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Automated implementation of divide-and-conquer based el ectron-correl ation methods
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Table. 1 Implementation of electron correlation method by using TCE

Method Restricted Unrestricted Restricted open

MP2 CD CD CD

MP3 CD CD CD

LCCD CD CD CD

CCD CD CD CD

CCsD CD CD CD

CCSD[T] CD CD C-

CCSD(T) CD CD C-

CCSDT CD CD CD

CCSDTQ CD CD CD

$ C: conventional method, D: DC method
[F2R]
HEhEEE4T -7 CCSD kzAnT, &K 1000

V78T L CoHone DEVAZIT o T2, K 00 |
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2a2=v k& L7, FiQ. 1257 A A(n=3- é 400 |
1) & s & S ot ER T Fg. O | o)
LR LIRS ENENOFREIEICE
JHEREEROA—F—%2RKDDH L, DC- o 2 4 6 8 10 12 14 16
CCSD V£ TIEERIBIT A —F — 3| Number of unitsn

O(ne3) 7 & O(nt2)~ & BIFIIZ I Lz, £7-.

ZOMOIFEFEICBWNT S REED <7 4+  Fig. 1 CPU times for DC- and conventional CCSD
calculations of polyacetylene ConHanso.
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Characteristic Features of Transmetallation of Pd(Il1)-Ph Complex with

Cu(l)-alkyl Complexes: Theoretical Study

(Fukui Institute for Fundamental Chemistry, Kyoto Univ.", Department of Material Chemistry, Kyoto
Univ.?) O Hong Zheng *, Kazuhiko Semba ?, Yoshiaki Nakao ?, Shigeyoshi Sakaki *

[Introduction] Recently a new kind of reductive cross-coupling reaction of aryl bromides with 1-
arylalkenes was succeeded by cooperative Pd/Cu catalysis.! In this reaction, the transmetallation is
involved as one of the most important steps (Scheme 1) but the mechanism is unclear. In this work, we
theoretically investigated the transmetallation reaction between Ph(l)-Ph and Cu(l)-R complexes to
elucidate the reaction mechanism and electronic process

pr? P JPro/ \ iPr,
PCyp3—Pd~PCyp; + C Cu(NHC)—»"CYPs™ Pﬁhpcyphsr —Cu(NHC) Q/ \Q
Br C s Inversion
\ H or
PhMe'
el Retention PCyp; = P(C5H9)3

Inversion case

Scheme 1. Transmetallation between Pd(11)-Ph and Cu(l)-CHMePh complexes.

[Computations] All calculations were performed by DFT method with the wB97XD functional. In
geometry optimization, the LANL2DZ basis sets were employed for Pd, Cu, and Br atoms. The 6-31G*
basis sets were used for other atoms. In energy evaluation, the SDD (Stuttgart-Dresden-Bonn) basis sets
were employed for the Pd, Cu, and Br atoms. The 6-311G(d) basis sets were used for other atoms. In both
basis sets, a d-polarization function was added to Br.

Pd-C: 2.529
Cu-C: 2.008
BA around C: 358°

Cu-C: 1.960 Pd-Br: 2.609 : »
Cu(NHC)-CHMePh  Pd(Ph)Br(PCyps;), Pd-C: 5.386, Cu-C: 1.969 E"'ﬁ’ ;;32
u-C: 2.
R (0.0) Adduct (-4.0) /Pd-Br-Cu: 66°

’Retention TS (33.3)
Figure 1. Changes in geometry and Gibbs energy (in kcal/mol) in the transmetallation of CHMePh group.

[Results and Discussion] In the transmetallation of CHMePh group, the four-coordinated Pd(l1)-Ph and
two-coordinated Cu(l)-CHMePh complexes firstly form a weak contact adduct (Figure 1). One of the
PCyps is dissociated prior to the transmetallation because the geometry of the adduct is too congested



around Pd. Two types of mechanisms are possible in the transmetallation: one is inversion mechanism and

another is retention one. In the inversion mechanism, the CHMePh group becomes planar around the sp®

Cu-C: 1.955 Pd-Br: 2.609 W

] _ Pd-C: 2.408
Cu(NHC)-CHMeEt - < Cu-C: 2.075
( ) Pd(Ph)Br(PCyp,), Pd-C: 5.572, Cu-C: 1.963 BA around C: 360°
R(0.0) Adduct (-8.4) Inversion TS (30.2)

Figure 2. Changes in geometry and Gibbs energy (in kcal/mol) in the transmetallation of CHMeEt group.

carbon in a transition state (TS) and its configuration changes. In the
retention mechanism, CHMePh changes its direction in TS and the
configuration of CHMePh is reserved. The activation energy for
retention TS (37.3 kcal/mol) is much larger than that for inversion
TS (28.0 kcal/mol), as shown in Figure 1. Therefore, the inversion
mechanism is favorable in this transmetallation, which agrees with
experimental observations.

In the transmetallation of CHMeEt group, PCyps dissociation
also occurs. The CHMeEt group becomes planar around the sp®
carbon in the inversion TS (Figure 2) with an activation energy of
38.6 kcal/mol. On the other hand, the reaction in retention
mechanism occurs with no barrier, indicating that the retention
mechanism is favorable in the CHMeEt case.

To understand the reason why the reaction mechanism is
different between CHMePh and CHMeEt groups, we analyzed the
(CHMeX)™ (X=Ph, Et) anion with the same geometry as in the
reactant and TS. As going from the reactant to TS, the (CHMePh)~
moiety becomes more stable, as shown in Table 1. This is because
orbital conjugation occurs between the lone-pair (LP) orbital of the
sp® carbon and the =* MO of Ph group (Figure 3); actually, the
energy destabilization of the LP orbital is small (0.30 eV). In
contrast, the (CHMeEt)™ group becomes more unstable, as going

Table 1. Deformation energy (DE, in
kcal/mol) and energy destabilization
(Ae) of lone-pair (LP) orbital of
(CHMeX)™ anion.

DE?/kcal/mol  Asb/eV

(CHMePh)~ -3.4 0.30
(CHMeEt)~ 11.6 0.82
2 DE= E(TS)-E(R); ® Ae = LP(TS)-LP(R)
X X
\ |
H\\W/--c: _)(i X=Ph, CH,CH,
Me' "iMe
R TS

«
LP orbital of (CHMePh)~ LP orbital of (CHMeEt)™

Figure 3. LP orbitals of (CHMePh)~
and (CHMeEt)” anions with TS
geometries.

from the reactant to TS. This is because no orbital conjugation occurs between the Et group and the LP

orbital.

Reference

1) K. Semba, K. Ariyama, H. Zheng, R. Kameyama, S. Sakaki, Y. Nakao, Angew. Chem., Int. Ed. 2016,

55, 6275-6279.
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[F] FEEET L L0F A MR T L3 A AL ORISIZ XD NO DIAERHHEA R
B s=ba bl W o e KGERTZENRMOBNTND, ZIHDIdA AEHLE LT
BERET 2R T 28 L TRV VA ABE LSS T 5 Z L BB X LN D0, FHAEEROMWE L5y
TR AT L DREEZLICEIR AR - D, & 2 CARMZE CIHKIR~ R U v 7 2 BEEERIN G
15 & bR % O C CH3ONO-BF; 85K & U CH3SNO-BF; SR D HREN A~ 7 /L0451l
HAEH EMEE~DRBEIZOWTRETT A2 L2 HIE LT,

[REBERUHEAZX] TkE2BIC L TARK L CHONO F72i1% CH,SNO & ik BF; %
trap-to-trap V£ CTHERL L, 2240 Ar TRTE DIRFE THAR L7z, 20 KIZHAI L7z Csl HpR RIC (R
IR T 7215, % 12 KIZHEIL FT-IR A7 ML ERIE LT-, FEOWED AR+ 25 &
CH;ONO & CHZSNO 13 H O AR L, AT MAWNRME T LI2BbT 52 L RmbnT
W5, THEANZ MOIRBIZHAT 272012, BEEKEBIT E 7 4 v Z —E2 W TR %
1TV, FT-IR A7 bV ERIE LT, & FBFRHE CIEEHSE Y 7 M Gaussian 09, FHEGIEIC 3
FEFEH D DFT {5 & MP2, JLJERIEIC 6-311++(2d,2p) & IV T/ ~ — & SR O fci (b K& O i
REVBGHR 21T 272, F£72. B O IKEEE A -\ T AIMAIL & NBO 6 12 X 0 SEERICTE S &
T8 FEZRAL R0 oy 18] Ol < BT ENR ELAE A A b L7z,

[#ER EEE] CH,ONO-BF; D 27 kJL(Fig. 1-(i)) Tl% 1856.6 cm™ & 1908.9 cm * [ S {A H 3f
EHEbNBNAY RRHBL TS, CHONO E/~—® FT-IR A7 L TiE 16133 cm™ &

(i) CH:ONO/BF3/Ar % (ii) CHsSNO/BFs/Ar &
trans-1& cis-{&
trans-$81& \ V‘\/ 570 nm
J\ 10h
cis-GB 1k \
A=365nm, A=510 nm
60 min 2h
| A :"365.nm,
20 min co-deposition
I\J .V‘_J__ A=365nm,
5 min
— 4 co-deposition
CH,SNO/Ar
CH,ONO/Ar
2000 1800 1600 1600 1500 1400
Wavenumber (cm) Wavenumber (cm'!)

Fig. 1 &8k Ar = b U v 7 RBBE FT-IR 2-X7 F)V(NO fB#EIREIFEIR)



1664.8 cm 1245 BAERD NO fEIREIO /S RABHI S TH Y, $EROWKITE /) ~—» 5K
ELEWHY 7 PLTWD Z EMNEMTH D, CHONO IE A =365 nm OSEIREHIC L v 3R L, 5
PERIZE D ZOBHEISENRH D Z EBMONTND, SEERORTHRBROBGNAE LD EEX
FWE A1T o728 2 A, 1908.9 em ™t & Lt L 1856.6 cm ™t (D31 A B 28 K & U 28 1856.6 cm AN
cis-B5fA, 1908.9 cm™ 2% trans-#E{AHI K & IFJE L 7=, CH3SNO-BF; d 227 k/L(Fig. 1-(ii)) Tix
1564.5cm ™t & 1582.5 cm ™ IERHISR L E 2 b BN RBSHEL LTV 5, CH3SNO £/ ~—D A
~Z7 MV TIE 1527.8 cm™ & 1549.7 cm I NO ifEHREI DX RVEIII S TR0 ko R
T 7 FLTWAHA, ZDKE &L CHONO-BF; DA L0 H/h &V, F£72. CHSNO 1%
PRSI X W 2 =510 nm T cis—trans, 1 =570 nm T trans—cis DR LA T2 L N5 T
W5, SERESRDO NS RICHERE TEAR b, ZhIZHESE, 15645 cm™ % cis-#A,
1582.5 cm™ % trans-$E1k & IR )@ L7z, cis-O1 2 cis-O1 2 cis-S &
BEFEEIC L R 21T - (B3LYP) (M06-2X) (B3LYP)
72 & = % CH{ONO-BF; ™7 T CH;ONO &:@o
ORLEER, BH#, KIBEFTIC BF
DBCNL U 7-HE1E 2N cis-1A . trans 1A% 4 fil
M SN, MP2 & M06-2X Tl Lg%
(ZEAL L7z OL BUSEIRIC R L, L 0 M AAE
D58 235K E - 72 (Fig.2), CHSNO- Fig. 2 CH3ONO-BF; B2 Uf CH3SNO-BF; $8& D BB (L i i
BF; O Tlx CHSNO Dfifi s, 2235, FeR
JRA\Z BRs DB L2 iEDR S O T, 2
DFTIE CHONO DR &Y . FHEHE — —— Ty
YL T T RE S AR TSI (CWID)) e 9 >
Mo Te, FEEEOTRREIE & I Z T | = @A ) "
5L, NO AR ORBEY 7 b O @ 400l
CH3;ONO-BF; ™52 Tik MP2 & M06-2X TfF5 = '

cis-0O1(M06-2X) cis-SF (M06-2X)

7= 01 WUEEIR DS, CH3SNO-BF; @ & Tl Fig. 3 CH;ONO-BF; B UF CH;SNO-BF; #5{A D QTAIM f#HT

CH3SNO DRREE 112 BFs M3SEL L 7= S BUSEIR(Fig.2) 3 AEpk L7= & HERI L 7=,

WIS o L T DAV BRI E A IV T AIM F#T & NBO fiRiiT 247V, SERPNIZE) < F3A1EA
AT LT, AIM FEHT CIZ&SERINGD BCP BT 2B T HBE() & TDT 7727 (V). AIM
BAT(Q) % Ll L72, CH3ONO-BF; $E{ATl% 01 BUSERIZ fh O DO SEIARIC L ~FEMA0 2 2 b 28 AL
5 AT~ (Fig.3), &/ ~—F & R O-N #8470 BCP D phd K& < b L, V2pIZIEDfE~ & (L LT-
T EDBEEERRIC X0 BRI EAERICEB L Lz E B B, & 5HI2 N=0 #8437 BCP D plt
L, 2EHF L REBFEDO q OEFHENSEEERNHAREIZHEML TWD Z Enb, $5AERIC
LV RIEONO 2=y FOFEAMENRE D LI H F A MRS & B 2 5D, CHSNO-BF;
D S FIGEIR T 4 FRIRE DM 25 7 547228, CHONO-BF; $51AFE K & 728 L Cld 72 /> 7=, NBO fi#
BT C i M o) < BB B AAER(CT) 2 M L. FEZ/0 T TO ZREBH =R ¥ —(AE) &
He# L7z, CH3ONO-BF; $5{A Tix CHsONO O F i FE AN B -5 LP(01)7 6 BF; 07k 7 322,
B LVB)~D CT b REWAE, Z/Rr L7z, —J . CH3SNO-BF; §{A Tix CH3SNO @ LP(S)% 6
BF; @ LV(B)~® CT N K& 72AE, T&H 55, CH;ONO-BF; F2 K & 22 fH AR CTlid/e o 7=,
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Adsorption of CO, into a Soft Porous Coordination Polymer:

A Hybrid SCS-MP2:PBE-D3 Study

(FIFC, Kyoto Univ.', WPI-iCeMS, Kyoto Univ.%, Dept. Appl. Chem., Nagoya Univ.)
OJia-Jia Zheng', Shinpei Kusaka®, Ryotaro Matsuda®, Susumu Kitagawa®, Shigeyoshi
Sakaki'
[Introduction] Soft porous coordination polymers (PCPs) have attracted continuous attention
in recent years, because of their unique properties such as the gate-opening-type adsorption of
gas species. However, little knowledge has been presented on the gate-opening mechanism.
Very recently, a soft iron(Il)-based PCP, [Fe(ppt).], (PCP-N) (Hppt P N

N \ =
= 3-(2-pyrazinyl)-5-(4-pyridyl)-1,2,4-triazole, Scheme 1), was ~ [ NY(NJ

synthesized and demonstrated to undergo gate-opening adsorption . :1;::
of N,, C,H, and CO,, whereas its isostructural framework N\\ AN \/ )
[Fe(dpt),], (PCP-C) (Hdpt = 3-(2-pyridyl)-5-(4-pyridyl)-1,2.4- N—NH

Hdpt
triazole, Scheme 1) was found to undergo gas-adsorption without  grpeme 1. gtructures

gate-opening.!! Theoretical studies on gas adsorption into these of Hppt and Hdpt
PCPs are of great importance to understand their different adsorption behaviour. However, it
is challenging to estimate accurately the interaction energy between gas molecule and PCPs,

because the post-HF calculation

must be employed to incorporate Periodic Boundary SCS-MP?2 Calculation
Calculation

dispersion interaction.

In this work, we theoretically
investigated CO, adsorption into
these two isostructural PCPs using
a hybrid method combining DFT
(PBE-D3) for periodic structure
and SCS-MP2 for finite cluster

model, to disclose the gate-opening Total System Cluster Models
mechanism and reasons for the Scheme 2. Computational Procedure

difference in gate-opening behavior.

[Computational Methods] Geometrical optimization was carried out using PBE+D3
functional with periodic boundary condition as implemented in the VASP program. CO,

binding energy was calculated with Eq (1).



BESCSMPZPEEDS _ gEPBEDS | INTSSMP2(H-G) — INTPP5P*(H-G) 0
+ INT3M2(G-G) — INT™*P(G-G)

where BE™F™ is the binding energy calculated with the crystal structure, INTS“™M2(H-G)
and INT™®EP3(H-G) are interaction energies between CO, and cluster models (Scheme 2)
calculated by SCS-MP2 and PBE-D3 methods, respectively, and INT**™"*(G-G) and
INTPBE'Ds(G-G) are CO,-CO; interaction energies in CO; clusters.
[Results and Discussion] The calculated CO; binding energies for sites I, II, and III (Scheme
2) in PCP-N and PCP-C both decrease in the order I > III > II. These results indicate that CO,
adsorption into PCP-N and PCP-C occurs first at the site I. The favorable adsorption at the
site | arises from the smaller crystal

Table 1. Binding energies (in kcal mol™') of one CO,
deformation energy (AEqe) than those molecule with PCP-N at three sites.

. . PCP-N I I 111
for adsorption at the sites II and III BEEDS — 37391 403
(Table 1). PBE-D3 overestimates the [NTFBED3 -7.72 =777 -8.58
CO; binding energy for the site I in AE gt 0.35 4.82 4.55
INT™PPP3(H-G) 734 —6.80 -6.95
calculated value agrees well with the =~ BE>®MPEED3 =541 -121 -3.16
Exp. -5.71°

experimental result (—5.71 kcal mol™) PCP-C(BESCSMPPBEDS 455 500 21

at the initial adsorption stage. These 2 CO, adsorption energy at the initial stage.

results suggest that SCS-MP2 correction is of considerable importance to investigate correctly
the adsorption behaviour of these PCPs. When the site I is fully occupied, subsequent CO,
adsorption occurs at the sites II and III in different manner between PCP-N and PCP-C. The
calculated binding energies (Table 2) indicate that CO, adsorption occurs at the sites I and III
in PCP-N but does not in PCP-C after the full occupation of the site I. This difference arises
from the smaller deformation energy of PCP-N than that of PCP-C. The binding energy for
the site III in PCP-N increases

Table 2. CO, binding energies with PCP-N and PCP-C at the
with CO, loading, which sites Il and Il after the site | is fully occupied.

PCP-N PCP-C
corresponds to the gate-
II III II III
opening process. Details of the BEPBED3 690 629 255 _1.42
gate-opening mechanism will AEger 2.11 2.95 6.23  7.84
BESCSMPIBEDI 477 525 -0.27  -0.15

be discussed in the presentation.

[1]Y. Ma, R. Matsuda, H. Sato, Y. Hijikata, L. Li, S. Kusaka, M. Foo, F. Xue, G. Akiyama, R.
Yuan, S. Kitagawa, J. Am. Chem. Soc. 2015, 137, 15825-15832.
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Theoretical study on excited states and photoabsorption of radical one-dimensional chains
(Advanced Science and Engineering, Waseda Univ.', RISE, Waseda Univ.2, JST-CREST?, ESICB*)
OYasuhiro Ikabata®, Hiromi Nakai'™

(=]

RERAET IV THDH NUAXRY MU T Xa Ly (TOT) HEEYUOREIE, R
VIRV 279, ZOWINE, fEfH T AN 1 B EE TR T 5 Z LICHkT
HEEZBND, BAIZINETIZ, TVANVHEOHAEERNRRS Z8&T 5 M -tert-7 F /UK
R MY -7 B FVIRICONT, TR E RIS 5% BRI L0 B s e L2,
—J7, TOT ©RFFEHA (BryTOT) & 1 IRuFEME L BT 5723, RNxtEFROME AR
<, FUMNEOHBENREETHLRNERR D, 20X RRITHMHEEE RO —FETH Y,
BRI ES < ik BEGR 2 EEGE M T 5 Z L ITTE RV, AMFFETIE, TOT gk L
DT IHNVTHERSND 1 RTHICK LT, B EFFREET NIV =T ElAG DY
ToIRAT 24TV, hEDIR BB LRI DY 2 B 532 T 5,

(B ]
BRFHREE TR OFM 2T T L E LT Hubbard EFAERH 2, ~I L h=T7 0%
H Z[tp p+l(ap0' p+1o‘+ap+10' po)+g n +U (np_l)/z] (1)

PHEZ NG, ROICBOT pIEY A MNEx DT CHIICKHIE), ¢l3 AL, tITHEB#S T

B el IV A FTRAF— UEA LA h 7 —a i3, nigd A4 hOBETHTHD, o1 b
BT A T2 1 IRTEHR T, e BIRWERBENE = 1L % —I0 T 2 07 F v > 7 Eg DT
SR TWBEL 2o

-1
= J, () U
Eg=LJ+4t—8tL-42;—{1+exp£—§¥wj} dw @)

THD, ZIZTIlxBessel BIErF 72 1T H RIS & MRIEN D8RS CTH D, JRIRFEN D BT
FREA~OEFFHEITERE— A FRREL, fMallBiT 27 VU BRSO R ERIZ
ST HEBEZBND,
20O0H% A ha, bIZ2BE I NHFHETLHREEx5E, —~EHEE “HEOTZRLX—2L DTV
HIVED A o H 7V o T EE I & Hubbard 5 LD 8F 2 —Z LT ORMRB RN T 5,

23, :%—%‘/Uulstjb ©)

TR D & — 7 P RIS T D =R F—% Eg & L, WAbLRIBRND Jp 21520 2 & T, K(2),
R)VEHWTU & t OEBRENIRE I ND,

AAFFETIL, SRR IS T 2 BRI BAEH Of#HT C1THiu T2 Hubbard /X7 A —#
OPEENE B, TOT o “BRICHEMT 5, #ido 2 EF 2 #LE%RICOV T, Kohn-Sham DFT 72
ORI EMG I, FEHIR = EIAME, FEHIBR broken-symmetry (BS) fi#, FAwk—EHEIEMIE S



Do, —HEIHE ZHHEOT RV F—ETL, A FMEAOLZHIEENEN K ZHEAT D L

U
Esinglet - Etriplet = E + 2Kab + 2tab (4)
LERIND, BSREE ZEHEEOT XLF—ET, |ty/ U| << 11281 5 EHh
2(t,)"
EBS - Etriplet = _Tb + Kab )

L7 b, HIEFEE, A B FME R 72T ZHEIEREED SOMO = R VX —DZENHE S5, A
Z2ClX, FEHIBR = EIEMED Kohn-Sham #lLiE = % /L ¥ —e Z IV TR TR O 72,

1 _
_ ( @HOMO-1 | A,LUMO __ aHOMO _gﬂ,LUMO+1) ©6)

t, =—
ab u u

[F5R L EBE]

BrsTOT & "Bk ZfEaE S8k L, DFT SR E1TWAH
NI A=BZRE LT, KBMABEYLEEIE M06, REEBIBIL = o~ O
cc-pVTZ CTh 5, F 72, Fig. LITRTRIC OV T &R % high layer, ) .,
JEIFH % low layer & L7 ONIOM 5 A#1T->7=, Low layer ®Ftak °
(21X UFF & M06/6-31G(d,p) T E L 7= RESP %ﬁ%)ﬂb\f:o Table o 1

LIZFIRRE R A FERRE & & bI2Rd, DFT HRIC X % Hubbard /% = < = ~
FA—RITERIEE L —BLTED, ty & U OLITEFMHER sy
REWZ LERL TS, ONIOM G TR, By 28D T 2T g 1. The system calculated
T5H— jif Jab ITEBREICITS 2, 2D X 912, ONIOM &% by the ONIOM method. Each
BTN b7 LT BTOT DRI T o el o

ZEMIMIICIELS BBLTE L, defined as the high layer.

Table 1. Hubbard parameters and optical gap of the BrsTOT column structure.
UleVl twleVl  [tw/Ul  Eg[eV] 21y [K]

MO06/cc-pVTZ 1.109 —0.062 0.056 0.879 —61

ONIOM(MO06:UFF) 1.102 —0.067 0.060 0.858 —95

Exp. 1.226 —0.065 0.053 0.984 —-169
[2%E 3R]

[1] Y. Morita, S. Nishida, T. Murata, M. Moriguchi, A. Ueda, M. Satoh, K. Arifuku, K. Sato, T. Takui, Nat.
Mater. 10, 947 (2011).

[2] Q. Wang, Y. Ikabata, T. Yoshikawa, A. Ueda, T. Murata, K. Kariyazono, H. Okamoto, Y. Morita, H.
Nakai, The International Chemical Congress of Pacific Basin Societies 2015, PHYS 756, Honolulu
(USA), December 2015.

[3] J. Hubbard, Proc. R. Soc. A 276, 238 (1963).

[4] Z.G. Soos, S. Ramasesha, Phys. Rev. B 29, 5410 (1984).

[5] C.J. Calzado, J. Cabrero, J. P. Malrieu, R. Caballol, J. Chem. Phys. 116, 3985 (2002).
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Theoretical study on the structure — NLO property relationship of open-shell
cross-linked diphenalenyl derivatives
(Graduate School of Engineering Science, Osaka University) OYuka Minamida, Kotaro

Fukuda, Hiroshi Matsui, Shota Takamuku, Takanori Nagami, Masayoshi Nakano

(F) e, BBt 2 Rr oM EIEE QR REECY N OIER 2 Fim, FEBRO M
INDREANTIFRDPATON TN D, Fexld, 2 OBBROROIERIZ A ZNLOMEICE B L
THIEZATV, B — EEEOEETH L U7 U VT y LIRS (NLO) BiGio sy
%v&w@@ﬁf%é%:ﬁﬁ@%w®%:ﬁ%%%wwm%ﬁ%é:&%ﬁmumﬁﬁ
bbb, PRI Z R T 7RI, /EROBBED T RICHESRTEHELL yHEREAT S 2
ENRTRSH, ZHIZEDE, T E THRA @255k NLO 70 72 ik S T E 7 [1],

—Ji. Bex T FRIOMAEAEH CRRBEMERRBL T 5ET L E LT, B+ TE/, IV HL
THDHT7 2T L=y TO EBIEERF L, 200 THOERKEHRMEEERCER L
B AR Z & B O NLO MR £ D
o EERE IS L CRES BT 52 & %

R L72[2al, & 512, FEXRFRBAFRAR[1]DE X d ¥
FLELT 72T L=ADHRETEB, — L+
N~ WA EANT 0T 2T L= )
JU T EARO NLO WEIZ B 5 b IREE R F
- - . X=benzene X=tetracene 2-3%!

MEZRET L. 235O NLO ¥ H i KAE % O
A mEEEEIXZE DO RDOIERFIMIZIS U T — O e
RESEIET D Z Livbin-oT72[2b], Q/\zg o=——

2D 2 D OFE BT - BE S & 0 7 )
% NLO £ 52D [REM: 2 R 259 CTH X=tetracene 1-3%! X=tetracene 1-4%
DM, EE ., EERICEBT D0 RIEREE A Q = Q =
LS E 50 ERMTH D, Tabb, () )

— >

TN NIRRT DB L 8 T O .
- BAEE NLO ME D%k ekt 2 mTHE L 5 T

» LU pE ] =7 = = e
T IE. = L= L0 i B A R K. R =T L=V TARE



HZVENGH D, T T, KFRETIE, 72T Lo T 27 v mks (K1, X 300 TGS
LZ2LICRY . BEMEICK T 2 mEEMEORE 225, BRI, BEEAMEEZ 22
bEELZ LT, 2007 =F L=V Hub AR EEE d 2281 S8, Bt & NLO Rtk 2 il
H I BE 72 2 T ERRIE 2 T 2,

(FtEFE] o kX, UB3LYP-D/6-311G 5, fli~x OO F Hi%, LC-UBLYP (u=0.33)/
6-31GHEIC LV ZNENIT- T2, £, VI VUV ANVRTEEIKIESH A RILELUNO)D 5FH
WCEFR L, FRNEE MR ¢ LB % 59 D AEE T ST () I DV, H RS
(Finite-Field)ik & W Tk 72, UL EFTXTOFHEIZ Gaussian09 % V7=,

[(BREER] AWIETIE, M1 O4FEEAGRS L Lz, £ 1127 =F L=V RERH
OIEREd KO, T P ANVRF y, FH B y,,, R, FROLEMIEIZBWNT, X=
benzene, tetracene(2-3 %4 1-3 )X, = oD T = L = LN BEAEENL T & Sk L C IR E I E
T HDITKF L, tetracene(1-4 FD)IL 7 = F L =V RFBPLHEREN KE WO, 7= F L =/LiHE
MOMEERNIEY . 7 =7 L= VITZEIMAL R L CREICERE LWV 2 &2 L7,

# 1 £V, X = benzene, tetracene(2-3 &, 1-3 A)i%, RFEHOMEERE d~3.4A CTHREEDO Y
T HNVKRAE T2 D DITHE L, tetracene(1-4 A%, 2 5L EORRBE d 27 L, 1ZIX 52T
bDHZENbrolz, £9. X=benzene RIZEBWT, BEMIE DD T = F L = LEfL
AL ST [A UELEIS 31T Dyyyyy 1 Vyyyy(benzene)=1.7 x 10° a.u., yyyyy(phenalenyl dimer)= 110
x 10’ au THY, EHFLHIE 7 = F LoV ZRIKSTHD Z ERbnrolz, T, HEE d
D3/ E Uy X = tetracene(2-3 B 1-3 D) TH R TH - 72, FER & LT, X =benzene, tetracene(2-3
13 B)D gy 1T tetracene(1-4 B) DK 2 (FDEA R L, WY T VAR X Dy 8
KM A Sz, LEORERIL, REMEICBW T, ofiE Y 7 ¥ 7L OB % il alfe 72
TEEHORENEORDBD EHFFSND, v BEMITIC X 2K OF G 2 Z 0T, 4 A
WET 2,

K1 EROT =T L= REREREd, 2T Y AVIRT y, RO Ry

BB X benzene tetracene 2-3 % tetracene 1-3 %! tetracene 1-4 %!
d[A] 331 3.23 3.65 7.75
VI 0.455 0.435 0.600 0.999
Vyyyy [x10°a.u.] 136 147 153 53.6

[ 3CHk][1] M. Nakano et al. J. Phys. Chem. Lett. 2015, 6, 3236 and references therein. [2] (a) K. Yoneda et
al, Chem.—Eur. J. 20, 11129 (2014). (b) K. Fukuda et al., % 10 [A]5y ¥Rl #5tima DEEREE 16-09 (2016).
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Theoretical study on the inelastic electron tunnelling mediated by molecular wire
(NSSMC) O Yoichi Matsuzaki
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Trajectory surface hopping simulation by spin-flip time-dependent density functional theory
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Highly Accurate Calculation of Ionization Potential of Polymers
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Table 1.
computational methods.

Ionization energies (eV) of thiophene, pyrrole, furan monomers evaluated by experimental and
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(KT) (ASCF) (KT) (ASCF) (KT) (ASCF)
Thiophene 8.86(2) 8.965 8.914 5.802 8.917 6.610 8.914 8.669 9.369
Pyrrole 8.207(5) 8.128 8.256 4976 8.229 5.785 8.212 7.833 8.219
Furan 8.88(1) 8.730 8.961 5.544 8.884 6.383 8.887 8.443 8.890
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Optimization of spin-component scaling factor for electron propagator method
(Graduate School of Natural Science and Technology, Kanazawa University)
OFang—Han Lim, Manami Nishida, Yuta Hori, Tomonori Ida, Motohiro Mizuno

(FFim] WEOEFREZ KD 2K, 0F - JRFWNIZHMA L Tw3EFICOWTEERREZ
it 2 LREIFEE T ICB O CHEELTEO D TH 5, Lo LIENREZ KO 2 DIEIER IS
HE I, ZOBMEMEE KD B DIZ Green I DR EI Nz, —FET Green BAEL. H %\
(X BT BREBIEL (electron propagator theory ; EPT) (% AR DEED —>TH D, £ 1L
IRVF— (IP) LEFBA (EA) OFFFICXCHV s, EBEBERTICEHETE 5 S
EDFH LT %, BAE X < v 5415 EPT #:1% Hartree-Fock (HF) EICZ 2L ¥ —iREFEDH
o (FHES) = F V¥ —IH (self-energy ; YY) ZE AT 2 I & T, Koopman’s DI T %)L ¥ — 238
FHE E BRI X > CTHIES ., B A T b2V X —%2 KD ZFETH S, ZDKE
giEzHOTEBEMI N, ZXOBHEICITEY] 2 EPTEIFZ EP2IE L VI, mRXDEZFIHT
22 ETHEZ Lo n2sd, GHEa R M2k L5720, KRELRICH L TEHANES 2%
VW, Bl Z 11X, full-EP3 & outer valence Green’s function (OVGF) (I N° )L — 723003 L 72 1) | Ortiz
DPREL 7o, o2 A UREN 2B L7 V) Xa28 AL, HRNICKa 2
kT OKEED R X % % partial third-order propagator (P3) “¥ETI A6, N°O* BB E 3N
%, Z3UTH LT, EP2 I3 HEAICERE 2 X FAMES . RELRTTRANDHEMbA[RETH 5, L
DL RFERE SRR & AR TFIMIC 0.5¢V DL EO#AEEE U, KL P3 % OVGF 1%
%, Reyes 732014 fEIZ A ¥V 7 ffilE (spin-component scaled ; SCS) 3Tl % quasiparticle EP2 IZ
WAL (SCS-EP2) V. ME o LSRG S e, 727 L, SCS-EP2 DF 413+ iciiat &
T, B2 2 LIk o THAZHEDOARRMEIRER I N7,

SCS MBI 1 2003 4FIC Grimme I & D fRE I /e ), SCSUEMIEIZS £ T 1:1 THY o TE
WfTAE Y DFELE LA E Y DEFELE R AT — VAT (BfTAEY RS ¢ MAE YRS cy)
TAT =Y ¥ 7§25 LT RD Moller-Plesset (MP2) EDHRTH 2 YA X2 TOMF
JEHE, HLUEDOREEAZELFHFE 2 A PRI L EEZRE TO, FIEBEZ M LI, Grimme
Hlx A7 — VKT DMEIZNITAE v DEFEZ/NS K, Ay OHELGEEZREL, A=V v
iDL 2L X —PRELSED S B\ K ) I EREBRINIC RO 72,

Z 2T, AWEIX SCS-EP2 ISl L 7 A7 — VA F O b2 HIVE L7z, 512, EP2ike
MP2IEDE 2 RE L, 7€k SCSIER 2 &R L 7955k A SCS L (extended-SCS-EP2 ; ex-
SCS-EP2) ZEL., O DFFICNLTIP ZiE L. 27 — VHRTFIC & 3 Y OMIE % Bt
ICHRRE L . S TFIEORR & B L 72,

(PG - GI] —E 7 Green BIZUIIR D X 9 1TEFK I 41, Dyson HGRAIHE

E1 - (a|ﬁa) —(a|ﬁt)

GE)=>0 0 (t|ﬁa) E1 — (t|Ht)

] ((1,) = (Go(B) —2(B))

HOGEHBEE (GE)) 3RS (GyE) BIUOHECZ ALY — (Z) ZHOBIEEICX > T
KB, T T, GyE)IZHIRE HF(RHF)?D Koopman’s DHE T L ¥ — #1244 2, EH)ERH
LEZZROACZ AV F I CED IPIZLLTD X I Ik 5,



1 (ki||ab)(ab||li)+l (kal|ij\ij||la)

ZiabE+6i_€a_6b Zi, E+e,—€ —¢
) Jj.a

IP = ¢, + Z2(E)

£P(E) =

ij I HATE, abIESAEEEZE T, ZOE-HIZAOHEEZFFOEFHEE RM) | #LuEOA
ZEMICEHS T 5, B IEIFREREANE (RX) CHEOZEICEHFS L, IEOfE%E >, BIF
IZZ % SCSTlZ M L 72 SCS-EP2 i (a) TN ex-SCS-EP2 7 (b) OFEAZRT,

(ki||ab)ab||li) + (kallij)(ij]|la)

(2)
a 20 (E)=c
@ a (B) = Css LiE+e—€,—€, LaE+e,—€—¢
i,ab lj,a

(kI|aB){aB|l) N (kalij\ij|la)
Ete —€,—€g LaE+e,—€—¢
LaB ija

© D) =y Bllabdablll) g Lkally)glita)

+ Cps

LiE+e—€,—€, ° LiE+4e,—€—¢
i,ab ij,a
an N (KllaBXaB|l) L o (KAJJ )i |1A)
T Cos E+e —€,—¢€ 0s E+e,—e€ —€
TaB rFa "B i],A a

T IMNLFERLTFIZE) A VB ERLTWD,

[FER] —#E LT, fekoERE SCS-EPIETEHE LA F, D IP, KOZD=RIHL & D72
P3 & OVGF IZ & % i % FZhafie & L L T, Table 1.IZ/R L 7,

Tablel. Error (eV ) of calculated ionization energies of F, molecule
using various EP approaches with respect to experimental values

Methods In, Im, 30,

Experimental value™” 15.83 18.8 22.05
Koopman’s theorem 2.26 3.22 -0.69
Conventional-EP2 -1.62 -1.51 -0.73
Conventional-EP3 0.69 1.32 0.05
SCS-EP2 -0.58 -0.31 -0.26
Ex-SCS-EP2 -0.09 0.19 -0.41
OVGF™ -0.25 0.21 -0.10
p3*) -0.21 0.09 -0.06

SaRE U 72455 SCS-EP2 13 HEK D EP2 % SCS-EP2 7 X O b —EB 11 4 L% IEfE IR
TE 5, IPIFLDFEBRME L., ZROEZID A7 OVGF & P3 L HERTH AR W ED
S22, HICEOD DS TIont U CEAEMEE & A © VRS 2T > 72, SRS HIC THRET
%O

(&% 3CHik]
1.) J. Romero, J. A. Charry, H. Nakai, A. Reyes, Chem. Phys. Lett. 591, 82-87 (2014).
2.) S. Grimme, J.Chem.Phys. 118,9095 (2003).
3.) K. Kimura etc., Handbook of Hel Phtoelectron Spectra of Fundamental Organic Molecules, Halsted
Press(1980)
4.) J.V. Ortiz, Int. J. Quantum Chem. 63, 291-299 (1996).
5.) Roberto Flores-Moreno, V.G.Zakrzewski, J.V.Ortiz, J.Chem.Phys. 127, 134106 (2007).
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Development of spin adapted MP2 method
(Graduate School of Natural Science and Technology, Kanazawa University)
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U] & 7B % & O i b I 2 I EIRIEUER < H 5 KD Moller-Plesset(MP2)Z 1%, FLELHY
RKEBDTR~OEHABARETH O, FRG TR ECTRICEEL &k 2KFBHECT7 7 v T AT —
WAMEERORLBIC DL T3 2 e bR b5 28, FEHIR MP2(UMP2)iEIC X 2B
iR DETELIC I E R CERK 5, COJRRD—D2 & LT, UMP2 ETidziE & 3 2 JEHIR
Hartree-Fock(UHF) I BIEEAIC SR D A v VIRBEDSR AT 25 A & v iHFH: D[ (spin contamination
from reference space: SCR) Mg & LTk b, 5% Tic PUMP2 £l SUMP2 %217z & SCR
ZFRZE L7 UMP2 MR E SN CE 2, LA L, 20X ASRARICER S 2 M2 <. #
ExAAF—ERc L TR Y2 B DICE R L Toeanzoic MP2 R H I ZEH
2 IR AT % % EIAIRAE D % 5 (spin contamination from excitation space: SCE) % &1y, T D[
R L, —EHEEREOFHE T L L T Paldus b 232% L 72 Unitary Group Approach(UGA)
based MP2 i£BI¢i%, Unitary #EDERICTHILE L5 spin adapted ZiEiEE 7% AT 4
N¥—fiEEZEMT 522 T SCE #REL T3, 2T Paldus b3 ZEMLEZ R E T3
spin adapted SR EZ W5 2 L % UGA It ERMLIc T 2 AN AEF L LT3
23, spin adapted T7x \» UHF BB = S0 & L 7285612 SCE 23fr2 i 6 & & Tk o UMP2
EOYWEARFCTE 5,29 L7z SCE 2BRE L 7z UMP2iEId S F Clc Hr it s ncs 59,
iEkKfTb 5 SCR D% L 138k o7z UMP2 IEORR D0 D L WT 7m—F & LTHllifF
N5, AT, fERDOBREL OWIRIC X ) UMP2EICHY 2 2 & v iHEHROFEICOWTHi2 72
MR %215 2 72 0 O {E 72 BEmAY 5 & L COEF ICHRE G L w2 5,

Z ZTOARMFE TR, A VEEICES CE— HF 14X %2 2 & L < UGA Jghilic X Y SCE %
PRE L7z MP2 ko EALZIT. & OFEREOBUEHIBGELED 72 010 8% 2 2 DRARAR I B 1T 5 i1k
bz AN F—%EtH LBIFOFEIC L 25HHEMAR L KL 72, £72 SCR £ 7213 SCE DFREHHE
KD UMP2 KT L TH 725 B DE NI ONTOER LT o7,

[(BEH] ko MP2 B X 36iF= AL ¥ — 3L F o X 5 it <o “EikfTiRic X 28
flCcRIHEI NS,

occ virt b\ 12
S5 ot

i<j a<b
spin adapted 2 ERL Tl BT ORIEZ S HEEFOBEIREICE 2729, fiE L
¥ —DRA 2 singlet, triplet, quintet {857 2> & DF L DN/ X 41, SCE DJFK & 72 % triplet
X O quintet #5320 b DFH G &2 RET 5 2 L HAIHEL 72 b, pp-hh spin couplingic X V515
singlet DX WEZ > B R v v IEREZ W EX 2 B3 % & LN ICRT SCE ZBRE



L7z UGA-UMP2 EIC X 2 i E= AV F—oXADBELN S,

B (ijlab)[(ijlab) — (l]|ba> (l]|ab>[(lj|ab) — (ijlba)] (1-¢; )(1 ab)(l]|ab)2
Es, = Z Z & + :

1 — — &= —
6 e gteg—¢& = &+ &5 &5 = —&
ijlab)? - .
EszzzL (i*=i, if=i £&KILT3)
& te—¢g,— &
l]ab

7272 Li# jhDoa # bD IS 3% singlet FEEAEICHHEL T\ 57280, FEKDER

WCHEEMNEDYE S, £ 2T Unitary ZHIC X WV HREZEAT 22 L THEZ AL F =TT 2 A
VBRI O W T H RN L. UGA-UMP2 (RIS L7 A v B % U L CEUERFR I
iz, oIk UMP2 kb A viHQ % TR 7201, fiffic SCR ZBREMRER
SUMP2 ki it L€ UGA JEBH %8 L 72 UGA-SUMP2 0 E (L b 17 - 72,

(FEH & &%) Table ICBHRICEH T 2IEHAL T AL ¥ — D ER RO %2R~ T, UGA OEA
X o THO 2 ICEERE DA ESR S5, SCE DFRER UMP2 k2 ET 3 2 23005, £
72 SUMP2 i X 2 3HHFE R L o iE 2 5, 7Y A5 &K EKETIX SCE D, KEIT A
ARG TIE SCR DA UMP2 iEici LCX W KEAMEEZ b 2o THARR NS, <
DI EDH, FRCT VAN ERERKIGD X 5 BB IR I WEWIEB 2 &0 % 2 5HR T 2 B
T3, SCE D& EZET L PEETH L LRBINS, X 5IiC SCR & SCE Oififf % ik
L7z UGA-SUMP2 ikix, X W EBfEE RW—EZ /"3 2 L2305 %, CC-pVXZ(X=D, T, Q)#
JEZFHWW2FHRIC X o T, BRI O K E S 1Tk s 3R CEAOFELIE SN S T & bR L 72,
FEl e iREt, HEICB L CIIMHERE T 5,

Table. Experimental and calculated activation energies (kcal/mol) with CC-pVQZ basis.
The geometries were optimized by UB3LYP/Aug-CC-pVTZ.

Conventional methods UGA-based methods

Reaction Expt.* UCCSD(T)**
UMP2 SUMP2 UGA-UMP2 UGA-SUMP2
H,+H—H+H, 9.7 13.1 10.7 9.5 7.4 10.1
H,O+H — OH + H, 19.4 31.2 29.6 26.3 16.3 20.9
NH; + H— NH, + H, 114 22.4 19.7 17.7 14.6 15.6
CH;+H — CH; + H, 10.6 20.1 17.6 17.2 10.8 15.6
CH,O + H — HCO + H, 7.6 9.6 8.8 10.1 7.5 7.3
CH;3F + H — CH; + HF 30.4 35.9 35.5 30.1 32.6 33.2
H + CH,O — CH30 4.4 10.7 4.5 9.7 4.5 3.5
H + C,H, — CH,CH 2.4 9.7 4.2 8.1 5.6 3.8
MAE 7.1 4.3 4.2 1.8 2.1

* Experimental values from [5]-[9]. ** Calculated values using Gaussian09 program.
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Theoretical study of charge and discharge processes in tin
as an anode material for sodium ion batteries
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[Faw]

Li A A BHIFMBHZLIR Co L W oo LT AZLVEMEH L TWAH R, FINODOEIRDFE
HAMRIEL TV D RBRBER E > TRY . A% O ZREMOFEIIN ¥ 2 228 s 1S
NHDHENWZD, T T, LiAA B IZRDS NaA AU BMAER STV, NalZLi &k
WL TEFRENS B ETHY , TR HRAPITHAET 5720, Na A A4 BT Eftis -
Kz 2 Ml - KEULDSED 5, L LBURTIEL. Na A A v BT &V A 7 Ve E otkde
DREAF D THY, TOFERABICHTZ> TUIERDHMERER ENRD BN 5,

Na A F > B ORERLEZZD 5 b IERAMBHZ OW T, Li A A > B kB AR Na D
JEIRAEANZHOWTIELSIIZEENTEY . —EDHREEZ R L T 5, Lo LA EHZ W T,
EARAEHZ AN A+ TH O . Fime A 7 )VEEZ N LT+ 53 72 R & Fe DR BE D e
NELTW R, 2 CARMFE TR, A EHIEE L,

Sn iF oy K& 72 BlGR A f (847 mAhgY) Z#FFH . Na L A4@(bd 2 Z & C. 5K NasSns DAk
2225 FETNaZBRY AT Z LN TX 5729, NaA A BMARHE L LTH N RBEMTHD L
EZ BN TWD, L LFRIKERFO YA 7 VEHEREES  MEREHIER R VERREE 72> TN 5D,
Z T BUSRE ORFEIZ IR S W e O I TS K W EEOETER AL 5 2 LITERT 2,

BAEE TOMIET, Na-Sn ZOFREBEBRAICIB N THEEDO T T F—2FET D Z L3530 > T
L[], ZNHDTT M—ITRIET DM, Na-Sn R OG &S DR IZ DU TITEH
OMEN N TWVDHA2][3]. FEFEZ Sn M ED L 9 7258 Z2#8 T Na ZED IAA TN DM,
Z DI 72 A T3 = X BT 5T > TR0,

ABFIETIE, Na A A B AR Sn D FHERRIZI 1T D EEA LT A AR, JEH D
BEF72 & OWPE R BEREIEIC L VB SN L, Na A 4 Bl AR Bt o v L oofs#t 2579 2
LEHPET D,

[FtEFE]

4 11~ L7kl D 70 2 5 FlifE D Na-Sn %, 35 U Na, Sn D HARIZ O\ T, DFT 3 Z1T
ST, By - —3 L LTI VASP (Vienna ab initio simulation package) % iy 7=, A2 #aA BIIRLES
L LT GGA+PBE &R L, LR DO » M4 7 =3 /b F—(1 520eV & L7z, ETOME
W2k LT BT ERR L S - Rl LA R AT o T,
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sn HUICKT D R IR L E 1
72 (X 2), FEBRIZEBW T, Na-Sn RIx 400 ’
Na DR 3SHEINT 2 12240 TR
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502~559% 0 AR IR S = 5 = & 200 ¥
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BONTRERIL. COFERERE XL 0
= R
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(2. Na/Sn FEAR I3 2 BAL D2 b &5 R LTz
(2 3), Na/Sn FHEEEA X /25 x+d4x FTEEL
7o & & D, Na AR T 2 FBIEAL V)ILLLT
DX TROLND,

V(x) = [E(Na,Sn) — E(Nay,4,Sn)] /4x + E(Na)
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BEDEEN e —B a2 b 2 LN TEL, 0
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Theoretical study on hydrogen transfer reaction including nuclear
quantum nature

[Fiw] x TN ETIC, EFOLRLTHEWEFEOEFRIR L EEE R ATRERHT LW
B A T OFH—REEFHEFIETH 5L & b7 EimMC_QMNIE[L 21 2 BR%E L, K FE 5
T H8E% 7220 HID AR RAH SN L TE 2, LELARR6, Zih MC_QM i£T
E, —RA R EEIREET 2 V2 FIHCEBRBMELZIRET 2 2 LN TERWED, 1k
FLUGIRHT ~ OIS, ME I E TR 2 &R0, (MFEDRT o v b il o ELHER 72 iR AT
MOBBIREBHIENREDL L), T LTV RREBRVWTHETHT-, £ 2 TilEFEH~L
%, MC_QM EIZ & Db PUSHMT 2 FBLT 5720, =X F—D— KM EHR O TER
REMELS KOS AERDO D Z LA AHE7Z: Climbing image- Nudged elastic band
(CI'NEB) [8li#E# s L7z, MC_QM-CI-NEB %4l Z B % L 7=, A ETIE.,
MC_QM-CI-NEB % W CHET L=, % 0 AFRBI G OR B2 @i+ 5.
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M06-2X, ®B97XD, mPW1K O &R & cc-pVTZ FLEB S % A, F+ (H20)n — FH +
OH(H:20)n1 (n = 1-3)D s D K AF B ST O FHLMEIZ DWW CTRET L=, &RIZ DFT/cepVTZ



R X0 Rk T B A i (26 L C CCSD(T)/ee-pVQZ £ % AV T f /L F — 25l L 7=,
n=10DOKHIZ 2N TiX, M06-2X, oB97XD, mPW1K (% CCSD(T)/cc-pV5Z DA% B <
BH L, Zh 2o TRl L 72 CCSD(T)/cepVQZ = K /L — 1, CCSD(T)/cepV5Z D=
INF—2B<HBLEZ, LML, n = 205I2x LTIE, M06-2X 3 XU mPWIK (1%
AR IE O FBWEN £ Tt <. /¥ 1@I23 L7z L 512 CCSD(T/eepVQZ IZ L 5 AD
EHE b R VX — 2 EENICT L FEHRR2NZ LR b oTz, —FH ToBITXD IEIC LV i
b L7 A5 I1c 31 5 CCSD(M/ee-pVQZ =R /LF —(E, n = 1-3 DT X TORRIZH LT,
HE1E S CCSD(D/eepVQZ IZ & 0 itk L TR D IZIFHEAL = R X — 25 R < HHL L 72,

(a) n =2, Conventional CCSD(T)//DFT (b)n=1, MC_CCSD(T)/MC_wB97XD
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1(a) flizx D DFTIEICL VRO n=2 DRISICHT D ZRAX =2 A T 7T L, (b) KFEFRAZED
BETHREZBE LI =1 DN T DZRAXT—F AT T T A,

% Z ¢, MC_CCSD(T)/cc-pVQZ/IMC_wB97XD/cc-pVTZ {EIZ L 0 | KRBT D & 12 5F
ZZE L. n=1-3 DRUSEMNT LTz, M 1ITR L& 912, KERFEORE R E EE
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Wiz, KEIRFEOBEFIEICHR T OMERMORBIEL THL LEXDND, £2,
H20 & R TKERFEZOBEFHENR/N SV D0 & O RUETIE, IEHEBREREDIR N3 /b & <
EEEIT/ NS K RDBDODHER LRV & bR,
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