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1. PROJECT TITLE:
ELECTROCHEMICAL PROPERTIES AND CRYSTAL STRUCTURE OF LI“L/H+
CATION-EXCHANGED LINIO

PRINCIPAL INVESTIGATOR: Takahiro Toma
AFFILIATION: Hongo Lab., JAIST, Nomi, Ishikawa, Japan
MACHINE USED: (XC40)

2. PROJECT DESCRIPTION:

LiNiO2 12ftF & D Nirich ERMEME X, TOTZRAX—BEOFEmENL U F T LA S
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BRI NE L 725 Z EMEBRMITH O N E7eoT-, ZHUE, 7a b sfalz Lo L ofkik

%Xﬁﬂfva%é Li-O JERIAIHET 2 (X 1(b)) = LICHEIK L, L JEEkOREEE = 3L X — B HE 4%
WK 5 & st 7

(a (b)

b)
Li*/H* exchanged LiNiO, Qz.go Li-O layer
® o o & 9280 T Btggg gﬂng

Q270

S o LiNiO
2260 13696 2

| 250 O Llo 953H0 037NI02 Q
10 08 06 04 02 00
0.8 X in Li,H,NIiO,
o C
S0s [ BN
s Gl
c 1 1 904 ‘ z x
1‘ S| & =0 Lig.704H0.037NiO;
o o o o w -0 Li0_741Ni02 e
I . R 00%'.‘ 0.2 0‘4 06 08 1?)
attraction : "~ Reaction coordinate :

1 (a) UF U L/T7a R U2 IERYEYE O EEE, (b)l - O JBJE( L JEBERRIENE), (c)Li JEH D
IRAX—TFaTr A, VFULEGHENT-T 0 h N HBER 2 KERBSIC L VFET
452 LT L0 BENHET 5,

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Maezono Ryo / School of information science.
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- Associate Prof. Hongo Kenta / School of information science

A/How many co-authored publication with JAIST faculties so far [1].
B/How many co-authored publication with JAIST faculties planed in future [1 or 2].

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES
[1] 'Electrochemical Properties and Crystal Structure of Li* / H* Cation-Exchanged LiNiO,',
Takahiro Toma, Ryo Maezono, Kenta Hongo, ACS Appl. Energy Mater. 3, 4078-4087 [JiiZ& /&5 A ]

5. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES
Study on the Thermal Stability of Ni-rich layered Cathode Materials

5.1 LIST OF PLANNED PUBLICATIONS

[1] ' Design guidelines for Ni-rich cathode materials with Co, Mn and Al substitutions ', [Ryo Maezono,
Kenta Hongo], [journal (temporary)].

[2] ' Oxygen release and thermal stability behavior of Ni-rich cathode materials ', [Ryo Maezono, Kenta.
Hongo], [journal (temporary)].
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[1] K. Nakano, et al. J. Chem. Phys. in press (2020). [2] M. Casula, et al. Phys. Rev. Lett. 95, 1 (2005).
[3] K. Nakano, et al. Phys. Rev. B 101, 155106 (2020).
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ACTIVITY REPORT OF FY2019

1. PROJECT TITLE:

INCONSISTENCIES IN AB INITIO EVALUATIONS OF NON-ADDITIVE
CONTRIBUTIONS OF DNA STACKING ENERGIES

PRINCIPAL INVESTIGATOR: Ken Qjn
AFFILIATION: School of Information Science, JAIST
MACHINE USED: (XC40/Altix)

2. PROJECT DESCRIPTION:

The main research methods on biomolecules are experiments at present. As with other materials science studies,
experimental methods are difficult to describe the microscopic details of biomolecules, including molecular-level
dynamics and basic functional states. For drug development, such as cancer-targeted drugs, precise matching of
biological targets is required. Generally, screening of target compounds requires high-throughput experiments, but
this is costly. Therefore, computer simulation plays an important role in understanding and studying the structure
and biological function of biomolecules compared to traditional experimental methods. In many-body systems, the
empirical force field based on pairwise method cannot consider the non-additivity beyond force field superposition.
Unlike classical mechanics, the force field superposition of quantum systems cannot be added by the instantaneous
polarization. Therefore, the non-additivity in the interactions is expected in inter-molecular bindings due to the
induced polarization by quantum fluctuations, such as van der Waals (vdW) forces.

The description and reproduce of the bonding itself, due to intermolecular forces, is a huge challenge for ab initio
methods. Non-additivity is a more difficult subject that has long been far from the mainstream research field and has
not been well analyzed yet. The ab initio quantum chemistry theory is a good description of the natural stacking
energy, which allows reliable energy to be found on any base structure. Calculations, in any case, need to be done at
a sufficient theoretical level. For example, standard Density Functional Theory (DFT), Hartree-Fock (HF), and
semi-empirical methods all fail in the description of base stacking because they cannot correctly capture the
dispersion effect. Of course, the high-precision method coupled-cluster with singles, doubles, and perturbative
triples with complete basis set correction (CCSD(T)/CBS) is a widely used method called "gold standard" for
quantum chemistry. It is impossible to calculates large systems due to its exponential growth computational cost.
Recent advances in accurate calculation methods, especially through Quantum Monte Carlo (QMC) calculations,
make it possible to handle larger systems. However, some work applied to systems consisting of weakly constrained
subsystems shows that non-additivity is much larger than we expected. Although there is non-additivity in larger
molecules, if the non-additive contribution is positive, then there is no research significance. If so, it will only make
minor corrections to the Cs (the coefficient of 1/R® deciation interactions) force without any qualitative impact.

DNA molecules are the basis of biological, genetic variation. The most typical ten kinds of B-DNA molecular
structures are composed of two kinds of purines and pyrimidines. For DNA molecules, the number of atoms is
around 10, and the weak force between many-body molecules itself is the challenge in the quantum chemistry. We
evaluated the non-additive contribution of the inter-molecular interactions in B-DNA stacking by using Fixed-Node
Diffusion Monte Carlo (FNDMC) methods. In the previous calculation methods, the sign of the non-additive
contribution is positive and tiny. Recent studies have shown that in the calculation using FNDMC method, and
negative values appear in the results of non-additive contributions. First of all, the evaluation result in dispersion
interaction by the standard SCF methods was proved failed due to the lack of dispersion term. Second, even the
CCSD(T) method still evaluates dispersion interaction as the SCF-level, because of the practical handling of CBS at
the feasible level with second order Moller—Plesset perturbation theory (MP2). Finally, although the calculation is
trustworthy for the DMC method itself, the FN method cannot be ruled out to cancel the approximation error when
the sign problem occurs, because we still divide the system according to the H-bond in the non-additive evaluation.
While the SCF-level non-additivity is mostly positive, the non-additive contributions described by FNDMC are both
positive and negative signs. The negative sign is found to be reasonable, which might be supported by a simple
model analysis based on the London theory. It would, however, be premature to draw a conclusion that the FNDMC
non-additivity reveals the truth. This is because the Watson-Crick base-pair involves the charge transfer caused by
the H-bonds, but we could not verify if the error cancellations of the FN errors were successful for the H-bonds, as
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in the case of complexation energies. However, we cannot ignore the FN approximation which is used to solve the
QMC sign problem. We analyzed the possible errors in this approach and discussed it.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Ryo Maezono/School of Information science.
- Prof. Kenta Hongo/ RCACI & School of Information science.

A/How many co-authored publication with JAIST faculties so far [2].

B/How many co-authored publication with JAIST faculties planed in future [0].

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES

[1] K. Qin, T. Ichiba, K. Hongo, R. Maezono, ‘Inconsistencies in ab initio evaluations of non-additive
contributions of DNA stacking energies’, Chemical Physics 2019, 529, 110554, DOl
10.1016/j.chemphys.2019.110554, Elsevier, 2019.

5. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES

5.1 LIST OF PLANNED PUBLICATIONS
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ACTIVITY REPORT OF FY2019

1. PROJECT TITLE:

ELECTRONIC STRUCTURE INVESTIGATION OF DOPED TIO2 SYSTEMS USING

DENSITY FUNCTIONAL THEORY
PRINCIPAL INVESTIGATOR: Abhishek Raghav
AFFILIATION: Doctoral student (D1), Maezono Lab
MACHINE USED: XC40

2. PROJECT DESCRIPTION:

In this work an overall electronic structure including the position and formation energies of
various intrinsic defects are computed for anatase using Density Functional Theory aided by Hubbard
correction (DFT+U). The intrinsic point defects considered here are, oxygen vacancy (Vo), oxygen
interstitial (O;), titanium vacancy (Vn) and titanium interstitial (Tii). Out of all the intrinsic defects
considered here, Vr and Ti; are found to be most stable under equilibrium condition. Whereas,
conduction band in anatase is consisted of mainly Ti 3d with a minor component of O 2p states,
valence band is found to be mainly composed of O 2p with a minor contribution from Ti 3d states. Vo
and Tii are found to form localized states in the band gap. Moreover, anisotropy in the effective mass
is seen. Finally, an alignment of band diagrams for all the intrinsic defect states is performed using
vacuum potential from slab-supercell calculation as reference. This first principle study would help in
the understanding of defect-induced insulating to conducting transition in anatase, which would have
significant impact in the photocatalytic and optoelectronic area.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Adie Tri Hanindriyo/School of Material science

- Keishu Utimula/School of Material science

- Prof. Ryo Maezono/School of Information science.

A/How many co-authored publication with JAIST faculties so far [01].

B/How many co-authored publication with JAIST faculties planed in future [02].

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES
[1] Intrinsic Electronic Defect States of Anatase using Density Functional Theory (Under review),
[Abhishek Raghav, Adie T Hanindriyo, Keishu Utimula, Mohaddeseh Abbasnejad, Ryo Maezono, Emila
Panda]

5. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES

INVESTIGATING DOPANT INDUCED CHANGE IN THE BAND STRUCTURE AND HENCE THE
EFFECTIVE MASS OF CHARGE CARRIERS FOR VARIOUS DOPED TIO, SYSTEMS.
TiO is a very important material in the field of photocatalysts and optoelectronics. It can be readily
doped with various dopants to make it suitable for specific purposes like as a photocatalyst or as a
transparent conductor. In this project, we are investigating how dopants effect the band curvatures
and hence the effective mass of the charge carriers in TiO,, which ultimately effects the material
properties. We are examining several dopants including Nb, Ta, V, W, Cu, Co, Ce, La. How the

15



concentration of dopants affects effective masses and band structures is also investigated. This will
help in predicting appropriate dopant systems for optoelectronic and photocatalytic applications.

TURBO-GENIUS: A PYTHON-BASED WORKFLOW SYSTEM FOR QUANTUM MONTE CARLO
PACKAGE

"TurboRVB" is a computational package for ab initio Quantum Monte Carlo (QMC) simulations[1].
The code implements two types of real-space QMC algorithms: Variational Monte Carlo (VMC)
and Lattice regularized Diffusion Monte Carlo (LRDMC). Turbo-genius is a python-based workflow
system for TurboRVB Quantum Monte Carlo package. It automatizes a lot of tasks involved in
performing standard QMC calculations like generating input files, convergence tests for optimizing box
size, grid size and onebody Jastrow parameter for DFT, preparing the trial wavefunction using DFT,
optimizing Jastrow factor and antisymmetrized part at VMC level, postprocessing of the results and so
on. Turbo-Genius will be quite useful for future benchmarking studies.

5.1 LIST OF PLANNED PUBLICATIONS
[1] 'Effective mass investigation of doped TiO2 systems (temporary)', [Abhishek Raghav, Emila Panda,
Kousuke Nakano, Kenta Hongo, and Ryo Maezono], [Journal (temporary)].
[2] 'Turbo-Genius: Turbo-Genius: A python-based workflow system for quantum Monte Carlo package
(temporary)', [Abhishek Raghav, Kousuke Nakano and Ryo Maezono], [Journal (temporary)].
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ACTIVITY REPORT OF FY2019
1. PROJECT TITLE:

DIFFUSION MONTE CARLO STUDY OF HYDROGEN ADSORPTION ON SILICON
CARBIDE NANOTUBE

PRINCIPAL INVESTIGATOR: Genki Imam Prayogo
AFFILIATION: Doctoral Student (D1), Maezono Lab.
MACHINE USED: XC40/Altix

2. PROJECT DESCRIPTION:

Hydrogen is one of the candidate for environmentally friendly energy carriers. Although it has a
very high energy density per unit weight, its volumetric energy density is rather low, making its storage in
a compact manner difficult. This is important in applications where storage volume is paramount, such as
in automobile and aviation. Physisorption of hydrogen molecules on materials with high surface area to
volume ratio like nanotubes is one of the strategies to increase this volumetric efficiency. Along with
carbon nanotube (CNT) and boron nitride nanotube (BNNT), silicon carbide nanotube (SiCNT) is one of
the candidate material considered for this use. Although has yet to be experimentally sythesized in single-
walled form, larger silicon carbide nanotube has shown promising gain with respect to carbon nanotube
in terms of storage capacity and lack of sorption hysteresis. Theoretical studies points to the stronger
binding energies and existence of point charges naturally occurring on alternating Si-C surface, but lack of
experimental evidence renders this conclusion unclear. We present the first attempt to use Diffusion
Monte Carlo (DMC) in studying the adsorption of molecular hydrogen on single walled SiCNT surface.
DMC is a stochastic method to directly solve many-body Schrédinger equation, which is capable of
describing non-covalent interactions as is prominent in such physisorptive system. Several exchange-
correlation functionals used in previous density functional studies are benchmarked against DMC in order
to establish their accuracy in this specific system, and assess previous conclusions regarding the
suggested improvement of binding characteristics on SiCNT.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Kenta Hongo / School of Information Science
- Prof. Ryo Maezono / School of Information Science

A/How many co-authored publication with JAIST faculties so far [2].
B/How many co-authored publication with JAIST faculties planed in future [4].

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES
[1] T. Ichibha, G. Prayogo, K. Hongo, R. Maezono, "A new ab initio modeling scheme for ion self-diffusion
coefficient applied to €-Cu3Sn phase of Cu-Sn alloy", Phys. Chem. Chem. Phys. 21, 5158.

5. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES
GROUND STATE DETERMINATION OF LIVX2 SYSTEM USING DIFFUSION MONTE CARLO
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The LiVX; system {X: O, S, Se} is a classic case of a Heisenberg antiferromagnet with geometrically
induced frustration coming from the triangular lattice of its vanadium layer. This kind of system often
exhibits exotic electronic states such as the valence-bond solid (VBS) state especially at lower
temperatures, which is experimentally evidenced by metal-to-insulator transition coupled with
trimerization of the transition metal lattice. The O- and S-containing compound has been experimentally
confirmed to exhibit this metal-to-insulator transition, whereas in LiVSe; this transition did not occur and
thus keeps its metallicity well down to 2 K. As a strongly correlated system, it is often difficult to model by
one-body theory such as density functional theory (DFT). Our preliminary calculations revealed that
conventional DFT predicted trimerization of all three compounds, which is in contradiction with
experimental observations. Attempts to improve the electronic structure by addition of Hubbard U term
instead results in non-trimerized structures for all three compounds, which is equally incorrect. In this
work, we employed Diffusion Monte Carlo (DMC), which is based on true many-body wave function and
thus is able to capture electronic correlation effectively. We compared the relative stability between the
trimerized and non-trimerized structures of LiVX, as optimized by the DFT calculations. Furthermore, we
also seek to clarify the true nature of the insulating ground state by comparing energetic values and
performing charge density analysis on the DMC wavefunctions with the nodal structures of spin-polarized
and non-spin-polarized DFT trial wavefunctions.

5.1 LIST OF PLANNED PUBLICATIONS
[1] ‘Diffusion Monte Carlo Study of Hydrogen Adsorption on Silicon Carbide Nanotube', [K. Hongo, R.
Maezono], [journal (temporary)].
[2] ‘Ground state determination of LiVX; system using Diffusion Monte Carlo (temporary)’, [K. Nakano,
K. Hongo, R. Maezono], [journal (temporary)].
[3] ‘SHRY: A Suite for High-throughput generation of models with atomic substitutions implemented
by python (temporary)’, [K. Nakano, K. Hongo, R. Maezono], [journal (temporary)].
[4] ‘A Quantum Annealing Approach to lonic Diffusion in Solids’, [K. Nakano, K. Hongo, R. Maezono],
[journal (temporary)].
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ACTIVITY REPORT OF FY2019
1. PROJECT TITLE:

LARGE DEPENDENCE OF DMC BANDGAP ON SEMICORE CONTRIBUTION :
GAN STUDY

PRINCIPAL INVESTIGATOR: Nikaido Yutaka
AFFILIATION: JAIST
MACHINE USED: XC40, hster

2. PROJECT DESCRIPTION:

Gallium nitride (GaN) is widely used for electric device such as LED and transistor, taking its
advantages of high mobility and thermal conductivity. While band gap of GaN is experimentally
reported around 3.4 eV, density functional theory (DFT) underestimate the band gap. This is so-called
the band gap problem, which originates from the insufficient cancelation of the self-interactions
between the electrons in DFT. Diffusion quantum Monte Carlo (DMC), on the other hand, is a
candidate for overcoming the band gap problem. In DMC, the ground state energy of many electrons
system is calculated using wave function that undergoes imaginary time development. This formalism
is ab initio calculation, hence the band gap problem cannot arise in DMC.

However, some other issues would affect the calculated band gap in DMC. Our focus is mainly on
semicore electrons of GaN. Pseudo potential used in DMC has an ambiguity in choosing core electrons
and valence electrons. We use “large core” and “small core” for the pseudo potentials. In the “large
core” the semicore electrons are included in the core electrons, while in the “small core” the semicore
electrons are included in the valence electrons. It is our expectations that the calculated band gap
would differ depending on which of the pseudo potentials is chosen. To our knowledge, none of the
prior research exists that focuses on the semicore electrons for calculating the band gap in DMC.

In the current project, we desire to calculate the band gaps of GaN using the “large core” and
“small core” pseudo potentials in DMC as implemented in CASINO package, and compare the results
to obtain some insight in the semicore electrons. Since none of the prior research focuses on
semicore electrons in calculating band gap in the framework of DMC, we believe that the results
would provide us some novel insights in the relevant field.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Maezono Ryo / School of information science.
- Associate Prof. Hongo Kenta / School of information science.

A/How many co-authored publication with JAIST faculties so far [0].

B/How many co-authored publication with JAIST faculties planed in future [at least 1].

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES
None

5. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES
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Study of band gap of GaN calculated in DMC using small and large core pseudo potentials.

5.1 LIST OF PLANNED PUBLICATIONS
[1] 'Large dependence of DMC bandgap on semicore contribution: GaN study' [Ryo Maezono], and
[Kenta Hongo].
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ACTIVITY REPORT OF FY2019
1. PROJECT TITLE:

HIGH-THROUGHPUT SCREENING ON MIXED-VALENCY OF CERIUM
IN (ND-CE)2FE14B

PRINCIPAL INVESTIGATOR: RAMADHAN, Erland Rachmad
AFFILIATION: Maezono Lab., School of Information Science, JAIST
IMACHINE USED: (XC40)

2. PROJECT DESCRIPTION:

Over the years, permanent magnets have made significant impacts on the development of modern
technology, particularly in the power plant and communication industry. Among them, R2Fe14B-type
compounds are the most sought-after since its discovery. This is due to the outstanding measured
magnetic properties of the compound especially Nd2Fel14B with saturation magnetization 1.61 T,
magnetocrystalline anisotropy constant 4.5 MJ/m3, and Curie temperature 586 K. With the growing
interest in developing permanent magnets for electric vehicle and renewable energy and data storage
technology, the demand for Nd2Fel4B has also increased. Unfortunately, the high demand for
Nd2Fe14B is not complemented with the supplies of Nd itself. Such circumstance implies that there
are demands to develop alternatives for permanent magnets that do not rely solely on scarce rare-
earth metals---Nd, Pr, Dy, etc.

Cerium is the most abundant rare-earth metal and considered to be substituted on Nd,Fe14B. It is one
of the most fascinating elements in the periodic table. It has, in particular, five allotropic forms. Most
of the attention has been focused on its face-centered cubic phases, y-Ce and a-Ce. These phases are
thought to contribute to quenching of magnetic moment in (Nd-Ce),Fe14B.

Unfortunately, this phenomenon is not understood well in the atomic scale. The aim of this project is
to investigate the cause of the decrease in magnetic moment of Ce-substituted Nd,Fe1sB. In this
project, all of the structures of Ce-substituted Nd,Fe1sB is calculated by employing first-principle
theory. It is observed that some structures agree really well with experimental results that substitution
of Ce reduce magnetic moment of Nd;Fe14B. After all of the calculation of the structure is finished, the
comparison between structure will be done to determine the most stable structures. These stable
structures will be investigated further by analyzing its density of states, structure, and its other
properties so that the explanation of the decrease in magnetic moment in (Nd-Ce),Fe14B is understood
well.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Ryo Maezono/School of Information science.

- Assoc. Prof. Kenta Hongo/School of Information science.

- Assist. Prof. Kousuke Nakano/School of Information science
- Keishu Utimula/School of Material Science

A/How many co-authored publication with JAIST faculties so far [0].
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B/How many co-authored publication with JAIST faculties planed in future [2].

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES
(1]

5. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES
OCTAHEDRAL MORPHOLOGY OF NIO WITH (111) FACET FROM
TRANSFORMATION OF NIOHCL FOR NOX DETECTION AND DEGRADATION:
EXPERIMENT AND DFT CALCULATION

Nitrogen oxides (NOy) are poisonous gas to humans and the environment and needed to monitor
at an early stage. In another hand, facet design on metal oxide semiconductors is an efficient approach
to boost their gas sensing and photocatalytic performances due to desirable active sites. However, in a
rock-type structure NiO, a highly polar (111) exposed facet cannot exist as is due to thermodynamically
unfavorable. Herein, we report the synthesis of NiO with a dominantly (111) facet from the
transformation of a layered structure NiOHCI. Cl- ion may act as a ligand for (111) facet formation.
Among other crystal facets, NiO (111) exhibited the best NOx gas sensing response (16.5 %) to 300 ppb
level and deNOx photocatalytic ability over 50%. The DFT simulation revealed that the abundance of Ni
atoms in the clean (111) surface layer allows the favorable adsorption of N adatom, forming the Ni-N
bond. The charge transfer took place from NiO to NO orbital has proven to be a cause of bond
weakening and stretching from 1.1692 A to 1.2231 A, leading to NOx molecular decomposition,
consistent with the experimental results.

5.1 LIST OF PLANNED PUBLICATIONS
[1] 'High-throughput screening on mixed-valency of cerium in Nd;Fe1sB magnet', [Ryo Maezono,
Kenta Hongo, Kousuke Nakano, Keishu Utimula], [journal (temporary)].
[2] 'Octahedral morphology of NiO with (111) facet from transformation of NiOHCI for NOyx detection
and degradation: experiment and DFT calculation', [Adie Tri Hanindriyo, Ryo Maezono, Kenta Hongo],
[Applied surface science].

22



General Sieve Kernel # 72
Ideal Lattice Challenge & SVP Challenge D%t

T - KA AR I R EBE K,
HIR B
fi R SGI UV3000

Wi

BE., ABRBERE 5 & U CENE R O e IR EEE 2 555 72 RSA I 505 M #hfR b o B Bos B i o
PRI Z LS WIS BB BN ER ST g, UL, 2N ORBEIT KB R Fr— 1o &
TRIERENFEH T 5D & Shor D7 /LT Y XA L > CTHLIAXRM TG rIRE L 72D 2 &L T 5, National
Institute of Standards and Technology (NIST) (2 X V| & 7-5t5EHA WV C L MTREE 25 H o
RV, 2019 4F 1 HIZ 2 [HH OBE Round2 2¥MTbiviz, ZOH THAE T OMWEEZ HW I 715
MERMROREZHAOBRME LTHENITHY . BUE KIS OMIE L LR BHFZFEE 12 L - THAIZAT
O Tn5, NIST IR RO S HREZRD 5212, Round2 OEMIZEN - -5 X2 etz
FEL WD, RO E R E L TR SIT0 D8 715513 Shortest Vector Problem (SVP) @
fiE G EZ Wk B K Th D,

AWF7E1E SVP Challenge % 73 5 BRI H W BT 7z WorkOut OfftT 217 -7-, 72 G6K % H
T SVP Challenge Ofi#sit %47 ->7-, Ideal Lattice Challenge (2% G6K =i H 35 Z & T, tdka ¥
BTz, ffEF DR EIE SVP Challenge Tl 115, 120, 127, 129, 137. 138, 139, 142, 146 Rt DiL
FRAEHHT 5 Z & TE Tz, Ideal Lattice Challenge TITARMHIR LD 136, 138, 140, 144, 148, 150
Wota s 5 2 L3 T& 7z, SVP Challenge DfigFift R4 % 112, Ideal Lattice Challenge Df#giff
REFK2I”T

. = . : 77;#_:’/

# 1: SVP Challenge Dz 5 #% 2t Ideal Lattice Challenge Dfi#witit
SVP Hermite Total SVP Hermite Total
dim norm factor Wall time(h) CPU time(h) dim norm factor Wall time(h) CPU time(h)

> 2178 = . 2 [ ‘ =
MG 1T T 103908 o914 249741 150 32333 1.04756 167.29 7570.74
142 30125  1.00326 41.82 507.13 S 39987 104974 152.03 7034.00
139 3010.3 1.00935 185.36 1956.71 5 :"“"‘ ’ i (""““ !
138 20741 1.00065 20.91 946.34 144 31642 104370 96.08 1143.33
137 2896.8  0.97839 22.41 271.77
120 28185  0.98162 1.38 57.05
127 2880.6  1.01430 2.80 106.46
120 27202 0.98325 0.40 4.25
115 2649.1  0.97544 0.17 1.65
. =A
B A

1) EYEHE, FERTZE—ER, [TUV3000 & General Sieve Kernel % i\ 7= Ideal Lattice Challenge & SVP
Challenge DfiFFtfi ],  SCIS2020 3A2-4

23



EHRZ T B%x%?iﬁl?ﬂ(ﬁﬁiiﬂ A) IHERE  ARERE
JERERF AR R AR Mt BBt v 2 — HO &
fEFHETHR%: Cray XC40 {HHY 7 I Cray MPICH

1 FCHIC

ERE, 70ty YO RXZ—a7 ey A7 LOKBBEIETHEER, BIRGERHREE R E NS K5 1cx > 7z
B, FOMIRRFTRE R GG 57201, MPL AN—R & UTe < A X — « T — 1 —RIO i 51| LEERERE 2 5T L,
NAZ— /= FDREDT —/1—/ — PRI L TR A 7 28D M T 5T LTSI ZIT> TS, TORE, X AR —
J— Pb\%%%%#b‘*ﬁkﬁﬁ%#ﬁﬁ@ U —Jj— /= RO LTIV FF v A MDRLEL 5%, £ C, MPLZH]
WIEX RS — » T — ) — IO KRB SILEERSS T, F2f TR OBIN I DIEEIE 7)) — 7 2 B MG AT RES BT < L F-
Fv A b D b\fzréfmi C OBMZEH U, 2—T—DH SREEDEIMO ANCIMA TT 1 TT LOFATEREICEKD
B )L FF v A MCEHT 2 7030 2 LOREEETT 5 EHEC DV T ORIZEETTS .

2 HAEEIE

AT [1, 2] TR IVFF¥ A FOBEUET IV Y XL & LT binomial-tree (DLF, bino & M-5) & binomial-

tree scatter_ring_allgather (LA'F, ring &PFES) @D 2 fHD 7 )L TV X 7% JAIST ORI Z T (XC30) Ic5EEL, BlE
O CORTASL 72 S B oy R b L P ) R LEUD 2 % POe e L

Mﬂﬁf (&, SCHK[3] T ﬁ”ﬁ”&h“(b\% broadcast hybrid d (LR, hybrid d }:Eé) WX IVTFF v A B ZBLJAIST
83 (XC40[4]) ICF%E L#{ﬂﬁ%ﬁo Iz

hybridd 1, A vt —T% dBEILAEDS 3FHEO7 IV TV XLEHAGHOE TEERTTS 7)V3 V) XL THS. hybrid
d {&, scatter #5 & broadeast E8 & collect B 3 EE THEK E M T U5, scatter FRIZZEE LT A w b — I D4 8% d & D, 1d

B[ LTz R b — DR d & F D ) — ]*k%’h%’h#ﬁ@ \UTJ_E@L% roadcast ﬁBCi/\anﬁﬁbuﬁﬂbﬁ
ZAER L, root £75% 7 )V—7"0 2 i LRE & LT FOREEN 2 0 ARINICRZICTE L TS . T @E&{?%i}ﬁﬂ{_ ThVGE
TIBE, 7}1/—7 WT 1/dic Bl L7z Ay ﬂ—?b‘ﬁﬁ%bio'(b\%»{kﬂb&&% collect i1, doubhng 73V XIT
IRz fiF Fstage & LICIERZASET B Ay =TT A XZELITHIRL, AU X L=V RS TVAL /= FE Ay
Y=V DEZEEITOTOL. TNETIV—THNTHEDIRLITI T ETAYE—YDREEZE 785, 2O7I)VIY X
Llg, %ﬁﬁﬁﬁfﬁs%w& v hw 7/\—%)7»3}#«77\ MEREZ A L Tz,

4. /— FHEEEHE%Z M[Byte/sec], /— FIEBEELEZ S [sec] & L, LHEEICSINT %/ — FEZ p (p=2(
0= m)) BEY B Ay —YR% n [byte], broadcast hybrid TD X v — 73 [E% d (d = p, p(mod d) = 0, d=2" (
szf{“?)) é&ggp BUEARD @ XS R T v T DR stage & KIHT % &, hybrid d DO FOWBET A - T[sec] (&
R TR

T= (Q(dd D —i—élog2 g)nM+S(log2d—Hog2p) (1)

hybrid d &, d @{ﬁcgc]:o“c/ WAV ZLDOZEEH 2 Z HNZAFENET7IVI) ALEFEZ NS, BRI,
d=1129 % & AT CHEE L7 bino & SHIiRBI/EA ITRETH D, d=p & T % & ik [2] THRES AT bimomial-
tree_scatter_doubling_allgather (AT, doubling & FES) E%ﬁﬂ&@]ﬁfﬁ‘jﬁbffﬁé

3 REFER

hybrid 1, hybrid 4, hybrid 8, hybrid p(ALfZ/E 7' 112 280 D 5 DI DOV THE Y % T & & L. Cray XC40 D 64 / — R
%mmf¥ﬁ£%%ﬁot_£ﬁh®/ REd 4,8,16,32,64 /— FZHEL, %/ — R 1 70 AZE D Y TT—
A—/—RZE#L, EHLi/— bﬁ«ka/h—y®@m%ﬁn(-tﬁ/ RED . ZFhZno /— REIcx L
T 1[Kbyte] 25 1[Gbyte] & T 2 {&HIFE T A v 2 — /ﬁfx%ﬁkéﬁfﬁﬂ%ﬁot‘W%&&LT@W%hX/
Y —IFMET S/ — Kb 5/ — RISEEZTIRCEHlZ A2 —R L, &/ — bﬁﬁ«f@x/t D7D
ggéiégfﬁ%#ﬂﬁé»%%ﬁﬁkﬂm@@ﬁﬂ%ﬁW»huTU%m%hu%%%wt U Lt 5 e fid

1T Z.

X 41C 64 /— RZEEH LR/ — RICIVFF ¥ A L LaORERIE O GHEEiE log A7 —)b) 2,9, X 4
S FERFE R DE 0D 728 MPI T ping-ping 7117 7&72%2%[_// F FB'?JEEJEP;UDEWT‘—?%HWQLK HRTH 5.

SRIDOFEERZIT> TFPF TR, A v —I9 A A0 U CiEY)7a d 2R T E4UE hybrid d 703V X L7z Vv iz8)

IS 7 V3V ZALDOBREET I TH 3 T LD ERTE 1. ) )
_ZCTT, BE S/ — REE, WM Ay £ —IY A RSB U T d Diifiz Tl 2 € 7Vl et L llonlRet: 2
%ﬁpk.%?»ﬂ@@dk%wf@ XCA40 DIBIZHILIN A 7 12— 2 A Xl & o TEBT 5T L&, MPLOXT I
ST LIk o TG BIOBEEER EN T PRI 2 T L 2BR L. ZOMNE, dOYIVEZ 2LV 7ICD0n
Tki#&@ﬁﬁ%ﬂi ECHBH T LaMERLT.

24



4 EH

FeA TR OB LT F v A R THAE N TGO )V T X 728453 % hybrid d 2 W IBIN < LT F v A
R LA ZHER Uc. Ay =8 A ARG/ — FEUCIS U el d 23k 2 TR Z ORISR O
IZDWVWTIE, SBIRFETHRITZTETDHS.

—Bcast
80
i
ring o
~hybridl
y 60
~hybrid4 a
L0 50
hybrid8 2,
y # a0
~hybridp b
1 30
il
ME)
20
10
— / 0
LR EERLARE EEEFEERREE LR EEE
S g G E S S S f\jﬁ‘i)@%ﬁ N Xy —IH% 4 X[byte]

Xy t2—H 4 X[byte]
2: Cray XC40 O X v v — Y 1 X0 E(E T

K 1: A v t— VWA 2 L ORUEH O (p=64)

5 HiEF

R PR AL LRI [R5 KRS B (10T A2 %Y % % S S EIERLN) OBIRE T oML
e BRI L C o\ e 1\ T, BRACE, LSRRI A, MR D BRI B e LR g

253

[1] ERathilif, S Es, R E—H0: I TREO BN DHE R 7)) — T2 B r] fe/s MPLERES F COXILFF+ X
N OSEEE TS A SRS T 4+ —F L. FIT2016, RC-009, ppl-6, 2016(Sep.8).

[2] B RN TEZH WA Y250 T 4T3 2 Lb—2 3 VY AT LOZEZIGE LB IVTFFv A b
DIGH”, FHAREA ARG - AT ¢ 7 T RME RS 2017

[3] Mike Barnett, Satya Gupta, David G. Payne, Lance Shuler, Robert van de Geijn, Jerrel Watts:”Building a High-Performance
Collective Communication Library”,Proceedings of the 1994 ACM/IEEE conference on Supercomputing Pages 107-116

[4] https://www.jaist.ac.jp/iscenter/mpc/xc40/
[5] Bob Alverson:”Cray XC Srries Network”

25



Locality-Sensitive Hashing for Information Retrieval System on
Multiple GPGPU Devices

NGUYEN MAU TOAN 51620409@jaist.ac.jp

June 26, 2020

Abstract

It is challenging to build a real-time information retrieval system, especially for systems with high-
dimensional big data. Locality-Sensitive Hashing (LSH) is a common approach for reducing the number of
dimensions of a data set, by using a family of hash functions and a hash table. In this research, we propose to
use GPGPU to handle a huge number of queries in parallel.

I. INTRODUCTION

Nearest Neighbor Search (NNS) problem: The
problem of finding the point x* € X that is
closest to the query point g, using:

x* = NN(gq) = argmin Distance(q,x), (1)

xeX

where Distance(, ) is the distance function in
the d-dimensional space R? and argmin () is
the argument of the minimum function, which
returns the optimal argument. To find the most
similar item to the query.

Approximate Nearest Neighbor (ANN)
search problem: the ANN search is a modifica-
tion of the NNS, which estimates the nearest
neighbor using a threshold [1]. Find a point
x € X for the given query point g, in such a
way that

ANN(gq) = x| Distance(g, x) < c=* Distance(q, x*),

@)
where x* is the nearest neighbor of g in X and
c is the approximation factor.

II. METHODS

The preprocessing process is required to pre-
pare the hash table. To index all the items
from the dataset, we need to calculate the hash
values for all of them to detect the buckets.

In Figure 1, we propose to use multiple
threads of CUDA to process the probes of LSH.
There are a total of 128 threads are allocated
for process 126 probes, the last two threads are
stall. After the threads getting their result, sev-
eral threads need to be stalled for other threads
to merge the kNN results. To avoid conflict
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Figure 1: Parallel search using multiple threads of
GPGPU

writing, the merging process is divided into
h steps, after each step, we use a barrier for
synchronizing all threads before moving to the
next step.

III. REsuLTts AND DiscussioN

By using an inverted file for the hash table, we
can simply the transferring process between
CPU and GPU. Compare to performance on
CPU on the same node (vpcc-gpu), we can
archive the speed-up ratio up to 71 times with
high GPU occupancy from 50% to 82%.

REFERENCES
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ACTIVITY REPORT OF FY2019

1. PROJECT TITLE:

AB INITIO CALCULATIONS OF PHOTOCATALYST ACTIVITY OF
ZNO NANOWIRE

PRINCIPAL INVESTIGATOR: Mohaddeseh Abbasnejad
AFFILIATION: Shahid Bahonar university of Kerman, Kerman, Iran
WEBPAGE: http://academicstaff.uk.ac.ir/moabbasnejad
MACHINE USED: (XC40/Altix/hster/Linux cluster) hster, XC40

2. PROJECT DESCRIPTION:

Zinc Oxide (ZnQ) is an example of semiconducting materials which has attracted most attention
due to its wide range of applicability in optoelectronic and electronic devices, catalysis and gas sensing.
Zn0 is usually crystalized in two main forms, namely hexagonal wurtzite and cubic zinc blende in the
ambient conditions. However, the former is the most stable one while the latter is metastable.
Furthermore, ZnO exhibits many applications at the nanoscale which its performance and properties
are controlled by its surface owing to its high surface to volume ratio. Wurtzite ZnO has comprised of
both polar and non-polar surfaces.

In the current project, we desire to investigate the structural and electrical properties of ZnO
surfaces in the framework of density functional theory using plane wave pseudopotential method as
implemented in Quantum ESPRESSO package. Moreover, since adding impurities may also affect the
properties of pristine ZnO surfaces, those properties will also study in presence of doped impurities.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Ryo Maezono/School of information science.

A/How many co-authored publication with JAIST faculties so far [3].
B/How many co-authored publication with JAIST faculties planed in future [at least 2].

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES

[1] “Bandgap reduction of photocatalytic TiO; nanotube by Cu doping”, S. K. Gharaei, M. Abbasnejad,
R. Maezono, Scientific reports 2018, 8 (1), 14192.

[2] “Magnetic ordering of Ti-doped single ZnO monolayer”, O. Jowhari Shirazi, M. Abbasnejad, R. Fathi,
R. Maezono, under preparation.

5. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES
Study of various polar and non-polar ZnO surfaces using ab initio calculations.

5.1 LIST OF PLANNED PUBLICATIONS

[1] 'Electronic and magnetic properties of ZnO non-polar surface', [Ryo Maezono], [Journal of Physics:
Condensed Matter].
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ACTIVITY REPORT OF FY2019

1. PROJECT TITLE:
STUDY OF THE ROLE OF EXACT EXCHANGE USING HYBRID FUNCTIONALS ON

THE PHONON DISPERSIONS OF PEROVSKITE CRYSTALS

PRINCIPAL INVESTIGATOR: Dr Bartomeu Monserrat
AFFILIATION: University of Cambridge
WEBPAGE: http://www.tcm.phy.cam.ac.uk/~bm418/

IMACHINE USED: XC40

2. PROJECT DESCRIPTION:

Density functional theory (DFT) is the workhorse of material simulations. Most DFT studies are
based on semilocal density functionals (LDA, GGA) because they provide reasonable accuracy at small
computational cost. More advanced methods, such as hybrid functionals, which include a fraction of
exact exchange, are significantly more accurate but come with a much larger associated
computational cost. In practice, this has meant that hybrid functionals can only be used for
elementary calculations like total energies and band structures, but have so far not been extensively
used for more advanced calculations such as phonons or electron-phonon coupling.

We have recently developed a new strategy to perform phonon and electron-phonon coupling
calculations, based on nondiagonal supercells [PRB 92, 184301], that is multiple orders of magnitude
more efficient than earlier methods without loss of accuracy. Using these state-of-the-art techniques,
we can explore the interplay between phonons and electronic structure methods beyond semilocal
DFT.

In this project, we aim to study the role of exact exchange using hybrid functionals on the phonon
dispersions of perovskite crystals. We have preliminary data indicating that some cubic perovskite
crystals are predicted to show phonon instabilities in semilocal DFT, contrary to experiment in which
the cubic structures are observed at all temperatures. Performing these calculations with hybrid
functionals removes the instabilities, reaching for the first time agreement with experiment. In
collaboration with Prof. Ryo Maezono, we plan to extend these calculations to multiple similar
compounds in which there is a disagreement between the semilocal DFT predictions and experiment,
to investigate whether hybrid DFT can also resolve these discrepancies.

This benchmark study will prove instrumental to the accurate study of complex materials in which
semilocal DFT fails even to predict the correct ground state structure. Longer term, we plan to extend
these studies to include electron-phonon interactions.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Ryo Maezono/School of Information Science.

A/How many co-authored publication with JAIST faculties so far [3].
B/How many co-authored publication with JAIST faculties planed in future [multiple].

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES
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[1] Chen, Maezono, Chen, Grosche, Pickard, Monserrat, J. Phys. Materials 3, 015007 (2019)
[2] Ha, Karasulu, Maezono, Brunin, Varley, Rignanese, Monserrat, Hautier, arXiv:2004.05390

5. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES

Provide contents if you'd like to use our facilities in FY2020

5.1 LIST OF PLANNED PUBLICATIONS
Multiple publications using our state-of-the-art phonon and electron-phonon coupling codes. The next

paper that will come out is (preliminary title):
[1] 'The importance of exact exchange for phase stability of perovskites', Hu, Maezono, Monserrat, in

preparation.
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[1] Y. Takano, H.-J. Su, Y. Shiraishi, and M. Morii, “A spatial-temporal subspace-based compressive channel
estimation technique in unknown interference MIMO channels,” IEEFE Trans. Signal Process., Vol. 68, pp. 300—
313, 2020. 32
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ACTIVITY REPORT OF FY2019
1. PROJECT TITLE:

AB INITIO SEARCH OF POLYMER CRYSTALS WITH HIGH
THERMAL CONDUCTIVITY

PRINCIPAL INVESTIGATOR: Keishu Utimula
AFFILIATION: School of Material Science, JAIST
MACHINE USED: (XC40/Altix)

2. PROJECT DESCRIPTION:
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3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS
- Dr. Tom Ichibha / School of Information Science, JAIST / ORNL

- Prof. Ryo Maezono / School of Information Science, JAIST
- Prof. Kenta Hongo / Research Center for Advanced Computing Infrastructure, JAIST / RCACI / PRESTO

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES

[1] K. Utimula, T. Ichibha, R. Maezono, K. Hongo, "Ab initio search of polymer crystals with high
thermal conductivity”, Chem. Mater. 31 13 (2019)
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ACTIVITY REPORT OF FY2019

1. PROJECT TITLE:

AB INITIO THERMODYNAMIC PROPERTIES OF CERTAIN COMPOUNDS IN ND-
FE-B SYSTEM

PRINCIPAL INVESTIGATOR: Adie Tri Hanindriyo
AFFILIATION: Maezono Laboratory, School of Materials Science, JAIST
MACHINE USED: (XC40/Altix/Linux cluster)

2. PROJECT DESCRIPTION:

In this work, we report the results of ab initio calculations of thermochemical properties of
several compounds in the Fe-Nd, B-Nd and B-Fe-Nd systems. We have performed DFT+U calculations
to compute the enthalpy of formation of the compounds NdBe, NdB4, Nd,Bs, Nd;Fe17 and NdsFe;Be. It
was found that the values obtained with an effective Hubbard U correction have better agreement
with the experimental data. We have also computed the vibrational contribution to the heat capacity
(Cp) of the compounds as a function of temperature was computed using the quasiharmonic
approximation. For most of the compounds these properties have not been experimentally
determined until now. Electronic contribution to the heat capacity has been calculated as well from
electronic structure calculations. A part of the results in this work has been applied to the re-
optimization of the binary Nd-B phase diagram.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Ryo Maezono/School of Information Science.
- Prof. Kenta Hongo/ School of Information Science.

A/How many co-authored publication with JAIST faculties so far [1].
B/How many co-authored publication with JAIST faculties planed in future [2].

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES

[1] A. T. Hanindriyo, S. Sridar, K. C. Hari Kumar, K. Hongo, and R. Maezono. “Ab initio thermodynamic
properties of certain compounds in Nd-Fe-B system”. Comp. Mater. Sci., 180, 109696

5. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES
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OCTAHEDRAL MORPHOLOGY OF NIO WITH (111) FACET FROM
TRANSFORMATION OF NIOHCL FOR NOX DETECTION AND DEGRADATION:
EXPERIMENT AND DFT CALCULATION

Nitrogen oxides (NOy) are poisonous gas to humans and the environment, and needed to monitor
at an early stage. In another hand, facet design on metal oxide semiconductors is an efficient approach
to boost their gas sensing and photocatalytic performances due to desirable active sites. However, in a
rock-type structure NiO, a highly polar (111) exposed facet cannot exist as is due to thermodynamically
unfavorable. Herein, we report the synthesis of NiO with a dominantly (111) facet from the
transformation of a layered structure NiOHCI. CI- ion may act as a ligand for (111) facet formation.
Among other crystal facets, NiO (111) exhibited the best NOx gas sensing response (16.5 %) to 300 ppb
level and deNOx photocatalytic ability over 50%. The DFT simulation revealed that the abundance of Ni
atoms in the clean (111) surface layer allows the favorable adsorption of N adatom, forming the Ni-N
bond. The charge transfer took place from NiO to NO orbital has proven to be a cause of bond
weakening and stretching from 1.1692 A to 1.2231 A, leading to NOx molecular decomposition,
consistent with the experimental results.

A NEW LAYERED PEROVSKITE FAMILY BUILT FROM [CETA207] LAYERS:
MECHANISM OF THE SPECIFIC CHROMOPHORE

A Ce3+-based layered perovskite compound, RbCeTa,07, has been firstly discovered in Dion-
Jacobson type, introducing only trivalent cerium ion to form the [CeT,0;]" layers. Specific green
choromophore was experimentaly and theoretically ascribed to the two transitions of ligand-to-metal O
2p — Ce 4f and metal-to-metal charge transfers of Ce 4f - Ta 5d.

5.1 LIST OF PLANNED PUBLICATIONS

[1] 'Octahedral morphology of NiO with (111) facet from transformation of NiOHCI for NOx
detection and degradation: Experiment and DFT calculation', R. Maezono, Applied Surface
Science

[2] ‘A New Layered Perovskite Family Built from [CeTa,07]" Layers: Mechanism of the Specific
Chromophore’, R. Maezono, Journal TBD
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ACTIVITY REPORT OF FY2019

1. PROJECT TITLE:

RAP VR B T EERWE
TNI=U LTI T RETORFEEDRRE
PRINCIPAL INVESTIGATOR: Nobuya Watanabe

AFFILIATION: School of Material Science, JAIST
MACHINE USED: (XC40)

2. PROJECT DESCRIPTION:

3.
3.1 LIST OF CO-AUTHORS
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27,

NAME OF CO-AUTHORS IN JAIST

- Prof. Ryo Maezono / School of Information Science, JAIST
- Prof. Kenta Hongo / Research Center for Advanced Computing Infrastructure, JAIST / RCACI / PRESTO

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES
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ACTIVITY REPORT OF FY2019

1. PROJECT TITLE:

HIGH-THROUGHPUT SCREENING OF SUPERCONDUCTING TRANSITION
TEMPERATURES OF THCR2SI2-TYPE CRYSTAL

PRINCIPAL INVESTIGATOR: Gewinner Senderanto Sinaga
AFFILIATION: JAIST
IMACHINE USED: (XC40)

2. PROJECT DESCRIPTION:

Superconductors have attracted substantial attention owing to their significant potential in numerous
industrial applications. However, the discovery of new compounds as candidates for accommodating
superconductivity remains very challenging in experimental approaches as a result of the time
consumption and high costs involved. In this study, we focus on ThCr;Si;-type compounds with
14/mmm symmetry and predict their Tc values by combining first-principles phonon simulations with
models based on the Bardeen—Cooper—Schrieffer theory. Although thousands of compounds exhibit
this structure, no comprehensive and systematic study has yet been conducted on this topic. With
reference to the NIMS database, our Tc results demonstrate fairly good agreement with the
experimental data. Our investigation of the ThCr,Si, family reveals that ThCu,Si, and ThAu,Si; may be
possible conventional superconductors, as confirmed by the electron-phonon coupling coefficient and
Fermi surface visualization, with Tc values of approximately 3.88 and 4.27 K, respectively. Our first-
principles phonon simulations confirm that both compounds exhibit non-negative frequencies,
indicating their dynamical stability at ambient temperatures. The band structure and projected density
of states analyses indicate a metallic nature, where the highest contributor originates from the d-
orbital of a rare-earth element, with the p-orbital of Si exhibiting a mixture of covalent, ionic, and
metallic bonds in both compounds. Moreover, Fe or Co-based compounds cannot be explained simply
by electron—phonon interaction. This discrepancy between the theory and experiment implies that the
investigated compounds are unconventional superconductors.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS
- Prof. Ryo Maezono/School of Information science.

- Assoc.Prof. Kenta Hongo/School of Information science.
- Dr. Kousuke Nakano/School of Information science.

A/How many co-authored publication with JAIST faculties so far [01 (Arxiv)].
B/How many co-authored publication with JAIST faculties planed in future [02].

4. PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES

[1] High-throughput screening of superconducting transition temperatures of ThCr,Si>-type crystals
(arXiv: 1911.1071)
[Gewinner Sinaga, Keishu Utimula, Kousuke Nakano, Kenta Hongo, Ryo Maezono]

5. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES
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AHIGH-THROUGHPUT APPROACH : FIRST PRINCIPLES PHONON
SIMULATIONS OF STRUCTURAL STABILITIES AND THERMAL PROPERTIES OF
THCR2SI2-TYPE STRUCTURE

We developed high-throughput screenings of the phonon properties over around 1,000 compounds
with ThCr;Si>-type structure, being known as superconductors. Around 80% of the compounds are
found to be kept stable within the higher symmetric structure, /4/mmm. However, for such
compounds showing structural instabilities, we found that the instability is mainly occurred in B site
(transition metal) resulting in the destabilization bond between transition metal and p-block elements.
We also provide a table of the negative modes of the phonon dispersions.

AB INITIO ELECTRONIC STRUCTURE SIMULATIONS OF NEW MIXED-ANION
COMPOUNDS

Exploration of new oxyhydrides has been attracted a substantial interest owing to their intriguing
properties such as luminescence or H- conductivity. However, oxyhydrides with d electrons (transition
metals) are difficult for expanding their properties due to the difficulty to undergo a reduction of
transition metal. Therefore, we are focusing on investigating the novel oxyhydrides using topotactic
lanthanoid reductions without transition metal. In this research, we investigate BaCeO3 as initial
structure (Ce4+) and then by substituting one O atom with one H atom, we will get BaCeO2H (Ce3+)
according to the following reaction:
BaCeOs + CaH, — BaCeO;H + Ca0

The problem arises since there are several possibilities where O atom will be substituted by H atom.
Thus, as a preliminary step, we consider all the possibilities and by performing ab initio calculations,
the ground state energy can be determined and compared as the lowest energy results in the most
stable structure. We have found that O atom should be substituted by H atom in the apical site. For
future plan, i will work on investigating projected density of states (PDOS), band structure, phonon
calculation, and charge density, in order to obtain deeper understanding into electronic properties.

5.1 LIST OF PLANNED PUBLICATIONS
[1] ' A high-throughput approach : first principles phonon simulations of structural stabilities and
thermal properties of ThCr2Si2-type structure', [Gewinner Sinaga, Keishu Utimula, Kousuke Nakano,
Kenta Hongo, Ryo Maezono], [journal (temporary)].
[1] ' Ab initio electronic structure simulations of new mixed-anion compounds ', [Gewinner Sinaga,
Kenta Hongo, Ryo Maezono], [journal (temporary)].
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ACTIVITY REPORT OF FY2019

1. PROJECT TITLE:
AB INITIO EVALUATION OF COMPLEXATION ENERGIES
FOR CYCLODEXTRIN DRUG-INCLUSION COMPLEXES

PRINCIPAL INVESTIGATOR: Kenji Ogmhula
AFFILIATION: Hongo Lab. JAIST, Nomi, Ishikawa, Japan
MACHINE USED: (xc40/Altix/Linux cluster)

2. PROJECT DESCRIPTION:

HHRFE DDA LEWRORGHIIT, BEHEAR L 2D, A NF A Ny TRIOEE=T
FNFX—OREDVLETH D, EERETIETH DEEPLBEIED)IX, S {LEYR THE
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TN NRE U THERSNDAEROAE RN —EEEZTol, FHE IR MIEWR, 7
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XC O FRIMEREFEM 21T o 7o, AREFFEICH W XC 1%, I3V ZLBE(Mo6L, MO06-2X).,
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3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS
- Prof. Maezono Ryo /School of information science.
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4.

- Associate Prof. Hongo Kenta/ School of information science.

A/How many co-authored publication with JAIST faculties so far [2].
B/How many co-authored publication with JAIST faculties planed in future [2].

PUBLICATION LIST DURING FY2019 USING JAIST FACILITIES

[1] "Ab initio evaluation of complexation energies for cyclodextrin drug-inclusion complexes",
K. Ogmhula, K. Hongo, R. Maezono, T. Ichibha, ACS Omega (under revision)

[2] "Light Absorption Properties and Electronic Band Structures of Lead-Vanadium-Oxyhalide Apatites",
M. Nakamura, K. Ogmhula, K. Utimula, M. Eguchi, K. Oka, K. Hongo, R. Maezono and K. Maeda,
Chem. Asian J. 15, 540-545 (2020)

[3] "Two-Dimensional Perovskite Oxynitride K;LaTa;OeN with an H*/K* Exchangeability in Aqueous
Solution to Form Stable Photocatalyst for Visible-Light H, Evolution", T. Oshima, T. Ichibha, K.
Ogmbhula, K. Hibino, H. Mogi, S. Yamashita, K. Fujii, Y. Miseki, K. Hongo, D. Lu, R. Maezono, K. Sayama,
M. Yashima, K. Kimoto, H. Kato, M. Kakihana, H. Kageyama and K. Maeda, Angew. Chem. Int. Ed. 59,

2-10 (2020)

. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES

Study on thermal conductive polymer crystal
Study on the structure robustness for electrochemical reaction of cobalt hydroxide

5.1 LIST OF PLANNED PUBLICATIONS

[1] "High throughput exploration of high thermal conductive polymer crystal", [Ryo Maezono, Kenta.
Hongo], [journal (temporary)].

[2] "Structure robustness for electrochemical reaction of cobalt hydroxide", [Ryo Maezono, Kenta.
Hongo], [journal (temporary)].
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Polymer structure property relationship in order to understand thermal stability and
solubility using DFT method
School of Materials Science, Kaneko Lab
Machine: UV 3000
Abstract: Polybenzimidazole copolymer with polyamide shows unprecedented thermal stability, due
to the inter-chain hydrogen bonding between imidazole rings. For better understanding, monomeric
molecular models were geometrically optimized and calculated to obtain H-bond energies using DFT
simulation method. In other case, polyimide structures were considered for solubility calculation;
while metal has been substituted using DFT based PCM and SMD methods. Solvation energy, charge

density were calculated over the molecules while considering models with different metal atoms.
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Published papers:

1) Ultrahigh Thermoresistant Lightweight Bioplastics Developed from Fermentation Products of
Cellulosic Feedstock (submitted)

Obtained budget (If you got.)
1 N/A
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1) "Insight into Structural Distribution of Heterogeneous Ziegler-Natta Catalyst from Non-empirical Structure Determination”,
Gentoku Takasao, Toru Wada, Ashutosh Thakur, Patchanee Chammingkwan, Minoru Terano, Toshiaki Taniike, ACS Catalysis,
Under review.

B A TR

1) "Modeling primary particles of Ziegler-Natta catalysts based on machine learning-aided DFT calculations", Gentoku Takasao,
Toru Wada, Ashutosh Thakur, Patchanee Chammingkwan, Minoru Terano, Toshiaki Taniike, Sth Blue Sky Conference, Naples
and Sorrento, Italy, Jun. 24-28, 2019, poster.

2) "Structures of TiCl4-Capped MgCI2 Nanoparticles Determined by Machine Learning-Aided DFT Calculations", Gentoku
Takasao, Toru Wada, Patchanee Chammingkwan, Minoru Terano, Toshiaki Taniike, 2§ 49 [BlG 3 - At Filime, 1L,
2019 4£ 10 A 30-31 H, —fxHEE (i H A& ICEH).

3) "Features of TiCl4 on Primary Particles of Ziegler-Natta Catalysts Studied by Machine Learning-Aided DFT Calculations",
Gentoku Takasao, Toru Wada, Patchanee Chammingkwan, Minoru Terano, Toshiaki Taniike, Asian Polyolefin Workshop 2019,

Hiroshima, Japan, Dec. 2-6, 2019, oral.
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Figure 1. Pair distribution function of amorphous SiO2
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Single-Molecule Imaging of a Polymer and All-atom MD Simulations

<7 IV A= RFR
R fdt—

i HEHREE © vpee
i1 7 K : BIOVIA Materials Studio (Forcite, Amorphous Cell)

1. Direct Measurement of Long-Chain Branch in a Low-Density Polyethylene
Low-density polyethylene (LDPE) has short-chain
branch (SCB) and long-chain branch (LCB). In
particular, the influence of the structure of LCBs on
polymer properties is remarkable; however, it has
been difficult to precisely analyze LCB structures.
In this study, we measured the chain length of
LCBs and the distance between branch points of
LDPE by atomic force microscopy. Consequently,
three LCBs were confirmed in a main chain of 162
nm, and their length were measured as 10, 31, and
18 nm. The positions of the LCBs were 33, 70, and
78 nm from the main-chain end.

Main-Chai
u.:'f= m"nm C

LCBs

[2.6] = 10 nm

3.7 =31 nm 5
[4.8] = 18 nm

Position of LCBs

11.2]= 33 nm

{20%)

[1.3]1=70 nm

(43%) 2

(1.4) = 78 nm

(48%) 'V

Pitch of LCBs
123) = 37 nm
[34] =8 nm

2. One-step synthesis of one-dimensional supramolecular assemblies composed of helical
macromolecular building blocks

Living systems achieve sophisticated functions using supramolecular protein assemblies, in
which the protein building blocks possess a specific secondary structure and are noncovalently
arranged in a preprogrammed manner. Herein, we demonstrate the one-step synthesis of
one-dimensional macromolecular assemblies by simply mixing a glycine-based isocyanide with
a nickel catalyst, in which helical constituent polymers are linked end-to-end through multiple
hydrogen bonds. The applicable scope of this approach is not confined to a particular monomer
bearing a specially designed pendant, but covers a wide range of glycine-based isocyanides with
or without aromatic and other functional groups. Surprisingly, copolymerization with an
analogous chiral isocyanide (1 mol%)

afforded an almost perfect one-handed c- 1-D Supramolecular
helical supramolecular fiber owing to N One Helix Assembly +ﬁ+uso
intramolecular/intermolecular dual Gl Step /IO

chiral amplifications. The simplicity ;
and broad applicability of this Broad Applicability
approach, which can also afford <
exquisite chiral amplification, enable f h%
the creation of a wide variety of 1 Chain
functional supramolecular assemblies %‘7 j

and provides access to new
supramolecular materials.
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3. Optically active triptycenes containing hexa-peri-hexabenzocoronene units

A pair of novel optically active triptycene-based molecules ((R,R)-1 and (S§,5)-1) containing two
hexabenzocoronene moieties were synthesized and their optical and chiroptical properties were
investigated. Optically active 1 emitted preferred-handed circularly polarized light upon UV
irradiation, with the luminescence dissymmetry factors found to be approximately 1.0 x 10
Based on a comparative study using the analogous triptycene derivative with two
hexaphenylbenzene units (2), which was the key precursor of 1, the ladder-type rigid structure
with an asymmetrically bent geometry was important for optically active 1 to exhibit circularly
polarized luminescence (CPL).We also showed that rac-1 undergoes conglomerate
crystallization, which allowed CPL to be produced by a random selection of crystals prepared
from rac-1.

4. Synthesis of a one-handed helical polythiophene: a new approach using an axially
chiral bithiophene with a fixed syn-conformation

We report an optically active polythiophene capable of forming a one-handed helically folded
conformation without needing aggregate formation, poor solvent conditions, hydrogen-bonded
ion-pair formation or guest addition. The target polythiophene (poly-TR) with a static axial
chirality in the main chain was synthesized via Stille coupling copolymerization of a
glucose-linked chiral 5,50-dibromobithiophene with 2,5-bis(stannyl)thiophene. Poly-TR
showed a characteristic circular dichroism and circularly polarized luminescence, which were
completely different to those observed for an analogous polymer (poly-PhR) and the
corresponding  unimer/dimer  model

compounds. This chiroptical study,

combined with the .results Qf all—gtom static R'? 0 -
molecular dynamics simulations, axial b ocH, good
revealed that poly-TR can fold into a .cmrautg solvent

left-handed helical conformation under
good solvent  conditions.  Partial
conformational regulation derived from
the fixed syn-conformation of the chiral
bithiophene unit was considered a key
factor in producing the one-handed
helical polythiophene.

MEL mnl >
PolythiopliGile
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Highly proton-conductive polymer thin films

with molecularly oriented structure

School of Materials Science
Yuki Nagao
Used MPC : pce

Abstract
A study of ‘thin’ Nafion ionomers has attracted fuel cell researchers because the part of the
ionomer is important to improve the fuel cell performance. Combined to the other measurements,

density functional theory was applied to obtain the optimized structure of Nafion using the DMol3
package in Materials Studio 2018 (BIOVIA) in JAIST.

For the last 10 years, the study of ‘thin’ Nafion (Fig. 1) ionomers for polymer electrolyte fuel cells
has attracted researchers because its ionomer is necessary for fuel cell reactions V. Thin ionomers
serve to transport protons from the proton-conductive membrane to the electrochemical catalyst in
fuel cells. Protons are transported through the thick membrane but along the thin ionomer at the
interface in catalyst layers. The main chain of Nafion in thin films are molecularly oriented to the
substrate surface.? As a result of the molecular orientation, the proton conductivity of Nafion thin
films are drastically changed compared to that of the bulk Nafion membrane.? Recently the author
summarized recent study (2017-2019) of the Nafion thin films in the review articles.? In this review,
the author calculated the structure of Nafion using density functional theory (DFT) as presented in
Fig. 2. DFT calculations in JAIST were performed to obtain the optimized structure of Nafion using
the DMol3 package in Materials Studio 2018 (BIOVIA). Combined to the other results from IR
ppolarized multiple-angle incidence resolution spectrometry (pMAIR) results, results indicate that
main chains of Nafion were oriented to the in-plane direction to the substrate surface and that the

main chain orientation was enhanced with decreasing thickness.

{@FZCFﬁ;Ccm:F}1
oFs

\
O-CF,~CF-0-CF,-CF;-SO3H

Figure 1 Structure of Nafion. Figure 2 Optimized structure of Nafion.
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First-principles study of Dielectric-Screening Reduction-Induced Large
Transport Gap in Suspended Sub-10 nm Graphene Nanoribbon
Muruganathan Manoharan
Mizuta-Manoharan Lab, School of Material science, JAIST,
Machines used: Cray XC40, VPCC
Program code: QuantumATK

The large energy gap for the zigzag graphene nanoribbon (ZGNR) is caused by anti-ferromagnetic coupling
between opposite edges that results in an anti-ferromagnetic insulating ground state in the quasi-1D GNRs.
Also, edges of free-standing films patterned by focused ion beams always exhibit a certain degree of edge
roughness, whose extent depends on the ion species and, more importantly, the beam diameter. So, we
investigate the influence of the sub-nanometer probe helium ion beam (HIB)-milled edge roughness, edge
orientation, and width on the emergence of the energy gap by density functional theory (DFT) calculations.
Furthermore, due to the unknown crystallographic direction of the HIB-milled edges, we have to consider
different possible edge configurations. They depend on the angle 0 between the crystal orientation and the HIB
milling direction. Apart from zigzag (Z, 6 = 0°) and armchair (4, 6 = 30°), Z-dominated (ZD; e.g., 6 = 8.9°)
and A-dominated (AD;, e.g., 6 = 19.1°) can occur.

Point defects in narrow armchair GNRs (AGNRs) are understood to cause the formation of midgap states,
which reduce the effective energy gap. Nevertheless, we will show that neither the presence of edge defects nor
the edge orientation nor the width of the GNR can cause the energy gap to disappear in suspended graphene. In
AGNRs, double vacancy edge defects are predominant, while triple vacancies with two missing edge atoms
appear preferentially in zigzag GNRs (ZGNRs). In case of 6 nm wide ZGNRs, our calculation shows that the
expected edge roughness does not affect the emergence of the anti-ferromagnetic insulating ground state as the
spin states on the opposite edge occupy different sublattices. Moreover, the presence of armchair edge
irregularities does not lead to any midgap states. In armchair-dominated GNRs (ADGNRs), these irregularities
introduce potential fluctuations, which lead to a slight increase in the energy gap. In the case of ADGNRs,
introduced potential fluctuations do not abruptly break the edge states and the energy gap almost remains
unchanged. In the other crystal orientations, either AGNR or ZGNR characteristics dominate. Therefore, the

dominating edge configuration decides the entire GNR characteristics.

Published papers:
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nanoscale Si Esaki diodes” Applied Physics Letter, Vol. 114, 243502, 2019.
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1. Highly-accurate and self-powered environmental sensor based on integrated graphene NEMS-nano particles with

signal amplification Kakenhi Number:18K04260 (PI: Muruganathan M.).
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Fig. 1. Crystal structure of V4GeSs Fig. 2. Temperature dependence of Seebeck coefficient
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Berry curvature calculation in hBN/Bilayer graphene heterostructure

Kareekunnan Afsal

Mizuta Lab

School of Materials Science
Machine Used: XC40
Program Code: SIESTA

Introduction of Berry's phase and related effects has led to the study of yet another degree of
freedom in electrons i.e. valley degree of freedom and a brand new branch of research, Valleytronics [1].
This degree of freedom gives scope for a novel information carrier for electronic devices, apart from the
charge and spin degree of freedom [2-3]. Berry phase has given rise to various physical properties such as
Berry curvature and orbital magnetic moment. Berry curvature, which can be described as a pseudo-
magnetic field in the reciprocal space drives the carriers to the opposite edges of the materials according

to the direction of the curvature in the presence of an in-plane electric field. This phenomenon is called
Valley Hall Effect (VHE). There have been several studies on the valleytronics properties of bilayer
graphene (BLG). However, the valleytronic properties of hBN-bilayer graphene heterostructure are not
studied extensively. hBN is widely used as a clean and uniform dielectric layer for bilayer graphene.
Thus, herein, we study the valleytronics properties of the hBN-BLG heterostructure.
The ab initio calculations are performed using the LCAO method implemented in SIESTA [4]
based on van der Waals exchange-correlation functionals. A vacuum layer of thickness 25 A was used to
avoid the interaction between adjacent bilayers. A fine Monkhorst-Pack grid of 40 x 40 x 1 and a mesh
cut off of 500 Ry were used in all the calculations. Berry curvature was calculated using Wannier90 [5].
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Figure 1: Berry curvature calculation for various configurations of hBN/Bilayer graphene heterostructure. (a)
hBN/BLG heterostructure where hBN is only present at the bottom. (b) hBN/BLG/hBN heterostructure where hBN
is present both at the top and bottom which is out-of-phase with each other. (¢c) hBN/BLG/hBN heterostructure
where hBN is present both at the top and bottom which is in-phase with each other.
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First principles investigations of thermoelectric properties in half Heusler
topological non-centrosymmetric systems

Dr. Rakesh Kumar

Indian Institute of Technology Ropar, India
Machine used: Cray-XC40

Program code: VASP

Recent discovery of non-trivial topological phases has attracted enormous attention in the
condensed matter community due to the involved interesting physics, which opens up tremendous
opportunities for their applications in next-generation spintronic devices. The topological
materials such as topological insulators (TI), and topological semi-metals (TSM) are realized by
time-reversal protected surface states which makes them a distinctive quantum state of matter for
the transport of spins. In addition, it has been reported that some of the non-centrosymmetric
topological semi-metal like HgTe may also be a possible candidate for thermoelectricity.
Currently, we are investigating half-Heusler compounds LiAuTe for topological phase as well as
its thermoelectric properties primarily using Density functional theory as implemented in Vienna

ab initio simulation package (VASP).
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1. Thermoelectric properties of half-Heulser compound LiAuTe (under preparation)
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