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Tunable defect patterns induced by a
low-frequency electric field in ferroelectric
nematic liquid crystals

Natalia Podoliak, * Lubor Lejček, Martin Cigl and Vladimı́ra Novotná

The regulation of topological structures and pattern formation has attracted wide attention in the field

of condensed matter. Liquid crystals (LCs), as a class of soft matter, uniquely combine fluidity with

anisotropic properties, making them ideal systems for exploring defect dynamics. When confined

systems are subjected to external stimuli, LCs can exhibit a variety of topological defects. The recent

discovery of ferroelectric nematics (NF), characterized by high permittivity and spontaneous polarization,

has opened new possibilities for technological applications, enriching the landscape of accessible

topological phenomena. In this study, we demonstrate the formation of tunable two-dimensional arrays

of topological defects in an NF compound, induced by an alternating electric field in sandwich cells

without pre-patterning. These defects self-organize into pseudo-square lattices, with their character and

periodicity governed primarily by the frequency of the applied field and, to a lesser extent, by the cell

thickness. We attribute the emergence of these structures to the interplay between elastic and electric

forces appearing as a result of polar molecular reorientation. Our findings offer a promising approach

for generating reconfigurable, spatially periodic polarization patterns, with potential relevance to future

soft-matter-based devices and tunable photonic systems.

1. Introduction

The regulation of topological structures and pattern formation
has attracted wide attention in the fields of condensed matter
and materials science.1 In the solid state, topological insulators
have promising applications in spintronic devices,2 quantum
computers,3 and advanced magnetoelectronic and optical
devices.4 Topological soft matter opens new perspectives
towards modern technologies due to interconnections between
self-assembly and geometry.5,6 Liquid crystals (LCs) as a self-
assembly of organic molecules are known for their remarkable
combination of fluidity and anisotropic properties. As a result
of intermolecular interactions, thermotropic LCs can be orga-
nised in various phases within specific temperature ranges and
sensitively reflect any external fields and conditions.

The behaviour of LC systems primarily depends on the
confinement conditions and various kinds of defects can occur.
For liquid crystal research, sandwich cells are utilised for
electro-optical measurements. Such cells are made of two
parallel glass plates with transparent conductive electrodes to
apply an electric field across the cell. The orientation of the
molecules and polarization in the cell are affected by the

molecular alignment at the surfaces. Two basic configurations
can be realised via a surfactant layer at the glass surfaces:
planar alignment with a preferred parallel molecular orienta-
tion (rubbing direction) ensures the homogeneous geometry
(HG); in the homeotropic geometry (HT), the molecules are
arranged perpendicular to the surfaces.

Generally, all LC systems are prone to defect formation
within their structure. In the homogeneous state, defects are
not stable and tend to annihilate and minimise the free energy
of the system. However, in the confined geometry, topological
defects arise naturally due to the discontinuity of ordering at
the surfaces. Disclination lines are present in nematics if the
director makes continuous rotation along a closed loop. Pre-
viously, formation of 2D defect structures in a sample with one
free surface under the influence of a magnetic field was
described by De Gennes.7 As defects can be observed in specific
geometries with different upper and lower surfaces, a regular
network of singular points was observed at the nematic–iso-
tropic interface,8 resulting in an oblique director orientation.
Additionally, defect arrays can be induced by external stimuli.
For example, an appearance of a chiral stripe pattern was
induced in an achiral material by subjecting it to a pressure-
driven flow in a microfluidic cell.9 The possibility to influence
the molecular orientation by the electric field and pattern
formation is highly advantageous and challenging.10,11 The
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appearance of 2D periodic patterns under the influence of an AC
electric field was reported for a nematic liquid crystal in the planar
geometry.12 Large-scale topological defect networks were induced
by an AC electric field using an optical tweezers technique in a
nematic liquid crystal doped with ionic impurities.13 Additionally,
arrays of micropillars modifying the cell surface were utilised for
pattern stabilisation.14 The above-mentioned topological structures
appear due to system frustration and under very specific condi-
tions, with limited control of parameters. A different mechanism is
related to orientationally pre-patterned surfaces,15 which depends
on the advanced technology of photopatterning. However, the
parameters of the pre-patterned configurations cannot be tuned.

Recently, a ferroelectric nematic phase (NF) was experimentally
realized,16–18 a century after its prediction.19,20 In the classical
nematic phase (N), which can appear below the isotropic liquid
(Iso) phase on cooling, there is a long-range orientational ordering
with the prevailing molecular orientation described by a unit
vector named director, n, having an inversion symmetry. In the NF

phase, the director represents an axial polar vector, and the head-
to-tail symmetry is broken. Consequently, the resulting phase is
polar, with spontaneous polarization being locally parallel to n.
Since the NF phase discovery, ferroelectric nematogens have
been intensively studied.21–31 For these materials, very large values
of polarization as well as electric susceptibility have been
confirmed.21–27,32,33 Additionally, non-linear properties, namely,
efficient second harmonic generation (SHG) supporting the polar
character of the NF phase, and an electro-optic response with
exceptionally low threshold values have been reported,25,34–36

giving these materials huge application potential.
A periodic polarization structure in a photopatterned sam-

ple was reported for ferroelectric nematics, giving a deeper
insight into the flexoelectric coupling in the director field for
such materials.37 Recently, a square-lattice pattern structure
was reported for the NF material in planar geometry,38 under a
high-frequency electric field above Fréedericksz transition.

In this study, we demonstrate the possibility to create
tunable 2D reconfigurable topological structures in ferroelec-
tric nematics confined in simple sandwich cells without any
pre-patterning, by the application of an AC electric field. The
induced defects form pseudo-square lattices, which partially
persist after the applied field is switched off. The periodicity of
the structure can be changed by varying the field characteristics
(frequency). We investigate the behaviour of the defect struc-
tures depending on the cell parameters and the applied electric
field characteristics. We propose a theoretical explanation
based on the competition between the elastic and electrical
forces. Our findings could be useful for the design of patterns
with reconfigurable spatially periodic polarization structures.

2. The pattern generation and
observation

For the current investigation, a ferroelectric nematic material
designated NF6 is utilised, exhibiting a direct transition from
the Iso to NF phase at 65 1C. The synthesis and mesomorphic

characteristics of the material were published previously.24 The
studied material was filled into commercial glass cells, with
transparent indium tin oxide (ITO) electrodes and surfactant
layers ensuring the homeotropic geometry. The low-frequency
electric field (1–500 Hz) with a sinusoidal or triangular profile
was applied to the sample perpendicular to the surfaces and,
hence, along the molecular long axis in this geometry.

The virgin texture observed under a polarized light optical
microscope (POM) for a 5-mm HT sample in the NF phase after
cooling from Iso is shown in Fig. S1 in the SI. The texture
contains a random distribution of small, coloured domains of
irregular shapes, missing any periodic features, and its inter-
pretation is problematic. After the application of an AC electric
field, a periodic array of defects was induced. The pattern
covered the whole electrode area, with inhomogeneities close
to the electrode edges, as shown in Fig. 1(a). After switching off
the field, the pattern persisted for some time, depending on the
temperature at which the sample was held and, hence, the
material viscosity. At room temperature (RT), the pattern did
not disappear until the next day. However, it became smashed
and contained additional smaller domains within the initial
pattern (Fig. S2). For higher temperature and lower material
viscosity, pattern degeneration was faster. In Fig. 1(b–d), one
can see the evolution of the pattern with time for T = 40 1C, with
the gradual appearance of the additional defects within the
initial structure and the pattern degradation as a result.

We analysed the textures for various frequencies from 1 Hz
to 500 Hz and established that the periodicity of the patterns
reveals a strong dependence on the frequency of the applied AC
field. Indeed, for 1 Hz, the macroscopic pattern can be observed
even by the naked eye, as presented in Fig. S3. With the
frequency change, a defect movement and reconfiguration took
place with the consequent formation of a new pattern. For
higher frequencies, the number of defects increased and the
distance between them decreased. And vice versa, with the
change from higher frequencies to lower, the distance between
the defects increases. In the SI, the videos presenting the
pattern structure changes with frequency are presented. For
higher frequencies, the pattern reconfiguration was slower,
which might relate to a larger number of defects and, hence,
higher deformation energy of the system. The periodicity of the
patterns induced by 100 Hz and 200 Hz applied fields practi-
cally did not differ. For frequencies higher than 200 Hz, the
textures became massed and lacked any periodic features
distinguishable by the POM. The pattern periodicity did not
depend on temperature, at which it was induced, but at lower
temperatures, the molecular reorientation was slower, and the
periodic structure was generated after a longer time, reaching
tens of seconds at RT. We have not found relevance between the
amplitude of the applied field and the periodicity of the defects.
The threshold field of the effect has been established to be
about 1 V mm�1. For lower field values, we observed only the
director reorientation and the texture ‘‘flipping’’ as a response
to the AC electric field, but no regular pattern generation.

We discovered that under the AC field application, we can
induce a pseudo 2D square-lattice system of defects. By analogy

Paper Soft Matter

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

9 
A

ug
us

t 2
02

5.
 D

ow
nl

oa
de

d 
on

 1
0/

8/
20

25
 4

:1
5:

31
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5sm00747j


This journal is © The Royal Society of Chemistry 2025 Soft Matter

with ordinary nematics,39 we can describe such a type of defect
structure as a system of (�2p)-wedge disclinations. During the
microscopic investigation of the patterns under the applied
field, we observed that the defects are not all equal and two
types of defects are present, differing in their response to the
applied field. The difference is clearly visible for slower fre-
quencies, and it consists in the fact that one type of defects is
changing under the applied AC field, while the other type
remains unchanged (see, for example, Video S2 in the SI). We
will call the first type switchable defects, and the second one
unswitchable defects. In Fig. 1(e), the pattern created using a 10
Hz applied field is presented. At this frequency, the difference
between the above-mentioned defects is visible. In the inset of
Fig. 1(e), an enlarged fragment of the pattern showing one unit
cell of the structure is highlighted. In the upper right and
bottom left corners of the square unit cell, the switchable
defects are situated; subsequently, unswitchable defects are
observed in the upper left and bottom right corners. The reason
for the different defect behaviour and the nature of the defects
will be speculated later in the Defect description and theore-
tical explanation section. It should be also mentioned that, as it

is seen from Video S2 in the SI, the neighbouring switchable
defects are switching out of phase, which will also be explained
in the Defect description and theoretical explanation section.

We marked the distance between two neighbouring defects
of the same type (switchable or unswitchable) as q (see the inset
of Fig. 1(e)), with the aim of quantitatively describing the
observed dependence of the pattern periodicity on the applied
field frequency, o. We established q for the patterns obtained at
different values of o, and the results of the measurements are
presented in Fig. 1(f) (points with error bars). Based on the
domain orientation under the polarized light microscope, the
director profile of the pattern structure can be deduced. The
domain orientation indicated the radial director distribution
near the defects. To prove it, we acquired images with the full-
wave retardation plate (l-plate) and the quarter-wave retarda-
tion plate (l/4-plate, changing the light polarization state into
circular) inserted at 451, l = 530 nm (Fig. 2). The retardation
plates allowed us to distinguish between the regions with
different molecular orientations by the colour change.

Additionally, we studied the effect of the cell thickness on
the defect array formation. Except for the previously studied

Fig. 1 Square-lattice patterns observed for a 5-mm HT sample in the NF phase under the influence of an AC electric field: (a) POM image, taken at RT, of
the 2D square-lattice system of defects covering the whole electrode area with the observed inhomogeneities close to the electrode edges, after the
application of a 1 Hz AC electric field. The size of the electrode area is 5 mm � 5 mm. The crossed polarizer and analyzer are oriented along the edges of
the photograph. Microphotographs taken at T = 40 1C: (b) under the applied AC electric field of 100 Hz, (c) immediately after and (d) 20 seconds after the
field was switched off. (e) The pattern obtained using a 10 Hz AC field. Two types of defects are observed, switchable (upper right and bottom left in the
inset) and unswitchable (upper left and bottom right in the inset). The mean distance between the defects of similar type, q, is shown in the inset.
(f) The dependence of q on the frequency of the applied electric field, o. The points are experimentally measured values, while the curve corresponds to
the fitting of eqn (9). Additionally, the pattern textures obtained for certain frequency values are presented in the insets. The crossed polarizer and
analyzer are along the edges of the photographs. The scale bar corresponds to 100 mm.
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5-mm cell, we examined various thicknesses: 1.5, 3, 7 and
12 mm. For 3-mm and 7-mm cells, the texture behaviour
resembled that described above for the 5-mm cell, with analo-
gous parameters. However, for the 3-mm cell, the pattern
formation process was slower and regular patterns appeared
after longer periods of time than for the thicker cells, at least
for tens of seconds. For the thin 1.5-mm cell, the pattern
formation was strongly clamped by the cell surface influence,
and the array of defects was not uniform.

Furthermore, we examined the effect of the AC field in other
cell geometries, namely, for planar cells with antiparallel rub-
bing at the surfaces and for home-made glass cells without any
surfactant layer. The virgin textures in planar antiparallel cells
contained twisted domains (Fig. S4), as it was described in the
previous study.40 In this geometry, the applied electric field
should overcome the surface anchoring and reorient the mole-
cules at the surfaces. As in the NF phase due to very high
responsiveness to an electric field, the molecules could be
easily reoriented,35 the virgin homogeneous geometry was
transformed into the homeotropic one by the applied voltage.
Under an AC field, for the cells of thickness 3 mm and higher,
we succeeded in creating similar defect patterns as in the
homeotropic cells. For the thin 1.5-mm HG cell, the threshold
field for the 2D square pattern creation increased up to
2.5 V mm�1, and the pattern was not regular (Fig. S5). For the
smaller field of 1–2.5 V mm�1, stripe textures were observed
perpendicular to the rubbing direction (Fig. S6) for frequencies
10 Hz and higher. At a small frequency of 1 Hz, any periodic
features were not observed even for the field higher than
2.5 V mm�1. Apparently, for the thin 1.5-mm planar cell, the
influence of the surfaces dominated. The situation with the
cells without any surfactant resembled the one described for
homogeneous geometry, and the regular defect arrays were also
generated.

2.1. Defect description and theoretical explanation

To elucidate the effect of the applied electric field in the
ferroelectric NF phase, let us point out the differences between
the NF phase and ordinary nematics relevant to the molecular

organization at the sample surfaces. Due to the polarity of the
molecules, there are different interactions of the molecular
heads and tails with the surfactant layers.41 While in ordinary
nematics, the director configurations in aligned cells can be
uniform, in the NF phase, an additional twist (in planar cells
with an antiparallel alignment) or splay (cells with homeotropic
boundary conditions) will appear due to polar surface
anchoring.

We suppose that the electric energy applied to the sample is
transformed in the system, resulting in the creation of an array
of defects. Additionally, defects can vibrate due to the inter-
action of the applied electric field with the spontaneous mole-
cular polarization and the molecular reorientation brings about
bound charges within the sample bulk. In general, the system
of defects is unstable, but it is stabilised by an applied
electric field.

In Fig. 3(a), we present the texture of the sample in the 5-mm
HT cell under the applied field of frequency 10 Hz, augmented
with the schematic expected director orientation shown by
arrows, and, consequently, the molecular dipole moment
arrangement. We consider that switchable defects are (+2p)-
disclinations, with either positive or negative electric charge
(red or blue points in Fig. 3(a)); unswitchable defects corre-
spond to (�2p)-disclinations, and they are electrically not
charged and are shown with white points.

The switching is related to the director reorganisation
around the defects, and electrically charged defects compen-
sate their charges at longer distances with their oppositely
charged neighbours. Based on our observations, we can pro-
pose a schematic molecular orientation within the cell thick-
ness for the electrically charged defects, shown in Fig. 3(b).
Coordinate axes are chosen with the (x,y)-plane parallel to the
surfaces and the z-axis across the sample. Parameter q is the
mean distance between the neighbouring oppositely charged
defects. The core regions of the electrically charged defects are
along (�z)-directions with singular points (red and blue points)
within the defects. The electrically charged defect length is
marked as lz (vertical dashed lines in Fig. 3(b)). We suppose that
the electrically charged defects vibrate along the (�z) direction,

Fig. 2 POM images of the pattern structure generated by the 50 Hz AC electric field in the studied sample. The image obtained (a) without additional
optical systems, (b) with a full-wave retardation plate (l-plate) inserted at 451, (c) with a quarter-wave retardation plate inserted at 451. The polarizer and
the analyzer are oriented along the edges of the photographs and are shown with black arrows; the retardation plates are shown with red arrows. The
scale bar corresponds to 100 mm.
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while the vibration of the uncharged defects is negligible. The
dynamics of the molecular reorganisation around the defects in
response to the applied AC electric field is visualised in Video
S4 and Video S5 in the SI. The video animations schematically
demonstrate the vibrations of the electrically charged defects
(Video S4) and only slight ‘‘antiphase’’ reorientation of the
molecules in the vicinity of the uncharged ones (Video S5).

When an external AC electric field with frequency o and
amplitude E0 is applied along the normal to the sample

surfaces, it interacts with the spontaneous polarisation PS
�!

.
The electric energy stimulates the creation of the defect system
and its stabilisation. The electrically charged defects vibrate
between the upper and lower glass plates along the z-axis
(Fig. 3b) with the time dependent velocity v = :z. If we consider
F to be the dissipated energy per unit time and take the defect

density
1

q2
, F can be written as F = �FSv with the friction force

FS ¼ �plzg1 ln
R

rc
v, which was calculated for the nematic phase

in the literature.42 Here R is the outer radius of the surface
surrounding the disclination, rc is the core radius, and para-
meter g1 is the nematic rotational viscosity. The force corres-
ponding to the electric field interaction with the liquid
crystal polarization can be written in the form of
�(pR2)(PSE0 cos as)cos(ot), where (pR2) is the disclination area
in the (x,y)-plane. We take as as a geometrical factor to describe
the mean molecular inclination over the defect length lz. We
can expect that, in general, lz depends on the frequency of the
applied field. Nevertheless, for the simplicity of calculations, we
consider it to be constant in the model. The energy of the
electric field applied to the sample leads to the creation and
stabilisation of the defect system due to the dissipation of the
electric energy. In a stationary state, the energy balance
between the field energy dissipated in the system per period

t ¼ 2p
o

and the disclination self-energy, ES, multiplied by the

defect density, will be in equilibrium with the energy of the
electric field:

1

q2

ðt
0

Fdtþ ES

� �
¼ 1

t

ðt
0

hPSE0 cos as cosðotÞj jdt (1)

The total disclination self-energy of the charged disclina-
tions, ES, consists of the elastic energy, Ees, and the electric
contribution, EQ:

ES = Ees + EQ (2)

The elastic energy of the disclinations can be written in a
form described in the literature for nematics:7,42

Ees ¼ lzpK ln
R

rc
(3)

where K is the elastic constant in one-constant approximation.
To estimate the electric interactions of the electrically charged
defects in the sample, the disclination self-energy due to the
disclination charge can be expressed in an analogous way to the
one described in the literature for classical electrodynamics:43

EQ ¼
1

2e0er

ðð
r ~rð Þr ~r0ð Þ
~r�~r0j j dVdV 0

� Q2

2e0erlz2

ðlz
2

�lz
2

dz

ðlz
2

�lz
2

dz0
1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

rc2 þ z� z0ð Þ2
q (4)

where e0 and er are the dielectric permittivity of vacuum and the
relative permittivity, respectively. The volume density of
charges r(-r) is Q/V, where the volume V contains one disclina-
tion, i.e. V B pR2lz. Configurational disclination charge Q can
be determined as Q E p(R� rc)lzPS sin as, as it was described for
the disclinations in ferroelectric smectics.44 As lz 4 rc, the

above double integral can be evaluated as � lz ln
lz

rc
and the self-

energy of the electrically charged disclination of length lz can be

Fig. 3 Defect structures: (a) the texture of the sample in the 5-mm HT cell under the applied field of frequency 10 Hz and the schematic orientation of
the molecules; arrows denote the molecular director and, consequently, the molecular dipole moment orientation. Coloured points are (+2p)-
disclinations, while white points are (�2p)-disclinations. Evidently, (�2p)-disclinations are uncharged, while (+2p)-disclinations have either positive (red
points), or negative (blue points) electric charges. (b) Schematic molecular orientation near the electrically charged defects in the sample with the HT
polar anchoring geometry. Parameter q is the mean distance between the neighbouring oppositely charged defects, and the electrically charged defect
length is marked as lz.
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estimated as EQ ¼
Q2

2e0erlz
ln

lz

rc
. We take the following expression

as the approximated total disclination self-energy:

ES ¼ lzpK ln
R

rc
þ Q2

2e0erlz
ln

lz

rc
(5)

To obtain the dynamic equation, we may introduce the

temporary force �plzg1 ln
R

rc
_z and the dynamical equation takes

the following form:

�lzpg1 ln
R

rc
_z� pR2
� �

PSE0 cos asð Þ cosðotÞ ¼ 0 (6)

We expect that the electrically charged defect follows the
electric field frequency and eqn (6) gives the velocity :z of the
disclination vibration. The expression

Ð t
0Fdt can be then

evaluated as

ðt
0

Fdt ¼ plzg1 ln
R

rc
�
ðt
0

ð _zÞ2dt ¼ p
o

pR2
� �2

PSE0 cos asð Þ2

plzg1 ln
R

rc

� 	 (7)

One can find the detailed calculations in the SI. From the
calculations, the obtained distance between the defects is

qðoÞ ¼
ffiffiffi
p
2

r ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
pR2
� �2

PSE0 cos asð Þ

ohlzg1 ln
R

rc

þ ES

h PSE0 cos asð Þ

vuuut (8)

We simplified such a dependence on the applied field
frequency to the following expression:

q ¼
ffiffiffiffiffiffiffiffiffiffiffiffi
a

o
þ b

r
(9)

and fitted to this equation the experimental data demonstrated
in Fig. 1(f) (red curve). This frequency characteristic reflects the
fact that at higher frequencies, the defects cannot follow the
oscillations of the applied field.

3. Discussion and conclusions

In this research, we demonstrate the controlled induction of
topological defect arrays in a ferroelectric nematic liquid crystal
confined in sandwich-type cells with a homeotropic surface
molecular alignment, without employing any surface pre-
patterning. The defect structures are generated under the
application of a low frequency alternating electric field. Experi-
mental conditions and parameters characterizing the resulting
defect patterns have been systematically established.

We propose that the applied electric energy is transformed
in the LC medium, leading to the formation of both electrically
charged and uncharged defects in the system. The observed
defect structures are (�2p)-disclinations. Under the influence
of the alternating electric field, the electrically charged defects
exhibit oscillatory motion along the z-axis, perpendicular to the
cell substrates. In contrast, the uncharged defects remain
stationary, accompanied only by local molecular reorientation,

and their self-energy is of elastic origin. On the other hand, the
self-energy of the electrically charged defects additionally
includes the electrical charge energy and the vibrational com-
ponent. Given the large inter-defect spacing on the order of
hundreds of micrometres, mutual interaction energies between
the defects can be considered negligible.

We consider that there is a balance between electrostatic
and elastic energies of the defect pattern and the energy
transferred from the oscillating electric field. The reason for
the periodic array could lie in the frustration of the system due
to polar anchoring conditions and the orientation of an applied
electric field. As a result of the director deformations, a 2D
periodic lattice of defects forms to minimize their interaction
energy.

We infer that the induced defect arrays exhibit zero total
polarization, as local molecular dipole moments are mutually
compensated within the periodic structure. To elucidate the
underlying mechanism, we developed a theoretical model
describing the system’s dynamic equilibrium and derived the
dependence of the defect structure parameter, the distance
between the defects, q, on the frequency of the applied AC
field. The experimental data were fitted to the obtained depen-
dence, revealing a good consistency despite the model simpli-
fications (Fig. 1(f)). The extracted fitting parameters were
analysed in the context of material properties. Notably, the
nematic rotational viscosity, g1, derived from the fitting proce-
dure for the studied NF compound NF6 was found to be
approximately an order of magnitude higher than typical values
reported for conventional nematics.42 We attribute this high
viscosity value to the fact that the effect for the NF6 compound
was observed at room temperature, where the material viscosity
naturally increases, and propose that high material viscosity
plays a crucial role in enabling the observed defect formation
dynamics.

In the proposed energy balance, the defect self-energies and
the dissipative energies are the terms principally transforming
the energy input from the applied oscillating field. This frame-
work offers an original approach for interpreting field-induced
self-organizing phenomena, with potential applicability across
a broader class of soft matter and biologically relevant systems.

The concept of active matter is relevant to systems main-
tained out of thermodynamic equilibrium through continuous
energy input.45 It provides a useful lens for interpreting our
results as through the transformation of the applied electric
field energy, the system self-arranges into the quasi-
equilibrium defect array structure. In active nematics,46 topo-
logical defects are generated and annihilated, bringing about
new functionalities. Most often, the observed topological
defects appear chaotically. In contrast, the ferroelectric nematic
system investigated here exhibits a stable, reconfigurable defect
lattice. This controllable response, governed by the interplay of
material elasticity and polar responsiveness to external fields,
suggests new avenues for functional soft-matter design. These
findings might offer opportunities for the development of
tunable platforms for emerging technologies, including adap-
tive optics and soft robotics.

Paper Soft Matter

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

9 
A

ug
us

t 2
02

5.
 D

ow
nl

oa
de

d 
on

 1
0/

8/
20

25
 4

:1
5:

31
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5sm00747j


This journal is © The Royal Society of Chemistry 2025 Soft Matter

4. Methods

For our research, we utilised ferroelectric nematic liquid crys-
talline compound NF6, the synthesis and mesomorphic proper-
ties of which were published previously.15 We used sandwich-
type commercial glass cells, purchased from the WAT PPW
company, Poland, with transparent indium tin oxide (ITO)
electrodes and surfactant layers ensuring homeotropic (HT)
or homogeneous (HG) geometries. Various cell thicknesses of
1.5, 3, 5, 7 and 12 mm were used to investigate the dependence
of the obtained structures on the cell gap. The electrode area of
the cells was 25 mm2 for all of the samples. Besides, a cell with
a larger electrode area (64 mm2) was utilised for comparison.

The cells were filled with the material in the isotropic (Iso)
phase by means of capillary action. The textures were investi-
gated under the polarizing light microscope Nikon Eclipse
E600, equipped with a Linkam heating–cooling stage with
temperature stabilisation of �0.1 K and a temperature con-
troller Linkam TMS 94. A Canon EOS 700D camera was used for
texture photograph and video acquisition.
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