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Effect of the electric conductivity on the drift velocity of the cholesteric fingers
of the second type in confined geometry

J. Baudry, S. Pirkf, and P. Oswald
E.N.S. Lyon Laboratoire de Physiqlid6 Allee d'ltalie, 69364 Lyon Cedex 07, France
(Received 30 November 1998

We show that the drift velocity of the cholesteric fingers of the second species in ac electric field strongly
depends on the conductivity of the liquid crystal chosen and exponentially vanishes above a cutoff frequency
we found to be equalwithin a numerical factor close to) To the charge relaxation frequency of the sample.

We further show that the drift velocity is proportional to the applied electric field, provided that the confine-
ment ratio is kept constantS1063-651X%99)06409-(

PACS numbsfs): 61.30.Gd, 61.30.Jf, 47.20.Ky

[. INTRODUCTION electric field[5], but it never drifts perpendicularly to its
axis. The situation is different with the fingers of the second
- , ! species(CF-2). These fingers are more difficult to obtain,
' In 1992, Gilli and Kamaye(l,g] qbserved for thg first except in larged/p samples(typically larger than B in
time that a polymer cholester_lc liquid Crysfcal, conflr_1ed be-\yhich they form as easily as the CF-1[3]. In thinner
tween two electrodes treated in homeotropic anchoring, Ma¥amples, they can be obtained by streching cholesteric
form spirals in an ac electric field. These spirals were therbubbles[14]. This process shows the close connection be-
observed in usual cholesteric liquid crystéle., composed tween the CE-2 s and the cholesteric bubis Further-
of small molecule)sby Mitov and SIXOL[3,4] and by Ribiee more, a segment of a CF-2 has two rounded efdth a
et al. [5]. point defect in each of thenthat look very much alike in the
These spirals form from cholesteric fingers, which are lo-microscope(although the point defects are not at the same
calized structures that occur at the unwinding transition beheight inside each of themMore importantly, the CF-2 s
tween the cholesteric phase and the homeotropic nematidrift perpendicularly to their axes in ac electric field, which
phase. This transition is governed by two control parametersnay lead to the formation of single or twin spirals. From
the confinement rati€=d/p (d is the sample thickness and pure symmetry arguments, Gil and Gilli showed that the
p is the equilibrium pitch of the cholesteric phaisend the  transverse drift of a CF-2 is due to its noninvariance with
applied voltage between the two electrodes. The former fixekespect to ar rotation about its axis. With this in mind, they
the degree of frustration of the systefwe recall that the Proposed a new configuration for the CF-2 they called the
homeotropic boundary conditions are incompatible with theoninvariant cholesteric fingef15]. Very recently, we
helical structure of the cholesteric phaswhile the latter ~Proved that this model explains all the static properties of the
tends to orient the molecules perpendicularly to the elecCF-2 s, as well as their thinning transition above the spinodal

- P ; -, : limit of the CF-1 s[13].
trodes, provided that the liquid crystal is of positive dielec- X .
tric anisotropy. The problem now is to understand the mechanism respon-

. . .. .gible for the drift of the CF-2 s in an ac electric field. Gil and
It turns out that the cholesteric-nematic phase transition is..
first order[6], so that there exists in the parameter plane illy [15] proposed that the Lehman eff¢ds] or the flexo-

. . electricity [16] could be the motor of the drift. These two
(V. C) aline V,(C) where the two phases coexist. The €X" models predict the existence of a cutoff frequency above

periment shows that near this line, the cholesteric phasg oy, the drift velocity vanishes. This was indeed observed

forms elongated structures, called fingers. These fingers c%perimentally[5], but the agreement between theory and
be of different type$7], depending on the conditions of their experiment is only qualitative.

nucleation. The cholesteric fingers of the first spe¢&s-1) To go deeper into this question, we systematically mea-
were known for a long timg8]. They spontaneously formin syred in samples of different electric conductivities the drift
all samples from the nematic phase. The director field insidgelocity of the CF-2 s as a function of the amplitude and the
a segment of a CF-1 is continuol&10] and invariant by a  frequency of the applied voltage. We found that the drift
o rotation about the finger axis. On the other hand, its twovelocity is independent of the conductivity at low frequency.
ends are differenftl1,12. As a result, a segment of a CF-1 By contrast, it exponentially vanishes above a cutoff fre-
can crawl along its axis at the coexistence voltage in the aquency close to the charge relaxation frequency of the

sample.
The plan of the paper is as follows. In Sec. I, we describe
the experiment. In Sec. lll, we analyze the effects of the
*Permanent address: Department of Physics, University of Parddiquid crystal conductivity and of the frequency of the ap-
bice, 53210 Pardubice, Czech Republic. plied voltage on the drift velocity of the CF-2 s. In Sec. IV,
TAssocieau CNRS, UMR 8514. we analyze the effects of the amplitude of the electric field in
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the low-frequency regime when the confinement ratio is

= - 0
maintained constant. We conclude in Sec. V. % L\ A i
25 - -2
Il. EXPERIMENT 2 4
The samples are obtained by mixing the liquid crystal & - ° x
5CB (4-n-pentyl-4-cyanobiphenyl) with the chiral mol- = 154 ~® 2
ecule CB15(from the Merck Corporation The cholesteric T o TFeal L 10
pitch is measured as a function of the concentration usingthr  °7 | 4 Im 0
Cano-wedge method. All of our measurements in the choles 5
teric phase are done at 30 °C, i.e., about 3 °C below the cleal 14
ing point of the mixture. For a concentration of 0.83 wt % of 0o L .16
CB15 we foundp=17.5um. The samples are prepared be- P DL
tween two parallel iridium tin oxidéITO) electrodes treated 10 10 equendy (Hz) 10

with silane ZL13124 from the Merck Corporation to obtain a

strong homeotropic anchoring. A square-wave voltage was F|G. 1. Real and imaginary parts of the complex impedance of a
used. The sample thickness is fixed with Ni wires of cali-typical sample in the isotropic phase€C€1.7, d=30um, T
brated diameters. The sample conductivity is changed by dis=40°C, andv=0.1V). The solid lines are the best fits to Eg)
solving in the cholesteric mixture a small amoybétween  with R’=7290Q, R;=28.9K), C;=0.65 nF (o= 8.4 kHz).

2X 10 ° and 0.05 wt % of the ionic impurity tetrabutylam-

monium bromide(from the Fluka Corporation v
The complex impedance of the samples is measured as a V= —. (©)]
function of the frequency with a precisiohCR meter V(1+Riro/Rs)?*+RioClw

HP4284A(between 20 Hz and 1 MHzTo characterize each

sample, we measure its charge relaxation frequéoiciax- ~ We see in Fig. 1 that the fit of the experimental data to Egs.
well dielectric frequency17]) in the isotropic phas&t0°C).  (2) is good, except at low frequency, for the imaginary part.

Indeed, both the conductivity and the dielectric constast A way to improve the fit of the two curves is to add a ca-

of the liquid crystal are isotropic in the isotropic phase sopacity in series wittR;;o [18]. This capacity accounts for the

that the charge relaxation frequenty,, is well defined: formation at low frequency of two Debye layers near the two
electrodes. Nevertheless, taking this capacity into account
Orelax o 1 does not change the value Bgf,,. We also performed all of
Frefax= 27 2mege  2mRCq @ our experiments at large enough frequencies for this effect to

be totally negligible. So we shall forget it in the following.
where R, and C, are, respectively, the resistance and the Finally, we note from Eq(3) thatV is equal toV; pro-

capacity of the liquid crystal layer. We note that, in the cho-Vided thatRe>Riro and »?<(1/RiroCs)?. These two con-
order of magnitude(within a factor 3 but may change We Wil not differentiate these two voltages in the following.

(within £20%) depending on the cholesteric texture and on

the amplitude of the applied voltage. _ IIl. DRIFT VELOCITY NEAR THE COEXISTENCE
In order to determind ., Wwe measure the complex im-  VOLTAGE V, AS A FUNCTION OF THE FREQUENCY:
pedancdr+ X of the samplécomposed of the liquid crystal CONDUCTIVITY EFFECT

layer and of the two ITO layeysAn example is given in Fig. ) )

1. In the isotropic liquid, the result does not depend on the N Ref.[5] we already noted that the drift velocity of the

amplitude of the applied voltagevhich we have varied be- CF-2 s strongly decreases above some cutoff frequency,

tween 1 mV and 5 V. which we did not characterize at this time. We have recently
In order to fit these data, we use the simple model of FigPerformed new experiments in samples of different conduc-

2. The sample is modeled by a resistaRg, in series with ~ tivities. The confinement ratio chosen @#p=1,7 with p

the liquid crystal layer, which is replaced by a resistaRge

parallel with a capacitfs. We callV the voltage applied to A
the sample and/ the voltage applied to the liquid crystal \Y/
layer. The former is measured experimentally, whereas the RlTO
latter must be calculated. Straightforward algebra gives
V,
R=Ryo+ Rs (23 )
-0 1+ R2C2 02 R| | &
RéCSw
X=— %", (2b) . . -
1+R;Cso FIG. 2. Schematic representation of the sample. The liquid crys-

tal layer is modeled by a resistanBg parallel to the capacitZ;.
and The two ITO layers are replaced by the resistaRgg .
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FIG. 3. Spiral observed near the coexistence voltage (  FIG. 5. Cutoff frequency for the CF-2 s as a function of the
=1.77,d=30um, V=19V, andf=1000 Hz). charge relaxation frequency.

=17.5um. The drift velocityvg,x IS measured at a voltage IV. DRIFT VELOCITY AT LOW FREQUENCY AND
that was typically 0.2 V larger than the coexistence voltage CONSTANT CONEINEMENT RATIO AS A FUNCTION

V, between the CF-1 s and the nematic ph@seorder to
L e . . OF THE AMPLITUDE OF THE ELECTRIC FIELD
avoid finger undulation§5,13]). At this voltage, the CF-2 s

bend to form spiralgFig. 3). It can be easily shown that We have measured the conductivity-independent low-
these spirals are Archimedian far from their centers. In thigrequency drift velocityv, (at f<f,,) as a function of the
region, the finger drifts at a constant velocity;; . We plot  electric field. Unfortunately, this measurement cannot be
in Fig. 4 the drift velocity measured in different samples as ajone in the same sample because it is impossible to strongly
function of the frequency of the applied voltage. For eachjeyiate fromv,. Indeed, the fingers strongly undulate below
sample, it is possible to fityqn(f ) with an exponential law: v/, \whereas they shorten quickly from their two ends when
the voltage is increased aboVg. As a consequence, spirals

Varit(f ) =vo exp(—f/farin). (4 are only observable within a small band abdvg in the
o (V,C) control parameter plari&]. To bypass this difficulty,
Two striking results must be noted. we have made samples of different thicknessanging be-

(i) The velocityv, in the low-frequency regime does not tyween 15 and 75:m), while maintaining constant the con-
depend, within experimental errors, on the conductivity offinement ratio:C=1.7. In this way, the coexistence voltage
the sample. . V,, as well as the total energy of the finger, do not change

(ii) The cutoff frequencyf iy is equal to the charge re- gince they only depend o@ [12]. By contrast, the average
laxation frequencywithin a numeric factor close t0)XFig.  gjectric field within the sample decreases abdd the thick-

5). This last result suggests that the drift mechanism has afess is increased. In Fig. 6, we phaj as a function of the
electrohydrodynamic origin. average electric fiel=V,/d. We find that within experi-

Note that the charge relaxation frequency of our sampleg,gnial errorsy, is proportional to the electric field.

is always large, even when we use pure 5CB. This is due 10 \yg conclude that the driving forde, acting on the finger
the silane treatment that clearly releases ions in the liquid

crystal (without silane and with pure 5CB, we obtafry.y
~100 Hz).
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FIG. 6. Low-frequency drift velocity of the CF-2 s as a function
FIG. 4. Drift velocity of the CF-2 s as a function of the fre- of the electric field in samples of different thicknesses but a similar
quency of the applied voltage in samples of different conductivitiesconfinement ratio €=1.7). Two chiral impurities have been

The lines are the best fits with EGt). used: CB 150) and S811(A).
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2
b= FVV():

is proportional to the electric field because the friction forcethe charge relaxation frequency of the sample. In the low-
F,, which oppose§ 4 (in a steady-state reginfe;=F,), is  frequency regime the drift velocity is independent of the lig-
proportional tovy and only depends o8. Indeed, the dissi- uid crystal conductivity and, therefore, of the cutoff fre-
pation® can be written in the fornj16] quency. It is also independent of the chiral molecule chosen.
Finally, the drift velocity is proportional to the electric field
f 71(‘9_n ds|vZ, (5)  atconstant confinement ratio.
X For the time being, these results cannot be explained by
. . : . the Gil and Gilli model[15], which does not take into ac-

where the integral is taken over a cross section of the finger o .
and v, is a rotational viscositf16]. Neglecting backflow count the conductivity of the sa_mple. In partlc_ular, the model
effects, it can be easily shown that this integral only depend qsed on _the_ L_ehmann effect is |mp_robab|e inasmuch as the
on C. rift velocity is md_ependent of the chiral molecule. Wg think

We have performed a similar experiment with anotherthat a mode] |n§p|red from th_e Carr-Helfrich mechan_|sm for
chiral impurity (S811, from the Merck Corporation, instead the convection in the nematic phase must be considered to
of CB15), while keeping the same confinement ratic ( €XPlain the resultgalthough no convection is observed in the
=1.7). We find(Fig. 6) that, within experimental error is ~ Sampleg This theory has yet to be proven.
unchanged. This result suggests thais independent of the
chemical structure of the chiral molecule, which would
eliminate a model based on the Lehmann effect, on the con- ACKNOWLEDGMENTS
dition that the Lehmann coefficiefand thusv,) depends on
the chiral molecule chosefwhich is still unclearf19)).
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V. CONCLUDING REMARKS
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