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Abstract 

In the conformational analysis of organic molecules by electric birefringence and Rayleigh scattering 
techniques, the value assigned to the aliphatic C-C bond, yC-C, is of fundamental importance. This 
communication discusses the implications of recent changes in the experimental parameters used to 
derive yC-C. 

Molecular polarizability measurements have proved to be very useful for the 
examination of the solution state conformations of molecular species.' A corner-stone 
of this technique, when applied to the conformational analysis of organic molecules, 
is the value assigned to the bond polarizability anisotropy yCPC (= bE-c-b$-c),* of 
the axially symmetric C(sp3)-C(sp3) bond. Neither y nor b, and b, for individual 
bonds can be rigorously extracted2 from molecular polarizability tensors obtained 
from experimental data. For example, in the case of alkane molecules with tetrahedral 
bond angles, the determinable polarizability parameter314 is 

Le Fkvre et ~ 1 . ~  after reviewing previous determinations of the anisotropic polar- 
izability of the C-H bond and from other considerations, argued for the retention of 
the assumption6~' that the C-H bond is isotropically polarizable. This assumption, 
together with the values for r (= 0.7 2 0.3) and X by-' (= bEPc + 2bF-c = 1 -491) 
derived in ref. 5, yielded bE-' = 0.97, b:-' = bCvC = 0.26. Redeterminations of the 
Kerr constants of carbon tetrachloride8 and cyclohexane9 (parameters used by 

* Bond polarizability semi-axes (bL, bT, bv) are quoted throughout in cm3 units. 
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Le Fbvre et aL5) together with recently r e p ~ r t e d ' ~ - ' ~  divergent estimates of r (see 
Table 1) have raised the question of whether the bond polarizability semi-axes quoted 
above should be modified. Table 1 contains the recalculated r values from ref.' for 
cyclohexane both as the pure liquid and as a solute in carbon tetrachloride. 

Table 1. Estimates of r 

Authors I- Comments 

From cyclohexane 
Le Fevre et, ~ 1 . ~ ~ ~  0.75 pure liquid, A 589 nm 
Le Fevre et. ~ 1 . ~ ~ ~  0.65 solute in CCI4, 1. 589 nm 
Foulani and Clementlo 0.70 pure liquid, A 546 nm 

From n-alkanes 
Bothorell' 0.87 for pure liquids and in solution, i. 546 nm 
Patterson and Floryf2 0.54* solute in CC14, 1 633 nm 

A Calculated for a model in which the angles deviate from the tetrahedral value. 

From the absolute intensities of Raman scattering of methane and benzene, 
Yoshino and Bernsteini3 determined yC-H to be k 0.312 and 0 respectively. Unfortu- 
nately, the sign ambiguity is not resolved by the above technique. If the positive and 
zero experimental measurements of yCPH as well as the extremes of r in Table 1 are 
used, the range of possible values for f-' emerges as 0.54-1 ~ 4 9 .  These data, in 
conjunction with X by-' = 1.491,' yield polarizability semi-axes for the C-C bond 
of b:-' = 0.86-1 a49 and b:-' = bGPC = 0.32-0. Some workers have arbitrarily 
chosen to let yC-H be 0.21,12,'4-'6 However, the arguments given by Le Fbvre, Orr 
and Ritchie5 in favour of the assumption that the C-H bond is isotropically polarizable 
are still valid. Hence, if the assumption that yC-H = 0 is used along with the mean 
value of r (0 -70 + 0.17) obtained from Table 1, the parameters bE-' = 0.96, b:-' = 
b$-' = 0.26 are obtained. Clearly, these values are in accord with the bond polar- 
izability semi-axes (bEPC = 0-97, b;-' = b$-' = 0.26) currently used by the Sydney 
group. 
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