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Magnetic-Field Dependence of the Order Parameter in a Nematic Single Crystal
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Bcsults on the ~agnetic-field depeodent:e of the order parameter ig a nematie singly
crystal are reported for the first time:. The induced birefringence Of a Qematic single
crystal of 4'-n-heptyl-4-eyanobiphenyl was found to vaxy Hnearly with the magnetic field
as predicted by the fluctuation theory.

In this Letter, ere report the first measure-
ments of the dependence Of the order parameter
on magnetic field in a gem@tie singly epystgl.
These me@,surements confirm the va, bdity of
de Qennes' theory foI orientation fluctuations.

The most fundamental idea which helps eluci-
date the behavior of a system neo, r a critical
point is the concept that the txansibon 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 cribcQ point, ' For example, in a single-do-
main ferromagnetic crystal, with an easy axis Of

magnetiFation alogy the ~ directiog, R suitable
order parameter is the statisticalIy averaged ~
component of the magoetizatioo M. Ferromagoe-
tic eri&cal phenomena have been largely studied
and the dependence of the order parameter. on the
temperature T. or on the magnetic fieId H near the
Curie point Tc has long been know'n: Whereas M
is proportional to 8 @bove T~ in the pe,ramagnetic
phase, Ã has a H" variation (with 5 =4 to 5) for
T = X'~. In the- nematic phase of a liquid crystal,
the order parameter can be studied by measure-
ment of the diamagnetic anisotropy y„ol the di-
electric aoisotropy &„ or the birefringegce hn, ' '
The temperature dependence of 8 has been deter-
mined for variog, s Oematics jn the last few ye@,rs,
but, to our knowledge, its dependence on the mag-
netic field has never been experimentaByt studied.
However, knowing of the fieId. dependence of S in
the nematic phase and near the cles,ring poi,gt
could be j,important elements for the geoeral study
of crltjcml pb8QQIQega. Tb6. fix'st $85glts. of Ups
work are given in this Leger, .

Ybe effect of a magnetic fieM On the birefrio. -
gence of a nematic liquid crystaI hgs bepD dis-
cussed by de Gpnnes from the fluctuation theory
for nematics. ' lt is weQ knovrn that fNctuations.
of the aliglunegt in nemeses strongly &nGuence
the macroscopic properties of these media. Cha, -
telain's experimental studiese h@d give@ g, c5rect
probe of the spontaneous fluctuations of the align-

ment in nematics. Such a phenomenon has been
rigorously described by de Gennes in terms af
small Quctuations of the director n parallel to the
local optical axis. The effect of a magnetic field
para, l1,el to the ~ axis of a nematic single crystal
is to decrease the magnitude of the fluctuations
and consequently to increase the birefringence of
the sample.

De Qennes' has shown that, io 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

e h Tg
(@ii —~ ) =~ (T)+ (1)

@&here &„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 IHI is small:
taking&, o=l, T =300 K, X, =10 ' cgs, K=10 '
cgs the correction term is of the order 3x10 '
for II =10' Oe, corresponding to a relative change
in refractive-index anisotropy of the order 3x],0 '.
A very sensitive polarimetry apparatus and high
magnetic fields must be used to observe this ef-
fect and it exp1ains why such a study ha, d not yet
been doge,

The experiments have been performed an VCB
(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.
lt was sandwiched between two glass plates (R4
mm long, 1R mm wide) separated by 150-pm-
tbick Mylar wedges. The long molecular axes
were imposed to be parallel to the plates and par-
allel, to each other in zero field (~ direction) by
ao abliquely incident coating of SiO on the plates.
without any magnetic field, the sample exhibits
3, large bixefringence which is strongly tempera-
ture dqpengeot and thus the temperature stability
must be Jotter the, n 0.003'C. The high magnetic
fields necessary for tb.at experimeDt 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 & 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 4 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 Ge) of the phase shift &y
introduced by the sample at T =32.5'C (other mea-
surements were made at different temperatures
bebveen 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 (n =0+ 2').
A bad alignment of the sample in the magnetic
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FIG. 2. Phase shift Dy vs magnetic field H for successive experiments at the same temperature {the origins have
been shifted). The plot of Dy vs B 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 ap/q 0 vs magnetic field for different values of the angle n between the optical axis
of the sample and the direction of the magentic field. For n= 0 and H= 0 the phase shift introduced by the sample is

p=SOO rad.

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

Moreover, the sample was rotated through a
full 180' about the direction of the magnetic field
and the sign of &p was found to be the same as
for & =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.'4 0, and in the whole
range (0-120000 Oe) for c)=0, hy, and conse-
)quently ~n, is found to vary linearly with I HI 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, &y/(s =4.2X10 '. From (1), one
gets, with g, =1.47X10 ' cgs,"K=10 ' cgs, T
=305 K; &(( ~~- g))/( [~

— ~) =3 10
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.
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