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Engineering Chern insulators in two-dimensional ferromagnets
Chengwang Niu*
Shandong University

Chern insulator exhibits rich physics with great interest in both theory and experiment. Here, starting from
Chern insulator, we show the emergence of mixed topological semimetals arising from the complex interplay
between magnetization direction and momentum-space topology [1]. Moreover, focusing on both the second-order
topological and Chern insulators in two-dimensional ferromagnets, we demonstrate that topological phase
transitions present an efficient and straightforward way to engineer the orbital Hall effect, where the orbital
angular momentum distribution can be controlled by the nature of band inversion [2]. In addition, we show that
coupling the nontrivial electronic and magnonic bands allows for the dual Chern insulators, where the Chern
insulator and its bosonic analogue, i.e., topological magnon insulator, appear simultaneously within one
two-dimensional ferromagnet [3,4]. Both the tight-binding model and Heisenberg-DM model are constructed to
demonstrate the feasibility of attaining the dual Chern insulators and point out the perspectives of dual Chern
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insulators for spin-orbit coupling and the Dzyaloshinskii-Moriya interaction. Our findings pave the way to
understanding, engineering and utilizing Chern insulators in two-dimensional spin-orbit ferromagnets.
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Magnetic skyrmions are topological magnetic quasi-particles exhibiting a whirling spin structure, which have
been a prominent topic of condensed matter physics since the first experimental observations of skyrmion lattices
in bulk non-centrosymmetric magnet MnSi and thin film Fe0.5C00.5Si. They can be characterized by spins
wrapping a unit sphere, carrying an integer topological charge Q that cannot be changed by a continuous
transformation of magnetization. Such topological properties ensure the inherent stability which makes them
technologically appealing to be used in future spintronics for information storage and processing. Magnetic
skyrmions have been observed experimentally in various bulk and thin film systems. Recently, with the discovery
of ferromagnetism in two-dimensional lattice, exploiting magnetic skyrmions in two-dimensional magnetic
crystals is at the frontiers of condensed matter physics and material science. In this talk, I will introduce our recent
works in this field.
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Transition from Antiferromagnetism to Altermagnetism: Symmetry-Breaking Theory
Lizhong Sun*,Pan Zhou
Xiangtan University
Considering the similarity of the real-space configurations for the opposite spin sublattices in both
antiferromagnets (AFM) and altermagnets (AM), the relationship between them should be profound. In this Letter,
we demonstrate that AFM and AM can be connected with spin groups and their subgroups. Consequently, the
breaking of the combined inversion or translation operation with time-reversal symmetry (PT or tT) in AFM will
induce phase transition from AFM to AM. Moreover, we propose that Floquet engineering using circularly
polarized light and surface cutting engineering are effective approaches to break PT and tT symmetries of AFM,
respectively, achieving the phase transition. Furthermore, as for specific two dimensional AFM systems, pure
electric field is a feasible approach to induce the phase transition and modulate their charge-spin conversion ratio.
Our work not only establishes a theoretical framework for the phase transition from AFM to AM but also provides
practical approaches utilizing the achievements in AFM for a hundred years to obtain AM, significantly expanding
the scope of altermagnetic materials for both theoretical studies and future practical applications.
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A first-principles study of nickelate superconductors
WA HEE
NYU Shanghai and New York University
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Composition-controllable Topological Nodal-line Semimetals in Honeycomb Disilabenzene-linked Covalent

Organic Frameworks with Six-band Models
Jun Zhou? Panlong Kong* Wencai Yi°, Yuxiang Ni*, Yuanzheng Chen',Hongyan Wang**
1. Southwest Jiaotong University
2. Agency for Science, Technology and Research
3. Xihua university
4. Jingchu University of Technology
5. Qufu Normal University

Covalent organic frameworks (COFs) are mainly normal insulators characterized by composite band models
above and below the Fermi level. To introduce a strategy for creating COFs with unique topological states based
on the composite band models, we rationally design the first topological nodal-line semimetallic COF (i.e.,
HBAT-COF) based on a recently synthesized precedent. Topology and frontier molecular orbital analysis reveal
that N-containing heteroacene/acene-linked COFs typically exhibit an inherent diatomic face-to-face Kagome
band model, a six-band structure. First-principles calculations show that the coupling effect between pyridinic-N
atoms and the Si-Br units facilitates the topological semimetallic phase transitions in the band model of
HBAT-COF. More importantly, the Si-Br unit also enables composition-controllable semimetal with the six-band
model in the disilabenzene-linked COF without N atoms. The discovery of the Si-Br-induced topological phase
transition in the six-band model offers an approach to transforming normal insulating COFs into non-trivial
semimetal states with composite band models.
Z-20

+1,2,3

Xinyong Cai

Data-driven design of quantum anomalous Hall insulators
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Intrinsic Altermagnetism and Possible Triplet Superconductivity in A_yFe_{2-x}Se_2
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[2] C. Z., H. Pi, J. Z., Bulk photovoltaic effects in helimagnets. Phys. Rev. B 110 (2024), L041104

[3] C.Z,H.P, L.Z, S.L.,J.Z, HW., Switchable topological phase transition and nonlinear optical properties in
a ReC2H monolayer. Phys. Rev. B 109 (2024) 125101

[4IM.Y.,X.M,S.L.,J.Z.,C.Z., Driving and detecting topological phase transition in noncentrosymmetric
systems via an all-optical approach. Phys. Rev. B 105 (2022) 245108

Z-24
Altermagnetism % S RuO BB /RN FT IR
5K 147
AR K2

WL AER, RuOAF AR A % 246 28 S B Ak (BILFR A alltermagnet) S8 AR ) S BEAA o) 1T 4% 52 563
SR, T RuOo2& 75 HAHEMERIME RIEFAET G AFFRKRIL, S5ERTN RuOE4A~0.05uB ) Ru
WEFE I 2RI (AFMD [P, HEAR S AR FHFARIE AFM 7. Ak, S HTAESR H
F 1 W FE JR RN A RuO2 R F BEI AP~ A R AR . (EA TR, A THEZ L (DFT) KIH—
PRSI, BRAL T IXFN 4 S altermagnetic 44 G4 A i 1 X LI 2B R USRI 2 o I R 7T DFT AR
Hubbard U &1E, AR T-H 7 REAE £ B35 52 RuOHIREYE, T HEE U (3G KM AEREME S AR
A altermagnetic #& . #E— P IFH R, RuOBARTE SRR ARG E AR AR A2 H (1) B e 5 FUE & /K B S AT
ExR AT RIER T RuO P HLEE /RN 5 altermagnetism ) B2 (B AR AE AR E SR BR . X Be %
PR EEAR RuO MR FI S VE SR AE T 3 AR, FERERINZAT R 1 altermagnetism $2 4L 1581 7715 .

Z-25
ZHEX B A RIER T
PR T I, R
HE R T K2

H e T DU T ARG Bk, BRAIES KA. S%E. (RIFE. Sl MmEs, AEERE

ST T, B, MUK T —REFR A Bk, MR TR MR, B R

7



H E M KK £ 2025 Z. FHRHEERL. 5

ML, HAT DALEAEAR TS AR B SR IH Bh 26 B BeR A AT, ReRS e L ol 3 B iRt AL it .
W RN RO B N T G . BT — R SR AN SR R IR AL, R IR TKOE T T S A
BAEHNEN —4Ep kL MX R M2Ted(M=Mn, Fe). B8] T @i 48 ARSI NiAs ZURErER kL 22
BHAYER R, B T 4R B iR FeX T SR RER R R O A BN LA o [, 7R T 4E R R
M2X4 s T A g EYE, JREIE &8 E T 3d S Te JR - p HL 2 R A S RGER K B IR EUE RS &
VERTE S oK BT e — RPN KB 5 i, AT 55 BOR 1) DU R %6, 7E Min2Ted 4 & HH SRR 1)

HREITRF O
Z-26
SRR AR R A 2
fEHE
TR

U7 RE S0 G @A SEbR S 2R G EE 2, Hs OB T BhBs s S Ve, (R TThsy . & &R
SRR FC AL IAEE () 22 PR BR ] 10 SRS AR RPZ2 08, AT BEAS 1 & @ fiddnne I rse st . i &40
JEF B, FRATCATREEAME IO AAS R, @O0 T &4 ARFaTR e A e Re . 4@ R Re A b
R DL A< o AN U D BT E I i B TS Y, T Tt &<t . RLEeHT G 3RIS B fd bl
B, BRERME 7B R L O IS SEY B R, DGR TR i & e ot BIe TR .

Z-27
PIKZR B PUR RO LB 5T
BHLHR* . PR 2, skt
1. e Tk K2
2. J b Tl R
3. AR TR

YROKAR S T O 52T 4 I8 B S i pAm R E e, (R R BRI 405 1) N LEW LT AR AE Sl o ABIF TR
M Tah 1A%, RGBT 1 31123 R 22 A (ITB) XS 9K 22 A Hodm IR ML RE s . 46
WA IRLH], R DU AR TR] B A A A S R IR BRI AR 2R 2 OB BT 1 ITB the HX P RR R A 730 o5
7 1TB A FERB R IR T2, JFERA 7 WA E), Hiash BB s, E Rk R
ARLFTAER R 7 2 S BUEA T BB, T B A% v DRV T 7 AR RO R B o G 9 1 9 oK 28 A i 11 B R 12
RE. 7 —MHBRIRISE, [AIRAI S A7 B GR AT AT LUINIE T A& 42 1TB KRS . IR S ik —0
MNBRBETE FCRE AT AL RETT THIAS 2 1 UESE . AT FTHE— 2D INIR 1 XK 2R i <o J P HE A5 O LA R AR

%2 Y Hik: Hongxian Xie*, Liuhui Sun, Tingting He, Guang-Hong Lu*, The effect of migrating £3 {112}
incoherent twin boundary on radiation tolerance of nanotwinned copper, Acta Materialia, 2024, 266:119668
Z-28

BB RENEENERERDIR
HEEE B 2. Frederic Sansoz’
1. FEARHE T RHEOR Y
2. FEMRE TR
3. Unversity of Vermont

BAVE AR Ry R AL A [ AR RHE R R e T8, AR RO AR e AR Jey P AL AR BE R T H K. 2R, H Al
XF T R ERAC AR BE A VPAS JE A R IR T e MR oA, RIS A0 A B T R AL B3R 23 A, PRI T AR it o = A2 408 1) 52
PRt e A2 B 2RSS R AE FBCR R R S B IR B K, G H— T2
P 8 AR 2 ) A R 78 B VA AR Ja) A AR S Y SRS —— e B B N AR 55 0O mUHL T, 85 20 BT B AR 4 )
7P ) RAEAG DUR AL SR BB A ™ AR o ARG A BEAT RO A& AL AR 73 A1 T RE Y SR SRR BE, IEfE
8 B AL A5 S B AR ) AN K 5 R ERAE AR TR Ao R o ) AR ey AR P AR ST AR S5 R R v 45 R AT I 2 N AR
JRERAL, A5 A BRI W AR J5 At . BE BB, N PR TR PP 4 1 SR O T UK HE R
E RN AR Jay BB AL —— AN B PR il T AR I LS 3] 1) S 1 2 LROAILAe 3 w47 A% Gt 07 1k 2 72 ELHfE
DAL I BB LA o AT 90 30 1 8 S7 N AR Jey A ) S R AE T v, SRRV AR TR 1 AR b 2 5 ok B A A
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MR FEERELE, AN 238 & MOCE Bt T mRugit.
Z-29
ZHRBRERERS TG HHRLT B
FE L BRBUE A EEM S, Y. SR
1. K2R
2. K2R3l
3. PELRHE R H A B
4. JHMER M RL BB P s SRS A T2 B K s =
5. Kz Ko7l
5T R B A A P B AE i A PSR 5/ Lt R B T 446 9%, Ce I Eu RERS TR B i
B R IRE MW 2480, 10 Nd A Sm JU3G5E T HNIE .. fERGY RIS, ANFEIREET Yb S ERFLA M)
TERG MTIREE 7 HY R 5= AR, B0 LS £ — @ B En] DA s wia .
Z-30
FACENRBL R S PE S Xe R TATAME —EFEER R
X1 gex
PN
FACBHBE BB R Sl FE L S AR R B T 8 A RO T SRR S S HERARH B AL R . AR SR
FALYIIRRL—FF, ARt T I 5 e R A 9 DA SRR SR Xe 158 RO 1n) RS SR R IR AL B IR A . AR
TAERR MR B S 7, REERITIF T UNL UoNs AT UN, S RSAE R S ERFE AT Xe (0562, 378K
PAK HTZRAT A
I EEAS [ A A R R A T R A B, BEE AR LR, U SO REER T &, N 207
(T AR FEAG, U T BRI RCREFEAIC, N [RIBRIERLRE s A — e &b, TR TRk, TR RRE
My AN Xe JEFARBRIHIRAE S, DB N RS EE R 0 T 3k Xe Ji
KA CI-NEB SyAiH 5 1 SRR I SR S i i gA 22, RIBEE B &L R R, B ERRL R AL, 8]
BT LA Xe JRFIY B 22 SR 2 N, SEET BB A S . HAHARR, &K Vb E A
ORI IN, I S AR 2540 ) ERR RS R I, {54 st i 1 %) 2 (B A BELUs /N, AT A ) - 3 7
WR T ARHEENF Xe FIVIAZILE], KB UN, R 5 IR Xe [Fi%, BIELE 2R UN, Sk
H, Xe tHRE AR 2 5 177 SAE L B A7 SR A A A%, T B Al L i3 7, Xe 7EANEUREL (UN3, UND
(1) 56 B8 A% R VA R R SR AR IR XE B KR B v, R ITE 45 & BE U 1) PR AN A I SRR FE IR . R X
FRARL A b 38 D T s A %, Xe IR T A GNP RmELE.
Z-31
DU e VB R PO P ARG BE TR B ATTHER#RRF: 7 Lu,SiOs B2+ P A
A ANEIR Y2 SNERE i 2
1. P ERE R R B LT
2. KHFIMJE K
PR R B A8 5 BEAE S AR EINKENRS T MaTiE V) 2 — AU iR i e 2 n = 1
%o FEIRHE (LusSiOs, LSO) J&—FfERL IR 52, A FL2e A s R B Ak ) V2 B T TN R A L o T 3R BH
1 (Ca) BAAEE (AD BT H MUY (Ce) $B4¢ LSO MIINLRIERE. At —DHEF T, T
A R AR B G TR AR, B SR ATE AR I RN E R . AR LB TR TE
SRR <ihgaE (relaxation energy) “fENEREETE REEIIRIA R . ZSE0EH T RiBEITE. B
%7 32 FhonEAEN LSO HIEAEB IR TR, JFotr T IXEnREN Lu ALA Si ArrgxE B FREE . £Hxf 15
B AE L, BT T SIG T R S A R IR Re E T X b . S5 RRBH, i Re n RN Bk B AR w]
SEFRbR . IXIWIATTAELE LSO RHATHAEEBARL (a3t 2D RIS ERIG TAR G k3%
EEEMEM.
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Z-32
Tk 3 AR IRY S Fe/Cu AH _£&5 &4
Wk
SIRAR RN /F L

Copper precipitation is widely used in steel engineering, but the nanoscale size of early-stage Cu precipitates
makes determining their composition experimentally challenging. The late Professor Morris Fine highlighted the
puzzling discrepancy between the low solubility of Fe in bulk Cu and the surprisingly high Fe content in Cu
precipitates revealed by atom probe tomography. Using rigorous first-principles density functional theory
calculations, we systematically search for stable Fe/Cu interfacial structures and find no diffuse atomic layer in the
[110] orientation, a single diffuse layer at the (001) interface, and up to two diffuse layers in the [111] direction.
Magnetic Friedel oscillations drive two-dimensional alloying at the (001) interface, while configurational entropy
governs alloying at (111). These interfacial alloying effects explain the significant Fe content observed in
nanoscale Cu precipitates. Further calculations show that this alloying substantially alters impurity segregation at
the (001) interface. In particular, enhanced hydrogen trapping at the interface suggests that Cu precipitates may
help mitigate hydrogen embrittlement in steel. Our study provides a quantum-mechanical understanding of
chemical mixing at interfaces and offers valuable insights for the design of structural alloys at the atomic scale.
Z-33

SREIIRFE R T 5P
¥ ToH
P ST 2B

EAER, N T BCEEEM S S MBEIERARE Y], RSB IEENPINE, MRS & R R 5
& BPEE W ZAT NP BENLRIEAT TOREA T . /M, HATUIE VF 2 &m AR RBR A @, 7£ 2023 2
2025 F R TAE T, JAlT—J7 i ABES )R Ta WEAE-FAG BB AR N U0 R, KILE B Ta BRI S ) LT
GERDR HIEAZ I B T S5 A A AR, MRE 1 A4 24 BL 11010 Kis HEZ S ZNIN, 75 1% HE

(HCP) JE T A#%AE Ta 54 = S A7 (Yuanqi Jiang, et.al, Vacuum 216 (2023) 112423), I H S &4z 1140 4i
BR) B EF — W B 25 R T 1) PR A H B O P g (PCCP,2025,D01:10.1039/D5CP00247H;  CrystEngComm, 2025,
DOI: 10.1039/D5CE00420A); 3 —J5THl, £FXF Al (32) 5 Fe-P &)@ BEFSTEMIRIN 454+, HIERFET
iR AL REUY e LA L AL BT S B B RE 2 AT CIRADTIL, SRR Al 2 R BsfE L
I 2Bl . A ST R E AR B A FCC @k, TiXLe FCC gh b [BAAAE I HHOR & J0 i =i [
TIER) HCP i A hi A Jo 1] AL Ji < 350 i A o M I 2 11 fi B2 B2 55 (K 2 — (Yuanqi Jiang, et.al,
JMR&T 2023;26, 8997-9008).
Z-34
Fe-Cr-Ni H i [ &2 A B R G5 10 BTt 558 — 1 R BT L RHIE
TR PP SRAESE. XIMERT. ARfEAE. BAEE. H[T)
NSNS

VA A < B R — VR IR B T S A @ R AR, DR TR BE AR TR, {EE H T R B AR
TE TR/ [ R B G FRE AL, JUEL H AT i BN ARBE Toik A B 2 A e i i B WA R & 4. ASCRAT
Wb B 4B i = e Rl A R Fe-Cr-Ni yBFFin R, B IR R 188, 45658 — YRR B H R ot 1 #eil
LB 16 J57 720 Fe6CroNi5 HIIR TR, S TR 2R KS, M 1 HIe F ke iR
JAIREE F[Ni-Cr5Fe6Ni1INi3, FiZ L5t R R vl RE 2 A7 7E T Fe6CIoNi5 H i [l ik &4 . N VASP
B SER TS, AT TT S5 R 2> (RN, T E TR BUINTRE 500 eV, K g 3>8>6, {3
(6] () Sl RE B AR /IN T 1E-6 eV, 50 BUE R L HERA vk 78 2 st R, BB M b B AN T 52 7934/ T 0.01
eVIA. LB FImTREMAL, B MRIERAIE FIWT Ni J5 20 S8 O i FALE, MR T Ni3 &
(Fe, Cr, Ni)IE & IR ZEH, THEAT 2O FLER R 7250 Ni N e 2 AR, R85, KRR 7 %€ 9 Ni3,
F b 5153 0 Few Cry Ni BUANFESERY, PR30 AERZ R 7109 Ni i REE AR, dtbn] LIS
FHER, oM TR, R TRELE R, SR REEARX BEAR. 2R O A S T [
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N Fe. [F2N Cr. AN Ni FIANFISEM, THE SRR BoR R OFER R T8 Ni BFRe K. &JE, fb
AR TR BN TR AR AN S50, RIFSE TR MU R S 15 00, THE 45 R R Re
2HE. & B AT EHEE, edrBReESHPU N EF R O0FEESHEH
4[Ni-Fe6Cr5Nil]+1[Ni-Fe4CraNid 4L, 774 Bl i oo BAR R B T . T Ecfse 4sm, ST
ZA A A AL 3.558 A, M ICIEE 250 GPa, S5sib4h iR 3.595 A Fl 219 GPa #eili. ASCHEH T —Fhii
e s ke SR HEA SRR v, i S SR A R L, SRR T HIR S o) A M, B
it SR P = B 4 B AR SR At T TS R A T
Z-35
ETEEZ RERNG I Z RPN E R
FgPE*. PRI, HRE
IR Rl S HE AR BT TR

HRAE BTG T FAERRYR, TEARCKRARIRE R b OGN . SR, EAEAEME . BRd R, 2N
R N T e S )8, SRR 2 N . MEPERI, HESI R MR, oH LA R
IR LB —. RSN, tPEAMRIE NI ENLEE . A SR PR TR A I TR AT
I R BT A S G R, B AL T SR H2 B I A s-H2 TESB R SR A & Tt R (AL
Co. Cr. Cu. Mn. Mo. Nb. Ni. Si. Ti. V. W. Zr) [ Fe & &R MmMMREWRIAT A, R TAER
FERE T T 2 TG SR EE RN H2 BN 3 2 Re M LS o TH SR R AN ) 5 m | H2
fif BRI AT R, R DRSS A R T AR AR s e B, R 2 I R RO, IR B R
JEAES H2 WP e a2 s R I A s-H2 IR . & & n R INB 220 H2 ff B IR B #4870 2Rt P A T B R
Mg, Al Cov Cr. Cu. Mo. Nb. Ni. Si. Zr & oam 98 | H2 #3122 0K3) 77, H AL Si
(FIBREN TR, Mn BEFRAK H2 MBS #1220k 71, T WL V. Ti A2 . &80 R IR A RN
BENAT H2 B A E R, AL AL Si (3RS T H2 R SR A SRR BN T,
Fe-Al-Si #ith Cu 3528 B EImL TSN 1. R Fe-Mn 4NIEAK T H2 MRS BN 1038 )24 8RS 11, 4RTM Si
(B2 BB E T I Eh 1), #15 Fe-Mn-Si 4R 2 BLA1 Fe-Al-Si 81 —FEIRUR, Fe-Mn-Si 8+ Al [f1#5
Feit— Bl T IR EN D)o SR NIRRT T A SR A ORI, AR BTSN IR T T R
PRAE T IR SRR S
Z-36

HEREEETRNEEH: S35 B "R
s BUKS ER L AME L MR B
L dbRtkHE K
2. Delft University of Technology

SR B K A S 3R T R A B R IR S S IR AR R B G i B i e 22 I B R R, T O s & R )
DRI S 15 R, (IR 57 REENLH A B . SEI0 R0, 7N T AR B e 2 Lk
TES S H R 2.76%. AHEREYBEAR, ARG R T3 1505 715 (MDIMS)
B AR B A TR JCEE (CPRFEMD N2 REEERVE, KA T EEARRE B sEmEm. 55—
JRERSE RO, KR Prism-1 {10-10} 5 o (18 i img,  HoAT RO B FE ik 18 nm-2, B #i#h 224X
790.156 eV H-1; TMAEf Basal {0001}MIR I LM R IHIA . HEBANERAE, ZHESIER)
XZHERERES T 2.26%~18.49%. MD/MS gl —8 TR, *fT-5E1H{0001}, AACK H ZHRefE2-7.13
Im=Z L HNHVA[10-101 7 M IR B . S WA RIAFE R TR ZH R IR, I m R8s 1k 5L
7. CPFEM MR, 22 G A K2 REERTE 4% ARVE BN . A rIdamiedt 7EEmZe4, BB 4%
R 5, Mg 5 Mg-H A58 A %35 5% AR & 3 e T — 5.
Z-37

ETHLBEI MR A& & BB R TR
2R, R, PIEE. RE
P4 22 0 R B o S JE AR A A PR A )
UGS WM R AE SR L S L i e BELRR s PR AR ol PR S5 D7 THT BH B A T Ag 26 Au ST &R
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HLEMARL, 2 EHEE P BTE MRS SRS R IEREAS T B HEN . SR,
A [ A AME S 4 F Rl R AR S0 B AE ar . ks Tk, ICREFESS K. R, JFR &
PERE LA <5 AT R DA R IR EA AT R e R ok T B0l . O T SBlm e & e i s I &, A
W T8 B S B < T R AL IR AL U BE AR R, 0 B A TR & <R A £ T2 T & e i smi 77 50,
M 7R TS EM BN XA FRE. WEEEGEN - T2-EeeddE, AT RESHENETHEEE
LSBT R G0, HEAIRRT BT FRAE B IR 77 V5 TR FE 2, I LA i 5 2 RE 2 B
PRARAG BT R 2 . G5 IRER I, I BI NI ER B A RO S R A . 8 2 R BIE TR,
A R E AT 2 AR T . B SEB Pd-XAg-XPt-xCu-xRe (XNPA-2025) A&k, SRi%ZE 4K
S HE>20.5%IACS, HE>350HV, PifishE>1200MPa, EMHHE>8%, HEAMNAMLGETERE. AT H
TR SO R RS, eItk R A 4 R BB R SR B 25
Z-38
Prediction of cemented carbides’ hardness at elevated temperatures based on finite element modelling and
mesoscale material characterization
Wu Wen*
ZHUZHOU CEMENTED CARBIDE GROUP CO.,LTD

The mechanical properties of cemented carbides (WC-Co), such as hardness, strength and toughness, are key
factors of influence to the performance of such type of cutting tools, especially at elevated temperatures during
cutting process. The mechanical properties of cemented carbides are highly dependent on the micro-meso-macro
structures of such composite material. The present study aims to develop a finite element modelling (FEM)
framework for the prediction of hardness of cemented carbides at elevated temperatures based on meso-scale
material characterization. Scanning electronic microscopy (SEM) images of industrial grade of cemented carbides
are obtained and used to generate 2D CAD models to preserve the geometric features of the grain-level structures
of the materials. FEM work based on the nano-indentation test scenario is implemented using the commercial
code Abaqus with the WC/Co material parameters found in literature. The FEM results are interpreted using the
Oliver-Pharr method to obtain the predicted hardness at temperatures up to 600°C. High-temperature hardness
tests (up to 1000°C) are conducted to validate the feasibility of this FEM method.

Z-39
AT JREREAEE TR & S MR VRN
g
Hh Rk Bt < R T T T
Z-40

TiN BREE AL/ LB R IR E K R T
TR
o R B T M RHOR 5 AR 7T T
ZALEL (TIND ARG WRE M. 5 WM. PUSMAA . VAR S, 1R
FEIERAEL . DG AEYIERTT S SUEA) T2 RS MITh REMEIR = . TIN THOU 2 51T &5 44 72 AH G 41
AT FE It P 85 Hh R IRASAT AN 2 3 i & SR BT B = R PR, ARORPR I 1 AT HERE R 0 2 0 B IR = () R
71, AT ICEEA 8009 2 B a7 20858 R B BRI Rk . TRATRIA S — MR B B0, R0 1 TiN
W F LR R AN S S5/ E ISP (O, F1 HoO K AHIR M RIERD PIROIIZE BT N AT BEAL 24 AL
B, 7E TiN RIESE S T7 TH BIa Rt 1 S R SEiRIEILR, JFIhte T TSGR TT IR 1)
RIMAMEZ M SR FR/SEHIE T AN P S A R AE A, it — 2Dt 128 —PE R B S s A e =
TiN & Z1E L PRI R AR TAE . 300 7R CL4 K R AE Acta Materialia 289, 120909 (2025). Acta
Materialia 281, 120447 (2024). Nano Letters 24, 12568 (2024). Materials Horizons 11, 5972 (2024)%§ %+ & I
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Z-41
y-TiAl FRIRAT AR SRREGR KA BAE A B2 REERTR
FRA EHYLY BESOR T EBENI Y, BRI 2 Hapede
1 MR RN 5 TR S e
2. AARZRIERE
3. EZRGUKEA S

y-TIAL AR IB P ) i — L ORI N F R BELAG o AN SCRIESE 1 TIAL BT SR B2 b 104k 2 s A2 1k,
HAEE R TR REREERAL, ot TSI SR, AR RS TR R BB . BT FURIAE TIAL A7
FESZRI Ti-Al Z b, eI Shiffdie 20 mEAEM: 5—J7m, ERifiaiEd, Al-AL L5
WS T AT ZAER, URPRIE SR A RS ARIE . S5 E AR RS, 2T AR A T — AR AL
oMk, [1-3]

ARSI B HUR /- IR AL AT 1 G & 030 y-TIAl JZE IO EE 1R BT K200 o DA 4 Re 250 9 BE il
K 2 B HICE S IRV 5T 1 TR BRIT 200 TIAL RIRZA RSN, R IBRRAN, e o s R BN R
RGN T), AEHELLRERESN . AT T BRI EAERIA R S E TR, ATSLALEE R 4N B I DTE, T
BRSNS ICR . [4-5] N 7 MR, Em U S No SR, H T admR Mm% bl
SR T TiAIND =Je#. [6-7]

KRN & T 1557 715 (QMIMM) & T, ik 14l 5 @ik BOREZ IR %1 A K 73 150
IR T BRI AR o £E y-TIAl SRR SE Y N, W70 T AGRIE & & 703K C A1 Nb #E<110]75 1)
T RIRA SO B AL, KIVEN MY AL M AR AR . [F, R T AN IER R AL
BRARSEBIER, LA N AR RS20 . [8]

S5 3CHR

1. J. Wang; H. Wang, et al. Philosophical Magazine,99,24,1,2019

2. Z. Fu; H. Wang, et al. Materials, 13,2016,2020

3. J. Wang; H. Wang, et al. Phys. Chem. Chem. Phys., 2021, 23, 3905

4. J. Wang; H. Wang, et al. Vacuum, 110866, 197, 2022

5.J. Huang; H. Wang, et al. Phys. Scr., 085403, 97, 2022

6. J. Lu, H. Wang, et al. J. Chem. Phys. 158, 204702 (2023)

7. T. Tan, H. Wang, J. Phys.: Condens. Matter 37 (2025) 205002 (12pp)

8. J. Wang, H. Wang, et al. Acta Mater., 266, 119647(2024)

Z-42
b R A B RR TR IRAEE Y BILR A R T RS
S, A R YL BT Y
1. P EREE B E AEY SR AR T b 55 1 5 T 5T P
2. PEBFARAKRS

BN AR N R A HE 2 B i PRAE O THT 1) S5 88 AR A R o SRR TTUNUS S AN mh T8 AR AE A R rh ™ A2 K
BHEE T B AR R TR GIE, SPE M SRETE RO, T E SRR . BT
N, SRS S R AR R AR IR 2 . 0 RIS A T SCRRIX — R, R R AT LA SR
TIREPUE T Bk AE, HE T RE BRSO R LA RMER. 5158, KT ERT T
FEAFAAR) L, FROE 7 3G S AN PG5 R XL IT R ], SR 57 & A LRGSR BT N
BE— BRI R .

AWEFA T80 157578, RGHEEE 7 AS TR Ui o 18] G S A 2 A A A B e SR A 85U T
WFFCRIN, ANTR] i 0] 20 76 S 30 S TR) B A0 2 R AL o 8 B M 17 B AN SR 7] T o 4 KA AR
ANIRAR [ B 5, T AR 1 & ISR PR A AL PR B0 S 3 A AT B SR o 1) B S AR I AN R] T HRAK A
i A 2 HCE Al A B I E RIS . A R BRGSO K S M NE IR A Y B~ 1 = A, PR3
ZEDY AR N/ DU RHE L\ TR R R S5 A AR o TR] B SR T AN FIIRLEE N 3 HU T v R B B B
(R4 B2 A AR, AR BICRF PR 58 A A LB A R 20 R B L 3 i S A AR OR I BB Rk
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PRGBS A6, SR LR S Y BRI B TE AN R IS S I E T A IR, X R SR
BRI Z A U ASAR Y R . HOCRRRIIEAE T 2 08 B, ¥ HoaE DL e I 25 67 B AN [A] 1Y
Az si. MSD M NEB AHIGTHRE R, ZUR s DR B & Ay Bkae 220 K TPk, HARES &
TSRS T RNy HRE S, XEZMERTEGIWEM. D ESRAA—MUMENH, SR
ZETHY BER M 2 HoEE, RET BOERN AR, XA N RS RIG. A2 oA LA A
AEME VI G . DL BB R A &R RS 7 R A BT e it 17— e DLAg, X ERARMER R AR A BT
Bf—Erfaee L.
Z-43
ER5E&EB R —ENEERHMRR
2l
BRI R 5 TR B

R e o FE IR SR A R — B R A R I B AN A o R R IO iR - 5 S W5 A
KR, PRI LM 5 W 5P ) ORBK,  BRARA R A TR YR A R R B 1) BIR, AR A
KIHR AR B Pe . FRATAE AR (1) d A7 RRAE AW AL O, 456 il SR RE AN SR T RE T L IE b ok
R, BETHRRBAE PR HEERIRRT . ZHIRRPREAERER 7 ARS8 1A [ S8 8 8 51 di S e
AR T Z Re BB A 20, SRR E M F I, W E IR PR 9 B . 2 L dE
Tl eeMNHERS RIS BEENE R W am eSS 2O, X e A e 25 FR I R4 i Tt
FEREA 2 P& M . ZAESEE S T A B am B G TR TR R e 5 | 2850 A i B 55 B 4 g )
SEAH SR B A R O, B RSE B, S MR IR .. X RIMANC MR 77K
FR) ) BB 5 o P2 5 R IR R TR PR o0 SR 4RI T IR S AR 5, T B iy 1tk R A e i e v it 1
BT HE,

SR

Li, Xin; Wu, Hao; Gao, Wang*; Jiang, Qing. A roadmap from the bond strength to the grain-boundary
energies and macro strength of metals. Nat. Commun., 2025, 16, 615
Z-44

e EPES RRGMEE B ER N EFREWR
B SR ERERK
KIEHG R

ZME (HED 1RSI BRI SN LS, TR TR AR A8 ST B R &5 B K AR IR 41 5
RKVE. WABIREEIAA, HEJEHZE (H) R FEM R G iR B E 4, dhm sl kRt
e B Rl el A T, MAW (Cw) G&MRL ClniRied . WoKE B ARy KR

B AL ) AN . H BRI Cu & H R 5 g5 /R B RO BAE AL AR A
AT AWFFUIET S R FE R, KRG IT H R T1E Cu Bk S 5 U A& BRI CGRIA, AL, db At
WS WAHEAEH, WHEEmER H REWRRIERLS]. T4 Cu k&R, H RN E
Cu A 43K hollow 7, " Ff fig 79-0.25 eV . 3)) /1 745 RR W H MR TH 7). =7 75 e ik 0.73 eV e 22,
HNEAHEY BRE 228t —FF 2 0.34 eV, KRMERFEXT H FPIEIER BA e EEH . Cufed, HL
e i a )\ IR TAIRR A7, [ RE v 0.37 eV H Ml imvEAE J\ T AR- DU k- )\ A IE R Bk fa e ik, #H2h
0.34 eV, XT3 H B2, A0 HEeE 52 PR H RN REZR 0.11 eV BLXUEA7 A 43 il 3K 6 A1 10
AN H R B0 H BRI R T BRI AR R e AL G AR T et 7838 B . £5(210)[001]
AT 2922 1)[ 110144 FHAE H [ [E VA RE 2> B ZE 0.20 F10.23 eV, i T3(111)[110]5 A MR THZE 0.41 eV. )
715 b, 25 K 29 G AREIG T H KRS RELR, Wb RAE SRUESE H A T X PR s AW B . T H B
ot m) i B TARAETI AR 23 fa At 25 b, Cu @R H JEF X0 Sa s SRR SR 180 . 21 > 23 o7 e >
5 A >T9 ER A >R >33 E AT . Ni Al Fe JuE 5 NBEA RO 5E H 7E6 SR 1 Wb, Jf
FERR RN H PEREE LY 8RS H i3iE. 1bAh, Ni Fl Fe JE-Frl 4> AlAa e sk 6 4~ H 7, I
¥ H R IT #2270 %2 0.26 F10.27 eV, fEfm AT IITEH 20— P EIKE 0.07 A1 0.03 eV, &
HERE) Ni-H F1 Fe-H S 5WIMTE R 1EAh, Ni fil Fe JR-F1855 12565 H K FRRE 1, Ni-2S 7M1 Fe-2%
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N BWIRT3 A3 3k 205 10 A~ H IR T Rl Ni fil Fe A 2030 T H 554 Cu i FIIEBIERU A H1E
E ARG R AL R RS, NI B35 2R AR HE, 17 Al JC 3R R B I AR 2 208
S5 3R
[1] Mingliang Wei, Pengbo Zhang*, et al. Atomic simulations of the behavior of hydrogen in
copper-nickel-aluminum alloys, Int. J. Hydrogen Energy, 91 (2024) 354-362.
[2] Mingliang Wei, Pengbo Zhang*, et al. First-principles investigation of the trapping mechanism of
hydrogen in copper alloys from surface to vacancy, Int. J. Hydrogen Energy. 138 (2025) 206-214.
Hig: ERARRIEIEESE (12175028) AL T8 AR RS (2023-MS-128)
Z-45
Amorphization transformation and interface fracture of crystalline amorphous dual-phase FeNiCrCoMn
high-entropy alloy multilayers
Han Song,Gao Tinghong*
Guizhou University
The deformation behavior and mechanical properties of crystalline/amorphous dual-phase FeNiCrCoMn
HEA multilayers were investigated during the tensile process using molecular dynamics simulation. The
influences of layer number and strain rates on the tensile strength, phase transition, dislocation density and
stress-strain relationship were investigated. The results show that the strength of the amorphous/crystalline
dual-phase HEA composites increases with increasing number of layers. Due to the complex stress field in the
amorphous layers, the coupling between crystalline and amorphous plasticity in the amorphous/crystalline HEA
composites leads to a more uniform redistribution of plastic deformation, which results in interfacial hardening.
As the number of layers increases to a certain value, this effect disappears, resulting in the mechanical
performance degradation. In the crystalline layer, a phase transition from FCC to HCP occurred. Low strain
deformation promotes atomic rearrangement to produce new crystal structures. High strain deformation weakens
interface effects, accelerate atomic amorphization, and reduce strength.
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ZHTERGSHARMIBREI BT R ERIE
[ SN o8
IR MR S TR
Pd-Cu-Ni-P alloy is anideal model system of metallic glass known for its exceptional glass-formingability.
However, few correlation of structures with properties was systematicallyinvestigated owing to a lack of
interatomic potential. In this work, aneuroevolution machine learning potential (NEP) with efficiency close
toembedded atom method (EAM) potentials is developed. Its accuracy has beencompared to density functional
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theory (DFT) calculations. For energy, force andvirial, the training errors are 6.0 meV/atom, 111.1 meV/A and
21.5 meV/atom,respectively. By means of this NEP, several thermodynamic parameters such asglass transition
temperatures and pair distribution functions of Pd40Cu30Ni10P20and Pd40Ni40P20 liquid and glassy alloys
aswell as their short-range orders, tensile and compression strengths, transportproperties etc. have been evaluated
by a series of molecular dynamicssimulations. A good agreement with DFT calculations and previous
experimentsindicates this NEP provides an accurate and efficient scheme in the analysisand exploration of
microstructures, thermodynamic and Kinetic properties of Pd-Cu-Ni-P alloys.
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Dual-Objective Optimization Screening of Intermetallic Compound Interconnects
Xiaofeng Zhang,Jiagiang Yang*,Xiaofei Zhang,Ningyu Zhang, Yubing You
Zhengzhou university

With the ongoing miniaturization of semiconductor chips, extensive research is being conducted on advanced
interconnect materials that have the potential to surpass the performance of traditional copper. Here, we report an
interpretable machine learning strategy accelerating the discovery of intermetallic candidates. Relevant data were
systematically curated from published literature and partitioned into two subsets for the construction of two
predictive models. Kernel Ridge Regression achieved R=0.896 for cohesive energy prediction, while Farthest
Point Sampling (FPS)-optimized SVR minimized pxA prediction error. SHAP analysis identifies Boiling point
(80%) and cohesive energy (45%) as dominant factors. Subsequent dual-objective optimization via Pareto frontier
analysis integrated both predictions, identifying CoOs, RhOs, Irdw, Ru20s, Ru30s and Cu2W high-potential
candidates. This work establishes an integrated computational strategy for rapid screening of novel intermetallic
interconnect materials. The methodology provides a promising paradigm that can be extended to other areas of
material design, contributing to accelerated discovery and development in advanced electronic materials.
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Orbital-Free Methods & Software Development for Large-Scale First-Principles Simulations
Wenhui Mi
Jilin university

Kohn-Sham Density Functional Theory (KSDFT) is extensively used in chemistry, physics, and materials
science due to its favorable balance between accuracy and computational cost for systems with up to a few
hundred atoms. However, using KSDFT for larger system simulations is challenging due to its cubic scaling of
computational cost. Orbital-free Density Functional Theory (OFDFT) provides an alternative approach by
avoiding the explicit use of orbitals, which simplifies the method and allows for near-linear scaling with system
size. This approach makes it feasible to simulate much larger systems and over longer time scales compared to
conventional KSDFT. Despite these advantages, the absence of orbitals in OFDFT introduces difficulties in
constructing accurate kinetic energy density functionals (KEDFs) and pseudopotentials, which has been a major
barrier to its widespread application. To overcome these issues, we have developed a range of advanced nonlocal
KEDFs, pseudopotential methods, and related software packages. These innovations have significantly broadened
the applicability of OFDFT, enabling successful simulations of more complex systems beyond simple metals, such
as semiconductors and quantum dots.
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FH ORI o

FESHE R
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T FEFERE 111 RTE 7x7 B SEAAE R PR

{5

NS

Si(111)-7>7 IR EHAR PRSI ANER R 2 —, HAfibE 2t (STM) BRiEL & 41 =%
PR-TR B R F--HEBR 24 (DAS) BRI R) TIRANBRME . SR, RS —M 55— Sl DAS A B A
GlE i, —LEsLISHIIE] T 4. FIFMES AT DAS KREMSEM, R R — M Pk
FrfEe fEARSCH, AL T —FETEWraH 7%, @dESnSguERET RG2 MIifill 1
Si(111)-7>7 FRIMEM . FRAFTEENE DAS BAAL, FATEKI 7 HAMCREE L L5, AFEEASRARA
WU ZHR Y, I HH A — e B BB, X5 DAS 8 14 @ T s ER A XT B . At
BATER T BRI AE AR B8 AR DL SR e SR AR 5 6 IR A5 2 (R AT RE R AR AR o FRATTIAR FE AR LA
K Si(111)-7>7 RIMALZAT N RIFERESLAL T OCHE WAR, 1R 1 R 5 5 TN 53 2% 26 1 64 m () 5K R
Jo FATHME, AN AR TR AR L) BE A 32 TR

Z-70
Hefei-NAMD EBUR A3 /1 AR R BS M A
7o
R R AR K2

BRSBTS B B Rl A A —, W TR A AL g TE TR IR S B
R LS p N SO Gt A s R O T o e 2 Nl s N (S B TPV e B AR IR (2
A MR SR T I A R 2 . TR R BB A e R ARk, Dt ATEERE T RAEeEE
FIAR =R 3 — TR SR BUR  30) J FAUAR 7 fl——Hefei-NAMD,  JF @ T —ANRee AR E]. 25 (8], 3))
. fEE. BRREZSNEETURRESERABRSITIN AR SRS, ARG+, RERR
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41 Hefei-NAMD FEIS IR 5 ST, BAL Hefei-NAMD ZEAN R ThREATARL b (AT 703k i 15 15 FH S
RAEHE TR ANER T Hefei-NAMD 12 48 FERILRE 71, thOUAR R SEER I s it 1 B X b5 ire -1
PAN

z-71
FRAE S SR IR M A
sRA
[iE[m N N

FREZ i LARES SEILAR 2 O ME RER B, AR A A SRR IR, AT S AR P AE K 7T 2 S AH
Ko MEMERER T, TReRILHANERIAE . fEAH S B, AORL AT RE o I — SRR Bk R fE 45 ), T
JEILH I R 5 e TR R BT SRTT, T B R ARG A RE, Sl PR
P E A RAR FL I A5 A AR 8 R e, SR LR AR R AN RV AR i S A R0 B BT oo, Bk SRR
SE I S AR QUGB . DRI, CEARHIT 8 FRAT T WURE AR (14 £ 5 25 JEL 5 e ) Sl R 2 1t STt 285
Ko NPRAPDAH ) dit s R, 25 REANIR] IR Sl A AR SRR R, 08 S TR 48 2R I 6 A8 1 3 AN B 1)t (1) 5
TR AZ AR, A4S A )R PO B A AR (R 0 S O SR R AR L s W TR 285 (2)
SR PR M DU AT AP AL, BENS BRI ) AR R o X B0 1) AT DAk — 5 R 6 5 R
SRR IEAT IR AR o0 R OR R ISR, JRE5 & m AN TR Re sl R kAT i ig AL B E e R, 15 2IER
FRFEARAH TR S5 K o K25 10 5 JRATT BRI i i e ) 25 1 R 22 WX 28 1) R AR S A T T VA LA S 5, R Dl
fif i T TiO2 [2]5 Ga203 [3]55 A4k b S i AR AR 55 AH I ) R, Dy T ST AR AH AT R I i 28 B2 g
TR S BE HE A .

SR
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Chem. Soc. 2025, 147: 9544,
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SRELEWMRIE S SR THR ST AR R BB, TN
R
AN R

G @A A FEF R R E S IO R AR R AR B, BRI BRI A 80 R AEAN R R (1T &
¥ L ARAFAEFRAR (5247 (Site Preference, B SAZMIAIME). M0 S AT AR, B2 RS —
PEIR B G S SRR TS, ORGSR A, SR IR T30 5 AT A AR K
IR . —J7 1, SRR G AT ARSI 7T, THIGRA R ST EARE S H—J7m, HAr
Wk = A B R B R R SR AR 73 AR R B T R IR A7 T A AR 0 SR 3R o e R,
B TEIR R & WA FR G5 T R . P55 T A% AR 2 G55 B A AR Y, 4555
LSRN HFANE M EE T, IASHMERRE A SM (SRR HATE MR RRE, HEAZE&E4T
BRI A A BRI IR B . AT — RIVEHR A S HREGEM, THEREBE SN ST AR
TS MRS TR, AT 7B TN A B RAE, ST REANEEf it — D T SR AR A . . B JR 7
P8, RIMEWFENAT N EIE )R ZE SR RO S e d St E ARG, AT AT SIS .
Z-73

T BEV P TE WO R RS AL DFT+U o B LA S
s 5
Hh [ AR B 7T e AR 7T

Hubbard & IEM#% 2 B0 (DFT+UD 4% 32 T TSCH AR I T . ST, DFT+U 115

HAELE ) A S T RE SO IS AT ST . X — ) @R T DFT+U R [E G ME B RR . N T X —
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e, PATHR T — FiE I 17 R s PIE 0 A LS O R B s R R AR A T ik IXR L R 1
DFT+U 2L B BUE R FE, #R RSIEENRRES . BATEIDR XM 5% 548 ) LIS 6]
P o R R ) g R4S B R 45 R AT B BOR IG5 7, IX A S HI A4 PuO2.  UO2. B-Pu203 A
NiO.
Z-74

ETHIARFE IR — R R BT Ti-Zr-Nb-Ta Fif &R EI B SR B & ALH € BB KR

s R bR
Hh & TRED LRI TR R TE BT

P E) ST AR5 P SR A RLRL 2 U K Pk . ORI TR, 7R Ti-Zr A RS e
AR A AT S R AR SR VAN T I RE, AR RESRTHIR T R BRI B S AR . 28
1M, A S AT AR BB BB AL B AR, P2 BRI, BRI R SRR R E
TR Bk . AHT U@ il A VR B S S LA A 2Tk, E Ti-Zr-Nb-Ta fA RS AR AR T
TERRRETINRR . R TR T ALE TE E S (SOAP) HRALMIEE MINLES 7 IR, SURKEEYTAE R bR 71
IR AT AERA TN AR R e (LA T R=20.93, “T-E4EXHR % MAE=0.11eV), &SI T 3 u 4R
AL 5 A TR SCIBRAE I R GE 0 HT o BRATIHR HH IS SRS IR A —— P2 S i e S b2, 23 Jall F A
UG SRR EORMN S KA 5 it EAERERE, XEEMIRAT S LI E 198 B R S e PR T 2 I
SRAHSGNE, R W2 R B 4 o5 LR AL 0 A VERE I S ALA o 2 AR MRS 1 R & < rh U I AT D9 IR A
M, NSEBLE AR G e A S B AR IR E T R SR R .
Z-75

BLRES A3 “BAR” E4? LiTLa3Zr2012 4 R 2B H I Z K
TEFER, RS
ipipNEZ
VAR, LA 2 D135 188 BORTE Z AR R 3R 4T 40 30 77 B i (5K TR o T 3200 (1) 5 [
1ET, e R R BRI IR VR RE FE . LA 2% ) D1 (A5 RS . I Ta) . =k B 7 13 )
FRAEON AT RE, RVFRATE R 7 RE B ER R M RHPE BT X T RS AR R, Bl 2] 1
fERATRENS BT T ARAT AN B AR RN L S5 DG I 0, WIS e o) 5 (L 3 e B A
SR, — MRAVERIPORARRAEAE: I THLER 5 ) 1 A2 A I NI, Qi fariff e i 2 22
R IR T 13N G JR R, IV T4 Z AL EL R LA 2
ARG, T ZIRATLE LiTLa3Zr2012 (LLZO) [F s FEMRF A4 k) s B 2% 2 51 J1 it AT
PRI FIBON . FATRI, KZEH T I35 IR0 B S AEARRAE TARRAFAE R UG 50 AR )57 [ AH ELAE
FARI RS, 3X AT e 5 BRI ) B RSS2 21 77 S A0, o R A 9 (AN A P 3 S U PR SR o AT THAE B
T AT LI 5] NG IS SRR R R S T AR AR, AT A SR X — e, BRI R I R
B R R R BE AL DR R R AR R P 8 o 1 L, IR 7 v AT AR RN 7737 (10 I et 2 I B AR T B AR
IbAh, RELESLITAE LLZO it id Bisus e S SL i i) & R i, (HIRAIENU 7540 LLZO HEim
HKEREER RATKIL, S53T7HAR, Li-O BReEX AR A LLZO B4 #ehii 3 e .
R 2 S A R AR 2T B HE B 20 DY D7 A LLZO &S 9 HiU™ A= B 2 5l
FAAE LLZO H R HLEe5 ) J13 AT MD SIS - OUHGR RO mT e otk X IR = 5t
ISR, NSRS 2] D138 e B 2R R A S B0
Z-76
Cuzr/O 1 CuZr/H/O W& FE I B HITF R KFH N AR
M. BHRE*
e TR
SRS B SR . R B R S RS AN e B, R ILHE E RN MG . 48 BRAE
B AR I SR PR B R T I 80 R i & ) J, A By T A 15 T E I SR RO B AR 4 B
(AN T LR T R A S S BT RIS A B A B R R o AR FUEE T RIS 2 I 2% 07325, A
FAX R R BT HERTE, TR T A kS B IR 2% 34 (Neural Network Potential, NNP): CuZr/O
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Al Cuzr/HO. Cuzr/O HE&[14%F Cuzr dEf & 45 O HEAMERIAR; CuzZr/HO # A THiik Cuzr Ef &
5K, Rl s SR EAEH . GBS S — R, B 7 Cu/Zr/H/O. Cu-Zr.
CuZr/H/O(001). CuZr/H20(001). Cu-O. Zr-O. Cu-H. Zr-H. H-O %22 i i 78 J7 sz i o ) 4K .

FER TP NNP I H AR RS B2 A2 0 iliAE b, BeE I iRR ZE39MKT 45 meV/atom, J5i+
71 RMSE kT 0.15eV/A. NNP RS 5 RE . 45 1m0 o A bR 5502 DU R B R ) S B g B 22 28 (i it
BE) 5 DFT B A R, #3E— B MRRE WX H S NNP /NI ZREESN RGPt A RIFRER . A
NNP 25 g8 2500 (1) Cub0Zr50 & 4= i i AL iR B 4373l 805 K 1 795K, 1T Lt T~ FH IR 42 B 345 R 50 ) Tl 485
o CuZr/HO NNP Rl (1) 7 7K F R I S K % FE 5 SR 45 SR G0

& B CuzZr/O R4 NNP BT T 1 O #5445 Cuzr JE s & & Ak L R AE J152ma AW LEE, #87R T O
JEFXF SRS J1 AT AR . BEFC T CuZr JES & &R E /K o TR KRS T K5 F 1K
BB, RUE T R K S TR IR S 2 Ty s A . IR AL NNP I IF R IR
FLAE AR B S AE S P BRI AT R RO AR d A S R I s S 4 T TR 1A 3CRE, &R
BRSBTS R ek BE LA SR A T AR
Z-77

Tiv E/ RS SUFRFTAREAMNERIIT: &THERIT 5 REEN
BRIRAS ' UMY VRl . E 2
1. T E TRV BT T e Y B 5 A 20T FU
2. SEHRY AP FAT
BT VR B i i e (DFT), S5aRIFRREIT (CE) 5Z%FRY (MC) B, HIB\ R4St
ST T TiV E . Sl A4S (MHEA) BT EME . 90K RO ZRFIAG F R0 I AS )25 1t e 2 i
AR, WHRAIRERY], D oo AT KB R A TiV-MIHEA (E1R G R Hh o2 B3 70 i i 32 22
Pl SR et s aas, 57 EIESAHLL, AP (B32 #1 B2) MK SEKIE TR
SPRECEMNEE R, ARERTT T SR RGRE, B T REEA R (LCO) AIAR T S X s A LA AR
WoThk. LAk, LCO HISINRZE K 7 &-EE R, Ehre SIREEHEN, &K&Wy BCC 5 FCC
A Z LR, LCO BIERE. M I FCC MBIER 28, 3% 1 BCC TiV-M/HEA HIfii A RE .
KHFFIRNER T TiV 2 MIHEA FRORZ G SYEREC R ATER R, AaetEae S M AHIF R AL T
HHEH IR .
Z-78
Research on machine learning interatomic potentials for titanium oxide ceramic materials
FEAERT
1 AR R A
Z-79
SEAPNB EREFRIN R R GSEEET WERTTE
(G E
Fa 7 RHOR
A R G AL A [ AR RERRR A g R 3R, PRI SR TN AT RL it i B R o AR AR T
(CSP) A bt — A REH LR 4 R AL AR, A% 48 T VAR R AR ARG B 22 ()3 LSBT, Dyt
PATHRH T — P TG RO 34 5 B ORI B 84 25 444 22 7 7%——EP-AGEMS  (Effective Pair Approximate
Global Energy Minimization Searcher). %7715 LANLE8 5% 2] F5 sR B S . I AR A %S, JRFE I EEA B
FIN T REERRIAY, R e DR SRR PR A AR e S . iR, X RS R HOML a7 ) Btk — 2D
MG A AR TN & . FRATK EP-AGEMS A T 2454 53R R, ERFF &N RN K&
LT RERE BT ait, I0IE 1 IR S I 2 (B PRIE IR R S AR R B I8 7 -
Z-80
o0 JR R AR I R i R 3R B ) A R Rk R E T
it R 5%
R
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o IR B I AL 8S 2% ) 76 5 1 BE F IR ROC R 3240 FB A B R I 7 TR B TR SR 71, SR,
AR IR B LS 2 2 S T iz el RN TS =R OCBET &, B ik 5 /PR B AL HERPE S 2 1
TR 2 5] 58 S SRR R IR R T o 98 G SR DAL 2 ot v B ) AR AU N AR S R . TREER AL
WA =R, ARG B EIRAER L T EER IR g . v S AR SR DA K e S Y A i
P %, AFE: Bl i S BEM T RE R, T A SRR B R ST B SR A B TR R
FERFEIRIL 23 TIA Z NS ST BB DA AR A48 2% 21 Bh 77 Wt MR 38006 SREZ 3R AE AL (1) 10
BRI R
Z-81

B o S BT S AR PR SO A SR T BT AT 8% 2 ST TR BE BT 5T
e
JZ TR
ERBREYE R REHOR TR BUE S =N, 2RSS b S w2t S Eae E%E, BT
filf RE AT VYA e b, SREREE A (LLZO) [ 25 L o R 3 O 8 1 HL S 38 Ak 2 A v, By
WERE OB — o AiRkE KRG R IATERS SRS LLZO [ 3’ g b o itk J 5t et 1 g1
BHR . WAL A IS ANLEE 2 I AR B S % B2 R 7, IRAFRINT RS S5 ESS LLZO MEE T
HL AR, SR B MO SR o ST i B 125 P Tt R R SR BT, FRAT) L SR 5 B S A A TR AL
HIEREAT Y, BB R B, R EUET RS ) 5 AR S NG . RIS BE A BN HI BB R A,
P RE ]S HU TR b 22 A S A5 A R 4R 0 1 IR AK R 55 S PR A%, P HES] 4 [ A BB 7 A i A s AL
B RA EEE .
S 3R
[1] Nature Commun. 16, 4630 (2025)
[2] ACS Appl. Mater. Interfaces 17, 32163 (2025)
[3] npj Comput. Mater. 10, 57 (2024)
[4] J. Power Sources 612, 234831 (2024)
[5] J. Chem. Phys. 160, 114701 (2024)
[6] ACS Materials Lett. 6, 1849 (2024)
[7]1 ACS Appl. Energy Mater. 5, 15078 (2022)
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—PhEE T LR BT B B R B S S A HIAE S RE T S5 M R 7 1
TKHE
PR
HANEHIRESR (COFs) HPLaE. T BLKL O MELTEREAEIR KRR eI i 7454, Rl 2 il
W) AN A TR € o AEARBETTT, FATTESL 1 —AhiEMT AR 20, I LAE7Zs COFs (4 Sk i 745
He) 5 AN 7 W) B PR T BB AR 2 ] R R R —— X AR G [ A THE T iR LAB R IR . VR, BATTRE
ZITER T TR A A FHEZRR S5 K1) COFs. FRATTH 77 RE 8 BL D) TIIX 25 COFs 156 — 1 R
HANT, IR RN COF Fr B LRI B 7 THUB M AR A & . JA 1 — 2D R 105 iR AE R
R AENINS COFs BEAY S5 ML M7 TR AU RE Sy, (AR R & M T R I B D s AT BB 7T
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1 — BT LB A LA TT R R R T AORDRL S T MR OB

T

TR
BT AU — RV EAERO DR, FUR SERCR R LS TR T 7 F A5 5 L SR
PRI B KB R LA O S S sk A SR T RO F B DA I T4 AL AR e ST
BRI R T ObDRHINTIG P R R T2 TS o e AR et A
VA4 A A S /8 R 205 07 0L O R A R B MO IX 4 B A2 B9 P R T
WL . ORI HEANSIL T AR FHCT I TR T 208 T4 AR A MR 2 B T
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R, VR T ROV R MR . YRR TS BRGSO BT R A iR R S
Z-84
ZHEA-ERH AL BRI R BB R
JiEE T AR EAESR Y BRRE, gk 2
O w2 | Ay =
2. HEFRF G LR SR AR
5 USRI VETE 38 7~ S A A 2R 1 45 M A R BB AR AU AL R 45556 SR E A, 0 LA st A )
EHRRIE SR TR, T B 20 I BT R 35 R B R AR L s RS A s e, 3B o I R T 0
THRES AR BRI GE, R 1AL G5 — VB SR I [R) RO AN B B AT, Bl 2
T SOAP S5 HR 5 (ML &7 21 35 B BUE AL T W i 4R AR TUAR AT SRR UV AR K S5 Pkl PR 7 HAE S R 2
20 5y A 22 10 B AN RUBERRA R R4 T o (R, R R BEREAS T R AL R 0 IR 13058, SRS SRR IER
IRHIHLER 2 I S R H, O AR R () S ) AL
AT T — Pl K-S % K% (Polyhedral-Cluster Potential, PCP) {41 2% 27 =] 4 bk Bk i3 5
W, HAZOE TG FIRE T E (SOAP) kAT 2 ikl 7y AR, SEBIN = 5l 5 A58 1 s 25 EL K
TRAL. PCP JIIA(EZ RN AL e B R B SOAP IR T T 60 & I AR VEAI S50 5 ., [ i 4R " 1a] #H
HAEMFHZ mEZ RIRAE R R, BEFRRMRITITR, faitENE. 2BRENHT =M E T8
HIEARAT R LiAMn3TiO12 155 BRI, 457 1 B RHE G A I A o (AN T80 25 g Jo A e i i B AL
i, JyBEARIL R S AN A B R A 1 O A I 5 5 VIR SR BIGAIE, PCP £E TN b sk
LT PRI R AR T 0.06 eVIA [ mks B2, s AR R RO PERE AN IZ I R FHTE
RITIERW T ARG R R AT B IR, A 7l BTy R R 7 A B R AR, 92 AR i A5 4
K RPE LS 7 o 5T 5 SR T A s RO S PR RE LA SR Bt T D TR, HEsh s PERE K75 A
R AR BT 5T
Z-85
T Y E LR -5 TUH ST HERT OS2 7 Bt 3 ar B
PVRELYA, L RS ERRE. X
O 2 i | Ay =
2. WHEFRERE AR SR T T
PR TR BT BRI E SR R R G B L A, FAEREIRZS (SOHD H RS HE TN B R i BE AL 22 42
B8 WAFRHTI G SR, HEIbZLekbE SEVCEl AR . SIS MIARAS KN SR 2 4)
B AR, ARG T M DU BB LB, AR G B SO U 75 R ARZRIEAT N, 2
[ B8 v S 240 4 s ) S A T S PR AR RO R
KWEFAE R G B AL R AL B ARG b, 5INPT R, Ky SEN JEEN S A Fti FHAT
A 5 7 B AR N LSTM IR FE 28 I 2k, (8RR th SR Fa b 22 sy B 5 I 2 A5 [N it
T EARIREIEBHIFELSHOEHHELE, AN AR B B E R IA A SE AR AL, PRI IR 7 RE
R RALE 5, WHTU RS B - F R -IR B IS AT L 5 A A BTG CEIS) AIUSRAFAE, fEBIERE J1ML
il A s I EEAF 2 AL Bof S5 B, IRt DU e irda th A5 XA, D9l o0 T B9 RS Al R &
A
FEHTBTEL, CUfE NASA A SEHURSE LU At B AEFR MR RE A AT T W05 00 . 25 B,
TR ABIAE SOH it 5 R R ALy A AU S 7k R R s, P M4 5 2 U P T
G, JERegs A B AR EMEIX (A .
Z -86
Tunable Optical Responses in Anisotropic 2D Materials
Mingwen Zhao
School of Physics, Shandong University
Two-dimensional (2D) materials with significant in-plane anisotropic electronic properties provide a unique
platform for exploring captivating optical phenomena observed in meta-hyperbolic surfaces. Hyperbolic materials,
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characterized by hyperbolic dispersion relations for waves, have garnered considerable attention due to their
distinctive equifrequency contours. In this talk, we introduce the concept of "bihyperbolicity" and establish a
critical connection between the semiconducting properties of 2D materials and their hyperbolic characteristics.
Through first-principles calculations, we demonstrate the applicability of this approach to materials like the
recently synthesized bismuth monolayer. Our computations reveal that changing the type of semiconducting
bismuth monolayers (n-type or p-type) can lead to a reversal of conductivity signs along two orthogonal directions,
thereby enabling precise control over hyperbolicity [1]. The intriguing interplay between hyperbolicity and
semi-conductivity lays the groundwork for creating in-plane hyperbolic heterostructures using established
semiconductor technologies.

We also extend the concept of "hyperbolicity" to the electronic structure and correlate it with axis-dependent
conduction polarity (ADCP), also known as goniopolarity, observed in highly anisotropic materials [2].
Additionally, we establish a correlation between electron hyperbolicity and light hyperbolicity, revealing
fascinating scenarios arising from their interaction. The transition of electron hyperbolicity from type-I to type-II,
induced by varying the electron chemical potential, similarly triggers a transition in light hyperbolicity. Through
first-principles calculations, a-CaGe: is identified as a promising material for achieving this transition. The
tunable optical responses of a -CaGe: under different doping conditions facilitate the creation of heterostructures,
leading to the emergence of unique optical phenomena such as negative refraction and negative reflection [3]. The
distinctive electronic states not only pave the way for further exploration of hyperbolic materials but also lay the
foundation for designing innovative optoelectronic devices that broaden the functional possibilities of these
intriguing materials.
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Ming X, et al. Physical Review B, 2022, 105: 115110.
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Xf Rashba ZRHECIFHIINLAES] . 2 B e SA I, HE et SIRRaIRrEAEE, WA e iy
HICH, MiAE RIURHEMES: kR, & BRSO, R AE SIS, 48T
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Z-93

First-Principles Investigation of the Point Defects in 2D-SiC as Single-Photon Sources
Jijun Huang,Qiang Ke,Xueling Lei*
Jiangxi Normal University

Single-photon sources (SPS) based on solid-state point defects are significant for advancing quantum
technologies. Two-dimensional (2D) semiconductor materials with open structure offer advantages such as high
photon extraction efficiency and the ability to integrate with photonic circuits. Recently, two-dimensional silicon
carbide (2D-SiC) has emerged as a potential host material for SPS. In this study, first-principles calculations
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predict and identify two kinds of intrinsic point defects VsV and Vs;Sic in 2D-SiC, which stabilities were
confirmed through defect formation energies and binding energies. Among the eighteen identified transition
pathways, two pathways a;—b;® and a;—b;® inthe VgV defect were selected based on their transition
dipole moment (TDM) and AQ values, as they represent allowed optical transitions with superior optical
properties. The results indicate that the pathway a;—b,® exhibits the smaller HR factor of 1.474 and the larger
DW factor of 22.90%, and a short radiative lifetime of 3.4 ns. Additionally, the hyperfine tensor of the

VsV defect was calculated to facilitate the identification of defect centers. Our findings indicate that the
VsV defect in 2D-SiC is a potential candidate for SPS.
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[1] Dong Jichen, et al., Nat. Commun., 2020, 11: 5862.

[2] Jichen Dong, et al., ACS Nano, 2023, 17: 127-136.

[3] Huang Haojie, et al., Adv. Funct. Mater., 2024, 2400380.

[4] Huang Haojie, et al., Angew. Chem. Int. Ed. 2025, e202417457.

[5] Xia Ming, Nat. Synth., 2025, 4, 380-390.
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[1] FK Zeng#, R Wang#, WY Wei#, ..., KH Liu*, XZ Xu*. Nature Communications 2023, 14, 6421

[2] PM Zheng#, WY Wei#, ZH Liang#...F Ding*, KH Liu*, XZ Xu*. Nat. Commun. 2023,14, 592.

[3] PL Li, WY Wei#...QH Yuan*, ZF Di*. Nano today 2020, 100908.

[4] GD Xue#, ZQ Zhou#, QL Guo#, YG Zuo#, WY Wei...F Ding*, ZM Wei*, C Liu*, KH Liu*. Science
2024, 384,1100-1104.
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Z-97

The role of Ag(111) substrate on electronic properties in 3d transition metal atoms adsorbed at

B_12-borophene surface
Ruida Lu,Zhenpeng Hu*
Nankai University

Using spin-polarized density functional theory (DFT), we systematically investigate the Ag(111) substrate's
influence on the electronic and magnetic properties of 3d transition metal (TM) atoms (Cr, Mn, Fe, Co) adsorbed
on Bio-borophene. The substrate significantly suppresses borophene deformation and enhances structural stability.
TM atoms exhibit exothermic adsorption at the energetically favorable hollow site of B1,-borophene. Crucially, the
Ag(111) substrate modulates both magnetic moments and charge transfer in TM atoms, inducing d-orbital electron
splitting that drives magnetic variations. This work elucidates the substrate's critical role in borophene-based
nanosystems and provides a theoretical foundation for magnetic control and designing novel magnetic materials.
Z-98
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TN, BHY RNAHT Cu(1ll) 5 ALOs(0001) #fEFBITAAE, ZRE /R NEP Ge#fFHIL Cu(111)
R E T U R A SRR 2 A TR, E ALOs(0001) A& _F UM EE 31 TC FF i ik 4544 o
A G R T SR BRI S 7 A KU, ST 1S T 2 MR AN K Gk T R
THEAESE .

Z-99
RS T It T2 R T 4 B IR
FEAEE* EEW
o [ A2 e Py BRI 7

T4t (2D ARt T RA R TRIERE SRR R, s [ BT R S AR Y 5
7R G o AR B ARSI T T AR . B SEA G R o R R SR O 5 5 Y BEAR
BHRAA B &R e yrt, GEwE . Bkl seihih. s U ARZI G2 i 4. 3

32



H E M KK £ 2025 Z. FHRHEERL. 5
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[2] Li, P. et al. Nano Lett. 2024, 24: 2345.

[3] Pan, J. et al. Nano Lett. 2024, 24: 14909.

[4] Yang J. et al. J. Am. Chem. Soc. 2024, 146: 21160.

[5] Yang J. et al. Adv. Funct. Mater. 2023, 2305731.

[6] Wei, Z. et al. J. Am. Chem. Soc. in revision.
Z-100

Quantifying Humidity Effects on Commensurability-Dependent Friction in Bilayer Graphene Using a
Generalized Registry Index Framework
Shunfang Li
Zhengzhou University

Deciphering the atomistic mechanism governing humidity-dependent interfacial friction remains a
fundamental challenge spanning physics, chemistry, medicine, and materials science. Here, we employ
first-principles calculations to systematically compare friction behaviors in commensurate and incommensurate
contacts of bilayer graphene (BLG), with confined interfacial water (H20) coverage modulated by humidity. Our
results reveal a striking dichotomy: as H>O coverage approaches ~0.4 monolayer, commensurate contacts exhibit
a dramatic friction reduction (reaching minimum value), whereas incommensurate contacts show a slight friction
increase (peaking at maximum) up to ~0.6 monolayer. Beyond such critical coverages, friction in commensurate
configurations gradually rises toward saturation, while incommensurate systems display a declining trend before
plateauing. To elucidate these phenomena, we propose a generalized registry index (GRI) framework that extends
the conventional model by incorporating three critical factors: Interlayer-distance-dependent van der Waals
interactions modulated by water intercalation; Humidity-induced commensurate-incommensurate phase
transitions; Pinning effects arising from H>O molecules within the BLG heterostructure.
Z-101
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33



H E M KK £ 2025 Z. FHRHEERL. 5

GEK, KRR T RIS AR SO0t R A BB, I A il S AR B BT A AR R, R R
FHIH AL RS T R A R IR T, R Se/S A RHOUER T (O KRR Ay 152 (160) fs; 1E 0.1 (-0.3)
VIAHIA R, SelS (SIS) SiMIIAt PCE 4 4.67% (4.26%), YGMiRiEE N 1093 (223) A/W. A4S,
N TMD J s e 2 DhRe O F as A AT ER (1 7 325 .

S5 R

[1] B. Cai, J. Tan, L. Zhang, D. Xu, J. Dong, G. Ouyang*, Ultrafast interfacial charge transfer and superior
photoelectric conversion properties in one-dimensional Janus-MoSSe/WSe2 van der Waals heterostructures,
Physical Review B 108, (2023) 045416.

[2] B. Cai,Y. Zhao, D. Xu, G.Ouyang*, Optimized photoelectric conversion properties of
PbSxSel-x-QD/MoS2-NT 0D-1D mixed-dimensional van der Waals heterostructures, New Journal of Physics 24,
(2022) 063012.

[3] X. Y. Li, C. R. Shao, Y. P. Zhao, G. Ouyang*, W. Hu*, J. F. Zhang*, Pyramid-shaped perovskite
single-crystal growth and application for high-performance photodetector, Advanced Optical Materials 2400329
(2024).

[4] Y.Wang, M.Ge, J.Tan, B.Cai, G.Ouyang*, Dipole-moment modulation of photovoltaic and
photoesponse properties in 2H-MoSSe/MoS2 van der Waals heterojunctions under electric field, Sci. China Inf.
Sci. 68, (2025) 159402.
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Z-105
Moiré&Engineering of Defect Patterns and Phonon Chirality in 2D Materials
Lei Liu
Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences

Recent advances in moiré superlattices offer unprecedented opportunities for tailoring the quantum
properties of two-dimensional (2D) materials at the atomic scale. In this talk, | will present a multi-faceted
theoretical and computational exploration into the role of moiré physics in defect engineering and collective
phonon behavior. First, we demonstrate a high-throughput strategy to pattern single sulfur vacancies in MoS. with
sub-nanometer precision by harnessing moiré potentials at the MoS2/Au(111) interface, enabled by localized
out-of-plane acoustic phonon condensation. This approach paves a viable route toward scalable defect-based
quantum systems. Second, we explore oxidation energetics in MoS: and WS., revealing why only MoS: favors
vacancy creation, rooted in orbital-specific bonding and metal-chalcogen hybridization. Third, we report the first
theoretical prediction and experimental observation of non-local chiral acoustic phonons at the moiré
Brillouin-zone center of twisted bilayer MoS.. These phonons, excited and resolved via circularly polarized
Raman spectroscopy, exhibit energy splitting driven by a pseudo-magnetic field intrinsically arising from
structural chirality. Our results may expand the scope of moiréphysics into phononic and quantum defect domains,
offering new design principles for valleytronic, phononic, and quantum photonic applications in next-generation
low-dimensional devices.
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[2] Shengguo Yang, Jiaxin Chen, Chao-Fei Liu, and Mingxing Chen*, Evolution of flat bands in
MoSe2/WSe2 moire lattices: A study combining machine learning and band unfolding methods, Phys. Rev. B 110,
235410 (2024).

[3] Haipeng Zhao#, Shengguo Yang#, Cuihuan Ge, Danliang Zhang, Lanyu Huang, Mingxing Chen*, Anlian
Pan*, Xiao Wang*, Tunable Out-of-Plane Reconstructions in Moiré Superlattices of Transition Metal
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ST A BOFRAL LaH10 (&Y A Te ~ 250K 1 myilil FAFE, T 51 T RHIF AR X 61 RS 1)
]I RS B S S AR ERAL SV AT I, 153 T — RIVERE W AR S A
T E AN EY, —AREATE A B S AR AEE E AT R B B IR R e, 3 7 2 100GPa
BEESERE S, I XA RS T A A SRS R R 2% . Bk, SRR 5 & A
I R T BE 8 IR FFRRE [ =il SR RS oG H B S A ARG TN 5, fERE N RE T — RYIER
JE IR R A e il Bl A, 70 A R T I AR R Rk 80K e AR T MG AL TN A AL A 5 T T
RS T W 2 A 5 o0 2 A0S AN B A0 5 10 0 25 1 S A R EE LB
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Moiréand More: Flat Bands, Polarization, and Beyond
Xianghua Kong
Shenzhen University
Many exotic electronic states have been discovered in moiré superlattices formed by stacking
two-dimensional (2D) materials, often driven by the formation of flat electronic bands. In this talk, we first
present a novel strategy for constructing moirésuperlattices in homo-bilayers through layer-dependent in-plane
strain, rather than twisting. When considering out-of-plane relaxation effects, moirésuperlattices fabricated by this
approach exhibit spatially distinct electronic states with strongly modulated properties. Specifically, in untwisted
bilayer graphene under gradient strain, we identify kagome-like interlayer spacing distributions, resulting in
strain-tunable kagome electronic bands near the Fermi level. Furthermore, we discuss the emergence of
atomic-scale polarization textures arising from moirécharge density reconstructions in twisted antiferroelectric
systems, strain-engineered homostructures, and lattice-mismatched heterostructures, highlighting phenomena
inaccessible to existing sliding models. Lastly, we introduce a generalized moiré crystallography framework
capable of extracting geometric parameters from imaging data across bilayer systems, even when direct
bottom-layer imaging is experimentally challenging. Our integrated approach provides new insights and
methodologies for deterministic engineering of moiréinduced quantum phenomena.
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AIN/ScN 8 FAg AR 2 TH R IR AT A
ZEE
P 22 A8 K

AIN/ScN EALYIE s A ENE LA B 4K AIN 5 SeN E TR IS5 1, TEZk . e H f BB 40
I R ERA . ARG IE R THMEN AN AIN/SCN IS HER . 450, B2, B, a2, 6
TG LS ZE R R . BIEFE T AIN/SCN 8 &y i PR AN 8] (10 R AZ DX 45, AEAS [F] (1 R AR X 48 2%
RILHEARACH A B S, Blhn. FEOGRUN . i RN AN RN A (L], He A AR AT AR A AR RE 2 N AR
SAF N A SR Ik 200 Jem3) A R FE LA 100061 BEAR AR RE RO [2] . kB EAR T, AIN/SCN i
i ek 25 W FE A [R] PR A% 5 ] A A7 72 S () 0 AR DXk, 33X 6 [X el S B AT I 35 1 S AR A, >4 s 4 S A 7 i —5.5%
I 2 LS il B 454 [3] 2 AR NAR TR 7 454 -VE RESC R I, A 17 AN [A) 238 XIS Ao
B J1 6 R A H AR L ) B, O ST A EA AT IR R L LD 2 D RE R PR R B A A
A ARHR M T B S

[1] Z. Jiang, et al. Designing multifunctionality via assembling dissimilar materials: epitaxial AIN/ScN
superlattices, Phys. Rev. Lett. 123, 096801 (2019).

[2] Z. Jiang, et al. Ultrahigh energy storage density in epitaxial AIN/ScN superlattices, Phys. Rev. Mater. 5,
L072401 (2021).

[3] Z. Jiang, et al. Strain-induced bent domains in ferroelectric nitrides, Phys. Rev. B 110, 054101 (2024).
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F—M R E NS AT E LR & Dirac 3K T
2
HI O R AR FE L

The striking electronic characteristics of graphene trigger immense interests and continual explorations for
new two-dimensional (2D) Dirac materials. By first-principles electronic structure calculations, we here identify a
new set of 2D semimetals in hydro-/halogen embedding trigonal 36 borophene, namely 86-B3X (X = H, F, CI),
that possess the graphene-like massless Dirac fermions. Owing to the central hollow B atoms strongly hybridized
to the hydro-/halogen adatoms, adequate charge transfer is induced from the hollow B to the basal honeycomb B
sublattice, which electronically stabilizes the 2D sheet and decisively endows a robust (intrinsic and
stable-against-strains) graphene-like Dirac cone state. The predicted high energetic, dynamic and thermal
stabilities, combined with pretty geometrical match to the commonly utilized Ag/Au(111) substrates, support their
experimental viabilities. Our prediction provides a new branch for exploring the intriguing 2D Dirac fermionic
states in versatile boron element and its derivatives.
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2k MXenes #18 MOenes FIE W1 5914 BT 7T
[ NES

TSR . BAVIAEREALY) (MXenes) T FE (1) S ARGE KRB AL SR, A
Iz N T REEAAEASEE . SN el T AR ARV U R TI R OR R 2 . H AR
MXenes [f1ds I F B PEM AL, 2R, RIEREE . LA REERIIE R . 2811, XFH<X” £
PRI EN T Ml o B, RBRRE KB IR SR A A TisCraOo6Tx MXenes [IA71E. JET-1th, FRAM
BT HLZ TinaOnT2 (n = 1-3), K MXenes BI“X AL B/ ZOCRY R BIRKITR, AIMEIE T — IS 4
MR Z G, N MOenes. tbAh, FATEELIE MOenes £ Mp.10,Tx MOenes (M = early transition metals;
O=0, S,Se, Te; T=F H,0,0H; n=1, 2FGEMEL. T 123 HZIEH % MOenes FIRFFEFIF A, FATTEE ST
T—AAIHHRZE (moenes.online), Hr @& @RS E. J5PERE. BT TH M. IR
IR FE R, MOenes ZKIEMEHER TG 8T, AAMEL, ST, 7M. KFHEE
M, AN S EIAa SR B RS BTSSR R I EE . 28, MOenes FEM LT
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Zn FEEAYENTR T E S R AN
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SREMNYREEN . BT HERPMTENHRRE
A
L PN
WA FI SR T AT R E ) . SRR AR EIT, R R M A5 . H 7 T S S M b 0 1 A AL
i, LR EME RS E I JOE e g —. Hrp, BxmemAE Wi el R, mrrEis
TEPERIORIR, #gn THiA .
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KTTORL R T A AR AL B 8 T4 e M IR BT 5T
kSN
L 2R A 52 e
B ANR UL OS2 N T AR 2 AR S A, FLAE L v IR E SR B ke T BT 5 ke 1
L Gl oK IO 2 T A2 R K S VR« B8 IR BN AT AL 7 S B SR BRI 2 — o FRATME R 23 780 07207
T T S ARRRL (B4R 1-3nm) 78 2 BN SRS VR P VA R AN g PR ot DA S R TR A 6 KRR A
FRHASEE R R . BFAORIL, LI R AR I S PR RN AR R A, S5 T B FAE 4K
WL THT s e R R AP, ELWR B 2548 5 2 8] 207 B 35 1 TR ek o AERRAGISE R ohy, AF T BN K
TRVURSE 2 THT 10 B0 A R i L B4 A7 A 3 28 O 2 TR S O P, 3 e e e T 7K 0 ) v 8 s TR 254 T A
[FI, B HREre i b OBUE B B T I = BRI I B35 208 . SAENALANK BRI L, R TR
A IE S SR 7K 735 S A AR 2 32, (BN 3R T i P 3 S 2 UL, - S50 K UL 2 T W P 88 7 R LA
BT 5T 3 IR A A 2R e 1) S 2 Ay W S8 P TR R AR <5 o 0 oK UL T Tt LR (BB A 5 A o
Hh R LT RS A TR AL ) R E L
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1 P Y PR PR A ST TR A
B 41
TR
FEL AV PRI T U P 2 5 ) 2 PR A 9T (R O Tl R — o AR il o 1 L 3493 50 ) S B 7
7R 1 RS O DO R SR S BT, R I PR AR T 2 A A 2 U SR s A BT B R R S
RN LB BRI N 5 B s R JENLAR 22 21 70 T B A BT, SR FU R T S ML SO, #8717 AL
VAN 531 SR ER B 8 1 S AR A s D 28 g S5 S TR AR A 2 SR o R S AR R AR 1 X B e e P ARV S T
ZER SRR BEAE, TN AU RO T IR S
SR
[1] J. Energy Chem. 2024, 93, 299-305.
[2] J. Mater. Chem. A 2023, 11, 11078-11088.
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AE I X EAG T B R M ) 58 — 1 IR B
Hz %
B E K
pngr (grain boundary, GB) J&Z ShbpRL A i £7 7E BRI, e 5 Ahokr 3 S HLBRFR S5 —FF, 1k
TE AR IIPE BT o B T A SRR VR ABIE SRR, FRATTER TR DASSGHERE R R BE A1, 38 T C Tt R Y
MBI AT o ZEPUIRAD R, TUP A7 1 i S0 BAE ok Y 16, AR AT NS BATT0S TR BE R 52 o
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O, dn A DRE N — M CRETB, AR E L RR I AT AT BAA JIR@ R, A A IAAAE AT DL
RER SRS, R ERcs A @R ZIC X 5 R AT I 2 AR B IR, X RTT
SR FAR IR R I S AR A BT K
BATEIRRGHTL T Rh, (n = 1~8)/NAIFETE MgO £5(210)d: S+ @(001) K 1M - I¥ JLATE54) . HLF
SERTERT, DL NO R B AI 7 AfE T o WFFURIL, FESIERA 20 NO J7 i It € i fe (3 Rhy, H7%5F:
JEIAGIE G5, TR YEFE AR BAR B 5 4 R A5 & R B (W H % . 1X 28R4 Rhn FfERERSE T @ @
R A L, I HxS NO R H BRI R A AE /1 o WL THE NO 70 4a, AT I NO 7£75 1% Rh
7% Ef# B9 N AT O J5 LR 5ol 0.075 eV R4, IXEIRE NO W LAFE 527 KIRE Fe 2B Rk (Jk
TorF8h /1% (MD) B FRATI TAER I, SRS B AR5 0] LLE S Rh BRI 251,
HARCECATH PR, A AR H A S Ak B S N rp A # 5 B AR A
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The origin of the ion transport, charge transfer and energy exchange in the electrochemical interface
Guoping Gao
Xian Jiaotong University

The proton migration from the outer Helmholtz layer to the inner Helmholtz layer and then reduction on the
Pt electrode are the two most fundamental electrochemical processes. It is wildly assumed that no charge transfer
involved in the proton migration process. Using our new grand canonical fixed-potential calculation, we find that
for the whole process, there are more electrons transferred in the proton migration part than in the final reduction
part to keep the constant potential of the electrode. This fundamentally changes the energetics of the process, and
influences the proton profile in the Helmholtz layer. Consequence, the local pH value is negatively proportional to
the absolute potential, while inversely proportional to its distance from the electrode, which is corroborated by
experimental results. Since this is such a fundamental textbook process in electrochemistry, the new insight
provided by our calculation can certainly attract a lot of attention.

Z-119
Ak UL SRR LA B T B 5 e
SR
LB

CeO, A& T E EAIM: L& WA, FAEAGORMBEAM BTG TEBA, RN, NI R RSy
e R R A TR . ERIERI TAEY, FATESHITT T CeO,(111) R M AEAR R Rh, Hl#EA &
T A AMEAL I E . G RGN R R BT B, BRATRIL CeOy BRI LIS 21 i 1 77 2 1E HY
KA, TR T EAF MRS Rhy BiE, EA1RE A 21+2 i, 320, iH5ERIA
A )RGT 9 Rhy, BIFRE S S AZRITEL T, P84 Rh BIEGESE RS BRI AR S, A5 RS
) Rhy IR SR AEARR = &5 1) Rh 707, IFAE COL INEIE R S B AT Rk e A SRl , - DT 2 i fie
WINETE A CH, P I £
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F T8 — R B EOL AT R AL BT 5T
Vo
IR R R

BEUF R B U AR A7 AR R R U e R B A B Y S R R e U REVR R & IR A
BCAT RAR A XA AT REVR RIS, 34 REREAR PR AT REDSIR ISR I 51 A ARSI H o I A et 8D 2] 2601 FEL HE A 71
FE—ANHTE FEE TSP AE 55 o IRANER MR RUE 52 I REXS TR R A BT Bk 2, ST
2 B AR R 5 — PR SRR SO PR AL LA AL AL A I AR R 1 R . AR T, AR Tl
T e E IR TR A, RS R Y. Al EIER (MOF) AL HLIESR (COF). —
YEMRAL S5, AT G AR TRIE SRR . Wit 1 — RIVARA R VE A6 B R
Il U I AR, S PR BRI AL, Ak, BRI T G R R AR B R SR L T
FEIE RS, AL O 5 R RO RE R, JFRS AL R AL AT TIRABE T AT TAEE— 2D Rehs
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R0 — 2 B 1 DAy [ U AR B R, Dl [ BT R Sk I B A A R G I R
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d-orbital-like localized p state in single-atomic catalysts
SRA
HRKF
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BAER S8 R T AL ) B o
1/
R RSB
TER AR L ET B 2 ARG T G2 RS S WU A e b5 10 o 4 R 48 J8 2 /<0 L T AT R P 25 i U
AL AR, SR T T2 00 M B IX SSH R IR W4 A% D ARG 73 [1]. ZEMEAL IR S
PR J LAY R Bl 2 AR SR R N, b U . (OER) FI%EUE R [ . (ORR)[2]. fH H i IZ L Je
PRI 8 ) 2 RO 2218, IR 7R b BRI AL R, DRI i e T R i PR RE PR i AL
Blo AWFFEETRNLENS . S EBHSMER S &8 — REH R, PR T — MM EHESE. s ez, K
BT 15 FoE AR B AL (CxNy) R RE,  Herb 2 Rl kLR A8 R4 05 i Pk B B R R B U FLRR I, PR tsd
EERE AR BEE, B EEETE, RATRGHT T X S R e R A e RE, HER T
EATHRE A S . WAL, R T — RIS TERER T A8 OER M ORR T4,
BEAh, FRATR T R A TR e T A5 S L ST 0%, WAE T SR B R T RS R P AT 1 ) 5k
BRER. &, YA JERETE (SHAP 24, #E— Dl ] 1 HLE 2 ST o e, 2
TEAFHER BTN 5o . BT X e, JRATESL A PERE ARG It Z ] B SCHE, $R T R
Dhifie AL BT SR
References:
[1] Cui, X.; Ren, P.; Deng, D.; Deng, J.; Bao, X. Energy Environ. Sci. 2016, 9, 123-129.
[2] Bai, L.; Hsu, C.-S.; Alexander, D. T.; Chen, H. M.; Hu, X. Nat. Energy. 2021, 6, 1054-1066.
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FIFH AT AR RE IR FE 7 N2 & R NH3(NRRD , AT 74 NH3 AR JFRE | — SR B 0 g A
SR, NRR ) [ B B8 TR A7 AE AR RS B2 R SR B L) | N AR . A TR S8 Rz ki 51t
A AR, IRABFA T UETEA S L (GDY) R V 5 3d EEE (V-TM@GDY) XUE T
fb37 (DACs) 7E NRR HffftbPERE. W0 & L, NRR H NH2 5 NH3 (W A FBEE L AR E L R,
TEFTA 7% DACs H1, Noor 1 LI w6 i85 NH3 A RBRH AL (ULNH3)) Z [AIFE KB R R .
BE— BT RKEL, V-TM@GDY i 52 32 15 HLARE AR N ) No2r 7. 76 NRR o, GDY {2y Hfr il
IR, V-TMAE SR feidik, H V5 TM Z IR P RN AE1G V-Cr@GDY M V-Fe@GDY K i =it
W, H ULNH3)E 73750 05-0.36 V M1-0.42 V. [FIINf, XM7Fh DACs HIREA ZEi b S E OB, Sl 1 4%
T 100% 1) BARVERL SRR . TATHIWT TR T AT AE NRR A2 i s E T, JER T & V 3%
DACs 7E NRR 45z Py e 3t i) B RN FHVE /5, S B3 — BIF 90 R B8 88 TR 1% S S R N ) S BB 7T
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Z R BRI BT R A s R S e R LR AT
WL, JHE R
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YRR EAR R AR R A AR I T E ITE YA S s A S AR T, BT A R AL
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] B ARSI ) 7E 28 B8 7 it A 7 S 1 1 5B
F A
Lawrence Berkeley National Laboratory

SR FH VRUAS P PR L PR 8 0 ol T vy P R B2 1 8 2 7 A U0, DT A I L b A RE R R ™ B 22 4
Mo HHUEE (OS) 8 N7 A2 A SR AL R il 7™ = il Y — T M A B A R T 58, B AR I PLHITI SR AN
AR T — T SR S0 A 45 4 (O 98.(J. Wang et al., J. Am. Chem. Soc. 147, 8841-8851 (2005)), B {X
WY OS WA INFAIIR = S A BN o BB AR & AT SRR (35 5T 959238 W, OS SN ] LA Sak 245 s/ F it
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fe (AGH*) 2ILLULs oAt izt a B, (HER) AU IEVERIRFT: SRR MHAL S 75T
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I R B g/ S5 PR 7 L AGH* R AR BERE I $2 71, JFHe ke it i FeCoNiCuPt HEA fEALFTEL, HAE-10
mA/cmBFLE L N ITHEARE 10.8 mV, AEEVENENL PYC 1 5 fF. #t—PInRERIL (ORR) 5
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N A R R AE SR N = UL CO B R, MR 0.325eV, Fif TR AE N
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BRI TR B, 4 Z B RL Cr(h-fpyz)2 1 28 3 s AUk A 1 BE VA R T AR A0 A0 B e A 1 el FE PRl [
RBi: 4, E Cr(h-fpyz)2 H, HHEALMEIR (h-fpyz) B55hx THEAL R N B B35 TR R0, HR g
(ARG A e 3 . TR 5 Cr JEF AR B O2 73 Z [ ¥ Mg F o AN e Al &, itk 1 AR = BB MAS
Oy UK AS 1 B i A ARFNE . AN, T 28R Cr(h-fpyz)2 o Cr B )5 g PR AL i E
RIS, O2 73 W Bt 5 753 tH U HAE BRI RT AR 4 Cr (pyz)2 HEAL ) 2 3 PR R i b, A
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ANAMAWAEZE T, @A )3 5 RAR T P EVE o 7 Tk — P PR 0.05 V, PhERE R E L T1%
GEANME R . A FUARZR T 2RI TR Sk H A B [ s CE B2 AT U S A VR RE T T AR,
WA B RO o K AR SR AL T BB AR
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APEETE, B2, iR LRE S B4 ZEUR 2
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2. VAL MV e H B 9T B
3. ALEUIRVE KA H 2 e PR 5 R S 2 B
4. FUST T RSN Y R
] A S A Ik k) it (solid oxide fuel cell, SOFC) R AN R BN S SRR (AL 2% e EL G oM FLRE,
MR Em AT, SRHARNEIRGZ ., HZOHM ERRERME R SRS E TSR Hr— Rk
TAE SRR, % UL Ba JEAGERE AR BAE ABO; 1) B 735 24 M 70 2 R4 5 0TI B 4k 42 T
JRFHF R, (AR TC 3R X AE A 5 O BEAS J F KAFRBRIT . AN FE R 56 — 1R S B T B R Gk iR
F T ANBIRIER . 85 R U0 A AN & 115 2% REAEAS 35 520 BRIE R 22 I 155 1L T KR 34 in BaHfOs
R IR, RISRER T SR A s R, mH, M TTEEREA SN PR A A
P FELE RS T HILR, A B TRRE S SN X I BAT A HER WM. H— )5, A7k
YbCoO; AHIFETT T iLJE 48 (transition metal, TM) SEALYIARHE AR b LB R IO TR RS . 45 S50 1
TM JG ] LAE BRI ) 3d PUEXT AR 5T NBET B #ME, AT 1 HAF U iR, s T
i BazrOg H 0.2H/M.U R TR, bk, THHEGRICRY, FEEE T HPKIE, e 2E/\miEA
WA \THIPRTE], #0075 B4R T A A S 1 R (O BE 5, T 3 ol o 35S M A8 (1) i P58 R 3 B DA & TM-HL 2 TR IR I
HRPERIT e 2 KNI EER R . A RAMCN BaHfO; Al YbCoO; M EHEUA i 1 AR S AL YRR FLih
(H-SOFC) Hiffii 2 T B FLAtt, SEINVR T XM B ERH MRS 7 51 ANLHIALR T-1& Tl F2 R g, (et
TR A T B LR TR (T R RN
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VRO AL S S A% o 37 BT, I V5 T PR 00 J2 5 ) B B AT A S Sk RE S p e PEAE R 2R T, i
TR I SRR AL R AET- B R BR Y, AL SR T 32 B R A T AR AL L BT AL, TX ¥ 77
BLSE B -5 5 SR TP B R R (R O L SR Z R N B A o AN M MM A S . B FHHAT N
BT RN A 2 A A A LA ST R B AT AR AT O, B AR R AR S R R ORI A, AR RUEE
7R 1 BEACTT- R ARV P RV E AR, JF B IS 28 Y AL AR SR B B HE
Z-134
“F B AL SRR b ) AR BR R R
e
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MBene BT S FMLRBLYS Li-CO.BALZ H BRI FH L]
FEir, phEME
1. SRR
2. LR MR KA
“YEE S R L) MBene BRI AR B A BIAISE MXene FAREE K, 78 Li-COFIH 1 e SRR AL
W. AR, BUARETR ST MBene HHLFREIE T SN b [ ARIR B A SEMR, T HLAE A AL S A B R S5
IR (W EAE LRI AN TG 2 . A SCHNEE & DFT THER. WA RIS RIAN SCH S8, $R5T MBene H
TR SEFCRRI Li-CO AL AR E RISENT . 2%, W2 EmA i haE . R as e 3R A N A8 TAE,
4% MBene [ d HUE HLTIHTE AR INGE, LALJBCE W) Li.Co04/Li:COs A% 5 iR BE 22, 4Es
TRFERS CORE JF T H S LB AR A EAL i PE RIS MR . Lo, A B A SR S VAR AR, PRI 7 7
TEA) . G R TR S HIX MBene HL 20T AL SR NIEN )5 SRS TE R REE AT ) B FE
TR SIS PRI, Dyt — 2B e Li-COxHL AL T1)-TA 7R A & S AR BT HE U
Z-136
REFEMA B RTREREERmIUH RERHT
2. BARM. B, 3%
PN
JET AT S AL R BE TR E AR BT, R SR m B o0 BB . vl PR A s 3 P A
N, H AT S AL B A DA T S S YRR DR S, T R DT 22 T AR SR A LA
6 oI VR T SR T B AAE VG . % TS il B — M R P TR M5, AERE AR T sk
65 ) M2N6 35 1 Hh Lo Dy i A 5 B T vy 2t e v 2 OB T IBEAL 7). (DAC) BT RENE, IRt — Bt st
T HAEEEF RN (ORR) H AL PEREAN H e EaS1E 0y DAC SR FT Al AT Pk, EERIMI T 1.0 Xl
TGRS T Re E AN PE PTG VERGRAF, 12 AR RIS fH Ak 770 1 O 4 8 D 1 1 e RE mT A Ry
— PR RR TR 2. m SR A7) Co2N6 55 5% B S8 I Sl % % B Co2N6 AL, AT
PR FE ISR ORR JEME, XIHFET-FHEIMA AL E SRR TS XA . 25 E, 2T/ A A
WEFEAE AT P IR R 48 35 T B i vl 7 A T S v RO 7 PR R 5 B s
EEPUN
[1] P.Lv, W. Ly, D. Wu, G. Tang, X. Yan, Z. Lu*, and D. Ma*, Ultrahigh-Density Double-Atom Catalyst
with Spin Moment as an Activity Descriptor for the Oxygen-Reduction Reaction, Phys. Rev. Appl. 19, 054094
(2023).
[2] W.Lv,J. Deng, D. Wu, B. He, G. Tang, D. Ma, Y. Jia, and P. Lv*, Similar electronic state effect enables
excellent activity for nitrate-to-ammonia electroreduction on both high- and low-density double-atom catalysts, J
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Chem. Phys. 159, 164704 (2023).
[3] X. Shi*, Y. Jiang, B. Zeng, Z. Sun, M. Yun, P. Lv*, Y. Jia, and X. Zheng*, In situ electrochemical
production of solid peroxide from urine, Nat. Catal. 8, 67 (2025).
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T A 77 R s i R ARRL s M BT SR HI B R
BBt W KA i 2
1 JE TR
2. PEBFARAKRE
FERR S FRt PR e O R v, AR RN P S DR B B R NI R AR R R, B R LA,
SEFEETE . KT VISR I 2 AR T &, VAR SLAL A SR PR T A e I S R B R R
(ARG . SRT, RURL RS HG MR S R R R EARS, AMEE IR Bk Bk . A
SCEEST [ ARG AR EAL S U ORI AR, RS T A E SRR R R AR, kL
HILR oL (1 E ) 5 TS50t FRAR 5 28 M e S S A RS e I B 2N o BF E R I FERTT R ks B ) B L A 1Y) — 2%
ORI, BEY B [ PG on, RO RN 2, WIS 4 A UL oG i, 37 5O )
FEPERG SR N BN ZR ALY JE . HE—DASIUER Y], WAL AR A RS I ks, LRSS AR ) o B
OB AR s 1713 R B AL PR T AR MR ARG e . AW Fidhr 1 —JURRi 4 i 5 Has i ia e
PEZ A AFESRER, Dyt Ae A AR RIORE O s A BT 3R A 1 SR AR 5 Bt
Z-138
BB LuSiOs AL R SHEHH . BT PR EEMSHRER
INE I
o R B B RR S 0T 7T T Mg 585
Z-139
S T B RAL SN K06 T HRAHTE &
IR
o A e 2 AR T
A RFEE AN ER T Fr S A ) BE R GE R R I W) B IR, 2 B A8 DO AEXE DA Lo o] Fe
i AP TR AT DAPRAR GRS DB E S EE R E A, He— il 2 TR HL HO2 B8 i/ i B BE K
SR B E R i k A AR, EA BRI RE DRI RTSE TIA SR L, i )RR
ZF RN 5| S PR AR U P IR AT BRI DA o 53— AN IRl SR Ik v R A A HE 25 1) B R S AR (NCFETD
RAL 45 MOSFET g8 (1) 3= i 60 mV/dec V. FEFE MR BRI, 325 Sl SEAR A LA o R A TI#E. e
k A R S R H AR O T, T8RN, K B 5 Born A XRS5 SRR R A L
TER, X FEMRHGA B BOS 255 58 FE U b, X DLR SR & U ORI R AR e fE . bk, R
o352 IR T F T 3R AR A R8N e DAL T~ 0K RUBE R AR i A o FRATTHR Y 17l o o Ji g PR AR A~
SR SEHDG S TR AL, IR 206 A T HAUE BRG] AR R AL G Bk sERD R I K 9% Bomn A
RO AT 5] EE A SR AR A RON o A2 B8 B AR R 1 N AR EAME HFO2 AT ZrO2 i AT 7E
JE P BAR 2 2-3nm B 74 HH IRk PR i ROSH 2087 03X — B BRE N R i CMOS & 1 1)1 K A FLZ S B F i
WA AR RS . AN 2 BREE 5O T A S R S B A s R A TR R K
Z-140
PR _IRE Rk ROE IS 56 TR
(ERIASE
EHEASE R
AW FUE S ) B Er/O/B FE45HE PN 45 A, SEIL 1 R TRERECR LS B s R06 RS . LSkt
FHET (Bet) WRKBE T2 atErtid, SRR, mAT/ERDAHRBINER 75 Er i
B, BEREORIL AF BEL, INIMEZRTFAOCRER . SLIRY, Al s T R 6B A i 42 = 2
ANCEG, AR T TR X Re R U BN, . BB — PR, BN H TR 2R O O X e
A2 UK Err, AL TR, R E B AOCXEE (Lex) SHT-FHHBRE (D MHERE (G
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= Lex/l), NI RESR AL T MK .
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Z-142
BERT R 7 i 45 7 TH) B R AR
XA
H R K2
AHLTEN AR MR A SR SR FIE R, SRy BKEK. EehmEs
&,  FRHISE TERE o EPERAE, Bk, o5 UESEY MRME N A BH A B it A o (1 B 2
ML, BUAS T SRR . BRI S SE & T AR MR R R A SRR I, (B ERT S T A S
T ORI ] AR SRR R L. ARE RS2 RS, MRS TR EEa, IR
ot TR A S R, s AR e ML, B UZ SRR AR et AR . NP
R R R IR B4R T
Z-143
St BRI 3 ) F IR 7T
PR
e
Tt HL PRI T V5 BRIR ] £ NP 8585 v B AU B A T CE I ST 5t SR, KPR BRI #8028 i 1%
TSR . WS mRe BRI AR, BOWGHEM B A E . e Rm E SR RO R R ER
PSRRI B N R, BAROCAEBR T b ALER, T4 K BH e i R B BB . ek fifarst
B R RE IR e A, I S0 T BR T HALHDE AR — e Bk . FRATE R AL Ay Tl St A
I 2 PV BB 515, WAL T 2R sERRR 2o Ak it A R %, AmROE M RN TR L iR g
fiilh o
Z-144
13-V-VI14 JR4 F4 K B B8 Bt A 20 RBERCHEAL ) S 28 ¥t
#
IR B RN S S TR AR S
SRR 1-1-VI, TR (F1 CulnSey) FHBL,  15-V-V 1y 5 AR RIRE AT & 1F 72 & NIA S5 11k
GVRTHET R I — R SRR 2 SRR S — S S . AR BRE R PRI &4,
I EAE NP BE IR R SOZ M kL. SR, H AT TR S S M RE AR T 1-IN-VI 5 S k. TEAR
W, FAIE G —VEE R S S0 BB, BRTL T UM 13-V-VI 2 SRR ROW F 2510 . BhE
JEYE, FETF R TR PHRE VAR ARt o A TS AR T 13-V-V I 62 SAR IO AR TE P RS 1 5 B o AR A
MR ROBE I B T AR RE RO IR &R, I A SRBR R AE T BART) T2 250 5 AR S g i Ak
Ji %o [FINY, AN FT AR B3R R 8 — PR S B T 5 5 SRR 07 SRS 45 5 B A U Rl AR e B it T = R
R T K PHBE FL it B B 7T B T T 7

Z-145
FACBA T R R R BRI R R R B S
PURNIES
JEE R R

Polarons—quasiparticles formed by electron-lattice interactions—play a critical role in determining
electrical, optical, and electrochemical properties. Their configurations, dynamic behaviors, and lifetimes remain
incompletely understood, particularly in transition metal oxides and amorphous materials, where complex spatial
distributions, coupling modes, and migration characteristics pose unresolved scientific challenges. In this talk, |
will addresses the most recent work in our gorup.
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JERERIREN, FFAEE AR D SRR OB A M IR AT o ARG T, FRAT 2T IR IR R o
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DLGIRAE T AT RERI PR ARRE . BEAh, BEXE T ARAGE PEXERR, FRATHG v R/ Sl BE R R S5 M 9 T 1
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XF TID A1 BTI RN B IEM AR . AR op, JRATRA B IERALE) HSE06 4403z B 55 a-SiO, H KFEAS A
AT, /185 EPR LA RIEIEIESS [2]. #F—25, FRAT3RAS dimer F1 puckered #4784 4 25 o7
F R AT BRI e, DD ARRE B8 25 AR P SO B T B 5 [3]. X LE BRI BE R L ART IS R 5 22,
AbTHER L [4], PRL, AIRESCHFE AR E &) BTIDYRSAA . JATIE R 25 i i f- A i &
WHOTE, P B TEN LI AT B TR, BEMHR L TID RN B R4 S B0 17 3R- 451
sIgeHLE] [2]. FATRER, &ML PLEARIEH] 40 RAFEREGE X dmia -3 B [5], [6], HIAAEREIT
T B 2 7 2 T R AN 3 R 1

S5 3CHR

[1] C. Wilhelmer, D. Waldhoer, M. Jech, A. M. B. El-Sayed, L. Cvitkovich, M. Waltl, and T. Grasser,
Ab initio investigations in amorphous silicon dioxide: Proposing a multi-state defect model for electron and
hole capture, Microelectronics Reliability 139, 114801 (2022).

[2] Y. Song, C. Qiu, and S.-H. Wei, Hole Capture-Structural Relaxation Mechanism of Defect
Generation in lonizing-irradiated a-SiO2, ArXiv 2410.11475 (2024).

[3] C. Qiu, Y. Song, H.-X. Deng, and S.-H. Wei, Dual-Level Enhanced Nonradiative Carrier
Recombination in Wide-Gap Semiconductors: The Case of Oxygen Vacancy in SiO2, J Am Chem Soc
145, 24952 (2023).

[4] X. Guo, M. Huang, and S. Chen, Si/SiO2 MOSFET Reliability Physics: From Four-State Model to
All-State Model, ArXiv Preprint ArXiv: 1 (2024).

[5] T. R. Oldham and F. B. McLean, Total lonizing Dose Effects in MOS Oxides and Devices, |IEEE
Trans Nucl Sci 50, 483 (2003).

[6] J. R. Schwank, M. R. Shaneyfelt, D. M. Fleetwood, J. A. Felix, P. E. Dodd, P. Paillet, and V.
Ferlet-Cavrois, Radiation effects in MOS oxides, IEEE Trans Nucl Sci 55, 1833 (2008).
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[1] Chuan-Jia Tong, Oleg Prezhdo*, Li-Min Liu*, et al., J. Am. Chem. Soc. 2022, 144, 6604.
[2] Chuan-Jia Tong, Oleg Prezhdo*, Li-Min Liu*, et al., J. Am. Chem. Soc. 2020, 142, 3060.
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Z-157
Multidimensional Defect Identification of Semiconductors in Nonequilibrium
Jun Liu*? Yang Gao*? Xiaolan Yan® Yonggang Li*"? Chuanguo Zhang" Linyue Liu* Bing Huang*,Zhi Zeng"?
1. Institute of Solid State Physics, HFIPS, Chinese Academy of Sciences
2. University of Science and Technology of China
3. Beijing Computational Science Research Center
4. Northwest Institute of Nuclear Technology
5. Beijing Normal University
While the static theory for understanding defect properties in semiconductors in equilibrium has been
established for decades, it fails to identify the crucial defects in nonequilibrium, e.g., under irradiation. Here, we
have developed a robust ab initio-driving multiscale modelling framework to identify deep-level defects in
irradiated semiconductors with multidimensional defect properties. It overcomes two big challenges unsolved in
the past studies, i.e., unambiguous nonequilibrium defect identification and exact deep-level transient
spectroscopy (DLTS) simulation. Our method, verified by identifying the well-known deep-level defects in
neutron-irradiated Si, has been successfully applied to identify the controversial deep-levels in neutron-irradiated
4H-SiC, solving the half-century mystery of their atomic origin. Furthermore, we discover that defect origins of
the same DLTS peaks vary significantly with annealing temperature, due to different defect types with distinct
dynamic behaviors, breaking the long-lasting belief from the static defect theory. Our study not only establishes
the new understanding of nonequilibrium defect physics in semiconductors, but also lays a solid foundation for
controlling targeted crucial defects to improve material properties and device performances.
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Bai, Zhang, Feng*, and Yao*, arXiv:2504.08197, Phys. Rev. Lett. (under review).
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S TR Gy R AN AT T T B @I (LB T G T 58 8 AR R R 1 3 S50 o AR B AR 2 o
F 1A FVE RIS B, IR 1AL B A AR IR R ) SR B T A T A S AR P S R AR TR e
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Z-185
Electric-Field-Induced Switchable Two-Dimensional Altermagnets
Dinghui Wang*,Wang Huaigiang? Liu Lulu®,Zhang Junting**,Zhang Haijun*
1. China University of Mining and Technology
2. Nanjing Normal University
3. Xiaozhuang University
4. Nanjing University
Altermagnetism, asarecently discovered unconventional antiferromagnetism, allows the lifting of spin
degeneracy without net magnetization. The spin splitting of the intrinsic altermagnets is protected by the spin
space group symmetry and is therefore difficult to control externally. Here, we propose an extrinsic altermagnet as
a complement tothe intrinsic altermagnet, whose spin splitting isinduced by and can be significantly modulated by
the electric field. We then screened intrinsic and extrinsic altermagnets by combining symmetry analysis and
high-throughput calculations, identifying 16 intrinsic altermagnets and 24 extrinsic altermagnets. We demonstrate
that the spin splitting of extrinsic altermagnets is proportional to the electric field strength, and its sign can be
switched by reversing the electric field. Some extrinsic altermagnets exhibit considerable spin splitting, such as
CaMnSi with 398 meV under an electric field of 0.1 V/A. This work provides a realistic material platform for the
potential application of 2D altermagnets.
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Control of magnetism and valley physics in two-dimensional lattices
Xinru Li*
Shandong University
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The control of magnetism and valley physics in two-dimensional (2D) materials is pivotal for
next-generation spintronic and valleytronic devices. This work presents two complementary strategies for
engineering magneto-valley coupling in 2D lattices. First, we demonstrate spontaneous valley polarization in
antiferromagnetic semiconductors via PT-symmetry breaking. Using monolayer NiRuClI6 as a platform, intrinsic
staggered sublattice potentials enable reversible anomalous valley Hall (AVH) effect switching through sublattice
magnetic reversal, while maintaining zero net magnetization and large valley polarization. Second, we
establish ferroelectric-driven magnetic phase control in van der Waals homobilayers. In TI2NO2 bilayers,
interlayer charge transfer mediated by ferroelectric polarization triggers reversible
antiferromagnetic-to-ferromagnetic transitions. Crucially, the AFM phase hosts coexisting layer-polarized
valley/spin Hall currents enabling nonvolatile electrical switching of both valley and spin degrees of freedom.
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[1] Xian Zhang, Bang Liu, Junsheng Huang, Xinwei Cao, Yunzhe Zhang, Zhi-Xin Guo, Nonvolatile spin
field effect

transistor based on VSi2N4/Sc2CO2 multiferroic heterostructure, Phys. Rev. B 109, 205105 (2024).

Z-192
Tunable altermagnetism via inter-chain engineering in parallel-assembled atomic chains
Deping Guo
Sichuan Normal University

Altermagnetism has recently drawn considerable attention in three- and two-dimensional materials. Here, we
extend this concept to quasi-one-dimensional (Q1D) monolayers assembled from single-atomic magnetic chains.
Through systematically examining nine types of structures, two stacking orders, and intra-/inter-chain magnetic
couplings, we identify four out of thirty promising structural prototypes for hosting altermagnetism, which yields
192 potential monolayer materials. We further confirm eight thermodynamically stable Q1D monolayers via
high-throughput calculations. Using symmetry analysis and first-principles calculations, we find that the existence
of altermagnetism is determined by the type of inter-chain magnetic coupling and predict three intrinsic
altermagnets, CrBrz, VBrs, and MnBrs, due to their ferromagnetic inter-chain couplings and five extrinsic ones,
CrFs, CrCls, Crls, FeCls, and CoTes, ascribed to their neglectable or antiferromagnetic inter-chain couplings.
Moreover, the inter-chain magnetic coupling here is highly tunable by manipulating the inter-chain spacing,
leading to experimentally feasible transitions between altermagnetic and nodal-line semiconducting states. In
addition, applying external electric fields can further modulate the spin splitting. Our findings establish a highly
tunable family of Q1D altermagnets, offering fundamental insights into the intricate relationship between
geometry, electronic structure, and magnetism. These discoveries hold significant promises for experimental
realization and future spintronic applications.
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Giant Tunneling Magnetoresistance Based on Spin-Valley-Mismatched Ferromagnetic Metals
Kun Yan®,Li Chen?,Yizhi Hu',Junjie Gao* Xiaolong Zou? Xiaobin Chen*"*
1. Harbin Institute of Technology, Shenzhen
2. Shenzhen Geim Graphene Center and Shenzhen Key Laboratory of Advanced Layered Materials for
Value-added Applications, Institute of Materials Research, Tsinghua Shenzhen International Graduate School,
Tsinghua University, Shenzhen 518055, China
3. Collaborative Innovation Center of Extreme Optics, Shanxi University, Taiyuan 030006, China

Half metals, which are amenable to perfect spin filtering, can be utilized for high-magnetoresistive

devices. However, available half metals are very limited. Here, we demonstrate that materials with intrinsic
spin-valley-mismatched (SVM) states can be used to block charge transport, resembling half metals and leading to
giant tunneling magnetoresistance. As an example, by using first-principles transport calculations, we show that
ferromagnetic 1T-VSe,, 1T-VS,, and 2H-VS, are such spin-valley-mismatched metals, and giant
magnetoresistance of more than 99% can be realized in spin-valve van der Waals (vdW) junctions using these
metals as electrodes. Owing to the intrinsic mismatch of spin states, the central-layer materials for the vdW
junctions can be arbitrary nonmagnetic materials, in principle. Our research provides clear physical insights into
the mechanism for high magnetoresistance and opens new avenues for the search and design of
high-magnetoresistance devices.

Z-194
$d$-Wave Flat Fermi Surface in Altermagnets Enables large Charge-to-Spin Conversion
Junwen Lai,Yan Sun*
IMR CAS

Altermagnets represent an emerging class of materials in condensed matter physics, combining an
antiferromagnetic ground state with spin-splitting effects typically found in ferromagnets. This unique duality
enables ultrafast spin-dependent responses, offering new opportunities for spin-current generation—a critical
advancement for overcoming the limitations of conventional spin-transfer and spin-orbit torques in magnetic
memory technologies. In this work, we establish a fundamental relationship between Fermi surface geometry and
time-reversal-odd (T-odd) spin currents in altermagnets. This mechanism is realized in the newly discovered
room-temperature altermagnetic metal K\VV2Se20, which exhibits a charge-to-spin conversion efficiency of ~78%.
Our work advances the fundamental understanding of T-odd spin currents via Fermi surface geometry engineering
and provides key insights for developing next-generation altermagnet-based memory devices.
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L C9eRAPRIEE ), BOCHE, 5kII. RHEHREE, 2017 4.

2. Tian Wang, Cheng Zhang, Hichem Snoussi, Gang Zhang, ‘“Machine Learning Approaches For
Thermoelectric Materials Research”, Advanced Functional Materials, 30 (5), 1906041, (2020).

3. Zhongwei Zhang, Yulou Ouyang, Yuan Cheng, Jie Chen, Nianbei Li, Gang Zhang, “Size-Dependent
Phononic Thermal Transport in Low-dimensional Nanomaterials”, Physics Reports, 860, 1-26 (2020).

4. {Artificial Intelligence for Materials Science) , Tian Wang, Yuan Cheng, Gang Zhang, Springer, 2021.

5. Chenhan Liu, Chao Wu, Yunshan Zhao, Zuhuang Chen, Tian-Ling Ren, Yunfei Chen, Gang Zhang,
“Actively and reversibly controlling thermal conductivity in solid materials”, Physics Reports 1058, 1-32 (2024).
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Design of Novel Perovskite-Based Semiconductors as Photovoltaics and Thermoelectrics
Dan Han**,Kieran Spooner*,Bonan Zhu? Zenghua Cai®,David O. Scanlon®, Thanh Chau®,Wolfgang
Schnick® Thomas Bein®,Hubert Ebert®,Lijun Zhang*
1. Jilin University
2. Beijing Institute of Technology
3. Suzhou University of Science and Technology
4. University of Birmingham
5. University of Munich

Crystal structure prediction has become an effective approach for the theoretical design of novel
semiconductor materials. Here, based on the anion (cation) mutation and crystal structure prediction methods, we
designed new multinary nitride antiperovskites as thermoelectrics and layered multinary nitride antiperovskite
derivatives as photovoltaic absorbers (Matter, 2024, 7(1): 158-174; Angew Chem Int Ed Engl, 2025, 64(17):
£202500768). The phase stability of XgNFSn, (X = Ca, Sr, Ba) and their thermal and electrical transport properties
have been studied using first-principles calculations. These materials exhibit low room-temperature lattice thermal
conductivity and excellent electrical properties. Through modal analysis based on the single-mode relaxation-time
approximation (RTA) and chemical bonding analysis, we further revealed the reasons for the low lattice thermal
conductivity of these materials. For photovoltaic absorbers, we successfully predicted a new class of layered
multinary nitride perovskite derivatives with defective octahedra, which show excellent optoelectronic and
out-of-plane transport properties. Among them, three candidates with relatively good optoelectronic performance
have already been experimentally synthesized.
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[1] H. Feng, B. Liu, Z. X. Guo*, Unusually Strong Four-Phonon Scattering Effects on Low-Temperature
Thermal
Conductivity in Two-Dimensional Materials, arXiv:2312.16761v2
[2] F. Feng, S. Wang, and Z. X. Guo*, Giant twist-angle dependence of thermal conductivity in bilayer
graphene
originating from strong interlayer coupling, Phys. Rev. B 108, L241405 (2023).
[3] H. Feng, B. Liu, Z. X. Guo*, Nontrivial impact of interlayer coupling on thermal conductivity: Opposing
trends in in-plane and out-of-plane phonons, Phys. Rev. B 110, 214304 (2024).
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BRI EERAN . AL IERN I R R F A N, AE i TR AR T TR T AR N FH A
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VBN I TSI AAS e B DRGSR AL O 1 RIS, SO AR E T — A R e A
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BHATEJE . —4ef SRR L E T 3 SR G p ik ezl g I e 2 g2 T — R
BN SR AR VRE M RO ik . BhAh, n BUR p BE R A S AR 2 IR A VS LA K H PR 1 T
ANE I R AARE R . FRAHRIE T —Fh LA CX2 (HiH X = N P, As. Sh) 3308 di k& (FET),
HAEmPERE (HP) FMIRIIAE (LP) R 353 th th ([ SRS R (lon) PERE. K lon fE 431k
F| 4574 pA/um (HP) A1 1735 pA/um (LP), BT K ZHIHAL G- FARM L. 0oL, AR I
PAR ) BB AR, ZEAR I (R I DIAERT & 2023 AEE PR AR RIS ZIE (IRDS) Xf 2025 bRk, K
B IZMBHEARKIIE 5 490K FET Bt h s R 1. BeAt, EE T HR AR ES lon 2
SRR, B T HR A RS 1 P g R g . B 1E G % A AU = D — €A
RUREZE 3, eI IR AT F i, AT SEIR 25 1) SRS Wit . X I LA i e AN &8 )
AR RN AR I BCTHR AL T AT R R
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Symmetry-driven connectivity of phononic topological quasiparticles
Zhongjia Chen
South China Normal University

Phononic topological quasiparticles refer to degeneracy points in the phonon band structure of crystalline
materials protected by symmetry, whose degeneracy and dispersion types are determined by local symmetries in
the Brillouin zone and have been extensively studied. However, the global connectivity of topological
quasiparticles across the entire Brillouin zone is often more complex, containing rich and insufficiently explored
topological structures. In this work, we systematically establish a classification framework for Dirac phonons in
centrosymmetric space groups, which is distinct from conventional definitions based solely on local symmetries,
by fully considering the connectivity of phononic topological quasiparticles between different k-points based on
compatibility relations in group theory. Furthermore, we focus on a class of "accidental degeneracies" along
high-symmetry lines and conduct a comprehensive analysis of the connectivity of phononic topological
quasiparticles across all 230 space groups, reclassifying them into four categories: (1) charge-0 Dirac points, (2)
charge-2 Dirac points, (3) singly nodal-line-embedded degeneracies, and (4) doubly nodal-line-embedded
degeneracies. First-principles calculations predict the existence of these topological connectivity structures in a
range of real materials. This work broadens the classification perspective of phononic topological quasiparticles,
emphasizes the fundamental role of global connectivity, and provides a new theoretical paradigm for the discovery
and design of topological phononic materials.
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K JTMDs 5, Br8t 3 SRR~ E5 d FUBHERF 51 & B3 1HUEES R, s E G F i 4E
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T EUR ) B Tk IE LRI AR 7 XUZ B A I B R b - D AH B, 3K 2 AN H 7 SRy S e R T AN e A 21
o 2T T VIR N B AR AR S AR LA IR A 7 SR W, Dy 2 2 IR S i SO L 2 4
BT J71R . PLETARRFALE Phys. Rev. Lett. 134, 076001 (2025)F1 Phys. Rev. B (Letter /23X 109, L220506
(2024).
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Beihang University, China
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183777 1) I HE % 1m) e 1R () — BT AR I . b Ah, Se A7 B EPRAK 1AM N B e, 113 Be2
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Phys. Rev. B 109, 085148 (2024)

Phys. Rev. B 105, L081115 (Letter) (2022)

Phys. Rev. B 102, 201105 (2020)
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SLJTEM) Lip,CuHe (T = 80 KD, Jfifid 37161 500 FArklpfe e -t SRR, #nidiEe)E d ir
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DA SRS S B M, BT A R BT B 07 R 9 SRR B R 22 5 K 22 R PR B v Ve e - A SR A i 42
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Structural ordering of amorphous motifs under electric field in threshold switching chalcogenides

Wenxiong Song
Shanghai Institute of Microsystem and Information Technology

Threshold switching, the ensuing abrupt conductivity increase at a critical threshold voltage (Vth), makes
amorphous chalcogenides appealing for crossbar memory applications, particularly for the recently developed
selector-only memory. However, the unknown mechanism behind threshold switching hinders effective
development of memories based on amorphous chalcogenides. Here, by combining device measurements and
first-principles simulations, we identify an atomic-scale conductive filament (CF) region induced by electric
polarization. The CF formation occurs as the polarization increases the material’s dipole moments through the
formation of preferred bond orientations under the electric field, resulting in significant structural changes in the
CF region. The CF exhibits size-dependent characteristics and appears in various sub-10nm devices. The abrupt
conductivity increase after switching on is contributed by delocalized electronic states confined to the CF, and the
CF formation is responsible for the polarity-induced Vth shift in selector-only memory. These findings provide a
conceptual foundation for maximising the potential of amorphous chalcogenides in novel crossbar memory
technologies.
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[1] Wei Pei*, Lei Hou, Jing Yang, Si Zhou*, Jijun Zhao*, Nanoscale, 16, 14057 (2024)
[2] Jie She, Wei Pei, Si Zhou, Jijun Zhao, J. Phys. Chem. Lett., 13, 5873 (2022)
[3] Jing Yang, Jixiang Zhou, Xueke Yu, Wei Pei*, Jijun Zhao, Adv. Funct. Mater., 25070144 (2025)
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FMEREEEE T, X MAZ B Z4EprkL & Janus 253 T Rgidit Sk, T Roet. B4
s OCHIThRERFPESEMIRAT, M 720 Mis sty rhifik it 10 ARG ROCRESRAE (PCE) LTI 4
N EA AT ER NG (HER) IMRIELEH . A FUIA M B T f g 4R FR Janus £54 51 N AR L
Ti% MAGZy A EHIAR A5 1) e AR S FLTRFEN L, D9 Janus S5 M 1K it A ARt FE 1 MDA
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TR IR A0 A P S B AL 7 ST, AT SEZBIANAR 408 70 3R 25 A Ja P s o4 ) G )y i A0 o7 52 e P B 22 R 12
WK T MRS FE AN R R o ARHIF 9T 9 MR s 8 I TN B 58 T B AN AR LAl
KRB :
T4 Janus S5H; mNEETHEL T4EMORIEOE A B RES AL RS
225 3k
1.  YLYang, YD Yuetal., J. Mater. Chem. A, 2024, 12, 33233.
2.  LJShang, YD Yuetal., J. Mater. Inf., Minor Revision.
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Non-Redundant Atomic Environment Sampling through Covering Set Optimization
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Atomistic Simulations of Atomic Layer Deposition Processes
Linwang Wang
Institute of Semiconductor, CAS

I will present our work in using ab initio calculations and Kinetic Monte Carlo methods to simulate the

atomic layer deposition (ALD). In particular, we have used the on the lattice kinetic Monte Carlo and off lattice
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kinetic Monte Carlo approaches. One of the key point is to find the surface attachment configurations and
chemical reaction paths. The chemical reaction paths are found using a nanoreactor technology, and its reaction
barrier high is calculated using a slow growth method. Machine learning force fields are also developed to
accelerated many of the calculations, especially for some high aspect ratio hole depositions process. | will also
present some results for our physical vapor deposition simulations.
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[1] N.-K. Chen* et al., Acta Mater. 276, 120123 (2024).

[2] N.-K. Chen et al. Adv. Funt. Mater. 34, 2410622 (2024).

[3] N.-K. Chen* et al. Nano Lett. 25, 3726 (2025).

[4] N.-K. Chen* et al., Nature Commun. 15, 9983 (2024).
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[5] N.-K. Chen# et al., Appl. Phys. Rev. 120, 185701 (2021).
[6] N.-K. Chen et al. Phys. Rev. Lett. 120, 185701 (2018).
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Reconstructive phase transitions involving breaking and reconstruction of primary chemical bonds are
ubiquitous and important for many technological applications. In contrast to displacive phase transitions, the
dynamics of reconstructive phase transitions are usually slow due to the large energy barrier. Nevertheless, the
reconstructive phase transformation from B- to A- Ti305 exhibits an ultrafast and reversible behavior. Despite
extensive studies, the underlying microscopic mechanism remains unclear. Here, we discover a Kinetically
favorable in-plane nucleated layer-by-layer transformation mechanism through metadynamics and large-scale
molecular dynamics simulations. This is enabled by developing an efficient machine learning potential with near
first-principles accuracy through an on-the-fly active learning method and an advanced sampling technique. Our
results reveal that the B—\ phase transformation initiates with the formation of two-dimensional nuclei in the
ab-plane and then proceeds layer-by-layer through a multistep barrier-lowering Kinetic process via intermediate
metastable phases. Our work not only provides important insight into the ultrafast and reversible nature of the f—A
transition, but also presents useful strategies and methods for tackling other complex structural phase transitions.
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BT AR
1IN

SRARHE v I 1) 55 B TR WORDRL S SO BRIE SR AT RL Z TR) TR B WFe FiHT, AR IR 47832
et gD, AGEm A SR B m A Rt se, Bk, BEFE WiRe St fidE e
REHAT BRI TR o SRt @, EAw T, W E AR WiFe SRS K, TTRE RIS
RS IR, KRBT AT HeAth F T, W(100)/Fe(100) & W(110)/Fe(110) 7t 1 45 #4 S 3L H R T T 5 A A
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W 7SIATE L EE I 28 S5 K, TX Ee 5 K7 AL A% ZGI R vh R It AN 18] ) 30 g 23 A 77 20, 6 RO 1l ) i R
R P EA SR E B AR R B I R I BE T, Rl W(100)/Fe(100)H A BRI HTHL A AT DR g 2k
Jit o XoF JERJ2E B BN LA 3 B A I, TR I F) 5 J Sk S B TR AE A I 520 T 5~ R8 RN BB IR 73 A
I HRIL T S AR Ve R GEE shANEAC RS, R 7 TH SR AE R R TR eSS R, AT BT
T WiFe YENHIAAHE RGERR IR 5 REVEAR A, FET 50— PRI S5 IR, ORI T Al Ab sk s AL
SEAR G ) R SR A VE ST R K, UIAEH TR RGP, R AR N AR B4 IX LR
53, 9 WiFe TEAZ RS R A AR IR BE N A0 RGN R AR SE it 7 EERL 25,
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ZIBRPUK RS T B TR B E RS TR
BLH
TR

Z LA e RO Sl R A AR R R R, AR AR D 3% B AN . X 2 AL i A
B TAMNIEIRNGT TS, R BT IR SRR S DR OB R A SRR . AE T AR R I F 3
S EN IR T 2L A R A SR R AL, R T AR T A ARRGEIELR . ZALBRE R
R R FLAR R A8, LR T EAS R RS I s e SR IR, e RmpeE s Th &, R i
IR A ENLEON B T R ES A BEAE T 2 LR H R0 B A 4m B SE e, AT et 77— A
HAWIWILARN 2 SLHEACHT 45, W] R SR T8 2 2 4 78 FLd 2 5 A A, o) ) 7 LR 2 4R T
Rl 38 A8 v A 2 5 20 B R B A ik At . 1R8I e s b, 5601301 isidih. -
Wi 5 RIERRRTT 1A Fr 2 FL AR B4R $hE5 A8 R <5 11 )88 2 F 25 4 78 Fe S i e L RE S M AL EE
T BN A 5 P 2 BB 4R 7R 2 S LA SR B R L A S T B LR ELAE P S BB 3 R AR AR B
I, RIS TGN ERGRTIRE K AB HESZERFXT T AA HES S5 K FL Y 7 HAH TLAE P SR TR,
R TSR, WA TR AN, AT E TR E S, =TT 7 BRSO R A, RSN A
A& T EE BN, BEIS T B T R R, Ntk T RS s R . AR T s USRS
JRORZ LW, 57 B 7000 6 B A el vl e B v RE 8 S i D3 B . AR ARG 0 2 LA
TARHLEL RN A, Bt s R E S DR SO A AR A 7 ISR S AT T %

VR R RO
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[2]Qin Kang, Hongyu Liang*, Zhaomin Zhu, Fuxu Xing, Bingzheng Zhu, Yuman Li, Shihao Wang, Shengda
Tang, Hui Li, Li Pan,Lijun Yang, Tangming Mo*,Yongfeng Bu*, Non-Substituted Aromatic Pyridine N-Oxide
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AN TR R AR IR 2 7 A AN R ) 2048 R T RERE (PKAD. —J7THI, PKA BEESFEAFRRIEK
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A GRVE AR, VERARRE AT R PKA R AR I BIAR A0 R MAFAEZE 57t o AT AR I 70780 1) 2 AL,
WA TEARH PKA fE& (30-100 keV) R, FeCrAl- ODS #NHAL A 4 o i 5 76 B AL ok LR Ar <3t
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PIVEfRIE AR, 5RR, i PKA REEMGUPEMIGIN, HAE 2nm & 4nm ZHFRESESKE
B S5 (R A, T A DO AL T A 2 LI R PKA X6 Ar VBV i FE . 782 BRSNS L T, &
SIS PKA Z3T MEIERBIFRE. SRIM BHEER, MHBEES 307 MeV 1] Xe &FiaM
FeCrAl &4, 7EREIBIRIIEAE X IR &7 A i PKA BEVEAIEE 22 (O Z B VK, M 5 B 17 068 £ [X 35
B R I R RGN o SRR 45 R 5 0 1 HRAR IR FeCrAI-ODS AR i IR 4 A6 20 i B ot oy R Ao X
SRR 45 AR R T B AR IR R P R R PKA BEE AR A AL, N ERARAN A B A
FE IR SIS T O 25 48 22 5 DA B T R IR, b AR R S0 T AR T — B RS %
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B RIEESD T30 /1 R 5 S A B ER 43 B i B

HEE. YA

B ol K
[iZiE (RO JRIFLRRIZEAKMERNSIER KIS SR 12 RE. SR, B IX AR A AR AR
R MR AE AR IR . ABE R miB B 73l 0% (HTMD) BEBURIIRANKE (CNT) R, 1551
TREZEFM NaCl #l R 8. B)E, FIANLEE 2] (ML) 53X s fdlm gt AT ot DADLAC i &
iz

|

r~al

o

HTMD 45 E W, KX ERNEm AR E . b, WRAURHIRICEKIE SR mEER, HEEZ
NaCl B R W K. AR TGN 1 AR5 K Z 8] (A BASRRN, F 77 2 T BT 1 AR SR
il [RIN, M LSS 27 2] 0 I Eey23 2 A0 NaCl #k B 88 HEAT 70 A T, AT 4 21 SE B e s 28 24 A0 100%
NaCl # B R AR A1, Hil 7 73 AT e . AT R, HTMD 5185 Mg & ik
THETY RO JEE LASCIL S AR RE R I 1 R A Al 5% o
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Wetting Study of In and Sn Solders on AlSc Target and Cu Backboard Materials based on Molecular

Dynamics and First-principles Calculation
Xiaofei Zhang,Xiaofeng Zhang,Xvdong Hou,Zicheng Zhou,Xiaochao Wu,Bingbo Niu,Jiagiang Yang*,Chengduo
Wang,Qingkui LiJilin He
Zhengzhou university

In the domain of 5G communication technology, AIScN film is an ideal piezoelectric material for filters
owing to its superior performance. Therefore, ensuring the stability of the brazing between the AlSc target and the
Cu backplane during the sputtering coating process is crucial for the production of high-performance AIScN films.
This study aims to compare the wetting behaviors of In and Sn, two commonly used semiconductor target solders,
on the (100), (110), and (111) surfaces of Cu and AlSc using the molecular dynamics and first-principles method.
The research findings reveal that, in comparison with Sn, In displays superior wetting performance, this can be
ascribed to the stronger adhesion energies and greater electron transfer at the In/Cu and In/AlSc interfaces. In
particular, In displays the ideal wettability on the (111) surface of Cu and AlSc, and the spreading mechanism of
In on Cu and AlSc follows the diffusion-limited model. Additionally, size effects on the wettability of
nanoparticles with radius of 37.5 A and 50 A can be considered negligible. The study provides theoretical support
for the solder design and development of AlSc targets for filters in 5G technology.
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SESREY BAT AN T HERR
RN FET R
VU)K

T 7] <6 7 25 5 1A O AL v ) S DR B R AR OR SR AR B B ) SO M) il — o X THFE ITER Pk Jy 70 it 2
MBS, 75 RARHE RIS T s RE U A 3R 5 & T A&, 14 MeV P 4E IS, & (HD 78S
WCRH L 3B S R AT O 2 B A R D) A RE S IREMIE AR . R, AR, AMER 1Bl
FREACRI TSR AT HUT N, DL E RS ARESE AR i A8 S0 1T ULAEE
PRI R, M3 MD B R0 AR R IR s BHRE, JFAEH MSD J5ikwis 7 H
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7E W (110)2 i 19 BT A, $a7R 1 AN A8 55 FEX T H 75 W (L10)3R [ 9481 70 A  JBE B DL ZB N R4
W T4 KB, 7E 500-1000 K HEE X N, A[F)7E 55 5% (single Hy 6=0.05-0.15 ML) R+ H HI9 HU™ #% i
& Arrhenius 77 2. ¥ EURISILAE Z FIRE /N T 5% (<0.01eV) (HARRTA ¥ DO b7 56 1 20 R4t
PEZEOE S, RV 5 AR T R i BO R AR T, AR AR S A . R, fE=FE R
fE (6=0.05-0.15 ML) K H JEF7F W(L10)K 48 LI H KA2H FHES . RDF EoR7E r=2.5-3.8 A X[ H#]
TREER, E TR R R, WrE r=3.8-5.0 A [X[W}N, RDF WgGRE A A B E R
W T SERRAFER SRR, RN AR S E A 5 T I B AT SRS BT
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HE T BEWEYRSEH Rl R 5T
BES;
HARR
IEAER, B N &AM S MR SIS T B, H3S. LaH10 Al CaH6 %5 & Sk & 7E i Ik~ (>150
GPa) EILH 200 K DA ik AR L, (RS RHE E Jm, ARAMEEERE B R 4560, KR
PR T ST X IR — U B AR AR R SRR TR SR R R A I, AR R 5 — SR
B ARG RN G, RERR THINEAEE SMEH RS0 X — MR,
e TePEg A G m AR, Wit T RVREASWNEASG &5 34, JUH LaBeH8 13 /)74
SEJE S ZE 20 GPa, RIS FEiGHE SR ik 185 K, TV LIl sz, A6 VRl @, Mg 1w
ST S AR IR AE R, 245G H @ BUEE, ERER =IuB R AN R TR Y 1A T A B
1R A = R S A LY, T Fd-3m-Li2NaH17 7 220 GPa [{# SR 58 357 K. XEEHF 70K,
AR T 0 RS A SR, oS St AL S I SRR 4E T3 B e 48 3 AR A
o
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K715 SBSENER SR IR RN
BUNE*. Bt HkiEiz
AN BN
PRIRIRAR G5 S AR IS 707 BT AL RS H 5 A RLRL 27 S ) T PR . AW 7T i 56—
PRSI F3) 15, R TSN (LIHD) E% R (0-500GPa) YUl N &A1 /i S 45t i
B o ZAT A AN MRE T BA Li-H OIS BRI VRS, S0 I8 31 v 5T X BRI ik RS o
[FF, RRPRTE CIEERIES) MBS FHia il (nd 8280 WEIEEmMN . HETEENS,
XA OAE S IR ORI, T SRR 2 A AE T 0 RAR B TR b o dl A LiH s
- AR, 8 IR B A B T SR R b B 2E ) E AL
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E TRASRBREHAT AN MRS 2R
L
KRR T K2
AT A CA BRI R DR AR T I F A A8, & ARSI R I e R R
AAEEFRAN, BAE T AR P 7 AH KB SRR HE S IR R YO N R R R, JREE TR HH R It A UPIR
AT, MENTHES TR, NBE. SFEREE LRI FSH. ARV, Sl 5T R 2 RS
BN ESHAE & R RE S RO ERIERE, (ASCIEANR SR N HI R & EREERE T
JIFAFENR/ME, A RE RNt RIS A IMERRAE s A8 VPR RRASE B A 75 T B R 23 . 1% TAEA
IR T BES B IS T IR A2 AT 0, 3B RS 2 A RS < B A S AR TR, X RE
VAA BB RIT R B B R B4R 58
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Interlaced Nanotwinned Diamond and Its Deformation Mechanism under Pure Shear Strain
Yabei Wu',Minggiang Zhang"? Wenging Zhang**
1. T RHECR
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While there is a relatively clear understanding of the deformation mechanisms of parallel nanotwinned
diamonds with a single-orientated twin plane under shear strain from both experimental and theoretical studies,
significant discrepancies remain between single-orientated parallel twins and experimentally observed twinned
structures. These discrepancies hinder a comprehensive explanation of the structural evolution and deformation
mechanisms in real twinned diamonds. To address this gap, we constructed an interlaced nanotwinned diamond
structure with coexisting twins of different orientations and investigated its deformation mechanisms under pure
shear strain. The interlaced twins with different orientations inevitably lead to the coexistence of sp3 bonds
and sp2 line defects at the intersecting sites. Our findings reveal that under shear strain, the ideal twin interfaces in
the interlaced nanotwinned diamond structure first undergo flip, transforming into a defective parallel
nanotwinned diamond structure. As shear strain increases, this defective structure evolves into a unique
diamond/graphite interface structure. Due to the strong local carbon bonds associated with sp2 defects,
graphitization lags behind that of sp3 carbon bonds, leading to the formation of pentagonal ring structures at the
interface. This imparts edge dislocation characteristics to the interface structure, which is significantly different
from the diamond/graphite interfaces observed in high-temperature and high-pressure experiments on graphite.
Calculations further indicate that continued increase in shear strain may lead to a series of transformations among
diamond/graphite interface structures, defective diamond structures, and back to diamond/graphite interface
structures. This study provides important insights into the deformation mechanisms of interlaced nanotwinned
diamonds under extreme conditions and reveals a new type of diamond/graphite interface structure.
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BT P — AR 23 i He o 2 T AT T ) A A R R AR, B TR R R R A AR A
WINESE VIR KIM B, 220005 YIBINRRFEGUR) 2 Rk, TS A E oy — Mo Y
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2. FEARKS
AHLAK RGP 55 Tl 2 HL R3S T SRS L, RSV BT OB A SR A T i PR S FH T 5% o
A DA R 73 F18) . 201 54 TR TR AH AR I B A ST e A HLaA K R B B2 = e )
THEWNSFRSER, ATELGHEZRIEG (DFT) HHEAR S, Bfisll &S FRma T —KEF
BN X 2 OS]0 e R L N (2 N s i T e 0 R (D e TR NETE el G RS S O e e e
Tte X TRIEFHIAN D T RS, WSS IR TR AR IE B MR 5 EE gy (STM/ISTS)
ERITB, s T H BT EWAVEEN MR . %0 7N 7 7 B A HLAK RGBT 25 AT R it
Mt T EIEE K.
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BARR AT RRX— L, FATERE T — RIVAHBIHEOR, SCHL T SCFT Hllik BOL IRV P ARG 1 1) 4
WA B, AT 7 — MR B0 B 3hiR A PP M 7% (SAIS), MM A AT
K SCRT (it B4 2 15 oy AR Fe RS MR 3R, WA IEITHR B b 385 7 AEat[1]. Hok, Bt
RIS R TSRO W 7 EAE R E TOMUBRA R N KA SCRT 52 N 73RS BEE R ARKIA S5, LA
(7 B AR A T B AR TSR AT RS, 3 — AN I 2 SRR 1) T o AT 1K [ o 7o M T IR AN RS 2644 R ¥ SCFT
RPN BEHREL FFINZ MRS, BAERATRERD A SCRT SRR . Tl IXFhiiiL
ik, JREEGSERTRER SAIS TH, wIPuE IRk BIRt ERACIMHE . &5, T SEME TR RR
TR SE T S B BOL IR B S5, AR T s TR AN S M R R o, JRE T OT R T IR
W9 SCRT 8L [2]. # LA E=MEORMSE &, AT 7 BENLEE S ) — G P A S R R R E—Fa
S RH T ) A E E Bk . 0T FUR R B S R AMY BE SR T I tH B AR AR, IE N IRR 53t
TR A AR BOL R YR R AT 9 3Rt 1R R AT 5
SR
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(3D) WTEHHEAT . WIFRIERZIRFAE T, ik, S2IRAN T BRI LA 32 BRI F o
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A iR 1) R )R A S A A A R R B B, — B DRI SR AT G . AR S BRI Z 3
5i, Bl 2 SR, BEA AR R IZ AR o AREFRDS T R g i w k Jy (10-13
GPa) i@/ (1000-1400 KO Z&1F T AMmEIHKI T RENE . RIIMKE 2 730775 (AIMD) #iflL, FATH0F
F T e s ER AL N AN TR 2 BB BT R, AETCHL C-H-O-N JiAA AR & (W) 15379 CO.
H20. H2. NH3), KEGHULEWIRED B KV IR e . RSP LUt — DA Rl . T
AR AL LS ) 7 7 BT SRR . 5 22 BTA A R B L7 17T BeAE AR I 25 10 T 7K R Hh s
BEEAAE WL RURE B, FRATTHO BT 98 2 IR L8 5 i 1) AP0 70 F-4E C-H-O-N dit A rh i) DLAS SEAFAE, XA AT e A i
ECUR B Bt T E R IAR A Sy . H HBETHEESE, 10 GPa A1 1400 K (1) S5 A4 H) T axX 26 A A AH 5%
G Lo+ AR AR EARAE o 2 TR 1 Am Rt 2% T A0 00 & ORI LR BR AR ANAH 5¢ S AL BE,
DM BERIRER AL AR R R AR AL 1 S R S
IR F: Li, Tao; Stolte, Nore; Tao, Renbiao; Sverjensky, Dimitri A.; Daniel, Isabelle; Pan, Ding*.
Synthesis and Stability of Biomolecules in C—H-O-N Fluids under Earth’s Upper Mantle Conditions. Journal of
the American Chemical Society, 146 (45), 31240-31250 (2024).
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Z-P02
Unravelling phase transformation with phononic hyperbolicity using off-resonant terahertz light
Hanli Cui*,Jian zhou
Xi'an Jiaotong University
Noncontacting and nondestructive control of geometric phase in conventional semiconductors plays a pivotal
role in various applications. In the current work, we present a theoretical and computational investigation on
terahertz (THz) light-induced phase transformation of conventional binary semiconducting compounds among
different structures including rocksalt, zinc-blende, wurtzite, and hexagonal phases. Using MgS and MgSe as
prototypical examples, we perform anharmonic phonon mediated calculations and reveal large contrasting lattice
contributed dielectric susceptibility in the THz regime. We then construct a THz-induced phase diagram under
intermediate temperature and reveal a rocksalt to hexagonal and then wurtzite structures under increased light
intensity. This does not require a high temperature environment as observed in experiments. The low energy
barrier suggests that the phase transition kinetics can be fast, and the stable room temperature phonon dispersions
guarantee their non-volatile nature. Furthermore, we disclose the phononic hyperbolicity with strong anisotropic
THz susceptibility components, which serves as a natural hyperbolic material with negative refractive index. Our
work suggests the potential to realize metastable hidden phases using noninvasive THz irradiation, which expands
the conventional pressure-temperature phase diagram by adding light as an additional control factor.
Z-P03
Period-Length and Atomic Substitution Modulation for Enhanced Thermoelectric Performance in
WS.2/WSe: Superlattices
Junjie Gao*
Harbin Institute of Technology, Shenzhen
We propose an innovative strategy to enhance the thermoelectric performance of WS2/WSe: lateral
superlattices through period length optimization and atomic substitution. Using first-principles calculations
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combined with the number band method and Landauer theory, we demonstrate that optimizing the superlattice
period can yield a (WS2)+/(WSez)s configuration with a remarkable ZT value of 1.31 (cross-plane, y-direction) and
1.202 (in-plane, x-direction) at room temperature (300 K), achieving over 200% enhancement compared to
monolayer materials. Mechanistic analysis reveals that in the x-direction, the improvement stems from step-like
transmission coefficients induced by band convergence, resulting in an eightfold increase in the power factor (PF),
surpassing the rate of increase in phonon thermal conductivity with period length. In the y-direction, interface
engineering optimizes performance by reducing thermal conductivity by 53% while maintaining PF stability.
Further adjusting the asymmetric S/Se ratio can boost the power factor by 50% with negligible change in thermal
conductivity, achieving a ZT of 1.1. This study highlights the critical role of period length in anisotropic ballistic
transport and establishes period modulation as a transformative approach for designing 2D thermoelectric
materials, emphasizing the importance of structural and compositional complexity in maximizing thermoelectric
efficiency.
Z-P04

Valley-dependent giant orbital moments and transportation in rhombohedral graphene multilayers

Xingchi Mu,Jian Zhou*
Xi'an Jiaotong University School of Materials Science and Engineering

Recent years have witnessed a great interest in orbital related electronics (also termed as orbitronics). In the
current work, we present a first-principles calculation on the orbital magnetic moments, intrinsic orbital Hall
effect, and ordinary magnetoresistance effects in rhombohedral graphene multilayers. Our calculations suggest a
giant orbital moment that arises from inter-atomic cycloid motion, reaching over 30 uB under an intermediate gate
voltage. This leads to a valley polarization under an external magnetic field, as observed in recent experiments. In
addition, the orbital-related transportation feature exhibit significant responses that are potentially observed in
experiments. We also suggest that under a periodic field driven (such as high frequency light field), the ungated
graphene multilayers could host strong quantum anomalous and orbital Hall effects, engineered by the layer
number. As the graphene multilayers are intrinsically nonmagnetic with negligible spin-orbit coupling, the orbital
moments would not be entangled by spin-related signals. Thus, they serve as an ideal platform to conduct
orbitronic measurement and utilization for next generation information read/write nanodevices.
Z-P05

Key interface factors in total ionizing dose effect of 4H-SiC MOS devices
Chenfeng Ji*? Jun Liu*,Yonggang Li*"?
1. Key Laboratory of Materials Physics, Institute of Solid State Physics, HFIPS, Chinese Academy of Sciences
2. University of Science and Technology of China

Interface dynamics play a crucial role in the total ionizing dose effect of 4H-SiC MOS devices. In this work,
a dynamic model is developed to simulate the microscopic evolution of defects and carriers in both the oxide and
channel regions of 4H-SiC MOS devices, by incorporating interface effects arising from the trapping of channel
carriers at the SiC/SiO2 interface after tunneling through the interface energy barrier. The influence of three key
interface factors on this interface effect is examined, including the characteristics of interface traps, the tunneling
probability and the interface electric field. The results show that the characteristics of interface traps and the
tunneling probability are influenced by fabricating processes, including nitrogen annealing and substrate doping.
Thus, balance between carrier mobility and radiation resistance performance should be considered. The interface
electric field can be modulated by gate bias during irradiation. Although conventional negative gate bias annealing
is effective in migrating threshold voltage drift, it should aim to minimize the interface electric field for high
frequency devices.
Z-P06
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Abstract: The phase transition (PT) behaviors of the baddeleyite phase at high pressure and temperature have
been studied with deep-learning potential molecular dynamics (DPMD) simulations for bulk TiO2. Our theoretical
results indicate the baddeleyite — OI phase is a first-order martensitic-like collective PT under hydrostatic
pressure of around 80 GPa at room temperature. A new 8-coordinated orthorhombic phase (O-1V phase, space
group Pbcm, No. 57) will emerge under hydrostatic pressure of around 87 GPa at room temperature which has
been expected since 2001. The so-called modified fluorite phase (orthorhombic O-111 phase, Pca21) is most likely
to emerge during domain switching in baddeleyite phase driven by hydrostatic (~40 GPa) and shear pressure (~5
GPa) coupling. There are a large number of chiral vortex and Bain distortion occur at the boundary of four
adjacent vortex in the O-IIT — orthorhombic columbite martensitic-like PT of large bulk TiO2. Driven by high
temperature, the baddeleyite phase and the orthorhombic O-I11 phase nucleate and grow up in the two dimensional
(2D) plane with martensitic-like PT and reconstructive PT, respectively, and then expand into the orthorhombic Ol
phase layer by layer. Our DPMD simulations can provide new insights into the existence of the cubic phase (O-I11
phase), which has been debated experimentally for 20 years.

Z-P09
Molecular Dynamics Study on the Tensile-Compressive Asymmetry and Microscopic Deformation
Mechanisms of Polycrystalline Cu/Al.Cu/Al Interfaces
Hui Zhang,Aigin Wang*
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Henan University of Science and Technology

Abstract: This study investigates the tensile-compressive asymmetry and underlying deformation mechanisms
of polycrystalline Cu/Al.Cu/Al interfaces using molecular dynamics simulations. The results reveal three key
findings:1,Elastic Modulus Asymmetry: The material exhibits a significantly higher elastic modulus under
compression than under tension, indicating greater stiffness in the compressed state;2,Brittleness and Ductility
Asymmetry: The material tends to undergo brittle fracture under tension, while it displays higher ductility under
compression. This difference is attributed to the closure of microcracks during compression, which resists further
deformation, whereas microcracks readily propagate under tension, leading to material fracture;3,Tensile and
Compressive Strength Asymmetry: The compressive strength of the material is significantly higher than its tensile
strength. This phenomenon stems from the distinct critical stresses required to activate slip systems under tensile
and compressive loads. Mechanistic analysis indicates that during tension, plastic deformation primarily occurs
through grain boundary migration (GBM), characterized by the transformation of FCC structures into grain
boundaries, resulting in increased grain boundary width. Meanwhile, HCP structures exhibit minimal atomic
changes, restricting dislocation slip. Microcracks preferentially nucleate near the Al.Cu/Al interface, exhibiting
typical brittle fracture characteristics. In contrast, during compression, the plastic deformation mechanism is more
complex, involving the synergistic action of dislocation slip, FCC-to-BCC structural transformation, twinning,
and grain rotation. Compressive stress activates more slip systems, leading to a significant increase in hcp atom
numbers and dislocation density with increasing strain, thereby significantly enhancing the material's load-bearing
capacity under compression.In summary, the tensile-compressive asymmetry of the polycrystalline Cu/AlCu/Al
interface originates from the distinct microstructural and deformation mechanisms under different loading
conditions. These findings provide important theoretical insights into the mechanical behavior of polycrystalline
material interfaces and offer guidance for the design and application of related materials.
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(1) Li, Z.; Hong, E.; Zhang, X.; Deng, M.; Fang, X. Perovskite-Type 2D Materials for High-Performance
Photodetectors. The Journal of Physical Chemistry Letters 2022, 13 (5), 1215-1225.

(2) Guo, S.; By, K;; Li, J.; Hu, Q.; Luo, H.; He, Y.; Wu, Y.; Zhang, D.; Zhao, Y.; Yang, W.; et al. Enhanced
Photocurrent of All-Inorganic Two-Dimensional Perovskite Cs,Pbl,Cl; via Pressure-Regulated Excitonic Features.
Journal of the American Chemical Society 2021, 143 (6), 2545-2551.

(3) Maria, I.; Acharyya, P.; Voneshen, D.; Dutta, M.; Ahad, A.; Etter, M.; Ghosh, T.; Pal, K.; Biswas, K.
Evidence of Lone Pair Crafted Emphanisis in the Ruddlesden—Popper Halide Perovskite Cs,Pbl,Cl,. Advanced
Materials 2024, 36 (41), 2408008.

(4) Liao, C.-H.; Chen, C.-H.; Bing, J.; Bailey, C.; Lin, Y.-T.; Pandit, T. M.; Granados, L.; Zheng, J.; Tang, S.;
Lin, B.-H.; et al. Inorganic-Cation Pseudohalide 2D Cs,Pb(SCN),Br, Perovskite Single Crystal. Advanced
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(5) Wu, W,; Liu, Y.; Xu, J.; Yao, J.; Shi, C.; Wang, X. Enhanced exciton—phonon coupling in pseudohalide

2D perovskite for X-ray to visible light detection. Chemical Communications 2024, 60 (78), 10902-10905.
Z-P14
Theoretical study of mechanical, electronic, optical and thermodynamic properties of fcc-Ru interconnect
materials in integrated circuits
Ligiong Wang",Xiuhua Chen*** Wenhui Ma**,Chen Li% Zhaorui Sun* Tengyu Wang',Zifan Xu*
1. School of Materials and Energy, Yunnan University
2. School of Engineering, Yunnan University, Kunming 650504, China.
3. National Joint International Research Center for Optoelectronic Energy Materials, Yunnan University, Kunming
650504, China.

4. Institute of International Rivers and Eco-Security, Yunnan University, Kunming 650500, China.

In order to explore the basic physical properties of fcc-Ru interconnect materials in integrated circuits, the
first-principles calculation method based on density functional theory (DFT) was used to study systematically the
mechanical, electronic, optical and thermodynamic properties of fcc-Ru. The calculation results of elastic constant
and density of states curves showed that the fcc-Ru had mechanical stability and thermodynamic stability. The
calculation results of BH/GH and Poisson's v indicated that fcc-Ru was a brittle material. The research results of
mechanical properties indicated that the bulk modulus B was isotropic, while the shear modulus G and Young's
modulus E exhibited anisotropy. The research results of band structure, the density of state and optical properties
have further confirmed the metallic properties of fcc-Ru, and there is an intensified hybridization between the
Ru-p and Ru-d states, thus forming strong Ru-Ru chemical bond in fcc-Ru. Finally, the quasi-harmonic Debye
model was used to study the thermodynamic properties of fcc-Ru in the pressure range of 0-40 GPa and the
temperature range of 0-1000K, including heat capacity (CV, CP), thermal expansion coefficient (a), Debye

temperature (6D) and Griineisen parameter (y).
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Z-P16

Hydration Dynamics and Selective Transport of Li+/Mg2+ separation in Hydrophobic Nanochannels
Meili Yuan,Yuanyuan Qu*
Shangdong University

The rising demand for lithium-ion batteries drives innovation in brine extraction technologies. Despite salt
lake brines comprising a major fraction of global lithium reserves, the critical challenge lies in achieving efficient
Li+/ Mg2+ separation due to their similar hydration radii. Through all-atom molecular dynamics simulations, we
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reveal fundamental difference in hydration dynamics under hydrophobic confinement. Li+ exhibits dynamic
hydration shell adaptability, enabling rapid structural reconfiguration and efficient permeation, whereas Mg2+
retains a rigid hydration structure that disrupts interfacial water networks, leading to elevated local water density
and significantly hindered mobility. Free energy analysis further demonstrates that Mg2+ faces an energy barrier
of up to 23.4kJ/mol at channel constrictions, with confinement effects especially pronounced in the interlayer
regions. These findings provide microscopic insight into ion-specific hydration and mobility under hydrophobic
confinement, underpinning the design of highly selective nanochannels for lithium extraction. Altogether, this
work establishes a hydration dynamics-guided framework for next-generation separation membranes, offering a
promising solution to the impeding lithium supply challenge.
Z-P17
Screening proper metal-doped borospherene B40M for delivering 5-fluorouracil: A theoretical study
Bin Liu,Yan Chen,Jia-Ling He,Juan Wu,Jing-Hua Chen,Wei-Ming Sun*
Fujian Medical University
Abstract
The direct interaction between drug molecules and nanomaterials at the molecular level has been
systematically studied with the help of quantum chemical computations.[1-5] Boron nanomaterials, as emerging
nanomaterials with many excellent physicochemical, mechanical, and biological properties, have shown great
promise in the field of drug delivery.[6-8] In this study, the interaction between B40M (M = K ~ Zn) nanocages
and 5-fluorouracil (5-Fu) anticancer drug has been systematically investigated using density functional theory
(DFT). Among these considered boron-based nanocages, B4OM (M = K, Ti, V, and Fe) exhibit remarkable
adsorption capacity for 5-Fu. It is found that the linkage K-O2 bond between B40K and 5-Fu shows typical ionic
characteristics, while the M-O bonds between B40M (M = Ti, V, and Fe) and 5-Fu exhibit both of ionic and
covalent bonding characteristics. It is interesting to find that the Ead value of 5-Fu@B40V is reduced from -20.34
to -9.61 kcal/mol under weakly acidic conditions. Based on these findings, the B4OM (M = K, Ti, V, and Fe)
nanocages are identified as promising drug carriers for 5-Fu and even other drugs. This study provides a new
strategy to improve the delivery efficiency and antitumor performance of drugs from the theoretical perspective.
References
[1] Zhang, L.; Cheng, X.; Li, X. H.; Chen, J. H.; Sun, W. M. J. Mol. Lig. 2022, 360: 119388.
[2] Cui, Y. F; Zhang, L.; Wang, W. L.; Yang, J. F; Chen, J. H.; Sun, W. M. J. Phys. D: Appl. Phys. 2023,
56(44): 445401
[3] Zhang, L.; Zhang, J. C.; Shi, L. F.; Cheng, X.; Chen, J. H.; Sun, W. M. J. Mol. Lig. 2023, 118: 108378.
[4] Guo, Y. X.; Liu, B.; Wang, W. L.; Kang, J.; Chen, J. H.; Sun, W. M. J. Mol. Graph. Model. 2023, 125:
108617.
[5] Liu, B.; Zhang, J. C.; Ye, Y. L.; Chen, J. H.; Sun, W. M. Phys. Chem. Chem. Phys. 2025, 27: 5710.
[6] Zhang, L.; Ye, Y. L.; Li, X. H.; Chen, J. H.; Sun, W. M. J. Mol. Lig. 2021, 342: 117533.
[7] Zhang, L.; Qi, Z. D.; Ye, Y. L.; Li, X. H.; Chen, J. H.; Sun, W. M. RSC Adv. 2021, 11(62): 39508.
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Z-P18
Exotic Quantum Properties of One-Dimensional Atomic Wires
Chufeng Huang™?,Chanjuan Shang?®,Yanyan Zhao* Jijun Zhao"? Si Zhou*?
1. South China Normal University
2. Guangdong-Hong Kong Joint Laboratory of Quantum Matter, Frontier Research Institute for Physics, South
China Normal University, Guangzhou 510006, China
3. School Key Laboratory of Materials Modification by Laser, lon and Electron Beams (Dalian University of
Technology), Ministry of Education, Dalian 116024, China
4. Advanced Materials Division, Suzhou Institute of Nano-Tech and Nano-Bionics, Chinese Academy of Sciences,
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With the progress of synthetic techniques, one-dimensional atomic wires have attracted significant attention.
Their non-periodicity in two directions leads to weak dielectric screening, while the nature of electron interactions
remains unclear. Using first-principles methods, we studied Nbl3, WTe3, and M6Te6 (M = Mo, W). (1) Density
functional theory (DFT) calculations show that NbI3 exhibits strong electron-phonon interactions, causing a
Peierls transition in its D2h phase and a transition from metal to semiconductor. (2) When atomic wires are
encapsulated in carbon nanotubes, they twist. We found that twisting WTe3 can induce a transition from metallic
to semiconducting behavior. We also propose a mechanism for light-induced pure spin current generation without
net electric charge current, leading to magnetic moment accumulation at the ends of twisted wires and a
significant spin voltage along the axial direction. (3) The strong confinement and weak screening effects enhance
electron-hole interactions. Our GW+BSE calculations on M6Te6 (M = Mo, W) reveal large exciton binding
energies exceeding single-particle band gaps, suggesting potential exciton Bose-Einstein condensation. Overall,
one-dimensional atomic wires exhibit exotic quantum phenomena, holding high research value in twistronics,
chiral spintronics, and excitonic effects.
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Z-P21
Determination of crystal structure and physical properties of Ru2Al5 from first-principles calculations
Jing Luo*,Meiguang Zhang? Xiaofei Jia',Qun Wei**
1. Xidian University
2. Baoji University of Arts and Sciences

Novel ordered intermetallic compounds have stimulated much interest. Ru-Al alloys are a prominent class of
high-temperature structural materials, but the experimentally reported crystal structure of the intermetallic Ru2AlI5
phase remains elusive and debatable. To resolve this controversy, we extensively explored the crystal structures of
Ru2AI5 using first-principles calculations combined with crystal structure prediction technique. Among the
calculated X-ray diffraction patterns and lattice parameters of five candidate Ru2AlI5 structures, those of the
orthorhombic Pmmn structure best aligned with recent experimental results. The structural stabilities of the five
Ru2AI5 structures were confirmed through formation energy, elastic constants, and phonon spectrum calculations.
The mechanical and electronic properties of the five Ru2AlI5 candidate structures were comprehensively analyzed.
The brittle/ductile behavior, elastic anisotropy, and ionic bonding of each Ru2Al5 candidate structure were
demonstrated through elastic and electronic structural calculations. This work can guide the exploration of novel
ordered intermetallic compounds in Ru-Al alloys.
Z-P22
Design of Highly Selective and Sensitive Nitrogen-Containing Gas Sensor Based on Penta-HgO2 Monolayer

Xinyu Song,Xing Ming*,Wen Lei,Bowen Chen,Xinyi Li,Jinpeng Wang,Ke Peng
Guilin University Of Technology

Reduction of the harmful effects of toxic gases on human health has attracted widespread attention in the
scientific community. Design highly-sensitive and reusable sensors for detecting harmful gas molecules is
particularly important. In this study, we use first-principles calculations to investigate the adsorption properties
and sensing performances of the penta-HgO2 monolayer for nitrogen-containing toxic gas molecules. The
penta-HgO2 monolayer exhibits substantial adsorption energies or notable charge transfer for NH3, NO2, and NO,
significantly surpassing those of N20, indicating excellent selectivity. Specifically, the adsorption of NO2 and NO
introduces additional states near the Fermi level of the adsorbent, leading to pronounced changes in the band gap
and magnetic moment. We further propose a strategy to predict the direction and extent of charge transfer, which
will accelerate the screening of suitable substrates or candidate adsorbed gas molecules. In addition, based on the
obvious variations of the electronic structure and resultant prominent changes in the conductivity of monolayer
penta-HgO2, we propose a resistive gas sensor featured with high-efficient sensing response for detecting NO2
and NO. Furthermore, according to the significantly changing work functions, we design a Schottky diode sensor
by fabricating the penta-HgO2 monolayer with Ag metal. The metal-semiconductor contact types and barrier
heights are modulated by the adsorption of NO2 or NO. Different current signals can be generated when a bias
voltage of 0.4 eV is applied, enabling the selective identification of NO2 and NO. Our work not only demonstrates
that monolayer penta-HgO2 is a promising reusable sensing material, but also provides valuable insights for
accelerating the discovery of potential sensing materials and developing advanced resistive sensor or Schottky
diode sensor for detecting nitrogen-containing toxic gas molecules. The monolayer penta-HgO?2 is expected to
promote innovative applications in sensor fields, which will attract widespread attentions.
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Accurate interatomic interaction potentials on the basis of deep-learning methods can provide new
opportunities for molecular dynamics (MD) simulations on large spatial and temporal scales in the field of
material phase transformation (PT). Here, we obtained a new interatomic interaction potential for bulk
TiO2 through deep-learning method trained on our theoretical calculations with density functional theory (DFT).
Our MD simulations with deep-learning potential (DP) revealed that a large number of chiral quarter vortices
emerge in the large bulk TiO2 during martensitic-like columbite — baddeleyite and orthorhombic CaCl2-type
phase — baddeleyite PTs. Ti and O atoms move in a collective and synchronous order and then lead to Bain
distortion in the central area between four different vortices. A certain shear stress (theoretically around 5.2 GPa)
has to be provided to drive successfully the reverse PT of columbite — baddeleyite phase. The intermediate phase
with orthorhombic CaCl2-type symmetry (space group No. 58, Pnnm) appears under hydrostatic pressure with
7.6 GPa for rutile — baddeleyite PT. The PT path for intermediate phase — baddeleyite PT is nearly the same as
that of columbite — baddeleyite PT. Our MD simulations with DP can provide a new understanding for
martensitic-like PT behavior in large bulk materials and the ghostly existence of intermediate phase since 1971.
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Z-P27
Ultrahigh electron mobility in one-dimensional single-chain Bi4RuX2 (X =1, Br)
Xinyi Li,Xing Ming,Wen Lei*
Guilin University of Technology

Low dimensional materials usually bring about unique physical properties and exceptional phenomena.
Beyond the highly sought-after two-dimensional materials, the quasi-one-dimensional (1D) materials have
attracted increasing attention due to the further reduced dimensionality and the resultant more pronounced
guantum confinement effect. In the present Letter, we systematically explore the stability, mechanical properties,
electronic structure, and optical properties of the 1D single-chain ternary bismuth subhalides Bi4RuX2 (X =1, Br)
by first-principles calculations. 1D Bi4RuX2 exhibit good dynamical, thermal, and mechanical stability. Along
with the dimensionality reduction from three-dimensional bulk to 1D single-chain, Bi4RuX2 undergo a transition
from the indirect bandgap semiconductor to direct bandgap semiconductor, and their bandgap values increase
from 1.028 and 1.151eV to 1.224 and 1.263¢V, respectively. More importantly, 1D Bi4Rul2 and
Bi4RuBr2 possess very high electron mobilities of 416.25 and 277.17 cm2 V-1 s—1, which far outperform the
hole mobilities of 0.95 and 1.35 cm2 V-1 s—1. In addition, the bandgap values and band edge positions can be
effectively modulated by the tensile strains, which meet the conditions for photocatalytic water splitting during a
wide strain range. Furthermore, the 1D Bi4RuX2 exhibit an excellent light absorption ability of ~105cm—1,
which can be regulated by the tensile strain for the highly efficient utilization of solar energy. The excellent
electronic and optical properties indicate 1D Bi4RuX2 are promising materials for potential applications in
high-performance nanoelectronic, optoelectronic devices, photocatalytic water splitting, and solar energy
conversion.
Z-P28

Design of High-Efficiency Hydrogen Evolution Catalysts in a Chiral Crystal
Jie Zhan',Yu Cao"? Jun Wen Lai*? Jiang Xu Li*,Hui Ma"? Song Li*,Pei Tao Liu*? Xing-Qiu Chen"? Yan Sun**?
1. Institute of Metal Research, Chinese Academy of Sciences
2. School of Materials Science and Engineering, University of Science and Technology of China
3. 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 e¢V). 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-P29
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luminescent properties of rare-earth materials, which are critical for advanced optical applications. This approach
demonstrates a significant advantage over traditional Density Functional Theory (DFT) calculations by achieving
superior accuracy in reproducing experimentally observed energy levels. This work introduces a Python program
designed to fit crystal field Hamiltonians to optical spectroscopy data of rare earth ions. The program first
generates a canonical Hamiltonian based on the assumed site symmetry of the ion. It then employs a Monte
Carlo search to explore all possible crystal field parameters, which represent the ligand's influence on the central
ion, aiming to find the optimal set that reproduces the observed energy levels. Finally, a local optimization
algorithm refines these results. PyCrystalField handles the evaluation and diagonalization of the Hamiltonian,
utilizing our program's numerous built-in factors and information collected from various sources. Testing
demonstrates that the program can reproduce observed rare earth energy levels with astounding accuracy. The
accurately determined crystal field parameters offer profound insights into the local electronic structure and
symmetry environment of the rare-earth ions, thereby providing crucial guidance for the rational design and
discovery of novel high-performance luminescent materials.

T AR B B TH RN TR B ASAUR BEAR RS 2O R SO R R B, R EERP RSB
P A e A S AR o TSRV S I S0 LI RE R T R T L A A 4 R B B (DFT) 35
EENS, KB 7 paEstE . AT A 17— Tl e 6 & s i S W 1 python
TR . TR SR (R E rOME 1 3 5 A RO AR VA s S e . B S B T AT BE AR e
(WM BT PR RO AR ) AT 1 SR RIS R LS R RE W IS W E R RN BE B 1) S
o  SJE REPEREAAEEE S R AR U MR EE TS PyCrystalField
BEAT A T RE NS FRIEBERRI N E S H. TR AR 5 58 LU N R AER B S B - 3 1 R S e
o KISR0 R S BB IR 2 s A B R G RN AR VE I, AT D Y e
REAOCATRL BPE Bt 5 R BLER G B 3
Z-P30
Microscopic Corrosion Behavior of the Interface Layer in Copper-Aluminum Laminated Composites and

First-Principles Calculations
Shuang Li,Wenyan Wang*
Henan University of Science and Technology

In corrosive environments, copper-aluminum alloy laminated composites are susceptible to significant
galvanic corrosion at the bonding interface due to the substantial agrochemical potential difference between
copper and aluminum. This phenomenon severely restricts their long-term service performance. Computational
materials science, particularly methods based on density functional theory (DFT), offers a novel perspective for
elucidating the microscopic corrosion mechanisms of these materials. This study employs multi-scale
computational methods to systematically investigate the bulk structure and surface characteristics of the most
common intermetallic compounds (ALCu, AlCu, Al«Cus) at the interface of copper-aluminum laminated
composites. Additionally, it examines the adsorption behavior of Cl~ at six typical adsorption sites on the
AlCu(100) surface, aiming to uncover the initiation locations of inter-facial microscopic corrosion and the
underlying driving forces of micro-galvanic corrosion. The findings indicate that the Al-Cu layer is the first to
undergo corrosion, acting as the "igniter” for corrosion initiation. In contrast, the AlCu layer, due to its weakened
inter-granular structure, functions as the "accelerating channel" for corrosion propagation. The AlCus layer,
through surface reconstruction and self-healing properties, serves as the ultimate “corrosion barrier." The strong
electron transfer of CI- at the top and bridge sites of Al leads to the rapid anodic dissolution of Al, which is the
primary driving force for the initiation of inter-facial corrosion. Furthermore, the adsorption of CI~ on the
AlCu(100) surface selectively triggers corrosion at Al vacancies and Cu vacancies through the electron defect
effect and complex electron exchange mechanisms, respectively, by modulating the electron transfer kinetics and
local electronic structure. The micro-galvanic cell effect creates potential differences between various sites, which
in turn accelerates corrosion propagation and increases the dissolution rate of aluminum. This mechanism not only
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provides direct evidence for understanding corrosion behavior at the interface layer but also offers a crucial
theoretical foundation for designing corrosion-resistant copper-aluminum alloy layered composites and protective
coatings. Such insights are significantly important for the development of new corrosion-resistant materials and
the extension of their service life.

Z-P31

Pronounced Exciton Effects in Two-Dimensional Fullerene-based Monolayer Materials
Ning Li, Tiangi Bao
Dalian University of Technology

Two-dimensional (2D) fullerene monolayer materials exhibit a wide range of unique properties, including
pronounced excitonic effect with significant potential for optoelectronic applications. Here, we perform a
comprehensive investigation of the quasiparticle (QP) and exciton properties of C20-2D monolayer using density
functional theory (DFT) and many-body perturbation theory (MBPT) based on the GW approximation and
Bethe-Salpeter equation (GW-BSE). Our calculations reveal substantial exciton effects in the C20-2D monolayer,
with an impressive exciton binding energy of 1.58 eV, a notable breakthrough compared to the 0.8 eV reported for
the C60 monolayer. Embedding magnesium (Mg) into the C20-2D monolayer induces polarization effects and
enhances dielectric screening, driving a transition of the lowest-energy excitons from Frenkel to Wannier types.
This transition is accompanied by significant changes in both the intensity and range of optical absorption. These
findings reveal the tunability of fullerene materials through embedding, offering insights for next-generation
optoelectronic devices.
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Monte Carlo Modeling of Electron Emission from Coated K.CsSb Photocathodes
Tao Hou'?® Qiang Gu'? Zenggong Jiang*
1. Shanghai Institute of Applied Physics, Chinese Academy of Sciences
2. Shanghai Advanced Research Institute, Chinese Academy of Sciences
3. University of Chinese Academy of Sciences
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Abstract: The photocathode serves as the core component of the electron source in accelerators, and its
operational lifetime is critically important for the reliability of the entire accelerator system. Traditional
photocathodes are susceptible to surface contamination, which leads to significant degradation in quantum
efficiency (QE). Introducing a protective coating layer onto the photocathode surface offers a potential solution to
extend its operational lifespan. However, there remains a lack of systematic research into how the introduction of
such protective layers affects the photoelectron emission characteristics of the coated photocathodes. Based on
Spicer’s "three-step model" of photoemission, this work establishes a physical model for electron emission from
coated photocathodes and develops a photoemission simulation algorithm using the Monte Carlo method.
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Multi-physics simulation analysis of tunnel magnetoresistance multilayer stacks
Guanying Wang",Xianfeng Liang",Xingwang Zhang? Huaiwen Zheng*?
1. China Electric Power Research Institute
2. Institute of Semiconductors, Chinese Academy of Sciences, Haidian, Beijing 100083, China.

In smart grids, magnetic sensors face reliability issues due to strong electromagnetic interference and high
temperature environments. Tunnel magnetoresistance multilayer stacks, as the core sensitive materials of the
magnetic sensors, have an important influence on the performance of magnetic sensors. Strong electromagnetic
fields, temperature changes and other factors have a significant impact on the accuracy and life of magnetic
sensors. Although researchers have previously conducted multi-physics field experimental studies on the tunnel
magnetoresistance multilayer stacks, there are few reports on multi-physics field simulations of this material.

In this study, the finite element method was used to construct an electro-magnetic coupling model of a
two-dimensional multilayer material system as the tunnel magnetoresistance multilayer stacks. The multilayer
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system contains conductive metals (Ta, Pt) and magnetic alloys (CozFesB2). The response characteristics of the
tunnel magnetoresistance multilayer stacks under strong electric and magnetic fields were analyzed. High
magnetic permeability materials (Fe, Co:FesB:) significantly enhance the magnetic flux density, while high
dielectric constant materials (MgO) lead to local concentration of the electric field. At the same time, the changes
in the electromagnetic properties of the multilayer material with temperature were also studied. This research
provides a valuable reference for the optimization of tunnel magnetoresistance multilayer stack structure in smart
grids.
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