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FLEXOELECTRICITY IN NEMATICS : CONTINUQUS DISTORTIONS
AND INSTABILITIES

Georges DURAND "
Laboratoire de Physique des Solides , Bat. 510, Univer-
sité de Paris-Sud, 91405 ORSAY CEDEX (France)

Abstract We review recent experiments mostly perfor-—
med by the Orsay Group, which allow the independent
measurement of the bulk flexocelectric and electric qua-
drupolar constants for nematic liquid crystals. Most

of them use the hybrid align geometry, where a splay
bend distorted nematic behaves as a liquid ferroelec-
tric domailn.

In this review, we give a survey of recent work done essen-
tially in Orsay in the field of flexoelectricity of nematic
liquid crystals. For the sake of completeness, we first
recall a few elementary points about flexoelectricity; we
then present results on continuous texture distortions, and
our more recent unpublished work on flexoelectrically in-

duced texture instabilities in nematics.

A - WHAT IS FLEXOELECTRICITY IN NEMATICS ?

It is known for a long time that an uniformly oriented
nematic texture possesses inversion symmetry, i.e. is not

ferroelectric. As shown by Meyer!

, one can break this in-

version symmetry by imposing to the mean molecular orienta-
» . . >

tion (the unitary director n) a splay or bend curvature

distortion. Per unit volume, one expects an electric pola-

* Work supported by French Anvar,under contract N°A8303042v
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. s > > > . > > > >
rization P to occur, equal to : P= e; n(div n)+ ey curl nxn.

The two coefficients, e, and e, , of the order of a molecu-

lar polarization (10718 cgs) divided by m? (molecular dimen-

eq \ X\

sion) are of the order of ]0"18/10“14 uY 10—4 cgs. The flexo-

polarization is the nematic equivalent of the piezoelectric
polarization observed in strained solids.

The interest of flexoelectricity is to provide a linear cou-
pling with an external electric field E in the form —E. g,
where P can be proportional to some imposed distortion. By
comparison, when P = XE is induced by E, one obtains a qua-
dratic coupling —~ yE?. The first experiment, discussed by
Helfrich? and many others, to demonstrate the inverse flexo
effect, consisted to induce (Fig.2) a bend distortion in an
homeotropic sample. Balancing
electric an mechanic terms in
the free energy, results in

EP EE 82, where K is the

d
curvature elastic constant,

d the sample thickness, 8 the

surface angle. This results

Fig. 2 in 6 v E %é. In this descrip-

tion, we have neglected the surface anchoring energy, assu—
ming the anchoring infinitely weak. When the anchoring is
strong (molecular orientation fixed at the surface), there
is an exact compensation in the electric energy -P.E bet-

ween the two differently curved parts of molecular limes
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(Fig.3) and the solution is
P ’
" 6 = 0. One sees easely why
@ 5
f’ a) assume e, = e, = e. P can
‘ f be written as P = e div(n n),

i.e. the divergence of the

Fig.3 electric quadrupolar momentum
density a = -e (0 n)The electric energy demsity can be writ-—
ten as : -E.P = —[V.EXB>H)— enaun :V E].

When integrated in the volume, the first term gives a sur-
face term which is zero for strong anchoring, and one 1is
left with a pure quadrupolar effect, coupling of O with the

3 For uni-

field gradient, as shown by Prost and Marcerou
form F field this term vanishes also and there is no volume
flexoelectric effect.

b) assume e# e;. For small distortions, P remains a diver-
gence and can always be integrated out" . The quadrupolar
effect is now proportionnal to e; + e,. For large distor-
tioms only, one expects to observe with strong anchoring
a pure volume flexoelectric effect, proportionnal to

et = e, — e,
To conclude, with strong anchoring, the '"flexoelectric"

polarization gives rise to two kinds of effects

- a pure volume flexoelectric effect, with an effective

. . =q *> ., > * .
polarization Pe = e n(div n), (e =-e, - e3) which couples

ff 1

. >
with E.
- a pure volume quadrupolar effect, where the electric qua-
drupole density 6 = -(e; + ey) (n n) couples with the field

gradient V E.
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B - CONTINUOUS DISTORTIONS

One can measure independently e +e, and e,¥ e; , by obser-
ving the texture distortions induced in a nematic liquid

crystal by an electric field gradient, or a field alone.

I) Quadrupolar effect

Prost and Marcerou® have observed by light scattering the
distortion induced by the coupling of a E field gradient
in an uniform homeotropic aligned sample. This geometry has
been recently resumed by Dozov et al® , who wanted to mea-

sure the quadrupolar coefficient e, + e, and its sign in

—\ B

apmmm—
m - \ ) V- sketched on Fig.4. The elec—
L)
)
-V

3
MBBA. The cell geometry is

tric torque density, on one
‘i central molecule, is estimat-
Em .
) -} ed as ¢ — , where q 1is the
N

N, — m .
Fig. 4 G, e assumed end charge giving
rise to 3, and m 1s a molecular dimension. E itself is a

pure gradient, and can be written as E = VE. m. The resul-
ting torque density is now VE Sg-= VE Q , to be compensa-
ted by the elastic torque dens?ty K9/d? where 6 is the small
induced tilt. VE is of the order of V/d% , where V is the
voltage difference between the electrodes, d the sample

thickness and £ the electrode separation,The resulting tilt
QV d

is : 8 = e For MBBA, the conoscopic observation of

0 gives : e} + e, = -1 1074 cgs, a very strange result,
for its sign, opposed to what is known" in BBMBA and to

the previous estimate of Derjhanski’ et al, and for its ab-
solute value, 7 times smaller than measured® by Prost and
Marcerou. Screening effect may be invoqued to explain this

discrepancy.
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I1) Flexoelectric effect

>
The existence of Pe has been demonstrated by Dozov et al®

using a hybrid aligiid cell (HAC) to obtain the large dis-
tortion (rotation of w/2, see Fig.5) necessary to the exis-
tence of the pure volume fle-
4\ xoelectric effect.A DC field
' E is applied perpendicular to
G , d the splay bend texture. The
: resulting torque density
-

P x E ind twi
off induces a twist ¢

4-%
’ y of the splay bend molecular
Fig. 5 \/ ? lines. Writting Pogs e*/d,
with the same elastic torque

*
density Eg», one expects : ¢ v %~ dE. This i1s well verified

d
experimentally. The two splay bend domains rotate in oppo-

site direction, as expected from the sign of Peff' ¢ is
found ~ E, for d = 100 um, which results ine ~ 10 cgs
for MBBA. The twist ¢ is optically observed by the rotation
of the light polarization propagating across the HAC. This
method, applied to other materials, has given interesting
results. For instance, in 8CB, e* is found + 1.10-4 cgs,
although in 80CB which differs only by the existence of an

* - . .
oxygen, e 1is =6 10 & cgs. This change has been interpreta-

Ve r

20CR gCh

Fig. 6
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ted as "conformational" flexoelectricity® . The strong
dipoles of the CN groups seem to cancel each other, by some
molecular pairing. In presence of a bend, such a molecular
pair would see a prefered configuration of the end chains
which would tend to alipgn the oxygen dipoles toward the

center of curvature (see Fig.6).
C - FLEXOELECTRICALLY INDUCED INSTABILITIES

We now report on two texture instabilities, using the qua-
drupolar or the flexoelectric coupling, discovered recently

in Orsay.

I/ Uniform twist instability of the HAC (Flexoelectric

coupling)

We can demonstrate the exis-—

g .
« A tence of Peff in a HAC, by
t

anplying a DC electric field

E ! E opposed to B Ab
*» ‘d opposed to Cff" ove a

certain threshold Eth’ a twist
[

Fig. 7 V) ¢ becomes unstable, because
> . >
Peff tends to align along E.
Eth is given classically by the balance of torques equation:
K . K
Eth Py ~ I d, 1.e. Eth N e*d
10

We do observe such an instability, for d ~ 50 um, at

Eth v 1 cgs, i.e. for the expected value calculated with

e* determined in the continuous texture twist experiment.
The influence of the dielectric anisotropy must anyway be
considered for a quantitative fit of the data. For larger
fields, electrohydrodynamic instabilities can develop, as

always, and limit the range of observable twist.
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IT/ Non uniform twist instability of the HAC (Ouadrupo-

lar coupling)

We resume the HAC geometry of Fig.5 where we have observed
the continuous twist of the splay bend texture which behaves
as a ferroelectric domain rotating under the action of a
perpendicular field. We have observed!! | superimposed to
the average twist ¢Oa sharply localized twist ¢ which appears
between crossed polarizers as a "wall' parallel to the elec~-
trodes,of lateral extension comparable to the thickness d.
This wall propagates from the cathode to the anode, with

a velocity linear in field and a resulting mobility in

the 10-4cm/Vs range, comparable to the one of ions.

With blocking electrodes, we

Y - check that these walls can
Y’ z - - only exist in presence of DC
Y current. They stop if we turn

moving again if we turn the
field on. They vanish when
reversing the field. We under-

stand this wall as a localized

3 —p the field off, they start
4-;._3__——-’{»
3
€
&, .\./1\. :

charged twist of the texture,

created by the following mecha-

+ nism :

‘\?" a) a localized fluctuation ¢
¢
)

-

of the twist ¢>O, because of
the anisotropy of conductivi-
ty O, gives rise to a locali-

a zed space charge density o.
y Fig. 8 Calling y the EO field orien-

¢ E tation (Fig.8), the current

6
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density writes as : j_.= OE_ - o cos Zéo g which results
y o a 2 o

in a stationnary space charge density

d¢

€ . . .
=~ — s 2 —L E 3 the ass d iso-
0 s O, Sin ¢O & %o ( is ssume S0

tropic dielectric constant, ¢ the isotropic conductivity)
b) these localized space charge p gives rise to an addi-
tionnal field E and an additional field gradient VE. The

additionnal E is calculated by : %% = 4mp which gives =

E = -E
o

alm

g, sin 2¢O ; because 9, is positive for most

nematic materials, E is opposed to ¢. The additionnal field

has a stabilizing effect, through the flexcelectric coupling.

.

. > . .
The resulting torque P xE 1s smaller were ¢ is larger,
g q

eff
and vice versa. On the other hand, the additionnal field

) gradient VE may be destabili-
\ Y zing, through the quadrupolar
\ ’ E coupling, if e, + e, > O,
i 1 3

(see Fig. 9) and an instabi-

lity occurs. The threshold

E for the wall formation
Oth

can be estimated by the follo-~
wing argument : just above
Fig. 9 threshold, the elastic and
quadrupolar torques are al-

most balanced

Ko, (e
d2

where E/d stands for VE. This relationship between ¢ and E

[aNRea]
It
o

- e3) sin 2¢O

must be compatible with the field equation
%
— si E + =
€ 5 sin 2¢0 0¢ E ¢}
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This is possible for E
9th

Ke o

1 v (e1 + es)d E;

with E

r\,__EL__
inZ2 2¢O

~ 0.5 cgs.

Remember mow that the initial twist ¢O and the field EO

are already related by the
¢

0
= _———_ E' where
o cos¢>o

as seen previously for the

twist experiment. As shown

° Fig. 10 /z

positive sign for e, + e,

equation :

K

*
e d

flexoelectric induced continuous

on Fig.l0, the wall can only

appear in a range of finite
¢O , well above =zero.

The "wall" can be considered

as a negatively charged twist-

ed "soliton". Because of
charge injection, the thres-

hold is more probably easely

reached close to the cathode,

as observed. The only distur-

bing point is the necessary

in MBBA. Further critical expe-

riments are necessary to be sure of this sign.

D - CONCLUSION

Assuming strong anchoring to avoid surface effects, we

have demonstrated simple experiments which demonstrate

independently the volume flexoelectric effect and the elec-

tric quadrupolar effect. These experiments allow the inde-

pendent measurement of the two associated constants

*

e =ey - egand ey + e, , for the same material. In prin-

ciple the best measurements are obtained with the conti-

nuous texture distortion experiments, but screening

245
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effects may perturb the results, specially when creating

a field gradient. The new soliton-like charped twist wall
is in itself a interesting subject of investigation. The
hybrid aligned cell appears to be an interesting system to

study nematic liquid crystals.

We thank the members of the Orsay Group for partial discla-

sure of their work before publication.
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