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trans-Butadiene is a simple molecule, suitable 

for considering the ƒÎ-electronic states of con-

jugated chain compounds consisting of homo-
nuclear atoms. 

Non-empirical treatment of trans-butadiene 

molecule was first undertaken by Parr and 

Mulliken1) , using the ASMO SCF method, and 

the wave function for the ground state and 

the energy levels were calculated. The method 

of molecular orbitals with configuration in-

teraction has been applied to the study of the

π-electronic structure of the molecule by

Coulson and Jacobs2). Then the influences of 

the configuration interaction procedure upon 

the LCAO SCF treatment was investigated by 

Pullman and Baudet3). 

It does not appear that treatments by the 

valence bond method have been undertaken. 

In this paper, the approximate method proposed 

by us in part I4) is applied to the calculation

of the ƒÎ-electronic states of the trans-butadiene 

molecule. The wave functions, energy levels, 

electron densities, and bond orders are eval-

uated. These results are compared with those, 

obtained by the molecular orbital method.

Classification of Resonance Structures 

The skeleton of the trans-butadiene molecule 

is shown in Fig. 1. Slater 2pƒÎ-orbitals with 

the effective nuclear charge Zc=3.18 have been

Fig. 1. Skeleton of trans-butadiene molecule.

assumed for the atomic orbitals of the carbon 

atoms. Integrals over atomic orbitals have 

been taken from Parr and Mulliken1). Calcula-

tions have been carried out, considering all 

kinds of overlap, single exchange, and multiple 

exchange integrals. 

Three classes of the canonical structures,
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TABLE I. WAVE FUNCTIONS ASSOCIATED WITH CLASSES AND THE CORRESPONDING ENERGY VALUES

A-Class

B-Class

C-Class
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Fig. 2. Classification of resonance structures 

and the energy values for the structures.

K2's are given by inversion with respect to 

the center of molecule from K1's. Values are 

in electron volts and are relative to 4 W2p, 

where W2P is the energy of a 2pƒÎ-electron of a 

carbon atom in its valence state.

derived from the three covalent structures, and 

the corresponding energy values are shown in 

Fig. 2. 

Wave functions „UKi's, associated with class 

K, and the corresponding energy values EKi's 

are shown in Table I, where ƒÕL is the nor-

malized bond eigenfunction for structure L. 

Then, the probability PKL of structure L, 

the 7r-electrons densities, and the bond orders 

in class K have been evaluated. Results are 

shown in Table II and Fig. 3.

A-Class

B-Class

C-Class

Fig. 3. ƒÎ-Electron densities and bond orders 

in each class.

Interaction of the Classes

Wave functions, associated with the classes, 

have been linearly combined, and the wave 

functions „Ui's for the molecule and the corre-

sponding energy values Ei's have been calculated 

These results are shown in Table III. 

Probabilities PK's of class K's are obtained 

as follows :

TABLE II. PROBABILITIES OF STRUCTURES IN EACH CLASS

A-class

B-class

C-class

TABLE III. WAVE FUNCTIONS FOR THE MOLECULE AND THE CORRESPONDING ENERGY VALUES
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TABLE IV. PROBABILITIES OF RESONANCE STRUCTURES

From these values, the probabilities PL's of 

structure L's, the ƒÎ-electron densities, and the 

bond orders in the molecule have been com-

puted. Results are shown in Table IV and 

Fig. 4.

Fig. 4. 7r-Electron densities and bond orders.

Comparison with Other Methods

Calculations have also been performed by 

the Heitler-London method, including all kinds 

of overlap, single exchange, and multiple ex-

change, integrals. The results are as follows :

The probabilities of the two covalent structures 

are

and the ƒÎ-electron densities and the bond 

orders are given in Fig. 5. 

In Fig. 6, the energy levels, obtained above, 

are shown, together with the results found by 

the molecular orbital method. 

From this figure, it can be seen that the 

values obtained by our approximate method 

agree quantitatively with those obtained by the

Fig. 5. ƒÎ-Electron densities and bond orders 

(Heitler-London method).

Fig. 6. Comparison of energy levels.

I, The Heitler-London method. II, A-class. 
III, A-, B-class interaction. IV, A-, B-, C-
class interaction. V, The ASMO SCF CI 
method5).

ASMO SCF Cl method5). The energy value 

for the ground state computed for the class, 

derived from the most stable covalent structure, 

is more satisfactory than that by the Heitler-

London method. In the calculation due to 

that single class. however, it is impossible to 

obtain the correct order of the levels of the 

molecule*. 

The ƒÎ-electron densities obtained by the 

ASMO SCF CI method are :

and are in good agreement with our results 
(Fig. 4). 

One of the causes of the success of our 
method is that the ionic structures are always 
considered ; this point is a difference between 
our method and the conventional approximate 
methods.

Summary

An approximate method, proposed in Part I, 

has been applied to the non-empirical calcula-

tion of the ƒÎ-electronic states of the trans-

butadiene molecule. All the higher orders of 

overlap and exchange integrals have been con-

sidered. Slater 2pƒÎ-orbitals have been used 

through out. The values of the energy levels 

obtained are -51.099 eV. (1Ag), -45.237 eV. 

(1Ag), and -41.429 eV. (1Bu.). The ƒÎ-electron 

densities for the ground state are Da=Dd= 

0.988, and Db,=DC=1.012. These results 

agree quantitatively with those evaluated by 

the ASMO SCF Cl method.
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5) Y. Mori, ibid., 28, 291 (1956).
*In Fig. 6, some of the levels obtained by our mothod

are lower than the corresponding levels found by the 

ASMO SCF CI method. The cause of this appearance 

seems to be due to intermediate approximations in nu-

merical calculations.


