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Fig. 3 (top) Adsorption energy (eV) on Pt(111) at 1/9 ML for the considered
systems, calculated with the 5 considered functionals. The experimental value
(see text for evaluation method) is indicated in yellow when available. (bottom)
Adsorption energy deviation between experimental data and calculated results
for the studied systems on Pt(111) for the 5 considered functionals.

Cite this: Phys. Chem. Chem. Phys., 2015, 17, 28921
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Au on rutile TiO,(1 1 0)

Stoichiometric O-poor

FIG. 1. (Color) Schematic geometry (top view) of the 1 X 1 cell of the TiO,(110) surfaces. Five possible adsorption sites considered in
our study are marked from A to E for the stoichiometric surface (a). Six possible adsorption sites are marked from A to F for the Ti-rich (b)
and the O-rich surfaces (c). The large open, filled, and gray circles represent the sixfold Ti[Ti¢], the fivefold Ti[Ti’], and the inner Ti,
respectively. The Ti¢ atoms at the stoichiometric surface become the fourfold Ti[Ti*] atom at Ti-rich surface by removing the bridging O
atoms. The small green, blue, and red circles represent the in-plane [OF], the bridging O [OB], and inner O, respectively. For the O-rich
surface, the small light blue circles indicate the O in second layer [O™!].

o READA XA AR)—ZIEELTONIE,
REGLZERTARERIIEHBERTE S

o L. EDQKSIBGRMMIAARN)—ZET
)2 U95hE. MENBE

PHYSICAL REVIEW.B-69, 235404 (2004)
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TABLE III. Adsorption energy E,q of Au on the TiO,(110) sur-
faces defined from a Au monolayer. Unit is eV/adatom.

Site A Site B Site C Site D Site E Site F

Stoichiometric 0014 0.103 0043 0.101 0.024
Ti-tich 1501 0522 0548 1900 1507 1.904
O-rich 4246 0312 0820 3611 4239 2547 p
ool el el
XX
[
7 S
OodDsedOodO
FIG. 2. (Color) Stable structures; (a) Au adsorption on the site B and (b) on the site D for the stoichiometric surface, (c) on the site F for
the Ti-rich surface, and (d) on the site A for the O-rich surface. The orange and yellow circles represent the Au and O™ atoms, respectively.
The other colored circles indicate the same atoms as those in Fig. 1.
PHYSICAL REVIEW.B-69, 235404 (2004)
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PHYSICAL REVIEW B 69, 235404 (2004)
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Au on rutile TiO,(1 1 0)

TABLE IV. Bond lengths between the Au adatom and the nearest Ti atom, da,_t;, and between the Au
adatom and the nearest O atom, da,_o. Units is angstroms. For the site A of the O-rich surface, two values of
dau-o are listed. One is the distance between the Au adatom and the in-plane O atom. Another in the
parentheses is the distance between the Au adatom and the inner O atom.

B of stoichiometric D of stoichiometric F of Ti-rich A of O-rich
dau-Ti 3.03 (2.66,%2.80%) 3.10 (2.85% 2.68 3.64
dau-0 3.35 (3.11%) 2.78 (2.29") 3.26 2.07 (2.28)

- HEGLEIAHT, BEHEH
- stoichiometric & O-poor(X3EE&1E & LhER

PHYSICAL REVIEW.B-69, 235404 (2004)
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A tile TiO,(1 1 0)
1.0<
0.5
0.0
-0.5
-1.0>
TABLE V. Integrated charge-density difference. A positive value
indicates an increase of electrons. O™ indicates the inner oxygen
atom in contact with the Ti® atoms in the stoichiometric and Ti-rich
surfaces (the light blue circles in Fig. 2) and in contact with the Au
atoms in the Au adsorption on the O-rich surfaces. O™ indicates the
inner oxygen atom under the Ti® (the yellow circles in Fig. 2).
B of stoichiometric F of Ti-rich A of O-rich
Au —-0.0060 0.0521 —0.2836
OB 0.0012
Ti¢ -0.0017 -0.1123
Ti° —-0.0041 -0.0267 —-0.0200
oP -0.0014 —-0.0047 0.0501
oF -0.0014 —-0.0047 0.0501
oinl -0.0001 0.0126 0.0583
o2 0.0010 0.0004 0.0005
PHYSICAL REVIEW.B-69, 235404 (2004)
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Au on rutile TiO,(1 1 0)

(b) (c)

o o (|
L.y

1 4 4
Aﬁ A P |

B TS0 2 526 2502 -85 %6 -2a-20 2
Energy [eV] Energy [eV] Energy [eV]

Density of States

FIG. 4. The local density of states for the Au/TiO,(110) system;
(top) the bulk region, which is the center of slab; (center) the top
layer of TiO,(110) substrate; (bottom) the Au adlayer. The LDOS
for the systems where the Au atoms are adsorbed on the B site of
the stoichiometric surface, on the F site of the Ti-rich surface, and
on the A site of the O-rich surface are shown in (a), (b), and (c¢),
respectively. Dashed line in the bottom panel of (a) indicates the
DOS of the free Au monolayer. The Fermi level is chosen as zero of
energy.

PHYSICAL REVIEW.B-69, 235404 (2004)
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Au on rutile TiO,(1 1 0)

- BRBEEHEERZHNT: (HEOIEKRTESE)

— O-richRETIE. AUDNBFEZ<EK>TWS I &M ot
- MEFEEZRSE. dBFICEELHD

— AUSAENE &L O 2pEEDHIVERMNR 5D

- JTRIE, ENBIEYLEICHEFETLHETAIL FEEE
'Ehffﬁhéi.%ﬁﬁ%%h\ LE—REAEIZLEHIHEILR

— k

- NEYBOMELDT, RELGLMICARSN 5
EAHLSME LNEL
— LR FEORRECHERENDORRGE
- EMROMENHLE. FRYTES

PHYSICAL REVIEW B 69, 235404 (2004)

Copyright (©)2025 AdvanceSoft Corporation. All rights reserved. 32 46




http://vvwvv.advan‘cescft.Jp/
Advance Soft
4]

F—REHEIHYILT VT
H—EXD TN
—RXE RHE S

Al TIEFRIRITARLAE |
F—REHE xBFPFIRY R — F THRIBERORERR
2025%8HA5H ()
7 RINURY T bRt

http ://www.advance'soft.jp/
Advance Soft
4

MEBIBRRICH TS
EF—REBAEOaOVYILT 4 T —ER

HY—EZ0BK

MEIOFERFELEMELICEVWT, BFNFOEFRREBICEDESHBELYETAN
Ages [F—REHE] IRELDIFETHY . AFEORMNEHH 5 2 L IFHTDE
WHnFeENemHd LTEETY,

AIEATICE 2 BEMELD b L > FIEHY 90, RBAFAERERE. STEBRDOEE,
FHEANDT7A— RNy 7 EVWSETEELLELTDERVWZIEEA,

SE, TRAVRY 7 T, B-REHEO IV YILT AV /Y —EX%E TREN
L*d, u‘|"§$$ B L 7-EPIETE S, BF—IREEE Y 7 b 1 7 Advance/PHASED &
FERZELT. BEROMBRARICEIT3 R4 GEERREZYR—-—bELET,

Copyright (©2025 AdvanceSoft Corporation. All rights reserved.

-33-




http://www.advancesoft.jp/
Advance Soft

—EZOEE )

v S d0c N > R R D B—REEEY 7 bV = 7 Advance/PHASED 7 A4 &> R
HAEHPR T D{EHER],

> Advance/PHASED#eED{ERY R — b,

> Advance/PHASEDERICEET 2 aVHILT 4 v (ERAED TIRE,
FRYR— b, BROERLY)

> B—REHESMICETZaVYILT v GAE. B, BEAL) .
> THEENHNIE, BRIV - X (@i, ) 0ITRE,
=VPGEE > O YILT 4 Y TORBICIOETRA Y FAVBILEINET, BA > FAHE
Y I hE AKZFTaAVYILT A VI HIKET DT ENAIBETT,

> OAVHILT 4 VKB A —ILIZTEBRWEbEWEEEE9,

S HAM > 1EMAEEKRELTVWET,

R > ZHkEEWL =< AR IZAdvance/PHASEDRFRE L HbHBFL TWLWB =8,
S YBBAATAVHILT 4 Y IHEIRETT,

Copyright (©2025 AdvanceSoft Corporation. All rights reserved. 3

http://www.advancesoft.jp/
Advance Soft

[,

AV YT 4 Y TARBDE)

> BEBROMBBERICEIFZ2BBICH LT, EOLS5HBT7 A —F TR
e LA Wnh D TIRE,

> ETIVOERCEERGICET 27 FAN A X,

> BEROBTERCETRSEOL £ 21—,

> BPEBREFRME~AOE—REFAEDET,

> WX T%ﬁéﬂtﬁbm% [FIBSHE FRICBET 2R,

> SRR, XEEMITO ZRE,

(XH<FTHHITHY, TEREARREBERICTIERICERD
W= ITET, WAL EI MEFOMWETBEVNELET, )

Copyright (©2025 AdvanceSoft Corporation. All rights reserved. 4

-34 -




http://www.advancesoft.jp/
Advance Soft

"N

THEAEEAVYLT AT D7 O—

D BEHELVIEET FLRITA—ILICTIREARRZ B1EY <20,
@ L VERINERA Y P eRTEFTCOPRMOBLRZHEALET,
@ BPEBRICTREMICKEBET 2024l LIREVWELEEET,

@ THEW W ARICE S WTEEA A AV YILT 4 78TV
mEE9,

Copyright (©2025 AdvanceSoft Corporation. All rights reserved. 5

http://www.advancesoft.jp/
Advance Soft

[,

Z 2 DiERE

BEBRNCHFLEINDZAVYLT AT OHEEPCRY 2 —LIZIE LT TFD
SEFEDOA 2 -2 ZTHARLTUVWET,

A ’EGJEFH
A L PR*2

Standard 80 10 14 fE]
Gold 120 15 1
Short*! 40 10 65 AE

%1 : HAEIPRE(2026F3AFT) TOTRMZFEL TVET,
%2 BERFIRTESDFEAN. COLRZBRDETTECICHEZEIDIHAENHDET.

Copyright (©2025 AdvanceSoft Corporation. All rights reserved. 6

-35-




http://www.advancesoft.jp/
Advance Soft

n

N

FHRA v FPOBER
AN A
0

> REEDERTEICBET 28V ahE
> XECHIFE. REMTD JRE,

1~ > ETILDERVCETERGFICETZT7 FANA R

2~ > BEROBITIERCEMBEEDL 12—

3~ > RERTESFUHRTE

4~ > BEBKOMBIBERICBIT2BEICHL T, FnL58T 7
O—F Tz LA LWLD D TIRE,

5~ >»i5$§ﬁﬁi§%iﬁiﬂﬁ%§f\09%%——&?ﬂ¥§+§§095%%§ () : a5 < 2
H) .

6~ > X F CRRINCHLVWE-REAEFEICET 25,

Copyright (©2025 AdvanceSoft Corporation. All rights reserved.

http://www.advancesoft.jp/
Advance Soft

[,

— EZDIZIC 2L T

Hﬁ@ﬁm
A L pR>*2

Standard 80 10 1/ 10005 H
Gold 120 15 1/ 15005 H
Short*! 40 10 6/ HE 500/ H

%1 : HAEIPRE (20263 FT) TOTRMZFEL TVET.
X2 BERHIRTESDELAN, COLRZEBADET T CICHHEZEITDIIHENHDET,

Copyright (©2025 AdvanceSoft Corporation. All rights reserved.

-36 -




http://www.advanc%soft.jp/

Advance Soft
4 )

—REHEVILOT
Advance/PHASE = &R
=nxib. Bt L EREE

RirE1E A &FF

X 4

Al TIXRIRITEHEVLARE !
F—REBEHE<EMARYR— F THRBEARDEERR
2025%F8A58 (k)

7 ENDRY D S

Copyright (©)2025 AdvanceSoft Corporation. All rights reserved. 1

http://www.advance.soft.jp/

Advance Soft

AHOAE "

AHIF. B—REFEY 7 ~ U 7 Advance/PHASE ODEFEIEIC DL
T, B3 DDF—D—RICESEZHTTCTHENLES,

BRI
BT ENERAIC & 5 RIDERIRER D SR
EFRESTEOE®E [ DavidsonADH R

SEH I
Python(ASE)E#|C K 2 F#ua 5+ & i1
MR O EDTEEEEFE
T —2 7 O—HBEDIER

EmEE
&Hﬂ*ﬂTﬁ%ﬂDﬁﬁztéﬁ% M3GNet/MatGL, OCP(fairchem) 7 ¢

HTHEEE ¢ XEEFEAARYT BIL (XES)DETE
Materials Informaticstége Dk B
GUIKE

Copyright (©)2025 AdvanceSoft Corporation. All rights reserved.




http://www.advancesoft.jp/

Advance Soft

Advance/PHASE & |& .

RENBEEIES (OFT) ICEDVWe. HARHOE—RIEAEY 7 D7 T,
« 1993F N OENBEED . 30EMUEDEF C =EXFHL £,
« BEERETEMEE. FEULP T ULGUL MER TR — MRS T,

RFREEN S, 2T R/ILF— . BEFRE. B SrFRE. RICERZC. %
ok TETEDRIRET I

C @ © ® 127001

Help
719 T,
—XRD o] -
2D Diffraction Pattern ﬁ

Beam Direction: 001

FIMTRDIRRZ RS B

EQQ¥D2D+ TK%iEiﬂIOD%i
% ﬁﬁ%*%ﬁ

SREMH  REREER

BT TN R AEEERY
PBEREFE

0
20 40 60 80 100 120 140 160 180

CIGILIE AR Y]

n for 11 p-13) )
INFO h e 4941 y:0.030, weighted surface energy: 2.527 J/m2 savelog |

BERAGUI (20044 h 5 %5%)

Copyright (©)2025 AdvanceSoft Corporation. All rights reserved. ' 3

http://www.advancesoft.jp/

Advance Soft

ISR ERZR D ZR1E, (1) - NEBA Z & :

W FERISCMERORFINRHZTIER T 5I1C1F5. RIGHAEDL S BREEETZED ¥ b
WOIRI)IF—[EE CEEELIXRILEY—) AR Z2UNBHHZHEH 2 EHFRERT

9, Nudged Elastic Band (NEB)AIE. T DRIGEE E TRILX —[EEAFET 2720
DIZHENZFETT,

Nudged Elastic (NEB)

« RICDISIRRE(IS) CHRRE(FS) DFEIC. W< DD
DOHFEPREE (71 X—2) ZEEEL T,

>

B@J)/\D/(X /%/\7’(97;&\;\ m’fX Z
B<NHzEBEL UBEERELT 2Ty IR
ILF—DRHEVIEE (BR/NTRILF—#REE !
MEP) ZR&H £,

*MEPETRDHIRILF—DFLRHI RILDR
LRy O & 72 2 BRARRE(TS) T,

Potential Energy

%% %%iTg ?K(®$%4X VA
TIX+DOBVWE—RIEBFAEZMEDHED
RIMNEBNRBD O 5TERBDEARICHE D &

VO RFEEEN - =
WO RED'H O & LT Reaction Coordinate X
AllZ & 54/ LI-NEBiZD#EEE
—— 4

Copyright (©)2025 AdvanceSoft Corporation. All rights reserved. 38




http://www.advancesoft.jp/

Advance Soft

SDAERESIRER D 2R b (2) A
- EWEFENEB (ML-NEB)

Advance/PHASE Tld. TONEBEEDR MILR Y I ZFET 720, EINFEE %8 A

LTEMLNEBE 28R — LR, https://github.com/SUNCAT-Center/CatLearn
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DOS charge structural evolution image files | python (ASE)

ASE log

| ase.log.20240917_235351 v| view |
ASE trajectory
lase_MLNEB.traj v  view |

(/) extract data from traj when viewed

v

ASE csv
[ results_neb.csv

view ]
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ASE log
L]
S | O O 1 H 2 ase.l0g.20240917_235351 v view |
[F R JER—— o o o S o o ———— +
| Method | Step | Time | Pred. barrier (-->) | Pred. barrier (<--) | Max. uncert. | Avg. uncert. | fmax
O o B B e o o o +
| ML-NEB | Q] 2024-09-17 23:56:29 | 0.000000| 0.000000] 0.000000] 0.000000| 0.000000]
| ML-NEB | 1] 2024-09-17 23:56:29 | 0.000000]| 0.000000] 0.000000] 0.000000| 3.907767|
| ML-NEB | 2| 2024-09-17 23:56:29 | 2.225730| 3.959930] 2.012720] 0.916600| 2.520645]
| ML-NEB | 3| 2024-09-17 23:56:29 | 2.556570| 4.290780| 0.256580] 0.123560| 3.516345]
| ML-NEB | 4| 2024-09-17 23:56:29 | 2.492160 | 4.226370] 0.185600] 0.131020| 2.653228]
| ML-NEB | 5] 2024-09-17 23:56:29 | 2.945180| 4.679380] 0.880230] 0.374210| 1.567507]
| ML-NEB | 6| 2024-09-17 23:56:29 | 2.887290| 4.621490] 0.538410] 0.148690| 3.791157]
| ML-NEB | 7| 2024-09-17 23:56:29 | 2.885370| 4.619580] 0.210510] 0.046850| 1.947258]
| ML-NEB | 8| 2024-09-17 23:56:29 | 2.716470| 4.450670| 0.160230] 0.066800| 3.868147]
| ML-NEB | 9| 2024-09-17 23:56:29 | 2.619970| 4.354170] 0.176390| 0.049310| 1.536€871]
| ML-NEB | 10| 2024-09-17 23:56:29 | 2.666890 | 4.401090] 0.159560] 0.041760| 1.917283]
| ML-NEB | 11] 2024-09-17 23:56:29 | 2.438640| 4.172840] 0.128510] 0.048220| 3.694050]
| ML-NEB | 12] 2024-09-17 23:56:29 | 2.249640| 3.983840] 0.109850] 0.051120| 2.447805]
| ML-NEB | 13] 2024-09-17 23:56:29 | 2.129780| 3.863980] 0.187970] 0.053260| 2.152487]
| ML-NEB | 14| 2024-09-17 23:56:29 | 1.430€00| 3.164810] 0.102010] 0.056810| 2.170844]
| ML-NEB | 15| 2024-09-17 23:56:29 | 1.187330]| 2.921530] 0.172450] 0.083310| 2.152293]
| ML-NEB | 16| 2024-09-17 23:56:29 | 1.183450] 2.917650] 0.156020] 0.066660| 0.472810]
| ML-NEB | 17] 2024-09-17 23:56:29 | 1.126590| 2.860790] 0.102460] 0.049500| ©€.653009]
| ML-NEB | 18] 2024-09-17 23:56:29 | 1.155580| 2.889780| 0.142260] 0.064900| 0.982412]
| ML-NEB | 19| 2024-09-17 23:56:29 | 1.130550| 2.864760| 0.127910] 0.044040| 3.236426]
| ML-NEB | 20] 2024-09-17 23:56:29 | 1.131460]| 2.865660| 0.052340] 0.024160| 2.034019]
| ML-NEB | 21| 2024-09-17 23:56:29 | 1.131660| 2.865870] 0.043970] 0.018460| 0.155270]
| ML-NEB | 22| 2024-09-17 23:56:29 | 1.132730| 2.866930| 0.041460] 0.017400| 0.038264|
B R B . e e o o +
Congratulations! Stationary point is found! Check the file 'evaluated structures.traj' using ASE.
Training a Gaussian process...
Number of training points: 24
Gaussian process trained.
Congratulations! Your ML NEB is converged. If you want to plot the ML NEB predicted path you should check the files
'results_neb.csv' and 'results_neb_ interpolation.csv'.
The optimized predicted path can be found in: ase MLNEB.traj
Number of steps performed in total: 22
—
Copyright (©)2025 AdvanceSoft Corporation. All rights reserved. 8

- 40 -




http://www.advancesoft.jp/

Advance Soft
[] = ,-‘
SI001_H2 -BEOHEHRE—BLES,
— = —_
- BBREBEIR/FESNATHET,
ASE trajectory
 ase_MLNEB.fraj v view |
n
%1 Figure 1 - O *
-
1.0 s N
S = AN
I’ — \\
’ \
0.5 - A \
T %
s 004 @e------ ®--- @ \“
B \
2 -051 \\
A
\
~1.0 - \
A"
®
—1.5 1 AN
\'\u
-9
0 1 2 3 4 5
Path distance (A)
|
Copyright (©2025 AdvanceSoft Corporation. All rights reserved. 9
http://www.advancesoft.jp/
~ = A~ Advance Soft
ML-NEBZ%Z W ZETE A (2) A
SifE@FIZH T % BB FREIEFOILENETE
@sio (|* * @sio |™ =
@ S Y g + Si g o
Yl \‘,-7‘, e R N ‘*_‘T
; | Z2d\\|
e ol Ol \.,1», e veulh gl ‘.31;,
Sl D T - M——“v
e T -l - e -
LN FRAREE
Copyright (©2025 AdvanceSoft Corporation. All rights reserved. — 10

41 -




http://www.advancesoft.jp/

Advance Soft

SiftRPICH T2 BB FREIRFOILEETE A
HhERPEEE (0.42eV): BIFEF X LREDHETLL .

HE X F: FIREZD# 1/24

X BWFBNEBEE TIE, 1180378 (1 A—DFGL) T, LMAB1BOFBTIRKRTEE LT,

ASE trajectory
’ase_MLNEB.traj VI view ]

A€I Q=R 2

Ya l »
0.4 '/ %
\
®_[
/ > \
,/ Q \\
1 N
0.3 1 1 o~ .
l' <, kY
L ! o A
3 ! \
= \
3 0.2 :. \
=
GJ
c
4

1
’ $
0.1 ! \

0.0 .——"/ -

o BIGIREE (TRILE—[ERDTES)

TORFEE

0.0 0.5 1.0 1.5
Path distance (4)

Copyright (©)2025 AdvanceSoft Corporation. All rights reserved.

11

BNETE DRI -

http://www.advancesoft.jp/

Advance Soft

[,

Davidson,ZDE

;C(;)ﬁ%bi@'o

H{y; =E; ¥;

o H: J\Z)LEZI724T5) (BB ~EBHIXRT)
o y;: BFHE (BBXRT ML)
e E;: UEBTRILF— (EHB{H)

—FRIBEEE. EXR/\ZI)L T 2175 B OEBIEREZ#E <

EIR(EDER : MIEND MVDORRNREE

1. BREDHE : BEORLR (v, E,) O [XL] ZHELET,
FBRENIBRIV: rpy = (H - Ex I) Uy
2. WEAY MUVDHE : C0 [ ] BHEHETHIEARYT ML w, &

KRHET,

£] (FETEIX MIICARFIRETT,

NLIZ 22N ERE (R DIFTZ0N,

BE: TY HNAERTE T, INTCOFEZ—E(KkDHD [EEHH

BiY : TRILF—HMEV, PIBN (CEERDBOEBE BB

Copyright (©)2025 AdvanceSoft Corporation. All rights reserved.

42 - 12




http://www.advancesoft.jp/

EFIREETE DS IR - DavidsonZDOHE

Davidsoni& & &

Davidsoni&ld TEBDZERNE] CMHEN S FAEAD—RETT, /NE4 [ENZE/E) OFRT
INERBEREREzME. COBOKBEZRENICALEE TV ET. BRET
PIH 2FZ2RKS Z B, BRORBICINREE X T,

Advance/PHASE COHE
E&th (9 AfICY) J)—XFFE)

- fE1FDavidsoni% -

@ BIALIBITH D E: IENY ML STE T 2O LHTE % . Bl A1T75] D 71217
T, EDONZIIIEZT Y HOEERIEZ D DD WITAOENR S a7 (Z
BEBXFET,

Q@ IEENT FILDOBEIH: FRENRT NLOBFHEY. OB AIAKT DT NLDE
OhEETXL. STBOLZEMZTEOET

« Davidson Deflationy& -
—EBDIITRBOEEXNORIANS (TIL—>3y) ( ROBHRER, ~E2LB
INRZFHE. 2\ RETE % 5%F1b,

Copyright (©2025 AdvanceSoft Corporation. All rights reserved. 13

http://www.advancesoft.jp/

Advance Soft

n

PythonZHU\/zAdvance/PHASED:EEET & Er I 0—

COBEECED. UE— h—)(—TOPythonZ B\ BTN SHEROEIE. BHETNGUILTI —ALR([ATABEDCRDET,

2UvyTEEFY O—F

L 2

1. VE—PMRA M 2. S3TRGTEAD 3. BROBBID> 4. GUITDIGRAET
E ﬂ!! O— I\ o A9 0— RENZEBER.
- —_— GUI® lpython (ASE)| $&ESRERHT

o STENKTIDE. BRIFAIL
(Case-*'0O4. *.traj BLUEDI 7
A “*esv' T IT7AIIR
&) nEsTO—AaILIS >y

o PythonETA/RZ h&%iRT S
& WEBRRIUT S (Crun.py’
F) P JOSTIRSTALURY
(=] pcomarv gk= 3 18

JRIVDSEE. OJDRERN)
SIDFRFNTIRETT .

o PythonE{THDUE— MR K
(Bl: " as03-python’) %#. BifF
DFEERT I — hEUTHIA

UTCHECBMUET.

e 3TJF>2FL—hE

"RUN_PHASE_PYTHON' 72:&£3
DORBERBERELFT .

o TaTJE/ATDE, runpy’
HEBNCUE— MNRAKNZTY
JO—R&n. st8rEiTEns
ED

Copyright (©2025 AdvanceSoft Corporation. All rights reserved.

o>0—kEnxEd.

- 43 -

14




Python(ASE) &% (C

Advance/PHASE (.

ENCE LA

RF>=al—>3>DiceddDPythonZ 1 751U T

http://www.advancesoft.jp/

Advance Soft

[,

55 ]

» BHASE (Atomic Simulation Environment) &> — AL XIZEEL £,

EEREEIL

GUIEXRZ T HD@E

«GUIIC L 2 BRI IRIEC . Python
20V) FRICELBTEET/IND IR
STEGHZTmMII TET £,

ML S AL —S gV RATR.
TR T — 20IEE B8 L. Bf
THEONERERENICEH ESEE
7,

- PythonDE&
Z)EEAEDLESZET. BER
%’-“ijﬁ{)@‘% D FET,

Copyright (©2025 AdvanceSoft Corporation. All rights reserved.

BRI E MRS 1 T

CERRT NI TV E T,

St RFTE DI

trajectory=prefix+'.traj')

phase.set (mobile=True)
calc eos = calculate eos(atoms,
V, E, B = calc eos.fit()

kv =B / kJ * 1.0e24
print ('Bulk modulus Kv
calc eos.plot(prefix+’

(GPa) :
.png')

',okv)

sj: E: -857.537 eV, V: 163.215 A%, B: 89.324 GPa
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export project .
import project 07— 70—k,
advanced > | create workflow new workliow SHRX

T RTION edit workflow info

subject of workflow workflow name
executeworkflow | | ———/————

Final energies (basic) '7—7 -0 —ﬁﬁ*ﬁ‘- PR lattice dielectric tensor
project energy forcmx  jobstatus piezoelectric tensor projectsimaterials\ ‘
H-Si001\SCF -236.9313449659 0.0000000000 FINISHED
TiO2\anataze -181.1864387984 0.0000000000 FINISHED OK H Cancel
TiO2irutile -181.1785753317 0.0000000000 FINISHED
GaN\SCF -172.9926165638 0.0000000000 FINISHED
ZnO\SCF -157.9954824413 0.0000000000
CriSCF -121.8769166553 0.0000000000 FINISHED
GaAs\SCF -84.013921392 0.0000000000 FINISHED

analyze workflow

]

automatic calculation

Born effective charge

WMBLELE

Edit workflow: multi blockD ¥R

PHASE ver.4.4Tl%. edit workflowZ F LT —"2®Minput blockh\#RERTRE T T A,
BEH Dinput block (control, structure, ...)BREIFIC—IERETEE A,

EHAFEMRTIE, E8Oinput block b #R&ERTAEICAR Y F L1,
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i B (1) A
o HEMFENEBEDYR— FDIED . Advance/PHASEIZE$R R Tt FE
DELEMEREARAEINTIVET,

PEBEOETIVICL2MMED TR (GUINTIS)
The given structure: mp-3688

Predicted properties for Er4 Sn4 O14 in mp-3688
formation energy: -3.047 eV/atom
PBE band gap: 2.685eV
bulk modulus K:  178.6 GPa
shear modulus G: 92.0 GPa

Existing results in Materials Project for mp-3688
formation energy:  -3.031 eV/atom
PBE band gap: 2.683 eV
bulk modulus K: ~ N/A
shear modulus G:  N/A

I ETRAETILO L —=>7 (GUISHE)

T—3IA4 =27 JEADT—43 %#Materials Project’i £ H 5 BRfF
ETILD RL—=2%": MEGNet, MatGLZ~R—RX & LTWVET,

Ref.: https://matgl.ai/
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s FE-REHEORELTHAEDREZMILITAELSICEEINT-
[HEEE S35 (MLP) | OFIAMNRRIZEN>TWET,
Advance/PHASE(X. MLPOD#EE L ERAZYHR—FMLFET,

MINFEISBOERED ML —Z >0 7T —R2DER

Results viewer panel
general listoffiles log DOS charge structural evolution | NNP training data| image files
energy trajectory
nfefn.data (steps: 11182) nfdynm.data (frames: 11182)

steps (frames) used for training neural network potentials (NNP)
total from to interval
11182 E 11182 [0

file type of training data | xsf (aenet) /| click for hint

[ generate training data \

aenet, n2p2%HR— bk LET,
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TR =& REEE (3) :

WERDEBEHE T & Ol HELELL

e M3GNet/matgl ®°OCP (fair-chem)z L\ o 7c. NEMOEVWFEBEAMLPET L ZASER
HTHAL. BERELCODTHNFREZIRTET £,

Plugins
Diffraction calculator > 9 the surface and interface structures

Database explorer > ® local file O directory
Materials miner > {

choose ’

Substrate-film matching >

Batch modeling > | boot viewer to set fixed atoms |
Similarity analyzer

Crystal predictor
Battery application
Machine-learning kit the tolerance of force in eV/angstrom

Al-driven simulator il bulk crystals and alloys > [ ‘
install surfaces and interfaces > RO C G ’ oK ] ‘ Cancel

metal catalyst systems > MD simulator

>

> the optimization algorithm

> | BFGS v|
>

HRFERREL., BICHBRFERESFORHHOMREREERALET,
) ) —RRICERY HEEFZ (T TG, 2—F—HD=—XIZ&LC
THREZ A XDpython/Ny r— O DI L AIEET T,
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XEEFHILARY FL(XES)FTE#EEDE A

Unoccupied
State L | e L |
A Y, =
*E\E ol Occupied MR
State N

hv hv’ ‘%
—— ——6—

Core level

XPS XES

Advance/PHASEI(Z%. ver.3h 5XAS, XPSDEHE AV AT RE,
XESOEHE#EE > REFFHARK.

Ref.: Faisal M. Alamgir and Samson Y. Lai, Chapter 3: Synchrotron X-ray Based Operando
Studies of Atomic and Electronic Structure in Batteries, Handbook of Solid State Batteries, pp.
79-108 (2015). URL: https://doi.org/10.1142/9789814651905 0003

E——
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Preparation panel 4
general basic settings atomic configuration | post processing | structural evolution
DOS charge | XES
XES spectrum - advanced settings
on v] () polarization dependent
- PX Py | P2
XESETE D | [ | |
=IL ] Spectrum Parameters
A jj I:lx E G U I Broadening Step Size Peak Width
Lorentzian v] [ 1.0e-4 ] Hartree v‘ l 0.02 l Hartree v‘
Core Transition Definition
Valence States for Transition
_ Relativistic Valence
EELS/XAFSEtHE on v
ERITULNET A, . Valence Band Window Valence Band Upper Cutoff (optional)
WL DHhDIES 400 |ev v| [10 |ev v
mn % L) i a” o Atom of Core Orbital
s
Core Orbital Details
Core Energy Unit
ev v)
Core Orbital Energy Calculate
181/2 |-525.800 lon
Select Core Wavefunction File (F_ORB)
.\nforb.data Select
Core Hole Treatment
(] Use Core Hole P! dop wtial (if avai )
editor | save undo | newinput
26
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-0
@ Results viewer panel
info general listoffiles log DOS charge structural evolution image files | XES
— data
P:] Emit.E(Hartree) Emit.E(eV) Total_Intensity 181/2
input 0.19068429E+002 | 0.51887857E+003 | 0.10551101E-002 | 0.10551101E-002
0.19068529E+002 | 0.51888130E+003 | 0. 4E-002 | 0. 4E-002 U
¢ 0.19068629E+002 | 0.51888402E+003 | 0.10576091E-002 | 0.10576091E-002
exe 0.19068729E+002 | 0.51888674E+003 | 0.10588621E-002 | 0.10588621E-002
T 0.19068829E+002 | 0.51888946E+003 | 0.10601176E-002 | 0.10601176E-002
0.19068929E+002 | 0.51889218E+003 | 0.10613754E-002 | 0.10613754E-002
resuits 0.19069029E+002 | 0.51889490E+003 | 0.10626356E-002 | 0.10626356E-002
& 0.19069129E+002 | 0.51889762E+003 | 0.10638982E-002 | 0.10638982E-002
close 0.19069229E+002 | 0.51890034E+003 | 0.10651632E-002 | 0.10651632E-002

0.19069329E+002

0.51890306E+003

0.10664306E-002 | 0.10664306E-002

0.19069429E+002

0.51890579E+003

0.10677005E-002 | 0.10677005E-002

0.19069529E+002 | 0.5

1E+003 | 0.10689727E-002 | 0.10689727E-002

0.19069629E+002

0.51891123E+003

0.10702474E-002 | 0.10702474E-002

0.19069729E+002

0.51891395E+003

0.10715245E-002 | 0.10715245E-002

0.19069829E+002

0.51891667E+003

0.10728040E-002 | 0.10728040E-002

0.19069929E+002

0.51891939E+003

0.10740860E-002 | 0.10740860E-002

0.19070029E+002

0.51892211E+003

0.10753704E-002 | 0.10753704E-002

0.19070129E+002

0.51892483E+003

0.10766573E-002 | 0.10766573E-002

0.19070229E+002

0.51892756E+003

0.10779467E-002 | 0.10779467E-002

0.19070329E+002

0.51893028E+003

0.10792386E-002 | 0.10792386E-002

0.19070429E+002

0.51893300E+003

0.10805329E-002 | 0.10805329E-002

0.19070529E+002

0.51893572E+003

0.10818297E-002

0.10818297E-002

to clipboard ] export [ toggle selection mode Ixy

v quickpiot | plot |

Advance Soft

4}

select columns (click or drag) and plot.
press Ctrl when clicking multiple columns.
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Advance/PHASE # FL\f=MgO ®
O Ka XESARY MLDFHEHE
X, ERERELC—HBLET,
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Interaction of Cu 3d and O 2p states in Mg, _ CuO solid solutions

with NaCl structure:
study

V. R. Galakhov et al., Phys. Rev. B 62, 4922 (2000)
https://doi.org/10.1103/PhysRevB.62.4922

XES spectrum

0.042

Calculated by

0.036 Advance/PHASE

0.03

0.024

181/2

0.018

0.012

0.006

519 520

521

522 523 524 525 526 527 528 529

Emit.E(eV)
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Silicon L, ; XESOETH#ER '
£ Xk https://iopscience.iop.org/article/10.1149/2.0551903jes/pdf
Andrey Lyalin et al., J. Electrochem. Soc. 166, A5362 (2019). (Open access)
1 (b) =R c-Si-L,,
y Fig.2 '
] XES spectrum
N by Advance/PHASE
J/\\
;"/ \"&;//""
105 \
Photon energy (eV)
Distributed under the terms of the Creative e
Commons Attribution 4.0 License oo
0'00083 84 85 86 87 8 83 90 91 92 93 94 95 96 97 98 smwz
Emit.E(eV)
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GUID #4fEEts "

5l : transform cellt&%AE

get primitive cell, get conventional cell, swap axes (E10) 3 #2),
transform to supercell (hexagonal-to-orthorhombic, bct-to-fct, by the scaling matrix)

-0 X

Atomic Configuration Viewer

File View Model Tools Preferences m
undo > ural evolution

§, edit atomic coordinates

copy selected atoms
cut selected atoms

paste atoms in buffer

LA
transform cell bl get primitive cell

surface builder get conventional cell

swap axes

transform by the scaling matrix

Ty ™

Please input the scaling matrix with integer elements.

| ok | cancel |
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MIBEBED R

- Materials ProjectD BB ¥7. %%[ZRetirement of Legacy Materials Project
in 2025~ 0 % fits

Materials ProjectMb®DHHILE | Retirement of Legacy Services

We are beginning the process of closing down our legacy services (website and API).
The apps and features on our legacy website that have already been ported are now
disabled and link to their respective counterparts on our new website. The legacy
services will be fully retired on September 30, 2025. To raise awareness we will
temporarily disable them starting in April 2025. The brownouts are planned to occur
on the following dates and times:

April 15 16:00 UTC - April 16 16:00 UTC (1 day)
May 13 16:00 UTC - May 15 16:00 UTC (2 days)

June 17 16:00 UTC - June 20 16:00 UTC (3 days)
August 5 16:00 UTC - August 12 16:00 UTC (1 week)

2025 9 A 3 0 HLIEE. 16HTDAPI keyERATZL <G HD T,
TARTOMEEIZCHE LVNT324TAPI keyZFERA L G ITNIERGY £FH A
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* Pourbaix d DT— - XD
ourpaix diagram 2

Diffraction calculator > Q source of data

Database explorer bl crystal structure ® search in chemical systems (Cu, Cu-Fe)

Materials miner > electronic bands O use local file (csv, Excel, json, html)

Substrate-film matching > density of states [ = = 2 2 d l

u-Fe

Batch modeling > XRD patterns

Similarity analyzer EELS/XAFS spectra (V) include only the stable solid phases

Crystal predictor phonon properties >

>
> pr—
Battery application > elastic constants > () 1abel the domains with font size
>
>

Machine-learning kit dielectric properties > (¥) show water lines (the O2 line and the H2 line)

phase stability bl phase diagram

Al-driven simulator =
[_J show neutral axes (at 0 V and pH 7)

install configuration chemcial potential diagram

N click for details on the local file
reaction dlagram

Pourbaix diagram => | ok || cancel |

- PourbaixE (&, EADKFLZEHEZRLET,

- Pourbaix® ., EFEDOEBEIRILE— (BExTHR-EBK) . 14>
DRI RILFT— (BiF - KhaF ) DSERRLET,

- Materials Projecth b BT RILF—DT—2%F24FH>o0O0—KLT
PourbaixE Z#{Ef 9 52— EMRIEETT L. O—HILET—3 ZRAHIA
A TPourbaixB #1935 Z &L AIEET T,
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Pourbaix diagram

aesr +Q=m2 08 T—ARIIRETRE

Cu203(s) + FeO4[-2]

P —

- 21[+2] + Fe[+3]

———

Cu203(s) + Fe203(s)

PFad4[-2

Fe203(s) + CuO(s)

02[-1]

> O Fe——— Fel+2] + Cul+1]

——
Cu(s)+Fe'ﬁ—2T-——____
—

[-1]

Cu(s) + Fe(s)
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Stability heatmap

A€Ed> Q=B 2

3

0.8

r0.4

2[-1]
s)

1 B e e o o v
Fe203(s) + Cu[+2] B
— ! . Lo6 L
> Fe[+2] + Cu[+2] b HeDM(-2]) §
Q
= ~ Fe[+2] + Cu[+1] re PO2([-1] a
g O - g
5 k]
2
3
o
]

=2 0 2 4 6 8 10 12 14 16
pH

eee—
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ARIF. B—REFHEY 7 7 Advance/PHASE @
sHEmIC oW, 'ERlby TB@EMt) 'HWEE)
%jF—T—f\“LC:\/EJ/I\L/ibeo

Advance/PHASEIZ, b o L ZF#IT. MEHRROKRAIEZEY KT
HHRE - HMEBDEHROD ——XIZ, FYKHHEIZCERATESELS., 8
HY—EXDALIZEHTEFVY ET,
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M Advance/PHASE(fi Bl $i EFIR - T LS4t R)

FEMS/tE R —  ¥1,000,000-(Fitk)
BERMS/t A —  ¥3,000,000-(Fiik)
BEHR—F — ¥500,000- (Fi#k)

-REFYR—M—ER (BFN—DavOFERE. E-mall& B0 EHLEXIE)
~EMSAM U RAOMEIZBFNFEEDRTFYR—IEEAFET,
REFEUBRORFHR—MILEMENBEELGYET,

-HERER T (THTIVIR) F5M U AMEFEE,
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A& (CDULNT

B Advance/PHASE/UL(li 51| % - 37 $1 # Fl [R)

EMSM4tEU R —  ¥2,000,000-(Fitk)
EmM>/t2RX —  ¥6,000,000-(Fitk)
RSFYHR—F  —  ¥1,000,000- (Fitk)

-REFYR—M—ER (BFN—DavOERE. E-mall& B0 EHEXIE)
~EMSM U RAOMEIZENFEDORTFYR—IEEAFET,
REELEORFHR—MNILEMENDELLGYET,

-BBERER T (THTIVIM) FTHHT I,
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Advance/PHASERS:EH —E X

- 5—RIFETEY J b1 J7Advance/PHASE
SHEEFHIR, I8LZDO> a3 IHEFIRS A RAECHE., B TETELIEW

- Advance/PHASEZsEf#tT- HXAINX A X
SHFEDT—VICTA—HAULIEWVA,

BB E S YILT 4 I —E X New!
—SBFAROIMBZED ANTE—RIBSTEDERZ X DEDIEVNA
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N ZEYRY T MRAEEOIR

FEIVRY 7 MREEHR 7 RISVRAY 7 SRIFRE%E

R oT

=%
EUCFELRIEN ERHHR

BULHAT SV 702270, R Nl RES. N-HRHN. RFCTHN. BFN.
AR, FANDLY. S<ORRABLEBVTAMKRHY B XY,

WA 5> 555!
ARBCI. RN, AL, TW. BN, WA, EOSHFNLCMIL TV LS LRKONNE

MRTILOK, SCORMMMIBARINTHD, RLRSORMMMOND WA HTNS
nTuEy,

Ryr=IY 7282273

MR/ 7 =YY 7002718, RFRARTOY 7 FEERTRRINL, BEON
ATY, MR, V-RI-FERRTIMMEHALTVELS. BEROSBRKBDR
NAYRAXHERTY, 2. RMRKUBLARBABL LSV R-FERALTORY
T MATOBRGNTHIRTY,

Advance/PHASEDERMTEEHI %
ZEEFTLELE !
FOZELZEL ! |

Copyright ©2025 AdvanceSoft Corporation. All rights reserved.

ax

L]

R
Kyr=9U202279

N TEAYRY T MRAEGI%E

Y7 MRRGIR  EROBH  WEHER  Syr—IYIroxTRl

o=y . =
ettt F—RIEFTEY 7 b 7 Advance/PHASE
Advance/NanoLabo

N 23 NEBWEF
Advance/TCAD WARMIC S 3H—FTHNY 7 FOTT TS, BINPIESS

% T, MEOBLE BI_LHTEE

Advance/FronFlowlred T EEEHHORIRED TH< . FRHHORMIC S CERUVTE
Advance/FOCUS EY.
Advance/FrontSTR
Advnce/FroniNoise i
Advance/FrontFlow/MP %@ gﬁj
‘Advance/FrontNet o B—FURHINIC & 3 WP REMIT
AdTRRS{REVOCAP o BREHNC S SMEEROFHLHEBILORR
Advance/Emerg

o BABNUOBRT XL F—OE—FUBEN

Advance/BAROC
Advance/JIANT o STMEifE & UXPSZARY LD L-vay
AVHAF ALY - o BB RGH—H SROWTNRIC & 3 HBHUHE

o ¥WERTOBFRERIT

o BoBURHWIC L BABFIHAREROBT

o RFHHMARNEOR—FIR: L=ary

o STMEfRO> I aL—a>

o BERAOD BT IVEBIEF 2> (110)EOSTMIRS

© XPSZRY R L

L—vay

« BERRESUEOLANRAOXPSY TaL—>3>
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CDOLR— MIPERESN TVBXES KFUABICDWTIE. CEEDEHICIRI TIAECREL CTEREMLTLETD,
CDLMR— &, BR5E. A—0>3>. TOMOBNTHREITDICIE. BFEEOHFENMNECIRDET,
CDLR— MMCEFENTVWIRAEE, TO—EPTHEFIEEDHFEIRLIC. EE, B, BAE15CEBIU1> 59—
Y NETREIDHFICELD, —mBNAEXBCEFERICEL D TELKEILEENTUVETY,
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