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Comparative Theoretical Study of Reactivitiesof Pd (11), Pd (111), and P(1V)
Complexestowards C-C and Si-Si bond reductive elimination reactions
(Fukui Institute for Fundamental Chemistry, Kyoto University) Milind Deshmukh, Shigeyoshi Sakaki

[Introduction] The activation of small molecules by transition metals is of fundamental importance
in recent organometallic chemistry. One of the typical examples is C-H bond activation reaction of
alkanes and aromatics. This reaction is difficult by conventional organic reagentsin general. However,
the activation of C-H bond has been achieved by many transition metal complexes. During the past
few decades, palladium (Pd) has gained much attention as a one of the most versatile and efficient
transition meta catalysts for wide range of C-C coupling and C-H functionalization. Though Pd(0)
and Pd(I1) chemistries have been extensively studied, much less is known about the Pd(111) complex
until the recent studies by Ritter et a.' and Sanford et a.” They reported that the dinuclear Pd(111)
complexes play important role as a key intermediate in the oxidative functionalization of C-H bond.
Though several such dinuclear Pd(l11) complexes have been structurdly characterized, no
mononuclear Pd(I11) complex has been known till the recent report by Khusnutdinova et al.®> These
authors succeeded in the synthesis of mononuclear organometallic Pd(l11) complexes starting from
Pd(l 1) complex with four nltrogen containing ligands shown in Scheme 1.

'Bu B In this work, we wish to report theoretica
investigation on the electronic structure of one of

(J\N 1,2:-1e’, CPE, the Pd(I1l) complexes (3+, where R=X=Me¢)

N

/ ‘F(/Pd\); CuNEOSTE { L '“ mentioned in Scheme 1, in comparison to the Pd(I1)
= 3:Th™ orFo® / and Pd(1V) complexes. As the first step toward
N understanding the reactivity of Pd(l11) complex, the

By L 1 C-C and Si-Si reductive elimination reactions are
R=Me, X =Cl1; R=Me x=CL1"  investigated. The reactivities of these Pd-complexes
Ao R=PnX=ClZ%  for such reactions are discussed with the electronic

Schemel: Synthesisof Pd(l11) Complexes structures of these complexes.

[Computational Details] Geometry optimization was carried out with B3PW91 functional. Two
kinds of basis set system (BS-1 and BS-11) were employed. For H, C, N, P, and Cl, 6-31G* were used
in BS-1 and cc-pVTZ basis sets were used in BS-I. The (311111/22111/411) basis set for Pd-atom
was used in both BS-| and BS-1I, where its core electrons were replaced by Stuttgart-Dresden-Born
(SDD) ECP. To test the suitability for DFT functionals, calculations of model systems were carried
out at various levels of theory. The reaction energies and popul ation were calculated with basis set 111
(BSHI1), where (311111/22111/411/11) basis sets was used for Pd atom with SDD ECP and cc-pvVTZ
basis setsfor H, C, N, P, and Cl atoms.

[Results and Discussion]

First, we investigated the electronic structure of the Pd(l11) complex. In this complex, the d;2
orbital is SOMO. In the other possible electron configuration, the dx*y® is SOMO. However, the
latter electron configuration is much less stable than the former by 53.05 kcal/mol in the DFT
calculation of the real complex and 17.85 kcal/mol in the calculations of model complex. Considering
this result, we investigated the former electron configuration hereafter.

To find out suitable DFT functional, model reactions 1 to 3 shown below were considered.

Pd(111) (NH3)4(CH3), - Pd(l) (NHs), + C;Hg D
Pd(11) (PH3)2(CHs), - Pd(0) (PHs3), + C;Hg (2
Pd(1V) (PH3)2(Cl)(CHz). - Pd(I1) (PH3)2(Cl)2 + CoHe (©)

The reaction energies and activation barrier in these reactions were computed with various DFT
functionals and were compared with CCSD(T) vaues. Only B3PW91 and MO6L functionas
reproduce the trend in the reactivities obtained at CCSD(T) level. Here, we used B3PW91 and MO6L
functionals for studying the reactivity in the real Pd-complexes shown in reaction 7 to 9.



(IV)-(C3)2 TSy, u PA(11)-(CH3)2 Pd(ll) + CoHe

Table 1: Reaction energies, activation barrier, Pd-CH; and Pd-SiH; bond energies for reaction 7 to 12

Level of  Pd(Ill) — Pd(l) (7) Pd(Il) - Pd©0) (8 Pd(IV) — Pd(l) _ (9)
theoy ~ E, AE Pd-CHsBE E. AE Pd-CH;BE E. AE  Pd-CH;BE
B3PW9L 285 7.0 433 411 56 49.7 334 -10.4 417

Levd of  Pd(Ill) — Pd() _ (10) Pd(Il) — Pd©0)  (11) Pd(IV) — Pd(l)  (12)

theory E.. AE Pd-SH3;BE E AE Pd-SH;BE E. AE Pd-SiH;BE

B3PW91 16.6 285 51.1 21.8 56.5 65.1 231 207 47.2

As can be seen in Table 1, the reductive elimination of C-C bond from the Pd(I11) and Pd(IV)
complexes is exothermic, whereas that for Pd(Il) is slightly endothermic. The activation barrier
increases in the order Pd(I11)<Pd(1V)<Pd(ll) and the exothermicity decreases in the order Pd(1V) >
Pd(111) > Pd(11). The exothermicity and small activation barrier suggest that the C-C bond elimination
reactions would occur easily from Pd(IV) and Pd(l11) centers. Interestingly, the reactivity of Pd(Il) is
close to that of Pd(lV). The Pd-CHs; bond energies are correlated to reaction energies of above
reactions, as expected. For instance, smaller Pd-CHs; bond energy in the Pd(1V) complex is in
agreement with the relatively large exothermicity of the reaction 9.
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KT L7z, OIFEBREFUCML T ARBECOR R THLNDOED TR, MV ORBIEN /SN &I
HIRLTWDEE X BID, 4 HITHID LREAREEREE AW CGHRRBEOMMOLERH D, Fi-
MP2/6-31g(d)IZ L DR BT 7203 IEHEAL =R =N A D Z /R LTz, 2 Ceo 28 HF 5Tl
TOREMRIRESIRINST-ZEDRIKTHD,
Kt Tl FiliE (Woodward-Hoffmann AIDIC X425 5460 Tl 295,
# 2 Ceo-7 v b T ORERE, LB, BWHANROMHIEIC L D=L F— DL

Energy(kcal/mol)

) o Reverse .

Adsorption Activation _ reaction
activation

D B3LYP/6-31g(d) -0.339 26.2 26.0 -0.14

@ B3LYP/6-311g(d,p) -0.173 27.0 24.9 1.85
@ CAM-B3LYP/6-31g(d) -1.401 24.0 36.1 -13.58
@ B3LYP/6-31g(d)_scrf=(solvent=toluene) -0.191 26.0 25.9 -0.08

[Z% k] 1) Akirou Chikama, Hiroyuki Fueno, and Hiroshi Fujimoto., J. Phys. Chem. 1995,99,
8541-8549. 2) Silvia Osuna, Marcel Swart and Miquel Sola. Phys. Chem. A 2011, 115, 3491-3496.
3). Ginka H. Sarova, Ma rio N. Berberan-Santos, Chemical Physics Letters 397 (2004) 402—407.
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Ab initio study on LiaMSiO4 (M=Mn, Fe, Co, Ni) as cathode materials

of the Lithium ion battery
(Univ. of Tokyo) Kenta Tsubakiyama, Yusuke Kudo, Koichi Yamashita

[ 5EH 5

LisMSiO4 13V F U LA A EHICI T D IEME RS LT, R Y 7 =A UGS RS 5 L ENE
Wz, BEFOMEI A A DEWT XX —FEEEL BT LRSS L L S REREHAHE
HTND, BEFOMEILL EOMREZ BT 21234720 1 2L LDV F U ARKIGZEE S
THUNENRDY (2 BN, BESE M 24 X kxR STV DA, S L
IR Z D 2 EASILHREE & 5 WE[L] [2]18 5 O RIZFEAEITIZE 7220, & 2 TRBFZE TIEEH
—FHHRICL AT u—FnE, FHREBERICBWOTY F 7 LRMEE - 7 AT DR S
DEAL & ZEM, FE L 5 DEBXIFHEICOWTOTHZN T, I 6OMREE T OE
TRAEZ BT TR L. B e RlaRGt ofadt 2 52 2 Z & 2 AR L LTe,

[£7 v ERHETFIE]

Z2fEfE Pmn2: % H 9 % LieMSiOs 3R ORI R & T 5, fEdm TIE M, Si &2 HLICEHED 4 K
AL U 7= P A S TE A 12 K o COREEMNCIES - T A L, Li 1ZRERICEBICEET DR
# 4 OOET A MEEOF LA R & HDTND,

FEIC AN BT TN ISR D B OF T &2 & 7, fdk iz 4 >0 Li A ks
FET 5 (K1), XU, JBATHITED 5RO BTV DK EE 2 YIHE & LT LiMSiO4(x=0,
0.5, 1, 1.5, 2) DREER L ATV (REMAEEORA) . RICZ 2 CH bl & Rl O 2E 7=
FF— & T R O BEER O T & BB OFE 21T o7 (8
WEBHMEOTH), HREICZZETOHRICL>THEORLTWSYME L, g

58 0 0 B TR D B 1 % 37 (B T IRHEORRT) . DL DI % | °&°D
M= Mn, Fe, Co, Ni X O'ZNbHD 5 H 2 MO EAEE L72RD, 10 S"
FORICB N CREE L7, BT EIEDFDIC LSS #5005y /r— (3
 VASP5.2.8 & I TR 2107, PAW A I, Zchha L 9

DX GGA-PBEVEZ TR L TEBGRBIZIZU /NI A —Z 2K
RIE 2 H L 72, 1 H{IRE -



it & 552]

Uit O] HAKF o Li 028 4,3,2,1,0 DFEZNE U O W TEYBER RO T
WERELFHRE AT, 2T — ¥ DA ET 2WEICE L T3 ER O — B2 s Lo, 72,
Li B3 niga, fidmlcld 2 O L EMENFET 2 2 LR S, —FI3EREE % 0k
STWBR, b9 —HiF MOs DR MOs ~5H LikiEiE 0l z4EA TS Z E N0
o, BEREERFEMICL-> T, LEMENRLRDLZ & bR LT,

[(FEACESFEO TR HERECHENOEONEE2B L= IAF—2 VT, Li BFmN5H
L - AT BSOS EBARED TR AT 7, 5 | | |
¥ 2 12”7 & 912, LiMnSiOs i x=2 725 x=0 soT B

FT BB ETT 502X L, “

44 F

LixFeSiO4 1% x=1 IZBWTEED K& BT 5
TR RS AR ST L AVRIB S, Z Ok
BHOMESLED TERPLELNA TV DHRE D
AR LT, 7. MOBBABEICHLT
b FABEO R 21T BRI TR 21T > 72, N

a2t

4k

Voltage (V)

38

3

L L L
0 0.5 1 15 2

k. BEHOFHFEIIZLLTOQ)X% Az, x

¥ 2 LixMnSiOs, LixFeSiOs O 7 il FE kit
V=E(”) FANE, —E(n+An) W HEBTEOLIK Anm no&kE (1) """
! An EMm): BT Li 25 n EREO = R L —

__________________________________________________________________________________________________________________________

[(E RO/ ERESRIC L 2WMEOBEVTEIRE, P THLEBSRFED 3d B0k
REOEWICERT S Z ENBEZXHN5, LizFeSiOs @ Li BLEEIZfE S DOS O LG, 1 LHIE
Li OEEZE-> T Fe @ 3d §LEDOE B EDILDHDIZR L, %0 Li OFBEOEIZIZ O @ 2p
WOENSEFPEDONTND Zeavrmsiie (M3), £z, KEMIEDEW & B HREOMHE
IZOWThiEEmaiT) TETH D,

[X] 3 Li2FeSiOs, LiFeSiOs4, FeSiOs® DOS

XN
[1] A.Nyten, A.Abouimrane, M.Armand, T.Gustaffson, and J.0.Thomas Electrochem. Commun. 7 (2005) 156160

[2] R. Dominko, M. Bele, M. Gaberscek, A. Meden , M. Remskar, J. Jamnik Electrochem. Commun. 8 (2006) 217222
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Structural and Dynamical Properties of ZnCl2
- A Molecular Dynamics Simulation Study

(Graduate School of Science, Kyoto University)
Seij1 Yoshimune, Yoshitaka Tanimura

[F] AL (IDEnCl) i, 18 - JEIT Ko Thx iS22 FFo 2 &5
NTEY, oo —MMisE a7 AL T, A<, gl < TIERIC
EWVEIMEAZ R L, BRGEE KRV, S5, WIRIRENLAMT 5 Z & TEMEA
Bxy NI =2 2R LT T A28 00T N E NI FEE DI Enh, RIKIKEE -
HEMARDFZER A TH Y . ZWRC THz 9 0EDRI% L LTHIER SN TV 5,
AR TIE, WL ODPDRT X VET MIEESWZMD v 2 b—3 3 2k
D ZnCle DIRRIREE(1200K) 72 & N BB LD R0 7 AREEZEV L. £h
ZNOH IR DB E RAART MAEFHEL, b EERMEAE TS5 2 &
IZ & > T ZnCly DFfiE, BIRIMEE 2O NIRRT oy VET NV EBLE LT,

[FHE 5] ZnCle OART v v /L2 L T, Born-Mayer-Huggins (BMH) &7
v VB HG, RT A —%21X WAC £5 12 - HS =518« KDR €7 /L4 % fiff
AL, 7—uarhosiconTid, Ewald TR 21T o7, K403 375
T, Ufs ZIATHEHE Verlet $2I125 0 20 T AT v FRERE S, ifTaiTo72, It
19 2 RAEIE 1200K OWRMIRAE & L 2 E 100K 128 LT bl 7 ZARETh %,

[FRELEBLZ] X112 KDR E7 /VOBRGAMAEE g & R~T, T AREDTTN
Zn-Cl1IEOFEBEN 2. 20 AICEFT L TEY \ LV BEEINHEEEZRF->TWD &b,
F£7-. WAC, HS 7 /L TIXFERMEDOFELN T 72/ 72 Zn-Zn Bl O FEREES KDR £
THLTIE)ELBHTHZLENTE T, £7/2Zn-Cl-Zn ODAENL, &KL L TZn
ZHLE LT Cl N IEMm R EEZ & 5 2 & biER TE T,

WIZ, IR A7 hov & BREBS 1) 53 S B it A BIBAE A~ 2 b b a (w) 2 X
2 (HS EF/V) 1T, HTARED 2 5O — 27 OALEIL 5THz(~166cm™),
8THz(~266cm™) & 72 > T 5, ZiUX IR A7 hVEERES o 2 2D —7
(100-115em™1,255cm TV, FEAEFRBYFEAT 7> & ARIRBIE O v — 2 1% Cl-Zn-Cl
DEMEF TH Y . EIEIHEMIT Cl-Zn-Cl Bl oMMiEES TH 5 L Sh Wb, Zh
5 & WAC - HS - KDR 5 /LD E— 7 (LBEDEWNS, TNEFNDI/NT A —HF DiE



WINZDOWTBLEEITo 7o, MIREEM O B — 7 1 dozmzn (ZnZn A F P4 X/XF A
—4%) LoqallBELEbDTHY | RIREVEO V' — 7 (Zoz,qlBE LD TH D
ZEmbrol, HMAIR, BESMEELE IR AT FVOFELNWEBLEIZONT HIk

RBETFETH S,

KDR 1200K 006 %IR HS{]ZOOK_
d T cicl
6! Zn—Cl 0.05
Zn=Zn
51 0.04 N
5 VAl
s 4! 2 oo T
3 0.02 ] \
| 001 “’\N*.,ﬂh\
1 .-/—"M. ™ N
= . . —
0 0 2 4 6 8 10 12
THz
KDR glass JIRHS glass
g 9
20 e g 0.06
18 Zncl o0s
16 Zn-Zn—— z .‘
1 0.04 ;I
2 _ NI |
= 10 £ o003 NV ". i
; 0.02 b [ |
6 X -.
4t ." Ir"" 1 0.01 ._/‘-U.nIL I‘-,_
: /N i -
o 1 2 3 4 5 & 7 8 9 o 2 4 6 8 10 12
/& THz

1 : KDR &5 /VEIESAEE gk
1200K {&IA(L), Bl Z ZIRHECT)

[2% k]

K2 :HSEFAL IRA2Z rL alw)

1200K iR (E), BRElA7 7 2 RKEECT)

1] M. P. Toshi and F. G. Fumi, J. Phys. Chem. Solids 25, 31 (1964)
2] L. V. Woodcock, et al., J. Chem. Phys. 65, 1565 (1976)

3] K. Hirao and N. Soga, J. Non-Cryst. Solids 95-96, 577 (1987)

5] S. Huang, et al.., J. Mol. Liq. 115, 81 (2004)

6] C. A. Angell, J. Wong, J. Chem. Phys. 53, 2053 (1970)

[1]
(2]
(3]
[4] P. N. Kumta, P. A. Deymier and S. H. Risbud, Physica B 153, 85 (1988)
(5]
6]
[7]

71 M. C. C. Ribeiro, M. Wilson and P. A. Madden, J. Chem. Phys. 109, 9859 (1998).
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5 FMO 70475 /A OpenFMO OS1eElL
(ARIBEL !, hNkimtF 2, BiF S CREST) fEEM— ', EXZE 2 AHZ68 4

SR IWMER=T, SHET, m—%£°
Performance Improvement of Parallel FMO Program,
OpenFMO
(RIIT Kyushu Univ.1, ISIT2, RIKEN3, CREST4) Yuichi Inadomi?, Jun Maki?,

Hiroaki Hondal4, Toshiya Takamil4, Taizo Kobayashi!, Mutsumi Aoyagi?, and

Kazuo Minami3

((FCHIC] TS5TAY +DFEE (FMO) AEld, FV/INDEDDNA, E#HEEDERERD

FICHITDEFCRICEDNCEFIRREBSTEZSRICITOLHICHEAESNICHEF ETHD.
FMO AT, ERDFENSRISTAY RCHEILT, ISTXYE (E/V—) 0I35T
XY RRP (FAV—) [CXITDIEEETFRESEZTDOCET, DFEADEFIREZ TR
9B, FE/V—, FAV—DEFIRREEMIIICTHE TE DL, ERDNREEFIRESTES
MHCAIBTED (BRMENHIIE), FT, SIRESFIARBESSICHHINIE Gl E b
I2) TECYH, FMO EEKREMINIBDEDEFEEEZS5THRD, RAFREDD R
IVEA—RICRITDY—T Y ~PTIT—=I3VEUTERD LITENTIND, LHULERNS,
1 o~ 10 Bilivl & 0\ o 2B 5 RS (C3DERBVIS FMO S8 217 DI2HICIE, BilldETZ
TOIZHDRBICHIETHD.
HRIE, FMO ENEDZE X TOMHIRICMHZFDDD, EVNDFEMBZNIERRDD, 1
ARBETHESINEZEFMOSTETOT S A OpenFMO OBIIMBICRITZ&EBIEZT > TL\B.
FFEEE/ V0TV —DEFIRESTEDETDRICEE UCRBIEICDVWTHRSLIZ. S
@I, FMO StECTREBEIR OB E/ V—BETIT—IDRE, BKU, PO
SEICDNWTEETULIZDT, ZORRERET D.

(E/V—BEITNT—YDIDEI] FMO SHETITIOE/ V0V - EICXTT DR
BREFIREHEEITOBRSICIE, BT/ V—DBEFNT—INUBICRD. 51EEZTIST
OBZADITNTOE/ V-—EBETINT —IZREITDEANDPARES LB OZHBEICXTM TSR
RBIZH, KEBADICEXIMTDEHICIFE/ V—BETINT—IEDHREFELT, ZDT—
BICXT U THERICP IO EZRATDIUNENHD. ZDIZHIC, SOE 2 DDITEERTLE. 1D
[J, SELCSNLUTNDBSTORRICHMUTUREIDNECTHD F3a1, B13R). CD
TIETCIR, T—522<DTORATHBREITDITH, ANT—HICKT D scalability H'IFE
CBEL). EEL, COFEZEANDEDICIE MPI-2 I2ERESN TN DHALBEHEERBL\ DM
EN'HD. 2 DBIE, T—HREFOLHODERTOCRZRNDIGTETHD (T3 2, @2 SR,
CDIFETIE, E/V—EBEFINT—IYZERFBLTI—NDTOCANSDP I CRBRICMET
BDCEEFFIETDA U —ITOER (storage group ICETI D) &, SHEESFICTOT—
NTBERUNFNHDD worker group ICBT D) EEDBET D. ANDT—HFICXTT D scalability
CEZARU—IYTOCRDOBRETHAMTE, FE, MP-1 TERESNTND 1 X1 1 @520



TiiggeThd. —13C, AL—IT0OvREDT-HT
OO0 2 @EEM T DUENDHDICH, I— FHEHIC
23.

(18R] BETIDREFIEE UTCEIRD 2 DDFIEETERE
UC, ZOMEZERBNZ. ZORREZMIICTHI. CONF
HDE/V—DINREETFRRESTEICXIT DRI IOT 71
JUT, EEN a8, MeEnntims B TRNZTIOERDID

(MPIERITD rank BFS) ZXR LU T\, MtFQOBEHRRE 1
Xi 1 BEZT>CNDTEEZRLTRD, REMADEDIE
ASHDEE, HIAVWEEBHFSZELCNDCEEZRLTL
D, CORBRNS, MPI-2 DR RIBEMEZERNZIIE1 O
FETIE, KRSBBEFOHNRELTRD, MENIEBICE
W EDDDHD. —73, T—HREERATOCRZRINZT
%2 T, BEFSRENZIEAERLS, MRISBET
BF—=BICPOEZIATECNDCEN DD DL,

8000 MFITHMHEEFHETE, E2ICKDE/V—EE
T —INDP DO RAMENERBICE N ENTRSINE.

HE RARO—BIBIERAFRPA S NINKE E DR G
T1ToTCND. T2, BFEHREMDEERENF (O I8
M I STXY SR FIBETOTSLSA TS DEFE]

(GREES 22550015), HKXU, JST,CREST DifFiHE
I BRI T—)VEHEEEICET DY RT AV
D T PEAMOBIL ) DIRFTRRE 8 X T Eif CBHREL
BifICRDRT—STILBESA TS5 DREEI DREES
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(J—h7oteR#H=8, £/ 77—
H=0DNESR)

F— SR F CMPI_Send/MPI_Recv)

Ir's':-tl:rrange gru-u?‘ (“worker ) ("worker )
groupD (| group 1
rank 0

rankd rank 0
e G rank 1 rank 1

rank 1

rank 2 rank 2

rank3 rank 3
] = Ll -

H2:A%2I2&kbE/ I—EET
517 — 5 DR S K

(D—Ah7a+ExA#H=8, A +L—CF
Otx#=2, E/3—H=9ND1EE)
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Local structure analysis of In-doped ZnO crystal by EFG tensor calculation
(Graduate School of Natural Science and Technology, Kanazawa University)

Yuji Kawamura, Ryutaro Ohashi, Tomonori Ida, Motohiro Mizuno

[Frim]

AR, BEOICHA SR TSR SRV EICITERBRA R R TH D, TOMEL L
TR, BV ESEENE BN Z oA >V A2 XATO) AN BTN S, L
ML, ITO ODERES TH D In ZAHLEBTH Y | @l CAREREENSZ L2 Ehb,
W& 720 9 IR E I I E ORI AT TR T VN B,

ITO KA OB D—>TH % ZnO FE5HE DI, EOBAVEZ BB RN DEEN 24
T5 n BREEERTH Y, HEENEE CHBENEMTh D, Fio. F—7 T 5 R ORI
RN Lo TERUSEM ST 2 WE 2 F D, Zn0 T In % 1%HIEERNT 5 2 & T
USRS DIRBIER TR D & W o R RN Se®, KoT, In & K
—7 L7z Zn0 #&fh(In-doped ZnO)ix ITO DEM & LTHANIFEC& | mERISHEIEDOM
B D723 In O RIEEEREE2 2 LIIx b TEETHL L EX DN D,

I, In-doped ZnO (Zxf L, WMCA(«MIn)%x 7 r—7 & o A 5
T HEEAARREIC L D HEOR T, £ OfsE In BT 0, ?¢
BT UL DIREME & 1T % R T O B AR R A B .§3#§{ﬁhgvé
S, FERTO In BARRRBE FICHD 2 ERBEN | £
T2 EHICHLIT. InBORREEZHLNIT 5720, 1at.%
In-doped ZnO @ 115In NMR HIE&#1TV), DAY MR E1 7Zn0 OiESiEE" @
Wiosd wsln OB 2 B LEET S - L%
O LT, £, KERFERH AT A—F %
Hl=Z &nn, WIn E23@E%E O ZnO fEdaH o Zn
BLIIRES AR STZEL AR FTITFEEL TN D
T & EE L7(K 2),

T ZCARIE TR, In BACEICI T 5 ES AR
TV NV B EETLBEEGEDFDIC L > TEHE L, | | ‘ ‘

1000 500 0 -500 -1000
NMR HIE D> 5 15 5 7= 75 & e %k(e?qQ/h) .
AT ST A—F (LB B2 T IO B i st e 12N

p ISR 2 In O RAEEDHIT Z AR E 5, m2 15Ty NMR 2 R4 kL & fRIFEER

GED
X CDICHER D720, ZnO #idhHIC F—7 &7 In #28 ZnO #iisa T O Zn BICEH S
TRRBICH LR IE 2 B> T D SRE L., FHREZ1T -7,



ZnO fEf41% 293 K TZERIRHE Pésme, 1% FE%a=b=3.2494 A, ¢c=5.2038 A L #5 &N T
WHO, T D DORER/NT A—205b 89 JR7-(Zn:19 i 0:20 E)IZ L > THERK S5 ZnO
ERET VAR L, 72, I RT2EFADLICNET S Zn JFF & EiR L7043 &
FRFEALE T VAR L2,

FULLEIC BT DRI 2OWT DFT I X 2 EHAELT > YV VEREEITO, IERFR ST 2 —
2 LR EA TSR ERD -, FHHEIT4ATADF 2012 # 4V, LDA & LT VWN, GGA &
L TPBEx/VWN, A7V v FLE%E LT MPWIPW & B3LYP #ff L7z, £7-. &
TOFRIZHBWTEER M E LT TZP #8IR L7,

[R5
HEABIC X DAL ER T OB AT Y IV OEMV,,, V,,, Ve @), TR AT X —4
n B X OWURGFE S e e’qQ/h (MH2) O EfE A FRICE L DD,

F1 FAOMIED Zn KIZHE T DTN EThDOFERR

ABIE Vi, Va Vas n equ/h Il Zn 1
VWN -0.033 -0.033 0.067 0.00 2.35
PBEx/VWN -0.033 -0.033 0.066 0.00 2.34
MPW1PW  -0.034 -0.034 0.068 0.00 2.41
B3LYP -0.033 -0.033 0.067 0.00 2.36

% 2 MPW1PW [Z & 550 %& 115In (2
BHELEFETITOERKER

B 3 ZnO OE TILKERAD
PV, V,, Vs, n ezC{Q/h B, @

15In  -0.244 -0.244 0.487 0.00 92.7

ZnO 512350 % 67Zn NMR O ER FiZn=0, e?qQ/h =2.40+0.02 MHz & ##5 S h
TW50, Lo TEHEMEIZMPWIPW IZ L 58RI X< —&H L7z, & 612 WIn 4 &
L7cETICENT MPWIPW (2L 2 OFFEMERIZOTH D720, F—7 SN In BT
ZnO FEEEHICH —ICO B LE#HR L TV A EE TIEZRW 2 L AR ST,

BHORAZ —TIL, ZnO ET/NVAERT T In IO T 2 2L ST ET V78 8D
BRI L FEBRNOHE LN Z i LT & | In-doped ZnO H1 O In BF 15 D R E % %
55,

EETN
(1) K. Momma, F. Izumi, J. Appl. Crystallogr., 2008, 41, 653.
(2) K. Kihara, G. Donnay, The Canadian Mineralogist., 1985, 23, 647.
(3) B. JOSEPH, et al., Bull. Mater. Sci., 2005, 28, 487.
(4) W. Sato, et al., Phys. Rev. B., 2008, 78, 045319.
(5) Gang Wu, Chem. Phys. Lett., 1998, 298, 375.
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Theoretical studies on electron coupled hydrogen transfer reaction
(Univ. of Tokyo) Ayaka Kuroki, Hiroshi Ushiyama, Koichi Yamashita

[(ZC&HIZ]
OB A KRBT 5 HIEICE, RS E (valence bond(VB)iE) & 43 7 #liE 15
(molecular orbitalMQO)#:) & W9 57 DDFTFANEFETDH. TNHST-DOOREEWVT,
MO [ IZEFET H DKL, VBIETHA L TR KRRl &V 9 —EDOABRIZEE S W TAL
éﬂf:%iﬁ@“/—ﬂ/‘(‘&)é EWVWIHETHD., ZOENER L VBIEORRARAELNDLHE L
T, HBHEERNRF LD, vur T AT e REHRIBEXEZ HOW TR SN D5 FOV0E DT
Ho (¥ 1). IO TN e NUBEIEIGAEZ Y, ZOA T =AALE, £7T OH O
BREGEIN, KEFHEELEHRL TWIZY O —HOBBEOIILFEFLF~LEBFZEORNL T
2 hUORBEIL, T REARE AT 2 LM ST\, [FIRS, IR a Ok
B TEHREMOBIHNEZ D EF bﬂfwéﬂ.bﬂbﬁ#% &@;o_ﬁﬁ#@@ﬁé
DLWV o T2 X BKBGA LT 2T 5 72 DI, MO ETOMIRMA AR KTH Y, Ehrenfest 43
8 /)51 (Ehrenfest MD) % VN T7 ?@E#F'EJ%FE%LO Z X2k, BRI AR & 7
5. THETIE MO OE#E#BNNAHRE SN TRBIE, Tar 7 4 THEGRZIZ LD, MO Eidbs
FORDAT =2 A REBEZ DAL H— RRFIEOOE DL Role. fLFBRIED A=A L% A
T AOFIETHIT L, MO JEIZESWTELTHZ LICLY, il K ViESHEFE TS

LoD L HFTE S, ot o ot o ot o
ABFFETIE, ~m T AT E RoERES FR7e (b g e LRl b
s URBENE IZ DUV T, Ehrenfest MD % W& D MEK \EX Mﬁ/ H
RIZENDKIGA = R ADEE T, X 1. a7 F b ROk
[GtEAHE]
Ehrenfest MD Tid, KB AE & EFOREBA O
Wiotal = @(r, ) x(R, 1) (1)

TELL, REfEEAED Schrodinger 72
d —
ih— [P (D) = H|¥ ()

WCRATDZLICEVELND, BEEFTNTHON S AL #EL L’Cﬁq& [EpzEE
WTEZ HILTE S 2 &, BoBRELETOHBERT OFRIEOEEIC S E 1 OMEE) I
MAAEND A ZFD. BB AR ERREREEIC L - TR

- T
o(r,;R(®) = G, (0) <‘T [) +Cy(0) ( 1 > +G5(0) <_ _> Z GLY
T T ®3)

L, BREMMMEAEERE (CIE) ICESWTEFREOFRT26BL, RigEEE T2l 55
BRI T X125,

(2)



dapP
Mk = Zc, (o 2Lt L0

0 L)
;c, (t)[ ( c1>,> + < TR <I>L> 1k ]c,(t) "
9 . 9
ih=C,(6) = Z (?[éij (R(®)) - ihzk:Rk(t) <CI>, ﬁq>]>> ¢, .
5
K(4),B)ZH L TR Z &1 , BEFNIEBRET 5 L ) ICEETAEFOREMFEEZ KA

5. Zhucky, BETLE %@E%jﬂﬁ BOSIZB G- 2B DRFHIZ(LZIB 5 2 L3 TE
5. ek, FEEBIEUT STO-6G & L.

€E))!

~BRYTNATE RO b BEIOIEMEL = L X — 3B R - B KT L, BRI 1M
FRHEDS NS 20 L ZFITRISDE Z VLT W ENFM LN TWAHE, —FHomFERT% 01, &9
—HOWRIRF% 02 & L, ZOMTEBENIT LKERT H & OFERE O-H, O2rH I L OEEERT
MEEEE OO OEFA L Z 7 ey b5 E (K2), hF¥=Z RUHTTr b OiES) & FRFEIR
FOIEE) L OHERITRNT » TV TN HR BN D K D 7, BRFEIRFRIEREEAKSE T D AN B
Nz,

PR D 2p BIEIT, 2px DIRF E D o FEBETEE L, 2py IZIEHEE X TEHA, 2p. 2 n B %
LTS, M2IRLIE 7Y BRI TOH AO ODRE = L—3 g »ORRIZ(LZ G~
L&, Ta b UBEIORNICESR 010 2px HuEDE %75)9'@‘73[1 L. 12 O2 D 2px HLE D %75‘{56’9
L CRANBEBRBANEDD LW BB A LN, ZHICXH L, n#uEZEKT 5 2p. BB
FHERD 2o T, ZORERIL, TR }*f/@iﬁéi%b\fnﬁﬁ’ﬂiﬁ< o BB DO YK %5 L’C
WAHZ EEERT D, 2D X 91T, Ehrenfest MD (Z & > T MO {EIZEESDW @b 2175 2 & T,

WHEB L X OROVERDATREES 70 d. SRS HlET 5.

T T T T T
25 U
<L Q4-H ——
~ 2 L OOE-OH _
8 172
c
S
w15 F
[a]
1
1 L 1 1 1
0 10 20 30 40 50 680

time / fs

2. R &7m b, B KOS [H 0 B BRI AL

] X. Krokidis, V. Goncalves, A. Savin, and B. Silvi, J. Phys. Chem. A, 102, 5065 (1998)
2] L. Gross, Nature Chem. 3, 273 (2011)
] M. Amano and K. Takatsuka, J. Chem. Phys. 122, 084113 (2005)
4] R. S. Brown, A. Tse, T. Nakashima, and R. C. Haddont, J. Am. Chem. Soc., 101, 3161
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Theoretical study on the new environmental effects induced
by the thermal motion in the large molecular system

(Kanagawa Univ.) Saori Asai, Takuya Teshima, Toshiaki Matsubara

(] BHE BV A BT, BRAREH T TULRIGEDRILSITHI ZENTE D,
ZDORRZSE L OHT-DDARALE LT, Foxld, BERDFREZBUGESY & BREZERTITHEIL
BREEER I O FOSERTC RIETH O 1272 RICEH LTV D, RIGEEORENE — RARET 5 X
N, RPN ORISR, BOSMCEEE 5T 251 & ZOFEIZREE L TWDH DT, B
BE oy & SUGER BT 2B 2 H X R Y TH A D, T, AT T\, ONIOM %
RET DA 7Y v F QUMM ER EOVNLVFRAr— I alb—ra il kb "I EOfE
Hrit, 2OX2BEXFTITbTnd, ZET, KENPEROEEY A MR v MNTHEFH
DT IV BEREORBEONRICEL > T, RIGLGWARLZERIREBIZR D Z EIFA A -V INTE
oM, BREEOZEDO BN A A —1F, ISR TR, Bx i, TR0 RS %
ER L. OSEER AT 287208 & LT, BREEE S DI UGE 5y D T RV — D b £ 2 HiE
EELHMBICER L TCND, ZODMREBRVAALTZEH - MAbF RO ERE BRI L2 HN &
L, THRXLX—DFL E~OREOREIHONRAMHE2ET VT2 0, Fx BB L
ONIOM-73 1-8) J15EMD)EE I XV T L T 5,

[BHEHE] EFASTELT. W 1 Offifinsy MBU 1349 Me t-Bu ;35 Me
FE N, BEEOTEMYA P EZ 95 TR EDEE >—<— >—<—
FL. 1 BLO2 OFRTHICOWCEEREL2S a M 18 “nBuMe” 1b “uBu

b ZBALE, 22T, 75X L —0DFf ONIOM 0.0 ONIOM 406
HEESTOHBECKETDOT 45, B i oS 0.0 POES  15.1
pa _ o B B|EEs 0.0 BSERS  25.5
ZITH720I12, a & b IR CHBEIC L, Bk

IZ. a CiE n-Bu. b T t-Bu Th 5. MRS - 1.371 tBU
HEBWE b OFRKEV, X 1 ® ONIOM {2k % :>:::<i :>:::<i

W REB (L O RART & 5 o, B0 S (R IC ) 2a “me Me” D e
ST b OHFBEIAF—MIZARELLTND, o ONIOM 0.0 ONIOM 351
DT, C=C BHLES, ZOMBRLHS L L, e 00 mama e
Z?a kb ORI TTEREDOZGER DR %Z ONIOM-MD

BEIZE L7z, ONIOM-MD ¥ 2 =l —3 3> [X 1. ONIOM(HF/3-21G:MM3) L~ )L
IZ. ONIOM(HF/3-21G:MMS3) L~V CZ R L ¥—%  TOEFAST 1.2 OfcibAE(A)
HEL.EE —-FBORKT,. 127y 7% 1fs & L. LB % L X —(keal/mol)

100 ps {7o7-, 72 MM-MD +'R = L— 3 Ui,

TRLF =T MM3 HEEZHWTHE L, FfEciT- 72,

h-Bu 1.340 h-But-Bu
Me

[REER] 1 BLOR2 OZNTHIZHOWT, BEORLRD a & b ORITHLESICKIE
TEREOBEFODEAL LR L, . DFORT VY LZRLF—OEBHHEEES TOH



A EF B L. ONIOM-MD ¥ 3 = L
— Y a VORERNPERMEE L TWD

>
o

e ERMER L, FoHhT, MEE LT 520 =20

WA HLLERSY C=C DRT v v /LT3 E1s %15

X —=DFES IOV TIE, @ t-Bu 10 £10

Exbo b OBGITHREL 0 2 £ §5W S5

KEWZ NG hotz, B 1 ICET IV & o &0

nt 2 OBEIEOVTRLTHL LD S0 20 40 60 80 100 S0 20 40 60 80 100

2. n'Bu %85 a OBEAITZRLE Time (ps) Time (ps)

—ORL TFHGE L —HT 525 tBu [ 9 ONIOM-MD EIC k% 2 o fbEs C=C 0

WX —OFELTEFREHEML TS Z 1 >
ERGnD, ZoOfERE, ZhEco SO O
M DRI TERVEEOD RO §os & 25
R L TN, 2 0 S .0

WIZ, MM-MD 32 b—va v % 2 5 \
{7/, ONIOM-MD ¥ al—vay &7 | B
AEEDRRIT 21T 7=, ZOREHE, ONIOM- 210 [T | | 019 ‘“m\fi:::}h
MD ¥ =2 b—2 3 CRBRORRE . 032020 0 8 100 120 0 20 40 ‘60 80 100 120
ZOZENES, FLESOT R ILE—D BRSO BHE LA B E

EoEoBEmT, 2 F+x5#T 5
ONIOM-MD D A THIEY TlXn s &
ZHib,

XHZ, POMFEE T R — 0D
5EDOHMMNEL D DN, FLERSOFPAEZ L2 T, TORE, K 3 ITrTXLoic, b
W OmEEE IS5 L. tBu BEOLBEIZHE AL TWEo 3 VX —0FR L X3/ 720 B
EIESL ZERphoTc, —F, n-Bu DAL, b &b EHEMMEICE <, FbEy OfEk %
JRFTH S EEIE o T, ZHIZE > T, HLE O H 5 TR F— D 5 X3
DR LTS Z EPERTE I, BT, FLES (RS OfEkiEx, =% LXx
—DFED X &S E BEA T Cilin L CWO KB, SUOSTEO TN OREE % o4+ 2 EE KW 1T
boHLEZD,

SRIE, FEIERER CRNT 21T 9 & & bIZ, ALFRIGHERR~DO = R L X —DFE H & 0 BIRE 72
MAZEZ TV BERD D, YHIX, TRLX—DFEL ENKE < 25 A OFE w6
Hiz HOW TOZ R AX—DfELE LIS OBBROERE DL YD —DORAX—RELTHD
2P113 &g TIT W20,

3.1 BEOD 2 OF s Z IR Te D= R LF
— DD o OFFEAE & BRI OO Z(. Fon-
Bu, 7R:t-Bu.

E=EN

1) T. Matsubara, M. Dupuis, and M. Aida, Chem. Phys. Lett., 437, 138-142 (2007).
2) T. Matsubara, M. Dupuis, and M. Aida, J. Phys. Chem. B, 111,9965-9974 (2007).
3) T. Matsubara, M. Dupuis, and M. Aida, J. Comput. Chem., 29, 458-465 (2008).
4) T. Matsubara, J. Phys. Chem. A, 112, 9886-9894 (2008).

5) T.Matsubara, J. Phys. Chem. A, 113, 3227-3236 (2009).
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Tunneling effects in solution-phase hydrogen transfer reaction:

Antioxidant reaction of ubiquinol and vitamin E

(Kyoto University) Taichi Inagaki and Takeshi Yamamoto

[Fam] AKBBESUSITAEERNOSTES RS, ZOEEHRIIACETH SN TND, ER
FETOE & AU, ARARS I HHRAEROIRE (~310 K) THEAT L 2T HIER 5720,
W T, AEANBUSIZIZ R R Y U VRN EBEIZ > T 52 N TPREIND, WRNZE
Brl1licsn\WT, =% /=L ThHaEFx 7 —/1-10 (UbiqgH) & v 4 2 v E FHEk
(5,7-diisopropyl tocopheroxyl radical; Toc) (X1 1) DR DKFEREEN G AEMRIE S O HTER( LK
JRDET L E LTHRARLIL, £ 2 TIIERICR & Rl ERRARAL AR (KIE, KIE > 20) 73
RSNz, ZORERMEIFERICIDNTIIKRED U U 7RNRERTH L & FEES

NTWAHN, KIE X0 MOFERITZR <, GRS A T =X A OH
U5 STV R, & > CEFRIIZAS = DEBIE % s 00
B2 LT ERARISO AN = XAITBNT bR ) v 7 400 N
BECHDHZ b hmt o L RTED,
7 2. ARFFETIE UbiqH-Toc DT ¥ ) — L THOAZBE O
RIED A 5 =2 b, KIS % BRI, Py XY v 7R 0 4

PEBEEH|~O - LT LT % 1. UbiqH (1). Toc (F)

[E15 H1£] UbigH & Toc DG A 51 = R L EFR 5 1= EFIRNEEEE 2L DFT 1
(MPW1K, M06-2X)% . VBN FOFERICIT 3D-RISM 54 o, 3 E AL o
& WBVEE - BEISUS 2 OE L, EIRRERLGE 4 H:Z L 72 variational transition state
theory with multi-dimensional tunneling (VITST/MT) EIC K> CTEHL7Z, ZZTiE by
2V 2 7RI FERI O CHEERIZ TS L, FifeRI3 s E a5 L 72,

[FER - 2] £9°. [OCOBHPIMEZRRD7-0, WEBBHEZRE Y L TTELNDHE
=X —H L TOREMBED T 72BN OKERBEER, BRIRRER L) 2kELT-, =
NIZE D ZORISIZO T RRARISTHDH Z ENbhotz, £-Z0OHBE=RL¥—mm k-



“C® Minimum Free Energy Path MFEP) % CIXERB KL ClRIFKEIR D 20 H)
< PRV CTHEE BAEL, £ I TEARY HWY BB TR L —REEC /R 5 T
L DGR TE T,

WIHE ER 2 BB IC L o THE Lz, iRk (o U 7358 #&E L
TWRWRE R TIEFEREIZE A~ 10,000 5T < /NS W ER & Ip o7z, BHRLER KRR

AC Ko THMEERZRM Lz, MEEBITIZIEED L R0 o7, HiafREe Lo#
FEEENBEF LN KIE Offiix ~6f2E T, ZHIXIZIFRBE o S x L F—DENLAT
TWLHDTHDLZELEERDERYBRETH L,

R DB H 2 1% small-curvature tunneling (SCT) 2 H L7z, Z D J5iEiL MFEP
S W LT effective 72 h 3 U U VR A L TV 5, BOKEIZRIT 5 &R %E0E 1,000
EWR DEPEOI. ZORUGD bR Y U THRITN R RENWZ LRI N, ZLT

AR A & O TR EERILERME L IEFICL<E O 2 BRI N, ZfrEae a0

HE T B BTz KIE Off1E 8~12 DEE 70V | Hilfe A Z KT 5 Z & T KIE Offl
RELpoTee L UFERE L AL LRIV E ISR L TWD, ZOoR—HiT
SCT £ TIEBE S LTV 720 large-curvature (corner-cutting) tunneling effect (2 X 5 & D
ZEEZLND, &) DL, UbiqH-Toc D% DKFZEBEN NIV DWW 5 “heavy-light-heavy”
WO ETH D6 TdH D, - T corner-cutting DFNEZEY And Z L2 LY KIE Off
IFFERMEIZSHITESL B2 BN,

YHIX, EORREOFMIZINZ, corner-cutting DZNEIZOWTEMT 2 TETH D,

#5 1. TST B k ST, B « . VIST/MT 3 T8 k1 X kST DO EfEH,
B EELDOHAAL - Mlsl, FEBRfE : 4.1 X104 M1s1 (298.15 K)

MPW1K Mo06-2X
T (K) kTST K k X kTST kTST K k X kST
288.15 3.3X 10+ 4.5X103 1.43 5.5 2.1X103 1.13X104
298.15 7.1X104 3.0X1032 2.06 8.6 1.4X103 1.23 X104
308.15 1.5X10¢ 2.0X103 2.91 13.1 1.0X103 1.34 X104

# 2. ThZENOEF L O KIE OFFER R, FE5HE : 21.6 (298.15 K)

MPWI1K Mo06-2X
T(K) KIE(kTSD KIE(k) KIE(total) KIE(kTSD KIE(k) KIE(total)
288.15 6.67 1.85 12.34 5.99 1.53 9.16
298.15 6.28 1.89 11.87 5.71 1.56 8.91
308.15 5.99 1.92 11.50 5.42 1.59 8.62

[2%& k] [1] S. Nagaoka, Y. Nishioku, K. Mukai, Chem. Phys. Lett., 287, 70-74 (1998).
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Theoretical study on the new environmental effects induced by
the thermal motion in the chemical reaction

(Kanagawa Univ.) Kohei Ogawa, Takuya Teshima, Toshiaki Matsubara

[S] TF. Txix, LRSS ORINEE iR T 2 7-DI0%, BREOBEB O L BET
HUENDH D EFEZ, Fx BHFE LT ONIOM-% %%ﬁ%mm&%ﬁwéﬁfm%%imm%
L. BREEOBEI NS FDOFUGMEICE L RIF L TWD AREMEZ R LTz 9, 2P111 OEE
TIRR7=E 91, RERDTIFEZOHRITIEETHD EEXOND, SHFEETIE, ZORE
@@ﬁ@@ﬂ%@ Bt E AT 28T 2RO REERH 5 & LT, ’@%%%ﬁ@ﬁhﬁ
%t@m#ﬁfﬁ EWRETDLZLEZAMNE LTHIEZTT-> TV D, KIGEEOIRE T — FIVR
B35 X 51, KBS T ORIGHE 3, KIISICEERE G T 251 L Z20BIZRERL TV 5,
Lthof\m%ﬁm%ﬁﬁzﬁﬁﬁé X, Ry L BRES IS OEIT 200 EE TH D L
EZbb, I THAIX, ONIOM-MD E% Hvy, F 368 B 72 KOS RICOWTHENT 21T > T\
b BTN E LT, RO LD BREHRSBRISARISE VT,

cis-Pt(H),(PRy), = Pt(PRy), + H, (1)

ZORSITERE R NEEWVIZEEIT LSV, ONIOM I LV, EHEY Me, Ph £ THDH
B Bu ROEE T, HEWE! iiz/vﬂ%“~ﬂ’aﬁ:$£ﬁf&>Di*zvﬂe“—ﬁﬁﬁ%ﬁmd\é <
D ZENREINTE, S HIZ ONIOM-MD k(2 t-Bu EOGEIT, BURBIOZE E RKRE W
&ﬁ)/\ﬁioto B4y (cis- Pt(H)sz)O)iﬁ\/l/«*\' @Tﬁ%é‘ . Me. Ph HDEGAEIZH~ t-Bu £

B 2MEICREL o TWVD Ny otz, L LAanD, HfmiorEhd ko 2,
i*wﬁ—@%%fmamgt%wﬁﬁéoLtmof\mugmio E%@m%m¢éa\@
BRI T AL X — RS X OINT 5 2 &2 b, 22T, B R IZHHENRFL TEE S DR
72% n-Bu & t-Bu ZERAI L., RA T 4 VEMNLA O EHEE D BIESY S S RHER Sy D T RV —DFE D
TNCH 2 DB A ERHECHT LTz,

[GHEFHEE] £, cis-Pt(H),(PR;), (R=n- H. ’w o o S
Bu, t-Bu) % ONIOM I TR RE(L L, #& 4} /( 2 \;Z A (i
WO EBRE WSS, BT O dis p 104 e i A=
Pi(H),P, & KIS HISY & L, BRI R 240 ;} B R
D425 ¥, ONIOM(HF:MMB3) L~ L C 5 Y T 1t 3
AL, Wic, BHRISOBGER O MR L (mmMOD 5785 VB
HRDIZOIC, HFEINFI2b— 3 Core 0.0 297

v %4772, ONIOM-MD % >, HhEE Quter 0.0 28.1

—7EBO0K)T, 1 A7 v 7% 1 fs & L, 100 ps 1. ONIOM {AIZ & % cis-Pt(H)y(PR3),(R=n-Bu,
1777, t-Bu) O Fig i (b A% i (degree) 35 L OMH X = R /L %
—(kcal/mol)



[ L#&2] ONIOM L% cis-Pt(H),(PR;), (R=n-Bu, t-Bu)D i biiE s L OFERt = F /L
F—%X 1 28T, n-Bu BEW t-Bu OFAELET D L BEW tBu EONAEZRITRKE L,
Z 9 TR n-Bu EONEZRIT/NE N RS o7, n-Bu DALY B t-Bu OEAIE. VAR
BRI L > T, dPEPTFEET 0087 AT, LP-Pt-P 1 168° K& - TW5b, £72. k%)
RIZE ST, t-BuDLAE DT B4 T2KT 57.8 keal/mol REETE -7z,

WIZ, n-Bu BLY t-Bu OIEAEIZHONWT, Feii{bikiE 2 Wi & L ONIOM-MD J£I2 XY
DFENNFY I 2 b —va v EIToTZ, £9. cis-Pt(H),(PR;),(R=n-Bu, t-Bu)D R T > ¥ /LT R
N —DEEEFED EOHGRMAEFHE L, ONIOM 73 FE81 1% 2 = L— 3 U OFE RN
ME—HL WD EEMRE L, =720, 2 R TE DT, HDE D (cis-Pt(H),P) DR T
VXN F—OEHEB IR E L HITEEV -Bu EOLEICHGRMEY b RE <, FF
IZFE D ZNZOWTIERRE DR 2 ERE Doz, BT REOBREIT—ERD T, HTakoxx
NX—DFRL X FHRME —HT 5, TRIZE2ND LT, RISEHS O Z O R e = KL ¥ —
DFE D N RT 5 2 LI THIBEZEWN,

IR, ThETEREIN TV o Tz A B

BOEB) OMRN KM I N TN EEZLIL 40 | 40

b, 2T, PLESORT v ¥ bR gm- gm,

VX =L EOHEIMIMBFT LTS g S20

ORP LT B, FLEBSNEE T, =10

I O=T D1 L, n-Bu & tBu g 0 ‘5.:3 0-
EOBGOMTHE L, ZOME, W3 & I |
ICRT R ST, BB N BRI D HOF 0 20 40 60 80100 O 20 40 60 80100
B L RS X T, EEV CBu EOBHAO Tiine (p) Vime ips)

WHALNCREDNoT, ZOZENRPTLE ¥ 2. ONIOM-MD 12 & % cis-Pt(H),(PRs),
HDTFILF—DFEL T DOHEMICHFELE LT (R=n-Bu, t-Bu)D&HESY cis-Pt(H),P, DT /L
WAHZ EiEMEWRIEI>THD, —H, X —72k. A: R=n-Bu, B: R=t-Bu.

R4y OIEEN T R L F— (2D TIE n-Bu £ - A “ B
L t-Bu EOMTHALNRE VIR LA 40 | 40

30

20 L |
10
0

=10

o7, Ele. PLEDDORTFOBEOKENL T ; '
i tBu HOBAOLBETREDSTH, £ m
FEEDREE /N T A —ZIZIEB S0 208 L 0

AR o T, R OPERE OB E M2

T, THANVEX—DOELELRFEOENNLT L 200 20 'l.‘i.::n-ct;::: 80 100 05 20 |'4ilrlm~({;;|:| 50 100
BRSNS LRGN EEZBNS,

DX, MISES DRIV F—DFE S 3. Cis-Pt(H),(PR;),(R=n-Bu, t-Bu)® H1 (2545
SRS D EHREOIER OB AL, CisPUHLP)D 2 D0 HA, BB 5%
KISt r EA+ 58 RRTFO RNy T2 IOKFEZ. JR: n-Bu, F: t-Bu.

5o M RIE ALSFERUS R 2 WD ROSHE &

D BALR % wwm L 72\,

Force (keal/mol+ A)
Force (keal/mol= A)

(&35 3Cik]

1) T. Matsubara, M. Dupuis, and M. Aida, J. Phys. Chem. B, 111, 9965-9974 (2007).
2) T. Matsubara, J. Phys. Chem. A, 112, 9886-9894 (2008).

3) T. Matsubara, J. Phys. Chem. A, 113, 3227-3236 (2009).
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Quantum chemical calculations of excited states related to singlet fission of

2P-114

polycyclic aromatic hydrocarbons
(Graduate School of Engineering Science, Osaka University)

Soichi Ito, Takuya Minami, Masayoshi Nakano

[Fl > 7 vy b7 0 vvay (SF) TELS LML ATW DAY FEHRGED—D>TH
D05, ARG E A~ OICH R S U, SF 28T BT E R OBR O E OiE R %
b, HUEH) T RN S FOVER 28O TV A1), SF X, —EHEBIIRE S, ICHmhik
ENFEHTFR, B OSFEMEMERL, 20 5FNE SIS HIEGHEIREE T, L2 5%
Th b, SENFKBTEE, Doz F—a 252DV T57005M%, mRHICLLT
DX HITEHEB[1],

2E(T))-E(S,)~0 or <0 (1)
ZIZT. ES). EM)iFENEnsgFo—EHHE, —EHEFE - HE-RLX—%2R~T, 2T
SRS L 0 SR A BEYNCEET 5 Z &1 SF O FRFHCHEFICEETH LN, TOH
MRFT O - DIiE, —EHE, “HEET R LXF -2 AT XA R FHRTE D REENL
BThbH, £z, DZEWMIEZL SF 23T ENHMLNATHWD O TIE, ATk, uTr
JA R, RVl WY A XORERGTTHLIZD, mBETIEHLREHEHE 2 X

k D&V post-Hartree-Fock(HF)EZ# A3 25 Z L BRETH 5, £ 2 TARIFZETIL, AU 7k
¥ CaysaHoneg (N = 2 — 5)(Scheme) & %5551 & L. E(S). E(T)DKE E0V A XKIFMEICS
W, FHE a2 b ORI A7 LB S TDDFET) VA0 — % 1~ Jab L B & [ AR BB FH (CIS)i%:
DM DWW THEFT 2, F7-2RE K E LI CH 2 70 A TE M 42 Mk & M AE 7 AE A
(CASCDIEDFER L OLEZ H1T 5,

[ET7 1501 LEHRFIE]

R T O ERELIL UB3LYP/6-311G*IEIZ X W T> 72, E(S)). E(T\)& SF &F()%
TDDFT £, TDDFT/TDA(Tamm-Dancoff #T{El){%, CIS ¥, CASCIIEIC X VEHh L7z, 7od5,
R LR X —3EREREN S ORERE= VX —Th D, KHHEBENEICIX
BLYP, LC-BLYP JLE8% D — A v 7=, & 512, LC-BLYP LBESUCRE L TiE, biER
AEALE LTESHWSLR TS HEIEIRT A —4% (u=0.33 bohr') DI, %I Baer &
IR o TRESNTZ, T T LT/ T A —2 &R b3 % tuned LC-BLYP {EIZ DWW T b ARG
L72[2]e F£7-. REREKFMIL,. TDDFT, TDDFT/TDA. CIS {238\ T STO-3G. 6-31G,
6-31G*, 6-31+G*, 6-31++G*, 6-311G*, 6-311+G*, 6-311++G*Z A\ THHf L7z, £/ D
FlERITEED & CASCLIEIZIE 6-31G* % U T,

[FER L EBEZR] Z 2Tl 6-311++G* R EBI% A HV 72 TDDFT OfERIZ DWW Tk 5%, Fig. 1
IZ E(S1). E(T)). &0 tuned LC-BLYP OFEIK A EI /T A — & ™ 04y 74 f R(NWKTFEME: & 7%
T, BREHREOSRE L LT, T2\ Tk MRMP2/cc-pVDZ(N = 3, 4) [4], cc-pVTZ(N = 5)



[5]. S1 {22V Tl completely renormalized(CR)-EOMCCSD(T)/POL1 [6]?D SCHRAE & v9, £ 37,
ZH A ZOu" I T 7 4 ME 033 bohr! LV /NS 25 2 L N7, ESHIZOWTIE,
N>2 TIZBLYP [ZCHE L /NS V%A 5 2. LC-BLYP 3 X OF tuned LC-BLYP [ 3CHkfE %
E<HET S, ZEIHEIRT A —ZuDBEANIZX 5T, BLYP 72 EOREFOPLEAEORED
— 2 Th D H-LUkE A ELE-FIRIE S HHLE)X v ~ 7 OiE/NgEl (delocalization error) %
BE LT ZEDNHEBE L TEXLND, £/, T &, H-L BENE/LE THr2EFFEE D)
BENRRELRVDO T, N=2-4 TlE, tuned LC-BLYP 33 L O BLYP (3 ik & B < —#1 5,
LML, RUZ BN =5TlE, —HEAEREZFOZLEAMONTNDIZHEL LT,
LC-BLYP 38D E(TN%2 5 2%, ZHIENBEKRTHICONT, 54 - FESAME T RLX
—EERE L 72D | BRE—EIRBICB T 2O F SRS 26 6T, Bl
OWREAHKTCIT A +mIciid TERWT & (MR E) ICERT 5, Z 021387
DOFFE DFT LB L W & HF O F N R E W=, ARG HED T T HF ZAHIED RPN K b
KE72 LC-BLYP(u=033)DEMMIC bR TR E G A T2 B2 BN D3], KERTA XD
AU TR E LD (BMHBENEKTS) ZENMH6ATEHEY . BLYP XU tuned (2

BWTHENNRKEL 25 LA
FEORIBENAET 5 & TRREH

%o ERAFEBE R RE DR A 72
FRIRAZ VL 22 B i Bh B S o 5 4.0
EERAWDLMENH L, Z
DOMBENRKE B LW
BEOKEZETORTIE
tuned LC-BLYP 23(1)=U o #FAfh
WCHEHTHL MRS ND,
FIEBAEUKFME, CASCI 72 &
ORI &2 LY A A TERHE T
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Scheme 1. ZKO U Tk C4N+2H2N+4(N: 2—5)
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Figure 1. ZKO U 7'[2 Ve C4N+2H2N+4 @*EIE\ EEIEWJ
il FOL R —[E(S), E(T)]D%5 T4 XN K& O

BAE AR A7 (fF FH BL IR B EL : 6-311++G*),
(N=3,4)[4],a (N=5)[5], b [6],

SCHRAE - @

0.35

[, 2uod] peumﬁ

[1] M. B. Smith, J. Michl Chem. Rev. 2010, 110, 6891. [2] R. Baer et al. Annu. Rev.

Phys. Chem. 2010, 61, 85. [3] Aron J. Cohen et al. Science 2008, 321, 792. [4] Y. Kawashima et al.
Theor. Chem. Acc. 1999, 102, 49. [5] P. Zimmerman et al. Nature Chemistry 2010, 2, 648. [6] K.
Lopata et al. J. Chem. Theory Comput. 2011, 7, 3686.
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Theoretical study on the nonlinear optical properties of open-shell singlet

condensed-ring conjugated hydrocarbons with fluorene structures

(Graduate School of Engineering Science, Osaka University) Kotaro Fukuda, Kyohei Yoneda,
Shu Minamide, Ryohei Kishi, Masayoshi Nakano

[F] e (NLO) W RITE@EEEA A v TR AE Y R EFROET LY e
=7 ZA~DIEAPHF SN HERBL TH Y BT NLO WL AT 2L G DERR N E
B, BERRO M E 2> HREANATON TV D, T E TITYHFIE=E TIIH LV NLO % & L TH#
—EHEAAMITIER L, =k NLO MW ROMBEAIEIR CTh 55 #ormR ¢ & M DOMIC
FRVARBARR 2 B 0 | IR R BRI A A T DLW NBAE e vy O KREZRT Z & & HERHY
W ST L[], BB EIR & T LR EIC L s TROONDH T TV NVE T y(0<y<1, y
=0: [, y=1: BRI THN) ZHNVTHET L2 &N TED, HxITZIOH LWWEE
IS E, B HEFERIEZHW T, B NLOMEE A3 2k EMoikEt 217> T 72[1],

it Fex B —RoL I Z Ofl & LT, polyacene(PA)D i % cyclopentadienyl BR~
& X #2 % 7= dicyclopenta-fused acene(DPA)ZRFT L. K#h7 M y 2SEEAFEE T PA IZH R
HRHICHERT 2 Z & 2@ L7Z[2], DPA TlIMmdO L BBRIC A B i g E L, o E13k
B D510 T db 2 KW 7 AN Btk 2 7”372 8D EEh T IS A B ANV U D PAIZHEANT y
DELVHERPAELTZEEADND, LrL, MmO LEBRICER T 5 y ITMEERE N~ 10 T
EIEVITEL EZ PAICR O D EE T MO 2 & L A E U 5720, k0 ESEFERN > 10)

> X 4
(J ) — I )
4.

QoD -— (C0CH
Q20 Qom0

Scheme. Compound structures



T y OWRENET L, FH A XOPA ERRBED y 25252 ERbho7z[2], Tk
A E TOMBAEHS F TIIRONRWRERRERKFETH D, £ 2 THx 1L DPA MG
Foa=y FEBHRIZHOR ST & T, L0 A ZKAFHEITEN 72 NLO M2 R >R A3EXEE T
& % & & % Scheme (27”9 K D 22k VIR LIS 2 A3 2 BUIRMEBR LA IRAL/K SR (1, 2) D it &
Tolee AETIEAE U IHEMIREEABEEBGEZHNT y 2R H L, £02=y MEZEODE
WZ LD y OBEEREER IOy L OBV TEREIT- -,

[BEFREHR] R ORI R#LIT U/RB3LYP £ T1T
VN, Fe il G fil) F RS Dy (= Vo) & LC-UBLYP
EEAWEARGEICE VRO, 20 y i wor TR
LC-UBLYP i£IC £ % BARBLE O S ABAHRM LIz, _ | | <Compound 2
FLEBIEITIE 6-31G* & e, DL ERTOFHEIC
1% Gaussian 09 % 7o,

[#ER] FHHEICE VBN v/ N OHEKRFSE
% Figure 1 (277797, DPA 28 EEHFEI(N < 10) 1235\
TRER y &R O L, LA 11325 8k ol
o 5 10 15 20 25 30 35..
TRE 7 y 2R L, ZORENMMERNITE Y KE 7088 N (the number of fused rings)
RiUCETRON, —F, 2 BEHEZMIILT Figure 1. Size dependences of y values per the
HLEANEN /NS . PA ERIEEED y BHETDH number of fused rings(N) for PA, DPA, 1 and 2

ERDhoTo, WITy DEEMKAFMES Figure 2 12

500 +

200 +

v IN[10 a.u]

100+

1.0+ e
R, DPA SRR TAIC y BHA L, N~ 10 S
Tl &g 2Dl 1 TITEHHAE 08 ' 1 -

BT b £ 2R y A E . B S
Ronlehotz, £ 2 IXRAREOHELFFO1
Vb kxR y AL, SRHEIREICE, B o
FORERNS 1R T v/ NOIFFIZTKEREEKE
A, RO R BT 5 > TR YT O
IREAHER LTV D 2 L ICEET S LM S B, ool L,

0.6 +

——PA
#—DPA

——compound 1

—a—compound 2

0.2+

10 15 20 25 30 35...

0 5
WL DY T VN AEORE SRHERFME N (the number of fused rings)
& DB K ML DAL BT DN T ORERITY H Figure 2. Size dependences of diradical
g7 character y for PA, DPA, 1 and 2
(27 3]

[1] M. Nakano et al., J. Chem. Phys. 2006, 125, 074113; Chem. Phys. Lett. 2006, 429, 174; Phys. Rev.
Lett. 2007, 99, 033001; J. Chem. Phys. 2009, 131, 114316.
[2] S. Motomura et al., Phys. Chem. Chem. Phys. 2011, 13, 20575.
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RISM-SCF study of solvent effect on excitation spectra
and solvation structure of merocyanines
(Kyushu Univ.) Yuichi Tanaka, Norio Yoshida, and Haruyuki Nakano

(F73m

AOS T ZU(ERFHRICERRFPEBREFIREONTORFZRHODFT. BRELTHWL
BNTVD. CONTORFOFEICLDBEDZH. AOST7 2 (FSMEFR EBERPTEFIR
BOAKRE<ERD, BRPTHEIRT MW TDVIVNNOZ X LZRT . Fio. Hhit
ARD NUVFBEDOERRIC LD TEZEILT D. Ko T BEDFMNAAOS T ZDEFIRECS
2 DREETAND T E(FHEREN,

T TAMRTIE. BEROEFTILRAOST7Z>THD
streptopolymethinemerocyanine(SPMC, X 1)DERHET '{
DN ANRD b7z Rk 2 N 385 (TD-DFT))EdH
KU Reference Interaction Site Model(RISM)-SCF JA(C K

DTKRED. ART NLDEEMAFY. BEMAFE. BLE J
WIS Z RN (AR Uz, MBROFELT, BIERS 7 J
— > (streptopolymethinecyanine; SPC). EHA/RUIT> 1. SPMC(C3)

(acyclic polyene; AP)ICDWTEBREDETEZITL. N5
EDLEEEHETITDO /2,

(Gt&75E]

STEZIT Oz F(d SPMC(C3~C15), SPC(C3~C15), AP(C2~C16)Td»d. C(¥F)[EHDF
(CEFNDRRRFOHBERT . DFORARNS. SPMC & SPC (FFRFREN ETEL. AP (FRZRE
MMBEETRD, Koo SPMC & AP (3D F. SPC(F 1 fIDHFA> LU TEELURZ. BEEKE
(I cc-pVDZ. NEEEIIZEIC LC-BOP Z ALz, BE(FAIIPREE CRasREb LI BEDZIRINT
(FMEALTND. COBEZRT, =5(C TD-DFT st&H KU RISM-SCF st&Z1To 2. B
EUT K X5 J—=)be PERZNJILZRBWZ,

(fEREEER]

AP DINIAREEDn—>n" B TRILF—DEEBRMEZE(C. HIEADNEEEE AU TREIESUKF T
ZRBUIZEE S, FBEIC LC-BOP, LC-BLYP Z AL \/z & = (CERRMBE - KWV —EDEsnizic
&, LC-BOP ZzHWBdZ &(CUTE,



2 (CHNSZHRRED SPMC DHE 2R
D MV ERUTZ, IREBREMBEMT D &,
AR NMILR LY RS T T35,
Fo, REHEMEMI B(CDONT, L
v RS T RDEEVWNNELRD.,
DAEE(EERPEZ(E SPC A AP TE
Ronsd.

3 (Z SPMC Dn—r’(HOMO-LUMO
BRI RIILF—ZRUZ, DB
BIFR 2 ([CBVLWTENTNDRERET
RADE—DUZRUICER THD. KR
BNV EEEZNTNOBRPT
DRI TRILF—(BVNRRSND,
REBEHNARE < IRDICDNTEDIEL
([FEEAEIRLTIRD, 3B, BHRDLD
[CCZTIFMRAEE LT LC-BOP Z=H
WTWLBHY BRI (FITZIREE D) hite
TRILF—(Cx 9 DIEFEE S BEHNR
(CX T DISFEE(FERDEIEEEN S B,
ZTDIzs. BIEENR(CXT I BIFLBIEURTT
HEHETREFTHD,

4 (Z SPMC(C3)DEEZRIRF(0).
BRIETF(N) EKDKZREF(HEK)).
A5 J =)D ROFZEDKFRRF
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Theoretical study on the electronic structure and
chemical bond of the CeX (X = H, F) molecules
(Graduate School of Chemical Sciences and Engineering, Hokkaido University?,
Department of Chemistry, Faculty of Science, Hokkaido University?)
Yusuke Kondo!?, Tetsuya Taketsugu?, Takeshi Noro2

(]

T B A REEWIE, B B BE, KB B2 & OBREYER B E L THH
ThHY, 2L DOERICESSHENDRE SN TVDEN, T4 /) A REHEZDHDODOE A
EIXBHRCHEMETH Y . 2FEFEEE L7 abinitio fHEITD 220, ABFZETIL CeX (X =H, F)
DT OB FHEELACFHESICERE L, BETE2HLODICEBE LE FREFEZIT T2,

[5iE]

Ce 1 1ZNAD 4f L Sd BLEN R TH D DT NBEN D PR E TCOZDOE OB
EEETHOVEND D, £72, Ce lTHEFFTH Y A - HUEMAIEAZIZ U &3 2%
D RZGTE 2, £ 2 CARIFETlE, & B & Mm% & 41258 L 7= Sapporo
JEJEE BH%(Ce: Sapporo-DK-TZP-2012; H,F: Sapporo-TZP) % A\, IRHE-H) MCSCF, MRPT2, %
L CAE - WIEANER Cl 2177 o7z, £z, —E 5 513 Douglas-Kroll 312l % F v
THXFHRONREEEE LIz, M L7=7 122 F A1 MOLPRO2010 TH 5,

CeX(X=H, F) OE T-#i% Ce'([Xe]4fsd6s), X~ (F#k) &35 & .Ce' 1cHk3 % *P,*D, *F, “G,
H 2 BIRET DIRBEDS LR AE LRV BIERRBICEI 535 £ B2 bhb, T2 TIRHOR
HEAN 5 2E U % 35 IR B4 IR B MCSCF TsRkeb iz, 35 O IRERIE, ‘™48 3, = 7% 2 {8, ‘M
P35 E LA S A8 DAY 3E. T A 2 8. H A L ETh D, T LSO IREEIZEHE X7 MCSCF
TRAF—ILFERICHHR L THE O, 2 b OREEIZX LT Ce(4d,4f,55,5p,5d,65). H(1s) &
F(2s,2p) OFE7FHBI%Z MRPT2 12X > CTHAES V| Z OfE & VT MCSCF 3 Eh Bk 2 L i &
THAEV-HLUEMHAERANI NV b=T O AEREZME L%, sl L TRKIIC
35x4 = 140 fH DO ffE 2 457-, KERIFEHE3.6 au-4.2 au)D 7 SOFE NS N ERCEEE AR,
@, MR 11X —, Bt 3L F—)&R, ERIER L OBEOHE & Ol E1T
ol Flo. LT THLE 2T LS SRk i~ T,



[t ]
CeF @ 140 (HOfRIZ TR T 2 BICHGHIE L7- TOHOYEN TH VY . £ 2 eV O&PHIZIIE LT
WD, FRJEIRAE & 9 E DR BHEIRBE D43 Y B DFE B & F 1R,

% Sapporo-DK-TZP [Z & % CeF(10 KEE) D 73 HTEE
Sym (Q) R. (bohr) To(eV) D. (eV) we (cm™)
Calc. Calc. Expt. Calc. Expt. Calc. Expt. Calc.

1 3.5 3.837 3.871 0.000 0.000 6.51 6.03 591.3
2 2.5 3.822 0.090 6.42 579.3
3 45 3.834 3.868 0.119 0.087 6.40 581.4
4 0.5 3.844 0.120 6.39 670.6
5 15 3.841 0.157 6.36 620.4
6 3.5 3.823 0.194 0.186 6.32 566.6
7 1.5 3.836 0.195 6.32 634.2
8 0.5 3.839 0.222 6.29 568.1
9 2.5 3.838 0.242 6.27 594.3
10 2.5 3.838 0.250 6.26 585.3

FHEE & FEBRE & OFEORHMEIE, KRBV T, R, T 0.034 bohr, D, T 0.48eV TH
V. Q=45 DFEIREEIZIB WV TIE, R T 0.034 bohr, T, T 0.0032 eV, Q = 3.5 DIl IRAED
ToT0.006eV &, BAF/fkRaiG7-, BEAT b -#lnS YO E L s 5 & BEk
HEL Q=45 OFIEREOER L O—FH LW R TIID LE > TN LN HEDOFHE CIIRE
< EBRENS TN TWEZ Q = 35 DR f VX —TlIRkE kE\ENE LN, AL -HUE
Cl DDy B —% 5 L HEEREEIT *H, Q=45 OREREEIL T % FHisyr & LTH-,

CeH OFERITY HEET 5,

1) H.Tatewaki, S.Yamamoto, Y.Watanabe, H.Nakano, J.Chem.Phys. 128, 214901(2008)
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Excited states studies of silabenzenes by multireference pertubation

theory and modern valence bond method
(Kyushu Univ., Fukui Institute for Fundamental Chemistry Kyoto Univ.*, Yokohama City

Univ.**) Y. Ninomiya, M. Nakagaki*, Y. Kawashima**, and H. Nakano

=
EEEE 14 R RRIEEMThH D v T B ET, R Me 5 Si SiMe
P U OBHKKFZLZFRROERMTRE THD 7 A RICES R

S THRTH B AR, Tht 5re & DR E MR 22 AT 18 o=
RCRLZETHY . TOWESEHREOHEMIIN LU LI ME:aﬂi\Tf o “T‘SiMES
595 LHEA TV D EIEE 272\, ARFFETIL, T OB IREE, MesSi Siles
HRLT ., IRIRE 2 S B BB EIE & BLAUR TGS AL £ VT SN
LT B T LR AT B, |

e

Frio, RO A T X5 RFHAIZELRIZE D, ERER
EDEITZEM L T i EBRZES | ERRfE, FHHEME I 1.Tbt-silabenzene it
B b B EBRE L TEORMER T, BRI
I, ZELE PR T D RASSCF #: & GMC-QDPT % T,
JhER B DFEFIREE A FEHICI A~ S 612, BIRO Bl &
1ETd D CASVB 4 W TR SIS 2 it LT,

[FHEE]

S14Co-nHe(n=0~6)IZ 5t L T % FE I BE%E (B #aAt BRI B 4K
B3LYP) % fl\ b 217 > 7=, 51 & ki = ZfdE SCF LD
1> T& %5 RASSCF &% H b kB D52 1572, Ik 8
FREREBEZEZO TD 7T ooz, S HICESREBEIETH
% GMC-QDPT 7521 % J Tk EE 7 bl = L — 23R D 72,
Z M active ZZMITIX 6 D o &7, 12 8O m #LED HRERK S
5 ZEHI(RAS(6,12) & V2, [FAIRFIC, A RbikigIC 10 21k
FREAMB A S5 7212 CASVB FHEBI 21T~ 7=, FEJEEIsK &
L T GMC-QDPT #5iZ1% aug-ccpVTZ, TN DFHEIZIT
ccpVTZ %= Hu 7z, X 2.35 o620 nlliE




[ & £ 4]

X 2 1z_B (LI C6 EIERE) & v T X )
U (A Sil & MR DI A7 M ERT, 1E,
GMC-QDPT £ D it = 5 L% — [T L Brfl %

L FBL BRI A BORDHEZ 105
NS B, ZhUL, SRBTHOBERIC &
- T HOMO ¢ LUMO O R /L¥ —ZEN/NE 41A 21B
72BZ L ORRTHS, B35, Sil T o'a L
C6 O VEw R KHIET 5 B 7 3R L T F g 3%/}Q¥
W5 Z &, 1B, 21A1, 4IARFETIZH-1 2 2

3 5 E(eV) 7

B s RWEL B T E RSB, ’ ° ElV) !
RASSCF {5 TlE, #uEfitg, +hebb, & [ 3. C6( 1)L Sil(F)DfhiE 222 k1
D XD 2RJhAE A B AR RE O I BB E A A S
NHDPEfECE D, ZOME) SEERBIC SRR ®H 5 & FHITE 5 C6 & Sil, 51T,
n=5 & n=6 O L Z(LEZTEI Si5 & SiIe)DOFfERA KT 5, C6 D 11EwRED—F & Sil O
2B JREETIE. & &2 HOMO-2 75 LUMO+1 ~O—&EFihite & HOMO-1 7>& LUMO+2 ~0
—EFIEN LR ERTH D LW ) X ITRIGHT 21T 5 & Sil, Si5, Si6 2% LT C6 D
BAIRRE L OXISFHF R AREL 72 o7, DFE D, 40O TOHERBIIRI L TH D EF 25,
—J7. CASVB I TIE, R/ 21 A ClEEsks 15 2 L . )
T& 5, (LFEHAEHBOREE ST Z £ (C6, Sil, Si5, Si6) 6 —O— ~ +O+
(2l U 72 GH Rt Cay), — B EAD K Z N H O TIE, 11A1, 11Bg, + + - -
1By, 41A; DIRIETHIL A —FL L, 2 h IS OIRAE T8 - i
IR BN -T2, K 41213 C6 & Sil @ 21AIRBEIZH T D Si1 @
ARG E R LTS, C6 TldA A, Sil TET 2V
—HRIoREAHiIBTHY . ZRPAMICATEND, £72C6 &
Si6 Tl 21AREBIZIB N T H#IBIE—E L T\ fm e LT 4. 21A1 REED C6 L Si1
OGN, BUERIE CIIXB SN RNSF T OBEFIRAE  valence-bond #ifg
DINSTe R WD ENTEHT EnbroTz,
BH, 2O OFERIRCM O FhER BT T 2T IC DWW T HET 2 T ETH D,

[1] N. Tokitoh, K. Wakita, T. Matsumoto, T. Sasamori, R. Okazaki, N. Takagi, M. Kimura, and
S. Nagase, J. Chinese Chem. Soc. 55, 487507 (2008).

[2] H. Nakano, R. Uchiyama, and K. Hirao, J. Comput. Chem. 23, 1166-1175 (2002); R.
Ebisuzaki, Y. Watanabe, and H. Nakano, Chem. Phys. Lett. 442, 164—169 (2007).

[3] K. Hirao, H. Nakano, and K. Nakayama, J. Chem. Phys. 107, 9966-9974 (1997)
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Decomposition of water by Ru catalyst: theoretical study

(Kyoto Univ.) Hayato Yokoi, Hirofumi Sato

(7]

VLA, K& 53T A (1) 28 Kohl H1Z & 0 s Sz 1 RUsiT gt T iz
iflmmﬁﬁmbz%iﬁﬁéoé%mzmmﬁHMLm%ﬁ%$L3%ﬁuéo::f
ICHEYTDZ L TREBLKENTE, IBICINNEE L KITHREND & ERTIE
@éﬂfxw\%@%%4%%&#5&%26&fw50%%_4®H#%%L1ﬁf%%
A7 ALTERET Do T DORUGHREZ FFE LERT 5 2 1%, K& DT 287 72 il 2 A H
THETORBEICH 725, L HIZED 2005 8 DKRFEFRAEBEICENT, YT KO HNE
BERu LD H & UG LAKENRTEAET DS Ru Lo H LKA EUG LKFENIEET D7
Ehk 2 T K BEFRAE OV THE SN TV D 2, Ly LR b EOEH#E b IGtE b= %1
F—0E <, MICZY R BSEBENFET DB 200, £2T200 8 ~ONGA T =

AL ORI Z B & LR RICE SV T AT o 72,

[FHE 7] -

FHE /Ny 1 — 13 Gaussian03., Gaussian09 e “ o - Ru o )
& 35T DFT(BSLYP) % . LSBT Cj m{szﬁx\/ Lo s
CC'pVDZ 7&_’\ Ru (2 ECP <1: L T SDD %\ 7J(0) I& catalyst 4
o Lt . . KD {FH0 H20 + 0,50, «=— H,0, hv
TR A B A Te 7212 PCM % HW -, £

P'Bu,

F I RII TS — v LT TV EIT y C . /plm.z
AFNHIE X W 2T V% AT, 7T = /§~/Ruco
NEt,

NEt, 1

[#ER & EE2] .5 - s, oo, L Shmon ) oo
2 10 B ~OFARIGHREE LT, Ru b e
? CO |z OH 738 L T COOH AJ¥k L1 B 1Ru i & B AR DS
BICHRSN DB L, BRI 0 L b (SAER)
1% COOH JWHiife, Hs %/Eilf2. COOH s s
SyFRIEFE, D 3 DORFRIC L VR S LD, 15 18.5(222)
%9 COOH L2 Tix Ru £ OH 23 12 ﬁ“‘/\
2 %&7“\“ "

Ru & CO DRIk 2 IERINAEQcts) 2% T
CO LICBE T HRUCHEZ 5, Z Ok CO 0 (21\4
—OH [HIFEEfEIX 3.077A . 1.636 A . 1.428A -15 H‘C\N\?f:“"--—co
L RS DHEFTIC B BT S T 5 0

0.0(0.0)

BB IFILF— kel mol?

X 2:COOH ERuEafED B B — kL ¥ —Z254 L,
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i 4 ke
SARHTC 26.4 keal/mol, 7KHTC 23.8 keal/mol 3 » Qf:\ (‘( K
ot (12). 15 R
WIZ Ho RABRCET 7 R T AT > % 5 N o
72 COOH M7 H LT M2, THLT Mo 82 ;U"ff:!_, L
FHBTIT )T MBI TR T e e

TELZEOY A MIKBENLT 52 pre), £ L 3 Ho SR O [ L —
TRu LOH LKDHMNBKRFEEAERT D, .
OH Dfi#ifE, He ®4Rk. Ru—OH #E& DIF s kbR \:(w-".i;rré’"
. BAFHCEZ 5. 2oL % Ru—0H:0) & o
1T 2.3756A, 2.300A, 2.172A, HRuw —
H(H:0)i% 2.678 A, 0.952A | 0.878 A & Z 1k
L. A O O% He 3 ifEES 5, COOH )
E HBHEOEH bR ¥ — XK T 8.9 20
kcal/mol, 7KH T 10.1 kcal/mol, Hz %D 4:COOH Hfifife o> | Hi =L =2l
EMHAL = 2L X — XK FAH T 8.6 kecal/mol, /KT T 11.7 keal/mol 72> 7= (X 3),

#%\Z COOH 43 fi#iafe ¢t Ru—C(COOH)#HE v 12 COOH 2 [Elis+ %, Dtk CO &
OH | Zff BT 2 B KRE(27dets) 2 7% C OH 2% Ru LICB B9 %5, CO—OH [HFEREE 1.400 A
1.602A ., 2.864 A, Ru—OH(COOH)MI##E X 2.800A . 2.446A ., 2.089A & (4%, COOH
DAFAIZ LB 7215 b= R L — X5 AHH T 8.0 keal/mol, 7/KH'C 3.4 keal/mol, CO & OH
DFFBEZ LB 7215 b R L X — X5 AHH T 3.8 keal/mol, 7KH1C 13.3 keal/mol 72~ 7= (X
4),

FROAKIGEE TR b K ERIEHEIL= RN X —Z2ET 501X COOH EKTH Y |, KHFT
23.8 kcal/mol 72> 7=, ZAUTEATHFRDIEMEAL =R L ¥ — L D § 8.2 kcal/mol /NE o7z,

-17.3(-17.9)

(&7
2005 3 ~DRUSIZOWTHTZ R RISHE 2 A L7z, 9 Ru £ OH 23 CO hRicBENL
COOH %#HkT 5, WICH & COOH Da 74 A—a BB L, ZOV A MIAKMPE
%, 2O, KO H & Ru Lo HBITHAEBSEKL He 3 BAET 5, &%l COOH 73
Ru—C 5 v (Z[alfiz L, COOH @ OH 73 Ru EIZBEIT5Z L T35, ZOISIZET
L H R E RIEHAL= R X — 30RO G2~ 8 keal/mol LL HEWZ & 3o T,

(51 3Cik]
1. S. W. Kohl, L. Weiner, L. Schwartsburd, L. Konstantinovski, L. J. W. Shimon, Y.
Ben-David, M. A. Iron, D. Milstein, Science, 324, 74 (2009).
2. J.Li, Y. Shiota, K. Yoshizawa, . Am. Soc., 131, 13584 (2009).
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Theoretical Study on Magnetism of Co(Il) Complex with Organic-Radical Ligands
(Kyoto Univ.) Junki Noguchi, Hirofumi Sato, Yoshihide Nakao

05
— W ILEHME A (Single Chain Magnet, SCM)IEH 7272 F /A Xt & L CEFEERDITOIL,
B a— SR E~DIGHPER SN TWAMEITH S, FTH. Scheme 1 (Z-T L H7H
B 7 2 0 VB & A& A 9 5 [Co(hfac), -
RNN] (NN = nitronyl nitroxide)i, Co(S = 3/2)& 22 — -

BN NN(S = 12)IC A & AR AAEH 238 < o—R

Ttk o T, KERAL L EEEAEO T LR CF3FsG

MHATND, FHTR = Bu & L7z—%ou#id 2 / Yo Z_/}CFe,

8 5 A& R 80 K LU T A& 7Rl |- O\\ \ 5

RSN, R 6 K T 53 kOe & IEHIC //////// O\ 0T T

KEWZ ERBELMCSRTVBY, A7 ClE %\% 1
®*ﬁmfﬂ®ﬁ0@z‘r$ K ONT 2T VKB R

FRRIETHELZHERIELOHONICTH Scheme 1. [Co(hfac), - RNN] D1

LEAMET D,

[FHE 4]

FLIEBI#LIE Co 12 SDD @ ECP & BEJERIHZ . £ DD JEFIZ cc-pVDZ & HW iz, FHRGIEIE
B3LYP %% >, Gaussian 09 THIH %17 > 72, [Co(hfac),*RNN], D—#3r 280 HL7=ET /L 1 (n
=1,R=Bu). I’ (n=1,R=H), 2° (=2,R=H)I% L T, %n%h%ﬂﬁ;ﬁ%a_}: LT X #ifiE %
FWT H R DA a2 &Rt Lz, — RO Co IDOREHIIIAKDY FE2F ¥ v 7L, TDOH
JHF 6 IR L LTz, 2 DRFD A B L REEIL, Broken-Symmetry 5% FVTEBROFE R0 5
KEETHDLZ ENTRHENTODEFIRES =32, San=-12)& LTz, oo miEChix 7
AERETCO—JEREZIT> T, 2 DORFATAL U HOA Y UFEGER J 2 A B~ 7
ANV h=T v H=-25J;8;S; Catfi L7z,

[AE R L &2
Bu % H KICESH - e V&2 fioT-

Table 1. 1, D& A B LREED AE , <S>

AL REE AE (em™) <5
AHROZY AT D721 L PO— G UD 0 3.00
DFEEA el L7~ (Table 1), U & D IZZhn2h 1 - 17 604
Ty TAE XA ERLTED  Co UD 0 500

L. i SN - = > \ 1°
ENNENL 7D RFT A B DIEIZFEH L T\ 5, UuU 721 6.04




BAERIELFHAE VREO T R X =0 G4 R - ZUGENL 7O A A TEE Jeonn &
L o728 2A 1 Tid-236 em™ & 72 0 RO CGREEVER AR MBI TV D Z E B3 o T,
Fio, VORI & X< —BLTEY ., Joon PIEH-237 ecm™ L2 D TWVERIE O Z
END, BuEII D TOAE AREICIZEAEREEHT- 2T, ZHLREIT, R 2 X MEEO 72
WIZHAICE &R T2,

Fig. LIZIZ PO DFT fHRTHOLN—BEFEAOHRIED > 5, &J& & NN BLFHFOEA
TERDR® D0E %R LTz, CoA A%
NN B 1D o A H»HTHTEY
Co-O-N DL 125 ETHHTI20, 2
OOPHEIZ 1 EFHAIND Co D 3d,
BLE & NN BLFD n fE»HAEL S
fEAtE & S A ERIEIC /e > TV D,
TnEhO SHFHIE 121, 0.79 T, Co
& NN B I35V EHRE S Z R -
TEBY. 2 ODRFTAE VBRHATICNR
HEBEZHIND, NNENFDORFST Y

AVEAIEL o IR oML TE
0TSO Co DESETTA L & i< Fig. 1. VD4R & L1230 EAER L7z B ARGE

J
NN Efr+ o n etk
FEAMEELE (1.21) KAEEPEELE (0.79)

MAIERT %, HONIZEAEL

VIOV T OFHRKIR % Table 2 12T, A BV IRIRITAEGMRAIC Co, NN, Co, NN DR A £ > D
TyTHTERLTEY, TAENDOAE L REO TR LT =D RS HILD Jeonn 13
—266cm™ TH o7z, ZOMEIX VOFHEN LS

. — o g X Z B REE 2
BT Jeonn &R UMEBIZ R LTSN, B Table 2. 2°D45 A B LRRED AE , <S ™>

CENEN \.L\E -1 2

BERTOHELD S 29 eom™ FE/NEL oo A B IRTR AE (cm™) s>
2o 2 DHORFTAE VL, ©F Y Co-Co UbUD 0 7.91
. NN-NN il O 2 B U EH bR Lz L UDDU 505 3.97
UUUD 1635 12.94

A Jeoco=-37cm™ Sanan = 437 cm™ & 7
ot TR Jeosn OIEICEAR T/ & uuuu 2397 20.08

<. Co & NN MIZ® 2V ILHFEA I K 2 SORREMEAR BAE D 53— IR SCBH OB % Sl LT
5HERbID,

HR Z & ORI FTYER SV 2RO DB RITTREIRENWZ R THRIND T
B, VT DBRTREMEOREEZH ST 5 LT, BHEAORTEREGESEELEZ 6N, X
D EHREEED CASCI FHRIC L A BRIZHOWTIXY HlET 5,

[ k]
[1] N. Ishii, Y. Okamura, S. Chiba, T. Nogami, T. Ishida, J. Am. Chem. Soc. 2008, 130, 24.
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Theoretical study on the ligand effects on the diradical character and the second
hyperpolarizability of dinuclear transition metal complexes

(Graduate School of Engineering Science, Osaka University) Yudai Inoue

Taishi Yamada, Yasuteru Shigeta, Masayoshi Nakano

[F] Fexid, Hi-29ERE R ENLOE & LCllEy T RaEL, oY
T NAEEHT DB EE Y TSRO B EE)IE, B RO 2 Y
FRICHARTEHELIERT D] o i zE& e THLNZ L, ZhickE
S BRRIERIE I FM B D% 21T > TV D [1,2],

B B 1B & L OB R B AR R do*
FTRL, eR-SRMEO AT 5 ERSKEY 9T 00 sasa
SBIERITIER LTW5D, ZOMOEK T d-d :i;{ﬂgﬁggg @u%
WEI{FRI L) SEREOITRENG 20 =, & @@ 39
FEI G S IR R b D LD /s L d:n BB sa85
MESRTEY B — BN AR 2 L AVRR S do S0

N5, UEiFk 1L, @B-@EHHE O —EEME 1. d—d BB AR 7 A K

N =R NLO WIVEIC KIZ TR A MG T 5720, B

P DI \WEE 2 IR B A R T RICE W TR A OB & §r00y ORI B 2 5t L7231,
ZORIFE IR T LD e d-d WuEHAFEHIC LY AXHLUEX =0, n. §)ZTEA L.

ENENDHEN Y T VAN ZRT FWMBED Y T AL RO v LOEHLED
THERE LR, RO v IZERHEOMKEHEMICE LUKFL, KER y &7 T

FEA MBI CIEF R Y 7 U R SO doliEN EFH G TH H Z ENPH BN

> 7,

—J7 . TAVE TITHGE S V2B B IR ClIe BB AL 1 o E i &) 20 R
NLO D RICHFH G T 5 Z EBEM SN TR Y, RN 0RIT4 R4
FEEDOYTOANMMECHLRESEETLZ ENTHEIND, T2 TAFE TILER S
B R RE T I OW T, BMLFDRVRE DA E L T, &R O
HIEHW Y 7 P ANAERE MR vy ICKIETHREH ST 5,

[EF V%R « FEFE] AIETIZ oD dofid. oD% R dufid 2R bE
K 3 BREAZET D Re(IV), R & ZDRIZ 8 DD FIRFMNT 7 7 b U T ALIC
BAE L 72 Re(IV),Fs A 2 a4 5,



Re(IV),Fs $5A DOREE feiifb 2 id B3LYP &2 VW=, £7- d 8BS T 5 BEaE
DFIE L 705 VT U IVIAF[y (dX). X=o0. n]lZ PUHF ¥ K % BHAREE O 55500
5. RO y OFEA T AR5 13 UCCSD ¥ TR O 1AM B FE L TO T R L ¥

— B AMRGIEIZ I E L,

IHHDOEEIZBWT, Re A2 LTIk

Stuttgart/Dresden @ ECP % I 7-fEAH 6 amAY K RE% SDD M L. F JiFI12i%
6-31G*% o, & L CThkAx e BERE S IEREIRICB W Ty LyxEH L, 7272
L. Re(IV)Fs A DGE 134 B-BNL M OISk, A I3k ofdRkiEb TS bh

g IE COMCEE L, @Rz EREo
HEA S H T2,

[FERLEZELR]X2. K3 ITENTNRe(IV),,
Re(IV),Fs @ y &yD & @M BRI T %
R, B LRSI TSR & i
y (dm) >y (do) ThH L0, BN FRFETHZ

& T do, dnDW YT P ANAENMET TS 2
EDNVHI LTz, BN -4 B O A
ERICL D, BN D& R—&BiEE~D
BIBENRKNTHL EEZ LD, BT
72 LA L RERIC, dofliED Y T ¥ VIR
T PREEE DOFEIL Ty OEIRS S 78,
BER R CIXFE CEMEEBECO Y 7 2 1 Lk
DIETIZHED, ROyl %& 5 % 5 K2 [ e
IE 3.0A 205 3.6A (TN, TORR, yO&K
KIEH BN LG (2550au.) 22HF) 7
%D 17357au. (2 LT, 4 |2 Re(IV)yFs
2B 5 y ORKIEEZH 2% R = 3.6A TD
VEEREZRYT, CORNS LTI T RY T
IALIZBNL % b D8R DOYIZXT T 5 EH 5
TP TR S doETH D =
ENOND, TS AWET 5,

[Z% k] [1] M. Nakano et al., J. Phys.
Chem. A 109, 885 (2005). [2] M. Nakano et al.,
Phys. Rev. Lett. 99, 033011 (2007). [3] H. Fukui

et al., J. Phys. Chem. Lett. 2, 2063 (2011);
J.Phys.Chem. A 116, 5501 (2012).
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Theoretical study of excited states valid for large systems

(Nagoya Univ.) Kosuke Usui, Daisuke Yokogawa, Stephan Irle

(7] 7 v I X LR35 Fid, SANBRIBIZINE L CEFIRE, ttEe 2 b E5
oD, rfHELE L TN TH 2, IFEITERLEM A A v F o 7iEE LT
OFANRAL LN TS, —J7, HimONH CIXE LS EEFIH L=y %@%t
WEHAEOFENLHANEND LI/ -o T, BEHLFRHEEFIH L0 1
YA RO, ERROM L T EROETFN—a & U THERITMED &
W, L L, BELHREISA MOV LU=hb, ZINETEHETLVREZHR D Z 1%
Mmole, T TARMIE T r—7& LTHIHAREZR [V LN o mr I XL051] 1
HHL, L0FEEITEWROMEIREF R 21T o 72, BAEMIITE T 5, et s
Tk % A A 7= RISM-SCF-SEDD {E[1112 X v | IS % 5 o 7= ikim & il A
770

0

[ 5] €5 147 & LT pnitrophenol (PNP) &

D7 =F(PNPIZEMH L7z, KM (GAS) (i1 HOONoe HN\&

Z. RISM-SCF-SEDD {£% H\» T H:0 (W) i,

2-pyrrolidinone (PYR) ' CHidifi(l, —x/LF
—FR %17 572, Cs(PNP-I1Z C2v)XFRD T, BSLYP / 6-31G(d) CHEI&E iRl &2 170,

FJEBI%L aug-cc-pVDZ @ CASSCF(10, 12)IZEAIE 1-fHEI 25 & L 7= MRMP2 74T
—RitB EIT o7z, FHRE/ Ny 7 — 21X GAMESS & v,

[R5 R & E%2] PNP OB EIRRE, BhEREF RO F—AE, o GR D%
B L7z, & 2 OPRFE—A L FERPIGIETHDLE, W FORBE—RA 2 b
&i&W%ﬁﬂKWﬁTk%<%kbf“éﬁ AE , X3 ODFRTIFER UZ o7,

pitrophenol  2-pyrrolidinone

Z DFERD BITTREINFIN AE (2 & O BT DT & 2o Te, 22 TH
# 1. (kecal/mol ) 7% 2. (Debye )
AE g, AEgi)im AE%T;{ AAug, . SO S1
GAS  101.57 GAS 4.37 4.39
PYR 101.77 -13.46 12.38 1.29 PYR 554 5.73

\' 102.39 0.51 0.24 0.07 W 6.24 17.41




(IZ L7 5 TR X —DSE BTV, IR 85 b L7-,
AE , . = AES + AEDTSC + AAug, .o + AESS o -+ (D)

T TIPSR L S FRA M, il AES 13 S0, S1 OFRENUCK LT
I CREERE(E A TV, TOEE o 7o R, OF D IEE A B E LV ik
THRR L&D S1-S0 Moo= ¥ —22£KT) ROALOKHEE

AEG, o = AEGSG - AESYEY  AEGTS = AEG S - AEGS  AApg, g = Aug, — Aug,
A (RHIPCORE= %) LER L, MOELOE 1~3 HOHEf%
£ 1I1TRT, PYR TR AES  NKE WS, Z 040 % AES ! CIETHAZ LTV 5,
W HIZ DWW T PYR H & AR TRIRBNTEALD /NS W BLED S AE o DIEITA R
TIXEFR U TH DT OB R Z T TE 720D, TRV X — DK % D & i
IZR S THRGIFRELS ERD L WO RER LT,

PNP (2133 (Scheme 1)3MFAET 5, K.

%8¢ PNP,PNP-IXZ €4 317nm . HO@N% = ‘OON% v
405nm [ZWRIN 2 Ff 6, pH 23 el 4 32 Scheme 1

Bld 5, £ZCW HTpHIZEAWIRHEEL OB A2 A7, Boltzmann 774 7>
5 K. =exp(-BAG). Shields & DHERNZHEVG,,(H) = -269.0 keal/mol ZFI 42 & |
pK, 13 5.8 (FEBRE : 7.2) L 72~ 7=, /KHTPNP, PNP-OWRILKEZFIH L, ZhE
7L 279nm. 644nm * 577,

Gauss B EH W TER pﬂmlg@g | | | —pH9
O pH (ZxPsT 5% pH 8
WAAY V(K 1) % i T pH7
7o FEBRIE & e~ TWRIL - PHS
W EDOENKE VDT PH'S
#7275, PNP & PNP-0 e
0 U 5 O iz 1B B AR L __:Z
pH ZEABIZLE D W 5 B . WE (nm)

DIV E R TX -, 200 250 300 350 400 450 500 550 600
1. pH Z{Eizxt4 oI A~ 2 kv
(2% 3Cik]
1. D. Yokogawa, H. Sato, and S. Sakaki, J. Chem. Phys. 126, 244504 (2007).

2. Matthew D. Liptak, Kevin C. Gross, Paul G. Seybold, Steven Feldgus, and
George C. Shields. J. Am. Chem. Soc. 124, 6421 (2002)
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An examination of exchange-correlation functionals in solid-state calculations
(Fuel Cell Nanomaterials Center, University of Yamanashi) A. Chutia and T. Tsuneda

[Introduction]

Density functional theory (DFT) raises the stakes in quantum chemistry in predicting and
designing reactions and materials, because sophisticated exchange-correlation functionals have
been developed for investigating large and complicated systems. However, conventional
functionals represented by PBE have still been used in many solid state calculations, because
these functionals tend to give even better band gaps for semi-conductors than those of
sophisticated functionals with much less computational time. Kresse et al. actually suggested that
LDA and GGA functionals slightly underestimate the band gaps of semi-conductors, while long-
range corrected (LC) LDA functional significantly overestimate these band gaps.' However, note
that LDA and GGA functionals always significantly underestimate the band gaps of insulators
that are accurately reproduced by LC functionals. This appears to indicate that LC functionals
lack something to give accurate band gap energies of semi-conductors and error cancellation
causes the better band gaps for LDA and GGA functionals. In this study, we investigate the
barrier gap energies of solids thoroughly by calculating them with various functionals, basis sets,

and calculation models to make clear the reason for the band gap behaviors.

[Computational details]

The Kohn-Sham calculations of solid state properties are performed using DMol® and the
development version of Gaussian09 (G09), and Vienna Ab-initio Simulation Package (VASP)
programs. DMol’ calculations are carried out using DNP (double numerical plus polarization)
basis set with various types of functionals and 20x20x20 Monkhorst-Pack like k-point grids. To
further extend this work to study the LC functionals, we also perform preliminary calculations
using the development version of GO9 program. Pure LDA and GGA calculations are performed
using SVWN and SPW LDA, BOP, BLYP, BP, BP(VWN), PBE and PW91 GGA and semi-
empirical HCTH exchange-correlation functionals. All the calculations on G09 program are
performed using 6-31G and SDDALL basis sets. We also examine band calculations with plane

wave basis set on the VASP program.



[Results and discussion]|
Figure 1 displays the deviations of band gap energies calculated on DMol® program from the
experimentally-predicted values. As previously suggested, the figure shows that LDA and GGA

functionals slightly underestimate band gap energies. However, we found that there are

o 050 InAs
C A GaAs GaP g

0.00 - b et e : b —— A
E Si® o & 8 Q A O
g 0.50 § ’: A » X a DY o %
g 5 0 R g S B o § O
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Fig. 1. The deviation of the band gap energies of various crystals calculated on Dmol’ in eV.

—

systematic differences in the errors of the small band gaps for Ge and Sn crystals and Ga and In
alloys: Functionals using PW91, PBE, and LDA correlation functionals provide better band gaps
than others. The difference between them comes from exchange interactions, which are included
as “parallel-spin correlation” in these correlation functionals.” That is, exchange interactions
significantly affect band gap energies for near-degenerate bands. We therefore suppose that the
near-degeneracy effects neglected in conventional functionals may be partly compensated by
exchange interactions in LDA, PBE and PWO91 correlation functionals, while these correlation
functionals are usually used in band calculations. This result suggests the significance of near-
degeneracy effects in solid state bands. We will further discuss the characteristics of band gap

energies and other solid state properties in the presentation.

[References]
1. L C. Gerber, J. G. Angyan, M. Marsman, and G. Kresse, J. Chem. Phys. 127, 054101, 2007.
2. [EEENRIEGEOIME) W HERE GERD) .
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Theoretical analysis of positron Doppler broadening measurement of
polymers
(Yokohama City University) Katsuhiko Koyanagi, Yukiumi Kita, Masanori Tachikawa

[IZL&IZ)

EEFIE.EFLREE. AREY, ZLTE
BRI+ DEF>TWLS, MEFICAFENT-I5
BFIE. BFLOMHERET BRI RF-5
FICRBESINSEEFEERDOBRARIGO. i
BFEBBEFHOBAIKERFEFTHHRIE 052f |
0= APy DRRALE AL RISERCT _
CERERMISHDN T[], £, BET v 20 4 w8

o-Ps Intensity, I [%]
FoTo—AYRES SUVEE TR ERE® 1 S /8T A—H L oPs (FIEH & OAHBIR
BIE. BFEFEETFLEORMER Yy RDANY (%, O:C /r—F. A0 ZA—7F. O:F
MLESHERFGZRETHIET.MEFRD s/ 1—F2R LT 5E
ZAEFEOIEZHIRIRE BB AR F A
THY. EITHHEHZLBTICBVTERICHZ<ORBRMAZE A THh TV,

HEAEBS ERLBEAFIEEMITHLT. ZOB A FICEEFNITREOEHITELS>T. S /X
FA—RE o0-Ps HHELOHEBEBMRNELDZEEMELT[2]o 2T S /NTA—REE ®HR v 1R
DEARYMLVIEIRE S N\SA—FBEHDOHETEZONSETHY . RHREFOF->TLW-EHE
ERILTWS, ThH5. S NFA—EIDNKEVEDIE. HEREFDEBENKENILERLT
W5, B 1 ITEBELICETRIESN-. COL—TH#RKIC CRF.HRFOHEELEIFILA
ME) .0 VIL—T (HKIZ O RFEETLEANFILEYME) . FUIL—T#BIC F RFE2E8T /S
FIEEMED 28T D S /INTA—2& 0-Ps FHELLDHEBEBERETRL =, BoIE S /A5 A—2DKES
[F S(F) < S(0) < SO LGB ELFRELTNAN. COLIHAETHRICESD S INTA—EDE
EIZBE9 I mAIEEH (IR ZBAL A TIE S TULVAELY,

ZITAMETIE. B FIEEMITHT IR TS—IMNVBRIEIZHE TS, SINFA—2DBETHR
KEEOFEEHALNTEIILEBMIC, E—REFEICKLERMMBTZEZT o . EARMICIE
BEFN. RIABREFOALLTETCOMEFELLEEERATIEVSREDT. HFEEEER
WTHELNEEFHFDRNEIRIILF—DEMES SV, BHEIE THEFOEH T RILF—
DFEHEIZDNT S NS A—2LDIEFEBEFREAERT L=,

S parameter

o-Ps 75 %




[5:i£])

EBAFIELEMDETILAFERIL. TNODEEFFOHFEIRIILF—DFEEL KLU, ZE
BIZBTABEFOEHIRILF—DOFHELZBRFLI-. BN FOESECILAKREIZL>TEE
MEICKEGELERONGNIEEHEREL, BEEARDEFHBICONTS /I ASA—2LDEER
MUz AMRICEWVTEHE(E HF/6-31G(d)LARILTITo1=,

[#F]

2ITEBESICES>TRIESNTZ S /135A—2L  RIETHET LA FOHFHREEEFH)I<H
(FHEFOEEHTRILF—DFHEKE, ) EDHEBEEFRERL Iz, R TOMIEC T IL—T AH
X oY IL—7 OHIEF Y IL—TERLTWNS,
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[1] BEFHADOHE, BRZAVE—THE (1993). [2]K. Sato et al, Phys. Rev B, 71, 012201
(2005).



2P125
EFEVTALAEIZES
BHEFFOBREFEESKRICET BRI
(BEHRBE « A=t /) ILHER R, dbsEfg, S2) I
Quantum Monte Carlo study of positronic polar molecule
(Yokohama City Univ.) Yurika Yamada, Yukiumi Kita, Masanori Tachikawa

(]

BFORRFTHLIGET L, BFEEHET LI LIV HEBEREZ T, WEHRICAH IR
TR E 1T BT & OMHEBRA~ED LTI R FRO0 T OA A AEB L OB, RY o =7 A
B L EFO—RRHFEIRB) O, £ L CHBEFESEEGEF LR - 2 F0 bk D —k
B 72 RAERBB) DTE R E L Z 0 9 D L AREB I TV DN, £ O EMEAMEE 1L+ 2 B g S v T
20, LU, BEFEAEEROFEMIIETITEN D, WETICBT 2BE T ORI
ETEAEOEM 2 ERNOHALNCT 22 LIZREETH Y . £ OB L T3H— B E
F a2 MO S ST 5,

Crawford (% 1.625 debye UL LD IAA-E— A > b BN T, & O P55 E T
E—OWAERRTH L Z L 2 BRI L TV 5[, AL A7 L7 e RoyF(CH20)E, Z 0k
LA B O 7-E— 4 > 1 (2.85 debye) & & 272 IFETFEGEROTEA TR SN TNDNR, £
DO EBRPFEILT = E THE S Tunieyy, —J5 . Strasburger (FEE MFH AEA(CDIEIZE S W
TZBRRAIEATIC LV . R LT AT e FOBE TR (PA, BE ORI XX —) Z8HE
LTWwa2l, LaLaens, /I CIEHE CIEME - Ea IR A O 20 R GEF- B E 14
Bz @k IR T 2 Z EAREECTH 5720, ERMITFEETE D5 PAZBL720I1I0F. L0 E
FEEE 72 55— IR BYE IS K DT L EAR IR TH D,

b5 8 T A IR O FEVEE 2 K5 B\ TRHT PTRE 72 795 & LTI explicitly correlated Gaussian (ECG)
EEBEHEHWZESRE, BLUOETEYT0r (QMO) ERMLN TS, ECG FHEIX
[H ef] HFD/hS7R1T5% LTESIICHK bIFE MR E 52 50 (8], ZOEKRRFHEAAX FD
7o b i FHELPH AR D TR RICER DTV D, —JF7, QMC 51X ECG FHA & AR E O FHE
FEZAELRRLE, TOFHE a2 M ECG FHR & LTS < KEIBRGE 5~
LA CH D, T TR TIE, AVAT AT b Ry T OBETRAEREZBEICTHTS
L EEMIC, QMCIEIC X D 5E TR OB 21T > 72,
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PA(CH:0) = E (CH20) — E (CH20:; e*)
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DESJTRVX—=TH 5, AFETIE, LT T AL rVMOER L UL#T T n
DMONEE WD ZfEHO QMCIEIC LY | ZAbES =XV X —DORBERELIToT2, £, &
VLT VT B Ry OREERGE LA CCSD/aug-ce-pVTZ L /LB W TITU . Z D4 O ik
WEWRE LI, T2, FILLT AT R T ~OBETOWREIC X DEELITIEFIThS VW E
BE L. BEFEAERICH LT R—0FEEE2Z vz, QMC FHREICE T 23T E BEUX
Slater-Jastrow %! & L  Slater part D42 1% Hartree-Fock(HF) % (5B 7 JL i aug-ce-pVTZ, B
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B BETEE) BLXO=EH (BET-EFHH) 28AL, BT A — 2308 Ml
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Table 1 [ZA/NVALT LT E R3FBIOZEDOBEFEEERDOESTXNLF— ZLTHELLT
NT e RO+ OEFBA % L=, HF 3#EI12 X % PA 1%, Strasburger 2335 L T\ 5 CI &
FLEMEMICIIR CTh D23, ERMICIEEFITE/NGHEL TV D, > T, BETBRMIOR
TENTRE LTI, MBS (FRICE 7B THHE) 2l AT Z L3 FEHICEETH S, — 77, VMC
FEIT BRI CIEL Y b EWAS TRV —2 5250 (B L2 R LEX—D &) CI
ELY HREW) BE RN OMEITEERICHR S TS, ZAUTHWZEITEREIREE O “A
ST IZEKRLTEY ., Jastrow KFIZ L DML F—DEINAA S THo ool AE T
EEZ OIS, [AEROFERN HCN 5123t L TH @A STV bH (4], DMC FHEIC X 2 HHE
TR F —DRGFEFTMIC LV SERRETH D,

DMC {2 W7o & 0 IEE e birin RITU R KR E1T O,

Tablel HFILATILTE ROoFEFOBREFESEROE S RILFX—, BLUOBEFB

71 (PA)
E(CH:20) [hartree] E(CH20:; e*) [hartree] PA(CH20) [eV]
HF —113.913989 —113.914008 0.00053
VMC —114.3494(17) —114.3446(18) —0.13(7)
CIe 0.0186
at Ref. [2]
(5% 3k

[1] O. H. Crawford, Proc. Phys. Soc. 91, 279 (1967). [2] K. Strasburar, Struct. Chem. 15, 415
(2004). [3] J. Mitroy, Phys. Rev. A 78, 054502 (2006). [4] Y. Kita, R. Maezono, M. Tachikawa,
M. Towler, and R. J. Needs, J. Chem. Phys. 131, 134310 (2009).
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DFT study of colorimetric fluoride ion sensing by the heterodinuclear main-
group/transition-metal complexes through allosteric coordination

(Fukui Institute for Fundamental Chemistry, Kyoto University) Wei Guan, Shinichi
Yamabe, Shigeyoshi Sakaki*

[Introduction]

Fluoride anion plays a crucial role in biological process and daily life. However, excessive intake
will lead to dental and skeletal fluorosis and even osteosarcoma. Taking into account these
adverse effects of fluoride anion, the recognition and sensing of fluoride anions are necessary. For
a potential fluoride chemosensor, such
factors as large ion affinity, high
selectivity,  visible  photophysical
response, and hydrolytic stability
must be satisfied. Recently, Wade et
al. synthesized and characterized a
dinuclear stibine—palladium complex
[(o-(Ph2P)C6H4)sSbPACI]*  with high
selectivity and visual recognition for -
F- anion.! Although the colorimetric [(0-(PhyP)C4H,),PhSPACIT* (2)  [(0-(PhyP)C4H4);SbPACI]™ (3)

_ XCSbC 330 ECSbC 320
Y £C.SbPd /26 ZCSbPd 137

o Sb-C.2.14

fluoride sensing properties have been

investigated by X-ray diffraction, Sb-Cs 2.1 ICSbC 356 $H-C;2.17 (. ECSbC 356
. L1y oF  ZCSbrd9s Sb-C,2.17 s £CSbPd 97

NMR spectroscopy, and UV/vis [CF

spectra, there are several important
questions: What is the origin of high
selectivity for F- anion? What role
does the transition-metal play in
sensing F- anion? What is the sensing
mechanism that really controls the

observed color change process? With
these questions, we will present  [(0-(PhP)CeH;),PhSbPACIIF (2F)  [(o-(PhyP)CeH,);SbPACIJF (3F)

systematic DFT calculations on a Figure 1. Optimized structures and selected geometric
series. of selected and designed  parameters of 2, 2F, 3 and 3F calculated at
heterodinuclear main-group/transition  pCM(CH:Clo)/PBEO/BS-I level (bond lengths and
-metal complexes [(o(PhsP)CeHa)sM! angles in angstroms and degrees, respectively).

M2CIl* (M = As, Sb Bi; M? = Pd and Hydrogen atoms are omitted for clarity.
Pt); see Figure 1.

[Computational methods]

All calculations were performed with the Gaussian09 program package at the DFT level in both
gas phase and dichloromethane solvent, where the PBEO hybrid functional was used throughout.
The nature of each stationary point was verified by harmonic vibrational frequency calculation.
Two kinds of basis set system were employed here. In basis set I (BS-1), (541/541/211/1) and
(21/21/1) basis sets were employed with Los Alamos ECPs for transition metals (Pd and Pt) and
main group heavy atoms (As, Sb and Bi), respectively. For C, H, O atoms, 6-31G(d) were
employed, and 6-31+G(d) were used for P and halogen (F, Cl, Br) atoms. All of the TDDFT
calculations were carried out with a larger basis set system (BS-II). In BS-II, (5311/5311/211/1)
basis set was employed for Pd and Pt with the same Los Alamos ECPs, while aug-cc-pVTZ was
used for main group atoms (As, Sb, Bi) with relativistic ECPs. cc-pVDZ basis sets were used for C,
H, and O atoms, and aug-cc-pVDZ basis sets were employed for P and halogen atoms.

[Results and Discussion]

In complexes 2 and 3, the Pd center takes a four-coordinate planar structure, in which the three-
coordinate Sb center interacts with the Pd center. In the fluoride ion-capturing process, the Sb
center changes to a five-coordinate system, indicating that the Sb takes hypervalent electronic
structure (2F and 8F in Figure 1). In addition, the Pd center of 8F becomes five-coordinate



trigonal-bipyramidal structure by one more coordination of phosphine Ps. Complex 3 presents a
strong capturing ability for F- anion; AE = —15.5 kcal mol~, where AF represents the potential
energy change by the F-adduct formation (Table 1). It is noted that this kind of hetero-dinuclear
compound possesses higher selectivity for F- anion than such other anions as Cl-, Br, CN-, and
SCN- (Table 1). Cooperation between the intramolecular acid-base interaction (M!:--Ps) and
coordination interaction (M2:--P3) controls the change of coordination structure at the M? center,
which plays a crucial role in the colorimetric response for F- anion (Figure 2). For instance, the
conversion of 2 to 2F decreases the absorption band around 380 nm but provides a new peak
around 330 nm, as experimentally observed! (Figure 2). The conversion of 3 to 8F quenches the
absorption band around 400 nm, but provides a new absorption peak around 475 nm. This is
assigned as Pd-based ligand-field transition (LFT: dy, — d,2 and d,2_,2 — d,2); in our
calculations, these two excitations occur at nearly the same energy. It is noted that a five-
coordinate 3F induces intense LFT, which is important for hyperchromic effect. Besides, the
introduction of heavy-main-group element Bi causes bathochromic shift in the absorption spectra,
while the replacement by late-transition-metal Pt makes the spectra blue shift.

054 —2 expt. 0.54 l l 3 expt.
—— 2F expt. —— 3F expt.
== 2cal 3 cal.

0.4+ - - 2Fcal. 0.4+ - = 3Fcal

8 03 £ 03 {oo
g g ] 4
o o / \
802 £ 021 / s
4 4, \
N ¥ \
0.1 0.1
/ \
\h_;‘__—__ “\ d 7 ~ i
0.0 T = T 0.0 L= ‘ T — Y
300 350 400 450 500 550 340 390 440 490 540 590
Wavelength (nm) Wavelength (nm)

Figure 2. Comparison of experimental and calculated absorption spectra of systems 2 and 3 upon
binding F- anion by PCM(CH:Cl2)/TD-PBEO/BS-II level. Experimental data see ref. 1.

We tried to understand theoretically the sensing performance of such complexes for hydrated
fluoride at different extents [F---(H2O)nl- (n = 1-3) instead of a naked F- anion. In the presence
[NMedl* and the phenyl ligands around F- anion, the maximum number of water molecules
interacting with F- anion is 2. The strong interaction between water molecules and F- anion
makes the F- anion-capturing process of 3 gradually difficult. However, the F-adduct formation is
exothermic, indicating that 8 also possesses good ability for F—-capturing from aqueous solution.
The presence of two water molecules leads to the formation of four-coordinate complex without P3
coordination, which makes colorimetric sensing of 3 for hydrated fluoride become not obvious.

Table 1. Proposed anionic capturing reactions and the reaction energies (AE, in kcal mol-1)
calculated at PCM/PBE0/BS-11//PCM/PBE0/BS-I level (CH2Cl: as solvent).

M! M2 reaction (AE)
(1) Sb Pd [3]BMes+ [NMesF — 3F + [NMes BMes -15.5
(20 Sb Pd [3]BMes+ [NMes]F — 3F'a + [NMes]BMes -13.8
(30 Sb Pd [3]BMes+ [NMesCl — 3Cl' + [NMes BMes 6.0
(4) Sb  Pd [3]BMes + [NMes)Br — 3Br'2 + [NMes BMes 4.3
(5) Sb  Pd [3]BMes + [NMesdCN — 3CN'2 + [NMes)]BMes -9.9
6) Sb Pd [3]BMes+ [NMesJSCN — 3SCN'= + [NMes]BMes 3.1
@) Sb  Pd [3]BMes + [NMe4F-H20 — 3F-H20 + [NMesBMes -14.0
(8 Sb  Pd [3]BMes+ [NMes]F-2H20 — 3F"-2H202 + [NMes]BMes -11.5
(99 Sb Pd [3]BMes+ [NMesF-3H20 — 3F'-3H202 + [NMes BMes -11.6

a Four-coordinate structure around Pd.

[Referencel
1. Wade, C. R., Ke, 1.-S., Gabbai, F. P. Angew. Chem. Int. Ed. 2012, 51, 478—-481.
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Quantum chemical calculations of oxygen reduction reaction on the carbon nanoribbon

doped with nitrogen and boron

(Hokkaido Univ.) Takashi Yamashita, Gao Min, Andrey Lyalin, and Tetsuya Taketsugu
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[1] T. Ikeda, M. Boero, S. Huang, K. Terakura, and M. Oshima, J. Ozaki, J. Phys. Chem. C, 112,
14706 (2008).

[2] T. Ikeda, M. Boero, S. Huang, K. Terakura, and M. Oshima, J. Ozaki; S. Miyata, J. Phys. Chem. C,
114, 8933 (2010).
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