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An optical polarization method is used to study the instability of the diffuse flow of a cholesteric liquid crystal
in a plane capillary containing a nematic, under homeotropic boundary conditions. It is established that upon
attainment by the flow of a critical flow velocity, when the pitch of the helix is approximately equal to the
thickness of the capillary, a transition occurs from one low-energy configuration to another, by distortion of
the director field on the lines of flow. The experimental data are corroborated by numerical calculations
carried out within the framework of the Leslie-Ericksen approach. A model of the structure of the lines of
flow is considered. A mechanism is proposed for the origin, development, and relaxation of instability of plane
flow of a nematic-cholesteric mixture; the mechanism is based on the formation, interaction, and

transformation of different types of axial disclinations of oppsite sign.

PACS numbers: 47.20. + m, 47.60. + i

Study of the influence of linear defects of structure,
of the disclination type, on the dissipative properties
of liquid crystals (LC) is promising for description of
the hydrodynamics and structure of LC in a state of
turbulence and of dynamic scattering.’ But the role of
disclinations in the processes involved in the transition to
turbulence is unclear.? Turbulence of the flow of LC
may be due to cooperative generation of defects or to a
continuous distribution of defects of small strength.?

The purpose of the present paper is to study disclina-
tion effects in the mechanism of the origin, develop-
ment, and relaxation of instability of plane flow of LC
with a helical structure. The optical analogy between
the disclination structures that are formed during for-
mation of a nematic-cholesteric mixture (NCM) and the
textures that originate during field effects suggest that
distortions of quasinematic layers, due to the appear-
ance and development of a disclination structure in the
mixture, are similar to the instabilities that accompany
the process of field untwisting of the cholesteric spiral.*

For the “temporal unfolding” of the changes of dis-
tribution of the director field during a transition to tur-
bulence, we have used the method of the concentration
gradient.® We have considered the morphological and
topological parameters of linear defects identified in
NCM during diffusion of a cholesteric LC into a plane
capillary containing a homeotropically oriented nema-
tic. The presence in such a mixture of a substantial
concentration gradient of the optically active compon-
ent guarantees diffusive flow with varying conditions of
twist. The action of boundary forces, perpendicular to
the plane of flow, leads to the appearance of disclina-
tion lines and of singular points, which interact vigor-
ously with each other and exert an influence on the flow
properties.

1. METHOD AND EXPERIMENTAL RESULTS

An optical polarization method was used to investigate
the diffusion of cholesteryl peargonate (CP) into a plane
cell filled with nematic p-methoxybenzylidene butylani-
line (MBBA). The measurements were made at a con-
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trolled temperature of 22°C. A standard sandwich cell
was used, whose thickness (L =10 um) was prescribed
by teflon spacers and was measured by an interfero-
metric method® with a scanning measurement micro-
scope ORIM-1, with accuracy 0.1 um. The spacers
were cut out in such a way that a narrow (0.5 mm)
streak of CP could diffuse linearly from the edge of the
slide into the MBBA. The initial homeotropic orienta-
tion of the MBBA in the plane of the capillary was
achieved by treatment of the glass in accordance with
Berreman.’

The pitch P of the helix in the NCM at small CP con-
tents (C <1 wt. %) was determined by the Grandjean-
Cana method with wedge-shaped cells. For 1%<C
<5%, the pitch was estimated from the relation P
=Apa / ?), Where A, is the light wavelength corre-
sponding to the maximum of the selective reflection by
the plane texture; this wavelength was measured by a
microspectrophotometric method,® by use of an attach-
ment to the polarizing microscope, which consisted of
a monochromator, a photoelectronic multiplier, and a
recording system operating by count of single-elec-
tron pulses; (z) is the average index of refraction, de-
termined on an Abbe refractometer. Use of the polar-
ization accessories provided with the MBI-9 micro-
scope, with a precision focusing micromechanism
(0.001 mm), made it possible to identify structural
changes occurring in different layers of the thin (10
im) capillaries.

The initial stages of diffusion in the NCM (after the
beginning of the capillary sucking in of the CP) are ac-
companied by the appearance of specific periodic struc-
tures, constituting series of optically inhomogeneous
bands, which are arranged along the direction of dif-
fusion and are separated by regions with moving con-
centration-determined Grandjean disclinations® (Fig.
la, left part). The presence of Grandjean disclina-
tions moving in the direction of the concentration grad-
ient of the CP, which is characteristic of the plane tex-
ture of the NCM, and also the direct observation of mo-
tion of the material in the system of bands, suggest that
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FIG. 1.
boundary conditions (x400): a—wave-shaped distortions inthe
system of flow lines; b—transition to two-dimensional dis-
tortion of quasinematic layers.

Instability of plane flow of NCM with homeotropic

in the middle of the layer there is plane flow due to dif-
fusion. The structure of the lines of flow is found to be
unstable. After 9+1 min, at a distance 0.8+0.1 mm
from the beginning of the diffusion zone, wave-shaped
distortions originate in the system of bands, developing
over several seconds (Fig. la, right part). The dis~
tortions begin at the boundary of the first and second
Gradjean zones and gradually capture the flow lines
over the whole diffusion zone. Both the distortions

and the deformed flow lines have a number of peculiar-
ities: each of them is morphologically connected with
a definite second-order Grandjean disclination; to
Grandjean disclinations with small numbers correspond
lines located in the center, with large numbers along
the periphery, of the systems of bands. The contrast
of the lines of flow is practically unchanged on rotation
of the polarizer, whereas the optical path difference,
for unchanged position of the polarizer, changes con-
siderably near the lines of flow and diminishes abruptly
(approximately by a factor two) at the line itself.

The successive morphological changes in the middle
plane reduce to a transition from a one-dimensional
distortion of quasinematic layers to a two-dimensional
spatially periodic distortion: after 10-12 min, in the
region of periodic distortions there is observed a spiral
twisting of the cholesteric planes, and the Grandjean
disclinations relax to a system of mutually orthogonal
focal lines, superposition of which forms a spatially
modulated structure of square-grid type (Fig. 1b). A
similar structure forms also near the regions of helical
twisting of the lines of flow; here the appearance of the
grid always occurs to one side of the line. B

Further diffusion of the CP and lowering of its con-
centration gradient in the MBBA are accompanied by
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a transition to a stable domain structure in the region
of twisting, and to a system of polygonal fields on the
focal lines. The topological and morphological fea-
tures of disclinations and other defects in these struc-
tures have been considered in a previous paper.*

We shall estimate the parameters of the diffusion
flow (the pitch of the helix and the velocity of flow) in
the range where the wave-shaped distortions of the
banded structure originate. For this purpose, using
the method of Ref. 10, we shall describe the diffusion
of CP into a plane cell containing MBBA. The coeffi-
cient D of diffusion of a cholesteric mesophase into a
nematic, at normal temperature, does not exceed
10 cm?/sec.' If ¢ is the instant corresponding to the
appearance of distortion in the system of bands (¢
~9 min), then the length of the diffusion path [~(Dt)'/?]
is found to be much smaller than the extent of the cell
in the direction of diffusion (17 mm); therefore the in-
fluence of the transverse boundaries can be neglected.
For simplicity, we shall consider one-dimensional dif-
fusion from a linear source of constant strength (a
thin streak of CP on the edge of the slide) into a semi-
infinite medium (MBBA) with zero initial concentration
of the diffusing component.

For a constant and concentration-independent diffus-
ion coefficient, the solution of the equation of Fick’s second
law for the given initial and boundary conditions will
have the form

C(z, t)=Col1—ert (/2(D1)")], 1)

where C,=const is the initial concentration of CP in
MBBA for x=0 (pure CP); D is the average diffusion
coefficient over time £.

By using the experimentally established relation be-
tween the pitch P of the spiral in the NCM and its CP
content,

PC=y; =043 umat C<0.05 wt%, @)

and taking account of the relation

L=NP/2, (3)

where N is the number of half-turns of the cholesteric
helix spanned by the local thickness (N=1,2,3,...)
one can determine D, C, and P,.

On the microphotographs obtained at a fixed instant of
time, we measured the distance from the beginning of
the diffusion zone to the first concentration-determined
Grandjean disclinations (N=1,2,3). Thereby, values of
x and ¢ were determined by a known cell thickness (10
um) for a discrete set of spiral pitches (3) and corre-
sponding concentrations (2). On substituting C, x, and
t in (1) and using tables of values of the error integral,
we found 2 mean value D=8.9 10" cm?®/sec, which"
practically coincides with that obtained under similar
conditions.!* Then for the region of origination of wave-
shaped distortions in the system of bands (at x~0.9
mm, ¢=9 min), the concentration of CP in the NCM
according to (1) is C~19; that is, the helix pitch P
~13 um.

The velocity of the diffusion flow in this region was
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determined by means of an eyepiece micrometer, from
the velocity of motion of optical microinhomogeneities

(see the points A,A’ etc. in Fig. 4) present in the sys-
tem of flow lines. The mean value of the flow velocity

was found to be 1.2 um?/sec.

The character and the kinetics of the textural changes
described above indicate that plane flow of the NCM,
during diffusion into a nematic with homeotropic bound-
ary conditions (HBC), is unstable at a certain stage.

In the static case, the homeotropic texture of a nematic
LC during introduction of a cholesteric component re-
mains stable up to a certain critical twist.'? The rea-
sons for and the mechanism for bringing about the in-
stability, under conditions of diffusion flow, are not
completely clear within the framework of the usual
model, which considers deviations of the axis of the
cholesteric helix in a direction parallel to the walls of
the cell, with formation of a texture of the “finger-
print” type (FPT).!?

The banded structure of the flow lines in Fig. 1a is
morphologically similar to the FPT, but under homeo-
tropic conditions the FPT is stable; furthermore, the
observed distortions cannot be explained by periodic
variations of the index of refraction in the plane of flow,
caused by regular variations of the angle of inclination
of the molecules to the helicoidal axis. Actually the
lines, first, are due to disclinations in the plane of
flow (Fig. 1a), and the distances between the lines, in
contrast to the FPT, are not related to the value of the
local pitch of the NCM (whether forced or equilibrium);
second, the lines are optically inhomogeneous, i.e.,
they consist of alternating light and dark sections, sep-
arated by singular points; third, the optical-anisotropy
peculiarities mentioned above, on the lines, are also not
characteristics of the FPT, ™

Thus the wave-shaped instability of the diffusion flow
cannot be interpreted as the result of a periodic defor-
mation of quasinematic planes of the FPT under the ac-
tion of a secondary flow.'® In the present paper, a pos-
sible mechanism is proposed for the origin, develop-
ment, and relaxation of the instability; it is based on the
interaction of dynamic paraxial disclinations of opposite
sign.

2. ENERGY OF TWIST AND CONDITIONS FOR
INSTABILITY

It is natural to suppose that the reason for the in-
stability of plane flow is a transition of the molecules
from one low-energy configuration to another, induced
by the change of twist conditions. In Sec. 1 it was
shown that to the stage of diffusion under consideration
corresponds a “thin specimen” in which L/P~1. ltis
known'® that for thin specimens, the energy of distor-
tion of a cholesteric helix is determined chiefly by the
energy of twist.

Following Press and Arrott,' in order to calculate
the energy of twist under conditions of stationary plane
flow and to determine the corresponding low-energy
configuration (LEC) of the molecules, we introduce a
coordinate system XYZ such that the Z axis is perpen-
dicular to the walls of the cell (-~L/2 <z <L/2) and the
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X axis coincides with the direction of flow. In con-
sequence of the anisotropy of the viscosity, deviations
from the X direction may occur in the flow; but for
small velocities of flow (of the order of a few pm?/sec},
when the effective viscosity is independent of the velo-
city,'® these deviations may be neglected.

In the one-constant approximation (K,, =K,,=K,,

=K), the energy of twist will be @)

1 on. \* on,\? on, \? 1 dn, an.
E-g R [a[(57) + (57) + (55) e mr—m e ]
> K [dz — 5 ) (5 ) Haa e mg

Here n_,n ,n, are the components of the director, of
constant length (n?=1), and ¢ is the wave vector of the
spiral, ¢ =2n/P.

When a diffusion flow is present in the NCM, there
acts on the director field a twist, which is determined
by the usual expression for the molecular field,

h=y, (%—[an])+1,nA.,, (5)

where w is the angular-velocity field, w= srotV; V
defines the flow-velocity field; the viscous parameters
¥, and ¥, are linear combinations of the Leslie coeffi-
cients, describing the orientational effects of the flow:
YI=03=05,Y,=05+ &; A is the symmetric part of the
velocity-gradient tensor,
1 (m +6V.).

Au=7 oz _ﬁ

: (4)

At constant flow velocity, in a stationary state, the ma-
terial derivative dn/d¢ of the local director is zero.
Then the expression for the molecular field of the flow,
oriented along the X axis, will have the form

h= i1—‘£(oz,n.—+—ozzn,) . (6)
dz

Minimization of the twist energy (4) with respect to the
possible deviations of n, with allowance for the molecu-
lar field (6), gives a system of equilibrium equations
under conditions of constant diffusion current,

an, an, o av

=, s+ _— =5 sy
P R P

o'n, dn, "
az* Any—2q dz ' (™
6’n, as av n
7 K dz ™

where A is a Lagrangian multiplier.

We choose a parabolic law of variation of the velocity
of diffusion flow with cell thickness, as the most prob-
able for simple flow between two parallel plates with
HBC':

V(2) =Vl 1—(22/L)*], (8)

where V..« is the velocity of the midplane in the cell.
Accordingly, the linear velocity gradient

av 8z .
b?l =V (9)

will be greatest at the boundary surfaces and zero at
the middle layer of the NCM.,

With use of (3), integration of the equilibrium equa-
tions (7), under the conditions (9), enables us to cal-
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culate the variation of the twist energy (4) with the pitch
of the NCM for a fixed diffusion velocity and a constant
number of half-turns N. We shall give numerical esti-
mates. We take K=10"' N,'® @,/K=3.2-10°, a,/K
=6.4-10*%° L =10 um=const, z=1 um (near the mid-
dle plane). We specify N= 1,2,3 and V=0-25 um?/
sec in steps of 2 um?/sec. Solving (7) by the method of
finite differences,?! we get, in coordinates EPV, three
families of curves for the variation of the twist energy
in the first to third Grandjean zones. The results of
the calculation for N=1 and for N=2 are given in Fig.
2a. The cases N=1 and N=2 correspond to the experi-
mental situation of instability opposite the boundaries
of the first and second Grandjean zones. In Fig. 2a
one can distinguish a definite region of pitches and flow
velocities, to one side of which the family of curves for
N=2 is located above the family of curves for N=1,
and therefore the lower-energy configuration is that
with N=1, whereas on the other side the lower-energy
configuration is that with N=2.

Thus in a dynamic range of helix pitches and flow
velocities corresponding to the spatial line of intersec-
tion of the families of energy curves E(P,V) with N
=1 and with N=2, the configuration of molecules for
N=1 is an equilibrium configuration but not a stable
one, since there is a configuration N =2 of lower ener-
gy under the given conditions. This allows us to regard
the indicated interval (P=10-13 um,V=0-22.5 pm?/
sec) as a region of instability of plane flow in NCM,
within which there can occur a transition from one low-
energy configuration to another. The family of energy
curves with N=3 (not shown in Fig. 2a) is located above
the curves N=1 and N=2 for all values of P and V;
the curves with N=4 go even higher, etc. This is a
reflection of the fact that the energy of distortion of the
quasinematic planes increases with increase of the de-
gree of twist of the NCM. %

Pictures of the director distribution in a layer of
NCM, for N=1,2,3, are shown schematically in Fig.
2b. The regions of distortion (+£) indicate homeotropic
arrangement of the boundary molecules under the action
of boundary forces, since the velocity and the orienting
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FIG. 2. Determination of the parameters of instability of
plane flow. a—change of twist energy on transition from the
first to the second Grandjean zone, at P=13 pym and V=2 pm?/
sec. b—schematic sketch of the distribution of molecules in
the instability region. The curve in the PV plane is the pro-
jection of the spatial line of intersection of the energy surfaces
for N=1 .and for N= 2.
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influence of the flow according to (8) are smallest at the
boundary surfaces. Over a thickness L —2¢ the texture
of the NCM may be regarded as plane (£ decreases
rapidly with increase of the ratio L/ P).

It follows from Fig. 2 that the instability of plane
flow is accompanied by a transition of the molecules
in the middle regions from an orientation predominant-
ly along the direction of flow (N=1) to an orientation
predominantly perpendicular to the flow (N=2), since
the helix pitch of the NCM decreases constantly in the
diffusion process.

When V >22.5 pm?/sec, for all values of P, the
energy curves with N=1 are located below the curves
with N=2; that is, at high velocities of flow (of the
order of several tens of um?/sec) the orienting action
of the flow is effective, so that the molecules in the
central layers are always arranged predominantly par-
allel to the flow. Such a situation occurs in the capil-
lary sucking in of CP. In the case of shear-induced
flow of the NCM into a wedge-shaped cell with HBC,
at flow velocities 10~15 pm?/sec, lines corresponding
to an odd number of half-turns of the cholesteric helix
are stable.' With decrease of V to a few um?/sec,
there occurs a rotation of the lines perpendicularly to
the flow. A critical velocity V_is determined by the
ratio of the thickness of the wedge and the pitch of the
spiral and is attained when L/P=1. As in our case,
the twist of the molecular structure in the instability
region is determined by the expression

P (hnl= 3 @an.t—aun) +amany—ainyna]. (10)
In MBBA with small chiral additions, a,> a,,”® there-
fore the terms in (10) that describe twist about the Y
and Z axes are of order n, and nearly vanish in the
central region. Reorientation of the director in these
regions occurs primarily in the plane of twist.

The calculated values of P and V agree satisfactorily
with the experimental parameters obtained in the pre-
ceding section. Thus the region of occurrence of wave-
shaped distortions of the banded structure is actually
a region of instability of diffusion flow of the NCM and
is due to a tendency of the LC molecules to orient them-
selves predominantly perpendicular to the flow within
a certain range of flow velocities and of spiral pitches.

3. STRUCTURE OF THE LINES OF FLOW

The numerical estimates presented are approximate,
since the calculation of the low-energy configuration was
based on a number of assumptions: the flow velocity
and the elastic moduli do not remain constant during the
change of composition of the NCM, and the relation n®
=1 is not satisfied in view of the appreciable birefrin-
gence on the lines of flow. It must be supposed that the
plane orientation of the molecules during their rotation
in the region of instability is preserved mainly for the
middle of the LC layer; in other planes, and especially
on approach to the boundary surfaces under the influen-
ces of HBC, deviations from the horizontal configura-
tion increase.

The onset of instability is accompanied by a high flow
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velocity, which effectively orients the long ax:s of the
molecules along the flow. Using the system ... coor-
dinates adopted in Sec. 2, we can write the components
of n in the form

(11)

where 6(x, z) is the angle between the z axis and the XY
plane; here 6(x,z)=g(x, z)x, where ¢ is the wave vector
of the spiral. Under HBC, 6(x,+L/2)=nn/2, where n
is an odd number.

n.=cos 8(z,z), n,=0, n,=sin6(z,2),

On substituting (11) in the expression for the free en-
ergy of the NCM.

E='/,K[ (div n)*+ (nrot n+g,)*+[nxrotn]], (12)

we find that minimization of the elastic energy is
achieved for values of 6(x, 2) that satisfy the two-dimen-
sional Laplace equation

( at at

5o 3 0=0.

(13)

The solution of (13) determines lines of axial disclin-
ations distributed in a horizontal plane along the Y
axis. The distance between the lines along the hori-
zontal is determined by the relation

Ba= 1?2 .

where 3, is the angle between X axis and a straight line
connecting the origin of coordinates with the disclina-
tion line.

(14)

Further refinement of the structure of the disclina-
tion lines can be carried out by use of the condition of
the molecular field for satisfaction of the HBC. A cal-
culation analogous to the calculation of Cladis and
Kléman'* shows that most stable configuration is one
in which the molecules in the surface layer lie in a plane
perpendicular to the glass and twist nonuniformly in the
internal part of the specimen. Presence of HBC causes
preferred dissociation of axial disclinations of the
Grandjean type [also determined by an expression of the
form (13)] into disclination pairs of the A7 type.

Thus there is a basis for supposing that during forma-
tion of linear flow, when the velocity and the orienting
action of the flow are large, the flow structure is de-
termined by a series of disclination pairs of the AT
type, consisting of continuous lines (A) and singular
points (7). The structure of the flow lines is close to
the structure of Grandjean walls, since it is likewise
caused by a change of the conditions of twist in a layer.

4. DISCLINATION MODEL OF INSTABILITY

The experimental results obtained and the results of
the calculations show that a model describing the ob-
served effects must: 1) explain the peculiarities of the
optical anisotropy of the structure (the small change
of contrast on rotation of the polarizer, the abrupt
decrease of the optical path difference between the lines
of flow); 2) describe the reasons for and the mechanism
of the distortion of cholesteric layers, which leads first
to a wave-shaped distortion in the system of bands and

then to a two-dimensional spiral twist; 3) take into ac-
count the fact that at all stages of distortional recon-
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struction, the lines of flow are morphologically connect-
ed with concentration-dependent Grandjean lines of the
second order. The proposed disclination mechanism for
the origination, development, and relaxation of the in-
stability of plane flow of the NCM consists of the follow-
ing.

1. The initial stages of the diffusion of CP into MBBA
are characterized, on the one hand, by strong flow (of
the shear type), which for sufficiently large flow velo-
cities (of the order of tens of u m?/sec) effectively orients
n along the direction of flow; and, on the other hand, by
the presence of considerable gradients of concentration
and accordingly of the pitch of the spiral. Under con-
ditions of plane flow, this leads to the formation of con-
centrational Grandjean disclinations. The data of Sec. 3
and also the connection of Grandjean disclinations of

the second order, that is of disclination pairs
A™A",2* with the flow lines allows us to suppose that the

structure of the latter is also dependent on the appear-
ance of a system of axial disclination lines of opposite
signs.

A possible model of the structure of the lines of flow
is represented in Fig. 3. The difference of the de-
scribed structure from the usual Grandjean-Cano geom-
etry consists in the presence, along with disclinations
of the A* and A~ types, of 7" and 7~ disclinations, joined
into pairs of the wall type, connected with disclination
lines and point singularities. The appearance in the
flow-line structure of axial 7* and 7~ disclinations turns
out to be possible, because the line of a 7*7" pair is al-
ways parallel to the axis of the spiral of the cholesteric
liquid crystal (perpendicular to the local director), and
the molecules in the region of a 7 line have a tendency
to arrange themselves along it in order to decrease the
core energy, whose value is high on the 7 disclinations.

)

Furthermore, the structure of the A and 7 pairs is such
that the distances between the lines of the defects and the
corresponding singular points are related in a definite
way to the pitch of the helicoidal structure (7°7*-P/2,
TAY=3P/4,\"\"=P/2,7*\" = P/4).?> The presence of a
considerable and rapidly changing gradient of the pitch
in the direction of diffusion [from (1) and (2)].

—x3/4Dt
dz  (aDt)™ ¢ ! (15)

and also a certain anisotropy of the viscosity of the NCM
in the initial stage of flow, when the flow velocity is re-

FIG. 3. Disclination model of the structure of lines of flow.
The arrow shows the direction of the diffusion flow.
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latively large, leads to the existence of a change of
pitch within a system of lines. As a result, the struc-
ture of the flow lines is a set of pairs 3P/4,P/2,P/4,
located according to the change of gradient of the pitch.

The proposed model explains the morphological and
optical-structural features, described in the preceding
sections, of the band texture in the initial stages of
diffuse flow. The existence of light and dark lines, the
contrast of which is only slightly sensitive to rotation
of the polarizer, is caused by depolarization and scat-
tering of light by 7 lines with singular cores. The
abrupt change of the optical path difference is due,
apparently, to the close agreement of the structure of
the lines with the structure of Grandjean disclinations
of the second order.?°2’ The absence of correlation
between the helix pitch and the period of the lines is a
consequence of the close positioning of the cores of the
7 lines in the structure.

2. With decrease of the flow velocity and of the helix
pitch of the NCM, the structure of the lines of flow in
the system of bands becomes unstable; and when the .
flow reaches a critical (P, V) region, there occurs a re-
orientation of the director to a direction in the flow
plane perpendicular to the flow, The model being an-
alyzed enables us to consider a mechanism of reorien-
tation that describes the formation of wave-shaped dis-
tortions (see Fig. la). A schematic representation of
the process is shown in Fig. 4.

A peculiarity of the disclination structure of a system
of lines of flow is the fact that the pairs of disclinations
that form it are complexes of zero strength,”” and con-
sequently they do not interact with each other in the
configuration shown in Fig. 3. This means that for re-
latively large V and P, the system of bands is stable.

It is known that the structures of disclinations of the A
and T types are similar.?® For X and T lines, there is

a modification of the molecular arrangement such that

it changes a 7 disclination locally to the X type. This
transition is accomplished by rotation of the director
through 90° near the line of the defect. Under conditions
of diffuse flow, such a transition occurs especially
easily, since the energy of the cores of 7 disclinations
is large, there are singular points on the lines of cores,
and for a 7*7" pair there are even two discontinuities at
a time in the direction of the molecules. The energy of
a X\ line is much lower, because the director field on the
line of the defect experiences no singularity. Thus the
rotation of the director to a direction perpendicular to
the flow in the instability region is a consequence of the
disclination reaction 7— A.

FIG. 4.
instability on lines of flow. For clarity, the figure has been
turned 90° with respect to the preceding figure.

Interaction of disclinations during the development of
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After the transformation 7= A, the strengths of the
lines acquire different signs; and since the state of dis-
tortion of the quasinematic planes to the sides of the line
of the defect is already inhomogeneous. the complexes
of zero strength relax. The further development of
instability of plane flow is due to the association of
pairs of disclinations that originate in the system of
bands with concentration-dependent Grandjean disclina-
tions of the second order, whose structure is described
in the A*A" model. From geometric consideration it is
clear that lines of a A*A” pair in Grandjean disclinations
and A lines in the instability region may exist in planes
the distance between which does not exceed P/8. At
small vertical distances between lines of the same
strength, the tendency toward formation of pairs in-
creases abruptly.?” Therefore A lines of opposite signs
in the structure of the flow lines and Grandjean dis-
clinations tend to associate into pairs in the instability
region. This tendency leads to a turning of part of the
A lines along the Grandjean disclinations, so that inter-
action occurs with Grandjean lines of the second order;
alternating packets of lines rotate, as is shown in Fig.
4.

Undoubtedly the distinction between two independent
stages of development of the instability is to a certain
degree arbitrary. Under actual conditions, the 7= a
transition and the subsequent rotation of A pairs occur
practically simultaneously. Their successive accom-
plishment is possible, for example, as a result of
helicoidal glide®® of individual disclinations along the
gradient of the flow velocity. A consequence of this
process is the system of dynamic pairs of axial dis~
clinations A*A” depicted in Fig. 4. The partial de-
polarization and scattering of light by lines of pairs
shows up optically as wave-shaped light and dark lines,
whose periodicity correspond to the variation of the
gradient of the NCM helix in the direction of diffusion.

3. Further decrease of V and P is accompanied by
the specific effect of an increase of the influence of
secondary flow, directed perpendicularly to the pri-
mary and caused by the spiral structure of the NCM,
The peculiarity of the influence of secondary flow on
the cholesteric planes in the region of the A lines con-
sists in the fact that the twisting of the planes on dis-
clinations of the A and 7 types occurs in mutually per-
pendicular directions. This process is represented
schematically in Fig. 5. If the twisting occurs on
straight-line sections of A pairs, double spiral lines
appear (see Fig. 1b, left); deformation of quasinematic
planes at bends and breaks of the A lines shows up as a
segmentation of the structure of the flow lines, with
formation of an internal quasi-domain structure (see
Fig. 1b, right). Formation of a system of focal lines
and subsequent transition to a spatially periodic distor-
tion at small L/P occur always to one side of the flow
lines (see Fig. 1b). If we assume that in these stages
of diffusion the structure of the lines of flow is deter-
mined by double loops of disclination pairs A", then
we can show that these loops bound regions with num-
bers of half-turns of the cholesteric helix that differ
by one.®° Then the threshold and period of the two-di-
mensional distortion, which, other things being equal,
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FIG. 5. Distortion of cholesteric layers on lines of disclina-
tions during relaxation of instability.

are determined by the ratio L/P, will always be less
to one side of the defect. This is confirmed by direct
observations and measurements (see Fig. 1b).

Disclinations similar to Grandjean walls, but oriented
perpendicular to the latter, are encountered in choles-
teric LC with large pitch, placed in a wedge-shaped
cell. Stieb® showed that the structure of such disclina-
tions, as in the present work, is determined by com-
plexes of disclination lines with zero strength. These
complexes are formed by 90° rotation of the cores of
A lines joining into pairs; molecules in the region of
nonsingular cores are arranged perpendicular to the
local director. In our case, the inverse transition oc-
curs.

In conclusion, we mention Ref. 31, in which it was
discovered that the development of electrohydrodynamic
instability of plane texture of NCM with negative diel-
ectric anisotropy, in a field parallel to the axis of the
helix, is due to origination and interaction of pairs of
axial disclinations of the type A *A” and occurs when L
~P. The changes of the twist conditions here are anal-
ogous to those realized in our work. Probably the pro-
posed disclination mechanism of instability has a quite
general character in weakly twisted cholesteric sys-
tems.

DThe mean flow velocity was determined from the relation
v=Lx/t in order to make it possible to compare the results
for different thicknesses of the capillaries and for fixed width
of the gap. The first line in the concentration-determined
Grandjean texture separates the regions of nematic phase and
of mixture with cholesteric structure; therefore its velocity
of motion corresponds to the velocity of the diffusion front.

0n the Grandjean disclinations there is a substantial decrease
of the path difference.
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