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PdCr0, & CuCrO, D AT OEEICH T 57T MBI EEA D =X L
s K7 FEB#
KR T n—>7
Kagayaki % 13 FH

AAFIEIL. PR S & LT Advanced Physics Research st lZ#fa L. [REEC T 7&® 7 h&ni=, LLF.
ZDOEFR DG % w~T

PdCrO; films are synthesized on CuCrO, buffer layers on Al,O3; substrates. This synthesis is accompanied by
impurity phase segregation, which hampers the synthesis of high quality PdCrO; films. The potential causes of
impurity phase segregation were studied by using a combination of experiments and ab initio calculations. X-
ray diffraction and scanning transmission electron microscopy experiments revealed impurity phases of CuxPd;
— alloy and chromium oxides, Cr,03 and CrsQ0g, in PdCrO,. Calculations determined that oxygen deficiency can
cause the impurity phase segregation. Therefore, preventing oxygen release from delafossites could suppress
the impurity phase segregation. The amounts of Cr,0; and Cr;0, depend differently on temperature and

oxygen partial pressure. A reasonable theory-based explanation for this experimental observation is provided.

AFFEOFH BT TEENBEEELZMEH L TBY . 6 OFHEIZ Kagayaki #1HE 7 T A X &l H
L7z,

Published papers:
1) T.Ichibha et al., Advanced Physics Research (just accepted).
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EFEVTHIDEREORMERED ) —FUNREFOMASE
s K7 FEB#
KR T n—>7
Kagayaki % 13 FH

ABFTEIE, BEmRLE L TRV O TEY, BREED AL M- THIEY A 22D T
W5, LUF, BERFROEOSIHEZRT:

Locality errors have hampered the applications of the diffusion Monte Carlo (DMC) method in materials
containing transition metals in particular oxides. We have developed locality error free effective core potentials,
pseudoHamiltonians, for transition metals ranging from Cr to Zn. We have modified a procedure published by
some of us in [M.C. Bennett et al, JCTC 18 (2022)]. We carefully optimized our pseudoHamiltonians and
achieved the similar transferabilities to the best semilocal pseudopotentials used with DMC but without
incurring in locality errors. Our pseudoHamiltonian set (hamed BPH23) is a potential game changer to study

the basic science of transition metal complex materials.

BHMEEN D37 A —F b, 38 KON B EMN ORGEE B & L7 & 755 5HIZ Kagayaki 71
By I A2 LT,
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LaMO; B RA TR AA FZEIT 27 VoF YA FREODEFEVTHAILAEFR
s K7 FEB#
KR T n—>7
Kagayaki % 13 FH

AWFEIE, JRE L & LT Scientific Reports 56I1C#FR L, BIFEY NA AFEOET L E 2 — %221 T
%o LT, M XOE O HE T

The properties of LaMOs (M: 3d transition metal) perovskite crystals are significantly dependent on point
defects, whether introduced accidentally or intentionally. The most studied defects in La-based perovskites are
the oxygen vacancies and doping impurities on the La and M sites. Here, we identify that intrinsic antisite
defects, the replacement of La by the transition metal, M, can be formed under M-rich and O-poor growth
conditions, based on results of an accurate many-body ab initio approach. Our fixed-node diffusion Monte
Carlo (FNDMC) calculations of LaMOs (M = Mn, Fe, and Co) find that such antisite defects can have low
formation energies and are magnetized. Complementary density functional theory (DFT)-based calculations
show that Mn antisite defects in LaMnOs may cause the p-type electronic conductivity. These features could
affect spintronics, redox catalysis, and other broad applications. Our bulk validation studies establish that
FNDMC reproduces the antiferromagnetic state of LaMnOs, whereas DFT with PBE (Perdew—Burke—Ernzerhof),
SCAN (strongly constrained and appropriately normed), and the LDA+U (local density approximation with

Coulomb U) functionals all favor ferromagnetic states, at variance with experiment.

FROT T AT 7 N TEK LTS ENDMC I L O DFT 1 Kagayaki #5577 A % Zff
L7,

Published papers:

1) T.Ichibha et al., Scientific Reports (revision submitted).
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[2]" Molecular dynamics study of the aggregation mechanism of toxic-type amyloid-p42 oligomer via
B-barrel structure ",
[Ryo Maezono, Kenta Hongo], [ACS Chem. Neurosci. (temporary)].
[3]" Gene-Split Genetic Algorithm for Bus Routing Problem Optimization",
[Ryo Maezono, Kenta Hongo], [undecided].
[4]" Biophysical properties of fibril structure of the toxic conformer of amyloid-p42:
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First-principles Study of S-substituted WS2-metal Contact

Abdul Ghaffar

Hongo Group

Information Science

Machine: Kagayaki
Abstract

Using first-principles calculations, we have modeled S-substituted WS>-metal contact interfaces [Fig.
1] and investigated their contact properties with different metal electrodes. Here, widely used metals
such as Ag, Au, Cu, Pd, Pt, Sc, and Ti are adopted as the electrodes, whereas non-metallic dopants, C,
CL N, F, O, and P are doped into the WS> surface. We have analyzed the adhesion strength, Schottky-
barrier heights (SBH), tunnel barriers, charge transfer across interface, and metal-induced gap states
(MIGS) to assess their relative trends. 2D-semiconductor/3D-metal interfaces have been found to
suffer from severe Fermi-level pinning due to MIGS formation at the interface which makes van der
Waals (vdW) contacts very difficult to realize. To mitigate this issue, we have employed MIGS
analysis for the first time at the doped-WS»/metal contacts, thereby demonstrating the dopant’s relative
ability to unpin the Fermi-level by increasing vdW interaction which results in the MIGS suppression.
As is well known, C-, N-, and P-doped WS; surfaces possess p-type characteristics. Our results reveal
that the C-, N-, and P-doped WS still exhibit n-type SBH even with high work-function metals (Pd,
Pt) upon metal contact, however, a clear shift of the Fermi level towards the valence band edge gives
rise to a lower p-type SBH ascribing to significantly reduced MIGS, compared to pristine WS>-metal

contact.
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Figure 1: Modeled doped and undoped WSz/metal interface

Planned publication:

1) First-principles Study of S-substituted WS2-metal Contact
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YCeHx and LaCeHy under pressure, Mater. Today Phys., 28, 100873 (2022/IF = 11.021/Q1-journal).

BRERUFATZEE: (b L i)

1) "Data scientific structure search for ternary hydride high-temperature superconductors",
JPSJ/GAKUSHIN/DC2 (Research Fellowship for Young Scientists, 2021batch) (Representative
[P. Song/PhD course student/2yr]; 2022.4-2024.3).
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Interface structure prediction of SnS-based thin film solar cell using CALYPSO.

Dahule Rohit Sanjay
Maezono Group

Machine: Kagayaki, Impcc

Abstract:

Thin film solar cells (TFSC) have become a suitable alternative for sustainable energy supply because of their
reduced material cost. Moreover, the SnS is a promising candidate for a low-cost, earth-abundant, photovoltaic
absorbing layer for TFSC. In this context, the structural and optoelectronic properties of SnS were investigated
using a combination of experiment and theory. First-principles density functional theory (DFT) computations
of the bulk and surface SnS were employed to evaluate the electronic structures and analyze the observed
anomalies in their bulk and surface electrical properties. The experimentally observed semi-metallic behavior
utilizing scanning tunneling spectroscopy was further addressed by DFT calculations. Furthermore, the
physicochemical insights in the surface and interface of SnS-based TFSC will help in understanding the
transport properties in the heterostructure. In addition, the CALYPSO-predicted atomic structure of interfaces
as shown in Figure 1 would enable comprehension of the physical properties of the TFSC layers and therefore,

would be extremely useful for the fabrication of high-performance devices.

Output
ZnS (001) Surface
SnS (100) —ZnS (001) interface strucutre
—
c 2
L. &
— >
—
SnS (100) Surface s

Figure 1 Interface structure prediction of SnS(100) and ZnS (001)

Published papers:
1) Dahule, R., Singh, C.C., Hongo, K., Maezono, R. and Panda, E., 2022. J of Mate Chem C, 10(14), pp.5514-
5525.
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First-principles study on the specific heat of BaFesSes

Putu Bhargo Abhimana Chrysnanda
Maezono Group

Machine:: Kagayaki

Abstract

BaFesSes is a member of iron-chalcogenides superconductors which exhibit iron ladder structure.
Unlike other iron-chalcogenides, this material has a unique block antiferromagnetic (AFM) ordering
(Figure 1) as opposed to the usual stripe AFM ordering. Hence, it has attracted a lot of research
interest to understand its properties.

In this study, we try to investigate the specific heat of BaFea2Ses from first-principles Density
Functional Theory (DFT) calculations. We used the Perdew-Burke-Ernzerhof (PBE) implementation
of Generalized Gradient Approximations (GGA) functional. For these calculations, plane waves
energy cutoff of 350 eV and Monkhorst-Pack k-point mesh of 6x6x3 were employed. The specific heat
can be evaluated by using phonon calculations, which requires the structure of bulk BaFezSes to be
optimized first. Structure optimization was carried out with energy and force convergence criteria of
108 eV and 103 eV/ A, respectively. Here, we adopted the Pmn2; structure as the initial structure for
our calculations. Previous calculation attempts resulted in different symmetry due to buckling of Fe
ladder structure, which was not observed in other literatures. Currently, we are trying to optimize
the atomic positions only while leaving the cell shape and volume constant to fix the issue of symmetry

breaking.

Figure 1: Crystal structure of BaFesSes (left) and magnetic ordering of Fe ladder (right)
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Theoretical investigation into growth mechanism of self-oriented LaNiOs buffering
layers: A first-principles DF'T evaluation of their surface energies

Putu Bhargo Abhimana Chrysnanda
Maezono Group

Machine:: Kagayaki

LaNiOs is used as an appropriate buffering layer for piezoelectric materials such as PZT (PbZrTi),
because it grows self-assembly on any substrates in liquid process, leading to a self-oriented layer.
Experimentally, XRD analysis found that (200) plane has 10 times larger peak intensity than (110)
plane, indicating (200) is a more favorable orientation than (110), though its growth mechanism still
remains unclear. Instead of relying on experiments, theoretical investigations based on first-
principles evaluations of surface energies can provide deeper insights into the growth mechanism; if
a certain surface has a lower surface energy than the other ones, it can be concluded that the growth
of the surface is energetically dominant. Here the surface energy vy is defined as the energy
difference between the surface slab and the bulk reference as:

N
1
Y=35a (E.srue, - ;n,p)

b

where Fuab is the total energy of surface slab, niand u ;are the number of 7 species and the chemical
potential of 7 species in the bulk material having /N atoms in total, and A4 is a surface area. u;and
Faap values can be evaluated from first-principles simulations for the bulk and surface models,
respectively. To evaluate the Fiab values, we first modeled (200)- and (110)-oriented surfaces by means
of supercell approach (Fig. 1). The present simulations were based on density functional theory (DFT)
within the framework of generalized gradient approximation (GGA) with the Perdew-Burke-
Ernzerhof (PBE) implementation. The Kohn-Sham orbitals were expanded in terms of plane waves
with cutoff energy of 520 eV. The ionic cores were replaced with PAW pseudopotentials. 6x6x6 and
4x6x1 Monkhorst-Pack k-point meshes were adopted for the bulk and (110) surface slab models,
respectively. For both the models, their structures were fully optimized until the total energy converge
within 106 eV. The computations for deciding the k-point mesh and the vacuum width in the slab
model were done using Quantum Espresso. However, due to convergence problems, we decided to do
the subsequent calculations using VASP. Currently, we are conducting calculations to determine the
suitable slab width.
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Figure 1: Bulk structure model (eft), (200)-oriented surface slab model (middle), and (110)-oriented

surface slab model (right). Green-, gray-, and red-colored balls stand for Li, Ni, and O atoms, respectively.
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a7 o TR Y, W7 m 7T AL Open MP ZffivyE L7-, GPUARF D 324(21% NVIDIA @
CUDA CH++%&fHEVE LTz,

Kagayaki #ff 9 Z & T OpenMP O 7' 11 7' F ADFEITR GPU 7' 1 7' ADOETEBEIITH) Z &0
T&, FBROFHZHBICEBIAT) 2L TEE L,
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TETCWRWARBOFERNLRNOTHIET A Eam Lz, 20X ENRXHHEZTHDLHZD,
ETADBTH LSO WREIZOWTEL - AT 7. SFICONTE, BT ARER LW &I
£2 I, TAIOBRICET IR, HWEI R, ExRFERFERER], B ORm] &)
5 DX, NI LICEEERD D FIEICOWTIREET-o72. £72, AL LWHRBEKIZ W
T, #HT — 2 OBEPR N TWEEEIL, BHOGREMAGDEDZET, —&F - BEOM E
ZHIET 2 DOFELRE L. —olF, Classifier EF /L &9, B HRMICIS U Tt 2 7 %
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ELZWZ L35 o7z. Blend 7 /LTl —EBRIZOWTIEM LA YOF—% Tl 29 &
AN, BT VA YDOT—F T 8.7 KAV Mk L7z, £, BECOWTHEREN T LA T
— X TIE 0.200 05 0.224, SN 7 LA ¥ OTFT —% TiE 0.201 2056 0.224 [ZSGELZ. 20X 91,
Classifier €7 /vt Blend £7 /v H —8E 2 X5 Z LIk L7223, Blend €7 /LDIEH N —
FROM FENAKEND 2, LEOM ECHR L), L0ENEFELSZS.

B 108 28 3 i SC

ENFAEER (b))

D /NIER, Yaxyavyaxy, fHL, FFTRETARTHLSOWREHOBZE « 5558 &G
A FIH Le—8Eom b, 6 27 B —a7n /7107 U—2 v 3 v7 (GPW), pp.180-186,
(2022).

EFRFEs NEEREER (EHHY)

2) Ogawa, T., Hsueh, C.-H., Ikeda, K.: Improving the Human-Likeness of Game Al ’s Moves by
Combining Multiple Prediction Models, 15th International Conference on Agents and Artificial
Intelligence (ICAART), Paper #276, (2023)

27



3. T U TNV Ao RGEOHE Y — F]HWFE

28



Ziegler-Natta fil i / #3& 0 FIEREERAVRES IR E 1B 3 2 DT 9E
e BRI R At ge = - HUR 5488, Da Silveira Marcos Joao, fIH &, &t {281
A EH SRR Impec, KAGAYAKI
Ziegler-Natta filifit (ZN fiit) 13, BHROF VAL 7 4 VAEEOHKEHE S illicd 5, Ok
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HHFEY — N —ld, GA IC X 2 IERERIIAEEIRIE 3 X O NNP #§5ICiEH S iz, DFT §HEICiE%

ZOREIZFT 1 THE I N,
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kcal/mol. 777G 1.5 kcal/(mol A)FREE D e ¥ F AR a7 % 15
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DR GAIC X > T, FATRICE 7y 728l S, fEkE < —-&g
DRIFRILE NS C & T, FAMICE S 4 X R F TICl 13 =7 S
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Generation

OEMELRET VY VR EB L2, DFT I X 2 & EELEE
B XU 3 ¥ —03fi% HDNNP cft3 2 2 & ¢, EIR

%) 1400 SRR ICE IR Z Z EICHE LTz, T RITX D,
EfE 2 — A D ¥ 4 X X TiCL, B R % B+ 5 TiCly #& i
MgCl /7 7L —+ (50MgCly/9TiCly) DOREEIRE % EHLL 7=
(Fig. 1)o TOMBEITFHER 1 Tl I N,

Fig. 1. Evolutionary progress plot for
the  structure  determination  of
50MgCL/9TiCls. The energy of the
most stable structure in a generation is
plotted against the generation.

¥ 7z, BUEIX ZN MO W EAITH 2 NI F — 2 &0 7 fEEREIC O W TH FEML T 2,

(Bl e 2 m ]

1) G. Takasao, T. Wada, H. Chikuma, P. Chammingkwan, M. Terano, and T. Taniike: “Preventing
Premature Convergence in Evolutionary Structure Determination of Complex Molecular Systems:
Demonstration in Few-Nanometer-Sized TiCly-Capped MgCl, Nanoplates” J. Phys. Chem. A, 2022,

126, 5215-5221.
(BEH~ 25 K]

1) i sME, S X8, Behler Jorg, &ith REH, "B E R T v v v vic X % Ziegler-Natta filthi 5~
J W& D IERRBRIIEIE", 75 52 [alfl) - it Fdlans, REF, 2022.10.27-28, —fi% [ 5.
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B BAF R ~—HO AT EHEHNT S Z Fli 0
LB Lz, T=F %KY ~—& L T PAMPS PAMPS PAA-HCI

[poly(2-acrylamido-2-methyl-1- propanesulfonic acid)] (M, Fig. 1. Chemical structure of ionic polymers.
3.31 x 10°, M,/M,: 2.24, Sigma-Aldrich, [¥ 1 /£) &M\ 7=, &
F A MR Y =—& LT PAA - HCI [Poly(allylamine hydrochloride)] (M, 3.57 x 10* M,/M,: 2.23, Nittobo
Medical, X 1 4) #HWiz, &3, H T AHEKFEHEIZ PAMPS KiFiEE ¥ ¥ A b LEET 5, —H. PAA-
HCl KB E E—X (B 1lpm LRI AR Y ZF L E—X) 2EA L%k, 15 mM KClK¥ER
THIR L CAEIRIRE AR T 5, ZOWEE LiLOA 7 AEMRIZH ¥ A2 b L, F&%IZ 15 mM KCl KR T
U A LUTHEBIESE Lz,
FEBROFEFR., K2R T I ENFHIE Nz, R ~—8iL, L—F— 1 T v T OSRH L THEFE
L7eZ &ic2y, R ~—HOEFIIASAROAEFOREE - T,
1
E =5ka =0.5%x0.18 x 80> =576 [pN-nm]
=576x107%" [J]
ZIT kI NIy FORRER, X IIEMTH D,
ZOMEIE, Bd b ET R X —)pT = 4.1 pN-nm D 140 [ TH Y . ATP DMK RET R /L — (~400 pN-
nm) O L4 EDOEFENREINT, FEMAERAIC T2 XAX—LEBRIND, SHIC15mBEDAT
v IROTIFEAE (FRIREE) 2R SN2, BEREDEE AFM A A — Y > 7128V T PAMPS $HI2# -
100 T T T T T T T f:?ﬂﬁ‘lf‘yf/ffoﬁ PAA @fﬁ%%@@ﬂ:j’sajé 15

& nm BEDAT v TRESHBI S TND Z L ds

H EAFBITICL DN FE—F—DNRETHD L

EGO § BERENT, F2. 15mM KCIKERF O 4 4 v

£ a0 S H )~ — ORI ST, 2T MD
8 20 N vial—vavEEBLL,

Fig. 2. A stepwise force generation by an ionic

9 interaction between PAMPS chain and PAA - HCI

0 10 20 30 40 50 60 70 chain in 15 mM KCI aq. at 25 °C measured by an

Time (ms) .
optical trap system.

BeEE 5 S

) OF fE—. K& . i & B0 53, KV ~—1 5 F0EM : A+ v F) ~—40F
E—X—DEEAFM A A=YV 7L L—F =} 7 v R X 3R @A, 871 EES
TRtame, dLEEAE, 202249 H 7 H (HO¥EER)
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MD ¥ X = L — 3 UIZIEKAGAYAKI # F)l LLAMBER20 7’12 7' F L3 iy — U % L TIT - 72,
BESH D I BRFE OIS 1% 2 B 8 L 7= GLYCAMOGEP % L. KOJNLE 4 2 EFT 5720
TIPSP €7 VDK ZFIHT-, I 2 b— 3 d 1atm 300K TD NPT 7 > T Lo T,
oI T — 2 T LTz,

XU DICHE D AN BT TH D, Iha—R HF7 b—RA, w2 ) —ADKHEHEICHONT
fRHT 24T o 72, A5UBD NMR GHIIZAT o 7o/ R, 206 OBEBEM TIE, BEOKERE L KE DT 1 |k 52
PR ICEVRH D 2 EDNRENTE, EHIIv Yy ) — AR TIIAD TOFEN R ->TEBY, K—K
MOMAEAERNREL Z ENRE SNz, TZTMD Y alb—va ik, kgL
KEREE LRSI L 2 A, v ) — A TIINEOKIE IR 228463 2Ky RN BHE ICHEGR S vz, 2hnh
DFERP G, FEB L R FEODWTK G F25, JHAHOKDOEREZZLESE D Z LR SN,

Fio, MRAICAOR D m~ v/ — A BPEH O EIZER L, MD X 2 L—3 3 & NMR &Hlll
K DIRMT 24T 272, EOFER, @~ v/ — A PEHOKIGIZ A ON DB R 7NV a— A~ ) — AR
T, BEFREM 2 3G 2K FRFE L TR Y | AMOKOME 2D 2 Z &R ST, £z,
KOBEEACII ISR EOREVE DL EE TH D Z L ARE STz, O 2AE GRS OFEVIE, K
FREE OB &L E OFE S O m CRERFEOKS FICEEE 5 2. KB OHPEEZFHEL T\WDH Z
ENREBEZ O, BT EIL, KBERTOFEHOSDENVEMD Z L ~DO—IZRDEDTHI |
IRFIEIE O PR IC X D BERERIE 208 L C, BEHO~T U TV~ ERET 5 Z BRI S5,

BelE 8 2 i 3C

1) H. Tatsuoka and T. Yamaguchi, “NMR analyses of carbohydrate—water and water—water interactions in
water/DMSO mixed solvents, highlighting various hydration behaviors of monosaccharides glucose, galactose
and mannose,” Bull. Chem. Soc. Jpn. 2023, 96, 168—174. 25

2) HERTESE, HAHRSE, “H/D FARS 7 b a2 WO RFI#Si 0 NMR T, 55 16 (8l 31 A B s
DYRT T N, AR, 202249 H.

3) BERIMESE, 11 AHR5E, U NMR 1542 O 7oRE-/K RT3 I OVK-K AR AR AT, 25 41 [ A ABEE 5
RAEZ, W, 2022 42 10 A.

4) FERE ST, UOHE, “YSIENMR Gl E 572 X a2 b—3 a3 V& AW TEREH O SLIRME S & K FnZE®h o
RO, AARLF R 103 FRES, BFH, 2023 43 A,
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fif FHEH R KAGAYAKI
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FMPRART AR EO—REF AL —DHH, TRLF—L LTEITE DDIE 33%RETHY, F
DD 6T%ITRFIHABE LTHEEINTWD. BEAOEZ IFARRY —Er Z2FH Lz 30X —[RI
%ﬁleuT®ﬁm#ﬁik%&ﬂA%£@5tw/ﬁmﬁﬁﬂ%Izwé—%EW¢6&mﬂ*@E
NTn5., BAEEHIIAT R LY -2 BR T FNVX —(CHEBEHLICERTE MO LTHER %
FHTWD., BUE, ISHICHNENTWDHEGE ’Z{@Hﬂi BiyTe; %D Te {LAW Td 5. Te I% Pt & [AF:
FE DM & L7202, Te 23 £ 72 WEVEMEIOMFE M AL E TR AINTAT bl T s,
AHFFECIX, MORMER & U CREIFRER TH D U AR L, i@ IEREREM B O RR %
1T THY[1], MARDE A2 ZTERD Y AkH) AgPr IZOWT, R THID TRER L F—REEHE
DOBEEYHEZFMICHRAE L. FRICHWT, ERTERLE AgP L, 1.2 WK'm! L) U Ak
YO H T IIR D TR VS T BMR S SR A R B MR TH D Z L3 o Te. 20O E DD TRUE -4
BERELRT A= AL R\ OENCT 5720, F—J7HEFH = — R OpenMX & 7 4 / Vst H = — R
ALAMODE ZH\\T, AgP, D7 4 J Vilgih A J1 = X W& FEZI T, ZOREE, AgP I 5 Ag-P
JFGAZ—HD Ag FFH, HEDORFHICERN Lz K& 2RIERMIEEBEZRL, BNTx /) -Tx )V
BESAECDZ L TRV TFERERPZR L TVDZ L 2HLNI Lz, AIFFRORKREL, HFEERE
213 L 102022 £ AABREFZDCTRREZITY, BEHFHEEEZSZELZ[3].
HAEHALE T e Y2y N —F—L Lz, U YA FREEMEOT Y 2 —/V A% O RE SR E
RIZHEFEFFREO—B L UTHEEIZS XX Sm L, FH—HEHEE AW -V A FRIcEER S
FAAH S E TP R IE TR OIBIARL, £ 2 — L HE T OMBIEREHES 212 LI EH B L7-[4].

< B HASA SR >
(1] BErse B mibha: B Foge (Gk4) ,AgP 7 7 A X —iEE 655 U AMAeBVEMEIO 7 + 7
Wik A ) = X LOFR, 5 2 FEE~4 R, MIEREE - EH 2F
<BAEFREFRIL (b)) >
[2] M. Miyata and M. Koyano, Materials Research Express 9(5), 055901-055914 (2022).
<ZE >
(3] EEF5aHEE, HABNE=(2022 )

< PESEPE S >

(4] f8 F F: ;XS AL
b1 M SfM44E5H1 7TH~SM54E3H31H
WFFCARES, « BRESFAFIUEANEE Y = — /L DB
WREARERRE  NRE I, d Ht
o4 BEH 2R, &M ZE, AH RS
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AL 2 LN TE L. M ENCIE, Hl XS8RI DBILEDEWIZL > T, =7 ESE—
IR 570 EOFINSERE SN TWD. — 5T, @B rMEETIRER NP2, WELEA
X7 MVOFERBRREERIGE NS D, Bll, =2—F 0%y NT—27 ZHOT2NEE TR A~<7 hv
D EEMATICET 2WMEFH (1] bV, =2 TlE, WEE K AXZ ~Lix5 Bond Overlap
Population X° Mulliken DO PRI AIFETH B EiEmfTIT BN TND. 2D D, & THEEE
DAY FVOFFFRICIANT T, &R 7O Mulliken BERIFOFHEETHZ LITAEHEEZ LD, AN,
DMol3 % I\ TAb/KFE RS 1O Mulliken B ff OFHH 21T o 72, —fil & LT, HisfgiE o #iiZe CeHs
& CeHeO IZOWTOHBERMEEZXK 1, 2, BLY, £1IRLE., ZRENDOGTIZBT 2K RERT
? Mulliken B % T 5% &, CeHe & H~T CeHeO TiE, OH DOffu 7= C1 ¢ Mulliken 1 IXIED
L2250, ZTHUCHRET D 02, C6 BLVC4 TiE, ADMED E FHxHMEN BN 2 FE RN 7.
T OFERIL, WIERE T A7 hvd CK 4ils, CeHeO DIFEITIT EDIRFBIR FITRINT 58 —2 T
HOEMIZE ST, =T MBNRADAEEMERH D Z L 2R LTS, ARl WL OO RILKERY
T & FICEEE 2P L7247 Mulliken BHICHOWTEE Z L-. BONT-MERIT, G235 0 74
BIEDRTRAL LTZRF D 27 MV OB A RIS 2 BCA ARG RIS D i s ns.

/
N C! W >
m.os7 ,,.-0.067- /

0.285 0.135
_ A0.067 -0.067

Q108 -0.085
.
-0.067 —£0.067 o -0.062~.0.091

A A / BN

1 CeHe ® C 5+ Mulliken &1 2 CeHsO O C JE 70 Mulliken i
#£1  £4F® Mulliken T O FHELRS 5

CsHs -0.067 -0.067 -0.067 -0.067 -0.067 -0.067
CsHsO 0.285 -0.135 -0.065 -0.091 -0.062 -0.108

[1] Shin Kiyohara et a/2019 J. Phys. Mater. 2 024003
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< B UG TE R >
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Band structure and Berry curvature calculation in hBN/Bilayer graphene
heterostructure

Kareekunnan Afsal

Mizuta Lab

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

Here I performed ab initio calculation using SIESTA and Wannier90 code to calculate the band
structure and Berry curvature for hBN/Bilayer graphene heterostructure. Both the band structure and Berry
curvature were also calculated by applying positive and negative electric fields of different magnitudes across
the heterostructure.

The ab initio calculations are performed using the SIESTA package, which uses the linear combination
of atomic orbitals (LCAO) basis sets. To maintain a similar interlayer distance between the layers as the
experimental values, van der Waals exchange-correlation functionals were used. A vacuum layer of 25 °Awas
used to reduce the interaction between adjacent structures. A Monkhorst-Pack grid of 40 x 40 x 1 and an energy
cutoff of 500 Ry were used for all the calculations. Structure optimization was performed until the force between
atoms was less than 0.01 eV/°A. The Berry curvature calculation was performed using the WANNIER90
package. A total of 15 Wannier functions were utilized on a Monkhorst-Pack grid of 40 x 40 x 1 to calculate the
Berry curvature.
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Figure 1: Electronic band structure calculated for the hBN/bilayer graphene heterostructure at electric fields of
magnitude (a) -0.5 V/nm, (b) -0.25 V/nm, (¢) 0 V/nm, (d) 0.5 V/nm and (e) 1.25 V/nm. Berry curvature
calculated at K high symmetry point for the heterostructure at electric fields of magnitude (f) -0.5 V/nm, (g) -
0.25 V/nm, (h) 0 V/nm, (i) 0.5 V/nm and (j) 1.25 V/nm.

Manuscript written:
Teppei Shintaku, Afsal Kareekunnan et al., Berry curvature induced valley Hall effect in non-encapsulated

hBN/Bilayer graphene heterostructure aligned with near-zero twist angle, arXiv preprint arXiv:2301.02358
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Lyotropic Liquid Crystalline Property and Organized Structure in High Proton-
Conductive Sulfonated Semi-Alicyclic Oligoimide Thin Films

School of Materials Science,

Nagao Lab, Yao Yuze

Machine: Large Memory PC Cluster
Abstract
Fully aromatic sulfonated polyimides with a rigid backbone can form lamellar structures under
humidified conditions, thereby facilitating the transmission of protons in ionomers. Herein, we
synthesized a new  sulfonated semi-alicyclic  oligoimide  composed of 1,2,3,4-
cyclopentanetetracarboxylic dianhydride (CPDA) and 3,3'-bis-(sulfopropoxy)-4,4'-diaminobiphenyl
(BSPA) to investigate the influence of molecular organized structure and proton conductivity with
lower molecular weight. The density functional theory (DFT) calculation shows that this new
oligoimide has a more linear main-chain conformation then the previous reported alkyl-sulfonated
semi-aliphatic polyimides (ASSPIs) (Figure 1). Therefore, it can form an ordered lamellar structure
under humidified condition even with a much lower molecular weight. Benefiting from the formation
of the ordered lamellar structure, the new oligoimide exhibits an ultrahigh proton conductivity of 0.2

S ecm1 (298 K, 95% RH) which is the highest value among the reported alkyl-sulfonated polyimide

(ASPI) thin films with comparable molecular weight.

HO-CS T

Figure 1. Optimized structures of (a) five repeating units of BSPA-CPDA with rigid backbone and (b)
five repeating units of ASSPI with bending backbone.

Published papers:

1) Y. Yao, H. Watanabe, M. Hara, S. Nagano, Y. Nagao*, Lyotropic Liquid Crystalline Property and
Organized Structure in High Proton-Conductive Sulfonated Semi-Alicyclic Oligoimide Thin Films,
(10.1021/acsomega.2c06398.), peer reviewed.
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Design of biopolybenzazole exhibiting low dielectric constant and ultrahigh
thermoresistance

School: MS

Lab: Kaneko lab
Name: ZHONG Xianzhu
Machine: LMPCC

Abstract

Bio-based polymer materials having a great potential due to the depletion of fossil-fuel resources have
been applied as single-use and medicinal materials but their low thermomechanical resistance limited
the wide applications. Here the ultrahigh thermoresistant bio-based terpolymers with low dielectric
constant, comprising polybenzimidazole and poly(benzoxazole-random-aramid) were prepared by a
method involving stepwise polycondensation of three monomers—3,4-diaminobenzoic acid for
benzimidazoles, 3-amino-4-hydroxylbenzoic acid for benzoxazoles, and 4-amiobenzoic acid for
aramids. For optimized monomer compositions, the obtained terpolymers exhibited dielectric
constants lower than 3, and a 10% mass loss at approximately 760 °C—a temperature higher than that
for any other polymer material reported so far. The high thermal degradation temperatures were a
result of the high interaction enthalpies of hydrogen bonding between imidazole rings in the polymer
chains, this was evidenced by the density functional theory calculations using trimer models in

gaussian.

Published papers:
1) X.Zhong, T. Kaneko, et al., RSC Adv., 2022,12, 11885-11895
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Predicting new 2D materials useful for technology

Department of Physics
Tamkang University
Chi-Cheng Lee
Machine:: KAGAYAKI

In collaboration with Prof. Yamada-Takamura in School of Materials Science, JAIST, we have
explored the physical properties of 2D materials composed of Si and Ge atoms that can exhibit high
Fermi velocities needed for the interconnects in the semiconductor industry. We have used
KAGAYAKI to search for many possible structures and identified the structures that possess lower
energies than those of silicene and germanene, respectively. To calculate the phonon dispersion, a
large-scale supercell is needed for the density functional theory (DFT) calculations and KAGAYAKI
is also used to obtain the needed force constants. We have found the atomically thin Si and Ge
allotropes not only possess high Fermi velocities superior to those in graphene but also are

dynamically stable. This study demonstrates that all-silicon-based integrated circuits are possible.

New 2D Si allotrope
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Predicted new 2D Si allotrope with its phonon dispersion within LDA and GGA approximations.

Published papers:
1) Chin-En Hsu, Yung-Ting Lee, Chieh-Chun Wang, Chang-Yu Lin, Yukiko Yamada-Takamura,
Taisuke Ozaki, and Chi-Cheng Lee, Phys. Rev. B 107, 115410 (2023).
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Activity Report FY2022

1. Research title: Capturing Charge and Size Effects of Ions at the Graphene-
Electrolyte Interface Using Polarizable Force Field Simulations

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

2. Project Description: We present a systematic investigation capturing the charge

and size effects of ions interacting with the graphene surface using polarizable
simulations. Our results utilizing the Drude polarizable force field (FF) for ions,
water and graphene surfaces, show that the gaphene parameters previously
developed by us are able to accurately capture the dynamics at the electrolyte-
graphene interface. For the monovalent ions, with increasing size, the solvation
shell plays a crucial role in controlling the ion-graphene interactions. The smaller
monovalent ions directly interact with the graphene surface, while the larger ions
interact with the graphene surface via a well-formed solvation shell. For the
divalent 1ons, both interaction modes are observed. For the anion Cl', we observe
direct interaction between the ion and the graphene surface. The anion-graphene
interactions are strongly driven by the polarizability of the graphene surface.
These effects are not captured in the absence of polarization by additive FF
simulations. The present study underlines the importance of polarizability in
capturing the interfacial phenomenon at the solid-solute interface.

3. Publication list during FY2022 using JAIST Facilities:

i) Hemanth, H.; Mewada, R.; Mallajosyula, S. S., Capturing charge and size
effects of ions at the graphene—electrolyte interface using polarizable force
field simulations. Nanoscale Advances 2023, 5 (3), 796-804.

4. Co-Authoring projects for FY2022 using JAIST facilities:

In FY2023 we plan to investigate the applicability of Graphene Nanopores in
sequencing DNA using Drude Polarizable FF simulations. The work build up on
the previous results that we obtained in FY2021 and FY2022.
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1. Research title: Impact of Polarization on the Ring Puckering Dynamics of Hexose
Monosaccharides

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

2. Project Description: Analysis of crystal structures of hexose monosaccharides, a-
D-mannose (a-MAN), B-D-mannose (B-MAN), a-D-glucose (a-GLC), B-D-glucose (8-
GLC), a-D-galactose (a-GAL), B-D-galactose (B-GAL), a-D-altrose (a-ALT), B-D-
altrose (B-ALT), a-D-idose (a-IDO) and B-D-idose (B-IDO) reveals that the
monosaccharide ring adopts multiple ring conformations. These ring
conformations can be broadly classified as chair, half-chair, envelope, boat and
skew-boat conformations. The ability of the monosaccharide ring to adopt multiple
conformations has been closely tied with their bio-activity. However, it has been
difficult to capture the dynamic information of these conformations from
experimental studies. Even from simulations capturing these different
conformations is challenging because of the energy barriers involved in the
transitions between the stable 4C; and 'C4 chair forms. In this study, we analyze
the influence of polarizable force field on the ring dynamics of five major types of
unsubstituted aldohexoses, Glucose, Mannose, Galactose, Altrose and Idose, and
their anomers. We simulate microsecond trajectories to capture the influence of
CHARMMS36 additive and polarizable carbohydrate force fields on the ring
dynamics. The microsecond trajectories allow us to comment on the issues
associated with equilibrium molecular dynamics simulations. Further, we use the
extended system adaptive biasing force (eABF) method to compare the
conformational sampling efficiencies of the additive and polarizable force fields.
Our studies reveal that inclusion of polarization enhances the sampling of ring
conformations and lowers the energy barriers between the 4C; and 1C4
conformations. Overall, the CHARMMS36 additive force field is observed to be rigid
and favour the 4C; conformations. While the inclusion of polarizability results in
enhancing ring flexibility, we observe sampling which does not agree with

experimental results warranting a revision of the polarizable Drude parameters.

3. Publication list during FY2022 using JAIST Facilities:
1) J. N, Chythra; Mallajosyula, S. S., Impact of Polarization on the Ring
Puckering Dynamics of Hexose Monosaccharides. Journal of chemical

information and modeling 2023, 63 (1), 208-223.
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