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WELCOME

Writing the preface of the
annual report of CeNS is always a
pleasure. Right now, CeNS is in its
17" year and the wealth of new
phenomena and innovations in the
field of nanoscience is far from

abating, as a look at this report
shows. CeNS is definitely maintaining its youthful spirit!

"CeNS is a grassroots movement." This is what
Hermann Gaub likes to say whenever someone asks him
what CeNS is. It is hard to think of a more accurate
description. CeNS, which is a very small organization in
terms of budget and administrative staff, might seem to
look a bit out of step at a time when research is increas-
ingly bundled in huge, well-funded structures with a
fixed research agenda. Far from it: one of the defining
features of CeNS is that — apart from our common
interest in things nano — there is no agenda; CeNS
people are free to come up with whatever they think
might be an interesting project, an interesting coopera-
tion, an interesting new way of teaching nanoscience.
CeNS attempts to support as many of these ideas as
possible, as flexibly as possible, with a limited budget,
but with unlimited confidence in its members: it pro-
vides support for ideas which are not yet at a stage to
receive large-scale grants but which are well on the way.
The enormous number of awards, large grants, spin-offs,
and international cooperations based on the initial
momentum provided by CeNS more than justifies the
CeNS approach. Let me just mention some of the prizes
the spin-offs have won: NanoTemper received the
Deutscher Griinderpreis, arguably the most prestigious
award for new companies — next to the German Future
Award of the German President, for which Nanion
Technologies were nominated. For more, turn to the
following pages.

A particular highlight of 2014 was due to the US
National Science Foundation and its program on the
Physics of Living Systems (PoLS). Last year's annual
meeting of the network took place in Munich and
attracted more than 200 participants from all over the
globe; CeNS (and the collaborative research center SFB
1032 "Nanoagents") acted as hosts, a tribute to the
standing Munich nanoscience has acquired worldwide.

As every year, a further highlight was provided by
our annual conference in San Servolo, Venice, where we

"walked and talked at the nanoscale", focusing on the
workings of nanoscale communication and transport
phenomena. For the first time, we housed both PhD
students and more advanced researchers and speakers
on the island San Servolo itself, to make exchanges
between our students, CeNS members and outside
speakers more intensive and fruitful.

Another experiment is a new format for the CeNS
publication awards: every year selecting the winners is
one of the most pleasant and difficult duties of the CeNS
board, because of the quality of the submitted papers.
Sometimes, structure helps decision-making, and so we
now award prizes in three categories, namely for the
best interdisciplinary publication, for scientific break-
throughs, and for the best publications by CeNS junior
scientists.

Last year has also seen some major changes in the
board of CeNS, which had previously been expanded
from three to five members to reflect the enormous
diversity of scientific activities. Joachim Radler and
Thomas Bein retired from the board; our new board
members are Dieter Braun from the Faculty of Physics
and Achim Hartschuh from the Department of Chemis-
try. We welcome our new board members and thank our

"board alumni" for all their dedication and work; we call
them alumni as we hope and expect that their expertise
will stay with us. Our innovation of having three student
representatives elected by the PhD students has added
new perspectives and will be continued by the new
student representatives.

As every year, on behalf of all CeNS members, the
most sincere thanks of the board go to the people
without whom all this would not have been possible:
Susanne Hennig, our managing director, Marilena Pinto,
our program manager, and Claudia Leonhardt, our team
assistant — their energy and commitment is just amaz-
ing!

I do hope that you will enjoy reading the annual
report of CeNS for 2014 as much as we enjoyed all the
activities it unites — doing research, teaching, innovat-
ing, and exchanging ideas in the fascinating world of
the small: there is plenty of room at the bottom. Have
fun!

Prof. Ulrich Schollwéck
Spokesman of the Scientific Board of CeNS



NEW
MEMBERS

DR. PHILIPP PAULITSCHKE
LMU Munich

Dr. Philipp Paulitschke
studied physics at the
LMU Munich. In 2006
he worked on his
diploma thesis at the
chair of Prof. Jorg
Kotthaus. During this
period he developed a
new method of fabricat-
ing inverted conical
GaAs-Nanowires. In his
PhD studies he investigated the mechanical prop-
erties of these nanowires in different environ-
ments. After finishing his PhD in 2011, Dr. Pau-
litschke adapted his know-how in solid state
physics to biological systems like human cancer
cells and bacteria. During this time he filed three
patent applications and received a €1.2 million
BMBF-grant to continue his work in developing
high-throughput screening techniques. Since 2014
Dr. Paulitschke has led a research group at the
chair of Prof. Joachim Radler.

DR. RALF JUNGMANN
MPI of Biochemistry and LMU Munich

Dr. Ralf Jungmann
studied physics at
Saarland University and
graduated in 2006
having worked on his
diploma thesis in the
group of Prof. Paul
Hansma (UCSB). He
continued his research
in the group of Prof.
Fritz Simmel and
earned a doctorate from TU Munich in 2010. After
his postdoctoral training at the Wyss Institute for
Biologically Inspired Engineering at Harvard
University in the groups of Prof. Peng Yin and Prof.
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William Shih from 2011 to 2014, Dr. Jungmann
started an independent Emmy Noether research
group at the MPI of Biochemistry and LMU Mu-
nich in December 2014.

Dr. Jungmann's research focuses on the develop-
ment of novel imaging tools for biological and
biomedical applications. His group combines tools
from structural and dynamic DNA nanotechnology
with single-molecule fluorescence methods, espe-
cially targeted towards the development and
application of super-resolution microscopy tech-
niques.

DR. MICHAEL A. NASH
LMU Munich

Dr. Michael A. Nash
earned a B.S. in Cyber-
netics with a specializa-
tion in biomedical
systems, graduating
with highest honors
from the UCLA in 2006.
He went on to earn a
Ph.D. in Bioengineering
and Nanotechnology
from the University of
Washington — Seattle in 2010. After receiving
postdoctoral training at the Chair for Applied
Biophysics at LMU from 2011 to 2013, Dr. Nash
began an independent research group in May 2013.
Dr. Nash has received national and international
fellowship awards from the U.S. Department of
Homeland Security, the U.S. National Science
Foundation, the Alexander von Humboldt Founda-
tion, and from the Branco Weiss Society in Science
foundation based at the Swiss Federal Institute of
Technology (ETH Zurich). His research group is
based in the broad area of biological nanomaterials,
and is currently focused on elucidating sequence-
structure-function relationships within cellulo-
somes, the multi-component protein networks used
by anaerobic bacteria for biomass energy conver-
sion.



CALLS & APPOINTMENTS

Prof. Hubert Krenner (Univer-
sity of Augsburg) was appointed
professor of experimental

. physics (W2) at the University of
U8 Augsburg.
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Prof. Ernst Wagner (LMU)
accepted an offer as guest
professor at Sichuan University
(Chengdu, China) from 2014 to
2017.

ERC GRANTS

Prof. Bettina Lotsch (LMU and
MPI for Solid State Research)
received an ERC Starting Grant
for her project COFLeaf - Fuel
from sunlight: Covalent organic
frameworks as integrated
platforms for photocatalytic
water splitting and CO, reduc-
tion.

Prof. Thorben Cordes (Univer-
L sity of Groningen) was awarded
an ERC starting grant for investi-
gations of mechanisms of mem-
brane transport (SM-IMPORT).
In the next five years Cordes'
group will use novel single-mole-
cule approaches to understand
the molecular mechanisms of
ABC transporters

MEMBERS'’
NEWS

CENS MEMBERSHIP NUMBERS

75

_.-' CelNS

st for HasaSossraan | LWL

271

B Ordinary CeNS members
Extraordinary CeNS members

CeNS Associates
(Master & PhD students, postdocs)

NEWS & EVENTS



AWARDS

Prof. Andreas Bausch (TUM)
received the Academy Prize of
the Berlin-Brandenburgische

Akademie der Wissenschaften.

Prof. Dieter Braun (LMU)
received the "Simons Collabora-
tion on the Origins of Life"
Award.

Prof. Hendrik Dietz (TUM) was
awarded the Gottfried Wilhelm
Leibniz Award of the DFG.

CENS PUBLICATION AWARDS

Each year, CeNS awards prizes for excellent
publications by CeNS members which have been
published during the past 12 months. This year,
the candidates submitted numerous articles which
appeared in high-impact journals between October
2013 and October 2014.

On Friday, November 28, the winners of the
2014 CeNS Publication Awards were announced to
the CeNS members during a celebratory event. The
awards were presented in the new categories "Best
Interdisciplinary Publication”, "Scientific Break-
through”, and "Best Junior Scientist Publication".
Altogether 10 publications were distinguished (see
page 52 ff for the winning publications).

www.cens.de/research/cens-publication-award
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Dr. Carsten Grashoff (MPI of
Biochemistry) won the Leo-
poldina Early Career Award
2014.

Prof. Peter Hanggi (University
of Augsburg) became Elected
Member of the European Aca-
demy of Science. He also re-
ceived the "Distinguished
scientist" award and medal of
the Ben-Gurion University of the
Negev, Israel.

Prof. Ernst Wagner (LMU) won
the PHOENIX Pharmaceutics
Science Award 2014 (together
with D. Edinger, R. Klager, M.
Noga, S.\V. Wegner, J.P. Spatz, G.
Winter, and A. Besheer).

Dr. Ulrich Lachelt (AG Wagner, 1st from left) and Prof.
Don Lamb (2nd from left), here with CeNS spokesman
Prof. Ulrich Schollwock, received one of the publication
awards in the category "Best Interdisciplinary Publica-
tion".



IBIDI

The German “Stifterverband” awarded ibidi GmbH
with their seal of quality for the company's ongo-
ing and focused commitment to research and
development. ibidi, the leading expert in functional
cell-based assays, participates in a vast number of
research projects and works with academic insti-
tutes to provide innovative solutions for customers.

The Stifterverband is a business community
initiative that advocates the long-term improve-
ment of the German education and research
landscape. In order to achieve this goal, the Stifter-
verband provides funding for universities and
research institutes, supports talents, analyses the
higher education system, and devises recommen-
dations for policy and business.

www.ibidi.de

Mbidie..

NANION TECHNOLOGIES

The management team at Nanion Technologies was
one of three nominees for the Deutscher Zukunfts-
preis, the German president's award for technology
and innovation. The team was nominated for
Nanion's latest automated screening platform, the
SyncroPatch 384/768PE, which enables completely
new strategies in drug discovery and scientific
research.

The Deutscher Zukunftspreis (German Future
Award), with which the German Federal President
rewards cutting-edge technological innovations
which also have a high potential for commercial
success and societal benefit, is the country's most
prestigious award for technology and innovation.

www.nanion.de

SPIN-OFF
NEWS

NANOTEMPER TECHNOLOGIES

NanoTemper Technologies was awarded the
"Deutscher Griunderpreis 2014", an award for
German companies with an extraordinary growth
rate and the potential to become a market leader.

The "Deutscher Grunderpreis” is the most
important award for outstanding entrepreneurs in
Germany. Since 2002, this annual award has
honored innovative and successful companies, thus
encouraging the formation of new companies.

In addition, NanoTemper Technologies was
awarded the "BioProcess Award 2014" in the
category Best Technology Application - Analytical,
an award for outstanding technology applications
dedicated to the development of biopharmaceuti-
cals and therapeutics.

www.nanotemper-technologies.com
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A PERFECT TEAM - ATTOCUBE AND
NEASPEC

In February 2014, attocube acquired a majority
share in Neaspec GmbH. Neaspec - a spin-off from
the MPI for Biochemistry — specializes in develop-
ing scanning near-field optical microscopes
(SNOM). These microscopes break the resolution
limit of existing conventional optical microscopes
and therefore open up completely new applications
for nanoanalytical characterization. attocube — the
market leader in the cryogenic microscopy market
— will profit from the cooperation by expanding its
portfolio with further elaborate measurement
techniques in nanotechnology.

www.attocube.com

www.neaspec.com
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EVENTS &
ACTIVITIES

CENS WORKSHOP VENICE 2014

“Walk and Talk at the Nanoscale” — this was the
motto of the 2014 CeNS workshop in Venice. For
the 10" time, CeNS researchers and invited speak-
ers gathered on the charming island of San Servolo
for a varied nanoscience program. The program
committee had drawn up an impressive schedule
with renowned speakers from all over the world:
Alberto Amo, Phaedon Avouris, Charles Baroud,
Dimitri Basov, Kobi Benenson, Nynke Dekker,
Maria Garcia-Parajo, Alex Hamilton, Stephen Hart,
Thomas Thn, Liedewij Laan, Delia Milliron, Moein
Moghimi, Lukas Novotny, Hermann Sellier, Manuel
Théry, and Sven Vogel. In addition, six researchers
(Ralf Jungmann, Khaled Karrai, Heinrich Leon-
hardt, Stefan Ludwig, Christian Plank, and Philip
Tinnefeld) and four junior scientists from CeNS
presented their research. The talks covered a wide
range of topics from nanomedicine, single-mole-
cule studies, and synthetic biology to plasmonics
and quantum phenomena. Moreover, CeNS gradu-
ate students presented and held a lively discussion
of their latest results during the two poster ses-
sions.

www.cens.de/calendar/past-workshops-events/
venice-2015

Participants of the CeNS Workshop Venice 2014.
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FOCUS WORKSHOPS

International "Physics of Living Systems"
Meeting Munich (iPoLS)

The Physics of Living Systems (PoLS) Student
Research Network is a trans-institutional commu-
nity-based network of graduate students and
educators. The program targets synergy of theoret-
ical and experimental research exploring the most
fundamental physical processes that living systems
utilize to perform their functions in dynamic and
diverse environments.

The second international PoLS meeting, which
took place in Munich from July 21 to 24, 2014, was
attended by over 200 participants from 14 institu-
tions. It was organized by Prof. Don Lamb and Prof.
Dieter Braun (both LMU) in cooperation with Prof.
Zan Luthey-Schulten (University of Illinois), as-
sisted and financially supported by the manage-
ment teams of CeNS and the SFB1032.

Over 70 diverse talks by faculty and graduate
students gave a remarkable insight into the world
of physics of living systems. In addition, all partici-
pants got the chance to present and discuss their
work during the poster sessions. The different
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Lively poster session a the iPoLS meeting.

universities also presented posters on the training
of the next generation of biophysics students and
their approach to teaching biophysics.

As part of the meeting, Prof. Klaus Schulten
(University of Illinois) gave a lecture on “Physics
and Life — the magnetic sense of migrating birds”,
which was open to the Munich public at the
Deutsches Museum, while the international partici-
pants enjoyed a guided tour through the Center for
New Technologies ZNT at the Deutsches Museum.

www.cens.de/international/joint-workshops/
pols-2014/

iPoLS group picture at LMU main building.

4™ European Workshop on Advanced
Fluorescence Imaging and Dynamics

In December 2014, Prof. Don Lamb organized a
workshop for about 50 participants on advanced
concepts in fluorescence imaging techniques and
instrumentation. The workshop was supported by
CeNS, the Institute of Physical Chemistry at LMU
Munich, and the Nanosystems Initiative Munich

(NIM) in collaboration with the Laboratory of
Fluorescence Dynamics (University of California,
Irvine). The program consisted of advanced theo-
retical lectures by nine international speakers,
computer based training on data analysis and
simulations, and hands-on laboratory training
using the fluorescence microscopy instrumentation
of the LMU. Topics included Advanced Fluores-
cence Correlation Spectroscopy (FCS), Imaging
Correlation Spectroscopy (ICS), Number and
Brightness Analysis (N&B), the Phasor Approach to
FRET, the Photon Counting Histogram (PCH),
Burst Analysis, and Single Particle Tracking (SPT)
in three dimensions.
www.cup.uni-muenchen.de/pc/lamb/workshop
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Workshop

Participants of the Advanced Microscopy Workshop.

Advanced Workshop on
Landau-Zener Interferometry and
Quantum Control in Condensed Matter
The ICTP - Eurasian Centre for Advanced Research
(ICTP-ECAR), CeNS (represented in the organizing
committee by Dr. Stefan Ludwig), and the Nanosys-
tems Initiative Munich organized the Advanced
Workshop on Landau-Zener Interferometry and
Quantum Control in Condensed Matter at the
ICTP-ECAR Centre, [IZTECH, Izmir (Turkey), from
September 29 to October 3, 2014. The workshop
addressed recent developments on Landau-Zener
dynamics and related quantum control in complex
systems, including (but not limited to) many body
effects in ultracold gases, dissipative Landau-Zener
transitions, Landau-Zener interferometry in super-
conducting qubits, double and triple quantum dots,
spin & charge qubits, N-V centers and nano-me-
chanical systems. About 80 participants gathered
in order to exchange ideas and shape new links
beyond the traditional community boundaries.
http://ictp-ecar.org/events/workshop
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CENS MEETS INDUSTRY

Career opportunities after the PhD are as diverse
as the scientific focus of the CeNS groups. For the
14™ time, CeNS junior scientists had the opportu-
nity to learn about possible career paths at the
event “CeNS meets Industry” in July 2014. Five
speakers presented their companies and career
paths, ranging from the pharmaceutical industry
(Dr. Fabian Heinemann, Roche Diagnostics) to R&D
at the scan solutions manufacturer ScanLab (Dr.
Christoph Wienken) and at Applied Materials, the
global leader in precision materials engineering
solutions for the semiconductor, flat panel display,
and solar photovoltaic (PV) industries (Dr. Kulpreet
Virdi). In addition, Dr. Stefan Duhr, CEO of Nano-
Temper Technologies, gave valuable insights into
the development of this very successful CeNS
spin-off. Last but not least, Dr. Stefan Volk (DLR
Oberpfaffenhofen) explained how nanophysics and
space exploration mesh together. The traditional

JUNIOR NANOTECH NETWORK

The fifth Junior Nanotech Network was organized
jointly with the Center for Nanoscience and Nano-
technology at Tel Aviv University. After the visit of
the Israeli PhD students to Munich in 2013, eight
PhD students from CeNS travelled to Tel Aviv for
the second part of the exchange from January 27 to
February 16, 2014. After a happy reunion with the
Israeli students, the participants started their lab
rotations to perform hands-on experiments, taught
by their peer students. The lab work was comple-
mented by a nano-biophysics workshop and a
Raman spectroscopy workshop with two rotating
groups. Another highlight was the winter school on
topics in nanoscience and nanotechnology at
Kibbutz Hagoshrim.
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CeNS summer party that followed was a perfect
opportunity for all CeNS members and guests to
chat, network, and relax, accompanied by the
CeNS band “UnCeNSiert” and child care for the
youngest guests.
www.cens.de/calendar/past-workshops-events/
cens-meets-industry-2014

Besides the interesting scientific program, the visit
to Israel was filled with several leisure time activi-
ties that brought the participants closer to Israeli
culture and history. During a guided tour of Tel
Aviv, the PhD students heard about the short, but
interesting history of the city. An even closer
connection to the history, the different religions
and cultures, and also conflicts could be felt during
a tour of Jerusalem. In addition, the participants
got a glimpse of the different landscapes and
Israel’s nature at the winter school in Hagoshrim
and during a visit to Masada and the Dead Sea.

www.cens.de/international/exchange-programs/
jnn




PATENTS:
HOW TO PROTECT YOUR IDEAS

On December 18 and 19, 2014, CeNS organized a
workshop for 25 postdocs and PhD students on
intellectual property and patent protection. Patent
attorney Dr. Stefan Huebner started with a presen-
tation on how to protect nanotechnology inventions
successfully, introducing the most fundamental
aspects of IP law. Ms. Sonja Huttich (LMU Patents
Service) continued with a talk about IP services at
LMU Munich, including examples of successful
CeNS spin-offs. The third talk by Dr. Richard
Michalitsch (EPO) addressed the patenting proce-
dure at the European Patent Office. The afternoon
ended with a discussion of career opportunities in
the IP sector.
On the second day, the participants put themselves
into the roles of patent attorneys and judges. They
worked in groups on a patent infringement case
and finally presented their arguments in a mock
trial. The lively discussions during the case study
made the participants aware of the pitfalls of a
patent claim, and helped them to realize how
difficult it might be to protect a claim properly.
www.cens.de/calendar/past-workshops-events/
patents-how-to-protect-your-ideas

CENS STUDENT REPRESENTATIVES

After the successful introduction of the CeNS
student representatives 2013, three successors
were elected from seven candidates in March 2014.
51% of all CeNS associates took part in the online
election. Klara Malinowska, Jochen Miiller, and
Sonja Westermayer (all from the Faculty of Physics)
continued established events like the seminar
“Science in a Nutshell” but also started new initia-
tives, e.g., a welcome event for new CeNS associ-
ates, a Christmas event at Science Rocks! with
diverse 5-minute talks, and a workshop on IT
security. In addition, the CeNS associates invited a
speaker to the CeNS colloquium for the first time
and gave creative input for the ceremony for the
CeNS publication awards. The commitment of the
student representatives and of all CeNS associates
clearly demonstrates that the spirit of CeNS is
maintained by the CeNS junior scientists.

www.cens.de/graduate-students/student-repre-
sentatives

KEY QUALIFICATION WORKSHOPS

Effective writing skills are essential for the success
of all PhD students. CeNS junior scientists ex-
panded their knowledge and worked on their own
texts during the two-day workshop “Optimizing
writing strategies for getting published in En-
glish” in March 2014. At the initiative of the CeNS
student representatives, a workshop on “Supervis-
ing and leading in science” was organized in
August 2014, which turned out to be popular not
only with PhD students but also with postdocs. In
addition, several CeNS junior scientists attended
the seminars organized by the LMU Entrepre-
neurship Center.
www.cens.de/calendar/past-workshops-events

CeNS student representatives 2014: Klara Malinowska,
Jochen Miiller and Sonja Westermayer.
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CENS TRAVEL AWARDS

In 2014, fourteen CeNS PhD students

successfully applied for a CeNS Travel Award. They
presented their results at international conferences
and workshops like the EMRS Spring Meeting, the
ACS Autumn National Meeting, or the Biophysical
Society Annual Meeting. Examples of three awar-
dees illustrate their contributions:

Philipp Nickels (Prof. Tim
Liedl’s group) presented unpub-
lished results about “Force
Balances Made from DNA” at the
20" International Conference
on DNA Computing and Molec-
ular Programming in Kyoto,
Japan, in September 2014.
Together with the group of Prof. Tinnefeld (TU
Braunschweig), he constructed a molecular force
clamp using the DNA origami technique. The
entropic spring behavior of single-stranded DNA is
used in this device to apply various constant forces
on a DNA duplex. This molecular tool is currently
being used to analyze the force-dependent binding
and bending behavior of the transcription factor
TBP (TATA binding protein) to duplex DNA in
single-molecule experiments.

o
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Alexandra Schmidt (Prof.
Bein's group) presented her
results on a highly biocompatible
and light-responsive nanocarrier
system based on mesoporous
silica nanoparticles (MSNs) for
advanced drug delivery applica-
tions in an oral contribution at
the E-MRS Spring Meeting 2014 in Lille. These
porous silica nanoparticles were modified with an
on-board red-light sensitive photosensitizer, which
allows endosomal escape after cell uptake, and a
highly biocompatible supported lipid bilayer (SLB),
which acted as a capping system to prevent prema-
ture cargo release. Two different targeting ligands
were successfully incorporated into the SLB to
achieve specific cellular uptake. In collaboration
with the group of Prof. Brauchle, the performance
of these nanocarriers was investigated on different
cancer cell lines by fluorescent live-cell imaging.
Alexandra received the E-MRS Graduate Student
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Award for her contribution on multifunctional
mesoporous silica nanoparticles as advanced drug
delivery vehicles.

At the Gordon Research Semi-
nar “Single Molecule Ap-
proaches to Biology”, Lena
Voith von Voithenberg (Prof.
Lamb’s group) presented a
poster on “Conformational
dynamics during spliceosome
assembly investigated by sin-
gle-pair FRET”. Conformational changes of a
spliceosomal subunit were observed upon RNA
binding and dynamic motions could be character-
ized using single-pair Forster resonance energy
transfer. At the Gordon Research Conference,
single-molecule FRET extended to three colors was
explained and results obtained from measurements
with triple-labeled molecular chaperones were
described (poster title "Conformational dynamics
of molecular chaperones investigated by single
molecule multicolor Forster resonance energy
transfer"). These results provide information on the
coordination of motion between different protein
domains.

www.cens.de/research/cens-travel-award

CENS CALL FOR APPLICATIONS

Since 2009, CeNS has been successfully coordinat-
ing an annual international call for applications for
open PhD positions. Last year, PhD positions from
12 groups were offered. In addition, for the first
time four postdoc positions were advertised. 156
applicants from 28 countries applied via the CeNS
online application tool, and 24 of them were
selected for a Skype interview. Thirteen candidates
from nine countries were finally invited to attend
the CeNS selection workshop. They met their
prospective PIs, the selection committee (Prof.
Lamb, Prof. Liedl and Prof. Veigel) as well as the
CeNS management and the student representa-
tives. Furthermore, they were able to gain first
impressions of Munich during a guided city tour
and dinner in a typical Bavarian restaurant.

www.cens.de/careers/international-call-for-phd-
students-and-postdocs
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SELECTED
RESEARCH
PROJECTS

E. Frey, M. Opitz Chemical warfare and
survival strategies in bacterial range expan-
sions

S. Wuttke Functionalization of metal-organic
frameworks

F. Keilmann Ultrafast infrared dynamics on a
nanometer scale

0. Lieleg, M. Opitz Erosion stability of Bacillus
subtilis biofilms

E. Weig, J.P. Kotthaus Energy losses of
nanomechanical resonators induced by atomic
force microscopy-controlled mechanical
impedance mismatching

M. Lackinger, W.M. Heckl Bottom-up fabrica-
tion of covalent organic nanostructures by
on-surface polymerization

M. Opitz, O. Lieleg Carbohydrate-coating
reduces adhesion of biofilm forming Bacillus
subtilis to gold surfaces

R. Metzler Sensing viruses by mechanical
tension of DNA

R. Metzler Tracer particle motion in flexible
gel networks

E. Wagner, D.C. Lamb Targeted pDNA and
siRNA carriers based on sequence-defined
oligomers

P. Schwille Reconstitution of protein gradient
oscillations in artificial membrane compart-
ments

C. Brauchle, T. Carell siRNA nanostructures
for cellular uptake

P. Miiller-Buschbaum, L.. Schmidt-Mende In-
ner film morphology and molecular orientation
in thin films for organic photovoltaics investi-
gated with in-situ and ex-situ advanced scatter-
ing

A. Holleitner Ultrafast electronic read-out of
diamond NV centers coupled to graphene

T. Bein, J. Feldmann Oriented thin films of a
benzodithiophene covalent organic framework

B. Nickel, F. Keilmann Sub-micron phase
coexistence in small-molecule organic thin
films revealed by infrared nano-imaging
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31

32

A. Hogele Optical thermometry of a quantum
dot in the millikelvin range

D. Braun, M.A. Nash Thermophoresis of
thermoresponsive polymer phase transition

U. Gerland Replication-guided nucleosome
packing and nucleosome breathing expedite
the formation of dense arrays

A. Hartschuh, A. Hogele Antenna-enhanced
optoelectronic probing of carbon nanotubes

S. Ludwig, S. Manus, P. Hinggi Characteriza-
tion of qubit dephasing by Landau-Zener-Stiick-
elberg-Majorana interferometry

D. Braun Measurement of thermophoresis in
living cells and water-in-oil bubbles

J. Lipfert Double-stranded RNA under force
and torque

C. Briuchle, T. Bein Insights into nanoscale
electrophoresis of single dye molecules in
highly oriented mesoporous silica channels

C. Brauchle, M. Schneider, A. Wixforth
Methods for precise quantification of nanopar-
ticle uptake into cells

B. Lotsch Crystalline carbon nitride nano-
sheets for improved visible-light hydrogen
evolution

D. Fattakhova-Rohlfing, T. Bein Ultrasmall
dispersible crystalline nickel oxide nanoparti-
cles as high performance catalysts for electro-
chemical water splitting

M.A. Nash, H.E. Gaub Polymerization-based
amplification for detection and imaging of
biomass enzyme activity

C. Ochsenfeld, T. Carell Ribose-protonated
DNA base-excision repair: a combined theoreti-
cal and experimental study

H.E. Gaub, M.A. Nash, P. Tinnefeld A small,
versatile and mechanically probed lab on a chip

J. Wintterlin Low energy electron microscopy
of the desorption of molecules from solid
surfaces

A. Wixforth, H. Krenner Surface acoustic
waves as a powerful tool for semiconductor
nanophotonics



33 T. Bein, D. Fattakhova-Rohlfing Tailoring the
morphology of mesoporous titania thin films
through biotemplating with nanocrystalline

cellulose

34 T. Lied], T. Lohmiiller Plasmonic DNA-origami
nanoantennas for surface-enhanced raman

spectroscopy

35 C. Briuchle, E. Wagner Drug delivery with

pDNA polyplexes

36 T. Bein, A. Hartschuh, D. Trauner Extraction

solar cells

38 T. Bein Solution deposition-conversion for
planar heterojunction mixed halide perovskite

39 D. Lamb, P. Tinnefeld Dynamics of transcrip-

tion factors

40 A. Wixforth Bioactivity and cellular uptake of

distinct nanoparticles in human endothelial

cells

41 D. Braun Understanding size-shielding transi-

tion and seebeck effect in thermophoresis

of photogenerated electrons and holes from a 42 C. Brauchle, D. Lamb: Highlight Article for the

covalent organic framework integrated hetero-

junction

Chemistry Nobel Prize 2014 on super high

resolution microscopy

37 J.0. Radler, B. Nickel Cellular self-organiza-
tion on micro-structured surfaces for

high-throughput screening

1

CHEMICAL WARFARE AND SURVIVAL STRATEGIES IN BACTERIAL RANGE

EXPANSIONS

Prof. Erwin Frey (LMU Miinchen, Faculty of Physics)
www.theorie.physik.lmu.de/lsfrey

Dr. Madeleine Opitz (LMU Miinchen, Faculty of Physics)
www.softmatter.physik.uni-muenchen.de/opitz_group

It is a long-standing question
how biodiversity evolves and is
maintained when species com-
pete for new territory. Both
limited control over experimen-
tal parameters and the over-
whelming complexity of theoreti-
cal models have hindered
progress in understanding of
what determines the success of
species during dispersal. In a
joint experimental and theoreti-
cal work, the researchers investi-
gated how the interplay between
two archetypes of competition,
resource competition and inter-
ference competition, governs
biodiversity when three strains
of Escherichia coli expand in

range. The strains interacted via
toxins, with one strain producing
the toxin colicin, and the others
being either sensitive or resis-
tant to it. By means of genetic
engineering, the researchers
gained control over the growth
rates of the three strains. This
control enabled them to study
distinct ecological scenarios in
which the interaction hierarchy
between strains was either cyclic
or hierarchical. Using indepen-
dent experimental data on the
growth of individual strains, the
researchers were able to cali-
brate a computational model of
the dispersal process. The model
provided a quantitative and

comprehensive understanding of
the interplay between resource
and interference competition. It

Expanding colonies of colicin resis-
tant, producing, and sensitive Escher-
ichia coli.
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was successfully applied to
predict parameters for which a
coexistence of all three strains
could be observed in experi-
ments.

2

M.F. Weber, G. Poxleitner, E.
Hebisch, E. Frey, M. Opitz:
Chemical warfare and survival
strategies in bacterial range
expansions; J. R. Soc. Interface,
10.1098/rsif.2014.0172 (2014)"

FUNCTIONALIZATION OF METAL-ORGANIC FRAMEWORKS

Dr. Stefan Wuttke (LMU Miinchen, Department of Chemistry)
www.cup.uni-muenchen.de/pc/wuttke

Metal-organic frameworks
(MOFs) are a new class of
materials synthesized in a
builing-block fashion from metal-
ion vertices, interconnected with
organic linker molecules in a
self-assembly process, to create
highly tailorable crystalline
materials with pores of nanome-
ter dimensions. The success of
MOFs in different field of appli-
cations (e.g., gas storage/separa-
tion, catalysis, sensing, drug
delivery) depends on the avail-
ability of efficient methods for
pore surface functionalization.
One major focus of our group in

,

a? f,
-r ?"

Covalent attachment of acetylsali-
cylic acid on a metal-organic
framework by using a peptide
coupling reagent. Image: C. Hoh-
mann/NIM
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2014 was the development of
novel functionalization concepts
for MOF's and at the same time
the evaluating of these concepts.
The central idea is to find effi-
cient methods for pore surface
functionalization of MOFs.

In this context the use of
unsaturated metal sites in MOFs
as a modification point for pore
surface functionalization was
studied. This strategy is based
on Lewis acid-base interactions,
where the coordinatively unsatu-
rated metal sites (CUS) of the
MOF are the Lewis acid sites,
and the organic molecules
(functionality), containing
heteroatoms with lone electron
pairs, serve as Lewis bases.™! In
the subsequent study a solvent-
free and time efficient postsyn-
thetic modification of MOFs had
successfully been developed,
until now the quickest function-
alization method so far.”?’ Last
but not least, different peptide
coupling reagents were used for
the covalent attachment of drugs
and biomolecules inside the
pores of MOFs.®' Peptide cou-
pling reagents have the advan-
tage to work under mild condi-

tions; under room temperature
and in water. After finding the
best peptide coupling reagent,

its performance was evaluated
for coupling molecules from life
science and pharmacy, e.g. the
analgesic acetylsalicylic acid
(also known as the registered
trade name Aspirin - see Figure).

[1] S. Wuttke, C. Dietel, F. M.
Hinterholzinger, H. Hintz, H.
Langhals, T. Bein: Turn-on
fluorescence triggered by
selective internal dye replace-
ment in MOFs, Chem. Commun.
50, 3599 (2014)

[2] H. Hintz and S. Wuttke:
Solvent-Free and Time Efficient
Postsynthetic Modification of
Amino-Tagged Metal-Organic
Frameworks with Carboxylic
Acid Derivatives; Chem. Mater.
26, 6722 (2014)

[3] H. Hintz and S. Wuttke:
Postsynthetic modification of an
amino-tagged MOF using
peptide coupling reagents: a
comparative study; Chem.
Commun. 50, 11472 (2014)

* CeNS Publication Award 2014
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ULTRAFAST INFRARED DYNAMICS ON A NANOMETER SCALE

Dr. Fritz Keilmann (LMU Miinchen, Faculty of Physics)
www.softmatter.physik.lmu.de/personen/senior_scientists/fritz-keilmann

Conductivity can be measured by
contactless microwave or infra-
red reflection, hence, the near-
field microscope (SNOM, devel-
oped by CeNS-spin-off Neaspec
GmbH) can map conductivity at
nanoscale spatial resolution of
typically 20 nm. This powerful
tool was now extended to cap-
ture conductivity changes in
ultrashort time. For this, local
infrared spectra are collected at
varying time delay after periodi-
cally photo-exciting a reversible
sample state. In the example of
Fig. 1 ultrashort (100 fs) near-in-
frared pulses generate mobile
charge carriers in InAs whose
spectral signature is interro-
gated by ultrashort (100 fs)

SNOM
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mid-infrared supercontinuum
pulses. At delay up to 1 ps the
spectra show a build-up of
spectral intensity in the mid
infrared, signalling a phase of
inter-valley transfer. After this
the spectra exhibit a well-de-
fined plasma edge - allowing to
extract also the carrier mobility
which recedes to lower fre-
quency as the carrier density
reduces by recombination.

A future SNOM operation
with even lower-frequency (THz)
continua would allow to follow
this recombination, as well as
the initial excitation, to much
smaller carrier densities. Such a
sensitivity will also be adequate
to locally map the relatively low

12~ ~0.2ps

1043
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Fig. 1: Pump-probe mid-infrared spectroscopy at 200 fs temporal resolution
is demonstrated at 20 nm spatial resolution, far below the diffraction limit,
by operating a near-field microscope (SNOM) with 100-fs mid-infrared
supercontinuum pulses. Local InAs spectra reveal rich carrier dynamics
after passage of near-infrared pump pulses.

conductivity of conducting
polymers and organic conduc-
tors, and thus pinpoint, for
example, inhomogeneities and
barriers that impede transport. It
might furthermore enable the
still untouched application area
of ultrafast infrared near-field
probing of vibrational reso-
nances, for example, of molecu-
lar machines such as a single
photosynthetic reaction center!
In a second study single-layer
graphene was pumped by ultra-
short near-infrared pulses.
Owing to its Dirac band struc-
ture no carriers are generated
but the existing carriers are
accelerated to high energies. The
initial nonequilibrium phase
could not be resolved, but the
regime of "hot electrons" could
be followed as it cools on 200 fs
and 2 ps time scales, respec-
tively, due to optic-phonon and
acoustic-phonon interaction.
Mapping an inhomogeneous area
of few-layer graphene allowed to
demonstrate nanoscale resolu-
tion and to identify abrupt lateral
changes in the dynamics.

M. Wagner, Z. Fei, A.S.
McLeod, A.S. Rodin, W. Bao,
E.G. Iwinski, Z. Zhao, M.
Goldflam, M. Liu, G. Domin-
guez, M. Thiemens, M.M.
Fogler, A.H. Castro Neto, C. N.
Lau, S. Amarie, F. Keilmann,
and D.N. Basov: Ultrafast and
nanoscale plasmonic phenom-
ena in exfoliated graphene
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revealed by infrared pump-
probe nanoscopy; NanoLetters
14, 894 (2014)

4

M. Wagner, A.S. McLeod, S.J.
Maddox, Z. Fei, M. Liu, R.D.
Averitt, M.M. Fogler, S.R.
Bank, F. Keilmann, and D.N.
Basov: Ultrafast dynamics of

surface plasmons in InAs by
time-resolved infrared nano-
spectroscopy; NanoLetters 14,
4529 (2014)

EROSION STABILITY OF BACILLUS SUBTILIS BIOFILMS

Prof. Oliver Lieleg (TU Minchen, Institute of Medical Engineering)

www.imetum.tum.de/forschung/biologische-hydrogele
Dr. Madeleine Opitz (LMU Miinchen, Faculty of Physics)
www.softmatter.physik.uni-muenchen.de/opitz_group

Bacteria can grow in adverse
and challenging environments,
e.g. in the presence of toxic
substances such as disinfectants
or metal ions. Yet, to do so, they
need to rely on the protective
abilities of self-produced biopo-
lymers into which the bacteria
embed themselves. Such a
community of embedded bacte-
ria is referred to as a bacterial
biofilm. Many problems caused
by bacterial biofilms can be
traced back to their high resil-
ience towards chemical pertur-
bations and their extraordinary
sturdiness towards mechanical
forces. However, the molecular
mechanisms that link the me-
chanical properties of a biofilm

[ B Nelo

with the ability of bacteria to
survive in different chemical
environments remain enigmatic.
In this project, the erosion
stability of B. subtilis is quanti-
fied. B. subtilis is a soil-dwelling
gram-positive bacterium, but it
has recently also been found in
the human gut. B. subtilis strains
are used for biotechnology
applications and have emerged
as model organisms for biofilm
formation. The strain used in
this study was isolated from an
oil field and can form biofilms on
solid surfaces. The erosion
stability of Bacillus subtilis (B.
subtilis) biofilms depends on the
chemical environment. These
biofilms can utilize the absorp-

The erosion stability of B. subtilis biofilms (yellow layer in the shown
pictures) towards shear forces in aqueous environments is increased by
selected metal ions. Biofilms are grown on agar patches (a), exposed to
shear forces (b) and the degree of erosion is quantified. Metal ions greatly
reduce biofilm erosion (c) compared to an erosion experiment in pure water

(d).
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tion of certain metal ions such as
Cu?, Zn*, Fe?*, Fe3* and Al®** into
the biofilm matrix to avoid
erosion by shear forces. This
mechanical protection is often
accompanied by an increase in
the shear stiffness of the biofilm
that is induced by the absorbed
metal ions. Interestingly, many
of these metal ions are toxic for
planktonic B. subtilis bacteria.
However, their toxic activity is
suppressed when the ions are
absorbed into the biofilm matrix.
Our experiments clearly demon-
strate that the biofilm matrix has
to fulfill a dual function, i.e.
regulating both the mechanical
properties of the biofilm and
providing a selective barrier
towards toxic chemicals.

S. Grumbein, M. Opitz, O.
Lieleg: Selected metal ions
protect Bacillus subtilis bio-
films from erosion; Metallomics,
RSC, 6(8), 1441-1450 (2014)
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ENERGY LOSSES OF NANOMECHANICAL RESONATORS INDUCED BY
ATOMIC FORCE MICROSCOPY-CONTROLLED MECHANICAL IMPEDANCE

MISMATCHING

Prof. Eva Weig (University of Konstanz, Faculty of Physics)
Prof. em. J.P. Kotthaus (LMU Miinchen, Faculty of Physics)

Since the invention of the scan-
ning tunneling microscope, a
variety of scanning probe
techniques have proven them-
selves as viable and highly
susceptible sensors for a wide
range of applications. One of
these newly established methods,
so-called mechanical impedance
mismatch imaging, enables to
gain insight into the mechanical
damping of freely suspended
nanomechanical resonators. In
particular it allows to explore
and manipulate the impact of
clamping losses, a widely dis-
cussed damping mechanism in

Schematic of the nanomechanical
system and the AFM tip as a
controlled local perturbation of the
resonator’s acoustic environment
(not to scale). The tip-induced flow
of energy from the nanomechanical
resonator (blue) into the cantilever
(grey) is represented by corrugated
red arrows.

nanoelectromechanical systems
which frequently limits the
performance of devices.

To this end, the tip of an
atomic force microscope acts as
a local perturbation, pushing
down on a specific point in the
clamping region of a nanoelec-
tromechanical resonator with a
force of a few nanonewtons. This
little disturbance has a vast
impact on the resonator vibra-
tions, increasing the dissipation
of its flexural modes by at least
one order of magnitude, depend-
ing on its exact position. This is
a consequence of a transfer of
vibrational energy into the
cantilever, which is theoretically
described by a reduced mechani-
cal impedance mismatch be-
tween the resonator and its
environment. A theoretical
model for this mismatch, in
conjunction with finite element
simulations of the evanescent
strain field of the mechanical
modes in the clamping region,
allows to quantitatively analyze

www.nano.uni-konstanz.de
www.nano.physik.uni-muenchen.de

data on position and force depen-
dence of the tip-induced damp-
ing.

For the case of a strongly
stressed silicon nitride nano-
string resonator it can be de-
duced that a sufficiently large
impedance mismatch prevents
the influence of clamping loss
and thus enables the large
observed quality factors of
several 100,000 under vacuum
and at room temperature. Even
more, the observed tip-induced
control of clamping loss offers
the prospect of engineering the
energy exchange in future
nanomechanical resonator
networks.

J. Rieger, A. Isacsson, M.J.
Seitner, J. P. Kotthaus, E.M.
Weig: Energy losses of nanome-
chanical resonators induced by
atomic force microscopy-con-
trolled mechanical impedance
mismatching; Nature Communi-
cations 5, 3345 (2014)
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BOTTOM-UP FABRICATION OF COVALENT ORGANIC NANOSTRUCTURES
BY ON-SURFACE POLYMERIZATION

PD Dr. Markus Lackinger, Prof. Wolfgang M. Heckl (TU Miinchen, Department of Physics and TUM

School of Education, and Deutsches Museum)

Low-dimensional covalent
organic nanostructures are
promising novel materials for
future nanotechnology applica-
tions in e.g. sensors, molecular
electronics, and gas separation.
The bottom-up fabrication by
polymerization of appropriate
monomers on solid surfaces
features many advantages and
has already yielded encouraging
results. In particular, on-surface
Ullmann coupling was proven
suitable for interconnecting
monomers into networks: bromi-
nated or iodinated precursor
molecules are deposited onto
catalytically active metal sur-
faces. The weakly bonded
halogen substituents are split off,
whereby reactive sites are
created for C-C coupling. Even
though Ullmann coupling works
reliably and provides access to
great structural and chemical
versatility, the resulting covalent

8 room temperature

nanostructures still suffer from
relatively high defect densities.
One objective of this project is a
profound understanding of
Ullmann coupling. To this end
the influence of reaction parame-
ters as surface temperature and
deposition rate as well as the
role of the specific surface are
studied. On Au(111) statistical
analysis of STM data revealed
that the amount of specific
defects increases with tempera-
ture, suggesting thermal activa-
tion. Accordingly, the develop-
ment of synthetic protocols for a
polymerization at lower tempera-
ture is a viable strategy to
improve the network quality.
Interestingly, changing the
surface to Ag(111) completely
changes the reaction pathway.
Instead of directly forming new
covalent bonds, organometallic
reaction intermediates occur
where the monomers are inter-

T I
heated @ 125 °C
organometallic

heated @ 250 °C
covalen

www.2d-materials.com

connected via C-Ag-C bonds.
These metastable organometallic
interlinks can be converted into
covalent bonds by mild anneal-
ing. Below the conversion
temperature, however, the
organometallic bonds become
reversible. Accordingly, as
illustrated in the figure, equili-
bration of organometallic net-
works can be used to fabricate
covalent networks with improved
structural quality.

J. Eichhorn, D. Niekarz, O.
Ochs, D. Samanta, M. Schmit-
tel, P. Szabelski, M. Lackinger:
On-surface Ullmann coupling:
The influence of kinetic reac-
tion parameters on the mor-
phology and quality of covalent
networks; ACS Nano 8, 7880-
7889 (2014)

J. Eichhorn, T. Strunskus, A.
Rastgoo-Lahrood, D. Samanta,
M. Schmittel, M.
Lackinger: On-Sur-
face Ullmann
Polymerization via
Intermediate Or-
ganometallic Net-
works on Ag(111);
Chem. Commun. 50,
7680-7682 (2014)

STM images of Ullmann coupling on Ag(111) via organometallic intermediates. Left: disordered organometallic
network obtained directly after room temperature deposition. Center: equilibrated hexagonal porous organometal-
lic network obtained after mild annealing. Right: covalent network obtained by thermally activated conversion of an
equilibrated organometallic network, whereby the ordered arrangement is preserved.
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CARBOHYDRATE-COATING REDUCES ADHESION OF BIOFILM FORMING
BACILLUS SUBTILIS TO GOLD SURFACES

Dr. Madeleine Opitz (LMU Miinchen, Faculty of Physics)
www.softmatter.physik.uni-muenchen.de/opitz_group

Prof. Oliver Lieleg (TU Miinchen, Institute of Medical Engineering)
www.imetum.tum.de/forschung/biologische-hydrogele

Bacteria embed themselves with
secreted biopolymers forming a
community that is referred to as
a biofilm. Growth of these
bacterial biofilms in pipes, or on
medical implants/catheters
causes severe problems in
healthcare and industry. The
prevention of bacterial adhesion
- the first step in colonization and
biofilm formation - is therefore
very important. The researchers
present a new approach that
allows the analysis of bacterial
adhesion with high sensitivity in
real-time, while testing several
different surfaces in parallel.

8

Using the cantilever-array
technique, they demonstrate that
coating of gold surfaces with
different carbohydrates can
result in a significant reduction
of bacterial adhesion of the
biofilm forming bacterium
Bacillus subtilis NCIB 3610 to
gold surfaces. Investigation of
the underlying molecular inter-
actions suggests that adhesion to
gold surfaces is mediated by
thiol-groups present in proteins
of the bacterial cell membrane or
biofilm matrix proteins ex-
pressed by this strain. Further-
more, their data indicate that

adhesion of B. subtilis NCIB
3610 to carbohydrate-coated
gold surfaces is facilitated by
interactions between carbohy-
drates installed on the cantilever
gold surface and an exopolysac-
charide expressed by this strain.

S. Kesel, A. Mader, P.H.
Seeberger, O. Lieleg and M.
Opitz: Carbohydrate-coating
reduces adhesion of biofilm
forming Bacillus subtilis to gold
surfaces; Appl. Environ. Micro-
biol. 80(19):5911. D0OI:10.1128/
AEM.01600-14 (2014)

SENSING VIRUSES BY MECHANICAL TENSION OF DNA

Prof. Ralf Metzler (University of Potsdam, Institute for Physics and Astronomy)

www.agnld.uni-potsdam.de

The rapid worldwide spread of
severe viral infections, often
involving novel mutations of
viruses, poses major challenges
to our health care systems. This
means that tools that can effi-
ciently and specifically diagnose
viruses are much needed. To be
relevant for a broad application
in local health care centers, such

tools should be relatively cheap
and easy to use. We demonstrate
from analytical calculations and
extensive simulations that the
macroscopic detection of viruses
based on the induction of a
mechanical stress in a bundle of
pre-stretched DNA molecules
upon binding of viruses to the
DNA is possible and offers a

good potential for diagnostic
devices. We show that the
affinity of the DNA to the
charged virus surface induces a
local melting of the double-helix
into two single-stranded DNA.
This process effects a mechani-
cal stress along the DNA chains
leading to an overall contraction
of the DNA. Our results suggest
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Schematic of single-stranded
DNA-virus binding. The virus
surface consists of attractive and
neutral patches.

9

that when such DNA bundles are
incorporated in a supporting
matrix such as a responsive
hydrogel, the presence of viruses
may indeed lead to a significant,
macroscopic mechanical defor-
mation of the matrix. We discuss
the biophysical basis for this
effect and characterise the
physical properties of the associ-
ated DNA melting transition. In
particular, we reveal several

scaling relations between the
relevant physical parameters of
the system. We promote this
DNA-based assay as a possible
tool for efficient and specific
virus screening.

J. Shin, A.G. Cherstvy, and R.
Metzler: Sensing viruses by
mechanical tension of DNA in
responsive hydrogels; Phys. Rev.
X 4, 021002 (2014)

TRACER PARTICLE MOTION IN FLEXIBLE GEL NETWORKS

Prof. Ralf Metzler (University of Potsdam, Institute for Physics and Astronomy)

www.agnld.uni-potsdam.de

Mesh-like, structured environ-
ments are a defining property in
various systems: biological cells
are equipped with a characteris-
tic mechanical network consist-
ing of actin and other bio-fila-
ments through which submicron
particles diffuse or are actively
transported. Inside eukaryotic
nuclei, biomolecules diffuse
through the complex chromatin
network. Particles in a biofilm
move through a flexible, porous

Schematic of the tracer particle
(red) in a network of gel beads
(green) connected by Morse springs
(gray sticks).
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bacterial matrix, and in cellular
tissues the intercellular space is
filled with a mesh-like extracel-
lular matrix. In novel clinical
diagnosis tools pathogens
diffuse in a hydrogel.

How do particles diffuse
through a flexible, fluctuating
mesh such as a hydrogel? When
the particles are much smaller or
larger than the typical mesh size,
not surprisingly they diffuse
normally or are fully immo-
bilised. We here consider the
physically interesting case when
the size of the particle is compa-
rable to the typical mesh size
(Figure). From extensive Brown-
ian dynamics simulations we
elucidate the micro- and meso-
scopic principles behind the
complex tracer dynamics. The

time averaged mean squared dis-
placement (TAMSD) and the van
Hove cross-correlation function
(TAHCF) demonstrate the
occurrence of significant anoma-
lous tracer diffusion and highly
cooperative mesh fluctuations,
allowing relatively large parti-
cles to move in the gel albeit at
massively reduced diffusivity.
We obtain this anomalous
diffusion behaviour and the
crossover to the terminal normal
diffusion for different gel stiff-
ness and three different tracer
sizes.

A. Godec, M. Bauer, and R.
Metzler: Collective dynamics
effect transient subdiffusion of
inert tracers in gel networks;
New J. Phys. 16, 092002 (2014)
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TARGETED pDNA AND SIRNA CARRIERS BASED ON SEQUENCE-DEFINED

OLIGOMERS

Prof. Ernst Wagner (LMU Miinchen, Department of Pharmacy)
www.cup.uni-muenchen.de/pb/aks/ewagner

Prof. Don Lamb (LMU Miinchen, Department of Chemistry)
www.cup.uni-muenchen.de/pc/lamb

Intracellular delivery of nucleic
acids is the main bottleneck in
the development of therapeutic
DNA or siRNA based nanomedi-
cines. In addition, targeted
delivery to the site of disease (for
example into a tumor) is an
additional extracellular barrier.
A series of effective cationic

nucleic acid carriers was se-
lected from a library of more
than 800 sequence-defined
cationic oligomers which had
been generated by solid-phase
synthesis. These carriers contain
artificial oligoamino acids such
as Stp or Sph for nucleic acid
binding, protection and mediat-
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Figure 1: Native chemical ligation (NCL) for conversion of cationic
oligomers into receptor-targeted, PEG shielded nucleic acid carriers.
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Figure 2: Example of a histidinylated four-arm oligomer 606 (unmodified,
upper left), demonstrating superior cellular uptake (upper right) and

luciferase DNA gene transfer (lower panel) with NCL-based incorporation of

folate-PEG (670) over an alanine control A-PEG (669) or no modification

(606).

* CeNS Publication Award 2014

ing intracellular release from
endosomes. To convert such
promising carriers into recep-
tor-targeted and surface shielded
agents, native chemical ligation
(NCL, Figure 1) was applied for
site selective coupling of polyeth-
ylene glycol (PEG) containing
terminal folic acid as targeting
ligand (or terminal alanine as
targeting negative control
ligand). In most cases, the folic
acid-PEG-ligated oligomers
displayed a strongly improved
cellular binding, uptake and
gene transfer into receptor-posi-
tive KB cells as compared to the
alanine-PEG controls (Figure 2).
Fluorescence correlation spec-
troscopy (FCS) after 1 min up to
90 min incubation demonstrated
stability of polyplexes in 90%
serum. The screen revealed
different requirements for DNA
and siRNA polyplexes, identify-
ing different topologies most
beneficial for DNA or siRNA
delivery.

m C.Y. Zhang, P. Kos, K. Miiller,
W. Schrimpf, C. Troiber, U.
Lachelt, C. Scholz, D.C. Lamb,
E. Wagner: Native Chemical
Ligation for Conversion of
Sequence-defined Oligomers into
Targeted pDNA and siRNA
Carriers; J. Control. Release 180,
42 (2014)"
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RECONSTITUTION OF PROTEIN GRADIENT OSCILLATIONS IN ARTIFICIAL
MEMBRANE COMPARTMENTS

Prof. Petra Schwille (Max Planck Institute for Biochemistry, Martinsried)
www.biochem.mpg.de/en/rd/schwille

Self-organization of proteins into
large-scale structures is of
pivotal importance for the
organization of cells. The Min
protein system of the bacterium
Escherichia coli is a prime
example of how pattern forma-
tion occurs via reaction-diffu-
sion. We have previously demon-
strated how Min protein patterns
on flat supported membranes are
influenced by membrane shape.
Lately, we additionally probed
the influence of membrane
surface topology as a regulatory
element. Using microstructured
membrane-clad soft polymer
substrates, Min protein patterns
can be aligned. We demonstrate

12

that Min pattern alignment
starts early during pattern
formation and show that macro-
scopic millimeter-sized areas of
protein patterns of well-defined
orientation can be generated.
Confining the Min self-organiz-
ing system in membrane contain-
ers with constant volume, the
patterns are turned into regular
oscillations and stable gradients,
which help to position down-
stream processes, such as the
assembly of the bacterial divi-
some machinery.

K. Zieske, P. Schwille:
Reconstitution of self-organiz-
ing protein gradients as spatial

SiRNA NANOSTRUCTURES FOR CELLULAR UPTAKE

Prof. Christoph Brauchle (LMU Munich, Department of Chemistry)

www.cup.uni-muenchen.de/pc/braeuchle
Prof. Thomas Carell (LMU Munich, Department of Chemistry)
www.cup.uni-muenchen.de/oc/carell

The development of dendritic
siRNA nanostructures that are
able to penetrate even difficult to
transfect cells such as neurons
with the help of a special recep-
tor ligand, is shown here. The
nanoparticles elicit strong siRNA

24 ANNUAL REPORT 2014

responses, despite the dendritic
structure. A siRNA dendrimer
directed against the crucial
rabies virus (RABV) nucleopro-
tein (N protein) and phosphopro-
tein (P protein) allowed the
suppression of the virus titer in

cues in cell-free systems;
eLife10.7554/eLife.03949
(2014)

G. Rivas, S.K. Vogel, P.
Schwille: Reconstitution of
cytoskeletal protein assemblies
for large-scale membrane
transformation; Curr Opin
Chem Biol 22, 18-26 (2014)

K. Zieske, J. Schweizer, P.
Schwille: Surface topology
assisted alignment of Min
protein waves; FEBS Lett 588,
2545-2549 (2014)

neurons below the detection
limit. The cell-penetrating siRNA
dendrimers, which were assem-
bled using click chemistry, open
up new avenues toward finding
novel molecules able to cure this
deadly disease.
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K. Brunner, J. Harder, T.
Halbach, J. Willibald, F. Spada,
F. Gnerlich, K. Sparrer, A. Beil,
L. Mockl, C. Brauchle, K.-K.
Conzelmann, T. Carell:

A dendritic siRNA nanostructure
with an anandamide targeting unit
to induce cellular uptake.

Cell-Penetrating and Neurotar-
geting Dendritic siRNA Nano-
structures; Angew. Chem. Int.
Ed. 53(51), 1946 (2015); Den-
dritische Nanostrukturen zur
rezeptorvermittelten Aufnahme
von siRNA in neurale Zellen;
Angew. Chem. 126(51), 1968
(2015)

INNER FILM MORPHOLOGY AND MOLECULAR ORIENTATION IN THIN
FILMS FOR ORGANIC PHOTOVOLTAICS INVESTIGATED WITH IN-SITU
AND EX-SITU ADVANCED SCATTERING

Prof. Peter Miiller-Buschbaum (TU Miinchen, Physics Department)

www.el3.physik.tu-muenchen.de/Muellerb
Prof. Lukas Schmidt-Mende (University of Konstanz, Physics Department)
cms.uni-konstanz.de/physik/schmidt-mende/

Advanced scattering methods as
grazing incident small and wide
angle X-ray scattering (GISAXS/
GIWAXS) and resonant soft
X-ray scattering (RSoXS) with
the opportunity to polarize the
X-ray beam (P-RSoXS) provide a
variety of possibilities to get a
unique insight to the inner “life”
of thin films. While GTWAXS is
sensitive to molecular arrange-
ments in crystalline parts of the
material probed, with GISAXS
and RSoXS the nanoscale struc-
ture of the inner film morphology
is probed from nanometers to
several hundred nanometers.
The investigations are based on
conjugated polymer systems for
organic photovoltaic (OPV)
application. We investigate
in-situ printing and GIWAXS
measurements of co-solvent
modified PEDOT:PSS, a printable

polymer alternative to transpar-
ent conductive oxide electrodes
(TCOs). Further the anisotropy of
modified PEDOT:PSS film is
investigated with P-RSoXS,
GIWAXS and GISAXS. Last, a
highly hexagonal-ordered and
nanostructured interface for
all-polymer solar cells is exam-
ined by RSoXS, giving an exam-
ple for the strength of resonant
scattering for proving the inner
film structure of unique systems.
In total these techniques pave
the way for investigating all
relevant length scales in thin
films for OPV application.

Claudia M. Palumbiny,
Christoph Heller, Christoph J.
Schaffer, Volker Korstgens,
Gonzalo Santoro, Stephan V.
Roth, and Peter Miiller-Busch-
baum: Molecular Reorientation

and Structural Changes in
Cosolvent-Treated Highly Con-
ductive PEDOT:PSS Electrodes
for Flexible Indium Tin Oxide-
Free Organic Electronics, J.
Phys. Chem. C 118(25), 13598
(2014)

Thomas Pfadler, Mihael Coric,
Claudia M. Palumbiny, Andreas
C. Jakowetz, Karl-Philipp
Strunk, James A. Dorman,
Philipp Ehrenreich, Cheng
Wang, Alexander Hexemer,
Rui-Qi Png, Peter K.H. Ho,
Peter Miiller-Buschbaum, Jonas
Weickert, and Lukas Schmidt-
Mende: Influence of Interfacial
Area on Exciton Separation and
Polaron Recombination in Nano-
structured Bilayer All-Polymer
Solar Cells, ACS Nano 8(12),
12397 (2014)
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ULTRAFAST ELECTRONIC READ-OUT OF DIAMOND NV CENTERS

COUPLED TO GRAPHENE

Prof. Alexander Holleitner (TU Miinchen, Walter Schottky Institut and Physics Department)

www.nanoptronics.de

Artistic sketch of a spin in a nitro-
gen vacancy center coupled to an
electronic read-out circuit. Image:
C. Hohmann/NIM.

On the nanometer scale, non-ra-
diative energy transfer processes
can have an efficiency close to

15

unity. We describe how such a
transfer can be used to electroni-
cally read-out color centers such
as nitrogen vacancy centers in
diamond. Such centers are
considered to play a fundamental
role in new quantum information
technologies. The read-out is
achieved by a graphene layer
located only a few nanometers
away from the diamond. Via the
non-radiative energy transfer,
additional charge carriers are
generated in the graphene,
which are detected as an ultra-
fast current signal. The experi-

ment is performed on a picosec-
ond timescale, where the
transfer efficiency is highest.

A. Brenneis, L. Gaudreau, M.
Seifert, H. Karl, M.S. Brandt, H.
Huebl, J.A. Garrido, F.H.L.
Koppens, and A.W. Holleitner:
Ultrafast electronic readout of
diamond nitrogen—vacancy
centres coupled to graphene;
Nature Nanotechnology,
Do0i:10.1038/nnano.2014.276
(2014)

ORIENTED THIN FILMS OF A BENZODITHIOPHENE COVALENT ORGANIC

FRAMEWORK

Prof. Thomas Bein (LMU Miinchen, Department of Chemistry)
Prof. Jochen Feldmann (LMU Miinchen, Physics Department)

Alkylammonium metal trihalide
perovskite solar cells have
recently attracted enormous
interest. They can achieve very
high power conversion efficien-
cies, already approaching
poly-crystalline Si. Previously,
record-breaking flat heterojunc-
tion devices have only been
shown to operate efficiently
when a Cl-I mixed halide perov-
skite was vacuum-deposited. In
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this project, we demonstrate a
solution-based approach for a flat
heterojunction, i.e. not requiring
a titania scaffold, that matches
the performance achieved with
vacuum deposition (approaching
15% power conversion effi-
ciency). The removal of the
titania scaffold is an important
advance which reduces series
resistance losses. Our results
greatly exceed the performance

bein.cup.uni-muenchen.de
www.phog.physik.lmu.de

of previously reported solu-
tion-processed, planar hetero-
junction perovskite solar cells.
Specifically, we show that planar
Pbl, films can be fully converted
within 5 minutes to the methy-
lammonium(MA)-based MAP-
bI, Cl perovskite structure by
immersion in a heated solution
mixture of MAI and MACIL We
find that the presence of chloride
critically impacts the lifetime of



photoexcited species in the
active material resulting in
greatly enhanced charge collec-
tion efficiencies, enabling almost
complete sunlight capture and
electron-conversion in 400 nm
thick films.
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Dana D. Medina, Veronika
Werner, Florian Auras, Raphael
Tautz, Mirjam Dogru, Jorg
Schuster, Stephanie Linke,
Markus Doblinger, Jochen

Feldmann, Paul Knochel, and
Thomas Bein: Oriented Thin
Films of a Benzodithiophene
Covalent Organic Framework;
ACS Nano 8, 4042 (2014)

SUB-MICRON PHASE COEXISTENCE IN SMALL-MOLECULE ORGANIC THIN

FILMS REVEALED BY INFRARED NANO-IMAGING

PD Dr. Bert Nickel, Dr. Fritz Keilmann (LMU Miinchen, Faculty of Physics)
www.softmatter.physik.uni-muenchen.de

In semiconductor-based compo-
nents, the mobility of the charge-
carrying particles — electrons
and their positively charged
counterparts, known as holes -
should be as high as possible.
There have been conflicting
reports concerning the effect of
the granularity and crystallinity
of the organic semiconducting
thin film on the separation and
transport of charge carriers
inside. Bert Nickel and his
colleagues took a closer look at
the molecular structure of a thin
film of pentacene, a prototype
organic semiconductor.

Fritz Keilmann and the scientists
at Neaspec GmbH, a spin-off
from the Center for NanoScience
at LMU, developed a laser-based,
high-resolution imaging method.
With this technique, they illumi-
nated the extremely fine tip of an
atomic force microscope with a
focused infra-red laser beam.
The tip acts as a nano-antenna
and converts the incident radia-
tion into an intense near-field
light source with a diameter of
about 20 nanometers. This
suffices to provide a high-preci-

* CeNS Publication Award 2014

sion analysis of the structure of
the semiconducting film — which
reveals the spatial arrangement
of its component molecules.
Surprisingly, the experiments
showed that, while the flat grains
of pentacene that make up the
thin organic film often appear
homogeneous over large regions,
these areas are interrupted by
inclusions in which the penta-
cene molecules are ordered in a
different pattern or crystalline
phase. In these areas, the penta-
cene molecules are more
strongly tilted than those in
neighboring regions. It is sus-
pected that these inclusions
inhibit charge-carrier transport
in the organic layer, rather like
rocks in a river perturb the flow
of water.

Differences in crystal structure
on extremely short scales are not
only relevant to the operation of
high-conductivity electronic
components such as the transis-
tor element investigated in this
new study. They also play a
crucial role in organic solar
cells, which are made up of
several such molecular layers.
Up until now, it has been very
difficult to access these struc-
tures experimentally. This new
method can make a valuable
contribution to our understand-
ing of these layered systems and
to organic electronics in general.

C. Westermeier, A. Cernescu,
S. Amarie, C. Liewald, F. Keil-
mann, B. Nickel: Sub-micron
phase coexistence in small-mole-
cule organic thin films revealed
by infrared nano-imaging;
Nature Communications 5, doi:
10.1038/ncomms5101 (2014)”

A 3-D depiction of the newly discov-
ered inclusions. The yellow lines
represent the scattering of charge
carriers at inclusion boundaries.
Image: C. Hohmann/NIM.
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OPTICAL THERMOMETRY OF A QUANTUM DOT IN THE MILLIKELVIN

RANGE

Prof. Alexander Hogele (LMU Miinchen, Faculty of Physics)
www.nano.physik.uni-muenchen.de/nanophotonics

The temperature of electrons in
a semiconductor sample placed
inside a cryostat can differ from
the temperature of the thermal
bath, particularly at tempera-
tures below 1 K. The Hogele lab
has developed an all-optical
thermometry technique to
measure the temperature of a
two-dimensional electron system
that is coupled to a nearby
quantum dot with spin-selective

18

optical transitions. The electron
spin-state population in a quan-
tum dot is governed by thermal-
ization with the electron reser-

voir and can be directly probed

with resonant laser spectroscopy.

In the presence of a finite mag-
netic field the relative population
of the lowest Zeeman-split
electron states depends on the
temperature. By measuring the
strength of the respective optical
excitations it is possible to
determine the temperature of the
quantum dot electrons and
therefore also that of the two-di-
mensional electron system that
is coupled to the dot. The group

demonstrated the experimental
implementation of the technique
in the sub-Kelvin temperature
range where it is most sensitive,
and where the electron tempera-
ture is not necessarily given by
the cryostat base temperature.

F. Seilmeier, M. Hauck, E.
Schubert, G. J. Schinner, S. E.
Beavan, A. Hogele: Optical
thermometry of an electron
reservoir coupled to a single
quantum dot in the millikelvin
range; Phys. Rev. Applied 2,
024002 (2014)

THERMOPHORESIS OF THERMORESPONSIVE POLYMER PHASE

TRANSITION

Prof. Dieter Braun (LMU Miinchen, Faculty of Physics)
Dr. Michael A. Nash (LMU Miinchen, Faculty of Physics)

Environmentally responsive
polymers are becoming increas-
ingly important in the biomateri-
als field for use as diagnostic
reagents, drug carriers, and
tissue engineering scaffolds.
Their characterization typically
requires large milliliter volumes.
In a collaboration between the
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Braun Lab and the group of
Michael Nash, a method based
on thermophoresis could be
established. Using the movement
of molecules in a temperature
gradient, they could measure for
the first time directly the lower
critical solution temperature
with thermophoresis in micro-

www.biosystems.physik.lmu.de
www.biophysik.physik.lmu.de

liter volumes. This determines
the temperature at which a
thermal responsive polymer
undergoes a phase transition.

M. Wolff, D. Braun and M.A.
Nash: Detection of Thermore-
sponsive Polymer Phase Transi-
tion in Dilute Low-Volume Format



by Microscale Thermophoretic
Depletion; Analytical Chemistry
doi:10.1021/ac5008283 (2014)

The nanoenvironment around
particles determine thermophore-
sis, i.e. the speed of molecules to
move along a temperature gradi-
ent. Two effects could be quanti-
fied in experiment and fully

a) Local Field: S;SM

b) Global Field: S.Et

K Cl
H'l‘
oo K+ cl K*
- CTsR) cold X
f)ﬂgo C|H.K"r||{f
Cl
K* K*

S(K*) > S(cl)

modelled: (a) The geometry of ionic shielding leads to different thermophoresis if the ionic shielding is smaller or
larger than the molecule (b) The thermophoresis of ions build up an electrical field in the solution and therefore
leads to a movement of the charged molecules.
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REPLICATION-GUIDED NUCLEOSOME PACKING AND NUCLEOSOME
BREATHING EXPEDITE THE FORMATION OF DENSE ARRAYS

Prof. Ulrich Gerland (TU Miinchen, Physics Department)

It can be frustrating looking for a
parking space at the road-side
when there are many gaps
between parked cars that are too
narrow to fit in; one must simply
wait until the owner of one of the
parked cars decides to leave. It
turns out that this common
experience bears an analogy to
the arrangement of nucleosomes
along DNA -a very long substrate
on which histone proteins bind
(usually without specific
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"spaces”), and must form densely
packed arrays covering nearly
90% of the genome in yeasts.
Before this is possible, random
positioning of nucleosomes leads
to a kind of ‘jamming' similar to
the inefficiency of parking-space
usage by cars that are irregu-
larly spaced. How these nucle-
osomes are arranged into
regular spacing quickly remains
poorly understood. The shifting
action of remodeling enzymes
has been proposed as a mecha-
nism to resolve sub-optimal
arrangements, while we propose
another explanation based on
biophysical mechanisms. First,
we consider whether the pro-
gression of the replication fork
during replication of the genome
could eliminate nucleosome
jamming, much like a slow-mov-
ing street cleaner revealing
parking spaces that are rapidly

www.gbio.ph.tum.de

filled behind it. Second, we show
that transient unwrapping of
nucleosomes actually makes
them much more like ‘bumper
cars' that can be "crammed”
in-between one-another. This
interaction dramatically speeds
up the process by which long
arrays of reqgularly spaced
nucleosomes are formed.

Since real cars do not exhibit
this kind of elasticity, however,
this mechanism will unfortu-
nately provide no aid in the
search for a parking space.

B. Osberg, J. Nuebler, P.
Korber, and U. Gerland: Replica-
tion-guided nucleosome packing
and nucleosome breathing
expedite the formation of dense
arrays; Nucleic Acids Research
42, doi: 10.1093/nar/gkul1190
(2014)
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ANTENNA-ENHANCED OPTOELECTRONIC PROBING OF CARBON NANO-

TUBES

Prof. Achim Hartschuh (LMU Miinchen, Chemistry Department)
www.cup.uni-muenchen.de/pc/hartschuh

Prof. Alexander Hogele (LMU Miinchen, Faculty of Physics)
www.nano.physik.uni-muenchen.de/nanophotonics
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Figure 1: Applications of antenna enhancement: a) Optical
spectroscopy, b) Photovoltaics and c) Electroluminescence.

During the last two decades
rapid progress in the research
field of new nanomaterials and
technologies to complement
conventional silicon systems has
been made. A variety of elec-
tronic and optoelectronic devices
that involve different nanostruc-
tures have been realized, such as
field-effect transistors, photovol-
taic and light-emitting devices
often based on carbon as active
component. Due to the size-mis-
match between the wavelength
of visible light and the dimen-
sions of these devices the full
potential of the nanomaterial
could not be exploited in opto-
electronic applications so far. For
the same reason the details of
the electrical-to-optical and
optical-to-electrical transduction
mechanisms remain hidden in
conventional optical microscopy.
In the radio frequency range this
size-mismatch is compensated
by macroscopic antenna struc-
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metallic
nano-
struc-
tures
capable of
converting free-propagating
visible radiation into localized
energy and vice versa.

The Hartschuh and Hogele
group reported on the first
antenna-enhanced optoelec-
tronic microscopy studies on
nanoscale devices. By coupling
the emission and excitation to a
scanning optical antenna, they
were able to locally enhance the
electroluminescence and photo-
current along a carbon nanotube
device. They showed that the
emission source of the electrolu-
minescence can be point-like
with a spatial extension below
20 nm. Topographic and anten-
na-enhanced photocurrent
measurements further revealed
that the emission takes place at
the location of highest local
electric field indicating that the
mechanism behind the emission
is the radiative decay of excitons
created via impact excitation.
While they demonstrated anten-

Electroluminescence

na-enhanced optoelectronic
probing for carbon nanotubes
they expect it to be applicable to
a broad range of other materials
such as inorganic nanowires and
2D materials as well.

N. Mauser, N. Hartmann, M.
S. Hofmann, J. Janik, A. Hogele,
A. Hartschuh: Antenna-en-
hanced optoelectronic probing of
carbon nanotubes, Nano Lett. 14,
3773-3778 (2014)"
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Figure 2: Antenna-enhanced
photocurrent (top) and electrolumi-
nescence (bottom) measured for the
same carbon nanotube device.

* CeNS Publication Award 2014
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CHARACTERIZATION OF QUBIT DEPHASING
BY LANDAU-ZENER-STUCKELBERG-MAJORANA INTERFEROMETRY

PD Dr. Stefan Ludwig and Stephan Manus (LMU Miinchen, Faculty of Physics)
www.nano.physik.uni-muenchen.de/quantumtransport

Prof. Peter Hinggi (University of Augsburg, Institute for Physics)
www.physik.uni-augsburg.de/theol/hanggi

Quantum mechanical two-level
systems (qubits) are at the very
heart of quantum information
processing or can be used as
ultra-sensitive detectors. An
interesting implementation of
qubits are quantum dots embed-
ded in a solid. The coherence
time, during which a qubit
preserves its known quantum
state, is then limited by environ-
mental fluctuations in the crystal
matrix.

In the present work, we have
defined a charge qubit in a
double quantum dot based on
single electron tunneling be-
tween the two dots. We have
performed Landau-Zener-Stuck-
elberg-Majorana interference
experiments by periodically
driving the eigenstates of this
double-well potential across
their avoided crossing. It gives

rise to a coherent superposition
state of the electron tunneling
dynamics resulting in an inter-
ference pattern of the occupation
of the two dots by our electron.
The broadening of this interfer-
ence pattern, encoded in the
current through the double
quantum dot, contains crucial
information about the fluctuating
environment (sensor application)
and the coherence time of the
qubit (quantum information). We
analyze the interference pattern
in its 2D Fourier space where,
intriguingly, the complex real
space patterns are transformed
to a beautiful shape dominated
by two decaying sinus curves.
We achieved an outstanding
agreement between the theoreti-
cal model and measured data,
allowing a deeper understanding
of the electron-phonon interac-

tion in semiconductor based
nanostructures, a major decoher-
ence source for semiconductor
based qubits.

With our method we have
established a very general way,
based on simple steady state
experiments, to determine
properties of qubits and their
interacting environments. It is
applicable to arbitrary qubit
systems. In our specific imple-
mentation, namely a double
quantum dot charge qubit, we
found a coherence time 20 times
longer than previously estimated.
Together with their high clock
speed in the GHz range it makes
charge qubits a most potential
candidate for quantum informa-
tion applications.
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(a) Scanning electron micrograph of the double quantum dot device (scale bar 500 nm). The yellow gold gates are
used to electrostatically define the quantum dots (red dots) in a two-dimensional electron system beneath the
surface. An external source-drain (S,D) voltage causes a tunneling current through the system. (b) Eigen-energies
as function of detuning € between the two dot-energies (for two electrons). The two states drawn in red and black
are the qubit states and form an avoided crossing. We apply the modulation €(t)=EAsin(wt). (c) Interference pattern
measured at =20 mK in the tunneling current (left) and its 2D Fourier transform (right).
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F. Forster, G. Petersen, S.
Manus, P. Hinggi, D. Schuh,
Wegscheider, S. Kohler, and S.
Ludwig: Characterization of
Qubit Dephasing by Landau-Zen-
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er-Stiickelberg-Majorana Inter-

ferometry; arXiv:1309.5907,Phys.

Rev. Lett. 112, 116803 (2014)

MEASUREMENT OF THERMOPHORESIS IN LIVING CELLS AND WATER-IN-

OIL BUBBLES

Prof. Dieter Braun (LMU Miinchen, Faculty of Physics)

The complexity of biology
requires that measurements of
biomolecular interactions be
performed inside living cells.
The Braun lab managed to apply
a temperature difference across
a living cell and could image
thermophoresis of molecules
inside the cell. Interestingly,
they found a 30-fold reduced
diffusion coefficient inside the
cell, indicating that molecular
movement across the cell cyto-
plasm is slowed down due to
molecular crowding.

-
=k

Microscale thermophoresis,
poineered by the Braun lab and
the CeNS Spinoff Nanotemper,
continues to enable novel bio-
molecule binding affinity mea-
surements. By using acoustic
droplet robotics, measurements
of bindings could be detected in
very small 10 nanoliter water-in-
oil droplets, cutting down
measurement volumes by a
factor of 50. While the approach
shows a number of artefacts in
practical use, the approach was
patented with Nanotemper and
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Molecule thermophoresis in can be detected inside single living cells. The

temperature difference is applied perpendicular to the surface and detected

by TIRF microscopy near at the cell's attachment to the cover slip. We find
that thermophoretic movement is detected for mobile molecules such das

DNA or dye molecules inside the cell.
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significantly modified ap-
proaches might become usefull
in the long term development of
microscale thermophoresis.

M.R. Reichl and D. Braun:
Thermophoretic Manipulation of
Molecules Inside Living Cells;
JACS 136, d0i:10.1021/ja506169b
(2014)

M.R. Reichl, M. Herzog, A. G6tz
and D. Braun: Why charged
molecules move across a temper-
ature gradient: the role of elec-
tric fields; Physical Review
Letters do0i:10.1103/Phys-
RevLett.112.198101 (2014)
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DOUBLE-STRANDED RNA UNDER FORCE AND TORQUE

Prof. Jan Lipfert (LMU Miinchen, Faculty of Physics)

Double-stranded DNA (dsDNA)
carries our genetic information
and has become an icon of
molecular biology and bioengi-
neering. While the response of
dsDNA to applied forces and
torques (i.e. molecules under
twist) has been mapped out with
increasing precision in a series
of landmark experiments, much
less is known about the mechani-
cal response of RNA, DNA's
molecular cousin. Like DNA,

Artist’s impression of a microscopic
double-stranded RNA (rendered
from a crystal structure) inserted in
a macroscopic lathe (as found in the
LMU physics machine shop). Image:
C. Hohmann/NIM. Reprinted from
Chemical Reviews 2015 Feb
11;115(3):1449-74.

RNA can form a right-handed
double helix, but its roles in the
cell are very different. Whereas
DNA is the “storage medium” of
the genetic code, RNA is in-
volved in a number of roles in
bringing this genetic code to life.
We have used magnetic tweezers,
where molecules are tethered
between a glass surface and a
magnetic bead, to probe the
response of double-stranded
RNA (dsRNA) to applied forces
and torques. The key to these
measurements was not only a
new set of magnetic tweezers
instruments that can directly
measure torque, but also a novel
way to create fully dou-
ble-stranded RNA constructs
suitable for attachment to the
surface and the beads.

For small forces and torques,
dsRNA behaves like an elastic
rod, with bending and twist
stiffnesses similar to dsDNA. A
surprising discovery was made
when we investigated another
elastic constant known as the
twist-stretch coupling: RNA
shortens when overwound, while

www.biophysik.physik.uni-muenchen.de

DNA lengthens, a fact not
explained by current models of
nucleic acid mechanics.

When the forces and torques are
increased, dsRNA undergoes
structural transitions similar to
dsDNA, including the formation
of supercoils, melting upon
underwinding and the formation
of so-called P-RNA upon over-
winding. Another big surprise
came when we investigated the
dynamics of supercoil formation:
Under otherwise identical
conditions, dsRNA buckles two
orders-of-magnitude more slowly
than dsDNA. The results provide
a base line for the modeling of
RNA in more complex biological
contexts and pose interesting
challenges to current models of
nucleic acid mechanics.

J. Lipfert, G.M. Skinner, J.M.
Keegstra, T. Hensgens, T. Jager,
D. Dulin, M. Kober, Z. Yu, S.P.
Donkers, F.C. Chou, R. Das, N.H.
Dekker: Double-stranded RNA
under force and torque: similari-
ties to and striking differences
from double-stranded DNA;
PNAS, doi: 10.1073/
pnas.1407197111 (2014)
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INSIGHTS INTO NANOSCALE ELECTROPHORESIS OF SINGLE DYE
MOLECULES IN HIGHLY ORIENTED MESOPOROUS SILICA CHANNELS

Prof. Christoph Brauchle (LMU Miinchen, Department of Chemistry)

www.cup.uni-muenchen.de/pc/braeuchle
Prof. Thomas Bein (LMU Miinchen, Department of Chemistry)

bein.cup.uni-muenchen.de

Electrophoresis is an important
tool in biochemistry and biology
and is commonly used for the
separation and analysis of
biomolecules. The separation
results from the different mobil-
ities of charged molecules
depending on their size, charge
and conformation as well as their
interactions with the host ma-
terial. However, little is known
about the detailed behavior of
the guest species inside the host
material on a single molecule
basis. Typically, electrophoresis
is performed at the macroscopic
level. With a view on integrating
biomolecular separations into
micro-and nanofluidic systems
and their applications in a
massively parallel way, it would,
however, be highly desirable to

achieve electrophoretic separa-
tion of single molecules at the
nanoscale.

In this study, the CeNS groups
of Thomas Bein and Christoph
Brauchle show the feasibility of
directly observing the controlled
movement and separation of
differently charged single
molecules in highly oriented
silica nanochannels under the
influence of an electric field. The
velocity of the charged mole-
cules increases with increasing
electric field strength and can
therefore be directly controlled
via an external stimulus. Using
single molecule fluorescence
microscopy, even the movement
in single pores inside the meso-
porous host can be resolved in
space and time and visualized.
Based on the single molecule tra-

Schematic representation of the device designed for single-molecule
electrophoresis studies, and close-up of the oriented silica nano-channels
acting as host.
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jectories, the authors propose a
model for the internal structure
of the host and for the diffusion
and interaction of charged and
uncharged species in the nanos-
cale channels. Moreover, unlike
in conventional gel electrophore-
sis, the template-filled nanoscale
channels of mesoporous silica
provide a mechanically stable,
tunable and highly ordered
nano-environment for the guest
molecules.

M. Davies, B. Riihle, C. Li, K.
Miillen, T. Bein, C. Brauchle:
Insights into Nanoscale Electro-
phoresis of Single Dye Molecules
in Highly Oriented Mesoporous
Silica Channels; The Journal of
Physical Chemistry C 118(41),
24013 (2014)
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METHODS FOR PRECISE QUANTIFICATION OF NANOPARTICLE UPTAKE

INTO CELLS

Prof. Christoph Brduchle (LMU Miinchen, Department of Chemistry)

www.cup.uni-muenchen.de/pc/braeuchle
Prof. Matthias Schneider (Boston University, Department of Mechanical Engineering)
www.bu.edu/me/people/faculty/pz/schneider

Prof. Achim Wixforth (University of Augsburg, Institute of Physics)

www.physik.uni-augsburg.de/expl

Particle_in_Cell-3D is a powerful
method to quantify the cellular
uptake of nanoparticles. It
combines the advantages of
confocal fluorescence micros-
copy with fast and precise
semi-automatic image analysis.
In this work it is shown how this
method was applied to investi-
gate the impact of 310 nm silica
nanoparticles on human vascular
endothelial cells (HUVEC) in
comparison to a cancer cell line
derived from the cervix carci-
noma (HeLa). The absolute
number of intracellular silica
nanoparticles within the first

24 h was determined and shown
to be cell type-dependent. As a
second case study, Particle_in_
Cell-3D was used to assess the
uptake kinetics of 8 nm and 30
nm ceria nanoparticles interact-
ing with human microvascular
endothelial cells (HMEC-1).
These small nanoparticles
formed agglomerates in biologi-
cal medium, and the particles

HUVEC

3h

24 h

that were in effective contact
with cells had a mean diameter
of 417 nm and 316 nm, respec-
tively. A significant particle
size-dependent effect was
observed after 48 h of interac-
tion, and the number of intracel-
lular particles was more than
four times larger for the 316 nm
agglomerates. Interestingly, the
results show that for both
particle sizes there is a maxi-
mum dose of intracellular
nanoparticles at about 24 h. One
of the causes for such an inter-
esting and unusual uptake
behavior could be cell division.

F.G. Strobl, D. Breyer, P.
Link, A.A. Torrano, C. Briauchle,
M.F. Schneider, A. Wixforth: A
surface acoustic wave-driven
micropump for particle uptake
investigation under physiological
flow conditions in very small
volumes; Beilstein Journal of
Nanotechnology 6, 414 (2015)

F.G. Strobl, F. Seitz, C. Wester-
hausen, A. Reller, A.A. Torrano,
C. Brauchle, A. Wixforth, M.F.
Schneider: Intake of silica
nanoparticles by giant lipid
vesicles: influence of particle size
and thermodynamic membrane
state; Beilstein Journal of Nano-
technology 5, 2468 (2014)

A.A. Torrano, C. Brauchle:
Precise quantification of silica
and ceria nanoparticle uptake
revealed by 3D fluorescence
microscopy; Beilstein Journal of
Nanotechnology 5, 1616 (2014)

C. Strobel, A.A. Torrano, R.
Herrmann, M. Malissek, C.
Brauchle, A. Reller, L. Treuel, I.
Hilger: Effects of the physico-
chemical properties of titanium
dioxide nanoparticles, commonly
used as sun protection agents, on
microvascular endothelial cells; J.
Nanopart. Res. 16:2130, 1 (2014)

Representative three-dimensional recon-
structions of 310 nm silica nanoparticles
uptaken by HUVEC or HeLa cells after 3
and 24 h. The membrane region outlining
the cells appears in gray. A window was
purposefully open in the 3D perspectives
so as to allow the visualization of intracel-
lular particles (in red).
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CRYSTALLINE CARBON NITRIDE NANOSHEETS FOR IMPROVED VISI-
BLE-LIGHT HYDROGEN EVOLUTION

Prof. Bettina V. Lotsch (LMU Miinchen, Department of Chemistry and MPI for Solid State Research,

Stuttgart)

www.cup.uni-muenchen.de/dept/ch/ac/lotsch

The economically viable conver-
sion of solar energy into chemi-
cal fuels such as hydrogen
requires the design of highly
efficient semiconductor photocat-
alysts. A recent breakthrough in
the development of abundant,
metal-free photocatalysts has
been achieved with amorphous
carbon nitrides (CN ) referred to
as "graphitic carbon nitride" or
"Melon". Different optimization
strategies have been employed
to enhance the photocatalytic
activities of amorphous Melon-
type photocatalysts, including
band gap engineering through
doping, hybridization to form
bulk heterojunctions, and by
morphology control to increase
the surface area and exposed
active sites. We have recently

reported a new photocatalyti-
cally active member of the
carbon nitride family -
poly(triazine imide), PTI — which
in contrast to heptazine-based
Melon-type photocatalysts is
built up by triazine building
blocks and represents the first
true 2D carbon nitride system.
Unlike amorphous Melon, PTI is
highly crystalline and therefore
lends itself as an excellent model
system to study its intrinsic
catalytic properties and to
explore the structure — activity
relationship as a function of the
exfoliation state.

PTI nanosheets were obtained by
a one-step liquid exfoliation
process in water, resulting in
distinct negatively charged,

1-2 nm thick crystalline nano-
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Left: Photocatalytic activity for H, evolution after 3 hour illumination with >
420 nm light of the Pt-doped PTI nanosheet suspension (inset) compared to
the same concentration of dispersed bulk PTI using 10 vol% triethanola-
mine as sacrificial agent. Right: TEM image of an exfoliated ultrathin PTI
nanosheet edge at higher magnification, viewed along [001], and corre-
sponding simulation (JEMS; Af=+50 nm, t=2.79 nm; inset).
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platelets of 60 nm lateral size, as
verified by AFM and TEM.
Through XRD and spectroscopic
methods, a close structural
relationship between the parent
PTI and the nanosheets was
confirmed. Solid-state NMR
spectroscopy of N isotopically
enriched nanosheets was used
as a tool to indirectly probe the
exfoliation process and elucidate
the chemical changes occurring
upon exfoliation, as well as to
determine the thickness of the
nanosheets after restacking.
Photocatalytic tests using visible
light demonstrate that PTI
nanosheets show significantly
enhanced photocatalytic activity
for H, evolution as compared to
bulk PTI, which highlights the
crucial role of morphology and
surface area on the photocata-
lytic performance of carbon
nitride materials.

Katharina Schwinghammer,
Maria B. Mesch, Viola Duppel,
Christian Ziegler, Jiirgen
Senker, Bettina V. Lotsch:
Crystalline Carbon Nitride
Nanosheets for Improved Visi-
ble-Light Hydrogen Evolution; J.
Am. Chem. Soc. 136, 1730-1733
(2014).



27

ULTRASMALL DISPERSIBLE CRYSTALLINE NICKEL OXIDE NANOPARTI-
CLES AS HIGH PERFORMANCE CATALYSTS FOR ELECTROCHEMICAL WA-

TER SPLITTING

Prof. Dina Fattakhova-Rohlfing and Prof. Thomas Bein (LMU Miinchen, Department of Chemistry)

www.cup.lmu.de/pc/fattakhova/
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The CeNS scientists Dina Fattak-
hova-Rohlfing, Thomas Bein and
their groups were the first to
prepare ultrasmall, crystalline, and
dispersible NiO nanoparticles with
tunable size. These particles are
promising candidates as catalysts
for electrochemical water oxidation.
Image: C. Hohmann/NIM, selected
as a front cover of Advanced
Functional Materials.

The development of sustainable
and high performance energy
conversion and storage technolo-
gies represents one of the most
urgent goals of contemporary
research. Hydrogen generation
via electrochemical splitting of
water holds the promise of
providing a viable fuel from
renewable energy sources.
However, in order to reach
competitive efficiencies, both

half reactions of water oxidation
and reduction have to proceed at
high rates. A significant chal-
lenge lies in finding stable and
inexpensive catalysts for the
water oxidation reaction, which
was the major motivation of the
cooperation project between the
groups of Prof. Dina Fattakhov-
a-Rohlfing and Prof. Thomas
Bein.

Nickel oxide compounds are
known as a promising class of
catalytic materials suitable for
electrochemical oxygen genera-
tion. In our project, a novel
strategy was introduced to
drastically enhance the catalytic
activity of NiO via a synthetic
bottom up approach where the
resulting catalyst particles are
only a few nanometers in size.
Using a tert-butanol reaction
route developed in our groups,
very small nickel oxide nanoc-
rystals were obtained with sizes
tunable from 2.5 to 5 nm and a

narrow particle size distribution.

The crystals are perfectly
dispersible even after drying,
giving stable transparent colloi-
dal dispersions. The structure of
the nanocrystals corresponds to
phase-pure stoichiometric
nickel(IT) oxide with a partially
oxidized surface exhibiting
Ni(ITI) states. The presence of
these surface states could
explain the efficient catalytic

bein.cup.uni-muenchen.de

behavior of the material in
electrochemical water splitting
experiments. Electrodes made
by coating thin films of these
nanoparticles show very high
turnover frequencies for the
oxygen evolution reaction in
alkaline media. In quantitative
terms, the nanoparticles of 3.3
nm in size demonstrate very
high turn-over frequencies of 0.3
1/s at an overpotential of 300 mV
for electrochemical water oxida-
tion, thus even outperforming
expensive rare earth iridium
oxide catalysts.

The results of this project
demonstrate the great potential
of nanostructuring and nanos-
caling for the development of
efficient inexpensive electrocata-
lytic materials. Extremely high
catalytic activity, high stability,
abundance and low cost of the
monocrystalline NiO nanoparti-
cles developed in our groups
make them environmentally and
economically attractive options
for water oxidation catalysis.

K. Fominykh, J. M. Feckl, J.
Sicklinger, M. Doblinger, S.
Bocklein, T. Bein, D. Fattak-
hova-Rohlfing: Ultrasmall
dispersible crystalline nickel
oxide nanoparticles as high
performance catalysts for elec-
trochemical water splitting; Adv.
Funct. Mater. 24, 3123 (2014)
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POLYMERIZATION-BASED AMPLIFICATION FOR DETECTION AND IMAG-
ING OF BIOMASS ENZYME ACTIVITY

Dr. Michael A. Nash and Prof. Hermann E. Gaub (LMU Miinchen, Faculty of Physics)
= www.biophysik.physik.uni-muenchen.de

Understanding the process of
biomass degradation by cellulo-
lytic enzymes is of urgent
importance for biofuel and
chemical production. The goal of
this project was to develop a
novel and sensitive assay for
studying the effectiveness of
multi-component enzyme mix-
tures on lignocellulose. A hydro-
gel reagent signaling (HyReS)
system was developed, which
converts oligosaccharides
produced during biomass hydro-
lysis into a fluorescent hydrogel.
This system for assaying cellulo-
lytic enzyme activity serves as a
versatile platform on both
soluble and insoluble substrates.
When combined with total

internal reflection fluorescence
microscopy, it provides a spa-
tially resolved method for
chemical imaging of biomass
degradation in real time. The
assay technology was patented
in 2014 and featured on the
cover of the Wiley journal
ChemSusChem in October.

» K. Malinowska, T. Verdorfer,
A. Meinhold, L.F. Milles, V.
Funk, H.E. Gaub, and M.A.
Nash: Redox-Initiated Hydrogel
System for Detection and Real-
Time Imaging of Cellulolytic
Enzyme Activity; ChemSusChem
7(10): 2825-2831 (2014)
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ChemSusChem cover, October 2014,
image: C. Hohmann/NIM.

A polymerization-based amplification system converts sugars produced during cellulose degradation into a fluores-
cent hydrogel. This signal-amplification cascade quantifies sugar production and localizes to sites of cellulose

hydrolysis.
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RIBOSE-PROTONATED DNA BASE-EXCISION REPAIR: A COMBINED THEO-
RETICAL AND EXPERIMENTAL STUDY

Prof. Christian Ochsenfeld (LMU Miinchen, Chemistry Department)

www.cup.uni-muenchen.de/pc/ochsenfeld
Prof. Thomas Carell (LMU Miinchen, Chemistry Department)
www.cup.uni-muenchen.de/oc/carell

Recent advances in linear-scal-
ing quantum chemical tech-
niques developed in the Ochsen-
feld group, have made the
electronic treatment of large
biochemical systems computa-
tionally feasible. As part of the
immense efforts to understand
fundamental biological pro-
cesses, accurate electronic
structure calculations, specially
hybrid quantum chemical/
molecular mechanical (QM/MM)
methods, provide valuable
insights which are experimen-
tally difficult to achieve, if not
inaccessible. In their recent
work, Sadeghian et al.™! have
investigated the base excision
repair mechanism of the bacte-

Fig. 2: The QM-region of the DNA-enzyme
complex (1115 atoms) includes the 80G lesion

and the catalytic residues of MutM.

rial enzyme, Mut), in catalyz-
ing the removal of the oxidized
guanine (80G) from the DNA. In
a joint collaboration between
the Carell and the Ochsenfeld
group, the base-protonated
pathway propagated in the
literature - a mechanism for
which no direct evidence was
provided earlier - was ques-
tioned for its validity. QM/MM
calculations show that such a
mechanism is not only unfavor-
able, but also contradicts new
experimental data of the Carell-
lab. Employing linear-scaling
QM/MM calculations, a ri-
bose-protonated reaction
mechanism was proposed
instead (Fig. 1), where the
initial protonation of
the lesion's ribose
paves the path for
o an almost barrier-
free cleavage of the
glycosidic bond.
Using QM-regions
with more than
1000 atoms (Fig. 2),
Sadeghian et al.
estimate that a
canonical guanine
base is destabilized
in the catalytic
pocket of the en-
zyme by 20 kcal/mol
compared with the
80G lesion, hence

5=
% Mucleobase-protonation
S VS.
% ~__Ribose-protonation
=
o

Mutm

Fig. 1: Ribose-protonated 80G-exci-
sion is preferred over the base-pro-
tonated mechanism.

explaining the lack of catalytic
activity of MutM for undamaged
bases. Overall, the combined
theoretical and experimental
investigation suggests that
MutM relies heavily on early
nucleobase selectivity during
substrate interrogation and
targets the ribose at the later
catalytic stage.

K. Sadeghian, D. Flaig, I.D.
Blank, S. Schneider, R. Strasser,
D. Stathis, M. Winnacker, T.
Carell, and C. Ochsenfeld:
Ribose-Protonated DNA Base
Excision Repair: A Combined
Theoretical and Experimental
Study; Angew. Chemie Int. Ed.,
53, 10044 (2014)
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A SMALL, VERSATILE AND MECHANICALLY PROBED LAB ON A CHIP

Prof. Hermann E. Gaub, Dr. Michael A. Nash (LMU Miinchen, Faculty of Physics)
www.biophysik.physik.uni-muenchen.de
Prof. Philip Tinnefeld (TU Braunschweig, Institute of Physical and Theoretical Chemistry)
www.tu-braunschweig.de/pci/research/tinnefeld

In synthetic biology, "under-
standing by building" requires
exquisite control of the molecu-
lar constituents and their spatial
organization. In collaboration
with the strong research groups
of Michael Nash, Diana Pippig
and Martin Benoit and the
projects initiated by Philip
Tinnefeld the following experi-
ments were successfully per-
formed along this line.

Two new protein-tags were
evaluated by Single-Molecule
Force Spectroscopy (SMFS): The
more than 100 amino acids large
Dockerin-tag selectively binds to
Cohesin with high affinity and
thus allows molecules of interest
to be repeatedly probed by an
Cohesin-modified AFM cantile-
ver.

The ybbR-tag with negligible
size (11 amino acids) covalently

a OMA Microflscc
mCrOaTay chip
L POMS chip -ﬁﬁ

Glass slide

attaches to Coenzyme A at high
coupling efficiency and specific-
ity . Both tags provide a rather
non-invasive, yet versatile,
general and robust way of
adding a freely programmable
and highly selective attachment
site to virtually any protein or
surface of interest. These tags
not only improve the often
complicated preparation for SMF
and SMCE&P @ experiments but
also their success. In particular
the covalent ybbR-tag surface
attachment now allows for
measurements of single-mole-
cule protein mechanical proper-
ties via the Dockerin tag on each
molecule to perform thousands
of pulling cycles using a single
Cohesin-modified cantilever.
Combining this with a microflu-
idic platform (Figure) for on-chip
expression generates a compact

In witrg
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Lab on a chip design, preparation, and function.
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lab on a chip for SMFS measure-
ments ¥ In contrast to (SMFS),
the Molecular Force Assay
(MFA), even parallelizes force
measurements so that it can test
even multiple proteins in a single
experiment .

All these abilities to synthesize
and mechanically probe protein
libraries enable high-throughput
mechanical phenotyping.

[11 D.A. Pippig, F. Baumann,
M.Strackharn, D. Aschenbren-
ner, and H.E. Gaub: Protein—
DNA Chimeras for Nano Assem-
bly; ACS Nano, Article ASAP,
DOI: 10.1021/nn501644w (2014)

[2] S.F. Heucke, F. Baumann,
G.P. Acuna, P. Severin, S.W.
Stahl, M. Strackharn, I. Stein,
P. Altpeter, P. Tinnefeld, and
H.E. Gaub: Placing individual
molecules in the center of
nanoapertures; Nano Letters 14,
DOI: 10.1021/n1401517a (2014)

[3] M. Otten, W. Ott, M.A.
Jobst, L. Milles, T. Verdorfer, D.
Pippig, M.A. Nash, and H.E.
Gaub: From Genes to Protein
Mechanics on a Chip;

Nature Methods 11(11): 1127-
1130 (2014)"

* CeNS Publication Award 2014



[4] K. Limmer, D.A. Pippig, D.
Aschenbrenner, H.E. Gaub: A
Force-Based, Parallel Assay for
the Quantification of Pro-
tein-DNA Interactions;
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PLOS ONE, DOI: 10.1371/
journal.pone.0089626 (2014)

LOW ENERGY ELECTRON MICROSCOPY OF THE DESORPTION OF MOLE-
CULES FROM SOLID SURFACES

Prof. Joost Wintterlin (LMU Miinchen, Chemistry Department)
physchem.cup.uni-muenchen.de/wintterlin

In heterogeneous catalysis
chemical reactions take place on
the surfaces of solids, e.qg., for a
typical industrial catalyst, on the
surfaces of metal particles on an
oxide support. A catalytic reac-
tion consists of many, often
complicated and unknown
chemical steps, but in any case
the last step is the desorption of
the product molecules from the
surface. This step regenerates
the empty sites required for the
further reaction. The desorption
step is usually considered a
purely statistical process, the
rate of which only depends on
temperature and on the number
of product molecules present. On

the other hand, there is strong,
albeit indirect evidence that this
is not valid, and that, in contrast,
the distribution of product
molecules on the catalyst surface
plays a role.

In this project it has been
achieved to microscopically
image a surface during desorp-
tion of molecules. The method
used was LEEM (low energy
electron microscopy), a tech-
nique similar to transmission
electron microscopy, but in
which the high-energy electrons
of the electron microscope are
slowed down in front of the
sample surface. In this way the
method becomes surface sensi-
tive, i.e., only the top few atomic
layers of the sample are imaged.
The system investigated was a
silver single crystal covered by
oxygen atoms. When the temper-

LEEM image of an Ag(111) surface
during desorption of oxygen. Field
of view 4.8 um. The oxygen atoms
form small triangular islands that
appear black. O, molecules exclu-
sively desorb from the perimeters of
these islands.

ature of the silver sample was
steadily increased, the oxygen
atoms recombined to give O,
molecules which desorbed from
the surface, a process that was
recorded by mass spectrometry.
At the same time LEEM images
were recorded. The LEEM
images showed that the O atoms
were not statistically distributed
during desorption but formed
small islands. By quantitatively
analyzing the LEEM and mass
spectrometry data it could be
shown that the O, molecules
exclusively desorbed from the
perimeters of the islands. That
such effects exist had been
assumed for a long time, but here
they could be visualized for the
first time. Such effects could be
important ingredients to better
model catalytic reactions.

S. Giinther, T.O. Mentes, M.
A. Nino, A. Locatelli, S. Bock-
lein, J. Wintterlin: Desorption
kinetics from a surface derived
from direct imaging of the
adsorbate layer; Nature Commu-
nications. 5, 3853 (2014)
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SURFACE ACOUSTIC WAVES AS A POWERFUL TOOL FOR SEMICONDUCTOR

NANOPHOTONICS

Prof. Achim Wixforth and Prof. Hubert Krenner (University of Augsburg, Institute of Physics)
www.physik.uni-augsburg.de/expl

We study the influence of the
dynamic electric and strain fields
induced by a radio frequency
surface acoustic wave (SAW) on
the optical emission of single
semiconductor nanowires. The
investigated NWs consist of a
GaAs core and an AlGaAs shell
containing a 5 nm thick GaAs
quantum well (QW). In addition
to the emission of core and QW,
we observe additional sharp
emission lines at higher ener-
gies. The microscopic origin of
these quantum dot-like emission
centers (ECs) is currently contro-
versially discussed as arising
from precisely ordered faceted
islands or randomly distributed
alloy fluctuations and defects.
We employ a stroboscopic
photoluminescence spectroscopy
(s-PL) technique to resolve the

full SAW-driven dynamics of the
EC emission. In Figure 1 we
present a s-PL scan of a single
EC controlled by a T;,,,=5.15 ns
(f;,,w=194 MHz) SAW. This data is
recorded over two full acoustic
cycles and clearly demonstrates
two major effects: (i) Firstly, the
EC’s emission energy is tuned
spectrally on a nanosecond
timescale. This dynamic spectral
tuning arises from a combined
impact of the dynamic mechani-
cal strain component of the SAW
and its gyrating piezoelectric
field via the deformation poten-
tial coupling and the Stark effect,
respectively. (ii) Secondly, the
observed emission lines, arising
from radiative recombination of
different excitonic occupancy
states of the EC, exhibit distinct
anti-correlated intensity oscilla-
tions during the acoustic cycle.
The underlying mechanism is a
previously unobserved dynami-
cally triggered carrier extraction
out of an optically active quan-
tum emitter into a continuum of
states (QW, core, surface) in the
radial heterostructure. Using
WKB-theory we identify quan-
tum tunneling as the underlying
mechanism and quantitatively
reproduce the observed switch-

Stroboscopic photoluminescence scan of single emission center recorded
over two acoustic cycles demonstrating (i) dynamic spectral tuning of
individual emission lines and (ii) programming of the EC’s occupancy state
by tuning the delay time t. Inset: Schematic of heterostructure NW modu-

lated by a surface acosutic wave.
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ing contrast. Based on this
model-ling we can further
concluded that these ECs are
randomly distributed and sepa-
rated by at least 10 nm from any
empty continuum of states. This
in turn points towards a de-
fect-related nature of the ECs for
our NWs rather than ordered,
near surface heterostructure
QDs. Our findings not only
provide a deeper understanding
of the microscopic origin of
these ECs, they also provide the
previously missing element for
full on-N'W quantum state
transfer protocols.

M. WeiR, J.B. Kinzel, F.J.R.
Schiilein, M. Heigl, D. Rudolph,
S. Morkotter, M. Doblinger, M.
Bichler, G. Abstreiter, J.J.
Finley, G. Koblmiiller, A. Wix-
forth, H.J. Krenner: Dynamic
acoustic control of individual
optically active quantum dot-like
emission centers in heterostruc-
ture nanowires; Nano Letters 14,
2256-2264 (2014)

M. WeiR, F.J.R. Schiilein, J.B.
Kinzel, M. Heigl, D. Rudolph, M.
Bichler, G. Abstreiter, J.J.
Finley, A. Wixforth, G. Ko-
blmiiller, H.J. Krenner: Radio
frequency occupancy state
control of a single nanowire
quantum dot; Journal of Physics
D: Applied Physics 47, 394011
(2014)
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TAILORING THE MORPHOLOGY OF MESOPOROUS TITANIA THIN FILMS
THROUGH BIOTEMPLATING WITH NANOCRYSTALLINE CELLULOSE

Prof. Thomas Bein and Prof. Dina Fattakhova-Rohlfing (LMU Miinchen, Department of Chemistry)

bein.cup.uni-muenchen.de

The group reports on nanocrys-
talline cellulose (NCC) as a novel
shape-persistent biotemplating
agent enabling the straightfor-
ward synthesis and tailoring of
mesoporous titania thin films.
Their strategy involves addition
of purified cellulose nanocrystals
to titania precursor solutions
followed by direct film deposi-
tion on substrates and template
combustion. The resulting titania
networks are highly porous
anatase morphologies having
well-defined, narrow pore size
distributions. The authors
demonstrate the ease and effec-
tiveness of this biotempating
method regarding both film
processability and performance
of NCC-derived porous scaffolds.
The main advantages of the NCC
template compared to the tradi-
tionally used ‘soft templates’
such as surfactant micelles
include shape persistence, high
temperature stability and tunable

nano-dimensions. It was shown
that the combination of these
features permits straightforward
tailoring of the titania morphol-
ogy by adjusting the composition
of the precursor mixture and by
applying post-deposition treat-
ments. Comprehensive charac-
terization reveals significant
changes of NCC-templated titania
surface area, pore size, pore
anisotropy and dimensions of
titania crystallites at different
titania-to-template ratios in a
precursor solution, and as a
result of processing conditions.
The thin films fabricated with
the NCC biotemplating approach
show very high activity in the
photocatalytic NO conversion
and in the degradation of 4-chlo-
rophenol, outperforming Pluron-
ic-templated mesoporous titania
films. Furthermore, successful
application of NCC replicated

titania networks as anodes in
dye-sensitized solar cells was
demonstrated.

The group anticipates that
templating with nanoscale
cellulose crystals has the poten-
tial to supersede conventional
templating approaches towards
porous titania thin films. More-
over, this synthetic approach can
be easily generalized for the
fabrication of crystalline meso-
porous thin films of other oxides,
thus offering promising pros-
pects for the sustainable genera-
tion of porous oxides used in
diverse applications.

A. Ivanova, D. Fattakho-
va-Rohlfing, B.E. Kayaalp, J.
Rathousky, T. Bein: Tailoring the
Morphology of Mesoporous
Titania Thin Films through
Biotemplating with Nanocrystal-
Iine Cellulose, J. Am. Chem. Soc.,
136, 5930 (2014)

Synthesis approach for the NCC-templated mesoporous TiO,.
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PLASMONIC DNA-ORIGAMI NANOANTENNAS FOR SURFACE-ENHANCED
RAMAN SPECTROSCOPY

Prof. Tim Liedl (LMU Miinchen, Physics Department)
www.softmatter.physik.uni-muenchen.de/liedl_group

Dr. Theobald Lohmiiller (LMU Miinchen, Physics Department)

We used DNA origami to arrange
a plasmonic antenna system
consisting of two gold nanoparti-
cles, each 40 nm in diameter,
mounted opposing each other
with a distance of 6 nm. With
this arrangement it was possible
to perform Surface Enhanced
Raman Spectroscopy (SERS)
with molecules placed in the

-

small gap between the particles.
Through plasmon-mediated
enhancement of the electromag-
netic field between the particles,
the intensity of the SERS signal
was strongly increased. Signa-
tures of a number of fluorescent
molecules and of DNA bases
could be be detected with high
sensitivity.
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P. Kiihler, E.-M. Roller, R.
Schreiber, T. Liedl, T.
Lohmiiller und J. Feldmann:
Plasmonic DNA-Origami Nanoan-
tennas for Surface-Enhanced
Raman Spectroscopy; Nano
Letters 14, S. 2914-2919 (2014)"

a) Scheme of the DNA origami nanoantenna with two 40 nm
gold particles mounted. Molecules in the gap between the
particles experience a strongly enhanced electromagnetic field
if excited resonantly. b) Transmission electron microscopy
image of an assembled nanoantenna. ¢) Raman spectroscopy
signal of a DNA-intercalating dye detected from a single DNA

origami nanoantenna (red). In comparison the signal measured
in a concentrated solution of the same dye (black).

DRUG DELIVERY WITH PDNA POLYPLEXES

Prof. Christoph Brauchle (LMU Miinchen, Chemistry Department)
www.cup.uni-muenchen.de/pc/braeuchle

Prof. Ernst Wagner (LMU Miinchen, Pharmacy Department)
www.cup.uni-muenchen.de/dept/ph/pharmabio/e_wagner

The cationizable nature of
"proton-sponge" transfection
agents facilitates pDNA delivery
in several steps. Protonated
amines account for electrostatic
DNA binding and cellular uptake,
buffering amines mediate
polyplex escape from acidifying
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intracellular vesicles. As demon-
strated with a sequence-defined
library of oligo(ethanamino)
amides containing selected
oligoethanamino acids and
histidines, the total protonation
capacity as well as the cationiza-
tion pH profile within the endoly-

sosomal range have critical
impact on gene transfer. Build-
ing blocks with even numbered
amine groups (Gtt, Sph) exhib-
ited higher total endolysosomal
buffer capacity than odd number
(Stp) analogs. Within the endoly-
sosomal range, Gtt has the

* CeNS Publication Award 2014



highest buffer capacity around
pH 5, whereas Stp has its maxi-
mum around pH 7. Histidines
increased the total buffer capac-
ity, resulted in a more continuous
cationization pH profile and
greatly improved transgene
expression in vitro and in vivo.
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Using receptor targeted and
polyethylene glycol shielded
polyplexes, better endosomal
escape and N100-fold enhanced
transfection was detected.

U. Lachelt, P. Kos, F.M.
Mickler, A. Herrmann, E.E.
Salcher, W. R6dl, N. Badgujar,
C. Brauchle, E. Wagner:
Fine-tuning of proton sponges by
precise diaminoethanes and
histidines in pDNA polyplexes;
Nanomedicine 10, 35 (2014)

EXTRACTION OF PHOTOGENERATED ELECTRONS AND HOLES FROM A
COVALENT ORGANIC FRAMEWORK INTEGRATED HETEROJUNCTION

Prof. Thomas Bein (LMU Miinchen, Department of Chemistry)

bein.cup.uni-muenchen.de

Prof. Achim Hartschuh (LMU Miinchen, Department of Chemistry)

www.cup.uni-muenchen.de/pc/hartschuh
Prof. Dirk Trauner (LMU Miinchen, Department of Chemistry)
www.cup.uni-muenchen.de/oc/trauner

Covalent organic frameworks
(COFs) offer a strategy to posi-
tion molecular semiconductors
within a rigid network in a highly
controlled and predictable
manner. The n-stacked columns
of layered two-dimensional COFs
enable electronic interactions
between the COF sheets, thereby
providing a path for exciton and
charge carrier migration. Frame-

Light-induced generation of mobile
electrons and holes inside a cova-
lent organic framework that can
travel along aligned molecular
columns.

works comprising two electroni-
cally separated subunits can
form highly defined interdigi-
tated donor—acceptor heterojunc-
tions, which can drive the
photogeneration of free charge
carriers.

The CeNS groups of Thomas
Bein, Achim Hartschuh and Dirk
Trauner reported the first exam-
ple of a photovoltaic device that
utilizes exclusively a crystalline
organic framework with an
inherent Type II heterojunction
as the active layer. The newly
developed triphenylene—porphy-
rin COF was grown as an ori-
ented thin film with the donor
and acceptor units forming
one-dimensional stacks that
extend along the substrate
normal, thus providing an
optimal geometry for charge
carrier transport. As a result of
the degree of morphological

precision that can be achieved
with COFs and the enormous
diversity of functional molecular
building blocks that can be used
to construct the frameworks,
these materials show great
potential as model systems for
organic heterojunctions and
might ultimately provide an
alternative to the current disor-
dered bulk heterojunctions.

M. Calik, F. Auras, L..M.
Salonen, K. Bader, I. Grill, M.
Handloser, D.D. Medina, M.
Dogru, F. Lobermann, D.
Trauner, A. Hartschuh, T. Bein:
Extraction of Photogenerated
Electrons and Holes from a
Covalent Organic Framework
Integrated Heterojunction; J. Am.
Chem. Soc. 136, 17802-17807
(2014)
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CELLULAR SELF-ORGANIZATION ON MICRO-STRUCTURED SURFACES FOR
HIGH-THROUGHPUT SCREENING

Prof. Joachim O. Ridler and PD Dr. Bert Nickel (LMU Miinchen, Physics Department)
www.softmatter.physik.uni-muenchen.de

Micro-patterned surfaces are
frequently used in high-through-
put single cell studies, as they
allow to image isolated cells in
defined geometries. Commonly,
cells are seeded in excess onto
the entire chip and non-adherent
cells are removed from the
un-patterned parts via rinsing.
In this project, a novel method to
position cells via self-organiza-
tion was developed. Substrates
with regular arrays of protein
coated islands in a PLL-g-PEG
passivated background are
generated. After seeding, cells
randomly migrate on the passi-
vated area and preferentially
occupy adhesion sites. Using a

simple random-walk search
model the time-to-order for a
specific cell type with known
motility can be optimized by
rescaling the distances between
the adhesion sites.™ Using
neutron reflectivity, the interca-
lation of protein in PEG layers
can be addressed which leads to
the partially migration on PEG
surfaces. Protein repellence on
PEG copolymers is mainly
influenced by the underlying
polymer-layer and secondly by
the PEG density. The amount of
adsorbed FN on PEGylated
surfaces correlates with cell
morphology and motion.”? High
throughput cell arrays have

(A) Homogeneous patterned array of fibronectin (Fn) and labelled Alexa
Fluor 488 fibrinogen. (B) After seeding, cells arrange themselves onto the

protein-coated islands, obviating the need for any washing steps. Scale bar:

100 pm. (C) During the self-organization process, optimal filling is compro-
mised by defects such as multiple occupancies, vacancies and interstitial
cells. Occupancy is quantified via order parameters. (D) Cartoon of the
micro-structured surface: The PLL-PEG allows only for absorption of small

protein amounts. !
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potential for fundamental bio-
physical studies as well as
biopharmaceutical screening
applications. In ongoing work,
single cell assays are used to
study the expression kinetics of
gene therapeutics and the timing
of apoptosis inducing drugs. The
approach allows for the assess-
ment of the individual single cell
kinetics for thousand of cells in
parallel and hence yields a
statistical view of cellular sys-
tems response. In particular, in
the case of mRNA based delivery
the distribution of GFP expres-
sion onset times and mRNA life
times was measured.”® The
single cell analysis can be
extended to multiple markers in
different colors probing the
correlation of events in cell
signaling cascades.

[1]1 P.J.F. Rottgermann, A.P.
Alberola, J.0. Radler: Cellular
Self-organization on Micro-struc-
tured Surfaces; Soft Matter,
d0i:10.1039/c3sm52419a (2014)

[2] P.J.F. Rottgermann, S.
Hertrich, I. Berths, M. Albert,
F.J. Segerer, J.-F. Moulin, B.
Nickel, and J.O. Radler: Cell
Motility on Polyethylene Glycol
Block Copolymers Correlates to
Fibronectin Surface Adsorption;
Macromolecular Bioscience,
d0i:10.1002/mabi.201400246
(2014)



[3] C. Leonhardt, G. Schwake, T.
Stogbauer, S. Rapp], J.-T. Kuhr,
T.S. Ligon, J.0. Ridler: Single-
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cell mRNA Transfection Studies:
Delivery, Kinetics and Statistics
by Numbers; Nanomedicine:

Nanotechnology, Biology and
Medicine. do0i:10.1016/j.
nano.2013.11.008 (2014)

SOLUTION DEPOSITION-CONVERSION FOR PLANAR HETEROJUNCTION
MIXED HALIDE PEROVSKITE SOLAR CELLS

Prof. Thomas Bein (LMU Miinchen, Department of Chemistry)

Alkylammonium metal trihalide
perovskite solar cells have
recently attracted enormous
interest. They can achieve very
high power conversion efficien-
cies, already approaching
poly-crystalline Si. Previously,
record-breaking flat heterojunc-
tion devices have only been
shown to operate efficiently
when a Cl-I mixed halide perov-
skite was vacuum-deposited. In
this project, we demonstrate a
solution-based approach for a flat
heterojunction, i.e. not requiring
a titania scaffold, that matches
the performance achieved with
vacuum deposition (approaching

Il'qv.':i-ﬂr

|,

15% power conversion effi-
ciency). The removal of the
titania scaffold is an important
advance which reduces series
resistance losses. Our results
greatly exceed the performance
of previously reported solu-
tion-processed, planar hetero-
junction perovskite solar cells.
Specifically, we show that planar
PbL, films can be fully converted
within 5 minutes to the methy-
lammonium(MA)-based MAP-
bl, Cl perovskite structure by
immersion in a heated solution
mixture of MAI and MACI. We
find that the presence of chloride
critically impacts the lifetime of

Saincoat Phl; film
on TiD, coated FTD

Submerge fimina
conversion safution with
AL MALCT

bein.cup.uni-muenchen.de

photoexcited species in the
active material resulting in
greatly enhanced charge collec-
tion efficiencies, enabling almost
complete sunlight capture and
electron-conversion in 400 nm
thick films.

P. Docampo, F.C. Hanusch, S.
D. Stranks, M. Doblinger, J.M.
Feckl, M. Ehrensperger, N.K.
Minar, M.B. Johnston, H.J.
Snaith, T. Bein: Solution Deposi-
tion-Conversion for Planar
Heterojunction Mixed Halide
Perovskite Solar Cells, Adv.
Energy Mater. DOI 10.1002/
aenm.201400355 (2014)

Dry fitn and
complete cell

MNowvel synthesis route.

Electron micrographs of film synthesis steps and scheme for the synthesis of highly efficient MAPbI, Cl_perovskite

films.
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DYNAMICS OF TRANSCRIPTION FACTORS

Prof. Don Lamb (LMU Miinchen, Department of Chemistry)
www.cup.uni-muenchen.de/pc/lamb

Prof. Philip Tinnefeld (TU Braunschweig, Institute of Physical and Theoretical Chemistry)
www.tu-braunschweig.de/pci/research/tinnefeld

One of the first steps in protein
biosynthesis is the binding of the
transcription factor TATA- bind-
ing protein (TBP) to the pro-
moter region of the gene that is
to be transcribed. TBP recruits
other factors such as the tran-
scription factor B (TFB) and
finally recruitment of the RNA
polymerase. TBP and TFB/TF(II)
B are highly conserved in both
structure and function between
the eukaryotic and archaeal
domains of life although they

Archaea
S.ocidocaldorius M.jannaschii
R r ] WP
=1z o}

e THP

fully bent complex Hully bent complax

Sketch of the choreography of early
steps in transcription in organisms
from different domains of life.
Whereas one step binding is
observed in Archea, stepwise DNA
bending is observed for Eukaryotes
using a single-molecule FRET assay.
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have to operate under vastly
different conditions. To investi-
gate the similarities and differ-
ences between the first steps in
archaeal and eukaryotic tran-
scription, single-molecule FRET
was used. The authors could
show that although the different
TBPs are structurally homolo-
gous, the mechanism of their
interactions is very different (see
Figure). The eukaryotic TBP
binds to the promoter DNA in a
linear stepwise manner with

Eukaryotes
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distinct intermediate steps and
the fully bent conformation is
stabilized by TF(ID)B. In contrast,
the interaction of the archaeal
TBPs with DNA was even more
dynamic. Two possible pathways
for forming stable TBP-DNA
complexes were observed. In one
case, a stable fully-bent TB-
P-DNA conformation was ob-
tained in the absence of TFB
whereas, in a second species, a
stable fully-bent TBP-DNA
conformation was only possible
with the assistance of TFB. This
second pathway is observed for
species with multiple basal
transcription factors suggesting
that specific TBP/TFB pairs are
used to regulate different
families of genes. Due to these
novel insights, this paper was
selected for F1000 prime. This
work was a collaborative effort
between four laboratories
(Werner, Tinnefeld, Grohmann
and Lamb) and was headed by
Dina Grohmann, a junior group
leader in the group of Philip
Tinnefeld.

A. Gietl, P. Holzmeister, F.
Blombach, S. Schulz, L.V. von
Voithenberg, D.C. Lamb, F.
Werner, P. Tinnefeld, and D.
Grohmann: Eukaryotic and
archaeal TBP and TFB/TF(II)B
follow different promoter DNA
bending pathways; Nucleic Acids
Res 42, 6219 (2014)



40

BIOACTIVITY AND CELLULAR UPTAKE OF DISTINCT NANOPARTICLES IN
HUMAN ENDOTHELIAL CELLS

Prof. Achim Wixforth (University of Augsburg, Institute of Physics)

www.physik.uni-augsburg.de/expl

The uptake of nanoparticles into
cells often involves their engulf-
ment by the plasma membrane
and fission of the latter. Under-
standing the physical mecha-
nisms underlying these uptake
processes may be achieved by
the investigation of simple
model systems which can be
compared to theoretical models.
Here, we present experiments
on a massive uptake of silica
nanoparticles by giant unilamel-
lar lipid vesicles GUVs). We find
that this uptake process de-
pends on the size of the parti-
cles as well as on the thermody-
namic state of the lipid
membrane. Our findings are
discussed in the light of several
theoretical models and indicate
that these models have to be
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extended in order to capture the
interaction between nanomateri-
als and biological membranes
correctly.

C. Westerhausen, F.G. Strobl,
R. Herrmann, A.T. Bauer, S.W.
Schneider, A. Reller, A. Wix-
forth, M.F. Schneider: Chemical
and mechanical impact of silica
nanoparticles on the phase
transition behavior of phospho-
lipid membranes in theory and
experiment. Biophys J. 102,
1032-1038 (2012)

F.G. Strobl, F. Seitz, C. Wester-
hausen, A. Reller, A.A. Torrano,
C. Briauchle, A. Wixforth, M.F.
Schneider: Intake of silica
nanoparticles by giant lipid
vesicles: influence of particle size

Lipid bilayer (DOPC) vesicle
(green), 1min (left) and 10min
(right) after the incubation with
nanoparticles (r = 42nm, magenta).
Obviously, vesicle membrane is
consumed while particles are
internalized.

and thermodynamic membrane
state; Beilstein J. Nanotechnol. 5,
2468-2478 (2014)

UNDERSTANDING SIZE-SHIELDING TRANSITION AND SEEBECK EFFECT

IN THERMOPHORESIS

Prof. Dieter Braun (LMU Miinchen, Faculty of Physics)

The theory for thermophoresis in
water is sketchy at best. The
Braun lab could successfully
extend and demonstrate that the
previous capacitive model also
works predicts thermophoresis
correctly for the regime when
the molecule becomes smaller

than the length scale of ionic
shielding in the solution, the
opposite regime to what was
demonstrated before. Further-
more, the Seebeck effect in
thermophoresis could be con-
vincingly demonstrated without
fitting parameters.

www.biosystems.physik.lmu.de

M. Morasch, C. Mast, J.
Langer, P. Schilcher and D.
Braun: Dry polymerization of
3',5'-cyclic GMP to long strands
of RNA; ChemBioChem
doi:10.1002/cbic.201300773
(2014)
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HIGHLIGHT ARTICLE

FOR THE CHEMISTRY NOBEL PRIZE 2014
ON SUPER HIGH RESOLUTION MICROSCOPY

Prof. Christoph Brauchle (LMU Miinchen, Chemistry Department)
www.cup.uni-muenchen.de/pc/braeuchle

Prof. Don Lamb (LMU Miinchen, Department of Chemistry)
www.cup.uni-muenchen.de/pc/lamb

The Nobel Prize in Chemistry
2014 was jointly awarded to Eric
Betzig, Stefan Hell, and William
E. Moerner "for the development
of super-resolved fluorescence
microscopy"”. The highlight
article describes the develop-
ment of the various techniques
of super-resolved fluorescence
microscopy, starting with the
discovery of single molecule
detection and following the
different routes leading to
photo-activated localization
microscopy (PALM), stochastic
optical reconstruction micros-
copy (STORM) and stimulated
emission depletion (STED).
Far-reaching current applica-
tions of this microscopy in
biology and medicine are dis-
cussed.
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L. Mockl, D.C. Lamb, C.
Briuchle:
Super-resolved Fluorescence
Microscopy: Nobel Prize in
Chemistry 2014 for Eric Betzig,
Stefan Hell, and William E.
Moerner; Angew. Chem. Int. Ed.
53(51), 13972 (2014)

Superhochauflosende Mi-
kroskopie: Nobelpreis in Chemie
2014 fur Eric Betzig, Stefan Hell
und William E. Moerner; Angew.
Chem. 126(51), 14192 (2014)
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C. Abate, M. Niso, R. Marottoli, C. Riganti, D.
Ghigo, S. Ferorelli, G. Ossato, R. Perrone, E. La-
civita, D.C. Lamb, and F. Berardi: Novel deriva-
tives of 1-cyclohexyl-4-[3-(5-methoxy-1,2,3,4-te-
trahydronaphthalen-1-yl)propyllpiperazine (PB28)
with improved fluorescent and sigma receptors
binding properties; J Med Chem 57, 3314 (2014)

C. Argyo, V. Weiss, C. Brauchle, T. Bein: Multi-
functional Mesoporous Silica Nanoparticles as a
Universal Platform for Drug Delivery; Chemistry of
Materials 26 (1), 435-451 (2014)

S. Arumugam, Z. Petrasek, P. Schwille: MinCDE
exploits the dynamic nature of FtsZ filaments for
its spatial requlation; PNAS 111(13), E1192-E1200
(2014)

F. Auras, Y. Li, F. Lobermann, M. Doblinger, J.
Schuster, ..M. Peter, D. Trauner, T. Bein: A Zinc
Phthalocyanine Based Periodic Mesoporous
Organosilica Exhibiting Charge Transfer to Full-
erenes; Chemistry - a European Journal 20(46),
14971-14975 (2014)

C. Batters, H. Ellrich, C. Helbig, K.A. Woodall,
C. Hundschell, D. Brack, C. Veigel: Calmodulin
regulates dimerization, motility, and lipid binding
of Leishmania myosin XXI; PNAS 111, 227-236
(2014)

S.B. Betzler, A. Wisnet, B. Breitbach, C. Mitter-
bauer, J. Weickert, L.. Schmidt-Mende, C.
Scheu: Template-free synthesis of novel, highly-or-
dered 3D hierarchical Nb,0,(OH) superstructures
with semiconductive and photoactive properties; J.
Mater. Chem. A 2, 12005 (2014)

R. Blattmann, H.J. Krenner, S. Kohler, P.
Hanggi: Entanglement generation in a quantum
dot-nanocavity system by Fourier-synthesized
acoustic pulses; Physical Review A 89, 012327
(2014)

* CeNS Publication Award 2014
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K. Boettcher, S. Grumbein, U. Winkler, J.
Nachtsheim, O. Lieleg: Adapting a commercial
shear rheometer for applications in cartilage
research; Review of Scientific Instruments 85,
093903 (2014)

A. Brenneis, L. Gaudreau, M. Seifert, H. Karl,
M.S. Brandt, H. Huebl, J.A. Garrido, F.H.L.
Koppens, A. Holleitner: Ultrafast electronic
read-out of diamond NV centers coupled to
graphene; Nature Nanotechnology, doi:10.1038/
nnano.2014.276 (2014)

M. Brunner, M. VoR, N. Gast, W.M. Heckl und F.
Trixler: Scanning Probe Microscopy concepts for
science communication and peer-to-peer education
in Open Research Laboratories; in: A. Mendez-Vilas
(Hg.): Microscopy: advances in scientific research
and education; Badajoz (2014)

K. Brunner, J. Harder, T. Halbach, J. Willibald,
F. Spada, F. Gnerlich, K. Sparrer, A. Beil, L.
Mockl, C. Briauchle, K.-K. Conzelmann, T.
Carell: Cell-Penetrating and Neurotargeting
Dendritic siRNA Nanostructures; Angew. Chem.
Int. Ed. 53(51), 1946 (2015)

Z. Cai, U. Schollwock and L. Pollet: Identifying a
bath-induced Bose metal in interacting spin-boson
models; Phys. Rev. Lett. 113, 260403 (2014)

M. Calik, F. Auras, L. Salonen, K. Bader, I. Grill,
M. Handloser, D. Medina, M. Dogru, F. Loeber-
mann, D. Trauner, A. Hartschuh, T. Bein:
Extraction of Photogenerated Electrons and Holes
from a Covalent Organic Framework Integrated
Heterojunction; JACS 136(51), 17802-17807 (2014)

C.A. Caputo, M.A. Gross, V.W. Lau, B.V. Lotsch,
E. Reisner: Photocatalytic hydrogen production
using polymeric carbon nitride with a hydrogenase
and a bio-inspired synthetic Ni catalyst; Angew.
Chem. Int. Ed. 53, 11538-11542 (2014)



F.C. Chou, J. Lipfert, R. Das: Blind predictions of
DNA and RNA tweezers experiments with force
and torque; PLoS Comput Biol. 10(8), e1003756
(2014)

A.L. Cost, P. Ringer, A. Chrostek-Grashoff, C.
Grashoff: How to measure molecular forces in
cells - a guide to evaluating genetically-encoded
FRET-based tension sensors; Cellular and Molecu-
lar Bioengineering, doi: 10.1007/512195-014-0368-1
(2014)

S. Dai, Z. Fei, Q. Ma, A.S. Rodin, M. Wagner,
A.S. McLeod, M.K. Liu, W. Gannett, W. Regan,
K. Watanabe, T. Taniguchi, M. Thiemens, G.
Dominguez, A.H. Castro Neto, A. Zettl, F.
Keilmann, P. Jarillo-Herrero, M.M. Fogler, D.N.
Basov: Tunable phonon polaritons in atomically
thin van der Waals crystals of boron nitride;
Science 343, 1125 (2014)

M. Davies, B. Ruhle, C. Li, K. Miillen, T. Bein, C.
Bréuchle: Insights into Nanoscale Electrophoresis
of Single Dye Molecules in Highly Oriented Meso-
porous Silica Channels; Journal of Physical Chemis-
try C 118(41), 24013-24024 (2014)

S. Diefenbach, N. Erhard, J. Schopka, A. Martin,
C. Karnetzky, D. Iacopino, A. Holleitner: Polar-
ization dependent, surface plasmon induced
photoconductance in gold nanorod arrays; Phys.
Status Solidi RRL 8, 264 (2014)

G. Dominguez, A.S. Mcleod, Z. Gainsforth, P.
Kelly, H.A. Bechtel, F. Keilmann, A. Westphal,
M. Thiemens, D.N. Basov: Nanoscale infrared
spectroscopy as a non-destructive probe of extra-
terrestrial samples; Nature Communications 5,
5445 (2014)

J.A. Dorman, J. Weickert, J.B. Reindl, M. Put-
nik, A. Wisnet, M. Noebels, C. Scheu, L.
Schmidt-Mende: Control of Recombination Path-
ways in TiO, Nanowire Hybrid Solar Cells Using
Sn*+* Dopants; J. Phys. Chem. C 118, 16672 (2014)

H.K. Dunn, J.M. Feckl, A. Miiller, D. Fatta-
khova-Rohlfing, S.G. Morehead, J. Roos, L. M.
Peter, C. Scheu, T. Bein: Tin doping speeds up
hole transfer during light-driven water oxidation at
hematite photoanodes; Phys. Chem. Chem. Phys.
16, 24610 (2014)

M. Ehrensperger, J. Wintterlin: In situ high-pres-
sure high-temperature scanning tunneling micros-
copy of a Co(0001) Fischer-Tropsch model catalyst;
J. Catal. 319, 274 (2014)

S. Farokhipoor, C. Magén, S. Venkatesan, J.
fniguez, C.J.M. Daumont, D. Rubi, E. Snoeck, M.
Mostovoy, C. de Graaf, A. Miiller, M. Doblinger,
C. Scheu, B. Noheda: Artificial chemical and
magnetic structure at the domain walls of an
epitaxial oxide; Nature 515, 379 (2014)

D. Fattakhova-Rohlfing, A. Zaleska, T. Bein:
Three-dimensional titanium dioxide nanomaterials;
Chem. Rev. 114 (19), 9487 (2014)

T. Faust, J. Rieger, M.J. Seitner, J.P. Kotthaus,
E.M. Weig: Signatures of two-level defects in the
temperature-dependent damping of nanomechani-
cal silicon nitride resonators; Phys. Rev. B 89,
100102(R) (2014)

F. Forster, G. Petersen, S. Manus, P. Hanggi, D.
Schuh, W. Wegscheider, S. Kohler S. Ludwig:
Characterization of Qubit Dephasing by Lan-
dau-Zener-Stiickelberg-Majorana Interferometry;
Phys. Rev. Lett. 112, 116803 (2014)

G. Fritz, J.A. Megerle, S.A. Westermayer, D.
Brick, R. Heermann, K. Jung, J.O. Radler, U.
Gerland: Single Cell Kinetics of Phenotypic
Switching in the Arabinose Utilization System of E.
coli; Plos One 9(2) €e89532. doi:10.1371/journal.
pone.0089532.5018 (2014)

T.M. Geislinger, S. Chan, K. Moll, A. Wixforth,
M. Wahlgren, T. Franke: Label-free microfluidic
enrichment of ring-stage Plasmodium falci-
parum-infected red blood cells using non-inertial
hydrodynamic lift; Malaria Journal 2014, 13:375
(2014)

SELECTED PUBLICATIONS 53



P.K. Ghosh, P. Hinggi, F. Marchesoni, F. Nori:
Giant negative mobility of Janus particles in a
corrugated channel; Phys. Rev. E 89, 062115 (2014)

A. Godec, A.V. Chechkin, E. Barkai, H. Kantz,
R. Metzler: Localization and universal fluctuations

in ultraslow diffusion processes; J. Phys. A 47,
492002 (2014)

S. Grumbein, M. Opitz, O. Lieleg: Selected metal
ions protect Bacillus subtilis biofilms from erosion;
Metallomics 6(8), 1441-1450 (2014)

A. Hartmann, M. Stamp, R. Kmeth, S. Bucheg-
ger, B. Stritzker, B. Saldamli, R. Burgkart, M.F.
Schneider, and Achim Wixforth: A novel tool for
dynamic cell adhesion studies - the De-Adhesion
Number Investigator DANI; LAB ON A CHIP 14(3),
542-546 (2014)

M. Hauck, F. Seilmeier, S.E. Beavan, A. Badol-
ato, P.M. Petroff, A. Hogele: Locating environ-
mental charge impurities with confluent laser
spectroscopy of multiple quantum dots; Phys. Rev.
B 90, 235306 (2014)

M. Hauf, P. Simon, M. Seifert, A. Holleitner, M.
Stutzmann, J.A. Garrido: Low dimensionality of

the surface conductivity of diamond; Phys. Rev. B

89, 115426 (2014)

S. Hertrich, F. Stetter, A. Rithm, T. Hugel, B.
Nickel: Highly hydrated deformable polyethylene
glycol tethered lipid bilayers; Langmuir 30 (31),
9442 (2014)

S. Hilbert, P. Hanggi, J. Dunkel: Thermodynamic
laws in isolated systems; Phys. Rev. E 90, 062116
(2014)

J. Hohlbein, T.D. Craggs, T. Cordes: Alternating
laser excitation: single-molecule FRET and beyond;
Chemical Society Reviews 43, 1156-1171 (2014)

M. Jahn, A. Rehn, B. Pelz, B. Hellenkamp, K.
Richter, M. Rief, J. Buchner, T. Hugel: The
charged linker of the molecular chaperone Hsp90
modulates domain contacts and biological function;
PNAS 111 (50), 17881-17886 (2014)

* CeNS Publication Award 2014

54 ANNUAL REPORT 2014

T. Jostmeier, J. Zimmer, H. Karl, H. J. Krenner,
M. Betz: Fully reconfigurable photonic elements
formed by optically imprinted micropatterns of
insulating and persistently supercooled VO,
nanocrystals; Appl Phys Letters 105, 071107 (2014)

A.N. Jumabekov, F. Deschler, D. Bohm, L..M.
Peter, J. Feldmann, T. Bein: Quantum-Dot-Sensi-
tized Solar Cells with Water-Soluble and Air-Stable
PbS Quantum Dots; Journal of Physical Chemistry
C 118(10), 5142-5149 (2014)

A. Kantian, U. Schollwock and T. Giamarchi:
Competing Regimes of Motion of 1D Mobile Impu-
rities; Phys. Rev. Lett. 113, 070601 (2014)

S. Kesel, A. Mader, P. Seeberger, O. Lieleg, M.
Opitz: Carbohydrate-coating reduces adhesion of
biofilm forming Bacillus subtilis to gold surfaces;
Applied and Environmental Microbiology 80(19),
5911-7 (2014)

S. Kesel, F. Moormann, I. Giimperlein, A.
Mader, M. Morikawa, O. Lieleg, M. Opitz: Draft
Genome sequence of the biofilm producing Bacillus
subtilis strain B-1 isolated from an oil field; Ge-
nome Announcements 2(6), doi:10.1128/ge-
nomeA.01163-14 (2014)

S. Kretschmer, P. Schwille: Toward Spatially
Regulated Division of Protocells: Insights into the
E. coli Min System from in vitro Studies; Life
(Basel) 4, 915-928 (2014)

I. Kriegel, A. Wisnet, A.R.S. Kandada, F. Sco-
tognella, F. Tassone, C. Scheu, H. Zhang, A.O.
Govorov, J. Rodriguez-Fernandez, J. Feldmann:
Cation exchange synthesis and optoelectronic
properties of type II CdTe-Cu, Te nanoheterostruc-
tures; Journal of Materials Chemistry C 2(17), 3189
(2014)

S. Krysiak, S. Liese, R.R. Netz, T. Hugel: Pep-
tide Desorption Kinetics from Single Molecule
Force Spectroscopy Studies; JACS 136, 688 (2014)

P. Kiihler, E. Roller, R. Schreiber, T. Liedl, T.
Lohmiiller, J. Feldmann: Plasmonic DNA-Origami
Nanoantennas for Surface-Enhanced Raman
Spectroscopy; Nano Letters, doi 10.1021/
nl5009635 (2014)



A. Kuhn, O. Gerbig, C. Zhu, F. Falkenberg, J.
Maier, B.V. Lotsch: A new ultrafast superionic
Li-conductor: Ion dynamics in Li ,Si,PS , and
comparison with other tetragonal LGPS-type
electrolytes; Phys. Chem. Chem. Phys. 16, 14669-
14674 (2014)

A. Kuzyk, R. Schreiber, H. Zhang, A.O. Govorov,
T. Liedl, N. Liu: Reconfigurable 3D Plasmonic
Metamolecules; Nature Materials, doi: 10.1038/
nmat4031 (2014)

U. Lachelt, V. Wittmann, K. Miiller, D. Edinger,
P. Kos, M. Hohn, E. Wagner: Synthetic polygluta-
mylation of dual-functional MTX-ligands for
enhanced combined cytotoxicity of poly(I:C)
nanoplexes; Mol Pharm. 11(8), 2631 (2014)

U. Lichelt, P. Kos, F.M. Mickler, A. Herrmann,
E.E. Salcher, W. R6dl, N. Badgujar, C. Briuchle,
E. Wagner: Fine-tuning of proton sponges by
precise diaminoethanes and histidines in pDNA
polyplexes; Nanomedicine 10, 35 (2014)

J.M. Leerberg, G.A Gomez, S. Verma, E.J.
Moussa, S.K. Wu, R. Priya, B.D. Hoffman, C.
Grashoff, M.A. Schwartz, A.S. Yap: Tension-Sen-
sitive Actin Assembly Supports Contractility at the
Epithelial Zonula Adherens; Curr Biol 24, 1689-
1699 (2014)

C. Leonhardt, G. Schwake, T.R. Stogbauer, S.
Rappl, J.-T. Kuhr, T.S. Ligon, J.O. Radler: Single-
cell mRNA Transfection Studies: Delivery, Kinetics
and Statistics by Numbers; Nanomedicine: Nano-
technology, Biology and Medicine, doi:10.1016/j.
nano.2013.11.008 (2014)

J. Lipfert, S. Doniach, R. Das, D. Herschlag:
Understanding nucleic acid-ion interactions; Annu
Rev Biochem. 83, 813-41 (2014)

S. Liu, P. Hanggi, N. Li, J. Ren, B. Li: Anomalous
heat diffusion; Phys. Rev. Lett. 112, 040601 (2014)

Y. Liu, K. Peters, B. Mandlmeier, A. Miiller, K.
Fominykh, J. Rathousky, C. Scheu, D. Fattak-
hova-Rohlfing: Macroporous indium tin oxide
electrode layers as conducting substrates for
immobilization of bulky electroactive guests;
Electrochim. Acta 140, 108 (2014)

K. Malinowska, T. Verdorfer, A. Meinhold, L.F.
Milles, V. Funk, H.E. Gaub, M.A. Nash:
Redox-Initiated Hydrogel System for Detection and
Real-Time Imaging of Cellulolytic Enzyme Activity;
ChemSusChem 7(10), 2825-2831 (2014)

H.M. Mangold, H. Karl, H.J. Krenner: Site-selec-
tive ion beam synthesis and optical properties of
individual CdSe nanocrystal quantum dots in a
Si0, matrix; ACS Applied Materials & Interfaces 6,
1339-1344 (2014)

A.-K. Marel, M. Zorn, C. Klingner, R.
Wedlich-Soldner, E. Frey, J.0. Ridler: Flow and
diffusion in channel-guided cell migration; Bio-
physical Journal 107, 1054-1064 (2014)

A. Mashaghi, G. Kramer, D.C. Lamb, M.P.
Mayer, S.J. Tans: Chaperone action at the sin-
gle-molecule level; Chem Rev 114, 660 (2014)

S.A. Maurer, J. Kussmann, C. Ochsenfeld: A
Reduced Scaling J-Engine Based Reformulation of
SOS-MP2 using Graphics Processing Units; J.
Chem. Phys. 141, 051106 (2014)

S.A. Maurer, L. Clin, C. Ochsenfeld: Cholesky-
decomposed density MP2 with density fitting:
accurate MP2 and double-hybrid DFT energies for
large system; J. Chem. Phys. 140, 22412 (2014)

N. Mauser, A. Hartschuh: Tip-enhanced near-
field optical microscopy; Chem. Soc. Rev. 42, 1248
(2014)

N. Mauser, N. Hartmann, M.S. Hofmann, J.
Janik, A. Hogele, A. Hartschuh: Antenna-en-
hanced Optoelectronic Probing of Carbon Nano-
tubes; Nano Letters 14, 3773 (2014)

D.D. Medina, V. Werner, F. Auras, R. Tautz, M.
Dogru, J. Schuster, S. Linke, M. Doblinger, J.
Feldmann, P. Knochel, T. Bein: Oriented Thin
Films of a Benzodithiophene Covalent Organic
Framework; ACS Nano 8(4), 4042-4052 (2014)

G. Melinte, I. Florea, S. Moldovan, I. Janowska,
W. Baaziz, R. Arenal, A. Wisnet, C. Scheu, S.
Begin-Colin, D. Begin, C. Pham-Huu, O. Ersen:
A 3D insight on the catalytic nanostructuration of
few-layer graphene; Nature Comm. 5, 4109 (2014)

SELECTED PUBLICATIONS 55



M.H. Menhofer, R. Kubisch, L. Schreiner, M.
Zorn, F. Forster, R. Mueller, J.O. Ridler, E.
Wagner, A.M. Vollmar, S. Zahler: The actin
targeting compound Chondramide inhibits breast
cancer metastasis via reduction of cellular contrac-
tility; PLOS One 9(11), e112542 (2014)

L. Mockl, D.C. Lamb, C. Brauchle: Super-re-
solved Fluorescence Microscopy: Nobel Prize in
Chemistry 2014 for Eric Betzig, Stefan Hell, and
William E. Moerner; Angew. Chem. Int. Ed. 53(51),
13972 (2014)

M. Morasch, C. Mast, J. Langer, P. Schilcher, D.
Braun: Dry polymerization of 3',5'-cyclic GMP to
long strands of RNA; ChemBioChem 15(6), 879-83
(2014)

K.W. Miiller, R.F. Bruinsma, O. Lieleg, A.R.
Bausch, W.A. Wall, A.J. Levine: Rheology of
semiflexible bundle networks with transient

linkers; Phys. Rev. Lett. 112(23,) 238102 (2014)

J.-D. Nicolas, T. Reusch, M. Osterhoff, M.
Sprung, F.J.R. Schiilein, H.J. Krenner, A. Wix-
forth, T. Salditt: Time-resolved Coherent X-ray
Diffraction Imaging of Surface Acoustic Waves;
Journal of Applied Crystallography 47, 1596-1605
(2014)

R.C. Oliver, J. Lipfert, D.A. Fox, R.H. Lo, J.J.
Kim, S. Doniach, L. Columbus: Tuning micelle
dimensions and properties with binary surfactant
mixtures; Langmuir 30(44), 13353-61 (2014)

B. Osberg, J. Nuebler, P. Korber, U. Gerland:
Replication-guided nucleosome packing and
nucleosome breathing expedite the formation of
dense arrays; Nucleic Acid Res 42(22) (2014)

M. Otten, W. Ott, M.A. Jobst, L. Milles, T.
Verdorfer, D. Pippig, M.A. Nash, H.E. Gaub:
From Genes to Protein Mechanics on a Chip;
Nature Methods 11(11), 1127-1130 (2014)

H. Ozgen, W. Schrimpf, J. Hendrix, J.C. de
Jonge, D.C. Lamb, D. Hoekstra, N. Kahya, W.
Baron: The lateral membrane organization and
dynamics of myelin proteins PLP and MBP are
dictated by distinct galactolipids and the extracel-
lular matrix; PloS one 9, e101834 (2014)

56 ANNUAL REPORT 2014

C.M. Palumbiny, C. Heller, C.J. Schaffer, V.
Korstgens, G. Santoro, S.V. Roth, and P.
Miiller-Buschbaum: Molecular Reorientation and
Structural Changes in Cosolvent-Treated Highly
Conductive PEDOT:PSS Electrodes for Flexible
Indium Tin Oxide-Free Organic Electronics; J. Phys.
Chem. C 118(25), 13598 (2014)

V. Palyulin, A.V. Chechkin, R. Metzler: Lévy
flights do not always optimize random blind search
for sparse targets; PNAS 111(8), 2931 (2014)

V. Palyulin, T. Ala-Nissila, R. Metzler: Polymer
translocation: the first two decades and the recent
diversification; Soft Matter 10, 9016 (2014)

E.M. Perassi, C. Hrelescu, A. Wisnet, M.
Doblinger, C. Scheu, F. Jackel, E.A. Coronado, J.
Feldmann: Quantitative Understanding of the Opti-
cal Properties of a Single, Complex-Shaped Gold
Nanoparticle from Experiment and Theory; ACS
NANO 8(5), 4395 (2014)

M. Pernpeitner, T. Faust, F. Hocke, J.P. Kot-
thaus, E.M. Weig, H. Huebl, R. Gross: Circuit
Electromechanics with a Non-Metallized Nano-
beam; Appl. Phys. Lett. 105, 123106 (2014)

T. Pfadler, M. Coric, C.M. Palumbiny, A.C.
Jakowetz, K.-P. Strunk, J.A. Dorman, P. Ehren-
reich, C. Wang, A. Hexemer, R.-Q. Png, P.K.H.
Ho, P. Miiller-Buschbaum, J. Weickert, L.
Schmidt-Mende: Influence of Interfacial Area on
Exciton Separation and Polaron Recombination in
Nanostructured Bilayer All-Polymer Solar Cells;
ACS Nano 8 (12), 12397 (2014)

M.G. Prokudina, S. Ludwig, V. Pellegrini, L.
Sorba, G. Biasiol, V.S. Khrapai: Tunable
non-equilibrium Luttinger liquid based on counter-
propagating edge channels; Phys. Rev. Lett. 112,
216402 (2014)

P. Pust, V. Weiler, C. Hecht, A. Tiicks, A.S.
Wochnik, A.-K. HenRB, D. Wiechert, C. Scheu,
P.J. Schmidt, W. Schnick: Next Generation
LED-Phosphor Material: Narrow Band Red-Emit-
ting Sr[LiAl,N, I:Eu**; Nature Materials 13(9), 891
(2014)

* CeNS Publication Award 2014



C. Ratzke, B. Hellenkamp, T. Hugel: Four-colour
FRET reveals directionality in the Hsp90 multicom-
ponent machinery; Nature Communications 5, 4192
(2014)

L. Reese, A. Melbinger, E. Frey: Molecular
Mechanisms for Microtubule Length Regulation by
Kinesin-8 and XMAP215 Proteins; Interface Focus
4(6), 20140031 (2014)

M.R. Reichl, D. Braun: Thermophoretic Manipula-
tion of Molecules Inside Living Cells; JACS 136,
doi:10.1021/ja506169b (2014)

M.R. Reichl, M. Herzog, A. Gotz, D. Braun: Why
charged molecules move across a temperature
gradient: The role of electric fields; Phys. Rev. Lett.
doi:10.1103/PhysRevLett.112.198101 (2014)

J. Repp, G. Schinner, E. Schubert, A.K. Rai, D.
Reuter, A.D. Wieck, U. Wurstbauer, J.P. Kot-
thaus, A. Holleitner: Confocal shift interferometry
of coherent emission from trapped dipolar excitons;
Appl. Phys. Lett. 105, 241101 (2014)

T. Reusch, F.J.R. Schiilein, J.D. Nicolas, M.
Osterhoff, A. Beerlink, M. Miiller, H.J. Krenner,
A. Wixforth, T. Salditt: Collective Lipid Bilayer
Dynamics excited by Surface Acoustic Waves;
Physical Review Letters 113, 118102 (2014)

J. Rieger, A. Isacsson, M.J. Seitner, J.P. Kot-
thaus, E.M. Weig: Energy losses of nanomechani-
cal resonators induced by atomic force microscopy-
controlled mechanical impedance mismatching;
Nature Comm. 5, 3345 (2014)

G. Rivas, S.K. Vogel, P. Schwille: Reconstitution
of cytoskeletal protein assemblies for large-scale
membrane transformation; Curr Opin Chem Biol 22,
18-26 (2014)

P.J.F. Rottgermann, S. Hertrich, I. Berts, M.
Albert, F. J. Segerer, B. Nickel, J. O. Radler: Cell
Motility on PEG Block Copolymers Correlates to
Fibronectin Surface Adsorption; Macromolecular
Bioscience, doi:10.1002/mabi.201400246 (2014)

* CeNS Publication Award 2014

P.J.F. Rottgermann, A.P., Alberola, J.0.Radler:
Cellular Self-organization on Micro-structured
Surfaces; Soft Matter. doi:10.1039/c3sm52419a
(2014)

C. Ruppert, F. Forster, A. Zrenner, J.B. Kinzel,
A. Wixforth, H.J. Krenner, M. Betz: Radio
Frequency Electro-Mechanical Control over a
Surface Plasmon Polariton Coupler; ACS Photonics
1, 91-95 (2014)

D. Sarauli, K. Peters, C. Xu, B. Schulz, D. Fat-
takhova-Rohlfing, F. Lisdat: 3D-Electrode archi-
tectures for enhanced direct bioelectrocatalysis of
pyrroloquinoline quinone-dependent glucose
dehydrogenase; ACS Appl. Mater. Interfaces 6(20),
17887 (2014)

C. Schoeler, K.M. Malinowska, R.C. Bernardi,
L.F. Milles, M.A. Jobst, E. Durner, W. Ott, D.B.
Fried, W.A. Bayer, K. Schulten, H.E. Gaub, M.A.
Nash: Ultrastable Cellulosome-Adhesion Complex
Tightens Under Load; Nature Communications,
DOI: 10.1038/ncomms6635 (2014)

C. Scholz, P. Kos, E. Wagner: Comb-like oligoam-
inoethane carriers: change in topology improves
pDNA delivery; Bioconjugate Chem. 25, 251 (2014)

C. Scholz, P. Kos, L. Leclercq, X. Jin, H. Cottet,
E. Wagner: Correlation of length of linear
oligo(ethanamino) amides with gene transfer and
cytotoxicity; ChemMedChem 9, 2104 (2014)

R. Schreiber, J. Do, E. Roller, T. Zhang, V.J.
Schiiller, P.C. Nickels, J. Feldmann, T. Liedl:
Hierarchical Assembly of Metal Nanoparticles,
Quantum Dots and Organic Dyes Using DNA
Origami Scaffolds; Nature Nanotech. 9, 74-78
(2014)

E. Schubert, J. Heyder, F. Bauer, W. Stumpf, W.
Wegscheider, J. v. Delft, S. Ludwig, A. Hogele:
Toward Combined Transport and Optical Studies of
the 0.7-Anomaly in a Quantum Point Contact; Phys.
Status Solidi B 251(9), 1931-1937 (2014)

P. Schwille: Bacterial Cell Division: A Swirling

Ring to Rule Them All?; Curr Biol 24, R157-R159
(2014)

SELECTED PUBLICATIONS 57



K. Schwinghammer, M.B. Mesch, V. Duppel, C.
Ziegler, J. Senker, B.V. Lotsch: Crystalline
carbon nitride nanosheets for improved visi-
ble-light hydrogen evolution; JACS 136, 1730-33
(2014)

K.M. Seemann, F. Kronast, A. Horner, S. Valen-
cia, A. Wixforth, A.V. Chaplik, P. Fischer:
Attenuation of surface acoustic waves by spin-wave
excitations in Co, Fe, B, ; SPIN 4(1) 1440005
(2014)

F. Seilmeier, M. Hauck, E. Schubert, G.J. Schin-
ner, S.E. Beavan, A. Hogele: Optical thermome-
try of an electron reservoir coupled to a single
quantum dot in the millikelvin range; Phys. Rev.
Appl. 2, 024002 (2014)

F. Sekhavati, M. Endele, S. Rappl, A.-K. Marel,
T. Schroeder, J.0O. Riadler: Marker-free detection
of progenitor cell differentiation by analysis of
Brownian motion in micro-wells; Integrative
Biology, DOI: 10.1039/C4IB00158C (2015)

T. Sirtl, M. Lischka, J. Eichhorn, A. Rast-
goo-Lahrood, T. Strunskus, W.M. Heckl, M.
Lackinger: From Benzenetrithiolate Self-Assembly
to Copper-Sulfide Adlayers on Cu(111): Tempera-
ture-Induced Irreversible and Reversible Phase
Transitions; J. Phys. Chem. C 118(7), 3590-3598
(2014)

T. Simon, N. Bouchonville, M. Berr, A. VanesKki,
A. Adrovic, D. Volbers, R. Wyrwich, M.
Doblinger, A. Susha, A. Rogach, F. Jackel, J.
Stolarczyk, J. Feldmann: Redox shuttle mecha-
nism enhances photocatalytic H, generation on
Ni-decorated CdS nanorods; Nature Materials 13,
1013-1018 (2014)

W. Song, N. Martsinovich, W.M. Heckl, M.
Lackinger: Thermodynamics of halogen bonded
monolayer self-assembly at the liquid—solid inter-
face; Chem. Commun. 50, 13465-13468 (2014)

L. Stegbauer, K. Schwinghammer, B.V. Lotsch:

A hydrazone-based covalent organic framework for
photocatalytic hydrogen production; Chem. Sci. 5,

2789-2793 (2014)

* CeNS Publication Award 2014

58 ANNUAL REPORT 2014

C. Strobel, A.A. Torrano, R. Herrmann, M.
Malissek, C. Briauchle, A. Reller, L. Treuel, I.
Hilger: Effects of the physicochemical properties
of titanium dioxide nanoparticles, commonly used
as sun protection agents, on microvascular endo-
thelial cells; J. Nanopart. Res. 16:2130, 1 (2014)

F.G. Strobl, D. Breyer, P. Link, A.A. Torrano, C.
Briauchle, M.F. Schneider, A. Wixforth: A
surface acoustic wave-driven micropump for
particle uptake investigation under physiological
flow conditions in very small volumes; Beilstein
Journal of Nanotechnology 6, 414 (2015)

F.G. Strobl, F. Seitz, C. Westerhausen, A. Reller,
A.A. Torrano, C. Brauchle, A. Wixforth, M.F.
Schneider: Intake of silica nanoparticles by giant
lipid vesicles: influence of particle size and thermo-
dynamic membrane state; Beilstein Journal of
Nanotechnology 5, 2468 (2014)

C.V. Sumowski, M. Hanni, S. Schweizer, C.
Ochsenfeld: Sensitivity of Ab-Initio vs. Empirical
Methods in Computing Structural Effects on NMR
Chemical Shifts for the Example of Peptide; J.
Chem. Theory. Comput. 10, 122 (2014)

V.V. Thacker, L.O. Herrmann, D.O. Sigle, T.
Zhang, T. Liedl, J.J. Baumberg, U.F. Keyser:
DNA Origami Based Assembly of Gold Nanoparti-
cle Dimers for Surface-Enhanced Raman Scatter-
ing; Nature Communications, doi: 10.1038/
ncomms4448 (2014)

F. Thiiroff, C. Weber, E. Frey: Numerical treat-
ment of the Boltzmann equation for self-propelled
particle systems; Phys. Rev. X 4, 041030 (2014)

A.A. Torrano, C. Brauchle: Precise quantification
of silica and ceria nanoparticle uptake revealed by
3D fluorescence microscopy; Beilstein Journal of
Nanotechnology 5, 1616 (2014)

J.H.M. van der Velde, J. Oelerich, J. Huang, J.H.
Smit, M. Hiermaier, E. Ploetz, A. Herrmann, G.
Roelfes, T. Cordes: The power of two: covalent
coupling of photostabilizers for fluorescence
applications; J. Phys. Chem. Lett. 5, 3792-3798
(2014)



C.A. Weber, C. Bock, E. Frey: Defect-Mediated
Phase Transitions in Active Soft Matter; Phys. Rev.
Lett. 112, 168301 (2014)

M. Weber, G. Poxleitner, E. Hebisch, E. Frey, M.
Opitz: Chemical warfare and survival strategies in
bacterial range expansions; J.R.Soc. Interface
11(96), 2014172 (2014)

C. Westermeier, A. Cernescu, S. Amarie, C.
Liewald, F. Keilmann, B. Nickel: Sub-micron
phase coexistence in small-molecule organic thin
films revealed by infrared nano-imaging; Nature
Communications 5: 4101, doi 10.1038/ncomms5101
(2014)

M. WeiB, J.B. Kinzel, F.J.R. Schiilein, M. Heigl,
D. Rudolph, S. Morkotter, M. Doblinger, M.
Bichler, G. Abstreiter, J.J. Finley, G. Koblmiiller,
A. Wixforth, H.J. Krenner: Dynamic acoustic
control of individual optically active quantum
dot-like emission centers in heterostructure nano-
wires; Nano Letters 14, 2256-2264 (2014)

M. WeiB, F.J.R. Schiilein, J.B. Kinzel, M. Heigl,
D. Rudolph, M. Bichler, G. Abstreiter, J.J.
Finley, A. Wixforth, G. Koblmiiller, H.J. Kren-
ner: Radio frequency occupancy state control of a
single nanowire quantum dot; Journal of Physics D:
Applied Physics 47, 394011 (2014)

A. Wisnet, S.B. Betzler, R.V. Zucker, J.A. Dor-
man, P. Wagatha, S. Matich, E. Okunishi, L.
Schmidt-Mende, C. Scheu: Model for Hydrother-
mal Growth of Rutile Wires and the Associated
Development of Defect Structures; Crystal Growth
& Design 14 (9), 4658 (2014)

F.A. Wolf, I.P. McCulloch and U. Schollwock:
Solving nonequilibrium dynamical mean-field
theory using matrix product states, Phys. Rev. B 90,
235131 (2014)

M. Wolff, D. Braun and M.A. Nash: Detection of
Thermoresponsive Polymer Phase Transition in
Dilute Low-Volume Format by Microscale Thermo-
phoretic Depletion; Analytical Chemistry
doi:10.1021/ac5008283 (2014)

* CeNS Publication Award 2014

S. Wollmann, R.J. Patel, A. Wixforth, H.J. Kren-
ner: Ultrasonically Assisted Deposition of Colloidal
Crystals; Applied Physics Letters 105, 031113
(2014)

P. Zeller, F. Speck, M. Weinl, M. Ostler, M.
Schreck, T. Seyller, J. Wintterlin: Healing of
graphene on single crystalline Ni(111) films; Appl.
Phys. Lett. 105, 191612 (2014)

C.Y. Zhang, P. Kos, K. Miiller, W. Schrimpf, C.
Troiber, U. Lachelt, C. Scholz, D.C. Lamb, E.
Wagner: Native Chemical Ligation for Conversion
of Sequence-defined Oligomers into Targeted
pDNA and siRNA Carriers; J. Control. Release 180,
42 (2014)

K. Zieske, J. Schweizer, P. Schwille: Surface
topology assisted alignment of Min protein waves;
FEBS Lett 588, 2545-2549 (2014)

K. Zieske, P. Schwille: Reconstitution of self-or-

ganizing protein gradients as spatial cues in
cell-free systems; eLife, 10.7554/eLife.03949 (2014)

SELECTED PUBLICATIONS 59






THESES



MASTER’S
§ DIPLOMA
THESES

Kathrin Bader: Optical investigation of charge

carrier dynamics in photoactive materials (LMU, A.

Hartschuh)

Bernhard Boller : Dissoziation von Kohlenmon-
oxid auf der Co(0001)-Oberflache - eine in situ-
Studie mit dem Rastertunnelmikroskop (LMU, J.
Wintterlin)

Stefano Duca: Emergence of Cooperation by
Group selection (LMU, E. Frey)

Katy Erlich: Integration of a Functional Enzyme
into Single Molecule Cut & Paste (LMU, H. Gaub)

Benedikt Ewald: Timing heterogeneity, synchro-
nisation and post-transcriptional regulation of the
Escherichia coli Colicin E2 operon (LMU, M. Opitz)

Timon Funck: Chirale plasmonische Nanostruk-
turen mit schaltbarer optischer Aktivitat (LMU, T.
Liedl)

Pirmin Ganter: Synthesis and characterization of
M, P,O,, , ™ M=Sb(n=1, 3), Ta (n=1) nanosheets and
studies towards novel 2D materials on the basis of

Zintlphases (LMU, B. Lotsch)

Florian Gartner: Dynamic of fitness waves and
adaption in well mixed systems (LMU, E. Frey)

Irene Grill: Design and ultrafast optical character-
ization of a graphene-based nanocavity for NL-PL
enhancement (LMU, A. Hartschuh)

Martin Grundei: Random phase approximation
- grid refinement, weight derivatives and dispersion
effects (LMU, C. Ochsenfeld)

Ann-Kathrin HenR: Untersuchungen zur Synthese
von freistehendem Graphen ausgehend von diinnen
Ni(111)-Filmen (LMU, J. Wintterlin)

Hendrik Hintz: Postsynthetic modification of
amino-functionalized metal-organic frameworks
(LMU, T. Bein)

Josef Hirte: Optically Induced Lipid Phase Transi-
tions: A GISAXS Study (LMU, B. Nickel)

Marina Hoheneder: Optoelectronic characteriza-
tion of MoS, (TUM, A. Holleitner)

62 ANNUAL REPORT 2014

Stefan Holler: Lipid membranes on sensing
surfaces studied by x-ray reflectometry (LMU, B.
Nickel)

Maria Hoyer: Statistical Kinetics of Actin Filament
Nucleation studied with Zero-Mode Waveguides
(LMU, D. Lamb)

Philipp Jaker: Systematic study of late transition
metal diselenides in electrocatalytic water-reduc-
tion (LMU/MIT, D. Fattakhova-Rohlfing/Y. Shao-
Horn)

Franziska Kriegel: pH Gradients in a Rocky
Membrane and Cooperative Binding in Thermopho-
resis (LMU, D. Braun)

Lisa Kugler: Energy transfer between gold nano-
particle arrays and silicon (TUM, A. Holleitner)

Andrej Lebedev: Real-time detection of bacterial
activity (LMU, J.0. Radler)

Clemens Liewald: Optoelectronic and structural
properties of pentacene transistors (LMU, B.
Nickel)

Maja Maria Hermann: Solvothermal approaches
to copper (I) oxide compounds (LMU, D. Fattakho-
va-Rohlfing)

Fatma Meltem Aygiiler: Morphological Control of
Perovskites for Optoelectronic Applications (LMU,
T. Bein)

Bastian Miller: Inelastic light scattering spectros-
copy applied to two-dimensional MoS, crystals
(TUM, A. Holleitner)

Markus Mittenzweig: Manipulating Min protein
patterns (FU Berlin/Université Pierre et Marie
Curie, Paris, P. Schwille/D. Baigl)

Sebastian Miiller: Characterization and applica-
tion of a commercial microscope system for com-
plementary spectroscopy methods (LMU, A.
Hogele)

Julia Nachtsheim: Einfluss der Dezellularisierung
und GAG Verdauung auf die viskoelastischen
Eigenschaften von Gelenkknorpel (TUM, O. Lieleqg)



Manuel Nutz: Optoelectronic Studies of Molybde-
num Disulfide Field-Effect Devices (LMU, A.
Hogele)

Rebekka Osterauer: Analysis of the early stretch
response in mouse embryonic fibroblasts (Manage-
ment Center Innsbruck, C. Grashoff)

Alexander P. Kneer: Cryogenic Spectroscopy of
Individual Carbon nanotubes (LMU, A. Hogele)

Katja Puschkarsky: Realization and applications
of a tunable high-transmission optical etalon (LMU,
A. Hogele)

Sabrina Rager: Synthesis of Au@MOF core-shell
nanoparticles (LMU, T. Bein)

Pia Ringer: Subcellular Dynamics and Force
Transduction of Focal Adhesion Protein Talinl and
Talin2 (Universitat Tiibingen, C. Grashoff)

Janina Roemer: Nucleation of C70 aggregates on
pentacene thin films for nano structering organic
interfaces (LMU, B. Nickel)

Gokcen Savasci: Quantum-Chemical Investiga-
tions on a Hydrazone-Based Photocatalytically
Active Covalent Organic Framework (LMU, C.
Ochsenfeld)

Johannes Schlipf: Novel structuring of organic
thin films for improved absorption and perfor-
mance in organic solar cells (TUM, P.
Miiller-Buschbaum)

Hendrik Schlomberg: Synthesis of a Novel
Donor-Acceptor Molecule for Organic Solar Cells
(LMU, T. Bein)

Christoph Schreiber: Characterizing Cell Motility
and Transmigration on Ring Shaped Micro Pat-
terns (LMU, J.O. Radler)

Maria Schwarzl: Pursuit of a horde of prey:
excluded volume and intelligent species (Univer-
sitdt Potsdam , R. Metzler)

Richard Schwarzl: Alterungseffekte und anomale
Diffusion (Universitat Potsdam, R. Metzler)

Christina Sondermann: Thermal condensation of
carbon nitride films deposited by femtosecond-PLD
(LMU, B. Lotsch)

Katalin Szendrei: 1D photonic crystals based on
2D nanosheet materials as optical humidity sen-
sors for touchless positioning interfaces (LMU, B.
Lotsch)

Phillip Taenzler: Quantum Chemical Investiga-
tions of the Nuclear Magnetic Resonance Proper-
ties of the Hydrogen Bond Network in Photoactive
Yellow Protein (LMU, C. Ochsenfeld)

Matthias Thubauville: Localizing Non-Orthonor-
mal Orbitals by Minimizing Powers of the Orbital
Variance (LMU, C. Ochsenfeld)

Benedikt v. Bronk: Transcriptional Regulation
and Heterogeneity in Colicin E2 Expression (LMU,
M. Opitz)

Tobias Verdorfer: A Versatile Cellulase Activity
and Localization Assay (LMU, M. Nash/H. Gaub)

Andreas Vetter: Interferometric detection of cell
activity on periodic nano structures (LMU, J.O.
Réadler)

Sigurd Vogler: Cholesky-decomposed density
MP2 energy gradients with the resolu-
tion-of-the-identity approximation (LMU, C. Ochs-
enfeld)

David Volbers: Real-Time Interferometric Cell
Ensemble Analysis (LMU, J.O. Radler)

Benedikt von Bronck: Transcriptional Regulation
and Heterogeneity on Colicin E2 Expression (LMU,
J.0. Radler)

Philipp Walker: Dimerization Measurements of
the Protein "MeCP2" - DNA Loop Formation and
Rupture Events Measured with Magnetic Tweezers
(LMU, H. Gaub)

Bernd Waschnek: Experimental Investigation of
Quantum Point Contacts with Transport and
Optical Spectroscopy (LMU, A. Hogele and S.
Ludwig)

Matthias Wei8: Optische Untersuchungen an
Halbleiterquantenstrukturen in Nanodrahten
(Universitat Augsburg, H. Krenner)

Peter Zehetmaier: Synthesis of nanostructured
LiCoO, as a cathode material for lithium ion batter-
ies (LMU, D. Fattakhova-Rohlfing)

Thomas Zettl: DNA Tile-Based Ion Channels
(LMU, T. Liedl)

Daniela Zitnanska: Hydrothermal synthesis of
hexaferrites (LMU/ Siemens Corporate Technology,
D. Fattakhova-Rohlfing/ Dr. R. Karmazin)

THESIS 63



PhD
THESES

Christian Argyo: Tailoring Properties of Multi-
functional Mesoporous Silica Nanoparticles for
Controlled Drug Delivery (LMU, T. Bein)

Maximilian Bauer: Facilitated diffusion models
for gene regulation in living cells (TUM, R. Met-
zler)

Daniel Fuhrmann: High frequency dynamic
tuning of Photonic Nanocavities by means of
acoustic phonons (Universitat Augsburg, A. Wix-
forth)

Hetvi Gandhi: Early events in cytokine receptor
signaling (TU Dresden, P. Schwille)

Jan T. Gliickert: Optical spectroscopy of individ-
ual single-walled carbon nanotubes in an electric
gate structure (LMU, A. Hogele)

Matthias Handloser: Optical Investigation of
Charge Carrier Dynamics in Organic Semiconduc-
tors and Graphene for Photovoltaic Applications
(LMU, A. Hartschuh)

Christoph Heinzl: Correlation of structure and
performance in high temperature polymer electro-
lyte membrane fuel cells (LMU, C. Scheu)

Annika Herrmann: In vivo evaluation of polymeric
nanocarriers for targeted gene delivery and novel
strategies to overcome chemoresistance (LMU, E.
Wagner)

Ramona Hoffmann: Electron microscopy investi-
gations of the coccoliths of the calcareous algae
Emiliania huxleyi and Calcidiscus leptoporus (LMU,
C. Scheu/W. Schmahl)

Stephan Hug: Covalent Triazine Frameworks:
Structure, properties and applications in gas
storage and energy conversion (LMU, B. Lotsch)
Askhat Jumabekov: Lead Sulfide Quantum Dot-
Based Nanostructured Solar Cells (LMU, T. Bein)
Cynthia-Corinna Karl: Einfluss von Wasserstoff

auf das Alterungsverhalten von InGaAlP-Leuchtdi-
oden (Universitat Augsburg, A. Wixforth)

64 ANNUAL REPORT 2014

Jorg Kinzel: Akusto-elektrisch getriebene Modu-
lation der Ladungstragerdichte in GaAs Nano-
drahten (Universitat Augsburg, A. Wixforth)

Petra Kos: Defined nanocarriers for improved and
targeted gene delivery (LMU,. E. Wagner)

Ulrich Lachelt: Proton-sponge activity and recep-
tor-targeting of sequence-defined nucleic acid
carriers (LMU, E. Wagner)

Carolin Leonhardt: On Quantitative mRNA
Transfection (LMU, J.O. Radler)

Svenja Lippok: VWF binding and conformational
changes under shear (LMU, J.O. Radler)

Anna-Kristina Marel: Quantitative studies of
collective cell migration using novel microstruc-
tured molds (LMU, J.O. Radler)

Marina Maurer: Efficient quantum-chemical
methods for calculating NMR shieldings in sec-
ond-order Mgller-Plesset perturbation theory
(LMU, C. Ochsenfeld)

Nina Mauser: Antenna-enhanced Optoelectronic
Probing of Carbon Nanotube Devices (LMU, A.
Hartschuh)

Norma Minar: Synthesis and Applications of
Inorganic-Organic Hybrid Materials (LMU, T. Bein)

Nikolaus Naredi-Rainer: Advanced Confocal
Microscopy: From Setups to Applications (LMU, D.
Lamb)

Marcus Otten: Microfluidic & microrheological
studies of protein interactions at the single-mole-
cule & single-cell level (LMU, H. Gaub)

Ida Pavlichenko: Stimuli-responsive photonic
crystal sensors: Towards an integrated electropho-
tonic detection platform (LMU, B. Lotsch)

Louise Reese: How molecular motors affect the
dynamic of microtubules (LMU, E. Frey)

Maren Reichl: Ionic Thermophoresis and Its
Application in Living Cells (LMU, D. Braun)



Alexandra Schmidt: Synthesis and Functionaliza-
tion of Mesoporous Silica Materials for Applica-
tions in Host-Guest-Systems (LMU, T. Bein)

Claudia Scholz: Influence of size and topology on
the efficiency of sequence-defined polycationic
carriers for gene delivery (LMU, E. Wagner)

Florian Schiilein: Dynamische Kontrolle optisch
aktiver Halbleiter-Quantenpunkte mittels akustis-
cher Oberflachenwellen (Universitat Augsburg, H.
Krenner)

Johannes Schulz: Ageing and memory effects in
anomalous diffusion (TUM, R. Metzler)

Susanne Seidel: Nanoliter-Droplet Thermophore-
sis for Biomedical Applications (LMU, D. Braun)

Thomas Sirtl: Influences on Structure Formation
in Surface-Supported Organic Nanostructures
(TUM, M. Lackinger)

Florian Thiiroff: Collective motion in active media
(LMU, E. Frey)

Janine Tittel: Actin organization at intracellular
membranes: targeting and regulatory interactions
of the Spir/formin actin nucleator complex (TU
Dresden, P. Schwille)

Stephan Werner: Two-dimensional building
blocks for the synthesis of layered hybrid materials
(LMU, B. Lotsch)

Andreas Wisnet: 1D TiO, Nanostructures Probed
by 2D Transmission Electron Microscopy — While
Paving the Way for Their 3D Reconstruction (LMU,
C. Scheu and L. Schmidt-Mende)

THESIS

65



FUNDING

Aesculap AG
Alexander von Humboldt Foundation
BaCaTeC

Bavarian State Ministry of Sciences, Research
and the Arts

Elite Network of Bavaria

Solar Technologies Go Hybrid (Soltech)

Bavarian State Ministry of Environment
and Consumer Protection

Bayerische Forschungsstiftung

BMWi

booz & company
Christiane-Niisslein-Volhard Stiftung
Daimler- und Benz-Stiftung
Deutsch-Israelische Projektkooperation (DIP)
Dr. Klaus Romer-Stiftung

European Union Framework Programme 7
European Research Council (ERC): Starting,
Consolidator and Advanced Grants
Nanosciences, nanotechnologies, materials and
new production technologies: CELLULOSOME-
PLUS, NanoMILE, NANOTRANSKINETICS
Future and Emerging Technologies Open
Scheme: QNEMS
Infrastructures: QNANO
Initial Training Network: EscoDNA,
POCAONTAS

Excellence Initiative of the German Federal
Government and the State Governments

Clusters of Excellence:
CIPSM: Center for Integrated Protein Science
Munich
NIM: Nanosystems Initiative Munich
MAP: Munich-Centre for Advanced Photonics

66 ANNUAL REPORT 2014

Graduate School:
QBM: Quantitative Biosciences Munich

Federal Ministry of Education and Research
(BMBF)

Fonds der Chemischen Industrie
German Academic Exchange Service (DAAD)
German-Israeli Foundation (GIF)

German Research Foundation (DFG):
Collaborative Research Centers (SFB): 631, 646,
749, 767, 863, 1032, 1035
SFB/Transregio: 12
Graduate Training Group: 1721
Individual Grants (Einzelférderungen)

Priority Programmes (SPP): 1175, 1313, 1362,
1459, 1464, 1506, 1617

Research Units (Forschergruppen): 1406, 1543
Emmy Noether Programme

Helmut-Fischer Stiftung
Human Frontier Science Program (HFSP)
Innovative Medicines Initiative: COMPACT

LMUinnovativ
Biolmaging Network Munich
Functional Nanosystems
Chemical Dynamics — From Femtochemistry
to Biological Machines

Max-Planck-Gesellschaft
Simons Foundation
Sino-German Center

Volkswagenstiftung



IMPRINT

PUBLISHER

Center for NanoScience (CeNS)
Ludwig-Maximilians-Universitat
Geschwister-Scholl-Platz 1
D-80539 Munich, Germany
Phone: +49-89-2180-3547

Fax: +49-89-2180-5649
Website: www.cens.de

Board

Prof. Dieter Braun

Prof. Achim Hartschuh

Prof. Tim Liedl

Prof. Ulrich Schollwock (Spokesman)
Prof. Claudia Veigel

Managing Director
Dr. Susanne Hennig

Program Manager
Marilena Pinto, M.A.

Team Assistant
Claudia Leonhardt, M.A.

CONCEPT

Dr. Susanne Hennig

LAYOUT

Sebastian Lehnert, www.deskism.com

IMAGES

Cover page: see pp. 15, 27, 41

Page 6, 8-11, 51: CeNS

Page 3-6, 11-12: private photographs

Page 10, 13, 61: Christoph Hohmann (NIM)

©2015 CeNS



WWW.CENS.DE




