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1. EFEES LUNWChem DT E (£ +0O)

2. NWChem D it & EfI

1000 2000 3000 4000
Wavunumber [cm-1]

Structure optimization (Density-fitting method)

Vibrational analysis (Calix[4]arene, heterocycles) - b
Electronic structure & excited states (Luciferin) »gdé(;%
Thermochemistry -
Electron correlation theory g C’o@o
» — 2.770 eV, f= 0.6020
3. T —EXDIRE. BERNE
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The Schrédinger equation
Heterogeneous many-core

Quantum computing
2010: TeraChem Quantum annealing

N 0
HLIJ — lh ~ LIJ Cloud computing

a t 1995: NWChem Al, informatics

1983: CHARMM (Karplus)

1977: GAMESS 1995-98: TDDFT
1985: Car-Parrinello MD
N 1976: Multiscale models (Warshell, Levitt, Karplus) v
7 /RIVEREE 1966: Coupled cluster (Cizek)
(REFTRAL) 1965: Density functional theory (Kohn)
1951: Frontier orbitals (f&FH-5E—)

1960s: Gaussian (Pople

1926: Quantum mechanics (Schrédinger, Dirac)

1900: Quantum (Plank)

1905: Photon (Einstein) “equations much too complicated

to be soluble”

Copyright (©2019 AdvanceSoft Corporation. All rights reserved. 3
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A comprehensive and scalable open-source Advance Soft

4

solution for large scale molecular simulations .. ..o

KNROT4vY -

J—A X FEILFER

HMERT Originally designed for massively
parallel architectures

0 NWCHEMW

2500

Gaussian-based DFT/TDDFT International collaboration

2000
WChem Developers/Collaborators Community

B - B cam

Time (sec.)

Plane-wave based DFT

1000

High accuracy methods

500
50000 70000 90000 110000 130000 150000 170000 190000 210000

Molecular dynamics, Number of cores

Molecular mechanics

QM/MM, ONIOM

X
[1] Valiev et al. Comput. Phys. Commun. 181 (2010) 1477-1489. [2] http://www.nwchem-sw.org/

[3] http://www.emsl.pnl.gov/
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A: FEAE
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CCTIRKDFDOTHILNERE
Z-Matrixt "] HE

B: B EEA%
CCTClZcc-pvDZEER
RFECLICEEREBEREAEE

C:Fix
CC T3 & E A A% E R (B3LYP)
HF, MP2, CCSD(T), etc

D:ATERE
CCTRBERELERBHEHE
TASK <E#R> <#ERE>
energy
optimize
saddle

scf
mp2
tce

echo

start h2o
memory total 4000 mb

geometry units bohr

H 0.000000000000000 1.079252144093028 1.474611055780858
O 0.000000000000000 0.000000000000000 0.000000000000000
H 0.000000000000000 1.079252144093028 -1.474611055780858
end

basis
* library cc-pvdz
end

dft
grid fine
xc b3lyp
mult 1
end

task dft optimize
task dft frequencies

frequencies

Copyright (©2019 AdvanceSoft Corporation. All rights reserved.

Density-fitting method

(Resolution of the identity)
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EFILFEE DBottleneck:
2EF R AT 5 (4-rank tensor)
SATRYITHERMT HENEE

RFREDNHEMBNEERE K TRAA:

BuDy() = ) db” xp(1)

P

2- and 3-rank tensors™~

SAEVITEMT HLENES

cf.

Resolution of the identity (RI)
R12 methods

F12 methods

Copyright (©2019 AdvanceSoft Corporation. All rights reserved.

(uv|Ac) Four-index quantity

U dr dr, ¢ (r1)d, (r1)d;(ry) ¢ (rz)

T2

(,uv |2 ) Two- and three-index quantities

= Z(Hvlp)[]_l]PQ (Q29)
P,Q

where

Jro = ff dr,dr, XP(H)XQ(FZ)

12
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Density-fitting method: y
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Speedup of 5 to 29X N
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Wall time for single-point calculation (PBE-D3/6-31G*)

6000 5730
DFT(density fitting) © DFT
5000
= 4000 '
£ I 9
E 3000
pre) /A
S 2000
1000 45X .. 5.6X
ey 46 g
0 s e

cefotetan (590) epothilone B (611) paclitaxel (1032)  valinomycin (1350)

Molecules (Number of atomic orbitals)

Copyright (€)2019 AdvanceSoft Corporation. All rights reserved.

Host-guest chemistry: Advafhsott
Valinomycin (K* selectivity) N

http://www.advancesoft.jp/

PBE-D3/6-31G* (density fitting)

g —

d(K*-0) =2.749 A o .
(ion radius = 1.33 A) d(K*-0) =2.749 A

&

Potential applications:

Nanodevice technology —_—)
Power generation

Drug delivery d(Na*-0) = 2.360 A

Dialysis (ion radius = 0.95 A)

d(Na*-0) = 2.564 A

Copyright (©2019 AdvanceSoft Corporation. All rights reserved.
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Vibrational analysis: Calix[4]arene-Na*

@
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a: 2628 cm™ b: 3059 cm™

Na‘*e Na*e .
60
50

4
http://www.advancesoft.jp/

(B3LYP/3-21G*)

Calix[4]arene-Na+
Calix[4]arene

| || v(OH)
40F
.
Ll
c: 3167 cm? d: 3469 cm™!  / 2 30 e
= i a
Na*, Na* = 20} b
4 ; | c
10F
L g
0 A
2500 = 3000 = 3500 4000
Wavenumber [cm-1]
Copyright (©2019 AdvanceSoft Corporation. All rights reserved. 9
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Vibrational analysis: Heterocycles Advance Soft
r— —— = [ 4 ‘

a:587 cm™ d: 1057 cm™!
,/"s\
!
w(NHz) {
) \ 7
WXV (o)
b: 1445 cm™ e: 1422 cm™ (-23)
LAEERN
\
A
/

c:1700 cm™ f: 1747 cm™ (+47)

-
ATENG

5(NH,)

Copyright (©2019 AdvanceSoft Corporation. All rights reserved.
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2-amino-B-D-arabinofurano[1',2":4,5]oxazoline
2-aminooxazole

c (B3LYP/6-311G*)

v

b v(NH)
wen |
f
d
e
v(CH) VV\\IH) (OH)
\"/
) U "
0 1000 2000 = 3000 = 4000

Wavunumber [cm-1]
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Time-dependent DFT Advance Soft
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Time-dependent Kohn-Sham equation

One of TDDFT methods:
Casida Formualtion (1996) 0 1
iad)i(l‘, t) = (— > VZ + Vegelr, t; p(r, t)]) ¢(r, t)
Perturbed density
->first-order correction where

dgr,p(r’. t) N §Axc[p]
Ir—r'| |6p(r,t)

p(l‘, t) = Po (I‘) + 5p(l‘, t) Veff[rr L p(l‘, t)] = Vext [I‘, t] + f

Linear response approach SE
- frequency domain _ OExc [p¢]

8pe(r)
Adiabatic approximation

(6 a)l=oCo Dh

R. E. Stratmann and G. E. Scueria, J. Chem. Phys. 109 (1998) 8218
Copyright (©)2019 AdvanceSoft Corporation. All rights reserved. 11
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Oxyluciferin (OxyL?")

ks

Pl el NG

ﬁ,};

e

Efficiency = 40%

http://fireflyexperience.org/

HOMO

D-luciferin + ATP + O,

Luciferase Light
Mg2+

Oxyluciferin + PP, + AMP + CO,

LUMO
TDDFT//B3LYP/cc-pVDZ

Excitation energy: 2.409 eV (515 nm)
Total oscillator strength: 0.26516

Copyright (©2019 AdvanceSoft Corporation. All rights reserved. 12
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Excitation energy: Advance Soft

Firefly luciferin analogues . S
Luciferin (LH") Infraluciferin (iLH")

Applications: HOMOO - HOMO -

Bioluminescent maker 4

Bio-imaging

Dp-luci CycLuci  Aka-HCI

: 2.376 eV

T. Kuchimaru et al. 2.770 eV
f=0.8868

Nat. Commun. 7 (2016) 11856
f=0.6020 Redshift (+74 nm)

TDDFT: B3LYP/cc-pVDZ (singlet excitation)

Copyright (©2019 AdvanceSoft Corporation. All rights reserved. 13
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Designing molecules: Advance Soft
4
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Firefly luciferin analogues

infraluciferin | (anion) infraluciferin Il (anion)

luciferin (anion)
Hh ' ik 1
m | ————— =)
+41 nm

+74 nm
2.770 eV 2.376 eV 2.202 eV
luciferin Me,N-luciferin Me,N-infraluciferin
( ,‘\\
: \
+52 nm </
3.696 eV 3.200 eV 2.741 eV

TDDFT: B3LYP/cc-pVDZ (singlet excitation)
14
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Thermochemistry: Advance Soft
Transition state and activation energy it aancesft !

glyceraldehyde ——> dihydroxyacetone

Enthalpy: AH(298) AG [keal/mol]
-6.86 kcal/mol <0 A

-6.62 kcal/mol (M06-2X-D3)

Exothermic (&SIt )

Gibbs free energy: AG(298)= AH-TAS
—6.38 kcal/mol <0

-6.14 kcal/mol (M06-2X-D3)
Exergonic (T ILIV RI)

Activation free energy: AG*(298)
4.46 kcal/mol
4.10 kcal/mol (M06-2X-D3)

B3LYP/6-311G*

Copyright (©2019 AdvanceSoft Corporation. All rights reserved. 15
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Thermochemistry: Reaction enthalpy Advance Soft
R la
http://www.advancesoft.jp/
Reactants Product(s) AH(298)
formaldehyde glycolaldehyde glyceraldehyde
k + ‘& _— "‘YK{ -10.42 kcal/mol
(%
cyanamide glycolaldehyde 2-aminooxazole water
“—{ + ‘jr s W + "‘; -9.31 kcal/mol
¢
glyceraldehyde 2-aminooxazole 2-amino-B-D-arabinofurano[1',2":4,5]oxazoline
—_—

w + ‘m ~9.33 keal/mol
d ¢

Exothermic

(R IE)

B3LYP/6-311g(d)

Copyright (©2019 AdvanceSoft Corporation. All rights reserved. 16
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Electron correlation theory

M
Advance Soft

E%?*ﬁﬁﬂ = Eexact - EHartree-Fock

[ 4
http://www.advancesoft.jp/

1 EHartree-Fock: QI*}[’¥_0)99%D),J:

® RYDH1%: LERICDBRICLELGHEE

&

H, + %0, >H,0

Accuracy

FiE  KOBREER  KOBRFELER
IVR)ILE—DH
[kJ/mol]

IVFRAE—AG A
[kJ/mol]

B3LYP -220.7 (21.1) -209.0 (19.6)

MP2

Exptl -241.8

Basis set: cc-pvQzZ

Copyright (©2019 AdvanceSoft Corporation. All rights reserved. 17
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Summary (applications) Advance Soft
s — [ 4

Structure optimization Vibrational analysis

! 1000 2000 3000 4000
Wavunumber [cm-1]

Thermochemistry
(Enthalpy, Gibbs free energy, activation energy)

glyceraldehyde 2-aminooxazole 2-amino-B-D-arabinofurano[1',2":4,5]oxazoline
P w + z >—< e
P ¢

B3LYP/6-311g(d)

-9.33 kcal/mol

Exothermic

(3R )

Copyright (©2019 AdvanceSoft Corporation. All rights reserved.
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Electronic structure, Excited states (TDDFT)

HOMO o . ' —l_
e @ g’o
Lumo

2.770 eV, f = 0.6020

High accuracy methods

Accuracy

4
RO N
a\//c s
R
l MP2
NS~NG NS NS N7 I

Cost

18
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ARie. BROBITEEITS

aAVYILTaUYT
HECREZRAL-ARERICEET 5%k 4
BTHEICHET S

FIAYR—MQ&A):
NWChem (EF{LZEZEFILELT) DY R—F
ZFE-mailCHIGT 3

N—=2%
NWChem®DEEZZITLN. FEEZXIETHS
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EFLFHEY J PUT7NWChem
ZRIR LB —EX

~ NWChem' & ~

HEEFOMBEENENCRIA T V-2
(Educational Community License version 2.0.)

DEFEFHBIOISLTY,

HS T v - S=RDT R SELEHEFRD

Environment Molecular Science Laboratory &

A2Y—FLHMRELTY .

* http://www.nwehem-sw.org/

Spiro-TPD {#34 EL #4%) B SHIFHE

(& LM EE R RN R
[EREREHBELEN]

AR OEEHEL LN

LV EHRMBOSFEFLBEICHENT. BTLF
IR OISR DO CHERBRSL D DB 0FET .
NWChem (&, J\(/{IA—L2A - OE1-F 124
[CLDBTALFIHEICIOT, DFERLHETD
SESFRMWEICOVT, BT - BF L VLOTRNS
{BROBISEEIRECLEY .

19
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/lJ\\'fj- 7|‘—Jr

T —

rg_jr'ﬂﬁ?—u'f

5V JRJ17 NWChem

(CLBDT— t“7\0)<_‘fn) M
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T4 7% (HIR . JEHIR. HIFRFRR) . 2 A E

5 (DFT) (RHAEREAREEEL T/ NA T YR %, meta-GGAE., T7
T —I)LREIEGEESL) ., BRE{KTEDFT (TDDFT) | 8
RITDDFT. #&& 495X 42—i% (CCSD. CCSD(T). EOM-CCEE) . Z{A{E
Ehim (MP2, RI-MP273E) | ST & B 22 B 2 #1875 35 (CASSCF) |
>t iR A2 EF L (Douglas—Krolli% . ZORAE) . QM/MMi% .,
ONIOM;% . Nudged Elastic Band (NEB) i%. jAIE %15 (COSMO. SMD,
VEM., 1D-RISM) . YITHEEET & (o STV RARIEIL, I ARY
FL. RS ERLE)

Z Db

BARTUOUYIILEEKEICKBEIRIRDDFTETE. Car-Parrinello

F—REBYFHNETHE. BFE N5 (AMBER, CHARMME) % FH
W=t E2 Y FEINFEE

For more information: http://www.nwchem-sw.org/index.php/Main_Page

Copyright (©2019 AdvanceSoft Corporation. All rights reserved.
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)| v2:3 SAtEVR

1960s HiE

1960s Hi=

1970s iR

1977 Academic
1985 F-1i-1

1987 Hi=

1991 iR

1992 GPL

1993 F-1i-1

1995 ECL ver. 2.0
1997 LGPL

2002 GPL

2010 F-pi-1

2012 Academic
2012 LGPL

2014 Apache 2.0
2014 Apache 2.0
2017 BSD-3-clause
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Fortran
Fortran
Fortran
Fortran/C
Fortran/C++
Fortran
Fortran/C/C++
Fortran 77/C
Fortran/C++
Fortran 77/C
Fortran 77/95
C++

C/CUDA

C++
C++/Python
Fortran 90/95
Python
Python/C++
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R
TIFPORRELE—F BUMUERYE. S#EE
BEIIT1VT % mREHE, 2SBER
Slater®! (DEEEBISL. DFTICHHE. R R
HF3&, DFT, MP2, SEEESCFi&

BARILILE, FHEO R FOEEH
BEI(YT1VT . GWiE
GUI=YILIS—D— BRI I T
SHEGER. HEIFR—E, BFE AR
SHEE, BB, BEUOFTE R
5 atF AL, EFHEEER, BERBHE
EFHEER. SMESCRE. BBRT—)LT
W HEHHERE, HF3k, DFT, EFEEER
GPUDT7—XTHFvEBRRRIZERA

5K FAERE, HFE, DFT, EFEEER
HFi%. DFT, B ¥R EER. B ERESCF%
=L ~ WFIFTEMERE - HEA ~ DFT ~ MP2
NumPyS1 75 DF A, ETHEER
NumPySAF 351 EPsia TAS S LDFA

22
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BEMBAXF BT EXEFREIFHER
EMAXAFXERE BTEHAR EGBT2ER BT RNREST
B (T (RREXP) NG

& - EREXE BT EAHEGHD)
WasiDAUnversiy ©  Car-Parrinello FEI N SaL— a3y - BEEDO KT

« NIMS, MANA RAEHYTAER
@ *  O(NDFTIZ&SBE—RBHFENE, ITIYTILX AV ITAIT1IR

« FEHEFEVEREE BAWER

$ 8 - oOriginoflife, REFMF, RitRETHICIOBMER T CRREE)
YOI
AdvanceSoft °® EE$ET%._§ B &% ﬁ#i# "
- BFERREICLIRRMTEBLY & & &
&R BB,
FEXH

1. Suzuki, T, Yano, T, Hara, M., Ebisuzaki, T. Cysteine and cystine adsorption on FeS,(100). Surf. Sci. 674:6-12 (2018).

2. Hirakawa, T., Suzuki, T., Bowler, D. R., Miyazaki, T. Canonical-ensemble extended Lagrangian Born—-Oppenheimer
molecular dynamics for the linear scaling density functional theory. J. Phys.: Condens. Matter 29:405901 (2017).

3. Suzuki, T., Tamura, R., Miyazaki, T. Machine learning for quantum mechanical forces of solid systems through canonical
ensemble. Int. J. Quantum Chem. 117:3-39 (2017).

4. Suzuki, T. The hydration of glucose: the local configurations in sugar—water hydrogen bonds. Phys. Chem. Chem. Phys.
10:96-105 (2008).
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F—RIEAEYINIIY
Advance/PHASED BT

Frbsz/sE [l —1T

TRzl -2tz
201941H24H (K)
7RISRV IMAR S
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o F—[REHELIT
e Advance/PHASE&(E
« BERAEHI
- BERFEEDNIIaL—ay
o ERAEHI2
— KERBEMHEDIIaL—ay
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« FE-REFHELE
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%‘- . J ,?‘ . _:_| E-l_ ﬁ & [ i g/ e ancesoftiof

. %%ﬁ%*%f;&‘o)%?é%ﬁﬁ%/“x BERNTIZ, MIEZED
—REB[CE DT YMEDHEZEF EFLANILTHEE
kﬁﬁﬁ'd‘%)ji,f
— YEROE—[RE

I

. HBLHZ —a—trAER
. BHRFE TORYITLAERRR
- #EEHFE

« EFNE albTavh—AERK
s MTEHMET YEDEFIKEZVIaAL—1aY
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Advance/PHASE& &

e Advance/PHASE CRUL\AE IR
- BENESIER
» Hohenberg-Kohn® 7 IE
 Kohn-ShamA T2z
- TEEEE
- FEAEREH
* BlochDEHE
- BE-REHRTOOvILE
o JILLEGREFER
e LTV TR
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Advance/PHASE& &

« F—REHEVIINIIT
- FEVILAN—
* phase : SCFETEGEEITOIAMVIIDY
o ekcal : FEDKkRTHEEZITITIVUDY
SCFETETRO-MMEBEFZEEFIA
e epsmain: BREREZTHHEITLHIIODY
SCFETE TR OB EFZH EZ FIFH
— 2740 2—HF—-A2B3—TxA4X (GUI)
e Phaseviewerf} /&
— IRTEIL. Version 3.6

Copyright (©2019 AdvanceSoft Corporation. All rights reserved. 7
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Advance/PHASE & (&

GUI

Project Module Process Window(s) Preferences Plugins Help |
projects A
- 2 scF
(=10 phase-viewer-projects ~| [T
10 data Preparation panel
=53 samples ® toivic coutigurt
5 basre Al general basic settings atomic configuration post processing  structural evolution
=5 sie B atomic coordinates symmetry constraints
i = =
ﬁq SCF or lexigihuns cell scheme
E: j siz & bohr V| [Jeonvert a_vector,b_vector,c_vector | [_] convert
HCre
& j H-Si00t i cellvector
H3c
S et ba identifiers x ¥ z
e G e 1026 000 jooo
H-5 Tio2 @ b_vector l0.00 110.26 l0.00
st c_vector .00 J0.00 [10.26.
#- iodine Gome
-0 ce02 atomic coordinates
no. element ™ o r
|| apply to all
1 si X3 0425 0125
2 si 0125 0128 Lo.125
(£ molecular_dynamics 5 5 s = =
Q) phonon & si 0425 0.625 -0.625
[#2) uvsor-epsilon 5 si 0525 0125 l0.625
0 si 0625 025 0525
7 si 0.525 os25 0125
0 si 0625 0625 0425
coordinate system view configuration
import || Export internal | [ ]convert View
() constrained_dynamics edit atomic configuration
) hybrid select edit add atom remove
(3 atomic_charge
3 opt_cell
edtor | save | unda | newnput
2 vaw v v
INFO - Welcome o Advance/PHASE! ~
INFO - Copyright(c) 2005-2013 AdvanceSoft corp.
clearlog
save log
v
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o i FR &R
— BEAEISYINITYFTILET
— EA

« NIV (B, ERE. BEAGTE)

o RME(ME, T/RARGE)

- RE(ER/FER. DF/ER. ARY/EREE)

— YIRIFUTIL
.« BAF (IRELBIIELE)

o £EEE{KX (Metal-Organic Framework%i &)

- FHRRZHOFHNLHS
« REREEERALZBRHRST
- REVAHMIZRND

« MIANFHL—EERMIEZITRNE-AREEZEF> TS
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ﬁ i —H:H
€
é 0
& 10 \>>/
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Jlnl

e 3D-RISM-SCFi%
H. Sato, et al : J. Chem. Phys. 112, 9463 (2000).
o BEEM(3D-RISM) & FE—[REEFTE (SCF) %= RRFIZHEL,
> AEOSREGERY KA AT EE
> ZLDFEWRHEBND

Copyright (©2019 AdvanceSoft Corporation. All rights reserved. 13
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B (kB 1L 4) RE

- /&K mE
— BRAE.LAAVBHMORHEMOEBRIG., AT RIGGE
El/ZREOIRENEEZELGXEERF
« JK/TiO,REZEHII
— TiO JefED—D
RET.EFAFDILSDAILOH*)DERKR? ?
— K/TIO,AEHDHARIIHLE
o K(BEADH,0EEDLSIZHRS M ?)

Copyright (©2019 AdvanceSoft Corporation. All rights reserved. 14

- 32/44 -




=451 1
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* Phys. Rev. B 82, 161415R (2010).
— BELENBHRAERST-OIC
k. E—EEAFHAEEERAL
T EBRLI1L—a g T,
FEHIET 2
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Height (A)

1

0 1 2 3-0600 06
3

p(glem”) [}

FIG. 2. (Color online) (a) Part of the simulation cell for the
AIMD simulations of the liquid water/TiO, interface. Red/gray,
green, and while spheres represent O, Ti, and H atoms, respectively.
Red/gray and white sticks represent O and H atoms of water mol-
ecules, respectively; (b) mass density (p) versus height for the water
film on a four-layer TiO, slab. (c) Water dipole orientational order
parameter () along the z axis. In (b) and (c) the average position of
the TiO, surface layer [the layer containing the Tis,, the sixfold
coordinated Ti (Tis.), and threefold coordinated oxygen (Os) at-
oms] is defined as zero.

=451 1
B (k—Eg it ) RE

& F

Jlnl

e Advance/PHASE
- BENESBIER
o XH-EBITRILF—AEA% PBE
- TEREE
o EENRH%L 18.75 Hartree
« BEFZE 168.75 Hartree
— YT TkE
e 4%X2X1 —RAvya
— BRTU YLK
s JILESVIRE
— 3D-RISM
* H,0: SPC/E model, 300 K
— Rutile-TiO, (r-Ti0,) (1 1 0)F& @
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o ARMFITRILFX— 2.58eV=59.52kJ/mol
« JK/TiO,(110)REDIEE

BRI ENRLOND

F KREFOHH
* BREFOLH
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o SREITRILF— 2.91eV=67.02kl/mol
— REICBERMGELHEIHIENOTUNEKE? ?)

BREIEENROND

BB RFaYARIC

AYRATEIKREF W & KERFORT
DEERRF wa_M_% 7 BRET DA

ﬁ.v%‘”""’ I
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Metal-Organic-Framework~ @ 7K & Ik j&

* Ni,(m-dobdc)

@cC

a [nm] 2.5797

b [nm] 2.5797

c [nm] 0.6792

o’ ] 90
Bl 1 90
vl ] 120
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Advan‘ce Soft

fiZ T E 1512

Metal-Organic-Framework~~ M 7K & Ik &k

&

http://www.ac?vancesoft.jp/

THEEEEDAVNA IIRIILY— | REIEAH 12.5

[Hartree] EHTE 112.5

YT Tk 2x2%x4 —fkAva

IR EH SCF 1.0 X 10-8 [Hartree/atom]
[RFEED 1.0 X 10-3 [Hartree/Bohr]

R -HEETRIILX—REH

— % b AECEEl PBELESHK

van der Waalsf# IE

DFT-D3
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Metal-Organic-Framework~ M 7K 3= 1 &% i adincesiie]

EIRILX—
-1997.2637752951 [Ha]

Copyright (©2019 AdvanceSoft Corporation. All rights reserved.

1ol

R

:;._15“ 2 Adva:m;eSoft

Metal-Organic-Framework~ 0 7K 3% I &% el

KEDF o EIRI)LF—
“h -1.1583891851 [Ha]

o JRFFEIEER#
0.075 [nm]
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e 1DNA—TAZ)L YAk
[ZIKB|DFWE
e A=whEILDEETHE
LTWLNADT, cBAMRIZIE
BRI CZ L TULNVS,
« EIR)LF—
-1998.4367045187 [Ha]
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o RETRILF—
- RBEIRILF—DE
Eaqa = EHZ/MOF — (Emor + En,)
— FTEIZKYURDBNT-E,,
-0.40 [eV] = -38.16 [kJ/mol]

— TRTDFA—T VARG AMIKFRRDFLREL-IGE
E.=-12.93 [k)/mol]| D&
J. Am. Chem. Soc. 2014, 136, 12119-12129
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o RETRILF—
- REIRILX—DER
Eaq = {E1sn,/mor — (Emor + 18Ey,)}/18
— FTEICKYRDONTZE,,
-0.12 [eV] =-11.53 [kI/mol]

— E,,=-12.93 [kI/mol] DR E L MVE
J. Am. Chem. Soc. 2014, 136, 12119-12129
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— Materials Project (#\%%%‘%Eﬁl) <https://materialsproject.org>

— PubChem ( \%) <https://pubchem.ncbi.nIm.nih.gov>

« EFIILOMT
- EILFTEH
- R—/—E)L
- THYMEBRETIL
- BFRMEETIL
- REETIL
- BEHSFOHEE
- REA~NDNMZFREETIL
- BESFRIE
— Primitive Cell & Standard Cell

- ZEMEEOHE
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2. ETHEETT

- HEIVIY
— Advance/PHASE (#1355
— Quantum ESPRESSO (A —7>vV—R . £—RE)

<https://www.quantum-espresso.org>
— LAMMPS (A—72V—R. BFHHZF)

https://lammps.sandia.gov

o ETEHERE
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