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The vibrational ground state microwave spectrum of cis-cyclopropyl carbonyl chloride-(35Cl) was 
investigated in the region from 4 to 40 GHz by microwave Fourier transform (MWFT) spectroscopy. 
The rotational and fourth order centrifugal distortion constants were determined. The 
quadrupole hyperfine structure was assigned and the quadrupole coupling constants including the 
off-diagonal element i a b were evaluated. This leads to a transformation of the quadrupole coupling 
tensor into its principal axes system. 

Introduction 

The microwave spect rum of cis-cyclopropyl car-
bonyl chloride, C 4 H 5 C O C l , was first observed by 
Na i r and Boggs in 1975 [1], Several orientat ions of the 
C O C l - g r o u p with respect to the cyclopropyl f rame are 
possible. Results of electron diffraction studies of the 
s t ructure and conformat iona l behaviour of cyclo-
propyl carbonyl chloride by Bartell, Guillory and 
Pa rks [2] indicated tha t there is a considerable surplus 
of the cis-isomer. They simulated radial distribution 
funct ions for var ious assumed concentrat ions of dif-
ferent conformers and compared them with the 
observed curves. Bartell et al. concluded that the 
equil ibr ium composi t ion consists of approximately 
8 5 % ± 1 5 % "cis-like" and 15% ± 1 5 % "trans-like" 
conformers . The expression "cis-like" or "trans-like" 
included distorted conformat ions with respect to the 
"ideal" eis and t rans isomers. This is a quite unex-
pected result because in general molecules predomi-
nant ly favour the staggered conformat ion of the 
C H (tertiary)- and CCl-bond. In cis-cyclopropyl car-
bonyl chloride these bonds are eclipsed. This may 
result f rom steric effects [2]. 

Figure 1 shows the cis-isomer in its principal axes 
system of inertia in the view along the c-axis. The 
molecule possesses an a, b-plane of symmetry. The 
tert iary hydrogen an d the chlorine a tom are in eis 
posi t ion with respect to the C - C - b o n d . 

Reprint requests to Prof. Dr. H. Dreizler, Institut für 
Physikalische Chemie der Universität Kiel, Ludewig-Meyn-
Straße 8, D-2300 Kiel. 

There is another interesting point abou t this inves-
tigation. N o quadrupo le coupling cons tants were 
determined so far. Moreover , a predict ion of the spec-
t rum indicates that it should be possible to evaluate 
the off-diagonal quadrupo le coupling cons tan t x a b 

directly f rom the spectrum. This would lead to the 
determinat ion of the whole quadrupo le coupling ten-
sor in its principal axes system. Therefore, the absolute 
value of the angle a between the principal axes of 
inertia and the principal axes of the quad rupo le 
coupling tensor should be accessible. 

Fig. 1. Cis-cyclopropyl carbonyl chloride-(35Cl) in its princi-
pal axes system of inertia (a, b, c) in the view along the c-axis. 
The x, y, z-axes system denotes the principal axes system of 
the quadrupole coupling tensor. The structure is taken from 
similar molecules. 
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Experimental 

A commercia l sample of cyclopropyl carbonyl 
chloride (99% purity, Aldrich Chemical Co.) was used 
for the microwave investigation. All measurements 
were carried out with our s tandard microwave 
Fourier t rans form ( M W F T ) spectrometers combined 
with double-resonance techniques in the region f rom 
4 to 40 G H z [3 -7 ] , Sample pressures were abou t 
0 . 2 - 2 mTorr (0 .03-0 .3 Pa) and tempera tures were 
about — 50 °C. The frequencies given here were evalu-
ated by an iterative least squares fit of the time domain 
signal [8], pr ior to Four ier t ransformat ion . 

Results and Analysis 

For the first analysis we used the rota t ional con-
stants of cis-cyclopropyl carbonyl chloride given in [1] 
and tried to assign the quadrupo le hyperfine structure. 
The spectrum was found to be very rich with lines 
because of the existence of both a- and fr-type-transi-
tions, the unassigned t rans (and other " t rans or cis-
like") conformers as well as excited vibrat ional states. 
In addit ion, the spectrum was complicated by the 
presence of the second chlorine isotopic species 37C1 
with the same distr ibut ion of the possible conforma-
tions. 

The spectrum is highly sensitive to the polarisat ion 
conditions. Commonly , short pulses (40 to 100 ns) 
with extremely low input power to the travelling-
wave-tube-amplifier were used [3-7] , U p to 7 • 107 

cycles were averaged for individual t ransi t ions to yield 
a sufficient signal to noise ratio. The assignment was 
simplified and confirmed by applicat ion of double-
resonance techniques with the pump/s ignal combina-
tions in the V / K u and X/K band [4]. With an iterative 
fit and measurement procedure, the rotat ional , cen-
trifugal and quadrupo le coupling cons tants were ob-
tained. Subsequently, it was possible to measure t ran-
sitions depending on the / a f t-element. The significance 
of the / a ^-element is emphasized in the experimental 
pat terns of the transi t ions JK K-+— — 3 1 2 

and 4 1 4 — 3 1 3 , which are reproduced in Figure 2 a 
and b. The 4 1 4 — 3 1 3 t ransi t ion is nearly unper turbed, 
and for this reason it is symmetric with respect to a 
line perpendicular to the frequency axis (without con-
sideration of the relative intensities). This symmetry is 
destroyed for the transi t ion 4 1 3 — 3 1 2 by influence of 
the / ^ - e l e m e n t . This off-diagonal element causes a 

reL intensity 
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50 % " 

0 X t 

13930.4 13931.4 13932.4 13933.4 13934.4 
a) 

reL intensity 
100 X + 

50 % -

0 I t 

13081 13082 13083 

T 
13084 13085 

b) 
Fig. 2a and b. The transitions ( J K + —JK K J = 41 3 - 3 1 2 
and 4 j 4 - 3 , 3 . A comparison of the two transitions shows the 
influence of the off-diagonal element xab to the spectrum of 
cis-cyclopropyl carbonyl chloride. Each line is specified by its 
overall angular momentum quantum number F'-F. a) The 
perturbed transition 4 1 3 - 3 1 2 : 0.5 mTorr, — 50 °C, polari-
sation frequency: 13 993.4 MHz, sample interval: 10 ns, 
1024 data points supplemented by 3072 zeros before Fourier 
transformation, 16 000 k experiment cycles (1 k = 1024). 
b) The unperturbed transition 4 1 4 - 3 1 3 : 2.5 mTorr, —50 °C, 
polarisation frequency: 13 083 MHz, sample interval: 10 ns, 
1024 data points supplemented by 3072 zeros before Fourier 
transformation, 28 800 k experiment cycles. | indicates the 
position of the mirror line. 

Energy difference 
of the levels 

413/321 %22.0 MHz 
7 2 5 / 6 3 3 ^60.6 MHz 

1038/946 %32.8 MHz 

Table 1. Energy level 
combinations which are 
strongly perturbed by 
the off-diagonal element 
Xab-

shift of all but one hyperfine componen t s resulting in 
a noticeable change of the quadrupole hyperfine struc-
ture. In particular, the F - F - c o m p o n e n t 2 .5 -1 .5 is 
displaced by approximately 2 MHz. Table 1 contains 
the energy level combinat ions which are strongly per-
turbed by the / ^ - e l e m e n t and their cor responding 



1171 C. Heldmann et al. • The Microwave Spectrum of cis-Cyclopropyl-Carbonyl Chloride-(35Cl) 

Table 2. Measured transition frequencies vobs and calculated frequencies vcalc of cis-cyclopropyl carbonyl chloride-(35Cl) with 
quadrupole hyperfine splitting, Av — vobs — vcalc. F is the overall angular momentum quantum number. 

J ' K_1K+' J K_K+ F- F v o b s / v c a l c / A„/ J'K1_K+ ' J K_K+ F' F v Q b s / v c a l c / Av/ 

[MHz] [MHz] [ k H z ] [MHz] [MHz] [ k H z ] 

2 0 2 1 0 1 7 / 2 5 / 2 6 7 5 5 . 0 8 9 6 7 5 5 . 0 8 7 3 
2 0 2 1 0 1 5 / 2 3 / 2 6 7 5 5 . 1 3 8 6 7 5 5 . 1 2 0 18 
2 0 2 1 0 1 3 / 2 1 / 2 6 7 4 3 . 4 2 3 6 7 4 3 . 4 1 7 6 
2 0 2 1 0 1 5 / 2 5 / 2 6 7 4 4 . . 3 0 4 6 7 4 4 . 3 0 5 - 1 
2 0 2 1 0 1 3 / 2 3 / 2 6 7 6 2 . 8 8 8 6 7 6 2 . 8 7 2 16 
2 0 2 1 0 1 1 / 2 1 / 2 6 7 5 4 . . 2 1 3 6 7 5 4 . 2 1 9 - 6 

2 1 1 1 1 0 7 / 2 5 / 2 6 9 7 6 . , 5 7 1 6 9 7 6 . 5 7 6 - 5 
2 1 1 1 1 0 5 / 2 3 / 2 6 9 6 5 . 7 9 5 6 9 6 5 . 7 9 6 - 1 
2 1 1 1 1 0 5 / 2 5 / 2 6 9 7 1 . 2 9 4 6 9 7 1 . 2 8 8 6 
2 1 1 1 1 0 3 / 2 3 / 2 6 9 6 9 . 5 7 2 6 9 6 9 . 5 7 6 - 4 
2 1 1 1 1 0 1 / 2 1 / 2 6 9 8 4 . 8 1 4 6 9 8 4 . 8 2 5 - 1 1 

3 1 3 2 1 2 9 / 2 7 / 2 9 8 1 9 . 3 7 7 9 8 1 9 . 3 7 6 1 
3 1 3 2 1 2 7 / 2 5 / 2 9 8 1 6 . 6 6 1 9 8 1 6 . 6 6 5 - 4 
3 1 3 2 1 2 5 / 2 3 / 2 9 8 1 6 . 5 6 1 9 8 1 6 . 5 6 0 1 
3 1 3 2 1 2 3 / 2 1 / 2 9 8 1 9 . 2 6 9 9 8 1 9 . 2 5 7 1 2 

3 2 1 2 1 2 9 / 2 7 / 2 2 5 0 5 0 . . 3 0 1 2 5 0 5 0 . . 2 8 4 17 
3 2 1 2 1 2 7 / 2 5 / 2 2 5 0 5 5 . . 0 8 2 2 5 0 5 5 . . 0 9 7 - 1 6 
3 2 1 2 1 2 5 / 2 3 / 2 2 5 0 5 3 , . 3 7 3 2 5 0 5 3 . . 3 7 2 1 
3 2 1 2 1 2 3 / 2 1 / 2 2 5 0 4 5 . . 3 7 0 2 5 0 4 5 . . 3 6 5 5 

3 2 2 2 1 1 9 / 2 7 / 2 2 4 3 7 6 . 0 5 1 2 4 3 7 6 . 0 4 7 4 
3 2 2 2 1 1 7 / 2 5 / 2 2 4 3 8 1 . . 3 3 7 2 4 3 8 1 . , 3 3 6 1 
3 2 2 2 1 1 5 / 2 3 / 2 2 4 3 7 7 . 5 6 1 2 4 3 7 7 . 5 6 9 - 8 
3 2 2 2 1 1 3 / 2 1 / 2 2 4 3 7 2 . , 2 4 3 2 4 3 7 2 . , 2 4 1 2 

4 1 3 3 1 2 1 1 / 2 9 / 2 1 3 9 3 4 . 0 3 4 1 3 9 3 4 . 0 3 7 - 3 
4 1 3 3 1 2 9 / 2 7 / 2 1 3 9 3 1 . , 9 7 5 1 3 9 3 1 . , 9 7 8 - 2 
4 1 3 3 1 2 7 / 2 5 / 2 1 3 9 3 2 . 1 1 6 1 3 9 3 2 . 1 1 5 1 
4 1 3 3 1 2 5 / 2 3 / 2 1 3 9 3 0 . , 9 6 7 1 3 9 3 0 . , 9 7 4 - 7 

4 1 4 3 1 3 1 1 / 2 9 / 2 1 3 0 8 3 . . 7 3 5 1 3 0 8 3 . . 7 3 2 3 
4 1 4 3 1 3 9 / 2 7 / 2 1 3 0 8 2 . . 6 3 7 1 3 0 8 2 . . 6 4 2 - 4 
4 1 4 3 1 3 7 / 2 5 / 2 1 3 0 8 2 . . 0 7 4 1 3 0 8 2 . . 0 7 4 0 
4 1 4 3 1 3 5 / 2 3 / 2 1 3 0 8 3 . . 1 4 7 1 3 0 8 3 , . 1 4 1 5 

4 2 2 3 2 1 1 1 / 2 9 / 2 1 3 5 8 6 . , 8 6 6 1 3 5 8 6 . , 8 6 4 2 
4 2 2 3 2 1 9 / 2 7 / 2 1 3 5 8 3 . . 2 2 4 1 3 5 8 3 . . 2 2 5 - 1 
4 2 2 3 2 1 7 / 2 5 / 2 1 3 5 8 2 . , 5 1 6 1 3 5 8 2 . , 5 1 1 4 
4 2 2 3 2 1 5 / 2 3 / 2 1 3 5 8 9 . . 3 6 4 1 3 5 8 9 . . 3 6 5 - 1 

4 2 3 3 2 2 1 1 / 2 9 / 2 1 3 5 1 8 . 2 5 8 1 3 5 1 8 . 2 6 4 - 6 
4 2 3 3 2 2 9 / 2 7 / 2 1 3 5 1 3 . 9 7 5 1 3 5 1 3 . 9 8 0 - 4 
4 2 3 3 2 2 7 / 2 5 / 2 1 3 5 1 5 . 4 2 8 1 3 5 1 5 . 4 3 0 - 2 
4 2 3 3 2 2 5 / 2 3 / 2 1 3 5 1 9 . 8 2 2 1 3 5 1 9 . 8 2 5 - 4 

4 3 1 3 3 0 1 1 / 2 9 / 2 1 3 5 3 9 . 6 7 8 1 3 5 3 9 . 6 7 8 0 
4 3 1 3 3 0 9 / 2 7 / 2 1 3 5 2 9 . 9 5 2 1 3 5 2 9 . 9 4 7 5 
4 3 1 3 3 0 7 / 2 5 / 2 1 3 5 3 4 . 9 3 3 1 3 5 3 4 . 9 3 2 1 
4 3 1 3 3 0 5 / 2 3 / 2 1 3 5 4 4 . 6 7 3 1 3 5 4 4 . 6 6 0 14 

4 3 2 3 3 1 1 1 / 2 9 / 2 1 3 5 3 8 , . 8 1 6 1 3 5 3 8 . . 8 1 4 2 
4 3 2 3 3 1 9 / 2 7 / 2 1 3 5 2 9 . . 0 7 8 1 3 5 2 9 . . 0 8 4 - 6 
4 3 2 3 3 1 7 / 2 5 / 2 1 3 5 3 4 . 0 6 8 1 3 5 3 4 , . 0 6 8 - 0 
4 3 2 3 3 1 5 / 2 3 / 2 1 3 5 4 3 , . 7 9 9 1 3 5 4 3 . . 7 9 6 3 

4 1 3 4 0 4 1 1 / 2 1 1 / 2 6 0 0 0 . . 5 9 9 6 0 0 0 . . 5 9 3 6 
4 1 -3 4 0 4 9 / 2 9 / 2 6 0 0 1 . . 3 2 7 6 0 0 1 . , 3 2 3 4 
4 1 3 4 0 4 7 / 2 7 / 2 6 0 0 1 . . 4 0 0 6 0 0 1 . . 4 0 3 - 4 
4 1 3 4 0 4 5 / 2 5 / 2 5 9 9 7 . . 4 6 9 5 9 9 7 . , 4 6 7 2 

5 1 4 4 1 3 1 3 / 2 1 1 / 2 1 7 4 0 2 , . 9 9 3 1 7 4 0 2 . . 9 9 3 0 
5 1 4 4 1 3 1 1 / 2 9 / 2 1 7 4 0 3 , . 4 4 7 1 7 4 0 3 . . 4 4 5 2 
5 1 4 4 1 3 9 / 2 7 / 2 1 7 4 0 2 , . 2 8 4 1 7 4 0 2 . . 2 7 9 5 
5 1 4 4 1 3 7 / 2 5 / 2 1 7 4 0 5 . . 0 3 7 1 7 4 0 5 . . 0 5 1 - 1 4 

5 1 5 4 0 4 1 3 / 2 1 1 / 2 2 0 2 1 5 . . 7 9 7 2 0 2 1 5 , . 7 9 1 6 
5 1 5 4 0 4 1 1 / 2 9 / 2 2 0 2 1 6 . . 7 8 7 2 0 2 1 6 . . 7 9 3 - 5 
5 1 5 4 0 4 9 / 2 7 / 2 2 0 2 1 5 , . 7 5 7 2 0 2 1 5 , . 7 4 8 9 
5 1 5 4 0 4 7 / 2 5 / 2 2 0 2 1 4 . . 8 3 3 2 0 2 1 4 . . 8 2 9 5 

5 1 4 5 0 5 1 3 / 2 1 3 / 2 6 6 3 8 . . 2 8 0 6 6 3 8 . . 2 8 1 - 2 
5 1 4 5 0 5 1 1 / 2 1 1 / 2 6 6 3 9 . , 4 5 9 6 6 3 9 . . 4 5 9 0 
5 1 4 5 0 5 9 / 2 9 / 2 6 6 3 9 , . 1 1 7 6 6 3 9 . . 1 1 7 0 
5 1 4 5 0 5 7 / 2 7 / 2 6 6 3 7 . . 9 5 9 6 6 3 7 . . 9 6 2 - 3 

5 2 4 4 1 3 1 3 / 2 1 1 / 2 3 0 3 9 0 . . 7 5 5 3 0 3 9 0 . . 7 5 7 - 2 
5 2 4 4 1 3 1 1 / 2 9 / 2 3 0 3 9 4 . , 3 4 2 3 0 3 9 4 . , 3 4 0 2 
5 2 4 4 1 3 9 / 2 7 / 2 3 0 3 9 2 . . 2 8 9 3 0 3 9 2 . . 2 9 1 - 2 
5 2 4 4 1 3 7 / 2 5 / 2 3 0 3 9 1 . , 9 0 9 3 0 3 9 1 . , 9 2 2 - 1 2 

6 3 4 6 2 5 1 5 / 2 1 5 / 2 2 4 3 8 3 . . 9 5 7 2 4 3 8 3 . . 9 5 3 3 
6 3 4 6 2 5 1 3 / 2 1 3 / 2 2 4 3 8 7 . . 7 6 2 2 4 3 8 7 . , 7 7 1 - 1 0 
6 3 4 6 2 5 1 1 / 2 1 1 / 2 2 4 3 8 6 . . 9 1 0 2 4 3 8 6 . . 9 1 1 - 1 
6 3 4 6 2 5 9 / 2 9 / 2 2 4 3 8 3 . . 0 0 1 2 4 3 8 3 . . 0 0 6 - 5 

7 1 6 7 1 7 1 7 / 2 1 7 / 2 5 9 2 8 . . 0 4 2 5 9 2 8 . . 0 3 0 1 2 
7 1 6 7 1 7 1 5 / 2 1 5 / 2 5 9 2 8 . . 2 5 2 5 9 2 8 . . 2 4 4 8 
7 1 6 7 1 7 1 3 / 2 1 3 / 2 5 9 2 8 . . 1 9 0 5 9 2 8 . . 1 9 6 - 5 
7 1 6 7 1 7 1 1 / 2 1 1 / 2 5 9 2 7 . . 9 7 4 5 9 2 7 . . 9 8 6 - 1 2 

7 3 4 6 3 3 1 7 / 2 1 5 / 2 2 3 7 3 2 , . 2 2 9 2 3 7 3 2 . . 2 2 6 3 
7 3 4 6 3 3 1 5 / 2 1 3 / 2 2 3 7 2 9 . . 9 4 9 2 3 7 2 9 . . 9 4 2 7 
7 3 4 6 3 3 1 3 / 2 1 1 / 2 2 3 7 3 0 , . 7 5 8 2 3 7 3 0 . . 7 5 0 8 
7 3 4 6 3 3 1 1 / 2 9 / 2 2 3 7 3 1 , . 8 6 7 2 3 7 3 1 . . 8 7 0 - 2 

8 2 6 7 2 5 1 9 / 2 1 7 / 2 2 7 4 9 1 . 6 9 1 2 7 4 9 1 , . 6 9 6 - 4 
8 2 6 7 2 5 1 7 / 2 1 5 / 2 2 7 4 9 0 , . 5 8 9 2 7 4 9 0 . . 5 9 6 - 6 
8 2 6 7 2 5 1 5 / 2 1 3 / 2 2 7 4 9 1 . 0 1 4 2 7 4 9 1 . 0 2 0 - 6 
8 2 6 7 2 5 1 3 / 2 1 1 / 2 2 7 4 9 0 , . 9 5 3 2 7 4 9 0 . . 9 6 0 - 7 

8 2 7 7 2 6 1 9 / 2 1 7 / 2 2 6 9 5 9 . 0 4 1 2 6 9 5 9 . 0 4 5 - 3 
8 2 7 7 2 6 1 7 / 2 1 5 / 2 2 6 9 5 8 . 5 8 3 2 6 9 5 8 . 5 8 5 - 2 
8 2 7 7 2 6 1 5 / 2 1 3 / 2 2 6 9 5 8 . 4 1 2 2 6 9 5 8 . 4 1 8 - 6 
8 2 7 7 2 6 1 3 / 2 1 1 / 2 2 6 9 5 8 . 9 9 2 2 6 9 5 8 . 9 9 8 - 6 

8 3 5 8 2 6 1 9 / 2 1 9 / 2 2 3 3 2 4 . 9 1 2 2 3 3 2 4 . 9 0 5 7 
8 3 5 8 2 6 1 7 / 2 1 7 / 2 2 3 3 2 7 . 1 6 8 2 3 3 2 7 . 1 6 9 - 1 
8 3 5 8 2 6 1 5 / 2 1 5 / 2 2 3 3 2 6 . 7 7 8 2 3 3 2 6 . 7 7 1 6 
8 3 5 8 2 6 1 3 / 2 1 3 / 2 2 3 3 2 4 . 4 8 7 2 3 3 2 4 . 4 8 3 4 

9 1 8 9 0 9 2 1 / 2 2 1 / 2 1 1 1 3 9 , . 0 0 7 1 1 1 3 9 . . 0 0 6 1 
9 1 8 9 0 9 1 9 / 2 1 9 / 2 1 1 1 3 9 . . 4 5 4 1 1 1 3 9 . . 4 4 9 5 
9 1 8 9 0 9 1 7 / 2 1 7 / 2 1 1 1 3 9 , . 3 7 4 1 1 1 3 9 . . 3 7 4 0 
9 1 8 9 0 9 1 5 / 2 1 5 / 2 1 1 1 3 8 . . 9 3 4 1 1 1 3 8 . , 9 3 7 - 3 

9 2 7 9 1 ( 5 2 1 / 2 2 1 / 2 1 2 1 5 9 . . 3 6 1 1 2 1 5 9 , . 3 6 0 1 
9 2 7 9 1 f I 1 9 / 2 1 9 / 2 1 2 1 6 0 . . 2 8 2 1 2 1 6 0 . . 2 8 1 1 
9 2 7 9 1 f i 1 7 / 2 1 7 / 2 1 2 1 6 0 . . 1 3 4 1 2 1 6 0 . . 1 3 1 3 
9 2 7 9 1 f 5 1 5 / 2 1 5 / 2 1 2 1 5 9 . . 2 1 2 1 2 1 5 9 . . 2 1 7 - 5 
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Table 2 (continued) 

J ' K ' _K + J K _K + F 1 F v o b s / 

[MHz] 

v c a l c ^ 

[MHz] 

A v / 

[ k H z ] 

J ' K_ 'K + J K _K + F ' F v o b s / 

[MHz] 

v c a l c / 

[MHz] 

A v / 

[ k H z ] 

9 4 6 8 4 5 2 1 / 2 1 9 / 2 3 0 4 8 9 . 6 5 6 3 0 4 8 9 . 6 5 4 2 10 4 6 10 3 7 2 3 / 2 2 3 / 2 3 3 6 2 6 . 3 6 9 3 3 6 2 6 . , 3 6 7 2 
9 4 6 8 4 5 1 9 / 2 1 7 / 2 3 0 4 8 9 . 4 6 9 3 0 4 8 9 . 4 6 8 1 10 4 6 10 3 7 2 1 / 2 2 1 / 2 3 3 6 2 8 . 3 0 8 3 3 6 2 8 . 3 2 0 - 1 2 
9 4 6 8 4 5 1 7 / 2 1 5 / 2 3 0 4 8 8 . 6 1 2 3 0 4 8 8 . 6 1 3 - 1 10 4 6 10 3 7 1 9 / 2 1 9 / 2 3 3 6 2 8 . 1 2 3 3 3 6 2 8 . . 1 3 9 - 1 5 
9 4 6 8 4 5 1 5 / 2 1 3 / 2 3 0 4 9 1 . 1 0 6 3 0 4 9 1 . 1 0 8 - 2 10 4 6 10 3 7 1 7 / 2 1 7 / 2 3 3 6 2 5 . 9 2 8 3 3 6 2 5 . . 9 2 2 6 

10 3 7 9 3 6 2 3 / 2 2 1 / 2 3 4 0 1 9 . 5 4 2 3 4 0 1 9 . 5 3 9 3 1 0 4 7 10 3 8 2 3 / 2 2 3 / 2 3 3 8 5 9 . 1 5 6 3 3 8 5 9 . . 1 5 0 6 
10 3 7 9 3 6 2 1 / 2 1 9 / 2 3 4 0 1 9 . 0 8 4 3 4 0 1 9 . 0 8 2 1 10 4 7 10 3 8 2 1 / 2 2 1 / 2 3 3 8 5 9 . 9 4 2 3 3 8 5 9 . , 9 3 1 11 
10 3 7 9 3 6 1 9 / 2 1 7 / 2 3 4 0 1 8 . 9 1 3 3 4 0 1 8 . 9 1 8 - 5 1 0 4 7 10 3 8 1 9 / 2 1 9 / 2 3 3 8 6 0 . 8 8 8 3 3 8 6 0 . . 8 7 7 1 1 
10 3 7 9 3 6 1 7 / 2 1 5 / 2 3 4 0 1 9 . 6 6 8 3 4 0 1 9 . 6 6 8 0 10 4 7 10 3 8 1 7 / 2 1 7 / 2 3 3 8 5 7 . 8 0 4 3 3 8 5 7 . . 8 1 5 - 1 1 

10 3 8 9 3 7 2 3 / 2 2 1 / 2 3 3 9 1 0 . 0 1 8 3 3 9 1 0 . 0 1 3 5 1 1 5 6 10 5 5 2 5 / 2 2 3 / 2 3 7 2 6 2 . 2 7 1 3 7 2 6 2 . . 2 7 5 - 4 
10 3 8 9 3 7 2 1 / 2 1 9 / 2 3 3 9 1 0 . 7 2 2 3 3 9 1 0 . 7 1 8 4 1 1 5 6 10 5 5 2 3 / 2 2 1 / 2 3 7 2 6 1 . 0 2 7 3 7 2 6 1 . , 0 3 8 - 1 1 
10 3 8 9 3 7 1 9 / 2 1 7 / 2 3 3 9 0 9 . 4 3 1 3 3 9 0 9 . 4 2 8 3 1 1 5 6 10 5 5 2 1 / 2 1 9 / 2 3 7 2 6 1 . 1 5 9 3 7 2 6 1 . . 1 6 5 - 5 
10 3 8 9 3 7 1 7 / 2 1 5 / 2 3 3 9 1 1 . 0 3 7 3 3 9 1 1 . 0 3 3 3 1 1 5 6 10 5 5 1 9 / 2 1 7 / 2 3 7 2 6 2 . 3 7 5 3 7 2 6 2 . . 3 8 5 - 1 0 

10 4 6 9 4 5 2 3 / 2 2 1 / 2 3 3 8 9 6 . 6 3 6 3 3 8 9 6 . , 6 3 7 - 1 1 1 5 7 10 5 6 2 5 / 2 2 3 / 2 3 7 2 6 2 . 0 9 4 3 7 2 6 2 . . 0 8 6 8 
10 4 6 9 4 5 2 1 / 2 1 9 / 2 3 3 8 9 5 . 4 6 9 3 3 8 9 5 . 4 7 0 - 1 1 1 5 7 10 5 6 2 3 / 2 2 1 / 2 3 7 2 6 0 . 8 5 7 3 7 2 6 0 . . 8 4 9 7 
10 4 6 9 4 5 1 9 / 2 1 7 / 2 3 3 8 9 5 . 6 7 6 3 3 8 9 5 . , 6 7 9 - 3 1 1 5 7 10 5 6 2 1 / 2 1 9 / 2 3 7 2 6 0 . 9 8 3 3 7 2 6 0 . . 9 7 6 7 
10 4 6 9 4 5 1 7 / 2 1 5 / 2 3 3 8 9 6 . 5 8 0 3 3 8 9 6 . 5 8 8 - 8 1 1 5 7 10 5 6 1 9 / 2 1 7 / 2 3 7 2 6 2 . 2 0 3 3 7 2 6 2 . . 1 9 6 7 

10 4 7 9 4 6 2 3 / 2 2 1 / 2 3 3 8 9 3 . 6 2 0 3 3 8 9 3 . . 6 2 0 0 1 1 6 5 10 6 4 2 5 / 2 2 3 / 2 3 7 2 4 1 . 4 5 4 3 7 2 4 1 . 4 5 3 1 
10 4 7 9 4 6 2 1 / 2 1 9 / 2 3 3 8 9 1 . 3 3 0 3 3 8 9 1 . , 3 2 9 1 1 1 6 5 10 6 4 2 3 / 2 2 1 / 2 3 7 2 3 9 . 6 8 3 3 7 2 3 9 . 6 8 2 1 
10 4 7 9 4 6 1 9 / 2 1 7 / 2 3 3 8 9 2 . . 4 0 2 3 3 8 9 2 . . 3 9 7 5 1 1 6 5 10 6 4 2 1 / 2 1 9 / 2 3 7 2 3 9 . 9 1 7 3 7 2 3 9 . 9 1 3 4 
10 4 7 9 4 6 1 7 / 2 1 5 / 2 3 3 8 9 2 . 4 2 0 3 3 8 9 2 . . 4 1 5 5 1 1 6 5 10 6 4 1 9 / 2 1 7 / 2 3 7 2 4 1 . 6 8 2 3 7 2 4 1 . 6 8 1 1 

10 7 3 9 7 2 2 3 / 2 2 1 / 2 3 3 8 4 0 . . 0 9 8 3 3 8 4 0 . , 0 9 4 4 1 1 7 4 10 7 3 2 5 / 2 2 3 / 2 3 7 2 2 9 . 0 6 8 3 7 2 2 9 , . 0 5 9 9 
10 7 3 9 7 2 2 1 / 2 1 9 / 2 3 3 8 3 6 . 8 9 4 3 3 8 3 6 . 8 8 2 1 2 1 1 7 4 10 7 3 2 3 / 2 2 1 / 2 3 7 2 2 6 . 6 5 7 3 7 2 2 6 . . 6 4 9 8 
10 7 3 9 7 2 1 9 / 2 1 7 / 2 3 3 8 3 7 . . 4 4 5 3 3 8 3 7 . , 4 5 2 - 7 1 1 7 4 10 7 3 2 1 / 2 1 9 / 2 3 7 2 2 7 . 0 1 4 3 7 2 2 7 , . 0 1 3 1 
10 7 3 9 7 2 1 7 / 2 1 5 / 2 3 3 8 4 0 . 6 5 8 3 3 8 4 0 . , 6 6 2 - 4 1 1 7 4 10 7 3 1 9 / 2 1 7 / 2 3 7 2 2 9 . 4 2 5 3 7 2 2 9 . . 4 2 0 5 

10 8 2 9 8 1 2 3 / 2 2 1 / 2 3 3 8 3 4 . . 0 3 5 3 3 8 3 4 . . 0 4 8 - 1 3 
10 8 2 9 8 1 2 1 / 2 1 9 / 2 3 3 8 2 9 . 8 3 3 3 3 8 2 9 . 8 5 4 - 2 2 
10 8 2 9 8 1 1 9 / 2 1 7 / 2 3 3 8 3 0 . , 6 6 3 3 3 8 3 0 . . 6 5 0 1 3 
10 8 2 9 8 1 1 7 / 2 1 5 / 2 3 3 8 3 4 . . 8 3 6 3 3 8 3 4 . . 8 4 4 - 7 

energy differences. Transitions to all of these energy 
levels were observed. A complete list of all measured 
transi t ion frequencies and a shortened schedule of 
double-resonance combinat ions used for the con-
f irmation of the assignment are given in Table 2. 

The rotational . Van Eijcks fourth order centrifugal 
distortion, as well as the quadrupo le coupling 
constants including one off-diagonal element were 
evaluated in a one-step procedure with our p rogram 
H F S . F O R . The program calculates the eigenvalues of 
the asymmetric top considering one coupling nucleus; 
it is described in detail in [9, 10]. The Hami l ton ian is 
given in [11], the corresponding matr ix elements are 
given in [12]. The energy matrix is set up in the 
coupled basis \ J K I F M f ) in F-blocks in order of J 
and is then fully diagonalised. Table 3 contains the 
results of this analysis. 

Shortened list of double-resonance combinations used for 
the confirmation of the assignment (excluded from the fit). 

Singal transition Band Pump transition Band 

J' K'_ J J' 
4 3 1 3 3 0 Ku 3 3 0 2 2 1 V 
4 1 3 3 1 2 Ku 5 2 4 4 1 3 V 
5 1 5 4 0 4 K 4 0 4 3 1 3 X 
3 2 2 2 1 1 K 3 1 2 2 1 1 X 
3 2 1 2 1 2 K 3 2 1 2 2 0 X 
7 3 4 6 3 3 K 6 4 3 7 3 4 X 
8 3 5 8 2 6 K 8 2 6 8 1 7 X 
6 4 3 5 4 2 K 6 4 3 7 3 4 X 
7 3 4 7 2 5 K 6 4 3 7 3 4 X 
6 3 4 6 2 5 K 7 1 6 6 2 5 X 
9 3 6 9 2 7 K 9 2 7 9 1 8 X 
7 4 4 6 4 3 K 6 4 3 7 3 4 X 
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Table 3. Rotational, Van Eijck's fourth order centrifugal distortion and quadrupole coupling constants of cis-cyclopropyl 
carbonyl chloride-(35Cl). A /"^-representation is used in the fit. The correlation matrix is given on the right side of the table. 
Numbers in parentheses represent single standard errors in units of last quoted digit. 

A B C DJ Djk Dk «6 X + X 

A 6542.01009(60) MHz 1.0 
B 1796.68887(18) MHz -0 .01 1.0 
C 1583.89270(17) MHz -0 .14 -0 .03 1.0 
Dj 0.23249(77) kHz -0 .13 0.54 0.63 1.0 
DJK 2.1645(27) kHz 0.08 -0 .03 -0 .12 -0 .55 1.0 
Dk 3.406(34) kHz 0.85 -0 .11 -0 .20 -0 .07 -0 .26 1.0 
h 
«6 

0.02161 (83) kHz 0.11 0.70 -0 .67 -0 .06 0.07 0.09 1.0-h 
«6 0.03578(31) kHz -0 .19 0.02 0.08 0.06 0.02 -0 .20 - 0 . 1 0 1.0 

43.2413(91) MHz -0 .06 -0 .02 -0.0.1 -0 .02 0.01 -0 .05 -0 .01 0.01 1.0 
1 -0.837(13) MHz -0 .01 -0 .06 0.02 -0 .02 -0 .00 -0 .01 -0 .05 0.00 -0 .01 1.0 
\Xab\ 37.301(18) MHz -0 .09 0.29 -0 .11 0.15 -0 .07 -0 .11 0.26 0.09 0.06 0.00 

Standard deviation: 7 kHz 
Fitted parameters: 11 
Used number of hyperfine 
components for the fit: 162 

Quadrupole coupling constants with respect to the principal 
axes system of inertia: 

XAA = —43.2413(91) MHz 
X h h = 21.202(11) MHz 
XCC = 22.039(11) MHz 
Xflh= 37.301(18) MHz 

| ot | = 
y*z z 
Y.XX 

/vy 

24.589(8)° 
60.311(19) MHz 
38.271(21) MHz 
22.039(18) MHz 

Table 4. Quadrupole coupling 
constants with respect to the 
principal axes system of the 
quadrupole coupling tensor. 

Table 4 contains the values of a, Xz and 

The Transformation of the Quadrupole Coupling 
Tensor in its System of Principal Axes 

The quadrupo le coupl ing constants given in Table 3 
are related to the principal axes of inertia. Because of 
the a, b-symmetry of cyclopropyl carbonyl chloride 
the tensor x may be writ ten in the form: 

Z = 

Y-aa 

Xba 
0 

Xab 

Xbb 
0 

With Xab = Xba- (1) 

The tensor x m a y be t ransformed into its principal 
axes system by an o r thogona l t ransformat ion [13]. 
This principle axes system is illustrated by Figure 1. 
a denotes the angle between the a- (system of inertia) 
and the z-axis (principal axes system of x)-

Xyy — Xcc- The errors of all constants were determined 
by a Gauss ian error p ropaga t ion (correlations be-
tween the constants are not included). As Table 4 
shows they are very small. Moreover , there is no infor-
mat ion about the sign of a. Only an isotopic substi tu-
tion of the tertiary hydrogen with deuter ium would 
lead to this informat ion but it is difficult to prepare 
such a molecule. F o r this reason Fig. 1 is simplified 
because of the omission of the second (but ra ther less 
probable) or ientat ion of the x, y, z-coordinate system. 
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