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Abstract
In the presence of a strong electric field, helices in a cholesteric liquid crystal (CLC) phase might be unwound, leaving liquid
crystal (LC) molecules parallel to the electric field, thereby realizing transparency. Previously, we developed a novel
particle-doped CLC cell without alignment layers that exhibited liquid crystal display (LCD) capabilities via electro-optical
properties. This ability represents a novel advancement in LCD fabrication, resulting in enhanced electro-optical
characteristics. To explore the impact of chirality on LCDs, we synthesized and radially constructed cellulose particles.
These were then employed as chiral dopants in the production of LCD cells. The fabricated chiral nanoparticle (CNP)-doped
PC05 CLC cell showed a high transparency of 97.4% and a fast response time of 7.6 ms. For the prepared radially
constructed PDAT-doped PD2T PSCLC cell, a high transmittance of 93.6% and a fast response time of 13 ms were
achieved. Fabrication of LCD cells without an alignment layer on substrates was achieved by indicate adding polymeric
chiral nanoparticles into CLC mixtures. Adding 2 wt% chiral CNPs promoted the transmittance of the CLCs from 3.4 to
97%. This novel chiral dopant technique enables the use of a new easy method for the fabrication of LCDs.

Introduction

The cholesteric phase is also known as the chiral nematic
phase because it is the chiral version of the nematic phase.
Achiral liquid crystals can form a chiral nematic phase upon
addition of a small amount of chiral dopant, yielding a
substance with high helical twisting power. This process is
proposed to be accomplished by chiral additives that pro-
duce a chiral environment for all the other achiral mole-
cules, resulting in a helical macrostructure [1–5].

Cholesteric liquid crystal (CLC) cell textures are parti-
cularly sensitive to electric fields [6–11]. If the applied
electric field between two slides is strong enough, then the

helices in the CLC phase can unwind, and the corre-
sponding liquid crystal (LC) molecules would parallel the
electric field in the homeotropic texture [12–15], thus
exhibiting transparency. Theoretically, a light shutter or
smart CLC window can be created by switching between
the focal conic and homeotropic textures [16–21].

Much research has explored the concept of additives in
liquid crystal systems to improve the physical properties,
such as the electric, optical, and magnetic properties, of
liquid crystal devices (LCDs). Carbon nanotubes (CNTs)
[22–24], nanoparticles (NPs) [25–28], quantum dots (QDs)
[29, 30] and graphene oxide flakes [31–33] are often doped
into LC or polymer-stabilized liquid crystal (PSLC) sys-
tems. NPs are the most popular dopant in these applications
due to their effects on electro-optical performance and LC
alignment. For QDs with different concentration effects on
polymer-stabilized cholesteric liquid crystal (PSCLC)
devices, the addition of CdSeS/ZnS QDs reduces the
threshold voltage due to the correspondingly reduced
anchoring strength, while the sulfur-based shell in the QD
structure also reduces the response time of the PSCLC
device [34, 35]. Plasmon resonance on the surface of silver
and gold NPs causes an increase in the dielectric response,
and the optical characteristics can be modified based on
size, shape, distribution, and other parameters [36–41].
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Surface treatment easily functionalizes these metal NPs. As
a result, several studies have investigated the interaction
between metal NPs and the LC host [42–44]. To the best of
our knowledge, no study has reported the use of polymeric
beads as additives for the fabrication of LCDs.

In our previous paper, we developed a novel polymer
bead-dispersed liquid crystal device (PBLCD) using radially
constructed polydopamine (PDA) particles as additives for
the fabrication of liquid crystal devices [45]. Improving upon
traditional and complicated processes, a more straightforward
method for the fabrication of LCDs was achieved. Con-
sidering the chiral twisting power of liquid crystals, to study
the chiral effect of polymer dopants on the improvement of
the electro-optical properties of PBLCD, in this study, both
chiral hydroxypropyl cellulose nanoparticles (CNCs) and
radially constructed CNCs were used. The performance of
these compounds were compared with that of achiral radially
constructed PDA nanoparticles. Several significant chiral
effects on the improvement of electro-optical properties of
the fabricated LCDs were observed.

Experimental section

Materials

2-Methyl-1,4-phenylene bis(4-(3-(acryloyloxy)propoxy)
benzoate) (RM257), 4’-[(S)-2-methylbutyl]biphenyl-4-car-
bonitrile (CB 15) and Irgacure-184 were purchased from
Fusol Material Corp. (Tainan, Taiwan), Luminescence
Technology Corp. (Taipei, Taiwan) and Alfa Aesar (Mas-
sachusetts, USA), respectively. 3-Hydroxytyramine hydro-
chloride (dopamine hydrochloride) and dimethyloctadecyl-
3-(trimethoxysilyl) propyl ammonium chloride (60% in
methanol, DMOAP) were obtained from Acros Organics
(Belgium, Germany). Indium tin oxide (ITO) glass and
spacers were purchased from Uni-Onward Corp. (New
Taipei, Taiwan) and Shinkong Synthetic Fibers Corp.
(Taipei, Taiwan), respectively. Desulfated cellulose nano-
crystals (DS-CNCs) were purchased from Cellulose Lab
(Toronto, Canada). All the commercial chemicals used in
this research were ACS grade or higher and were used
without further purification.

Instruments

Phase transition temperature and optical texture variations
were further studied using a polarized light microscope
(POM, Nikon ECLIPSE Ci POL, Tokyo, Japan) equipped
with a hot stage (LINKAM T96-S, London, England), and
the experimental temperature scanning rate was determined
to be 10 Kmin−1. The phase transitions of all the liquid
crystal mixtures were investigated with a differential

scanning calorimeter (DSC, PerkinElmer DSC 7, Massa-
chusetts, United States) at a heating/cooling rate of 10 K
min−1. Thermal stability data were recorded under a nitro-
gen atmosphere at a heating rate of 10 Kmin−1 with a
thermogravimetric analyzer (TGA, PerkinElmer TGA 7,
Massachusetts, United States). As shown in Fig. S1, the
electro-optical properties of the fabricated cells were esti-
mated using a configuration consisting an arbitrary/function
generator (Tektronix AFG3021B, Oregon, United States), a
digital storage oscilloscope (Tektronix TDS 2014b, United
States), a high-voltage amplifier (PINTEK HA-805, New
Taipei, Taiwan), a photodetector (Electro-Optics Technol-
ogy ET-2000 Silicon Pin Detector, Miami, United States)
and a helium–neon laser (Meredith Instruments, Arizona,
United States). The physical properties of the PDA and
cellulose nanoparticles were analyzed using a dynamic light
scattering spectrophotometer (DLS, Otsuka ELSZ-1000ZS,
Taipei, Taiwan), Fourier transform infrared spectroscopy
(FTIR, Jasco FTIR-4600, Tokyo, Japan) and scanning
electron microscopy (SEM, JOEL, HR-FESEM 6700F,
Tokyo, Japan).

Synthesis of polymeric particles

Synthesis of PDA beads

As we described previously, dopamine hydrochloride
(0.2 g) was dissolved in a mixture of 50 ml of deionized
(DI) water and 20 ml of ethanol [45]. A diluted sodium
hydroxide aqueous solution was used to adjust the pH of the
dopamine solution to 10. Upon addition of the sodium
hydroxide, the color of the reaction mixture became orange
and then black. Figure S2 shows the synthetic process of
polydopamine nanoparticles. After mixing the reagents, the
mixture was stirred at 300 rpm at 30 °C for 24 h. After the
reaction, a dark black reaction mixture was obtained. The
synthesized PDA particles in the product solution were
centrifuged at 6000 rpm for 10 min. The synthesized crude
product was washed three times with DI water. The PDA
particles were frozen in a small amount of water for 2 days
and then ground to a fine powder.

Modification of PDA particles with DMOAP

The prepared PDA powder was dispersed in a 1.5 wt%
DMOAP aqueous solution. This mixture was treated under
ultrasonic oscillation for 25 min to form a layer of DMOAP
molecules on the surface of the PDA particles. The
DMOAP-modified PDA particles were denoted as PDAT
particles. The synthesized crude solution was centrifuged at
5000 rpm for 15 min, followed by washing with DI water
three times to remove unreacted DMOAP. The synthesized
PDAT particles were frozen in a small amount of water for
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2 days and then ground to a fine powder. This modification
process is shown in Fig. S3.

Modification of cellulose nanoparticles with DMOAP

The DMOAP solution (1.25 g, 60%) was mixed with DI
water (50 ml) to prepare a 1.5 wt% DMOAP aqueous
solution, after which the commercially available cellulose
nanoparticles (CNPs) were dispersed in the solution. The
cellulose nanoparticles were treated in a DMOAP aqueous
solution under ultrasonic oscillation for 20 min to form a
layer of DMOAP molecules on the surface of the cellulose
nanoparticles. The DMOAP-modified cellulose nano-
particles used in this study were named CNPT particles. The
crude solution was centrifuged at 10,000 rpm for 10 min
and then washed three times with DI water to remove
unreacted excess DMOAP in the solution. The synthesized
CNPT particles were freeze-dried for 2 days and subse-
quently ground to a fine powder. The process of modifying
the cellulose nanoparticles is shown in Fig. S4.

Preparation of cholesteric liquid crystal cells

Cleaning of ITO-coated glass substrates

The ITO-coated glass substrates were cut into 25mm× 25mm
squares with a thickness of 0.7 mm. These substrates were
washed with neutral detergent for 15min in an ultrasonic
cleaner and then washed with DI water two times, each time for
15min. For the last cleaning step, acetone was applied to wash
the substrates in an ultrasonic cleaner for 30min. The cleaned
ITO-coated glass substrates were dried in an oven for at least
2 h and were thus ready for use in the following experiments.

Fabrication of sandwiched ITO cells

As illustrated in Fig. S5, one ITO glass slide overlapped
face-to-face with the other slide. The overlapping area was
determined as 21 mm × 17mm. Then, two spacers with a
thickness of 25 μm (18 mm × 2mm in size) were placed
between two indium tin oxide (ITO) glasses to form a gap
for subsequent liquid crystal material injection. The edges
of the assembled ITO cells were enclosed with epoxy glue
and dried for 2 days to prevent possible leakage. The pre-
pared ITO cells were used for further studies.

Preparation of the CLC mixture

A cholesteric liquid crystal (CLC) mixture was prepared by
homogenously mixing both commercially available nematic
liquid crystal (NLC) MJ05581 and the 5 wt% chiral dopant
CB15. The physical properties of MJ05581 are shown in
Table S1.

Polymeric particle-doped CLC mixtures

The prepared PDA, PDAT, CNP and CNPT particles were
dispersed in chloroform to form dispersions. After ultrasonic
oscillation for 10min, the dispersion was immediately dropped
into the prepared CLC mixture. The concentration of particles
dispersed in the LC mixtures was predetermined to be in the
range of 0.05 to 0.2 wt%. In accordance with the concentration,
samples doped with 0.05, 0.1 and 0.2 wt% PDA nanoparticles
are denoted D05, D1 and D2, respectively. The “T” denotes the
regular and CNP nanoparticles modified with DMOAP. A few
drops of chloroform were used to prepare homogeneous
mixtures with stirring at 300 rpm for 2 days. After removing
the solvent, the mixture was ultrasonically oscillated for 10min
to prevent particle aggregation.

Fabrication of particle-doped CLC cells

The particle-doped CLC mixture was heated to 75 °C to
form an isotropic phase and then injected into the prepared
sandwiched ITO cells by capillary phenomena. The cells
were held at 75 °C for 10 min for homogenization. These
cells were then removed from the hot plate and gradually
cooled to room temperature. The fabricated particle-doped
CLC cells were maintained for further study.

Fabrication of polymer-stabilized particle-doped
CLC cells

To compare the electro-optical properties of the fabricated
particle-doped CLCs, polymer-stabilized cholesteric liquid
crystal (PSCLC) cells were prepared in this study. To fab-
ricate the PSCLC, 2 wt% RM257 with 0.4 wt% photo-
initiator was added to the previously prepared CLC mixture
with an external electric voltage (40 V) across the cell and
then exposed to UV irradiation (365 nm, 5 mW/cm2) for
3 min. The fabricated PSCLC cells exhibited a scattering
state without an applied electric field, whereas a transparent
state was observed with an applied electric field (>Vth).

The chemical structures used for the PDA particle-doped
and CNP-doped CLC and PSCLC devices are shown in
Scheme 1.

Measurement of electro-optical properties

The prepared CLC and PSCLC cells with PDA, PDAT,
CNP and CNPT particles were prepared under DC voltage,
which was generated by the combination of a high-voltage
amplifier, function generator and digital storage oscillo-
scope. The transmittances of the CLC and PSCLC cells
were measured by a photodetector, which can convert the
light intensity to an electrical signal. The transmittance was
calibrated by an empty sandwiched ITO cell. As shown in
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Fig. S1, the electro-optical properties of the fabricated
LCDs were measured with a laser system with a
helium–neon laser light source (632.8 nm).

Results and discussion

Characterization of polymer particles

SEM image of PDA particles

Polydopamine (PDA) particles were prepared and modified
with a DMOAP aqueous solution to obtain PDAT particles.
Both PDA and PDAT particles were ground into black fine
powders and analyzed via SEM to evaluate the particle sizes

of the synthesized particles. Figure 1a, b shows sphere-like
particles with a rough surface. The mean sizes of the syn-
thesized PDA and PDAT particles were calculated to be
140 nm and 160 nm, respectively. Figure 1c shows that the
PDAT particles were slightly larger than the PDA particles
were, revealing a wider particle size distribution after the
DMOAP coating process.

Hydrophilicity of PDA particles

Figure S6a shows the molecular structure of DMOAP,
which is commonly utilized for perpendicular alignment on
glass surfaces for LC devices. Due to the long carbon chain
of the DMOAP molecule, DMOAP can force the LC
molecules to align in the direction perpendicular to the
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Fig. 1 SEM images of (a) PDA
and (b) PDAT particles and (c)
the distribution of PDA and
PDAT particle sizes
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particle surface. As illustrated in Fig. S6b, PDAT particles
with DMOAP molecule surface coatings were predicted to
yield a radial alignment on the particle surface to interact
with LC molecules. In CLC mixtures, PDAT particles
demonstrated greater size dispersion, and a strong interac-
tion between particles and LC molecules was expected.
Figure S6c shows the difference in hydrophilicity between
PDA and PDAT particles in DI water. PDA particles pos-
sess a hydrophilic surface because the particles are well
dispersed in water, whereas the PDAT particles aggregate
and are suspended in water. This outcome is attributed to
the change in particle surface properties from hydrophilic to
hydrophobic following surface modification with DMOAP.
To further confirm the presence of DMOAP on the surface
of the PDAT particles, FTIR was used to measure the
DMOAP layer via spectral subtraction between PDA and
PDAT, as shown in Fig. S6d.

Dynamic light scattering (DLS) analysis of particles

The synthesized PDA nanoparticles and commercially
available desulfated cellulose particles (CNPs) were ana-
lyzed using a DLS spectrophotometer. Before the mea-
surement, the nanoparticles were dropped into DI water and
placed in a cuvette. The estimated dispersity and average
size of the PDA and cellulose particles are shown in Fig. 2.
The average size of the PDA particles was ~154 nm,
whereas the average size of the cellulose nanoparticles
(CNPs) was ~162.4 nm. Similar sizes of both PDA and
cellulose nanoparticles are beneficial for comparing the
structure and material effect of dopants dispersed in liquid
crystals.

Characterization of cholesteric liquid crystal cells

POM textures of CLC cells

To further study the POM textures, a sample cell with a pair of
antiparallel alignment layer substrates was prepared. Various
cholesteric textures were observed under a polarized optical

microscope (POM). Figure S7 shows the POM textures of the
CLC mixture heated at a rate of 5 °C/min in the liquid crystal
cell. Figure S8 shows the (1) DSC curve of the CLC mixtures
and (2) the calculated clearing temperature. Figure S8 of
the Supporting Information shows that the introduction of
dopants confirmed the alterations in the clearing temperature
of the liquid crystal mixtures. These findings indicate a sub-
stantial interaction between the introduced particle dopants and
the liquid crystals. Based on the results, the fabricated sample
cell exhibited an isotropic phase at 80 °C, as shown in Fig. 3a,
and the liquid crystals were arranged randomly. During this
time, the polarized incident light is unable to pass through the
analyzer, resulting in a dark image. When the sample cell was
cooled to ambient temperature, Bragg reflection occurred
when the liquid crystals were aligned in a planar state, and the
incident light that passed through the LCs was rotated,
resulting in the appearance of a planar texture, as illustrated in
Fig. 3b. For comparison, an LC cell with substrates without
any alignment layer was prepared. The randomly dispersed
CLC helices in the cell created a focal conic texture without
surface alignment layers, as shown in Fig. 3c. When an
electric voltage was applied to the cell, the liquid crystals
aligned parallel to the electric field, which disabled the rotation
of the polarized incident light and resulted in a black image, as
shown in Fig. 3d. The homogeneous dark image indicates that
the LC molecules aligned in a homeotropic alignment parallel
to the electric field. The inset images in Fig. 3 illustrate this LC
molecule alignment.

Particle-doped CLC cells

PDA and PDAT particles were dispersed in CLC mixtures
at concentrations ranging from 0.05 to 0.2 wt%. The com-
positions of the CLC mixtures with various amounts of
dopants are listed in Table 1. Both the PDA and PDAT
particle-doped mixtures reached a uniform distribution after
removal of the solvent. The results indicate that the PDA
and PDAT particles can be dispersed in high-viscosity LC
mixtures. The prepared PDA-doped CLC mixtures and
PDAT-doped CLC mixtures were used for further studies.

Fig. 2 Dynamic light scattering
(DLS) analysis of (a) PDA and
(b) cellulose nanoparticles
(CNPs)
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As shown in Table S2, cellulose nanoparticles (CNPs) and
radially constructed cellulose particles (CNPTs) were also
dispersed in CLC mixtures at concentrations ranging from
0.05 to 0.2 wt%. The prepared CNP-doped CLC mixtures
and CNPT-doped CLC mixtures were used for further
investigations.

Electro-optical properties of particle-doped CLC cells

The switching performances of PDA particle-doped CLC
cells were then measured with a discontinuous increasing
voltage. Figure S9 shows the dependence of the transmit-
tance of (1) CLC, (2) 0.1 wt% PDA particles, and (3) 0.1
and (4) 0.2 wt% CNP particle-doped CLC cells on the
electric field discontinuously increasing from 0 V to 40 V.
Based on the results of all the prepared sample cells, the

calculated sample cell transmittances are summarized in
Fig. 4a, b. As shown in Fig. 4b, 96.9% transmittance was
achieved via CNP particle doping. To investigate the radial
construction effect on CLC cells, DMOAP surfactant-
treated PDAT and CNPT particle-doped sample cells were
tested. The results are summarized in Fig. 5. As shown in
Fig. 5a, b, the observed maximum transmittance decreased
compared with that shown in Fig. 4. These results are
ascribed to the aggregation of surface-treated particles.
Figure S6a shows the molecular structure of DMOAP.
Surface-modified particles may aggregate due to interac-
tions between radially constructed long hydrophobic carbon
chains, leading to a decrease in transmittance.

Particle-doped PSCLC cells

To further study the effect of radially constructed dopants
on PSCLC cells, a series of PSCLC cells were prepared.
Table S3 shows the compositions of these PSCLC sample
cells. A PSCLC mixture containing 2 wt% RM257 and
0.4 wt% photoinitiator was used. Figure S10 shows the (1)
DSC curve of the PSCLC mixtures and (2) the calculated
clearing temperature. Like for the CLC mixtures, the
clearing temperatures are close to 70 °C.

Electro-optical properties of particle-doped PSCLC cells

To study the effect of particle dopants on PSCLC cells,
PSCLC cells without particle dopants and PSCLC cells with
various particles and surface-treated particle-doped sample

Table 1 Estimated response time of PSCLC cellsa

Code TON
b TOFF

c Average

CLC 36.4 12.0 24.2

PSCLC 150.0 12.4 81.2

PD2T 16.8 9.2 13.0

PC2T 49.0 11.0 30.0

PD05 15.1 8.5 11.8

PC05 10.3 7.6 9.0

aResponse time in ms
bTurned on response
cTurned off response

Fig. 3 POM textures of the CLC
mixture under the (a) isotropic
state, (b) planar state, (c) focal
conic state, and (d) homeotropic
state under 40 V switching
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cells were fabricated. As shown in Fig. 6, without the
particle dopant, the PSCLC cell shows only 17.2% calcu-
lated transmittance. Adding PDA and CNP dopant particles
increased the transmittance to 70.6% and 97.4%, respec-
tively. Notably, as shown in Fig. 4b, the chiral CNP parti-
cles had a significant chiral effect on the PSCLC cells,
leading to a high transmittance of 97.4%.

Figure 7 shows the calculated transmittances of the (1)
PDAT and (2) PCNPT particle-doped PSCLC sample cells.
Unlike in CLC cells, polymer-stabilized CLC cells inhibited
the aggregation of surface-treated particles, leading to an
increase in the maximum transmittance to 93.6% for PD2T
cells. However, as shown in Fig. 7b, surface radial treat-
ment decreased the chiral effect, leading to a decrease in the

maximum transmittance to 84.9%. In addition, without
particle doping, the prepared CLC cells and PSCLC cells
exhibited a low transmittance of 17.2%.

Response times of the PSCLCs

The response times of the prepared PSCLC sample cells
were measured to estimate the response times of both
PDAT and PCNPT particle-doped PSCLC cells. Figure 8
shows the electrical response of PSCLC cells to various
dopants, PD2TON, PD2TOFF, PC2TON and PC2TOFF, at an
operating voltage of 40 V. Figure 8a, c and b, d indicates
cell transmittance variations during the “ON” state and
“OFF” state, respectively.

Fig. 4 Calculated transmittance
of the (a) PDA and (b) CNP
particle-doped CLC sample cells

Fig. 5 Calculated transmittance
of the (a) PDAT and (b) CNPT
particle-doped CLC sample cells

Fig. 6 Calculated transmittance
of the (a) PDA and (b) PCNP
particle-doped PSCLC
sample cells
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Table 1 shows the estimated response times of the fabri-
cated CLC and PSCLC sample cells. Notably, without particle
dopants, the PSCLC cell exhibited a 150ms response time
when the cell was turned “ON”. Compared with that of

particle-doped sample cells, the response time is quite slow.
The added particle dopants may reduce the resistance of the
polymer matrices, resulting in a lubricating effect on the LC
molecules and a rapid response. For humans, vision resistance
is ~62ms, and the results summarized in Table 1 indicate that
the prepared PD2T and PC2T cells are suitable for the tele-
vision LCD designation. PC05 showed a faster response than
PC2T. Figure 9 shows a schematic illustration of the CNP-
doped PSCLC cell. A higher concentration of chiral dopant
increases the twisting power of the CLC mixture, increasing
the driving force from being focal-conic being to homeotropic,
thereby increasing the response time. Furthermore, surface-
treated radial constructions may disturb the movement of CNP
particles in polymer matrices.

Performance as a light shutter

Images of the PC05 cell used as a light shutter under 40 V
switching are shown in Fig. 10. When the sample cell was

Fig. 7 Calculated transmittance
of the (a) PDAT and (b) PCNPT
particle-doped PSCLC
sample cells

Fig. 8 Electrical response of
PSCLC cells with various
dopants (a) PD2TON, (b)
PD2TOFF, (c) PC2TON and (d)
PC2TOFF, via an operating
voltage of 40 V

Fig. 9 Schematic illustration of CNP particle-doped PSCLC cells
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biased with an electric voltage, a colorful image behind the
PC05 cell was observed. During this period, the PC05 cell
exhibited a transparent “on” state, as shown in Fig. 10a.
After the electric voltage was removed, the PC05 cell turned
from transparent to opaque, and the image disappeared in
the “OFF” state, as shown in Fig. 10b. Furthermore, the
POM textures of the “ON” and “OFF” states were studied,
and the results are shown in Fig. 11. When the PC05 cell
was biased with a voltage in the “ON” state, a homeotropic
alignment was observed, as indicated by the dark signal in
the POM image. During this period, the polarized incident
light was not further tuned by the homeotropic LC mole-
cules, forming a dark image, as shown in Fig. 11a. In
contrast, in the “OFF” state, as shown in the inset image in
Fig. 11b, the polarized incident light is further tuned by

focal-conic LC molecules, which exhibit a colorful texture.
Video 1 is provided as Supplementary Information showing
the real “ON” and “OFF” operations of the fabricated
PSCLC cell. The “ON” and “OFF” functions indicate the
available electro-optical properties of the fabricated PSCLC
cell.

Reliability of fabricated CLC cells

Figure 12 shows the reliability of the fabricated PC05 and
PD2T PSCLC cells. The results revealed that the pre-
pared PSCLC cells had stable electro-optical properties.
Both the chiral effect and radial constructed particle
dopant effect on the LCD were confirmed, clarified and
evidenced.

Fig. 10 Real images of PC05
cells switching to the (a)
transparent “ON” state and (b)
opaque “OFF” state; a colorful
image was taken behind the LC
cell

Fig. 11 POM textures of PC05
cells in the (a) “ON” state and
(b) “OFF” state

Fig. 12 Reliability of the
fabricated (a) PC05 and (b)
PD2T cells
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Conclusion

We have developed a straightforward technique for manu-
facturing LCDs with improved electro-optical features.
Radially constructed particles were synthesized and used as
dopants for the fabrication of LCD cells. The chiral CNP
dopant and the radially constructed PDAT dopant significantly
increase the transmittance of the CLC and PSCLC cells,
respectively. The fabricated chiral CNP-doped PC05 CLC cell
exhibited a high transmittance of 97.4% and a fast response
time of 7.6ms. For the radially constructed PDAT-doped
PD2T PSCLC cell, a high transmittance of 93.6% and a fast
response time of 13ms were achieved. The fabrication of
LCDs without an alignment layer on substrates was achieved
by syndicate adding polymer nanoparticles. Adding 2wt%
chiral CNPs promoted the transmittance of the CLCs from 3.4
to 97%. This novel chiral dopant technique provides a new
easy method for the fabrication of LCDs.
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