an internationally 
known leading researcher in the area of the 
quantum field theory and integrable models. 
The research prize gives Beisert the oppor-
tunity to explore exact nonperturbative solu-
tions in quantum field theory together with 
Jan Plefka, Matthias Staudacher, and Dirk 
Kreimer, his colleagues from IRIS Adlershof 
and the Departments for Physics and Mathe-
matics of the Humboldt-Universität zu Berlin. 
Beisert also has the opportunity to investi-
gate the hidden symmetries in quantum field 
theories in depth. He will stay seven months 
as a guest of IRIS Adlershof and strengthen 
the IRIS research field Space-Time-Material 
in the academic year of 2018/2019 with his 
expertise.

cooPeration with iranian univerSitieS

In order to further enhance and specialize 
their international profile, the HU and IRIS 
Adlershof endeavored to expand scientific 
cooperation with Iranian universities during 
the reporting period. After the first visit to 
Iran in October 2017 and the participation in 
the very successful German-Iran Science Day 
in February 2018, IRIS Adlershof hosted a 
match-finding workshop in Berlin in October 
2018. Its aim was to explore the possibility of 
a promising scientific cooperation with the 
University of Teheran, the Tarbiat Modares 
University and Amirkabir University of Tech-

nology in IRIS Adlershof’s central research 
field Hybrid Systems for Optics, Electronics 
and Photonics. The workshop, in which 23 
scientists participated, was a success and 
common interests could be identified. In a 
next step, the scientists will examine the pos-
sibilities of expanding their respective joint 
project ideas into concrete project proposals. 
A first concrete resulting cooperation mea-
sure is the eight-month-research stay of two 
Tehran postdocs in the group of IRIS member 
Emil List-Kratochvil on the subject of Transi-
tion Metal Dichalcogenide (TMD)monolay-
ers, which began in February 2019.

future goalS

In summary, IRIS Adlershof had two very 
successful years and is starting the next re-
porting period with full verve. IRIS Adlershof 
wants to continue growing and developing 
and the objectives for the next reporting peri-
od are as follows: Moving in and commission-
ing the new IRIS research building, expanding 
the IRIS research fields by enlarging existing 
ones and/or adding new ones and successful-
ly renewing the CRC 951 Hybrid Inorganic/Or-
ganic Systems for Opto-Electronics (HIOS). 
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2. Scientific highlightS

The most outstanding scientific results are regularly presented by IRIS Adlershof on its 
website (www.iris-adlershof.de). In order to communicate the exceptional achievements of its 
members not only to the international professional public, but also to interested readers with-
out detailed expertise in the fields being discussed, a generally understandable presentation 
method was chosen. These are the scientific highlights of 2017 and 2018: 

“flying PlaSmonS”: unPrecedented PreciSion StudieS of Surface PlaSmon 
PolaritonS in levitated Silver nanowireS

The field of plasmonics is motivated by 
the ever-increasing need to reduce the foot-
print of optical devices, to enhance their op-
eration speed, and to increase their energy 
efficiency. Surface plasmon polaritons (SPPs) 
at metal-dielectric interfaces can tightly con-
fine and guide electromagnetic excitations. 
This not only allows for guiding energy on 
small length scales, but also establishes a 
dramatically enhanced light-matter interac-
tion. In order to understand and even design 
the functionality of highly integrated devices 
utilizing SPPs, it is mandatory to exactly know 
the properties of individual constituents, that 
is, plasmonic nano wires or nano particles. 
However, the material parameters of nano 
particles deviate from bulk properties and 
mandatory supporting structures are of great 
influence.

A way to isolate small objects in a clean 
environment is levitation in vacuum. Re-
searchers from the Department of Physics at 
Humboldt-Universiät zu Berlin now isolated 
charged particles ranging in size from a few 
micrometers using the oscillating electric 
field in a Paul trap. For the first time, they 
were able to investigate plasmon propagation 
in a freely levitated silver nanowire. 

The studies allowed for investigations of 
the optical properties of silver wires without 
any supporting structure and in an environ-
ment, which could be almost completely 
controlled. Furthermore, the simple and 
well-defined geometry of the problem, that 
is, a cylinder surrounded by vacuum or air, 
renders precise, quantitative comparison to 
analytical and numerical models possible. 
The work represents a study of unprecedent-
ed coherence, as it was possible to correlate 
clean transmission spectrograms with wire 
geometry and a simple Fabry-Pérot model.

Our studies pave the way for quantita-
tive characterization of nearly any trappable 
plasmonic nano object, even of fragile ones 
such as droplets of liquids or molten metal 
and of nearly any nanoresonator based on a 
finite waveguide with implications for mod-
eling of complex hybrid structures featuring 
strong coupling or lasing.” says Oliver Ben-
son from the Department of Physics and IRIS 
Adlershof. 

A goal of follow-up research refers to sur-
face plasmon polaritons as local generators 
of heat, point-like electron emitters, and local 
chemical reaction sites. Here again, it would 
be desirable to work out the properties of a 
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Fig. 1: Optical characterization of a single 
levitated silver nanowire and white light 
scattering spectra acquired from levitating 
nanowires

a) CCD camera image of a Ag nanowire il-
luminated by unpolarized white light from a 
halogen lamp. 
b) Using white light from the supercontin-
uum source polarized parallel to the wire 
strong scattering from the wire’s ends is vis-
ible. 
c) White light from the supercontinuum 
source is focused onto the lower end of the 
wire. Besides the large bright spot from the 
directly reflected light, light also stemming 
from the distal end of the wire is visible (in-
dicated by an arrow) as a clear indication 
of surface plasmon polarition being guided 
along the wire and scattered out at the end. 
The length of the wire is approximately 12 
μm. 
d) Optical spectra acquired from the top 
(black line) and the bottom ends (red line) 
of a silver nanowire approximately under il-
lumination from the side using the supercon-
tinuum source. 
e) Zoom into the region from 650 to 700 nm.

“pure” plasmonic nano particle, for example, 
in a comparison with theoretical investiga-
tions looking for signatures of quantum be-
havior. Moreover, the configuration studied 
in the actual experiment has the potential to 
be complemented by gas sensors to study 
the impact of hot electrons on catalytic reac-
tions nearby plasmonic particles.

Publication  
“Flying Plasmons”: Fabry-Pérot resonances in 
levitated silver nanowires 
A. W. Schell, A. KuhlicKe, G. KeWeS, And  
O. BenSOn 
AcS PhOtOnicS 4 (2017) 2719 
dOi: 10.1021/AcSPhOtOnicS.7B00526
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beating the thermodynamic limit with Photo-activation of n-doPing 
in organic SemioconductorS uSing “hyPer-reductantS”

Doping of semiconductors is a key pro-
cess for controlling the materials’ charge 
carrier density, which directly impacts the 
electrical conductivity. Electronic and opto-
electronic devices used in information, com-
munication, energy conversion, and energy 
storage technologies rely on precise and ef-
ficient doping, i.e., the admixture of a small 
amount of a doping agent into the semicon-
ductor. 

However, n-type doping of organic semi-
conductors – electron transfer from the dop-
ant to the semiconductor – is notoriously 
difficult as the molecular dopants employed 
presently are highly sensitive to ambient ex-
posure, upon which they react with water and 
oxygen and are rendered inactive.

In an article that just appeared in Nature 
Materials, a team of researchers from the 
Georgia Institute of Technology, the Helm-
holtz-Zentrum Berlin, Humboldt-Universität 
zu Berlin, and Princeton University demon-
strates a new approach towards n-doping of 
organic semiconductors, which allows by-
passing the dopant sensitivity to the ambient 
and simultaneously enables doping organic 
electron transport materials that have been 
out of reach for n-doping so far. 

The first step of innovation lies in chem-
ically connecting two organometallic molec-
ular dopants in a dimer that is stable even 
in air, with reduced ability to dope organic 
electron transport semiconductors. Conse-
quently, when mixing these into the organic 
semiconductor, nothing happens at first.

 

The revolutionary step now involves illu-
minating the mixture with light. A dimer and a 
semiconductor molecule in immediate prox-
imity absorb a photon, the dimer can dissoci-
ate and unfold the full doping power of each 
dopant in a multi-step process. “By this opti-
cal activation of dopants, we could enhance 
the conductivity of organic electron transport 
materials by five orders of magnitude. This 
boosts the efficiency of organic light emitting 
diodes and solar cells, using rather simple 
and technologically relevant processing” says 
Prof. Antoine Kahn from Princeton Universi-
ty, who coordinated the project. 

The choice of the article’s title is explained 
by Prof. Seth Marder from Georgia Tech:  
“This doping is actually beyond the thermo-
dynamic limit of what the dopant should be 
able to do, thus once the light is turned off 
one might naively expect the reverse reaction 
to occur (rapidly, within seconds perhaps) 
and the conductivity increase to disappear. 
However, this is not the case. The reason 
for this is that the doping process involves 
multiple steps, and the back-reaction to the 
starting system involves many uphill interme-
diate steps creating a kinetic barrier, thus the 
reverse reaction is extremely slow.” Indeed, 
no indications of a loss in conductivity upon 
light-activation after hundreds of hours were 
found. For these reasons, the compounds are 
referred to as “hyper-reductants”. 

The fact that the team demonstrated the 
beneficial effect of their doped electron trans-
port semiconductors in highly efficient light 
emitting diodes underlines the huge poten-
tial of this approach in device applications. 



ꟾ 18

“We believe that our work enables simple 
processing of n-doped organic semiconduc-
tors in numerous device architectures, where 
the critical step - doping activation - can take 
place after standard device encapsulation. 
This will contribute substantially to improved 
device lifetime and in some case simplify de-
vice fabrication” notes Prof. Norbert Koch 
from Humboldt-Universität, member of IRIS 
Adlershof. The work was part of a project 
within the strategic partnership program of 
Princeton University and Humboldt-Univer-
sität.

 
Publication  
beating the thermodynamic limit with  
Photo-activation oF n-doPing in organic semi-
conductors using “hyPer-reductants” 
X. lin, B. WeGner, K.M. lee, M.A. FuSellA,  
F. ZhAnG, K. MOudGil, B.P. rAnd, S. BArlOW, 
S.r. MArder, n. KOch, And A. KAhn 
nAt. MAt. 16 (2017) 1209                          
dOi: 10.1038/nMAt5027

© Jing Wang and Xin Lin
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glad maKeS new organic memory deviceS PoSSible

Giovanni Ligorio, Marco Vittorio Nardi, 
and Norbert Koch, member of IRIS Adler-
shof, have invented a new technique for con-
structing novel memory devices. The results 
have now been published in Nano Letters. 

Author Dr. Giovanni Ligorio explains: 
“Novel non-volatile memory devices are cur-
rently investigated to overcome the limitation 
of traditional memory technologies. New 
materials such as organic semiconductors 
and new architectures are now considered 
to address high-density, high-speed, low-fab-
rication costs and low power-consumption.  
Usually, nano-devices (traditionally based on 
inorganic semiconductors) are fabricated via 
lithography techniques. Here, we show the 
fabrication of devices with nanometric foot-
print using a different technique: Glancing 
Angle Deposition (GLAD). This technique 
allows the tailoring of nanostructured mor-
phologies through physical vapor deposition 
via controlling the substrate orientation with 
respect to the vapor source direction. When 
thin films are deposited onto stationary sub-
strates under condition of oblique deposition, 
meaning that the vapor flux is non-perpen-
dicular to the substrate surface, an inclined 
columnar nanostructured is produced. Upon 

With GLAD technique, the oblique incident vapour deposition (see the setup schematic in a) 
results in films with a characteristic columnar nanostructure (as depicted in atomic force micros-
copy image in b). Each column is considered as a single device on the lateral nanometric scale. 
Once electrically connected, e.g. via a conductive cantilever (see in c), information can be stored 
in the column by the formation/disruption of a conductive filament (see d).

© G. Ligorio

proper bias applied between the two elec-
trodes of the memory device, it is possible 
to form a conductive path (or filament). The 
filament shorts the electrodes and drastical-
ly changes the resistivity characteristic of the 
device. Forcing a high current in the device, 
the filament can be distrust. This programs 
the device in the original high resistivity state. 
Since the process can be repeated consecu-
tively we can program the device in a high or 
low resistive state (i.e. ON or OFF). We aim 
for the fabrication of devices in structured ar-
rays (in this publication the nano devices are 
not ordered in array, but they are randomly 
distributed.) This allows for connecting via 
cross bar electrodes, which can be fabricated 
via printing. This allows fabricating memory 
devices with a density of roughly 1 GB/cm² 
employing novel material for electronics, i.e. 
organic semiconductors.”

 
Publication  
lithograPhy-Free miniaturization oF resistive 
nonvolatile memory devices to the 100 nm 
scale by glancing angle dePosition 
G. liGOriO, M. VittOriO nArdi, And n. KOch 
nAnO lett. 17 (2017) 1149 
dOi: 10.1021/AcS.nAnOlett.6B04794
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longer lifetimeS for PerowSKit abSorber

An international team of scientists has 
improved greatly the stability of organic-inor-
ganic lead halide perovskites. These materi-
als have enormous potential for photovoltaic 
applications but still suffer from comparably 
moderate device lifetime. The scientists, led 
by researchers from the EPFL, Lausanne, 
Switzerland, incorporated a large organic 
cation – guanidinium – into the perovskite 
crystal structure, in part replacing the tradi-
tionally used methylammonium and forma-
midinium cations. 

Overall, the new material delivered aver-
age power conversion efficiencies over 19% 
and stabilized performance for 1,000 h under 
continuous light illumination. This is a fun-
damental step within the perovskite field. 
These groundbreaking research results were 
recently published in Nature Energy. Among 
the authors is the member of IRIS Adlershof, 
Norbert Koch.

Publication  
large guanidinium cation mixed with  
methylammonium in lead iodide Perovskites For 
19% eFFicient solar cells 
A.d. JOdlOWSKi, c. rOldán-cArMOnA,  
G. GrAncini, M. SAlAdO, M. rAlAiAriSOA,  
S. AhMAd, n. KOch, l. cAMAchO,  
G. de MiGuel, And M.K. nAZeeruddin 
nAture enerGy 2 (2017) 972 
dOi: 10.1038/S41560-017-0054-3
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SPiro-bridged ladder-tyPe oligo(para-Phenylene)S:  
fine tuning Solid State Structure and oPtical ProPertieS

In this recent research highlight, the au-
thors developed synthetic routes that allow 
to subsequently replace every pair of symme-
try-equivalent alkyl groups in ladder-type qua-
terphenyl by a spiro-bifluorene group. 

With an increasing number of spiro 
groups, the optical gap for absorption and 
emission slightly decreases, which is disad-
vantageous with respect to resonant energy 
transfer with ZnO. Thus, a synthetic route to 
a para-linked ladder-type quaterphenyl car-
rying all bridging units on one side of the 
ribbon was developed, which results in an 
in-plane bending of the para-phenylene. The 
optival gap increased compared to the linear 
molecule, however, the absorption coefficient 
slightly decreased. The authors analyzed the 
influence of different deposition techniques 
on the solid state structure by X-ray diffrac-

Fig. 1: Absorption (solid lines) 
and normalized PL (dotted) 
spectra of final products 10-6 - 
10-5 mol L-1 in CH2Cl2. 
For more details please see the 
publication text.

tion of single crystals obtained by crystalliza-
tion from solution as well as sublimation. 

In the cases of L4P-sp2 and L4P-sp3, it 
could even be shown that sublimation and 
crystallization from solution result in differ-
ent crystal structures, of which the ones from 
sublimation are obviously more relevant in 
view of the typically employed vacuum depo-
sition and might be advantageous in terms of 
application in light-emitting devices.

An increasing number of spiro-bifluorene 
substituents was found to aid thin-film for-
mation on oxide surfaces, such that the op-
tical properties could be preserved in pure, 
nondiluted thin films.

Finally, promising spiro-L4P derivatives 
have been employed in energy-transfer devic-
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es, for which highly efficient energy transfer 
from an inorganic quantum well to the organ-
ic layer followed by efficient light emission 
could successfully be demonstrated.

Publication 
sPiro-bridged ladder-tyPe  
oligo(Para-Phenylene)s: Fine tuning solid 
state structure and oPtical ProPerties 
B. KOBin, J. SchWArZ, B. BrAun-culA, M. eyer, 
A. ZyKOV, S. KOWAriK, S. BluMStenGel,  
And S. hecht 
AdV. Funct. MAter. 27 (2017) 1704077 
dOi: 10.1002/AdFM.201704077

Fig. 2: Asymmetric units (left) and 
arrangement of molecules in the 
crystal (right) of different mol-
ecule types. Thermal ellipsoids 
drawn at 50% probability level, cell 
edges marked in a: red, b: blue and 
c: green. For more details please 
see the publication text.w



23 ꟾ 

x-ray “movie” ProvideS inSightS into the formation of molecular layerS

Thin-film technologies that promise con-
trol on the atomic and molecular scale have 
attracted increasing interest in recent years 
as traditional manufacturing processes reach 
their fundamental limits. A team from the 
Department of Physics at the Humboldt-Uni-
versität zu Berlin, led by Anton Zykov, Stefan 
Kowarik and Jürgen P. Rabe (member of IRIS 
Adlershof) in collaboration with colleagues 
from the PETRA III Synchrotron at DESY 
Hamburg has now studied the non-equilibri-
um growth of molecular layers using innova-
tive, time-resolved X-ray scattering. The mov-
ie sequence of the X-ray scattering during the 
molecular beam deposition was chosen as 
the cover image of a special topic issue of the 
Journal of Chemical Physics on “Atomic and 
molecular layer processing”.

Semiconducting organic molecules have 
significant potential for future applications 
such as organic light-emitting diodes (OLED), 
camera sensors or memory devices. Many of 
these components are based on ultra-thin lay-
ers of functional molecular materials. Their 
preparation by deposition of molecules from 
the gas phase is a complex process involving 
molecular adsorption on a substrate, molec-
ular diffusion and self-assembly. Since many 
of these processes do not proceed under con-
ditions of local thermodynamic equilibrium, 
these processes and their velocities are still 
not well understood.

By means of innovative X-ray measure-
ments of diffuse scattering at the P03 Beam-
line of the PETRA III synchrotron, the re-
searchers were able to record “movies” of 
the growth processes on the nanoscale. The 
measurement makes it possible to follow the 
nucleation, island growth and the roughness 
evolution of the layer. 

The researchers show that the results of 
the new X-ray technique are consistent with 
established scanning probe techniques and 
time-resolved measurements are possible 
without disturbing the growth. 

In the study, a significant improvement 
in the diffusivity of molecules between the 
first and the subsequent molecular layers 
was found and the nucleation energy was 
determined within the framework of recent 
growth theories. The application of the new 
X-ray scattering technique will help to take 
our understanding beyond a recipe-based 
perspective to that of sound fundamental un-
derstanding of molecular growth.

 
Publication  
diFFusion and nucleation in multilayer growth 
oF Ptcdi-c8 studied with in situ x-ray growth 
oscillations and real-time small angle x-ray 
scattering 
A. ZyKOV, S. BOMMel, c. WOlF, l. PithAn,  
c. WeBer, P. Beyer, G. SAntOrO, J.P. rABe,  
And S.KOWAriK 
J. cheM. PhyS. 146 (2017) 052803 
dOi: 10.1063/1.4961460
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Basic processes in chemistry and biology 
involve protons in a water environment. Wa-
ter structures accommodating protons and 
their motions have so far remained elusive. 
Applying ultrafast vibrational spectro-scopy, 
Dahms et al. map fluctuating proton transfer 
motions and provide direct evidence that pro-
tons in liquid water are predominantly shared 
by two water molecules. Femtosecond pro-
ton elongations within a hydration site are 10 
to 50 times faster than proton hopping to a 
new site, the elementary proton transfer step 
in chemistry. 

The proton, the positively charged nu-
cleus H+ of a hydrogen atom and smallest 
chemical species, is a key player in chemistry 
and biology. Acids release protons into a liq-
uid water environment where they are highly 
mobile and dominate the transport of elec-
tric charge. In biology, the gradient of proton 
concentration across cell membranes is the 
mechanism driving the respiration and en-
ergy storage of cells. Even after decades of 
research, however, the molecular geometries 
in which protons are accommodated in water, 
and the elementary steps of proton dynamics 
have remained highly controversial. 

Protons in water are commonly described 
with the help of two limiting structures (Fig. 
1A). In the Eigen complex (H9O4+) (left), 
the proton is part of the central H3O++ ion 
surrounded by three water molecules. In the 
Zundel cation (H5O2+) (right), the proton 
forms strong hydrogen bonds with two flank-
ing water molecules. A description at the 
molecular level employs the potential energy 
surface of the proton (Fig. 1B) which is mark-
edly different for the two limiting geometries. 

water maKeS the Proton ShaKe –  
ultrafaSt motionS and fleeting geometrieS in Proton hydration

As shown in Fig. 1B, one expects an anhar-
monic single-minimum potential for the Ei-
gen species and a double minimum potential 
for the Zundel species. In liquid water, such 
potentials are highly dynamic in nature and 
undergo very fast fluctuations due to thermal 
motions of surrounding water molecules and 
the proton.

Led by Thomas Elsässer, member of IRIS 
Adlershof, researchers from the Max Born 
Institute in Berlin, Germany, and the Ben 
Gurion University of the Negev in Beer-She-
va, Israel, have now elucidated the ultrafast 
motions and structural characteristics of pro-
tons in water under ambient conditions. They 
report experimental and theoretical results 
in Science which identify the Zundel cation 
as a predominant species in liquid water. 
The femtosecond (1 fs = 10-15 s) dynamics of 
proton motions were mapped via vibrational 
transitions between proton quantum states 
(red and blue arrows in Fig. 1B). The sophis-
ticated method of two-dimensional vibration-
al spectroscopy provides the yellow-red and 
blue contours in Fig. 2A which mark the ener-
gy range covered by the two transitions. The 
blue contour occurs at higher detection fre-
quencies than the red, giving the first direct 
evidence for the double-minimum character 
of the proton potential in the native aqueous 
environment. In contrast, the blue contour is 
expected to appear at smaller detection fre-
quencies than the red one.

The orientation of the two contours par-
allel to the vertical frequency axis demon-
strates that the two vibrational transitions ex-
plore a huge frequency range within less than 
100 fs, a hallmark of ultrafast modulations of 
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Fig. 1: Chemical structure of hydrated pro-
tons in liquid water
A: Schematic of the Eigen cation H9O4+ 
(left) and the Zundel cation H5O2++ (right). 
The arrows indicate the O-H bond coordi-
nate r and the (O...H+...O) proton transfer 
coordinate z. In the Eigen cation a covalent 
O-H bond localizes the proton whereas in 
the Zundel cation the proton is delocalized 
between two water mole-cules.

B: Anharmonic vibrational potential (left) 
and double minimum potential of the Zun-
del cation along z (right, red. Distortions by 
the solvent surrounding impose a modula-
tion of the double minimum potential (right, 
dotted line). Red and blue arrows indicate 
transitions between particular quantum 
states of the proton mo-tion, i.e., the ground-
state-to-first-excited-state transition (red) 
and the first-excited-state-to-second-excit-
ed-state transition (blue). The modulation of 
the potentials leads to spectral shifts of the 
vibrational transitions which are mapped by 
two-dimensional infrared spectros-copy.

Fig. 2: Femtosecond dynamics of proton 
motions (1 fs = 10-15 s)
A: Two-dimensional vibrational spectra with 
the ground-state-to-first-excited-state tran-
sition (red) at lower detection frequency 
than the first-excited-state-to-second-excit-
ed-state transition (blue). The orientation 
of both contours parallel to the excitation 
frequency axis is due to ultrafast frequency 
fluctuations and the loss of memory in the 
proton position.

B: Simulated real-time dynamics of the pro-
ton motions in the Zundel cation. Within less 
than 100 fs, the proton dis-plays large ampli-
tude excursions along z, the coordinate link-
ing the two water molecules in the Zundel 
cation. Due to the ultrafast modulation of 
the shape of proton potential by surrounding 
solvent mole-cules, the proton explores all 
locations be-tween the two water molecules.
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Fig. 3: Cartoon picture of proton hydration 
dynamics, visualized with the help of clas-
sical physics

The proton Smiley is sitting in the middle of 
a sofa with two seats. When shaking the sofa 
with a mechanical force, the shape of the 
seating changes and the proton moves forth 
and back on the sofa. Such motions occur 
on a time scale shorter than 100 fs (10-13 s). 
After an average time of 1 ps = 1000 fs = 10-
12 s, the sofa breaks and the proton moves 
to a new site/sofa, including the red halve on 
the right.

the shape of proton potential. In other words, 
the proton explores all locations between the 
two water molecules within less than 100 fs 
and very quickly loses the memory of where 
it has been before. The modulation of the 
proton potential is caused by the strong elec-
tric field imposed by the water molecules in 
the environment. Their fast thermal motion 
results in strong field fluctuations and, thus, 
potential energy modulations on a sub100 
fs time scale. This picture is supported by 
benchmark experiments with Zundel cations 
selectively prepared in another solvent and by 
detailed theoretical simulations of proton dy-
namics (Fig. 2B). 

A specific Zundel cation in water trans-
forms into new proton accommodating ge-
ometries by the breaking and reformation of 
hydrogen bonds. Such processes are much 
slower than the dithering proton motion and 
occur on a time scale of a few picoseconds. 
This new picture of proton dynamics is highly 
relevant for proton transport by the infamous 
von Grotthuss mechanism, and for proton 
translocation mechanisms in biological sys-
tems.

 
Publication  
large-amPlitude transFer motion oF hydrated 
excess Protons maPPed by ultraFast 2d ir 
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F. dAhMS, B.P. FinGerhut, e.t.J. niBBerinG,  
e., PineS, And t. elSAeSSer  
Science 357 (2017) 491  
dOi: 10.1126/Science.AAn5144
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a “bullSeye” antenna helPS to readS out a Quantum SenSor

An ideal platform to study the light-mat-
ter interaction at the fundamental level con-
sists of single quantum emitters coupled to 
photonic and plasmonic elements. Such ele-
ments are also needed to realize quantum in-
terfaces between stationary and flying quan-
tum bits in quantum networks. Reaching the 
required nanometer precision for optimum 
coupling is still a challenge. Approaches for 
different scenarios have been developed. 

A very precise approach uses nanoma-
nipulation with the help of atomic force mi-
croscopy (AFM) tips, the so-called pick-and-
place approach. Here, single nanoparticles 
containing quantum emitters are transferred 
from substrate to substrate. The method is 
highly accurate and deterministic, and it also 
allows for pre-characterization of the lumi-
nescent particles. Moreover, the placement 
is not final, and several iterations can be per-
formed by nanomanipulation if required. Fi-
nally, very different materials for the emitters 
or substrates (these may contain complex 
photonic structures like optical waveguides 
or microresonators) can be employed in or-
der to assemble hybrid systems.

A joint team of the Department of Phys-
ics of Humboldt-Universität and the He-
brew University, Jerusalem, now successfully 
presented a versatile technique allowing for 
high accuracy placement of a single quan-
tum emitter an a plasmonic nanoantenna. 
The antenna operates by collecting light in a 
two-dimensional dielectric waveguide, which 
is then scattered into a well-defined narrow 
solid angle by concentric metallic (Ag) rings. 
Due to these rings such antennas are called 
bulleseye antennas. A key advantage of a plas-
monic antenna is its broad bandwidth, i.e., 
even light from emitters with a rather wide 

Fig. 1: AFM, confocal scan, and optical 
characterization of a placed nanodiamond 
containing a single nitrogen vacancy (NV) 
center.

a) AFM scans of the placed nanodiamond 
in the center of the plasmonic bulleseye an-
tenna. 

b) Measured normalized photon coincidenc-
es (g(2)-function) recorded under pulsed ex-
citation with a repetition rate of 2.5MHz. 
The strongly reduced probability to find two 
photons after an excitation pulse (reduced 
peak height near zero time delay t) proves 
emission of single photons. 

c) Confocal scan of the antenna with the 
nanodiamond in the middle. 

d) Spectrum of the fluorescence from the 
NV (blue) and a dark field scattering spec-
trum of the antenna (orange) show a good 
overlap. 
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Publication  
accurate Placement oF single nanoParticles on 
oPaque conductive structures 
n. niKOlAy, n. SAdZAK, A. dOhMS, B. luBOtZKy, 
h. ABudAyyeh, r. rAPAPOrt, And O. BenSOn 
APPl. PhyS. lett.  113 (2018) 113107 
dOi: 10.1063/1.5049082

fluorescence spectrum can be concentrated 
and directed with very high efficiency. Then, 
simple subsequent collection optics, even 
optical fibers, may collect more than 90% of 
all the emitted light.

The quantum emitter was a single nitro-
gen-vacancy (NV) defect center in a nanodi-
amond. The NV center can be used a single 
photon source emitting at room temperature. 

On the other hand it hosts an electron 
spin state, which can be manipulated and 
read out optically. In this way nanomagne-
tometry on the level of single spins can be 
performed even at room temperature.

Prof. Ronen Rapaport and Prof. Oliver 
Benson, who lead the research teams in Je-
rusalem and Berlin, respectively, point out: 
“The coupling of an NV center to a plasmon-
ic antenna dramatically increases the efficien-
cy of the device. This is crucial for its use as 
quantum light source, and even more for an 
application as magnetic field quantum sen-
sor. Particularly for applications in biophys-
ics or medicine room-temperature operation 
and fast non-invasive read out is crucial.” 

As next steps the researchers want to 
combine the NV quantum sensor, plasmonic 
light collecting structures and a microfluidic 
platform to develop reliable sensors for appli-
cations in biophysics.
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exPloring the “goldilocKS Zone” of Semiconducting Polymer  
PhotocatalyStS via donor-accePtor interactionS

A team of researchers from Germany and 
Chechia has developed a polymer catalyst 
that can split hydrogen from water using sun 
light.

Hydrogen is regarded as the energy 
source of the future because its combustion 
e.g. as a car propellant proceeds cleanly to 
water without the generation of greenhouse 
gases like carbon dioxide. The novel design 
principle of these polymer catalysts is not 
only that they consist of abundant elements 
like carbon, nitrogen and sulphur. Notably, 
the researchers realised that the electron in-
teractions between the electron-donor sul-
phur and the electron acceptor nitrogen can 
be used for particularly efficient charge sepa-
ration in photo catalysis. 

This leads to materials that achieve – with-
out the need for further chemical or physical 
modifications – the highest hitherto reported 
hydrogen evolution rate of 3158 mmol h-1 g-1. 
The lead-author of this work, Michael J. Boj-
dys, is a junior member of the IRIS Adlershof 
since 2018.

Publication  
exPloring the “goldilocks zone” oF  
semiconducting Polymer Photocatalysts by  
donor–accePtor interactions 
y. S. KOcherGin, d. SchWArZ, A. AchArJyA,  
A. ichAnGi, r. KulKArni, P. eliášOVá, J. VAceK, J. 
SchMidt, A. thOMAS And M. J. BOJdyS 
AnGeW.cheM int. ed. 57 (2018) 14188 
dOi: 10.1002/Anie.201809702
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light-controlled moleculeS: ScientiStS develoP new recycling Strategy

Robust plastics are composed of molec-
ular building-blocks, held together by tough 
chemical linkages. Their cleavage is extreme-
ly difficult to achieve, rendering the recycling 
of these materials almost impossible. A re-
search team from the Humboldt-Universität 
zu Berlin (HU) developed a molecule, which 
can drive or reverse specific chemical reac-
tions with light of different colors. This en-
ables making and breaking of connections on 
the molecular scale, even if they are exception-
ally strong. The discovery paves the way for 
the development of novel recycling methods 
and sustainable materials. Light-driven recov-
ery of individual molecular building-blocks 
has great potential to enable recycling of yet 
non-recyclable plastics without compromis-
ing on color, quality, or shape.

Fig. 1: A light-controlled molecule 
in combination with a specific light 
sequence allows for bond formation 
(UV and red light; 1. to 4.) or scis-
sion (UV and blue light; 4. to 1.) 
with molecular building-blocks. 
Visualization: Michael Kathan.

“The working principle of our system is 
quite similar to the one of ready-to-assemble 
furniture” explain Michael Kathan and Fabian 
Eisenreich, the two first authors of this study. 
“We are able to repetitively assemble or disas-
semble molecular architectures, but instead of 
a hammer and screw-driver, we use red and 
blue LEDs as tools to control our molecules.” 

The results of their study have been pub-
lished in Nature Chemistry.

 
Publication  
light-driven molecular traP enables  
bidirectional maniPulation oF dynamic  
covalent systems 
M. KAthAn, F. eiSenreich, c. JuriSSeK,  
A. dAllMAnn, J. GurKe, And S. hecht 
nAt. cheM. 10 (2018) 1031
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fliPPing the Switch on SuPramolecular electronicS

For the first time, two-dimensional mate-
rials have been decorated with a photoswitch-
able molecular layer, and electronic compo-
nents have been fabricated from the resulting 
hybrid materials that can be controlled by 
light. The results of this fruitful collaboration 
of several European research groups have 
been published in Nature Communications.

Owing to their outstanding electrical, 
optical, chemical and thermal properties, 
two-dimensional (2D) materials, which con-
sist of a single layer of atoms, hold great po-
tential for technological applications such as 
electronic devices, sensors, catalysts, ener-
gy conversion and storage devices, among 
others. Thanks to their ultra-high surface 
sensitivity, 2D materials represent an ideal 
platform to study the interplay between na-
noscale molecular assembly on surfaces and 
macroscopic electrical transport in devices.

In order to provide a unique light-respon-
sivity to devices, the researchers have de-
signed and synthesized a photoswitchable 
spiropyran building block, which is equipped 
with an anchoring group and which can be re-
versibly interconverted between two different 
forms by illumination with ultraviolet and vis-
ible light, respectively. On the surface of 2D 
materials, such as graphene or molybdenum 
disulfide (MoS2), the molecular photoswitch-
es self-assemble into highly ordered ultrathin 
layers, thereby generating a hybrid, atomi-
cally precise superlattice. Upon illumination 
the system undergoes a collective structural 
rearrangement, which could be directly visu-
alized and monitored with sub-nanometer 
resolution by scanning tunneling microscopy. 
This light-induced reorganization at the mo-
lecular level induces an optical modulation of 
the energetics of the underlying 2D material, 

which translates into a change in the elec-
trical characteristics of the fabricated hybrid 
devices. In this regard, the collective nature 
of self-assembly allows to convert single-mol-
ecule events into a spatially homogeneous 
switching action, which generates a macro-
scopic electrical response in graphene and 
MoS2.

“With our versatile approach of molecularly 
tailoring 2D materials, we are taking supramo-
lecular electronics to a new level and closer to 
future applications,” says Stefan Hecht, who 
is researching hybrid materials at IRIS Adler-
shof. The work is groundbreaking for the real-
ization of multifunctional hybrid components 
powered by nature’s primary energy source 
- sunlight.

 
Publication  
collective molecular switching in hybrid  
suPerlattices For light-modulated  
two-dimensional electronics 
M. GOBBi, S. BOnAcchi, J.X. liAn,  
A. VercOuter, S. BertOlAZZi, B. ZySKA,  
M. tiMPel, r. tAtti, y. OliVier, S. hecht,  
M.V. nArdi, d. BelJOnne, e. OrGiu,  
And P. SAMOrì 
nAt. cOMMun. 9 (2018) 266
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light-controlled Production of biodegradable PolymerS

A research team from Berlin has devel-
oped a novel catalyst system, which enables 
the regulation of multiple polymerization 
processes to produce biodegradable plastics 
solely by illumination with light of different 
colors. The results of this work have now 
been published in Nature Catalysis.

 The properties of a polymeric material 
are highly dependent on factors, such as the 
connected monomer building blocks as well 
as the length and composition of the formed 
polymer chains. Typically, these factors are 
predetermined by the choice of the employed 
reaction conditions. In order to overcome this 
limitation and generate materials with new 
and unprecedented properties, regulation of 
polymerizations by means of external stim-
uli represents an attractive goal. Similarly to 
dental repair, light serves to precisely control 
the location and duration of the chemical re-
action during polymer formation.

A new method for the light-regulated 
production of biodegradable polymers has 
now been developed by chemists of the 
Humboldt-Universität zu Berlin, the Federal 
Institute for Materials Research and Testing 
Berlin, and the Heinrich-Heine-Universität 
Düsseldorf. 

Their work is based on the design of a 
unique catalyst, which is capable to change 
its activity reversibly by illumination with light 
of different wavelength. Using their catalyst, 
the scientists were able to turn the formation 
of polylactide on and off on demand, which 
allowed them to control the chain length of 
the produced polymer strands. Moreover and 
for the first time, they were able to regulate 
the incorporation of two different monomers 
into the same polymeric backbone with light. 
Fabian Eisenreich and Michael Kathan, the 
first authors of the study, are excited: “With 
our remote-controlled catalyst we are in prin-
ciple able to program the formation of a de-
sired polymer strand by employing a specif-
ic order and duration of light pulses.” Their 
promising development is an important step 
toward smart production processes of (bio-
degradable) polymers with the aim to meet 
the growing demands of future applications, 
including light-guided 3D printing and photo-
lithography.

 
Publication  
a Photoswitchable catalyst system For  
remote-controlled (co)Polymerization in situ 
F. eiSenreich, M. KAthAn, A. dAllMAnn,  
S.P. ihriG, t. SchWAAr, B.M. SchMidt,  
And S. hecht 
nAture cAtAlySiS 1 (2018) 516 
dOi: 10.1038/S41929-018-0091-8
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chain reaction Switched moleculeS in dePth

A new method developed by a team of 
chemists in Berlin open the door for using 
optically switchable molecules. The results of 
the study have been published in Chem.

 Smart materials become increasingly 
common in our daily life as they adapt their 
properties to their surroundings, such as tem-
perature and light. Think about light-adaptive 
lenses in sunglasses that change their color 
in response to brightness or darkness. In 
these materials, photoswitchable molecules 
able to change their properties, such as color 
or the ability to conduct electricity, upon illu-
mination serve as key components. Howev-
er, photoswitches typically require the use of 
high-energy UV light and in addition do nei-
ther switch quantitatively nor efficiently since 
many more quanta than molecules are need-
ed. These drawbacks limit the applicability of 
photoswitches, in particular since the more 
energy-rich light is, the less it can penetrate 
into materials.

Now, chemists of Humboldt-Universität 
zu Berlin and the Universität Potsdam have 
developed a method, which allows one to 
efficiently and quantitatively operate pho-
toswitches with the smallest amounts of 
low-energy red photons, thus solving both 
issues described above. By coincidence they 
came across the phenomenon that the ox-
idation of only a few switch molecules was 
sufficient to switch the entire sample. Sub-
sequently, they investigated the underlying 
chain reaction in great detail and optimized it 
by introducing dyes to allow for the use of red 
light. The latter allowed them to boost the 
quantum yield – typically way below 100% – 
to a record-setting value of almost 200%.

The impact of their discovery is tremen-
dous according to Dr. Alexis Goulet-Hans-
sens and Prof. Stefan Hecht, who works at 
the Department of Chemistry and IRIS Ad-
lershof: „With our method, for the first time 
we can address molecular switches deep in a 
material. Thus, we can operate optical devices 
efficiently but also penetrate deep into the skin 
through the biological window“ they explain 
and are excited about possible applications 
in optoelectronics as well as medicine.

 
Publication  
Hole Catalysis as a General MeCHanisM for 
effiCient and WavelenGtH-independent Z→e 
aZobenZene isoMeriZation 
A. GOulet-hAnSSenS, c. rietZe, e. titOV,  
l. ABdullAhu, l. GruBert, P. SAAlFrAnK,  
And S. hecht 
cheM 4 (2018) 1740                                           
dOi: 10.1016/J.cheMPr.2018.06.002
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The development of laser-driven photo-
cathode radio-frequency electron injectors 
has become a significant enabling technolo-
gy for free electron lasers and for the fourth 
generation of light sources. Such remarkable 
progress come with quest for novel materi-
als that are able to operate in the visible re-
gion with optimized quantum efficiency and 
minimized intrinsic emittance. Multi-alkali 
antimonides have recently emerged as ide-
al materials for photocathode applications 
in spite of the little fundamental knowledge 
regarding their electronic and optical prop-
erties. A team composed of scientists from 
the HU Berlin and HZB carried out a system-
atic investigation of the electronic structure 
and excitations of CsK

2
Sb, an exemplary and 

promising multi-alkali antimonide, by means 
of first-principles many-body methods. The 
results of their study confirm that this materi-
al is an excellent candidate for photocathode 
applications and pioneers a new research line 
bridging solid-state theory, material science, 
and accelerator physics in view of an im-
proved modelling and design of materials for 
the next-generation electron sources.

ab initio modeling of novel Photocathode materialS for high  
brightneSS electron beamS 

This work was published on The Journal 
of Physics: Condensed Matter as an invited 
contribution to Prof. Caterina Cocchi, a mem-
ber of IRIS Adlershof since 2017, to the spe-
cial issue “Emerging leaders 2018” 

Publication  
First-PrinciPles many-body study oF the  
electronic and oPtical ProPerties oF csk

2
sb,  

a semiconducting material For ultra-bright 
electron sources 
c. cOcchi, S. MiStry, M. SchMeiSSer, J. Kühn, 
And t. KAMPS 
J. PhyS. cOndenS. MAt. 31 (2018) 014002
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hybrid organic-inorganic PerovSKiteS: PromiSing SubStrateS for  
Single-atom catalyStS

Mononuclear metal species are wide-
spread in enzymes and homogeneous cata-
lysts. When such isolated single metal atoms 
are placed on a solid surface, they can also 
play an important role in heterogeneous ca-
talysis. In the past few years, great attention 
has been paid to single-atom catalysts, not 
only because they can exhibit superior cata-
lytic performance, but also, because they of-
fer a novel way of maximizing the efficiency of 
utilizing atoms, which is especially desirable 
in the use of scarce metal elements like plat-
inum. However, single atoms cannot work in 
isolation but need to be dispersed on suitable 
substrates.

Qiang Fu and Claudia Draxl have recently 
demonstrated that hybrid organic-inorganic 
perovskites - the emerging candidates in so-
lar-cell applications - are highly promising sub-
strates for Pt single atom catalysts. Through 
systematic first-principles calculations, they 
found that single Pt atoms are stabilized on 
such substrates through a synergistic cooper-
ation between covalent bond formation and 
charge transfer. The generated Pt sites pos-
sess excellent catalytic properties in CO oxi-
dation and may be able to play a role in CO

2
 

reduction. This work not only has promising 
consequences in single-atom catalysis but 
also sheds light on potential applications of 
hybrid perovskites as photocatalysts.

 
Publication  
hybrid organic-inorganic Perovskites as  
Promising substrates For Pt single-atom  
catalysts 
Q. Fu And c. drAXl 
PhyS. reV. lett. 122 (2019) 046101               
AccePted 2018 
DOI: 10.1103/PhysRevLett.122.046101
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3. young ScientiStS

IRIS Adlershof’s enormously successful development since its founding in 2009 was con-
firmed in 2016 by an external expert commission within the framework of an evaluation. As 
already stated in the last biannual report, the reviewers concluded that IRIS has succeeded 
to put the HU’s science campus on the international map of research in the fields of Hy-
brid Systems and Mathematical Physics. However, the promotion of young scientists should 
be further enhanced, the commission pointed out. Thus, IRIS Adlershof ’s outstanding goal 
during the reporting period was to follow this recommendation and to further strengthen and 
encourage their young scientists. 

claSSeS for maSter & doctoral StudentS

As a first and essential promotional mea-
sure, IRIS members were again involved 
in teaching classes of their corresponding 
departmental institutes and gave special 
lectures that go into detail about the IRIS 
research areas. In this way, the interest of 
master and doctoral students in the scientific 
work of IRIS Adlershof and its research areas 
could be aroused. As in previous years, this 
measure proved to be very productive.

IRIS Adlershof has furthermore directly 
supported young scientists during the re-
porting period: PhD student Bita Rezania, for 
example, recieved a scholarship  financed by 
IRIS Adlershof, which supported her at the 
end her doctorate.

exPanSion of the iriS council

IRIS Adlershof also supported its young 
scientists through internal modifications: In 
December 2017, Julian Miczajka and Dr. Sven 
Ramelow were elected as young scientist rep-
resentatives in IRIS’s committees. The young 
scientists are now being represented in IRIS 
general meetings as well on IRIS’s board with 
rights to speak, submit applications, and 
vote. 

Julian Miczajka who is a doctoral student 
in Prof. Jan Plefka’s group, is focusing on an 
exceptional class of higher spin theories in 
flat spaces, especially on their relationship 
with hidden symmetries, integrability, and 
duality. Dr. Sven Ramelow is the head of the 
independent Emmy-Noether junior research 
group Nonlinear Quantum Optics. 

Furthermore, as part of the promotion of 
young scientists, the former junior research 
group leader Yan Lu was accepted as full IRIS 
member after being appointed full professor.

Julian Miczajka                 Sven Ramelow
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achievementS of iriS young ScientiStS

In this report, however, not only the 
support measures but also the enormous 
achievements and impressive accomplish-
ments of the IRIS young scientists are to be 
highlighted:

firSt iriS rootS day

In December 2017, IRIS Adlershof host-
ed its first IRIS-Roots-Day, a competition 
in which nine IRIS young scientists took up 
the challenge to present their current re-
search project in the manner of a science 
slam within only five minutes. Due to the 
outstanding performance of all candidates, 
the jury, consisting of IRIS members and the 
two new representatives of IRIS’s young sci-
entists, found it difficult to decide. The first 
prize, which was coupled with a travel grant 
so that the awardee could take an active part 
at a national or international scientific confer-
ence, went to Inna Kviatkovsky who came to 
Sven Ramelow’s IRIS junior scientists group 
a few months before to do research on in-
frared quantum imaging. The second prize 
was awarded to Yuhang Zhao who is doing 
a doctorate in Prof. Dr. Yan Lu’s group at the 
HZB. Wadim Wormsbecher, a doctoral stu-
dent in Jan Plefka’s group, and Matthias Run-
ge, a master student in Prof. List-Kratochvil’s 
group, share the third place. In addition, the 
winners were offered a free professional pitch 

training for participation in Falling Walls Lab 
2018. 

falling wallS lab

In September of the same year, Inna Kvi-
atkovsky and Wadim Wormsbecher then suc-
cessfully took part in the annual Falling Walls 
Lab, a competition in which young research-
ers and young professionals have to present 
their research projects, ideas and initiatives 
in only 3 minutes each. The aim of this in-
ternational event is to promote exceptional 
ideas and to connect promising scientists 
and entrepreneurs from all fields on a global 
level.

iriS SymPoSium 2018
In order to give young scientists the op-

portunity to present their own research re-
sults to invited speakers and symposium par-
ticipants, the IRIS Symposium 2018, held in 
June was expanded to include a poster com-
petition. The jury consisted of Julian Micza-
jka, representative of the young researchers 
as well as the IRIS members Yan Lu and Emil 
List-Kratochvil. Laura Orphal, a master stu-
dent in the group Photonics, which is led by 
IRIS member Oliver Benson, convinced the 
jury and won the Best-Poster-Award.
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honorS & awardS 
Furthermore, the dissertation of Michael 

N. Borinsky was selected to be published 
in Springer Thesis, a dedicated book series 
to recognize outstanding doctoral research. 
Michael Borinsky was an IRIS junior scientist 
and supervised by IRIS member Dirk Kreimer. 

In March 2018, IRIS’s young scientist 
Anne Fuhrmann was awarded the Carl Roth 
Prize by the Gesellschaft Deutscher Chemiker 
(GDCh). She developed her plastic coatings 
which can target and heal damage with the 
help of light for her doctoral work in the re-
search group of Stefan Hecht who is an IRIS 
member. The damaged site repairs itself only 
where it has previously been heated up and 
then lit with a special color of light.

In June 2018, Anne Spiering was awarded 
the Lise-Meitner Prize of the Vereinigung der 
Freunde und Förderer des Instituts für Physik 
der Humboldt-Universität zu Berlin e.V. for 
her master thesis. Anne Spiering was a mas-
ter student in the group Quantum Field and 
String Theory led by IRIS member Jan Plefka.

Julian Miczajka, the representative of the 
junior researchers of IRIS Adlershof, was 
awarded the Physics Study Award of the Phys-
ical Society of Berlin in June 2018. The prize 
goes to outstanding graduates of the diplo-
ma or master’s degree in physics. 

Also in 2018, Stijn van Tongeren, a mem-
ber of the group Mathematical Physics of 
Space, Time and Matter, was selected to lead 
the Emmy Noether Junior Research Group 
Exact Results in Extended Holography. He 
and his group are currently working on defor-
mations of AdS/CFT and related integrable 
structures.

future goalS

In the years to come, IRIS Adlershof will 
continue to make it its goal to further develop 
the promotion of young talent.
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4. 1.  inner Structure and memberS 

During the reporting period, IRIS Adlershof consisted of 22 full members. In addition, 
three leaders of young research groups and about 120 early career researchers (graduate 
students, postdocs) were associated with IRIS Adlershof. The main governing bodies of IRIS 
Adlershof are the General Assembly, the IRIS Council, and the Director, which are all support-
ed by the IRIS Branch Office. 

IRIS Adlershof is headed by the IRIS Coun-
cil, which formerly consisted of three mem-
bers and in 2017 was expanded to five mem-
bers, now including the head of the research 
building commission and the representative 
of the young researchers. The purpose of this 
addition is to increase support of young re-
searchers as proposed in the 2015 evaluation.  
The council decides on all important matters 
that are not in the competence of the general 
IRIS assembly or of other academic bodies. It 

is headed by the Director who represents IRIS 
internally and externally. The General Assem-
bly, as the highest body of IRIS Adlershof, is 
responsible for all decisions concerning the 
thematic, conceptual, and infrastructural 
development of IRIS Adlershof. The Branch 
Office is responsible for all administrative 
matters pertaining to IRIS Adlershof. It is the 
interface to the local and central administra-
tive bodies of the University. 

The five elected members of the IRIS Council are: 

Prof. Dr. Jürgen P. Rabe
Research Topic: Physics of Macromolecules
Humboldt-Universität zu Berlin, Department of Physics
& Max Planck Institute for Colloids and Interfaces

Prof. Dr. Norbert Koch (Deputy Director)
Research Topic: Supramolecular Systems
Humboldt-Universität zu Berlin, Department of Physics
& Helmholtz-Zentrum Berlin für Materialien und Energie

Prof. Dr. Emil List-Kratochvil (Head of Research Building Commission)
Research Topic: Hybrid Devices
Bridging Professorship Physics/Chemistry
Humboldt-Universität zu Berlin, Department of Physics and Department
of Chemistry
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Julian Miczajka, M.Sc. (Representative of the Young Researchers)
Research Topic: Quantum Field and String Theory
Humboldt-Universität zu Berlin, Department of Physics

Prof. Dr. Matthias Staudacher 
Research Topic: Mathematical Physics of Space, Time and Matter
Bridging Professorship Physics/Mathematics
Humboldt-Universität zu Berlin, Department of Physics and 
Department of Mathematics

These are the 22 full members of IRIS Adlershof during the reporting period:

Prof. Dr. Kannan Balasubramanian (IRIS member since 2017)
Research Topic: Micro & Nano Analytical Sciences
Humboldt-Universität zu Berlin, Department of Chemistry

Prof. Dr. Matthias Ballauff (IRIS member since 2010)
Research Topic: Soft Matter and Functional Materials
Helmholtz-Zentrum Berlin für Materialien und Energie &
Humboldt-Universität zu Berlin, Department of Physics 

Prof. Dr. Oliver Benson (IRIS founding member)
Research Topic: Nano Optics
Humboldt-Universität zu Berlin, Department of Physics
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Prof. Dr. Caterina Cocchi (IRIS member since 2017)
Research Topic: Theory of excitations in low-dimensional systems
Humboldt-Universität zu Berlin, Department of Physics

Prof. Dr. Dr. h.c. Claudia Draxl (IRIS member since 2012)
Research Topic: Solid-State Theory 
Humboldt-Universität zu Berlin, Department of Physics 
& Fritz-Haber-Institut der Max-Planck-Gesellschaft

Prof. Dr. Thomas Elsässer (IRIS member since 2010)
Research Topic: Nonlinear Processes in Condensed Matter
Max Born Institute for Nonlinear Optics and 
Short Pulse Spectroscopy &
Humboldt-Universität zu Berlin, Department of Physics 

Prof. Johann-Christoph Freytag, Ph.D.  (IRIS founding member, 
member until 2017)
Research Topic: Databases and information systems
Humboldt-Universität zu Berlin, Department of  Computer Science

Prof. Stefan Hecht, Ph.D. (IRIS founding member)
Research Topic: Chemical Approaches to Nanoscience
Humboldt-Universität zu Berlin, Department of Chemistry

Prof. Dr. Jochen Brüning (IRIS founding member)
Research Topic: Geometrical Analysis & Spectral Theory
Humboldt-Universität zu Berlin, Department of Mathematics
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Prof. Dr. Regine von Klitzing (IRIS member from 2012 to 2017)
Research Topic: Applied Physical Chemistry
Before: Technische Universität Berlin, Institute of Chemistry
Now: Technische Universität Darmstadt, Department of Physics

Prof. Dr. Christoph T. Koch (IRIS member since 2016)
Research Topic: Structure Research and Electron Microscopy 
Humboldt-Universität zu Berlin, Department of Physics

Prof. Dr. Norbert Koch (IRIS member since 2009 and Deputy Director)
Research Topic: Supramolecular Systems
Humboldt-Universität zu Berlin, Department of Physics 
& Helmholtz-Zentrum Berlin für Materialien und Energie

Prof. Dr. Jürg Kramer (IRIS founding member)
Research Topic: Mathematics and Education
Humboldt-Universität zu Berlin, Department of Mathematics

Prof. Dr. Dirk Kreimer (IRIS member since 2011)
Research Topic: Structure of Local Quantum Field Theories
Bridging Professorship Mathematics/Physics
Humboldt-Universität zu Berlin, Department of Mathematics 
& Department of Physics

Prof. Dr. Michael Hintermüller (IRIS member since 2018)
Research Topic:  Applied Mathematics
Weierstraß-Institut für angewandte Analysis und Stochastik &
Humboldt-Universität zu Berlin,  Department of Mathematics 
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Prof. Dr. Emil List-Kratochvil (IRIS member since 2015)
Research Topic: Hybrid Devices
Bridging Professorship Physics/Chemistry
Humboldt-Universität zu Berlin, Department of Physics and Department 
of Chemistry

Prof. Dr. Yan Lu (IRIS member since 2017)
Research Topic: Soft Matter and Functional Materials
Helmholtz-Zentrum Berlin für Materialien und Energie GmbH
& Universität Potsdam, Institute of Chemistry

Prof. Dr. Nicola Pinna (IRIS member since 2016)
Research Topic: Functional Materials
Humboldt-Universität zu Berlin, Department of Chemistry

Prof. Dr. Jan Plefka (IRIS member since 2012)
Research Topic: Quantum Field and String Theory
Humboldt-Universität zu Berlin, Department of Physics

Prof. Dr. Jürgen P. Rabe (IRIS founding Director)
Research Topic: Physics of Macromolecules
Humboldt-Universität zu Berlin, Department of Physics 
& Max Planck Institute for Colloids and Interfaces

Prof. Dr. Christian Limberg (IRIS member since 2014)
Research Topic: Bioinspired Chemistry and Surface Models for the Activa-
tion of Small Molecules
Humboldt-Universität zu Berlin, Department of Chemistry
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Prof. Dr. Joachim Sauer (IRIS founding member, member until 2017)
Research Topic: Quantum Chemistry
Humboldt-Universität zu Berlin, Department of Chemistry 
& Fritz-Haber-Institut der Max-Planck-Gesellschaft

Prof. Dr. Igor Michailovitsch Sokolov (IRIS member since 2017)
Research Topic: Statistical Physics and Nonlinear Dynamics & Stochastic 
Processes
Humboldt-Universität zu Berlin, Department of Physics

Prof. Dr. Matthias Staudacher (IRIS member since 2010)
Research Topic: Mathematical Physics of Space, Time and Matter
Bridging Professorship Physics/Mathematics
Humboldt-Universität zu Berlin, Department of Physics and 
Department of Mathematics

Prof. Dr. Alexander Reinefeld (IRIS founding member)
Research Topic: Distributed algorithms and inovative computer architecture
Zuse Institute Berlin (ZIB) &
Humboldt-Universität zu Berlin, Department of Computer Science 
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Over the entire reporting period, a total of five junior research groups worked at IRIS Adler-
shof, three of them simultaneously.

Dr. Michael J. Bojdys (junior research group leader since 2018)
Junior Research Group: Functional Nanomaterials
Humboldt-Universität zu Berlin, Department of Chemistry

Dr. David Bléger (junior research group leader from 2013 to 2018)
Junior Research Group: Nanoscale and Photodynamic Systems
Before: Humboldt-Universität zu Berlin, Department of Chemistry
Now: Scientific Consultant at Evonik Creavis GmbH

Dr. Valentina Forini (junior research group leader since 2012)
Junior Research Group: Gauge Fields from Strings
Humboldt-Universität zu Berlin, Department of Physics 
& City University of London, Department of Mathematics

Prof. Dr. Yan Lu (junior research group leader from 2009 to 2017)
Junior Research Group: Structure Analysis of Colloidal Particles
Before: Helmholtz-Zentrum Berlin für Materialien und Energie GmbH
Now: Helmholtz-Zentrum Berlin für Materialien und Energie GmbH and 
Universität Potsdam, Institute of Chemistry 

Dr. Sven Ramelow (junior research group leader since 2016)
Junior Research Group: Nonlinear Quantum Optics
Humboldt-Universität zu Berlin, Department of Physics
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4. 2. Selected honorS and awardS

During the reporting period, IRIS members and IRIS related young researchers received 
the following awards and honors for their outstanding scientific work:

Prof. Dr. Norbert Koch
Distinguished Award 2017 for Novel Materials and their Synthesis of the International 
Union of Pure and Applied Chemistry (IU-PAC) and of the Conference Committee of 
the IUPAC NMS-XIII Conference

Dr. Raphael Schlesinger
Publication of his outstanding dissertation in the book series Springer Theses

2017

Anne Fuhrmann 
Carl Roth Prize of the Gesellschaft Deutscher Chemiker 

Prof. Dr. Alexander Reinefeld together with ZIB authors Matthias Noack, Dr. Tobias 
Kramer and Dr. Thomas Steinke
Best Paper Award at the 19th IEEE International Workshop on Parallel and Distribut-
ed Scientific and Engineering Computing (PDSEC 2018) in conjunction with the 32nd 
IEEE International Parallel and Distrivuted Processing Symposium (IPDPS 2018)

Julian Miczajka
Physics Study Award 2018 of the Physikalische Gesellschaft zu Berlin

Prof. Dr. Claudia Draxl 
Election as a member of the Austrian Academy of Sciences 

Anne Spiering
Lise-Meitner Prize 2018 of the Vereinigung der Freunde und Förderer des Instituts für 
Physik der Humboldt-Universität zu Berlin for her outstanding master‘s thesis 

Dr. Michael Borinsky 
Publication of his outstanding PhD thesis in the book series Springer Theses 

2018
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modern oPticS

In the competence 
field Modern Optics, 
the unique properties 
of light with very pre-
cisely defined time 
and wavelength struc-

tures in a broad spectral range are employed 
to forge ahead in currently inaccessible ter-
rains in physics by using a combination of 
modern optical methods. Fundamental pro-
cesses in nature or in artificial materials will 
thus be elucidated, and the insights will be 
employed for novel applications for optical 
technologies, modern information process-
ing and storage, sensors, material process-
ing, and medicine. 

molecular SyStemS

In the competence 
field Molecular Sys-
tems, the interaction 
of structural, electron-
ic, optical and chem-
ical properties is in-

vestigated at different levels of complexity. 
Inspired by a fundamental understanding of 
the relationship between structure and phys-
ico-chemical function in natural systems, 
new approaches to artificial systems with 
unprecedented property profiles are being 
developed that shall finally lead to new types 
of energy and resource saving materials and 
functional systems.

mathematical PhySicS

Mathematical Phy-
sics investigates the 
geometry and analysis 
of mathematical struc-
tures at the interface 
between theoretical 

physics and pure mathematics, as discussed, 
e.g., in superstring theories and quantum 
field theories. With the new Large Hadron 
Collider (LHC) at CERN, particle physics is 
at the onset of a new area, which makes this 
topical field very timely. A related but differ-
ently oriented research field is Complex Dy-
namics which currently finds its most inter-
esting applications in climate research and in 
the physics of biomacromolecules. 

comPutation in the ScienceS

Computation in the 
Sciences is dedicated 
to the computer simu-
lation of real systems 
that can be analyzed 
with scientific meth-

odologies. It supplements the traditional ap-
proaches in science and mathematics, which 
are based on collecting empirical evidence, 
on the one hand, and conceptual and algo-
rithmic modelling on the other. With the rap-
id development of the architecture of high 
performance computing, new dimensions of 
the extraction of quantitative information will 
be within reach. Additionally, more and more 
realistic images of reality will be created by 
using efficient algorithms.

4. 3.   comPetenceS and reSearch areaS 

IRIS Adlershof builds on the particular competences of Humboldt-Universität zu Berlin at 
its Campus Adlershof in the fields of Modern Optics, Molecular Systems, Mathematical Phys-
ics and Computation in the Sciences and is currently devoted to two prime areas of research: 
Hybrid Systems for Optics and Electronics and Space-Time-Matter.
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hybrid SyStemS for oPticS and electronicS

Hybrid inorganic/organic systems struc-
tured on atomic, molecular and mesoscop-
ic length scales offer completely new pos-
sibilities for the implementation of optical 
and electronic properties and function ap-
proaching fundamental limits. Based on 
physicochemical concepts and inspired by 
the extraordinary efficient way functions are 
implemented in natural systems, the struc-
ture-property relationships of these novel 
hybrid materials will be investigated and ex-
plored for their application potential.

SPace-time-matter

Modern physics strive to understand 
from first principles the structure of space, 
time, and matter on very large and very small 
scales, as well as in complex systems. There-
fore, it is necessary to analyze the role of basic 
symmetries as well as the way they are broken. 
The ultimate goal is to find the Weltformel, in 
order to describe the fundamental forces and 
their interactions by a single coherent theory. 
Hopefully it will become clear along the way 
how the “smooth” world that we experience 
emerges from “chaotic” principles of quan-
tum physics. Mathematicians and theoretical 
physicists are cooperating to address specific 
questions of mathematical physics in the de-
scribed framework. An important structural 
goal consists in broadening the base of this 
enterprise by also including fundamental ex-
perimental physics.



ꟾ 50

4. 4. iriS reSearch building

One of IRIS Adlershof’s prestige projects is the new IRIS research building dedicated to 
the research field Hybrid Systems for Optics and Electronics which is currently under con-
struction. Upon completion, it will not only significantly improve IRIS Adlershof’s spatial and 
scientific infrastructure and thus provide its outstanding scientists with excellent working 
conditions, but it will also contribute to strengthening IRIS Adlershof’s position as an interna-
tional leader in interdisciplinary research in the area of Hybrid Devices.

The IRIS research building’s great impor-
tance and enrichment for IRIS Adlershof, for 
the scientists working and the cutting-edge 
research carried out here, and the building’s 
development from the initial idea and the ap-
plication for funding to the laying of the foun-
dation stone was already addressed in the 
last biannual report 2015 & 2016. 

celebration of the toPPing ceremony

During the reporting period 2017 & 2018, 
construction work on the IRIS research build-
ing continued to progress enormously, so 
that in July 2017 IRIS Aldershof was able to 
celebrate the topping ceremony together 
with the Governing Mayor of Berlin, Michael 
Müller, the Senate building director Regula 
Lüscher, the President of the Humboldt-Uni-
versität zu Berlin, Prof. Dr.-Ing. Dr. Sabine 
Kunst, and the architect Prof. Hans Nickl of 
Nickl & Partner Architekten AG. 

comPletion of the outer building Shell

The superstructure and work on the out-
er building shell were then completed by the 
end of 2018, including the metal facade of the 
laboratory building and the installation of the 
outer windows and doors. This meant that 
the construction could be sealed against the 
effects of the weather. In addition, the first 
landscape measures were carried out. 
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interior deSign

Furthermore, the interior of the building 
received its final layout, and considerable ef-
forts have been made to make this building an 
ideal environment for scientists able to con-
duct interdisciplinary research in the fields of 
Electronics, Optoelectronics and Photonics. 
The building now comprises 2,500 square 
meter of laboratory space and 2,200 square 
meters of office space and common rooms. 
Located in the center of the building are nu-
merous laboratories of various sizes and spe-
cializations. They will range from standard 
physics laboratories with common media 
supply, wet laboratories with two or more 
hoods, clean rooms, high-quality optical lab-
oratories with controlled and stable climatic 
conditions to magnetically shielded and vi-
bration-decoupled, state-of-the-art TEM lab-
oratories upon completion. The offices are 
located in the immediate vicinity of the lab-
oratories, offering space for more than 160 
desks at the end of the construction work. A 
number of common rooms will give access 
to coffee and promote informal discussion 
at whiteboards. To provide opportunities for 
fruitful informal discussion and exchange, 
the laboratories and offices are located very 
close to each other, but at the same time are 
separated by membrane-like common areas. 
Researchers from different fields will thus be 
able to easily interact with each other and 
even theoreticians will get involved into sci-
entific process close to experiments. Several 
seminar rooms will be available for discus-

sion, presentation and lectures. The entrance 
area itself is designed to provide space for 
poster presentations, which makes this build-
ing very suitable for conferences.

Interior work also progressed well during 
the reporting period. All dry walls were com-
pleted and prepared for laboratory require-
ments. The vast installation of the media 
supplies such as pressured air, argon, nitro-
gen and electricity in the laboratories was 
continued and in some laboratories even 
completed. Furthermore, the adaption of the 
vibration-decoupled foundation for the NION 
TEM was finished. In addition, the middle 
voltage transformator was installed for a suf-
ficient and stable power supply and the con-
nection to the Adlershof cooling compound 
(Kälteverbund Adlershof) which ensures the 
cooling of the air-conditioning and water cir-
cuit, as well as to the physics department of 
the Humboldt-Universität for the helium-re-
covery was made. The latter two procedures 
were done beneath ground level and required 
excavations which made these steps time 
consuming. 

laboratorieS 
Upon completion, the laboratories will 

provide scientists access to a variety of 
top-quality scientific instruments that en-
able spectroscopic and microscopic exam-
ination, manipulation and characterization 
methods. A clearly outstanding device will be 
the NION high-resolution TEM with energy 
filter which will be a very powerful tool for 
investigation on organic and inorganic struc-
tures down to sub nanometer scale. It will be 
complemented by Cryo-TEM, both mounted 
on a decoupled foundation for higher per-
formance. Moreover, the IRIS building will 
offer a SEM, E-Beam and photolithography 
within the clean room and a 19m long glove-
box cluster, UHV-cluster and scanning probe 
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devices, such as AFM and force robots, in 
close proximity. Numerous wet labs will of-
fer plenty of workspace in BIO-S1 and even 
BIO-S2 certified settings measuring rooms in 
different sizes and qualities provide space for 
short- mid- and long-term research in single 
usage- or coop-space. 

art comPetition 
During the reporting period, an art com-

petition was held in order to equip the interi-
or of the research building not only function-
ally at the highest level, but also aesthetically 
pleasing. In August 2017, the Senate Depart-
ment for Culture and Europe, together with 
the Senate Department for Urban Develop-
ing and Housing, announced an art compe-
tition with 10 invited artists for the new re-
search building of IRIS Adlershof. The goal of 
the art competition was to develop indepen-
dent artistic designs that also corresponded 
with the scope of the institute’s cutting-edge 
research work. The artwork was supposed 
to reflect and contribute to the ongoing dis-
cussion with the architecture, urban environ-
ment of the Adlershof campus, and the use of 
the building as a lively place of research and 
exchange. In February 2018, a jury chaired by 
the artist Veronike Hinsberg approved the 
draft by BORGMAN I Lenk with the title Ac-
cess. This winning design, which features the 
installation of gold-colored components and 
elements that are inconsistent with the func-
tional processes and entrances of the house, 

was on display at the IRIS house in July 2018. 
The jury honors the artistic idea of contra-
dicting architecture’s functionality. Gold-col-
ored elements like an air lock door, entrance 
hatch, and elevator display give a new mo-
mentum to a “free and searching movement 
of thoughts.” The proposed design has a dry 
humor and great sensitivity for the used ma-
terials.

oPening in 2020
Construction work on the new IRIS re-

search building progressed so far during the 
reporting period that the building can be 
commissioned in early 2020. 

inStitutional funding

IRIS Adlershof annually receives a basic fi-
nancial support to cover its main office costs 
from the university’s central funding. A fur-
ther funding was allocated by Humboldt-Uni-
versität’s Institutional strategy that is being 
funded through the Excellence Initiative 
since November 2012. The funds required 
for the construction of the research building 
amounting to approx. EUR 52 million were 
jointly raised by the federal government, the 
state of Berlin and the university. Concrete 
research projects are financed through the 
acquisition of third-party funds.

Visualization: Borgmann I Lenk
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4. 5.  coordinated collaborative ProjectS  bla bla ..
......................................................................................
....................................................................................... 
...During the reporting period, members of IRIS Adlershof were participating in import-
ant coordinated collaborative projects. On the following pages these projects are discussed 
in more detail:

• IRIS Adlershof in the Excellence Initiative
• Collaborative Research Centers (CRC)
• Research Training Groups and Graduate Schools
• EU Research Projects
• Funding by the Einstein Foundation
• BMBF Projects 
• Collaborative Projects in the Context of Mathematics and Science Teacher Education 

and Training  

© Stephan Pfeiler
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iriS adlerShof in the excellence initiative

As part of the Excellence Initiative, IRIS Adlershof was involved in numerous Clusters of 
Excellence and Graduate Schools through its members. The Excellence Initiative’s funding pe-
riod started in July 2005 and ended during the reporting period in October 2017. Projects that 
were not advised of any continuation in the follow-up program Excellence Strategy could apply 
for bridge funding of a maximum of 24 months, ending October 2019. The here presented 
Clusters of Excellence and Graduate Schools in which IRIS Adlershof participated through 
its members, successfully ended during the reporting period. The majority of them emerged 
into new Clusters of Excellence, funded under the Excellence Strategy. They were launched in 
January 2019.

cluSter of excellence: image Knowledge geStaltung. an interdiSciPlin-
ary laboratory

Period of funding: 11/2012 – 10/2017
Spokespersons: Prof. Dr. Horst Bredekamp 
& Prof. Dr. Wolfgang Schäffner (both HU Berlin)

Science can be viewed as a Gestaltung of 
all its elements, from the laboratory arrange-
ment of the chemical formula and the outline 
of a study to the theory building. Since time 
immemorial, knowledge has been designed 
by architectures, tools and models, and infor-
mation tools and images. With the develop-
ment of digital imaging methods, the impor-
tance of Gestaltung for the production and 
perception of knowledge has reached a new 
level for well over a half century. As a means 
for visualization and compression, modeling 
and mediation, evidence, and archiving imag-
es have caused a profound change in the sci-
ences and humanities, technology, and med-
icine. They make vast amounts of data and 
complexities understandable. By no means 
are they effective only immaterially, but rather 
fold the digital and the material, because they 
are a comprehensive reservoir of forms of 
knowledge. Images open disciplinary bound-
aries and transport local styles and aesthet-

ic strategies. “Gestaltung”, a paradigm from 
modern design and production processes, 
has been moved from the periphery to the 
core of the research itself.

The Cluster of Excellence Image Knowl-
edge Gestaltung, in which images and 
knowledge were explored as design process-
es, played a key role here. Furthermore, an 
interdisciplinary laboratory was established 
as a new virtual and physical architecture of 
knowledge. The humanities, the sciences, 
and technology as well as the design disci-
plines were brought together. “Gestaltung” 
has become a model in terms of scientific 
activity. With the participation of more than 
40 disciplines from numerous university and 
non-university research institutions and mu-
seums, an integrative scientific platform was 
formed that changed the Humboldt-Universi-
tät zu Berlin in a striking manner.
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The scholars and scientists participating 
in the project came from a wide range of in-
stitutions: Humboldt-Universität zu Berlin, 
Technische Universität Berlin, Berlin Uni-
versity of the Arts, the Max Planck Institute 
of Colloids and Interfaces, the Max Planck 
Institute for the History of Science, the Ibe-
ro-American Institute, the Museum of Deco-
rative Arts, the Bauhaus Dessau Foundation, 
Berlin Weißensee School of Art, the Museum 
für  Naturkunde (Natural  History  Museum), 
the Art Library, Federal Institute for Materials 
Research and Testing, and the Leibniz-Zen-
trum für Literatur- und Kulturforschung. 

Following a positive application for bridge 
funding, the Cluster of Excellence ended as a 
success in November 2017 with a final con- 
ference. The initiative submitted a new appli- 
cation for the follow-up program Excellence 
Strategy  which  was  approved  in  2018. The 
newly formed Cluster Matters of Activity. Im- 
age Space Material, in which the old Cluster 
is merged, started in January 2019. The Clus-
ter will explore materials’ own inner activity, 
which can be discovered as a new source of 
innovative strategies and mechanisms for re-
thinking the relationship between the analog 
and the dig-tal and for designing more sus-
tainable and energy-efficient technologies.
More information under www.moa.hu-berlin.
de and www.matters-of-activity.de.

Participating IRIS members:
• Prof. Dr. Jochen Brüning
• Prof. Dr. Norbert Koch
• Prof. Dr. Jürgen P. Rabe (also participating 
in Matters of Activity. Image Space Material)
• Prof. Dr. Matthias Staudacher (also partic-
ipating in Matters of Activity. Image Space 
Material)

© NODE Berlin Oslo & Julia Meer
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cluSter of excellence: unifying concePtS in catalySiS - unicat

Period of funding 11/2012 – 12/2018
Spokesperson: Prof. Dr. Matthias Drieß (TU Berlin)
www.unicat.tu-berlin.de

More than 50 research groups from 
chemistry, physics, biology, and engineering 
from the Technische Universität Berlin (co-
ordinating university), the Freie Universität 
Berlin, Humboldt-Universität zu Berlin, the 
University of Potsdam, the Fritz-Haber-In-
stitut der Max-Planck-Gesellschaft, and the 
Max-Planck Institute of Colloids and Inter-
faces in Potsdam worked in the Cluster of 
Excellence UniCat on the research and de-
velopment of catalysts. This cluster was 
unique in Germany, as it combined a wide 
range of scientific expertise with modern 
methods of engineering sciences, which in 
turn allowed optimal conditions for the de-
velopment of new catalytic processes.

Three major areas were linked in this 
concept: The development and research 
of catalysts were carried out by both clas-
sical chemistry and the biological and ma-
terials sciences. The implementation of re-
sults into industrial applications required 
engineers from different disciplines. These 
researchers presented their results to po-
tential users in demonstration projects, so-
called Mini-Plants, after showing the tech-
nical and economic viability of the newly 
developed method. Embedded in the orga-
nizational structure of UniCat was the “Ber-
lin International Graduate School of Natu-
ral Sciences and Engineering” (BIG-NSE), 
which was established in May 2007 at the 
Technische Universität Berlin. The Graduate 
School was to enable new synergies for a 
structured doctoral training. The BIG-NSE 
sees itself as a magnet for young, interna-
tionally successful early-stage scientists and 

scholars from the sciences and engineering.

This Cluster of Excellence also resulted 
in an application for the Excellence Strat-
egy funding. From early 2019 on, the new 
founded follow-up initiative Unifying Sys-
tems in Catalysis (UniSysCat) works in five 
interdisciplinary research areas on the elu-
cidation and evolution of catalyc networks. 
The central scientific objective of this newly 
founded cluster is to master the next stage 
of future challenges in catalysis: how to elu-
cidate, create, and control reaction network 
in chemical and biological catalysis at differ-
ent levels of complexity in space and time. 
Participating IRIS members in UniSysCat 
are Stefan Hecht and Christian Limberg.

Participating IRIS members:
• Prof. Stefan Hecht, Ph.D.
• Prof. Dr. Christian Limberg
• Prof. Dr. Joachim Sauer

© UniCat / TU Berlin
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berlin mathematical School

Period of funding 11/2006 – 12/2018
Spokespersons: 
Prof. Dr. Günther M. Ziegler (FU Berlin, until 06/2018), 
Prof. Dr. Holger Reich (FU Berlin, from 06/2018), 
Prof. Dr. Jürg Kramer (HU Berlin & IRIS Adlershof) 
& Prof. John M. Sullivan, PhD (TU Berlin)
www.math-berlin.de

The Berlin Mathematical School (BMS) 
is the joint graduate school of the mathe-
matics departments of the Berlin universi-
ties, TU Berlin, FU Berlin, and HU Berlin. It 
was established in 2006, in the first round 
of the Excellence Initiative, as a permanent 
institution for excellent graduate education 
in all areas of mathematics at the Berlin uni-
versities.

As announced on 27th September 2018, 
the Berlin Mathematics Research Center 
MATH+ will receive funding as a Cluster of 
Excellence within the Excellence Strategy 
until 2025. The BMS is an integral part of 
MATH+ and provides the framework and 
environment for graduate education, as well 
as for the development and support of early 
career researchers for the Cluster of Excel-
lence MATH+.

The BMS offers:
• a uniform setting for mathematics grad-

uate studies in Berlin,
• a two-phase program modeled on US 

graduate schools, accepting students 
completing a Bachelor’s degree as well 
as those completing a Master’s,

• an international environment with half 
the students from outside Germany,

• a coordinated, highly diverse course 
program in English (so that German 
language skills are not needed)

• access to all mathematical research 

groups in Berlin for doctoral training, in 
particular, to the various DFG Research 
Training Groups (Graduiertenkollegs), 
Collaborative Research Centers (SFBs) 
and other ongoing research projects,

• intensive mentoring during the whole 
duration of studies, and support on 
nonmathematical issues ranging from 
housing and visas to childcare and lan-
guage courses. 

Participating IRIS members:
• Prof. Dr. Jochen Brüning
• Prof. Dr. Michael Hintermüller
• Prof. Dr. Jürg Kramer 
• Prof. Dr. Dirk Kreimer
• Prof. Dr. Matthias Staudacher

© Kay Herschelmann/Berlin Mathematical 
School
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School of analytical ScienceS adlerShof SalSa 

Period of funding 11/2012 – 10/2019
Spokespersons: Prof. Dr. Janina Kneipp (HU Berlin) 
& Prof. Dr. Ulrich Panne (Federal Institute for Materials 
Research and Testing & HU Berlin)
www.salsa.hu-berlin.de

Analytical Sciences are key technologies 
at the interface of chemistry, physics and bi-
ology. The Graduate School DFG GSC 1013 
SALSA has the aim to overcome the frag-
mentation of Analytical Sciences into differ-
ent fields and to address problems in basic 
and applied research in a multidisciplinary 
fashion. 

This has been achieved by an approach 
that integrates graduate teaching and re-
search, by setting up a new curriculum, and 
through the close collaboration of experts 
from different fields ranging from different 
directions of chemistry to physics, biology, 
mathematical modelling, and educational 
sciences. 

SALSA has been part of “Analytic City 
Adlershof”, a competence center that bun-
dles the university, non-university, and in-
dustrial expertise available in Adlershof. 
International partnerships were established 
with ETH Zürich, University of Oviedo in 
Spain and Hebrew University of Jerusalem, 
Israel with the aim to foster scientific ex-
change and develop a joint curriculum in 
Analytical Sciences. 

SALSA runs two Application Labs, pro-
viding facilities for graduate projects and 
being home to a junior research group in 
Photonics. 

In October 2017, SALSA launched “Ini-
tiative Make & Measure”, which is aiming 
to secure funding for new collaborative re-
search projects in the area of Analytical Sci-
ences in the Berlin research area after the 
termination of the initial funding as GSC 
1013 from November 2019.

Participating IRIS members:
• Prof. Dr. Kannan Balasubramanian
• Prof. Dr. Oliver Benson
• Prof. Stefan Hecht, Ph.D.
• Prof. Dr. Christian Limberg
• Prof. Dr. Jürgen P. Rabe

© School of Analytical Sciences Adlershof 
SALSA
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collaborative reSearch centerS (crc)

crc 658: elementary ProceSSeS in molecular SwitcheS at SurfaceS

Period of of funding: 07/2005 – 06/2017
Spokesperson: Prof. Dr. Martin Weinelt (FU Berlin)
www.physik.fu-berlin.de/en/einrichtungen/sfb/sfb658/

The increasing miniaturization and in-
tegration in electronic devices and sensors 
opens the perspective to use molecules as 
building blocks for functional molecular 
nanostructures. For applications like molec-
ular electronics it will be essential to control 
the switching between different molecular 
states which in nature is often realized by 
photoinduced conformational changes. 
Controlled switching of molecular function 
requires the synthesis and design of appro-
priate molecular nanosystems and a basic 
understanding of structural and electronic 
properties including the interaction with the 
environment. 

In addition, there is a demand for active 
control by external stimuli like electromag-
netic fields, forces and currents. The inter-
action of molecules with surfaces opens 
new perspectives: It allows to assemble 
molecules with defined orientations and 
to vary the lateral couplings in a systematic 
manner. The contact of molecules to sol-
id state interfaces is also essential to con-
nect the molecular system with the outside 
world, in particular for electric transport. 

The collaborative research center 658 
investigated molecular switching process-
es driven by external excitations in well-de-
fined molecular systems at solid surfaces. 
The focus was on reversible conformational 
changes of individual molecules and en-
sembles leading to measurable changes of 
functional properties of the system. After a 
very successful twelve-year run, the Collabo-
rative Research Center held its final sympo-
sium in April 2017.

Participating IRIS members:
• Prof. Dr. Claudia Draxl
• Prof. Stefan Hecht, Ph.D.

Researchers from the CRC 658 together with 
colleagues from the U.S. and Japan built a 
single-molecule transistor. 
© Paul-Drude Institute Berlin
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crc 765: multivalency aS chemical organiZational and oPerational 
PrinciPle: new architectureS, functionS, and aPPlicationS 

Period of funding: 01/2008 – 12/2019 
Spokesperson: Prof. Dr. Rainer Haag (FU Berlin)
www.sfb765.de

Multivalency is of vital significance in 
the (self)-organization of matter, in cogni-
tive processes and signal transduction go-
ing on in biological systems. Thus, the de-
velopment of new multivalent molecules is 
of great importance for approaching major 
biological issues such as the inhibition of 
inflammatory processes and the prevention 
of viral infections as well as for the system-
atical production of functional molecular 
architectures.

Participating IRIS members:
• Prof. Stefan Hecht, Ph.D.
• Prof. Dr. Jürgen P. Rabe

© Sumati Bhatia, Luis Cuellar Camacho, and Rainer Haag,
Pathogen Inhibition by Multivalent Ligand Architectures,
J. Am. Chem. Soc. 28 (2016) 8654.
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crc 787: Semiconductor - nanoPhotonicS: materialS, modelS, deviceS

Period of funding: 01/2008 – 12/2019 
Spokesperson: Prof. Dr. Michael Kneissl (TU Berlin)
www.sfb787.tu-berlin.de

The CRC 787 Semiconductor nanopho-
tonics: materials, models, devices com-
bines three complementary areas of re-
search aiming at the development of novel 
photonic and nanophotonic devices. The 
close collaboration between the different 
research areas and their mutual integration 
help explore new functionalities of nano-
photonic devices and open new dimensions 
of applications. These include quantum key 
systems that are based on q-bit and entan-
gled photon emitters, high frequency verti-
cal cavity surface emitting lasers for future 
multi-terabus systems, quantum dot lasers, 
and optical amplifiers for ultra-high bit rate 
Ethernet, as well as high brilliance IR and 
visible lasers for materials processing and 
laser displays. 

The CRC 787 comprises a total of 17 
projects from TU Berlin, which is also the 
speaker university, the Humboldt Uni-
versität zu Berlin, the Otto-von-Guericke 
Universität Magdeburg as well as the Fer-
dinand-Braun-Institut (Leibniz Institut 
für Höchstfrequenztechnik), the Fraun-
hofer-Institut für Nachrichtentechnik (Hein-
rich-Hertz-Institute), the Weierstraß-Insti-
tute for Applied Analyis and Stochastic, and 
the Konrad-Zuse-Zentrum für Information-
stechnik.

Participating IRIS member:
• Prof. Dr. Oliver Benson
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crc 951: hybrid inorganic/organic SyStemS for oPto-electronicS 
(hioS)

Period of funding: 07/2011 – ongoing
Spokesperson: Prof. Dr. Norbert Koch 
(HU Berlin & IRIS Adlershof) 
www.physik.hu-berlin.de/sfb951

The CRC 951, currently now in its 2nd 
funding period, is a central part of the IRIS 
research area “Hybrid Systems for Optics 
and Electronics”. The CRC 951 scientists 
perform cutting-edge research on hybrid 
systems that unite inorganic semiconduc-
tors, conjugated organic materials and 
metal nanostructures with the aim of real-
izing substantially improved and potential-
ly novel opto-electronic functionalities not 
achievable with any of the individual mate-
rial classes alone. The CRC’s spokesperson 
and deputy spokesperson, Norbert Koch 
and Oliver Benson, both members of IRIS 
Adlershof, are delighted with the progress 
the CRC managed to achieve during the 
past years. The CRC elucidated the funda-
mental chemical, electronic, photonic, and 
plasmonic interactions arising from the dif-
ferent nature of the components combined 
in HIOS, and uncovered novel hybridized 
quantum states and coupled excitations at 

their interfaces. In hand with this, the CRC 
951 comprehended the limitations of state-
of-the-art bulk inorganic semiconductors 
for achieving intimate coupling with con-
jugated molecules. First experiments on 
emerging 2D materials such as transition 
metal dichalcogenide monolayers show 
promising results and may most likely be 
the ideal inorganic semiconductor compo-
nent for the goals of the CRC.

At the end of the reporting period, the 
application for a third funding period was 
submitted to the DFG. This application 
has been approved in the meantime. The 
CRC 951 is looking forward to upcoming 
years full of exciting HIOS research and the 
continuing collaboration of 27 principal in-
vestigators from physics and chemistry of 
Humboldt-Universität zu Berlin (coordi-
nating university), Technische Universität 
Berlin, Universität Potsdam, Helmholtz-Ze-
ntrum Berlin für Materialien und Energie, 
and Fritz-Haber-Institut der Max-Planck-Ge-
sellschaft.

Participating IRIS members:
• Prof. Dr. Matthias Ballauff
• Prof. Dr. Oliver Benson
• Prof. Dr. Caterina Cocchi
• Prof. Dr. Claudia Draxl
• Prof. Stefan Hecht, Ph.D.
• Prof. Christoph Koch, Ph.D.
• Prof. Dr. Norbert Koch
• Prof. Dr. Emil List-Kratochvil
• Prof. Dr. Yan Lu 
• Prof. Dr. Jürgen P. RabeExamples of material basis used in the 

CRC 951. © CRC 951.
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crc 1109: underStanding of oxide / water SyStemS at the molecular 
Scale: Structural evolution, interfaceS and diSSolution

Period of funding: 04/2014 – 12/2018
Spokesperson: Prof. Dr. Christian Limberg 
(HU Berlin & IRIS Adlershof)
 www.chemie.hu-berlin.de/sfb1109

The Collaborative Research Centre 1109 
was an interdisciplinary research platform 
bringing together scientists from four univer-
sities and three non-university institutions. It 
comprised research projects with a diverse 
expertise in chemistry and physics. 

The research aimed at a comprehensive 
understanding of the complex atomic scale 
processes underlying oxide formation, struc-
tural evolution and dissolution. 

Exemplarily, silica, alumina and iron ox-
ides were studied as metal oxides with the 
highest natural abundance and application 
relevance. The research results contribute 
to a basis for a rational synthesis of oxides 
with desirable properties, such as stability to-
wards corrosion. 

After five successful years, the Collabora-
tive Research Center held its final meeting in 
October 2018.

Participating IRIS members:
• Prof. Dr. Christian Limberg 
• Prof. Dr. Nicola Pinna
• Prof. Dr. Joachim Sauer

Atomic-level insights into the multi-scale nature inherent to the 
metal oxide/water interface. 
© CRC1109
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reSearch training grouPS and graduate SchoolS

reSearch training grouP 1504: maSS, SPectrum, Symmetry  – Particle 
PhySicS in the  era of the large hadron collider

Period of funding: 04/2009 – 03/2018
Spokesperson: Prof. Dr. Heiko Lacker (HU Berlin)
www.masse-spektrum-symmetrie.de

While working in this group, doctoral stu-
dents familiar with experimenting, on the one 
hand, or with theory, on the other, became 
acquainted with the sphere of research they 
were not used to. For the experimenting con-
tingent, there primarily was research work 
at the Atlas Detector of the Large Hadron 
Collider at CERN. Besides the astrophysical 
groups conducting the IceCube experiments 
in the Antartic and H.E.S.S., researchers were 
involved in Namibia. The theoretical physi-
cists, in turn, whose common denominator 
is the quantum field theory, were working to 
find new approaches reaching beyond the 
standard model.

The challenges emerging from the Large 
Hadron Collider at CERN require a strong 
integration and communication of the dif-
ferent experimental and theoretical working 
areas of elementary particle physics, which 
was precisely the key goal of this research 
training group. Furthermore, they aimed to 
unify the broad experimental and theoretical 
expertise in Berlin (HU Berlin), Dresden (TU 
Dresden), and Zeuthen (DESY) and to place 
the common character of elementary particle 
physics back into the center of the doctoral 
students’ training. The common link between 
the involved experimental groups was their 
participation in the Atlas experiment at Large 

Hadron Collider at CERN and the search for 
new physics there. The link between the theo-
retical groups that were in the cooperation is 
quantum field theory, which was treated per-
turbatively, nonperturbatively, numerically, 
and generally in the context of string theory. 
In addition to the broad spectrum of the par-
ticipating research groups, which was unique 
for the eastern part of Germany, the research 
training group was characterized by a large 
number of participating junior researchers.

The curriculum was geared for excellent 
doctoral students, who were trained in lec-
tures and seminars at the Humboldt Univer-
sität zu Berlin and the Techniche Universität 
Dresden as well as in weekly intensive cours-
es on topics in elementary particles that took 
place twice a year. Further features of the re-
search training group were a secondary advi-
sor concept and a midterm report.

Participating IRIS members:
• Dr. Valentina Forini
• Prof. Dr. Dirk Kreimer 
• Prof. Dr. Jan Plefka
• Prof. Dr. Matthias Staudacher
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international reSearch training grouP 1524: Self aSSembled Soft  
matter nano-StructureS at interfaceS

Period of funding: 04/2009 – 03/2018
Spokesperson: Prof. Dr. Martin Schoen (TU Berlin)
www.ssni.tu-berlin.de

The International Research Training 
Group was aiming at fundamental properties 
of self-assembled nanostructures of soft (or-
ganic and biomolecular) matter at interfaces. 
The studies were being devoted to the nature 
of the structures formed and the driving forc-
es behind their formation. A common ob-
jective of the research program was a better 
understanding of the interplay of the length 
scales characterizing the substrate and the 
properties of the self-assembled surface 
structures formed at the substrate. Research 
was focusing on three types of systems of 
different degree of complexity: (i) Systems in 
which the characteristic length scale results 
from a surface pattern imposed on an other-
wise flat solid surface. Specifically, it was in-
vestigated how ‘’chemical’’ patterns ranging 
from nano- to micrometer dimensions can be 
formed through self-assembly and how they 
can be imprinted onto adjacent soft-matter 

phases. (ii) Systems with curved interfaces, 
in which the mean radius of curvature of the 
substrate represents a primary length scale. 
The self-assembly of amphiphilic molecules 
at the surface of colloidal particles into sur-
face micelles, bilayers, etc. is an example of 
such systems. (iii) Biomimetic structures of 
various length scales within interfaces. Typi-
cal issues here are, for example, the size and 
stability of domains formed in multicompo-
nent biomembranes or field-induced pattern 
formation of colloidal particles at interfaces. 
After nine successful years of research activ-
ities, the concluding colloquium of the IRTG 
1524 was held in December 2017.

Participating IRIS member:
• Prof. Dr. Matthias Ballauff
• Prof. Dr. Regine von Klitzing
• Prof. Dr. Jürgen P. Rabe

Plots of the orientation distribution function Pα 
(ω) as functions of polar and azimuthal angles 
θ and φ. The magni- tude of Pα is given by the 
colour bars attached to each pair of plots. Parts 
(a) and (c) refer to α = a, whereas parts (b) and 
(d) of the figure pertain to α = b; lower pan-
el T = 1.00, upper panel T = 1.20. The higher 
temperature pertains to region II, whereas the 
lower one refers to a state point in region III 
in Figure 3). The azimuthal angle φ = φ′ + π 
so that φ ∈ [0, 2π] according to its standard 
definition.
© R. A. Skutnik, L. Lehmann, S. Püschel-Schlot-
thauer, G. Jackson, and M. Schoen
Mol. Phys., 
DOI: 10.1080/00268976.2019.1581292
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reSearch training grouP 1651: Soamed – Service-oriented architec-
tureS for the integration of Software-baSed ProceSSeS, examPlified by 

health care SyStemS and medical technology

Period of funding: 04/2010 – 09/2019
Spokesperson: Prof. Dr. Ulf Leser (HU Berlin)
www.ki.informatik.hu-berlin.de/soamed

integrating established as well as emerging 
software engineering procedures. This ap-
proach aims at a decisive improvement of 
concepts, methods, and tool support for ser-
vice-oriented system construction.

The scope of innovation of the Graduate 
School is obvious and far reaching: health 
care systems as well as medical systems are 
presently dominated by structures and pro-
cesses that can substantially be improved by 
the concepts and methods developed by this 
Graduate School. The feasibility of the project 
is guaranteed by all participants’ long stand-
ing experience in comparable projects.

Participating IRIS member:
• Prof. Johann-Christoph Freytag, Ph.D.

 Service orientation is a promising archi-
tectural concept to quickly and cost efficient-
ly couple encapsulated software components 
(“services”), and to adapt them to new re-
quirements. Service orientation has mainly 
been suggested for co-operating business 
processes. However, its application in em-
bedded systems is increasing. Service orien-
tation has evolved from very pragmatic prob-
lems and backgrounds. Little attention has 
been directed to theoretical and conceptual 
problems of the area. Furthermore, only ru-
dimentary software technology methods for 
services are available. Examples of system-
atically constructed service-oriented archi-
tectures are presently visible only to a minor 
degree.

Informatics is a key technology for the in-
novative organization of health care systems 
and of medical technology. In comparison 
with other organizational and embedded 
systems, the involved processes are more 
versatile, and the reliability and correctness 
requirements are higher. Medical processes 
are usually loosely coupled. Their integration 
is as much difficult as important. Theoreti-
cal and methodological foundations of both 
the design process and the structure of ser-
vice-oriented systems might substantially im-
prove today’s information technology

In this situation, this Graduate School 
starts out with the idea to underpin the cur-
rently pragmatically focussed service-orient-
ed approach with theoretical foundations by 
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international reSearch training grouP 1740:  dynamical Phenomena in 
comPlex networKS: fundamentalS

Period of funding: 10/2011 – 09/2020
Spokespersons: Prof. Dr. Jürgen Kurths 
(Potsdam Institute for Climate Impact Research &  HU Berlin) &
Prof. Dr. Elbert E.N. Macau (Federal University of São Paulo)
https://www.physik.hu-berlin.de/de/irtg1740

During the last decade, networks with 
complex topology have become a very pow-
erful approach for understanding large com-
plex systems in various fields of applications 
ranging from Neuroscience, via Engineering 
to Sociology and Economy. So far, most stud-
ies have concentrated on fixed topology, i.e. 
were strongly restricted in their applicability. 
Therefore, we intend to study in this IRTG 
principles of self-organization in evolving 
complex networks. To bring these principles 
closer to various applications, we will in addi-
tion investigate the influence of heterogene-
ity in the network structure, multiscale time 
delays and stochasticity. These theoretical 
studies will be intimately connected with the 
investigation of experimental and natural dy-
namical networks of increasing complexity 
starting from lasers, via hybrid networks of 
neurons to the Earth system. The latter one 
is a special challenge for the network theory 
and it will be a focus of this IRTG. In this con-
text, the main topic will be to understand the 
functioning of the Earth́ s subsystems under 
changing conditions, especially global warm-
ing and deforestation in Amazonia. 

A key goal of this interdisciplinary IRTG 
will be to develop a structured PhD program 
which will enable young researchers to work 
in network theory as well as across various 
fields of network applications. It comprises 
education on modern theoretical concepts 
and training on network applications, even 
involving “hands-on” experience with the 

corresponding experiments. The training 
program includes dual supervision of each 
student, annual schools, workshops and on-
site learning, but innovative forms of learning 
and communication such as teleconferences, 
e-learning, or wikiversity will be extensively 
used too. Special emphasis will be devoted 
to soft skills education by making use of the 
Humboldt Graduate School and the Universi-
ty of São Paulo. 

Based on the complementary expertise of 
the participants from the German (HU Ber-
lin and Potsdam Institute for Climate Impact 
Research [PIK]) and Brazilian (University of 
São Paulo [USP] and Natioanl Space Institute 
for Space Research [INPE]) teams and on the 
various common activities from subgroups of 
both sides in the past, we will establish this 
multidisciplinary IRTG consisting of physi-
cists, mathematicians, climatologists, biolo-
gists and geographers.

Participating IRIS member:
• Prof. Dr. Igor M. Sokolov
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international max PlancK reSearch School: functional interfaceS in 
PhySicS and chemiStry

 
 
Spokesperson: Prof. Dr. Martin Wolf
(Fritz-Haber-Institut der Max-Planck-Gesellschaft)
www.imprs-cs.mpg.de

The physical and chemical properties 
of material surfaces play an important role 
in many large scale applications, such as in 
heterogeneous catalysis and corrosion inhibi-
tion. With the shrinking dimensions of elec-
tronic and optoelectronic devices, surface 
properties are becoming increasingly import-
ant in many fields of modern technology, 
such as in thin film growth. In this emerging 
field, which combines electronic devices with 
biological applications, the surface proper-
ties dominate such issues as biocompatibil-
ity. The last two decades have seen a rapid 
progress in our understanding of fundamen-
tal processes on highly idealized surfaces.

The International Max Planck Research 
School on “Functional Interfaces in Physics 

and Chemistry” aims at combining the ex-
pertise of several strong research groups at 
the Humboldt Universität zu Berlin, the Freie 
Universität Berlin, and the Fritz-Haber-Insti-
tut der Max-Planck-Gesellschaft in order to 
create a unique opportunity for foreign and 
German students in terms of cutting-edge 
research and a thorough training in the meth-
ods, concepts, and theoretical basis of the 
physics and chemistry of surfaces. The re-
search school provides an interdisciplinary 
environment, and a wealth of methods using 
state-of-the-art equipment.

Participating IRIS members: 
• Prof. Dr. Claudia Draxl
• Prof. Dr. Norbert Koch
• Prof. Dr. Joachim Sauer

© International Max Planck Research School “Functional Interfaces in Physics and Chemistry”
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international max PlancK reSearch School multiScale bio-SyStemS 

Period of funding: 06/2019 - 05/2025
Spokesperson: Prof. Dr. Reinhard Lipowsky
(Max Planck Institute of Colloids and Interfaces)
imprs.mpikg.mpg.de

The IMPRS on Multiscale Bio-Systems ad-
dresses the fundamental levels of biosystems 
as provided by macromolecules in aqueous 
solutions, molecular recognition between 
these building blocks, free energy transduc-
tion by molecular machines, as well as struc-
ture formation and transport in cells and tis-
sues. The research activities are focused on 
four core areas:

• Recognition of Biopolymers 
• Photo-induced Molecular Processes
• Cell-like Systems and Processes
• Tissue-like Systems and Processes 

One general objective is to understand, 
in a quantitative manner, how the processes 
on supramolecular and mesoscopic scale be-
tween a few nanometers and many microme-
ters arise from the structure and dynamics of 
the molecular building blocks. To achieve this 
goal, our interdisciplinary research combines 
bottom-up with top-down approaches, which 
are pursued by several groups from theoreti-
cal and experimental biophysics, from physi-
cal and colloid chemistry, as well as from bio-
chemistry and molecular biology. 

The IMPRS on Multiscale Bio-Systems 
involves the Max Planck Institute of Colloids 
and Interfaces, which is the main organiza-
tional structure, the Universität Potsdam, the 

Freie Universität and the Humboldt-Universi-
tät zu Berlin as well as the Fraunhofer Insti-
tute for Biomedical Engineering IBMT.

Participating IRIS members:
• Prof. Stefan Hecht, Ph.D.
• Prof. Dr. Jürgen P. Rabe

© Max Planck Institute of Colloids and Inter-
faces.
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international max-PlancK reSearch School: mathematical and PhySical 
aSPectS of gravitation, coSmology and Quantum field theory

Period of funding: 01/2016 – 12/2021
Spokesperson: Prof. Dr. Hermann Nicolai
(Max Planck Institute for Gravitational Physics)
imprs-gcq.aei.mpg.de/2505/de

The International Max Planck Research 
School (IMPRS) for Mathematical and Phys-
ical Aspects of Gravitation, Cosmology and 
Quantum Field Theory addresses funda-
mental questions about the nature of classi-
cal and quantum gravity and its links to the 
fundamental constituents of matter. The 
research is purely theoretical and brings to-
gether some of the most exciting challenges 
of modern physics and mathematics. The 
school started operating in January 2016 and 
replaces the previous IMPRS for Geometric 
Analysis, Gravitation and String Theory.

Students enroll in a doctoral program at 
one of the participating universities. Every 
student is assigned a primary and a second-
ary adviser by the executive committee. In 
addition to their research work, students are 
expected to attend advanced lecture courses 
that are offered by the school. Moreover, they 
are required to present progress reports of 
their work in regular intervals at local semi-
nars. The program, dissertation, and exams 
are in English or German. The PhD should be 
completed within 2-3 years.

Participating IRIS members:
• Dr. Valentina Forini
• Prof. Dr. Dirk Kreimer
• Prof. Dr. Jan Plefka
• Prof. Dr. Matthias Staudacher
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graduate School: hybrid4energy - hybrid materialS for efficient  
energy generation and information technologieS

Period of funding: 04/2014 – 12/2017
Spokesperson: Prof. Dr. Norbert Koch (HU Berlin & IRIS Adlershof)
www.physik.hu-berlin.de/h4e

Hybrid4Energy, a graduate school for Hy-
brid Materials for Efficient Energy Generation 
and Information Technologies, is a joint ven-
ture of Humboldt-Universität zu Berlin and 
the Helmholtz-Zentrum Berlin für Material-
ien und Energie GmbH. 

The program offers a structured, three-
year period of multidisciplinary research 
combined with an integrated curriculum in 
physics and chemistry. The objective of this 
graduate school is to push interdisciplinary 
education, training, and research on hybrid 
organic/inorganic systems for electronic, op-
toelectronic and photovoltaic devices. 

The Campus Adlershof with its wide 
range of expertise allows doctoral students to 
grow and benefit from an excellent interdis-
ciplinary environment and research facilities. 

The research program focuses on unravelling 
the electronic, optoelectronic, and photonic 
properties of organic/inorganic hybrid sys-
tems in a concerted experimental and the-
oretical approach studied, with the goal of 
predicting and controlling the material prop-
erties and functionalities. The knowledge 
gained will then be applied to the fields of 
renewable energy and next generation infor-
mation technology.

Participating IRIS members:
• Prof. Dr. Oliver Benson
• Prof. Dr. Claudia Draxl
• Prof. Stefan Hecht, Ph.D.
• Prof. Dr. Norbert Koch
• Prof. Dr. Yan Lu
• Prof. Dr. Jürgen P. Rabe
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interdiSciPlinary maSter Program Polymer Science

Head of Joint Commission: Prof. Dr. Reinhard Schomäcker 
(TU Berlin)
http://polymerscience.physik.hu-berlin.de/

Polymer science is an interdisciplinary 
area comprised of chemical, physical, engi-
neering, processing and theoretical aspects. 
It also has enormous impact on contempo-
rary materials science. Its goal is to provide 
the basis for the creation and characterization 
of polymeric materials and an understanding 
for structure/property relationships. Polymer 
science is of increasing importance for every-
one’s daily life. Many modern functional ma-
terials, gears, and devices have polymers as 
integral parts. Not surprisingly, roughly 30% 
of all scientists in the chemical industry work 
in the field of polymers. Despite its impor-
tance today and potential for future economic 
growth, there is no adequate university-level 
study program for polymer science in Germa-
ny.

The Berlin-Brandenburg Polymer Soci-
ety (Berlin-Brandenburgischer Verband für 
Polymerforschung e.V.) became aware of this 
misbalance and initiated a two-year Master 
of Science polymer program, which started 
in the winter semester of 1999/2000. It was 
jointly designed by polymer scientists of the 
three Berlin universities, Freie Universität 
Berlin (FU), Humboldt-Universität zu Berlin  
(HU), Technische Universität Berlin (TU) and 
the nearby Universität Potsdam (UP) with 
the goal in mind to be competitive with re-
nowned polymer centers abroad. To make it 
more attractive to foreign students the pro-
gram is in English.

This challenging interdisciplinary program 
benefits from the close proximity of several 
other Berlin and Potsdam scientific centers 
such as the institutes of the Max Planck, 
Fraunhofer, and Helmholtz Societies, as well 
as the BESSY II synchrotron. The universities 
are very well equipped with the most state-of-
the-art technical equipment and laboratories, 
spe-cialty workshops, large service units, and 
modern computer facilities. The work of the 
polymer scientists in charge of the Polymer 
Science program is internationally renowned 
and endowed by industry, state, and private 
grants and awards.

Participating IRIS members:
• Prof. Dr. Regine von Klitzing
• Prof. Dr. Jürgen P. Rabe (Deputy Head of 
Joint Commission)
• Prof. Dr. Igor M. Sokolov
• Prof. Dr. Matthias Ballauff
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maSter Program: oPtical Science

Coordinator: Prof. Dr. Kurt Busch (HU)
Opticalsciences.physik.hu-berlin.de

The Optical Sciences comprise the study 
of the propagation and detection of light 
and its interaction with matter. Discoveries 
in optics have had a profound influence on 
the devel-opment of modern science and the 
forefront of technology, as demonstrated by 
more than 20 optics-related Nobel prizes be-
tween 1907 and 2014. 

With the international MSc in Optical Sci-
ences program, the Humboldt-Universität  zu 
Berlin, together with its cooperation partners 
in the Science- and Technology-Park Berlin 
Adlershof, offers an excellent education in 
this vibrant and exciting field. We seek out-
standing students with a bachelor’s degree in 
physics or closely related field who wish to 
contribute to state-of-the-art optics research 
and development.  

Participating IRIS members:
• Prof. Dr. Oliver Benson
• Prof. Dr. Thomas Elsässer

© Stephan Pfeiler
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eu reSearch ProjectS

iSwitch – integrated Self-aSSembled Switchable SyStemS and  
materialS: towardS reSPonSive organic electronicS – a multiSite innova-

tive training action

Period of funding: 01/2015 – 12/2018
Coordinator: Prof. Paolo Samori (Université de Strasbourg) 
http://iswitch-network.eu/

iSwitch was a Marie Skłodowska-Curie 
Action Innovative Training Network (ITN) 
funded by the EU Framework Programme 
for Research and Innovation Horizon 2020. 
It offered top-level multi-disciplinary and su- 
pra-sectorial training to a pool of talented 
young researchers, involving contributions 
from different scientific and technological 
fields, such as, supramolecular chemistry, 
materials, nanoscience, physics and engi- 
neering. iSwitch’s appointees were trained 
through lecture courses, dedicated inter- na-
tional schools and workshops, topical con-
ferences, secondments to other consor- tium 
nodes and an ambitious and carefully planned 
research activities benefiting from the exper-
tise of world-leading senior PIs and of young-
er but well-established PIs with outstanding 
track records in training and research. 

Additionally, iSwitch generated new 
ground-breaking S&T knowledge needed 
to obtain efficient and fast switching in su-
pra- molecular electro- and opto-photoactive 
materials as a response to external stim-
uli. This was accomplished via controlled 
self-assembly of multicomponent architec-
tures incorporating molecular switches, for 
fabricating responsive and multifunctional 

optoelectronic supramolecular devices. Spe-
cial emphasis was laid on developing nano- 
and macro-scale switchable transistors and 
light-emitting devices as new solutions to 
(nanoscale) multi-functional organic-based 
logics.

Since its launch in January 2015, iSwitch 
brought together some of the leading Eu-
ropean research groups at the interface of 
chemistry and physics to train the next gen- 
eration researchers on the emerging topic of 
smart electronics. iSwitch successfully end- 
ed during the reporting period in December 
2018 with a final symposium highlighting the 
key achievements of the project and discuss-
ing future perspectives in this burgeoning 
area of research. The symposium was orga-
nized by Prof. Stefan Hecht and Prof. Norbert 
Koch, both members of IRIS Adlershof. 

Participating IRIS members: 
• Prof. Stefan Hecht, PhD
• Prof. Dr. Norbert Koch
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nomad - the novel materialS diScovery laboratory

Period of funding: 11/2015 – 11/2018
Coordinator: Prof. Dr. Matthias Scheffler 
(Fritz-Haber-Institut der Max-Planck-Gesellschaft)
https://nomad-coe.eu/

The NOMAD Laboratory is a European 
Centre of Excellence (CoE), funded by the 
European Union under the Horizon2020 pro-
gram. Eight complementary research groups 
of highest scientific standing in computation-
al materials science along with four high-per-
formance computing (HPC) centres form the 
synergetic core of this CoE.

New technological developments are 
practically always based on better, and often 
enough completely new, materials. This ap-
plies to the next generation of smartphones, 
fuel-efficient cars or powerful batteries for 
electric vehicles, as well as to catalysts for 
the production of methane or liquid fuels 
and high-performance solar cells. The NO-
MAD Laboratory develops a Materials En-
cyclopedia and Big-Data Analytics tools for 
materials science and engineering.  It starts 
from the NOMAD Repository which con-
tains data and input and output files of many 
high-quality calculations performed all over 
the word. The NOMAD Repository is unique 
in the sense that it is not restricted to one 
or a few simulation programs (“codes”) but 
it accepts output from all important codes. 

At the moment,  the NOMAD Repository 
contains input and output files of more than 
50 million calculations which corresponds to 
more than 2 billion CPU-core hours burned 
on various high-performance computers all 
over the planet.

A Materials Encyclopedia opens up new 
opportunities by developing new tools to 
search and retrieve information from the 
large materials data pool. It comprehensive-
ly characterizes materials by their computed 
properties. The developed search engine en-
ables to retrieve those materials that exhibit 
one or more required features.

Although the funding by the European 
Union ended late 2018, IRIS Adlershof and 
the Fritz-Haber-Institut der Max-Planck-Ge-
sellschaft will continue to work together on 
this vital project. 

Participating IRIS members:
• Prof. Dr. Claudia Draxl
• Prof. Johann-Christoph Freytag, Ph.D.

© C. Draxl and M. Scheffler,
NOMAD: The FAIR Concept for Big-Data-
Driven Materials Science,
Invited Review for MRS Bulletin 43, 676-682 
(2018).
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Sagex – Scattering amPlitudeS: from geometry to exPeriment

Period of  of funding: 09/2018 – 08/2022
Scientific Coordinator: Prof Gabriele Travaglini,
Project Manager: Dr. Jenna Lane
https://www.sagex.org

SAGEX is a Maria Skłodowska-Curie Inno-
vative Training Network funded by the Europe-
an Union under the European Horizon 2020 
research and innovation program. It aims to 
train the next generation of world-leading sci-
entists in the field of scattering amplitudes. 

Scattering amplitudes, describing the 
observations of high-energy collider experi-
ments, provide a window into the fundamen-
tal structures predicted by relativistic quan-
tum theories. By identifying and exploiting 
seemingly disparate concepts from abstract 
geometry, symbolic big data, and phenom-
enological calculations, the SAGEX network 
will tutor early stage researchers in the new 
tools, approaches and insights that will make 
possible previously intractable analyses di-
rectly relevant to current and near-future par-
ticle physics experiments. 

Training of the network’s early stage re-
searchers will comprise an integrated curri-
cu-lum of local and intensive network cours-
es, schools, and engagement with active 
cutting-edge research. They will be seconded 
to at least one academic and one private sec-
tor partner of the project, building bridges 
between academic and industrial communi-
ties.

In February 2020 Humboldt-Univesität zu 
Berlin will organise and host the 2nd SAGEX 
training school and workshop, one of the 
project’s main events.

Participating IRIS members:
• Prof. Dr. Jan Plefka
• Prof. Dr. Matthias Staudacher

This project has received funding from the Euro-
pean Union’s Horizon 2020 research and inno-
vation programme under the Marie Skłodows-
ka-Curie grant agreement No. 764850 (SAGEX)

Early Stage Researchers of SAGEX. 
© SAGEX. 
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funding by the einStein foundation

ecmath - einStein center for mathematicS berlin

Period of  of funding: 01/2014 -12/2018
Spokesperson: Prof. Dr. Michael Hintermüller 
(HU Berlin & IRIS Adlershof)
www.ecmath.de/

The Einstein Center for Mathematics Ber-
lin (ECMath) was founded in 2014. It is sup-
ported by the Einstein Foundation Berlin, by 
the three universities Freie Universität Berlin 
(FUB), Humboldt-Universität zu Berlin (HU), 
and Technische Universität Berlin (TUB) and 
by the two research institutes Weierstraß In-
stitute for Applied Analysis and Stochastic 
(WIAS) and Zuse Institute Berlin (ZIB). 

ECMath was founded to support mathe-
matical research in selected innovation areas 
(Clinical Research and Healthcare, Metro-
politan Infrastructure, Optical Technologies, 
Sustainable Energies) and to establish and 
strengthen a network structure of excellent 
joint initiatives in Berlin.

Founding members of ECMath were the 
Research Center MATHEON, the Berlin Math-
ematical School (BMS) and the German Cen-
ter for Teacher Education in Math-ematics 
(DZLM). The Research Campus Modal, the 
DFG Collaborative Research Centers (CRCs) 
647, 1114, and Transregional Research Cen- 
ters (TRs) 109, 154 were additional members.

The main focus of ECMath was to pro-
vide support for application-oriented basic 
research within MATHEON, thus, targeting 
mathematics for innovation in key applica-
tions. By the conception of “Mathematics as 

a Whole”, it fostered a comprehensive ap-
proach to mathematics and its applications 
through the training of young scientists and 
early-career students. Within this activity, 
ECMath provided attractive stipends for ex-
traordinarily well-qualified BMS students, 
and it furthered and supported school activ-
ities within MATHEON and DZLM. A partic-
ular strength of ECMath was the knowledge 
transfer from science to industry. 

In this way, ECMath supported and created 
an environment for connecting comprehen- 
sive mathematical education, cutting-edge 
research in pure and applied mathematics, 
and large-scale applications in industry and 
society. Thus, ECMath laid the foundation 
for the newly established Berlin Mathematics 
Research Center MATH+, which continues 
and broadens the scientific scope of applica-
tion-oriented mathematical research in Berlin 
as a Cluster of Excellence since 01/2019.

Participating IRIS member:

• Prof. Dr. Michael Hintermüller
• Prof. Dr. Jürg Kramer 
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einStein center digital future

funding since 04/2017
Spokesperson: Prof. Dr. Odej Kao (TU Berlin)
www.digital-future.berlin

Einstein Center Digital Future (ECDF) is 
the center for digitization research in Berlin. 
Since its opening in April 2017, scientists 
have been conducting research in the core 
area of “Digital Infrastructure, Methods and 
Algorithms” and in the areas of innovation 
“Digital Health”, “Digital Society and Digital 
Industry and Services”. ECDF is an enabler 
and accelerator for research in the field of 
digitalization in Berlin. The project aims to 
create more links in the field of digitization 
in Berlin, try out new forms of cooperation, 
concentrate on innovative interdisci-plinary 
cutting-edge research and attract excellently 
trained young scientific talent. 

Einstein Center Digital Future is an inter-
disciplinary project of the four Berlin univer-
sities (Humboldt-Universität zu Berlin, Tech-
nische Universität Berlin, Freie Universität 
Berlin and Berlin University of the Arts) and 
of Charité - Universitätsmedizin Berlin. It is 
based on a large-scale public-private part-
nership (PPP model) between companies, 
organizations and research institutions from 
Berlin science. 

Participating IRIS members:
• Prof. Johann-Christoph Freytag, Ph.D.
• Prof. Dr. Alexander Reinefeld

© ECDF
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bmbf ProjectS 

Quantum linK exPanSion (Q.linK.x)

Period of funding: 08/2018 – 07/2021
Spokesperson: Dr. Marianne Lenzen 
(Rheinische Friedrich-Wilhelms-Universität Bonn)
www.qlinkx.de

Digitization permeates our entire society - 
from Industry 4.0 to healthcare applications. 
Data security and secure communication are 
becoming increasingly important. Quantum 
communication is a promising approach for 
this: It uses quantum states as information 
carriers, which cannot be copied or unno-
ticed due to fundamental physical laws. The 
Federal Ministry of Education and Research 
(BMBF) is supporting this departure into 
quantum technology by funding the joint 
project Quantum Link Expansion (Q.Link.X) 
with a total of 14.8 million euros over the next 
three years. The working groups of IRIS mem-
ber Prof. Oliver Benson and IRIS Adlershof 
young research group leader Sven Ramelow 
are involved. 

The goal of the collaborative project is 
physically tap-proof fiber optic networking. 
However, this paradigm shifts in message 
encryption away from conventional methods 
and towards quantum technology encoun-
ters a technological challenge: transmission 
of quantum information with light particles 
(photons) leads to unavoidable line losses, 
limiting transmis-sion distances to less than 
100 kilometers. With quantum repeaters, this 
limit should be overcome without security re-
strictions. Repeaters (repeater stations) are 
signal amplifiers and conditioners in com-
munication technology. Unlike these repeat-
ers, however, the quantum repeater has to 
connect signals from different sections using 

quantum processes in order to bridge larger 
distances.

The joint project Quantum Link Exten-
sion (Q.Link.X) is now intended to promote 
the development of such quantum repeaters, 
which use quantum memory and quantum 
cou-plers. In the next three years, the Federal 
Ministry of Education and Research is sup-
porting this move into quantum technology 
with a total of 14.8 million euros. With quan-
tum dots, diamond color centers and a com-
bination of atomic and ionic systems as three 
different technical platforms, transmission 
distances between ten and 100 kilometers 
are to be realized and the advantages of the 
respective systems compared to each other. 
The work should prepare the technology to 
bridge much longer distances in later phases. 
For the first time, Q.Link.X not only research-
es and develops individual components of a 
quantum repeater, but also en-tire communi-
cation routes.

In the Q.Link.X network, 24 partners from 
research institutions from universities to in-
dustrial laboratories have come together to 
explore the key technology of quantum re-
peat-ers. The close involvement of industrial 
partners and consultants should facilitate the 
feasibil-ity from an industrial and engineering 
perspective from the outset. The exploitation 
of earnings in Germany is to be secured by 
patents and spin-offs of the consortium.
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The following partners are involved in the 
project: Rheinische Friedrich-Wilhelms-Uni-
versität Bonn, Technichel Universität 
München, Technische Universität Dortmund, 
High Fi-nesse Laser and Electronic Systems 
GmbH, Fraunhofer Heinrich Hertz Institute 
Berlin, Technische Universität Berlin, Univer-
sität Stuttgart, Universität Paderborn, Univer-
sität des Saarlands, Freie Universität Berlin, 
Leibniz Institute for Solid State and Materials 
Research Dresden, Ruhr Universität Bochum, 
Swabian Instruments GmbH, Leibniz Uni-
versität Hannover, Max Planck Institute for 
Quantum Optics (Garching), Julius-Maximil-
ians-Universität Würzburg, Universität Bre-
men , Heinrich Heine Universität Düsseldorf, 
Universität Ulm, Humboldt-Universität zu 
Berlin, Universität Kassel, Johannes Guten-
berg Universität Mainz, Karlsruhe Institute of 
Technology and Ludwig-Maximilians Univer-
sität München.

Participating IRIS members:
• Prof. Oliver Benson
• Dr. Sven Ramelow
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collaborative ProjectS in the context of mathemat-
icS and Science teacher education and training

graduate School: humboldt-Promint-Kolleg

Period of funding: 08/2010 – 01/2022
Spokespersons: Prof. Dr. Niels Pinkwart
(HU Berlin)
www.promint.hu-berlin.de

Initiated in 2010, the Humboldt-Pro-
MINT-Kolleg is an interdisciplinary institution 
at Humboldt-Universität zu Berlin, that fo-
cuses on the further development and evalu-
ation of educational research in mathematics 
and the sciences as well as STEM teacher ed-
ucation and training. 

From 2014 to 2018, the Humboldt-Uni-
versität and Freie Universität Berlin have co-
ordinated a national network in “School labs 
for STEM teacher education and training”. 
Since fall 2018, the Humboldt-Universität zu 
Berlin and its Humboldt-ProMINT-Kolleg is a 
member of the national network “The Future 
of STEM Learning”, funded by Deutsche Tele-
kom Stiftung. 

The five participating universities (Hum-
boldt-Universität zu Berlin, University of 
Kaiserslautern, Kiel University, University of 
Koblenz-Landau and University of Würzburg) 
will jointly develop and test ideas for teaching 
high-quality STEM classes in the digital world 
and then integrate these ideas into STEM 
teacher training programs. 

Deutsche Telekom Stiftung is investing 
a total of EUR 1.6 million in the project. The 
universities will be supported in their devel-
opment efforts by experts from Germany, Es-
tonia, the Netherlands, and Austria.

Participating IRIS member:
• Prof. Dr. Jürg Kramer
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... additional coordinated collaboration

joint lab with the helmholtZ innovation lab hySPrint

Project Manager: Dr. Stefan Gall (Institute Silicon Photovoltaics)
https://www.HySPRINT.de

In 2018, the first joint lab between IRIS Adler-
shof and the Helmholtz Innovation Lab Hy-
SPRINT was established. HySPRINT stands 
for Hybrid Silicon Perovskite Research, Inte-
gration & Novel Technologies and was found-
ed in 2017. In the joint lab GenFab (Gener-
ative Fabrication), the group Hybrid Devices 
led by IRIS member Prof. Dr. Emil List-Krato-
chvil closely collaborates with the Young In-
vestigator Group Hybrid Materials Formation 
and Scaling led by Dr. Eva Unger from HZB. 
Their long-term collaboration focusses on 
the Generative manufacturing processes for 
hybrid components. For IRIS scientists, the 
collaboration is very advantageous. List-Kra-
tochvil says: “For us, HySPRINT is not only 
an exemplary research partner, but is a real 
working vehicle to move outside academia to 
industry.” 

Objectives of this research tandem are 
covering a wide field of topics of scaling and 
producing of photovoltaic and (opto)electron-
ic components and devices. Unger’s group 
will concentrate on the investigation and 
improvement of the fabrication processes 
for the hybrid perovskite materials and their 
interfaces. List-Kratochvil and his team aim 
to realize the large scale printed memories, 
light-emitting diodes (LEDs) and transpar-
ent conductive electrodes and interconnects. 

For testing of the final devices the joint lab 
employs a large variety of electrical and spec-
troscopy techniques. To enhance their scien-
tific cooperation, List-Kratochvil and Unger 
will set up together a new equipped working 
space, 200 m2 large, in October 2019. 

HySPRINT and the Hybrid Devices teams 
have already developed together an assembly 
of the single processes and will work further 
on their improvement in the upcoming two 
years. Being at the Technology Readiness 
Level 3 (TRL) of production, common for the 
research institutions, the joint lab strives to 
reach TRL 6 (from 9) in the next 5 years. As 
a result, List-Kratochvil and Unger expect to 
settle the pilot line of hyrid components and 
large-size hybrid tandem solar cells.
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4. 6.   Selected PublicationS in imPortant high  
imPact journalS

 
 The scientific results of IRIS research are communicated to the international scientific 
community in particular through peer-reviewed publications in high-ranking scientific jour-
nals. This is a list of selected publications in some of the most prestigious, relevant scientific 
journals. A complete overview of all publications can be found on the website of IRIS Adler-
shof (www.iris-adlershof.de).

analytical rePresentation of dynamical quantities in GW from a matrix resolvent 
J. GeSenhueS, d. nABOK, M. rOhlFinG, And c. drAXl 
Phys. rev. b 96 (2017) 245124 
dOi: 10.1103/PhySreVB.96.245124 
 
larGe Guanidinium cation mixed With methylammonium in lead iodide Perovskites for 19% 
efficient solar cells 
A.J.d. JOdlOWSKi, c. rOldán-cArMOnA, G. GrAncini, M. SAlAdO, M. rAlAiAriSOA,  
S. AhMAd, n. KOch, l. cAMAchO, G. de MiGuel, And M.K. nAZeeruddin 
nat. energy 2 (2017) 972 
dOi: 10.1038/S41560-017-0054-3 
 
beatinG the thermodynamic limit With Photo-activation of n-doPinG in orGanic  
semiconductors 
X. lin, B. WeGner, K. Min lee, M. A. FuSellA, F. ZhAnG, K. MOudGil, B. P. rAnd,  
S. BArlOW, S. r. MArder, n KOch, And A. KAhn 
nat. mater. 16 (2017) 1209 
dOi: 10.1038/nMAt5027 
 
PoPulation equations for deGree-heteroGenous neural netWorks 
M. Kähne, i. M. SOKOlOV, And S. rüdiGer 
Phys. rev. e 96 (2017) 052306 
dOi: 10.1103/PhySreVe.96.052306 
 
sPiro-bridGed ladder-tyPe oliGo(Para-Phenylene)s: fine tuninG solid state structure and 
oPtical ProPerties 
B. KOBin, J. SchWArZ, B. BrAun-culA, M. eyer, A. ZyKOV, S. KOWAriK, S. BluMStenGel, And 
S. hecht 
adv. Funct. mater. (2017 1704077 
dOi: 10.1002/AdFM.201704077 
 

2017



ꟾ 84

comPutational materials: oPen data settled in materials theory 
c. drAXl, F. illAS, And M. ScheFFler 
nature 548 (2017) 523 
dOi: 10.1038/548523d

tWinned GroWth of metal-free, triazine-based Photocatalyst films as mixed-dimensional 
(2d/3d) van der Waals heterostructures 
D. schwaRz, y. NODa, J. KLOuDa, K. schwaRzOvá-PecKOvá, J. taRábeK, J. RybáčeK,  
J. JaNOušeK, F. sImON, m.v. OPaNaseNKO, J. ČeJKa, a. achaRJya, J. schmIDt, s. seLve, 
v. ReIteR-scheReR, N. seveRIN, J.P. Rabe, P. ecORchaRD, J. he, m. POLOzIJ,  
P. NachtIgaLL, aND m.J. bOJDys 
adv. Mater. (2017) 1703399 
DOI: 10.1002/aDma.201703399 
 
hybrid orGanic–inorGanic transition-metal PhosPhonates as Precursors for Water  
oxidation electrocatalysts 
r. ZhAnG, P. A. ruSSO, A. G. BuZAnich, t. JeOn, And n. PinnA 
adv. Funct. mater. 27 (2017) 1703158 
dOi: 10.1002/AdFM.201703158 
 
tWo-dimensional nanostructured materials for Gas sensinG 
X. liu, t. MA, n. PinnA, And J. ZhAnG 
adv. Funct. mater. 27 (2017) 1702168 
dOi: 10.1002/AdFM.201702168 
 
larGe-amPlitude transfer motion of hydrated excess Protons maPPed by ultrafast 2d  
ir sPectroscoPy 
F. dAhMS, B.P. FinGerhut, e.t.J. niBBerinG, e. PineS, And t. elSAeSSer 
science 357 (2017) 491 
dOi: 10.1126/Science.AAn5144 
 
limitations of Particle-based sPasers 
G. KeWeS, K. herrMAnn, r. rOdríGueZ-OliVerOS, A. KuhlicKe, O. BenSOn, And K. BuSch 
Phys. rev. lett. 118 (2017) 237402 
dOi: 10.1103/PhySreVlett.118.237402 
 
General synthetic route toWard hiGhly disPersed metal clusters enabled by  
Poly(ionic liquid)s 
J.-K. Sun, Z. KOchOVSKi, W.-y. ZhAnG, h. KirMSe, y. lu, M. AntOnietti, And J. yuAn 
J. am. chem. soc. 139 (2017) 8971 
dOi: 10.1021/JAcS.7B03357  
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evidence for anisotroPic electronic couPlinG of charGe transfer states in Weakly  
interactinG orGanic semiconductor mixtures 
V. BelOVA, P. Beyer, e. MeiSter, t. linderl, M.-u. hAlBich, M. GerhArd, S. SchMidt,  
t. Zechel, t. MeiSel, A.V. GenerAlOV, A.S. AnSelMO, r. SchOlZ, O. KOnOVAlOV,  
A. GerlAch, M. KOch, A. hinderhOFer, A. OPitZ, W. BrüttinG, And F. SchreiBer 
J. am. chem. soc. 139 (2017) 8474 
dOi: 10.1021/JAcS.7B01622

ultrafast liGht-driven substrate exPulsion from the active site of a PhotosWitchable  
catalyst 
M. PeScher, l. VAn Wilderen, S. GrütZner, c. SlAVOV, J. WAchtVeitl, S. hecht, And  
J. BredenBecK 
angew. chem. int. ed. 56 (2017) 1 
dOi: 10.1002/Anie.201702861

reduced interface-mediated recombination for hiGh oPen-circuit voltaGes in  
ch3nh3Pbi3 solar cells 
c.M. WOlFF, F. Zu, A. PAulKe, l.P. tOrO, n. KOch, And d. neher 
adv. mater. (2017) 1700159 
dOi: 10.1002/AdMA.201700159

insiGht into the WettinG of a GraPhene-mica slit Pore With a monolayer of Water 
h. lin, A. SchilO, A.r. KAMOKA, n. SeVerin, i.M. SOKOlOV, And J.P. rABe 
Phys. rev. b 95 (2017) 195414  
dOi: 10.1103/PhySreVB.95.195414

Porous ti4o7 Particles With interconnected-Pore structure as a hiGh-efficiency  
Polysulfide mediator for lithium–sulfur batteries 
S. Mei, c. J. JAFtA, i. lAuerMAnn, Q. rAn, M. KärGell, M. BAllAuFF, And y. lu 
adv. Funct. mater. 27 (2017) 1701176 
dOi: 10.1002/AdFM.201701176

addressinG elctron-hole correlation in core excitations of solids: a first-PrinciPles 
all-electron aPProach based on many-body Perturbation theory 
c. VOrWerK, c. cOcchi, And c. drAXl 
Phys. rev. b. 95 (2017) 155121

addressinG electron-hole correlation in core excitations of solids: an all-electron  
many-body aPProach from first PrinciPles 
c. VOrWerK, c. cOcchi, And c. drAXl 
Phys. rev. b 95 (2017) 155121 
dOi: 10.1103/PhySreVB.95.155121
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imPact of White liGht illumination on the electronic and chemical structures of mixed 
halide and sinGle crystal Perovskites 
F.-S. Zu, P. AMSAleM, i. SAlZMAnn, r.-B. WAnG, M. rAlAiAriSOA, S. KOWAriK, S. duhM, And 
n. KOch 
adv. oPt. mat. 5 (2017) 1700139 
dOi: 10.1002/AdOM.201700139

stronG couPlinG betWeen surface Plasmon Polaritons and molecular vibrations 
h. MeMMi, O. BenSOn, S. SAdOFeV, And S. KAluSniAK 
Phys. rev. lett. 118 (2017) 126802 
dOi: 10.1103/PhySreVlett.118.126802 
 
imPact of d-band fillinG on the dislocation ProPerties of bcc transition metals: the case 
of tantalum-tunGsten alloys investiGated by density-functional theory 
h. li, c. drAXl, S. WurSter, r. PiPPAn, And l. rOMAner 
Phys. rev. b 95 (2017) 094114  
dOi: 10.1103/PhySreVB.95.094114 
 
temPlated bilayer self-assembly of fully conjuGated π-exPanded macrocyclic  
oliGothioPhenes comPlexed With fullerenes 
J.d. cOJAl GOnZáleZ, M. iyOdA, And J.P. rABe 
nature communications 8 (2017) 14717    
dOi: 10.1038/ncOMMS14717 
 
functionalized GraPhene as extracellular matrix mimics: toWard Well-defined 2d  
nanomaterials for multivalent virus interactions 
M.F. GhOlAMi, d. lAuSter, K. ludWiG, J. StOrM, B. ZieM, n. SeVerin, c. Böttcher,  
J.P. rABe, A. herrMAnn, M. Adeli, And r. hAAG 
adv. Funct. mater. 27 (2017) 1606477 
dOi: 10.1002/AdFM.201606477

activation of small molecules at nickel(i) moieties 
P. ZiMMerMAnn And c. liMBerG 
J. am. chem. soc. 139 (2017) 4233 
dOi: 10.1021/JAcS.6B12434

hiGhly ordered self-assembly of native Proteins into 1d, 2d, and 3d structures  
modulated by the tether lenGth of assembly-inducinG liGands 
G. yAnG, h. dinG, Z. KOchOVSKi, r. hu, y. lu, y. MA, G. chen, And M. JiAnG 
angew. chem. int. ed. 56 (2017) 1069 
dOi: 10.1002/Anie.201703052  
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controlled covalent functionalization of thermally reduced GraPhene oxide to Generate 
defined bifunctional 2d nanomaterials  
A. FAGhAni, i.S. dOnSKyi, M.F. GhOlAMi, B. ZieM, A. liPPitZ, W.e.S. unGer, c. Böttcher, 
J.P. rABe, r. hAAG, And M. Adeli 
angew. chem. 129 (2017) 2719     
dOi: 10.1002/AnGe.201612422 
angew. chem. int. ed. 56 (2017) 2675   
dOi: 10.1002/Anie.201612422

ultrafast modulation of electronic structure by coherent Phonon excitations 
J. WeiSShAuPt, A. rOuZée, M. WOerner, M. J. J. VrAKKinG, t. elSAeSSer, e. l. Shirley, And 
A. BOrGSchulte 
Phys. rev. b (r) 95 (2017) 081101 
dOi: 10.1103/PhySreVB.95.081101

lithoGraPhy-free miniaturization of resistive nonvolatile memory devices to the  
100 nm scale by GlancinG anGle dePosition 
G. liGOriO, M. V. nArdi, And n. KOch 
nano lett. 17 (2017) 1149 
dOi: 10.1021/AcS.nAnOlett.6B04794

electrosPun nanomaterials for suPercaPacitor electrodes: desiGned architectures and 
electrochemical Performance 
X. lu, c. WAnG, F. FAVier, And n. PinnA 
adv. en. mat. 7 (2017) 1601301 
dOi: 10.1002/AenM.201601301

activation of dioxyGen at a leWis acidic nickel(ii) comPlex - characterization of a  
metastable orGanoPeroxide comPlex 
P. hOlZe, t. cOrOnA, n. FrAnK, B. BrAun-culA, c. herWiG, A. cOMPAny, And c. liMBerG 
angew. chem. int. ed. 56 (2017) 2307 
dOi: 10.1002/Anie.201609526

quantum interference betWeen transverse sPatial WaveGuide modes 
A. MOhAnty, M. ZhAnG, A. dutt, S. rAMelOW, P. nuSSenZVeiG, And M. liPSOn 
nat. commun. 8 (2017) 14010 
dOi: 10.1038/ncOMMS14010

liGht-activated sensitive Probes for amine detection 
V. VAlderrey, A. BOnASerA, S. Fredrich, And S. hecht 
angew. chem. 129 (2017) 1941 
angew. chem. int. ed. 56 (2017) 1914 
dOi: 10.1002/Anie.201609989
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diffusion and nucleation in multilayer GroWth of Ptcd-c8 studied With in situ x-ray 
GroWth ocillations and real-time small anGle x-ray scatterinG 
A. ZyKOV, S. BOMMel, c. WOlF, l. PithAn, c. WeBer, G. SAntOrO, J.P. rABe, And             
S. KOWAriK 
J. chem. Phys. 146 (2017) 052803 
dOi: 10.1063/1.4961460

larGe-amPlitude transfer motion of hydrated excess Protons maPPed by ultrafast 2d 
ir sPectroscoPy 
F. dAhMS, B.P. FinGerhut, e.t. niBBerinG, e.PineS, And t.elSAeSSer 
science 357 (2017) 491 
dOi: 10.1126/Science.AAn5144

electrocatalytic z → e isomerization of azobenzenes 
A. GOulet-hAnSSenS, M. utecht, d. Mutruc, e. titOV, J. SchWArZ, l. GruBert, d. 
BléGer, P. SAAlFrAnK, And S. hecht 
J. am. chem. soc. 139 (2017) 335 
dOi: 10.1021/JAcS.6B10822

reversible Photoisomerization of monolayers of π-exPanded oliGothioPhene macrocycles 
at solid-liquid interfaces 
J. d. cOJAl GOnZáleZ, M. iyOdA, And J. P. rABe 
angew. chem. int. ed. 57 (2018) 17038   
dOi: 10.1002/Anie.201809514 
angew. chem. 130 (2018) 17284   
dOi: 10.1002/AnGe.201809514

re- and Pre-confiGurable multi-stable visible liGht resPonsive surface toPoGraPhies 
M. hendriKX, J. ter SchiPhOrSt, e.P.A. VAn heeSWiJK, G. KOçer, c. Knie, d. BléGer,  
S. hecht, P. JOnKheiJM, d.J. BrOer, And A.P.h.J. SchenninG 
small 14 (2018) 1803274  
dOi: 10.1002/SMll.201803274

exPlorinG the “Goldilocks zone” of semiconductinG Polymer Photocatalysts via  
donor-accePtor interactions 
y.S. KOcherGin, d. SchWArZ, A. AchArJyA, A. ichAnGi, r. KulKArni, P. eliášOVá, J. VAceK, 
J. SchMidt, A. thOMAS, And M.J. BOJdyS 
angew.chem.int.ed. 57 (2018) 14188 
dOi: 10.1002/Anie.201809702

oxyGen vacancies alloW tuninG the Work function of vanadium dioxide 
R. waNg, t. Katase, K.‐K. Fu, t. zhaI, J. yaNg, Q. waNg, h. Ohta, N. KOch, aND  
s. Duhm 
adv. Mater. interfaCes 5 (2018) 1801033; DOI: 10.1002/aDmI.201801033 

2018
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macroscoPic electric Polarization and microscoPic electron dynamics: quantitative  
insiGht from femtosecond x-ray diffraction 
c. hAuF, M. WOerner, And t. elSAeSSer 
Phys. rev. b 98 (2018) 054306 
dOi: 10.1103/PhySreVB.98.054306

microstructure and elastic constants of transition metal dichalcoGenide monolayers 
from friction and shear force microscoPy 
X. Xu, t. SchultZ, Z. Qin, n. SeVerin, B. hAAS, S. Shen, J.n. KirchhOF, A. OPitZ,  
c.t. KOch, K. BOlOtin, J.P. rABe, G. edA, And n. KOch 
adv. mater. (2018) 1803748 
dOi: 10.1002/AdMA.201803748

liGht-driven molecular traP enables bidirectional maniPulation of dynamic covalent  
systems 
M. KAthAn, F. eiSenreich, c. JuriSSeK, A. dAllMAnn, J. GurKe, And S. hecht 
nat. chem. 10 (2018) 1031 
dOi: 10.1038/S41557-018-0106-8

a multifunctional interlayer for solution Processed hiGh Performance indium oxide  
transistors  
A. KyndiAh, A. ABlAt, S. GuyOt-reeB, t. SchultZ, F. Zu, n. KOch, P. AMSAleM,  
S. chiOdini, t. y. Alic, y. tOPAl, M. KuS, l. hirSch,  
S. FASQuel, And M. ABBAS 
scientiFic rePorts 8 (2018) 10946 
dOi: 10.1038/S41598-018-29220-0

random search With resettinG: a unified reneWal aPProach 
A. chechKin, And i.M. SOKOlOV 
Phys. rev. lett. 121 (2018) 050601 
dOi: 10.1103/PhySreVlett.121.050601  
 
neW relations for Graviton-matter amPlitudes 
J. PLeFKa aND w. wORmsbecheR 
pHys. rev. d 98 (2018) 026011     
DOI: 10.1103/PhysRevD.98.026011

collective molecular sWitchinG in hybrid suPerlattices for liGht-modulated  
tWo-dimensional electronics 
m. gObbI, s. bONacchI, J. X. LIaN, a. veRcOuteR, s. beRtOLazzI, b. zysKa, m. tImPeL, 
R. tattI, y. OLIvIeR, s. hecht, m. v. NaRDI, D. beLJONNe, e. ORgIu, aND P. samORì 
nature CoMMun. 9 (2018) 2661    
DOI: 10.1038/s41467-018-04932-z
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a PhotosWitchable catalyst system for remote-controlled (co)Polymerization in situ 
F. eiSenreich, M. KAthAn, A. dAllMAnn, S. P. ihriG, t. SchWAAr, B. M. SchMidt, And  
S. hecht 
nature catalysis 1 (2018) 516 
dOi: 10.1038/S41929-018-0091-8

dimensionality of excitons in stacked van der Waals materials: the examPle of hexaGonal 
boron nitride 
W. AGGOune, c. cOcchi, d. nABOK, K. reZOuAli, M. A. BelKhir, And c. drAXl 
Phys. rev. b 97 (2018) 241114 
dOi: 10.1103/PhySreVB.97.241114

carbon nitride suPPorted fe2 cluster catalysts With suPerior Performance for alkene  
ePoxidation 
s. tIaN, Q. Fu, w. cheN, Q. FeNg, z. cheN, J. zhaNg, w.-c. cheONg, R. yu, L. gu,  
J. DONg, J. LuO, c. cheN, Q. PeNg, c. DRaXL, D. waNg, aND y. LI 
nature CoMMun. 9 (2018) 2353    
DOI: 10.1038/s41467-018-04845-X

area increase and buddinG in Giant vesicles triGGered by liGht: behind the scene 
v. geORgIev, a. gRaFmueLLeR, D. bLégeR, s. hecht, s. KuNstmaNN, s. baRbIRz,  
R. LIPOwsKy, aND R. DImOva 
adv. sCi. (2018) 1800432    
DOI: 10.1002/aDvs.201800432

influence of oxyGen deficiency on the rectifyinG behavior of  
transParent-semiconductinG-oxide–metal interfaces 
t. SchultZ, S. VOGt, P. SchluPP, h. VOn WencKStern, n. KOch, And M. GrundMAnn 
Phys. rev. aPPlied 9 (2018) 064001 
dOi: 10.1103/PhySreVAPPlied.9.064001

couPlinG a sinGle nitroGen-vacancy center in nanodiamond to suPerParamaGnetic 
nanoParticles 
N. saDzaK, m. héRItIeR, aND O. beNsON 
sCientifiC reports 8 (2018) 8430    
DOI: 10.1038/s41598-018-26633-9

reversible sodium and lithium insertion in iron fluoride Perovskites 
m.‐L. DOubLet, e. KemNItz, aND N. PINNa 
adv. funCt. Mater. (2018) 1802057 
DOI: 10.1002/aDFm.201802057
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a biomimetic nickel comPlex With a reduced co2 liGand Generated by formate  
deProtonation and its behaviour toWards co2 

P. ZiMMerMAnn, S. hOOF, B. BrAun-culA, c. herWiG, And c. liMBerG 
angew. chem. int. ed. 57 (2018) 12345 
dOi: 10.1002/Anie.201802655

sensitive assays by nucleoPhile-induced rearranGement of Photoactivated diarylethenes 
S. Fredrich, A. BOnASerA, V. VAlderrey, And S. hecht 
J. am. chem. soc. 140(2018) 6432 
dOi: 10.1021/JAcS.8B02982

Phonon-assisted damPinG of Plasmons in three- and tWo-dimensional metals 
F. cAruSO, d. nOVKO, And c. drAXl 
Phys. rev. b 97 (2018) 205118 
dOi: 10.1103/PhySreVB.97.205118

stabilization of β‐diketiminato nickel(i) With alkaline metal halide entities for small 
molecule activation 
P. hOlZe, B. BrAun‐culA, S, MeBS, And c. liMBerG 
z. anorg. allg. chem. (2018) Published online 
dOi: 10.1002/ZAAc.201800100

ultrafast carrier dynamics in a Gan/al0.18Ga0.82n suPerlattice 
F. MAhler, J. W. tOMM, K. reiMAnn, M. WOerner, t. elSAeSSer, c. FlytZAniS,  
V. hOFFMAnn, And M. WeyerS 
Phys. rev. b 97 (2018) 161303 
dOi: 10.1103/PhySreVB.97.161303

microhartree Precision in density functional theory calculations 
A. GulAnS, A. KOZheVniKOV, And c. drAXl 
Phys. rev. b 97 (2018) 161105 
dOi: 10.1103/PhySreVB.97.161105

dynamic PhotosWitchinG of electron enerGy levels at hybrid zno/orGanic  
Photochromic molecule junctions  
Q. WAnG, G. liGOriO, V. dieZ cABAneS, d. cOrnil, B. KOBin, J. hildeBrAndt, M. V. nArdi, 
M. tiMPel, S. hecht, J. cOrnil, e. J. W. liSt-KrAtOchVil, And n. KOch 
adv. Funct. mater. (2018) 1800716 
dOi: 10.1002/AdFM.201800716

efficient liGht-induced Pka-modulation couPled to base-catalyzed Photochromism 
J. GurKe, š. BudZáK, B. M. SchMidt, d. JAcQueMin, And S. hecht 
angew. chem. int. ed. 57 (2018) 4797 
dOi: 10.1002/AnGe.201801270
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frequency multiPlexinG for quasi-deterministic heralded sinGle-Photon sources 
c. JOShi, A. FArSi, S. cleMMen, S. rAMelOW, And A. l. GAetA 
nature communications 9 (2018) 847 
dOi: 10.1038/S41467-018-03254-4

continuously revolvinG Patterns 
d. BléGer 
nature nanotech. 13 (2018) 274 
dOi: 10.1038/S41565-018-0076-4

crystal-Phase quantum Wires: one-dimensional heterostructures With atomically flat  
interfaces 
P. cOrFdir, h. li, O. MArQuArdt, G. GAO, M. MOlAS, J. Zettler, d. VAn treecK,  
t. FliSSiKOWSKi, M. POteMSKi, c. drAXl, A. trAMPert, S. FernAndeZ-GArridO, h. GrAhn, 
And O. BrAndt 
nano lett. 18 (2018) 247 
dOi: 10.1021/AcS.nAnOlett.7B03997

direct imaGinG of the electron liquid at oxide interfaces 
K. SOnG, S. ryu, h. lee, t. r. PAudel, c. t. KOch, B. PArK, J. K. lee, S.-y. chOi,  
y.-M. KiM, J. c. KiM, h. y. JeOnG, M. S. rZchOWSKi, e. y. tSyMBAl, c.-B. eOM, And  
S. h. Oh 
nature nanotech.13 (2018) 198 
dOi: 10.1038/S41565-017-0040-8

neural-netWork-based dePth-resolved multiscale structural oPtimization usinG density 
functional theory and electron diffraction data 
r. S. PenninGtOn, c. cOll, S. eStrAdé, F. Peiró, And c. t. KOch 
Phys. rev. b 97 (2018) 024112 
dOi: 10.1103/PhySreVB.97.024112

sWitchinG the Proton conduction in nanoPorous, crystalline materials by liGht 
K. Müller, J. helFFerich, F. ZhAO, r. VerMA, A. B. KAnJ, V. Meded, d. BléGer, W. WenZel, 
And l. heinKe 
adv. mater. 30 (2018) 1706551 
dOi: 10.1002/AdMA.201706551

takinG Photochromism beyond visible: direct one-Photon nir PhotosWitches  
oPeratinG in the bioloGical WindoW 
K. KlAue, y. GArMShAuSen, And S. hecht 
angew. chem. int. ed. 57 (2018) 1414 
dOi: 10.1002/Anie.201709554
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electrode Work function enGineerinG With PhosPhonic acid monolayers and  
molecular accePtors: charGe redistribution mechanisms 
M. tiMPel, h. li, M.V. nArdi, B. WeGner, J. FriSch, P.J. hOtchKiSS, S.r. MArder,  
S. BArlOW, J.-l. BrédAS, And n. KOch 
adv. Funct. mater. (2018) 1704438 
dOi: 10.1002/AdFM.201704438

all rational one-looP einstein-yanG-mills amPlitudes at four Points 
d. nAndAn, J. PleFKA, And G. trAVAGlini 
J. hiGh enerGy PhySicS 2018 (2018) 11 
ArXiV: 1803.08497 (e-Print) 
dOi: 10.1007/JheP09(2018)011

accurate Placement of sinGle nanoParticles on oPaque conductive structure 
n. niKOlAy, n. SAdZAK, A. dOhMS, B. luBOtZKy, h. ABudAyyeh, r. rAPPAPOrt, And O. 
BenSOn 
APPl. PhyS. lett. 113 (2018) 113107 
dOi: 10.1063/1.5049082

hole catalysis as a General mechanism for efficient and WavelenGth-indePendent Z→e 
azobenzene isomerization 
A. GOulet-hAnSSenS, c. rietZe, e. titOV, l. ABdullAhu, l. GruBert, P. SAAlFrAnK, And S. 
hecht 
cheM 4 (2018) 1740 
dOi: 10.1016/J.cheMPr.2018.06.002

first-PrinciPles many-body study of the electronic and oPtical ProPerties of csk2sb, a 
semiconductinG material for ultra-briGht electron sources  
c. cOcchi, S. MiStry, M. SchMeiSSer, J. Kühn, And t. Kühn 
J. PhyS. cOnd. MAt. 31 (2018) 014002 

hybrid orGanic-inorGanic Perovskites as PromisinG substrates for Pt sinGle-atom     
catalysts 
Q. Fu, And c. drAXel 
PhyS. reV. lett. 122 (2019) 046101 
AccePted 2018 
dOi: 10.1103/PhySreVlett.122.046101
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4. 7.  Scientific conferenceS, SeminarS and out-
reach activitieS  

In order to not only communicate its member’s groundbreaking scientific results to the in-
ternational professional public, to promote its young scientists and to strengthen and expand 
its national and international visibility and cooperation, but also to present the institute and 
the cutting-edge research conducted here to a broader audience, IRIS Adlershof organized 
the following scientific events during the reporting period, which IRIS members substantially 
helped to put together:

All Optical Control of Solid State Qubits: Towards Platforms for Scalable Quantum 
Information Processing
Dr. Konstantinos Lagoudakis, E. L. Ginzton Laboratory, Stanford University, USA
January 16, 2017

Directed Self-Assembly as a Route to Hierarchical Superstructures in Soft Matter 
(joint Colloquium with CRC 951 HIOS)
Prof. Richard J. Spontak, Departments of Chemical & Biomolecular Engineering and 
Materials Science & Engineering, North Carolina State University, USA
July 21, 2017

Ten years of Nature Photonics
Dr. Oliver Graydon, Chief Editor Nature Photonics, London, GB
August 21, 2017

Measuring photon non-classicality using quantum-dot light sources
Prof. Dr. Glenn S Solomon, Joint Quantum Institute, University of Maryland, USA
February 9, 2018

Single photon emission from defects in 2D hexagonal Boron Nitride
Prof. Mike Ford, Faculty of Science, University of Technology Sydney, Australia
July 5, 2018

Molecular design of azobenzene photoresponsive compounds: from molecular switch-
es to crawling crystals
Prof. Yasuo Norikane, National Institute of Advanced Industrial Science and  
Technology, Ibaraki, Japan
July 16, 2018

Designing Selective Membranes from the Ground-Up: A Polymer Scientist’s Play-
ground
Prof. Richard Spontak, Departments of Chemical & Biomolecular Engineering and 
Materials Science & Engineering, North Carolina State University, USA
November 19, 2018

2017

2018

iriS colloQuia
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Scientific conferenceS

International Symposium of the CRC 1109 on Metal Oxide – Water Systems 
February 19 – 22, 2017

In February 2017, the CRC 1109 
Understanding of Metal Oxide/
Water Systems at the Molecular 
Scale: Structural Evolution, Inter-
faces, and Dissolution took the 

opportunity to report and discuss the results 
of the past four years with colleagues from 
all over the world. Among other things, the 
symposium focused on formation and dis-
solution of metal oxides, behavior of metal 
oxides at the interface with water, molecules, 
gas phase clusters and thin films as oxide 

models, design of oxide materials for applica-
tions and speciation, nucleation and growth. 
During the three conference days, there were 
10 invited talks by leading scientists of the 
field, and 12 lectures by members of the CRC 
1109, including IRIS members Prof. Dr. Chris-
tian Limberg, Prof. Dr. Nicola Pinna and Prof. 
Dr. Joachim Sauer (IRIS founding member, 
member until 2017)

7th Nano and Photonics meeting  
March 22 – 25, 2017

In March 2017, IRIS member Emil List-Kra-
tochvil, Wolfgang Knoll from the Austrian In-
stitute of Technology and Franz Aussenegg 
from Universität Graz and Erwing-Schröding-
er Institute jointly organized the 7th Nano and 
Photonics meeting in Castle of Mauterndorf, 
Austria. The annual event’s purpose is to or-
ganize an international scientific meeting for 
those, who are interested in photonic appli-
cation of modern nanotechnology. One goal 
of this event was also to create an informal 

European wide discussion platform for state 
of the art work in basic research done at 
the various universities as well as industrial 
based research and development. 2017’s pro-
gram was put together with a topical focus 
on Sensing applications based on plasmonic 
nanostructures.
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After its launch in 2015, the IRIS Sym-
posium has firmly established itself as an 
annual highlight in the scientific life of IRIS 
Adlershof, and it also has a growing interest 
beyond the Adlershof location, as the annual-
ly increasing number of participants impres-
sively demonstrates. The annual Symposium 
aims to explore and discuss ideas for the fur-
ther development of the Integrative Research 
Institute for the Sciences. 

The symposium IRIS 2017 focused on the 
topics of Charge Density Control, Analytical 
Sciences, Matters of Compultation and Mat-
ters of Activity, whilst at the Symposium IRIS 
2018, ideas for the further development in 
the areas of Advanced Microscopies, Hybrid 
Materials for Optics and Electronics, Math-
ematical Physics of Complex Systems, and 
Quantum Technologies were in the focus of 
interest. At both symposia, the topics were 
introduced to an open-minded audience of 
internationally renowned researchers and 
representatives of business enterprises.

In order to give young scientists the op-
portunity to present their own research re-
sults to the invited speakers and the sympo-
sium participants, IRIS 2018 was expanded 
to include a poster competition. The jury, 
consisting of the representative of the young 
researchers Julian Miczajka, as well as the 
IRIS members Prof. Dr. Yan Lu and Prof. Emil 
List-Kratochvil, was visibly struggling to make 
the choice for the best poster. Finally, Laura 
Orphal was able to prevail with a total of 30 
competitors with her poster. Laura Orphal, 
master student in the group Photonics, which 

is currently led by IRIS member Prof. Oliver 
Benson, received the Best Poster Award and 
a book voucher at the end of the symposium 
by IRIS Director Prof. Jürgen P. Rabe before 
the event ended with grilled and drinks.

Symposium IRIS 2017 & IRIS 2018 
June 29, 2017 & June 21, 2018
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Symposium of the CRC 951 on Hybrid inorganic/organic systems for opto-electronics 
September 7 – 28, 2018

In September 2018, the CRC 951 HIOS held 
a symposium on Hybrid inorganic/organic 
systems for opto-electonics. The symposium 
focused on hybrid structures comprising in-
organic semiconductors, conjugated organ-
ic materials, and metal nanostructures. The 
topics covered included structure and mor-
phology, electronic structure and control 
of inorganic/organic interfaces, charge and 
energy transfer, hybrid optical excitations, 
and plasmonic phenomena. Invited talks 
were presented by outstanding internation-
al experts and by members of the CRC 951, 
including the IRIS members Prof. Dr. Oliver 
Benson, Prof. Dr. Caterina Cocchi, Prof. Ste-
fan Hecht, and Prof. Dr. Emil List-Kratochvil. 
Excellent networking opportunities and room 
for lively discussions were provided during a 
poster session and a joint dinner.

iSwitch Final Symposium: Perspectives on Switchable Systems and  
Materials for Smart Electronics 

December 11 – 12, 2018

Since 2015 the EU funded 
Integrated Training Network 
iSwitch – integrated self-as-
sembled Switchable systems 
and materials: towards respon-
sive organic electronics had 

been bringing together some of the leading 
European research groups at the interface 
of chemistry and physics to train the next 
generation researchers on the emerging top-
ic of smart electronics. It offered top-level 
multi-disciplinary and supra-sectorial train-
ing to a pool of talented young researchers, 
involving contributions from different scien-
tific and technological fields such as, supra-
molecular chemistry, materials, nanoscience, 
physics and engineering. In December 2018, 

iSwitch successfully ended with a final sym-
posium highlighting the key achievements 
and discussing future perspectives in this 
burgeoning area of research. The symposium 
was organized by Stefan Hecht and Norbert 
Koch, both members of IRIS Adlershof. 
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outreach activitieS

22nd Berliner Tag der Mathematik 
April 22, 2017

In 2017, the 22nd Berlin Day of Mathe-
matics was held at Humboldt-Universität zu 
Berlin and took place on the Adlershof cam-
pus. The annual event, which has already 
become a cherished tradition, is organized 
by the mathematical institutes of the three 
Berlin universities and the Beuth Hochschule 
für Technik Berlin, the Zuse Institute Berlin, 
the Weierstrass Institute for Applied Analysis 
and Stochastics and the Bertha-von-Suttner 
Gymnasium in Berlin. The local organization 
in Adlershof was led by IRIS member Dirk 

Kreimer with support from 
the IRIS Adlershof’s Branch 
Office. The Berlin Day of 
Mathematics is aimed pri-
marily at pupils of all ages 

and offers a colorful mix of games, a math-
ematics competition and lectures that show 
where and how mathematics enters everyday 
life. The IRIS member Jürg Kramer, for ex-
ample, spoke about the fascination of prime 
numbers.

Long Night of the Sciences 2017 & 2018 
June 24, 2017 & June 10, 2018

Members from IRIS Adlershof were also 
actively participating in the Long Night of 
the Sciences 2017 and 2018 and therefore 
were able to present some of their projects 
to the broader public. At 2018’s event, IRIS 
member Alexander Reinefeld offered lectures 
and tours at the Konrad-Zuse-Zentrum für 
Informationstechnik ranging from the origin 
of computers and autostereoscopic displays 
to the computer-supported molecule devel-
opment. In the Max Born Institute for Non-
linear Optics and Short Pulse Spectroscopy, 
IRIS member Thomas Elsässer informed vis-
itors about extremely short light impulses 
and lasers with lab tours, exhibits, and ex-
periments. In the Institute for Physics, IRIS’s 
young researchers gave some interesting in-
sights into molecular physics and IRIS mem-
ber Jan Plekfa presented some of his current 
research findings in the lecture The world as 
a hologram: some news about string theory.

A highlight was 
the presentation of 
The cube of phys-
ics (#cubeofphys-
ics) from the Ex-
cellence Cluster 
Image Knowledge 
Gestaltung in the 
foyer of the Lise-
Meitner-Haus. IRIS 
Director Jürgen P. 
Rabe and IRIS mem-
ber Mathias Stau-
dacher presented together with Professor 
Christian Kassung from the Social Sciences, 
as well as the scenographer Franziska Paul 
and several other colleagues some ways to 
approach a world formula from Newtonian 
mechanics with an interactive media station 
and a meter-high installation.
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Advanced Materials Competition (AdMaCom) 2017 & 2018  
September 25 – October 6, 2017 & September 7 – 21, 2018

Wissenschaft trifft Wirtschaft  
December 7, 2017

In the fall of 2017 
and 2018, the annual 
Advanced Materials 
Competition, short Ad-

MaCom, once again brought together ten 
talented international start-ups to compete 
against each other. The two-week workshop, 
which was first held in 2016, is organized by 
The Network for Advanced Materials (INAM) 
and held under the patronage of the govern-
ing Mayor of Berlin. 

The workshop addresses scientific driv-
en startups with outstanding technologies 
and business models in the area of advanced 
materials and related digital services. The 
competitions’ underlying aim is for the inter-
national start-ups to propel their innovations 
forward by connecting with potential partners 

and receiving valuable advice from experts on 
product and business development.

The participants of AdMaCom 2017 & 
2018 were able to draw upon the expertise 
of mentors from renowned international re-
search facilities and industrial companies 
like LG Technology Center Europe, BASF 
Ventures, the London School of Economics, 
the Imperial College London as well as from 
Berlin like OSRAM, Fab Lab Berlin and IRIS 
Adlershof. The competitions’ host, the Inno-
vation Network for Advanced Materials, was 
initiated in 2016 by the Humboldt-Universi-
tät zu Berlin, Berlin Partner, OSRAM, IRIS 
Adlershof and FAB LAB Berlin. Its aim is to 
diminish the existing gap between research 
and industry in the field of Material Sciences. 

In December 2017, IRIS members con-
tinued to contribute to the popular event se-
ries Wissenschaft trifft Wirtschaft / Science 
meets Business of the Humboldt-Universität 
zu Berlin. The events series, which took place 
for the fifth time, serves as a platform for the 
interdisciplinary exchange of knowledge and 
technology between science and business. 
It aims at bringing together research and ap-
plication and initiating new innovative ideas 
in science and industry. This year event was 
dedicated to the topic of nanoscale analytics. 
Several businesses presented their research 
questions regarding the topic in short pitches. 

In addition, researchers from Humboldt-Uni-
versität zu Berlin and IRIS Adlershof reported 
on their current research projects and on their 
experiences in working in R&D projects car-
ried out jointly with partners from industry. 
IRIS Adlershof member Kannan Balasubra-
manian gave a speech on analytical challeng-
es in the use of single carbon nanostructures 
and IRIS member Chritsoph T. Koch gave in-
sights into nanoanalytics in the electron mi-
croscope with high spatial and spectral reso-
lution. The purpose of the presentations and 
discussions was to develop ideas for possible 
cooperation and thus to identify and exploit 
existing innovation potential. At the same 
time, the exchange should also provide new 
impulses for one’s own work at the university 
or in the private sector.
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Humboldt Children’s University 
March 15, 2018

Everything should be like a real universi-
ty at the Humboldt-Kinder-Uni, which means 
real lectures on interesting topics, smart pro-
fessors, and a large auditorium. 

At the Humboldt Childrend’s Univer-
sity 2018, IRIS member Prof. Dr. Emil J. W. 
List-Kratochvil gave a lecture entitled Bend-
able screens - fluorescent fish - red beets in 
front of the elementary students. At the fully 
booked lecture, it was found that the glow of 
fish in the deep sea, the color of leaves, and 
flexible screens are based on very similar ma-
terial concepts. At the end of the lecture, a 
solar cell was made from beet juice. 

Les Houches – Summer School on Structures in local Quantum Field Theory 
June 4-5, 2018

At the renown École de Physique des 
Houches, IRIS member Prof. Dr. Dirk Kreimer 
and collaborators organized the Les Houches 
workshop: 2018 Summer school on struc-
tures in local quantum field theory. One fo-
cus of the conference was on the connection 
between the analytic structure of amplitudes 
and the mathematics of Outer Spaces, which 
was recently discovered by the two confer-
ence organizers, IRIS member Dirk Kreimer 
and his colleague Spencer Bloch. 

Amplitudes are a multivalent function of 
parameters such as energies, moments and 
masses for a given scattering experiment. 
With a variation of these parameters they 
show monodromy. The discovery of the con-
nection between amplitude and the mathe-
matics of Outer Spaces is a major step to-
wards understanding monodromies, which 

is a formidable problem in complex analysis 
and algebraic geometry. This field of research 
is a main research agenda in Kreimer’s group 
and these rather new developments have al-
ready been reviewed in a publication: 
 
Publication  
Multi-valued Feynman Graphs and Scattering 
Theory 
Dirk Kreimer 
Elliptic Integrals, Elliptic Functions and Modu-
lar Forms in Quantum Field Theory (2019) 
arXiv:1807.00288
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