This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 09:44

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl18

Anchoring Energy or Surface Melting in

Nematic Liquid Crystals?

G. Barbero ® & G. Durand °

® Dipartimento di Fisica, Politecnico, Corso Duca degli Abruzzi, 24,
10129, Torino, Italia

® Laboratoire de Physique dés Solides, Univ. Paris Sud, Bat 510,

91405, Orsay, France
Version of record first published: 04 Oct 2006.

To cite this article: G. Barbero & G. Durand (1991): Anchoring Energy or Surface Melting in Nematic
Liquid Crystals?, Molecular Crystals and Liquid Crystals, 203:1, 33-44

To link to this article: http://dx.doi.org/10.1080/00268949108046044

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl18
http://dx.doi.org/10.1080/00268949108046044
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 09:44 19 February 2013

Mol. Cryst. Lig. Cryst., 1991, Vol. 203, pp. 33-44
Reprints available directly from the publisher
Photocopying permitted by license only

© 1991 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

Anchoring Energy or Surface Melting in
Nematic Liquid Crystals?

G. BARBERO
Dipartimento di Fisica, Politecnico, Corso Duca degii Abruzzi, 24, 10129-Torino, Italia

and

G. DURAND
Laboratoire de Physique dés Solides, Univ. Paris Sud, Bét 510, 91405-Orsay, France
(Received September 17, 1990)

The influence of the spatial variation of the scalar order parameter on the anchoring energy is analysed.
It is shown that if the nematic average orientation is forced to change too rapidly, a surface melting is
expected. Furthermore, by considering two typical situations in which the surface scalar parameter is
different or equal to the bulk one, the renormalization of the anchoring energy is estimated.

1. INTRODUCTION

The influence of the spatial variation of the scalar order parameter! on the effective
anchoring energy” has been discussed recently by many authors.>-¢ Despite the
importance of the problem, only very rough solutions are reported. In this paper,
by means of a perturbative expansion, the effective anchoring energy is connected
to the spatial variation of the order parameter. Two typical cases are considered.
In the first case the surface is supposed to impose a surface order parameter different
from the bulk one. In the second case the surface order parameter and the bulk
one are the same in the absence of distortions. As we will show, in both cases the
scalar order parameter is not constant across the sample. From this non-uniformity
it follows that even in the case of strong anchoring on the nematic average ori-
entation, the effective anchoring energy is found finite.

2, BASIC EQUATIONS

Let us consider a nematic sample of thickness d, limited by two solid surfaces. Let
i be the average nematic orientation (the “director”) and § the scalar order

[1179)/33
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parameter.! The tensor order parameter for the nematic phase is*
1
Q; = S\mn; — 36,7 . (1)
In the case where Q;; is position dependent, the “elastic” free energy density is
1 1
f=8+ 5 LiQyxQijx + ELZQij,iQk/‘,k 2)

where g is the free energy density for a nematic characterized by Q,; = constant

and Q; ; = 0Q;/0x,.
As well known, g can be written in the form

1 1
g =g0) + '2‘AQijQij + 3 BQ; Qi Qi

1 1
+ 2 Ci(Q;Q,) + ZCZQiijkaeth 3

where g(0) is the free energy density of the isotropic phase, and A, B and C,, C,
the usual Landau coefficients. The coefficient A is usually written as A = a(T —
T*), where a is a positive constant and T* a temperature slightly below the critical
temperature T,.

For the sake of simplicity, we limit ourselves to consider a planar problem, in
which every physical quantity depends only on one coordinate indicating the dis-
tances of the considered point from the surfaces. We use a cartesian reference
frame having the z-axis normal to the bounding walls, supposedly parallel to the
(x, y) plane and placed at z = +d/2. Furthermore, we suppose # to be parallel
everywhere to the (x, z) plane, i.e.

n = (cos 8, 0, sin 0), 4)

where 6 = cos™! (7.%) is the tilt angle. With the above assumptions f, given by
Equation (2), is found to be

f= %LlSZ + %Lls%z + g(S), 5

where it is supposed L, = 0,” and the dot means d/dz. As follows from Equation
(3) g(S) is given by

§(5) = g(0) + a(T — T%)S* + 3 BS* + 7 CS* ©)

where C = C; + } C,. From Equations (5) and (6) one deduces immediately that
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a spatial variation of 6 is equivalent to a temperature variation of the nematic
phase. In fact, by substituting Equation (6) into Equation (5) one obtains

. . 1
f(S, S, 0) = %LIS2 + -2—a(T — T*)8% + %BS3 + %CS“, @)
where
T = T(1 - £69), ®)
in which
& = Ly/aT*, 9

is the square of the bare correlation length. If we substitute typical values® for L,
a and T} in Equation (9) we find §, ~ 10~7 cm.
Equation (7) shows thatif 7 — T*' ~ 1°K, i.e.

oo~ L C =D (10)

a phase transition is expected. This fact suggests that spatial variations of 8 which
are too large can induce a phase transition. When  is smaller than the value given
by Equation (10), only a decrease of S is expected.

Recent experimental papers®? investigate the surface properties of nematic liquid
crystals by measuring the saturation field for the Freedericksz transition. In this
situation, near the surface the 8-gradient is very large and given approximately by

. ™
b~ 2 (11)

where &, is the electric (or the magnetic) coherence length.! By using Equations
(11) and (10) we can conclude that if

2 1 T — T
EfEn ~ - \/;(f;—“‘) (12)

the observed “saturation transition” refers to a surface melting and not to a surface
reorientation. Let us consider now the experimental data of Blinov and coworkers.®
The measured saturation field is of the order of E,,, ~ 3 X 10° V/cm®; therefore,
the electric coherence length is found to be &, ~ 107¢ cm, giving \V/T*§,/&, ~ 1,
i.e. Equation (12) is satisfied. This implies that probably the experimental data of
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Blinov and coworkers refer to a surface melting. It would then be useful to rein-
terpret them in light of this observation.

Up to now we have considered situations in which 6 is large enough to satisfy
Equation (10). However, even in the case of small § an  variation is expected. In
order to analyse the connection between S(z) and the effective anchoring energy,
we will consider a nematic sample in which the 6(z) variation is due to the surface
treatment. In this case, the total free energy of the nematic sample is given by

dal2

F=|  fdz+ FO(S,0) + (S, 0), (13)

where F{*) refers to the nematic-substrate interaction.?
By minimizing F and taking into account Equation (5), the following differential
equations

2580 + S% =0 (14)
§ — 86> + R(S)/L,] =0 (15)

where R(S) = dg/dS, for 68(z) and S(z) are obtained.!® Equations (14) and (15)
must be solved with the boundary conditions

. OF(®

LiS% + —= =0 z = +d32 (16)
, (=)

L,S + aI;SS =0 z= =d2, (17)

obtained by Equation (13). In the following, Equations (14) and (15) will be solved
in different physical situations in order to evaluate an equivalent anchoring energy.
For the sake of simplicity, we limit ourselves to consider a sample whose easy
axes are characterized by two opposite tilt angles, =®, and the substrates, at
z = *d/2, having the same physical properties, giving F{*) = F{~), In this anti-
symmetrical situation, 8(z) and S(z) are odd and even functions, respectively: 6(z)
= —-0(-2z2), S(z) = S(—2).

3. PERTURBATIONAL METHOD

Let us suppose that ® << 1. In this case it is possible to expand 6(z) and $(z) in
power series of © as follows'?

0(z) = u,® + w0 + ... (18)
and

S(z)y =8, + 5,02 + . .. (19)
where u;, = y;(z) and S, = S;(z2) ( = 0,1, ...).
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By substituting expansions (18) and (19) into Equations (14) and (15) one obtains:
1) at the first order in @, u, is a solution of the differential equation

85 (D) (2) = oy, (20)

where «, is a constant; and
2) at the second order in ®, S(z) is obtained by solving the differential equations

S, — (ILYR(S,) =0 (21)

and
S, — [S,ut + (/L) (dR/dS),, S,] = 0 (22)
At the lowest order in 0, it is sufficient to solve Equation (21) for §,. Subse-

quently, by means of Equation (20), 4,(z) can be determined, and the equivalent
surface energy estimated.

4. SURFACE SCALAR ORDER PARAMETER DIFFERENT FROM THE
BULK ONE

If the surface treatment imposes a scalar parameter S, different from the bulk one,
S5, S,(z) is not constant across the sample. In this framework, let us suppose that

S, (z) = 8, + s5,(2), with s5,(z) << §,. (23)
In this case, Equation (21) can be rewritten as
§, — (VL)R(S, + s,) = 0, 24)
which gives, by expanding R(S, + s,) in a power series of s,,,
§, — (M) s, = (I/L)R(S,), (25)
where
A2 = (I/L))(dR/dS)s, = (1/L,)(d?g/dS?)s,,

is the correlation length in the nematic phase' evaluated for § = S,. The solution
of Equation (25) is

5,(z) = A,ch(z/\) — (N/L)R(S,), (26)

where we have taken into account that in our situation S(z) = S(—z) and hence

s(z) = s(—2).
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In the hypothesis that S,(z = d/2) = S, i.e. that the “anchoring” over § is
strong at the surface, s5,(d/2) = 0; consequently, from Equation (26) we deduce
for the integration constant A,

)\2
2
Ao = L1 R(S.)- ch(d/Z)\) 27)
It follows that, in the case of the fixed surface order parameter, s,(z) is
_ ch(z/\) )
SO(Z) R( ) { h(d/Z)\) l}’ (28)

therefore, at the zero —th order in @, the scalar order parameter is given by

_ » ch(zl\)
S,(z) =S, + L R(S,) {ch(d/Z)x) 1}.

Note that s,(0) ~ (A%/L,) R(S,), because, in general, A << d. Since S(0) = §, =
S, + 5,(0) we find

(29)

(AS), = S, — S, = (VILYR(S,). (30)

In the event that S; is not fixed by the surface, the constant A, appearing in
Equation (26) must be determined by using the boundary condition (17), but this
case will not be discussed here, since it is not very interesting.

By using Equation (29), Equation (20) gives

from which we deduce
w(z) = ;‘—; {z - éAO(Z)}, (32)
where
A(z) = f s,(z")dz'. (33)

Equation (32) is valid in general. To obtain Equation (32) we have taken into
account that in our case 8(z) = —6(—2z), and hence u,(z) = —u,(—z).



Downloaded by [Tomsk State University of Control Systems and Radio] at 09:44 19 February 2013

ANCHORING ENERGY IN LIQUID CRYSTALS [1185]/39

4.1 Strong Anchoring on 6

In the event that the anchoring energy on 8 is strong
6(d2) = 0, (34)
for every bulk distortion; consequently,
w(d2y =1 and u(d2) =0,i=2,3... (35)
In this case Equation (32) gives

24 1

%= G T @d) A dR))S, (36)
and hence
() = %11 f(;/gzz)/fgﬁ,),(%/(zzﬁ/s; (37)
By substituting Equation (28) in Equation (33), Equation (37) gives
[ o (85), {5 sh(z\) 1}
0 S, |z ch(d2\)
(z) = Zizl _, @), {25 sh(dl2x 1}' ©8)
S, d ch(d/2\)
It follows that, at the first order in ®, 6(z) is found to be
0(z) = uy(2)0, (39)

where u,(z) is given by Equation (38). From Equation (39) we obtain for the bulk
0 — gradient

(AS),
8(0) = 1,(0)® ~ Zg i (40)
‘s 2@%)0 (1 - 2%)

giving for the extrapolated surface tilt angle the expression

0, = 8(0) g ~0 {1 + 4%5}. (41)
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In the hypothesis of S(z) = S, = const and weak anchoring energy, 8; is given
by

e

1 + 2(L/dy (42)

0, =

where L = L,S%W is the surface extrapolation length.?
From Equations (41) and (42) we deduce that the equivalent extrapolation length
is

Ly, = -2 (—Asi)ﬂ A (43)

In the event that (AS), = 0, i.e. S, = const, Equation (43) gives L., = 0 at
the first order in ©. In this case, the analysis must be performed by also considering
the third order in ® as we will show in Section 5.

4.2 Weak Anchoring on 0

In the event that the anchoring energy on 0 is finite, the constant o, appearing in
Equation (42), must be determined by using the boundary conditions in Equations
(16) and (17). By supposing that

F& = %W[B(td&) T OP, (44)

Equation (16) is written
L.S2 + W[o(d2) — 6] = 0. (45)
At the first order in ®, Equation (45) gives
L,S2u,(d2) + W{u(d/2) — 1} = 0. (46)
By using Equations (46) and (42) we obtain
§2

- (47)

ALY + 1 —(2S,) Ad(/‘é/)z)

Q) =

Qi

instead of Equation (36). It follows that in the case of weak anchoring u,(z) is
given by

_(us,) 2e2) (Z)

w(z) = 2z (48)

A (d/2) L oL

G d
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By following the previous step-by-step procedure, we have for the bulk 6-gradient

2 1 - EZ—SO(O)
8(0) = Ouy(0) = ~ O 5 * 5 , (49)
1+ E [L - Es Ao(d/Z):|
and hence the extrapolated tilt angle is found to be
. 1= 25,0
6, =60)5 =6 * (50)

2 2 '
1+ E |:L - Es Ao(d/Z):|

By comparing Equation (50) with Equation (42), we deduce that an § variation
can be considered equivalent to:

i) a variation of the easy axis:

0—0,,= @)[1 - -f,—so(O)] =0 [1 + 2(A;) ],and

(ii) a variation of the extrapolation length

2 (AS),

Lo Ly=L=3Ad2) =L -2~ dll, (52)

as follows from Equations (28), (30) and (33). We can interpret Equation (50) also
in another way, taking into account that it can be rewritten as

_ 5,(0) _ 24,42 L :
63—6)[1—2&]/[1 S R +2d], (50")

and that, from Equations (29) and (30) and (33)

5,(0) (AS), A, (d2) _ .
1 - ZSS_1+2 S dn —(AS), |1 2d,
we obtain
1+2 —(ASS o 1
9, = © > =0 - (507
Lo @88, 2], @S, (AS), L (AS),
S, ' d S, 14 2 S,
d 1+ 2— (45),
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Equation (31) reveals that @ (the easy axis) can be considered unchanged, and
the equivalent anchoring extrapolation length is

L — 2x —(A; )o
L,=——"2 (51)
1+2 -———(ASS)“

which is a generalization of a known formula.>-

5. SURFACE SCALAR ORDER PARAMETER EQUAL TO THE BULK ONE

In the event that (AS), = 0, i.e. §; = §,,, the previous analysis must be performed
by taking into account that at the zero order in ®, S, is constant across the sample.
In this case, by following the previous step-by-step procedure we obtain from
Equations (21) and (22)

5,(z) =0 (52)
5(z) = <2 %)2 so{g‘(%% - 1} (53)

and
u(z) = (2d)z (54)
oo - of}) SRS e

in the strong anchoring case for 6(z) and S(z).

Since d >> N\, sh(d/2N)/ch(d/2N) ~ 1, and sh(z/\)/sh(d/2)) is different from zero
only in a surface layer of thickness \. The tilt angle, up to the third order in @, is
given by

.z A ’ z  sh(z/\)
0(z) 2d® + 2(2 d> {2d s———_h(d/Z)\)} (56)

instead of (38) and (39). Note that in the considered situation the scalar order
parameter is given by

S(z) = 50{1 + (2 %) [C‘Z’((cz/g\)) - 1]} (57)
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Consequently,

S, = $(0) = [1 - <2 3) @2] S, <S,. (58)

as expected, the bulk order parameter is smaller than the surface one.
Now the extrapolated surface tilt angle is given by

es~®{1 + 2(23) @2} (59)

and the equivalent anchoring energy is then

2
A
Ly, = <2 ;l) @2\ = —Zﬁ)\, (60)
where, according to Equation (38) we have put
2
AS =S, - S, = <2§) L (61)

Equation (60) coincides with Equation (43) reported above.

CONCLUSIONS

The influence of a spatial variation of the scalar order parameter on the macroscopic
anchoring energy has been considered. Our analysis shows that if:

D

2)

3)

the nematic average orientation 6 is forced to change in such a way that
T*£262 ~ 1, for the liquid crystal it is better to melt than to orient itself in
elastic manner;

the surface treatment imposes a surface order parameter different from the
bulk one (depending only on the temperature), the spatial variation of S is
equivalent to a finite anchoring energy, that renormalizes the total anchoring
energy, and

the surface treatment imposes a surface order parameter equal to the bulk
one (at a given temperature), the spatial variation of the average orientation
produces a spatial variation of the scalar order parameter. This last effect is
equivalent to a finite anchoring energy. This fact implies that, in general, the
equivalent anchoring energy depends, nonlinearly, on the imposed defor-
mations.

References

1. Ping Sheng and E. B. Priestley, in “Introduction to Liquid Crystals” cap. 10, Eds. E. B. Priestley,
P. J. Wojtowicz and Ping Sheng (Plenum Press, N.Y. 1975).



Downloaded by [Tomsk State University of Control Systems and Radio] at 09:44 19 February 2013

44/[1190] G. BARBERO AND G. DURAND

Nk W

. H. Yokoyama, Mol. Cryst. Lig. Cryst., 165, 265 (1988).

. H. Mada, Mol. Cryst. Lig. Cryst., 108, 317 (1984).

. S. A. Pikin and E. M. Terent’ev, Soc. Phys. Crystallogr., 33, 641 (1988).

. H. Yokoyama, H. Kamey and S. Kobayashi, J. Appl. Phys. 61, 4501 (1987).

. G. Barbero and G. Durand, J. Appl. Phys. (Submitted).

L, is connected to the difference of the Frank Elastic constants, as discussed in Reference 1. Since
we limit ourselves to consider the problem in the one constant approximation, L, can be supposedly
zero.

H. Yokoyama and H. A. Van Sprang, J. Appl. Phys., 57, 4520 (1985).

. L. M. Blinov and A. Yu. Kabaenkov, Sov. Phys. JETP, 66, 1002 (1987).

. L. Elsgolts, “Differential Equations and the calculus of variations,” MIR 1980.

. V. 1. Smirnov, “Cours des Mathematiques Superieures,” MIR, Tome 4, 2nd partie (1976).



