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Elastic deformations of nematic liquid crystal layers subjected to a d.c. electric field were
studied numerically. The flexoelectric properties of the nematic material and the presence of
ionic space charge were taken into account. Homeotropic alignment with finite surface
anchoring strength was assumed. The director orientation and the electric potential
distribution were calculated; the space charge density was also determined. It was found that
the threshold voltage strongly depended on the parameters of the system. In particular, a
threshold as low as a few tenths of a volt occurred under suitable circumstances. In the case
of a negative dielectric anisotropy, De, such low values of the threshold voltage existed when
the ion concentration was sufficiently high, and given sufficiently large magnitudes of the
flexoelectric coefficients and a sufficiently small anchoring energy. If the ion concentration
was low or if the flexoelectric coefficients were small or if the surface anchoring was strong,
the threshold was equal to several volts. In the case of positive dielectric anisotropy, the
threshold amounted to several tenths of a volt for a weakly anisotropic and highly
conductive material. If the dielectric anisotropy was sufficiently high or if the ion
concentration was sufficiently low, the threshold voltage increased with De and reached tens
of volts. These results can be explained as the effect of the inhomogeneous electric field
arising in the vicinity of the surfaces, due to the ionic space charge redistributed by the
external voltage. They are qualitatively consistent with earlier experiments which show the
effect of the ion concentration on the elastic deformations in flexoelectric nematics. They
correspond also with theoretical results concerning the effect of the electric field produced by
the surface polarization or by the adsorption of ions.

1. Introduction

Electric field-induced deformations of the director

distribution in nematic liquid crystal layers are twofold

in nature: dielectric and flexoelectric. In general,

torques due to both mechanisms may arise in a

sample. Nevertheless, the circumstances in which the

flexoelectric torques can be neglected are the most

common. The torques resulting from the dielectric

anisotropy De of the liquid crystal are usually

considered as the sole cause of the deformations.

They depend on the square of the electric field strength

E2, so the sense of the electric field strength vector E is

of no importance. One can distinguish several simple

geometries which have practical significance both for

applications and laboratory studies. The deformations

occur under strong as well as under weak anchoring

conditions [1]. In both cases they have threshold

character, at least when a suitable surface alignment

is ensured. This means that the external voltage must

exceed a certain critical value. For example, if Dev0, a

rigidly anchored homeotropic nematic layer of thick-

ness d confined between parallel electrode plates

becomes distorted, provided that the voltage is higher

than Uc given by the formula

Uc~p
k33

e0 Dej j

� �1
2

ð1Þ

where k33 is the bend elastic constant and e0 is the

permittivity of vacuum. In the case of a finite anchoring

energy, the corresponding threshold U ’c is smaller than

Uc and is given by the equation

cot
U 0c
2

e0 Dej j
k33

� �1
2

" #
~

U 0c
Wd

k33e0 Dej jð Þ
1
2 ð2Þ

where W is the Rapini–Papoular anchoring strength

parameter [2]. On the other hand, a nematic with Dew0

remains undeformed due to the stabilizing influence of

the dielectric torque in this case.
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The other contribution to the deformations induced

by the electric field is due to the flexoelectric properties

of the nematic material [3]. There are two possible

origins of these properties [4, 5], which result in

macroscopic flexoelectric coefficients e11 and e33. The

flexoelectric deformations are due to the torque which

is linear with respect to the electric field E or to the

torque resulting from the spatial variation of the field

+E. They are difficult to observe since they require

rather weak anchoring conditions; they can be masked

by the dielectric deformations and be disturbed by the

ionic space charge always present in liquid crystals.

The electric field-induced deformations in insulating

nematics were comprehensively analysed on the basis of

continuum theory. The simple geometry, in which the

director orientation is restricted to the plane perpen-

dicular to the layer, is of special interest. In this

geometry, sixteen configurations of the liquid crystal

layers subjected to an electric field were distinguished

[6]. In eight of these configurations, the deformations

have threshold character. In particular, the home-

otropic layer with symmetrical boundary conditions

containing the Dev0 nematic becomes distorted above

the threshold Uf given by the equation

cot p
Uf

Uc

� �
~

Wd

2pk33

Uc

Uf

pk33

Wd

Uf

Uc

� �2
(

Uc e11ze33ð Þ
pk33

� �2

z1

" #
{1

)
: ð3Þ

The threshold Uf is smaller than U ’c given by

equation (2) and tends to U ’c when e11ze33p0. In

contrast to the pure dielectric case, the deformations of

the homeotropic layer may occur also when Dew0, but

only if the relationship

e11ze33ð Þ2

k33
> e0De ð4Þ

is satisfied. The corresponding threshold voltage can be

calculated from the equation

cot p
Uf

Uc

� �
~

Wd

2pk33

Uc

Uf

pk33

Wd

Uf

Uc

� �2
(

Uc e11ze33ð Þ
pk33

� �2

{1

" #
{1

)
: ð5Þ

The equations (1)–(5) were derived for the case of an

insulating material, ignoring the ionic space charge.

However ions are unavoidable in liquid crystals and

may influence the behaviour of the layer. The

deformations can also be affected by the surface

polarization or selective adsorption of ions [7–9].

These phenomena give rise to a surface electric field.

The electrostatic interactions between this field and the

nematic may influence the boundary conditions which

are essential for the deformation.
In this paper, we have reanalysed numerically the

electric field-induced deformations of a conductive

nematic possessing flexoelectric properties. The role

of the surface polarization was also considered. Our

main aims were: (i) to find the director configurations in

the layers deformed by various voltages, and (ii) to

determine the influence of the anchoring strength, ion

concentration and flexoelectric coefficients on these

configurations. We chose the homeotropic layer as an

example. The results of our calculations show that the

threshold voltage can be significantly lowered by the

space charge. Under suitable conditions, the threshold

voltage can be one order of magnitude smaller than the

theoretical value, equation (3), predicted for the ideal

insulating nematic. The surface polarization influences

the director orientation and the potential distribution

but has only a minor effect on the threshold voltages.

In the next section, the parameters of the system

under consideration and the basic equations are given.

In §3, the results of calculations are presented; § 4 is

devoted to a short discussion.

2. Method

2.1. Geometry and parameters

A nematic liquid crystal layer of thickness d~20 mm,

confined between two infinite plates parallel to the xy

plane of the Cartesian co-ordinate system and posi-

tioned at z~¡d/2, was considered. Homeotropic

alignment was assumed. The material parameters

used in calculations were typical for nematic liquid

crystals. The anchoring strength W was identical on

both surfaces and was varied from 1025 to 1022 J m22.

Both signs of the dielectric anisotropy were taken into

account. The elastic constants k11~6.2610212 N and

k33~8.6610212 N were adopted. The sum of the

flexoelectric coefficients e~e11ze33 was changed

between 0 and 240610212 C m21 which covers most

of the existing data [3]. (The individual values of e11

and e33 are not essential in the considered geo-

metry.) Perfectly blocking electrodes were assumed.

The voltage U was applied between them; the lower

electrode (z~2d/2) was earthed. The average ion

concentration N0 ranged from 1018 to 1020 m23. The

director n was assumed to be confined in the xz plane;

its orientation was described by the angle h(z) between

n and the z axis.
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The surface polarization Ps was assumed to be

induced by the ordo-electric mechanism [5, 9, 10] and

considered in the manner applied in our previous paper

[11]. It was directed along the z axis. Its value decreased

exponentially with distance from the boundaries

according to the formula

Ps fð Þ~ 1=2ð ÞP 3 cos2 h fð Þ{1
� �

exp { fz0:5ð Þ=l½ �z exp f{0:5ð Þ=l½ �f g ð6Þ

where f~z/d, l~L/d and L is the characteristic length.

(The value L~50 nm was chosen arbitrarily. Its exact

value is not essential for the qualitative character of the

phenomena studied.) We used the value of P obtained

from the relationship m~PL, where m is the effective

dipole moment counted per unit area of the layer,

identical for both surfaces. Its magnitude, as well as the

sense of the dipole moment vector m, was based on the

results obtained by Blinov et al. [12] for the homeo-

tropically aligning surface: m(0,0,¡m) for f~¡1/2,

where m~4610212 C m21.

2.2. Basic equations

The problem is considered to be one-dimensional.

The functions h(f) and V(f) which describe the director

orientation and the potential distribution within the

layer are determined by the torque equation:

1

2
kb{1ð Þ sin 2h

dh

df

� �2

{ sin2 hzkb cos2 h
� � d2h

df2

z
1

2

e0De

k11
sin 2h

dV

df

� �2

z
1

2

e11ze33

k11

� �
sin 2h

d2V

df2

 !

z
3

2

m

k11l
sin 2h exp {1= 2lð Þ½ � exp {f=lð Þ{ exp f=lð Þ½ � dV

df

~0

and the electrostatic equation:

r fð Þd2ze0 e\zDe cos2 h
� � L2V

Lf2
{e0De sin 2h

LV

Lf

Lh

Lf

z e11ze33ð Þ cos 2h
Lh

Lf

� �2

z
1

2
e11ze33ð Þ sin 2h

L2h

Lf2

{
3

2

m

l
exp {1= 2lð Þ½ � sin 2h

Lh

Lf
exp {f=lð Þ{ exp f=lð Þ½ �

�

z
1

l
cos2 h{

1

3

� �
exp {f=lð Þz exp f=lð Þ½ �

�
~0

where kb~k33/k11. The space charge density r(f) results

from the assumption that the ions in the nematic liquid

obey Boltzmann statistics:

r fð Þ~q Nz fð Þ{N{ fð Þ½ �

~N0q
exp {V fð Þq=kBT½ �

Ð1=2

{1=2

exp {V fð Þq=kBT½ �df

2
66664

{
exp V fð Þq=kBT½ �

Ð1=2

{1=2

exp V fð Þq=kBT½ �df

3
77775 ð9Þ

where Nz(f) and N2(f) denote the concentrations of

ions of both signs, q is the absolute value of the ionic

charge, kB is the Boltzmann constant and T is the

absolute temperature (T~300 K). The functions N¡(f)

depend on the potential distribution, which, on the

other hand, is influenced by the ion distribution. A

similar approach was applied in [11] and [13]. The

boundary conditions for h(f) are determined by the

equations

+
1

2

e11ze33

k11

� �
sin 2h +1=2ð Þ dV

df

				
+1=2

(

{ sin2 h +1=2ð Þzkb cos2 h +1=2ð Þ
� � dh

df

				
+1=2

)

{
1

2
c sin 2h +1=2ð Þ~0

for f~¡1/2, where c~Wd/k11. The boundary condi-

tions for the potential are V(21/2)~0 and V(1/2)~U.
The set of equations (7) and (8) was solved numeri-

cally. The director configurations [described by the

angle h(f)] and the electric potential distributions V(f)

were calculated for various voltages and layer para-

meters. The results allowed us to determine the

threshold voltages UT for the deformations. The

volume space charge density distributions r(f) were

also calculated from equation (9).

3. Results

3.1. Negative dielectric anisotropy

In the case of negative dielectric anisotropy, the

deformations have both dielectric and flexoelectric

origins. The dielectric properties of the model sub-

stance used in this part of our calculations were

determined by De~20.7 and e)~5.4. Figure 1 gives a

comparison of the representative director distributions

for the flexoelectric and non-flexoelectric nematic,

significantly deformed under weak and strong bound-

ary anchoring conditions, in the presence and in the

absence of the ions (curves 1–8). The deformation of

(10)

(8)

(7)
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the strongly anchored nematics (curves 1, 2, 5 and 6)

and of the weakly anchored non-flexoelectric nematics

(curves 3 and 4) are symmetrical, i.e. described by even

h(f) functions. In the case of strong anchoring, the

flexoelectric properties manifest themselves by weaken-

ing of the deformation (cf. Curves 5 vs. 1 and 6 vs. 2)

while the director distribution remains symmetrical.

Well developed deformations of a flexoelectric nature

arise under weak anchoring conditions. They are

distinguishable by the asymmetry of the director

distribution (curves 7 and 8). In the case of a weakly

anchored non-flexoelectric material, the director at the

surfaces deviates from the homeotropic orientation

(curves 3 and 4). The behaviour of the insulating

nematic illustrated by curves 1, 3, 5 and 7 is well

known. The presence of the ionic space charge

diminishes the director deviation from the initial

alignment (cf. curves 4 vs. 3, 2 vs. 1 and 6 vs. 5). The

effect of ions is always present but is particularly

pronounced in a weakly anchored flexoelectric material

for which the director orientation in the vicinity of the

boundaries is changed significantly (curve 8). Therefore

the results concerning the deformations occurring in a

weakly anchored flexoelectric nematic with a significant

ion concentration N0 are the most interesting.

The most essential features of these deformations are

as follows:

(i) The threshold voltage value can be high or low

depending on the parameters of the layer. The

high values are equal to several volts, the low

amount to a few tenths of a volt.

(ii) The director distributions vary qualitatively when

the voltage is changed. The changes are parti-

cularly marked in the case of the low threshold.

Figures 2, 3 and 4 show the dependences of the

threshold voltage UT on N0, W and |e11ze33|,

respectively. For strong anchoring or low ion concen-

trations or small absolute values of the flexoelectric

coefficients, the threshold voltage amounts to several

volts and is approximately constant over wide range

of these parameters. Its value is comparable to the

theoretical results expressed by equation (3). The thres-

hold decreases to a few tenths of a volt when simulta-

neously the anchoring is weak, the ion concentration

Figure 2. The threshold voltage UT as a function of the ion
concentration N0; e~240610212 C m21, Dev0; the
anchoring energies W (in 1025 J m22) are indicated at
each curve.

Figure 3. The threshold voltage UT as a function of the
anchoring energy W; e~240610212 C m21, Dev0; the
ion concentrations N0 (in 1019 m23) are indicated at each
curve.

Figure 1. Director orientation angle h as a function of the
reduced coordinate f in the layer; U~5 V; Dev0; the
parameters for curves 1–8 are as follows. 1: e~0, N0~0,
W~1022 J m22; 2: e~0, N0~1020 m23, W~1022 J m22;
3: e~0, N0~0, W~1025 J m22; 4: e~0, N0~1020 m23,
W~1025 J m22; 5: e~240610212 C m21, N0~0, W~
1022 J m22; 6: e~240610212 C m21, N0~1020 m23,
W~1022 J m22; 7: e~240610212 C m21, N0~0, W~
1025 J m22; 8: e~240610212 C m21, N0~1020 m23,
W~1025 J m22.
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is high and the flexoelectric coefficients have large

magnitude. There exist also intermediate values of these

parameters for which the layer is distorted in two

ranges of voltage and remains undisturbed between

them. Two thresholds for deformations exist in such

layers.

The director profiles corresponding to the deforma-

tions initiated at low threshold are shown in figure 5 for

several representative voltages. The qualitative differences

between them are evident. Various types of profile

occur in various voltage ranges, the transitions between

subsequent types having threshold character. The

deformations arise rapidly above the threshold UT.

The director deviates from its initial orientation by an

angle increasing with z, with the exception of thin layers

of thickness 0.5 mm adjacent to the boundary plates. At

higher voltages, the greatest deviation takes place in the

middle part of the layer; simultaneously, the subsurface

deformations change their form.

In the case of a high value of the threshold resulting

from low ion concentration, the director distribution is

similar to that illustrated by curve 7 in figure 1. When the

high threshold is due to strong surface anchoring, the

director profiles are nearly symmetric. The slight devia-

tion from exact symmetry is due to the flexoelectric

properties that induce some distortions near the

boundaries. As a result, the deformations are qualita-

tively similar to that given by curve 8.

3.2. Positive dielectric anisotropy

In the case of Dew0, the homeotropic layer is

dielectrically stable. The torque due to the flexoelectric

properties is the only cause of the deformations.

Equation (4) yields a condition for this deformation.

In order to verify this relationship in the presence of

ionic space charge, we studied the behaviour of the

nematic characterized by various De values. The crucial

role of the space charge was confirmed. Figure 6 shows

the threshold voltage plotted as a function of the di-

electric anisotropy for several values of ion concentration.

As previously, two regimes of the threshold voltage can

be distinguished. They are connected with two types of

behaviour.

(i) If De is sufficiently high, or if N0 is sufficiently

low, the threshold voltage UT increases with De,

which resembles the dependence predicted by

equation (5) for insulating materials. The defor-

mations of the director field are restricted to the

Figure 5. Director orientation angle h as a function of the
reduced coordinate f; W~1025 J m22, N0~361019 m23,
e~240610212 C m21, Dev0; (the low threshold case,
UT~0.28 V); the applied voltage U (in volts) is indicated
at each curve.

Figure 6. The threshold voltage UT as a function of the
positive dielectric anisotropy De; W~1025 J m22,
e~240610212 C m21; the ion concentration N0 (in
1019 m23) is indicated at each curve; the inset shows
the details of the UT(De) dependences in the low
threshold regime.

Figure 4. The threshold voltage UT as a function of the
sum of flexoelectric coefficients |e11ze33|; Dev0.
1: W~1025 J m22, N0~361019 m23; 2: W~1025 J m22,
no ions; 3: W~1024 J m22, N0~361019 m23.
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thin layer adjacent to one of the boundary plates,

as shown by the h(f) profiles plotted in figure 7.

The thickness of this layer is of the order of 1 mm

and decreases with the voltage.

(ii) In the opposite case, i.e. in weakly anisotropic

and highly conductive materials, the deforma-

tions arise at some low threshold voltage which

amounts to a few tenths of a volt and is nearly

independent of De and N0. For a typical ion

concentration of 1020 m23, this behaviour is

predicted for materials with Dev11. The defor-

mations are described by the h(f) functions

shown in figure 8; they develop rapidly when

the voltage exceeds the threshold. The strongest

distortions appear in the neighbourhood of

the boundaries. At low voltages the director

distribution is similar to that occurring in the

case of Dev0. The form of the director profiles

varies with the voltage; at high voltages, the

deformations are similar to those taking place in

the high threshold case.

The condition expressed by the inequality (4) is not

valid in the presence of ions. A less restrictive condition

applies, i.e. for a given De and k33, the deformation

may arise even if the sum |e11ze33| is smaller than

e0De=k33ð Þ
1
2. However the numerically calculated thres-

hold reaches tens of volts whereas the deformation is

extremely small and limited to the vicinity of the

boundary.

3.3. Influence of the surface polarization

The influence of the surface polarization was studied

for a negative dielectric anisotropy. The surface

polarization changes the director configuration in the

layer, the greatest effect being found in the case of low

threshold. Under suitable circumstances, the director

profiles calculated for m~0 and m|0 are different, as

shown in figure 9. The surface polarization diminishes

the deformations in the interior of the layer and

enhances the distortions near z~d/2. Neither the low

nor the high threshold voltage is influenced signifi-

cantly. Their values for m|0 are smaller than those for

m~0 only by several percent.

The potential distribution is also modified by the

surface polarization. For m~0 the spatial dependence

of the electric field strength value is given by the nearly

even function E(f). This symmetry is disturbed by the

Figure 8. Director orientation angle h as a function
of the reduced coordinate f; positive dielectric
anisotropy De~5, W~1025 J m 22, N0~1020 m23, e~
240610212 C m21; (the low threshold case, UT~0.28 V);
the applied voltage U (in volts) is indicated at each curve.

Figure 9. Comparison of the director profiles calculated
for m~0 (thick lines) and m~4610212 C m21

(thin lines); W~261025 J m22, N0~361019 m23,
e~240610212 C m21, Dev0; (the low threshold case);
the applied voltages U (in volts) are indicated at each
curve.

Figure 7. Director orientation angle h as a function
of the reduced coordinate f; positive dielectric
anisotropy De~12, W~1025 J m22, N0~1020 m23, e~
240610212 C m21; (the high threshold case, UT~3.2 V);
the applied voltage U (in volts) is indicated at each curve.
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field originating in the surface polarization, which has a

strength comparable to that of the bias field but its sign

at f~1/2 is opposite.

3.4. Space charge distribution

The space charge density r(f) was determined from

equation (9) by use of the calculated V(f) functions. In

general, ions of opposite signs are swept towards the

electrodes. No peculiarities in their spatial distribution

were found. At low voltages, positive ions are removed

from the neighbourhood of the positive electrode. Their

concentration in the interior of the layer is three orders

of magnitude lower than the maximum concentration

at the negative electrode (e.g. at 0.35 V). The distribu-

tion of the negative ions is analogous. At sufficiently

high voltage (e.g. 2 V), the interior of the layer is

practically free from ions. They occupy thin layers at

the boundary plates.

4. Discussion

In this paper, we have considered the deformations

of the flexoelectric nematic liquid crystal induced by a

bias d.c. voltage. They are often referred to as the

converse flexoelectric effect [3]. Our results show that

under suitable circumstances, remarkable deformations

arise at relatively low thresholds due to the presence of

ions.

The qualitative explanation of this effect can be

based on an analysis of the electric field distribution

(figure 10). Under the action of an external voltage, ions

of opposite sign accumulate in the vicinity of the

electrodes. In consequence, the electric field in thin

layers adjacent to the boundary plates is enhanced

significantly. Its strength may reach remarkable values

even at low voltages and depends strongly on the

distance from the electrodes. The surface field strength

E exceeds the value U/d by nearly two orders of

magnitude, for instance when N0~361019 m23 and

U~0.5 V, the field strength E(21/2) amounts

1.456106 V m21 whereas U/d~2.506104 V m21. Both

E and dE/dz increase with ion concentration. They are

weakly dependent on voltage and almost independent

of anchoring energy.
The dielectric and flexoelectric torques exerted on the

director by this inhomogeneous field [expressed by the

third and fourth components of equation (7)] are much

greater than the torques acting in the bulk of the layer

where the field is nearly constant or may even be totally

cancelled at low voltages. In particular, the flexoelectric

torque may be strong enough to induce subsurface

distortions, thus changing dramatically the circum-

stances which determine the director orientation in

the bulk. If the anchoring is sufficiently weak and the

flexoelectric properties are sufficiently strong and the

positive dielectric anisotropy is not too high, the
deformation can be initiated at a threshold voltage as

low as a few tenths of a volt. The resulting director

distribution may be quite different from that predicted

for the insulating nematic. The variety of the director

profiles shown in figures 5, 8 and 9 illustrates the

delicate interplay of all the kinds of torques involved in

the problem. (An analogous effect can be recognized in

the results of [13] where the director profiles for the

hybrid aligned nematic layer are presented. For certain

voltages, they reveal strong distortions at the surfaces

and do not resemble the plots theoretically predicted

for the insulating hybrid aligned layer.)

A comparison of the two low threshold behaviours
presented in figures 5 and 8 indicates the similarity of

the profiles obtained for Dev0 and Dew0 at voltages

lower than c. 1 V. This suggests that the deformations

are initiated by the same mechanism in each case. As

the dielectric anisotropies have different signs, the

flexoelectricity is expected to be the common origin of

the deformations. At higher voltages, the deformations

evolve according to the sign of dielectric anisotropy;

they are enhanced if Dev0 and suppressed in the

opposite case. In both situations, the director profiles in

the interior of the layer resemble the distributions

typical for dielectrically deformed non-flexoelectric

nematics. Nevertheless, the consequences of the flexo-
electric properties are still visible, especially in the

vicinity of the surfaces.

Our calculations yield examples of some other effects

caused by the ions. Under rigid anchoring conditions,

the presence of the ionic space charge is manifested by a

slight decrease of the director deviation from its initial

alignment (curves 5 and 6 in figure 1) which is probably

due to the decrease of the effective electric field strength

Figure 10. Electric field strength E(f) in the layer; W~
1025 J m22, N0~361019 m23, e~240610212 C m21;
Dev0; (the low threshold case, UT~0.28 V); the
applied voltage U (in volts) is indicated at each curve.
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in the bulk. Strong anchoring excludes any boundary

effects and no evidence of the flexoelectric properties

can be seen. Deformations of flexoelectric nature can

arise if the anchoring is weak. The corresponding

director profiles are not symmetrical. A comparison of
curves 7 and 8 in figure 1 shows that the asymmetry in

the interior of the layer disappears at high ion

concentration. In consequence, the bulk director profile

becomes similar to the non-flexoelectric case with

sufficiently weak anchoring. Flexoelectric properties

are revealed only by distortions in the vicinity of the

boundaries.

The surface polarization yields additional contribu-
tions to the electric field. In our case, this additional

field has different senses on the two boundaries and its

strength is comparable to that of the bias field; it

therefore changes the director distribution and its

evolution with increasing voltage.

In earlier theoretical works [7–9], the surface electric

field was found to be the reason for the significant

change in behaviour of the layer. The fields due to the
adsorption of ions and to surface polarization were

taken into account. It was stated that the surface field

can affect the bulk distribution of the director by

distorting the director orientation near the surface. The

deformation occurs above a suitable threshold value of

the surface field [8]. The contribution of the surface

field can be interpreted as a change of the effective

anchoring strength [9]; it also changes the effective
flexoelectric coefficients [7]. These results strongly

support our qualitative explanation concerning the

role of the surface field arising from the separation of

ions in the external field.

The results of numerical computations presented in

this paper require experimental verification. The homeo-

tropic nematic layer subjected to a d.c. electric field

belongs to well known liquid crystalline systems;
however, as far as we know, no experimental evidence

of the ‘low threshold’ deformations in this geometry

has been reported. It seems plausible that the usual

anchoring energies are too high and exclude this

phenomenon. Probably the boundary surfaces should

be specially prepared to allow the distortions at low

voltages. Nevertheless, effects resembling our results are

reported in [14] where deformations of the planar
nematic layers in a perpendicular d.c. electric field are

described. The deformations were observed at voltages

as low as 0.05 V. The decrease in ion concentration led

to the decay of the deformations.

Arguments similar to those presented here were used

in [15] to explain some high field electro-optic effects

observed in Dew0 nematic samples. Ions that are swept

towards the electrode produce a strongly non-uniform

electric field, which couples with the flexoelectric

polarization and gives rise to deformation.

Summarizing, our results show that the space charges

redistributed by the external voltage may change

significantly the effective boundary conditions. They

should be taken into account when the behaviour of a

weakly anchored flexoelectric nematic subjected to a

d.c. electric field is studied.
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