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The vibrational ground state microwave spectrum of cyclopropyl isocyanate was investigated in 
the region from 8.4 to 40 GHz by microwave Fourier transform (MWFT) spectroscopy. The quadru-
pole hyperfine structure was resolved and assigned. The quadrupole coupling constants are given. 
With respect to the data given in the literature up to now, this work led to a more profound 
description of the pure rotational spectrum. Furthermore, some interesting and surprising results 
concerning the effect of centrifugal distortion are presented. Compared to hitherto existing investi-
gations, these results indicate a more complicated conformational behaviour of cyclopropyl iso-
cyanate. 

Introduction 

The first investigations of cyclopropyl isocyanate in 
1988 by microwave, infrared and R a m a n spectroscopy 
were carried out by Durig, Berry and Wurrey [1]. They 
presented da ta about the conformat ional stability, 
structure, dipole moment , as well as the vibrat ional 
assignment of cyclopropyl isocyanate. F r o m k n o w n 
structural parameters of cyclopropyl isothiocyanate 
[2], Dur ig et al. evaluated sets of ro ta t iona l cons tan ts 
for various assumed conformers and compared them 
with the rotat ional constants obta ined from the as-
signment of the microwave spectrum in the region 
f rom 18.5 to 40 GHz . The eis and t rans conformat ion 
corresponded best with the observed values. 

The results of our reinvestigation, and in par t icular 
the failure of the centrifugal dis tor t ion analysis, in-
dicate a more complicated conformat ional behaviour 
of cyclopropyl isocyanate. Especially, there are some 
doubts about the existence of a eis conformat ion . 
Thus, the expression "eis" is set in quo ta t ion marks in 
this paper. 

Another impor tan t item concerning this investiga-
tion is the resolution and assignment of the q u a d r u -
pole hyperfine s tructure of the spect rum of cyclo-
propyl isocyanate since no quadrupo le coupling con-
stants were determined up to now. 

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

Experimental Methods 

Cyclopropyl isocyanate was prepared according to 
a method of Kricheldorf and Regel [3, 4] by a two-step 
procedure. In the first step dichloro diphenyl silane 1 
(Aldrich) reacts with sodium azide in quinol ine to 
yield diphenyl diazido silane 2: 

(C 6 H s ) 2 SiCl 2 + 2 N a N 3 

' 2 NaCl + (C 6 H 5 ) 2 Si (N 3 ) 2 . 

2 

The solvent was dried with calcium hydride for abou t 
two hours to remove traces of water. Cyclopropyl 
isocyanate 4 is formed by a reaction according to 
Curt ius of cyclopropyl carbonyl chloride 3 (Aldrich) 
with the intermediate product 2: 

( C 6 H 5 ) 2 S i ( N 3 ) 2 + 2 C 4 H 5 O C l 

2 3 
80 °C 

— — 2 C 3 H 5 N C O + 2 N 2 + ( C 6 H 5 ) 2 S i C l 2 . 30 min i v o j / ^ z. 

4 1 

The product 4 was purified under vacuum in a fract ion 
column. The purity was checked by N M R and gas-
chromatography. N o impurities were found with these 
methods. Cyclopropyl isocyanate is a colourless liquid 
(b.p.: 7 8 - 7 9 °C). The substance can immediately be 
identified by its irritating effect and provocat ion of 
lacrimation. The compound is sensitive to traces of 
water and was stored in a sample tube at — 178 °C (liq. 
nitrogen). 
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The investigations of cyclopropyl isocyanate were 
carried out with our s tandard microwave Fourier 
t ransform spectrometers combined with double-reso-
nance techniques in the region from 8.4 to 40 G H z 
[5-9] , Sample pressures in the waveguide spectrome-
ters were often < 0 . 3 mTorr ( < 0 . 0 4 Pa) and tempera-
tures were abou t —50 °C. 

The t ransi t ion frequencies of the multiplet compo-
nents were evaluated by a least squares fit of the time 
domain signal [10] to avoid overlapping effects. 

In addi t ion, some results were obtained with a 
beam spectrometer described in [11]. Fo r the mea-
surements we used argon containing ca. 1% cyclo-
propyl isocyanate at a s tagnat ion pressure of 380 Torr 
(5 • 104 Pa). 

Results and Analysis 

Figure 1 shows the conformers trans and eis cyclo-
propyl isocyanate in their principal axes system. The 
nota t ion cis/ trans characterizes the relative orienta-
tion of the cyclopropyl f rame and the N = C = 0 
g roup with respect to the N —C bond. The trans con-
former possesses an a, c-, the eis conformer an a, b-
plane of symmetry. Furthermore, the polar N C O group 
lies approximately in the direction of the ü-axis. Thus, 
a-type t ransi t ions should be the most intense ones in 
the microwave spectrum. The remaining components 

(trans) and pih ("eis") are expected to be smaller, 
whereas the (trans) and ("eis") components are 
zero because of symmetry properties. The microwave 
investigation of Durig et al. leads to the dipole 
moments : = 2.56(2) D, ^ = 0.71 (3) D, pb = 0 D for 
the trans and na = 2.120(4) D, ^ = 0.17(1) D, pc = 0 D 
for the "eis" isomer. 

; b : b 

trans eis 
Fig. 1. Schematic diagram of trans and eis cyclopropyl iso-
cyanate in their principal axes system. The molecular struc-
ture is take from the data in [1]. 

Fo r the reason of intensity we tried to resolve and 
assign the quadrupo le hyperfine structure of the 
a-type spectrum. We started with the t rans conformer 
and obta ined the quadrupo le coupling constants 
Z + = ("Abb + Zee) by an iterative measurement and fit 
procedure of R-branch series with low J. y~ = 
(Zbb — Zcc) w a s n o t accessible, the observed transit ions 
being nearly independent of this constant . Thus, we 
a t tempted to measure c-type transitions. Because of 
the large uncertainty of the rotat ional constant A [1], 
we used double-resonance techniques with the p u m p / 
signal combina t ion in the V/Ku band. We found the 
Q-b ranch series J u - J 0 j with J = 3 to J = 12, which 
enabled us to gradually evaluate the A and y~ con-
stants. Subsequently, the value of x~ was refined by 
measurements of the J'-J = 3-2 t ransit ions with a 
beam spectrometer using its high capability for resolu-
tion and sensitivity. 

The investigation of the "eis" conformer was more 
difficult. At the beginning, no consistent assignment of 
the quad rupo le hyperfine structure, even for the a-type 
spectrum, was possible. The A constant was not well 
determined by Durig et al., and there were no suitable 
double-resonance combina t ions which could simplify 
the search for the b-type transitions. After some un-
successful a t tempts with conventional cont inuous-
wave Stark modula t ion techniques and cont inuous-
wave double-resonance methods in the K u / K band 
(pump/signal) we refrained from measurements of 
b-type t ransi t ions and evaluation of the A constant . 
An explanat ion of this unsuccessful experimental 
result may be the lower theoretical line strength in 
compar ison with a-type transit ions (factor: %260). 

Moreover , it was not possible to observe any transi-
tions of "eis" cyclopropyl isocyanate in the beam spec-
trometer. Thus , the t rans must be more stable than the 
"eis" conformat ion . This corresponds with the data of 
Durig et al. The impossibility of the observation of 
"cis"-transitions in a beam spectrometer leads to an-
other fact: dur ing the shor t time of cooling down in 
the molecular beam, the majori ty of the "cis-mole-
cules" is apparent ly t ransformed into the trans confor-
mation. Thus , the energy barrier should be low be-
tween the two conformat iona l states. 

O n account of the above mentioned difficulties of 
the "eis" conformer we measured a- type R-branch 
J-series (JK K+-(J — 1)K K + ) for the "eis" (J = 5, 6, 7, 
8, 9) and t rans (J = 8. 9, 10, 11) isomer in the K and V 
band. We started for each J value with the 0 
transition, then searched for the = 1 lines and so 
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on. The transit ions were assigned by means of their 
quadrupole hyperfine splittings. This is co r robora ted 
by Fig. 2 representing the = 3 transit ions for J = 7, 
8, 9. The quadrupole hyperfine s tructure is not resolv-
able for K_ = 0 , 1 transitions. In general, the splitting 
of the = 2 transitions can be observed, but they are 
very small. Therefore, the ext rapola t ion to larger split-
tings could lead to uncertainties and incorrect assign-
ments. Fo r this reason the typical pa t te rn of the 
K_ = 3 lines (Fig. 2) is of par t icular impor tance for this 
investigation. The 3 lines are characterized by a 
small K-double t splitting combined with a sufficient 
quadrupole hyperfine split t ing ensuring a correct 
extrapolat ion. A compar ison of Figs. 2 a, 2 b, and 2 c 
indicates that according to theory the asymmetry 
splitting increases and the quadrupo le splitting de-
creases with increasing J value. F o r all measured t ran-
sitions a consistent assignment with respect to the fit 
of the quadrupo le coupling constants could be evalu-
ated in combinat ion with double-resonance tech-
niques. 

Table 1 contains the evaluated values of the 
quadrupole coupling cons tan ts for t rans and "eis" 
cyclopropyl isocyanate. 

Carrying out the measurement procedure by fol-
lowing increasing as described above, we obta ined 
a very surprising result. The frequencies of the K_— 0, 
1, 2 transitions correspond (within the s tandard error) 
with the prediction of the spect rum including centrifu-
gal distort ion effects. The frequencies of the lines with 

Table 1. Quadrupole coupling constants of trans and "eis" 
cyclopropyl isocyanate. Numbers in parentheses represent 
single standard errors in units of the last quoted digit. 

trans cyclopropyl isocyanate Correlation matrix 

r 

= -2.6306(26) MHz 
= —0.1372(36) MHz 

1.00 
0.07 1.00 

Standard deviation 
of the fit: 3 kHz 

* f l f l= 2.6306(26) 
X b b=-1.3839(31) 
Zcc = -1.2467(31) 

"eis" cyclopropyl isocyanate Correlation matrix 

X + X~ 

X+ — —2.5647(49) MHz 
x ~ = 0.440 (10) MHz 

1.00 
0.00 1.00 

Standard deviation 
of the fit: 5 kHz 

XAA = 2.5647(49) 
X b b=-1.0624(75) 
Zcc = -1.5022(75) 

rel. intensity 
100 % 

50 7. -

0 % t [HHI] 

30044.5 30045.5 30046.5 30047.5 30048.5 

a) 

rel. intensity 
100 7. 

50 % 

8 3 6 " 735 8 35 ~ 7 3 4 
I 1 

0 % 

b) 

[KHz] 

34340 34341 34342 34343 34344 

rel. intensity 
100 7.--

50 7. 

0 7. ^ 

®38 ~®35 

38635 38636 38637 38638 38639 

C) 

Fig. 2a -c . The K_= 3 transition for J = 7, 8, 9. The K_= 3 
transitions are characterized by a small K-doublet splitting 
in combination with a quadrupole hyperfine splitting. This 
typical pattern was important for the confirmation of 
the assignment, a) Transitions 7 3 5 - 6 3 4 and 7 3 4 - 6 3 3 (and 
7 4 3 -6 4 2 ) : 0.2 mTorr, — 50 °C, polarisation frequency: 
30 048.5 MHz, sample interval: 10 ns, 1024 data points sup-
plemented by 3072 zeros before Fourier transformation, 
76 800 k experiment cycles (1 k = 1024). b) Transitions 
8 3 6 - 7 3 5 and 8 3 5 - 7 3 4 : 0.2 mTorr, — 50 °C, polarisation fre-
queny: 34 343 MHz, sample interval: 10 ns, 1024 data points 
supplemented by 3072 zeros before Fourier transformation, 
45 440 k experiment cycles, c) Transitions 9 3 7 - 8 3 6 and 
9 3 6 - 8 3 5 : 0.2 mTorr, — 50 °C, polarisation frequency: 
38 637 MHz, sample interval: 10 ns, 1024 data points supple-
mented by 3072 zeros before Fourier transformation, 
16 600 k experiment cycles. 
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K_>2 showed considerable deviations f rom the pre-
diction depending on the value of K_ . In general, the 
deviat ions increase with but there are also some 
differences in the K_ -dependence of the deviations for 
the t rans and "eis" conformer. Figures 3 a and 3 b 
present the dependence of the deviation Av (difference 
between the calculated central frequency and the ob-

^/MHz 
A 

20 -

16 -

12 -

J=l l 

M l 
J=10 

+ J=9 

fit 

J=10 

0 1 2 

a) 

^/MHz 

10 -

H 1 1 < 1 1 1 \ 

3 4 5 6 7 8 9 10 

K 

4 -

2 -

0 - - -
— \ 1— 

fit 
J=ll 
J=10 
J=9 v : -

b) K 
Fig. 3a and b. Deviations Av from a fit using Van Eijck's 
centrifugal distortion Hamiltonian for trans cyclopropyl iso-
cyanate. The deviations strongly depend on the angular mo-
mentum projection quantum number K_ (in this figure only 
presented for J = 9. 10, 11). Table 3 contains the evaluated 
spectroscopic constants for the different fits, a) Deviations 
from a fourth order centrifugal distortion fit. Transitions with 
K _ > 3 are weighted with the factor 1/1000 in the fit. This is 
indicated by the arrow j. b) Deviations from a sixth order 
centrifugal distortion fit. Transitions with K_> 6 are 
weighted with the factor 1/1000 in the fit. This is indicated by 
the arrow j. In comparison to a), the axis concerning Av is 
spread by the factor 2. 

served value) on the q u a n t u m number K_ for different 
J values for the t rans conformer . Figure 3 a is based on 
a fit using Van Eijck's fourth order centrifugal distor-
tion Hamil tonian , Fig. 3 b implies terms of Van Eijck's 
sixth order Hami l tonian . In Fig. 3 a transitions with 
K_> 3 are weighted with the factor 1/1000 in the fit 
(which actually means : excluded f rom the fit) to get an 
acceptable s t anda rd deviation for the fit. This is indi-
cated by the a r row [ in the picture. Figure 3 a shows 
that the deviation Av gets large with increasing K_ (e.g. 
for /C_ = 10: Av = 22 MHz) but in a way indicating a 
functional continuity. Av is extremely decreased by 
considerat ion of the sixth order centrifugal distort ion 
Hamil tonian (the zlv-axis is spread by the factor 2 in 
Figure 3 b). In addi t ion, it is possible to consider a 
greater number of transit ions in the fit. Transit ions 
with K_>6 are still weighted with the factor 1/1000. 
Hopefully, an eighth order centrifugal distort ion 
Hamil tonian will eliminate the remaining deviations. 

Table 2 conta ins all measured transi t ion frequencies 
of the t rans conformer including the quadrupole 
hyperfine structure, the (hypothetical) central fre-
quency v0 and the calculated central frequencies re-
sulting from a four th (4Vq) and sixth (̂ Vq) order centri-
fugal distort ion fit. The evaluated sets of the rota t ional 
as well as Van Eijck's centrifugal distort ion constants 
for the different fit procedures (according to Figs. 3 a 
and 3 b) are given in Table 3. 

The deviations f rom a Van Eijck fourth order cen-
trifugal dis tor t ion fit for the "eis" isomer is illustrated 
by Figure 4. The fit includes all measured transit ion 
frequencies for values up to K_ = 2 . The relatively 

- to/MHz 

3 

0 

- -3 

- 6 -

0 2 
K. 

Fig. 4. Deviations Av from a fourth order centrifugal distor-
tion fit in dependence on K_ for "eis" cyclopropyl iso-
cyanate. Transitions with K >2 are weighted by the factor 
1/100. This is indicated by the arrow j. 
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Table 2. Measured transition frequencies vobs of trans cyclopropyl isocyanate including the quadrupole hyperfine splitting. 
The hyperfine components are characterized by their overall angular momentum quantum number F-F'. <5HFS: quadrupole 
hyperfine splitting referred to the strongest component. « : not resolvable hyperfine components, n.r. not resolvable quadru-
pole hyperfine structure of the transition. ^(<5HFS): deviation of the experimental and calculated splitting. v0: hypothetical 
unsplit ("central") line frequency calculated with the quadrupole hyperfine splitting <5HFS for each component. v0 is the 
arithmetic mean of these values. 4v0 : calculated (hypothetical) unsplit line frequencies using Van Eijck's fourth order 
centrifugal distortion Hamiltonian. This corresponds to Figure 3 a. 4zlv0 = 4v0 — v0. 6v0 : calculated (hypothetical) unsplit line 
frequencies using Van Eijck's sixth order centrifugal distortion Hamiltonian. This corresponds to Figure 3 b. 6 J v 0 = 6v0 —v0. 
In addition, see Table 3 for the conditions of the centrifugal distortion fits. In the table caption it should be: F-F'. 

J K_ K+ J'K_'K+' F'-F vQbs &„FS A(&j,fs) 4v0 

[MHz] [MHZ] [kHz] [MHz] 

J K_ K+ J 'K. 'V F'-F vobs ĤFS 0(&HFS> 4
V0 . 
6 ° 6 ° 
V a V 

[MHz] [MHZ] [kHz] [MHz] [MHz] 

3 1 3 3 0 3 4 - 4 
3 - 3 

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

1 4 9 8 7 . 4 9 1 
1 4 9 8 7 . 5 0 2 
1 4 9 8 7 . 4 8 7 

0.011 
- 0 . 0 0 4 

3 0 3 2 0 2 4 - 3 
3 - 2 
2-1 
3 - 3 

1 0 5 0 0 . 3 5 4 
1 0 5 0 0 . 3 8 4 
1 0 5 0 0 . 5 1 8 
1 0 5 0 1 . 2 3 1 

- 0 . 0 3 0 1 
- 0 . 1 6 4 - 1 
- 0 . 8 7 7 0 

1 0 5 0 0 . 3 8 6 
1 0 5 0 0 . 3 8 6 
1 0 5 0 0 . 3 8 4 

-0.000 
- 0 . 0 0 2 

4 1 4 4 0 4 5 - 5 
4 - 4 
3 - 3 

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

1 4 8 5 2 . 5 4 0 
1 4 8 5 2 . 5 5 9 
1 4 8 5 2 . 5 4 7 

0 . 0 1 9 
0 . 0 0 7 

0 8 7 0 7 2 7 9 8 3 . 9 3 8 
2 7 9 3 8 . 9 4 6 
2 7 9 3 8 . 9 3 4 

0 . 0 0 8 
- 0 . 0 0 4 

5 1 5 5 0 5 6 - 6 
4 - 4 
5 - 5 

1 4 6 8 5 . 2 2 1 
0.0 

1 4 6 8 5 . 1 0 2 0 . 1 1 9 5 

1 4 6 8 5 . 1 8 7 * ) 
1 4 6 8 5 . 1 7 8 0 . 0 0 9 9 0 9 
1 4 8 6 5 . 1 7 0 - 0 . 0 1 7 

3 1 4 7 6 . 0 0 5 
3 1 4 7 6 . 0 1 7 
3 1 4 7 5 . 9 9 9 

0 . 0 1 2 
- 0 . 0 0 6 

6 1 6 6 0 6 7 - 7 
5 - 5 
6-6 

7 1 7 7 0 7 
6-6 
7 - 7 

0 8 9 - 9 
7 - 7 

9 1 9 9 0 9 1 0 - 1 0 
8 - 8 
9 - 9 

<< 0 .0 
1 4 4 8 6 . 1 5 8 0 . 0 8 9 0 

<< 0 . 0 
1 4 2 5 6 . 6 9 2 0 . 0 7 5 2 

1 3 9 9 7 . 9 5 8 
<< 0 . 0 
1 3 9 9 7 . 9 0 1 0 . 0 5 7 - 5 

<< 0 . 0 
1 3 7 1 1 . 1 8 2 0 . 0 5 3 1 

1 4 4 8 6 . 2 2 1 
1 4 4 8 6 . 2 2 5 
1 4 4 8 6 . 2 2 2 

1 4 2 5 6 . 7 4 6 * ) 
1 4 2 5 6 . 7 4 2 
1 4 2 5 6 . 7 4 3 

1 3 9 9 7 . 9 3 8 * ) 
1 3 9 9 7 . 9 4 3 
1 3 9 9 7 . 9 4 8 

1 3 7 1 1 . 2 2 2 * ) 
1 3 7 1 1 . 2 1 5 
1 3 7 1 1 . 2 2 3 

0 . 0 0 4 
0.001 11 0 11 10 0 10 

- 0 . 0 0 4 3 1 2 2 1 1 
- 0 . 0 0 3 

0 . 0 0 5 
0 . 0 1 0 

4 - 3 
3 - 2 
3 - 3 

1 0 6 0 3 . 0 5 3 
1 0 6 0 3 . 2 8 9 
1 0 6 0 3 . 0 6 2 
1 0 6 0 3 . 7 3 2 
1 0 6 0 2 . 3 7 1 

- 0 . 0 0 9 
- 0 . 6 7 9 

- 0 . 0 0 7 
0.001 

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

3 8 4 5 3 . 6 9 8 
3 8 4 5 3 . 7 2 4 
3 8 4 5 3 . 6 9 0 

1 0 6 0 3 . 1 2 3 
1 0 6 0 3 . 1 2 0 
1 0 6 0 3 . 1 2 2 

1 0 3 9 8 . 5 7 4 
1 0 3 9 8 . 5 7 3 
1 0 3 9 8 . 5 7 5 

0.026 
- 0 . 0 0 8 

- 0 . 0 0 3 
-0.001 

-0.001 
0.001 

1 7 7 1 6 
10 1 10 10 0 10 11-11 

9 - 9 
10-10 

11 1 11 11 0 11 1 2 - 1 2 
10-10 

11-11 

12 1 12 12 0 12 1 3 - 1 3 
11-11 
1 2 - 1 2 

18 2 17 18 1 17 1 9 - 1 9 
1 7 - 1 7 
18-18 

19 2 18 19 1 18 2 0 - 2 0 
18-18 
1 9 - 1 9 

1 3 3 9 8 . 1 4 1 
<< 0.000 -
1 3 3 9 8 . 0 8 9 0 . 0 5 2 4 

<< 0.000 -
1 3 0 6 0 . 3 3 9 0 . 0 4 6 2 

<< 0.000 -
1 2 6 9 9 . 8 2 3 0 . 0 4 1 1 

<< 0.000 -
3 9 8 0 6 . 1 5 1 0 . 0 5 0 0 

3 9 1 8 0 . 8 5 9 
<< 0.000 -
3 9 1 8 0 . 8 1 3 0 . 0 4 6 - 1 

1 3 3 9 8 . 1 2 6 * ) 
1 3 3 9 8 . 1 1 6 
1 3 3 9 8 . 1 2 5 

1 3 0 6 0 . 3 6 9 * ) 
1 3 0 6 0 . 3 6 6 
1 3 0 6 0 . 3 7 4 

1 2 6 9 9 . 8 5 3 
1 3 6 9 9 . 8 4 7 
1 3 6 9 9 . 8 5 2 

3 9 8 0 6 . 1 9 1 
3 9 8 0 6 . 1 9 6 
3 9 8 0 6 . 1 9 6 

3 9 1 8 0 . 8 5 0 
3 9 1 8 0 . 8 4 9 
3 9 1 8 0 . 8 4 9 

- 0 . 0 1 0 
-0.001 

- 0 . 0 0 3 
0 . 0 0 5 

-0.006 

-0.001 

0 . 0 0 5 
0 . 0 0 5 

-0.001 
-0.001 

10 1 9 9 1 

2 8 2 7 0 . 4 1 3 
2 8 2 7 0 . 4 0 9 
2 8 2 7 0 . 4 1 6 

2 7 7 2 5 . 1 4 2 
2 7 7 2 5 . 1 4 8 
2 7 7 2 5 . 1 3 9 

3 1 8 0 2 . 6 0 6 
3 1 8 0 2 . 5 9 6 
3 1 8 0 2 . 6 0 5 

3 1 1 8 9 . 2 7 9 
3 1 1 8 9 . 2 9 0 
3 1 1 8 9 . 2 7 4 

3 5 3 3 4 . 2 1 0 
353*34 . 199 
3 5 3 3 4 . 2 1 1 

- 0 . 0 0 4 
0 . 0 0 3 

0 . 0 0 6 
- 0 . 0 0 3 

- 0 . 0 1 0 
-0.001 

0.011 
- 0 . 0 0 5 

-0.011 
0.001 

20 2 19 20 1 19 2 1 - 2 1 
1 9 - 1 9 
20-20 

21 2 20 21 1 20 22-22 

20-20 
21-21 

22 2 21 22 1 21 2 3 - 2 3 
21-21 
22-22 

23 2 22 23 1 22 2 4 - 2 4 
22-22 
2 3 - 2 3 

3 8 5 2 6 . 4 3 9 
<< 0.000 -
3 8 5 2 6 . 3 9 4 0 . 0 4 5 0 

3 7 8 4 3 . 6 7 3 
<< 0.000 -
3 7 8 4 3 . 6 3 2 0 . 0 4 1 - 2 

3 7 1 3 3 . 3 7 9 
<< 0.000 -
3 7 1 3 3 . 3 3 9 0 . 0 4 0 0 

0.000 -
0 . 0 3 8 - 1 

3 8 5 2 6 . 4 3 0 
3 8 5 2 6 . 4 2 6 
3 8 5 2 6 . 4 2 6 

3 7 8 4 3 . 6 6 4 
3 7 8 4 3 . 6 6 3 
3 7 8 4 3 . 6 6 2 

3 7 1 3 3 . 3 7 0 
3 7 1 3 3 . 3 7 0 
3 7 1 3 3 . 3 6 9 

3 6 3 9 6 . 4 3 2 
3 6 3 9 6 . 4 3 4 
3 6 3 9 6 . 4 3 6 

- 0 . 0 0 4 
- 0 . 0 0 4 

-0.001 
- 0 . 0 0 2 

0.000 
-0.001 

0 . 0 0 2 
0 . 0 0 4 

10 1 10 9 1 9 

11 1 10 10 1 9 

11 1 11 10 1 10 

4 - 3 
3 - 3 

1 0 5 0 1 . 6 2 8 - 0 . 8 4 5 0 

3 4 6 5 2 . 8 9 6 
3 4 6 5 2 . 9 1 6 
3 4 6 5 2 . 8 9 1 

3 8 8 6 5 . 1 5 7 
3 8 8 6 5 . 1 4 7 
3 8 8 6 5 . 1 6 1 

3 8 1 1 5 . 9 4 7 
3 8 1 1 5 . 9 7 4 
3 8 1 1 5 . 9 4 0 

1 0 5 0 0 . 9 7 0 
1 0 5 0 0 . 9 6 5 
1 0 5 0 0 . 9 6 9 

0.020 
- 0 . 0 0 5 

- 0 . 0 1 0 
0 . 0 0 4 

0 . 0 2 7 
- 0 . 0 0 7 

- 0 . 0 0 5 
-0.001 
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Table 2 (continued) 

J K . K+ J ' K ' K F ' - F v o b s 

[MHz] 

^HFS A ( 6 H F S ' 

[MHZ] [kHz] 

4 V ° 

V 
[MHz] 

6 * V ° 
A v o ' 

[MHz] 

J K_ K+ J ' K ' K. t- F ' - F v o b s 

[MHz] 

^HFS A ( & B F S ' 

[MHZ] [ k H z ] 

4V<> 

V 
[MHz] 

6AV0' 
[MHz] 

5 3 4 2 6 - 6 1 7 5 0 4 . 0 5 0 1 7 5 0 4 . 106 11 3 I 8 10 3 7 1 2 - 1 1 3 8 5 0 0 . 7 5 0 3 8 5 0 0 . 7 6 3 
4 - 3 < < 1 7 5 0 4 . 102 - 0 . 0 0 4 1 0 - 9 3 8 5 0 0 . 7 6 4 0 . 0 0 1 
5 - 4 1 7 5 0 4 . 2 4 0 - 0 . 1 9 0 - 2 1 7 5 0 4 . 111 0 . 0 0 5 1 1 - 1 0 3 8 5 0 0 . 7 9 0 - 0 . 0 4 0 1 3 8 5 0 0 . 7 6 8 0 . 0 0 5 

5 2 4 4 2 3 6 - 5 1 7 4 9 9 . 4 8 0 1 7 4 9 9 . 536 11 1 9 10 3 8 1 2 - 1 1 3 8 5 0 0 . . 1 3 8 3 8 5 0 0 . 1 5 3 
4 - 3 << 1 7 4 9 9 . 5 3 1 - 0 . 0 0 5 1 0 - 9 3 8 5 0 0 . 1 5 3 -0.000 
5 - 4 1 7 4 9 9 . 6 7 1 - 0 . 1 9 1 - 3 1 7 4 9 9 . 539 0 . 0 0 3 1 1 - 1 0 3 8 5 0 0 . . 1 8 0 - 0 . 0 4 2 - 1 3 8 5 0 0 . 1 5 6 0 . 0 0 3 

6 2 4 5 2 3 7 - 6 2 1 0 0 6 . 9 5 1 2 1 0 0 6 . 993 5 4 2 4 4 1 6 - 5 1 7 4 9 3 . . 9 5 9 1 7 4 9 4 . 1 3 1 
5 - 4 << 2 1 0 0 6 . 9 7 9 - 0 . 0 1 4 5 - 4 1 7 4 9 4 . . 6 6 3 - 0 . 7 0 4 5 1 7 4 9 4 . 2 6 7 0 . 1 3 6 
6 - 5 2 1 0 0 7 . 0 6 9 - 0 . 1 1 7 - 6 2 1 0 0 6 . 9 9 1 - 0 . 0 0 2 4 - 3 1 7 4 9 3 . , 7 5 2 0 . 2 0 7 - 5 1 7 4 9 4 . 1 3 1 -0.000 

6 2 5 5 2 4 7 - 6 2 0 9 9 8 . 9 5 8 2 0 9 9 8 . 9 9 2 8 4 4 7 4 3 9 - 8 2 7 9 9 1 . . 1 9 6 2 7 9 9 1 . 2 4 8 
5 - 4 << 2 0 9 9 8 . 9 8 1 -0.011 8 - 7 2 7 9 9 1 . . 3 7 4 - 0 . 1 7 8 1 2 7 9 9 1 . 4 3 2 0 . 1 8 1 
6 - 5 2 0 9 9 9 . 0 6 7 - 0 . 1 0 9 2 2 0 9 9 8 . 990 - 0 . 0 0 2 7 - 6 2 7 9 9 1 . . 1 6 6 0 . 0 2 9 9 2 7 9 9 1 . 2 4 4 - 0 . 0 0 4 

8 2 6 7 2 5 n . r . 2 8 0 1 6 . 2 9 2 9 4 5 8 4 4 9 - 8 3 1 4 9 0 . 5 5 0 3 1 4 9 0 . 4 6 3 * * ' 
2 8 0 1 6 . 274 - 0 . 0 1 8 1 0 - 9 3 1 4 9 0 . 4 2 2 0 . 1 2 9 2 3 1 4 9 0 . 6 5 8 0 . 1 9 5 
2 8 0 1 6 . 293 0.001 8 - 7 3 1 4 9 0 . 4 1 5 0 . 1 3 5 3 1 4 9 0 . 4 6 0 - 0 . 0 0 3 

8 2 7 7 2 6 n . r . 2 7 9 9 7 . . 106 10 4 6 9 4 5 1 1 - 1 0 3 4 9 8 9 . 7 5 5 3 4 9 8 9 . 7 8 9 
2 7 9 9 7 . 0 9 3 - 0 . 0 1 3 9 - 8 3 4 9 8 9 . 9 8 8 0 . 1 9 9 
2 7 9 9 7 . 105 -0.001 1 0 - 9 3 4 9 8 9 . 8 5 3 - 0 . 0 9 8 0 3 4 9 8 9 . 7 8 7 - 0 . 0 0 2 

9 2 7 8 2 6 n . r . 3 1 5 2 3 . . 0 7 1 11 4 7 10 4 6 1 2 - 1 1 3 8 4 8 9 . 209 3 8 4 8 9 . 2 3 0 
31523 . 0 5 6 - 0 . 0 1 5 1 0 - 9 3 8 4 8 9 . 4 3 5 0 . 2 0 5 
3 1 5 2 3 . 0 7 9 0 . 0 0 8 1 1 - 1 0 3 8 4 8 9 . 278 - 0 . 0 6 9 2 3 8 4 8 9 . 2 3 5 0 . 0 0 5 

9 2 8 8 2 7 n . r . 3 1 4 9 5 , . 6 8 1 8 5 3 7 5 2 8 - 7 2 7 9 8 2 . 994 2 7 9 8 2 . 7 9 8 * * ) 
3 1 4 9 5 . . 6 7 2 - 0 . 0 0 9 9 - 8 2 7 9 8 2 . 718 0 . 2 7 6 0 2 7 9 8 3 . 4 1 3 0 . 6 1 5 
31495 , . 6 8 6 0 . 0 0 5 7 - 6 2 7 9 8 2 . 6 7 8 0 . 3 1 6 - 1 2 7 9 8 3 . 7 9 1 - 0 . 0 0 7 

10 2 8 9 2 7 n . r . 3 5 0 3 1 , . 5 2 1 9 5 4 8 5 3 9 - 8 3 1 4 8 0 . . 964 3 1 4 8 0 . 8 2 7 * * ) 

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

10 2 9 9 2 8 n . r . 3 4 9 9 3 . . 8 9 1 10 5 5 9 5 4 1 0 - 9 3 4 9 7 9 . 0 0 6 3 4 9 7 8 . 9 0 7 * * ) 
3 4 9 9 3 . . 8 7 8 - 0 . 0 1 3 1 1 - 1 0 3 4 9 7 8 . . 864 0 . 1 4 2 - 2 3 4 9 7 9 . 6 1 9 0 . 7 1 2 
3 4 9 9 3 . . 8 9 4 0 . 0 0 3 9 - 8 3 4 9 7 8 . 846 0 . 1 6 0 4 3 4 9 7 8 . 8 9 9 - 0 . 0 0 8 

11 2 10 10 2 9 n . r . 38491 . 6 8 5 11 5 6 10 5 5 1 2 - 1 1 3 8 4 7 7 . . 0 2 4 3 8 4 7 7 . 0 6 2 
3 8 4 9 1 . . 669 - 0 . 0 1 6 1 0 - 9 (< 3 8 4 7 7 . 8 0 7 0 . 7 4 5 
3 8 4 9 1 . . 6 8 7 0 . 0 0 2 1 1 - 1 0 3 8 4 7 7 . . 1 3 7 - 0 . 1 1 3 - 5 3 8 4 7 7 . 0 5 2 - 0 . 0 1 0 

5 3 2 4 3 1 6 - 5 1 7 4 9 8 . 0 8 0 1 7 4 9 8 . . 1 8 9 7 6 1 6 6 0 8 - 7 2 4 4 7 5 . . 6 6 6 2 4 4 7 5 . 8 3 8 
5 - 4 1 7 4 9 8 . 4 8 7 - 0 . 4 0 7 - 2 1 7 4 9 8 . , 211 0 . 0 2 2 7 - 6 2 4 4 7 6 . 2 6 0 - 0 . 5 9 4 - 9 2 4 4 7 7 . 1 5 9 1 . 3 2 1 . 
4 - 3 1 7 4 9 7 . 9 8 0 0.100 1 1 7 4 9 8 . 1 9 2 0 . 0 0 3 6 - 5 2 4 4 7 5 . . 5 5 1 0 . 1 1 5 - 5 2 4 4 7 5 . 8 4 1 0 . 0 0 3 

8 3 5 7 3 4 9 - 8 2 7 9 9 8 . 4 3 5 2 7 9 9 8 . . 472 8 6 2 7 6 1 9 - 8 2 7 9 7 2 , . 3 5 7 2 7 9 7 2 . 4 7 0 
7 - 6 << 2 7 9 9 8 . . 4 9 1 0 . 0 1 9 8 - 7 2 7 9 7 2 , . 7 5 2 - 0 . 3 9 5 0 2 7 9 7 3 . 9 5 3 1 . 4 8 3 
8 - 7 2 7 9 9 8 . 5 4 2 - 0 . 1 0 7 1 2 7 9 9 8 . . 474 0 . 0 0 2 7 - 6 2 7 9 7 2 , . 2 9 2 0 . 0 6 5 -1 2 7 9 7 2 . 4 7 6 0 . 0 0 6 

8 3 6 7 3 5 9 - 8 2 7 9 9 8 . 3 1 8 2 7 9 9 8 . . 3 5 7 9 6 3 8 6 2 9 - 8 3 1 4 6 9 , . 3 3 7 3 1 4 6 9 . 1 4 0 * * ) 
7 - 6 << 2 7 9 9 8 . . 3 7 1 0 . 0 1 4 1 0 - 9 3 1 4 6 9 . 0 6 0 0 . 2 7 7 - 2 3 1 4 7 0 . 7 7 1 1 . 6 3 1 
8 - 7 2 7 9 9 8 . 4 2 8 - 0 . 1 1 0 - 2 2 7 9 9 8 . . 354 - 0 . 0 0 3 8 - 7 3 1 4 6 9 , . 0 2 1 0 . 3 1 6 - 1 3 1 4 6 9 . 1 4 5 0 . 0 0 5 

9 3 6 8 3 5 1 0 - 9 3 1 4 9 8 . 9 4 3 3 1 4 9 8 . . 9 6 5 11 6 5 10 6 4 1 1 - 1 0 3 8 4 6 2 . 7 0 8 3 8 4 6 2 . 6 0 0 * * ) 
8 - 7 < < 3 1 4 9 8 , , 9 8 3 0 . 0 1 8 1 2 - 1 1 3 8 4 6 2 , . 5 5 0 0 . 1 5 8 3 3 8 4 6 4 . 4 8 6 1 . 8 8 6 
9 - 8 3 1 4 9 9 . 0 1 4 - 0 . 0 7 1 3 3 1 4 9 8 . . 9 7 0 0 . 0 0 5 1 0 - 9 3 8 4 6 2 . 5 3 5 0 . 1 7 3 4 3 8 4 6 2 . 6 0 4 0 . 0 0 4 

9 3 7 8 3 6 1 0 - 9 3 1 4 9 8 . 7 2 5 3 1 4 9 8 . 7 4 6 8 7 1 7 7 0 9 - 8 2 7 9 5 9 . 7 4 2 2 7 9 5 9 . 8 9 3 
8 - 7 31498 . 7 6 3 0 . 0 1 7 8 - 7 2 7 9 6 0 . . 2 7 7 - 0 . 5 3 5 0 2 7 9 6 2 . 9 2 6 3 . 0 3 3 
9 - 8 3 1 4 9 8 . 7 9 6 - 0 . 0 7 1 3 31498 . 7 5 0 0 . 0 4 0 7 - 6 2 7 9 5 9 . 6 4 6 0 . 0 9 6 1 2 7 9 5 9 . 9 7 2 0 . 0 7 9 

10 3 7 9 3 6 1 1 - 1 0 3 4 9 9 9 . 7 0 2 34999 . 7 2 0 9 7 2 8 7 1 1 0 - 9 3 1 4 5 4 . . 8 5 3 3 1 4 5 4 . 9 6 1 
9 - 8 34999 . 7 2 8 0 . 0 0 8 9 - 8 3 1 4 5 5 . 2 3 0 - 0 . 3 7 7 2 3 1 4 5 8 . 3 1 9 3 . 3 5 8 
1 0 - 9 3 4 9 9 9 . 7 5 6 - 0 . 0 5 4 0 34999 . 7 2 3 0 . 0 0 3 8 - 7 3 1 4 5 4 . . 7 9 8 0 . 0 5 5 - 1 3 1 4 5 5 . 0 4 8 0 . 0 8 7 

10 3 8 9 3 7 1 1 - 1 0 3 4 9 9 9 . 3 2 5 34999 . 3 4 3 10 7 4 9 7 3 1 1 - 1 0 3 4 9 4 9 . 9 8 3 3 4 9 5 0 . 0 6 3 
9 - 8 34999 . 3 5 2 0 . 0 0 9 1 0 - 9 3 4 9 5 0 . 2 5 8 - 0 . 2 7 5 3 3 4 9 5 3 . 7 2 3 3 . 6 6 0 
1 0 - 9 3 4 9 9 9 . 3 7 9 - 0 . 0 5 4 0 34999 . 3 4 6 0 . 0 0 3 9 - 8 3 4 9 4 9 . 9 4 9 0 . 0 3 4 - 1 3 4 9 5 0 . 1 5 1 0 . 0 8 8 
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Table 2 (continued) 

J I . J*K _ ' K + F ' - F v o b s ^HFS ^ F S * 4 V ° 4AV c O 
S 6 A V 0 

[KHz] [MHZ] [kHz] [KHz] [KHz] 

11 7 4 10 7 3 1 2 - 1 1 3 8 4 4 5 . , 117 3 8 4 4 5 . 1 8 2 
1 1 - 1 0 3 8 4 4 5 . . 3 3 5 - 0 . , 2 1 8 - 8 3 8 4 4 9 . 1 3 8 3 . , 9 5 6 
1 0 - 9 1 8 4 4 5 . , 0 9 0 0 . 0 2 7 5 3 8 4 4 5 . 2 8 5 0 . 103 

9 8 1 8 8 0 1 0 - 9 3 1 4 3 7 . , 7 1 6 3 1 4 3 7 . 8 5 9 
9 - 8 3 1 4 3 8 . , 2 1 0 - 0 . 494 - 1 3 1 4 4 4 . 0 6 3 0 . , 6 2 0 4 
8 - 8 3 1 4 3 7 . . 6 3 9 0 . , 0 7 7 1 3 1 4 3 8 . 191 0 . , 3 3 2 

10 8 2 9 8 1 1 1 - 1 0 3 4 9 3 0 . , 946 3 4 9 3 1 . 0 5 0 
1 0 - 9 3 4 9 3 1 . . 3 0 5 - 0 . . 3 5 9 2 3 4 9 3 7 . 8 4 7 6 . . 7 9 7 
9 - 8 3 4 9 3 0 . , 892 0 . , 0 5 4 6 3 4 9 3 1 . 4 0 5 0 . . 3 5 5 

11 8 3 10 8 2 1 2 - 1 1 3 8 4 2 4 , . 1 9 6 3 8 4 2 4 . 2 7 3 
1 1 - 1 0 3 8 4 2 4 . , 464 - 0 . , 2 6 8 5 3 8 4 3 1 . 6 3 0 7 . , 3 5 7 
1 0 - 9 3 8 4 2 4 . . 1 5 8 0 . , 0 3 8 7 3 8 4 2 4 . 6 4 6 0 , , 3 7 3 

10 9 1 9 9 0 1 1 - 1 0 3 4 9 0 8 . , 1 0 5 3 4 9 0 8 . 2 3 7 
1 0 - 9 3 4 9 0 8 , . 5 6 0 - 0 . . 4 5 5 1 3 4 9 1 9 . 9 4 0 11, . 7 0 3 
9 - 8 3 4 9 0 8 . , 0 4 1 0 . , 0 6 4 0 3 4 9 0 9 . 237 1. , 0 0 0 

11 9 2 10 9 1 1 2 - 1 1 3 8 3 9 9 , . 0 9 0 3 8 3 9 9 . , 1 9 1 
1 1 - 1 0 3 8 3 9 9 , . 4 3 3 - 0 . . 3 4 3 2 3 8 4 1 1 . 9 0 2 12, . 7 1 1 
1 0 - 9 3 8 3 9 9 , . 0 4 7 0 , . 0 4 3 0 3 8 4 0 0 , 259 1, . 0 6 8 

11 10 1 10 10 0 1 2 - 1 1 38369 . 0 2 3 3 8 3 6 9 . 1 4 2 
1 1 - 1 0 3 8 3 6 9 , . 4 4 8 - 0 . , 4 2 5 0 3 8 3 8 9 . 924 2 0 . . 7 8 2 
1 0 - 9 3 8 3 6 8 , . 9 6 8 0 , . 0 5 5 2 3 8 3 7 1 . 6 7 6 2. . 5 3 4 

* The assignment was confirmed with the following double-
resonance combinations: 

Signal transition (Ku band) Pump transition (V band) 

5 1 5 - 5 0 5 6 1 5 - 5 0 5 
7 1 7 - 7 0 7 8 0 8 - 7 0 7 
8 1 8 - 8 0 8 9 1 9 - 8 1 8 

9 0 9 - 8 0 8 
9 1 9 - 9 0 9 9 0 9 - 8 0 8 

10 1 10 - 10 0 10 10 0 10 - 9 0 9 
11 1 11 - 11 0 11 11 1 11 - 10 1 10 

** <5hfs is referred to the component with the largest hfs 
offset from vn. 

large deviation for the J'-J = 2 - 1 t ransi t ions may be 
due to the fact that reaches the value K_ max (see 
Table 4). Transit ions with K_> 2 were weighted with 
1/100. It is remarkable to notice that the K_— 3 t ran-
sitions show a positive deviation whereas t ransi t ions 
with > 3 are characterized by negative Zlv's. Thus, 
no obvious functional continuity can be constructed, 
in contrast to the t rans conformer. A centrifugal dis-
tor t ion fit using Van Eijck's sixth order Hami l ton ian 
yields only a gradual improvement . 

Figure 5 leads to a slightly modified result. In this 
case, transit ions with K_ — 2, 3, 4 were weighted with 
the factor 1/1000 in a sixth order centrifugal dis tor t ion 
fit (transitions with > 4 were fully included in the 
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fit). The small deviations for transitions with values 
< 2 and K_> 4 suggest that only a few transi t ions 

(which means in part icular the corresponding energy 
levels) are per turbed by some effects which have to be 
discussed hereafter. The frequency da ta of "eis" cyclo-
propyl isocyanate are given in Table 4. Table 4 is con-
structed in the same way as Table 2. 4 v 0 cor responds 

Â /MHz 

0 1 2 3 4 5 6 7 8 
K_ 

Fig. 5. Deviations Av from a sixth order centrifugal distor-
tion fit in dependence on K_ for "eis" cyclopropyl iso-
cyanate. Transitions with K_ =2, 3, 4 are weighted with the 
factor 1/1000. The braces indicate the related -doublet 
transitions for each J. 

Table 3. Comparison of the rotational and Van Eijck's cen-
trifugal distortion constants of trans cyclopropyl isocyanate 
for a fourth and sixth order centrifugal distortion fit. The 
conditions of the fit are given at the bottom of the Table. 
Numbers in parentheses represent single standard errors in 
units of the last quoted digit. 

Fourth order Sixth order 

A 
B 
C 
»J 

1* 

HJK 
Hkj 

16 941.889(8) MHz 
1 784.3121(6) MHz 
1 716.1278(6) MHz 

0.153(2) kHz 
52.28(3) kHz 

- 6 ( 3 ) kHz 
0.027(1) kHz 

-0.019(1) kHz 

16 941.865(3) MHz 
1 784.3117(2) MHz 
1 716.1281 (3) MHz 

0.159(1) kHz 
51.72(2) kHz 

- 7 ( 1 ) kHz 
0.0176(4) kHz 

-0.0179(4) kHz 
1.80(7) Hz 

-92.8(3) Hz 

Weight of the transitions in the fit: 
K_ > 3: 1/1000 K _ > 7 : 1/1000 

Standard deviation of the fit: 
14 kHz 5 kHz 

Highest correlation: 
RjSy. 0.982 RjSy. 0.854 
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Table 4. Measured transition frequencies vobs of "eis" cyclopropyl isocyanate including the quadrupole hyperfine splitting. The 
hyperfine components are characterized by their overall angular momentum quantum number F-F'. <5HFS, zl((5HFS), « , n.r., 
v0: see Table 2. 4v0 : calculated (hypothetical) unsplit line frequencies using Van Eijck's fourth order centrifugal distortion 
Hamiltonian. This corresponds to Figure 4. zlv0 = 4v0 —v0. 6Vq: calculated (hypothetical) unsplit line frequencies using Van 
Eijck's sixth order centrifugal distortion Hamiltonian. This corresponds to Figure 5. bAV0 = ('\'0 — v0. In addition, see Table 5 
for the conditions of the centrifugal distortion fits. In the table caption it should be: F-F'. 

J K_ K+ J ' K _ ' K + ' F ' - F v Q b s BGFS A ( 6 „ F S ) vQ - + + F v o b s 

6 ° 6 ° vo Avo" 
[MHz] [MHZ] [kHz] [MHz] [MHz] f ™ z ] 

^HFS A ( 5 HFS> 4
v 0 4 

S A v o 

[MHZ] [kHz] [MHz] [MHz] 

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

1 7 1 6 5 . 5 3 9 
1 7 1 6 5 . 5 5 7 
1 7 1 6 5 . 5 3 8 

0 . 0 1 8 
-0.001 

3 8 9 7 4 . 9 6 8 
3 8 9 7 4 . 9 5 8 
3 8 9 7 4 . 9 5 7 

- 0 . 0 1 0 
-0.011 

5 0 5 4 0 4 2 1 4 5 2 . 0 7 3 
2 1 4 5 2 . 0 6 1 
2 1 4 5 2 . 0 4 0 

- 0 . 0 1 2 
- 0 . 0 3 3 

3 8 2 5 1 . 9 4 7 
3 8 2 5 1 . 9 4 0 
3 8 2 5 1 . 9 3 1 

- 0 . 0 0 7 
- 0 . 0 1 6 

6 0 6 5 0 5 2 5 7 3 5 . 3 0 7 
2 5 7 3 5 . 3 2 7 
2 5 7 3 5 . 3 0 7 

0.020 
0.000 

3 2 2 5 - 4 
4 - 3 
3 - 2 

1 7 1 6 9 . 9 9 3 
1 7 1 7 0 . 3 4 4 - 0 . 
1 7 1 6 9 . 9 0 3 0 . 

351 - 1 
089 - 1 

1 7 1 7 0 . 0 8 7 
1 7 1 7 0 . 1 5 7 
1 7 1 7 0 . 3 9 9 

0 . 0 7 0 
0 . 3 1 2 

7 0 7 6 0 6 3 0 0 1 4 . 7 2 1 
3 0 0 1 4 . 7 3 7 
3 0 0 1 4 . 7 2 1 

0 . 0 1 6 
0.000 

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

2 1 4 7 3 . 7 2 0 
2 1 4 7 3 . 7 7 1 
2 1 4 7 3 . 9 2 5 

0 . 0 5 1 
0 . 2 0 5 

0 8 7 0 7 3 4 2 8 9 . 6 9 2 
3 4 2 8 9 . 7 0 1 
3 4 2 8 9 . 6 9 1 

0 . 0 0 9 
-0.001 

4 2 3 6 - 5 
4 - 3 
5 - 4 2 1 4 6 1 . 6 3 1 - 0 . 1 8 5 1 

2 1 4 6 1 . 4 6 6 
2 1 4 6 1 . 5 5 3 
2 1 4 6 1 . 8 7 4 

0 . 0 8 7 
0 . 4 0 8 

9 0 9 8 0 8 

1 1 1 1 0 3 - 2 
2-1 
1 - 0 

1-1 

1 2 1 1 1 3 - 2 
2-1 
1-0 

2 - 2 
1-1 

5 1 4 4 1 3 

5 1 5 4 1 4 

6 1 5 5 1 4 

6 1 6 5 1 5 

7 1 6 6 1 5 

7 1 7 6 1 6 

1 7 7 1 6 

8 6 6 6 . 4 9 0 
8 6 6 7 . 2 8 2 
8 6 6 5 . 6 0 9 
8 6 6 6 . 8 3 9 
8 6 6 6 . 7 5 3 

8 5 0 5 . 1 3 8 
8 5 0 5 . 9 3 9 
8 5 0 4 . 3 9 3 
8 5 0 5 . 6 1 0 
8 5 0 5 . 1 8 8 

- 0 . 7 9 2 0 
0 . 8 8 1 15 

- 0 . 3 4 9 - 7 
- 0 . 2 6 3 - 2 

- 0 . 8 0 1 1 
0 . 7 4 5 - 1 

- 0 . 4 7 2 11 
- 0 : 0 5 0 1 

3 8 5 5 9 . 6 6 5 
3 8 5 5 9 . 6 6 8 
3 8 5 5 9 . 6 6 9 

8 6 6 6 . 6 4 0 
8 6 6 6 . 5 5 4 
8 6 6 6 . 5 7 2 

8 5 0 5 . 2 9 6 
8 5 0 5 . 2 0 0 
8 5 0 5 . 2 1 6 

2 1 6 6 2 . 7 3 7 
2 1 6 6 2 . 7 3 4 
2 1 6 6 2 . 7 6 3 

2 1 2 5 9 . 6 7 3 
2 1 2 5 9 . 6 7 2 
2 1 2 5 9 . 7 0 2 

2 5 9 9 2 . 9 6 6 
2 5 9 9 2 . 9 6 3 
2 5 9 9 2 . 9 8 9 

2 5 5 0 9 . 5 5 4 
2 5 5 0 9 . 5 4 1 
2 5 5 0 9 . 5 7 1 

3 0 3 2 1 . 9 1 3 
3 0 3 2 1 . 9 0 1 
3 0 3 2 1 . 9 2 1 

2 9 7 5 8 . 3 1 7 
2 9 7 5 8 . 3 1 3 
2 9 7 5 8 . 3 3 8 

3 4 6 4 9 . 3 2 8 
3 4 6 4 9 . 3 1 5 
3 4 6 4 9 . 3 2 5 

0 . 0 0 3 6 2 4 
0 . 0 0 4 

- 0 . 0 8 6 6 2 5 
- 0 . 0 6 8 

- 0 . 0 9 6 
- 0 . 0 8 0 

- 0 . 0 0 4 
0.026 8 2 6 

-0.001 
0 . 0 2 9 

- 0 . 0 0 3 
0 . 0 2 3 

- 0 . 0 1 3 
0 . 0 1 7 

- 0 . 0 1 2 
0 . 0 0 8 

- 0 . 0 0 4 
0 . 0 2 1 

- 0 . 0 1 3 
- 0 . 0 0 3 

5 2 3 7 - 6 
5 - 4 
6 - 5 

5 2 4 7 - 6 
5 - 4 
6 - 5 

6 2 4 8 - 7 
6 - 5 
7 - 6 

6 2 5 8 - 7 
6 - 5 
7 - 6 

7 2 5 9 - 8 
7 - 6 

7 2 6 9 - 8 
7 - 6 

6 3 3 8 - 7 
6 - 5 
7 - 6 

6 3 4 8 - 7 
6 - 5 
7 - 6 

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

2 5 7 5 2 . 1 5 7 
< < 

2 5 7 5 2 . 2 6 8 - 0 . 1 1 1 - 2 

3 0 0 7 6 . 0 1 6 

3 0 0 7 6 . 0 8 5 - 0 . 0 6 9 - 1 

3 0 0 4 1 . 9 2 9 

3 0 0 4 1 . 9 9 3 - 0 . 0 6 4 6 

3 4 3 8 1 . 5 8 8 

3 4 3 8 1 . 6 3 1 - 0 . 0 4 3 - 5 

3 4 3 3 0 . 6 0 6 
3 4 3 3 0 . 6 4 6 - 0 . 0 4 0 9 

3 0 0 4 7 . 4 5 2 

3 0 0 4 7 . 6 0 6 - 0 . 1 5 4 - 6 

3 0 0 4 7 . 0 8 4 

3 0 0 4 7 . 2 3 5 - 0 . 1 5 1 - 3 

2 5 7 7 3 . 5 3 8 
2 5 7 7 3 . 5 4 0 
2 5 7 7 3 . 6 6 0 

2 5 7 5 2 . 1 9 3 
2 5 7 5 2 . 1 8 9 
2 5 7 5 2 . 6 0 1 

3 0 0 7 6 . 0 3 7 
3 0 0 7 6 . 0 0 4 
3 0 0 7 6 . 0 5 4 

3 0 0 4 1 . 9 4 7 
3 0 0 4 1 . 9 1 1 
3 0 0 4 2 . 4 3 0 

3 4 3 8 1 . 6 0 0 
3 4 3 8 1 . 5 6 1 
3 4 3 8 1 . 5 0 0 

3 4 3 3 0 . 6 1 6 
3 4 3 3 0 . 5 7 3 
3 4 3 3 1 . 2 1 6 

3 8 6 9 0 . 5 1 8 
3 8 6 9 0 . 5 6 7 
3 8 6 9 0 . 3 4 8 

3 8 6 1 7 . 9 7 8 
3 8 6 1 8 . 0 2 1 
3 8 6 1 8 . 8 0 8 

3 0 0 4 7 . 5 0 0 
3 0 0 4 9 . 9 4 9 
3 0 0 5 0 . 7 7 1 

3 0 0 4 7 . 1 3 1 
3 0 0 4 9 . 5 7 6 
3 0 0 5 0 . 4 1 7 

0 .002 
0.122 

- 0 . 0 0 4 
0 . 4 0 8 

- 0 . 0 3 3 
0 . 0 1 7 

- 0 . 0 3 6 
0 . 4 8 3 

- 0 . 0 3 9 
- 0 . 1 0 0 

- 0 . 0 4 3 
0 . 6 0 0 

0 . 0 4 9 
- 0 . 1 6 9 

0 . 0 4 3 
0 . 8 3 0 

2 . 4 4 9 
3 . 2 7 1 

2 . 4 4 5 
3 . 2 8 6 

1 8 7 1 7 3 4 0 0 5 . 8 4 4 
3 4 0 0 5 . 8 2 9 
3 4 0 0 5 . 8 4 1 

- 0 . 0 1 5 
- 0 . 0 0 3 

7 3 4 9 - 8 
7 - 6 

3 4 3 4 2 . 6 3 2 

3 4 3 4 2 . 7 3 1 - 0 . 0 9 9 1 

3 4 3 4 2 . 6 6 4 
3 4 3 4 3 . 5 0 1 
3 4 3 4 4 . 4 0 1 

0 . 8 3 7 
1 . 7 3 7 
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Table 4 (continued) 

J K+ J ' K _ ' K + F ' - F v o b s 

fMHzl 

&HFS A ( & HFS> 

[MHZ] [kHz] 

4 V ° 

S > 

[MHz] 

6 A V ° 
A v o 

[MHz] 

8 3 6 7 3 5 9 - 8 3 4 3 4 1 . 8 8 4 3 4 3 4 1 . 9 1 6 
7 - 6 << 3 4 3 4 2 . 7 5 6 0 . 8 4 0 
8 - 7 3 4 3 4 1 . 984 - 0 . 1 0 0 0 3 4 3 4 3 . 6 9 3 1 . 7 7 7 

9 3 6 8 3 5 1 0 - 9 3 8 6 3 7 . 3 0 7 3 8 6 3 7 . 3 3 2 
8 - 7 << 3 8 6 3 7 . 3 9 2 0 . 0 6 0 
9 - 8 3 8 6 3 7 . 3 8 0 - 0 . 0 7 3 - 2 3 8 6 3 8 . 3 5 2 1 . 0 2 0 

9 3 7 8 3 6 1 0 - 9 3 8 6 3 5 . . 9 4 0 3 8 6 3 5 . 964 
8 - 7 << 3 8 6 3 6 . 0 2 9 0 . 0 6 5 
9 - 8 3 8 6 3 6 . , 0 1 1 - 0 . 0 7 1 0 3 8 6 3 7 . 0 5 6 1 . 0 9 2 

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

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

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

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

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

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

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

9 5 4 8 5 3 1 0 - 9 3 8 6 2 5 . . 2 8 5 3 8 6 2 5 . 341 
9 - 8 3 8 6 2 5 . . 4 7 1 - 0 . 1 8 6 4 3 8 6 2 2 , , 1 2 2 - 3 . 2 1 9 
8 - 7 3 8 6 2 5 . , 2 6 5 0 . 0 2 0 - 2 3 8 6 2 5 . , 3 3 9 - 0 . 0 0 2 

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

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

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

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

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

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

Table 5. The rotational and Van Eijck's centrifugal distortion 
constants of "eis" cyclopropyl isocyanate for different fit pro-
cedures using a fourth (first column) and sixth order (second 
column) centrifugal distortion Hamiltonian. Furthermore, 
different sets of transitions are included in the fits (according 
to Figures 4 and 5). The conditions of the fits are given at the 
bottom of the Table. Numbers in parentheses represent single 
standard errors in units of the last quoted digit, n.d.: not 
derminable, set to zero. 

Fourth order Sixth order 

A 10 215(6) MHz 10 235(3) MHz 
B 2 186.859(6) MHz 2 186.856(3) MHz 
C 2 106.172(6) MHz 2 106.168(3) MHz 
DJ 2.01(1) kHz 2.06(1) kHz 
DJK 29.5(3) kHz 21.87(7) kHz 
DK n.d. n.d. 
Sj 0.31 (2) kHz 0.32(1) kHz 
R6 0.14(1) kHz n.d. 
HJK -1.1(5) Hz 
HKJ 8(1) Hz 

Weight of the transitions in the fit: 

K_> 2: 1/100 K_= 2, 3, 4: 1/1000 

Standard deviation of the fit: 

53 kHz 26 kHz 

Highest correlation: 

SJ/B: 0.888 ZJ/B: 0.884 

to the fit procedure indicated by Fig. 4, wheras 6V0 

corresponds to Figure 5. Table 5 contains the rota-
tional as well as Van Eijck's centrifugal dis tor t ion con-
stants. The "condit ions" of the fit are summarized at 
the bo t tom of the Table. 

Attempt at Explanation 

The experimental results of the "eis" isomer indicate 
that the spectrum of cyclopropyl isocyanate cannot be 
described completely by applicat ion of a centrifugal 
distort ion Hamil tonian. To find an explanat ion for 
these effects we have to go back to the basic assump-
tions of conventional centrifugal dis tor t ion theory. In 
addit ion to the rigid asymmetric ro tor Hamil tonian , 
centrifugal distort ion effects are considered in the to-
tal Hamil tonian by a potential energy term [12]. 
The potential energy is formulated as a ha rmonic 
potential function [13]. The elements of the inverse 
moment of inertia tensor are approximated by a series 
expansion in the internal displacement coordinates 
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considering only the linear term. Thus, the theory only 
regards small displacements of the internal coordi-
nates f rom their equil ibrium values [14]. These condi-
tions are obviously not fulfilled for "eis" cyclopropyl 
isocyanate. Because of the rigidity of the cyclopropyl 
f rame and of the N C O group especially the torsion 
a round the C f r a m c - N bond allows for flexibility of the 
molecule. If we assume a very flat and anharmonic 
potential near the "eis" conformat ion with a low 
barrier to the t rans conformat ion , the failure of the 
centrifugal dis tor t ion analysis is plausible and the 
ment ioned observat ion with the beam spectrometer 
can be explained. This agrees with the statement of 
Durig et al. who found four excited vibrational states 
for the t rans but only one for the "eis" isomer. They 
concluded that higher excited states lie above the bar-
rier of internal rotat ion. 

To strengthen the above assumpt ion we tried to 
calculate the potential function with Gaussian 86 [15]. 
With a S T O - 3 G basis set a t rans and a gauche/gauche 
min imum potential result by varying the torsion angle 
in steps of 15°. With an extended 4-31 G* basis set we 

obtained a eis and a t rans m i n i m u m potential when 
starting the computa t ion of the potent ial energy func-
tion from a eis conformat ion . This clearly indicates the 
need of fur ther extended q u a n t u m chemical calcula-
tions (which we canno t perform presently), and of ad-
ditional microwave investigations of cyclopropyl iso-
cyanate to ob ta in a proper unders tanding of the 
conformat ional behaviour and the effects concerning 
centrifugal dis tor t ion. 
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