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Spin-orbitronics is an exciting direction of spintronics that exploits the spin-orbit
coupling (SOC) in nonmagnetic and magnetic materials to create new types of
topologically protected states [1], new novel types of topological objects as the
topological orbital moment [2] or novel types of magnetic objects as the magnetic
skyrmions [3], bobbers [4] or quanco balls [5], and to generate, detect or exploit spin-
polarized currents or to exert spin-orbit torques [6]. The SOC is a small quantity and
many of the interesting properties arise at interfaces or in bulk materials lacking
inversion asymmetry and develop their full potential in the case of non-collinear
magnets often together with beyond-Heisenberg interactions [7, 8]. The smallness of
SOC, combined with the low symmetry, non-collinear magnetism, complex response
and excitation properties, and the question of electron correlation defines an overall
complexity that poses a challenge to first-principles theory. We will focus on 2 topics:
(1) Topological insulators (TT): Within the all-electron FLAPW formalism [9], we show
DFT, one-shot G, and QSGW calculations for several, well-known TIs and present
a comparison to photoemission spectroscopy. (ii) Skyrmions: Taking a multiscale
approach combining micromagnetism, atomistic spindynamics [9] with DFT methods
as implemented in the FLEUR and juKKR codes [9], we are explaining interactions
and looking for materials hosting skyrmions ready of technological applications.

We acknowledge funding from Deutsche Forschungsgemeinschaft (DFG) through SPP
2137 **Skyrmionics", the CRC 1238 (C1), and SFB/TRR 173 (MO 1731/5-1), the
DARPA TEE program (#HR0011831554) from DOI, and ERC-consolidator grant
681405 — DYNASORE, as well as computing time from JARA-HPC and JSC.
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Polarons are among the most well-known quasiparticles in solid state physics, and are
key to understanding fundamental concepts such as the electron mass enhancement in
semiconductors and the formation of Cooper pairs in superconductors. Polarons have
been investigated ever since the concept was formulated by Landau almost a century
ago, and significant progress has been made in numerical solutions of model polaron
Hamiltonians. On the other hand, first-principles calculations of polarons remain very
challenging, as they require very large supercells, are sensitive to the DFT exchange
and correlation functional, and suffer from the DFT delocalization problem.

In this talk I will describe a new approach to the polaron problem that aims at
overcoming these limitations [1,2]. Our strategy is inspired by the related problem of
calculating exciton binding energies and wavefucntions using the Bethe-Salpeter
equation. Excitons can be delocalized over many crystal unit cells, but the Bethe-
Salpeter equation only requires information about DFT Kohn-Sham wavefunctions
and Coulomb matrix elements within a single crystal unit cell. In the same spirit, in
our approach we reformulate the calculation of polarons via DFT as the solution of a
coupled non-linear system of equations. The ingredients of these equations are
computed in the primitive unit cell using from density-functional perturbation theory.
By solving these 'polaron equations' we obtain the wavefunction, the lattice
deformation, the formation energy, and the spectral decomposition of the self-trapped
state into the underlying Bloch states and phonon modes. In order to demonstrate this
methodology I will discuss a few case studies including large and small polarons in
real materials, and show that even in the simplest crystals the structure of polarons is
considerably richer than previously thought.

[1] W. H. Sio, C. Verdi, S. Poncé¢, and F. Giustino, Phys. Rev. Lett. 122, 246403
(2019).
[2] W. H. Sio, C. Verdi, S. Poncé, and F. Giustino, Phys. Rev. B 99, 235139 (2019).
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The discovery of novel properties, effects or phenomena in modern materials science is often
driven by the quest for the coexistence and/or coupling of several functional properties into a
single system. Within this framework, I will focus on the microscopic mechanisms leading to
the interplay between spin and dipolar degrees of freedom, along with their theoretical
modelling. I will first address the coupling of long-range magnetic and electric dipolar orders
in multiferroics, in particular in electronic ferroelectrics, where the spin/charge/orbital order
induces an electric polarization. Second, I will discuss (non-magnetic) ferroelectric
semiconductors, where the spin-orbit interaction leads to a tight link between Rashba spin-
splitting in the electronic structure, spin-texture and electric polarization. The common
denominator is to achieve the electric-field control of magnetism and, therefore, the long-sought
integration of spintronics with ferroelectricity.
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Within the last few years it has been possible to compute the lattice thermal
conductivity of bulk materials using ab initio methods. The interactions between
the phonons are obtained from density functional theory and this information is
incorporated into the Boltzmann to obtain the thermal conductivity. The good
accuracy obtained from those calculations allows trying to use them to find new
materials and perform multiscale modelling.

Here we present several strategies that we used performing such a search.
The first method we used is datamining. We screened the entire Material Project
library to find materials with ultra low thermal conductivity. The second method
is based on polymorphism and was used to study Zn-Sb compounds. Finally we
conclude showing how ab initio calculations can be combined with Monte Carlo
simulations to describe thermal conduction at the micron scale and therefore
achieving multiscale modeling of heat conduction.

[1] A direct solution to the phonon Boltzmann equation
L. Chaput
Phys. Rev. Lett, 110, 265506 (2013)

[2] Distribution of phonon lifetime in Brillouin zone
A. Togo, L. Chaput, and I. Tanaka
Phys. Rev. B 91, 094306 (2015)

[3] Discovery of low thermal conductivity compounds with first-principles
anharmonic lattice dynamics calculations and Bayesian optimization
A. Seko, A. Togo, H. Hayashi, K. Tsuda, L. Chaput, I. Tanaka
Phys. Rev. Lett. 115, 205901 (2015)

[4] ZnSb polymorphs with improved thermoelectric properties
M. Amsler, S. Goedecker, W. Zeier, G. ]. Snyder, C. Wolverton, L. Chaput,
Chem. Mat. 28, 2912 (2016)

[5] Ab initio based calculations of the thermal conductivity at the micron scale
L. Chaput, ]. Larroque, P. Dollfus, J. Saint-Martin, D. Lacroix,
Appl. Phys. Lett. 112, 033104 (2018)
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When using Density Functional Theory (DFT) in global structure optimization,
databases of structure-energy relations may be collected. Such databases may be used
to direct and speed up the structure search. In this talk, I describe how machine
learning methods such as clustering and regression may assist Monte Carlo [1] and
evolutionary search methods [2-5] in finding the optimal structure of molecules and
inorganic surface reconstructions. One key element of using machine learning
methods in conjunction with DFT is the possibility of decomposing the total DFT
energy into atomic contributions. Owing to the nature of the Kohn-Sham equations
(the one-electron Schrodinger Equation) such a decomposition is ordinarily not
supported. Nonetheless, our experience shows that the atomic energies are highly
meaningful and lead to a speed up of the structure determination when used
appropriately. As a final topic, I will demonstrate a search strategy in which the
computer collects knowledge of atomistic interactions while searching, which
eventually enables it to search in a rational way [6]. This approach combines image
recognition and reinforcement learning strategies and follow the recent advancements
by Google Deep Mind in their development of the Alpha Go Zero method for playing
the board game Go.

[1] Machine learning enhanced global optimization by clustering local environments
to enable bundled atomic energies, S.A. Meldgaard, E.L. Kolsbjerg, B. Hammer, The
Journal of Chemical Physics 149, 134104 (2018).

[2] Exploration versus exploitation in global atomistic structure optimization, M.S.
Jorgensen, U.F. Larsen, K.W. Jacobsen, B. Hammer, The Journal of Physical
Chemistry A 122, 1504-1509 (2018).

[3] On-the-fly machine learning of atomic potential in density functional theory
structure optimization, T.L. Jacobsen, M.S. Jorgensen, B. Hammer, Physical Review
Letters 120, 026102 (2018).

[4] Atomic energies from a convolutional neural network, X. Chen, M.S. Jorgensen, J
Li, B. Hammer, Journal of Chemical Theory and Computation 14, 3933-3942 (2018).

[5] Neural-network-enhanced evolutionary algorithm applied to supported metal
nanoparticles, E.L. Kolsbjerg, A.A. Peterson, B Hammer, Physical Review B 97,
195424 (2018).
[6] Atomistic Structure Learning, M.S. Jorgensen, H.L. Mortensen, S.A. Meldgaard,
E.L. Kolsbjerg, T.L. Jacobsen, K.H. Serensen, B. Hammer, J. Chem. Phys. 151,
054111 (2019).
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The efficient electrical manipulation of magnetic order is currently desirable for achieving fast
devices in the field of spintronic. By exploiting spin-orbit coupling, the spin Hall effect has
been explored mostly to generate a spin polarized current in magnetic nanostructures which are
grown on heavy metals or semiconductors. An electrical generation of a nonequilibrium spin
polarization via the Rashba-Edelstein effect in noncentrosymmetric magnetic materials is an
alternative concept in the growing research field of spin-orbitronics. These effects provide
current-induced staggered spin-orbit torques that can act efficiently on the magnetization of a
magnetic layer on a nanometer scale in order to alter its magnetization direction. Both effects
are concentrated on exploring the induced polarization of the spin part while orbital counterpart
has been disregarded completely. Here, within first-principles electronic structure calculations
based on density functional theory, we present a generalized theory on the Rashba-Edelstein
effect, which not only generates the spin polarization but also creates the orbital polarization.
Especially, the latter one is found to be far from being negligible and thereby could play a
crucial role in the magnetization dynamics. We investigate computationally the full magnetic
polarization induced by an applied electric field in the noncentrosymmetric antiferromagnets
e.g. CuMnAs and Mn;Au.

[Achknowledgement: Leandro Salemi, Dr. Marco Berritta, Prof. Peter Oppeneer &
Prof. Stefan Bliigel]
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The surface state plays an important role in condensed matter physics, and is
dominant in many phenomenon, such as quantum Hall effect [1]. However, the two
surfaces of a thin film may influence each other and cause the opening of energy band
gaps due to quantum tunneling. In order to close the gap, we consider the absorption
of and substitution by impurities [2,3], as well as contact with a heterogeneous atomic
layer [4]. The Sb and SnTe thin films have been chosen for investigation by density
functional calculations. The results show that the two surfaces reduce their interaction
and can be identified with the original surface and interface states. The nonmagnetic
impurities close the energy gap and facilitate the formation of Dirac cones
characteristic of time-reversal symmetry. However, atoms with magnetic moments do
just the opposite. In the case of a thin Sb film contacting with a single layer of various
heterogeneous atoms, further studies are taken on the bonding and the electronic
structures of the two parts of the system. The result indicates that the bonding
strengthens on the condition that the contacting single layer has defects or impurities.

[1] Nikesh Koirala, Matthew Brahlek, Maryam Salehi, Liang Wu, Jixia Dai, Justin
Waugh, Thomas Nummy, Myung-Geun Han, Jisoo Moon, Yimei Zhu, Daniel Dessau,
Weida Wu, N. Peter Armitage, and Seongshik Oh, Nano Lett., 15, 8245-8249 (2015).

[2] Chi-Hsuan Lee and Chih-Kai Yang, Phys. Rev.B. 87, 115306 (2013).
[3] Chi-Hsuan Lee and Chih-Kai Yang, New J. Phys. 18, 123022 (2016)
[4] Chi-Hsuan Lee and Chih-Kai Yang, New J. Phys. 16, 093006 (2014).
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Topological electronic materials host novel linear responses in the bulk and anomalous
gapless states at the boundary, and are for scientific and applied reasons under intensive
research in physics and materials sciences. The detection for such materials has so far
been hindered by the involved calculation of topological invariants, which requires both
experience with materials and expertise with advanced theoretical tools. Here we
introduce an effective, efficient and fully automated algorithm diagnosing the
nontrivial band topology in a large fraction of nonmagnetic materials. It is based on
recently developed exhaustive mappings between the symmetry representations of
occupied bands and the topological invariants (or topological nodes). We sweep
through a total of 39519 materials available in a crystal database, and find that as many
as 8056 of them are topologically nontrivial. All results are available and searchable at
http://materiae.iphy.ac.cn/ with an interactive user interface.

[1] T. Zhang, Y. Jiang, Z. Song, H. Huang, Y. He, Z. Fang, H. Weng and C. Fang,
Nature 566, 475 (2019).
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When 2D materials having different periodicities are overlaid with each other, the
interference pattern of the lattice mismatch often leads to unusual electronic
properties. For instance, the twisted bilayer graphene (rotationally stacked graphene
bilayer) exhibits dramatic phenomena such as the flat band formation and emergent
superconductivity. In this talk, we introduce our recent theoretical works on
incommensurate twisted bilayer systems and their interesting physical properties. We
will discuss the twisted bilayer graphene, where we introduce a theoretical framework
to reduce its complex electronic structure into an effective nanoscale tight-binding
model [1]. We then discuss the lattice relaxation and the phonon vibrations in the
twisted bilayer graphene. [2] We show that the original linear dispersion of
graphene’s acoustic phonon is broken down into mini phonon bands separated by
gaps, where the low-energy phonon modes are regarded as effective vibrations of the
nanoscale moiré supercrystal.

[1] M. Koshino, N. F. Q. Yuan, T. Koretsune, M. Ochi, K. Kuroki, L. Fu, Phys. Rev.
X 8,031087 (2018).

[2] M. Koshino and Y.-W. Son, Phys. Rev. B 100, 075416 (2019).
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The Pt(111)-water interface has been intensively studied as benchmarking
electrochemical system, while the understanding is still incomplete. The electrode
surface is covered by hydrogen atoms when negatively biased, but the spectroscopic
signal is missing from the adsorbed H except for few studies. This contrasts to many
density functional (DFT) simulations, which unambiguously predict the fcc sites as the
most stable site. To see the reason for this mystry, we have done an accurate DFT
calculation at the level of the random phase approximation (RPA) and included the
nuclear quantum effect using the path integral molecular dynamics method (PIMD) [1].

The RPA and PIMD calculations provide a novel picture on this system. The top site is
as stable as the fcc site at full monolayer coverage condition, which is achieved at
potentials lower than the equilibrium one for 2H (aq)+2e™—Ha(g), while the fcc and
hep sites are significantly lowered in energy at ~ 0.7 monolayer coverage, which is
achieved at the equilibrium potential, because of the emerging quantum delocalization
effect. The quantum effect plays a role in screening the vibrational signal and causes
the striking coverage effect. H on Pt(111) has been conventionally recognized as a
“hard sphere” based on the calculations done at monolayer coverage condition, but H
shuld be recognized as a “quantum hard sphere” at lower coverages.

There still remains unexplained properties about H/Pt(111) that is likely to be due to
incomplete DFT accuracy. We propse possible strategies for achieving higher
accuracy; developing accurate exchange-correlation potential using machine learning,
which will be detailed in the poster presentation [2], and utilizing empirical DFT+U(R)
approach.

[1]L. Yan et al., J. Chem. Phys. 149, 164702 (2018); L. Yan et al., (unpublished)
[2] R. Nagai, R. Akashi, and OS, arXiv:1903.00238.
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One of the beauties of density functional theory is that it allows us to get the many-
body total energy and charge density of a system by just solving “single-particle”
Kohn-Sham Hamiltonian. Having the many-body total energies, it is possible to
calculate quasiparticle energies, which are related to the differences between the
ground-state energy and the excited-state ones, for example, the core-level binding
energy. Experimentally, the core-level binding energy is widely used to fingerprint
the constituents of a studied system, thank to the high-resolution X-ray photoelectron
spectroscopy (XPS) measurement. In this talk, I will discuss how to calculate core-
level binding energies in the absolute scale from first principles via the introduction
of a projection operator and the help of an exact Coulomb cutoff technique [1]. The
proposed method can be applied for studying molecules, metals, and insulators, and
the results are in good agreement with experiments in general.

Three case studies will be given to illustrate the usefulness of the calculations of
absolute core-level binding energies. First, I will focus on the case of silicene on
ZrB,(0001), where two theoretical single-layer structures are the candidates for the
silicene fabricated by experiments. The many-body core-level binding-energy
calculations can clearly show that only one of the two structures is in agreement with
experiments while the experimentally fabricated silicene cannot be identified via the
Kohn-Sham eigenvalues [2]. Then, I will discuss a peculiar honeycomb bonding in
borophene formed on Ag(111). This peculiar bonding can be confirmed by the
investigation of core-level binding energies. Both theoretical and experimental data
support the existence of this hidden honeycomb bonding [3]. Finally, I will discuss a
large binding-energy shift measured by the XPS experiments for the samples of Pt
atoms on graphene. The theoretical study supports the achievement of fabricating
uniform dispersion of single Pt atoms on graphene [4].

[1] Taisuke Ozaki and Chi-Cheng Lee, Phys. Rev. Lett. 118, 026 401 (2017).

[2] Chi-Cheng Lee, Jun Yoshinobu, Kozo Mukai, Shinya Yoshimoto, Hiroaki Ueda,
Rainer Friedlein, Antoine Fleurence, Yukiko Yamada-Takamura, and Taisuke Ozaki,
Phys. Rev. B 95, 115437 (2017).

[3] Chi-Cheng Lee, Baojie Feng, Marie D'angelo, Ryu Yukawa, Ro-Ya Liu,

Takahiro Kondo, Hiroshi Kumigashira, Iwao Matsuda, and Taisuke Ozaki, Phys. Rev.
B 97, 075 430 (2018).

[4] Kenji Yamazaki, Yosuke Maehara, Chi-Cheng Lee, Jun Yoshinobu,

Taisuke Ozaki, and Kazutoshi Gohara, J. Phys. Chem. C 122, 27 292 (2018).
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ABSTRACT

High pressure is an important method to modify the free energy surface of

materials and overcome the barriers for synthesizing new functional materials. On the
other hand, crystal structure search based on ab initio calculations has been
successfully used to prediction new materials. In this talk, I will introduce some of our
recent work on theoretical prediction on high pressure phase transitions, functional
materials with interesting properties, and new states of matter under extreme
conditions, such as superionic states.

REFERENCE
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Hui-Tian Wang*, Dingyu Xing, “Multiple superionic states in helium-water
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Qinyan Gu, Dingyu Xing, Jian Sun*, “Superconducting single-layer T-graphene
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(2019).
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and alkali sulfides”, Phys. Rev. Mater. 3, 015002 (2019).
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Recently, machine-learning (ML) approaches to developing interatomic potentials are
attracting considerable attention because it is poised to overcome the major
shortcoming inherent to the classical potential and first-principles method, i.e.,
difficulty in potential development and huge computational cost, respectively.
Favored ML models are the neural network and Gaussian process. In particular, the
high-dimensional neural network potential (NNP) suggested by Behler and Parrinello
is attracting wide interests with applications demonstrated over various materials
encompassing metals, insulators, semiconductors, and molecular clusters. In this
presentation, we first discuss on the fundamental aspect of ML potentials that enables
the transferability of the potential.[1] We show that the transferable atomic energy
can be defined within the density functional theory, which means that the core of
machine-learning potentials is to deduce a reference atomic-energy function from the
given set of total energies. By utilizing invariant points in the feature space at which
the atomic energy has a fixed reference value, we examine the atomic energy
mapping of neural network potentials. Examples on Si consistently supports that
NNPs are capable of learning correct atomic energies. However, we also find that the
neural network potential is vulnerable to ‘ad hoc’ mapping in which the total energy
appears to be trained accurately while the atomic energy mapping is incorrect in spite
of its capability. We show that the energy mapping can be improved by choosing the
training set carefully and monitoring the atomic energy at the invariant points during
the training procedure. The energy mapping in multi-component systems is also
discussed. We also introduce our in-house code for training and executing NNP called
SIMPLE-NN (SNU Interatomic Machine-learning PotentialL packagE-version Neural
Network) [2] and discuss its unique feature such as GDF weighting [3]. We present
application examples on the oxidation of Si-SiO; interface, phase change behavior of
GeTe and Sb,Tes, silicidation process of Ni.

[1] D. Yoo et al, Physical Review Materials 3, 093802 (2019)
[2] K. Lee et al, Computer Physics Communications, 242, 95 (2019)
[3] W. Jeong et al, Journal of Physical Chemistry C 122, 22790 (2018)
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Nonreciprocal directional dichroism is an unusual light-matter interaction that gives
rise to diode-like behavior in low symmetry materials [1,2]. The chiral varieties of
nonreciprocal directional dichroism are particularly scarce due to the requirements for
strong spin-orbit coupling, broken time reversal symmetry, and a chiral axis. We
bring together magneto-optical spectroscopy and first principles calculations to reveal
high energy, broad band nonreciprocal directional dichroism in Ni3TeOg with special
focus on behavior in the metamagnetic phase above 52 T [3]. Using first-principles-
based methods it is shown how the Ni*" d-to-d on-site excitations [4] develop
magnetoelectric character via relativistic spin-orbit coupling, which present a
microscopic model that unlocks the door to theory-driven discovery of chiral magnets
with nonreciprocal directional dichroism.

References:

[1] S.-W. Cheong et al., npj Quant. Mater. 3, 19 (2018).

[2] Y. Tokura and N. Nagaosa, Nat. Commun. 9, 3740 (2018).
[3] M. O. Yokosuk and H.-S. Kim et al., submitted.

[4] M. O. Yokosuk et al, Phys. Rev. Lett. 117, 147402 (2016).
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First-principles electronic structure calculations are useful tools for materials
development for next generation electronic devices. In general electronic structure
calculation methods, the central problem is to solve the one-electron Kohn-Sham
equation. The Korringa-Kohn-Rostoker (KKR) Green’s function method avoids the
calculation of the Kohn-Sham eigenvalues and orbitals, and directly determines the
one-electron Green’s function which contains the all the information about the ground
state. There are several advantages in the KKR Green’s function method. One of them
is that order-N calculation scheme is realized by the screened transformation, where
N is the number of atoms in a unit cell. The screened KKR Green’s function method
enables us to calculate complex large-scale systems, such as substitutional,
configurational, and spin disordered systems. Additionally, combining with the linear
response theory, one can efficiently calculate physical quantities (e.g., magnetic
interaction, spin susceptibility and transport properties).

In this talk, we demonstrate the materials design of magnetic phase change
materials[1] and quaternary magnetic high entropy alloys[2,3], showing the strongly
substitutional and configurational disorders. For both the systems, we construct very
large supercells to take the randomness into consideration. Such the large-scale
electronic structure calculations are performed using the program KKRnano,[4] where the full
potential screened KKR Green’s function method is optimized by a massively parallel linear
scaling (order-N) all electron algorithm. If time permits, we also talk about automatic
high-throughput screening for quaternary magnetic high entropy alloys by the
AkaiKKR code.[5]

[1] T. Fukushima, et al., Phys. Rev. B 90, 144417 (2014).

[2] M. Ogura et al., J. Alloys Compd. 715, 454 (2017).

[3] T. Fukushima et al., J. Phys. Soc. Jpn. 86, 114704 (2017).
[4] A. Thiess et al., Phys. Rev. B 85, 235103 (2012).

[5] H. Akai, J. Phys. Soc. Jpn. 51, 468 (1982).



Invited-11

2 Dimensional Magnetic Semiconductors Based on Transition-Metal
Dichalcogenides

Horng-Tay Jeng,' Huei-Ru Fuh,? Kai-Wei Chang,' Sheng-Hsiung Hung, ' and
Horng-Tay Jeng L

" Department of Physics, National Tsing Hua University, Hsinchu 30013, Taiwan
? Graduate Institute of Applied Physics, National Taiwan University, Taipei 106,
Taiwan

" E-mail: jeng@phys.nthu.edu.tw

2D magnetism has become a very hot topic in recent years owing to significant
progresses in fulfilling 2D magnetism in single layer transition metal
dichalchogenides (TMD) and monolayer CrI3. Meanwhile, 2D magnetism is of high
potential in future spintronics because of the capability of controlling spin
polarization, spin current, and so on. In this talk, we present a newtype 2-dimensional
(2D) magnetic semiconductor based on transition-metal dichalcogenides VX2 (X =S,
Se and Te) via first-principles calculations. The obtained indirect band gaps of
monolayer VS2, VSe2, and VTe2 given from the generalized gradient approximation
(GGA) are respectively 0.05, 0.22, and 0.20 eV, all with integer magnetic moments of
1.0 uB. The GGA plus on-site Coulomb interaction U (GGA + U) enhances the
exchange splittings and raises the energy gap up to 0.38~0.65 eV. By adopting the
GW approximation, we obtain converged GOWO gaps of 1.3, 1.2, and 0.7 eV for VS2,
VSe2, and VTe2 monolayers, respectively. They agree very well with our calculated
HSE gaps of 1.1, 1.2, and 0.6 eV, respectively. The gap sizes as well as the metal-
insulator transitions are tunable by applying the in-plane strain and/or changing the
number of stacking layers. The Monte Carlo simulations illustrate very high Curie-
temperatures of 292, 472, and 553 K for VS2, VSe2, and VTe2 monolayers,

respectively.
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Hidden Corner States in Quantum Spin Hall Flakes
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We uncover the emergence of the hidden zero-dimensional corner states at a series
of step edges of Bismuth thin films, which are famous for supporting the quantum spin
Hall effect. Our approach is in stark contrast to the majority of the previous approaches
which rely solely on the intrinsic topology of a single layer material, and here we utilize
the relative difference of topology between the different film widths which match that
of the two-dimensional higher-order topology. To critically examine the emergence of
the corner modes, we combine the first-principle calculation, tight-binding model
calculation, and analytic field theory methods. By invoking the dimensional reduction
arguments, we further expose the underlying reason why such two-dimensional higher-
order topology appears in Bismuth thin films and a general recipe for finding the
higher-order topological insulators in similar materials.
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An efficient generalized Gruneisen method for a first-
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Phonon anharmonicity is responsible for several important thermal properties such as
thermal expansion coefficient and thermal conductivity. Here we present an efficient
generalized method [1-5] based on the Gruneisen approach, to calculate the thermal
expansion coefficients (TECs) of any crystal system. This method avoids the
extensive free energy search in the lattice-parameter space required by the
quasiharmonic approximation that has an unfavorable scaling where N’ phonon
calculations are usually performed, p is the number of cell parameters (e.g., p=1/ for a
cubic cell and p = 4 for a low-symmetry monoclinic cell). N ~ 5 is typically the
number of lattice parameter values scanned in each cell dimension. Here we show
that it is possible to perform a number of phonon calculations that is proportional to p
(typically 2p). The concept of thermal expansion tensor of low-symmetry crystals
such as a monoclinic cell is presented and found to be different from the commonly
known lattice-parameter TECs reported for high-symmetry cells such as a cubic cell.
The relationship between two TEC concepts are presented which allows a convenient
conversion between theory and experiment results. Our theory is applied to a recently
reported monoclinic NiS3 crystal phase where we have calculated the TEC tensor of a
monoclinic system [1] for the first time using density functional theory and phonon
calculations. A negative TEC tensor component is found and attributed to elastic
properties through the elastic compliances and not the population of the negative
Gruneisen parameters. The success of our work demonstrated for the monoclinic cell
implies all seven crystal types in nature could now be treated within the same
formalism.

References:

[1] C. K. Gan and K. T. E. Chua, J. Phys.: Condens. Matter 31, 265401 (2019).
[2] C. K. Gan and C. H. Lee, Comput. Mater. Sci. 151, 49 (2018).

[3] C. H. Lee and C. K. Gan, Phys. Rev. B 96, 035105 (2017).

[4] C. K. Gan and Y. Y. F. Liu, Phys. Rev. B 94, 134303 (2016).

[5] C. K. Gan, J. R. Soh, and Y. Liu, Phys. Rev. B 92, 235202 (2015).
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The ultrafast dynamics of photo-excited charge carriers in condensed matter systems
plays an important role in optoelectronics and solar energy conversion. Yet it is
challenging to understand such multi-dimensional dynamics at the atomic scale.
Combining the real-time time-dependent Kohn Sham equation (TDKS) with fewest
surface hopping scheme, we use time-dependent ab initio nonadiabatic molecular
dynamics (NAMD) to simulate the excited carrier dynamics in different condensed
matter systems. The time-dependent dynamics of excited carriers are studied in energy,
real and momentum spaces. In addition, the coupling of the excited carriers with
phonons, defects and molecular adsorptions are investigated. The state of art NAMD
studies provide unique insights to understand the ultrafast dynamics of the excited
carriers in different condensed matter systems at the atomic scale.

[1] Ab initio nonadiabatic molecular dynamics investigations on the excited carriers in
condensed matter systems, Q. Zheng, W. Chu, C. Zhao, L. Zhang, H. Guo, Y. Wang,
J. Xiang, and J. Zhao*, WIREs Computational Molecular Science , e1411, (2019)
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Real-time ab-initio simulations for crystalline solids driven
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The recent development of coherent light sources allows us to drive nonperturbative
electron dynamics in crystalline solids [1,2]. An interesting phenomenon is
accompanied by a light electric field that has field strength is comparable to V/nm scale.
This electric field shakes systems with a quite nonperturbative manner because the field
strength is close to typical scale for valence electron, eV divided by nm. This strong-
field science has the potential to open a new type of nonequilibrium condensed matter
physics.

Compared to linear optical science, many degrees of freedom takes part in strong-field
science. A first-principles theoretical simulation could be beneficial to have what
happens with a microscopic description. Density-functional theory (DFT) and time-
dependent density-functional theory (TDDFT) are foundations for one of the most
feasible theoretical framework to describe the nonperturbative electron dynamics. We
have developed theoretical frameworks by solving time-dependent quantum systems in
real-time based on DFT [3,4] and TDDFT [5]. The former framework is based on a
quantum system whose Hamiltonian is derived from DFT matrix elements called time-
dependent density-matrix (TD-DM), while the latter employs a direct solution of
TDDFT.

We will talk about TD-DM and its application to high-order harmonic generation,
photon energy upconversion by nonlinear interaction, from crystalline solids compared
with experimental counterparts performed by our collaborators [3,4]. Recently, we
have struggled to perform the exchange term of solids for the time-dependent problem
[6] to capture excitonic physics within the mean-field level. Our achievement is still
limited to the one-dimensional model. We would like to show the current progress of
applications to three-dimensional systems and discuss with the audience.

[1] Stanislav Yu. Kruchinin, Ferenc Krausz, and Vladislav S. Yakovlev, Rev. Mod.
Phys. 90 (2018) 021002.

[2] Shambhu Ghimire, nad David A. Reis, Nature Physics 15 (2019) 10.

[3] K. Kaneshima, Y. Shinohara, et al., , Phys. Rev. Lett. 120 (2018) 243903.

[4] Hideki Hirori, Peiyu Xia, Yasushi Shinohara, et al, , APL Materials 7, 041107
(2019).

[5] Masashi Noda, et al., Comp. Phys. Comm. 235 (2018) 356. (https://salmon-
tddft.jp/)

[6] Takuya Ikemachi, Yasushi Shinohara, et al., Phys. Rev. A 98 (2018) 023415.
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Since the discovery of high-temperature superconductivity in hole-doped La2CuO4,
the mechanism of cuprate superconductors has been one of the most important
problems in condensed matter physics. Strong electronic correlations in CuO2 planes
has been considered to play some essential role. However, other phenomena like
abnormal phonons or lattice effects constantly add the complexity to the understanding
of high-Tc superconductivity. In this talk, we show, using ab initio simulations, a new
trend that the bonding strength between the apical cation (e.g. La, Hg, Bi Tl) and apical
anion (O, Cl) is positively correlated with experimental Tc,max across the hole-doped
cuprates. The “apical structure unit” formed by the apical anion and the apical cation,
the in-plane Cu and its nearest oxygen neighbors is a fundamental building block that
can couple dynamically to control the superconductive properties. We present the
underlying fundamental phenomena of coupled apical charge flux and the
phonon/lattice dynamics of apical oxygen when the apical oxygen oscillates vertically.
The effect not only dynamically modulates the site energy of the hole at a given Cu site
to control the in-plane charge transfer energy, but also can modulate the in-plane hole
hopping integral simultaneously in a dynamic way by the cooperative apical charge
fluxes. We believe our understanding here can shed light on the understanding of the
complicated phenomena in cuprates, especially how the transport properties are
controlled by the coupled electronic and ionic dynamic oscillations.

[1] S. Kim, X. Chen, W. Fitzhugh, and X. Li, Physical Review Letters, 121, 157001
(2018).
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In 2015, high-temperature superconductivity was discovered in sulfur hydride under
high pressure and the superconducting critical temperature (7;) reaches 203 K at
pressure of 155 GPa[1]. In 2018-2019, higher 7. superconductivity was observed in
lanthanum hydride (250 K at 170 GPa[2] and 260 K at 190 GPa[3]) and yttrium
hydride (224 K at 166 GPa[4]). Very recently, the remarkably high-T;
superconductivity, 473 K at 250 GPa, was predicted in metastable ternary Li,MgH ;¢
by first-principles calculations[5]. These results suggest that other hydrides,
especially ternary hydrides, also have a potential to show similar high-T;
superconductiviry under high-pressure conditions. However, there exist 13572
combinations for ternary hydrides formed by all elements with the atomic numbers
from 2 to 118, and the number is much further increased by taking stoichiometry and
crystal structure into account. Therefore, the integration approach of meterials science
and data science, in other words, the materials informatics (MI) is of great help to
discover potential candidates for the high-7, superconductivity.

In this study, we present an MI method to search for superconducting hydrides,
based on evolutinary algorithms. This method consists of five stages: (i) collection of
physical and chemical property data for hydrides under high pressure, (ii)
development of a superconductivity predictor from the data by a genetic
programming technique, (iii) prediction of potential candidates for high-T7,
superconductivity, (iv) search for stable crystal structures of the candidates by a
genetic algorithm technique, and (v) validation of the superconductivity by first-
principles calculations. By repeatedly performing the process, the database and the
predictor are further improved, which leads to an efficient search for superconducting
hydrides. We applied this MI method to hypothetical ternary hydrides and predicted
KScH;, with a modulated hydrogen cage showing 7. of 122 K at 300 GPa and
GaAsHg showing 98 K at 180 GPa[6].

[1] A. P. Drozdov et al., Nature 525, 73 (2015).

[2] A. P. Drozdov et al., Nature 569, 528 (2019).

[3] M. Somayazulu et al., Phys. Rev. Lett. 122, 027001 (2019).
[4] L. A. Troyan et al., arXiv:1908.01534 (2019).

[5] Y. Sun ef al., Phys. Rev. Lett. 123, 097001 (2019).

[6] T. Ishikawa et al., arXiv:1908.00746 (2019).
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The single-unit-cell-thick electron-doped FeSe layer has been attracting enormous
attention for high-temperature superconductivity and strong electron correlation that
is enhanced with the doping. Since the doping makes Fe 3d orbitals away from half
filling, the enhancement is quite anomalous. Here we investigate electronic structure
of potassium-dosed FeSe layers using the density functional theory combined with the
dynamical mean-field theory. We show that K dosing induces the charge transfer
from K atoms to the topmost FeSe layer, and subsequently, ionized K atoms generate
a strong local electric field. Role of this charge-transfer induced electric field is
discussed with emphasis on its impacts on the electronic structure and electron
correlation among Fe 3d orbitals. By controlling the concentration of K atoms, we
systematically investigate the evolution of the electronic structures of FeSe
monolayer and bilayer. Notably, K dosing reduces bandwidths of the Fe 3d bands
near the Fermi level and significantly enhances electron correlation. We also discuss
the structural changes of FeSe layers due to K dosing. Our results illustrate that
charge transfer from external agents to FeSe layers can have substantial effects other
than electron doping and account for their enhanced electron correlation. This work
was supported by NRF of Korea (Grant No. 2011-0018306) and KISTI
supercomputing center (Project No. KSC-2017-C3-0079).

[1] Young Woo Choi and Hyoung Joon Choi, Role of electric fields on enhanced
electron correlation in surface-doped FeSe, Phys. Rev. Lett. 122, 046401 (2019).
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The defect-induced non-radiative recombination is a serious limit to the minority
carrier lifetime and the photovoltaic performance of the light-absorber semiconductors
in solar cells. The accurate determination of the carrier-capture cross sections of defects
and the corresponding carrier recombination rate is challenging for both the
experimental measurement and theoretical calculation. Experimentally, there is no
efficient and direct method for measuring the carrier-capture cross sections or non-
radiative recombination rate induced by different point defects. Usually the carrier
lifetime was measured, but it is difficult to identify which defect dominates the non-
radiative recombination process, especially for the multinary and low-symmetry which
may have various point defects in the lattice. Through systematical defect search, we
identified a series of possible recombination-center defects in three novel photovoltaic
semiconductors, the quasi-one-dimensional Sb,Ses, quaternary Cu,ZnSnS,; and the
organic-inorganic hybrid halide perovskite CH;NH3Pbl;. By combining the electron-
phonon coupling effect and the static-coupling formalism, we calculated the carrier-
capture cross sections of the possible non-radiative recombination-center defects in
these semiconductors. These values are currently unavailable but critical for
understanding the limiting factors of the minority carrier lifetime and simulating the
photovoltaic devices. A simple empirical criterion was proposed for the quick
identification of effective non-radiative recombination-center defects based on the
calculated results, i.e., the deep-level defects may have large carrier-capture cross
sections if they are surrounded by strong bonds and undergo considerable structural
relaxations after capturing a carrier.[1-3]

[1]J. Li, H.-F. Zhu, Y.-Y. Zhang, Z.-K. Yuan, S. Chen, and X.-G. Gong, Physical Review B
96, 104103 (2017).

[2] J. Li, Z.-K. Yuan, S. Chen, X.-G. Gong, and S.-H. Wei, Chemistry of Materials 31, 826
(2019).

[3] M. Huang, P. Xu, D. Han, J. Tang, and S. Chen, ACS Applied Materials & Interfaces 11,
15564 (2019).



Invited-20

DFT Sampling Studies on Interface Ionics at Disordered
Heterogeneous Solid-Solid Interfaces

Yoshitaka Tateyamal’z’*

'GREEN, MANA & c¢MF, National Institute for Materials Science (NIMS),
Tsukuba, Ibaraki 305-0044, Japan
*ESICB, Kyoto University, Nishikyo-ku, Kyoto 615-8245, Japan

" E-mail: TATEYAMA.Y oshitaka@nims.go.jp

Interface (and surface) processes in energy and environmental devices such as
batteries and catalysts largely govern their performance and stability, where both
electronics and ionics play crucial roles. To understand such interfacial processes,
however, typical static geometry optimization or even molecular dynamics (MD)
based on DFT framework does not work well often due to the inherent heterogeneous
and multiscale characters. On the other hand, parameter-based methods such as
classical MD are still insufficient from a viewpoint of predictability because their
parameters are usually fitted to bulk properties, not interface. In this situation,
combination of DFT calculation with another type of sampling such as microkinetics
and structure prediction technique is an interesting direction.

In this talk, I will introduce DFT sampling approaches recently implemented in our
group for disorderd heterogeneous solid-solid interfaces and our researches on the
inonics at oxide cathode / sulfide electrolyte interfaces in all-solid-state batteries [1-4].
The sampling breakthrough was achieved by the CALYPSO technique [5,6], which
allows us to explore a variety of interfacial disordered structures. The approach is
compatible to massive parallel calculations with high performance computing
resources like “Fugaku”. The sampled interfacial structures enable to examine the
chemical potential and potential energy surface of mobile ions around the solid-solid
interfaces, which gives a perspective about the interfacial space-charge and electric
double layers as well as their relations with the interface ionics.

These works were done in collaboration with Dr. Bo Gao, Prof. Yanming Ma, Dr.
Randy Jalem, and Dr. Jun Haruyama. The works were partly supported by MEXT as
"Priority Issue (No.5) on Post K computer” and JSPS KAKENHI “Interface IONICS”
Grant Number JP19H05815.

[1]J. Haruyama, K. Takada, Y. Tateyama ef al., Chem. Mater. 26, 4248-4255 (2014).
[2] J. Haruyama, Y. Tateyama et al., ACS Appl. Mater. Interfaces 9, 286-292 (2017).
[3] B. Gao, R. Jalem, Y. Ma, Y. Tateyama, under review.

[4] Y. Tateyama et al., Curr. Opin. Electrochem. 17, 149-157 (2019).

[5] Y. Ma et al., Phys. Rev. B 82, 094116 (2010).

[6] B. Gao, Y. Ma et al., Sci. Bull. 64, 301-309 (2019).
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Rare-earth (RE) related compounds show broad range of functionality and their
importance for our present life is taking on an added significance. Probably, the oldest
application of RE is optical one and it has long history as a fluorescent material.
Recently, LED was fabricated based on Eu-doped GaN and light emission due to
carrier injection was realized. RE based light emitting materials are distinguished for
their narrow line width, small temperature dependence and insensitivity to the
environment. These characteristic properties mostly come from localized nature of 4f-
states. Therefore, for accurate prediction and design of RE related functional material
reasonable description of electronic structure of 4f-states is indispensable.

However, electronic structure calculation is not trivial for RE systems, because
the local density approximation (LDA) or the generalized gradient approximation
(GGA), they are frequently used for the band structure calculations, do not work
reasonably for 4f-systems. Particularly for open 4f-shells, partially occupied 4f-bands
appear around the Fermi level mostly due to the self-interaction within 4f-orbitals.

In this paper, we present systematic electronic
structure calculations of RE nitrides (RE = Sc, Y,
La ~ Lu) by using quasi-particle self-consistent
GW (QSGW) method. This method was
implemented to first-principles  calculation
package ecalj, and confirmed to give reasonable
description of the electronic structure of several
materials including f-electron systems [1, 2].

Fig. 1 shows calculated band structure of SmN.
As shown in the figure, the system shows semi-
metallic electronic structure. Calculated moments
(8=2.50, L=4.96, J=2.46) are consistent to Hund’s
rule prediction. Present systematic calculations
show calculated magnetic moments are reasonably
described by the Hund’s rule for most of the rare- 10 e sl
earth nitrides with few exceptions. r X WL r KX

Fig. 1. Calculated band structure of SmN.
[1] D. Deguchi, K. Sato, H. Kino, T. Kotani, Jpn. J. Appl. Phys. 55, 51201 (2016).
[2] A. N. Chantis, M. van Schilfgaarde, T. Kotani, Phys. Rev. B 76, 165126 (2007).
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We employed density functional theory calculations to systematically investigate the
strain-modulated structural, electronic and optical properties of monolayer tellurium.
Our findings show that at zero strain y-phase monolayer tellurium is found to be more
energetically favorable than either the a-phase or B-phase, which were fabricated
through molecular-beam epitaxy. All studied phases are found to exhibit semiconductor
properties, of which a- and y-phases exhibit indirect band gaps whereas 3 phase has a
direct band gap. Furthermore, we found that certain strain can drive the structural
transitions between a-phase and B-phase. The resulting band gap values approach zero
at a large strain regime for all studied systems and the effective mass of electron and
hole can be effectively altered by strain as well. These findings extend the knowledge
on two-dimensional tellurium and provide potential applications in electronic devices.
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Topological insulators (TIs) with a nontrivial band structure have attracted much attention in
the past decade[1]. CsPbCls, CsPbBr3;, and CsPbl; perovskites are known as promising
materials for solar cells[2]. Recently, CsPbls is theoretically predicted to be a TI under high
pressure.[3-5] In this study, we have calculated the electronic band structures of CsPbBryls.«
(x=0, 1, 2, and 3) perovskite by using the density functional theory. The equilibrium lattice
constant of CsPbBr«l3.« is obtained from the minimum of the total energy as a function of lattice
constant. We found that in its equilibrium state, the CsPbBryls.« is a normal insulator with a
bandgap of 0.6711 eV, 0.4849 eV, 0.3868 eV, and 0.3250 eV for CsPbBr3, CsPbBrl, CsPbBrl,
and CsPbl;s, respectively. The bandgap of CsPbBrls.x decreases monotonically to zero when
applying hydrostatic stress. The topological insulator phase then arose at about 6 GPa of
pressure. The band inversion occurs with and without spin-orbit coupling. A nontrivial Z,
topological number is obtained. Furthermore, the surface conduction band is calculated and
confirmed by using a 1x1x10 supercell. If the center Pb atom is moved and the structure
inversion symmetric is broken, the CsPbBr«I3.« becomes polarized and the electric polarization
P. is calculated. Typically, the electric polarization increases as the Pb ion moves away from
its origin. However, Pe. of CsPbBr,l becomes negative as the Pb atom moves. We also found
that at high pressure the topological phase also exists on the polar surface.

[1] R. Shankar, arXiv:1804.06471 (2018).

[2] Li Lang, J.-H. Yang H.-R. Liu, H. J. Xiang, and X. G. Gong, Phys. Lett. A 378,
290 (2014).

[3]S. Liu, Y. Kim, L. Z. Tan and A. M. Rappe, Nano Lett. 16 1663, (2016)

[4] K. Yang, W. Setyawan, S. Wang, M. B. Nardelli, S. Curtarolo, Nat. Mater. 11, 614
(2012)

[5] H. Jin, J. Im, A. J. Freeman. Phys. Rev. B 86, 121102 (2012)
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Our theoretical researches focus on searching for novel nm-scale
ferromagnetic/barrier/ferromagnetic (FM/B/FM) magnetic tunnel junctions (MTJs)
with superior spin transport properties by choosing oxides [1] and organic molecules
[2] as the central barriers. The relative orientation of two FM electrodes can be
controlled by a spin-polarized current via the noncollinear spin torque effect. Recently,
we have successfully employed the single-band tight-binding (SBTB) model to predict
the noncollinear spin torque effect in FM/I/FM and FM/I/SF/I/FM [1] magnetic tunnel
junctions, where I and SF represent insulting and spin-filter barriers, respectively.
However, for real complex heterojunctions, the injected spin-polarized electrons from
FM electrode can be strongly influenced by the complicated interfacial spin-polarized
charge transfer, which is ignored in our previous SBTB model.

In this study, our newly developed “JunPy” [3] package successfully combined the
self-consistent Hamiltonian by using the first-principles calculation, including multi-
band dispersion relation and complicated interfacial coupling, with our newly derived
TB model and non-equilibrium Green’s function (NEGF) method to investigate the
noncollinear magnetotransport properties in nm-scale magnetic heterojunctions. This
program is first testified for the spin-polarized currents and the noncollinear spin torque
effect in conventional Fe/MgO/Fe MTJ. We further employed it to predict the giant
field-like spin torque (FLST) effect in the amine-ended single-molecule magnetic
junction [5], which may open a new avenue for multifunctional manipulation in next-
generation organic FLST-MRAMs with lower power consumption. We believe that this
newly developed calculation process not only can efficiently resolve current self-
consistent difficulties in first-principles calculation for non-collinear case, but also may
inspire future experimental explorations in novel magnetic heterojunctions for future
spintronics applications. This work is supported by the Ministry of Science and
Technology (MOST 106-2633-M-008-002- and 107-2633-M-008-004-) and the
National Center for Theoretical Sciences, Republic of China.

[1] Y. —H. Tang et al., Phys. Rev. Lett. 103, 057206 (2009) and Sci. Rep. 5, 11341
(2015).

[2] Y. -H. Tang et al., J. Phys. Chem. C 120, 692 (2016).

[3] JunPy package https://labstt.phy.ncu.edu.tw/junpy

[4] Nanodcal package http://nanoacademic.ca/showArticle.jsp?id=17

[5] Y.-H. Tang and B. —H. Huang, J. Phys. Chem. C 122, 20500 (2018).
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Recently, transition metal dichalcogenides (TMDs) have become a focus of intense
research due to their diversity of characteristics and interesting dimensionality effects.
Among TMDs, high carrier mobility renders HfSe> a promising choice for FET and
phototransistor applications [1]. In this study, the first-principles calculation are carried
out to investigate size and edge effects on the structural, electronic, and magnetic
properties of 1T-HfSe; from bulk to nanoribbons. The hybrid functional HSE06 is
considered to meet the experimental band gap (~ 1.1 eV for monolayer HfSe: [2]).
From 3D-bulk to 2D-film, the nearly invariant energy gap reveals the weak inter-layer
van der Waals interaction of 1T-HfSe; [3, 4]. When we further downsize to 1D
nanoribbons with zigzag and armchair edges, our first-principles calculations suggest
that only Hf-terminated zigzag edge exhibits magnetic and metallic properties [4].
These surface-induced unpaired d electrons of edge Hf ions preserve spin-polarized
surface states, which can be eliminated by absorbing adatoms, such as H atoms. In
addition, the width dependence of spin polarization as well as the spin-polarized energy
level variation are also discussed and may support potential applications in spintronics
and nanodevices. This work is supported by the Ministry of Science and Technology
(MOST 108-2628-M-008-004-MY3), the National Center for Theoretical Sciences
(NCTS), and the National Center for High-performance Computing (NCHC).

[1] H. -S. Tsai et al., Adv. Mater. Interfaces 1701619 (2018)

[2] R. Yue et al., ACS Nano 9, 474 (2015)

[3] M. J. Mleczko et al., Sci. Adv. 3, e1700481 (2017)

[4] Icuk Setiyawati et al., submitted to Chinese Journal of Physics (revised)
[5]S. Liu et al., Phys. Lett. A 382, 776 (2018)
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Ultrathin Pb and Ge films deposited on Ag(111) surfaces have been investigated and compared.

We found that at 1/3 ML, both films formed surface alloys, AgoPb and Ag,Ge, with

1

V3 x +/3R30° and £\/§ x%ﬁR30° structures on Ag(111) but the surface electronic

structures exhibit a most evident difference at the Ag(111) surface zone boundary M Ag(111)s
where the single band and the splitting ones were observed, respectively. Up to 1 ML, Ag,Ge
subsequently develops into germanene with a striped phase and then a quasifreestanding phase,
as previously reported [Lin et al., Phys. Rev. Mater. 2, 024003 (2018)], while Ag,Pb evolves
to a dense Pb(111) phase that also reveals splitting bands at 1\_4Ag(111). We discover that the
larger (smaller) atomic size of a Pb (Ge) atom with respect to an Ag atom causes the
commensurate (incommensurate) interfaces and further demonstrate that the splitting bands of
Ag,Ge surface alloy and 1-ML Pb film originated from the commonly incommensurate
interface with Ag(111), which mediates umklapp scattering by inducing the mirror image of
the pristine Ag,Ge and Pb(111) bands relative to 1\_/[Ag(111) [1].

[1] Santosh Chiniwar, Angus Huang, Ting-Yu Chen, Chung-Huang Lin, Cheng-Rong
Hsing, Wei-Chuan Chen, Cheng-Maw Cheng, H.-T. Jeng, C. M. Wei, Woei Wu Pai,
and S.-J. Tang, Phys. Rev. B 99, 155408 (2019)
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Fermi surfaces and band dispersion curves of a Cu,Si layer on Si(111), quasi-“5x5”
were mapped by angleresolved photoemission spectroscopy using synchrotron
radiation. Two metallic bands were observed within the Si bulk band gap, which are
likely assigned to the electronic bands of the Cu,Si layer. Additional bands were
found in the Si bulk band gap that originate from the interactions between the
substrate state and the Cu,Si states that have the pz character. The present research
aims at investigating the changes in the electronic structure of an atomic layer when
prepared on a substrate..

[1] M. Cameau, R. Yukawa, C.-H. Chen, A. Huang, S. Ito, R. Ishibiki, K. Horiba, Y.
Obata, T. Kondo, H. Kumigashira, H.-T. Jeng, M. D'angelo, and I. Matsuda, Phys.
Rev. Materials 3, 044004 (2019)
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The zigzag-edged triangular graphene molecules (ZTGMs) have been predicted to host
ferromagnetically coupled edge states with the net spin scaling with the molecular size,
which affords large spin tunability crucial for next-generation molecular spintronics.
However, the scalable synthesis of large ZTGMs and the direct observation of their
edge states have been long-standing challenges because of the molecules’ high
chemical instability. Here, we report the bottom-up synthesis of m-extended
[5]triangulene with atomic precision via surface-assisted cyclo-dehydrogenation of a
rationally designed molecular precursor on metallic surfaces. Atomic force microscopy
measurements unambiguously resolve its ZTGM-like skeleton consisting of 15 fused
benzene rings, while scanning tunneling spectroscopy measurements reveal edge-
localized electronic states. Bolstered by density functional theory calculations, our
results show that [5]triangulenes synthesized on Au(111) retain the open-shell =-
conjugated character with magnetic ground states.

This manuscript is published in: J. Su, M. Telychko, P. Hu, G. Macam, P. Mutombo,
H. Zhang, Y. Bao, F. Cheng, Z.-Q. Huang, Z. Qiu, S.J.R. Tan, H. Lin, P. Jelinek, F.-C.
Chuang, J. Wu, and J. Lu, Sci. Adv. 5§, eaav7717 (2019).
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Efficient ab initio calculations of correlated materials at finite temperature require
compact representations of the Green’s functions both in imaginary time and Matsubara
frequency. In this talk, we present a general procedure which generates sparse sampling
points in time and frequency from compact orthogonal basis representations [1], such
as Chebyshev polynomials [2] and intermediate representation (IR) basis functions [3].
These sampling points accurately resolve the information contained in the Green’s
function, and efficient transforms between different representations are formulated
with minimal loss of information. As a demonstration, we apply the sparse sampling
scheme to diagrammatic GW and GF2 calculations of a hydrogen chain, of noble gas
atoms and of a silicon crystal.

[1] J. Li, M. Wallerberger, N. Chikano, C.-N. Yeh, E. Gull and H. Shinaoka,
arXiv:1908.07575v1.

[2] E. Gull, S. Iskakov, I. Krivenko, A. A. Rusakov, and D. Zgid, Physical Review B
98, 75127 (2018).

[3] H. Shinaoka, J. Otsuki, M. Ohzeki, and K. Yoshimi, Physical Review B 96, 35147
(2017).
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Understanding the electronic properties of defects in black phosphorus (BP) is of
great importance for both fundamental research and technological applications. Peanut-
shaped defects observed in black phosphor (BP) have been attributed to structure
vacancies or charged substitutional impurities in previous studies.[1-2] However, we
observe a peanut-shaped defects caused by atom intercalation and demonstrate that
atom intercalation in the van der Waals gap can be thermodynamically stable and
causes relative shear of adjacent Bp layers, leading to significant electronic perturbation
over 10 nm. We study platinum atom intercalation by both experiments and ab-initio
calculation and confirm our picture from comparing partial density of states, structure
distortion, and electronic band gap . In addition, we predict some atoms have also
stable intercalation, for instance, Au, used as a catalyst for Bp growth and some atoms
are not stable intercalant.[3]

[1] Zhizhan Qiu, Hanyan Fang, Alexandra Carvalho, A. S. Rodin, Yanpeng Liu,
Sherman J. R. Tan, Mykola Telychko, Pin Lv, Jie Su, Yewu Wang, A. H. Castro Neto,
and Jiong Lu,Nano Letters 17 (11), 6935-6940 (2017)

[2]Brian Kiraly, Nadine Hauptmann, Alexander N. Rudenko, Mikhail 1. Katsnelson,
and Alexander A. Khajetoorians Nano Letters 17 (6), 3607-3612 (2017).

[2]L. Qiu,J. C. Dong, and F. Ding Nanoscale,10, 2255 (2018)
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We analytically solve the Schrodinger equation with an external magnetic field to
derive the tunneling probability in NM/I/NM junction, where NM and I represent
nonmagnetic metal and insulating barrier, respectively. We first divide junction into
three isolated parts, solve them individually, and then obtain the total wavefunctions of

junction by matching the boundary conditions at two NM/I interfaces.

In this study, electron transport is along x-axis, a parabolic potential energy is
considered in y-axis, a homogeneous magnetic field is applied along z-axis, and the
Landau Gauge is chosen. Due to the existence of external magnetic field, the non-
Hermitian Hamiltonian with imaginary eigenvalue of the momentum operator in
transport direction is employed for the I-barrier. This can be treated as an unbroken
parity-time symmetric operator with real eigenvalue and normalizable wave function

Y [1]. Since the probability of non-Hermitian Hamiltonian can be defined by Y(y, t) -

*

. - . 0
U*(—y, t), the discontinuity of the wave function ;:(

at the NM/I boundary renders us

to calculate the transmission probability of wave functions Y* and Y separately.
Finally, we’ll discuss about the origin of this discontinuity. This work is supported by
the Ministry of Science and Technology (MOST 106-2633-M-008-002- and 107-2633-
M-008-004-) and the National Center for Theoretical Sciences, Republic of China.

[1] Carl M Bender, Rep. Prog. Phys. 70, 947 (2007).
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Very recently, control of magnetic properties by mean of external electric field has been
attracted as a key challenge in materials science [1,2]. One of the most emerging topics is the
electric-field effect on magnetism in 2D magnetic materials, which is intensively considered
as an ideal candidate for next-generation device fabrication [3]. A recent experiment has
demonstrated electric-field control of magnetism in bilayer Crl;, which reveals modification
of an interlayer exchange coupling enables robust switching of magnetization [4]. This has
been theoretically confirmed by the ab initio calculations showing that indeed the magnetic
stability of bilayer Crl; can be tuned by external electric field [5]. In this work, we study
electric-field control of magnetism in bilayer VI;, new discovered ferromagnetic van der
Walls material, based on density functional theory calculations. Two possible structures with
different VI; layer stacking, i.e., thombohedral (R-3, low-temperature phase) and monoclinic
(C2/m, high-temperature phase) structures, have been investigated. All the calculations were
performed using the VASP code [6] based on the projector-augmented wave (PAW) method
with the generalized gradient approximation (GGA) potential. The Hubbard U correction was
employed within the rotationally invariant GGA+U approach [7] to take account of the
localized 3d orbital states at transition-metal atoms. We predict that the magnetic stability of
bilayer VI; systems can be tuned by external electric field and the effect is comparable with
the case of bilayer Crl;. To understand the physics behind, the geometry, stability, and
electric and magnetic properties of bilayer VI; will be discussed by presenting the projected
density of state and band structure.
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NO adsorptions on metal surfaces have been studied intensively due to its
importance in various catalytic processes. It is recognized that NO adsorbs molecularly
on noble metal (111) surfaces, i.e., Cu(111), Ag(111), Au(111l), at rather low
temperature followed by the formations of dimeric (NO), and N,O with further gas
exposure. Recently, by using scanning tunneling microscopy. Shiotari et. a/ observed
unexpected NO adsorption in an trimer configuration on Cu(111) [1]. Their finding is
then verified by electron energy loss spectroscopy which proposed that NO molecules
in NO trimer are inclined from the surface normal owing to intermolecular couplings
between NO molecules [2]. To provide orgin of the peculiar formation of NO trimer on
Cu(111), we study the adsorptions of small NO clusters on Cu(111) by mean of density
functional theory. We employed van der Waal Density Functional (vdW-DF) method
as implemented[3] in the STATE code [4]. We found that the NO monomer preferably
adsorbs in an upright configuration at the fcc-hollow site, whereas all NO molecules of
the NO dimer and trimer are in inclined configurations at the neighboring fcc-hollow
sites due to short-range attractions between molecules. The NO trimer is consistently
the most stable regardless of lateral periodicities, which is consistent with the
experiment [1,2]. Vibrational analysis also reveals that the N-O stretching mode shifts
upward from 182 meV of NO monomer to 193 meV of NO trimer, and the latter mode
agrees much better with the EELS data (~190 meV). The origin of the preferable
formation of the NO trimer on Cu(111) is attributed to a subtle interplay between
intermolecular and molecule — substrate interactions.

[1] A. Shiotari, S. Hatta, H. Okuyama, and T. Aruga, J. Chem. Phys. 141, 134705
(2014).

[2] H. Koshida, H. Okuyama, S. Hatta, and T. Aruga, J. Chem. Phys. 145, 054705
(2016).

[3] Y. Morikawa, Phys. Rev. B 51, 14802 (1995).

[4] Y. Hamamoto, I. Ikutaro, K. Inagaki, and Y. Morikawa, Phys. Rev. B 93, 245440
(2016).
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Diamond has been proved that can be deformed by advanced technolodge[1]. This
discovery expands the potential of diamond application. Therefore, we introduce the
density function theory to evaluate the electronic properties of diamond under strain.
We elongate diamond along <100>, <110> and <111> directions, and investigate the
variation of band structures. We found that diamond shows unique properties under
specific direction of strain, such as bandgap reduction, indirect-to-direct bandgap
transition and flat band appearance. With these impressive properties, diamond can be
considered as promising material in applications of electronic and optomechanical
devices.

[1] A. Banerjee, D. Bernoulli, H. Zhang, M.-F. Yuen, J. Liu, J. Dong, F. Ding, J. Lu,
M. Dao, W. Zhang, Y. Lu, and S. Suresh, Science 360, 300 (2018).
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Piezoelectric properties of a variety of nanostructures such as one- or two-
dimensional materials including nanowires and nanofilms have been attracted great
interests as a potential material in applications for future piezo-electronics devices.
Among piezoelectric materials, wurtzite-type materials such as ZnO have been
actively investigated as a practically useful material for sensors, actuators, and energy
harvesting devices because of their superior semiconducting and piezoelectric
properties. It has been computationally demonstrated that a ZnO nanowire with a
diameter less than 1 nm shows strong enhancements of longitudinal piezoelectric
constants relative to the bulk value. However, microscopic origins of the
piezoelectricity enhancements in nanowires are not fully understood yet. Here we
study electronic, structural, and piezoelectric properties of ZnO nanowires and
nanofilms by the first-principles calculations based on the density functional theory
with the generalized gradient approximation. We use the model structures of ZnO
nanowires ([0001]-oriented wires with several diameters in a few nm ranges) and
ZnO nanofilms (polar [0001] Zn- and [000-1] O-terminated slabs with several
thicknesses of a few atomic layers). The model structures are fully optimized by the
first-principles, and electric polarizations and piezoelectric constants of the models
are calculated by the so-called Berry phase method, as previously studied for bulk
materials [1,2]. As a result, the ZnO nanowire calculated with diameters 3 to 16
angstrom shows the insulating electronic structure. The effective piezoelectric
constants of the nanowires increase with decreasing diameter size as previously
reported, and the model with the smallest diameter shows the highest effective
piezoelectric constant enhanced by 151% relative to the bulk value. Both clamped-ion
and internal-strain term in the piezoelectric constant contributes to the enhancement,
and the latter is rather dominant showing that large atomic displacements in response
to external strains. In the ZnO nanofilms, we find that two types of atomic structures
(the wurtzite-type and the flat-layered structures) compete with respect to the film
thickness as well as the in-plane strains even for a fixed thickness. Though the
wurtzite-type and the flat-layered structures show metallic and insulating surface
electronic states, respectively, this result provides a possibility to control piezoelectric
behavior of ZnO nanofilms around the structural phase boundaries by tuning film
thicknesses and in-plane strains.

[1] H. Momida, A. Teshigahara, and T. Oguchi, AIP Adv. 6, 065006 (2016).
[2] H. Momida and T. Oguchi, Appl. Phys. Express 11, 041201 (2018).
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Based on the density-functional theory (DFT), the generalized gradient approximation
(GGA), and GGA incorporated with Coulomb correlation interaction U (GGA+U), double-
perovskites BiPbCrMnOg and BiPbCrTcO¢ are investigated for new unconventional
antiferromagnetic insulators (UAF-Is) and semi-conductors (UAF-SC) by the first-principles
spin-polarized calculations with electronic structure relaxation. The two compounds are
UAF-Is in one spin channel and UAF-SC in the other spin in GGA, while they are totally
UAF-Is in GGA+U. There are stable states for the induced UAF-Is because their UAF
configuration has an about 250~500 meV lower than the ferromagnetic (FM) configuration.
This discovery of property in double perovskites BIPbCrMnOy and BiPbCrTcOg contributes
the useful candidates for the field of spin-based electronics, or spintronics, information
utilized by ferromagnets or antiferromagnets.

Key words: First-principles, double-perovskite, unconventional antiferromagnetic
insulators, unconventional antiferromagnetic semi-conductors
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Anomalous Hall (AH) effect has been known as an important macroscopic
phenomenon in materials science because of its application to spintronics such as
electronic probes, switches, and memory devices [1]. The discovery of large AH effect
in non-collinear antiferromagnets with no net magnetization has led an increasing
amount of attention in studying the topological features of electronic band structure for
the AH effect because of the insensitivity against an applied magnetic field and no stray
fields interfering with the neighboring cells as well as faster spin dynamics than
ferromagnets. In this work, we investigate in detail the topology features of electronic
structures which produce the large AH effect in antiferromagnetic (AFM) states for a
series of anti-perovskite manganese nitrides Mn3;AN (4 = Ni, Cu, Ga, Ge, In, Sn, Ir) by
first-principles density-functional-theory calculations.

The modern formalism of the AH effect has shown that the AH conductivity is
obtained as Berry curvatures integrated over the Brillouin zone. Band crossing points
called Weyl points have been considered to have an essential role for large AH effect
in many studies since it divergently increases the Berry curvature [2-4]. Our work
revealed that small Berry curvatures which are widely spread throughout the Fermi
surface in the Brillouin zone, dominantly contributes after the k-space integration to
the AH conductivity. While the locally divergent Berry curvatures around Weyl points
have a rather small contribution to the AH conductivity [5]. It opens a viewpoint for a
relation between topology and macroscopic phenomena in noncollinear AFM. Our
study might also motivate and guide further various exciting researches in associating
with topology and AFM spintronics applications.

[1] N. Nagaosa, J. Sinova, S. Onoda, A. H. MacDonald, and N. P. Ong, Rev. Mod.
Phys. 82, 1539 (2010).

[2] W. Shi, L. Muechler, K. Manna, Y. Zhang, K. Koepernik, R. Car, J. V. D. Brink,
C. Felser, and Y. Sun, Phys. Rev. B 97, 060406 (2018).

[3] A. A.Burkov, Nat. Mater. 15, 1145 (2016).
[4] D. G. Martinez, 1. Souza, and D. Vanderbilt, Phys. Rev. B 92, 085138 (2015).

[5] V.T.N. Huyen, M.-T. Suzuki, K. Yamauchi, and T. Oguchi, Phys. Rev. B 100,
094426 (2019).
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Weight reduction is one of the most important tasks for improving fuel economy and
controlling CO> emissions of aircraft and automobiles. Therefore, it is compelling to
develop light and strong materials. As a solution to this problem, the design of
magnesium (Mg) based alloys has attracted much attention recently, since Mg is the
lightest substance element for structural metals. Among them, a dilute Mg-based alloy
with a nominal composition of Mgo7Zn1Y2 exhibit a remarkable high tensile yield
strength and ductility. The strength of 600MPa in Mgo7Zn:1Y?> is approximately three
times larger than that of a commercial Mg based alloy called AZ31B [1]. This strength
is expected to be coupled with a unique atomistic structure where a concentration of
solute atoms (Zn, Y) appears on the (0001) plane in a few layers of the hexagonal close-
packed (hcp) Mg matrix, and Shockley’s partial dislocation (stacking fault) occurs in
the solute concentrated layers [2]. The stacking sequence is relatively long along the c-
axis of hcp lattice. Therefore, such structure is referred to as long-period stacking
ordered (LPSO) structure. Furthermore, recent structural analysis using transmission
electron microscopy (TEM) revealed that L1, type clusters of solute elements (MsY5s)
are embedded in the Mg matrix near the stacking fault [3-5].

In this study, to clarify the microscopic origin of the phase stabilities of LPSO
structures, we calculate heats of formation and electronic structure of Mg —M-Y alloy
(M = Co, Ni, Cu, Zn) with different compositions and stacking sequence using first-
principle calculations. In this presentation, we show how the geometry of L1 type
solute clusters affects electronic structure near the Fermi level that determine the
structural stabilities of LPSO phases. Furthermore, we discuss the possibility of
vacancy formation in Mg-Zn-Y alloy using convex hull on the phase diagram.

[1] Y. Kawamura, K. Hayashi, A. Inoue, and T. Masumoto, Mater. Trans. 42, 1172
(2001).

[2] E. Abe, Y. Kawamura, K. Hayashi, and A. Inoue, Acta Metall. 50, 3845 (2002).
[3] D. Egusa and E. Abe, Acta Mater. 60, 166 (2012).

[4] J. Saal and C. Wolverton, Acta Mater. 68, 325 (2014).

[5] H. Kimizuka, S. Kurokawa, A. Yamaguchi, A. Sakai, S. Ogata, Sci. Rep. 4 7318
(2014).
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The magnetocaloric effect is promising for future refrigeration technology with high
efficiency and environment-friendly. Temperature and entropy of magnetic material
are changed with applying and removing the magnetic field. The direct magnetocaloric
effect has negative isothermal magnetic entropy change, while the entropy change in
the inverse magnetocaloric effect is positive. Magnetic material with a first-order phase
transition has attracted much attention due to a giant isothermal magnetic entropy
change and significant adiabatic temperature change. Among the magnetic materials
with a first-order magnetic phase transition, FeRh alloys have peculier properties. FeRh
alloys show successive antiferromagnetic (AFM) to ferromagnetic (FM) and FM to
paramagnetic (PM) transitions which can be applicable for heat-assisted magnetic
recording, antiferromagnetic spintronics device, and magnetocaloric effect [1,2]. In this
work, we investigate the electronic structure, magnetism and magnetocaloric effect of
FeRh by combining first-principles calculations and Monte Carlo simulations. The
results of the magnetization curve at zero external magnetic field and isothermal
entropy change (0-2 Tesla) are in good agreement with experimental works [3,4]. The
isothermal entropy change (0-5 Tesla) of the inverse magnetocaloric effect (AFM-FM
transition) and direct magnetocaloric effect (FM-PM transition) of FeRh alloys are
reasonably predicted.

[1] V. Baltz, A. Manchon, M. Tsoi, T. Moriyama, T. Ono, and Y. Tserkovnyak, Rev.
Mod. Phys. 90, 015005 (2018).

[2]J. U. Thiele, S. Maat, and E. E. Fullerton, Appl. Phys. Lett. 82, 2859 (2003).
[3]17J. S. Kouvel, and C. C. Hartelius, J. Appl. Phys. 33, 1343 (1962).

[4] A. Chirkova, K. P. Skokov, L. Schultz, N. V. Baranov, O. Gutfleisch, and T. G.
Woodcock, Acta Mater. 106, 15 (2016).
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Abstract: Topological insulators (TIs) are very promising materials for new technological
applications ranging from spintronics to quantum computation. Here, based on the first-
principles calculations, we predict a possible new family of two-dimensional (2D) TIs in 9
ternary transition metal chalcogenides (TTMCs) ABX4, where A and B = Zr, Hf or Ti and X =
S, Se or Te. A total of five compounds (HfTiTes, ZrTiTes, Hf TiSes, ZrTiSes and ZrHfTes4) are
identified to be nontrivial under GGA functional; whereas in hybrid functional (HSE06) case,
only three (ZrTiTes, ZrHfTes, and HfTiTes) remains nontrivial. The structural stabilities are
confirmed by phonon spectrum analysis. The diversity of TTMCs will open up a wide
possibility for tuning the bandgap and will provide a variety of new opportunities for 2D and
topological material research.
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The oxyluciferin anion, a well-known light emitter in firefly bioluminescence, is an
important molecule for understanding the mechanism of the firefly’s light emitting
process. From first-principles, the environmental conditions under which the
oxyluciferin anions in the excited state are generated and emit the light, are too
complicated to simulate. Thus, the conventional theoretical studies have considered
the environmental effects in modeled solutions or proteins and simulated only the
oxyluciferin anion using quantum mechanics (QM). However, the validity of these
models and the origins of detected errors have not been properly discussed to date
because realistic simulations are too computationally expensive.

In this study, first-principles Born-Oppenheimer molecular dynamics (BOMD)
simulations were applied to three possible oxyluciferin anions (phenolate-keto,
phenolate-enol, and phenol-enolate) in a cubic box with 64 water molecules. Three
long BOMD runs up to 1.4 ns were completed, corresponding to 2.9 million MD
steps[1,2]. Unlike conventional simulations that use water molecules modeled by
molecular mechanics (MM) or polarizable continuum mode (PCM), BOMD considers
the explicite water molecules and suggests that the phenolate-enol form is the most
stable isomer with the phenolate-keto and phenol-enolate isomers being less stable by
0.05 and 0.25 eV, respectively. For the three isomers, 1000 molecular structures were
randomly chosen from the trajectory and the photoabsorption spectra were simulated
using time-density density functional theory. Three different treatments of the water
molecules (QM, MM, or PCM) and two functionals (CAM-B3LYP or B3LYP) were
used. The full QM simulations with the CAM-B3LYP functional, in which the
oxyluciferin anion and 64 water molecules were equally treated as QM, showed the
best agreement with the available experiments. The validity of QM/MM simulations
will also be discussed.

[1] Y. Noguchi, M. Hiyama, M. Shiga, O. Sugino, and H. Akiyama, J. Phys. Chem. B,
120, 8776 (2016).

[2] Y. Noguchi, M. Hiyama, M. Shiga, H. Akiyama, and O. Sugino, submitted to J.
Chem. Theory Compt.
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A series of oxyhdyrides ATiOH are recently predicted as ferroelectric materials. The
electronic band structures of these materials show 2D-like property and sizable contribution
of the hydrogen ls orbitals to the states near the Fermi level. As such interesting physical
properties are expected with the hole doping. We studied the phonon property and
superconductivity of these materials under the hole doping condition. To describe the Kohn-
anomaly and its effect on the superconductivity accurately, we applied the Wannier
interpolation scheme combined with the optimized-tetrahedron method to both the electron-
phonon coupling matrix and the dynamical matrix. The hydrogen vibrational modes give the
main contribution to the superconductivity, and the critical temperature reaches 10 K at the
vicinity of the critical doping ratio where the hydrogen-dimerization-like distortion occurs.
We found that the quartic or higher-order dispersion in electronic band structure drastically
enhances phonon softening, and thus the superconductivity.
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The magneto-optical (MO) effects not only are a powerful probe of magnetism and
electronic structure of magnetic solids but also have valuable applications in high-
density data-storage technology. The latest discovery of ferromagnetism in atomically
thin films of semiconductors CroGe;Tes [1] and Crl; [2] has unleashed numerous
opportunities for fundamental physics of magnetism in two dimensional (2D) limit
and also for technological applications based on 2D magnetic materials. In this
contribution, we present a comprehensive theoretical study of the magnetic,
electronic, optical and magneto-optical (MO) properties of multilayers (monolayer
(ML), bilayer (BL) and trilayer) as well as bulk Crls, based on the density functional
theory with the generalized gradient approximation plus on-site Coulomb repulsion
scheme [3]. Interestingly, all the structures except the BL, are found to be single-spin
ferromagnetic semiconductors. They all have a large out-of-plane magnetic
anisotropy energy (MAE) of ~0.5 meV/Cr, in contrast to the significantly thickness-
dependent MAE in multilayers of CrGe.Tes [4]. These large MAEs suppress
transverse spin fluctuations and thus stabilize long-range magnetic orders at finite
temperatures down to the ML limit. They also exhibit strong MO effects with their
Kerr and Faraday rotation angles being comparable to that of best-known bulk MO
materials. The shape and position of the main features in the optical and MO spectra
are found to be nearly thickness-independent although the magnitude of Kerr rotation
angles increases monotonically with the film thickness. Magnetic transition
temperatures estimated based on calculated exchange coupling parameters, calculated
optical conductivity spectra, MO Kerr and Faraday rotation angles agree quite well
with available experimental data [3]. The calculated MAE as well as optical and MO
properties are analyzed in terms of the calculated orbital-decomposed densities of
states, band state symmetries and dipole selection rules. Our findings of large out-of-
plane MAEs and strong MO effects in these single-spin ferromagnetic
semiconducting Crl3 ultrathin films suggest that they will find valuable applications
in semiconductor MO and spintronic nanodevices.

1] C. Gong et al., Nature 546, 265 (2017).

2] B. Huang et al., Nature 546, 270 (2017).

3] V. K. Gudelli and G. -Y. Guo, New J. Phys. 21 053012 (2019).
4

[
[
[
[4] Y. Fang, S. Wu, Z.-Z. Zhu and G.-Y. Guo, Phys. Rev. B 98, 125416 (2018).
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Probing the effects of layer thickness and stacking on transition metal
dichalcogenides (TMD) offers novel insights on their electronic properties and
tunability which leads to a new avenue of research and applications[1-3]. A
comprehensive first-principles study on layer-dependent stabilities and electronic
properties of ZrX, (X=S, Se, or Te) thin films from 1 layer to 10 layers is performed
in this study. Result shows that both ZrX> bulk and thin films adopt 1T allotrope as
the most stable structures. Furthermore, 1T ZrS; and ZrSe; thin films are insulators
and their band gaps decreased as the number of layers is increased to 10 layers, while
IT ZrTe thin films and bulk are semi-metallic. Lastly, we discovered existence of
van Hove singularities in unstrained 2-layer and strained 3-layer 1T ZrS; thin films.
These results showcase the tunable electronic properties of two-dimensional materials
due to thickness dependence and strain.

[1] Yun, W. S., Han, S. W., Hong, S. C., Kim, . G. & Lee, J. D, Phys. Rev. B -
Condens. Matter Mater. Phys. 85, 1-5 (2012).

[2] He, J., Hummer, K. & Franchini, C. Phys. Rev. B - Condens. Matter Mater. Phys.
89, 1-11 (2014).

[3] Villaos, R. A. B. et al., npj 2D Mater. Appl. 3, 1-8 (2019).

Fig. 1 Different stacking types of ZrX»
with the T allotrope. a T-AA, b T-AB,
and ¢ T-ABC. d All stackings have the
same Bravais unit cell and top view. e
Hexagonal Brillouin zone with the
high-symmetry points labeled.

Fig. 2 Band structures, 2D contour
plots of the highest occupied band, and
the total DOS of a 1L to 4L 1T ZrS;
with SOC and b 3L 1T ZrS; with SOC
under tensile strain (1% to 4%)
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Fe-doped semiconductors have been attracting much attention as ferromagnetic
semiconductors due to the possibility of high Curie temperature, fascinating functions
such as low power consumption and high-speed operation, and fabrication of both n-
and p-type. In fact, Fe-doped InSb not only exhibits the high Curie temperature but
can also be n-type doping [1,2]. Our previours calculations reveal that, (In,Fe)Sb has
complex magnetic properties, which are determined by the correlation between
magnetic exchange coupling constants and chemical pair interactions [3]. In the
isoelectronic (In,Fe)Sb case, the Fe atoms show strong antiferromagnetic interactions
due to the superexchange mechanism. We have demonstrated that by modulating the
chemical potentials corresponding to n- or p-type doping, the magnetic property can
be changed drastically from antiferromagnetism to ferromagnetism. This transition
can be well understood in terms of the Alexander-Anderson-Moriya mechanism.
Moreover, ferromagnetic path containing of Fe-rich clusters occurs by the spinodal
nano-decomposition and enhances the Curie temperature. However, we have obtained
high Curie temperature in only p-type (In,Fe)Sb case. We suspect that there are the
other ferromagnetic mechanisms in addition to the magnetic transition and spinodal
nano-decomposition in (In,Fe)Sb. In this study, we have clarified the origin of high
Curie temperature by the density functional theory calculations using the Korringa-
Kohn-Rostoker Green’s function method with the coherent potential approximation
(KKR-CPA).

[I] N. T. Tu, P. N. Hai, L. D. Anh, and M. Tanaka, Appl. Phys. Lett. 108, 192401
(2016).

[2] N. T. Tu, P. N. Hai, L. D. Anh, and M. Tanaka, Appl. Phys. Express 11, 063005
(2018).

[3] H. Shinya, T. Fukushima, A. Masago, K. Sato, and H. Katayama-Yoshida, J. Appl.
Phys. 124, 103902 (2018).
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On the grain boundary of two-dimensional materials, localized one-dimensional (1D)
electronic states can be created. By density-functional theory calculations, on the grain
boundary of monolayer MoS,, we have studied ordered phases of 1D electrons:
magnetism or charge density wave. We have constructed 1D boundary structures which
exhibits 1D electron bands with significantly low bandwidth. Interactions between
electrons become more important due to very low bandwidth. Moreover, the system is
electron doped, so that the Fermi level on the boundary levels. These low bandwidth
and Fermi surface instabilities drive the system into spin or charge ordered phases.
Among ordered phases, magnetism can be emerged without structural distortion, while
charge density is accompanied with distortion on the boundary. Our research suggests
the existence of 1D interacting electrons on transition metal dichalcogenide grain
boundaries.
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Epitaxial graphene on 6H-SiC has been attracted attention as a promising electronic
engineering candidate along with the fact that band-gap is formed due to the
interaction between substrate and graphene which is a so-called buffer layer.

We recently have reported scanning Seebeck microscope (SSM) simulation of
freestanding monolayer graphene in order to explain scanning thermoelectric
microscope (SThM) images of monolayer graphene on 6H-SiC. The SSM simulation
of freestanding monolayer graphene could reproduce the experimental thermoelectric
contrast between carbon and void sites at atomic scale. More importantly, SThM for
the supported graphene showed the unique oblique slope of the thermoelectric voltage
between A and B sites in graphene unit cell.

Here, upgraded SSM simulations for free-standing bilayer graphene and supported
monolayer graphene on 6H-SiC are numerically demonstrated. The simulations in
both cases could show the opposite results for the Seebeck profile of A and B sites
depending on the Fermi energy, and the oblique slope of the previous study was also
able to be explained.
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Recently, antiferromagnetic (AFM) materials have drawn a lot of attention in
spintronics  field because of possible device applications. Anisotropic
magnetoresistance (AMR) and spin-orbit torque (SOT) can open the possibility for
realizing AFM devices based on microelectronic designs. Although both SOT and
AMR have been observed for a ferromagnetic (FM) Heusler alloy NiMnSb [1], AFM
Heusler alloys are expected to reveal the same phenomena as the ferromagnetic one.
However, almost all AFM Heusler alloys have relatively moderate Néel temperatures
(RuuMnGe:Tn~300 K) compared to FM Heuser alloys with high Curie temperatures
(NiMnSb:7¢~700 K). Quite recently V3Al has been found to be an AFM spin-gapless
semiconductor with significantly high 7y (~600 K) [2]. Therefore, V, based, namely
V,YZ, AFM Heusler alloys have potentials for room-temperature AFM spintronics
device applications. In this work, we investigate the magnetism and phase stability of
AFM V,; based Heusler alloys by using first-principles calculations. First, we find that
V, YAl (Y=V, Nb, and Ta) have higher phase stability than V,YSi (Y=Ti, Zr, and Hf)
from an cluster-expansion analysis. Calculated 7 of V,TaAl, V,TiSi, and V,HfSi are
much higher than V3Al. In the case of V,TaAl, the high Ty originates from the larger
lattice constant than that of V3Al. The expanded lattice constant enhances the localized
character of the magnetic atoms. From the distance dependence of the magnetic
exchange interaction, the first-nearest and third-nearest pairs have AFM interactions,
and the second-nearest interaction is ferromagnetic, totally stabilizing a G-type AFM
ordering. Finally, we discuss the origin of the strong AFM coupling between the
neighboring V sites by using rigid-band models.

[1] C. Ciccarelli, et al., Nat. Phys. 12, 855 (2016).
[2] M. E. Jamer, et al., Phys. Rev. B 91, 094409 (2015).
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We have developed a computational method to evaluate magnetic dipole-dipole
energy based on density functional theory [1-2]. In general, magnetic dipole-dipole
interaction between nearby magnetic moments is much weaker than other magnetic
interactions; direct-, indirect-, super-, and double-exchange interactions. However, due
to the long-range property of magnetic dipole-dipole interaction, it is one of the
important factors for determining the magnetization direction of magnets as well as the
spin-orbit interaction. Furthermore, it may also contribute to emergences of peculiar
non-collinear magnetism, such as magnetic skyrmions, multiferroic polarization, etc.
Up to the present, magnetic dipole-dipole interaction has been used to be estimated by
the configuration of atomic magnetic moments. However, in the case where there is a
large spatial anisotropy in the electron spin density, reliability of such treatment
remains uncertain.

In our approach, the spin density predicted by density functional theory is employed
to estimate magnetic dipole-dipole energy. Although the contribution from magnetic
dipole-dipole interaction to Kohn-Sham potential might be small, it may allow us to
access useful properties; the electronic structure and spin density change due to
magnetic dipole-dipole interaction, the optimization of local magnetic moment
direction, and more. For these reasons, we developed a self-consistent scheme with
magnetic dipole-dipole interaction [1]. The magnetic dipole-dipole interaction is useful
for qualitative analysis of the stability of magnetic anisotropy. Due to the long-range
interaction, it is much better to adopt an appropriate periodic boundary condition (one-,
two-, and three-dimension) in the computation of magnetic dipole-dipole interaction.

We calculated magnetic dipole-dipole energy in magnetic chain, film, and bulk
materials. The elements of Fe, Ni, and Co are used as ferromagnetic materials. The
results of two-dimensional magnetic material (Crlz) will also be shown. We found that
magnetic dipole-dipole energy depends on the distribution of spin density. For example,
the quadrupole component of spin density appears in film systems, and it leads to
enhancement or suppression of magnetic dipole-dipole energy. This result indicates
that the previous approach may not be appropriate for precise quantitative discussion
of magnetic anisotropy energy. Moreover, our method can be employed in
antiferromagnetic materials [2]. In the presentation, we will explain the method and
discuss its application results.

[1] T. Oda and M. Obata, J. Phys. Soc. Jpn. 87, 064803 (2018).
[2] M. Obata, M. Christivana, and T. Oda, AIP Advances 8, 101419 (2018).
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There are three methods for calculating spin-wave (SW) dispersion: Lichtenstein
formula (LF)!!), frozen magnon method (FMM) [2, and linear response (LR) method 21,
So far, most of the calculations have been performed based on the ground states
determined by the local density approximation (LDA) or the generalized gradient
approximation (GGA). In fcc Ni, however, the calculated stiffness constant D of SW
dispersion is almost two times larger than the experiment. In hcp Co, the LDA also
overestimates the SW energy. Thus, the LDA can not reproduce the optical magnon,
which is observed by the experiment.

In this study, we calculate the transverse susceptibility R(q,®) in the LR based on the
ground states determined within the quasiparticle self-consistent G (QSGW) method.
We calculate SW dispersions in bce Fe,
hep Co, fee Ni, and B2-type FeCo. In the o
QSGW, D for Fe, Co, and Ni agree with 800
experiments. For Co, Fig. 1 shows that
both acoustic and optical branches agree
with experiment 1. As for FeCo, we have
some discrepancies between the D in 200
QSGW and that in the experiment. There
may need further theoretical and
experimental investigations on the
discrepancies.

[1] A. L. Lichtenstein, M. I. Katsnelson, V.
P. Antropov, and V. A. Gubanov, J. Magn.
Magn. Mater. 67, 65 (1987).

[2] S. V. Halilov, H. Eschrig, A. Y. Perlov,
and P. M. Oppeneer, PhyS Rev. B 58, 293 Tea MK Tog?

(1998). Fig.1: SW dispersions for Co in LDA (a)
[3] E. Sasioglu, A. Schindlmayr, C. andin QSGW (b) [*l. The LF (bold line)
Friedrich, F. Freimuth, and S. Bligel, and the FMM (broken line),
Phys. Rev. B 81, 054434 (2010). experimental data (circle) are also
[4] H. Okumura, K. Sato, and T. Kotani, shown. The inset shows the Brillouin
Phys. Rev. B 100, 54419 (2019). zone for hep Co and its symmetry lines.

1l

.

Energy [meV]
log[Im[R

Energy [meV]
log[Im{R""]]




Poster-31

A Novel Method of Removing Defects from o-T boron

K. Shirai*', N. Uemura?, J. Kunstmann®, E. A. Ekimov”, Y. B. Lebed’

! ISIR, Osaka University, §-1, Mihogaoka, Ibaraki 567-0047, Japan
* Graduate School of Engineering, Nagoya Institute of Technology, Nagoya 466-8555, Japan

> Theoretical Chemistry, Faculty of Chemistry and Food Chemistry & Center for Advancing
Electronics, TU Dresden, 01062 Dresden, Germany

4 Institute for High Pressure Physics, Russian Academy of Sciences, 142190, Troitsk, Russia
> Institute for Nuclear Research, Russian Academy of Sciences, 142190, Troitsk, Russia

*E-mail: koun@sanken.osaka-u.ac.jp

Boron crystals have very complicated structures. They have many allotropes and all the
structures have intrinsically disordered structures. Deviation from stoichiometry and the
presence of partially occupied interstitial atoms are the common features of boron crystals, and
it is very difficult to remove these intrinsic defects. Among allotropes of boron, the tetragonal
(T) phase is a confusing phase. Theoretically, a-T boron with B composition 52 (a-T-Bs,) is
predicted [1]. Experimentally, several HPHT syntheses of a-T-Bs, were reported. In spite of
similar conditions of preparations, all the reported structures are more or less different. A
theoretical study by Uemura et al has identified the characteristic features of pure a-T-Bs; [2].
Their study demonstrates that o.-T-Bs; certainly exists at high pressures and high temperatures.
The crystal has interstitial atoms, which randomly occupy c sites. This disorder is thought to
be unavoidable to a-T boron. Their result well describes experimental observations. Recently,
yet another one has been discovered by Ekimov ef al [3]. They obtained a-T boron by thermal
decomposition of decaborane by HPHT method. The obtained crystal is actually hydrogenated
variant of o-T boron: a-T-Bs,Hy, with the estimated H content m=7.7. After recovering samples
from the high pressure, on annealing at 7,,=700°C, hydrogen was completely released, and, to
our surprise, the o-T boron was transformed to a new phase of orthorhombic lattice. We term
this as & orthorhombic phase, 6-O-Bs,. The structure of 8-O-Bs; is very similar to that of a-T-
Bs», but occupation of ¢ sites is not random. This is a sharp contrast to our understanding of
boron crystals: disorder is an intrinsic property of boron.

A number of interesting questions are aroused.

1) Why did only Ekimov's method create 5-O-Bs; during a long history of research?

2) Why did hydrogen release show two-stepwise transition?

3) Why did hydrogen release associate a phase transition to 6-O-Bs;.

4) Why were randomly distributed interstitial atoms in order on hydrogen release?

A quick answer to these questions is that 3-O-Bs; is an ordered state of a-T-Bs,, and is the
low-temperature variant of the latter type. Our calculation shows that the transition temperature
is 1260K. However, the extremely low mobility of atoms hinders the transition to the low-
temperature phase. Here, hydrogen takes a role. There is another phase transition from
hydrogenated boron to pure boron at 7=900K. Hydrogen diffusion assists migration of
interstitial boron atoms. The removing intrinsic defects is a consequence of an ingenious
cooperative phase transition. This mechanism can be utilized for other materials, which are
difficult to dope.

1) W. Hayami and S. Otani, J. Solid State Chem. 183, 1521 (2010); 2) E. A. Ekimov, et al., J.
Mater. Res. 31, 2773 (2016); 3) N. Uemura, ef al., Phys. Rev. B 93, 104101 (2016); 4) N.
Uemura, et al., J J. Phys.: Mater. 2, 045004 (2019).
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Large-scale energy storage systems are vital to spread future electric vehicles and
renewable energy power plants, and Li-ion batteries have been extensively developed
due to their noteworthy battery characteristics. Therefore, alternative cathode materials
have been explored because the layered LiCoO, cathode, which is a commercially
successful and most polupar cathode oxide, includes rare- and highly toxicic-metal Co.

Recently, cation-disordered rock-salt LiM 5Ti0502 (M = transition metals) cathodes, in
which cations are romdomly disstributed in the MOs octahedral geometry, have been
studied, and O-redox reaction has been reported theoretically [1,2]. However,
experimental discharge capcities have not achived to theoretical ones so far, and O»-
release has been confirmed during charge and discharge reaction processes even though
O atoms are expected to be hardly released from the MOg framework. The theoretical
study has shown that such a tendency of easier O»-release is strongly correlated with
hybridization between M-d and O-p states, and LiCro 5T10.502 may be the best candidate
among this series for suppressing the O-redox reaction and O-release.

In this study, we have theoretically investigated layered Lii 2Mo4M’040> (M, M’ = Cr,
Mn, T1) to improve rechargeable capacities. Cr-oxide cathode are expected to show less
covalency between Cr-d and O-p states, and layered structures show high Li percolation.
First-principles calculations are performed with supercell models, and geometric and
electronic structure changes associated with Li-insertion and desorption are
investigated to claryfy microscopic reaction mechanisms in the cathodes. The
computations are carried out with Quantum ESPRESSO [3] within PAW method under
GGA+U. Optimized structures show that Cr atoms migrate from original octahedral
sites to tetrahedral sites during the reaction processes because of no-ligand electronic
structure of Cr®", and the Cr**/Cr®" redox reaction predominately contributes to the
charge compensations in the cathodes. The O-redox reaction and O»-release can be
remarkably suppressed in the Cr systems compaed to the Mn system.

[1] M. Hamaguchi, H. Momida, and T. Oguchi, J. Phys. Soc. Jpn. 87, 044805 (2018).
[2] A. Kitajou et al., Electrochemistry 84, 597 (2016).

[3] P. Giannozzi et al., J. Phys.: Condens. Matter 21, 395502 (2009); P. Giannozzi et
al., J. Phys.: Condens. Matter 29, 465901 (2017).
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The magneto-optical (MO) effects not only are a powerful probe of magnetism and
electronic structure of magnetic solids but also have valuable applications in high-
density data-storage technology. Yttrium iron garnet (Y3FesO12) (YIG) and bismuth
iron garnet (BizFesO12) (BIG) are two widely used magnetic semiconductors with
strong magneto-optical effects and have also attracted the attention of physics society
for fundamental physics studies. In particular, YIG has been routinely used as a spin
current injector. Perhaps because of their complex structures with 80 atoms per unit
cell, to date no ab-initio theoretical calculation has been carried out to studty the
magneto-optical (MO) effects in these systems. In this contribution, we present a
thorough theoretical investigation on magnetism, electronic, optical and MO properties
of YIG and BIG, based on the density functional theory with the generalized gradient
approximation plus onsite Coulomb repulsion scheme. We find that both
semiconductors exhibit large MO effects with their Kerr and Faraday rotation angles
being comparable to that of best-known bulk MO materials, suggesting that they will
find valuable applications in semiconductor MO nanodevices. The calculated optical
conductivity spectra, MO Kerr and Faraday rotation angles agree quite well with
available experimental data. We analyse the MO effects in both systems through
calculating the contribution to the optical conductivity at I'point in terms of the band
state symmetries and dipole selection rules.
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Based on first-principles calculations and tight-binding model analysis, we propose
monolayer graphdiyne as a candidate material for a two-dimensional higher-order
topological insulator protected by inversion symmetry. We show that, despite the
absence of chiral symmetry, the higher-order topology of monolayer graphdiyne is
manifested in the filling anomaly and charge accumulation at two corners. Although
its low energy band structure can be properly described by the effective tight-bind
Hamiltonian constructed by using only the p:. orbital of each atom, the corresponding
bulk band topology is trivial. The nontrivial bulk topological invariant can be
correctly captured only when the contribution from the core levels derived from px,,
and s orbitals are included, which is further confirmed by the Wilson loop and the
nested Wilson loop calculations. We also show that higher order topology of a
monolayer graphdyine is the fundamental origin of the nontrivial band topology of
the corresponding three dimensional material, ABC-stacked graphdiyne, which hosts
monopole nodal lines and hinge states.



Poster-35

Understanding Ion Migration in Metal Halide Perovskites

Young-Won Woo,!" Young-Kwang Jung,! Sunghyun Kim?, and Aron Walsh!?

'Department of Materials Science and Engineering, Yonsei University, Seoul
03722, Korea

2Department of Materials, Imperial College London, Exhibition Road, London
SW7 247, UK

*E-mail: youngwon.woo@yonsei.ac.kr

Metal halide perovskites have received extensive interest due to their exceptional
photovoltaic performance. In addition to their semiconductivity, it was reported that
halide ions in the halide perovskite are highly mobile, [1] and this gives negative effect
on the stability of perovskite solar cells.[2] On the other hand, using high ion
conductivity, new applications of these halide perovskite is possible, including
memristors which can imitate biological synapses.[3] Herein, control the rate of ionic
conductivity is becomes a key point. In most commonly studied halide perovskites,
CH3NH;3Pbls, ion migration would be mediated by vacancies.[4]

During device operation, various physical stimuli such as light, heat, pressure and
applied bias can affect movement of ions. However, their impact on each are still poorly
understood. Using first-principles density functional theory (DFT) calculations, we
simulate the ion migration mediated by vacancies changing conditions in electrical,
chemical and mechanical ways. We quantify the activation energies of ions migration
and how these device-relevant conditions influence the path and the energy barrier of
ion migration.

[1] C. Eames, J. M. Frost, P. R.F. Barnes, B. C. O’Regan, A. Walsh, and M. S. Islam,
Nat. Commun. 6, 7495 (2015).

[2] W. Tress, N. Marinova, T. Moehl, S. M. Zakeeruddin, Mohammad Khaja
Nazeeruddin, and M. Gritzel, Energy Environ.Sci. 8, 995 1004 (2015).

[3] R. A. John, N. Yantara, Y. F. Ng, G. Narasimman, E. Mosconi, D. Meggiolaro, M.
R. Kulkarni, P. K. Gopalakrishnan, C. A. Nguyen, F. D. Angelis, S. G. Mhaisalkar, A.
Basu, and N.Mathews, Adv. Mater. 30, 1805454 (2018).

[4] A. Walsh, D. O. Scanlon, S. Chen, X. G. Gong, and S. -H. Wei, Angew.Chem. 54,
1791 1794 (2015).
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Hexagonal boron nitride (h-BN) has recently emerged as a promising materials platform for
developing various solid-state quantum technologies owing to its attractive electronic, thermal,
and optical properties [1]. In particular, a number of color centers in h-BN have been found to
be stable and bright single-photon-emitters (SPEs) operating at room temperature, which are
crucial elements for quantum information processing and quantum communication [2]. In this
talk, we combine first-principles theory and experiment to investigate the intimate relation
between curvature in h-BN and atomic localization of SPEs. We use density functional theory
to calculate the energetically stable configuration of various defect models of the SPEs in a
buckled h-BN plane with different curvatures. We show that the vacancy-derived point defects
in h-BN prefer to form in the highest-curvature area of the buckle and we find that the high
curvature induces a dimer reconstruction for the atoms surrounding vacancy. Our result
provides not only a microscopic understanding on the recent experimental observations of the
SPEs being located in h-BN buckles [3], but also strongly suggests that the atomic origin of
the SPEs may be vacancy-derived. We also discuss several key features of the SPEs formed on
h-BN buckle such as dipole orientation, which would be helpful to design future experiments
of the SPEs in h-BN.

[1]. M. Atatiire et al., Material platforms for spin-based photonic quantum technologies, Nature
Reviews Materials 3, 38 (2018).

[2] T. T. Tran et al., Quantum emission from hexagonal boron nitride monolayers, Nature
Nanotechnology 11, 37 (2016).

[3] N. V. Proscia et al., Near-deterministic activation of room-temperature quantum emitters
in hexagonal boron nitride, Optica 5, 1128 (2018).
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Recently, combinations of first principles calculations and machine learning (ML)
techniques have been widely used for new material designs due to their efficiency.
The prediction model for a demanded property constructed by the ML is applied to
the materials in the database, then good candidates are suggested according to their
predicted properties by the screening. This strategy is powerful to rediscover an
unknown functional property of the previous materials that have been already
registered in the database such as Inorganic Crystal Structure Database (ICSD) [1].
However, there is a shortcoming that this strategy is restricted in searching already
existing materials.

"New" materials can exist beyond the database. In this study, we suggest two
strategies for expanding the candidate (derivate) materials beyond the database. As
the demanded target functional materials, the oxygen-ion conductors with high
oxygen-ion conductivity (gp) were chosen. For constructing derivate materials from a
good candidate suggested in the database, chemical elements or crystal structures can
be changed. For changing the constituting chemical elements, a total ion exchange
was used with isovalent elements [2,3]. For changing the crystal structures, a
combination of evolutionary algorithm and ML was used [4]. Then, for new
candidates in the expanded database, we performed various first-principles
validations for the oo. In the result, new materials with oo higher than the material in
the original database were proposed.

[1] A. Belsky, M. Hellenbrandt, V. L. Karen, and P. Luksch, Acta Crystallogr. B
Struct. Sci. Cryst. 58, 364 (2002)

[2]J. Lee, N. Ohba, and R. Asahi, Sci. Tech. Adv. Mater. 20, 144 (2019)
[3]J. Lee, N. Ohba, and R. Asahi, Sci. Rep. 9, 2593 (2019)
[4]J. Lee, N. Ohba, and R. Asahi, RSC Adv. 8, 25534 (2018)
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Recently, the bulk superconductivity at a transition temperature 7,~0.05K has been
discovered by Kamiya ef al. in the Al-Zn-Mg quasicrystal and its approximant [1] and
has attracted much attention for its symmetry and pairing mechanism. As for the
theoretical study, the Al;pMgsZnzo 1/1 approximant was previously studied on the
basis of the first-principles calculation and the origin of the pseudo gap near the
Fermi level was discussed [2]. However, the electronic state with the composition
ratio corresponding to the superconducting compound [1] was not discussed there.
Then, we perform the first-principles calculations using OpenMX for the Al-Zn-Mg
1/1 and 2/1 approximants with various composition ratios including the
superconducting one and find that there are significant differences in the energy
bands (see Figs. 1 (a) and (b)) and the density of states (not shown) near the Fermi
level. On the basis of the obtained electronic states, we discuss the features of
physical quantities and superconductivity.

"This research was supported in part by Multidisciplinary Cooperative Research
Program in CCS, University of Tsukuba.
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Fig. 1. Energy band dispersions of Al-Zn-Mg 1/1 (a) and 2/1 approximants (b)

with the composition ratio corresponding to the superconducting compounds.
References

[1] K. Kamiya ef al., Nat. Commun. 9, 154 (2018).
[2] H. Sato, T. Takeuchi, U. Mizutani, Phys. Rev. B. 64. 094207 (2001).
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Density functional theory-based molecular dynamics simulations are increasingly
being used for simulating aqueous interfaces. Nonetheless, the choice of the
appropriate density functional, critically affecting the outcome of the simulation, has
remained arbitrary. Here, we assess the performance of various exchange—correlation
(XC) functionals, based on the metrics relevant to sum-frequency generation
spectroscopy. The structure and dynamics of water at the water—air interface are
governed by heterogeneous intermolecular interactions, thereby providing a critical
benchmark for XC functionals. We find that the XC functionals constrained by exact
functional conditions (revPBE and revPBEQ) with the dispersion correction show
excellent performance. The poor performance of the empirically optimized density
functional (MO06-L) indicates the importance of satisfying the exact functional
condition. Understanding the performance of different XC functionals can aid in
resolving the controversial interpretation of the interfacial water structure and direct
the design of novel, improved XC functionals better suited to describing the
heterogeneous interactions in condensed phases.

[1] T. Ohto and M. Dodia et al., J. Chem. Thoery Comput. 15, 595 (2019).
[2] M. Dodia and T. Ohto et al., J. Chem. Thoery Comput. 15, 3836 (2019).
[3] T. Ohto and M. Dodia et al., J. Phys. Chem. Lett. 10, 4914 (2019).
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Toward information technology, we invetsigate magnetic semiconductors with
electronic structures suitable for controlling magnetism by gate-voltage and/or charge
injection from a theoretical viewpoint. Such electronic structures might be provided
with magnetic states obtained by doping impurities into the semiconductors and
internal nanostructures induced by nano-spinodal decomposition, which is
thermodynamic phase separation at the nanoscale.

Magnetic semiconductors that possessing high-spin and low-spin states as stable
electronic states may be favorable to switching between magnetic stable structures by
an external field and/or charge injection. This provides a possibility for use as an
element of a nonvolatile random access memory or a high-speed arithmetic element.
In addition, by utilizing the nanostructure in the crystal, not only the enhancement of
the magnetization characteristics but also the possibility as a quantum computer or a
reservoir computing element expected as a non-Neumann computer can be considered.

Eu-doped GaN, which is a gallium nitride (GaN) crystal doped with the rare earth
element europium (Eu) is known as an active layer material of red light emitting
diodes, but also exhibits behavior as room temperature ferromagnetism. We simulated
the electronic properties of the virtual sample built in the computer and the magnetic
properties of the nanostructure using a DFT calculation package, Akai-KKR. [1,2]
The simulation results suggest that this system changes the dominant magnetic
interaction depending on the concentration of the impurity element, and has multiple
stable magnetic structures. It is also shown that the magnetic properties of
paramagnetic, superparamagnetic, and ferromagnetism differ depending on the
nanostructure in the crystal. For compositions near the boundaries of the different
magnetic orders, the magnetic transition is also reproduced by charge variations. In
this presentation, magnetic semiconductor crystals that can be controlled by gate
voltage and/or charge injection will be considered.

[1] A. Masago, T. Fukushima, H. Shinya, et al., Phys. Rev. B 98, 214426 (2018)
[2] A. Masago, T. Fukushima, H. Shinya, et al., Jpn. J. Appl. Phys. 55, 070302 (2016).



Poster-41

Investigation of Interface Structures of Au(111)/Li;PO,
using High-Dimensional Neural Network Potential

Koji Shimizu,l* Wei Liu,' Wenwen Li,” Yasunobu Ando,” Emi Minamitani,® and
Satoshi Watanabe'"!

'Department of Materials Engineering, The University of Tokyo, Tokyo 113-8656,
Japan
*Research Center for Computational Design of Advanced Functional Materials,
National Institute of Advanced Industrial Sciecne and Technology (AIST), Tsukuba
305-8568, Japan
3Institute for Molecular Science, 444-8585, Japan
*Research and Services Division of Materials Data and Integrated System

(MaDIS), National Institute for Materials Science (NIMS), Tsukuba 305-0047, Japan

" E-mail: shimizu@cello.t.u-tokyo.ac.jp

Recently, the construction of interatomic potentials using first-principles calculation
data and machine-learning technique has been widely tried because of higher
reliability and low computational costs. Our group previously constructed the
interatomic potentials of amorphous-Li;PO, using high-dimensional neural network
(HDNN) [1], and showed that the calculated Li-ion conductivites agree well with
experimental data [2]. In the present study, we have tried to extend the application
range of the HDNN potential (HDNNP) to metal/solid electrolyte interface systems.
The understanding of the interface structures and Li-ion distribution near the
Au/LisPOy interface is of significance for the development of all-solid-state Li-ion
batteries and novel memory devices [3].

The construction of NNP for Au/LisPOy is challenging because this is a four-element
system which involves a large number of input structures and parameters. We used
density functional theory (DFT) calculations to construct the dataset, which includes
bulk and surface structures of Au and LisPOs and interface structures of
Au(111)/Li3PO4. We optimized the NNP using both total energies and atomic forces
obtained by DFT calculations. The root-mean-square-errors of the predicted total
energies and atomic forces were 18.9 meV/atom and 0.301 eV/A, respectively. Using
the constructed NNP, we then performed structure optimization of the
Au(111)/Li3POy4 interface system containing 9,840 atoms, where the lattice mismatch
of Au and Li;PO, is as small as ca. 1.6%. In the meeting, we will discuss the
calculated interface structures and comparison with the DFT results.

This work was supported in part by CREST-JST, JSPS KAKENHI (15H03561),
“Materials research by Information Integration” Initiative (MI’I) project of the
Support Program for Starting Up Innovation Hub from JST.

[1] J. Behler and M. Parrinello, Phys. Rev. Lett. 98, 146401 (2007).
[2] W. Liet al., J. Chem. Phys. 147, 214106 (2017).
[3] L. Sugiyama et al., APL Mater. 5, 046105 (2017).
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Perovskite transition-metal oxides ABO3; show versatile physical properties such as
magnetism, superconductivity, ferroelectricity, and ionic conduction. In multiferroic
systems, one can combine more than two ferroic order parameters, for example,
ferroelectricity and ferromagnetism. When non-magnetic materials have non-
centrosymmetric crystal structure and strong spin-orbit coupling, the spin degeneracy
of bandstructure is removed and Rashba or Dresselhaus effect can emerge. The
induced spin polarizaton in the momentum space has appealing potential for spin-FET
applications. When the Rashba spin splitting extends over two valleys located at the
Brillouin-zone corners and results in two non-degenerate spin states, it is called ‘spin-
valley coupling’. By using a first-principles approach, we study ‘bulk spin-valley
coupling’ in newly designed perovskite oxide multilayers. Aiming at a sizable spin
splitting, low-spin 5d transition metal ions are embedded in ferroelectric BiAlOj3 host,
showing a polar LiNbOs-type structure. The ferroelectric structural distortion indeed
induces spin-valley coupled properties [1]. By tuning the atomic number of the B site
element in the perovskite-structure, we also show that the polar distortion is also
responsible for a topological transition from a quantum spin-Hall insulating phase to a
trivial band insulator [2].

Here we are taking a step further by considering a multifunctional oxide which shows
both ferroelectric and magnetic spontaneous orders as a playground for bulk Rashba
effect. In systems which are both ferroelectric and ferromagnetic, the on-site
exchange interaction largely splits the bands so that up- and down-spin bands become
unpaired. On the other hand, in ferroelectric and antiferromagnetic systems, there is a
spin-flipping symmetry operation (such as a mirror symmetry operation) which
behaves as time-reversal symmetry and makes the bands cross at the I" point. In this
case, magnetic bulk Rashba effect can occur. In this presentation, the electronic
structure, the spin texture, and its correlation with spin canting in magnetic transition-
metal oxides will be discussed.

References:
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Topological crystalline insulators (TCls) are insulating electronic phases of matter
with nontrivial topology originating from crystalline symmetries. Recent theoretical
advances have proposed new TCI states protected by rotational symmetries. Distinct
from topological insulators, rotational symmetry-protected TCls are expected to show
unique topologically protected boundary modes: First, the surface normal to the
rotational axis features "unpinned" Dirac surface states whose Dirac points are located
at generic k points. Second, due to the "higher-order" bulk boundary correspondence,
a 3D TCI also supports 1D helical edge states. Despite the unique topological
electronic properties, to date, rotational symmetry-protected TCIs remain elusive in
real materials. Building upon recent theoretical works, we demonstrate a feasible
method to identify new TCI states based on first-principles calculations. We
systematically unveil the topological properties of the TCI states in Ca2As. On both
top and side surfaces, we observe topological surface states protected independently
by rotational and mirror symmetries [1]. In addition, we identify the van der Waals
material a-Bi4Brs and the pristine bulk bismuth are TCI purely protected by rotation
symmetry [2,3], even through these two materials have been long thought to be
topologically trivial. Our work reveals rich and exotic TCI physics. Such a method
can be broadly applied in searching for new TCls.

[1] X. Zhou, C.-H. Hsu, T.-R. Chang*, H.-J. Tien, Q. Ma, P. Jarillo-Herrero, N. Gedik,
A. Bansil, V. M. Pereira, S.-Y. Xu, H. Lin, and L. Fu, Phys. Rev. B, 98, 241104(R)
(2018).

[2] C.-H. Hsu, X. Zhou, Q. Ma, N. Gedik, A. Bansil, V. M. Pereira, H. Lin, L. Fu, S.-
Y. Xu, T.-R. Chang*, 2D Materials 6, 031004 (2019).

[3] C.-H. Hsu, X. Zhou, T.-R. Chang#, Q. Ma, N. Gedik, A. Bansil, S.-Y. Xu, H. Lin,
and L. Fu, PNAS 116, 13255 (2019).
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1. Introduction

The oxidative coupling of methane (OCM) has long been studied to provide an efficient
way to convert natural gas into high-value chemicals. For the full understanding of the
reaction mechanism of OCM, we carried out density functional theory (DFT) calculations
combined with microkinetics and chemical reactor modeling, because this approach enables
the activity and selectivity prediction from atomic or molecular level simulations.

2. Theoretical method
We investigated the OCM reaction,
2CH4 + O, — C,H4 + 2H,O

catalyzed by Li-doped MgO, found by Lunsford et al.[1] The present reaction model includes
109 gas-phase and 54 surface elementary reactions. Using DFT, reaction energy (AE) was
calculated and activation barrier (£,) were evaluated from the calculated AE values using
Polanyi rule. For the DFT calculation, VASP 5.4 program package was used. We used spin
polarized DFT method using RPBE functional. From AE and E, values, we evaluated the
reaction rate constants and constructed reaction rate equations. Composition of inlet and
outlet gas was calculated using the transient continously stirred tank model.

3. Results and Discussions
In Figure 1, the conversion of CH4 and the
composition of C-containing compouns were plotted
at reaction temperatures from 700 to 1000 °C. With —o— OH4 cony
the increase of temperature, the CHs conversion .
becomes higher but the composition of C, compounds | .
i.e. CoHs or C,Hs decreases because combustion . .
g I ‘ ‘ . 0.1
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compounds CO and CO; increases. This agrees with
experimental tendency.[1,2] Our study has sucessfully
shown that the DFT combined with microkinetics and “I
reactor simulation correctly reproduces the activity I
and selectivity tendency of the OCM catalyst, which
is important property to enable the computational
catalyst screening.

Figure 1. The CH4 conversion (right axis) and
the compostion of carbon containing

References compounds (left axis) were plotted at reaction
[1] T. Ito, J. H. Lunsford et al., J. Am. Chem. Soc.,  temperature of 700-1000 °C.

107, 5062 (1985)
[2] Shi, C.; Lunsford, J. H.; et al., Catal. Today, 13, 191-199 (1992)
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Recently, remarkable advances have been made in the development of solid-state
quantum bits (qubits), which are the basic hardware units of quantum information
processing [1]. One of the leading solid-state qubit platforms is the nitrogen-vacancy
(NV) center in diamond [2,3]. Furthermore, a significant interest has been emerging in
the literature to develop such defect-based qubits in diverse wide-gap semiconductors
for broadening the scope of the solid-state quantum information. In this study, we
explore a Cr-O vacancy complex in BaZrO; as a potential solid-state qubit candidate.
We use first-principles density functional theory to examine the stability and the
electronic and spin properties of the Cr-O vacancy pair in BaZrO;. To investigate the
stability of the defect in various charge states, we calculate the defect formation energy
of Cr-vacancy in BaZrOs;. In addition, we use HSE06 hybrid functionals [4] to
accurately calculate the defect level diagram and the zero-phonon line of the Cr-O
vacancy. In the poster, we also discuss the recent progress and challenges in
computational design of new defect qubits in complex wide-gap materials.

[1]. M. Stoneham, Physics 2, 34 (2009).

[2]. WE. Koehl, H. Seo, G. Galli, DD. Awschalom, MRS Bulletin 40 (12), 1146-1153
(2015).

[3].J. R. Weber, W. F. Koehl, J. B. Varley, A. Janotti, B. B. Buckley, C. G. Van de
Walle, D. D. Awschalom, PNAS 107 (19), 8513-8 (2010).

[4]. A. V. Krukau, O. A. Vvdrov, A. F. Lzmavlov, and G. E. Scuseria, J. Chem. Phys.
125, 224106 (2006).
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Twisted graphene layers have become new experimental platform for exploring
correlated electron physics with various tunable degrees of freedom as demonstrated
by the recent observations of superconductivity and correlated insulating states in
magic-angle twisted bilayer graphene (MA-TBG) and twisted double bilayer
graphene (TDBQG). As a starting point to understand the rich physics emerging in
these moiré superlattices, it is crucial to determine accurate atomic and electronic
structures as well as their interplays. In this work, we investigate electronic structure
and electron-phonon coupling in twisted graphene layers starting from an atomistic
description of the system. Electronic structure, phonon spectrum, and electron-
phonon coupling strength A are obtained before and after atomic-position relaxation
both in- and out-of-plane. We find that the lattice relaxation strongly affects the low-
energy electronic structure, and A is very large for the low-energy flat bands owing to
the enhanced density of states. Furthermore, we show that the layer-number degree of
freedom offers additional tunability to the low-energy electronic structure through the

sensitivity to the external electric fields.

This work was supported by NRF of Korea (Grant No. 2011-0018306) and KISTI
supercomputing center (Project No. KSC-2018-CRE-0097). Y.W.C. acknowledges
support from NRF of Korea (Global Ph.D. Fellowship Program NRF-
2017H1A2A1042152).
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In 2001, Kasumov and coworkers observed proximity-induced superconductivity in
a double-stranded A-DNA below 1K [1], where the resistance shows the power low
temperature dependence as expected in the Tomonaga-Luttinger liquid in the on-
dimensional electron systems. However, most of the experimental results except for
the Kasumov’s report show that the DNA is an insulter with a finite band gap and/or
with the Anderson localization due to randomness [2]. Theoretically, Artacho and
coworkers studied the energy band of DNA on the basis of the first-principles
calculation using SIESTA and found that an infinite poly-guanine - poly-cytosine
DNA molecule (poly-(GC)) is the insulator with the band gap A=2.0eV [3]. In
addition to the periodic poly-(GC), they also discussed the ragged and the swapped
structures which show relatively small band gaps as compared with the poly-(GC).
The other periodic structures, however, were not discussed there. The purpose of this
paper is to investigate the energy band of DNA with various types of periodic
structures on the basis of the first-principles calculation and to explore the periodic
structures of DNA responsible for the metallic and the superconducting behaviors.

We carry out the first-principles calculation using OpenMX for the periodic
structures of DNA, where the unit cell includes ten base-pair and 650 atoms. The
geometry is initially set to be an a-helix structure and then relaxed by means of ab
initio linear-scaling DFT. The obtained energy gap of the poly-(GC) is A=3.15eV
which is considerably larger than the previous result [3] due to the recent
improvement of the first-principles calculation. Remarkably, a tiny band gap
A=0.003eV is observed in the periodic poly(GC-CG) structure where the base-pairs of
guanine-cytosine and cytosine-guanine stacked alternatingly. In addition, the obtained
band dispersions of the both LUMO and HOMO bands are double-well types which
are responsible for the superconducting behavior based on the Tomonaga-Luttinger
liquid [4]. The energy bands for the other periodic structures are also examined.

* The computation in this work has been done in part using the facilities of the
Supercomputer Center, the Institute for Solid State Physics, the University of Tokyo
and Oakforest-Packs at the CCS, University of Tsukuba.
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The extreme properties of diamond such as high breakdown field, high charge carrier
mobilitiy, high thermal conductivity, and room temperature UV exciton emission and
optical defect centers make it suitable for the next generation of power electronics and
quantum technologies [1]. A major obstacle in developing diamond devices is the
difficulty of growing single crystal wafers of sufficient size [2]. Molecular level
understanding of the fundamental diamond surface reactions may lead to insights that
will improve the current diamond processing. In this work, the oxidation of diamond
(100) surface is studied using van der Waals-corrected density functional theory
calculations. For single O, adsorption on reconstructed surface, dissociative adsorption
on the bridge site is energetically favorable compared to the molecular adsorption on
the top site, with adsorption energies of —4.32 eV and —2.71 eV, respectively. With a
small energy barrier of 0.21 eV, O, on the top site can dissociate and lead to surface
dereconstruction, enhancing the adsorption energy to —5.09 eV. Intersystem crossing
from triplet O, to singlet O, occurs as a result of initial metastable adsorption and
molecular vibrations at finite temperature. The monolayer adsorption energies per O
atom on dereconstructed surface for bridge and top site are —5.33 eV and —4.49 eV,
respectively. However, vibrational mode analysis shows that monolayer adsorption on
the top site is unstable. Desorption of CO is initiated by breaking C-O bond on an ether
group, followed by severing of two C-C bonds with subsurface atoms and a C-O bond
from the adjacent ether group. The surface defect will cause the O atom to migrate to
the top of site of adjacent C atom forming ketone. Desorption from the top site requires
lesser activation energy, while further desorption from the bridge site will lead to
reconstruction of the second layer. The desorption of CO from two oxygen adsorption
sites agrees with the existence of multiple desorption peaks reported in experiments
[3.4].

[1]J.Y. Tsao et al., Adv. Electron. Mater. 4, 1600501 (2018).

[2] S. Shikata, Diam. Relat. Mater. 65, 168—175 (2016).

[3] S. Matsumoto and N. Setaka, Carbon 17, 485-489 (1979).

[4] R. E. Thomas, R. A. Rudder, and R. J. Markunas, J. Vac. Sci. Technol. A 10, 2451—
2457 (1992).
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We studied the influence of H adsorption on the stability of Cs on W(110) by
performing density functional theory (DFT) based calculations. We also examined the
adsorption of H and Cs on clean W(110) for reference. We found that the average
adsorption energy of Cs decreases when H is present on the surface. Also, H
adsorption is weaker in the co-adsorbed case, as compared to its adsorption on the
clean W surface. We analyzed the electronic properties of the system to understand
the obtained trend in the adsorption energies. With co-adsorbed H and Cs, the charge
density difference profiles reveal that W atoms interact both with H and Cs. This
leads to a weaker interaction between H and W, and between Cs and W. Higher
coverage of H further weakens the adsorption of Cs on the surface. These results
suggest that the presence of H could induce Cs desorption from the surface [1]. It is
therefore important to reconsider the design of Caesiated metal surfaces [2], which
are usually employed as electrodes in the production of negative hydrogen ions [3].

[1] A.A.B. Padama, W.A. Dino, M. Wada, K. Tsumori, M. Kisaki, H. Kasai, H.
Nakanishi, M. Sasao, and N. Tanaka, e-J. Surf. Sci. Nanotechnol. 16, 391 (2018).

[2] A.A.B. Padama, K. Oka, W.A. Dino, H. Kasai, J. Vac. Soc. Jpn. 57, 27 (2014).
[3] M. Bacal and M. Wada, Appl. Phys. Rev. 2, 021305 (2015).
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Two-dimensional (2D) atomic layer materials have been attracting attention as flexible
thermoelectric conversion elements that are suitable for waste heat recovery [1]. Recent
theoretical studies based on the first-principles calculations [2-4] reported that the 2D
pnictogens, i.e., phosphorene, arsenene, antimonene, and bismuthene, can be good
thermoelectric materials that exhibit high power factor and figure of merit (ZT values)
by controlling their chemical potentials appropriately.

In this study, we explore the possibility to further improve the thermoelectric
performance of these 2D pnictogens by reducing their dimensions, i.e., making their
nanoribbon structures. It was theoretically predicted by Saito and Dresselhaus et al. that
the power factor of the low-dimensional materials can be enhanced by reducing their
confinement length [5]. In fact, Liu et al. reported that the thermoelectric properties of
phosphorene will be improved by making their nanoribbon structures with the
appropriate width and cutting direction on the basis of first-principles calculations [6].

Here we calculated the power factor of H-passivated puckered armchair nanoribbons
of phosphorene, arsenene, antimonene, and bismuthene using the non-equilibrium
Green’s function method. We fixed the ribbon length and studied the dependence of
power factor on the ribbon width. It was found that Seebeck coefficents of these
pnictogen nanoribbons increase with reducing their width, while the conductances
decrease. As a result, the power factors exhibit complex dependence on the ribbon
width. The power factor properties also depend on the type of doping (n- or p-type). It
was found that the nanoribbons of arsenene, antimonene, and bismuthene exhibits
higher power factor than the phosphorene nanoribbon. The physical origin of these
properties are discussed in the presentation.

[1]Y. Du, J. Xu, B. Paul, P. Eklund, Applied Materials Today 12, 366 (2018).

[2] K.-X. Chen, S.-S. Lyu, X.-M. Wang, Y.-X. Fu, Y. Heng, and D.-C. Mo, J. Phys.
Chem. C 121, 13035 (2017).

[3] Y. Tanaka, M. Saito, and F. Ishii, Jpn. J. Appl. Phys. 57, 125201 (2018).
[4]H. Y. Lv, W.J. Lu, D. F. Shao, and Y. P. Sun, Phys. Rev. B 90, 085433 (2014).

[5] N. T. Hung, E. H. Hasdeo, A. R. T. Nugraha, M. S. Dresselhaus, and R. Saito, Phys.
Rev. Lett. 117, 036602 (2016).

[6] J. Zhang, H. J. Liu, L. Cheng, J. Wei, J. H. Liang, D. D. Fan, J. Shi, X. F. Tang, and
Q. J. Zhang, Sci. Rep. 4, 6452 (2014).
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Abstract

Oxygen adsorption on a metal active site is mediated by spin transitions. Specifically, the spin
magnetic moment of the system affects the activation barrier for the reaction to proceed. Thus,
consideration of spin states in adsorption is of significance. An important metal-oxygen
reaction is the adsorption of O, to hemoglobin. In this case, we investigate the spin transition
of O,-Fe complex as it proceeds from deoxyhemoglobin to oxyhemoglobin state. We show that

its reaction involves a transition from triplet to quintet to singlet spin state [1].

[1] D. Kurokawa, J.S. Gueriba, and W.A. Difio, ACS Omega, 3 (8), 9241-9245 (2018)
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PdRu NPs have been studied as a catalysis for NOy conversion with hcp and fec
coexisting phase. [1,2] However, the bimetallic NPs shows instability in higher
working temperature (T>1100 K) due to the evaporation of Ru atoms. Therefore, Pt,
Rh or Ir atoms are added into PdRu NPs for reinforcement the stability. For
understanding the atomic arrangement of these ternary NPs (PdRuPt, PdARuRh and
PdRulr), we have utilized three different morphologies (hcp, tOh and Ih) for modeling.
By using Monte Carlo sampling, we have found the Ru atoms form a core in the ternary
NPs. Pd-M solid solution alloy (Fig. 1(a)) are as shell for all hcp, tOh-PdRuPt and tOh-
PdRuRh NPs. For the rest of NPs (such as tOh-PdRulr and all Th NPs), Pd and M atoms
segregate from each other forming two semi-spheres cover the Ru core (Fig. 1(b)).
While in the oxygen-rich environment, the Ru atoms prefer to oxidize comparing to
other elements. Therefore, Ru atoms penetrate outward to the surface (shown in Fig.
1(c)) for respective NPs. The result demonstrates the shell structures of oxidized NPs
are almost in solid solution excerpting ITh-PdRuRh NPs. The free energy calculation
indicates that the ternary pure hcp NPs are thermodynamically unstable under oxygen-
rich condition. In summary, this work demonstrates the elements in ternary NPs can

migrate bilaterally under different conditions.

(@) (b)

Solid solution. Segregation Oxidation

[1] K. Kusada, et al. J. Am. Chem. Soc., 2014, 136, 1864—1871
[2] J. M. Fisher, et al. Electronchem. Solid-State Lett., 2009, 12, B71-B81,
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Commercially viable and environmental friendly electrochemical storage systems are
playing crucial roles in solving social problems. Among them, further improvement of
lithium-ion batteries (LIB) are regarded as promising and realistic solution.The performance
of LIB depends on varuous factors, but ion transport properties are one of the most important
items.[ 1] However, the mechanism of lithium ion transport in electrolytes remains elusive so
far. Many force fields such as AMOEBA and APPLE&P have the potential to be applied to
large scale simulation for LIB applications, but the problem is in lack of reliable parameter
sets. Force field parameterization is a challenging and time-consuming process. In order to
elucidate the mechanism of lithium transport, we have developed a genetic algorithm based
force field for the lithium-ion battery applications.

As a demonstration of our approach, performance of the genetic algorithm
based force field parameterization reproducing the behavior of first-principles MD
simulation with rev-vdW-DF2 density functional is assessed through the applications
to pure EC, EC with one Li*, and EC doped with multiple Li* systems. For condensed
phase systems, the MD simulation with optimized parameters successfully generated
reasonable density and diffusion coefficient for pure EC system, and the solvation
structure of lithium ions in EC solvent were well reproduced. Basing on the premise
of accurate simulations, the lithium ion transport mechanisms under different
concentrations are discussed further. The lithium diffusion becomes slower with
increase of concentration. As shown in Figure 1, the reason might come from that in
the high concentrated systems, the lack of disengaged EC molecules triggers the
decrease of attachment/detachment events, which further caused the lithium diffusion
to slow down. These statistical evaluations above demonstrate that the genetic
algorithm based force field parameterization is robust enough to get reliable
parameter sets for various systems from pure system to high concentrated condensed
systems. We have also almost finished the parametrization for anions, and
comparison of the Li" ions dynamics with and without counter anions is ongoing.

Low concentration High concentration

Figure 1. Solvated structures of lithium ions in different concentration systems

[1] L. O. Valgen, J. N. Reimers, J. Electrochem. Soc. 152, A882 (2005)
[2] M. Callsen, I. Hamada, Phys. Rev. B 91, 195103 (2015)
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Nd-Fe-B sintered magnets are used in a wide
range of industry products due to their good
magnetic  properties. However, there are
significant drawbacks of the low coercivity of the
magnets at high temperatures. The key to
improving the coercivity lies not only in the
physical property of the main phase but also in the
microstructure of subphases in Nd-Fe-B sintered
magnets[1]. The grain-boundary (GB) phases have
impact on achieving the high coercivity since the
demagnetized GB phases suppresses the magnetic
coupling between the main phases. Elucidation of
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Fig. 1. The bars represent the formation
energies Erm defined by Eq. (1) per unit

Fig. 2. (a-j) The optimized crystal
structures of fluorite Nd,Fe., alloys from

potentials corresponding to the total energy of
double hcp Nd and bee Fe per atom, respectively.
From the comparison of formation energies, the most stable crystalline structure is
determined as fluorite Nd-Fe alloys. These structures can keep the initial structure in a
wide range of composition after optimizing structures as depicted in Fig. 2. Therefore,
we conclude that the best candidate structures for the GB phase are fluorite Nd-Fe
alloys.

[1] T.T. Sasaki et al ., Scripta Mater. 113, 218 (2016).

[2] T. Ozaki, Phys. Rev. B 67, 155108 (2003).

x=0.67 to x=1.00.
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The crystal structure search method using the first-principles calculation becomes
difficult to search effectively because the calculation time of the first-principles
calculation becomes enormous with increasing the number of atoms. Moreover, none
of the methods currently used can completely guarantee that the structure obtained is
the most stable structure at the given element and composition ratio, and the correctness
can only be confirmed by experimental data. One may consider impossible to cover the
search space to be considered because of its large number. In this presentation, we show
that it is possible to narrow down the candidate structure by checking all possibilities
from 230 space groups. When examining interatomic distances taking into account
physical quantities such as atomic radii, many crystal structures are physically
impossible and the significant number of the crystal structures can be eliminated.
Further refinement can be achieved by taking into account physical and chemical
factors. By examining their enthalpies, the most stable structure with the given element
and composition ratio is determined. Since the crystal structure is narrowed down,
including the degree of freedom of internal coordinates, the time required for structure
optimization in first-principles calculations can be greatly reduced. The most important
thing is that the most stable structure of the given element and its composition ratio is
definitely included in the refined structure.
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Halide perovskite families have been widely studied for photovoltaics [1-2] due to
their unique opto-electronic properties, but recently, they are being studied for light-
emitting applications [3]. Beyond regular perovskites based on a corner-sharing
octahedral network, CssPbBrs, which is called as zero-dimensional perovskite, is
getting attention because of its highly-efficient green light luminescence [4]. The
reported band gap of CssPbBrs of 3.9 eV is in the ultraviolet (UV) region, thus green
light emission in this material cannot be due to its intrinsic band gap. The origin of
the green light emission has not clarified and two hypotheses have been suggested to
explain this phenomenon. In this work, we investigate the unusual defect chemistry
and physics of Cs4PbBrs using first-principles theory and self-consistent Fermi level
analysis. Our results show (i) strong charge compensating behavior of CssPbBrs due
to the dominant donor and acceptor defects and (ii) defect-assisted light absorption
and emission from Br3 tribromide defect whose concentration is controllable.

[1] L. D. Whalley, J. M. Frost, Y.-K. Jung, and A. Walsh, J. Chem. Phys. 146,
220901 (2017).

[2] P. Gao, M. Gritzel, and M. K. Nazeeruddin, Energy Environ. Sci. 7, 2448 (2014).
[3] S. A. Veldhuis, P. P. Boix, N. Yantara, M. Li, T. C. Sum, N. Mathews, and S. G.
Mhaisalkar, Adv. Mater. 28, 6804 (2016).

[4] M. L. Saidaminov, J. Almutlag, S. Sarmah, I. Dursun, A. A. Zhumekenov, R.
Begum, J. Pan, N. Cho, O. F. Mohammed, and O. M. Bakr, ACS Energy Lett. 1, 840
(2016).
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Kohn-Sham density functional theory (DFT) [1] is the basis for standard simulation
methods of electronic structures of materials with well-balanced computational cost
and accuracy. Accuracy of the simulation depends critically on the accuracy of its
approximated exchange-correlation functional. The typical strategy to construct the
functionals is to refer to exact asymptotic dependences. However, the interpolation of
the functionals for intermediate regime must rely on heuristics such as the empirical
determination of the function form and parameter fitting with more accurate
calculations or experiments, etc. We propose a simply alternative strategy involving
minimum human heuristics based on the machine-learning (ML) scheme.

We use an extremely flexible neural-network (NN) form for the functional structure.
In our recent study, we have demonstrated that the accurate functional can be
constructed with the NN for a model system [2]. Here, we demonstrate a NN-based
constructions of functionals for real materials within several levels of semi-local
approximation, including local spin density approximation (LSDA), generalized
gradient approximation (GGA), and meta-GGA (Fig. 1) [3]. The NNs in those
functionals are optimized (trained) to reproduce training data composed of densities
and energies of a few molecules obtained by accurate wave-function theories such as
the coupled cluster method. The trained NN-based functionals show comparable
accuracies to existing functionals, even for hundreds of molecules which are not
included in the training database. We also demonstrate the constuction of a non-local
functional, which is difficult with the conventional semi-empirical scheme. Those
results show that our ML scheme is effective for advancing the development of DFT,
opening a novel path of data-driven functional construction.

[1] W. Kohn and L. J. Sham, Phys. Rev. 140, A1133 (1965).

[2] R. Nagai, R. Akashi, S. Sasaki, and S. Tsuneyuki, J. Chem. Phys. 148, 241737,
(2018)

[3] R. Nagai, R. Akashi and O. Sugino, arXiv:1903.00238.
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In correlated materials, electron and lattice distortion is coupled, therefore metal-
insulator transition (MIT) of correlated materials accompanies the structural phase
transition (SPT). We focused on the near room temperature phase transition process,
i.e. insulating monoclinic to metallic rutile phase transition of the vanadium dioxide
(VO»), a representative correlated materials. By the first principles calculation, we
designed the rutile/monoclinic heterogeneous interface that electron-electron
interaction of monoclinic VO» region is successfully reduced without crystal structure
changing.!!! This interface design can stabilize unstable metallic monoclinic phase.
The MIT without SPT of VO is also confirmed by combination with experimental
approaches like thin-film growth, structural and electrical characterizations. Our
results clarify the long-time controversy about origin of phase transition in VO and
will be applied by the high speed functional devices which are based on phase
transition.

[1] Daesu Lee et al., Science 362, 1037 (2018).

Keywords: metal-insulator transition, VO2
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Multi-valley structure is one of the favorable band structures for enhancing
thermoelectric efficiency, which is realized in several good thermoelectric materials
such as PbTe and Bi;Tes. N-type TiS2, whose crystal structure is shown in Fig. 1, also
has electronic structure with multi-valley character, and its power factor is relatively
high: ~40 uW/cmK? at room temperature [1]. In previous experimental studies, the
electrical resistivity of TiS> has been found to exhibit strong temperature dependence
of ~T2. One of the previous studies indicated that inter-valley scattering among
conduction band valleys may be related to the peculiar temperature dependence of the
electrical resistivity [2].

Since understanding the inter-valley scattering effect on the transport properties may
provide a clue toward designing materials with higher thermoelectric efficiency, in the
present study, we perform electronic and phonon band calculations based on DFT, and
calculate the electronic transport properties by considering the electron-phonon
scattering effect using the EPW code [3-6]. As a target material in this study, we
consider not TiSz, but instead its analogous compound ZrS;. The calculated
temperature dependence of the electrical resistivity is shown in Fig. 2. We will discuss
the role of the inter-valley scattering played in the electronic transport properties of
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Fig. 1. Crystal structure of TiS;

Fig. 2. Calculated electrical resistivity

[1] H. Imai, Y. Shimakawa, and Y. Kubo, Phys. Rev. B 64, 241104(R) (2001).
[2] P. C. Klipstein ef al., J. Phys. C: Solid State Phys. 14, 4067 (1981).

[3] F. Giustino, M. L. Cohen, and S. G. Louie, Phys. Rev. B 76, 165108 (2007).
[4] S. Ponce et al., Comput. Phys. Commun. 209, 116 (2016).

[5] S. Ponce, E. R. Margine and F. Giustino, Phys. Rev. B 97, 121201 (2018).
[6] A. A. Mostofi et al., Comput. Phys. Commun. 185, 2309 (2014).
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Hexagonal boron nitride (h-BN) has been recently found to host a variety of quantum
defects that are potentially useful for developing solid-state quantum technologies [1].
Interestingly, two recent experiments [2,3] reported observation of optically addressable spin
defects in h-BN, paving the way to develop coherent spin qubits in h-BN. These defects
feature non-zero spin ground state (S=1) in the Cs, point group symmetry, whose principal
axis is aligned with the h-BN out-of-plane direction. The defect origin is, however, largely
unknown. In this talk, we propose negatively charged carbon dimer(C,) defect as a new
potential Cs, S=1 qubit candidate. We use first-principles density functional theory to
investigate the structural stability and the spin properties of the defect model. We calculate
the defect formation energy of the C dimer defect and other related C-derived defects in h-BN
to examine their relative stability. We also consider their spin and electronic structures and
we find that the electronic structure of the defect is similar to that of the diamond NV center
[4], consisting of one a; state and two degenerated ey, e, defect states localized in band-gap.
To assist potential future experiments, we calculate the zero-phonon line, the zero-field
splitting tensor, and the hyperfine tensor of the defect model at various DFT levels of theory
including the HSE hybrid functionals [5]. Finally, we discuss several important issues of spin
defects in h-BN, which would be relevant for the development of h-BN-based quantum
optical devices.

[1] G. Noh, et al., Nano Lett., 18, 4710 (2018).

[2] A. Gottscholl et al., arXiv:1906.03774 (2019).

[3] N. Chejanovsky et al., arXiv:1906.05903 (2019).

[4] J. A. Larsson et al., Phys. Rev. B 77, 165201 (2008).
[5]J. Heyd et al., J. Chem. Phys. 118, 8207 (2003).
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Ternary Semiconductor Pb,Cd;..S has attracted intense interest, because the open
circuit voltage and power conversion efficiencies can be tunned by modifing the Pb
doping concentrations. These advantages of Pb,Cd;.,S have the opportunity to be used
to improve the efficiency of solar cells. To understand the nature of the evolution of
the band structure as function of Pb doping, we perform first-principles calculations
on the bulk band structure of Pb,Cd;.,S based on GGA method with HSE band gap
correction. Our GGA+HSE reveals an insulating ground state with 2.3 eV direct
energy band gap (E,) at I' point, consistent quite well with recent experimental
measurements. The finite doping effect is calculated by a linear interpolation of tight-
binding model matrix elements of CdS and PbS. Our calculation shows that the
energy band gap decrease rapidly and the binding energy increase simultaneously as
increasing Pb doping concentration. In addition, we find the lattice effect is not the
major effect that modify the energy band gap. The significant the band structure
evolution of Pb,Cd;,S may resulted from the different type of orbital bonding
between Cd-S and Pb-S. Our study reveals the origin of the evolution of the band gap
in Pb,Cd,.,S, paving a way for searching high efficiency solar cell.
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Components of next-generation gas turbines using lightweight SiC-based ceramics
need environmental barrier coatings (EBCs) to protect from high-temperature water
vapor because of the vaporization of the Si-based ceramics under such environments.
Yb silicates Yb,SiOs and Yb,Si,O7 are known to as promising EBC materials. In sucn
coating systems, residual stresses develop during thermal cycling due to mismatch
between the thermal expansion coefficients of the silicates and the underlying
ceramics, resulting in critical fatigue of the coating structure [1]. Raman microscopy
can be used for measuring stress distributions in coating materials to diagnose the
coatings after operation cycles, but its suitability for analyzing residual stress of Yb
silicates has been unknown.

In this study, we calculated Raman spectra of Yb,SiOs, and Yb,Si,O; under
hydrostatic pressure based on the density functional theory and we compared to the
spectra of Yb,Si,07; under uniaxial compressive stress in experiments using
polycrystalline samples [2]. When no external pressures applied, good agreement
between calculated and experimental spectra is obtained. The differences in the
spectra between the silicates demonstrate the utility of using Raman microscopy to
detect compositional changes in Yb-silicate coatings. From the calculations, lattice
vibrations associated with a Raman peak are identified as exemplified by the
characteristic mode of Si,O7 units in Yb,Si,07. The calculated changes in Raman
spectra as a function of pressure are as large as those for yttria-stabilized zirconia,
suggesting that Raman microscopy is suitable for monitoring residual stresses in both
Yb silicates. This is experimentally confirmed for the large intensity peaks at around
950 cm” of Yb,Si,0;. We also analyzed the vibrational modes using Invarse
Participation Rations, indicating that vibrations at frequencies bellow and above 200
cm’ are localized on Yb atoms and Si-O units, respectively.

This work was partially supported by JSPS KAKENHI Grant Number 19H05792.

[1] A. G. Evans et al., Prog. Mater. Sci. 46, 505 (2001).

[2] T. Ogawa, N. Otani, T. Yokoi, C. A. J. Fisher, A. Kuwabara, H. Moriwake, M.
Yoshiya, S. Kitaoka, and M. Takata, Phys. Chem. Chem. Phys. 20, 16518 (2018).
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Thermoelectric chalcogenides with tetrahedral framework structures, Cui2x77xSbaS13,
have been attracting increasing attention as efficient thermoelectric materials composed
of abundant and environmentally friendly elements [1]. One of the key factors that
realize the high thermoelectric figure-of-merit Z7 of tetrahedrites is their low thermal
conductivities, k ~ 0.5 W/mK, which have often been attributed to the strong phonon-
phonon scattering induced by the “planar rattling” motion [1] of Cu(2) atoms located
on triangular planes formed by sulfur atoms. However, the actual role of the planar
rattling motion and thermal transport physics in tetrahedrites have not been clarified by
ab initio theory due to the technical limitations of the conventional approach.

In this study, we investigate phonon anharmonicity and thermal transport physics of
Cu12SbsS13 by using the self-consistent phonon theory [2]. We show that low-energy
phonons of Cui2SbsS13 are strongly temperature-dependent, leading to an unusual
temperature dependence of k. Also, phonons are strongly damped, and their mean-free-
path can be as short as the phonon wavelength, which is known as the loffe-Regel limit.
We demonstrate that, for Cui2SbsSi3, the Peierls-Boltzmann theory underpredicts k
because it only considers the band transport of phonons and omits the hopping
contribution. After including the hopping (band off-diagonal) contribution based on
Ref. [3], the calculated k values agree nicely with the experimental result.

[1] K. Suekuni et al., Adv. Mater. 285, 1706230 (2018).
[2] T. Tadano and S. Tsuneyuki, Phys. Rev. B 92, 054301 (2015).
[3] M. Simoncelli, N. Marzari, and F. Mauri, Nature Physics 15, 809 (2019).
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With high accuracy, ab-initio calculation based on the density functional theory
(DFT) become essential components of material science in understanding material
properties. However, DFT calculations require a deep knowledge of the theoretical
background for reliable data, which can be an obstacle for less experienced users.
Developing a fully automated package for DFT calculations makes it easier to use
DFT calculations, which would greatly increase the use of DFT calculations. Recently,
several automation packages have been developed to build material databases such as
AiiDa, atomate, pymatgen and aflow. However, these utilities still assume that users
have knowledge of theoretical details.

Here, we introduce ‘automated ab initio modeling of materials property package’
(AMP?) for fully automating DFT calculations with minimal user interference.
Starting from crystalline structure, AMP? calculates various crystalline properties of
the material such as band gap, band structure, density of states, effective mass and
dielectric constant using the preset algorithms that incorporate well-established know-
hows. In particular, AMP? identifies the ground-state antiferromagnetic ordering by
applying the Ising model, and overcomes the band gap underestimation in semi-local
functionals with the help of hybrid functional method. In conclusion, we expect that
AMP? would help to understand mateial properties and predict new high performance
materials.

This work is partly supported by MEXT as "Priority Issue (No.5) on Post K
computer”.
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The coupled-cluster singles and doubles (CCSD) is a useful many-body approach in
quantum chemistry, not based on the density functional theory (DFT). Recently there
exists renewed interest for CCSD and the Green’s functions (GFs)[1] thanks to the
progress of computational techniques and resources. The GFs are important for
understanding the electronic properties since the correlation effects are directly
reflected in the spectral features.[2]

We implemented the scheme for obtaining the one-particle GFs applicable not only to
isolated systems[3] but also to periodic ones.[4] In this presentation, we will explain
the scheme for periodic systems in detail and show the results for C, LiH, and Be
chains. Furthermore, we will propose two interpolation schemes[5] for the CCSD GFs
primarily for ruducing the computational cost. Specifically, they use Wannier
orbitals[6] for circumventing huge cost for a large number of sampled & points. One
of the schemes is the direct interpolation, which obtains the GF straightforwardly by
using Fourier transformation. The other is the self-energy-mediated interpolation,
which obtains the GF via the Dyson equation. We apply the schemes to a LiH chain
and trans-polyacetylene and examine their validity in detail. It is demonstrated that
the direct-interpolated GFs suffer from numerical artifacts stemming from slow
convergence of CCSD GFs in real space, while the self-energy-mediated interpolation
provides more physically appropriate GFs due to the localized nature of CCSD self-
energies.

[1] M. Nooijen and J. G. Snijders, Int. J. Quantum Chem. Symp. 44, 55 (1992); M.
Nooijen and J. Snijders, Int. J. Quantum Chem. 48, 15 (1993); K. Kowalski, K.
Bhaskaran-Nair and W. A. Shelton, J. Chem. Phys. 141, 094102 (2014)

[2] T. Kosugi and Y. Matsushita, J. Phys.: Condens. Matter 30, 435604 (2018)

[3] H. Nishi, T. Kosugi, Y. Furukawa, and Y.-i. Matsushita, J. Chem. Phys. 149,
034106 (2018); T. Kosugi, H. Nishi, Y. Furukawa, and Y.-i. Matsushita, J. Chem.
Phys. 148, 224103 (2018)

[4] Y. Furukawa, T. Kosugi, H. Nishi, and Y.-i. Matsushita, J. Chem. Phys. 148,
204109 (2018).

[5] T. Kosugi and Y. Matsushita, J. Chem. Phys. 150, 114104 (2019)

[6] G. H. Wannier, Phys. Rev. 52, 191 (1937); N. Marzari, A. A. Mostofi, J. R. Yates,
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Poster-66

Construction of Green's functions on a quantum computer:
quasiparticle spectra of molecules

Taichi Kosugi* and Yu-ichiro Matsushita

Laboratory for Materials and Structures, Institute of Innovative Research, Tokyo
Institute of Technology, Yokohama 226-8503, Japan

* E-mail: kosugi.taichi@gmail .com

Quantum chemistry calculations on quantum computers[1] for obtaining the ground-
state energies have been realized by using photonic[2], superconducting[3, 4] and
trapped-ion[5] quantum computers. The electronic Hamiltonian for an interacting
system is mapped to that for the qubits comprising a quantum computer via some
transformation, which leads to the Hamiltonian made up of Pauli tensors.

In order for the quantum computation for electronic structure to come to practical use,
quantum algorithms not only for the total energy but also for other various physical
quantities have to be developed. One of such quantities is the one-particle Green's
functions (GFs), where the quasiparticle spectra[6] are encoded and hence are
important for material science. We propose a scheme for the construction of GF of an
interacting electronic system via statistical sampling on a quantum computer.[7]
Although the non-unitarity of creation and annihilation operators for the electronic
spin orbitals prevents us from preparing specific states selectively, probabilistic state
preparation is demonstrated to be possible for the qubits. We provide quantum

circuits equipped with at most two ancillary qubits for obtaining all the components
of GF.

We perform simulations of such construction of GFs for LiH and H>O molecules
based on the unitary coupled-cluster (UCC) method to demonstrate the validity of our
scheme by comparing the quasiparticle and satellite spectra exact within UCC and
those from full configuration interaction calculations. We also examine the accuracy
of sampling method by exploiting the Galitskii-Migdal formula, which gives the total
energy only from the GF.

[1] S. McArdle et al., arXiv:1808.10402

[2] A. Peruzzo, et al., Nature Communications 5, 4213 (2014)
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Phys. 148, 224103 (2018); H. Nishi et al., J. Chem. Phys. 149, 034106 (2018); T.
Kosugi and Y. Matsushita, J. Chem. Phys. 150, 114104 (2019); T. Kosugi and Y.
Matsushita, J. Phys.: Condens. Matter 30, 435604 (2018)
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Hydrogen sulfide becomes superconductor with Tc=200K under pressure of more
than 100GPa [1]. The emergent phase H3S is thought to be responsible for this
superconductivity, as its previously predicted crystal structure shows good agreement
with the X-ray diffraction measurement[2,3].

The first-principle calculations shows that this crystal structure hosts sharp peak in
the electronic density of states (DOS) at the vicinity of the Fermi level. Theoretical
studies on the superconductivity of this system focuses on the role of this peak,
though direct experimental evidence of its existence has yet been available. For
example, the high Tc is explained according to the BCS theory for the conventional
phonon-mediated pairing by assuming the DOS peak; the pairing strength is
proportional to the DOS at the Fermi level and therefore the peak yields the strong
pairing[4]. On the other hand, there has been an argument that the sharpness of the
peak implies competition of the electronic and phononic energy scales and breakdown
of the BCS picture[5].

In this study, we examine the microscopic mechanism of the formation of the DOS
peak to see if it is more than a consequence of the accidentally fine-tuned crystal
structure and robust against subtle approximations[6]. From the first-principle
electronic structure calculations, we find that the DOS peak is attributed to extended
loops of saddle points in the Brillouin zone. Being the one-dimensional structure not
passing the special points, it is difficult to recognize with the standard band structure
analysis along linear k-point paths. The saddle loop generally emerge by turning
isolated saddle points into minimum by any perturbation. We clarify the specific
perturbation serving this effect in HsS, establishing the robustness of the mechanism
behind the DOS peak.

[1] A. P. Drozdov et al., Nature 525, 73 (2015).

[2] M. Einaga et al., Nat. Phys. 12, 835 (2016).

[3] D. Duan et al., Sci. Reports 4, 6968 (2014).
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[5] A. Bianconi and T. Jarlborg, Europhys. Lett. 112, 37001 (2015).
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The generation of rare trajectories escaping from the minima of the potential surface
with minimum energy barriers is a pivotal task in various simulations; chemical
reaction, structural deformation, etc.

Recently, we developed a non-empirical scheme to search for the minimum-energy
escape paths from the known minima to unknown saddle points nearby [1]. Our
method is based on the Smoluchowski equation for distribution p(x), which represents
the distribution of variable x obeying the Langevin equation with potential U(x). We
derive the Master equation for a biased distribution q(x, t) = exp[(1-0)U(x)/T]p(x, t)
with parameter 6. We have found that q(x,t) climbs up the potential surface through
the “valley” on the potential surface, if the initial distribution q(x, t=0)=3(x-X¢) is
properly set at the entrance of the valley. A stochastic walker algorithm that
reproduces q(x, t) is constructed to move the walkers up the surface through the
potential valleys. Later, we designed a systematic algorithm to generate the initial
atomic positions as entrances to the potential valleys, with which we can execute non-
empirical search of the escape paths free from a priori collective variables or artificial
force field [2]. Currently the code is available online as AtomREM (Atomistic Rare
Event Manager [3,4]). Further development for accurate potential functions
comparable to the first-principle calculations with the neural network is also under
way. In the presentation, we demonstrate the applications of AtomREM to the
Lennard-Jones clusters, hydrocarbon chains and some solid systems.

1] R. Akashi and Y. S. Nagornov, J. Phys. Soc. Jpn. 87, 063801 (2018).
2] Y. S. Nagornov and R. Akashi, Physica A 528, 121481 (2019).
3]1Y. S. Nagornov and R. Akashi, arXiv:1907.13316.

4] https://github.com/ryosuke-akashi/AtomREM
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To solve the energy resource issue, electrochemical devices, which utilize the electrochemical
reaction, have been continuously developed. The electrode potential plays an important role
to understand the electrochemical reaction at an interface between an electrode and
electrolyte solution. However, theoretically, the precise description for the realistic electrode
potential is problematic, because the theory under the grand canonical condition is required.

For solving the issue of grand canonical condition and understanding the electrochemical
reaction, the density functional theory (DFT) combined with the effective screening medium
technique and reference site interaction model, terminated as the ESM-RISM, is applied to
the electrochemical interface [1, 2]. The electronic structure of electrode and the structure of
electrolyte solution is respectively treated by the DFT and Laue-represented RISM. In the
ESM-RISM framework, both the electronic and solution systems can be treated under the
grand-canonical condition. All calculations have been carried out using plane-wave basis set
and pseudopotential code QUANTUM ESPRESSO [3].

Figure 1 shows the results of laterally averaged electrostatic potentials at charged
Al(111)/NaCl agq. interface, where the total charge of the electronic system is +0.02e. The
electrostatic potential near the Al (111) surface show the oscilations. This is caused by the
charge of solution. The electric field induced by surface charge is completely screened by the
solution. As a result of this, the flat potential level of whole electrostatic potential is appeared
as shown in Fig. 1. We will discuss the details of electrode potential at the interface between
electrode and electrolyte solution, in the presentation.
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Fig.1 Laterally averaged electrostatic pot-
ential at the Al(111)/NaCl aq. interface.

[1] S. Nishihara and M. Otani, Phys. Rev. B 96, 115429 (2017).
[2]J. Haruyama , T. Ikeshoji, and M. Otani, Phys. Rev. Matt. 2, 095801 (2018).
[3] P. Giannozzi et al., J. Phys.: Condens. Matter 21, 395502 (2017).
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We performed theoretical study on adsorption and decomposition mechanism of
formic acid (HCOOH) on the close packed Cu(111) surface. We found that by using
the van der Waals (vdW) inclusive density functionals (optB86b-vdW and rev-vdW-
DF2), the activation energy for desorption (Eqes) is significantly improved over GGA-
PBE.[1] Moreover, the vdW inclusive density functionals give better agreement with
experimental results. The activation energies of decomposition (E¢.) calculated by
using vdW inclusive density functionals are lower compared with desorption energies,
seemingly in contradiction with experimental findings at room temperature, in which
no decomposition of HCOOH on Cu(111) is observed when the surface is exposed to

the gas phase HCOOH. We performed the Temperature / K

N K 500 250 167 125 100
reaction rate analysis based on the first-  ioq02f L R
principles calculations for desorption and - L e Decomposition ]

1.0x10° [~

decomposition processes to clarify this
contradiction. Figure 1. Shows that the
desorption of monomeric HCOOH is faster
than that of its decomposition rate at room
temperature because of a much larger pre-
exponential factor. Thus, no
decomposition of monomeric HCOOH .t
should take place at room temperature. 5 L
At low temperature, HCOOH on _ Temperature /K’ .
Fig. 1. Calculated reaction rates per surface
Cu(111) surface was reported to form adsorgate‘for the desorption and decomposition of
polymeric HCOOH structures.[2] We found mog;%“ﬁ{;g Sﬁ‘,ﬁgﬁﬂwﬁg g‘;ﬁﬁfg‘s l;ggr‘ggggtfgﬁgles
that the FEgs for polymeric HCOOH decomposition and desorption rates, respectively.
structure is 0.21 eV more stable rather than that monomeric HCOOH. We also
calculated the IRAS spectra for polymeric HCOOH structures. Polymeric HCOOH
structures show higher peak assigned for n(O-H) and n(C-H) and small double peaks

assigned for v(C=0) vibrational mode as observe in the experimental studies.
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[1]S. E. M. Putra, F. Muttagien, Y. Hamamoto, K. Inagaki, I. Hamada, Y. Morikawa, J.
Chem. Phys. 150, 154707 (2019).

[2]Y. Shiozawa, T. Koitaya, K. Mukai, S. Yoshimoto, and J. Yoshinobu, J. Chem. Phys.
143, 234707 (2015).
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In the past decade, there are a lot of materials have been demonstrated as 3D
topological insulators in experiments. Besides nonmagnetic topological insulators, the
related study of antiferromagnetic topological insulator (AFM-TI) is still lacking.
Very recently, Gui et al. [1] synthesized an entirely new quantum material, EuSn,P»,
that never been proposed previously. Neutron scattering displays an antiferromagnetic
phase below 30K. Based on density functional theory, we find a band inversion near
the I point, which is a classical feature of topological insulators. The Z2 invariant
calculation presents a nontrivial topological phase through the Wilson loop. In
addition, we observe Dirac topological surface states protected by the S= 0T,

symmetry on the (010) plane. Our calculations demonstrate that EuSn,P, is a solid
candidate of antiferromagnetic topological insulator, providing a new platform to
study the novel phenomena in magnetic topological system.

[1] Gui et al, ACS Cent. Sci. 5, 900-910 (2019)
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MgO-based MTlJs have succeeded to provide large tunnel magnetoresistance (TMR)
ratios at room temperature[1]. This can be attributed to the coherent tunneling through
A, evanescent state in single-crystalline MgO and the half-metallic behavior on the A,
state in Fe and CoFe [2]. However, epitaxial growth of MgO crystalline is difficult
because of lattice mismatch with ferromagnetic electrode, which is about 4% for bec-
Fe.The normal-spinel type MgAl,O4(MAO) showed a great advantage in the epitaxial
growth compared to the MgO because of a small lattice mismatch less 1% with bcc-
type ferromagnetic metal at (001) face[3]. Recently, it is found that the cation-site
disordered MAO provides higher TMR ratio compared with the ordered MAO due to
the suppression of the band folding effect[4]. In order to enhance the TMR ratio of
MAO-based MTJs, it will be important to identify local structures of cation-site
disordered MAO providing high TMR ratios. However, at present stage, experiments
cannot determine detail local structures of cation-site disordered MAO.

In this work, we investigate and discuss the TMR effect of Fe/disordered-
MAO/Fe(001) magnetic tunnel junctions to clarify optimal structures of disordered-
MAO giving larger TMR ratios by using the Bayesian optimization and the least
absolute shrinkage and selection operator (LASSO) technique combined with the first-
principles calculations. The largest TMR ratio is successfully obtained from the
Bayesian optimization with 1728 cases. Furthermore, we find that the in-plane distance
between two Al atoms plays an important role to characterize the TMR ratio. Since the
Al-Al distance of disordered MAO significantly affects to the imaginary part of
complex band structures, the majority-spin conductance of A, state in Fe/disordered-
MAO/Fe MTlJs increases with increasing the in-plane Al-Al distance. This leads to
enhancement of the TMR ratio. Furthermore, TMR ratio tends to increase when the
stoichiometry of Al, Mg, and Vacancy in the [001] plane is 2:1:1. These results indicate
that control of Al atomic positions is important to maximize TMR ratios in MTJs with
disordered MAO.

[1] S. Yuasa, et al., Nature Materials 3, 868 (2004).

[2] W. H. Butler, ef al., Phys. Rev. B 63, 054416 (2001).

[3] H. Sukegawa, et al., Appl. Phys. Lett. 96, 212505 (2010).
[4] H. Sukegawa, ef al., Phys. Rev. B 86, 184401 (2012).
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Nickel cobaltite (NiCo0,04) is one of the promising materials to be used in
applications of catalysis and spintronics. In catalysis, NiCo,O4 have a role as
heterogenous catalyst with a basic reaction of oxygen reduction reaction (ORR)
constructing many complex reactions, such as energy generation (fuel cell),
weathering of materials, and most of biological process [1]. One of the main interests
of this reaction is focused on its role in the oxygen electrode used inelectrical-power
related systems, i.e. metal-air batteries and fuel cells. From this point of view, being
an abundantly available transitional metal oxides, NiCo,O4 undisputedly has many
advantages, compared toalready available alternatives. However the mechanism of
ORR on metal surfaces is still remains unclear. We have theoretically investigated
electronic and magnetic properties of bulk NiCo0,04 to understand its basic features.
NiCo,04 indicates a half-metallic property according to low field magneto-resistance
(LFMR) measurements [2]. One can easily tune its electrical and magnetic properties
by varying the crystal growth temperature [3].

In our theoretical approach, quasi-particle self-consistent GW (QSGW)
calculations [4] were performed in proper and inverse spinels of NiCo,0s. The
calculational results were also compared with those of generalized gradient
approximation (GGA). The QSGW enables to calculate metallic electronic structures.
Such advantage may be useful for a wide range of materials. We obtained the results
of one-shot GW and QSGW as well as those of GGA.

In the inverse spinel of NiCo,04, the electronic states near the Fermi level consist
mainly of the octahedral site 3d orbitals on Co and Ni in the majority spin state, and
of the tetrahedral site 3d orbitals at Co in the minority spin state. Half-metallicity was
found on all results and the metallicity is associated with the 3d orbitals on tetrahedral
Co(Corg) 1n the minority spin state. On the other hand, a quasi-insulating nature was
observed on octahedral Co (Cog) and octahedral Ni (Nip) in the majority spin state.
Overall, the QSGW calculation yielded more localized orbitals, compared with that of
GGA. The largest contribution to the total magnetization (2.0ug/f.u.) is provided by
Corg (2.3pp) and Nige (-1.1up) with an anti-parallel configuration. The spin moment
on Cog, may be in a low spin state (less than 0.1ug). We will discuss our results by
comparing with available experimental values. In addition, we compare the results of
NiCo,04with those from Co304 and Fe;O4 to get more insight on above properties.

1] B. Chi et al., Int. J. Hydrogen Energy 31, 1210 (2006).
2] P. Li et al., Phys. Stat. Sol. (RRL) 10, 190 (2016).
3] K. Zhang et al., RSC Adv. 7, 36026 (2017).

[
[
[
[4] T. Kotani, M. van Schilfgaarde, and S. Faleev, Phys. Rev. Lett. 96, 22 (2006).
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An asymmetric potential together with the strong spin-orbit coupling splits the energy
level of the surface- and boundary- electronic states according to their spins. This
splitting which is called the Rashba effect is applicable to the spin-current
generation/detection in the spintronics devices. Therefore, the materials which exhibit
the Rashba effect are explored widely. Recently, part of coauthors (RN, KK, and TK)
newly observed the Ag-thickness dependent energy splitting in the spin-decomposed
angle resolved photo-emission spectroscopy measurement of quantum well states
(QWS) in the multi-layered Ag/Au(111) system. This splitting also depends on the
quantum number (number of nodes) of QWS confined in the Ag region. In this study,
we performed the first-principle study based on density functional theory to reveal how
such a Ag-thickness and QWS dependent Rashba effect appears in this boundary
system. We reproduced quantitatively the energy splitting of QWS (Fig. 1 left) and
performed further analysis by focusing on the variation of the envelope of the QWS
along the depth direction. From this analysis, we found that these dependences can be
explained by the linear combination of the intensities of the QWS at the Ag and Au
atom locating on the boundary (Fig. 1 right). In this presentation, we explain this
mechanism with the first-principles calculation and the minimum tight-binding model
as well as the detail of the calculation.
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Figure 1: (Color online) (Left) The calculate and experimental Rashba splitting parameter
at each QWS and Ag-monolayer thickness. (Right) The correlation between the Rashba
splitting parameter and the linear combination of the intensities of the QWS at the Au and
Ag atoms on the boundary.
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The increase in the emission of carbon dioxide, CO, from human activities are the root
of global warming and climate changes. A promising route for decreasing the
greenhouse effect is to convert CO; into value-added chemicals. Among the methods
of recycling CO», reduction of CO» via chemical pathway in a reducing agent such as
methane (CHy) is an efficient way of storing and recycling renewable energy. In this
reaction, Co metal was identified as a good catalyst to catalyze the dissociation of both
CHs and CO; [1]. In order to prevent the deposition of carbon which comes from
excessive CH4 dissociation, the reaction of CO2 with C on the surface of Co plays the
most important role. Experimentally, Co catalysts were generally exhibited as Co
cluster dispersed on top of support materials [2]. Thus, Co cluster generally consist of
several flat, step, and kink surfaces [3]. Fundamentally, the surface geometric structure
affects the adsorption, diffusion, dissociation, formation energy barrier of CO,, C, and
their subsequent products (O and CO).

In this study, we perform ab initio simulations in order to model the reaction between
COz and C on Co metal surfaces. Our study includes the absorption, dissociation
reaction (Eq. 1) of CO; and its subsequent reaction (Eq. 2) with adsorbed C on different
flat and step surfaces, namely (111), (110), (100), (221), and (211).
CO, +2* - CO*+ 0O (Equation 1)
0"+ C* - CO" (Equation 2)
Where, CO*, 0*, C* indicates adsorbed CO, O and C and

2" indicates two free adsorption sites

[11Y.J. Wong, M.K. Koh, M. Khavarian, and A.R. Mohamed, Int. J. Hydrogen Energy
42, 28363 (2017).

[2] Y.J. Wong, M.K. Koh, N.F. Khairudin, S. Ichikawa, Y. Morikawa, and A.R.
Mohamed, ChemCatChem, DOI:10.1002/cctc.201901098 (2019).

[3] P. Van Helden, I.M. Ciobic, and R.L.J. Coetzer, 261, 48 (2016).
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Disordered multicomponent alloys, especially those called high-entropy alloys,
have been attracting considerable attention from both experiment and theory [1]
because of their extraordinary properties such as high temperature strength.
Local lattice distortions are thought to be closely related to mechanical strength. In
the present study, we investigate them in a series of body-centered cubic (BCC)
multicomponent alloys, including refractory high-entropy alloys (HEAS), in terms of
atomic volumes, atomic charges, and atomic stresses defined by the Bader charge
analysis based on first-principles calculations [2]. The QMAS code [3] is used in
calculating these atomic properties.

Analyzing the obtained results, we find surprisingly large distributions of the atomic
properties for each element in each alloy, indicating a large impact of the varying
local chemical environments. We show that these local-environment effects can be
well understood and captured already by the first and the second nearest neighbor
shells. Based on this insight, we employ linear regression models up to the second
nearest neighbor shell and successfully predict the atomic properties.

Furthermore, we find that the elementwise-averaged values of the atomic properties
correlate linearly with the averaged valence-electron concentration (VEC) of the
considered alloys. The averaged VEC values can be evaluated without time-cosuming
calculations and, therefore, are expected to be utilized as an efficient descriptor for
materials screening

[1] Y. Ikeda, B. Grabowski, and F. Kormann, Mater. Charact. 147, 464 (2019).
https://doi.org/10.1016/j.matchar.2018.06.019.

[2] Y. Shiihara, M. Kohyama, and S. Ishibashi, Phys. Rev. B 81, 075441 (2010).
https://doi.org/10.1103/PhysRevB.81.075441.

[3] S. Ishibashi, T. Tamura, S. Tanaka, M. Kohyama, and K. Terakura, Phys. Rev. B
76, 153310 (2007). https://doi.org/10.1103/PhysRevB.76.153310.
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For the better understanding of recent experimental results " on field effect transistors
(FETs), we performed density functional theory (DFT) calculations on the hexagonal
boron nitride (BN) with the hydrogen-terminated (111) diamond surface. In our work,
atomic structures and electronic properties of the nanostructures of BN on the
hydrogen-terminated (111) diamond surface will be addressed using first-principles
DFT based simulation code CONQUEST. The small lattice mismatch of about 0.4%
between BN and the H-terminated (111) diamond surface is predicted in good
agreement with previous experiments'>!. The binding energies of the various stacking
patterns, the density of states, and the charge density distribution will be discussed. It
turns out that weak van der Waals interactions dominate for BN on these H-terminated
(111) diamond surface. While both BN and H-diamond have the wide band gap, BN
absorbed on H-diamond narrows the band gap. Our results may provide a good
understanding of the interfacial properties of BN/H-diamond and pave the way to
further design FETs having high mobility and high carrier density in nanoelectronics.

This work is partly supported by the New Energy and Industrial Technology
Development Organization of Japan (NEDO) Grant (P16010).

References:

[1] T. Yamaguchi and co-workers, APL Materials 6, 111105 (2018).

[2] R. Reeber and K. Wang, J. Electron. Mater. 25, 63 (1996).

[3] W. Paszkowicz, J. B. Pelka, M. Knapp, T. Szyszko, and S. Podsiadlo, Appl. Phys.
A 75,431 (2002).



Poster-78

First-principles analysis on superconductivity under strain
in Li-intercalated bilayer MoS,

Poobodin Mano,"” Emi Minamitani,” and Satoshi Watanabe'

'Department of Materials Engineering, The University of Tokyo,
Bunkyo, Tokyo 113-8656, Japan
Institute for Molecular Science,
Okazaki, Aichi 444-8585, Japan

" E-mail: mano@cello.t.u-tokyo.ac.jp

MoS,, a member of transition metal dichalcogenides, has been investigated widely due
to its high potential in various applications. Previous first-principles calculations
revealed that the intercalation of Li [1], Na [2], and Ca [3] could turn bilayer MoS;
from semiconductor into superconductor. Furthermore, the transition temperature T, in
the Na-intercalated bilayer MoS; is predicted to increase from 2.9 K to 10 K under the
compressive strain of 7%, while it is suppressed under tensile strains [2]. Systematic
investigation on the Li-intercalation case, however, has not been done yet. Here we
report the results of our first-principles calculations within the density functional theory
on the superconductivity in the Li-intercalated bilayer MoS, [4], which demonstrates
that both of compressive and tensile strains could enhance the supercondutivity.

Figure 1 shows the strain dependence of T, calculated using the McMillan-Allen-Dynes
formula with setting the Coulomb repulsion
parameter to 0.1 and the density of states at
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[1] G. Q. Huang, Z. W. Xing, and D. Y. Xing, Phys. Rev. B 93, 104511 (2016).

[2] R. Szczgséniak, A. P. Durajski, and M. W. Jarosik, Front. Phys. 13, 137401 (2018).
[3]J.J. Zhang, B. Gao, and S. Dong, Phys. Rev. B 93, 155430 (2016).

[4] P. Mano et al., in preparation.
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LaScOs is a perovskite-type oxide that exhibits proton conductivity at intermediate
temperatures (300-600°C) when acceptor-doped with Sr [1]. At low temperatures it is
orthorhombic (Pnma) as a result of octahedral tilting away from the aristotype cubic
structure. This lower symmetry compared to cubic perovskite BaZrOs is expected to
influence the proton migration mechanism in this material.

We analyzed the formation energies of isolated point defects and defect clusters in Sr-
and Ba-doped LaScO; using first-principles calculations to estimate their thermal
equilibrium concentrations. Calculations also focused on proton incorporation and
binding energies. Total energy calculations were performed using VASP code [2]. As
an example, the temperature dependence of defect concentrations in 20 mol% Sr doped
LaScO; under Sc,0O; rich conditions with P, = 0.1 atm and PH,0) = 0.02 atm is
shown in Fig. 1. Using thermodynamic

data of O, and H,O together with the zero- 10y STOH*
K defect formation energies from first-
principles calculations, the hydration
reaction in LaScO; at low temperature
and in a humidified atmosphere was
reproduced.

Sy,

Defect concentration
>
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Fig. 1. Temperature dependence of various
defect concentrations in LaScOs.

[1] K. Nomura and S. Tanase, Solid State Ionics 98, 229-236 (1997).
[2] G. Kresse and J. Furthmiiller, Phys. Rev. B 54, 11169 (1996).
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The best material for spark plugs of an internal combustion engine is always
considered as iridium. As the one of the precious metals, iridium has a remarkable
mechanical strength and chemical inertness, in particular at high temperatures. The
most significant problem to use iridium at high temperatures is a desorption of
iridium oxides. This well-known issue was broadly studied, so it is revealed that IrO;
is the dominant gaseous oxide of iridium at high temperatures[1]. However,
theoretical studies for iridium desorption are yet to be performed, thus many things
for the iridium desorption such as a surface index on which the reaction occurs as
well as reaction paths are remain as unrevealed.

In this study, we investigate about the iridium
surfaces and desorption of IrOs; by first-principles
calculations based on density functional theory. We
used the OpenMX code based on the norm-
conserving pseudopotentials and pseudo-atomic
localized basis functions with GGA-PBE exchange-
correlation functional. By those methods, we
compared desorption free energies and oxygen
adsorption free energy density. As the results,
Ir(111) surface is concluded as the surface on which
IrOs desorption occurs. This result is supported by
our nudged elastic band calculations which show
that there is no extra energy barrier for iridium
desorption in addition to the desorption free energy.

Fig 1. Iridium desorption as IrO;

We took a step further, we tried to design iridium alloys to prevent the problem of
iridium desorption. We evaluated some transition-metal elements by substituting an
iridium atom at the surfaces. By this approach, we can predict the performance of
materials in terms of the desorbability, in general.

[1] J. H. Carpenter, J. Less-Common Met. 152 35-45 (1989).
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Si-Ge alloys are known as one of the cheapest nontoxic thermoelectric materials utilized at high
temperatures. The dimensionless figure of merit, ZT, of Si-Ge alloys, however, is quite small (ZT < 1
for both p- and n-types) because of their relatively large phonon conductivity [1]. The small ZT values
in Si-Ge alloys have been somewhat improved with the use of a nano-structuring approach, where
phonon conductivity is reduced by making a grain size small. To further increase the ZT values of the
Si-Ge alloys, there are some attempts to modify their electronic band structure by doping Fe atoms,
and it has been reported that a high ZT value, ZT > 1.88 (at T = 873 K), as well as a large Seebeck
coefficient, |S|>517uV/K (at T =673 K), were produced in the nanostructured
Sip55Gen3sPo1oFeq. 01 sample [2]. It is believed that the large Seebeck coefficient would originate
from a strong peak at the edge of the conduction band in the electronic density of states generated by
the Fe-doping (a so-called impurity state), and this large Seebeck coefficient increased the ZT value
through the relation, ZT « S2. An occurerence of the impurity state by doping Fe atoms into a Si bulk
sample has been confirmed using an electronic band structure calculation [2], whereas it has not been
confirmed yet in the Fe-doped Si-Ge system either from experimental or theoretical approach. In this
work, therefore, the impurity state in the Fe-doped Si-Ge alloys is calculated using an electronic band
structure calculation, and the reported large Seebeck coefficient is reproduced with the use of the linear
response theory assuming that the group velocity and relaxation time are not sensitive to the energy.

The biggest difficulty in calculating the electronic structure in the Fe-doped Si-Ge system is that Si-
Ge alloys have a disordered configuration in the whole composition range. To mimic a disordered
configuration, a special quasi-random structure (SQS) is used in a supercell containing 64 atoms. The
calculated electronic density of states and Seebeck coefficient in the SisooGesssFe; 6 alloy are shown
below, where a hybrid functional (HSE06) is employed in the VASP code. The impurity state is
successfully produced at the bottom of the conduction band, and the value of the Seebeck coefficient
is in good agreement with the reported experiments, |S| > 517 uV/K (at T = 673 K) [2].
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Figures. Calculated density of states (left) and Seebeck coefficient (right) in the SisooGesssFe; ¢ alloy.

[1] D. M. Rowe, CRC Handbook of Thermoelectrics (CRC Press, Boca Raton Fl, 1995).
[2] K. Delime-Codrin, et al., Applied Physics Express 12, 045507 (2019).
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It is generally believed that H/Pt(111) is predominantly adsorbed on the fcc site, as
supported by DFT-GGA calculations. Experiments, however, observe the signal from
the atop site [1]. Recently, we have revisited this problem with random phase
approximation, and predicted the coexistence of fcc and atop sites at room
temperature [2]. However, anharmonicity in the nuclear quantum effect is neglected
in the previous work. Here, we apply the ab initio path integral molecular dynamics
simulations [3] to H adsorption on Pt(111) near the full coverage. The coexistence of
fcc and atop site is observed at the full coverage, while hollow site domains at the
coverage of 2/3, in agreement with experimental observation. The transfer between
fcc and hep site would stabilize the hollow site. We distinguish the harmonic and
anharmonic terms in the nuclear quantum effect, and find that the anharmonic effect
is nontrivial at the room temperature. We emphasize the importance of nuclear
quantum effects, where the distribution is different from that in classical case. Our
results provide a new insight to consistently interpret electrochemical and
spectroscopic data.

[1] A. R. Zeradjanin, J. P. Grote, G. Polymeros, K. J. J. Mayrhofer, Electroanalysis
28, 2256-2269 (2016).

[2] L. Yan, Y. Sun, Y, Yamamoto, S. Kasamatsu, I. Hamada, O. Sugino, J. Chem.
Phys. 149, 164702 (2018).

[3] M. Shiga, M. Tachikawa, S. Miura, J. Chem. Phys. 115, 9149 (2001).
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The ionization potentials (IPs) and electron affinities (EAs) are key parameters in a wide
range of technological applications including electornic devices, photocatalysis, and catalysis.
The IPs and EAs are surface-dependent properties affected by the surface dipole contribution
that depends on the atomic structure, stoichiometry, and adsorption. Among the perovksite
oxides, much research has focused on the SrTiOs; (001) surface, which has diverse
reconstructed surfaces such as p(2 X 1), p(2 X2), p(6 X2), c(4X2), c(6X2), c(4x4),
(V/5x/5)R26.6°, and (v'13xV/13)R33.7°. However, a systematic study of the effects of surface
reconstruction on band alignment is still lacking for perovskite oxides.

Here, we have systematically investigated the effects of surface reconstruction on the band
alignment of ABO; perovksites (4 = Ca, Sr, Ba, Pb; B = Ti, Zr, Hf, Ge, Sn). For cubic and
distorted structures, we have considered stoichiometric slab models to determine the IPs and
EAs for reconstructed surfaces. Low-surface-energy structures for diverse lateral periodicities
were generated using an ab initio evolutionary crystal structure search method, as implemented
in the AMDAEUS code [1]. We compare the surface energies of these reconstructed
stoichiometric surfaces and cleaved nostoichiometric surfaces as a function of the chemical
potential. As a compositional trend of perovskite oxides, we found that the IPs have an almost
linear trend against the Goldschmidt tolerance factor. These results allow understanding of the
band alignment of perovskite oxides with the effects of surface termination and reconstruction.

[1]L-H. Lee, Y.J. Oh, S. Kim, J. Lee, and K. J. Chang, Comp. Phys. Commun. 203, 110 (2016).
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To reduce the cost of fuel cells, earth-abundant transition metal compounds are being
developed to replace precious metals in oxygen reduction reaction (ORR) catalysts and
bifunctional oxygen reduction/evolution catalysts. Recent work highlights nickel
selenide (NiSe), a p-type semiconductor exhibiting high O» and H> evolution activity
in alkaline media [1,2]. However, ORR catalysis on NiSe was observed to terminate at
peroxide formation, albeit without a clearly defined mechanism explaining this
observation [3]. Modelling its surface and reaction intermediate-surface interactions
may provide insight into the ORR mechanism and other catalytic properties of NiSe.

The present study uses density functional theory (DFT) to examine the adsorption of
H>0 and OH molecules on pristine NiSe(101), as well as NiSe with a surface vacancy.
We found that DFT using the generalized gradient approximation (GGA) predicts NiSe
as metallic and fails to reproduce the antiferromagnetic and semiconducting nature of
NiSe observed experimentally [1]. Hence, to more accurately describe its electronic
structure and its effect on the intermediate adsorption and reaction mechanism, DFT
with the on-site Coulomb interaction (DFT+U), hybrid functional, and quasiparticle
self-consistent GW method were employed. We obtained a small absorption energy of
H20 (-0.093 eV/mol) along with a large adsorption distance (2.3 A) on a pristine
metallic NiSe(101) surface with PBE-GGA. This is in contrast to the chemisorption of
OH with an adsorption energy and distance of -2.26 eV and 1.86 A, respectively. We
also found that H20 and OH adsorption is enhanced by a Ni vacancy on the NiSe(101)
surface. The facile formation of these oxygenous intermediates with the NiSe surface
may be significant in describing ORR/OER catalysis behavior for nickel selenides. [4]

[1] K. Sharma, D.K. Sharma, and V. Kumar, Optik 182, 519 523 (2019).

[2] P.F. Liu, L. Zhang, L.R. Zheng, and H.G. Yang, Mater. Chem. Front. 2, 1725 1731
(2018).

[3] S. Kukunuri, M.R. Krishnan, and S. Sampath, Phys. Chem. Chem. Phys. 17,
23448 23459 (2015).

[4] S. Anantharaj, E. Subhashini, et al., Appl. Surf. Sci. 487, 1152 1158 (2019).
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It is widely known that spin fluctuations can be the origin of electron pairing in
unconventional superconductors. On the other hand, spin fluctuations also play an
important role in conventional phonon-mediated superconductors. In nearly
ferromagnetic metals, spin fluctuations induced by strong exchange interaction can
lead to a significant suppression of singlet pairing and thus s-wave superconductivity.
To investigate how spin fluctuations influence conventional superconductivity,
Eliashberg theory has been extended to include the effect of spin fluctuations [1] and
applied to some systems, e.g. V and Nb [2]. However, this treatment is rather
empirical and fully non-empirical calculation of such effect has scarcely been
performed so far.

In this study, we explored the interplay of spin fluctuations and superconductivity
from first-principles by using density functional theory for superconductors (SCDFT)
[3] including the effect of spin-fluctuations [4]. We applied this method to the
elemental transition metals V, Nb and calculated the effect of spin fluctuations on 7.
We found that spin fluctuations reduce 7c in both cases and the amount of its
reduction is related with the magnitude of localization of the valence orbitals.

[1] N.F. Berk and J.R. Schrieffer, Phys. Rev. Lett. 17, 433 (1966).
[2] H. Rietschel and H. Winter, Phys. Rev. Lett. 43, 1256(1979).

[3] M. Liiders, ef al., Phys. Rev. B 72, 024545 (2005).
[4] F. Essenberger, ef al., Phys. Rev. B 90, 214504 (2014).
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We present an efficient self-consistent computational approach that extends the
density functional theory plus on-site interaction (DFT+U) method further to include
inter-site Hubbard Coulomb interaction (V). The extended DFT+U +V method is
suitable to calculate electronic structures of periodic systems with various interactions
with disparate ranges. Typical computational methods for DFT+U and DFT+U+V
require additional set of computations to obtain U and (or) V. In this presentation, we
suggest a scheme to compute the Hubbard parameters self-consistently with efficient
algorithms..
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Antiperovskites (APs) with an M34B formula (M = transition metals, alkaline
metals, and alkaline-earth metals, 4 = p-block elements, B = C, N, and O) have recently
drawn attention because of their intriguing physical properties. Most of the reported
APs have undistorted structures [1], while some nitride and oxide APs have been
reported to possess distorted perovskite structures. Fewer studies about the distortions
of these materials, especially pnictide APs, have been performed. Some of the pnictide
APs M3PnN have been experimentally reported as narrow gap semiconductors which
have a potential to be applied to photovoltaic cells and light emitting diodes.

In this study, we performed first-principles calculations using VASP [2] and the
PBEsol functional [3] to investigate M3PnN with seven representative crystal structures.
We also performed ab initio evolutionary crystal-structure searches using AMADEUS
[4] and lattice-dynamics calculations using PHONOPY [5] to explore other stable
structures.

We extracted the seven representative crystal structures of ABX3 compounds: cubic,
orthorhombic, hexagonal, rhombohedral perovskites, Sn>S3-, YMnOs-type, and
ilmenite structures from Materials Project [6]. We found that the orthorhombic
perovskite Pbnm phases are the most stable among the seven structures in the
phosphide and arsenide APs except BazAsN. On the other hand, in antimonide and
bismuthide APs except Ba;SbN and Ba;BiN, the cubic perovskite Pm3m phases are the
most stable. Additionally, in the three Ba-containing compounds, i.e., BazAsN, BazSbN,
BazBiN, the hexagonal perovskite P63/mmc phases are the most stable.

[1]Y. Mochizuki, Y. Kumagai, H. Akamatsu, and F. Oba, Phys. Rev. Mater. 2, 125004
(2018).

[2] G. Kresse and J. Furthmiiller, Phys. Rev. B 54, 11169 (1996); G. Kresse and D.
Joubert, ibid 59, 1758 (1999).

[3] J. P. Perdew, A. Ruzsinszky, G. I. Csonka, O. A. Vydrov, G. E. Scuseria, L. A.
Constantin, X. Zhou, and K. Burke, Phys. Rev. Lett. 100, 136406 (2008).

[4] L-H. Lee, Y. J. Oh, S. Kim, J. Lee, and K. J. Chang, Comp. Phys. Commun. 203,
110 (2016).

[5] A. Togo and I. Tanaka, Scr. Mater. 108, 1 (2015).

[6] A. Jain, S. P. Ong, G. Hautier, W. Chen, W. D. Richards, S. Dacek, S. Cholia, D.
Gunter, D. Skinner, G. Ceder, and K. A. Persson, APL Materials 1, 011002 (2013).
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The single-atom catalysis has attracted increasing interest as one of the most promising
ways to reduce the amount of precious metals used and to enhance the catalytic activity.
Platinum atoms deposited on graphene are reported to show enhanced catalytic activity

for some chemical reactions,'-

e.g. methanol oxidation in direct methanol fuel cells.
Nonetheless, the precise atomic structure, the key to understand the origin of the improved
catalytic activity, is yet to be clarified. Here, we present a computational study to
investigate the stability of platinum adsorbed on graphene with special emphasis on the
edges of graphene, taking graphene nanoribbon as a simple model for graphene edge. By
means of DFT-based thermodynamics, it is found that a single Pt atom is preferentially
adsorbed at the edge rather than on the basal plane,* the good news regarding the search
of dense single atoms dispersion on a supported material. The calculated core level shift
(CLS) for the stable structures are in reasonable agreement with the experiment,’
corroborating our findings. Large positive CLSs indicate the strong interaction between
single Pt atoms and graphene. Furthermore, the CO oxidation reactivity of single Pt atoms
bonded to edges of graphene nanoribbons (Pt@GNRs) is predicted based on the
adsorption energies from DFT calculations combined with a kinetic model. Compared
with the Pt(111) surface, single Pt atoms supported by graphene nanoribbon show a better
activity in CO oxidation reaction, characterized by the weakening of CO and the
strengthening of OH adsorptions on Pt@GNRs. It is presumably the origin for the
improved CO tolerance in the anode electrode in direct methanol fuel cell. This study can
be a basis for further investigation of the development of single-atom catalysts based on

platinum and graphene related materials.

References:
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The one-dimensional (1D) hexagonal nanostructures of TMDC materials, such as nanotubes,
nanowires, nanorods and nanoribbons have been intensively investigated in recent decades
due to their diverse physical properties. With high on/off ratio, low dimensional MoS, is
gaining more importance as promising channel layer materials for miniaturized field effective
transistors (FETs). As the present concern of low dimensional MoS; is its low mobility at
room temperature, we focus to improve the nanoribbon MoS,’s mobility in this study.
Semiconducting armchair nanoribbon can sustain quite high strain and sufficiently large
external electric field to remain in its 2H-phase with nonzero bandgap. we simultaneously
applied tensile strain along the ribbon direction and applied external transverse electric field
along the width direction, within the nonzero bandgap region and observed that electric field
with strain enhances the carrier mobility (electron & hole) as much as eight times compare to
its 2D-monolayer phase. We studied the electronic and geometric structure of MoS;-ANR
with first principle calculations and calculated carrier mobility using deformation potential
theory. With increased carrier mobility and high on/off ratio, MoS; nanoribbons could be a
suitable candidate for the channel layer materials of FET.

Keywords: Carrier Mobility, MoS:
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Electrochemical energy conversion and storage have become a requisite technology
in the last few decades. To consider electrochemical reactions at the interface, one
needs to refer to the electrode potential as it is relevant to charge transfer (CT) reactions.
This was made possible recently by using DFT calculations combined with the ESM
technique [1] and the reference interaction site model (RISM) [2], called as ESM-RISM
calculation [3] because of the grand canonical properties. In the ESM-RISM calculation,
the number of electrons and that of the ions in the solution are determined according to
the Fermi level in the metal electrode and the chemical potential in the bulk solution
region, respectively, thereby enabling to relate the Fermi level with the electrochemical
reaction energy as required to define the electrode potential [4].

However, RISM has a quantitative problem as has been demonstrated using
classical force field models, such as the model solution characterized by hydrogen
bonds typical of liquid water. The distribution functions obtained by RISM equations
do not reproduce the second peak of O-O distribution of the liquid water. We consider
that this disagreement is mainly caused by the many-body correlation only
approximately described using the closure.

In this study, we focus on the classical density functional theory (CDFT), which is
an alternative (and formally regorous) formulation for describing classical many-body
system, and aim an accurate description of the solution including hydrogen bonds. In
this poster presentation, we discuss the simplest approximation for CDFT, i.e.
homogeneous reference fluid approximation (HRFA) [5], and compare the distribution
function of Ne liquid, i.e. typical Lennard-Jones fluid, from CDFT using HRFA and
that from RISM (more precisely the Ornstein-Zernike equation) using hyper-netted-
chain (HNC) and Kovalenko-Hirata (KH) closures.

[1] M. Otani and O. Sugino, Phys. Rev. B 73, 115407 (2006).

[2] F. Hirata and P. J. Rossky, Chem. Phys. Lett., 83, 329-334 (1981); A. Kovalenko
and F. Hirata, J. Chem. Phys., 110, 10095-10112(1999).

[3] S. Nishihara and M. Otani, Phys. Rev. B 96, 115429 (2017).

[4] J. Haruyama, T. Ikeshoji, and M. Otani, Phys. Rev. Mater. 2, 095801 (2018).

[5] L. Gendre, R. Ramirez, and D. Borgis, Chem. Phys. Lett. 474, 366 (2009).
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We are developing a program code to calculate ahvalence- For the photon energy, i,
bapd .photoemlssmn spectrum of crystal by using first- hw=—€e+W + K
principles methods. —e Binding energy

W: work function
As the first stage of the development, we employ a simple K kinetic energy
method in which the photoemission differential cross

section of crystal, P (€, ©),is estimated by the sum of Polarization direction

the product of the atomic photoionization differential

cross section (APhICS), B uhﬁuz(@), and the partical s} I
density of states (PDOS) Dgilz( ): Electron direction
d2
Phw asl )
(6 6) deE deK ; an unl (6)

Here , we assume that the incident photon is linearly polarized, and the photoelectron
is emitted in the direction of the angle, ©, from the photon polarization direction.

Our poster will emphasize that:

(1) We have newly developed a program code for APhICS, which works at any photon energy
of fiw < 10%eV.

(2) PDOS is evaluated in 'atomic sphere' instead of muffin-tin sphere.

(3) The calculated spectrum is compared with the experiment for CuAlO-.
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An impurity in material can diffuse through hopping via charge state change by carrier
capture, known as, e.g., Bourgoin-Corbett process [1]. This process could be, especially,
important for hydrogen (H) impurity because H atom can have large nonadiabatic
coupling due to its light mass. Regardless of its possible importance, this process has
not been discussed thoroughly due to experimental difficulty to detect this kind of
diffusion and computational difficulty to treat non-adiabatic process.

In this study, we investigate the diffusion of H atom in Si via charge state change from
first principles. The rate for charge state change was calculated with the Fermi’s golden
rule by considering nonradiative carrier capture via multiphonon process [2]. Within
this formalism, anharmonic effect of phonon can be taken into account by imposing 1D
approximation for ionic degrees of freedom and solving the Schrédinger equation for
the 1D potential energy surface [3]. Treating anharmonic effect is crucial to study H
diffusion because there exists long distance between stable sites for each charge state.

Figure 1 shows the calculated potential energy surface (PES) and the calculated rate for
H — H’ + ¢ transition. The calculations were performed with DFT/HSE06 functional.
The PES shows large anharmonicity due to large difference in H atom position between
the two stable sites. Compared to the experimental rate [4], the calculated rate is
underestimated by 1/100 and also shows 0.2 eV difference in its activation energy. With

the calculated rate, we discuss the H atom diffusion in Si via charge state change.
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Figure 1. Left: calculated potential energy surface for the transition between H and H’. Right:
calculated rate for the transition H — H’ + ¢,

[1]J. C. Bourgoin and K. W. Corbett, J. Chem. Phys. 59, 4042 (1973).

[2] A. Alkauskas, Q. Yan and C. G. Van de Walle, Phys. Rev. B 90, 075202 (2014).
[3] S. Kim, S. N. Hood and A. Walsh, Phys. Rev. B 100, 041202(R) (2019).

[4] C. Hering, N. M. Johnson and C. G. Van de Walle, Phys. Rev. B 64 125209 (2001).
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Two-dimensional transition metal chalcogenides (TMDs) have become well-known
because of their versatile and tunable physical properties for potential applications.
However, studies on the electronic properties of layered Hafnium dichalcogenides
(HfX,, X =18, Se, or Te) is limited. In this study, we explored the thickness and bilayer
stacking dependence on the electronic properties of HfX; thin films from 1 to 5 layers
using first-principles calculations. Incorporating van der Waals (vdW) interaction, our
bulk calculations reveal that the most stable phase is 1T compared to 2H and 3R phases.
Results show that the bulk and layered structures of HfTe, are semi-metallic while
those of HfS, and HfSe, are insulating. All structures exhibit decreasing band gap with
increasing thickness. We also investigated six stacking orders in bilayer 1T-HfX,.
Varying stacking orders can tune the system band gaps with and without SOC by as
much as 8, 18 and 38 meV for HfS,, HfSe, and HfTe,, respectively. Finally, by
examination of the partial density of states, we find the bands above the fermi level are
mostly characterized by d orbitals of Hf and the p orbitals of the chalcogen in the bands
below the fermi level. This work manifests the tunable electronic properties of 1T-HfX,,
thus we propose these materials as potential candidates for device applications.

[1]J. Q. Hu, X. H. Shi., S. Q. Wu, K. M. Ho, and Z. Z. Zhu. Nanoscale Res. Lett. 14,
288 (2019).

[2] R. A. B. Villaos, C. P. Crisostomo, Z. Q. Huang, S. M. Huang, A. B. B. Padama,
M. A. Albao, H. Lin, and F. C. Chuang. Npj 2D Mater. Appl. 3, 2 (2019).

[3] L. Fang, W. Liang, Q. Feng, and S. N. Luo. J. Phys. Condens. Matter 31, 455001
(2019).
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All-Solid-state batteries (ASSBs) is of great interest because of its high safety and
high energy density in comparison to traditional liquid electrolytes based batteries.
However, there is a crucial issue about the interface resistance between the cathode
and electrolyte in many ASSBs, which hinders the performance of batteries. To
understand the microscopic mechanism of the interface resistance, we systemically
investigate the interface configurations between LiCoO, cathode and Li3PSy sulfide
solid electrolyte using CALYPSO structure prediction approach[1]. Several efficient
techniques have been applied in our method, including an automatic toolkit for
searching matched superlattice, a structure generation method including the lattice
displacement, and PSO algorithm.

For the obtained energetically favorable structures, we calculated the electronic
states and Li vacancy formation energies. We found that the interfacial layer is
formed accompanied by the cation mixing (Co <> P exchange) and anion mixing (O
< S exchange). We then revealed that there are interfacial Li sites where preferential
Li depletion can occur upon charging, even in very disordered interfaces. Besides, the
present study demonstrated how to explore the structures of solid-solid interfaces at
the atomic scale.

This work is partly supported by MEXT as "Priority Issue (No.5) on Post K
computer”.

[1] B. Gao, P. Gao, S. Lu, J. Lv, Y. Wang, Y. Ma. Sci. Bull. 64, 301-309 (2019).
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The crystal structure search tries to find the global minimum of a potential energy by
repeating generation of candidate crystal structures and relaxation of them. The crystal
structure relaxation is usually a computationally expensive part in the crystal structure
search. Therefore, reduction in the number of structure relaxations is important for an
efficient search. Many methods have been developed with such motivation, and
recently, a method using the Bayesian optimization (BO) has been developed [1]. BO
is a machine learning technique for solving the minimization problem of a black-box
function. The crystal structure is expressed by a numerical vector called descriptor,
which often has predetermined parameters. The parameters in the descriptor would
affect the efficiency of the crystal structure search because they change an input of BO.

We investigate dependency of the efficiency
of the crystal structure search on parameters in
a descriptor. Figure shows the number of

structure is found. The result suggests that
there exists an appropriate parameter value for
an efficient search and the efficiency is worse

=
o
o
o

structures required until the most stable

Number of structures
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than that of the random search in some cases.

We also introduce an information measure
based on a distribution of descriptors and
confirm that the maximum of the measure

the most efficient search.

Parameter in the descriptor

Fig. Number of structures required until
the most stable structure is found among
1000 structures of Sijs. The horizontal
dotted line is the mean of the random
search.

corresponds to the parameter value presenting

[1] T. Yamashita, N. Sato, H. Kino, T. Miyake, K. Tsuda, and T. Oguchi, Phys. Rev.
Materials 2, 013803 (2018).
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Adsorption and reaction of CO: on solid surfaces are attracting enormous interest
because of their importance in industrial, energy and environmental management. To
clarify reaction mechanisms and to identify important factors governing the reactivity
of CO; on solid surfaces are very important to develop more efficient catalysts or
catalytic processes for utilization of CO». To this end, we investigated CO adsorption,
dissociation, and hydrogenation processes on Cu surfaces using van der Waals density
functionals as implemented in our home made STATE (Simulation tool for Atom
TEchnology) program code[1-5]. We theoretically proposed that the excitation of the
O-C-O vibrational bending mode of CO; enhances the hydrogenation process of CO-
to formate on Cu(111) [1] and very recently, this has been experimentally verified [3].
We discuss the detail of the reaction process clarified by first-principles simulations
and compared with experimental results.

References:

[1] F. Muttagien, H. Oshima, Y. Hamamoto, K. Inagaki, I. Hamada, and Y. Morikawa, Chem.
Comm., 53,9222 (2017).

[2] F. Muttagien, Y. Hamamoto, I. Hamada, K. Inagaki, Y. Shiozawa, K. Mukai, T. Koitaya,
S. Yoshimoto, J. Yoshinobu, and Y. Morikawa, J. Chem. Phys., 147, 094702 (2017).

[3]J. Quan, F. Muttaqien, T. Kondo, T. Kozarashi, T. Mogi, T. Imabayashi, Y. Hamamoto, K.
Inagaki, I. Hamada, Y. Morikawa, and J. Nakamura, Nature Chemistry, 11, 722-729 (2019).
[4] Septia Eka Marsha Putra, Fahdzi Muttagien, Yuji Hamamoto, Kouji Inagaki, Ikutaro
Hamada, and Yoshitada Morikawa, J. Chem. Phys., 150, 154707 (2019).
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All-solid-state batteriy is one of the most promising candidates to resolve the intrinsic
drawbacks of current lithium-ion batteries, such as electrolyte leakage, flammability,
and limited energy density. Recently, a class of complex hydrides, represented as
Li(CB9H10) and Na(CBoH o), is paid considerable attention, because of its high ionic
conductivity and stability against metal anode [1]. Conductivity measurement and
structure analysis suggest that the disorder of (CB9H10)™ anions plays a critical role of
this high ionic conductivity, whereas the exact orientation of these anions has not been
clarified yet. Under such circumstance, recently, our group develop an efficient approch
to predict the crystal structure by combining molecular dynamic (MD) simulation and
data-assimulation utilizing XRD pattern [2]. Here, we report the result of crystal
structure prediction of Li(CB9H10) based on the XRD-assited MD simulation.

As a test calculation, the configurations of (BioH10) 2 anions in the reported
crystal strucutre of Lix(BioH10) [3] has been predicted from the random configuration
of (BioHi0) 2 anions with Reax-FF potential and XRD pattern of Lix(BioHio). these
XRD-assisted molecular dynamic simualtions could predict the configurations of
BioHio0 in Li2(B1oHi0) crystal 8 times out of 50 simulations, suggesting that this XRD-
assisted MD simulation potentially could predict the crystal structure of Li(CB9Hio). 4
out of 50 MD simulations for (CB9H1o) anions with XRD pattern of Li(CB9H0) show
the hep-like trigonal structure as shown in Figure 1. (Note that the positions of Li" ions
are determined by subsequent XRD-assisted ab initio MD simulations.) Although more
than 60% of simulations show the almost same center of gravity potisions of CBoHio~
anions as that of figure 1, the orientation of anions is
different and the obtained XRD pattern less agrees with the
experiment. In addition, it is confirmed that the potential
energies of those simualtions are almost comparable
suggesting the effectiveness of data-assimulation to find the
crystal structure where the orientation of cluster is
important.

10.2A

c=

a=6.8 A
[1] W. S. Tang et al, Adv. Eng. Mater., 6, 1502237 (2016).  Figurel. Li(CBsHio)
[2] N. Tsujimoto et al. Phys. Rev. Mater., 2, 053801 (2018).  Structure prediceted

from XRD-assisted
[3] H. Wu et al., J. Phys. Chem. C, 119, 6481 (2015). MD simulation
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We carry out first principle calculations on group IV-VI 2D materials and clarify band
structures based on theoretical analysis. We study systems consisting of group IV (A =
C, Si, Ge) and group VI elements (B = O, S, Se, Te) and find that they form buckled
puckered geometries (Fig.1). We find that the highest valence bands have anion p
characters and the lowest conduction bands have cation p characters. We analyze the
band structures based on the group theory: The band structure of CSe is shown in Fig.2,
where we use Mulliken symbols to represent irreducible representations except for the
S-Y line since all the bands are doubly degenerated and the characters do not
correspond to those of the Mulliken symbols. We find that the bands are also doubly
degenerated on the X-S line, where the two bands belonging to different representaions
have the same energy. We conclude that all the bands are doubly degenerated at the
boundaries (the X-S-Y line) of the first Brillouin zone and the degeneracies are due to
the symmetry (Pmn2,) of the materials. Previous study clarify that this degeneracy at

the zone boundary also occurs in the group V 2D materials [1].
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Fig.1. Atomic structure. Fig.2. Band structure of CSe.

[1] N. A. P. Namari and M. Saito, Jpn.J. Appl. Phys. 58, 061003 (2019).
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Interest in antiferromagnetic materials (AFMs) is growing rapidly in technological
applications, especially in the terahertz region of optoelectronics [1]. In analyzing the
antiferromagnetic resonance at such high frequency, one of the important factors is
magnetocrystalline anisotropy (MCA), and therefore, adjustment of the MCA may be a
viable way to improve the efficiency of the AFM optoelectronic device. Despite its
importance, MCA in AFMs is not well understood, as opposed to MCA, in a
ferromagnetic material. Here, we performed a first principles calculation of the MCA
energy of doped NiO using the full-potential linearized augmented plane wave method
[2] based on generalized gradient approximation and explained the dopant dependence
on MCA. The electron correlation effect at the Ni site was treated by using the DFT+U
scheme using the effective on-site Coulomb interaction parameter Ueff [3]. The MCA
energy was obtained by the total energy difference from spin-orbit coupling, using the
force theorem [2] of magnetization along the [001], [110], and [111] directions. In the
non-doped NiO, i.e., the pure NiO, although the magnetic easy axis is known from
experiments to be along the [001] direction, it is difficult to determine the easy axis within
the present computation accuracy. However, by doping 3d elements and non-magnetic
elements, the MCA is found to change depending on the elements, compared to that of
the non-doped NiO. Details including the mechanism of the doping effect on MCA will

be discussed.

[1] Z. Wang et al., Appl. Phys. Lett. 112, 252404 (2018).
[2] M. Weinert, E. Wimmer, and A. J. Freeman, Phys. Rev. B 26, 4571 (1982).
[3] K. Nawa et al., Phys. Rev. B 97, 035117 (2018).
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The discovery of magnetism in two-dimensional material [1] is open a way for realizing
thermoelectric based anomalous Nernst effect (ANE). In two-dimensional system,
thermal conductivity is decreased and electrical conductivity [2,3] is increased which
can generate high power factor and figure of merit of thermoelectric. In this study, we
performed first-principles calculations to estimate anomalous Nernst coefficient (ANC)
of 2D ferromagnetic half-metal 1T-FeX> (X = Br, Cl) monolayer with OpenMX code
[4]. We obtained large ANC around the Fermi level. The origin of large ANC originates
from the asymmetric Fermi energy dependence of anomalous Hall coefficient (AHC)
which can be explained by band filling and band-decomposed Berry curvature around
the Fermi level. The asymmetry of AHC also tend to has the same trend with Skyrmion
crystal which posesses giant ANC[5,6].

[1] B.Huang, G. Clark, E. Navarro-Moratalla, D. R. Klein, R. Cheng, K. L.Seyler, D.
Zhong, E. Schmidgall, M. A. McGuire, D. H. Cobden, et al., Nature 546, 270 (2017).
[2] R. Anufriev, J. Maire, and M. Nomura, Phys.Rev. B 93, 045411 (2016).

[3] M. J. Lee, J.-H. Ahn, J. H. Sung, H. Heo, S. G. Jeon, W. Lee, J. Y. Song, K.-H.
Hong, B. Choi, S.H. Lee, et al., Nat. Commun. 7, 12011 (2016).

[4] T. Ozaki et al, “www.openmx-square.org,” .
[5]1Y. P. Mizuta and F. Ishii, Sci. Rep. 6, 28076 (2016).
[6] Y. P. Mizuta, H. Sawahata, and F. Ishii, Phys. Rev. B 98, 205125 (2018).
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Understanding the transport phenomena in magnetic materials has been a crucial
ingredient for designing novel materials with desired properties for spintronic
applications. In bilayer systems of magnetic material (MM) and heavy metal (HM), the
electrical resistance of the heavy metal layer can be tuned by varying the angle between
the applied current and the magnetization direction of the magnetic material layer [1].
An effect commonly known as the spin Hall magnetoresistance (SMR) effect [2]. This
attractive magnetic proximity effect (MPE) has been widely investigated in experiment.
On the contrary, there are only few reports on the theoretical side. In the present work,
we use the theoretical approach to study the SMR by using the first-principles
calculation, full-potential linearized augmented plane wave method (FLAPW) [3] in
order to design materials with high efficiency of SMR. We employed Pt|Co bilayer film
system as our calculation model. In reference to previous work [4], the single layer Co
1s stacked on top of Pt substrates at the fcc site. Calculation of electric conductivity and
spin Hall conductivity was based on linear response theory and Kubo formula [5]. We
considered the electric conductivity and spin Hall conductivity while varying the
magnetization directions in the system from x to z, where the z direction is
perpendicular to the film plane. As a result, the resistance of the system increased by
almost 2% when the magnetization direction is perpendicular to the plane compared to
the in-plane magnetization case. We will present discussions with the result of charge
conductivuties dispersion on the fermi surface and conduct analysis based on
remarkable changes on the fermi surface.

[11 Y.-H. Chen et al., arXiv: 1507.06054 [cond-mat.mtrl-sci] (2015)

]
[2] H. Nakayama ef al., Phys. Rev. Lett. 110, 206601(2013).
[3] K. Nakamura ef al., Phys. Rev. B 67, 14405 (2003).
[4] K. Yamamoto et al., AIP Advances 67, 056302 (2017).
[51 G.Y. Guo et al., Phys. Rev. Lett. 100, 096401 (2008).
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Lead-based ferroelectric materials, such as PbTiOs3, has been recently expected to be
applied in the aerospace and automotive fields, which involve severe environmental
conditions. For example, automotive device standard requires the qualification of a
1000 h lifetime at 85 to 150°C. These materials typically contain vacancies, which are
caused during sintering or deposition processing, and contribute to resistance
degradation and leakage current. Leakage current results in the degradation of
piezoelectric properties. Lead-based ferroelectric materials typically contain lead
vacancies at grain boundaries because lead evaporation from grain surfaces can easily
occur due to high partial pressures of lead during processes. The relation between the
grain boundary conditions and lead vacancies is not clear, although it is a key to
determine the performance of piezoelectric devices.

Here, we calculate the formation energies of lead vacancies (Ef ) and the electronic
structures of the PbTiO; grain boundaries using first-principles calculations based on
density functional theory. PbTiO3, which is a member of the PZT family, is a simple
and technologically important ferroelectric material. We focus on the crystal
orientation dependence of the formation energies and electronic states of lead
vacancies at the grain boundaries.

Our results show that Ef® of grain boundaries are lower than that of bulk. This
indicates that lead vacancies can easily occur at grain boundaries than in bulk. The
variation of Ef is larger at the grain boundaries with the misalignment polarization
axes than that with the matched polarization axes. Especially, the grain boundary
between orthogonal two grains has the negative Ef®. This indicates that the
polycrystal PbTiOs which have the orthogonal polarization axes contains a lead
vacancy at the grain boundary stably.

In addition, the energy gap between the defect level in the band gap and the valence
band maximum(VBM) is lower at the orthogonal grain boundary. The state in the
band gap is the localized state at a part of the grain boundary, while the state of the
VBM is delocalized at the grain boundary. When a hole is excited from the defect
level, it can migrate through the grain boundary. It is concluded the low crystal
orientation PbTiO3 can easily contain lead vacancies that contribute to leakage
currents at the grain boundaries.
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For utilization of two-dimensional (2D) materials in nanoelectronics devices, it is
necessary to investigate mixed-dimensional van der Waals (vdW) heterostructures
combining those diverse 2D materials with conventional 3D ones. In this study, we
have investigated atomic and electronic structures of heterostructures that consist of
2D GaX (X = S, Se, Te) and three-dimensional (3D) Si using density functional
theory calculations. Especially, we focus on different contact behaviors at
heterojunctions between GaX and Si depending on two types of the Si(111) surface
termination. It is found that GaX/clean-Si(111) (c-Si(111)) and GaX/H-covered-
Si(111)  (H-Si(111))  heterostructures  show  semiconductor/metal  and
semiconductor/semiconductor contact behaviors, respectively. GaS and GaSe form n-
type contact, and GaTe forms p-type contact with c-Si(111). In these cases, Fermi
level pinning occurs at GaX/c-Si(111) interfaces with metal induced gap states. In the
case of GaX/H-Si(111), we identify that the interfaces form p-n heterojunction,
especially with type II band alignment for GaS and GaSe. From the understanding of
contact behaviors between GaX and Si(111), we suggest the possibility of their
applications in nano- and opto-electronic devices.
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There is growing interest in spin-polarized electrons which play a central role in
spintronics, in particular for optoelectronics device application using circularly
polarized light. At an earlier stage in this field, an attention was paid to a spin-polarized
electron emission from semiconductor heterostructures, [1] e.g., by using a strained
GaAs thin-layer [2] at earlier stage in this field. However, more efficient photo spin
current conversion is required for practical applications. For such purpose, designing
novel materials with enhanced optical properties is inevitable, and first principles
calculations are known to be an important tool. In the present work, the optical
conductivity to spin currents for 5d transition metal (i.e. Lu, Hf, Ta, W, Re, Os, Ir, Pt,
Au), were investigated. Self-consistent calculations were carried out on the basis of the
generalized gradient approximation [3] by using full-potential linearized augmented
plane wave method. [4] The conductivity parameters as function of photo energy were
evaluated on the basis of Kubo-formula [5] in the linear response theory by using the
calculated eigenvectors. For 5d transition metal, we find that the intensity of the optical
conductivity significantly increases due to the large spin-orbit-coupling. For example,
the intensity of the optical conductivity to spin currents in Pt ranging from 1 eV to 4
eV of photo energy is larger by one order of magnitude compared to that of GaAs. More
details including the mechanism will be presented.

[1] D.T. Pierce et. al., Phys. Rev. B 13, 5484 (1976)

[2] T. Nakanishi et. al., Phys. Letters A158, 345 (1991)

[3] J.P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 77, 3865 (1996)
[4] K. Nakamura et. al., Phys. Rev. B 67, 14405 (2003)

[5] C.S. Wang and J. Callaway, Phys. Rev. B 9, 4897 (1974)
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Spontaneous magnetism in wide-gap compound semiconductors has attracted
scientific interests over the recent years. This d’ magnetism is induced by cation
vacancies which cause the spin polarization [1,2,3,4]. In this paper, we study spin-
polarized isolated cation vacancies in wide-gap compound semiconductors by using
first-principles calculations. Oxides (ZnO and BeO) and nitrides (BN, AIN and GaN)
are studied. We find that the vacancies have the C;, symmetry and are spin-polarized.
Four near anions are displaced outwardly and therefore the bond angles of the anions
become larger than the sp’ bond angle. Due to this relaxation, the spin density is
localized and thus the spin-polarized state is stabilized (Fig. 1). We clarify that two
majority spin electrons occupy the E level in the case of II-VI semiconductors and the
magnetic moment is 2 uB. On the other hand, three majority spin electrons occupy the
E and A, levels in the case of III-V semiconductors and thus the magnetic moment is
3 uB. The Jahn-Teller distortion which lowers the symmetry from Cs, to Cs is found
not to lead to the most stable geometry. This small Jahn-Teller effect is due to the
outward relaxation of the four anions. We therefore conclude that the spin polarized
Csy geometry is the most stable.

[1] M. Maekawa, H. Abe, A. Miyashita, S. Sakai, S.Yamamoto, and A. Kawasuso,
Appl. Phys. Lett. 110, 172402 (2017).

[2] M. Maekawa, S. Sakai, A. Miyashita, and A. Kawasuso, e-J. Surf. Sci. Nanotech
16, 347 350 (2018).

[3] O. Volnianska, and P. Baguslawski, Phys. Rev. B 83, 205205 (2011).

[4] J. M. D. Coey, M. Venkatesan, P. Stamenov, C. B. Fitzgerald, and L. S. Dorneles,
Phys. Rev. B. 72, 024450 (2005).
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Recently, two-dimensional (2D) materials have been actively studied in various fields.
It is known that graphene, one of the 2D materials consisting of carbon atoms, has
excellent electron mobility and permeability. Despite these excellent properties of
graphene, one drawback in use of graphene in the electronic devices is that electron
mobility of graphene is considerably reduced when the band gap is generated. To
overcome such drawback, diverse 2D semiconducting materials have been
investigated including transition metal dichalcogenides (TMDs). Here, using density
functional theory (DFT) calculations we have studied atomic and electronic structures
of heterostructures between graphene and TMDs such as graphene/WSe: and
graphene/WO2/WSe, Especially, we focus on the band alignment in those
heterostructures by noting that WSe> in graphene/WSe> can change to WO; by
oxygen plasma.
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The thermoelectric conversion based on the anomalous Nernst effect (ANE) has
attracted attention because the ANE realizes the high-density integration more easily
compared to that based on the Seebeck effect [1]. The ANE is the phenomenon that
the electric power is created along the direction perpendicular to both the temperature
gradient and the magnetization in magnetic materials. This effect is induced by the
anomalous Hall conductivity (AHC), and if the AHC changes drastically as a function
of the Fermi level, we expect the large ANE [2]. In our previous first-principles study,
we predicted that an electron doped EuO skyrmion crystal shows the large ANE
induced by the finite Chern number at the Fermi level [3]. For discovery and design
of new materials which have the large ANE via high throughput screening, we need
an efficient computational method to investigate the Fermi level dependence of the
AHC.

In this study, we implemented the code of computing the AHC applicable to metallic
systems in OpenMX package [4] without constructing Wannier functions. By
improving Fukui-Hatsugai-Suzuki mehod [5] which calculates the Chern number in
the insulating system, we have successfully obtained the Fermi level dependence of
AHC comparable to those calculated by Wannier90 package [6]. In this poster session,
we introduce how to implement this scheme and calculated results of the AHC in
two-dimensional ferromagnetic materials [7] and bee Fe [8].

[1]Y. Sakuraba, Scr. Mater. 111, 29 (2016).

[2] Y. P. Mizuta and F. Ishii, Sci. Rep. 6, 28076 (2016).

[3] Y. P. Mizuta, H. Sawahata, and F. Ishii, Phys. Rev. B 98, 205125 (2018).
[4] Open source package for Material eXplorer, http://openmx-square.org/
[5] T. Fukui, Y. Hatsugai, and H. Suzuki, J. Phys. Soc. Jpn. 74, 1674 (2005).

[6] A. A. Mostofi, J. R. Yates, G. Pizzi, Y.-S. Lee, 1. Souza, D. Vanderbilt, and N.
Marzari, Comput. Phys. Commun. 185, 2309 (2014).

[7] S. Haastrup et al., 2D Materials 5, 042002 (2018).

[8] X. Wang, J. R. Yates, I. Souza, and D. Vanderbilt, Phys. Rev. B 74, 195118
(20006).
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It has been known that physisorbed hydrogen undergoes ortho-para (o-p) conversion in
the order of minutes on non-magnetic metal surfaces such as Ag(111)[1]. This has been
described by the virtual surface-molecule electron transfer and the hyperfine Fermi
contact interaction within second order perturbation theory. Recent experiments have
shown that on Cu(510)[2] and Pd(210)[3] surfaces, H> is in the so-called molecularly
chemisorbed state and behaves as a 2-dimensional quantum rotor, while the o-p
conversion rate is 1 order magnitude faster than on flat surfaces.

In this work, we investigate the o-p conversion of hydrogen in these two distinct
adsorption states on metal surfaces by means of first-principles calculations based on
the density functional theory (DFT). We revisit the o-p conversion of physisorbed H»
and subsequently compare with the molecularly chemisorbed case. Physisorption and
chemisorption states are modelled prototypically by H2/Pd(111) and H»/Pd(210)
systems. The spin transition probability is calculated by perturbation theory using the
parameters derived from DFT calculations[4], the details of which will be presented at
the workshop.

[1] E. Ilisca, Phys. Rev. Lett. 66, 5 667 (1991).
[2] K. Svensson and S. Andersson, Phys. Rev. Lett. 98, 096105 (2007).

[3] S. Ohno, D. Ivanov, S. Ogura, M. Wilde, E. F. Arguelles, W. A. Difio, H. Kasai,
and K. Fukutani, Phys. Rev. B 97, 085436 (2018).

[4] E. F. Arguelles, et al., in preparation.
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Large-scale density functional theory (DFT) can play an important role to clarify the
active sites of catalytic reactions in metallic nanoparticle systems by investigating the
site- and size- dependence of atomic and electronic structures and reaction properties.
Our large-scale DFT code CONQUEST [1] can treat large systems containing more
than several thousands of atoms by using local orbitals and a linear-scaling (O(N))
method. CONQUEST achieves O(N) by using the locality of density matrices with
the density matrix minimization method. Local orbitals, which are called support
functions, are used to express the density matrices.

The computational cost scales cubically to the number of the support functions, both
in the O(N) and the conventional diagonalization calculations. Therefore, to reduce
the number of support functions without losing accuracy, we have introduced multi-
site support functions (MSSF) [2]. MSSFs are the linear combinations of pseudo-
atomic orbitals from a target atom and its neighbor atoms in a cutoff region,

neighbours
¢1af‘-.r») = Z Z C.’a.KgAXKgA (r)
K uUEK

MSSFs correspond to local molecular orbitals so that the number of required support
functions can be the minimal. While the O(N) method is not guaranteed to be
applicable for metallic systems, the multi-site method can be applied for metallic
systems stably.

In this study, we have investigated the selective semihydrogenation of alkynes with
core-Pd/shell-Ag (Pd@Ag) nanoparticles by using the multi-site method. Pd@Ag
accelerates the hydrogenation from alkyne to alkene but prevent the
overhydrogenation from alkene to alkane [3]. To clarify the catalytic mechanism of
Pd@Ag, we investigated the atomic and electronic structures of Pd, Ag and Pd@Ag
nanoparticles. It is found that the surfaces of Ag nanoparticles are charged negatively,
while that of the Pd nanoparticle is partially charged negatively. We will also report
the electronic structure dependence of Pd@Ag on the Ag-shell thickness and the
effect from the Pd/Ag interface to the particle surface.

[1] http://www.order-n.org/
[2] A. Nakata, D. R. Bowler, and T. Miyazaki, Phys. Chem. Chem. Phys. 17, 31427
(2015).

[3] T. Mitsudome, T. Urayama, K. Yamazaki, Y. Machara, J. Yamasaki, K. Gohara, Z.
Maeno, T. Mizugaki, K. Jitsukawa, and K. Kaneda, ACS Catal. 6, 666 (2016).
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Among the family of transition metal dichalcogenides (TMDs) [1], Pd-based TMDs
have been one of the less explored materials. In this study, using first-principles
calculations, we investigate the electronic properties of PdX, (X =S, Se, and Te) with
respect to film thickness. With regards to the structural stability, the bulk and thin film
(1 to 5 layers) structures of PdS; and PdSe; exhibit pyrite, while PdTe; exhibit 1T as
their most stable configurations. For the electronic properties, the most stable bulk
configurations demonstrate semi-metallic features, while their corresponding
monolayer structures are insulating with band gaps of 1.14, 1.43, 0.12 eV for pyrite
PdS; and PdSe», and 1T PdTe, respectively. For the band properties, we observe that
all these materials manifest decreasing/closing of indirect band gap with increasing
thickness. Moreover, all the stable monolayer band structures exhibit flat bands and
diverging density of states near the Fermi level, indicating the presence of van Hove
singularity [2]. Our results show the sensitivity and tunability of the electronic
properties of PdX» for various potential applications.

[1] S. Manzeli, D. Ovchinnikov, D. Pasquier, O. V. Yazyev, and A. Kis, Nat. Rev.
Mater. 2, (2017).

[2] L. Van Hove, Phys. Rev. 95, 249 (1954).
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Surface alloys are synthesized by inserting atoms into the surface. This topic has
attracted a lot of research attention lately because of some of its applications, such as
spintronics [1], where there is a giant spin splitting in Bi/Ag (111) surface alloys. Many
types of surface alloys have been studied: for example, Ge / Ag (111) [2], Pb/ Ag (111)
[3], Bi/ Ag (111) [4, 5], Sn / Ag (111) [6] . One structure that has been observed in
experiments with surfaces is -v3xv/3 R 30°. Structural studies such as surfaces alloys
can provide important information for forming metal-semiconductors interface and
metal interfaces. The metal-semiconductor interface is very important to industry, for
example, the Si/ Ag interface is a promising candidate for solar cells [7].

In this study we systematically explore the structural stability of M/ Ag (111) surface
alloys with first-principles calculation using the OpenMX code [8], where M is group
III (B, Al, Ga, In, Tl), IV (C, Si, Ge, Sn, Pb) and V atom (N, P, As, Sb, Bi). We focus
on the corrugation parameter d which is determined by the height of the M atom from
the Ag atom in the plane of the top-most atom. We introduce concept of atomic radii
by corrugation in surface alloys. The formation energy for each M atom is also
calculated to determine the stability of the atoms on the alloy surface. We will discuss
the dependence of M atoms on corrugation parameters.

1] C. R. Ast et al., Phys. Rev. Lett. 98, 186807 (2007).

2] S. Sayawa, J. Goniakowski, and G. Treglia, Phys. Rev. B 61, 8469 (2000).
3] D. Pacile et al., Phys. Rev. B 73, 245429 (2006).

4] 1. M. Mcleod et al., Surf. Sci. 604, 1395 (2010).

5] N. Yamaguchi, H. Kotaka, and F. Ishii, J. Cryst. Growth 468, 688 (2017).
6] J. R. Osiecki, and R. I. G. Uhrberg, Phys. Rev. B 87, 075441 (2013).

71 K. T. Butler et al., Phys. Rev. B 83, 235307 (2011).

8] T. Ozaki et al., http://www.openmx-square.org
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Diffusion of carbon in iron is one of important phenomena and strongly linked to
processes of production of steels such as formation of iron carbide, phase
transformations, and so on. In this work, the diffusion and clustering of interstitial
carbon atoms in o-iron are studied taking into account their interaction with vacancy
(V) by using the molecular statics and kinetic Monte Carlo (kMC) methods. Firstly,
the stability of carbon atoms in a %8x8 bee super-cell was examined via total energy
optimization. Secondly, the diffusion mechanisms and jumping rates for carbon
interstitials were analyzed and calculated. Finally, by using the calculated jumping
rates as input parameters for an atomistic kMC program, diffusion coefficients of
carbon depending on temperature were estimated to study the influence of vacancy on
the diffusion and clustering of carbon in bulk iron. We found that in perfect a-iron
lattice, carbon atoms tend to form stable C-C pairs where two atoms in the pair are
slightly shifted off the octahedral sites and separated by a distance of 1.537A. While
the presence of vacancies leads to the formation of larger vacancy-carbon clusters
with the most stable structure being VCa. The results calculated by new Fe-C Tersoff
potential [1] show that a single vacancy can accumulate up to 3 or 4 carbon atoms,
being consistent with those from first-principles calculations. In addition, due to the
presence of vacancies, the diffusion paths of carbon are strongly modified. The kMC
simulations show that the diffusion coefficient is decreased as the vacancy content
increases.

[1] T.Q. Nguyen, K. Sato, and Y. Shibutani, Comp. Mater. Sci. 150, 510 (2018).
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Hydrogen is the lightest element and this causes interesting quantum effects such as
quantum confinement, tunneling, and nonadiabatic effect. On metal surfaces, hydrogen
tends to delocalize at low temperature and tunnel diffusion dominates over thermally
activated diffusion. According to a recent first-principles calculation of hydrogen
diffusion in a crystalline palladium, the quantum behavior appears more apparently as
the lattice constant is reduced[1]. If this occurs similarly on a surface, catalytic
reactions may be controled by changing the lattice constant. In this context, we focus
on the Au(111) surface. The surface is known to reconstruct resulting in an increasing
of the density of surface atoms, [2] which can make quantum effect stronger. With this
in mind, we calculated the reconstruction and the adsorption of hydrogen on gold
surface. From the calculation, it is revealed that the density of the surface atoms
increases by 4% after the reconstruction. Also, hydrogen tends to adsorp on the hollow
site rather than the top site, while on platinum and palladium surfaces hydrogen is
known to adsorb on both sites. On the basis of this perculiar property of Au(111), in
the poster, we will discuss possible quantum effects.

[1] H. Kimizuka, S. Ogata, and M. Shiga, Phys. Rev. B. 97, 14102 (2018).
[2] E.Torres, and G. DiLabio, J. Phys. Chem. C. 118, 15624 (2014).



Poster-114

Electronic stress tensor density based on the quantum field
theory in surface material systems

Masahiro Fukuda,!* Masato Senami,” and Tachibana Akitomo?

Unstitute for Solid State Physics, University of Tokyo
Kashiwa, Chiba 277-8581, Japan
2Department of Micro Engineering, Kyoto University
Nishikyo-ku, Kyoto 615-8540, Japan

* E-mail: masahiro.fukuda@jissp.u-tokyo.ac.jp

Development of the observation technology such as Atomic Force Microscopy
(AFM) has made a paradigm shift from researches about bulk feature in solids to
investigation of surface science. In particular, in order to understand the interaction
between a material surface and a tip of AFM, it is important not only to evaluate
evaluation of the energy of the whole system and band structures but also to investigate
the local physical properties and the nature of chemical bonding which are caused by
change of a part of atomic structures and local electronic structures.

The purpose of this study is to investigate the physical and chemical nature around
the interaction region betweeen a solid crystal and a molecular cluster from the picture
of “action through medium” based on the local physical quantities such as electronic
kinetic energy density and electronic stress tensor density[1], which are defined in the
framework of relativistic quantum field theory. Specifically, we performed quantum
physical property analysis[2] based on the local physical quantities by using wave
packets which are obtained by the electronic structure calculations based on DFT[3].
We show some pictures of electronic stress tensor density in simple atoms, molecules
and crystals, and discuss the nature of the electronic stress tensor density in the
interaction region between a material surface and a tip of AFM.
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Fig. Distribution of maximum eigenvalues and eigenvectors of the electronic stress tensor
density and zero surface of the electronic kinetic energy density in the region between Si

tip and v/7 x +/7 Si(111) surface.

[1] A. Tachibana, Journal of Chemical Physics, 115, 3497-3518 (2001); A. Tachibana,
“New Aspects of Quantum Electrodynamics,” Springer (2017); A. Tachibana., J.
Comput. Chem., 40, 316 (2019)

[2] QEDalpha, https://github.com/mfukudaQED/QEDalpha.

[3] OpenMX, http://www.openmx-square.org/.
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Yttrium tantalates are candidate materials for use as coatings of gas turbine engines to
protect them from chemical and thermal corrosion [1], and phase diagrams of this
system are important for understanding their thermochemical stabilities and
compatibilities. However, it is not easy to generate phase diagrams from first
principles by exhaustively performing density functional theory (DFT) calculations
because of the high computational cost. Recently, there has been remarkable progress
in the development of artificial neural networks (ANNs) and these can be used to
generate accurate but computationally unexpensive potentials for modeling crystal
structures. With the exception of rutile TiO,, the crystal structures of oxides in Y-Ti-
O system can be regarded as consisting of a double-sublattice of cation and anion
sites. In this study, we develop an ANN potential to search for ground states in the Y-
Ti-O system and validate it by comparing with results of DFT calculations.

First, we generated all unique configurations in cells with up to 12 sublattice sites for
each, while enforcing charge neutrality conditions, using the Alloy Theoretic
Automated Toolkit (ATAT) [2]. Next, we performed ionic relaxation of these
structures using DFT as implemented in VASP [3,4]. We then performed data
cleansing on the relaxed structures based on displacements. As the final step, we
trained the ANN potential using 90% and 10% of these structures as training data and
testing data, repectively, using The Atomic Energy NETwork (enet) code [5].

The convex hull of Y-Ti-O energies calculated using the ANN potential was found to
coincide with stable phases from experiment and DFT calculations. Our analysis
shows that for composition Y:Ti=I, anion vacancies form more easily than cation
vacancies. The results confirmed that our ANN potential can reproduce phase
stabilities in the Y-Ti-O system with sufficient accuracy.

[1] M. Tanaka et al., J. Soc. Mater. Sci. Jpn. 6,431 (2015).

[2] A. van de Walle and G. Ceder, J. Phase Equilib. 23, 348 (2002).
[3] G. Kresse and J. Furthmiiller, Phys. Rev. B 54, 11169 (1996).

[4] G. Kresse and J. Hafner, J. Phys.: Condens. Matt. 6, 8245 (1994).
[5] N. Artrith et al., Phys. Rev. B 96, 014112 (2017).
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Recently, studies on Janus monolayer transition metal dichalcogenides (TMDs) [1,2]
have demonstrated the feasibility of synthesizing 2D materials which possess both in-
plane inversion and out-of-plane symmetry. Here, we performed a systematic first-
principles and phonon calculations to study the spin-orbit-induced anisotropic Rashba
splitting and structural stability in Janus monolayer TMDs with chemical formula MXY
(M =Pd, Ptand X;Y =S, Se, Te). Phonon dispersion calculations showed that PdSSe,
PtSSe, PtSTe, and PtSeTe are dynamically stable. With regards to the spin-orbit-
induced anisotropic Rashba splitting, we observed Rashba splittings both in the M-I
and M-K directions for all the stable MXY structures. For M-I", the Rashba parameters
(0(113) are equal to 0.068, 0.407, 0.418, and 0.058 eV+A for PdSSe, PtSSe, PtSTe, and
PtSeTe, respectively. Meanwhile, for M-K, the Rashba parameters (af) are equal to
0.203, 0.372, 0.455, and 0.276 eVeA for PdSSe, PtSSe, PtSTe, and PtSeTe,
respectively. Moreover, we found that the Rashba splitting can be significantly
enhanced through compressive strain. Our findings indeed show that Pt and Pd Janus
TMDs demonstrate the potential for spintronics applications

[1] J. Zhang, S. Jia, I. Kholmanov, L. Dong, D. Er, W. Chen, H. Guo, Z. Jin, V.B.
Shenoy, L. Shi, and J. Lou, ACS Nano 11, 8192 (2017).

[2] A.Y. Lu, H. Zhu, J. Xiao, C.P. Chuu, Y. Han, M.H. Chiu, C.C. Cheng, C.W. Yang,
K.H. Wei, Y. Yang, Y. Wang, D. Sokaras, D. Nordlund, P. Yang, D.A. Muller, M.Y.
Chou, X. Zhang, and L.J. Li, Nat. Nanotechnol. 12, 744 (2017).
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Catalytic conversion of methane to value-added chemicals is a promising
application for gas versatility. [1-3] In this work, we have investigated the methane
oxidation over oxygen-rich IrO; (110) surface by DFT calculations, as IrO, is reported
to be an effective catalyst for activating the C-H bond of methane. Compared to the
methane reaction on the surface of stoichiometric IrO; (110), the reaction barrier for
each step of forming formaldehyde on the oxygen-rich IrO, (110) is small. The
calculations show that formaldehyde formation is the most favorable route in methane
oxidation, but this process is limited by the high desorption energy of formaldehyde.
To modify the reactivity of IrO, (110), we conducted a study of the influence of an
external electric field on the methane conversion reaction. The calculations show that
the effects of external electric field on methane dehydrogenation and C-O coupling
reactions is not so apparent. However, it is found that the desorption energy of the
adsorbates can be regulated by applying an external electric field. Our study indicates
that the use of an external electric field is crucial in regulating the catalytic reaction,
and especially the application of a positive electric field promotes the oxidation of
methane to formaldehyde over oxygen-rich IrO, (110) surface.

[1] C.C.Wang, S.S. Siao, J. C. Jiang, J. Phys. Chem. C 116, 6367-6370 (2012).

[2] Z.Liang, T. Li, M. Kim, A. Asthagiri, J. F. Weaver, Science 356, 299-303 (2017).

[3] C.H. Yeh, T. M. L. Pham, S. Nachimuthu J. C. Jiang, ACS Catal. 9, 8230-8242
(2019).
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The study of two dimensional (2D) materials, such as graphene, hexagonal boron
nitride, and borophene is one of the most exciting and prolific areas in material science
in recent years. The recent synthesis of an atomically thin boron sheet (i.e., borophene)
on an Ag(111) substrate with a buckled triangular structure has aroused increasing
interest because of its exceptional anisotropic properties. Since then, intensive
theoretical studies have been performed for various thermally stable borophene phase.

The mechanical and thermal properties of asymmetric washboard borophene were
studied using first principles calculations. We first calculated the elastic constants
derived from the second derivative of total energy with respect to the in-plane strain at
equilibrium are. Then, its mechanical properties, in-plane Young’s modulus ¥, and
Poisson’s ratio P were calculated. Furthermore, based on the second and third order
interatomic force constants obtained from the super-cell method, the lattice thermal
conductivity along x and y directions at room temperature were calculated. Upon
obtaining thermal conductivity results from ab-initio lattice dynamics calculations, we
perform molecular dynamics (MD) simulations, which is popular tool to calculate
lattice thermal transport properties. Using classical nonequilibrium molecular
dynamics (NEMD) simulations and lattice dynamics (LD) calculations, we also
demonstrated the length-dependent lattice thermal conductivities of borophene from
the ballistic to the diffusive thermal transport regime. The obtained results show that
the mechanical properties and lattice thermal conductivity of borophene exhibit
anisotropic feature. These findings provide important guidelines for the practical
applications of borophene in nanodevice applications.

[1] L. Chaput, A. Togo, I. Tanaka, G. Hug. Phys. Rev. B 84, 094302 (2011).
[2] S. Plimpton J. Comput. Phys. 117,1 (1995).

[3] A. J. Mannix et. al., Science 350, 1513 (2015)

[4] G. Tai et. al.,Angewandte Chemie 7, 15693 (2015),

[5] B. Feng et. al., Nature Chemistry 8, 563 (2016),

[6] S. Ipek, et. al., Physical Review B 98, 241408(R) (2018).
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Evaluation of mechanical properties of materials by first-principles calculations is
still in its infancy in spite of technological imporatance. Among the mechanisms for
strengthning of metallic structural materials, solid-solution strengthening is effective
at high temperature, for which the increase in the yield stress Ac can be evaluated
using conventional theory of dislocation. Materials of practical importance used at
high temperature include iridium and Ti-Al. Focusing on iridium-based alloys, it has
been reported that hafnium and zirconium show large solid-solution strengthening in
the high temperature region around 1950 °C [1]. However, there have been few
studies on further exploration for the second element effective for strengthening of
iridium.

In this study, various kinds of additive element for iridium are examined
computationally with different concentrations by first-principles calculations based on
density functional theory with norm-conserving pseudopotentials and pseudo-atomic
localized basis functions as implemented in the OpenMX code [2]. The GGA-PBE
exchange-correlation functional is adopted [3]. In solid-solution strengthening, the
dislocation =~ motion  is 4.0

inhibited by a strain field on

the atomic scale formed by & 3.5

the difference in the sizes & A
between a solute atomanda ~ § 30 Zx
solvent atom. Thus, the - 5] Hf
misfit ~ strain  for each 3 )
concentration is obtained @ 2.0

using the change in the E 18 Ti

interatomic distance due to > Re\

alloying. The figure of merit E 1.0 p |

for the solid-solution 3

strengthening, the increase % 0 Rh

in the yield stress Ao, which S 0.0 «

is shown in Fig. 1, agrees 025 050 075 100 125 150
well with the experimental S

Misfit strain, |¢]
tendency [1].

Fig. 1. Solid-solution strengthening of Ir with
0.93at% of X (X =Rh, Re, Ti, Hf, and Zr)

[1] Y.Yamabe-Mitarai et al., J. Jpn. Inst. Metals (in Japanese) 75, 10 (2011).
[2] T. Ozaki, Phys. Rev. B 67, 155108 (2003).
[3] J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 77, 3865 (1996).
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Magnetic interactions in solids are often described in terms of effective spin
Hamiltonians, H = —S;/;;S;, and the determination of J is the key step to study
magnetism and related phenomena. One way to calculate the J from first-principles
based on linear response theory is often called magnetic force theorem (MFT) [1,2].
Here, we present our newly-developed open-source software, named by Jx [3,4], to
perform MFT calculations. Jx is a user-friendly and efficient tool to calculate magnetic
interaction in solids and molecules. Without supercell calculation, it computes both
short- and long-range interactions. It is also possible to calculate an orbital-resolved
matrix form of magnetic couplings.

[1] T. Oguchi, K. Terakura, and N. Hamada, J. Phys. F Met. Phys. 13, 145 (1983).

[2] A. L. Liechtenstein, M. I. Katsnelson, V. P. Antropov, and V. A. Gubanov, Journal
of Magnetism and Magnetic Materials 67, 65 (1987).

[3] H. Yoon, T. J. Kim, J.-H. Sim, S. W. Jang, T. Ozaki, and M. J. Han, Phys.

Rev. B 97, 125132 (2018).

[4] H. Yoon, T. J. Kim, J.-H. Sim, and M. J. Han, Computer Physics
Communications 106927 (2019) (inPress).
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The discovery of ferroelectricity in HfO> has led to many attempts to utilize HfO; in
memory devices. However, the large coercive field (E;) of HfO: is still one of the
challenging issues for HfO;-based devices. In recent years, to solve this problem,

several studies for reducing E. by using dopants have been reported, and among them,

Si doped HfO» have dramatically reduced E.. Despite these studies, doping processes
require high processing temperature, which near 580K [1] and it makes doped HfO>

difficult to use in industrial area. Therefore, here, we studied how to reduce E. of HfO»
without doping process with intuition from the crystal structure of Si-doped HfO:.
From Ab-initio calculations, we figured out the structural property of Si doped HfO>
and found that the unique bonding character of Si dopant, which favors sp3 bonding,
chemically induces internal strain on the lattice. We calculate how the ferroelectricity
of HfO; responds to strain, and how strain affects the energy barrier of polarization
switching. From the calculation results, we find that the polar symmetry is almost
preserved and the energy barrier is reduced isotropically within the appropriate strain.
Finally, we discuss how the strain affects on the energy barrier through structural
analysis of the intermediate state in the polarization switching path and further study
the origin of these phenomenon through strain-phonon coupling analysis.

[1] D. Martin, J. Miiller, T. Schenk, T. M. Arruda, A. Kumar, E. Strelcov, E. Yurchuk,
S. Miiller, D. Pohl, U. Schréder, S. V. Kalinin, T. Mikolajick, Adv.
Mater.2014, 26, 8198
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In density functional calculations, when one consider applying electric fields
to bulk systems under periodic boundary conditions, it is possible to perform self-
consistent field calculations of electronic states under electric fields by introducing
effective potential based on the modern theory of electric polarization using the Berry
phase method [1-3]. It is useful in investigating physical properties of materials under
electric fields and obtaining physical quantities such as Born effective charges and
dielectric constants. There are various applications of the effective potential to
vacancies in oxides [4], ferroelectric transitions in molecular crystals [5], and
magnetoelectric effects [6].

We have implemented the effective potential of finite electric fields to the
OpenMX code [7, 8], which utilizes linear conbination of pseudo atomic orbitals as
the basis set. Our implemented code is applicable to various systems from
fundamental materials to materials where fully-relativistic effects are important. By
using the code, Our calculated values of the Born effective charge, electronic
dielectric constant and static dielectric constant for a Mg atom in MgO bulk are 1.96,
2.97 and 9.57, respectively. We will explain how we implemented it and discuss
various applications of it.

[1] R. W. Nunes and D. Vanderbilt, Phys. Rev. Lett. 73, 712 (1994).
[2] 1. Souza, J. Ifiiguez, and D. Vanderbilt, Phys. Rev. Lett. 89, 117602 (2002).
[3] P. Umari and A. Pasquarello, Phys. Rev. Lett. 89, 157602 (2002).

[4] A. El-Sayed, M. B. Watkins, T. Grasser, and L. Shluger, Phys. Rev. B 98, 064102
(2018).

[5] S. Ishibashi, S. Horiuchi, and R. Kumai, Phys. Rev. B 97, 184102 (2018).

[6] A. Malashevich, S. Coh, I. Souza, and D. Vanderbilt, Phys. Rev. B 86, 094430
(2012).

[7] T. Ozaki et al., Open source package for Material eXplorer, http://openmx-
square.org/

[8] T. Ozaki, Phys. Rev. B. 67, 155108, (2003).
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In semiconductor manufacturing, defects of copper impurities in silicon often have
deleterious effects. On the other hand, some of these defects are useful. One such defect
is one that emits photoluminescence at 1.014 eV. Since this photoluminescence
emission is sharp, this defect can be a promising candidate for an optical device. High-
resolution optical spectroscopic experiments using copper radioisotopes revealed that
this defect consists of four copper atoms [1]. The Cus complex is stable, but it is
observed that Cuy is easily decomposed when hydrogen is added. This is undesirable
for applications, and it is necessary to clarify the defect reaction between Cus and
hydrogen for practical use.

In this study, first-principles calculations are used to investigate the reaction process
between Cus and hydrogen in silicon. We also reviewed the most stable structure of
Cuy defect in silicon. Previously, the Cus defect structure was proposed to be CusCus()
with one copper atom at the substitutional site and three copper atoms at the interstitial
site. However, in this study, the structure of Cus is found to be most stable with the
CuaiVsi structure. Cuag)Vsi defect are composed of vacancy and four copper atoms in
the interstitial positions surrounding it. In the reaction between Cus and hydrogen, the
final product is found to be Cu)Hs. In addition, by taking into account Cug)H defects,
we reproduced the intermediate products Cu)H and Cus)Hz observed in the experiment
[2].

From the above, we are able to clarify the structure of Cus in silicon and the complex
reaction between Cug and hydrogen. This research provides an important contribution
to the control of defects in semiconductor processes.

[1] M. L. W. Thewalt et al., Physica B, 401/402, 587 (2007).
[2] N. Yarykin et al., Appl. Phys. Lett. 105, 012109 (2014).
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In recent years, iron-based superconductors have attracted attention as novel
superconductors. Using scanning tunneling microscope, Grothe et al. found that various
types of defects exist in the cleaved LiFeAs, and that the differential conductance differs
significantly among defect types [1]. The effect of defects on the electronic states remains
to be investigated for understanding the mechanism of superconductivity. Therefore, in
the present study, we aim at elucidating the stable defect types and their magnetic

properties using first-principles calculations based on the density functional theory.

Our results reveal the followings. Defect species Defect formation Energy
First, there are two types of (phase) (eV)
antiferromagnetic phases (hereafter Fe (weak AFM) -0.71

referred to as the stripe AFM phase Fe (stripe AFM) —0.56

and weak AFM phase). They have Li (weak AFM) 0.02
different values of magnetic Li (stripe AFM) 0.01
moments of the Fe atoms each As (weak AFM) 2.33

other. As (stripe AFM) 1.65

Second, as seen from the calculated
defect

minimum value in the allowable

formation energies (the

Table 1: Calculated defect formation energies.

range of the chemical potential of the defect atomic species) in Table 1, the Fe atom defect
model is the most stable both in the stripe and weak AFM phases.

Third, the stable magnetic state differs depending on the type of defect. The weak AFM
structure is the more stable for the Fe defect, while the strip AFM structure is the more
stable for the As defect. In the case of the Li defect, the difference in the defect formation

energy between the two magnetic phases is slight.

[1] Grothe, S. et al., Physical Review B 86 (2012) 174503.
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The few layer transition metal dichalcogenides (TMDCs) are two dimensional
materials that have an intrinsic gap of the order of =2 eV. The reduced screening in
two dimensions implies a rich excitonic physics and, as a consequence, many
potential applications in the field of opto-electronics.

Continuously decreasing band gap with the application of an increasing electric field,
and eventually a metallic behavior has been observed in bilayers of group VI TMDCs
MoS,, MoSe>, MoTe> and WS, both experimentally [1] and theoretically [2-3]. We
employed the GW+BSE method for studying the gate induced band gap tunability of
bilayer MoS: for the first time and found excellent agreement with experiment. We
reported an anomalous interlayer exciton in MoS; bilayer with a binding energy that
is independent of the applied electric field unlike the intralayer exciton [4]. We
speculate and expect this unique feature to be generic for 2D TMDCs. To confirm this,
we have explored BL WS; under the influence of electric field using GW-+BSE
method.

For zero field, there are two excitonic peaks, A and B and when the electric field is
applied it splits these two main peaks into A-2, A-1 and B-2, B-1. A closer look at the
BSE results in low energy region shows the emergence of new excitonic peaks II-2
and II-1. We find that the position of peaks A-2 and A-1 stays almost the same as a
function of the applied field whereas position of peaks II-2 and II-1 changes strongly
upon gating. We found that the trends in binding energy are the opposite of the peak
position trends: the binding energy of exciton II is weakly dependent on the field,
while that of A is strongly dependent on the field as observed for MoS: BL. Exciton
II, therefore is the anomalous exciton we had found in MoS, BL and proposed for
WS> BL also. In WS, BL the critical field strength is ~ 4 V/nm and below this value
distinct II and A excitons cannot be resolved.

[1] T. Chu, H. Ilatikhameneh, G. Klimeck, R. Rahman, and Z. Chen, Nano Letters 15,
8000 (2015).

[2] A. Ramasubramaniam, D. Naveh, and E. Towe, Phys. Rev. B 84, 205325 (2011).
[3] Z. Y. Zhang et al., The Journal of Chemical Physics 140, 174707 (2014).

[4] Dilna Azhikodan, Tashi Nautiyal, Sam Shallcross and Sangeeta Sharma, Scientific
Reports 6, 37075 (2016).
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To estimate the magnetic ground state of CrOX (X = Cl, Br) monolayers, we performed
detailed first-principles study for both bulks and the monolayers. We performed charge
density functional theory plus U calculations for CrOX. While the previous calculations
were based on spin density functionals [1, 2], our result and analysis show that the use
of spin-unpolarized charge-only density is more reasonable in terms of the magnetic
phase diagram, electronic structure, and magnetic property of both bulks and
monolayers. Unlike several previous studies [3, 4], our results show that all CrOX
monolayers are antiferromagnetic, which is same as the bulk. Furthermore, we
performed magnetic force linear response calculation [5] to understand orbital-resolved
magnetic exchange couplings J matrix. The Cr t2g-t2g component mainly contributes to
the antiferromagnetic state for both the bulks and the monolayers.

[1] N. Mounet, M. Gibertini, P. Schwaller, D. Campi, A. Merkys, A. Marrazzo, T.
Sohier, I. E. Castelli, A. Cepellotti, G. Pizzi, and N. Marzari, Nat. Nanotechnol. 13,
246 (2018).

[2] N. Miao, B. Xu, L. Zhu, J. Zhou, and Z. Sun, J. Am. Chem. Soc. 140, 2417 (2018).
[3] H. Chen and A. J. Millis, Phys. Rev. B 93, 045133 (2016).

[4] S. Ryee and M. J. Han, Sci. Rep 8, 9559 (2018).

[5] H. Yoon, T. J. Kim, J.-H. Sim, S. W. Jang, T. Ozaki, and M. J. Han, Phys. Rev. B
97, 125132 (2018).
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The anomalous Nernst effect (ANE), which is a thermoelectric effect induced by the
anomalous Hall effect has attracted attention as a probe to observe magnetic Weyl
fermions due to the experimental observation of -7log7 behavior which deviate from
the Mott relation.[1] Two-band model analysis predicted that -Tlog7 behavior
originates from peculiar electronic states of type-II Weyl semimetal; however in real
materials, when considering the multi-band case, it is unclear whether this -7Tlog7
behavior is reproduced or not.

In this study, we investigate the origin of logarithmic violation of Mott relation for

ANE. We have performed first-principles fully-relativistic density functional
calculations[2] and computed anomalous Hall and Nernst coefficients[3] for typical
Weyl semimetals; Co,MnGa[1] and Co3;Sn,Sn,[4]. We clarified that -7log7 behavior
in ANE originates from nodal lines as well as Weyl node. Moreover, we found that -
TlogT behavior can be detected a singularity of density of states composed by nodal
line. In the presentation, we will present a detailed discussion for the origin of
logarithmic violation of Mott relation based on Berry curvatures associated with
peculiar topological electronic structures.

[1] A. Sakai, Y.P. Mizuta, A. Nugroho, R. Sihombing, T. Koretsune, M. Suzuki, N.

(2]

[3]
[4]

Takemori, R. Ishii, D. Nishio-Hamane, R. Arita, P. Goswami, and S. Nakatsuji, Nat.
Phys. 14, 1119 (2018).

E. Liu, Y. Sun, N. Kumar, L. Muechler, A. Sun, L. Jiao, S.-Y. Yang, D. Liu, A. Liang, Q.
Xu, J. Kroder, V. Sii, H. Borrmann, C. Shekhar, Z. Wang, C. Xi, W. Wang, W.
Schnelle, S. Wirth, Y. Chen, S. T. B. Goennenwein, and C. Felser, Nat. Phys. 14, 1125
(2018).

OpenMX: Open source package for Material eXplorer http://www.openmx-square.org.

A. A. Mostofi, J. R. Yates, G. Pizzi, Y.-S. Lee, 1. Souza, D. Vanderbilt, and N. Marzari,
Comput. Phys. Commun. 185, 2309 (2014).
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We predicted electronic and magnetic properties of FesGeTe, using density functional
theory calculation. Band structures and density of states for both the monolayer and
bulk are similar and demonstrate Fe d orbital mainly contribute to their metallic and
ferromagnetic properties. Band splitting occurs for spin-up and spin-down states,
presenting exchange splitting in Stoner’s theory of ferromagnetism. The monolayer
FesGeTe; reveal itself as another Stoner-type 2D magnet, satisfying Stoner’s criterion.
Furthermore, we observed that the ferromagnetic ordering is robust and even
significantly enhanced by applying biaxial strain. Our findings suggest FesGeTex
could be a promising 2D magnetic material in the application of flexible spin devices..

[1] M. Joe, U. Yang, and C. Lee, Nano Materials Science, in press, (2019).
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Our recent study on hexagonal boron nitride (hBN) sandwiched by Ni(111) slabs
reveals that the most stable stacking arrangement among 36 possible stacking
arrangements shows the cross-correlation functionality coming from the bi-stable state
of a rugged hBN plane and the controllable BN polarization [1]. The bi-stable state of
the rugged hBN plane appears when the magnetic alignment of the upper and lower
Ni(111) slabs is anti-parallel. The rugged hBN plane forms a unique pyramidal
structure having two folding state, upward and downward pyramidal structure, which
is interchangeable by controlling the BN polarization. The charge transfer from Ni(111)
slabs to N atoms of hBN, which comes from pd-hybridization between Ni atoms with
N atoms, leads to induced magnetic moment on N atoms. The induced magnetic
moment direction of N atoms depends on the pyramidal structure of rugged BN. The
transmission probability calculations show a spin-filtering effect where the spin-
polarized current is controlled by the electric field when a field-induced reversal of the
polarization is realized. The efficiency of spin-filtering effect depends on induced
magnetic moment of N atoms. A consideration of other ferromagnetic slabs leads to
different mechanism of charge transfer resulting different characteristics of induced
magnetic moment on hBN layer.

CONTROLLING BI-STABLE STATE BY INDUCING

ELECTRIC-POLARIZATION REVERSAL

® The pyramidal structure is bi-stable state

® |nduced magnetic moment of N atoms change its
direction for each state.
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[1] H. Harfah, Y. Wicaksono, M. A. Majidi, and K. Kusakabe, arXiv:1905.12252.
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Organic molecular materials have attracted considerable attention as candidates for
next-generation flexible electronics materials. However, there still remains open
questions on electronic properties such as mechanisms of the carrier transport.

The intermolecular van der Waals (vdW) forces are responsible for the cohesion in
organic molecular crystals. To discuss the structure and stability of the organic crystal
precisely, it is crucially important to describe the intermolecular and intramolecular
interactions at the same accuracy with reliable first-principles theoretical methods.

In this study, we show, by using oligoacene crystals as examples, that the recent vdW
inclusive method[ 1] is able to predict accurate geometries and energetics of the organic
crystals. Furthermore, we demonstrate that by using the theoretical crystal structure, it
is also possible to calculate the accurate electronic structure based on the methodology
such as the many-body perturbation theory within the GW approximation[2].

The calculated lattice constants of the most stable polymorph were found to be in
good agreement with the diffraction measurements at temperature far lower than room
temperature, with the maximum relative deviation being within 1.0 %.

To demonstrate the impact of the crystal geometry upon the electronic structure, the
theoretical density of states for three crystal geometries of tetracene were investigated,
1.e., one with its lattice constants measured at room temperature or higher (Structure I),
second one with the lattice constants measured at 175 K (Structure II), and third one
whose crystal geometry was theoretically optimized (Structure III). It is found that as
the cell volume decreases from Structure I to III, the band widths increase due to the
increasing overlap between the neighboring molecular orbitals (MO’s). The
fundamental gap of Structure III becomes smaller by as large as 0.2 eV than that of
Structure I. The gap narrowing originates from both the increasing overlap between
the neighboring MO’s and the screening effect upon the injected charge enhanced by
the denser molecular packing.

Based on the Wannier function localized at each of the molecular sites, the impact
of the molecular configuration upon the intermolecular transfer integrals could be
discussed. The detail of the transfer integrals will be presented.

[1] 1. Hamada, Phys. Rev. B 89, 121103(R) (2014).

[2] S. Yanagisawa and I. Hamada, J. Appl. Phys. 121, 045501 (2017); S. Yanagisawa
and I. Hamada, A Chapter in Theoretical Chemistry for Advanced Nanomaterials -
Functional Analysis by Computation and Experiment (Springer Nature, December

2019).
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Spin-wave dispersion offers information of collective magnetic excitations that
is essential in the analysis of magnetic properties at finite temperatures. In the context
of the development of hard magnets, exchange stiffness is important for understanding
the macroscopic behavior, and one can derive it from the curvature of the lowest branch
around the I" point.

We have recently developed an efficient method to calculate spin-wave
dispersion[1] by using Liechtenstein’s formula[2] that constructs a Heisenberg model
from a self-consistent field obtained by first-principles calculation. Our method can
obtain the spin-wave dispersion for a system with multi-sublattices within a practical
time consumption.[1] In the previous paper, we reported our results for Sm(Fe, Co)i2,
which is a promising magnetic compound that has a potential of surpassing the current
champion magnet Nd,Fe4B.[1] However, we did not perform a calculation for a spin-
wave dispersion of Nd,Fe;4B itself, partly because it needs more computational
resources than Sm(Fe, Co);, due to its largeness of the primitive unit cell.

In this paper, we report our results of calculated spin-wave dispersions with our
refined program, which is now capable of calculation for Nd,Fe4B. We show that the
spin-wave dispersion of Nd,Fe ;4B has an almost isotropic curvature in the lowest
branch around the I' point, which agrees with the experimental observation by Mayer
et al.[3,4] This isotropy is in contrast to the anisotropy found in Sm(Fe, Co);, in our
previous paper.[1]

We also show the existence of anisotropy in the lowest branch of the calculated
spin-wave dispersion for RFe;;Ti (R=Y, Nd, Sm), which have the same
crystallographic structure to Sm(Fe, Co);2. The RFe;;Ti compounds are known to be
much stabler as a bulk material than Sm(Fe, Co);». Therefore, we consider it is more
feasible to verify the anisotropy experimentally.

[1] T. Fukazawa et al., J. Magn. Magn. Mater. 469, 296 (2019).

[2] A. L. Liechtenstein et al., J. Magn. Magn. Mater. 67, 65 (1987).
[3] H. M. Mayer et al., J. Magn. Magn. Mater. 97, 210 (1991).

[4] H. M. Mayer et al., J. Magn. Magn. Mater. 104-107, 1295 (1992).
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We present the electronic and vibrational properties of small ring structured
molecules, based on first-principles calculations. Among the isoelectronic structures,
benzene shows more stability than borazine (~0.36 eV) and carborazine (~0.46 eV).
The bond length (X-H, X=B, C, N) in ring structures is shorter than their aliphatic
counterpart, revealing higher in stretching frequency. Exploring other small ring
structure molecules, we reveal X-H stretching frequency increases as one moves
down the periodic table. For skeletal ring structure, we also deduce a relationship

between their intrinsic radial breathing part and stretching part.
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Quasi-particle Self-consistent GW (QSGW) is a reliable first-principles-method
which can take the effect of electron excitation into account. However, QSGW has
several problems. For example, it systematically overestimates the size of band gaps.
QSGW80, which is a hybrid method combining QSGW and LDA/GGA in the ratio of
80:20, overcomes such over-estimations [1]. The improvement of QSGWS80 can be
interpreted that the hybrid methods work as an addition of vertex corrections.

In this study [2], we have investigated vertex 30
corrections. By a self-consistent calculation A7)
applying electric fields on slab models, we have ~ *° Spenamen
calculated optical dielectric constants for LiF, KF, " ’
NaCl, MgO, and CaO. Here the constants are
determined via a ratio of slopes of voltages in
vacuum region and medium region as shown in 10
the right Figure. In this method, higher-order
terms are taken into account in the self-consistent
manner. These terms can be interpreted to work as 00 %
vertex corrections. In QSGW, we have applied ’
this approach to the compounds, resulting in good
agreements with experimental measurements. Comparing the results of the slab
calculations with the conventional random phase approximations for bulk systems, we
can find such vertex corrections give significant differences. This means that QSGW
with vertex corrections can explain electronic structure of such ionic materials very
well.
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AV

[1] D. Deguchi, K. Sato, H. Kino and T. Kotani, Jpn. Appl. Phys., 55, 051201 (2016)
[2] https://arxiv.org/abs/1909.126
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Strong piezoresistivity of InAsP nanowires is rationalized with atomistic simulations
coupled to Density Functional Theory. With a focal interest in the case of the
As(75%)-P(25%) alloy, the role of crystal phases and phosphorus atoms in strain-
driven carrier conductance is discussed with a direct comparison to nanowires of a
single crystal phase and a binary (InAs) alloy. Our analysis of electronic structures
presents solid evidences that the strong electron conductance and its sensitivity to
external tensile stress are due to the phosphorous atoms in a Wurtzite phase, and the
effect of a Zincblende phase is not remarkable. With several solid connections to
recent experimental studies, this work can serve as a sound framework for
understanding of the unique piezoresistive characteristics of InAsP nanowires.

[1] L. Kim, H. S. Kim, and H. Ryu, Molecules 24(18), 3249 (2019).
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Terahertz (THz) wave, which lies between the infrared and microwave regions of the
electromagnetic spectrum, corresponds to photon energies within the energy scale of
excitation of many materials, making it attractive for low-energy spectroscopy,
biomedical imaging, and security applications. However, this newly explored
electromagnetic region has very limited low-cost, broadband and powerful THz sources.
So far, 4.5 THz has been demonstrated in photoconductive antenna (PCA) with low-
temperature grown GaAs (LT-GaAs) pumped at 1560nm [1]. Experimentally, this
below band-gap excitation is considered stable and is proposed to be due to the
presence of mid-gap states [1, 2]. In this theoretical work, we confirmed the presence
of mid-gap state in GaAs with point defect (As-antisite) at ~1.00% concentration
through bandstructure calculations using DFT+SO. SO is included because of the
broken-inversion symmetry of GaAs. Also, we calculated the absorption spectra within
the independent particle approximation and compared with experiment. At wide
frequency window, spectral shape and intensity of the calculated and experimental
absorption spectra are consistent. Using the above results, we derive the two-step
photon absorption mechanism for the sub-band gap optical excitation in LT-GaAs-
based THz emitter. For design purposes, we also derived the structure of the point
defect that gives rise to the mid-gap state [3].

[1] M. Tani, K. S. Lee, X. C. Zhang, Appl. Phys. Lett. 77 1396 (2000).

[2] J. M. Rémer, F. Ospald, G. V. Freymann, R. Beigang, Appl. Phys. Lett. 103
021119 (2013).

[3] M.C. Escafio, T. Q. Nguyen, Y. Osanai, H. Kasai, M. Tani, Mater. Res. Express 6
055914 (2019).
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Topological states have been widely studied in Fermionic systems for many years [1-
6], wherever, they are sporadically explored in Bosonic systems [7-8], even both
Fermions and Bosons are fundamental particles in condensed matter physics. Actually,
Bosons can offer a better platform to get spinless band structures where nodal lines
can be realized with only parity-time reversal (P7T) symmetry, such as phonons. By
combining first-principles calculations and meV-resolution inelastic x-ray scattering,
we demonstrate the first realization of P7 symmetry protected helical nodal lines of
phonons in a real material [9]. The combination of theoretical analysis and
experimental measurements demonstrate the P7-protected helical nodal lines for the
first time in phononic materials. This nodal line is robust because of the spinless
nature of phonons, which will open a new route to explore exotic topological states in
crystalline materials.

[1] C. Kane et al., Phys. Rev. Lett 95, 226801 (2005).
[2] A. Bernevig et al., Science 314, 5806 (2006).

[3] B. Lv et al., Phys. Rev. X 5, 031013 (2015).

[4] L. Fu et al., Phys. Rev. Lett. 106, 106802 (2011).
[5] H. C. Po et al., Nat. Comm. 8, 50 (2017).

[6] Z. Song et al., Nat. Comm. 9, 3530 (2018).

[7] T. Zhang et al., Phys. Rev. Lett 120, 016401 (2018).
[8] H. Miao et al., Phys. Rev. Lett. 121, 035302 (2018).
[9] This paper is coming on arXiv soon
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We report a six-neighbor Slater-Koster tight-binding model[1], with spin-orbit
coupling included, to treat the electronic and topological properties of Bi crystals. We
contrast two distinct parameter sets showing seemingly same electronic energy bands
with different Z2 index of bulk Bi. The parameter set which shows trivial Z2 index
(v=[0;0,0,0]) for Bulk Bi and nontrivial Z2 index (v=1) for few layer Bi reproduces
semi metallic properties of bulk Bi and its topologically trivial surface states, while
semiconducting nature of few layer Bi films and their topologically non-trivial edge
states. This highlights that the topological index or parameter needs to be treated
carefully for proper parameterization of first-principles energy bands of topological
materials.

[1]J. C. Slater and G. F. Koster, Phys. Rev. 94, 1498 (1954).



