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Composite Method for Determination of Liquid
Crystal Material Parameters

JERZY KEDZIERSKI?, MAREK ANDRZEJ KOJDECKI®,
ZBIGNIEW RASZEWSKI?, PAWEL. PERKOWSKI?,
JOLANTA RUTKOWSKA?®?, WIKTOR PIECEK?,
LUDWIKA LIPINSKA® and EMILIA MISZCZYK?

dInstitute of Aﬁplied Physics, Military University of Technology, 00-908 Warsaw
49, Poland, "Institute of Mathematics and Operations Research, Military Uni-
versity of Technology, 00-908 Warsaw 49, Poland, “Institute of Electronic Mate-
rials Technology, 01-919 Warsaw, Poland and Ynstitute of Physics, Radom Uni-
versity of Technology, 26-600 Radom, Poland

A stable method for the determination of the nematic liquid crystal material parameters, such
as the splay and bend elastic constants, the anisotropy of diamagnetic susceptibility, the elec-
tric permittivities and either the coupling between the nematic molecules and the substrate at
the planar liquid crystal cell boundary (i.e. the director field boundary value), is presented in
the work. The method consists of two stages: firstly the effective electric permittivity of pla-
nar nematics cell is measured as a function of external electric and magnetic fields, secondly
the coefficient inverse problem is solved numericaily using the experimental data to deter-
mine the values of material parameters. The coefficient inverse problem is posed in a varia-
tional way as a problem of nonlinear mean-square fit of the calculated nematics layer
characteristics to the measured ones. The description of phenomena is based on Ericksen’s —
Leslie’s theory. The unknown material parameters serve in this approach as the fit parameters,
the best values of which corresponding to the best possible approximation of the experimen-
tal data by the refined mathematical model are to be found. The method was successfully
used for the determination of the material parameters of PCB and can be applied to every
nematics.

Keywords: nematics parameter identification; inverse problem
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INTRODUCTION

It is well known that the Ericksen-Leslie ! theory of nematics is a very
adequate description of phenomena in them. It is applied successfully
for the theoretical investigation of phenomena in continuous medium of
such a kind as well as for the computer simulation of them. The
simulation of physical phenomena is important for two reasons. Firstly,
it is a valuable method for investigating phenomena and predicting their
results (among them the physical fields, which can not be immediately
observed) without making laborious experiments. Secondly, being
compared with the results of experiments, it enables the verification of
the theory as a quantitative description of physical reality. The most
important procedure before the simulation is done is the precise
determination of all physical and material constants appearing in the
theory. This is the crucial moment — the simulation gives only
qualitative description of phenomena until the constant values are
determined sufficiently precisely. Looking for magnitudes of nematics
material constants one has to overcome serious difficulties —~ some of
them can not be measured immediately and some can be measured only
in very sophisticated experiments. Those difficulties can be mastered by
applying modern mathematical technique of treating such problems.
The magnitudes of material parameters can be found as a solution of
corresponding inverse problem. This is the main idea of the approach
presented here,

For the flat liquid crystal cell of planar boundaries, which order
the nematics parallel, the dependence of the effective dielectric
permittivity of the cell (or nematics layer) on applied external electric
or magnetic fields can be measured easily. Each of such characteristics
can be treated as a function of unknown material parameters; this
function can be defined by mathematical model of the phenomenon. So
each of the measured characteristics can be either calculated when the
magnitudes of material constants are known. This leads to the
formulation of an inverse problem by defining the functional of
material parameters as arguments and of suitable norm of difference
between corresponding characteristics as values. Solving it one finds
the required magnitudes of material parameters. This method can be
applied for every nematics; some details are given below.



Downloaded by [University of Haifa Library] at 12:40 16 August 2012

COMPOSITE METHOD FOR DETERMINATION... [5131/79

The planar nematics cell of thickness d can be treated with good
accuracy as the layer infinitely extended in two dimensions (in Oxy
plane) and placed between two parallel planes (z=0 and z=d).
Moreover let the boundaries cause a homogeneous stationary state of
the layer (described by a constant director field) and let the external
fields act in the same plane Oxz. The static deformations of such cell
caused by constant fields, electric £ = E(z)=(0,0,E(z)) induced by
aconstant voltage U applied to the layer boundaries and magnetic
induction B = B(z)=(Bsiny,0,Bcosy), are planar and can be
described in one-dimensional approximation by planar director field
7 = 7i(z) = (cos 9(z),0,sin 9(z)). Analysing the functional of free elastic
energy of the nematics layer influenced b{ external fields,
corresponding to such configuration, one obtains 1! the Euler equation
for it in the following form:

(K, cos* 8+ Ky sin* 9)9" + (K., - K,,)-sin 9-cos 9- 9°
£,6,62U%sin $cos 9 L 2B

5 ¢ hsin.9+(// cos(F+y)=0
d*(e, cos? S+ gsin* 8 Ho (+p)eoslS ) M

£, = ljd ! dz ’
o ld lSlCOSZS(Z)‘F&'ﬁSin:S(Z)}
where:

K,,, K, are the splay and bend Frank elastic constants, ¢, , &, are the

electric permittivities, &, = & ~ &, , x, is the anisotropy of diamagnetic
susceptibility, ¢, is the effective electric permittivity of the layer.

In general the weak anchoring at the layer boundaries should be
assumed. It can be characterised by suitable boundary condition for &.
The elastic torque density per unit area of layer boundary, transmitted
from bulk, can be calculated ** for function 9, satisfying the above
equation, as

T, = I [(Kl, K,,)-sin 8(z)-cos 9(z ]d.
)

y £,6,62U" sin 9(z)cos 9(z) +I"B:5in N 7
S e e e et A
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Since this torque causes the boundary orientation of the director
different from the easy axis corresponding to nematics-substrate
interaction, the boundary value of 9 can be modelled by a certain
function *** (e.g. a polynomial of sufficiently large order):
(0)=9(d)=o(1,). 3)

In particular case of strong anchoring this function is constant:
(0)=8(d)=9,.

Hence every stationary state of a planar deformation of the layer
can be characterised by a solution §=9(z) and ¢, of equations (1)
with @ satisfying boundary condition (3), (2) and corresponding to the
values of material parameters K, ,K,;, v,.£,.&,,© (where © is a
function) and applied external forces U, (B,W). On the other side the
effective electric permittivity £, can be measured in experiment.

INVERSE PROBLEM

Every electric or magnetic characteristics of nematics cell as dielectrics,
i.e. the dependence ¢, =¢,(U;B,y), contains the information about

material constants K, K;, ¥,.€,,§,.0. Let © be a polynomial of
coefficients 6,,....,0, and let p:(K”,Kn,xa,gl,ql,@o,...,@)
denote the set of unknown material parameters. For any sequence of
measurements (eﬂ,(U ‘;B’,y/')):;, (i.e. points of experimental

characteristics) one can calculate from (1), (2), (3) a corresponding
sequence  of  values of  effective electric  permittivity

(eu.(U’;B’,u/'; p)):;,. These two sequences can be compared by the
following similarity functional ¢

5(p)= YU B0 -6 U By ) @

which has the unknown material parameters p as arguments.
Now the inverse problem "' can be posed: having the results of
experiment (em,(U ‘;B‘,(//')):':l given find the set of unknown parameters

p= (KIl Ky x,.60.8, @0,...,@,() minimising functional (4).
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RESULTS OF EXPERIMENT

Two flat nematics cells filled with PCB have been studied: the first one
{d =55um) of planar nematics configuration (the orientation of easy
axis parallel to the boundaries — with 9 close to zero) and the second
one (d =62,2um) of homeotropic configuration {(the orientation of
easy axis perpendicular to the boundaries — with 9 close to 3 7).

Three groups of characteristics were measured: first - the
dependence of &, on voltage, parameterised by the constant magnetic
induction stabilising the boundary-induced stationary state (i.e. parallel
to the layer plane, w =1,5078 rad ), for planar cell — Figure 1; second -
the dependence of &, on magnetic induction (perpendicular to the layer
plane, = 0 rad), parameterised by the constant voltage amplifying the
deformations, for planar cell — Figure 2; third - the dependence of €, on
magnetic induction (parallel to the layer plane, y =1,5078rad),
parameterised by the constant voltage stabilising the boundary-induced
stationary state, for homeotropic cell - Figure 3.

The inverse problem was solved using data from three
characteristics; the other characteristics were calculated for confirming
the precision of the determination of material parameters. It is also
possible to find all unknown parameters using the data from only one
characteristics. The electric permittivities £, , £, were determined after

the observation maximal and minimal value of ¢, of cells influenced by
stabilising field without deforming field. Then the elastic constants
K, , K;, and the coefficients &,,...,0, of a polynomial approximating

the nematics-substrate coupling were determined from the first purely
electric characteristics of the planar cell and afterwards the anisotropy
of diamagnetic susceptibility y, was determined from the first purely
magnetic characteristics of the planar cell. Additionally the parameters
of the nematics-substrate coupling for the homeotropic cell were
determined from its first magnetic characteristics.

The following values of PCB material parameters were

determined at 18" C (all in Sl units): ¢, =6,23; ¢ =19,82;
K,=682-10"N; K,;=989-102N; y, =1297-10".

It was realised that the third-order polynomials were sufficiently

accurate for approximating function @(T,,) - one of them (for the planar

cell) is presented in Figure 4.
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The error of approximation of the experimental characteristics by the
calculated ones, defined by formula

Rz, .z, )= [% Z(l ~(en /e, ))} ,

i=1
achieved values between 0,00138 and 0,0320¢; for majority of them it
1s equal about 0,01.
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FIGURE 2. Characteristics &, = ¢,(B) of planar PCB cell.
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It is interesting to compare the magnitudes of the material
parameters given above with known from another works.
The Frank elastic constant magnitudes can be found in books %1 by

L.M.Blinov and V.G.Chigrinov K,, =6,4-10"" N, K,,; =10,0-10"*N
at 25°C; by G.Ahlers K, =595-10""N, K,, =7,86-10"° N at 26°C.
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FIGURE 3. Characteristics ¢, = &,(B) of homeotropic PCB cell.
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FIGURE 4. The director boundary value as a function of torque
density &, =@(T,) - the approximate characterisation of

coupling between nematics (PCB) and substrate material
(polyimide) at the boundaries of the planar cell.
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The anisotropy of diamagnetic susceptibility can be found in works!®1%:

by G.Ahlers y,=1,40-10"° at 26"C; by A.Buka and W.H. de Jeu,
X, =2,136-10" at 25°C.

CONCLUSION

The method of determining the material parameters of nematic liquid
crystal presented above seems to be reliable. It enables quite precise
computing their magnitudes (with relative error of order 0,01). The
nematics layer characteristics, calculated (for PCB) with the determined
parameters, are very close to the experimental ones. This confirms both
the adequacy of the applied theory and the usefulness of the method. It
can be adapted either for the determination of the magnitudes of another

parameters.

Acknowledgements
This work was supported by Polish State Committee of Scientific
Research (Komitet Badan Naukowych), grant No 7TO8A 022 14.

References

(4]

(5]
{6]

(7]

(8]

191

[10]

FM. Leslie, in Advances in Liquid Crystals (ed. G.H. Brown), Academic Press, New
York, 1979.

I. Kedzierski, Z. Raszewski, M.A. Kojdecki, J. Rutkowska, P. Perkowski, W. Piecek, J.
Zielinski, J. Zmija, L. Lipinska, Proceedings of SPIE, 3318, 304-311 (1998).

J. Kedzierski, Z. Raszewski, J. Rutkowska, T. Opara, J. Zielinski, J. Zmija, R.
Dabrowski, Mol. Cryst. Lig. Cryst., 249, 119~128 (1994).

J. 2mija, J. Kedzierski, Z. Raszewski, J. Rutkowska, J. Zielinski, Mol Cryst. Lig.
Cryst., 251, 243-253 (1994).

J.T. Gleeson, P. Palffy-Muhoray, Lig. Cryst., 5, 663 (1989).

ML.A. Kojdecki, J. Kedzierski, Z. Raszewski, Bulletin of the Military University of
Technology, XLVIIL, 4, 107-112 (1999).

C.W. Groetsch: Inverse problems in the mathematical sciences; Vieweg, Braunsch-
weig, 1993.

G. Ahlers, in Pattern Formation in Liguid Crystals (ed. A.Buka, L. Kramer}, Springer
Verlag, New York, 1995.

L.M. Blinov, V.G. Chigrinov, Electrooptic Effects in Liquid Crystal Materials,
Springer Verlag, New York, 1994.

A. Buka, W.H. de Jeu, J. de Phys., 43, 361 (1982).





