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Cellulose Ether-Based Liquid Crystal Materials: Review Article
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Abstract: The development of liquid crystal materials via nanotechnology has become an interesting subject of research
in optical material chemistry. One of the significant nanomaterials is cellulose-based nanoparticles. In this review article,
we highlighted the classification of liquid crystal materials (LCs), and types of cellulose-NPs and their characterization as
LCs materials. Finally, we present our promising data on the synergistic effect of cellulose-NPs on liquid crystal behavior
of ethyl cellulose- and hydroxypropyl cellulose- nanocomposites.
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1. INTRODUCTION

For many decades, polymers, especially natural
polymers, e.g., cellulose-based materials, have been
used in many applications which servant,
pharmaceutical, medical, textiles, artificial wood, paper,
water desalination and purification, as well as food
industries [1-9]. With regard to optical applications,
these biopolymers are also used in synthesizing
fluorescence and LC- materials [10, 11]. These
materials are defined as a material with properties
between liquid and solid crystal. Where it flows similar
to liquid, and its molecules may be oriented like a
crystal.

This material was first discovered in 1888 by
Austrian botanical physiologist Friedrich Reinitzer-Karl-
Ferdinands Universitat, when he examined the physical
and chemical properties of cholesterol. There are many
different types of liquid-crystal phases, which can be
characterized by their different optical properties such
as birefringence [12]. When the temperature-induced
formation of the phases of Liquid crystal is known
thermotropic LCs, while Lyotropic LCs depend on
temperature together with the concentration of the
liquid crystal molecules in a solvent (usually water).
Thermotropic liquid crystals, based on phase transition
depending on temperature, are divided as: Nematic,
Smectic, and Cholesteric, as the names established by
Friedel (1922). For the lyotropic phases, the LC
compound in solvent as a fluidity system has another
freedom of concentration to provide different phases
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[13]. Application of LCs materials as temperature
indicators, analytical metrology, cancer diagnostics and
non-destructive testing of materials were suggested in
1960; while in display technology, in 1968. George
Heilmeier was the first prototype of LCD's, which used
the LCs as a replacement for the cathode ray vacuum
tube used in television. Moreover, LCs have wide
applications in high modulus fibres and opto-electronic
devices, sensors, and detectors [14].

Regarding cellulose-based LC materials,
hydroxypropyl! cellulose (HPC) and ethyl cellulose (EC)
are the important cellulose derivative, besides their
wide applications as a thickening agent, fillers, dietary
fiber, it also exhibits liquid crystal phase in different
solvents, with both lyotropic and thermotropic
characteristics. This property originated from the
chemical structure of such a derivative, which includes
1ry and 2ry hydroxyl propyl groups together with
residual hydroxyl moieties. HPC is reported by
Werbowyl and Gray (1976), as a cholesteric phase in
aqueous solutions. It shows an upper consolute
solution temperature at around 40°C. At room
temperature, it forms a fluid mesophase. The solutions
show the iridescent colors characteristic of a chiral
nematic (cholesteric) liquid crystal. Esterification of
HPC was found to form LC- phases [15-19].

This article was focused on reviewing the route of
synthesizing cellulose nanomaterials, and its role on
liquid crystal performance, individually and in
nanocomposites with HPC and EC.

2. CLASSIFICATION OF LIQUID CRYSTALS (LCs)

LC phases are considered the fourth state of matter
along with solid, liquid and gas. They regarded an
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Figure 1: Various shapes of liquid crystal molecules [27].

intermediate phase of matter possessing both order
(like solid) and mobility (like liquid), hence the term
mesophase in Greek means between. Shape
molecules of LC phases are rodlike (calamitic), lathlike
(sanidic) or dislike (discotic) [20,21]. Furthermore,
exotic designs like banana-shaped mesogens [22]
pyramids [23] and shuttlecocks [24] have been shown
to be capable of self-organization. Besides a rigid
interior, mesogens need to possess some flexible
compartments at their proximity to ensure sufficient
movability. Rigid parts usually consisted of aromatic
rings connected via bonds showing full or partial double
bond character. In addition to compounds with low
molecular weight, there are polymeric compounds that
exhibit liquid crystalline behavior [25, 26]. Figure 1
summarized the type of liquid crystal molecules
according to Reference [27].

For another classification is used to distinguish
between lyotropic and thermotropic liquid crystals, the
former appears in nature and in living organisms,
acquiring mobility by the addition of the solvent which
depends on the concentration of molecules and the
temperature of the system for the formation of liquid
crystals [28,29]; while the latter is the more commonly
seen liquid crystal, based only on the temperature of
the system. Also, the shape of molecules dictates the
orientational order and thermal motion gives mobility.
The materials which exhibit both properties
(thermotropic and lyotropic) are called amphotropic.
Nowadays, light is known to be an additional stimulus
to introduce liquid crystalline behavior [30, 31]. The
simple LC phase is the nematic phase (Figure 2),
where rod-like mesogens point in average to the same
direction. The centers of mass are distributed
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randomly, and they are free to move, like in a fluid, but
their average orientation will remain the same, similar
to a crystal. Thus, the material is anisotropic. The order
parameter (equation 1) quantifies the variation of the
mesogen’s orientation from the average vector
(director).

S=%(3cos(9—l)(—) (1)

where theta (0) is the angle between the mesogen’s
long axis and the director, while (3cosf-1) denotes
the statistical average. In a perfect crystal (solid) S is
equal to 1, while in an isotropic liquid it is 0. If all
molecules would be aligned perpendicular to the
director, the value for S is -0.5. The typical range of S
is between 0.3 and 0.7 for liquid crystals. The second
major class of rod-like mesogen'’s is the smectic phase
(Figure 2). In addition to a preferred orientation, the
mesogen’s are well placed in a layered structure but
have no fixed position within the layer. There are
several smectic phases attributed with letters in
accordance with their discovery. For example, in a
smectic, A phase the mesogen’s long axes are aligned
parallel to the layer normal, while in smectic C they are
tilted at a certain angle. Hence the order parameter S is
higher for these phases than for nematic. Another type
of liquid crystalline phase with two-dimensional order is
the columnar phase, formed by disk-shaped molecules.
Here the center of mass is along the centerline of one
column. The columns are organized in a hexagonal or
rectangular geometry perpendicular to the column.

With regard to rod-like species, there is the chiral
nematic phase where the mesogens tend to align in
nematic layers.
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Figure 2: From left to the right [temperature increases, S decreases (order parameter)]: Crystal, smectic LC, nematic LC,

isotropic (liquid).

Due to the chirality, a helical twist is introduced to
the director field. Hence chiral nematics consist of
nematic layers, but the director rotates along an axis
normal to the layers. Chiral nematic phases are formed
by cholesterol derivatives, as a result of their intrinsic
chirality without dopants. Thus, chiral nematic phases
are referred to as cholesteric liquid crystals (CLC). An
important value for characterizing this state is the pitch
p. It is the distance needed for one 360 rotation of the
director and covers the range from 200 nm to several
mm (see Figure 3).

Figure 3: The helical superstructure of calamitc mesogens in
a cholesteric liquid crystal (Pitch p) handed twist.

Positive values for p are assigned to right-handed
twist sense, negative for a left-handed twist. A right-
handed twist sense is present if, viewing along the
helical axis, the molecules rotate clockwise during
going away from the viewer’s point. If the CLC is a
mixture of a dopant and an achiral LC the pitch is
defined as

1
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HTP G @

Where C is the weight concentration of the dopant
and HTP is its helical twisting power. The sign and
value of HTP depend on the detailed molecular
structure of the chiral dopant, the interaction with the
host LC and the temperature, but to date, no universal
relationship has been found [32]. The pitch and the

resulting optical properties can be changed by using
external stimuli, e.g., the temperature change,
mesogen and dopant concentration, sensitivity to
special additives, light and electric fields [33-36].

3. ORIGIN OF LIQUID CRYSTAL MATERIALS

3.1. Non-Cellulose Based Liquid Crystal

Some heterocyclic compounds and detergents can
form LC mesophases [37, 38]. Besides low molecular
weight LC, there are lots of polymer substances that
exhibit liquid crystalline behavior [25, 26]. Daniel
Vorlander, who played a major role in the discovery
and synthesis of liquid crystalline materials, already
synthesized oligomers with 1 to 3 linked mesogens. He
synthesized Poly (p-benzamide) and reported this
polymer as a birefringent powder that would not melt
but decompose upon heating [39]. This fact limited his
efforts to get stable polymers that show LC properties
in the melt. It took several years until the problem with
decomposition before melting in LCP (liquid crystal
polymer) was solved by using random copolymers.
Poly (g-benyl-L-glutamate) is the first lyotropic LC
polymer, which was synthesized in 1950. Its pioneering
work was achieved by Conmer Robinson in the 1950's.
He studied solutions of poly-a-benzyl-L-glutamate and
polya-benzyl-D-glutamate in various solvents and
observed that below a limiting concentration which he
called A, the solution is isotropic. Above this
concentration two phases exist in equilibrium: namely,
a polymer-rich phase (highly birefringent and brilliantly
colored when viewed between crossed polars) and the
more dilute isotropic phase. At a concentration greater
than B the anisotropic phase only exists. The values of
A and B are dependent on the type of solvent together
with the temperature, degree of polymerization of the
polymer [40]. Among lyotropics another class of LCPs
are rigid-rod polymers, where the polymer backbone is
in a stretched, more, or less rigid, conformation. This
class is mainly known for natural occurring polymers
chitosan [41-43] or DNA [44, 45]. Its phase behavior is
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mainly dependent on the concentration in the case of
lyotropic, but temperature plays a significant role, too.

3.2. Cellulose-Based Liquid Crystal

In 1956, Flory forecasted that polymers with stiff
linear chains would form ordered phases in their
respective melt and in concentrated solutions [46]. This
behavior was reported for cellulose derivatives, such as
hydroxypropyl cellulose (HPC) in water. At high
concentration, it can reflect visible light due to its chiral
nematic structure. HPC was the first cellulosic
derivative reported to form spontaneous anisotropic
solutions when dissolved in aqueous and organic
solvents [47]. Since that discovery, other cellulose
derivatives, e.g., cellulose acetate and triacetate,
acetoxy propyl cellulose, methyl cellulose, ethyl
cellulose, (acetyl)(ethyl)cellulose ethyl (cyano ethyl
cellulose) and cellulose itself have also been reported
to form ordered solutions [48-52].

The literature shows that polar or acidic solvents
promote the formation of the mesophase for cellulose
solutions. Highly substituted cellulose with large
substituents preferentially forms nematic phases in
many solvents [e.g. (acetoxypropy1)cellulose in
different solvents of dialkyl phthalate]. Cellulose
derivatives with low DS values or small substituents
need specific solvent interaction in order to form such
mesophases [52, 53]. The special conformation of
cellulose considers a double-edged weapon as it has
advantages and disadvantages for the preparation of
liquid crystalline derivatives. The advantage results
from the already stretched shape of the backbone
which is a good starting point for LC properties due to
its chirality and the synthesis of derivatives with high
persistence lengths. But the high number of hydrogen
bonds restricts the possible solvents for synthesis and
leads to a high crystallinity of cellulose.

In 1976 Werbowyj and Gray found that
concentrated solutions of HPC in water have a

cholesteric liquid crystalline phase. They demonstrated
that 20-50% water solution of HPC (molecular weight
100.000 and molar substitution 4.0 were highly
iridescent and birefringent. They also reported that
HPC can form ordered liquid crystal mesophase with
cholesteric structure in concentrated solutions of polar
organic solvents, e.g., methanol and ethanol [47, 54,
55]. HPC is able to form the two types of liquid crystal
(lyotropic and thermotropic mesophases) [54, 56].

Cellulose derivatives, especially ethyl cellulose (EC)
and hydroxypropyl cellulose (HPC), with structure in
Figure 4, are readily capable of forming a cholesteric
type of liquid-crystalline phase in a variety of common
solvents such as acetic acid, N, N dimethyl acetamide,
H,0, and dichloro acetic acid due to some degree of
rigidity and achiral nature in the molecular structure
[57].

The formation of the LC phase is dependent on
polymer concentration, solvent type, and temperature.
Increasing the solvent acidity led to an increase in the
intrinsic viscosity and a decrease in the critical volume
fraction (critical concentration decreases) [58, 59].
These observations are related to solvent interaction
that greatly affects the flexibility of the polymer chain.
The same behavior is noted for cellulose acetate
solutions, where volume fraction is dependent on the
acidity of solvent, and it varies linearly with pk of
solvent [60].

With regard to HPC films from casting its water
solutions, assume a planar cholesteric arrangement,
with pitches in the range 100-200 nm, based on the
casting conditions. The cholesteric order in the cast
films is persistent at room temperature and the
behavior of the optical properties observed on heating
are consistent with dynamic mechanical
measurements, which reveal an increase in the
molecular mobility above 120 °C [61-63]. Moreover, the
physical packing (chiral arrangement) schemes of stiff
cellulose chains could be considered for playing

n

Figure 4: structure of Ethyl cellulose and hydroxy propyl cellulose. R: H or CH>,CH3 for EC or CH,CH(OH)CH3 for HPC.
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important roles in the formation of cholesteric LC
phases. Particularly, when the flexible side chains are
connected onto the cellulose backbones, the producing
hairy-rod cellulose polymers start forming these
cholesteric LC phases. It is believed that the
attachment of flexible side chains onto the rigid
cellulose molecules can facilitate the orientational order
of the semi-rigid hairy-rod backbones with side chains,
increasing chain mobility and enhancing solubility.

Among the cellulose derivatives, (2-hydroxypropyl)
cellulose and other fully substituted cellulose
derivatives are of specific interest because they can
form cholesteric thermotropic LC phases [64, 65].
Cross-linked networks displaying both thermotropic and
lyotropic liquid crystalline phases have been prepared
from HPC. The phase transitions from the liquid crystal
to the isotropic state are reversible for materials with
moderate levels of crosslinking. These materials show
characteristic optical textures similar to un-crosslinked
cellulose-based liquid crystal polymers although well-
defined patterns typical of cholesteric structures were
not observed [66, 67]. The esterification of HPC by a
series of aliphatic acid esters exhibited characteristic
features of cholesteric LC phases between their glass
transition and isotropization temperatures [68, 69]. This
literature confirmed that an increase in the number of
methylene units in the side chains of this series of
aliphatic acid esters of (2-hydroxypropyl) cellulose, led
to an increase in the layer spacing values for the
cholesteric LC phases measured by WAXD.

3.2.1. Nanotechnology-Based Liquid Crystal
Materials

Recently, nanotechnology is used to develop
biopolymer composites, via the addition of
nanoparticles, it has opened new possibilities for
improving their mechanical properties [70-72], Notably,
the mechanical properties of polymeric matrices are
increased to a large degree even for low CNCs
contents (typically 1-10 wt%) [73, 74].

Many approaches reported to extract cellulose
nanoparticles such as mechanical treatment, acid
hydrolysis [75,76], TEMPO-mediated oxidation [77,78],
enzymatic hydrolysis [79, 80], sono-chemical assisted
hydrolysis [81, 82] and ammonium persulfate oxidation
that produces functionalized nano-particles with
carboxylate group [83, 84]. Cellulose fibers can be
disintegrated into substructures by strong acid
hydrolysis. When cellulose is treated with strong acids,
the amorphous regions of cellulose microfibrils are
preferentially attacked and the resulting material is a

colloidal suspension of cellulose crystallites. Strong
acid hydrolysis of cellulose fibers, extracts the highly
crystalline parts, resulting in rod-like crystallites of
colloidal dimension named cellulose nanocrystals
(CNC) or nanocrystalline cellulose (NCC) [85, 86].
Hydrochloric acid has also been used in hydrolysis,
resulting in nanocrystals with no surface charge, which
therefore tend to aggregate [87- 89]. These cellulose
nanocrystals (CNC) are shorter and stiffer than the
native microfibrils and are sometimes referred to as
whiskers or nano-rods. Hydrolysis with sulphuric acid is
commonly used, and this results in particles with
anionic sulfur ester groups on the surfaces, which
leads to electrostatically stabilized CNC aqueous
suspensions [90-92].

The hydrolysis conditions and cellulose source
affect the surface chemistry and particle size of isolated
cellulose nanocrystals. Sulfuric acid hydrolysis results
in CNC particles with anionic sulfur groups on the
surface, leading to electrostatically stabilized CNC
aqueous suspensions of CNC [86, 91, 93, 94]. The
researchers found that CNC aqueous suspensions
exhibit chiral nematic (cholesteric) ordering above a
critical concentration, these cellulose- nanoparticles
can form a birefringent gel at even higher
concentrations [90, 95, 96]. The formation and
characteristics of chiral nematic ordered domains in
CNC aqueous suspensions is generally governed by
basic properties of the nanoparticles, namely, physical
dimension, size polydispersity, surface charge and the
ionic strength of the system [97-101].

Leung et al. in 2011 was the first one who used
salts such as ammonium persulfate APS for the
production of oxidized nanocellulose. Since 2011, the
APS method has become widely used for obtaining
CNC from different precursors such as cotton linter and
other materials [102]. The APS mechanism includes
that the persulfate ion S,0s” can be activated using
heat or light, and the resulting SO,4 radical initiates a
chain of reactions involving other radicals and oxidants
[103].

By using ammonium persulfate there is a one-step
procedure for producing high crystalline carboxylated
CNC (OCNC) from different cellulosic materials
described. Currently, APS oxidation is reported as one
of the promising oxidation methods to produce OCNC.
Most of the literature is focused on the production of
carboxylated CNC by heating the cellulose materials at
60-90 °C with 1-1.5 M APS solution for 8-24 h. These
conditions resulted in OCNC with a diameter of 3—100
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nm and a length between 100 and 500 nm. APS
oxidation has the potential to be used for OCNC
production as an alternative to TEMPO-mediated
oxidation. The nanocrystal suspensions prepared by
persulfate oxidation also form chiral nematic ordered
phases in water. Polarized light microscopy proved that
suspensions of carboxylate cellulose nanocrystals,
prepared from cotton and wood cellulose by oxidation
with APS, form chiral nematic liquid crystalline phases
at a concentration above a critical concentration [104,
105]. Besides CNC and OCNC there are other
cellulose nanomaterials such as micro fibrillated
cellulose (MFC) and cellulose nano-fibrils (CNF). MFC
is produced through homogenization process of wood
pulp fiber [106] and CNF is produced by a combination
of enzymatic or chemical pretreatment followed by
mechanical disintegration of cellulosic fibers [107]
These cellulose nanomaterials have a longer length,
less crystallinity, and thus more flexibility (lower
rigidity), therefore their properties differ greatly from
those of CNC and OCNC suspensions. MFC and CNF
suspensions consist of interconnected cellulose fibrils
and form a gel-like, highly viscous network at very low
concentrations (i.e., 2 wt.% aqueous suspensions). The
formation of anisotropic liquid crystalline phases is also
a unique characteristic of CNC, which does not occur in
the case of other cellulosic nanostructures_(MFC and
CNF).

4. CHARACTERIZATION OF THE LIQUID CRYSTAL
MATERIALS

Identification of the liquid crystal state can be made
by evidencing the state of ordering through polarized
optical microscopy (POM), X-ray diffraction (XRD), as
well as phase transitions through differential scanning
calorimetry (DSC) and rheological measurements.

4.1. Polarized Optical Microscopy (POM)

Polarized optical microscopy (POM) is the easiest
method to identify thermotropic liquid crystals [108,
109] by recording an image known as the optical
texture, due to the orientation of the director and

defects formed in the sample. The area over which the
vector abruptly changes direction represents a defect.
The liquid crystals present three elementary types
(point, line, and plane), and two major types
(disclination and dislocation) of defects. For each type
of mesophase, several, more or less characteristic,
textures are known [110, 111]. Identification of
mesophase type by POM is difficult because the same
type of texture may appear for several mesophases,
along with polymorphism. For this reason, a number of
specific rules should be observed. First, to produce
mesophase and to obtain clear textures, the sample
must have a high degree of purity. Another aspect
refers to the orientation of mesogenic groups, which
may be parallel (homeotropic alignment) or vertical
(planar alignment) in the direction of polarized light. In
this last case, the following tests are required: mild
heating of the table tilts so that the mesogenic groups
will not be parallel with the polarized light or shearing of
the sample (by sliding the upper blade on the bottom),
which  induces a temporarily = homogeneous
arrangement overtime in which the sample appears as
a flash, for a short time becoming birefringent [110].

Identification of the nematic mesophase through
POM is easier than that of the smectic mesophase
because specific defects take a linear form. The
nematic mesophase is characterized by a large number
of textures: Schilieren texture is one of the most
common nematic textures with defect centers with two
arms, nematic droplets often occur from the isotropic
liquid in the form of drops, string texture consists of a
disclination type-line and appears as thin lines, and
marble texture consists of several zones with different
orientations of the director, inducing different color
interferences [112]. Regarding the phase transition
versus temperature, Ohledorf and Greine [113]
reported that, the thermotropic liquid crystal of

esterified HPC (methylthio- propionated HPC (HPC-
MTP) was observed in cholesteric and nematic phases.
The phase transition from cholesteric to nematic was
observed with changing the temperature from 25 °C to
> 70°C, as shown in Figure 5.

Figure 5: Polarized microscopy images of thermotropic liquid crystal of esterified at different temperatures.
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4.2. X-Ray Diffraction (XRD)

XRD is a nondestructive, versatile, and efficient
technique, which offers information about the chemical
composition and crystallographic structure of materials.
It is used for the determination of the structural
properties (deformation state, sizes, phase
composition, orientation, and defects), the thickness of
thin films or multilayers, or the atomic arrangement of
the amorphous material. X-ray diffraction provides the
most complete and accurate information on the type of
mesophase ordering [114, 115]. The signals obtained
from X-ray diffraction give information about the
ordering degree of the system, preferential directions of
ordering, and details on the types of crystal structure
occurring in the system.

4.3. Differential Scanning Calorimetry (DSC)

DSC is a thermal method commonly used to
determine the liquid crystal phase transition during
heating and cooling of a sample at a controlled rate
[112]. The DSC method measures the flux between the
sample and a reference (an inert material — aluminium
oxide, gold, etc.) subjected to the same (isothermal and
dynamic) temperature program.

The mesophase type cannot be precisely elucidated
by the DSC thermogram, however, the thermal effect
size and position signals recorded with this method
provide information on mesophase identification and
phase transitions.

4.4. Rheological Measurements

Rheological measurements are to support the
optical and differential scanning  calorimetry
experiments on mesomorphic cellulose derivative
solutions through the determination of the critical
concentration [116].

The change in viscosity in the isotropic and
anisotropic phases enables us to observe the transition
[117]. The plot of the viscosity “n” vs polymer
concentration C shows the peak characteristic of
lyotropic polymer solutions. The viscosity first increases
with concentration “C” up to a critical concentration
corresponding to the appearance of the anisotropic
phase, also observed in optical microscopy between
crossed polarizers. After this concentration, there is a
competition between orders due to the shear and
packing of the molecules in solution. The viscosity first
decreases as shear ordering dominates. It then
increases as packing effects become important.

Also, critical concentration can be determined
through variation of m (log 1 vs. log D) with
concentration. This gives a variation with the
concentration of the power-law of eq. 3

=k D" 3)

where 7 is the shear stress (cp), K constant D shear
rate (3'1), m strain rate sensitivity parameter.

In fact, when, m = 1 (Newtonian behaviour), m
decreases linearly with concentration as the
rheofluidifing character becomes evident until, at critical
concentration, rn decreases drastically. A further
increase of polymer concentration causes an increase
of m. This power-law can therefore be used to
demonstrate the appearance of the anisotropic phase.
The concentration range where m decreases seem to
correspond to the range where the drastic drop of the
viscosity vs. concentration shows the appearance of an
anisotropic phase [118-120].

5. SYNERGISTIC EFFECT OF CELLULOSE-BASED
NANOPARTICLES (CNPs) IN LIQUID CRYSTAL
NANOCOMPOSITES

The synergistic effects of cellulose nanoparticles
towards better performances of liquid crystal
nanocomposites are confirmed from our previously
published articles [121, 122]. In this section, we present
the liquid crystal behaviour of EC- and HPC-
nanocomposites due to incorporating 5% CNC or Ox-
CNF. The approaches of preparation of cellulose
nanoparticles and their characterization were
summarized in Table 1 and Figure 6. The synergistic
effect was evaluated from measuring the critical
concentration of liquid crystal behaviour (appearance of
the anisotropic phase) via rheology and optical
polarizing microscope studies.

5.1. Rheology Study

The rheology of cellulose ether (ethyl cellulose, EC
and hydroxypropyl cellulose, HPC) and its composites
with CNPs, at different concentrations, were examined
by using acetic acid as solvent, with mechanical stirring
for ~ 20 min, for homogenization.

The critical concentration which demonstrates the
appearance of the anisotropic phase (m-value) is
determined from the slope of the logarithms relation of
shear stress to shear rate. [123]. Regarding the ethyl
cellulose, Figure 7a showed the variation in critical
concentration in the case of EC-CNPs composites
compared with EC, individually. It is clear that the
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Figure 6: Schematic illustration of the preparation process of CNPs by sulphuric acid hydrolysis and APS oxidation-hydrolysis

(Permission: Order License ID:1154412-1).

Table 1:

Degree of Oxidation, FTIR, XRD and TEM Measurements of the Prepared Cellulose-Based Nanoparticles by

Different Approaches (Permission: Order License ID:1154412-1)

CNPs based on two Degree of Degree of IR-measurements Cr.l TEM Measurements
methods of preparations oxidation oxidation (XRD) _
(carboxyl (carboxyl MHBS Cr.l Length | Diameter L/D
content) content) (A-1230/A~s00) (nm) (nm)
by by FTIR mmol/g
conductmetric
mmol/g
CL - - 2.18 1.78 70.39 - - -
APS 5h 0.066 0.080 2.26 2.84 - - -
In presence of | APS 8h 0.093 0.096 2.49 2.82 80.81 119+9 13+6 7.69
acid
ES 0.118 0127 2.20 3.14 83.46 | 13110 82 16.1
Inabsence of | APS 0.147 0.147 264 3.34 ga.57 | 18725 612 31.3
acid 16h
CNPs (sulphuric acid) - - 1.11 2.72 81.09 | 11025 4.3+1 27.3
m-value decreased linearly with increasing the composite even at low concentrations. Was noticed in
concentration  until a  specific  concentration the case of EC-APS-16h”* nanocomposite.

corresponding to the critical concentration, then it
increased with a further increase in concentration. The
concentration which provided a maximum decrease in
m value referred to critical concentration to the
appearance of an anisotropic phase. As shown, the
critical concentration of ethyl cellulose is 40 wt. %, in
agreement with that reported in Reference [124]. While,
incorporating cellulose nanoparticles led to a decrease
in the critical concentration to (34- 38 wt.%), with
maximum promotion the performance of EC as liquid
crystal and easily arranged both molecules of

In the same trend, incorporating the cellulose
nanocrystal (CNC) and Oxidized cellulose nanofibers
(OCNF (APS.16h*) provided a reduction in critical
concentration (m-value) of HPC-NPS composites as
compared with the pure HPC, where it decreased from
30 wt% to 26-28 wt%, with the highest reduction in
case of CNC (Figure 7b).

- APS 5h, APS 8h & APS 16h: 10g of cotton was
mixed with 114 g of APS, 20.5 ml of HCI and
distilled water to reach a final volume of 500 ml.
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Figure 7: Variation of critical concentration vs type of cellulose nanoparticles.

The temperature of the reaction was adjusted to
90 °C for time intervals 5, 8 and16 h under
continuous stirring. Then the solid was filtered
and washed several times with distilled water.
The sample was dried at 60 °C.

- APS 16h*: 10 gm of cotton are added to the
solution of 1 M of APS with ratio 10:1g/L
(fibers/APS) at 90 °C for 16 h under continuous
stirring. The final product was collected and
dialyzed against distilled water until the sample
become neutral.

- CNPs: The cotton linter was hydrolyzed by 64%
(w/w) sulfuric acid according to reference, under
conditions: liquor ratio (1:20) at 60°C for 30 min,
Finally, the sample was collected and dialyzed
against distilled water until it becomes neutral.

5.2. Polarizing Optical Microscope (POM)

The POM study was carried out to evidence the
positive role of CNPs on LC behaviour of EC and HPC
in nanocomposite form. The same test was carried out
individually (Figure 8a and b). The examined samples
were carried out on samples with concentrations
around the critical concentrations, which were
estimated from the foregoing study (rheology data).
The images of the selected samples, at critical
concentrations, under the polarized light, were
exhibited bright with some dots or light areas. The
lighted parts become full-colour textures with
concentrations greater than a critical one. The
anisotropic phase for the EC was started to appear at
40 wt %, moreover, it appeared with chiral nematic
liquid crystalline mesophases at concentrations greater

than 40 wt.%. The beneficial; effect of incorporating
CNPs was noticed from appearing the anisotropic
phase at lower concentrations, which changed
according to the method of preparation, where the
critical concentration in case of CNC and OCNF
(APS16h*) were 34 wt. % and 38 wt %, respectively.
While the chiral nematic mesophases appeared at a
greater concentration than critical concentration.

With regard to POM of HEC and its
nanocomposites, Figure 8b showed that the isotropic
regions must be black, while the birefringent regions
must be bright. These images emphasized the critical
concentration data of the rheological study (HPC-CNC
and HPC-OCNP in acetic acid were 26wt. % and 28wt.
%, respectively). The POM of HPC-CNPs at a critical
concentration of HPC (30%), Figure 5b showed that at
this concentration (> critical concentration), the ordered
texture images appeared with coloured parts.

6. CONCLUSION

Cellulose-based materials have been applied in a
variety of applications and their nanoparticles have a
significant effect in optical, strength properties. This
article is a Literature survey with comprehensive
research work of liquid crystal materials, and provides
information regarding the inclusion of cellulose
derivatives, especially cellulose ethers (ethyl cellulose
and hydroxypropyl cellulose) as important types of
research work. Moreover, we presented how the type
of cellulose nanoparticles affected the performance of
EC and HPC as liquid crystal materials via reducing the
critical concentration of the anisotropic phase. The
optical microscopy examination is in agreement with
rheology.
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HPC-OCNF 30wt. % HPC-OCNF 28 wt.%

Figure 8a: PO images of EC and its nanocomposites with cellulose nanoparticles. (permission, License
Number:5163760664250).

b: POM images of HPC and its nanocomposites with cellulose nanoparticles (permission: Order License 1D:1154412-1).
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