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B R R EER(E
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IZL¥ - (eV/atom) | 2.92 (-28.7%) 3.78 (-7.8%) 4.10
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(F=—EE—R)
A A A A A L 11.80
S St e I r T e
l' R N R R R Y R - 11.60
i Si(100) p(2x1) [ 1140
s o . 15.0 F11.20
Em—EE—FDSTM{E e =
DIZalb—a iER ' 11.00
(BN BHEEOHRIT) 100
g 10.80
5.0
10.60
2.5
0.0 10.40
0
x [A]
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ARVATF)IVOFIA | (100) *
SiE 5 & D 4E TF K /

Vi
PHASE EER(E* y
x>/ #E [GPa]
E<100> 123.6 130.8 T
E<110> 157.2 169.7
E<111> 172.9 188.4
R7YVEEY ,
v (001)Em ™A
<1005<010> 0.262 0.280 T
v (001) @A
Jfosetion  0.061 0.066
*) H. J. MCSkimin, et a|_, *Z*ﬂﬁﬁ'l‘i%ﬂy ’O:.I:&5 : tb\
Phys. Rev. 83, p.1080(L) (1951). _Cgijo
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v 0 ® !
T , T I
L gl i
2 2 i
D 5.00005} :
-3.93880} : 10.330 .
103 10.35 '
Lattice constant (Bohr) Lattice constant (Bohr)
>BEREHBE TR RO FEREBETOIALF—IE
 BEo I ECEN >RIETHE S TORENLE
BA—Ta0 Tl BFERIEEBMISROLN D, ”
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15 20 0 5 10 15 20
HEIRILE— (eV) HIRILF— (eV)
*) CRC Handbook of Chemistry 79-th EA.CRC Press, New York 1998
2
ele _ T . _ —
Im[e™(@)]= V) l;v‘<l//kc u p‘ l)”kv> §(Ekc E. )
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EEEE ‘
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o P4RRF 4T LY

A=589.3 nmIZH LT Advance/PHASET A=584.2 nmIZH L T

n.=1.6584 HET B n,=1.6581
n.,=1.4864 n,=1.4843
E. Hecht, Optics 31 ed. q ==L, N\ R Xy TH#4HIE
(Addison-Wesley, 1998) (+2.5eV)
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1600 ¢ A2u IR EulR EgR A2g NON ATuNON AlgR
1400 5 1363 4 1397
—~ 1200 1
'5 1000 | 2 1055 1 1055 |
g 800 F 3 815 3—820
> 4—681 3—680
o 600 -
N ¥ 3 32 2 201 2 328 292
200 - 1 156 1 164
0 1 72 1T—91
33cm?t = 1THz = 4.1 meV
SKERME
871 1417 1439
713 720 1088
316
96 300 285
226 157
104
FAPMEERE IHERE. A—-L1t(1996)
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— - E% EE' ’_!2 1Y l: :l: E ‘i
S mE (h-x) M$CeO, DFEMRIBEE
Si(111) ERD EIZ[XCeO, BRI HEET S
(a) (b) CeO,
CeO,; (111)
‘.-Il'\! \ “' ="-“ n‘.‘t ‘ -". A
SN T
Aceo, — Uy - I
2 =—0.35% = BFIXTYFHNIEEIT/NELY
ds;
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30

HEFR
a5 | 24.3 23 [4]

H®FR

Dielectric constant
[
(U,
T

c-Ce203 h-Ce203 CeO2 CeOs

Ph\a/se Experiment

[*] N. I. Santha et al., J. Am. Ceram. Soc.,87 (2004) 1233.
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Z7NI=ILAINDOEEEH

aolbohr) cy/ay ug eq3 (C/m?) ez (C/m) Z' du/d € ;
PHASE 5.8064 1.601 0.3820 1.61 -0.40 -266 -0.19
Ref. 5.8140 1.619 0.3800 1.46 -047 -270 -0.18
Exp. 5.8777 1.601 0.3820 1.95

Ref.: Phys. Rev. B 56 (1997) R10024.
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/

v
)

SidD

Frequency (THz)

sl
~ ,/\H
T+ /78 ol N
41
2 L
0
T K X r L X W L
1.2
—~ 1t
N
I:I—: 0.8
. N gl
SIOI7x+/>2 z
I 2B i = :r§ 0.6
N 8
) 0.4t
8
0.2t
0 f . . . . . .
0 2 4 6 8 10 12 14 16
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Nudged Elastic Band (NEB);%

HIgE:Pt(111) LDOHLEL

SRS IRIR BEE S R B
> RRIR R D, BT DIRAE
&, AR TOHESTINS, .

> REL e

@o
338960 | @
| L . 1 J
A S : (<
o Pt
. -338.965 |- \ ;
\
\
. -338.970 |
Z X
/N ' / -338.975 |
y
-338.980 L - - - : :
0.0 0.2 0.4 0.6 0.8 1.0

reaction coordinates
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s+EH) : NEBEIC & 3Li,C,,-Li,C,, TOLIRFDILEGARE DAEH

NEB ;tEDOEZEIL : 0.40
- FIRE algorithm®&E A

- IDPP solver ®EA 0%
(FEB/S A DERR) 0.20
$ 010
0.00
-0.10
123 479%4 €95 17 18 19

NEBEICE BAJR/NIRNF—RBERIFRICH WL T, #EFENDguenched MDIZ1600~3000[EH]
DRYVRELAEDPBEF > - RICI L T, Advance/PHASEERFTARICE A L 7=FIRET
NIY X LiFeo~100EFBEDRY ELAE CILEREREROITH I LN TEL,
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JIVIN—DFF R RERE It

* Effective Screening Medium(ESM);&
* XPS(JEEF7TIL)

e EELS/XAFS>2al—i3aYy

* 3D-RISM-SCFi% ((AIEZNIR)

o R ZaL—2 3y (AHFER)
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ESMSEIZDUNT

KB, EELICE>THRHEIN-FiX
M. Otani, O. Sugino, Phys. Rev. B 73 (2006) 115407.
http://sugino.issp.u-tokyo.ac.jp/esm

I

FEFRIFIR ST DIRY #L )
RENFITEARILEPRREEEEA
REICEELARIEEHHEFREGZERLGLD

IR ZFZEL /=51 &
KEMNBESELTND
AMBERICLY. FELIZRE DKL
FTHRIV T —ELT. BEOEEEZERE
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TEEABOE T

« Cu001m
*HybkA T 25Ry
-EHARTHEZE 30A (ESM:10 A~) e

1ol

TEREH

4.65 4.60 4.10

1

E‘|‘§H§ﬁzﬁ (Xeon 2.8GHz, 6core) J_Ex

240 727

ESMiE (X, DhVbA DB KUV EZE
BZE /NSRBI EAHES,

= Ez
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mi

5 157 D EHEC

« RFTVICBRMZEF—T9 5L RRREICRBERMNFE
= FTHRAVTUOH—EL T, BEENEE
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e =1
) REER
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277/ < Eim + B
I _
£, =00
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XX BEF 2% (XPS) "

o HHEICHAXBEZBELIZESITHESNAEFOIRIL
F—%RET D,

Advance/ICIAOfE FH
() : NSIRZERRE)

ANRIENEZETS
BERT v

+
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EELS/XAFS> 2l —I 3y

—EBFIELEFER (BB EREHBEYIIAT)
RFRIEFERT v ILZFER (XPSERILEE)

TR =AY

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.

Intensity (a.u.)

0.5

- RERIE
S| —RREARRE
S [ —AREAERE

0.0

o

Relative Energy / eV

A

% %& MDK-edge

BATEUR. TS5T74F

o

Graphite

Intensity

Diamond

3 X 3 X 3 super-cell

Graphite

Diamond

L 1 L 1 L

280 300 320 340 360
Energy Loss (eV)
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1x1X1cell
k-sampling : mesh{2 X 2 X 2}

N




3D-RISM-SCF:%

« B/REW(3D-RISM) & F—[RIEFTE (SCF) DERL
o AWEA3D-RISM. ;AEZSCF THRYKS

IR/—I)LEAD KD

* I4/—)L  ->SCF
wc 7K - 3D-RISM
ﬁ.."v“
- BEROKF) BRI ALY —
- HEE -4.7 kcal/mol
1 . KR EEXE -4.9 kcal/mol
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&R e SAL—o 3y

BT R
BRAT A1 ORI A ERE,

BEMBERHIRILY—

i B F OBRIZHES, BN2EETE.
BEGREEREL-EIRILE—

B T CORE T, KT v BEEFE.
BESHREZEREL-BEREL

BRADDFEDREBEEZHRE.

BIEFETTONUREE
EFRECHTIEROPEERE,
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ABEF 54k

© EAIRRE~DFEE

v REBEFZ(DOS)DEFERS R

250.0
200.0
Z Na;,(H,0) o7 [A1;581,,0 4] S
E.,E 150.0 K12<HZQ) 25 [AIIVQSiVIZOAS] i 2.5eV
Z
Q
R 100.0
50.0
0.0
-10.0 0.0

Energy (eV)
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AHRFER (FREER) DR

AFHEfER
F MDD A(intramolecular force): F&LY
73 FE D A (intermolecular force): fAXTAIIZE50

4 ™1

c HEOIXRMNDE

HERRVINMIEST  BEDHEFIETEREEARDETEN
HLLVTHAIENHONTLET,

(f5) Quantum Espresso CD IR ;&5

Calculating Band Structures for Organic Semiconductors
https://shareok.org/bitstream/handle/11244/317124/oksd_desilva_HT 2018.pdf

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 49

http://www.advancesoft.jp/

Advance Soft

Quantum Espresso COD IR

Calculating Band Structures for Organic Semiconductors

Charith DeSilva
Oklahoma State University
Conclusion

There is still a lot of future work to do done, in particular with finding a better method for

calculating band structures as well as further work on finishing relaxation runs for the five
molecules that did not finish. The band structures that were calculated in this project are not

good for these type of organic semiconductors. The bands were very flat, flat bands mean there is
not much movement in the electrons, meaning very little electrical conduction. This cannot be
the case for these molecules, since they are well known thermoelectric materials, which have
high electrical conductivity. This means that future research will need to start with a better band

BEDHEFIETIEBERELBRITEHLOEVLSTERTY,

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 50
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Advance/PHASE D43 1E44 RE -
fl{A&(rigid body)D 2L — 3>

v Advance/PHASE (I, FRED HETCIREINI-RETFOHE%E
flikE A L, ZD LT EEBLICEIC HEFBL TEM
HE/DFFHFL IaL—arvETo5EELAHY £9,

vV ZOMEEAFRTAZILICE T, BREOENFAEDZES
RO D D, D FHEGEROEMNCRANDDFDORETE
BREAXZRERICITO 2 EARgEE R Y £,

vV BIEO2REREBOWMRICEWNT, EREREE L TT TR
X—EROL DI BHEINBEETH Y, ZDEEEDFRAHNHIF
SNnFd,

v EBEOFHETIL, rigid bodyDEE D H & (Zfull relaxation®
STEZITWET,
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) RIZBITE9 DIEE
73 TR EH | — =
I Confirmation % |-
[ o This operation will automatically define molecules Jitch force
according to the bonding of atoms.
I Do you want to continue?
I [Exes 4| o
molecules | < auto-define ...
no. element rx ry rz mobile molecule
apply to all apply to all apply to all
1 P 1.0121099479  0.14518 0.31346 4 1
2 P 0.987889976 -0.1451800419  0.68654 4 2
3 P 1.0656299479 0.37416 0.63526 ] 3
4 P 0.93437 0.62584 0.36474 4 4
5 P 1.0741899479 0.00247 0.17802 ™ 1
6 P 0.925809976 -0.0024700419  0.82198 ™ 2
7 P 1.1626299479 0.05123 0.68938 ™ 2
8 P 0.837369976 -0.0512300419  0.31062 v 1
9 P 1.2062399479 0.50581 0.35756 4 4
10 P 0.79376 0.49419 0.64244 ™ 3
1 P 1.2403399479 0.01126 0.37186 ] 1
. F P -~ =4 -
2x2 supercell
Number of molecules auto-defined: 24
52
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« Windows}E (64bit)
Windows 8LL £

« Linuxhf(AMDG64/Intel 64)
RedHat Enterprise Linux 7L _E

ffs 51 25 | < Il BR
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ANV TRESH
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LinuxhRICI3Windows B O)GUIT!
TEULTIL\ZFT

Ver.4.0/m\ 5
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Mac OSFH D GUIH & &

2 | =

———————

BFTDFTERK

Windows
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|£] Advance/PHASE:

Project Module Process Window(s) Preferences Plugins

Prcfje_cts AtomicC g nfchr.cube 5
‘; =R File View Toolg Preferences Edit
&) SCF
T B 80 & elwlw
il ban sl I =

i - / == 3
“theal dos - ER RS
E‘z eps — “ yr.,-t
= Fe
gH-SiOM ;::Z P 4 F 2
a :;m 125 4 }’* Y
D zinc-blend *1E3 L Y o ol
& Tio2 3A0E-3 " .
D iodine — — = — = =
) CeD2 C: and jkog; 3pt-proji . O & E
D GaN
peA Blalaje[a]|<[>[d
& GaAs [« i [

- sol_emix_test
-2 strevi_test
-2 structural_relaxation

-3 DFT+U T —
-2 GGA_functionals ||% e
- DOS 5 L

- neb
- rb

st

Eile VYiew Toolg Preferences Edit

© molecular_dynamics s |
‘= phonon
D uvsor-epsilon

7 \W% I‘*ﬁ)ﬁ

B 80 « x|«

e sl

& H

FHDVectorR R

2 work_function
2 FermiSurface
0 surface

INFO - Welcome to Advance/PHASE!

INFO - Copyright(c) 2005-2018 AdvanceSoft corp.

REICEET HEE

~
clear log

.| savelog

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.

-33-




http://www.advancesoft.jp/
i

Advance Soft

Advance/PHASE D<T')7 )L~
ATAIT4O R (M) B EHEHE

* MI #EEDVU VU —X Ver.4.0 M5

» T AINR—AREZR: fEEEE. I\ R, EELS =R
c T—HINA T B - Ezz‘li - B8 - [TE - BEMH
EDONAZ2D (A—YERED])
- BEFTEOVERM: 181E UTZIRM B DOERYEHDERER.
BiE UTZAR - BiiAR CE S 9 DRI DIERK
)\ F - BT USD RERE - R RFEESEO—1E1FRk
» T —4~ EDLEES 1 XRD - EFEHT) \G—DODET”’
- faaetEis Y — )L ¢ iSRRI %ﬁ%ﬁ%uaaﬁ‘% pigil
- HINFE: FBBEHFET) L%ﬁﬁb\f —REETE ‘?i%
%/,\J\ ETILD L —Z27 - HBE UICHEDOTA
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Plugins: MIB%BE

cess Window(s) Preferences
¢ @ 9@ 127001

4171 wo»
e :
2D Diffraction Pattern m

80 Beam Direction: 001

60 XRD

m »

& O neb 20 40 60 80 100 120 140 160 180 x
& o

100 — XRD

£ ) sol_cmix_test Mai

) O strevl_test Substrat matching
2 structural_relaxation
£ 2 molecular_dynamics

Intensities (scaled)

20 (°)
Gl 9 0| w e @ @

€ 2 RISM
& RelativisticEkcal
&) L Wannier90
B _7m ter Is
HNP_Pt
65 GB1_axis_0_0_1_plane_1_(
r

INFO - sha ape prediction for Fe l(mprl}) | clearlog |
INFO shape factor: 4942 anisotropy: 0.030, weighted surface energy: 2.527 J/m*2
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A

MIEEDIEAEN : REMEIBIE - SQSIBED—IEIFR L IRRFTE

— RERABEDRTE -

0 the crystal structure (bulk) e

® materials-id (mp-1234)  local file
mp-126

Miller index: 1,1,1 surface supercell: 4x4

the adsorbate structure
atom PubChem CID '® local file |:>

C:\testiH20.mol choose
minimum size in Angstrom (optional):
slab vacuum 1§

Pr{111)

« set c perpendicular to surface

maximum normal search (hint):

hint ... OK Cancel

-5 project20220906_152840
=1_Pt 1_1_1_4x4_H201

iu\:ﬁm lj] .q phase-project
= —22_Pt_1_1_1_4x4_H201

I\B 7 ){ - 5? ﬁ phase-project
S — L £ ©3_PL11_1_4x4_H201

t' E &E “‘ phase-project

1) —24_Pt_1_1_1_dx4_H201

‘i phase-project

IR

3DFT

~3EBEHDBEERT)

(RE1EH
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el e SQSDEXE :

0 the initial crystal structure
® materials-id (mp-1234)  local file
mp-1079056
scaling factors to determine supercell
4, 2x3x1, 8
species to be replaced by new species and occupancy
"Ti': {'Ti":0.5, 'Zr":0.5}, 'Zr":{'Ti":0.5, 'Zr":0.5}

cluster interactions in cluster size: shell (optional)

2:3,3:2,4:1
change settings oK Cancel Example
- Tl jts ]
z /\ﬁolﬁl\7}_9
r =
- H—IERRTE AT HE
@Pb
~12 project20220906_155202
@o ©1_SQS_2Zr1Ti1Pb206_4
"4 phase-project
-22_8QS_ZriTi1Pb206_2_3_1
4 phase-project
-23_SQS_zr1Ti1Pb206_8
‘;’g phase-project
IER 58
3DF&RTR
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N
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Advance/PHASE ver. 4.3
BB DNT
SE15EED lTE188 & B

[A>S54>+t3+— ] Advance/PHASE & #8234+ —
2023F1H27H (%)
7RI AV MR E1TE
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SEDOIN—230 TPy T[22 T

v MIBEED B HBFE v YILIN—DHE

(Heeigmd -t R) (1) MPISA TS DERH
oT—AN—RARE (2) MFMEBEEIRTEMEEDEA
Ei-RDTYFYT (3) BERBEILTILIYXLDIENM
INYF-ETYLY
R T Y GUIDHE
o Hl g 20 3 (1) Berry phaseft EA~DGUIR i

)
(2) D—970—HEEDRF
v B=FYVILDEE (3) MSD-HLERBDETE
= OCP (open catalyst project): (4) NEBETERDP DRI/ NADMwE
St DRI (5) RFEHEDH#AK-FIFH
(6) all frame~®M:EAHEEDE A
(7) RedHat Linux 9~ %t s
(8)

P IR OO SN B LAY RS
E1ETER AN
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MIBEBED T E =

- T—AR—XEER:
Materials Project D BET A DX, A7 32800
- AR -EDOTyFUT:
general interface builderD A~ B & fi#H - ¥ BE1ER
- INYF-ETIVUY:
adsorption structure generatorM B . WEBED —IEHRE
point defect generatorMRE A k| EHNE
-1 lnid: F
shape predictor® 7577 ga g £~ D Xt Iits
- WEE:
DFMHE TR EEDIENM

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
- 38 -




Materials Project B8 # A~ D % it

- Materials ProjectlXIRTE. LWLV T H A ADFATH,
-New APIZERFL . LAHTDAPIZlegacy APIIZLT=,

new API:
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A

new APl key (32HT) Z{EFRL . #FTILLNT —2R—X (2§t
t=1=L. £=BiRTH 5,

legacy API:

legacy APl key (16HT)Z{EFHL . LLRID T —2RN—X [ ZHE it

Advance/PHASE ver.4.2 : legacy APl key® | Z%F ity
https://legacy.materialsproject.org 7 5API keyZ 1G9 DL EHY

Advance/PHASE ver.4.3: new/legacy APl keyD @A IZx 59 5
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e

Diffraction calculater >
Database explorer

i | crystal structure L

!

Crystal structure x

(7]

search in material-id (mp-1234). formula (Fe203), o

or chemical system (Li-Fe-O}):

E |

threshold of energy above hull (optional):

[ |
| cell type » |

[ ok ]| cancel

[ OK l [ Cancel
.
INFO - ------ start of crystal structure search for i ------
INFO -
INFO - structure found: Si8 materials id: mp-14% energy above hull: 0 index: 1
INFO -
INFO - totally 1 structure(s) found with lowest energy above hull=0
INFO - :
b oS
INFO - - end of crystal structure search for Si ----- (>
INFO = ===ee- start of crystal structure search for Si -=-=-- r/
INFO - / |
INFO - structure found: Si2 materials id: mp-148 energy above hull: 0 index: 1 ~
INFO - T »\
INFO -totally 1 structure(s) found with lowest energy above hull=0
INFO - /7/*
INFO - -=---- end of crystal structure search for 5i ---- _— —
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search in material-id (mp-1234), formula (Fe203),

or chemical system (Li-Fe-O):

X

si

threshold of energy above hull (optional):

cell type =
) primitive |(® conventional standard |
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General interface builderM X B
A A3 =3y RIERTEF Dlocal filefs FfE 28
ZfEELT=,
Python library (MIT license) D{&1E

A—ERDdefaultIZEMNGUITEE TEAHLSIC
I&o1=, Sl

/
. = UID EE ‘ — .I..j_ ry L,T < ’
A Linux C‘0)77’r)l/4@| @IEFI:IE]L XN LT=, rr
W
1’E J'jdg'] . Ga N (001)/5'(001)%@ 0 the substrate structure (bulk) - Y
® materials-id (mp-1234) O local file Lo "'T‘" T‘
| | mp-804 ‘ choose 3 - v
settings for lattice matching (optional) X Miller index of surface r - T— I 'tT
|
] . o,
o maximum area in lattice matching I:I minimum slab thickness in angstrom - __r'- = T’
i i tch of latti 1 A2
maximim mismatch of Taffiees I:' the film structure (bulk) " g
maximum angle difference (® materials-id (mp-1234) () local file
area ratio tolerence I:I | mp-149 ‘ choose
Miller index of surface
separation at interface (in angstrom) I:I
- : minimum slab thickness in angstrom
[ vacuum thickness in angstrom ‘ 20 ‘
[ change settings I [ oK I [ Cancel ] E>
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adsorption structure generatord)E& B

4

A=-vktEiL

2Q2A—/\—t )L

dA=vyhktIL 3x3R—/N—E)L

f'*\y R 4l
{ ) {

w w A
< VS y
\ X )
A 4 A | 4 A
P P @ X X
A 4 \ 4 A .

9 &

NFEEIIDOFRITELESIC, ERLI-E2TOREFBEICHLT
[@ Cperiodic translation D iR {/ExE
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IR 75 18315 0D A Al :

\
X
y
\
/ \
4‘
—+
%
N
%
—t
§
—t
§
|
§
%

SFORES AT
DHNRS
(BARARE D AR
A2 TRL)

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 9

http://www.advancesoft.jp/

"
Advance Soft
EREEISNT H—ERE .
|5 edit multiple atoms - X
general | rotation
translation I
x(R) y(A) z(R)
m m M f [ apply H remove selected l
m / ‘\% /"\% attributes
7N element mobile weight
O ‘ ‘ mobile [ 1 v
aldos num_layer thermo_group
B aldos || O L .
proj_group information X
O I
i 0 When "all frames" is selected, the operation L
mobiley will be applied to all frames, for those atoms with |
—%BO)J%%EO)IEE O the same atomic indices as in the current frame. I:l
vy | LM
O — —
all frames

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 10
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all frameA 73> DERAIZ KD —IEIRE A

WERFOERE (EEARTOIEERS) . EFEHETOHMEER)
ISR E T Do ENATHE,

B edit multiple atoms

general | rotation

center of rotation rx(A) ry(A) rz(A) \

centerofmass V| lasia0 || [sama6 || |19.3745 |

axis of rotation

[ system v l

rotation

selected atoms | axis

around x-axis

o

around y-axis
clockwise

c-clockwise

‘ 3 | -180 180

around z-axis

clockwise
-180 180
‘ < | . c-clockwise Tl
all frames
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 11
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— ‘ ‘ﬂ: ~ e
AoTEENREEEDIER
adsorption structure generator X | adsorption structure generator x
0 [ the crystal structure (bulk) l 0
) materials-id (mp-1234) ® local file materials-id (mp-1234) @ localfile
u click the toggle button to switch between bulk and slab | ‘ [ choose l
Millerindex: surfal:esuperl:ell: Millerindex: surface SUPEN:E“:
the adsorbate structure the adsorbate structure
® atom O PubChem CID O localfile ® atom ) PubChem CID O localfile
| ‘ choose | ‘ choose
minimum size in Angstrom (optional): (optional)
slah‘ ‘ \racuum‘ ‘ add vacuum (in Angstrom)
set ¢ perpendicular to surface -
*note: the vacuum should be along the c axis.
maximum normal search {hint]:‘ |
hint... |[ oK || cancel | hine.. |[ ok || cancel
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 12
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Point defect generator: RMEERDEEZEM L

7]

the crystal structure (bulk)
(® materials-id (mp-1234) () local file
| mp-757614

T |

defect generation (example: VO2)

| choose

Vacancy for all elements in the material

antisite for all elements in the material

Interstitial for elements:
Substitution by elements: | Li:Na, Li:K, O:N

& Li
@ Fe
@o

X

XIEZEH,

INFO - defect generation for Li4 Fe4 OB starts ...
INFO -
INFO -no. 1: v_Li, defectsite: [0.250001 0.10486 0. ] Li1
INFO -no. 2: v_Fe, defectsite: [0.75 0.646333 0.500006] Fe1
INFO -no. 3:v_O, defectsite: [0.5 0.397638 0.249999] O1
INFO -no. 4:v_O, defect site: [0.500003 0.855759 0.249998] O1
INFO -
INFO -no. 5: Fe_Li, defectsite: [0.250001 0.10486 0. ] Fe0+1
INFO -no. 6: O_Li, defectsite: [0.250001 0.10486 0. ] O0+1
INFO -no.7:Li_Fe, defectsite: [0.75 0.846333 0.500006] Lio+1
INFO -no. 8:0_Fe, defectsite: [0.75 0.646333 0.500006] O0+1
INFO -no. 8:Li_O, defectsite: [0.5  0.397638 0.249999] Li0+1
INFO - no. , defect site: [0.500003 0.855759 0.249998] Li0+1
INFO - no. 0, defectsite: [0.5 0.397638 0.249999] Fe0+1
INFO -no. 12: Fe_O, defect site: [0.500003 0.855759 0.249998] Fe0+1
INFO -
INFO - generating interstitial defects (this may take time) ...
INFO -no. 13: H_i, defect site: [0.88503311 0.87549107 0.36481999] HO+1
INFO -no. 14: H_i, defect site: [0.63519105 0.62496608 0.11465828] HO+1
INFO - no. defect site: [0.52274855 0.73945948 0.99906915] HO+1
INFO -no. defect site: [0.88503311 0.87549107 0.36481999] Li0+1
INFO - no. defect site: [0.63519105 0.62496609 0.11465828] LiO+1
INFO - no. defect site: [0.52274855 0.73945948 0.99906915] Li0+1
TRFG =
INFO - no. 18: Na_Li, defect site: [0.250001 0.10486 0. ] NaD#1
INFO -no. 20: K_LI, defectsite: [0.250001 0.10486 0. ] KO+1
INFO -no. 21: N_O, defect site: [0.5  0.397638 0.249999] NO+1
INFO -no. 22: N_O, defect site: [0.500003 0.855753 0.243998] NO+1
INFO -
INFO - defect generation for Li4 Fe4 OB ... done
INFO -
- nreating 2x2x2 SLIPEFBE" for defect Li4 Fe4 08 ... done

INFO

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.

1 project20230124_110253
2 2 1_v_Li_LiFe02_2x2x2

% phase-project
2122 v Fe LiFeD2 2x2x2
g/ phase-project
223 _v_0 LiIFe02 2x2x2
g/ phase-project
234 v_O_LiFe02_2x2x2
g/ phase-project
5125 _Fe Li_LiIFe0O2_2x2x2
g/ phase-project
236 0_Li LIFe02_2x2x2
g/ phase-project
227 Li Fe LiFe0O2 2x2x2
¢ phase-project
512 8_0_Fe LiFeO2_2x2x2
g/ phase-project
239 Li O LiFe02 2x2x2
¢ phase-project
© (310_Li_O_LiFeD2_2x2x2

g/ phase-project

w.advancesoft.jp/
[ ]
Advance Soft

A

T

515 11_Fe_O_LiFe02_2x2x2

(@ [B[€[> K[
specify frame no.
1 22
frame rate
o 1 2 2 40 H @ P W w0 1w

gl phase-project
21212 Fe O _LiFe02 2x2x2
gl phase-project
1 13_H_i_LiFe02_2x2x2
gl phase-project
© (314 _H_i_LiFe02_2x2x2
§/ phase-project
£ 15_H_i_LiFe02_2x2x2
g/ phase-project
© 3 16_Li_i_LiFe02_2x2x2
gl phase-project
B3 17_LI_i_LiFe02_2x2x2
gl phase-project
0 18_Li_i_LiFe02_2x2x2
gl phase-project
©1218_Na_Li_LiFe02_2x2x2
gl phase-project
23 20_K_Li_LiIFe02 2x2x2
gl phase-project
21 21_N_O_LiFe02_2x2x2
gl phase-project
© (322 N_O_LiFe02_2x2x2

§/ phase-project

K FEaDname:
G ANy

13

Shape predictor:

—r

/\

Diffraction calculator

the crystal structure (bulk)

http://ww:

73 Bt B A DR G

w.advancesoft.jp/
[ ]

Advance Soft

4

Database explorer >
Materials miner >
Substrate-film matching >
Batch modeling >

o

(®) materials-id (mp-1234) () local file

| mp-72

surface data (optional if materials-id is given)

‘ choose

Similarity analyzer >

Crystal pre:
Battery application
Machine-learning kit

or bl structure predictor

> dopant predictor

bl shape predictor

=)

[ choose l

click for details of the format of surface data

create nancoparticle with predicted shape

maximum radius (in angstrom): I:I

install [ ok || cancel |

_miller_index surface_energy Ti3 {mp-72) - b
01, 0,-1,2) |2.155622 Al €[> +[Qlz B2
;(O’ 0,0,1) |2.152215 (1171) ==m (2131) = (1012)
2(1,1,-2,1) ||[1.931873 (2712) =mm (2130) mmm (1070)
31, 0, -1, 0) [2.219034 (1120) W (o00m)
42, -1, -1, 2) [2.005561

:> 52, 1,-3, 1) |2.101265
6 (2,2, -4, 1) [2.143423
772, 1, -3, 0) [2.138852
82, 1,-3,2) |2.077977
o1, 1,-2,0) [2.035417
102, 0, -2, 1) |2.263789
11(1, 0, -1, 1) |2.251539

@ Ti

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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Machine-learning kit: 72 F 14 & 7 BI#EE D 1E 0

Diffraction calculator >
Database explorer >
Materials miner >
Substrate-film matching >
Batch modeling >
Similarity analyzer
Crystal predictor

Battery application

>
>
>
>

Machine-learning kit using pre-built models
training with structures

predicting target property |

Prediction using pre-built models

o l the given material(s) l

e
Advance Soft

A

ials-i = G ) directory |
click the toggle button to switch between materials and molecules
| CIToUST T

Lok [ cancel |

4

COMPOUND SUMMARY
Prediction using pre-built models x

Et h a n 0 I 0 [ the given molecule(s) l

9 Cite ¥ Download ® PubChem CID O localfile © directory

‘ 702 ‘ choose
Seealso: - Ethoxide (conjugate); Denatured Alc l OK l [ Cancel l
L = N
PubChem CID 702 BT —3~N—XPubChem F.
Structure -
20 3D -

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.

15

TFIEEDF R

http://www.advancesoft.jp/

The given structure: 702

LUMO 2.122
gap 9. 381
ZPVE 2.177
u 1. 440
a 27.769
<R2> 189. 531
uo -33. 065

U -33. 316

H -33. 479

G -30. 821

Cv 13. 240
wl 3661. 368

eV

eV

eV
meV
Debye
Bohr ™3
Bohr "2
eV

eV

eV

eV

cal/ (molK)

cm” -1

For technical details, please refer to:

Molecules and Crystals, Chem. Mater. 31,
https://doi.org/10.1021/acs. chemmater. 9b01294

Ref. [3] It is not recommended to use molecules outside the QM9 datasets.
QM9: Quantum chemistry structures and properties of 134 kilo molecules
Sci. Data 1, 140022 (2014). https://doi.org/10. 1038/sdata. 2014. 22

Predicted molecular prop$6ties of compound CID: 702 (ethanol, C2H60)

HOMO : -7.1266
LUMO : 2.1715

gap : 9.2981

ZPVE : 2.1702  DFT
mu : 1.4131 HER
alpha : 27.87

R2 : 193.1659

Cv : 13.546
omegal : 3829.9632

omegalld & B

Ref. [1] https://github. com/materialsvirtual |ab/megnet
Ref. [2] Graph Networks as a Universal Machine Learning Framework for

3564 (2019).

QM9T —&t b (53 F 5 :13.475) S T HEE LG

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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MPIZA TS ) DEFH:
Intel oneAPl 2021 D& FE

e Intel MPID/\N—2a 2L BAEIES
Intel MP1 2018: —EB D Linux5TE # (RHEL 8) TEITTEALY
Intel MP12019: /—KfEl 5L IZREREH Y

Intel MP12021: LECREIREZAERLT-,
Windows & Linux CEN{EREZRE,

« Ver.4.3: Intel oneAPI 2021DMPIEEF iR Z BT 5

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 18
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MPIili 51| B E15% EFEEED E A

DFTEHEICEWNT. kR BT DOMENSILND T, BEMICKkS
HWHEHZBETLHIOMNRETHS,

B EICBEVWT, RICKOTkRBMNELSAREELH D
DT, A7HDHZEHRELT.
kRIESIHZEBEMICRET S LTV kRO FNHZEE
BHITIRET SMEENEFLLY,

== Ver4.3 TEALT-,

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 19
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ne (N RABIED, nk (kR A5 E) D BENERTE

(1)

test/scf, ki #1d4
np=32 - ne=8 nk=4
np=24 - ne=6 nk=4

test/band, ks %k 3288
np =64 - ne=2 nk=32
np =56 - ne=2 nk=28
np =32 - ne=1 nk=32
np =24 - ne=1 nk=24

test/eps, k&% 19
np=24 - ne=6 nk=4
np=38 - ne=2 nk=19
np=57 - ne=3 nk=19

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 20
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GUI: MPI settings
[ ]

@ Job control panel

info job control | manipulate script

| file transfer

input ilol:alhost V

&

exe

h MPI settings (np=ne x nk) Job scheduler

k
results s " "
24
&a
close
. execution control
| execute ” monitor l [ terminate _
A A=W FEEBNLIZEE, nr (M A—DHFIE)E
FHTHET SREHY
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 21

EEREit 7L X LDEN: FIRE

* Fast Inertial Relaxation Engine (FIRE) algorithm

\l

Structural Relaxation Made Simple

https://link.aps.org » doi » PhysRevlett.97.170201
E Bitzek 3 - 2006 - #5| A%k 781 - B:E L E (2019/09/26F )

55| A%k 1451 (2023/01/2785 &)

http://www.advancesoft.jp/
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EEKXDHEST | [RFDAENE 4 (mobile) b ER A ZELE (dx_max)HE &

Ver.4.0MBSNEBEHEIZE A LT

samples/NEB/Si001_H?2: R dUISEBHEE. RE

dt=1.a.u ~ 1000 a.u., FIRET 30%%[8] ~ 5044 @ TR

(quenched MDI& dtDEEFEIZEYIL—THMNKELEDH B)
Verd3h otgEmxBILETEICHFERSKDITHS,

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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GUIDRE
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Berry phaseit E A DGUINEE :

Berry-Phonon

[ ~y—tirtsts |

> L =
RNY —{{HFHE
L) FEORFMNuBRIZELILLE
(a) MUK ETHBerry A8 3T RIETOHBerryi 485t 5L

scf_ai_uo J F_CHGTIZ nfchgt.data

(BREEE)

ierry_a:_u( g1

berry_a0, _g?

berry_ai U 93

F_BERRY|Z berry.data
(RY —1{I18)

g1, 82, B3lAHHETF I MDA VU F v 7 ZLRIELET,

Berry phaseft B IZWHELERTE !
- displacement A AKX TE
* Berry phaseit B/ \TA—2ERTE
- Phononit EBEED A HELTE
- BAIB(ZFH [+ Spolarization B TDERTE

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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L) (o] [ ]
displace ent]\jj/ \?x)[,d)gé""'zlﬂ: xavelgott
P m E 3 A
SCF (phase) -0 %
Preparation panel
@ atomic configuration | post proce:
la general basic settings [ atomicconﬁgurationl post processing structural evolution =
] rmmetry traint dicnlacame
@ atomic coordinates symmetry constraints | displacement @ atomic coordinates
input celltype @ symmetry
;- settings [ # constraints
{3} () use template settings of displacement & displacement
exe | switch to displace atom displaced atom no. always displace in cartesian il =haln
By [ e vl ‘3 ‘ [ on vl
results e i ; i
displacement
@ ux uy uz
close | ‘ 0.05 | ‘ 0.0 | ‘ 0.0 |
E *Input with template settings can not be executed.
settings
) use template settings of displacement |
switch to displace atom displaced atom no. always displace in cartesian
on hd ‘ <ATOM_ID= ‘ [Dn V‘
displacement
ux uy uz
o | [~ | [<u=
i template settingslX7—2 20—
Input with template settings can not be executed. - e o
HAT. ZOFFERTTEGL
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 25
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Berry phaseft HEXTE/\RILDELE A

Preparation panel general | basic setti ing
i ; ; ¥ general i
general basicsettings postprocessing | Berry phase s A - Eas": cettings 1
basic settings g.
- Max CPU® post processing [i
|| use template settings of Berry phase 1600 @ magneticstate F
Berry-phase output g index [ ESM i
[on v [1 | 10 RISM
mesh l@] Berr:,crphaseI | o
nl n2 J ey I~37) [,)
s s | [1s ‘
number of division on reciprocalvectorg|
*Input with template settings can not be executed.
; SF Alh (LS > ~
[atncedsetings » | BB (LRTS DLELL
basic settings
{¥ use template settings of Berry phasei
Berry-phase output g_index
on v <G_INDEX>
mesh
nl n2 J
<MESH_N1> | |~=|'-:1E_SH_N£== | |~=|'-:1E_SH__J:= |
*Input with template settings can not be executed. template SettlngS‘i lj 77 I:I
3 o=z <
HERAT. ZOFFRTTELL
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 26
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Phonon A NEXTE/\RILDEMNEE

basic settings atomic configuration postprocessing structural evolution | phonon

Common settings

phonon point group calculate force
BA | Vi | eee——— '

[ specify range of force calculation » ] vibrational modes
......... b

displacement norder polynomial fit
| | | | o v

[ phonon dispersion » l

[ advanced settings » ll

advanced settings ~

LO-TO Splitting I electronic dielectric constant » l

v

[

[ k vector of lattice vibration » ]

EEEH (NEEHIH)

calculate internal-strain piezoelecric tensor

http://www.advancesoft.jp/

Advance Soft

A

*ﬁ % E% %E‘, $ calculate lattice dielectric tensor

[ output of dielectric function » l

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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PolarizationZ% T/ \ R JL (D EIE

general basicsettings atomic configuration | post processing | structural evolution

http://www.advancesoft.jp/

Advance Soft

e

J post processing | structu

DOS charge | Polarization
_|@ pos i

output of property ™ charge

[on V‘ ] [ work function

: - * |0 wannier function
........ [ atomic charge
polarization [ wave function
effective_charge ) EELS
piezoelectric_const @' Polarization

[J positron lifetime
PhononftEHIZH T HZNIEBD A NEETE

property = effective_charge: EONERELE D
property = piezoelectric_const: EEEHFH A

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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T—o7O0—HAREEOEA: B

Berry phasel[ZE DWWV =T EEEIX. —DODOYEESE
RDDI=OIZELHDSCFETE & non-SCFEtEMNLE

RILBZIEN

R FFHER 4 53 i 428
-EEEH

AOYTERWCEHEEZETIT AN 10T vT7ALIL
DIERBRIZELEZEMNFLY,

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 29
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EEERDOFTHEFIE

tILEEL - RFEERBELEAEFER. FFES)

RIFFIITTES
iniaininind~>-cninininiainind 7 aininiiafnieininis sl Sl I
1BerryIHET & phonont& piezo/internalit®  piezo/clampedit & :
RFEMME 1B H(force.data)  (strfrc.data) 1B B FEAX
1(berry.data) & (berry.data) !

phononEt & 2[E B piezo/clamped&t &
(EEinternallg) 2[8]1H in scf_e0
(£ EclampedIH)

EHER
(EETE#e)
*EIMADED T B
*FREANDETEIIRRICETTES,
*TFHEADEEEEITLI-R. TOLBEOSEIIEEANSLEL,

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 30
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[}
|7 7 7 D *}%]j% AN =] A Advance Soft
- —HBeV) &= A
projects <
=2 phase-viewer-projects ’
I data
2 samples
D work

open directory by browser Ctrl+0
open terminal Ctrl+T
create project Ctrl+N
create sub project Ctrl+Shift+N new workflow . X
search F3 edit workflow info
rename F2 subject of workflow workflow name
cut crteX [ automatic calculation VI ‘ workflow ‘
copy Ctri+C '

ast Ctri+V
= I parent directory
remove Delete
export project | fhome/ [phase-viewer-projects/work/ |
import project
advanced > | create workflow :> [ OK l [ Cancel l

execute workflow
(] ~ — —_— — -~
TSz OrDED) Y A1 —|Zadvanced A= 1—% B SN:
* create workflow
* execute workflow
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 31
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J—45o0—0NFELE A

new workflow - X
= - =] /= 2 .
BB R GEAEETE) [ onontoni ;
o . At T subject of workflow workflow name
] e 3
/ \)l//;ﬁ )JJ == |EI [iautomatic calculation Vi ‘workﬂow ‘
= 35573
. *g% E%@E& automatic calculation
S Sl *é& par| Born effective charge
- E == lattice dielectric tensor
E cts/work/ |
piezoelectric tensor
ﬂ I OK H Cancel I
v
new workflow for automatic calculation - X
fg)a:::::e[of |:latl.:t:lalionl:st ] 2O auto_wf
muitipie structures
P =2 framel
SCF (single structure, various settings) "
ﬁq phase-project
choose a multi-frame CIF file or directory of CIF files [ l 50 frame2
h . .
|- choose... | :> mr& phase-project
=5 frame3
oK H Cancel | % phase-project
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 32
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AHBERAERDT—070—D1ER :

new workflow - X new workflow - X
edit workflow info edit workflow info
subject of workflow workflow name subject of workflow workflow name
{Born effective charge v/ | workflow | {Born effective charge V| ‘ effchg_wf ‘
automatic calculation automatic calculation

par| Born effective charge

par|Born effective charge

lattice dielectric tensor N N N
. - cts/work/f lattice dielectric tensor
piezoelectric tensor /

cts/work/ ‘
piezoelectric tensor

ok || cancel | E|$ . ok || cancel |

choose project with structure optimized -0 X
projects HE work
=12 phase-viewer-projects =) auto wf
2 data i o -
I samples % sio2
=5 work =2 effchg_wf
) auto_wf = berry

= &ﬁih-o:m FITID)9ITER = g cempine
Ektﬂl template_berry

directory with structure optimized o
‘ fhome” /phase-viewer-projects/work/Si02/ ‘ a eff_chg

[ ok H cancel ]

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 33
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P BEEHEADOT—HIA—DIER A

new workflow - X
edit workflow info
subject of workflow workflow name choose project with structure optimized -0 X
[ lattice dielectric tensor } lateps_wf projects
L J = =120 phase-viewer-projects
I data
parent directory 5 samples
=2 work
| fhome; .[/phase-viewer-projects/work/ | = auto_wf

figsin ATV TER
. ok || cancel | :> @0 effchg wf

2 lateps_wf

directory with structure optimized

. | [home~ Iphase-viewer-projects/work/Si02/ |
=2 work
2 auto_wf [

ﬁ& 5i02
=5 effchg wf
2 berry

= Bdfffﬁ;hg berryEtE A Dtemplate 7O I RLLS} .
e phononst BT O 17 & 1=

ok H cancel l

Ektﬂl template_berry

% phonon

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 34
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EEEHFHERDT—U70—DERK
T B E2NE ) 20
new workflow - X
edit workflow info choose project with cell/structure optimized -0 X
subject of workflow workflow name projects
L PHIGIE Y IE WG P e
[ piezoelectric tensor Vl ‘ piezo_wf ‘ D data
' i 2 samples
=5 work
parent directory © auto_wf
‘ /home!” [phase-viewer-projects/work/ ‘ % Sio2 @7)[17 U “J7 —G%*R
12 effchg_wf
2 lateps_wf
[ OK l [ Cancel l EI$ 2 piezo_wf t)b%%ﬁ{tiﬁ
directory with cell/structure optimized
OO ‘ fhome’ ./phase-viewer-projects/work/Si02/ ‘
5 berry [ ok l I cancel l
4 template_scf ' — '
template_ber == = S =
Ml mpevery st — Ho0—OMISME .
= workflow.xm| CT& IH#
clamped

ﬁ'ﬂl template_scf

Ekcal template_berry

ﬁ'&x property

=MD internal

m'ﬂl template_scf
ﬁ‘ﬂl phonon

=

berry: N)—{IfRETEDNDT—o 70—
piezo: EEBFTHEHEARANDT—Y70—
clamped: /4 > EEEHEEFENDT—r70—
internal: AEBEAIEEEEGE DT —o70—
phonon: phononit& (1@ B . 2EB)NH7—4~ 70—
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-Terminal CRA Y T+EF ALV TETT. 50V execute workflow TEAT,
execute workflow D#EREIFIRAREH,

A7) TEDZETHI (Windows & Linux):
perl -S prep_piezo.pl 0.01"135""66 15" "6 6 15" "6 6 15"
perl -S prep_strfrc.pl 0.01 "1 3 5"

- TemplateZ7AY UM

template_scf (phase)

@ Job control panel

info job control | manipulate script

KITTEGENENSHIRZEMZ TS,

-0 X

file transfer

localhost v

np
1

MPI settings (np = ne x nk)
ne nk

Job scheduler

1 1

EATEHL

Executinn control

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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FHETALOMIETAS I NE R (—Fimport, restoreZ 2E) M SRS,

Derry berry
berry berry
berry JErry
berry Oerr

berry berry
Derry Derry.

DETTY

berry_

berry
Derry

DEernry.

erry

"ENERFDOEMNZLTGDHE.
-Berry phaseD it & [& “directoryili 511" Tl . MFENENIEEIZH LY

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.

DErry.
berry
berry
berry.data

POE . sh

POB.sh.eBb0  scf :

POB.sh.oBb0  scf
sef scf
sct
sct
sct

SHETALIMBIGYEBZET,

37

ER L= —o20—DEN1EMERR

AIND[EFE

(S 0.251
L -0.398
€5 0.332

E 2 (C/m?)

-0.906
2.004
-0.675
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-0.58

1.606 1.55

-0.48
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F—RIEMDIIaL—Ia iR A

EOUW-MSDEHLRER R 2K

OFE

@ Results viewer panel
— general listoffiles log DOS charge [ structural evolution | image files
> energy | trajectory | cell
b
4 file name nframes select frame from to interval
input
| nfdynm.data 44399 all v |1 | |4433 | |1 |
e [ viewer l export l diff MSDI (v auxiliary
™ || infor |
e [calculate mean-square displacement and diffusivity|
results
— iter_calc iter_ion iter_tof atom_label pos(x)
MSD/diffusion analyzer H

species (example: Li)

o

temperature (in K)

|7uu.u ‘

time step (in a.u.) of MD
10,0 |

| ok || cancel |

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.

*MSDARAVIEMDETEDIZE D H .

¥ A

-trajectoryMfE 5 Z (& from, to, interval T
5% 7€ Al e
-HEBELGFHANSIILHRDEFIEDH
GCRE.MDEEDREARATYI LAV T v
MNoiRAHED)

39

http://www.advancesoft.jp/
[}

MSD®D &+ E 451 L
a(—-) | +laj=] R
—— Overall
012_ — 2
— b
0.101 —
<
o 0.08
()]
W 0.06-
=
. 0.04]
0.020 —  ——
1000 1100 1200 1300 1400 1500
Timestep (fs)
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A

D @ 2.1355860147891495e-06

D sigma : 1.850257465919071e-10
D_charge : 2.1355860147891495e-06
g_chgrge_sigma ©1.850257465919071e-10
S_sigma : 0.0

S_charge : 0.0

D_components :
S_components
D_components_sigma :

(0.0, 0.0, 0.0]

S_components_sigma : [0.0, 0.0, 0.0]

specie : N

step_skip : 1

time_step @ 10.0

temperature : 700.0
max_framework_displacement : 3.96115595398676
Haven_ratio : 1.0

D. diffusivity in em"2/s, sigma: standard deviation, S: conductivity in mS/cm

[1.418229687839292e-06, 2.283260588520558e-06, 2.7052677680076056e-06]
[2.087445142583931e-10, 3.203184711615014e-10, 4.1771163778472173e-11]

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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e

NEBETEMINELAZWMEE . BHRDKIG/NNREAR—FL., —E D

A A—DERET DT ETINRMEZKIEIC

5i001_H2 (phase)

[ ETHIEMTRE,

@ Preparation panel
info general basicsettings atomic configuration post processing structural evolution | neb
2 l replica coordinates | accuracy spring misc generata initial path by IDPP solver
_ input | initial replica generation number of intermediate images
€€} [ @ by linear interpolation l I:l
exe [ by IDPP solver
T [ 1) import from file ] species by IDPP (optional)
results replica coordinates ‘ ‘
& end0 | endl imagel image2 image3 image{ distance tolerance (optional)
close length unit ‘ ‘
angstrom V| [ convert
— | advanced option » l @
end0
no. element rx|
[ apply to all
1 Si 0.00
2 Si 2.751721694 doit ] dismiss |

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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— &R A A= DB - B A - HIBR

EEDA A= DEICHREA A= DEM - BERKH D ILHIBRA AT EE

energy
generate initial path by IDPP solver - X -43.960

number of intermediate images -43.965
LI P

|
-43.975

species by IDPP (optional) -43.980 B

‘ ‘ -43.985 "
-43.990

distance tolerance (optional) -43.995 =

‘ ‘ -44.000 T I

-44.005

advanced option ~ -44,010

energy

images between |§imagel Vl and [imagez V] jj:giz /{}—3)0)557][]

-44.025

-44.030
[ doit ldismiss] -44.035 .
-44.040
-44.045
-44.050

-44.055
-44.060
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R FHREREEE DB A
o EFDIEZE (no.)DIRERLEE NEBETEGE

BEIMGOFTE EICIXREFDIRBEEHLGCTEHR, f=12L. 15K A8 - #IKRE
FOLGEBDFENCHERERDDIES . RFDIRBEMALDLELIGEENH D,

edit attributes for atom no. 7 - X
element m(R) ry(A) rz(R)

‘ Si V‘ ‘ 5.664570317 ‘ 8.044910918
mobile weight aldos num_layer

: iy c —
A R d
/ "\ thermo, : e | mobilex

select the operation X

1

\ A N4 - o [] remove the selected atom (no. 7) I
7 7r 7 r mobile) () exchange no. of atom no. T with atom no. I:l . ’j
" QP | Co ) | BE QMBS
vz

’l _ apply H more operation H close _

&

IOﬂTI’\:ﬁI’\I’\I’\ | N ANJECCA I
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PhononEtE T AT VD & fwizard D EE
« Phononft &I BAFDEEREILFTE(NEBFTEZED)
[ZEDNWTWAD T, BFOHELRCHERHTET
JROLENDHD,
> BRTUIYILI7AIVEBL) TN TOHEXRHEERE
DEHETOAD I BHEHIAD
create input for PHASE
g phosphomse | et
ﬁ'@ BEDT-T| :::: directory by browser Ci:lj:; ‘ specify calculation type & input file creation method
f open terminal Ctrl+T initial input file
i t:leate sub project Ctrl+Shift+N :> [wizard Vl ‘ :>
‘.. __search F3 . .
wizardtype
phonon (Gamma) Vl
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 45
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Phonon (Gamma) wizard 0 [E] [

4

create input for PHASE - X

description

‘ extract atomic coordinates and input settings ‘

projects
BHDrb

(&3] m‘q phosphorus

-35' BERE 1|:}§0)pr01ect€ EN

2 meta_dynamics
2 constrained_dynamics ‘ ‘
2 hybrid

:> i 12 atomic_charge

[F1 ant rall
project directory with structure optimized

‘ fhome_ [phase-viewer-projects/samples/rb/phosphorus/ ‘

import atomic coordinates from file

 PBECCRFOMEEAIA— || some
@] next OK

~

INFO -
INFO - import atomic coordinates from file: this operation is only necessary for cases like transition-state structures
INFO - The input settings will be extracted from the project directory with structure optimized

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 46
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SCFEtE Mibdos/band/FEEFTE IO I
1E BB D[R F [ 1 D iR 2

« DFT+UEtE: dos/band/iZBERHE IO I ER T HBF
[CINTGA—F—UICEAT HFERENTE

EERERE: NIODEFFHEREIBDEERED HLER
20 |
l ‘
16 | ’ \\ ——U=0ev
L . —_— 4eVv
’ '\ 5eV
w 12+ : : experiment
= _— \
= gl { &
4t
. /’ \4////\\\ //<'¥2 B \<_;
0 A i i
0 2 4 6 8 10

Energy (eV)

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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Periodic translation: all frame~~ @)1 FH

Atomic Configuration Viewer

File }iEVE Model Tools

Preferences

i translation

rotate
y rotate X
rotate Y
rotate Z
Wigner-Seitz cell
toggle projection policy
Front
Back
Left
Right

Top
Bottom

http://www.advancesoft.jp/
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a-axis

‘ 0.0 ‘ -?.5 0.5

b-axis

‘ e ‘ -I?.S 0.5 7‘ \ f
c-axis "'."\
‘ 0.0 ‘ -0.5 0.5

advanced option l apply to all frames

r/‘x

| click to apply the translation to allframesl'
| dismiss | ~

‘\\_.

TrajectoryD AIfRILE EITFERATE S,

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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TrajectoryD AI{RIEIZHIT AR FEIED FI A
- RFEMEF AL TtrajectoryxaItRIL T B EA A HE,

energy | trajectory | cell

file name nframes select frame from to interval
nfdynm.data 142 [all v] | 1 ‘ ‘ 142 | ‘ 1 ‘
| viewer | export | aiff | wco auxiliary
info» | _ : . S—
“7 |use auxiliary properties of atoms in the input |nterface|
ata
iter_calc | iter_ion | iter_total | atom_label pos(x) pos(y) pos(z)
- I a I nn I a A nansscana | A ansnnnaaTa A nannanann | O
ST frames - X
e
number of frames: 37
H Pl /@C|> KN
skip specify frame no.
3 LS 1 37
/ 5 :

RFOABRMORT |0 =
EERFEEEL L EENEENENET

movie maker 1 I close

087608960 | -0.000092

Z 897056000 | -0.003554
$ 897056000 | 0.003532
& .X 439569280 | -0.004636

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 49
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({51) TrajectoryD RIFRALIZHIT AR FD R FiERED FI A actifysort

4

energy | trajectory | cell

file name nframes select frame from to interval
nfdynm.data 142 [an v ‘ 1 ‘ ‘ 142 ‘ ‘ 1 |
| viewer | export | it | wsp ) auxiliary

|use auxiliary properties of atoms in the input interface

Atomic Configuration Viewer nfdynm.data -0 X select atoms by criteria

File View Model Tools Preferences Edit

e i v | property operator value(s) relation
criteria 1: molecule Vl= v(2 I -------- v
*multiple values should be separated by comma(,) which means 'or'.
select dismiss
ol frames - X
[ 0.4 number of frames: 52
LE P B[€|> KN
% skip specify frame no.
£ I C—
-0.
B 1_ 52
-0 -
174
17,
12]
11, frame rate
6.5
154 o 10 20 20 40 50 &0 70 g o0 100
23,
22 movie maker H close
bt |
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 50
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NEBANEETE : — B RFEREERFD A R1E "

-0 X
Preparation panel ry (A) rz(A)
general _basic settings _atomic configuration _post processing _structural evolution | neb B m v 28783732 |3.2929475: 47264182
——
coordinates | accuracy spring misc
initial replica generation replica manipulation ] 0 apply_| [[more operation | [ ciose
by linear interpolation view/edit reaction path
I by IDPP solver distance from end0
[ import from file export to file

replica coordinates

end0 | end1 image1 image2 image3 image4 image5 image6 image7 image8 ima... >

L ] length unit

angstrom v |

energy
v]

39603667E+03 | Hartree

Atomic Configuration Viewer

File View Model Tools Preferences Edit -
z y rz [
0.00
0 o p7751038 0.00
0.00
p7751038 0.00 -
84636413 2.3384750022 number of frames: 12
bossa015 2.3439482844 (P B|[€|2 [
Horee Steresserae

view configuration =1 [skip specify frame no. |

| e E (R

dit | add atom | remove
lew input |
frame rate
0 0 20 30 42 0 e 70 80 0 100
movie maker close |
ﬁ x | TOVIe MERET JIL=95F
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 51
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i  — ﬁ A
NEB%EI%ﬁ‘F*“ . EIBJ:?\ i JE IEIIEH#‘ DX *ﬁ/“:
(phase) -0 X
® Results viewer panel
info listoffiles log DOS charge structural evolution image files | NEB energy & trajectories
extract
mode 0 ([oxmet ]
replica v 2 v
‘ ‘ energy & force | trajectories
[ file name nframes select frame
viewer export diff
R nfdynm.data.rep2 8 all v ‘ I Bo
‘ &% info » g
close
e —— Atomic Configuration Viewer C:¥Users¥h..¥samples¥neb¥Pt111_O¥¥nfdynm.dat; f x
rames -
File w Model Tools Preferences Ed
number of frames: 8
skip 0.
L]
1 8
frame rate
0 10 20 30 40 50 60 70 80 0 100
plot|
[ movie maker close
X
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 52
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» Atomic Configuration Viewer |
E%EE% t —_— — File View Model Tools [N, Edit AdugEsoft
ile View ode ools i
5 | aA—)7—: e view Model Toots [ e A

' appearance

element

arrow

inversion symmetry
colorbar

light

hydregen bonds
key listener

axis

Preferences& % EIZ
restore default#BEDND E A

PreferencesB R EZBHICEEBLTH
DB (B§ B ZdefaultiCENADT)

canvas

Atomic Configuration Viewer nfdynm.data -0 X

File View Model Tools Preferences Edit
IGIGIEIT I B edit light source

light 1 position direction
X y z X y z
directional v ‘ | ‘ ‘ | ‘ ‘Il ‘ |II ‘ "1 ‘ [ eoloy
light 2 position direction Atomic Configuration Viewer nfdynm data
x y z X Yy z EIlE‘ !IE\{J M?del ‘Tuulg gr?fere[u:es Edit
directional N ‘ | ‘ ‘ | ‘ ‘1 ‘ |II ‘ ‘u ‘[ eoloy
light 3 position direction
X y z X y z
ey | i |l 1 O Y -
light 4 position direction
X y z X y z
directional N ‘ | ‘ ‘ | ‘ ‘ ‘ | ‘ ‘ ‘[ color
Z
light 5 position direction
I_.X x ¥y z x y z
directional v/ ‘ | ‘ ‘ | ‘ "1 ‘ |II ‘ ‘U ‘[ eolor
z
[ apply l close I restore default lé L’X
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 53
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-
ick plot: spline# Bt #E 0D 1B N :
quick plot: splinets BeD 1B

energy

Results viewer panel K] [ &
listoffiles log DOS charge | structuralevolution | im energy
energy | trajectory cell 3900 .y
= -43.965 - -
e . -43.870 i
file name nreplicas T
nfefn.data 10 43080 ."._
-43.985 -
data —
-43.990 R
#step | image | image_distance energy N ¥
59 1 0.0000000000E+00 | -0.4399456593E+02 | 0. P
59 2 0.1097263684E+01 | -0.4399408566E+02 | 0.
59 | 3 | 0.2177921496E+01 | -0.4399275807E+02 | 0.] gz *°%°
59 4 | 0.3228707749E+01 -0.4399010739E+02 | 0] g 010
59 5 0.4262378444E+01 | -0.4398432350E+02 | 0.] <@ 44015
59 6 0.5288702591E+01 | -0.4397236637E+02 | 0. -44.020
59 7 0.6358798544E+01 | -0.4396334616E+02 | 0. -44.025
59 8 0.7447439035E+01 | -0.4398052280E+02 | 0. 44,030
59 9 0.8567249906E+01 | -0.4403482702E+02 | 0. 44035 i
59 10 | 0.9870167882E+01  -0.4405829667E+02 | 0. R
-44.045
-44.050
-44.055
-44.060 "
1 2 3 4 5 B 7 8 L] 10
N\ image
x: 10.395802497 ly: -43.9902000427

[ to clipboard l export l toggle selection mode lxy

Vl quick plot l

plot
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RedHat Linux 9@ Xt it

e JavaDT7vITL—K: Javall = Java 17
Ver.4.2[XRedHat Linux S CEHDEERIEN R on =

> PHASERIMR D JavaD/A\—23 0 Py 12 k->TRIRE
E2EH LT, IEEEMEREE R,

e Linuxhignuplot® E14A :

RedHat Linux 9D/ N\ —[Zgnuplot VIR SN 1=,
>3 /3 ILFED LinuxhRgnuplotZPHASEIZ[F4EL .
TDFEFFHATES,

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 55
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Help: Documentation A= a1—M1E /0

*OSIZIRAFL7EL
advance_phase_input m

html Version
. advance_ciac_manual. pdf Online manual F1
Windows: advance_phase_manual.pdf m Documentation >
4| advance_phase_theory.pdf manua activate product
PHASE¥doc P ¥-p GUI L ' d
advance_phase_viewer.pdf inputmanual restore projects
. m .
Linux: INST;:LLpdf o CIAO manual
new_feautures_intreduction.p theory guide
PHASE/doc _ _ _ )
W41_new_feautures_intreduction. pdf install guide
W42_new_feautures_intreduction. pdf new features
E1E ICHIT 19
L1 BY=aZUVOBEE ... ... 19
1.2 Advance/PHASE D r s L Z b U 88K . . . . . .. . 10
E2TF FEAS 21
R1 IR T A B A . e e 21
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ELEFOMR L

phononE—RFRFRDHE:BARIE (1, 2,3, ..., 10,11, ..)TIE~R3

-Windows: cmd terminal D{ELNEF D[] £

BN C¥Windows¥System32¥cmd.exe

(base) C:¥Usersy  Y¥phase-viewer—projects¥samples¥basic¥zinc—blend¥ZnTe¥SCF¥uvsor—epsilon-project

? -

TALIM) —BERRLI, —BENOANTES

-project treeM RIRDRE
A1oR—MEER . BEERIL Timported projectZ &R 7K

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 57
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- RFEREDBEIRTE
ERE
SO
Sy
» Au
@ Cl '
SN
: &
) m
e SIS,
8 e —
FEIREDFENERE L AT6E ((EkEY)
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« EVFDEM(ZHD)

BREZFEALI-GUIaYR—RU k., HBEWNESMYIZKWNERI(C

stLTeEVREEMLT

(RVARZZIHEBITEVNTLIEEDEEV M D)

SCF (phase)
Preparation panel

general | basic settings | atomic configuration post processing structural evelution

http://www.advancesoft.jp/
i

Advance Soft

4]

contrel accuracy | convergence criteria

solver and charge mixing functional

SCF
dE

succession

I 1l 1

uuelta_total_energy: threshold of change of total energy per atom

structural optimization

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.

Preparation panel
atomic configuration post processing | phonon >
Common settings
honeon oint grou calculate force v Si onfigure keyboard a
P P g P ~— rot. factor trans. factor zoom factor
......... v v w
—_— H 5 | |0.05 | 11
I specify range of force calculation » vibrational modes - factor of translation by
- Shift and «— | 1 — (or hjkl)
......... v
frames to skip atom trans x (A) atom trans y (A)
displacement norder polynomial fit
. T om |
L number of bi-directional displacements
- - used for numerical differentation
[ phonon dispersion » 1
- ! [ apply l close l restore default ]
[ advanced settings » ] T~ " - . T T

59

b —
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Open catalyst project (OCP)
https://github.com/Open-Catalyst-Project/ocp
 Facebook Al ResearchEH—RF—AAVKEMNFE &,
e 0C20: HENT—ARIXIFEALEERE (BEZEL)XRMEE
g7 FDODFTETERR . BRIEMIEEFENTLVERLY,
(250 million single point calculations)
0C22: BRIEMERRELT=, I=1=L. BB T —2 (I FET=
BEEE’]( HHoTLVb,
(9.8 million single point calculations)
- OCPIZEEEFDET IILELRALTLS, $FEIX., k&
&R LT energytforcezx FiRITE S,
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 61
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OCP@Mpretrained modelZ ALV ={& & &1k
S2EF models
Model Training Download val ID force MAE  val ID energy MAE

GemMNet-dT ocaz2 checkpeint | config = 0.032 1.127

GemNet-OC = 0OC22 checkpoint | config = 0.030 0.563

GemNet-OC =~ OC20+0C22 checkpoint | config = 0.027 0.483

GemNet-OC 'OC20->0C22  checkpoint | config = 0.030 0.417

MR ERRELOREDFREE

(—EDRFEZEE)
FADETEHE: S2EF model (GemNet-OC)
7 LT X Ls: BFGS
Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 62
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Step Time Energy fmax
BFGS: 0 10:54:33 -140.388885 1.6397
BFGS: 1 10:54:33 -140.426025 0.6841
BFGS: 2 10:54:33 -140.432785 0.7407
BFGS: 3 10:54:34 -140.451141 0.7826
BFGS: 4 10:54:34 -140.489502 0.4412
BFGS: 5 10:54:34 -140.489822 0.4674
BFGS: 6 10:54:35 -140.511902 0.5261
BFGS: 28 10:54:43 -140.713821 0.0796
BFGS: 29 10:54:43 -140.699646 0.0748
BFGS: 30 10:54:43 -140.692795 0.0852
BFGS: 31 10:54:44 -140.707672 0.0942
BFGS: 32 10:54:44 -140.721573 0.1411
BFGS: 33 10:54:44 -140.740616 0.0572
BFGS: 34 10:54:44 -140.729187 0.2607
BFGS: 35 10:54:45 -140.735016 0.0933
BFGS: 36 10:54:45 -140.735916 0.0310

BRERFEEORE1L2MTINERLE:

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved.
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OCPET L TriE b LT=#8 & D5l

OCPET /L CEREILL-HE&E

DNHAEE

DFTEtE
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OCPETILED EHIZ LA EEEILDINE

ATl

« DFTCHIEARREMLEREIL:
220[8lionic step

« OCPETI/ILCEEIELI-#EEN SDFTTHREL :
99[\lionic step. FFfElIE$9 1 /232 E 125G

* L DFTIEMMEDTRIZIESDENH S,

51 Z £ 233[Blionic step HV5>  201[] ionic steplZ
EiETAhbHD

Copyright (©)2023 AdvanceSoft Corporation. All rights reserved. 65
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OCPETIL-{EHAXY) T+ R

e 0C22 pretrained model>{FERAX T T+%
Advance/PHASE ver.4.3|ZE{E T 5 FE
*GUITO XTI IERTRETZAN, I AEBE DR E N HE T,

It [ EFRET )

« OCPM/\—(£4GBEFEM T. install DVDIZ L FEIHR
L7EULNA T,

e A—H—1EDIFS Toffline TEATHINELRIES.
HiR—b,tEA—oNNr—DF IR T 5,
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FEd L MESDT IV

BRBEITHEBLEHELIZSLY,
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