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[ Abstract] Development of high conductivity all solid-state lithium ion batteries (ASS-LIB)
has proceeded rapidly in recent years. One of the mgor drawbacks for the use of ASS-LIB is
their resistance a the solid electrolyte and electrode interface. Especialy, the
sulfide-electrolytes/oxide-electrode shows the large resistance and it hinders the fast
charging/discharging[1-2]. The origin of the interface resistance is still under debate and it
appears to be material dependent. For examples, ref[3] shows the negligible resistance at the
LiCoO,/LisPO4xNy interface. Here, in this study, we theoretically elucidated the
characteristics of the sulfide (LisPS;) and oxide (LisPO,) electrolyte/electrode (LiCoO,)
interface structures via the calculations with density functional theory (DFT) framework. We
estimated the Li vacancy formation energies at the interface and found there are no low
vacancy formation energy sites for Li in oxide-electrolyte/eectrode interface, while it
presents at sulfide el ectrolyte/electrode interface.
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MD simulations and theoretical analysis of liquid pyrenes
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[Abstract] Alkylated pyrene compounds 1-4 are Newtonian fluids at room temperature, and
there liquid structures were characterized by using distance-dependent fluorescence of pyrene.
[1] In order to clarify the origin of differences in physical properties due to atomic differences
among alkyl chains of these molecules, we carried out MD simulations and theoretical analysis
for bulk systems of the liquid pyrenes.
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Fig 1. Molecular structures of liquid pyrenes 1-4 and a snapshot of MD simulation system.
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Global reaction route map of NO reduction on Pt(111) surface
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[Abstract] Surface reaction mechanism is very complicated because it includes not only
bond rearrangement steps (dissociation, association) but also adsorption, desorption, and
surface diffusion (migration) steps. Most of previous theoretical studies took only few
reaction paths into account which seem to be important. The artificial force induced reaction
(AFIR) method can search for all possible reaction paths systematically [1]. Then a global
reaction route map (GRRM) can be created as shown in Fig. 1. Moreover, the bottleneck step
of the reaction can be extracted by a kinetic analysis of the rate constant matrix contraction
(RCMC) [2,3]. In this study, NO reduction by adsorbed CO on Pt(111) surface was examined.
Fig. 2 shows the reaction route map which consists of 1,222 stable structures, including 18
types of adsorption states, and 2,572 reaction paths.
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Asymmetry of electronic chirality between enantiomers
and origin of homochirality in nature
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[Abstract] One form of enantiomeric pairs of biomolecules such as amino acid and sugar
dominates over another form in nature. This enantiomeric excess is called homochirality. The
mystery of the origin of homochirality remains yet to be solved. We have been proposed that
the first bias between enantiomeric pairs had arised from the difference of the rate of reaction
to the weak interaction between enantiomers. An electron is classified into right- or left-handed
electron according to the eigenvalue of ys = iy%yly?y3, where y"* is gamma matrix. The
chirality density of electron is equal to the difference between the number density of right-
handed electron and that of left-handed electron. The chirality density changes its sign under
parity transformation. Moreover, it is known that only left-handed electron interacts with the
weak boson, which is the mediator of weak interaction. Therefore, the rate of reaction to the
weak interaction differs between enantiomers and one form is more likely to be lost by the weak
interaction than the other form.
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Theoretical study of the excited-state

branching reaction of stilbene derivatives
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[Abstract]  The branching reaction of a-methyl-stilbene (mSB) upon nn* excitation was
examined theoretically by exploring the excited-state potential energy surface and using ab
initio molecular dynamics simulations at the spin-flip time-dependent density functional
theory level of theory. In this study, the branching mechanism was analyzed by comparison
with the corresponding theoretical studies on stilbene (SB) and 1,1'-dimethyl-stilbene (dmSB)
to elucidate the substituent effects in excited-state branching reaction. In n* excited-state, the
trajectories of mSB branch between 4a,4b-dihydrophenanthrene (DHP) region and twist
region, where twist denotes a mid-region between the cis-form and trans-form. The branching
ratio of trajectories was calculated as DHP:twist = 11:29, indicating that the trans-mSB is a
dominant product. This branching ratio is almost consistent with the SB case. It is also found
that mSB shows a faster decay rate to the ground state than SB and dmSB because of loss of
the slow component of the decay to the ground state.
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Fig. 1. A schematic illustration of the
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FIRFICEBLIE-%, BEERELEFEIT L%, cismSB O 7 77 ay R

(FC) fEI O frmals TR A FHE L=, AIMD 38 Tlx. FCHE D 40 KD k5
T b EELY, BRI SO D Sy e JIE T iy & b U=, AAFZE CId
FHEFELE LT, BERE L FIEREBORT o v LS TH L MR (C)
OGRS AT RE e A BV SRR A7 FE RS %k (SF-TDDFT) Z8 M L7,

[fETHFER] mSB OifkiERT o v L

#ifilc 1%, DHP fElk & twist SEINELE L. O Minimum twist region
ZNENOBEIRIC B TERATFAF—[] | E [ A Tansiion site &3
§exs5E (MECH) RSB IRIEO R D | & | & Mnimum eneroy o
EENE /NS NFR C=C #EE)E Y DkFE é . O
BT 509 S A Ch T, £, | B et

mSB (L C=C FHIIZIERIFRig EHIEZ AT | 8

THH, SB R dmSB OSATIETE AL | gf o

Tz LS L D b2 < OGS | 2 o niial direction
B o=, FC FEI HEHE LKA TR = \

Fit1 B, dmSB & [HkIC DHP fskicsiEL | & | O  cond
=0, AR TREOMM W (Fig. 2 fkK a Steepest decent path ranclfegi;)nn >

FI) X SB, mSB. dmSB DJIHIZ twist fEE)>
5 DHP fEIEICMHK 2 ERH LT T,
SAUE CC RISHASEERILD | TR0 el sl of e e
BEIICEoTT7 oo VENRBE X122, '
twist fEIK~[A2 ) EENHESIND Z LI
FRAL TS, AIMD FHRICE > THEDLNT 40 ADO TV =7 b O3
DHP:twist = 0.275:0.725 Tos v, Ehtlikagsr i ff#EIT dmSB (0.85:0.15) LV & SB
(0.26:0.74) ([ZIFWZ LAVRIRENTZ, ZDOZ EMD, SB. mSB TiEH R C=C &
IEA S OVERRIL OKFEFF) A T7 2= VENRBET <20 | twist fEIE
~DOEITIMEESND Z ENALMNNI R >72, £7-. mSB DXkiEHm% SB. dmSB
ELET 5 & SB. dmSB Tl VIR DS HERE S AL TUW 2y, [EHIL OB S 3 5
7% mSB TIEBEWRIER 2372 < 720, SB, dmSB LV bW KIEHMERHZ &
DRI, YA, SB. mSB. dmSB ® Ehit fRRE A IR AR D N DU TEEMIC
e 9 Do,

[2%3CHR]
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Theoretical Study on the geometrical effect to TADF processes

oShiro Koseki!, Toshio Asada', Yuichi Fujimura?, Noriyuki Shimakura?
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[ Abstract]

In order to investigate what are the most important factors for thermally activated
delayed fluorescent (TADF) processes, the molecules, o-, m-, and p- carbazole benzonitrile
(CzBN), were used as simplest models. The present study employs the theoretical methods
developed for the radiative and non-radiative transitions in single molecules. Based on the
displaced harmonic approximation, Franck-Condon overlap integrals were calculated for the
estimation of fluorescence intensity and ISC rate constants. The reverse ISC (RISC) rate
constants were also estimated under the condition of the strong coupling limit. The
calculated results indicate that large geometrical displacements make the fluorescence spectral
peaks broadened and largely shifted to the region of longer wavelength. These suggest that
effective emission can be obtained only in 0-CzBN. The results also suggest that fast
ISC/RISC can be observed only in 0-CzBN because of a small singlet-triplet gap. Thus, it
can be concluded that the geometrical arrangement of a CN group to the ortho site of a Cz
group plays important roles in effective TADF processes. These results reasonably explains
why the molecules proposed by Adachi et al. are effective for TADF processes.

[F] —EET 4 A7V AL, ZXAX—ENEL, MAREHEL T« A7 L

AL TEXRDYVSOH S, LLERns, Ao aMEHCESR R ENE E

NTWDHTDICRREICEFELZE XD 00, BEERZEERWHMEIRBRBENEEN

TWS. TUNKRFOEEL[]IL, %ﬁ—:tﬁﬁ@ﬁ%Eatfj:j*J'ﬁ)E%véj—éﬁ(%ri@f@ ot
(thermally activated delayed fluorescence (TADF)) ERRALIET A RZRELZ. K

ﬁnfi/ﬁ%@%wfwéﬁﬂ“% BT 5 TADF O A J1 = X L & HFHAIIZHH & )
L, FHME S TORBEE BT

[53:] 5 F#LE % (RHF, GVB, ROHF/6-31G(d.p)) 35 L OVEEELEI%k % (DFT, TDDFT
(B3LYP)/6-31G(d,p)) & T, ZEEIREE Sob L OEIKRNE —EIBRRE S, HKIEK=H
TELRAE T Off & 7 el b L72[2]. 245 O IZ3 0 T TDDFT(B3LYP)/6-31++G(d,p)
FHEZFET LAY MBHBEICLERT — X 2RO T, BAIFHEE L IREE— NI
H:-5 % displaced oscillator model % F\>C Franck-Condon [N F+ZFHE L, FHEA7 K
IVDFRED PR Z1T>7-. X512, Breit-Pauli Hamiltonian Z VT, A B U #LEFHA
TERTIE A RFED U [3][4][5], displaced oscillator model % VT Franck-Condon [K ¥ % &t



HL, HERZEB LOWIEKAZZ  Scheme I N

DHEE BB OIRERT %2 R CN
H o 72[6]. Q Q\CN Q/

R -BE] ZEOPRELL N |
ST, NP URETLELT ‘ﬂb’ ‘ﬁ.
NI —)(Cr)Fe & > T @ @ Q @
(CNYEDOHAEENLD. £ Z T, Ph -CzBN -CzBN -CzBN
T, CROORREE O E ST Cz oCaBN  mCzBN - p-Cz
> D carbazole benzonitrile (CzBN)Z 3517 2% BB 3 B O ER T2 A L 72 [7].

1. ZERE LREEN  DFELEIEIC X » TR =L EHE & BEIBKEIC X -
TRDOTZLZEREEITIZIZVOHENRRLLINTZD, N0 DOHENANRY MUIZE 25

Table 1. Geometrical displacements caused by the transition from S; to Sy NRAERIET HZ &
calculated by using RHF (So) and GVB (S:) methods together with the L L7.0-CzBN [T

6-31G(d,p) basis sets.? W, ST EEIEC

Mol. #Mode Frequency Displacement Motion ’
0-CzBN 2 34 1318 Ph-Cz wagging Ko TRDT= S-S
6 146 0.761 CN in-plane bending DOIETEZNT 2 FL R
54 1211 0.735 Ph C-H in-plane bending o — N T
79 1800 0.685 Ph frame in-plane bending RO jﬁi@] T E T
8 204 0.644 Cz rocking FLI-RERERLT.

2. BHAXT hv: ETROTIRENIT — R & ZIih 9 B4 % VT Franck-Condon
K1 %75 L, Lorentzian /N> R ZRE L CHILHE 2515 L7 0-CzBN (257
%fER % Figure 1 (27~ L7-=. Franck-Condon [ ¥ DFEIZE O HIEEE— K% k T
F L CEY, displacement O K X 72REIET— F22HJ)IE (Table 1 2FR) I2&H CEHEL
7o RENE— FOEEESLT & A7 |k
NE— T BRIRRY, RERICYT M5
BN ALND. 0-CzBN TlX, v—7
PIRZIZ/INELIRDDBHERD Z LT
V23, m-CzBN, p-CzBN Tl k O &
EHIZANRT VB — 7 NERIZIAN
n, RESEHEEICYT7 ML, k=3 2
ZBHEINFEAEE—TDBEZAHZEN
BN o 7.

3. AU UCHNEMEIEN L EHFZZER L

Pl
o

[ I8 S

Intensity {arbitrary unit)

T T T T 1
420 440 460 480 500 520

ONHATE ] 32 78 O 1R BE TEEL DR AR AT : Wacslength[om] ,

N T . L .+ Figure 1. Fluorescence spectra in 0-CzBN obtained at the
PE R WIE AR 7 & TR R RS 2 A B T TDDFT/6-31++G(d,p) level of theory by using the
ZXLDF0-CZBNOHRTHDLZ ENAL GVB/6-31G(d,p) optimized geometry for S.

M7 oTe. ZOZENnD, CziEE CNED ortho fZIZHLHZ EDRF—THLHEF X
L. AR—ZAOHEE b, FMRERITIYSARET 5.
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Theoretical study on addition of the water to the prism type
Br (H20)s cluster
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! Department of Life and Environmental Sciences, Chiba Institute of Technology, Japan
2 Department of Chemistry, Faculty of Science and Technology, Keio University, Japan

[ Abstract] The effects of the added water on the hydrogen bond system of the prism type
Br (H20)s cluster were examined with the MP2 and LPMO PT calculations. The ion-hydrogen
bond interaction is evaluated using the Charge-Transfer (CT) term. Because a large amount of
CT from Br to the ligand water, the large CT term (-14.56 kJ/mol) between Br  and water
having a dangling-OH is found. The effects of an added water to the prism Br (H2O)s on the
ion-hydrogen bond in Br -water clusters are classified to four cases. The correlation of the Br
---O distance with the CT term is found in three cases. However, the CT term of Br—water is
derived from the correlation when the prism framework is distorted due to the addition of a

water.

[F] Y72 Tlid X (H20W(X =F,C)7 7 A ¥ =128 51
oAb A A KB L OUK—AK R DK FEEA O E R E)
(CT)M & 4 (Disp) ¥ % . RPATH#4r FHLE(LPMO PT){ETE
B ERICFEN L, BATBEIFGRIC LV AZBEEOME DJE
KAEFHRTX7-[1], SElE ar A1+ & LT Br &%
O, 55— K8 & 55 KRk ok 45y + % & e Prism % Br (H20)s
RNCAK 1T E2AMML., EDOKFBEEITHT HEELZFHRT-0
THET D,

[ & 5] Prism & Br (H.0)s &, ZAUCK 10724 L7=  Fig. 1 Prism type of

Br (H,0)s+tH.0 DZEHETE % Moller-Plesset(MP2)4 TR 7z, Br (H,0)s cluster.
WG BN T REMEIZBIT 2 Bk A A4 - K L OK-
KED CT %, /TS 5 F#UE(LPMO PT)iE TR 7=, £/, LD 72 Prism
LIS DZEE 72N D7D Bri(Ha0)s (25 L ThZ DKEFES DM S 2301 L7z, R
BE%0 T aug-cc-pVDZ T, MP2 ¥:(Z1% gaussian09M % F V>, LPMO PT #:1Z1% Molyx %
WT., W91 h Mac Pro F T L 7=,

[#5 5 - &22] Fig. 1 1% Prism ! Br (H,0)s DREETH Y . LT TIIAKS F2 P 0B
G TCELT, Br /KB Tl. Br /KODA # L —KFEHEE T CT HH-14.56k)/mol &
Kb RELS2oTc, 2D Br KODKFERG%Z X—Laa L E£T, ZORFIEBr (X)IZ
KOBPKFZEME () L. LIIKEN Br OFENLF(ligand) TH 2D Z &, aa 1K &
@026 DIKFEZ AR (acceptor) ThH D Z & ZEMT %5, Laa ¥ A 7 DKIiL dangling-OH
1AL, oK FIZKEME (BEF%E) LRy, LEenosT, KO®IX, KO
E@MBDKRFEZRLCETEMGT 20T EFBALEL.Br S OER (ET)
BEIENZ 25720 CTHAFERARRES RolcbBZEZ b,




KIZ Prism %Y Br (H20)s ~

K1 TEMAMLUEEDE 8.0
AP ~%5, Fig. 2 1% Br oo | ® Prism type Br(H,0),+H,0
(H,0)s+H,0 (ZF1F 5 X< Laa o Br(H,0),

S A4 7D CTHE Br--0 [H
HEEO R E T, HAN
Prism 7! Br (H20)s, 7R3 1
O f #8 @ Prism % Br
(H20)stH20, 7 473 Prism Y 355k @'Cm Py
LAt @ Br (H20)s @ CT IHT 2 X¢-Laa 3
Hb, ZTZTCTHII~AT I ° Q.0 9
A2 HI1EEA F KO as0 F S Y vgo®
MOMEAFERNKE < (94 @casel
é‘é)f;?og ; i ig?ggo&?‘ﬁ 16.03.18 3.20 3.223'.—... :‘é).z‘:istanc:./zﬁA 3.28 3.30
KEMMT 57 () 12
T CTHALEHANKE <72 Fig. 2 Correlation of the Br ++-O distance with the charge-
% (case 1) @)% 2F&, IZIX[F  transfer (CT) term of X< Laa.
U (case2) 72D 3FH, /M &
<72% (case3) DN 2 Fk &
ONERRD BT CT FHAAE
HDR/NEL 72 % (case4) DD
3FETH-oT, Fig. 31287
— 2 DRER MG & KFE
it & @ CT IH % Schlegel
diagram T/~

Case 1 Tix, K@lz/K 15
F M %, 0L 727K 5y
FlI. KONPLEFEZHN
L. & HIZKOITAK®NNHE
FaZ BT D, TORE. K

-100 o Prism type Br(H,0),
-11.0 |
case 4

[ ]
-120 T )

Charge-transfer term / kJ*mol?

case 3 case 4 (a) case 4 (b)

L. f - == -
@ li *H Xj‘ E/j a\_ E@ii}) Z: % ‘a— —p |0N-hydrogen bond between Br- and water
}Z) f: &b N BIi 75) E E@% %:’ 'iL' U' —  Hydrogen bond between water and water CT term : kJ/mol

E‘y D . CT *H‘_E‘L,fll—:‘ﬁﬁ li-1542~- (Arrowhead is direction of hydrogen donating.)
éz'soezé{ J,/Cr\\l;;l\ }:7}3%5{(;] FZO% g;k Fig. 3 Schlegel diagram of Br (H>O)s and Br'(H,O)s + H>O.

Loy TGS 5, Case | EHERT D & MIEHI7RES DN TKED & D CT DV
L, FKOED CTIHED case 4@)IEEITRKE IRV, ZDI2d, KyTD
MO T/ NS NWEEZ NS, Case 3 Tld, Br—KORIZK 1 5503 5,
M UTeKGFAIKONSETFZET D720, KODOETFHAE L., Br 6 KO~D
ER (BT BEIRSHA D, £07H, Br ® X<—Laa ~OEFHERD7R 70
X<Laa @ CT ¥H723-13.18~-13.15kJ/mol & 7¢ W AHAAERNRTIL o To LR SIS, I
12, case4 TlX. Fig.2 DEBEMN SN T CT HAIERMNIHL 72o7-, (a) TIE. case
3 LRBRICATIN L 72KIC L 2 EF B OB Z T, KO-@KO-@DDHEER 72
BHTKREREAO - -H--O)WNEL o TW5, £/2 (b)) TH Br—kOKkO-®
72 EDIKFEFEE MO H-0)D8 3~5" FRE/NS <720  fERE LT Xe—Laa D CT HHA
TERBNEBRN AN TIES LS oz B X HND,

[ 23 3CHR] [1] C. Ishibashi, S. Iwata, K. Onoe, H. Matsuzawa, J. Phys. Chem. A119 pp.10241-10253 (2015) :
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Theoretical ligand design of Ir(ppy)s analogues toward the blue
phosphorescent complex

oYasutaka Kitagawa, Shogo Aoki, Reta Teramoto, Moe Tominaga, Hayato Tada, lori Era,
Takuya Fujii and Masayoshi Nakano
Graduate School of Engineering Science, Osaka University, Japan

[ Abstract ] It has been reported that fac-Ir(ppy)s and its derivatives show high
phosphorescence quantum yields. Usually, however, their phosphorescent colors are in a range
of red to green, or sky-blue, while the chromophore of the blue emission have not been reported
yet. In this study, therefore, we aim to design the fac-Ir(ppy); derivatives by quantum
chemical calculations, to give blue phosphorescence.

[F] 4 EERLT A7 L AMEE LT A EL B TBNAS S ->2H 5,
A EL FF O XD B 2 W o, JREAYIZ DS 1 BEIE & b 3 HIEO A
Il 0 3 TH DD, U Rl 2 2 D3 aH & LTHWD Z &3, %
EWVOEENBEE LV, RFIZ Figl (278 L7z, 2-phenylpyridine (ppy) ZHILTF & L
THT D I 6K 5 fac-Ir(ppy)s (1) DIFEFITEWETFIEREZRT I &%, 1999 FI27
U A M2 RD Forrest B3 L TLIRE, AREEHAZL BN E OFFEMKRITREER %
5L ST o [1], Tok. B 1 DRIAITIRATH B3, ppy A 117 B
BATAHZEICEY, BEWEZENSEDZENAREL D, TNETIZ, WL
DOPDOFEERNPIEESINTEY , AN RNPLHEO B DONRELNTWND[2], S HITHE
WERORENIIADA TN—F TOLORRE SN TOD N3], TR MtiEEHT5
BOBRNMEHIEL N TR, LML, T AT LA LTRIHT 5I2130R -
f-BHOIANKLETHY , FAFBNLZ I TIHEORELIZNRND, N T, BIEL
NT—F a—=V T 5T ) OEHRLE
ACBET 2BGEHEEF bW E IR b TW
R MG BEEHEO S V-7 TR I E
T, BWHEEETIRZRTEA(PE )
T MRRERADFE R O BT I 2 U | SRR
DEFIRKE & FEIR DM PEDBAFRIZ DU
THFE 2D T 724, 5],
2 CAMETIEL, & ETFEAE
ﬁ%@ AR (S &%t&%k@%%%ﬁ
WCHfEL . hT5—Fa2—=2 s nw Figl Structure of Fig. 2 Substitution
O)%T@%%A@%ﬁﬁ%%@ {7, F LT fac-Ir(ppy)s (1) positions




HOFL a2 T BAR gk a2 T A 7
HTZEHRHEME LT,

[BHEFHE] AW TRSE LT V88
RIx. #8518 1 @ ppy BT D 6 D DEHNL
& (2-7) ICEBEZEATLHZ & THEL
7= (Fig2), ZNENDOET BT, F
T So IRRED 4y T4 % B3LYP/LANL2DZ
(Ir), 6-31G*(others) L'~V Clglfb L7=, %
® % . TD-B3LYP/LANLOS(f) (Ir), 6-31+G*
(others)IZ £V S;-Sz #RAEE TEHHE L. WX
AR MR, RIS, £ 60 Tk
RED 7y 1-##%i % Broken Symmetry (BS)-DFT
IZ X > ThaEfb L, So & THREED = /LF
—ZE0 5 ASCF JEIC LV Y v R ¥ —
ZHEE LTz, WIS RIT IEFPCM 14 TilrfE]
L7z, #F%1% Gaussian 09 % W TITo 77,

[R6SR - B 9. WERITH DI 1 (b)
» HOMO, LUMO % Fig.3 (a)liZx L7z, .
HOMO (2312 ppy O 7 156 & Ir 0 d Bk Fig.3 (a) Calculated HOMO and
5. LUMO i3 ppy @ = 8580 572> TV 5, LUMO. (b) Their schematic views.
TD-B3LYP FHIZ LY UV-vis A7 hL %

Rtz b ZAH BERL D2 oD HWINE — 7 X FNLA D r - 58K I EM) .

MLCT (REEM) LImEIiL, TOWNERITERERE K< —H Lk, &T. VU
VRN EEZDERE. Ti 26 So DINE Z 7 2 72 1T T2 572\ T, HOMO &
LUMO O#UE= RV X —NEHE LR D, DF D | AL EREMIZS 7 F 820
BAE, BHEAZEATHZ LI2L Y, HOMO-LUMO ¥¥ v 7% K& TR
ZERHERIS S, L, HMICEBRLZEA L2 Tk, HOMO & LUMO O
MG &RV FX—NEE/ ARLENLLTLEN, ¥y v TEENESEDL L&
I TE RV, Z 2 T.HOMO DO Fx, & 5\ ME LUMO DA% BAL S % 72|12, HOMO,

LUMO Wiz A3 25L& B L7z, HOMO & LUMO DRzl DO #fiiE
A ORI % Fig3(b)ZrRd, ZOMERKRT 5 &, 3, 5 fZ(LUMO (ZHi). 4, 6 fif

(HOMO (Z#fi) 2MEM & LTI b D, 22 TEBREICZND O EICEBRIEZEA
L7z & T4, BRI HOMO-LUMO = v v 773K L, Ti-So [H DT R /L 3 — 727828
b3 Z ERALMNE o7, Bl 21X, HOMO (2K & 7253745, LUMO (283 d % 3 L
(ZE B (-SOMe) ZHE AT 2 & HOMO O AN EL Zdu, FOLHE A% & Ha
12720 18nm BE 7 /L— 7 b LTz, EREO#EmIZIETFIZ T T Tldd L8,
FNAEDOZE(LE HOMO, LUMO O LV EZIZ TR TE L2 b, $5ED
ARSI L 70D T LI TE S[6), MEROFEMITY AHET 5,
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Effects of hydrated ion on the hydrogen bonds between water and water :
Na*(H20)s
oChisa Furukawa!, Suehiro Iwata?, Hidenori Matsuzawa!
! Department of Life and Environmental Sciences, Chiba Institute of Technology, Japan
2 Department of Chemistry, Faculty of Science and Technology, Keio University, Japan

[Abstract] Effects of the hydrated ion on the hydrogen bonds network in Na“"(H,O)s were
examined with the MP2 and LPMO PT methods. The contribution of the Charge-Transfer
(CT) interaction to the hydrogen bond strengths between water molecules was analyzed on
the basis of the CT theory. The ion-induced dipole interaction, increased by the localization of
the lone pair electrons between Na® and coordinated waters, is related to the electron
acceptability (hydrogen donating) of the coordinated water. The CT terms for a«—dM type
bond in Fig.l1 are larger than those of Ma«d and Ma«dM types because the electron
acceptability of the coordinated water is increased due to the interaction with the ion. In
addition, the relation between the structural restriction and CT terms of hydrogen bond was
investigated from the O-H...O bond angle of hydrogen bond (0°<6<180°). The CT term
becomes large with the increasing of the O-H...O bond angle. The O-H...O bond angle of
a«<—dM type is close to 180°.

[FF]l 2 E TKRERERY NT—2IZBA F N E 2 DR BEZT D712, Na*
A I EELT MY U LA FIKT T AL —Na (H0)n (n=2-5) T OKFERES 1A 1A
DS %, WP FHuEEICEEDS EEER(LPMO PT) 4 VTRl L T & 7=[1],
2B, LPMO £ TiE7 7 AZ —DOEZELT RV X — 3R TR 225, A A -
KL IKIKHEOMHAEAEHE [ EMBE(CT)H L /0 #(Disp) | b2 LIZFHRT S
ZENTEDLDT, KEREABESA A —KEEHE e & OREER L E OxbIE bR D
ZENRHRD,

(1) Eginag(M*(H,0)n) = EPMO(M* (H,0),) — (E"F(M*) + nEHF (H,0))

(2) EZFTHPEP (M*(H,0),) = EEEMS(M* (H,0),) + Ecr(M* (Hy0),,) + Episp(M* (H,0),,)

KEREEG R Y MU —ZI1ZxTDKF NatA 4 DB EZTHRLH7-0, T 7 AA
F K6 BIKT 7 AKX —Na'(H:0)s X5 & L, LPMO PT {EA HWT, A A —K5
THOMAELER L, KK OKEREEZTEDO CTIHE Disp HEFHAE L, #HAEHD
JEUK % B B BN (CT) B R CHENT L7 D THE T 5,

[5¥E] Nat(H20)s DL TEREE I, Na'(H20)s DEEFI OHEIEIZK 1 53 & I L 7= i
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Process Analysis of Massively Parallel Exploration of GRRM 1.22
oHiromasa Watanabe, Hiroaki Tokoyama, Koichi Ohno
Institute for Quantum Chemical Exploration

[ Abstract] Global reaction route mapping (GRRM) of chemical structures (equilibrium
structure EQ, transition structure TS) on the potential surface is now possible by ADDF method
utilizing anharmonic downward distortion of potential. GRRM1.22 automatically explores EQ,
TS, IRC and dissociation channels by repeating exploration of reaction path around EQ. The
authors already implemented the NeoGRRM method in GRRM1.22 and adapted it for parallel
execution between multiple nodes. For this time, GRRM calculation was performed on the
BCNOS system using a computer cluster with 240 cores for the first time, and the exploration
results and its process were analyzed. The performance is superior to MPI parallel execution of
GRRM 17, and the details of the exploration process are reported.

[F] A7 v VORI T HEEZFMT 5 ADDF E[IICE D, BT vy L®k
i _E b CEfrEE EQ. BRMHEE TS) 2 HEMESRE (GRRM) 95 Z LN AlHE
L7257, GRRM1.22 13 EQ DJEFHDISHE I DERER (1 K80 BER) 20k L T
EQ, TS, IRC M UM#BERKE #4255 CHEER T 5, FE 5 I1XREIC GRRM1.22 |2
NeoGRRM V£[2,31% F244 U CTHEEL / — RS FEATICHS S ¥ 72[4,5], 4 Fl. BCNOS
R L, WIHT 240 =27 7 7 A X BRERIZTC GRRM FHE ATV, IRREE R & REE
FE&FENT L7z, GRRM17 @O MPI WA FEITICH N TEMRMEENSE LN TEB Y . R
B DM DN THET 5,
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NeoGRRM NeoGRRM (%, GRRM 711 7' J A& FAWT 1 mJE 0V iRZRE=EL ) — R T
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BCNOS &2 LT, #5 L~ B3LYP/6-31G* T ADDF &% V72 HENHERICE
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Table 1. Calculation time of SHS/ADDF on BCNOS system with B3LYP/6-31G* level

a7 7 AT | EHa T FHEL R EQ%t | TS
GRRM17 16 251.4 K5l (10.5 H) 126 406
GRRM1.22/NeoGRRM 56 205.0 FFfE] (8.6 H) 121 438
GRRM17/MPI 240 87.4 5l (3.6 H) 125 394
GRRM14/NeoGRRM 256 59.3 BFfE (2.5 H) 117 400
GRRM1.22/NeoGRRM 240 59.7 B¥fH (2.5 H) 126 448
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B 874 W ZE L7, B> R \
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Theoretical study on aryl isocyanides adsorbed on the metal surface

oBen Wang?, Min Gao?®, Tetsuya Taketsugu®23
! Graduate School of Chemical Sciences and Engineering, Hokkaido University, Japan
2 Department of Chemistry, Faculty of Science, Hokkaido University, Japan
3 Elements Strategy Initiative for Catalysts and Batteries, Kyoto University, Japan

[Abstract]
The aim of this study is to clarify the detailed mechanism of the effect of different metal

substrates and different substituent groups on the vibrational spectra, electronic structure and
chemical bonding in the adsorbed molecules. Adsorption of aromatic molecules on metal
surface has been modeled using plane-wave DFT. Vibrational frequencies are then calculated
from finite differences of energy gradients. Using the natural bond orbital (NBO) theory,
chemical bonding has also been analyzed. We demonstrated the capability of our approach
with the benchmark computations on aryl isocyanide molecules with different para substituent
groups adsorbed on Pt adatom, Pts cluster and Pt(111) surface. Of the several selected
geometries that have been compared to the databases, we found adatom and cluster provides a
relatively poor chemical model for the metal system.

[Introduction]

In the field of molecular electronic devices, search for appropriate self-assembled
monolayers (SAMSs) with prominent transport properties is an indispensable step . In order
to find the favorable SAM which can be used as a part of molecular electronic devices,
appropriate organic molecules and metal electrode surface should be considered. The biggest
challenge is how one can describe the conducting behavior at the electrode interface. Both
spectroscopic measurement and computational method have been employed to reach this
target. For aryl isocyanide molecule, it is known that C=N triple bond and m-conjugated
benzene ring can lower the electron transport barrier, due to electron delocalization. Uosaki et
al. concentrated on determining the vibrational properties of isocyanide self-assembled
monolayer using sum frequency generation spectroscopy and tried to measure the transport
behavior that occurs at the interface of aryl isocyanide molecules and gold, silver, platinum
and palladium surfaces, respectively [l Although spectroscopic properties of the
isocyanides-metal interface have been investigated experimentally, effect of substituent
groups on vibrational spectra, electronic structure, and charge transfer mechanism in the
adsorbed molecule have not been clarified yet.

[Methods]
All calculations were performed using plane-wave DFT implemented in the Vienna



ab-initio Simulation Package (VASP), version 5.4.4. The ion-electron interactions were
described using projector-augmented wave (PAW) pseudopotential from the VVASP database,
and the electron-electron exchange and correlation energies were computed using the PBE
density functionals. The plane wave cutoff energies have been set to 680 eV for optimization
and 816 eV for SCF calculations. Spin polarization has been included into our calculations. In
all cases, the Brillouin zone was sampled with a I'-centered
Monkhorst-Pack grid. Vibrational frequencies of aryl isocyanides
on Pt(111) were calculated using the method of finite difference. ;
Delocalization and occupancy have been quantified within the %f
natural bond orbital (NBO) analysis which can provide the
localized real space representations of bonding interactions and N
chemical insights into bonding and reactivity. Geometry and orbital

visualizations were prepared using Chemcraft, GaussView, VESTA and P4VASP. Figure 1
shows the computational model for aryl isocyanide molecule adsorbed on the Pt(111) surface.

0~

Figure 1. Computational model

[Results and Discussion]
At first, vibrational frequency for the C=N stretching of the adsorbed aryl isocyanide

molecules was calculated, and then substituent group effect on vibrational frequency at the
interface was also investigated. In comparison to free molecule, only Pts4 case gives the lower
frequency than free molecule, and there are different trends for Pt adatom and Pt(111) surface.

Then, based on NBO analysis for aryl isocyanide molecules adsorbed on metal adatom
and small clusters, we calculated the occupancy and orbital energy of lone pair, bonding and
anti-bonding orbitals, and derived the relation between vibrational frequency shift and NBO
occupancy. In the case of Pt adatom, trend of vibrational frequency of CN stretching is
extremely consistent with bond order of CN bond.

Next, we applied NBO analysis to aryl isocyanide molecules with different para
substituent groups adsorbed on Pt adatom, Pts; cluster and Pt(111) surfaces. The relation
between bonding order of CN and Hammett constant which can quantitatively represent
donating and back-donating ability of substituent groups. Difference of Pt adatom, Pts cluster
and Pt(111) surface has been found.

Finally, donation and back-donation between CN and Pt(111) surface d-states have been
quantified by the occupancies of the corresponding NBOs, and these are the highlight parts of
this study:.

[References]
[1] W. Y. Wang, T. Lee, and M. A. Reed, Rep. Prog. Phys. 68, 523-544 (2005);
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Accurate & Efficient analysis of electronic states for the reaction on
nanotube surfaces
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[Abstract] To avoid huge computational time of N** (N: number of the bases functions) at
Hartree-Fock (HF) level and N°7 at post-HF level by quantum chemistry calculations, we
developed Elongation (ELG) method as a tool for the large-scale complex system for which
conventional method cannot handle. In this report, the electronic states of the tube are
elongated from both the terminals to the central to treat local reactions on the nanotube
surface. This treatment is suitable for such systems where some atoms are replaced in the tube,
chemical reaction occurs on the tube surface, a polymer is grown from the central part on the
nanotube, and so on. In this case, the terminal area where the tube doesn’t make an effect on
the targeted interaction is treated with small basis set and then locally perturbed central area
can automatically be introduced with large basis set together with some effect (for examples,
electron correlation and/or relativistic effect) in the process of elongation calculations.
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BTH-oTh, BFNREBIRICIERELLTWDEZ EnD, BHEE DT ) ZEERD
BREZ KRS ELMLERNH D LV ) BERT, B EFRIRIIREA RO 5, Zh
T, BIRHEVIERENLL TORWAAL AR EETLIT, KEBROETIRGE
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Fig. 1. Elongation direction for nanotube.
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Selective binding of bioactive small molecules at negatively charged
coordination environment —from heme to non-heme active sites
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[ Abstract] We studied bindings of neutral small molecules L (L = CO, NO, Oz, H,0, H>S,
and NH3) to N2S>-type Co(IIl) complexes having different number of amido-type N atom
([Co(N252)]¢" Scheme 1) in order to investigate a role of negatively charged coordination
environment on NO-selectivity, by DFT with OPBE functionals. The calculated binding
energies show that an increase of negative charge on the N>S» ligand excludes 6-donor ligand
but favors the m-acceptor ligand with unpaired electrons less than two. The binding energy of
the m-accepter ligands increases in the order of NO, CO, and O, as in the case of porphyrin
complexes. It is considered that the balance between c-antibonding and m-bonding to the
ligands that is controlled by the height of the m* orbitals on the small molecules maximizes the
binding energy at NO.
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DFT Study of the Effects of Alkane Substituents at Thiolate-Bridged
Diruthenium Complexes for Catalytic Oxidation of Molecular Dihydrogen

oKen Sakata', Syoma Kikuchi?, Masahiro Yuki’, Kazunari Nakajima3,
Yoshiaki Nishibayashi’
! Faculty of Pharmaceutical Sciences, Toho University, Japan
? Faculty of Pharmaceutical Sciences, Hoshi University, Japan
3 School of Engineering, University of Tokyo, Japan

[ Abstract] Thiolate-bridged diruthenium complexes bearing a triarylphosphine and pendent
ethers on the thiolate ligand exhibit high catalytic activity for oxidation of molecular
dihydrogen in protic solvents such as water and methanol under ambient reaction conditions.
More recently, catalytic activity of dicationic thiolate-bridged diruthenium complexes bearing
sterically bulky alkane substituents on the thiolate ligands
[Cp*Ru(u-SR),Ru(OH,)Cp*](OTf), (Cp* = M°-CsMes) has been examined for the use of
more simple and convenient thiolate-bridged diruthenium complexes. In the present study,
we performed B3LYP-D3//B3LYP level DFT calculations in order to clarify the effect of
sterically bulky alkane substituent on the thiolate ligands in the diruthenium complex.
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Effective electric field for measurement of electron electric dipole

and spin torque in diatomic molucules
oToshiki Takahashi!, Masato Senami!
! Department of Micro Engineering, Kyoto University, Japan

[Abstract]

The existence of a non-zero electric dipole moment (EDM) of the electron reveals a
violation of the time reversal symmetry, so many experiments are trying to detect the electron
EDM. Recently, heavy polar diatomic molecules, which have large internal electric fields, are
selected for experiments to search for the electron EDM, where the precession motion of the
electron spin is used for the detection. This motion depends on the internal effective electric
field (Eefr). The improvements of the computational accuracy of Eer for the EDM and the
understanding of spin precession are important for the experimental determination of the
upper bound of the EDM.

In this work, calculations of Eef in YbF and ThO, which are representative ones for
experiments of the electron EDM, are performed on the basis of the restricted active space
configuration interaction approach by using four-component relativistic electronic structure
calculations. We also discuss the effect of the difference of the bond length.
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Computational Analysis of the XANES Spectra of Vanadium Complexes: A
TD-DFT Study

oJun Yi, Naoki Nakatani, Masahiko Hada, Ken Tsutsumi, Kotohiro Nomura
Department of Chemistry, Tokyo Metropolitan University, Japan

[Abstract]

The X-ray absorption near-edge structure (XANES) of vanadium complexes were
observed strongly relative with symmetry, coordination number, oxidation sate, and spin state
of the vanadium center. We theoreticallv investioated the core excitation spectra of vanadium
complexes based on the time-dependent density functional theory (TD-DFT) approach to
interpret the vanadium K-edge features and to extract information of the electronic structure
from the spectra. The calculated V K-edge spectra well reproduced the feature of the
experimental spectra of various vanadium complexes. We concluded that the pre-edge peak
mainly corresponds to 1s to 3d quadrupole transition in this vanadium complexes and the
shoulder peak on the K-edge is greatly influenced by pn* of V-CI bond.

[Introduction]

Since the 1950s, the Ziegler-type vanadium catalyst systems revealed excellent catalytic
performance in olefin reaction, much of the research has focused on the development of high
efficiency vanadium complex catalyst.[1] The reactivity of vanadium complexes is often
correlated to the oxidation state and site symmetry of the catalyst, therefore, there has
considerable interest to get insight into the electronic structure to interpret the reactivity. The
XANES of transition metal spectroscopy is a direct method for investigating both the
geometry and electronic structure of transition metal complexes [2] because the XANES is
sensitive to either the electronic configuration of the target atom or the local geometry around
it. Thus, the XANES can be interpreted by collecting fingerprints of the compounds in similar
environments.

Recently, Nomura and co-workers have explored the active species of the vanadium
complex catalyst in ethylene dimerization by the combination of vanadium nuclear magnetic
resonance (NMR) spectrum and vanadium K-edge X-ray absorption spectrum.[3,4] The
common features can be identified by comparing the fingerprints of sample compound and
reference. However, the extraction of more detailed information of the electronic properties
and coordination structure is still very difficult only with experimental spectra. In order to
interpret the vanadium K-edge features and to extract the detailed information of the
electronic structure from XANES spectrum, we theoretically investigated the core excitation
spectra of vanadium complexes based on the TD-DFT approach.

[Methods]

All calculations presented in this work were performed by Gaussian 09 program. Both
the geometry optimization and related excitation energy calculation were computed by density
function theory (DFT) method. Since the long-range correction is often important in excited
state calculations, we have compared the following three functionals: LC-BLYP,
CAM-B3LYP and w-B97XD. Because the w-B97XD results give the best agreement with the
experimental spectra, we employed the w-B97XD functional, hereafter. For the basis set, we
used cc-pVTZ for the vanadium atom and cc-pVDZ for the other atoms. Moreover, the
solvation and relativistic effect were considered by polarizable continuum model (PCM) and
the second-order Douglas-Kroll-Hess (DKH2) method, respectively.

[Results and Discussion]

We examined 9 kinds of vanadium complexes: 4-coordinate tetrahedral complexes (1-4),
5-coordinate trigonal bipyramid complexes (5-7), 5-coordinate distorted square pyramid
complex 8, and 6-coordinate octahedral complex 9. As shown in Chart 1.



Chart 1. The structure of vanadium complexes
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The calculated spectra well reproduce the features of the experimental vanadium K-edge
spectra for all the complexes. Fig. 1 shows the calculated XANES spectra of complexes 5, 6,
and 7. The complexes 6 and 7 are model complexes for the catalytically active species. The
peak intensity in the pre-edge area were calculated to be in the order 6 > 7 > 5, which are well
consistent with those from the experimental spectra. The 1s to 3d-4p mixing dipole transition
and 1s to 3d quadrupole transition are expected to contribute to the pre-edge features. Since
the shorter metal-ligand bond enhances the 3d-4p mixing, the shorter lengths of the V-C and
the V-O bonds than the V-CI bond explain the stronger peak intensity of complexes 6 and 7
than complex 5. On the other hand, the 1s to 3d quadrupole transition decreased by the
electron-withdrawing ligand of —OC(CF3)3, thus the peak intensity in complex 7 weaker than
complex 6. The shoulder peak was experimentally observed only for complexes bearing a
V-CI bond, such as complex 5. Moreover, the calculated results illustrated that the intensity of
the shoulder peak for complexes 1 and 2 which contain three V-CI bond are obviously
stronger than the complexes 3, 4, 5, 8 and 9 which have two V-CI bond. This is because the
shoulder peak mainly consists of dipole-allowed 1s to 4pr* transition of the V-CI bond.
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Fig. 1. The calculated vanadium K-edge spectra of complexes 5, 6, and 7. Important molecular orbitals of
complex 5 which contributes to the XANES spectra were also shown in the right panel.
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Application of the wavepacket expansion in the phase space representation
to multidimensional tunneling and electron dynamics

oKazuma Suzuki, Yuta Arai, Manabu Kanno, Hirohiko Kono
Department of Chemistry, Graduate School of Science, Tohoku University, Japan

[ Abstract] We present a time-evolution method for quantum dynamics in which the
wavefunction is expanded in terms of Gaussians placed at von Neumann unit cells in the phase
space, with a threshold parameter ¢ to determine the expansion accuracy. The wavepacket
propagation is obtained by solving the equations of motion for expansion coefficients only. Re-
expansion is made when the change in wavefunction exceeds another threshold parameter 6 (>
¢). Gaussians necessary for representing the wavefunction are automatically selected merely by
adding new Gaussians to or subtracting Gaussians from the basis set. From the application to
model tunneling systems in one to three dimensions, the present Gaussian expansion approach
is able to accurately evaluate the tunneling time and tunneling direction in multidimensional
systems. We further extend the presented method to electron dynamics and apply it to a
hydrogen atom irradiated by an intense laser pulse.
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Quantum control of isotope-selective rovibrational excitations including
two-photon processes

oYuzuru Kurosaki!, Keiichi Yokoyama 2
! Quantum Beam Science Research Directorate, Takasaki Advanced Radiation Research
Institute, National Institutes for Quantum and Radiological Science and Technology, Japan
2 Materials Science Research Center, Japan Atomic Energy Agency, Japan

[Abstract] We investigate laser-controlled mechanisms of isotope-selective rovibrational
excitations for diatomic molecules in relatively strong electric fields on the basis of the
Hamiltonian including both the one-photon and two-photon field-molecule interaction terms.
Optimal control theory (OCT) calculations are carried out for the fifty-fifty mixture of diatomic
isotopologues, 'Li*’Cl and ’Li®*Cl, and the electric fields that best realize isotope-selective
excitations are obtained. Three isotope-selective controls, i.e., pure vibrational, pure rotational,
and vibrational-rotational excitations, are considered and two total times (T’s), 1280000 and
2560000 a.u. (31.0, and 61.9 ps), are chosen for all the three excitations. We thus obtain optimal
fields that can successfully realize the isotope-selective rovibrational excitations in relatively
strong electric fields; the final yields for the three excitations are calculated to be 0.6 — 0.8 for
T =1280000 a.u. and 0.8 — 0.9 for T = 2560000 a.u.
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Table 1. Yields and properties of the resultant optimal electric fields

Max. field amp. /
a.u.

T/lau « olau?  anlaulb Fluence/a.u. Yield

Vibrational excitation: "Li*’CI (v=0, J = 0); 'Li**Cl (v=0, J = 0) — "Li*¥'Cl (v=1, J = 0); "Li**Cl (v
=0,J1=0)

1280000 0.75 0.001 0.05 7.784x107 13.546 0.781
2560000 10.0 0.001 0.05 3.123x10° 4.420 0.930

Rotational excitation: 'Li*’Cl (v =0, J = 0); Li®*Cl (v=0,J = 0) — "Li¥’Cl (v=0, J = 2); "Li**Cl (v
=0,J1=0)

1280000 0.5 1.0x10° 1.0x103 5.067x107 6.004 0.673
2560000 0.1 1.0x10% 1.0x10° 5.026x10° 12.004 0.925

Vibrational-rotational excitation: "Li*’Cl (v=0, J=0); "Li*Cl (v=0,J=0) — "Li¥Cl (v=1,J = 2);
7Li%Cl (v=0, J = 0)

1280000 1.0 7.5x10* 1.0 2.649x1073 1.559 0.603

2560000 50.0 7.5x10% 1.0 3.645x10°3 5.663 0.823
3L ower cutoff frequency. °Higher cutoff frequency
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[ Abstract] Properties of materials depend not only on their composition but also on their
crystal structure. In material development, a database of crystal structures and their properties,
if available, would be very useful. Structures are always required before computing their
properties, and hence, crystal structure prediction would be the first step to build such a
database. For this purpose, we have developed a method to perform the global search for
low-lying crystal structures from first principles "), by combining the artificial force induced
reaction (AFIR) method ¥ and the periodic boundary conditions (PBCs). In this study, we
performed an exhaustive search for carbon crystal structures by the PBC/AFIR method. Based
on these data, correlation between structure features and band gap of carbon crystal were
discussed. Our method generated more than 10000 crystal structures and band gap data for
them. These data also include reported structures such as graphite, diamond, M-carbon,
Cco-Cs (Z-carbon). By analyzing these data, the correlation between the ratio of the number
of sp® carbon to the number of sp* carbon (sp*/sp” ratio) and band gap was discussed.
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Abstract

We perform time-dependent configuration-interaction single-excitation (TDCIS)
calculations to investigate the responses of the m-electron wave functions of 1,3-butadiene to
an intense near-IR laser pulse (26 fs, 800 nm, 10'* W/cm?) by simulating the transient absorption
induced by an ultrashort vacuum ultraviolet (VUV) light pulse (2.4 fs, 180 nm, 10" W/cm?).

Introduction

Ultrafast molecular dynamics in intense laser fields has been one of the most attractive
research subjects in recent years. By the technique of the attosecond transient absorption
spectroscopy, in which molecular systems interacting with a femtosecond near-infrared (IR)
laser are probed by a sub-femtosecond extreme ultraviolet (XUV) pulse at different time delays
[1], we can investigate the dynamical motion of electrons in the ultrashort time scale. In the
present study, we investigate the responses of the n—electron wave functions of 1,3-butadiene,
a fundamental m-conjugated system whose © electron distribution is delocalized along the
carbon chain skeleton [2], to an intense near-IR laser field by the time-dependent configuration
interaction (TDCI) method [3]. We demonstrate that the transient absorption of an ultrashort
vacuum ultraviolet (VUV) light pulse can reveal how the electronic states respond to the intense
near-IR laser pulse.

Computational Methodology

In order to solve the time-dependent Schrodinger equation by the TDCI method, a time-
dependent electronic wave function is expressed as

Y(t) = g:l Cn(O) P, (1)

where C,(t) is a time-dependent CI coefficient of the n-th state, and ¢,, is an electronic
eigenstate of the molecular Hamiltonian. In the calculation, the total number N of the electronic
states is set to be N = 8, that is, the electronic ground state and seven electronically excited
states are included. The energies of the eight electronic states and the transition dipole moments
among them are calculated by the configuration interaction singles method [4] using GAMESS.
The polarization directions of the VUV and near IR laser fields are set to be parallel to the
molecular a axis. The delay-dependent response function, describing a response of the system
to the near IR pulse modulated by the VUV pulse, is given as

S(w, 1) =2Im[d(w,7) &(w,7)] (w0 >0), (2)


http://www.yamanouchi-lab.org/e/member/member_Erik.html

where d(w, ) is the Fourier transform of the time-dependent dipole moment, and &(w, 1) is
the Fourier transform of the two-color electric fields composed of the near IR and VUV pulses.

Results and Discussion

We obtain the temporal variations of the populations in the first, third and fourth
electronically excited states of 1,3-butadiene in the presence of an ultrashort near-IR intense
laser field (26 fs, 800 nm, 10'* W/cm?) by solving the time-dependent Schrédinger equation
using a computer code we have developed. The results shown in Fig. 1 show that the population
in the ground state is transferred mainly to the first excited state through the m-n" transition
from the HOMO to the LUMO, and only slightly to the third and fourth excited states. In order
to probe the time-dependent population transfer processes to these three electronically excited
states through the interaction with the near-IR laser pulse, we introduce a VUV light pulse (2.4
fs, 180 nm, 10! W/cm?) at different time delays with respect to the near-IR laser pulse (26 fs,
800 nm, 10"} W/cm?), and calculate the transient absorption induced by the VUV light pulse.
The resultant transient absorption spectrum is shown in Fig. 2 as a function of the time delay.
The negative and positive time delays mean respectively that the VUV light pulse arrives before
and after the near-IR laser pulse. As shown in Fig. 2, the absorption profiles appearing at around
7 eV corresponds to one-photon absorption of the VUV light pulse from the ground state to the
first electronically excited state. It is shown that the formation of the light-dressed states of 1,3-
butadiene by the interaction with the intense near-IR laser pulse appears as the complex profile
in the transient absorption spectrum, which varies in a characteristic manner in the delay time
range where the near-IR and VUV light pulses overlap.
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Delay /fs
Fig. 1. The populations in the ground and three Fig. 2. The transient absorption spectrum of 1,3-
electronically excited states of transl,3-butadiene in butadiene as a function of the time delay of the VUV
the intense near-IR laser field (26 fs, 800 nm, 10 light pulse (2.4 fs, 180 nm, 10" W/cm?) from the near-
W/cm?). IR laser pulse (26 fs, 800 nm, 10> W/cm?).
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[ Abstract]
Aggregation induced emission (AIE) is caused by restriction of internal conversion by
surrounding environments. Thus, It is important to understand how non-radiative decay
pathway is interrupted. Tetraphenylethene (TPE) is a typical AIEgen but there is
disagreement about decay pathway among experimentalists and theoreticians. We will
discuss decay pathway of TPE and some other stilbene derivatives.
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[ Abstract] Electronic structure calculations for completely periodical polymers have
already been established based on bloch functions under periodic boundary condition.
However, ab initio Hartree-Fock crystal orbital method adapting screw axis-symmetry which
results in great reduction of computational efforts has not been introduced for calculating
helix polymers. We have incorporated the helical adapted symmetry into periodic boundary
condition and applied it to the B-type model-DNA, (poly-(guanine) poly-(cytosine)) double
helix infinite systems, in which sodium atoms as counter cations and sugar backbones are
attached. Energy band structures and effective masses of the hole and electron at the I" point
were discussed in the view point of the interactions between two helical single chains. As the
result of band analysis, it was suggested that inter-chain interaction between poly-(guanine)
and poly-(cytosine) would be stronger than that between poly-(adenine) and poly-(thymine).
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FIGURE 1. The energy band structures of the single helixes and those sum of corresponding base pairs. (a)
poly-dG, (b) poly-dC, (c) poly-dG + poly-dC, (d) poly-(dG)poly-(dC) (e) poly-dA, (f) poly-dT, (g) poly-dA +
poly-dT and (h) poly-(dA)poly(dT)

ITT =, VRV O1IAREEERELOE ST =0 s R 2R TH D Figure 1(c)
L) EHET D L FRIREMEICRE S FET D & E 2 LA MIEF#(VB) top & {iEH
(CB) bottom DI TH/R Y Hip > TWDH Z ERbnd, 77 = ,/./F//%kwaUiZ
HOEAMEE, 1o TKFMAVNEER I ENDND, —HFTT 7= F I UOLAITIE,
FFIZ VB OFHETIEA /N RO 3L —fHIE ZKé‘ET*f@xﬂ?ﬁM\é TpoTWNDHMN, N
NOEEIRIZ(@Q M) TETWD Z &b s, ZHAUILENCHE LA T oIk 5
N REEDEL T =0 « VRV V2RO ERRE o2 LB LTEY, /7=
Ve N VDR OTN IV A OFBEEZITOT NI LEERLTNDLONE LIV,

[#fEE] ARFZ21E JSPS BHFE 16K05666 DBIERIZ X - TITbivi-,
[ 3R]
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Calculation of zero-field splitting tensor of organic compounds
by the triplet SAC-CI method

oKazuo Toyota, Kenji Sugisaki, Kazunobu Sato, Daisuke Shiomi, Takeji Takui
Department of Chemistry, Osaka City University, Japan

[Abstract] Zero filed splitting (ZFS) is energy splitting of spin sublevels in the absence
of external magnetic field and characterized by a rank-two tensor D in a spin Hamiltonian.
The two main physical origins of ZFS are electron spin-spin coupling (SSC) and spin-orbit
coupling (SOC). The former contribution to D tensor (D) is dominant in organic
compounds. Quantum chemical calculation of DSS tensor is useful for understanding of
experimental ESR spectra of organic compounds. For excited states, multi-
configurational methods such as complete active space (CAS) SCF have been used to
calculate SSC contribution of ZFS. To extend availability of quantum chemical calculation
of DSS to larger systems, we are aiming to apply symmetry-adapted-cluster configuration-
interaction (SAC-CI) method to DS calculation.

[FF]  BrBSEa2ZFS) L ix, SNBSS FIE L2 WSRIFICB T 2B T A
BIEN DN THY, ZBHEULOAY VS EELZFORICBWCERISNS. ZFS
IIRDAE S ETRET Y ADEAWT, BERINRAE L OEMIZEBIT 5N
N bh=T v (A UANINV =T V) OHES D-SICE-o TR T ENTES.
FUYNLDMNRNL—AL AR L XTI OO RER D, EICL > TEBTX 5.

D=Dﬂ—;DH+DW%<E:;DH—DW)
ZITXY,ZIET YD ERHALT D KD AR OB A2 KT, EE I Z fhi
HIG R R TIXZE D, Z 9 TRWRTIZ=2D%MAEFED T T Dz OB R
2725 X ) IEA.
[HEim]  2S+1 EME L T\ 2 0R8E

(W), Mg =-5.1-8...5-1,5}

PEEIH Ko THRT DL, BualEnRT o Y AD~DOH O—IROA51%
UTFTOBBENSELFZOFEZANVWCHET LI LN TX S,
<W;JHWT;J=<&MH5ﬂDuﬂ&MQ

CCREDTEHMEEFEICEBIT D H OF75|3E, HITBRERGR A Y v D%E
MICEBITAH S -D-SOITHNEZETHD. ZZTEBICBITD S MslTEFRZDODEAL

-
—



YROAEUEREFRTHY, HUOS,Ms LR—HEShTWD., 7 YL AT
IZ2VNT D Wigner-Eckart BB A HW 5 &, 0O A BB EURA A2 B BR
LT ENTED., HELT BFAE VM AFHEERAANAILV =T

Hy = Z[ - (Si":,«)s(sj.,,lj)]

i<j Ty

EHWD L, BEIIZD OFRG~DFE L LT

—3r,
Dy = g s R s s, s, )

i<j

4ﬂ2 * * 5{1 r _37,- ar
meiimpr(n)%(rz) Sy () () dndr,

ZRFD[1]. T2 ChogrslTUA T DL 9 e A FITEFR S U5 coupling anisotropy
function T 5[2].

FPAz12) = FH+H) - F=+ )= (H+ ) - F=—HD - (=+—-+)

+(=——--)
B Dbt = EIBERAEZ W RMICEI A TE 5 FiE & L TUE SAC-CLIE[3] 3 E1 &
zh“Cb\é SAC-CIEIZIEE »HITH H 7=, LD coupling anisotropy function % %
CITFRATR) = R L X =800 2RI LIe AV EATINC KD HENB 265,

U\? ;:EIE\#( BT L THox MG TV RAD—# 2 -3 [4].

V2
ngk%Ac o= 5 (dchajb - djLakb)dﬁa + Brjdly — Bridy + 2(€xaip — €1kin) Cipia

+ Z(Sijb — &x1jp) Civta + (Bukji — Sukij ) Al

FLZSDSCAC “ __(dlb]a La]b) + Vca lb )/badfc
+ &ikia(Cickn + Civje = Civke — Ciejv) + Sjivadfe — Sicadly
Bij = [(dkalb diair) (Cvja + Ciakn) — Aiars (Ckvja + Ciarn) + diars (Crajp + Civra)]
Yab = [(dlC]b lb]C)(Cla]C + C]Cla) dlbjc(Ciajc + Cjcia) + diLbjc(Cicja + Cjaic)]
V2
Ol = deLaib (Crawp — Crpia)
JZ
Eijka = d albd
[2% k]

[1]d. E. Harriman, Theoretical Foundations of Electron Spin Resonance, Academic Press: New York,
(1978)

[2] R. McKeeny and Y. Mizuno, Proc. Roy. Soc. (London), 1961, A259, 554-577

[3] H. Nakatsuji, Chem. Phys. Lett. 67, 329-334 (1979)
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A molecular dynamics study on factors that determine the stability of the
salt bridge located in the antigen-antibody interface.

oRyo Okajima'-2, Shuichi Hiraoka!, Takehumi Yamashita?
!Graduate School of Arts and Sciences, The University of Tokyo, Japan
’Research Center for Advanced Science and Technology, The University of Tokyo, Japan

[ Abstract] The antigen-antibody interaction can be partly understood by the complex
structure. For example, a salt bridge formed between antigen and antibody indicates that a
coulomb interaction strengthens the antigen-antibody binding. However, it is difficult to
determine the structure in water or cell by the X-ray crystal structure analysis. On the other
hand, the molecular dynamics (MD) simulation is able to analyze the structure and dynamics
in the water. In this study, we analyzed the stability of two salt bridges located in the interface
between hen egg white lysozyme (HEL) and its antibody, HyHEL-10 . Then, we examined what
decide these stabilities by constructing several reduced models consisting of a few amino acids.
The MD simulations showed that the stability of the Lys97Y-Asp32™ salt bridge is stable in
water, but the Lys97Y-Asp99* salt bridge is unstable. Furthermore, we found that four amino
acids around these salt bridges are needed at least to explain the stability observed in the
antigen-antibody complex.

[F] JuiRiz®y (FUR) ERRRMD OB S L, 6 SN PRITaEEmIC
ERNOHEREN D, ZD7= ., HiKIC L 20EBEIC B W T, FUEOHUFR B
FHETHL LEZX DD, PURTUAEGIRORMIEIL X B ERITIC X - T
DAL, T OMEED D IURFURFICE < HAMFERIZRWZE S, 21X, hen egg white
lysozyme (HEL) & % O Hi{K HyHEL-10 & O F i iL > ORGSR S 41TV 5 (Fig.
1), HEFEITIRVEREMR BRI L > TR SNIZHETH Y . PURBURR DRSS % i
DLEFNDDH[1], LLeh b, X Bk s fig T CIXAERTg Okd) Tofisz
WMAHZEFEHEL, — . OFEIFEMD)Y R 2 L— g v TR TG A
FIVAREMBZENTED, £z, EHOIR T OERE % R E QO JEFEICHT T 570 &
DOIRABR 2 et 2 B2 T2 RRE T R 2 Lb—32 9 VAT H 2 & T BESIE T Tot v
TV TNTED, AFETIE, MD v 2 b—ya &2 HWT, /KHTo HyHEL-
10 / HEL FURFUAF R OB O L EMRZH 5, £ LT, EFO XD RERIZE > T,
ZDZEMEDR D SEODNEFRD,

[F#E] A58 Clx, HyHEL-10/HEL A KOKF DOFR%E MD v 2 L— 3 UIC K
S TEMA L7, Lys & Asp I TREALT DHEREIZ DUV T, Lys I8 D-NH3 & Asp fI8{D
-COx 1D FGTBEREREDY 2.5 A IN THNITER I N T\ 5 & EF L. HyHEL-10/HEL
BEERREICHFET 2HEBOREREZTT, ST, BBEERLTWDLT I /B
EXDREORT 2 WEREH L, OO O BAE 2 H AR PIZ T D R



(AT B = & T4 HIC HyHEL-10/HEL B2 0> S EBEEE 4 FrBL L7250 E 70
REME LT, G057 BELZ THEORRET LV REMEL, ThZhORK
TOWBOREN & HR AT 57 2 BOMBIC RIETH B 27825 = &
T MR O ZENE & D 5 B A TR

[#55 - 2] fuM ST o HyHEL-10/HEL &R0 R MEIZIEL, Lys97Y-Asp32H &
Lys97Y-Asp99" @ —OSDEENFE LTz, MD V=2l —a  OfER, Zo">0
RGO —J5, Lys97Y-Asp32H (F/KHFH THLEETH D03, Lys97Y-Asp99t (3K H TII A%
EThHDH I &N oT-(Fig. 2), HMBEEZERT 27 XV BOHRBKFIFET HET
NRERBEL, FTHORTOEEZFTHE LS5 MD v 2 b—y 3 U E{To 7208,
PURPUAE AR R IR 2 BAEZEMEIIHE I N R o T, £D, JuURitikE S
RIZB T DG L EMEZ T 21213, AR OERENSLETH L Z LR bho T,
HEREEE O R EBREDONR AT D120, WIEZRT 57 I/ BBV AER %
KETT I BIREEZ TN ET VREMET L, TORR. 4 DOT7 I/
(Lys49%, Tyr33H, Asn97", Trp98t) ZhNx. £DFEEHDFET & Tyr33H & Trp9sHt D1
BHOFFDIEEZ R L= T L RICBWT, HAEKROEBOLZEENFR SN,

40 I T I
30+ -
1
1E
e 20 .
P(r)
10+ .
0 0.2 0.4 0.6 0.8

distance (nm)

Fig. 1. HyHEL-10/HEL complex structure.  Fig. 2. Distribution of minimum distance between
NH;3 part of Lys and COz part of Asp.
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[1] K. Tsumoto et al., J. Biol. Chem., 271, 32612 (1996).
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Development of Exchange-Correlation Functional Using Machine Learning
oTakuro Nudejima?, Yasuhiro lkabata?, Junji Seino??,
Ryo Kageyama?, Mikito Fujinami®, Hiromi Nakail?*
1 School of Advanced Science and Engineering, Waseda University, Japan
2Waseda Research Institute for Science and Engineering, Waseda University, Japan
3 PRESTO, Japan Science and Technology Agency, Japan
4 Elements Strategy Initiative for Catalysts and Batteries (ESICB), Kyoto University, Japan

[ Abstract] Development of accurate exchange-correlation functionals in Kohn-Sham
density functional theory is one of the important topics in electronic structure theories. The
fundamental conditions that the exact functional should fulfill have been used to develop
approximated functionals. Besides, the parameter fitting to various quantities mainly given as
a difference of total energies has been performed. In this study, machine learning is used to
construct the functional that reproduces Hartree-Fock (HF) exchange and post-HF correlation
energy densities.

[ ] Kohn-Sham % EEFLBISCEERR 1 3010 D A HAFR BAULBE S O B8 1L, B 7R REHL G
%Héi%ﬁ%—v@lo?%éo:Mif,%%%ﬁ,%ﬁﬁm,@%izw%—
BRSO OIRIE LT Ir BB S 285 B S v C & 7=, rPIAEAE o R, ik
BRI EARAN T T2 T X BRI SV T E SN D, -, AT RLF—3E
ELTRINDEEA 7B &% U TSN DR T A —FZ it S v b,
WHFSEEE TIE, #UEIEEKAFEDFTIZR T 2 #ESE) = R L X — & NI >\ T, &
PR R0 D22 AR | C B A4y &, Kohn-ShamiE S — kL ¥ —%5 F ORISR IZ OV T
B R (ML) (I2 LB EUREITV, fEkoiEs = VX — %% ER AR E 255
LB ARBE LM MLEZ WD Z & TH L bR TITRIANINEE L 72 28
MBS AR & 5 LIRS D,

AW TIE, MLZ W AR BB OB 21T 5 . #@b% %%af@&
DOffH L&, Hartree-Fock (HF) AZ#ior )L % —%% FE Cpost-HF £ A =
IV — 5 FE D BER 2 i 12 ;D%@oﬁézk?,ﬁﬁﬁ%m%ﬁ%ﬁﬁﬁéo
[5:] AWFFEICRT D ILBEBRR O E % Fig. 1 1287, ZUHIChL—=27F%
v MZOWTEAHEFHEZIT), AJIEREMNERENE L T2T —F X— 2% {E
5, ANERICIE, BFEE p, BEAR |Vp|, BB R LX—FE ¢, KiIH#E
JFRAENET Yy R g%

T@EE%’E@@@??@U\@O Input Training Output
AT HRIL, HF 2=V ) 1vp(e)1, <), 1r, -R, I £ (r,) e2° ()

X —#2JE, post-HF AH B — %

LR —BRRE L UT-, HF A3H# Test Input Prediction
TAAE—B L postHE P VRO )15 R, L4 » ) &)
FHRI = R L ¥ — D X

BRI X9 A 22 e Fig. 1. Procedure of developing ML density functionals.
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[#EE - Z2] 12 U DI, He, Lit, Be?, B3, C*,

N°*, 0%, F™*, Ne®*, Be, B*, C?*, N**, O*, F°*, Ne®*,

Ne @ 17 FE @ P % i 12 2 T MP2/
6-311++G(3df,3p) Dt il L ~/L T S v 7o = %
VX AR LT, R, im@%%
D7V FREHWe, Fig.2, 312 Ne &1 D
LT RV — B LB R VX — R A
Ao OBk LT ey b L%
R, MLIZ L D AESE U= LER S0, A #atkA BE
TRV —FEEO 0D OEHECxTT 5
ROEENE LS HBL L,

BT Table 1 IR T R L—= T FD 9
B 04%D 7Y v RS&E5ET—42 & LTI
A Uiz, L -VVITRA DS L [ERE
DAL LT, Table 2 12 ML 1T X 0 KEEL L7
BB DR XX — L= R L F— D
Yjis7e (ME), ‘FHIiExiiaz= (MAE), fc RKitxt
R (MaxAE), ‘F¥iaixt X—& o FiAzE
(MAPE) %/, ZHUHDOFEEND, MLIZX
S THESL L 7 LBAEI T4 F- 1okt L CAc# - FHES
T XL X—% 1072 hartree DA — ¥ —TEET
x5 LR SN,

Table 1. Molecules of the training and test sets.

Set Molecules
For exchange For correlation
H, CH3;CHO CH,CCH, H, C,H,0 CsHg
H,0 C,H,0 CHCCH;, H,0 CH,CH,0H H,CO
Training CO, CH3CH,OH  C3Hg CO, CH,CCH, C,H,

HCOOH CH;0CH; CH,CHCH; HCOOH CHCCH;
C,Hg

Test CH, CH;0H C,H, C,Hg CH, C,H,
H,CO C,H, C3Hg CH;CHO CH;0H

[2E& 3R]

4nrey | hartree bohr?
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Fig. 2. Radial distribution of the exchange
energy density of the Ne atom.
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Fig. 3. Radial distribution of the correlation
energy density of the Ne atom.

Table 2. The ME, MAE, MaxAE (hartree),
and MAPE (%) of the ML functional.

ME MAE MaxAE MAPE
Exchange
Training —0.0002 0.0101 0.0374  0.059
Test —0.0007 0.0111 0.0290 0.077
Correlation
Training —0.0042 0.0057 0.0133 1.369
Test —0.0067 0.0084 0.0146 2.106

[1] J. Seino, R. Kageyama, M. Fujinami, Y. Ikabata, and H. Nakai, J. Chem. Phys., 148, 241705 (2018).
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Temperature dependence of nuclear spin conversion rate of H2O isolated in
solid Xe

oKaoichiro Yamakawa, Kiwa Yamaguchi, Ichiro Arakawa

Department of Physics, Gakushuin University, Japan

[Abstract]

A H20 molecule includes two hydrogen nuclei in the Cz-symmetric positions, and
therefore is classified into either the ortho or para isomer. Since the proton-permutation
symmetry allows only specific combinations of the nuclear-spin- and rotational-states, we
monitored the rotational relaxation of H.O isolated in solid Xe with use of infrared
spectroscopy to observe its nuclear spin conversion. In the infrared absorption spectrum, we
detected both the rovibrational peaks of ortho- and para-H>O. The time evolution of the
spectrum showed the increase of the para peak in intensity as well as the decrease of the ortho
one. This result means the nuclear spin conversion from ortho to para. Plotting the integrated
intensities of these absorption peaks, we determined the conversion rate of H.O in a Xe
matrix. We will show the analysis of the temperature dependence of the rate on the basis of
the phonon-mediated relaxation model established previously and will discuss the relaxation
channels.

(]

HO IZEZEAE S 12 D HIET# (BT) % 2 DOXFMIEICHE T 5720, 2EAE
| DL -T, Ay (1=1) &85 (1=0) @ 2 FEEOBMERICKFI S D, A
B BRMIROFEE, BV oA A2E 252 & TIREL 15 LT3 b, =
NEEAE AR &S B2 7 RIRCTHEI ST E 72 HO O A ¥ ARFE[1-3] % IF
L FEIRT D 72D121F, EEMERICBIT DAY VOB M EARF K TH D .

X Z £ T T D HO DEERHENIE, Ik & TULATITEND. 22T, JiT
Al ESEOEREHEEZEK L, K (i =a O)NEZTDFl i ~DH Ik 2 /%
FTA—RThHAhH. 72)VIF L Thb 20D HFFEORZHIZONWTHTF ORI EIR
BSRIFRC IR D BN D B 120, KatKe DEIZ ALY TIEEE, /37 TIEEE O &
ERVED. 2O LI, BEAEIREE L [EERREE L 138 EOMAB bR DN
A, IR IEIEIC L D RHERRFIORNE D S HoO DIZA B RN G H D

R SR O IR BRI MR I TR AR O = L X —FR iR K 2 i D b CRAICEE 2 T
H DN, IBEKRGFVE LR 2O 20 RBEmET VRNGEYET, E1AY
> DREFIET VAIDNEE N SN CTE 72, FE DITXLRIOFIEIZBW T, ZDF
TIVERAE Y OEHIZHE T 5 2 L OMBESZHERHL, BiER0 7+ & OHA
TERIC L BB AE UBEROET VAR LIZ[5]. 512, Ar~ kU v 7 2@ H0
DEEA Y VAR BRIV HEETRIE L, Z OEERGFENEFEE S DET ML - T
BL<HIAINDGZLEEZRLEE. v N w7 RAfEREZ D L, HO O FMAERAEN D =



FNVX—[IRE 7+ ) OREEEDOH FTHELT S, LoT, AV UEMET L
I BICHEET B 720121, InfRo~ b v 7 ZAFEEIEN: 2 FE5R & BEG Tl 5
ZEBKREFHTHD.

AWML TIX, Xe~ MU w7 Ao L7 HO O EEZE T CTHIE L
7o RAMRIN AT R )V DORFIZ LD B A B BRI % 5-15 K OFiPH CHIE L7-.
E BT, A VBT T VCE SO TR RO EREME 2T L, ET 1L D%Y
M & FREE L7z

[5E: (3E5 - #Hig))

FERIEE L, BEBEERA, WA~V U LAEG 7 e —8 7 S 442Xy ~, 77—
T BRRIN Y EEE, HoCdTe MHZS N Bk D . A EZE R e ORI /11X 1 X108 Pa
Tholz. 7 I9AF AKX v MIERRZFE OB R LA —Z28 L, 0O Rk
ZEE LT, EAOREIX Y 2o A4 — RCEHENEL, 7944 AX v FTEIZ
B0 AHF7zamdEMmE e — & —Z W CTHIEN L7, KITEREI AR 20 IR 2 L2 kv
FOREHL L, KEKKE Xe HAZKAERBEO TRS L-. IBREHITKSIEE) - HZ23H T
HIE L, Xe/H,0 = 1000 & L7=. it EFAEANL T 2@ L THRAE T A & B EEZE R4
WCEAL, SKIZHEIL 724K BICRE L TREFVE AR L7, BEHZIZ 20K TV =
— VIV Z- i U, & OR%IEIRE £ TAGE L TRIMEIN A7 kv ORI 2L 2 1 E
L7-.

[#5F - B£]

H,O OZEAIRENEIR D A7 NIz, 2 DO FE R IEENREE I Y — 7 2 LT-.
ZDOWN, 1604 cmt DO — 7 1T A LY HO IZH KT D 11010 DIBERIC, 1629 cm™ D
B — 71337 H0 KD 111000 ODERITIFIET H D E LTz, AV Y OV — 758
X OfGE & D LiZoickt L, RTIovr— 75BN L. 2 OfERIT,
TN R T DOEEAYE A D PSRRI N ET L2 2o E D LR LT
%. 5-15 K OFEFAOBIRIEIIBNT, B — 7 OmEMREDORM A {bE 7 v L, f5
B AN C T T4 73528128, Xew FU v 7 ZAHD HO DAY
VERHAR B RO T AFEETIE, 74/ UNEOEA Y ARFIOET WM EED  HEifh
RORERGEOENT 2R L, BEMREEZ#ERT 5. £/, Ar v U v 7 ZAFFTO
FEERAE BL[5] & LLE: U, RN R YEN O T RV X —RfR & 7 4/ o DIRFBBE | L
DEIHKREFET DN EHLNNTT S.
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