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FIC- L BCMMmBERAFRRE O KE T (G ) ERAFEARA Tttt 4 A
NN ELE SR, EFRERCERRE(S=3) 0 BRFAAESRANTILO L 2
L-avrTeT 3L 8MRLE. ARTHE, S<9/2 050y T RICARNCE 3 &
SETTILO ~BAEFE AL, AT REEAF(S=4H) 0 ARFTERZES Rax
TENRERL, 20FE0RMMEANE, T CHBRYR T F - T8 F foC H LA
REYTNELABFTODESRANTIILEL 2L =¥ 97 LE.
2. ARXAE HHEAAL

Hgrzaties FEAOEL 9 - LK} (P22 ZR L L0, 5EIHAER
A0R AT, 07546010, ACUNULFST S ERKBHCH LT, ESR
ORERB L ERHRFE EBCHETIERSBRT 277 4" FIELDS” (THS €9 - T
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2 ERFREAKR)ESR AXTIILOL L2 L -y JARKRRHAHIRLELOCH],
“FIELDS” $ MU IRl KBHHOM MAE Hyt EXNANTIREN KT, HE, 2
YNTILE =T H=RH§SHSD S0 2B AR AL LT R BESE3RL CHET
L-RR(MHEOS, M BMTH) FEHL, TRIFFMRLES 0T T L RIS
AT TLIcE)) s$9ankEoHACENTELN) C—MALLL,
3. HEREL

1Y, Ter L0 AL ERNIEN T $RSHESRASHEANY XSS —F Wk
THA-EARANAERSF (524, m plonglonsbia ( diplonglrethylon -3- Yl ) methylone )
OHERBCORXNFESRANIFLE L 2L -y LE. B2k ERAN
TY R (ICIOL L s LY a Z7ANT L (B ERLE, BB 12 L9 /L
ARREEBTALEN, ~RARE THI (RAS. ~/=T), 20t GCH, 445 - A
(¢,¢, NTEDINIZRIRAEL, 6,91 2L27+ 78I, y1H/I0°ZT» T&IC,
i 40204 AMEN - TEBEH AL, SAb S, ESRHAFEH(aM=2] ) 0k
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1. BRREM
EBLB(Zn-Mn) O4RUBERR, FARORUOHBOLENEERFEOHLOLS D
BILEELAANTAB, UL, ZolEeH, IFRBLOoRBRASIHTRL
LOBKBBY, B, BYNEAHRELIZnEoORAITERTCOAUPRFRABIIE
EAERRINTWAN >, HEPBOLRINS>OTHHEEELAML, OEERENK
PORFR/RLERLZVEKENYYE, REHE (HlXAEC02 OMYABIRE) 2RI &
EHELPELE., ERBTEIOXDIIZRERK% ab initio SOF MO EE2RAWTHRET 3.
le, BRNVITAUDROY A IV IBHRORRBIKRILEEDOHTT 2L, ZORFRK
BORAHLRKRFBLIBZTHS, AREBIDNFROFHPEBFLOBIARTH 3.

2. SHHEFBE

E—BBELT, DEHRESEBLTIERHEROREREZn, Cu, NioZEF
FEhUBRIODVWTHE, B#ELE, JORNAITERLIONABKEOLE S>OMED L
naK, ZnTHNEKETHYVCULN I THTEHEZ3ILATRMILOINTVS,

BRAWFPEFNPRINVOAF N EE AR CHEE®AZFELE (M(C302H2) .
D2 (FEE) $R3D2d (HEAEE) tRELE. %X-XHRER (RE>) %
BELUIRUFORELREMILL—FLLT, RUFL2BOBRAENASX—-5LL
TRBALEEFTo T2,

KiZ, ZnoI 20949 Yy V§Eh (Zn (C12N4H24) ) OEFNELTREHE
Zn (NH3) 2 (D2hi#) 2L 03, TORFRBBIVINBEIBRRTF I+ 0
BEHML, LiKCO2 LORKUERAIBFTETH S,

WINOSHMIEBLTY NFRAHABE VS -DSAIS5U— - JOJS54, JA
MOLS3 (#Xk5) 2#HALL., %, EERRALLTIIC, N, O, HIKIZ EHS>
OMINI-3%XE%, 2SRICRERDO (4322,/42,/3) XE*% (4322/41 1
/21) 0BTV bLEDOERVE,

3. WRER

PEFNPERVBEBRBREODVTOHMERERI LYY, REMBRZnTRD
2dTHY, CuBXUNIi TRD2W(FHEE) 2> TERBERL—HBLTVWE, 2R
-RRXRFEROBHMIRICRT LY, REMHLO0., SADET—RLTWVWS, 200#E
TOBBEIRNF—OEEZneCudEATIE1 Okeal/mol i ESBH, NiOEkTX
Skeal& /&<, EHKICAELSD S, CuBIUNI#SAETCTIHERENRTREL IR
B, TORFHRBUARL SS9 T, BMERFLOBMORREERNMITEEICAAN
HAREZRdEEXIONS, XEERMEODMTODLMHBMERFOSBRLN > 2



dxzB\HTH 3, NiOBRO®»I—D20RRANEHIXag(dz? & dx*-y?) THo, D
2ARBOCUWDNTIX Jahn-Teller HEFIMEIN LB OHBTRRVBE I NEho 2,
CUDPEFNT R VBB DV TEtond I KV BFARI B WUEER TS,
FHAMEOLBER2, WLHT, Cootand> DRBNHAMIVHOZRBLOIVNBLR A
>5n%, LEHeRBAWREXWKC, OKSsS5p-VDOEERE:, 2K 12s6p4d

ODRBPEBNLHEMETo e, INHLOEBRIZTORBRLABE-RLTVS,

x® 1. FEFNTPREMNVBHROREY

caluculated experimental
symmetry M-0 E(D2d)-E(D2h)  symmetry M-0 c-0
distance (kcal/mol) (MO4) distance distance
Zn complex A1(D2d)  1.943 & -10.2 Tetrshedral 1.942 A 1.261 A
Cu complex B2g(D2h) 1,900 11.4 Planar 1.914 1.273
N i complex B2g(D2h) 1,919 5.5 Planar 1.876 1.2713

£2. CuRZEOWRIRZ ML (HE 1000 cn)

obs. present study Cotton and Weiss 0BS. X Funck and Ortolano,
------------------------------------------- Inorg. Chem. 7, 567
14.1 11.9 Ag 1.2 Ag (1968)

14.9 18.7 Big 1.5 B3g

17.4 16.2 B3ig 18.9  Ag

DEOSHMT ab initio M0 ZDEHEEZLLYD, BHROEERAREAVWTZnON
HIZWOHMET ok, COHMERIFTETH BN, AEITNEH> THRRT O+
ERDBTIOISLAORARBINFRARNL>T, IH0HARBREBLTWRW, PELLTER
FUVLNEORS TLHEHLOHEAYORNLA MO EORNBICHRT S EHRHL, &
BIKCO2--A A VEOHEEAEL SN, CORYAARBOANZTAEI-—N—5HF
BLOBBTRETAILIILTNVS,

4. R=E
L
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Theoretical studies of functions and structure of biomolecules

L. FmREH- - "NEF

@E%ﬁﬁ@ %6\?/&%%2 B8 d 3 i, Fe(I A4 e~ LBhhz4A4Fo
T -7 (4 deoms - [Re(diars); €221 (BRa)z , 5. [Fe (DTC) 1(BRa) , n. 4D
RIL749Y JDOXAKGy = 287 }LIL o8 EfE ( Isomer shifi L Buadiple
Splitking) ki oot pRblA, sz, FelIl) A4 Y EH- R bi?
20— 7 0 BphA o %;:ﬂ:%g?,‘g«‘a > Ly Beklwva,
2. mEYA-HA A

R(D) AT Y 2> LEZSNTOB3RLY 2 frans - e (diare), CL:1 (BRa)z 4302
TVT, TAMO L3 70 7547 ab inikio Mo #HHEEA, £. Geometry =8
Lzw ,ﬁ(ﬂ(/&/@'}’)} [ Fe (NOY (diatrs)z (NCS)IL B( GHr)a] (CHzCO nxﬁﬁgaﬁﬁ/fﬁ
NF-FERVE, Dz syamedty =93 RbrBRat e F oo the gkl
Rovedpo AR LA R RV E, BARSERRGRASrTA Y EXE
Fe-As L Re—cl w5483t 01l ~ 03 AR2doks> cfAKLE, =0 % B ¥
AMeo LRI TR T 12 ) Lhe-AsW-CO) b LAs-c)=—c® o HA BLENEIHE
° gﬁﬂﬁ&t"zl‘hﬁabi'?, As L A R 31z Moded poaentinl A L AV =, Asc B
Lew, RimMERs (55/5p) BERMK L splisx L2 BEEs F (417400 €AY
RicBieg, (43/ap) & spliz (eEBev b (/) ERAvAE. 3£, RR
Fuw,(33/6p/2d) ncgT o %, cbHR}Y =@, (2%/1p) L (19 cGTo &
THETRAVE, XiE, Zsaf3BEe >0 ab indio MottE 40 , X ANY
7 T AN T b Lo Isomer shift (I9) L Quadrnpole splitting (&S) tHEL A, =

oed, IS L as eRLleiz, A IS = -0.166 { p(0) - 11340.51 } (1)
g 1 1

o) L) XERLE, QS='2.14{;IVzz | (1+n2/3)z} (2)

3. AmRRE

trans - [ Re(diars)2CL:1 (BRa)z 3 o F5 > 2 Geometry 125 0T, Ezrrxd 4>
» skate ( FBig, ¥Bay, *Bsy L SAs oy MLz , ab initie Mo '%'Tﬁigﬁ', E .
Mz &) KTriqlzinX—4—-71, *Bsy shate e R As = 2. 4954
TR RT3 2k A, 3, RZPS XAKNYy - XY
FiLazgigfs T35 =0.17 w/seq) , &% =315 (»m/sec) b 3339 shate & tLBRT
ZL#tMMEF 5 LQS %k TheF Lz, $90 12 (m/sec) £ 00 31 (wnfsec) » &
Bofov-%K33 . Bye-vitrg Ao BRIGshE, 2h 3T o Ry
3, ;B,a L XZisMzaqe , 2o %'Tﬁﬁ%%l:é‘- N, 53,3 32 ’B;a y“'ﬁ@jﬁﬁg_nﬁ/ﬁﬂ
B TH3 =B i=/ta, £,
4. K&k HmEBILEFE
A fak HIMEKRAHHA S1&rR 45 E A A T.dephs (BRABHTE)



Fe—Cil)  =2.360A 3 1.
2C(13)=As(1)-C17)= 104.08°

The averaged bond lengt: and bond angle of the assumed

W geometry trans-(Fe(diars) C’ ) (DZh symmetry) in the
H

Xy plane.

)
" 'C(19)

R
93 L ~A s
H X 120. 'I
\ / \ 3 g / \\&H
19,361 5(9) 12148057), 946 e @
2140 - f =
829 8536 (Fe J 5
Qo NG >, o e °‘:ﬁco)
PN ) 2 )
N \ / 109.03° 3 , SN
ccn) <6 c/ H

N
121.40
2146 102, sol “Yne.2g’

v H 10947, k7 M
" —C{i6
Mo“ )C(20)
109.47 ‘\\
X B
& - Bz,
4.
. 3
Experimental data of trans-(Fe(diars) ,CL } ) [Fe(D’I‘C)31 , Total energy (a.u-)  potential energy curve for "By,
-2088.28
and horseradish peroxidase compound II the Hzoz *aygr By and Sag states
derivative of -30
myoglobin (Mb. H,0 5)+ [(FeTPP) N] with ] of :rans-(}'e(diars)zclzlz* complex.
Fe (IV) ion. 2 232 1%
\ Arrows indicate potential
)
.34
Quadrupole Isomer ‘\ minima.
splitting shift “
( X) AE (mm/s) JFe(mm/s)
(1) Group 1
trans-(Fe(diars),c1,)2*| 300 +3.15 0.17
4.2 +3.22 —-
(ii) Group 2
tre (prC) ;1%
4.2 -2.45 0.55
(iii) Group 3
Horseradish 32£2.5 1.61£0.01 0.03
peroxidase
compound II
Mb. H,0, 32s2.5 1.43£0.01 0.09 -58
-60 L] T L T v v
[ (FeTPp) N} 2* 126 1.68 0.00
2 2.2 2.3 . 2.4 2.5 2.6 2.7
.
Fe-As bond length (A)

i t respective
&Z. Electronic configurations,equilibrium bond lengths, total energies and Calculated at resp

.. . 2+
equilibrium points and observed Mossbauer spectra data of [Fe(dxars)zclzl complex.

Calc. state 3d configuration equilibrium Energy 1s Qs Vaz n
and 2_2 2 Fe-As bond (a.u.)
Obs xX"-y" xz yz Z XY length (R) M (mm/sec) (mm/sec) sign direction
3B]_q 2 1 1 0 0 2.436 -2088.5251 0.18 5.25 + z 0.04
3529 1 1 2 0 0 2.498 -2088.5532 0.29 2.83 + z 0.85
Calc. By, 1 2 1 0 o 2.495 -2088.5549 0.29 2.84 * 2z 0.95
5a 1 1 1 0 1 2.574 -2088.5432 0.39 -0.17 - x 0.90
g
+3.22@)
Obs.

0.17®) 4+3,15®)

(a) 4.2°% (b) 300°K
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£ /3944 An ab initio calculation on the low-lying triplet states of
B 14440 chlorobenzenes
Ok B ® — (lkXEEW

1. #RBEW - WA

NOF AN ERG. TTKBESIEPRCT. ZOHILEGYVTHIINRNVEJEREFUSERS R
YDAXRANT PLERTE, TORENHEE., RECHIPZIATLRV, BIT. #EE0ET
BMEIL-TR&2T. 700NV EI(BDY AR UTERTZI200KU=ZEEKE. T(n,
nX) &ET(n, 6%) . SVRTIZEBEIL R, (LI UMU. T(n, cX) RBOAERREH
ETWERV, TEITEAHRCTIWE ab inito FTFREHER2A V. BOKU=ZZEHERBOC-CIIEML
MEBZRF IV L A-TRFEL. RUZEHERRBOMEERZEAETLT. RRELUK TS L2E
BEd 3.

2. MEHE - FEH&E

GAUSSIAN 80 7Y S L2 MW T3-216 BEBEKFREMEAL Tab initio UHF HERITL. G5
BRREUTMBORUZBEERBORFT Y Yy LA -T2RDR2. LEWISU Tnonorthogonal Cl
FEEMAUVRE. (o, n%) RBET(n, c%) KBOBBILHELRD S LHIZ. energy gra
dient FHE21Tohe TOEREMD S LDIWCASSCFHHE LR EITUR, ¥ 2. AWTOERBTH
BEhr7olsuaR2] 2BAUVT. (r, 2X) RE»ST(n, o) REBRANONPHEBOEH
REBORERRELV. RFYVYPANYY-2RDE. AWAER. LBEEAEZCAEAREHROE
BEHABRETHEHAR. A TREREHROXBLEBAB LT EBEKESCORARHRRTE LT,
RiTEh i,

3. MAMR .
CBOEU=ZFHRABORF YV v LA -TOHELER2HNILEET. SRRz LEOHER
BIEUVUTC-CIEHOMBEUVUTRDRRFI VY LA -TTHY. R ldnonorthogonal CI% T -
RERERT. energy gradient HER2HVTROLREERE L. T(n, n%X) R2&¢3. (n,
cX) RBALSOMERB2WRY . T Tsubscript SEAW. o, (2x) MHEEELCHL T
BMERMBERT. 220N (n, n¥) RE2L3OMOMEFAE/IXL., 2305 HEL#EE
WEEACREBREARVIENCASSCFHE» b ok, T(n, nkx) RB2L3OC-CIEHE
EHEBIERERRBLEIESELVLLON. (n, 0k) RBALS5OC-CIEHBEAEHE. Thivd
0.6Ab RV, CHIURRRUEBPOIRBENKRF IV s LN - TEEMME—KT 3, T2 T
BE=ZFHRET(n, n%) &T(n, 0X) CRLZ3ERBEROBRAUFTA LRI >THHEIL B L
Farohd, (n, n%x) REDP»SET(n, ¢%) KRB ONBEH/OZIBERBEOEELERISLRT,
UHF LR L BT 3 RESEILOFRICBORUZEHERBEIHUTROLIRLZL¥F-DT O
T4+—-LEEZX3, 42X9319.6 kcal/mol <. ADC-CIEEORMI I LE —1221.2
kcal/mol&E ROz Z2PSANDEKRFIYY $ILNY ¥ =1328.1 kcal/mol , FEHMIWELB.5
kcal/mol TH oz, ERZBILI N 2T(n, nX) RB2ET(n, o) WAoo EEREA
OEEZIBILILE -k, THETh 2.01 eV (16200 cn™') & 1.64 eV (13200 cn™!) ER®H > h
2o



M, o%) RBRURBFAWR I XAER AL LI DPDOITRERRTH 3. COHBEHS
PRI BZRLDEN(n, c%) RBAOR YA TOTzASYNLEERREFLH T IS L
F-2RBAOHEEHAIILE -BRARLEA VR, TZOBRIcZALSUAALDPSEBAEYRFED
EFHERETFAEABH T 320N (n, ¢kX) REBRERBERIZIEBHI DRI R,

RMAWHERERELET(n, nXk) RB2ET(n, o) REBARBY 3 ZhThOEFOR(n)
# 8 Ogross orbital charge (L) L2 h A OHEDgross orbital chargedft (TM) =R
T.Tn, o) KBADEREFLEAUVRLKEEFLOp,MEDgross orbital chargeld HE
RB1IEVBFoEDRUB, T(n, n¥) RE2LERRBLETU. FEHRUIEHL SRV,
ZoZed. W, o) RBAWUT(n, nX) RB2 LV DARBRBRELZRIOTLILR
R, COHFEBERUSEOHEEILLZBORARCORRERZ] &t —HUTW 3,

[11 T. Takemura, Y. Yamada, and H. Baba, Chem. Phys., 68, 171 (1982).

[2] N. Koga and K. Morokuma, in preparation.

[3] S. Nagaoka, T. Takemura, and H. Baba, Bull. Chem. Soc. Jpn., to be published.

4. RE - HRFE
REA. "H. BB, &7&8. &% EEXL¥®SE.
MLt J. Phys. Chem. BBWFE

60 £ 84 WK

Bl

8.0f— 3(0s,05)

3(ng,a2)

~  3(ng,0d)

3("51"5*)

HUNGN R

Energy/eV
IS
°
=

2.0~

2.0 3.0

R(C-CI/A

1.993 1,997 1.993
Clii9e Clise3s Clis.use
1.075 1.076 0.443

.238 5.217 5.356
0.992 0.978 0.896
5.202 5.210 5.370
0.992 0.999 0.972
5.239 5.222 5.264
0.994 1.003 0.868
5.245 5.239 5.319
roun 3 U 3ime g.¥
ground state (TTa.TA%) (g, 95™)
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=, %07 X-ray structure analysis of proteins and refinement

A )ntso )
ok F, BXVEF, MAIEL (FLIE) , ien FEGH, (K- EEE),
Fbedl (kL)

/. WMERey - Wk

XG5 ) 7> 12 B S v B KT Fa 3 e Bt e1Br ), 1B s hrniif
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BEeiT rl e H3.

@?%Tgrég;;ﬁnja ngﬂf'rﬁ/i -7 e T en e, 38K ’/E’ > 12
1EEU T eonn )t s BBL, 4 buza pr7eBlu BB L3R 0
ho G587 -7 s BET 52 V)nff?ﬁ(‘» 779 ] 74 E1E, k)./:th; Photon Factry
P RE e 3R T 055 -7 a5 0 77 2 BT,

1% 055 eE T o IT T LR o2 ) o PR RS pya T E B v e
#Zie L, St o kothG A Cre

z. WMETA . 781
(1) Photon Factory I= YA I%(‘,%? Lt iﬁ- Tsnean b §5/E 57— 7 11%< % 7 =74
FmerTs . B
AL ET RS ARY S AR ﬁ'x/\"/d"ﬁ%;‘ﬁ 778 FaWELS ¢
19045 3L FEBE ) ik, 1 3 XA WA T 741 E LE. B
@G- 77y jvrvw IHGES G ¢ Tt Lol v N F G o i du e
o EWIF20222  H3RI va=t, b=224, c=740H3. Vit
can ] Bl It - MEEA ez T ke RAHLHIA v, b
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tHwe BBietdr  #E,. 3804 aXEFtBlut. KI300.7 % 0.5x0.3 ‘
2EEe, afaeElB e T 57§y bt 2 —iBla e S
3 Kzelfi-7 2/5141%15 iz, 2500 B8 86 ( ¢ 90 vz,
Shev 4B RS L. Th e a BB 227" a p ey b ECE-QJ.&. 74
nht 4L EH3FET s nasht Bute RALLT s w4, 1775 EHEH
BB 7ina (SCRE) v¥3 . .
b)/wim//w Aecd : Pyruvate AM/haerjfe)mz ‘%é’ﬂ iﬁ\-ﬂf’b Lz ?] wk, f‘ﬁﬁﬂ?
Fo ik B EMFGe 1200, H3EEre 41240, b= 1377, ¢ =124
v #3. ks L,., ME Lesrd e XEREBlvE, A HG ¢ B £ B %,
By A3 F s b L. Gnukfh 2587 apes | 5iEHC B
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Gdigl e Sl e | L RS L

(2) 7"?255’}’{71//723&::??%;&
ﬁﬂig_g?y‘ profein vl 9 desrdew ’Fﬁi E/I’E%"r L. protern %P?z?wz
FHINIF, ) LEFEH G5 W E 0 ;) L punde FBEAD/T £ ¢ e d,
¢l F o derordec /fﬁ(iz EotU3keswnt g, 7- z{ﬂ, removed D=7
~ )28, removed 7 - 4z @, D-7 -1 2@k, 115G 69T FF L. 15
O hr2T%  BEE 3 A5 e 1T, . THeowin 9055 6% R
Fhoditu

HERE

No(a)g-774 = DNase Zi‘i’?‘r?m-&?ﬁfyﬂ‘} Py Iﬂflf;q@gﬂ-;i (,1452%%)
Blo7snntvayfsfe 54 2v 0 03 LAF5E 80 25980 Rz 0,056 ¢
V) PR k. 3R 15 kR 6254007 § T o5
r0% 924, 72848, 1 T4 nniEH e TG (LR, fity (G s bonsRES
RABs 5,230 ¢ %), = a B 258 BB 15 3 155 2RI T 2G40 4
eHET 3. BFeRIE 5 fbrh v B cntBotl Gy Th 508 swr 7
A tfvre¥ibsdtui g a F ) Fo (~r0h).

() a(b) w=Amine fecd i Pyruvate Aminolransferace 9 G50 6 o BITLE
suB e, BB d B RAT 3,583 (~25AWB) a3 5 g o7 Snx
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Table I. Ab Initio SCF MO Study

carbonium ion (1)
p -OMe H m-C1
C-1 C-3 C-1 c-3 C-1 c-3
0.086 0.058 0.092 0.069 0.095 0.076

radical (2)
p-0Me H m-C1
C-1 -3 c-1 C-3 c-1 -3
0.904 1.130 0.909 1.130 0.904 1.130

carbanion (3)
C-1 C-3 C-1 C-3 C-1 - C-3
0.215 0.298 0.214 0.296 0.210 0.286
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% 0 /:: g - = 9 s Aragonite [CaCO1] 9 0v-l13

{9’ = %{D'HJ 24 % ?"T . Lotk y=C,S  [2Ca0-510,] 6 0.114

Lo Kekgor 3 b BLIZU W0 4 3 L& 1 5 | ar-c,S  [2a0-510,] 0+ 7 0.13;

WA =A L 7 3346 0L 443, BCes (26a0sin] | W7 2ot

ToeE N L R RAY OB e vy p g <P
4‘2—; 3 A [ CA,O CAO’:.O 7 2 9 _ ?-Tﬁ < f’ specimen coord. number shift (eVv)”
cite [ ] £63 -0.

ﬁ’kn#ﬁﬂri h&\ﬁﬂé?%m@Aﬁﬁnﬁxj to1 e

My »E1int—Az 7F43 2 veg ¥-C2S [2Ca0-510,] 61 ~0.47
a!-C,S [2Ca0-S10,] f10] + (7] -0.34

M. OBMENLORWELEIH SR LY, a-czs (ZCaO-SiOZ]’ 101 + (8] -0‘333

-ka 7-){? #‘ﬁ %)’ i n H-’ é @L{" OCA'O ?\s iz kS reference : CaF,

Ghp-0% U h) . SBLGETHIIIEAA D i, Tv3. thhshe83vs ), GNER

ROl Rp AR THE L. BN LE Ak 224 NS4 3 Chkytoln &L 4
PEFnEt BBl LEDF s TTLOD

LE—~@IAL T 43 A Sh3, Thi.

UAREC S At nd. AL, oRAEHARNS SH KT Uh3.
NBR LK Rk Kb B RAUS, FLI0- Ein 1B 0 sy Bam, bk & ERS N

i L4632

P e -
8 K *&,Mu’) 1(.%.70 /?i_/;“P{_//xgﬂax W50 g VKT (1984 )
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/7. 480
CEHEET (MKHE) ZHkE (ER&EK)

4d. 5d EBLBRUUHBEFALCSVWTEERIONS L. &< B, ZOLERE
BT IAREREIHTIZCOERR, SLVEBRHARNSIRLDA TV S, 2ThspD
EBUVSAY—ROHOTHEETHETIHEALE, IREFIHRATZIEFALRFT OV » L
OEABTARTSS. £F—, 82, E=ZEBL2BDOSc~Zn. Y ~Cd, Lu~Hg. HL T
EFLRFIVSPLDODNIA—I—EFEFHEOLY P R2EHHLRDZIENIOME
ODEWTH 2, £h,. B2 hEFILRFIYYSLONFI X - —EFHEOEY P 2
HFAULT, 2BV 329 —P2BHEARCEAUVUASFHEAELRITS .
2. FFEAFE
Sakai-Huzinaga® EF L KF YV v LiE2ERAL, §—, 82, EZEBL£E D Sc
~Zn. Y~Cd., Lu~Hg &Zx® U T, (n-1)p, (n-1)d, ns EF2BLEB LR L X &, (n-D)
d. ns ETFOAEBRUEBULREZDEFALRF YV S LONSI A —CEFHEOL
yhPEREMT S, $, ChoDky bRBEY, Pdy. Pty PdgH, PtgH, FeC
O, NICORECOL FHESFHELE., JAMOL3 2FERA UL TIT-> 2.,
3. HFEER
(3—-1) EFLEF Y+ LORE
-, B2, EZEHB 2B DSc~2Zn. Y~Cd. Lu~Hg &x U T, (n-1)p. (n-1)d,
NSEFERBREBEULALAEEE (EvyF1), (n-1)d. ns EFOHE2BRLERLULREE (&

YPF2)) DEFLEFIVILONTIA—I—ERODEISBRBEFHEOELY P BREBH R
RHh, FEIBRELETFODLIOD S 5.

ty b1 v b2

Sc~Zn (65/4p/5d) BLU (5s5/5d)
Y~ Cd (8s/5p/5d) BLU (6s5/5d)
Lu~ Hg (85/6p/5d) BLU (7s/5d)

(3=2) Pdy . Pty (Td) 77225 —0itHE ( Dad z4AZW)
ROBEFREBEOLVIHERTVWTROBEREB L. (da ,6eld s BLE)

tay + =332, (1-2)a,2 (1-2)p,2 (1-3)b,2 (1-5)e? (al0)4
38, : 4a; 3b, a% @03
4, + 84, 43 4% @!0,3
A, + 3a; 4a; 52 6e? (a9s)3 q10
"8, : 8a; 4a,2 ab, §e2 6e2 %) 4

(1 Pty OBREIXALF—HREBWE B, THY. BALFEFHMERE 3.120 TH > o



Pdy DBEZ 2L ¥ —HBU 'A, TH>h». ZOREW dissociative TH 5, BF
HMEES® T AL, Pd, OXKKBE 3B, KB T 3. TORBOBELFAFHMERY
3.06A THoho (2) d EFORMBEEM . ESCA K> THSARENLIREDANY |
AOMEE X <BRL TV 3,

(3—3) Pd, H. Pty H 7 929 — Qi &

4
Pd Pt
FHEE ERIE FEE ERE
FEH M-H B A 1.68 —_ 1.70 1.76
H-REHHEESH K (cm ) 790 — 727 550
WE T 2L E — (eV) 0.86 0.48 0.18 0.23.0.37
BB eV 0.71 0.20 -0.03 -0.26

PACIID) BEUPLIID REAANDKRREBEDEFT L E LT, Pdg HEPtg H 7 3 2%
- DR THEFEETY, LXEOLIRERR2B R, KREF L threefold M L2 FHH U
e REY A PEFREFH, H-REHEZ 1.05. 1.09 a.u. DEZ B3 THhHohk. stEIh R
T# M-HEHILE LA FEEROMTEIFTZL L. FRBIKESY I —0F LR
EREZQIZALXF—HIRD, EROEHRLISHEHRULTIVWS., £k, KEEEI L
THFRIZEURLLANLWE UPS. XPS > FTH FhH 6.4. 7.3 eV (Fermi level &) & X
WEHATWVWIEH, COFHETE 7.43, 9.44 eV TH 2 f2,

(3 —4) FeCO. NiCO @ i ¥

BBIRUZY Y LEREAD COREOEFILE LT, FeCO. NiCO DI EXRITL, F
HAESHEHE Me-C BIU C-OVC-0MERIBERDL. v rLoBATEx, 015
BB FEHC-OMANBY, L, C-OBMBRERPUBNIIAQRY, COBEVHEIR-R
RENFETER, Ch2IERBRE LS —HT 3,

(3—=5) WgCO. Wg N, DHE

Wg 73ZXA9 -GNy , COMRELLROEERE, EFTHRFOARETOA
FUAERBEOHERZITVEROERE2B R, () COD S0, 2nHEP Ny @ 40 .50 B &
C 2n B ENRFLEERBHEALLTWSZ XM, Mulliken population analysis ¥ MO
& charge density OZFERREIPIHO ML R >Rk, (2) BUEThiE, REOEOE
FHEEFOAA VLI ILFEF—DOEILLEFR LR, (3) FHEEhRC, 0, NO 1s EF
DAAVERREE., Wb 3 screening process 2 A< KXULTWL 3,

4. REERABIUVHEKRFE

() Z%., @H. BXAYWEX2S, 1984%48, &5l
(2) BH, ZF. BXxPHE¥X2, 1984F54H. &N
(3) E. Mivoshi. Y. Sakai. and S. Mori. Chem. Phys. Letters. 113(1985)457.
(4) E
(5) Y. Sakai. T. Anno. and E. Miyoshi. to be published.
(6) Y

. Miyoshi. Y. Sakai. and S. Mori. Surf. Sci.. in press.

. Sakai. S. Huzinaga. M. Klobukowski. and E. Miyoshi. to be submitted.
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O%* ®UL. B . By RK. XH FAX (BRI XK)

1 WREWM. IE A7 m v xy bk, ab initio WOF BIC LN EXM> 5wk &
E-AMoMEERzANT -2 R BEH L LIZBVNELO>BORERAIET -5 &
PbeT. BHEREMOMEFRABIVEREYRC DLW IBENZEFREET2 I 2L EE
METH. FFEFER. LTECo2DWTHREITZ o o
(INDHEHARELAHAERAOTZEHRLG . *ORBEIIKRESKFEFT S, £ 2 T . Adenine
(Ade)-Uracil(Ura) MO K ZHEAGMFEHIEH T 500 FFOHRICHO>WTEFEL 2,
(1)Ade, Ura, Guanine(Gua), Cytosine(Cyt) LIA D EEMIRNACFET A 2 L R & M
5N Tw3d, £27T, Hypoxanthine(Hyp)-Cyt, Gua-Cyt Ak XKEAROMHEBLL DWW THEEL
7=

(B XDHEFTERKOTERR., RAXRBZ LOMEP b EFH AR MS RT WD,
Z 2Tk, Hyp. Guaoplactam-lactin EEREH I T EEL &=,

2 HEFE. RS & ab initio HOH B R . FFHIA 77V 7077 4.
IMSPACK & GAUSSIAN 80 2 MW T2 o, EFEMK . STO-3GEAwr. (M)ik>nT
B, T FNMX -k 4-31CEHWTHHBELE., KXEARZTOMER . 2 FHROEE T 2
-sosrrmEILL. MEEELEZ. HEFBEZ IV X -4 & & . Kitaura-Nerokumad
FHicENHEL 2.

3 MAERE (DAde-Ura’kEHE AR
Bl 2EFBFEEOEMEFIe.l KRT.
ZHOML 5. W-C pairTidAde o Hig.
HG pair TiAdedH.s (M. RATH
T) OBRFEEXXSPEZNRILTWV B
b b, Lo T., Thbn HE

'Fié. 1. The electron density changes in (a)

3 - ; ~HBF ... the W-C and (b) the HG pairs. Full and
FOESKR S5 H05 Fid . C-HP 0 dotted lines indicate the density increases
A - i d decreases, respectively. The values
hRF I &) Aade &lra HfZbridse :g thgcs:e lines arepto.ooolj,( $0.0005, and
*ELELFRENL, FoT. Fig.2 O £0.001 (Bohr) =3, successively.
H~
() O EOHD #FORBO A 2ade- © N
. (3) : H / \
Ura THEL2ED. fHOH0 2 Fi2 2w H ; ) i C=0
s P i e L JETAE
Tw.ohdeUra METRsrREoWS [ T [T Ol T e
[T N ! / S [
LEEE T F ahd Y
OOy e H—
kAL 2 Ade-Urafi ok RE A T % 1 }‘/C\F‘/C\“‘« H" (6) w :{N/E\N/é\u
¥ - #Table IR R ¥ . W-C pair osite 7 ) | i
H
3. HG pairodpsite 4Dk FICT & » T (2";‘:“ J\H {7 ?;u 3
m (2) (')\H

Ade-Ura "E#HAPLFIEENT 5.,
chiz. kMIZ L 3KkBHEAICHE-> &

Fig. 2. The hydration schemes of (a) the
W-C and (b) the HG pairs.
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FNX - LMy
¥
Lol

z
COff iz iz C-H3*.--0%k
n . nESETS LT E RN
foiw & s Ewkansh Riz
AdeBi ¥t o0 855 & . C-H57 ¢+
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KEHEAEDEER
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Gl
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TABLE I: The Hydrogen-Bonding
Energies between hydrated Ade and
Ura.

site? W-C pair HG pair
No.
ob -14.1¢. -12.3
1 -14.0 -12.3
-14.0 -12.6
3 -12.3
4 -11.0
5 -13.7 -12.0
6 -14.1 -12.1
7 -15.3 -17.0
1,2,3, _
5:6,7 14.2
1,2,4, _
516.7 15.1
a. See Fig. 2. b. Non-hydrated

Ade-Ura hydrogen-bonded systems.
c. Energies are in kcal/mol, with
a minus for stabilization.

TABLE I: The Hydrogen-Bond Energies
and Their Components for the Watson-
Crick Pair of Hyp-Cyt and Gua-Cyt.

(-2lkcal/mol) & &£ { — % ¥+ 5. % =Hyp-Cyt,Gua-CytH

Hyp-Cyt Gua-Cyt

AE -19.7%  -26.6
ES -26.8 -33.7
EX 39.8 50.8
PL -2.2 -3.1
cT -24.2 -33.5

CT(X+Y) -11.9 -12.3
CT(Y+X) -12.1 -21.1
MIX c 6.3 -7.1
AE(corrected) -13.7 -20.0

b, KEREBADETEH IFSLTWwWI DR . £ L L
THEMEMFATH 5.

FRDRLZ. E0. BRE-BEMoORETF -RETFH
EffFRAERKERABERAHIZ LI I R IS TE
D.HENDREZR . BASFOREBEFE -2 v DX
EE b REL B EHT %5, Tablell 2. W& F =
- AV IoHEEERT. coxer b BHEBEF T
Gua-Cyt K iz . Hyp-Cyt Rtk ~rT . BE-FRHOR
BF-REBFHEFERAZEIND ., KE(EERRTEZETA

T & 5,
(M) Gua. Hyp o lactam. lactin HEoOMHEMN T XNV ¥ -
. Table Voo B 1. 2FicRT . lactan., lactimfk B

Mok X Hyp. Guad b iclactanfk D F B ETH 3

. BREOEZAET ., —FIC " a f
P Ny PR
Exrttus@mtexscz [ |
Hé.%:T‘meﬁtﬂﬂ/KYj N
4 FHBE L~ lactam-lactim  '3ctam ‘“'""‘
HEEHHREHODWTHEEN >, Ho0 I LEEED
A x i ¥ - £Table VOB 3. 4%icRmT . Ha0 ¢
RT3 sicdo>T. Hyp oM zH VX -z LA
X B H . Gua TS50 K& 2B, 2. Gua D
HEFE -2y FiRlactanfF D F P 2HBERE W &P
5. KRBEB@ERAP TR, lactantk 2 L N K EIX T B EE RS
na3,
4 RE. dRRERZ-ETFE
AXH. . HHe BH. A, BA, Mo TFidRe. 594 9

mer Phys.Japan, in press (1895) ; J.Phys.Chenm.,

a.

b.

C.

Energies are in kcal/mol, with a
minus for the attraction.

X refers to Hyp for Hyp-Cyt and

to Gua for GUa-Cyt. Y refers to

Cyt.

AE with the correction of BSSE.

TABLE III: Calculated Dipole Moments
(in Debye) of Hyp, Gua, Cyt, Hyp-
Cyt and Gua-Cyt.

magnitude direction
Hyp 3.9 169° 2
Gua 5.2 152° ;
cyt 5.0 10°
Hyp-Cyt 4.1 93° 2
Gua-Cyt 6.5 g2° @

a. Direction with the angle to
the axis C4-Cs of Hyp or Gua
counted crockwise.

Direction with the angle to
the axis C,-N; of Cyt counted
crockwise.

b.

TABLE IV : Relative Energies of the
Tautomers of Hyp and Gua.2

mono-hydrated
lactam lactim lactam lactim
Hyp 0.0 11.7 0.0 10.7
Gua 0.0 6.1 0.0 9.1
a. Energies are in kcal/mol rela-

tive to the lactam form, with a
minus for stabilization.

A . Repts.Progs.Poly-

il &

to be published.
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OEEALENE ~(Egs £ E30) EHERICRT LI, ROTFREN, 3-21G & ¢
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/ ! / 0 —— g 0
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—T"™ (Vs?™ = center) 20 -C) #ATT,. EMRIRES —@ &,
" ° " CODRETEVHORFOM, 75 %5 —0%t
S e / / / Fi#t(a)Dzh, (bIC3v, (c)Cav. (dICav, & L Tle)
/ 0 0 Cseo
l / / /
0 Mg —— 0 -[— na
0
FUR
3.5 B AR

Y, coBMmRE-%gaKodriv@), ®,C) sLrd) 7529 —(c>0To%t
FTERERILRT. W oo Lokt THEOFZVATTOREE LS. CORE
RELTEYs COCRBMI vt TORREWL, Mouckdrodt 3 1TL - TEFSHTVA
B O BLOFAE, 77 KpfvdS, &340 %% 5K (Eggen 0.3eV) H
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COnBILEnlLEEs LY
tRCTEEOAR LT VE

i
£1 7528—e7nr(a) )& DCOFFREDOMO HR, C-O®EM*
&it, B 1 (@QTABRICBORE, BROLS SORTHEFICGEVHERINT S,

EX5NA. 3R, () ®

C-O#EM | Rmin (A) | Eads (ev)

L *

OHBHEEL AT T @ MgOE (00T

EIRTVE. R () o R
PP T, ConESIET
512F W ((0.2<E 4 <0.5 ),

Tt Ty, WERE &

(c) MgsOs £ (FE* dui)

EE 2.3 - 02
» 2.3 — 0.48

ATERNTEE. BT (4)
N, 7727 -£F LG &N

7 53 2 & -
c L > (R&)
o} L > (R
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i 3AkL o] ® P
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HoR®. (b)) & FIINL 0 INEES 5T 05 G 0 EHBA 0 EZI N AEML, © & X
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Table 1

Reactivity of vinyl compounds
with methyl radical

3.2 T ¥ — Monomers %Kcul/mol?E
CHZ-CH -CN 1.69 36.7

LoMnAR IR E A X~ f v AR ER | Bty o2
)\T’J. Bz e 1L, PIva=F 9, z 4 ("tH-OCHs 1016 21.2

L, 744-1\.6;&,1"7'&,3’151'1)'\5<’J~7 1o 3. :

=%, ANERIL, iKY L1003, P00z k T, 27 ) ERF T 98
%'%’Q(nmﬂwz7;%,&"?’/94&’:‘*<v%v‘x>/7)nw TEAHL), TF LN
TICT 2

-7 é\( ! /)O\‘ Table 2 Reactivity of acrylonitrile and methyl vinyl
fAl&fﬂf\ [ ether relative to ethylene in the addition
. . reaction of the methyl radical and the poly-
35, 4 ethylene radical
=z -FuT . ,

~ acrylonitrile ethylene methyl vinyl ether
T84 3 )
Shie = BR Methyl affinity 59.6 1.0 0.23
SR NNE R 1/rlb 33.3 1.0 0.37
R Ab initio method 1865 1.0 0.02
FRIGFS S ~ '
3 J: b} %»{ L3 a) Methyl affinity: acrzlonltrlle : ethylene : methyl vinyl
ether = 1540 : 26 : 6.
FBIAEH L € . e
o b) Relative reactivity in copolymerizations
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newl ﬁﬁ A Study on the Electronic Structure of Transition Metal
;5;28;/0 Complexes/\by the Method of DV-Xa Cluster Calculations
Using
IS = (RIK ®#), BH M@ (FTLk ®B) , AF LB (EIkx =H), 3

BEWN (RILK H)

1. MmrEG, HE

[Cr(COs] HHRUABEBR E>D TRUFOCOLHEHET 3, gHIXBBEBR A, d*)
KBATHARDPDIUEAULUTURS W) BFRABRLEY, COORBUE CreCOOREAH
oM BB N EET 3D BIB3EEL >N TER. Uh UPFe'1CO (PIRLT 4+ 1
VY BHBRTR., W, d"VBERBLIEIZILE -0 (kBHIECI->THCOORHN B
BT E. FRPRUVICOBHETI] RALT 14U Y- BEFRLIVEFER->THCOORH U
BIoRhON, FL2BERUVOBILEEVOOBENSIZCENBERESh R, T h
HLBECOOMOBRENBHONIE WORHBIEBLRZIEERULTL 3,
FHRREICH(Cs] HHOAXBHILIBCOOEHEE COHADSIERITT 3 RDHICr(
e] OREBERBL OV IAFHBERIBIHERES IR R,
2. WRAE. TE A ®

EFORMELH IS EFTIMOBREMNEZ2ASILT 3 hDIV-XaE 2BV . Xa X I X
- ¥ -Wda= 075U, ¥ YT L ADOHKWE 1000045 (Cr:22008, C:700 £, 0:600 &) &
Uko WEKEZHIWE orbital population T 0.0001 e & U B o Sk o HEEWLICr(Co)s]
OFETFHRBIFOHFR (R(Cr-C)=1.9144 A, R(C-0)=1.1401 D2 H VR, BALRTOY
Thd REBRBREZILBEZES>OERBEULRLALIOTS 3.

3. R R
[Cr(€0)s] DEERBROABRBNELRILCLET . ChoOHBLDODLVT, EBRRBROAH
4% 1 The Calculated Molecular Orbitals of [Cr(CO)G] in the Ground State.

MO  Symmetry Ocﬁﬁggzion Energy/eV Predominant Character

Ly Seg 4 -11.29 .358 02p + .234 Cr3d + .233 C2p
43 1ty 6 -11.09 .653 02p + .347 C2p

46 'It]g 6 -10.87 .696 02p + .304 C2p

49 8t1u 6 -9.920 .438 02p + .300 C2p + .235 C2s
52 2t2g 6 -6.180 .606 Cr3d + .297 02p + .097 C2p
55 9t.Iu 0 -1.981 .621 C2p + .350 02p

58 2tzu 0 -1.516 .653 C2p + .347 02p

61 ZtTg 0 -0.502 .696 C2p + .304 02p

64 3tzg 0 -0.479 .458 C2p + .199 02p

67 Geg 0 0.484 .609 Cr3d + .304 C2s

.
.



FEREIVRDEAAVIARF DV S AL REBE2RRT,
FHE2LSEBHUTVW S, 52FH D2t EW dn
METS 52, (0 2n 8@ »408 F5ULUTWVW3. £2 iiz

B 7FHDbe:.MBWCr do ECOcHBM»MS R RED Ionization Potential/eV

PEdo BB TH Y, COMEItiu, 210, 2b1e, 3toe OO Cate. Exp.”
DO "HENFEET 3. 2t MBS, T Hh & n*#L tZu 13.0 15.1
ENOERBYEB L do*"HlE~ND (d, d)BHB KD thg 12.8 14.4
WT, EBRBOFERLIIOBEIRZLF -2 FHEU tyy 12.1 13.4
e Bo-DEFRBHFEB RV I D (d, d)EB T 2 th 7.8 8.4
LEF-—KVHELS, BEMEBERBUCcH» 3CONDEFH
BERBETHIZEBhH» S, * B.R.Higginson et al.
Johnson and Kiemperer WMS-XaiE 2 AWV T, 2t J.C.S. Faraday I, 1659 (1973)
HEOERAMAFEL, n¥HEIEFEELRLEL
o WADEWH T E Klenmpererda @3 DR IMYUT
VW3, UPDUBRAOHERWCr 3dn »aC0n*~ @i
EN8HBIEERRULTV 3,
ETEBR V2t HBEOER L
HFOELERIWERT . 2t HLED £ 3
FOCrO2BEREED, BERRBT
3.639 ¢ TH 3. 26000t EH & rzg OrOit]
K V2 MEROCrORTEE Y Transition Atomic Charge Density
3.287 e T, EEHKAB L LE~N0.35 ¢ Cr(total) cr Cr-C c 0

ULXEDLET, CrdBC0NDERH
B2t HEOH T i it 5 M

Ground State 3.639 0.562 0.143 0.086 0.384

2t, +9t 3.287 0.628 0.112 0.049 0.351

BOURZERERULTVWE., COH 29 "Mlu
- "'thu 3.287 0.628 0.112 0.049 0.351
FRUMBMOOn*BEANODEBTEFHEH T )
+2t 3.290 0.628 0.1 0.049 .
LAshE, UbL(Gd,d)EB T’ 1 ns 0.350
COESRIEER L., "‘3t29 3.163 0.594 0.131 0.068 0.366
X3WRUR LS population *669 3.033 0.560 0.147 0.090 0.380

analysislZ dh 2t M B D Cr-C

DEFEELIETBHCIVKEL U

TEYV. BENFI R ER2F

LTWw3, #2bs, [Cr(C0)es] @

EEMERBEICcH 3CONDODERHB

BRETHY . COBRMBHRBTUC-CO Mo E@_ENBELT I hDRBHIZ & VO
ODREMNMEBIIZIZERN D> Rk,
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Al/FeS B BBME-_KRBUOBEK CH T 2HR

ﬁ\(‘/w‘]ﬂ& FUELRLV R EDE B —
=) fus Studies on the molten salt electrolytes for the Al/FeS:

B /3300 secondary battery. Ion species and the activities.

ONMFER2. BRANTF (EREMNAZEITS%H)

WE

Al/FeS B RBME_RBROMBLEVWT., ERAHERLLDIEL., TORRVEHRTF
—2 %85k, BEFLULIOAMERORARH LT T3, SETCOHET.
REBRPBHMEELPEERB LA ELLEBT A2 LAELIAILARA>TVE., 20D,
AlCL;-NaCl A BME L2 EA LT3R MERKODVWT, ¥ FHAEHICEIBZ Iy E2—3 Y 3
Alb=varEFL., AET. BERIBKREFHE. S5V EALODVWTOEF VHE %
ToTHEAFXT VvAOLABELASLMIILEI LU L.

Table 1 Pair potential

BHEIBRMERRICER. BERFHHF RO RIGAKU CN4026AL and parameters.
EAVE. MoKa (2 =0.7T1LA)E AV, 200CCREBHEICE Y . w0 =8 enp [ v
6 20.25° FALHWEBLE. HERICEAESD & UConpton A D na +L.0

:Al +3.0
MEER1TS L IcKrogh-Moe-Norman¥iC X Y R BIL 21T > TW T el
L. ROSLANEAREBEMK 0 1@ MBDebye FBRREMWETF N
VHEEFI LRIV, REBAFVHMER. ELRSHHEL e
. Ac:.cx ::::oxsnu‘“d
T na l.xo::\
5 F 8N % Molecular Dynamics)E D a5 Ak, H#FHB py ek
ol 3.4483 4710

% 547 5 UMDANO; 2 8 B U T . 50mol%AlCLl;-50molXNaCl & & T
60mol%¥ALCL3-40nol¥NaCl R K2 WT D F O Y S5 ,
AEEBUE. $R. ARHSRER L OMS 1”% ﬁ -"ﬁﬂid
HPAETHTAB LI KLDBHRRAUL E. 0.5 | i

4. 50molX¥ALCL;-50molXNaClA KD W T &
W 129648 (Na,AL:216, C1:864) . 60molXALCL;- ©
40mol%NaClF K D W T 11024 ff (Na:128,A1:192
Cl:700) OB FROVWT. HERBORELESE Lo} (so|nonA1c13 -50mol#Nacl)
ZELwHREBERD. Verletd 7T J X ALK Fig.l x-ray intensity functions Q+i(Q).
EVfFoz. BEIR20TE L. Woodcock D FER IVEBEBERXT- L. @K F7FY
S % Uik, Huggins-MayerM O 8 O 2 AWV, TONRI A —ARRIKFLELIRZDHOT.
CThUEBBEIBROEE»SBO A EAAFVYHE

Table 2 Model parameters of molten 50mol%AlCl3-

* % s # LLTW3. 50mol$NaCl at 200°C.

i 3 3% (Ar”2>1/z nyy

i AT [ 7.13 0.105 O

cl cl 3.45 0.217 3

IBRBLBRELMNSHEE short-range  Na a 2.80  0.055 1

arrangement Na c1 5.00 0.103 2

(R 2 T35 KR R%. Na a1 6.25  0.065 1

Na AL 4.20 0.100 1

v V) % ﬁ -2 T ?5 long-range c1 c1 3.45 0.569 3

Fig.2 The model of A1C14-. arrangement AlCl4~ AlLCl4~  6.95 0.581 4 (Ny)
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exp calcd) caic exp calc exp calc exp calc

1) NHj3 10.89 7.73 6.76 10.00 6.81 0.89 0.92 0.95 0.79
2) CH3NH, 9.64 6.78 5.88 8.80 6.10 0.84 0.67 0.90 0.74
©3) (CH3),MH 8.94 6.08 5.19 8.03 5.31 0.91 0.76 0.79 0.59
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7) (CoH )2NH 8.67 5.73 4,86 7.84 5.04 0.83 0.69 0.78 0.60
8) (C2H5)3N 8.09 4.98 4.16 7.22 4.26 0.87 0.72 0.72 0.51

All values are in eV. a)Derived by subtracting zero-point energy from IP, (ASCF).
b) The difference in total energy between most stable geometries of M and M'.
c)The point where the ionization cross section is 1% of the peak. d)The half-
width of the band.
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X20: (40)%(50)%(60)2(1m)*(70) 2 (2m)>
type/basis r(NC) r(Co) <NCO Beee/MHZ
UHF/4-31G 1.213 1.196 180.0
UHF/4-31G* 1.210 1.158 180.0
MP3/4-31G* 1.236 1.167 180(fix) 11720.9
CID/4-31G* 1.237 1.169 180(fix) 11690.6
Obsd[1] - — - 11677.3341
[1] Booo; K. Kawaguchi, S. Saito, and E. Hirota,

to be published in Mol. Phys.

A2t (b0)2(50)2(60) 2 (1myt(70) t(am)®
type/basis r(NC) r(Co) <NCO AEe/eV
UHF/4-31G* 1.165 1.159 180.0 2.784
MP3/4-31G* 1.183 1.178 180(fix) 2.854
CID/4-31G* 1.184 1.18 180(fix) 2.83
Obsd - - - 2.772
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x 2 SCF#H#HIZKLKXA2HNCOO®DEL
RIRBoBRAMSE (A, °)

xtat: (7a")?(8a')?(1a")2(9a')2(2a")?

basis set r (HN) r(NC) r(CO) <HNC <NCO

4-31G 0.977 1.170 1.177 157.5 176.3

4-31G* 0.993 1.196 1.146 125.9 174.4
6-31G¥*%* 0.993 1.199 1.148 125.1 174.3
CISD+Q[2] 1.005 1.223 1.178 122.,5 172.4

Obsd(rs)[B] 0.9946 1.2140 1.1664 123.9 172.6

Obsd(rz)[A] 1.0127 1.2175 1.1654 124.0 172.1

[2] D. J. De Frees, G. H. Loew and A. D. MclLean,
Astrophys. J., 254(1982)405.

{3] XK. Yamada, J. Mol. Spectrosc.,79(1980)323.

[4] L. Fusina and I. M. Mills, J. Mol. Spectrosc.,
86(1981)488.

basis set r(HN) r(NC) 1r(CO) <HNC <NCO AEe/eV

1-1av (9a')2(2a"yl(10a")?!

4-31G 1.007 1.326 1.260 114.3 126.7 2.358
4-31G* 1.008 1.353 1.205 109.6 126.0 2.703
6-31G¥** 1.009 1.353 1,208 109.5 126.2 2,664

12347 (9a"y2(2am)t(10at)!
4-31G 1.008 1.376 1.206 113.1 127.1  2.617
4-31G* 1.010 1.422 1.162 108.5 125.9 2.742

6-31G** 1,010 1.420 1.165 108.5 126.0 2.707

1347 (9a)l(2am)%(10a")?!
* 4316 0.998 1.219 1.360 136.8 120.4 3.069
4-31G% 0.99 1.22 1.31 134, 119.
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Spectroscopic Characterization of HOSOy Raicals
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7 p Ffrﬂ Molecular Orbital and X-Ray Crystallographic Studies on the
R 4/02 . )

H /oo Transition Metal Catalyzed Reaction

BRFE #EEMUMZE L 1= (HFH)

ot

o
I RFEFHE BINMPRUFBIUVZOERBOF &ML ORMHE

1. 2, hhvhid. ELHLLVFS-ALRAT « BT 2,2"-bis(diphenyl-
phoshine)-1,1"-binaphtyl (1) (BINAP & B&#) % HE. &M U . BINAP-Rh(1) &tk # .
a -acylaminoacrylic acid OFFKRILREOBEL -HETHIIEE2BMELR. T
CSHE. FULORZELHNELEHL IR ZENE BINPBIAUZOSZ R KON RO AERMELE
YUk, 2022 UUORTRLEREGXERBFTAAVTHI PR U R,
3, Scheme | CZE‘\'?’&%%T(i)‘Q'(BINAPO CBHB) BERULE (XL, 91%)
D2VT, ChEAHBIFALFTYED (—) —camphorsulfonic acid & FB. & 3 Vi
(=) O -dibenzoyltartaric acid E» 2 RY¥. Boh L ERE2EBRL > THERU.
BRIV TZ7AFLAAV Y I RIOERLBLRBCKEILXIZANY KBERTLBEUL THX
FHRERR (S) - 32Bk. NRU. WIFhOHABERE->THEILAHCHVE
(S) - 3%2E#LXULUTES5-80%TH3., (S) —3UWtrichlorosilane RALVES
W(S) —1wBrnTx3 (XK. 95%) . canphorsulfonic acid—HBRIZ & 3 %%
ANICHOHRBBIOBRREENMTAKEREAVRAYTZIAFLAAY Y I RBHER
MY BZERK->TERTIAIIERXBEBRALI-TERA LR, BEZXERF (UNIC
S 7OV SAREVBHEITR>R) OFREE2MERLE, BEABEFERXKR LR
TE3HEE. 3BIUZTOER KON YD HROECBERATES, A, FER & -
THAFEFHRHERRHFLUYL BINAPEMXK TS 52,2 -bis(di-p-tolylphosphino)-1,1"-binap
hthyl (p-TolBINAP)® 2,2’ -bis[di(p-t-buthylphenyl)phosphinol-1,1’-binaphtyl (p-t-
BuphBINAP) MR K< EMEh ke T . HDOBINAP HABOARKOBAEITR>TW 3.
ChoMHIZHRULBINA REKEAMMUFELUT. RhPRuUREDEERDBSVRET
XEEBRIEEBRFRTH 3.

Scheme | 1. (=)-camphorsulfonic acid —
OO 1. Mg OO ﬁ) CH3COOH or (=)-2,3-0-
Br 2. (CgHg),POCL P(CeH), dibenzoyl-L-tartaric acid
OO 8r OO ';(CSHS)Z 2. fractional recrystallization
Q 3. base

2 3, BINAPO

0
OO P’(CSHS)Z HSiCly—CeHsN(CH;), OO P(CqHs),
OO "P(CGHS)Z OO P(CgHs),
0

(s)-3 (s)-1
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-1, (8) -3& (1R) - (=) -
camphorsulfonic acid. B o1 1 ! 1
i’éﬁko)ﬁ‘?ﬁi’ﬁo R= 5.96%,

- 2, 1-Phenyl-5-titanaspiro-
[2.4]heptaned & T & -

I 1. F¥Fv oYy taPoamME.

1.2.83. bhbhld. ChETCTRETCHRLEBIZIIEHBARETS>RF IV
EPRACETCSARLLAY TSI FIFTVYIORNIYIVE. GUTHLAYPRALVIFR
FVRERCMOBI LUK BLE,. BIBFY 0T FLIYEHK (4) &XFLZY IO
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oRaymond A. Poirier (Memorial University of Newfoundland)

1. Research Objectives

The main objective of the project is to study possible reaction intermediates in the synthesis
of hydrocarbons (1). The work involves a preliminary study of the bonding and the electronic

structure of isomeric nickel monocarbides, nickel dicarbides and some of the hydrogenated nickel

carbides: Monocarbides (CHzNi) NiCH2 HzNiC
Dicarbides (C2N1 and CZHzNi) CNiC NicC
CNiCH2 HzNiCC NiCCH2

0f the nickel carbides, only NiC (2) and N1'CH2 (3-6) have been studied in the past.

2. Research Methods and Programs Used

Ab initio SCF (RHF) type calculations with full gradient geometry optimization were performed
with the program MONSTERGAUSS (7). Two different electronic states were investigated, a closed
shell singlet state and open shell triplet state. Geometries were optimized with two different
basis sets, a small minimal (MINI-1) basis set (8) and a larger basis set (9) of double zeta
quality (RV321). 1In all the calculations the six 3d type functions were transformed to five pure
3d type functions.

3. Research Results

The total RHF electronic energies and the geometries are tabulated in Table I.

QﬂgNi Isomers - The NiCH2 isomer is more stable than the H2NiC isomer on both the singlet and
triplet surfaces, reflecting the relative strength of the C-H and Ni-H bonds. Therefore,
overall, the thermodynamically favoured hydrogenation product is expected to be NiCHz, although
mechanistically this may involve a two step process;

Step T NiC + Hy - H,NiC Step 2 HoNiC - NiCH,
QQNi Isomers - The more stable CZNi isomer, again on both the singlet and triplet surfaces, is
the NiCC isomer. This reflects again the relative strength of the Ni-C and C-C bond, where the
C-C is, as seen from Table I, between a C-C triple and double bond. Both C2Ni isomers are
stable relative to dissociation to Ni and Cz.
QeﬂeNi Isomers - Of the three C2H2Ni isomers studied, the most stable, for both the singlet and
triplet, is the N1'CCH2 isomer. In the case of the HzNiCC and CNiCH2 isomers, the H2N1CC singlet

isomer is more stable than the CNiCH2 singlet isomer, whereas the CNiCH2 triplet isomer is more

stable than the H2NiCC triplet isomer. However, for the singlet case, only the small basis

— 128 —



result is available and since the relative stability of the two isomers is small (compared to
the other cases), the order could change with higher level calculations.

Singlet and Triplet States - In almost every case studied the triplet state is the lowest

state. The only exceptions are H2N1C and CNiC, both of which are the least stable isomer.

Table I. Geometries and RHF (5d) Energies (-E in Hartrees) of Nickel Carbides.

. MINI-1 RV321
Species SThgTet TripTet STngTet Triplet
NiC Ni-C --= ——-- -——- -——-- 1.7456 1541.25002 --- -———-
NiCH2 Ni-C 1.6324 1542.08187 1.9067 1542.15826 1.7547 1542.52370 --- -—--
C-H 1.0930 1.1182 1.0885 ---
< HCNi 121.65 125.14 125.68 ---
H2N1C Ni-C 1.6490 1541.86929 1.8393 1541.84672 1.8275 1542.40039 1.9226 1542.32659
Ni-H 1.4135 1.4544 1.5439 1.6037
< HNiC 90.74 112.67 86.43 95.42
NiCC Ni-C 1.8605 1578.46517 1.8512 1578.59006 1.7716 1578.92308 1.8239 1578.99285
c-C 1.2791 1.2869 1.2440 1.2532
CNiC Ni-C 1.4595 1578.14635 1.5860 1578.11333 1.5583 1578.62017 1.7005 1578.58330
NiCCH2 Ni-C 1.5554 1579.63303 1.7793 1579.73906 1.7574 1580.18076 2.0091 1580.28625
c-C 1.3698 1.3709 1.3020 1.3112
C-H 1.1182 1.1204 1.0769 1.0825
< HCC 122.12 ) 122.10 121.36 122.70
HzNiCC Ni-C 1.6394 1579.43631 1.8594 1579.48373  --- ——-- 1.9183 1579.99996
Cc-C 1.3844 1.3542 -—- 1.2828
Ni-H 1.4056 1.5238 - 1.6218
< HNiC 101.52 114.56 --- 99.45
CN1'CH2 Ni-C 1.7892 1579.41853 2.0991 1579.62062 1.8801 1579.94280 2.0343 1580.08728
Ni-C(CHZ) 1.9329 1.9003 1.8436 1.9438
C-H 1.1026 1.1107 1.0842 1.0843
< HCNi 126.29 126.23 125.10 124.60
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(1) The experimental field gradient of ice is only 70% of the field gradient of
the gas phase monomer. The calculated ratio of q for water dimer to q for water
monomer is 0.9. Calculations at the ice 0O distances for clusters of water
molecules with OH distances appropriate to the monomer still gave a g which was
85% of the monomer value.

The OH distance in various phases of ice have been measured by neutron
diffraction. These values show a value 0.043 longer for the average OD
distance in ice Ih than in the monomer, but the data for other phases is so
erratic that this number is quite uncertain. Our calculations of g as a
function of OH bond length in ice show that q is very sensitive to bond length
and is a more reliable indication of the OH distance than is the nuetron
diffraction data. A value of 0.99 i for the equilibrium OH bond length in ice
gives a calculated q which agrees well with experiment and with a recent
theoretical estimate by Newton. This value is about 0.03 i longer than the
monomer value. (Figure 1 and Table 1)

(2) A more difficult question is the source of this bond lengthening as well as
the short 00 distance compared to the gas phase dimer. Previous calculations by
Rice showed that two body potentials and undistorted monomers could not
reproduce the known OO distance with any of the common potentials. Our
preliminary calculations showed that three body forces were the main missing
term. Compression of dimer distances below their equilibrium values are caused
primarily by next nearest neighbor interactions. For ice, the three body next
nearest neighbor interaction is larger than the two body interaction at that
distance; so, the three body term produces most of the 00 compression. Further,

this three body effect is related to the monomer polarizability, so it is

enhanced by stretching the OH bond. Hence the small energy gain from OH stretch
is a competition between increase of the monomer energy and stronger three body
interaction.

(3) Ice Ih is normally a proton disordered structure. Recent experiments have
produced a proton ordered crystal. We did some preliminary calculations to
predict the crystal structure of this new form of ice. The two possibilities
which exist with 4 molecules per unit cell both have some hydrogen bonds with
torsional angles known to be rather poor for the isolated dimer. Hence we

explored some models of crystals with more than 4 molecules per unit cell, but
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with the oxygen positions fixed as they are in proton random ice. One model
with 8 molecules per unit cell has all the nearest neighbor interactions in
their best possible arrangement. This model also gives the best dipole-dipole
sum for the lattice, and the lowest energy we could find with a more realistic
two body potential. Models which contained 6 molecule rings were also
constructed but they led to very large unit cells when these rings were repeated
periodically to form crossed-linked chains of rings. (Figure 2)

(4) In other work, the reaction of CH2+CH2 was compared to that of SiH2+SiH2.
These differ because CHZ is a ground state triplet while SiH2 is a singlet.
Consequently, Hoffmann's reasoning about HOMO-LUMO interactions and preferred
reaction paths does not apply to CHZ‘ Our calculations verified that along the
Hoffmann path, CH2+CH2 is in fact a triplet plus triplet reaction at all
distances, and the singlet plus singlet path is an excited state and cannot make
ground state ethylene. Reaction of two sillylenes, however, proceedds as
Hoffmann expected.

(5) Finally, work on the spin density of methoxy was completed. The results are
disappointing as the calculation gives only about 70% of the experimental spin
density at the beta proton. These calculations however, are very similar to
results obtained for a large variety of radicals with a beta proton. The
results of this calculation have been included with further calculations done at

Indiana University in a paper on this subject.

(l1)E.R.Davidson & K.
Morokuma C.P.L. 111,
7 (1984).

(3)E.R.Davidson & K.
Morokuma J.C.P. 81,
3741 (1984).

(4)K.Ohta, E.R.Davidson
& K.Morokuma J.A.C.S.
in press.

(5)D.Feller & E.R.
Davidson T.C.A. in
press.
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Fig. 1. Dependence of ¢ on OH bond length. The OO distance
is 2.751 A, all angles arc tetrahedral, and all Ol bond lengths
are equal. Large basis SCF monomer results. Scaled dimer
SCF result (see text). [ce result obtained by multiplying scaled
dimer SCF result by q (ice)/q(dimer) found by point-charge
model for hydrated dimer.

Table 1 _FIG.2 Antiferroelectric | structure of proton ordered ice Ih.

Contributions to properties*d)

Energy Dipole moment Ficld gradient
E z Viz
monomers € 0 0.9595 0.5348
es -0.0199 0 ~0.0209
pl -0.0027 0.1869 -0.0165
ex 0.0211 0.0142 ~0.0064
ct + mix ~0.0047 0.1307 -0.0153
H bond ~0.0062 0.3318 -0.0591
distortion b) 0.0165 -0.0705 ~0.1651

*) 2 axis along the OH ... O direction. All OH = 1.011 A, OO = 2.752 A, all angles tetrahedral. All properties in atomic units. es is
v 1 ) ic, p! is polarization, ex is h ct + mix is charge transfer plus coupling is delocalization.
o Two isolated dlslortec{ mon?fncrs relative to the experimental geometry of two isolated monomers.
d) Two monom.en “f their cquilibrium gas phase gecometry, tetrahedral intermolecular angles and infinite OO distance.
SCF properties with [ds, 3p, 1d/2s, 2p] basis. 1 47
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1. Research Objective

The water-water interaction has been a subject of wide and continuous interest for experimen-
talists as well as theoretians. The 00 bond distance in 1ce(2.762) is much shorter than in water
dimer(2.982). No principle potentié] function has successfully reproduced the short distance.
Though this dramatic shrinkage has been talked about, there appears no clear explanation based
on the potentials. Most of computer simulation studies for condensed phases of water have been
carried out with effective pair potentials that are parameterized to have an energy minima at samll
00 distances. None of the pair potentials based on ab initio molecular orbital calculations appear
to predict properties of ices fully satisfactorily.

We have calculated water-warer two-body interaction potentials with an ab initio MO method
by varying not only the 00 distance but also the OH disfance. Previous calculations are performed
all at the fixed monomer geometry.

With ab initio one, two, and nearest neighbor three-body potentials, we have optimized two
proton ordered ice geometries, for the ease with which the three-body interactions are rather simple.
One is the usual ferroelectric model with four water molecules per uinit cell and Cmc2] space group

and the other structure is an antiferroelectric Pna2.I model.

2. Research Method and Program Used

Molecular orbital calculations are using GAUSSIAN 80 program. A1l the calculations were carried
out with Hartree-Fock-Roothan SCF method with the basis set used by Dunning's et al. i.e., a (6111/
311/2) set for oxygen with an effective slater d exponent of 2.07 and with five d components, and
a (31/2) set for hydrogen with an s scale factor of 1.275 and an effective slater p exponent of
2.15. We found that the OH dependence of two- and three-body energies are quite linear. Therefore,
the calculations were carried out at the values of R0H=O.957ZX and 1.00722 and assumed that the
HOH angle remains at 104.520, the free molecule value and that the hydrogen atom is off the 00
axis by 4.95°,

Two- and three-body interaction energies are calculated from the MO calculation of many types
of water dimers and trimers. In the case of trimers, the only typical configurations are selected
to be suitable for the proton ordered ice geometries. Although the basis set used is large enough

to give a small basis set supperposition error, we estimated more accurate CI values of two-body
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interaction energy (AEZ) of stretched OH by the following way

_ a2 _ ° 2
AE(ROH) = AE CI(ROH'O'9572A) + AAE HFR(ROH)

2 o
where AE CI(R0H=O.957ZA) is the value of analytic potential function fitted by Matsuoka-Clementi-
Yoshimine (MCY) from their CI result and AAE2HFR is the energy difference due toOH stretching in

HFR level. We have refitted the parameters of MCY model function to give better results.

3. Research Resutlts

We have calculated the lattice binding energy for the two proton ordered ice Ih structures.
The obtained potential energy surface with respect to ROO and ROH' The minimum is found at R00=
2.787X ' R0H=0.977X with binding energy (BE) per molecule is 15.8 kcal/mol for the antiferroelec-
tric PmaZ.I structure and ROO=2'84SX' ROH=O.9722. and BE=14.3 kcal/mol for the ferroelectric Cmc2.I
structure. Fig. 1 summarized the shifts of minimum point of Rooand ROH due to each contribution
ofenergy terms. The new fit of two-body term gives a shrinkage of ROO up to 2.98“2.902. The

o

0
nearest neighbor three-body term compresses R, further to 2.79A (antiferro) and 2.85A (ferro).

00

i T T T T T
2.74 -
Exp. Ice (:)
o - : Fig.1 The shifts of minimum point due to
3(15.84)
¢ 304 each contribution of energy terms. Numbers
282 1 in the parentheses are the binding energies
°< B 3(14.11) C’ 3(14.34) and the heavy letter 2 denotes the optimiza—
S t 3(14.33) 4
@ . tion up to two-body term without three-body
2(13.00) ¢ 2(15.1D term and 3 denotes with three-body term.
290-® @ O 30308 b
2(12.95) (13.05) ® : ferro with new fit
L B @ : antiferro with new fit
2(11.99)
2(11.89) O : ferro with MCY fit
~2(11.96)
2 98_0‘3311.86) g & : antiferro with MCY fit
B P~gimer o ) ) |
0.9572 0.9772 0,9972
Row (A}

4, Publication

Byoung Jip Yoon, Keiji Morokuma, and Ernest R. Davidson, J. Chem. Phys. 1985, in press.
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1. Research Objectives

During the past several years it has been been demonstrated that it is
possible by ab initio quantum mechanical calculations to predict vibrational
spectra for molecules that can be expected to agree quite well with their
experimental spectra. For guanine, Nishimura, Tsuboi, Kato and Morokuma used the
.STO-3G basis set to obtain force constants, and further scaled these to give
predicted vibrational frequencies. In the present project, in order to improve
calculated vibrational frequencies and obtain the infrared intensities, we have
carried out HF calculations using the 3-21G basis set. Furthermore, the possible
existence of various tautomers has been investigated with the geometry
optimization.

2. Research Methods and Programs Used

Geometry optimization has been performed by the use of the GAUSSIAN 80
program under the constraint that the molecule is planar. It turns out that the
equilibrium structure is indeed planar. The force constant matrix was obtained by
numerical differentiation of the analytical gradient.

3. Research Results
A. In-Plane Modes. Our calculated frequencies, intensities, and a brief
qualitative description of the Table 1 Relative energies (in kcal mole™!) calculated for the

in-plane fundamental modes are six guanine tautomers

summarized in Table 1. We see that

there are some differences in the Calculated Energies®(kcal mole™!)
frequencies predicted in the present TautomerP® MNDO® STO-3G basis 3-21G basis
and Nishimura et al.'s simulated 7-H, anol -2.9 —4 —d
VI,enol -7.2 -8.2 +5.3
: v, imi 13.3 +11.7 —
4-31G calculations, but these VR T-H 1.8 izl :
I11,3-H +14.0 +19.5 —
differences are surprisingly few. §X§Z;1H 2.8 et *g's

The predicted spectrum is compared

a) Total energies, relative to that for the 9-H tautomer (I),

with the experimental infrared at the optimized geometries from the ab initio calculation
using the basis set listed.

standard abbreviation
MNDO results from Sygula and Buda
The optimization calculation was not carried out with this
N P basis. set. The energies aras expectad to be higher than
matrix from a preliminary study by that for the enol form.

b
spectrum of guanine isolated in an Ar «
d

Szczepaniak. The most remarkable
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thing about the comparison is the wealth of structure in the experimental spectrum
compared with that predicted, which suggests very strongly the possibility that
there is absorption in the matrix from a second tautomer (at least one tautomer -
possibly two or more). Our calculation so far has been made for the 9-H
tautomeric form.
B. Tautomeric Forms. In order to investigate the above possibility, we have
carried out calculations of the Table 2 Predicted fundamental frequencies

and infrared intensities for the in-~plane

geometries and energies of
modes of guanine

several tautomeric forms, shown

in Table 2. The 3-21G basis set Predicted Wavenumber(cm‘l) Predicted Intensity

predicts that the 9-H tautomer Hode Approximate This work Nishimura.  This work
No. Description® unscaled” scaled®’® scaled®'® Ag(km mole~l)

is the most stable form. The

7-H tautomer is only 2.6 kcal 1 NH,asym.st. 3917  3563(-12,0) 3686(-12,0) . 82
2 Ngﬁ st. 3853 3505(0,-9)  3554(0,-9) 127
-1 .. i 3 NiH st. 3796  3445(-8,0)  3522(-8,0) 47
mole higher in energy and the 4 NH, sym.st. 3777 3454(-5,0)  3496(-5,0) 147
H A st. 3786  3164(0,0) 3132(0,0) 1
. . 6 o8 st. 1949  1773(-1,0)  1802(-2,0) 631
enol form is predicted to be 7 NH, scissors be. 1816  1610(-10,0) 1661(-10,-1) 315
8 Fing st. 1725  1570(-6,-6) 1630(=6,-8) 458
. . . 9 N‘Hz scissors, 1770 1610(-10,0) 1601(-7,0) 480
still higher in energy (5.0 kcal ring st. .
10 ring st. 1673 1523(-5,-3) 1581(-6,-1) 166
- . . 11 ring st., 1633 1486(-6,-11) 1526(~4,-10) 23
mole l). Considering that the CoH be
12 ring st. 1539 1401(-6,-4) 1464(-4,-6) 1
S oiqs 13 ring st. 1487  1346(-2,-9) 1415(-2,-15 2
reliability of the present level Nqﬂgbe ) )
14 ring st., 1479 1306(-2,-7) 1350(-1,-3) 24
s 5 3 NyH be
of calculations is still several Ni“ ba., 1435  1353(-5,0)  1343(-8,-2) 148
ring st.
keal mola"l, we may interprete 16 éiggb:t., 1388  1263(-4,-11) 1273(-5,-14) 43
17 ring st., 1246 1134(-7,-7) 1174(=3,-4) 31
the results as indicating that CgH be
h g 18 rgnq st., 1212 1103(-18,-1) 1146(-12,-3) 22
CO be
two lowest energy tautomers (9-H 19 ring st., 1146  1043(-12,-2) 1102(-6,-3) 15
NH, rock
. 20 ri%q st., 1121 1020(-6,-2) 1079(-7,-~5) 7
and 7-H) and possibly the enol : NH, rock
21 rifg st. 1115  1014(-20,-6) 1026(-24,-1) 26
. ring del
tautomer may be present in the 22 ring des. 1044 950(-1,-25) 985(0,-21) 13
. 23 ring def. 888 808(-17,-8) 833(-17,-7) 9
matrix isolated sample. ring st.
24 CO be., 716 651(-9,-1) 661(-8,0) 23
. ) ring def.
4. Publication 25 ring breathing 667 606(-5,-3)  619(-6,-2) 11
;g ring def. 575 523(-6,-4)  533(-5,-4) 1
X ring def. 520 473(=7,-4)  481(-6,-3) 1
Z. Latajka, W.B. Person and 28 CBNHZ be., 364 332(-4.0) 332(-4.0) s
29 CO be., 335 305(-~2,-2)  311(-2,-2) 3
K. Morokuma, J. Mol. Str. ring def. ' 4

(Mulliken special issue), in

a) Abbreviations: asym., sym. for asymmetric and symmetric:;
press (1985) . st. for stretch; be. for bend: and def. for deformation.

b) Values from diagonalization of the cartesian force

constants calculated using the 3-21G basis set.

c) Values scaled by multiplication of calculated fraequencies

by a constant factor of 0.91.

d) Values calculated from the STO-3G basis set and given in
reference 10 after empirical scaling to correct to values
from a 4~31G basis, further scaled by a constant factor of
0.92.

Values in parentheses give the calculated 15N isotope
shifts. The first number within the parenthesas is the
shift predicted when the three N atoms in the six-membered
pyrigidine ring (at positions 1,3, and 14) are substituted

N: the second member is the shift predictad when the
two N atoms in the S—mqmbore? xmldazoln rlng (at positions
7 and 9) are substituted by

— 151 —



Koo BRHUE (Al biw 7729-FvocHscd + F 542
2 AF9 Am RicaBmMOFTL)
= 22,404 Theoretical Calculations on the Structure of Ice (Theoretical

2z Study of the SN2 Reaction Involving Fluoride Ion and Methyl
F 22800 Chloride in the Gas and Monohydrated Phase)

Kyoung Tai NO(Soong Jun Univ.)

1. Research Objectives’

H H
F'-—--—---;gzzgi——C1 F & C1” &)
TCF gt T Tccl

ab initio calculations were performed along the pseudeIRC which connect the points of reactant
- reactant complex - transition state - product complex - product in parameter space. In

this calculation, the reactant system(FCH3Cl)™ is confined to Cg, Symmetry.

2. Research Methods and Program Used
ab initio calculations were performed using several basis set(3-21G, 3-21G*, 3—21G*+AP,
4-31G, &—BIG*, 4—31G*+AP, 6-31G, 6-31G*, 6—31G*+AP). Single points, reactant complex,
transition state, and product complex were calculated using GAUS80 package in I.M.S..
3. Research Results
For the description of pseudoIRC, the intermediate variable, t, is introduced, The

geometric parameters, rgp» Iggls and 6, are written as a function of t.

rep(t)= -0.7125t +0.2021t2 -0.0315t3 -0.0145t% +0.0117¢> (2)
recp(t)= 0.6399t +0.2799t2 _0.1734t3 -0.0370t4 +0.0344t5 (3)
8(t) = -2.0301tanh(0.1862(t-0.7293)) -0.0794(t-0.7293)2 + other terms (4)

Along above t coordinate, ab initio calculations are performed and these results were used for
obtaining the net atomic charges of each atoms in eqn. (1) as a function of t and the para-

meters in classical potential functions suitable for the above reacting system.

9p(t)= 0.2877tanh(1.247479t-0.875832) -0.7124 ~((2.396(t-1.80))%+44.001)~1 (5)
qe(t)= 0.1995tanh(1.069784t-0.043159) -0.2702 +((-3.671(£-0.9))%4+19.060)"1 (6)
ay(t)= -0.0290tanh(2.426627t-2.634986) +0.1970 +83.22538/(53.409+23.971|t))2 (7)

qc1(B)= - l+qp+qc+3qy) (8
V(rs )= -DelExp(-2A1)(r; =rg)) - 2Exp(-Aly(r; 5-r.))] (9
Vine(t)= K( 8(£)-90)2 4D (10)
Ve1(t)= ;% qi(t>9j(t)/rij (11)

where De(F-CHq), De(CH4-Cl), All(F—CH3), Al,(CH4-C1), Al,(F-CHs), A12(CH3—C1), relF-Clq),
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re(CH3-Cl), K, and D are -103.45, -83.90, 5.392, 3.549, 5.938, 3.955, 1.372, 1.792, 0.0219,
and -2.833, respectively.(De in kcal/mole, Al in A™1, ro in A, K and D in kcal/mole)
The potential energy curve along t coordinate obtained from tha ab initio and the classi-

cal potential calculations are shown in Fig. 1.

-3. -2 -1. 0 1 2 3 4t

(F* CH3" C1°) is reference state

Viop(ab initio)= Vi (t) .

Veot(classical pot.)- Vep(t)

t(/VtOC(ab initio

A Vior(classical pot.)
Figure 1.
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Yoon S. Lee (Korea Advanced Institute of Science and Technology and IMS)

1. Research Objectives

Relativistic effects are important for the full understanding of electronic structures of
molecules containing heavy atoms. However, the present capability to perform ab initio relativistic
calculations for molecules is quite limited. The purpose of this research is to carry out useful
preliminary calculations for the future extension in the area of relativistic Dirac-Hartree~
Fock(DHF) calculations and to investigate feasible routes for the extension of the present DHF
program the application of which is restricted to diatomic molecules with closed shell configura-

tions. It is noted that numerical results are available only for preliminary studies with atoms.

2. Research Methods and Programs Used

The present study of relativistic effects is based upon using Dirac operator for the one electron
Hamiltonian term within Hartree-Fock formalism. Programs used in this research are DHF program
package for closed shell diatomic molecules and nonrelativistic atom SCF program. The DHF

program is developed in collaboration with Mclean and contains modified version of many routines
from ALCHEMY linear molecular package. Atomic SCF program by Clementi and coworkers is used for

basis function optimizations.

3. Research Results

Basis set selection is always an important step in the ab initio electronic structure calculations
and is even more important in DHF calculations since the amount of computation increases more
rapidly in DHF calculations than in corresponding nonrelativistic ones with increasing size

of basis sets. DHF calculations require additional small component basis functions which can
effectively represent all derivatives of large component (or nonrelativistic) basis functions.
Using the fact that the derivative of a Slater type function is a linear combination of another
Slater type functions with different quantum numbers but with the same value of exponent, a
significant reduction in the final size of the total DHF basis set can be achieved by utilizing
a large component basis set which has the same value of exponent for many sbshells. Since the
large component basis functions are expected to be very similar to the corresponding nonrelativistic
basis function for light atoms, McLean has modified an atomic SCF program in order to produce a

basis function with same value of exponent for many atomic subshells during the exponent
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optimization. This modified atomic SCF program is used in the generation of economical DHF
basis function for atoms Li through Cl. One example is shown for C atom in Table I. When the
corresponding small component basis functions are derived by taking Cartesian derivatives of
the large component functions, the reduction in the size of the final DHF basis set for the
constrained basis is about 30% in the linear molecular symmetry compared with the conventional
double zeta(DZ) basis also shown in Table I. The SCF energy calculated with constrained basis
set is 0.006 a.u. higer than that with ordinary DZ basis.

Reproduction of nonrelativistic result with DHF program is of considerable interest. When the
small component basis set contains all the derivatives of large component basis functions, the
exact nonrelativistic energy can be obtained from a DHF program by assigning a very large value
for the velocity of the light. The result is summarized for C+2 ion in Table II. Energies from
DHF calculations with c=106 agree with those of nonrelativistic ones within the numerical
accuracy of the program. Furthermore, all the relativistic orbitals (c=137.036) including
virtual orbitals are quite similar to corresponding nonrelativistic ones. The implications are
that the Koopman's theorem is probably valid for DHF calculations and that these virtual orbitals
generated with the present prescription may be useful in the correlated relativistic calculations,
opening up possibilities for very accurate ab initio calculations.

Research still in progress include' the extension of the DHF computer program to handle other
molecules than the closed-shell diatomic molecus and the more comprehensive study of the general
characteristics of DHF wave functions.

The author is very grateful to members of theoretical group and the computer center for their

assistance and hospitality during his visit.

Table I. Double zeta functions for C Table II. Total energy and orbital energies for C+2.
optimized with and without constraint. c=137.036 c=106 Non. Rel.

n 1 Constrained Ordinary E . —36.40855 -36.39220 -36.39220

10 6.0571 7.52232 Orb 1 -12.6409 -12.6360 -12.6360 (ls)

10 2.5128 5.12306 Orb 2 ~-1.6891 -1.6883 -1.6883 (2s)

2 0 2.5128 1.83068 Orb 3 -0.8636 -0.8635 -0.8635 (2p)

2 0 1.2697 1.15282 Orb 4 -0.8633 -0.8635

2 1 2.5128 2.73045 Orb 5 -0.0491 -0.0486 -0.0486 (3s)

2 1 1.2697 1.25656 Orb 6 0.3339 0.3349 0.3349 (3p)
E(3P) -37.68107 -37.68675 Orb 7 0.3350 0.3349

* All unit are in atomic units and negative mass
solutions omitted for DHF cases. -
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2E  EMLITF VZ == E?'\'ﬁ‘i% ., '5 Real/mole (Top:o\) Z |o kca-(/wo(e(Haj)
RT3 . SBEOFEL N3 10 kealhude aBTEREA 3BT S g w L 45 T Sredhole
oI HEA S Ao ERAMT L T3 TR I TR AT R LS |

— 161 —



UENWERE AL | Topio 5 ECP T * - oy 53THZE L1, B BT 3 R

BN AL,

H H
Ao 1382
' 2.154

-686.0488

D34
PL(PH,),

H,

H.
~p-1.415

2.337

-43.8081

D34

Bt(PH3), -

H R H. 1.383
1379\ "?_?2 1.358\P.»;'I'.4
omaf £l
1522 PR
H .
m:eEPt1044
H
17.4(p
-687.2256 -687.1524
Cav Cav
CIS-PH(H),(PHy), TRANSITION -STATE
H 1416 1424 142
1409\ .M H
1.510 p—H
H 2.509
81.0 CPt 101.5
H . 1211
114.4 -H
-H
H 98.7
-44.9600 -44.9202
“Coy Cav

CIS-Pt(H)p(PH3) TRANSITION STATE

B 1. R(PH,, an-RM).(PHs), 5 U BB~ TIMEE (R L), EfRa
Topro\ Do ECP V52 =9 LR, T 3HoaySat o LER

2. RlGRD s o7 3RE
R(GH:) a BBl E43BEER2 R T, 753

mid ALC(CHs) ) oRTETHE ., R- Coth

BIERA RREE 12 0016 REE . Sh ¥, 2T

T4 Vv bent-back AL RKA2LTT,2Z2W3, C-C

AR ERUE e — L2 W 3,
Mulliken population 1+ ROLT 3 dxz, dyg 0 B4

XHENROb F L. RoS ¢ Ressn ¥ 04¢ 0.2

FEonLz o

o WU, \\‘i’)ﬁ”é Dewar- Chatt -

Duncoanson BT ILe—HLE=ELTH B . 2, Rec
o overlap population 3 0.27TZH A, REDCH;) P,

THR-CEREAE 0,28 ~032 Fhih LINI W,
RETE4L BT LA - e SUERT2GR) @2 R(GHI0 53 HE(RE)

—EC RGN 1ZTHE 53 v 56 kealfmolec Txs &
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ERERFROEG Y I HE
n cAv

® 2 280 Dynamical Structure of Bioplymer Systems
Eq: 47, J20

OB BE (AAE) . RE %® (Akitt) . k% #BE (LKAE) .
meE X& (BUKER) . &8¢ A= (AKREHE) . BUL V2 (LkHE) .
HEH WA (NAE) .ZH BB (BEHXIK)

1. #REB -HWE

EHHEOM N 2 BB LERBEBIT S LBEREOYN AT IV I ARRERF - L
LT3, Fy4FT IV 20 RORDEUERBIECERTALAIYVILOEHELVLT., &
BRARLBRLEIIERFT - IV DPOBRPIBIIEHEOUKEELERET A7 LT X
LORRICIMOVPHAATL R, SEARIORFELDVTHET 3,
ERSHAFOUBHEELARET I LU, A TFEYRZ2ORNRLED S LTEANREE
HER->-TVLVE, ZORDEFLLADIAME. DNADOD_E>2HABEOBHETH S S5, *
NIDFEDFYOBRVWERMR L RO UL, £ HUFATOLBEELRATZ LTS ET
BEOBNREERFBRLUTCAHVIATEROWR . XEHESBERETS 3. UALZOHE
COHRABSE 3. TOE— . $EULOBERIELLIETHY. ZOE_E. Boh 3
HENEERBLBIENMRBECROINZIATH 3. SHEELVWRBEREF OO 3
BEIA{XBEL. BRRARBEC B S IBAEECHMIIERNEIN SIS, BLUHHILE
BECHTIIMBIBONILET. BhRXRRFERETH 3. RE L. Boh 3EHOEN
XBERBROBAEILEARUVLYD, IV ERNRFEOATHBRTO L KHEE 2 B
ETFB3ZEWTERV, CITUTRRBTZHEL. BRAXBONOERR &> TH
ShE32FHOBETHOEHRCH T ZIFHLE. BERAMNEEREAMAZIIER LY. THHEE
EREVEIETZHETSH 3,

EXRBRAFHOEFHOEROER» > . AFOURBELERANTIREST S HikE L
T, Crippen B> THEITHhLEH BTN RZ2HOVIAERNTITELELLAWVWSOATL 3,
UXLZOF#ER. FERCIIFTEBRMBIUVLEREYS. A TFBRES R R EER
SECRKTILD. EAEDFOELIREZHDTIRKERAFRRIISAHATERL, TOM
BERBRTILDPDEUHRSL OB, UTRXEXNZHETDH 5.

2. BRA&E - FHAHE

FRTHNERBVIFEOLZOHMNE., HEBRBIVIEFTROI»RVOBRN. &
FPORBEGRBLIUBGARBERBRU T I LD RBELDOATVEI I LR LS. Ths0BY
EHHEOUYBREEREX B AHEARETH S35, CUAMDHSIIh DRI ES
ExREVL. 3FHFO_AGBAOARRIYUETBE LT SRVTHATFOULAEERZRDTVLLD
NERRRERHELEbLh S, 20 FZ2LHEELVLTE. FERBRNCERT O ELE
HMELCSYIFFHOBRLEERNIAEIALERECOZO2ROMEEMNMAKEULT
RAUVU. Ch2BNMELTF 32N FEZONE, ChBTKCERAREHETH AN, FHhic
DHFEREFTULELSELUTD., ROZ20BAR KV I gL bR, E—. TD &S
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REVHBRCUZLOBFANRBI NS VENBEROBNMNOE. FECRTENLTHZ
STULEDY BEZRZOEBWHEOBNMMUEEAFTOAETURELRMO»P B3HETSH
V9. PELVEARCHUTEARITUBE TS S. ChoODEHBRARUABANSFHETHR
Uk,

F—ofELHLTIR. EVWEEOBNMNMOBBERBLVWTENHEKESIRZEA TV L
WOIHFEEBRBULUR., BEPHREBIEINEENEKELCR]. FEXFTOEHD 5§
BERACERMIN A UBRHELSB I IAEFHOER L ERVLAESHh2EHOBOSOD
D2ROZED2FROMWMERA UL, Th@3 T TRENRb»DE. FEWRIATREHLOR
VW, COEMWHERE. BEBFBOEA A TVEIEFORCHETZIHOHMTEZS>HTY
3, ZROELORBEFHREAULVLCT. RUKXNTFFHEREZ->TH - BEHELEVWIEE., T T
DOEFORTA3HREORLTSOEORMETERT S. T LT, BWWHKOB /LK
BUTHHEOBM TRBC F > THEEACS A3 EFHECHMTZIEOA2ECHMHAKLE
MET 2. ROBRTREVHRCED»AFEFRHOBRZ-rEHEELPLOE L. FTO R
BEOBNMETHEINREEPSIHEUVUTEBUBNMRZTRD . COLXSRCULTENRAR
BFENAEFHOEHAEBRALZLOEIUTLE. BRULUINTOBHAFNERNS LA S &
SRT 3, COLSREMHABLEETNh 3 BE2BLES>TEVDHLIOIPSIRAZEVDO
WEFTLWE., ThERAEBNMELLULTWLLZER LD, S THE~ZRBHBLRIEIDE
WEVWEULHERZEY. RRZFARKIREERAEECTICERIVEEDEVLVWEHR
EPRACEVF TV EBRRL2BDEVLVHEERRET ZDTSH 3.

E_OMBEL-BRTZILDPRE. bh W BT TREHEOULBEBEIILEF KD
HECBSVITERBIE TELAERSA LR, WD h B EABOIBEEOEILYHIE
REBROHCHRET I LD, TRHBETLI I LY —HEOBSILPAZFLHET S H i RR
UT&Rhe ~—XRBABIUZRBARFETIOR. REXOAETUEZLETRLATOKRE
TDIRBLUARUCHUA T AFAEBRBLETCS > LR UT. bhbhBRARL L
FETREDRE2RLLEMIAHERBMTHETZII LN TEE, COHFER. UKHIE
I —HEOATURLS. BEFHOMOBEHOHMBONMTEAIN 3T XTORHER
FAULB30T. CITHWYO LY TOSIENHBORAEAECHE T SO B AWVWE I
ENTERZ, COHFELEAVAZERIVENHBORAVAFLHETE S BH
HEOBNMBAEI OBELITIRAZILIILR S 2,

3. HEMR

FROZAIYVZILABIUFARESSTOY I LE2ERITTEIERED. bhbhid
KROZODOMVWREATVLERV, (a) TITHEXNRZLIYXILBLIUVEFRLEESL
TOVS5L0MHEE. (b)) VALV REHFEHROML I - TEAHEOUBHENLEORE
REIHN 3 DH,

CheDMLWREEATWLS 2R, MNELVEREAHEBEBPTIOXRBRREEBFLCLIHE
FEEr L. BHEHOA2HERMUR. XBRUI--TRETAZLBEELE ]
WRT . REFFOMBRIIBLELENHLCELVLHERERD 2. SHOBMEREIR 1L Z
EDT5 3. BEYOHEXSWE. RBEWEUNMRR A THRESTh 3LV BB VEEOH
HEGATVS, ZOBKTChBEHANREEOHATHS., COHEWULTHhHLOD
TOYSLEREITT A ERN LY. +RLIVEHFENE LN, bhbhoT7ay
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FLREULVVHEERE

Table 1. Flve sets of distance constraints
i ULRs»EShe2HNRE
N £ 4
set? upper and lower bounds check of Lo MOIMI. KRR
steric overlaps WNMRW & >THES A
""""""""""""""""""""""""""""""""""" fEMEY 2L -}
EX5 2377 exact dlstances less than no ZEMAE > THEL -

5A between protons belonging to
different resfdues both as upper
and lower bounds

°

FEHFEHROHE X 5

LUS 1143 upper bounds all set to 5A ves
for feepuence vise longorane, HUTH. 5y Ak
than 54 MUk 1009 HEE
M8 (o itencerutse) 1ong-range ves POHELTENMED
fﬁ;;sazf protons separated less BALE EED XS lF
(5U5) 1161 upper bounds for (sequence- BRok., GFERMEEL

wlse) short-range backbone protons

TE3RrHEC. BEHEEKD

(5L5) 1161 lower bounds for (sequence-
wise) short-range backbone protons BNMNMOBRETIE.
AL5 2304 upper bounds In LU5 and SU5, yes LRBMAEBES>N B &

and 1161 lower bounds In SLS
VL P RYUFTIHFER

______________________________________________________________ YoEk¥FTwv3smh
a. Auxiliary sets are given In parentheses. basd. 10O V¥
LRERTh R HEE

i»?tb‘%b’Cfééh?‘a%i&ﬂ‘i&‘%iﬁ(&tiﬁﬁ?f‘ﬂ@RMSD (EFHY2RERMOFESR) BO.
1ADB0. 15ADMESEEok. CORRL I OEOBANEANBLIEL 2 o
COMBELRBUNRUVARILR2ENT 3. 510 hEREHOENREVE XX, b
Whh I ZRREUTVEZ7LIYR LR E->T. BFiEECHE->-TULUES>HEELE
BTELZZER. ChRBFUTWV 3., HHEROMAALSOBARISELHEL ST 3
EHFEFORMSDOMEU 1. 1A - 1. BAOREAREEEoh, TOLS> B KBS
OFEH2ERYT, 1 OXBASBR Lo THIM EBBEERRNTAHS L. REHS
HMERAaNY Y P AMERICHERSATVWEZ E WY DD 3, l—D20BX->kELHM
B¥X35-40
DERIZAH B X
3, 2OWH D
HENEULE
HTERM»or
DWFBES>LIK
OEBI LS E
BEhbhs, B
368&U37

~ BI7Yv2THh
Fig.l C " -plot of the X-ray Fig.2 C* -plot of conforma- N
structure of bovine pancreatic tion obtained for distance .7V v ro
trypsin inhibitor. constraint set ALS. 2o0a T

AUS 2304 upper bounds in LU5 and SUS ves
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P23 NMRRIAAERWAREL2EARA U TCHEAFEROAALSKBVWTURA TER
VWHbDEUVLTH . ZORLYPOHNBOBEBH 2RI I3HEEOVTAEFLLDO
EExZBh 3,

HbhhHhhWh BEAUVLREMNHEBEOBIMNOBETENHEZOLOREX TS HER.
EHHOUBRHBERRAMREELVLLH OB LAAMRELLVIOARALZELVTVI S &
VWHIZ7AF7RETOVTVS, ULV TIZIOFENI IV E2DItE. GERAFRO
BPRSTRAHWRCEVLVHEESTDORERSIAILENS 3. R1FOEHMFROMAL
USBIULUBRUIEEHFERNELLETATLRLVL, UekdsTZhsoFHROHAR
HUTRESHhEPHELBLTWY. BHAEBZECR2LOEUNEUSZENTFREIN S, &
HOBFERUIPUIVZDELIRARS>TVIE, ThoD0BARDVTOHEOERER2R2K

Table 2. Restrictions by four different sets

of upper and lower distance bounds. DEOoHEOERE.
residual value nonbonded number of c N MR % &YALS
starting b RMSD
set of target energy violations \ e
conformation? backbone all atoms BE3LRAUSK @ ES

function (A2) (kcal/mol) 2A-4A  >dA

h3HEBEFERBCCEKT

as 1 1240 5

0.1%10 18 0 117 2.30 ZEBRORERICEYT
4
2 607 0.4%10 12 0 1.82 2.50 .
. ZHEEBBEOINBZIRS
5 571 0.2%10 8 0 .11 2.08
5c 445 0.1%10% 7 0 1.11 2.00 . E0HEOZhHEE
AUs 1 2540 0.1%10'0 52 3 1.82 2.96 Bzzwkwidxe7zrza
2 887 0.7%10% 19 0 1.46 2.41 YZXAEAVWRZ LR
4
5 323 0.1%10 3 0 1.06 2.09
3 LFUVR2WRE >0 3 &
5c 215 0.5%10 1 0 0.94 2.04
Lus 1 st10 0.3w10'4 92 3 3.63 5.01 IRBHH L EEDOR
2 5350 0.1x108 155 5 3.73 4.75 EEBRUSUEEUVULSRE
5 2150 0.3w108 67 2 2.62 3.50 LB ZCEmbhok
A
sc 1720 0.2%10% 46 3 2.51 3.38
Lu3 1 301 0.4v10'7 1 0 7.78 8.56 °
2 291 0.5#10'0 2 0 6.23 7.24 ZZRRETHh TR
5
5 926 0.2%10 21 2 4.68 5.87 . £ LT W. Br
6
sc 465 0.1%10 14 0 3.66 5.13 . -
aun BLUB BELK
a. The serial number of randomly chosen starting conformation. It (s a reference o ThE&hhkrdbD T

number to the same conformatfon as in Table 2. Number 5c means that this

calculation starts from the result of the calculation 5. All figures in Fl9.3

are made for conformations calculated In Sc. H 5B,
b. The ECEPP nonbonded energy (ref. 20,21).

c. Between the calculated and the regularized conformatfons.

4. AR -HWRRRTRUFE
KE. Z. . mE. . RE Peptide Chemistry 1983,145(1984)
E. K. 2R, NEFE. OE. M. RE FEBS LETTERS174,310(1984)
KB, e, B, EH. . mW#H. RE Peptide Chemistry 1984,113(1985)
KB, WE. KB. bR, NF. k. . RE Peptide Chemistry 1984,117(1985)
mH. B Int. J. Peptide Protein Res.25,232(1985)
BHO. M Biopolymers 24,527(1985)
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A CAS FE{A X &7 =0 35 K 2k P HE DT ZE

7 i; 37;20 Study of the Properties of Solid Methane and Water

o Hilldy (RAHE), S CRAH), bEwkw CRAH), HHEFHE (HAE)
BHEET A, KESEA GRAID, AR GRAE), MAEY GRAE)

1. TzEERY - PO

BEEA Y Y BRUROYER, BRIAFREIEEEFRAD SHFEL T, HEtHFENICE
Lt BRERROTIRC & VIS lJ;&CyE %?gﬂj’g#gﬂic‘: IJORAE Y JRLNVTOR

FEHOBREHOMIZT S & .
LAT &, EIACHsDAR]I S35 b > 3 JLEEE, ﬁ@ﬁﬁ?@ﬁ%@mmzﬁ\ FEARED
W% F D K R DL IR RA 5\ T ORI D0 T 2R B NIEN B

I [Ef{A& CHD #H 1 1 1233 B F = oL [Ol#Ex
.1 HEER

BAMIERFILA Y ORBHC BT ZEEREEIC OV T, REHI I OBEEORE
’ﬂﬂb‘%ﬂbh’(‘h‘f&htﬁib\x, —I% 2site BRIZ k5T CHBD CHzD2, CHDs (pl==lyiea

FEWEBEAPBMFEWL DV TORESL H—HCHERTX
mit, Harvard Group i, IE%X?/@@B’:M“C@@K?V NMR HIEER B IR0,

BCANY PV RIS B ChaD DEMHER HIAT 5B, ST QEIRERL
MUT 3 site HEIBHEAL, BADNIGA—IRPEL 2. ZOE, BREBALY
&R Conversion WiE SR &I 5778 %zﬂ‘lhﬂ)ﬁiﬁﬁfﬁﬁb\& UtTL3. U,

Jol TRIRSHHMPS, COFRETTO iﬁﬁﬂﬁﬂfuiiﬁ_}_ mE&, EXONG.

#%"i’jﬂﬁfaﬁi@snte RIREL, ENEThO b2 RIVERERD YTWBH, Thd
2 FHL\'C 35N ZMABOHHEEN RINEE GhHRR0.
Vﬁﬂt@mﬁtﬁmﬁm%iﬁ ﬁ%éhfhtﬁh\@f ALK VRO conversion
r‘ate WKOWT ERTE BB BRIV HETH5S.
FD Ca B0 0L L e e e £ B AL LT B8, 20
EEIRRADEZ o h THRL.

A ZHONSA—IREAL, ThoR MR HUO BETL)S RNERET
fit SETRHDTOSH i‘ﬁ’*ﬁﬁ!&i’}‘ii< &b BNET 7%&(5’13 3%450)
BEELV. NFA—FRFESORRVEUTD, ROZIAF, BEND
l'z H.'Jj‘%ﬁ‘-‘ . = 3
1.3 §tZEaK |

06 .

AW CﬂaDé}?‘O)lﬁlﬁzﬁﬁ?thhT 121
site symetry % C> Co &7 267?7‘1:[: LA
eI ESE N et

SRS AAARBOGHHE ' .
ZMECOM & DLt Pound |/ \
S0 Isite W) S REUMET § | N
REhTW3E, 02k \\ 4

ERFENR AN LI 40mK {455 GRS
WEERMIH340kHz @ broad peak &729, 0 : .

B B EHIC narroving & BZLT o "o 2

4.2k TlL, 4Kz @ sharp peak & 72
5. XAabwﬁh&ﬂ;MRﬁw%%a,
YEFT shift U, BN TFHHEERTH

R 2ok

WIZT T Zeeman #EINKIUSHAFE
BoLUT, BEAE VHEBOHS2M
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MWMA B2 &WT 3. E-species Hcentral peak DA FHE5 U, 2WED 4/9 2
EWBZEE, Aspecies oD  central peak "DEFEH BT 552 LN, (K
‘(ﬁllﬂ%ﬁ‘% broad Ho flat 72 peak » HIET 32HWIE, Diltd C snte
5% E W A BFIEHUT central peak @ 8E%R satellite A é
ZXLSOBRVESICEDLN S,

11 HERRIEST T O M TR T TR
1.1 HFEEY

BRCiTHH 2 WS FOMEKBIROFTEBRER T, KD FOKRREESN, N
D DKRDKFEFE L VBRSO BHE - 7)<F3’fﬁ§.fﬁﬁ§®ﬁ7]x)l%€«.&%c‘; T
W3, ZhsDFEE, 1REZEOH I DORETITHHhED, AW, uU)F’kE&%
%H’Jl«.ﬁﬁ”“‘i‘éﬁwl«-, %’E®{t%‘1‘TJJivibt|E_fﬁ¥*U1‘I<q REOEERILE,
Y- 7J<F'EL‘I‘7“‘/,/~§1)LODI?JD=‘€~-J\7X§7 —RTEZCHELUR., Tl ThbadD
NIA=FIDIBIDOFEYEEHhIYRHOT, 2BOBFEER2ELRIZFOTO
@dro]ehoblc Interaction @ ¥ biT-7. Hydrophoblc Interaction @ BEKTE

AT PnYAJ AN

Fidl A 72 & QIS T ORA QBB OBEEORE R, KECREE
BEORTHY FHLVbEF ML, mﬁ@ transfer @ L b O —Z54E »
IV NE—ZFLE HIZETH S A0, &S
1.2 HigEE - BEAE

2RTTET L DFHRDIKAFE14AE T, HFRILEEMEEREL RKF2 Y vl 2
ﬁ‘?@ﬁﬁl‘]& P OB T BBRF YV v E Lennard- Jones SRF Y v IVOFITH

Usi(R) = e {(asi/Rsi)!? - (051/Rs1)%} I=Sor¥W
Oow = 1.71 A, esy = 0.1, 0,3, 0.5, 0.721, 0.9 kcal/mol
0ss = 1.31 A, €ss = 0.088 kcal/mol
BRREE v L, ﬁE?kO)?FC«., ‘@EG) test partlcle %2, IREU, (eﬁ@%*ﬁﬁﬁffﬁl

lﬁ’F*Bs 75”9 = (e < RE2. (Widom ODZJ“di o
’ﬁﬁ?k@?J*fJ?)biFfSJ’C&% R 0 ST T3, itom OTE, S7 eia
U1T< @@{%gﬁ& ?Ni Egy = 0.721 kcal/mol &ﬁib"ﬁ’&)*‘fﬁ)bﬂ(ﬁ‘(nfﬁ
UZk. l‘"], c.O)nfﬁ“CCiT@egw I e R3OBENE»>—HD e

BEDBENED ZFHECR>TVSM ey = 0.721 kcal/mol T, 'H}L‘.%d‘&

2.

1.3 BEmE

i1, B3 e TOBMRERE (T, O egw = 0.721 kcal/mol
DFARYE BRI BT B, (D W, P & T 7kF§zl§®4%“f’fi_&&z_\$
g o e e R sy ot e ey
CHEMBCE DD L, BEAMEIIENT LA O3 OEORE SEkD S
NIA= £ay DIER REWC N FHIER FOKCIT % BREREEBRT 3
mfj«)ﬁi\r ﬁx%t%i’%e EEIELE TN S DL T ARISE RS, BB IE
Zho TXAX y {ml= N [ ’ X</
Vo 20.71 13:@1 no] 12 o KRR o (R) OB
e L S A A U 05l el B (SRt G
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gsw(R) W KIRICARZ E BHOTH Y TREENTE TV I HERETRT.

Hydrophobic Interaction % F~ 3 t&bh_ REREMS RO gs(R) (R,
VDERS. HII.2 OBI¥—7 IRERTOE %z:n, oK —7 ik Bk FBEE
N TOLAMEICHET 5. ThoDO#EL Pangali >0 FHERBRE—HT 3. KB
RABEEAE—IPEIE—T & 7(2"‘(7&”) IR FEEUABRLIIEE I &R
UTWs. B2 HhaFtELU Eﬁjﬁ @Edﬂli‘)b#—zliﬁw(mf“’ﬁiﬁﬁti Ben-
Naim @ A% 2OKBEICHT &0 n@@@ﬁﬁ*%ti‘f_ﬁmk—‘ﬁ?‘%

=02 sw=0, 9 kcal’/mﬁ()

- \_ 335“2;1 &= 0-2%20
NoT o2l s KAV S ox o oldb
g '..’..'."“)X, t
. “\-\ . Gl o - 0ab2
m ‘ 0 5' .oz ‘ . o» ut- 448 AA.{‘A“AA«:?W e
» 2. 5 '," - ’s"“.&:‘;’,w.‘f'
-0} 3 ,
¥ S o= K77 ketf el ol

.'/Ol 0‘5" . l-'° 2.0 3.0 R
017 020 023 T/8, &

I *Eﬁi‘%ﬁoﬁbﬁr‘rﬁé%ﬁ7k$§?¥§®*§§?£ﬁ§1¥:§ﬁ{

1.1

7)b a -—)b —KFRD LS J:%&UT“BE:EEI&&JME % DK B IROF HERER
kY, NFEAAIERE BEMEE « S S & ICBITEEOIRE - zﬁf"i&ﬁﬁt@
BREIE MeT 3 &% EYC MW( DiZkY,
2RFTKBIE R simulate Uk,

¥

|

7|

?NF.S"G\)V

O

111.2 g% + 5 {

E% 7’¥ R, ﬂugg%.‘/:fﬂ)bﬂd‘ﬁk,k Y HENEE T, *Eﬁ%ﬁ@ﬂ‘-ﬁf‘]&j‘?‘
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B 28507 Application of Computational Chemical Techniques to Experimental
i 38380

Problems of Organic Stereochemistry and Development of Generally

Transferable Force Field for Molecules

OARM=, BERA (LAHE)

1. HEEH. AR

X0V RBEEIEFEZODOY T SOV I EDEEoT VWS, —DELLTESR
FRAEZELARNYGEAEREFT AL T 2LHEEOHEMBACEZLV L TIHERLEZOFHE
PHEAULTERK IS THRES LT ERVWHREBHL, FLLWERESEAZ LD
LWEBOBH LR X RFENHEEETI L2 EMHNLT S, 20 &> 2 Computer Aid
ed ChenmistryD FENFNERCEATHI3ILABRLEARKBREINND2H2EEDICERI
ZHEMAHIPLOBHNEFIFISLKABREBLEBED TV TALOEFLBATGHL 2 O AEMH
TH 5.

—FHHBDdI—o2 0¥ T FaYzP M FHEUniversal Molecular Mechanics Force Field
(UMM DR ICBE T I28BHETH L. ThREXDPRYVAAEO IO YV NTH BN
BEHALSWTREBEBRBEOREE R WO TERE LS TRAER 2w (102),

2. MEHFEK. HEHBE

70 35 4k L T MN2,QCFF,BICSTRNS, MNDOM, MOPACS & TR GAUSSIANBO%: £ & LTH W
. ZFEEHBUIMKL 2V L T22 YV RBELRHAENA L. ERAHRRARETreer 73 20
LHETH 5.

3. WRBRR

FCHLLOHEEBET T W B Through-bondl EHEAABLEARLOBEBLODOVWTHRE
HADKER LT LDEMR, TORBOLRITRC-CHARLEBESIETELET .
HHLARLE. NAOHWBREREVWEREMORR, 2803 RALAHILEITZE
ORFEL, Y207 o YEAOBHERL OB AL L Bthrough-bondMEMHAFIL K- T
B2, ~ARAOERE B s-HORMAKKZZLAE . T 05 B5through-bondfiE
AP BORZREAENLTEAREDVWIKHBLBEERHBEHRIZ D 5h 5. FiHButt
erflyft 2% £ EhHh 3 Anthracene® % = B4 (1) D Lepidopterene (2) KR THAPR
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DC-CHEANLTL.ALN LK BUTETVWEN, TAREOEETCRER RS EANICEEL Zben
zoX ] @ through-bondHM E A O K R T H 5 (106). Butterflyflt A B VW TR I D & D
REAMBMBULEVWLILTEREYREFABAR AT EA TS, ARRRVWEICINESAR LR
AT 30 HB3Vikbenzo R EKNEFRr+BERT I BLIRERAYPYRFIA DL TC-CHEARER L.
TALRT 3. WERREAVITBFORBEL, REBERONMBHERIL L > THAAH
DH A H through-bond M EHRMA A B E S H 32 & 2UNDOE X U ab [nitioH HIC & T
B E.

HRETREDAVWVEESTLLTHASLA TV B 3PalytoxinD BBEREFANBERRE L N
JEBATD R BR KR OAE LDV TRBESBEDONREI VDL ET SR AEEN#E
TR TWVWE. RUBSPBEDARLI- THEREDNDD BIZYFBR YT Ho I L FAHEM
o, HESREHNFBEL L IBERETORERHNTH L S EIL2 3 . Palytoxind
FERHLBER B Kalditel 2 FERIHARETH 232, Z0X>2HRITFEED
TE2HOBREOREY THEIBULREH-CC-HBHLOEY F N Ay TUYIRERI ERR
PRERELELTHALR R Ao ORI DL KBEVWHED—BETHo k. £2TNo
lecular mechanicsiC Ko TH R B EWF ZE L Daldito lOEE*HHELEOBIKE S Hh EH-
C-C-HE AL HA I ANV F - bKarplusREFMALTREEAY ORI L EB AL T L
I *RDE. SEBREHEMDalditol I & Pdeoxyalditol peracetate25H B %  F I
AL ULUTISHO I HEBEE D BRI THELELZAHEHAIDREZOR MR E
£ 0.99HzT % - /= . Root mean square® ¥ @A T 2 2 L ic & o THK % alditol peracetate
DR TOAfERdiastereoner D HFM»SBE L WHEERMEBEL8IXOREBCUTAIHENT & =
0. TOHRRPalytoxinD M BOA LS T -RUBBEITORBEADOBF ICEHT S
FLLOFEEBRERTI2D0L LTEEIRBVLEADAS,

BEE B I 5 & 8 W TBicyclohexyl® ¥ PhenylcyclohexaneZE &k (3 —-5) KB Bpiv
R ADKBEBICHE T AITE LT > £(103,95,9). BLAXIBLRTREHEOHE
ERYVARTRUUAIINVY -RERREOYEL2ETOOFHOBREBEICHELULTRE 2T
WAtropisomerD EE 2 FE U . 1 X E 4108 v TR2=R2'’=RE=R6’=A F JU O HF & ¥N2IC &
S TROP-EHEREOHFHEMIE29. 9kcal/molTHo-> (KEBEL) . T ZTHWHEStatio
mer® characterizationd — RIS FOHHNEHOHBE L L->-TRBDIPTHEARFETH 3
DTHEVEBEBOMBILHUTHAEEAA TR 2R H A (104,99,96).

Ry Ry Ry Ry Ry Ry
3 4 5
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-36

Y
T2 373 ‘26 =

M2 14.7 M3 28.2
-m 23
<>
T1 198 T3 285
ﬁ- +"8\8 g 73
M1 7.5

® 1

1=c2, b'-Dimethylphenyl)-(2S,bR)-2,b-dimethylcyclohexane

Thsofiict,l,2-r YU BEHRZ Y (05),2-7o00-1,2-Y e RaHYyhbyanARCO
0), dilophol @9, BIXUV2-BEHANIXA -V OOKETIXERBEOHE,
AG-PYTFUYMIZ-FHNOX7EEODOMEBEL*E- L. TR CEVT I EE
BLIUBEBEORFEHFLI-THBEBT 3RS HBHELE. SRLLTFxa2 Y0k
Ry M08), BERILIEAFEF2 A VORBMORBEAIHERERIE (10D),1,3-E XK
-‘E#;z(‘/#aﬁw\wmﬂﬁbcx671)1/,1{:»&&15(98), AVRAREVEEEAN XK
(93), AL EFREF ORIV Y IDIVYFAIZIYVORBHE D ER- £ .
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£ y2/20| A study on the electronic structures of biopolymers

3 42940

s oK B, KM B Rads, BAME, F RGBS b o
Uh B K72)
I. EHRASG L7 AL o ekt 7t
I-1 #Raw- RE  (Fig. 1)

LTFVAFLANVT I FdCc-SRBadibn CaBERL Kﬁf @f“
TIRVBE T L2 LAV T 40 ) boloThAh Hi*s/ N /u\u
ORI EHLTESAE T ERBEES KRRNL Hn s J ’
B COBREHINTND., Zhban)h, $8pog T
Gouche # 18 Trans #% (2L T < DT egRETchY), -3 % H H
FHR 2 B e, Trans #)08 Quuehe 2t L T IE ) & ) F £ H >k
THBENEHDTYL T T, AENBREA-F L T w7,
C2TW, WAL - TRRILEH > TEHELF N
W, BRH bEF G 2,

I-2 mARF#

HBicd, Coussian 30 7077 L kA, BAe L TdSTO- 30, 3-216, 4-3la,
3-210%, STO-3@%, SX tasierar.

6:#&%&2% Z_fz %/m 3_ Optimized structural parameters of ethyl methyl sulfide

Bond lengths are in A, angles in degrees

zla-_'_d (S) , Be: U"&, }S ¥ (Trans form)

L:ﬁm%%{%gi r: o 3- : obs®  $TO-3G  3-21G  4-31G  3-21G* STO-3G*  3-21G+d(S) 3-21G+d(C,S)

2]@-1—0{ (C’ S) 2 % » r: , ﬁ’ R1 1.530 1.541 1.533 1.522 1.523 1.546 1.541 1.527

R2 1.804 1.809  1.886  1.883  1.857  1.792 1.824 1.815

2&0)‘&3@“’_& [z (4 j’,} }f/a“r‘ _ I? R3 1.804 1.796  1.886  1.877 1.852 1.781 1.819 1.808

N R4 1.089 1.085 1.078 1.077 1.083 1.088 1.081 1.085

ﬂﬁ?ﬁ k ﬁ [N f: R RS 1.087 1.086 1.084 1.083 1.088 1.006 1.084 1.088

. R6 1.092 1.086 1.083 1.082 1.087 1.086 1.083 1.088

I-3 M%ﬁx% R7 1.097 1.089 1.081 1.080 1.086 1.091 1.082 1.087

. R8 1.090 1.087 1.079 1.079 1.085 1.089 1.082 1.087

ﬁﬁ/’bmga 7 L) TrMs Al 109.48 109.86 109.67 109.83 109.83 109.26 109.55 109.72

# _ A2 99.00 98.03  99.46  99.58  99.69  98.26 99.54 99.63
.

ro¥ ok i?ﬁ"'m F-9g9 b 106.72  109.19  107.12  107.33  107.39  108.97 108.15 108.13

- ” = A4 110.63 110.56 109.97 110.30 109.99 110.55 110.13 110.17

7 [ T;ble 1(&) za ﬁ. T‘(C—S) As 110.57 110.75  110.66 110.01 110.74  110.76 110.56 110.70

” ); - US> N A6 110.67 109.67 110.87 111.08 110.82 109.56 110.17 1o

"%] L/-z a ng, f/ z Llj ’ A7 110.82 111.86 109.30 |09.75‘ 109.82 1m2.11 110.46 110.62

d- 2/@' k‘u} u, 4_ 3/&(} STU B1 (180.) (180.) (180.) (180.) (180.) (180.) (180.) (180.)

_3q_ (.3 ;t/\" T& < 'I‘ a— ‘3..}")0‘ Figures in parentheses are assumed.

a See Figure 1.

VA, Co0kikxEULLBATAENCY, PBABELAR LIF T WEFIRHIF,
Crid-@EEALhe, 2ak3r(-)d 0oz~a0A B Ih, 35SRIL
-EABRYE L 0B SR FCRCERINDEF KB LIZ,  F (2 Cuuche s (214
LY Trans 0 B IR £ 055 inf=,
DECBEOKZLFLF - ow TEND,  Table 212 BB L ¥AEET T, £4
BYRTXAL, BEOLILF-RUFE )23, 0 o0mcbet 5 Tans ¥ & ) UF
REHOERTLTIVAD. HBBYATAAe, “BeIKINEBROT it ) B UL
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% Ve %‘ﬁﬁ,%‘ Table 2.

Calculated and observed energies (kcal/mol) of ethyl methyl sulfide

LT V\bﬁﬁz" l?’% """""" i '"":" ) - e _":""':“':"‘"":"‘:"'t """"""" N
ANY, 22 TUF, e

Trans -320073.94 -322023.8) -32)262.81 -322057.07 -320095.98 -322043.70 -322075.62

9-2/0 o }%,é\/\‘){ﬂgi Gauche® -320073.49 -322023.75 -323262.67 -322056.81 - -

(-322023.76)(-323262.69) (-320095.44) (-322043.43) (-322075.23)

7l f( ' , 3-2/@'fﬂ 220 0.45 0.08 0.14 0.26 - -- -- 0.01 -0.09
(5) 3-2/er d( ) (0.07) (0.12) (0.54) (0.27) (0.39)
= 2Ot A () —mm e e e
’ ’ obs & 1. -0.149 -0.03% -0.046F -0.189

2l Tz 4 ot DT T e
_ % [? ﬁ(/% 3 ll'\faf a Figures in parentheses show the case with fuuyho::mlx:;d geometry.
CEFEOPDL, ZOFXBRIOA 1z, o e L i e e
3- 20G+d(C, S) BT Heller -Plessett BEpHF . -z - e
YR, L08R w28 T, CoFkes e i
) ERG R R AR, Gavene Saeor ot
-4 Hk MFEEIATE i o
D. KiE, A8, AR, T Hol. Struclure (THEOCHEN), 112, 307 (/888).
2. Kik, &K, T Mol. Struclore (THEOCHEM), 119, 379 (198$).
3 Kk, 5K, Mol. Phya.  SB|F (1985).

L BEFENIT 7 UALEI O RIS 05T
" ?Zi?ﬁ?;ﬁﬁf< T, #HH, et oot
>a EZow r '
EAMES BB D BO, AREBLOVTE (3 0 L oo o o
ALY, toANEHELT, 5204 () . 200, by 13
S oBHErERLELORD, BBEO-Bax ) + 2C00H 75
12 tight 2T ¥830G BB N oK Lo WD L, 4 0 threshold energy (E)b B & 1>
T, ThoOBBNIBRMITHIN LI BTH e URABTHE., ththro
TSYHE 1od - TRRL, AREB A IFETLzcd, SR FERNAR IS &
FEBILRVTAERTHA LEDID,
I-2 HRHE- 3 EF A
B 13 closed shell RHFK 2z H 17w, BERBN CGFLFLF -JBALA,

ba5-13 set & L '( i l/ , * Table I. Total energies (in hartrees) and relative energies (in parentheses in kcal

mol." relative to the "hydrogen bonded” conformer) for three conformers of oxalic acid

3 - 21 q ’ 4- 3 ,Q‘. 2 f{ and several transition states.
m LTz, m%méfﬁ oxalic acid _ Transition State
2l 3-200 A oz

i ”-} -‘}—‘(-« ? 0 "0 o”'“""’" "o
...... 3 i

HECRALE 7077 - FLE B

Method Oy

Ld Quussian 30, THSPAK,  riilsia I37alaser 37aizese 37a.2487  374.0047 -374.0766 374 <1845 -374.0000
(0.0) (0.6) (1.3) (97.9)  (109.2) (41.6)  (157.4)

GAMESS TH A, MP2/3-2163)  -374.9090 -374.9076 -374.9068 -374.7813 -374.7686 -374.8639 374.7483
N (0.0) (0.9) (1.3) (80.1) (88.1) . 100.

1-3  pEAck .

RHF/4-31G -375.7920 -374.7927 -375.7921 - - -375.7169 -

0-), %‘.\KE/ . =4 ?ﬁﬁ (0.0) (-0.4) (-0.1) (47.2)

Mp2/4-316°)  -376.4657 -376.4669 -376.4669 - - -376.4135 -

2 é -0 5] ﬁéfd Canfonnﬂ/m (0.0) (~0.8) (-0.7) (32.8)

a) at 3-21G SCF optimized geometries.

@ a ;) ’ éﬂ ff b m (</Tr (5 b) at 4-31G SCF optimized geometries.
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B CHKT D S-later TS (2w TRBILLTZ85 E 4T
T. 3. 8BOCHKTD 4- tenler TS B W EHII2
HRT A b Corler 78 0L B
BXFig. 2 2T, frcaterTs
d ZRBoOBETE LS, s
£t W s Jo ot Utla —
HCooH % e X T ATS 2 HNT
A,

(b>  Energetics 2B w1
LEEBE R IALILY -
% Table I[’; % Ky) ;J, ;} a FIG. 2. Optimized geometries for the

N FIG. 1. Optimized geometries for the 4-center and the 6-center transition
7 jﬁﬁ) 3 2 ”) &/bfdmel"@ 9 5 , S-center transition state. Bond dis- states. Bond distances are in A and
v a’ ‘}\ﬂ\ % % -C‘ % bﬂ\[? , ﬁ\ tances are in A and angles in degrees. angles in degrees. All structures are
lanar. 1,
> ) ~ . All structures are p. planar.
EogthEgkn HdWonT
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