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First-principles calculations of pressure dependence of superconductivity

in Lanthanum-Thorium hydrides
School of Information of Science,
SONG PENG
Machine: Kagayaki

Abstract

The recent high-pressure experimental discovery of superconductivity in (La,Y)H1o0, and (La,Nd)H1o
shows that the ternary rare-earth clathrate hydride can be promising candidate for high-temperature
superconductor. In line with this, my previous work on other rare-earth metals forming ternary
hydrides has revealed them to be potential high-temperature superconducting materials as well. In
this work, | theoretically demonstrate that the combination of actinide-metal thorium (Th) and rare-
earth-metal lanthanum (La) with hydrogen can also form some ternary hydrides with cage-like
structures to be stable at 200 GPa. Using the evolutionary algorithms, | have predicted the pressure-
dependent ternary phase diagram of LaxThyH.. My calculations show that the hydrogen-rich phases
such as (La,Th)Hg and (La,Th)H1io can be thermodynamically stable below 200 GPa. More importantly,
the electron-phonon coupling (EPC) calculations show that the (La,Th)Hio could the potential
superconductors, of which /14/mmm-LasThH4o exhibits the large EPC constant A = 2.46 with a highest
transition temperature (Tc) of 210 K, as shown in Fig. 1. Since there are few previous studies on ternary
actinide hydrides, this work would greatly stimulate the further discovery of this type of ternary
hydrides and provide useful guidance for the high-pressure experiment on them.
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Fig. 1. The left panel is ternary convex hull of LayTh,H; at the pressure of 200 GPa. Thermodynamically
stable and metastable phases are indicated by the circle and red-edge square symbols, respectively. The
right panel is phonon dispersions, atom-projected and total phonon density of states (PHDOS), and

Eliashberg spectral function of /4/mmm-LasThHao at 200 GPa.

Published papers
1) P.Song, A. Durajski, Z. Hou, A. Ghaffar, R. Dahule, R. Szczesniak, K. Hongo, R. Maezono, "(La,Th)H1o: Potential High-
Tc (242 K) Superconductors Stabilized Thermodynamically below 200 GPa", J. Phys. Chem. C. 128, 2656 (2024).

Obtained budgets

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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Substitutional Doping Strategies for Fermi Level Depinning and Enhanced
Interface Quality in WS2-Metal Contacts

Abdul Ghaffar,

2120002

Hongo Group

Information Science

Machine: Kagayaki
Abstract

The evolution of high-performance computing (HPC) facilities has significantly impacted the field of
material science and paved the way to revolutionize novel material discovery for various applications.
Using the HPC facilities available at JAIST, we have been successfully able to conduct a rigorous
analysis of two-dimensional semiconductor-metal (SM) interfaces for the next-generation device
application, employing first-principles calculation into the electronic structure. Apart from gaining
insights into the desirable properties of different SMs, we have also investigated the substitutional
doping of WS, an excellent 2D semiconductor for electronic application, with several non-metallic
dopants (C, P, N, O, Cl, and F) for their ability to induce the lowering of p-, or n-type of Schottky
barrier height (SBH) upon their contact to metal electrodes such as Ag, Au, Cu, Pd, Pt, Sc, and Ti. Our
observation reveals that C, P, and N-doping can lead to Fermi level depinning (FLDP), a highly
desirable phenomenon, without compromising the stability of the interface. At the same time, Cl and
F-dopants can provide a path to lower the n-type SBH. Our method provides an alternate approach to
induce FLDP that doesn’t deteriorate the tunneling resistance, which is often the case with other
interface engineering frameworks. This work can guide further experimental works in designing and

accelerating the discovery of optimal and low-energy consuming 2D-semiconductor/metal interfaces.

Publications:
1) “Substitutional Doping Strategies for Fermi Level Depinning and Enhanced Interface
Quality in WS2-Metal Contacts”, ACS Applied Electronic Materials, A. Ghaffar, Nihar
R. Mohapatra, R. Maezono, K. Hongo, under review
2) “Interface distance-dependent characteristics in TMD-metal contacts with high work function
metals”, A. Ghaffar, R. Maezono, K. Hongo, status: calculations finished, manuscript

preparation.
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Inorg. Chem. 63(2) 1288-1295 (2024).

[2] G. Prayogo et al., "Shry: Application of Canonical Augmentation to the Atomic Substitution Problem",
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Computational Discovery of High Thermal Conductive Polymer Crystals
Using Physics-Informed Screening and Phonon Calculation

Dahule Rohit Sanjay
Maezono Group

Machine: Kagayaki

Abstract:

High thermal conductive (HTC) polymers are crucial for industrial applications [1], but their exploration
is challenging due to the multi-degree of freedom during synthesis. This study focuses on polymer
crystals with high thermal conductivity, which are considered the upper limits of actual polymers. A
data-driven method was used to computationally discover HTC polymer crystals, combining physics-
informed screening with first-principles phonon calculations [2]. High-throughput screening of 1,073
polymer crystal structures from the polymer genome datasets was performed [3]. The structures were
optimized using density functional theory (DFT) simulation with the Vienna Ab initio Simulation
Package (VASP) [4]. The Phono3py package [5] was used to set up calculations and compile ab initio
results to assess lattice thermal conductivity (LTC), phonon lifetimes, and modal heat capacities of
polymer crystals. The approach resulted in Polymethylenimine (PMI), Poly (methylene oxide) (PMO),
and Polyamide (PA) polymer crystals with LTC values of 22, 95, and 65 W/m-K, respectively, at 300K.
The proposed data-driven framework integrated with ab initio simulation should facilitate theoretical

and experimental design of high thermal conductivity polymer crystals.

References:

[1] Y. Guo, Y. Zhou, and Y. Xu, Polymer 233, 124168 (2021).

[2] K. Utimula, T. Ichibha, R. Maezono, & K. Hongo, Chem. Mater, 31(13), 4649-4656 (2019).

[3] C. Kim, A. Chandrasekaran, T. D. Huan, D. Das, and R. Ramprasad, J. Phys. Chem. C 122, 17575-17585 (2018).
[4] G. Kresse and J. Furthmiller, Phys. Rev. B 54, 11169 (1996).

[5] A. Togo, L. Chaput, and I. Tanaka, Phys. Rev. B 91, 094306 (2015).

Published papers:

1) R.Dahule, K. Ogumhula, R. Maezono, and K. Hongo, Physics-informed data-driven discovery of high thermal

conductive polymer crystals (Under preparation)
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Ab-initio Study of Direct Methane Conversion to
Methanol on Multiple Catalyst Types

2024% 2H 28H
School of Information Science, Lab. Maezono Group,
SUKANLI, Reza Pamungkas Putra
Machine: Kagayaki System
Abstract

| utilize resources from JAIST's educational facility to conduct ab-intio analysis, specifically employing density
functional theory. | uses Vienna Ab-initio Simulation Package (VASP)[1] and Quantum Espresso (QE)[2] for the
examination of periodic systems, such as graphene surfaces[3] or metal-organic frameworks (MOFs)[4] com-
pound. My primary focus is on the study of catalytic reactions involved in the direct conversion of methane
to methanol on various catalyst surfaces. The main goal of this research is to examine the reaction pathways
and elucidate the phenomena occurring throughout the process. this involves identifying the ground state of
each initial, intermediate, and final state of a reaction, as well as determining the transition state for steps
that involve bond-breaking, bond-forming, or atom diffusion events. The time required for each ground state
calculation can vary from a few hours to several days, contigent on the complexity of the systems under anal-
ysis. Moreover, locating the transition state may demand more time, as it requires increased computational
resources. For reference, ground state calculations typically utilize 32 to 128 cores on the kagayaki server,
whereas transition state calculations may require 512 to 1024 cores, depending on the system. Addition-
ally, there are post-DFT calculations that include the analysis of the Density of States (DOS), band structure,

Crystal Orbital Hamilton Population (COHP), and Bader charge analysis.

(a) [Mn-(HTPA)(DMF),],-H,0 (b) [Mn4(ABTC),(H,0),-9.5H,0], (c) Mny(BDC),(DMF)],

Figure 1: Crystal structure of MOFs systems.

References

[1] G. Kresse and J. Furthmdller, Comput. Mater. Sci. 6, 15-50 (1996).
[2] P. Giannozzi et al., J. Phys.: Condens.Matter. 21, 395502 (2009).
[3]1 C.Yang etal.,, Phys. Chem. Chem. Phys. 24, 24264-24270 (2022).
[4] H. Adamiji et al., J. Am. Chem. Soc. 145, 14365-14378 (2023).
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Diffusion Monte Carlo Study of High-Pressure Solid Hydrogen Phase

Putu Bhargo Abhimana Chrysnanda
Maezono Group

Machine:: Kagayaki

Abstract

Hydrogen is the most abundant element in the universe which often resides under high pressure
inside many celestial objects. The study of its phase under such pressure is important for our
understanding in many branches of physics such as the physics of stars and planets. However,
experimentally studying such a high-pressure regime faces many challenges due to the limitations of
experimental apparatuses and consequently, computational methods have become vital in
investigating such systems.

From the previous research, hydrogen is expected to transition into a metallic hydrogen (Cs-IV) phase
at around 500 GPa. This phase is predicted to be the most stable up until around 2 TPa, at which
some other phases such as R-3m structure are predicted to be more favorable than Cs-IV by Density
Functional Theory (DFT) studies. In this study, we aim to construct an accurate phase diagram of
hydrogen within the pressure range of 500 GPa to 2000 GPa. To construct the phase diagram, the
stability of many candidate structures needs to be evaluated in terms of their dynamic enthalpies.
These candidate structures are gathered from previous studies and additionally, from employing a
crystal structure search based on the evolutionary algorithm implemented in USPEX code. All
considered candidate structures are optimized using the DFT method, and the resulting structures
are then evaluated using diffusion quantum Monte Carlo (DMC) method to obtain a more accurate
static enthalpy. Finally, the dynamic enthalpy is obtained by including the zero-point energy of the
structures, which will be evaluated using the harmonic approximation implemented in the Phonopy

package.

0=H-0

Figure 1: Example of the candidate structure of high-pressure hydrogen: the R-3m structure (left) and

Cs-IV structure (right)
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First-principles study of chalcogenide perovskite for solar cell applications.

School of Information Science, Hongo laboratory,
Hasan Sayed Sahriar (2311010)
Machine: KAGAYAKI
Abstract

Electronic, thermal, and optical properties of ABS3 (A = Ca, Ba, Sr and B = Zr, Hf) have been computed
within the framework of first-principles density functional theory (DFT) in order to investigate their
solar cell applications. All our DFT calculations were carried out using VASP (Vienna Ab initio Simulation
Package) installed on KAGAYAKI, where the exchange-correlation functional was set to be the Perdew-
Burke-Ernzerhof (PBE) implementation of the generalized gradient approximation (GGA) with a cutoff
energy of 250 eV for the planewave expansion and a 7x7x5 k-mesh for the Brillouin zone sampling. The
GGA-PBE calculation was applied to evaluate the band structure of CaZrSs (see Figure 1 (left) for its
crystal structure and (right) for resultant band structure). In addition, its elastic constants and phonon
dispersion were respectively evaluated by using the VASP and Phonopy packages to verify its static and
dynamic structural stabilities, respectively. Our final goal is to investigate the frequency-dependent
optical properties such as absorption coefficient and loss function that are real and imaginary parts of
frequency-dependent dielectric function. The dielectric function can be evaluated based on the
density functional perturbation theory (DFPT) with respect to applied electric fields. Our DFPT
calculations were done using VASP for photon energies up to 50 eV with electric field polarization

vectors along the [100] direction.
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Fig.1 Crystal structure of CaZrSs (left) and its electronic band structure (right). Green-, yellow-, and gray-colored balls in
the structure represent Zr, Ca and S, respectively. The band gap value is 1.237 eV and the CaZrS; was found to possess the

direct gap.
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Large Language Model-based cybersecurity research

Information of Science,
Beuran Lab,

MAI, Trong Khang
Machine:: HPC System,
KAGAYAKI (kagayaki)
Large Memory PC Cluster -

superdome-(Impcc)

Abstract

The cybersecurity scenario becomes complex because of the increase in the number of networked
components and features. To cope with the changes in the cybersecurity domain, information sharing
is one of the most important aspects of cybersecurity research.

Information sharing mostly is done via text reports and documents. While Large Language Models
(LLM) excel in research related to text and language. In my research, I want to use LLM to enhance
cybersecurity information sharing.

The current workflow I am working on is demonstrated in the Figure.

0

NEC Joint
Research

1 2 3

Data Collecting ——— > Data Cleaning ——— > Model Training

0. NEC Joint Research — I participate in joint research with NEC in cybersecurity domain. I use
Kagayaki to work with text analysis on a small scale

1. Totrain LLM, we need a very large amount of text data. I am collecting them from the internet.
I am using 3 computing nodes to download the big data

2. To clean the data, I need computing node with large memory. This stage will be done in the
near future

3. To train the model 7 billion parameters, I need at least 4 GPU A100. At the current time, the

28



capacity of Kagayaki is not enough (due to long queueing time). I may have to rent an external

system

Published papers:
1) SCIS 2024 Attack Path Extraction via Semi-Automatic Analysis of Cyber Threat Reports (NEC

joint research)
Obtained budget (If you got.)

1) NEC budget from the joint research. This budget is only for research related to the Joint

Research. It does not include my thesis.
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Study on blind estimation of room acoustic and physical parameters
FriE - K4 Lijun, Wang@Okadalab
fift HEH LR Kagayaki

RS

Room acoustic and physical parameters (RAPs and RPPs) are essential metrics for parameterizing
the room acoustic characteristics (RAC) of a sound field around the listener's local environment,
offering comprehensive indications for various applications.

RAPs and a few RPPs, such as reverberation time and room volume, can be derived from the measured
room impulse response (RIR). Nevertheless, measuring RIR is challenging in regularly occupied
enclosures and limited in grasping the dynamics of the local RAC around the listener. Moreover, some
RPPs, such as sound source distance and instantaneous occupancy level, are listener-dependent. The
simultaneous blind estimation of RAPs and RPPs to dynamically parameterize the RAC is a

challenging issue that needs to be addressed.

Current methods for RAPs and RPPs estimation either fall short of covering broad real-world acoustic
environments in the context of real background noise or lack a universal framework for blind
estimation of RAPs and RPPs from noisy single-channel speech signals, particularly for sound source
distance, direction-of-arrival (DOA) of sound source, and occupancy level. To fill these gaps, this paper
proposes a universal blind estimation framework called BERP: the Blind Estimator of Room acoustic
and physical Parameters. In BERP, we adopt the unified encoder structure to map the observed
signals to the physic-meaningful room parameters in a simultaneous way. Furthermore, BERP
incorporates a new stochastic RIR model, the Sparse Stochastic Impulse Response (SSIR), facilitating
the simultaneous derivation of RAPs using the synthesized RIR by the SSIR parameters that blindly
estimated from observed signals. This estimation framework allows for the universal estimation of
RAPs and RPPs. The effectiveness of BERP was evaluated using a task-specific dataset compiled from
publicly available datasets, showing significant outperformance over existing methods in both
separate and joint estimation strategies, as evidenced by mean absolute error (MAE) and Pearson
correlation coefficient metrics. Additionally, the results pertaining to SSIR demonstrated the efficacy
of the proposed SSIR RIR model.

BEHL S 7w SC

1) Prepare to submit IEEE/ACM Transactions on Audio Speech and Language (TASLP)

B R RIISEE (b L)
1) Research Project: 7> 54 VHIHERICLHIEERE VAT LOBREL
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We report the synthesis and microscopic investigations of two chiral helical porphyrin
supramolecular polymers with different coordinating metals that are expected to be
capable of serving as synthetic macromolecular motors driven by thermal fluctuations.
Furthermore, based on their microscopic images, we propose a stepwise process for the
formation of higher-order structures. These porphyrins formed completely different
association states, and this was reflected in the marked differences in the shapes of the
supramolecular polymers. The Cu-TChOAIaCPP supramolecular polymers formed
H-aggregate rods in diisopropyl ether, then grew into superhelices and then into ribbons.
On the other hand, Zn-TChOAIaCPP supramolecular polymers formed aggregates
based on van der Waals interactions in diethyl ether, then grew into fibers and then grew
into multiple-helices and ribbons. In addition, we imaged the interaction between long
and short chains of the Cu-TChOAIaCPP supramolecular polymer by fast-scanning
atomic force microscopy, and we indicated the availability as a macromolecular motor

driven by thermal fluctuations.
Ref.) Ryoga Hori, Koichi Higashimine, Osamu Notoya, Ken-ichi Shinohara, “Synthesis

and Direct Observation of Chiral Supramolecular Polymer of Porphyrin Having
Cholesteryl Groups”, Langmuir 40, 10, 5535-5544 (2024).
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*3, BIZONWTEa T TA T U ADOBENG, FEMICOWTRLEITZE LIEZ S.

BEHLIE 7w SC

1) ZH 5725 AgsSnPr BEE R OEBNEMMEDRMBURAAE, TF K—, BEH &, TH KB, =& &
&, B9 wAL, B U, NREP §RR, 8 20 [l HABVEFRPIGERS. <BABREFSE #
FHRRE—BRE >

2) EBREH IR K D E A - ) AEEMEI O~ T VT AT A v, BEH 2R, 20
B AABEFRFINGRES. <BABE¥S ESESE>

3) “Anharmonic and glass-like phonon transport in the Tetrahedrite-manner AgeSisSnsP12”,
Masanobu Miyata,and Mikio Koyano, Computational Materials Science 227, 112258 (2023). DOI:
10.1016/j.commatsci.2023.112258.
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FHZALA B B CARFEEZ R L7z “Edll CIRIEE B2 AL v F7 (AR A »F) OBFEN
EDOHNLTWD, ZHETOMEIZENT, A EIOMRER L o0nb 3. PRI DR
2 HEABEKENKREV) REOMEREL WD, TOD, RFRETIE, DEAA v FEEDOES
7R & BRI ORE ] 2179,

<N LTOWFZEAER Rl >

OMZfby I a2l —a v

FEZALAEL GST (GeoSboTes) & WA A » FEMEA SERIZHEM T 5720, [BRUSE, ¥ 2 — /VEE
AL BRI b, B OMBEBRGE S HHEEEAL v F U I alb—Ta Y VAT AR L
7o ZHETIE. BRIEFT S 20O Z I, IT0 B — &% — @D FITHEMECdh 5 GST 4 Fed/-E
TIUEED Y I 2 b—2a a2 7o TCEL, LVl T A AREEDOTRKE DT, 1T0 J& D TIZ GST &
ERET2ETMEEDO VI 2 b —va v ETo7, M. GSTIREE T O Si ~OBOEKIF N KE <, i
RET N EREREBEVNREND & TRLEZD, EEOFHEMR TIIMET LV TREREVNTIRLNT,
GST D LIFIERET L L 0 LIECITHER, GST DT E/N T 7 AUITHERET L L 0 Bk
LEZ TN ENgnoi,

OSSR R 2L D BRI
MnTe [IZENTIFREREZ R TREMESEARTH Y, HAA v F TRHIN DB EFEE (1.5 um) THUIAH
FEFINSL, FEEBEICHEENEZ D Z ERMBNTWD =D, MELNEAAL v TFOMELE LTH
YUThDH, MnTe D2 ODFERMATHD ol BRI ONWTONFEFEROE —FHEFHE 2T 72, itH
IZE-oT, R 1.5um TORMRINBMRD T/HI<, a-BHEREIZL > TURIFTROELHRKE AT
DT EVHEGRTE R, B, BEOBITROFHRAMEITNET —% & L —H LT, FHEIT%YT
HbHEVWx D, a-BHEEROWEZHRT 5720, BRHEOZ VX —HEEZITo72, 2 2OfEMH
D=y NE/VNOJRFALE Z EMICHREHAF L, BEEPOZ RV —2HE LR, oMoa=
v MEAERFEIZEIT 5 B — o BRIRERICIX 0. 22V EEE D =R VX —[ERENH D Z LB ooTz 1272 L,
Z D HA R IEAR S Tl 72 /S A &3l o 7B TII A W ATEEMENR & 5728, 4 1%1% Nudged Elastic
Band (NEB) {£% HWV- BB H A2 HED L TETH D, 7B, ZOFH—JREHREICB T 278X, JAIST
T =T VT TN AWPFEREIR D KA Bz S OV TR & DRI FRIC DWW TR L T\ 5,

<WFFEEARLE > AAFZEIZ BRI T DR KR E L LLTITRT,

1) H. Sano, M. Kuwahara, “SimulationAnalysis of Optical Gate Switch Operation Using a Chalcogenide
Phase—change Material” , International Symposium on Imaging, Sensing, and Optical Memory 2023
(ISOM’ 23), Takamatsu, Kagawa, Japan, November 19-22, 2023. Tu-F-52 (2023.11.21).
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[l
JEE_HEETho ) VIFES O @R OBE) (7 V) v 77 ey ) 13X, BUKMEOIEH A BOKMED RILAKFE
SR Z I L2 T UE e 6 7enicsd, IFEOADOANTIETIRIZEAER I ORWERETHS. FEAY 707
U o 73k & e AR RE D FE B - MEFFICEA G L TV D b DD, EORIEIVRHBIIARTZH B 2N STV,
T 1R EIR T M BGELIEE VT, Leu & Ala OV K LESIN D72 5T NVEEEANT T RS,
POPCO7 Vv 77y FaRELRNE DD, AR O Leu 54 Glu FREAICERT L 7Y v 7 T7n
v T EARHET S Z L AR LTE . ZORSITRO Glu FEHEA~OEBIT, BT DEEOECMEIZL > TR
777 ) TTERITET D2 EBMmbNTNWD, £7o, XTI FREVALT 4 FREFGTE&RMMET 252 &
T, KVRZZ 7Y U IEER ERT 22 ERMbNTWD A, B EAICE ST 2 IS I 60 8 S
TR,

Z ZTCARRIETIE, XTF R Z#EROF R Glu FREZEECEA LR EE T F ROy 18 7)% (MD) ~
Ralb—varaFETL, XTTF FORENIZET 2R8I EEOIR L (O FEAR Glu ZREDIENAL
. ERHEIE DL EN) ZFEMICHIT L, X7 707 7 —BIEMEICE 2 5B OWTELET 5, ARETIX
/Xw74%FA®u%% fx 72 Glu % 25 HEFF ST T Na AFE, Glu % 3EEFFOX7'F N4& 1

EFTV 7L, INOEEETF % POPC IRERIZEA LI RIZOW TG T 5,

(5 - fER]

MD ¥ = b— 3 VI ATER - EESM F(T=303K, P=1atm) T
FAT LT, BB D 13551215 CHARMMS36 % HVy, /KOET /1iE TIP3
Wz, AT, IR ST B IR0, X7 T REOFE A4
PEGFHE L7z, £72. £ET NVEEBATF KO POPC IO EE 5z
X HELER, 7T R EARM O O RERIMG L 72, MD - FHEICIT
GROACS2018 # M\ 7=,

FHRICEBRTA7 707 7 —BIRMERE BN ET AT F K
POPC JEICHRA LT=RICBII D A F v 7y a v MEEZ RS, XTF
RiZ MD v =2 b—va O], 2 BFREELZRE LS., ~7F K
DOELFA A ECATF REOME HHIR I Tz, o, KRS T
WD E 9T, XTF RO Glu = Trp 75 CHREM M EER A
CTWDZEMRENTe, TDX D REFHIZMOTEERIRNET AT F FTHBIIS N2 Lk,
RXTTF RO BRI ORFFN A Z 077 =BT 2 EER - ThH 2 LA R Iz,
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Miura, Hirokazu Suzuki,, "Spectral and HPLC Analyses of Synthesized Butin and Butein", Chem. Pharm. Bull.,

in press.
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SIESTA # W T T 7 = > /MoS2 DFEfEHEIEIZHOWNWT ANy NHEEEZFHE L, VI 72 MoS2 1%
AARIEEEDOT-O, BE#EO BN IIREIIKE T EELTERE LT T 7 = VHja% 5x5, MoS2
HTMZ 4x4 DERSDE>T-bOZBEA(X 1) & LTHE LZ, VA A2 MIERY ATV,

1. 777 = 2 /MoS2 DOfEEEE

SRSt L LT, Monkhorst-Pack {EZ AV~ 36x36x1 D7 Y v K, = /L¥—FH v FF 7% 500
Ry, #1E 1212 0.0001 eV/IAng D LT v 2 & W=, TOFEE, X2 D0 FEEZET-,

Energy (eV)
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IR T L7 b= AFT A ADOFAMEIZ X - TlE L TE 2, A% X D EIXR A
ICETDZENTHRINTWVWD, ZZTETFOBEMEAL LV ZHWTENET 2 A br=7 AF 1
AD1OTHDH, AVUVERNEFN T PAZ (A FEDREREN TS, A FET EHD7-0H
DD 1 2%, HEHEEREM) & RGO DM D ar X 7 2 v AI A~y FIZL->TAL S, FM-SC
BEAICBITHEWAE U EAN - RIHIETH D,

Zeeman ZNEZFIH L7z A T340 2(1" 1(@)id 2 RTHETH AQDEG)® ki FM F / #1& & MIS
7= N HEEE R NCFF > TWAT AL A THY , FM-SCHEAGZ N S TICAE U HEA - it 23 Al g
BRFEELTHEASN TS OO, RIZIER - BIfEFGES LTV,

Z ZTCAMIE T, EBRCT A A 2 & ER - EEFERET 5729012, InAs/GaAs(001) D ifi SR I L
5 2 RILETH AT v I LTHWEAE VYT AL A0 - i 21T -7, stEIZ =215
4 =R EEETINECL VAT 22 L TiTo e, &EFESNIZAE T, AT, AV Uik
FE85%LL DA URIBE RS ERRATRE TH D Z LR ENTo, TORFITRE 1 THE I,

72,200 Zeeman REFIH LIZ AL T AL AEMBEDETZAE Y 7 4V ET 34 2(K 1(b))
BB, ZOREL T ALETNL R, 2 00— NEFEICKT a0 27 20 20%8)(™ 2) &
DAL T NA ZAOMERHMBEICAEH TH D Z LRz, ZO/REITFHL 1 THE SN,
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1) S.Komatsu and M. Akabori, “Design of semiconductor spin-polarizer utilizing the Zeeman effect”,
EM-NANO 2023, D-5, ) |JR&Riia) IR HGESE Y 7 —, 6/5-8 (2023), A—F /1.
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1) S.Komatsu and M. Akabori, “Spin-filter device using the Zeeman effect with realistic channel and

structure parameters”, Jpn. J. Appl. Phys. 63, 02SP14(2023).
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Cross-linkable Sulfonated Polyimide Thin Film with High Proton Conductivity

School of Materials Science,

Nagao Lab, Yao Yuze

Machine: Large Memory PC Cluster
Sulfonated semi-alicyclic polyimides have issues with poor mechanical and chemical stability in water.
We synthesized a new sulfonated semi-alicyclic polyimide composed of bicyclo[2.2.2]oct-7-ene-2,3,5,6-
tetracarboxylic dianhydride (BOEDA) and 3,3'-bis-(sulfopropoxy)-4,4'-diaminobiphenyl (BSPA), of
which the contained dienophile structure can undergo Diels—Alder (D-A) reaction.[1] The BSPA-
BOEDA thin film exhibited high proton conductivity of 4 X 102 S cm™! under 25 °C and 95% relative
humidity (RH). The optimized molecular structures were calculated (Material Studio 2020; Dassault
Systémes). The calculations were done based on density functional theory (DFT) using a DMol3
module. The generalized gradient approximation (GGA) functional with the Perdew—Burke—
Ernzerhof (PBE) type was used to model the exchange and correlation interactions. The convergence
threshold for the maximum force and maximum displacement for normal geometry optimization were
set, respectively, as 0.002 Ha A1and 0.005 A. Figure depicts the optimized oligomeric structures of 5
repeating units for BSPA-BOEDA and a reported semi-alicyclic polyimide[2] by DFT calculation. The
main chain of BSPA-BOEDA units showed lower planar rigidity. Therefore, the BSPA-BOEDA thin
film remained in an isotropic phase-segregated structure rather than an anisotropic lamellar
structure, which was confirmed by in situ humidity-controlled grazing incidence X-ray scattering,
because the main chain rigidity is necessary for the expression of lyotropic liquid crystalline

properties was much lower.

Figure Optimized structures of five repeating units of (a) BSPA-BOEDA and (b) reported semi-
alicyclic polyimide[2].

Published paper:

[1] Y. Yao, M. Hara, S. Nagano, K. Aoki, and Y. Nagao. Conference Proceedings of STEPI-12, 12, 49
(2024). http://hdl.handle.net/10119/19046

Reference:

[2] Y. Yao, H. Watanabe, M. Hara, S. Nagano, and Y. Nagao. ACS Omega, 8, 7470 (2023).
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