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' —t N
w17 l H s
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] l{ H
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'\: ! 2 \:‘ Ext.Hiic. -1060.50C6 1080.341 1059.849 1058.519 1057.841 1
~
SO \{k} -
3 s
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' .3 [
i l
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=31 = 3.0
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Atom®! c c c c c [
3 i 2 3 4 - 5 (1
Convergence for pertucbation
term In Fock matelx for kv 0 and W.({inev) Isolated 4.0562  4.0562 4.0562 4.0582 4.0562 4.0582
Iteration ke0 k=T Ext. Hue. 4.0570 4.0588 4.0548 4.0548 4.0588 4.0570
o 229,882 229,052 Pert. 4.0570  4.0568  4.0548  4.0546  4.0568  4.0570
1 1083.943 .14
) At
2 43.828 200.569 om Hy Hy fy Hy o Hy Hy
3 ST 62,973
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s 0.000 0.013 Ext. Hue. 0.9429 0.9448 0.9440 0.9440 0.9448 0.9429
[} 0.000 Pert. 0.9429 0.9448 0.9440 0.9440 0.9448 0.9429

a)The number of the atoms Is shown In Fig.4.

A, Rk pRes
1 A, Imawra, Sanibel symposia, March 1987, Florida.
2) A, Imawra and Y, Aoki, Int, J.Quantum Chem,, In press.
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frequency normal modes. 4. ¥Ex - -HEEE
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frequency of normal mode (1986)
in wave number k of -1 4.4 30 60 120
corresponding light in cm ".

inter-nodal-plane 10.6 6.8 4.5 3.3 K. 5\":’:“\ N .

distance dl in A.

velocity v (=2ckd)* of 8. REB. Biophys,chem,25,73(1

equivalent - .
plane wave in 102 m st 986)

Youny's modulus E

tn 10!! dyn cm”?

* c 1s the light velocity, i.e.. c=3.0x10% m 57!,



&l 4 X & = 35 J UF 2k D 42 1 D BiiF 3E

A~ CAY #&

# y4) 54| Study of the properties of solid methane and water

BF #).boo

OR MWL GIARM), MHMEFUEREAHE), RE BEXAH), MKBXGIAME),
AR FILCGRR M)

1. Wrze ey . RNIE

ab initio Molecular Orbital (MO) EH¥E»oRDS>hKk—K2ERF IV ¥
NEEREY, REBHICEY 2 KOERRMRARAER .2, HFEAETFE(Molecular
Dynamics)DSHRET 3. ZhhoBoh B AFERLRREL LT 3. ROLER
TELE, SHROKRUKBHROFHEBEROEBRE 3.

2. WFZE STk - 558 5 3k

MOD 75k @ micro canonical MD TH Y, —2OMMDS Y OR T, 2T
BN, KV, 22 ALY —-EL—ETH 3.

ERLLOFOHTEE N=216 &U, UAKWRBEMBERZUERIREVR. &
HEET) & O TR g % 4 Verlet O 7 LT A hicd &3 %, BEHAE dt=0.5 fs &
UTHE, 6000 A5y 7HRBHDE000 AF vy TEFEVHHER >R, EETW, 4B
WIRU 1200037y T O HEIEREERVELV L. KBOHBRKOY I TLVE, GIBETO
FOYLARBRBEOY YT LR2U LU X ZEERTWFTE- L.

MAEVEH I I AN E -, exp TREIWZAEEHSBHE, VHwD minimum
imaze convention WHt o, REEMIBS (F -~ VIH) W& Evald OF KR 2.

TS5 LE CCPS T AT 54 54T 35O "MIMPOL” 27U TIE- 2.
DTS5 ANMPOLWE A =N ¢ 2 E 2 —=YCRAY-ITHRZEMPLTBY, A TFRIEUR
JJiDA—=N s aYEa—=¥¥ThEmdazy P LEESES LS. S810/102 1 > T, 120
00A Ty JODFHIWCES ZCPUIFEIILHMMUATH 5.

3 . W 3% ik 5=

P, MOFHE»SE SN2 Matsuoka, Clementi and Yoshimine: Yoon. Morokuma
and Davidson: Clementi and P. Habitz; Carravetta and E. Clementi DA4FEEH D
RPFVYV S LVEBE2REREL, GFORIETCOEAPREETOMBEUVTRD R, R
fEEolLBM o, BEELBRLRIRREAD Carravetta and Clementi K7 2 ¥+
LNCUTTCCCEMTORBALCHEIKD . RFIV v VEABORRHWH A2 HE22RI
A . FAIHRHNWERKEETOEAORVIL, BEEREKEEKRKDIKTO L 2L ¥
—DETMWETES. CC T, IEEKOAVEEEKRLIIZZIALF—NFL, 20
EORXTHRYRLOTH 5. BBFWRUE LI WEREIIVT, T=OKRZBY
B IEPrrB RO . CCTW, Prr = 5.7X10% MPa &Y REVE O NI,

BB CCRMFVTU, Clementi POAFEDORE - BIHTOEYFANOFEDP S,
WO EWD, XBR U METHRILOERERBLSKAEIEIEIDHOIALTV S,




W, CCRFYY Y LERIRELU T, HE- BELHHNOLEILREBICDVTMIY 3
2b—=varyiREFUCEARBHED ., EAP ERFIV SN s T2 NLVLE—OFEHEYS
REIHUVE. CHANBAEKYT 5. BRFLAKDPFERAURETOHERELEEE—
AV IR HSHBRLERREES L T3 HERAKTOEAELALBARKROBNERE
Bid 5.

ZOEHAPEVEEDFHEMER, BRABHBEERLY, ANLARLYOHBHI ZLY—
BIBETERIE p OBBKEUVTERBU, RBEABEREUTEBUR.
BRI O E2TH 3.

BRNERERZLZ—FERHRODETD, EAPOREFILOFHEILOAEESHW
RUE. EERICEENELEARBMVERETEAMIERERY, P=PCV,TO0OE
TaRUE. BRIELHEBUTERARNIEVUTVAESI DS, ST I LEF-BRUES LY
o —fgsAgREs k. 2haREBVTWE, RREECFRRVLV—BBEsL .
HotOoREDFRL2AOFT YR LVED> W RRBAERNTHY, HRIBEHOF
— I DBEHDONRRBAREART, BRASHRKBTEIOABRSS.

AFHEEZIENRBAERN 2B, SRBLECORENORTEMID S, BRIRER
EHR. RLWENT, COFRUTHI W EABRERSAOFHIELRRIEL LKL 2.
BRL—HUTW3.

HTRWHMIRERK o OBREEILREN P = 0.1 MPa & P = 100 MPa & TE#H
WEROBREILB UL, BECP = 0.1 MPaD T, IBETHI100°CLLE E0°CAT ®
RRERELDEDTHYE THZ. FETOESPUAZVWI2KEUVUTRLSERER
EHluTwS. 22T, SEIOFEICW adjustable parameter —2dRVEER M
FUTHBELL.

ZREHEE - OHFEEOBRETILEESRRRVE. 22 Td, 2RKEUVTRL
EREAHRULTCVS. FETOEBBLULAEL. ZOMBE, EAR2RERIEL LN
WBRAoEsE, KHPERELIVAKZLRBR>TVEETHS. KLBUIZKRERMERD
HREhz . (BOR)

BT, BFOBETOLY POE—-REOHMN¥BOBELR2THELVR.
OBCHUVEETRRBELLKIZE, EADNORNEBIRERLS T 3.

MWK TOFBEEERIEOLER2ITY. FEOKEUTCHEDS, MAHKERE
UT, T=2T3kCO R RRD L. KOKRMEBREDOKOARBEDOIEBERICEY .
EFHMR—HDBEONKOABKLIVBFEPGSVWEBRILE.
4.FgFE - H K FERE XWX T E
D KR #allsEoies, 4. 41 (1986).

2) A Bull. Chem. Soc. Jpn 59, 1425 (1986), 59. 3341(1986).
5) I J. Chem. Phys. EfRIe (1987).

6) WHE, i @dibkEy Ry YL 618 12H &HE

) RN, A HFEILESEBES 62F 1H HIR

8) Kt HTWERadAg 614 11H AR

9) MK, Al FIEBERUIZES 624F 3 mHE
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14 vl

T rrrrir
1t 1111

200 400 600
T

800 1000
K

% l  Critical Point

6 1 1 | 1 1 1 1
cale. | obs, 200 400 600 800 1000
Te /K 603 | 647 -
Vo/emimot” | 62 59 (4 7
Pe / MPa 28 22
%D T=29%.06K , V= /5.068 cn¥mol £ 3 ice, Te273K, PeoiMh
calc. obs, cake. obs.
A /15K 42 | 26 V/entmol™ | 217 | 19.6
K/ 10" | %3 | #§ T/ A 2,85 | 2.7
Cp/ R 4.3 %1
P .
. T=273k_ P=o
P/ MP; 2%/01 0,' Lz 7 N OIMP&
U8/ kImot” | -39 | -9 - | cake. obs,
s/ R -7.6 | -70 V/emmod™ | 2107 | 1802




BERERUENRBEBROBRFAEHRUBANEITER

A UBL #
=S 7.377| A quantum mechanical and dynamical study on the

F 15.200 enzymatic reaction and the drug receptor

OMWBsYW, T, MPRR—-B, ARFEX, FPRE, HRE- (LEKX)
1. BIEED - IB

BADEIOREEZER2EHZULCTCLEI3HOHEGE, VHEHMEAODRLVHIERAMINT
%, BPUBLOZAE, REULTPEINIEAHLEAUVEZhEMEEHARULT QU
HTEHNABILh S, EPLR2EBROIXAMBENMBPIHh, TR REALY
ORUCMHMAEEBUTLEI»R2FMETXhE, V93 ChrE¥2rBRHBRF Y (ITHTEN
A3, TZTEPRBFUOIXRABENSMATHhTLVWILRORER, BROD
RSB EXY LOMENHEBEFARNRUGNENFELAVCOMELEKRATY 3,
SHEER2AFORBRFOBHRHSIBAOBFBOMHAENFAIIN - 2FEIILDRE
YRERROEIIRAKZLVRRENBLULSFRHEOELEDY 2 HMU AN SRR,
Diels-AlderRIEREVEIFDERBXBEOQIFORNOBARK & k.

2. BIRFE - HHEHE

HENFHAREMB T 5220 F2BAY RS T molecule 1, molecule 2 WEF"AME U TER
DN FHHE M EGaussian General) 09 54TIT R S, -STO-3GHE K & & J < RHF-LCAO ab |
nitio FFERITRV, I7/5M-MBFREVIS)LOKFIiTO molecule 1 OnEH OMOE (
Pli.n) XEAUBRTD molecule 2 OmFHOMIE (P'2.n) 2FMULT, ThsMODI
WYL Cern, e2.0) WHTA-MEFEERU, P TFREBILRIBFEFEFRELD
RPEREHORNERRRAR I > TRD S, COEEAHTHESAHBMN -9 (MOABN 5
) E MR, RELU, SIHRRKIKHYVIOShEEWRTS %,

C=2'} {1 Pi1r,nePioa,nl /V] e1t.n—e2.a] } ‘S|/2|)S|

Z D% Cfrontier electron theory@ 8 W TEE & Wb h TV 3 HOMO, LUMOD & 2H Y E
W, Th>0dA8D35, RN -HEODEVHOAIRZROMNBREU R ZON54-9%
INE T2 EFTRFR (1-methoxy-1,3-butadiene(MTBE)-acrolein(ACL) & cyclopentadiene(CPD)-
maleic acid anhydride(MLAR) D Diels-AlderRIEHR) KR T H 3 DHFRFZ (dihydrofol
ate(DHFA)-NADPHRR & MTX-NADPHAR) WHIE U ke Diels-AlderRIEROBH TUERRER D
ERITHIMIBREU e EHERIBPIBOIIFRE D L WU, DHFAENTXB R L DI FIV IR
B4 @, NADPHO R ZIFITINROADE AL U ke DHFARSKIMIONMEL X hRbOE X
hRWVWLbDRHUNDIOTHELBEBILLU, Bolinb OMHFEW U B> TRPM2EIIU k.

3. MMABR

Diels-Alder RIE DK KB € » ZMTBE-ACLR D ¥y 44}
YR HIRW R T ACLOTAT LY HORBR E->T2H8HE
ORBPIMETEI. 2°0HRTFUTHEEER RS,
WA FBI7or A0-MEMBMU TV 3K MRR=3.42 D,ethy
lene—1,3-butadieneR O BRURBICHY S+ 3 0 =76° O carbon: @: oxygeni of hydrogen g:3.4k; 6:76.0°
W B BACLOLUNO, MTBED HOMOD MOARBIN°54- 518 % % i MTBE-ACLROVAALY
TRRUR: H1EHFBOVThOREDBREPLTHIRR(H1 03,10 FF)H)O L ¢Hoid




BN REREREL->TEDY,
COEDPLRISTOBTFUCTE 3 2 TABLE | AVERAGED WODIC PARAMETERS FOR

1-METHOXY-1,3-BUTADIENE AND ACROLEIN

Ebh3, COBAONEBNS Coonewmariees

76 degrees

A-9% ADLEW RRU THTBERM » &5 R ATON  NTBE-ACLI  MTBE-ACLZ
6&2@&5‘:73%. ﬁma}ﬂz 3.4 angstroms

x 1078 x107°

IBHUEGBRARERS>TVE o e H
zZENDbHM B, 1O IR D oo HH B
TOTAL 1.02 1.00 . > 9.1806-03

w T t’ lﬁ] m T & 2 rc'.'.o 4-31 G§ E m NTBE: l-methoxy-1,3-butad!ene(HONO)
& 0) ab In i t i OH # {) 1? m - —C a ral M'.I.I.IAC.LZ':.::?IIV':I{;:“::’.MI (2) in Fig.

N . . TOTAL tneluding hvarogens.

tlon vas done on the van der Waals

b" RGP LOBRRMYT 3 ‘5 ;ﬁ e " vartace of acrolain with $T0-10 basis
set.

ﬁ ": T 2d» -k, 7x i E 10220 TABLE Il EFFECT OF SCALING FACTOR ON

AVERAGED MODIC PARANETERS FOR |-METHOXY-

BEatto>s, RBHRBDOAGWREHEI O DT I L rmme s e

€ 3.4 angstroms distant, 76  degrees)

B2 ACLEEISFSMTBEDOHOMOXACL
DOLUMODOMOMRINSG X - Y DT 37 ¢ v I BR

bHo>TW%, ULPL, COMME I OHOMBN -9 B K tone martra™ s
BMEhTLRV., ECC, BHRMOVHNERE TR R E> 0 e
THHENELL, REOHDTORBEOENY OBAN KLY g e
MOFRUBEOTERTES & >, &1 I2HME {exp(-A2r2)} T;Ei wE

DARZI-BI799% 3 5 HEEREU L. 21-47799 2.00 L &2 D
HRR2RICFRY. REPFLU DYV TRCBEREORABE DV TOLORRO FHMNTRT
BB EWLWSIZ LD DR,

CPD-MLAHD Diels-AlderRIEFR R 2DV THRIEPTLEEREDRCBEAI I FHNZONS

AV K VEBETH I ERREU k. oLE 11 oore
EHFROB & UT, DHFA-NADPHE MTX-NADPH e l""’“‘
FRTONOHBINSA-9% FMUTHS (KM, i — | — ffj&@l
DHFA®D 6 fil BNADPHD S ER VI (4 RU M B R T
BTH30T, HEOLNOE REDHONOBM % | e L
£x 3. WHPLZOBRTLONA-SEMBERED : J:/,
WTkEW. REUORELTO R0 Ea, G T O

VTV 3B ARKRTHENRRETS 3. O - ' -

DHFACY) : dihydrofolate ( protonated, LUNO ), "
ONFA(R) 1 dihydrofolate ( not protonsted, LUNO LN

TrW, BESHMIOIMEEATREBS 5 &0 0 i o ]
SHWEE BT Be F e NTXOHA G LBEONFA w0 o w0l LT b
CHNXTHENEULCAXL, REBEIOVRRCVWELS ERTHERNTS I LS L
WHRWE TR R,
BPEBOBMBENDDPORVEAOXKYRHOSERRLT SR dR, RRELKEAT S
MENHETE3rigidR XY BOVIVEEONM I —EW(Q2.8)O#ERFALMY, &
BTRRBY S8, &K, J755"M-02, XREASOMEFEHRHION, LUMORE DM
HHEFNAULEYRHFER DV THMIYIE (ArglSEBIBPTIOREAVTRB LTV 3,

4. R -HERRRET LW FE

(1) %%, Wl Chew.Pharm.Bull., 34, 3492 (1988) (2) 771, ¥l Enzyme, 36, 141 (1988) (3) A{R%, HFIll Chew.Pharm.Bull., 35, 1673 (1987) (4) /M&, )i,
i), oH  Chem.Pharm.Bull., 35, 1880 (1987) (5) X{R<%, ¥l Ches.Pharm.Buil., 35(7) (1987) F& (7) AR¥%, #ill Chem.Pharm.Bull., 35(11) (1987) F&
(8) WiR, /MR, ARF, L WIAEIMEIFIEERY VKU I L 19864108 BE/R



RELABABOBRB LN FEBRBOTR
A~ BT W
% 45.57% Paths and Dynamical Mechanisms of Elementary Reactions
T 45.boo

RAEMT OWNHEZ Lok - -BFRE—-BHEZ - BEHEz NP -
¥ RS
1. ®WEEM
REFFEAOLAMBORBELRISHEOMBEILE. AKRVWLOAFIB V. AHRTR.
L KU CHaCHoO ¥ S Y A NWHRBUTIK HNO(Cev) OBBLAYFRIELODVWT., BEERM
H M (configuration interaction,CI) HHBE K EWEHARMRNEGTw., EREEOM
RLERNWHARAOBHEERXI L ILBITS.
2. MYAH
MERHILL RGRK OB L. IMSPAK GAUSSIAN 70 $ X U 80 AW 53 SCF #HH
Kot BB EDOETEEILSVWTI. MRD-CIHE X TRk, EALEXEEBBIZ4-31
CxTH5. Cl HHKLDE-> TR, BFTHREORRD 2D DKM threshold ¥, CI K
BN 6000 - 9000 ME B EDIKMY (Tain=10~20pahartree) . HMi &> T, To0K
B3 AT XWX —Ecr.ro0k . EHIC. triplefAl k Dexcitationd §E B # iE (Davidson

ME)EMUE"full"Cl #EMHE D> TCITHRVF—Eci2 Lk, AN P
3. WERRE @
3. 1 CHoCH0 Y5 Y Auv H}i{;}ﬂfé,ii“
(a) @i Wt

CHeCH0Y S YA NWR L)L, 1BEHAS I UIERHRO S II.Edge-CH,

OBOLHULTABEORBENIZEIXS NS, R1K. ThEh g .

DREREDOETEFT — 2B XV CH0CP) HHD T RV F— 7 A

EIEE T orE. ROVREROR ' c o S A THMBTHY . B r'?\Q }é_f3

BRBEOFENBHEICAE Y (1Ci12=0.78) . K¥A4A As B Rz \;1“

o2 AT IHERTHANELAGLHARLTZF LY XY R % 1.Face-ci,
BT B3, RWTRELROR ' n 2 84 T THYRPRYYSY B 1. CHeCHOY 5 Y A W
W NN EW((22")(3a™)'® [ Ci |2 =0.30. (227)2@ | C, | 2% =10.51), B3BHEY 5
VANDILTHRDBDRELROW 0  TH 3 (102")!'Ba™)'?d | Ci |2 =10.92),

R1., CHeCHOY S YA N OB AMB LMY T XV F— JE (kcal/mol)

CaHy4 Singlet Iriplet

+320 Face-CH» Edee-CH. Face-CHo- Edge-CH-
‘o o g m ''n o ‘nn |20 0 e °meo *mo®
Bl A% R (M) — | 1.496 1.499 1.496 1.495 | 1.501 1.492 1.502 1.493
Rs (A) -] 1.384 1.390 1.394 1.385]1.398 1.397 1.384 1.384
As (deg) - 99.5 114.4 108.2 114.2 | 110.9 113.8 108.0 113.2
4 E UHFSCF 0’ -8.40 -6.42 -4.84 -7.27|-6.07 -7.99 -6.67 ~-7.86
CI 0°’|-24.06 -10.81 -12.29 -17,72 | -7.69 =8,56 -7.74 ~-17.06

a) R..Rs. As. B 1 KX &K 5. b) Escr=-152.66712Ca.u.) ¢) Ec1=-153.02669(a.u.)



A{B) K
CH:CH:0D B A FRIGE L LT, o-HBL ML 1,2-HRFBHAAETH 5.

CH2CH20

CH2CHO + H o -HEL % )

T CHsCHO ——= CHs + CHO 1,2-HB B

(2)

Som k. M2 RTEBRMTSIC JEF=20.7 kcal/moD) ¥ B T e -HEL M L. KWW I WA
F WS YA CHCHOC(RA™) 2 AR T 3. 1,2-HBBO - 2 )V ¥ —BE (BBRMBTSH I
WM R JET=40 keal/mol). 'o o DB AR, B, c-HEMLTE = VA Fy 5
A ICH=CHOCCA) KL B A2 M (BBRM'TSH O BE HFH < ( JE¥=48.4 kcal/mol).1,2-H
BT 7R 7INTFERIEEIRBOBBRMB!'TS2AE L < W ( JE*=6.4 kcal/
mol)e AR ULAETEFZNVNFE FIZARBMICCH LCHOWXCAD KK HMULIB. Thbo iy T
BRORF VY Y VI RXNVF—ZEALEB3KRT. ‘o0 DL1,2-HBY (KH2) XN
¥-MHKEHNLREYPTFREBABTH L2 LEREIN S,

H H %,
\ 1n2.8°+2
C

: N4
%\ S H 3
H > H P

- . 3H
152 '1s1 '752

2. BBRBORAME

Cellat0(C'D)
e

50.

Celle +0(7P)
CHsCH-0Cn-x *) T
28.6
. . (28.8)
CHeCN=0CEA™) 411 I
71.8 ENeChed Clls + clio
(84.7)
.6
99.6
{111.8]
o 71.0
HeCT—cCll, 183.0]
Y i c e ceccmnea————
[27.1})
b N L

CilaCHO

M3. B FREEBORT Yy ¥y VE.
B kcal/mol BAGr . [ 1] RERM fH 500

__70__



3. 2 HNO-
(A) i

HNO, HERMO B AMEE RO E. run = 1.011A, rvo = 1.214A, 8 uno = 116.1° O
THEHMETHY . 0, LEBTHR 4xBFHRERLTWS,

KtAu, ~++- (6207 (1b)? (4bp)2 (lag)?

BB ICEXB L. HMBYHOKRBIT 827.4 (ONO ZE M), 1196 (M 4 Z £). 1463, 1582,
1799,3596 (NH &) cm-' TH 5.
(B) HONOA~AQ®#IE

R#EMLHAHR HNO, — HONO D EBRMBMERI NI LRI NLSTH 3.

0 TS 0 - 0
BRI / m'%"" N4 /1 167
* 1.214 1.330 . .
IR AT AL Y O
Y01 0.954 /=7 1.400
\ 1.308 1.189 ’ /'°7~’.
0 H H

4. HNO2 (*Ay) —> HONOC!'A’) O T R ¥ — B/ Hi&.

MFY Y ¥ VZR WX —FEHD CIl HEKEREASKRTULSTHY . KETXNVF— 1}
AE = -0.8 kcal/mol, T RJV¥ —BEEE® X2 AE*= 61.8 kcal/mol TH 3. H-N R A& S
LU N-0 RADYKHICET IR NVX¥—1F., Th¥h 68.2, 62.8 kcal/mol TH Y. R
BIELDAE*H I YV DBEHILBEWVWEIDITH 2. wTFhict & HNO. ., —BHAEBRT h XK
BWREKEELIDZ” ¥ BO” —BRHHFTHY . N0 K YUDEIDBLHEANRRESLFT
hborrEILIZ., ERICIZIBENZEETH S,

" H + N0,(X%A,)
o + o(3p)

oH + No(x2n)
63.6

HoNo(*A")

H5. HONO - HNO. RO RF VY ¥ VT XNV ¥ —WHE.

(Cc) 1 EABERR

HNO: XX FHLBBIZLDOTFHABEB I, BEIEBEARBOARHR
HEFok. ¢, EAHBTIRINX -0 CIL HHEFToE. RWT. By, 'Be, 4 O %
BETANVY-—REBOMEL UNF SCF s TR AL L LT, ERAMBICDODVWT CI B
BErfHiv. FBBEZI A VY-t RDE. HRER2LTLDS. IEANBRBERKO
3BT, ‘he RMBABRRETSH S (AE = 2.63 eV ),



b) Rydberg R A8

4. BBV IXRCHE

n
2)

T.Fueno, in Applied Quant.Chem.,Rei
K.Yamaguchi,Y. Takahara and T.Fueno,
(1986),pp. 155-184

K.Yamaguchi, H.Fukuli C

K.

and T. Fueno,

Yamaguchl, T.Fueno, K.Nakasuji an

.Yamaguchi, Y. Toyota and T.Fueno,

.Yamaguchi, Y.Toyota, M Nakano and

.Fueno and R.J.Buenker, Theoret.Ch

.Fueno and M.Kamachi, Makromol., in

- o~ - =X X

.Fueno and S.Yokota, Chem.Lett., In

T.Fueno, J.Molec.Str.Theochem, in p

K.Yamaguchl
WE. BK. wo.
WEH. BH. B,

T. Fueno, and 0.Kondo,
HATRENRS.
LEREHRE

= -~

# 2. i B OHNO. (Cov) OB ARRKM
R JEH fh W 2 fh & IR TFEHE
AE (eV) AE (eV) run (A) o (A) 8 uno ()

AL 0 €0) 1.011 1.214 116.1 e -
B, 4,29 2.97 1.020 1.308 113.5 6ay—>2b,
1B, 7.02 5.51 1.000 1.338 122.5 lae—>2b,
"he 4,217 2.63 0.997 1.323 125. 3 dbe > 2b,
214, 8.43% 6ay>Tay
2B, 10. 85 5a, - 2b,
218, 8.31% dbs>Ta,
2'A, 8.43% lag—>Ta;,
a) +--(6a4)%(1b,)2(4bs)%(laz)?, Ecy; = -204.64004 hartree

del,dortrecht(1986),pp. 33-41

in Applied Quant.Chem. ,Relidel,Dortrecht

hem.Lett. 1986,625.
d I.Murata, Chem.Lett.,1986,629.
Synthetic Metals,19,81(¢1987).
T.Fueno, Synthetic Metals,19,87(1987).
em. Acta, in press

press

press

reparation

in preparation

KB (1986)
HA (1987)
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%= 11,195 A Theoretical Study of Chemical Interactions and Solvation
s )b, 000

°G.G.Hall(RAT), A B(RAIL), HHEF(RAL), NH B(RKI), FH XSG
(RKI), KEEB(EAI), kKA¥WRB(RAIL), #% HM(RAKI), BEHEZ(ERKXKI)
1. MEEH -WE

AFREL, ARRNATHAHBE LAV AL ERNAFAROBTI W RBHORITE, &
BREAMEESHEFACS IR IHRRHUTEREED I EREMHELTY 3.
2. MRHE - SFHH &
CLHEHEERROMMMEBIUBEFHEEOHHICWE, GAUSSBOS- (No.0482), IMSPAC
(No.0356), IMSPAK (No.0372), EHTB (No.1103) 2 AWV k. {tHEFEH N T 3 @K
APHEHILUVTCHRBDUEURIBRS RHOLABHEURRBEIE L. LEHREEFEFHIT —#
CRFM R THY, BEORFHEAFETRIINBELZOENFE->RLOTU, 20
BB RFUDBDBYHYRRATERL. APETCULLEHNEFRHCEE T3 200 F
ODE#HFHBE, ABCHNAOLY Y - FEWEB I LR E>T2HOH FMHTHIE
2O, ZONBN THAERAEXRRA T3 FELREVZORAREIMP > T E L.
AEEWR, PFORESIIVIERENSTOLERSOHMRB LI THRRE RRE LU
RR->RHADPOBERU, RERERLRFLHABTAHVLREHORERIEBY 3 & &
B, XGRALVEIEN»S, BRXHEORFAHREHORRE DLV THRIF LR,

3. W R

WRAMCE T 3EANHE - ARYPRIEERAL2EMTSIIXATREREKE DL D
HFO—2T55. BEAMOI 2 LY - B EFOILLEFHALH TSI LI IALF - CHBEULT
NEL, ZOXRFUYVYIPLNEERETIVLUSKOHERBABSLELCLRS ., AWRETIUE,
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P
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R —RAERBE VLD & LB A, Bushd (J. Med. Chem,, 28,992C 85)) b hEXPFLTWW B, —
F.EBEHOMN. 7YV, 7=V —nEOXVEVYERKOKBILREOBE X 2 v —FRENIND
0/33 I L DML 8B (Chem, Pharm, Bull., 34, 4457C 86)) ik, Meisenheimer BRI hHEE IS X x
MEVRBEBRLAVOE, Wb, i+ vk - RERBCRIBEVLIEERLAE, 22T, BEAD
CIRFVERN_RERDTHO I ZDEINZHARZILDBEOH Vb initio MOFEEFTE L.
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£ 1

Optimized parameters of Li*-COSZ' potential function

C-Li Li-0
Q 1.269x103 -1.352x103 (fixed)
A 6.048x102 4.114x10!
B -7.746x102 -4.448x102
c 6.069x102 1.206x103
D 5.785x102 2.382x103
E 1.836x102 -1.658x10%

Q, A, B, C, D and E are in kJ mol !4, kJ mo1 A2, xJ mo1-1R9,
kJ mol_lﬂﬁ, kJ mol'lﬂs, and kJ mo1~132, respectively.



CHhoDZRRFIYVY L RBOTITR>EMDOBERBON T M i), XHEH
HFOERKERD tU®URE, BAFOHOC-0 RUOC-OEFHOMEERRHET ZMAPWL>
VWTW. Debye OXEHOVTR/NDIRE KLV RDE, MDOERRXAAHOEEME T
Bhai )R XBEMENTORERAI> WL 0L BRFRV-HE2RLE, MDOMRMBOIAR
ZERTOBEUEHORBERIIRMUTVWE3DBOEEX A, FRHLVEZAKRKRFTF Y v
bEMRbBbOEVE KD

MDRIAVEBAAHOZHKIMHUBBAEBEH N IN, K2UEFEFHOgmOHMHE
RUMWEITR > 2 LINOGG OMDOHREEDBWRRU k2.

%2
Characteristic values of the pair correlation functions
gij(r) for Li2C03 and LiN03 melts.

LiyCOg (1004 K) L1N03 (5650 K)

Ryax/A  Ry/K Rp;/A Rpax/R  Ro/A  Rpin/A
Li-Li 3.08 3.78 4.28 Li-Li 3.51 5.67 6.42
Cc-C 4.65 5.48 6.04 N-N 4.44 5.26 6.22
0-0 3.37 3.99 4.42 0-0 3.0 3.1 3.8
5.06 5.40 5.86 4,74 4.94 5.76
Li-C 2.81 3.37 3.80 Li-N 2.90 3.33 3.94
Li-0 1.97 2.47 2.94 Li-O 1.86 2.29 2.80
Cc-0 3.98 4.62 5.08 N-0O 3.86 4,49 5.10
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Tg 3T] ]S 3T] ]S
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—— ; Increase in
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..... ;5 Decr in
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- (A) Ditterence density map (B) Contour map of HOMO
dx2.y2 0.26 0.13 0.05 -0.04 Fig.2 Difference density map before and after
L 0.53 0.33 -0.04 -0.09 0.02 c02 coordination and contour map of HOMO of
RhC1(AsH,),(CO,)
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Table 3 (ZHBJr attack to coordinated CO2

RRCT(AshH4) 4(CO,)  (NH3)(CO,)
e 90° 120° 90°  120°
sE(keal/mon)®)  -64.7 =815 +6.7 9.6
Changes in Mulliken populations”
Rh or N 0.004 0.004 0.041 0.039
co, -0.031 -0.008 -0.254 -0.189
ASH3 -0.098 -0.093
C1 -0.117  -0.113
cH," 0.498  0.453 0.20° 0.212
a) Sign of "-" means stabilization in ene:y

ugon CH,*-attack. (Hartree-Fock 1eyela. )
b) Sign“of "+" means an increase 1n population

upon CH3+-attack.
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Comparison of correlation encrgies and spin couplings *

Ne F- NH,

hartree % % <! hartree % ®) %< hartree % %<
SDCI —0.17413 (96.7) © -0.19782 (94.0) —0.11963 (94.49)
interact —0.17350  99.6 (96.3) —0.19390 98.0 (92.1) —0.11758 - 98.3 (92.8)
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full C1 —0.18011 (100.0) —0.21049 (100.0) —0.12668 (100.0)

*) SCF energies are Ne = — 128.522354 hartree, F~ = — 99.442848 hartree and NH, = — 56.16599 hartree.
®) Correlation energies (in %) relative to those obtained by using all spin couplings.
! Correlation energies in percent relative to full CI.
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Deoxyribonucleotide A predicted experimental

Table 1. form form
—_—
- GGTATACC 5.07 A A
CCATATGG
———
GGCCGGCC 3.54 A A
(CCGGCCGG
CCCCGGGG 0.66 A A
GGGGeecee
GGGGCCCC 5.22 A A
CCCCGGGG.
CGCGAATTCGCE -3.67 B B
GCGCTTAAGCGC
CGTACG -2.90 B B
GCATGC
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Fig. 1. The calculated relative energics (2 and b), the S-S and 0-0O bond lengths (¢ and d) and various overlap populations (e and f) as fi
of the S-S and the O-O dihedral angles for HSSH and HOOH, respectively
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Fig. 2. A Sch ic rep ion of the i ion b the o-type orbitals of a S-H bond and
the p orbital corresponding to the lone pair of the other S atom. B Schematic representation of the
resultant change of electron density
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BER R & ) ofEiR) . 1 BB BTEL A % 51 iR 3 RIS, NCORTEE LR (
U BaPhoy BiosOs (1=08) = 2t Tt TR EAT- 2o (Lo Sra)aCuOu = 2 0 2 35 B
Ct, EAERNRERE L £ > La,CO4 &, BIBOL o KRR 3 2 b3l Y A0 7°2
WA RTBEL L > GO ko 23 EedT- 12 BEL E7°0 77 WA BENE (HED
WL (RAEL) A VRE L, Bl 1B RIWEL» 743,

3. RERE

LRE3MBARE 20 TR R EHA TR 0B LS, 6) L L TR W T3 a T
By G L AR WE G, FRhr aBPRo b Latu0s o BIBE A Bl 5 1 2
LA&Og{/id"TE/\“K .

BPBOAMIE | 1 BB Osn BIBE L M1 = 77, Bi- 6STE(TH) LB~ 0-2p BBk
AR & ) - REEABE A WA Wa et o s-pes F 25 o Ritls)
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SREBILY L COXFELBRERGE(102-1202)

A~ DFY e q TS OEFALERTRR
Quantum Chemical Studies of photo-induced '€02-1802
§F ;:Z' isotopic exchange reaction on metal oxides.
dex-T)  Hith A - CH fEE
.Uk

BEALDILERISE. RASDPODM ST, MEBRGEENLED TN, 20Tk
ARASTEY. M EHOARWHEBRY. ChbdDILEORBOX-—RL Y PERS
THB3H5EFTELIhTVE, MBEAELTF. EFRLANLVTRET Z3EL. MR,
AFBRHBIURREOERRILLER T LTHEFBCEERERLRE> TV 3, AWz,
ULEOEERHMHEUT. KELIXRD22ZA4DH TV, DAEBLBHETHS [Ti(
H20)s] *SER OB FRBOMEARMENH, DBEAMAZBRIEEEL TFOEMEILXH
SRR)DIEERARE
2.1 [Ti(H0)6] >*DEEBLIUBTRRICET %

BRI KICESRIEB K UVESEHW & V. F ¥ I (M)KFusEE [Ti(H20)6] 2+ H4K-H 5 R
e RPMYYIABT Oh HEHhIHMR J-T ATV PULEDeBBHEULTWARZ EERRUR.
ok, BNEGHAEEALEURERADROEB X HU. FHRRERIToREZ
3. iso-tropic-term (aiso)lt 0.45MHz B XU 1.00MHz O2fE¥HSH v . thoEHEEK
fISEAD a0k VLHBRVKEVETH

B3RP MEUR, AHZETI. ab- 4 (43321/43/31) .

initio-ClEW & . [Ti(H0)6] S*DHERE - 76f 2B1g 1

( Ded "ONBHHETOEE IBLY. g- ~ o 283

tensor At a0 REOBTRBRHE & i & 289 ]

T BEBRIRE 21T 2o bk 2 ]
FIRG YRS EEMEW. TikkowT i Sa—

fERE. Bk S D MINI-1 BLU (43321743 g. tsym=D3q  Oh D2h

/31). BehIF H20 2L STO-3G AU 2. ]

WiEsB L. N 02h,Dad WDV T, -84

IS5 h " GAMESS "EHWVWT. UIF-LX Fig.1Potential energy and Jahn-teller

LE—GRERTITo k. BH{LEERS splitting energy for D3d and D2h

3B INE—AF— b % ROHF- ASCFi% point group.

BLUMR-SD-CHEWR TEHHE U . (JAMOL3,M
ICASTEF) g-FYVALWAE VHIEHE

e ESCF-HONDERE U T2z 20 T
THHEU 22, T

© .
__WREARR HERBILDFER. D2h 3 —"

HHEH T HREERS>FHEIATY 190 N
AWECRU. AR RESLEEE G .

EDTVW3, Thid. TUDHROhET ZE
Tiod n#EWE H20 @ mone , n(n)BLE 180k
CHEEMAU. (dr-n(r)) o RHE :
BB R0, He0 ME#EL Oh(Th)>D2h Fig.2 0bserbed and calculated g-tensor
ANETI232DTH3, ASCFIETHE I by second-order perturbation.

obs. D3d D2h
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BAF—P s TR2NLE—BFig. IR T o Oh»BD2h. $23WVIED3ANJ-TAT Y v T 32
EWhhD, BANDBADIL I N ¥ —E. ~ -2 kcal/mol,~ -11 kcal/mol TH %, Z
DOERLY. [Ti(He0)6] 3* WEEBEI PO I AP T 03d L UTHUNMEhZDWE. TP
Vw2 AMR. EAEARMWY LI SDRFI Vv VOEEOLED TR, 2 TFEHE M)
TRATVY I3 RDEERTES, Ti-TAUATFHOKAMESEIL. Orbital-Phase DFHT
DR, 45,3d22,3dx2-y2 BLUSdxy» oI 34208, 3dxz ,3dyzh 51§
MENB200WEDOFHEOOHBEICLVIESNTWAZ E RSN >, D2hTD
gFYIYNLBILg AW, g1,8:NBHU. 3K/ ERIOWEHU. DT, g,
gL D2ABAERY . RIE—BU 2.

2.2 2EBRIYETCORFAMBRBRICOERER

MERET * BESLDLRUTCERLEh D * E0SHEE. MEEHOEKRT
0. ERMBILREREEEEV CTRKESZMBMTH 3. Ti0272E OBILYAIEM0. (M=
Ti,Zn,Si)lZ. 1802 & 180 i & H . KHEEHIF B &, 18024150.>2180-160D
RIENEEZZEBERBRICHIDRENTVLS, UL, A—ORTHERNBLS>DL
. EHEOA DA LBPECE. FEEVOBBHRTH S, AWMFRTE. BBRTI
RUHESR. BEA>FEHILOX DAL LEREOHRFECL>THsMIZU. Eh
RPEBOUIBTRNERRCOVLT. FRU .

B S RIGHR. EMFEDIHERBILEITO. EHEILZ IV —-AERRD R,
02 & 02, O2* kbR, 0-0 FIEEA NI < WEE U DTV R OREMAIZRISOHRIK &
VIBZEEZONTVEM, 02-00 Rk~ d0kcal/mol BEXKXI Rk, COMHIL
027 -0 RTHAMNEBFNo: (nu-nuw VHEIAZED. 0 -0DEELEULBHEY
5hDTHBe n (-1 DHBEIW. 2HBZVIHIHOETFNBAS. TDHD. 02*-02
RTOFEMILIINE RN RE, COERLIY. [0~ BIUBRBULUT 02- O
BEZHOUIPHIAKERVEBROEERT 3. EHILZIVF—-BET T 50/EHDH 3
HDOEUT. WEU T2 L 350N EFEX >N 3N, BAAFf0 *Si(0H)s ~D 0. O
SOHEER. WERTEILWB/ShN, 0e>Metal BHBEE. 10%EETH Y alfEtE
WEFWWHAEVWEBEBZO NS, TR 0 BERMERBRISHEE S 230N E L.
0: A FORMBESBENNETHIEERT 5. X2, RIEBBA I ALEULT.
ROEFNRERU L,

3. RERBIUR

1. H#, AFHEREHRS 19865 11H  (KBR)

2. Hxup, N MRS 19864E10H (BHE)

3. i, il J.Am.Chem.Soc. 5 fa)

1000 |-

E / keal-mol™

500 -

3-21G/ MP2

1 1 1
-1 0 +1
CHARGE

Fig.3 Reaction mechanisum

Fig.4. Activation energy for 02-02 isotope

for isot - .
ope-exchange exchange reaction system .
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BRRAEBABEY A ALATF T A FRUBHMILADOBFRR
| ™ vad e
_‘% 11.125% Electronic Band Strucutre of Layered Transition-Metal
i 1. xo0 Dichalcogenide and Its Intercalation Compound

CHARMT. 8K B. MEMT. SAKEA. LBBE. SHEA GRAERT)

1. HEEH - WE

BEREBEBY A ALY F4F (XDW. ThAKSESBELRYHERRTZ ED
SRKERKROVYWH TSI AR, TOBMBERELRREOB 2 E®T 2205
VOBREERR ODBMILEAYORA LS AP O ARTHOEERYHETS S, Ub
VEOYHERHMEABHUEUEHU I 2D 0ERERIBITRBOBRUIZIET AR
Bicd 3,

ARBOEHMEY. T™X: RLUEBLE N 2 A VY —HL— X RBERILLEY
MxTXe 2Bl &Y. ZOBFRBERDTCBEARTFEBAOEAOBRTEH S MK
LTA Yy —b—vayoREEMP T ZCETH3, AR, 2hsBHEILSE
MTHUXIATVEISHLRBHAIVEHRANEBLESHEBOR AL RAD LR
My dbEHBET 3.

2. MMRH& - FHGE

FTRAEFHHUABERMN T 3 &5% x 2HOBHEILAY MTX: OERBH
NBUBIIETHERERAPWERESOLTHEL. BA N EFO 3d R
BROBTHEBERLEOLIORELRIEZIPE2FANLG, s h3oh BB EH
WTBAEFHBREEODEDUEAGT IPEHSIHMIRYT 3,

R, BEMEKERZIBRMILAY. AW Fer/3TiS2 . OMBHERRBRE B G
ZBRTHHERHEUTE A Y IPORZEIE L ROBUELERT 5,

Be3705 L h3ABERAOMHEBERBPLERSTHEVRELT Y Y
AFYPFPAPWOTOY T ALTH %,

3. MABMR
(A) MxTiS2 (M=Cr,Fe,Co; x=1/3,1) O HUUHRRB LB I 2B FHHE.

IT-8 TiSz & Cr, Fe, Co B A VY =N L~} XELBRIILEYDOE T
HERHHEULUTERDEIOD>RERE2B R,
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(1)) BAET®O 3d LANLIBBHEKRTH S TiS2 © p-dy REEGENVF &
de BHENYFOMEHLVONY FREERL. Jz b ILANLURCZ
ONRNYFPOFHREhNES 3,

() ZOHLLUAYFRE SO 3p REEE Ti © 3d RN DPRYEM
UTHBY. TORYFMd Fer/aTiSz TH 3 eV EHRVIEV,

(3) LEEoEMIE Cr, Fe, Co DIFICKELI R B,

ChoDHRUBEOREFANROERBRLILHBUTV S, T, &
R&ED x>1/3 WHUTW TiS2 OB FHHEERMH VR Rigid-Band Model
TZhoBHMLAYWORTFTHHEARRAL KRRV IERU N 0 3d RBERB
EAEYEFLTHOBE>CEUHXRROVIEBHE PR 2,

BAETELEBAROBAOBTRIVAIHPR IS LD, RohkRBEY
EPHOVCTVOHWEARYFA-FY—-—R2BEANTVWIRI ELEIBTH B

(B) FersaTiSe RU FeTiS: OMBHERBECBIIBTFHHE.
EHHERBORKBEE > FerssTiSz & FeTiS: WRBHERKLRIRPT L
EBFHIh. RBEChA>ONHAUFREOWEI VKA CHENEREZR S
EBREH TV S,
ChO>OPWHOBBMER IV ICERT I LD, BEMRBOR FHMIE
RHEUTIKROISIRERER L.

(1) Fe ® 3d AW up-spin & down-spin N2 F MK ER splitting
ERU. UDHEOD splitting WHEBMHERBENDFO rigid 22
splitting L UTWELERL,

(2) E—= AV IOKXTUBAURS LY. Fery3TiSz € 2.55 ps
FeTiSe T 3.22 pes TH 3., FRhEAA VS ERYVOE—AY PEEK
DFEYTH 5B .

[

K

Fe1/73TiS2 FeTiS2
Fe 2.45 s 2.99 us
Ti -0.08 us -0.05 us
$ 0.03 s 0.05 us

E—=AYIPOREXIOPERLIRERIRBEMBET L S

4. ER-HEERE LU TE

T. Yamasaki, N. Suzuki and K. Motizuki: J. Phys. C 20 (1987) 395.
W%, 8Kk B HAYWHE¥Y2. 6283H A&HE.
N. Suzuki, T. Vamasaki and K. Motizuki: Proc. of Int. Symp. on Magnetism

of Intermetallic Compound (to be published).
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ATFTORTFHRRBRULLEREREEHM T I ERIAR

B~ ARG 74
£ 220117 Theoretical Studies on the Electronic Structure of
l.‘F 223 . 200] Molecules and the Mechanism of Chemical Reactions

uﬁﬁéézé. WFR—, HEWW, HNFEEL DPHE—-B BTR FAXEHEAET
(A THEBEARRD FERERE—-BM
1. MRAEH, WA
AREI L —-T R UM & Y EWab initiof FHREEEHAL. 2 TOEFHRBRIILEER
RREREODVWTHERBHARET > TE R AFEOERHAET — W,
1) AR V- ¥F—-RIIMBRBEBG SILERE
2) EBAEENKOL FHREE RIDHK
3) BROERILFERIEOER MK
RETH 3%,

2. BFHE A

ab initio SCFi#, MCSCFik, Cli, Mgller-Plessetf#iE, T XL X —-—GWMERE DG
HAEEHVE, BFRHURLTOY S5 L. EIWGAUSSIANBO, GAUSSIAN82, MELD, GAMESS,
COLUMBUST & %,

3. MEMKE
A, ETHRRRERRINORF VY v VEH EH NFORBHWHME (Il T)

BEFTHRRBE2VMEBRULILEERISBE. Na(3s,3p,3d)402(3Z e ,'Ae,'ZT o )DD B R B K
MEABOKFY Y v+ VERDIIPEK L AWV EMRSD-ClIER K VMK LR 9. HEBERIE
PBAROVTRIERLHR >R EBRBOMBELI LS —BROM. BKF Y Y v L
MOXZOBRF»o., BFREBEREREMHOME MENIEFOBHXBRE. EEYNaOD
ABLINY—BHRERERFUR 4% EHBREOBAELDLTHERED. B>
WA TFHMEY.T. Leedb DR EV - LERLEOUBMBRIRITSFETH 3.

B, 89 AFN A9V 7 VOXBBEROKRT V¥ v Ui
(B T)

LRIV OANYF (n>0") DOOXRARMEEOERYELT. BEBMELL X
Fh, Y7739 ML BBHBEHh, ZOFRHEUTHBEFT DYy (1Q1E2QeRAR)
ORENZEXSLA TV 3, Bl AW

ICN ™ 1 (2Pi.2) 4CN (X2%', v” =0, low N”) (1)
B | (2Ps.2) 4CN (X2%*, v” =0, high N*) (2)

ARRTRIOMMORYHLERKFTF DYy LVAHMOXZOFEMEFANSI LD, AV ELR
HHBEWYHRE2EDREYIRBRRFT Vv L eFL. S RAECYBEHEERER2NIL
bz7o—-BdohiHAAh, ClitH2iTok,. TOHRE ELERKFYYLILER
DXZRC-1BHAEEHRDPDITOVHNUTLVRVEARTREZIY., L2 FOEAKRGEDR
HEBRBUS>3EBH ok, UNPULEZOHERRM (Y=Y - F9—HE) OK% X it
WFPEN b0 &0 —H/hE. ARHEEXETZ10TH 3.
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C. BfiicoEr—-FERRBEOBBHHAR (LT

RBHEHUBUIZRBMESFE. ZTO0XTR2 AL -ZHMOBHAERELODVT. BRE-F
BRESBEOMBLUODVTIHRREIT>Re EFALEULVUTATIMNY Y Y APFDOHCN —
HNCRHILRKEREV Y. HRH IV I Y —HERIToR, R MUY I REL
THCNATR2RHRATE IR, 2B Eh?Fh12. A2BOATrEFRfccORIBRR
BELEHBOEEX, RUBILEREOKRKF VY v LEE U THurrell-SorbieBI¥®. HCNZH
FEATHEF. BLIUAr—-ArMizitLennard-JonesRF Y Vv L B2HVE RIYRRUY
ArIbPY w2 A EWTCHMM (HCN), NHMH (HNC) E—FOBELE
REBEL. BHILELREOoF@L T E2RDE BUNHMBEE-FR2RRAABLEEEGD
non-RREMBY R F M Ao T — FERMERKRSRB U R
D. 4AY-"HRFOERBEHXKFNEH (LT

ToObr AN 00 R HERFORXRKRRBL BT 3 EERNP2/6-3ICLANALTIRIALX—-4GR
BFREIYVBRELR HEORE BEETRLIOMIJIL (0O-7Ob Vi) UREENSR
SRETH Y. MPASDA/B-31IG " LANALTREOHAIILYN—HELEZ®T 2L, KHON
FEFw7zo bk (N=-T7O b 2) UhiRE LY T.1kcal/milBRE LD ke T B0 -
TP YEN200BHEEH. OHMBE-FORHBBBEORT>OTAMENIANY
PLOBREBROLV—BERTIEDNS., O-T O YEN20BBUIHhRLTEESGEWZ
EERHSHWEU R,

E. ZHREBYIHBEEBBRIE: X +RCOY->RCOX+Y Ok EH R
(& T)

REHLREREBEBRIETH3Sn2BBLEODVLVT. R - HHEBY 3RO RR[AIHTA
VoM, AR TR EZORERELANSI LD, X=Y=F&X=Y=ClORTHH
., BHERBOREARERLRD. HEOBraumanK UlDevard O E L LB U e RO
ERBFETFE(X,Y,CORWBIHNBHEBE. ACEWERWHUSIETFL (X,Y,0) i}
o pMBREMALRE X=Y=FORTW. MNEGREOIMHAKELET “HRHY
W” RIENEITT IR, X=Y=C Il FROFDHHZBHBRIL. —E(CI-RCCI) ODEAEHK
BEY. TORBBREEEI LMo R, COFBBRBU. Z20CIH HBR-C* =00 i M
DPOTHEBHRHEAUVULEERRD, COBUNRIERBEOFBRXBRUVYOHRCHIIKE
UTWw3Z &MH-sk,

F. CSi oA T i dEHEMOMAER (HH)

WEE. EROEEMERKFE DR EINATWVAT i 8D EFILEETI((CSiHaCHa)=CHe)-
(C2’OMERLERBRO L THEE (RIDEAVTIRALTZIZER &E>T. B FW
BSiCTIiHEABBETLVAILERIBENERERVELR COBBUEE
BERERS-BUTLEN, COMAEMANBS iCola»6TIioBdIHEANDIE
BEkLTtdZ3CEedPoshICUh. SHEEWER. BSiIiCoHEEMNT i dREELHEEEHT
%72 LconformationB & 3 HRCW. RV, aCS i ocHEANT i OBdIHMELHE
fFRAERIZCERRVESTEEDR. RUFRLS i PHAEFACREITHREL DV TR
UVlke ThoDR8FHMSiCTiMHAEAFEHAOFEREW. agosticlHEEH (2 FWCH M
MEEH) EMTV 3, #>T. SiCTIiHEHFEMIES i C agosticllEFFAE & &
bW, X DagosticlHEEHWCH agosticllEFEFRELIZRIIERBRELU 2.
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G. Rh#ig#ho M (HH)

EAE. (Cp Rh)2(u -CH2)2(CH3)2 0B AWMU L SZ3C-CHADERN I 1wV r»—bOE
YYaIaRKLEOoOBME»>RENERLATVL3, 22T EFAMRKEE U T(CpRN)2-
Cu-CH2)2(CH3)(H)=> (CpRh)2(p -CH2)(C2ls)(N R BY. COMABROBEERERNLE R
Bh3CHhek p-CHeD Ay TV YT RERBRBRHS FTHBE (RHF) BAVTHRHE UV RIS
W, £8P EBHBRARBOREL. T3 ALX¥-gREERPHALVTIEALLR. ZOFR &R
OBAMBMBLEIBAFAREAFLIYEDO Y TY VY ¥ 20kcal/mol O FEHL LT 2 1
¥ QBETEIN., BZVRLCVREIETRRVWIENHIMER> R, 5% BEHERK
ODRRBEDEBOVREERET S FET S 3,

H. M—H ANDCH=20 B (hH)

ITFLYYYVa- L2 BaBRHRERT I LR TH-—RBRBECHENRYNELI L
PoW—-RMBRHOEMNRTHADO -2 TH 3. EFLFRE U TH2Ru(CO)a(H2C0)H» & HRu-
(0CH3)(C0)33 3 W IX HRu(CH20H)(CODst B k2 A i 3 % RIS & Hay-Wadtd D pseudo
-potential BV TEHEUVE, BohkhBEBRROZIALF B HERRKE TS 2 3kcal/
mol B UFa3kal/mol (REF))BE TH v e FO s Y I FLA@mMHP» ISBBOERINHAS MR-
o COFBFHLEIINF—2RERTIEIHO7IVORMBENERBLEHSh TY 3,
FIVHPERBEFEULTIHVEBESIVIIBEECH0RFHAVESAOEHARF 2HERR
OFHETERPFHTSH 3.

I. JNAENLRY DHydroborationO VA BIRMH OER (/HEg)

PEERE. JALHEMLRYANDHydroborationDexoRRMEDODEREW > MWZT 3 2.
exo, endofdf ME DT I AKX —T0O7T ¢ —k. ERNHD THHE (RIF,3-21GRE)
RHOVTHREU. exoBIRELEHHR UL, SHEEWX. exo, endoD BV R EMITKRE U 2.
FTOHR. /JNVNRKLVRIYTRITRAL T 2+ KENHNSE® endoM A M > TV 3 (endo-
deformability)®T. AL 7 4 Y KkKENendofl AN SexolfMOBBERROABERL T
ILEF—PBRVELSZENHIHIEERO> R, KB AL T 1 VKENEN>TRVE
vy [2.1.1]1 A%+ y0DHydroboration®DiEHEt T 20 ¥ — . exofd 1 & endofd
OHFMTHBIE R HEOKR RLEUR
J. T F L YN DHUydroboration (/Ni)

EAWRRIEDO—~D2THB3CHtBls DR F Y Y+ VHAORKMBEHAHERFELR
HUkRe REY. BHEeHK. EBHERBOEER. 3-21G, 4-31G, 6-31G6G"%2 A\ L RHFiL. 4-3
1G, 6-31G 2 H VLV EMP2i kR k> THEBILUVLE XBRIIALF—-HHEUE ZhsokiE:R
MW TMPASDTA/6-311G" F TIT o ke RHFETWR. WFhoBXREMHBELEHALTH., BHES
BC=CHRAELFITRUGTLOBBRBE. —DOBHEBEANC=CHAREBAR=ZHDL
ODEBRMBREVEEh R, MP2/4-3ICTHRAKTH 3 M. HBHEBEHAL. TETHHEE2 SR
UVREHHETE. NbLoEBREBUBEEURDP> R, T UAE Z4HD00OEAKT. BHE
EBVC=CRACETERIOZLDERBI:OBENIFHILEE (<0.1kcal/mole) OFEHA
LR 3,

K. Ab initiokw A S HFMUEGL FOEFRB (FK)

Ab initick R KBRMUERTAFONYIFHEOHA KB T TRBIZIHh, HEOKY I —

CRBEHh TV S, ULhU. dopantF O FFMHESMboLREHULT. HELXREOR
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FRODRERDEFER+ABIIA TRV, T TRABAELITRE. AHTFUBY
3229 bV EBEHBED 2Supercel | EFREU. ZThRRAGHDOEH DD > KR
RPRVOVRBEBEBHERHVTRLLAERBMRELU. BRE29 YV EDODLARNLTRYT7EFL
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1. Research Objects

The main objective of this research is to calculate quantum mechanical cross sections for the
ion-molecule reactions:
He + H2+(vi) > Hen' + H
and
(Ar + H2)+ >arH” + H
in order to compare them with experimental and classical trajectory results.

The He+ll2+ system is one of the simplest ion-molecule reactions because the system contains
only three electrons and only one potential energy surface is involved. On the other hand, this
system is vulnerable to strong resonances which can profoundly affect the dynamics and can only be
properly treated by a full quantum mechanical approach.

The (Ar+H2)+ system is not as simple as the previous one mainly because the two electronic
potential surfaces are involved. However, this represents an interesting system, because this is
the simplest one for which charge transfer process interferes with the reaction process and also
this was studied experimentally by many authors.

2. Research Methods and Program Used

The calculations are carried out within the reactive infinite order sudden approximation
(RIOSA), as developed by us in order to treat atom-diatom reactive collisions.
A state-to-state integral reaction cross section within this approximation is given by
2
h

2k2
v

i

1 vf 2
olv,ove) = ) (22,+41) J d cosyi|s£‘v‘(yi)|
L. ii 1

-1
where v, (A=i,f) is the vibrational state in the A arrangement{kV is the initial wave number,

A

&i is the initial orbital angular momentum quantum number, Yy is the angle between the initial

translational and vibrational coordinate vectors, and Sz vf( yi) is the reactive state-to-state
i'i
S matrix at fixed Y-

3. Research Results

The calculations were carried out at three values (1.3, 1.5, 1.8eV) of the total energy for
+
the He+H2 system, and at only one total energy (0.6eV) for the (Ar+H2)+ system. Some -of the

results are shown in Figures 1-4. The more details of the results can be seen in references.lws
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Jong Myung Lee (Chonbuk Univ. Korea)
1. Research objectives

The importance of solvent effects has been demonstrated by bimolecular nucleophilic subs-
titution reactions involving anions and polar molecules. The rates in the gas phase and
solution may vary 20 orders of magnitude., The aim of this project is to carry out a classical
trajecttory study, to explain the differences in reaction rates, to determine the critical
number of solvent molecules at which the reaction goes with solution-like behavior, and to
find out detailed dynamics of the filling substitution and solvent reorganization process.

1-"(!{20)n + CH3C1(H20)m - FCH, + C1™ + (n+m)H20 reaction systems are taken. At first, the

3
reliability of the analytical fit of potential energy functions attained by No & Morokuma will
be examined. Then we will run classical trajectories with various number of water molecules.

2. Research Methods and Programs Used

M
== q,, = = -p,.
3p1 i 3pi i

Hamilton's equations of motion are given as follows : _These differen-
tial equations are integrated numerically from an initial state in the configuration space
identified as reactants to some final state that lies in the portion of configuration space
associated with products. At first a program would be written for the analytical evaluation

of the energy derivative with respect to internal coordinates, and then transformation matrix

from internal to cartesian coordinates. Then a program would be written for Metropolis-type
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determination of the initial condition, the integration of the equdtion of motion, the deter-

mination of the final condition and the analysis of the product energy and angular momenta.

Hundreds to thousands of trajectories will be needed to each cluster size., We have used the

main parts of MERCURY program written by W. L. Hase (QCPE program No. 453).

3. Research Results

We have obtained the results only for the gas phase reaction at various temperatures.

Our results given in the Table show good agreements with experimental results (FA method).

We will continue this project for the case of cluster reactions.

Temp. (K) 300 313 400
Total No. of trajectories 1600 1500 1000
No. of reactive trajectories 404 304 177
16 2
cross section (x10 cm”) 130.1 92.2 82.3

rate constants

(xlO10 cm3/molecu1e-sec)

k 8.83 6.39 -6.44
calc
kexp 8.0(FA) 5.8(FA)

18,0(ICR) 5.84 (FA)

19.0(ICR)

4, Publication

J. Chem. Phys. (in preparation)
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Research Objectives

LUAO-Xaw—73 A7 —ky X/ YHEWVEDZ/)44VH 8%

®= VLT studies on Formation Processes of Silicides by the Application
of LCAO-Xa-Cluster and Band Calculation Methods

The initial stage of transition metals chemisorbed on Si surface is of importance to the

understanding of silicide formation. We plan to investigate the chemisorption processes of transition metals Ti,
Cr,Fe on Si(111) surface.The electranic structures and bonding properties between adatom and substrate should be

analized to explain the different force behavior among transition metals.

Research Methods and Programs Used

We adopt the SKH“; cluster model to represent the threefold hollow site on the Si(111) surface, The LCAO-
Xou force calculation method was used to calculate the forces acting on the chemisorbed transition metal atoms.

The program was written by Dr. C.Satoko.
Research Results

The cluster model M-Sig gadopted
in the calculation has the symmetry
group C 3y as shown in Figure 1.
llydrogen atoms are attached to
saturate the boundary dangling
bonds.Si atom positions are fix-

ed at the bulk positions.

Forces acting on each metal
atom M(Ti,Cr,Fe) at different

chemisorption heights are shown

in Figure 2, According to the
force calculation theory(l),force
f acting on M is broken down into
electrostatic force fl’ deformed-
charge force fzand exchange force
f3.In Fig.2,all three atoms have

equilibrium positions 3.5,3.5,3.8

Fig.l. Cluster model on
Si(111) direction  for
threefold hollow site.M

represents adatoms.

Fig.2. Forces acting on
transition metals((a)Ti,
(b)Cr,(c)Fe)as a function

of metal height.

a.u. above the surface,respectively.

FORCE (a.u.) ‘FCGRCE (a.u.)

FORCE (a.u.)

-0.4

As the metal atom further approches the surface,force f becomes positive and increaces its

magnitude.Electrostatic force flfor Cr(see Fig.2b) is quite small in magnitude and always

remains attractive above the surface region as compared to the Ti case(in Fig.2a). This

indicates the less electrostatic interaction between Cr and Si substrate. llowever, f; on Fe

atom(in Fig.2c) is strongly repulsive above the surface. This force makes it very difficult

for Fe atom to enter the Si surface.
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To illustrate the bond stren th
tetween the Si-Si bond,contour maps

are given for charge density differ-

ence from the atomic density at the

R=0.0 a.u. position in Figure 3 .

The plane, which corresponds to Si

(110) surface,includes Si(2)-Si(1)-
Si(2) atoms. It can be seen from Fig. (a) (b) (c)

3(a),the S1-Si bond becomes very weak Fifure 3. Charge density maps for Si(2)-Si(1)-Si(2)
in the Ti/Si case,because there 1is plane at the R=0.0 a.u. for metals (a)Ti,(b)Cr,(c)Fe.

almost no electron accmulation along

the bond direction.In Fig.B(b),electron density is greater in the Si-Si bond in the Cr case
than that in the Ti case. In Fe chemisorplion case,the charge density still has certain deg-

ree of accumulations along the Si bond.
In summary,the Si-Si bonding in the Ti case is more likely to break than that in the Cr

case.This result is plausible to the experimental observation(2).Higher activation barrier

of Ti atom into the Si surface makes intermixing between Ti and Si unlikely to occur, in

contrast -with that for the Cr case. The bond breaking between Si atoms in the refractory

transition metals case is easier than that in the near-noble metals case.
References

(1) ¢. Satoko,Chem.Phys.Lett.83(1981)111; Phys.Rev.B30(1904)1754.

(2) J. Vahakangas,Y.U. Idzerda,E.D.Williams,and R.L.Park,Phys.Rev.B33(1986)8716.
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Chantal Daniel, CNRS, Université Louis Pasteur, STRASBOURG-France

1. Research objectives

This work is a line of the first ab initio MO determination of the
potential energy profile for a full catalytic cycle of olefin hydrogenation by
the Wilkinson Catalyst RhC1(PPh,),.

The model of the cycle we adopted, shown in figure 1 consists of
i) the oxidative addition of H2.
RhClLZ + H2 _— HZRhC\L2
ii) the coordination of ethylene
HZRhCH.2 + CZH4 ——> H2RhC) L2 (C2H4)
iii) the ethylene insertion
H2RhC1 L2 (C2H4) —> trans-H RhC1 Ly (C2H5)
iv) the isomerization
trans-HRhCIL, (C,H ) —— cis-HRhCT L, (C,Hg)
v) the reductive elimination of ethane
HRhC1 L2 (CZHS) _— RhClL2 + C2H6

We concentrated on the dominant Catalytic cycle of the Halpern

mechanism and neglected the effect of solvent proposed for 1, 2 and 5.

G L M
Reductive elimination /Rh-'Cl [ Oxidative addition
L ~
L 1 H &
CH—Rh—Cl Rh—Cl
[ A
H-CH, “H Ht 9
Isomeriza(lon 5 CHZ=CH2
CHy—CH _ Olefin coordination
/ 2 iL E;L
H /len—u H—/ﬁe' —Cl
. ——
Figure 1 4 t H Oiefin insertion t H

2. Research methods and programms used

A1l the geometrical parameters of the intermediates as well as the
transition states were optimized with the energy gradient technique at the
Restricted Hartree-Fock (RHF) level under the effective core potential (ECP)
approximation.
We used PH3 in place of the actual ligand PPh3 and CZH4 and,CzH5 as model for
the olefin and alkyl ligands, repectively.

In addition the frozen core second order Moller-Plesset (MP2) calculations were
carried out at the optimized geometries for the rate determining step.
We used the programms GAUSSIAN8O and GAUSSIANS82.
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3. Research results
The potential energy profile for the full catalytic cycle shown in
figure 2, has been found to be smooth, without excessive barriers and without

too stable intermediates.l

Ha
T *coH,

TS(4-5)

ENERGY (keal/mole)
@
o

-40
r ) .\ 1+CHg
>44.8 -44.9 -43.9
' + 4 — +
OxIdative addition Olefin -Olefin Insertion Isomerization Reductive
cuordination elimination

Figure 2

The-first two steps, exothermic without significant barrier, should take place
easily. The olefin migratory insertion has a high barrier.The resultant trans
hydride alkyl complex isomerizes with a small barrier very exothermically to
give a cis complex. The olefin insertion combined with the isomerization step
has the highest activation barrier of about 20-25 kcal/mole and is found to be
the rate determining step in the present calculation. The nearly thermoneutral
reductive elimination of CZHG takes place with a small barrier.

Our calculations with a larger basis set and MP2 electron correlation for a few
critical steps indicate that the energies change and some transition states
disappear, but the overall characteristics of the potential energy profile
remain the same.

As the first theoretical study of a full catalytic cycle, we have
used limited basis sets and a minimal level of electron correlation. We have
limited ourselves to the Halpern mechanism in using PH3 in place of PPh3 and in
neglecting the effect of solvent. We have followed the intermediates proposed
in the mechanism and found that this mechanism is reasonable from the point of
view of theoretical potential energy profile.

In a near future a more detailed analysis with larger basis sets, and
electron correlation including steric and solvent effects for different
possible pathways should be done efficiently by MO theoretical calculations.

4. Publication
N. Koga, C. Daniel, J. Han, X.Y. Fu and K. Morokuma, J. Am. Chem. Soc. In Press
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Research Objectives

We develope a new variational method to study the effect of the electron-
electron interaction on the bond alternation of polymers. This method is able
to treat infinite chain with any strength and arbitrary rahge of the Coulombic

electron interactions.

Research Methods

In real space, using the correlated basis function method, we calculated
the total energy of the one-dimensional systems with the Coulombic electron
interaction under, the Jastrow-Feenberg variational wave function. Then, the
dependence of the bond alternation on the strength U and the range a/p of
the electron-electron interaction for different electron-lattice coupling X

were obtained numerically by minimize the total energy variationally.

Research Results

The results disclose some new features about the role of electron correla-
tion in polymers. The bond alternation is mainly caused by the electron cor-
relation for systems with the weak electron-lattice coupling (see Table 1 )
whereas it will be suppressed by electron correlation for those with strong
electron-lattice coupling. The bond alternation will always be. suppressed if
the range of Coulomb interaction is very short or the strength of Coulomb
interaction is bigger than the value Umax (see Fig. 1-2 and Table 1 ).
U will be decreased to zero if the electron-lattice coupling A 1is bigger

max
than the critical value Ac ( Ne ® O.4 when B =1).

Table 1 The dependence of the characteristics of the dimerization on the
electron-lattice coupling \ (@8 =1)

X 0.33 0.29 0.23
U 0.049 0.033 0.016
Upax 0.054 0.040 0.023
Upax 2.1t 3.hto 5.0to
(j“ha“ie:Z?;u 10% 21% 1A%
max o
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L. Publications:
X. Sun and C. Q. Wu, Solid State Commun. 61 49 (1987).
X. Sun, C. Q. Wu, R, L. Fu, S. J. Xie and K. Nasu, Phys. Rev. B33, No.6
(1987) .«

Ce Qo Wu, X. Sun and K. Nasu, to be published
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Per N. Skancke (Univ. of Tromso)
1. Research Objectives
The purpose of the study was fourfold. Firstly to decide whether the
thermal rearrangement of the title compound is a concerted reaction or a
two-step reaction invoking a diradical intermediate. Secondly to find out
whether the reaction goes via retention or inversion of the migrating CHZ—

group. Thirdly to make a comparative study of the energetics of this

‘reaction and a competing electrocyclic ring opening to cyclopentadiene.

Fourthly to analyse the possible influence of substituents on preferred

reaction modes.

2. Research Methods and Programs Used

The calculations applied were all ab initio ones carried through at different

levels. The majority of geometry optimizations were made using a 3-21G basis,

whereas single-point calculations at the optimized geometries invoked 6-31G

and 6-31G* sets. Optimizations were made at the SCF level (RHF and UHF). For

the estimates of the energies of the optimized forms MCSCF (CASSCF) and

M8ller-Plesset calculations up to fourth order were applied.

The geometry optimizations, the single-point SCF and M8ller-Plesset
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calculations were performed by the program GAUSSIAN 82. The CASSCF
calculations were carried through by the program GAMESS.
Research Results

At the highest level of calculation, UMP4/6-31G*//UHF/3-21G, it was found

that the thermal rearrangement goes via inversion at the migrating center,

and that it most likely is a two-step process. The activation energy for this
degenerate reaction was predicted to be 39.4 kcal/mole as compared to the

corresponding energy of 30.1 kcal/mole for the ring-opening reaction. This

implies that for the unsubstituted hydrocarbon the thermal walk rearrangement

is not able to complete energetically with the electrocyclic ring-opening.
Calculations on nitrile substituted bicyclopentene, at frozen geometries,
led to a lowering of the activation energy for the thermal walk rearrangement,
whereas the corresponding energy for the ring-opening was unaffected. This
change in activation energy should make the -CN substituted species more prone
to thermal walk rearrangement than the parent hydrocarbon. This conclusion is
in qualitative agreement with available experimental findings.
The calculations indicated that the walk rearrangement in the -CN substituted
species might be a one-step process.
Publication

P.N. Skancke, K. Yamashita and K. Morokuma, J. Am. Chem. Soc., in press (1987).
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1. Research objectives

To test the EXRHF2/EXGEM6 models on simple test systems and compare with full
CI calculations, the beryllium atom, the neon atom and the beryllium dimer are
selected.

The currently best theoretical results for the binding energy and equilibrium
bond distance for the beryllium dimer is obtained by Harrison and Handy (Chem.
Phys. Letters 98 (L983) 97). With a contracted GTO typelbasis, (8s,5p,2d,1f) for
each atom, and using the full CI method for the valence electrons, they obtained
a binding energy (De) of 1.86 kcal/mol and an equilibrium bond distance (Re) of
4.78 a.u.. The experimental results for the same quantities are respectively
(2.26+0.08) kcal/mol and 4.63 a.u. (Bondybey, Chem. Phys. Letters 109 (1984) 436).
The purpose of this work was to investigate if the difference between the
experimental and theoretical values of D, and Re can be attributed to the

neglected core-valence correlation energy.

2. Method and program

If the general extended geminal model is truncated at the double pair
correction level, we have the following ansatz for the electronic energy of a

closed shell 2N-electron system.

gEXG _ LAPSG bg e ‘g s
K=L K<L

where EAPSG is the APSG energy, €k is the single pair correction term for electron
pair K, and €RL is the double pair correction term for the electron pairs K and
L. Within the EXGEM6 model we introduce the approximation

= o) el ol
where

eéi) a full CI correction based on the occupied orbitals

{3§; k=1, «--, nk}U{ o =1, -e--, nL} in the APSG function,
eéi) — essentially second order type perturbation type correction generated

by dispersion type configuration state functions.
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(3

kKL — @ full CI correction based on subspaces

i k=1, «=-, n OGP 0=, coe, n YU i=1, e, mo ).

KL
{fg} is a truncated common orbital space.

The testing is related to the correction terms [eéi)}. The programs based on
this model are written by I. Réeggen, University of Tromsé, Tromsé, Norway.

In this work we used an extended geminal model (I. Réeggen, J. Chem. Phys.
79 (1983) 5520; 85 (1986) 262, Manuscript to be submitted to J. Chem. Phys.). The
extended geminal models have an additive structure which facilitates
interpretation and analysis. It is this particular property which is utilized

in the discussion of the neglected correlation effects in the quoted work on the

beryllium dimer.

3. Results
(3) : . s
KL @as a function of the dimension Mg, of the

truncated common orbital space, is very promising. It guarantees a considerable

The convergence of the term €

reduction in computation time compared with a calculation using the complete
common orbital space.

In the calculations the same basis set was adopted as in the work by Harrison
and Handy. Compared with the full CI calculation for the valence electrons,
adding core-valence intersystem correlation terms gave an increase in the binding
energy of approximately 0.28 kcal/mole, while core-valence intrasystem correlation
terms reduced the binding with approximately 0.04 kcal/mol. The EXRHF2 model
yielded a binding energy of 2.10 kcal/mol and an equilibrium bond length of

4.73 a.u..
4. Publication

The manuscripts, describing the model and the results, will be submitted to

J. Chem. Phys. and Chem. Phys. Letters.
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1. Research Objective

Hydroformylation of olefin, (eq.l) is one of the most importrant industrial
processes using soluble transition-metal catalyst, but its mechanism is still
imperfectly understood.

RCH=CHR' + CO + H2 — RCH(CHO)CHZR' + RCHZCH(CHO)R' (1)

The main objective of our research is to determine the reaction paths of ethylene
hydroformylation catalyzed by the model rhodium catalyst (Rh(H)(CO)z(PH3)2). We
have so far studied the first three elementary steps of the catalytic cycle and
paid especially attention to the second (eq.2, ethylene coordination) and the third
(eq.3 ethylene insertion) steps. We have also investigated isomerization of
ethylene complexes which are products of the second step.

2 (2)

HRh(CO),(PH,) + C
BZ 3 274

H, — HRh(CO)z(PH3)(C2H
[o]

HRh(CO)Z(PH3)(CZH4) —> Rh(C2H5)(CO)2(PH3) (3)
C D

2. Research Methods and Programs Used

All the geometrical parameters were optimized with the energy gradient technique
at the RHF 1level of calculation under the effective core-potential (ECP)
approximation using the GAUSSIAN82 program implemented with McMurchie-Davidson's
ECP integral code. We adopted for the Rh atom, Hay and Wadt's relativistic ECP with
valence double-zeta basis function. The split-valence 3-21G was used for hydride,

ethyl and carbonyl groups and STO-2G for the spectator ligands PHS’

3. Research Results

In Scheme 1 are shown the equilibrium and transition structures that have so
far been determined. There are two isomers of B, cis isomer Bl and trans isomer B2.
Also, the five isomers of c, C2, C3, C4, C5, and C7 were determined. There are two
other possible isomers. While one of them has not been calculated yet, the other

has not been a stable structure. The structure of cis isomer of D has not been

determined yet.
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The dB five coordinate complexes (C) are trigonal bipyramidal as expected. The
ethylene coordination which gives the more stable C2 and C4 take place without any
activation barrier. The olefin insertion of C2 and C4 requires an activation energy
of about 20 kcal/mol. Interestingly, the corresponding transition structures are
square pyramidal.

Although the equilibrium and transition structures shown in Scheme 1 were
determined, they do not cover all the possible reaction paths. The geometry
optimization of other possible stationary points is in progress, in order to obtain

the global picture of potential energy surface for reactions (2) and (3).

Scheme 1. Sketch of Optimized structures of reactants, products and transition

The relative

states. The numbers in parenthesis are relative energies in kcal/mol.
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