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The microwave spectrum of 2-chloropropene was reinvestigated using microwave Fourier 
transform spectroscopy. For the two isotopic species CH3C35C1 = CH2 and CH3C37C1 = CH2 the 
chlorine quadrupole coupling was determined with higher accuracy. The barrier to internal 
rotation was determined from the ground state. For comparison the first excited torsional state of 
CH3C35C1=CH2 was remeasured and reanalysed. 

Introduction 

The microwave spectra of ha lopropenes are of 
interest for a compar ison of the d i f fe ren t methyl 
internal rotation barriers [1]. We found that fo rmer 
analyses were based on data or iginat ing f rom mea-
surements of the rotat ional spectra of the g round or 
first excited state of the methyl internal rotat ion 
(torsion). 

As there may be an interaction of the methyl 
internal rotation with o ther vibrations, we analysed 
the vibrational and torsional ground state rotat ional 
spectra of 2-chloro- and 2 -b romopropene . This was 
possible by the increased resolution of microwave 
Fourier transform ( M W F T ) spectroscopy [ 2 - 4 ] . 

In this paper we present our invest igat ion of 
2-chloropropene (35C1 and 37C1) CH 3 CC1 = C H 2 . This 
molecule was investigated by Unland et al. [5] and 
by Good et al. [6]. They could not resolve the 
ground state torsional splittings. 

Experimental 

The sample was purchased f r o m the Co lumbia 
Organic Company, Inc., and used a f te r vacuum 
distillation. The MWFT-spec t romete r s descr ibed in 
[2, 3] were used. T h e t empera tu re was about 
— 65 ° C, the pressure d o w n to 0.12 m torr. 

The measured lines for CH 3 C 3 5 C1 = C H 2 and 
CH 3 C 3 7 C1=CH 2 are given in Tables 1 and 2 for the 
torsional ground state, and in Table 3 for the first 
excited state of the methyl torsion of CH3C3 5C1=CH2 . 
We decided to reanalyse this spec t rum, because we 
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found some minor misassignment in [5] and pre-
ferred to compare values de termined with the s ame 
spectroscopic method and theoretical t rea tment . 
The accuracy of the lines is abou t 1 0 - 2 0 kHz. 
Examples are given in Figs. 1 and 2. 

Analysis 

As the spectra had already been assigned and the 
published constants gave a good predict ion, the 
measurements could easily be extended to h igher 
./-values. The assignment of the high ./-lines was 
checked by a centrifugal distort ion analysis and the 
consistency of the quadrupo le hfs and the internal 
rotation analysis. 

The three perturbat ions, which mod i fy the rigid 
rotor spectrum of this molecule: centr i fugal distor-

Fig. 1. A range of 2.9 MHz out of a 10 MHz scan of the 
rotational spectrum of CH^C37C1=CH2 in natural 
abundance. JK_K+-J'KiK'+= 11 4 7 - 11 4 8; amplitude 
spectrum, sample interval: 50 ns. 512 K cycles, 1024 data 
points supplemented by 1024 zeros, microwave signal 
frequency: vMW = 17837 MHz: pressure: p = 0.12 mtorr, 
temperature: T = - 58 °C. 
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Tables 1 -3 . Measured transitions of CH3CC1 = CH2. F\ symmetry species, vexp: experimental frequency, v, v0, z)vAE: see 
text. F: measured by Unland et al. [5], *: not used for quadrupole hfs analysis, **: not used for torsional analysis, o: over-
layed. nr: not resolved: frequencies, splittings and deviations in MHz. 

Table 1. Measured transitions of CH,C3 5C1=CH7 . 
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Table 2. Measured transitions of CI-FC37Cl=CH->. 
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Table 3. Measured transitions of CH3C3 5C1=CH2 in the 
first excited torsional state. 
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Fig. 2. A range of 6.5 MHz out of a 25 MHz scan of the 
rotational spectrum of CH3C35C1=CH2 in natural abun-
dance in the first excited torsional state. J K_K+ — J' KiK+ 
= 7 3 4 — 73 5; power spectrum, sample interval: 20ns, 
1280 K cycles, 1024 data points supplemented by 3072 
zeros, microwave signal frequency: vMW = 8554 MHz; 
pressure: p = 0.3-0.9 mtorr, temperature: T= — 35 °C. 

tion, chlorine hfs, and methyl internal rotat ion, are 
treated independently. Thus we do not assume any 
interaction between these three dis turbances. 

For the quadrupole hfs analysis the mean v of the 
A - E torsional doublet was taken for each hfs 
component. In the case of CH 3 C 3 5 C1 = C H 2 in the 
ground and in the first excited torsional state we 
proved for lines up to J = 16 and J = 20 respectively 
by direct diagonalisation of the hfs Hami l ton ian 
matrix [7] that first order per turba t ion theory is 
sufficient. Unfortunately no line in the range of our 
spectrometer is sensitive to the of fd iagonal coupl ing 
tensor element y a b . The difficult ies in de te rmin ing 
/ab may also be due to the fact that with an angle 
< ( C2C1, a) = 5.5° [6] the C - C l - b o n d lies close by 
the main inertial axis a. 

For the centrifugal distortion analysis the 
constants of Table 4 were fitted to the lines of 
Tables 1 to 3 respectively, which contain our mea-



Table 4. Rotational [MHz], centrifugal distortion [kHz] and chlorine-hfs [MHz] constants of 2-chloropropene. N: number 
of lines, (a, b) : highest correlation, a: standard deviation [kHz], zlvexp: mean experimental hfs splitting [MHz]: standard 
errors in units of the last digit in brackets, results of a direct diagonalisation hfs analysis in square brackets. 

CH3C35CI=CH2 CH3C3 7CI=CH2 

r = 0 v = 1 v = 0 

A 9 2 7 1 . 7 0 6 ( 7 9 ) 9 2 7 0 . 6 2 ( 6 7 ) 9 2 7 0 . 9 4 2 ( 4 7 ) 
B 4 9 8 3 . 8 1 6 ( 4 5 ) 4 9 7 4 . 5 2 ( 3 5 ) 4 8 5 0 . 4 3 0 ( 2 6 ) 
C 3 3 0 4 . 4 1 4 ( 4 5 ) 3 3 0 1 . 5 9 ( 3 5 ) 3 2 4 5 . 1 1 4 ( 2 6 ) 

DJ - 0 . 9 7 ( 5 9 3 ) 6 7 ( 4 5 ) - 5 . 5 ( 3 6 ) 

D'JK 2 . 2 ( 1 8 ) - 9 . 7 ( 1 5 7 ) 2 . 8 ( 1 0 ) 

D'K 1 7 . 7 ( 7 0 ) 6 3 ( 6 0 ) 1 6 . 0 ( 4 1 ) 

<5) 0 . 1 7 ( 1 7 ) - 0 . 9 3 ( 1 4 5 ) 0 . 2 3 8 ( 8 8 ) 

R'e - 0 . 4 0 7 ( 9 0 ) - 0 . 9 8 ( 7 7 ) - 0 . 3 4 0 ( 4 6 ) 
N 2 7 2 5 2 4 
(SJ,D'k)\ 0 . 9 9 7 0 . 9 9 8 0 . 9 9 8 

0 6 7 5 1 0 3 9 

x+ 6 8 . 0 7 2 ( 5 1 ) [ 6 8 . 0 8 1 ( 6 4 ) ] 6 8 . 0 3 6 ( 3 8 ) [ 6 8 . 0 6 9 ( 2 3 ) ] 5 3 . 7 6 3 ( 4 1 ) 

X- 6 . 1 2 2 ( 4 7 ) [ 6 . 1 3 4 ( 6 6 ) ] 6 . 2 6 4 ( 3 6 ) [ 6 . 2 6 7 ( 2 2 ) ] 4 . 9 7 6 ( 3 7 ) 
N 2 5 [ 1 3 ] 18 [ 1 2 ] 2 1 

(x+-x-) 0 . 1 1 3 [ 0 . 0 9 3 ] 0 . 2 9 2 [ 0 . 2 6 5 ] 0 . 1 9 3 
<7 3 3 [ 4 2 ] 1 4 [8] 21 

A vexp 3 . 0 0 7 [ 4 . 1 7 3 ] 1 . 8 5 5 [ 2 . 4 3 2 ] 1 . 8 6 2 

Xaa - 6 8 . 0 7 2 [ - 6 8 . 0 8 1 ] - 6 8 . 0 3 6 [ - 6 8 . 0 6 9 ] - 5 3 . 7 6 3 

Xbb 3 7 . 0 9 7 [ 3 7 . 1 0 8 ] 3 7 . 1 5 0 [ 3 7 . 1 6 8 ] 2 9 . 3 7 0 

Xcc 3 0 . 9 7 5 [ 3 0 . 9 7 4 ] 3 0 . 8 8 6 [ 3 0 . 9 0 1 ] 2 4 . 3 9 4 

surements supplemented by lines of [5] Table 3* not 
measured by us, using the Hamil tonian of Van Eijck 
and Typke up to fourth order [8, 9]. The unsplit 
line v0 was determined as the ar i thmet ic mean of 
the v corrected with the hfs-shifts calculated with 
the quadrupole coupling constants of Table 4. The 
rotational, centrifugal distortion, and quadrupo le 
coupling constants of Table 4 are the result of some 
iterative fitting calculations of the quadrupo le hfs 
and the centrifugal distortion. As the errors of the 
centrifugal constants and their correlation are high, 
we take the centrifugal distortion analysis as a kind 
of interpolation only. 

Finally we took for the methyl torsion analysis a 
fictitious A - E doublet AvAE, calculated by adding 
the hfs shifts to the hfs components , equivalent to 
averaging the A—E splittings of the hfs components . 
As the torsional splitting is nearly independent of 
the hfs component of one rotational transition, we 
believe that this procedure is sufficiently accurate. 
These doublets were analysed by the internal axis 

* The following transitions seem to be assigned in the 
wrong way bv Unland et al.: a) CH3C35C1 = CH2 r = 0: 
212-111 1/2-3/2 and 3/2-5/2: b) CH3C35C1 = CH, r = l: 
7 3 4 - 7 3 5 A: 17/2-17/2. 11/2-11/2 and E: 15/2-15/2, 
13/2-13/2. 

method (IAM) with a vers ion** of Wood ' s program 
[10-14], 

In a first step we tried to fit the Four ie r coeffi-
cient iv| (5) [14], a funct ion of the reduced barr ier s, 
the moment of inertia of the methyl g roup and 
the angle £ (a, i) between the internal rotat ion axis i 
and the a principal inertia axis to the A - E split-
tings given in Tables 1 to 3. The rotat ional constants 
of Table 4 were used. The fit converged for the 
isotopic species CH 3 C 3 5 C1=CH 2 and CH 3 C 3 7 C1=CH 2 

in the ground state to ^ 3.36 a m u A 2 with 
(vv, (5), < (a, /')) ^ 0 . 9 8 6 being the highest correla-

tion. These values of I^ are rather unreasonable in 
comparison with other cases and values derived 
from molecular structures [15]. For CH 3 C 3 5 C1 = C H 2 

in the first torsionally excited state on the other 
hand a more reasonable value of was obtained. 
The results of the corresponding fit are contained in 
Table 5 (column 3). 

In a second internal rotat ion fitting calculation we 
therefore used a fixed m o m e n t of inertia of the 
methyl group I y = 3.167 a m u A 2 . de te rmined f rom a 
complete /ys t ruc ture of the three H-a toms given in 
[6] assuming that the internal axis is perpendicu la r 
to the plane of the three H-a toms intersecting it in 
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their centre of mass. We used this value of for 
both isotopic species and the ground and excited 
torsional state. The results are given in Table 5 
(columns 1. 2 and 5). In investigation [5] 
Iy = 3.110 amu A 2 derived f rom the inertial defect of 
propylene [16] was taken. One may notice that the 
values for both isotopic species agree within the 
error limits. The angle < ( a , i ) = 59.78° for 
CH 3 C 3 5 C1=CH2 in the ground state differs slightly 
from the angle < (« , / ' ) = 60.69° determined f rom 
the /ystructure. The angle < (a, i) = 61.28° for 
CH 3 C 3 7 C1=CH2 in the ground state reflects the 
effect of 3 7Cl-substitution. By an /Q-calculation we 
estimated an angle increment of 0 .29°. 

We think that we have reached a better con-
sistence of all data. A compar ison with o ther 
molecules is postponed, until the rotational ground 
state spectra have been analysed or reanalysed. 
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