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Use of the INDO method in spectroscopy : alkenes
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1. INTRODUCTION

The CNDO method as developed by Pople and coworkers! results in a
complete intermingling of ¢ and w levels in benzenoid hydrocarbons®.  To
overcome this difficulty Del Bene and Jaffe usced different bonding parameters
for m.r and o, interactions®. Jug suggests the usc of different orbital
cxponents for ¢ and & orbitals®.

As these modifications prejudice the preconceived idcas regarding o-n
scparability, Salahub and Sandorfy opine that ¢ and & cledrons should be
trcated on cqual footing in order to distinguish n*<—mn, e  and oc*«o
transitions from one another in unsaturated molecules®. So, they use the
same bonding parameters °,p for both w.w and o,0 interactions in their
valence shell (CNDO and INDQO) and extended basis sct (RCNDO)

calculations.

Before the suitability of these methods to interpret the electronic spectra
of simple molecules is established, we requirc an cxtensive application of
these methods. The present paper is onc in this direction,

We have also observed that the RCNDO methed, in 1ts original para-
metrization, gives somewhat less satisfactory description of the ground state
as well as the triplet excited state®.  We have, thercfore, changed the bonding
parameters slightly and have also considered the atomic exchange integrals.

2. THEORY

7

elements of the INDO HF (Hartee-Fock) matrix F

A
Fl‘n = Unv + X Pyy [(PP/W) - (‘E) (P"/P’)] + l?-‘ l(Pm-. - Z, )'Y“g, P on A
—)( ‘

Fou = oo [(3) (Pa/pq) — (3) (pp/aq)l, p # q both on A
Foo = 8% Spe — (&) Poa Taws ponA,qonB
and

U, = —@) (L + A, )—[Z, — ()],
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The F matrix under the RANDO approximations® are

A,n,
Foo = Uy + Z pyy [(pP/17) — (2 (p¥/p7)]
Y

A
+Z P.n 7an
n, #nl A2 A‘ A‘ A’
B
+ = z P, Y - Zn", pon A
s#aln, 4 r:: nn":: S ™

Fnu = Pnqy [(3/2) (pq/pq) - (;..’) (PP/QQ) ]- P?éq both on An‘

Fo, = 8%n,0, Spy — (3) Ppa 70, 0, , pon An, and q on By,
A B A B

where the symbol pon A stands for atomic orbital dp on atom A and belongs
nl

to the principal quantum number n;, and

Ul’l‘ = = (%)( lx« + Arl )'_'(Z,\ - l) ‘/n.n, '—(é) 'Yn,n,

A A A A
where the symbols have their usual meanings®.
Using such F matrices the Hartrce- Fock-Roothaan cquation®.
FC = SC

were first solved and the excitation energics were computed in the so-called
virtual orbital approximation. This was followed by a confipuration interaction
procedure for the lowest thirty singly excited configurations. The details ¢f
the procedure arc given eclsewhere®.

3. RESULTS AND DISCUSSION

We summerise the results of our INDO calculations on the S-S-transitions
in alkenes in table 1. The lowest singlet-singlet transitions in ethylene is
m—>c* that is followed by c—»n*. The lowest S-S transition of the alky
derivataves of ethylene is also found to be n—>¢*. RINDO and RCNDO
calculations® on ecthylene indicate that thesc arc valence-shell transitions

7A
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Table 1. Singlet—Singlet transitions in alkenes

Molecule Fxperimental Vaines INDO-CI
A‘EO-O AEmax f AE f sym. Type
(ev) (ev)
CH,=CH, 7.68 7.58b 0 3a 7.768 0.00 B, " 0"
(Dg h ) (t—>7")
g75¢ 718 8.278 0.00 B, oo
896¢  (r—s35) 8 468 0.00 By, o™
(Rn=2)
962c 745 (e 9 108 0.14 B,, | m->%"
1 o—c*
CH,—CHCH, 672b 7.15b  032p 6.90 0.00 P
€ ) (ReN) (V&N)
7.1d 7.84 0.01 A —c*
8.244 8.07 0.00 A’ oc—7*
8.62a 827 0.01 A” r—>g*
8.37 0.18 A’ f T—->7"
1 o—0c*
CH,=CHC,H, 662 7.04f 026t 6.97 0.01 A" T—>c*
(ReN) (V&N)
0.36 777 005 A T->0"
794 0.00 A oc—*
8.8 0.02 A ="
.34 0.08 A’ "
{ o—o*
Cis- 6.03beg 7.10b  (.5%e 6 48 0.00 A, n—c*
CH,CH= (Re=N) (V&=N)
CHCHy 7.70 6.95 005 B, n—o*
7.52 0.01 B. T—>0*
7.61 0.29 B, { —on*
oc—c*
CH,=CHC,H, 65Th 701k 038 7.08 0.01 0"
(C., ) (Re-N) (V&N)
7.92 0.06 A” >0
8.17 0.00 A" C—>T
823 0.32 A/ { o—>0
0—>T

a: Ref. 7; b: Ref. 8; c: Ref.9; d: Ref. 10; ¢: Ref. 11; f: Ref.

h: Ref. 14.

12; g: Ref. 13;
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Transition =—»n* in alkenes usually undergoes red-shift that is accompanied
by a decrease in intensity. However, we also find a bluc-shift in the case of
1-pentene and an increasc in intensity for cis-2- butene. The cnplanation of
these cffects is as follows :—Transitions o—g* generall appecar later than
m—>nc* transitions. The former transitions are associated with larger intensity
as compared to the latter. Also the latter transitions arc usually mixed with
with the former as a rcsult of configuration interactions.

The singlet-triplet transitions as obtained by INDO and RINDO methods
arc summarised in tabie 2. The first two transitions are found to consist
essentially of a single configuration and the S-T splitting decrcases upor
alkylation.

Tablc 2. Singlet—Triplet transitions in alkenes

Experimtntal Theoretical Type
Molecule—— - ———— —_—
AE S-T EA | symmetry
splitting  Method sphitting

CH,=CH, 4 62 3.08 INDO-CI 577b 333 B, (m—ox*)
o ) 6.6¢ 1428 6.53b 123 By, (T—>g*)
RINDO-C1 460 338 B, (m—sm*)
5§32 142 B,, (m—c*)
764 139 Bliu (0'*—)(7")
CH,—=CHCH, 2964  INDO-CT 553 2 84 A (m—sm*)
) 123 5 85 10¢ A" (2=3g*)
709 W78 A" (—>o*)
CH,=CHC,H, ' T INDOCT 575 259 A (esm®)
(C.) 597 100 A’ (—g2)
708 072 A" (—>c*)
Cis- 3.39e INDO-C1 516 245 B, (g—7*)
CH,CH=CHCH, 0.70a 566 0R2 A, (n—c*)
(Czu ) 657 0 3% B‘.’ (1':->o")
CH,=CHCH; INDO-C1 596 227 AN (—->T*)
615 093 A" (m—>c*)

7.19 73 A" (—>c*)

n: Ref. IS; b. Ref. 7 c: Ref. 9; d: Ref. 16; ¢ : Ref.
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We remark that the entended basis set calculations (RINDO & RCNDO)
describe the eacited states of ethylenc and higher alkenes better than valence
basis (INDQ) calculaion However, the INDO calculation, would assume
better reie in interpreting the spectra of larger molecules where the former
cannot simply be carried out.
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