This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Analytical theory for field induced periodic equilibrium structures in
nematic and cholesteric films
P. Schiller®

* Sektion Chemie, WB Physikalische Chemie, Martin-Luther-Universitat Halle-Wittenberg,
Halle/Saale, G. D. R.

To cite this Article Schiller, P.(1989) 'Analytical theory for field induced periodic equilibrium structures in nematic and
cholesteric films', Liquid Crystals, 6: 3, 383 — 386

To link to this Article: DOI: 10.1080/02678298908029089
URL: http://dx.doi.org/10.1080/02678298908029089

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678298908029089
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14:35 26 January 2011

Downl oaded At:

LiQuib CRrYSTALS, 1989, VoL. 6, No. 3, 383-386

PRELIMINARY COMMUNICATION

Analytical theory for field induced periodic equilibrium structures in
nematic and cholesteric films

by P. SCHILLER

Martin-Luther-Universitdt Halle-Wittenberg, Sektion Chemie, WB Physikalische
Chemie, Miihlpforte 1, Halle/Saale 4010, G.D.R.

(Received 18 January 1989; accepted 25 May 1989)

Planar films of cholesteric liquid crystals exhibit an instability in electric or
magnetic fields. Depending on a special choice of the elastic constants and the helix
pitch either a striped texture appears at a threshold field or an ordinary
Freedericksz transition is observed. The type of field-induced transition can be
predicted by a simple criterion.

Thin films of nematic and cholesteric liguid crystals in an electric field can have
a periodic equilibrium state, which is visible as a striped texture [1, 2]. Chigrinov et al.
[1] have determined the threshold of the stripe instability by numerical methods for
cholesteric, planar oriented films with the helix axis parallel to the field. Numerical
methods have also been used by Lonberg et al. [2] to investigate periodic deformations
of a planar nematic layer in a field. Recently, Allender has claimed [3] that the phase
diagram of nematic and cholesteric films contains a Liftshitz point at which the
wavevector of the modulated phase goes to zero. In this preliminary communication
we present some results of an analytical theory for Lifshitz points in liquid crystal
layers subjected to an external field. It turns out to be possible to locate Lifshitz points
in phase diagrams by a simple procedure.

In figure 1 the geometry of a planar cholesteric layer is shown. The director is fixed
at the plate surfaces X = 0 and X = 4. The angle # between the director and the
plane X = constant, is zero below the threshold voltage of an instability. The
azimuthal director rotation, @, increases gradually with X and has its maximum
® = ¢ at the upper plate. The Z axis of the cartesian coordinate system is parallel to
the stripes and the Y axis is parallel to the wavevector of a periodic distortion. This
wavevector and the director at the lower plate enclose a definite angle x. For con-
venience we use dimensionless coordinates

X Y
x=“—d-andy=”7, (1)
so that the film is located within the interval 0 € x < n. Furthermore, the notation
k2 - K”, k3 K“s o = TC, B - Pd,
(2)
Q = wx+ k and y = ﬂTﬂ<1’
1
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Figure 1. The geometry of a cholesteric film. 8 is the angle between the director and the plane
Z = constant; @ is the azimuthal angle of the director; and o is the maximum twist angle.
The Z axis of the cartesian coordinate system is parallel to the stripes and the angle »
is enclosed by the wavevector of the periodic distortion and the director at the lower
plate.

is introduced. K,;, Ky, and K;, denote the elastic constants, which are defined in the
framework of the Oseen-Frank theory [4], P is the helix pitch of a cholesteric liquid
crystal, g and &, are the dielectric constants measured parallel and perpendicular to
the director, respectively (¢, > ¢,). The director configuration can be calculated by
a perturbation theory [5], which is valid for small distortions. In lowest order of

magnitude
8 = b(y)sinx

and (3)
D = Q4+ o(b,

are obtained close to the Lifshitz point [6], where ¢(x) is given later and b, = (db/dy).
The results for non-twisted nematic layers (¢« = f = 0) and cholesteric layers will be
discussed separately.

For @ = 0 the function y(x) in equation (3) is obtained as

o(x) = (1 = kz) (1 - %x - COSX>, )
2

where € is equal to n/2 and the distortion amplitude b satisfies the differential
equation

—Hb,,, + Db, + ub — B = 0, 5
where \
_ (1 - K) 16 — m* 57 — 48
H="——"0U "7t )
_ky+y
B = 2,
. U - UF
# Ur (6)
with
K, >
Uz = _ ).
F \/< gl — &)
_ (1 — k) 8 k,
b = 2k2 ! TCZ + 27 J
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or, by neglecting terms proportional to (k, — K)*, we find

1[1-K 8
o[22 (- 8) e e n

(Here ¢, is the dielectric constant of the vacuum and U is the applied voltage.) The
parameter

IR S .0 I
K= T @~ 030 %)

has already been found numerically in [2] and analytically in [7]. Equation (5) is well
known in the general theory of Lifshitz points, which also occur in thermodynamic
systems. Using the coefficients of equation (5) a phase diagram can be constructed [8].
The location of the Lifshitz point is determined by

g =0 and D = 0, ®)

and the corresponding phase diagram is shown in figure 2. For k, < K first the stripe
instability occurs with increasing voltage by a continuous transition (that is a second
order phase transition). In the other case, k, > K, the ordinary Freedericksz tran-
sition takes place immediately. The topological features of the phase diagram in figure
2 remain valid for Lifshitz points of cholesteric films.

k; b=OE b=const$0
I
Kt Ly
N
periodic
strnfcture u
0 1 u

(=

Figure2. Phase diagram of a nematic layer (x = f = 0). k, is the ratio of the elastic constants
K, and K;,; L is the Lifshitz point; U is the applied voltage; and Uy is the Freedericksz
threshold. ——, discontinuous transition; — — -, continuous transition.

For cholesteric planar films ¢(x) is found from equation (3) to be {6]

n— X

o = - 222 et - 2 @ - aroe ©)

A

where the function f(x) is defined by

flx) = <1 » k2) sinQcosx — (ks k;c + 2%k p  cos Qsin x. (10)
2
Now the coefficient D in equation (5) depends on the angle x (see figure 1)
D(x) = lj dxsinx [— d_(p_(_)_c) (1 — k,)sinQ
T Jo dx

— o(x) (1 — 2ky + k3 + 2k, f)wcosQ
+ (k,sin? Q + kycos® Q) sin x]. an
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For a Lifshitz point the condition

min(D(k)) = 0 (12)
is satisfied and the corresponding voltage is
Ky, }
Up = — 1 + &’(ks — 2k, + 2k, )] ;. 13
g \/{80(8“ ST @l 2K+ 2Kaf)] (3

If min (D (x)) < O the striped texture emerges from the initial state b = 0 at a voltage
Us < Ug. In the other case, namely if min(D(x)) > 0, the ordinary Freedericksz
transition appears at the threshold voltage (13).
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Figure 3. Regions of the stripe instability (I) and the ordinary Freedercksz transition (II) for
B = 0:5and a = 7. k, is the ratio of the elastic constants K,, and K),; and k; is the ratio
of the elastic constants K3; and K|;.

Clearly, if x = 8 = 0 equation (12) leads to ¥ = =n/2 and equation (7) for the
critical value K of &, is derived. As a second example let us assume that o = n(w = 1).
Then equation (12) results in k = =/2 and Lifshitz points satisfy the condition

4i2 + 12kky + 8(1 — k) — 3(ky — 1 + 2k, )

2
- 2(7t -; 3>(k3 + 1 = 2k, + 2k, = 0; (14)

k, is plotted as a function of %, in figure 3 for § = 0-5. The set of Lifshitz points
separates the phase diagram into the region of the stripe instability and the region of
the ordinary Freedericksz transition.
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