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EXPERIMENTAL VALUES for the anisotropy of the 
magnetic susceptibility of hydrocarb~nsl-~ and 
other simple molecules are neither as plentiful nor 
as reliable as might be wished. Such information 
is currently of importance because of the relation- 
ship between the magnetic anisotropy associated 
with chemical bonds and the chemical shifts in 
high resolution nuclear magnetic re~onance.~-~ 

Measurements of the magnetic birefringence 
(Cotton-Mouton effect) of gases provide important 
information, and suitable apparatus has been 
assembled for such studies. The average magnetic 
field available is 28,000 Oersted over a sample 
length of 50 cm. perpendicular to the field. The 
light is plane polarized a t  an angle r/4 to the field 
and the phase lag due to the birefringence is 
converted into an angle of rotation of this plane 
by means of a quarter-wave plate, and this rotation 
is measured on a Bendix-Ericsson recording 
polarimeter. With a sample of ethane a t  40 
atmospheres pressure the observed rotation was 
about 1.4 x lo4 radians. The birefringence in- 
duced was proportional to the gas density and the 
molecular Cotton-Mouton constant for ethane, 
&, as defined by Buckingham and Pople7 in their 
equation 3.9, was found to be (-2.63 f 0.2) x 
10-18 e.m.u. at 2 9 3 ” ~  for light of wavelength 
546lA. 

Provided the temperature-independent terms 
can be neglected and the molecule has effectively 
axial symmetry then 

where ct and x are the molecular optical polarisa- 
bility and the magnetic susceptibility in the 

directions parallel and perpendicular to the axis 
as indicated. The quantity (a11 - aI) is best 
obtained from the depolarisation ratio, pol of the 
Rayleigh scattering and the value* po = 1.97 x 
104 at  6328A is adopted despite the difference 
of wavelength; the mean polarisability at 640lk 
is# 4.11 x 10-24 cm.8 and these values give 
(all - a*) = f0-71 x ~ m . ~ .  The positive 
sign is taken as required by the empirical bond 
polarisabilitiesfO which give +0.72 x 10-24 cm.3. 
The derived molecular magnetic anisotropy 
(xll - x l )  = -8-0 x cm.3, which is equiva- 
lent to -4-9 x cm.s/mole. 

If the anisotropies of bond susceptibilities are 
truly additive properties and regular tetrahedral 
angles may be assumed, the ethane anisotropy can 
be written as 

where parallel and perpendicular now refer to the 
bond directions. Previous estimates of this 
quantity6 were -2.6 x ~m.~/rnole based on 
crystal studies3 of long-chain acids and -2.0 x 
10-6 ~m.~/rnole based on a wider surveys of the 
evidence ; both these estimates are smaller in 
magnitude than the value -4.9 x cm.3/mole 
found in the present work. 
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