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Pretransitional effects in the isotropic phase
of a lyotropic nematic liquid crystal
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We report quantitative observations of the pretransitional fluctuations in short-range nematic order and
the divergence of the magnetic birefringence in the isotropic phase of a lyotropic liquid crystal. The results
are analyzed to obtain the anisotropy of the diamagnetic susceptibility and the coefficients in a Landau ex-
pansion of the free energy.

Lyotropic liquid crystals are formed by surfactant
molecules in a suitable solvent, often an aqueous electro-
lyte. A recent popular discussion of these materials and the
interest they hold for physicists has been given by Pershan. '

Many lyotropic phases seem analogous to those of thermo-
tropic liquid crystals, and their study should help to eluci-
date the role of symmetries and space dimensionality in sta-
tistical mechanics. Investigation of the properties of lyotro-
pic phases should also reveal much about the properties of
their constituent molecules.

Lyotropic nematic phases are formed by the interaction
of nonspherical micelles and have been designated type I or
II according to whether the diamagnetic susceptibility is
greater along or transverse to the nematic symmetry axis.
Either type I or II nematics may, in principle, be formed by
the orientational ordering of disklike (DM) or rodlike (CM)
micellar solutions. Previous studies4 5 have shown that de-
cylammonium chloride (DACl) micelles in a water-
ammonium chloride solution have a type-II DM nematic
phase which is closely similar to the nematic phase of ther-
motropic liquid crystals. Here we report the results of a
quantitative study, carried out by light scattering and mag-
netic birefringence, of pretransitional effects in the isotropic
phase of DAC1 as it prepares to form a nematic phase on
cooling. %'e found behavior quite similar to that at the
nematic-isotropic transition in thermotropic materials and
can describe our data quantitatively using the Landau —de
Gennes phenomenological model proposed for thermotro-
pic materials.

Decylammonium chloride (DACI) was prepared by neu-
tralizing n-decylamine, purchased from the Aldrich Chemi-
cal Co. , in cold diethyl ether with hydrochloric acid. The
product was purified by recrystallization from a mixture of
ethanol and petroleum ether (1:4) in an ice bath. Mixtures
of DAC1, NH4C1, and distilled deionized water were
prepared in concentrations that exhibit lamellar, nematic,
and isotropic phases at convenient temperatures. For exam-
ple, combining 100-g DAC1 with 9.87-g NH4C1 in 113.4-g
H20 gave a nematic-isotropic phase change at 7~=63 C
and a lamellar-nematic transition at T, =43 C. The samples
were mixed by vigorous shaking and sonication.

In (1) 4X would be the anisotropy for a perfectly ordered
nematic which would have, say, g„=1 and Q = Q~

In the isotropic phase with no applied field all

(Q p) =0. The free-energy density in the isotropic phase
can be expanded in a power series in Q p as
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Light scattering was used to measure the mean-squared
fluctuations in nematic short-range order in the isotropic
phase. The liquid-crystal mixture was placed in an optical
cell with 1-cm path length that was housed in an oven
whose temperature was controlled and measured with a pre-
cision of 1 mK. A linearly polarized argon-ion laser beam
( —100 mW at 514.5 nm) illuminated the sample. Depolar-
ized light scattered at 90 was passed through a pinhole
aperture and imaged on the photocathode of an EMI 9863
photomultiplier. The laser power was carefully monitored
and an absolute intensity calibration was obtained by using a
0.005% suspension of 91-nm diameter polystyrene latex
spheres.

A 1-cm pathlength cuvette was used to hold the sample in
the magnetic birefringence measurements. The apparatus
used a He-Ne laser in combination with a Pockels cell
modulated at 2.8 kHz and has been described in detail else-
where. 8 Sensitivity in birefrince An was better than 10
temperatures were controlled to 10 mK, and An was found
to be linear in H~ to fields H ) 10 T.

To analyze our results, we review the predictions of the
Landau —de Gennes model, 6 drawing upon the results of a
previous analysis of

Stinson�„Litster,

and Clark. The
nematic order parameter is a second-rank traceless tensor
which can be phenomenologically defined by the anisotropy
of the diamagnetic susceptibility tensor
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where summation over repeated indices is implied and
t) =&)/&)x . In a Landau model 3 =ap(T T ) while the
other coefficients are constant. The symmetry of the order
parameter requires the cubic invariant and as a consequence
the nematic-isotropic transition is first order; if B were zero
a second-order transition would occur at T = T,'. By writing
the optical dielectric constant as

2Am
~ap ~8np +

3 Onp (3)

one can readily show that a magnetic field applied to the
isotropic phase will induce a birefringence

AehyH4n=
9nQp( T —T )

(4)

where Po is the incident laser power at frequency coo, I is the
length along the beam of the volume from which light is
scattered, and power dP, is scattered into solid angle dQ.
Equations (4) and (5) suffice to analyze our results.

The experimental results for the birefringence are shown
in Fig. 1 for two samples with slightly different water con-
tent and transition temperatures that differ by about 2 K.
The birefringence is actually negative as we have type-II mi-
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where n =(e)', when the lowest-order terms of (2) are
considered. The correlation lengths for fluctuations in 0 p
are very small compared to the wavelength of light in ther-
motropic materials and the same appears to be true for
DAC1; under these conditions and our experimental
geometry (only light scattered by off-diagonal fluctuations in
e p is collected) the scattering cross section is given by
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celles, and we show its magnitude. The behavior is in
agreement with Eq. (4) and extrapolation of FE'/An to zero
gives T,', the first-order nematic-isotropic transition oc-
curred at T~ = T,'+0.8 K. The slopes 8 //& n differ slightly.
Light scattering was done on the sample labeled a which has
a slope —6.2 && 10' (G K '). From Ref. 7 we obtain
n =1.40 and /& e= 1.6 X 16; thus bX/ap= —1.27 X 10
K/G .

Turning to the light scattering experiments, we calculat-
ed' (1/Ppl) (dP, /d A ) = 1.06 && 10 2 cm ' for 0.005% of
91-nrn spheres in water scattering 514.5-nm light at 90'.
Correcting for absorption by the polarizer and different col-
lection solid angle caused by the solution's refractive index
we obtained the absolute scattering cross section for the iso-
tropic phase of DAC1 shown in Fig. 2. The figure also
shows the fit of the data to Eq. (5) with ap= 2.9 x 10 ergs
K ' cm '. As with the magnetic birefringence measure-
ments, we found T&= T,"+0.8 K. From these results we
deduce /& X=( —3.7+1) &&10 9 ergs cm 3 G 2; this agrees
satisfactorily with recent magnetic measurements of
Stefanov and Saupe" if we assume Q„=0.4 just below the
nematic-isotropic transition. The value of ao is about 20
times smaller than one typically observes in thermotropics
which have —2.3 &&10 ' molecules cm . Our solution had—1.4 & 10 ' molecules cm of DAC1. Thus at the
nematic-isotropic transition the entropy change per
molecule is roughly 0.23k~ in thermotropics and 0.018k~ in
DAC1; when the latter is multiplied by any reasonable ag-
gregation number ( ~50) the entropy change per micelle is
seen to be & 0.9k~, several times that per molecule of ther-
motropics.

If terms higher than quartic are ignored in (2) and we as-
sume 0„=0.4 just below the transition, then it is possible
to estimate B =2.1 &&10 ergs cm and C =3.8 &10 ergs
cm 3. These estimates are some~hat unreliable since we
have forced only three terms in the expansion to describe a
large jump at TK. A proper mean-field calculation, contrast-
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FIG. 1. The reciprocal of Cotton-Mouton coefficient (H /4n) as
a function of temperature on two mixtures with the same
[DAClj/[NH4Clj ratio. a represents one sample and b and c the
other sample; the difference in transition temperatures between b
and c is due to slight evaporation of water. The solid lines are fitted
to the mean-field result of Eq. (4).
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FIG. 2. Temperature dependence of Rayleigh ratio for DAC1
mixture of Fig. 1 line a. The two scans show different transition
temperatures due to evaporation of water. The solid lines are fitted
to Eq. (5).
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ed with the Landau expansion of (2), has a single adjustable
coupling constant and predicts' T~ —T,'=0.0918T~ = 30
K. This is one of the most interesting puzzles about the
nematic-isotropic transition in both thermotropic and lyotro-
pic nematics. The pretransitional fluctuations diverge as
(T —T,') ', consistent with mean-field calculations, and
the discontinuity in Q is not far off the theoretical'2 value
0.43. Nevertheless, T~ —T,' is some 30 times smaller than
calculated. There is, as yet, no satisfactory theoretical ex-
planation for this situation. It has been shown' that fluc-
tuations cause the nematic-isotropic transition to be second
order in 2+ ~ dimensions in spite of the cubic invariant in
the Landau expansion, thus it seems reasonable that a prop-
er consideration of fluctuations in three dimensions might
explain these observations.

The Ginzburg criterion' can be used to examine the vali-
dity of a mean-field model within the context of Eq. (2).
The quadratic term alone predicts

(Q ) = (3ks/4map(()( T/T,' —1)'

where, taking L ~
= L2 = L, the correlation length

0 = ko( TIT. —I) '= (&/&)' '. If we then replace
Q &Q& by —, (Q') and Q &Qa~Q„by 4

(Q')'~' in (2) we

find the magnitude of the cubic term becomes equal to the
quadratic term and fluctuations become important when

T/T, ' —1 = [25B2ks/1087r( T,') ao (o] (7)
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To evaluate this we need to estimate go. For thermotropics
go =7 A (Ref. 15); since we expect L to be proportional to
the Frank constant Eq, which is 4 times smaller in DAC1
(Ref. 4) than typical thermotropics, we estimate go -—16 A
in DAC1. Evaluating (7) we might expect fluctuations to
become important when T —T,' & 0.4 K. This admittedly
crude calculation suggests that fluctuations could indeed af-
fect the phase transition behavior. In any event, our experi-
ments show that nematic ordering of small rodlike
molecules and large disklike micelles are remarkably similar.
The behavior is governed by the symmetry of the ordered
phase and not by the details of the ordering units.
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