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 π Electronic Structure of Cinnamaldehyde
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(Received March 6, 1961)

In two previous papers1,2) we studied the

electronic structure of the acrolein molecule.

This molecule has an intense absorption band

of(π, π*)type in the region near 2000A,

which was assigned to an intramolecular charge 

transfer band by Nagakura3). Cinnamaldehyde 

is regarded as a derivative of acrolein, in 

which a hydrogen atom is substituted by a 

phenyl group. From this point of view the 

comparison of the spectra of acrolein and cin-

namaldehyde may be interesting. 

The absorption spectrum of cinnamaldehyde 

was measured in n-hexane solution in the 

2000-3000A region. Molecular orbital cal-

culation was made for the ƒÎ electronic struc-

ture of the cinnamaldehyde molecule with a 

view to understanding its absorption band, as 

there has scarcely been any theoretical work 

done on the electronic structure of this mole-

cule. 

Ultraviolet Absorption Spectra 

 The ultraviolet absorption spectra of cin-

namaldehyde and acrolein are shown in Fig. 1.

 Fig. 1. Ultraviolet absorption spectra of cin-
 namaldehyde and acrolein. 

 Solid line: cinnamaldehyde in n-hexane 
 Broken line: acrolein in n-hexane 

The spectra of these molecules were measured 

with a Hitachi self-recording quartz spectro-

photometer of type E. P. S. The solvent was 
n-hexane carefully purified by the method of 

Weissberger and Proskauer4). It appears that

the cinnamaldehyde band is displaced to the 
red with respect to the acrolein band, owing 
to the extension of conjugation within the 
molecule. In order to ascertain that the transi-
tion in cinnamaldehyde corresponding to the 
absorption in the 2000A region is of the
π-π* type, the effect on the spectrum of

changing the solvent from n-hexane to ethanol

was also studied.

Calculation of Energy Levels

Although the methods of Pariser and Parr5) 

and others simplify the calculation of molecular 

energy levels in very ingenious ways, it is still 

not easy to apply the theory to a molecule such 

as cinnamaldehyde. In the present calculation 

the MO's of cinnamaldehyde were obtained by 

the simple LCAO-MO method and we took 

account of the interaction of electrons by 

including configuration interaction to some 

extents). As the molecular dimension of cin-

namaldehyde is not known, we relied on the 

structure inferred from the result of the 

electric dipole moment value by Bently et al.7) 

The molecular structure is shown in Fig. 2,

 Fig. 2. Cinnamaldehyde. 

but in our calculation a somewhat more 

simplified model was used. Actually cinnamal-

dehyde has not C2v symmetry, but the orbitals 

obtained in our approximation are what would 

be found if C1-C7=C8-C9=O was linear. Thus 

the cinnamaldehyde MO's may be said to re-

semble those with C2v symmetry. The MO's 

of cinnamaldehyde were obtained by the simple 

LCAO-MO method with neglect of overlap

integrals. The Coulomb integral αo and the

resonance integral βco are expressed as

1) K. Inuzuka, This Bulletin, 34, 6 (1961). 
 2) K. Inuzuka, ibid., 34, 729 (1961). 
 3) S. Nagakura, Mol. Phys., 3, 105 (1960). 
 4) A. Weissberger and E. S. Proskauer, "Organic 

Solvents", Interscience Publishers, Inc., New York, N. 
Y. (1955).

 5) R. Pariser and R. G. Parr, J. Chem. Phys., 21, 466, 
767 (1953). 
 6) H. Baba and S. Suzuki, ibid., 32, 1706 (1960). 
 7) J. B. Bentley, K. B. Everard, R. J. B. Marsden and 

L. E. Sutton, J. Chem. Soc., 1947, 2957.
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TABLE I. ORBITAL ENERGIES AND ORBITALS FOR CINNAMALDEHYDE

TABLE II. ENERGIES AND WAVE FUNCTIONS FOR LOWER EXClTED STATES OF CINNAMALDEHYDE

where α=αc and β=βcc. We adopted

the values of the parameters δo=1.5 and

ρco=21/2 as given by Baba et al.6)Other Cou-

lomb integrals were assumed to be equal to 

a. The resonance integrals except those of 

the benzene ring and carbonyl group, were 

calculated by the approximation generally 

adopted

were Srs is the overlap integral between neigh-

boring atom r and s, and S the overlap integral 

for benzene. In Table I the MO energies and 

orbitals of cinnamaldehyde are given. For the 

resonance integral values which are necessary 

for determining the energies of configurations 

the values given by Goodman and others8,9)

were used. The configuration interaction was 

considered between those configurations with 

lower energy and belonging to the same sym-

metry. The matrix element of the total Hamil-

tonian H between the configurations Vik and

Vjl is given by

where

MO's φi are obtained by the simple LCAO

procedure neglecting differential overlap. The

integral [ij|kl] can be expressed in terms of

atomic orbitals as

For the integrals of this type we employed 
Pariser and Parr's results5). To avoid difficult 
calculation only the interaction between V46 
and V57 belonging to the same symmetry is 
considered. In this way the value of the 
matrix element

is obtained. If we assume that there is approxi-

mately no interaction between V56 and other 

configurations, the energy of the state repre-

sented by V56 is calculated directly. The 

energies of the states resulting from the interac-
tion of V46 and V57 were obtained including the

 8) L. Goodman and H. Shull, J. Chem. Phys., 27, 1388 
(1957). 
 9) E. G. McRae and L. Goodman, J. Mol. Spectroscopy, 

2, 464 (1958).
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configuration interaction energy between them 
as given above. The oscillator strength, f, is 
calculated by the method described by Mulliken 
and Rieke10),

where ω is the frequency of the transition in

cm-1 and Qr is the transition moment defined

by

Ψi is a state wave function. The results are

shown in Table II.

 Discussion 

 The electronic spectrum of cinnamaldehyde in 

n-hexane solution has three absorption peaks

at about 280,224 and 218mμ(Fig.1).Among

these three peaks the one at 280mμ is the

strongest, having two weak shoulders near 293

and 300 mA. In Fig. 3 the orbital energy level

Fig. 3. Orbital energy level diagram.

diagram of cinnamaldehyde is given with those 

of benzene and acrolein. From this figure the 

occupied levels 4, 5 and the vacant levels 

7, 8 of cinnamaldehyde may be assigned 

to the degenerate levels 2, 3 and 4, 5 of 

benzene. The levels 3 and 6 of cinna-

maldehyde may be assigned to the levels 2 

and 3 of acrolein in ground and upper states,

respectively. We assigned the band at 280 mμ

(4.41eV.)to the calculated value 4.11eV.(Al),

because the value of calculatedoscillator

strength of AI state is much greater than that

of B2-state.Therefbre, the band at 280 mμ

corresponds to the transition from φ5 to φ6.

In our experiment no band corresponding to 
the calculated value 4.10 eV. (B2-) was found. 
The reason why we could not find the band 
(B2-) may be explained by the interpretation 
that the band (A1) of cinnamaldehyde is dis-
placed to the longer wavelength side by the 
greater extension of conjugation and covers 
the band (B2-). This interpretation conforms 
with the result of our calculation and with 
the work of Thomas et al.11) 

 It should be mentioned here about the
electron distribution associated with φ3, φ5 and

φ6 of cinnamaidehyde. Table III shows the

 TABLE III. DISTRIBUTION OF AN ELECTRON IN

MO's φ3,φ5 AND φ6

distribution of an electron occupying the MO's

φ3,φ5 and φ5 in terms of squares of coefficients

of atomic orbitals. It seems that the excitation

of an electron fromφ5 toφ6 transfers the

electronic charge from the benzene ring to the

acrolein group. This suggests that the transi-

tion fromφ5 toφ6 corresponds to an intra-

molecular charge transfer band. In the region

of the band II°there are two peaks at 224

and 218mμ. Of these the 218mμ peak is

higher than the 224 mμ peak.There may arise

a question as to whether or not the two main 

peaks constituting the band IIe reveal the vib-
rational structure of an electronic transition, 

or represent two different transitions. The 

frequency separation between them is 1230 in 

n-hexane and 1030cm-1 in ethanol solutions, 

respectively, at room temperature. The change 

of 200cm-1 is too great. It may be reasonable 

to interpret the two peaks as two different

transitions. The band at 224 mμ (5.53 eV.)

may be assigned to the calculated excitation 
energy 5.56 eV. (B2+), and may correspond to 
the A,g B2u transition in benzene. 
 On the other hand, from the energy level 

diagram Fig. 3, we tentatively assign the band 
at 218 mit (5.69 eV.) to a transition V36 which 
has the lowest energy among the transitions 
V36, V58, V47 and V48. The transition energies 
for them are directly obtained from the

 10) R. S. Mulliken and C. A. Rieke, Rep. Progr. Phys., 
8, 231 (1941).

11) 5. F. Thomas and G. Branch, J. Am. Chem. Soc., 75, 
4793 (1953).
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orbital energies in Table I, this is, 1.858β,

1.932β, 2.000β,2.117β.Since cinnamaldehyde

has in reality no C2v symmetry and the energies 

of these configurations are close to each other, 

the configuration interaction between them 

must be taken into consideration in order to 

ascertain the above assignment for V36. For 

simplicity only the interaction is here con-

sidered between configurations of apparently the 

same symmetry type. Accordingly, the interac-

tion between V36, V58 and V47 is taken into 

consideration. The state energies for them 

were calculated including configration interac-

tion. The results of the calculation are shown 

in Table IV. The calculated value for V36 is 

TABLE IV. EXClTATION ENERGIES FOR LOWER 

EXClTED STATES OF ClNNAMALDEHYDE

in good agreement with the observed value

within present approximation. The calculated

value 5.53 eV. for Vss conforms rather with the

band at 224 mμ(5.53 eV.), but we may tenta-

tively assign the transition from φ3 toφ6 to the

band at 218mμ within the present approxima-

tion. Since the orbitals φ3 andφ6 of cinnamal-

dehyde correspond to the orbitals φ2 and φ3

of acrolein in Fig.3, it may be said that the

218mμ band corresponds to the transition in

the substituent group.

Summary 

 State energies of the cinnamaldehyde mole-
cule are calculated by the simple LCAO-MO 
method, including configuration interaction and 
assuming the C2v symmetry. The results of 
the calculation conform well with the observed 
absorption bands lying in the 2000-3000.E
region. In cinnamaldehyde the 280 mμ band

is assigned to the intramolecular charge trans-

fer band. The B2- band which we could not

find in spectrum of cinnamaldehyde may be

covered under the charge transfer band which

is greatly shifted toward the red as the result

of extension of conjugation. In the region of

the band IIc two peaks at 224 and 218mμ re-

present two different transitions, respectively. 
The former is assigned to the B2+ type transi-
tion and the latter to the transition in the 
acrolein group. 
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