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Field-Induced Biaxiality in Nematicst

D. A. DUNMUR, K. SZUMILINt and T. F. WATERWORTH
Department of Chemistry, The University, Sheffield, S3 7HF, U.K.

(Received August 18, 1986)

It is shown that optical biaxiality can be induced in a nematic liquid crystal of negative
dielectric anisotropy by an electric field applied normal to the director axis. The origin
of the biaxiality is attributed to differential quenching of fluctuations. Results are
presented for two materials, and are in qualitative agreement with the predictions of
continuum theory.
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INTRODUCTION

The molecules that form liquid crystal phases are rarely rod-like, and
are more realistically depicted as laths having a lorg molecular axis
and two different short axes. Such molecular structures are expected~
to give rise to optically biaxial fluid phases in which both the long
and short molecular axes are orientationally ordered. So far no single-
component low molecular weight biaxial nematic phase has been
identified, although some polymer liquid crystals (both main-chain®
and side-chain*) have been shown to be biaxial. It has been pre-
dicted®-8 that mixtures of rod-like and disc-like molecules may form
biaxial nematic phases, but there has been no experimental confir-
mation of this. More complex lyotropic systems™!? e.g. potassium
laurate:decanol:D,0 do exhibit biaxiality, but the detailed structure
of this phase has yet to be determined. The lack of macroscopic
biaxiality in most systems examined must be attributed to cylindrical
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averaging of interactions between molecules so they behave as cyl-
inders or ellipsoids of revolution. However the averaging of local
biaxiality is not always complete, and local biaxial order may be
detected by n.m.r.!! or linear dichroism.!?

Application of external fields to a uniaxial liquid crystal is predicted"
to lead, under certain circumstances, to induced macroscopic biaxi-
ality. For example a nematic liquid crystal consisting of molecules
having a negative electric or magnetic susceptibility anisotropy will
become biaxial on application of an electric or magnetic field per-
pendicular to the axis of molecular alignment, as illustrated in Figure
1. Calculations using Maier-Saupe or Landau-de Gennes theories**
suggest that the effect is small. For normal molecules and achievable
field strengths the field-induced biaxial order parameter is of the order
of 1077.

There is however another source of induced biaxiality in liquid
crystals, which results from differential quenching of director fluc-
tuations. In an aligned liquid crystal the director will not be fixed,
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FIGURE 1 Schematic of the interaction of a nematic liquid crystal of negative sus-
ceptibility anisotropy with a field normal to the director axis.
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but will fluctuate about some average orientation. Measurements of
any anisotropic physical property will be the intrinsic anisotropy of
the material renormalised by the director fluctuations.’> Application
of a field parallel to the director of a material of positive susceptibility
anisotropy will partially quench the fluctuations and cause an increase
in the anisotropy. Thus the intensity of scattered light is reduced by
external fields,' and it has been demonstrated that the birefringence
of a liquid crystal can be increased through fluctuation quenching by
magnetic'? and electric fields.!® For materials of negative suscepti-
bility anisotropy, application of a field perpendicular to the director
will cause differential quenching of fluctuation modes in the plane
perpendicular to the director, and so leads to induced biaxiality. This
paper reports the first observation of the effect for electric fields
applied to materials of negative dielectric aniosotropy; recently a
similar experiment using magnetic fields has been reported.?®

THEORY

The orientational order at a point r in a nematic liquid crystal can
be defined by the ordering matrix:

Sep(r) = %S°(3na(r) na(r) — 3,g) 1)

where S, is the Maier-Saupe order parameter defined with respect
to a local director n(r). Averaging over time and spatial fluctuations
of n gives the ordering matrix in a principal axis system as:

-3Q -P) o 0
(Sap) = 0 -¥Q+P) O ()
o} o Q
3,
Q = S,(1 = S(n + n3)) (3)

and

)
i
NIW

S, (n% — n2) 4)
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It is clear that the biaxial order parameter P is non-zero if the mean
square amplitude of director fluctuations in the x-y plane is non-
uniform.

Application of continuum theory and use of equipartition for di-
rector fluctuation modes gives?:

) n kgT
(nx + ny) = ;;zE [qmax ~ Y9min

- C_l(tan—l L Gmax — tan~! L qmin)] (5)

where the coherence length { = (k/AxF?).12 k is an average elastic
constant, Ay is the susceptibility anisotropy and F is the field strength.
Gmax and g, are wave-vectors of short and long wavelength cut-offs
for the fluctuation mode spectrum. A similar result can be obtained®
for the differential fluctuation amplitudes, such that:

kT
212k

(nf —nl = - 7 [tan ™" { gax — tan~! L gia]  (6)
Apart from a numerical factor the difference between the uniaxial
(Eq. (5)) and biaxial (Eq. (6)) results is the zero field contribution
to the uniaxial fluctuations which causes the effective anisotropy of
the sample to be reduced. The values assumed for the cut-offs g,
and q,,;, are critical in determining the magnitude of the fluctuation
amplitudes predicted by Egs. (5) and (6). Various suggestions have
been made for fixing the short wavelength cut off: it is often assumed
to correspond to an intermolecular separation,?® or a critical distance
which defines the limit of applicability of continuum theory.?
dmin = 2m/D is fixed by the minimum sample dimension, which is
usually the cell thickness D. We have found recently?! that a choice
of anisotropic boundary conditions for g,,;,, which more closely models
the experimental situation, can influence the results significantly.

The same field-dependence is predicted by Egs. (5) and (6) for
both uniaxial and biaxial quenching of director fluctuations. At low
field strengths and for thin samples a quadratic dependence on field
strength is predicted, but under normal conditions Egs. (4) and (6)
yield:

p _ 3SksT [Axrﬂ] 2

8wk k @

This result is valid for {g,,., — », and {g,,, — O.
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EXPERIMENTAL

The sample configuration used to measure the biaxiality induced in
liquid crystals of negative dielectric anisotropy is illustrated in Figure
2. Application of an electric field perpendicular to the director (planar
alignment) causes the extraordinary refractive index along the direc-
tor (n,) to increase, while the ordinary refractive indices n, and n,,
become different. The induced biaxiality may be measured by de-
tecting the changes in refractive indices using a sensitive modulation
technique previously described.!® The sample is illuminated by light
plane polarised at 45° to the vertical axis. To detect the biaxiality it
is necessary to measure the ellipticity of the emergent light as a
function of the angle of incidence (V). For normal incidence the
ellipticity expressed as a phase angle is:

2wD

§0) = 5= (n, - n,) - ®)

For the liquid crystal film rotated by angle { about a vertical axis,
the ellipticity becomes:

§w) = 22 (n, [1 - Si“z“’] - n, [1 - M] ) ©)

n n;

If there was no biaxiality in the film, then n, = n, and:

= [1- 22| g0 (10)

(-4

Thus the ellipticity due to induced biaxiality can be obtained as the
difference of Egs. (9) and (10). Assuming that the biaxiality is small,
and writing n, = n,(0) + 3y and n, = n,(0) + dx, we obtain:

" ~172
S0 [1 - %—‘k] - 0)
_ sin% [1 _ siny

n n2

]_ (ndx — ndy) (11)

Measurement of £() at normal and oblique incidence enables the
optical biaxiality expressed as (n,8x — n,dy) to be determined.
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FIGURE 2 Experimental arrangement for the measurement of biaxiality induced in
a liquid crystal of negative dielectric anisotropy.

RESULTS AND DISCUSSION

We have measured the biaxiality induced in two nematic liquid crys-
tals of negative dielectric anisotropy as a function of electric field
strength. The material properties and structures are given in the table:
the temperatures quoted refer to the measurement conditions. The
induced biaxiality plotted in Figure 3 for CCN55 and FDESS exhibits
the linear dependence on field strength predicted by Eq. (7). For
CCNSS the plot does not extrapolate to zero at zero applied field.
This could be a result of a non-linear field response at low fields as
observed’® in positive materials, but is more probably attributable to
an alignment correction. It would be interesting to compare the meas-
ured biaxiality with that predicted by Egs. (6) or (7), but data on the

TABLE 1

Material properties

dielectric anisotropy refractive indices

Compound T Ae(T) n(T) n,(T)
CsHu‘@G CH,, 64°C -5.4 (50°C) 1.49(50°C) 1.46(50°C)
(CCNSS)

C,H,.@c O<:>—C5H" 37°C  -0.75(22°C)  1.53(22°C) 1.47(22°C)

(FDESS)
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FIGURE 3 Induced biaxiality (n,5x — n,8y) plotted as a function of electric field
strength.
(a) CCN55 = § = 25°; D = 20pm
(b) FDESS — § = 20°; D = 25um

required physical properties of the materials studied is not available.
Equation (7) indicates that the electric field-induced biaxiality should
depend on (Ae/k)V2: the ratio of the slopes in Figure 3 is 2.13, which
compares with the value of [Ae(CCN55)/Ae(FDES5)]Y? = 2.68.

In conclusion, we believe that we have observed electric field-
induced biaxiality in two nematic liquid crystals of negative dielectric
anisotropy. The effect is shown to vary linearly with applied field
strength, and its magnitude is approximately proportional to (Ae)?.
These observations and the size of the effect suggest that the induced
biaxiality arises from differential quenching of director fluctuations.
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