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ITERAEY « 2T T — R 2T 1(280-node/35840-core) : Dell PowerEdge R6525
M RRTEFLMERE: 1.48PFLOPS
VEZER 5 —#8E1%: 200TB (Lustre)
J— R Rk
CPU: AMD EPYC 7H12 2.6GHz (64-core X 2)
Memory: 512GB (32GB DDR4/3200 SDRAM X 16)
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GNU/Intel OpenAPI/AOCC
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Large Memory Node-S (1-node/144-core): HPE Superdome Flex
CPU: Intel Xeon G-6240M 2.6GHz (18-core) X 8
Memory: 12TB

Large Memory Node-1 (1-node/72-core): HPE ProLiant DL560
CPU: Intel Xeon G-6140 2.6GHz (18-core) X 4
Memory: 6TB

Large Memory Cluster (30-node/1920-core): HPE ProLiant DL560
CPU: Intel Xeon G-6242 2.8GHz (16-core) X 4
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GPU /—F(8-node/16-GPU): Fujitsu Primergy CX2570 M4
CPU: Intel Xeon Gold 6130 2.1GHz (16-core) X 2
GPU: NVIDIA Teslta P100 X2
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GPU Node 1 (10-node): Dell PowerEdge R750
CPU: Intel Xeon Gold 5329 2.2GHz (26-core X 2)
Memory: 512 GB
GPU: NVIDIA A100x 2

GPU Node 2 (20-node): Dell PowerEdge R750
CPU: Intel Xeon Gold 5329 2.2GHz (26-core X 2)
Memory: 512 GB
GPU: NVIDIA A40 x 2
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ACTIVITY REPORT OF FY2021

1. PROJECT TITLE:
Ab initio exploration of BCS-type superconductors

for ThCr,Si,;-type compounds

PRINCIPAL INVESTIGATOR: Kenji Ogmhula
AFFILIATION: Hongo Lab. JAIST, Nomi, Ishikawa, Japan
ADDRESS: 1-1 Asahidai, Nomi, Ishikawa 923-1292 Japan
PHONE: +81-761-51-1301

EMAIL: mwkokk1907 @icloud.com

WEBPAGE: None

MACHINE USED: (kagayaki/vpcc)

2. PROJECT DESCRIPTION:

T8 RERe Ce REBLAM Lo T2 BCS BB GENR D FHE 2 TR B
BRI S (T) 2 BT 2L BB R - I R ENTW5, TDi=wH, BCS ARmEA
DRBHEDFH OB NENATON TN D, HJRE T + / VFHRE & Allen-Dynes A4S
OB T THNE, BCS AUBMREROBEBR A IMEI TS L L TCEAREE TS, L
MDLRNE ., BRARBEMIEAWIST DA Z—TF  FEFEIT, FHEEIR OB O K #
ThdrEBEZOND, £ T, HAIFIWOITEMEREET — ¥ X—R 28N TN D
ThyCrySi; 52 D 1883 (LA M A FIHIBEAHIZFRE Lz, Z OILAWRED O RRBRAOFEIE & M2 e
ISRV IABREIT Tz, £, BCS MBREIRIZEE L W E B 2 b BRI FL %
xR 1761 {LEME RN DR Lz, I 612, KViAENT 122 LEWITHT HHE—
JFEL T o+ ) R DEICAR L E G AT 5 2 (bkEWEERIN LT, #7270 1k
BYNIHRI LT, F—FH Tc BHEEITo72, ZOWN, 30 (LA L TIE T EREN 3G &
NTEY ., 40 HEEICB U CEBRENHE STV,

Te TG E 25 2720, ®ERD 70 {LEWO H b, EERENHE T\ 5 30 1k
B OFERE L T PN Z el U7z, T FHIE & EBRE T RV —B(RMSE=1.17 K)Z /R L7172 Z
EnD, B Te HEOTHRBEIIRWEE X DN, AN RENE T THEEZ
51T, EBRMENHE S THRNY 40 {LEMICKH L THEHA L7z, Zhbo 55, BaCd,Ge;
N bEW T PRMEEZ R Lz, T dtRESo2 70 (bamo 55, 7o PRE K S &0
LaRuAs; IZDW T, S HIZ T HICHGETHE /74 Y HWEEZRAR, T. BEICHW:
Allen-Dynes 226, T EIZIZ Y =V 2l OB FIREEEE (N:). 7 4 / > A O B
(wig)s BT-TH TV TEB(ADEFGTH, TOWN, LaRuAs; Tl Ne & wiog D
fEIE T FPRMEDSRAHNARNME O E E HF W ED S RVWMEE R LTz, —H T, 21Eftho
e LY bBEICEWVEEZ R LT, £22C, 74/ IREBEE L 107+ 7 U EBEEET
MEEE L, BWAEICT ST 274+ /) o — RERXT-, WE OGRS, Ru i1
DARSE I T + 7 F— R LaRuAs; DEW A DIEICEHHE L TWA Z LNy hotz, 5%,
LaRuwAs; D Ru JRF-D 7+ /) o — ROJRFEAE TAEO BRI, FEBRMEDHE S LTV
V) BaCd,Ge, DEE /7 4 /) Y HEIZHOWTELRTHTETH D,
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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.
- Assistant Prof. Kousuke Nakano/ 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 [5].

4. PUBLICATION LIST DURING FY2021 USING JAIST FACILITIES

5. CO-AUTHORING PROJECTS FOR FY2022 USING JAIST FACILITIES
+ Study on the structure robustness for electrochemical reaction of cobalt hydroxide
+ Computational research for the aggregation mechanism of amyloid beta dimer
* In-vitro and in-silico based development of DNA Aptamers for A 3 -42 confomers
* Ab initio exploration BCS-type super conductors for ThCr,Si;-type compounds
* Thermodynamical phase diagram calculation for Fe-Ni alloy using machine learning potential

5.1 LIST OF PLANNED PUBLICATIONS

[1]"Structure robustness for electrochemical reaction of cobalt hydroxide",
[Ryo Maezono, Kenta Hongo], [journal (temporary)]

[2]"Study on the structure robustness for electrochemical reaction of cobalt hydroxide",
[Ryo Maezono, Kenta Hongo], [journal (temporary)].

[3]"Computational research for the aggregation mechanism of amyloid beta dimer",
[Ryo Maezono, Kenta Hongo], [journal (temporary)].

[4]"Ab initio exploration BCS-type super conductors for ThCr,Si,-type compounds”,
[Ryo Maezono, Kenta Hongo, Kousuke Nakano], [journal (temporary)].

[5]"Thermodynamical phase diagram calculation for Fe-Ni alloy using machine learning potential",
[Ryo Maezono, Kenta Hongo, Kousuke Nakano], [journal (temporary)].
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ACTIVITY REPORT OF FY2021

1. PROJECT TITLE:

First-principles investigation of the electronic and mechanical properties of metal
contacts to two-dimensional semiconductors toward next-generation electronic
devices

PRINCIPAL INVESTIGATOR: Abdul Ghaffar

AFFILIATION: Doctoral student (D2), Hongo Lab
ADDRESS: 1-1 Asahidai, Nomi, Ishikawa 923-1292 Japan
PHONE: +81-761-51-1301

EMAIL: mwkabd2101@icloud.com

WEBPAGE:

MACHINE USED: kagayaki

2. PROJECT DESCRIPTION:

Two-dimensional (2D) materials have attracted considerable attention from the scientific community
due to their excellent electronic, mechanical, and optical properties. In practice, several 2D
semiconductors have been utilized as field-effect transistor (FET) prototype devices, exhibiting the
potential to transform the electronic industry. However, one of the major roadblocks to realizing the 2D
semiconductor-based FETs is the high contact resistance emerging from the semiconductor-metal (SM)
contact interfaces. Computational approaches based on density functional theory (DFT) have been widely
used to predict the interface properties of different SM contacts. Previous studies have been found to
assert the fact that intrinsic chemical properties of the metals (work function, resistivity, adhesion
strength, etc.) cannot be directly used to infer the contact resistance of the SM interfaces. Due to their
different chemical nature, they behave differently upon making the contact with semiconductors. As a
result, it is quite difficult to select an optimal electrode metal for FET applications. We will use DFT to
investigate the interface chemistry and its influence on the contact resistance for a set of metals
demonstrating varying chemical properties with 2D semiconductors such as phosphorene and transition
metal dichalcogenides (TMDs), especially WS,. Furthermore, we will focus on engineered contact
interfaces to achieve better contact properties. The engineered methods consist of carefully selecting the
adequate adatom-doping and figuring out the optimal defect strategy to improve the SM contact
properties.

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

- Kenta Hongo/Research Center for Advanced Computing Infrastructure

- Ryo Maezono/School of Information science

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

B/How many co-authored publications with JAIST faculties are planned in the future [02].

4. PUBLICATION LIST DURING FY2021 USING JAIST FACILITIES

1. [1] Ghaffar, A.; Ganeriwala, M.D.; Hongo, K.; Maezono, R; Mohapatra, N.R. Insights into the Mechanical
and Electrical Properties of a Metal-Phosphorene Interface: An Ab Initio Study with a Wide Range of
Metals. ACS Omega 2021, 6, 7795-7803.
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5. CO-AUTHORING PROJECTS FOR FY2022 USING JAIST FACILITIES

A THEORETICAL APPROACH TO UNDERSTANDING THE NATURE OF VARIOUS DEFECT-
ASSISTED WS;-METAL INTERFACES

Electronic industries have spent a lot of resources and efforts to lower the power consumption from
electronic devices ever since the first transistor was fabricated. Nonetheless, it has been established
that 2D semiconductor-based devices have the potential to pave the way for achieving low power-
consuming devices. However, the research on 2D semiconductor-based FETs is still in its infancy.
Transition Metal dichalcogenides (TMDs) such as WS2, WSe2, MoS2, etc. are found to show the
capability to be used in the miniaturization of next-generation field-effect transistor (FET) devices
attributing to their finite bandgap, tunable electronic properties, and high surface to volume ratio. As
a result, it is of prime importance to study the nature of semiconductor-metal contact interfaces and
understand the different contact strategies to enhance the properties of novel device applications.
Our theoretical study on the same could guide further experimental research by providing a consistent
picture of the different metal-semiconductor contact properties.

PHASE ANALYSIS OF BISMUTH USING STATE OF THE ART, HIGHEST ACCURACY,
COMPUTATION CODE, QMC

In this work, using the highest accuracy computational code, we will be performing the phase analysis
of the Bismuth. Herein, quantum monte Carlo (QMC) simulations will be carried out using the
QMCpack tool. The results obtained from this sort of calculation are capable to include the correlation
effect which is beyond the scope of the generally used first-principles-based density functional theory
framework. Using the QMC-based approach, we can get highly accurate enthalpies of different
bismuth phases over a range of pressure, which will in turn enable us to generate a very accurate
phase diagram of bismuth. Recent studies suggest that in the pressure range of 2.5-2.8 GPa, there
might exist at least two more phases. However, traditional theoretical models, usually fail to
distinguish the phase differences occurring in a very low-pressure range. We believe that in this study
we can explain the unusual behavior of bismuth between the pressure range of 2.5 to 2.8 GPa and
figure out the still unknown phases in the same range.

5.1 LIST OF PLANNED PUBLICATIONS
[1] 'A theoretical study of defect-assisted metal-WS2 Interfaces (temporary)', [Abdul Ghaffar, Nihar R.
Mohapatra, Kenta Hongo, and Ryo Maezono], [Journal (temporary)].
[2] 'Phase Analysis of Bismuth using DMC Framework', [Abdul Ghaffar, Ryo Maezono, Fernando A
Reboredo, Ichiba Tomohiro, Kenta Hongo], [Journal (temporary)].
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[1] K. Nakano, et al. J. Chem. Phys. 152, 204121 (2020). [2] K. Nakano, et al. J. Chem. Phys., 156, 034101 (2022).
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ACTIVITY REPORT OF FY2021

1. PROJECT TITLE:
DIFFUSION MONTE CARLO STUDY ON RELATIVE STABILITIES OF BORON
NITRIDE POLYMORPHS

PRINCIPAL INVESTIGATOR: Nikaido Yutaka

AFFILIATION: Doctoral student (D3), Maezono Lab

ADDRESS: 1-1 Asahidai, Nomi, Ishikawa 923-1292 Japan

PHONE: +81-761-51-1240

EMAIL: mwk1805nkd@icloud.com

WEBPAGE: http://www.jaist.ac.jp/is/labs/maezono-lab/homepage2019/index.html
MACHINE USED: XC40

2. PROJECT DESCRIPTION:

Although boron nitride (BN) is a well-known compound widely used for engineering and scientific
purposes, the phase stability of its polymorphs, one of its most fundamental properties, is still under
debate. The ab initio determination of the ground state of the BN polymorphs, such as hexagonal and
zinc-blende, is difficult because of the elusive van der Waals interaction, which plays a decisive role in
some of the polymorphs, making quantitative prediction highly challenging. Hence, despite multiple
theoretical studies, there has been no consensus on the ground state yet, primarily due to
contradicting reports. In this study, we apply a state-of-the-art ab initio framework—fixed-node
diffusion Monte Carlo (FNDMC), to four well-known BN polymorphs, namely hexagonal, rhombohedral,
wurtzite, and zinc-blende BNs. Our FNDMC calculations show that hBN is thermodynamically the most
stable among the four polymorphs at 0 K as well as at 300 K. This result agrees with the experimental
data of Corrigan et al. [1] and Fukunaga [2]. The conclusions are consistent with those obtained using
other high-level methods, such as coupled cluster. We demonstrate that the FNDMC is a powerful
method to address polymorphs that exhibit bonds of various forms. It also provides valuable
information, like reliable reference energies, when reliable experimental data are missing or difficult
to access. Our findings should promote the application of FNDMC for other van der Waals materials.

[1] F. Corrigan et al., J. Chem. Phys. 63, 3812 (1975).
[2] O. Fukunaga, Diamond Relat. Mater. 9, 7 (2000).

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

- Prof. Maezono Ryo / School of information science.
- Associate Prof. Prof. Hongo Kenta / Research Center for Advanced Computing Infrastructure.
- Assistant Prof. Nakano Kousuke / 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 [at least 1].

4. PUBLICATION LIST DURING FY2021 USING JAIST FACILITIES

17



[1] “Diffusion Monte Carlo Study on Relative Stabilities of Boron Nitride Polymorphs”, Y. Nikaido, T.
Ichiba, K. Hongo, F. A. Reboredo, K. C. H. Kumar, P. Mahadevan, R. Maezono, K. Nakano, J. Phys. Chem.
C., 126, 6000-6007.

5. CO-AUTHORING PROJECTS FOR FY2022 USING JAIST FACILITIES

5.1 LIST OF PLANNED PUBLICATIONS
[1] ' Developing Pseudopotential capable of reducing locality error for use in DMC (temporary)' [Y.
Nikaido], [journal (temporary)].
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ACTIVITY REPORT OF FY2021

1. PROJECT TITLE:

BENCHMARKING CALCULATIONS FOR BINDING ENERGY OF THE
G2 SET MOLECULES USING QUANTUM MONTE CARLO

PRINCIPAL INVESTIGATOR: Abhishek Raghav
AFFILIATION: Doctoral student (D3), Maezono Lab
ADDRESS: 1-1 Asahidai, Nomi, Ishikawa 923-1292 Japan
PHONE: +81-761-51-1240

EMAIL: mwkabr1915@icloud.com

WEBPAGE:

MACHINE USED: Kagayaki

2. PROJECT DESCRIPTION:

In this work, we report accurate binding energy calculations for 55 molecules in the G2 set, using
lattice regularized diffusion Monte Carlo (LRDMC) within TurboRVB quantum Monte Carlo package.
We employ both the more traditional ansatz namely the Jastrow Slater Determinant (referred here as
JDFT) as well as the more flexible ansatz namely the Jastrow anti- symmetrized geminal power with
singlet correlation (JAGPs). The orbital/pair functions are expanded in terms of the triple-zeta basis set.
Using a more general electron pairing function, we expect the JAGPs ansatz to be more efficient in
determining the correlation energy. The many-body wave functions are first optimized at the
variational Monte Carlo (VMC) level, which includes both the Jastrow factor and the nodal surface
optimization. This is followed by the LRDMC projection of the ansatz. When using the JAGPs ansatz,
the LRDMC binding energies were found to achieve the chemical accuracy (1 kcal/mol) for many
molecules; they were also found to be accurate within 5 kcal/mole for most of the other cases. We
obtained a mean absolute deviation of 1.6 kcal/mol with JAGPs and 3 kcal/mol with JDFT. This work
shows the effectiveness of these more flexible ansatz in the TurboRVB code for binding energy
calculations and electronic structure simulations in general.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS
- Dr. Kousuke Nakano/School of Information Science
- Rohit Dahule/School of Material Science

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

A/How many co-authored publication with JAIST faculties so far [03].
B/How many co-authored publication with JAIST faculties planed in future [02].

4, PUBLICATION LIST DURING FY2021 USING JAIST FACILITIES
[1] K. Nakano, A. Raghav and S. Sorella. "Space-warp coordinate transformation for efficient ionic force
calculations in quantum Monte Carlo", J. Chem. Phys. 156, 034101 (2022)
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[2] R. Dahule, A. Raghav, A.T. Hanindriyo, K. Hongo, R. Maezono, and E. Panda. "Surface Study of
Cu2SnS3 Using First-Principles Density Functional Theory", Adv. Theory Simul. 4, 2000315 (2021)

5. CO-AUTHORING PROJECTS FOR FY2022 USING JAIST FACILITIES

BENCHMARK ALL-ELECTRON AB INITIO QUANTUM MONTE CARLO CALCULATIONS WITH
AGP FOR G2-SET MOLECULES

In this work, very accurate binding energy calculations for small molecules (like CH4, NH3 etc.) will be
performed using the Quantum Monte Carlo code, TurboRVB. This code allows very flexible starting
wave functions like the Pfaffian (Pf) and the Antisymmetrized Geminal Power (AGP). As a result, it
includes correlation effects which are beyond traditional ansatz like Slater Determinant, used in other
QMC codes. It also supports optimization of Jastrow as well as the nodal surfaces at the VMC level. We
hope that these would lead to more accurate calculation of the binding energy within the chemical
accuracy (1 kcal/mol) for small molecules in the standard “G2 set”. This work would show the
effectiveness of these more flexible ansatz in TurboRVB code for binding energy and other calculations.

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
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.

5.1 LIST OF PLANNED PUBLICATIONS
[1] 'Benchmark all-electron ab initio binding energy calculations for molecules in the G2-set: Towards
chemical accuracy by the Jastrow correlated Antisymmetrized Geminal Power (JAGP)', [Abhishek
Raghav, Ryo Maezono, Kenta Hongo, Sandro Sorella, Kousuke Nakano], [J. Chem. Phys. (temporary)]
(manuscript under preparation).
[2] 'Electronic structure and effective mass investigation of doped TiO2 systems (temporary)',
[Abhishek Raghav, Emila Panda, Kenta Hongo, and Ryo Maezono], [Journal (temporary)]. (manuscript
under preparation).
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ACTIVITY REPORT OF FY2021
1. PROJECT TITLE:

APPLICATION OF CANONICAL AUGMENTATION TO THE ATOMIC
SUBSTITUTION PROBLEM

PRINCIPAL INVESTIGATOR: Genki Imam Prayogo
AFFILIATION: Doctoral Student (D3), Maezono Lab.
PHONE: +81-761-51-1240

EMAIL: g.prayogo@icloud.com

MACHINE USED: Kagayaki

2. PROJECT DESCRIPTION:

Supercell model is often utilized to study a disordered system within periodic ab-initio framework. In
this model, a finite-size supercell is created to mimic the disordered system in which a certain number of
target elements are substituted randomly. The key issue of generating supercells is how to identify and
eliminate symmetry-equivalent structures from a vast number of substitution patterns. The symmetry-
equivalent structures are physically identical, and thus redundant for ab-initio simulations. By reducing
the number of considered structures to only those which are symmetrically unique, the computational
cost can be reduced by various order of magnitude. In this work, we mapped the atomic substitution
problem into a graph coloring problem, implementing the canonical augmentation as the isomorph
rejection technique. In this approach, symmetry-equivalent structures are pruned in a search tree,
covering the space of all possible substitutions, without directly comparing the structures. To further
improve rejection efficiency, we also incorporated quantities derived from the structural information into
the algorithm. Built upon these concepts, we developed a python package, called SHRY (Suite for High-
throughput generation of models with atomic substitutions implemented by python), whose main
function is to identify and select, from any given structures, a single representative structure for each
symmetry-equivalent class of structures. We benchmarked its performance against existing approaches,
confirming its significant efficiency over existing approaches.

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

- Dr. Kousuke Nakano / School of Information Science
- 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 [6].
B/How many co-authored publication with JAIST faculties planed in future [2].

4. PUBLICATION LIST DURING FY2021 USING JAIST FACILITIES
[1] G. I. Prayogo, A. Tirelli, K. Utimula, K. Hongo, R. Maezono, K. Nakano, "Application of canonical
augmentation to the atomic substitution problem", (under review to J. Chem. Inf. Model.)
[2] G. I. Prayogo, H. Shin, A. Benali, R. Maezono, K. Hongo, “Importance of van der Waals interaction in
hydrogen adsorption on silicon-carbide nanotube revisited with vdW-DFT and QMC”, ACS Omega 6,
24630 (2021)
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5. CO-AUTHORING PROJECTS FOR FY2022 USING JAIST FACILITIES
GROUND STATE ENERGETICS OF VANADIUM CHALCOGENIDES LIVX: (X=0,S,SE) BY
DIFFUSION MONTE CARLO METHOD

Frustrated spin system has long been an interesting topic in physics due to the possibility of forming
many different kinds of ground states. The vanadium chalcogenide is a classic case, with the geometrical
frustration coming from the triangular lattice of its vanadium layer. It has been shown to exhibit exotic
electronic states such as the valence-bond solid (VBS) state at low temperatures, experimentally
evidenced by a metal-to-insulator transition together with the trimerization of the transition metal lattice.
The metal-to-insulator transition occurred with the (X=0,S) compounds, whereas with (X=Se) this
transition did not occur, it keeps being metallic to well down to 2 K. The strongly correlation inherent in
the system makes it difficult to model by one-body theory such as the popular density functional theory
(DFT). Energetics from conventional DFT preferred trimerization of all three compounds, in contrary with
experimental observations. In this work, we employed Diffusion Monte Carlo (DMC), which unlike DFT is
found upon true many-body wave function and thus is able to effectively capture the electronic
correlation. We assessed the relative stability between the trimerized and non-trimerized structures of
LiVXy. The true nature of the insulating ground state was also clarified by through energetics and charge
densities on DMC wavefunctions of spin-polarized and non-spin-polarized level.

5.1 LIST OF PLANNED PUBLICATIONS
[1] “Ground state determination of LiVX; system using diffusion Monte Carlo (temporary)”,
[K. Nakano, K. Hongo, R. Maezono], [journal (temporary)].

22



ACTIVITY REPORT OF FY2021

1. PROJECT TITLE:
INFORMATION-SCIENTIFIC STRUCTURE SEARCH FOR TERNARY HYDRIDE
HIGH-TEMPERATURE SUPERCONDUCTORS

PRINCIPAL INVESTIGATOR: SONG PENG

AFFILIATION: Doctoral student (D2), Maezono Lab
ADDRESS: 1-1 Asahidai, Nomi, Ishikawa 923-1292 Japan
PHONE: +81-761-51-1240

EMAIL: mwk2002spg@icloud.com

WEBPAGE:

MACHINE USED: Kagayaki

2. PROJECT DESCRIPTION:

Recently, with the discovery of a new room temperature superconducting hydride in the
carbonaceous sulfur hydride, ternary hydrides have shown great prospects in the research of high-
temperature superconductivity. The traditional method of studying ternary hydrides has undergone
three steps of structure predict search, T, calculation, and experimental verification. Nevertheless, this
method will counter the bottleneck of being unable to find a reasonable chemical composition in the
first step. Many studies have shown that once the chemical composition of the hydride is determined,
there is a potential relationship between the maximum value of T. and its chemical properties. Here
we introduce a simple machine learning model to studying this properties and guiding search potential
ternary high temperature superconducting chemical composition. By this approach, the La-Y-H, Y-Mg-
H and Mg-Sc-H system are selected as candidates to investigate their structural stabilities and
superconductivity by employing evolutionary-algorithm-based crystal search combined with first-
principles calculations. Our calculations show that stable phases are concentrated on certain
combination of binary hydride, mainly in form of clathrate structures enclosed by Hia, Hig H24 cages.
The clathrate structures exhibit both a larger H-driven electronic density of states at the Fermi level
and a denser H-driven phonon density of states, correlating with larger EPC constants. Among them,
the sodalite-like structure Fd-3m-YMgH1, was predicted to have the highest T. (i.e. 190 K) at 200 GPa.

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

-Kousuke Nakano/School of Information Science.

-Prof. Kenta Hongo/Research Center for Advanced Computing Infrastructure.
-Prof. Ryo Maezono/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 [2].

4. PUBLICATION LIST DURING FY2021 USING JAIST FACILITIES
[1] P. Song, Z. Hou, P. B. de Castro, K. Nakano, K. Hongo, Y. Takano and R. Maezono. “High-T.
superconducting hydrides formed by LaH.4 and YH24 cage structures as basic blocks”. Chem. Mater. 33
9501 (2021)
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[2] P.Song, Z. Hou, P. B. de Castro, K. Nakano, Y. Takano, R. Maezono and K. Hongo. “The systematic
study on the stability and superconductivity of Y-Mg-H compounds under high pressure”. Adv. Theory
Simul. 2100364 1-10 (2022)

[3] P.Song, Z. Hou, P. B. de Castro, K. Nakano, K. Hongo, Y. Takano and R. Maezono. “High-pressure
Mg-Sc-H phase diagram and its superconductivity from first-principles calculations”. J. Phys. Chem. C.
125 2747-2755 (2022)

5. CO-AUTHORING PROJECTS FOR FY2022 USING JAIST FACILITIES

[1] Potential high-T. superconductivity in YCeH, and LaCeH,o under pressure

5.1 LIST OF PLANNED PUBLICATIONS

[1] ' High-T. ternary metal hydrides, YKH1, and LaKHi,, discovered by machine learning', [Kousuke
Nakano, Kenta Hongo and Ryo Maezono], [journal (temporary)].
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ACTIVITY REPORT OF FY2021

1. PROJECT TITLE:

INTERFACE ENGINEERING OF PN HETEROJUNCTION FOR SNS BASED THIN-
FILM SOLAR CELL

PRINCIPAL INVESTIGATOR: Rohit Dahule

AFFILIATION: School of Materials Science, JAIST, Japan
ADDRESS: 1-1 Asahidai, Nomi, Ishikawa 923-1292 Japan
PHONE: +81-761-51-1240

EMAIL: mwkrtd2103@icloud.com

WEBPAGE: If available

MACHINE USED: Kagayaki

2. PROJECT DESCRIPTION:

Thin-film solar cells (TFSC) are a potential energy source because of their low-cost material. The buffer
layer materials (n-type) play a critical role in obtaining high power conversion efficiency by forming a
junction with the absorber layer materials (p-type) and generating an inbuilt electric field essential for
photo-charge carrier separation. In this study, o-CdS, B-CdS, a-ZnS, B -ZnS, and Zn(O,S) were
investigated using density functional theory (DFT) to determine the optimum buffer layer for TFSC.
The DFT simulations were performed using the Vienna Ab initio Simulation Package (VASP) and were
used to compute the electronic structure of buffer layers. The Perdew-Burke-Ernzerhof (PBE)
functional assuming the generalized gradient approximation was adopted as our exchange-correlation
functional. The geometry optimizations were done with thresholds for the energy (1x10° eV/cell) and
force (0.01 eV/A) convergences. A plane-wave basis set (450 eV kinetic energy cutoff) was employed
with well converged k-point sampling. A plane-wave basis set (450 eV kinetic energy cutoff) was
employed with well converged k-point sampling. The bandgap of bulk a-CdS, B-CdS, a-ZnS, B -ZnS and
Zn(0,S) were found to be 1.0272 eV, 1.1087 eV, 2.0033 eV, 2.0754 eV, 0.5523 eV, respectively. Among
the above materials B -ZnS have a wider bandgap than other buffer layers and consist of non-toxic
elements (Zn and S). Therefore, the B -ZnS is a more suitable buffer layer material and can be used as
an n-type for heterojunction TFSC. Moreover, the valence band of B -ZnS was found to be composed
of S 3p states along with a minor contribution from Zn 3d and Zn 3p states. Whereas the conduction
band (CB) is found to primarily consist of unoccupied Zn 4s states along with a small contribution from
the unoccupied S 3s States.

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 publications with JAIST faculties so far [02].
B/How many co-authored publications with JAIST faculties planned in the future [02].
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4. PUBLICATION LIST DURING FY2021 USING JAIST FACILITIES
[1] ‘Surface Study of Cu,SnSs Using First - Principles Density Functional Theory’ Rohit Dahule; Abhishek
Raghav, Adie Tri Hanindriyo, Kenta Hongo, Ryo Maezono, Emila Panda, Adv. Theory Simul. (2021)
[2] "Anomalies in the bulk and surface electronic properties of SnS: effects of native defects." Dahule,
Rohit, Chetan C. Singh, Kenta Hongo, Ryo Maezono, and Emila Panda. J Mate. Chem. C (2022).

5. CO-AUTHORING PROJECTS FOR FY2022 USING JAIST FACILITIES
In FY 2022, | am planning to do the first-principles calculation to evaluate the surface electronic
structure of n-type semiconductor material and create the heterojunction of this materials with the

SnS (p-type semiconductor). Furthermore, the interface study of PN heterojunction of SnS and n-type
material for the application of thin-film solar cells.

5.1 LIST OF PLANNED PUBLICATIONS

[1] Interface engineering of PN heterojunction for SnS-based thin-film solar cell, [Ryo Maezono and
Kenta Hongo], [ACS Applied Materials & Interfaces].

[2] Intrinsic electronic defect at the interface of PN heterojunction for SnS-based thin-film solar cell.
[Ryo Maezono and Kenta Hongo] [ACS Applied Materials & Interfaces].
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1. Hiroshi Mizuseki, Ryoji Sahara, and Kenta Hongo, “Order-Disorder Competitive
Cooperation in Equiatomic 3d-Transition-Metal Quaternary Alloys: Phase Stability and
Electronic Structure”, arXiv:2110.02587

ERTR

1. Hiroshi Mizuseki, Ryoji Sahara, and Kenta Hongo, “Investigation of Ordering Mechanism in
3d-transition-metal-based HEAs by First-principles High-throughput Sampling”, The Korean
Institute of Metals and Materials, Fall 2021, (Jeju, Korea (on-line), October 20-22,2021.)

2. Hiroshi Mizuseki, Ryoji Sahara, and Kenta Hongo, “Application to High Entropy Alloys using
VASP”, PCoMS & RISME TOMBO Seminar: First-Principles Theory, Computation, and Hands-On
2022, (Tohoku University, Sendai, Japan (on-line), March 23,2022.)

3. Hiroshi Mizuseki, Ryoji Sahara, and Kenta Hongo (Invited), “3d-transition-metal-based HEAs by
High-throughput Sampling based on First-principles Calculations”, ACCMS - International
Conference on Materials Genome, ACCMS-ICMG 2022, (SRM University, AP - Amaravati, India
(on-line), March 24-25,2022.)
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ACTIVITY REPORT OF FY2021

1. PROJECT TITLE:

AB INITIO INVESTIGATION ON THERMODYNAMICS AND MICROKINETICS OF
CHEMICAL PROCESS ON SURFACES/INTERFACES FOR GREEN-ENERGY
APPLICATIONS

PRINCIPAL INVESTIGATOR: Mohammad Kemal Agusta
AFFILIATION: Bandung Institute of Technology
ADDRESS: JI. Ganesha 10 Bandung 40132 Indonesia
PHONE: +62-22-2504424

EMAIL: agustakemal@gmail.com

WEBPAGE: -

MACHINE USED: (XC40/Altix/hster/Linux cluster)

2. PROJECT DESCRIPTION:

Ab initio DFT-based calculations are used to model and investigate phenomena related to the
surface/interface of metals, alloys, and oxide. The aim is to obtain specific descriptors that determine
the reactivity in themal- and electrochemical conditions. The particular system of interest in this
project are:

e Hydrazine reaction on transition metal alloys

e Lithium diffusion on oxides materials

e CO; conversion on transition metals clusters

The methodology includes calculating the reaction and activation energy of the reaction
pathways that consist of numerous elementary steps. Connections to macroscopic experiments are
made via thermodynamics and kinetics analysis on DFT results. Electronic structure analysis identifies
the correlation between obtained thermodynamics and kinetics to intrinsic properties of the surface
(or materials). The descriptor is also tested on its ability to explain the effects of strain and the
presence of defects such as adatom, vacancy, and surface step edges.

Although the individual calculation of each system only requires moderate computational power,
the number of reaction steps and possible configurations is large such that considerable
computational resources are required. The other challenge is that some reactions should be modeled
in a liquid environment. Although a phenomenological approach to treating such a case is available, it
is interesting to study the effect of the solution explicitly by using ab initio molecular dynamics
simulation.

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 [5].
B/How many co-authored publication with JAIST faculties planed in future [5].
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4. PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES

[1] Thermodynamics of Formic Acid Decomposition on Low-index Pd Surfaces: A First-Principles

Investigation M. K. Agusta, , A. G. Saputro, M. H. Mahyuddin, H. H. Halim, P. H. K. Utama, H.K.Dipojono,
R. Maezono, (in preparation)

[2] “Selectivity of hydrazine N — N and N — H bond cleaving on Ni(111)”, M. K. Agusta, M. Irfandi, G.
Sinaga, H. K. Dipojono, A. Nuruddin, R. Maezono (in preparation)

5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES

AB INITIO INVESTIGATION ON CATALYTIC AND TRANSPORT PROPERTIES AT SURFACES AND
INTERFACES FOR CATALYST AND BATTERY APPLICATIONS

5.1 LIST OF PLANNED PUBLICATIONS

[1] Thermodynamics of hydrazine decomposition pathways on NiZn and NiCo surfaces [the Journal of
Physical Chemistry C]

[2] Ab initio and microkinetics investigation of formic acid decomposition on Pd(100) [the New
Journal of Chemistry/Applied Surface Science]

[3] Polaron-assisted Li diffusion in reduced cerium oxide [Journal of Physics: Condensed Matter)
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AcCTIVITY REPORT OF FY2021
1. PROJECT TITLE:
YOUR PROJECT TITLE

PRINCIPAL INVESTIGATOR: Mohaddeseh Abbasnejad

AFFILIATION: Shahid Bahonar university of Kerman, Kerman, Iran

ADDRESS: Dep. of Physics, Shahid Bahonar university, Pajoohesh Sq., Kerman 76169-14111 Iran
PHONE: +989177317514

EMAIL: m.abbasnejad@gmail.com

WEBPAGE: https://physics.uk.ac.ir/en/~m_abbasnejad

MACHINE USED: (XC40/Altix/hster/Linux cluster) hster, XC40

2. PROJECT DESCRIPTION:

In recent years, two-dimensional zinc oxide (ZnO) material has become known as a promising
material in the thermoelectric applications due to its low cost and non-toxicity. We would like to study
the thermoelectric response of ZnO monolayer, made of polar surface (0001), in pure and defect
vacancy containing both oxygen and zinc in the framework of density functional theory and Boltzmann
transport theory. Thermoelectric parameters such as electrical conductivity, Seebeck coefficient,
electron thermal conductivity and power factor of pure and oxygen/zinc defect ZnO monolayer would
be investigated in terms of chemical potential. Due to the direct correlation of dimensionless quantity
of figure of merit (ZT) with the power factor and inverse of thermal conductivity, it is expected that
these compounds have relatively high values of ZT. Such a prediction increases the possibility of using
ZnO monolayers in thermoelectric based applications to convert waste heat into electrical energy.

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 [4].
B/How many co-authored publication with JAIST faculties planed in future [at least 2].

4. PUBLICATION LIST DURING FY2020 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, submitted to Physica E Low Dimens. Syst. Nanostruct.
[3] “Electronic and magnetic properties of pure and Cu doped ZnO non-polar surface”, E. Irandegani, R.
Maezono, M. Abbasnejad, under preparation.
[4] “Structural and electronic properties of Cu doped ZnO nanowire”, E. Irandegani, F. Badpa, R.
Maezono, M. Abbasnejad, under preparation.
[5] “Piezoelectric properties of ZnO monolayer via first principle calculations”, [Ryo Maezono], [Journal
of Applied Physics].

5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES
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Study of electronic transport coefficients of ZnO monolayer using ab initio calculations.

5.1 LIST OF PLANNED PUBLICATIONS
[1] “electronic transport coefficients of ZnO monolayer via first principle calculations”, [Ryo Maezono],
[Journal of Applied Physics].
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ACTIVITY REPORT OF FY2021

1. PROJECT TITLE:

Understanding the phase stability of oxides in the context of fine tuning their functional properties
including role of plasmonic properties of nitrides - a combinatorial approach based on computations and
experiments.

PRINCIPAL INVESTIGATOR: Niraja Moharana
AFFILIATION: Doctoral student, |IT Madras, India

ADDRESS: Department of Metallurgical and Materials Engineering, IIT Madras, Chennai — 600036,
India

PHONE: +91-8763318358

EMAIL: niraja.moharana@gmail.com
WEBPAGE: NA

MACHINE USED: Kagayaki

2. PROJECT DESCRIPTION:

Plasmonic nanocrystals of transition metal nitrides (for eg: TiN) crystallized insitu in a Si-O-C-N
ceramic matrix have been synthesized via precursor approach which are referred to as polymer derived
ceramics (PDCs). It is possible to control the size and volume fraction of the nanocrystals by appropriate
heat-treatment. The idea is to explore and establish the precise role of crystallite size on the plasmonic
response of such nitrides-nanocomposites both experimentally and computationally. Experimentally, UV-
visible spectroscopy was used to confirm the plasmonic behavior of these nanocomposites so that one
could establish the crystallite size dependence of plasmonic behavior as well as the plasmonic peak shifts
which could be a consequence of strain effects imposed by the matrix on the nitride crystallites.

To establish the plasmonic peak computationally, dielectric (imaginary part) needs to be plotted as a
function of energy (optical absorption spectra). It will be useful to replicate the experimental absorption
spectra i.e., plasmonic peak measured by UV-visible spectroscopy. Time dependent density functional
theory (TDDFT) can be used for this purpose. It calculates the evolution of electrons under the effect of
oscillating electric field associated with the presence of photon. It is based on Runge-Gross theorem
which states that “for a given initial state, the time evolving one body density tells you everything about
the time evolving interacting electronic system exactly”.

VASP uses Bathe Salpeter equation (BSE) to solve the TDDFT. It determines optical response function
(frequency dependent dielectric function) including excitonic effect. A preceding GW step is needed to
determine the screened coulomb kernel. GW method, which is a post DFT step, takes into account the
coulombic interaction of the system (W). It provides the access to the spectral properties of the system
by determining the energies of the quasiparticles of the system using a screened exchange like
contribution to the self-energy. A significant number of empty bands are needed for this approach. Hence,
the approach is very time consuming and need more memory even for a simple compound (ex-TiN).

Another approach, Quantum espresso uses time dependent density functional perturbation theory
(TDDFPT) to calculate the optical spectra. Liouville-Lanczos method is used to calculate the full optical
spectrum for the wide energy range. This method avoids using large number of empty bands. Instead, it
uses a projector operator on to the occupied states. Hence, it uses less time and memory.
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3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Ryo Maezono/School of Material science

A/How many co-authored publications with JAIST faculties so far [00].
B/How many co-authored publications with JAIST faculties planed in future [02].

4. PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES
NA

5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES
Same project as above.

5.1 LIST OF PLANNED PUBLICATIONS
[1] “Thermodynamic assessment of Hf-Ta-N system (temporary)’, [Niraja Moharana, Ryo Maezono,
N.V.Ravi Kumar, K.C.Hari Kumar], [Temporary].
[2] ‘Plasmonic property of transition metal nitrides in a Si-O-C-N matrix: experiments and
computational validation (temporary)’, [Niraja Moharana, Ryo Maezono, N.V.Ravi Kumar, K.C.Hari
Kumar], [Temporary].
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ACTIVITY REPORT OF FY2021
1. PROJECT TITLE:

FIRST-PRINCIPLES MOLECULAR DYNAMICS STUDY ON STRUCTURE,
PROPERTIES AND PLASTICITY MECHANISM OF S102-AL203 BINARY GLASS

PRINCIPAL INVESTIGATOR: YANG Yuting

AFFILIATION: ZHEJIANG University

ADDRESS: 38 Zheda Road, Xihu District, Hangzhou City, Zhejiang Province, China
PHONE: (+86)18867153832

EMAIL: 21926095 @zju.edu.cn

WEBPAGE:

MACHINE USED: KAGAYAKI

2. PROJECT DESCRIPTION:
Using ab initio molecular dynamics to calculate the structure and properties of SiO,-Al,O3 binary
glass with different aluminum contents, and the tensile simulation of the ground state structure is
carried out to study the atomic movement under stress in the glass structure.

3. NAME OF CO-AUTHORS IN JAIST

3.1 LIST OF CO-AUTHORS

- Prof. Ryo Maezono/School of materials science.
- Dr. Genki/School of materials science.
-Dr. Abhishek /School of materials 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 [1].

4. PUBLICATION LIST DURING FY2021 USING JAIST FACILITIES

5. CO-AUTHORING PROJECTS FOR FY2022 USING JAIST FACILITIES

5.1 LIST OF PLANNED PUBLICATIONS
[1] ' First-principles molecular dynamics study on structure, properties and plasticity mechanism of
Si0,-Al,03 binary glass ', [YANG Yuting], [Journal of American Ceramic Society].
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1) T. Watanabe, H. Yagi, S. Yanaka, T. Yamaguchi, K. Kato, “Comprehensive characterization of oligosaccharide
conformational ensembles with conformer classification by free-energy landscape via reproductive kernel
Hilbert space,” Phys. Chem. Chem. Phys. 2021, 23, 9753-9760. &7t

2) K. Kato, T. Yamaguchi, M. Yagi-Utsumi “Experimental and computational characterization of dynamic
biomolecular interaction systems involving glycolipid glycans,” Glycoconj. J. 2022, 39, 219-228. 255t

3) T. Yamaguchi, T. Watanabe, H. Yagi, S. Yanaka, K. Kato, “Comprehensive characterization of oligosaccharide

dynamical conformations by a kernel method in conjunction with graph theoretical techniques,” Pacifichem
2021, AT A 2,2021 12 H.
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1) M. Miyata, Journal of Applied Physics, 130, 035104(2021). [Editor’s Pick]
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BWFEEIC K D Ziegler-Natta Al — R F D IERERAEERTE & BIEMH AR fZAA
kg - K4 Ef X, bz
fEHEHER: VPCC, LMPCC
TENRRY AL 7 4 vELEDO T E 59 % Ziegler-Natta fillt O EH EH O —212, ~LvF 34 ME 2F 05
bNBERY v —DHESRDH 2, LrLl, ZORIFICOVTIIRZTFHICHS A ICI R TV, 0 X5 ok
PRI D AR R I R BRETICEHBR S 2 L IRE I LT B, ARIFFEREIC BT 5 2021 FEOFHBIE Z AT ISR T,

1. JERIAR 2 BOEIRRT 7 v =) X 4 DREE & B nm 3 4 X CORERE O FH
WET — 2 X=Z2 9 b OBEA L — 21 X 2 IEFPIN D BOEER 7 L T ) X LD X o THIERE 7' 777 4
DEFEMR A L X272, 2hick ), WEDHIIGE I A XD R TH 5 30MgCl. 50MgCl ¥ X U8 50MgClLy/3TiCly
T B HERE R R 2, & 2T IET — 2N — 213 GA
TR I N T~ T oG & FHRMRZ R L. % GA Tld—&E
DR LIc T — 2~ — 2 o WG 2 EENICBINS 2 (B4~
L—2), ZOFEEIT GA DENNICE T 2 8IS Ktz /D
L TRIPCRFEZ R L, KREE~DIPCRZE L (S L
7zo
2. MgCL/TICL FD 7a L vEAY IalL—Y gV
BEREIC X > THEON MgC/TICly F/ FL—t 2 b it 7u b L YEADY Talb—3 a ¥ &{To 72, EtEsE
WO 7 0 v L Y EAICE T S MBEIERED 0 & b 72 b L SEARGITHECH. 7 % 2 DFF0 Ti fld &R 2R L,
REEFRIE & @EEES O LS T2 LA S, AMECRL (MBI N TV, FF—7 ) —flickT 2
SRR REOREEZH O L L,
3. MgCly/TiCls/donor % D FE R E

AT % & CEBOWFEF IO U CERBIEREIRE 70 7 7 L2 RR L, N F —0F OGS 21 o 2 &k iE
ZEBRL, PF—0T2EER7 VT ) XL BT RS ICERL., SRR REZ RE L 7z HaiEHRIC X - Ok
BRENGPETRERORINZIT o7, NP —0FIETENCHV 5N 99-E X (X FF o AF ) 7t v &l
L. FEiEo #E3 % S0 L 72 19MgCl/4TiCly/SDonor 5 (S 3~ 2 fEEIRE % EIE L 72, 155 Wz RERMER O R 1T
WHEIC X > TRE S HR S, CTRWEIRETH > 72, ARAERRICETRE T Z2mEEICHET 2 FO T 40
F—W R EBMEL S (1000 REDOHEKIC X > TEL 2 {110} 7 7 AB L U110} 7 7 A LD TiCly/ F - — &
DB TH 2FHHBMA L2 L o7,

KRBT D % % B 3 IEREBRIINGE R IE 1< 31 5 IR 70 DFT St S KRGt REBZER T2 b0 TH V| ZFIT
BT > TRAF O FEHIRE S LEARTH > 7,
el e 2 R L
1. "Preventing Premature Convergence in Evolutionary Structure Determination of Complex Molecular Systems: Demonstration in a Few-nm

Sized TiCls-Capped MgClz Nanoplate «,
Takasao, G., Wada, T., Chikuma, H., Chammingkwan, P., Terano, M., and Taniike, T., J. Phys. Chem. C, submitted.

Global minimum
50MgCl,/3TiCl,

K

,,,,,,

2. “Formation of highly active Ziegler-Natta catalysts Clarified by a Multifaceted Characterization Approach”, Piovano, A., Wada, T.; Amodio,
A., Takasao, G., Terano, M., Chammingkwan, P., Groppo, E., Taniike, T., ACS Catal. 2021, 11 (22), 13782-13796

3. “Spectroscopic fingerprints of MgCl12/TiCl4 nanoclusters determined by machine learning and DFT”,
D’Amore, M., Takasao, G., Chikuma, H., Wada, T., Taniike, T.; Fabien, P., Ferrari, AM., J. Phys. Chem. C. 2021,125 (36), 20048—-20058.

4. “Electronic Properties of Ti Sites in Ziegler—Natta Catalysts”, Piovano, A.; Signorile, M.; Braglia, L.; Torelli, P.; Martini, A.; Wada, T;
Takasao, G.; Taniike, T.; Groppo, E., ACS Catal., 11 (15), 9949-9961.
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Ziegler-Natta filtfit (ZN i) (X, HROFV AL 7 4 vAEEOHKLZIH S fli<cd 5, 2 OMEHMNTH %
— XK F1x, MgCh /7 7L — 2 TiICl KX o TR I N TV B 2 EX b TE D Z OREIE I3 RS 7
BHORREL 72 2, Lo L. EAARIGIC AR 2 HEARMRHC B3V T L L O IE I BRIV IC 58 < . ZN
flBRIC B C O HEE O M RRIHCH 2, TNERRRT 270, FEITHIE CIXEEIBIEE (DFT) &R
7A=Y X2 (GA) ZHAADE-EBRERIC X S R WIEREBRI 2 E R E AR A O T X 2[1]25, W
DYERZEM S X O DFT OFHHE 2 2 M IR R OB U CHRBEIBIICIER 35 720, EEF 4 XTo
WRE N CH o 72, AMETIHAE 2 F OMBEE RS, BITHENC L > TERBEINL
MgCL/ATIiCl, filt #2104 % DFT 7 — & X — X ZH\C, DFT FEMEZEBEICHHETE =2 -1 %
y P =2 KTy r (NNP) ZHEEEL. SHHOEBELE R o7, 72, HEEI N7z NNP % Hw TG
FExRITV. DFT 12 X 2SR ER R & O g% 1T 5 72,

REFEDOHFETIZ, =2a—F %y b7 —27 (NN) Ofllffis X O, JERERAERE % 1T > 72, NNP 5
DI=DIFZDERET =22y bEHAOEZIBSSETH 5 2 & FEERE Z1T 5 72 0 1 IFEK 7o B i 22 ]
DERVBMBECHE o +0hitE) Y —ZAB3BETH Y, HHFHEY —~—%HH L 7,

NN 7 — % 7 7 F % IC 1% Behler-Parinello 4 NN[2]Z M L. 19MgClL % ¥ X U 19MgCL/ATICL & Z 1L L1
BT, NNP ZHEEEL 72, £/, NNPIC X 25PN T Ml A E Rk & GA 1T X 2 IAEIRERE % fH A
Bb¥ b & CHERTEZITo 72, NNPHEEIC X RuNNer % v,

HEERE L EH I IZ LAMMPS % Fv 72, — Wil

19MgCL/ATICly R ICO VT OfEREZ B~ 3, #E L7~ NNP O

-
oy
7

Ecuster=E - Mg, * Emgey, - Mrict, * ETicy, Run2
— Run3

-
o
o

EIOS‘ o Aimr
A —F LOFTHA PO RMSE (32 €4 L10keal mol', £ ) SR
1.48 kcal mol-1 A1 TH v | LZRIKGEL 1 keal mol I PEFLT 2 K5 % g T omariamn
D NNP 235 5 #1172, NNP & GA I X 2 & E D % % Figure 1 )

Generation

KRS, 77 71l HRICBT I REEHED A LF -2 7 1

v b ERTWV S, B DRI TR N O B R ERE O T AL Figure 1. Evolutionary progress plot for

Fo A LT L h b BEDHL AT IC [ThRT W2 C the structure determination. The energy of

Y ETEAL 72 ABFR TR, ZN M0 X 5 72 8 il o o\ the most stable structure in a generation is

T, ORI A WS PUE £ ST 5 NNP HESEIC I L7, Plotted against the generation.
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1) "SR OREREXHNE L= —F 0k vy P T =2 KT V¥ v L OREE", FiR A, &k
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[1] G. Takasao, et al. J. Catal. 2021, 394, 299-306.

[2] J.Behler, et al. Phys. Rev. Lett. 2007, 98, 146401.
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Calculation on interaction enthalpy of hydrogen bond between polybenzazole molecular

chains

Material science, ZHONG Xianzhu (Kaneko lab)
PC cluster system (GPU, vpcc)

Abstract

Polybenzozoles are well known for its outstanding thermal stability. Terpolymer PBI-co-PBO-co-PA
was synthesized with an ultrahigh thermal resistance, the 10% weight loss temperature reaches 760
degrees, this decomposition temperature is the highest in that of organic materials, even comparable
with some inorganic and metal materials.

To reveal the ultrahigh thermal stability of the polybenzazoles, the interaction enthalpy of hydrogen
bond was calculated with DFT calculation. In the calculation, several trimer models were made and
the enthalpy of H-hydrogen bond was evaluated (Figure 1). As a result, the corporation of PA into PBI
reduced the resonance effect and thus increased the chance for H-bond to occur, the higher amount is

the H-hydrogen bond, the higher is the interaction enthalpy.

PBI-PBI PBI-PBO PBI-PA PA-PA

[} | [}

[} | [}

| I |

[} I [}

H-donor ' : '
| | |

1 I 1

1 I 1

1 I 1

1

H-acceptor | ! |
| | |

1 I 1

BI | BO | BA | BA

1 I [}

i ! i

Interaction ! : !

enthalpy 1332 -9.23 v -10.24 \ -6.85

[kcal/mol] | : |

Figure 1. The interaction enthalpy of hydrogen bond in several models in the calculation.
This calculation result uncovered the mechanism of the high thermal stability of the synthesized
terpolymers. All the DFT simulations were carried out using Gaussian 16. To properly describe the
charge transfer relevant to the H-bonds, CAM-B3LYP was chosen as the exchange-correlation
functional, associating with the cc-pVQZ basis set. A basis-set superposition error was reduced by
applying the counterpoise correction to optimize the geometries.
Published papers:
None
Obtained budget:

None
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FiE - KA <7 YT YA AR SRS (BRI
i 354 PC cluster system (GPU, vpce)

[F&=]

TFLy s BT a— L mAROCR I =) T UEO T T ATF  ZIXH AR THICEN
TV DN, MHEME LK « RO SOERIC K A2 RIEAMOMENRH 5, —F ., AU A I NIIRAIEZ:
GO BT AL %E‘éﬁ’]%%ﬁ aah*f@f% MEBET 5, T THA I NS IIMmMENRE <,
TN T Z RO, AU A I ROFEHPAWVICEICHREIND, o T, AU A I NIENEBHR
HANY THRELE L’C@ﬁfﬁ“/“/ﬂ?ﬂ/’i’ﬁo 5T, %%L?J@ﬂﬂ@k L CIEER &R TW ARV RILIC B
Do

R A X ROEMEEZHERF L7 £ FIROWBRZWEL 5 2 50 Fixeh e LT, @y FHOMmESS
T, BEEEREEZEE L-ERNEE 2 D0 ERSH D, AL T, FHERFEEZHW T, "' R
fREENT A—HEHY 7 Ny =T FHSPiPJ VY A et E 7 e 75 A [Gaussian] (2 KV | BRFEEE
BORNEMMERY A I FOEEREL X OIS ERRENBRZRRICHEILZELZHONITHZ
EEHMET D,

[ 2R]
HSPiP %I\ C, HYUA I Ko o

RN A ZoDRT A — K (55K )Z( :[( );( );(

71, BER KL OURERER) L BTA y/\« HoN
fftk T A —5 TIH L, £ H 0 n - P2 P P14

NRIRA—E2ZHWERIY A IR Figure 1. Polyimide structure with various functional groups bonded to cyclobutane

(Flgure DOmMFZEFE TH LT Table 1. Polyimide solubility parameter and oxygen permeability

(Table 1), T DOfEHE., 73 /5, Polyimide o p S St In(Pos)
bR i E oD VE PI-1 243 14.5 7.70 293 -5.41
BEEOEAIZLD AU A I ROk PI-2 252 14.2 9.50 304 -6.58
BIRFRME R T A— A NEL 20 R PI-3 25.0 14.9 132 32.0 -7.19
FHBBENMEL 7o Tz, PI-4 23.6 12.4 6.60 274 426

T, WmPEEREEOEAIC L 3p: Dispersion term is van der Waals force; dp: Polarity term is dipole moment force;

dy;: The hydrogen bond term is the hydrogen bond force. Unit: MPa!’
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2 AN KRE V) REOMEREL WD, TOD, RFRETIE, DEAA v FEEDOES
7R & BRI OS] 2179,
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V] DRFEEITS> TV D, 2021 FEEIL, GST OmAINZEEZ > I 2 L—3 a VITHAGARL, QRO
TENT 7 AMbE LD VT MIHBTE D X912 Lz, GSTHZ L D> 2 = L—1 3 VEIRITIFIEE
TLEDOT, EEOHEBINAAL v F T A ZAOEELITT 5720, TEREE, ¥ a— /L E8gE
PR M2, ik OMBEEBIS S TRANRHE AL v F o Ialb—va VU AT AR
L7ze METNA ZAOEZTTIC, VI ab—2ar&{Tolme 25, GST D bIC X B A A v F Off
EETENLT 7 ZMUIC L DAL v F On BEZ FHEBLCE 72, FEMRMNT O, GST JE DImEAN A —T
HHTm, ABTOEMEREABEZEICRAE L, £7- 6ST BB IO IT0 b —% —BICEWHRENE T 5]
BN ®H D Z LNy hotz, 5%, GST O RY— B A UGET DO DHAAL v FOMEEZ L
TW FETH D,

O R 2R AL B DER R
GST IFFEBRANZR N T WA LM B CH 223, SRR NPKRENE W) REZFF > TWob, 22T, ik
NSNS WFHZEAEM BN RFR L, MnTe WAL TH D Z LNy T-28, B JFREEFHEIZ X > T MnTe ®
FHAEALFEAE DA & MR K 225 b 2 TR DI & 460 7=, MnTe 132 < DR il IE & R DR
ERTHY, ERICHEENEZ S Z LMo TW5, HIE, BWICE b ZE 7 o -MnTe O SCHRTHE %2
TV, FHEFERHE AT A =2 —EDOEREAIE L. TE7E —REFRE A b -, MEREbIC
LT EBOWRE, =X — "0 RRI, FERR EOHE/RENE LI, ZOZYMEIC OV TR
EIToCW5, 72k, ZOH—JFEFHFE BT 2F581%, JAIST it B AEk O KA Bif% & O IE[FIAFE
WZHASWTEEL TV D,

<WFFEEAEE > AAFZEIZ BT DR KR E L LLTITRT,

1) H. Sano, M. Kuwahara, “Realistic Simulation Model of Ge2Sb2Te5 Phase Change Alloys for Optical
Device”, International Symposiumon Imaging, Sensing, and Optical Memory 2021 (ISOM’ 21), online,
October 3-6, 2021. Poster presentation Tu-A-08 (2021.10.5).

2) BBz, FIRIEN ., “FAEMMBIZ WA Ay FENEOEMRY PR I 2 b —3 9 7
IS ESEEEES 2022423 H22H (AT A ) 22a-D215-5.
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TR « KA o bR 3875 - R R
fiEFHFHE A Kagakayki

[ - Hik)

~1+ 3 K (Heronamide)C B LW A |E, A— A+ T U 7l CERIS NI R E N AEET S~ 27 1
778 MEEHT, MRE~OREICE D2FEFEEMND L5 1, #B8 « EHEZFEBEOKBRENS 8
deoxyheronamide C Z L., MIEEE AN E LI-BEEEEA BT 2 taHRE L 1, —FH T
25 FAEI~eF I R CICHANTRERAOFRAFERIEFIZIHNZ L bRENTND, ZOL IR
~F I ROIFERA~OREERBREDE N T, ~1 I F CRBIXWA OIFERENIZE T 2 5 A SO
AERFHEDENZ L DD LB BN, NG FHEEOBROH L SICXVREHASNE ST
W, TR, MR IIFEERISIABE O FIEIE 2 A DMk x lasm I X MO G RITIE & R i D
TW5 2, HiEEEZ AT 2 BULEMOAEK - T O 721213 2 LA OIRNIZ BT 2 Rt
HERUETHY , ZHOREOMINIEEOMETH D, AL TIE, 25 FEERIC K0 ARk - 3l =
NTWH~rF I FEOIREBICHEIT 25 F8I% (MD) v Ial—v a2 %L, ~n) I MEO
BERFESRHEEZ O 2MCT 5, ~rF I R C, A BEROIFERIZK T2 MD FHREICIZ T, HERE
R L7e~m ) I REORERIZH T 5 MD 1R A EET 5, &% DILEMOERNIZI T 5/ GAE 7
THELE OFENZ FEAINCHNT L. ~u T 2 ROBRNICEIT 2 ECEERIEOE W IIC YW Clkin T 5.
[J7E] B 1 ICARBIZECTID D ~m X ROy FE 27T,

b~ N4 DMPC % 128 8, /Krf7% 8192 THERT D IFE “ BB 1 5 F 12T FHET D
Al 20 %EETHAET DREER L, K2 DR TORAREE L, B~ AREEZ MD > 2 L
—a Lo TR L7,

MD ¥ X = bL—v 3 UFETER - EESM T (T=303K, P=latm) THEAT L7=, KE D HHIZIZ
CHARMM36 # V>, KOET /WL TIP3 & Hv e, ~rF I RO DMPC EA~D#E G RO 1,
T VLIH T KBRS S PMF #HRIC K o TRl L7z, OGS zfl (R )5
[) &L, ~aF I RO TOKBEZENTOGAICBE S E8GE L, BT RICBE S TG40
PFM % DMPC O 5 OBl = x ¥ —fif & EFX L CitHEE21T>72, MD - PMF #5121
GROACS2018 % v 7=,

8-deoxyheronamide C (8-dHC, 1): R' = H, R? = OH »
heronamide C (2): R' = R? = OH heronami ide A (3)

1. 8-deoxyheronamide C, heronamide C, heronamide A, heronamide B ™7y 1 {1

[#E 5 & E%%] X 2|2 DMPC fEiZ(a) heronamide C & (b) heronamide A % 1 43 A L7=RIZBIT S
FEED AT~ 7 a v b&ERT, heronamide C T 2 > D/KfE A Z RO MM FERER I m) i CTHEL M3 2 4k
RPNRENTZA, heronamide A DA, EEF MK L TRE S F VN L TERIAT A28 S 4,
BENIZ 31T D BLARFEDIEWA R STz,
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Activity Report FY2021

1. Research title: Capturing Concentration Induced Aggregation of Nucleobases on
Graphene Surface Through Polarizable Simulations

Principle Investigator: Sairam Swaroop Mallajosyula
Affiliation: Associate Professor, Indian Institute of Technology Gandhinagar
Machine: Kagayaki

2. Project Description: Nucleobases have attracted significant attention from the
scientific community, as a viable candidate for the formation of supra-molecular
assemblies. Significant research interest has been turned towards developing
novel molecules based on nucleobase synthons, for applications in a wide spectrum
of disciplines. Self-assembly of nucleobases on solid support have been observed in
experimental studies, but have not been captured by molecular dynamics
simulations. We show that a polarizable force field can accurately capture the
spontaneous self-assembly of higher-order structures in cytosine nucleobases
which cannot be captured by non-polarizable force fields. A gradual transition from
an ordered 2D network to a sizeable disordered network of hydrogen-bonded
structures was observed upon increasing the concentration of nucleobases from
0.25M to 0.75M. Graphene sheet was found to exert a significant influence on
the stabilization of self-assemblies formed by cytosine nucleobases mediated by
the n—n interactions. This methodology can be extended to investigate the self-
assemblies of other small molecules on graphene based solid support.

3. Publication list during FY2021 using JAIST Facilities:
i) Capturing Concentration Induced Aggregation of Nucleobases on
Graphene Surface Through Polarizable Simulations, Hemanth H.,
Pradeep K. Y., Mallajosyula S. S., Journal of Physical Chemistry C (Under
Review)

4. Co-Authoring projects:
This work was supported by the joint research with Dr. Takumi Yamaguchi
(School of Materials Science, JAIST). In FY2022 we plan to investigate the
applicability of Graphene Nanopores in sequencing DNA using Drude Polarizable
FF simulations. The results obtained by the work carried out in FY2021 forms
the basis of our work.
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The Impact of Virtual Reality on Gaming Experience: A Perspective from Half-Life on Steam

School of Knowledge Science, Fujinami Lab, YU Fangyu
Machine: kagayaki

Abstract

As a new form of human-computer interaction, Virtual Reality (VR) introduces new opportunities for
game development. Nevertheless, research conducted on the influence of VR on player reviews data
was limited. This paper analyzes the influence of VR on the player community of the Half-Life series,
including Half-Life 2 (non-VR edition) and Half-Life: Alyx (VR edition) by topic modeling. Particularly,
a dataset of approximately 100,000 reviews was first collected from Steam. Then we used the topic
modeling, and three experts were involved in analyzing these topics to categorize reviews into 11
topics of Half-Life: Alyx (Fig. 2). We also detected the pivotal insight that most game players are
concerned with only five topics of fundamental game elements. Furthermore, players' positive ratings
were compared on these five topics (Fig. 3), and the p-value of the two-sample t-test reveals VR has

no significant impact on these fundamental game elements.

Coherence_Half-LifeA
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Figure 2. Coherence score of HLA. Figure 3. Positive rate distributions of top five topics

We perform a two-sample t-test with a significance level of 0.05 to see whether the positive rate means
of the two games are equal or not. Because the p-value of our test (0.069165) is greater than a = 0.05,
we reject the hypothesis which assumes the two positive rate means are not equal. In other words,
we do not have sufficient evidence to conclude that the positive mean rate between the two games is

different.

Published papers:
1) The Impact of Virtual Reality on Gaming Experience: A Perspective from Half-Life on Steam
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Esports Game Updates and Player Perception: Data Analysis of PUBG Steam Reviews

School of Knowledge Science, Huynh Lab, YU Yang
Machine: kagayaki, vpce

Abstract

Game updates are essential because they usually contain critical patches to improve the players'
experience. Compared with traditional online games, esports games abandon the storyline and
emphasize the players' competitive motivation. As a result, esports games need to be updated more
frequently to extend the game development life cycle. Meanwhile, developers get feedback from
players' reviews on esports games to improve the game experience, services, or adjust operating
strategies. However, there has been little research conducted on the influence of esports game updates
on player reviews. In this study, we aim to determine the influence of the monthly update on the
player community by carrying out an analysis of PUBG, one of the representatives of esports games,
via topic modeling. In total, we collect approximately 300,000 reviews on Steam. Our contributions in
this paper are: (i) we use the LDA model to infer and group reviews into 14 topics (Fig. 2), (ii) we
analyze the influence of esports game updates on topics prevalence over time (Fig 4.), and (ii) we

conduct sentiment analysis to reveal players' satisfaction levels with each topic.

(Part of the result):
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Figure 2. Coherence scores of PUBG. Figure. 4. Topics prevalence over time

Published papers:

1) Yu, Y., Nguyen, B.H., Yu, F. and Huynh, V.N., 2021, November. Esports Game Updates and Player
Perception: Data Analysis of PUBG Steam Reviews. In 2021 13th International Conference on Knowledge
and Systems Engineering (KSE) (pp. 1-6). IEEE.

2)

Obtained budget (If you got.)
1
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(a) )

2. (a) heronamide C & (b) heronamide A ® A} v 7' 3 » b

32K A D~ F I RyFOREREFMICKT % PMF §HAORREZRT, BHHR= R X —HOLE O R,
L & DO BERNL D = % )L X —[8iBE Cld heronamide A < heronamide C & 72 ¥ | heronamide A DFF RS S H5FED
PMF Gl L W RS ivlc, 2V ITAMIEMEDRALER &t 28R TH Y, ¥ I 2 L— 9 X PMF it
DIEHMEZTRTHRTH D,

PMF [KJ/mol]

z[A]

3. heronamide A & C OEIE 5 AIZ%d % PMF #t&E

B LR (Eaid V)

1) Kazutomo Kawaguchi, Seiichiro Ito, Hiroaki Saito, Hidemi Nagao, “Molecular dynamics study of lipid bilayer
asymmetry induced by ion concentration gradient and electronic polarizability”, Molecular Simulation (2022)
48:6,477-483.

2) Naoki Kanoh, Ryusei Terashima, Hiromichi Nishiyama, Yuta Terajima, Shota Nagasawa, Yusuke Sasano,
Yoshiharu Iwabuchi, Hiroaki Saito, Syusuke Egoshi, Kosuke Dodo, Mikiko Sodeoka, Chenggian Pan, Yoshinobu
Ikeuchi, Shinichi Nishimura, and Hideaki Kakeya, “Design, Synthesis, and Antifungal Activity of 16,17-
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