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THE ORIENTATTONAL INSTABILITY OF NEMATIC HOMEOTROPIC LAYERS
UNDER OSCILLATORY SHEAR

0.A. Baimakova, O.A. Soald.in(“), AN. Chuvyrov

Bashkir State University, 4500074 Ufa, Russia
(1) Physios Department, Ufa Research Centr, Russian Academy
of Scieces, 450025 Ufa, Russia

ABSTRACT Using an aooustooptioal method we show that
under plane oscillatory shear the direcotor aoquires a
stationary inclination ©_. This phenomena have a
threshold character. The shear amplitude threshold a,
of the emergence of ©_ does not depend on the
excitation frequency in the range 50<£<600 Hz. We
found the second threshold 3,>a, when the director
motion is elliptiocal. In this case the direofor is out
of in the third dimension. It has been shown, that the
threshold &, is also independent on the shear
frequency.

INTRODUCTION

It is well known' that for the NLC with a,/020 and a
linear flow with large gradients 0&8v/8z, in homeotropiocally
aligned nematic layers the director tends to align in the
flow plane at angle 8 = ttan™ (a,/a,)"*. For osocillatory
shear flow the that becomes more ocomplicated due to the
amergence of a stationary oomponent of the direotor's
inclination along the oscillatory shear plane. The origin
of this phenomenon may be related with a slight elliptioity
of the shear plate osoillationz. However, other
explanations of such behavior may be suggested3. inoluding
the instability in the in shear plane motion and the
transition to the out-of-plane director motion4.

The aim of this paper is a detailed experimental
investigation of the formation of the stationary angle in
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direcotor's inolination; we also intendent to study the
effeot of the out-of-plane direotor motion at large shear
amplitudes.

EXPERIMENTAL
The ocase has been studied where a 1linear polarized
monoochromatic light wave is inoident perpendioularily on
the layer of a uniaxial nematic liquid erystal (NLC), and
the wave veotor of inocident light K forms angle 6 with the
optical axis of NIC.

Birefringence An may be detsrmined with an acocuraoy to
of the order of sin®d as’:

2
in=n- n= —g-sinze + %é-sin‘e.
n,(nZ-n?)

2 ; ]
n,

where a n - 1is the refraotive index of
an ordinary wave, n_- exiraordinary light wave.
Aocordingly, intensity I of the transmitted 1light through
the layer is equal tos:

I = I sin"2¢ sin®(8/2), (1)

where I is the intensity of 1light inocident on the
pelarizer, ¢ is the angle between the polarization plane
of a pelarizer and an optical axis of NLC. The phase
difference between ordinary and extraordinary waves with
an inhomogeneous distribution of the director over the
sample thiolkness will be squal to:
ho2
5= 2L [ #n(z) dz , @)
-hr2
where A is the length of the inocident 1light monoohromatic
wave, h 1s the layer thickness of IC.

Now, let us make an assumption about angle 6. It is
supposed that O = Bc + Gt, where 6 is the permanent
inclination of the direoctor relative to the normal of the
NLC oell and 6t is a time-dependent part of direotor
inclination.

Then, let us assume that 6, and 6, are small. Having
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decomposed <sin’8> in the vieinity of 9:’ we get the
following value for <An>:
bn = - (<6 > + <sin26 26> + <81, .

where < > is an averaging along ocoordinaie z, b = %—

The latter expression retains its charaoter at Bc = 0.
Expression (1) in this case will have the form (at
=452
I = Isin’[ B (<ein6 > + 2¢aind & 8> + &1>)]. (3)

+ 2.2

Let us denote <sin®6_>= A, 2 <sinf _* 8 > + < 67>= B,
_'E%l = .
Purther {ransformation will bring about the following
result:
I=1,[sin® 0<O%> + 0(2¢0, % 0,> + <B?>) sin 20¢87> +
+ 07(2 <848, > + <87>)% cos” CB2>]. (4)
Prom (4) it follows that besides nonstant component IC, the
optioal signal contains a whole speoctrum of I, harmonios
whioch refliect the dynamies of the direcfor motion in plane
ZV formed by the cell normal and the shear wave vecfor.
Next, we will analyze the aocousiooptinal effecis
obgserved in NLC layer. With reference t02, it may be
tentatively assumed that the director's time-dependent
component On(t) is
pv
Sn(t) =-ﬁ——‘;— exp[2®q{2-8)] cos{2>?q(2-8)] sinwt
1
or On(t) = Gt(t) =8, expl[-Az] cosAz sinwt. (%)
Introducting expression {5) into (3) we obtain:

I =1 {sin’C«<sin’s,> + Cl2<sind *8> + <B(>1

* sindC<sin’0_ > + C*[2<sinf *6> + <B>]° *

* cos C<sin’d_>}. (5)
And assuming that 6 = 6 sinwt, then {8 = 6_(a, v)], Iet
us single out constant and variable oomponenis of the

optical signal, restricting our interest to I', I I

1
a1? 21"
On the whole, superior harmonies are of little interest o
our study.
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Thus, using expression (5) and taking into
oconsideration that at this frequency of disturbance qd<t,
let us average 6 and 6] along ocell thickness h, the
ensuing result will be:

. 2 2 9602 . . 2

I! =I/I= {sin"C<sin’6 > + —— 8in20<sin B> +

+ 20%<sind *8_>7 cos’C<sin® > + —3- 07 (62) *

* ooszc<sin?9c>}, {73

s . s 2
I, = L,/I,= {20(81n6c*80> 8in2<sin"6 > +

+ 30%<sing *6 > * (8 )oos’C<sin’6 >} sinwt, (8)
A2
I' = I /I = {-—=>—8in20<sin®8 > - 20°<sinBd *8 »* =
21 21 [+ 2 24 c c [
2 2 0 8D 2 . 2
* 008 U<sin.8c> - —3 — co08 G<81n.9c>}oos2wt, {(9)

Now, let us consider another experimental situation, which
makes it possible to define the character of direcior
motion under the shear excitation, i.e. we are interested
to know whether the director moves in the osecillation
plans, formed by the normal of the c¢ell and the oscillating
direction of fthe movable plate or whether if moves into a
third dimension. Figure 1 illustrates a sifuation where the
director is moving in the ZY plane, where Y coincides with
the direction of the plate, and 7 coincides with the normal
to the cell plane. Such motion is characterized by angle 6
(the angle of the director deviation <from the state of
gquilibrium), the deviation of the ZX-plane is
characterized by angle Q.

Therefore, in contrast to the previous rcase, the
director has three oomponenis. In view of the latter
circumstance, let us analyse the optical response in this
state.

Let us examine expression (1). In generail, it should
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look like
I = I sin®2(¢ - ¢*) sin®d/2, (10)

where ¢'is the director exit angle from oscillation plane

v

FIGURE I. Possible director motion in the
oscillation plane.

ZY.
Since $ in this case (experimental situation, {figure
1, $=90°, expression 10) assumes the following features:
. 2, s 2 g
I = I sin“2¢' sin“8/2 (11}
Let us denote components 6nx and Sny in the forms of:
6nx = 6n: sinwt,
o (12)
Sny = Sny sinf{wt + &),

where Sn':= sin a, 6n:= gin 8, whereas @ is +the phase
difference between On_ and Sny. Let us use formula

tg ¢ = singi%ns;n%m) in (II). Then, taking into

aceount (I2), we obtain:

4 I, sin"o/sin®G*sin"wt/sin’ (Wtd) g5 25 5 (13

&2
(1+sin®o/sin®B*sin®wt/sin® (Wt+d) )
The oase, where $=0according to? does not realize. So, left

I =
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us consider the case where the phase difference is $=90°.
After some transformations, expression (13) may be reduced

to:
I=1/2 I_P*{I,- I, 00820t + I cos4wt] sin®d/2,  (14)

hers f°=sin‘0/sin’6, ¥ = (sin“6-sin’a)/sin’s,

where
I,/I,= 1/2 B*[1 + ¥°+ 5/167°] = 4, (15)
A =172 B2{1 + 72+ 571671, (16)
I,/I = -1/2 g*[1/27%+ 1/4 7*] oos2wt = B ocos2wt, (17)
B = 1/4 B2I7%+ 1/27*], (18)
I,/I = -1/2 f*[1 + v° + 1/47*] cosdwt = M oosdwt, (19)
M= 1/2 f2{1 + Y2+ 1/47°] {20)

From (3) we have sin’8/2 = D - Poos2wt + Loosiwt. Then we
get the following components of the optical signal:

I''=I_/I_= 1/2 (2AD + BF - ML), (21)
I;!= I,,/I= 1/2 (MF - MD -BL - 2BD - 24F)oos2wt, (22)
I!= I,,/I,= 1/2 (BF - BL - MD + 2AL) oos4wt. (23)

Thus, studying amplitude dependencies of values {21-
23), it is possible to define the character of the director
motion under the impact of a shear wave. In this case it
may be supposed that having reached a cerfain threshold a,
and still oscillating in plane ZV, the direcior leaves the
oscillation plane and begins elliptical motion.

The system used for the acousiooptical measurements
was constructed on the basis of a polarized optical
mioroscope and shown in figure 2. Measurements were taken
in the socund-frequency range of 20...20000 Hz. The nematio
layers of a ligquid erystal with  homsothropie or
gquasi-homeothropin orientations were studied in our
experiments. Metallic chromium was deposited on the glass
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PIGURE 2. The set up of a experimental unit for study
acoustooptioal effects. 1 - source of sound oscillations, 2
- microscopic stage, 3 - polarizing micrescope with a
photometric adapter, 4 - DC miocrovoltmeter, 5 - selectiv
emplifier, 6 - LC-sample, 7 - movable slide.
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substrates To provide a required orientation. We wused the
liquid crystal MMBA. A NLC cell consisted of two
semitransparent glass plates. Beiween them was placed a
thin glass slide 150 pm thick with a similar coating
deposited on both sides; the slide was oscillating in its
own plane.

Shear oscillations in a NLC sample where stimulated by
an elecironic vibrator, its membrane was connected to glass
slide by means of glass waveguide; the amplitude was
measured optically with a microscope. Por this purpose, a
line (about 10 um thick) was drawn on the movable slide.
The amplitude was measured by the degree of the 1line
smparing. Simultaneously, oscillation amplitude of the
movabel thin slide were measured by an inductive method,
its results were used to calibraie a scale a = a(U) where U
stands for voltage in the industion ooil.

RESULTS AND DISCUSSION

Let us consider the action of a low frequency shearing wave
(f=100 Hz) on a NL{ layer (h = 20 pm). Periodic change 1in
the local properties of an oriented homeotropic layer
induced change in the optical response of the L sell.

Figure 2 shows experimental dependencies of 1I!(a),
I;f(a), I, (a). I! displays a non-linear growth and then
acquires an oscillating character. These oscillations
cmerge as a result of the phase differsnce according to
equation (1). The emergence of the minimum is also linked
to such phase difference: 8§ = 2%n, whereas the maxumum is 8
= (&n + I) ®. In fact, oscillations in optical signal I!{a)
indecates a constant inolination angle {8},

Solving a system of. equations sonnecting two
sxperimental relationships I'{(a) and I;,(a) (7-9), we have
obtained funciions (sin285>(a) and <9§>(§) of shearing
amplitude a. furves (sin28£>(a) and <8:>(a) are plotisd in
Pigure 4 They show that the emsrgencs of (sin286>(a) has a
threshold character, whereas <60>(a) reaches iis maximum at
certain values of amplitude a, then it begins to decrease.
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It is apparently due to the fast that the director's
stationary inelination angle fsnds to decrease dynamin
susceptibility of the the LC layer. Further growth in the
shearing amplitude 1leads ¢4to the formation of periodin
structures of the *"rolls" type.

It should be noted that the oscillaiing part of the
director tends to decrease to zero. Purther growth of the
shearing amplitude leads to the destruction of periodic
structures, so that macroscopic sireams are formed and the
system passes over fo a mode of turbulization and dynamio
chaos.

Thereby, we have been able 1o find that in ocondition
of a periodic shear, when a certain threashold is reached,
the director acquires a sfationary inclination. In fact,
determining the type of such an orientational transition in
the field of a shear wave may be reduced fto the study of a
frequency dependence of threshold value a and the
emergence of stationary inclination of the director. The
threshold amplitude of +the stationary inclination was
measured at the emergence of I!  because I,
<sinf _*6_»sin wi. If & (f)=const, then, in this case it is
possible to consider the effect in fterms of an anoustic
analogue of the Predereescks transition. Figure 5 presents a
dependenoe of threshold al(f} on shear frequency £ of the
oscillating plates. This dependence demeonsirates that in
the frequency range under study i.e. 50<f£<500 Hz, a,  does
not depend on the frequsney.

To study the effect of azimutal director instability,
let us coincide the polarizer with the direction of shear
¥. In this configuration the sample can acquire bleaching
if the director leaves plane ZV. Indeed, in this ocase, a
weak but sufficiently stable signal is registered at% fthe
double frequency of excitation. It means thaf the direector,
while oscillating in the  ZV-plane, reaches  ancother
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threshold - a, and 1leaves fthe above mentioned plane.
According to expression (21-23), the registered optical
signal should also display a consfant (I!') and the fourth
harmonic (I]}), which have actually besn registered. Figure
6 shows dependencies I!''(a), I}j(a), I!1(a) demonstrating
that the components of the optical signal grow in a
non-linear manner and possess a thresheld character.

From experimental data on IJi(a) it 1is possible to
g = sin’a

sin®8
function of shear amplitude. Figure 72 at shows that
function ﬁzta) develops in a threshold manner, at first it
increases to a ceriain maximum, then decreases. These data
make it possible o estimate angle @ at whioh the director
leaves the oscillation plane sina = §% <6°>, since 8 is
small, then sin°® ~ 6%.

Dependence a(2) is shown in figure 7b it also has a
threshold character and actusally demonstrates, that under
the impact of periodic shear excitation, the director
oscillations reaches a certain tThreshold wvalue of the
amplitude, leaves ifs original plane of motion and staris
moving in space on an elliptical irajectory. Measuremenis
ot frequency dependency of the direcfor's fthreshold sxit
from plane ZV (Figure 5) show that threshold a, does not
depend on the execitation frequency. The latier conclusion
is confirmed by other studies?

naloulate the elliptical parameter - as a

CONCLUSION

Thus, it has beesn established that there exist two
thresholds of orientational instability of homeotropically
oriented nematic liquid orystal in shear wave field. The
first a, is conneoted wifth the formation of a stationary
angle of director inclination GC. The second a,>a  is
related to the director exif out of +the plane of shear
oscillation into the fthird dimensicon.
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