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Application of the Landau approximation to the nematic phase of liquid crystals
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New accurate diamagnetic measurements of the order parameter„just below the nematic-
isotropic transition temperature T„are given for two nematic liquid crystals. The varia-
tions with temperature of the order parameter are described well by theory based on the
Landau expansion of the free energy. The subsequent determinations of Tc —T* and the la-
tent heat are in good agreement with values obtained by an independent way.

The nematie-isotropic transition is of first or-
der, but weak. ' This first-order character has
been indicated by different statistical theories"
which give only a qualitative description of the
nematic phase. The mean-field theory of Maier
and Saupe' also predicts a first-order transition,
and leads to a better evaluation of the amount of
order S; but the universal funct:ion S(T/T, ), T,
being the transition temperature, departs from
the experimental results, especially in the vicinity
of T,. These approaches are all unable to predict
the important pretransitional phenomena observed
in the isotropic phase. This is not surprising, be-
cause these statistical theories are very simple,
with essentially only one kind of force being re-
tained: steric repulsions in Gnsager's theory, '
and Van der %aals forces in Ma'ier and Saupe's
approach. ' A more realistic treatment should
take into account both energetic attractions and
steric repulsions which appear to have comparable
importance. '

In the absence of such a theory, the Landau ap-
proximation (expansion of the free energy in terms
of an order parameter') yields a. phenomenological
approach of great interest. Thus, de Gennes' has
shown through symmetry considerations that the
nematic-isotropie transition is of first order.
Moreover, he predicted various pretransitional
phenomena in the isotropic phase. The latter the-
ory has been verified with considerable success:
The Cotton-Mouton constant, ' ' the Kerr con-
stant, ""the light scattering intensity, and the
relaxation time for fluctuations of the order pa-
rameter' all vary like (T- T*) ' in a certain tem-
perature range above T,. If the transition were of
second order (no third-order term in the free-en-
ergy expansion), the transition temperature would
be T*. As T* is very near T (T, —T* =1'C) and
as the latent heat of transition has low values
(L - 1 J cm '), the transition is said to be weakly

first order or sometimes "almost second order. ""
The agreement between experiment and theory in the
isotropic phase suggests the application of the
Landau theory to the nematic phase (T & T,). Be-
fore examining this attempt, it is convenient to
discuss the somewhat unexpected success of the
Landau theory in the isotropie phase. It is well
known that, for most critical phenomena, such a
mean-field theory fails, because the effects of
large fluctuations are not taken into account. In-
deed, Stinson and Litster' have estimated for the
nematie- isotropic transition a temperature range
T, —T, &1'C for which departures from the
(T- T*) ' law occur. We may then conclude that
the Landau theory applies when

e =(T T+)/T' ~ 5 x10 '.
Quantitative application of the Landau approxi-

mation to the nematic phase has, to our know-

ledge, never been successfully attempted, al-
though one condition required for the validity of
a mean-field theory is fulfilled: In the nematic
phase, the fluctuations of the magnitude of 8 are
weak, the main effect being related to orienta-
tional fluctuations of the optic axis. ' However,
fundamental objection to the validity of applying
the Landau theory arises because the power-
series expansion is generally truncated at a level
for which the series has not nearly converged.
Keeping this fact in mind, we nevertheless at-
tempted to extend the quantitative analysis to the
nematic phase, taking for the free energy I' the
expression retained by de Gennes':

F —Eo = 2a(T)S' —3bS'+ —,cs',
where S stands for the amount of order; here
a(T) = o.(T- T*) and the coefficients a, b, and c
are assumed to be temperature independent.
Minimizing the free energy with respect to S, we
derive the following law in the nematic phase:
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3SS'1T—T*
2$c Sc 2 T, -T* (2)

Y = a,S'+ a,S+ a, (3)

which approaches the n experimental dots. This
is performed by minimizing the expression

with S,=2b/3c= 3o.(T, —T*)/b, S, being the value
at T,. We focus our interest on two topics: (i)
the variation of the order parameter with temper-
ature and (ii) the determination of T*.

The way for this study to obtain accurate ex-
perimental values of the order parameter was
through careful measurements of the diamagnetic
anisotropy"" &y using a translation balance. "
This was achieved by first evacuating the samples
and the containers. During the experiment, the
sample and the balance device were placed under
a stainless-steel bell, and the measurements
were made under a controlled atmosphere of
helium, the pressure of which was 2 Torr. Such
experimental precautions allow us to have no con-
vection current, and most importantly to have no
variations of T, during the course of the experi-
ment. The temperature was controlled to better
than 0.03 C, which permitted a very accurate de-
termination of the variations, with temperature,
of the diamagnetic anisotropy in the nematic phase.
Two very pure compounds, the purity of which
was controlled by chromatography in gaseous
phase, were tested: methoxybenzylidene
butylaniline (MBBA) and heptyl biphenyl nitrile
(HBN).

The results are plotted (Fig. 1) as variations
with temperature of the amount of order S =Ay/&)(„
~yQ being the diamagnetic anisotropy of the oriented
vitreous phase, obtained by quenching in liquid
nitrogen a nematic monocrystal. "

In order to test whether the experimental re-
sults satisfactorily follow the law expressed by
(2), we seek the quadratic form in S:

— ——0,6

0,5
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I I i & i j I i I

-0.5 T- Tc

a,/a, &4 x 10 ' (see Table I). This means that the
law (2) accounts very well for the experimental
results. Further indications are given by the low
rms departure from the best approximation (see
Table I) and by an examination of Fig. 1. Also,
the present determination of T* (see Table I)
agrees very well with previous independent re-
sults obtained from the pretransitional study of
Cotton-Mouton and Kerr effects which gave
T, —T*=0.7 +0.1'C and 0.9+0.1'C, respectively,
for MBBA and HBN. '

The main point to be discussed concerns the

FIG. 1. Variations with temperature of the amount of
order S =2 X/Dx 0 for HBN and MBBA. Solid line repre-
sents the best approximation; Kl, experimental dots with
their uncertainties.
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TABLE I. Results obtained from the curve fitting of

the experimental measurements.

with respect to the coefficients a,. (i =0, 1, and 2).
In order to identify Y with the left-hand side of
(2), we must have

a =0, S, =+ —(a,)', S, =(—a,)'/'
which give two independent conditions, with only
one parameter T* to adjust. The requirement
$, =$, leads to an accurate determination of

1 2
T* [d(S, —S, )/dT* =0.15 per 'C in the vicinity of
the solution T*j. With this T" value, the other
condition a, =0 is satisfactorily fulfilled as

Tc (C)
T~ ('C)
T T+

S~

Standard S deviation
ao
a&

a2
aojaq

L=-'n S2T, (Jcm )

MBBA

45.05+ 0.03
44.32 + 0.11
0.73+ 0.08

0.312
3.7x10 3

1.9x 10-3
4.81

-10.28
3.95x 10-4

1.43

HBN

41,10 + 0.03
40.20 + 0.11
0.90+ 0.08

0.335
2.3xl0 3

6.6x10 4

4.48
-8.91

1.48x10 4

3.30
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truncation of terms of powers higher than 4. It
is certain that such terms might be taken into
account in any attempt to apply a truncated ex-
pansion of F to the whole nematic range. Indeed,
we obtain the above satisfactory results only when
the retained experimental dots correspond to tem-
peratures ranging between approximately
T, —1.5 C and T,. Enlarging this interval leads
to results more and more inaccurate and also un-
realistic (for instance S, increases up to a value
=0.5). However, when the fitting is applied to the
rather narrow temperature range of about 1.5'C,
the consistency of the different accurate results
appears not to be fortuitous. This is reenforced

by the estimation of the latent heat of transition
L = (—,a)T,S,'. The results obtained (see Table I)
using for n the mean of the values deduced from
Kerr- and Cotton- Mouton- constant measurements
in the isotropic phase" do not significantly differ
from the experimental determinations L = 1.5
J cm ' for MBBA' and L =3.5 +0.2 Jcm ' for
HBN '9
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