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Abstract: Cholesteric droplets dispersed in polymer with conical boundary conditions have been
studied. The director configurations are identified by the polarising microscopy technique. The
axisymmetric twisted axial-bipolar configuration with the surface circular defect at the droplet’s
equator is formed at the relative chirality parameter Ny < 2.9. The intermediate director configuration
with the deformed circular defect is realised at 2.9 < Ny < 3.95, and the layer-like structure with the
twisted surface defect loop is observed at Ny > 3.95. The cholesteric layers in the layer-like structure
are slightly distorted although the cholesteric helix is untwisted.

Keywords: cholesteric liquid crystal; droplet; optical texture; orientational structure; conical surface
anchoring; topological defect.

1. Introduction

Recently, the droplet dispersions of liquid crystals (LCs) in a solid or liquid matrix attract more
interest of researchers [1-9]. The optical properties of such materials depend on the orientational
structures (director configurations) formed in LC droplets [6]. The configuration of director n (a
unit vector oriented along the preferred orientation of the long axes of molecules), in turn, depends
on the LC elastic constants, boundary conditions (preferred director orientation on the interface,
LC anchoring energy), droplet’s size and shape, applied electric (magnetic) field [1,10-12]. The
orientational structure and, consequently, the optical properties of such liquid crystal materials can
be changed by modifying the boundary conditions [13-17], varying LC parameters or applying an
electric field [1]. It makes possible to use them in the electrically controlled shutters [18,19], sensors
[20,21], lasers [22,23], polarizers [24,25], etc.

Cholesteric liquid crystals (CLCs) in a free state are characterised by a helical structure of the
director field with an intrinsic helix pitch pg (the distance at which the director turns by 27t angle).
The orientational structure of cholesteric in the droplets depends on the ratio of droplet diameter
d to pg [26-30]. The relative chirality parameter Ny = 2d/pg indicating the number of 7t turns on
the droplet diameter is usually applied to analyse this dependence. For instance, at the tangential
boundary conditions (the director n is oriented parallel to the interface) the twisted bipolar structure
is formed at Ny < 2 [26-28,31,32] and the structure with diametrical or radial dislocations is realised
at Ny > 5 [8,31-33]. A number of possible metastable configurations were theoretically examined in
Ref. [29]. Influence of the electric field on the CLC orientational structures in the droplets with the
tangential boundary conditions was studied in detail in Ref. [34,35].

In the cholesteric droplets with homeotropic boundary conditions (the director n is oriented
perpendicular to the interface), the helical ordering of the director is frustrated, that leads to the
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formation of various orientational structures [33,35-40]. Thus, structures with point defect (hedgehog)
in the bulk or near the droplet surface are observed at small Ny < 2.5 [36,37]. The layer-like structure
with the double twisted defect loop [33,35,38—40] or structures with several points defects [36,37] are
formed at large Ny > 2.5. When 2.9 < Ny < 5.8, the axisymmetric structure with the surface circular
defect at the droplet’s equator is formed [41,42].

Currently, the cholesteric droplets with conical boundary conditions (director n is tilted to the
interface by the angle 0° < 6y < 90°) have not been sufficiently studied. It is known that a weak conical
anchoring appears at the interface of LC and own isotropic phase. In this case, the axisymmetric
(Cs) double twisted structure (Ny < 2) or the defect-free structure with the uniform helix axis
distribution (Np > 2) have been observed in cholesteric droplets [43-46]. Recently, we have obtained
and investigated the nematic droplets dispersed in polymer with the conical boundary conditions [47].
Several orientational structures differing by the type and relative arrangement of surface and bulk
topological defects are formed in such droplets [12].

In the present paper the orientational structures of the cholesteric droplets dispersed in polymer
with conical boundary conditions have been studied.

2. Results and Discussion

2.1. Twisted axial-bipolar structure

At the conical boundary conditions the axial-bipolar configuration is the most frequently realised
within the droplets of LN-396 nematic [12]. This structure is characterised by two surface point defects
(boojums) located at the diametrically opposite poles of the droplet and the surface circular defect
at the droplet’s equator (Fig. 1). The specific feature of the axial-bipolar configuration is a random
orientation of the bipolar axis relative to the short axis of oblate droplets (the normal to the composite
film plane) formed in the sample. For this reason, the various optical textures of nematic droplets with
the axial-bipolar structure are observed [47,48].

6 um 12 ym 6 um

(@) (b) (c) (d) (e)

Figure 1. The nematic LN-396 droplets with the axial-bipolar configuration. Scheme of the director
field in the droplet central section passing through the bipolar axis (a). POM photos of the droplets
with the bipolar axis oriented parallel (b), at approximately 60° angle (c) and perpendicular (d) to the
sample plane taken in the crossed polarisers (top row) and without analyser (bottom row). Scheme of
the director field in the central section perpendicular to the bipolar axis (e). Violet semicircles indicate
the surface point defects, the orange rectangles indicate the sections of circular defect in (a), and the
orange dashed line indicates the circular defect in (e). Hereinafter, the orientation of polarisers is
indicated by the double arrows.

The axisymmetric twisted axial-bipolar configuration is formed in the cholesteric droplets at
Np < 2.9 under conical surface anchoring (Fig. 2, Fig. 3). The director twist angle on the droplet
diameter in the equator plane (the plane of the circular defect) depends on Ny and can be measured by
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the method of rotating polariser and analyser [49]. For instance, the twist angle is 130° & 5° for droplets
with Ny = 2.2,160° £ 5° at Ny = 2.5, and 180° +5° at Ny = 2.9. Like in nematic droplets, the symmetry
axis of the twisted axial-bipolar droplets is oriented differently relative to the sample plane (Fig. 2, 3).
Figure 3b shows the droplet in which the circular defect is situated in the film plane and Figures 3c,d
demonstrate the droplet with the symmetry axis tilted to the film plane by an angle approximately
50°. In the last case, the circular surface defect and two boojums located above and below the central
cross-section of droplet can be clearly observed by changing a position of the microscope focus [47].

(a) (b) (c) (d)

Figure 2. POM photos of the cholesteric droplets at Ny = 2.9 taken in the crossed polarisers (top row)
and without analyser (bottom row). The circular defect plane is perpendicular to the film plane. The
polariser is oriented parallel (a), at angle 45° (b) and perpendicular (c) to the circular defect plane.
Scheme of the director orientation in the central droplet section (d).

(a) (b) (c) (d)

Figure 3. The cholesteric droplets at Ny = 2.9. Scheme of the director orientation in the central cross
section of droplet with the plane of circular defect parallel to film plane (a). POM photos of CLC
droplets with the circular defect plane oriented parallel (b), at approximately 50° angle (c), (d) to the
film plane taken in the crossed polarisers (top row) and without analyser (bottom row). The microscope
is focused on the upper (c) and lower (d) part of the circular defect. Single arrows indicate a position of
the linear defect.
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2.2. Layer-like structure

The layer-like structure is formed in the cholesteric droplets under both tangential and
homeotropic boundary conditions at sufficiently high Ny [38,39]. In CLC droplets under conical
boundary conditions the layer-like structure is observed at Ny > 3.95 (Fig. 4). The sharp isoclinic lines
are revealed when the cholesteric layers are orthogonal to the film plane in the central cross-section
of CLC droplet (Fig. 4). These lines correspond to the areas in the cross-section of droplet where the
director is oriented parallel to the microscope axis [38]. The layer-like structure is characterised by
minor deformation of cholesteric layers (isoclinic lines are slightly curved), and the number N of 7t
director turns on the droplet diameter is less than Ny (the effect of cholesteric helix untwisting [50]).
In this case, the discrepancy between N and Ny decreases as the droplet’s diameter increases. The
values of N and N for different sizes of CLC droplets are presented in Table 1. The droplets with
characteristic optical texture at N close to the integer value were chosen for measurement [50]. It is
seen that Ny is approximately twice value of N for the droplet of d = 19.2 ym, and the ratio of Nj to the
corresponding N = 6 (d = 43.3 ym) is 1.49. Thus, as the droplet’s diameter increases the ratio No/ N
decreases more slowly than in the droplets under the strong homeotropic anchoring [50]. Apparently,
this effect is due to not strong polar anchoring strength of LC with polymer [47].

(@) (b)

Figure 4. POM photos of cholesteric droplets at Ny = 5.2 taken in the crossed polarisers (top row)
and without analyser (bottom row). The microscope is focused on the linear defect above the droplet
centre (a), on the droplet centre (b) and on the linear defect below the droplet centre (c). Schemes of the
director orientation in the central section of the droplet (d) and the twisted defect loop on the droplet
surface (e). Single arrows indicate a position of the linear defect.

Table 1. The values of N and Nj for the different droplet diameters d.

d,pm 192 247 301 368 433

N 20 30 40 50 6.0

No 396 5.09 621 759 893

A formation of the layer-like structure leads to either a local disturbance of the boundary
conditions, as in the case of weak surface anchoring [45] or an appearance of the linear surface
defect as in the case of strong homeotropic anchoring [38]. The double twisted defect loop is formed
near the droplets surface under study (Fig. 4, 5). The linear surface defect transverse the central droplet
section at the points located at the isoclinic lines, therefore the director is parallel to the interface
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near the linear defect. If the cholesteric axis is oriented mainly perpendicular to the film plane, the
cholesteric layers are practically invisible (Fig. 5b). When changing the microscope focus it can be seen
the double twisted defect loop (Fig. 5).

Erp——
slole
N 7%
® (S

(a) (b) (c)

Figure 5. POM photos of cholesteric droplets at Ny = 5.2 taken in the crossed polarisers (top row) and

without analyser (bottom row). The microscope is focused on the linear defect above the droplet centre
(a), on the droplet centre (b) and on the linear defect below the droplet centre (c). Scheme of the twisted
defect loop on the droplet surface (d). Single arrows indicate the position of the linear defect.

The twisted bipolar structure (Ng < 2.9) has the Co symmetry axis, and the layer-like
configuration (Np > 3.96) has the C, symmetry axis. A transition from one configuration to another
one proceeds smoothly as Ny increases. The intermediate structures with the defect line deformed
around the droplet’s equator are observed at 2.9 < Ny < 3.96. At that, the deformation degree of this
line increases as Ny rises up to 3.96 (Fig. 6).

3. Materials and Methods

The nematic mixture LN-396 (Belarusian State Technological University) doped with the
left-handed chiral additive cholesteryl acetate (Sigma Aldrich) was used as a cholesteric. The
concentration of cholesteryl acetate was 1.5%, that corresponds to pg = 9.7 ym [51]. The cholesteric
was dispersed in poly(isobutyl methacrylate) (PiBMA) (Sigma Aldrich) by the solvent-induced phase
separation technique [1]. PiBMA specifies for the nematic mixture LN-396 the conical boundary
conditions with the director tilt angle at the interface 6y = 50° [47]. The weight ratio of the components
was CLC : PIBMA =50 : 50. The droplet size d was varied in the range of 7—45 ym. The average film
thickness was 40 ym. The CLC droplets were studied by means of the polarising optical microscope
(POM) Axio Imager.Alm (Carl Zeiss) at the temperature ¢ = 25 °C.

4. Conclusions

The orientational structures in cholesteric droplets with the unique conical boundary conditions
with the director tilt angle 8y = 50° have been studied. In such droplets, various combinations of
topological features were revealed that are inherent to both nematic droplets with conical anchoring
[47] and cholesteric droplets with homeotropic boundary conditions [42]. The axisymmetric twisted
axial-bipolar configuration characterised by two boojums and the surface circular defect at the droplet’s
equator is formed at Ny < 2.9. It has been shown that the orientational structure intermediate
between axisymmetric and layer-like is realised at 2.9 < Ny < 3.95. In such structure, the defect
ring is deformed around the droplet’s equator. The layer-like structure with a minor deformation
of cholesteric layers and the twisted defect loop on droplet’s surface is formed at Ny > 3.95. The
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(f)
Figure 6. POM photos of cholesteric droplets at Ny = 3.05 (a), Ny = 3.25 (b), Ny = 3.60 (c), Np = 3.71
(d), Np = 3.92 (e), and Ny = 3.98 (f) taken in the crossed polarisers (first row) and without analyser
when the microscope is focused on the centre (second row) and above the droplet centre (third row).
Schemes of the twisted defect loops on the droplet surface (fourth row).

untwisting of the cholesteric helix is observed in the layer-like structure, at that the discrepancy
between N and Ny decreases as the droplet diameter increases more slowly than in the droplets with
the strong homeotropic anchoring [50]. Apparently, the effect is due to the weak polar energy of
conical anchoring. As a result, both the value of Ny and the size of the droplet should affect the formed
structure similar to the case of CLC in the flat layer with tangential-conical boundary conditions, where
the orientational structure depends not only on the ratio of layer thickness to the intrinsic helix pitch
but and the CLC layer thickness [51]. The composite material under study can be interesting for the
development of CLC dispersed systems in which the layer structure uniformity is an important factor,
for instance, for optical lasing [52].

Author Contributions: A.P.G. and M.N.K. performed the experiments, analysed the optical patterns and
orientational structures of CLC droplets, V.Y.Z. supervised the study. All authors wrote and reviewed the
manuscript.

Funding: The authors are grateful for the financial support by the Russian Science Foundation (grant No.
18-72-10036).

Conflicts of Interest: The authors declare no conflict of interest.

1. Drzaic, P.S. Liquid crystal dispersions; World Scientific, 1995.
Urbanski, M.; Reyes, C.G.; Noh, J.; Sharma, A.; Geng, Y.; Subba Rao Jampani, V.; Lagerwall, J. PF. Liquid
crystals in micron-scale droplets, shells and fibers. Journal of Physics: Condensed Matter 2017, 29, 133003.
doi:10.1088/1361-648X/aa5706.


https://doi.org/10.1088/1361-648X/aa5706

136

137

138

146

147

148

149

150

151

152

153

161

162

163

164

165

166

167

168

176

177

178

179

180

181

182

183

Version March 19, 2020 submitted to Molecules 7 of 9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Lancia, F.; Yamamoto, T.; Ryabchun, A.; Yamaguchi, T.; Sano, M.; Katsonis, N. Reorientation behavior
in the helical motility of light-responsive spiral droplets. = Nature Communications 2019, 10, 5238.
do0i:10.1038 /541467-019-13201-6.

Shvetsov, S.; Orlova, T.; Emelyanenko, A.V.; Zolot'’ko, A. Thermo-optical generation of particle-like
structures in frustrated chiral nematic film. Crystals 2019, 9, 574. doi:10.3390/ cryst9110574.

Lopez-Leon, T.; Fernandez-Nieves, A. Drops and shells of liquid crystal. Colloid and Polymer Science 2011,
289, 345-359. do0i:10.1007/s00396-010-2367-7.

Kitzerow, H.S. Polymer-dispersed liquid crystals from the nematic curvilinear aligned phase to ferroelectric
films. Liquid Crystals 1994, 16, 1-31. do0i:10.1080/02678299408036517.

Darmon, A.; Benzaquen, M.; Copar, S.; Dauchot, O.; Lopez-Leon, T. Topological defects in cholesteric
liquid crystal shells. Soft Matter 2016, 12, 9280-9288. doi:10.1039/C6SM01748G.

Tran, L.; Lavrentovich, M.O.; Beller, D.A; Li, N.; Stebe, K.J.; Kamien, R.D. Lassoing saddle splay and the
geometrical control of topological defects. Proceedings of the National Academy of Sciences of the United States
of America 2016, 113, 7106-7111. d0i:10.1073/pnas.1602703113.

Tran, L.; Kim, H.N.; Li, N.; Yang, S.; Stebe, K.J.; Kamien, R.D.; Haase, M.F. Shaping nanoparticle fingerprints
at the interface of cholesteric droplets. Science Advances 2018, 4, eaat8597. doi:10.1126/sciadv.aat8597.
Erdmann, J.H.; Zumer, S.; Doane, J.W. Configuration transition in a nematic liquid crystal confined to a
small spherical cavity. Physical Review Letters 1990, 64, 1907-1910. doi:10.1103/PhysRevLett.64.1907.
Rudyak, V.Y.,; Emelyanenko, A.V.; Loiko, V.A. Structure transitions in oblate nematic droplets. Physical
Review E 2013, 88, 052501. doi:10.1103/PhysRevE.88.052501.

Rudyak, V.Y,; Krakhalev, M.N.; Prishchepa, O.O.; Sutormin, V.S.; Emelyanenko, A.V.; Zyryanov, V.Y.
Orientational structures in nematic droplets with conical boundary conditions. JETP Letters 2017,
106, 384-389. do0i:10.1134/50021364017180102.

Prishchepa, O.0.; Shabanov, A.V.; Zyryanov, V.Y. Director configurations in nematic droplets with
inhomogeneous boundary conditions. Physical Review E 2005, 72,031712. doi:10.1103/PhysRevE.72.031712.
Zyryanov, V.Y.; Krakhalev, M.N.; Prishchepa, O.0.; Shabanov, A.V. Orientational structure transformations
caused by the electric-field-induced ionic modification of the interface in nematic droplets. [ETP Letters
2007, 86, 383-388. doi:10.1134/50021364007180087.

Zyryanov, V.Y.; Krakhalev, M.N.; Prishchepa, O.O.; Shabanov, A.V. Inverse regime of ionic modification of
surface anchoring in nematic droplets. JETP Letters 2008, 88, 597-601. doi:10.1134/5002136400821011X.
Gupta, J.K,; Abbott, N.L. Principles for manipulation of the lateral organization of aqueous-soluble
surface-active molecules at the liquid crystal-aqueous interface.  Langmuir 2009, 25, 2026-2033.
do0i:10.1021/1a803475¢.

Krakhalev, M.N.; Sutormin, V.S.; Prishchepa, O.0O.; Kuz'menok, N.M.; Mikhalyonok, S.G.; Bezborodov,
VS.; Zyryanov, V.Y. Anionic-cationic surfactant mixture providing the electrically controlled
homeotropic surface anchoring of liquid crystals.  Journal of Molecular Liquids 2019, 282, 57-62.
doi:10.1016/j.molliq.2019.02.132.

Doane, ].W.; Vaz, N.A.; Wu, B.; Zumer, S. Field controlled light scattering from nematic microdroplets.
Applied Physics Letters 1986, 48, 269-271. do0i:10.1063/1.96577.

Bouteiller, L.; Lebarny, P. Polymer-dispersed liquid crystals: Preparation, operation and application. Liguid
Crystals 1996, 21, 157-174. doi:10.1080/02678299608032820.

Manna, U.; Zayas-Gonzalez, Y.M.; Carlton, R.J.; Caruso, F.; Abbott, N.L.; Lynn, D.M. Liquid crystal
chemical sensors that cells can wear. Angewandte Chemie - International Edition 2013, 52, 14011-14015.
doi:10.1002 /anie.201306630.

Wang, Y.; Zhao, L.; Xu, A.; Wang, L.; Zhang, L.; Liu, S.; Liu, Y.; Li, H. Detecting enzymatic reactions in
penicillinase via liquid crystal microdroplet-based pH sensor. Sensors and Actuators, B: Chemical 2018,
258,1090-1098. doi:10.1016/j.snb.2017.12.012.

Wang, Y.; Li, H.; Zhao, L.; Liu, Y;; Liu, S.; Yang, J. Tunable whispering gallery modes lasing in dye-doped
cholesteric liquid crystal microdroplets. Applied Physics Letters 2016, 109, 231906. doi:10.1063/1.4971973.
Humar, M. Liquid-crystal-droplet optical microcavities. Liquid Crystals 2016, 43, 1937-1950.
doi:10.1080/02678292.2016.1221151.

Bloisi, F.; Ruocchio, C.; Terrecuso, P.; Vicari, L. Optoelectronic polarizer by PDLC. Liquid Crystals 1996,
20, 377-379. doi:10.1080/02678299608032048.


https://doi.org/10.1038/s41467-019-13201-6
https://doi.org/10.3390/cryst9110574
https://doi.org/10.1007/s00396-010-2367-7
https://doi.org/10.1080/02678299408036517
https://doi.org/10.1039/C6SM01748G
https://doi.org/10.1073/pnas.1602703113
https://doi.org/10.1126/sciadv.aat8597
https://doi.org/10.1103/PhysRevLett.64.1907
https://doi.org/10.1103/PhysRevE.88.052501
https://doi.org/10.1134/S0021364017180102
https://doi.org/10.1103/PhysRevE.72.031712
https://doi.org/10.1134/S0021364007180087
https://doi.org/10.1134/S002136400821011X
https://doi.org/10.1021/la803475c
https://doi.org/10.1016/j.molliq.2019.02.132
https://doi.org/10.1063/1.96577
https://doi.org/10.1080/02678299608032820
https://doi.org/10.1002/anie.201306630
https://doi.org/10.1016/j.snb.2017.12.012
https://doi.org/10.1063/1.4971973
https://doi.org/10.1080/02678292.2016.1221151
https://doi.org/10.1080/02678299608032048

189

190

191

199

200

201

202

203

204

205

206

214

215

216

217

218

219

229

230

231

232

233

234

235

236

Version March 19, 2020 submitted to Molecules 80f9

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Krakhalev, M.N.; Prishchepa, O.0O.; Sutormin, V.S.; Zyryanov, V.Y. Polymer dispersed nematic liquid
crystal films with conical boundary conditions for electrically controllable polarizers. Optical Materials
2019, 89, 1-4. doi:10.1016/j.optmat.2019.01.004.

Xu, E; Crooker, P.P. Chiral nematic droplets with parallel surface anchoring. Physical Review E 1997,
56, 6853-6860. doi:10.1103/PhysRevE.56.6853.

Zhou, Y.; Bukusoglu, E.; Martinez-Gonzélez, ].A.; Rahimi, M.; Roberts, T.F; Zhang, R.; Wang, X.; Abbott,
N.L.; de Pablo, ].J. Structural transitions in cholesteric liquid crystal droplets. ACS Nano 2016, 10, 6484-6490.
d0i:10.1021/acsnano.6b01088.

Gardymova, A.P. Orientation structures of the chiral nematic droplets in a polymer matrix. Liguid Crystals
and Their Application 2015, 15, 73-80.

Seg, D.; Porenta, T.; Ravnik, M.; Zumer, S. Geometrical frustration of chiral ordering in cholesteric droplets.
Soft Matter 2012, 8, 11982. doi:10.1039/c2sm27048;.

Prishchepa, O.0O.; Zyryanov, V.Y.; Gardymova, A.P,; Shabanov, V.F. Optical textures and orientational
structures of nematic and cholesteric droplets with heterogeneous boundary conditions. Molecular Crystals
and Liquid Crystals 2008, 489, 84/[410]-93/[419]. doi:10.1080/15421400802219817.

Bezi¢, ].; Zumer, S. Structures of the cholesteric liquid crystal droplets with parallel surface anchoring.
Liquid Crystals 1992, 11, 593-619. d0i:10.1080/02678299208029013.

V., KM,; Lavrentovich, O.D. Negative-positive monopole transitions in cholesteric liquid crystals. JETP
Letters 1982, 35, 444-447.

Bouligand, Y.; Livolant, F. The organization of cholesteric spherulites.  Journal de Physique 1984,
45,1899-1923. doi:10.1051/jphys:0198400450120189900.

Yang, D.K.; Crooker, P.P. Field-induced textures of polymer-dispersed chiral liquid crystal microdroplets.
Liquid Crystals 1991, 9, 245-251. doi:10.1080/02678299108035502.

Kitzerow, H.S.; Crooker, P. Electric field effects on the droplet structure in polymer dispersed cholesteric
liquid crystals. Liquid Crystals 1993, 13, 31-43. doi:10.1080/02678299308029051.

Posnjak, G.; Copar, S.; Musevig, I. Points, skyrmions and torons in chiral nematic droplets. Scientific Reports
2016, 6, 26361. doi:10.1038/srep26361.

Posnjak, G.; Copar, S.; Musevi¢, I. Hidden topological constellations and polyvalent charges in chiral
nematic droplets. Nature Communications 2017, 8, 14594. doi:10.1038/ncomms14594.

Krakhalev, M.N.; Gardymova, A.P,; Prishchepa, O.O.; Rudyak, V.Y.; Emelyanenko, A.V,; Liu, ].H.; Zyryanov,
V.Y. Bipolar configuration with twisted loop defect in chiral nematic droplets under homeotropic surface
anchoring. Scientific Reports 2017, 7. doi:10.1038/s41598-017-15049-6.

Se¢, D.; Copar, S.; Zumer, S. Topological zoo of free-standing knots in confined chiral nematic fluids. Nature
Communications 2014, 5, 3057. doi:10.1038 /ncomms4057.

Orlova, T.; Asshoff, S.J.; Yamaguchi, T.; Katsonis, N.; Brasselet, E. Creation and manipulation of topological
states in chiral nematic microspheres. Nature Communications 2015, 6, 7603. doi:10.1038/ncomms8603.
Krakhalev, M.N.; Rudyak, V.Y.; Gardymova, A.P; Zyryanov, V.Y. Toroidal configuration of a
cholesteric liquid crystal in droplets with homeotropic anchoring. JETP Letters 2019, 109, 478-481.
doi:10.1134/50021364019070075.

Krakhalev, M.N.; Rudyak, V.Y.; Prishchepa, O.O.; Gardymova, A.P; Emelyanenko, A.V,; Liu, ].H.; Zyryanov,
V.Y. Orientational structures in cholesteric droplets with homeotropic surface anchoring. Soft Matter 2019,
15, 5554-5561. doi:10.1039/C9SM00384C.

Oswald, P. Lehmann rotation of cholesteric droplets subjected to a temperature gradient:
Role of the concentration of chiral molecules. European Physical Journal E 2009, 28, 377-383.
doi:10.1140/epje/i2008-10431-3.

Ito, F.; Yoshioka, J.; Tabe, Y. Heat-driven rotation in cholesteric droplets with a double twisted structure.
Journal of the Physical Society of Japan 2016, 85, 114601. doi:10.7566/]PS].85.114601.

Yoshioka, J.; Ito, E,; Tabe, Y. Stability of a double twisted structure in spherical cholesteric droplets. Soft
Matter 2016, 12, 2400-2407. doi:10.1039/C55SM02838H.

Poy, G.; Bunel, F.; Oswald, P. Role of anchoring energy on the texture of cholesteric droplets: Finite-element
simulations and experiments. Physical Review E 2017, 96, 012705. do0i:10.1103 /PhysRevE.96.012705.


https://doi.org/10.1016/j.optmat.2019.01.004
https://doi.org/10.1103/PhysRevE.56.6853
https://doi.org/10.1021/acsnano.6b01088
https://doi.org/10.1039/c2sm27048j
https://doi.org/10.1080/15421400802219817
https://doi.org/10.1080/02678299208029013
https://doi.org/10.1051/jphys:0198400450120189900
https://doi.org/10.1080/02678299108035502
https://doi.org/10.1080/02678299308029051
https://doi.org/10.1038/srep26361
https://doi.org/10.1038/ncomms14594
https://doi.org/10.1038/s41598-017-15049-6
https://doi.org/10.1038/ncomms4057
https://doi.org/10.1038/ncomms8603
https://doi.org/10.1134/S0021364019070075
https://doi.org/10.1039/C9SM00384C
https://doi.org/10.1140/epje/i2008-10431-3
https://doi.org/10.7566/JPSJ.85.114601
https://doi.org/10.1039/C5SM02838H
https://doi.org/10.1103/PhysRevE.96.012705

250

251

252

253

254

255

256

Version March 19, 2020 submitted to Molecules 90f9

47. Krakhalev, MLN.; Prishchepa, O.O.; Sutormin, V.S.; Zyryanov, V.Y. Director configurations
in nematic droplets with tilted surface anchoring. Liquid Crystals 2017, 44, 355-363.
do0i:10.1080/02678292.2016.1205225.

48. Rudyak, V.Y.; Krakhalev, M.N.; Sutormin, V.S.; Prishchepa, O.0O.; Zyryanov, V.Y,; Liu, J.H.; Emelyanenko,
A.V,; Khokhlov, A.R. Electrically induced structure transition in nematic liquid crystal droplets with conical
boundary conditions. Physical Review E 2017, 96, 052701. doi:10.1103/PhysRevE.96.052701.

49.  Drzaic, PS. A case of mistaken identity: spontaneous formation of twisted bipolar droplets from achiral
nematic materials. Liquid Crystals 1999, 26, 623-627. d0i:10.1080/026782999204660.

50. Krakhalev, M.N.; Gardymova, A.P.; Emel’yanenko, A.V,; Liu, J.H.; Zyryanov, V.Y. Untwisting of the
helical structure of cholesteric droplets with homeotropic surface anchoring. JETP Letters 2017, 105, 51-54.
doi:10.1134/5002136401701012X.

51. Krakhalev, M.N.; Bikbaev, R.G.; Sutormin, V.S.; Timofeev, 1.V.; Zyryanov, V.Y. Nematic and cholesteric
liquid crystal structures in cells with tangential-conical boundary conditions. Crystals 2019, 9, 249.
doi:10.3390/ cryst9050249.

52.  Belmonte, A.; Ussembayev, Y.Y.; Bus, T.; Nys, I; Neyts, K.; Schenning, A.PH.J]. Dual Light and
Temperature Responsive Micrometer-Sized Structural Color Actuators. Small 2020, 16, 1905219.
do0i:10.1002 /smll1.201905219.

(© 2020 by the authors. Submitted to Molecules for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.1080/02678292.2016.1205225
https://doi.org/10.1103/PhysRevE.96.052701
https://doi.org/10.1080/026782999204660
https://doi.org/10.1134/S002136401701012X
https://doi.org/10.3390/cryst9050249
https://doi.org/10.1002/smll.201905219
http://creativecommons.org/licenses/by/4.0/.

	Introduction
	Results and Discussion
	Twisted axial-bipolar structure
	Layer-like structure

	Materials and Methods
	Conclusions
	References

