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Considering that the cell wall is the first defense and control barrier of medicinal substances into the cell,
any dielectric behavior of this divider can lead to harm to the cell or the absorption of substances from the
environment; hence, examining the dielectric and physicochemical behavior of the anisotropic cell wall is
imperative. The present study employs 1102 (a mixture of liquid crystals) as an anisotropic environment,
similar to the cell wall. In insoluble nanoparticles, Lithium disilicate (Li-Si»Os) is employed as a non-reactive
material, while materials containing active agents are used as soluble materials like Retinol (CzoHz00). At
various dopant concentrations, the dielectric characteristics and optical anisotropies of the liquid crystal and
dopant mixture were observed, and the resulting data was analyzed and studied results indicate that the shape
of the insoluble dopant influences the molecular order of the liquid crystal bulk, while for soluble substances,
the percentage of dopant is more significant than the shape of dopants in the ordering of anisotropic media.

Cell Wall, Liquid Crystal, Nanoparticle, Dielectric Constant, Refractive Index.

groups cover the inner and outer surfaces of the

|.INTRODUCTION phospholipids, whereas the hydrophobic ends

It is believed that cells are the smallest building of the lipids create an intermediate layer. The
blocks of life. Every cell has a cytoplasm and a foundation of membranes is made up of lipid
cell wall. The cell wall, which is regarded as the bilayers, and cholesterol may control how fluid
cell border, is a coating that envelops the the membrane is. Numerous proteins are

cytoplasm or the contents [1]. The cell wall essential for the operations of the cell
performs the following functions: bulk membrane, including signal transduction and

transport: exocytosis and endocytosis, markers ion transport [4],[5]. Charged ions and electrons
and signaling, metabolic activities, mechanical are unable to pass across the wall in large
structure, defines and encloses the cell, quantities. They may pass across membranes
selective permeability, dynamic transport, and from membrane-spanning protein
s on [2],[3]. As is well known, the cell wall is semiconductors and specialized ion channels,
a dynamic, complex structure made up of a respectively [6]. The anisotropic behavior of
bilayer of phOSphOleldS The hydrophlllc I|V|ng cell walls has been confirmed by several
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studies and researches [7]-[9]. Thus, by
applying special environmental qualifications,
it is achievable to impact the anisotropic
properties of the cellular system and induce
desired behaviors in it [8]. Properties such as
the dielectric properties and physicochemical
behavior of cell walls can be improved by
taking advantage of this anisotropic property
[9]-[11]. There is a large body of published
literature demonstrating that the presence of
nano-dopants in the environment interacting
with the cell walls can affect the above
properties [12]-[14]. The extent of these
changes depends largely on the shape of the
dopants in the environment and their
concentration [15].

Substances that flow like liquids but yet have
some of the crystals' ordered structure are
known as liquid crystals [16],[17]. Molecules in
liquid crystals typically exhibit elongation and
directionality. Between the crystalline (solid)
and isotropic (liquid) phases, there is a unique
phase of matter known as the liquid crystal state
[18]. Since liquid crystals are anisotropic
materials, the system's average alignment with
the direction affects its physical characteristics.
A high alignment indicates a highly anisotropic
material. Likewise, the material is nearly
isotropic if the alignment is modest [19].

Nematic  liquid crystal materials are
characterized by long-range orientation order
but lack translational order. A form of optical
anisotropy called birefringence is also present
in most NLCs (Nematic Liquid Crystals).
Birefringence is seen in liquid-crystalline
phases because of the parallel order of
molecules that exhibit anisotropy in
polarizability. The amplitude and sign of the
birefringence are  determined by the
composition and organization of the liquid-
crystalline phase and the polarizability
properties of the constituent molecules
[20],[21]. As previously mentioned, liquid
crystals and cell walls share many of the same
characteristics, like orientational organization,
three-dimensional designs, and anisotropic
properties, making them an ideal choice to
study the anisotropic behavior of cell walls in
the presence of nano dopants [22],[23],[25]. It

Investigating the effect of soluble and insoluble medicinal ...

14

is also possible to use nanoscale pharmaceutical
substances as dopants and study the effect of
their presence in different concentrations and
morphologies on the anisotropic properties of
cell wall [24],[27].

Il. EXPERIMENTAL

A. Materials

The present study employs 1102 (a mixture of
liquid crystal) as an anisotropic environment,
similar to the cell wall. LC (Liquid Crystal)
1102 (Tni = 80.5° C), is essentially a mixed
cyanobiphenyl liquid crystal that is used in both
industrial and research applications. The
manufacturing company has a patent on the
materials that make up Liquid Crystal 1102.

Insoluble nanoparticle, lithium disilicate
(Li2Si20s) crystals of 50-60 nm are employed
as non-reactive material, while materials
containing active agents are used as soluble
materials like Retinol (C20H300) (CAS No.68-
28-8). Mixtures of the liquid crystal
composition and the dopants with different
weight ratios (0.1%, 0.3%, and 0.7% w/w%)
were prepared. The nano dopants were added to
the NLC in the isotropic phase of 1102, and the
mixture was sonicated for six hours to complete
the doping process and their dielectric constants
and refractive indices were measured in a
specific temperature range.

B. Liquid crystal cell preparation

To create the LC cells, the NP-NLC (Nano
Particles- Liquid Crystal) solutions were
sandwiched between two 1.2 cm? optical glass
plates that had transparent electrodes composed
of indium tin oxide (ITO) layers. By applying a
polyvinyl alcohol surface treatment and
rubbing, the sample cells were arranged in a
parallel fashion or homogenous orientation. We
treated the LC cells' surfaces with lecithin to
enable homeotropic alignment. The distance
between the electrode surfaces, which was
1um, was fixed using a Mylar sheet which set
the thickness of the liquid crystalline samples.
Lastly, epoxy resin glue was employed as a
sealing material to attach the plates.
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C. Refractive index measurement

Abbe's refractometer (Bellingham Stanley Abbe
60ED) has been used to measure the refractive
index with an accuracy of 0.00001. Abbe's
refractor ocular has a polarizer sheet installed to
block the unusual rays. This eliminates the
boundary line's contrast. Water was circulated
in a water bath temperature controller to
regulate  the  temperature of  Abbe's
refractometer. A thermometer with an accuracy
of £0.01 °C was placed close to the sample to
measure the temperature. The extraordinary
refractive index, ne, is too high to be measured
with the available refractometer, but the
ordinary refractive index, no, can be directly
measured in the nematic phase. As a result, ne
at every temperature was calculated using

<n>= g(ne + 2n,) The extrapolated

average refractive index, or <n>, in this case, is
the result of extending the isotropic phase's
(niso) refractive index into the range of the
nematic phase. Birefringence (4n = ne—no) of
the nematic phase for the examined LCs was
computed using these data.

The order parameter S for the pure liquid crystal
sample and the NP-NLC samples (0.1%, 0.3%
and 0.7% w/w%) can be computed using the
obtained values for the refractive indices and
Vuks assumption:

5(te) = e

(n?)-1
Where Aa= oe-0o IS anisotropy of polarizability

1)

and o demonstrates mean molecular
(neo 1) an

polarizability. We exploit ~=—= ()~ 3 Nae,o

for  estimating respective molecular

polarizabilities (ae, 0o) and N is the number of
molecules per unit volume and <n?> is defined

as < n? >= §(71,32 + 2n,2).

3(ne?-n,°)

Ne2+2n,2-3
versus In (1-T/T ) allows for the determination

of &2 , This can be extended to T=0K. The
scallng factor Ao/a is determined by the

Plotting the linear portion of In
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intercept at T= 0K, where a completely ordered
structure exists (S=1). Order parameter S values
at various temperatures can be obtained by
assuming that Aa/a stays constant across all
temperatures and entering this value into Eq.

().

D. Dielectric measurement

The dielectric measurements have been
performed by an LCR meter having an accuracy
of 0.0005. Instek LCR 819, which is combined
with a cell temperature controller, the
temperature was stabilized with the accuracy of
0.01 °C. For dielectric measurements, a
sandwiched capacitance sample with an aligner
layer of polymer was utilized. Parallel and
perpendicular directions were used to measure
the dielectric. At various temperatures, the
capacitance values of the sample were
ascertained in both its filled and empty forms.
Once the impacts of the conductive, ITO layer,
and alignment polymer layer are eliminated
using Egs. (2), (3) the change in capacitance
will yield the value of the real part of
permittivity.

C
& = l/CO

_G /c
0

where €, and C;, are the oriented LC
capacitances perpendicular to and parallel to the
cell surface, respectively. C, is the associated
empty cell's capacitance and &, and &, are
parallel and perpendicular dielectric constants
to the long molecular axis.10 kHz frequencies
were used to measure the capacitances.

()

(3)

At various temperatures, the capacitance values
of the samples were ascertained in both their
filled and empty states. The value of the real
part of the constant will be obtained by
measuring the change in capacitance after the
effects of the conductive, ITO and alignment
polymer layers have been eliminated, using

Egs. (2), (3).
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I11.RESULTS AND DISCUSSIONS

A. Refractive index studies

The temperature ranges in which the live cell is
stable were used to study the birefringence
property and order parameter behavior of pure
and doped liquid crystal with soluble and
insoluble nano  additives at varying
concentrations. It is essential to highlight that
this study employs a unique nematic liquid
crystal for optimal simulation. Unlike typical
liquid crystals, this particular substance
exhibits an increase in its order parameter as the
system's temperature rises within the measured
range. This behavior is similar to the response
of cell walls in the body's agueous environment
at physiological temperatures. The molecular
order changes with temperature, which
accounts for the temperature dependency of the
birefringence.

The temperature-dependent birefringence of
NP-NLC composite systems (0.1%, 0.3%, and
0.7% w/w%) and pure LC systems is displayed
in Fig.1. Temperature monitoring of the
ordinary and extraordinary refractive indexes
(no, ne) of pure and doped liquid crystal 1102
with different concentrations (0.1%, 0.3%, and
0.7% w/w%) of Retinol (C20H300) and
Li>Si20s nanoparticles as soluble and insoluble
dopants, in a specific temperature range
(310<T<323K) reveals that the extraordinary
refractive index in all samples increased
significantly with increasing temperature,
whereas the coefficient of ordinary refractive
index in the same conditions decreased more
gently. However, a comparison of data from the
pure and doped states of the tested nematic
liquid crystal for both of dopants, reveals that
the presence of nanoparticles has reduced the
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Fig. 1 Temperature monitoring of refractive indices
of pure and doped 1102 with (0.1, 0.3, and 0.7%
w/w%) retinol (a) and lithium disilicate (b)

ordinary and extraordinary refractive indices
and this reduction trend is directly related to an
increase in dopant concentration, particularly at
higher dopant concentrations.

The birefringence (4r) values of the pure 1102
LC and composite systems (1102-Retinol),
indicate an increasing tendency as the
temperature increases in the tested temperature
range Fig.2.
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Fig. 2 Temperature monitoring of birefringence (a)
and order parameter (b) of pure and doped 1102 with
(0.1, 0.3, and 0.7% w/w%) retinol.

Comparing the graphs of changes in the
birefringence index and the order parameter of
the pure and doped liquid crystal with the
mentioned concentrations for Retinol dopants
shows that the behavior of these factors in the
1102-retinol mixtures (0.1%, 0.3% and 0.7%
w/w%) in the measured temperature range
indicate that the presence of Retinol
nanoparticles has caused an increase in these
values, increases behavior varies depending on
the concentration of dopant used. It is evident
that, in comparison to the pure state of 1102 LC,
the birefringence coefficient and the order
parameter of the composition were not
significantly affected by the 0.1% Retinol
dopant present.

But when the concentration is raised to 0.3%,
these parameters noticeably increase. This
could be because the compound's intrastructural
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order is increased as a result of the interaction
between the dopant and liquid crystal molecules
of 1102, which forms hydrogen bonds between
them. As the monitoring continues, a decrease
in the order parameter and the birefringence
factor can be seen by increasing the dopant
concentration to 0.7%. This could be the
consequence of an increase in the dopant-
dopant intermolecular interactions, which in
turn causes a decrease in the order of orientation
of the liquid crystal molecules.

In summary, at low concentrations, dopant-
dopant interactions are less intense due to fewer
particles in the liquid crystal matrix. When the
concentration is raised to 0.3%, dopant-dopant
interactions increase and hydrogen bonds are
formed. At 0.7%, dopant-dopant interactions
increase, resulting in aggregation phenomena
resembling surfactants. This suggests that
retinol's presence in the liquid crystal system
resembles surfactant behavior at the Critical
Micelle Concentration (CMC) [26].

This  alteration demonstrates that the
anisotropic liquid crystal structure's internal
molecular order is influenced by the presence of
dissolved nanoparticles, with the dopant
concentration being the primary determinant of
this effect.

Put differently, the number of nanoparticles
influences the kind of interactions that control
the mixture, which alters the molecules'
orientation order and results in disruption.

In insoluble doped NLC samples, Li2Si2Os
doped NLC samples had a significantly lower
order parameter and birefringence index than
pure liquid crystal samples Fig. 3.
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Figure. 3 Temperature monitoring of birefringence
(a) and order parameter (b) of pure and doped 1102
with (0.1, 0.3, and 0.7% w/w%) lithium disilicate.

However, the rise in dopant concentration had
a relatively low effect on this drop; we did not
observe a proportional decrease in the order
parameter and birefringence index as the dopant
concentration grew to 0.1% w/w%. However,
as the concentration and number of dopant
particles in the mixtures increase, the effect of
steric hindrance of lithium disilicate molecules
becomes more apparent, resulting in a decrease
in the interaction between the liquid crystal
molecules with each other, a disruption in the
liquid crystal's internal structural order, and a
decrease in the order parameter of NLC doped
with 0.3% and 0.7% w/w% lithium silicate
compounds.

B. dielectric properties studies

Initially, prepared mixtures were placed inside
the made cells to test the dielectric constant of
the NPs—NLC composites at various
concentrations of the Retinol and Li2Si2Os
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nanoparticles. Next, using Eqg. (2) and (3), the
dielectric constant of the NPs—LC composites
was determined. The dielectric constants'
parallel (1) and perpendicular (¢,) components
vary with temperature as seen in Figs. 4 and 5.
In the temperature range of the experiment, as
the temperature rises, the value of (g)) falls for
the mostly parallel ordering for all samples, as
seen in Figs. 4 and 5. But in this temperature
range, the (&,) parameter remains nearly
constant. (g|) displays a greater value than (&)
because we employed a positive dielectric
anisotropy of the NLC at this point. The
dielectric constant of the NPs—NLC composites
varies by the presence of NPs at different
percentages, as seen by the behavior of the
parallel and perpendicular dielectric constant in
Figs. 4 and 5.

The data indicates that the incorporation of
retinol as a dopant has resulted in an
enhancement of both the parallel g and vertical
€, dielectric coefficients in the liquid crystal-
retinol  mixture.  Furthermore, as the
concentration of retinol increases, there is a
corresponding rise in the positive displacement
of these values.

Notably, the liquid crystal 1102 combined with
0.7% w/w% retinol exhibits the most
significant increase in the parallel dielectric
coefficient. This effect can be attributed to the
multiple bonds present in the molecular
structure of retinol, which facilitate the electron
transfer process when subjected to an electric
field. In this case, even while the system order
parameter  decreases, the  aggregation
phenomenon at high retinol concentrations
leads to the aggregation of polar components,
the formation of a bigger dipole, and easier
electron transmission in the system.

The investigation into the dielectric properties
of 1102 liquid crystal infused with lithium
silicate nanoparticles at specified
concentrations (0.1%, 0.3%, and 0.7% wi/w)
reveals that the incorporation of these
nanoparticles has led to a decrease in the
numerical values of both the parallel and
perpendicular (g , €,) dielectric coefficients of
the liquid crystal composition.
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This reduction is observed to correlate
positively with the increasing concentration of
the dopant. It is important to note that the
orientation of molecules within the liquid
crystal matrix and the polarity of molecules are
critical factors influencing the dielectric
behavior.

19

i

g 45 (a)
5 .
a ®
3 35 C s cececse
g 3 A hgAriraa,
- & A
f‘éz.; -.-..A.IAIAIA
&
S 2 ePurell02
215 + 1102 doped with 0.1% lithium disilicate
‘E 1 * 1102 doped with 0.3% lithium disilicate
i 1102 doped with 0.7% lithium disilicate
.5
308 310 312 314 316 318 320 322 324
TX)
2
(b)
18 © 00 00 0 00060000
16 o ¢ o o
14 EN A A A A A A A A A A A A A
12

+ 1102 doped with 0.1% lithium disilicate

4 1102 doped with 0.3% lithium disilicate

" m 1102 doped with 0.7% lithium disilicate

308 310 312 314 316 318 320
T(K)

Fig. 5 Temperature monitoring of parallel g (a) and
perpendicular €, (b) dielectric constants of pure and
doped 1102 with (0.1, 0.3, and 0.7% w/w%) lithium
disilicate.

1
8
6 ®Pure 1102
4

Prependicular Dielecrtic Constant &,
o O © o

bo

322 324

Any perturbation in these parameters is likely
to result in diminished dielectric coefficients.
Consequently, the observed decline in the
dielectric coefficients of the lithium disilicate-
doped liquid crystal can be attributed to the
disruption of intramolecular order and the
alteration of intermolecular interactions among
the liquid crystal molecules (NLC-NLC),
which aligns with theoretical expectations.

It should be noted that, in NP-NLC systems,
there are three types of interactions that take
place: (I) NLC-to-NLC interaction, (1) NLC-
NP interaction, and (I1l) NPs-NP interaction.
Only interactions between NLC molecules
occurred in pure NLC [18], [19].
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IV.CONCLUSION

This study examined how the shape and
concentration of nano dopants influence the
photonic and dielectric characteristics of
nematic liquid crystals (NLC) which function
as simulators for cell walls. Our findings
indicate that the incorporation of soluble
Retinol into the NLC significantly enhances the
order parameter of the NLC-dopants mixture at
specific concentrations, leading to an increase
in both the parallel (&) and perpendicular (&,)
dielectric coefficients. The extent of this
enhancement is directly related to the
concentration of the soluble NPs. Conversely,
the introduction of insoluble Lithium Disilicate
NPs results in a reduction of the order
parameter and dielectric constants of the NLC-
NPs mixture, attributed to the geometric
configuration of the NPs.

The findings of this study indicate that the
dielectric characteristics of the environment
used to simulate cell walls can be altered by
fine-tuning the concentration and morphology
of nanoparticles. Furthermore, given the
analogous anisotropic behavior observed in
both liquid crystals and cell walls, it can be
inferred that the properties of the cell wall may
be modulated and predicted by the integration
of specific nanoparticles, which differ in their
concentration and structural form.
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