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In recent electron spin resonance studies of the 
anion radicals of trans-stilbene,1) azobenzene,2) 
benzaldehyde and acetophenone,3) it has been found 
that the isotropic coupling constants of the protons 
of two ortho-positions, and also that of two meta-
positions in the phenyl ring, differ from each other. 
These differences can not be interpreted by either 
the Huckel molecular orbital (HMO) method or 
the McLachlan procedure,4) because in these me-
thods the resonance integrals between non-bonded 
atoms are not taken into account. 

Hence, we will make an semiempirical unrestrict-
ed SCF calculation, as proposed by Pople and 
Nesbets) and developed by Brickstock and Pople,6)

for the trans-stilbene anion radical. It will be shown 

in the present treatment that the difference between 

spin densities at two ortho-positions and also that 

at two meta-positions appear in accordance with the 

experimental results. 

The Method of Calculation 

In the semiempirical unrestricted SCF method,

two sets of LCAO coefTicients, Xiμ α and Xiμ β,

are calculated as follows:

(1)
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TABLE I. CALCULATED AND EXPERIMENTALLY FOUND1) SPIN DISTRIBUTIONS 
IN THE tranS-STILBENE ANION RADICAL

a) From Ref. 1), in units of gauss. The assignment of the coupling constants of two sets of orth-
protons and of meta-protons is made based on our calculation.

(2) 

(3)

In Eq. 1, 2 and 3, all the notations are the same 

as Brickstock and Pople's.6) The spin density at

the carbon atom μ, ρμ, is obtained from Eq.4:

(4)

As the penetration integral is neglected, Uμ μ be-

comes a constant over all the carbon atoms.γ μv

is calculated by means of the approximation of

Pariser and Parr.7) The resonance integral,β μv,

is calculated by means of Eq.5:

(5)

where Rμ, is the distance between theμth and vth

atoms, and Sμv is the overlap between two 2PZ

SIater-type atomic orbitals with Z*=3.25.

Fig. 1. Structure and numbering of positions of 
trans-stilbene.

The structures) and the numbering of the po-
sitions in trans-stilbene are shown in Fig. 1. 

Results and Discussion 

The spin distribution calculated with the semiem-
pirical unrestricted SCF method and the observed 
coupling constants1) and the spin densities9) are 
tabulated in Table I. 

Chang and Johnson1) assigned coupling constants 
of 2.96 gauss and 1.90 gauss, which correspond to 
the spin densities of 0.132 and 0.0844 respectively,9) 
to the ortho-protons, but they did not make clear 
which of these coupling constants is due to the proton 
in the C-H bond at the carbon atom I (1-proton) 
and which to that at the carbon atom 5 (5-nroton).
We obtainedρ1=十0.1230 and ρs=十0.1168 as

the spin densities at the ortho-carbons by means of 

our SCF calculation. Through a comparison 

of these coupling constants and calculated spin 

densities, we could assign the coupling constant 

of 2.96 gauss to the 1-proton and that of 1.90 gauss 

to the 5-proton. By then comparing the coupling 

constants of the meta-protons and the calculated 

spin densities at the meta-carbons, we could assign 

the coupling constant of 0.81 gauss to the 2-proton 

and that of 0.30 gauss to the 4-proton. The values 

in the second and in the third columns in Table I 

are written according to the above-mentioned assign-

ment. The agreement between the observed spin 

distribution and the spin distribution calculated 

by means of the SCF method seems fairly good. 

Spin distributions calculated by means of the 

HMO method and by means of the McLachlan

procedurewith λ=1.00are also listed in TableI

for the sake of comparison. 

The SCF and HMO calculations were carried 

out on the KDC-I digital computer of Kyoto Uni-

versity.
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