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2Research Opportunities @ U125 PGM

Spin- and angle-resolved photoemission

Scope of previous users
on electronic and spin structure
» Topological insulators

* Weyl nodes and spin texture of Fermi arcs
in Weyl semimetals

« Magnetic and spintronic materials
* Metal intercalation in graphene

« Conversion of fullerenes into graphenes

Courtesy of Oliver Rader !



Motivation: New materials for next generation spin and electronic applications

* Linear (massless) dispersion

e High carrier mobility

« Large transversal magnetoresistance

* Negative longitudinal magnetoresistance

Showcase projects:

Topological insulator & magnetic field = Opening of band gap

Dirac semimetal with tunable Dirac point

Dirac semimetal & magnetic field > Weyl semimetal, appearance of Fermi arcs

Lead halide perovskites



Wimmer et al., Advanced Materials 33 (2021) 2102935.

Ferromagnetic topological insulator:
p-type MnSb,Te,

2D Dirac cone with Dirac point close to the Fermi level

Mn stoichiometric - ferromagnetic, high Curie temperature of 50 K
Out-of-plane magnetic anisotropy
PES proves out-of-plane spin polarization

STS reveals bandgap closing at the Curie temperature

Helical spin texture Out of plane spin component

Dirac cone with linear dispersion

» Gap closing at T
confirmed by STS



Sanchez-Barriga et al., Phys. Rev. Lett. 130 (2023) 236402

3D Dirac semimetal Au,Pb with tunable Lifshitz transition

3D Dirac cone protected
by C,, symmetry & SOC

T=388 K

T=688k

=253k

T=38%

450 meV shift
of Dirac cone;

Transition from
hole-type to
electron-type
Fermi surface

T-dependent
lattice compression

DFT



Schrunk et al., Nature 603 (2022) 610.
Fermi arcs in an antiferromagnet

Cubic monopnictide NdBI
Antiferromagnetic below 24 K
Fermi arcs below T

Unusual magnetic splitting
Complex dichroic response /
signature of spin texture



Fermi arcs in NdBi

25 K
Usual band splitting (band curvature conserved)
>
T1
<
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Q
@
New band splitting (opposite band curvature)
6 K




Energy materials: lead halide perovskites

» Tandem-cell efficiency of 30%
» High defect tolerance, low mobility,
low charge carrier trapping, low recombination rates

Large polaron formation ?
» Mass enhancement
» Satellites in spectral function

Sajedi et al., Phys. Rev. Lett. 128 (2022) 176405.

Brillouin zone of CsPbBr; (DFT calculation)

R - point M - point

No large polarons in ARPES !



Thanks to Oliver Rader !

&

Thank you for your attention !



3(a) Dipole beamline: experimental resources and recent highlights

Anna Makarova



Dipole beamline

Characteristics of the beamline

Energy range 80 -1500 eV

Flux up to 10! photons/s/100 mA
Resolving power up to 11000 at ~400eV
Polarisation linear

Experimental station fixed, RGBL-PES

S.1. Fedoseenko et al. / Nuclear Instruments and Methods in Physics Research A 505 (2003) 718-728

German-Eastern-European-Laboratory for Energy Materials Research (GELEM):
Kick-Off Meeting, July 07, 2023



Experimental station @ dipole beamline

»Maximum flexibility Ultra-High Vacuum station
for usert‘s experiments«

e fast-entry load-lock chamber
(simultaneous load of up to 8 sample

holders)
e 2 preparation chambers:

0 Flash-machine

0 heating stage

O ion gun

O evaporators (metals,
organics, etc)

O gasinlet systems,

0 atomic hydrogen source

etc.

v' cleaning of the ex situ samples
v’ synthesis in situ
v’ post-growth modification: study

on the interactions with gases,
Design: D. Marchenko, D, Vyalikh, S. Fedoseenko, C. Laubschat. metals, influence of heating etc.

Installation and implementation: O. Vilkov
German-Eastern-European-Laboratory for Energy Materials Research (GELEM):

Kick-Off Meeting, July 07, 2023



Sample Environment

Argon glove box allows transfer of the samples to the experimental station without contact with air

German-Eastern-European-Laboratory for Energy Materials Research (GELEM):
Kick-Off Meeting, July 07, 2023



Experimental station @ dipole beamline

Methods available:

» Photoelectron Spectroscopy (PHOIBOS 150 Electron
Energy Analyzer)

» Near Edge X-ray Absorption Fine Structure (NEXAFS):
» total electron yield, TEY (ampermeter Keithley)

e partial electron yield, PEY (MCP-detector)

* fluorescence yield, FY (installation of external
fluorescence detector possible)

» Low Energy Electron Diffraction (in analysis and
preparation chambers)

» Mass-spectroscopy (in preparation chamber)

in operation since 2011 German-Eastern-European-Laboratory for Energy Materials Research (GELEM):
Kick-Off Meeting, July 07, 2023



Functionalization of 2D materials

e Doping of graphene with heteroatoms
Nitrogen-doped graphene on a curved nickel surface

Modulating nitrogen species via N-doping and post annealing of
graphene derivatives: XPS and XAS examination

M. K. Rabchinskii, et al., Carbon 182 (2021) 593-604 O. Yu. Vilkov, et al., Carbon 183 (2021) 711-720

German-Eastern-European-Laboratory for Energy Materials
Research (GELEM): Kick-Off Meeting, July 07, 2023



Stability of materials

Nanoscale phase separation in the oxide layer at GeTe (111) surfaces

Figure: comparison of the in situ and ex situ kinetics: (a) and
(b) ex situ Ge 3d and Te 4d for a GeTe (111) surface treated
with molecular and atomic oxygen; (c) Reaction kinetics for
the in situ data obtained at low (green) and high photon
flux (brown), ex situ data obtained for molecular oxygen

(blue) and in the presence of atomic oxygen (dark yellow).
A. S. Frolov et al. Nanoscale 2022, 14, 12918

German-Eastern-European-Laboratory for Energy Materials -
Research (GELEM): Kick-Off Meeting, July 07, 2023



Energy storage materials

A high-capacity P2 Na, ;Ni, 5Mn,,;0, cathode material for sodium ion batteries with oxygen activity
P2-Na, TMO, materials

T. Risthaus, et al., Journal of Power Sources 395 (2018) 16

German-Eastern-European-Laboratory for Energy Materials
Research (GELEM): Kick-Off Meeting, July 07, 2023



Materials of biological origin

Crystalline and amorphous calcium carbonate as structural components of
the Calappa granulata exoskeleton

Left: Fitting and simulation of the Ca L3,2-edge NEXAFS
spectrum of a crystalline calcite sample. Right: Ca L3,2-
edge NEXAFS spectra recorded from various parts of
the exoskeleton — black, compared with the spectrum
of a calcite reference sample - red.

M. Katsikini et al., Journal of Structural Biology, 211, 3, 2020
German-Eastern-European-Laboratory for Energy Materials 9
Research (GELEM): Kick-Off Meeting, July 07, 2023



Example of a complete study

Study on the interaction of h-BN grown on c-Ni(111) with molecular oxygen

Stepl. Synthesis Step 2. Characterization

h-BN growth: CVD synthesis at 2 X 107" mbar of borazine
(B3N3H¢) at 750°C for 12 min on ¢-Ni(111) surface

L. Fernandez et al, 2D Mater. 6 (2019) 025013
A. Makarova et al., JPCC 123 (2019) 593-602

German-Eastern-European-Laboratory for Energy Materials

Research (GELEM): Kick-Off Meeting, July 07, 2023 1o



Example of a complete study

Step 3. Sample treatment Step 4. Further characterization

Thermal oxygen exposure: 10
mbar of molecular oxygen at 300°C
for 10 min

A. Makarova et al., JPCC 123 (2019) 593-602 German-Eastern-European-Laboratory for Energy Materials

Research (GELEM): Kick-Off Meeting, July 07, 2023 H



Future capabilities

New Manipulator for in operando and in situ studies

Key features:
e wide temperature range 100-1000K = temperature programmed XPS and XAS:
v temperature-dependent physicochemical processes in 2D materials
(doping, recrystallization, intercalation, etc.)
v’ self-organization of low-dimensional systems
v’ phase transitions
v’ interface formation
v’ thermal stability
v chemical reactions on the surfaces, etc.
e electrical contacts on manipulator
v’ connection of potentiostat — electrochemistry, all-solid-state batteries
v’ gas sensing devices
v’ electric field induced phenomena (e.g. superconductivity)

German-Eastern-European-Laboratory for Energy Materials
Research (GELEM): Kick-Off Meeting, July 07, 2023
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6. Future Prospects of GELEM

TO DO:

« Establish a new Eastern European User Community using the Laboratory for Energy Materials Research at
BESSY Il

Will be an essential prerequisite to:

» Allocate / renew funding for instrumental support (German ministry, BESSY)
« Allocate funding for beamline development (German ministry, calls)

* Organize travel support (EU - pending)

» Continuation of successful beamtimes and excellent publication record

PROSPECTS:
« Establish and be part of an international steering committee

« Dedicated share of beamtime at GELEM including independent
evaluation of beamtime proposals

* Meetings and scientific exchange of GELEM members
« Establish new collaborations and common beamtimes
« State-of-the-art instruments / dedicated user support

« GELEM at BESSY Il ...



8. Summary and Conclusions

This was the GELEM Kick-Off Meeting providing first information

Subsequent meetings of this newly shaped community can be scheduled upon request

Virtual seminars can be organized

We request your strong user proposals for the use of GELEM

Beyond: YOUR Support for being able to host user groups so that support can be requested by the German BMBF
We need from the user community evidence for a strategic need for such support expressed by Lol

(needed latest by Fall 2023)

In summary: We look forward to strong user proposals for GELEM and expect competition for the

limited beam time and a high scientific productivity of the best proposals AND dedication of groups who want to

do more, i.e, expressing Letters of Intent for contributing to the future as being partner in GELEM so that we can develop
GELEM as successful as possible.
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