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Results on the magnetic-field dependence of the order parameter in a nematic single
crystal are reported for the first time: The induced birefringence of a nematic single
crystal of 4’-n-heptyl-4-cyanobiphenyl was found to vary linearly with the magnetic field

as predicted by the fluctuation theory.

In this Letter, we report the first measure-
ments of the dependence of the order parameter
on magnetic field in a nematic single erystal.
These measurements confirm the validity of
de Gennes’ theory for orientation fluctuations.

The most fundamental idea which helps eluci-
date the behavior of a system near a critical
point is the concept that the transition may be de-
scribed by an order parameter S which repre-
sents a numerical measure of the amount and
kind of ordering built up in the neighborhood of
the critical point.! For example, in a single-do-
main ferromagnetic crystal, with an easy axis of
magnetization along the z direction, a suitable
order parameter is the statistically averaged z
component of the magnetization M. Ferromagne-
tic critical phenomena have been largely studied
and the dependence of the order parameter on the
temperature T or on the magnetic field H near the
Curie point T'c has long been known: Whereas M
is proportional to H above T ¢ in the paramagnetic
phase, M has a H'/® variation (with 6 =4 to 5) for
T = Tc. In the nematic phase of a liquid crystal,
the order parameter can be studied by measure-
ment of the diamagnetic anisotropy x,, or the di-
electric anisotropy €,, or the birefringence ar.2”"
The temperature dependence of S has been deter-
mined for various nematics in the last few years,
but, to our knowledge, its dependence on the mag-
netic field has never been experimentally studied.
However, knowing of the field dependence of S in
the nematic phase and near the clearing point
could be important elements for the general study
of critical phenomena. The first results of this
work are given in this Letter.

The effect of a magnetic field on the birefrin-
gence of a nematic liquid erystal has been dis-
cussed by de Gennes from the fluctuation theory
for nematics.® It is well known that fluctuations
of the alignment in nematics strongly influence
the macroscopic properties of these media. Cha-
telain’s experimental studies® had given a direct
probe of the spontaneous fluctuations of the align-
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ment in nematics. Such a phenomenon has been
rigorously described by de Gennes in terms of
small fluctuations of the director n parallel to the
local optical axis. The effect of a magnetic field
parallel to the z axis of a nematic single crystal
is to decrease the magnitude of the fluctuations
and consequently to increase the birefringence of
the sample.

De Gennes® has shown that, in the approxima-
tion of the equality of the three elastic constants
K;, the effective anisotropy of the optical dielec-
tric constant should be given by

(€y—€1)=€,(T) "QE—I;’;%L“}HI, (1)

where €,, is the dielectric anisotropy for full
alignment.*®

Thus, the increase of the dielectric anisotropy
induced by the magnetic field is expected to vary
linearly with IHI The coefficient of lHl is small:
taking €,,=1, T =300°K, x,=10"" cgs, K=10"°
cgs the correction term is of the order 3x107¢
for H=10° Oe, corresponding to a relative change
in refractive-index anisotropy of the order 3x1074,
A very sensitive polarimetry apparatus and high
magnetic fields must be used to observe this ef-
fect and it explains why such a study had not yet
been done.

The experiments have been performed on 7TCB
(4’-n-heptyl-4-cyanobiphenyl) chosen because of
its good chemical stability. The sample had a
nematic isotropic phase transition at T'.=41.6°C.
It was sandwiched between two glass plates (24
mm long, 12 mm wide) separated by 150-um-
thick Mylar wedges. The long molecular axes
were imposed to be parallel to the plates and par-
allel to each other in zero field (z direction) by
an obliquely incident coating of SiO on the plates.
Without any magnetic field, the sample exhibits
a large birefringence which is strongly tempera-
ture dependent and thus the temperature stability
must be better than 0.003°C. The high magnetic
fields necessary for that experiment were ob-
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FIG. 1. Experimental apparatus for polarimetry measurements in high magnetic field.

tained with a Bitter coil.'* The laser beam of

the polarimetry apparatus passed through the coil
perpendicular to the axis. The plane of the sam-
ple could be adjusted perpendicular to the laser
beam direction. It could also rotate by steps of
1’ around the laser beam direction in order to set
the orientation direction z of the molecules paral-
lel to the direction of the magnetic field. The po-
larimetry apparatus used for these experiments
was developed by G. Maret and M. v. Schickfus

of the Max Plank Institut.’® It can detect phase
shifts as small as 10"* rad. A schematic diagram
of the experimental apparatus is given in Fig. 1.

The results of the measurements are directly giv-
en as a plot of the phase shift versus the magne-
tic field.

In Fig. 2 are shown the variations with the mag-
netic field (up to 120000 Oe) of the phase shift A¢
introduced by the sample at 7' =32.5°C (other mea-
surements were made at different temperatures
between 30 and 38°C giving equivalent results).
Several curves have been recorded to show the
reproducibility of the results. The direction of
alignment of the molecules was adjusted parallel
to the direction of the magnetic field (@ =0 2’).

A bad alignment of the sample in the magnetic
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FIG. 2. Phase shift A¢ vs magnetic field H for successive experiments at the same temperature (the origins have
been shifted). The plot of A¢ vs H and T was verified to be flat when no liquid crystal was placed between the two

glass plates of the cell.
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FIG. 3. Relative phase shift A¢/¢, vs magnetic field for different values of the angle o between the optical axis
of the sample and the direction of the magentic field, For o=0 and H=0 the phase shift introduced by the sample is

¢0=300 rad.

field induces a parasitic phenomenon (Fig. 3)
which only appears in low fields (up to 25000 Oe
for a =4°),

Moreover, the sample was rotated through a
full 180° about the direction of the magnetic field
and the sign of A¢ was found to be the same as
for a =0. This demonstrates the dependence of
the birefringence on the absolute value of the
magnetic field and confirms the usual symmetry
for a nematic liquid crystal.

Thus, in high fields for o #0, and in the whole
range (0-120000 Oe) for @=0, A¢, and conse-
quently An, is found to vary 11near1y with ]Hl as
predicted by the theory. The agreement is also
rather good in a quantitative way: Our measure-
ments give for the relative phase shift between 0
and 120000 Oe, A¢/¢@ =4.2x107%, From (1), one
gets, with x,=1.47X10"7 cgs,'* K=10" % cgs, T
=305°K: A€ —€.))/(€—€.)=3%x10"%,

Thus, it has been proved that the birefringence
of a nematic single crystal varies linearly with
the magnetic field. This result fills an important
lacuna in the study of the order parameter and
provides a new important element for the com-
prehension of critical phenomena in general.

The authors wish to thank Etienne Guyon for
helpful discussions.

1. p. Kadanoff, W, Gotze, D. Hamblen, R. Hecht,

152

E. A, S. Lewis, V.V, Palciavskas, M. Rayl, J. Swift,
F. Aspnes, and J. Kane, Rev. Mod. Phys. 39, 395
(1967).

’A. Saupe and W. Maier, Z. Naturforsch. 16a, 816
(1967).

%H. Gasparoux, R. Regaya, and J. Prost, C. R. Acad.
Sc1 .» Ser. B 272, 1168 (1971).

4y, Poggi, R. ‘R. Aleonard and J. Robert, Phys. Lett.
54A, 393 (1975),

Y. Poggi, J. Robert, and J. Borel, Mol. Cryst. Liq-
uid Cryst. 29, 311 (1975).

W. H. de Jeu, Mol. Cryst. Liquid Cryst. 37, 269
(1976).

G. Sigaud and R. Gasparoux, J. Chim. Phys. 70, 699
(1973).

’P. G. de Gennes, C. R. Acad. Sci., Ser. B 266, 15
(1968), and The Physics of Liquid Cvystal (Clarendon,
Oxford, 1973), p. 111,

’P. Chatelain, Acta Crystallogr. 1, 315 (1948).

Yan equivalent expression can be ‘drived from a cal-
culatlon by J. Prost, Phys. Lett. 47A, 225 (1973).

Yy L. Janning, Appl. Phys. Lett. 21 21, 173 (1973).

ey Guyon, P, Pieranski, and M. Boix, Lett. Appl.
Eng Sei. 1, 15 (1973).

13The surface treatments of the glasses have been
made at LETI (Centre d’Etudes Nucléaires, Grenoble)
and we thank J. Robert for his help.

YThe experiments were made at the Service National
des Champs Intenses in Grenoble.

15G. Maret and K. Dransfeld, Physica (Utrecht) 86—88
B+C, 1077 (1977).
Ty, Poggi, R. Aleonard, and J. Robert, Phys. Lett.

54A, 393 (1975).



