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          1. Introduction 

 The energy levels of cyclooctatetraene have 
been calculated in our laboratory by the HLSP 
method(2) assuming two different structures

D2d(3) and Dad,(4) and this calculation has been
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Mark, J. Chem. Phys., 15,414-15 (1947); H. S. 
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Annual Meeting of Amer. Chem. Soc., (1949). 
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compared with the experimental results on 
cyclooctatetraene, namely absorption spectra, 
magnetic susceptibility and thermochemical 
data. 
 The purpose of the present paper is to cal-

culate the energy levels of the molecule from 
the standpoint of the Goeppert Mayer and 
Sklar's method,(5) assuming the symmetry of 
cyclooctatetraene as D2d, and to show how this 
calculation is in agreement with the experi-
mental results.

2. The Orbitals 

    Table 1

Fig.1.

First, the wave functions of the π-electrons

for cyclooctatetraene assuming the symmetry 

of D2d(3) are determined by the LCAO approxi-

mation. The symmetry of the eight levels 

of cyclooctatetraene can be found from the 

group theory. The character of the symmetry 

group D2d is shown in Table 1. The reducible
representation Γ is

 The energy levels and their wave functions 
are obtained using the variation method. Since 
there are two kinds of distances between two 
neighboring carbon atoms, the two different 
resonance integrals (and similarly the two 
overlap integrals) must be distinguished from 
each other.

(1)

where ψf;the 2Pπ wave function for the

    f-th carbon atom,

Vf:the potential from the f-th car-

    bon atom,

and

(2)

Putting

(3) 

(4)

where, E2p is the energy of a 2p electron in a 

carbon atom in the valence state. Then solv-

ing the secular determinant for x we obtain

(5)

Thus the wave functions are

(6)

where vt is a normalizing factor, and

(7)
These wave functions are

  (5) G. Mayer and A. L. Sklar, J. Chem. Phys., 6
, 645 (1938).
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When k=1, the wave functions become

(8)

which are the same as those of Huckel (5) 
These wave functions appear when the symmetry 
of cyclooctatetraene is assumed as D4d or Dsh. 
 The antisymmetrized molecular orbitals of 

8-electron system for the ground state and 
the lower excited states are

(9)

where for the ground state

(10)

for the excited states

(11) 

(12)

or
(13)

or

(14)

and from the group theory

Xk, spin function, is for the singlet states

or
(15)

and for the triplet states .

or

(16)

or

Thus the energy values for these states will 

be calculated in Section 3 including electronic 

interaction.

3. Calculations

 The average values of Hamiltonian are 

given by

(17)

The Hamiltonian H is

(18)

where ν and μ show the number of a π-elec-

tron,f denotes the number of a carbon atom,

and Vfν is the potential of a neutral carbon

atom(5)minus the potential of a 2Pπelectron.

  The energies, including electronic interaction,

are for the ground state

(1A1)

(19)

for the excited singlet states

(1A2)

(1A1)

(1E) (20)

(1E)

(6) E. Hnckel, Zeits. Physik, 70, 204 (1931).
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and for the triplet states

(21)

The integrals,εi,γij and δij in these expres-

sions are

(22)

(23)

(24)

Then,εi,γij and δij are expanded in terms

of Ai, Bi, B'i,Ri, Ci, Q, di, for instanoe,(7)

(25)

where

(26)

  Hi(ν)is the potential of a neutral carbon

atom.(5) The 2pπ orbital of a carbon atom is

(27)

where Z is the effective nuclear charge 3.18, 
calculated by Zener.(8) The numerical values 
of Ai, Bi, B'i, Ri, Ci, Q, di(9) are determined 
from the values of Parr and Crawford's cal-
culation.(10) 
  The results of calculation are shown in 
Table 2 and 3.

Table 2

(7) In convenience we put and

(8) Zener, Phys. Rev., 36, 51 (1930). 

(9) The integral

was

approximated by

Rf. A. London, T. Chem. Phys., 13, 417 (1945). 

 (10) R. G. Parr and B. L. Crawford, J. Chem. 
Phys., 16, 1049 (1948); cf. C. C. J. Roothaan and 
R. G. Parr, T. Chem. Phys., 17, 1001 (1949).
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Table 3

          4. Considerations 

 The energy levels of the ground state and 
the lower excited states of cyclooctatetraene
are shown in Fig. 
2. The ground 
state is the singlet 
state of 1A1, and 
then this is in 
agreement with 
the experimental 
result that the 
magnetic suscep-
tibility of cyclo-
octatetraene is 
diamagnetic. The 
intensity of the 
shoulder of the ab-
sorption curve(11) 
(max. 2800A.) is 
relatively weak, so 
this absorption 
band seems to be 
due to a forbidden Fig. 2.

(11) S. Miyagawa and I. Tanaka, unpublished.

transition. 
  The transitions from the ground state 1A1 
to the excited states 1E are allowed. According 
to our calculation, the wave lengths for these 
transitions are 1700A. (7.3 e.V.) and 1470A.
(8.4e.V.). The 1A1～1A2 forbidden transition

is 3.9 e.V.(about 3100 A.)and the 1A1～1A1

forbidden transition is 7.7 e.V.(about 1600A).

The results of the calculation by the HLSP

method(2)show that the 1A1～1E transition

is about 2100 A. and the 1A1～1A1 forbidden

transition is about 2800A.band. So the strong

band below 2000A. may be due to the 1A1～1E

transition and the 2800 A. weak band to the

1A1～1A1 or the 1A1～1A2 transition .

  The energy levels of cyclooctatetraene are 

also calculated by the authors, as having the 

symmetry of D4, in a similar procedure to 

that in the case of D2d by the GMS method. 

But the results calculated assuming as D4 are 

not in agreement with the observed values of 

absorption spectra and magnetic properties.

            5. Summary 

  The energy levels of xyclooctatetraene as D2d 
were calculated byt he CAMS method. Then it 
was shown by the authors that the ground state 
of cyclooctatetraene may be diamagnetic, and 
that the wave length of the absorption spectra 
calculated assuming as D2d is approximate-
ly in agreement with the expetimental results. 
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