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Orientational order parameters, P, and P,, as calculated from our X-ray
diffraction studies, have been compared with the predictions of mean-field and
continuum theories. It is observed that the agreement with Faber’s continuum
theory is surprisingly good.

During the past 12 years we have extensively studied aligned samples of
nematogens using an X-ray diffraction technique [1-12]. We have determined the
orientational distribution function for a large number of liquid-crystalline substances
in the nematic mesophase and hence calculated the orientational order parameters P,
and P,. In trying to fit our experimental results to the well-known Maier-Saupe (MS)
mean-field theory, we have consistently found that our P, values are in fair agreement
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Comparison of experimental P, and P, values with different theories, +, experimental values;
——, Maier-Saupe mean-field theory; ———, HJL theory (6=—0-8); ..... , Faber’s
theory; ————— , linear least square fit (equation (2)).
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with the theory, whereas our P, values are much smaller than the theoretical
expectations. Similar results have also been obtained by other research workers
[13,14]. Moreover, it has not been possible to fit our experimental P, and P, values
simultaneously with the modified mean-field theory of Humphries, James and
Luckhurst (HJL) [15]. Faber [16] has derived a simple expression relating the order
parameters, viz. In P,/In P,=10/3, from a continuum theory of disorder in nematic
liquid crystals. In the figure we have plotted In P, against In P, and have compared our
152 experimental order parameter values obtained from 20 nematic compounds with
the theoretical predictions from MS, HJL and Faber’s theories. It is surprising that, in
spite of the crudity of the various assumptions made in Faber’s theory, the agreement of
this theory with our experimental results is impressive. It is clearly seen in the figure
that the Maier—Saupe curve does not at all follow the trend of the experimental points.
The Humpbhries, James and Luckhurst theory, which assumes a mean-field potential of
the form

W(0)= — A[P,P,(cos 6)+ 6P ,P(cos 0)], m

can be used to calculate P, and P, values for different values of §. Since the HIL curve
shifts almost parallel to the MS curve upwards or downwards depending upon the sign
and value of 4, the HIL theory cannot reproduce the general trend of the experimental
data points for any of the 6 values. However, we have drawn the HJL curve for 6 = —0-8
in the figure to show the discrepancy. Such a value of d is unrealistic, since it implies P,
to be less than 0-3 at the nematic—-isotropic transition temperature and we have never
observed such low values of P, in our X-ray diffraction experiments.

We have fitted our data by least squares method to a straight line given by the
equation

In P,=3-4271n P, + 00756, )

which is also shown in the figure. We have also tried to fit a cubic polynomial to our
experimental data with only marginal improvement in the fitting with respect to the
linear form given by equation (2). It may be noted that the slope of the best fit straight
line is within 3 per cent of the value predicted by Faber’s theory.

The table gives the names of the compounds studied, their nematic-isotropic
transition temperatures, temperature range of the X-ray diffraction measurements,
number of observations at different temperatures and the mean value of
m (=In P,/In P,) along with its standard deviation. It is seen that the mean values of m
are almost always equal to Faber’s value of 0-3 within experimental uncertainties. It
may be of interest to note that of six (BHeCP, BOCP, BDeCP, BPCPP, OOBPD and
PCTP) nematogens with rather long rigid parts (consisting of three phenyl or
pyrimidine rings), five give large m values. We are unable to explain why it is so, but we
feel that more experimental results with such nematogens are needed to check this
trend. The continuum theory of Faber may have to be modified if this trend is
confirmed by other researchers.

It is also necessary that Faber’s theory be tested more rigorously by measuring the
elastic constants along with the order parameters, since the agreement of our
experimental results with this theory may be fortuitous. With this aim in mind we are at
present setting up an apparatus for measuring elastic constants of the nematogens we
have studied by X-ray diffraction. Also, we feel that very slow neutron scattering may
be used to obtain information regarding collective modes in liquid crystals, which may
be used to test and if necessary modify the continuum theory as presented by Faber.
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The author thanks Dr. Mukul Kumar Mitra for useful discussions.
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