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Tunable photonic optical bandgaps materials and devices have attracted many interests since the begin-
ning of the second millennia. The cholesteric liquid crystals and their mixtures are having the ability to
tune photonic bandgaps. This research article is presenting ternary and binary cholesteric liquid crystals
which are based on Cholesteryl Oleyl Carbonate COC, Cholesteryl Benzoate CB, and Cholesteryl
Nonanoate CN. The six composed mixtures are suitable for tunability adaptation and have been studied
by Polarizing optical microscope POM to investigating the formed textures. The differential scanning
Calorimetry DSC measurements were performed to determine the thermal stability and phase transitions
for both composing materials and composed mixtures. The optical properties as Maximum wavelength
(kmax), full width half maximum (FWHM), and photonic bandgap energy (Ug) determination have been
determined for all composed mixtures at different temperatures. Interestingly, the bandgap is tuned
overall IR-Vis-UV bands with different percentages of cholesteric liquid crystalline materials and con-
cerning to their twist power of the imposed helical structures. The optimum tuned bandgap is produced
in mixtures coded AMJ3 and AMJ4.

� 2021 Elsevier B.V. All rights reserved.
1. Introduction

The designed material with characteristics such as tiny, in
shape, lightweight, and capability of controlling visible spectrum
is one of the most important aims for opticians and materials
researchers [1]. The organic origin materials have enigmatic
importance in advanced materials science and optoelectronics
technology and energy storage scope [2]. Specially, these materials
can provide well contribution to dynamic switching, tunable opti-
cal interference, or specific optical features for tuning visible spec-
trum bands such as selective reflection of visible wavelength.
Moreover, the ability to tune the photonic bandgap is the conse-
quent change of the tuned visible spectra [3]. Optical tunable
reflective or transmissive materials can be potentially utilized in
general optical devices, information display, optical communica-
tions, and optical notch or band-pass tunable optical filters for
laser-based fluorescence to selectively manipulate optical signals
in broad UV, Vis, and NIR spectral range [4,5].

Over the last few decades, several studies have been adopted
liquid crystals (LCs) as one of the attractive materials owing to
their high transparency, massive birefringence, and solution pro-
cessability [6]. Thus, various phases of them have been widely
applied for developing diverse kinds of tunable optical filters [7],
reflective color display devices [8], tunable laser devices[9] and
tunable photodetectors. The cholesteric liquid crystal (CLC) materi-
als are the best candidate for selective reflection exhibition for
both linear and circularly polarized light. The reason for these
selectivity properties is their exceptional capability to self-
organize into a helical supramolecular architecture possessing
unique optical and electrical properties that varying with temper-
ature [10]. Moreover, the CLCs are used as a stimuli-responsive
structural coloration system [11].

Cholesteric liquid crystal (CLC) nomenclature is publicized for
liquid crystals based on cholesterol derivatives and sometimes
are referred by chiral nematic (N*) liquid crystal regarding nematic
phase structure. In the nematic phase, the average direction of
mesogens or liquid crystal molecules which is arranged in one
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direction is the least order of the director. Additionally, this phase
is highly responsive to thermal and electrical influences [12]. The
chirality is gained when the molecular structure of mesogen has
at least one asymmetric carbon atomwhich is attached with differ-
ent 4 atoms or groups [13]. If the asymmetric carbon atom doesn’t
exist in the molecular structure, the liquid crystalline material will
classified as nematic liquid crystal (N) without asterisk (*) [14]. The
nematic liquid crystals (NLCs) could be created by chiral rod-
shaped molecules [15], which there is a classification based on
the shape of the molecular structure for liquid crystals. The
induced helical structure due to the existence of the chirality in
CLCs is a manifestation of the periodic helical organization of the
phase, which when macroscopically organized satisfies the condi-
tion for Bragg reflection [16]. The selective reflection (color) of
Selective (Bragg) reflection of incident light along the helix axis
occurs in the central wavelengthko assigned as:
noP < ko < nePwithin a photonic color bandwidth
isko ¼ ðDnaverage � PÞ, where Dnaverage ¼ 1

2 ne þ noð Þ is the average
of the ordinary (no) and the extraordinary (ne) refractive indices
of the molecules in the nematic phase, while P is the helical pitch
length. Thus, P is the length for one complete rotation of the direc-
tor around the helix axis and is related to the concentration of the
chiral molecules [11]. Therefore, the wavelength range (band-
width) Dkof the selective reflection for incident light that propagat-
ing along the cholesteric helix also can be denoted asDk ¼ DnP,
where Dn=ne �no is the birefringence of the liquid crystal [17–
19]. For these reasons, the photonic bandwidth of CLCs would be
based on the difference between the extraordinary refractive index
ne and ordinary refractive index no as well as pitch lengthP. If the
selective reflection band is located in the visible range, the CLC will
reflect colors, rendering its iridescent look [11,17].

The energy bandgap can be calculated by several methods and
models, while the Tauc and Davis-Mott model is considered as
one of the best, simplest, and accurate models where it’s based
on fitting the photonic parameters of the matter [20,21].

Although The cholesteric systems is very fruitful in photonic
bandgap energy control responding to thermal or electrical stimuli,
but almost all the previous studies were done on binary or individ-
ual materials based on measuring the temperature variations,
refractive indices or determine the pitch length P. In this paper,
the photonic energy bandgap of cholesteric liquid crystal CLCs
mixtures is investigated using Tauc and Davis-Mott Model. Deter-
mine the variation of reflective bandwidth for several mixtures in
Fig. 1. Molecular structure of the pure cholesteric liquid crystals a) Cholesteryl Benzoa
system with Cholesteric LC device.
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binary and ternary ones and related to the change in the composi-
tions. Moreover, studying the thermal stability against the weight
percentile ratio in a steadiness variation of cholesteric compounds
namely; Cholesteric Oleyl Carbonate COC, Cholesteryl Benzoate CB,
and Cholesteryl Nonanoate CN, is worked done as well.
2. Materials and methods

The cholesteric liquid crystals CLCs were purchase namely;
Cholesteric Oleyl Carbonate, (99%, Acros Organics, USA). Choles-
teryl Benzoate (98%, Acros Organics, USA). Cholesteryl Nonanoate
(98%, Alfa Aesar, USA), the trichloromethane (CHCl3) HPLC grade
(Fisher Scientific, USA), polyvinyl alcohol (PVA) Mwt 120,000
(Sigma Aldrich, USA). All these materials were used as received
without further purification.

These cholesteric liquid crystal materials are derivative esters
based on the cholesterol compound as seen in Fig. 1. These com-
pounds are consisting of 8 sites of asymmetric carbon atoms which
are responsible for high twist power in these types of liquid crys-
tals and therefore the chirality as well.

The CLC mixtures are notated as AMJ1, AMJ2, AMJ3, AMJ4,
AMJ5, and AMJ6. They were prepared individually within
composition weight ratios as shown in Table 1. Each mixture of
cholesteric derivatives well dispersed in an HPLC grade Chloroform
at a concentration of 0.1 gm/mL by vigorous stirring. The chloro-
form is easily evaporated and the resultants are well mixed CLC
mixtures (1 gm) in the bottom of each vial. Then, the six mixtures
were filled in fabricated sandwiched cells and were assembled
2 cm � 2 cm glass substrates.

The PVA thin alignment Layer was coating the glass substrate
via spin coater (VTC 100 Programmable Vacuum Spin Coater MTI.
USA). The PVA layer was applied drop wisely from 5.0 wt% PVA
aqueous solution on substrates for 60 s with 800 rpm. Then, a dry-
ing process was following the PVA coating step for 30 s at
4000 rpm. The coated glass substrates were rubbed by a velvet
piece of cloth in one direction to induce the alignment. After that,
each two coated glass substrates were pulled together in a sand-
wiched cell form and sealed by epoxy adhesive. The uniformly
mixed CLC mixtures were filled into an approximately 200l m
gap of CLC cells device via capillary method at temperature slightly
above the isotropic phase transition temperature as seen in Fig. 1-
d.
te, b) Cholesteryl Nonanoate, c) Cholesteryl Oleyl Carbonate, and d) the measuring



Table 1
The cholesteric liquid crystal mixtures for six different mixture ratios are showing a selective reflection on specific temperature ranges by polarized optical microscope POM.

Codes COC (wt%) CB (wt%) CN (wt%) Coloring Range (�C) Selective reflection range Optically Transition Temperature (oC)

AMJ1 20 0 80 43 – 47.5 4.5 Cry 15.2 N* 79.6 Iso
AMJ2 40 4 56 32 – 37 5 Cry 22.6 N* 53.9 Iso
AMJ3 45 5 50 29 – 34 5 Cry � 5.3 TGBA* 29.3 N* 63.1 Iso
AMJ4 50 10 40 23 – 28 5 Cry 14.7 TGBA* 23.2 N* 46.3 Iso
AMJ5 65 10 25 12.5 – 5 7.5 Cry � 1.97 N* 27.9 Iso
AMJ6 80 20 0 16 – 2 14 Cry –22.7 N* 24.2 Iso

Fig. 2. The POM micrograph of six cholesteric liquid crystals mixtures is taken by polarized optical Microscope with different temperatures for each one. The textures of
mixtures are variants among the fan like texture, marble texture, short broken fan texture, oil streak texture, and focal conic textures. The change of color in microscopic
texture is reflecting on macroscopic features.
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The textures of CLC mixtures were investigated as well as the
phase transition temperatures by the polarizing optical microscope
(POM Leica DM750P, Switzerland) which is equipped with a tem-
perature controller Linkam T95 with a hot stage THMS600 (Lin-
kam, UK). The microscopic photographs during heating and
cooling ramps in rates (±1-5 �C/min) were captured by High-
Speed Digital Color Camera (Leica EC3, Germany). The phase tran-
sition is confirmed with high sensitive differential scanning
calorimetry DSC131 Evo (SETARAM Inc., France), which was used
to perform the differential scanning calorimeter analysis. The
instrument was calibrated using the standards (Mercury, Indium,
Tin, Lead, Zinc, and Aluminum). Nitrogen and Helium were used
as the purging gases.

The test was programmed including the heating zone from � 10
to 100 �C with a heating rate of 5 �C/min. The samples were
weighed in Aluminum crucible 120 ml. The thermogram results
were processed using (CALISTO Data processing software v.149).

The optical properties were obtained from the transmittance/
absorption spectrum by using Ocean Fiber Optics spectrophotome-
ter HR4000 (Ocean Optics, Largo, USA). The temperature variation
is applied on cells by a thermal plate holder which is coupled with
a 400lm diameter premium grade optical fiber to an Ocean Optics
HR4000 UV/Vis/NIR (200–1100 nm) spectrometer. The thermal
plate temperature was controlled using a thermal pump in ranges
from 20 to 80 �C which using circulating water bath controller
(MGW, Lauda M3, USA).
3. Results and discussions

3.1. Structures and textures

The six mixtures of cholesteric liquid crystals AMJ1, AMJ2,
AMJ3, AMJ4, AMJ5, and AMJ6 were composed of three basic choles-
Fig. 3. The thermal phase transitions of the cholesteric liqu
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teric derivatives as shown in Table 1. The weight ratio of both Cho-
lesteryl Oleyl carbonate and Cholesteryl benzoate increased
against the decrease of Cholesteryl Nonanoate. The Cholesteryl
Oleyl carbonate is responsible for the color change and selectivity
reflection while both Cholesteryl benzoate and Cholesteryl Non-
anoate are responsible for thermal and phase stability of Choles-
teryl Oleyl carbonate [22].

The ranges of color selectivity and corresponding temperature
in the optical observations using polarized optical microscopy
POM have increased with increasing weight ratios of Cholesteryl
Oleyl carbonate and Cholesteryl benzoate. On other hand, the
decrease of Cholesteryl Nonanoate weight ratios led to the
decrease of the optical and thermal transitions of the mixture
toward low temperatures see Table 1 [23–25].

The POM photographs of each mixture have been shown in
three different temperatures to clarify the texture variations with
the change temperature of phases. In Fig. 2, the textures of each
mixture of these six mixtures were captured in three different tem-
peratures at the three different transitions of color as well as self-
assembling orders.

A typical structure and texture of cholesteric liquid crystals in
bulk cells was observed as in good agreement with Ali et.al [26].

Even more, a rare texture of cholesteric liquid crystal texture
with short pitch length is detected as shown in Fig. 2,(d-f, h). In
mixture AMJ1, the weight percentile ratio of its components COC,
CN, CB is stated in Table 1. The marble texture was formed by cool-
ing at a rate of 2 �C/min from isotropic phase to cholesteric phase
N* at 79 �C.

Then, the colors from yellow to Nile blue appeared over range
4 �C from 47 �C to 43 �C. After that, the texture of short pitches
had appeared with a bit colorful texture. The texture has been
noted in mixture AMJ2, was very short pitches in different domains
which are adjacent to each other. The weight percentage of COC
id crystals materials (a), and its six mixtures ratio (b).
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was increased to 40% of the total weight of this ternary mixture.
There was an increase in CB as 4% alongside the COC, but on the
other hand, for CN was decreased to 56%. With decreasing temper-
ature, the short pitches length increased obviously. Therefore, the
accompanied texture had changed from blue short pitches to color-
ful focal conic shape with oil streak reddish texture [27]. The color
reflection in the visible region was detected by POM from 32 �C to
37 �C approximately.

Similarly, in mixture AMJ3, both COC and CB were increased in
weight ratios percentiles while CN was decreased too. Although
the increase of COC and CB alongside the decrease of CN was very
slight, the impact of this weight percentage changes to the phase
stability of these ternary mixtures was too high. The selective
reflection in the visible range had appeared in lower temperature
Fig. 4. Study the temperature-dependent absorption spectra (normalized Ga
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degrees from 29 �C to 34 �C within the same interval as 5�also.
However, the texture at high temperatures was similar to AMJ2,
starting from very short pitches in small domains, then multiple
fan texture shape at selective reflection range of temperatures,
and in the final the long twist grain boundary of smectics A phase
TGBA* (see Fig. 2,g) [28].

In mixture AMJ4, as COC and CB percentage increase with CN
decrease as are stated in Table 1, the selective reflection of visible
wavelengths that were detected by POM decreased with keeping
the range width as 5�from 23 �C to 28 �C. The texture was started
at 46 �C under POM microscope as very short pitches of helical
structure, then the length of helical pitches increase within lower-
ing temperature to give the marble texture as seen in Fig. 3,k the
TGBA* phase [28] was detected at 23 �C in long pitches as a circular
ussian fitting) for the different cholesteric liquid crystals mixtures ratio.
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shape. A marble texture due excess of COC compound in mixture
AMJ5 as well as CB accompanied a decrease in CN weight percent-
age in this ternary mixture also was appeared. It was noticed that
the texture started as an oil streak in homotropic alignment or iso-
tropic of CB and/or CN compound.

Then, the colored marble texture of the cholesteric nematic
mixture had appeared in amazing colors and textures [29,30] as
seen in Fig. 2,(m, n) the crystalline phase appeared at � 2 �C
directly from the N* phase without appearance of the TGBA* phase.
The selective reflection in the visible region started from 5 to
12.5 �C within a colorful interval range of 7.5 �C. It can be seen
the thermal stability is located at low temperatures. Finally in mix-
ture AMJ6 which is a binary mixture of COC 80% and CB 20% only.
The cholesteric very short broken fan texture was appeared from
24 �C to oC –22, while the color reflection region stabilized for
14 �C from � 16 �C to � 2 �C as seen in Fig. 2,p. Thus, AMJ5 and
AMJ6 had been shown the important role of the presence of CN
compound to control in the location of the reflection region. On
Fig. 5. Estimate the temperature-dependent max absorbed wavelength, kmax, (Blue), and
the different cholesteric liquid crystals mixtures ratio.
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contrary, the CB component had been responsible for widening
the range of selection reflectivity of these cholesteric mixtures.
The reasons for appearing and disappearing the TGBA* phase is rely
on the amount of COC and CB against the decrease in the CN mate-
rial. The TGB phases are frustrated phases, generally located
between the cholesteric and the respective smectic phase. These
phases can only be observed in chiral materials with large twisting
power. Therefore, both AMJ3 and AMJ4 have the highest twisting
power among other mixtures [29].

3.2. Thermal stability

The thermal behavior and stability were determined for both
individual cholesteric liquid crystal material and their mixtures
by differential scanning calorimetric technique[29].

The scanning rate was 5 �C/min. In Fig. 3,a for individual com-
ponents of the cholesteric mixtures, the COC has two sharp peaks
as significant of liquid crystalline material behavior starting from
full width at half maxima, FWHM, (Red), experimentally (dots) and fitting (lines), for
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45 to 25 �C. Similarly, the CB compound gives two peaks also from
43 �C to 35 �C. However, the CN compound has only one sharp peak
at 79 �C. The thermal stability and behavior of the AMJ mixtures
from solid to liquid states have been shown in Fig. 3,b it was shown
that AMJ1 compromised as a composite of those 2 components
COC and CN.

The reason for this behavior is each component of the mixture
composition still keeping specific peaks of both COC and CN but
with a slight shift toward lower temperature. No peak of CB is
detected in DSC for CB of course because its weight percentage is
zero. Once the CB percentile increased as 4%, its detection peak
Fig. 6. Evaluate the temperature-dependent photonic band gap, experimentally (Dots) an
show the photonic optical band gap estimated using the Tauc plot methods.
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had been observed at 38 oC overlapping with COC peaks to be con-
tributed to the stability of cholesteric phase for COC as well as
influencing in the CNmelting point peak by did shift to 67 oC. More
increase in the weight percentile of CB is simultaneous with the
decrease of the CN weight percentile for the COC cholesteric phase,
more shifted peak indications are shown in all further mixtures. It
is worthy noted that the TGBA* phase has been detected in AMJ3
and AMJ4 by DSC as two symmetrical peaks in the range of 15 to
29 �C, see Fig. 3,b.
d fitting (Lines), for the different cholesteric liquid crystals mixtures ratio. The insets
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3.3. Optical properties

The thermal influence of the normalized Gaussian fitting
absorption spectra, which were taken by high-resolution spec-
trometer (1 nm) for different CLC mixtures, were studied.

The effect of the CLCs weight percentile ratios on the resultant
wavelength tunability range was shown in Fig. 4. The CLCs samples
reveal a broad optical absorption band in which the peak wave-
lengths tend to the blue shift from the NIR and/or Vis regions
toward the UV region while temperature was increasing. Once
absorption bands were closing to the UV region, consequence
bandwidths were getting smaller and smaller with increasing the
temperature.

The optical studies using the spectrometer were more sensitive
and effective in detection of the optical parameters change, the
tunability, and the reflection selectivity in NIR-Vis-UV regions
more than human eyes and POM texture studies. All detailed anal-
yses such as the temperature-dependent of the maximum
absorbed wavelength (kmax), full width at half maximum,
(FWHM), and photonic bandgap ðUgÞbased on Fig. 4 are shown
intensively in other following Figs.

In Fig. 5 the relation between wavelength and FWHM in the
same mixture for AMJ1, AMJ2, AMJ3, and AMJ4 are having the
same trend with the temperature changes. They are decreasing
exponentially from low temperatures at NIR and Vis regions, and
then they are getting in plateau near to UV at high temperatures.
The reason for that could be the evaluation of the short pitch
length from high temperature to low temperature in the aspect
of optical FWHM and wavelength maximum [31]. On contrary,
Fig. 7. The effect of the different cholesteric liquid crystals mixtures on the tunability ra
maxima FWHM (c), and photonic band gap Ug (d).
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for both AMJ5 and AMJ6 the wavelength and FWHM were
decreased exponentially as well but without any plateau, due to
the shortness of the transitions temperature range as stated in
Table 1.

The absorption spectra are utilized to determine electron-
radiation interactions [32]. Therefore, the Tauc and Davis-Mott
model is used to estimate the photonic optical energy bandgap val-
ues throughout the absorption coefficient aof the absorbents mate-
rials as [20,21]:

ahmð Þn ¼ b hm� Ug
� � ð1Þ

where n is a constant (n = 2 for a direct allowed transition) and b is
the exponent constant index.

The experimental data from the dependence on ahm ¼ f ðhmÞare
fitted according to equation (1) as shown in the insets of Fig. 6
[20,21,33]. The a is related to the absorbance A based on the
Lambert-Beer law [3,33] as the following:

a ¼ 1
d
ln

Io
I
¼ 2:303

d
log

Io
I
¼ 2:303

d
A ð2Þ

where A is the absorbance and d is the liquid crystal cell thickness
(~200 lm). Additionally, the variations in tunability of the optical
photonic energy bandgap depend on the CLCs mixture weight per-
centile ratios.

The photonic bandgap increases with an increase in the temper-
ature as estimate in the insets of Fig. 6. In contrast way to the
wavelength maximum and FWHM for the same mixtures AMJ1,
AMJ2, AMJ3, and AMJ4, the optical photonic energy bandgap was
increased from low temperatures at NIR and Vis regions, and then
ges for the temperature T (a), max absorbed wavelength kmax (b), full width at half
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they are getting in plateau also near to UV at high temperatures.
However, both AMJ5 and AMJ6, the optical photonic energy band-
gap was increased straight forward but without any plateau, due to
the shortness of the transitions temperature range as stated in
Table 1.The statistical analysis for the variations and the tunability
ranges of the temperature range (DT), maximum absorbed wave-
length (Dkmax), full width at half maximum (DFWHM), and photonic
bandgap (DUg) at the different AMJ mixtures are investigated as
shown in Fig. 7.

The results indicate all the previous physical parameters tun-
ability ranges depends on weight ratios of the cholesteric liquid
crystal CLCs mixture. The mixtures AMJ3 and AMJ4 are considered
as most significant ones and having common of all physical param-
eters belongs to the tunability. These tunabilities are getting
increase with mixture AMJ1 up to AMJ3, then the maximum stable
at AMJ3 and AMJ4. After that, a decrease has been observed in
AMJ5 and AMJ6.

The reason for this behavior of the tunabilities is mixtures AMJ3
and AMJ4 are characterized by the presence of the TGBA* phases
rather than other mixtures as observed on the DSC and POMmicro-
graph. The probability of presence of the TGBA* increased with
increasing weight ratios of COC, and CB against decrease the CN
until reach to the ratios COC (45–50) %, CB (5–10) %, and CN (50–
40)%. Furthermore, diminish of TGBA* phase is taken place with a
further increase of COC and CB besides decreasing of the CN.

It is worthy to put into the considerations the forces which
could contribute in the self-assemblies characteristics for formed
phases. Hence, Geng et al reported the p� p stacking interaction
of the cholesteric units in the cholesteric liquid crystals and orga-
nogels [34]. While the van der waal forces and interactions have
contributed via aliphatic chains attached to the cholesteric units.
Therefore, van der waals interactions include dipole–dipole,
dipole-induced dipole[35], and instantaneous dipole-induced
dipole interactions could effect on the self-assemblies in the for-
mation of highly ordered liquid crystals phases such as SmA* and
TGBA* [36].

4. Conclusion

The cholesteric liquid crystal mixtures are being under investi-
gation as the tunable photonic optical bandgaps materials. In this
paper, a series of liquid crystal mixtures based on derivatives of
cholesterol are prepared. Each cholesteric liquid crystalline mate-
rial has 8 chiral points only on the cholesteric unit which empha-
size the twisting power. Thermal analyses using the differential
scanning calorimetry DSC as well as polarizing optical microscope
POM are utilized to investigate the ability of these mixtures to tune
the photonic optical bandgap. The induction of the possible highest
twisting power via manipulating weight ratios of cholesterol mate-
rials is producing one of the most frustrating phases such as TGBA*,
which is providing more ability to tune the photonic optical band-
gap over UV–Vis-IR range thermally. Therefore, the optical param-
eters are determined alongside the photonic bandgap energies for
showing the possibility of these promising materials and mixtures
in proper applications.
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[13] R. Walker, D. Pociecha, M. Salamończyk, J.M. Storey, E. Gorecka, C.T. Imrie,

Mater. Adv. 1 (2020) 1622.
[14] P.J. Collings, J.W. Goodby, Introduction to liquid crystals: chemistry and

physics, Crc Press, 2019.
[15] J. Xiang, A. Varanytsia, F. Minkowski, D.A. Paterson, J.M. Storey, C.T. Imrie, O.D.

Lavrentovich, P. Palffy-Muhoray, Proc. Natl. Acad. Sci. 113 (2016) 12925.
[16] M.E. McConney, V.P. Tondiglia, L.V. Natarajan, K.M. Lee, T.J. White, T.J. Bunning,

Adv. Opt. Mater. 1 (2013) 417.
[17] M.-Y. Jeong, K. Kwak, Appl. Opt. 55 (2016) 9378.
[18] S.-W. Oh, S.-H. Kim, T.-H. Yoon, J. Mater. Chem. C 6 (2018) 6520.
[19] G. Petriashvili, M.D.L. Bruno, M.P. De Santo, R. Barberi, Beilstein J. Nanotechnol.

9 (2018) 379.
[20] G. Pathak, G. Hegde, V. Prasad, Liq. Cryst. (2020) 1.
[21] R. Sabry, M. Fikry, O.S. Ahmed, A.R.N. Zekri, A.F. Zedan, J. Phys.: Conf. Series,

IOP Publ. (2020) 012005.
[22] S.-Y. Lin, H.-Y. Tseng, M.-J. Li, Appl. Phys. A 70 (2000) 663.
[23] R. Moreddu, M. Elsherif, H. Butt, D. Vigolo, A.K. Yetisen, RSC Adv. 9 (2019)

11433.
[24] R.A. Gharde, S.Y. Thakare, Int. J. Sci. Res 4 (2015) 2690.
[25] P. Xavier, J. Watwani, P. Viswanath, AIP Adv. 10 (2020) 085026.
[26] G.Q. Ali, I.H.R. Tomi, Liq. Cryst. 45 (2018) 421.
[27] D.D. Sarkar, R. Deb, N. Chakraborty, G. Mohiuddin, R.K. Nath, V.R. Nandiraju,

Liq. Cryst. 40 (2013) 468.
[28] H. Ocak, B. Bilgin-Eran, D. Güzeller, M. Prehm, C. Tschierske, Chem. Commun.

51 (2015) 7512.
[29] I. Dierking, Textures of liquid crystals, John Wiley & Sons, 2003.
[30] Y. Jiang, Y. Cong, B. Zhang, RSC Adv. 6 (2016) 81902.
[31] A. Choudhary, A. Bawa, A.K. Thakur, L.K. Gangwar, S. Kumar, S.P. Singh, A.M.

Biradar, Opt. Mater. 102 (2020) 109771.
[32] M. Fikry, M. Mohie, M. Gamal, A. Ibrahim, G. Genidy, OQE 53 (2021) 1.
[33] M. Soroceanu, A. Barzic, I. Stoica, L. Sacarescu, V. Harabagiu, Express Polym.

Lett. 9 (2015).
[34] L. Geng, G. Feng, S. Wang, X. Yu, Z. Xu, X. Zhen, T. Wang, J. Fluorine Chem. 170

(2015) 24.
[35] M. Hasanin, A.M. Labeeb, Mater. Sci. Eng.: B 263 (2021) 114797.
[36] J.N. Israelachvili, Intermolecular and surface forces, Academic press, 2015.

http://refhub.elsevier.com/S0167-7322(21)01903-6/h0005
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0010
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0010
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0015
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0020
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0025
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0030
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0030
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0035
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0040
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0045
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0045
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0050
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0050
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0055
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0060
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0065
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0065
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0070
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0070
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0070
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0075
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0075
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0080
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0080
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0085
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0090
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0095
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0095
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0100
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0105
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0105
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0110
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0115
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0115
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0120
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0125
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0130
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0135
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0135
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0140
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0140
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0145
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0145
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0150
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0155
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0155
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0160
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0165
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0165
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0170
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0170
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0175
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0180
http://refhub.elsevier.com/S0167-7322(21)01903-6/h0180

	Thermal control of tunable photonic optical bandgaps in different cholesteric liquid crystals mixtures
	1 Introduction
	2 Materials and methods
	3 Results and discussions
	3.1 Structures and textures
	3.2 Thermal stability
	3.3 Optical properties

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


