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DETERMINATION OF THE NEMATIC LIQUID CRYSTAL (NLC)-
SUBSTRATE INTERACTION POTENTIAL BY MFANS OF SEMI-
EMPIRICAL METHOD OF SELF-CONSISTENT DIRECTOR FIELD

JOZEF ZMUJA, JERZY KEDZIERSK], ZBIGNIEW RASZEWSKI,
JOLANTA RUTKOWSKA, JERZY ZIELINSKI
Institute of Technical Physics WAT, 01-489 Warsaw, Poland

Abstract A semi-empirical method is proposed for determmation of the
nematic liquid crystal-substrate interaction potential. Employing results of the
dielectric constant € and phase shift 56 measurements, presented for 4-trans-4'-n-
hexyl-cyclo-hexyl-isothiocyanatobenzene (6CHBT) and applying the self-
consistent director field method, interaction potentials (6CHBT- polyimide) and
(6CHBT-lecithin) have been estimated.

INTRODUCTION

In practical applications, as well as for research purposes, nematic liquid crystals
(NLCs) are placed in thin flat parallel cells, Limiting surfaces are made of solids (glass
+ electrodes + ordering films). In such systems, limiting cell surfaces influence NLC
orientation. Physical and chemical properties of NLC surfaces have been the subject of
many original studies and review papers!24-14.

In our paper we would like to present a semi-empirical method for determining
potential of interaction between a NLC and an orientating surface. For this purpose we
consider a nematic layer, placed between two limiting planes, located at z = -d/2 and z
= d/2, respectively. In order to simplify the problem and draw attention we assume
that the director i may change in the I'l(x,z) plane.

Total free energy per unit area is written as 5

+d/2
3(0)= [F(8,0,,)dz+F, +F, (1)
~d/2
where: J(D) - total free energy of the system per unit area
F(®, 8,) - bulk density of free energy, 0,, = d6/dz.

F,, and F, - surface energy due to anchoring on the walls
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FIGURE 1 Schematic drawing of NLC configuration in measuring chamber
NLC director, z axis and external magnetic field H are in the same plane. In
such situation, any integral physical quantity depends on z (unidimensional case).

Equilibrium orientation of the director ii(z), given by the 6(z) distribution, is
determined by minimizing the functional (1). The 6(z) function gives an extreme of
the functional (1) < 83 = 0. This extreme is a minimum if 3?3 = 0. From these
conditions we obtain the well-known FEuler-Lagrange equation with boundary
conditions345. The Fuler-Lagrange equation will be referred to as the director equation
(2) and equations (3a) and (3b) as boundary conditions imposed by the limiting

surfaces.

4 o 4w
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Subscripts "1" and "2" refer to boundary angles on both surfaces and to
relevant surface energies.

Two important facts must be noted:

(i) First term in the equations (3a) and (3b) corresponds to the contribution of bulk
energy into surface one.

(i) The NLC-surface interaction energy depends only on an angle and does not
depend on z-derivative of the angle: F; = F,(0,), F, =F, (8,).

Obviously, in order to solve this set of equations, angular dependence of
interaction energies F; and F, must be known in analytical forms36712. .

Now take into account that bulk free energy density F = Fy + Fg + F; may
consist of three terms:

F; - the term that describes elastic energy,
F; - the term that describes influence of an electric field on the nematic and
Fy; - the term that describes influence of the magnetic field on the nematic.

The situation may thus now be summed up as follows. We do not know
analytical forms of the nematic-substrate interaction potentials F,, and F_, and
moreover, we are not able to measure tilt angle during an experiment. We are only
able to measure tilt angle before an experiment, in an undistorted sample. In such
situation we must assume a symmetry of interactions with limiting surfaces. This
means that tilt angles on both cell walls are equal. Consequently, the distribution
function is symmetrical with respect to the middle of the sample.

THEORY

It is well known that properties of a liquid crystal cell depend on the director field
pattern 1i(r). In our case (an unidimensional one) it is enough to know the 0 = 6(z)
function. The idea of the self-consistent director field method!51¢ may be briefly
summed up as follows. We choose a physical quantity W that depends on the director
field distribution 8(z). We must be able to measure and calculate this quantity.
Measured value of this quantity is denoted by W), and calculated value by W, . Next,
W; and Wy values are compared and made equal: W; = W, This may be
accomplished e.g. by modifying the elastic constant K;; value in the expression for W;.
The W = Wy, equality holds for a given director distribution 8(z). The director field
distribution determined in this way may be referred to as the self-consistent one, as it is
obtained through the procedure that has the features of self-consistent field method
(SCF) known from quantum mechanics.
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Obviously, the chosen physical quantity W is an integral one and must satisfy
the following conditions:

(1) it depends on director field distribution, i.e. on the 6(z) function,
(ii) it depends on the K, elastic constants,
(iii) it depends (among others) on initial angle 6,

The W quantities most useful for our purposes are: dielectric constant € and
phase shift 5 between extraordinary and ordinary rays, resulting from light transmission
through the liquid crystal cell. Depending on whether W= & or W= 3, we may
distinguish dielectric and optical methods of director field distribution 6(z)
determination.

From what has been said of the SCF method it follows that it has been
conceived for determining the 6(z) function. Fig.2 shows director distribution functions
for the cell shown in Fig.1.

6(2) e(z)‘

O} -
05 ea/f_\

drR

4

dr2

FIGURE 2 Schematic plots of 6(z) distribution for the cell shown in Fig.1 (a)
B=0andE =0,6(z)= 65;(b) B=0and E 20, 8(z) = R2).

Treatment presented in the paper'S results in the basic set of equations (4-8)
that describe physical properties of considered cell filled with a NLC.

d’0(z) _
dz?
= Age, E*(z)sin 6(z) cosO(z) + Axp H? sin[0(z) + ¥]cos[8(z) + '] @)

[K,, cos’ 8(z) + K,, sin* 6(z)]

Integration with the fact that for z = d/2, 8(d/2) = 8,; and 8,(-d/2) = 0, taken into
account, gives
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1
d0(z) _ H j-AesoEz(z)sine’ o8O g, | A HSiD 0+ P)cos’ 01+ %) de}}’

dz o K080 + K, sin’6’ o, K,,c0s’0" + K,,sin’0’
(5)
D(2) = e(2)e, E(2) ©)
e(z) =g, +Ac-sin® 0(z) @)
divD =0 3)

Note that equation (8) implies constant z-component of the D vector.

In this moment, the monitoring quantity W is introduced into our treatment.
Suppose that the considered cell is filled with the NLC characterized by given material
constants. Voltage U is applied to electrodes of this cell, as shown in Fig.3.

FIGURE 3 Measuring cell filled with the L.C material characterized by material
constants K,,, K;;, Ae, €, and Ay. Initial equilibrium of the director ii in the
layer of thickness d and boundary angle 6, was attained by applying magnetic
field described by B and

Measuring voltage U, which simultaneously plays the role of distorting voltage,
is applied to the cell shown in Fig.3. We measure the Wy, quantity (W, =¢€¥ or §¥)
given by (9) and (10).
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d
e¥(U,d,H,8,) = T 60) Fa )
+Assin?0(z)] | 2| de
J;[SL £sin (z)] [ iz ]
-1
o 59T
8(U,d,H,0,)="" [ , ~n,-d (10)
Ao \/ni cos’ 6(z) +n’ sin* 6(z)
Equation (8) may thus be rewritten in the form of (11).
) L,
e“'(U,d,H,GB)E—={sl+Assm 0(z)}E(2) (1)

-1
Note that (Sqd%) =dz and may be expressed by equation (5). Equation (5)
involves an unknown function E(z), which may now be determined semi-empirically
form equation (11).

Equations (9) or (10) supplemented with (11) may be solved only
numerically15:16,

Now return to equations (2), (3a) and (3b). Note that first terms in boundary
conditions (3a) and (3b) correspond to the bulk contribution into surface energy.
Equations (2), (3a) and (3b) may be interpreted as*>:

(2) - 7 - bulk torque density,

(3a) - 1, - surface torque density,

(3b) - 1, - surface torque density.

It is clear that the following statements are true:

(1) Equation (2) (the Fuler-Lagrange equation) implies that in equilibrium
state bulk torque density is zero.

(i) Equation (2) (the Euler-Lagrange equation) is equivalent to the condition of
equilibrium of elastic torques and torques due to external fields.

(iii) Restoring torque resulting from surface anchoring energy
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dF,
=—— 12
g (12
is balanced by torque transmitted from bulk onto surface
oF
= 13
00 (13)

*z

Returning to equation (4), we may write that it follows from equation (2) that

g.—f = Ae-&,E2(2)sin 0(2) cos6(z) + Ayp,H? sin[0(z) + ¥ | cof 6(z) + ¥ (14

4 o _ [K,, cos” 8(z) +K,, sin* 8(z)] dze(f) (15)
dz

dz 9,

Considering equations (12), (13), (14) and (15) we conclude that elastic torque
transmitted from bulk onto surface is described by the relation:

a

M = OF =g§* = .{Aa-goEz(z)sinO(z)cosﬁ(z)+

>z s

(16)

=

+ A H? sin[0(z) + ¥ ] cogB(z) + ¥ ]} dz

Equations (16) are very important.

Employing the SCF method we may determine 0,, . Next, from (16) we may

semi-empirically (i.e. experimentally) determine the boundary angle derivative of the
interaction potential.
Possibility of experimental determination of the Mg potential is very important, as we
do not know the particular form of the F, potential that describes NLC-substrate
interactions. All we know about it is that it depends on 6,, . Of course, in order to
solve the problem of the NLC-substrate interaction on the basis of equations (2), (3a)
and (3b) only, the knowledge of angular functions F;(6) and F(0) in their explicit
forms is necessary.

RESULTS

In order to determine dF/d®, semi-empirically, we have employed results of
measurements performed for 6CHBT, taken from!’ . K;; and K,; constants are
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determmed by the SCF method in two-constants approximation. Results of numerical
calculations are shown in Fig.4.

10

7 EfR I
L
K., (splay)
6 —
L ] 1 ) I
4 5 ¢ 6 7

FIGURE 4 Calculated elastic constants K,, and K,; as functions of
deformation, with dielectric constant ¢ employed as its measure. Results for
6CHBT, temperature t = 298 K

The only factor responsible for decrease of effective elastic constants is finite
value of the NLC-substrate interaction energy. In order to estimate the NLC-substrate
interaction potential, we perform the following computer experiment.

We calculate, in two-constants approximation (K,,#K;,), dielectric constants
¢, with strong anchoring assumed(E_,= o) for various 0y angles. Results of
calculations are shown in Fig.5.
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FIGURE 5 The 83 (measured) value versus distorting voltage (E_, - finite,

Oy const during deformation) and the 8:‘ (calculated) value forE_ .= oo and

6= const.

In Fig.5 experimental curve is superimposed on theoretical curves (Fig.5
taken from!5) Theoretical 8:‘ curves are determined by points in which we calculate

the elastic torque M, transmitted from bulk onto surface.

Points of intersection of experimental characteristic curve (with changing 0y
and finite anchoring energy) and theoretical curves (determined forE_g,=o and
65= const) are those points where Fuler-Lagrange equations, together with boundary
conditions, are satisfied. These points are marked with @ characters in Fig.5.

These points, versus O, are shown in Figs.6 and 7.
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FIGURE 6 The M, := dF/d6, = f§0,) dependence for a planar cell with
limiting surfaces coated with a typical polyimide.

dF,
Mu:‘cﬁ B U=tV

d=36um

o

150 152 154 156 1.58 '9
8

FIGURE 7 The M, :=dF/d6, = f(6,) dependence for a homeotropic cell
with limiting surfaces coated with lecithin.

As we know dF/dB, as a function of 0 (experimental determination of this
function is shown in Figs.6 and 7), we are able to determine the coefficient of polar
anchoring energy E_,, , which, for small deformations, is given by!!

B, =M d o dfdR)_dF
™k A8, de,l %' de,(de, ) d6?

17)

8,=0g
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CONCLUSIONS

From our experiments we obtaimed, for 6CHBT at 298 K:

(i) for planar cells with various kinds of polyimide coatings, anchoring
energy E_ , = 10° J/m?,

(1) for a homeotropic cell with lecithin coating, E_, = 107 J/m2.

The procedure that we propose allows for semi-empirical determination of
functional dependence of the NLC-substrate interaction potential, without any prior
knowledge of interaction potential profile.

According to our estimations, the coefficient of polar anchoring energy for
NLC-lecithin interface is two orders of magnitude lower than for NLC-polyimide
interface. These coefficients have been determined from characteristic curves shown
in Figs.6 and 7 for angles close to /2 and 0.

The error of this estimation is below 0.5 order of magnitude.
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