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Abstract 

The vapour phase infrared contours, at 0.5 tin-’ resolution, of the C-H stretch fundamental in CHD2F, 
CHD&l and CHDzI have been simulated using anharmonic rigid asymmetric top calculations. The smallest 
angle between the C-H bond direction and the dipole gradient that reproduces the experimental contour, 
obtained by rotating the gradient from the C-H bond towards the bisector of the methyl group, was found to 
be 15 f 5” in CHD*F, 38 f 2” in CHDzCl and 49 f 3” in CHD21. Together with the corresponding value for 
CHD2Br, these results are compared with the polarizability of the halogen atom. 

Introduction 

The characteristic spectroscopic properties of 
isolated C-H stretches [l] have been successfully 
exploited in the analysis of conformational prob- 
lems on a number of occasions [2-51. In all these 
cases, the vapour phase infrared contours were 
predicted from the bond dipole model (BDM) in 
which it is assumed that the dipole gradient 
(8jZ/aQ)o for the stretching of the isolated C-H 
bond is oriented along the C-H bond. Recently, 
however, the analysis of the infrared contour of 
the C-H stretch in CHD2Br [6] has shown that 
the direction of the dipole gradient for this vibra- 
tion differs considerably from the C-H bond 
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orientation. This conclusion was found to be in 
agreement with predictions from the atomic polar 
tensor analysis of the methyl halides by Newton 
and Person [7]. Similarly, from this latter analysis 
of the C-H stretch in CHD2F, CHD$l and 
CHD21, it can be predicted that the BDM will 
fail. Therefore, in order to get a better understand- 
ing of the factors that influence the orientation of 
the dipole gradient, the vapour phase infrared con- 
tours of the C-H stretch in these partially deuter- 
ated methyl halides have been investigated, and the 
results are reported below. 

The molecules studied here have Cs symmetry 
and have their C-H bond in the plane of sym- 
metry. This plane contains the a and c axes, and 
consequently the C-H stretch fundamental must 
show an A/C hybrid contour. The direction of the 
dipole gradient in the principal axes system then is 
determined by the direction cosines cos Q and cos 7. 
Because the sum of the squares of the direction 
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cosines must be equal to unity, the hybrid contours 
simulated here are functions of a single parameter 
only. We identify this parameter with the gradient 
angle w, defined as the angle between the direction 
of the dipole gradient and the C-H bond orien- 
tation. Positive values of this angle are obtained 
by rotating the gradient from the C-H bond 
towards the bisector of the methyl group, i.e. 
away from the carbon-halogen bond. 

In the expression for a hybrid contour only squares 
of direction cosines appear. In the present study this 
implies that two values of the gradient angle lead to 
the same hybrid. In view of the BDM, the smallest of 
the two values appears physically to be the more 
likely, and will therefore be used here. This choice 
at least ensures that the deviations from the BDM 
shown by the C-H stretch in the partially deuterated 
methyl halides can be correctly appreciated. 

Experimental 

Partially deuterated methyl chloride, CHD$l, 
was prepared as described previously [8]. CHDzI 
was formed by adding P and I2 to the partially 
deuterated alcohol CHD20H (MSD Isotopes, 
MD-758). Methyl fluoride-& CHDzF, was syn- 
thesized by the direct halogen exchange between 
CHDzI and AgF2. The reaction products were puri- 
fied using a low-temperature and low-pressure frac- 
tionating column. Careful analysis of the infrared 
spectra of the purified compounds showed that no 
traces of the CHzDX and CHsX derivatives could 
be detected, i.e. no scrambling of the hydrogen and 
deuteriurn had occurred during the reactions. 

The infrared spectra were recorded on a Bruker 
113~ Fourier transform spectrometer equipped 
with a Ge/KBr beamsplitter and a Globar source. 
For CHD$l, 0.1 cm-’ and OScm-’ resolution 
spectra were measured at vapour pressures of 
48 mbar and 46mbar, respectively. For CHDZI, 
these pressures were equal to 70mbar and 
90 mbar, respectively. A 0.5 cm-’ resolution spec- 
trum of the vapour phase CHD2F was measured at 
a pressure of 4mbar. A 30 cm gas cell fitted with 
KBr windows and connected to a vacuum manifold 

was used to contain the vapours. Happ-Genzel 
apodised interferograms from 500 scans were 
Fourier transformed. All infrared spectra were 
recorded using a broad-band MCT detector. 

Rigid asymmetric top calculations were per- 
formed to a maximum J value equal to 80 for 
CHD2F and CHD$l and 90 for CHD21. At 
these values the contours were found to be 
sufficiently converged. The convolution of the cal- 
culated intensities was performed with the Happ- 
Genzel instrumental lineshape function, analogous 
to the calculations for the partially deuterated 
methyl bromide [6]. 

At the resolution used, no differences could be 
seen between the contours calculated for the differ- 
ent isotopes of the halogen atoms. Therefore, final 
calculations of the pure-type transitions were per- 
formed for hypothetical molecules in which the 
halogen was assigned the isotopically averaged 
atomic mass. 

Model calculations showed that centrifugal dis- 
tortion at this level of resolution introduces minor 
effects only in the regions far from the band centre. 
Because we were interested in the more central 
region of the absorption band, centrifugal distor- 
tion was neglected in the subsequent study. 

Discussion 

In Fig. 1, the projection of CHD$l in the 
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Fig. 1. Projection of CHD&l in the w-plane of the princi- 
pal axis system. 
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Fig. 2. The vapour phase infrared spectrum of CHD2F in the C-H stretch region, recorded at 0.5 cm-’ resolution. 

a,c-plane of the principal axes system is shown. As 
could be anticipated, the a axis is very close to the 
C-Cl bond. The latter, in a symmetrically substi- 
tuted derivative such as CHsCl, is the symmetry 
axis of-the symmetric top. As a consequence, the 
partially deuterated molecule is a near symmetric 
top. Therefore, just as in CHD*Br [6], the pure 
type-A transition will show a pseudo-parallel con- 
tour, while the type-C transition will give rise to a 
pseudo-perpendicular contour. 

In Figs. 2-4 the experimental vapour phase 
infrared contours for the C-H stretch in CHD2F, 
CHD$l and CHD*I, recorded at OScm-’ resol- 
ution, are given. The type-C contribution to the 
experimental contours is characterized by sharp, 
equidistant Q-type fine structure lines in the 
P- and R-branches, while the type-,4 contribution 
is responsible for most of the continuous intensity 
in P and R. Because the asymmetry in the mole- 
cules is caused by the deuterium atoms and not by 

3112 3012 2912 

Fig. 3. The vapour phase infrared spectrum of CHD&l in the C-H stretch region, recorded at 0.5 cm-’ resolution. 
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3cm-’ 
Fig. 4. The vapour phase infrared spectrum of CHDzI in the C-H stretch region, recorded at 0.5 cm-’ resolution. 

the halogen atom, both CHD2F and CHDzI have 
an orientation in their principal axes very similar to 
the one shown in Fig. 1 for CHD$l. Nevertheless, 
as is clear from Figs. 2-4, from CHD2F to CHD21 
there is a systematic decrease in the relative inten- 
sities of the type-C Q-subbands with respect to the 
intensity of the continuous background in P and R. 
This decrease therefore suggests that in this series 
the orientation of the dipole gradient for the C-H 
stretch changes considerably. It is the aim of the 
discussion below to quantify these observations. 

Methylfluoride-d2 

Equilibrium rotational constants for partially 
deuterated methyl fluoride were derived from the 
geometry described by Duncan [9]. The data used, 
together with the equilibrium rotational constants, 
are gathered in Table 1. It is clear from the asym- 
metry of the contour in Fig. 2 that for a quantita- 
tive simulation of the experimental contour, 
anharmonic rotational constants are needed. In 
the least squares optimization process used to 
obtain such anharmonic constants, as described 
for CHD*Br [6], assignments of a number of tran- 
sitions must be made. This proved to be difficult for 
CHD2F, because K fine structure is present in the 

pseudo-parallel lines. Therefore, no optimization 
of anharmonic rotational constants was 
attempted. Both the studies of CHDzBr [6] and of 
CHD&l and CHDzI (vide infra) suggest that, at 
the level of approximation used, the anharmonic 
rotational constants based on an ab initio cubic 
force field are quite satisfactory. Therefore, for 
CHD2F, rotational constants for the vibrational 
ground and excited states were calculated from 

B, = Be - ~cxyfl(q + dk/2) 
r 

in which the ab initio values for at, calculated by 
Thiel and Schneider [lo], were used. The rotational 
constants obtained in this way are given in Table 2. 

Table 1 
Equilibrium geometrical data and rotational constantsa 

CHDzF CHD$l CHDzI 

re(CH) = r,(CD) 1.090 1.0854 1.084 
r,(C-W 1.382 1.7760 2.132 
(Y,( H-C-H) 110.5 110.35 111.2 

4 3.183 3.213 3.185 
& 0.7550 0.3906 0.2183 
G 0.7174 0.3805 0.2151 

a Bond lengths in Angstriims, bond angles in degrees, rota- 
tional constants in en-‘. 
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Table 2 
Anharmonic rotational constantsa for CHD,F 

I I 

I 

; 
3.147 A” 

0.7492 B” 
C’ 0.7114 c” 

a All rotational constants are given in cm-‘. 

3.132 
0.7495 
0.7117 

As is clear from Fig. 2, it would be extremely 
difficult to reliably delimit the continuous back- 
ground in the P- and R-branches. Consequently, 
it is very difficult to quantify the type-,4 contri- 
bution to the experimental hybrid. The abstrac- 
tion of the hybrid content is further hampered by 
the irregularities of the type-C Q-subbands in the 
P-branch. Therefore, for CHD2F the gradient 
angle w could not be obtained by the procedure 
applied for CHD2Br [6]. Instead, a qualitative 
value for the gradient angle was obtained from a 
visual comparison of calculated contours with the 
experimental one. The best agreement was 
obtained for w equal to 15”. Although this method 
is not very precise, it was clear that the hybrids 
calculated for w = 10” and for w = 20” agreed less 
well. Therefore, the gradient angle can be set at 
15 f 5”. The hybrid calculated for this orientation 
is compared with the experimental contour in 
Fig. 5. L 2 

Methyl chloride-d2 
3150 2975 2800 

v/an-’ 

The rotational fine structure observed for methyl 
chloride-d, is more regular than the one observed 
for CHD2F, and hence a more detailed study was 
possible. Equilibrium rotational constants were 
calculated from the equilibrium geometry 
described by Jensen et al. [l 11. These data are 
given in Table 1. The frequencies of a number of 

‘Q, and RQn band maxima were accurately 
measured in a 0.1 cm-’ resolution spectrum. 
Based on statistical theory, these maxima had to 
be assigned to transitions between states with J 
equal to 16. Also in the 0.1 cm-’ resolution spec- 
trum, a number of (B + C’)-type fine structure 
bands from the type-d contribution were 
accurately measured. These were assigned to 

Fig. 5. The vapour phase infrared contour of the C-H 
stretch in CHDIF at OScm-’ resolution: (1) experimental 
contour; (2) simulation for a gradient angle of 15”. 

transitions between levels having the K, value 

equal to one. Using these frequencies and their 

assignments, rotational constants for the ground 

and excited vibrational states were adjusted from 

the equilibrium values by a diagnostic least squares 

procedure [12]. The resulting anharmonic rota- 
tional constants are collected in Table 3. 

For CHD$l, the values of a: have also been 
calculated by Thiel and Schneider [lo] using an 
ab initio cubic force field. These values, together 
with the equilibrium rotational constants, were 
used to calculate a second set of anharmonic 
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Table 3 I I I 

Anharmonic rotational constantsa for CHDzCl 

Ib IIc IIId 

A’ 3.176(2) 3.182 3.193 
A” 3.160(2) 3.168 3.151 

;I 
0.3899(8) 0.3879 0.3902 
0.3913(8) 0.3881 0.3891 

C’ 0.3809(7) 0.3777 0.3803 
c” 0.3800(7) 0.3779 0.3801 

’ All rotational constants are given in cm-‘. 
b Obtained from diagnostic least squares calculations; the 
uncertainties on the last digit are given in brackets. 
’ Calculated from ab initio a,~. 
d Calculated from Morse potential. 

t 

rotational constants. The latter have also been 
collected in Table 3. 

Finally, anharmonic rotational constants were 
obtained from the Morse model, in which the 
C-H stretch is represented by a Morse oscillator 
[13]. The fundamental and the first three overtone 
frequencies, determined by Baggott et al. [14] were 
used in the least squares calculation of the para- 
meters of the Morse potential. These parameters 
are given in Table 4. Using the Morse functions 
for the ground and first excited states of the C-H 
stretch, vibrationally averaged rotational constants 
were calculated. These anharmonic rotational con- 
stants are given in Table 3. 

Pure type-_4 and type-C transitions were calcu- 
lated at 0.5 cm-’ resolution, using each of the three 
sets of rotational constants from Table 3. As an 
example, in Fig. 6 the pure type-d transitions are 60 0 -60 

ihl-’ 

Table 4 
Observed C-H stretch frequencies and Morse potential 
parameters for CHD$l 

Transition 

I+0 
2+-o 
3-O 
4+0 

Morse parameters 
a 
D 

Observed frequency (cm-‘) 

3012.22 
5898.47 
8670.59 

11323.13 

1.8142A 
41017 cm-’ 

Fig. 6. Pure type-A contours for different sets of anharmonic 
rotational constants of CHD2Cl: (1) calculation using least 
squares optimized rotational constants; (2) calculation using 
ab initio a: constants; (3) calculation using Morse oscillator 
model. 

compared. It can be seen that the least squares 
optimized rotational constants and the ab initio 
rotational constants lead to similar contours, 
while the Morse model predicts a much more per- 
turbed contour. The latter, for instance, shows a 
much broader Q-branch. Experimentally, how- 
ever, as can be seen from Fig. 3, a rather narrow 
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central Q-branch is observed. This immediately 
shows that the Morse model overestimates the 
anharmonic influences. A similar observation was 
made for CHD2Br [6]. As a consequence, no 
further calculations were made from the Morse 
anharmonic rotational constants. 

=” I 

k 

The orientation of the dipole gradient, expressed 
as the gradient angle w, was obtained as described 
previously [6]. In short, a series of hybrids were 
calculated for an increasing angle w. For each 
hybrid, the integrated intensity of the continuous 
background of the P- and R-branches and of a 
selected number of suthciently intense ‘Q, and 
RQn bands were determined. For CHD&l, the con- 
tinuous background was integrated between 3132.2 
and 3014.7cm-’ for the R-branch, and between 
3009.7 and 2892.2cm-’ for the P-branch. The 
Q-subbands considered were RQs through RQi2 and 
‘Q5 through ‘Qi4. From these, the ratios r of the 
intensity of each ‘Q, and “Q, to the intensity of the 
continuous background were calculated. For each 
‘Q,- and RQ,-subband, the r values for the different 
theoretical hybrids were plotted against the value 
of the gradient angle w. Through these points, a 
second-order polynomial was fitted. By measuring 
the corresponding ratio r in the experimental spec- 
trum, the polynomial could be interpolated to pro- 
duce a value for w. The uncertainties on the 
interpolated w values were estimated as before [6]. 
In Fig. 7, the interpolated values of w, obtained 
using hybrids from the least squares optimized 
rotational constants are shown. The abscissa 
values specify the value of n for the “Q,- or 
‘Q,-band used. The numerical values of w used to 
construct Fig. 7 are given in Table 5. As could be 
expected from the resemblance of the two sets of 
rotational constants, the w values obtained using 
ab initio anharmonic constants were found to be 
similar. Therefore, in the subsequent analysis only 
one set of values was used. For the R-branch, the 
mean value of w is 36 f 3”, while the corresponding 
value for the P-branch was calculated to be 
40 f 3”. The difference between these two values 
is presumably partly caused by the neglect of cen- 
trifugal distortion. Also, because anharmonicity 

:j . , , , , . , 
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Fig. 7. The experimental values for the gradient angles w 
obtained from the C-H stretch contour of CHD&l. 

tends to redistribute P- and R-branch intensities, 
shortcomings in the anharmonic models used to 
calculate the theoretical hybrids will contribute to 
the difference. The final value for w was calculated 
as the weighted average of all the values in Table 5. 

Table 5 
Gradient angles for CHD$l 

Subband Angle (deg) Subband Angle (deg) 

44f15 
42f 11 
38 f 8 
39f8 
35f7 
36f7 
33f6 
32f6 

‘QS 42f17 
42f 13 
44f 12 
43 f 10 
38 f 8 
42f 10 
40 f 9 
39 f 8 
40 f 8 
40 f 8 

Average 36f3 Average 4Of3 
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Fig. 8. The vapour phase infrared contour of the C-H 
stretch in CHD$l at 0.5 cn-’ resolution: (1) experimental 
contour; (2) simulation with a gradient angle of 38”, using 
least squares optimized anharmonic rotational constants. 

This value is equal to 38 f 2”. The hybrid calcu- 
lated for this angle between the dipole gradient 
and the C-H bond is compared with the experi- 
mental contour in Fig. 8. 

An independent value for w can be obtained 
from atomic polar tensor theory. As described by 
Person and Newton [ 151, the matrix P, of atomic 
polar tensors can be, transformed in a matrix Pe 
containing Cartesian components of the dipole 
gradients (&Z/aQ)o by the following relation: 

P(-J = P x n!rWU’L 
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Table 6 
Tensor elementsa of PQ corresponding to the C-H stretch 

FF lb FF 2’ 

X -0.293 -0.293 

Y 0.000 0.000 
Z -0.382 -0.375 

a The tensor elements are given in DA-’ u-l/‘. 
b Force field of ref. 14. 
’ Force field of ref. 15. 

In this equation, M is the diagonal matrix of 
atomic masses, C is the transformation matrix 
from internal coordinates R to mass weighted 
Cartesian coordinates q (q = CR), U’ is the trans- 
pose of the transformation matrix from internal to 
symmetry coordinates S (S = UR), and L is the 
eigenvector matrix in symmetry coordinates 
(S = LQ). 

The atomic polar tensors for methyl chloride are 
reported by Ilieva et al. [ 161. These data were trans- 
formed to the matrix PQ using an L matrix which 
was obtained from a force field of methyl chloride 
calculated by Duncan [ 171. The part of Pe referring 
to the C-H stretch normal coordinate is given in 
Table 6. These numbers define the position of the 
dipole gradient in the Cartesian axes system, with 
the z axis through the C-Cl bond directed away 
from the chlorine, and the x axis through the car- 
bon atom in the symmetry plane of the molecule 
and with the unique hydrogen atom on the positive 
side. From these components, a value of 34” was 
finally derived for the angle between the C-H bond 
and the C-H stretch dipole gradient in CHD2C1. 
In order to test the dependence of this result on the 
force field applied in the transformation, the same 
calculations were performed using a different force 
field for methyl chloride, reported by Schneider 
and Thiel [18]. The elements of the Pe matrix 
obtained with this force field are given in the 
second column of Table 6. From these, a value of 
34” was again calculated for the angle between the 
dipole gradient and the C-H bond. 

Taking into account the probability that the 
atomic polar tensor value for w will also show 
some uncertainty, depending as it does on the 
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uncertain distribution of intensity between the 
partly overlapping parallel and perpendicular 
bands in the C-H stretching region, and on 
assumptions about the Fermi resonances, it may 
be concluded that there is satisfactory agreement 
between the values of w obtained from both 
methods. 

Methyl iodide-d2 

Finally, the isolated C-H stretch contour of 
CHDJ was also analyzed. Equilibrium rotational 
constants for this molecule were calculated from 
the geometrical data reported by Harmony et al. 
[19]. The structural data, together with the equili- 
brium rotational constants, are given in Table 1. 
Again, the experimental contour, shown in Fig. 4, 
suggests anharmonic rotational constants must be 
used. Because both for CHD2Br [6] and CHDzCl 
the Morse model leads to poor simulations, for 
CHD*I no attempts were made to obtain anhar- 
manic rotational constants from the Morse 
approximation. Anharmonic rotational constants 
were obtained by the least squares fit of rotational 
fine structure obtained at 0.1 cm-’ resolution, and 
from the ab initio crfl values reported by Thiel and 
Schneider [lo] for CHD$. For the least squares 
optimization, the ‘Qn and “Qn band maxima were 
characterized by a J value of 2 1, while the K, value 
for the type-d fine structure was equal to one or 
two. The sets of rotational constants obtained by 
both methods are given in Table 7. Again, as for 
the other partially deuterated methyl halides, the 
differences between the constants for the excited 
state and those of the ground state for both 
methods are very similar, with the largest differ- 
ence occurring in the rotational constant A. 

Values of w were obtained from the experimental 
contour by the procedure described above. Both 
for the calculated hybrids and for the experimental 
contour, the continuous background was inte- 
grated between 3 129.7 and 3030.2 cm-’ for the R- 
branch, and between 3027.2 and 2929.7cm-’ for 
the P-branch. The Q-subbands used were RQ3 
through RQ13 and ‘Q4 through ‘Qii. Also for 

Table 7 
Anharmonic rotational constants” for CHDzI 

Ib w 

A’ 3.152(2) 3.159 

: 
3.137(2) 3.146 
0.2164(7) 0.2170 

B” 0.2165(7) 0.2171 
C’ 0.2160(7) 0.2138 
c” 0.2156(7) 0.2139 

’ All rotational constants are given in cm-‘. 
b Obtained from diagnostic least squares calculations; the 
uncertainties on the last digit are given in brackets. 
’ Calculated from the ab initio a+. 

CHDzI, no distinction could be made between 
the r(w) relations obtained from the hybrids calcu- 
lated from the least squares optimized rotational 
constants and those calculated from the ab initio 
anharmonic constants. Therefore, in the subse- 
quent analysis only one set of relations was used. 
The angles w obtained are collected in Table 8, and 
are shown graphically in Fig. 9. The average value 
of w obtained for the R-branch is 48 f 3”, and the 
average value for the P-branch is 54 f 5”. 

The difference between the values for the R- and 
P-branches, in comparison to CHD*Br and 
CHD,Cl, is somewhat bigger than expected. 
Apart from the contributions cited above for 
CHD$l, for CHDJ a third source will contribute 
to this difference. In the experimental spectrum, an 

Table 8 
Gradient angles for CHDzI 

Subband Angle (deg) Subband Angle (deg) 

53 f 25 
52 f 14 
50* 11 
50fll 
49% 10 
48f9 
49% 10 
48 f 9 
46f8 
46f8 
4668 

56f32 
55 f 19 
55f 15 
53f 13 
53f 13 
53f13 
54 f 14 
55 f 14 

Average 48 f 3 Average 54 f 5 
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Fig. 9. The experimental values for the gradient an&s w 
obtained from the C-H stretch contour of CHDI. 

unidentified weak absorption is present in the region 
of the P-branch, with a band centre of approxi- 
mately 2937 cm-‘. In spite of attempts to take 

account of this disturbance, the integrated intensity 
of the continuous background of the P-branch pre- 
sumably is somewhat overestimated. This causes the 
I values for the PQ,-branches to be too small, and 
consequently the corresponding w values are some- 
what too large. The final value of w, the angle 
between the dipole gradient and the C-H bond, 
was obtained as the mean of the values in Table 8, 
and is equal to 49 f 3”. The hybrid for this direction 
of the gradient, calculated from the ab initio anhar- 
manic rotational constants, is compared to the 
experimental contour in Fig. 10. 

Conclusion 

Using vapour phase infrared band contour simu- 
lation, it was shown that the orientation of the 

I I I 

1 

3130 

i/an-’ 

Fig. 10. The vapour phase infrared contour of the C-H 
stretch in CHD$ at OScm-’ resolution: (1) experimental 
contour; (2) simulation with a gradient angle of 49”, using 
ab initio anharmonic rotational constants. 

dipole gradient for the isolated C-H stretch vibra- 
tion in all partially deuterated methyl halides 
differs considerably from the respective C-H 
bond directions. Moreover, an evolution in the 
results was ascertained, as shown in Table 9. 

The orientation of the dipole gradient is deter- 
mined by motions of charges and by charge fluxes 
in the molecule. For the C-H stretch in the present 
molecules, a distinction can be made between the 
phenomena occurring in the C-H bond, and the 
phenomena occurring in the neighbourhood of this 
bond, generated as a result of the displacements of 
both atoms, C and H, along the bond direction. If 
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Table 9 
The gradient angle w for the C-H stretch in all partially 
deuterated CHDzX compounds and the polarizability a 
for HX molecules 

X w (deg) 

F 15f5 8.0 
Cl 38f2 26.3 
Br 44f2 36.1 
I 49 f 3 54.5 

only the first factor is of some importance, the 

dipole gradient should lie along the C-H bond 
so that w is 0”. The charge fluxes occurring in the 
rest of the molecule cause the angle w to differ from 
zero. The evolution of the value of w in the different 
methyl halides suggests that the effect must be 
attributed to a property of the halogen atom. The 
obvious choice for this property is the polarizabil- 
ity of the halogen atom. As a measure of this, the 
polarizability of the corresponding HX com- 
pounds, taken from ref. 20, are given in Table 9. 

In Fig. 11, a plot of w versus these polarizabilities 
is shown. It can be seen that w is not linearly related 
to the polarizability. However, this is not really 
expected, as can be seen from the following 
model. The charge fluxes caused by the stretching 
of the C-H bond in the rest of the molecule can be 
represented as a dipole gradient component along 
the C-X bond. The dipole gradient (ajZ/aQ)s for 

1” 

50 1 
w (3 

40 

1 
30 

20 1 5 
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the C-H stretching is then the vector sum of this 
component with the component along the C-H 
bond, which is caused by the motion and flux of 
charge in the C-H bond. When the component 
along the C-X bond is primarily due to charge 
fluxes in the halogen atom, its length must be 
expected to vary linearly with the polarizability of 
the atom X. However, it is clear that, even should 
the component along the C-H bond be constant, 
the angle win this case will not be a linear function 
of the polarizability of the halogen atom. More- 
over, the qualitative behaviour of the intensity of 
vCH in the present series of molecules suggests that 
the gradient component along the C-H bond is not 
constant. With the knowledge of w and of the 
length of (@/aQ)o, as obtained from the inte- 
grated infrared intensity of the C-H stretch, the 
length of the gradient component along the C-X 
bond could be calculated and its behaviour in the 
series investigated. Unfortunately, no systematic 
study of the absolute intensities of the C-H 
stretches in these molecules has yet been made, so 
this polarizability hypothesis cannot be put to the 
test. 
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