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A new ab initio modeling scheme for ion self-diffusion coefficient applied to
¢ -CuzSn phase of Cu-Sn alloy
Tom Ichibha, Genki Prayogo, Kenta Hongo, Ryo Maezono

Making the most of data: quantum Monte Carlo post-analysis revisited
Tom Ichibha, Kenta Hongo, Ryo Maezono, Alex J.W. Thom

A DMC study on the mechanism of the point defects diffusion in the rutile TiO2 bulk
Tom Ichibha, Anouar Benali, Kenta Hongo, Ryo Maezono

A new candidate structure high pressure solid hydrogen discovered with calypso
algorithm
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Importance of vdW and long-range exchange interactions to DFT- predicted
docking energies between plumbagin and cyclodextrins
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Wised-StagedLSH: A new locality sensitive hashing algorithm for parallel
processing on GPGPU
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Electrical contacts to phosphorene - a DFT study
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Inconsistencies in ab initio evaluations of non-additive contributions of DNA
stacking energies
Qin Ken, Ryo Maezono, Kenta Hongo
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Ab initio thermodynamic properties of certain compounds in Nd-Fe-B system
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Lyotropic ordering for high proton conductivity in sulfonated
semialiphatic polyimide thin films
Kensaku Takakura, Yuki Nagao
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A NEW AB INITIO MODELING SCHEME FOR ION SELF-DIFFUSION COEFFICIENT
APPLIED TO EPSILON-CU3SN PHASE OF CU-SN ALLOY

Tom Ichibha, Genki Prayogo, Kenta Hongo, and Ryo Maezono

We present a new scheme for modeling of ion self-diffusion coefficient. Our scheme broadens the
applicable scope of ‘ab initio + modeling’ approach, which combines modeling for self-diffusion
coefficient with ab initio predictions. Essential concepts in our scheme are ‘domain division” and ‘coarse-
graining’ of the diffusion network, according to calculated barrier energies. With the former concept, the
diffusion network is divided into a few types of simple disjunct domains. Their networks are further
simplified with the latter idea that groups some ion sites and regards it as just a single site. We applied
this scheme to Cu diffusion in e- CusSn phase of Cu-Sn alloy and succeeded to reproduce experimental
diffusion coefficients in a wide range of temperature.

XC40 is used for density functional theory, and especially for Nudged Elastic Band calculations.

MAKING THE MOST OF DATA:
QUANTUM MONTE CARLO POST-ANALYSIS REVISITED

Tom Ichibha, Kenta Hongo, Ryo Maezono, and Alex J.W. Thom

In quantum Monte Carlo (QMC) methods, energy estimators are calculated as the statistical average
of the Markov chain sampling of energy estimator along with an associated statistical error. This error
estimation is not straightforward and there are several choices of the error estimation methods. We
evaluate the performance of three methods, Straatsma, an autoregressive model, and a blocking analysis
based on von Neumann’s ratio test for randomness, for the energy time-series given by Diffusion Monte
Carlo, Full Configuration Interaction Quantum Monte Carlo and Coupled Cluster Monte Carlo methods.
From these analyses we describe a hybrid analysis method which provides reliable error estimates for
series of all lengths. Equally important is the estimation of the appropriate start point of the equilibrated
phase, and two heuristic schemes are tested, establishing that MSER minimization gives reasonable and
constant estimations independent of the length of time-series.

XC40 is used for QMC calculations. VPCC is used for post-analysis by Python script.



A DMC STUDY ON THE MECHANISM OF THE POINT DEFECTS DIFFUSION
IN THE RUTILE T102 BULK

Tom Ichibha, Anouar Benali, Kenta Hongo, and Ryo Maezono

The mechanism of the point defects (O vacancies, Ti interstitials) diffusion in rutile TiO, has been
studied using DFT (density functional theory), but this method would not be reliable enough for transition
metal oxides. We applied DMC (diffusion Monte Carlo) method to predict the barrier energies of the
diffusion routes and re-considered the diffusion mechanism. We mainly discussed these primary issues
under controversy: “Which of O vacancy and Ti interstitial diffuses faster perpendicularly to c-direction,
when they are positively charged?”, “In which direction parallel or perpendicular to c- direction does Ti

interstitial diffuse faster?”. Our DMC predicted utmost ~2 eV different barrier energies from the DFT

values and qualitatively disagreed the DFT conclusion for the first issue. We discussed our DMC results
based on Bader charge analysis as well as the saddle state structures obtained by climbing nudged elastic
band method.

XC40 is used for DFT and DMC calculations.

A NEW CANDIDATE STRUCTURE HIGH PRESSURE SOLID HYDROGEN
DISCOVERED WITH CALYPSO ALGORITHM

Tom Ichibha, Anouar Benali, Kenta Hongo, and Ryo Maezono

Solid hydrogen phases under high pressures are studied by using CALYPSO/swarm structure
searching algorithm, diffusion Monte Carlo methods, and DFT-phonon evaluations. A new phase with
Pbam translational symmetry is found to be appeared in the range between 475GPa-490GPa, which is a
stacking of the layers that each hydrogen molecule is accommodated within each honeycomb cell
sandwiched between neighboring honeycomb layers. The appearance of the phase is consistent with
preceding experiments reporting the metal- insulator transition around the pressure region.

Altix is used for DFT, and XC40 is used for DMC, respectively.
IMPORTANCE OF VDW AND LONG-RANGE EXCHANGE INTERACTIONS

TO DFT-PREDICTED DOCKING ENERGIES BETWEEN PLUMBAGIN
AND CYCLODEXTRINS

Tom Ichibha, Ornin Srihakulung, Guo Chao, Adie Tri Hanindriyo, Luckhana Lawtrakul, Kenta Hongo,
and Ryo Maezono

We calculated the docking energies between plumbagin and cyclodextrins, using density functional
theory (DFT) with several functionals and some semi-empirical methods. Our DFT results revealed that
GD3 dispersion force correction significantly improves the reliability of prediction. Also sufficient amount
of long-range exchange is important to make it reliable further, agreeing with the previous work on argon
dimer. In the semi-empirical methods, PM6 and PM7 qualitatively reproduce the stabilization by docking,

yet under- and over-estimating the docking energies by ~10 kcal/mol, respectively.

Vpcc and Altix is used for DFT calculations with Gaussian09/16.



PUBLICATION LIST (ARXIV PAPER IS [TO BE] SUBMITTED TO JOURNAL)

1. T. Ichibha, G. Prayogo, K. Hongo, and 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.,
Royal Society of Chemistry, vol.21, 5158 (2019). [ #¢ A /IF=3.906]

2.T. Ichibha, O. Srihakulung, G. Chao, A.T. Hanindriyo, L. Lawtrakul, K. Hongo, and R. Maezono,"
Importance of vdW and long-range exchange interactions to DFT-predicted docking energies
between plumbagin and cyclodextrins", arXiv:1904.02503 (2019). [# ¢ ]

3.T. Ichibha, K. Hongo, R. Maezono, A.J.W. Thom, "Making the most of data: Quantum Monte Carlo
Post-Analysis Revisited", arXiv (2019). [ 7t #] (Submitted to Phys. Rev. E)

4. R. Kuriki, T. Ichibha, K. Hongo, D. Lu, R. Maezono, H. Kageyama, O. Ishitani, K. Oka, and K. Maeda,
"A Stable, Narrow-Gap Oxyfluoride Photocatalyst for Visible-Light Hydrogen Evolution and Carbon
Dioxide Reduction", J. Am. Chem. Soc., ACS Publications, vol.140, 6648 (2018). [fx#t A /IF=14.357]

5.T. Oshima, T. Ichibha et al.,, "Undoped Layered Perovskite Oxynitride Li2LaTa206N for Photocatalytic
COZ Reduction with Visible Light", Angew. Chem. Int., ACS Publications, vol.57, 8154 (2018).
A HEA/IF=11.994]

6. H. Wakayama, K. Utimula, T. Ichibha et al., "Light Absorption Properties and Electronic Band Structures
of Lead Titanium Oxyfluoride Photocatalysts Pb,Ti4OoF, and Pb,Ti,Os 4F1 5", J. Phys. Chem. C,
ACS Publications, vol.122, 26506 (2018). [# 7t A /IF=4.484]

7. K. Utimula, T. Ichibha, R. Maezono, and K. Hongo, "Ab initio search of polymer crystals with high
thermal conductivity", arXiv:1811.06807,(2018). [t e ]

8. Q.S. Ken, T. Ichibha, K. Hongo, and R. Maezono, "Difficulty to capture non-additive enhancement of
stacking energy by conventional ab initio methods", arXiv:1807.04168 (2018). [# &t ]

LIST OF PLANNED PUBLICATIONS
1. Tom Ichibha, Anouar Benali, Kenta Hongo, and Ryo Maezono,, "A DMC Study on the Mechanism of
the Point Defects Diffusion in the Rutile TiO2 Bulk".

2. Tom Ichibha, Yunwei Zhang, Kenta Hongo, Ryo Maezono, and Yanming Ma, "A New Candidate
Structure High Pressure Solid Hydrogen Discovered with CALYPSO Algorithm".

ACHIEVEMENTS
1. Scholarship: Research Fellowships for Young Scientists (Japan Society for the Promotion of Science),
Apr 2018-Apr 2020. [200,000 JPY / month]

2. Grant: Grant-in-Aid for JSPS Research Fellow (18J12653) (Japan Society for the Promotion of Science),
Apr 2018-Apr 2020. [1700,000 JPY]

3. Grant: Grant for fundamental research (Japan Advanced Institute of Science and Technology),
Apr 2018-Mar 2019.



Valence Band Engineering of Layered Bismuth Oxyhalides
toward Stable Visible-Light Water Splitting

Daichi Kato/Kyoto University, Ryo Maezono/School of Information Science, Kenta Hongo/RCACI, Hiroshi
Kageyama/Kyoto University
PROJECT DESCRIPTION:

A layered oxychloride BisNbOsCl is a visible-light responsive catalyst for water splitting, with its

remarkable stability ascribed to the highly dispersive O-2p orbitals in the valence band, the origin of
which, however, remains unclear. In our previous project, we systematically investigate four series of
layered bismuth oxyhalides, BiOX (X = Cl, Br, 1), BisNbOgX (X = Cl, Br), Bi.GdO4X (X = Cl, Br), and SrBiO,X
(X =Cl, Br, I), and their electronic structures (DOS) is obtained from DFT (Density functional theory).
Combined with Madelung potential analysis, we found that Madelung site potentials of anions capture
essential features of the valence band structures of these materials and its relationship with their
crystal structures.
However, valence band structure is believed to be affected not only by Madelung potential but also 6s
lone pair effect. This project attempts to further investigate the contribution of 6s lone pair effect on
crystal structures and on band structures in various post-transition metal (i.e. Bi, Pb, etc) oxide and
oxyhalides. These effect will be revealed from the analysis of COHP (Crystal Orbital Hamilton
Population) and ELF (Electron Localization Function) analysis which are again based on DFT approach.

PUBLICATION LIST
[1] Kato, D.; Hongo, K.; Maezono, R.; Higashi, M.; Kunioku, H.; Yabuuchi, M.; Suzuki, H.; Okajima, H.;
Zhong, C.; Nakano, K.; Abe, R.; Kageyama, H.J. Am. Chem. Soc. 2017, 139, 18725-18731.

LIST OF PLANNED PUBLICATIONS
[1] 'Impact of 6s lone pair on valence band structures of post-transition metal oxides and oxyhalides;
COHP analysis', [Kenta Hongo, Ryo Maezono], [journal (temporary)].
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Wised-StagedLSH: A new locality sensitive hashing algorithm for parallel processing on
GPGPU
School of Information Science, Ino-Lab, Nguyen Mau Toan

Machine: pcc

The development of digital content makes the data become bigger and bigger every day. Many
high dimensional datasets have constantly updated such as audio fingerprints, photos or text dataset,
which needs a suitable dynamic structure to manage. Hash-table of LSH is the mapping table that
indexes the hash-value(key) to the list of data/items on the database. People tend to use a static hash-
table to increase the speed of searching. However, when the requirements are changed from static
dataset to dynamic dataset, we have to use a different structure of LSH hash-table to adapt to the
constantly updated dataset.

While StagedLSH of Yang has significant accuracy for structured high dimensional dataset,
it still has problems of high memory space requires and incompatible for parallel processing. To tackle
these problems, we proposed Wised-StagedLSH to enhance the parallel processing performance and
optimize the required memory space.

Firstly, Divergent branch is the critical problem for almost all GPGPU devices, that makes
all threads stall when selecting branch to jump. In StagedLSH algorithm, when comparing the
distance of corresponding frames of the query and current data item. Which generates stall due to
divergent branch after select the similarity frames. We do remove the frames comparison in Wised-
StagedLLSH for eliminating the divergent

Processing time on CPU and GPU

branch and increasing the accuracy of KNN 5 x10° phi server(exact 218 probes/query)

24470

23160

search. However, skipping  frames

comparing can cause slow down the search 2 20110

processing by taking more vector comparing

N
(&)

that need more clock circles than the frame

comparison. An additional advantage of

-

removing frame comparison is the search

Processing time (ms)

process be simply parallel in frame level.

0.5 4670

Each flow of each frame can works 1830 1980

independently with each other.
With only 10K throughput KNN
queries, our proposed method achieved around 75¥% capacity of P100 GPGPU and having higher

StagedLSH Multi-probesLSH Wised-StagedLSH DLSH

speed-up ration than other methods. By the wised selecting the grid size, Wised-Staged LSH can easily
full fill the active warps by increasing the number of throughput queries. Follow this result, we
recommend to process 10K or more throughput queries for P100 GPGPGU with 1M denseSIFT
database. Not only the recall of Wised-StagedLSH is increased, but also the parallel performance is
boosted for maximizing the capacity of GPGPU.
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ACTIVITY REPORT OF FY2018

1. PROJECT TITLE:
ELECTRICAL CONTACTS TO PHOSPHORENE — A DFT STUDY

PRINCIPAL INVESTIGATOR: Dr. Nihar Ranjan Mohapatra
AFFILIATION: Associate Professor

ADDRESS: Ab4-321, IIT Gandhinagar, Palaj, 382355, Gandhinagar
PHONE: +91 79 2395 2420

EMAIL: nihar@iitgn.ac.in

WEBPAGE: http://people.iitgn.ac.in/~nihar/

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

2. PROJECT DESCRIPTION:

Two-dimensional (2D) van der Waals materials such as Phosphorene possess a wide range of
remarkable properties that makes them attractive for a number of applications, including sub-5 nm
VLSI. One of the biggest challenges in realizing high performance and energy efficient transistors is the
Phosphorene-metal interface. Despite good intrinsic properties of the material, a bad contact can be
the limiting factor in achieving a good overall performance. Often metal interfaces experience
formation of Schottky barriers which reduces the carrier injection efficiency thus leading to decrease
in the device’s performance. Therefore, a proper choice of metal which can form an Ohmic contact is
crucial. In addition, a strong adhesion of the metal with the 2D semiconductor parent surface is
important. In this project, we are studying the metal to Phosphorene (single to multi-layer) interface
using ab-initio calculations. We are also investigating the properties of metal contact on functionalized
Phosphorene layer. This going work will help us in finding out a suitable metal which can be used as a
contact for Phosphorene based 2D devices.

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

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

A/How many co-authored publications with JAIST faculties so far - NIL
B/How many co-authored publications with JAIST faculties planed in future — minimum 2 this year

4. PUBLICATION LIST DURING FY2018 USING JAIST FACILITIES

There were no publications in FY2018.

5. CO-AUTHORING PROJECTS FOR FY2019 USING JAIST FACILITIES
1. Electrical contacts to Phosphorene — A DFT study (This project will be continued in FY2019. We
have achieved some results. This project will be finished with some more work.)

2. The electronic properties of Phosphorene/Gallenene heterostructures (Gallenene is found to be
a promising 2D Metal. In this work we will study the Phosphorene-Gallenene interface.)

5.1 LIST OF PLANNED PUBLICATIONS



It is planned to have two publications from project 1 and one publication from project 2. Project 1
and 2 are listed above.
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[1] The TPTP Problem Library for Automated Theorem Proving.
http://www.tptp.org/

[2] T. Sternagel. Reliable Confluence Analysis of Conditional Term Rewrite
Systems. PhD thesis, University of Innsbruck, 2017.

[3] Confluence Competition. http://project-coco.uibk.ac.at/

[4] The CADE ATP System Competition. http://tptp.cs.miami.edu/ tptp/CASC/
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INCONSISTENCIES IN AB INITIO EVALUATIONS OF NON-ADDITIVE
CONTRIBUTIONS OF DNA STACKING ENERGIES

Qin Ken, Prof. Ryo Maezono/School of Information science, Prof. Kenta Hongo/ RCACI.

PROJECT DESCRIPTION:

The non-additivity in interactions is obviously expected in intermolecular bindings due to the
induced polarizations caused by the quantum fluctuations, such as vdW (van der Waals) forces. We
evaluated the non-additive contributions of the intermolecular interactions in B-DNA stacking by using
diffusion Monte Carlo methods with fixed node approximations (FNDMC). We found that FNDMC gives
qualitatively different estimations of the non-additivity from those obtained using any other ab initio
method shown as Figure 2. Given that the estimations of the stacking energies themselves exhibit no
obvious differences, the error cancellation of the fixed-node error may not work well when we divide a
system into sub-systems that are connected to each other by hydrogen bonds. The target systems are
10 kinds of the Watson-Crick base pairs in B-DNA, the example of geometry for ’AA:TT’ pair is shown as
Figure 1. The geometries for all ten pairs are provided by S"poner J. et al.'s work, and we take them to
be fixed. The specific difference observed only for FNDMC in Figure 2 may be because of the poor
cancellation of the quantities including the evaluations of the sub-systems connected to each other by
the horizontal hydrogen bonding shown in Figure 1.
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Figure 1. The example of geometry for ’AATT Figure 2. Non-additive contribution, evaluated by
pair. There are two layers in this system and each  various methods. The specific difference
layers are composed by one base pair. In ‘AA:TT"  observed only for FNDMC results. For CCSD(T),
structure, A:T means the adenine-thymine base  the data is taken from the preceding work.

pair.

PUBLICATION LIST
[1] T. Oshima, T. Ichibha, K.S. Qin, K. Muraoka, J.J.M. Vequizo, K. Hibino, R. Kuriki, S. Yamashita, K. Hongo,
T. Uchiyama, K. Fujii, D. Lu, R. Maezono, A. Yamakata, H Kato, K. Kimoto, M. Yashima, Y. Uchimoto, M.
Kakihana, O. Ishitani, H. Kageyama and K. Maeda, "Undoped Layered Perovskite Oxynitride Li2LaTa206N
for Photocatalytic CO2 Reduction with Visible-Light" Angew. Chem. Int. Ed. 130(27), 8286-8290, 2018

LIST OF PLANNED PUBLICATIONS
[1] ‘Inconsistencies in ab initio evaluations of non-additive contributions of DNA stacking energies’, K.
Qin, K. Hongo, R. Maezono, Int. J. Quantum Chem.
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ACTIVITY REPORT OF FY2018

OXYGEN RELEASE MECHANISM OF POSITIVE ELECTRODE ACTIVE MATERIAL

PRINCIPAL INVESTIGATOR: Takahiro Toma
AFFILIATION: Hongo Lab., JAIST, Nomi, Ishikawa, Japan
EMAIL: mwktmt1803@icloud.com

PROJECT DESCRIPTION:

T, EXBEEEHGREGO & LY F U LA A ZIREMOTFENEINETICH 5,
UF LA F Ly ZREMAEMRIEWEIZIL, BIREERE SIS Z AT 25 LiMe(Me=Ni, Co,
Mn)O, VAL EH SN TEY, FOEZULFINE()RTERTIEY Me02 12 Li AN
BT AR A M- A NS TH 5,

Li, MeO,+ xLi" +xe’= LiMeO,

EXEATEAR T, BONTEMBE A — 2 CETHGEEEL2 <55 2 20k
BILATZD, BV RV —FEENERIND, BMOTR/LX—EEZHINIE 5
K72 HELE LT, MEOEEHTZY ORMEREHARE)ZN ESELFERHY
LiNIO2 [ZRRFEEND L H 7, Ni HROBEWIEMIEME NS WA EZ RTZ ENALN
TW5, ZAUE, Ni oI U ffABBEDORR LR TS EBALMEL 725729,
M U EELE CHEERTREZ: L E2XEINT 5720 TH 5, —J5 T, LiMeO; 75 Li DREEN
AT 5 L. MeO, DAERRDEITT S, ZD MeO, ITHEENRLERZ ENMLNTEY
RE EFIC KV RGICEBEDOMB 2o T N E S ER 2T, ZOBEBAELE 0, &
LD A HERRIK & DSBOG L, FBE, BACEZSIER T LW IFRERNLNTWND,
LU G, BEHEDO AT =X LZONTOREFNTIL L 2V, F 2 TARIFIE T,
B JREE R Z HOCIERIEWE O LU BB E S BEfRE =X —D B (b Zfii LT,
Fe FE IRF LT e 8 i U 7oV W R - 2 B N S Al AR RE A & A A R i 0t HE - BA MR (Cs-
STEM) THIEL L7 R, B 1R i 3 WIS & 0O S 05 B 15 (R3-m) 2> & BRI 15 (C2/m) ~
FEEE L CWD Z ENRHLMNE -T2, £Z T, R3-m BLW C2/m #i&ED Me02 12O
TENENE —JREFRZIT o201, C2/m MEEDMEMHE TR/ F —0% R3-m HE LY
NSV E DR S AL, ERFEREZ BT AR/ G LN, RERNG ., BFEMNE
MEIT DM RGO T e —F & LT, IERIEWE O C2/m #1E~D IR 2 Ifl 425 =
ENHERTHD LW TN ELNT,

LIST OF PLANNED PUBLICATIONS

[1] ' Relationship between crystal structure and oxygen release behavior of LNO', K. Hongo, R.
Maezono, J.Power.Sorces
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ACTIVITY REPORT OF FY2018

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

Adie Tri Hanindriyo/School of Material Science, Soumya Sridar, K.C. Hari Kumar,
Kenta Hongo, Ryo Maezono

PROJECT DESCRIPTION:

Calculations have been performed to investigate thermodynamic properties of
intermetallic compounds within the Nd-Fe-B system. Materials within the system possess
intriguing magnetic properties, and one compound (Nd,Fe14B) in particular is of great
importance as the basis of a class of powerful permanent magnets. Investigation from ab
initio is performed to supplement existing database of thermodynamic properties in
particular for the application of the CALPHAD method, which calculates the phase diagram
of a system by modelling and optimizing model parameters for the free energy. These
models may utilize ab initio results in order to “fill the gaps” where experimental
measurements do not exist, especially for several lesser known or newly discovered
compounds.

Two key properties are obtained from first-principles calculations, namely the enthalpy
of formation and specific heat (in constant pressure or C,). Fig 1 shows an example of the
results obtained for the C, of NdBs in comparison with theoretical prediction from another
work.

NdBg constant pressure specific heat (C,)

200
150+ 1
g
S
£
=
5 100+ 1
50~ 1
e This work
— Theoretical estimation by (Bolgar et al., 1993)
0 L L L L L L
0 250 500 750 1000 1250 1500

T'(K)

Fig 1 NdBg calculated Cp, in comparison with theoretical prediction

LIST OF PLANNED PUBLICATIONS

[1] 'Ab initio thermodynamic properties of certain compounds in Nd-Fe-B system’, [Adie Tri
Hanindriyo, Soumya Sridar, K.C. Hari Kumar, Kenta Hongo, Ryo Maezono], [journal
(temporary)].

DIFFUSION MONTE CARLO EVALUATION OF DISILOXANE
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Adie Tri Hanindriyo/School of Material Science, Guo Chao, Tom Ichibha, Kenta
Hongo, Ryo Maezono

PROJECT DESCRIPTION:

The disiloxane molecule (Si2HsO) or disilyl ether is the simplest molecule which contains
the Si-O-Si bond ubiquitous in many important silicate compounds. The description of the
flexible Si-O-Si angle is vital to the properties of silicates and as such is very important to
proper modelling. Past studies regarding this matter have produced wide-ranging results,
either for the magnitude of the angle to the linearization barrier.

Using diffusion Monte Carlo (DMC), which to date is the most reliable ab initio method
(especially with respect to electronic correlation), the nature of the Si-O-Si bond is
investigated in this work. We focus on the result dependence on both the basis set used to
describe the wavefunction and the exchange-correlation functional in density functional
theory (DFT), which is also observed in past works in this area. Trial wavefunction for DMC
is taken from a DFT run using varying basis sets and exchange-correlation functionals and
with results from both DFT and CCSD(T) used as points of comparison.

LIST OF PLANNED PUBLICATIONS

[1] ‘Diffusion monte carlo evaluation of disiloxane’, [Adie Tri Hanindriyo, Guo Chao, Tom
Ichibha, Kenta Hongo, Ryo Maezono], [journal (temporary)].
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SPECIFIC HEAT OF BAFE2S3 AND BAFE2SE3

Adie Tri Hanindriyo/School of Material Science, Kenta Hongo, Ryo Maezono
PROJECT DESCRIPTION:

Compounds BaFe;S3 and BaFe,Ses have recently garnered attention due configurations
present in the crystal structure which is potentially a multiferroic material. BaFe;Ses has
been predicted to possess multiferroicity due to the iron ladder structure, while traditionally
interest in the material has been focused on its potential for superconductivity. A view from
this new perspective may extend the search for multiferroicity to beyond this compound,
to other materials possessing similar structures and configurations.

Ab initio methods may play an important part in this endeavor. In this case, the specific
heat of BaFe;S3 and BaFe;Ses is sought after using phonon calculations with DFT as the force
calculator. Multiple, high-cost calculations are required especially considering the doubled
unit cell necessary to reproduce the complex magnetic ordering present within both
structures. Investigation into the thermodynamic properties of both compounds may
present a new perspective on the ongoing endeavor to understand multiferroicity in
BaFejSes.

LIST OF PLANNED PUBLICATIONS

[1] ‘Specific heat of BaFe;Ss and BaFe;Ses’, [Adie Tri Hanindriyo, Kenta Hongo, Ryo
Maezono], [journal (temporary)].
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INVESTIGATION OF TWISTED BILAYERS IN MOSE:

Adie Tri Hanindriyo/School of Material Science, Poonam Kumari, Priya Mahadevan,
Ryo Maezono

PROJECT DESCRIPTION:

As a collaboration with Poonam Kumari and Prof. Priya Mahadevan, this project is a
continuation of their study into bilayer structures in MoSe;. It has been discovered that,
contrary to expectations, twisting the xy-plane orientation of one layer with respect to the
other does not change the interlayer distance between the bilayers. Varying the twisting
angle is an important part in the study, and one twisting angle in particular (2.7°) presents
a challenge due to the large unit cell required to study this phenomenon (1626 atoms,
~10000 electrons). High-performance computing is a necessity in this project for the reason
above.

LIST OF PLANNED PUBLICATIONS

[1] ‘Twisted bilayers of MoSey’, [Adie Tri Hanindriyo, Poonam Kumari, Priya Mahadevan,
Ryo Maezono], [journal (temporary)].
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DIFFUSION MONTE CARLO STUDY OF HYDROGEN ADSORPTION ON
SILICON CARBIDE NANOTUBE

Genki Imam Prayogo, Ryo Maezono/School of Information Science

PROJECT DESCRIPTION:

Silicon carbide nanotube (SICNT) is a novel type of cylinder-shaped nanostructure that is similar to
carbon nanotube (CNT) but with Si atom substituting one position. It has been theoretically and
experimentally investigated for use as hydrogen storage material and chemical sensors, among
others. Experimental findings suggested that even in pure form, it has better storage capacity by
weight than CNT. The mode of adsorption is predicted to consist of mostly physisorption, where
most interactions are from dispersion forces. Most of previous theoretical studies were based on
conventional Density Functional Theory (DFT), which has known difficulties in describing such
interaction. In this study, we use Diffusion Monte Carlo instead of DFT to evaluate the adsorption
energetics, comparing optimized geometries derived from multiple exchange-correlation
functionals at DFT level. We found that the geometry and binding energy to be highly variable
depending on the choice of exchange-correlation functional at DFT level. We also found that the
PBE functional was found to give the best (lowest) DMC energy and that predicted adsorption
energy is much stronger than DFT predicted.

LIST OF PLANNED PUBLICATIONS
[1] 'Diffusion Monte Carlo study of hydrogen adsorption on Silicon Carbide Nanotube', R.
Maezono, K. Hongo, J. Chem. Phys.

DIFFUSION MONTE CARLO STUDY OF BORON NITRIDE SYSTEMS

Genki Imam Prayogo, Ryo Maezono/School of Information Science

PROJECT DESCRIPTION:

Cubic boron nitride (c-BN) is a very hard, chemically inert material that is also stable at high
temperature and pressure. It is highly attractive for use as superhard coating materials and
abrasives. Its fabrication requires very high temperature and pressure, in the range of 8 GPa at
temperature of above 2000 K. A more recent technique adds aluminium nitride into melted phase
of BN, which has been found to significantly lower the required temperature for c-BN formation.
However, a reliable phase diagram for this system is currently unavailable, with previous
experiments arriving at different conclusions. We aim to derive this computationally, starting with
the BN polymorphs. There has been an established method for doing this, by combining
computational thermodynamics with ab initio derived energetics. Density functional theory (DFT)
is the ab initio method of choice for this approach, mainly due to its more accessible
computational cost. It is however, unable to accurately describe van der Waals (vdW) interactions,
which is unfortunately present in the hexagonal form of boron nitride (h-BN). We found that
conventional gradient-corrected functional greatly overestimates interlayer distance in this phase,
while supposedly vdW-corrected DFT functionals still failed to reproduce correct energetic
ordering between various BN polymorphs. We expect the use of Diffusion Monte Carlo (DMC)
instead of DFT will improve this considerably, as it is able to properly treat long-range correlations
which give rise to the said vdW interaction.

LIST OF PLANNED PUBLICATIONS
[1] 'Application of Diffusion Monte Carlo to the evaluation of thermodynamical properties of AIN-
BN system', R. Maezono, Phys. Rev. Materials.
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ACTIVITY REPORT OF FY2018

1. PROJECT TITLE:
Critical Temperature Calculation of ThCrz:Siz- Type Structure
using Density Functional Theory Approach

PRINCIPAL INVESTIGATOR: Gewinner Senderanto Sinaga

AFFILIATION: Ryo Maezono Laboratory, JAIST, Nomi, Ishikawa, Japan.
ADDRESS: 2-116 JAIST Student Housing, 1-8 Asahidai, Nomi city, Ishikawa
EMAIL: mwkgwn1804@icloud.com

2. PROJECT DESCRIPTION:

Critical temperature is one of the most interesting phenomena in condensed matter physics
for discovering the new materials which has high critical temperature. ThCr,Si>-type structures have
been attracted a lot of attentions both experimental and theoretical studies since it showed a
promising superconductivity capability. The general composition of the ThCr.Si,-type structure
(14/mmm) can be denoted as AB,X; where [A = rare-earth or alkaline-earth metal], [B = transition
metal], and [X = p-block element] as shown as figure 1. The structure consists of the stacking ordered
of A-[X-B2-X]- A. The [B2X2] layer is considered as a quasi-two-dimensional network. Sometimes X-X
bonding are formed in the interlayer of [B2X2] to give a three-dimension network which is called a
collapsed tetragonal ('cT’). Critical temperature (Tc) calculation of ThCr,Si,-type structures are done
by performing electron-phonon calculation using Quantum Espresso package. First, we provide the
optimized structure using ‘vc-relax’ calculation and then the optimized structure will be applied to self
consistent calculation (scf). After doing scf calculation, we perform phonon calculation producing a
set of dynamical matrix. From dynamical matrix, we need to calculate the corresponding set of
interatomic force constant using g2r. And the last, by performing lambda.x calculation which estimate
the critical temperature using via allen-dynes equation (equation 1) which generate critical
temperature of the materials.

1o Ol oo ZL0A( 2)
1.2 A— 1 (1+0.622)

(equation1)

Where, A is the elctron-phonon coupling (EPC) constant, ,u* is the effective electron-electron
interaction and weff is the effective phonon frequency.

w
A—> v
t.':’ v

v

Figure 1 Unit cell of ThCr2Si2-type structure. The purple ball refer to rare-earth element, brown
ball refers to transition metal, and light blue refers to p block elements
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[F] BSOS FIRINTERN O ECEE M2 K& B, 5T ZEEORBREREIC KX
e R KT T, RIS, o3 VAT o — LEINTIREFED & EEEEAE (liquid-ordered phase) ~®
LS EEZ L, 2 FBMAEERRESEDTL2Z2LNMENTND, ZD KD RIEOEER
a2 a—PUNOGT Bz, EZ2IF, Y7L YVRR—L, AT 4TI Y V)
EWMUTEGEIZHELD ZEDHBNTWDD, £ OEENRSS FHEREITH O 0 Tldewn, £
CCARMGETCIZalL AT a—), ¥IINR, PTRATVkn—N, AT A3 U EETE
POPC IBANEEEDO S FEN /1% S 2 Lb—va v &aFTL, TR ORAIFEROMESE - 4737 %
DFEMAE RN 5, S 612, ZhOIRAIFERIZIKIT D POPC OEEFMIZXT 5 HH T R LF —
HiHR 2 2F-AI L, BEE @ flip-flop <CMEH> & O BEM (desorption)iEF2 2 35 1T 5 73 U DRI DUV THRGE
T2,
[5¥E]  4ADIZ POPC % 128 fiHl, K4531-% 8192 fH\ /= POPC lRE —HERAZ L, Zhz
R & LTz, IROIEEIL POPC 2+ D VI L 25 1 —/L(CHOL), 5 I R(CER), 7T+
N7V ER—/DAG), A7 4 AITY PSM)ZIRI L TIERR L7z, 2 TIREIZ4 T 20 mol% &
L7z, MD ¥R = L—v g IR TEIR « EHESMF T (T=303K, P=latm) THE{T L7z, IRE D 51T
CHARMM36 %\ [2], /KDOET /ML TIP3 # MW=, PMF §tHEIIT7T 7 Vo070 v ke
LogMFD {£IZ 8 0 5l L72[3.4], FOUGFEEAET z il (BUE Sm) & L, POPC JEE O P Ji+ % A L
B8 S 725 O PMF % i (Flip-flop) O B H = VX —ihi#g, B/ TS Eh <7254
?® PFM % POPC D7)~ & OB (desorption) = 1 /L & —ilifit & E# L CRIA #1772, MD * PMF &f
B IZ1% GROACS5.2.1 & iz,
(K55 - BE] X 1ICMD HENOHELNLARICEIT HIEMEE T A —% (FEEHE, BEE, 4—
BT A =4 FRPEILOELR) OFEREZ/RT, R TORICBNTHTHINC L 0 BEERE 2D L,
P NN B fE R a2 1572, F 722 SRV POPC O 7 L VO ER A & N3 2 5 R0ss & iz,
ZAD OFERD G TN X D IEOEEH R & L TILPSM < DAG < CER < CHOL Th % Z L /R
ST, THD OEESNROETIRIN G T OREECHBAEH OEV (531 ORIPE, fiiEEo K/,
IKERELEDE ) XD EEZBND,

Tablel. Membrane structural parameters for binary POPC bilayers

Area per molecule [A%) dpr[A) -Sen PN angle [deg.]

Pure POPC 63.5(1.3) 39.1(0.7) 0.15 69.5
POPC/CHOL20 S51.8(L.1) 433(0.7) 021 548
POPC/CER20 574(12) 419(0.7) 0.18 535
POPC/DAG20 60.4(1.3) 412(0.7) 0.17 535
POPC/PSM20 61.8(1.1) 39.1(0.6) 0.16 778

% 112 PMF 2B XV ESLNT-%RICEBIT 5 POPC OEE F AT 5 HH T L —hfio
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—POPC in pure POPC
—POPC in POPC/CHOL
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POPC in POPC/DAG
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Fig 1. Free energy profiles for binary POPC mixture bilayers
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Lyotropic ordering for high proton conductivity
in sulfonated semialiphatic polyimide thin films

School of Materials Science
Kensaku Takakura, Yuki Nagao
Used MPC : pcc

Influence of the semi-aliphatic backbone on the molecular ordering and proton
conductivity was investigated compared to the rigid aromatic backbone in highly
proton-conductive organized polyimide thin films. We newly synthesized two alkyl
sulfonated semi-aliphatic polyimides (ASSPIs) with different molecular weights and
investigated their molecular organized structure, proton conductivity, water uptake, and
dissociation state of protons from sulfonic acid groups in thin films by in-situ
measurements for grazing incidence small-angle X-ray scattering (GISAXS), quartz
crystal microbalance (QCM), Fourier transform infrared (FT-IR) spectra, and
impedance spectra. Declining of planarity in the semi-aliphatic backbone reduced the
aggregative character and molecular ordering in the lyotropic liquid crystalline (LC)
structure. However, the higher molecular weight ASSPI exhibited the oriented lamellar
structure in spite of lower planarity of the main chain. The proton conductivity of the
oriented lamellar thin film displayed a more than half order of magnitude higher value
of 1.5 x 10" S cm’! than that of the non-oriented lamellar thin film (3.0 x 102 S cm™!) at
25°C and 95% RH. Density functional theory (DFT) calculations were performed to
obtain polymer unit length of the polymer backbone using the DMol3 package in
Materials Studio 2017 (BIOVIA). These results indicate that, in sulfonated polyimide
thin films, the lamellar orientation greatly contributes to the high proton conductivity in
the ASSPI thin films.
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1. Coarse-grained molecular dynamics simulation for uptake of nanoparticles into a
charged lipid vesicle dominated by electrostatic interactions
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Single-Molecule Imaging of a Polymer and Simulations by All-atom MD and DFT

Tomoyuki Ikai and Ken-ichi Shinohara

FLm= @& RK) - B dEREERX)

filf FIEH5A © vpee, uv
fili > 7 b : BIOVIA Materials Studio (Forcite, Amorphous Cell), Gaussian16

Direct observation of dynamic interaction between a functional group in a single SBR
chain and an inorganic matter surface (1):

As a composite of hybrid organic-inorganic materials, blending hydrophilic silica microparticles
with oilextended rubber can improve vehicle tire performance but the nanometer scale effects of
microparticle inclusion have not been thoroughly studied. Here, we used atomic force
microscopy (AFM) video imaging to closely investigate the behavior of functionalized and
unmodified styrene-butadiene rubber (SBR), as models for tire rubber, on mica surfaces. The
hydrophilic silica microparticle surface could be simulated by a mica substrate because both
have silanol groups on their surface. Using AFM video imaging, we tracked the behavior of
individual SBR polymer chains on mica surfaces to reveal how polymer modification affects the
interaction of SBR with mica surfaces. We measured the diffusion coefficients and spring
constants of single SBR polymer chains for the first time, demonstrating that it is possible to
parameterize the relationship between the molecular dynamic structure of a polymer and rubber
properties of the vulcanized compound. The SBR structure was also discussed by all-atom MD
simulations.

AFM All-atom MD

Helicity control of n-conjugated foldamers containing D-glucose-based single enantiomeric
units as a chiral source (2):

An optically active bithiophene derivative containing a D-glucose residue and two ethynyl
groups ((aR)-7) was synthesized and copolymerized with 2,5-diiodothiophene through
Sonogashira—Hagihara crosscoupling. The absorption, circular dichroism, photoluminescence
and circularly polarized luminescence properties of the resulting polymer (poly-7) were
investigated under various solution conditions. The structure was also discussed by all-atom
MD simulations. Poly-7 exhibited a clear solvent dependence of the optical and chiroptical
properties as a result of the interconversion between random-coil and right-handed helical
backbones. We also demonstrated that poly-7 emitted right-handed circularly polarized light
upon ultraviolet irradiation in the helically folded state. Based on the contrasting results for a
previously reported polymer (poly-A), which contained biphenyl units instead of bithiophene
units in the main chain, it can be concluded that seemingly mirror-imaged chiral materials can
be prepared using a single enantiomer of glucose without the need for the unnatural L-isomer.
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M-Helix P-Helix

Triptycene-Based Ladder Polymers with One-Handed Helical Geometry (3):

Here we report an efficient synthesis of optically active ladder-type molecules and polymers
through intramolecular cyclization of chiral triptycenes containing
bis[2-(4-alkoxyphenyl)ethynyl]phenylene units. The electrophile-induced cyclization reactions
are directed away from the bridgehead carbon atoms of triptycene by steric factors, thereby
producing one-handed twisted ladder units without any detectable byproducts. Moreover, the
quantitative and regioselective nature of this intramolecular cyclization allowed us to synthesize
optically active ladder polymers with a welldefined one-handed helical geometry in which
homoconjugated dibenzo[a,s]anthracene units are helically arranged along the main chain. The
structure was also discussed by all-atom MD and DFT simulations. This synthesis route enables
the construction of a variety of nanoscale helical ladder architectures and provides an entry into
new chiroptical materials.

MREE

AR &

(1) Ken-ichi Shinohara, Yuu Makida, Sci. Rep. 8, 13982 (2018).
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2. PROJECT DESCRIPTION:
Phosphorus has been utilized from several centuries for industrial usage such as fertilizers.
Recently it was reported that a layer of black phosphorus (BP) can be peeled off from bulk. A single
layer of BP is known as Phosphorene and is a 2D material. Phosphorene is also found to have good
electronic and opto-electronic properties because of its finite and tunnable band gap. However,
to utilize phosphorene in electronic devices, it should have strong adhesion, low resistance and
good Ohmic contact with metal electrodes. The metal electrodes are generally used to carry the
current out of the device. In this study, we have tried to find out the most suitable metal electrode.
We evaluated the adhesion strength and electronic conductivity as criteria for a good
electrode. We have chosen 20 types of metal such as Au, Pd, Ta, and Ti as possible candidates for
the metal electrode. A slab consisting of one layer of metal, one layer of termination (Oxygen or
Hydrogen) and three layers of phosphorene is used for the simulation. For each combination of
termination and metal, simulation of adhesion strength and electronic property is carried out. The
work of separation is employed to estimate the adhesion strength, which is calculated as the
interfacial energy divided by per unit area. We performed DFT calculations using QUANTUM
ESPRESSO with PBE-GGA exchange-correlation functional and ultra-soft pseudopotential available
therein. We investigated the cases of oxygen and hydrogen terminated phosphorene. The
termination is considered to strengthen the adhesion and to improve the electronic conductivity.
Besides that, we also estimated the ohmic contact and electric conductivity from the plot of
density of states at the Fermi level. In-gap peak of the density of states corresponds to the
localized surface electronic states because such a peak is not observed in bulk phosphorene. At
the interface of the systems, the appearance of the peak means the existence of localized
electronic states around the interface. It is considered that such localized electronic states appear
with the electrode having low carrier mobility across the interface. Since these electronic states
give rise to electric double layers that are the origin of electric rectification, these in-gap peaks are
regarded as the sign of a Schottky contact, otherwise the electric contact nature is Ohmic. From
the simulations, it was found that Ti with Oxygen termination has the highest work of separation
and there is a trend that work of separation decreases from group 4 elements to group 6 elements
in case of oxygen termination. Among those elements showing high work of separation, group 5
elements show peak in-gap density of states. Considering the work of separation and electric
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