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 Since the structure of the monochloroaceto-

nitrile molecule CH2ClCN is similar to that

of propargyl chloride CH2ClC-CH, it is of

some interest to compare the structure of the 

two molecules with each other in detail. In 

particular, the C-Cl bond length is important 
in the respect because it will give some infor-

mation concerning the electronic structure of 

the molecule. The quadrupole coupling con-

stant of chlorine nucleus is also important for 

discussing the nature of the C-Cl bond. 

 When the present investigation was coming 

nearly to the end, a paper was published by 

Graybeal on the structure of the CH2ClCN 

molecule by the microwave absorption spec-

trum1). But his result seems to involve a 

number of unreliable data and moreover only

two isotopic species, CH235ClCN and CH2 
37ClCN

, were used in his study. The molecular 
structure and the molecular constants obtained 

in the present paper would be more reliable 

than those by Graybeal. 

Experimental 

 The rotational spectra of monochloroacetonitrile, 
CH235ClCN, CH237ClCN, CD235ClCN, and CD2 
37ClCN , were observed at room temperature by 
using the recording microwave spectrometer with a 
100 Kc. Stark modulation described in the previous 

paper2). The microwave was supplied by klystrons, 

 1) J. D. Graybeal, J. Chem. Phys., 32, 1258 (1960). 
 2) E. Hirota and Y. Morino, This Bulletin, to be 

 published.
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TABLE 1. OBSERVED AND CALCULATED CENTER FREQUENCIES

TABLE II. ROTATIONAL CONSTANTS AND ASYMMETRY PARAMETERS

Varian X-12 and X-13, and the frequency was 
multiplied by a silicon crystal. The frequency 
range covered was 15000 Mc./sec. to 35000 Mc./sec. 
 The deuterated samples were prepared as follows: 
a mixture of the normal monochloroacetonitrile, 
heavy water and a trace of anhydrous sodium 
carbonate was kept on a hot water bath for a day 
and then distilled out. The infrared absorption 
spectrum showed neither the C-H stretching nor 
the CH2 deformation bands. 

Results 

Monochloroacetonitrile is a nearly prolate 
symmetric top molecule and both a-and b-type 
transitions were observed. The transitions of 
the b-type Q-branch, J0.j-J1,J-1, were most 
easily identified because of their characteristic 
hyperfine patterns due to the quadrupole 
moment of the chlorine nucleus (I=3/2) and 
confirmed by plotting the values of A-(B 
+C)/2 and bP=(C-B)/(2A-B-C). For 
CH2ClCN a-type, and b-type R-branch transi-

tions and for CD2ClCN a-type R-branch transi-

tions were also measured. The observed center 

frequencies are given in Table I. 

 The rotational constants of CH2ClCN were

determined by using the transitions, O0,0→11,1,10

,1→11,0, and 30,3→31.2. Unfortunately none

of these transitions were measured for CD2ClCN 
and the rotational constants were determined 
by using relatively low-J transitions. The 
values are listed in Table II. The center 
frequencies calculated by using these constants 
are compared with the observed ones in Table 
I. (a rigid rotor calculation). 

 For CH235ClCN rough estimation of cen-
trifugal effect is made (Table III) by assuming 
the expression for a symmetric top molecule, 
-DJJ2(J+1)2-DJKJ(J+1)K-12-DKK-14 . The 
transitions used for determining the centrifugal
constants are 40,4→41,3, 51.5→61,6,51,5→60,6,61,6

→70 ,7, and 112,10→12,.11. The center frequencies

calculated with the centrifugal distortion 

correction are compared with the observed
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TABLE III. EFFECT OF THE CENTRIFUGAL DISTORTION FOR CH235ClCN 

 (DI=0.004399 Mc./sec., DJK=-0.02340 Mc./sec., DK=0.3398 Mc./sec.)

TABLE IV. MOLECULAR CONSTANTS OF MONOCHLOROACETONITRILE 

 (Graybeal's values are also given for comparison.)

ones in Table III. It is seen that the dis-

crepancy found in the rigid rotor calculation 

is largely reduced, even for high-J transitions. 

 Since only two hydrogen atoms are located 

above and below the symmetry plane, the 

distance between them r is given bye

where Δ is a quantity similar to the inertia

defect and m is the mass of hydrogen or

deuterium atom. The values of Δ and r

(Table IV) were determined by means of the 
method of least-squares using the four equations 
given by the four isotopic species. 
 The number of the rotational constants 

obtained is twelve. Four of them are used in

obtaining the hydrogen to hydrogen distance, 

hence there remain eight constants for determin-

ing the other structural parameters, dc-c, dc-c1,

dc-H, dc-N, ∠CCCl, ∠ CCH, and ∠CCN. Since

isotopes of carbon and nitrogen atoms were 
not available, none of these parameters could 
be determined. The C-C bond length adjacent 
to the triple bond is usually about 1.458A.
and the C≡N bond length in cyano group is

reported for a number of molecules to be

1.1～8A3). The assumption of the linear struc-

ture for the C-C≡N group may not influence

the other structural parameters. Thus the 

following values were assumed: dc-c=1.4581,

 3) C. C. Costain and B. P. Stoicheff, J. Chem. Phys., 
30, 777 (1959).
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TABLE V. COMPARISON OF THE CENTER FREQUENCIES (CH235ClCN) 
 GIVEN BY GRAYBEAL AND BY THE PRESENT AUTHORS

* Values cited from Graybeal's paper . No corrections for centrifugal effects. 
** Values calculated by using the rotational constants given by Graybeal. No corrections for 

 centrifugal effects.

4c≡N=1.1～8 A, and ∠CCN=180°. The remain-

ing five parameters were determined by the 

method of least-squares using the values of A 

and B, as shown in Table IV. 

 Nuclear quadrupole coupling constant is 

calculated for CH235ClCN from the transitions

10,1→11,0,30,3→31,2,and 60,6→61,5, and given in

Table IV. If the electronic charge distribution 
about the C-Cl bond is assumed to be 
cylindrical, the quadrupole coupling constant 
along the C-Cl bond axis is-80Mc./sec. 
The value is consistent with that observed in 
the solid state, 76.25 Mc./sec.4)The hyperfine 
structures due to the nitrogen nucleus were 
not resolved. 

Discussion 

A quite normal value 1.78151 is obtained 
for the C-Cl bond length, which is very close 
to the value obtained for propargyl chloride, 
1.780A2), hence it is sure that neither a double 
bond structure nor an ionic structure con-
tributes so much to the electronic configuration 
in the ground state of this molecule. 

The center frequencies measured by 
Graybeal1) are shown in Table V. Some of 
them are confirmed by the present investigation 
within the experimental error, but others show 
a definite discrepancy. Graybeal calculated the 
center frequencies by using the rotational 
constants given in Table VI. However, some 
of them are also in error by as much as 10 
Mc./sec. It is found that the S expansion 
formula he used5) is insufficient for calculating

the energy of the rotational states with J as 
high as ten. As a result his values of A are 
larger than the present ones by about 13 Mc./ 
sec. (Table VI). On the other hand the con-
stants, of the present paper reproduce the 

TABLE VI. COMPARISON OF THE ROTATIONAL 
CONSTANTS (IN Mc./sec) OBTAINED BY GRAYBEAL 

 AND BY THE PRESENT AUTHORS

frequencies of low-J transitions in good agree-
ment with the observed ones. If the centrifugal 
distortion is taken into account, the rotational 
constants given in the present paper would 
account even for high-J transitions (Table III). 
 Graybeal reported the C-Cl bond length to 

be 1.767A and the C-C bond length to be 
1.472A (Table IV). If isotopic species of 
carbon or nitrogen atoms were not available 
as in his study, it would be difficult to deter-
mine these two parameters separately. The 
correction due to the inertia defect has not 
been taken in the H.. H distance obtained by 
Graybeal, thus the structure of the CH2 group 
reported by him is not reliable. 

 The value of the quadrupole coupling 
constant of chlorine nucleus is observed to be 
-80 Mc ./sec., which is slightly higher than 
that of propargyl chloride (-75.8 Mc./sec.) 2)

 4) J. D. Graybeal and C. D. Cornwell, J. Phys. Chem., 
62, 483 (1958).

 5) Graybeal used likely the expansion formula given 
by King, Hainer and Cross [J. Chem. Phys., 11, 27 (1943)].
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or of ethyl chloride (-70.07 Mc./sec.)6). This 
fact may be accounted for by the presence of 
the electronegative cyano group, since this 
reduces the ionic structure of the C-Cl bond. 
The present value of the quadrupole coupling 
constant of chlorine nucleus would be more 
reasonable than Graybeal's value-76.36 Me./ 
sec., since the (absolute) value obtained in the 
vapor phase is usually larger than that in the 
solid phase by several megacycles and the 
coupling constant of monochloroacetonitrile 
is 76.25 Me./sec. in the solid state.
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6) R. S. Wagner and B. P. Dailey, ibid., 26, 1588 (1957).


