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Table 1. Equilibrium Co~F bond distance and alg vibrational

frequency of the isolated CoFGn— complexes (n = 4,
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Ch—0—0° BoRk kLK T ABRINS WE - T V3,

(3D MO v éw CLZANKEI DR ¢ ZWL o) T4 %8 £% 8 1 & ¢

\g 3’%%( x;\() [ ﬁfﬁ\!/\ %30 %, i Energies,? net charges, and spin densities of substituted ethylenes (6-9) plus
4”51 & %75_ ‘L“ld 'EZUFB (Tb molecular oxygen systems by the Hartree-Fock 4-31G (STO-3G) method.
/
A Se i Sys- Energy Net charges Spin density

A é/ ? N %/t’? DR DY) tem State  (eV) P, Py Py P, (Y]] Q2 (4] [
9 %2 THY, § 0% 6 maF 359 0181 —007 —0394 —0562

> > 7 _ (zw1) (7.012)
ZWLo B2 8y @RS, G 00  —0.138 —0.030 —0412 —0031 —1272 0157 —0.089 1.037
b, 84 TAE SR 0 00D

'RHF  1.595 0.342 —0.049 —0.429 -0.575

r/%/a\ & % 3, ,:5/ lMDOii\ (zw1) (4.277)
N . IUHF 0.0 0.085 —0.041 —0.419 —0.032 —1.010 0.119 0.088 1.037
TR =] KHLU, ZWKR om0 001
UHF —0.014  0.085 —0.043 —0.417 —0.033 1.002 —0.137 0.067 1.007
3, #Hx, ST0-36# (a::)F (0.0)
“ < - v ), 8 'RHF  1.061 0.503 —0.011 —0.435 —0.576
7551"{/ ““175&“‘)‘ A (zw1) (3.992)
L74v o é'(](') w7, 'UHF 0.0 0.278 —0.023 —0.418 —0.034 1.036 0.114 —0.090 —1.010
(om)  (0.0) [d]

DR<KZWI C 159, FlE SUMF —0011  0.278 —0.025 —0.416 —0.036 1002 —0.133 —0.069 1.005
2 14 (o7)  (0.003)

G#FE X EY ZWACE D o e 0248 0882 0024 —0448 —0.578

GEZAEITF@ AR LA, G G0
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4) T4Ly%&n 1 ® (6m)  (0.0) [e]
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N- THRF 2| CPE) F 16144 (0n)  (©411)
UHF 0460  0.608 0.004 —0.449 —0.023 0.879 —0.032 —0.035 1.068
#4243 DR $-£v 2WL (g0) _ (0.446)
&y E 52 ’L“ﬁ 3. * Total energies are [b] —266.26]1 (—263.299), [c] —282.210 (—279.003), [d] —321.190
_ (=317.586), and [e] —337.123 (—333.272) h, where the values by STO-3G are in parentheses.
(§5) ZWIL ANo ko 77 A

0.642 —0.020 —0.420 —0.035 —0.891 —0.020 —0.101 1.038

PATE - 2 Total energies, net charges, and bond indices of 'O, plus enamines (8,9), indole (4a)
§ ‘) 4 ‘) &D% ) i 7z / % £3 % ) and tryptamine (5) systems by the HF C1 method.

l '{@ \}ﬁ’ >\ L f’\ PR & 3 \:? Sys- Energy Net charges Bond indices

\z-/\t g li\ *% ;/5\ 0 K 15 2 tem State (AE?) Py P, P3 Py Wia Wi Wi
'&]3 4}2 5 ./( l— ) %A ﬁi 8% So(zwi) —1964.338 0.366 0.054 —0.170 —0.355 1.055 0.937 0.954 0.484
o , ﬁ/

Wa

(—0.132)
22 T = - - —0.114 1.198 0.692 1.051 0.083
7 ‘Y n AP Sy(o7) 1964.206 0.116 0.139 —0.134
4}:/&@*? 9 ZWL n %4b o)
IV %2 LT3, 82< S (zw) —2999.435) 0391 0.055 —0.162 —0.390 1.059 0.932 0.955 0.451
(—0.27

KL R L, BEIESIE  5,0m —299915 0129 0144 —0.124 —0.133 1030 1.199 1055 0.689

- . — 0.0)
CHE RSV AL h K= 0 So(zwi) —2059.863  0.535 —0.005 —0.148 —0.473 1.053 0914 0.935 0.336

’ 1 -
i1 Z i (~0.849)
’Z ép /é ? #’f?— ! J— é ﬁi‘L hy {ﬂ S1(ox) —2059.014 0.255 0.077 —0.156 —0.127 1.234 0.611 1.056 0.069
>, ”a
R t7? 0.0)
gj& ;; Q.(ﬂ% Q{Tqé J), 4ab So (zw1a) —3355.991 0.309 0.101 —0.155 —0.326 1.053 0.825 0.977 0.577
‘\K,"(%Vﬂ ’C ‘ﬁ 3 ° =Y é'\ oot 0.689 1.157 0.165
P! . Si(ow) —3353.149 -—0.085 0.064 0.039 —0.085 1.154 0. . .
2T 7319 TCTBBo pro ' 0.0)¢ o oses
I % . - - - 0.828 0. 5
o L ZE) - 5% So(zwia) —3675.765 0.277 0.111 —0.157 —0.325 1.051
ceeding KFEE LT R, P
Yamuz(m@,&/ Tt T, Si(om) —3672856 —0.119 0070 0053 —0.105 1156 0.693 1156 0.172
Q 2 (0.0)¢
' 2"‘—2 4 8 RHF CI (3) for ZWI and UHF-NO ClI (3) for ¢7-DR.
¥4 b RHF CI (3) for both the ZW1 a and gw-DR.
373 ¢ /7&1/) j ° © The hydrogen bonding with two water molecules were taken into account.

d Equation (5) was used.
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Nakagawa and Umeyama, Chem. Phys. Letters, 81, 503(1981).
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Nakagawa
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Nakagawa
Umeyama
Umeyama

and Umeyama, J. Theoret. Biol., 96, in press(1982).
and Umeyama, FEBS Letters, 139, 181(1982).

and Umeyama, Bioorganic Chemistry, in press(1982).
and Nakagawa, Chem. Pharm. Bull., submitted(1982).
and Nakagawa, J.Theoret.Biol., submitted(1982).
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Fig.5, The model structure of the catalytic triad including
all ionic amino acid residues and Lys 15(1) side chain of sub-
strate in complex trypsin as integral charges.
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Table 1. The calculated M*-0H, bond lengths () for [M(H,0),1%*

Cr Mn Fe Co Ni Cu Zn
calc. 2.14 2.29 2.19 2.14 2.09 2.05 2.00 2.12 2.04
2.20 2.12 2.08 2.04 1.94 2.43 2.08

exp.
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2+
Table 2. The calculated hydration energies (kcal/mol) for [M(H20)6] .
3+

Cr Mn Fe (Fe™ ') Co Ni Cu Zn

365.4 360.8 376.8 (661.2) 379.6 403.6 409.0 403.7
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b I PJ<EHCQ4-]Z— <[E‘(Q6 ]z—'(“a)z?o Table 3. The orbital energies of Pd, [Pdcl4]2_
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3d-4s8v AICTRI < [RHWT 215 3, Pd [pac1,1%” [pdc1.1?”
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B T w3, AR TF T 3a 364.9 364.65 369.3,

Bifrs 33 HTwa. 4s 96.8g 95.74 100.3p
3p-3d  190.2g 190.3¢ 190.4,
3d-4s  268.0g 268.84 269.0,
charge 46.00 45.30 45.45
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Table 1 The diameter R [i] of the channel and Figure 1 Change of delocalization energy
the delocalization energy AE [kcal/mol]. by the distance between the cation and
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Fig.3. Ab initio thermochemical data for each
decomposition pathways of 1(see Scheme 1).

~=-=: The geometry of 9 did not converge enough as yet.
Therefore the estimated energy is shown for 9.
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» ACE FR
?E /7/$¢ Theoretical Study on the mechanism of "methanation"
& /9, 000

I.G. CSIZMADIA

Department of Chemistry, University of Toronto, Canada
1. PURPOSE

According to one of the proposed mechanisms for the Fischer-Tropsch syn-
thesis of higher hydrocarbons

. Ni
nC=0 + (2n+l)H2 —_— an2n+2 + nHZO

and that of the Sabatier-Senderens synthesis of methane ("methanation"), nickel

carbide is formed when carbon monoxide is chemisorbed on a nickel cluster surface:

C =0, C
L e Il .- .
=Ni —Ni— > —Ni Ni=
> =

=

This nickel carbide is envisaged to be reduced subsequently to nickel carbene

;ﬁii :3£_> :ﬁii

that may either polymerize to higher homologs or be reduced fruther to CH,. For
this reason it is of some importance to understand the hydrogenation of diatomic
NiC before any understanding might be gained about the mechanistic intricacies of
both the methanation reaction and the Fischer-Tropsch Synthesis. However, before
such a study might be undertaken the electronic structure of nickel carbide, NiC,
had to be understood at the first place. The present study aimed exactly that.
2. METHOD

The Ni basis set employed is that of Roots et al. augmented in terms of a
non-bonded d orbital as suggested by Hay, while the C basis set was reported by
Mezey et al., together with a set of contraction coefficients that led to a
sester (2.5) zeta basis.

Calculations were performed on a HITAC M-200H computer at the Institute
for Molecular Science (Okazaki, Japan) using the IMSPACK program, based on
GAUSSIAN70 and HONDO, coupled with a GVB program. The GVB calculations
necessitated several configuration expansions using pairwise excitation.
In the case of :Ni=: only three electron pairs were involved corresponding

to the "triple bond"(c,nx and ﬂy) of nickel carbide.
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3. RESULTS
The results of molecular calculations performed at both the SCF and GVB levels

using various internuclear separations for NiC are summarized in Table 1. Char-

acteristics of the harmonic bonding potential derived from GVB data(Table 1) are

1

given in Table 2. The dissociation energy, calculated as 23 kcal mol °, does not

compare well with the figure of 80 kcal mol ! obtained by extrapolation from

available experimental D, values. Experience indicates that for systems of

this type only about half of the dissociation energy is available from GVB com-

computations. Consequently, we must accept the following inequality:

46 kcal mol™ ! < D, < 80 kcal mol ™ '.

TABLE 1

SCF and GVB datn for NiC with variable bond length

SCF GVB
R(A) E(hartree) E(hartree) Net charge  GVB coefficientsa.b
on Ni a > - 4
1.50 - —15644.06076  +0.473 0936  —0.364 0937 —0.350
1.66  —1543.0184  —1544.08486 +0.520 0909  —0.416 0927 —0.374
176 —15643.9163  —1544.09241 +0.543 0.892  —0.453 09256 —0.380
1.85  —1543.8080 —1544,09280 +0.559 0.874  —0.486 0926 —0.378
1.95  —1543.8966  —1544.08890 +0.569 0.857  —0.516 0.929 —0.369
2.05 - —15644.08271  +0.569 0.839  —0.644 0936 —0.354
2,16  —1543.8722  —1544.07564 +0.556 0821  —0.591 0944 —0.331
2.30 - ~1644.06642  +0.449 0.783  —0.609 0.960 —0.280
2.50  —1543.8685  —1644.06561 +0.325 0.769  —0.661 0.982 —0.188
2.70 — —1544.05470  +0.133 0.739  —0.674 0990 —0.142
3.00 - —1544.066189  +0.073 0.724  —0.690 0990 —0.145
3.50 - —1544.05673  +0.026 0713  —0.701 0.989 —0.149
4.00 - —1644.06600  +0.008 0.709  —0.705 0.989 —0.150
4.50 - —1644.05612  +0.002 - - - -
5.00 - —1644.066179 +0.001 0.707  —0.707 0.989 —0.151
10.00¢ - —1644.06619¢  +0.000 0.707  —0.707 0989 -—0.151°

“la(3dy, + 2py)* + b(3dy, — 2py)'] [a(3dy; + 2p, )" + b(3d,, — 2p,)?). P[c(0)* + d(a*)?].
“These pairs, at infinite separation, come toal...(3dy;)’... )+ b[... (2py) ... 1],
[a(3d,; ) + b(2p,)*] and [c(28) + d(2p,)? ). This implies an electronic configuration of
(ds? — 37)" (dp)! (dyy)*(48)* (dyz )' (dy)' Tor Ni and (28)* (2p,)' (2p,)' for C at the
dissocialion limit. dThe very small difference in energy of between R = 5 and 10 A may

be due to numerical error perhaps resulling from the convergence threshold.

TABLE 2

Properties of NiC computed from SCF and GVB data

Parameter 8CF GVB

(AP 1.673 1.805
E,(hartree)* —1543.91863 —1644.093:3
welem 1) 1612.2 1219.3

#Values of r, and k£, were calculated from a four-point fit of the type: E = E, + ar + br?
+ er’. ®Fundamental vibrational frequencies were calculated from the relationship,

we = 5142.8\/x/u. T'he force constant x was computed as (d*£/dr? ) [rom the above four-
point it and the reduced mass for *Ni'’C was taken as 9.94095.

4, PUBLICATION

The above results will be published jointly with Professor K. Morokuma and

Dr. K. Kitaura in the Journal of Molecular Structure (THEOCHEM). The paper is

expected to appear late 1982 or early 1983.

—271—



FHALZA D vt & 54 Y B 8o W

a ACETEl VBB R T LB L s R
x 9157 ~2-Fh%229) —n—fFirow T~
= /s $.200

Topeeo | LBRT Scaifireng S o Molocwhar Molion
HRLER FeAr whE, mkIRF, 2+RARE, FREE LA

(4 385 S ik /i Y& n 3479 )

1. mWneby- HE

SR bt KRER A b v B0 S HRE CH Mol Tally, by B
ﬁﬁrﬁb\ﬁ?amgif%iiv ’C(’:Hft L1Tws -y Zgﬁ‘;h\li(,’( 5t HL‘:‘ V- T 4T
T (TBA) —KFTofar & Ko&BABK T e TBAS 303 by iokhk3
e BLT P T BE PHRI 1), BB R, Tz e STRE WS

- Z S lolt &y%%ivﬁbf Ko "’W@@?é?‘@ﬁﬁi\i, BEerT %5 s ’)19
\;Eﬁ,n ¥Ry 1k hoow )7{%&0’%/)%3 lé;@/ﬂ'\%’%”’ﬁbzﬁ%%’cl?fd L
A I, it a ke v, 39 Dl:f@,%%;}t , B e Bi< s o L&Z’;&%
% ¢ mﬁé(%ﬁi\:%}rk (N B 2z 888 LT, 2-7 k%229 ) - L (BE) -7
Flrovt, £EEL2I~ T FWas e 7y RABLZA ) Fiva BT LT, =, AL ~
T BB Y GO NERY S S o = § RBE, BABERAC o o BB K
’%\1\’}’7 o, 375773@6’7@@7@ w5 é‘}’/ﬁfi ctib, 1=, 22 %4L2 7 }'IV:’v]’rm /5 }‘L%%Eﬂ{f
Misdbesy, 390618 0RO ERE 5 e s Lk, 1 T,
SphERbetAan e 8y 0 S E R0 B BafhEa R e B
DN T EE S E T o

2. wR L
(P2 R T by YHREa7 < v FOUBREE s M v 1 TG EE9K o 7
2 BB N7 bwa BEG B LERlL o, ARy AR vt BlELE
5. BE 2B o /?\ t F 2 YO0 o™ p 50’75&/?“%17‘7(/. $90 wl a - 7;;272
R B ERE - Efc»\%ﬁ@l TN, 970 mla’ — 73T RAMBIEL B - 7 8K
2Ryl e @l e X (it Som ae®— 758K 20 §joom™ L o ;G
* A T S A L 80 T L A L KA BB =3 Yoo ~ [000 T [z G K o
19/5 13 200 ~ 600 owl (2 Dibration bomd 2 oo m 6, BE{8BHB T EA - 25 4 >
I L s ez, L L, BERTERCARRE T CTtuwbarbr s, N b
AaTTAA>FEITIIESL, T IH57°u7“a L7475 -3 NCTB?’B 7 20 EH
w1, BPE o OHgn"‘ Rz T hiws - F vz ’C%?%J%éha J;}I'E/Z/{’]S - . %
7\;7’7[ . T ,%%{Wﬁ%ﬁ%filé I-7 1\/%\:—7 Wt Eﬂi’f“?-ﬂv‘%% Lo %1@54?@ LT,
CEBBLAAN 9 v BHRR) U0 xFULBRA%E s 0o 1, Tkl sale L
L BHRe TG S5 T Re BB G o SHFAVBNC CoX POoRE  CBRIT
ML 2c 4290 31 /niﬁw%?@ N<(ax)y ol s e 551= 5  LBiEcry
2R R NIE N ) E)]mhm@%@l,/)\fcg%l]NLL (A3-a & ;W{év 50)%_&%@&(@
b- ‘A:B—MW?%E 7 ). BBLBHFET e g T NC(AX a7 vH R
q T LY <'(A)(’)L7mﬁ)sziﬂ/2’{:r., 1=

—272—



3. MEKRE

6.0
L%?‘/’E"{%V/\/\"’H-\V]E—)l’:)\‘»;b\“%(:,%—rﬁ‘mI— I
FwhToavAL-2aviiaon t1f, 58103 \o°
LT, BN /\' AT 4 A \-Q/(Tv 1=, 200 boo ow” 5‘0:00-0_0_0—-———0 o;J
AN P avas Ay S Neat ik ITQTT% s.0F ‘////f
CHy CHy —CH, —CH, -0-CHL CHy ) N re L 1o 3 ¢ %%5 i —— ]
fr mowm-%“»wvc 0 o lPLHEE s |, O
o fits, Coo RN G, BRNTEC AT a0 g S L
Lozavid, 1, BRo b g s ermdfitp O ]
), 840 e a4 > P Att*éﬂU\’JTCTTT P LT GETe r \A\A-A_.-A——r—"‘—"“
TCT‘T(:(/\m:>7F%->/a7—¥2’46(:37a‘c%iv%iftfa a5 4
et b, Xee~ook-006M Tadl T W, &) 45 L a—F
POl ST E 2 BEA T LY v £ It _7“‘
(AR 7 b eseEmesd) wy 5 BBkt L . . ‘
/%él’r@?ﬁluc?m e, whyT oy k RERLEHY o1 02 03

ﬂ\’w‘:w/ﬁem\ 1’1£L‘L\\%nv‘ho L, M BE
Wv Ttk R RO G A s L LB -
ff’@’?{bi\\%mh‘iﬁh\za Wb"‘mﬁl}ﬁ{h‘bpaz s 32
o 21

{ Noe <02 o JBBART @ g ((H:0) BE] v RIH0008) |
kvmﬁﬁbéﬁ%}%ﬁ‘w%ﬁ i’\’,/_@’/ J\h;ﬂf& %o g@f\,ﬂ‘&%
Kis v Fasito n L1,

Jo~t10%C 03B EL LY B v

0.02{ Xpe<020:5h ¢
3)@{“:)}5? K3
(Tti T 0oz v 02 02 asfclhgkl1lL 39 ¢

AR < ﬂ“vit,44w%%a%%sz%z%@s

{1 fhe BERY

s
-
80}
{70}
TWO
PHASES
(o] - GO .
{50k
oo . ONE PHASE
ONE PHASE
40 L . 40
0 01 02 0 01 0.2
Xge g

o
T

N<(4x)2

10
051

Z, 9 [(Hax‘-/)s—uﬁg

*%mﬁ”nﬁ%¢
., JIvo

0.01 002 003

" Eor 30
) Galels e
vy @)Lt L
oUW, | BaBELT W) Bl T
L ot 0 E ey Kar
Hoodo vv 2R E1G:.
4. B - EHREE I TR, '
0 Pl fRe A %&%M%
ol 2 @7k, kv \33\1 i
W BAER ur B3A f73t+ﬂ % %
@ Bull. Chem. Soc. 'Ia/pwnjr‘%i%%’;’i’/

0_ 0.1 0.2 03

—273—



é7\A19/ | ﬁm’?”’mﬁﬂ/?';%{%m

HBI 74FL
? EL‘ZE’EE‘ Theoretical ////rmLCé o the Reactron P)//w/'cs‘ ot
it 2%%oco ﬂ/yg///'c Mobecules

G WG 2 (rxEH TIA)
VA a ACKT ALY =
ZIERT 378 2 E 5 H e ks » o e §aiekomsavde vz, X7

2 x b EFLE - GE, RRGY TFK - KT, RFETR 2 RRATHE ST 7
cyrdEXaREKA Y7, M}‘Zi"(r/ vd mRa =2 a Rk

H o+ HNy (KA ——> Ny + N,

@)
2
Ry &, $RaFER| e sz w2t 9 @/), ke 5 S
pAAGCE KN pl, S5, ERITNN IR -FIAS 4 =T e
NH, (A2, 0, <i8) v LeBlAlsma o 7RIS L , 2020 RO & cH (%)
0r) v HEGHG [ F T N VRRaRTe v 2 S SRR E 7 2H Yy T8 5, K
T:‘,f vk, fSIRSEH L T2 5 kit %af’k@iﬁz‘/] aRFRS TSz 0 R #z:g))if/.\\ar
T s s PR e, oy RIMaSEEGARE &, LHEIRF Jad < pa f2%<,
RSB ezl ] 2 AR =108t S 42 2 2w v 2 4 HERE 57 7.

Z, ME T4

NH(?5™) + Cth=ctly ——>= Cth-CH,~NH
7 2 fREFL T,

G2 st A2 £-3/G SCFAEF Y, TFu R~ §eek s frd Lok
EsVhr c e wER v LB, KBz £-3/G% SEFUATY, BT =7 0
7 SIS T, . [EH e 0T FA G IMSPAK Gaussian 70 72 $H%.
2 ME

31 H v HN3(XAD v a Rk

W @HFESD (V) 2o ATt w e N, (AA,) 2K T 2 =2, %o K= YN, o FRFE
BSTT2R3 782 =v 7522, Riva Ha HNy A afEneffs £7% 582 26K
7ed e ¥R 4w,

H o+ HN=N—N

1
—

. . 2 H\.-
SN—N=N —> N- + N
"

) A >
H
(2.) H/\/_?()?//?/). FK UL ¢ e a

~A, /
ryepe. EIRUKSF A1, Kl #GKH) 2 ERNRH
20 3° , ))(co/’/) Y%f Y (lem™) .
DD s | 20 e
o e R tE ER
L1008 A25% 5772 827  NNN bend
H I/

E = —/63. 8574+

S$70. € 558 2’ fend

1427 1288 NNN sym T
2352 2/40 AN asym ST

1092 18/ HNN bend

3697 3997 WH ST

—274—



Ny na HIFH0 e § 2 E1K7 7 11 W HHN; 2 BB % (6) 1
/‘?’@ﬁfé(@)? ¥, 2uz e b0, k. //&/1‘%4&%&' # ,EE S e (27) 25 7,
FEFS 7 sprp 7 FEC s FURABANCKTG 2. Holo mT B a7k ¢k 2
2= e ZH), N eI RGY, NN GG Tz 7,

(6) [EMAE HHN, .

EBAS () Bz auNy 7E v o SRS
5 N2
H . . ' E T 7%
0.99/\ (246 202 [, 227 ARKE PRt (bariree) Rey A’ w? w7
22,4 ,\‘ N G AG) —/6406947 X o2gpz 2282 28525
0785/ s B 2980 0778 224Z
H* Gross 1873 s0b/ [0ET
sy E *B(C) ~/62//83/ « 2884 237/ 27%é
(re)? - eyt )? P o766 0702 2272
(92 (2" )% r0a’) Gress 7880 1112 038

() fEmoREGss R Do X[ I s F L &' — Bt (B 1=

R7 77y

VEFux—affexG/a="v< 257, # X
fetre a =F ui —EEG LE = 2/, heal/mil R yat
T Tee NWHRI &, #d NN W—N
8FE T 0 RE AL, hEE L ket
Hiza BRHE (T8 2, MM (G) evre Q| e
2 &7 2 H%. \S HFHN,
A0 o B (1) 3
L3
H /E’Wﬁ(m”) b\u« ol 714 bcal/ml
272.7¢ /
20/.6 r068 \g// 5
29,7 1,327 ol T
£00,0 /ESH L | | 1 ]
: ° 4 20 oo
H* (%g,23= 135.8) $EEE 5487 g R(A)
E = —rb% 049/4 Y/ H+HNy— 1Ny 2 557 S
ZFNX — ABIEE
O 7203 5 B < L 28 2 N
(BRMKL=0) =5, 1 fewAina 2z Xk A
7?%,{‘)(% 2%{} [/f‘,p @“U/é\ I’% [V:?\‘/ '2% i,\) 7/ = < (45//’220\[/;{)0]@
Bv 2 £ =73, beallml v%3%, G \'§ LN
KaH2zr- AT v 5%, T=m0—-Lro K § W )
e A - N [;‘(DJ
Fo/n =y 02 X/a/:—ﬁ;z keal mol 7T %) N - AN
vy, BRI T2 RBGE « | l
#frrsmp 83500 e %8 keal ol [RT ., Z 22K P
L KLz z, Wz, HN, N9 HfEmtREK

—275—



Q)M R, AR
WP I - § 2 (R R 9 R 43
Wu . H3 @ XF7 770 W =FL X —af
fes T vrbazpw,
W& a — fEMF-(G) 2 T8 FRNE= 7 W
X -8%. o G, 2 CAK
YK, F¥EEE a % (4) 55
Z NH,(RB)—N, e T 2, =F I
X — f"?‘ G DE=L0 bealiml 7 H >,
W b — (e P F IS (c) A =
542z (T%%¢ /ee;‘f-/ﬂaf/bfi;ﬁﬁl'—
&, 2) 78T 540 vfRE BT,
A REAIE A 0 v TR M2 <2 <,
(Gh,) —Ny = 55, sE= 12,8 bealmdh,
W
R G AMEE Cp v 7 ¢
ETF v, M, (KB)—No(a'Ty) = 8
7z,
¥ /1 FHA
Vv —3va v (4%,

p
o,

3.2 NH(PET) v cHy=cH, ro R

RIA1) 00t & H o f¥mod B %. Z
) v e AN T T EH B,

H+ H;
o T Z
R AN
e /V——_jv
H
< z
§ o - . /2, A",éar»%a(
N <.
Y A ?
N U )
‘Ll S~ ~ +/Vz.
a
3.3 kcal/nrol 248 ket 4
00+
“r 4
VH(X'B,)
| 1 1 iﬁ’z
s z.0 P 00
R (4)
H 3 HHNg —> N+ Ny 2 KT 7 Za9l/
TFK —AUE .

7

&, fEFEE G

RDaF | 606 &, RRENCIZES K% &2 GEWRIEH2 e/oz oM %, 55KV
£ 3 ?ﬁ?/ 20 E, che f:;—fﬂ_cz (FFE)F a /?J%’/7/ﬂrl/2%zzﬁﬁii7ﬁf?‘é

Xy Lo L,

2\'%&4

Yo HWLF LK N Fshe, HRBYHRI $BI L G T 2 2

(@) NHOPED o fem. RGerEE » 2ERT 2 3EF T 7 v d fema B
Fok B o BEE F, N-n &0 -CUHRERE L ¢ s-eis B Lt face—Tomedge(FE,)

Ahx
YRSy P
“Eo e P na,

"'% //;%Mki& (TS'L r027

D, CEENOED + chymctly SRRy, RBREEF VK — aF 17, k&3
Wl ST H o b 2 G, 7-3/Gkk UHF SCF 25 ¥ F+ R4 L 7

%53 WH(Z) + H=Clly —> cH el (A7)
1z P12 L%u/{"ﬂ/fﬁ/ A E (fcalfml)

N Egur bl
- \\/ 278 7 A 7E TSFE FEZ” iE
< E (3 [
w73 ,7;/ /077 ” F77 7-3/G ~RHFE SCF 292 328 45 £&
N 9 cr, 750" 208 225 £7 47
’”3 /0 K\:‘Jﬁ” FllCI® 30 468 zz 33
& #-3/G  UHF SCF 3.7 7/ ¢0 %3
F-F/GHK  YHF SCF &/ -£7

~276—



() cH e N (PR 2 Rtfc e 5B, 777 1y cHAMI(A] FE) 5B v L 2
Lo Rttlhp & o HWRIE KB E = o TS T UK — (I HRF B0 1 f8)
Skor., &XsH4=X7.

+H +2H
cHy + Hye=N CHy + HeN CHy + reN
”3 @ #r0 1264
)y [ f
/N' / .
> a‘/a,—c/-/2 —_— c/_/’,—cf/ —_— C/IQ—CEN
® -329024") \ @ 2404 ®) #7504%
i -
; ./ /
. H—l, > chmch
. 2) sv.2(%" r#3.#('A")
CH, —c#, @ 78560347
@ ot \ a
Ctly==CcH —> CHy=Cc=NH
/NH (3) =z0.5(%") ELP(47D
24 (447
| C/é—Cl/ VA a6

@ 17.9(347)
—g48("47)
W4 CHCHNH(A" FED o HRBEF & V= k2 =7 L% — ft
4= by QuBuER S 297, 770 VO rE,@ sE2@),8 -
W ERF I FAKX W RB T HB TR G N B Doz e F, HCN P R CHeN
WEBFRR - F, eEsnzunc c e FELEn.  Bazxs Q@ HDAD
2520 O DD F§% s Do v =5 g NS % 0.

L #K
2 G le Bras awd J. Combouriec, Iy7- J. Chem. Kinel,, S, 857 (1773).
2 O K?}'ﬂlofﬂ e /@m/a/'z'f‘/ and T Fuewo, Chem. Phys. Leths, 76, 3/8 (7250).
2 D4 Cornell, R.S. Berry and W. Laowske, T Am.Chem.Soc,, 58, St#
(r964).
D C. B Moore and K. Resengresn, J- Chem. Phys,, 4. #/085 (r766).
T Fueno, V. Bp/mc'/é—/(’oufecéy, J,(m,fecé),’ i £ )’wwyacé(, /fﬁﬁ%

£ BEE

% . o Zyterrnational S}/r//aos/w'; o7 Gas ,(/”e#cs-, &é'#,‘”;e,y (1 282388)
g%’, ﬁ%, Qg T Phys Chem. TR T2
g%’, ha  Chem. Pﬁ)/s. Lett- JXAGTHE.

—277—



e BARER 0 BIRE
Mgz poen]  — 7" - YRR TR 7 TLERA A —
3 1"}-3‘;?2% Electvomic  Structure of Solid Surface
A _aagveo — APrlicai‘:'ow of Greem Fumction Method to I\nruvity omd Ravdom Systes

SR &z (LK ¥ psh)

. FFRES . WA

BAEE B3R T TN gz s MERF =L vay. BHié, vLtBr1X
MBI WZ w3, LLBYS, BRKBREAEHN B IEVAL VB, < 3.
752 9—pBMz AW T itBesns, 2o BABERRZRAEHTLAL TR
YrepB<EEh3, tho X | FRARE: PERR 2 B2 3 e s BT
3, 526G, 1o XBHM,OAREDIER T3 B> 9RO, 29
BEcL, 2 Bhes BAEDA—RoBFY) 203 L, —Rei> TRMFoLEEL <
BAEEPBECZ 03 A2 3 L3,

A7PAS 7 k25, BREATABIRB L) DRAGBLAL2ERFE rao P |
e cr. 20oBINKHEI3 o hnY AN TIRTES 7Y - VHECL, 7R
MR AR e r=,

1) BPRAE R MRS, R s TN =5 3 2o BCABBBAL Y.

i) 2> o THEDPMIMEFERAAN e n > —RaFiR ¢y . DR K13 ~
RS TLwE, 1E.

i) CPA '&'ﬂu‘t?‘/?‘[.\_ﬁ’!/\")&r;ﬂb‘“lai‘k&o

2. RRFR . HES R
) EHRRROMERE s e TN 5 3 20 B TR

KR OMTBh BRI &3 7' - YRASCL=¢ 3 IV k?’r&m aﬁ‘-&{agw«.@
T - v RBA A EEE e L ad 20 YAz =,

HE TR ey BHAR BRI R RRIET e 58K, =5 T, IV ¥54
TR ETRE, FEFRMRE I3 VVaF 0 40 EHAR 2R E.
W) 25 o RN oM E (R o MR

P06 L2 o FEAMRBABIGR I XL P - TR ¢ 23 &3 1n#ihl, /M
BRp 2> 0bhRke- v Freouz ThEAL., ERARIEIBAT(ERTE L -
HRLE.
W) 7> Tahae B

FphAh o BIRBiRHE 21355, 7Y - VEIL=CPA z#nhh €& 70
T3 EBR L.

FRro Aot B aiivdran . BAt- r b offa 507 4B% = o
TR LR,

3. FIRAZE.
D OBMAE (M. =y T 05T 0BRSS ) — Y REEN= §3 10K i

—278—



B B THBL W, — B0 EOAE o >— BT HEE RS I E. i
7z L2 E Lo RITRER A5y B3 0-2 =R 20383, 30y 0B
HABINACOVARP L Bt 3FILBRINDACYMRIEETY). 5o E0RAGE
B3 ud>—MEGFrTIwE. <o k® g sp IV Ko 20 VAFRAWHL, IE
THM A B30 ROV 443 K1 B oxchinge Srhamcament ZTIRHUSE .
i) R sk W BRERIRRIEFA T LT - BB WE, 85 w B R:
o BB BB LN, P » M BB i w =

W) 7 - vz CcP A AL tERERAR A BINE2HEIZ 707> 4
HRR Lh ., Mo SRz EERE 2 wa s BAL L B BRT -2 Y kgLt )
Yy UnRRe g e BIREpHBIN. T2 kot t 5 A £l RIS
),

@ AMREAT- F Y hoBPadan,

® EEM MBI o XBRRERGHBY A1 K3,

TR IUE.

4 & 2RFRe
AR e ko X8 T. Phs F o (190%%)
dhaoez %/ﬁl Py J. P‘\y.&\ F ( )

—279—



% o $9 0958 B % 0 37 HRbT AT R
2 AD4 MR
® 9837 Theoretical Studies of Moleawlan Dama,wlc Pro wases
& /1400

WATER , PGk (4365, ubI( Aok ¥ K58, 5 3ATF)

1. L Bor- V%

A3 oatEh B, x2S mEem 3 o fk B2 PePAE TR B B R
581, 8% -3 88uc g b it rn o aafh AR T 0E 0 3
fGe47) e edbged s,

2. Ly wEaas

OF EEMEFENEH L w1 B 3T s 2P BB K>, ERE
Bkt Eme-- 01 B ProdlE veermikELRBRogBed b, @28 A cElditt
Bo@bhreBi»%Bakt ol eth e 288es - 2 B8 otz iA =y
K Ed s BBt s 3  BMEECSTEL o7 s 3w kY ¥ - Wi =Tk
w A, o2, 774 2> 0 8FHBHAA S ¢ Landaw - Zener - StueckKel bmgé% Ut 2 Qaaw—
Zenex B e LAV D = L= - PR TE R A 1 A S Le b, Trzo Bl
Votink B8 0B - Bt s w2, M@ itrerz el tmaH@RorY 45
“Tor, Refafel 1 (Li-NDT X @ RFIMBem- 20 %.

@R et 2Rl 2, 08l BB T >AE Ee s FEh i 2 EWT
Te=d oo zrbftm‘ﬁ'vﬁnré?f\':g»i‘% PR EHRYN N vo £k rEny F g HUIF A
e KL 2, 3, OBAGIkVEEMH L ey EDB o MARNHA 2 e~ T
T RN Ry RBNEEM BT Cne 550 FERHE L 20 B,

N5 v 2o Hd -INBRFTL e Sr)nwima&rm X ARB =i < ¥y
“FHE T ESTN D, e d R TR a K AR o BB A S L s LR
TG o e PNBRZs W, o3 aTEFTENLVZ VB,

WEVWT R oY =pw 25 BV 20905 ) agdR 28 =HELE S
2 vuWEeEbzunyn Zhre, ARENAGTABEHB DT> Ao ¥EADE

s

Z 2w <,

3. Y%

ES SR =483 » P02 7 F 2 hraz2 a5 -2ic>0 24 MiReslns
Y h%H,

W (Li-l\)a)f s vzdnw<~>oap @EEESEy 2z B, 2 keV WL F - 487
Frhws -2 0 LEoenNd, LT+ Nal3), Lip) +p" o 3B h > BB e
Lis>2p) o meBRen) 2 edhfin» = x ARz, 33,13 -2%2 &
U 2% -AT & 2#4&&1@. ;“a%rﬁ, esT MR °F > 3 VERAK L ﬁRoba.«—Zuex“‘;'li’Z
%% ¥ ﬁqi’i%.%-q/‘:;; FICH 5 EReN e Az s e o =, BEYAIUD
Aot gnzon, W1 e@Trs, Jorkws-wsesy, ®2172% -4

—280—



Em i My s RIEBE 0T 57 2, RS RKEEL S 5 % 6 Rifo B R
FrE T 13 RGE A B nn. H 25220 Ene ABENT S 2.
3st. TR 2R, 1TMo3%aXa$g 2, BB &> 2HMPS AT =A% =&
2L o BBHFS R e eF Lz B,

&1
8 2
4 T T T 7 .
LiNa" 3
3k ! !: ..y
| R
i ks
3z | p
i 3
il - i £,
E 1 Lil2p)+ Na* ' 5.1
— 1t 2% - 1)
[ .
> Li*+Na(3s) o
0 B 4’ I.‘
Li({2S)+ Na =3 = — Ve
12
-1
é lIO l’.’)
R (a,)
®] 3.
. (+10%9Y) 2st.
(DBAEM® <5 » TH, IR0 % o BFY ¢ 3t
e RBPedn 2K BB =B S 2 0D,
MEE, 3REAT =58 To BB ,
FLoME el 4T- 2y 24595485 s
hnzovxn, REEARB=4TY, &
42
4. 4%
a5y WATH AL R% — |
gAMALAS BIs1 5 3 H
(AFHS %) .
r $ B .
?*ﬂﬁ“] “a_‘, " %_ ﬁ, 1= % ML % ‘& j?: ﬁq%{%b > Energy (Itgv) '8

i&%@»‘bv(L;‘MoA‘ﬁi Ao El T

—281—



WE R BRE o 33 H ey AT %

2 ADS PH
% ,8 166
B /s 200 Theoretical Investigations of Chemical Reaction Pathways and Barriers

Lawrence L. LOHR, Jr. (University of Michigan, Ann Arbor, Michigan, USA)
1. Purpose and substance

It is the purpose of these investigations to obtain information about the
pathways and barriers of several chemical reactions by carrying out extensive ab
initio guantum chemical calculations. The principal system studied is the gas-
phase C2H3N system, which exhibits a number of stable structures including 1lH-
azirine, 2H-azirine, ketenimine, methyl isocyanide, and acetonitrile (methyl

cyanide). Recent experimental investigationsl'2

of C2H3N rearrangements were
based on the generation of unstable singlet vinyl nitrene by the pyrolysis of
vinyl azide. UV PES was used to monitor the appearance of 2H-azirine at 650 K and
of the more stable acetonitrile above 750 K.

An additional theoretical study is the calculation of proton affinities for
different attachment sites in phosphabenzene, an "aromatic" phosphine, and the
comparison of these affinities to those computed for PH3 and alkyl phosphines.

2. Method of investigation and computation

The chemical problems described above were studied by carrying out ab initio
quantum chemical calculations at the IMS Computer Center from 15 September 1981 to
14 November 1981 while L. L. LOHR was a Visiting Scientist at IMS. The calcula-
tions were principally single-determinant (SCF) calculations carried out using the
IMSPACK system. Extensive use was made of the gradient computation option in the
location both of equilibrium geometries and of transition states (saddle points).
3. Results

A. C2H3N Equilibrium Geometries and Transition States

Calculations performed first at the 4-31G level and then at the DZP/4-31G
level (double-zeta plus polarization basis functions used at geometries located
with 4-31G basis functions) indicated the following results (Table 1).

1. Singlet vinyl nitrene is unstable with respect to methylene rotation
and ring closure to form 2H-azirine. As there is no barrier, vinyl nitrene is it-
self a transition state (TS1) for methylene rotation in 2H-azirine. The energy
change (DZP/4-31G) is -186.6 kJ mol ™ l,

2. With the assistance of M. HANAMURA there was located a transition
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state (TS4) with only C, symmetry on a path connecting 2H-azirine and acetonitrile.

1
The energy (DZzP/4-31G) relative to singlet vinyl nitrene is +83.3 kJ mol_l.
3. A more favorable path from 2H-azirine to acetonitrile is that main-
taining CS symmetry and proceeding via methyl isocyanidewith a transition state
energy (DzP/4-31G) of only +42.7 kJ mol-l relative to singlet vinyl nitrene. The
subsequent conversion of methyl isocyanide to acetonitrile has been previously

studied,3’4

with a barrier (TS3) well below the energy of TS2. Our result is
somewhat surprising, but may be accounted for by analysis of the molecular orbi-
tals involved in the transformations.

B. Phosphabenzene Proton Affinities

Geometry optimizations at the 4-31G level for CSPH5 and CSPH6+ yield

proton affinities of 819.0 and 816.7 kJ mol—1 for the P and a-CH protonation sites,
respectively. It is hoped to make comparisons to the isoelectronic Si species.
4, Publication plans

It is planned that several manuscripts will be prepared in collaboration with

Professor K. MOROKUMA reporting the results of these studies.

Table 1. Relative Energies for C2H3N Equilibrium Structures and Transition States

AE (kJ mol™Y)

Molecule Symmetry 4-31G DZP/4-31G DZP

Vinyl nitrene (Ts1)? Cq 0 0 0
2 H-Azirine Cs - 98.8 -186.6 -188.9
7522 Cq +172.0 +42.7 —eee-
Methyl isocyanide Cay -312.0 (-331.4)° -333.8°
1532 c, = (-130.3)P -143.6°
Acetonitrile C3v -401.4 (—411.6)b —————
7542 cy +112.4 +83.3 —mmee

a

TS1l, TS2, etc. denote transition states
b Ref. (3); DZP basis set used at experimental, not 4-31G geometry
c

Ref. (4)
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The purpose of this research was to establish the optimal geometries for several
diradicals of current interest. Three diradicals were studied -- 2-methylenecyclo-

pentane-1,3-diyl, m-quinodimethane, and cyclohexane-1,4-diyl.

Ab initio MCSCF calculations were carried out using STO-3G and 3-21G basis sets.

Geometries were optimized using gradients computed analytically with the IMSPAC

program written by S. Kato and K. Morokuma.

In 2-methylenecyclopentane-1,3-diyl the small (105°) C1-C2-C3 bond angle was found
to be chiefly responsible for lifting the degeneracy of the two trimethylenemethane
type nonbonding pi molecular orbitals in the 'A; state. The stabilization of 2bi
with respect to a; results in a greater occupation of the former and qualitatively
rationalizes the results found by Berson regarding the regioselectivity of the
cycloaddition reactions of the diradical. However, MCSCF calculations carried out
with the occupation numbers of the two orbitals set equal reveal only a small ener-

getic effect resulting from the greater occupation of 2b; in the optimal MCSCF

wavefunction.

Optimal geometries were obtained for the ®B, and A, states of m-quinodimethane
using UHF calculations for the former and MCSCF calculations for the latter. CI
calculations are being carried out at the University of Washington in order to

compute the singlet-triplet splitting at this level of theory. Other properties

of this diradical are also being computed.

The geometry of chair cyclohexane-1,4-diyl, a species presumed to be involved in
the Cope and other rearrangements, has been optimized and the diradical shown to
be a true intermediate, rather than a transition state. It has been found that
the STO-3G basis set gives incorrect relative energies for this intermediate and
1,5-hexadiene, so that a split valence basis set must be used to locate accurately
the transition states connecting the intermediate with 1,5-hexadiene and the boat
diradical. Work on this project is being continued in Professor Morokuma's group

at IMS.
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It is anticipated that the results of all three of these studies will eventually

be published.
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