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Instability is investigated experimentally in homeotropically oriented layers of nematic liquid crystals with
positive dielectric anisotropy. It is shown that the domain pattern observed optically in the nematic phase is a
consequence of destablization of the director by ¢lectroconvective “isotropic” flow currents. The mechanism
of threshold destabilization of a homogeneous molecular distribution in thin nematic liquid crystal layers is

discussed.

PACS numbers: 61.30.Gd

1. INTRODUCTION

It is well known'™* that in thin homeotropically
oriented layers of nematic liquid crystals (NLC) with
positive dielectric anisotropy (¢,= €, - ¢, >0), under
the influence of an external alternating electric field
there occurs a threshold-type electrohydrodynamic
(EHD) instability,” which shows up optically in crossed
polaroids in the form of characteristic domain patterns,
of the “fingerprint” type at low frequencies and of the
“Maltese cross” type at high frequencies. It has been
shown®* "% that this instability is produced by electro-
convective flow currents, which occur both in the
anisotropic and in the isotropic phase of the NLC. For
this reason the instability mechanism has been called
“isotropic.” In the liquid crystal phase, because of the
optical anisotropy of the medium, the electroconvective
currents show up visually in the form of domain pat-
terns. In isotropic liquids, the electroconvective cur-
rents can be observed from the motion of solid parti-
cles of foreign impurities.

Starting from experimental data obtained chiefly on
thin layers (L< 20 pm), we suggested earlier®:* that
the destabilization of the original homogeneous molecu-
lar distribution in oriented layers of NLC occurs di-
rectly at the instant of origination of electroconvective
currents. In the present paper we have undertaken
further experimental and theoretical investigations of
the high-frequency mode of isotropic instability, for
the purpose of studying the character of the electro-
convective currents and the details of the mechanism
of destabilization of the NLC director.

2. EXPERIMENTAL METHOD

The experimental investigations of EHD instability
were made on cells of the “sandwich” type, with NLC
layer thickness 5-105 yum. Homeotropic orientation
of the NLC was attained by careful chemical and mech-
anical purification of the SnO, electrodes. The fre-
quency characteristics of the thresholds of the insta-
bilities that occurred in an electric field were investi-
gated during excitation by a sinusoidal voltage in the
range 20 Hz-2 kHz. In the nematic phase, the thresh-
olds of instability were followedby means of a polariza-
tion microscope with crossed polaroids, on the basis of
domain patterns and of the motion of solid particles of
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foreign impurities, and also on the basis of the dif-
fraction pattern produced by passage through the cell
of radiation from ahelium-neon laser (A =632,8 nm).
In addition, the threshold voltage for domain insta-
bility was determined by a photoelectric method, on
the basis of the variation of the transmission of light by
a cell containing the NLC, placed between crossed
polaroids, with the value of the applied voltage. In
this experiment, all the light diffracted by the domains
was focused on a photosensitive element. In the iso-
tropic phase, the threshold of instability was deter-
mined solely from observations on the motion of solid
particles of foreign impurities. In each of these
methods, the direction of propagation of the light (the
direction of observation) and the direction of the ap-
plied external electric field were perpendicular to the
plane of the cell and coincided with the orientation of
the NLC director.

For study of the topology of the flow currents of the
liquid in the nematic and isotropic phases of the NLC,
we used also cells of special construction, which en-
abled us to carry out the observation of the process of
initiation of EHD instability both by the method de-
scribed above and also in a direction perpendicular to
the electric field (into the ¥end” of the cell). In these
experiments, the thickness of the homeotropically
oriented NLC layer (the distance between electrodes)
was 30 um or more, while the dimension of the cell
along the direction of observation “into the end” was
~1.5 mm.

The investigations were carried out on p-n-methoxy -
benzylidene -p’-butylaniline (MBBA), with additives
(~2-10 wt.%) of p’-cyanophenyl ester of p-n-heptyl-
benzoic acid (CEHBA) for control of the value of €,.
Depending on the composition, the mixtures had dielec-
tric anisotropy in the range ~0 to +2. In addition, we
used in the experiments p-octyl-p’-cyanobiphenyl (8CB)
and p-cyanobenzylidene -p‘-octyloxyaniline (CBOQA),
which possess both nematic and smectic-4 phases and
a high positive dielectric anisotropy (¢, ~7.5). Also
characteristic of 8CB and CBOOA is the fact that in the
nematic temperature range the Leslie coefficient a,
has a positive sign (8CB),® or its sign changes from
negative to positive (CBOOA)' with rise of temperature
from the isotropic liquid-nematic phase -transition
point to the nematic-smectic-A phase-transition point
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(tya). Separate experiments were also carried out on
mixture A,'* doped (to obtain £ ,>0), and on p -pentyl-
p’-cyanobiphenyl (5CB).

The electrical conductivity and the anisotropy of the
electrical conductivity of all the specimens investi-
gated were, in controlled fashion, regulated or main-
tained approximately constant (g, =(3-5) 10" Q@ lem™,
0,/0,~1.5-1.6) by doping them with tetrabutylam-
monium bromide. For these values of the electrical
conductivity, the domain instability in the nematic
phase had the form of Maltese crosses over the whole
range of frequencies above 20 Hz.

The accuracy of determination of the threshold vol-
tage (U,,) for instability on the basis of domain pat-
terns in the nematic phase was +5%; and on the basis
of the motion of particles in the nematic and isotropic
phases, £10%.

3. EXPERIMENTAL RESULTS

Figure 1 shows a microphotograph of the domain pat-
tern observed in crossed polaroids for the high-fre-
quency mode of EHD instability in homeotropically
oriented layers of NLC with ¢,>0. It must first of
all be noted that the occurrence of a domain pattern in
the nematic phase has a threshold character. This is
very evident from Fig. 2, which shows the variation
of the transmission of light by a cell, placed between
crossed polaroids, with the value of the electric field
voltage. But visual observation under the microscope
shows that the threshold of domain instability is always
preceded by currents of liquid flow that can be fol-
lowed on the basis of the motion of solid particles of
foreign impurities. The initiation of liquid flow also
has a threshold character: motion of the particles be-
gins at a definite voltage and is independent of their
diameter. ‘

We introduce a coordinate system xyz such that the
xy plane coincides with the plane of the cell and the z
axis with the original direction of the director and with
the direction of the external electric field. The domain
pattern shown in Fig. 1 is visible in observation along
the z direction. The solid particles execute a circular
motion in the xy plane. It is characteristic that the
circular motion is executed only by particles located
in narrow layers next to the electrodes (of the order of
several pm). This was established on cells whose con-
struction permitted the carrying out of the observation

FIG. 1. Form of domain structure of EHD instability in a
homeotropically oriented NLC layer with €,>0. Doped MBBA,
€,=+0.1, 0y =4-10"" Q@ lem™!, L =20 pm, f=100 Hz, t=22°C.
Dimensions of the photograph 600x400 um.
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FIG. 2. Variation of light transmission with voltage for a
homeotropically oriented NLC layer in crossed poloroids.
Doped MBBA, £,=+0.1, oy =3.8 - 107", @7'em™, L=36 pm,
f=100 Hz, ¢t=22 °C.

in a direction perpendicular to the electric field. At
fixed frequency, with increase of the voltage above the
threshold value the velocity of the circular motion of
the liquid near both electrodes increases; and upon at-
tainment of a certain critical value, a domain pattern
originates in the form of Maltese crosses. Thus, for
example, when the NLC layer thickness is L =36 um,
€, =+0.1, and the temperature £=25°C, at frequency
f =500 Hz the domain pattern originates at voltage ch
=220 V. The velocity of the particles at this instant
was ~2-5 rev/sec, which, at the radius ~10 pm of
the circle along which the particles move (a value
averaged over many particles), corresponds to linear
velocity ~(1-3)*10"2 cm/sec. At low frequencies (f
~100 Hz), the diameter of the circular trajectory of
the particle and the transverse dimension of the Mal-
tese cross were comparable with the thickness of the
whole NLC layer. With increase of frequency, the
distances between the centers of the liquid vortices and
of the domains remain practically constant, but their
transverse dimensions decrease. In the limits of a
single domain (Maltese cross), the particles, and
consequently also the liquid, move in mutually opposite
directions at the two electrodes. Such correlation of
the currents of liquid flow is observed even before the
origination of a domain pattern.

We shall present the most important features of the
threshold voltages for origination of vortical flow of the
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FIG. 3. Frequency dependence of threshold for occurrence of

vortical liquid flow (1, 3) and of domain structure (2, 4).
Doped MBBA, £,=+0.1 (1, 2), £,=+1.75 (3, 4); gy=5- 107"
Q7 lem™!, L=36 pm, £=21°C.
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FIG. 4. Variation of threshold for vortical liquid flow (1) and
for domain structure (2—4) with the value of the dielectric an-
istropy. Doped MBBA, oy=5- 1072 lem™, f=500 Hz, ¢
=21°C; layer thickness L, inum: 12(2), 36(1, 3), 66 (4).

liquid and of a domain pattern. Figure 3 shows the
frequency characteristics of the threshold electric-
field voltages of both instabilities for doped MBBA
with different values of ¢,, at fixed NLC layer thick-
ness. It is seen that the threshold for formation of
liquid vortices and of a domain structure increases
with increase of frequency, approximately according
to the law U,, «f*/2, From Fig. 3 it also follows that
the threshold for origination of a domain structure in-
creases with increase of the value of the dielectric
anisotropy ¢,, whereas U,j for formation of vortical
flow decreases somewhat. The slight lowering of the
threshold of electroconvective flow with increase of ¢,
is due to the increase of the mean value of the dielec-
tric constant <= ¢ + £,/3.%* The U,(c,) relations for
various NLC layer thicknesses are shown separately
in Fig. 4. '

The instability thresholds increase linearly with in-
crease of the NLC layer thickness (see Fig. 5). For
the domain structure, a relation U2 =const L is
characteristic, whereas the threshold for formation of
vortices increases considerably more slowly with in-
crease of thickness, and UF — const when L— 0. In
the small-thickness range, the difference between
the thresholds disappears, and it is this case that was
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FIG. 5. Variation of threshold for vortical liquid flow (1)
and for domain structure (2) with NLC layer thickness.
Doped MBBA, £,=+0.1, gy =3.8+ 107! @7lem™, 7= 500 Hz,
t=21°C.
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FIG. 6. Effect of a stabilizing high-frequency (f= 20 kHz) el-
ectric field ( Uyy) on the threshold for occurrence of liquid
flow (1, 3) and of domain structure (2, 4). Doped MBBA,
E,=+2.9, L=20pum; 1, 2, f=40 Hz; 3, 4, f=150 Hz.

investigated experimentally in Refs. 3 and 4.

A high-frequency electric field, additionally applied
to the NLC layer, leads to a rise of the threshold for
formation of a domain pattern and has no effect on the
threshold for origination of liquid vortices. Experi-
mental data demonstrating this phenomenon are pre-
sented in Fig. 6. We note that the higher the frequency
of the exciting voltage, and therefore also the higher
the threshold for domain instability, the higher the
values of the voltage of the high-frequency electric
field (U,,) are at which increase of the domain-struc-
ture threshold begins.

The formation of vortical liquid flows in the thin
layers next to the electrodes is not a property solely
of the anisotropic phase of the NLC. Figure 7 gives
the temperature dependence of the threshold of insta-
bility for various thicknesses of the NLC layer, from
which it is seen that both thresholds decrease with
rise of temperature. At the nematic—isotropic liquid
phase-transition point (£y;), the domain structure
disappears. But the characteristic circular motion of
particles near the electrodes, and therefore also of the
liquid, remains; there is practically no discontinuity
in the value of U} on transition from one phase to the
other. As we have already reported,®** vortical flows
are observed also in ordinary isotropic liquids. It
should be noted that near the phase-transition point
(see Fig. 7), the threshold voltage both for domain
structure and for liquid vortices slightly increases.
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FIG. 7. Temperature dependence of threshold for formation
of vortical liquid flow (1-3) and of domain structure (4-6).
Doped MBBA, £,=+0.1, f=500 Hz; NLC layer thickness L,
pm: 22 (1,4), 36 (2, 5), 58 (3, 6).
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The thickness % of the boundary layers in which
electroconvective flow occurs can be estimated experi-
mentally from the experiments on planar NLC layers
with £,>0. In this case, EHD instability is preceded
by a Freedericsz transition; that is, a reorientation of
the NLC to a homeotropic structure (the S-effect®).
Thus, for example, for doped MBBA with £, =+0.05,
the threshold voltage of the S-effect is Ug 20 V, and
electroconvective flow begins at voltage ~40 V (f=40
Hz, L=65 pm). But in contrast to layers with an in-
itial homeotropic orientation, in this case the particles
in the boundary layers execute a circular motion in the
yz plane (in the unperturbed state, the director is
oriented along the x axis). Similar electroconvective
flow currents are observed in planar layers of NLC
with € , <0, which are stable with respect to the re-
orientation process; these precede *pre-chevron” do-
mains.!? This means that the electroconvective flow
of the liquid originates in thin layers near the elec-
trodes, where the initial planar orientation is still
preserved. The thickness of the unperturbed boundary
layer, £¢=L/U(47K,,/c,)*/?, is the dielectric coherence
distance (here K,, is the elastic constant for splay).
With increase of the voltage, the reorientation of the
director extends farther and farther from the center of
the cell; and at a certain value of it, the coherence
distance £ becomes comparable with 2. At this instant,
the character of the liquid motion changes: the par-
ticles acquire a circular motion in the xy plane; that is,
vortical flow currents, characteristic of an ordinary
homeotropic NLC layer, are formed. For this specific
example, the change of geometry of the liquid flow is
achieved at voltage U =80 V, to which corresponds £ =3
pm. Hence we find that the thickness of the boundary
layer in which electroconvective processes develop is
h=t=3 pum. At voltage U ~110 V, a domain pattern
originates; a photograph of it is given in Fig. 8. In
this case (that is, with an initial planar orientation),
the domains have the form of “beans” and not of Mal-
tese crosses; this is a consequence of the breakdown
of cylindrical symmetry in the distribution of the dis-
torted director.

The distortion of the director is generated and is
greatest in the boundary layers. With increase of the
voltage, it is intensified and extended over the whole
NLC layer. The process of development of destabiliza-
tion of the director is easily visible, for example, by
observation in a direction perpendicular to the elec-
tric field, if the thickness of the NLC layer in this
direction has a value of the order of the transverse di-

FIG. 8. Form of domain pattern of EHD instability in planarly
oriented layer of NLC with £ >0. Doped MBBA, g,=+0.05, L
=22 pm, f=100 Hz. Dimensions of photograph 600 x400 um.
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mension of a Maltese cross, Here the original orien-
tation of the director coincides with the direction of
the field. We conducted experiments on cells with
distance between electrodes ~50 pm and with NLC
layer thickness along the direction of observation

~45 um. Similar experiments, both on NLC with ¢,
>0 and on NLC with £, <0, were carried out in Ref.
13, the results of which corroborate our data with
respect to the process of destabilization of the direc-
tor.

The maximum contribution to the optical pattern (re-
gardless of whether this is Maltese crosses or
“beans”), as was shown in Ref. 12, is made by the
central part of the NLC layer. This becomes under-
standable from the following simple considerations.
Even though the distortion of the director in the center
of the layer is small in comparison with the thin
boundary regions, nevertheless the difference of
phase, which accumulates in the result of induced
birefringence, is basically determined by the volume
of the specimen.

4. DISCUSSION OF RESULTS

1t follows from the analysis of the experimental data
that the destabilization of the NLC director, as a result
of which a domain pattern originates, is caused by
vortical currents of liquid flow that are generated in
narrow layers next to the electrodes. The vortical
currents owe their origin to electroconvective proces-
ses®"? that are characteristic both of anisotropic and
of isotropic liquids.

We shall discuss the possibility of a theoretical
interpretation of the effect of destabilization of the
NLC director and origination of a domain pattern.
Without going into the mechanism of initiations of vor-
tical currents of flow in the liquid, we shall regard
their presence as an experimental fact, which leads to
destabilization of the director. In other words, we do
not assume the presence of positive feedback between
the process of origination of hydrodynamic currents
and the destabilization of the director, as occurs in the
Carr-Helfrich mechanism. In such a case, our prob-
lem reduces in principle to the solution of the problem
of hydrodynamic instability of the original orientation
of the director, originating in the velocity-gradient
field.!* A calculation of the threshold velocity gradient
at which this instability sets in, within the framework
of a two-dimensional model, with allowance for a sta-
bilizing external electric or magnetic field, for var-
ious possible profiles of the flow velocity of the NLC,
was carried out in Refs. 15 and 16. The electrocon-
vective currents in our case have a special geometry,
but they destabilize the homeotropically oriented layer
of NLC in qualitative agreement with the model.*¢
Here the external electric field plays a double role.
On the one hand, it is the reason for the EHD process;
it determines the value of the velocity of the liquid in
the vortex and thereby indirectly plays a destabilizing
role. On the other hand, it exerts a direct stabilizing
influence on the director orientation, since ¢,>0.

Using the experimental results as a basis and intro-
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FIG. 9. Model of destabilization of the director by flow: a,
profile of the circumferential velocity v, along the z axis, per-
pendicular to the electrodes; L is the thickness of the NLC
layer, % is the thickness of the layer next to the electrodes in
which the chief changes of v, occur, b, profile of the velocity
v, in the radial direction; v is the velocity of rotation of the
cylindrical wall of radius »; (v, < v,), 7y is the “total” radius
of the vortex. c, deviation of the director n from the homeo-
tropic orientation n; in a cylindrical coordinate system, n
=(n,, no, n,). d, periodic variation of the orientationnz,, n,
in ring domains with axis coincident with the vortex center.

ducing a cylindrical coordinate system, we shall as-
sume that the principal one of the three components of
velocity v= (v,,v¢ , V) is the circumferential velocity
v, (r,2); that is, |v,], ]v‘ |<< v,. We shall also assume
that the distribution of the velocity v, within a vortex
is similar to that that would occur in the rotation of a
cylindrical wallor radius r,and height # in a stationary
liquid.'” In our case, 7, is the effective radius of a
vortex, and k<« 7, is the thickness of the boundary
layer (see Fig. 9). According to Refs. 4 and 8, the
role of & is played by the effective diffusion distance,
at which is concentrated the volume charge that causes
the electroconvective instability:

ke~ (D/f) <L, 1

where D is some mean diffusion coefficient, f is the
frequency of the external field, and L is the thickness
of the NLC layer.

The Navier-Stokes equation, under the conditions of
small Reynolds numbers,"” reduces for our model,
when »> £, to the form

_ B, + 9%v,

M 5at e =0 @)

where n={a,+ o, —a,)/a,2 1is a dimensionless
combination of Leslie viscosity coefficients «;.® The
solution of equation (2) satisfying the boundary con-
ditions v, |,.,,, =0 has the form

ve=0, sin —T—;Lf- exp [:tn'ﬁ"’ L-};r,,_)_ ] ’ 3)

where the signs % correspond to the values of the veloc-
ity v, on the inside and outside, respectively, of the
cylindrical wall, and where ”o=”lr-ro,.=n/z is the max-
imum velocity of rotation of the wall itself.

According to (3), the velocity v, has two gradients,
av,/dz and 3v,/9r, each of which in principle may
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cause destabilization of the original homeotropic
orientation of the director, n,|lz (Fig. 9). The gradient
dv,/dz according to Ref. 18 causes a thresholdless
deviation of the director from the z axis by an angle 6,
which can be estimated from the equation of rotation of
the director.' In the linear approximation when €, ~0,
we have

O~a.wh/nK, 4)

where K is some effective coefficient of elasticity. It
has been shown experimentally that the magnitude | 6]
<« 1; that is, this effect of thresholdless destabilization
makes no contribution to the instability, which has a
clearly expressed threshold character (Fig. 2). On
substituting in (4) the values v,~10"%2 ¢cm/sec at which
a domain pattern appears, we get £ <1 ym« L, in full
agreement with the estimate (1).

As a whole, as follows from the experiment, the pro-
file of the velocity v, over the thickness of the layer
has a quite complicated character {see Fig. 9). Most
surprising is the following fact. Between the vortical
flows near the upper (z ~L) and lower (z ~0) electrodes,
there is an unusual mutual coupling, which leads to
antiparallel rotation of these vortices, despite the fact
that all the variations of velocity are concentrated in
very narrow boundary layers. In reality, evidently,
there is a nonvanishing gradient avq,/az of the circum-
ferential velocity even at the center of the layer; but
according to (4), such a gradient should be quite small:

(00y/02) nrrn~h/L<A.

Correlations between the velocity distributions at the
two electrodes may also be aided by the presence of an
axial velocity component v,, whose value increases
with increase of the circumferential velocity »,'": v,
~pv2h?/r,a, where p is the density of the NLC, @ is
some effective viscosity, and lv,[« ]v¢|. We note that
in those NLC in which the sign of o, is positive,»1° a
director distribution of the type (4) could promote the
appearance of instability because of the influence of
nonlinear terms in the equation of rotation of the di-
rector, terms that describe a coupling between orien-
tation and flow currents.'® But the slight dependence
of the threshold of the domain pattern on the value and
sign of the viscosity (Fig. 10), which have a decisive
significance in the case of Ref. 19, provides a basis
for supposing that this reason for destabilization may
be neglected in the present case.

If the deviation (4) of the director is small, then by
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FIG. 10, Temperature variation of the threshold of domain
instability for CBOOA; L =20 um, f=2 kHz.
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neglecting it in a first approximation one can consider
the destabilization of the molecular distribution be -
cause of the gradient 9v,/37. The corresponding
equations are written in the linear approximation in the
same way as in Ref. 15, with the sole difference that
the velocity v, in the present case varies according to
the nonlinear law (3) and depends on the coordinate z
(Fig. 9). The boundary conditions for this problem
have the form

0|, =V|,;=r,=0,

nlx=n, L=V | 2em0, L=0, (5)

where 7, > 7, is the distance from the center of the
vortex (r=0) at which the liquid may be considered
stationary. Exact solution of the two-dimensional
problem,'® with use of the cylindrical symmetry of our
model and of the boundary conditions (5), when the
circumferential velocity v, of (3) emerges as the per-
turbing influence, gives a critical gradient value
(0v,/87) oy dependent on the coordinate ». One can
obtain a qualitative solution of this problem by starting
from the known model of instability'® and relying on
the following simplifying assumptions, which are fully
justified from the point of view of experiment.

a) A vortex of rotating liquid is almost plane, that is,
¥o>h. On this assumption for values » ~7, the cylin-
drical coordinates (r, ¢, z) may be replaced approxi-
mately by Cartesian (x,y,z).

b) The distribution of volume charge in the xy plane,
which is the main reason for the ®anisotropic” Carr-
Helfrich instability, may be neglected. This assump-
tion is correct not only in the isotropic limit with re-
spect to conductivity, o, ~0,, but also when 0,/0, > 1,
if the frequency of the external field and the anisotropy
of the dielectric constant are sufficiently high.®

c¢) The sign and value of the viscosity coefficient a,
are not decisive (Fig. 10). This means that formulas
(32)-(33) of the model of Ref. 15 may not be used to
estimate the critical gradient value (3v,/37).; , since
the mechanism of destabilization of the director is not
a homogeneous mechanism, *13

d) The perturbation of the orientation originates
initially in a layer of thickness %, near the electrodes
(ry/L « 1) and thereafter spreads over the whole speci-
men. Obviously %, < k; that is, in a first approxima-
tion, for a qualitative estimate, we may suppose that

a Ongry
5 )Y 5

A2

neglecting the dependence of the velocity v, on the co-
ordinate z. '

If the assumptions (a-d) are valid, then the only pos-
sible mechanism of threshold destabilization of the di-
rector by vortices of liquid flow (3) remains the mech-
anism of inhomogeneous (®cyclic”) instability observed
in NLC in a strong stabilizing external field. In our
case the domains that originate in consequence of this
instability will have a ring shape, with an axis coin-
cident with the center of the vortex, and will differ
greatly in width because of the nonlinearity of the gra-
dient gv, /37 (Fig. 9). The amplitude of the deviations
of the director decreases from the edge of a vortex,
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where 9v,/97 is greatest, to its center, producing an
experimentally observable optical pattern of cylindrical
rings at the “rim” of the vortex.

For qualitative estimation of the value of the velocity
v, of the cylindrical wall at which instability can occur,
we shall use the model of Ref. 15, bearing in mind that
the role of stabilizing magnetic field in the present
case is played by the external electric field when ¢, > 0.
As effective velocity gradient one must take the quan-
tity

v, 't

s= ~ Vo,

or r=ro h

and as the characteristic distance at which this gradient
acts, the quantity a ~h/mp*? (Fig. 9). To the critical
gradient s_;, corresponds the minimum value of s for
all possible values of the wave vector ¢, of inhomo-
geneous instability:

Serit =Inin s(g,), 6)

where the curve s(g,) is given by the relation (5.9) of
Ref. 15 for ¢, =gq,, q,=7/2.

By use of the viscoelastic coefficients of MBBAZ® and
of the value of the stabilizing moment ¢, E? correspond -
ing to our experiment, one can estimate values of
(vy) . from (6) and compare them with experiment. In
particular, for effective thickness of the layer &
~0.05L, €, =0.1, and U2 =220V, we get (v,).;. L
~(2-8)+10™* cm?/sec for values of a, over the range
-0.1 to -0.01 cP, which agrees qualitatively with the
experimental value (v,) ;. ~3+10°2 cm/sec at thickness
~40 um.? Calculation shows also that (v,).;; ex-
periences no singularity on change of sign of a, (for
example, the estimate indicated above at a,=0 and
a,=0.01 cP gives, respectively, (v,).;. L~9°10™
cm?/sec and ~10°2 cm?/sec). The critical gradient
increases noticeably with augmentation of the stabilizing
effect of the field by increase of ¢,. Thus the experi-
mentally observed increase of the threshold voltage of
domains from 120 to 130 V on change of ¢, from +0.1
to +0.75 (L =40 um, f=200 Hz) corresponds to an ob-
served increase of the critical velocity of the liquid
by a factor of 1.5 to 2. According to calculations, the
same variations of the critical voltage and of the value
of £, will lead to the same change of the critical veloci-
ty if we assume the values % ~(0.05-0.07)L corre-
sponding to experiment.

In conclusion we note that the proposed model of de-
stabilization of a homeotropically oriented NLC layer
by electroconvective currents of liquid flow qualitative -
ly explains all the experimentally detected features of
domain instability when €,>0. First of all, this model
explains the difference between the values of the
threshold voltages of the process of destabilization of
the NL.C as a liquid medium (the origination of vor-
tices of liquid flow) and of the process of destabilization
of the NLC director (formation of a domain pattern).
The increase of the stabilizing effect of the field on the
director, through the dielectric moment ¢,E?, and the
lack of dependence of the threshold voltage for elec-
troconvective liquid flow on ¢, explain the different
slopes of the threshold characteristics Uy(e,) (Fig. 4)
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for domain and for electroconvective instabilities. On
the whole, the assumed mechanism for occurrence of
domain instability in a homeotropically oriented NLC,
when ¢, >0, is in qualitative agreement with experi-
ment. There are at present data!? that make it possible
to judge the important role of this mechanism also in a
planarly oriented NLC, when ¢, <0.

The authors express their gratitude to S. A. Pikin
for useful discussions, which stimulated the search
for a theoretical explanation of the instability, and to
N. I. Mashirina for technical assistance in the mea-
surements and in the design of this research.

Dwithin the framework of the two-dimensional theory, based
on the usual Carr-Helfrich model, this case is considered
electrodynamically stable.® Such EHD instability directly
from the homeotropic orientation, without a preceding Free-
dericsz transition, occurs only when g~ 0. 8 Characteristic
of this instability is a small distortion period and a high
threshold voltage.

DSimilar values of the critical velocity and of the correspond-
ing critical gradient were calculated in Ref. 15 for a strong
stabilizing magnetic field.
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