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ABSTRACT
In this study, unpolymerizable and polymerizable polyoxometalate
(POM)-based nanoparticles have been developed for the stabiliza-
tion of liquid crystal blue phase (LC-BPs). The result demonstrates
that BPs could be stabilized with the help of doped unpolymerizable
POM nanoparticles, leading to widening of the temperature range
of BP. Meanwhile, photo polymerization of polymerizable POM-based
nanoparticle allows for the formation of POM-based polymer networks
into the disclination lines in polymer stabilized BPs, yielding the stabi-
lization of BPs. Remarkably, the participation of the polymer network
formation of POM-based nanoparticle could be visualized by energy-
dispersive X-ray elemental maps due to the existence of tungsten.
Finally, electro-optical switching of polymer stabilized BPs based on the
Kerr effect has been investigated in detail. POM-based polymer net-
works within disclination lines yield a decrease in free energy of BP
system, thus enabling a reduction in the switching voltage of the BP
device. These results are significant contributions to the BP fundamental
research and the technical progress in areas of LC photonic application.

1. Introduction

Nanoparticle-doped liquid crystals (LCs) are attracting growing interest due to the novel
properties that emerge in these nano-systems. To date, various nanomaterials, from metal
nanoparticles to quantum dots have been introduced into LCs, and various effects on the
properties of LCs have been investigated [1,2].Among the various LC phases, blue phases
(BPs) with three-dimensional (3 D) superstructures have gained much attention in recent
years due to their applications in many fields, such as LC displays, tunable LC laser and opti-
cal sensors [3–11]. BPs could be classified into three types: BPIII, BPII, and BPI on the cool-
ing process with amorphous symmetric, simple cubic, and body centered cubic structures,
respectively [3]. Since the BP-based LCD panels were demonstrated by Samsung electronics,
the investigations of BPs for LCD applications have gained increasing attention due to their
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fast switching times, insensitivity to the cell gap, and alignment layer-free nature. Consider-
ing the practical application to display technologies, BPs still have some problems, such as
narrow temperature ranges, high operating voltage, hysteresis, and residual transmittance. In
order to address these issues, much effort has been paid to extend the BP ranges and optimize
the electro-optical performance during these years, including polymer network, nanoparticles
and various molecule structures such as T-shaped molecules, dimer molecules and bent-core
molecules[12–26].

Among them, nanoparticles trapped in the disclination lines have been shown to stabilize
the BP by removing the effective volume of the high energy-costing disclination lines. Until
now, various nanomaterials, such as CdSe nanoparticle, gold nanoparticle have been intro-
duced into LCs to induce BP with a wide temperature range [23–26]. For example, H. Yoshida
et al., report the expansion of the temperature range of BPs by doping spherical gold nanopar-
ticles with a mean diameter of 3.7 nm in LC mixture. They found that the temperature range
of the BPs was increased from 0.5 to 5°C [22]. H. Yang et al., demonstrated that BPI could be
stabilized by a small amount of hydrophobic surface-treated ZnS nanoparticles with an aver-
age diameter of around 33 nm, inwhich the temperature range of BPI was extended even up to
about 15.6°C. In addition, the reversible electro-optical switching was achieved which could
be considered as hysteresis-free at a 0.5–0.7 wt% doping level. They thought that the above
phenomena rise from the fact that the volume and the free energy around the disclinations
were suppressed by introducing the nanoparticles [25].

Polyoxometalates (POMs), representing a diverse range of nanosized clusters of V, Mo,
W, Nb, and so on, have evoked a lot of interests due to their precise chemical structures,
rich topologies, uniform size and interesting physical properties [27–32]. Among them,
the development of organic-inorganic hybrid POMs has attracted much attention because
they hold considerable potential for functional materials [31–32]. In this study, we develop
unpolymerizable and ultraviolet (UV)-polymerizable POM-based nanoparticles to stabilize
BPs. Here the polymerizable POM-based nanoparticle has been fabricated by grafting two
polymerizable acrylate groups onto POM precursor, and then sequentially polymerized to
form polymer network by integrating diacrylate LC monomers in LC mixture. We firstly
investigate the effects of unpolymerizable POM nanoparticle (d-1.0 nm) and polymer net-
works from polymerizable POM-based nanoparticle on extending the temperature range
of BPs. Then the corresponding mechanisms stabilizing the BPs have been discussed in
detail. Finally, we study the electro-optical performances based on the Kerr effect for the
POM-based polymer stabilized BPs. This work opens up a new way for developing the
BP system that exhibit wide temperature range and good electric-optical switching effect,
thereby leading to the potential applications in areas of display as well as optoelectronic
devices.

2. Experimental sections

2.1. Materials

Nematic LCs, BYLC-X (�n = 0.20 at 589 nm wavelength and 20°C; Beijing Bayi
Space LCD Technology CO., LTD.); S811 (chiral dopant, Beijing Lyra Tech); Diacrylate
photo-polymerizable LCs monomer, C6M and photoinitiator, 2, 2-dimethoxy-2-phenyl-
acetophenone (Irgacure 651, TCI Co. Ltd.) were used. Diacrylatenematic monomer,
C6M was synthesized according to the method suggested by D. J. Broer et al. [33].
[(C4H9)4N]4[(SiW11O39)O{Si(CH2)3NH2•HCl}2] (POM precursor, SiW11-NH2), was
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Figure . The chemical structures of CM, S, Irgacure  and SiW-NH.

prepared according to the published procedure and fully characterized [34]. Fig. 1 shows the
chemical structures of C6M, S811, Irgacure 651 and POM precursor, SiW11-NH2.

2.2. Synthesis of polymerizable POMnanoparticle

[(C4H9)4N]4[(SiW11O39)O{Si(CH2)3NHCO(CH2)2OOCCHCH2}2]was directly prepared
according to our previous work [31]. Yield: 56.9%.

1H-NMR (CD3CN-d3, ppm): δ = 0.72 (t, 4 H), 0.99 (t, 48 H), 1.40 (m, 32 H), 1.62 (m,
32 H), 1.75 (m, 4 H), 2.49 (m, 4 H), 3.15 (t, 32 H), 3.26 (m, 4 H), 4.32 (m, 4 H), 5.92 (t, 2 H),
6.16 (m, 2 H), 6.37 (d, 2 H).

13C-NMR (DMSO-d6, ppm): δ = 8.67, 13.48, 19.19, 23.05, 34.52, 41.38, 45.85, 57.52,
128.22, 131.58, 163.16, 168.85.

29Si-NMR (DMSO-d6, ppm): δ = −52.95, −85.27.
FT-IR (KBr, cm−1): ν = 3390, 2962, 2932, 2873, 1725, 1662, 1541, 1482, 1382, 1273, 1187,

1113, 1044, 967, 920, 855, 805, 619, 533, 420.
Elemental analysis (%) calcd. for C82H172N6O46Si3W11(4084.75): C 24.09, H 4.21, N 2.06;

found: C 23.83, H 4.14, N 1.96.

2.3. Preparation of BPs sample and polymer stabilized BPs

Cells with indium tin oxide (ITO) electrode were made from two pieces of glass bonded
together, where PE film of 12 µm thickness was used as the cell spacers and no surface align-
ment layer was used. The samples were filled into the cells by capillary action at appropriate
temperature. For the conventional LC cells, a homogeneous mixture of BYLC-X, S811 and
unpolymerizable POM nanoparticle with appropriate weigh ratio was filled into glass cell,
and the compositions of the sample are listed in Table 1.For the polymer stabilized BPs, the
LCmixtures containing BYLC-X, S811, polymerizable POMnanoparticle, C6M, and Irgacure
651 were filled into the cell at an isotropic state and cooled down to BP temperature at a rate
of 0.5°C/min, then subsequently the cell was irradiated upon 365 nmUV light (1.5 mW/cm2)
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Table . Compositions and transition temperatures of LC samples a�T: BP temperature range.

Composition/wt% Transition temperature/°C

Sample no. POM nanoparticles S BYLC-X N∗-BP BP-I �Ta

A None    . . .
A SiW-NH .   . . .
A SiW-NH .   . . .
A SiW-NH .   . . .
A SiW-NH    . . .
A SiW-NH .   . . .
A SiW-NH .   . . .
B SiW-NH aggregates .   . . .
B SiW-NH aggregates .   . . .
B SiW-NH aggregates .   . . .
B SiW-NH aggregates    . . .
B SiW-NH aggregates .   . . .
B SiW-NH aggregates .   .  .

for 15 min in a temperature range where a BPI phase forms. In this fabrication process,
the temperature of the LC cell was carefully changed so as to keep BPI phase during UV
exposure.

2.4. Characterization of polymerizable POMnanoparticle
1H-NMR, 13C-NMR, and 29Si-NMR spectra were obtained on a Bruker AV400 NMR spec-
trometer at resonance frequency of 400 MHz. Fourier transform infrared (FT-IR) spectra
were carried out on a Bruker Vector 22 infrared spectrometer using KBr pellet method.
Electrospray ionization mass spectra (ESI-MS) were recorded on a Xevo G2 QT ESI-MS
calibrated using a 5 mM sodium formate solution in 90:10 2-propanol:water, and all exper-
iments were performed in negative mode using acetonitrile as solvent. Elemental Analyses
were completed by using varioEL cube from Elementar Analysensysteme GmbH. Trans-
mission electron microscopy (TEM) micrographs were performed using a Tecnai G2 20
instrument.

2.5. Measurement and characterization of LC samples

The samples were observed using a polarizing light microscope (POM) (Leica,DM2500P)
with a heating stage of an accuracy of ± 0.1°C (LTS 420). The optical images were recorded
using Linksys 2.43 software. The reflection spectra were obtained by fiber spectrometer
(Avantes, AvaSpec-2048). The surface morphology and cross-section of the polymer network
was observed by scanning electron microscopy (SEM) (Hitachi S-4700). Optical transmit-
tance was measured for a LC sample in the in-plane-switching (IPS) cells under the crossed
polarizers (Instrument System, DMS505-101), as a function of applied square wave volt-
age of 1 kHz. The samples in IPS cells were placed at an inclination angle θ of 45° with
respect to incident light, and the temperature was controlled with a hot stage calibrated
to an accuracy of ± 0.1°C (LTS 420). The IPS cells were purchased from Bayi Space LCD
Technology Corporation, and the indium tin oxide electrode width was 12.0 µm, the dis-
tance between the electrodes was 15.0 µm, and the cell gap was maintained at 3.8 µm by
spacers.
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Figure . TEM images of (a):monodispersed SiW-NHnanoparticle and (b): the corresponding aggregates.

3. Results and discussion

3.1. Temperature range of BPs induced by unpolymerizable POMs nanoparticles

We firstly investigate the effect of unpolymerizable POMs nanoparticle (POM precursor and
its aggregate) on the stabilization of BPs. Here POM precursor, SiW11-NH2 (Fig. 1) was
encapsulated with tetrabutyl ammonium using a method described in previous study [34].
As a demonstration of TEM image in Fig. 2a, the monodispersed POM precursor has an
average diameter of 1–1.5 nm. Then we prepared a series of LC samples A1-A6 as listed
in Table 1, in which the weigh ratio of POM precursor SiW11-NH2ranges from 0 wt% to
1.5 wt%. The LC samples are placed in a heat stage, heated into the isotropic phase and
then slowly cooled at 0.5°C/min. As listed in Table 1 and Fig. 3a, it clearly indicates that
SiW11-NH2nanoparticle could serve to stabilize BPs by comparing the doped samples A1-
A6withundoped sample A0. Meanwhile, the clearing points of all the samples decrease
which attributes to the introduction of POM precursor SiW11-NH2. By increasing SiW11-
NH2content from 0 to 1.0 wt%, the BP temperature ranges increase from 5.9°C to 17.4°C
in samples A0-A4.As a typical sample, the phase sequence of the sample A4 on cooling pro-
cess is from the isotropic phase (I), BP I to Ch with a BP temperature range of�T�17.4°C.
However, further increasing of the concentration of the SiW11-NH2nanoparticlefrom 1.2 wt%
to 1.5 wt% in A5 and A6 suppresses the BP range as shown in Fig. 3a, which we think may be
due to the concentration effect of POMhybrid precursor in LC system as indicated in previous
study [25].

Additionally, we provide the polarized light microscope images for the doped BP sample
with 1.0 wt% POM precursor(A4)in Fig. 3b. In this sample, colored platelets started to nucle-
ate at a certain temperature, and they gradually grew in number and size to fill the wholefield
of view. What’s more, we find that there is no obvious phase transition in these LC samples.
To understand precisely the phase behavior upon cooling, the temperature dependence of the
Bragg reflection of sample A4 was provided as a typical sample. Fig. 3c illustrates the Bragg
reflection wavelength of the doped sample (A4) as a function temperature. It clearly shows a
continuous change in the temperature dependence of the Bragg reflection wavelength, which
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Figure . (a): BP temperature ranges of samples A–A and B-B. The temperature range of BP (green area)
is marked on the columns in the chart; (b): Polarized light microscope images of BP textures of sample A at
different temperatures and (c): The reflection band of sample A as a function of temperature.

reveals that no phase transition from BPII and BPI happened as demonstrated in the previ-
ous study [6]. Based on the polarized light microscope and Bragg reflection observations, it is
apparent that the doped LC samples in this study possess no BPII during the cooling process.

In order to evaluate the size of POM nanoparticleon the thermodynamic BPs, we note that
SiW11-NH2 could spontaneously aggregate into reverse micelles with a larger size in a mixed
solvent, wherein the hydrophilic head of POM is inside and the hydrophobic alkyl chain is
outside [31]. TEM image in Fig. 2b confirms the nanospherical morphology of the SiW11-
NH2 aggregates with a diameter of around 5 nm. By comparing the BP temperature ranges of
the LC samples B1-B6 (dopedwith SiW11-NH2 aggregates) with A1-A6 (SiW11-NH2), we find
that POMaggregates have similar stabilization effect for BPs as shown in Table 1 and Fig. 3a.In
fact, SiW11-NH2 nanoparticle might be inclined to aggregate to form large-size aggregates in
LC media due to their structural characteristics and surface functional groups. These obser-
vations may be explained due to the fact that is similar to other nanoparticles [23–26], SiW11-
NH2 nanoparticles and their aggregates doped in BPs may be trapped in the disclination lines
due to the elastic interactions. As a result, the free energy associated with the energetically
costly disclination region has been reduced. A possible schematic for the POM nanoparticle-
stabilized BP I is illustrated in Fig. 4, here the disclination cores between the double-twisted
cylinders (DTC) were filled with SiW11-NH2 nanoparticle or the corresponding aggregates,
thereby leading to the stabilization of the disclination lattice of BPI. Increasing the concen-
tration of POM nanoparticle yields a continuously suppression of the volume and the free
energy around the disclinations. However, if the concentration was too high, the BPI would
be disturbed as mentioned above. To sum up, the stabilizing mechanism of the BP for both
SiW11-NH2 nanoparticle and the corresponding aggregates may be attributed to a decrease in
the free energy caused by self-organization-assisted nanoparticles assembly [26].
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Figure . The disclination core between the double-twisted cylinders filledwith POMnanoparticles and the
corresponding disclination lattices of BPI.

3.2. Stabilization of BPs using polymer network based on polymerizable POM
nanoparticle

As known that, in addition to the nanoparticles, the polymer stabilized BPs is another
effective way to stabilize BPs [4]. To demonstrate this polymer stabilized effect as well as
directly observe the POM moiety existence in BP system, we prepared a polymerizable
POM-based nanoparticle containing two acrylate groups based on the above POM precursor
as shown in Fig. 5a. The structural conformation of polymerized POM-based monomer was
confirmed by different techniques. In the FT-IR spectrum, typical amide C = O stretching
vibration bond could be observed at ca.1625 cm−1, and characteristic SiW11-NH2 stretching
vibrations can be found at ca. 1044 (Si-O-Si), 967 (W = O), and 855 (W-O -W) cm−1,
suggesting organic moieties have been successfully grafted onto POM clusters. 1H-NMR
spectrum of polymerized POM-based monomer shows signals that can be unambiguously
assigned and fits well with the corresponding molecular structure. In the 29Si-NMR spectra,

Figure . (a): The chemical structure of polymerized POM-based monomer; (b):the corresponding ESI-MS
spectra; (c): Polarized light microscope images of sample C before polymerization and (d): after polymer-
ization.
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Table . The compositions of samples C and C and the corresponding phase temperatures of thembefore
and after polymerization.

Composition/wt%a Transition temperature/°C

Before polymerization After polymerization

Sample no. POMMomomer CM S BYLC-X N∗-BP BP-I �Tb N∗-BP BP-I �T

C . . . . . . . . . .
C . . . . . . . . . .

a% by weight of monomers of photo initiator Irgacure  is added.
b�T: BP temperature range.

peaks observed at ca. −53 and −85 ppm correspond to the Si in silane and the Si of the
monolacunary SiW11 cluster, respectively. The molecular structure of polymerized POM-
based monomer was further investigated by ESI-MS as shown in Fig. 5b. Peaks at m/z
778.71 can be ascribed to [(SiW11O39)O{Si(CH2)3NHCO(CH2)2OOCCHCH2}2]4−, while
peaks observed at m/z 1038.58 and 1679.35 correspond to molecular fragments of {H[(Si
W11O39)O{Si(CH2)3NHCO(CH2)2-OOCCHCH2}2]}3- and {(TBA)H[(SiW11O39)O{Si(CH2)3
NHCO(CH2)2OOCCHCH2}2]}2-, respectively (See ESI for detailed information).

To get an insight into how the polymer network based on polymerizable POMnanoparticle
(POMmonomer) affects the BP behavior, we fabricated two samples with different monomer
concentrations, where indiacrylate LCmonomer C6Mwas used as a crosslinker and the com-
positions of these LC samples are listed inTable 2. As listed in Table 2, samples C1 and C2
contain the same POM monomer (1.0 wt%) but different C6M (0.5 wt% and 1.0 wt%).It is
worth noting that the reason why the concentration of POM monomer we used is 1.0 wt%
derives from the best doped concentration of unpolymerizable POM nanoparticle in BP sys-
tem as mentioned above. In addition, the effective solubility of POM monomer in the bulk
LCs is another factor to be considered. For the purpose of photo polymerization, the sam-
plesC1 and C2 were illuminated with a UV light (1.5 mW/cm2, 365 nm) for 15 min, and the
polymerization temperature was chosen as Ti-T = 3°C. After UV irradiation, the polymer
network stabilized BP cell was examined again with polarized light microscope. By compar-
ing the measured BP temperature range of the samplesC1 and C2 with the case of no polymer
network, we find that there is a little increase of the BP temperature range for both the samples
before polymerization and after polymerization. In addition, BP temperature ranges for these
three samples after polymerization have a further increase. As an example, for the sample C1
containing 1.0 wt% POMmonomer and 0.5 wt%C6M, �T of BP is 8.9°C before polymeriza-
tion. However,�T of BP after UV polymerization could reach to 16.3°C ranging from 51.5°C
to 35.2°C, which means that the polymer network formed after UV polymerization have a
positive effect on the BP stabilization. Figs. 5c and 5d show the polarized light microscope
textures of the sample C1 in BP temperature range before and after polymerization, it could
be observed that the BP structures were well kept after photo polymerization. In addition,
it should be noted that increasing the C6M concentration does not further broaden the BP
temperature range in sample C2 after polymerization. We think this may be due to that POM
monomerwith a branched structure of the side alkyl groupmay easily occupy into disclination
lines. Meanwhile, due to the huge molecule volume of POMmonomer, C6M as a crosslinker
could just help POM monomers to undergo photo polymerization reaction, thereby leading
to a formation of polymer network. Even if the concentration of C6M increases, the dominant
role of POM monomer does not change. Therefore, increasing the concentration of C6M in
the LC system does not have any significant effect on the BPs stabilization.
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Figure . (a): SEM image of polymer networkmorphology of sample C after polymerization; (b): SEM image
of polymer network morphology of sample C after polymerization; (c): EDX spectrum of the polymer net-
workof sampleC; Inset image is EDXelementalmapand (d): Schematic of polymernetwork structurewithin
a cubic lattice of a polymer-stabilized BPs.

Fig. 6a and 6b exhibit scanning electronmicroscopy (SEM)images of the polymer network
from the photo polymerization of POM nanoparticle and C6M in sample C1 and C2. Here
the samples for investigating the polymer network were obtained by extracting non-reactive
components from the LC cell with cyclohexane. It could be observed that the porous struc-
tures of polymer network are clearly visible in the SEM images. Additionally, it is obvious
that the polymer network become intensive in sample C2 compared to that of sample C1 due
to the increase of C6M concentrations. To confirm the formation of the polymer from the
POM nanoparticles, the spatial distribution of metal elements in polymer network has been
examined using energy-dispersive X-ray (EDX) elemental mapping analysis. As illustrated in
Fig. 6c, EDX spectrum could tell us the existence of the tungsten (W), and the W element
represented by white dots was homogeneously distributed in the polymer network as shown
in the inset image of Fig. 6c. All these observations demonstrate that POMmonomers partic-
ipated in the formation of polymer network. Polymer-based stabilization of BP is well known
and has been achieved previously in many LC systems, which is great effective to stabilize the
BP. However, the demonstrated LC system here could further tell us what component comes
into the disclination lines. That is to say, the POMmoiety in this monomer as a marker could
demonstrate what happens in the LC system during the photo polymerization.

Fig. 6d shows a simulated polymer network structure within a cubic lattice of a polymer
stabilized BPs as mentioned in the previous study [13].Here polymerizable POM nanopar-
ticle just like unpolymerizable POM nanoparticle may be more miscible with an isotropic
region than with a double-twist region due to their structure nature. Therefore, we think that
the polymerizable POM nanoparticle may still stay at defect regions before UV irradiation
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Figure . Normalized transmittance-voltage curves of samples Awithout polymer network (at °C), sam-
ple C (at °C) and sample C (at °C). The inset images of POM photos of the BPI of sample C after
polymerization under the in-plane electric field geometry without the applied voltage andwith the applied
voltage of . V.

or move into the defect regions during UV irradiation. As a result, polymerization of the
monomers forms a specific polymer networks with disclination array as shown in Fig. 6d.
The right-hand side image in Fig. 6d could tell us that the organic-inorganic hybrid POM
monomers are located at the joints of the polymer network. This may be due to the fact that
POM monomers have a lower surface energy than that of C6M and may be easier to phase
separates into the region of defects [35].

3.3. Electric-optical switching in polymer-stabilized BP based on Kerr effect

Electro-optical response of polymer stabilized BPs based on Kerr effect has been widely inves-
tigated due to the great potential in LCD fields [4]. To estimate the effect of polymer network
on the electrical-optical performance, we measured the optical transmittance of the LC cells
under crossed polarizers as a function of an applied electric field. Here the voltage for the
increase in the transmittance from the initial state to 10% of the saturated state is defined as
the threshold voltage, while the turn on voltage is the voltage for the increase in the trans-
mittance from the initial state to 90% of the saturated state. As shown in Fig. 7, for the pure
BP sample without polymer network, the threshold voltage is 39.17 V and the saturated volt-
age is 58.10 V. Meanwhile, the threshold voltages for the polymer stabilized samples C1 and
C2 are 42.82 and 38.15 V, respectively. And the saturated voltages for these two samples are
58.64 and 58.36 V, respectively. These results demonstrate that both the threshold voltage and
turn on voltage of the sample C1 increase a little when compared with the measured electro-
optical switching characteristics of the control LC cell (without polymer network). However,
the threshold voltage for the sample C2 is lower that of the pure BP-LC sample, and the turn
on voltage of these two samples are similar. Based on these observations, it is clear from the
results that sample C2 shows the compatible electric-optical response due to the anchoring
energy of polymer network formed by POMmonomer and C6M.When compared sample C2
with sample C1, increasing the concentration of C6M (as a crosslinker) in LC mixture may
lead to the enhancement of the polymerization efficiency of POM monomer, yielding a low
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surface energy in BP-LC system. This is because that the polymerized POMmonomers which
disrupt any tendency toward orientational order inside the core of the BP and enable a weak
anchoring at the surface of the inorganic nanoparticles. In addition, we note that these obser-
vations are different from that of the conventional polymer stabilized BP system, in which the
threshold and turn on voltages greatly increase as the concentration of the polymer network is
increased [24].As shown the inset images in Fig. 7, a dark state for the sample C2was obtained
at the optically isotropic BPI state in the absence of the electric field, whereas a bright state
could be observed when the applied voltage is 60.0 V. Furthermore, BPI could still reverse
back to its original state after many switching circles, thus allowing us for the reversibly and
dynamically switching of BPI. Based on these observations, the study demonstrated here pro-
vide a effective method to improve the electric-optical performances of the new promising
BP display device.

4. Conclusions

To summarize, we have demonstrated a new kind of POM-based nanomaterials for the
stabilization and electric-optical switching of BPs. First, the unpolymerizable POM-based
nanoparticles (POM precursor and aggregates) were used to extend the temperature range of
BPs. The results demonstrate that the temperature ranges of BPs could be significantly influ-
enced by unpolymerizable POM-based nanoparticles, in which the widest BP temperature
range could reach to 17.4°C. Second, the UV-polymerizable POM-based nanoparticle that
could form polymer network after UV irradiation has been further developed. Polymerizable
POM nanoparticle-based polymer networks, which were confirmed by SEM and EDX, were
also found to have positive influence for stabilization of BPs. The stabilization mechanisms
of both these two LC systems could attribute to a decrease in the free energy caused by
self-organization-assisted nanoparticles assembly and POM-based polymer networks within
disclination lines. Finally, the introduction of POM nanoparticle-based hybrid polymer
network with a suitable concentration leads to a reduction in the switching voltage of the
corresponding device, which we think is due to the low-surface energy characteristic of
POM-based nanoparticle. These results provide a valuable insight into the organic-inorganic
hybrid nanoparticle/polymer network for the stabilization of BP.
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