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Detecting Deformation Mechanisms of Metals from Acoustic Emission Signals through
Knowledge-Driven Unsupervised Learning
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Timely detection of deformation mechanisms in metallic structural materials is essential for
early-warning alerts on potential damages and fractures. Acoustic emission (AE) technologies are
commonly used for this purpose due to their non-destructive nature. However, traditional methods
often struggle with distinguishing AE signals associated with multiple co-existing deformation
mechanisms. To address this challenge, we propose a knowledge-driven unsupervised learning
approach. The novel method leverages a family of gradient-driven supervised base learners and
integrates them with a knowledge-infused aggregate loss function, effectively transforming the
approach into an unsupervised learning framework. Compared to existing methods, our approach
excels in identifying co-existing deformation mechanisms associated with AE signals.
Experiments on porous 316L stainless steel during tensile process show that the avalanche
statistics of the identified dislocation and crack AE signals align closely with classical statistical
methods and fracture theory. By integrating with the avalanche theory, our proposed approach can
continuously monitor material deformation mechanisms in real-time and provide dynamic early
failure warnings. Additionally, the framework demonstrates strong transferability in recognizing
multiple co-existing deformation mechanisms in new materials, leveraging its unsupervised
learning capability.
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Al-Driven Molecular Modelling of Materials for Clean Energy Conversion
Yan Jiao
The University of Adelaide

The goal of achieving zero-carbon emissions by 2050 has driven the search for alternative
industry solutions that can replace the traditional fossil fuel-based economy. With the technology
and infrastructure in place to produce clean electricity from renewable sources such as solar or
wind, the ability to generate it on a large scale is rapidly increasing. This presents a prime
opportunity for the production of carbon-free fuels and chemicals through the use of
electrocatalysis. This method enables the conversion of green electricity into chemicals and fuels,
and vice versa, providing a path towards a sustainable future.
A central challenge in electrocatalysis remains the design of catalyst materials that are both highly
active and selective. Traditionally, molecular modelling has helped address this by offering
insights into reaction mechanisms and guiding material design. Increasingly, artificial intelligence
is playing a transformative role in this space. Al models trained on quantum mechanical data or
experimental results can rapidly screen material candidates, identify structure-performance
relationships, and uncover hidden patterns that may not be obvious through conventional
approaches.
My talk will highlight how we have used molecular modelling in the past for clean energy
conversion reactions, the emerging shift toward machine learning, and how it is expected to drive
the next wave of breakthroughs in predicting and optimising electrocatalysts for clean energy
applications.

AT E R

E12-KN-07
AT YRSB4 TADRHR 1
HHT
CES N

SEREREWIMBHENTE WA AR A BOR AR B R E T o SR, AR el i
ARAMEMAR RS LI R AR BT & A HERE,  SEIRAVE MRS 5 . BR8N SEER SR
PRHES . THEBIEARIEE T AR (AD WEITE, BT Al B e RO e
iy 2SR AUEIG HEEHE R SR, MR BRI IR, AR AL BTSRRI .
FERPRIIE TE T B AR A, SEUEUR 0. il AR BB XS SR E bl @i i s s,
RIEECTATTE, MRS . RIEEM T REYR S PSS 057, @57 Al PEREH
L SiCROlFe e e TS EERE Y RN D EST (AR i TR R Y E e o TG PR W LR
GBI RREYIR L G, AL AR AR B I, R R R AR M A 1, K
TR AR ST IR G S AR RE RO AR A S B A, AR BAER b, Bevh st
REPLS MM IR, HESMEH A IERE IR o MAh, IR IX— I T B Ry 14
L st Pl R e, @@ TR R S YIEBIEE, R RAHRIRTT, BETIREE A S

3



T E AR 2 2025 E12 NTHE B SR &

HENL T IR R S YVERE TR, FEMLIRA b, R R TR S SR BT SR, et
PEREDL A IIPTE RSP, HAHSRIERE KRR .

AR R
E12-KN-08
HRS FHERYLES B
23
2 H K
5 F#41E (Molecular Orbital, MO) &40 T iR EEAR IR & 2 —, SHFHIEA )

FHE . FAHHR%IE B8 (Scanning Tunneling Microscope, STM) A&7 13 2% 1] /3 A
(8 0T )52 AT o SRT, BT STM RSk th D REA S5 1 1) /51 A1 Bl 2 DT R AS 1 Tk b 7= A
TP, BEAE S [A) o S 73 1B 1R S 2 HERE R I R AE — B — KA E PR . AR IR
A5, AT R AR L K R 55 A Bardeen I8l STM BEADUHELE DL 2 N\ T8 GE 78 R4 iR
ST ISR, @A T — AR T YRR IR A SIS, 4N STM-Net, HITM
T REALERET RIF I B R STM B E & FHuE .. Z7ERHE T AR fsh vk
A oy B, RIS T o FHUE MRS MR E . T4 REY], STM-Net nJ LAE#:M H
T2 FhSI I, D E AN F AN o TR LG S FRUERHE. Ak, STM-Net iEfg
& RS A D) BR AR IRES AN RISR B AR, e IR H i ) B IR B AE A2 1) )32 0 A o IX S
N SEPL R A HER I o P ROE RS HER AR T 18 B, T A Z I e A A SR
DLARAS F

AT TR
E12-KN-09
REeY g e se i A T8 sent T
LAk
HEHRY
RAEW I MR RSS2 2 5 TC A0 A S5 0 BSR4 A o AR 451 46 22 RUBE R R IR 520

B N RS 70 AP B 75 SR AN B2 e, DOR AR SR s B kA A = 0 122 LB
PRAD T 25 UL 2 BRI B v R ER S PEREMI TR SR . N BE CAD J5ikfENRFEART T
FIEIN, fEfs WK EEHE T S BIR IR I 2 RIEMROC R, dE Mg R &Y ML i
THRRAL . TR, FATE R EEIR T, B 7RGV MM RN 745 (AR ik
g5k XL B AEAT NI, AL T RGO R R EEA B . R BEEER
PTG G N TR RET i, L TBAU ARSI B3 R BLH bR ARSI T A e AR AR
RS T BETESE . H AT, FATIEER ST N M B S AP RH P RE TN AN e 4L
T, B AT USRI B IS o AR R 2 RO R 1 S A fe e it &, HESh
E o ARRORFA DU T AR F o

AT AR

E12-KN-10
ETY BB IR T 45 A AR SR K LA
PRI
A st s AR R

BEXT H TR T R R Z G0 — 20 R AR R B 2 REPE AR S AT MBI ILIR, T IRA TR
WA THIRFT, FEH T — RT3 RO AR AL T S5 H R BRAE S . 25 VAN RE NS 2 2 5 T

4



T E AR 2 2025 E12 NTHE B SR &

WAL TR RERAERLR , B SKHL T WAL TR IO AL S S TN, A2 SR s S 2
g o BAT T L R 5

TR TR
E12-KN-11
MR RIINE R S SRR E
ISIIKS
P LS LR K 2

Two-dimensional materials (2DMs) are prone to brittle failure under load but a recent
experiment has demonstrated intrinsic toughening in hexagonal boron nitride (h-BN), which calls
for a general understanding of fracture toughness in 2DMs. In this report, we used atomistic
calculations combined with a developed linear-scaling method to show that 2DMs with strong
anisotropy of edge energy favor bifurcated cracks for intrinsic toughening as in h-BN, while those
with weak edge energy anisotropy exhibit split cracks for brittle failure as in graphene. The
interplay between chemical bond strength and fracture energy at bifurcated crack tips leads to
alternate deflections and, thus, rough crack edges as observed in the previous experiment. We
further develop a robust descriptor for identifying 2DMs exhibiting similar fracture behavior to
that in h-BN. More interestingly, we reach a physically interpretable formula capable of
quantitatively determining the toughness of 2DMs based on easily accessible intrinsic features of
elements. We then also find that the toughness of bilayer h-BN significantly depends on the
stacking registry and twist angle, achieving a variation magnitude of up to 80% by just twisting
the bilayer by only 0.01 degree. These findings lay a solid foundation for nanodevice applications
where controlled toughness is required.

AT TR
E12-KN-12
B 5 IR SRS A B AR REA R ] &
e
T [ B2 e R R TP

MEMEREEIR KRR b 32 e 2 R SEH (S, T 25 FUBE S A6 (R RS HE T2 06 i 46 T2
SEH TR IR, BUEVE 2 B TN AR AE DA SC A Se B . NI IX Bk, A7 A
P PR BEAONIZ O IRBI ) A B RE W7 &, B e R RETH 5. Aiibseis. Bahfe
AR RIRTZYE S R BB, HESIE MR A A% GE il il QT vk i el A AR e
MEAFEAE . AR RET LS HdE SRR RO 5 B R BRI R S, &
FER A R S DR AV o Bl e, R 8 ThT 1) R Z 2 Al BE AR R S A i 55 T 2 Y
NTERARR, JFat— DHESEARL Rl KT 5 B S IR & - T ) -e 25 [ AR & S IR RO Y
Ko MBI H& SRIET R EPE RERI AR RS, SCHOUST R AL A A e
BB 2 2 A FOEAUAL, AR A R 1R e AL Y

AR R

E12-KN-13
AT Rekl B s AR B i B %
I
AEst e TR



T E AR 2 2025 E12 NTHE B SR &

TS 4 XU B A A F b, R i it RE VR O 7% EEBURF  BHIIFHILAL BL K Al 5
FREE Ko SR A R PR RE R AL AR T REVR AL AL O 0 o N TR REC 2T 2 R HT 3
TR, JUHR A G UL G AT T BTN TR RE S A BIMEACAT RO & HEAS
FATRATIIC . AR ERMN TR BER R EIT G, a5 G AR AR I iR e gt e, L&
TR HEAL R T 1) BASED JBrHil, X N TR e BRI T — 2288 5%, W8
RERE N R RE = R T HEAL TR A 9 8 55 BT

TR RS
E12-KN-14
P, 45 1 T 88 P KRR Y
] 41 %
2 H K
"REHRE+ N TR IEAETE B A R 2 A i Fe i e AR A BT K

() L2 A TOUEE OB, B (U)K THET EQR)5SAL EIM 4 M 2% 1) HamGNN 152
T, AR PSR R R G A R, BEERE B G R [ ) LT I R
HAERF R IR iEEZ= T IRAR . Si02 FA A Al BixSey (b &5 2 M 540 F 7R 5
FIERMEREFIZ ALRE J1: (2)3: T Materials Project T J LT T4 dt A 45 46 0 55—tk JR P - 5505
PRI I8 A oG s A, AR R A 08 T A o BA SR Y R N R T A5, B R R
MZ LR ARG BEABME. SRR RS ERANAES; Q)i kA RIuEHRE
(SOC) & i &4y i N F IR JC R TAT SOC ABIET, SEPLN ZFEE R R4 A RfuE A &L
RSB AR A, AP R IR T RME P T 18 B . 1% 7k LR REITRATT TR AR
JRATHT SRR AL PASP H1, JREESE T ABRE AR T AL R o 55 44 2 AR LR T T
BT (https://sci-ai.cn)..

AR F AR

E12-KN-15
LiBs IEAR R F4r A AAL T A ER R AR 5 B JR AL FR TR IR 7
e H
H R ROR R A

BRI (LSBs) AL vy B8 AE f o FE AR BA M HOA S 2 F AU B B i &
LA TSR o AR, BRI 2 LT 2 D R AR SRS R, JUH RS2 18 I [ U Ak,
BEA 7 RGP b R BRI BE . D 17 e A3l g 2 R i) ™ L (B 2 BRAE Y (LIPS ARk
B2, SR AN RS . FESE, RIS PEBE AR, BARWT I 1 AR AR Lt IR AR A
IR TR B, A R T AGR . DURFRARIR =R TR . BT R T
CoN S 8570 22 B B R A AL IR BRSSO, (SRR -+ AR AL HIL A RN 45 44 -5 4 ok
Fo BEAk, ANTF) ) 2 18] (P RIS 5 1 < J A s AR B A I R, A7 R80T T IR SR,
T ZHAYIE IR LiaS 73 i BN BN 357 AR E, 32D U R A S T
W PUE MR TT, ik 7R E MRS -

AR LR
E12-KN-16
A 22 I 28 T YA R I LA
FH 5
TR



T E AR 2 2025 E12 NTHE B SR &

FRAAE CrystalGNN H1 5] N T ENES KRN Z,  Rell 5 02 I 2% Il o 12 o i) vl SA% 3 =
FHIBE R, AT SEELUR A5 B0 B 22 )1k /2, R T B 2% 2N B & M4 757 SLI-GNN.
Z H 2 ) RIS I A 2 I HR N Z IR B, BEBS PR T 2 M A BB R, I SR 7
FREM B I FE BT . SLI-GNN 7EFRAEE RS LIS 75 CGCNN A4 B/ AR tEae, [F
NHFEERMANE D, B EIFRETRIERE . RATHE L SLI-GNN AEfs 23l H 2 31 J5 15
N RO T B m et . RIFIZAGEE ) LR (R RS 2 S R RE, FE BLYE R S AR
ATYREM B THRAR BN A, g 7 B R B R R Rt

AT TR
E12-KN-17
BERAMRE RBRSE /1%
Je ]
ABHITE R

FRL AN F R WO S BN S4TSR R R A
AR ERER T TG AR-PUERE S ERREGEZ AR, AR T
REV SRR AR A T S B e iR sl 157 o X LEE 7Oy S AR A BRI £ ) 4 ]
AR 1 IEMWT YRR, X TR AN R AR L N R O S Al A B A AR

NN
i o

TR R
E12-KN-18
Al & ZSM-5 2 F i K B Im e 5 AL R s R AL s e
FEER
KIFEE T K2

BIRJTIER IR ZHZK (BTX) 2 HEERAIL TR FERD R TZ (MTA)
AL TR A P SR E R . HET, MTA LEh R BAEE SRR BTX &ML
1) 8. AW TR % Bz s EE e (DFT) FIFLAR2: 2] (ML) A& 00751, &% C6. C7
I C8 KBk A S A AE, PR TSR BRI AL R B TE A R G A3 Lewis R AN
Brensted {2, T DFT TH5 (1) C6 I C7 Mk fEAN R L By A oAb ) b i S B g 57 v
RS, ML XTHREER C8 Ik i U N (I YA st g AT I, PRS0 12 L e i S
PERY L BRVEAL, ] DFT B0AIE T FNSE S tE . it — PR 7 m & is e ) -
C6. C7 Al C8 Kt —JA B M AL FE, 15 H /S JCI & SR R ek . T3l /)
EOrHT T C6. C7 Fl C8 HLJfi Az AN [F 5 K =¥ logTOF {, FA3BIA R J5 =M Az i)
5 AT Re 07 R R AR o [RINE, 1 5575 380 s B e PEAL s A7) | BTX Ik 1 ik 64.1%.
G IRIT T FLIE RIS 5 K r= W d B 52, R OG- FRORAE 23T 9L e 7 B/
AL PR, TEZS 5 AT FLIE S B 25 o

PR R
E12-KN-19
B EAEMLIRAL A5 K L ThRE
4N
TR



T E AR 2 2025 E12 NTHE B SR &

ATPRA: LR
E12-KN-20
SR I ToUR S B BT
i
Hh [ R 272 B L e ST 9 B

R ROR Z AR AR A% I R, R AR A BT RO AT S o AR BRI T3 T S
I R0 AR A 7 85 g PR BV ASEAEL O BE AR AL S SN R 21 T BRI AR HT , (EER A Sk
6 2 1A)E e b A 2 2 5 A5 AT PR AR AL AR A ) SEAE A7 AEAR AN B 5 8 o A R I 4
SRR R S 56 2R WA R A AL R I S5 TESAE LS UL T a2, X T IRA 2 T
PR R NEACEARIE R 7 ER oy v TR EIR AR, T RBFATRE T SRR
7R B SR A AP ) BB HE S AN T R A 8, TR B BB H 1 U2 1 10 2 RS 450y A AR
B (MSRMD , AMLAEA [RS8 56 A R AS T ORI L 1 oK GEAL R BT 334, T HL2E
VBTN 7 7 W 23 RUBE T I AL AR T 25 AT AR L Be 2 55 2 A 4B (K 705 WL BRH L PR
ke HAT, BATIER BTN TR SRS &, BIUNRIERE AL T 0061 T Y
BB

AT R

E12-KN-21
Feature learning: Dimensionality augmentation via attention-based embedding features
PUETS
bR

In feature engineering, one often reduces redundant dimensionality of raw feature space
through selection. However, feature reduction poses a risk of removing critical yet unknown
influence factors. In this work, we develop a general dimensionality augmentation approach for
feature learning using attention-based embedding vectors constructed by transfer learning, to
represent materials’ compositions and elementary physiochemical descriptors beyond
conventional concatenation to achieve more accurate prediction of materials properties. Firstly, the
high-dimensional embedded features (explicit Learnable Parameter Attention, LPA and implicit
Transformer-based Self-Attention, TSA) were constructed by attention-based pretrained
self-supervised learning using deep neural network models (multi-layer perceptron, MLP) with
materials descriptor labels calculated analytically where attention scores can be used as feature
importance. Next, the MLP models equipped with these embedded features were further
fine-tuned by transfer learning to high-value property regions, which outperformed the MLP and
tree-based baseline models with conventional features of concatenated compositions and
descriptors in predicting melting temperatures of Ni-based superalloys as a case study. Finally, the
inverse design via global optimization using genetic algorithm (GA) combined with the embedded
features (GA-MLP_LPA/TSA) was performed with the attention-based feature importance as
crossover probability. The integrated protocol surpassed the baseline Bayesian optimization in
several statistical metrics. The proposed embedded feature models can capture correlations and
couplings among features, providing a robust and efficient high dimensional materials
representation generally applicable to both forward property prediction and inverse materials
design via machine learnings.
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VA b7 5 85 0] i — AREE B R Dh e AR T R SR A3 5 TR SCHE

AT BAE R
E12-1-012
BLES % ST I S R R R
WPRIL
P TR
e % B0 77 2 [ R B I B R AT T A R 22—, 3B I RS Bl 0 A AR 25 = s U RE T A

THEAPRHR A TR . I SR W25 R DU 75 1 AR RENE S MM R AR I S R I TH SRS I
(ERAEAE TR B RERU I B — A, AR TP B0 %, PR BIERN
FURE, RTINS E RO SRR, AR S SR A TSR

AR BIER

E12-1-013
THREASRHE RS Fr Jo Ao o137 M L 2 R BERREL
PR3k
P UK

1B R A TS AR oo tE, 800 T RS- VB S, SRSCIEEE 1) I
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FHURRE T 4568k A sl ) A RN AP ARk B 1-V 2 0T B, IR SE T
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experiment) . %7 ERET HEIEHLEE2: ] (AutoML) , F el i % 92 s B i (DFT)
P RN . TR I, T In A SRS, SHAARE S H AR AL A
JRAHEE, 5B A 25 LTS S A2 VR Eads [ E BB &, @il K4S 5 see 5T
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E12-1-020
TH FAEHERE TR KB SRS 3 HEOKE T SA0k st
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e R0 LA B b T AL B T HEBN A RS T R B O E B B S A (Large
Language Models, LLMs) fftRigik ke, FAl1$e 17— A8 & H )R S A 8Y——ElaTBot,
RT3 Bk S0, I LA RBHR R AR R I #2645 . ElaTBot A& [R] i 56 i 2 10t
1E5%, CUFESPE R BER ST A PR T B E T, DR H AR RE R R R
o 1ZAR T IE I AR R P R IR SRR (40 GPT-40) ARG 18584 p (Retrieval-Augmented
Generation, RAG) R, #FE—B4EF 1 H A%k RE T g8

BATETF R T EHT 0K #bEE Hok & A AR /& ElaTBot-DFT, MK T7ER—
B e BN RIR 5 I OE SR Darwin, HTRINRZREL T 33.1%. X331 H
SRIE S IR ER T KE S A BRI R T 5300 () S - A 208 1 K2 AT 5568 1R
ZRESM BI85 T IR, A S I i H 2 B A R R IR R .

AR BIEIR

E12-1-021
ByteQC: Towards large-scale, high accuracy quantum chemistry simulation
=1 78 it
FATEkS)

Applying quantum chemistry algorithms to large-scale systems requires substantial
computational resources scaled with the system size and the desired accuracy. To address this,
ByteQC, a fully-functional and efficient package for large-scale quantum chemistry simulations,
has been open-sourced at https://github.com/bytedance/byteqc, leveraging recent advances in
computational power and many-body algorithms. Regarding computational power, several
standard algorithms are efficiently implemented on modern GPUs, ranging from mean-field
calculations (Hartree-Fock and density functional theory) to post-Hartree-Fock methods such as
Mdler-Plesset perturbation theory, random phase approximation, coupled cluster methods, and
quantum Monte Carlo methods. For the algorithmic approach, we also employ a quantum
embedding method, which significantly expands the tractable system size while preserving high
accuracy at the gold-standard level. All these features have been systematically benchmarked. We
further use ByteQC to study adsorption energy for a series of large scale system with the advanced
feature ‘embyte’ in ByteQC at CCSD(T) level accuracy for MgO(001) + CO, graphene + small
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organic molecules, and the metal-organic framework CPO-27-Mg + CO/CO2. The results show
that the adsorption energies calculated align within chemical accuracy with experimental values,
achieving sub-chemical accuracy in the cases of MgO(001) + CO and CPO-27-Mg + CO/CO2.
Subsequently, we attempted to calculate graphene + water monomer by expanding the substrate
under both PBC and OBC to eliminate finite size errors. We scaled up to graphene model
consisting of 600 carbon atoms, and achieve some surprisely finding.

TR BIERE
E12-1-022
Al + Automation IRBk22 S5 BT R 6 EHT
FIEER
IR BB AR A A

TR BIEHR
E12-1-023
Al platforms for aitomistic simulations and beyond
Pavlo O. Dral
Xiamen University

Al is increasingly used for molecular and materials simulations and design. The development
of the Al platforms for such Al + atomistic (“aitomistic") simulations is, hence, indispensable for
the progress in this field. For over a decade, our work focused on developing such platforms.
MLatom is one of such platforms specifically designed for Al-enhanced atomistic simulations, it is
an open-source software ecosystem seamlessly combining aitomistic and quantum chemical
simulations. Examples of simulations are accurate and fast infrared, Raman, and UV/vis spectra
simulations, molecular dynamics, structure optimizations, and reaction mechanism exploration.
This platform formed a basis for the online computing platforms Aitomistic Hub and Xiamen
Atomistic Computing Suite (XACS), which enable aitomistic simulations via a web browser. In
addition, our Aitomia is an intelligent assistant with the knowledge of aitomistic and quantum
mechanical calculations, helping in setting up, performing simulations, and their analysis.

ALK B
E12-1-024
HRAL AT A S PR I RO TR ER AL 5 AL BB S Je M
i G
ABEUME R (BRI IX)

AR BIEIR

E12-1-025
PLE R BETOLERET M B it
KB/
Sl ae NN

NIR-1 BRAR A R e AR 0T LEFEAE S8 W TR A rp o H ERE 7. 2R, B
B BUk = WA s E SRS ] LAR 3 BT R . RA“REF 2506 (AIE) 707 Bth-E i 5-
RFALE FA 3R 7 07 30 - S B B R AR E TE R, LA 57 BRI (MAPS) 50670 1N, 18Id i
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HRIERA, L E . RS T 62 NEA AIE FERISHR-ZAE (D-A) 7, R4
IEAATHER, BTttt MAPs 736 sk e WoGIX 2 NIR-II X EEAGIEEHE,
BT UEER T RAE NIR-11 S8 Gk AN G IA T —AEgs (ESTILPIERPD 1 ngs
CGESEMEID o B PHmEITE, REXHDREMEFAMUER T MAPs 285064
By 7, WEM T E WA CRE e dE MAPs 2500 NIR-II 9864kt r1, BAE IR
WPt FEX) 62 TS WSS AR, KSHEIE KRG ENSTHRE R, NS0
TR AR G 16 AR AT 7 08 HE AN SR BERGIAR AT (ABgs F pgs) , B SRR RS K
ZAIAEAERRAR DG, T T 1000 NIR-11 DX A 61, FEARIE L& B 2tk dth 28, 32 T NIR-11
JeRLH EbRE: AEgs Al ngs IBIME 4> 514 2.50 eV A1 22,55 D, B 24AEgs <2.50 eV, pgs <
2255 D i, 43 TR SHERE AT B)5K NIR- [X o X4~ MAPs HEAT T SR ISR & 36 1 11
MH, FRAFIXLE MAPs 156 1S o B 5 B fl 52 42— 8, HA MAP23-BBT EA NIR-Il &
SFo MU E MR R USRI B E P AMRIE ) 50 NE MAPs &5 1) NIR-1T ek}, EH] T
B A SR A R A & . i 5, 30IE T MAP23-BBT 7EAE Y BAG H (1T TE R

AR BIER

E12-1-026
B R AL R SLRRIRFA SN F AR
I il
e TR

Recent years, heterojunction photocatalytic systems and transition metal-based catalysts have
shown great potential in the fields of environmental remediation and energy conversion. Through
density functional theory calculations and experimental studies, we have explored the activity
mechanisms and performance optimization strategies of these catalytic systems. a) Experimental
and theoretical calculations show that the Fe-CN/MoQOs heterojunction regulates the local electron
density through the interfacial electric field, and the interfacial bond between Fe-N4 sites and O at
the built-in interface regulates the local electron density of Fe-N4 active center. The coordination
between the Fe-N4 site and the MoO; interface promotes the directional transmission of electrons,
thereby improving the CO- adsorption and H>O- conversion efficiency. b) CoP/MXene catalysts
exhibit excellent persulfate (PMS) activation ability and can efficiently degrade the plasticizer
dibutyl phthalate (DBP) in the environment. DFT calculations reveal the adsorption sites of PMS
on the CoP/MXene interface and the reaction paths of active species, further clarifying its
degradation mechanism. ¢) single atom catalysis in the various application of Energy &
Environment.

AR BIEIR

E12-1-027
HAR S B R 3RS B R ML R
LA
RN

Wt — R s =S T AR ATRIE, BT S A ER TR EY, M T
HLAR PR M 7oA S A0 (R IR R R SRS [ R BT 2B, BRI 22w IR, 1
PLBE A RHR B U AR SRR S5 DU Rk Wie , Oy v i — R e )l
RO TR R, HTEATESEITER, AU T ERPUER GRS, LR
5 =R IE R R #, I — AR GHARITCIE MR 2 T R IR BOCILR « $HR1IX
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— I, FATEIS 7 RER S0k R Z A SR L IX — G R 2 ) i, SREE T 745
s 2 TEH . REILE SRR BRI RBALE, WA HUBEDCH I AOEHLEL ., MReR
FA T RIHI AT RRBTIT: (1) @30 TS H sy TS BOEERERI ISR, [# Y] 7 AL
BRI, MR T R RCR S KA AR (2) 4R T T -RE AR
RTHBEOCIERE B FILE], U] T RSB TE BRI (3) MR T RAERE
JCRCEE T iy B 73 THIRTT, TR T WL > 4l B 0 el B RO s ik, v pLBi e 1
H AR SO T ERIRGE AR S

AR BIER

E12-1-028
AR FI 035 B8 MO S A R S T 5
1A Y
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Machine learning potentials (MLPs) have emerged as a promising technique to significantly
enhance efficiency by replacing computationally expensive quantum mechanical calculations.
However, there's a prevailing consensus that MLPs can only predict energies for structures similar
to those in their training datasets, limiting their ability for exploring complex systems where
encountering arbitrary structures is inevitable. Thus, it is fair to say generality is now the biggest
challenge in MLP if they are to replace DFT as the main computational engine.

Our work addresses this critical gap by implementing a zero-shot learning EMLP training
framework complemented by a novel sampling method, termed "Random Exploration via
Imaginary Chemical Optimization" (REICO). Leveraging small systems composed of randomly
generated "imaginary chemicals" and their subsequent optimization trajectories, our EMLP can
proficiently navigate a vast array of unique local atomic environments. The resulting EMLP can
tackle arbitrary reactive catalytic processes without needing to sample the structures nor reaction
pathways.

Benchmarked across various representative calculations of heterogeneous catalysis, our
EMLP achieves quantitative agreement with density functional theory (DFT) calculations. This
demonstrates the potential of EMLP as a powerful, general, and ease-of-use tool for modeling
complex chemical systems, setting the stage to significantly reduce reliance on DFT calculations.

PRI WEW
E12-1-029
T REFMEISEASHEITK SN
IEPS}
AR (ERO

TR EIER S
E12-1-030
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E12-1-034
Machine Learning-Driven Molecular Dynamics Insights into Nanobubble Coalescence
Dynamics and Interfacial Stability: Environmental Modulation and Surface Effects
P
PR

Nanobubbles, with their anomalous stability and ultrasmall dimensions, play pivotal roles in
diverse fields such as catalytic reactions, biomedical engineering, and microfluidic systems.
Despite their technological promise, a fundamental gap persists in understanding their dynamic
evolution and stability mechanisms at the molecular scale, particularly under complex interfacial
and ionic environments. While existing studies on nanobubbles have utilized experimental
approaches alongside computational methods such as coarse-grained and all-atom molecular
dynamics (MD) simulations, the systematic application of high-fidelity MD simulations capable of
resolving long-timescale dynamic evolution and molecular-scale mechanistic underpinnings
remains limited. In this study, we employed a machine learning potential to investigate the
dynamic behavior of two bulk nanobubbles of identical size, revealing that coalescence during
their evolution significantly impacts bubble stability. The stability of such dual-bubble systems in
pure water, hydrochloric acid, sodium hydroxide, and sodium chloride solutions aligns
qualitatively with prior studies. Furthermore, we explored the detachment and stabilization of
surface nanobubbles on various solid substrates, demonstrating that surface hydrophilicity and
roughness critically influence the behavior of gas-liquid-solid contact lines, thereby modulating
bubble detachment and stability. These findings advance the mechanistic understanding of
nanobubble dynamics and coalescence regulation, offering potential applications in microfluidics,
interfacial engineering, and energy-related technologies.
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PaddleMaterial: A Data-Mechanism Dual-Driven Materials Development Platform
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Traditional materials development is challenged by the complex structure-property relations
in materials, multi-scale spatial features of materials, enormous materials search space, and high
experimental costs. With continuous advancements in Al technology, Al is accelerating the
resolution of these challenges in materials research and development. However, the Al-driven
materials development field still faces issues such as diverse scenario tasks, rapid updates in
model development, and a lack of a unified, user-friendly Al platform tailored for materials
researchers, alongside the challenges posed by the integration of diffusion models, multimodal
models, and other emerging techniques. To address these problems, this work proposes a novel
materials development platform based on a data-mechanism dual-driven paradigm. The platform
aims to deliver full-process intelligent support for tasks including material discovery, chemical
synthesis, and alloy design through various deep learning models for multi-Scenario and
multi-task, and the deep integration of intelligent algorithms and advanced simulation tools. At its
core, the PaddleMaterial component utilizes a unified trainer architecture compatible with
regression models, diffusion models, and multimodal models. By adopting a separated design for
the trainer, sampler, and predictor, the platform achieves efficient model training and inference,
catering to evolving research requirements and diverse scenario tasks. The underlying data
encapsulation supports various data formats such as crystalline unit cells, molecular graphs, and
multiple spectroscopic images, providing end users with a convenient and easy-to-use
workflow—especially suited for integrating various simulation tools in material discovery
scenarios. Furthermore, built on the PaddlePaddle deep learning framework, the platform is
compatible with diverse hardware architectures and offers distributed training and inference
capabilities. Experimental results indicate that this integrated platform significantly enhances the
efficiency and accuracy of new materials development, providing robust support for the intelligent
transformation of materials development and driving technological innovation in the industry.
(PaddleMaterial: https://github.com/PaddlePaddle/PaddleMaterial)
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Despite the exceptional atomic efficiency and well-defined active sites of singleatom alloy
catalysts, establishing precise structure-activity correlations to guide clean energy driven
electrocatalytic NO reduction (NORR) for synthesis remains challenging. Here, we investigate
Ag-based SAAs via density functional theory (DFT) within an “Al+ energy catalysis” framework
to derive a universal descriptor for NORR activity. Our calculations show that synergistic
interaction between the dopant atom and the Ag substrate breaks traditional linear scaling relations,
causing conventional descriptors fail. To solve this, we combine the energetic span model with
grand canonical constant potential simulations to introduce the activity descriptor ®max(n), then
employ machine learning techniques to uncover intrinsic correlations. We find that extreme
gradient boosting regression (XGBR) accurately predicts ®max(n). Finally, the SISSO algorithm
yields interpretable, quantitative relationships between ®max(n) and key features, offering
theoretical guidance for elucidating NORR mechanisms and rationally designing SAA catalysts.
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HEZ RIS (DFT) (132 RGBTSR AL 2 T T 2R BR AR, IO AR HE SRR
FFHLE B R R E AR T AT R GV T 16 FCEEYE DFT 22 BR7E /S ME 2
ZREMEIEMESE EROtERE, GIER THEEY (AIPI0) . &B-IAEME (M-LBDE) .
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BAE (B-F) LK 3d ESEBMEMEEY (3dTMV) o @5t mfg v Can
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1.57 kcal/mol) , R T1£45Z Bt @B97X-D (MAE = 3.87 kcal/mol) , #kiik 7 HAGEH T
WS BIEG N, FREZ R (W1 B3LYP) fEMSCEMAR (WM ME) T iErl
RGP Z (312 keal/mol) , 1] MN15-L 32 B 7E 3d i I 43 )8 Fi A AT &4 BT SR R I
FAEFE R (MAE = 4.2 keal/mol) . W 7t45 S A S AP RME T i 172 sR e B At 1448
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B3LYP-D3(BJ) M| 43 Jlidi i i 4 JE AN 7 (o B IE MR &R o AR TARSRIA T R G Btk 7 dr
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WA BIERE
E12-1-112
Interpretable Machine Learning Framework for Designing High lonic Conductivity in
Low-Temperature Lithium-lon Battery Electrolytes
XIFE
WAL RS M B B A

lonic conductivity is a critical determinant of electrolyte performance in lithium-ion batteries,
governing critical function-alities such as rate capability and low-temperature operability.
Conventional optimization approaches, whether empirical or simulation-based, face significant
limitations in either resource efficiency or predictive accuracy. To address these challenges, we
develop an interpretable machine learning framework that combines LASSO regression with
Shapley Additive Explanations (SHAP) analysis to elucidate the structure-property relationships in
multicomponent electrolyte systems. The framework proposes a novel descriptor, the
Model-input-weighted Sum of LASSO Features (MSLF), which quantitatively captures the
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collective influence of molecular characteristics on ionic conductivity. Our approach achieves
state-of-the-art predictive accuracy (RMSE = 1.33 mS cm—1, R2 = 0.88) while identifying two
dominant molecular features: PEOE_VSAL, representing surface charge distribution, and
NumAtomStereoCenters, reflecting stereochemical complexity. Application of this methodology
led to the design of an optimized ternary electrolyte system (1 mol L—1 LiTFSI in MA:THF:DMF,
5:3:2 volume ratio) demonstrating unprecedented conductivity values: 15.74 mS cm—1 at 25 -C
and 2.69 mS cm-1 at —70 oC. These results validate our framework’s ability to guide the
development of high-performance electrolytes for extreme low-temperature applications. This
study establishes a robust machine learning-driven framework for accelerated electrolyte
discovery, providing fundamental insights into the molecular determinants of ionic conductivity,
with potential extensions to diverse energy storage systems.
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HEMERE RS Hn TR AR VIR, HIRENLELE &0 TEARKIN TEfEH b+ AR
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LB BUEHRE
E12-1-119
Thermodynamic and Kinetic stability study of novel chemical molecules
TRE
TN R
The endeavor to find novel chemical species with good thermodynamic stability or good
kinetic stability properties has never been ceased. Unfortunately, experimental studies have always
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faced great challenges to find suitable synthetic precursors, synthetic routes and synthetic
conditions, which have significantly blocked study of these species purely from the experimental
viewpoint. Alternatively, with the developments from the quantum computational theory and
computer science, one can independently study chemical species at a reliable level free of
experimental information. In this way, one can predict useful information of these exotic chemical
species, which accordingly would provide useful guidelines for future laboratory study. We
summarize our recent research studies on the nitrogen-rich and boron-rich molecular species with
exotic structures. The thorough isomeric and transition state structural search have been carried
out in order to describe their thermodynamic or kinetic stabilities. A class of the lowest-energy or
ground-state structures were found that act as “thermodynamically stable” species. Besides, we
also found species that are thermodynamically unstable (with high-energy) but Kinetically stable
(reluctant to isomerize or decompose.
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Cluster analysis as a tool for quantifying structure—transport properties in simulations of
superconcentrated electrolyte

=}
L3353
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Using molecular dynamics simulations and graph-theory-based cluster analysis, we
investigate the structure—transport properties of typical water-in-salt electrolytes. We demonstrate
that ions exhibit distinct dynamics across different ionic clusters—namely, solvent-separated ion
pairs (SSIPs), contact ion pairs (CIPs), and aggregates (AGGs). We assess the average proportions
of various ionic species and their lifetimes. Our method reveals a dynamic decoupling of ion
kinetics, with each species independently contributing to the overall molecular motion. This is
evidenced by the fact that the total velocity autocorrelation function (VACF) and power spectrum
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can be expressed as a weighted sum of independent functions for each species. The experimental
data on the ionic conductivity of the studied LiTFSI electrolytes align well with our theoretical
predictions at various concentrations, based on the proportions and diffusion coefficients of free
ions derived from our analysis. The insights gained into the solvation structures and dynamics of
different ionic species enable us to elucidate the physical mechanisms driving ion transport in such
superconcentrated electrolytes, providing a comprehensive framework for the future design and
optimization of electrolytes.
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Ru Clusters Regulate Single-Atom Catalysts for Oxygen Evolution Reaction on Ni-Layered
Double Hydroxides through the Electronic Dam Effect
X158
PPN

Single-atom (SA) electrocatalysts supported on layered double hydroxides (LDHSs) exhibit
outstanding activity for the oxygen evolution reaction (OER), yet the reaction mechanism remains
inadequately understood—particularly regarding pathway modulation under complex aqueous
conditions. Although cluster structures are proposed to enhance OER performance, their potential
role in regulating the electronic structure of Ru single atoms has not been systematically explored.
In this study, Ru single atoms anchored on Ni-LDH are used as a model system. Under alkaline
conditions, spontaneous OH coordination is observed at the catalyst surface, leading to
significantly improved OER activity. Mulliken charge analysis reveals a cluster-size-dependent
regulation mechanism, in which the highest occupied molecular orbital (HOMO) level of the Ru
cluster exhibits an inverse linear correlation with electron transfer to the single atom. This
indicates an “electronic dam” effect that stabilizes and finely tunes the Ru electronic state, thereby
enhancing OER catalytic performance. Ab initio molecular dynamics (AIMD) simulations further
demonstrate that Ru clusters strengthen electrostatic attraction of K+ ions toward the catalyst
surface and induce reorientation of interfacial water dipoles, forming a hydrogen-bonding network
conducive to OER. This microenvironment lowers the proton transfer barrier and accelerates the
reaction kinetics. These findings establish a new paradigm of cluster-single atom synergistic
modulation, providing theoretical guidance for the rational design of efficient OER catalysts and
advancing the development of renewable energy conversion systems.
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This study represents the first demonstration that two-dimensional (2D) ferroelastic (FE)
materials can enhance photocatalytic applications. By comprehensive first-principles calculations,
we identified the LuSX (X=Cl, Br, I) monolayers as novel FE photocatalysts for water splitting.
These monolayers exhibit direct band gaps ranging from 3.67 eV to 4.09 eV, with favorable band
edge alignments for photocatalytic water splitting across a range of pH values. The ferroelastic
nature of LuSX enables tunable electronic properties through strain engineering, facilitating
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charge separation and enhancing photocatalytic efficiency. Our computations revealed their low
FE switching barriers (as low as 0.12 eV per atom for LuSI) and high reversible FE strain,
surpassing many known 2D materials. Furthermore, these LuSX monolayers exhibit strong
UV-driven photocatalytic activity across all pH values without needing external strain. Under
compressive strains, their ability to harvest a broader range of the solar spectrum is enhanced,
significantly boosting their photocatalytic efficiency. These findings open up new avenues for
using 2D ferroelastic materials in energy conversion applications, positioning LuSX monolayers
as promising candidates for efficient, flexible photocatalysts.
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First Principles Studies of Pt-doped MXenes as ORR/OER catalysts
st
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The sluggish kinetics of the oxygen reduction reaction (ORR) and oxygen evolution reactions
(OER) have been severely limited the development of clean energy technologies. MXenes, are a
typical two-dimensional layered material. Owing to their excellent electrical conductivity, good
mechanical stability, and tunable physicochemical properties, MXenes have significant application
prospects in the fields of energy storage and energy conversion. On the other hand, due to the
diversity of MXenes, studies on their structures and electronic properties are still unclear, and
highly active MXene-based catalysts still need to be explored.

In our research, we systematically investigated Pt-doped MXenes as single-atom catalysts
(SACs) for the ORR/OER, leveraging density functional theory to establish a detailed
structure-activity relationship. Initially, we examined the impact of biaxial strain on the catalytic
activity of Pt-VF-Ti.CF. and Pt-VO-Ti.CO: SACs, finding that strain can significantly enhance
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catalytic performance by altering the electronic properties of the catalyst and thereby adjusting the
adsorption strength of catalytic intermediates. Building on this, we further explored the
applicability of the d-band center model in Janus-MXenes (functionalized by two elements
(Pt-VN(L)-Ti2CNL)). The results showd that functionalized atoms can modulate the electronic
properties of catalysts to enhance their activity; however, the d-band center, electron transfer, and
work-function are not the sole determinants of catalytic performance.

Given the high computational cost of DFT calculations and the complexity of factors
influencing the catalytic activity of MXene-based SACs, machine learning (ML) was employed to
accelerate the screening of efficient catalysts and to identify the intrinsic factors affecting catalytic
performance. We developed an ML database for Pt-doped MXenes, which was used to establish
ML models that explore the physical and chemical properties influencing catalytic overpotential.
Factors such as The , , d-band center of the Pt atom, the and , among others, were identified as
key contributors to the catalytic performance of SACs.

In conclusion, we systematically discussed the various influencing factors of Pt-doped
MXene-based SACs on the ORR/OER and proposed some suggestions for improving the catalytic
activity. Our research is expected to be instructive for the design and development of
high-efficiency catalysts.
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Accelerated Discovery of Optical Phase-Change Materials for Integrated Photonics through
Data-Driven Approaches
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Optical Phase-Change Materials (OPCMSs) are increasingly recognized as key enablers for
next-generation integrated photonic devices, particularly in reconfigurable nonvolatile photonics,
owing to their ability to reversibly switch between amorphous and crystalline states with distinct
optical properties. These materials offer significant refractive index contrast (An) and tunable
optical characteristics, making them ideal for applications such as optical memory, tunable
metasurfaces, and photonic neural networks. However, conventional OPCMs, such as GezSbzTes
(GST), often exhibit high optical losses, characterized by elevated extinction coefficients (Kkq),
which limit their efficiency in large-scale photonic integration. Additionally, the traditional
trial-and-error approach to discovering new OPCMs is both time-intensive and costly, involving
iterative synthesis and characterization of numerous compositions. These challenges have impeded
the development of low-loss, scalable OPCMs tailored for advanced photonic systems,
necessitating innovative strategies to accelerate material discovery and optimization.

In this study, we established a high-throughput experimental database comprising 2,308
material compositions containing S, Sc, Ge, Se, In, Sbh, Te, and Bi, along with corresponding
optical parameters—An and k. at 1550 nm. Using features derived from elemental properties and
stoichiometry, we trained machine learning models to predict An and k., achieving high accuracy
with R=2values exceeding 0.96. Furthermore, SHAP-based interpretability analysis revealed
distinct physical and compositional factors governing An and k.. Thermodynamic and electronic
properties were identified as key contributors for both An and k.. Additionally, S, Se, and Sc
exhibited contrasting regulatory effects on An and k., offering valuable insights for the rational
design of low-loss PCMs tailored for photonic integration. These findings establish a predictive
and interpretable foundation for rapidly identifying new PCMs with desirable optical
characteristics, paving the way for scalable, tunable, and energy-efficient photonic systems.
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E12-0-02
Unraveling the synergy of nanotube curvature and axial coordination in MN4-CNTs for
enhanced bifunctional oxygen electrocatalysis: A DFT + ML perspective
B
PEAL R

The development of metal-air batteries relies heavily on the design and advancement of
efficient catalysts for the oxygen reduction reaction (ORR) and oxygen evolution reaction (OER).
In this study, to explore the effects of support curvature on catalysis, we synthesized CoN, sites on
planar graphene and curved carbon nanotubes (CNTs), observing enhanced ORR/OER
performance on curved supports, but the underlying electronic and structural mechanisms remain
unclear. Therefore, we employed density functional theory (DFT) to investigate the ORR/OER
activity of Fe/Co single-atom catalysts (SACs) anchored on diameter-tuned single-walled CNTs,
(m, m) Fe/CoN4-CNTs (m = 5-10). Notably, the highly curved (5, 5) CoN4-CNTs exhibit the best
bifunctional performance, with low overpotentials of 0.26 V for ORR and 0.15 V for OER. Axial
coordinating ligands (ACLs) were further introduced to construct L-(5, 5) MN4-CNTs (L = F, ClI,
Br, I; M = 3d transition metals), enabling modulation of the metal center's electronic density and
intermediate adsorption, thereby significantly influencing catalytic activity. To accelerate the
rational design of high-performance catalysts, we integrated DFT results with machine learning
(ML) models trained on seven atomic descriptors. The RFR and GBR models achieved excellent
predictive accuracy (R?> 0.89), and their predictions aligned well with DFT. This DFT-ML
approach offers valuable insights for the rational design of electrocatalysts.
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E12-0-09
Autonomous Atomic-Scale Reaction Control by Scanning Probe Microscopy via Deep
Learning
KB
iR

Precise control of chemical reactions at the single-molecule level has long been regarded as a
central objective in chemistry and molecular nanotechnology. Such control holds the potential to
enable bottom-up fabrication of functional molecular architectures, programmable reaction
cascades, and quantum materials with designed properties. Scanning tunnelling microscopy (STM)
has been a powerful tool to manipulate single atoms and molecules with sub-nanometer precision.
However, despite advances in tip-induced chemistry, achieving deterministic, highly-efficient and
programmable reactions within a single molecule remains an open challenge. The inherent
stochasticity of molecular reactivity, coupled with the complexity of bond environments and the
need for adaptive parameter tuning, makes such transformations highly uncertain and difficult to
scale.
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In this work, we develop a fully autonomous framework for atomically precise
single-molecule chemistry. Here, we integrate scanning tunnelling microscopy (STM) with a deep
reinforcement learning (DRL) framework to achieve atomically precise, autonomous dissociation
of the C-Br bonds in 5,10,15,20-tetrakis(4-bromophenyl)porphyrin (TPP-Br4). Our Al-driven
system dynamically optimizes tip positioning and pulse parameters to selectively remove
individual bromine atoms in user-defined orders. The entire framework is governed by computer
vision and a learned DRL policy, exemplifying full Al-driven autonomy in atomic-scale surface
chemistry. This synergy between STM manipulation and machine learning provides a general
strategy for programmable on-surface synthesis, and heralds the autonomous construction of
complex nanoscale architectures with single-bond precision.

TR MG
E12-0-10
DFT-Enhanced Machine Learning for Accurate PLQY Predictions and Inverse Design of
Novel MR-TADF Materials
Yl
AL HATE R

Predicting the photoluminescence quantum yield (PLQY) of multi-resonance thermally
activated delayed fluorescence (MR-TADF) molecules is essential for advancing high-efficiency
organic light-emitting diodes (OLEDs). Traditionally, density functional theory (DFT) calculations
have been applied mainly for material characterization at the final stages of research, limiting their
practical impact. Here, we introduce an approach that incorporates diverse DFT-derived
parameters into machine learning (ML) models for early-stage PLQY prediction. Our model
captures a range of molecular properties, including electronic structures and transition dynamics,
offering deeper insights into key determinants of PLQY. Building on these insights, we identified
critical factors affecting PLQY and developed a rapid prediction model for the most critical factor,
emission transition dipole moment (TDM), for inverse molecular design and screening. Through a
generative model based on a modified variational autoencoder with TDM as the objective function,
combined with expert knowledge, we generated an extensive molecular space and achieved
precise molecular inverse design. This study illustrates the transformative potential of integrating
DFT with ML, shifting DFT from a characterization tool to a predictive modeling component,
accelerating the development of high-performance MR-TADF materials for OLED applications.
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E12-0-13
Agent-based automated extraction of multimodal data from materials science literature
7P &
EHBER

The paradigm of materials research is rapidly shifting towards a data-driven model, which
focuses on uncovering relationships among material composition, processing, and properties
through machine learning. However, efficiently extracting structured experimental data (e.g.,
material components, fabrication parameters, mechanical/electrochemical properties) from
massive, multi-source, and heterogeneous scientific literature remains a critical bottleneck for this
paradigm shift. Existing methods face challenges in cross-modal alignment, long-distance entity
relationship modeling, and inefficient PDF document parsing. To address these issues, we propose
an agent-based multimodal data co-extraction framework (Agent-based Multimodal Data
Extraction, AMDE). This method employs a large language model (LLM) as its core engine to
construct a "thinking-acting-observing-reflecting-verifying" cognitive loop. By innovatively
integrating the MCP protocol to expand model capabilities and designing a multimodal attention
mechanism, the framework achieves end-to-end automated extraction and structured integration of
critical information—including textual descriptions, structured tables, and curve chart
images—from input literature. It realizes a one-stop conversion from raw PDF documents to
Al-ready structured datasets. AMDE provides researchers with a powerful tool for simple, rapid,
and large-scale acquisition of high-quality composition-process-property correlation data from the
literature ocean, significantly accelerating data-driven material design and optimization. This
approach establishes key data infrastructure to overcome traditional trial-and-error limitations and
expedite new material discovery.
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Intelligent design and simulation of high-entropy alloys via machine learning and
multi-objective optimization algorithms
g
UIPN

High-entropy alloys (HEAS) are innovative metallic materials with unique properties and
wide potential applications. However, the compositional complexity of HEAs poses a great
challenge to investigate the physical mechanisms controlling their performance. Herein, we
propose a novel framework comprised of high-entropy alloys design and simulations (HEADS)
that combines machine learning (ML), molecular dynamics (MD), and multi-objective
optimization algorithm (MOOA). When considering the disordered characteristics of high-entropy
alloys, this framework initially predicts the phase structure of high-entropy alloys with different
compositions using ML and subsequently performs theoretical modeling. Tensile simulations were
conducted via MD to generate the mechanical property data, which served as the foundation for
further optimization. Within this framework, deep neural network (DNN) models conduct
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multi-task regression to fit the data obtained from the MD simulations, thereby developing an
accurate performance prediction model. This model was employed as the fitness function in the
multi-objective optimization algorithm to optimize the elastic modulus (EM) and ultimate tensile
strength (UTS) of HEAs. The framework is validated using FeNiCrCoCuAlMg alloy and supports
flexible weight assignments for EM and UTS, allowing tailored optimization based on specific
application requirements. HEADS framework can provide a robust strategy to accelerate the
development of high-performance HEAs and offer new insights for engineering applications
requiring advanced materials with optimized properties.
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E12-P-01
Intelligent carbonene fiber preparation and characterization platform: Al for Fiber
AR
JEEURE

Fibers with ultra-high mechanical properties are crucial in the aerospace and military fields.
Incorporating graphene or carbon nanotubes into heterocyclic aramid fibers can significantly
enhance their mechanical properties. However, the complex preparation process and numerous
variables of carbonene/heterocyclic aramid fibers complicate the precise control of their
mechanical properties. Herein, we construct an Al-enabled automated fiber preparation and
characterization platform—Al for Fiber (Al4F), which facilitates automated preparation and
mechanical testing of carbonene/heterocyclic aramid fibers. Based on the Al4F database, we will
train machine learning models to explore the intricate relationships among the composition,
preparation parameters, structure, and mechanical properties of carbonene/heterocyclic aramid
fibers. This analysis will enable us to decouple the factors influencing the mechanical properties of
these fibers, ultimately guiding the preparation of carbonene/heterocyclic aramid fibers with
ultra-high mechanical properties.

AEWE: Kk
E12-P-02
Uniform Single-Domain Liquid Crystalline Hexagonal Rods by Synchronized
Polymerization and Self-Assembly Using Disc-Shaped Monomers
JFR T
o [ B e AL S AT 7T B

The fabrication of nanostructures from polycyclic aromatic hydrocarbons (PAHS) is highly
attractive owing to their unique optical, electrical, and magnetic properties. However, the creation
of uniform and well-defined PAH nanostructures by self-assembly still remains a significant
challenge. Herein, we report that highly uniform hexagonal rods can be obtained from
triphenylene (TP)-derived monomers by synchronized polymerization and self-assembly (SPSA).
These rods have a single-domain columnar liquid crystalline structure in which columns formed
from stacked TPs are along the long axis of the rods. The length/diameter ratios of the rods can be
tuned over a wide range. Key factors to achieve SPSA of PAHs were analyzed, and the formation
mechanism was clarified. In particular, it is observed that successful SPSA occurs below an upper
critical temperature, which could be attributed to insufficient microphase separation between the
side chains and the main chains and should be a general principle for SPSA. Furthermore, we
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demonstrate that the columnar stacking of TP units significantly promotes the intersystem crossing
of the singlet excited state to the triplet excited state, resulting in simultaneous fluorescence and
phosphorescence emission at room temperature. This work may be extended to a wide range of
PAHSs to regulate their self-assembly and light emission properties.
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Accurate and efficient prediction of adsorption geometries is a critical step in elucidating
catalytic mechanisms and guiding the discovery of new catalysts. In this work, we introduce
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DiffCata, a generative model that couples a periodic Brownian-bridge framework with an
equivariant graph neural network to learn relaxation pathways directly from pairs of unrelaxed and
DFT-relaxed structures without requiring explicit energy or force annotations. Once trained,
DiffCata produces high-fidelity adsorption geometries in under 1 second, achieving an interatomic
distance mean absolute error (DMAE) of 0.035 AA on the CatHub dataset, nearly threefold
improvement over the leading machine learning petential OC20-EquiformerV2 model and
matching DFT accuracy in 85% of cases within 0.1 eV. Furthermore, we enhance accuracy by
detecting and refining anomalous predictions via a hybrid chemical-heuristic and classifier-based
outlier detection. Finally, We showcase the application of DiffCata in accelerating high-throughput
computational screening for efficient alloy catalysts in the oxygen reduction reaction (ORR),
underscoring the potential of DiffCata as a powerful tool for catalyst design and optimization.
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