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Cholesteric droplets dispersed in a polymer with homeotropic surface anchoring are studied. A director con-
figuration with the bipolar distribution of the axis of the helix is formed in droplets. The untwisting of the heli-
cal structure (i.e., an increase in the pitch of the helix) is experimentally observed at a decrease in the size of
droplets. This dependence is analyzed for liquid crystal droplets with various concentrations of the chiral
addition. A proposed empirical relation describes well the correlation of the helix pitch and the size of droplets

in the studied samples.
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1. Chiral liquid crystals are of great scientific and
technological interest. They are used as model objects
for experimental studies of topological properties in
the fields of physics [1—3], biophysics [4], and materi-
als science [5]. Droplets of chiral liquid crystals have
unique orientational structure, optical, and other
properties because of the combination of a closed sur-
face and the tendency of the director n (unit vector
directed along the preferable orientation of long axes
of molecules of liquid crystals) to form a twisted struc-
ture [6—13]. Recently, chiral liquid crystal droplets, in
particular, chiral nematics (cholesteric liquid crys-
tals), have been widely used in various fields of mate-
rials science. For example, in optics and photonics,
cholesteric liquid crystal droplets were used as cavities
for creating microlasers [14, 15], as well as photome-
chanical [16] and thermomechanical devices [17]. The
optical and dielectric properties of cholesteric liquid
crystals and their response to external actions depend
on the configuration of the director n implemented
inside droplets [18], which is in turn determined by
boundary conditions (orientation of the director at the
boundary of droplets), material parameters of choles-
teric liquid crystals, and the relation of the pitch of the
helix of cholesteric liquid crystals p, and the size of
droplets d. In particular, in the case of tangential
boundary conditions, a twisted bipolar configuration,
a structure with a radial defect, and a transient struc-
ture are formed in cholesteric liquid crystal droplets at
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d/p, <1.5,d/p, > 3, and intermediate ratio, respec-
tively [19].

The pitch of the helix and, therefore, the character-
istics of cholesteric liquid crystals can be controlled by
the temperature [8, 20, 21], optical radiation [22], and
electric (magnetic) field [21, 23]. The parameters of
the response (e.g., the threshold field) are determined
by, in particular, the pitch of the helix p in the initial
state, which does not generally coincide with the pitch
of the helix p, observed in a bulk cholesteric liquid
crystal (intrinsic pitch of the helix). This difference is
due to the effect of boundary surfaces on which the
director n has a given orientation. For example, in a
planar cell with homeotropic boundary conditions
(the director n is perpendicular to the interface),
which is filled with a cholesteric layer with the thick-
ness L, the helix of cholesteric liquid crystals is
untwisted at the ratio L/p, <1 and a homogeneous
nematic structure occurs [24, 25]. At L/p, >1, a
twisted configuration of the director is formed but the
pitch of the helix p is larger than the intrinsic pitch of
the helix p, and depends on the thickness of the layer
L [24-27]. A similar effect of the untwisting of the
helix is observed in cylindrical cavities [28—30]; in this
case, the difference of the pitch of the helix from the
intrinsic pitch has a complex, sometimes nonmono-
tonic dependence [29, 30].
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Fig. 1. (Color online) Photographs of cholesteric liquid crystal droplets with the sizes of (a) 17 and (b—e) 18—19 um taken without
the analyzer for the concentrations C = (a, b) 3.0, (c) 4.5, (d) 6.7, and (e) 7.7%, where N is the number of intervals between the
optical texture lines, and the double arrows indicate the orientation of the polarizer. (f) Schematic of the structure with the bipolar

distribution of the axis of cholesteric liquid crystals for N = 12. The distance between the solid lines corresponds to half the pitch
of the helix. The dashed lines show the orientation of the axis of the helix in various regions of the droplet.

The effect of surface anchoring on pitch of the helix
in cholesteric liquid crystal droplets is insufficiently
studied. In particular, it was shown in [10] that the
pitch of the helix in the structure with a radial defect is
close to the intrinsic pitch of the helix p,. In choles-
teric liquid crystal droplets with weak anchoring, e.g.,
in droplet-like nuclei of a thermotropic cholesteric,
which appear at the cooling of the isotropic phase, the
twisted structure is undeformed with the pitch of the
helix p, [17]. By analogy with a planar layer [24, 25],
it is possible to assume that the interface in droplets
with strong homeotropic anchoring can significantly
affect the pitch of the helix. However, the chirality of
the structure in such cholesteric liquid crystal droplets
has not yet been analyzed. In particular, the authors of
[12] mentioned that an untwisted radial structure is

observed in droplets with d/p, < 0.7 and the authors
of [31] showed that pitch of the helix in spheroidal
inclusions of a cholesteric polymer liquid crystal in an
isotropic polymer is 10% larger than that in a bulk chi-
ral polymer liquid crystal. In this work, we study the
chirality of the structure in cholesteric liquid crystal
droplets with homeotropic anchoring.

2. We study a cholesteric liquid crystal based on E7
(Merck) nematic doped in cholesteryl acetate with
concentrations C = 3.0, 4.5, 6.7, 7.7 wt %. The intrin-
sic pitch of the helix p, for all concentrations was mea-
sured by the droplet method [32]. The intrinsic pitch

of the helix p, demonstrates a classical linear depen-
dence on C ™' with the twisting power B = 6.1 um~_.

In order to obtain droplets with homeotropic
anchoring, cholesteric liquid crystals were dispersed in
poly(isobutyl methacrylate) (Sigma Aldrich), which
specifies homeotropic boundary conditions for E7
nematic [33]. The composite film samples were fabri-
cated by the TIPS technology [34] with the weight
ratio cholesteric liquid crystal : poly(isobutyl methac-
rylate) = 60 : 40. The size of droplets d (visible diam-
eter of droplets in the sample plane) was specified by
the cooling rate and was in the range of 5—30 um. The
studies were performed with an Axio Imager.Alm
(Carl Zeiss) polarization optical microscope at a tem-
perature of r = 25°C.

The studied samples exhibit various optical tex-
tures, including droplets with periodically arranged
lines (Fig. 1). Such droplets most often appear at the
ratio d/p, > 2.5. The shape of the lines is close to a
circular arc perpendicular to the boundary of the
droplet, which corresponds to an orientational struc-
ture with a bipolar distribution of the axis of choles-
teric liquid crystals [6, 35] characteristic of droplets
with homeotropic anchoring. The observed lines cor-
respond to the identical orientation of the director
with respect to the observation direction in the central
cross section of the droplet; consequently, the distance
between the lines is equal to the distance at which the
director is turned by 1t (half'the pitch of the helix p/2).
Consequently, such structures are convenient for the
determination of the pitch of the helix in a droplet. It
is noteworthy that the pitch of the helix depends on the
position of the measurement point. For example, the
pitch measured along the bipolar axis is smaller than
the pitch of the helix measured near the equatorial
region of the boundary. It is convenient to analyze the
relative chirality parameter N = 2d/p [9], which is the
number of w-turns of the director along the bipolar
axis. In the general case, NV is not an integer, which
complicates its estimate. For this reason, N is deter-
mined for the droplets, where the extreme texture lines
reach the bipolar poles; in this case, N is an integer
(Fig. 1a).

The dependence of N on d for all studied concen-
trations C of the chiral addition is nonlinear,
N < N, =2d/p,, and the difference between N values
increases with a decrease in the size of droplets d
(Fig. 2). This means that the pitch of the helix p
depends significantly on d.

Figure 3 shows the dependences of N -d on d 2,
The analysis of the data provides the following expres-
sion for N :

N=a-d-b/d. (1

Here, the coefficient a can be determined from the
condition that the second term becomes negligibly
small at a sufficiently large size of droplets; i.e., the
number of t-turns of the director on the diameter of
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Fig. 2. (Color online) Experimental dependences N(d)

and dependences N = 2d/p, for the concentrations of
the chiral addition C = (squares, dashed line) 3.0, (circles,
solid line) 4.5, (triangles, dash-dot-dot line) 6.7, and (dia-
monds, dotted line) 7.7%.

droplets is specified by the intrinsic pitch of the helix:
N, = ad = 2d/p,; therefore, a = 2/p,. This is in good
agreement with the experiment according to the third
and fourth columns of the table, where it is also seen
that the coefficient b decreases monotonically with an
increase in the concentration of the chiral addition

(with a decrease in the intrinsic pitch of the helix p,).
Expression (1) can be represented as

2nd _2nd _mb &

P p d’
where g = 2n/p is the magnitude of the wave vector
along the bipolar axis of the cholesteric liquid crystal
droplets. Then, Eq. (2) becomes

b b
q=qo—?=qo£1—q0d2j- (3)

It is noteworthy that a similar expression for the

magnitude of the wave vector g, in the planar layer of
the cholesteric liquid crystal at homeotropic boundary
conditions with the axis of the helix parallel to the sub-
strate was obtained in [25]:

| 1+2log(2gr) |
= 1 , 4
q; QO( | OL ( )

where v= K,/K, K = K, = K5, K, are the elasticity
constants, r is the radius of the singular linear defect,
and L is the thickness of the layer of the cholesteric
liquid crystal. The comparison of Egs. (3) and (4)
shows that, with a decrease in the size of cholesteric
liquid crystal droplets, ¢ decreases (the pitch of the
helix increases) more rapidly than the pitch of the

helix g, in the planar layer with comparable thickness.
Dependences (3) and (4) on the size parameter are dif-
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Fig. 3. (Color online) Nd versus d 2 for the concentrations
of the chiral addition C = (squares) 3.0, (circles) 4.5, (tri-
angles) 6.7, and (diamonds) 7.7% and the linear approxi-
mations of the corresponding experimental data.

ferent because the orientational structure in the con-
sidered droplets has an axial symmetry and the bound-
ary of droplets provides the untwisting effect on the
helix of the cholesteric liquid crystal in two directions,
whereas this effect in the planar layer occurs only in
one direction.

3. Thus, the previous studies of the effect of
boundary surfaces on the pitch of the cholesteric helix
primarily concerned cholesteric liquid crystal layers
and cylindrical capillaries [21, 24—30]. Similar phe-
nomena could be expected and for cholesteric droplets
with homeotropic anchoring. The experiments in this
work certainly demonstrate the effect of untwisting of
the cholesteric helix in droplets. The proposed empir-
ical expression (1) approximates well the experimental
dependences of the number of turns of the helix on the
size of cholesteric liquid crystal droplets for all studied
samples with various concentrations of the chiral
addition. The results are important both for the analy-
sis of topological structures in droplet ensembles of
cholesteric liquid crystals and for the possible applica-
tions of cholesterics in various optoelectronic and
photonic devices because the pitch of the helix is the
most important structural parameter determining the

Intrinsic pitch of the helix p, at various concentrations C of
the chiral addition and the coefficients a and b

C,%| pp,um |2/pg,um~'| @, um™! b, um

30 | 5.5£0.3 [0.36+£0.02|0.36 +0.04[46.7 £12.9
45| 3.7+0.2 [0.54+0.03|0.56+0.02| 26.9+5.2
6.7 | 2.4+£0.1 [0.83£0.04/0.81£0.02| 18.3+3.9
77 1 2.0+0.1 {1.00+0.05[1.01+0.01| 7.9+1.7
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optical and electro-optical characteristics of choles-
teric liquid crystal cells.
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