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Deep Charge: Deep learning model of electron density from a one-shot density functional theory calculation
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Electron charge density is a fundamental physical quantity, determining various properties of matter. In this
study, we have proposed a deep learning model for accurate charge-density prediction. Our model naturally
preserves physical symmetries and can be effectively trained from one-shot density functional theory calculation
toward high accuracy. It captures detailed atomic environment information, ensuring accurate predictions of
charge density across bulk, surface, molecules, and amorphous structures. This implementation exhibits excellent
scalability and provides efficient analyses of material properties in large-scale condensed matter systems.
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Current-driven skyrmion and antiskyrmion dynamics in Kitaev magnets
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We take monolayer frustrated magnet NiBr2 as an example to reveal the general current-driven skyrmion and
antiskyrmion dynamics induced by Kitaev exchange. Through first-principles calculations and Monte Carlo
simulations, a magnetic field-strain phase diagram is proposed, which contains five different phases, including
topological skymion and antiskyrmion. Subsequently, by performing Landau-Lifshitz-Gilbert simulations, we find
that the skyrmion/antiskyrmion has specific helicity in the present of Kitaev term, leading to its translational
motion under current driving. Furthermore, the helicity is unlocked for sufficiently high current density, resulting
in its rotation. The critical behaviors and skyrmion velocity are analyzed by Thiele theory. Based on these
phenomena, we propose two new proof-of-concepts devices, skyrmion separator and non-gate logic unit. Our
findings lay a foundation for studying topological structures dynamics in Kitaev magnets.
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One-Dimensional van der Waals Polymers with Nonlinear Optical Performance Approaching Theoretical
Upper Limit
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Nonlinear optical materials (NLO) attract great attention because of their applications in generating coherent laser
sources, etc. Many efforts have been devoted to looking for crystals with large nonlinearities to meet the demand
for high-power coherent laser sources. However, crystals with NLO susceptibilities close to the theoretical upper
limit are rare.

In recent years, attention has been moved to van der Waals materials, where crystals consisting of
low-dimensional building blocks could be a possible solution to realize large NLO susceptibility and high
birefringence. And numerous two-dimensional crystals were predicted to own giant optical nonlinearities near the
theoretical upper limit. Inspired by a recent report of one-dimensional (1D) material PNF2 with excellent NLO
performance, we extend this region to crystals made up of 1D building blocks, where the dipoles along the chain
result in strong second harmonic oscillations.

Recently, a novel protocol based on graph theory and density functional theory (DFT) calculations is conducted in
the structural classification for atom-scale one-dimensional materials, allowing us to look for 1D polymer patterns
with NLO properties. In this work, by high throughput calculations, we searched new NLO crystals from 244
materials constructed by vdW stacking of one-dimensional (1D) polymers. Besides, the weak vdW interaction of
these 1D building blocks allows them to be easily exfoliated from bulk to two-dimensional flakes and 1D chains.
We found 14 experimentally synthesized bulk vdW materials, 11 2D and 11 1D forms as NLO candidates. Nearly
half of their NLO susceptibilities approach the theoretical upper limit, and their working frequencies cover
ultraviolet, visible, and infrared regions. Moreover, we found that their NLO susceptibilities are positively related
to the charge difference of atoms on the chains. Finally, we proposed a design strategy that superior NLO
polymers can be obtained with proper bandgap and large charge difference on the chain.
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Modulating Physical Properties in Two-Dimensional Materials via Intercalation
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Intercalating guest substances such as atoms, ions, and molecules into the van der Waals gaps of layered
two-dimensional materials can effectively modulate their physical properties. In this talk, I will present our
findings on the controllable gap-opening of Dirac cones in Kekulé-distorted bilayer graphene via lithium
intercalation, enhanced topological superconductivity in transition metal dichalcogenides through
self-intercalation, and accelerated ultrafast charge transfer in MoS,/WS, heterostructures via lithium-water
intercalation.
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[1] Yu Liu, Wenlong Li, Fengyu Li* and Zhongfang Chen*, Computational discovery of diverse functionalities in
two-dimensional square disulfide monolayers: auxetic behavior, high curie temperature ferromagnets,
electrocatalysts, and photocatalysts. J. Mater. Chem. A, 2023, 11, 20254.

[2] Yu Liu, ShuaiYu Wang and Fengyu Li*, A new 2D Janus family with multiple properties: auxetic behavior,
strain-tunable photocatalyst, high Curie temperature ferromagnets, and piezoelectric quantum anomalous Hall
insulator. Sci. China Mater., 2024, 67, 1160.

Z-11
ML A BRE AR R T S %



T ERDRER 2 2024 BEEE — Jm th SRR 2 Z. FPRPEIL TS et

N==
A=

HHKF

FRDAR L oG, BLELL T SN LF A 24 a1 EORE, B4 A DT Re I B Sl RE R 2 44 - 2020
R G REAT W COp IR 2.19 1240, (5 HIBUER 2%. NSEHUREREDR, /& ELAE ATRT REIR & H e
WRRHE R A . FRIE 2023 AR REIR K AR LA R 15.7 AT 50, SRR 53.9%, HA
B IRERE WA S BE R 1. i, AT XMEAP R BT B, il TR R AR,
WHFE T HAEARFE R B 2 1F T A2 A 7 B I FT RE . S5 5R5R T, SR AL AR AT B B 4R i R R 7™
L RURMEEENE, BN TR .

Z-12
T ORR HAENSIR IR HRES BILHIEE S ik
TanE
b Tk

A S TERE ORR HLMEALFTIE Yt 75 Bl B B A SCHAT R, ST T AR S E S
Mo HE, HHT ORR HEALTIPAFEAEA ik i 6 B BE 72 551 22 1n) AU DA BEAT KU P AL R o 3
AR R IIBL S I7 2 2 ORR AL R SR RS P T B, A AR R G5 M st
MEALFITEREN 7 MRHES &, SR T — P B BOHER A RO E I XD BE ORR HLAEALTH IO HL A% 2 S A A,
MR T e SR R M RE P RIS B AE AL S RN RE A B ORI, TN R4
SNLE HRE, Ffs i ZRE 91.3%. [FIN tHURAT RAF PR E, AU ACR AL GE e — VIR B i
BRTHSR A 150000 fiF. FATHTHE H R RAE S B AL & 52 S BRLRE Dy Pt A R R AR A 5 P
ORR AL I B A i R PREE T ST 7 i o

KRB HLEEES), ORR AL, THETIN

Z-13
XTRRPEAR R — 4 5 445 ) P TR P B LA T B IR O A
YT
WIF R DB SR TR A B

SERRPERE B S B 2 B AR, RVREHE PEAR TGRSR B T BRI
HAH R G, HRIER AT g oM (i, Wi, SRR AR %, R FR VR A O
BT T P MESRAL T AT o IR NN AT DA S0 SRS W B H (AR S S it 1) 3, 1T L 3B 2Rl e A A e R IR
IR &5 7 TR T R ) S A5

Bl 56 —AEM R R MR SO B 72 S LN, BRATER A 450 B IR S 7 A T 2 PR iR M
B A, RIC T eI B TR R AR IR T IR . 7EF R Janus 2 54/ 4 S S 1) S T A
WA Janus MBIAAEMARA G, FRATSEH TIEIER) B FE-524F (S-MD HFECLTIN L M R A 2 w7
(SBH), FHRIL “ I HEMFRE” AT SIS/ AR SRRSOl “ e . TER IR
ERF, Janus TeGa2Se/InS B 25 0] 43 Ml R A N-1-10 BUGEATHES . Bi4- e 4- B S 4K -4 B (7R,
it T3 >4 (14 N7 g T A5 G K P B s 4 ik R AR T 23.2% o 45 4 5% T 0T TR AR S5 S Wil A — 4 Cr JEZ5 I8 A
e B R FIR T BR A R}, AT R T PN 255 R Ab b S S5 40k o T W28 2 51 R ILTE Janus 4 y-PC
MR, BlGeE A A SR S AR AR A — AN VP At BT 40 v 1 1) B B IR 7

Z-14
F R R AT LR AL BETH K & SR
DHE R YL R I 2



T ERDRER 2 2024 BEEE — Jm th SRR 2 Z. FPRPEIL TS et

1. R RHEOREMRRL 2 TR AR
2. FOMBE LR EEM A S TR R

XS JrR A K AORE HE A7) LA = AT R AR, (E AR SEAR AR AR TR RO s R AP A e v B AT A5
FHRANWETC . AT T, JATiE 55— B 70730 5 7R 1IE 100 AW & m gk
TR O B A7 A AR T R AT B S . 2D R W], ORISR I REAMMAARTE B 72 L b B 5
s 7O . AR B, FRATHRMFIRNZILR, (815 BA HEAGIE L ) Bt & s oo 3R R AR &
[, ARG ENBA TR mAPKBR R ENE . N TIRUEIZRNE, AT T 36 FEHE NG R
ARBURLAE Y BE i S AL PERE, IR A E 1 2 AR s 440 BT I O AGRE AL 7 AL s
R ASHIT TR 3 0y FAd X e Jm 40K RORL A Bt 3R B T 2 2% .

Z-15
FEEME MN4-G R fE 2R IS gL
o=

S ESiPRT

A TAT ML IR 20 (P RS A= 72 5 B A R PR TR 0 2 . BT, CHRAE il i R 26 A T il
A ISR R MEIR TN 0 . SR, BT IR P VAT I RSB T %, 5 BRI AR RE IR G
B, ML 2P INE(EASH) O S & G AN I — RGBTSR BT TEABER R, RA%
ZHRHEE(DFT) IR RS T 25 Fi&4 3d. 4d M1 5d 1% 48 RS 2 40 805 2 &4 EHMN4-G) Xt
EASH (1) AL IE M FERR 1, B 7ERGE T EASH SN IR R R T AL TRI(SACS) . B %G, Siape. N
BAEAIE AT R, B Mo, Ru. Ag. W. Re 1 Os #h, B 84 Ja S5 7 #50] LARE 5 Hb [ 5 78 515 4%
FEE b ok, HAETE H A SR Cu M1 Ni SACs 1233 7 EASH, ] 7 HTEEIR M. thah, Smhs
AU d s H T 2R B RE AT DA SRR E AR AR TN AE AL 7 EASH &R BeJm, M- RIEUIE R M
FE R T EAGETEINLEE, 878 T d_(2°2 )1 C2H4-n 27 L3l 2 [A) (IR & 78 206 M b rh e 35 28 06 J B 1
F o AHBFFELE BB KT xRk EASH AL S HLER SR AL 7 2R A I .

Z-16
Unveiling the Morphology of Carbon-Supported Ru Nanoparticles by Multiscale Modeling
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Simulating the behavior of metal nanoparticles on supports is crucial for boosting their catalytic performance
and various nanotechnology applications; however, such simulations are limited by the conflicts between accuracy
and efficiency. Herein, we introduce a multiscale modeling strategy to unveil the morphology of Ru supported on
pristine and N-doped graphene. Our multiscale modeling started with the electronic structures of a supported Ru
single atom, revealing the strong metal-support interaction around pyridinic nitrogen sites. To determine the
stable configurations of Ru2-13 clusters on three different graphene supports, global energy minimum searches
were performed. The sintering of the global minimum Rul3 clusters on supports was further simulated by ab
initio molecular dynamics (AIMD). The AIMD data set was then collected for deep potential molecular dynamics
to study the melting of Ru nanoparticles. This study presents comprehensive descriptions of carbon-supported Ru
and develops modeling approaches that bridge different scales and can be applied to various supported
nanoparticle systems.
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Design of High-Efficiency Hydrogen Evolution Catalysts in a Chiral Crystal
Jie Zhan"? Yu Cao™? JunWen Lai“? JiangXu Li%,Hui Ma*? Song Li* PeiTao Liu*? Xing-Qiu Chen*? Yan Sun*"?
1. School of Materials Science and Engineering, University of Science and Technology of China
2. 2. Institute of Metal Research, Chinese Academy of Sciences
3. Key Lab for Anisotropy and Texture of Materials (MoE), School of Materials Science and Engineering,
Northeastern University

The design of highly efficient hydrogen evolution reaction (HER) catalysts is one of the most important tasks
for electrochemical water splitting in the field of renewable energy resources. In this work, via an effective
combination of topologically trivial electronic intensity and the topologically nontrivial energy window, we
predicted high catalytic performance in chiral material SiTc, with a close-to-zero hydrogen adsorption Gibbs free
energy (-0.062 eV). With both a large intrinsic projected Berry phase and close-to-zero Gibbs free energy, SiTc
provides a promising candidate for the HER catalysis reaction. In addition, this work offers an effective strategy
for designing more potentially high activity topological electrocatalysts via the combination of topological states
and high electronic intensity in metals.

Z-23
Computational screening and functional tuning of chemically stable metal-organic frameworks for 12/CH3I
capture in humid environments
Guangcun Shan**? Haoyi Tan*
1. Beihang University
2. City University of Hong Kong

High chemical stability is of vital significance in rendering metal organic frameworks (MOFs) as promising
adsorbents for capturing leaked radioactive nuclides, under real nuclear industrial conditions with high humidity.
In this work, grand canonical Monte Carlo (GCMC) and density functional theory (DFT) methods have been
employed to systematically evaluate 1,/CHzl capture performances of 21 experimentally confirmed chemically
stable MOFs in humid environments. Favorable structural factors and the influence of hydrophilicity for iodine
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capture were unveiled. Subsequently, the top-performing MIL-53-Al with flexible tunability was functionalized
with different functional groups to achieve the better adsorption performance. It has been revealed that the
adsorption affinity and pore volume were two major factors altered by the functionalization of polar functional
groups, which collectively influenced the iodine adsorption properties. In general, this work has screened the
chemically stable high-performance MOF iodine adsorbents and provided comprehensive insights into the key
factors affecting 1,/CHsl uptake and separation in humid environments.
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High specific surface area and flexible out-of-plane deformation of two-dimensional materials exhibit unique
advantages in CO2RR catalysis. First-principles calculations reveal that highly flexible borophene generates
periodic nano-scale undulations on a tailored metal substrate, transforming into a three-dimensional structure upon
detachment from the substrate. This structural transformation is accompanied by surface electronic
reconfiguration, with the "wavy" borophene configuration exhibiting greater stability and localized electron
density compared to its planar form. Anchoring Cu atoms, the most active metal for hydrocarbon formation, on
the "wavy" borophene surface reduces CO2 adsorption energy and enhances activation of CO2. The synergistic
interface interaction between Cu and B atoms significantly improves CO binding strength, thereby promoting C-C
coupling. This "wavy" two-dimensional catalytic model indicates that transferring undulating borophene onto
elastic substrates enables high levels of stretchability and compressibility for efficient electroreduction of CO2 to
ethanol. This provides a novel guiding design principle for experimentalists and paves the way for catalytic
materials design.
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CeO, BA — & ML S5 B AR BE 7T, /2T AE IR NH3-SCR AL LA I L . #R FUAIE CeO,
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Mn #2358 | CeO,(111)3R 1M O JiG AL s Xt NO U I . CeO,(111)FK M K Fe. Mn #5244 CeO,(111)3K
NO, ZEH IR B, £H L-H HLHIIAZ 5 X S . Feu Mn 58440748 7 10 i 1 A4k 2 I S AT e 1
HRRET], BRIRT NHz ) N—H BFEsaRe, FRIK T ROV RS, M99 1 IR R TE. Mn B804
PEF, = N—H SRR R R N2O 25 55 1 B B AL SRR N 1B 84

Z-26
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i AR 2 2024 B85S it AR R 25 Z. PPRHSIIL. TS 1R
ET RN E RS ER R HE BT
TR
EHE TR, MRS s 2 Be g S B TR

B R R BRI A R TS TR S DU SSRGS A RE, AT B L IEAE B 2k T AR R R B
FIBE AR, SR AR TEATLBE 4507 T RA B A AE R B o [ A FE S i ERIE & <5 TS0t D AT A7 A2
ZEBR, PREMMG SR BIRTRONASELEL, TR Z BB, s RIEEERGT RSO 6, RS
T gL e BRI 2 MR TR, R T AR B SN S BOR AL R IR, $ER T
ERPEARTE N J R R ) P AR SR RUAR AR AN A L, DA iR AR S S B S . M HER G &
SRR R et G A T2 BEE B JE At . AHOR AR AR SE SCHR S 100 Riw . L& &7 2
PR E AR 4 T RBEA 4 T TAR BIS et G sk & G M i o St a5 G RRH.
LI RAEMEAE AR, TP RO R 1T N— B SR A — I Al SRR S RIETT, RS TG 2
Arane

KRB PREE A RAOTHES WONAENUR] RREH S, PlaE )

Z-28
FF5RA S X T AR RR MR B AR S S AR AR B 1 B L
SRS BT FKF. T RAR. INE
LESeived

FHAE £ < DAL 5L ) 24 P RE AR 1R Dh RERF IR AL |2 O o e 1) < o 1 B 1) 45 A AL
T FATAT LA R R HARARAT Oy, s AT BT X S AE TN Zr AT oo A
HERILIC R . AR, &SI S AL RN G N T AR LT S LB 2 . AEIX TR Fe,  JRATT
KT —FhOIH s, Kanih =1 55578 71% (MD) BAUHSE &, DR/ 07 B3R & & AR L o
AL TATRENS BRI T30 AN R Bl e v, G i f 2 SRR 2 3] RIS A AR Bl 1 2247 N
KEEF R LLZr-Nb 551 p—o MAANH], N THEEHAE B H(111) ik m R4 TS Nb ik
FEWAN A A Z AR SRR, AE o AHISOZ SR SR AR R o RR 2R B BRI . b4t AT
HREZ R (DFT) tH5EE—0R, XALHIFIREE T AR B A R Zr A0 Ti B a e ATULAE
MU T AT A SRS AR, T HARANRR & & B AR AR T IR A TRam A T A,

Z-29
Cy oy s ar el A I e
XU
[iE [ N

A TAR A [ K KT R, SEABIERN R ATV, SRR -0 J1 AW FEHEZE, SRl 12440
RS TTSREENE . B BS . M AAEN D A PR A I R, AR SRR ME M e ik
e, MMM AR S BRI, XENE BRA ) TEHSERE A BIS GH SUE 1 RS 3l .

Z-30
EFNGS” N i EEAY R A WA GE R Y R
EH
[ SiiPNES

BRE P OB AR AR K AR B O BN 25 15 A PR RE A B B0, & et S A B T 252 M
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A WAL A RE M T 2T B ARG A2 88, M8 1A B SRR AL, BEAT
TEEIr PRI SV AR R G SO A ST R, FEARIR I 25 S & i A AR T R
A R TAZ B L /T H RO B D R 2 AL A o SE S Vv 22 A0 I R0 AT H AR B R 42 VA i A 5 0%
St 1 3T Oy IR 2 A 1 — B LR BT & < 2 RO AL LA A Rogie, JRit— D1 S Sttt
HH R IR B 4 2 RO AL 230 e e 1k g

Z-31
T WA CPMP B S5 HIRPRHE R T B 15
B, RS TREAL. %Y
LT TR

SR T BN E AR TR AR R — o SR, 22 RUBERPRHBE T b (0 IR X ) A 58 R AE
BRFEHEMN] CPMP B (- T Z-H G- MERE) AT LURS 3R AT . PRI, ASSCHURE & et BT S R
JUHEEEILITE S MR RE R S B i N R BEAT R, DAREZE M BRI FEARYE S, WSS Rl h %
JUBE o SRR R M -3l 25 22 RUBEBE D RO8  Brids” ARR J FLaiaR 7 ik, 4 A RRBSe T vh 1T st
CPMP [WEBE, EEALHE T U CPMP RLAL ) 25 R A R IR X ) 5170

Z-32
BAETCRRM T B-Ti & MR 1 454 K S ARSI T AR
i S, FRAKEE, 5K3CF
v [ R 27 Bt <8 J T 9 P

B-Ti BT AAHE o oy a FEZ M M, Ik B AHZ (A B A S AEE A I8 R A B R g
B TARRIEEG A RSP RAD S ARES, RSN B-Ti & B RIMA L G 52 W12 A RE . X
— VIS B RETTR W T B-Ti &R A ROREH . BERIRE AR S B AR BT 5 — R
P, ATAEVE4RREST T A B-Ti &4 Ti-Mo. Ti-Nb. Ti-V A g 4kfa©tE (Mo. Nb. V) &
BARNK Blo « BlomU A AT S R VERA A T SRR AT WA I IR S A4 ) 5 T AT SR
FH IRV S5 A4, TR /oo« Bra" IARA ST AE s[RI, WS REAN F 25 1m0 5 1k 4 A BE A 1
BEAE LR M BN o o MHIEZ STESRISEM 2 — PSR B, BT B A E TT R A 4%
AIRAE S o MITE{3323(113) 25t FRARIE{1121(111) g2 AL L. MBI KRG, HE
BIRT P~ HAZTIEKREREMAR. M, TTIRRAE{112K111) 528 B2 AE{3321(113) g 2R 7,
M o MHTEZN )% LI LUTE L. LS50 B AE{3321(113) 5 28 fh F W 42 2 1 SR AH o B2 U5 T ££ B
{3321(113) g A M AL o A BI{332(113) g A R SE A e A8 B AN AT IR A . A AR ik 1
B-Ti 5 < B 2R Jit 1 485 K40 B S THIAH )T R AT 32 B-Thi A58 T8 3R B SR BRIV B2 T M F) o

Z-33
A RLR TH LB 28 5 LA 7
PN
JEB R Y o S A TP

Bl S LA R TR A AR, R T e FEL BT e YR AT ) B K R R RN U
RS MR R R B RNAT N, 87 B 2% JE bt 2 v ) B OO T AL, S A A AR I e 0 A
MIRTEE. ATRHRENE . HUR PESS SEIR W T R 2 R MERR A, B ST ST/ kA vl Jmask, Bl
s TR AL AR hEh A B AR, AR R LR R R SE . TRANIE ST AR AR ) B B
REAEAIR T H N

KRR DFT+U 1H5E. 0 73l 0 M 7 01570710, IR a5 1
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MEAER BN SE R A A T AL . A SR O LB 5 3 22 R [1-4, 15]; #80R
PR FHENERE I 22 5 S T U, R B ot I (R S 3R S Bt ROBi[5-9]; 3j43 H20. CO2 fE4F
AMFR I A FIVR R SR, 25 AR I ALIRI[10-12); 4B R AL 7 kAL 7 TR AL
HLH, B Hoxt CO2. H20 MR B S SAT M A [Fl 241 FI [10, 13-15]; 487K et S AL 2 A K I ORI 2,
SEHIRE L BRI AL I S AL[16, 17]. ORALEEOE FOR AR T AR E SR, HESh T8
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ULEESR, N T s AR S S BCHIVIREE ), SEme R BEPINE, AT R AR S 5
BB PO 2T R B LEIEEAT ORI . R, HATUE T E TR R R . £E 2022 &
2023 S LA, BAT—J7 0 LA )& Ta (AR T E B R ExT R, KB A t Ta BIFRIK 2 LA
ZERR AL R B S AR B, R T 94T A 0L 1x1010 K/s [RER A JI, 7N A1 5 4
(HCP) JRTHIFEAE Ta hib#a 3 SHAL, ZTARNIRN T ARS8 B T AZ A SR 1 B A Ko s At
TR RRES: 55— J7, $H0 Al GE) SRIEEMERIRN 0T, HIFPR TSR, R
(397 e LA R ALl AR Fl 55 B R 2 ol RELHEAT TR AT, S5 RRHT Al S 8 BB AE S e 2 BB AL«
FERLff OB W1, AALTTLAE 2R E Al B mBEErBrEmert:, HEEAN, SESBREAN
ALY FCC fibk, TIIXLE FCC b2 (B A7AE 1 s K TO 7wl R 1T L) HCP (i S e hi fif = 391 Al 5%
PR BIE R AR AW RN R R 2 —, xF ARG R BRYE, @b —ExIIal.

Z-35
MZBEE SRR R RAT N2 W& 07 FARH
EilgH*. TP, RIRK. HRE
JAR B Rk 2 S BOR BB T

AAe R A LEAD R WMERS . I TR, ) 2 N T ¥HLg /. (H2
AL 7S A G e IRA R AS T 52 2122 AR Famg AR AT X AR, 1X 2 T 8008 1l 557 80 A HE gy Je,,
BN T SR e B e RN T St . AR A SR A IE MR 97, LRGBS e B A N, e
2 ANUBSERE A, AL 375 F Tl 57 SR AUd AT NS T PO AR e K &85 ) 1) 4 FH 5 AR L B
AR 762 E e 57 RAy R ii- -1 2 i G 0 5, FIR RS E 77 fe
Wi B v 7 AR R R SN LR AR T G ISR AR B T HAR A KRB, BIN TR
IR VE R T RSN IR IR N, RS SRR T RERAE T & J 1A ST 1) BE AR A et I 82 8y 11, DA A
R AR TR S5 B FIRT SR LBl )52, RS0 P V2 e FEL R ol Y RS SR A BT R IR, IR 5N T 809 i b AR
WERTR, SHENF AT EEASRE T RAy AR, FER L S BRI 175 il 5 A
TWOW B AR RS RY () snAR EE . JRATIOT BUBEALL T 7075 F1 2024 454 G A0 AN [R5 J W0RT I 28k 2% 42 T T o
g MO B, 45 R RSN pH (E W BAR T ARIAET A, 7RG A A B AR I )
ROV IR ET R, TSRS TR B A A B v FE A I RS T B AR Bl ARV pH B BRI &
BT IREERIRE N, FE b 57 Ay RGN, TR IR RIS L pH (AR E . 7075 SHA &R
U e AR B A . 9 DR MR XSG i, B DB G I ek, T 2024 B A 4 I A7
KPR BIKNE, 2024 06 &R4Y RERK 7075 484 & F %, it ZEMR T 7075 5454

Z-36
REEENE - HERERERTH
fSESEn
LESeiv g

=15 E 4 (high-entropy alloys, HEAS) R | LL—F G 3 N EME S & Mt &, 230
W RIS S MMETENFE, SHEEENZMIRRIERLIE THRERE R 2 E. 2 ET0kF
A m S S E SN IER TSR e ERIEA T INE 4%, HLaliffy s st il A A e s i 52 78
PR AT RER i &l G, T A B TP R B — 1 SR AR S S 2 T S R, AT R AN
TR R G SR AR YR F o SR, ARSI B — 1t S VA AR A B B R 4 1) 22 32 0 TG ] I A
FEHA Y muffin-tin /11 (exact muffin-tin orbitals, EMTO)F14HF-#frfLk(coherent potential approximation, CPA)
FHEE G 1 77 V5 RE 8w S HE I R R =y 5 & &b B S T P MG TE 7 o DR, FRATTR 28— s B
EMTO-CPA it T T & &4 BN Cantor i 4x. Senkov RERE & i 4 DAS Bl 525 0 6 4 (1 AH
FE e FRETERE. JEREERE. JUAEIERE. DLAGHARHLR s B, R El T R S T PR B R
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W PERE R &, NSRRI SR At R RO B R AR 1R S, TR SCEUM R R R B

z-37
254 DFT W5 ERHIF Cu-10Ni-X A&FE NaCl R B AT A Ry E
HET. M. EE&E. BYE. e
AL R

R 2 A S I kI BRAOR T 2R 1 CupO BRI LRI ER o SEXTE& S m 30 CuO FlALIE 1) f20
454 DFT i E IS 2RS0T 9T T Cu-10Ni-X (Al. Fe. Mn. Cr. Sn. Ti. Zn) &4 7 NaCl &4 & aT
RV . AL AN AL 2 R SR 45 SRR B, Bk Ti 2 AN At T = AR S CupO FHALERAAE, PRILE 4
JE AR, BT ERE, HACORHEF N Fe > Cr>Mn>Al> Sn> Zn, 1 Ti EMES S ihtEfE. DFT
THHEY, G&mzdd G4 Cu0 RIWA Cu JE1Ar s, FFIK Cu O Bifb XS NaCl (1 HLfa %%,
FIH X NaCl B, AT B & i i PERE . 25T NaCl B BE, EE57 1A &1 Tiud 2 Ay . A
HIF 9 AT A B s 1 R AR B R A S I T R SR B BRI A o

Z-38
A 2EFRBEARE RS REXT TR )05 A< (B BRBR Fea A 5E R P IR
Bz We. ML mEER EH

wMRREEM R A 5 TR f

R B (HEAS) I A GREE, e A ANTRIRE, AEFEH] HEAS BT SR FE il 1t fe Al A 22 0 B AR
SR, HEAS BSR4k 2700 7 A JC i B 17 A RS ke 5 L33 O P RE 2 IR ROk SR IO BE AR . D9 T A
PRI —r i, PN R, E RN TSR AN ORI CrMnFeCoNi HH ] R 45 #4) A 1 5E 1
oM. AR BL, AE CrMnFeCoNi ', Ni Jf1BA7 F/ B & om EE AN g9 IORERE, 40 172 Ni S5k A1
TR T M JE 5 BA S s i o B ARy B8 NERE T, AT Mn J5E (] BR I AL, % CrMinFeCoNi
ok R e vE R B EEAE M . gehh, EEm T RBAEAE Cr 7 BA SR RN, H Cr Ji 1 (8 & o L
55 (HUE Cr JrAHED, #0735 Cr SIERIERIVIERL, i Cr Ji7 5 i T 5 A ier Ef Fe. Co M
Mn 7RO T ik R B 34k, BT Tight-Binding Al Friedel BEAY, FIH G E P RBERT s 4 (5 98 5501
W T HEAs R A0 S MIBEAE RN A 1 B A HEAS RN sipIAL 2B RREVEAERT, B T
Pt HEAs oh RSl i — ek, I SCRF TR P IAFAE, Vit B U A s R BE i SE 3t HEAS
R TR,

Z-39
TiV-M (Cr, Mo, Nb, Ta) HE&E&EESFITANEBEDT R
BRIRAS M2 WAORR L. YRR . E RS R
1. E TR 5T B A% E S AL SR 5 B
2. HHE K% BUCHIERRT AT

TiV RFA G R A S (i o b A iR AR e R S R . AR 2R W T RE S Uk B AT 5 ()
R TT . AR P 54 O IE SE 52 2 T & &M 1 ERem .. Rk, AR EEEZ 30
& GRS R 45 R I T AL I M e e v RS S TR oG B, IRATR A T35 82 R Eie
THHEM Y EiE (CE) XFIURhHEE Tiv 244 TiV-M (Cr, Mo, Nb, Ta) 4L 2R H A8 b fa
SEVEBET T BT, K1 T BARERER CE B, EATRIREE N, RHZRRP AT 7&Kk
RS HARa e, ATRAMEEE] V AT M (Cr, Mo, Nb, Ta) AH EAE A R M AT, g2 3] DU Fh e A 4
A - T0 A2 I5 5 49531 1500 K, 700K, 900 K, F1400 Ko BFEiEiHEAISLEG h ik SRl rAd /0 8. AR
Mr Bk TE e VA CE DU R R & & R A3 3 T BB NI B AR A R R A e iR A T AT SR
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Z-40
FETCERN Dox REEEHTHAEPERER N I 5 — P IR E T T
N
HRK A RR TR B

Txxx RS RA R IS R Z N, (H TIERIL R ISR TERE, RIS E
e R AR E R H AT O — . BEXE Txxx REBE & H A& S ITER Sey Zry Er, A
HIEH T RE TR RGN A [ T AT AR WERAENT AR S, = Ao, FIRTES — PRI B 5,
MEERFEENE . JIAERELL A2 RE, WHE T B ST R A FFAETE N oo R E et hi ik
REMRZMR . ISR UL, XS T L1, BUGKHT HAH AlsX (X=Sc. Zr. Er), AlZr (& ifase tEMLEE /1% kae
BAF, SN AR RIS IR HRRE M, tesh, Jh 7 EAF R TR EE ST AL R, ASr
SL T B TCRBENLB IR E n (MgZng) MU, MRIETHELER, AN Se. Zry Er Bfw R & n
AR Mg 7k, JFHTHE B2 e RIKE, TGRS A% n M AR SRR E 1. 534k, Sc Xt n Hr i
WERE, e, Bt B cERCR, M ER Zr AR NI, (ERIN 480 n M HAH %15
S Er MO TFASRESE oy n A AR O RE EE AT RE , 3l 3o 4 Ak B2 T A v HL 28 vk

Z-41
UO2 RifRFE4 L KA AR AT T
PP FEEM A R HISCE S e
1. WP EZB IR B
2. PHEATH AR
3. fERIITE R

TEAH (U02) BAYE R, ARIEARENELF, SR ARG IR R VESFIL R, 2
A% ST HE ) EEORL . V02 B B RH O B I B SO AN e R R BEAL B ) A — ELAE 8t AT, oot
T U02 NEA 252 AR A IR BE T 1825 KARRE U2 J b E 1% [ IR AR U AARE TIOR8 e
Ak, RZET U02 HUHHIE ZWEFTIT 1. (ESE SR RS AIB 28 TC S RBHEAS [RIRARE N Gl 4 R A 52
PURIRAE R . Rl A TAREE @2 0 V02 S I, A& R BRdie, BT
AFEBFERAET U02 WORHE IR RES AL, [R5 18 1 SR R SR R ARG . B R E], Uik
JEF B O AR AN SR RO 2 s R O R BE R 35 R e BRI LA B e AT AL 1 A s 1
R EERLRST 2B I~ GR Y B R S B B, AT RRAIR 1 FLBR AR R B4 M 5 L

Z-42
NG N B NE 2Rk R it
VR Y20 BRE R MRAVE M
1. P E B E R AT
2. FERBFARORKS

y-TIAl & RAAIRE L w1 e TR SPURARTERE, RN, P TS50
FEBLH BRI R 0o (BAegiEk & e v M B &5, ERRE R P A AR, W5 SBUR
AR A AU R 5 R AT S LR, B T B RE . IR N B A S AN AR I R I B PO
ML, AT MR G A2 8E, EEEE T Ti-45Al ok AR, o Mt
REXT R & WO AR R . W TEREL: SRR R iy =], BEE LW IR, oL A
o/ PIRIAR FHIDERS ARG K, H o/l S IER R IR RO 8% RS RN(LAB—o)i, a A
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B/L AR PRI, K LS p AT BT oMl L5 B MM KEEAFEE R, 15 o A R4
K RIU AR TR . BURIE LTS, 78 o FrRATG B AR B, ISV AR, BRI G2
%o H Lp/o =HXFERGRFFAAL . IO, =SS G AR L B el A ok 0 2 [ P kg, 15 5 i
IR ERRERTCR.

Z-43
UO2. y-UO3 1 a-U308 ik K #7244 i F 55 — IR BERF 5T
wEnm B RALA 2 kst BE L BE Y FilgEr
i L Y =
2. o ERFEBE AP ET 7T
3. et REIRALFE S HAR ARG S =
4. HEFHERE K

VE A SN HE RN P R 2 IR, — Ak (UO2) TE R R HE T B4 B8 T+ IZ IR,
1M gamma-—=%t4l (y-UO3) #1 alpha-/\ZEAL =4l (a-U308) 1F AZIREMERR % U02 2 A i LI
PAP AL BN W AR IS B FT 0 OB 9T . DRI A TR T B2 e #2182 (Density Function Theory, DFT) i
VASP #4545 PBE+U Al LDA+U Ptz R 5o IX = Fh S AL AU R4 7 22 AT T A T VEAN
WHot. THREARIN S S ST AR E BHavis, IE T IXITAEM AT SErE. /et b, @M
JI-MAREMfE T UO2. y-UO3 Fl a-U308 [ 5PE 4L, [FIFIH Voigt-Reuss-Hill I ALEHE S H T 445 &
B RD . M PR DA SR B S g e e T o o i T 3 % ) S R AR B T SR T X = R A D %
]S, I i e o ) = 4 R AE LU S Bt 1 Ik =R S ) b 2 T R RR R . 4 V02, y-UO3
FT a-U308 4 A4 ) S5V R T B AT IR NI 7 Ak =R S0, AT g = Rk [T LA
SARRLE ) G SRR Bl . BES, 7EHEIE Il (Quasi Harmonic Approximation, QHAD YR,
FIF Phonopy ASH T IEVELH /04T 7 UO2. y-UO3 H1 -U308 (IS, AEHE. . . B 71 a
FH AE A5 A7 01 H FHRESSLE 0 3 2000 K YEHIN SR RECC R Pt E BRI i S\ 2 A 1k
oA RARFE T s B I — B0, AT ER O BB S S TN IX B SR A D TE R 2 1 R BRI AT . IR
VEFT3RAT (U 51 B 348 S VR e 8 Dy itk — 8 (W SEIR A R R (1A e I 25 50, JFRes /e — e i b
TEREARZIREHEPA R A S . S AR TR A PR RE AE 45 AT 10 U02. y-UO3 1 a-U308 HIHLIRAN# ) 2:k
A SENNRZ B, FEAZIRRMIERE oh A RN S BRI AL R B A, A B TR AR 1%
A FIEAT

Z-44
KRB G AL B B BT I A I R
PHIE*. BR . AERNE. SR, REK. ZEh
Hh BB e R AT T

RS RE P & ETC R A S o0 A R L T B AR R A EA QAR e, DSR2 B AR e
AR AT AR TR AT, T AR R O AL DASRAS 0 PR RE AT B B S I sk el T
G 7 R AR RS T IDE RS, AT C 2R BRI AU A B B TR — o P & ke i R A R
FEAH AT SRR RORARA i, S 3 B R R AR 2 PR TR AR B L 25 fot G ] T ASr B ) 5 T T4
IBERIE. HIENA IR ITIEMN Navier-Stokes 75 12 [ BAL KA IT 1555, K 1 & gt i KR E B B R
T SR e U E TS 0778, 0 R AN =g R A R A A R R v 2 K A 22K R, sk
P75 Al-Cu & & RIP RS X 5 2 SR AT UL 52 Bk [ S 96 RURE — BUR R BRI s 755 < [ B i AR 50
J1=EJ7H AEBI AI-Cu £ & = 4k € AU [F) D AR XN 2 SR W e ] S 06, #Ros 1 ARt [ 410 90 el
B e LB I & e Sl ROR AR KB IR, KR T — RPN A K S AR, IR AR S i
AR A b, SR T — PRI B AR I A BERRT s AR A SR EE AR O AT 7T, e
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X Al-Cu Al Fe-C 45 & i R IR N R AR, 457 7ok RT . PR i R B i o
BRI AT AT R S R, A2 MASETRY FREA B R R T T LA S YR T [ R I T 3R 3 AT A R
WA AT B o

Z-45
BRE SR 2 REARYES B RSB
BRETEC L AT EAR T BB TR
1. P EBEERE R AT
2. FERBFARRKS
3. bR TR

ST IR PNE RSB R SRS, SR BRI TN 6 R b S e AR, R TR
HEMABOHIAE R T B —. R, —Bokd, TREEMMAESR, RS mER, USRS
HFBIRW g RS, KR TRE AT IR e — AP, BATZCRAIHL
w2 2 U5k, FIRMRGE R 22 (6] vh & e (I TES B, S-S B, 32 T ey AN v 4 4
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Z-50
Efficient Machine Learning of Solute Segregation Energy based on Physics-informed Features
Zhiliang Pan*,Zongyi Ma
Guilin University of Electronic Technology

Machine learning models solute segregation energy based on appropriate features of segregation sites.
Lumping many features together can give a decent accuracy but may suffer the curse of dimensionality. Here, we
modeled the segregation energy with efficient machine learning using physics-informed features identified based
on solid physical understanding. The features outperform the many features used in the literature work and the
spectral neighbor analysis potential features by giving the best balance between accuracy and feature dimension,
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with the extent depending on machine learning algorithms and alloy systems. The excellence is attributed to the
strong relevance to segregation energies and the mutual independence ensured by physics. In addition, the
physics-informed features contain much less redundant information originating from the energy-only-concerned
calculations in equilibrium states. This work showcases the merit of integrating physics in machine learning from
the perspective of feature identification other than that of physics-informed machine learning algorithms.

Z-51
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We have developed a software package, namely, PASP (Property Analysis and Simulation Package for
materials), to analyze the structural, electronic, magnetic, and thermodynamic properties of complex condensed
matter systems. Our package integrates several functionalities including group theory analysis, global structure
searching methods, tight-binding approach, effective Hamiltonian methods, Monte Carlo simulation, spin-lattice
dynamic simulation methods, and machine learning approaches. In this talk, I will mainly focus on the
implemented machine learning approaches in PASP. In particular, 1 will discuss our newly developed machine
learning potential approach for magnetic systems, the transferable equivariant graph neural networks for the
electronic Hamiltonians of molecules and solids, and the universal machine learning electronic Hamiltonian for
any materials. The applications of these machine learning approaches to two-dimensional magnets, electron
phonon coupling related phenomena, and high-throughput search of new functional materials will be presented as
well.
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(1) N EEETE g, KI LaTMSi (TM=Sc. Co. Fe) & @b &Wt, FETH (La) Y
TR 14D ] B FEL A S s B A S DREAE,  nTR ISR T IS HA Ny, 2 TR, IR Rsmim A f i ;
BT ZHE P AV RNLE], SR ST BURI J7vo0 & 8 R4k Sk AT ook, s i AL A W RFIE,
193] 34 Fhigr A4 4 J@ 1R) B 746 &%) (Nat. Catal., 2018, 1, 178-185; ESI mi#k51183¢, fh5] 211 ¥X; Adv. Funct.
Mater., 2022, 2112198).

(2) REMHETERPIETAED AR, #7R T HEFEYIE R 2F L, Bt sl 7
HEFAEY): BT mBETERN, KIERINSNER, v S B B TR 2 &g s, A8
“BRETMRME OB T CEY) ARSI, JRRIFERE, PR CasPbs AJEAY, GEST [t
BT EPIIAEAE, FT8E T BT A RAAE T8 KRB R A WA (J. Am. Chem. Soc.,
2021, 143, 8821-8828).

(3) PA“BIBS ¥ ML AR o 0l B A5, @ AL8s 22 I (e 14000 PPk &40 pesr 23 E) Tl 1
145 P EA R R E SR B AT, HE T AR R Nd,ScSiw La,YbGe, F Y ,LiSiys
6] B T [ BB 5 1 FEL AT IR B G FEL A B A v M AL 2 R e M I SR S AL s B fg Bl 7 & s
[ T4 &4 YoLiSi, AKBE 5 KJE, IREF 70%LL F#EfbiE T (3. Am. Chem. Soc., 2023, 145, 48, 26412-
26424).
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Z-57
Rational Design of Novel Tetrahedral Semiconductors as Efficient Light-Emitting Materials
W AET
T R e KA

Colloidal guantum dots of groups I1-VI and Il1I-V are key ingredients for next-generation light-emitting
devices ™. Yet, many of them are heavy-element-containing or indirect bandgap, causing limited choice of
environmental friendly efficient light-emitting materials *!. In this contribution, we will introduce two design
principles of novel tetrahedral semiconductors, namely cation stabilizing charged cluster network ™! and “super
atom” perspective . Based on those two design principles, we have discovered six novel categories of
multi-component semiconductor compounds. Using first-principles calculations with pre-defined crystal structures,
over a hundred novel functional materials have been screened with emitting wavelength covering from
far-infrared to ultraviolet region. Our work provides a comprehensive database of highly efficient light-emitting
materials, which may be of interest for a broad field of optoelectronic applications.
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Bloch's seminal paper in 1929 has initiated a long history of discussion on the dynamics of electron in a
static electric field within crystals. Bloch and Zener showed that the period of Bloch oscillation is given by
T=h/eFd, where h is the Planck constant, e is the elementary electron charge, d is the lattice period, and F is the
magnitude of the electronic field. Considering small lattice periods in crystals and the intensity of the electric field
that crystals can withstand, the period of the Bloch oscillation is in the range of picoseconds, which is much larger
than the electron relaxation time in crystals and thus has been difficult to observe in crystals.

In this talk, I will introduce our recent discovery of a novel type of electron oscillations in coupled
low-dimensional systems beyond Bloch oscillations. Using the tight-binding Harper model for electrons in a
two-dimensional lattice under magnetic field, we show that electrons in the coupled system composed of two
identical low-dimensional sub-systems with mirror symmetry, exhibits a well-defined periodic oscillation in both
transverse and longitudinal directions with the period determined by T=h/2u, where u is the hopping strength of
electrons between sub-systems, no matter whether the sub-systems are periodic or non-periodic. We further show
that the oscillation can be effectively tuned by external electric fields. Existence of this universal periodic
oscillation is a result of equal level spectral splitting of the iso-spectra of two subsystems, independent of system
size, boundary condition, and onsite potentials. Because the oscillation frequency and spreading distance of
wavepacket can be tuned independently, the periodic oscillation in coupled systems is expected to find
applications in control of quantum states and in designing nanoscale quantum devices.
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Temperature effects on annealing crucial deep-level defects in neutron-irradiated silicon: multiscale
modeling
Jun Liu,Yonggang Li*,Yang Gao,Chuanguo Zhang,Zhi Zeng
Institute of Solid State Physics, Hefei Institutes of Physical Science, Chinese Academy of Sciences

Studying temperature effects on defect behaviors during thermal annealing is significant for understanding
the performance degradation and recovery of semiconductor devices under irradiation. We systematically studied
temperature effects on annealing crucial deep-level defects in neutron-irradiated silicon, by developing a
multiscale modeling approach. The temperature-dependent concentrations and electron occupation ratios of
crucial defects of divacancies (V) and tri-vacancies (V3) were given for dynamic and post-irradiation annealing.
Besides the common direct dissociation, we found a new approach to eliminating V, and V3 by their
recombination with interstitials dissociated from interstitial-relative defects at relatively low temperatures. To
effectively eliminate V, and V3 by post-irradiation annealing, we further determined the activation energies of
1.98 eV and 1.71 eV for V, and V3, respectively. We also found that, within the operation temperature range of
devices, the higher the temperature, the better the radiation resistance. It is thus recommended that the optimal
temperature of post-irradiation annealing for device performance recovery is near 600 K.
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Different phase transformation behaviors of B2-CuZr crystalline phase and their associated mechanical
properties by molecular dynamics using different potentials
Jiaging Wu, Xiaoling Fu*
Guangdong University of Technology

Metastable CuZr-based alloys have attracted much attention due to their high glass-forming ability and shape
memory effect. Many experiments have underscored the pivotal role of the B2-CuZr phase as an effective
inclusion to improve both the strength and ductility of metallic glass matrix composites. The improved ductility
can be attributed to the dilatation induced by martensitic transformation, while the strengthening effect is owed to
the higher strength and hardness of the martensite phase compared to the austenite phase. Well-designed atomistic
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simulations can predict the mechanical behavior of materials before experiments and offer sufficient information
on the atomic scale. The selection of an appropriate interatomic potential is a primary concern in any atomistic
simulation and needs to be carefully considered to ensure reliable results. The uniaxial tensile behavior of
B2-CuZr crystalline phase is investigated by molecular dynamics simulations using five typical potentials, namely
the potentials developed by Mendelev-2007, Mendelev-2009, Mendelev-2016, Mendelev-2019 and Cheng-2009.
The phase transformation behavior during tension, Young’s modulus, and yield strength of the simulated samples
exhibit variations when different potentials are employed. Notably, only by employing Mendelev-2019 and
Cheng-2009 potentials, the strength and Young’s modulus of the transformed phase are higher than the
untransformed austenite phase, corresponding well with experimental results. This work emphasizes the impact of
different interatomic potentials on phase transformation behaviors within a specific simulation context.
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In this talk, we report a comprehensively quantum-chemical study of the electronic structure and properties
of bimetallic X—Pu bonds. First, in the mono-carbonyl compounds, the XPuCO structure alternates from cyclic
[PuCBO] to linear [AICPUO] and [GaCPuO] when atomic radii of the group 13 elements increase. A
donor—acceptor model is the best description for bonding interactions between X and Pu, that is donation patterns
of CBO — Puor XC — PuO (X = Al and Ga), and the backdonation patterns of XC < PuO. Second, the first
ethylene dione (OCCO) compounds of plutonium are found in AIPu(CO)n (n = 2, 3). A direct Ga—Pu single bond
is first predicted in the series of GaPu(CO)n, where the bonding pattern represents a class of the Pu — CO =
back-bonding system. Third, the d-f multiple bond is in sharp contrast with a single bond between plutonium and
transition metals.
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Z-91
DFT+U Study of Plutonium Hydrides with Occupation Matrix Control
Liuhua Xie*,Ruizhi Qiu
China Academy of Engineering Physics

We investigate the structural, magnetic, and thermodynamic properties of plutonium hydrides (PuH: and
PuHs) using Hubbard-corrected density functional theory (DFT+U), with Hubbard parameters U derived from
linear response calculations. Four exchange-correlation functionals are considered: LDA, PBE, PW91, and
PBEsol. To address the issue of metastable states in DFT+U simulations, we employ an occupation matrix control
strategy and break structural symmetry. This advanced computational approach establishes that the ground state
magnetic order for PuH: is antiferromagnetic (AFM) and for PuHs is ferromagnetic (FM), consistent with Faraday
and NMR experimental results. Using a simplified H-vacancy model, we investigate the AFM-FM transition as a
function of hydrogen content and monitor the magnetic moment of the Pu atom. Our model accurately predicts the
critical hydrogen content threshold, closely aligning with experimental magnetic susceptibility data. Furthermore,
we determine the valence state of the Pu atom in the hydrides to be +3, consistent with NMR experimental
observations. Our calculated values for the enthalpy of formation, heat capacity, and entropy are in good
agreement with empirical data, thereby validating the robustness of our theoretical framework.

Z-92

Molecular dynamics analysis of the deformation behavior of nanotwinned GaAs during nanoscratching
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Zhan Zhang, Tinghong Gao*,Chen Qian,Lianxin Li
Institute of Advanced Optoelectronic Materials and Technology, College of Big Data and Information Engineering,
Guizhou University, Guiyang 550025

Gallium arsenide (GaAs) is an important I11-V direct bandgap semiconductor material and generally appears
as the zinc-blende structure. Previous studies have investigated the deformation of single crystal GaAs crystals
during nanoscratching. This study focuses on the effects of twin boundaries (TBs) on the deformation of
zinc-blende materials. Surface/subsurface damage to nanotwinned GaAs (tw-GaAs) during nanoscratching was
studied via molecular dynamics. Different scratch velocities and scratch depths were considered. Results show
that elastic recovery occurs during nanoscratching. The presence of TB limits the downward expansion of
dislocations. Overall, the damage caused to the TB by a shallow scratch is minimal; however, increasing the
scratch depth results in irreversible damage to TB. These findings offer new insights into understanding the
impact of TB on the deformation behavior of zinc-blende GaAs structures during nanoscratching. Thus, the
findings have significant implications for the crystal processing of GaAs.
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Z-95
External stress induced novel transformation pathway with reduced lamellar size in y-TiAl alloys
Jianwei Li,Dong Wang*
Center of Microstructure Science, Frontier Institute of Science and Technology, State Key Laboratory for
Mechanical Behavior of Materials, Xi'an Jiaotong University, Xi'an 710049, China.

Reducing the size of the lamellar structures and increasing the number of twin structures are both effective
ways to improve the low ductility and poor fracture toughness of y-TiAl alloys. In this study, by integrating phase
field simulations and CALPHAD thermodynamic database, a unique microstructural dependency in response to
external stress-aging process is revealed. With the increase of external stress, the size of the lamellar structure
initially decreases but then increases, while the number of twin structures initially increases but then decreases,
showing nonlinear relationships. An increase in external stress shifts the free energy curves, altering the c (the
intersection position between free energy of o, and y), which leads to the nucleation mechanism's change and
influences the final microstructure of y precipitates. Further simulations have shown that the optimal external
stress at different Al content shows a linear correlation, which has a fixed value away from ¢ (AcAl=1.5 at. %).
Deeper analysis indicates that the intriguing variations in the size and twin structures can be attributed to the
interplay among the growth rate of existing variants, the competitive nucleation rate of twinned variants and the
redistribution of composition under varying external stresses. Our work may offer some new insights into
designing refined structures and more twins in y-TiAl alloys.
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[1] Xing-Ju Zhao, Yang Yang, Dong-Bo Zhang, and Su-Huai Wei, Formation of bloch flat bands in polar twisted
bilayers without magic angles, Phys. Rev. Lett. 124, 086401 (2020).

[2] Xing-Ju Zhao, Yang Yang, Dong-Bo Zhang, and Su-Huai Wei, Flat bands in twisted bilayers of polar
two-dimensional semiconductors, Phys. Rev. Materials 5, 014007 (2021).[3] Xingju Zhao, Simin Wu, and
Shunfang Li, Large magic angle flat bands in twisted bilayer SiC, in preparation.
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Z-101
How to design topological superconductors from ab initio calculations
Gang Xu*
Huazhong University of Science and Technology

Topological superconductor (TSC) design and modulation is one of the most important but challenging task
for its great potential in the topological quantum computations. In this talk, taking FeSe0.5Te0.5 and PdBi2Te4 as
example, | will introduce a new paradigm to design TSC in the ideal superconducting topological metal (SCTM).
In 2016, we innovatively propose a new scheme to realize TSC in ideal SCTM, which host the inverted band
structures and superconductivity simultaneously. The TSC properties of FeSe0.5Te0.5, as well as Majorana zero
modes (MZMs) at its end of vortex line, are calculated for the first time, which are confirmed by experimental
observations in 2018. Recently, we propose a new strategy to design the ideal SCTMs by intercalating
superconducting units PdTe (or PdTe2) into topological insulator Bi2Te3, and develop a general program to
calculate the TSC spectrum and its topological invariant from ab initio calculations. Our results predicts that
PdBi2Te4 and PdBi2Te5 are experimentally synthesizable and ideal SCTMs, which host both the topological
surface states at the Fermi level and superconductivity at 3.11 K and 0.57 K respectively. Then the chiral TSC
phases are confirmed under our program for the slab calculations by incorporating topological surface states with
Zeeman effect. Our results pave a new way to realize TSC and MZMs in a large class of materials and provide a
general tool to design and modulate the TSC system from ab initio calculations.

Z-102
Light-induced ideal Weyl semimetal in HgTe via nonlinear phononics
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Peizhe Tang’,
! School of Materials Science and Engineering, Beihang University

Interactions between light and matter allow the realization of out-of-equilibrium states in quantum solids. In
particular, nonlinear phononics is one of the efficient approaches to realizing the stationary electronic state in
non-equilibrium. Herein, by using extended ab initio molecular dynamics, we identify that long-lived light-driven
quasi-stationary geometry could stabilize the topological nature in the material family of HgTe compounds. We
show that coherent excitation of the infrared-active phonon mode results in a distortion of the atomic geometry
with a lifetime of several picoseconds. The induced four Weyl points are located exactly at the Fermi level in this
non-equilibrium geometry, making it an ideal long-lived metastable Weyl semimetal. We propose that such a
metastable topological phase can be identified by photoelectron spectroscopy of the Fermi arc surface states or
ultrafast pump-probe transport measurements of the nonlinear Hall effect.

Z-103
Topological and excitonic states in Ta2Pd3Te5
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Band topology and many-body correlations are prominent topics in the field of condensed matter physics. In
this talk, I will be discussing the topological states in the Ta,Pd;Tes-family materials. These van der Waals (vdW)
layered compounds can be easily exfoliated, and the Density Functional Theory (DFT) calculations reveal that
Ta,Pd3Tes is a near-zero-gap semimetal. Upon the inclusion of electron-hole interactions, an excitonic insulating
state emerges. Our findings are consistent with the observed gap in the angle-resolved photoemission
spectroscopy (ARPES), which varies with temperature and pumping frequency. We propose that Ta,PdsTes is an
excitonic insulator without undergoing any structural phase transition.
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[1] Chuhan Tang, Zhigiang Tian, Tao Ouyang, Anlian Pan, Mingxing Chen*, Polarization multistates in composite
ferroelectrics, arXiv:2403.11813

[2] Guoliang Yu, Shengxian Li, Anlian Pan, Mingxing Chen*, Zhenyu Zhang, Polarization multistates in
antiferroelectric van der Waals materials, arXiv:2312.13856

[3] Tao Li, Yongyi Wu, Guoliang Yu, Shengxian Li, Yifeng Ren, Yadong Liu, Jiarui Liu, Hao Feng, Yu Deng,
Mingxing Chen*, Zhenyu Zhang* and Tai Min*, Realization of sextuple polarization states and interstate
switching in antiferroelectric CulnP2S6, Nature Communications 15, 2653 (2024).
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Ferroelectric materials have a spontaneous electric polarization that can be switched between two or more
orientations with an applied electric field. They enable devices such as nonvolatile random-access memories,
ferroelectric field-effect transistors, and ferroelectric tunnel junctions. The discoveries of ferroelectricity in HfO2,
and sliding ferroelectricity in Van der Waals (VDW) materials are both attractive as they can be integrated with Si
relatively easily, and provide an extra avenue to tailor magnetic orders as well as topological transport properties.
However, the ferroelectric phase of HfO2 is metastable, and it can only be stabilized on proper substrates or under
specific growth conditions. Here, we will show that charge redistribution in HfO2 can efficiently modulate the
relative stabilities of its polar and non-polar phases, and hole doping contributes to stabilize polar phase of
HfO21-3. Furthermore, we will show that out-of-plane polarization that can be achieved in VDW materials
through interlayer sliding. Even the sliding polarization is relatively week (0.01 pC/cm2), it determines the
direction anomalous hall current in even-layer MnBi2Te4, and can make odd-layer MnBi2Te4 magnetic
topological insulator or trivial insulators4.

1. Tengfei Cao*, Guodong Ren, Ding-Fu Shao, Evgeny Y. Tsymbal *, and Rohan Mishra*, Stabilizing polar
phases in binary metal oxides by hole doping, Phys. Rev. Mater. 7, 044412 (2023).

2. Shu Shi#, Haolong Xi#, Tengfei Cao#, Weinan Lin, Zhongran Liu, Jiangzhen Niu, Da Lan, Chenghang
Zhou, Jing Cao, Hanxin Su, Tieyang Zhao, Ping Yang, Yao Zhu, Xiaobing Yan*, Evgeny Y. Tsymbal*, He Tian*
& Jingsheng Chen*, Interface-engineered ferroelectricity of epitaxial Hf0.5Zr0.502 thin films, Nat. Commun. 14,
1780 (2023).

3. Tengfei Cao*, Ding-Fu Shao*, Kai Huang, Gautam Gurung, Evgeny Y. Tsymbal* , Switchable Anomalous
Hall Effects in Polar-Stacked 2D Antiferromagnet MnBi2Te4, Nano. Lett. 23, 3781 (2023).
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The flourish of two-dimensional (2D) materials provides a versatile platform for building high-performance
electronic devices in the atomic thickness regime. However, the presence of the high Schottky barrier at the
interface between the metal electrode and the 2D semiconductors, which dominates the injection and trans-port
efficiency of carriers, always limits their practical applications. Herein, we show that the Schottky barrier can be
controllably lifted in the heterostructure consisting of Janus MoSSe and 2D vdW metals by different means. Based
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on density functional theory calculations and machine learning modelings, we studied the electrical contact
between semiconducting monolayer MoSSe and various metallic 2D materials, where a crossover from Schottky
to Ohmic/quasi-Ohmic contact is realized. We demonstrated that the band alignment at the interface of the
investigated metal-semiconductor junctions (MSJs) deviates from the ideal Schottky— Mott limit because of the
Fermi-level pinning effects induced by the interface dipoles. Besides, the effect of the thickness and applied
biaxial strain of MoSSe on the electronic structure of the junctions are explored and found to be powerful tuning
knobs for electrical contact engineering. It is highlighted that using the
sure-independence-screening-and-sparsifying-operator machine learning method, a general descriptor
Wy lexp(Din) Was developed, which enables the prediction of the Schottky barrier height for different
MoSSe-based MSJ. These results provide valuable theoretical guidance for realizing ideal Ohmic contacts in
electronic devices based on the Janus MoSSe semiconductors.*

van der Waals (vdW) multiferroic tunnel junctions (MFTJs) based on two-dimensional materials have gained
significant interest due to their potential applications in next-generation data storage and in-memory computing
devices. In this study, we construct vdW MFTJs by employing monolayer Mn,Se; as the spin-filter tunnel barrier,
TiTe, as the electrodes and In,S; as the tunnel barrier to investigate the spin transport properties based on
first-principles quantum transport calculations. It is highlighted that apparent tunneling magnetoresistance (TMR)
and tunneling electroresistance (TER) effects with a maximum TMR ratio of 6237% and TER ratio of 1771% can
be realized by using bilayer In,S; as the tunnel barrier under finite bias. Furthermore, the physical origin of the
distinguished TMR and TER effects is unraveled from the k||-resolved transmission spectra and spin-dependent
projected local density of states analysis. Interestingly, four distinguishable conductance states reveal the
implementation of four-state nonvolatile data storage using one MFTJ unit. More importantly, in-memory logic
computing and multilevel data storage can be achieved at the same time by magnetic switching and electrical
control, respectively. These results shed light on vdW MFTJs in the applications of in-memory computing as well
as multilevel data storage devices.?
Reference:
[1] Nanoscale Horiz., 2024, 9, 264-277
[2] Nanoscale, 2024, 16, 1331-1344
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Nonvolatile multistate manipulation of two-dimensional (2D) magnetic materials holds promise for low
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dissipation, highly integrated, and versatile spintronic devices. Here, utilizing density functional theory
calculations and Monte Carlo simulations, we report the realization of nonvolatile and multistate control of
topological magnetism in monolayer Crl; by constructing multiferroic heterojunctions with quadruple-well
ferroelectric (FE) materials. The Pt,Sn,Tes/Crl; heterojunction exhibits multiple magnetic phases upon
modulating FE polarization states of FE layers and interlayer sliding. These magnetic phases include Bloch-type
skyrmions and ferromagnetism, as well as a newly discovered topological magnetic structure. We reveal that the
Dzyaloshinskii—Moriya interaction (DMI) induced by interfacial coupling plays a crucial role in magnetic
skyrmion manipulation, which aligns with the Fert-Levy mechanism. Moreover, a regular magnetic skyrmion
lattice survives when removing a magnetic field, demonstrating its robustness. The work sheds light on an
effective approach to nonvolatile and multistate control of 2D magnetic materials.
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The computational prediction of electronic transport properties in materials with complex band structures has
gained significant attention in recent years. The relaxation time is strongly dependent on factors such as material
composition, carrier concentration, temperature, and electronic structure, whose omission can lead to significant
uncertainties in the calculated transport properties. Full ab initio calculations such as using EPW are
computationally prohibitive. In this study, we offer a feasible and highly accurate path beyond the constant
relaxation time (CRT) approximation. By combining density functional theory (DFT) and density functional
perturbation theory (DFPT) calculations, we extract a limited number of electron-phonon matrix elements, from
which we derive deformation potentials for all relevant acoustic, optical, and intervalley processes, to efficiently
calculate scattering rates in materials with arbitrary band complexity. The transport properties are then calculated
using our open-source Boltzmann transport code, ElecTra, which allows for detailed calculations of transport
properties for each transport state, including polar optical phonon and ionized impurity scattering. The approach is
validated using several materials, including the promising thermoelectric material Mg3Sb2 which is
computationally one of the “difficult’ test cases due to its low symmetry, large unit cell, and conduction band
minimum off high symmetry lines. Our results show good agreement with experiments and full ab initio
computational methods, providing excellent accuracy while reducing computational costs by more than 90% in
certain cases. Overall, this study offers a valuable contribution to the field of computational materials science and
provides a new, efficient method for accurately predicting thermoelectric transport properties in materials with
complex band structures.
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The structural and photoelectrical behavior of low dimensional polar Materials from first-principles study
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The structural and photoelectronic properties of low dimensional polar materials are different from that of
can be different y is strongly determined by the structure configuration of the materials. Thus, understanding the
structural behavior such as evolution, is important. Here, taking Janus MoSSe as a representation, the evolution
process from MoS, is systematically investigated by first-principles calculation. The simulation shows that the
evolution process of the structure is related to the crystal field involved in the structure. On the other, the
application of the 2D material on electronic structure and is also investigated. It is interesting to find that surface
modification can effectively improve the product efficiency and selectivity.
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ASIGREA, JTR T EGURMRLIURATR T 1o HItE, —4ERDRIR D RS IR 25 R et DART 1 1
PERAE AP S B 7 RFEFATT 2 RE, BOR NI e R IR JE 08 TR 2L L
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X JRE, B AR T DR S AN A R IR 4 . SR, TER AR = ot &4k
BT T R B, sEIEMPER 1IB-IIA-VIA2 LAY, 10 AgInS2, 15 T3 4 DU i A B Ao &5 44 (TCS),
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T E RV RE A KRBT AT
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W, VRS LRSS MAT H 250, i S @ IR M b S 0 5 E R, B R S B
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PEREERAR EARA R T, DLCTE Li-Fe-S-O PU oAk % 2 i) sh 4R A E M B AU L IE RO L 2. J8 3 5 5
W RAELG Ay, TATF G Ak °\ S IE RSP (B2 BT S S 4 5 R0 5 M5 RIHEAT T 100 5 56k
R R EIR, AIRSS Al ISR E 400 fREN T h AR RS FIRE, R 580
PERTIAZ IR BLES 2 2 0S5 T iR e as &, T DAE— 3R TR, I HAR Mt Gt il B0 145 R
(IRTEENE, AT S DUINEET ORI A A o
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Z-142
Ice phases formed from water under the confinement of carbon nanotubes
Yuan Liu

School of Chemical Engineering and Technology, Sun Yat-Sen University

Water exhibits rich phases under nano-confinement. Based on molecular simulations, the spontaneously
formed ice phases are studied for several cases, e.g. water confined in single/double/multi-walled carbon
nanotubes (CNTs), water deposited on the surface of CNTs, and water confined among CNT arrays. After
extensive search using molecular dynamics simulations, a serials of porous ice phases are observed from water
confined among CNT arrays at room temperature, and are named as WOFs; three distinct classes of ice nanotubes
(INTs) are observed from water confined in CNTs, namely, INTs with flat square walls, INTs with puckered
rhombic walls, and INTs with bilayer hexagonal walls, moreover, the one-dimensional ice structures could be
controlled and the freezing behavior could be also controlled in the form of zone-by-zone or in a simultaneous
way by tuning the inter-CNT spacing; in addition, it is found that INTs could be also formed from water on the
surface of nanotubes by tuning the interaction between water and the surface. It provides deep insights on the
phase behavior of water under the confined environment of CNTSs.

Related publications:

1.Y. Liu, W. Zhu, J. Jiang, C. Zhu, C. Liu, B. Slater, L. Ojamée, J. Francisco, X. C. Zeng, Formation of porous ice
frameworks at room temperature. Proc. Natl. Acad. Sci. U. S. A. 2021, 118: €2104442118.

2.Y. Liu, Y. Pu, X. C. Zeng, Nanoporous ices: an emerging class in the water/ice family. Nanoscale 2023, 15: 92.
3.Y. Liu, J. Jiang, Y. Pu, J. Francisco, X. C. Zeng, Evidence of formation of 1-10 nm diameter ice nanotubes in
double-walled carbon nanotube capillaries. ACS Nano 2023, 17: 6922-6931.

4. Y. Liu, W. Zhu, J. Jiang, Y. Gao, C. Zhu, C. Liu, J. Zhao, J. Francisco, X. C. Zeng, Assisted self-assembly of
nanoporous ices via carbon nanomaterial templates. J. Phys. Chem. Lett. 2024, 15: 1811-1817.
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Z-143
Advancing first-principles dielectric property prediction of complex microwave materials: An
elemental-unit decomposition approach
Yabei Wu*! Peihong Zhang? Wenging Zhang®
1. BTRHORE
2. ALYNILRFAATEE T3

Tungsten-bronze-type material Ba6-3xRE8+2xTil8054, (RE = rare earth elements) is an important
microwave dielectric that has shown great promises for future miniaturization of microwave devices because of its
high dielectric constant, low loss, and tunabilities, and there is still much room for improvement. With their
proven predictive power, first-principles calculations may greatly help accelerate materials optimization by
reducing or eliminating the expensive and time-consuming experimental trial-and-error process. However,
microwave dielectrics such as the tungsten-bronze-type materials are rather complex systems with unit cells
containing hundreds or thousands of atoms, making ab initio calculations prohibitively expensive. In this work,
we propose an elemental-unit decomposition (EUD) technique that can drastically reduce the computational effort
of predicting the properties of complex microwave dielectrics and demonstrate its accuracy and efficiency. Our
approach facilitates first-principles prediction and design of complex microwave dielectric materials that would
otherwise be extremely difficult.

Z-144
Ti HERRAE Si(100)FRE T #OM A KA LI K R FAEIIBT A
SR RTTIEL. BREREE. DLAEYL. IRZE . kg
Hh [ R T BE R 7T B

KH T AN AR R Y T 1 500 KB Ti RAE Si(100)Z T 1 U AN AE KAT . H R 5T
TR SRS AR RS MR A . SORRYLAEDIRWI, Ti MBS Si A RAE S i
Kb TR o T A ) T RELAE P2 52 ORI 7 SR PR R, IO i1 T 4 5 Y e ) et AR S Ry e A A 5K
VB AR E B HCP S RIAEALPEBEE FCC 24 . BEE IR T A AN, Ti A R AL ) ey B AL 1]
AR IR PEVERA . BEAN, BRATEFUIE T Ti 7E Si(100)p(2x2) 32 M AN R B A7 s MR B e o IXREfZ T
T € Ti JE57E Si(100)Z& M H e g Bk A, AR5l i S RINE R B Z AT

Z-145
Revealing precursor reaction network and gaseous product distribution during chemical vapor deposition
of MoS,
Zhengzheng Dang,Yanming Wang*
Shanghai Jiao Tong University

Two-dimensional MoS,, as a representative transition metal dichalcogenide (TMD), possesses exceptional
optoelectronic properties, making it one of the most promising nanomaterials for next-generation electronic
devices. Chemical vapor deposition (CVD) is widely used for producing large-scale, high-quality monolayer
MoS,. This technique involves complex precursor reactions and subsequent deposition of gaseous products on
substrates, where the gas-phase stage significantly influences the materials growth Kinetics and film quality.
Understanding the formation mechanisms of MoS; in the gas phase is crucial for controllable materials synthesis;
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however, a systematic description of gas-phase reaction networks and product distributions still remains unclear.
Herein, we utilized large-scale reactive molecular dynamics (RMD) simulations to investigate MoS, gas-phase
reaction processes under a series of pressures and temperatures closed to experimental conditions, with leveraging
an automated versatile protocol for post-processing trajectory data. We discovered that the MosOg precursor
molecule (obtained from sublimation of solid MoO3) undergoes an initial reduction assisted by S,. This process
produces SO by-products and evolves the molecule through sequential stages of ring-opening, fragmentation, and
stepwise sulfurization. MoO and MoO, molecules, as major intermediates in the gas-phase reaction, yield MoS;
and MoSg stable gaseous end products respectively. Based on these findings, our work further unveils dominant
gas-phase reaction pathways and predicts product distributions for fabricating MoS, films from solid MoOs,
providing valuable scientific insights to guide the optimization of MoS, production.

Z-146
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AR . AT TFET T R IAE = JZ M0S2 (TMSLs) fi47 7 Ti Ak H AL AR B AR A7, X ety ] LA
FH i 5 f k8 v (19785 7 Hubbard 1578 S35 . 551 Hubbard B8 o (R IT 18 2 , on-site PEASHEF BE A1 staggered
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3. Max Planck Institute for the Structure and Dynamics of Matter, Luruper Chaussee 149, 22761 Hamburg,
Germany
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Z-P01
Theoretical Study of CDW phases for bulk NbX2 (X=S and Se)
Hongwei Du*,Zhenyi Jiang,Jiming Zheng,Xiachong Chu
Institute of Modern Physics, Northwest University

Most two-dimensional transition metal chalcogenides, the superconducting phase frequently coexists with the
charge density wave (CDW) phase. However, there is at least one notable exception, namely bulk 2H-NbS,, which
does not conform to this general pattern. Since 1975, scientists have been keenly interested in experimentally
detecting the CDW phase in bulk NbS,. The question remains whether there exists a more stable thermodynamic
state than its high-temperature metal phase, particularly in scenarios involving charge injection.

Our theoretical predictions suggest there existence of the most stable CDW bulk configurations, such as TC
for 2H-NDbS, and TTs for 2H-NbSe,, characterized by partial pseudo energy gaps. These predictions are based on
the harmonic phonon softening theory and first-principles calculations. Notably, the ratios of the pseudo gaps
around the K-H segment in the Brillouin zone for CDW phases are comparable to those observed in the
superconductivity phases of bulk 2H-NbX, (where X= S or Se).

Importantly, for bulk 2H-NbS,, the CDW phase is expected to coexist with its superconductor state below the
critical temperature, rather than with the metal phase. Experimental observation of the CDW phase should be
facilitated when the injected charge reaches 0.5e / NbygSse. Our calculations of the density of states reveal that,
during the formation of CDW phases through the contraction of Nb atoms and the accompanying in-plane
symmetry breaking, the dominant conductive carriers in bulk 2H-NbS, are always of the p-type. In contrast, for
bulk 2H-NbSe;, a transition from p-type to n-type carriers is also predicted. This transition is marked by a
continuous drop in the Fermi level and the emergence of the M-L segment of the out-of-plane energy band from
the Fermi surface. Furthermore, a Lifshits transition of pocket-vanishing types occurs in the out-of-plane direction
during the geometrically structural phase transition in bulk 2H-NbSe, without symmetry breaking.

Our calculations have theoretically addressed a long-standing challenge in understanding the coexistence of
CDW and superconducting phases, clearing a significant hurdle in this field of research.

Z-P02
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HIgA R, P EE (OCV). ¥ 22 LS SE AR S 2 R W R 750 T4 5 788
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Z-P06
Nonlinear optics driven magnetism reorientation in semiconductors
Qiangian Xue,jian zhou*
Xi'an Jiaotong University

Based on nonlinear optics, we propose that light irradiation could induce a steady state magnetization
variation. We develop a band formulism to elucidate its general microscopic mechanisms, which are rooted by the
quantum geometric structure and topological nature of electronic Bloch wavefunctions. Their existence are
determined by the light polarization and specific material symmetry, based on the magnetic group theory. In
general, for a magnetic system, both circularly and linearly polarized light could exert an effective magnetic field
and a magnetic velocity (variation rate over time, serving as an effective torque) effect, to reorient the
magnetization orientation. They are contributed by spin and orbital angular momenta simultaneously. Aided by
group theory and first-principles calculations, we illustrate this theory using a showcase example of monolayer
NiClI2, showing that light irradiation effectively generates an out-of-plane effective magnetic torque, which lifts its
in-plane easy magnetization. According to magnetic dynamic simulations, the in-plane magnetization could be
switched to the out-of-plane direction in a few nanoseconds under a modest light intensity, demonstrating its
ultrafast nature desirable for quantum manipulation.
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Terahertz-induced Wurtzite to Rocksalt Phase Transitions in MgX by Vibrational Anharmonicity
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MgS (Magnesium Sulfide) and MgSe (Magnesium Selenide) are compounds that display a variety of crystal
structures depending on conditions such as temperature and pressure. As noted, both experimentally and
theoretically, these compounds have been found to crystallize in several different phases: Rock Salt (Fm-3m),
NiAs Phase (P6s/mmc), Wurtzite (P6;mc), Zincblende (F-43m). Here, optical susceptibility, including electron
and anharmonic phonon contributions, is used to evaluate Gibbs free-energy variations of MgS and MgSe under
terahertz irradiation. This corresponds to an off-resonant light-controlled phase transition, rather than the resonant
approaches that excites hot carriers over electronic band or infrared-active vibrations in the phonon band. We
show that intermediate terahertz light can trigger polarization change between P6;mc and Fm-3m similarly, the
phase transformation from low-symmetric ferroelectric phase to high-symmetric paraelectric structure in MgS and
MgSe can be driven by changing the polarization and intensity of the incident light. Analogous results are
obtained in Wurtzite phase in detail, the phonon spectrum and optical susceptibility exhibit strong temperature
dependence, in which we show significant effects of anharmonic vibration and hyperbolic properties under
terahertz light.

Z-P09
Pure bulk orbital and spin photocurrent in two-dimensional ferroelectric materials
Xingchi Mu, Jian Zhou*
School of Material Science and Engineering, Xi‘an Jiaotong University

We elucidate a bias-free light-induced orbital and spin current through nonlinear response theory, which
generalizes the well-known bulk photovoltaic effect in centrosymmetric broken materials from charge to the spin
and orbital degrees of freedom. We use two-dimensional nonmagnetic ferroelectric materials (such as GeS and its
analogs) to illustrate this bulk orbital/spin photovoltaic effect, through first-principles calculations. These
materials possess a vertical mirror symmetry and time-reversal symmetry but lack of inversion symmetry. We
reveal that in addition to the conventional photocurrent that propagates parallel to the mirror plane (under linearly
polarized light), the symmetric forbidden photocurrent perpendicular to the mirror actually contains electrons flow,
which carries angular momentum information and move oppositely. This generates a pure orbital moment current
with zero electric charge current. Such hidden photo-induced pure orbital current could lead to a pure spin current
via spin—orbit coupling interactions. Therefore, a four-terminal device can be designed to detect and measure
photo-induced charge, orbital, and spin currents simultaneously. All these currents couple with electric
polarization P, hence their amplitude and direction can be manipulated through ferroelectric phase transition. Our
work provides a route to generalizing nanoscale devices from their photo-induced electronics to orbitronics and
spintronics.
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Z-P18
Crystal Structure and Surface Morphology of GaN Thin Films Grown on Different Patterned AIN
Substrate Surfaces
Shiyi Mao, Tinghong Gao*,Lianxin Li,Yue Gao,Zhan Zhang,Qian Chen,Quan Xie
Institute of Advanced Optoelectronic Materials and Technology, College of Big Data and Information Engineering,
Guizhou University

Gallium nitride (GaN) is frequently used as the primary material for manufacturing high-brightness
light-emitting diodes (LEDs). Recently, atomic layer deposition has become increasingly prevalent across
microelectronics, optoelectronics, and nanotechnology as a method for thin-film growth. Gaining insights into the
process of thin-film growth can significantly enhance the device performance. Herein, molecular dynamics was
used to simulate GaN thin film growth on substrates with different patterned surfaces. Results showed that GaN
thin films grown on cone- and dome-patterned substrate surfaces have smoother surfaces than those grown on a
flat substrate. Moreover, the GaN thin films grown on flat surfaces exhibited an optimal crystalline quality
compared to those grown on patterned substrate surfaces. However, the GaN thin films grown on flat surfaces
showed strain levels higher than those grown on patterned substrate surfaces, potentially affecting the
performance of the optoelectronic devices.

This study reveals the impact of different patterned substrate surfaces on GaN thin films and provides
guidance on the design of substrate patterns for different GaN thin film application scenarios.
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Biomimetic Surfaces: Assessing Free Energy Barrier Using Molecular Simulation
Fan Meng, Noriyoshi Arai*
Keio University

The wettability of solid surfaces is intricately linked to surface energy and roughness, with nano- or
micro-texturing serving as a common strategy to control hydrophobicity. In nature, organisms such as lotus leaves
and butterflies have evolved superhydrophobic surfaces, inspiring multiple applications of bio-inspired materials.
Molecular simulations unveil the transition between Wenzel and Cassie states on the rough surface of biomimetic
materials, underscoring the pivotal role of free energy barriers in this process.

Moreover, this study compares the nanostructures of two biomimetic materials: the eye of the mosquito and
the wing of the butterfly. Both biomimetic nanostructures exhibit a strong correlation between the spacing and
height of surface protrusions and the magnitude of the free energy barrier. Manipulating the height and spacing of
roughness can alter the magnitude of the free energy barrier, thereby rendering the material region hydrophilic or
hydrophobic.

This study systematically categorizes droplet states on solid surfaces, aiming to utilize a novel free energy
barrier evaluation system to guide the design of solid surfaces with superhydrophobic properties. By establishing
the relationship between free energy barriers, surface parameters, and hydrophilicity, it seeks to deepen our
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understanding of hydrophobicity in biomimetic materials.
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Z-P35
Methoxy Photodissociation on Metal Oxide Surfaces Is Driven by Transient Capture of Hot Carrier: Ab
Initio Quantum Dynamics Simulation
Siyi Wu, Weibin Chu*
Fudan University

The dynamics of photogenerated carrier at the molecule/TiO, interface are of great significance for
enhancing photocatalysis and photovoltaic processes. It has been established that the chemisorbed methoxy anion
CH3O', rather than methanol CH3;OH, acts as an effective hole scavenger. However, there remains a significant
discrepancy in the timescales of inverse hole transfer between theoretical predictions and experimental
observations. In this work, we explore the dynamics of photoexcited carriers and associated photodissociation
processes at the CH3O/TiO, interface using ab initio non-adiabatic molecular dynamics simulations combined
with hybrid functional. We find that strong hybridization between the molecule and the surface enables CH3;O" to
transiently capture holes, forming the methoxy radical CH30". This formation shifts the HOMO of the molecule
away from the valence band maximum, which inhibits reverse hole transfer and effectively prolongs carrier
lifetime. Additionally, the transient captured photoexcited hole can finally result in the photodissociation of the
molecule, leading to the oxidation of methoxy into formaldehyde. Our findings not only rationalize experimental
observation but also provide profound insights into the mechanisms governing photogenerated carrier dynamics at
the molecule/semiconductor interface.
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Z-P44
Strain-improved separation of CO,/N, by the nanoporous r-N-GDY monolayer
Yunan Wang,Yuanyuan Qu*
Shandong University

Utilizing nanoporous membranes for efficient CO,/N, separation presents a promising strategy for
addressing climate change and related environmental issues. In this work, we employed first-principles
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calculations and molecular dynamics simulations to investigate the separation efficiency of the monolayer
r-N-GDY membrane in separating CO, from N, under uniaxial tensile strain. Our simulation results demonstrated
that, at room temperature, strain along the zigzag direction of the r-N-GDY membrane leads to efficient separation
of CO, from N,, with a CO,/N, selectivity of ~311 and a CO, permeance of ~5.5 x 10° mol m? s Pa™ at 3%
strain, surpassing the industry standard by 6 orders of magnitude. Further increasing the strain to 4% results in
ultrahigh selectivity for CO,/N,, alongside a satisfactory CO, permeance of ~3.7 x 10 mol m? s™ Pa™, likely due
to the strong confinement of the nanopore to N, molecules. This is further supported by the density of states
analysis, which reveals greatly enhanced high-frequency rotational modes for N, along the short axis of the
nanopore, indicating that the confinement is primarily imposed by the negatively charged nitrogen atoms defining
the length of the short axis. Moreover, quantitative free energy barrier calculations indicate that the outstanding
separation performance originates from the higher energy barriers for N, (i.e., 37.5 kJ/mol at 4%) compared to the
lower energy barriers for CO, (i.e., 18.9 kiJ/mol at 4%) under the same strain level. In conclusion, this study
proposes the monolayer r-N-GDY membrane as a strain-tunable and high-performance material for efficient
separation of CO, from N,. The findings highlight the potential of using strain engineering to enhance membrane
separation technologies, offering a significant advancement towards sustainable and effective gas separation
solutions.
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