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ABSTRACT 

The microwave spectrum, rotational constants and centrifugal distortion parameters 
for CH, 35C1C035C1 are reported. The nuclear quadrupole coupling constants of the two 
non-equivalent Cl atoms were determined from partially resolved quadrupole splittings_ 
The molecule is planar in the conformation studied here and both Cl atoms occupy the 
trans position as shown from their substitution coordinates. 

INTRODUCTION 

Several IR and Raman studies on chloroacetyl chloride have been pub- 
lished. It is generally agreed that two conformations exist in the gaseous 
state and that both Cl atoms occupy the tram position in the more stable 
form. However, for the other conformation dihedral angles of 150 o [l] , 

120 o [ 21 and 180 o [ 31 are suggested. We have started an investigation of 
the microwave spectrum to obtain more information about the rotational 
barrier. The results reported here refer to the tram conformation. 

EXPERIMENTAL 

Chloroacetyl chloride was prepared from chloroacetic acid and PCla and 
purified by repeated distillation. -The fraction with boiling point 105-108 “C 
was collected. 

We recorded the microwave spectrum (0.06 mm Hg, 18-40 GHz) at 

room temperature, using 10 kHz Stark modulation. For identification pur- 
poses double resonance modulation was sometimes used instead. Frequency 
measurements were made tit a pressure of 0.02 mm Hg; the. accuracy varied 
from 0.05 to 0.2 MHz, depending on the separation of quadrupole hyper- 
fine components. 
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RESULTS 

The spectrum was strong and dominated by Q-type transitions J3,J--3 -+ 
J&+ (J= 29-36) and Jz,J_2 + J3,a-3 (J = 16-32). The assignment of these 
lines was performed numerically [4] for the vibrational ground state of 
CH, 35ClC035Cl; the same transitions were observed for torsionally excited 
states and for monosubstituted 37Cl species. 

The R-type lines were considerably weaker, and their identification was 
greatly facilitated by using the double resonance modulation technique. Indeed, 
especially for the 37Cl species, where only three R-type lines were found, an 
assignment from the Stark spectrum alone would have been rather question- 
able. 

Many lines showed quadrupole splitting due to the two Cl nuclei. For the 
calculation of the rotational constants we used the average frequencies of 
the quadrupole components; when the quadrupole splittings were calculated 
this was found to be a very good approximation except for low Jvalues (see 
below). 

The tran&tions were exclusively b-type; the measured frequencies are 
given in Tables 1 and 2, and the molecular parameters derived from them in 
Table 3. Since the molecule is planar except for two H atoms, only four 
centrifugal distortion parameters were derived. This was done for the 
CH2 35 ClC035 Cl ground state only and the resulting values were used for the 
other calculations where insufficient data were available to obtain reliable 
centrifugal distortion parameters. In this case the standard deviations cal- 
culated by the least squares procedure were multiplied by a factor of 5 to 
give the-values shown in Table 3, since reasonable variations in the fixed 
parameters were found to cause this kind of effect. 

To analyse the quadrupole splitting we used the formulas given by 
Robinson and Cornwell [5]. With approximate quadrupole coupling con- 
stants transferred from chloroacetic acid [6] and acetyl chIoride 173, the 
16-fold splitting of each energy level was calculated and energy differences 
were taken according to the selection rules A$’ = A J and AE = 0 (i.e., within 
the AF = A J scheme we allowed a transition between the lowest energy 
levels, then one between the next higher levels and so on). We found that usually 
most of the 16 transitions thus calculated coincided in groups within the 
line widths of our measurements. Four common line profiles are shown in 
Fig. 1; for the observed lines (J> 7) the calculated splittings were sym- 
metric with respect to the unsplit frequency within 0.05 MHz. These results 
were in agreement with the observed spectrum; the distinction between the 
various line profiles is somewhat artificial since it depends on the experimental 
conditions. 

To actuahy derive quadrupole coupling constants for the CH2 3sClC035C1 
species from the measured frequency splittings we used a least squares pro- 
cedure. The normal equations were rather ill-conditionedand we found it nec- 
essary to use not only the doublet splittings Av(‘) but-also the subsplittings 
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TABLE1 

Observed andcakulatedtransition frequencies and quadrupolesplittings for the ground 
stateofCH, 3sClC03sCl(MHz) 

Transition Vobs 
a Ava ProfileC Au(') ohs Avrg), Au:& AL& 

8 2 6 8 
8 0 8 9 

10 0 10 11 
11 0 11 12 
11 1 11 12 
12 0 12 13 
12 1 12 13 
13 0 13 13 
13 0 13 14 
13 1 13 14 
14 1 14 15 
14 2 13 15 
15 0 15 15 
15 1 14 15 
15 2 14 16 
16 0 16 16 
16 1 15 16 
16 2 14 16 
17 0 17 17 
17 1 16 17 
17 2 15 17 
18 0 18 18 
18 1 17 18 
18 2 16 18 
19 0 19 19 
19 1 18 19 
19 2 17 19 
20 1 19 20 
20 2 18 20 
21 6 16 20 
21 6 15 20 
21 1 20 21 
21 2 19 21 
22 1 21 22 
22 2 20 22 
23 1 22 23 
23 2 21 23 
24 1 23 24 
24 2 22 24 
25 1 24 25 
25 2 23 25 
26 1 25 26 
26 2 24 26 
27 2 25 27 
28 2 26 28 
29 2 27 29 
29 3. 26 29 

3 5 37555.49b -0.12 3 
19 28810.0 -0.03 1 
1 11 33020.7b -0.21 1 
1 12 35154.9 -0.05 1 
0 12 29671.5 -0.04 1 
1 13 37325.0 to.08 1 
0 13 32740.6 -0.04 1 
1 12 20276.94 +0.03 4 
1 14 39538.7 to.02 1 
0 14 35751.0b t0.08 1 
0 15 38703.6b -0.02 1 
1 14 29713.8 -0.17 1 
1 14 25004.01 +0.05 2 
2 13 19907.02 +0.03 4 
1 15 33614.gb +0.17 1 
1 15 27605.15 +0.05 2 
2 14 20571.04 -0.00 4 
3 13 32667.4b -0.01 1 
1 16 30329.82 -0.01 2 
2 15 21462.07 -0.01 2 
3 14 31847.4 to.16 1 
1 17 33149.05 +0.04 2 
2 16 22591-49 -0.03 2 
3 15 31072.1 to.25 1 
1 18 36034.29 to.04 2 
2 17 23967.30 -0.01 2 
3 16 30377.4b +O.lO 1 
2 18 25593.30 +0.03 2 
3 17 29798.2 -0.04 1 
7 13 39839.27b -0.05 3 
7 14 39838.51b -0.06 3 
2 19 27468.11 +0.03 2 
3 18 29367.4 +0.14 1 
2 20 29584.21 +0.02 2 
3 19 29115.9 +O.Ol 1 
2 21 31927.69 +0.02 2 
3 20 29070.0 +0.03 1 
2 22 34478.61 -0.05 2 
3 21 29252.9 +0.02 1 
2 23 37211.33 +O.Ol 2 
3 22 29883.93 -0.03 2 
2 24 40096.49 +O.OO 2 
3 23 30378.73 -0.02 2 
3 24 31349.43 -0.03 2 
3 25 32604.07 -0.03 2 
3 26 34146.19 -0.07 2 
4 25 40179.6b +0.15 1 

2.65 2.65 

2.76 2.77 0.32 0.31 

2.78 2.76 - 
0.95 0.97 0.26 

2.76 2.74 - 
1.03 1.07 0.22 

2.65 2.69 - 
1.17 1.17 - 

2.62 2.63 - 
1.33 1.28 - 

2.49 2.55 - 
1.39 1.38 - 

1.50 1.48 - 

1.61 1.59 
1.62 1.59 
1.63 1.57 - 

1.64 1.65 - 

1.68 1.72 - 

1.82 1.77 - 

1.83 1.80 - 
0.51 0.57 - 
1.93 1.82 - 
0.62 0.68 - 
0.79 0.78 - 
0.89 0.89 - 
0.99 0.99 - 

0.27 
0.29 

0.25 
0.23 

0.23 
0.18 

0.21 
0.14 

0.20 
0.12 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 
0.15 
0.10 
0.11 
0.08 
0.06 
0.05. 
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TABLE 1 (continued) 

Transition "obs 
a Au= ProfileC Av~;~ AI&~ Avzis Av~$ 

30 228 30 3 27 35973.89 --O-O4 2 1.07 
30 3 27 30 4 26 39412.1b -0.29 1 
31 2 29 31 3 28 38079.54 -0.11 2 1.14 
31 328 31 4 27 38834.9 + 0.03 1 
32 329 32 4 28 38481.3 -0.10 1 
33 330 33 4 29 38378.6 -0.11 1 
34 3 31 34 4 30 38550.2 -0.01 1 
35 3 32 35 4 31 39015.1 +0.12 1 
36 3 33 36 4 32 39787.8 to.15 1 
36 5 31 37 4 34 29946.2gb -0.02 2 0.90 
41 6 35 42 5 38 35636.25b + 0.19 2 0.48 
42 6 36 43 5 39 3?677.4b -0.15 1 
43 10 34 42. 11 31 379?8.43b to.03 3 0.55 

1.08 - 0.05 

1.17 - 0.06 

1.00 - 0.15 
0.55 - 0.20 

0.57 

=Average values of quadrupole components; Av = vcalc-vobs. 

.bMeasured with double resonance modulation. 
=See Fig. 1 for identification of line profiles and definition of A#) and Av('? 

AY(*) (Fig. 1). The latter were generally unobservable, but they had to be 
introduced as zero (with a smaller statistical weight than the actually measu- 
red splittings) in order to make the least squares procedure converge and to 
obtain quadrupole coupling constants with acceptable standard deviations. 
The resulting agreement between observed and calculated splittings was 
satisfactory (Table 1); the derived quadrupole coupling constants appear in 
Table 4, together with values for some related molecules. For each molecule 
the constants are also given in the coordinate system c@c where a! coincides 
with the C-Cl bond, on the assumption that this is the quadrupole principal 
axis system. 

DISCUSSION 

From the I, + Ib -I, values (Table 3) and the smooth curves of inertial 
moments versus torsional quantum number U, we deduced that the molecule 
has a plane of symmetry. 

t 

.Typ: 1 Type. 2 Type 3 Type 4 

Fjg. &Line profiles in the microwave spectrum-of chloroacetyl chloride. 
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.-The substitution coordinates of the Cl atoms are: a = 2.2028 + O.OO&& 
b = 0.1354‘?: $OOU & (CHi Cl group)+d a = ;2.114’7 + 0.0003,& b = 

O-3.487- +’ 0.0003 I$ (COCl group). The~error ~hmits given refer to. measure- 
ni&nterrchsonlyand the small b-coordinates are especialiysubjecttovibra- 

tiohal effects. weverthekks; the Cl-Cl dist&& of 4.323 A is quite reliable 
and shows that these two atoms occupy, the trarzs-position. 

Table 4 shows that the quadrupole coupling constanlx_fo.r several reiated 
molecules are cjuite similar. ‘The cha&e distribution in the CH1 Cl. group is 
em$ntially cylindrically .symmetric. around the C-Cl bond, .whereas consider- 
able asymmetry-e&m in the COCl-group. Sinnott [7] has discussed the 
origin of this effect for acety! chloride; 

A search for absorption lines due to a second molecular conformation is 
planned. 
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