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The microwave spectrum of trans-crotonaldehyde has been measured in the frequency region 
from 8.2 to 36 kMc/sec. The R-branches for the a-type and the R- and Q -branches for the b-
type have been assigned. The low J transitions of the a-type and all of the b-type transitions are 
split into the A-level and the E-level by the internal rotation of the methyl group. The ap-

parent rotational constants for the A- and E-levels have been obtained from the pseudo-rigid rotor 
approximation as AA=32636.58 Mc/sec, AE=32627.57 Mc/sec, B=2183.30 Mc/sec, and C= 
2073.32 Mc/sec. From these values it can be concluded that this molecule is of the s-trans form.
The barrier height of the hindering rotation of the methyl group is 1730±10cal/mol. The value

of the total dipole moment is 3.72±0.28 D.

As a result of studies of the microwave or the 

infrared spectra it has been reported that the con-

jugated molecules with the structure of C=C-C=, 
such as acrolein,1) butadiene2) and fluoroprene3) 
are planar in form. Of the two planar forms, 
i. e., the s-cis and the s-trans form, only the s-trans 
form exists in the vapor with these molecules. 
However, it has been found that both forms exist 
in the vapor with acrylic acid,4) acryloyl fluoride5) 
and acryloyl chloride.6) 

It seems that it would be interesting to ascertain 
the stable conformation of such conjugated molecules 
with the methyl group and to determine the height 
of the potential barrier to internal rotation. For 
these purposes this research was carried out.

Experimental 

The spectrum was measured over the frequency range 
from 8.2 to 36.0 kMc/sec with a conventional Stark-
modulation microwave spectrometer. The frequencies 
were measured by the method reported in previous 
papers.7,8) For the frequency range from 32.0 to 36.0 
kMc/sec, the klystron 35V 11 (Oki) was employed. The 
measurements were made at the temperature of dry ice 
by using a 3-m absorption cell. 

Commercial crotonaldehyde was dried over magne-
sium sulfate and distilled in vacuo. The purity of the 
sample was ascertained with a vapor-phase chroma-
tograph. 

Results and Discussion 

Microwave Spectrum. It was found that 
the rotational spectrum of trans-crotonaldehyde is 
composed of both the a-type and the b-type, as 
in the cases of such similar molecules as acrolein1) 
and methyl vinyl ketone.9) The a-type spectrum 
is much more intense than the b-type spectrum.

1) E. A. Cherniak and C. C. Costain, J. Chem. Phys., 
45, 104 (1966). 

2) A. R. H. Cole, G. M. Mohay and C. A. Osborne, 
Spectochim. Acta, 23A, 909 (1967). 

3) D. R. Lide, Jr., J. Chem. Phys., 37, 2074 (1962). 
4) K. Bolton, N. L. Owen and J. Sheridan, Nature, 

218, 266 (1968). 
5) J. J. Keirns and R. F. Crul, Jr., J. Chem. Phys., 48, 

3773 (1968). 
6) J. E. Katon and W. R. Feairheller, Jr., ibid., 47, 

1248 (1967).

7) A. Hatta, C. Hirose and K. Kozima, This Bulletin, 
41, 1088 (1968). 

8) Y. Ohnishi and K. Kozima, ibid., 41, 1323 (1968). 
9) P. D. Forster, V. M. Rao and R. F. Curl, Jr., J. 

Chem. Phys., 43, 1064 (1965).



2184 Masao SUZUKI and Kunio KOZIMA [Vol. 42, No. 8

TABLE 1. OBSERVED AND CALCULATED FREQUENCIES 

IN trans-CH3CH=CHCHO

* A, B and C were obtained from these transi-

tions.

The assignments of the a-type transitions of the 

low rotational quantum numbers were determined 

by their Stark effect. The assignment and the 

splittings caused by the internal rotation of the 

methyl group are shown in Tables 1 and 2 re-

spectively. The rotational constants of B and C

fc)r the A-levels were obtained from the 110→211

and 111→212 transitions, which occur at frequencies

of (3B+C) and (B+3C) respectively. Because 
the a-type spectrum is characteristic of a near-
prolate symmetric rotor, the rotational constant 
of A cannot be determined accurately by means 
of this spectrum.
For the a-type transitions, JK ,K'→J+1K,K'+1,

the lines in which the value of K is equal to 2 

or higher than 2 overlap closely. Therefore, 

this spectrum was not used to determine the rota-

tional constants and has been omitted from the 

table.

TABLE 2. A-E SPLITTINGS IN trans-CH3CH=CHCHO

* The difference of the rotational constants of 

A was determined from these transitions. 

The splittings caused by the internal rotation 

of the methyl group could also be observed in the 

b-type spectrum. These splittings are much larger 

in the b-type spectrum. As was expected in view 

of similar molecules, it seems very probable that 

the framework of the molecule has the planar 

configuration. Therefore, in order to facilitate 

the assignments of the b-type spectrum, the rota-

tional constant, A, was estimated from the rela-

tion :

where Ia, Ia, and Ic are the principal moments of

inertia, Iα is the moment of inertia of the methyl

group about its symmetry axis, and δ'is a pseudo-

inertial defect. The(Iα-δ')value was assumed

tentatively to be 3.16 amu.A2 which is the same as 
that reported for propylene.10) By using the A 
value thus estimated, the frequencies of the b-type
lines of the J0J→J1J-1 series were calculated

and measured. The frequencies of the seven 
lines which show the Stark patterns of Q -branches 
and which split into the A- and the E-levels were 
found to be higher than 32 kMc/sec. By the aid 
of the Q -branch plot, these lines were identified
as those of J≧7. By the plot, the values of(A-C)/

2 and of Ray,sκ were obtained as 15281 Mc/sec

and -0.992795 for the A-levels and 15276 Mc/sec 
and -0.99279 for the E-levels. From this it is 
clear that the pseudo-rigid rotor approximation 
holds for the high J and low K transitions of both 
the E- and A-levels.

10) E. Hirota, J. Chem. Phys., 45, 1984 (1966).
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By using the rotational constants of A estimated 
from these values, the low J R-branch transitions 
of the b-type were calculated and measured. The 
assignments of these transitions are shown in 
Table 1. From the low J transitions which are 
marked by a star in Table 1, the accurate pseudo-
rigid rotational constants of AA, B, and C were 
determined by the least-squares method. The 
results are listed in Table 3. The values of B 

TABLE 3. ROTATIONAL CONSTANTS AND MOMENTS OF 
INERTIA OF trans-CH3CH=CHCHO

* Conversion factor:5 .05377×105, corresponding

to 12C=12atomic scale.

and C agreed with those obtained above within 

the limits of experimental error. The frequencies 

calculated by the rotational constants thus deter-

mined are shown in Table 1 for the A-levels. 

From this table it can be seen that the effect due 

to the centrifugal distortion cannot be disregarded, 

especially for the b-type spectrum. However, 

the terms for these distortions were not determined,
fc)r only the K=0→1 and K=1→1 transitions

were measured. 
By the use of the least-squares methods, the dif-

ference between the pseudo-rigid rotational con-
stants of A could be determined from the splittings 
of the transitions marked by a star in Table 2, 
because it was shown by the Q-branch plot that 
the pseudo-rigid rotor approximation nearly holds 
for these transitions. The value of the rotational 
constant of AE for the E-level was, then, estimated 
to be 32627.57 Mc/sec. The difference between 
the rotational constants of B for both levels is 
negligible, because the frequencies of the high 
J and low K lines of the R-branches do not split 
for the a-type transitions. The calculation men-
tioned below supports this. In view of the mo-
lecular structure, it can be easily seen that the 
rotational constants of C do not differ in the two 
levels. 

Molecular Structure and Internal Rotation. 
Because the observed pseudoinertial defect, δ',

is nearly zero, it is safe to consider that the mo-

lecular framework is planar. However, there are 

two possible planar forms, i. e., the s-cis and the 

s-trans form, as is shown in Fig. 1. When the 

values of the rs-structure of acrolein1) were assumed 

for this molecule, with the additional assumptions

that the CH3-C bond length and ∠CH3-C=C

Fig. 1. Two forms of trans-CH3CH=CHCHO.

were 1.501 A and 123.3° respectively by the use

of the values of propylene11) and that all the

valency angles of the methyl group and all the C-H

bond lengths were 109.47°and 1.090 A, the

calculated rotational constants of the s-cis form 
were as follows; A=18580 Mc/sec, B=2677 Mc/ 
see, and C=2375 Mc/sec. As these values are 
quite different from the observed values, the 
possibility of the s-cis form can be disregarded. 
However, for the s-trans form calculated under 
the same assumptions the rotational constants 
were very close to the observed values. 

In order to ascertain whether or not the s-cis 
form exists in the vapor, the measurements were
carefully made near the frequencies of the J0J→

J1J-1 transitions, which were calculated for the 
s-cis form by the use of the rotational constants 

described above. However, we could not observe 

any lines which might be assigned to the s-cis 

form. It was concluded that the stable form of 

trans-crotonaldehyde is the s-trans form. 

To get the best fit between the observed and the 

calculated values for the rotational constants of

Band C, the valency angles, ∠CH3-C=C and

∠CH3-C-H, of the carboll atom to which the

methyl group attaches were determined by making 

the assumptions mentioned above except for these 

two angles. The probable structural parameters 

obtained are shown in Table 4. The table also 

shows that the calculated value for the rotational 

constant of A agrees with the unperturbed value 

to be estimated below. 

Since the internal top has a threefold axis, the 

hindering potential, V, may be expanded in the 

Fourier series :

In this paper only the V3 term is considered, for

11) D. R. Lide, Jr., and D. Christensen, J. Chem. 
Phys., 35, 1374 (1961).
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TABLE 4. MOLECULAR STRUCTURE OF 

trans-CH3CH=CHCHO

the V6 term would introduce only a minor correc-

tion in the value of V3. 

The Hamiltonian can be written in the follow-

ing manner:

and

where

The notations have the meanings given by Her-
schbach.12) The values of the parameters described 
above are given in Table 5. By use of these 
values and Herschbach's Table (Appendix C),12) 
the values of s, a parameter of the Mathieu equa-
tion, and the barrier height can be calculated from 

TABLE 5. BARRIER HEIGHT AND A-E SPLITTING

the frequency splittings of the 110→211 and the

111→212 transitions, by assuming that Iα=3.160

amu・A2. The value of V3 is 1730±10cal/mol,

lower than that obtained for propylene.13) The

barrier height calculated from the difference,

AA-AE, under the same assumptions is 1720±10

cal/mol. This value agrees with that determined 
above. The frequency splittings of the other 
transitions are not used for this calculation, for the 
contributions of the FW0E(1) term to the splittings 
are equal to or less than about 1 Mc/sec. By 
using the value of s, the unperturbed value, A0, 
was calculated to be 32630.54 Mc/sec and the 
difference between BA and BE was found to be 
0.002 Mc/sec in support of the experimental 
result. 

For near-prolate symmetric top molecules like
this, the contriblltion of the FαW0E(1)Pz term to

the rotational energy(K-1=1)of the E-level can

be represented approximately as 2(FαW0E(1))2/

{J(J+1)(B-C)}. Small deviations from the

rigid-rotOr approximation for the low J transitions

of the E-levels are due to this term. However,

because for the high J transitions (J≧7>, the

correction due to this term is smaller than 0.2 
Mc/sec, therefore, the pseudo-rigid rotor approxima-
tion holds. 

Dipole Moment. The Stark displacements of 
the M=0 component of seven transitions, shown 
in Table 6, were measured in order to determine
the a and b components, μa and μb, of the electric

dipole moment. These lines fit the quadratic

Stark displacements nicely. The absoption cell

was calibrated using the J=0→1 transition of

OCS, taking the dipole moment of OCS as 0.7152 

D.14) The observed and calculated Stark coef-

ficients are given in Table 6. The value of the

dipole moment obtained is 3.72±0.28 D. This

value is in agreement with that of 3.67 D obtained 

by Debye's method.15) 

TABLE 6. STARK EFFECT AND DIPOLE MOMENT

a) Unit is Mc(kV/cm)-2.
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