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LIU JINWEI{, ZHANG SUHUA*{, YANG YUYING{, AN HAILONG{, ZHANG ZHENDONG{
and YANG GUOCHEN{

{School of Sciences, Hebei University of Technology, Tianjin 300130, China

{School of Chemical Engineering, Hebei University of Technology, Tianjin 300130, China
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The influence of the surface polarization, Ps, on a nematic liquid crystal (NLC) cell is investigated
analytically. Flexoelectric polarization is considered, but selective ion absorption is ignored. The
differential equations are derived for tilt angle, h, of director n and the corresponding boundary
conditions based on Gibbs free energy, and their solutions discussed. Equations for the reduced
threshold voltage, uth, and the reduced saturation voltage, usat, are deduced and the relationships
between uth, usat and reduced strength of surface polarization, p, derived.

1. Introduction

Prost and Marcerou [1] first propounded that variance

of the nematic order parameter, S, along with position

results in electric polarization. Barbero et al. [2]

investigated this subject again and derived the formula:

Ps~r1 n:gradSð Þnzr2 gradSð Þ, ð1Þ

where r1 and r2 are order electric coefficients and n is the

director of a nematic liquid crystal (NLC). Ps, which

only exists in an LC surface layer with thickness 10 nm,

is called as the surface polarization.

Surface polarization is present if n is fixed and S is

changed along with position. On the other hand, when S

is fixed and n is changed there will be another

polarization. This is the flexoelectric polarization [3],

denoted as Pf, which can be expressed as:

Pf~e1n +:nð Þze3 +|nð Þ|n: ð2Þ

Equation (2) consists of two terms with corresponding

flexoelectric coefficients, e1 and e3, related to the splay

and bend distortions, respectively. In an LC cell, n has to

vary along with position, so Pf exists in whole LC volume.

Up to now the effects and influences of flexoelectric

polarization have been investigated comparatively suffi-

ciently [4], but few articles have been reported about

quantitative investigation of surface polarization.

Recently, Zakharov and Dong [5] investigated the

relation between surface polarization, Ps, and effective

anchoring energy. They supposed that when the solid

substrate of an NLC cell is in contact with nematic,

selective ion adsorption takes place, and the surface

electric field originated from this surface charge may be

coupled with surface polarization to form interface

energy to obtain the expression for effective anchoring

energy. The influence of surface polarization on NLC cell

is reflected by effective anchoring energy. However, in

their derivation, the interface energy induced by surface

polarization has to depend on selective ion adsorption. If

there is little or no ion adsorption, then this interface

energy does not exist or can be ignored. Nazarenko and

Lavrentovich [6] reported that the density of adsorptive

ions is determined by cleaning techniques and time. They

found that cleaning for a long time eliminated adsorptive

ions. However, the effect of flexoelectric polarization was

not considered [6]. Subsequently, Blinov et al. [7] have

measured the values of surface polarization and flexo-

electric polarization in an NLC cell; they found that these

two values had the same order of magnitude.

In this paper, we also investigate the influence of surface

polarization on an NLC cell. We consider that there is also

flexoelectric polarization but assume that ion adsorption can

be ignored. The expression for Gibbs free energy, G, is

derived and the differential equation and boundary condi-

tions deduced of the tilt angle, h, of director n by varying G

under fixed voltage, U. The solution of director distribution

can be obtained by means of numerical calculation. As

usual, the two parameters of threshold voltage and

saturation voltage are used to describe the characteristic

properties of the NLC cell. Equations satisfied by these two

parameters are given; hence the influence of surface

polarization on an NLC cell is obtained.

The paper is arranged as follows. In section 2, we derive

the Gibbs free energy, G, of a planar alignment NLC cell,

and deduce the differential equation for tilt angle of
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director n and corresponding boundary conditions. In

section 3, we discuss the solutions of this differential
equation under boundary conditions. The equations

satisfied by threshold voltage and saturation voltage are

derived in section 4. From the curves of reduced threshold

voltage versus reduced strength of surface polarization

and reduced saturation voltage versus reduced strength of

surface polarization, the influence of surface polarization

can be seen. The results are discussed in section 5.

2. The Gibbs energy and the fundamental equations

Consider a planar alignment NLC cell. Taking the z-
axis as the direction perpendicular to the cell surface

(two substrates lie in z50 and z5l directions), the x-axis

parallel to the easy direction of anchoring, h the angle

between the director n and x-axis, the surface polariza-

tion, Ps, and flexoelectric polarization, Pf, are

Ps~sin h cos h
dS

dz
iz r1 sin2 hzr2

� � dS

dz
k, ð3Þ

Pf~ e1 cos2 hze3 sin2 h
� � dh

dz
iz

e1ze3

2
sin 2h

� � dh

dz
k: ð4Þ

When the applied field is E5(0, 0, E3), the electric
displacement, D, can be expressed as:

D~e\EzDe E:nð ÞnzPfzPs, ð5Þ

and its third component is a constant and can be

expressed as:

D3~ e\zDe sin2 h
� �

E3zPf 3zPs3, ð6Þ

where e) and eI are the dielectric constants parallel and

perpendicular to the director n, and De5eI2e) is the

dielectric anisotropy of the NLC. In general, De?0. The

voltage, U, between two substrates can be expressed as

U~

ðl

0

E3 dz~

ðl

0

D3

e\zDe sin2 h
� � dz{

ðl

0

Pf 3zPs3

e\zDe sin2 h
� � dz:

ð7Þ

Let

g hð Þ~ e\zDe sin2 h
� �

: ð8Þ

Then

D3~
1

Ðl

0

1
g hð Þ dz

Uz

ðl

0

Pf 3zPs3

g hð Þ dz

8
<

:

9
=

;
: ð9Þ

Now we consider the Gibbs free energy per unit area

of substrate, G. It can be expressed as:

G~

ðl

0

dz felasticzfdieleczfpolarize

� �
z gsjz~0zgsjz~l

� �
, ð10Þ

where felastic, fdielec and fpolarize are the Frank elastic,

dielectric and polarization free energy densities, respec-

tively, and can be expressed as:

felastic~
1

2
K11 cos2 hzK33 sin2 h
� � dh

dz

� �2

, ð11Þ

fdielec~{
1

2
D:E~{

1

2
e\zDe sin2 h
� �

E2
3

~{
1

2
g hð ÞE2

3 ,

ð12Þ

fpolarize~{ Pf 3zPs3

� �
E3~{

1

2
e1ze3ð Þsin 2h

dh

dz
E3

{ r1 sin2 hzr2

� � dS

dz
E3,

ð13Þ

where E3~
D3{Pf 3{Ps3

g hð Þ and K11 and K33 are the Frank

splay and bend elastic constants, respectively. The

surface anchoring energies, gs, in equation (10) are:

gsjz~0~
A

2
sin2h0, ð14Þ

gsjz~l~
A

2
sin2hl , ð15Þ

where A is the anchoring strength and h0 and hl are the

values of h at z50 and z5l respectively. Substituting

equations (11)–(15) into equation (10), and considering

that

dS

dz

~0 d1vzvl{d2

=0 0vzvd1, l{d2vzvl

�
, ð16Þ

where d1 and d2 are the thickness of layer in which
dS

dz
=0, we obtain

G~

ðl

0

dz
1

2
K11cos2hzK33sin2h
� �

z
e1ze3ð Þ2

4g hð Þ sin2 2h

" #

dh

dz

� �2

{
1

2
D2

3

ðl

0

1

g hð Þ dz{
1

2

ðd1

0

1

g hð ÞPs3 Ps3z2Pf 3

� �
dz

{
1

2

ðl

l{d2

1

g hð ÞPs3 Ps3z2Pf 3

� �
dzz

A

2
sin2 h0z

A

2
sin2 hl :

ð17Þ
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By using equations (17) and (9), we calculate the

variation of G by means of a literature method [8] to

obtain the differential equation of h and corresponding

boundary conditions as

1

2

Lfeff hð Þ
Lh

dh

dz

� �2

{
d

dz
feff hð Þ dh

dz

� �

{
1

2
D2

3

De sin 2h

g hð Þ ~0,

ð18Þ

feff h0ð Þ
dh

dz

����
z~0

~
1

2
Az

e1ze3

g h0ð Þ
D3{Ps3jz~0

� �
� 	

sin 2h0,

ð19Þ

{feff hlð Þ
dh

dz

����
z~l

~
1

2
A{

e1ze3

g hlð Þ
D3{Ps3jz~l

� �� 	
sin 2hl ,

ð20Þ

where—

f hð Þ~k11 cos2 hzk33 sin2 hz
e1ze3ð Þ2

4g hð Þ sin2 2h: ð21Þ

To give the above equations, we make an

approximation by considering d1%l, d2%l and that

the values of Ps and Pf have the same order of

magnitude.

3. The solutions of the fundamental equations

Now we discuss the solutions of equation (18)–(20). If
dh
dz
=0, then equation (18) yields

f hð Þ dh

dz

� �2

{
D2

3

g hð Þ~C, ð22Þ

where C is constant. Supposing h reaches the maximum

value hm at z5d, then

C~{
D2

3

g hmð Þ
: ð23Þ

Equation (22), by using equation (23), yields

dh

dz
~+D3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
De sin2 hm{sin2 h
� �

f hð Þg hð Þg hmð Þ

s

: ð24Þ

Let

1

M hð Þ~

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
De sin2 hm{sin2 h
� �

feff hð Þg hð Þg hmð Þ

s

: ð25Þ

Then

dh

dz
~

D3

M hð Þ 0vzvd

{
D3

M hð Þ dvzvl

8
>><

>>:
, ð26Þ

the solution of which can be expressed as

z~
1

D3

ðh

h0

M hð Þdh for 0vzvd ð27Þ

and

z~lz
1

D3

ðhl

h

M hð Þdh for dvzvl: ð28Þ

There are five unknown quantities in equations (27)–

(28), h0, hl, hm, d and D3. They should be determined by

the thickness of cell, l, the voltage U and the boundary

conditions in equations (19)–(20). These quantities may

be calculated by following equations:

l~
1

D3

ðhm

h0

M hð Þdhz
1

D3

ðhm

hl

M hð Þdh ð29Þ

or

D3~
1

l

ðhm

h0

M hð Þdhz

ðhm

hl

M hð Þdh

2

64

3

75; ð30Þ

d~
1

D3

ðhm

h0

M hð Þdh; ð31Þ

U~

ðhm

h0

M hð Þ
g hð Þ dhz

ðhm

hl

M hð Þ
g hð Þ dh{

e1ze3

2De
In

g hlð Þ
g h0ð Þ

; ð32Þ

1

2
l A{

e1ze3

2g h0ð Þ
Ps3jz~0

� 	
sin 2h0~

ðhm

h0

M hð Þdhz

ðhm

hl

M hð Þdh

8
><

>:

9
>=

>;

f h0ð Þ
M h0ð Þ

{
e1ze3ð Þsin 2h0

2g h0ð Þ

� 	
,

ð33Þ
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1

2
l Az

e1ze3

2g hlð Þ
Ps3jz~l

� 	
sin 2hl~

ðhm

h0

M hð Þdhz

ðhm

hl

M hð Þdh

8
><

>:

9
>=

>;

f hlð Þ
M hlð Þ

z
e1ze3ð Þsin 2hl

2g hlð Þ

� 	

ð34Þ

In order to calculated these quantities by a numerical

method, we introduce a new variable v to replace h, as in

a previous paper [4],

v~
tan2 h

tan2 hm

, ð35Þ

and let

m~sin2 hm, ð36Þ
then

sin h~
mv

1{mzmv
: ð37Þ

Let

g~
k33{k11

k11
, g0~

De

e\
: ð38Þ

The function M(h) in equation (26) can be transformed

to

M hð Þ~e\

ffiffiffiffiffiffiffiffi
K11

De

r
1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m 1{mð Þ

p
1
ffiffiffiffiffiffiffiffiffiffi
1{v
p M vð Þ, ð39Þ

M vð Þ~

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1{mzm 1zgð Þv½ � 1{mzm 1zg0ð Þv½ �ze2m 1{mð Þv

1{mzmv

s

ð40Þ

and the integral in equations (29)–(34) may be re-
expressed as

ðhm

h0

M hð Þ
g hð Þ dh~

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
K11 1zg0mð Þ

De

r

I
1ð Þ

1 , ð41Þ

ðhm

hl

M hð Þ
g hð Þ dh~

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
K11 1zg0mð Þ

De

r

I
2ð Þ

1 , ð42Þ

ðhm

h0

M hð Þdh~e\

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
K11 1zg0mð Þ

De

r

I
1ð Þ

2 , ð43Þ

ðhm

hl

M hð Þdh~e\

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
K11 1zg0mð Þ

De

r

I
2ð Þ

2 , ð44Þ

where

I
1ð Þ

1 ~

ð1

v0

1

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v 1{vð Þ

p
M vð Þ

1{mzm 1zg0ð Þv dv, ð45Þ

I
2ð Þ

1 ~

ð1

vl

1

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v 1{vð Þ

p
M vð Þ

1{mzm 1zg0ð Þv dv, ð46Þ

I
1ð Þ

2 ~

ð1

v0

1

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v 1{vð Þ

p
M vð Þ

1{mzmv
dv, ð47Þ

I
2ð Þ

2 ~

ð1

vl

1

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v 1{vð Þ

p
M vð Þ

1{mzmv
dv: ð48Þ

Let

I1~
1

2
I

1ð Þ
1 zI

2ð Þ
1

� �
, ð49Þ

I2~
1

2
I

1ð Þ
2 zI

2ð Þ
2

� �
ð50Þ

and define reduced quantities

u~
U

p

ffiffiffiffiffiffiffi
k11

De

r ! , a~
Al

2k11
and e~

e1ze3ffiffiffiffiffiffiffiffiffiffiffiffi
k11e\
p , ð51Þ

which can be termed the reduced voltage, reduced

anchoring strength and reduced flexoelectric coefficient,

respectively.

Equations (29)–(34) can be now re-expressed as

l~
2

D3

ffiffiffiffiffiffiffi
k11

De

r

e\
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1zg0m

p
I2, ð52Þ

D3~
2

l

ffiffiffiffiffiffiffi
k11

De

r

e\
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1zg0m

p
I2, ð53Þ

u~
2

p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1zg0m

p
I1

{
e

2p
In

1{mzmv0

1{mzmvl

1{mzm 1zg0ð Þvl

1{mzm 1zg0ð Þv0

� �
,

ð54Þ

d~
1

D3

ffiffiffiffiffiffiffi
k11

De

r

e\
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1zg0m

p
I

1ð Þ
2 ~

I
1ð Þ

2

I2

l

2
, ð55Þ

a
1{mzm 1zg0ð Þv0

1{mzmv0
{

elPs3jz~0

2
ffiffiffiffiffiffiffiffiffiffiffiffi
k11e\
p

~

ffiffiffiffiffiffiffiffiffiffiffiffi
1{v0

v0

s

M v0ð Þ{e

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1{mzm 1zg0ð Þv0

1{mzmv0

s( )

I2,

ð56Þ

.
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a
1{mzm 1zg0ð Þvl

1{mzmvl

{
elPs3jz~l

2
ffiffiffiffiffiffiffiffiffiffiffiffi
k11e\
p

~

ffiffiffiffiffiffiffiffiffiffiffi
1{vl

vl

s

M vlð Þze

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1{mzm 1zg0ð Þvl

1{mzmvl

s( )

I2:

ð57Þ

Meanwhile, the solutions of equations (27)–(28) become

z

l
~

1

2I2

ðv

v0

1

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v 1{vð Þ

p
M vð Þ

1{mzmv
dv for 0vzvd, ð58Þ

z

l
~1z

1

2I2

ðv

vl

1

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v 1{vð Þ

p
M vð Þ

1{mzmv
dv

for d < z < l:

ð59Þ

4. The threshold voltage and saturation voltage

4.1. The threshold voltage

The threshold voltage, Uth, corresponds to m50

because sin2hm50. From equation (52), we obtain

the reduced threshold voltage uth as uth~
2

p
I1

����
m~0

~

1

p
tan{1

ffiffiffiffiffiffiffiffiffiffiffiffi
1{v0

v0

s

ztan{1

ffiffiffiffiffiffiffiffiffiffiffi
1{vl

vl

s" #

; uth satisfies

tan
p

2
uth

� �
~

ffiffiffiffiffiffiffiffiffiffiffiffi
1{v0

v0

s

z

ffiffiffiffiffiffiffiffiffiffiffi
1{vl

vl

s

1{

ffiffiffiffiffiffiffiffiffiffiffiffi
1{v0

v0

s ffiffiffiffiffiffiffiffiffiffiffi
1{vl

vl

s : ð60Þ

Using equation (56)–(57), we have

ffiffiffiffiffiffiffiffiffiffiffiffi
1{v0

p
ffiffiffiffiffi
v0
p ~

a{
elPs3jz~0

2
ffiffiffiffiffiffiffiffiffiffiffiffi
k11e\
p

p

2
uth

ze, ð61Þ

ffiffiffiffiffiffiffiffiffiffiffi
1{vl

p
ffiffiffiffi
vl
p ~

a{
elPs3jz~l

2
ffiffiffiffiffiffiffiffiffiffiffiffi
k11e\
p

p

2
uth

{e: ð62Þ

If
dS

dz

����
l

~{
dS

dz

����
0

hold approximately by considering

the symmetric property, then Ps3jz~l~r2
dS

dz

����
l

~

{r2
dS

dz

����
0

~{Ps3jz~0. Defining the reduced strength of

surface polarization as

p~
elPs3jz~0

2
ffiffiffiffiffiffiffiffiffiffiffiffi
k11e\
p , ð63Þ

we have

ffiffiffiffiffiffiffiffiffiffiffiffi
1{v0

p
ffiffiffiffiffi
v0
p ~

a{ep
p

2
uth

ze, ð64Þ

ffiffiffiffiffiffiffiffiffiffiffi
1{vl

p
ffiffiffiffi
vl
p ~

a2{ep
p

2
uth

{e: ð65Þ

Equation (60) becomes

cot puthð Þ~
1ze2
� �

p2u2
th{4 a{epð Þ2

4puth a{epð Þ : ð66Þ

Equation (66) gives the relationship between the

reduced threshold voltage, uth, and the reduced

strength of surface polarization, p, and shows the

influence of surface polarization on NLC cells. Now

we estimate the value of p. Equation (63) yields

p~
l

2

e1ze3

k11e\
r2

dS

dz

����
0

~
l

2

e1ze3ð Þ2

k11e\

1

sS
{

dS

dz

����
0

� �
, where

we use r2~{
e1ze3

sS
as in Zakharov and Dong [5]. If

e1ze3j j^ 1*10ð Þ|10{11 C m{1, e)5(1,10)e0, e05

8.85610212 C2 N21 m22, l510 mm, k11,(1,10)6

10212 N, and taking S51,
dS

dz
~

DS

Dz
, DS520.5 and

Dz510 nm [5], then p^l. The calculated results are

shown in figure 1.

4.2. The saturation voltage

The saturation voltage corresponds to m51, because

sin2hm<1. From equation (54), we obtain the reduced

the saturated voltage, usat, as

usat~
2

p

ffiffiffiffiffiffiffiffiffiffiffi
1zg0

p
I1

���
m~1

~
1

p

ffiffiffiffiffiffiffiffiffiffi
1zg

p
tanh{1

ffiffiffiffiffiffiffiffiffiffiffiffi
1{v0

p
ztanh{1

ffiffiffiffiffiffiffiffiffiffiffi
1{vl

ph i
:

ð67Þ

The saturation voltage, usat, satisfies:

tanh p
1
ffiffiffiffiffiffiffiffiffiffi
1zg
p usat

� �
~

ffiffiffiffiffiffiffiffiffiffiffiffi
1{v0

p
z

ffiffiffiffiffiffiffiffiffiffiffi
1{vl

p

1z
ffiffiffiffiffiffiffiffiffiffiffiffi
1{v0

p ffiffiffiffiffiffiffiffiffiffiffi
1{vl

p ð68Þ

From the boundary conditions of equations (56)–(57),
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we have

ffiffiffiffiffiffiffiffiffiffiffiffi
1{v0

p
~

a1 1zg0ð Þ{ elPs3jz~0

2
ffiffiffiffiffiffiffiffiffiffiffiffi
e\k11

p
ffiffiffiffiffiffiffiffiffiffi
1zg
p ffiffiffiffiffiffiffiffiffiffiffi

1zg0
p

I2

z
e
ffiffiffiffiffiffiffiffiffiffi
1zg
p , ð69Þ

ffiffiffiffiffiffiffiffiffiffiffi
1{vl

p
~

a2 1zg0ð Þz elPs3jz~l

2
ffiffiffiffiffiffiffiffiffiffiffiffi
e\k11

p
ffiffiffiffiffiffiffiffiffiffi
1zg
p ffiffiffiffiffiffiffiffiffiffiffi

1zg0
p

I2

{
e
ffiffiffiffiffiffiffiffiffiffi
1zg
p , ð70Þ

where

Ps3jz~0~r2 1z
r1

r2

� �
dS

dz

����
z~0

, ð71Þ

Ps3jz~l~r2 1z
r1

r2

� �
dS

dz

����
z~l

~{Ps3jz~0: ð72Þ

Let r~ r1

r2
, and using the parameter p provided by

equation (63), we obtain

ffiffiffiffiffiffiffiffiffiffiffiffi
1{v0

p
~

1
ffiffiffiffiffiffiffiffiffiffi
1zg
p a 1zg0ð Þ{ 1zrð Þep

1zg0ð Þ p
2

usat

ze

0

B@

1

CA, ð73Þ

ffiffiffiffiffiffiffiffiffiffiffi
1{vl

p
~

1
ffiffiffiffiffiffiffiffiffiffi
1zg
p a 1zg0ð Þ{ 1zrð Þep

1zg0ð Þ p
2

usat

{e

0

B@

1

CA: ð74Þ

Substituting equations (73)–(74) into equation (68), we

obtain

tanh p
1
ffiffiffiffiffiffiffiffiffiffi
1zg
p usat

� �

~
4
ffiffiffiffiffiffiffiffiffiffi
1zg
p

1zg0ð Þpusat a 1zg0ð Þ{ 1zrð Þep½ �
1zg{e2ð Þ 1zg0ð Þ2p2u2

satz4 a 1zg0ð Þ{ 1zrð Þep½ �2
:

ð75Þ

Equation (75) gives the relationship between usat and

reduced anchoring strength, a, reduced flexoelectric

coefficient, e, and reduced strength of surface polariza-

tion, p. If a and e are known, then the relationship

between usat and p is obtained.

We may take compound MBBA as an example: its

elastic constants are K3351.25K11, K1155.8610212 N,

e)55.4 and eI54.7. Figure 2 shows the curves of usat

versus p, where we take r523 [9].

5. Discussion

The main result of our theoretical analysis is that the

surface polarization of NLC cells is influenced by

boundary conditions. This result is consistent with the

result obtained by Zakharov and Dong [5], which

implied that the surface polarization is mainly influ-

enced by the effective anchoring energy.

In this paper, the flexoelectric polarization is con-

sidered but the selective ion absorption is ignored, and

this is different from the result of Zakharov and Dong

[5]. If selective ion absorption is considered, our work

Figure 1. The function of uth(p) for different values of e and a.
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can be generalized. In the theoretical frame, the free

energy for the selective ion absorption should be added

to the Gibbs free energy, G.
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