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The Russian-German Laboratory at BESSY II
The Russian-German Laboratory at BESSY II is dedicated to Russian-German collaborations in the use of
synchrotron radiation for basic research. The stakeholders comprise currently eight institutions – four from
each country* – which organize the experimental user support, financial support, proposal evaluation and
further scientific and instrumental development of the infrastructure as well as scientific workshops.
The RGL operates currently one dipole (RGBL1) and one undulator beamline (RGBL2). It has since
inauguration lead to more than 700 peer-reviewed publications. 70% of the beamtime at the two beamlines
is reserved for research in the framework of Russian-German collaboration and allocated based on scientific
qualtiy. Users from any university or research center in Russia can apply. The remaining 30% are for the
general user community of HZB.

For information on user access see:
https://www.helmholtz-berlin.de/projects/rgl/users/index_en.html

Research topics
organic molecules − graphene and carbon-based
materials − novel nano-bio structures − strongly
correlated d- and f-systems − low-dimensional
structures − novel catalytically active materials
− materials for energy storage and conversion

History
• 1994 Initiation of the RGL at BESSY II (Kaindl,
Adamchuk, Gudat, Laubschat, Gordeev, Kovalchuk)

*

The RGL stakeholders are: St. Petersburg State University, Kurchatov Institute (Moscow), Shubnikov
Institute for Crystallography (Moscow), Ioffe Institute (St. Petersburg), Freie Universität Berlin, Technische
Universität Dresden, TU Bergakademie Freiberg, Helmholtz-Zentrum Berlin

• 2001 Inauguration of beamline (funded by
BMBF & Lottostiftung Berlin)
• 2002 Dedicated experimental station
• 2010 Major upgrade of experimental station
• 2015 Improved environment for delicate
samples
• 2016 Upgrade of beamline optics
• 2019 Inauguration of RGBL2 undulator
beamline and endstation

Russian-German dipole beamline
Beamline characteristics
Energy range: 100-1500 eV
Flux: up to 2.5 1011 photons/s/100 mA
Pressure Range: UHV
Temperature range: 100-300K (measurement), 300-2300K
(sample preparation)
Polarisation: horizontal

Methods available:

RGL-PES Endstation

➢

Photoelectron Spectroscopy

➢

Near Edge X-ray Absorption Fine Structure (NEXAFS):
•

total electron yield, TEY

•

partial electron yield, PEY

•

fluorescence yield, FY

➢

Low Energy Electron Diffraction (LEED)

➢

Mass-spectroscopy (in preparation chamber)

Recent highlights: RGBL-1 dipole beamline

Hybrid h-BN–Graphene Monolayer with B–C Boundaries on a Lattice-Matched Surface
K.A. Bokai, A.V. Tarasov, V.O. Shevelev, O.Yu. Vilkov, A.A. Makarova, D. Marchenko, A.E. Petukhov, M. Muntwiler, A.V.
Fedorov, V.Yu. Voroshnin, L.V. Yashina, C. Laubschat, D.V. Vyalikh, D.Yu. Usachov
In-plane heterostructures of hexagonal boron nitride (h-BN) and
graphene (Gr) have recently appeared in the focus of material science
research owing to their intriguing and tunable electronic properties.
However, disclosure of the atomic structure and properties of onedimensional heterojunctions between Gr and h-BN domains remains a
largely unexplored and challenging task. Here, we report an approach
to obtain a perfectly oriented and atomically thin hybrid h-BN–Gr
heterolayer on the Co(0001) surface. A perfect matching of the lattice
parameters ensures an epitaxial growth of both Gr and h-BN on the
close-packed Co surface. High crystalline quality of the resulting
interface allowed us to uncover the structural and electronic
properties of the lateral h-BN/Gr heterojunctions by means of
complementary microscopic and spectroscopic techniques. In
particular, we established the coexistence of two types of zigzag
boundaries made of B–C bonds, while the boundaries with N–C bonds
were found to be unfavorable. Observation of spin-polarized edge
states at the C-zigzag edges of Gr domains allowed us to determine the
atomic structure of C-BN heterojunctions with scanning tunneling
microscopy.

Chem. Mater. 32, 3 (2020) 1172–1181
https://doi.org/10.1021/acs.chemmater.9b04207

Recent highlights: RGBL-1 dipole beamline
Unveiling a facile approach for large-scale synthesis of N-doped graphene with tuned
electrical properties
M. K. Rabchinskii, S. A. Ryzhkov, M. V. Gudkov, M. V. Baidakova, S. D. Saveliev, S. I. Pavlov, V. V. Shnitov, D. A. Kirilenko, D.
Yu. Stolyarova, A. M. Lebedev, R. G. Chumakov, M. Brzhezinskaya, K. A. Shiyanova, A. Makarova, S. V. Pavlov, V. A.
Kislenko, S. A. Kislenko, V. P. Melnikov, P. N. Brunkov
In this paper, we for the first time demonstrate efficient nitrogen doping of graphene
oxide (GO) with nitrogen concentration of up to almost 5 at.% and desired type of the
nitrogen species via modified Hummers' method. Using x-ray photoelectron
spectroscopy (XPS), x-ray absorption spectroscopy (XAS) and Fourier transform infrared
spectroscopy (FTIR) techniques, we have found out graphitic nitrogen to be the
dominant type of the implemented nitrogen species. At the same time, the subsequent
GO thermal reduction to graphene appears to result in a transformation of the graphitic
nitrogen into pyridines and pyrroles. The mechanisms of the observed GO nitrogen
doping and conversion of the nitrogen species are proposed, providing an opportunity
to control the type and concentration of the implemented nitrogen within the
developed approach. A two-time increase of the graphenes' conductivity is observed
due to the performed nitrogen doping. Further comprehensive electrical studies
combined with the transmission electron microscopy (TEM) and density functional
theory (DFT) modeling have allowed us to estimate the conductivity mechanism and the
impact of the implemented nitrogen. As a net result, a simple method to synthesize GO
and graphene layers doped with specific nitrogen species is developed, which leads to
new perspective applications for graphene, i.e. supercapacitors, catalysis, and sensors.

2D Materials 7 (2020) 045001
https://doi.org/10.1088/2053-1583/ab9695

Recent highlights: RGBL-1 dipole beamline
Extreme biomimetics: Preservation of molecular detail in centimeter-scale samples of
biological meshes laid down by sponges
Ia. Petrenko, A.P. Summers, P. Simon, S. Żółtowska-Aksamitowska, M. Motylenko, C. Schimpf, D. Rafaja, F. Roth, K.
Kummer, E. Brendler, O.S. Pokrovsky, R. Galli, M. Wysokowski, H. Meissner, E. Niederschlag, Y. Joseph, S. Molodtsov, A.
Ereskovsky, V. Sivkov, S. Nekipelov, O. Petrova, O. Volkova, M. Bertau, M. Kraft, A. Rogalev, M. Kopani, T. Jesioniowski,
and H. Ehrlich
Fabrication of biomimetic materials and scaffolds is usually

Science Advances 5 (2019) eaax2805
https://doi.org/10.1126/sciadv.aax2805

a micro- or even nanoscale process; however, most testing
and all manufacturing require larger-scale synthesis of
nanoscale features. Here, we propose the utilization of
naturally prefabricated three-dimensional (3D) spongin
scaffolds that preserve molecular detail across centimeterscale samples. The fine-scale structure of this collagenous
resource is stable at temperatures of up to 1200°C and can
produce up to 4 × 10–cm–large 3D microfibrous and
nanoporous turbostratic graphite. Our findings highlight the
fact that this turbostratic graphite is exceptional at
preserving the nanostructural features typical for triplehelix collagen. The resulting carbon sponge resembles the
shape and unique microarchitecture of the original spongin
scaffold. Copper electroplating of the obtained composite
leads to a hybrid material with excellent catalytic
performance with respect to the reduction of p-nitrophenol
in both freshwater and marine environments.

Recent highlights: RGBL-1 dipole beamline

Chlorinated holey double-walled carbon nanotubes for relative humidity sensors
L.G. Bulusheva, V.I. Sysoev, E.V. Lobiak, Yu.V. Fedoseeva, A.A. Makarova, M. Dubois, E. Flahaut, and A.V. Okotrub

Carbon 148 (2019) 413
https://doi.org/10.1016/j.carbon.2019.04.010

A chemical procedure for modification of double-walled carbon
nanotubes (DWCNTs) to enhance their response to humidity
was developed. The DWCNTs walls were etched by hot
concentrated sulfuric acid, after what the edge carbon sites
were saturated by chlorine via reaction with CCl4 vapor. This
treatment increases the dispersibility of DWCNTs in solvents,
removes oxygen groups, and produces chlorine-decorated holes
in the outer walls. Networks of chlorinated holey DWCNTs
showed a high repeatable response to humid environment and
a good reversible behavior after the sensor purging by dry air.
The density functional theory calculations predict enhanced
polarization of the DWCNTs when they contain chlorinedecorated holes in the outer walls and physisorption of H2O
molecules near chlorine atoms. These two effects are the cause
of an intense low-noise signal to gaseous H2O and easy sensor
recovery.

Recent highlights: RGBL-1 dipole beamline
Narrow photoluminescence and Raman peaks of epitaxial MoS2 on graphene/Ir(111)
N. Ehlen, J. Hall, B.V. Senkovskiy, M. Hell, J. Li, A. Herman, D. Smirnov, A. Fedorov, V.Yu. Voroshnin, G. Di Santo, L.
Petaccia, T. Michely, and A. Grüneis

We report on the observation of photoluminescence (PL) with a
narrow 18 meV peak width from molecular beam epitaxy grown
MoS2 on graphene/Ir(1 1 1). This observation is explained in terms
of a weak graphene-MoS2 interaction that prevents PL quenching
expected for a metallic substrate. The weak interaction of MoS2
with the graphene is highlighted by angle-resolved photoemission
spectroscopy and temperature dependent Raman spectroscopy.
These methods reveal that there is no hybridization between
electronic states of graphene and MoS2 as well as a different
thermal expansion of both materials. Molecular beam epitaxy
grown MoS2 on graphene is therefore an important platform for
optoelectronics which allows for large area growth with controlled
properties.

2D Mater. 6 (2019) 011006
https://doi.org/10.1088/2053-1583/aaebd3

RGBL-2 undulator beamline
Beamline characteristics
Photon energy: 15-200 eV (optimal range)
Energy resolution: 1meV (below hn  100 eV)
Polarization: linear (horizontal)
High photon flux: > 1013 Photons/s/0.1%BW/100mA
Spot size 70 mm

RGBL-2 Endstation
Contact: jaime.sanchez-barriga@helmholtz-berlin.de

RGBL-2 end station for spin-ARPES
➢ Spectrometer Scienta R4000 with combined 2D MCP
and Mott- type spin-detectors for 3D spin detection
➢ Energy/ angular resolution 30 meV / <0.8° with
spin resolution)
➢ Versatile In-situ sample preparation facilities
➢ Six axis manipulator LHe for Omicron sample holders
and temperature down to 40 K
➢ Automatic sample positioning for band structure
mapping

Recent highlights RGBL-2 undulator

Cubic Rashba Effect in the Surface Spin
Structure of Rare-Earth Ternary Materials
D. Yu. Usachov, I. A. Nechaev, G. Poelchen, M. Güttler,
E. E. Krasovskii, S. Schulz, A. Generalov, K. Kliemt, A. Kraiker,
C. Krellner, K. Kummer, S. Danzenbächer, C. Laubschat,
A. P. Weber, J. Sánchez-Barriga, E. V. Chulkov,
A. F. Santander-Syro, T. Imai, K. Miyamoto, T. Okuda,
and D. V. Vyalikh

Phys. Rev. Lett. 124, 237202 (2020)
https://doi.org/10.1103/PhysRevLett.124.237202
Spin-orbit interaction and structure inversion asymmetry in combination with magnetic ordering is a promising route to novel materials
with highly mobile spin-polarized carriers at the surface. Spin-resolved measurements of the photoemission current from the Siterminated surface of the antiferromagnet TbRh2Si2 and their analysis within an ab initio one-step theory unveil an unusual triple winding
of the electron spin along the fourfold-symmetric constant energy contours of the surface states. A two-band k⋅p model is presented that
yields the triple winding as a cubic Rashba effect. The curious in-plane spin-momentum locking is remarkably robust and remains intact
across a paramagnetic-antiferromagnetic transition in spite of spin-orbit interaction on Rh atoms being considerably weaker than the outof-plane exchange field due to the Tb 4f moments.

Recent highlights RGBL-2 undulator

Atomic and Electronic Structure of a
Multidomain GeTe Crystal
S. Frolov, J. Sánchez-Barriga, C. Callaert, J. Hadermann,
A V. Fedorov, D. Usachov, A. Chaika, B. Walls, K.
Zhussupbekov, I. V. Shvets, M. Muntwiler, L. Gregoratti,
M. Amati, A. Varykhalov, O. Rader, and L. V. Yashina

ACS Nano, in press (2020)

All-electrical control of the spin texture in combination with ferroelectric properties at the nanoscale would create advanced
functionalities in spintronics and data information processing. Here, we investigate the atomic and electronic properties of GeTe bulk
single crystals and their (111) surfaces. We succeeded in growing crystals possessing solely inversion domains of ∼10 nm thickness
parallel to each other. Using HAADF-TEM we observe two types of domain boundaries, one of them being similar in structure to the van
der Waals gap in layered materials. This structure is responsible for the formation of surface domains with preferential Te-termination
(∼68%) as we determined using photoelectron diffraction and XPS. The lateral dimensions of the surface domains are in the range of
∼10−100 nm, and both Ge- and Te-terminations reveal no reconstruction. Using spin-ARPES we establish an intrinsic quantitative
relationship between the spin polarization of pure bulk states and the relative contribution of different terminations, a result that is
consistent with a reversal of the spin texture of the bulk Rashba bands for opposite configurations of the ferroelectric polarization within
individual nanodomains. Our findings are important for potential applications of ferroelectric Rashba semiconductors in nonvolatile
spintronic devices with advanced memory and computing capabilities at the nanoscale.

Recent highlights RGBL-2 undulator

Large magnetic gap at the Dirac point in
Bi2Te3/MnBi2Te4 heterostructures
E. D. L. Rienks*, S. Wimmer*, J. Sánchez-Barriga*, O. Caha, P. S.
Mandal, J. Růžička, A. Ney, H. Steiner, V. V. Volobuev, H. Groiss,
M. Albu, G. Kothleitner, J. Michalička, S. A. Khan, J. Minár, H. Ebert,
G. Bauer, F. Freyse, A. Varykhalov, O. Rader, and G. Springholz

Nature 576, 423 (2019)
https://doi.org/10.1038/s41586-019-1826-7

Here we use low-temperature photoelectron spectroscopy to unambiguously reveal the magnetic gap of Mn-doped Bi2Te3, which displays
ferromagnetic out-of-plane spin texture and opens up only below TC. Surprisingly, our analysis reveals large gap sizes at 1 kelvin of up to
90 millielectronvolts, which is five times larger than theoretically predicted. Using multiscale analysis we show that this enhancement is
due to a remarkable structure modification induced by Mn doping: instead of a disordered impurity system, a self-organized alternating
sequence of MnBi2Te4 septuple and Bi2Te3 quintuple layers is formed. This enhances the wavefunction overlap and size of the magnetic
gap. Mn-doped Bi2Se3 and Mn-doped Sb2Te3 form similar heterostructures, but for Bi2Se3 only a nonmagnetic gap is formed and the
magnetization is in the surface plane. This is explained by the smaller spin–orbit interaction by comparison with Mn-doped Bi2Te3. Our
findings provide insights that will be crucial in pushing lossless transport in topological insulators towards room-temperature applications.

Recent highlights RGBL-2 undulator
Prediction and observation of an
antiferromagnetic topological insulator
M. M. Otrokov, I. I. Klimovskikh, H. Bentmann, D. Estyunin, A. Zeugner, Z.
S. Aliev, S. Gaß, A. U. B. Wolter, A. V. Koroleva, A. M. Shikin, M. BlancoRey, M. Hoffmann, I. P. Rusinov, A. Yu. Vyazovskaya, S. V. Eremeev, Yu.
M. Koroteev, V. M. Kuznetsov, F. Freyse, J. Sánchez Barriga, I. R.
Amiraslanov, M. B. Babanly, N. T. Mamedov, N. A. Abdullayev, V. N.
Zverev, A. Alfonsov, V. Kataev, B. Büchner, E. F. Schwier, S. Kumar, A.
Kimura, L. Petaccia, G. Di Santo, R. C. Vidal, S. Schatz, K. Kißner, M.
Ünzelmann, C. H. Min, Simon Moser, T. R. F. Peixoto, F. Reinert, A.
Ernst, P. M. Echenique, A. Isaeva and E. V. Chulkov

Nature 576, 416 (2019)
https://doi.org/10.1038/s41586-019-1840-9
Here we predict by ab initio calculations and further confirm using various experimental techniques the realization of an
antiferromagnetic topological insulator in the layered van der Waals compound MnBi2Te4. The antiferromagnetic ordering that
MnBi2Te4 shows makes it invariant with respect to the combination of the time-reversal and primitive-lattice translation
symmetries, giving rise to a ℤ2 topological classification; ℤ2 = 1 for MnBi2Te4, confirming its topologically nontrivial nature. Our
experiments indicate that the symmetry-breaking (0001) surface of MnBi2Te4 exhibits a large bandgap in the topological surface
state. We expect this property to eventually enable the observation of a number of fundamental phenomena, among them
quantized magnetoelectric coupling and axion electrodynamics. Other exotic phenomena could become accessible at much
higher temperatures than those reached so far, such as the quantum anomalous Hall effect2 and chiral Majorana fermions.
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