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Dear Friend:

Welcome to the 31st International Winterschool on:

Electronic Properties of Novel Materials: "Molecular nanostructures"

This Winterschool is a sequel of thirty previous meetings held in Kirchberg in the
last decades on problems related to the electronic structure of novel materials. The
idea of the meeting is to bring together experienced scientists from universities and
industry with advanced students working in the selected field and thus create a fruitful
and prosperous community for the exchange of scientific information and personal
experience. It is a tradition of the Winterschools in Kirchberg that this exchange is
not restricted to the lectures and poster sessions but occurs throughout the whole
week.

The Winterschool is dedicated to molecular nanostructures as a new class of materi-
als. Like the previous Winterschools it runs on an informal level.

If you have any questions concerning the organization and the program, come and
see one of us or one of the colleagues involved in the preparation of the meeting.
These persons are:

Janina Maultzsch program
Christoph Tyborski accommodation
Dirk Heinrich accommodation, technical assistance
Hans Tornatzky finances
Harald Scheel website
Roland Gillen technical assistance, video transfer, sponsoring,

abstract booklet
Felix Kampmann announcements, website assistance
Emanuele Poliani technical assistance
Anja Sandersfeld visa applications, general assistance

Also the managers of the hotel, the Mayer family, and their staff promised to help
us wherever they can. We want to acknowledge their help.

We wish you an interesting, successful, and pleasant week in Kirchberg. We are very
much looking forward to your contributions at the event.

Sincerely yours,
Christian, Janina, Andreas and Stephanie
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Chairpersons

C. Thomsen (Berlin)
J. Maultzsch (Berlin)
A. Hirsch (Erlangen)
S. Reich (Berlin)

Program Committee

E. Andrei (US) Y. H. Lee (KR) S. Roth (DE)
A. Bachtold (ES) A. Loiseau (FR) A. Rubio (ES)
H. M. Cheng (CN) J. Maultzsch (DE) P. Rudolf (NL)
P. Dinse (DE) F. Mauri (FR) C. Schönenberger (CH)
M. Dresselhaus (US) G. Mele (US) P. Sheng (CN)
L. Forro (CH) K. S. Novoselov (UK) N. Shinohara (JP)
M. Fuhrer (AU) E. Obraztsova (RU) F. Simon (HU)
T. F. Heinz (US) A. Penicaud (FR) C. Stampfer (DE)
A. Hirsch (DE) Th. Pichler (AT) C. Thomsen (DE)
A. Jorio (BR) M. Prato (IT) A. Zettl (US)
H. Kataura (JP) S. Reich (DE)
H. Kuzmany (AT) J. Robertson (UK)

Scope

This winterschool will provide a platform for reviewing and discussing new devel-
opments in the field of electronic properties of molecular nanostructures and their
applications. Subjects included are:

• Materials science of graphene and nanographene
• Novel two-dimensional materials
• Carbon nanotube / graphene optics and electronics
• Carbon nanotube / graphene growth and selection
• Theory of novel materials
• Applications of novel materials
• Nanostructure spintronics
• Topological insulators
• Single-molecule experiments
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INFORMATION FOR PARTICIPANTS

Time and location
The IWEPNM 2017 starts on Saturday, 4 March, evening, at the hotel Sonnalp in
Kirchberg/Tirol, Austria and extends to Saturday, 11 February, breakfast. There
will be a reception party on Saturday, 4 March, after dinner, and a farewell party
including dinner on Friday, 10 March.

Transport
The hotel Sonnalp can be reached by private car from downtown Kirchberg by driving
about one kilometer towards Aschau. Participants arriving at the railway station in
Kirchberg or Kitzbühel should hire a taxi to get to the hotel.

Addresses
The address of the Winterschool is:
IWEPNM 2017 Hotel Sonnalp, A-6365 Kirchberg/Tirol, Austria
e-mail: info@hotelsonnalp.info, web: www.hotelsonnalp.info

All questions concerning the IWEPNM 2017 should be directed to:
Prof. Dr. Christian Thomsen,
Institut für Festkörperphysik, Technische Universität Berlin
Hardenbergstr. 36, 10623 Berlin, Germany
Tel: 0049-(0)30-31423187, Fax: 0049-(0)30-31427705
email: iwepnm-info@physik.tu-berlin.de, web: www.iwepnm.org

Participation
Participation at the IWEPNM 2017 is possible for students and scientists working
in the field covered by the scope of the meeting. Because of the limited space the
participation requires prearranged acceptance by the organizers.

Contributions
All oral contributions will be presented in the big seminar room of the Hotel Sonnalp.
Participants are invited to contribute comments to research and tutorial lectures
where 10 minutes for discussion are reserved after each lecture. Video projection
will be available for presentations. Presentation of video films needs prearranged
confirmation. Invited speakers please test the video projection with the technical
staff at the latest a few minutes before your session begins. Posters will be presented
in the hall of the seminar room.
We kindly ask you NOT to take any pictures or video of the presentations.

Childcare
Childcare is provided by Michaela Kisch and her team (michaela@kitzkids.com, Tel.:
0043-664-5225265). If you need childcare during the winterschool, please contact us
at the registration desk.
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Ski pass and internet connection
If you wish to buy a ticket for the ski lifts, please ask at the hotel reception.
Internet connection through WLAN is available for all participants, even if they are
not accommodated at the Hotel Sonnalp. Please check at the front desk. There
will be a room in the basement with fixed LAN connections, and limited number of
laptops for free internet use.

Poster awards
There will be a poster award for the best poster presentation in each poster session
on Monday, Tuesday, and Thursday. All participants are welcome to cast their vote
and choose the best poster presentation. Poster awards are kindly provided by Wiley
VCH.

Conference Publication
Invited and contributed presentations from IWEPNM 2017 are scheduled for publica-
tion in physica status solidi (pss). Manuscript submission is due on April 23rd.
The publication is planned as a special issue with regular articles to be published in
the journal pss (b) (Feature Articles/topical reviews, Original Papers) or pss (c). In
selected cases articles are highlighted in pss (RRL) (Reviews@RRL, Rapid Research
Letters). A hardcover edition will be distributed to the participants.
Accepted manuscripts will fulfill the standards and requirements of the journal and
are peer-reviewed in the same way as regular submissions. Acceptance of a contribu-
tion for presentation at the winterschool does not automatically include acceptance
for publication in the special issue. Detailed information will be provided at the
winterschool.

Manuscript preparation and submission
Preparation instructions and templates are available at http://www.pss-b.com → Au-
thor guidelines. Manuscripts of contributed presentations are limited to 6 pages
(no page limit for invited presentations). We strongly recommend using the Word
or Latex templates to get an accurate estimate of the article length. Do not modify
any pre-settings in the style files such as font sizes, margins, and other formats, to
avoid an incorrect layout of the publication.
Please submit one complete PDF- or Word-file for review (Word or Latex
source files are required after acceptance for production).
The submission system is here: http://www.editorialmanager.com/pssb-journal

Select article type "Original Paper" and section "IWEPNM 2017: Electronic Prop-
erties of Novel Materials". If you intend to submit a "Rapid Research Letter" or a
"Feature Article" manuscript, please consult with the editors at iwepnm-publication@
physik.fu-berlin.de.
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IWEPNM 2017
CHAIRPERSONS FOR THE ORAL SESSIONS

The following participants are asked to support the program of the Winterschool by
serving as chairperson:

Sunday, 05.03. morning Andreas Hirsch
morning, after coffee break Annick Loiseau
evening Janina Maultzsch

Monday, 06.03. morning Siegmar Roth
morning, after coffee break Eva Andrei
evening Adrian Bachtold

Tuesday, 07.03. morning Ralph Krupke
morning, after coffee break Viera Skákalová
evening Hans Kuzmany

Wednesday, 08.03. morning Feng Wang
morning, after coffee break Elena Obraztsova
evening Christian Thomsen

Thursday, 09.03. morning Stephen Doorn
morning, after coffee break Achim Hartschuh
evening Balazs Dora

Friday, 10.03. morning Stephanie Reich
morning, after coffee break Jana Zaumseil
evening Thomas Pichler

Chairpersons are asked to start the sessions in time and to terminate the lectures
according to schedule. The discussions may be extended up to 5 minutes beyond
the schedule.

Chairpersons please remember:
You have to ask for questions from the sideroom (bar)!

For questions from the main room please ask the speaker to repeat the ques-
tion. The chairperson’s microphone should only be passed on to questions
from the first row.

If there are any objections to the suggested list of chairpersons, please let us know
at the beginning of the Winterschool.

We acknowledge your support. The Organizers
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Final program

Sunday, March 5 Monday, March 6 Tuesday, March 7 Wednesday, March 8 Thursday, March 9 Friday, March 10

10:00 Coffee break

Topics

08:30

09:00

09:30

10:30

11:00

11:30

growth & spec-
troscopy of carbon-

based nanostructures

Photo-patternable SU8-
Graphene Composites
MAGREZ

Design and Synthesis of the
First Triply Twisted Möbius
Annulenes
HERGES

Electronic structure of
covalently-linked molecular
networks on metal surfaces
MAIER

Single Chirality Separation
of Single-Wall Carbon Nano-
tubes using Gel Column
Chromatography
KATAURA

Unraveling electronic
structures of CNT-
encapsulated linear carbon
phases by resonance
Raman scattering
SHI

Interlayer Dependence of G-
Modes and Photolumines-
cence in Individual Free-
standing Index-identified
Double-Walled CNTs
LEVSHOV

electrical trans-
port in graphene

& related materials

Inducing Superconducting
Correlation in Quantum Hall
Edge States in Graphene
P. KIM

Novel materials for van der
Waals heterostructures
GORBACHEV

Electrical transport at
twisted graphene interfaces
DUERIG

Hyperbolic cooling of
graphene Zener-Klein
transistors
BAUDIN

Quantum Transport and
Electron Interactions in Few-
Layer Atomic Membranes
LAU

chemical engineering,
applications,

topological materials

The Chemistry of Electron
Transfer for Carbon Nano-
materials: Fundamentals
and Applications
STRANO

Large-scale synthesis and
on-chip functionalisation of
transition metal dichalco-
genides
DUESBERG

Synthesis, Characterization,
and Application of Aerogels
From Low Dimensional Ma-
terials
ZETTL

Diverse physical properties
of inorganic electrides with
low dimensional anionic
electrons
S. KIM

Quantum metrology in the
graphene age
TZALENCHUK

vdW heterostructures,
novel 2D materials,
superconductivity

Recent progress on
graphene and van der
Waals heterostructures
GEIM

Interfacial Engineering of
Two-Dimensional Nano-
electronic Heterostructures
HERSAM

Two-dimensional crystals for
single-device applications
HEINE

Elemental two-dimensional
materials: Novel electronic
and structural properties
RUBIO

Hexagonal Boron Nitride in
the Class of 2D Materials:
spectroscopic properties
LOISEAU

Electrical control of the
optical response of
atomically thin semi-
conductors
FINLEY

optical spectroscopy of
2D materials, magnetism

Coupled spin-valley
dynamics in monolayer
dichalcogenides
KORN

Excitons in mono and tri-
layer transition metal
dichalcogenides
PLOCHOCKA

Controlling excitons in 2D
semiconductors
HEINZ

Dynamic optical control of
van der Waals/Casimir inter-
actions in layered transition
metal dichalcogenides
ERNST

Dominant Excitonic
Transitions in Molybdenum
Dichalcogenides
GILLEN

Intervalley scattering by
acoustic phonons in two-
dimensional MoS2 revealed
by double-resonance
Raman spectroscopy
PIMENTA

chemistry and
optics of carbon-

based nanostructures

Formation, Structure and
Electronic Properties of
Novel Two-Dimensional
Materials by First-Principles
calculations
GÖRLING

Illuminating graphene nano-
ribbons: insights from abinitio
simulations
PREZZI

Synthesis and Applications
of Novel Graphene Based
Nanohybrids
QUINTANA

Chemical Functionalization of
Graphene
HAUKE

Light excitation of
porphyrin-based nanotube
and graphene hybrids
MARTY

Decorating carbon nano-
structures with organics to
improve properties of
polymer based functional
materials
GATTI
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12:00
-

17:00
Mini workshops Mini workshops Mini workshops Mini workshops Mini workshops Mini workshops

17:00
-

18:30
Dinner

18:30

19:00

19:30

20:00

20:30

Topics

Sunday, March 5 Monday, March 6 Tuesday, March 7 Wednesday, March 8 Thursday, March 9 Friday, March 10

Photophysics and Emerging
Functionality of Photolumi-
nescent Carbon Nanotube
Defect States
DOORN

Optical and Electrical
Generation of Exciton-
Polaritons in Single-Walled
Carbon Nanotubes
ZAUMSEIL

Probing luttinger liquid
plasmon in individual carbon
nanotubes
WANG

Germanane: new synthesis
strategies and applications
RUDOLF

growth & spec-
troscopy of carbon-

based nanostructures

Detecting Novel Quantum
Hall States in Graphene
and WSe2

YANKOWITZ

Imaging the Quantum
Wigner Crystal of Electrons
in One-Dimension
ILANI

Majorana Fermions in
Atomic Chains: Spin and
Charge Signatures
YAZDANI

Poster I
Monday

electrical trans-
port in graphene

& related materials

The growth and electronic
properties of ultra-thin
epitaxial topological Dirac
semimetal Na3Bi films
EDMONDS

Electronic structure studies
of topological insulators and
related compounds by
ARPES
FINK

Visualizing Electronic
Structures of Topological
Semimetals
CHEN

Poster II
Tuesday

chemical engineering,
applications,

topological materials

Superconductivity in single-
layer NbSe2

MAK

Characterization of
Collective Ground States in
Singlelayer NbSe2

UGEDA

Superconducting and
excitonic transport in non-
centrosymmetric 2D
materials
IWASA

Field-induced super-
conductivity in transition
metal dichalcogenides
YE

vdW heterostructures,
novel 2D materials,
superconductivity

Kondo Screening of a
Vacancy Spin in Graphene
ANDREI

TBA
BOGANI

Atomic-scale control of
graphene magnetism by
using hydrogen atoms
BRIHUEGA

Poster III
Thursday

optical spectroscopy of
2D materials, magnetism

17:00
CVD graphene growth dyna-
mics, stacking sequence
and interlayer coupling
revealed by in-situ SEM
WILLINGER

17:30
Understanding 2D material
heterostructures at the
atomic scale using TEM
HAIGH

18:00
Conference Summary
STAMPFER

18:30 - 20:00
Break

Bauernbuffet
Farewell

chemistry and
optics of carbon-

based nanostructures
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Growth and spectroscopy of carbon-based nanostructures Sunday, March 5th

08:30 – 09:00 A. Magrez, Lausanne
Photo-patternable SU8-Graphene Composites

09:00 – 09:30 R. Herges, Kiel
Design and Synthesis of the First Triply Twisted Möbius
Annulenes

09:30 – 10:00 S. Maier, Erlangen
Electronic structure of covalently-linked molecular net-
works on metal surfaces

10:00 – 10:30 Coffee break

10:30 – 11:00 H. Kataura, Tsukuba
Single Chirality Separation of Single-Wall Carbon Nan-
otubes using Gel Column Chromatography

11:00 – 11:30 L. Shi, Vienna
Unraveling electronic structures of CNT-encapsulated
linear carbon phases by resonance Raman scattering

11:30 – 12:00 D. Levshov, Rostov-on-Don
Interlayer Dependence of G-Modes and Photolumi-
nescence in Individual Freestanding Index-identified
Double-Walled Carbon Nanotubes

12:00 – 17:00 Mini workshops

17:00 – 18:30 Dinner

18:30 – 19:00 S. Doorn, Los Alamos
Photophysics and Emerging Functionality of Photolumi-
nescent Carbon Nanotube Defect States

19:00 – 19:30 J. Zaumseil, Heidelberg
Optical and Electrical Generation of Exciton-Polaritons
in Single-Walled Carbon Nanotubes

19:30 – 20:00 Wang, Berkeley
Probing luttinger liquid plasmon in individual carbon
nanotubes

20:00 – 20:30 P. Rudolf, Groningen
Germanane: new synthesis strategies and applications
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Sunday, March 5th Growth and spectroscopy of carbon-based nanostructures
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Growth and spectroscopy of carbon-based nanostructures Sunday, March 5th

08:30
Photo-patternable SU8-Graphene Composites
Maryam Majidian1,2, Claudio Grimaldi2, Laszlo Forró2, Arnaud Magrez1
1Crystal Growth Facility, EPFL
2Laboratory of Physics of Complex Matter, EPFL

Synthesis and characterization of graphene containing composites based on SU8 - a
popular epoxy in microelectromechanical systems - will be the focus of this talk. The
motivation of the work is to overcome the drawbacks of SU8 (e.g. high electrical and
thermal resistance, brittleness) by addition of graphene nanofillers. Understanding
the chemical and physical characteristics and properties of the obtained composites
is a crucial step towards optimized composite design. Composites are produced
by a simple solution mixing process compatible with large scale production. The
chemical structure of the composites, studied by photoluminescence, Raman and
FTIR spectroscopy, reveal a covalent bonding between the graphene flakes and the
polymer matrix. Such a linkage induces a drastic improvement of both Young’s
modulus and hardness of the composites. The study of the electrical properties of
homogeneous composites as a function of filler loading evidences large conductivities
especially at low graphene content and reveals a tunneling mechanism of electron
transfer between the graphene flakes. Finally, the composites are photo-patternable
with lateral resolution as high as 10micron.
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Sunday, March 5th Growth and spectroscopy of carbon-based nanostructures

09:00
Design and Synthesis of the First Triply Twisted Möbius Annulenes
Rainer Herges1
1Otto-Diels Institute for Organic Chemistry, Kiel University, Kiel

50 years ago Heilbronner predicted that Möbius-twisted annulenes would be aromatic
with 4n electrons, and thus would violate the Hückel rules[1]. It took 40 years to
synthesize the first Möbius annulene, and to confirm Heilbronner’s prediction[2]. We
recently achieved the synthesis of a triply twisted Moebius annulene. At a first glance
a triply twisted system looks even more strained than a singly twisted ring. However,
using a topological transformation of twist into writhe we were able to reduce the
strain and to actually synthesize a corresponding compound. Unfortunately, cyclic
conjugation was interrupted because of large dihedral angles[3]. Meanwhile we syn-
thesized a precursor which should lead to a triply twisted Moebius system with a
smooth twist and Moebius aromatic properties[4].

[1] E. Heilbronner, THL 1964, 5, 1923
[2] D. Ajami, A. Simon, R. Herges, Nature 2003, 426, 819
[3] G. R. Schaller, K. Rissanen, Nature Chem. 2014, 6, 608
[4] unpublished
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Growth and spectroscopy of carbon-based nanostructures Sunday, March 5th

09:30
Electronic structure of covalently-linked molecular networks on metal sur-
faces
Christian Steiner1, Zechao Yang1, Maximilian Ammon1, Julian Gebhardt2, Alexan-
der Heidenreich3, Tobias Schaub3, Andreas Görling2, Milan Kivala3, Sabine Maier1
1Department of Physics, Friedrich-Alexander-University Erlangen-Nürnberg, Erlan-
gen
2Chair of Theoretical Chemistry, Department of Chemistry and Pharmacy, Univer-
sity of Erlangen-Nürnberg, Erlangen
3Chair of Organic Chemistry I, Department of Chemistry and Pharmacy, University
of Erlangen-Nürnberg, Erlangen

The fabrication of surface-supported nanostructures in a bottom-up approach from
specific molecular precursors offers the opportunity to create tailored polymeric ma-
terials for applications in nanoelectronics. However, the formation of defect-free 2D
covalent networks in ultra-high vacuum remains a challenge. Here, we report on the
geometric and electronic structure of porous graphene and organometallic graphdiyne
using low-temperature scanning tunneling microscopy in combination with density-
functional theory.
The hierarchical on-surface synthesis allows us to study how the electronic band gap
of the covalent structures correlates with the dimensionality.[1] We observed a re-
duction of the electronic band gap from the monomer to the 1D and 2D structures
built from triphenylamine precursors, which confirms an effective conjugation along
the building blocks. Further, the electronic structure of organometallic graphdiyne
will be discussed based on scanning tunnelling microscopy experiments.

[1] C. Steiner et al., accepted in Nature Comunications (2017).
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Sunday, March 5th Growth and spectroscopy of carbon-based nanostructures

10:30
Single Chirality Separation of Single-Wall Carbon Nanotubes using Gel Col-
umn Chromatography
Hiromichi Kataura1
1Nanomaterials Res. Inst., Nat. Inst. of AIST, Tsukuba

Chirality selective production of single-wall carbon nanotube (SWCNT) is now pos-
sible, but its quantity and quality are not enough even for scientific research. We
have been trying to improve our gel column chromatography method towards large-
scale, high-purity, and single chirality sorting[1,2]. Here we used three surfactants
which have different roles for separation and succeeded large-scale single-chirality
enantiomer separation. We also tried to evaluate the enantiomeric purity of (6,5)
and (11,-5) using chiral surfactant. In this presentation, we will discuss our latest
results.

[1] Y. Yomogida et al. Nat. Commun. 7, 12056 (2016).
[2] X. Wei et al. Nat. Commun. 7, 12899 (2016).
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Growth and spectroscopy of carbon-based nanostructures Sunday, March 5th

11:00
Unraveling electronic structures of CNT-encapsulated linear carbon phases
by resonance Raman scattering
Lei Shi1, Philip Rohringer1,2, Sofie Cambré2, Wim Wenseleers2, Sören Waßerroth3,
Stephanie Reich3, Marius Wanko4, Angel Rubio4,5, Paola Ayala1,6, Hans Kuzmany1,
Thomas Pichler1
1Faculty of Physics, University of Vienna, Vienna
2Experimental Condensed Matter Physics Laboratory, University of Antwerp, Bel-
gium
3Department of Physics, Freie Universität Berlin, Germany
4Nano-Bio Spectroscopy Group and European Theoretical Spectroscopy Facility (ETSF),
Universidad del País Vasco, CFM CSIC-UPV/EHU-MPC & DIPC, Spain
5Max Planck Institute for the Structure and Dynamics of Matter, Germany
6School of Physical Sciences and Nanotechnology, Yachay Tech University, Ecuador

Recently we demonstrated synthesis of confined carbyne inside double-walled carbon
nanotubes (DWCNTs) with a record length of more than 6000 carbon atoms [1].
This opens a trail into uncharted territory, which will now allow unraveling intrinsic
properties of confined carbyne. For example, the interaction and charge transfer be-
tween the carbyne and their host CNTs lead to an increase of the photoluminescence
signal of the inner tubes [2]. Very recently excitation of the confined carbyne reveals
additional resonances. These resonances are suggested to be excitonic and relate to
very recent theoretical work on quasiparticle and excitonic gaps in carbyne [3]. In
the second part of my talk, I will focus on the reactions of ferrocene inside CNTs
resulting in synthesis of several different chemical compounds, which can be under-
stood as short quasilinear nanoribbons of different length. The resonance profiles are
shown to be consistent with a non-Condon Raman response including A term and B
term of Albrecht theory. This work was supported by the FWF and EU projects.

[1] Nat. Mater. 15, 634 (2016)
[2] Adv. Funct. Mater. 26, 4874 (2016)
[3] Phys. Chem. Chem. Phys. 18, 14810 (2016)
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Sunday, March 5th Growth and spectroscopy of carbon-based nanostructures

11:30
Interlayer Dependence of G-Modes and Photoluminescence in Individual Free-
standing Index-identified Double-Walled Carbon Nanotubes
Dmitry Levshov1, Valentin Popov2, Raul Arenal3, Thierry Michel4, Huy Nam Tran4,
Thi Thanh Cao5, Van Chuc Nguyen5, Ngoc Minh Phan5, Ahmed-Azmi Zahab4, Jean-
Louis Sauvajol4, Matthieu Paillet4
1Department of Physics, Southern Federal University, Rostov-on-Don
2University of Sofia, Faculty of Physics, 5 James Bourchier Blvd., 1164, Sofia, Bul-
garia
3Instituto de Nanociencia de Aragón, Campus Río Ebro. Edificio I+D. C/ Mariano
Esquillo, CP 50.018 Zaragoza – Spain
4Laboratoire Charles Coulomb, University of Montpellier, Place Eugène Bataillon -
CC069, Montpellier, F-34095 France
5Institute of Materials Science, Vietnam Academy of Science and Technology, Hanoi,
Vietnam

In this communication, we report on the investigations of individual, spatially isolated
and suspended double-walled carbon nanotubes (DWNTs) by combination of High-
resolution electron microscopy, Electron Diffraction, Rayleigh spectroscopy, Raman
spectroscopy and photoluminescence. We first examine the features of tangential
modes and find a clear shift of the inner-layer G modes as a function of the inter-
tube distance with respect to the corresponding G modes in equivalent single-walled
carbon nanotubes. These results are understood by considering the effects of the re-
laxation of the layers and the interaction between the relaxed structures [1]. Secondly,
we report and discuss on the direct evidence of the inner tube photoluminescence in
individual freestanding index-identified DWNTs with different outer-tube electronic
configurations [2]. Acknowledgement: D. L. acknowledges financial support from
Russian Science Foundation grant 15-12-10004.

[1] D.I. Levshov, et al., J. Phys. Chem. C. 119, 23196 (2015).
[2] D. Levshov, M. Paillet, J.-L. Sauvajol, et al., in prep.
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Growth and spectroscopy of carbon-based nanostructures Sunday, March 5th

18:30
Photophysics and Emerging Functionality of Photoluminescent Carbon Nan-
otube Defect States
Stephen K. Doorn1
1Center for Integrated Nanotechnologies, Los Alamos National Laboratory, Los Alamos

Red-shifted emitting states in carbon nanotubes, introduced by chemically stable
and synthetically tunable covalently-bound dopants, are gaining attention for their
potential to boost photoluminescence (PL) quantum yields, add new functionality,
and serve as single photon emitters. These sites present a rich array of new photo-
physics, with dependences on functionalization chemistry and environmental inter-
actions. Low-T PL probes of defect-state electronic structure will be presented for
sp3 defects introduced by aryl dopants and compared to quantum chemical theory
and results on oxygen-introduced defects. Exciton localization at defect sites and
conversion to the new emitting states will be discussed in the context of the con-
sequences localization has for relaxation dynamics and functionality. A significant
increase in exciton lifetimes results. Dependence of lifetimes on nanotube chirality
suggest multiphonon relaxation mechanisms. Finally, defect-site exciton localization
will be shown as a route to room temperature single photon emission, with control
over chemical functionality and dielectric environment shown as routes for optimizing
single photon emission behaviors.
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Sunday, March 5th Growth and spectroscopy of carbon-based nanostructures

19:00
Optical and Electrical Generation of Exciton-Polaritons in Single-Walled
Carbon Nanotubes
Jana Zaumseil1
1Applied Physical Chemistry, Universität Heidelberg, Heidelberg, Germany

Exciton-polaritons are quasiparticles that form upon strong coupling between elec-
tronic excitations of a material and photonic states of a surrounding microcavity.
The special nature of excitons in semiconducting single-walled carbon nanotubes (s-
SWNTs) leads to particularly strong coupling even at room temperature (Nature
Comm. 2016, 7, 13078). The coupling strength and the relaxation properties of the
polaritons depend strongly on the overall concentration and density of the s-SWNTs.
While exciton-polariton emission is usually initiated by optical excitation, the high
ambipolar charge carrier mobilities of s-SWNTs make them suitable for electrically
driven polariton light-emitting devices with high current densities. We show that
strong coupling and near-infrared exciton-polaritons can be generated and tuned in
s-SWNT light-emitting field-effect transistors with integrated microcavities.
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Growth and spectroscopy of carbon-based nanostructures Sunday, March 5th

19:30
Probing luttinger liquid plasmon in individual carbon nanotubes
Feng Wang1
1UC Berkeley, Berkeley

Carbon nanotubes provide an ideal platform to explore Luttinger liquid physics due
to the strong quantum confinement in carbon nanotubes. Although electrical mea-
surements has observed transport behavior consistent with the Luttinger liquid, no
spectroscopy signature of Luttinger liquid has been observed previously. Here we
will report our recent progress to probe Luttinger liquid plasmon excitation in car-
bon nanotubes using single-tube spectroscopy, including linear Luttinger liquid in
metallic tubes and non-linear Luttinger liquid in semiconducting nanotubes.
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Sunday, March 5th Growth and spectroscopy of carbon-based nanostructures

20:00
Germanane: new synthesis strategies and applications
Petra Rudolf1
1Zernike Institute for Advanced Materials, University of Groningen, Groningen

Germanane (GeH), the germanium graphane analogue has attracted considerable
interest due to its remarkable electronic and optical properties. Up to now the syn-
thesis of GeH is conducted by topotatic deintercalation of β-CaGe2 in acqueous HCl,
a reaction that usually takes place over 6 to 14 days. The new and facile approach
reported here allows to obtain GeH in minutes. The GeH produced this way is highly
pure and thermally stable to higher temperatures than those reported previously. I
shall also report the first realisation of germanane field-effect transistors [1], fabri-
cated from multilayer single crystal flakes. Our germanane devices show transport in
both electron and hole doped regimes with on/off current ratio of up to 105(104) and
carrier mobilities of 150 cm2/(V s) (70 cm2/(V s)) at 77K (room temperature). A
significant enhancement of the device conductivity under illumination with a 650nm
red laser is observed. Our results reveal ambipolar transport properties of germanane
with great potential for (opto)electronics applications.

[1] 2DMaterials, 4(2), 021009 (2017); http://iopscience.iop.org/article/10.1088/2053-
1583/aa57fd/meta
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08:30 – 09:30 P. Kim, Cambridge, US
Inducing Superconducting Correlation in Quantum Hall
Edge States in Graphene

09:30 – 10:00 R. Gorbachev, Manchester
Novel materials for van der Waals heterostructures

10:00 – 10:30 Coffee break

10:30 – 11:00 Duerig, Zurich
Electrical transport at twisted graphene interfaces

11:00 – 11:30 E. Baudin, Paris
Hyperbolic cooling of graphene Zener-Klein transistors

11:30 – 12:00 C. Lau, Riverside
Quantum Transport and Electron Interactions in Few-
Layer Atomic Membranes

12:00 – 17:00 Mini workshops

17:00 – 18:30 Dinner

18:30 – 19:00 M. Yankowitz, New York
Detecting Novel Quantum Hall States in Graphene and
WSe2

9:00 – 19:30 S. Ilani, Rehovot
Imaging the Quantum Wigner Crystal of Electrons in
One-Dimension

19:30 – 20:00 A. Yazdani, Princeton
Majorana Fermions in Atomic Chains: Spin and Charge
Signatures

20:00 Poster I
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8:30
Inducing Superconducting Correlation in Quantum Hall Edge States in Graphene
Philip Kim1

1Physics, Harvard University, Cambridge

The quantum Hall (QH) effect supports a set of chiral edge states at the boundary
of a 2-dimensional electron gas (2DEG) system. A superconductor (SC) contacting
these states induces correlation of the quasi-particles in the dissipationless 1D chiral
QH edge states. If the superconducting electrode is narrower than the superconduct-
ing coherence length, the incoming electron are correlated to outgoing hole along the
chiral edge state by the Andreev process. In order to realize this crossed Andreev
conversion (CAC), it is necessary to fabricate highly transparent and nanometer-scale
superconducting junctions to QH system. Here we report the observation of CAC in
a graphene QH system contacted with a nanostructured NbN superconducting elec-
trode. The chemical potential of the edge states across the superconducting electrode
exhibits a sign reversal, providing direct evidence of CAC. This hybrid SC/QH sys-
tem is a novel route to create isolated non-Abelian anyonic zero modes, in resonance
with the chiral QH edge.
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09:30
Novel materials for van der Waals heterostructures
Roman V. Gorbachev1
1School of Physics and Astronomy, University of Manchester, Manchester

In the last three years, a novel field has emerged which deals with structures and
devices assembled layer-by-layer from various atomically-thin crystals. These new
multi-layer structures have proved to be extremely versatile, showing exceptional
electronic and optical properties, new physics and new functionality. This is mostly
due to the fact that each atomic layer can be chosen among many different materials
including metals, semiconductors, superconductors or even topological insulators.
In this talk I will review recent progress and discuss new additions to the 2D material
family, their fabrication and transport properties. I will present our newest results on
atomically thin crystals of InSe – material that hasn’t been sufficiently studied before
and now shows outstanding physical and electronic properties. Other materials, such
as black phosphorus, niobium diselenide and gallium selenide will be discussed with
specific attention paid to fabrication and their chemical stability.
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10:30
Electrical transport at twisted graphene interfaces
Urs Duerig1, Elad Koren1, Armin Knoll1, Emanuel Loertscher1, Itai Leven2, Oded
Hod2
1IBM Research - Zurich, 8803 Rueschlikon
2School of Chemistry, Tel Aviv University, Tel Aviv, Israel

The weak interlayer coupling in 2-dimensional layered materials such as graphite
gives rise to rich mechanical and electronic properties in particular in the case of
a twisted interface. The lack of crystal symmetry leads to anti-correlations and
cancellations of the pz orbital interactions, resulting in a strong suppression of the
electrical transport between the twisted graphene sheets. Resorting to graphite pillar
structures and using local probe manipulation capabilities we studied the interlayer
electrical conductivity as a function of twist angle between two misoriented graphene
layers with an angular resolution of 0.1o. The angular dependence indicate that the
electrical transport across the interface is dominated by a phonon assisted channel
which conserves the momentum of conduction band electrons as they pass between
the k-space separated Dirac cones. Most intriguingly, the conduction is significantly
enhanced within a narrow angular range of less than 0.5o at “magic” angles of 21.8o

and 38.2o hallmarking the existence of a 2-dimensional interface state originating
from the coherent coupling between the twisted sheets due to a commensurate su-
perlattice.
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11:00
Hyperbolic cooling of graphene Zener-Klein transistors
Emmanuel Baudin1, W. Yang1, S. Berthou1, X. Lu2, Q. Wilmart1, A. Denis1, M.
Rosticher1, T. Taniguchi3, K. Watanabe3, G. Fève1, J.M. Berroir1, G. Zhang2, C.
Voisin1, B. Plaçais1
1Laboratoire Pierre Aigrain, 24 rue Lhomond, 75231 Paris Cedex 05, France
2Beijing National Laboratory for Condensed Matter, Beijing 100190, China
3Advanced Materials Laboratory, National Institute for Materials Science, Tsukuba,
Japan

Engineering of cooling mechanisms is a bottleneck in nanoelectronics. Whereas ther-
mal exchanges in diffusive graphene are driven by defect-assisted supercollisions [1],
the case of high-mobility graphene on hBN is radically different with a prominent
contribution of remote phonons from the substrate.
Here, we show that a bilayer graphene on hBN transistor can be driven in the Zener-
Klein tunneling regime where current is fully saturated. Using sensitive GHz noise
thermometry [2], we show that ZK-tunneling triggers a new cooling pathway due to
the emission of hyperbolic phonons polaritons (HPPs) in hBN by out-of-equilibrium
electron-hole pairs. This mechanism is by far the most efficient in graphene and
promotes graphene Zener-Klein transistors as a valuable route for power RF ampli-
fication.

[1] A. Betz et al., Nat. Phys., 9, 109 (2013)
[2] W. Jang et al., submitted (2016)
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11:30
Quantum Transport and Electron Interactions in Few-Layer Atomic Membranes
Chun Ning Lau1
1Dept of Physics and Astronomy, University of California, Riverside, Riverside

Two dimensional materials constitute an exciting and unusually tunable platform for
investigation of both fundamental phenomena and electronic applications. Here I will
present our results on transport measurements on high mobility few-layer graphene
and phosphorene devices. In ABA-stacked trilayer graphene consists of multiple Dirac
bands, where crystal symmetry protects the spin degenerate counter-propagating
edge modes resulting in σxx = 4e2/h. At even higher magnetic fields, the crystal
symmetry is broken in by electron-electron interactions and the ν = 0 quantum Hall
state develops an insulating phase. At finite doping, we observe quantum Hall states
with tunable charge, spin and valley symmetries. Our findings indicate the role
of crystal and spin symmetry in generation of topological phases in multiple Dirac
bands. Finally, I will present our recent results on weak localization and quantum
Hall effect in air-stable, few-layer phosphorene devices. Our results underscore the
fascinating many-body physics in these 2D membranes.
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18:30
Detecting Novel Quantum Hall States in Graphene and WSe2

Matthew Yankowitz1,
1Department of Physics, Columbia University, New York

The ability to probe integer and fractional quantum Hall states in 2D materials
tends to be limited by disorder in the vdW heterostructure and difficulty making
ohmic contacts, both at high field with graphene and at zero field with TMDs. I will
discuss efforts to measure these materials using single-electron transistors deposited
directly onto the top of the heterostructure. In WSe2 we map the IQH states in
both the valence and conduction bands, and find that the relative gap strengths of
the even and odd filling factors depend on the charge carrier density, a signature
of the unusually large many-body interaction strength in the material. I will also
discuss efforts to detect sensitive FQH states in transport measurements of graphene
devices using gate-defined geometries. We observe a rich sequence of FQH states in
the N = 0 and 1 Landau levels of monolayer graphene, and reentrant IQH states in
higher Landau levels. In bilayer graphene, we observe even-denominator FQH states
dependent on the orbital polarization.
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19:00
Imaging the Quantum Wigner Crystal of Electrons in One-Dimension
Shahal Ilani1
1Department of Condensed Matter Physics, Weizmann Institute of Science, Rehovot,
IL

The quantum crystal of electrons, predicted more than eighty years ago by Eugene
Wigner, is still one of the most elusive states of matter. Experiments have searched for
its existence primarily via measurements of macroscopic properties, but since these
resemble those of non-interacting electrons, a clear-cut observation of this crystal is
still lacking. In this talk, I will present our recent experiments that observe the one-
dimensional Wigner crystal directly, by imaging its charge density in real space. To
measure this fragile state without perturbing it, we developed a new scanning probe
platform that utilizes a pristine carbon nanotube as a scanning charge detector to
image, with minimal invasiveness, the many-body electronic density within another
nanotube. The imaged density looks utterly different than that predicted by single-
particle physics, but matches nicely that of a strongly interacting crystal, in which
the electrons are ordered like pearls on a neckless. The quantum nature of the crystal
emerges when we explore its tunneling through a potential barrier. Whereas for non-
interacting electrons only a single electron should tunnel across the barrier, images
of the density change upon tunneling show that in our system the crystal tunnels
collectively, involving the motion of multiple electrons. These experiments provide
the long-sought proof for the existence of the electronic Wigner crystal, and open
the way for studying even more fragile interacting states of matter by imaging their
many-body density in real space.
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19:30
Majorana Fermions in Atomic Chains: Spin and Charge Signatures
Ali Yazdani1
1Department of Physics, Princeton University, Princeton, NJ USA

I will review the platform for realization of topological superconductivity and Ma-
jorana fermions in chains of magnetic atoms on the surface of a superconductor. I
will describe high resolution studies of spatial mapping of spectroscopic signature of
Majorana fermions in spectroscopic experiments with the STM. These will include
experiments at lowest possible temperature with the STM, with superconducting tips,
as well as those using spin-polarized STM techniques. In each case, Majoranas are
predicted to leave a distinct signature than other in-gap states of a superconductor,
which can be diagnosed experimentally.
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MON 1
Liquid-Phase Exfoliation and Noncovalent Functionalization of Antimonene

Gonzalo Abellán1,2, Stefan Wild1,2, Edurne Nuin2, Carlos Gibaja3, Pablo Ares4,
David Rodriguez-San-Miguel3,5, Julio Gómez-Herrero4, Maria Varela6, Roland Gillen7,
Janina Maultzsch7, Frank Hauke1,2, Félix Zamora3,5, Andreas Hirsch1,2
1Joint Institute of Advanced Materials and Processes (ZMP), University Erlangen-
Nuremberg, Fürth, Germany
2Department of Chemistry and Pharmacy, University Erlangen-Nuremberg, Erlan-
gen, Germany
3Departamento de Química Inorgánica, Universidad Autónoma de Madrid, Spain
4Departamento de Física de la Materia Condensada, Universidad Autónoma de
Madrid, Spain
5Instituto Madrileño de Estudios Avanzados en Nanociencia (IMDEA Nanociencia),
Spain
6Universidad Complutense de Madrid, Instituto Pluridisciplinar and Facultad de CC.
Físicas, Spain
7Institut für Festkörperphysik, Technische Universität Berlin, Germany

We report on a fast and simple method to produce highly stable isopropanol/water
(4:1) suspensions of few-layer antimonene [1] by liquid-phase exfoliation of antimony
crystals in a process that is assisted by sonication [2] but does not require the addi-
tion of any surfactant. This straightforward method generates dispersions of few-layer
antimonene suitable for on-surface isolation. Analysis by atomic force microscopy,
scanning transmission electron microscopy, and electron energy loss spectroscopy con-
firmed the formation of high quality few-layer antimonene nanosheets with large lat-
eral dimensions. These nanolayers are extremely stable under ambient conditions. [3]
Their Raman signals are strongly thickness-dependent, which was rationalized by
means of density functional theory calculations. Moreover, we explored the non-
covalent functionalization of few-layers antimonene by using tailor-made perylene
diimides. [4]

[1] Angew. Chem. Int. Ed. 2016, 55, 14345–14349.
[2] Nat. Commun. 2015, 6, 8563.
[3] Adv. Mater. 2016, 28, 6332–6336.
[4] Angew. Chem. Int. Ed. 2016, 55, 14557–14562.

MON 2
Black phosphorus ink formulation for inkjet printing of optoelectronics and
photonics

Tom Albrow-Owen1, Guohua Hu1, Richard C. T. Howe1, Zongyin Yang1, Tien-Chun
Wu1, Tawfique Hasan1
1Cambridge Graphene Centre, University of Cambridge, Cambridge, CB3 0FA, UK

Black phosphorus (BP) is a two-dimensional material of great interest, in part because
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of its high carrier mobility and thickness dependent direct bandgap. However, its
instability under ambient conditions limits material deposition options for device
fabrication. Here, we develop for the first time a BP ink that can be reliably inkjet
printed, enabling the scalable development of optoelectronic and photonic devices.
Our binder-free ink suppresses coffee ring formation through induced Marangoni flow,
and supports excellent consistency (< 2% variation) and spatial uniformity (< 3.4%
variation), without substrate pre-treatment. Due to rapid ink drying (< 10 s at <
60 ◦C), printing causes minimal oxidation. Following encapsulation, the printed BP
is stable against long-term (> 30 days) oxidation. Our work highlights the promise
of this material as a functional ink platform for large-scale printed devices operating
under ambient conditions.

MON 3
Planar 2D Light Source Based on Monolayer WS2-BN Artificial Heterostructure

Abdurrahman Ali El Yumin1, Jie Yang1, Qihong Chen1, Oleksandr Zheliuk1, Jiant-
ing Ye1
1Device Physics of Complex Materials, Zernike Insititute for Advanced Materials,
University of Groningen, The Netherlands

Transition Metal Dichalcogenides (TMDs) are attracting growing interests for their
prospective application in electronic and optical devices. As a leading material in
researches of 2D electronics, although band structure is layer-dependent, the TMDs
show ambipolar properties. While optically exicited light emission have been widely
investigated, study on electrically generated emission is still limited. Taking the
advantage of its ambipolarity and presence of direct band-gap in monolayer, we de-
veloped electrically driven light emitting device base on stacked 2D flakes to obtain
sharp planar p-n junction in monolayer. Specifically, we have fabricated monolayer
tungsten disulfide (WS2)-boron nitride (BN) artificial heterostructures using stacked
h-BN thin flake as a mask to partially cover WS2 transistor channel allowing high-
density hole accumulation (p-region) via localized exposure to gate-controlled accu-
mulation of anions. Transport through the junction shows typical diode-like rectifi-
cation current with accompanying strong and sharp light emission from the crystal
edge of BN mask.

MON 4
Charge carrier dynamics and trapping in TMDC devices

Iddo Amit1,2, Nicola J. Townsend1, Tobias J. Octon2, C. David Wright2, Monica F.
Craciun2, Saverio Russo1
1Centre for Graphene Science, Department of Physics, University of Exeter, United
Kingdom
2Centre for Graphene Science, Department of Engineering, University of Exeter,
United Kingdom

Charge carrier dynamics in atomically thin semiconductors is a critical concern in
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the formation of electronic and optoelectronic devices. In particular, understanding
the dynamics involved in trapping and emission of charges from gap states, and the
process of recombination across heterostructures is of utmost importance for the
informed design of efficient devices.
In semiconducting TMDCs, large hysteresis observed during gate sweeps is anal-
ysed through current transient measurements of MoTe2 field-effect transistors. We
demonstrate that the mechanism of threshold voltage transients governs the current
response to charge trapping and can be attributed to changes in resistivity of the
entire channel. Using a graphene / MoS2 heterostructure, we gain insight into time
dependent mechanisms of recombination and charge redistribution that pave the way
to a new class of position sensors and logic components.

MON 5
Toward a Rational Synthesis of NON-IPR Fullerenes
Konstantin Amsharov1
1Institute of Organic Chemisry II, University Erlangen-Nuernberg, Erlangen

Among graphite, carbon nanotubes and IPR-fullerenes (Isolated Pentagon Rule),
non-IPR cages can be considered as new carbon allotrope. Quantum-chemical calcu-
lations announce fascinating physical and mechanical properties of the solid composed
of bare non-IPR cages. Many non-IPR fullerenes form during conventional fullerene
synthesis but cannot be separated from the mixture because of the extremely high
reactivity. Previously we have demonstrated that polycyclic aromatic PAHs contain-
ing the carbon framework required for the target molecule can be “rolled up” to the
desired carbon nanostructure by the surface assisted Aryl-Aryl domino-coupling. [1-3]
We found that fullerenes can be effectively synthesized in the gas phase via selec-
tive HF elimination under laser ablation conditions. [4,5] The method appears to be
suitable for selective generation of NON-IPR fragments. Our findings pave the way
for rational synthesis and further exploration of highly interesting non-IPR fullerene
cages.

[1] K.Yu. Amsharov, R. Fasel et al. Nature, 512, 61 (2014)
[2] K.Yu. Amsharov et al. Angew. Chem. Int. Ed. 51, 4594 (2012)
[3] K.Yu. Amsharov, M.M. Kappes, et al. J. Am. Chem. Soc., 138, 11254 (2016)

MON 6
Unraveling the 3D atomic structure of a suspended graphene/hBN van der
Waals heterostructure
Giacomo Argentero1, Andreas Mittelberger1, Mohammad Reza Ahmadpour Mon-
azam1, Yang Cao2, Timothy J. Pennycook1, Clemens Mangler1, Christian Kram-
berger1, Jani Kotakoski1, Andre K. Geim2,3, Jannik C. Meyer1
1Physics of Nanostructured Materials, University of Vienna, Vienna, Austria
2Centre for Mesoscience and Nanotechnology, University of Manchester, Manchester,
UK
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3School of Physics and Astronomy, University of Manchester, Manchester, UK

In this work we demonstrate that a free-standing van der Waals heterostructure,
usually regarded as a 2D object, can exhibit an intrinsic three-dimensional atomic
structure resulting from the interaction between two layers with a small lattice mis-
match. We studied a freely suspended membrane of well aligned graphene on a hexag-
onal boron nitride (hBN) monolayer by transmission electron microscopy (TEM) and
scanning TEM (STEM). We developed a detection method in the STEM that is ca-
pable of recording the direction of the scattered electron beam and that is extremely
sensitive to the local stacking of atoms. Comparison between experimental data and
simulated models shows that the heterostructure effectively bends in the out-of-plane
direction, producing an undulated structure having a periodicity that matches the
moiré wavelength. We attribute this rippling to the interlayer interaction and also
show how this affects the intralayer strain in each layer.

MON 7
Ab-initio calculations on edge roughness and oxygen edge termination effects
on electrical conduction properties of zigzag-type-edge graphene nanoribbon
interconnects using non-equilibrium green’s function method

K. Yabusaki1, Y. Awano1
1Department of Electronics and Electrical Engineering, Keio University, Yokohama,
Japan

Graphene nanoribbons (GNRs) have attracted attention as a promising material to
replace Cu in the next generation of LSIs because of their high electron mobility and
high electromigration tolerance. However, with the minimum feature size of LSI in-
terconnects getting smaller, manufacturing variants, such as edge roughness, cannot
be avoided. In this paper, we study the electronic structures and electron transmis-
sion properties of zigzag-type-edge GNRs (ZGNRs) with an artificial edge roughness
and edge termination by using ab-initio calculations with the non-equilibrium Green’s
function. The spatial model is a mono-layer ZGNR (3.7 nm long and 5.6 nm wide).
The calculated transmission coefficient near the Fermi level (EF) strongly depended
on the edge roughness, which is because the electronic states in the partial flat bands
of the ZGNR can be understood as localized states near the edge. By introducing
carbon six-membered-ring-width roughness on both sides of the ZGNR, the coeffi-
cient decreased to one-thirds. The shift of EF between the oxygen-terminated ZGNR
and the hydrogen-terminated one is 0.46 eV, which leads to two-third of transmission
coefficient increase near the EF.

MON 8
Study of functionalized Carbon Nanotubes with a Field Emission Auger Micro-
probe

Carlos Reinoso1, Oleg Domanov1, Hidetsugo Shiozawa1, Thomas Pichler1, Paola
Ayala1,2
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1Faculty of Physics, University of Vienna, Vienna, AUSTRIA
2Yachay Tech University, School of Physical Sciences and Nanotechnology, San Miguel
de Urcuqui, ECUADOR

Understanding the underlying electronic properties of single-walled carbon nanotubes
(SWCNTs) is of great interest for their proper use in applications. A way of gaining
tunability of those properties is via different functionalization methods. One of the
problems in this type of research is given by the difficulty to determine the bulk
amount of heteroatoms that functionalize the SWNCTs and the homogeneity of the
functionalization. Pioneering studies carried out with a Field Emission Auger Micro-
probe show that it is possible to detect atoms below the threshold of other analytic
methods.

MON 9
Integration of AlGaN/GaN based high electron mobility transistors with dia-
mond films

Oleg Babchenko1, Gabriel Vanko1, Jaroslav Dzuba1, Tibor Lalinský1, Tibor Ižák2,
Alexander Kromka2, Marian Vojs3
1Institute of Electrical Engineering SAS, Dúbravská cesta 9, 841 04 Bratislava, Slo-
vakia
2Institute of Physics of the ASCR, Cukrovarnická 10, 162 00 Prague, Czech Republic
3Institute of Electronics and Photonics STU, Ilkovičova 3, 812 19 Bratislava, Slovakia

We report on the utilization of III-Nitrides group potential for high electron mobility
transistors (HEMTs) working at extreme conditions (e.g. aerospace or heavy indus-
try sectors). We use circular HEMTs based on AlGaN/GaN heterostructure with
source-drain spacing 180µm and gate length in range 40–160µm. Generally, the key
feature for such transistors functionality is a two dimensional electron gas induced
on the AlGaN/GaN interface. Whilst its main drawback is the self-heating effect,
caused by high power dissipation at high load conditions, resulted to degradation of
electron mobility. To minimize the HEMTs properties deterioration it is proposed
to use diamond as a heat sink for thermal management. The important issues in
this case are low stress on the HEMT/diamond interface and preserving of Schot-
tky and ohmic contact metallization during the diamond growth. We demonstrate
that by proper combination of low temperature (below 500 ◦C) diamond growth in
C/O/H gas mixture and stable metallization the AlGaN/GaN HEMTs integrated
with selectively deposited diamond can be manufactured. The performance of di-
amond/AlGaN/GaN HEMTs is compared to bare AlGaN/GaN HEMTs up to the
500 ◦C.

MON 10
Graphene electro-mechanical devices

J. Guttinger1, P. Weber1, A. Noury1, J. Vergara1, A.M. Eriksson2, C. Lagoin1, J.
Moser1, C. Eichler3, A. Wallraff3, A. Isacsson2, A. Bachtold1
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1ICFO, Barcelona
2Chalmers, Gottenborg
3ETHZ, Zurich

When a graphene layer is suspended over a circular hole, the graphene vibrates as
a music drum. Because of the combination of low mass and high quality factor,
the motion is enormously sensitive to external forces. Here, we couple the graphene
resonator to a superconducting cavity via the radiation pressure interaction. The su-
perconducting cavity allows us to transduce the graphene motion with unprecedented
sensitivity. We sideband cool the graphene motion to an average phonon occupation
that approaches the quantum ground-state. We show that the graphene resonator is
a fantastic force sensor with a sensitivity approaching the fundamental limit imposed
by thermo-mechanical noise. We find that energy decays in a way that has thus far
never been observed nor predicted. As the energy of a vibrational mode freely decays,
the rate of energy decay switches abruptly to lower values, in stark contrast to what
happens in the paradigm of a system directly coupled to an environment bath. Our
work opens up new possibilities to manipulate vibrational states, engineer hybrid
states with mechanical modes at completely different frequencies, and to study this
collective motion.

MON 11
Functionalisation of exfoliated transition metal dichalcogenides in the liquid
phase
Claudia Backes1, Farnia Rashvand1, Kathrin Knirsch1, Jeremy Dunklin2, Paul La-
fargue1, Sergius Boschmann1, Kevin Synnatschke1
1Applied Physical Chemistry, University of Heidelberg, Heidelberg
2Ralph E. Martin Department of Chemical Engineering, University of Arkansas,
Fayetteville, Arkansas 72701, USA

With increasing research interests in the properties of exfoliated van der Waals crys-
tals, strategies to produce 2D nanosheets in the liquid phase have been rekindled or
established the past few years. In particular, liquid phase exfoliation methods have
seen tremendous progress with respect to improved sample quality such as controlled
nanosheet size and thickness. Such nanosheets are generally pristine and mostly
defect-free making them ideal candidates to unravel their chemical reactivity.

In this contribution, we summarise various approaches to functionalise the surface
of exfoliated transition metal dichalcogenides (TMDs) such as MoS2 and WS2. We
show that the absorbance and photoluminescence of the A-exciton of liquid-exfoliated
monolayer-rich WS2 offers a unique fingerprint to study the interaction with ph-
ysisorbed molecules and polymers. In addition, we demonstrate routes to chemically
anchor functional groups either by using the chalcogenides as ligands for the reaction
with transition metal cations or by reductive covalent functionalisation after lithium
intercalation. Finally, we present the first reaction of nanosheet edges and defects
via redox chemistry.
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MON 12
Transition from Sulfided Molybdenum Clusters to monolayer MoS2 on Au(111)

Harsh Bana1, Elisabetta Travaglia1, Paolo Lacovig2, Luca Bignardi2, Rosanna Lar-
ciprete3, Alessandro Baraldi1,2,4, Silvano Lizzit2
1Physics Department, Via Valerio 2, 34127 Trieste, University of Trieste, Italy
2Elettra - Sincrotrone Trieste S.C.p.A., AREA Science Park, S.S. 14 km 163.5, 34149
Trieste, Italy
3CNR-Institute for Complex Systems, Via Fosso del Cavaliere 100, 00133 Roma, Italy
4IOM-CNR, Laboratorio TASC, AREA Science Park, S.S. 14 km 163.5, 34149 Tri-
este, Italy

Among the various approaches used to grow single layer (SL) MoS2, physical vapour
deposition of Mo atoms on Au(111) at room temperature, followed by annealing,
both performed in H2S atmosphere, led to the growth of high quality single layer
nano-islands, allowing the measurement of the band structure of SL MoS2. In the
presented work carried out at the SuperESCA beamline of the synchrotron radia-
tion facility Elettra, we performed high resolution X-ray photoelectron spectroscopy
(HR-XPS) to study the growth dynamics of SL MoS2 on Au(111) using the aforemen-
tioned procedure. The transient processes were followed by Fast-XPS that allowed us
to detect different sulfided species on the surface and to follow their transformation
to SL MoS2 while annealing in H2S atmosphere. Moreover we detected the growth of
additional components in the Au 4f surface-core level shift owing to the adsorbate-
substrate interaction. This interaction was also observed in the S 2p spectra that
presented a core level shifted component related to the bottommost sulfur in contact
with the Au surface at a binding energy higher than that of the top sulfur layer of
the ‘S-Mo-S’ sandwich structure.

MON 13
Phonon limited room-temperature mobility in dry transferred CVD graphene-
TMDC van-der-Waals heterostructures

Luca Banszerus1,2, Alexander Epping1,2, Matthias Goldsche1,2, Kenji Watanabe3,
Takashi Taniguchi3, Bernd Beschoten1, Christoph Stampfer1,2
1JARA-FIT and 2nd Institute of Physics, RWTH Aachen University, Aachen
2Peter Grünberg Institute (PGI-9), Forschungszentrum Jülich, 52425 Jülich, Ger-
many
3National Institute for Materials Science, 1-1 Namiki, Tsukuba, 305-0044, Japan

Recently, we have reported on a contamination-free dry transfer method for graphene
grown by chemical vapor deposition (CVD), which allows to directly pick-up graphene
from the growth substrate using flakes of hexagonal boron nitride (hBN) [1]. With
this transfer technique we fabricate hBN/graphene/hBN heterostructures that have
shown high charge carrier mobilities on the order of 350,000 cm2/(Vs) and ballistic
transport over distances of up to 28µm [2]. Here, we demonstrate that the hBN
flake used for our dry transfer technique can be replaced by a wider range of two-
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dimensional materials. This finding allows for fabricating complex CVD graphene
based van-der-Waals heterostructures and could lead the way towards the up-scaling
of the transfer process. Raman spectroscopy, as well as low temperature and room
temperature magneto-transport measurements prove the high electronic quality of
the graphene, revealing phonon limited charge carrier mobilities of 110,000 cm2/(Vs)
at 300K and thermally broadened carrier density fluctuations at charge neutrality.

[1] L. Banszerus et al. Sci. Adv. 1, e1500222 (2015)
[2] L. Banszerus et al. Nano Lett. 16, 1387-1391 (2016)

MON 14
Controlled Attachment of Proteins to Carbon Nanotubes

Adam Beachey1, Harley Worthy2, Ben Bowen2, David Jamieson3, J Emyr Macdon-
ald1, Martin Elliott1, D Dafydd Jones2, Oliver Castell3
1School of Physics and Astronomy, Cardiff University
2School of Biosciences, Cardiff University
3School of Pharmacy and Pharmaceutical Sciences, Cardiff University

We have developed a reliable technique to covalently attach engineered proteins in de-
fined locations and orientation to single-walled carbon nanotubes (SWCNTs), with-
out pre-treatment of the nanotubes. By functionalising the protein with a novel
photo-chemical linking group, these biomolecules have been attached directly to
SWCNTs by exposure to ultraviolet light. The chemical attachment can be moni-
tored in real time by recording the electrical resistance during UV exposure. Efficient
binding of green fluorescent protein has been shown using a combination of atomic
force microscopy, and total internal reflection fluorescence microscopy, confirming
functionality and enabling imaging of the proteins along SWCNTs. Such function-
alisation is a crucial first step in developing new generic platforms for biosensing.

MON 15
Cross characterization of graphene growth on metal: A route for strain
engineering

Olivier Duigou1,2, Dipankar Kalita1, Mathieu Pinault2, M. S. Bronsgeest3, H. T.
Johnson3,4, P. Pochet3, Martine Mayne2, Johann Coraux1, Nedjma Bendiab1
1Institut Néel, CNRS-UGA, 38000 Grenoble, France
2NIMBE, CEA, CNRS, Université Paris-Saclay, CEA Saclay, 91191 Gif sur Yvette,
France
3INAC-SP2M, Grenoble, F-38054, France,
4Department of Mechanical Science and Engineering, University of Illinois at Urbana-
Champaign, USA

Graphene membrane display unwanted ripples that limit electrical, thermal and me-
chanical properties. Nevertheless, by locally tune strain in graphene, we could in-
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fluence its electronic, magnetic and vibrational properties. In this work on CVD
graphene, we show that depending on the growth conditions, the graphene mem-
brane grown on cobalt present strain fields having magnitudes of several tenths of a
percent and extending across typically micrometer distances [1]. In the other hand
the graphene obtain at atmospheric pressure on cobalt thin films, show an unusual
dependency of the 2D mode frequency versus the G mode frequency indicating a
strong modification of the graphene sheet even after transfer on SiO2 [2]. In this
specific case, crystal domains with two different orientations are observed.These ex-
perimental results on graphene@cobalt will also be compared to different growth
graphene on various substrates.

[1] M. Bronegeest et al, Nano Lett., 15, 5098 (2015)
[2] O. Duigou et al, in preparation

MON 16
Recent Progress in the Investigation of the Optical Properties of Filled Carbon
Nanotubes
Claudia Berkmann1, Lei Shi1, Philip Rohringer1, Thomas Pichler1, Paola Ayala1,2
1Faculty of Physics, University of Vienna, Vienna
2Yachay Tech University, School of Physical Sciences and Nanotechnology, 100119-
Urcuquí, Ecuador

Our group has reported recently our research on the optical response of the single-
walled nanotubes (SWCNTs) that are inside double-walled carbon nanotubes (DWC-
NTs) [1,2]. It has been shown that ferrocene filling as well as confined linear carbon
chains results in a highly selective enhancement of the inner tube photoluminescence
(PL) signal. This effect is due to a local charge transfer from the inner tubes to
the carbon chains, which counterbalance the quenching mechanisms induced by the
outer tubes. In this study we report on the recent progress in the investigation of
the optical response of SWCNTs and DWCNTs filled with carbon chains of different
lengths. The filled SWCNTs were produced by extracting filled inner tubes from
DWCNTs via density ultracentrifugation. The corresponding optical response was
investigated using PL and optical absorption spectroscopies.

L.S. thanks the FWF and the EU projects, P.A. acknowledges the EU.

[1] P. Rohringer et al., Adv. Funct. Mater. 2016, 26 (27), 4874
[2] X. Liu et al., Adv. Funct. Mater. 2012, 22 (15), 3202

MON 17
Twisted Graphene Trilayers and Bilayers under Large Displacement Fields
M. Bockrath1, B. Cheng1, C. Pan1, Y. Wu1, P. Wang1, S. Che1, T. Taniguchi2, K.
Watanabe2, C. N. Lau1
1Department of Physics and Astronomy, University of California, Riverside, Califor-
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nia 92521, USA
2Advanced Materials Laboratory, National Institute for Materials Science, Tsukuba,
Ibaraki 305-0044, Japan

We study the properties of graphene/hBN layer electrostatically gated structures such
as twisted trilayers that are comprised of AB-stacked bilayer graphene contacting a
graphene monolayer through a twist angle, and hBN-encapsulated graphene bilay-
ers with large applied perpendicular electric field. In the twisted trilayers, which
couple the massive bilayer spectrum to that of the massless monolayer spectrum,
the interlayer interactions and screening produce a nonlinear monolayer graphene
gate capacitance and renormalize the bilayer band structure. In the encapsulated
bilayers, we perform Landau level spectroscopy, measure the layer polarizability of
the electrons, and observe hysteresis in Rxx that vanishes at a temperature T=10K,
indicating the presence of easy-axis quantum Hall ferromagnetism.

MON 18
Observation of room temperature charge density waves in single-layer
1T-TaSe2

Pia Börner1, Michael Kinyanjui1, Tibor Lehnert1, Ute Kaiser1
1Ulm University, Electron Microscopy Group of Materials Science, Ulm

Metallic TMDs like 1T-TaSe2 can produce charge density waves (CDWs) depending
on temperature, doping and pressure [1]. This periodic modulation of the charge
density is accompanied by a periodic lattice distortion (PLD). Bulk 1T-TaSe2 shows
a commensurate CDW/PLD at temperatures below 473K characterized by a 131/2
x 131/2 a0 superstructure [1]. Here we present our experiments confirming PLDs in
mechanically exfoliated single-layer 1T-TaSe2 by aberration-corrected high-resolution
transmission electron microscopy (AC-HRTEM) and selected area electron diffraction
(SAED). A 1T-TaSe2-graphene heterostructure is used to reduce radiation damage
[2]. In addition we show experiments obtained with our new very low-voltage (20-
80 kV) spherical and chromatic aberration-corrected SALVE instrument [3,4], which
we discuss with respect to radiation damage and strongly improved resolution.

[1] J. A. Wilson, F. J. Di Salvo, and S. Mahajan, Adv. Phys. 24.2 (1975): 117-201.
[2] G. Algara-Siller, S. Kurasch, ..., and U. Kaiser, APL 103.20 (2013): 203107.
[3] M. Linck, P. Hartel, ..., and U. Kaiser, PRL, 117.7 (2016): 076101.
[4] www.salve-project.de

MON 19
Dedicated functionalized graphene-based FET for highly sensitive detection
of GQDs

Jana Brndiarová1, Martin Hulman1, Dagmar Gregušová1, Michal Bod’ik2, Peter Šif-
falovič2, Viera Skákalová3, Karol Fröhlich1
1Institute of Electrical Engineering, Slovak Academy of Science, Bratislava, Slovakia
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2Insitute of Physics, Slovak Academy of Sciences, Bratislava, Slovakia
3Faculty of Physics, University of Vienna, Vienna, Austria

Graphene quantum dots (GQDs) have various important applications in bioimaging,
drug delivery, LEDs light converters, photodetectors, solar cells, fluorescent material
and biosensors fabrication. We present detection of GQDs by functionalized mechani-
cally exfoliated graphene by means of FET. Graphene flakes were placed onto Si/SiO2

substrate and graphene FET was fabricated by optical lithography. Afterwards a con-
trolled ozone treatment was utilized to create hydroxyl groups onto graphene surface
in limited concentration to avoid a significant degradation of electron transport prop-
erties. Subsequently incubation in APTES solution was used to attach amino groups
on the graphene surface. The affinity of negatively charged GQDs carboxylic groups
towards the positively charged amino-functionalized graphene allows highly sensitive
detection based on alteration of FET conductivity. In our contribution, properties
of graphene FETs after APTES and GQD exposure were studied using Raman spec-
troscopy, scanning electron microscopy and atomic force microscopy. The graphene
FET transfer and drain-source characteristics were measured for a control sample
and the sample decoration.

MON 20
Enhancing single-wall carbon nanotube properties through endohedral
volume control

Jochen Campo1,2, Yanmei Piao1, Stephanie Lam1, Christopher M. Stafford1, Jason
K. Streit1, Jeffrey R. Simpson1,3, Angela R. Hight Walker1, Jeffrey A. Fagan1
1National Institute of Standards and Technology, Gaithersburg, Maryland, USA
2Physics Department, University of Antwerp, Belgium
3Department of Physics, Astronomy, and Geosciences, Towson University, Maryland,
USA

Liquid-phase processing of single-wall carbon nanotubes (SWNTs) generally results
in the exposure of their core to the environment (opening), which often affects the
SWNT properties. For aqueous processing, SWNTs are e.g. routinely getting filled
with water, leading to significant redshifts to, and inhomogeneous broadening of,
the SWNTs’ electronic transitions, and a substantial decrease of their fluorescence
efficiency. Selection of empty SWNTs is possible by means of ultracentrifugation,
but is a natively low yield process. In this work, adverse filling is prevented by
intentionally prefilling the SWNTs with alkanes, serving as a passive and highly
homogeneous spacer. In contrast to water and other fillants, the alkane core is of low
dielectric nature and therefore only weakly affects the SWNTs’ electronic structure,
and hence effectively simulates empty core conditions. This yields highly resolved
optical spectra with strongly shifted peak positions compared to water filled SWNTs,
and fluorescence efficiencies approaching those of empty SWNTs. This can be realized
using a wide variety of alkanes, in combination with SWNT materials having different
diameter distributions.
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MON 21
Nanowire-graphene heterostructures and nanoprobes for molecular sensing

Jiri Cervenka1
1Department of Thin Films and Nanostructures, Institute of Physics ASCR, v. v. i.,
Prague

Graphene/silicon heterojunctions offer many unique opportunities for creating nano-
electronic devices with tunable charge carrier transport properties. Here we demon-
strate fabrication of novel hybrid Si nanowire-graphene nanostructures that integrate
graphene field-effect transistors with gated silicon nanowire Schottky junctions. The
charge carrier transport in these hybrid nanoscale devices shows highly rectifying
characteristics at the Schottky junctions which can be used for tunable doping of
graphene in the active region of the heterojunction. The doping of graphene can be
locally and selectively modified by charge injection at the Schottky junctions, allow-
ing for controllable switching between p- and n- type doping. We demonstrate that
these nanoscale devices can be efficiently used as chemical sensors and local probes
for studying adsorption of different molecules. The tunable doping of graphene in the
devices allows to maximize the sensor sensitivity to specific molecules and analyze
the surface-transfer doping mechanisms. Our findings open up new avenues towards
ultra-sensitive and selective molecule detection using hybrid nanowire-graphene het-
erojunctions.

MON 22
Optical reflectivity of graphene on different substrates

Julio C. Chacón-Torres1,2, Benjamin Hatting2, Sebastian Heeg3, Christian Berger3,
Aravind Vijayaraghavan3, Stephanie Reich2
1School of Physical Sciences and Nanotechnology, Yachay Tech University, Urcuquí
2FB Physik, Institut für Experimental Physik, Freie Universität Berlin, Arnimallee
14, 14195 Berlin, Germany
3School of Materials and National Graphene Institute, University of Manchester,
Manchester M13 9PL United Kingdom

Optical reflectivity is a simple technique that can serve to study the thickness of
a single mono-layer graphene up-to a bulk graphite by just measuring their optical
contrast. Till now, two main techniques of producing graphene (micromechanical
cleavage, and CVD) have served in the production of high-quality graphene sheets
on different substrates. However, understanding graphene’s optical response and the
substrate effect are essential for optoelectronics using graphene.
In this work we have conducted a systematic reflectivity analysis of mono-layer
graphene on different substrates (SiO2, BN, and free standing). Multi-layered graphene
was also studied (2L, 4L, 5L, and graphite) and compared. The number of layers
in each sample was confirmed using a micro Raman analysis. We found the Raman
G-line and reflectivity depth positions of graphene to be strongly dependent on the
substrate without making it visible. We finally intercalate a metallic K layer, and
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confirm a contrast enhancement of graphene making it clearly visible though the
optical microscope. This result was independent of the substrate, and it is of high
importance for optoelectronic applications.

MON 23
Superconductor-normal metal junction in a single few-layer MoS2 crystal

Qihong Chen1, Lei Liang1, Jianming M. Lu1, Oleksandr Zheliuk1, Abdurrahman Ali
El Yumin1, Jie Yang1, Jianting Ye1
1Device Physics of Complex Materials, Zernike Institute for Advanced Materials,
University of Groningen, The Netherlands

The discovery of graphene and the methodology of isolating atomic thin materi-
als have stimulated research into a variety of other 2D materials. Among them,
molybdenum disulfide (MoS2) shows great potential for developing next-generation
electronic devices. While the electronic properties of monolayer MoS2 are widely
studied by optical measurement, the electronic properties of few-layer MoS2 are less
investigated because of the indirect band gap nature. In this work, we fabricate high-
quality MoS2 transistors on h-BN substrates combining the ionic top gate and solid
back gate. Another h-BN flake is used to partially cover the top surface of MoS2.
While the exposed MoS2 surface becomes superconducting due to ionic liquid gat-
ing, the h-BN covered MoS2 surface remains intrinsically undoped where pronounced
Shubnikov-de Haas (SdH) oscillations are observed. The magnetoresistance at the
superconductor-normal metal interface shows a non-monotonic behavior, suggesting
that the probability of the Andreev reflection is a complex function of the energy
barrier height, the superconducting gap and the electron energy.

MON 24
Continuous Synthesis and Device Applications of High-Qualtiy SWCNTs

Peng-Xiang Hou1, Chang Liu1, Dong-Ming Sun1, Esko I. Kauppinen2, Hui-Ming
Cheng1,3
1Shenyang National Laboratory for Materials Science, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China
2Department of Applied Physics and Center for New Materials, School of Science,
Aalto University, P.O. Box 15100, FI-00076 Aalto, Finland.
3Tsinghua-Berkeley Shenzhen Institute (TBSI), Tsinghua University, Shenzhen 518055,
China

Single-wall carbon nanotubes (SWCNTs) can be either semiconducting or metallic
depending on their chiral angles and diameters. The use of SWCNTs in electron-
ics has long been hindered by the fact that the as-prepared SWCNTs are usually a
mixture of semiconducting and metallic ones. Therefore, controlled and continuous
synthesis of SWCNTs with high-quality and a uniform electrical type or even prede-
fined chirality has been a focus of carbon nanotube research in recent years. We have
worked on the controlled and continuous growth of SWCNTs by floating catalyst
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chemical vapor deposition. The continuous SWCNT thin films obtained can be used
directly as high-performance transparent conductive films and channel material for
thin film transistors, which are very promising in wearable electronics applications.

MON 25
Excitons in ultra-thin perovskites and 2D materials

Alexey Chernikov1
1Department of Physics, University of Regensburg, Regensburg

Excitons, as first introduced by J. Frenkel in 1931, are fundamental quasiparticles
in semiconductors, composed from an electron and a hole bound together by the
Coulomb interaction. The excitons strongly influence the materials’ response to ex-
ternal fields and perturbations, and are of particular importance for a variety of
applications in opto-electronics. In addition, they play a major role in more ad-
vanced concepts, such as entangled photons from biexciton sources, excitonic qubits,
and carrier multiplication.

Here, I will focus on the properties of excitonic particles in nanostructured two-
dimensional materials: single layers of semiconducting organic-inorganic perovskites
and van der Waals crystals. I will discuss the nature of an unusually strong and
unconventional Coulomb interaction shared by these systems and demonstrate how it
results in tighly bound excitonic states and highly efficient light-matter interaction,
largely determining the optical response of these ultra-thin layers. Finally, I will
outline how the excitons can be externally tuned either by injection of charge carriers
or through the dielectric engineering of the environment in heterostructures.

MON 26
Nano-chemical reactions inside individual carbon nanotube by in-situ laser
annealing

Johnny Chimborazo1, Lei Shi1, Paola Ayala1,2, Thomas Pichler1
1Department of Physics, University of Vienna, Vienna
2Yachay Tech University, School of Physical Sciences and Nanotechnology, Ecuador

Different nano-chemical reactions inside carbon nanotubes were reported since the
discovery of the C60 peapod. For example, the C60 was filled and transformed into
inner tubes inside SWCNTs by applying in-situ laser annealing in vacuum [1]. Till
now, small inner tubes, graphene nanoribbons, long linear carbon chains, and many
other nanocompounds can be synthesized inside carbon nanotubes by normal furnace
annealing [1-2]. Herein, we report nano-chemical reactions inside individual carbon
nanotube by in-situ laser annealing, and simultaneously the Raman spectroscopy was
applied to monitor the nano reaction, which gives more detailed information about
the reaction process and the mechanism of the new nanocompound formation. In
addition, applying a similar strategy, the graphene oxide was annealed by different
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laser energy and power to track the reduction process step by step. L.S. thanks the
FWF and the EU.

[1] Chem. Phys. Lett. 407, 254 (2005)
[2] Nature Mater. 15, 634 (2016)

MON 27
Remote Ammonia Plasma Treatment of MoS2 for Selective Sulfur Vacancy
Creation
Conor P. Cullen1,2, Georg S. Duesberg1,2
1School of Chemistry, Trinity College Dublin, Ireland
2Advanced Materials and BioEngineering Research (AMBER) Centre, and Centre for
Research on Adaptive Nanostructures and Nanodevices (CRANN), Trinity College
Dublin, Ireland

To realise the potential of monolayer TMDs reliable methods to tune and chemically
functionalise their properties must be developed. However, this is challenging for
TMDs synthesised on-chip due to the relative inertness of their basal plane. Vacancy
engineering of the surface may open more routes towards functionalisation. We have
shown that remote NH3 plasma creates a highly reducing atmosphere capable of
creating sulfur vacancies without causing larger molybdenum vacancies. Therefore
through varying plasma exposure the stoichiometry of MoS2 can be tuned. Vacancies
were introduced across the surface including the basal plane. This was characterised
by X-ray photoelectron (XPS), Raman and photoluminescence (PL) spectroscopies.
Core-level XPS shows that the Mo:S ratio decreases as plasma exposure increases,
with only minor broadening of the MoS2 Mo 3d component indicating increased bond
diversity. The characteristic Raman modes gradually decrease with plasma dose,
while PL is still present with varying energy shift indicating that this technique could
be utilised not only for promoting routes towards functionalisation but potentially
for band-gap engineering itself.

MON 28
High-resolution nanospectroscopy of phonon-polariton mode in boron nitride

Daniel Datz1, Gergely Németh1, Hajnalka M. Tóháti1, Tibor Gál2, Örs Sepsi2, Pál
Koppa2, Bálint Fülöp3, Szabolcs Csonka3, Áron Pekker1, Katalin Kamarás1
1Institute for Solid State Physics and Optics, Wigner Research Centre for Physics,
HAS, Budapest
2Department of Atomic Physics, Budapest University of Technology and Economics,
Budafoki str. 8., 1111 Budapest, Hungary
3Department of Physics, Budapest University of Technology and Economics, Budafoki
str. 8., 1111 Budapest, Hungary

The Neaspec s-SNOM device, utilizing the near-field interaction of an illuminated
AFM tip and a substrate, is an effective tool to create optical maps of nano-objects.
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The scattered electromagnetic field carries information on the material properties of
the nano-object placed on the substrate with spatial resolution of 20 nm, independent
of illumination wavelength.
Our s-SNOM device, besides being an effective tool for the extension of an AFM to
create optical maps, has the potential to perform spectroscopy. For this purpose, the
device has been modified by attaching appropriate equipment for the simultaneous
control of the laser and the s-SNOM device.
Nanospectroscopy with the modified s-SNOM device was performed on a single boron
nitride nanotube bundle (4-6 nm in diameter) with 1.5 cm−1 steps in illumination
wavenumber. The absorbance of the sample can be calculated from the measured
parameters of the scattered radiation. The acquired optical properties show very
good agreement with the known phonon polariton modes in the nanotubes. Phonon
polariton modes in hexagonal BN were also studied. Finite element simulations were
performed with the Comsol Multiphysics program.

MON 29
Huge Raman enhancement on ultra-corrugated graphene
Gergely Dobrik1, Peter Nemes-Incze1, Levente Tapasztó1
1Hugarian Academy of Sciences, Centre For Energy Research, Institute for Technical
Physics and Materials Science, Budapest, Hungary

Surface-enhanced Raman scattering (SERS) is a powerful technique for chemical and
biological sensing experiments. Metallic substrates with nanometer scale roughness
have proven the most efficient SERS surfaces so far, mainly attributed to the elec-
tromagnetic mechanism, exploiting surface plasmons induced by the incident field
to significantly increase the Raman scattering cross section. However, it has been
demonstrated earlier that graphene can also enhance the Raman signal of various
molecules deposited on its surface through the chemical mechanism. However, the
enhancement factors observed for graphene were much lower than typical for noble
metal nanoparticles. Here we show that by inducing large nanoscale corrugation
in the graphene sheets, the efficiency of Raman enhancement can be drastically in-
creased, in the regime comparable to metal nanoparticle SERS substrates. The
possible mechanism of the increased Raman scattering enhancement on corrugated
graphene will be discussed.

MON 30
Chains of magnetic trimer molecules and metallic clusters arranged in single-
wall carbon nanotubes
Oleg Domanov1, Johannes Kampmüller1, Markus Sauer1, Michael Eisterer2, Takashi
Saito3, Wolfgang Lang1, Herwig Peterlik1, Thomas Pichler1, Hidetsugu Shiozawa1
1Physics, University of Vienna, Austria
2Institute of Atomic and Subatomic Physics, Vienna University of Technology, Aus-
tria
3National Institute of Advanced Industrial Science and Technology (AIST), Japan
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Metal-organic molecular magnets are of great interest because of their unique mag-
netic properties which arise from interactions between the molecular compounds.
The confined nanospace of single-wall carbon nanotubes (SWCNT) allow molecules
to be arranged in one-dimensional structures. We study the magnetic, electronic and
structural properties of such molecular chains by means of X-ray/UV Photoemission
Spectroscopy (XPS, UPS), X-ray Absorbtion Spectroscopy (XAS), X-ray magnetic
circular dichroism (XMCD), XRD, SQUID and magneto-transport measurements.
XRD data suggests that the intermolecular spacing of the chains is dependent on the
nanotube diameter. We discuss magnetic ground states, superparamagnetism and
possible magnetic ordering and its effects on transport properties.
Our work provides interesting insight into the properties of 1D molecule chains that
would pave the way towards advanced molecule-based magnets and novel materials
for spintronics.
We acknowledge financial support from the Austrian Science Fund (FWF, p27769-
N20).

MON 31
Anomalous hyperfine coupling and nuclear magnetic relaxation in Weyl semi-
metals
Balazs Dora1,2, Zoltan Okvatovity1,2, Ferenc Simon2
1Department of Theoretical Physics, Budapest University of Technology and Eco-
nomics, Budapest
2MTA-BME Lendulet Spintronics Research Group (PROSPIN), Budapest University
of Technology and Economics

The electron-nuclear hyperfine interaction shows up in a variety of phenomena includ-
ing e.g. NMR studies of correlated states and spin decoherence effects in quantum
dots. Here we focus on the hyperfine coupling and the NMR spin relaxation time,
T1 in Weyl semimetals. Since the density of states in Weyl semimetals varies with
the square of the energy around the Weyl point, a naive power counting predicts a
1/T1T ∼ E4 scaling with E the maximum of temperature (T ) and chemical potential.
By carefully investigating the hyperfine interaction between nuclear spins and Weyl
fermions, we find that while its spin part behaves conventionally, its orbital part di-
verges unusually with the inverse of energy around the Weyl point. Consequently, the
nuclear spin relaxation rate scales in a graphene like manner as 1/T1T ∼ E2 ln(E/ω0)
with ω0 the nuclear Larmor frequency. This allows us to identify an effective hyper-
fine coupling constant, which is tunable by gating or doping. Our results agree with
recent experiments on TaP.

MON 32
Enhanced spin dephasing for bilayer graphene near the charge neutrality
point at low temperatures
Marc Drögeler1, Frank Volmer1, Kenji Watanabe3, Takashi Taniguchi3, Christoph
Stampfer1,2, Bernd Beschoten1

53



Monday, March 6th Poster session

12nd Institute of Physics A and JARA-FIT, RWTH Aachen University, Aachen,
Germany
2Peter Grünberg Institute (PGI-9), Forschungszentrum Jülich, Jülich, Germany
3National Institute for Materials Science, 1-1 Namiki, Tsukuba, 305-0044, Japan

Since the first electronic spin transport experiments in graphene were performed in
2007 by Tombros et al. [1] the dominating spin dephasing mechanism in graphene
remains controversial.
Here we show temperature dependent measurements on a bilayer graphene device
which was built by an inverted fabrication process using a dry transfer technique. [2]
The sample shows an unusual breakdown of the spin signal for low temperatures
near the charge neutrality point (CNP) which can be assigned to an enhanced spin
dephasing, i.e. low spin lifetimes. However, the spin signal can be recovered if more
states away from the CNP contribute to spin transport, e.g. by higher temperatures
or larger dc biases. Away from the CNP the spin lifetime is independent of such
changes.
For single layer graphene no such behavior is observed. This can be explained by
larger potential fluctuations caused by its lower density of states. Therefore, we con-
clude that the spin dephasing in graphene is most efficient close to the CNP. These
findings shine new light on the spin dephasing in graphene.

[1] Tombros et al. Nature 448, 571 (2007)
[2] Drögeler et al. Nano Letters 14, 6050 (2014)

MON 33
Graphene Flow Cell for In-Situ Electron Microscopy
Gabriel Dunn1,2, Alex Zettl1,2,3
1Department of Physics, University of California at Berkeley, Berkeley, CA 94720,
USA
2Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA
94720, USA
3Kavli Energy NanoSciences Institute at the University of California, Berkeley and
the Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA

We have developed a graphene-based nanofludic platform allowing for the viewing of
liquid samples in-situ by transmission electron microscope (TEM). Currently avail-
able commercial fluidic devices for in-situ TEM rely on isolating samples from the
chamber vacuum using Silicon Nitride membranes. Previous work out of our lab
has demonstrated that instead, using graphene to encapsulate samples allows for
increased resolution and contrast, limited charging effects, and improved stability
of biological systems. However, previous methods of graphene encapsulation have
not allowed for flow and only allow for static samples to be trapped. This greatly
limits the chemical and biological processes that can be initiated and imaged within
the graphene pocket. The system we have developed incorporates the advantages
of graphene encapsulation with the versatility of commercial SiN flow holders. This
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allows us to initiate and image chemical and biological processes through graphene
sealed silicon nitride nanochannels with resolution and contrast far outreaching com-
mercially available products.

MON 34
Grain boundary-mediated nanopore formation in molybdenum disulfide grown
by chemical vapor deposition

Kenan Elibol1, Toma Susi1, Maria O’Brien2, Bernhard C. Bayer1, Timothy J. Pen-
nycook1, Niall McEvoy2, Georg S. Duesberg2, Jannik C. Meyer1, Jani Kotakoski1
1Faculty of Physics, University of Vienna, Vienna, Austria
2School of Chemistry and AMBER Centre, Trinity College Dublin, Dublin, Ireland

Two-dimensional (2D) materials, particularly molybdenum disulfide (MoS2), show
great potential as templates for nanopores (NPs) due to their unique intrinsic mate-
rial properties such as high rigidity and semiconducting electronic nature. Nanopore
fabrication in 2D materials has already been achieved by electron or ion beam irra-
diation and by electrochemical reactions. However, we show that nanopores can also
form at covalently bound MoS2 grain boundaries without the need of post-growth
processing. Such boundaries occur when differently oriented MoS2 grains merge dur-
ing growth, whereas the overlap of grains leads to boundaries with bilayer areas. We
present an atomic-resolution analysis of both kinds of grain boundary areas in chem-
ical vapor deposition-grown MoS2. Our results suggest that the nanopore formation
is related to stress release in areas with a high concentration of dislocation cores at
the grain boundaries, and that the interlayer interaction leads to intrinsic rippling at
the overlap regions. This provides insights for the controlled fabrication of large-scale
MoS2 samples with desired structural properties for future applications.

MON 35
Direct observation of the quantum Wigner crystal in one-dimension

Lior Ella1
1Condesned matter physics, Weizmann Institute, Rehovot

The quantum crystal of electrons is an elusive state of matter, predicted more than
80 years ago by Wigner to form due to strong electronic repulsion. Attempts to
directly observe this state in various electronic systems have yielded only indirect
evidence for its existence. A real space image of the electrons would be an ideal
direct observation, though this has so far been impossible as existing scanning probe
techniques are invasive and tend to destroy local electronic order. We report real
space images of electron density in a 1D system, demonstrating for the first time clear
Wigner crystal (WC) order. These rely on a unique, minimally invasive platform that
uses one carbon nanotube as a charge probe and a second to host the WC. Images
of the electrons reveal that they strongly repel, arranging as pearls on a necklace.
We then address a fundamental question: Can a quantum crystal collectively tunnel
through a potential barrier? By monitoring tunneling through potential barriers in
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the system, we find a universal behavior that confirms the many body nature of the
process. These experiments provide direct demonstration of long-sought predictions
about this state of matter.

MON 36
Multimodal Correlative Microscopy of 2D Materials

Jan Englert1, Thomas Dieing1, Ute Schmid1
1WITec GmbH, Ulm

The characterization of 2D materials such as graphene or TMDs often require more
than a single characterization technique to gather comprehensive information in or-
der to understand and predict their behavior for specific applications.
Graphene and TMDs have a layered structure in common, which significantly changes
their properties when isolated compared to the bulk. These properties are strongly
tied to the structure, degree of crystallinity and exciton dynamics of 2D materials.
The scope of this contribution is to provide insight into how a combination of spectro-
scopic (Raman/PL) and microscopy techniques (CRM/AFM/SNOM/SEM) in one
single instrument can contribute to an ample characterization of such 2D materials.
Raman spectroscopy and even more importantly, fast Raman imaging, proved to
be of great value due to different spectra obtained from single and multi-layered
2D materials and can by now be used routinely to determine material properties.
In this contribution we illustrate the benefit of correlating all the above mentioned
techniques spatially on a single instrument using our modular and innovative system
design for tailormade and flexible customer solutions

MON 37
Quantum transport through MoS2 constrictions defined by photodoping

Alexander Epping1,2,3, Luca Banszerus1,2,3, Johannes Güttinger2,3, Luisa Krücke-
berg2, Kenji Watanabe4, Takashi Taniguchi4, Bernd Beschoten2, Christoph Stampfer2,3
1These authors contributed equally to this work
2JARA-FIT and 2nd Institute of Physics, RWTH Aachen University, 52074 Aachen,
Germany
3Peter Grünberg Institute (PGI-9), Forschungszentrum Jülich, 52425 Jülich, Ger-
many
4National Institute for Materials Science, 1-1 Namiki, Tsukuba 305-0044, Japan

Van-der-Waals heterostructures based on graphene and transition metal dichalco-
genides (TMDCs) are attracting increasing attention in mesoscopic physics and solid-
state research. One of the main challenges in this field is to find ways of confining
carriers in well-defined nanostructures. We present a device scheme to explore meso-
scopic transport through MoS2 constrictions using photodoping. The devices are
based on van-der-Waals heterostructures where few-layer MoS2 flakes are partially en-
capsulated by hexagonal boron nitride (hBN) and covered by one few-layer graphene
flake to fabricate several electrical contacts. As the as-fabricated devices are insulat-
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ing at low temperatures, we use photo-induced remote doping in the hBN to create
free charge carriers in the MoS2 layer. On top of the device we place additional metal
structures which define the shape of the constriction and act as a shadow mask dur-
ing photodoping of the underlying MoS2. Low temperature two- and four-terminal
measurements show signatures of quantized conductance through these constrictions.

MON 38
Electronic proprieties of doped single wall carbon nanotubes networks
Filippo Fedi1, Oleg Domanov1, Carlos Reinoso1, Thomas Pichler1
1Electronic Properties of Materials, University of Vienna - Faculty of Physics, Vienna

We present the latest progress in the understanding of the electronic transport prop-
erties of Nitrogen doped Single Wall Carbon Nanotube (SWCNT) [1,2] towards en-
vironmental sensing applications [3,4]. We elucidate the network resistance of doped
SWCNTs during the growth and subsequently, inside purpose built in-situ Raman
cells, during their oxidation, purification and sensing conditions. We show the recent
results how the transport correlates the sample morphology with the environmental
conditions and how effects can be explained.

We acknowledge the financial support by FWF, EU.

[1] Ayala P. et al. Carbon 2010
[2] Ayala P. et al. Rev Mod Phys 2010
[3] G. Ruiz et al., ACSNano 8, 1375 (2014)
[4] F.Fedi et al., in publication

MON 39
Out of the dark and into the light: towards dark-state based chemical sensors
Maja Feierabend1, Gunnar Berghäuser1,2, Andreas Knorr2, Ermin Malic1
1Department of Applied Physics, Chalmers University of Technology, Gothenburg
2Institut für Theoretische Physik, Technische Universität Berlin, 10623 Berlin, Ger-
many

The rapidly increasing use of sensors throughout different research disciplines and
the demand for more efficient devices with less power consumption depends critically
on the emergence of new sensor materials and novel sensor concepts. Atomically
thin transition metal dichalcogenides have a huge potential for sensor development
within a wide range of applications. Their optimal surface-to-volume ratio combined
with strong light-matter interaction results in a high sensitivity to changes in their
surrounding. Here, we present a novel, highly efficient sensing mechanism to detect
molecules based on dark excitons in these materials. We show that the presence of
molecules with a dipole moment transforms dark states into bright excitons resulting
in an additional pronounced peak in easy accessible optical spectra [1]. This effect
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exhibits a promising potential for sensor applications, since it offers an unambiguous
optical finger print for the detection of molecules - in contrast to common sensing
schemes relying on small peak shifts and intensity changes.

[1] Maja Feierabend, Gunnar Berghäuser,Andreas Knorr, and Ermin Malic
arXiv: 1612.03006 (2016)

MON 40
Correlation betwee graphene grain size and electro-optical response
Núria Ferrer-Anglada1, David Arcos1, Daniel Gabriel1, Bernat Sempere2, Carles
Colominas2
1Physics Department, Universitat Politècnica de Catalunya, Barcelona
2Materials Engineering Group, IQS School of Engineering, Universitat Ramón Llull,
Barcelona

We analyzed the electrical properties of CVD obtained graphene under different con-
ditions, varying the growing temperature and time, in order to obtain samples with
different grain size, around 1.6, 2 and 3.7µm in average, distributed within a stan-
dard deviation that can be determined experimentally. Raman spectroscopy reveals
that samples are mostly monolayers. After a controlled photocatalytic oxidation of
graphene on its copper substrate, using an aqueous TiO2 suspension, grain bound-
aries became clearly visible using an optical microscope, as the dark oxide lines appear
contrasted on the copper background. After transferring the graphene on a transpar-
ent substrate, we analyzed the response using Terahertz Time Domain Spectroscopy
(THz-TDS), obtaining the transmittance and sheet conductivity in the range from 0.2
to 2THz. We measured the electrical conductivity at low frequencies from few kHz to
1 GHz. By infrared spectroscopy we obtained the transmittance at IR wavenumbers,
up to 8000 cm−1. The study of the transmittance over a wide frequency range is a
key factor to characterize the material for optoelectronic applications, as could be
transparent and flexible devices.

MON 41
Probing the Diameter Limit of Single Walled Carbon Nanotubes in
SWCNT:Fullerene Solar Cells
Moritz Pfohl1,5, Konstantin Glaser4, Arko Graf2, Adrian Mertens4, Daniel Tune1,6,
Tanja Puerckhauer4, Asiful Alam1,5, Li Wei3, Yuan Chen3, Jana Zaumseil2, Alexan-
der Colsmann4, Ralph Krupke1,5, Benjamin Flavel1,5
1Institute of Nanotechnology, Karlsruhe Institute of Technology, Karlsruhe.
2Institute for Physical Chemistry, Universität Heidelberg, Heidelberg.
3School of Chemical and Biomolecular Engineering, The University of Sydney, Syd-
ney.
4Light Technology Institute, Karlsruhe Institute of Technology, Karlsruhe.
5Institute of Materials Science, Technische Universität Darmstadt, Darmstadt.
6Centre for Nanoscale Science and Technology, Flinders University, Adelaide.
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In this work the diameter limit of surfactant wrapped single walled carbon nan-
otubes (SWCNTs) in SWCNT:C60 solar cells was determined through preparation of
monochiral small and large diameter nanotube devices as well as those from polychiral
mixtures. Through assignment of the different nanotube chiralities by photolumines-
cence (PL) and optical density measurements a diameter limit yielding 0% internal
quantum efficiency (IQE) was determined. This work provides insights into the re-
quired net driving energy for SWCNT exciton dissociation onto C60 and establishes a
family of (n,m) species which can efficiently be utilized in polymer-free SWCNT:C60
solar cells. Using this approach the largest diameter nanotube with an IQE larger
than 0% was found to be (8,6) with a diameter of 0.95 nm. Possible strategies to
extend this diameter limit are then discussed.

M. Pfohl et al. Adv. Energy Mater, 2016, just accepted, DOI: 10.1002/aemn.201600890.
M. Pfohl et al. Adv. Energy Mater 6, 1501345 (2016), DOI: 10.1022/aemn.201501345.

MON 42
Ordered vs. Random Wrinkling of Nanopillar-supported Graphene

Barbara Pacakova1, Tim Verhagen2, Milan Bousa1,3, Uwe Hübner4, Jana Vejpravova2,
Martin Kalbáč1, Otakar Frank1
1J.Heyrovsky Institute of Physical Chemistry of the CAS, Prague, Czech Republic
2Department of Condensed Matter Physics, Faculty of Mathematics and Physics,
Charles University in Prague, Czech Republic
3Department of Inorganic Chemistry, Faculty of Science, Charles University in Prague,
Czech Republic
4Leibniz Institute of Photonic Technology, Jena, Germany

We present an approach that allows for the preparation of well-defined large arrays
of graphene wrinkles with predictable geometry. Wrinkled graphene networks were
created on hexagonal arrays of SiO2 nanopillars with different pillar heights and
inter-pillar distances. Monolayer graphene grown by chemical vapor deposition was
transferred onto the pillar arrays forming a complex network of two main different
types of wrinkle arrangements, which were rigorously examined by atomic force mi-
croscopy and Raman microspectroscopy. The first type is composed of arrays of
aligned equidistantly separated parallel wrinkles propagating over large distances,
and originates from line interfaces in the graphene, such as thin, long wrinkles and
graphene grain boundaries. The second type of wrinkle arrangement is formed by
non-aligned short wrinkles, which are formed in areas without such line interfaces.
Apart from the presented hybrid graphene topography with distinct wrinkle geome-
tries induced by the pre-patterned substrate, the graphene layers are suspended and
self-supporting, exhibiting a large surface area and negligible doping effects from the
substrate.
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MON 43
Comparison of the electronic dynamics in MoS2 and graphene systems

Géza I. Márk1, Péter Vancsó1,2, Philippe Lambin2, Gyöngyi Fejér1, László P. Biró1
1Institute of Technical Physics and Materials Science, Budapest, Hungary
2Department of Physics, University of Narnur, Belgium

Understanding the dynamics of electrons in nanostructures is important in both
interpreting measurements on the nano-scale and for designing nanoelectronics de-
vices, for example in studying the effect of defects on device parameters. While the
time dependent dynamics is available through the solution of the time dependent
Schrödinger equation, the energy dependent dynamics is calculated by the applica-
tion of the time-energy Fourier transform to the wave function. Formerly we applied
this technique to the simulation of the STM imaging process of ordered- and disor-
dered graphene grain boundaries. By an extension of the split operator wave packet
dynamical method we were able to integrate the electronic band structure into the
dynamical calculation [1], which makes it possible to study the effects of both the
geometrical- and energy structure of defects. Thus we could compare the electronic
dynamics in graphene and MoS2 systems.

[1] G. I. Márk et al: Wave packet dynamical calculations for carbon nanostructures;
Fundamental and Applied Nano-Electromagnetics, NATO Science for Peace and Se-
curity Series B: Physics and Biophysics (Springer,Dordrecht,2016), p. 89.

MON 44
Single-walled carbon nanotube polymer-free saturable absorber for mode-
locked fiber laser

Yu. Gladush1,4, S. Alyatkin1,4, A. Ivanenko2, S. Kobtsev2, E. I. Kauppinen3, A.
Nasibulin1,3
1Center for Photonics and quantum materials, Skoltech, Moscow, Russia
2Intitute of spectroscopy, Troitsk, Russia
3Division of Laser Physics and Innovative Technologies, Novosibirsk State University,
Russia
4Department of Applied Physics, Aalto University, Espoo, Finland

Single-walled carbon nanotubes (SWCNT) are well known for wideband saturable ab-
sorption used for mode-locking in various types of fiber lasers. We report a SWCNT
saturable absorber with no polymer support that shows higher temperature and
temporal stability compared to SWCNT-SA in polymer matrix. SWCNT were syn-
thesised by the aerosol (floating catalyst) CVD technique and collected on filter to
produce thin films. Modulation depth and carrier decay times for different carbon
nanotube diameters are measured. Mode-locking is investigated in all-fiber configura-
tion in both polarization maintaining (PM) and non-PM ring resonator laser scheme.
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MON 45
Development of high performance gels for metal/ semiconductor separation
of SWCNTs

Guowei Wang1, XiaojunWei1, Atsushi Hirano1, Takeshi Tanaka1, Hiromichi Kataura1
1Nanomaterials Research Institute, National Institute of Advanced Industrial Science
and Technology (AIST), Tsukuba, Ibaraki 305-8565, Japan

Gel column chromatography method has shown a substantial potential for scal-
able metal/semiconductor (M/S) separation and further single-chirality separation
of single-wall carbon nanotubes (SWCNTs) [1]. However, the role of the gel is not
well known. Towards higher separation efficiency, more efforts should be made to
clarify the role and to develop novel gels.
In this study, we report the highly efficient gels for the separation of SWCNTs. We
synthesized dextran-based gels containing different concentration of allyl dextran.
As the ratio of allyl dextran increased, more semiconducting SWCNTs adsorbed in
the gels, indicating the increase of the adsorption site for SWCNTs. Actually, our
best gel could adsorb 15 times more semiconducting HiPco SWCNTs (average diam-
eter, 1.0 nm) than Sephacryl S-200 (GE Healthcare). The new gel can reduce the
cost of gels for the industrial scale M/S separation of SWCNTs. Furthermore, all
the synthesized gels showed chirality selectivity, demonstrating a potential for the
single-chirality separation.

[1] H. Liu et al. Nat. Commun 2, 309 (2011)

MON 46
Tailored properties of polycrystalline transition metal chalcogenides films

Toby Hallam1, Farzan Gity2, Hugo Nolan1, Scott Monaghan2, Niall McEvoy1, Paul
Hurley2, Georg S. Duesberg1
1CRANN, Trinity College Dublin, Ireland
2Tyndall National Institute, Ireland

One synthesis approach for Transition Metal Dichalcogenides (TMDs) is the so called
Thermally Assisted Conversion (TAC) [1]. In this process, transition metal thin films
are alloyed at the gas-solid or liquid-solid interface to form TMD films. This method
allows for the large scale synthesis of polycrystalline TMDs with layer number control.
We will present new developments in the TAC process that underline advantages for
low temperature growth of unusual TMDs such as MoTe2 as well as more traditional
TMDs such as MoSe2. We will also present results regarding the introduction of
n-type dopants in TAC MoS2 by alloying with Rhenium. The films are characterized
by composition, morphology and electronic properties.

[1] R. Gatensby et al. Solid-State Electonics, 125, 39-51 (2016)
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MON 47
Gate Defined Indium Selenide Quantum Dots

Matthew Hamer1,2, Roman V. Gorbachev1,2
1Physics and Astronomy, Manchester University, Manchester
2National Graphene Institute, University of Manchester, Manchester

Two-dimensional layered materials, such as transition metal dichalcogenides, are aus-
picious materials for electronics due to their unique electronic properties. One such
material is Indium Selenide (InSe). It stands out from other layered materials due to
its large mobility ∼ 104 cm2/Vs and a bandgap dependent on the number of atomic
layers, ranging from 1.25 eV for bulk InSe to 1.9 eV for bi-layer [1]. However, InSe
degrades rapidly in ambient conditions, meaning that to study low dimensional trans-
port, devices have to be fabricated avoiding exposure to air.

Here we report our first low dimensional InSe devices defined by local electrostatic
gating, fabricated in a pure Argon environment. We present our results on electronic
transport in quantum dots. Multiple Coulomb diamonds have been observed over
several devices with charging energies consistent with theoretical predictions. These
results could be used to gain insight into the fine electronic structure of InSe, which
could lead to applications in the field of quantum computing.

[1] Bandurin, Denis A., et al Nature Nanotechnology (2016)

MON 48
Temperature dependent Raman Spectroscopy: An application for nanostruc-
tured materials

Martin T. Hartmann1, Julio C. Chacón-Torres2, Stephanie Reich1
1Department of Physics, Freie Universität Berlin, Arnimallee 14, 14195 Berlin, Ger-
many
2Yachay Tech University, School of Physical Sciences and Nanotechnology, 100119-
Urcuquí, Ecuador

Raman spectroscopy is an intensively used method to investigate the structural and
electronic properties of materials using inelastic scattered light. This technique cou-
pled to a low-temperature system undertakes the study of temperature dependent
intrinsic vibrational response, which is important to examine thermal expansion,
specific heat, thermal conductivity and atomic bonds in materials.
We performed temperature dependent measurements in graphite to confirm and com-
plete its Raman finger print from 293K to 2.6K. Additionally we measured the Ra-
man response of CVD graphene on SiO2. We found a continuous upshift for G- and
2D-mode by decreasing the temperature down to 50K and a downshift below 50K.
Our results are compared with works from I. Calizo et al. [1] and N. Bonini et al. [2].
The use of this system will now be extended to low temperature superconducting
materials as KC8 and CaC6 to further understand the electron phonon coupling re-

62



Poster session Monday, March 6th

lated to their superconducting transition phase.

[1] I. Calizo et al., Nano Lett., 2007, 7 (9), pp 2645–2649
[2] N. Bonini et al., Phys. Rev. Lett. 99, 176802 (2007)

MON 49
Ultrafast Scattering Microscopy of Graphene and Single Carbon Nanotubes

Achim Hartschuh1, Nicolas Coca Lopez1, Nicolai Hartmann1
1Department of Chemistry and Center for Nanoscience (CeNS), LMU Munich, Ger-
many

We studied the ultrafast response of graphene and single-walled carbon nanotubes
(SWCNTs) on substrates using transient scattering microscopy. In the experiment,
the intensity of the elastically scattered light from a tightly focused spot is detected
for variable time delay and energy detuning between excitation and probe pulse. The
transient signal of graphene features pronounced G and 2D band phonon resonances,
which scale linearly with both pump and probe pulse fluence and decay on the pi-
cosecond timescale. We find that the transient scattering response of single SWCNTs
can also be detected with high signal to noise ratio. We correlate the observed signal
contrast and excited state decay dynamics with the Raman scattering and the pho-
toluminescence signatures recorded from the same SWCNT. Our results show that
transient scattering microscopy is a powerful tool for studying the ultrafast response
and excited decay dynamics of single nanostructures.

MON 50
Tip-enhanced Raman spectroscopy of long linear carbon chains

Sebastian Heeg1, Lei Shi2, Thomas Pichler2, Zachary Lapin1, Lukas Novotny1
1ETH Zürich, Photonics Laboratory, 8047 Zürich, Switzerland
2University of Vienna, Faculty of Physics, 1090 Wien, Austria

Carbyne, an infinite carbon chain with sp1 hybridization, is a truly one-dimensional
material. It is predicted to exceed any other known material in strength, elastic
modulus and stiffness. In the past, experimental studies on carbyne have been ham-
pered by its strong chemical reactivity and very short chain lengths (< 50 atoms).
The recent realization of long linear carbon chains (LLCCs) inside double-walled car-
bon nanotubes with up to 6000 atoms has made a very close realization of carbyne
available. [1]
He we report our recent efforts to study isolated long linear carbon chains inside
double-walled carbon nanotubes by tip-enhanced and resonant Raman spectroscopy.
We investigate the correlation between the length of a chain and its Raman frequency,
and report an extraordinarily strong Anti-Stokes Raman signal in LLCCs. The role
of resonances in the Raman response of inner and outer carbon nanotube as well as
the encapsulated LLCCs are discussed. Our work represents the first spectroscopic
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study on sets of isolated long linear carbon chains.

[1] L. Shi et al., Nature Materials. 15, 634–639 (2016).

MON 51
Nanomechanics in Van der Waals Heterostructures

Matthew Holwill1, Kostya S. Novoselov1
1University of Manchester, Manchester

Van der Waals heterostructures are a unique arena which is constantly revealing new
physics. Crystallographic alignment between neighbouring crystals is a parameter
that has been shown to exhibit superlattice Dirac peaks, the renowned Hofstadter
butterfly and topological currents. Since then, closer attention has been paid to
the mechanics of constituent crystal interactions. In particular, graphene exhibits a
mechanical stretching of its lattice to conform to the potential of an hexagonal boron
nitride (hBN) substrate when crystallographically aligned, and it macroscopically
rotates to align with hBN when they have a θ ≈ 1− 2◦ misalignment.
We have developed a device that electrostatically moves graphene across hBN allow-
ing us to study the mechanical interactions between them and providing dynamic
control of flake morphology. Using a combination of AFM, Raman and electrical
measurements, we present our findings and identify routes of future study. There are
a number of applications of these devices, primarily in nanomechanical actuators.

MON 52
MoS2 thin films fabrication and characterisation

Martin Hulman1, M. Sojková1, S. Chromík1, E. Dobročka1, A. Rosová1, D. Gregušová1,
P. Hutár1, J. Brndiarová1, V. Vretenár2
1Institute of Electrical Engineering, Slovak Academy of Sciences, Bratislava, Slovakia
2STU Centre for Nanodiagnostics, Slovak Technical University, Bratislava, Slovakia

The discovery of graphene has stimulated an extensive research on other 2D materials.
The 2D structure determines the electronic properties that may exhibit correlated
electronic phenomena such as charge density waves and superconductivity. A large
effort has been made to develop methods for growing high quality layers. Recently,
methods of physical vapour deposition; especially pulsed laser deposition (PLD) and
sulfurisation have successfully been used for the fabrication of ultrathin films.
Here, we present fabrication of MoS2 thin films by sulfurisation and PLD from a
stoichiometric target. As-prepared films were characterized by a plenty of techniques
including XRD, AFM, SEM, Raman, Auger and Rutherford backscattering spec-
troscopy, transport and optical measurements. From a thorough analysis we can
assess the advantages and disadvantages of both deposition methods. We also re-
port on preliminary results on fabrication of MoS2 layers on graphene and graphene
oxide. Hybrid systems are promising for some applications including photodetectors
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and field effect transistors where graphene may act as a material for electrodes with
an ultimate thickness.

MON 53
Heterostructures of 2D carbon materials for pH and biological sensing
David Kaiser1, Andreas Winter1, Christof Neumann1, Thomas Weimann2, Andrey
Turchanin1
1Institute of Physical Chemistry, Friedrich Schiller University Jena, Germany
2Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

Chemical functionalization of single-layer graphene (SLG) is of key importance for
applications in functional electronic devices such as, e.g., field effect transistor (FET)
based nanosensors. However, the electronic quality of graphene is typically degraded
after the functionalization, which significantly restricts the applications. Here, we
employ a route to non-destructive chemical functionalization of graphene via engi-
neering of novel carbon nanomembrane (CNM)/SLG hybrids to build an electrolyte-
gated FET sensor which can detect the pH value. We employ SLG grown by methane
CVD on Cu foils and amino-terminated 1 nm thick CNMs generated by electron-
beam induced crosslinking of aromatic self-assembled monolayers to engineer hybrid
CNM/SLG FETs. We show that the intrinsically high electronic quality of pris-
tine SLG is preserved in the amino-functionalized hybrids and that sensing of pH
is possible with high sensitivity and reproducibility. The route towards highly spe-
cific sensing of biomarkers for point-of-care detection of the lung diseases will be
demonstrated.
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Chemical engineering, applications, topological materials Tuesday, March 7th

08:30 – 09:30 M. Strano, Cambridge, US
The Chemistry of Electron Transfer for Carbon Nano-
materials: Fundamentals and Applications

09:30 – 10:00 G. Duesberg, Dublin
Large-scale synthesis and on-chip functionalisation of
transition metal dichalcogenides

10:00 – 10:30 Coffee break

10:30 – 11:00 A. Zettl, Berkeley
Synthesis, Characterization, and Application of Aerogels
From Low Dimensional Materials

11:00 – 11:30 S. Kim, Suwon
Diverse physical properties of inorganic electrides with
low dimensional anionic electrons

11:30 – 12:00 A. Tzalenchuk, London
Quantum metrology in the graphene age

12:00 – 17:00 Mini workshops

17:00 – 18:30 Dinner

18:30 – 19:00 M. Edmonds, Melbourne
The growth and electronic properties of ultra-thin epi-
taxial topological Dirac semimetal Na3Bi films

19:00 – 19:30 J. Fink, Dresden
Electronic structure studies of topological insulators and
related compounds by ARPES

19:30 – 20:00 Y. Chen, Oxford
Visualizing Electronic Structures of Topological Semi-
metals

20:00 Poster II
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8:30
The Chemistry of Electron Transfer for Carbon Nanomaterials: Fundamentals
and Applications
Michael S.Strano1
1Department of Chemical Engineering, MIT, Cambridge, MA

The ability to form and utilize chemical bonds in carbon nanomaterials is central
to enabling their applications. This tutorial will review the two important limits of
nanocarbon chemistry. Frontier Orbital Theory treats carbon nanotubes (CNTs),
the graphene family of materials and nanoribbons as collections of benzene rings
for the purposes of chemical reactivity. Electron transfer chemistry, such as those
driven by electrochemical reactions or electrophilic organic diazonium salts have even
greater utility because the electronic density of states and quantum confinement di-
rectly influence the reactivity, providing opportunities to manipulate and control
nanomaterials based on their structure. Marcus Theory works well for describing the
reactivity of single walled CNTs based on their chiral indicies, as predicted by the
Tight Binding Approximation. However, the graphene family of materials is shown
to be anomalous, deviating remarkably from Marcus Theory. Underlying substrates
supporting 2D materials such as graphene necessarily present electrostatic impurity
potentials. The resulting 2D carrier screening gives rise to electron-hole puddles.
These spatial fluctuations in the local Fermi level are shown to dominate the elec-
tron transfer reactivity. A correction to Marcus Theory accounting for these puddles
explains the substrate influence on reactivity. Electron transfer as a way of non-
covalently modifying carbon nanomaterials has proven to be a powerful method of
controlling molecular interactions at that interface. The second portion of the tuto-
rial will highlight examples from my laboratory of using covalent and non-covalent
chemistry to enable applications of carbon nanomaterials. We introduce CoPhMoRe
or corona phase molecular recognition as a method invented at MIT for discovering
what can be thought of as nanoparticle coupled synthetic antibodies, or recognition
sites formed from a specifically designed heteropolymer library. We show that cer-
tain synthetic heteropolymers, once constrained onto a single-walled CNT by chem-
ical adsorption, form a new corona phase that exhibits highly selective recognition
for specific molecules. I will highlight recent examples allowing us to detect a wide
range of challenging molecules, from neurotransmitters, to explosives, carbohydrates,
and protein components in whole blood. The ability to generate synthetic recogni-
tion sites that are non-biological in origin has potential to extend robust chemical
detection to harsh environments. The nanoparticle corona can also be engineered to
interface carbon materials with living plants in an effort that we call plant nanobion-
ics. Some of our nanobionic plant prototypes will be highlighted. Finally, our efforts
to study nanoconfined transport and thermodynamics using CNTs will be discussed.
We introduce a new method based on Raman spectroscopy that allows for fluid phase
transitions confined within carbon nanomaterials such as the interior of carbon nan-
otubes for the first time. We document aqueous phase transitions in the interior
of nanotubes of this type, showing significant departures from the Gibbs Thomson
equation.
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09:30
Large-scale synthesis and on-chip functionalisation of transition metal dichalco-
genides
Georg S Duesberg1,2
1Institute of Physics, Universität der Bundeswehr München, Neubiberg
2School of Chemistry, Centre for Adaptive Nanostructures and Nanodevices (CRANN)
& Advanced Materials BioEngineering Research Centre (AMBER), Trinity College
Dublin, Ireland

Two-dimensional transition metal dichalcogenides (TMDs) are intensively investi-
gated owing to their unique properties, which make them of great interest for both
fundamental studies and emerging applications. In the presentation several chal-
lenges to integrate TMDs with silicon technology for the realization of future IoT
devices will be addressed. In the presentation we outline the synthesis of a number
of TMDs by thermally assisted conversion (TAC) of predeposited transition metal
films and CVD which show great promise for the scalable synthesis of these materi-
als. We demonstrate the high-quality using an array of characterization techniques
including Raman spectroscopy, X-ray photoelectron spectroscopy and transmission
electron microscopy. In particular we introduce PtSe2 as a material which can be
grown below 450 ◦C allowing BEOL integration with silicon technology. Examples
for high performance sensors, photodetectors and a photovoltaic cell with PtSe2 will
be given. Further chemical on chip functionalisation schemes for the passivation,
doping and the introduction of additional functionality such as selective chemical
sensing, of TMD will be presented.
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10:30
Synthesis, Characterization, and Application of Aerogels From Low Dimen-
sional Materials
Alex Zettl1
1Physics, University of California, Berkeley, Berkeley, CA 94720
2Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA
94720

Aerogels are ultra-low-density materials with interesting physical and electronic prop-
erties. I will discuss some recent work on aerogels formed from graphene, boron ni-
tride, and other low-D materials. The materials have been characterized by various
mechanical, chemical, and electronic means. Of particular interest is application to
energy harvesting and storage devices, including high-efficiency photovoltaics and
lithium ion batteries.
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11:00
Diverse physical properties of inorganic electrides with low dimensional an-
ionic electrons
SungWng Kim1

1Department of Energy Science, Sungkyunkwan University, Suwon

Electride, which is regarded as a new electronic material, is ionic crystal in which
interstitial electrons serve as anions. The physical properties of electrides are deter-
mined by the topology of cavities or channels which confine anionic electrons. The
confining sites have been restricted to cavities or weakly linked channels of organic
systems. In this talk, several inorganic electrides with different topology will be in-
troduced. First, the subnanometer-sized cage network structure electride, C12A7:e−
have showed a variety of electrical properties such as MIT and SCT transitions. This
subnanometer-sized cage network structure shows a low workfunction of 2.4 eV. Sec-
ond, the layered structured electride, calcium nitride was synthesized and highlighted
with transport properties exhibiting the two dimensionally (2D) confined electron gas.
Third, we recently discovered a new electride system in carbides with 2-dimensional
layered structure. Surprisingly, their physical properties exhibited a ferromagnetic
property according to the degree of localization of interstitial electrons. The recent
experimental and theoretical studies on ferromagnetic electrides will be discussed.
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11:30
Quantum metrology in the graphene age
Alexander Tzalenchuk1,2
1Quantum Detection group, National Physical Laboratory, Teddington, UK
2Royal Holloway, University of London, Egham, UK

Graphene has potential to supersede conventional semiconductors as the material of
choice for quantum electrical metrology based on the quantum Hall effect (QHE).
The combination of large inter-Landau level spacing, extremely fast hot electron
relaxation and anomalously strong pinning of the filling factor ν = 2 in epitaxial
graphene on SiC result in exceptionally wide QHE plateaus extending over 50 T in
recent measurements, large QHE breakdown current, and hence a superior signal-to-
noise ratio compared to measurements on conventional semiconductors.
Resistance metrology using graphene has seen a rapid progress from the first precision
QHE measurement on graphene and culminating in the most precise ever demonstra-
tion of equivalence of the quantised values of the Hall resistance in graphene on SiC
compared directly with GaAs. Fulfilling the aspiration of modern metrology to bring
quantum standards closer to the end-user, we have recently demonstrated measure-
ments of the QHE with part-per-billion accuracy in a simple table-top cryomagnetic
system operating in real industrial environment.
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18:30
The growth and electronic properties of ultra-thin epitaxial topological Dirac
semimetal Na3Bi films
Mark T Edmonds1,2
1Department of Physics and Astronomy, Monash University, Melbourne
2Monash Centre for Atomically Thin Materials, Monash University, Melbourne, Aus-
tralia

Topological Dirac semimetals (TDS) are three-dimensional analogues of graphene,
with linear electronic dispersions in three dimensions. In this talk I will present our
recent efforts to grow thin films of the TDS, Na3Bi via MBE on both Al2O3(0001)
and Si(111) substrates. Magneto-transport measurements on these films reveal car-
rier mobilities in excess of 6000 cm2V−1s−1 and carrier densities below 1018 cm−3

comparable to the best single crystal values. Perfect weak anti-localization behaviour,
expected for Dirac fermions in the absence of intervalley scattering, is observed that
corresponds to phase coherence lengths in excess of one micron. By utilizing scanning
tunnelling microscopy/spectroscopy the potential fluctuations can also be directly
measured. We find that the potential fluctuations are significantly smaller than
room temperature (5meV=60K) and comparable to the highest quality graphene on
h-BN; far smaller than graphene on SiO2, or surface state of a topological insula-
tor. Furthermore, surface Na vacancies show a novel resonance state close to the
Dirac point with large spatial extent, offering a means to tune the surface electronic
properties of this material.
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19:00
Electronic structure studies of topological insulators and related compounds
by ARPES
Jörg Hermann Fink1
1IFF, IFW Dresden, Germany

Using angle- and spin-resolved photoemission spectroscopy, we have studied the elec-
tronic structure of various topological insulators and related compounds. In par-
ticular, we report on studies of the electrostatic control of the spin splitting of the
surface electronic structure of Bi2Se3 [PRL 107, 096802 (2011)]. Moreover, we report
on the unusual electronic surface states in α-BiPd [PRL 117, 177001 (2016)]. Finally
we present recent results on the observation of three Dirac cones in LaBi which may
explain the exotic magneto-transport properties [Nature Commun. in print].
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19:30
Visualizing Electronic Structures of Topological Semimetals
Yulin Chen1
1Physics Department, University of Oxford, Oxford, UK

The discovery of materials with novel properties is one of the most fascinating aspects
of physics, and such findings have always played important roles in the development
of science and human life. Two recent examples are graphene and topological in-
sulators. Interestingly, both materials possess 2D Dirac fermions; and topological
insulators further show distinct topology in their electronic band structures. With
the development in both fields, two questions have been naturally raised:
i). Does there exist a 3D counterpart of graphene, or a “3D graphene”? ii).Besides
topological insulators, can one find other materials that have unusual topology in
their electronic structures?
Remarkably, the answer to both questions can lie on a same type of novel quantum
matter – the topological semi-metals - which not only processes 3D Dirac or Weyl
fermions in the bulk (in contrast to the 2D Dirac fermions in graphene and topological
insulators), but also shows unique topological surface states including the exotic
“Fermi-arcs”.
In this talk, I will show that by using advanced photoemission spectroscopy with high
energy, momentum, and time resolution, we were able to directly visualize these non-
trivial bulk and surface electronic structures in Dirac and Weyl semimetals, including
Na3Bi, Cd3As2, TaAs series and WTe2 compounds.
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TUE 1
Localizing electrons on a carbon nanotube in a magnetic field — from Fabry-
Perot to Coulomb blockade

Peter L. Stiller1, Daniel R. Schmid1, Christoph Strunk1, Andreas K. Hüttel1
1Institute for Experimental and Applied Physics, Universität Regensburg, Regens-
burg

In clean carbon nanotube devices, nearly unperturbed electronic shell spectra can be
traced, enabling detailed observation of characteristic phenomena such as spin-orbit
coupling, scattering-induced valley mixing, or, e.g., shaping of the electronic wave-
function by a magnetic field. Here, we demonstrate transport spectroscopy data on
a clean carbon nanotube device strongly coupled to its contacts; up to the electronic
band gap Fabry-Pérot phenomena dominate. A high magnetic field applied in paral-
lel to the nanotube reduces the overall conductance. At large magnetic field values
(up to B=17T) clear Coulomb blockade emerges, with its characteristic Coulomb
“diamond” stability diagram. The continuous tuning of the nanotube–lead coupling
allows to trace the evolution of low hole number quantum states from an open to a
closed system. At intermediate field values, multiple Kondo-like ridges of enhanced
conductance appear across the transport spectrum, corresponding to magnetic field-
induced level degeneracies.

TUE 2
Chiral superconducting transport in WS2 nanotube

Toshiya Ideue1, Qin Feng1, Wu Shi1,2, Masaro Yoshida1, Alla Zak3, Reshef Tenne4,
Tomoka Kikitsu5, Daishi Inoue5, Daisuke Hashizume5, Yoshihiro Iwasa1,5
1Quantum-Phase Electronics Center (QPEC), The University of Tokyo, Tokyo
2Materials Sciences Division, Lawrence Berkeley National Laboratory
3Faculty of Sciences, Holon Institute of Technology
4Department of Materials and Interfaces, Weizmann Institute of Science
5RIKEN Center for Emergent Matter Science (CEMS)

Chirality of materials affects optical, magnetic and electric properties in solids, caus-
ing novel functionalities. For instance, it is well known that polarization of light or
electron spin are sensitive to the chirality of lattice and electric transport reflecting
the chiral structure is also reported. Among them, effects of chiral structures on su-
perconductivity have not been investigated so far. In this presentation, I will report
the exotic superconducting transport in inorganic nanotubes. Superconductivity was
realized in individual tungsten disulfide nanotubes by the ionic liquid gating and
strong anisotropic superconducting behavior reflecting the tube geometry has been
observed. In addition, the interference of supercurrent along the tube circumference
was proved by the periodic magnetoresistance oscillation with the period of a flux
quantum inside the tube. More importantly, the observation of second harmonic
signal in AC resistance provides a clear evidence of nonreciprocal superconducting
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transport originating from the tube chirality. Our results pave the new way for
exploring new and unique characteristics in noncentrosymmetric superconductors.

TUE 3
In situ RBS, Raman spectroscopy, and ellipsometry study of nickel-catalyzed
graphitization of thin amorphous carbon films

Daniel Janke1, Robert Wenisch1, Frank Lungwitz1, Frans Munnik1, Martin Hulman2,
Sibylle Gemming1,3, David Rafaja4, Matthias Krause1
1Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany
2Slovak Academy of Sciences, Bratislava, Slovakia
3Technische Universität Chemnitz, Chemnitz, Germany
4Technische Universität Bergakademie Freiberg, Freiberg, Germany

Metal-induced crystallization (MIC) with and without layer exchange (LE) is a
method to decrease the crystallization temperature of amorphous group 14 elements
by up to several hundred degrees. In situ experiments are expected to provide new
insights into thin film evolution and elementary process steps of MIC and to im-
prove existing models of this type of phase transformation. In this contribution in
situ Rutherford backscattering spectrometry (RBS), Raman spectroscopy and spec-
troscopic ellipsometry studies were performed during annealing of amorphous car-
bon/nickel (a-C/Ni) layer stacks at temperatures up to 750 ◦C.
LE was observed independently of the initial stacking sequence, while transformation
rate and temperature differ significantly. The positions of the G, D and 2D Raman
lines as well as the I(D)/I(G) ratio changed during the LE process. These were as-
signed in agreement with the Three-Stage-Model [1], confirming the transformation
of a-C to nc-graphite. In situ RBS measurements demonstrated an opposite shift of
the C- and Ni- related backscattering energies, proving that LE and graphitization
occur simultaneously.

[1] Ferrari et al., Phys. Rev. B 61, 14095 (2000)

TUE 4
Tunable single photon source with carbon materials

Adrien Jeantet1, Yannick Chassagneux1, Théo Claude1, Jakob Reichel2, Christophe
Voisin1
1Laboratoire Pierre Aigrain, Ecole Normale Supérieure, CNRS, Université Pierre et
Marie Curie, Université Paris Diderot, 24, rue Lhomond, F75005 Paris, FRANCE
2Laboratoire Kastler Brossel, Ecole Normale Supérieure, CNRS, Université Pierre et
Marie Curie, 24 rue Lhomond, F75005 Paris, FRANCE

Quantum cryptography is a highly sought goal, but practical applications are hin-
dered by technical considerations. Having a reliable source to produce a stream of
single photons is still a challenge.
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Carbon nanotubes are excellent candidates in this frame because single photon emis-
sion has been recently demonstrated up to room temperature and at telecoms wave-
lengths. However, their typical efficiency – about 1% - and their emission pattern
limit their use for applications. Coupling a single carbon nanotube to a resonator
is an excellent way to improve its emission rate and to funnel the photons emit-
ted thanks to the Purcell effect. But, due to the non-selective synthesis, it remains
complicated to build a spatially and spectrally matched cavity.

In this work, we present an original geometry to overcome these issues : a single
carbon nanotube is located thanks to a confocal microscope and a fiber based cavity
is adjusted to its location and spectral characteristics. We demonstrate that our
single photon source has an efficiency of up to 50%, an 98% directionality and a
tunability of several THz, opening the way to muliplexing.

TUE 5
Quantifying Electronic Band Interactions in Graphene, Hexagonal Boron Ni-
tride and their Heterostructures

Johannes Jobst1,2, Alexander J.H. van der Torren1, Eugene E. Krasovskii3, Jesse
Balgley2, Cory R. Dean2, Rudolf M. Tromp1,4, Sense Jan van der Molen1
1Leiden Institute of Physics, Leiden University, Leiden, Netherlands
2Department of Physics, Columbia University, New York, New York 10027, USA
3Departamento de Fisica de Materiales, Universidad del Pais Vasco UPV/EHU,
20080 San Sebastian/Donostia, Spain
4IBM T.J. Watson Research Center, 1101 Kitchawan Road, P.O. Box 218, Yorktown
Heights, New York 10598, USA

Heterostructures of graphene and hexagonal boron nitride (hBN) are widely used to
achieve high electron mobility – one of graphene’s key properties that is exploited for
applications and fundamental research alike. However, surprisingly little is known
about the interaction between the electronic states of hBN and graphene. We study
this interaction by measuring the unoccupied band structure of graphite, hBN and
graphene-hBN heterostructures using angle-resolved reflected-electron spectroscopy
(ARRES) [1]. We demonstrate that graphene bands and hBN bands indeed do not
interact over a wide energy range despite their very similar dispersions [2]. The used
method can generally be applied to study interactions in artificial Van der Waals
materials composed of graphene and transitionmetal dichalcogenides, for example.
This opens the route to a quantitative ‘chemistry of layers’ where electronic coupling
between layers may be controlled to create materials with completely novel properties.

[1] J. Jobst et al. Nature Comms. 6, 8926 (2015)

[2] J. Jobst et al. Nature Comms. 7, 13621 (2016)
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TUE 6
Atomic Scale in-situ Studies of Fe-Clusters inside Single-walled Carbon Nan-
otubes

Kecheng Cao1, Johannes Biskupek1, Thilo Zoberbier1, Craig T. Stoppiello2, Mc-
Sweeney2, Tom W. Chamberlain2,3, Andrei N. Khlobystov2, Ute Kaiser1
1Ulm University, Ulm, Germany
2School of Chemistry, University of Nottingham, England
3School of Chemistry, University of Leeds, England

Metal nanoparticles (MNP) play an important role in the field of catalysis. Firstly,
obtaining an understanding of how metal nanoparticle react with carbon at the
atomic scale is crucial in the design of highly efficient catalysts [1,2]. Secondly, un-
derstanding how the metal crystal forms, atom by atom, is the key to control the
structure and properties of matter [3]. Thirdly, understanding the driving mecha-
nism of molecular motions is necessarily if we want to utilise them fully [4,5]. Here
we report on these basic questions using single-walled carbon nanotubes (SWNTs)
as ideal nano-testtubes for Fe-NPs coupled with aberration-corrected high-resolution
transmission electron microscopy (ACTEM). We also resent the first results obtained
with our new SALVE microscope, showing exceptionally high resolution at very low
voltages (80-20kV) [6].

[1] T. Zoberbier et.al. J. Am. Chem. Soc. 134, 3073 (2012)
[2] T. Zoberbier et.al. Small, 12 1649 (2016)
[3] F.C. Meldrum et al. Science 322, 1802 (2008)
[4] Hiroshi Somada et. al. Nano Lett. 9, 62 (2009)
[5] Ke Ran et. al. ACS Nano., 5, 3367 (2011)
[6] M. Linck et al., Phys. Rev. Let. 117, 076101 (2016)

TUE 7
Raman spectroscopy of lithographically defined graphene nanoribbons - in-
fluence of size and defects

Felix Kampmann1, Nils Scheuschner1, Bernat Terrés2,3, Danny Jörger2, Christoph
Stampfer2,3, Janina Maultzsch4
1Institut für Festkörperphysik, TU Berlin, Hardenbergstr. 36, 10623 Berlin, Ger-
many
2JARA-FIT and 2nd Institute of Physics, RWTH Aachen University, 52074 Aachen,
Germany
3Peter Grünberg Institute (PGI), Forschungszentrum Jülich, 52425 Jülich, Germany
4Institut für Physik der Kondensierten Materie, FAU Erlangen-Nürnberg, 91058 Er-
langen, Germany

Graphene nanostructures play an important role for application of the properties
of grpahene in integrated devices. It important to study edges and other defects
in graphene nanostructures as they become important when downscaling structures.
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For further device improvement and characterization tools need to be developed to
readily characterize the size of the nanostructure and its defects. However recent
Raman studies relied mainly on considerations of the length scales characterizing
the defects in graphene and graphene nanoribbons (GNR) whereas the parameters
of the Raman scattering cross section have not been intensively discussed. In this
work it is shown that the size and quality of lithographically definded GNRs can be
estimated by a close analysis of the defect-induced Raman modes and the broaden-
ing of the 2D mode of graphene.The resultsare supported by comparison with AFM
measurements of the GNR width. The findings can be explained by differences in the
electron-phonon coupling for the defect-induced Raman modes due to the disorder
in proximity of the GNR edges.

TUE 8
Band structure of pristine and Li-intercalated multilayer graphene grown on
SiC

Viktor Kandyba1,2, Alexei Barinov1
1Elettra-Sincrotrone Trieste, Trieste, Italy
2Physics Department, University of Trieste, Trieste, Italy

Doped graphene is considered to be a promising material for high-frequency nano-
electronics due to the unique massless behaviour of its charge carriers. Possibility
of band gap creation and thus appearance of semiconductor properties can be a fur-
ther step towards this goal. We performed synthesis with further doping by lithium
of a multilayer graphene on SiC and studied by micro-ARPES the band structure
for several configurations with different number of layers and rotation angles be-
tween them. Angle resolved photoemission spectroscopy allows direct observation
of a band structure and micro-ARPES allows obtaining information from particu-
larly small structures without mixing of contributions from adjacent flakes or grains,
which often can have different orientation. We probed few-layer graphene flakes of
5-20µm size and observed contribution of every single layer as well as signatures of
interlayer coupling within one flake which depend on misorientation of layers and
manifest themselves in band gap openings and appearance of van Howe singularities
(VHS). Furthermore we carried out lithium intercalation between layers and observed
the same preservation of VHS’s

TUE 9
Revealing the growth mechanism of inner tubes inside metallocene-filled single-
walled carbon nanotubes

Marianna V. Kharlamova1, Christian Kramberger1, Takeshi Saito2, Hidetsugu Sh-
iozawa1, Thomas Pichler1
1Faculty of Physics, University of Vienna, Austria
2AIST, National Institute of Advanced Industrial Science and Technology, Japan

Revealing and understanding the growth mechanism of SWCNTs is the key to the
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synthesis of nanotubes with required properties. The present study aims at revealing
the growth mechanism of inner tubes inside nickelocene- and cobaltocene-filled SWC-
NTs. By combining in situ annealing and Raman spectroscopy measurements, the
monitoring of growth dynamics of nine individual-chirality inner tubes (8,8), (12,3),
(13,1), (9,6), (10,4), (11,2), (11,1), (9,3) and (9,2) with the diameters from 0.8 to
1.1 nm has been performed.
The growth mechanism of inner tubes implies two successive stages of the growth
on the carburized and purely metallic catalytic particles, respectively. The stages of
the tube growth are characterized by the corresponding growth rates and activation
energies. The growth rates at both stages are inversely proportional to the inner tube
diameter and are also significantly higher for the Ni catalyst. The activation energies
of the growth on the carburized Ni and Co catalytic particles decrease monotonically
with decreasing the tube diameter, while they show the opposite trend for the purely
metallic particles.

The work is supported by the FWF.

TUE 10
Thermal conductivity of MoTe2 layer
Jungwon Kim1

1Center for Integrated Nanostructure Physics, SungKyunKwan Univ, Suwon

Layered two-dimensional materials have obtained interest because of to their unique
properties since the isolation of the graphene in 2004. The metal-dichalcogenides ma-
terials also have attracted interest due to their potential use for components of next-
generation electric devices. There are two different phases in metal-dichalcogenides
materials such as 2H, which is semiconducting material and stable at room tempera-
ture, and 1T´, which is semimetallic material. The molybdenum ditelluride (MoTe2)
have been reported their electrical properties with different phases. In this study, the
in-plane thermal conductivity of 2H-MoTe2 with 8.8 nm thickness had been measured
by the suspended heater method. The phonon dispersion relation of bulk and mono-
layer MoTe2 had been calculated based on density functional theory. The increased
anharmonicity with low-lying optical branches in bulk MoTe2 causes the thermal
conductivity reduction. This result may help to understand phonon transport in
layered two-dimension materials.

TUE 11
Antiferromagnetic ordering in functionalized graphene and purified activated
carbon
Anton Komlev1,2, Erkki Lahderanta1, Mauro Ricco3, Nikolay Vorob’ev-Desyatovskii4
1Lappeenranta University of Technology, Lappeenranta, Finland
2ETU "LETI", Saint-Petersburg, Russia
3Università degli studi di Parma, Parma, Italy
4JSC Polymetal Engineering, Saint-Petersburg, Russia
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Graphene and other carbon allotropes are promising materials for a wide range of
applications. Mostly, their outstanding electrical and mechanical properties are in-
vestigated and utilized. Nevertheless, it is worth to consider also magnetic properties
of carbon-based materials. Typically, such materials are simply diamagnetic or due to
imperfection of a structure can have paramagnetic contribution. However, in special
cases, it is possible to observe magnetic orderering [1].

In this work, experimental evidences of an antiferromagnetic ordering in some carbon
structures are demonstrated: in the thermally exfoliated graphene as the result of
the functionalization and in the activated carbon after the special procedure of pu-
rification. SQUID and EPR techniques were used for magnetic measurements. The
obtained results are essential contribution to contradictory topic of carbon-based
magnetism and can promote carbon materials to be used in the area of spintronics.

[1] Yazyev, O. V. and Helm, L. Phys. Rev. B 75, 125408 (2007)

TUE 12
Room temperature bolometer for MIR range based on carbon nanotubes films
and hybrid materials

Daria S. Kopylova1, Nikolay Yu. Boldyrev2, Vsevolod Ya. Iakovlev1,3, Yury Gladush1,2,
Albert Nasibulin1,3
1Skolkovo Instutute of Science and Technology, Moscow
2Institute of Spectroscopy RAS, Moscow
3Aalto University School of Science, Espoo

We have designed a bolometric IR detector based on freestanding aerosol synthe-
sized high-quality single-walled carbon nanotubes (SWCNT) and hybrid materials
consisted of graphene deposited on a SWCNT film. In this case graphene served
as an absorber. The effect of the amount of the deposited absorber on the spectral
characteristics, voltage sensitivity, response time and noise of the bolometer was in-
vestigated. The best response time was observed for the sample of pristine SWCNT,
whereas the hybrid sample with the largest amount of graphene demonstrated the
highest sensitivity to radiation.

The bolometer parameters as functions of the ambient pressure and temperature were
measured and the optimum operating conditions for the device were determined.

We also have examined the effect of laser microstructuring of pristine SWCNT film
on the bolometric response in particular wavelength range. Measurements of the
bolometer spectral sensitivity have shown that the structured film has a 1.5-fold
higher response in comparison with the unstructured film due to enhanced absorbtion.
Furthermore, the enhancement is shown to be broadband, emerging at wavelengths
from 3.5 to 25µm.
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TUE 13
Mechanical manipulation of 2D materials in a TEM
Ursula Ludacka1, Mukesh Tripathi1, Toma Susi1, Christian Rentenberger1, Jani
Kotakoski1
1University of Vienna, Austria

Understanding the intrinsic properties of materials is of paramount importance for
developing novel applications. However, in the case of 2D materials, it is difficult to
study them directly due to the delicacy of the structures.
Here, we present a study of the response of free-standing graphene and MoS2 to
stretching in situ in a transmission electron microscope (TEM). We investigate in
detail the effect of stretching to the well-known intrinsic rippling of 2D materials as
well as the response of the lattice to mechanical strain after the ripples have been
mechanically reduced. At this early stage of experiments, we have been limited to an
estimated 1−2% strain in the lattice—at larger strains our current support membrane
(perforated carbon film on a gold grid) breaks.
At higher strains our technique will allow the direct study of crack formation and
propagation at the atomic level. These can then be correlated with grain boundaries
and their junctions in polycrystalline samples. In future experiments, we will also
explore the effect of strain on defect creation and migration, and the effect of defects
in crack formation and propagation.

TUE 14
Helical Raman and photoluminescence spectroscopy of transition metal
dichalcogenides
Hans Tornatzky1, Roland Gillen1, Janina Maultzsch1
1Institut für Festkörperphysik, Technische Universität Berlin, Hardenbergstr. 36,
10623 Berlin, Germany

Transition metal dichalcogenides (TMDs) attract a lot of interest due to their unique
properties. Especially the strong photoluminescence from the direct gap in few lay-
ered samples has been repeatedly investigated. Furthermore, TMDs have recently
become promising materials for spin- and valleytronics as circular polarized excitation
leads to the generation of electron-hole-pairs with distinct spin.
We have performed circular polarization resolved Raman and photoluminescence
spectroscopy with different excitation energies. We will present the observed differ-
ences in relative intensities of Raman peaks and in polarization conservation. Further,
we will discuss the resonance behavior of the conservation.

TUE 15
Low dose STEM imaging of defects and molecules on graphene
Christian Kramberger1, Andreas Mittelberger1, Christoph Hofer1, Jannik C. Meyer1
1Faculty of Physics, University of Vienna, Vienna

Suspended graphene sheets are the ultimate support for atomically resolved low en-

84



Poster session Tuesday, March 7th

ergy (60 keV) scanning transmission electron microscopy (STEM). Yet, conventional
direct imaging is severely challenged by the required dose and the dynamics under the
probing electron beam. We circumvent the dose limitation by automated low-dose
mapping of large sample areas of several µm2. The graphene sheet has sparse lattice
defects. The data is feed to a maximum likelihood reconstruction algorithm [1,2],
that indentifies and retrieves effective high dose views of reoccuring hidden features.
This powerful approach pushes the limits of atomically resolved electron microscopy
into the realm of single molecules.

[1] Ultramicroscopy, Vol. 145, pp. 13-21, 2014
[2] Ultramicroscopy, Vol. 170, pp. 60-68, 2016

TUE 16
Microstructure evolution of predefined catalysts for diameter-controlled growth
of single-walled carbon nanotubes
Svetlana Melkhanova1, Miro Haluska2, René Hübner1, Sybille Gemming1,3, Matthias
Krause1
1Helmholtz-Zentrum Dresden-Rossendorf, D-01328 Dresden, Germany
2ETH Zürich, Micro and Nanosystems, CH-8092 Zürich, Switzerland
3Technische Universität Chemnitz, D-09107 Chemnitz, Germany

Predefined catalysts have been recently successfully employed for diameter- and
chirality-selective CVD growth of single-walled carbon nanotubes (SWCNTs). [1-3]
They simplify the exhausting optimization of parameters for in situ catalyst forma-
tion and ensure a very good control of catalyst properties. Using C:Ni nanocomposite
templates (NCTs) as catalyst precursors, SWCNTs with a selective, monomodal di-
ameter distribution were obtained. More than the half of the SWCNTs had a diameter
of (1.36±0.10) nm. [3]
While the preparation of NCTs is well defined and controlled, the activation of the
NPs for nanotube synthesis by CVD is a critical step that is still not fully understood.
Element-resolved scanning and high-resolution transmission electron microscopy and
Raman spectroscopy were used to clarify the microstructure of C:Ni NCTs in the
different stages of the SWCNT growth. These studies reveal a distinct change of the
NCT microstructure by conserving the initial nanocomposite morphology to a very
large extend.

[1] F. Yang et al., Nature 510, 522 (2014)
[2] H. An et al., Nanoscale 8, 14523 (2016)
[3] S. Melkhanova et al., Nanoscale 8, 14888 (2016)

TUE 17
Selective Diameter Doping in Single-Walled Carbon Nanotubes
Claudia Kröckel1, Julio C. Chacón-Torres2,3, Stephanie Reich3, Frank Hauke1, An-
dreas Hirsch1
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1Department of Chemistry and Pharmacy and Joint Institute of Advanced Ma-
terials and Processes (ZMP), Friedrich-Alexander University Erlangen-Nuremberg,
Henkestrasse 42, Erlangen, Germany
2School of Physical Sciences and Nanotechnology, Yachay Tech University, 100119,
Urcuqui, Ecuador
3Institute of Experimental Physics, Freie Universität Berlin, Arnimallee 14, 14195
Berlin, Germany

Here we present a systematic and controlled electron doping of enriched metallic and
semiconducting HiPCO and Arc-Discharge single-walled carbon nanotubes (SWC-
NTs) under ultra-high vacuum conditions. We performed in-situ Raman analyses
in a time-dependent potassium evaporation. The spectra of the different obtained
charging steps were analyzed with special importance in their radial breathing modes
(RBM), which give an insight into the diameter-dependence of the charging process,
and the blocking of the double resonant Raman mechanism.

We found that large diameter SWCNTs are charged first and that for HiPCO and
Arc-Discharge systems a different number of charging steps can be obtained. The
specific characteristics of the samples, and our special setup allowed us to record
for the first time a detailed charging process in SWCNTs, and unveiled the doping
mechanism according to their diameter.

Finally, when comparing the G-line Raman response in highly doped SWCNTs and
intercalation compounds we were able to highlight similarities in the line shape and
Raman shift which revealed a universal doping behavior between SWCNTs and its
parental intercalation compounds.

TUE 18
Towards waveguide integrated carbon nanotube photodetectors

Adnan Riaz1,2, Pranauv Selvasundaram1,2, Asiful Alam1,2, Simone Dehm1, Frank
Hennrich1, Manfred Kappes1,3, Ralph Krupke1,2
1Institute of Nanotechnology, Karlsruhe Institute of Technology
2Institute for Materials Science, TU Darmstadt
3Institute of Physical Chemistry, Karlsruhe Institute of Technology

We have integrated carbon nanotubes into silicon waveguide structures and measured
photocurrent spectra and photocurrent maps. Unexpectedly we observe photocurrent
signatures from silicon and from nanotubes, albeit with opposite polarity. The data
can only be explained by illumination induced surface photovoltage, which shifts
the HOMO-LUMO level of nanotubes such that electron injection from the silicon
into the nanotube is possible. The mechanism is only observed for small diameter
nanotubes.
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TUE 19
Fingerprint of substrate in the Raman spectra of monolayer MoS2

Gergö Kukucska1, Gábor Magda2, Levente Tapasztó2, János Koltai1
1Department of Biological Physics, Eötvös Loránd University, Budapest, Hungary,
1117 Pázmány Péter stny. 1/a
22D Nanoelectronics "Lendület" Research Group, Centre for Energy Research, Hun-
garian Academy of Sciences, Budapest Hungary, 1121 Konkoly Thege ut 29-33

Two dimensional structures are generally extremely sensitive to perturbations due to
the large surface-volume ratio. A widely used non-destructive experimental technique
to characterize these perturbations is the Raman spectroscopy. However the Raman
spectra of few layer MoS2 is proven to be very insensitive to perturbations such as
strain or doping. In our work we investigate the effect of these perturbations from a
theoretical aspect using ab-initio calculations as implemented in VASP. Furthermore,
using symmetry analysis we show that the fingerprint of MoS2-substrate interaction
can be found in the Raman spectra due to symmetry breaking.

TUE 20
Optical transitions in (11,10)-enriched SWCNTs: sensors for environmental
dielectric constant and charge transfer

Christine Kuntscher1, Badawi Anis1,2, Kazuhiro Yanagi3
1Institut für Physik, Universität Augsburg, Augsburg, Germany
2Department of Spectroscopy, Physics Division, National Research Center, Giza
12311, Egypt
3Tokyo Metropolitan University, Hachioji 192-0397, Japan

The interaction between C60 molecules and (11,10)-enriched SWCNTs is demon-
strated by probing the optical transitions in (11,10)-enriched peapods by optical
microspectroscopy. For (11,10) SWCNTs, the appearance of three strong absorption
bands with the absence of metallic contributions demonstrates the clean and well-
defined environment of the (11,10) SWCNTs for studying the interaction between the
C60 molecules and the nanotubes. As compared to (11,10) SWCNTs, the absorption
bands in (11,10) peapods show a large red shift and spectral weight reduction for the
S11 and S22 absorption bands. These findings suggest that the filling of the (11,10)
SWCNTs with C60 molecules increases the internal dielectric constant (εint) and in-
duces a charge transfer between the SWCNTs and the C60 molecules. For testing the
effect of εint and charge transfer on the optical properties of (11,10) SWCNTs, the
(11,10) peapods were transformed to double-walled carbon nanotubes using the laser
irradiation method. The transformation of encapsulated C60 molecules into inner
walls reduces εint and the charge transfer from the outer tube.
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TUE 21
The growth of extended carbon nanophases from ferrocene inside single-wall
carbon nanotubes

Hans Kuzmany1, Lei Shi1, Sören Waßerroth2, Stephanie Reich2, Jenö Kürti3, János
Koltai3, Andrey L.Chuvilin4,5, Takeshi Saito6, Thomas Pichler1
1University of Vienna, Faculty of Physics, 1090 Wien, Austria
2Freie Universität Berlin, Department of Physics, 14195 Berlin, Germany
3Eötvös University, Budapest, Hungary
4CIC nanoGUNE Consolider, Donostia-San Sebastian 20018, Spain
5IKERBASQUE Basque Foundation for Science, Bilbao 48013, Spain
6National Institute of Advanced Industrial Science and Technology (AIST), Nan-
otube Research Center, 305-8565 Tsukuba, Japan

Ferrocene (FeCp2) is a small molecule which can be encapsulated into SWCNTs with
rather small diameter. At high temperature annealing the encapsulations transform
into inner tubes but simultaneously other carbonaceous structures grow. Such struc-
tures have been observed in resonance Raman experiments by exhibiting a character-
istic set of Raman lines labeled as Cn-lines. Recently we measured the full resonance
profile for incoming and outgoing scattering and analyzed the profiles within Albrecht
theory. In addition, another set of lines (Bn lines) was observed with an energet-
ically upshifted resonance. The new lines are suggested to originate from perylene
oligomers of different length, which is supported by the vibrational spectra, the res-
onance position, and also is indicated the possibility by HRTEM. Calculation of the
spectra and HOMO-LUMO gaps were performed on the DFT- B3LYP level. Growth
was observed to start from temperatures as low as 470 ◦C with activation energies
between 3.91 and 0.188 eV/K. Optimum tube diameter for the growth of the pery-
lene phases is 1.3 nm. The low threshold for the transformation suggests a catalytic
growth process. Supported by FWF project P21333-N20.

TUE 22
Novel Hard Chromium-Based Materials: A Computational Search

Alexander G Kvashnin1,2, Artem R Oganov1,2,3,4, Zahed Allahyari1,2
1Skolkovo Institute of Science and Technology (Skoltech)
2Moscow Institute of Physics and Technology
3Department of Geosciences and Department of Physics and Astronomy, Stony Brook
University
4International Center for Materials Discovery, Northwestern Polytechnical Univer-
sity

Nitrides, carbides and borides of transition metals are an attractive class of hard
materials. We explore in details the binary systems of Cr-B, Cr-C and Cr–N using
global optimization techniques. Calculated enthalpy of formation and hardness of
predicted materials were used for Pareto optimization to define the hardest mate-
rials with lowest energy. Our calculations recover all numerous known stable com-
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pounds and discover a novel stable phase Pmn21-Cr2C. We resolve the structure
of Pnnm-Cr2N and find it to be of anti-CaCl2 type. Many of these phases dis-
plays high hardness (Vickers hardness > 40GPa). Among chromium compounds,
borides generally show highest hardness. Under pressure, we predict stabilization of
a TMDC-like phase of Cr2N , a WC-type phase of CrN, and a new compound CrN4,
which is a high energy-density material featuring polymeric nitrogen chains. In the
presence of metal atoms (e.g. Cr) polymerization of nitrogen takes place at much
lower pressures: CrN4 becomes stable at 15GPa (cf. 110GPa for synthesis of pure
polymeric nitrogen).

TUE 23
Recently observed novel 2D monolayer based on CuO. Characterization and
physical properties.
Dmitry G. Kvashnin1,2, Emi Kano3,4, Leonid A. Chernozatonskii2, Seiji Sakai5,
Ayako Hashimoto3,4, Masaki Takeguchi3,4, Pavel Sorokin1,6
1Inorganic nanomaterials, Nat. Univ. Sci. and Tech. "MISiS", Moscow, Russia
2Emanuel Institute of Biochemical Physics RAS, Moscow, Russia
3Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba,
Japan
4National Institute for Materials Science, Tsukuba, Japan
5Advanced Science Research Center, Tokai, Japan
6Technological Institute of Superhard and Novel Carbon Materials, Troitsk, Moscow,
Russia

2D materials have attracted lots of attention since discovery of graphene which was
found to exfoliate easily from bulk graphite. Increasing of such interest has recently
triggered for the study of two-dimensional materials with nonlayered bulk like boron,
zinc oxide, sodium chloride or iron. The latter one attracts special attention because
the formation of 2D layered metal is unexpected and controversial. We present the
observation of novel two-dimensional monolayer based on copper oxide studied by
both experimental and theoretical methods. Using in situ STEM it was observed
special crystal lattice of 2D CuO on graphene which structure is principally different
from the former reports. Using DFT the stability and properties of observed CuO
nanoclusters was studied. It was defined a critical role of the oxygen impurity atoms
in the formation of stable 2D CuO cluster with unexpected orthogonal crystal lattice.
D.G.K. and P.B.S. acknowledge the financial support of the Ministry of Education
and Science of the Russian Federation in the framework of Increase Competitiveness
Program of NUST "MISiS"(No.K2-2015-033).

TUE 24
Molecular dynamics simulation of carbon structures inside small diameter
carbon nanotubes
István László1, Bálint Gyimesi2, János Koltai2, Jenö Kürti2
1Department of Theoretical Physics, Budapest University of Technology and Eco-
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nomics, Budapest
2Department of Biological Physics, Eötvös University, Budapest, Hungary

Based on recent experimental results of hydrocarbon formation in small diameter
carbon nanotubes filled with ferrocene molecules [1,2], we have performed molecular
dynamics calculations. We put from 60 to 100 number of carbon atoms in a (14,0)
nanotube of length 25.578Å. The carbon-carbon interactions inside the tube were
calculated with a tight binding method, whereas the carbon-carbon interaction with
the nanotube was taken into account with Girifalco-potential. Constant temperature
and periodic boundary condition was applied in the model. We have found that the
structures formed during the simulation depend on the temperature, the density of
the carbon atoms and in some test calculations we have found dependency on the
tube diameter as well. At lower temperatures we obtained graphene ribbons and at
higher temperature nanotube or fullerene were obtained depending on the density of
the carbon atoms. In order to test our results on larger systems, including also hy-
drogen atoms, molecular dynamics calculations are in progress using the open source
code LAMMPS.

[1] Kuzmany et al., Phys. Status Solidi B 252, 2530 (2015)

[2] Kürti et al., Phys. Status Solidi B 252, 2541 (2015)

TUE 25
Ferromagnetic quasi-atomic electrons in Gd2C 2D electride

Seungyong Lee1
1SungKyunKwan University

Electride is an ionic compound consisting of positively charged cationic frameworks
and anionic electrons. The electrons behave as anions occupying structural cavities,
which have been found in condensed phase of matter such as solvated electrons in
liquid and trapped electron is solid.
Herein, we report 2D layered structure [Gd2C]2+•2e-, which is anionic electron works
as ferromagnetic particle in material. Gd2C observe anisotropy conductivity same
as single crystal 2D materials. Moreover magnetic anisotropy exhibit hard-axis of
out-of-plane and easy-axis of in-plane magnetic anisotropy. It suggest another ferro-
magnetic element locate interalyer by linkage with Gd. This ferromagnetic elements
also influence to increase curie temperature 300K of Gd to 350K and effective mag-
netic moment of 15µB . Magnetoresistance and theoretical exhibit that electronically
Gd2C is similar to FM/NM layer, which is composed by Gd-electron-Gd of Ferro-
magnetic layer and C of Non-magnetic layer. In this study, we demonstrate that even
not belonging to orbital but strongly localized in lattice space as anionic electron can
act one ferromagnetic element.
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TUE 26
Tip-enhanced Raman spectroscopy on graphene isotopic superlattices

Emanuele Poliani1, Eric Whiteway2 Michael Hilke2 Janina Maultzsch1
1Institut für Festkörperphysik, Technische Universität Berlin, Berlin
22Department of Physics, McGill University, Montreal, Canada

Isotopic superlattices are isotopically engineered structures where, to first approx-
imation, only the phonon frequencies are modified while the electronic properties
remain unchanged. In graphene, they can be created by the intentional periodic
increase of the 13C isotope during the CVD growth [1]. We study, by tip-enhanced
Raman spectroscopy, a series of isotopically engineered graphene samples with 12C -
13C superlattices of different periodicity. By the local probing of the spectral position
of the G and 2D Raman modes we obtain 13C concentration maps, with up to 5 nm
of spatial resolution, which are in agreement with the expected lattice periodicity.
We discuss possible mixing of the two isotopes on the nanoscale and its consequence
on phonon properties.

[1] E. Whiteway, W. Yang, V. Yu, and M. Hilke, Carbon, vol. 111, 173 (2017)

TUE 27
In-situ TEM study of the crystallization of anhydrite in graphene pockets

Tibor Lehnert1, Michael Kinyanjui1, Felix Börrnert1, Ute Kaiser1
1Electron Microscopy Group of Materials Science, Ulm University, Ulm

Aqueous solutions between graphene allow to study solid samples in a liquid envi-
ronment in-situ in a Transmission Electron Microscope (TEM) [1]. Here, we report
on experiments with an encapsulated calcium sulfate solution between two graphene
sheets. The experiments were performed in-situ with aberration–corrected high–
resolution transmission electron microscopy (HRTEM) at an acceleration voltage of
80 kV for the imaging electrons. The vacuum in the TEM was in the range of 10−5 Pa.
We found that only a few-layer thick crystalline anhydrite (CaSO4) in the so-called
AII phase has been formed in-situ during HRTEM imaging and we addressed the
liquid−solid crystallization process to internal pressure inside the graphene pockets [2]
similarly to the process reported in recent studies where crystallization occurred due
to van-der-Waals pressure in ultra-thin liquids encapsulated within graphene lay-
ers [3].

[1] H.-G. Liao and H. Zheng, Annu. Rev. Phys. Chem. 67, 719-47 (2016)

[2] E. Khestanova et al., Nature Communications 7, 12587 (2016)

[3] K.S. Vasu et al., Nature Communications 7, 12168 (2016)
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TUE 28
Inner Wall Sorting of Double-Walled Carbon Nanotubes

Han Li1, Frank Hennrich1, Georgy Gordeev2, Sören Waßerroth2, Stephanie Reich2,
Ado Jorio3, Jana Zaumseil4, Ralph Krupke1,5, Benjamin Flavel1
1Institute of Nanotechnology, Karlsruhe Institute of Techology, Karlsruhe
2Institut of Experimental Physik, Freie Universität Berlin
3Department of Physics, Federal University of Minas Gerais
4Institute of Applied Physical Chemistry, University of Heidelberg
5Institute of Material Science, Technische Universität Darmstadt

Double-walled carbon nanotubes (DWCNTs) share many of the unique properties
of their single-walled (SWCNT) counterparts, but also have some additional advan-
tages due to the presence of the second wall. However, the challenges associated with
their integration into devices and chemical processing in general are similar to those
in the SWCNT field. Despite some synthesis methods producing DWCNTs with a
purity up to 90% it remains important to develop strategies to remove the additional
contaminants consisting of SWCNTs, MWCNTs, amorphous carbon and fullerenes.
Furthermore, the separation of metallic (M) and semiconducting (S) DWCNTs be-
comes more complicated due to a combination of inner@outer walls giving rise to four
different types of DWCNTs: M@M, M@S, S@M and S@S. In our work we investigate
scalable sorting strategies for these four types of DWCNTs using a combination of gel
permeation methods and polymer wrapping. The sorted DWCNTs are characterized
by absorption spectra, Raman, TEM and AFM.

TUE 29
Simulating Dielectrophoresis of Semiconducting Single-Walled Carbon
Nanotubes in Weakly Polarizable Solvents

Wenshan Li1,2, Frank Hennrich1, Benjamin Flavel1, Sebastian Heeg3, Manfred Kappes1,4,
Ralph Krupke1,2
1Institute of Nanotechnology, Karlsruhe Institute of Technology, 76021 Karlsruhe,
Germany
2Department of Materials and Earth Sciences, Technische Universität Darmstadt,
64287 Darmstadt, Germany
3Photonics Laboratory, ETH Zürich, 8093, Zürich, Switzerland
4Institute of Physical Chemistry, Karlsruhe Institute of Technology, 76128 Karlsruhe,
Germany

We explored strategies to control the packing-density, site selective deposition and
alignment of semiconducting single-walled carbon nanotubes (s-SWCNTs) during
dielectrophoresis (DEP). Theoretical simulations show that low-frequency DEP in
low-ionic solvents is way more effective in depositing s SWCNTs than high-frequency
DEP in high-ionic solvents. Based on the simulations we have used optimum condi-
tions to fabricate transistors with high packing density and alignment of s SWCNTs
[1]. We have also simulated the impact of metallic nanoparticles between the elec-
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trodes on dielectrophoresis and realized that the presence of metallic dimers enhance
the induced dipole moments in CNTs during DEP. This provides an access to fur-
ther advance the precise deposition of s-SWCNTs as confirmed by scanning electron
microscopy.

[1] Hennrich F, Li W, Fischer R, Lebedkin S, Krupke R, Kappes M, ACS Nano, 10
1888 (2016).

TUE 30
Electrostatically confined monolayer graphene quantum dots with orbital and
valley splittings

Florian Libisch1, Nils Freitag2, Peter Nemes-Incze2, Larisa Chizhova1, Collin R.
Woods3, Roman V. Gorbachev3, Yang Cao3, Andre K. Geim3, Kostya S. Novoselov3,
Joachim Burgdörfer1, Markus Morgenstern2
1Institute for Theoretical Physics, Vienna University of Technology, Vienna, Austria
2II. Institute of Physics B and JARA-FIT, RWTH Aachen University, Aachen, Ger-
many
3School of Physics and Astronomy, University of Manchester, Manchester M13 9PL,
United Kingdom

The electrostatic confinement of massless charge carriers is hampered by the gapless
spectrum of graphene. Here we use the tip of a scanning tunneling microscope to
induce a confining potential in the Landau gaps of bulk graphene without the need
for physical edges. Gating the localized states toward the Fermi energy leads to
regular charging sequences with well discernable orbital and valley splittings [1]. We
measure the influence of an aligned hexagonal boron nitride substrate by mapping
out the evolution of the charging peaks as a function of the dot position, and com-
pare to tight-binding simulations [2]. We find a local variation of the valley splitting
that can be well described by a combination of electrostatic and strain effects. The
demonstrated confinement approach appears suitable to create quantum dots with
well-defined wave function properties beyond the reach of traditional techniques.

[1] N. Freitag et al., Nano Lett. 16, 5798 (2016)
[2] N. Freitag et al., in preparation (2017)

TUE 31
Electronic transport in graphene with accurately modeled defects

Lukas Linhart1, Florian Libisch1, Joachim Burgdörfer1
1Institute for Theoretical Physics, TU Vienna, Vienna

The exceptional electronic properties of two-dimensional materials such as graphene
are strongly influenced by adsorbates or defects. A thorough understanding of their
influence on the electronic and transport properties of low-dimensional materials
is therefore key for future applications. Unfortunately, ab-initio approaches like
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density functional theory (DFT) fail for large-scale realistic devices while empiri-
cal approaches like tight-binding require reliable parametrizations. To tackle this
challenge, we use an embedding technique: close to the defect site, tight-binding
parameters are directly obtained from Wannier projections of DFT. A transition re-
gion ensures a smooth connection to the bulk. We test our approach for a range
of defects in graphene membranes, including substitutions, vacancies and flower-
deformations [1,2]. We find robust scattering signatures and propose a measurement
based on a double-tip scanning tunneling microscope setup [3].

[1] L. Linhart, J. Burgdörfer, and F. Libisch, in preparation (2017)
[2] F. Libisch, S. Rotter, and J. Burgdörfer, New J. Phys. 14, 123006 (2012)
[3] F. Eder, J. Kotakoski et al., Nano Lett. 13, 1934 (2013)

TUE 32
Quantifying photoinduced charge transfer in Atomically Thin Transition Metal
Dichalcogenide/Graphene van der Waals heterostructures
Etienne Lorchat1, Guillaume Froehlicher1, Stéphane Berciaud1
1Université de Strasbourg, CNRS, Institut de Physique et Chimie des Matériaux de
Strasbourg (IPCMS), UMR 7504, F-67000 Strasbourg, France

Van der Waals heterostructures (vdWH) made of two-dimensional materials such
as graphene and transition metal dichalcogenides exhibit interesting properties both
from a fundamental standpoint and for optoelectronic applications. The behavior of
photoexcited carriers in vdWH is strongly affected by near-field interlayer coupling
through charge and/or energy transfer. In particular, unraveling the efficiency of
interlayer charge transfer and its dependence upon the incoming photon flux or an
externally applied electric field is of utmost importance for optoelectronics.
Here, we report a study of monolayer molybdenum diselenide (MoSe2)/monolayer
graphene vdWH by means of micro-Raman spectroscopy. From an analysis of the
graphene Raman modes in the vdWH, we are able to quantify the photoinduced
charge carrier concentration in graphene and to identify the nature of the charge
transfer process. Raman measurements are compared to micro-photoluminescence
(PL) studies, which reveal a strong quenching of the MoSe2 PL in the vdWH. Our
work opens avenues for spatially-resolved photogating and raises the question of the
relative efficiencies of charge and energy transfer in vdWH.

TUE 33
Electronic properties of pristine and alkali-doped chemically exfoliated black
phosphorus
Bence Gábor Márkus1, Balázs Gyüre1, Anett Garami1, Balázs Dóra2, Stefan Wild3,
Gonzalo Abellán3, Frank Hauke3, Andreas Hirsch3, Ferenc Simon1
1Department of Physics, Budapest University of Technology and Economics, Bu-
dapest
2Department of Theoretical Physics, Budapest University of Technology and Eco-
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nomics, Budapest
3Department of Chemistry and Pharmacy and Institute of Advanced Materials and
Processes (ZMP), University of Erlangen-Nuremberg

The discovery of graphene was followed by 2D TMDCs and black phosphorus (bP).
While graphene is a zero-gap and TMDCs are 1-3 eV gap semiconductors, bP is
forming a bridge between the two families with a gap of 0.3-1.5 eV. The greatest
barriers in the applications of bP are the air, light sensitivity and mass production.
Li-doped bP is expected to become a superconductor at 17K according to DFT and
ARPES. We report preliminary results on chemically exfoliated (CE) pristine and al-
kali (Li/Na/K) doped bP (ratio is 4:1), investigated with ESR spectroscopy at 300K
and microwave conductivity (MW) (3-300K) measurements. Both methods are con-
tactless and well suited to study sensitive materials. We found no sign of conduction
electrons in pristine, Li and K-doped bP at 300K. In the Na doped material a weak
CESR line is observed with a width comparable to that of metallic sodium. MW
measurements revealed that doping does not change the semi-conducting behavior
in agreement with ESR measurements. The band gap deduced from MW is alkali
dependent, therefore alkali doping allows to modify the band structure and the gap.
In Li-doped CEbP no traces of superconductivity is found down to 3.4K.

TUE 34
Development and evaluation of silver based bio-nanostructures for
regenerative medicine
Cristian T. Matea1,2, Teodora Mocan1,2, Cornel Iancu1,2, Flaviu Tabaran1,3, Lucian
Mocan1,2
1Department of Nanomedicine, Institute for Gastroenterology-Hepatology, Cluj-Napoca
2University of Medicine and Pharmacy ”Iuliu Hatieganu” Cluj-Napoca
3University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca

The aim of this study was to develop a silver based nanostructure that can activate
the Notch pathway in order to induce osteogenesis. Silver nanoparticles (AgNP)
stabilized with different capping agents such as citrate, mercaptosuccinic acid and
thioctic acid were obtained in the first step. Next, in order to attach a 17 aminoacid
long biological active peptide we used a polyethylene glycol spacer. The obtained
bio-nanostructures were investigated in terms of the surface plasmon resonance band
by means of UV-Vis spectroscopy, size and polydispersity index was assessed by
means of dynamic light scattering. The success of the functionalization step was
investigated by means of FTIR spectroscopy. The stability in different biological
media was assessed by zeta-potential measurements, while the size and shape was
determined by atomic force microscopy measurements. Results showed that these
bio-nanostructures are spherical in shape; they have a mean diameter of around
57nm and present good stability in biological medium.
Acknowledgement: This work was supported by a grant of the Romanian National
Authority for Scientific Research and Innovation, project number PN-II-RU-TE-
2014-4-2267.
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TUE 35
Branched pathways of cage surgery in the C102(19) higher fullerene

Olga N. Mazaleva1, Ilya N. Ioffe1, Sergey I. Troyanov1
1Chemistry Department, Lomonosov Moscow State University, Moscow

In the recent years, several reports have been published regarding fullerene cage
surgery under chlorination with SbCl5 and/or VCl4 at 350 ◦C [1]. The connectivity
pattern and/or the number of carbon atoms are altered via various sequences of the
two basic steps: Stone-Wales rearrangements and C2 losses. The resulting products
include fullerenes with fused pentagons stabilized by exohedral chlorination and even
non-classical chlorinated cages with heptagonal rings.
Herein, we report a DFT study of the branched sequence of C2 losses observed in
C102(19) under chlorination with VCl4 + SbCl5. Two different compounds form
competitively: a non-classical C98Cl26 with two heptagons and two different triple
pentagon assemblies and a classical non-IPR 185115C96Cl28. We analyze energetics
of both creation and elimination of heptagons upon C2 loss and illustrate definitive
effect of chlorination patterns on the regiochemistry of skeletal transformations. The
present work was supported by the RFBR grants 16-33-00496, 15-03-05083 and 15-
03-04464.

[1] I.N. Ioffe et al., Chem. Eur. J. 21, 4904 (2015)

TUE 36
P-n junction diodes from organic-inorganic semiconductor heterojunctions

John B. McManus1,2, Toby Hallam2, Niall McEvoy1,2, Maria Daniela Angione1,2,
Georg S. Duesberg1,2
1School of Chemistry, Trinity College Dublin, Dublin 2, Ireland
2Advanced Materials and BioEngineering Research (AMBER) Centre, Trinity Col-
lege Dublin, Dublin 2, Ireland

Increasing emphasis is being placed on combining various 2D materials to create
VdWs interfaces between dissimilar 2D layers (heterostacks). Due to the nature of the
interfaces in these stacks, such as lack of dangling bonds, they offer many advantages
over traditional heterostructures. Another related system which has shown some
promising results for electronics and optoelectronics is heterostructures of TMDs
and organic semiconductors, which also form saturated bond-free interfaces [1].
In this work, we have created heterostructures from polycrystalline TMD thin-films
and spin coated organic semiconductors. MoS2 and MoSe2 films are grown by the
Thermally Assisted Conversion (TAC) method[2] and combined with P3HT or C8-
BTBT, to form photosesntive p-n junction diode heterostructures, in a scalable man-
ner. These devices are characterised with Raman and UV-vis spectroscopies, electri-
cal transport measurements and device photo-response measurements.

[1] He, et al., Appl. Phys. Lett. 107, 183103 (2015)
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[2] Lee, et al., Adv Mat, 25(46), 6699-6702 (2013)

TUE 37
Spontaneous breakdown of topological protection in two dimensions

Yigal Meir1, Jianhui Wang1, Yuval Gefen2
1Department of Physics, Ben Gurion University, Beer Sheva, Israel
2Department of Condensed Matter Physics, Weizmann Institute, Rehovot, Israel

Topological insulators are electronic materials characterised by a bulk band gap and
protected conducting states on their edges or surfaces. In two dimensions these
are one-dimensional helical edge modes that, due to time-reversal symmetry (TRS),
come in counter-propagating pairs. The TRS protection of these modes has led to a
plethora of proposed applications, ranging from spintronics to quantum computation.
Here we show that, unlike the infinitely sharp edge utilized in traditional calculations,
employing an experimentally more realistic smooth edge gives rise to edge reconstruc-
tion and spontaneous TRS breaking. We demonstrate that such edge reconstruction
may lead to a breaking of the expected perfect conductance quantization, to finite
Hall resistance at zero magnetic field, and possible spin current. This calculation
underpins the importance of the shape of the boundary on the robustness against
breaking TRS, of importance in proposed applications of topological insulators.

TUE 38
Piezoelectricity in two-dimensional materials: a comparative study between
lattice dynamics and ab-initio calculations

Karl H. Michel1, Deniz Çakır1,2, Cem Sevik3, Francois M. Peeters1
1Department of Physics, Universiteit Antwerpen,Belgium
2Department of Physics and Astrophysics, University of North Dakota, Grand Forks,
USA
3Department of Mechanical Engineering, Faculty of Engineering, Anadolu Univer-
sity, Turkey

Elastic constant C11 and piezoelectric stress constant e1,11 of two-dimensional (2D)
dielectric materials comprising h-BN, 2H MoS2 and other transition metal dichalco-
genides (TMDCs) and -dioxides (TMDOs) are calculated using lattice dynamical the-
ory. The results are compared with corresponding quantities obtained by ab-initio
calculations. We identify the difference on the dependence of the inner strain between
relaxed-ion and clapmed-ion contributions due to the relative displacements of ions
in the unit cell. Lattice dynamics allow to express the inner strains contributions
in terms of microscopic quantities such as effective ionic charges and opto-acoustical
couplings, which allows us to clarify differences in the piezoelectric behaviour be-
tween h-BN versus MoS2. Trends in the different microscopic quantities as functions
of atomic composition are discussed.
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TUE 39
From isolated molecules to a Van-der-Waals crystal: A theoretical and
experimental analysis of a thrishomocubane and a diamantane dimer.
Christoph Tyborski1, Reinhard Meinke1, Roland Gillen1, Felix Herziger1, Tobias
Bischoff2, Andre Knecht2, Torbjörn Rander2, Robert Richter2, Andrea Merli2, An-
drey A. Fokin3,4, Tetyana V. Koso3, Vladimir N. Rodionov3, Peter R. Schreiner3,
Thomas Möller2, Christian Thomsen1, Janina Maultzsch1
1Institut für Festkörperphysik, Technische Universität Berlin, Hardenbergstr. 36, D-
10623 Berlin, Germany
2Institut für Optik und Atomare Physik, Technische Universität Berlin, Harden-
bergstr. 36, D-10623 Berlin, Germany
3Institute of Organic Chemistry, Justus-Liebig University, Heinrich-Buff-Ring 17, D-
35392 Giessen, Germany
4Department of Organic Chemistry, Kiev Polytechnic Institute, pr. Pobedy 37, 03056
Kiev, Ukraine

The electronic properties of sp2/sp3 hydrocarbons in the crystalline phase and in
the gas phase are presented [1-3]. Apparent differences of electronic properties in the
crystalline and gas phase -experimentally observed by resonance Raman spectroscopy
and absorption measurements- are investigated by density functional theory compu-
tations. Due to a reorganization of the molecular orbitals in the crystalline phase,
the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular or-
bital (LUMO) energy gap is lowered significantly by 0.5 eV-1 eV. We find the π → π∗

transition to be responsible for the large absorption both in the gas and crystalline
phase.
In the second part we show deep-UV Raman measurements of graphite, graphene,
and carbon nanotubes. For excitation energies above the M point in the Brillouin
zone (≈ 4.7 eV), we partially suppress double-resonant Raman processes and observe
the two-phonon density of states of these carbon nanomaterials [4].

[1] M. A. Gunawan et al., New J. Chem. 38 (1), 28 (2014)
[2] H. Schwertfeger et al., Angew. Chem. Int. Ed. 47, 1022 (2008)
[3] R. Meinke et al., J. Chem. Phys., 140, 034309 (2014)
[4] C. Tyborski et al., Phys. Rev. B 92, 041401(R) (2015)

TUE 40
Tuning quantum state of Dirac electrons in graphene heterostructures
Artem Mishchenko1, John Wallbank2, Davit Ghazaryan1, Abhishek Misra2, Yang
Cao2, Benjamin Piot3, Marek Potemski3, Sergio Pezzini4, Stefan Wiedmann4, Uli
Zeitler4, Tom Lane2, Serge Morozov5, Mark Greenaway6, Laurence Eaves6, Andre
K.Geim1,2, Volodya I.Fal’ko1,2, Kostya S. Novoselov1,2
1School of Physics and Astronomy, University of Manchester, Manchester, UK
2National Graphene Institute, University of Manchester, Manchester, UK
3Laboratoire National des Champs Magnétiques Intenses, LNCMI-CNRS-UGA-UPS-
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INSA-EMFL, Grenoble, France
4High Field Magnet Laboratory (HFML-EMFL) and Institute of Molecules and Ma-
terials, Radboud University, Nijmegen, Netherlands
5Institute of Microelectronics Technology and High Purity Materials, RAS, Chernogolovka,
Russia
6School of Physics and Astronomy, University of Nottingham, Nottingham, UK

The vector and chiral nature of the wave function of the Dirac quasiparticles in
graphene plays a crucial role in such relativistic phenomena, as Klein tunnelling,
the absence of backscattering in graphene p-n junctions, and a peculiar half-integer
quantum Hall effect. However, it has proved difficult to visualise directly the chirality
in transport measurements. I will present the direct observation and manipulation of
chirality and pseudospin degrees of freedom in the tunnelling of electrons between two
almost perfectly aligned graphene crystals. To this end, a strong in-plane magnetic
field was used to resolve the contributions of the chiral states – a new technique for
preparing graphene Dirac electrons in a particular quantum chiral state in a selected
valley. The technique can be extended to tunnelling devices in which surface states
of topological insulators are used as electrodes, allowing for an all-electrical injection
of spin-polarized currents.

TUE 41
Photocatalyic properties of MoS2 membranes
Elmar Mitterreiter1, Eric Parzinger1, Max Stelzer2, Franz Kreupl2, Joel Ager3,4,
Alexander Holleitner1, Ursula Wurstbauer1
1Walter Schottky Institut and Physics-Department, Technical University of Munich,
Am Coulombwall 4a, 85748 Garching, Germany
2Department of Hybrid Electronic Systems, Technische Universität München, 80333
München, Germany
3Electronic Materials Program, Materials Sciences Division, Lawrence Berkeley Na-
tional Laboratory
4Deptartment of Materials Science and Engineering, University of California, Berke-
ley, CA 94720

MoS2 is a fascinating two-dimensional van der Waals material with outstanding elec-
tronic, optical and catalytic properties. Its high optical absorption up to 15% in
the visible range for monolayers together with catalytic activity and photocatalytic
stability makes single-layer MoS2 a very promising material for sunlight driven pho-
tocatalytic applications such as hydrogen evolution (HER) [1,2].
We demonstrate the photocatalytic activity regarding HER of exfoliated single- and
few-layer MoS2 immersed in an acid electrolyte by cyclic voltammetry [3]. We observe
an increased catalytic activity of MoS2 with decreasing number of layers. Monolay-
ers exhibit high current densities, low onset potentials and high turnover frequencies.
Edge sites and defects show higher activities than the basal plane. Much higher
turnover frequencies and photon-to-current conversion efficiencies are observed at
the edges. We furthermore demonstrate that HER activity is increased by illumina-
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tion in the visible range.

[1] S. Funke, et al., J. Phys.: Condens.Mat. 28, 385301 (2016)
[2] E. Parzinger, et al., ACS Nano, 9 (11), 11302 (2015)
[3] E. Parzinger, E. Mitterreiter et al. (2017)

TUE 42
Electronic Structure and Band Engineering with 2D InSe

Yuzheng Guo1, John Robertson1
1Cambridge University, , Cambridge

There is presently great interest in 2D semiconductors such as MoS2. However, these
TMDs have carrier mobilities of 100 cm2/Vs. Black phosphorus (b-P) has mobility of
1000 cm2/Vs, however it reacts with water and substitutional dopants tend to form
non-doping sites not shallow donors or acceptors. InSe is a 2D semiconductor like b-P
with mobilities of 1000-2000 cm2/Vs, and recently showed QHE. We have calculated
the band structure, band gap, electron affinity and band offsets of InSe, and find
that it is most suitable for use in stacked heterojunction tunnel FETs (TFETs) in
combination with WSe2, replacing the previously suggested HfS2 or SnS2. We find
that substitutional dopants in InSe keep their normal geometry due to the more
complete intra-layer bonding and do not reconstruct into non-doping sites as in b-
P, consistent with experiment. We also find that contacts form Schottky barriers,
but with low barrier height for holes, so contacts would tend not to limit device
performance.

TUE 43
Evaluating non-standard strain configurations in graphene with Raman
spectroscopy

Niclas Sven Müller1, Sebastian Heeg2,3, Miriam Peña Alvarez4, Patryk Kusch1, Sören
Waßerroth1, Nick Clark2, Fred Schedin2, Roman V. Gorbachev2, John Parthenios5,
Konstantinos Papagelis5, Costas Galiotis5,6, Uwe Hübner7, Martin Kalbáč4, Otakar
Frank4, Aravind Vijayaraghavan2, Stephanie Reich1
1Department of Physics, Freie Universität Berlin, Arnimallee 14, 14195 Berlin, Ger-
many
2The University of Manchester, Manchester M13 9PL, UK
3present address: Photonics Laboratory, ETH Zürich, Zürich, Switzerland
4J. Heyrovský Institute of Physical Chemistry, Academy of Sciences of the Czech
Republic, Dolejškova 3, CZ-18223 Prague 8, Czech Republic
5Institute of Chemical Engineering Sciences, Foundation for Research and Technol-
ogy—Hellas, Patras 265 04, Greece
6Department of Chemical Engineering, University of Patras, Patras 26504, Greece
7Leibnitz Institute of Photonic Technology, 07745 Jena, Germany

Raman spectroscopy emerged as a powerful tool to investigate the basic properties
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of graphene. The magnitude of charge doping and strain can be directly obtained
from the spectral positions of the Raman G- and 2D mode for biaxial or uniaxial
strain. Here, we extend this approach for unknown strain configurations. We present
a statistical analysis of the strain in graphene suspended on lithographically fabri-
cated pairs of gold nanoparticles. The localized surface plasmon strongly enhanced
the Raman spectrum of the graphene bridging the gap of the gold nanodimer, giv-
ing information about the local strain and doping. We separated hydrostatic- and
shear-strain component from the Raman spectra. By comparing the peak positions
with reference values for hydrostatic strain, we deduced the local charge doping at
the dimer cavity. We further show that using circularly polarized light enabled us to
extract the hydrostatic strain component even for weak strain levels when no peak
splitting is visible. We demonstrate the feasibility of our approach by extracting the
hydrostatic strain component in graphene under externally induced uniaxial stress.

TUE 44
Ultralow contact resistivity in layer-number-defined multilayer graphene for
future LSI interconnects

S. Nakamura1, H. Ishihata1, T. Ogata1, Y. Awano1
1Department of Electronics and Electrical Engineering, Keio University, Yokohama,
Japan

Multilayer graphene (MLG) is attractive for future LSI interconnects because of its
extremely low resistivity. Realization of low-resistance MLG interconnects requires
that metal/graphene contact resistivity be low. Problems with uniformity and with
controlling the number of layers of wafer-scale chemical-vapor-deposited MLG affect
the accuracy of electrical and contact resistivity measurements using the transfer
line method. We obtained more reliable measurements by using ten defined layers
of stacked single-layer graphene film formed individually using a transfer process
as a measurement sample. This reduced the contact resistivity and suppressed the
variation, resulting in more reliable data. We fabricated both top and end (or edge)
contact configurations. The minimum contact resistivity we obtained reached about
2E-7Ωcm2 for the Palladium top contact. To the best of our knowledge, this is the
lowest value ever reported for a top contact with pristine CVD MLG.
Acknowledgments:This work was supported in part by NEDO.

TUE 45
CVD of graphene and graphene-related materials on tantalum to improve sur-
face properties and corrosion resistance

Marina Nazarova1, Kostya S. Novoselov1
1School of Physics and Astronomy, University of Manchester, Manchester

As graphene is chemically inert and completely impermeable, it can be used as a cor-
rosion protection for transition metals. It was already proven that graphene protects
the copper surface against corrosion in a short term. Here we will present conformally
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grown graphene on tantalum using CVD technique. Thin layers of tantalum carbide
were produced with the islands of graphene on top of the surface. We will also dis-
cuss the role of variable growth parameters, thermodynamic and kinetic conditions
on the formation of carbide - graphene layers. Briefly, the role of gas precursors, its
ratio, pre-treatment of tantalum surface are found to greatly affect the results. We
will present the optimal parameters for large scale deposition of carbide, graphene
and graphene-related materials with tantalum surface coverage up to 90%. We will
also present the properties of fabricated layers such as surface morphology, element
analysis, and optical characteristics. Finally, we will show that the first corrosion
tests in alkali solution have already revealed the resistance of deposited materials.

TUE 46
Single-atom spectroscopy of phosphorus dopants implanted into graphene

Toma Susi1, Trevor P. Hardcastle2, Hans Hofsäss3, Andreas Mittelberger1, Timo-
thy J. Pennycook1, Clemens Mangler1, Rik Drummond-Brydson2, Andrew J. Scott2,
Jannik C. Meyer1, Jani Kotakoski1
1Faculty of Physics, University of Vienna, Vienna, Austria
2University of Leeds, School of Chemical and Process Engineering, Leeds, UK
3University of Göttingen, II Institute of Physics, Faculty of Physics, Göttingen, Ger-
many

In an effort to control their properties, heteroatoms have been introduced into carbon
nanomaterials both during growth and using post-growth methods such as ion im-
plantation. However, it has been challenging to determine whether the heteroatoms
have been incorporated into the lattice as intended. Direct observations have so far
been limited to N and B dopants, and incidental Si impurities. Furthermore, im-
plantation of these materials is made difficult by the requirement of very low ion
energies and atomically clean surfaces. Here, we provide the first atomic-resolution
imaging and electron energy loss spectroscopy (EELS) evidence of phosphorus atoms
in the graphene lattice, implanted by 30 eV ion irradiation. The measured P L2,3-
edge shows excellent agreement with a spectrum simulation, conclusively identifying
the P in a buckled substitutional configuration. While advancing the use of EELS
for single-atom spectroscopy, our results demonstrate the viability of P as a lattice
dopant in sp2-bonded carbon structures and provide its unmistakeable fingerprint for
further studies.

[1] T. Susi et al., arXiv:1610.03419

TUE 47
Carbon Concentration Measurements in Single Wall Carbon Nanotube Layers

Irina Nefedova1, Dmitry Lioubtchenko1, Ilya Anoshkin2, Antti Räisänen1
1Electronics and Nanoengineering, Aalto University, Finland
2KTH Royal Institute of Technology, Stockholm, Sweden
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The quantification of the carbon nanotube contents in any layers and in polymer/dis-
persion systems transparent for the wavelength in the range of 633-740 nm has been
developed. It is based on determination of the G peak intensity of the Raman spec-
trum, together with precise mass measurement and optical absorbance measurements.
This method opens an opportunity for the quantitative mapping of sp2 carbon atom
distribution in the SWCNT layers with a resolution limited by the focused laser spot
size.

TUE 48
Nanoscale characterization of individual horizontally aligned single-walled car-
bon nanotubes

Gergely Németh1, Dániel Datz1, Hajnalka M. Tóháti1, Áron Pekker1, Katalin Ka-
marás1, Keigo Otsuka2, Taiki Inoue2, Shigeo Maruyama2
1Experimental Solid State Physics, Wigner Research Centre for Physics, Budapest
2Department of Mechanical Engineering, School of Engineering, The University of
Tokyo, Tokyo, Japan

The electronic structure and optical properties of single-walled carbon nanotubes
are determined by their chirality. One of the most challenging tasks in nanotube
research is to identify the different electronic type of nanotubes for device fabrica-
tion. The implementation of standard spectroscopy techniques at the single-tube
level has remained a challenge due to small nanotube signal and low spatial reso-
lution. Scattering-type scanning near-field optical microscopy (NeaSNOM, Neaspec
GmbH) yields information on the optical characteristics of the sample with high spa-
tial resolution. We have already demonstrated that this method is able to distinguish
between different electronic types of carbon nanotube bundles based on their optical
properties in the infrared region. Now we applied the same method to characterize in-
dividual horizontally aligned single-walled carbon nanotubes on a Si/SiO2 substrate.

TUE 49
Tuning of local optical properties of MoS2 monolayer and its structural control
using electric-field-effect scanning near-field optical microscopy techniques

Junji Nozaki1, Musashi Fukumura1, Takaaki Aoki1, Yutaka Maniwa1, Yohei Yomogida1,
Kazuhiro Yanagi1
1Department of Physics, Tokyo Metropolitan University, Tokyo

Defects, grain boundaries, and hetero interfaces of transition metal dichalcogenides
(TMDCs) produce remarkable optical properties such as single photon emission and
unique non-linear optical processes. It is of great importance to tune such optical
characteristics in those specific sites for their optoelectronic applications. Here, we
developed scanning near-field optical microscopy (SNOM) measurement techniques
under electric fields, which can reveal local optical properties under applied biased
voltages from cantilever. Reversible local carrier (electron) injection control was
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achieved in chemical vapor deposition (CVD) growth MoS2 monolayer transferred to
conductive ITO substrate in the spatial resolution of about 100 nm by this method
and photo-luminescence (PL) was modulated. In addition, we found that MoS2 crys-
tal could be freely etched by near-field light in combination with negatively biased
voltages. Using these phenomena, we fabricated MoS2 nanoribbon from triangle
MoS2 monolayer crystal.

[1] J. Nozaki et al., Jpn. J. Appl. Phys 55, 038003 (2016)
[2] J. Nozaki et al., Jpn. J. Appl. Phys 55, 06GB01 (2016)

TUE 50
Role of Low-energy phonons in electrical resistance of filled single-wall car-
bon nanotubes assembled into transparent films
E. D. Obraztsova1, V. I. Tsebro2, D. V. Rybkovskiy1, A. A. Tonkikh1, E. A. Obraztsova1,3,
A. L. Chuvilin4, E. I. Kauppinen5
1A.M. Prokhorov General Physics Institute, RAS, Moscow, Russia
2Lebedev Physical Institute, RAS, 119991, Moscow, Russia
3Shemyakin and Ovchinnikov Institute of Bioorganic Chemistry, RAS, Moscow
4CIC nanoGUNE Consolider, San Sebastian, Spain
5Department of Applied Physics, Aalto University, Espoo, Finland

Thin films of single-walled carbon nanotubes filled (dopped) with acceptor molecules
may be considered as a macroscopic material with an optical transparency of 90%
and an electrical resistance of 50 Ohms/square. These parameters make them a
real competitor for the replacement of ITO. A series of films with different optical
transparency (60 to 90%) has been studied with optical spectroscopy, HRTEM and
temperature-dependent electrical resistance. After doping the films resistance ap-
peared to drop down by one order of magnitude. The experimental data have been
perfectly fitted in frames of known heterogeneous model [1] with two contributions:
from the nanotube bundles (with quasi-one-dimensional conductivity) and from the
inter-bundle electron tunneling. Both parts have been decreased. The main reason
of the nanotube contribution change after filling is the involvement of low-energy
phonons, starting to participate in the intravalley electron scattering after the Fermi
level shift (about 1 eV) into valence band [2]. The work was supported by RSF project
15-12-30041.

[1] A. B. Kaiser, Rep. Prog. Phys. 64. 1 (2001)
[2] V.I. Tsebro, et al., Phys. Rev. B 94, 245438 (2016)

TUE 51
Repulsive forces between the STM tip and graphene determined by compara-
tive STM and AFM measurements
Zoltán Osváth1,3, András Pálinkás1,3, György Molnár1, Chanyong Hwang2,3, László
P. Biró1,3
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1Institute of Technical Phys. and Mater. Sci. (MFA), Centre for Energy Research,
Budapest, Hungary
2Center for Nano-metrology, Korea Research Institute of Standards and Science,
Yuseong, Daejeon 305-340, South Korea
3Korea-Hungary Joint Laboratory for Nanosciences (KHJLN), 1525 Budapest, P.O.
Box 49, Hungary

Graphene was transferred on top of flat gold nanoislands. STM and AFM character-
izations showed that graphene bubbles formed with lateral dimensions determined
by the size and shape of the nanoislands. Graphene regions suspended over gold
nanovoids were also observed. These suspended graphene parts are very sensitive
to mechanical forces. The graphene bubbles can be squeezed during STM imaging
using bias voltages of less than 250mV and tunnelling currents of 1 nA. Similarly, the
suspended graphene is deflected 4–5 nm by the STM tip when imaging at low bias
voltages. In order to evaluate the mechanical forces acting between the STM tip and
graphene, we performed AFM nanoindentation measurements in PeakForce mode
on similar graphene nanobubbles and suspended graphene areas. We observed that
the squeezing of graphene bubbles occurs at repulsive forces of 20–35 nN, and such
forces induce deflections of several nanometres in suspended graphene membranes.
Comparing the AFM and STM results, this study reveals that repulsive forces of the
order of 10−8 N occur between the STM tip and graphene under ambient imaging
conditions and typical tunnelling parameters [1]

[1] RSC Adv. 6, 86253 (2016)

TUE 52
Investigation of graphene-gold hybrid nanostructures by scanning tunneling
microscopy and spectroscopy
András Pálinkás1, Péter Süle1, György Molnár1, Chanyong Hwang2, László P. Biró1,
Zoltán Osváth1
1Institute of Technical Physics and Materials Science, Centre for Energy Research,
HAS, Hungary
2Center for Nano-metrology, Division of Industrial Metrology, Korea Research Insti-
tute of Standards and Science, Republic of Korea

Graphene-metal nanoparticle hybrid materials potentially display not only the unique
properties of metal nanoparticles and those of graphene, but also additional proper-
ties due to the interaction between them. In this work we prepared such new type
of hybrid nanomaterials by transferring graphene onto polycrystalline gold nanois-
lands. We investigated the samples by STM and STS. After multiple annealing proce-
dures we found that graphene induces surface re-crystallisation of the supporting gold
nanoparticles. We showed that gold nanoislands, in turn, can be used to tailor the
local electronic properties of graphene. Graphene on crystalline gold nanoislands ex-
hibits moiré superlattices, which generate secondary Dirac points in the local density
of states. Room temperature charge localization and anomalously large wavelength
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moiré patterns are observed. Such large wavelength moiré cannot be formed simply
by the misorientation of the two crystals. Using DFT-adaptive molecular dynamics
simulations we show that in such cases the graphene and the interfacial gold layer
are strained, leading to altered lattice constants in both graphene and gold [1].

[1] A. Pálinkás, et al., Carbon 107, 792 (2016)
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08:30
Recent progress on graphene and van der Waals heterostructures
Andre K. Geim1

1University of Manchester, Manchester

I will briefly overview our most recent work on electronic properties of graphene
and van der Waals heterostructures. This will include such topics as behavior of a
highly viscous electron liquid in graphene and a new type of quantum oscillations
that persist well above room temperature in relatively small magnetic fields.
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09:00
Interfacial Engineering of Two-Dimensional Nanoelectronic Heterostructures
Mark C Hersam1

1Materials Science and Engineering, Northwestern University, Evanston, IL 60208-
3108, USA

With electronic properties spanning the spectrum from insulating (e.g., boron ni-
tride) to semiconducting (e.g., transition metal dichalcogenides and phosphorene)
to conducting (e.g., graphene and borophene), nearly any electronic device can be
fabricated by stacking two-dimensional (2D) materials into heterostructures. How-
ever, in the 2D limit, the influence of surface chemistry, defects, interfaces, and the
environment play a critical role, especially in comparison to bulk materials. Con-
sequently, methods for controlling and characterizing heterostructure interfaces are
necessary to realize the full potential of 2D materials. Towards this end, this talk will
outline our latest efforts to engineer surfaces and interfaces in 2D heterostructures.
For example, lateral and vertical heterostructures between graphene and silicon have
been prepared by physical vapor deposition in ultrahigh vacuum. Similarly, rotation-
ally commensurate heterostructures between graphene and MoS2 have been realized
through chemical vapor deposition. Finally, this talk will address the encapsulation
and passivation of phosphorene and borophene, which are elemental 2D materials
with high chemical reactivity.
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09:30
Two-dimensional crystals for single-device applications
Thomas Heine1
1Wilhelm-Ostwald-Institut, Universität Leipzig, Leipzig

Many two-dimensional crystals (2DS) have been explored in the past years. Impor-
tant representatives for 2D electronics have been identified, among them graphene,
h-BN, MoS2, phosphorene and more recently PtSe2.
We find it particularly interesting to investigate materials that have both semicon-
ducting and metallic phases in their 2D form, as it allows to design devices made of a
single material. This has the advantage that the contact resistance at the electrode-
semiconductor interface is strongly reduced, and of course also that recycling is fa-
cilitated.
To achieve these different phases in a single material, various strategies are possible.
One can use different crystal types of the same material (as e.g. done for H- and
T-MoS2). Many materials show very strong quantum confinement with respect to
their layer numbers, as for example 1T-PdS2 and GeP3. Finally, one can use strain
to enforce semiconductor-metal transitions. I will give a review of our research in
this direction, starting from the stability and availability of the materials, potential
pathes of manufacturing, up to the simulation of simple devices.
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10:30
Elemental two-dimensional materials: Novel electronic and structural proper-
ties
Angel Rubio1
1Theory Department , Max Planck Institute for the Structure and Dynamics of Mat-
ter , Hamburg

We present our recent studies on the thermodynamical stability, mechanical, elec-
tronic, structural and optoelectronic properties of elemental 2D materials (Si, Ge,
Sn, Se and Te). We predicted new single and multi-layered-phases of silicon which
exhibit strong directionality in the electronic and structural properties. They have
wider indirect band gaps but also increased absorption in the visible range making
them more interesting for photovoltaic applications. Moreover, the intrinsic two-
dimensional confinement and strong electron-phonon coupling make them a candi-
date material for thermoelectricity and superconductivity. We have identified a novel
stable 2D layered structure for group VI elements Se and Te that we call square se-
lenene and square tellurene, respectively. They have chair-like buckled structures
similar to other 2D such as silicene and germanene but with a square unit cell.
This special structure gives rise to anisotropic band dispersions near the Fermi level.
The large band gap (0.1 eV) opened by spin-orbit coupling makes Se and Te topo-
logical insulators, hosting non-trivial edge states. The are promising materials for
electronic/spintronics applications.
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11:00
Hexagonal Boron Nitride in the Class of 2D Materials: spectroscopic proper-
ties
Annick Loiseau1, Léonard Schué1,2, Frédéric Fossard1, Lorenzo Sponza1, François
Ducastelle1, Julien Barjon2, Ingrid Stenger2
1LEM, CNRS-ONERA, Chatillon, France
2GEMac, UVSQ - CNRS, Versailles, France

Hexagonal boron nitride is a wide band gap semiconductor (6.4 eV), which meets
a growing interest for deep UV LED and graphene engineering. There is an urgent
need for a better comprehension of the optical and electronic properties of thin BN
layers, in correlation with their structural properties to identify how these proper-
ties can interplay those of 2D layers when used in heterostructures. In this talk, we
shall review recent advances made thanks to the development of appropriate spec-
troscopies to the UV range - CL at 4K, angular resolved Low loss EELS and Raman
spectroscopy - combined with ab initio simulations and tight binding modeling. h-
BN displays original optical properties, governed, in the energy range 5.5 – 6 eV, by
strongly luminescent excitons but easily trapped at structural or chemical defects [1].
We shall discuss the interplay between structure, defects and spectroscopic properties
of BN layers and how these properties can be further exploited for the characteriza-
tion of these nanostructures and for for sample benchmarking [2,3].

[1] A. Pierret et al, Phys. Rev. B, 89 (2014)
[2] L. Schué et al, Nanoscale 8, 6986 (2016)
[3] L. Schué et al, 2D Materials (2016)
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11:30
Electrical control of the optical-response of atomically thin semiconductors
Jonathan James Finley1
1Department of Physics, Walter Schottky Institut, Garching

We employ strong (∼MV/cm) DC-electric fields to control the linear and non-linear
optical response of mono- and few-layer 2H stacked MoS2 crystals. The A and B-
excitons exhibit DC Stark shifts up to ∼ 16meV from which we obtain a very low
exciton polarizability β = (0.6±0.2)×10−8 DmV−1 consistent with the large binding
energy. β is shown to be independent of the thickness of the 2D crystal, indicative of
strong exciton localisation within each individual layer. Unlike monolayers, bilayer
MoS2 is inversion symmetric in the absence of applied electric field. E-fields are
shown to facilitate control of the valley optical selection rules and strong tunability
is observed for bilayer crystals. The local symmetry of the electronic structure is also
reflected by the strength of second-harmonic generation (SHG) . Hereby, we excite
below the A-exciton using ∼ 70 fs duration pulses (Eω=1.24–1.47 eV) and detect
the signal at E2ω. The pronounced spectral dependence of the electric-field-induced
SHG signal reflects the local bandstructure, symmetry of the wavefunctions and is
well described by DFT simulations.

116



vdW heterostructures, novel 2D materials, supercond. Wednesday, March 8th

18:30
Superconductivity in single-layer NbSe2

Kin Fai Mak1
1Penn State University, State College

The discovery of graphene has stimulated not only the field of carbon nanoelectronics,
but also studies of novel electronic phenomena in a wide range of atomically thin van
der Waals’ materials. In this talk, I will discuss our recent effort in the isolation of a
single layer of niobium diselenide (NbSe2), a new non-centrosymmetric superconduc-
tor. As a result of the crystal symmetry and the strong spin-orbit interactions, the
electron spin in single-layer NbSe2 becomes Ising-like (i.e. spins locked to the out-
of-plane direction), giving rise to unique magnetic properties in the superconducting
state. I will present measurements of the material’s upper critical field, which sig-
nificantly exceeds the conventional Pauli paramagnetic limit, supporting the Ising
pairing mechanism. I will also discuss our measurements of the superconducting gap
by tunneling experiments that further provide evidence for finite spin susceptibility
arisen from spin-triplet pairing correlations.
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19:00
Characterization of Collective Ground States in Single-layer NbSe2
M.M. Ugeda1,2, A. J. Bradley2, Y. Zhang3, S. Onishi2, Y. Chen2, C. Ojeda-Aristizabal2,
H. Ryu3, S.-K. Mo3, D. Lee2, A. Zettl2,4, Z. Hussain3, Z.-X. Shen5,6, M. F. Crom-
mie2,4
1CIC nanoGUNE, Donostia - San Sebastián, Spain.
2Department of Physics, University of California at Berkeley, Berkeley, California,
USA
3Advanced Light Source, Lawrence Berkeley National Laboratory, Berkeley, Califor-
nia, USA.
4Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, Cal-
ifornia, USA.
5Stanford Institute for Materials and Energy Sciences, SLAC National Accelerator
Laboratory, Menlo Park, California, USA.
6Geballe Laboratory for Advanced Materials, Departments of Physics and Applied
Physics, Stanford University, Stanford, California, USA.

TMDs are ideal systems for exploring the effects of dimensionality on correlated
phases such as charge density wave order and superconductivity. In bulk NbSe2
a CDW sets in at 33K and superconductivity sets in at 7.2K. Below 7.2K these
electronic states coexist but their microscopic formation mechanisms remain contro-
versial. I will present the electronic characterization study of a single 2D layer of
NbSe2 by means of low temperature STM/STS, ARPES, and electrical transport
measurements [1]. I will show that 3x3 CDW in NbSe2 remains intact in 2D. Su-
perconductivity also still remains in 2D, but its onset temperature is depressed to
1.9K. Our STS measurements at 5K reveal a CDW gap of 4meV at EF, which is
accessible via STS due to the removal of bands crossing EF for a single layer. Our ob-
servations are consistent with the simplified (compared to bulk) electronic structure
of single-layer NbSe2, thus providing insight into CDW formation and 2D super-
conductivity in this model strongly-correlated system. Furthermore I will show that
CDW is also present in semiconducting TMDs around 1D mirror twin boundaries [2].

[1] Ugeda, Nature Phys. 12, 92 (2016).
[2] Barja, Nature Phys. 12, 751 (2016)
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19:30
Superconducting and excitonic transport in noncentrosymmetric 2D materi-
als
Yoshi Iwasa1,2
1University of Tokyo
2IKEN CEMS

Nanostructured materials with highly crystalline and well-defined structures such as
nanotubes and graphene has been a materials plat form for novel physical properties
and functionalities. Transition metal dichalcogenide (TMD) is one of the members of
2D materials with the peculiar structure that is the honeycomb lattice with broken
inversion symmetry. This noncentrosymmetric structure was known to be responsi-
ble for wealthy physical properties including massive Dirac Fermions with band gaps,
valleytronics, and the unique superconducting properties. [1] In this presentation, we
will discuss on the latest results on several characteristic transport. Topics include
(1) the nonreciprocal transport in gate-induced superconductivity in MoS2, (2) su-
perconductivity in WS2 nanotubes and its chiral transport, and (3) Excitonic Hall
effect in MoS2 monolayer. All these unique charge and exciton transport properties
are originated from the TMD structures with broken inversion symmetry.

[1] Y. Saito, T. Nojima, and Y. Iwasa, Nat. Rev. Mater. 2, 16094 (2016)
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20:00
Field-induced superconductivity in transition metal dichalcogenides
Jianting Ye1
1Device Physics of Complex Materials, Zernike Institute of Advanced Materials,
Groningen

Quantum phases such as superconductivity can be induced in layered transition metal
dichalcogenides (TMD) using ionic gating, where the electric field breaks the inversion
symmetry of the interface between ion and TMDs. In gated multi- and monolayer
TMDs, out-of-plane Zeeman type spin orbit coupling lefts spin degeneracy at K/K’
point and forms Ising-like pairing between K and K’ point which strongly protects
superconductivity against in plane magnetic field. This orthogonal protection signif-
icantly enhances in-plane upper critical field for more than an order of magnitude
compared with the corresponding bulk superconducting phases. The Ising protection
is further enhanced in TMD monolayers with stronger spin orbit interaction making
TMD arguably the most resilient superconductor in a magnetic field. In monolayer
superconducting TMDs, we found a pronounced dome feature with competing quan-
tum phases accessed by field effect as the tuning parameter.

120



The PEAK in
Research FT-IR

F T-IRInnovation with Integrity

Bruker Optik GmbH

Rudolf-Plank-Str. 27
76275 Ettlingen
Tel. +49 7243 504 2000 
Fax. +49 7243 504 2050
info.BOPT.DE@bruker.comContact us for more details: www.bruker.com/vertex

FT-IR VERTEX Series

The established peak in research spectroscopy

Vertex 70 is a research FT-IR spectrometer with permanently aligned
RockSolid™ interferometer.

Vertex 80 FT-IR is based on the UltraScan interferometer which utilizes
precise linear air bearing scanner and TrueAlignment technology.

VERTEX 70v-80v are evacuated optics benches that eliminate 
atmospheric moisture absorptions for ultimate sensitivity and stability.

Wide range MIR-FIR DTGS detector and automatic 4 position vacuum 
beamsplitter changer for VERTEX 80v.





Optical spectroscopy of 2D materials, magnetism Thursday, March 9th

08:30 – 09:00 T. Korn, Regensburg
Coupled spin-valley dynamics in monolayer dichalco-
genides

09:00 – 09:30 P. Plochocka, Toulouse
Excitons in mono and trilayer transition metal dichalco-
genides

09:30 – 10:00 T. Heinz, Stanford
Controlling excitons in 2D semiconductors

10:00 – 10:30 Coffee break

10:30 – 11:00 F. Ernst, Stanford
Dynamic optical control of van der Waals/Casimir in-
teractions in layered transition metal dichalcogenides

11:00 – 11:30 R. Gillen, Berlin
Dominant Excitonic Transitions in Molybdenum
Dichalcogenides

11:30 – 12:00 M. Pimenta, Belo Horizonte
Intervalley scattering by acoustic phonons in two-
dimensional MoS2 revealed by double-resonance Raman
spectroscopy

12:00 – 17:00 Mini workshops

17:00 – 18:30 Dinner

18:30 – 19:00 E. Andrei, New Brunswick
Kondo Screening of a Vacancy Spin in Graphene

19:00 – 19:30 L. Bogani, Oxford
TBA

19:30 – 20:00 I. Brihuega, Madrid
Atomic-scale control of graphene magnetism by using hy-
drogen atoms

20:00 Poster III
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08:30
Coupled spin-valley dynamics in monolayer dichalcogenides
Gerd Plechinger1, Philipp Nagler1, Ashish Arora2, Robert Schmidt2, Alexey Chernikov1,
John Lupton1, Rudolf Bratschitsch2, Christian Schüller1, Tobias Korn1
1Institut für Experimentelle und Angewandte Physik, Universität Regensburg, D-
93040 Regensburg, Germany
2Physikalisches Institut, Westfälische Wilhelms-Universität Münster, D-48149 Mün-
ster, Germany

Monolayer transition-metal dichalcogenides (TMDs) have recently emerged as fas-
cinating novel materials with peculiar properties, such as tightly bound excitonic
states and a coupling of the spin and valley degrees of freedom. We report on spin
and valley dynamics of excitons in WS2 monolayers. This TMD is characterized by a
large, negative conduction-band spin splitting. Resonant, circularly polarized optical
excitation allows us to create spin-polarized excitons selectively in one valley. We
investigate the dynamics of these coupled spin-valley polarizations by time-resolved
Kerr rotation. The negative sign of the conduction-band spin splitting has drastic
consequences for the valley dynamics in WS2: we observe a rapid initial decay of the
valley polarization for A exciton-resonant excitation, and identify the formation of a
subset of long-lived, optically dark A excitons. By contrast, resonant excitation of
the B exciton leads to a very slow decay of the Kerr signal on a nanosecond timescale,
making this transition highly interesting for valleytronic applications. We compare
these observations to recent results on the related TMDs MoS2 and WSe2.
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09:00
Excitons in mono and tri – layer transition metal dichalcogenides
Paulina Plochocka1
1LNCMI, CNRS, Toulouse

In this talk I will discuss the optical properties of excitons in mono and trilayer tran-
sitions metal dichalcogenides (TMDC). First, I will demonstrate a novel approach to
neutralize the intrinsic defects of CVD-grown TMDCs. We investigate the optical
properties of trilayer stacks composed of external CVD-grown MoS2 flakes as cap-
ping layers and an internal CVD-grown MoSe2 flake which has a smaller band gap.
Remarkably, this fabrication approach completely suppresses the localized exciton
emission in MoSe2. Furthermore, the investigation of the charge transfer between
the MoS2/MoSe2 layers allows us to demonstrate a novel way to introduce the valley
polarization in MoSe2. In the end, I will discuss the impact of the bright and the dark
excitonic states on valley polarization. The measurements of the valley polarization
of MoSe2 obtained for resonant excitation as close as 10meV suggest that inter valley
scattering is dominated by exchange interaction rather than by phonons.
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09:30
Controlling excitons in 2D semiconductors
Tony F. Heinz1
11Depts. of Applied Physics and Photon Science, Stanford University, Stanford

Optical exciton of atomically thin 2D semiconductors, such as the transition metal
dichalcogenides, leads to the formation of tightly bound excitons. Excitons in these
materials not only exhibit very strong light-matter interactions and binding, but
also several distinctive properties reflecting the 2D characteristics of the materials:
valleyselective excitation determined by the handedness of circularly polarized light
and sensitivity to internal and external dielectric screening. In this paper, we will
review progress in our understanding of these excitonic interactions. We will focus
how the characteristics of excitons can be altered by external perturbations, such as
charge injection and electromagnetic control fields. We will also demonstrate how
the external dielectric environment of a monolayer can significantly modify not only
exciton binding energies, but also the quasi-particle band gap. This latter possibility
provides a new route to control of the band gap of these materials through ”Coulomb
engineering” of the surrounding media.
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10:30
Dynamic optical control of van der Waals/Casimir interactions in layered tran-
sition metal dichalcogenides
Friederike Ernst1,2, Ehren M. Mannebach3, Clara Nyby4, Yao Zhou3, John Tolsma5,
Yao Li1, Meng-Ju Sher6, I-Cheng Tung7, Hua Zhou7, Qi Zhang7, Kyle L. Seyler8,
Genevieve Clark8, Yu Lin6,9, Diling Zhu10, James M. Glownia10, Michael E. Koz-
ina1,6, Sanghoon Song10, Silke Nelson10, Apurva Mehta10, Yifei Yu11, Anupum
Pant12, O. Burak Aslan13, Archana Raja1,2, Yinsheng Guo14, Anthony DiChiara7,
Wendy Mao2,6,9, Linyou Cao11, Sefaattin Tongay12, Tony F. Heinz1,2,6, Xiaodong
Xu8, Allan H. MacDonald5, Evan Reed2,3, Haidan Wen8, Aaron M. Lindenberg2,3,6
1Department of Applied Physics, Stanford University
2PULSE Institute, SLAC National Accelerator Laboratory
3Department of Materials Science and Engineering, Stanford University
4Department of Chemistry, Stanford University
5Department of Physics, University of Texas, Austin
6Stanford Institute for Materials and Energy Sciences, SLAC National Accelerator
Laboratory
7Advanced Photon Source, Argonne National Laboratory
8Department of Physics, University of Washington, Seattle
9Department of Geological Sciences, Stanford University
10SLAC National Accelerator Laboratory
11Department of Materials Science and Engineering, North Carolina State Univer-
sity, Raleigh
12School for Engineering of Matter, Transport, and Energy, Arizona State University,
Tempe
13Department of Physics, Columbia University, New York
14Department of Chemistry, Columbia University

For transition metal dichalcogenide (TMDC) in the few-to-multilayer limit, the weak
interlayer van der Waals coupling between layers provides new means of modulating
and controlling the electronic band structure, optoelectronic properties, and atomic-
scale structure through intercalation, pressure, temperature, and stacking of layers.
Here we show that above-gap optical excitation in TMDCs leads to an unexpected
large-amplitude, ultrafast compressive force between the two-dimensional layers, as
probed by in-situ measurements of the atomic layer spacing with femtosecond time
resolution. We show that this compressive response arises from a dynamic modula-
tion of the Casimir/van der Waals interaction between layers, which represents the
dominant light-induced stress at low excitation densities. A simple analytic model
predicts the observed square root scaling of the effect with excitation density and
quantitatively matches experimentally-measured strains. This work establishes a
new method for dynamic, non-equilibrium tuning of dispersive Casimir interactions
and of opto-mechanical functionality in two-dimensional materials.
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11:00
Dominant Excitonic Transitions in Molybdenum Dichalcogenides
Roland Gillen1
1Institut für Festkörperphysik, TU Berlin, Berlin

The group of layered transition metal dichalcogenides (TMD) are attracting interest
due to their strong optical response from quantum confinement of electrons and holes
in a quasi-2D geometry. The modified screening strongly enhances the binding of
electron-hole pairs leading to binding energies of the lowest-lying excitonic transition
of magnitude 0.2-1.0 eV in Mo and W based TMDs [1,2].
We have performed ab initio simulations of the absorption spectra of a range of
mono-, bi- and trilayer Mo dichalcogenides and analyzed the k-space representation
and spatial extend of the dominant excitons. Our results suggest that changes of
the electronic structure from variation of the chalcogen atoms and interlayer interac-
tions cause qualitative differences of the dominant transitions and can be explained
by band nesting between valence and conduction bands [3]. Interlayer excitons with
spatial separation of electrons and holes are found for MoSe2/WSe2 and MoS2/WSe2
heterostructures, in good agreement with experiments.

[1] H. M. Hill et al., Nano Lett. 15, 2992 (2015)
[2] A. Chernikov at al., PRL. 113, 076802 (2014)
[3] R. Gillen et al., IEEE JSTQE 23, 1 (2017); arXiv:1605.01972 (2016)
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11:30
Intervalley scattering by acoustic phonons in two-dimensional MoS2 revealed
by double-resonance Raman spectroscopy
Marcos A. Pimenta1, Bruno R. Carvalho1, Leandro M. Malard1, Cristiano Fantini1,
Yuanxi Wang2, Vincent Crespi2, Mauricio Terrones2, Sandro Mignuzzi3, Debdulal
Roy3
1Department of Physics, Universidade Federal de Minas Gerais, Belo Horizonte,
Brasil
2Department of Physics and Center for 2-Dimensional and Layered Materials, The
Pennsylvania State University, University Park, State College, Pennsylvania 16802,
USA
3National Physical Q2 Laboratory, Hampton Road, Teddington , UK, and Depart-
ment of Physics, King’s College London, UK.

Double-resonance Raman (DRR) scattering is a sensitive probe to study the electron-
phonon scattering pathways in crystals. For semiconducting two-dimensional transition-
metal dichalcogenides, the DRR process has not been fully understood yet, and it
involves different valleys and phonons in the Brillouin zone. We will present a mul-
tiple energy excitation Raman study in conjunction with density functional theory
calculations that unveil the DRR scattering process in monolayer and bulk MoS2
[1]. Results show that the frequency of some Raman features shifts when changing
the excitation energy and first-principle simulations confirm that these features arise
from different acoustic phonons, connecting different valley states. The DRR process
is affected by the indirect-to-direct bandgap transition and a detailed comparison of
results in monolayer and bulk allow the assignment of each Raman feature to specific
phonons near M or K. Our work highlights intervalley scattering by acoustic phonons,
which is essential for valley depolarization in MoS2.

[1] B. R. Carvalho et al. Nature Comm. (2017)
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18:30
Kondo Screening of a Vacancy Spin in Graphene
Eva Y. Andrei1, Jinhai Mao1, Yuhang Jiang1, Po-Wei Lo2, Guang-Yu Guo2, Daniel
May3, Frithjof Anders3
1Rutgers University
2National Taiwan University,
3Technische Universität Dortmund

Graphene in its pristine form has transformed our understanding of 2D electron sys-
tems leading to fundamental discoveries and to the promise of important applications.
When graphene’s perfect honeycomb lattice is disrupted by single atom vacancies new
phenomena emerge including the buildup of local charge and the appearance of a lo-
cal moment. Using scanning tunneling microscopy to identify Kondo screening of
the vacancy moment by its spectroscopic signature, we demonstrated that the local
magnetic moment can be controlled either by doping or through graphene’s local
curvature. This allows to detect and map the quantum phase transition separating
magnetic from non-magnetic states in this pseudogap system.
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19:00
TBA
Lapo Bogani1,
1Department of Materials, University of Oxford, Oxford
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19:30
Atomic-scale control of graphene magnetism by using hydrogen atoms
Ivan Brihuega1
1Departamento de Fisica de la Materia Condensada, Universidad Autonoma de
Madrid, Madrid

Incorporating magnetism to the long list of graphene capabilities has been pursued
since its first isolation in 2004. In this talk I will show how we use a scanning tunnel-
ing microscope to explore and manipulate graphene pi-magnetism at an atomic level.
Our work shows how the absorption of single H atoms on graphene magnetizes the
graphene regions around them. In contrast to common magnetic materials, where the
magnetic moments are localized in a few angstroms, the induced graphene magnetic
moments extend over several nanometers and present an atomically modulated spin
texture. Our measurements also prove that the induced magnetic moments couple
strongly at very long distances following a particular rule: magnetic moments sum-up
or neutralize critically depending on the relative H-H adsorption sites [1].

[1] H. Gonzalez-Herrero, J. M. Gomez-Rodriguez, P. Mallet, M. Moaied, J. J. Pala-
cios, C. Salgado, M.M. Ugeda, J. Y. Veuillen, F. Yndurain, I. Brihuega, Science, 352,
437 (2016)
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THU 1
Novel Materials with Topological Complexity for Fabric Based Energy Scav-
engers

David Carroll1
1Physics, Wake Forest University, Winston-Salem

Newly developed one- and two- dimensional nanoparticle systems have established
a whole new level of atomically controlled, engineered chalcogenide structures with
properties advantageous to thermoelectric power generation. Specifically, the role
of topological complexity in the creation of materials that effectively decouple the
Seebeck Coefficient and the Electrical Conductivity by means of energy filtering and
gradient doping schemes have allowed the introduction of flexible, compliant, com-
posite materials with extraordinary power output. In this presentation, we show how
this decoupling is in line with recently introduced models for thermopower in het-
erogeneous systems. By introducing topological doping complexes in such systems,
we have been able to show that decoupling can occur over quite large temperature
ranges. This has allowed us to achieve power factors in excess of 1000µW/mK2 with
a ZT∼1 for a “fabric-like” platform. However, when coupled to multiple-modality
power scavenging architectures: in our case, thermoelectric and piezo-electric power
is collected in the structures simultaneously, we are able to increase this power output
significantly.

THU 2
Optical detection of charge dynamics in CH3NH3PbI3 - carbon nanotube com-
posites

Áron Pekker1, Hajnalka M. Tóháti1, Pavao Andričevičć2, László Forró2, Bálint Náfrádi2,
Márton Kollár2, Endre Horváth2, Katalin Kamarás1
1Institute for Solid State Physics and Optics, Wigner Research Centre for Physics,
Budapest
2Laboratory of Physics of Complex Matter (LPMC), Ecole Polytechnique Fédérale
de Lausanne, 1015 Lausanne, Switzerland

Organic-inorganic metal halide perovskites, especially methylammonium lead iodide
(CH3NH3PbI3,) emerged as front runner in the new generation of photovoltaic ma-
terials due to their excellent optoelectronic properties. Although efficiencies above
20% has been reported there are still shortcomings that prevent these cells to get to
the market, one being the high cost of the hole-selective transport materials (HTM)
in the cell. Recently, carbon nano-materials, like nanotubes (CNTs) are being re-
ported as good alternatives for HTM materials. Therefore, to be able to increase
further the the devices it is important to learn more about the interface between the
perovskites and the different types of CNTs. We have investigated the charge transfer
between CH3NH3PbI3 and CNTs upon white light illumination by using mid-infrared
and near-infrared optical spectroscopy. Spectral changes in the nanotubes indicate
the presence of charge migration through the interface. A comparison between two
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high purity nanotube samples is given in order to see the difference between semi-
conducting and metallic nanotube enriched samples.

THU 3
Efficient Transfer Doping of Carbon Nanotube Forests by MoO3

Santiago Esconjauregui1, Lorenzo D’Arsie1, John Robertson1
1University of Cambridge, UK

It is desired to use carbon nanotube forests as interconnects in integrated circuits,
because of their much high current carrying capacity than Cu. This requires the
nanotubes to be grown below 400 ◦C and on conductive supports. However, the
resistivity of the forests is typically 8x10-3Ωcm, compared to 1.6x10-6Ωcm of Cu.
Ideally, one could maximize the metallic fraction of nanotubes by designing a catalyst
to control the nanotube chirality, but this is impractical given the other constraints.
Instead we dope the forests with MoO3 to convert all tubes to metallic. MoO3 is
chosen as being less corrosive than say FeCl3 and more stable. Resistivity values
are lower by 2 orders to as low as 1.3x10-5Ωcm. The process involves evaporation
of MoO3, and liquid induced compaction of the forest. We use photoemission spec-
troscopy to study the doping stability and the shift in Fermi energy caused by the
doping.

THU 4
The defect structure of two dimensional MoS2 and MoSe2 crystals revealed by
Scanning Tunneling Microscopy

János Petö1, Gábor Magda1, Péter Vancsó1, Levente Tapasztó1
1Nanostructures, Centre for Energy Research (MTA-EK), Budapest

In recent years transition metal dichalcogenides, such as MoS2 and MoSe2 have at-
tracted considerable attention. The monolayer form of these crystals possesses an
intrinsic, direct bandgap which makes them particularly effective for electronic and
opto-electronic device applications. However, in order to fully assess the true poten-
tial and applicability of these materials we have to fully understand their structure
and properties under realistic conditions, particularly, the concentration and role of
the intrinsic atomic scale defects. Structural defects were shown to be a major cul-
prit for the low mobility in electronic devices based on 2D MoS2 crystals. Here, we
compare the defect structure (defect density) of MoS2 and MoSe2 single layers using
atomic resolution Scanning Tunneling Microscopy imaging. Our measurements re-
vealed striking differences in the defect density of the two materials, which is expected
to have profound implications in the application of these materials.
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THU 5
Gate-switchable transport along graphene grain boundaries in quantizing mag-
netic fields

Madeleine Phillips1, E. J. Mele1
1Department of Physics, University of Pennsylvania, Philadelphia, Pennsylvania 19104
USA

We study electronic transport along grain boundaries in single layer graphene in the
presence of a quantizing perpendicular magnetic field. We find that current carrying
states in the grain boundary arise from the hybridization of the zeroth Landau level
state with interfacial states. In special energy regimes, quantum Hall edge modes
can be deflected either fully or partially into the grain boundary transport states.
We thus predict that in a two terminal device partitioned by a grain boundary, the
current pathway can be controlled by tuning a gate voltage. The degree of edge state
deflection can be measured via the shot noise: energies at which the edge state is
fully deflected correspond to a Fano factor that approaches one, whereas at ener-
gies for which the quantum Hall edge mode is unchanged, the Fano factor is zero.
We also consider the possibility of grain boundaries as gate-switchable spin filters, a
functionality made possible by the fact that the interfacial transport modes are not
chiral.

THU 6
Local structure vs. electronic transport and optical properties of individual
nanotubes and carbon chains.

Thomas Pichler1, Lei Shi1, Ryosuke Senga2, Kazu Suenaga2
1Faculty of Physics, University of Vienna, Vienna
2Nano-Materials Research Institute, National Institute of Advanced Industrial Sci-
ence and Technology (AIST), Tsukuba 305-8565, Japan

Physical property of a single quantum object is governed by its precise atomic ar-
rangement. The direct correlation of localized electronic transport and optical prop-
erties with the atomic structures has been therefore strongly desired but still limited
in the theoretical studies. Here, we have examined the localized electronic/optical
properties of individual SWCNT [1] and carbon chain filled DWCNT [2] combining
high-resolution EELS with high-resolution TEM. Well separated EELS peaks are
obtained from a single freestanding pristine and carbon chain filled nanotube with
the local chiral index and unambiguously related to the van Hove singularities. They
clearly vary upon the different areas even in the individual carbon nanotube and car-
bon chain. Hence, these variations in interband transitions, plasmonic behaviors, and
unoccupied electronic structures are clearly attributed to the local irregular atomic
arrangement such as topological defect and/or elastic bond stretching.

Work supported by FWF and the EU.
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[1] DOI:10.1021/acs.nanolett.6b00825, Nano Lett., 16, 3661 (2016)
[2] DOI: 10.1038/NMAT4617, Nature Materials, 15, 634 (2016)

THU 7
Random telegraph noise in graphene tunnel junctions

Paweł Puczkarski1
1Department of Materials, University of Oxford, Oxford

In our research we focus on the applications of graphene tunnel junctions. We obtain
graphene tunnel junctions by electron beam lithography fabrication of 100 nm wide
graphene constrictions and consecutive formation of tunnelling gaps by means of
electroburing. The electroburning method relies on feedback controlled application
of voltage to graphene ribbons. In the constriction region high current density leads
to the local heating and removal of carbon atoms. In the effect 1-3 nm tunnel gap is
formed.
In this study we investigate noise spectrum of these devices upon application of con-
stant voltage in the varying voltage and temperature circumstances. At room tem-
perature we observe 1/f noise spectrum. However at 77 K temperature we observe
transition to switching between two or a few discrete current levels. Such switching
events resemble random telegraph fluctuations and can be successfully fitted with
Hidden Markov Model. Noise Power Spectral Density recorded at cryogenic temper-
atures shows lorentzian distribution, with plateau at low frequencies and 1/f2 trend
for higher frequencies. We attribute observed fluctuations to the rearrangement of
graphene edges.

THU 8
Coulomb engineering of the bandgap in 2D semiconductors

Archana Raja1,2, Andrey Chaves2,5, Jaeeun Yu2, Ghidewon Arefe2, Heather M.
Hill1,2, Albert F. Rigosi1,2, Timothy C. Berkelbach3, Philipp Nagler4, Christian
Schüller4, Tobias Korn4, Colin Nuckolls2, James Hone2, Louis E. Brus2, Tony F.
Heinz1,2, David R. Reichman2, Alexey Chernikov2,4
1Stanford University
2Columbia University
3University of Chicago
4University of Regensburg
5Universidade Federal do Ceará

Complementing graphene, two-dimensional semiconductors like transition metal di-
chalcogenides have revealed new optical and electronic properties. This includes
robust excitonic interactions and access to the valley degree of freedom. A basic
aspect of any semiconductor is its bandgap and the ability to control it is of central
importance.
Here we demonstrate a novel approach for bandgap engineering in 2D semiconductors
based on the modification of the dielectric environment, rather than on any change in
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the material itself. The unique environmental sensitivity of the Coulomb interaction
in the 2D limit makes “Coulomb engineering” of the bandgap very effective. We de-
termine the bandgap by measuring ground and excited exciton transitions by optical
spectroscopy and extrapolating to the quasi-particle band edge. We have directly
demonstrated tuning of the bandgap of monolayer WS2 and WSe2 by 100’s of meV
by Coulomb engineering. Moreover, we have identified lateral jumps in the bandgap
by preparing abrupt boundaries in the dielectric media. This will allow for flexible
nanoscale patterning of bandgaps in a homogeneous 2D material simply by designing
the dielectric environment.

THU 9
A Raman Study Towards the Effective Purification of Boron-doped SWCNT

Carlos Reinoso1, Kazuhiro Yanagi2, Philip Rohringer1, Thomas Pichler1, Paola Ay-
ala1,3
1University of Vienna, Faculty of Physics. Boltzmanngasse 5, A-1090 Vienna, Austria
2Department of Physics, Tokyo Metropolitan University, 1-1 Minami-Osawa, Hachioji-
shi, Tokyo 192-0397 Japan
3Yachai Tech University, Hacienda San Jose s/n, Urcuqui, Ecuador

Incorporating Boron atoms (B) in the lattice induces changes in the intrinsic prop-
erties of a single-walled carbon nanotube (SWCNT). Understanding the bonding
environment, the dopant distribution in the B-doped SWCNTs is particularly im-
portant to achieve their potential applications. However, the tubes´ heterogeneity,
their bundling, and the presence of catalytic by-products hinder their direct ap-
plication. We have mastered the production of SWCNTs doped with B using the
high-vacuum assisted chemical vapour deposition method and this work shows our
progress regarding the subsequent purification processes we have attempted. The
density gradient ultracentrifugation method has been investigated in this work as an
alternative to the conventional chemical purification treatment that could possible
affect to the functionalized material. Multifrequency Raman spectroscopy was per-
formed to characterize this material, followed by optical absorption studies, as well
photoluminescence analysis. To the best of our knowledge, this study provides the
first relevant results regarding the scalability of this purification process keeping the
most species on the resultant material.

THU 10
Purification and Separation of Carbyne-filled Double-Walled Carbon Nanotubes

Philip Rohringer1,2, Lei Shi1, Paola Ayala1, Thomas Pichler1, Sofie Cambré2, Wim
Wenseleers2
1University of Vienna, Austria
2University of Antwerp, Belgium

The use of high-quality double-walled carbon nanotubes (DWCNT) as growth reac-
tors has made the synthesis of carbon chains with a length of up to several thousand
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carbon atoms feasible, essentially representing carbyne [1]. The diameter of the in-
ner tube is, besides the growth temperature, the defining factor for the stability of
the carbon chain, i.e. how long the chains can become. This in return leads to a
very broad range of chain lengths in a sample if the diameter distribution of the
DWCNT themselves was broad in the beginning. In this work, we will show that by
utilizing established techniques for a nondestructive separation of carbon nanotubes
followed by density gradient ultracentrifugation, samples purely made out of individ-
ual DWCNT filled with carbyne can be received.

[1] Shi et al., Nature Materials 15, 634-639 (2016)

THU 11
In-situ tunable graphene-nanotube hybrid electronic
systems

Asaf Rozen1
1Department of Condensed Matter Physics, Weizmann Institute of Science, Rehovot

The rise of 2D van der Walls heterostructures has captivated physicists with the
promise of designer emergent phenomena. A key ingredient for realizing these struc-
tures is the ability to stack the constituent layers with precisely controlled angular
and translational positioning. However, existing fabrication methods do not allow
for in-situ control, and measurements thus far as a function of these parameters are
largely statistical in nature. Furthermore, current stack assembly focuses on creating
interfaces solely between 2D materials. Here, we harness scanning probe techniques
to overcome these obstacles and create a new type of controlled interface, uniting two
carbon systems of different dimensionality that have each individually made huge im-
pact - carbon nanotubes and graphene. We use a specially designed apparatus to
bring a nanotube suspended between electrodes into contact with a graphene sheet,
allowing the angle, position, and length of the 1D-2D interface to be varied in-situ.
We report our measurements of this hybrid system, setting the stage for future exper-
iments in which this high degree of tunability may be used to create novel electronic
properties.

THU 12
Mechanism of Transfer Doping of Graphene

Yuzheng Guo1, Haichang Lu2, John Robertson2
1College of Engineering, Swansea University
2Engineering Department, Cambridge University

Graphene must be doped to increase its carrier concentration in order for it to have
a high conductivity. We give DFT calculations of the transfer doping mechanism of
graphene by various species, including nitric acid, FeCl3, AuCl3, SbF5, MoO3, Cs2O
and OH radicals. Most of these dopants give charge transfer without forming direct
covalent bonds to C sites which remove conducting π states. For example, MoO3
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positively dopes graphene without degrading hole mobility, removing the quantum
Hall effect or causing the Raman D peak. Nitric acid transfers dopants without
disturbing a pristine graphene layer, despite reacting with pre-existing edge defects.
In contrast, above a certain potential barrier, more reactive radical species like OH
will buckle the underlying graphene layer into a sp3 site to allow a direct O-C bond.
Cs2O is a very n-type dopant formed from Cs2CO3 for organic electronics, and also
does not disturb graphene’s sp2 bonding. The FeCl3 and SbF5 type species are found
to have very large work functions, explaining their strong hole doping character.

THU 13
Sound waves and flexural mode dynamics in 2-dimensional crystals

Pablo Scuracchio1, Karl H. Michel1, Francois M. Peeters1
1Condensed Matter Theory, Department of Physics, University of Antwerp, Antwerp,
Belgium

Starting from a Hamiltonian with anharmonic coupling linear in in-plane acoustic
displacements and quadratic in out-of-plane (flexural) modes, we have derived cou-
pled equations of motion for in-plane displacements correlations and flexural mode
density fluctuations. We use linear response theory and time-dependent thermal
Green’s functions techniques. As external perturbations we allow for stresses and
thermal heat sources. The displacements correlations are described by a Dyson equa-
tion where the flexural density distribution enters as an additional perturbation, the
flexural density distribution satisfies a kinetic equation where the in-plane lattice dis-
placements act as a perturbation. In the hydrodynamic limit this system of coupled
equations is at the basis of a unified description of elastic and thermal phenomena,
such as isothermal versus adiabatic sound motion and thermal conductivity versus
second sound. The theory is formulated in view of application to graphene, 2D h-BN
and 2H-transition metal dichalcogenides and oxides.

THU 14
Making graphene nanoribbons photoluminescent

Boris Senkovskiy1, Markus Pfiffer2, Seyed Alavi2, Andrea Bliesner1, Danny Haberer3,
Felix Fisher3, Klaus Meerholz2, Klas Lindfors2, Alexander Grüneis1
1Institute of Physics II, University of Cologne, Germany
2Institute for Physical Chemistry, University of Cologne, Germany
3Department of Chemistry, University of California at Berkeley, USA

We performed the alignment-preserving transfer of ultra-narrow parallel graphene
nanoribbons (GNRs) onto insulating substrates. The photophysics of such samples is
characterized by polarized Raman and photoluminescence (PL) spectroscopies. The
Raman cross section as a function of excitation energy has distinct excitonic peaks
associated with transitions between the one-dimensional parabolic subbands. We
find that PL of GNRs is intrinsically low suggesting optically forbidden states with
an energy close to the lowest E11 exciton. However, PL can be strongly enhanced
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by blue laser irradiation in ambient conditions or by hydrogenation in ultrahigh
vacuum through the incorporation of sp3 defects. The application of this process in
laser writing of luminescent patterns for maskless lithography is demonstrated. Our
findings set the stage to further exploration of the optical properties of GNRs on
insulating substrates and in device geometries.

THU 15
Plasmon-mediated enhancement of carbon nanotubes-nanometal hybrid sys-
tems

Mareen Glaeske1, Stephanie Reich1, Antonio Setaro1
1Physics, Freie Universität Berlin, Berlin

Single-walled carbon nanotubes, with their infrared emission, are promising candi-
dates for optoelectronic purposes and in vivo and in vitro biological imaging. Their
low emission yield, though, prevents their extensive use as tiny light sources. To over-
come this limit we yield nanotubes-metal hybrids based on colloidal systems. Metal-
lic nanoparticles can be synthesized by wet-chemistry with well-controlled chemi-
cal composition, size, shape and crystalline structure, yielding plasmonic responses
with specific features. By tuning the aspect ratio and shape of the nanoparticle
we realize structures with tailored electric field enhancement and perform a sys-
tematic investigation of the energetic overlap between metal and nanotubes. This
understanding could to lead to optimized enhancement of the optical response of the
metal-semiconductor nanohybrid systems.

THU 16
Intermolecular interactions in doped metal-organic frameworks

Hidetsugu Shiozawa1, Bernhard C. Bayer1, Herwig Peterlik1, Jannik C. Meyer1,
Wolfgang Lang1, Thomas Pichler1
1Faculty of Physics, University of Vienna, Vienna

Metal-organic frameworks (MOFs) consist of metal ions and organic molecules to
form ordered porous nanostructures. Since their discovery, MOFs have enjoyed ex-
ploration in synthesis and applications in gas storage/separation/purification and
catalysis. Their extremely high surface areas are highly advantageous as they out-
perform other nanoporous materials such as zeolite, porous silica, activated carbon
and carbon nanotubes with regard to structural variety and chemical functionality.
One of the challenges towards their applications is to make MOFs optimally con-
ductive to be used as electronic components. Two strategies were reported recently,
one through covalent interactions and the other by doping with redox-active guest
molecules. In the latter case, gest-host charge transfer and orbital hybridization
turn non-conductive MOFs metallic. In our presentation, we will show our recent
studies on a MOF with a honeycomb nanostructure whose electrical conduction and
magnetic ordering temperature tuned by doping with Tetracyanoquinodimethane
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(TCNQ), and resistive photo- and gas-sensing based on TCNQ-doped MOF devices.
This work was supported by the Austrian Science Fund (FWF).

THU 17
Light matter interaction in TMDs and their heterostructures

Florian Sigger1, Bastian Miller1, Borja Pano1, Alexander Holleitner1, Ursula Wurst-
bauer1
1Physics-Department, Walter Schottky Institute, Garching

Transition metal dichalcogenides (TMDs) exhibit a strong light matter interaction [1]
and strong scattering cross sections in Raman experiments [2], making the materials
attractive for both fundamental research as well as novel device applications. We ac-
cess the complex dielectric function of MoS2 flakes with a high lateral resolution by
spectroscopic imaging ellipsometry [3]. The significant excitonic effects are only well
observable in the in-plane component of the dielectric tensor and display an intrigu-
ing fine-structure. Furthermore, van der Waals heterostructures provide a promising
platform to combine a broad range of 2D materials. We prepare such heterostructures
by viscoelastic stamping of micromechanically exfoliated TMDs, allowing precise con-
trol over both relative position and rotation. We observe interlayer coupling, which
can be significantly enhanced by additional cleaning and annealing steps during the
assembly, as well as the formation of presumably long-lived interlayer excitons.

[1] U. Wurstbauer et al., arXiv:1611.05255 (2016)
[2] B. Miller et al., Appl. Phys. Lett. 106, 122103 (2015)
[3] S. Funke et al., J. Phys. Condens. Matter 28, 385301 (2016)

THU 18
Collective electronic excitation of trapped, dipolar excitons

L. Sigl1, S. Dietl1, D. Schuh2, U. Wurstbauer1, A. Holleitner1
1Walter Schottky Institut and Physics-Department, TUM, Germany
2Institut für Experimentelle und Angewandte Physik, Universität Regensburg, Ger-
many

In coupled quantum wells photogenerated electrons and holes can form bound in-
direct excitons (IXs), with electrons and holes localized in adjacent quantum wells.
Ensembles of IX represent an ideal system to study many-body effects of weakly
interacting bosons and are expected to exhibit various phases, e.g. exciton liquid [1]
and Bose-Einstein condensation [2]. We report on photoluminescence and inelastic
light scattering experiments on such trapped indirect excitons at high densities [3].
The inelastic light scattering spectra reveal a very sharp low-lying collective mode
that is identified at 0.44meV and a FWHM of 50µeV. This mode is interpreted as
a plasmon excitation of the excess hole system coupled to the IXs. Our results il-
lustrate the potential of studying low-lying collective excitations in photogenerated
exciton systems to explore the many-body phase diagram and interaction physics.
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We acknowledge financial support by the DFG via the excellence cluster NIM.

[1] M. Stern, et al., Science 343, 55-57 (2014)
[2] S. Dietl, et al., SLMS accepted (2017)
[3] S. Dietl, et al., submitted (2017)

THU 19
Controlled isotope arrangement in 13C enriched carbon nanotubes
J. Koltai1, G. Mezei1, V. Zólyomi2, J. Kürti1, H. Kuzmany3, T. Pichler3, F. Simon3,4
1Department of Biological Physics, Eötvös University, Pázmány Péter sétány 1/A,
H-1117 Budapest, Hungary
2National Graphene Institute, University of Manchester, Manchester M13 9PL, United
Kingdom
3Universität Wien, Fakultät für Physik, Strudlhofgasse 4, 1090 Wien, Austria
4Department of Physics, Budapest University of Technology and Economics and
MTA-BME Lendület Spintronics Research Group (PROSPIN), P.O. Box 91, H-1521
Budapest, Hungary

We report the synthesis of a novel isotope engineered 13C–12C heteronuclear nanos-
tructure [1]: single-wall carbon nanotubes made of 13C enriched clusters which are
embedded in natural carbon regions. The material is synthesized with a high temper-
ature annealing from 13C enriched benzene and natural C60, which are co-encapsulated
inside host SWCNTs in an alternating fashion. The Raman 2D mode indicates that
the 13C isotopes are not distributed uniformly in the inner tubes. A semi-empirical
method based modeling of the Raman modes under 13C isotope enrichment shows
that experimental data is compatible with the presence of 13C rich clusters which
are embedded in a natural carbon containing matrix. The peculiar control of the
isotope arrangement in this material may find applications in quantum information
processing and storage using nuclear spins as qubits.

[1] J. Koltai et al. J. Phys. Chem. C 120, 29520 (2016)

THU 20
Electronic transport in reduced graphene oxide prepared by different routes
Viera Skákalová1,2, Martin Hulman2, Peter Kotrusz2, Viliam Vretenár2, Christoph
Hofer1, Jannik C. Meyer1
1Physics of Nanostructured Materials, University of Vienna, Vienna
2Danubia NanoTech, Bratislava, Slovakia

To exfoliate graphite into single layers, an established oxidation process of graphite
is conducted at 98oC [1]. During high-T oxidation and reduction, release of CO2

molecules causes an irreversible degradation of the atomic structure of graphene.
Recently, a low-T process of oxidation and reduction was developed [2]. We prepared
graphene by both high-T and low-T processes and compared the resulting atomic
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structures imaged by scanning transmission electron microscope; while the graphene
prepared at high-T loses its long-range crystal order, the flake made at low-T pre-
serves the long-range order very well. For the electrical transport study samples were
filtrated from suspensions of both graphene materials. T-dependences of conductiv-
ity from 300K down to 4.2K were measured. We observe a significant difference of
several orders of magnitude in absolute values as well as in transport mechanisms: for
the high-T made graphene variable range hopping model fits the experimental curve,
whereas for the graphene made at low-T, tunneling mechanism fits the measurement
better.

[1] V. Skákalová, et al. Carbon 72, 224 (2014)
[2] S. Eigler et al. Adv. Mater. 25, 3583 (2013)

THU 21
Effect of ball milling pre-treatment of C60 fullerite on the structure and
mechanical properties of disordered carbon phase produced by C60 collapse
at high pressure and high temperature

V. Benavides1, S.S. Agafonov2, O. P. Chernogorova3, X. Devaux4, E. I. Drozdova3,
E.A. Ekimov2, F. Mücklich5, I.N. Potapova3, F. Soldera1,5, A. V. Soldatov1,6
1Engineering Sciences & Mathematics, Lulea university of Technology, Lulea
2National Research Center “Kurchatov Institute”, Kurchatov sq. 1, Moscow, 123182,
Russia
3A.A.Baikov Institute of Metallurgy and Materials Science (IMET), 119991 Moscow,
Russia
4Institut Jean Lamour, UMR 7198, CNRS, Université de Lorraine, Nancy, France
5Department of Materials science, Saarland University, Campus D3.3, D661-23, Saar-
brücken, Germany
6Department of Physics, Harvard University, Cambridge, MA 02138, USA

We report on influence of mechanical activation (MA) pre-treatment of C60 on the
structure and mechanical properties of disordered carbon phase synthesized by C60
collapse at 8GPa and 850 ◦C. The MA (ball milling) of crystalline fullerite pow-
der prior to high p, T synthesis led to essential loss of crystallinity of the fullerites
structure [1]. Raman characterization (1.97 eV and 2.3 eV laser excitation) of the
nanoclustered graphene phase (NGP) [2] produced from non-MA-treated fullerite at
8GPa, 850 ◦C reveals dispersive behaviour of the D-band typical of a short-range
order in the material. MA of C60 results in a remarkable change of mechanical
properties of the material synthesized at high p,T - hardness increase/elastic recov-
ery decrease from 18GPa/90% in the material produced from the non-treated- to
37GPa/84% in MA fullerite, respectively. Furthermore, Raman spectra of the lat-
ter reveal further decrease in graphene clusters size (coherent scattering length La)
as confirmed by HRTEM. We discuss structural model of C60 transformation to NGP.

[1] Lad‘yanov V, et al. Physics of the Solid State. 55, 6, 1319 (2013)
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[2] O.P. Chernogorova, et al. Appl. Phys. Lett. 104, 043110 (2014)

THU 22
Fermi velocity renormalization probed by Magneto-Phonon Resonances in
suspended Graphene
Jens Sonntag1,2, Sven Reichardt1,3, Christoph Neumann1,2, Ludger Wirtz3, Bernd
Beschoten1, Christoph Stampfer1,2
1JARA-FIT and II. Institute of Physics A, RWTH Aachen, 52074 Aachen, Germany,
EU
2Peter Grünberg Institute (PGI-9), Forschungszentrum Jülich, 52425 Jülich, Ger-
many, EU
3Physics and Materials Science Research Unit, Université du Luxembourg, L-1511
Luxembourg, Luxembourg, EU

In recent years, the importance of many-body effects in graphene due to electron-
electron as well as electron-phonon interactions became more and more apparent. For
example, the Fermi velocity, vF , of graphene not only significantly deviates from the
independent-particle picture, but is in fact dependent on the charge carrier density,
leading to a non-linear renormalization [1].
Here, we use magneto-phonon resonances [2] in ultra high-quality suspended graphene
to determine the charge carrier dependence of vF in high (∼ 3T) magnetic fields. We
find a discrepancy to vF extracted at low (< 0.5T) magnetic fields via Shubnikov–de
Haas oscillations both in terms of the specific value (up to vF = 1.4 · 106 m/s and
vF = 2.2 · 106 m/s respectively) and carrier density dependence close to the Dirac
point. We discuss these measurement results in the context of neglected Landau level
exciton binding energies and the validity of the logarithmic renormalization for high
magnetic fields [3].

[1] Elias et al., Nat. Physics 7, 701 (2011)
[2] Neumann et al., Nano Lett. 15, 1547 (2015)
[3] Sonntag et al., in preparation

THU 23
Mechanically tunable strain fields in suspended graphene resonators
Christoph Stampfer1,2, Matthias Goldsche1,2, Gerard Verbiest1, Timofy Khodkov1,
Jens Sonntag1,2
1II. Institute of Physics A, RWTH Aachen, Aachen
2Peter Grünberg Institute (PGI 9), Forschungszentrum Jülich

Controlling strain fields in graphene not only allows tailoring mechanical properties,
such as resonance frequencies or quality factors but also offers a unique way of apply-
ing valley-sensitive gauge fields acting on Dirac fermions. This leads to exceptional
electromechanical properties giving rise for example to pseudomagnetic fields, valley
filters or pseudo gravitomagnetic froces. Although such gauge fields have received
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much attention thanks to the possibility of mimicking real magnetic fields, control-
ling strain fields in graphene has remained a major challenge. Here we show micro
electromechanical systems with integrated graphene for engineering truly mechani-
cally tunable strain fields. Spatially resolved confocal Raman spectroscopy is used
for mapping the strain fields in graphene as function of clamping geometries and
tunable displacement. By controlling the clamping conditions different strain fields,
including strain gradients with values around 0.7% per micrometer can be obtained.
Importantly, the presented approach allows also for multiple axis straining and is not
exclusively limited to graphene but is also applicable to the raising number of other
2D materials.

THU 24
Modelling moiré superlattice in various 2D materials on Au(111)
P. Süle1, M. Szendrö1, Z. Osváth1, A. Pálinkás1, G. Magda1, C. Hwang1, L. Tapasztó1
1MTA-EK-MFA, Dept. of Nanostructures, Budapest, Hungary

Our aim was to reproduce various properties of moiré superlattice (MSL) of 2D
materials on Au(111) support. Results will be reported on electronic structure, to-
pography and lattice distortions of various moiré superstructures. In particular,
special attention is paid to the structural reproduction of MSL recorded by STM us-
ing our DFT adaptive classical force fields [1] as well as standard DFT calculations.
Band structure and LDOS of various strain induced distorted SL will be presented
for different systems. We also outline results on the convexity of graphene MSL on
Au(111) focusing on the nanoscale coexitence of convex-concave MSL [2]. We also ex-
plain theoretically the experimentally observed anomalously large MSL of graphene
on Au(111) as nearly commensurate superstructures [3]. Moreover, MoS2 and WSe2
superlattices have also been studied and results concerning the topography as well
as possible shear lattice distortions will be shown [4].

[1] P. Süle, M. Szendrő, Modell. Simul. Mater. Sci. Eng. 23, 25001 (2015); P. Süle
et. al., Carbon 77, 1082. (2014).
[2] P. Süle et al., Nano Lett. 15, 8295. (2015).
[3] A. Pálinkás et al. Carbon 107, 792. (2016)
[4] P. Süle et al., unpubl.

THU 25
Imaging the electric potential landscape of current flow in ultra-clean graphene
Joseph Sulpizio1
1Department of Condensed Matter Physics, Weizmann Institute of Science, Rehovot

Advances in nanofabrication now allow for the creation of graphene devices with ex-
tremely low disorder, enabling device-scale ballistic transport as well as the recently
postulated hydrodynamic regime in which electron viscosity dominates the current
flow. Moving beyond bulk studies to probe these phenomena on the nanoscale is chal-
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lenging, as it requires mapping the potential with both high spatial resolution and
uV-scale voltage resolution, far exceeding the capabilities of existing techniques. We
have recently developed an imaging platform based on carbon nanotube single elec-
tron transistors uniquely capable of carrying out such measurements. In this work,
we image the electric potential in graphene with sub-mV resolution, an improvement
of three orders of magnitude over existing techniques. We independently map local
workfunction differences, as well as the voltage patterns generated by flowing current,
critical for the observation of hydrodynamic electron flow. Measurements are per-
formed with a setup functioning from 4K to room temperature, enabling for the first
time imaging of the potential landscape associated with exotic transport phenomena
unique to ultra-clean graphene.

THU 26
Size control and size dependent properties of liquid-exfoliated tungsten
disulfide

Kevin Synnatschke1, Claudia Backes1
1Applied physical chemistry, University of Heidelberg, Germany

Liquid phase exfoliation (LPE) techniques have become popular to exfoliate lay-
ered crystals of all kind to produce dispersions containing monolayer and few layer
nanosheets in large quantities. The properties of these materials are drastically
changing from bulk to few- and monolayer sheets and even vary for different sheet
sizes of the same thickness. This makes the control over sheet size and thickness by
post-exfoliation treatments extremely important. In this regard, liquid cascade cen-
trifugation has been suggested as promising methodology to obtain narrower sheet
size and thickness distributions. [1]
In this contribution, we show progress in producing nanosheet dispersions with well-
defined size and thickness. Nanosheet sizes, thicknesses and monolayer contents
extracted from the established metrics based on the UV-Vis spectra [1] are used in
order to investigate the sedimentation behavior for cascade optimization. We are
able to investigate the fundamental physics and chemistry for certain sheet sizes and
thicknesses based on those results.

[1] ACS Nano 10, 1589 (2016)

THU 27
Imaging the atomic-level oxidation of single layer MoS2 crystals subjected to
ambient conditions

Janos Petö1, Peter Vancsó1, Zakhar Popov2, Gabor Magda1, Pavel Sorokin2, Levente
Tapasztó1
1Hungarian Academy of Sciences-Centre for Energy Research, Budapest, Hungary
2National University of Science and Technology, Moscow, Russia

Understanding the long-term chemical stability and the atomic-scale structural changes
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of 2D transition metal dichacogenides (TMDC) subjected to ambient conditions, is
of both fundamental and practical importance. In contrast to graphene, it has been
shown that 2D TMDC crystals display structural degradation effects under ambient,
on various time-scales. Although, the most widely studied 2D TMDC materials such
as MoS2, WS2, MoSe2, and WSe2 have been considered to be air-stable, long-term
structural modifications have been revealed by photoluminescence measurements and
scanning electron microscopy investigations. Here, we were able to monitor the ox-
idation process of 2D MoS2 crystals at the atomic level by Scanning Tunneling Mi-
croscopy measurements. We show that the oxidation of 2D MoS2 proceeds through
the formation of individual point defect all over the 2D MoS2 surface. Such atomic-
scale structural modifications alter the physical and chemical properties of MoS2
single layers, and are also expected to play a crucial role in the catalytic processes.

THU 28
Nanotechnique for the degradation of antibiotics by means of physical agents

Alina Terechshenko1,2, Kuralay Korzhynbayeva2, Moulay-Rachid Babaa1,2, Jorge
Ona-Ruales1, Zhumabay Bakenov1,2
1Nazarbayev University, 53 Kabanbay Batyr Ave, Astana, 010000, Kazakhstan
2Institute of Batteries LLC, 53 Kabanbay Batyr Ave, Astana, 010000, Kazakhstan

The presence of antibiotics in aquatic environments has been recognized as an is-
sue warranting consideration. Increasing concerns have been raised regarding the
potential risks of antibiotics to human and ecological health due to their extensive
use. More efficient and cost-effective adsorbents are urgently needed and are the fo-
cus of intense research effort. Magnetic multi-walled carbon nanotubes (MMWNTs)
were synthesized from iron salt solution. Pristine, oxidized and magnetized MWNTs
were characterized by scanning electron microscopy, Fourier transform infrared spec-
troscopy and X-ray diffraction. The three solid samples were investigated for the
adsorption of doxycycline antibiotic (DOX) from aqueous solutions. The influence
of adsorbent mass, contact time, temperature and pH on the adsorption of DOX
on the three types of solids was investigated by conducting a series of batch experi-
ments. The equilibrium data at different temperatures were fitted with the Langmuir,
Freundlich, Tempkin, Redlich-Peterson models. Adsorption results showed that the
maximum percentage removal of DOX from water by pristine, oxidized and magne-
tized MWCNTs were 99.39%, 78.79% and 94.68% respectively.

THU 29
Gate dependent Schottky barriers in 2H-MoTe2

Nicola J. Townsend1, Iddo Amit1, Saverio Russo1, Monica F. Craciun2
1Centre for Graphene Science, Department of Physics, University of Exeter, United
Kingdom
2Centre for Graphene Science, Department of Engineering, University of Exeter,
United Kingdom
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The rise of two dimensional based technology has paved the way to numerous excit-
ing applications in electronics, photovoltaics and sensing. For optimally functioning
devices, contact resistance due to the formation of Schottky barriers has to be reg-
ulated and accounted for in the device design. MoTe2 is one of the best candidates
to match the functionality of silicon whilst benefiting from atomic scale thickness.
However, previous studies on MoTe2 showed the formation of Schottky barriers that
can hinder the functionality of MoTe2 based devices.
In this work, we present a systematic investigation of Schottky barrier height (ΦB)
between 2H-MoTe2 and various metal contacts. We compare the effect of the metal
work function (ΦM ) with ΦB and also examine the effect of gate modulation on
barrier height. We find that metals with a higher ΦM (e.g. gold) have a significantly
reduced ΦB of 20meV compared to 34meV for the lower ΦM Cr/Au contacts due
to the Fermi level pinning. The Au contacts also show a reduced threshold voltage
compared to the Cr/Au contacts, which is in agreement with the reduced ΦB .

THU 30
Electronic Structure of Boehmite in 1D, 2D, and 3D Structures
Masayuki Toyoda1, Susumu Saito1
1Department of Physics, Tokyo Institute of Technology, Tokyo

Boehmite γ-AlOOH is an oxyhydroxide of aluminium and a component mineral of the
aluminium ore bauxite. It is known as the precursor of γ-alumina (γ-Al2O3), which is
widely used in applications as catalysts, adsorbents, and catalyst supports. Recently,
a new nanostructured material has been discovered in fibrous pseudoboehmite (poorly
crystalized γ-AlOOH) [1]. The material, boehmite nanoribbon, has a genuinely one-
dimensional crystalline structure that is similar to boehmite γ-AlOOH. Since inor-
ganic nanowires/nanoribbons are very rare compared to organic or metallic ones, the
discovery of the boehmite nanoribbons may inspire new studies in the field of inor-
ganic nanomaterials. To study the electronic property of the boehmite nanoribbons,
we have performed first-principles density-functional theory (DFT) calculations for
boehmite in 1D, 2D, and 3D structures. We found that the band gap energy in 1D
structure is significantly smaller than in 2D and 3D structures, suggesting possible
application of the boehmite nanoribbons as electronics and optoelectronics nanode-
vices.

[1] S. Iijima et al., Proc. Natil. Acad. Sci. USA 113, 11759 (2016)

THU 31
Scanning transmission electron microscopy of nanopores in irradiated MoS2

Mukesh Tripathi1, Roland Kozubek2, Maria O’Brien3, Ursula Ludacka1, Lukas Madauß2,
Niall McEvoy3, Toma Susi1, Georg S. Duesberg3, Marika Schleberger2, Jani Ko-
takoski1
1University of Vienna, Faculty of Physics, Vienna, Austria
2University of Duisburg-Essen, Faculty of Physics, Duisburg, Germany
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3School of Chemistry and AMBER, Trinity College, Dublin, Ireland

Structural defects can drastically alter the properties of 2D materials such as molyb-
denum disulfide (MoS2). Here, we present an atomic-level analysis of nanopores
induced by ion irradiation in MoS2. Highly homogeneous and large flakes were syn-
thesized using chemical vapor deposition in a microreactor and subsequently trans-
ferred onto carbon-coated transmission electron microscopy grids. Pores were created
with highly charged (q = 20˘40) Xeq+ ions, with fluences between 2000 and 10000
ions/µm2. The samples were analyzed using an aberration-corrected scanning trans-
mission electron microscope (Nion UltraSTEM100) operated at 60 kV. We studied
the atomic structure at the nanopore edges and correlated the number of created
pores with the irradiation fluence and their size distribution with the charge state
of the ions. Moreover, depending on the residual gas composition in the microscope
column, we could even create pores with the electron beam. Due to their nanosized
pores, irradiated MoS2 membranes may find application for example in filtration and
DNA sequencing.

THU 32
Nickel-Catalyzed Growth of Graphene on Diamond

Semir Tulić1, Viera Skákalová1, Thomas Waitz1, Bohuslav Rezek2,3, Jan Čermák2,
Marián Varga2, Alexander Kromka2
1Physics of Nanostructured Materials, Faculty of Physics, University of Vienna,
Boltzmanngasse 5, 1090 Vienna, Austria
2Institute of Physics, Czech Academy of Sciences, Cukrovarnická 10, Prague 6, Czech
Republic
3Faculty of Electrical Engineering, Czech Technical University, Technická 2, Prague
6, Czech Republic

This work is focused on the formation of graphene on diamond to achieve a semimetal-
insulator interface. The growth of graphene via a Ni-catalyzed transformation of the
top diamond layers is studied by using transmission electron microscopy, scanning
electron microscopy, atomic force microscopy, and Raman spectroscopy. Nanocrys-
talline diamond films (grain size 200 nm) grown on Si substrates and (100) oriented
monocrystalline diamond substrates are coated with thin Ni layers (20 nm) by mag-
netron sputter deposition. Several layers of graphene were observed on the surface
of the diamonds after heating to 900 ◦C under a forming gas atmosphere followed by
chemical removal of the Ni. Grooves form heterogeneously on the originally flat facets
of the diamond nano- and monocrystals by a solid-state etching reaction of C with
Ni. For comparison, the nanocrystalline diamond was also covered with a thicker
(500 nm) layer of Ni. Upon heating to 900 ◦C, on the surface Ni-catalyzed formation
of graphite was observed. Besides the Ni-C catalytic reaction, Si chemically interacts
with both Ni and C, yielding a complex structure of SiC nanoparticles embedded in
a layer of NiSi2.
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THU 33
Fitting Single Walled Carbon Nanotube Optical Absorption Spectra

Moritz Pfohl1,2, Daniel Tune1,3, Arko Graf4, Jana Zaumseil4, Ralph Krupke1,2, Ben-
jamin Flavel1
1Institute of Nanotechnology, Karlsruher Institut für Technologie, Germany
2Institute of Materials Science, Technische Universität Darmstadt, Germany
3Centre for Nanoscale Science and Technology, Flinders University, Australia
4Institute for Physical Chemistry, Universität Heidelberg, Germany

A comprehensive methodology for the fitting of single walled carbon nanotube opti-
cal absorption spectra is presented. Different approaches to background subtraction,
choice of line profile, and calculation of full width at half maximum are considered
both in the context of previous literature and in contemporary understanding of
carbon nanotube photophysics. The fitting is improved by the inclusion of exciton-
phonon sidebands, and new techniques to improve deconvolution accuracy by ex-
ploiting correlations between the first and second order optical transitions and the
exciton-phonon sidebands are presented. Consideration of metallic nanotubes allows
an analysis of the metallic/semiconducting content and a process of constraining the
fit of highly convoluted spectra of carbon nanotube solid films according the spectral
weights of each (n,m) species in solution is also presented, allowing for more reliable
deconvolution of peaks into single (n,m) species contributions.

THU 34
High Electron Mobility, Quantum Hall Effect and Anomalous Optical Response
in Atomically Thin InSe

A. V. Tyurnina1,2, D. A. Bandurin2,3, Y. Cao2,3, A. Mishchenko3, V. Zólyomi2, I.
V. Grigorieva3, V. I. Fal’ko2,3, A. K. Geim3

1Skolkovo Institute of Science and Technology, Moscow
2National Graphene Institute, University of Manchester, UK
3School of Physics & Astronomy, University of Manchester, UK

In this talk we will report the electronic and optical properties in few-layer InSe.
This 2D material is already known to be relatively stable under ambient conditions
so that previously it was possible to do optical studies of few-layer flakes despite their
degradation. To avoid working with partially decomposed samples and make work-
ing electronic rather than only optical devices, we encapsulated few-layer InSe in an
inert atmosphere. This allowed room-temperature mobilities of about 1,000 cm2/Vs
and low-temperature ones >12,000 cm2/Vs. The quantum Hall effect was clearly ob-
served in such devices, Fig. 1a. Their optical properties turned out to be nontrivial,
too. For example, the main-gap luminescence in monolayer InSe is totally absent for
fundamental reasons, contrary to a previous report on decomposed InSe, Fig. 1b.
Photoluminescence spectra from 2–5 layers InSe flakes are of pronounced intensities
and uniquely identify their thickness. Our work will lead to high follow-up interest,
and we would not be surprised if researchers currently dealing with 2D dichalco-
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genides and black phosphorous will soon switch their attention to the new kid on the
block.

THU 35
Enhanced Raman Scattering on Functionalized Graphene Substrates

V’aclav Valeš1, Petr Kovaříček1, Michaela Fridrichová1, Xiang Ji2, Xi Ling2, Jing
Kong2, Mildred S. Dresselhaus2, Martin Kalbáč1
1Department of Low-dimensional Systems, J. Heyrovsky Institute of Physical Chem-
istry, ASCR, Praha
2Department of Electrical Engineering and Computer Science, Massachusetts Insti-
tute of Technology, Cambridge, Massachusetts 02139, United States

The concept of graphene-enhanced Raman scattering (GERS) was proposed and ex-
perimentally demonstrated in 2010 [1]. It was observed that molecules in very low
concentrations exhibit a significant Raman signal when placed on a graphene layer.
In our work, the graphene-enhanced Raman scattering of Rhodamine 6G molecules on
pristine, fluorinated and 4-nitrophenyl functionalized graphene substrates was stud-
ied. The uniformity of the Raman signal enhancement was studied by making large
Raman maps. The relative enhancement of the Raman signal was demonstrated
to be dependent on the functional groups, which was rationalized by the different
doping levels of pristine, fluorinated and 4-nitrophenyl functionalized graphene sub-
strates. The GERS enhancement was rationalized considering actual Fermi energy
of graphene, phonon energy of the molecules and the laser excitation energy [2].

[1] X. Ling, L. Xie, Y. Fang, H. Xu, H. Zhang, J. Kong, et al., Nano Lett. 10 553–561
(2010).
[2] E.B. Barros, M.S. Dresselhaus, Phys. Rev. B. 90, 35443 (2014)

THU 36
Single-walled carbon nanotubes shock-compressed to 0.5 Mbar

Pablo Botella1, Xavier Devaux2, Manuel Dossot3, Viktor Garashchenko1, J. C. Beltzung1,
Alexander V. Soldatov1,4, Sergey Ananev5
1Engineering Sciences and Mathematics, Luleå university of Technology, SE - 97187,
Luleå, Sweden
2IJL UMR 7198 CNRS-Université de Lorraine, Nancy, France
3LCPME UMR 7564 CNRS-Université de Lorraine, Villers-lès-Nancy, France
4Department of Physics, Harvard University, Cambridge, MA 02138, USA
5Joint Institute for High Temperatures of RAS, Moscow, Russia

Following our dynamic (shock wave) compression experiments on single walled (SW)
HiPCO carbon nanotubes (CNTs) [1] we extended the range of shock compression
to 0.5 Mbar in quest for new forms of nanostructured carbon derived from crushed
SWCNTs. The recovered after shock material was characterized by multi-wavelength
Raman spectroscopy and HRTEM. Two distinct types of material were identified: i)
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multi-layer graphene (MLG) and ii) a mixture of MLG, disordered nanometer-sized
graphene clusters and amorphous carbon. Coherent scattering size of graphene clus-
ters (La) was estimated at 20 nm from D/G-band intensity ratio vs photon (laser
excitation) energy dependence which exhibits Tuinstra-Koenig behaviour. Unex-
pectedly, no traces of diamond-like carbon were found by HRTEM. Raman spectra
of certain areas of the sample indicate on formation of hard-elastic carbon [2]. Par-
ticulars of CNT transformation at high p, T are discussed.

[1] M. Noël et al., Phys. stat. sol. (RRL), 8, 11, 935 (2014)
[2] O.P. Chernogorova et al., APL, 104, 043110 (2014)

THU 37
Chemical state identification of carbon allotropes using high lateral resolution
Auger microprobe

Viliam Vretenár1, Lubomír Vančo1, Peter Vogrinčič1, Marian Varga2, Alexander
Kromka2, Viera Skákalová1
1STU Centre for Nanodiagnostics, Vazova 5, Bratislava, Slovakia
2Institute of Physics of the ASCR, v.v.i., Cukrovarnicka 10, Prague 6, Czech Repub-
lic

Many fields of modern material science and industry are now demanding spatially re-
solved surface material analysis. In this contribution we demonstrate the application
of Auger microprobe for chemical and elemental mapping of composite sample con-
sisting of two carbon allotropes, namely single-wall carbon nanotubes (sp2 hybridized
carbon) and diamond nanoparticles (sp3 hybridized carbon). Qualitative analysis of
Auger image is performed by identification of sp2 and sp3 hybridized carbon through
the fine differences in KLL carbon peak similarly to commonly known D-parameter
estimation. The signal was calculated on the basis of comparing relative intensities
of two peaks located at 248 and 257 eV with respect to the local minimum positioned
at 270 eV. In this way, the distribution of sp2/sp3 carbon phases was evaluated at
high lateral resolution (tens of nanometers).

THU 38
Valleytronics in Strain-Engineered Graphene

Lujun Wang1,2, Peter Makk1, Jan Overbeck1,2, Christian Schönenberger1,2
1Physics Department, University of Basel, Switzerland
2Swiss Nanoscience Institute

The valleys in graphene are the energetically degenerate but nonequivalent local
minima (maxima) of the conduction (valence) band, called K and K’ points. Since
the two valleys are far away from each other in k-space, intervalley scattering is
strongly suppressed, implying the potential use of the valley degree of freedom for
electronic applications, referred to as valleytronics.
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In order to address valley, ultraclean disorder-free graphene is a prerequisite. This
can be achieved by current annealing suspended graphene [1]. Secondly, one needs
a handle to control valley for generating and detecting valley current. Strain is an
elegant way to do that because it has been predicted that non-uniform strain can
generate a pseudo-magnetic field in graphene which acts on the two different valleys
with opposite signs [2]. We started to investigate two complementary ways of gener-
ating strain, pulling capacitively with gates or stretching it mechanically. And first
results towards valleytronics effect are shown.

[1] Maurand et al., Carbon 79, 486 (2014)
[2] Guinea et al., Phys. Rev. B 81, 035408 (2010)

THU 39
Graphene as a local probe to investigate the plasmonic properties of a gold
dimer
Sören Waßerroth1, Timo Bißwanger1, Niclas S. Müller1, Patryk Kusch1, Sebastian
Heeg2,4, Nick Clark2, Fred Schedin3, Roman V. Gorbachev3, Aravind Vijayaragha-
van2, Stephanie Reich1
1Institut für Experimentalphysik, FU Berlin, Berlin
2School of Materials, University of Manchester, Manchester
3School of Physics and Astronomy, University of Manchester, Manchester
4Photonics Laboratory, ETH Zürich, Zürich

Surface-enhanced Raman scattering is a widely used technique to achieve high Ra-
man intensities via plasmonic enhancement. This method has already several appli-
cations, however the basic mechanism is still not fully understood. In the presented
experiment we investigate the fundamental process behind plasmonic-enhanced Ra-
man scattering using a well-defined plasmonic system and graphene as Raman probe.
The used gold dimer is specifically designed to have its localized surface plasmon res-
onance in the visible regime. Due to the geometry of a dimer the plasmonic hotspot
can be switched by turning the polarization of the laser. Graphene is an excellent
Raman probe to investigate the plasmonic properties of the gold dimer due to the
constant Raman scattering cross section in the observed energy range and its two di-
mensional nature. Polarization and resonant Raman measurements of the G and 2D
mode were performed. Recently a theory that describes the plasmonic enhancement
process as a higher order Raman scattering process (HORA) has been established.
The HORA theory is used to analyze the wavelength dependent Raman measure-
ments.

THU 40
Determination of Enantiomeric Purity of (6,5) Single Chirality Single-Wall Car-
bon Nanotubes
Xiaojun Wei1, Yohei Yomogida1, Atsushi Hirano1, Shunjiro Fujii1, Takeshi Tanaka1,
Naomichi Sato2, Riichiro Saito2, Hiromichi Kataura1
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1Nanomaterials Research Institute, National Institute of Advanced Industrial Science
and Technology (AIST), Tsukuba, Japan
2Department of Physics, Tohoku University, Sendai, Japan

Recently, we separated 12 (n,m) enantiomers of single-wall carbon nanotubes (SWC-
NTs) [1], which showed much higher circular dichroism (CD) intensities than the
values reported in the previous works. However, the enantiomeric purity was still
unclear to date due to a lack of effective evaluation method. In this study, we re-
port the enantiomeric purity for (6,5) single chirality enantiomers using chiral flavin
mononucleotide (FMN) as a chiral sensitive dispersant. The enantiomers (6,5) and
(11,–5) were separated by gel chromatography and then dispersed in FMN aqueous
solution. In these solutions, (6,5) shows E11 optical transitions at 1012 nm while
(11,–5) shows it at 998 nm due to handedness dependent interactions with FMN
molecules, which enables us to estimate each concentration; namely enantiomeric
purity. We prepared six intermediate purity enantiomer samples by mixing (6,5) and
(11,–5) enantiomers and measured their CD spectra. CD intensity was confirmed to
change linearly with its enantiomeric purity. By using this relation, we can estimate
the enantiomeric purity of any mixture of (6,5) and (11,–5) from its CD intensity.

[1] X. Wei et al., Nature Commun. 7, 12899 (2016).

THU 41
Black Phosphorus: Exfoliation, Oxidation, and Passivation

Stefan Wild1,2, Gonzalo Abellán1,2, Udo Mundloch1,2, Vicent Lloret1,2, Mario Mar-
cia1,2, Frank Hauke1,2, Andreas Hirsch1,2
1Organic Chemistry, FAU Erlangen/Nürnberg, Erlangen
2Zentralinstitut für Neue Materialien und Prozesstechnik (ZMP), Fürth

Black Phosphorus (BP), a layered allotrope of the element phosphorus, has gained
much interest among 2D-Materials in the last two years due to its unique electronic
and optical properties or its application as gas sensors and fillers for composite re-
inforcement. The intrinsic bandgap of BP is known to be layer dependent, making
it very promising for electronic devices such as field effect transistors with high cur-
rent on/off-ratios and high carrier mobilities. However, BP-based applications are
still limited due to the rapid degradation of BP under ambient conditions. Here,
we monitor the oxidation process of mechanically exfoliated BP via Atomic Force
Microscopy (AFM), Statistical Raman Spectroscopy (SRS) and Microscopy (SRM).
Moreover, the influence of light on the degradation kinetics has been studied. In a
further step, different passivation pathways have been explored including high-boiling
point solvents, ionic liquids and the non-covalent attachment of perylene bisimides
(PDI). Excellent stabilities exceeding one month have been achieved.
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THU 42
Growth of Continuous Graphene by Open Roll-to-Roll Chemical Vapor Depo-
sition

Guofang Zhong1, Xingyi Wu1, Lorenzo D’Arsie1, Kenneth B. K. Teo2, Alex Jou-
vray2, John Robertson1
1Department of Engineering, University of Cambridge, Cambridge, CB3 0FA, United
Kingdom
2AIXTRON Ltd, Anderson Road, Swavesey, Cambridge CB24 4FQ, United Kingdom

Chemical vapour deposition (CVD) offers process controllability, scalability and flex-
ibility and is the most promising method for industrial production of high-quality,
continuous graphene for electronic device applications. Recently, various roll-to-roll
(R2R) CVD systems to produce graphene on Cu foils have been developed. [1-3]
However, these systems are essentially cassette systems enclosed in vacuum cham-
bers, which cannot be integrated inline into production lines with sequential processes
before and after growth. To achieve inline integration of graphene growth, an atmo-
spheric pressure, open (OP-) R2R CVD system is required.
Here, we demonstrate growth of graphene on Cu foils using a prototype OP-R2R
CVD reactor under both static and moving-foil conditions. [4] N2 rather than Ar is
used as carrier gas to reduce process cost. An over-pressure supply of nitrogen is
used to keep oxygen out of the growth chamber. To ensure process safety, H2 and
CH4 concentrations are kept below the lower explosive limits. The CVD process has
three stages. First, the Cu foil is heated to 1010-1070 ◦C at 50 ◦C/min with a N2
flow rate of 5-10 slm for annealing. Second, growth starts by adding 0.5-5 s

THU 43
Multilayer graphene grown from amorphous carbon solid source by high-
temperature annealing using nitrogen heat-beam method

H. Yamanaka1, T. Takeuchi1, A. Albouy1, Y. Awano1
1Department of Electronics and Electrical Engineering, Keio University, Yokohama,
Japan

Multilayer graphene (MLG) is expected to replace Cu as an LSI interconnect ma-
terial. However, growing large-area and high-quality MLG using an LSI-compatible
process is challenging, mainly due to the temperature limitation of LSI fabrication.
Recently, Sato et al. [1] reported that the growth of MLG from amorphous carbon
(a-C) with a catalytic metal thin film by annealing has two advantages: (i) using a-C
pre-patterning makes the process for MLG patterning LSI compatible and (ii) the
number of layers can be controlled by adjusting the a-C film thickness. Our recently
developed heat-beam (HB) annealing method [2] enables high process throughput
due to the larger diameter of the heat beam compared to a laser beam used for
annealing, enables high controllability of the annealing temperature and time, and
produces higher temperatures in the near-surface region only, so the temperature of
the substrate is lower than that of the HB. We succeeded in growing MLG by using
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the HB method and investigated different a-C solid sources.

This work was supported in part by NEDO.

[1] M. Sato et al., JJAP 51, 04DB01 (2012)
[2] K. Ito et al., APEX, 6, 115101 (2013)

THU 44
Interfacial Engineering of MoS2/TiO2 Heterostructure for Efficient Solar Water
Splitting

Cheng Yan1, Haiyong He1, Zheng Liu1,2
1School of Materials Science and Engineering, Nanyang Technological University,
639798, Singapore
2NOVITAS, Nanoelectronics Centre of Excellence, School of Electrical and Electronic
Engineering, Nanyang Technological University, 639798, Singapore

Layered MoS2 can be welded laterally to photocatalysts, such as TiO2, via edges to
enhance the catalytic performance for water splitting, due to the efficient transport of
photoexcited electrons along the highly conductive edges and basal planes of MoS2.
However, it is challenging to fabricate such heterostructures with stable edge-on
junctions between the photocatalyst and the layered MoS2. In this communication,
via edge engineering, we demonstrate a facile two-step method that produces solid
edge-on junctions between TiO2 and few-layered MoS2 in large scale. The smooth
interface of the junction was resolved by annular dark-field scanning transmission
electron microscopy (ADF-STEM) imaging. A high catalytic performance for water
splitting was observed for this heterostructure. The unusual photocatalytic activity
is attributed to the improved electronic contact and the optimized electron transport
pathways between TiO2 and MoS2, where the recombination of photoexcited electron-
hole pairs is effectively suppressed. Our work represents a strategy, which marries
low-cost layered transition-metal dichalcogenides with backboned photocatalyst as a
promising heterostructure for high-efficiency water splitting.

THU 45
High efficiency Light-Emitting Transistors Based on Chemical Vapor Deposited
Monolayer WS2

Jie Yang1, Jianting Ye1
1The Zernike Institute for Advanced Materials, University of Groningen, groningen

Monolayer semiconducting transition-metal dichalcogenides (TMDs) are promising
candidates for optoelectronic devices. Their direct band gaps and strong spin orbit
coupling enable the investigation of exotic properties such as interaction between
valley dependent spin texture and circular polarized light. Although valley sensitive
luminescence from monolayer MoS2 and WS2 devices has been extensively studied
using optical excitation, feasible optoelectronic applications necessarily rely on higher
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quantum efficiency and scalable production of large-area TMD materials. Here, we
demonstrate the possibility to realize high efficiency electroluminescence from ionic
liquid gated light emitting transistors (LETs) on large-area WS2 monolayers grown
by chemical vapor deposition. Our as-grown WS2 monolayers have single domains
with size up to hundreds of micrometers. Spatial non-uniformities of PL intensity
and conductivity are characterized by fluorescence microscope, conductive-AFM, PL
and Raman spectra. This result offers opportunities for developing high quality and
large-scale valley sensitive optoelectronic devices.

THU 46
Observation of the whole first BZ of graphene on Ir (111) using ToF k-microscopy
Anna Zaporozhchenko-Zymaková1,2, D. Kutnyakhov2,3, K. Medjanik2, C. Tusche4,5,
O. Fedchenko2, S. Chernov2, M. Ellguth2, S.A. Nepijko2, H.J. Elmers1,2, and G.
Schönhense1,2
1Mainz Graduate School of Excellence, 55128 Mainz, Germany
2Institut für Physik, Johannes Gutenberg-Universität, 55128 Mainz, Germany
3DESY, 22607 Hamburg, Germany
4Max-Planck-Institut für Mikrostrukturphysik, Weinberg 2, 06120 Halle, Germany
5Forschungszentrum Jülich GmbH, Peter Grünberg-Institut, 52425 Jülich, Germany

Graphene has a unique electronic structure that predetermines many intriguing prop-
erties. Hence, a lot of work has been devoted to various aspects of the graphene band
structure.
As standard technique of band structure analysis ARPES has been developed. One
of the main problems of this method is its limited field of view in k-space, making
an analysis of the complete Brillouin zone time consuming.
We have measured the entire first Brillouin zone of graphene/Ir(111) system includ-
ing all six Dirac cones in a single measurement. It has become possible with our
new Time-of-Flight (ToF) Momentum Microscope using a linearly polarized beam
of synchrotron radiation (U125 NIM at BESSY. The electronic band dispersion was
measured in the energy range of hv=14 eV up to 23 eV with steps of 1 eV in a short
time. We find a rich structure with revealing hybridization with substrate bands, dark
corridors, dark lines and strong linear dichroism in angular distribution (LDAD).
Since the whole Brillouin zone of graphene/Ir(111) was measured for the first time,
new decisive features are discovered.

THU 47
Observation of fluorescence emission from structurally defined graphene nanorib-
bons
Shen Zhao1, Loïc Rondin1, Géraud Delport1, Christophe Voisin2, Yunbin Hu3, Uliana
Beser3, Xinliang Feng4, Akimitsu Narita3, Klaus Müllen3, Stephane Campidelli5,
Jean-Sébastien Lauret1
1Laboratoire Aimé Cotton, CNRS, Univ. Paris-Sud, ENS Cachan, Université Paris-
Saclay, Orsay, France
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2Laboratoire Pierre Aigrain, École Normale Supérieure, CNRS (UMR8551), Univer-
sité Pierre et Marie Curie, Université Paris Diderot, Paris, France
3Max Planck Institute for Polymer Research, Mainz, Germany
4Technische Universitaet Dresden, Center for Advancing Electronics Dresden & De-
partment of Chemistry and Food Chemistry, Dresden, Germany
5LICSEN, NIMBE, CEA, CNRS, Université Paris-Saclay, CEA Saclay, Gif-sur-Yvette,
France

Recently developed bottom-up approach has enabled to precisely control width and
edge geometry of graphene nanoribbons (GNRs) at the atomic scale [1]. Here, we
investigate two bottom-up GNRs with different structures by means of optical spec-
troscopy. The optical absorption and fluorescence spectra of surfactant-assisted dis-
persion of GNRs are reported as well as the life-time of the excited states [2]. The
possibility of the formation of excimer states in stacks of individual GNRs is dis-
cussed in order to interpret the broad and highly red-shifted emission band observed
on both structures. Finally, we show the results of single-particle spectroscopic mea-
surements using simultaneously confocal fluorescence microscopy and atomic force
microscopy. The observation of emission of small aggregates confirms the ability of
GNRs to emit light in the solid state. As the first step, this study opens the way for
detecting the fluorescence from single GNRs.

[1] A. Narita et al., Nat. Chem. 6, 126–132 (2014)
[2] S. Zhao et al., in preparation.

THU 48
Competing quantum phases in Ising superconducting dome of monolayer
WS2

O. Zheliuk1, J. M. Lu1, Q. Chen1,2, I. Leermakers3, N. E. Hussey3, U. Zeitler3, J.
Ye3
1Zernike Institute for Advanced Materials, Groningen, The Netherlands
2Hong Kong University of Science and Technology, Clear Water Bay, Hong Kong,
China
3High Field Magnet Laboratory, Radboud University, Nijmegen, The Netherlands

Two dimensional electron systems (2DES) have been known as an attracting field
for theoretical investigation of fundamental properties of solids for several tens of
years. Recent advances in preparation of crystalline, atomically thick materials such
as graphene and transition metal dichalcogenides (TMD) now make it possible to
test various quantum phenomena in a truly 2DES. Here, we use chemically grown
monolayer WS2 crystals to demonstrate quantum phase transitions between band
insulator, superconductor, to an unexpected re-entrant insulator. Electric field effect
in double gate configuration allows us to observe a quasi-continuous phase diagram,
where the ordered state – superconductor – is surrounded with dual quantum critical
points (QCP) of identical criticality zν ∼ 2/3. Over the entire dome, the spin of
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electrons in Cooper pairs is pinned by a strong spin-orbit interaction (∼30meV),
which makes this Ising superconductor extremely robust against external in-plane
magnetic field.

THU 49
Continuous Graphene Growth by Open Roll-to-Roll Chemical Vapor Deposi-
tion System

Guofang Zhong1, Xingyi Wu1, Shan Zheng1, Lorenzo D’Arsie1, Kenneth B. K. Teo2,
Nalin L. Rupesinghe2, Alex Jouvray2, John Robertson1
1Department of Engineering, University of Cambridge, Cambridge CB3 0FA, United
Kingdom
2AIXTRON Ltd, Anderson Road, Swavesey, Cambridge CB24 4FQ, United Kingdom

We demonstrate the growth of high-quality, continuous monolayer graphene on Cu
foils using an open roll-to-roll (R2R) chemical vapor deposition (CVD) reactor with
both static and moving foil growth conditions [1]. Previous R2R systems were not
truly R2R suitable for pre- or post-growth treatments because they were actually cas-
sette type closed systems. Here a true open, atmospheric pressure system is shown.
Reactor over-pressure and slits keep the atmosphere out. No large scale differential
pumping is used. N2 not Ar was used as carrier gas to reduce process cost, and does
not cause ‘doping’. The concentrations of H2 and CH4 reactants were kept below
the lower explosive limit to ensure process safety for reactor ends open to ambient.
The carrier mobility of graphene at a Cu foil winding speed of 5mm/min was 5270-
6040 cm2/V.s at room temperature (on 50µm x 50µm Hall devices). Raman 2D/G
ratio was over 2.5. These results will enable the in-line integration of graphene CVD
for industrial R2R production.

[1] Zhong et al, App Phys Lett 109 193103 (2016)

THU 50
Microwave absorption and charge dynamics in clean graphene devices

Simon Zihlmann1, Vishal Ranjan1, Minkyung Jung1,2, Péter Makk1, Peter Rick-
haus1, Kenji Watanabe3, Takashi Taniguchi3, Christian Schönenberger1
1Department of Physics, University of Basel, Klingelbergstrasse 82, 4056 Basel
2Division of Nano-Energy, DGIST, 333 Techno Jungang-Daero, Hyeongpung, Daegu,
Korea 42988
3National Institute for Material Science, 1-1 Namiki, Tsukuba 305-0044, Japan

Many of graphene’s extraordinary properties were revealed by low frequency trans-
port experiments. However, only little work has been done on high frequency exper-
iments investigating the charge dynamics in graphene at gigahertz frequencies. We
therefore study the microwave absorption in fully suspended clean bilayer graphene
pn-junctions [1]. We find a surprisingly high photocurrent that strongly peaks when
one region is tuned to the charge neutrality point (CNP), while the other remains
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in a highly doped state. This can be explained by the photothermal effect, based
on a large temperature gradient. Efficient heating at the CNP due to a large charge
relaxation resistance, and strong contact doping limiting the thermal conductance to
the contacts causes this large gradient. In addition, we study single layer graphene
devices encapsulated by hexagonal boron nitride, which are capacitively coupled to
a superconducting resonant circuit. This allows us to extract the density of states
and the charge relaxation resistance in graphene pn-junctions without the need for
electrical contacts [2].

[1] M. Jung et al., Nano Lett. 16, 6988 (2016)
[2] V. Ranjan et al., in preparation (2017)

THU 51
Saturable absorption effects in graphene-based ultrafast photodectors

Philipp Zimmermann1, Andreas Brenneis1, Simon Drieschner1, Jose Antonio Gar-
rido1, Alexander Holleitner1
1Walter Schottky Institut and Physics Department, TUM, Germany

We exploit ultrafast photo-thermoelectric currents in dual-gated graphene junctions
to trigger ultrafast electromagnetic transients in on-chip THz-circuits. The interplay
of the hot electron dynamics with phonon-induced processes allow to voltage-tune
the polarity of the electromagnetic transients in the high-frequency circuits [1]. More-
over, we demonstrate that a saturable absorption can dominate the optoelectronic
dynamics in graphene-based photodetectors [2]. Our results are equally important
for a fundamental understanding of graphene-based optoelectronic devices as well as
ultrafast photoswitches.

We acknowledge financial support by the ERC-grant NanoREAL.

[1] A. Brenneis et al., Sci. Rep 6, 35654 (2016)
[2] A. Brenneis et al. (2017).

THU 52
Transport properties of graphene-BiTeI / BiTeBr hybrid structures

Zoltán Tajkov1, János Koltai1, László Oroszlány2
1Department of Biological Physics, Eötvös Loránd University, Budapest
2Department of Physics of Complex Systems, Eötvös Loránd University, Budapest

Recent studies have shown that heterostructures comprised of graphene and chalco-
genides BiTeI / BiTeBr are robust two-dimensional (2D) topological insulators. We
developed a simplified model Hamiltonian for such systems and investigating their
properties as the function of different parameter values, mapping the phases of the
system that can behave as an insulator, metal or topological insulator. We used this
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simplistic model to calculate transport characteristics, which in turn can be used as
guidance to interpret future experiments.
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08:30 – 09:00 A. Görling, Erlangen
Formation, Structure and Electronic Properties of Novel
Two-Dimensional Materials by First-Principles calcula-
tions

09:00 – 09:30 D. Prezzi, Modena
Illuminating graphene nanoribbons: insights from ab-
initio simulations

09:30 – 10:00 M. Quintana, San Luis Potosi
Synthesis and Applications of Novel Graphene Based
Nanohybrids

10:00 – 10:30 Coffee break

10:30 – 11:00 F. Hauke, Erlangen
Chemical Functionalization of Graphene

11:00 – 11:30 L. Marty, Grenoble
Light excitation of porphyrin-based nanotube and
graphene hybrids

11:30 – 12:00 T. Gatti, Padova
Decorating carbon nanostructures with organics to im-
prove properties of polymer based functional materials

12:00 – 17:00 Mini workshops

17:00 – 17:30 M. G. Willinger, Berlin
CVD graphene growth dynamics, stacking sequence and
interlayer coupling revealed by in-situ SEM

17:30 – 18:00 S. Haigh, Manchester
Understanding 2D material heterostructures at the
atomic scale using TEM

18:00 – 18:30 C. Stampfer, Aachen
Conference summary

18:30 – 20:00 break

20:00 – 21:00 Bauernbuffet – Farewell
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08:30
Formation, Structure and Electronic Properties of Novel Two-Dimensional
Materials by First-Principles calculations
Andreas Görling1
1Department of Chemistry and Pharmacy, Friedrich-Alexander-University Erlangen-
Nuremberg, Erlangen

First-principles electronic structure calculations, in particular calculations based on
density-functional theory, enable the investigation of the geometric as well as elec-
tronic structure of two-dimensional (2D) materials and of their spectroscopic prop-
erties. The interaction of pristine and doped graphene with metal surfaces and the
hydrogenation mechanism of graphene on nickel surfaces leading to graphone is stud-
ied. Raman bands emerging upon functionalization of graphene are analyzed and as-
signed. The formation of 2D networks on silver and gold surfaces by self-organisation
of carbon-rich organic precurser molecules is considered. Predictions of structures
and electronic properties of graphdiynes are presented and potential steps towards
their synthesis are discussed. The electronic interaction of adsorbed molecules with
sheets of black phosphorus is investigated.
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09:00
Illuminating graphene nanoribbons: insights from ab-initio simulations
Deborah Prezzi1
1Nanoscience Institute, National Research Council (CNR), Modena

Owing to their width-dependent sizable band gaps, graphene nanoribbons (GNRs)
have attracted increasing attention in the last decade as a viable route for graphene-
based nano- and opto-electronic applications. More recently, the successful pro-
duction of ultranarrow and structurally well-defined GNRs by means of bottom-up
techniques has further boosted this research line. Here, I will present our recent work
on the optical and vibrational properties of GNRs, as resulting from state-of-the-art
ab initio calculations, and compare them with experimental data from optical and
Raman spectroscopies. Substrate effects are unravelled by means of many-body per-
turbation theory simulations and model approaches. Finite size effects and below-
bandgap light emission are rationalized and compared with STS measurements of
suspended GNRs.
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09:30
Synthesis and Applications of Novel Graphene Based Nanohybrids
Mildred Quintana1
1Instituto de Física, Universidad Autónoma de San Luis Potosí, San Luis Potosí

In this talk, I will summarize our recent efforts on the synthesis, characterization and
applications of graphene-based nanohybrids. The spectroscopic and surface proper-
ties of chemically functionalized few layer graphene (f-FLG) and graphene oxide (f-
GO) will be discussed. I will introduce the synthesis and characterization of carbon
nanostructures, such as nanotubes, nanoscrolls, and fullerites from the ultrasonic
exfoliation of graphite. We further aim to address the large-scale production of
the nanohybrids towards the development of surface enhanced Raman spectroscopy
(SERS) biosensors, photodynamic therapy agents and supercapacitors. I will dis-
cuss our approach to the above-mentioned applications, the limitations found and
the strategies followed to increase the knowledge on the synthesis of hierarchical
functional graphene-based materials.
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10:30
Chemical Functionalization of Graphene
Frank Hauke1
1Joint Institute of Advanced Materials and Processes, FAU Erlangen-Nürnberg, Ger-
many

Chemical Functionalization of graphene is a promising way to controllably engineer
the bandgap structure, create novel architectures, and manipulate the interfacial
characteristics of this monolayer material increasing its processability. Among the
different synthetic approaches, the reduction of graphite using alkaline metals in suit-
able solvents leading to the formation of graphite intercalation compounds (GICs),
followed by the quenching of the intermediately generated graphenides with suitable
trapping reagents, is probably one of the most efficient routes. By this protocol,
highly functional graphene architectures, with organic moieties covalently attached
to an intact carbon framework are accessible.[1-3]
Within this talk, the chemical reactivity and the different functionalization concepts
for graphene will be addressed. Moreover, novel concepts and approaches for the
analytical characterization of the polydisperse reaction products are presented.[4,5]

[1] J. M. Englert, C. Dotzer, G. Yang, M. Schmid, C. Papp, J. M. Gottfried, H.-P.
Steinrück, E. Spiecker, F. Hauke, A. Hirsch, Nat. Chem. 3, 279-286 (2011)
[2] R. A. Schäfer, K. Weber, M. Koleśnik-Gray, F. Hauke, V. Krstić, B. Meyer, A.
Hirsch, Angew. Chem. Int. Ed. 55, 14858-14862 (2016)
[3] P. Vecera, J. Holzwarth, K. F. Edelthalhammer, U. Mundloch, H. Peterlik, F.
Hauke, A. Hirsch, Nat. Commun. 7, 12411 (2016)
[4] F. Hof, R. A. Schäfer, C. Weiss, F. Hauke, A. Hirsch, Chem. Eur. J. 20, 16644-
16651 (2014)
[5] P. Vecera, J. C. Chacón-Torres, T. Pichler, S. Reich, H. R. Soni, A. Görling, K.
Edelthalhammer, H. Peterlik, F. Hauke, A., Nat. Commun. 2017, under revision.
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11:00
Light excitation of porphyrin-based nanotube and graphene hybrids
Yani Chen1, Dipankar Kalita1, Vincent Bouchiat1, Nedjma Bendiab1, Laëtitia Marty1
1Institut Néel, Grenoble

In molecule-nanotube hybrids, the molecule couples its specificity to the nanotube
(CNT) sensitivity so as to provide a tailored function to the device. CNT-chromophore
hybrids are promising building blocks for controlled electro-optical transduction at
the single nano-object level. We investigate how light excitation can tune the signa-
tures of hybrids based on chromophores and CNTs or graphene. Porphyrins provide
a versatile platform for energy transfer. The porphyrin metallated with a Zinc ion
that we use was demonstrated to provide photo-gating on nanowires and CNTs [1,2].
We observe a strong spectral selectivity of both electronic and phononic response
of our chromophore-coated single CNT transistor for which standard photo-gating
cannot account. We investigate how light irradiation strongly modifies the coupling
between molecules and CNT by means of combined Raman diffusion and electron
transport measurements. In particular, we observe a non-conventional Raman en-
hancement and a modification of the dynamics of single electron tunneling at low
temperature.

[1] D. S. Hecht , et al., Nano Letters, 6, 2031 (2006).
[2] C. B. Winkelmann, et al. Nano Lett. 7 1454 (2007).
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11:30
Decorating carbon nanostructures with organics to improve properties of poly-
mer based functional materials
Teresa Gatti1, Nicola Vicentini1, Enzo Menna1
1Department of Chemical Sciences, University of Padova, via Marzolo 1, 35131
Padova, Italy

We exploit organic functionalization of carbon nanostructures (CNSs), such as sin-
gle and multi walled carbon nanotubes (SWCNTs, MWCNTs) and graphene-based
materials (GBMs) to achieve improvements in their dispersion in organic media,
such as solvents and polymer phases. This last aspect is particularly appealing for
the production of polymeric nanocomposites with potential uses as organic func-
tional materials in several applications, ranging from optoelectronics to sensing and
biomedicine.[1] We recently mainly focused on the diazotization process,commonly
referred to as Tour reaction, to produce CNS derivatives which can be employed as
nano-fillers for polymer phases, improving the homogeneity of the dispersion and the
physical properties of the final nanocomposite. Specifically, we targeted photovoltaic
applications, by combining functionalized CNSs with semiconducting polymers and
tissue engineering by combining functionalized CNSs with bio-compatible polymers.
We will therefore report here on our most relevant results in the aforementioned fields.

[1] T. Gatti, et al. Eur. J. Org. Chem. 12, 6500 (2016)
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17:00
CVD graphene growth dynamics, stacking sequence and interlayer coupling
revealed by in-situ scanning electron microscopy
Marc Georg Willinger1
1Inorganic Chemistry, Fritz Haber Institute of the Max Planck Society, Berlin

Using a modified scanning electron microscope, we investigate CVD growth of graphene
on different metal catalysts. Since the experiments are performed in the chamber of
a microscope, it is possible to observe complete CVD processes from substrate an-
nealing through graphene nucleation and growth and, finally, substrate cooling at
nanometer-scale resolution without the need of sample transfer. Grain orientation
dependent surface dynamics of the active metal catalyst during growth at tempera-
tures of up to 1000 ◦C and graphene induced surface reconstruction during cooling
are revealed in real time. Due to the high sensitivity of the secondary electron signal,
we are able to visualize different degrees of graphene-substrate coupling. Since the
experiments are conducted under controlled atmosphere, it is possible to investigate
the response of the CVD process to changes in the gas phase. By combining hydro-
gen etching with graphene growth, we were able to reveal the stacking sequence and
interlayer coupling strength in few-layer graphene. Growth and etching dynamics
could be related to the substrate structure and inherent properties of graphene.

173



Friday, March 10th Chemistry and optics of carbon-based nanostructures

17:30
Understanding 2D material heterostructures at the atomic scale using trans-
mission electron microscopy (TEM)
Sarah Jane Haigh1,2, Aidan Rooney1,2, Ekaterina Khestanova2, Matej Velický2, Yang
Cao2, Irina V. Grigorieva2, Andre K. Geim2, Roman V. Gorbachev2, Rahda Boya2,
Hannu Komsa Pekka3, Arkady Krasheninnikov3
1School of Materials, University of Manchester, Manchester
2National Graphene Institute, University of Manchester, Manchester
3Aalto University, Finland

New crystals with bespoke properties can be produced by layering together differ-
ent 2D materials. Only cross sectional scanning TEM imaging and microanalysis
allows these complex structures to be investigated at the atomic scale [1,2]. This
approach can also be applied to stacks containing channels in order to help under-
stand the unexpectedly high fluid flow rates that are observed for few atomic layer
graphene channel heights compared to larger channels[3]. Plan view atomic resolu-
tion TEM imaging can also reveal how confinement between two graphene sheets can
drive chemical transformations in aqueous salts [4]. In addition by harnessing the
environmental protection provided by graphene encapsulation we can image air sen-
sitive 2D materials [5]. Using TEM and DFT we provide the first characterisation of
atomic substitutional defects in the air sensitive monolayer superconductor NbSe2 [6].

[1] Velický et al, Nature Comm, (2017)
[2] Withers et al, Nature Mat., 14, 301, (2015)
[3] Boya et al. Nature, 538, 222. (2016)
[4] Vasu et al. Nature Comm., 7, 12168 (2016)
[5] Cao et al, Nano Lett, 15, 4914, (2015)
[6] Nguyen et al ACS Nano, (2017)
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18:00
IWEPNM 2017 Conference summary
Christoph Stampfer1,2
1II. Institute of Physics A, RWTH Aachen, Aachen
2Peter Grünberg Institute (PGI 9), Forschungszentrum Jülich
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