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The electronic absorption spectra of cinnamaldehyde, o-, m-, p-hydroxycinnamaldehyde and 
3-methoxy-4-hydroxy cinnamaldehyde were theoretically and experimentally studied, by means 
of the semiempirical CNDO/CI method. The calculated and observed transition energies were in 
good agreement. 

Introduction 

In the foregoing investigations1'2, the electronic 
spectra of lignin model compounds of hydroxybenz-
aldehyde and quinoidic type were investigated 
by the CNDO/CI3 method. In this study lignin 
model compounds of the cinnamaldehyde type (cin-
namaldehyde, o-, m-, p-hydroxycinnamaldehyde, 
3-methoxy-4-hydroxy cinnamaldehyde) have been 
theoretically and experimentally investigated. Cin-
namaldehyde structures are suggested as very im-
portant chromogens of lignin4. Due to their ab-
sorption in the visible range of the spectrum they 
have to be destroyed during bleaching of lignified 
fibrous materials5-7. Thus the systematic experi-
mental and theoretical study of these compounds in 
the ground and excited state is very important 
regarding the mentioned problems of lignin chem-
istry. 

Experimental 

The unsubstituted cinnamaldehyde used for the 
spectrophotometric measurements was a commer-
cial preparation supplied by Loba-Chemie, Wien, 
freshly distilled before use. The o-, m-, p-hydroxy-
cinnamaldehydes and the 3-methoxy-4-hydroxy 
cinnamaldehyde were synthetized according to 
procedures published in the literature8. 

The spectra were measured with the Perkin Elmer, 
Model 323 recording spectrophotometer. As the sub-
stances investigated showed a low solubility in non-
polar solvents, spectrally pure ethanol (95%) was 
used. The experimental spectra are shown on 
Figures 1 and 2. 

Reprint requests to Dr. M. Remko and Dr. J. Polčin, 
Pulp and Paper Research Institute, 890 20 Bratislava, 
Czechoslovakia. 
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Fig. 1. Absorption spectra of cinnamaldehydes in ethanol; 
: cinnamaldehyde, 
: o-hydroxyciimamaldehyde. 

Calculations 

For the calculation of the electronic structures 
and the electronic spectra of the molecules investi-
gated, the CNDO method was applied in the modi-
fication of Del Bene and Jaffe3. The calculation of 
two-centre repulsion integrals was carried out by 
the Mataga-Nishimoto approximation9. In the con-
figuration interaction twenty of the lowest mono-
excited configurations were taken into account in 
all cases. 

The parametrization of Kuehnlenz and Jaffe10 

was applied, using the experimental geometry from 
the study11. All the models were assumed to be 
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Fig. 2. Absorption spectra o f cinnamaldehydes in ethanol; 
: 3-methoxy-4-hydroxy cinnamaldehyde, 
: m-hydroxycinnamaldehyde, 
: p-hydroxycinnamaldehyde. 
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Fig. 3. Structure and numbering of atoms in cinnamalde-
hydes. 

planar with Cs symmetry. The calculations were 
carried out with trans-cis isomers (Fig. 3) using the 
QCPE programme N. 174 on the Siemens 4004/150 
computer in the Computing Center of the Komensky 
University, Bratislava. 

Results and Discussion 

1. Electronic States and Molecular Orbitals 

The experimental and by the CNDO/CI method 
calculated energies and oscilator strengths are listed 
in Table 1. The calculated transition energies are in 
a good agreement with the experimental ones. All 
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Table 1. Singlet-singlet transitions in cinnamaldehydes. 

Tran-
sition 

Energy a / Tran-
sition 

Obsd Calcd Obsd Calcd 

Cinnamaldehyde 
A " 29.4 29.0 0 
A ' 35.1 36.8 0.524 0.0002 
A ' 40.0 37.6 0.080 0.425 
A ' 44.8 48.4 0.004 0.210 
A " 49.0 0 
A ' 46.1 49.1 0.241 0.052 
A " 51.9 0 
A ' 48.7 52.8 0.129 0.188 

m-Hydroxyeinnamaldehyde 
A " 27.7 28.4 0 
A ' 30.9 35.1 0.142 0.043 
A ' 35.0 37.6 0.443 0.356 
A ' 42.0 46.7 0.203 0.318 
A ' 46.9 47.6 0.399 0.061 
A " 48.7 0 
A ' 49.2 51.4 0.172 0.136 

o - H y droxy cinna ma ldehy de 

A" 27.9 29.3 0 
A' 30.2 35.2 0.155 0.109 
A' 35.7 37.7 0.231 0.308 
A' 44.8 46.7 0.047 0.223 
A' 47.2 47.6 0.422 0.074 
A" 48.7 0 
A' 49.5 51.7 0.022 0.213 

p - Hydroxy cinna ma ldehy de 

A" 27.4 28.5 0 
A ' 31.0 35.6 0.435 0.047 
A ' 34.8 36.1 0.032 0.392 
A ' 37.7 47.6 0.054 0.020 
A ' 42.9 47.9 0.211 0.246 
A" 50.1 0 
A' 48.0 52.0 0.083 0.179 

3-Methoxy-4-hydroxycinnamaldehyde 

A" 27.4 31.1 0 
A' 29.5 34.5 0.436 0.157 
A' 33.3 35.8 0.165 0.290 
A' 40.3 45.3 0.032 0.189 
A' 42.2 47.0 0.262 0.052 
A" 50.1 0 
A' 47.6 51.1 0.121 0.232 

a — in k K . 

of the indicated n -> n* transitions have the A' 
symmetry, the n —> n* transitions having the sym-
metry A" , are symmetrically forbidden. The first 
three calculated N TI* transitions are batho-
chromically shifted in comparison with the experi-
mental ones, which could be caused by the inter-
action of the solvent (ethanol) with the compounds 
studied. 
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C i n n a m a l d e h y d e 
The experimental spectrum of the unsubstituted 

cinnamaldehyde measured in ethanol consists of 
three well separated 71 —> n* transitions at 35.1, 
46.1 and 48.7 kK. The n -> n* transitions at 40.0 
and 44.8 kK are present as shoulders. Besides, a 
very weak shoulder about 29.4 kK may be denoted 
as n —> re* transition. Our CNDO/CI calculations 
confirmed this assumption. The first calculated 
transition (Table 1) is a n —> n* transition with the 
energy of 29.0 kK. It consists mainly of the follow-
ing monoexcited configurations: 

iA" (29.0 kK); 49% [23 -> 26], 27% [23 -> 28], 
20% [23 —> 29]. 

The orbital 23 is of the n type localized mainly on 
Oio (53%), C8 (12%) and C9 (10%). The orbitals 26, 
28, 29 are of the n* type. While the orbitals 26 and 
28 are delocalized all over the system, the orbital 
29 is localised on the side conjugated chain (37% Cg, 
21%.C 8 , 14% Oio, 10% C7). 

The next three calculated transitions are of the 
7i —> n* type and consist mainly of the following 
monoexcited configurations: 

iA' (36.8 kK); 44% [24 -> 26], 44% [25 -> 27], 
iA ' (37.6kK); 98% [25->26], 
iA ' (48.4kK); 51% [24->26], 42% [25->27]. 

The 7i orbital 24 is ring localized by 25% on each 
C2, C3, C5, and Cß, while the 71 orbital 25 is de-
localized over the whole system. The 71* orbital 27 
is ring localized by 25% on each C2, C3, C5, and Cö-
To the experimental transitions at 46.1 kK and 
48.7 kK there correspond two calculated transitions 
of the 71 —> 71* type at 49.1 kK and 52.8 kK. They 
arise mainly from the following monoexcited con-
figurations : 

iA' (49.1 kK); 69% [25 -> 28], 27% [24 -> 27], 
iA' (52.8 kK); 46% [24 -> 27], 31 % [22-> 26], 

16% [25->28] . 
The 71 orbital 22 is delocalized over the whole 71 
system. Besides of the mentioned transitions, still 
two cf —> 71* transitions (49.0 kK and 51.9 kK) exist 
in the calculated spectrum not observed in the 
experimental one. 

m - H y d r o x y c i n n a m a l d e h y d e 
The experimental spectrum of m- hydroxy cinna-

maldehyde measured in ethanol consists of five well 

separated bands, corresponding to the five lowest 
71 —> 71* transitions (30.9, 35.0, 42.0, 46,9. 49.2 kK). 
At 27.7 kK a low intensity shoulder is present cor-
responding to the n -> 71* transition. According to 
theoretical calculation it should be localized at 
28.4 kK. It consists mainly of the following mono-
excited configurations: 

iA" (28.4 kK); 50% [26 -> 29], 27% [26 -> 31], 
19% [26->32] . 

The n orbital 26 is localized mainly on Oio (54%), 
C9 (10%), C8 (10%). The 7t* orbital 29 is delocalized 
over the whole molecule with an important contri-
bution of AO's to C7 (22%), C8 (17%). The 71* 
orbital 31 is delocalized over the whole molecule, 
while the 71* orbital 32 is localized on C9 (38%), 
C8 (21%), Oio (14%), C7 (8%). 

The next four calculated transitions are of the 
71 —> 71* type, and compared with the experimental 
ones they have a shift of 1—4 kK towards higher 
energies. They consist prevailingly of the following 
monoexcited configurations: 

iA' (35.1 kK); 38% [27 -> 29], 29% [28 -> 30], 
18% [28->29], 

!A' (37.6 kK); 80% [28 -> 29], 10% [27 -> 29], 
iA' (46.7 kK); 42% [28 -> 30], 40% [27 -> 29], 
iA' (47.6 kK); 49% [28 -> 31], 42% [27 -> 30]. 

The 71 orbital 27 is ring localized mainly on C5 (32%), 
C2 (20%), C6 (18%), C3 (16%). The 71 orbital 28 is 
delocalized with important contributions of AO's 
C8, Ci, C3, C4. The 71* orbital 30 is ring localized by 
25% on each C2, C3, C5, CQ. Before the fifth short 
wave experimental 71 —> 71* transition with the 
energy of 49.2 kK still a a -> n* transition (48.7 kK) 
exists in the theoretically calculated spectrum which 
was not observed in the experimental one. The cal-
culated value of the 71 -> 71* transition (51.4 kK) 
was in a good agreement with the experiment. It 
consists mainly of the following monoexcited con-
figurations : 

XA' (51.4kK); 38% [28->31], 35% [27->30], 
20% [25->29]. 

The 71 orbital 25 is localized mainly on C7 (22%), 
Ci (20%), C2 (16%), C8 (12%) and O i 0 (10)%. 

o - H y d r o x y c i n n a m a l d e h y d e 
In the experimental spectrum of o-hydroxy-

cinnamaldehyde measured in ethanol there are 
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three intense bands corresponding to n - > 71* tran-
sitions at 30.2 kK, 35.7 kK and 47.2 kK. The 
shoulders at 44.8 kK and 49.5 kK correspond to two 
other 71 —> 71* transitions. A shoulder of low inten-
sity found at 27.9 kK in the first 71 - > 71* band may 
be denoted as a n -» 71* transition. Theoretically 
this band was calculated at 29.3 kK and it arises 
of the following monoexcited transitions: 

XA" (29.3 kK) ; 46% [26->29] , 29% [26->31] , 
20% [26 -> 32]. 

The n orbital 26 is localized mainly at O10 (54%), 
C9 (12%) and C8 (12%). The 71* orbitals 29 and 31 
are delocalized over the whole 71 system. The 71* 
orbital 32 is localized mainly at C9 (37%), C8 (19%), 
O10 (13%), C7 (10%). 

The next four calculated transitions are of the 
71 -> 71* type and show a bathochromic shift com-
pared with the experimental ones. They consist 
mainly of the following monoexcited configurations: 

iA' (35.2 kK) ; 36% [28 -> 29], 27% [28 - > 30], 
25% [27 - > 29], 

iA ' (37.7 k K ) ; 59% [28 - > 29], 24% [27 - > 29], 
12% [28 30], 

iA ' (46.7 kK) ; 48% [28 -> 30], 40% [27 - > 29], 
i A ' ( 4 7 . 6 k K ) ; 61% [28->31] , 29% [27->30] . 

The 71 orbital 27 is ring localized at C6 (29%), 
C3 (26%), C2 (19%), C5 (14%). The 71 orbital 28 is 
delocalized. The 71* oribtal 30 is localized at C5 
(27%), C6 (22%), C3 (24%), C2 (22%). To the last 
71 —> 71* transition found at 49.5 kK corresponds a 
7i —> ti* transition calculated at 51.7 kK. It is pre-
ceeded a o —> 71* transition, which was not observed 
in the experimental spectrum. This transition con-
sists of the following monoexcited configurations: 

iA' (51.7 kK) ; 50% [27 -> 30], 27% [28 -> 31]. 

p - H y d r o x y c i n n a m a l d e h y d e 

The experimental spectrum of p-hydroxycinna-
maldehyde measured in ethanol consists of three 
well separated bands at 31.0, 42.9 and 48.0 kK, 
corresponding to n - > 71* transitions. The 71 -> 71* 
transitions at 34.8 kK and 37.7 kK were observed 
as shoulders. The low intensity n —> 71* transition 
at 27.4 kK observed as a shoulder of the first n ->7 i* 
band was calculated theoretically at 28.5 kK and 
consists of the following monoexcited configura-
tions : 

i A " (28.5kK); 50% [26 
21% [26 

29], 2 6 % [26 
32]. 

31], 

The n orbital 26 is localized mainly at O10 (56%), 
C8 (12%), C9 (11%). The 71* orbital 29 is delocalized 
with an important contribution of AO's at C7, C 8 , 
C9. The 71* orbital 31 is localized mainly on Ci 
(22%), C4 (18%), C7 (16%) and C9 (14%). The tt* 
orbital 32 is localized mainly on the conjugated side 
chain (C9 37%, C8 21%, On, 14%). 

This n —> 71* transition in the calculated spectrum 
is followed by four 71-^71* transitions which are 
bathochromically shifted against the experimen-
tally found values. They arise mainly of the follow-
ing monoexcited configurations: 

iA' (35.6 kK) ; 53% [28 - > 30], 2 5 % [27 -> 29], 
12% [28 - > 29], 

iA' (36.1 kK) ; 83% [28 - > 29], 
1A' (47.6 kK) ; 66% [28->31] , 16% [27->30], 

10% [27 - > 29], 
1 A' (47.9 kK) ; 56 % [27 - > 29], 26 % [28 -> 30], 

12% [28 ->31 ] . 

The 71 orbital 27 is ring localized by 25% on each 
C2 , C3, C5, Cß. The 71 orbital 28 is delocalized with 
an important contribution of AO's C 8 , C4, Ci. The 
71* orbital 30 is ring localized by 2 5 % on each C2, 
C3. C5, C6- The fifth 71 —> 71* transition in the ex-
perimental spectrum with the energy of 48.0 kK 
corresponds to the theoretically calculated transi-
tion with the energy of 52.0 kK. It is preceeded by 
a <y —> 71* transition (50.1 kK) not observed in the 
experimental spectrum. This transition consists of 
the following monoexcited configurations: 

iA' (52.0 kK) ; 49% [25 -> 29], 3 7 % [27 -> 30], 
10% [28 ->31 ] . 

The 71 orbital 25 is localized mainly at C7 (25%), 
C 8 (20%) , O10 (10%), C 6 (10%) . 

3 - Me t h o x y - 4 - h y d r o x y c i n n a m a l d e h y d e 

The experimental spectrum of 3-methox3^-4-
hydroxy cinnamaldehyde measured in ethanol con-
sists of four bands corresponding to 71 —> 71* tran-
sitions at 29.5. 40.3, 42.2, 47.6 kK. The 71-^71* 
transition at 33.3 kK is present as a shoulder. The 
shoulder at 27.4 kK may be accounted to the n->n* 
transition with the calculated value at 31.1 kK. It 
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consists of the following monoexcited configurations: 
1 A " (31.1 kK); 40% [31->35], 26% [31->37], 

19% [31->38] . 

The n orbital 31 is localized mainly at Oio (42%), 
C9 (14%), C8 (12%). The n* orbital 35 is localized 
at Ci (14%), C3 (10%), C7 (25%), C8 (17%). The n* 
orbital 37 is localized at Ci (27%), C3 (10%), C7 

(16%), C9 (16%) and the n* orbital 38 is equally 
localized mainly at C8 (22%), C9 (38%), Oi0 (14%). 
After the n —> n* transition mentioned above four 
calculated n —> n* transitions follow which cor-
respond to the first four 71 —> 71* transitions of the 
experimental spectrum. They consist mainly of the 
following monoexcited configurations: 

iA' (34.5 kK); 46% [34 -> 35], 30% [34 -> 36], 
13% [33->35], 

iA' (35.8 kK); 48% [34 -> 35], 26% [33 -> 35], 
24% [34->36] , 

iA' (45.3 kK); 48% [33 -> 35], 35% [34 -> 36], 
iA' (47.0 kK); 61% [34 -> 37], 25% [33 -> 36]. 

The 71 orbital 33 is localized at C2 (17%), C3 (35%), 
C5 (15%), C6 (22%). The 71 orbital 34 is delocalized 
with important contributions of AO's at Ci, C4, C8. 
The 7t* orbital 36 is localized by 25% on each C2, 
C3, C5, C6 . The theoretically calculated 71 -> 71* 
transition at 51.1 kK corresponds to the experi-
mental one at 47.6 kK. It is preceeded by a a^-n* 
transition (50.1 kK) not observed in the experimen-
tal spectrum. This transition arises mainly of the 
following monoexcited configurations: 

1A' (51.1 kK); 37% [33 -> 36], 31% [32->35], 
23% [34->37]. 

The 7t orbital 32 is localized mainly at Cß (17%), 
C7 (23%), C8 (22%), Oio (12%). 

2. Charge Density Distributions 

Tables 2—6 show the calculated charge densities 
and dipole moments for the ground and some lower 
excited singlet states of the compounds investigated. 
Only the electron densities of the sceletal nuclei 
(Fig. 3) and of the hydroxyl group hydrogen are 
listed. The electron density of the other hydrogen 
atoms was changing only very little. 

According to the atomic population analysis the 
n -> 71* transition in the case of cinnamaldehyde is 
accompanied by an electronic shift from the interior 

of the benzene ring to the C = 0 group. For the 
hydroxy substituted cinnamaldehydes this transfer 
is accompanied by a remarkable charge transfer 
from the formyl group into the interior of the 
aromatic ring. For the 3-methoxy-4-hydroxy cin-
namaldehyde this transition is, in contrary to the 
previous one, accompanied by a shift of electrons 
from both the OH and OCH3 groups into the in-
terior of the benzene ring up to the side conjugated 
chain. 

The first long wave 71 —> 71* transition in cin-
namaldehyde is accompanied by a considerable 
charge transfer from the formyl group towards the 
interior of the benzene ring. Here the greatest change 
of the charge density occured on the atoms of the 
side conjugated chain. For both o- and m-cinnamal-
dehyde the first 71 -> 71* transition is accompanied 
by a considerable charge transfer from the area of 
the aromatic ring towards the formyl group. In 
contrary to it, for p-hydroxycinnamaldehyde and 
3-methoxy-4-hydroxy cinnamaldehyde this transi-
tion is accompanied by the shift of the charge 
density from the OH, OCH3 and CHO groups 
towards the benzene ring. 

The second 71 —> 71* transition is accompanied in 
the case of cinnamaldehyde by a charge shift to the 
conjugated side chain. In the case of o-, m-, p-hydr-
oxycinnamaldehyde, in the contrary, an electron 
shift from the CHO group towards the benzene ring 
take place. In the 3-methoxy-4-hydroxy cinnamal-
dehyde this transition is accompanied by an electron 
shift from both the OCH3 and OH groups towards 
the side conjugated chain. 

The third 71 —> 71* transtition in cinnamaldehyde 
is accompanied by an electron shift from the con-
jugated chain to the benzene ring. A similar charge 
shift occured in the case of 0-, m-hydroxycinnamal-
dehydes and 3-methoxy-4-hydroxy cinnamalde-
hyde. For p-hydroxycinnamaldehyde this transition 
is accompanied by a charge transfer from the OH 
group trough the benzene ring to the C = 0 group. 

The fourth and fifth 71 -> 71* transitions in the 
compounds investigated are accompanied by a 
variable charge change on every heavy atom 
(Tables 2—6). 

Summary 

The CNDO/CI method has been used for the 
theoretical investigation of the electronic spectra of 
cinnamaldehyde and its OH and OCH3 derivatives. 
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Table 2. Calculated Charge Densities and Dipole Moments for the Ground and some Lower Singlet Exci ted States of 
Cinnamaldehyde. 

V, k K Ci C 2 C 3 c
4 

c
5 

c
6 

c
7 

c
8 

c
9 

Oio H x 1029, C.m 

0 - . 0 1 5 - . 0 3 0 - . 0 2 1 0.05 - . 0 1 4 - . 0 2 9 .059 - . 0 9 3 .251 - . 4 2 5 1.40 
29.0 - . 1 4 7 .207 .132 - . 0 8 3 .155 .195 - . 1 7 5 - . 2 6 5 .168 - . 5 0 3 4.66 
36.8 - . 1 6 4 - . 0 1 3 - . 1 0 8 - . 0 3 0 - . 0 8 4 -.011 - . 2 5 3 - . 1 6 6 .258 .066 2.76 
37.6 - . 1 1 9 .222 .129 - . 0 1 8 .148 .209 - . 2 9 1 - . 2 1 7 .105 - . 5 1 6 5.50 
48.4 .141 - . 2 2 2 - . 1 6 7 .190 - . 1 7 9 - . 2 0 7 .082 .116 .220 - . 3 7 5 1.16 
49.1 - . 0 5 3 .018 - . 0 5 2 .063 - . 0 0 5 - . 0 0 4 - . 1 4 1 - . 1 8 5 .144 - . 3 9 5 3.10 
52.8 - . 0 5 8 .024 - . 0 0 2 .074 - . 0 5 0 .023 - . 1 3 3 - . 2 2 6 .178 - . 3 9 8 2.89 

Table 3. Calculated Charge Densities and Dipole Moments for the Ground and some Lower Singlet Exc i ted States of 
m - H y d r o x y cinnamaldehyde. 

v, k K Ci C 2 C3 C 4 C 5 C6 C7 C8 C9 Oio O n H 1 2 n X 102», C.m 

0 - . 0 3 5 - . 0 3 1 - . 0 2 9 .011 - . 0 2 1 .125 .022 .047 .237 - . 4 1 6 - . 3 2 9 .220 2.07 
28.4 - . 1 6 3 - . 0 1 0 - . 0 7 3 - . 0 6 7 - . 0 3 2 .147 - . 1 7 1 - . 1 2 3 .259 - . 0 5 6 - . 3 1 5 .221 2.23 
35.1 - . 1 8 0 .175 .080 - . 0 8 2 .268 .341 - . 2 8 3 - . 2 2 7 .098 - . 5 1 3 - . 2 3 4 .223 5.90 
37.6 - . 1 1 4 - . 0 5 1 - . 0 5 1 - . 0 2 6 - . 1 1 9 .154 - . 2 6 0 - . 0 7 5 .218 .001 - . 3 0 9 .222 2.40 
46.7 .119 - . 2 6 5 - . 1 0 3 .134 - . 1 5 7 - . 0 1 6 .061 .149 .205 - . 3 7 2 - . 3 0 2 .223 1.68 
47.6 - . 0 5 5 - . 0 6 3 .109 - . 0 1 3 - . 0 0 1 .095 - . 1 0 2 .194 .079 - . 4 5 0 - . 3 0 8 .220 2.90 
51.4 - . 1 9 5 - . 0 0 6 .055 - . 1 0 4 .239 .153 - . 1 1 2 - . 0 3 5 .018 - . 3 6 8 - . 2 5 4 .226 2.86 

Table 4. Calculated Charge Densities and Dipole Moments for the Ground and some Lower Singlet Exc i ted States o f 
o-Hydroxycinnamaldehyde. 

v, k K Ci C2 c3 c
4 

c5 c6 c7 c8 c
9 

Oio O n HI
2 

fi X 

0 .005 - . 0 5 7 - . 0 0 1 - . 0 2 0 .156 - . 0 6 2 .071 - . 1 0 4 .248 - . 4 2 4 - . 3 2 3 .219 1.90 
29.3 - . 1 3 9 .009 - . 0 0 9 - . 0 9 4 .144 .026 - . 1 1 8 - . 1 8 2 .252 - . 1 6 1 - . 3 1 0 .219 0.69 
35.2 - . 1 9 6 .200 .194 - . 1 2 3 .258 .288 - . 2 3 8 - . 2 4 1 .109 - . 5 1 6 - . 2 5 7 .219 5.90 
37.7 - . 1 6 5 -.011 - . 1 3 2 - . 0 3 7 .135 - . 0 7 4 - . 2 1 8 - . 0 7 3 .236 .022 - . 3 0 4 .219 2.28 
46.7 .101 - . 1 8 8 - . 1 6 0 .135 .008 - . 2 2 4 .105 .154 .207 - . 3 7 4 - . 2 9 2 .219 0.98 
47.6 - . 0 2 1 - . 1 0 8 - . 0 2 9 .027 .194 - . 1 4 9 .024 .096 .126 - . 4 2 3 - . 2 9 8 .220 1.62 
51.7 - . 1 0 9 .047 - . 0 1 7 .043 .190 .003 - . 1 2 9 - . 2 8 0 .086 - . 3 5 0 - . 2 8 4 .220 3.80 

Table 5. Calculated Charge Densities and Dipole Moments for the Ground and some Singlet Excited States o f p -Hydroxy -
cinnamaldehyde. 

v, k K Ci C
2 

c
3 

c
4 

c
5 

c
6 

c
7 

c
8 

c
9 

Oio O n H i 2 /t X 10
29

, C.m 

0 .134 -.037 -.028 .012 -.026 -.025 .008 -.045 .234 -.421 -.281 .183 1.68 
28.5 .036 -.066 - . 1 2 5 - . 0 1 7 - . 1 1 2 - . 0 5 0 - . 1 6 5 - . 0 6 4 .272 .002 - . 2 8 5 .183 3.50 
35.6 .524 - . 4 9 0 - . 4 7 3 .496 - . 4 1 1 - . 3 9 2 .055 .507 .193 - . 2 7 1 - . 1 6 2 .185 3.80 
36.1 -.068 - . 0 0 4 - . 1 8 4 - . 0 5 7 - . 1 5 8 .006 - . 4 1 0 -.101 .292 .325 - . 2 8 5 .186 5.53 
47.6 - . 1 0 8 .488 .242 -.062 .273 .478 - . 5 9 3 - . 3 4 5 .001 - . 5 7 9 - . 2 7 6 .183 8.87 
47.9 - . 0 9 8 - . 1 0 7 .160 .020 .140 - . 1 0 4 - . 3 1 3 .813 - . 3 2 6 - . 5 0 9 - . 1 6 4 .184 3.03 
52.0 .082 .005 - . 0 7 6 .041 - . 0 7 5 .008 - . 2 5 6 - . 1 3 1 .175 - . 2 3 7 - . 2 6 3 .188 1.70 
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v. k K Ci C 2 c
3 

c
4 

c
5 

c
6 

c
7 

0 .147 .123 -.056 -.001 -.019 -.049 .070 
31.1 .176 .139 -.044 .045 -.043 -.066 -.029 
34.5 .626 -.188 -.579 .456 -.342 -.589 .037 
35.8 -.087 .467 .355 -.114 .099 .245 -.441 
45.3 -.063 .169 -.338 -.038 -.115 - . 0 6 9 - . 4 8 8 
47.0 .100 .151 - . 0 4 3 - . 0 3 7 .309 - . 1 2 3 - . 3 5 0 
51.1 .092 .256 .021 .013 - . 0 0 7 .011 -.182 

Table 6. Calculated Charge Densities and 
Dipole Moments for the Ground and 
some Lower Singlet Excited States o f 
3-Methoxy-4-hydroxycinnamaIdehyde. 

c 8 c 9 Oio O n H12 O13 C14 fi X 1029, C.m 

- . 1 1 3 .274 - . 4 4 2 - . 2 8 8 .188 — .269 .023 1.60 
- . 0 9 4 .232 - . 4 5 0 - . 2 6 7 .188 — .227 .024 2.26 

.315 .236 - . 3 1 3 - . 1 4 1 .129 - . 2 0 3 .031 3.26 
- . 4 0 8 .087 - . 5 5 9 - . 2 8 6 .190 - . 1 0 8 .036 7.53 
- . 1 7 8 .334 .434 - . 2 7 7 .188 - . 2 4 3 .022 7.13 

.567 - . 3 2 1 - . 5 9 2 - . 1 3 2 .188 - . 1 6 1 .026 5.47 
- . 2 5 2 .154 - . 4 6 2 - . 2 6 0 .186 - . 1 8 1 .047 4.23 

The calculated values of the transition energies 
were found in a good agreement with the experi-
mental ones. The transitions with the energies of 
27—29 kK in the experimental spectra of the com-
pounds investigated correspond to the n -> ji* 
transitions in the theoretical spectra and are 
responsible for the colour of these substances. 

The OH and/or OCH3 substitution of the aromatic 
ring caused a bathochromic shift of both the cal-

culated and experimental jc —> 71* transitions. The 
values of the calculated transition energies and the 
electron distribution depend, however, on the 
parametrization which is assumed. We have used 
the parametrization of Kuehnlenz and Jaffe10 which 
was recently successfully applied on a larger scale 
for calculations of electronic spectra of organic 
molecules. 
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