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The microwave spectrum of 2-chloropropene was reinvestigated using microwave Fourier
transform spectroscopy. For the two isotopic species CH;C*CI=CH, and CH;C?’Cl=CH, 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

CH;C¥Cl=CH, was remeasured and reanalysed.

Introduction

The microwave spectra of halopropenes are of
interest for a comparison of the different methyl
internal rotation barriers [1]. We found that former
analyses were based on data originating from mea-
surements of the rotational spectra of the ground or
first excited state of the methyl internal rotation
(torsion).

As there may be an interaction of the methyl
internal rotation with other vibrations, we analysed
the vibrational and torsional ground state rotational
spectra of 2-chloro- and 2-bromopropene. This was
possible by the increased resolution of microwave
Fourier transform (MWFT) spectroscopy [2—4].

In this paper we present our investigation of
2-chloropropene (**Cl and *’Cl) CH;CCl=CH,. This
molecule was investigated by Unland et al. [S5] and
by Good et al. [6]. They could not resolve the
ground state torsional splittings.

.Experimental

The sample was purchased from the Columbia
Organic Company, Inc.,, and used after vacuum
distillation. The MWF T-spectrometers described in
2, 3] were used. The temperature was about
— 65 °C, the pressure down to 0.12 mtorr.

The measured lines for CH3;C*Cl=CH, and
CH;C¥Cl=CH, 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 CH3;C*Cl=CH,.
We decided to reanalyse this spectrum, because we
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found some minor misassignment in [5] and pre-
ferred to compare values determined with the same
spectroscopic method and theoretical treatment.
The accuracy of the lines is about 10—20 kHz.
Examples are given in Figs. 1 and 2.

Analysis

As the spectra had already been assigned and the
published constants gave a good prediction, the
measurements could easily be extended to higher
J-values. The assignment of the high J-lines was
checked by a centrifugal distortion analysis and the
consistency of the quadrupole hfs and the internal
rotation analysis.

The three perturbations, which modify the rigid
rotor spectrum of this molecule: centrifugal distor-
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Fig. 1. A range of 2.9 MHz out of a 10 MHz scan of the
rotational  spectrum of CH;C¥Cl=CH, in natural
abundance. JK_K,—J'K_K,=1147-1148; amplitude
spectrum, sample interval: 50 ns, 512 K cycles, 1024 data
points supplemented by 1024 zeros, microwave signal
frequency: vyw = 17837 MHz: pressure: p = 0.12 mtorr,
temperature: 7 =— 58 °C.
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Tables 1-3. Measured transitions of CH3;CCl=CH,. I': symmetry species, vex,: experimental frequency, 7, ¥, 4vag: see
text, F: measured by Unland et al. [S], *: 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*Cl=CH,.
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Table 3. Measured transitions of CH;C*Cl=CH, in the

first excited torsional state.
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1330382 3 ooz -ausim ovoze o Flg 2. A range of 6.5 MHz out of a 25 MHz scan of the

EEE rotational spectrum of CH;C3CI=CH, in natural abun-
1ser.0e8 O MO dance in the first excited torsional state. J K_K,—J' K_K
Weizie souzia o oca mmesio L oo = 734—735; power spectrum, sample interval: 20 ns,
T e smoes o 1280 K cycles, 1024 data points supplemented by 3072
61/2 61/2 - -0.498 -0.001 zeros, microwave signal frequency: vyw = 8554 MHz;
E 9199.757 o
A 91930420 ) pressure: p = 0.3—0.9 mtorr, temperature: 7= — 35°C.
59/2 59/2 -0.444 -0.005
R

0.497  0.000
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5z is 3z 20 . 16307, 348
e oo %2 e o tion, chlorine hfs, and methyl internal rotation, are
e {E gas treated independently. Thus we do not assume any
) = sl , interaction between these three disturbances.
Sk M L For the quadrupole hfs analysis the mean 7 of the
Tem e ™ wws s aomoeee T A-E torsional doublet was taken for each hfs
fouRe s o component. In the case of CH;C*CI=CH, in the
{ ‘7‘5: 0478 0,007 ground and in the first excited torsional state we
I ‘: LEE G proved for lines up to J = 16 and J = 20 respectively
by direct diagonalisation of the hfs Hamiltonian
SR P T s oo aass e 0 matrix [7] that first order perturbation theory is
sufficient. Unfortunately no line in the range of our
e _ spectrometer is sensitive to the offdiagonal coupling
. 7z b tensor element y,,. The difficulties in determining
gy, s (96 7a» may also be due to the fact that with an angle
g O i £ (C5Cl.a)=5.5° [6] the C—Cl-bond lies close by
e o the main inertial axis a.
5 39152 e  emnos For the centrifugal distortion analysis the
g T MToTmER e constants of Table 4 were fitted to the lines of

-0.576  0.001

Tables 1 to 3 respectively, which contain our mea-
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Table 4. Rotational [MHz], centrifugal distortion [kHz] and chlorine-hfs [MHz] constants of 2-chloropropene. N: number
of lines, (a, b) : highest correlation, o: standard deviation [kHz], Av,,,: 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.

CH,C¥Cl=CH,

CH,CYCl=CH,

r=0 r=1 v=0

A 9271.706 (79) 9270.62 (67) 9270.942 (47)
B 4983.816 (45) 4974.52 (35) 4850.430 (26)
C 3304.414 (45) 3301.59 (35) 3245.114 (26)
D; —0.97 (593) 67 (45) —5.5(36)
D)k 2.2 (18) —9.7 (157) 2.8 (10)
Dy 17.7 (70) 63 (60) 16.0 (41)
o) 0.17 (17) —0.93 (145) 0.238 (88)
R¢ —0.407 (90) —0.98 (77) —0.340 (46)
N 27 25 24

(07, D) 0.997 0.998 0.998

o 67 510 39
yn 68.072 (51) [68.081 (64)] 68.036 (38) [68.069 (23)] 53.763 (41)
7 6.122 (47) [6.134 (66)] 6.264 (36) [6.267 (22)] 4.976 (37)
N 25 13] 18 [12] 21

VA 0.113 [0.093] 0.292 [0.265] 0.193
g 33 [42] 14 [8] 21

Ay 3.007 [4.173] 1.855 [2.432] 1.862
Yo —68.072 [—68.081] —68.036 [—68.069] —53.763
Jbb 37.097 [37.108] 37.150 [37.168] 29.370
o 30.975 [30.974] 30.886 [30.901] 24.394

surements supplemented by lines of [5] Table 3 * not
measured by us, using the Hamiltonian of Van Eijck
and Typke up to fourth order [8, 9]. The unsplit
line ¥, was determined as the arithmetic mean of
the v corrected with the hfs-shifts calculated with
the quadrupole coupling constants of Table 4. The
rotational, centrifugal distortion, and quadrupole
coupling constants of Table 4 are the result of some
iterative fitting calculations of the quadrupole 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 Avag, 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 by Unland et al: a) CH;C¥CI=CH,r=0:
212—1111/2-3/2 and 3/2-5/2; b) CH;C¥Cl=CH, r=1:
734-735A:17/2-17/2, 11/2-11/2 and E: 15/2-15/2,
13/2-13/2.

method (IAM) with a version** of Wood’s program
[10-14].

In a first step we tried to fit the Fourier coeffi-
cient wy(s) [14], a function of the reduced barrier s,
the moment of inertia of the methyl group 7/, and
the angle <« (a, /) between the internal rotation axis i
and the « principal inertia axis to the A—E split-
tings given in Tables | to 3. The rotational constants
of Table4 were used. The fit converged for the
isotopic species CH3C*Cl=CH, and CH;C*CI=CH,
in the ground state to /,=3.36amuA? with

(wy(5), X< (a,i)) =0.986 being the highest correla-
tion. These values of 7, are rather unreasonable in
comparison with other cases and values derived
from molecular structures [15]. For CH;C ¥*Cl=CH,
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 rotation fitting calculation we
therefore used a fixed moment of inertia of the
methyl group 7, = 3.167 amuAZ, determined from a
complete r¢-structure of the three H-atoms given in
[6] assuming that the internal axis is perpendicular
to the plane of the three H-atoms intersecting it in

* Programs DDIRFI. FIDIC, FOSMOD.
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. mean

Avpr

correlation between a and b, o: standard deviation,

(a, b) :
experimental torsional splitting; standard errors in units of the last digit in brackets, fixed values in square brackets, derived parameters below the line.

Table S. Internal rotation parameters of 2-chloropropene. N: number of lines,

=CH,

CH,CY'Cl

CH,C¥CI=CH,

Dreizler -

v=1[5]

109

[3.167]

61.28 (108)
17

—0.421 (16) -

[3.110]

[64.67]

104
3.1286 (80)

2478 (11) -
21

59.36 (14)

104

2.5185 (98) -
58.801 (97)
[3.167]

21

5 1045

—0.443 (14)
59.78 (84)
(3.167)

20

A%

[amu
LOwy (5), ¥ (a, 1))

wy ()
X (a,i)[°]

L
N

0.989
3
116

0.987
12
5476

0.988
17
5476

0.987

3
110

[kHz]
(kHz]

a

3128

Avay

72.63 (35)
2582 (12)

72.410 (45)

2607.9 (16)

72.246 (40)

2572.3 (14)

72.15 (29)

2568 (10)

S

2671

[cal/mol]

[GHz]

¥ (b.i) [°]

73
y 3
/:{l

F

165.69

[168.5]

167.89

165.97

165.91

28.72 (108)

30.64 (14) [25.33]

31.199 (97)

30.22 (84)

0.4805 (166)
0.8770 (89)

0.5096 (21) [0.428410]
[0.903580]

0.5180 (15)

0.5033 (127)
0.8641 (75)
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0.8604 (12)

0.85537 (88)

s
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their centre of mass. We used this value of 7, 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]
I,=3.110 amuA? derived from 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 <X(a,i)=59.78° for
CH;C*¥Cl=CH; in the ground state differs slightly
from the angle < (a,i)=60.69° determined from
the re-structure. The angle < (a,i)=61.28° for
CH;C7CI=CH, in the ground state reflects the
effect of ’Cl-substitution. By an ry-calculation we
estimated an angle increment of 0.29°.

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