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Terephthalaldehyde is a carbonyl derivative 

of benzaldehyde and its cis- and trans-forms in

solution have been found by Maki1) by means of 

ESR experiments. 

Since cis-terephthalaldehyde has the C2v sym-

metry, its π-electronic state belongs to the A1 or

B1 of the C2v symmetry group. Electronic transi-

tions of A1 and B1 types have transition moments 

parallel to the z and x axes respectively. 
On the other, trans-terephthalaldehyde has the

C2h symmetry and its π-electronic state belongs

to the irreducible representation, Ag or Bu, of the 

symmetry group. Electronic transitions from the

Ag ground state to the Ag excited states are im-

possible, but transitions to the B„ excited state are 

possible. Their transition moments are localized 
in the molecular plane.

We calculated the state energies for the two 

isomers by the semiempirical SCF-MO-CI method. 

The calculated procedure was the same as that used 

in a previous paper,2) in which the state energies 

of benzaldehyde were calculated. The molecular 

models of cis- and trans-terephthalaldehydes are 

shown in Fig. 1, in which the bond angle of C-C=O 

is assumed to be 120•‹.

Results and Discussion

The SCF-MOs and MO energies are listed in 

Table I. In large molecules multiply-excited 

configurations should make a negligibly small 

contribution to the lower excitation energies. 

Therefore, we take account of single excitations 

only in the present calculation. The configuration

TABLE I. SCF-MOs AND THEIR ENERGIES OF ciS-TEREPHTHALADEHYDE (I) AND tranS-TEREPHTHALALDEHYDE (II)

* Double signs±mean x
1+x10 for symmetry b2 and x1ｰx10 for a2.

** x1+x10 for symmetry a
u and x1-X10 for bg,

1) A. H. Maki, J. Chem. Phys., 35, 761 (1961). 2) K. Inuzuka and T. Yokota, This Bulletin, 
33, 1055 (1965).
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Fig. 1. Molecular models of cis- and trans-
terephthalaldehydes (I and II).

mixing for cis-terephthalaldehyde leads to two 

12th-order secular equations for the 1A1 and 3A1 

states, and to two 13th-order secular equations

for the 1B1 and 3B1 states. For trans-terephthalal-

dehyde, configuration mixing leads to two 12th-

TABLE II. CALCULATED ENERGY LEVELS OF 

TEREPHTHALALDEHYDE

order secular equations for 1Ag and 3Ag states and 

to two 13th-order secular equations for 1Bu and 3Bu 

states. The state energies and wave functions are 

obtained from the solutions of these secular equa-

tions. The lower-lying state energies and oscillator 

strengths are listed in Table II. 

We observed terephthalaldehyde to have three

π-π*absorption bands, at about 300,260 and 200

mμ, in an n-hexane solution. The energy values

corresponding to these absorption bands are also 

listed in Table II. The calculated values are in 

agreement with the observed values. From Table 

II we can not find any significant difference in 

state energies between the cis-isomer and the trans-

isomer, but the 1st excited energy of the trans-

isomer is lower than that of the cis-isomer. The 

values of the Coulomb integral are almost invariant 

over a great atomic distance. The change in the

position of the carbonyl group from the trans-
form to the cis-form does not have any appreciable 

effect on the molecular integral, because the distance 

between carbonyl groups is large. The similarity 

in electronic structure of cis- and trans-terephthalal-

dehydes is attributed to the above fact. The ab-

sorption spectrum of terephthalaldehyde resembles 

that of benzaldehyde. The spectrum of the former 

shifts to a longer wavelength side than that of the 

latter. The similarity in absorption spectra can 

be seen in the transition energies and oscillator 

strengths obtained for benzaldehyde2,3) and for

terephthalaldehyde. The charge densities and the 

free valences of both isomers for the ground and 

lower excited states are listed in Table III. These 

values of the excited states are calculated by as-

suming the same molecular structures as in the 

ground state. The charge densities of the position 
4 of cis- and trans-terephthalaldehydes indicate a 

high reactivity to electrophilic reagents.
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TABLE III. CHARGE DENSITIES (qi) AND FREE VALENCES (fi) OF CiS-TEREPHTHALALDEHYDE (I) AND
tranS-TEREPHTHALALDEHYDE (II) IN THE GROUND AND LOWER EXCITED STATES

3) K. Inuzuka and T. Yokota, ibid., 37, 1224 (1964).


