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International Symposium on Materials Science:

Theory Meets Experiment

The scope of the International Symposium on Materials Science: Theory Meets Experiment
(ISMS’2019), being held in Shanghai University on November 12-13, 2019, is to bring together
people who are actively working in the area of Materials Physics and Chemistry and use modern
theoretical or experimental approaches to study crystallographic structure, electronic and mag-
netic properties of solids.

The symposium addresses the broad range of topics in Materials Science: ranging from quantum
chemistry and materials synthesis to superconductivity and heavy electron systems. ISMS’2019
is set to give a comprehensive review of the latest developments in the field of Materials Science
by a selection of distinguished invited speakers from leading research centers and industry. At the
same time the location and schedule should stimulate inspiring scientific exchange and networking
between senior and young researchers.

Organisation Committee:
Yuriy Dedkov (College of Science, Shanghai University, China)

Junyi Ge (Materials Genome Institute, Shanghai University, China)

Elena Voloshina (College of Science, Shanghai University, China)

Organisation Assistants:
Xiaoyan Gao (College of Science, Shanghai University, China)

Qilin Guo (College of Science, Shanghai University, China)

Mouhui Yan (College of Science, Shanghai University, China)

November 12-13, 2019
Shanghai University, Lehu New Building, Xuehai Hall



Timetable

Nov 12, Tuesday, Lehu New Building, Xuehai Hall (2nd floor)

9:45 - 10:00 Opening

10:00 - 11:00 Ping Ao (Shanghai University, China)
Dynamics of topological defects and non-equilibrium processes

11:00 - 12:00 Beate Paulus (Freie Universität Berlin, Germany)
Surface science – An insight from theory

12:00 - 13:30 Lunch / coffee / discussion

13:30 - 13:45 Photo

13:45 - 14:30 Junyi Ge (Shanghai University, China)
Tunable and switchable magnetic dipole patterns in nanostructured
superconductors

14:30 - 15:15 Lee Burton (Shanghai University, China)
High-throughput identification of electrides from all known inorganic materials

15:15 - 15:45 Coffee / discussion

15:45 - 16:30 Wei Ren (Shanghai University, China)
Two-dimensional and quantum materials from first principles

16:30 - 17:15 Denis Vyalikh (Donostia International Physics Center, Spain)
Exotic magnetism and strongly-correlated electrons in quasi-two-dimensional
4f -systems

17:30 - 19:00 Dinner

Nov 13, Wednesday, Lehu New Building, Xuehai Hall (2nd floor)

9:45 - 10:30 Xiaoping Wang (SPECS Group)
SPECS next generation electron spectrometer with lateral microscopy,
momentum microscopy and µ-ARPES capabilities

10:30 - 11:15 Kui Gong (Hongzhiwei Technology, China)
Atomic level material and device analysis for semiconductor industry

11:15 - 12:00 Yi Cui (Nano-X/SINANO, China)
Introduction to vacuum interconnected nanotech workstation in Suzhou

12:00 - 13:30 Lunch / coffee / discussion

13:30 - 14:15 Danil Boukhvalov (Nanjing Forestry University, China)
Chemical stability and catalytic properties of the topological materials

14:15 - 15:00 Anastasia Vyalikh (Technische Universität Bergakademie Freiberg, Germany)
Application of solid-state NMR for characterizing chemically modified
graphites

15:00 - 15:15 Closing

15:15 - 15:45 Coffee / discussion
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Dynamics of Topological Defects and Non-equilibrium Processes

Ping Ao

Physics Department and Shanghai Center Quantitative Life Sciences, Shanghai University,
Shanghai, China

aoping@sjtu.edu.cn

In solids and in quantum fluids dynamics of topological defects determines part of important
physics properties. Nevertheless, the dynamics in many situations are a bit counter intuitive. One
essential feature is their connection to nonequilibrium processes without detailed balance. A few
examples will be discussed, along with an introduction to progresses in theory of nonequilibrium
processes.

References:

[1] Y. Tang, S. Xu, and P. Ao, J. Chem. Phys. 148, 064102 (2018).

[2] C. Kwon, P. Ao, and D. J. Thouless, PNAS, Proc. Natl. Acad. Sci. USA 102, 13029 (2005).

[3] D. J. Thouless, P. Ao, and Q. Niu, Phys. Rev. Lett. 76, 3758 (1996).

[4] P. Ao and D. J. Thouless, Phys. Rev. Lett. 72, 132 (1994).

Ping Ao graduated from Peking University then went to USA for gradu-
ate study via T. D. Lee’s scholarship program (CUSPEA). Supervised by
A. J. Leggett he worked on macroscopic quantum phenomena and on
quantum measurement problem and obtained his PhD in physics from
University of Illinois in Urbana-Champaign. During postdoc period he
worked with D. J. Thouless on the dynamics of topological defects. For
the simple type, he and Thouless clarified theoretical inconsistencies in
vortex dynamics and were able to establish the corresponding equation
of motion from microscopic theories. It was successfully applied to ex-
plain the outstanding puzzle of Hall anomaly in type superconductors.
After working in cold atom systems in late 1990’s, he moved into biological and medical research
in 1999. Together with L. E. Hood and others he proposed and has been working on a new ap-
proach to cancer genesis and progression, by borrowing concepts from condensed matter physics
and materials sciences – cancer as a many-body physics phenomenon. His team has also been
developing computational tools for large and whole organism level metabolic network dynamics.
During his biological study he discovered a new approach to stochastic processes which turns out
to be very powerful in nonequilibrium processes.
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Chemical Stability of the Surface of Topological Materials: Theory and
Experiment

Danil W. Boukhvalov

College of Science, Institute of Materials Physics and Chemistry, Nanjing Forestry University,
Nanjing 210037, P. R. China

danil@njfu.edu.cn

In our recent works we considered chemical stability of several topological layered and quasi-
layered materials. Layered topological materials such as PtTe2, PtSe2, NiTe2, PdTe2, NiTe2, SnSe2
and VSe2 have atomic structure similar to MoSe2 and layers bind by electrostatic or London dis-
persion forces [1]. Some of this materials like PtTe2 [2] and VSe2 [3] chemically stable at ambient
conditions in contrast to SnSe2 and NiTe2 which demonstrate formation of oxide skin on the surface
of bulk materials.

For VSe2 we have also checked the role of intrinsic (vacancies, edges, ripples) and extrinsic
conditions (adsorbed molecules and magnetic substrate) on magnetic interactions and find that
single vacancies and adsorption of the molecules is usually unfavorable and enhance ferromag-
netic interactions. Larger vacancies and edges [4] switch exchanges to antiferromagnetic and
ripples eliminate magnetic moments on V4+ ions. We have also find surprisingly low energy bar-
rier for transition between 1T and 2H structural phases and find that substrate induced strain is the
cause of experimentally observed 1T which is not ground state for free standing VSe2 monolayer.

In quasi-layered topological materials such as NbAs, TaAs [5], ZrSiS, ZrSiSe [6] and PtSn4
layers connected by covalent bonds that lead to formation of dangling bonds on the surface that
results unavoidable oxidation by the air. We have also found experimentally unexpected excellent
catalytic activity of oxidized surface of PtSn4. Theoretical modeling suggests that the case of this
phenomena is the low migration barrier for Tafel step of hydrogen evolution reaction.

References:

[1] G. V. Pushkarev, V. G. Mazurenko, V. V. Mazurenko, D. W. Boukhvalov, arXiv:1909.11134v1 (2019).

[2] A. Politano et al., Adv. Funct. Mater. 28, 1706504 (2018).

[3] R. Edla et al., phys. stat. sol. (RRL), accepted; DOI: 10.1002/pssr.201900332.

[4] P. K. J. Wong et. al, Adv. Mater. 31, 1901185 (2019).

[5] A. Politano et al., Adv. Funct. Mater. 28, 1800511 (2018).

[6] D. W. Boukhvalov et al., Adv. Funct. Mater. 29, 1900438 (2019).

Danil Boukhvalov graduated in 1999 from the Ural State Technical
University (now part of Ural Federal University), Russia, under super-
vision of Prof. V. I. Anisimov and received his PhD in 2004 from the
Institute of Metal Physics, Yekaterinburg, Russia, and Forschunszen-
trum Julich, Germany, under supervisor of Prof. M. I. Katsnelson. Af-
ter several years of postdoc research in the Institute for Molecules and
Materials, Radboud University, Nijmegen, the Netherlands (2006-2009)
and National Institute of Material Sciences, Tsukuba, Japan (2010),
he received Assistant Professorship (2011-2014) at nano-modeling lab
(leader Prof. Young-Woo Son) at Korea Institute for Advanced Studies,
Seoul, South Korea. During 2014-2018 he was Associate Professor at Department of Chem-
istry, College of Sciences, Hanyang University Seoul Campus, South Korea. Presently, he is Full
Professor at College of Science at Nanjing Forestry University, China.
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High-Throughput Identification of Electrides from all Known Inorganic
Materials

Lee A. Burton,a Francesco Ricci,b Wei Chen,b Gian-Marco Rignanese,b and Geoffroy Hautierb

aInternational Centre for Quantum and Molecular Structures, Shanghai University, China
bUniversit Catholique de Louvain, Belgium

leeburton@shu.edu.cn

Electrides are rare ionic compounds in which an electron does not occupy an atomic orbital but
instead exists as a free electron in the crystal lattice. This electron is expected to behave differently
to those occupying the valence state of standard materials, making electrides desirable as electron
emitters [1], nonlinear optical switches [2], superconductors [3], battery anodes [4], and catalysts
for applications ranging from compound synthesis to CO2 splitting [5]. An electride catalyst has
even been shown to significantly improve the efficiency of the century-old Haber-Bosch process
compared to existing catalysts recently [6].

We use high-throughput screening and advanced calculations to identify undiscovered elec-
trides among all known materials. Our method recovers the compounds Ba3CrN3 and Sr3CrN3
as electrides. These ternary nitrides are the first known case of electrides containing a transition
metal element, which is surprising as one would expect a redox active transition metal to accept
the anionic electron rather than allowing its existence in the lattice. We confirm these results with
single crystal experiment, validating our method and approach [7]. Besides these compounds we
find more than 60 previously unknown electrides along with 4 already known, significantly expand-
ing this class of industry-relevant materials.

References:

[1] R. H. Huang et al., Chem. Phys. Lett. 166, 133 (1990).

[2] H.-M. He et al., J. Phys. Chem. C 121, 958 (2017).

[3] H. Hosono et al., Philos. Trans. Royal Soc. A 373, 2037(2015).

[4] J. Hu et al., ACS Appl. Mater. Interfaces 7, 24016 (2015).

[5] T.-N. Ye et al., Green Chem. 19, 749 (2017).

[6] K. Masaaki et al., Nat. Commun. 6, 6731 (2015).

[7] P. Chanhom et al., J. Am. Chem. Soc. 141, 10595 (2019).

Lee A. Burton finished his PhD at the University of Bath in England
in 2014. Since then he has been awarded 2 international post-doc fel-
lowships (to work in Japan and Belgium) and the European Seal of
Excellence in 2018.

His previous job was working as part of The Materials Project,
screening all known materials for various applications from catalysis to
hydrogen storage. Now he is hoping to use his expertise with handling
big data to effectively incorporate machine learning into the process of
property prediction and materials discovery.
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Introduction to Vacuum Interconnected Nanotech Workstation in
Suzhou

Yi Cui

Suzhou Institute of Nano-Tech and Nano-Bionics, China

ycui2015@sinano.ac.cn

Vacuum Interconnected Nanotech Workstation (Nano-X) is an integrated research platform for
nanoscience and nanotechnology research, with capabilities for material growth, device fabrica-
tion, characterization and test in the same vacuum interconnected workstation. All major facilities
in Nano-X are interconnected by ultrahigh vacuum tubes (10−8 Pa in main tubes). The transfer and
exchange of samples among different facilities can be realized in ultrahigh vacuum (or atmosphere
controlled environment) to solve the sample contamination issues.

Yi Cui got his bachelor degree in 2005, in applied chemistry in Dalian
University of Technologh, PhD degree in 2011 in Dalian Institute of
Chemical Physics, CAS, with supervisor of Prof. Xinhe Bao. Dur-
ing the postdoc career from 2011 to 2015 in Fritz Haber Institute in
Berlin, Germany, Yi Cui got support from Alexander Humboldt Founda-
tion and Max-Planck Society respectively. In 2015, he started to work in
SINANO (Suzhou Institute of Nano-Tech and Nano-Bionics), CAS, and
in 2016 he got the support from the thousand young talent program. Dr.
Yi Cui has been working on model catalysis and surface science for 13
years. He has fruitful experiences on material preparation and characterization methods by UHV
methods. Currently, he is the vice director of the department of Nano-X (Vacuum Interconnected
Nanotech Workstation) in Suzhou, which is a state-of-art platform for surface science research
and future device development.
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Atomic level material and device analysis for semiconductor industry

Kui Gong

Hongzhiwei Technology (Shanghai) Co., Ltd.

gongkui@hzwtech.com

Since the size of semiconductor device update rapidly, the most advanced technology is al-
ready targeting the 5 nm process or even 3 to 1 nm. Thin layers in the latest transistor exhibit
different properties than bulk material and can only be accurately analyzed by atomic methods.
Increasing number of material and process issues require understanding on atomic level to enable
material engineering and transistor design. We reviewed application of atomistic simulation tools
to characterize some of the major technology issues for semiconductor industry.

United PhD between University of Science & Technology Beijing and
McGill University

2016-07/2019, Application Engineering Dept., Manager, Zhejiang
Hongzhiwei Technology Co., Ltd.

Since 08/2019, Application Technology Dept., Manager, Hongzhiwei
Technology (Shanghai) Co., Ltd.
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Tunable and Switchable Magnetic Dipole Patterns in Nanostructured
Superconductors

Jun-Yi Gea,b, Vladimir Gladilinb,c , Jacques Temperec , Jozef T. Devreesec , Victor V. Moshchalkovb

aMaterials Genome Institute, Shanghai University, 200444 Shanghai, China
bINPAC-Institute for Nanoscale Physics and Chemistry, KU Leuven, B-3001 Leuven, Belgium
cTQC-Theory of Quantum and Complex Systems, Universiteit Antwerpen, B-2610 Antwerpen,

Belgium

junyi ge@t.shu.edu.cn

Design and manipulation of magnetic moment arrays have been at the focus of studying the
interesting cooperative physical phenomena in various magnetic systems. However, long-range
ordered magnetic moments are rather difficult to achieve due to the excited states arising from the
relatively weak exchange interactions between the localized moments. Here, using a nanostruc-
tured superconductor, we investigate a perfectly ordered magnetic dipole pattern with the magnetic
poles having the same distribution as the magnetic charges in an artificial spin ice. The magnetic
states can simply be switched on/off by applying a current flowing through nanopatterned area.
Moreover, by coupling magnetic dipoles with the pinned vortex lattice, we are able to erase the
positive/negative poles, resulting in a magnetic dipole pattern of only one polarity, analogous to
the recently predicted vortex ice. These switchable and tunable magnetic dipole patterns open
pathways for the study of exotic ordering phenomena in magnetic systems.

Junyi Ge is a professor at Materials Genome Institute of Shanghai
University. He got his PhD at KU Leuven (Belgium) in 2014. During
2014-2017, he worked as an FWO postdoctoral fellow at Department of
Physics and Astronomy of KU Leuven. His research interest includes
the vortex matter in superconductors, artificial spin ice and nanostruc-
tured superconductors.
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Surface Science – An Insight from Theory

Beate Paulus

Institute of Chemistry and Biochemistry, Freie Universität Berlin, 14195 Berlin, Germany

b.paulus@fu-berlin.de

Chemical reactions are catalyzed at surfaces; electronic and transport properties of devices
are sensitively determined by the chemical nature of the interfaces; and adsorption characteristics
of water determines the corrosion processes of materials. To name only a few examples it is
clear, many daily-life phenomena rely on the actual atomic structure of surfaces. Experimentally,
it is not so easy to separate the influence of different parameters and to get atomic resolution of
the processes of interest. Theoretical models, atomically resolved and based on quantum theory,
the so-called ab initio methods, can predict material and surface properties and increase the
understanding of the elementary processes on surfaces.

I will present in this talk several applications in this field. Oxide materials are the main con-
stituents of concrete, and their interaction with water leads to corrosion. The question arises,
whether the fluorination of aluminum oxides can protect the oxides from corrosion [1]. We in-
vestigate a new material named ACF, where an aluminum fluoride is doped with chloride. This
amorphous material [2] can catalyze various fluorination reactions, the model reactions of this
catalysis can be investigated using density functional methods.

Famous for its electronic properties is graphene, however chemical modification will signifi-
cantly change the electronic properties of graphene. We investigated asymmetrically halogenated
graphene materials [3] that would be sensible for CO detection at ambient conditions. As an ex-
ample, these materials can be used for example as charge separation in solar devices and cyano-
functionalized graphene [4]. All these investigations use advanced electronic structure methods
to achieve the necessary accuracy to compare with experimental results. These methods must
be improved further, one possibility is the family of the local correlation methods, which allow the
application of highly accurate wavefunction-based correlation methods to an extended system.
One example of the application of such methods that I will present is the adsorption of a water
molecule in carbon nanotubes [5], where one finds qualitatively different results for wavefunction-
based methods and density functional theory.

References:

[1] J. Wirth, J. Schacht, P. Saalfrank, B. Paulus, J. Phys. Chem. C 120, 9713-9718 (2016).
[2] R. Pandharkar, Ch. Becker, J. H. Budau, Z. Kaawar, B. Paulus, Inorganics 6, 124, (2018).
[3] L. E. Marsoner Steinkasserer, A. Zarantonello, B. Paulus, Phys. Chem. Chem. Phys. 18, 25629, (2016).
[4] L. E. Marsoner Steinkasserer, V. Pohl, B. Paulus, J. Chem. Phys. 148, 084703 (2018).
[5] S. Lei, B. Paulus, S. Li, B. Schmidt, J. Comp. Chem. 37, 1313 (2016).

Beate Paulus studied Physics at the University of Regensburg, with
emphasis in solid state theory, finished the PhD in 1995 with Prof. Pe-
ter Fulde at the Max-Planck Institute for Physics of Complex Systems.
After several years of postdoc research in the field of development of
local correlation methods for extended systems she received an asso-
ciate professorship at Freie Universität Berlin in Theoretical Chemistry
in 2007 which was promoted to a full professorship in 2011.

Her research interests lie in the fields of electronic structure of ma-
terials, surfaces, adsorption on surfaces, host-guest complexes and the
influence of solvents on their binding, theoretical fluorine chemistry.
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Two-Dimensional and Quantum Materials from First Principles

Wei Ren

International Centre for Quantum and Molecular Structures, Materials Genome Institute,
Department of Physics, Shanghai University, 99 Shangda Road, Shanghai 200444, China

renwei@shu.edu.cn

In recent years, the interplay of topology and symmetry derives a rich variety of new topolog-
ical quantum states in condensed matter physics. The predictions of real topological materials
from first principles play a critical role to realize the new topological states in experiments. The
Chern insulators can host quantum anomalous Hall effect (QAHE) on their surfaces or edges.
We propose realizing the QAHE by proximity coupling graphene to an antiferromagnetic insula-
tor that provides both broken time-reversal symmetry and spin-orbit coupling. We illustrate our
idea by performing ab initio calculations for graphene adsorbed on the (111) surface of BiFeO3.
In this case, we find that the proximity-induced exchange field in graphene is about 70 meV, and
that a topologically nontrivial band gap is opened by Rashba spin-orbit coupling. Dirac and Weyl
semimetals are topological semimetals but they feature different topological properties and require
opposite symmetry protections. We propose that the noncentrosymmetric LiGaGe-type hexago-
nal ABC crystal SrHgPb realizes a new type of topological semimetal that hosts both Dirac and
Weyl points in momentum space. The symmetry-protected Dirac points arise due to a band inver-
sion and are located on the sixfold rotation z-axis, whereas the six pairs of Weyl points related by
sixfold symmetry are located on the perpendicular kz = 0 plane.

The paraelectric-ferroelectric transition in ABO3-type perovskites has been monitored using
high-resolution neutron diffraction data, from which the lattice parameters associated with the
transition to the polar structure can be observed. First-principles calculations are presented to
understand energies, phonon dispersion, and structures of possible phases with different sym-
metries. Using the random-phase approximation (RPA) to describe the correlation energy and
combining with the exact exchange energy, we explored the structural properties of cubic per-
ovskites and prototypical tetragonal ferroelectric oxides. We find that including long-range corre-
lation within RPA can provide a superior description for the structural properties in these systems,
which outperforms some other density functionals.

References:

[1] Z. Qiao, W. Ren et al. Phys. Rev. Lett. 112, 116404 (2014).

[2] H. Gao, W. Ren et al., Phys. Rev. Lett. 121, 106404 (2018).

[3] B. J. Kennedy, W. Ren, K.S. Knight et al., Phys. Rev. B 96, 214105 (2017).

[4] F. Jia, W. Ren et al., Phys. Rev. Mat., in press (2019).

Wei Ren is a professor of physics at Shanghai University, working in
the field of computational condensed matter physics, materials science,
and quantum electronics. Till 2019 he has published over 100 papers
on journals such as 11 in Physical Review Letters, 35 in Physical Re-
view B, 1 in Science, 2 in Advanced Materials, 1 in Nature Physics, 2
in Nature Communications, 3 in Advanced Functional Materials and so
on.
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Exotic Magnetism and Strongly-Correlated Electrons in
Quasi-Two-Dimensional 4f -Systems

Denis Vyalikh

Donostia International Physics Center (DIPC), Departamento de Fisica de Materiales and
CFM-MPC UPV/EHU, 20080 San Sebastian, Spain

Denis.Vyalikh@tu-dresden.de

For a long time, rare-earth (RE) intermetallic materials have attracted considerable interest
because of their exotic properties at low temperatures which include complex magnetic phases,
valence fluctuations, heavy-fermion properties, Kondo behavior and many others. All of these
properties stem from the interplay between almost localized 4f electrons and itinerant valence
band states. Our synchrotron-based experiments aim to comprehensively explore the peculiarities
of f -d interaction and corresponding phenomena with the proper discrimination of surface and bulk
related phenomena. In the past years, we performed extensive ARPES studies on the family of
RET2Si2 systems, where RE = Yb, Ce, Eu, Gd, Ho, Dy and T = Co, Rh, Ir. With our systematic
approach, we were able to address the fundamental and hotly discussed questions at the core of
strongly correlated 4f electron systems.

In this talk, I will overview our most essential results, which can be formulated as follows:
(i) Direct observation of crystal-electric field (CEF) splittings of the 4f states and their fine and
intricate dispersion induced by f -d hybridization near the Fermi level;
(ii) Insight into the temperature dependent properties of the f -derived Fermi surface of Kondo
lattices. Disclosing its topology and features reflecting f -d coupling at the surface and bulk of the
system;
(iii) Clear evidence of the interplay of Dirac fermions and heavy quasi-particles;
(iv) Discovery of the exotic ferromagnetic properties at the Si-terminated surface of the RERh2Si2
antiferromagnets as well as of the mixed-valent compound EuIr2Si2. These properties are caused
by indirect exchange interaction of itinerant 2D electrons with the ordered 4f magnetic moments
lying four layers below the Si-terminated surface of such materials;

v) Presentation of how strong spin-orbit coupling, lack of inversion symmetry and - as a novel
ingredient – Kondo interaction can be combined within a quasi-2D system and how they influence
its electronic and magnetic properties.

Denis Vyalikh studied physics at Saint-Petersburg State University, has
completed the PhD thesis in 2001 and habilitation thesis in 2012. From
2003 till 2016, he has worked as a senior scientists in University of
Technology Dresden and starting from 2017 he acts as Ikerbasque
Research Professor in Donostia International Physics Center in San-
Sebastian, Spain.

The main research interest lies in novel quantum materials, particu-
larly rare-earth intermetallic compounds, and the investigation of novel
electronic states that are linked with the following phenomena: heavy-
fermion properties, mixed-valence, Kondo physics, spin frustration and
magnetic ordering, magnetism in quasi 2D systems, strong spin-orbit coupling in combination with
a lack of inversion symmetry and its interplay with Kondo and exchange magnetic interactions.
Additional research lines are related to hybrid bio-metal nanostructures and biominerals; function-
alized graphene-based compounds, h-BN, 2D-materials and self-assembled macromolecules.
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Application of Solid-State NMR for Characterizing Chemically Modified
Graphites

Anastasia Vyalikh

Institut für Experimentelle Physik, Technische Universität Bergakademie Freiberg, Germany

avyalikh@gmail.com

Graphite exhibits a quasi-two-dimensional structure and highly anisotropic properties. Despite
the abundant literature in the past on the physical properties and applications of graphite, there
is still a number of open questions with respect to magnetic and transport behaviour of graphite
intercalation compounds. Nuclear magnetic resonance (NMR) is a method, which is sensitive,
first, to both amorphous and crystalline phases, and, second, to the changes in local environ-
ment around the carbon atoms, and, hence, suitable for the studies of intercalation behaviour
in graphitic materials. Using solid state NMR we characterized the structural changes occurring
in 13C-enriched fine-grained graphitic materials upon chemical and electrochemical modification.
As 13C NMR isotropic chemical shift seems extremely sensitive to the carbon bonding character,
graphite functionalization as well as bending of the graphitic layers resulting in partial carbon atom
rehybridization become apparent in the NMR spectra. The results obtained by solid state NMR
will be discussed with respect to graphite intercalation phenomena, which include the effects of
charge transfer and the demagnetizing field. Further, critical issues of reversibility of Li- and Na-
ion electrochemical cells and solid electrolyte interphase (SEI) formation will be considered on the
atomic scale.

Anastasia Vyalikh studied physics at State University Saint-
Petersburg. In 2005, she was awarded her PhD degree in Chem-
istry from the Free University of Berlin. She is currently the research
group leader in the Institute of Experimental Physics (TU Bergakademie
Freiberg). Her research interests include the application of solid-state
NMR to carbon materials and solid ionic conductors and in-situ studies
of electrochemical systems.
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SPECS Next Generation Electron Spectrometer with Lateral
Microscopy, Momentum Microscopy and µ-ARPES Capabilities

Xiaoping Wang

SPECS-TII Technology (Beijing) Co., Ltd

Xiaoping.Wang@specs.com

SPECS Surface Nano Analysis GmbH is the technological market leader in the field of surface
analysis at the nanoscale. The company develops, produces, and distributes innovative scientific
instruments with the focus on surface microscopy and spectroscopy.

SPECS has recently started a new series of spectrometers, using a novel momentum mi-
croscopy (MM) lens system. The KREIOS 150 is a next generation electron momentum spec-
trometer (microscope) for lateral- and momentum-resolved measurements, combining ARPES and
PEEM functionality for band structure mapping, microscopy and µ-ARPES. The analyzer is able to
switch between real space and reciprocal space measurements. Hence it is possible to select in
PEEM mode a small area with an aperture to do small spot ARPES down to 2µm. The extractor
lens applies a high voltage between sample and lens, which collects photoelectrons with up to
±90◦ emission angle. It is able to collect ARPES measurements with a constant field of view in
reciprocal space, e.g. ±3.4 Å−1. Hence a transformation from angular into k-space is obsolete
and it displays the reciprocal space constantly on the detector independent of the light source. For
time-of-flight setups this spectrometer is called METIS and uses a k-microscope column as lens
in combination with a drift tube and a time-resolving detector.

Meanwhile, SPECS developed a new type of DI-Spin detector, which measures the spin-
resolved 2D image instead of one EDC. This is achieved by projecting the two-dimensional elec-
tron distribution onto a single crystal surface and projecting the diffracted image onto a two dimen-
sional detector. It is available for our KREIOS, METIS, PHOIBOS and ASTRAIOS spectrometers.

Xiaoping Wang is a Sales Engineer and an ARPES expert at the
SPECS-TII Technology (Beijing) Company. He received his BSc from
Zhejiang University and his PhD degree in physics from the Institute
of Physics, Chinese Academy of Sciences in 2014. His research area
was iron-based superconductors by using ARPES, supervised by Prof.
Hong Ding. He has 17 publications including three first authors. The
total citation is 1885 and the H-index is 13.
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