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222. The Dipole Noments of Vapours. Part VII.  Calculation of 
Vakncy Angles in Chloroform and Methylene Chloride. 

By L. G. GROVES. 
On the basis of values for the moments of the GCl  and the C-H link obtained 

from the moment of methyl chloride, it is shown, after allowances are made for com- 
ponents of induction, that the ClX-Cl intercovalency angle is approximately tetra- 
hedral in both chloroform and methylene chloride. This result is in accord with the 
electron-diffraction results of Sutton and Brockway ( J .  A m y .  C h e w  Soc., 1935, 57, 
473). 

IT has been shown in Part VI (J., 1937, 1992) that the total moment of a molecule not 
exhibiting resonance is made up of two parts, one of which is the parent moment or moments 
and the other the component due to induction caused by the proximity of the bond moment 
to  polarisable portions of the molecule. Equations were derived enabling the latter 
quantity to be calculated with a fa i r  degree of accuracy, and the values of the induced 
moment so obtained were, in many cases, found to be quite large. 

In view of the fact that two conflicting sets of data are in existence for the carbon- 
chlorine intercovalency angles in chloroform and methylene chloride, it is of interest to 
calculate from the observed moment of methyl chloride and the various angles recorded, 
all the possible values of the moments of these two compounds. 

Bewilogua (Physikd. Z. ,  1931, 32, 265), from X-ray measurements, obtained for the 
C1-C-C1 angle 8,124" 6" and 116" & 3" in methylene chloride and chloroform respectively ; 
Sutton and Brockway (Zoc. cit.) on the other hand, from electron-diffraction data, obtained 
a value of 111" &- 2" in both compounds. 

In seeking to calculate the induced moment in neighbouring chlorine atoms due to 
any one C-cl link, from the value of vCHIC1, some definite allowance must be made for the 
moment of the C-H bond. Owing to the tetrahedral structure of methyl chloride, the total 
moment is equivalent electrically to the sum of vG-H and po-a acting along the same 
straight line, and in consequence, values of po-a are obtained from vOH,Cl by subtracting 
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arbitrary values assigned to pCdH. In the ensuing calculations, pC-H will be gven the 
values 0, 0.15, and 0-20 D., which in conjunction with pcaScl = 1.87 (Groves and Sugden, 
J., 1937, 159) lead to 1-87, 1-72, and 1-67 respectively for pc-cI. The method of obtaining 
the magnitude and direction of the induced components was described in detail in Part VI 
(Zoc. c i t . ) ,  and the individual calculations will be omitted here. 

In methylene chloride, each C-C1 moment induces moments in the neighbouring 
chlorine atoms, the resultant of which opposes the primary C-Cl dipoles, such that the total 
moment of the molecule is 

2&--pl cos $0 - 2phd. Cos 4 ~ V C - H  COS 47, 

where tJ5 = angle between the direction of pinas and the bisector of 8, and T = tetrahedral 
angle. 

The scheme of moments in chloroform is more complicated, as each C-Cl link induces 
moments in the remaining two chlorine atoms such that six induced components arise 
symmetrically disposed in pairs about the bisectors of 8. Thus the total moment 

PCHCI, = 3pC-Cl cos a - %ind. cos 4 - cos p + PC-H 

where a and p are respectively the angles made by the C-C1 link and by the bisector of 0, 
with the median of the CC1, pyramid. 

In these calculations the moments induced in the chlorine atoms by the C-C1 dipoles 
are alone considered; those similarly induced, but by the C-H dipole, are small enough to 
be neglected (maximum resultant value in chloroform = 0.01 D.). 

The various results are set out below. 
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Chloroform. 
1-87 0 0.83 

0.92 { 0.95 
0.50 

67'4 { 0.65 

111 0.224 0.15 } 40.4 70.5" 57.1' 
0.20 
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The observed moments of methylene chloride and chloroform in the vapour state are 
respectively 1.59 D. and 0-95 D. (Sanger, Physikal Z., 1926, 27, 556), and inspection of the 
last column above shows that these values are most closely approached when Sutton and 
Brockway's values for 8 (i.e., approximately tetrahedral values) are chosen. 
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