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Dear Friend:

Welcome to the 36% International Winterschool on:

Electronic Properties of Novel Materials!

This Winterschool is a sequel of thirty-four 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 mate-
rials. 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:

Program Janina Maultzsch

Accommodation Tobias Dierke, Eileen Schneider & Britta Maib
Finances Antonio Setaro

Accommodation Finances Kati G.-Hubmann

Credit Card Maintenance Eileen Schneider

Website & Database Roland Gillen

Abstract Book & Giveaways Sabrina Juergensen

Technique Patryk Kusch, Qisin Garrity & Charlotte Berrezueta
Announcements Stefan Wolff

Daily Information Poster Gabriela Luna Amador

Conference Publications Antonio Setaro

Visa Angelin See

We want to thank our colleagues who helped in organizing this winterschool: Chan-
tal Maller und Mira KreBler.

Also the manager of the hotel, Carina Mayer, and her 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,
Janina, Stephanie, Andreas, and Christoph



Chairpersons

J. Maultzsch (Erlangen)
S. Reich (Berlin)

A. Hirsch (Erlangen)

C. Stampfer (Aachen)

Program Committee

E. Andrei (US)

A. Bachtold (ES)
C. Backes (DE)
H. M. Cheng (CN)
J. Fink (DE)

M. Glazov (RU)

R. Krupke (DE)
H. Kuzmany (AT)
Y. H. Lee (KR)
Y. Li (CN)

F. Libisch (AT)
A. Loiseau (FR)

R. Gorbachev (UK) S. Maruyama (JP)
J. Maultzsch (DE)

I. Grigorieva (UK)
S. Haigh (UK)

T. Heine (DE)

T. F. Heinz (US)
A. Hirsch (DE)

F. Mauri (IT)

A. Penicaud (FR)

S. llani (IL) T. Pichler (AT)
A. Jorio (BR) M. Prato (IT)
H. Kataura (JP) S. Reich (DE)

Scope

K. S. Novoselov (UK)
E. Obraztsova (RU)

J. Robertson (UK)
S. Roth (DE)

P. Rudolf (NL)

C. Schonenberger (CH)
P. Sheng (CN)

F. Simon (HU)

C. Stampfer (DE)
M. Strano (US)

K. Suenaga (JP)
A. Swan (US)

C. Voisin (FR)

J. Zaumseil (DE)
A. Zettl (US)

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. The scope of the winterschool covers experimental and theoretical

work in the following fields:

o Materials science of graphene, nanographene, and carbon nanotubes

o Novel two-dimensional materials

¢ Optics, electronics, growth, and selection of carbon nanotubes and graphene

e Theory of novel materials

e Applications of novel materials
e Nanostructure spintronics

o Topological materials

e Plasmonic nanostructures

e Single-molecule experiments



INFORMATION FOR PARTICIPANTS

Time and location

The IWEPNM 2024 starts on Saturday, 9 March, evening, at the hotel Sonnalp in
Kirchberg/Tirol, Austria and extends to Friday, 15 March, breakfast. There will be
a reception party on Saturday, 9 March, after dinner, and a farewell party including
dinner on Thursday, 14 March.

Transport

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

Addresses

The address of the Winterschool is:

IWEPNM 2024 Hotel Sonnalp, A-6365 Kirchberg/Tirol, Austria
e-mail: info@hotelsonnalp.info, web: www.hotelsonnalp.info

All questions concerning the IWEPNM 2024 should be directed to:

Prof. Dr. Janina Maultzsch,
Department fur Physik, FAU Erlangen, Staudtstr. 7, 91058 Erlangen, Germany

or

Prof. Dr. Stephanie Reich,
Fachbereich Physik, Freie Universitat Berlin, Arnimallee 14, 14195 Berlin, Germany

email: iwepnm@posteo.de, web: www. ivepnm. org

Participation

Participation at the IWEPNM 2024 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.
All participants are invited to contribute comments to research and tutorial lectures,
where 10 minutes for discussion are reserved within each lecture. Video projection
will be available for presentations. Invited speakers please test the video projec-
tion 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 videos of the presentations.


 www.hotelsonnalp.info
www.iwepnm.org

Childcare
Childcare is provided by Michaela Kisch (michaela@kitzkids.com). If you need child-
care during the winterschool, please contact us at the registration desk.

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.

Poster awards

There will be a poster award for the best poster presentation in each poster session
on Sunday, Monday, and Wednesday. Poster awards are kindly provided by Wiley
VCH.

Conference Publication

Invited and contributed presentations from IWEPNM 2024 are scheduled for publi-
cation as a special issue in physica status solidi (pss) (b). Manuscript submission
is due on Mai 31st. In selected cases articles are highlighted in pss (RRL) (Re-
views@RRL, Rapid Research Letters) or Advanced Electronic Materials. Accepted
manuscripts will become directly their DOI right after acceptance and will be fully
citable.

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 con-
tribution for presentation at the winterschool does not automatically include accep-
tance 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 —
Author guidelines. Original Papers in pss (b) have typically 6 to 10 pages, Letters
in pss (RRL) have 4 pages.

Please submit one complete PDF- or Word-file for review (Word or Latex source
files are required after acceptance for production). The submission system can be
found here: http://www.editorialmanager.com/pssb-journal

Please select article type "Original Paper" of the journal of your choice and sub-
sequently the section "IWEPNM: Electronic Properties of Novel Materials. If you
intend to submit a "Rapid Research Letter", a "Feature Article" or a manuscript to
Advanced Electronic Materials, please consult with the editors at
iwepnm-publication@physik.fu-berlin.de.


http://www.pss-b.com
http://www.editorialmanager.com/pssb-journal

ISSN 1521-3951
Phys. Status Solidi B

260 - No. 12 December
(2023)

Www.pss-b.com
basic solid state physics

- -,
Investigation of Rod-Shaped Single-Graphene Quantum Dot
H. Levy-Falk, O. Capelle, T. Liu, D. Medina-Lopez, E. Deleporte,

WI L EY =\/CH S. Campidelli, L. Rondin, and J.-S. Lauret



IWEPNM 2024
CHAIRPERSONS FOR THE ORAL SESSIONS

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

Sunday, 10.03. morning Stephanie Reich
morning, after coffee break Hans Kurzmany
evening Andreas Huttel

Monday, 11.03. morning Lutz Waldecker
morning, after coffee break Otakar Frank
evening Christoph Stampfer

Tuesday, 12.083. morning Janina Maultzsch
morning, after coffee break Tobias Hertel
evening Viera Skakalova

Wednesday, 13.03. morning Annick Loiseau
morning, after coffee break Claudia Backes
evening Ursula Wurstbauer

Thursday, 14.03. morning Ralph Krupke
morning, after coffee break Carlo Casari
evening Florian Libisch

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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XXX Sunday, March 10th

08:30 — 09:30 |[TUTORIAL: J. Zaumseil, Heidelberg|
\Creating and Quantifying Different Luminescent Defects
in Single- Walled Carbon Nanotubesi

9:30 — 10:00, C. Voisin, Paris|
\Organic Color Centers Grafted on Carbon Nanotubes
|Coupled to a High finesse Micro-C’avityl

10:00 —10:30 Coffee Break

10:30 — 11:00, |H. Liu, Beljing|
\Milligram-Scale Production and Property Detection of
Multiple Single-Charality Carbon Nanotubesl

11:00 — 11:30| |S. Maruyama, Tokyo
on Single- Walled Carbon Nanotubesi

11:30 — 12:00 . Miyata, Tokyo|
\Growth and Characterization of 1D Transition Metal
|Chalcogem’des|

12:00 —17:00 Mini Workshops

17:00 - 18:30 Dinner

18:30 — 19:00 K. Franke, Berlin
\Diode Effect in Josephson Junctions with a Single Mag-
netic Ato

19:00 — 19:30| L. Venkataraman, New York|
\Ultrahigh Conductance in One-Dimensional Topological
Insulator.

19:30 —20:00 |A. Stern, Rehovot
\Electrons and Composite Fermions at the Half Filled

ern Ban
20:00 Poster |




Sunday, March 10th XXX

08:30

Creating and Quantifying Different Luminescent Defects in Single-Walled Car-
bon Nanotubes

Jana Zaumseil*

! Angewandte Physikalische Chemie, Universitat Heidelberg, Heidelberg

The functionalization of semiconducting single-walled carbon nanotubes (SWCNTSs)
with luminescent oxygen or sp® defects leads to new red-shifted emission features
and increased photoluminescence (PL) quantum yields in the near-infrared. The se-
lection of reactants and parameters allows for a precise control of the type of defect,
thus tailoring their emission wavelength. Here we will discuss different functional-
ization methods and introduce a new highly scalable reaction scheme for creating
very bright oxygen defects for bioimaging in the second biological window.

For the application of luminescent defects in SWCNTSs, their quantification is re-
quired. We have recently introduced an absolute quantification method for sp3 de-
fects in (6,5) SWCNTs by correlating the change of the integrated D/G ratio in Ra-
man spectra with the calculated sp? defect densities obtained from PL quantum yield
measurements. We expand this approach to other semiconducting SWCNT species
and show that it remains valid. Furthermore, the dependence of the Raman D-mode
intensity on excitation wavelength is examined to enable an excitation energy inde-
pendent quantification of luminescent defects in SWCNTSs.

10



XXX Sunday, March 10th

09:30

Organic color centers grafted on carbon nanotubes coupled to a high finesse
micro-cavity

Federico Rapisarda', Antoine Borel!, Yannick Chassagneux!, Christophe Voisin!
'LPENS, Laboratoire de Physique, Ecole Normale Supérieure, PSL, UPC, Paris

The low-temperature spectroscopy of individual organic color centers covalently
grafted on carbon nanotubes reveals a rich photo-physics. The coupling to a high fi-
nesse micro-cavity is a powerful tool to study the population dynamics, to manipulate
the strength of light-matter interaction including absorption and emission enhance-
ment or inhibition. We investigate more specifically the case of pairs of color centers
that are dynamically coupled, exploiting correlations in the spectral diffusion, pho-
ton bunching at various time-scales and super-resolved microscopy. We propose a
modeling of the system dynamics based on simple photo-induced electrostatic fluc-
tuations and we put forward the potential use of such system as a sensitive near
field electro-meter with interesting specificity as compared to related proposals with
NV centers in diamonds.

11



Sunday, March 10th XXX

10:30

Milligram-scale production and property detection of multiple single-chirality
carbon nanotubes

Huaping Liu', Dehua Yang', Wei Su!, Xiao Li*, Linhai Li', Xiaojun Wei!, Weiya
Zhou'

Hnstitute of Physics, Chinese Academy of Sciences, Beijing

The diverse properties of an as-synthesized single-wall carbon nanotubes (SWCNT)
mixture will definitely hinder their property detection and application in
high-performance electronic devices. In recent decades, impressive progress in the
structural separation of SWCNTSs has been made. In particular, the gel chromatogra-
phy technique has developed rapidly in the mass separation of single-chirality SWC-
NTs due to the simplicity, high efficiency, and low cost of this technique. The chirality
separation of SWCNTSs by gel chromatography is based on their selective adsorption
onto and desorption from the gel medium. In recent years, we have greatly improved
the separation efficiency of single-chirality SWCNTSs and their enantiomers by tem-
perature control, mixed surfactants, high-concentration solution and even their com-
bination. With these techniques, a variety of single-chirality SWCNTs and even their
enantiomers have been produced on milligram scale. Based on this, we further
systematically explore the relationship between the electrical transport properties of
SWCNTSs and their chiral structures.

12



XXX Sunday, March 10th

11:00

One-dimensional vdW ‘double’ heterostructures based on single-walled car-
bon nanotubes

Shigeo Maruyama!, Yongjia Zheng!:2, Wanyu Dai', Keigo Otsuka!, Rong Xiang':?2
! Department of Mechanical Engineering, The University of Tokyo, Tokyo

2School of Mechanical Engineering, Zhejiang University, Hangzhou

We have demonstrated the atomically precise one-dimensional (1D) van der Waals
(vdW) heterostructure based on single-walled carbon nanotubes (SWCNTSs) in 2020.
One of the obvious extensions of this work is the use of boron nitride nanotube
(BNNT)-SWCNT, which has superior semiconductor properties such as field ef-
fect transistors. We have developed various characterization techniques for BNNT-
SWCNT for the growth optimization and quality control of BNNT in various kinds
of SWCNT. Yet another extension is the various kinds of transition metal dichalco-
genides (TMD) nanotubes. We have optimized CVD conditions for various metal
dichalcogenides such as tungsten disulfide (WS2), niobium disulfide (NbS2), and
molybdenum diselenide (MoSe2) so far, in addition to the original MoS2. Here, we
further broaden the concept of 1D vdW heterostructure by combining 2 transition
metal species. The outermost tube can be axially combined with the monolayer
MoS2 to form a MoS2 - WS2 axial junction. Such nanotube structure is proven to be
both radially and axially hetero, and the whole structure is only confined to a width
of 5 nm.

13



Sunday, March 10th XXX

11:30

Growth and Characterization of 1D Transition Metal Chalcogenides
Yasumitsu Miyata'

! Department of Physics, Tokyo Metropolitan University, Tokyo

Transition metal chalcogenides are attractive materials with various nanostructures
and physical properties. In particular, recent advances in growth techniques have
facilitated the fabrication of various one-dimensional (1D) configurations of both
transition metal monochalcogenides (TMMs) and transition metal dichalcogenides
(TMDs). In this talk, we will present our recent progress in the fabrication and char-
acterizations of such nanostructures, including nanowires, nanoribbons, nanotubes,
nanoscrolls, and 1D interfaces. In addition, we highlight the utility of TMD-based 1D
interfaces in device applications, such as color-tunable light-emitting diodes (LEDs)
and tunnel field-effect transistors (TFETs). These developments pave the way for
exploring low-dimensional physics and potential applications in advanced devices.

14
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18:30

Diode effect in Josephson junctions with a single magnetic atom

Martina Trahms!, Larissa Melischek!, Jacob F. Steiner!, Bharti Mahendru!, Idan
Tamir!, Nils Bogdanoff!, Olof Peters!, Gael Reecht!, Clemens B. Winkelmann?, Fe-
lix von Oppen?, Katharina J. Franke!

IFachbereich Physik, Freie Universitat Berlin, Berlin, Germany

2Université Grenoble Alpes, CNRS, Institut Néel, Grenoble, France

Diode behavior in superconducting junctions describes the phenomenon of dissipa-
tionless current flow in one direction, while the current in the other direction underlies
dissipation. Such non-reciprocal behavior has been found in Josephson junctions
where inversion and time-reversal symmetry are broken. So far, most realizations
are made of layered structures.

Here, we create atomic-scale Josephson junctions in a scanning tunneling micro-
scope and investigate their transport properties in current-biased mode. This allows
characterization of the switching and retrapping currents, which separate the dissi-
pationless from the dissipative branch. Plain Pb-Pb junctions show hysteretic and
reciprocal behavior. By insertion of single magnetic adatoms the retrapping current
adopts nonreciprocity, mimicking diode behavior.

We show that the nonreciprocity of the retrapping current depends on the particle-
hole asymmetry of the Yu-Shiba-Rusinov (YSR) states inside the superconducting
energy gap. Aided by theoretical modelling, we ascribe the non-reciprocity to dissi-
pative quasiparticle currents flowing via Yu-Shiba-Rusinov (YSR) states inside the
superconducting energy gap.

15



Sunday, March 10th XXX

19:00

Ultrahigh Conductance in One-Dimensional Topological Insulators
Latha Venkataraman!

! Applied Physics and Chemistry, Columbia University, New York

Molecular one-dimensional topological insulators (1D Tls), which conduct through
energetically low-lying topological edge states (or radical states), can be extremely
highly conducting and exhibit a reversed conductance decay, affording them great
potential as building blocks for nanoelectronic devices. In this talk, | will present
experimental results from recent works where we demonstrate that molecular wires
can behave as one-dimensional topological insulators. | will first focus on a family of
oligophenylene-bridged bis(triarylamines). These wires can undergo one- and two-
electron chemical oxidations. The oxidized wires exhibit high reversed conductance
decay with increasing length, consistent with the expectation for the Su-Schrieffer-
Heeger-type 1D Tls. | will then show how we can extend the length at which these
anomalously high conductance can be observed in topological oligo[n]Jemeraldine
wires where we use short 1D Tls as building blocks. For this series, we find that as
the wire length increases, the number of topological states increases, enabling an
increased electronic transmission along the wire.

16
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19:30
Electrons and composite fermions at the half filled Chern band

Ady Stern!
Weizmann Institute (Israel)

In this talk | will describe electronic properties of two possible states that may occur
at the half-filled Chern band - a Fermi liquid of electrons and a Fermi liquid of com-
posite fermions. | will give an introduction to all these terms before focusing on the
problem at hand, and will make connections to recent experiments.

17






Poster session Sunday, March 10th

SUN 1
Infrared correlation nanoscopy for organic and inorganic material analysis at
the nanoscale

A.J. Huber!, B. Sava', C. Reckmeier!, A. Govyadinov!
lattocube systems AG, Haar (Munich), Germany

Nanoscale resolved imaging and spectroscopy using tip-enhanced microscopy en-
ables bypassing the diffraction limit of light and to achieve a wavelength-independent
spatial resolution of < 20 nm in the visible, infrared (IR)and terahertz (THz) fre-
quency range [1]. Correlation of scattering-type Scanning Near-field Optical Mi-
croscopy (s-SNOM), tapping AFM-IR (local detection of photothermal expansion) or
measurement of inelastic lightscattering can provide complementary information for
chemical analysis of specimens enabling more comprehensive characterization of
functional nanostructures or fundamental properties of materials [2,3,4]. In this work
we demonstrate the implementation of different measurement techniques into a sin-
gle neaSCOPE instrument enabling analysis of e.g. a thin polymer film by s-SNOM
and tapping AFM-IR imaging. The poster illustrates the capabilities of correlating
tip-enhanced imaging methodologies in the infrared spectral range for characteri-
zation of phase separation in a thin PS-PVAC sample. Clearly, infrared absorption
imaging can provide material-specific information about the specimens heterogene-
ity. However, measuring the IR tipscattered light provides also information about
the sample’s reflectivity at the selected wavelength, thus providing additional com-
plementary information with higher reflectivity for the PVAC islands compared to
the PS matrix. Analysing spectroscopic signatures obtained by s-SNOM and AFM-
IR spectroscopy can provide further insights into vertical sample heterogeneity as
well as potential molecular orientation effects by considering the polarization of the
incident light. Further, we present results that correlate the near-field optical re-
sponse of semiconducting nanostructures in different frequency ranges (mid-IR &
THz) to Kelvin Probe Force Microscopy (KPFM) mapping, providing novel spatial
information about doping gradients and material interfaces. Finally, nanoscale re-
solved measurements of elastic light scattering by s-SNOM in the infrared spectral
range will be compared with inelastic light scattering (that is Photoluminescence or
Raman) for the very same sample location, providing complementary analysis of
complex specimens. Thus, integrating different optical imaging and spectroscopy
methodologies into a single instrument enables novel characterization capabilities
of functional nanostructures or interfaces as well as fundamental properties of ma-
terial systems.

[1] F. Keilmann, and R. Hillenbrand, Phil. Trans. R. Soc. Lond. A 362, 787 (2004).
[2] D. Kurouski, A. Dazzi, R. Zenobi, and A. Centrone, Chem. Soc. Rev., 49, 3315
(2020).

[3] T. L. Cocker, V. Jelic, R. Hillenbrand, and F. A. Hegmann, Nature Phot. 15, 558
(2021).

19



Sunday, March 10th Poster session

[4] T. Deckert-Gaudig, A. Taguchi, S. Kawata, and V. Deckert, Chem. Soc. Rev., 46,
4077 (2017).

SUN 2
Spectroscopic Characterization of (Electro-)Chemically Doped Graphene
Nanoribbon films in the SWIR-region

Sebastian Lindenthal!, Justin Earley?, Finn L. Sebastian!, Nicolas F. Zorn!, Jeffrey
L. Blackburn?, Andrew J. Ferguson?, Jana Zaumseil*

'Heidelberg University, Heidelberg, Germany

2National Renewable Energy Laboratories, Golden, United States of America

Graphene Nanoribbons (GNRs) are quasi-one-dimensional nanomaterials exhibit-
ing unique optical and electronic properties, that depend on width and edge type. In
addition, structural defects, introduced during GNR synthesis, influence the optical
properties of GNRs. Upon molecular doping in dispersion, pristine and defective
armchair GNRs form polaronic states, observable as new features in the absorption
spectra, that appear above 1000 nm. In dispersion, however, a systematic investi-
gation of these new bands in the short-wavelength infrared (SWIR) region (1.5 - 3.5
pum) proves to be difficult, due to strong solvent and dopant absorption. Here we
chemically and electrochemically dope thin films of solution-synthesized 9-armchair
GNRs and investigate the emerging spectroscopic features up to the mid-IR region
by absorption, photoluminescence and infrared spectroscopy. We further character-
ize local and macroscopic charge carrier mobilities in these GNR films depending
on charge carrier density and defect density.

SUN 3
Two-dimensional magnetic metal-iodides encapsulated in graphene

Viera Skakalova'
nstitute of Electrical Engineering of SAS, Bratislava, Slovakia

Recently, we developed a simple chemical method that, under ambient conditions,
can provide novel two-dimensional (2D) materials in a macroscopic scale [1]. The
method called SinGO (Synthesis in Graphene Oxide) opens an avenue to a new
class of 2D magnetic and non-magnetic metal-iodides (2D-MI) encapsulated be-
tween impermeable graphene layers. At the same time, utilizing chemically clean
interfaces in the vdW stack, it would represent a novel platform for devices in which
graphene, as an ideal conducting channel of Dirac electrons, can guide encoded
technologically-relevant information. Even though the weak spin-orbit coupling in
graphene limits its applicability for spintronics, the encapsulated 2D-MI magnets
might, by proximity, induce spin-orbit coupling in graphene enabling spin transport
with unexplored yet physical mechanisms. Here we will present the wide range char-
acterization of the synthesized 2D magnetic metal-iodides: 2D Crl2, Fel2, Col2, Nil2
and Mnl2, including their atomic structures (STEM), magnetization characteristics,
X-ray circular magnetic dichroism and electrical transport properties.

20



Poster session Sunday, March 10th

[1] K. Mustonen et al., Advanced Materials 34, 2106922 (2022).

SUN 4
Enhanced infrared photoresponse in bilayer graphene

D. Mylnikov!, I. Mazurenko!, A. Parappurath?3, S. Bhowmik?*, D. Bandurin®, A. Ghosh?,
A. Chernov!-?

!Center for Photonics and 2D Materials, MIPT, Dolgoprudny

2Russian Quantum Center, Skolkovo

3Department of Physics, Indian Institute of Science, Bangalore

“Department of Instrumentation and Applied Physics, Indian Institute of Science,
Bangalore

5Department of Materials Science and Engineering, National University of Singa-
pore

Small-angle twisted bilayer graphene (tBLG) has attracted much attention due to
appearance of low-energy flat bands of the emerging moiré superlattice [1]. Strong
electron-electron interactions within the bands lead to correlation-driven phenom-
ena, realization of correlated phases, and result in new devices. In particular opto-
electronic devices such as infrared and THz detectors have been recently demon-
strated. Here we have performed the photoresponse measurements at 5 — 10 um
in the tBLG, where the mis-orientation angle is close to the magic one. We detect
the 8 times enhanced bolometric response compared to the previous works. We
demonstrate the gate-tunable photoresponse and find the peculiarities at integer
and half-integer band fillings. The obtained results can be further used for tunable
mid-infrared optoelectronics.

[1] https://arxiv.org/pdf/2309.08938.pdf

SUN 5
Exciton condensation in TiSe, detected by screening of single-layer WSe,

Adrian Dewambrechies!, Ben Weintrub!, Kirill |. Bolotin®
1Physics, FU Berlin, Berlin

Two-dimensional materials and the recent progress in their manipulation have pro-
vided a platform to study highly correlated phenomena, a relevant case being the
condensation of the excitons dominating their optical response. Recent advances
show that the exciton properties, and their tunability in such systems, offer the ob-
servation of high temperature condensation, and allows the study of the crossover
between different types of condensates including the Excitonic Insulator. However,
a definitive proof of the exciton condensation and superfluidity is still missing mainly
due to the charge of excitons being zero, and new experimental techniques are be-
ing explored in this direction. Here, we present our latest results in the detection
of exciton condensation in two-dimentional semimetal TiSe;. We study its effect in
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the dielectric environment of a nearby sensor layer of WSe», by tracking the emis-
sion and absorption of its excitons to understand charge transfer between the two
materials and the potential transition to an excitonic insulating state in TiSes.

SUN 6
Filling carbon nanotubes with phosphorus, sulfur and their compounds: struc-
tural features and properties

Alexander Okotrub!, Anna Vorfolomeeva', Olga Gurova!, Vitalii Sysoev!, Olga Sedel-
nikova!, Lyubov G. Bulusheva'
!Nikolaev Institute of Inorganic Chemistry, Novosibirsk

In this work, we synthesized and studied SWCNTSs from OKSIAL Company modified
with sulfur, phosphorus and their compounds. The synthesis was carried out using
the ampoule method. We found that moderate heating of filled nanotubes can be
used to decrease capsulation nanotubes, tuning the local composition and hence
the functional properties of SWCNT-based materials. Hybrid structures changes
electronic structure of nanotubes and can be used in Li- ionic batteries as elec-
trodes, for the manufacture of highly sensitive sensors, and in other applications. Ex-
tensive study of materials using transmission electron microscopy, X-ray photoelec-
tron spectroscopy and quantum chemical modeling has led to an understanding of
the factors influencing the properties being studied. S@SWCNTs have been shown
to have exceptional sensitivity to ppb levels of nitrogen dioxide in the gas phase due
to increased charge transfer between the nanotubes and adsorbed molecules. The
work was carried out with financial support from the Russian Science Foundation
(project No. 2

SUN7
Extremely Efficient Light Absorption by Acoustic Graphene Plasmons

Michael Klein', Dongjea Seo?, Sang-Hyun Oh2, Itai Epstein!

1School of Electrical Engineering, Department of Physical Electronics, Tel Aviv Uni-
versity

2Department of Electrical and Computer Engineering, University of Minnesota, Twin
Cities, USA

Acoustic graphene plasmons are highly confined electromagnetic modes carrying
large momentum and low loss in the mid-infrared and terahertz spectra. Acoustic
graphene plasmons are difficult to interact with from the far field due to the large
momentum mismatch, making it challenging to couple with free space light. Here,
we show that by constructing a heterostructure composed of a nanometric graphene
resonator and an optical cavity we can drastically enhance the far field MIR light ab-
sorption of acoustic graphene plasmons, reaching up to 70% efficiency. This has
potential for applications in optoelectronics, sensing, and energy harvesting, where
high light absorption and strong light-matter interaction are required.
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SUN 8
Nano-Schottky junction in AgPt@GO composite and their role in ppb-level
NO2 gas sensor

Dariusz tukowiec', Marcin Procek!, Adrian Radon?, Jerzy Kubacki®, Tomasz Wasiak!,
Stanistaw Wactawek*

1Silesian University of Technology, Gliwice, Poland

2 kukasiewicz Research Network - Institute of Non-Ferrous Metals, Gliwice, Poland
3A. Chelkowski Institute of Physics, University of Silesia, Katowice, Poland
4Technical University of Liberec, Liberec, Czech Republic

Challenges in the area of gas sensors: low sensitivity, long reaction times and work-
ing at elevated temperatures can be solved by designing sensors composed of vari-
ous active materials. In the present study, the nature of the interface between core-
shell AgPt nanopatrticles and carbon structures (graphene oxide, graphene oxide
doped with nitrogen, reduced graphene oxide) was analysed, followed by their sens-
ing properties towards NO2. The best sensing properties showed the AgPt@GO,
which responded to NO2 concentrations below 1 ppm at room temperature (RT).
In addition, the tested material was characterised by stability and quick response
(in the range of 1-50 ppm at RT). The excellent characteristics of AgPt@GO are
attributed to the generated nano-Schottky junction, as demonstrated by dielectric
spectroscopic experiments. The existence of a p-n junction was verified for the
other material. In the sensor investigations, the impact of variations in humidity (RH
3-50%) and temperature (RT-250 C) on the response of the manufactured sensor
systems and their selectivity (H2, CH4, H2S) was examined. Furthermore, the elec-
tronic structure of obtained composites was studied in detail.

SUN9
Interlayer distance of twisted bilayer graphene measured through interfero-
metric 4D-STEM

Clara Kofler!, Jani Kotakoski!
tUniversity of Vienna, Faculty of Physics, Vienna

Although (scanning) transmission electron microscopy ((S)TEM) can routinely re-
solve structures down to individual atoms, it is typically limited to 2D projections.
However, measuring the 3D structure is in many cases necessary for fully under-
standing material properties, even for 2D materials such as graphene [1]. This
becomes still more important when 2D layers with different lattice parameters [2]
or orientations are combined. In this contribution, twisted bilayer graphene sam-
ples are created by folding monolayer graphene using heat treatment in vacuum,
and subsequently measured using interferometric 4D-STEM, similar to the imple-
mentation in Ref. [3] to gain information on the interlayer distance variations. The
experimental results are compared to image simulations carried out with abTEM [4].
The average interlayer distance agreed with expectations, however the structure de-
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pendence could not be reproduced using this method.

[1] Meyer et al., Nature 446, 60 (2007)

[2] Argentero et al., Nano Lett. 17, 1409 (2017)
[8] Zachman et al., Small 17, 2100388 (2021)

[4] Madsen et al., Open Res Europe 1, 24 (2021)

SUN 10
The three Fermi pockets of NbSe2 - Investigating a Kohn-Luttinger like mech-
anism in TMD monolayers.

Julian Siegl*, Magdalena Marganska®, Milena Grifoni!
!nstitute of Physics, University of Regensburg, Regensburg

We investigate a possible superconducting pairing generated by competing Coulomb
repulsion processes in monolayer NbSe2. The two spin-orbit split Fermi surfaces
(FS) of ML NbSe 2 in the K and K’ valley can support a superconducting gap,
with predominant f-wave symmetry, when the short-range intervalley scattering is
stronger than the long-range intravalley one. Upon inclusion of the third FS cen-
tered at the Gamma point an additional competing pairing channel favoring s-wave
symmetry opens for strong interpocket scattering. The competition between these
two channels is governed by the relative strengths of the three processes involved,
resulting either in one, two or three symmetry related values of the gaps at the FSs.
We estimate the relevant interactions by calculating the dielectric susceptibility and
the screened Coulomb potential in the RPA approximation for a DFT-based tight-
binding model. The multi-orbital nature of the valence band results in preferential
screening of short-range scattering processes, favoring the interpocket scattering.
Far from being a spectator, the third Fermi pocket turns out to be a powerful player,
even to the point of changing the symmetry.

SUN 11
Ultra-steep slope cryogenic FETs based on bilayer graphene

Christoph Stampfer®:2, Eike Icking!-2, David Emmerich', Kenji Watanabe?®, Takashi
Taniguchi*, Bernd Beschoten!, Max Lemme®-6, Joachim Knoch”

1JARA-FIT and 2nd Institute of Physics A, RWTH Aachen University, Aachen
2Peter Griinberg Institute (PGI-9), Forschungszentrum Jdlich, Jilich, Germany
3esearch Center for Functional Materials, National Institute for Mate

4International Center for Materials Nanoarchitectonics, National Institute for Materi-
als Science, 1-1 Namiki, Tsukuba, Japan

®Chair of Electronic Devices, RWTH Aachen University, Aachen, Germany

SAMO GmbH, Aachen, Germany

7IHT, RWTH Aachen University, Aachen, Germany

Cryogenic field-effect transistors (FETs) offer great potential for a wide range of ap-
plications, the most notable example being classical control electronics for quantum
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information processors. In the latter context, on-chip FETs with low power con-
sumption are a crucial requirement. This, in turn, requires operating voltages in the
millivolt range, which are only achievable in devices with ultra-steep subthreshold
slopes. However, in conventional cryogenic MOSFETs based on bulk material, the
experimentally achieved inverse subthreshold slopes saturate around a few mV/dec
due to disorder and charged defects at the MOS interface. FETs based on two-
dimensional materials offer a promising alternative. Here, we show that FETs based
on Bernal stacked bilayer graphene encapsulated in hexagonal boron nitride and
graphite gates exhibit inverse subthreshold slopes of down to 250 xV/dec at 0.1 K,
approaching the Boltzmann limit. This result indicates an effective suppression of
band tailing in van-der-Waals heterostructures without bulk interfaces, leading to
superior device performance at cryogenic temperature.

SUN 12
Ultrafast Dynamics in p-Doped Single-Wall Carbon Nanotubes at Cryogenic
Temperatures

Heiko Lackinger!, Klaus H. Eckstein!, Friedrich Schoppler!, Tobias Hertel!
L Julius-Maximilians-Universitat Wirzburg (JMU) - Wirzburg, Germany

The doping of low-dimensional semiconductors and the precise quantification of
doping levels pose significant technological challenges critical to advancing new
technologies based on semiconductors. Therefore, understanding the dynamics of
excitons and charged excitons (trions) is crucial for improving our knowledge of the
doping process [1-3]. The coupling between excitons and trions of doped semicon-
ducting single-wall carbon nanotubes (s-SWNTs) can be investigated by studying
their temperature dependence, to the best of our knowledge lacking any reported
data so far. Here, we report preliminary findings derived from transient absorption
measurements that explore the correlation between doping levels and the dynamics
of excitons and trions in thin films of polymer-wrapped (6,5) s-SWNTs as a function
of the temperature.

[1] K.H. Eckstein, et al., J. Phys. Chem. C 127, 19659-19667 (2023).
[2] K.H. Eckstein, et al., J. Phys. Chem. C 123, 30001-30006 (2019).
[3] K.H. Eckstein, et al., ACS Nano 11, 10401-10408 (2017).

SUN 13
Mechanical tuning of magnetic interactions in nanographenes

Goncalo Catarina®
'nanotech@surfaces Laboratory, Empa—Swiss Federal Laboratories for Materials
Science and Technology, Dubendorf, Switzerland

Phenalenyl is an open-shell spin-1/2 nanographene with triangular shape. Using in-
elastic electron tunneling spectroscopy, covalently-bonded phenalenyl dimers have
been shown to feature inelastic conductance steps compatible with spin excitations
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of a spin-1/2 dimer with antiferromagnetic exchange. Here we address the possibility
of tuning the magnitude of the exchange interactions by controlling the dihedral an-
gle between the two molecules. By means of first principle calculations, we propose
strategies to induce sizeable rotations. Our theory, in agreement with experimental
results, paves the way toward controlling magnetic couplings in carbon-based spin
lattices.

SUN 14
Towards a microscopic understanding of photoluminescence quenching in
monolayer MoSe2/n-layer graphene heterostructures

Aditi Raman Moghe!, Loic Moczko!, Delphine Lagarde?, Maxime Mauguet?,
Michelangelo Romeo!, Takashi Taniguchi?, Kenji Watanabe?®, Arnaud Gloppe!,
Xavier Marie?, Cedric Robert?, Stéphane Berciaud*

IUniversité de Strasbourg, CNRS, Institut de Physique et Chimie des Matériaux de
Strasbourg, Strasbourg, France

2Université de Toulouse, INSA-CNRS-UPS, LPCNO, Toulouse, France

3National Institute for Materials Science, Tsukuba, Ibaraki, Japan

The van der Waals heterostructure consisting of transition metal dichalcogenide
(TMD) and graphene is an interesting system as it provides an opportunity to un-
derstand the microscopic charge and energy transfer processes occurring at their
heterointerfaces. The coupling between graphene and TMD gives rise to intrigu-
ing effects such as the neutralization of the TMD and the quenching of its PL [1,2].
Whether these effects occur through short-range charge tunneling or longer-range
dipole-dipole interactions still remains unclear [1]. Here, the heterostructure made
of monolayer MoSe, covering thin graphene of different thicknesses is studied to
reveal details about transfer mechanisms, exciton dynamics and their dependence
on incident laser energy and graphene thickness. For this, we have used photo-
luminescence and Raman spectroscopy. The results obtained in our work reveals
efficient exciton transfer from MoSe, to graphene and short range (~1 nm) charge
transfer mechanism as dominant process between the layers.

[1] G. Froehlicher et al., PRX 8, 011007 (2018)
[2] E. Lorchat, L. E. Parra Lopez, et al., Nature Nanotechnology, 15, 283 (2020)

SUN 15
Collective Optical States of Encapsulated Alpha-Sexithiopene Chains in Boron
Nitride Nanotubes

Sabrina Juergensen!, Jean-Baptiste Merceau?, Chantal Isabel Mueller!, Antonio
Setaro!, Patryk Kusch!, Etienne Gaufrés?, Stephanie Reich!

1Physics, Freie Universitat Berlin, Berlin, Germany

2Laboratoire Photonique Numérique et Nanosciences, Institut d’Optique, Université
de Bordeaux, Bordeaux, France
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Molecules inside nanotubes form chains, aligning their transition dipole. The
Coulomb coupling between the molecular dipoles leads to a collective state with
characteristic optical properties like strong and narrow emission, shifted emission
and absorption, and a vanishing Stokes shift. Depending on the inner tube diameter
the molecules inside the nanotubes form single chains that show pure J-aggregate
characteristics. Multi-file chains or randomly aligned molecules can be found in
larger diameter tubes leading to a mixture of J- and H-aggregate behavior. In the
past it was also shown that parts of tubes might contain no molecules. [1,2]

Here, we used a bundle of boron nitride nanotubes that are filled with «-sexithiophene
molecules to study molecular aggregates by various spectroscopic and microscopic
techniques to understand how the synergy of coexisting J- and H-aggregates influ-
ence their optical properties.

[1] Allard et al., Adv. Mater. 32 (2020)
[2] Badon et al., Mater. Horiz. 10 (2023)

SUN 16
High-Precision Recognition of Left- and Right-Handed Carbon Nanotubes Us-
ing Chiral Molecules

Xiaojun Wei'-2, Shuang Ling!-2, Lin Liu®, Shilong Li*, Xin Luo!, Linfan Duan*, Xiao
Wang*, Feibing Xiong?, Weiya Zhou'-2, Sishen Xie!-2, Huaping Liu®-2

nstitute of Physics, Chinese Academy of Sciences, Beijing, China

2University of Chinese Academy of Sciences, Beijing, China

3Xiamen University of Technology, Xiamen, Fujian, China

4Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shen-
zhen, China

High-precision enantiomeric recognition and characterization of chiral single-wall
carbon nanotubes (SWCNTs) with opposite handedness remain a challenge, com-
pared with electrical type and chirality recognition [1,2]. Herein, we systematically
investigated the enantioselective interactions of chiral sodium hyodeoxycholate sur-
factant molecule with two enantiomers of 12 distinct single-chirality SWCNTs and
found a type mod(2n + m, 3)-dependent rule in which the E11 transition wave-
length of the left-handed enantiomer was larger than that of the right-handed enan-
tiomer for Type | SWCNTSs; this trend was the opposite for Type || SWCNTs. Based
on the spectral difference from chiral surfactant modulation, a type-dependent rule
was successfully established for enantiomeric recognition of SWCNTSs with various
handedness characteristics. Furthermore, the present method could achieve enan-
tiomeric recognition of SWCNTs at concentrations as low as the ng/mL scale. The
detection precision was approximately two orders of magnitude higher than that of
traditional circular dichroism spectroscopy.

[1] X. Wei et al., Nat. Commun. 7, 12899 (2016).
[2] X. Wei et al., Adv. Sci. 9, 2200054 (2022).
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SUN 17
Signatures of efficient intervalley scattering by acoustic phonons in
WSe,/MoSe- heterostructure

Hendrik Lambers®, Nihit Saigal', Jonas Kiemle?, Alexander W. Holleitner?, Ursula
Wurstbauer!

Hnstitute of Physics, University of Miinster, Mlnster, Germany

2Wallter Schottky Institute and Physics Department, Technical University of Munich,
Garching, Germany

The ability to host excitonic phenomena and correlated phases gives rise to many
recent studies on TMDC bilayers. In particular interlayer excitons in heterobilayers
are promising candidates to form coherent many body states [1]. The role of exciton-
phonon interaction for the thermalization process of these interlayer excitons and the
dominant type of involved phonons are of ongoing interest [2]. We employ resonant
Raman scattering at cryogenic temperatures to study the exciton phonon coupling in
WSe,/MoSe, heterostructures. The resonance profiles of degenerated WSe, A,"/E’
phonon modes are significantly affected by the assembly into heterobilayers. The
profiles cannot be explained only by an incoming and an outgoing resonance of a
first order Raman process. Our findings indicate a higher order Raman scattering
process involving acoustic M or K point phonons of WSe2 and therefore strong inter-
action of acoustic phonons with electronic states, that results in efficient intervalley
scattering of charge carriers.

[1] M. Troue et al., Phys. Rev. Lett. 131, 036902 (2023).
[2] M. Katzer et al., Phys. Rev B 108, L121102 (2023).

SUN 18
Patterning of covalent and non-covalent functionalization of graphene and
twisted bilayer graphene

Tobias Dierke!, Stefan Wolff', Roland Gillen!, Tamara Nagel?, Daniela Dasler?,
Sabine Maier!, Milan Kivala?, Frank Hauke?, Andreas Hirsch?, Janina Maultzsch!
!Chair of Experimental Physics, FAU Erlangen Nurnberg, Erlangen

2Department of Chemistry and Pharmacy, FAU Erlangen Nirnberg
30rganisch-Chemisches Institut, Centre for Advanced Materials, Universitat Heidel-
berg

We present an experimental study on the degree of covalent functionalization of
graphene exfoliated on top of hBN stripes on Si/SiO, as well as on other two-
dimensional (2D) materials. The underlying substrate has a strong effect on the de-
gree of functionalization of graphene. Our results show that the functionalization of
graphene is less effective on hBN than on SiO,, as shown by higher defect-induced
modes in the graphene Raman spectra on SiO,. Other underlying 2D materials
like MoS,, WS,, and MoOj3; show less contrast in functionalization density than hBN
or lead to even higher degree of functionalization than the Si substrate. Further-
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more, we show an innovative approach to achieve spatial variations in the degree
of non-covalent functionalization of twisted bilayer graphene (tBLG). The tBLG was
non-covalently functionalized with carbon based molecules. Our results shows a
correlation between the degree of functionalization and the twist angle of tBLG. This
correlation was determined through Raman spectroscopy, revealing that areas with
larger twist angles exhibited lower molecule peak intensity compared to areas with
smaller twist angles.

SUN 19
Order of magnitude improvement of transport performances of carbon nan-
otube films by completely removing surfactants

Xiao Li'-2-3, Wenke Wang!-2-3, Hongshan Xiao*, Yuejuan Zhang'-?:3, Chang Liu?,
Shilong Li!, Linhai Li'-2-3, Wei Su®, Xiaojun Wei'-2:3:>, Yunliang Li*, Honggang Liu*,
Weiya Zhou'2:3:%, Huaping Liu!-2:3:°

!Beijing National Laboratory for Condensed Matter Physics, Institute of Physics,
Chinese Academy of Sciences

2Center of Materials Science and Optoelectronics Engineering, and school of Phys-
ical Sciences, University of Chinese Academy of Sciences

3Beijing Key Laboratory for Advanced Functional Materials and Structure Research
“Research Center for Carbon-based Electronics, School of Electronics, Peking Uni-
versity

5Songshan Lake Materials Laboratory

Surfactant-based separation techniques have been developed for the high-efficiency
production of high-purity semiconducting single-wall carbon nanotubes (s-SWCNTSs),
which establish an important material foundation for the preparation of high- perfor-
mance carbon-based electronic devices. However, surfactant molecules wrapping
around SWCNTs during structural separation inevitably degrade the resulting de-
vice performances due to increasing contact resistance between the SWCNTs and
electrodes and between individual SWCNTs. Here, we developed a simple and ef-
fective strategy for completely removing the surfactant molecules around separated
s-SWCNTs by annealing and rinsing. With this technique, defects were not clearly
increased in the crystal structure of SWCNTSs, and the transport performances of
SWCNT-based thin film transistors (TFTs), including the on-state current and mo-
bility, were improved by approximately an order of magnitude, while the on-off ratio
increased by nearly 1.5 orders of magnitude. The present technique provides an
important foundation for promoting the development of carbon-based electronic de-
vices.

SUN 20

Multipolar plasmonic modes in cylindrical nanoparticles

Muhammad Shoufie Ukhtary!:2, Charles Downing*

! Department of Physics and Astronomy, University of Exeter, Exeter

2Research Center for Quantum Physics, National Research and Innovation Agency
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(BRIN), South Tangerang, Indonesia

We investigate multipolar plasmonic modes in a metallic nanocylinder with a finite
dimension. By employing Rayleigh’s variational principle, we calculate frequency
of the plasmonic modes for both polarizations: longitudinal and azimuthal polariza-
tions. This method allows us to calculate the frequency of plasmonic modes as a
function of aspect ratio of the cylinder, which is defined as the ratio of its length (L)
to its radius (a). Therefore, we can investigate how the frequency changes due to
the shape varying between nanodisk (L/a < 1) to nanowire (L/a > 1). Further-
more, we consider not only dipolar plasmonic modes, but also multipolar ones. We
found an opposite behaviour of the frequency between both polarizations, where fre-
quency for longitudinal (azimuthal) mode decreases (increases) when we move from
nanodisk to nanowire. Our calculation not only recovers the frequency of spheroidal
particles for the asymptotic cases of nanodisk and nanowire, but also provides the
frequency within intermediate aspect ratio that differs from the case of spheroidal
particle due to the sharp edges of the cylinder.

SUN 21
Structural evolution and transformation of a few-layer graphene under high
shear stress

Alexander V. Soldatov!
LCenter for High-Pressure Science, State Key Laboratory of Metastable Materials
Science and Technology, Yanshan University, Qinhuangdao, China

Graphene and its derivatives have been in the focus of materials research over a
decade due to the superior physical properties they exhibit. Yet its behaviour under
high pressure and shear stress still not well understood. We exposed a few-layer
graphene (FLG) powder to shear stress after pre-compression in a rotational dia-
mond anvil cell. The recovered from high pressure samples were characterized by
HRTEM and multi-wavelength excitation Raman. Spectral mapping revealed high in-
homogeneity of the Raman spectra reflecting difference in shear- and normal stress
distribution across the sample: a minor change in the spectra in the centre vs very
high increase of the D-band (defect concentration) on the sample periphery whereas
the long-range graphene structure was totally ruined in between [1]. Remarkably,
we observed formation of diamond nano-domains coherently connected to the par-
ent graphene structure in certain parts of the sample with disordered structure [2].
Evolution of the FLG structure and its transformation to nanocrystalline diamond un-
der shear deformation are discussed.

1. M. Yuan et al. Appl. Phys. Lett. 118, 213101 (2021).
2. A.V. Soldatov et al., unpublished.
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SUN 22
Determining the Crystal Orientation of TMDs by Angular-Resolved Second-
Harmonic Generation

Lucas Lafeta!, Sean Hartman!, Barbara Rosa?, Stephan Reitzenstein?, Leandro M.
Malard?, Achim Hartschuh'!

! Department of Chemistry and Center for NanoScience (CeNS), Ludwig-Maximilians-
Universitat, Munich, Germany

ZInstitute of Solid State Physics, Technische Universitat Berlin, Berlin, Germany
3Departamento de Fisica, Universidade Federal de Minas Gerais, Belo Horizonte,
Minas Gerais, Brazil

Second-harmonic generation (SHG) is a unique tool for the investigation of transi-
tion metal dichalcogenide (TMD) flakes and can even be used to determine their
orientation in an experiment [1,2]. We present our studies on the angular-resolved
detection of the SHG in the back-focal plane (BFP) of a microscope objective in
monolayer WSe2 and MoSe2. We first analyze the signal produced by the center
and edges of monolayer flakes and demonstrate how edges influence the angular
SHG radiation pattern. Moreover, we find that we can determine the crystal orienta-
tion of the flake from the ellipticity of the detected SHG back-focal plane image. We
compare these BFP images with the 6-fold pattern recorded while simultaneously
rotating the incident polarization and analyzer. We observe that when the incident
field is polarized in the armchair direction, the ellipticity of the SHG-BFP pattern is
increased compared with the zig-zag direction.

[1] B. R. Carvalho et al. Nano Letters, 20, 284 (2020)
[2] L. M. Malard et al. Physical Review B, 87, 201401(R) (2013)

SUN 23
Room temperature gas sensing based on substitutional atom doped MoS.

David Lamprecht! -2, Mate Capin', Anna Benzer!, Manuel Langle2, Clemens Man-
gler?, Jani Kotakoski?, Lado Filipovic!+3

1Vienna University of Technology, Institute for Microelectronics, Vienna, Austria
2University of Vienna, Faculty of Physics, Physics of Nanostructured Materials, Vi-
enna, Austria

3CDL for Multi-Scale Process Modeling of Semiconductor Devices and Sensors at
the Institute for Microelectronics, Vienna, Austria

2D materials like MoS- are a promising alternative to state-of-the-art chemiresistive
gas sensors which require high operating temperatures. However, pristine MoS, ex-
hibits low sensitivity, long response times and poor selectivity [1]. Ab-initio studies
have shown that substitutional doping can be applied to improve these factors sig-
nificantly [2]. We utilize a helium plasma to induce controlled defects in monolayer-
MoS,, subsequently filling these sites with heteroatoms (e.g. Au, Pt) via evaporation
[3], unwanted defects like sulfur monovacancies are removed by resulfurization [4].
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The dopants are characterized using scanning transmission electron microscopy.
Simulations are conducted to determine the optimal dopant atoms by assessing
their adsorption properties to environmental pollutants like NO,. Further we are
building a gas sensor test setup to evaluate the sensing performance of the result-
ing structures.

[1] Filipovic et al., Nanomaterials 12, 20, 3651 (2022)

[2] Tang et al., J. Mater. Chem. A 8, 24943-24976 (2020)
[3] Zagler et al., 2D Mater. 9, 035009 (2022)

[4] Li et al., Phys Chem Chem Phys. 8(22), 15110-7 (2016)

SUN 24
Scaling of Coulomb Defects in Low-D Semiconductors from Variational and
Modified Hiickel Calculations

Tobias Hertel!, Klaus H. Eckstein!
!nstitute of Physical and Theoretical Chemistry, Julius-Maximilians University
Wirzburg, Germany

Understanding doping is critical for advancing nanoscale technologies, particularly
those using semiconducting single-wall carbon nanotubes (s-SWNTSs), where dop-
ing levels can be controlled by adsorbed counterions. However, modeling low dop-
ing levels is challenging due to large unit cells required to represent such 'Coulomb
defects’. This study thus utilizes modified Hickel calculations of s-SWNTs measur-
ing 120 nm to explore the properties of shallow Coulomb defects near the valence
band edge and of quantum well (QW) states in the conduction band. The QW states
could explain frequently observed shifts in exciton bands of inhomogeneously doped
semiconductors. A variational approach reveals the scaling properties of Coulomb
defects with counterion distance, effective band mass, relative permittivity, and coun-
terion charge [1]. Our findings thus offer new insights into the interactions of exohe-
dral charges with low-dimensional semiconductors having delocalized band states.
[1] K.-H. Eckstein and T. Hertel, J. Phys. Chem. C (in press).

SUN 25
Extended spatial coherence of interlayer excitons in MoSe./WSe, heterobilay-
ers

Mirco Troue'-2, Johannes Figueiredo':2, Lukas Sigl!'2, Christos Paspalides'-2,
Manuel Katzer?, Takashi Taniguchi*, Kenji Watanabe®, Malte Selig*, Andreas Knorr?,
Ursula Wurstbauer®, Alexander W. Holleitner! -2

'Walter Schottky Institute and Physics Department, Technical University of Munich,
Germany

2Munich Center of Quantum Science and Technology (MCQST), Germany
3Institute for Theoretical Physics, Nonlinear Optics and Quantum Electronics, Tech-
nical University of Berlin, Germany

4International Center for Materials Nanoarchitectonics, National Institute for Materi-
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als Science, Japan

5Research Center for Functional Materials, National Institute for Materials Science,
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SInstitute of Physics, Minster University, Germany

Our work advances the study of coherent interlayer exciton ensembles in MoSes/
WSe, heterobilayers by utilizing a spatially resolved point-inversion Michelson-
Morley interferometer. We report on the spatial coherence of a dense interlayer ex-
citon ensemble for a wide range of temperatures and exciton densities. Below 10K,
we detect a spatial coherence length of interlayer excitons limited only by the lateral
expansion of the exciton ensembles. In this regime, the emission of the excitons is
homogeneously broadened and features a coherence visibility of up to 90%. Both
the spatial and temporal coherence decrease with increasing temperature, most
likely due to thermal processes. We also consider further coherence-limiting pro-
cesses and exciton diffusion dynamics to explain our findings. Our research sheds
new light on the physics of coherent exciton phases in the proposed heterostacks
and paves the way toward quantum devices based on many-body quantum phe-
nomena in two-dimensional materials [1,2,3].

[1] M. Katzer et al., PRB 108, L121102 (2023)
[2] L. Sigl et al., PRR 2, 042044(R) (2020)
[3] M. Troue and J. Figueiredo et al., PRL 131, 036902 (2023)

SUN 26
Ultrafast exciton trapping dynamics in oxygen-doped single walled carbon
nanotubes

Timofei Eremin', Rakesh Dhama?, Humeyra Caglayan?, Petr Obraztsov!
!Department of Physics and Mathematics, University of Eastern Finland, Joensuu,
Finland

2Faculty of Engineering and Natural Science, Tampere University, Tampere, Finland

Artificial zero-dimensional quantum defects within single-walled carbon nanotubes
hold immense promise for diverse optoelectronic applications. This study delves
into the temporal behavior of excitons within oxygen-doped single-walled carbon
nanotubes, employing ultrafast transient absorption spectroscopy. Our investiga-
tion unveils the emergence of doping-induced excitonic states, distinguished by a
long-lasting induced transmittance signal. Even at low doping densities, we observe
a reduction in the lifetime of band-edge excitons. In contrast, the population dy-
namics of deep-band excitons exhibit resilience against low and moderate doping
densities, with a pronounced reduction only at high doping levels. Our findings align
with a kinetic model that accounts for an additional relaxation channel prompted
by doping. Thus we establish that the formation of defect-localized excitonic states
within oxygen-doped single-walled carbon nanotubes is a consequence of the diffu-
sive trapping of free band edge excitons. These insights shed light on the intricate
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dynamics of excitons within nanotube defects, advancing our understanding and
potential applications in the realm of optoelectronics.

SUN 27
Ultrafast Phase-Control of the Non-Linear Optical Response of TMDs

Lucas Lange!, Kunliang Wang', Lucas Lafeta!, Barbara Rosa?, Stephan Reitzen-
stein?, Sebastian Bange?, Achim Hartschuh?

! Department of Chemistry and CeNS, LMU Munich, Munich, Germany

2Institute of Solid State Physics, Technische Universitat Berlin, Berlin, Germany
3Department Physik, University of Regensburg, Regensburg, Germany

Monolayer semiconducting transition metal dichalcogenides (TMDs) feature partic-
ularly strong nonlinear light-matter interactions, which result from the large oscillator
strength of tightly bound excitons. We investigate the third- and second-order non-
linear response of TMDs using phase-shaping of broadband laser pulses resonant
with the lowest excitonic state. We find that the four-wave mixing response of TMDs
can be coherently controlled and enhanced by manipulating the spectral phase pro-
file of the laser pulse. Here, the optimum spectral phase profile crucically depends
on the exciton resonance energy of the TMD and the laser fluence. Sum-frequency
generation, on the other hand, is maximized for shortest laser pulses at the same ex-
perimental conditions. We then show that upon increasing the pump fluence pulsed
laser excitation can induce a Mott transition from an excitonic regime to an elec-
tron—hole plasma in TMDs [1].

[1] F. B. Sousa et al., Nanoscale 15, 7154 (2023)

SUN 28
Ferroelectric domain writing in misfit layer compound (PbS); ;,VS, using
electron-beam lithography

Jifi Volny!, Cinthia Antunes Corréa'2, Klara Uhlitova!, Katefina Tetalova!, Jan Hon-
olka?, Martin Vondracek?, Tim Verhagen':2

!Department of Condensed Matter Physics, Charles University, Prague
2FZU-Institute of Physics, Academy of Sciences of the Czech Republic, Praha,
Czech Republic

Sliding (moiré) ferroelectricity exists only in 2D materials where the out-of-plane po-
larization is switched by in-plane interlayer sliding and thus breaking the inversion
symmetry. So far, sliding ferroelectrics have been mostly observed in artificially cre-
ated van der Waals multilayers with a small twist angle © between the individual
layers.

Misfit layer compounds (MLC) are naturally grown materials that consists of alter-
nating stacking of two different 2D materials forming an ordered superstructure.
We focus on MLC (PbS), 11VS,, formed by alternating layers of transition metal
dichalcogenide VS, and transition metal monochalcogenide PbS. Bulk (PbS);.11VSs
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is stable at ambient conditions, shows semiconducting behaviour and exhibits slid-
ing ferroelectric behaviour at room temperature. Ferroelectric domains with sizes
varying between tens of nm up to tens of um were observed using scanning elec-
tron microscopy (SEM) and scanning probe microscopy (SPM). We show that using
electron-beam lithography, ferroelectric domains of arbitrary shape can be written.
The written domains are thermodynamically stable and can be imaged using both
SEM and SPM.

SUN 29
Ferroelectricity in twisted 2D semiconductors

Astrid Weston'2, Elisa Castanon?3, Volodya Enaldiev!:2, Andre Geim!-2, Vladimir
Falko!'2, Roman Gorbachev!:2

1School of Physics and Astronomy, University of Manchester, Manchester
2National Graphene Institute, University of Manchester, Manchester, UK

3National Physical Laboratory, Teddington, UK

A room-temperature ferroelectric semiconductor can be assembled using two verti-
cally stacked layers of MoS2 with a relative twist angle close to zero degrees. Be-
low a critical angle, twisted bilayers of MoS2 atomically reconstruct to generate an
energetically favourable triangular domain structure in the case of the 3R stack-
ing polytype. These heterostructures feature broken inversion symmetry, which,
together with the asymmetry of atomic arrangement at the interface of the vertically
stacked layers, enables ferroelectric domains with alternating out-of-plane polarisa-
tion arranged into a twist-controlled network. Through domain-wall sliding, polarised
states can be ‘switched’ by applying out-of-plane electrical fields. This mechanism
has been visualized in-situ using channelling contrast electron microscopy for better
understanding of the switching mechanism. The electrical properties were further
investigated using Kelvin probe force microscopy, electrical transport measurements
as well as varying device device geometries (e.g. tunnelling junctions).

SUN 30
Temperature Dependent Light-matter Interaction in 2D polar metals at Cryo-
genic Temperatures

Jakob Henz!, Siavash Rajabpour?, Alexander Vera2, Joshua A. Robinson?, Su Ying
Quek3, Ursula Wurstbauer*

!nstitute of Physics, University of Miinster, Germany

2MatSE; Center for 2DLM; Atomic; 2D Crystal Consort, PennState University, USA
3Centre for Advanced 2D Materials, National University of Singapore, Singapore

Spectroscopic Imaging Ellipsometry (SIE) is a powerful and versatile optical mea-
surement technique, combining the ability of an ellipsometer to determine layer
thicknesses and optical properties of thin film samples to the monolayer limit with
the lateral resolution of a microscope. The resolution enables the investigation of
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the homogeneity of the dielectric response on the micrometer scale in such various
systems such as TMDCs [1] and their heterostructures [2], or 2D polar metals [3].
Using a cryostat with free beam optical access, we established a unique setup for
SIE at cryogenic temperatures, allowing us to investigate the temperature-
dependence of the local dielectric function of two-dimensional materials from room
temperature down to 800 mK. We demonstrate temperature changes in the dielectric
function of 2D polar gallium that are interpreted to indicate structural phase transi-
tions.

[1] S. Funke et al., J. Phys.: Condens. Matter 28 385301 (2016).
[2] F. Sigger et al. Apl. Phys. Lett. 121, 071102 (2022).
[3] K. Nisi et al., Adv. Funct. Mater. 31 2005977 (2020).

SUN 31
Interaction of 2D materials with laser-written waveguide circuits

Alina Schubert!, Karo Becker!, Marco Kirsch?, Jakob Kuhlke!, Rico Schwartz!, An-
dreas Thies?, Alexander Szameit', Matthias Heinrich!, Tobias Korn!

Hnstitute of Physics, University of Rostock, Rostock

2Ferdinand Braun Institut, Leibnitz Institut fir Hochstfrequenztechnik, Berlin

The remarkable optical properties of monolayer transition metal dichalcogenides
(TMDCs) are determined by strongly bound excitons. Currently, most of the micro--
photoluminescence measurements are performed with light polarized in the plane of
the TMDC layer. However, so-called dark excitons that emit z-polarized light propa-
gating along the TMDC layer require detection from the side [1, 2].

Our intention is to probe TMDCs in this direction by depositing them onto a fused
silica glass substrate containing femtosecond laser direct written waveguides [3]. By
defining the waveguide near the surface of the glass, interactions of the waveguide’s
evanescent field and the TMDC are enabled.

Our micro-photoluminescence setup that couples into the sides of the waveguide
and simultaneously detects light perpendicular to the TMDC layer has the potential
to excite and detect the x,y and z polarization of the PL signal, allowing for direct
observations of dark excitons.

[1] X.-X. Zhang et al., Phys. Rev. Lett., 115 257403 (2015).
[2] G. Wang et al., Phys. Rev. Lett., 119 047401 (2017).
[3] A. Szameit et al., J. Phys. B.: At. Mol. Opt. Phys., 43 163001 (2010).

SUN 32
Wafer-Scale Growth of Sb2Te3 Films via Low-Temperature Atomic Layer De-
position for Self-Powered Photodetectors

Amin Bahrami', Jun Yang!, Sebastian Lehmann?, Kornelius Nielsch®
LIFW-Dresden, Dresden
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In this work, we demonstrate the performance of a silicon-compatible, high-
performance, and self-powered photodetector. A wide detection range from visi-
ble (405 nm) to near-infrared (1550 nm) light was enabled by the vertical p—n het-
erojunction between the p-type antimony telluride (Sb2Te3) thin film and the n-type
silicon (Si) substrates. A Sb2Te3 film with a good crystal quality, low density of ex-
tended defects, proper stoichiometry, p-type nature, and excellent uniformity across
a 4 in. wafer was achieved by atomic layer deposition at 80 °C using (Et3Si)2Te
and SbCI3 as precursors. The processed photodetectors have a low dark current
(~20 pA), a high responsivity of (~4.3 A/W at 405 nm and ~150 mA/W at 1550
nm), a peak detectivity of ~1.65 x 1014 Jones, and a quick rise time of ~98 us
under zero bias voltage. Density functional theory calculations reveal a narrow,
near-direct, type-Il band gap at the heterointerface that supports a strong built-in
electric field leading to efficient separation of the photogenerated carriers. The de-
vices have long-term air stability and efficient switching behavior even at elevated
temperatures. These high-performance and self-powered p-Sb2Te3/n-

SUN 33
Nanoscrolls of Janus Monolayer Transition Metal Dichalcogenides

Masahiko Kaneda!, Wenjin Zhang!, Zheng Liu?, Yanlin Gao®, Mina Maruyama?,
Yusuke Nakanishi', Hiroshi Nakajo*>% Soma Aoki*°, Kota Honda’,
Tomoya Ogawa', Kazuki Hashimoto!, Takahiko Endo?, Kohei Aso®, Tongmin Chen?®,
Yoshifumi Oshima®, Yukiko Yamada-Takamura®, Yasufumi Takahashi”?, Susumu
Okada?, Toshiaki Kato*:®, Yasumitsu Miyata'!

' Department of physics, Tokyo metropolitan university, Tokyo

2Innovative Functional Materials Research Institute, AIST, Nagoya

3Department of Physics, University of Tsukuba, Tsukuba

4Graduate School of Engineering, Tohoku University, Sendai

®Advanced Institute for Materials Research (AIMR), Tohoku University, Sendai
SKOKUSAI ELECTRIC CORP,, Toyama

"Department of Electronics, Nagoya University, Nagoya

8School of Materials Science, JAIST, Ishikawa
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Tubular structures of transition metal dichalcogenides (TMDCs) have attracted at-
tention due to their emergent physical properties, such as giant bulk photovoltaic
effect and chirality-dependent superconductivity. To understand and control these
properties, it is highly desirable to develop a sophisticated method to fabricate the
TMDC tubular structures with smaller diameters and uniform crystalline orientation.
For this purpose, the rolling up of TMDC monolayers into nanoscrolls is an attractive
approach to fabricate such a tubular structure. However, monolayer TMDC generally
makes its tubular structure energetically unstable due to considerable lattice strain
in curved monolayers. Here, we report the fabrication of narrow nanoscrolls by us-
ing Janus TMDC monolayers. The multilayer tubular structures of Janus nanoscrolls
were revealed by scanning transmission electron microscopy (STEM) observations.
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Atomic resolution elemental analysis confirms that the Janus monolayers were rolled
up with the Se-side surface on the outside. We found that the present nanoscrolls
have the smallest diameter of about 5 nm, which is almost the same as the value
predicted by the DFT calculation.

SUN 34
Signatures of Josephson force in a vibrating carbon nanotube junction

Andreas K. Huttel!' 2, Jukka-Pekka Kaikkonen?, Keijo Korhonen?, Pertti Hakonen?
nstitute for Experimental and Applied Physics, Universitdt Regensburg, Regens-
burg

2Low Temperature Laboratory, Dept. of Applied Physics, Aalto University, Espoo,
Finland

A carbon nanotube suspended between superconducting electrodes acts simulta-
neously as nanomechanical resonator and as a Josephson junction. lts energy-
dependent density of states and with that displacement-dependent critical current
further adds to the complexity of the system, as does both mechanical and elec-
tronic nonlinearity.

Measurements on such a system display complex behaviour of the vibrational reso-
nance with respect to junction biasing. Strikingly, the resonance frequency appears
to decrease in a distinct parameter region where the biasing is similar in size to the
junction switching current.

Using parallelized Julia [1] code, we numerically solve the coupled differential equa-
tion system of the driven (via an ac gate voltage and ac current or voltage bias)
system for realistic device parameters and characterize the evolving steady state.
Specific attention is given to the impact of the Josephson junction behaviour on the
mechanical resonance frequency and the vibration amplitude, and on the ac signal
simultaneously acting on gate and bias.

[1] https://julialang.org/

SUN 35
Interplay of energy transfer and charge carrier thermalization in WS, - graphene
heterostructures
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In two-dimensional heterostructures, materials in proximity couple via near-field in-
teractions, which can result in the transfer of energy from one material to the other.
We investigate the mechanism of energy transfer in heterostructures of the two-
dimensional semiconductor WS, and graphene with variable interlayer distances,
achieved through spacer layers of hexagonal boron nitride. By analyzing the emis-
sion and absorption line widths, we find that the energy transfer is dominated by
states outside the light cone, indicative of a Férster transfer process. An increase
of the line width at 0.5 nm interlayer distance of (0.7 £+ 0.3) meV reveals an addi-
tional, but small, component from a Dexter process. We find that the measured
dependence of the luminescence intensity on interlayer distances above 1 nm can
be quantitatively reproduced using calculated values of the Forster transfer rates of
thermalized charge carriers. At smaller interlayer distances, our experiments reveal
the transfer rates to be much higher than the calculated values. Using different ex-
citation conditions, we show that these transfer rates result from non-thermalized
charge carrier distributions.

SUN 36
Layer Hybridisation and Exciton-Phonon Coupling in in MoSe,/WSe, Hetero-
bilayers

Qisin Garrity', Annika Bergmann?, Tobias Korn2, Stephanie Reich', Patryk Kusch!
Yisin Larrity

'Freie Universitat Berlin, Berlin, Germany

2Institut fir Physik, Universitat Rostock, Rostock, Germany

Transition metal dichalcogenides (TMDCs) have garnered strong interest for their ro-
bust excitonic properties and potential applications in valleytronics and mixed light-
matter states like exciton-polaritons. Stacking TMDC monolayers to create heter-
obilayers opens doors for tailored material properties, vital for diverse applications
from biosensors to solar cells and transistors. Two-dimensional heterostructures in-
herit their physics from the monolayers, but in addition to the combined properties of
the respective monolayers there are often strong cross-layer processes. This study
demonstrates cross-layer interactions in exciton-phonon coupling in a WSe2/MoSe2
heterobilayer using resonant Raman spectroscopy. We show that the WSe2 mono-
layer induces an additional cross-layer optical resonance in the cross-section of the
MoSe2 A1g Raman process. Calculations using the frozen phonon method and
density functional theory (DFT) reveal a strong exciton-phonon coupling between
the A exciton in WSe2 and the A1g phonon mode in MoSe2. This highlights the im-
portance of understanding stacked TMDCs in all their excitations and quasiparticles,
going beyond the sum of their constituent parts.

SUN 37
Linear Graphdiynes: the evolution from metalorganic to covalent carbon net-
works

Alice Cartoceti'
1 Department of Energy, Politecnico di Milano, Milan, Italy
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Graphdiynes (GDYs) are novel 2D carbon materials with mixed sp-sp? hybridization,
whose atomic arrangement consists of benzene rings connected by diacetylenic
bonds in different possible configurations. Their predicted high electrical conductivity
and tunability of electronic properties (e.g. bandgap), made possible by an extended
w-electron conjugation and easy functionalization, suggest them as highly promising
materials for a wide range of applications [1-3].

In this work, linear GDY nanoribbons were grown on Au(111) via on-surface syn-
thesis (OSS), starting from 1,4-bBEB powdered precursors deposited via organic
molecular beam epitaxy. The effect of the deposition and annealing temperatures on
the atomic structure and vibrational properties of the obtained networks was inves-
tigated in situ, by Scanning Tunnelling Microscopy (STM) and Raman spectroscopy
respectively, revealing a transition from metalorganic to disordered covalent organic
systems.

[1] P. Serafini et al., Phys. Chem. Chem. Phys. 24.17 (2022):10524-10536.
[2] Y. Xue et al., Science China Chemistry 61 (2018):765-786.
[3] G. Li et al., Chemical Communications 46.19 (2010):3256-3258

SUN 38
Efficient Algebraic Method for Flat Bands Construction and EBRs-based Topo-
logical Characterization
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2Diffine LLC, San Diego, CA, USA
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4Serbian Academy of Sciences and Arts, Belgrade, Serbia

SFaculty of Physics, University of Belgrade, Belgrade, Serbia
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Flat bands (FBs) are generating high attention from researchers in the condensed
matter — topological materials and superconductivity, in particular. Various methods
for constructing FBs have been proposed. E.g. generalized Lieb’s method [1,2]
and the refinement of existing techniques within graph theory — exploiting latent
symmetry and isospectral reduction of the underlying effective Hamiltonian [3].

Here, we use a powerful yet simple and elegant algebraic method for FB construc-
tion which utilizes the Bloch Hamiltonian eigen-determinant functional to identify
conditions guaranteeing the existence of non-dispersive eigenvalues (i.e. FBs).
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For illustration, we examine both natural and artificial 2D lattices with layer group
(LG) symmetry and investigate, using elementary band representations (EBRs) for
LGs [4], whether the constructed FBs fall under trivial categories (such as flat or
obstructive atomic bands) or possess topological nontrivial characteristics.

[1] E.H. Lieb, PRL 62 (1989) 1201.

[2] D. Calugaru et al. Nat. Phys. 18 (2022) 185.

[3] C.V. Morfonios et al. PRB 104 (2021) 035105.

[4] M. Damnjanovic and . Milosevic, Bull. Sci. Math. Nat., SASA 47 (2022) 85.
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Revisiting momentum-space indirect interlayer excitons in TMD heterostruc-
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Interlayer excitons (IX) in transition metal dichalcogenide heterostructures have at-
tracted much attention recently because of their permanent dipole and longer life-
times compared to their intralayer counterparts. IX are generally only visible in the
near-IR range and for twist angles of the heterobilayers close to 0°. These restric-
tive conditions for optical detection have motivated the search for twist-independent,
momentum-indirect IX. Here, we discuss the common assignment of the photolu-
minescence (PL) feature around 1.6 eV in MoS2 - WSe2 heterostructures to such
a momentum-indirect 1X. We discuss room and cryogenic temperature PL and re-
flectivity measurements on heterostructures with different stacking orders and twist
angles and find no evidence of interlayer emission. Charge transfer and momentum-
space direct IX fingerprints indicate good coupling of the heterobilayers. We use
tip-enhanced PL to show that an intralayer WSe2 exciton strained by pockets of
contaminants trapped in the interface may produce a similar PL band to the one as-
signed to the momentum indirect IX. These pockets offer in turn an interesting strain
engineering landscape for various excitonic species.

SUN 40
Lightwave electronics induced interlayer tunneling in FG-FET

Hieu Duc Nguyen!, Christoffer Vendelbo Soerensen!, Mattias Rasmussen?, Binbin
Zhou?, Peter Uhd Jepsen?, Peter Bgggild*
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Previous investigations have shown that strong light pulses may manipulate quick
transition currents in solid electrical fields. Studies have shown current tunneling
across a thin hBN insulator barrier wrapped in two monolayer graphene. Based on
the above, what would happen if a graphene channel and a graphite floating gate
were separated by a thin layer of hBN and subjected to a powerful laser pulse?
To answer the question, we researched extensively. Right now, the topic matter
is misinterpreted. Using cutting-edge nanofabrication techniques, we developed a
unique Graphene Floating gate — Field Emission Transistor (FG-FET) for Lightwave
electronics. Using high-intensity broadband THz technology, we construct a low-
energy memory Graphene device foundation for future applications. In our study, we
observed an unusual phenomenon when samples are irradiated under THz pulses.
The electrical results before and after the samples were interacted with THz pulses
suggest that a significant amount of are transferred and trapped into the floating
gate layer and discharge slowly over time.

SUN 41
SWNTs Charge Management Through Controlled Functionalization

Antonio Setaro!, Alphonse Fiebor!, Mohsen Adeli!, Stephanie Reich!
1 Physics, Freie Universitat Berlin, Berlin

Gaining control of the doping level of SWNTSs at the single particle level opens up
new possibilities for their applications. Electrochemical gating allows fine tuning of
the desired position of the Fermi level but can be implemented on ensembles of
tubes. Filling the tubes with charge-transfer molecules, on the other side, allows
doping at the single nanotube level but lacks fine control over the amount of charges
transferred. Here we report our approach based on covalently attached ad-hoc
synthesized charge-transfer compounds. This approach does not perturb the pi-
conjugation of the carbon network, preserving their optoelectronic properties. By
controlling the number of groups attached onto the SWNTs, we can set the amount
of charges transferred into them, spanning from p-doping to n-doping in a straight-
forward way.

SUN 42
Cobalt-doped molybdenum disulfide: Electronic structure and performance in
sodium-ion batteries

Lyubov G. Bulusheva®, Alena A. Zaguzina'!, Alexander Okotrub'!
!Nikolaev Institute of Inorganic Chemistry SB RAS, Novosibirsk, Russia

To incorporate cobalt into the molybdenum disulfide (M o0S5-) lattice, we decomposed
a mixture of (N Hy)2MoS,, a source of molybdenum and sulfur, and cobalt acetate
under thermal shock conditions. An EXAFS study of nanomaterials detected that
cobalt has four sulfur atoms in its nearest environment. Such coordination is possi-
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ble when cobalt is located at the edge of the layers. Co-M oS, samples were tested
as anode materials in sodium-ion batteries. It was found that a sample containing
5 percent of cobalt has better stability and higher specific capacity at current den-
sities from 0.5 to 2 A/g than other doped samples and undoped MoS> prepared
in a similar way. The stability of the 5Co — MoS> sample can be explained by its
increased conductivity. Indeed, XANES S K-edge spectrum of this sample showed
the appearance of a pre-edge peak which may correspond to p-type MoS; doping
resulting from cobalt incorporation. DFT calculations found that cobalt has a negli-
gible effect on sodium diffusion along the MoS, surface, however, charge transfer
increases when Na is adsorbed near a cobalt defect. The work was funded by the
Russian Science Foundation (grant 23-73-00048).
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Crystal structure of the incommensurate composite structure of the sliding
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Sliding ferroelectricity in 2D materials has been recently shown theoretically [1] and
experimentally [2]. However, sliding ferroelectricity was mostly observed on artifi-
cially prepared layered materials. The layered compound (PbS)1.11VS2 naturally
grows as a van der Waals superlattice, consisting of alternated stacked layers of
the transition metal dichalcogenide VS2 and the transition metal monochalcogenide
PbS [3].

We will present the crystal structure of (PbS)1.11VS2, an incommensurate modu-
lated composite elucidated using single-crystal X-ray diffraction (SCXRD). The in-
teraction between the two subsystems works as a perturbation potential, creating
satellite reflections on the diffraction patterns. Intrinsic twin formation with a relative
rotation of less than one degree leads to sliding ferroelectricity at room temper-
ature. Using several imaging techniques, triangular and lamellar ferroelectric do-
mains varying from a few nanometers up to tens of micrometers are observed. We
will show that SCXRD can be a powerful tool to study moire physics.

1.Li, L. and Wu, M. ACS Nano 11, 6382, 2017
2.Zhang, D. et al., Nat Rev Mat 8, 25, 2023
3.Corréa, C.A. et al., arXiv:2306.14446
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Nanobubbles form naturally at the interfaces of 2D materials and their substrate due
to air-borne contamination trapped between them in the preparation process. The
photoluminescence (PL) signal from the bubbles is strongly red-shifted because of
tensile deformation. Its intensity is considerably increased in cases where the sub-
strate otherwise causes PL quenching due to charge transfer [1]. In the present
work, by combining (tip-enhanced) PL and Raman spectroscopy, scanning tunnel-
ing microscopy and spectroscopy, and molecular dynamics, we s