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Table 1.  Physical properties of seven nematic liquid

crystals with negative dielectric anisotropy.

R Wb fé;c oA S TwT
H1 HNG723200-000 -1.1 0.071 70
H2 HNGT733300-000 2.0 0.078 100
H3 HNGT715800-000 -2.9 0.074 88
H4 HNG736600-000 4.8 0.080 95
H5 HNG735200-000 -7.0 0.088 96
H6 HNGT715700-000 8.1 0.075 87
H7 HNG725100-100 -11.5 0.077 77
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Fig. 1. The schematic configuration of the liquid crystal cell (a) before application of electric field and (b) under the application of

electric field. Blue ellipsoids represent liquid crystal directors. Blue bidirectional arrow denotes the alignment direction. The schem-
atic director field around (¢) S =41, ¥ =0 and (d) S = —1, ¢ =0 topological defects. The black bidirectional arrow denotes
the directions of the alternating current field. POM image of S = —1, ¢» =0and S = +1, ¥ = /6 umbilic defects (e) with

crossed polarizers and (f) a full-wave plate of wavelength 530 nm. The white dotted line denotes the direction of director. Scale bar:

30 um .
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Fig. 2. POM images of umbilic defects formation under applied electric field at ¢ = 0, 0.5, 1.0, 1.5 s. POM image: (a) With crossed
polarizers; (b) a full wave plate of wavelength 530 nm. Material is H4, electric field ramp rate is 1.0 V/s, the working temperature is
T = 25 C, frequency f= 1 kHz, cell gap d = 7.6 um. Scale bar: 100 um .
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Fig. 3. (a) POM image of umbilic defects generated at different electric field ramp rate over a time period of 0.3 s. Each image size
is 1488 pixel x 1500 pixel, corresponding to 551 pm x 556 pm. (b) The relationship between electric field ramp rate and the de-
fects density. The dashed lines represent the linear fitting. Material: H4, the working temperature of T' =25 C, frequency of
f =1kHz, cell gap of d = 7.6 um. Scale bar: 100 um .
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Fig. 4. (a) The relationship between defect density and the electric field ramp rate for four liquid crystals materials: H1, H3, H4 and
H7; (b) the dependence of the scaling exponent a and b on the seven negative dielectric anisotropy Ae. The dashed lines repre-
sent the linear fitting. The liquid crystals: H1, H2, H3, H4, H5, H6 and H7. The working temperature is 7 = 25 °C, frequency
f=1kHz.
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Fig. 5. (a)—(c) The relationship between defect density and the electric field ramp rate at different temperatures 7"; (d) the depend-
ence of the scaling exponent a on reduced temperature 7" — Tny. The dashed lines represent the linear fitting. The three liquid
crystals: H1(d = 8.8 um ),H4 (d = 7.6 um ), H7 ( d = 8.3 um ), the working temperatureis 7" = Ty — 40 C, Tt — 30 C, T — 20 C,

frequency f = 1kHz.
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Abstract

Orientationally ordered liquid crystals (LCs) exhibit remarkable physical anisotropy and responsiveness to
external fields, which give rise to distinguished physical effects and have led to the emergence of a new
generation of electric-optical applications. The LCs are also renowned for their abundance of phases and
topological defects, which are of significance in studying both fundamental science and practical technology.
One simple approach to generating umbilic defects involves applying an electric field to a homeotropically
aligned nematic LC with negative dielectric anisotropy Ae. However, the influence of material properties and
external conditions on the dynamic process of nematic LC defects remains unclear. Here, we select seven kinds
of nematic LCs with negative dielectrically anisotropy, ranging from —1.1 to —11.5, to explore the dynamics of
electric-field-induced umbilics. By using a linearly increasing electric field parallel to the molecular orientation
of LC, we systematically investigate the effects of material property (dielectric anisotropy) and external
conditions (temperature and electric field parameters) on the formation and annihilation of umbilic defects. The
experimental results show that the dynamic process of forming the umbilic defects in nematic LCs is
independent of dielectric anisotropy, temperature, and electric field frequency, but follows the Kibble-Zurek
mechanism, in which the density of generated umbilic defects exhibits a power-law scaling with the change of
the electric field ramp rate, with a scaling exponent of approximately 1/2. Interestingly, a stronger dielectric
anisotropy leads to a higher density of umbilic defects. Additionally, a change in temperature has a significant
influence on the density of umbilic defects , in which higher temperature leads to greater defect density under
the same external electric field conditions. Furthermore, the annihilation rate of umbilic defects is closely
related to the material properties and the ramp of the applied electric field. Specifically, the annihilation rate of
umbilic defects becomes faster when dielectric anisotropy is stronger or the electric field ramp is larger. This
study provides valuable insights into the relationship between the formation and annihilation of defects,
material properties, and external conditions in nematic LCs with dielectrically negative anisotropy, contributing
to our comprehensive understanding of the dynamic process of topological defects in soft matter.

Keywords: nematic liquid crystal, umbilic defects, electric field effect, dielectric anisotropy
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