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Fig. 1. (a) Schematic of the angle between director of li-
quid crystal and the spatial axis; (b) schematic of the NLqc
disc diameter D, and d the distance between two topologic-
al charges, +1/2 topological charges represented by red

markers.
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Table 1.  Elastic constants of 5CB (LC 1264).

Constants/N 5CB
k11 6.70 x 1072
ka2 3.60 x 1012
ka3 9.00 x 1012
Ly 4.20 x 1012
Lo 5.51 x 1012
Ls 1.02 x 10 12

3 #X5it#m

PR B IR A, A 128 x 128 x
4 MRS RS, THEAN G 0 540 A AR R B A R
e/, Wi 1 (b) iR, WAL ER N Dy (B
0.4—12 mm), HA& SRS A (0.0031, 0.0055,
0.0078, 0.0102, 0.0141, 0.0234 0.0391, 0.0547,
0.0703, 0.0938) mm, 78B4 H PR 7315 A 7
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Fig. 2. (a) The free energy of liquid crystal film in a disk
with diameters ranging from 0.4 mm to 12 mm as a func-
tion of the distance between the two topological charges;
(b) the trend of the optimal position of the two topological
charges as a function of the diameter of the liquid crystal
disk.
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Fig. 3. (a)—(d) are polarizing optical microscope images:
(a), (b) are POM images of the optimal positions for disk
diameters of 0.4 and 12 mm, respectively; (c), (d) POM im-
ages of a near-final optimal position obtained from compu-
tational simulation. (e) Free energy as a function of posi-

tion.
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Fig. 4. Motion traces of the topological charges evolution
process for 10 different relative positions.
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Size effect of topological charge in disc-like
nematic liquid crystal films®
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Abstract

Algebraic topology, algebraic geometry, and category theory are new branches of mathematics that have
developed in the last hundred years and have had profound collisions with modern physics in recent decades. A
large number of topological phenomena are found in systems such as viruses, bacteria, fingerprints, fish school,
typhoons, and the galaxies. Topological phenomena play a significant role in the spatial distribution of viral
particles, the formation of nanovesicles of polymer, and Bose-Einstein condensates. In this paper, based on
Landau-de Gennes theory, models have been constructed to simulate the topological charge distribution and
other topological phenomena in liquid crystals. The research indicates that as the radius of the liquid crystal
panel grows, the ratio of the optimal distance between the topological charge to the radius gradually increases
and tends to stabilize. The size of the disc affects the equilibrium position of the topological load. The relative
equilibrium position of topological load is between 0.542 and 0.558, in which the ratio of the distance between
the two +1/2 topological loads in the 0-5 mm disc increases from 0.542 to 0.558, and then in the 5-12 mm
section the ratio is almost stable at 0.558. As the size of the disc increases, the influence of the boundary
anchoring energy decreases, and the equilibrium position, i.e. the distance between the two topological charges
and the diameter of the disc, approaches a constant value. This equilibrium position is the result of the
repulsive force of the disc boundary on the +1/2 topological load and the repulsive force between the two
topological loads. The angle between two topological charges in a liquid crystal disc is between 140° and 180°.
The trajectory of the topological charge is the process of finding the lowest free energy point, and the end of the
trajectory is in the region of minimum free energy. The result is instructive significance in the design of
classification containers by using topological charge condensate effect. And it is helpful to further understand
the topological phenomena in soft materials including topological colloids, liquid crystals, and liquid crystal

copolymers.
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