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Electrohydrodynamic Effects in Cholesteric Liquid Crystals under ac Electric Fields*
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%hen an electric field is applied perpendicularly to a cholesteric planar texture, peri-
odic perturbations arise. The frequency dependence of the threshold of this instability
is reported for nematic-cholesteric mixtures with both positive and negative dielectric
anisotropy. In the latter case a "conduction" and a "dielectric" regime are observed,
as in nematics. Our results are in agreement with a recent extension to ac excitations
of Helfrich's theories for cholesterics.

The effects of electric fields on a cholesteric
liquid crystal have been studied extensively since
the pioneering work of Muller' and Harper. ' The
case of the field applied perpendicularly to the
helix axis has been solved satisfactorily, both
theoretically by de Gennes' and Meyer' and ex-
perimentally by Wysocki, Adams, and Haas' and

by Baessler, Laronge, and Labes. ' If the elec-
tric field is applied in a direction parallel to the
helix axis, the effects are more complicated. In
the experiments of Wysocki, Adams, and Haas, '
one of the observations is a 90' rotation of the
helical axis, the cholesteric liquid crystal going
from the Grandjean or planar texture to the focal
conic texture. ' Baessler, Laronge, and Labes'
reported a decrease in pitch accompanying a coni-
cal deformation, as predicted by Meyer, ' to oc-
cur if the sample is a thin slab. Gerritsma and

Van Zanten' observed successively a periodic
pattern, pitch contraction, and 90' helix rotation
at increasing voltages. However, the interpreta-
tion of these effects was troublesome. In the
meantime, Heilmeier and GoMmacher discovered
a "storage effect"" in nematic-cholesteric mix-
tures which could be useful for applications in
displays. The situation has been recently clari-
fied by Helfrich"'" who proposed a new type of
periodic deformation of the planar structure
based upon local variations of both the pitch and
the direction of the helical axis. His first mod-
el" takes only a pure dielectric instability into
account, whereas in the second model, "space
charge effects also are included.

In order to check this theory more quantitative-
ly, the dependence of the period of the pattern
has been investigated as a function of pitch P and
sample thickness L. The agreement is reason-
able for small pitch and e, & 0,"as well as for

large pitch apd ~,&0,"e, =~~~- e~ being the dif-
ference between the dielectric constants parallel
and perpendicular to the preferred molecular
axl s.

In this Letter, we report the instabilities of a
planar cholesteric structure induced by an ac
field applied in a direction parallel to the helical
axis for both ~,&0 and e, &0. The results are
compared with a recent approach by Hurault"
who has extended Helfrich's theory to ac excita-
tions, using essentially the formalism of Dubois-
Violette, de Gennes, and Parodi developed for
nematics. "

The experiments are carried out with mix-
tures" of di-p-h-butyl-azoxybenzene" (DIBAB,
e, = 0.2) or N-[p-methoxy-benzilidene] p n--
butylaniline (MBBA, e, = —0.5) with small amounts
of cholesteryi nonanoate (CN). These mixtures
are cholesteric at room temperature. The mix-
tures are sandwiched between two conducting
semitransparent electrodes, the distances of
which are varied from 12 to 250 p, m by means of
different Mylar spacers.

For e,&0 the planar structure is obtained by
slowly cooling down from the isotropic phase, "
while for e, &0 this texture is induced by dielec-
tric alignment in an ac field. " In both cases
rubbed electrodes are used. Kith increasing ac
voltage, the uniform planar texture remains un-
perturbed up to a threshold voltage V,q (rms val-
ue). The onset of the perturbation is determined
with a polarizing microscope as the optical ap-
pearance of a square grid of focals.""As in
nematics, we find that the frequency behavior of
V,~ depends essentially on the sign of c,. Conse-
quently, we shall report the measurements on
these hvo cases separately.

Case 1, c,= e
t~

- e j.& 0.—Figure 1 shows the de-
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FIG 1 Threshold voltage Vth for periodic pertorba-
tions as a function of frequency in DIBAB CN xt'

Sample thickness, 80 + 5 pm. Closed circles, 2.5'C¹cresses, 1.0' CN; open circles, 0.5/o C¹
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Fra. 2 Threshold voltage V,h for periodic perturba-
tions as a function. of frequency in an MBHA-CN mix-
ture. Experimental points are for 5% CN; L =175 pm.

he solid line in the "condUction" regime is the theo-
retical curve according to Eq. (1), with L'-1=6.2.
The solid line in the "dielectric" regime is the theoreti-
cal curve according to Eq. (2) vrith arbitrary coeffi-
cients.

pendence of the threshold voltage V Rs a func-
tO

s a unc-
lon of frequency for cholesteric DIBAB CN

tures with CN concentrations of 0.5%, 1.0%, and

2.5'% by weight. The corresponding pitches P
mere, respectively, 17, 9, and 4 pm; the sample
thickness L, was 80+10 p, m. Prom 0 to about
100 Hz, V,h increases somewhat with frequency
tending to saturation at higher frequencies. In
Flg. 1, V,h values are given only for the frequen-
cy range 5-1000 Hz. From 1000 Hz up to fre-
quencies of 100 kHK~ Vgh remains constRnt.

Thi.s result is the transposition to cholesterics
of what has been theoretically predicted" and

Quabtatlvely obsex'ved ' for neIxlatlcs with 6
&0. This analogy is furthermore supported by
Hurault's approach which yields the following
forDl for V,h'.

«I., while I was vax'led between 50 and 100 p, m.
V,h ls found to be proportional to I." with x =0.45
+ 0.1. %e conc1ude that within the measuring ac-
curacy there is agreement between theory and ex-
periment.

Case 2, e, = e ((- e j & 0.—Measurements were
performed on MBBA-CN mixtures with 0.1% to
5/bo y weight of CN. These concentrations corre-
spond to pitches varying from 112 to 4 F
ure 2 shows the dependence of the threshoM V,h

with frequency. Two distinct regimes are ob-
served, separated by a critical frequency f,. The
analogy with the behavior of nematics is even
more striking here than in the case of positive e,.

- requency regimeTherefore we shall eall the low-frequenc
the "conduction*' one and the high-frequency re-
gime the dlelectl1c one.

In the conduction regime, V,q is observed to
change proportionally to (I./P)*, with x =0.50
+ 0.09 when I. is varied from 12.5 to 250 p, m, and
with x =0.49 +0.10 when P is varied from 4 to
112 m. These results agree quantitatively with
Helfrich's predictions and with Eq. (1) which is
still valid in that regime. The best fit between
the experimental frequency dependence of V,h

and the theoretical curve is obtained for f' —1
=5.0+1 8 , where f'- 1 =eH/e, . Knowing the ra-
tio K»/K» from the expression A' = &(K /K )PI.

h
22

w ere A is the period of the distortion pattern at

wherew ere K» and %33 are the Frank elastic constants
for twisting and bending, v is the space-charge
relaxation time given by (e ~~+@~)/4n(o )

''
esu, and 6H is a dimensionless number charac-
teristic of the material. Note that e~ is always
positive. Equation (1) predicts that V,q tends to
saturate for ~v»1, which is indeed observed
(Fig. 1).

%'hen the pitch P and the sample thickness L,

are varied, Eq. (1) predicts V, h to change propor-
tionally to (I/P)'". From Fig. 1, one can deduce
that V,~ is proportional to P" with x =- 0.55+ 0.1.
The dependence of V, h on L, was measured for the
mixture with P =4 p, m only, in order to satisfy P

~ E I)+6'g 1+UP 7' 3 ~g3I,„=v, , (-.K„K„)'" , (1)—
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threshold, we get then, with% in dynes,

I(„=(4.4~1."/) xl0 ',

K» ——(1.3 +0.6) x10 '.
The relative inaccuracy of these data is due to

the poor determination of f' by that method. The
above values of K» and K» are in reasonable
agreement with other data reported in the litera-
ture. " On the other hand, from Eq. (1), the criti-
cal frequency is proportional to the conductivity
according to f, = (f' —1)'"/2sT. Doping our sam-
ples with a quaternary ammonium salt (0.01% to
0.1% by weight of tetrabutyl ammonium bromide),
we get another determination of f'- 1. When the
doping concentration increases, the anisotropy of
conductivity 0, decreases. " Taking this effect in-
to account, we obtain

g'- 1 =4.2+ 2.3

which represents the value for undoped samples.
Above the critical frequency f„we observe the

so-called "dielectric" regime. Using samples of
different thickness, we find here a field thresh-
old E,q independent of the pitch. E,I, varies with
the excitation frequency according to a parabolic
law: E,q~f'". These experimental features are
supported by the work of Hurault, "where

X ' having the dimension of a viscosity in esu.
In the dielectric regime, the optical pattern at

threshoM appears also as a square grid of focals.
The period is now much shorter than in the "con-
duction" regime. This is reminiscent of the
"chevrons" period compared with that of the Wil-
liams's striations in nematics. However, the sit-
uation remains intricate for, in some samples,
other patterns appear that are not yet presently
understood.

In summary, electrohydrodynamic instabilities
have been observed in cholesteric liquid crystals
with positive and negative dielectric anisotropy.
The frequency dependence of the threshold volt-
age is very similar to that of nematics. The sign
of the dielectric anisotropy is a determining fac-
tor.

Good agreement has been found between the ex-
perimental. results of threshold as a function of
frequency and the predictions of a recent theory. "
Therefore the experimental determination of the
parameter g and of the period A leads to reason-
able values of the elastic constants of MBBA
+ CN mixtures.

Systematic determinations of the various pa-
rameters are in progress, together with a more
complete study of the dielectric regime. Both
will be published in detail elsewhere.
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