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Abstract: 

We develop two novel bent- and dendritic-like polyoxometalate (POM) organic-inorganic 

hybrids with covalently grafted azobenzene mesogenic moieties for stabilization and 

optical switching of BPs. The bent-like POMs hybrid is found to be great effective for the 

stabilization of BP I, in which the widest BP I temperature ranges could reach to 20.5 
o
C. 

Moreover, what surprises us is that, dendritic-like POMs hybrid could help to stabilize 

BP II. The related physical mechanisms of the BPs stabilization are discussed on the basis 

of elastic characteristics and orientational order of LC molecules. Additionally, the wide 

optical tuning of Bragg reflection band of BP II is demonstrated, in which the shift of 

Bragg reflection wavelength is around 80 nm. This work opens up a new way for 

developing the BP systems that exhibit wide temperature ranges and good switching 

effect by optical fields, leading to the potential applications in display fields as well as 

optoelectronic devices. 
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1. Introduction 

Liquid crystals (LCs) represent a vast and diverse class of anisotropic soft matter 

materials. They exist as various phases that are stable at different temperature ranges.
1,2

 

Among the various LC phases, blue phases (BPs) with three-dimensional superstructures 

have attracted much attention due to their potential for the application in optical and 

display fields and also their analogous topological structures in condensed matter 

systems.
3-7

 In general, BPs could be observed in cholesteric LCs (Ch-LCs) with strong 

chirality strength on the cooling process from the isotropic state. According to spatial 

orientation, BPs could be classified into three thermodynamically distinct phases (BP I, 

BP II and BP III). BP I has body-centered cubic structure and BP II has simple cubic 

structure, while BP III is amorphous with a local cubic lattice structure.
8-11

  

Practical BP devices remain elusive for decades despite their promising efficient LC 

display and emergent photonic applications. The formation of BP I and BP II could be 

considered as a stack of double twist cylinders (DTC), in which neighboring LC 

molecules twist slightly to each other to constitute a helicoidal twist. However, molecular 

orientations cannot extend smoothly in the space between the cylinders, thereby forming 

a network of disclinations. The places of disclinations are associated with high energy, 

which are most disfavored regions in BPs. As a result, the thermal stability of BPs is 

limited to only one or two degrees near the isotropic clearing point due to the high free 

energies of the disclination lines.
6
 Therefore, many efforts have been paid to solve this 

challenge by employing polymer networks, nanoparticles and special molecular design 

using T-shaped molecules, dimer molecules and bent-core molecules.
12-32

 Meanwhile, 

there has been continuing interest in the development of smart BP materials which 
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respond to external stimuli, such as electrical field, temperature and optical field. Among 

external stimuli methods, optically switchable BPs behavior can be efficiently achieved 

based on trans–cis photoisomerization of azobenzene.
20,33-35

 

In this work, we develop two novel bent- and dendritic-like POMs organic-inorganic 

hybrids containing azobenzene mesogenic ligands to stabilize the BPs as well as to 

optically switch Bragg reflection band of BPs. As is well known, polyoxometalates 

(POMs) stand for a family of discrete anionic metal oxides constituted by transition 

metals such as V, Mo, W, etc. in their highest oxidation states. The intriguing physical and 

chemical properties of POMs render them capable candidates for the development of 

multifunctional materials ranging from 3D printer, catalysis, electron transfer, 

anticorrosion to soft mater etc.
36-44 

Furthermore, one of the most attractive aspects of 

POMs is the fact that these nano-sized clusters can be used as transferable building 

blocks to form organic-inorganic hybrid assemblies by tethering functional organic 

components onto POMs.
45,46

 Herein, we focus on the effect of molecule structure of 

POMs hybrids on the phase behaviors of BPs. Interestingly, we find that bent-like POMs 

hybrid has a great effect for the stabilization of the BP I; while dendritic-like POMs 

hybrid has a positive influence for stabilizing the BP II. The corresponding physical 

mechanisms of the stabilization effect on BPs are investigated in detail. Finally, the wide 

optical switching of Bragg reflection band of BP II based on the trans–cis 

photoisomerization of azobenzene ligand in dendritic-like POMs hybrid is demonstrated.
 
 

2. Experimental Sections 

2.1 Materials 

Nematic LCs, BYLC-X (Δn=0.20 at 589 nm wavelength and 20
o
C; Beijing Bayi Space 
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LCD Technology CO., LTD.); S811 (chiral dopant, Beijing Lyra Tech). POM Hybrid 1 

and POM Hybrid 2 were synthesized for the use of study. The chemical structures of 

POM Hybrid 1 and 2 are shown in Figure 1. The detailed synthetic procedures and 

characterizations of them are provided in electric supporting information (ESI). 

2.2 LC sample preparation 

In order to measure optical performance of BPs, LC cells were made from two pieces of 

glass bonded together and no surface alignment layer were used, and polyethylene 

terephthalate (PET) film of 12 μm thickness was used as the cell spacers. The LC mixture 

was filled into the cell at an isotropic state, and cooled down to BP temperature at a rate 

of 0.5 °C/min. Then the LC cell was kept for the purpose of testing and optical switching. 

2.3 Measurements 

The optical textures of the LC samples were observed using a polarized light microscope 

(Leica, DM2500P) with a heating stage of an accuracy of ± 0.1 °C (LTS 420), and the 

optical images were recorded using Linksys 2.43 software. The Bragg reflection 

wavelength of BPs were obtained by fiber spectrometer (Avantes, AvaSpec-2048), and 

the sample temperatures were precisely controlled by the hot stage of LTS 420. For the 

measurement of elastic constants, the LC sample was filled into a glass-sandwiched cell 

with ITO electrode, in which the cell gap of d was 22.02 μm and a polyimide thin film 

was coated on the glass substrate as a homogeneous alignment layer. The electric fields 

were applied in the direction perpendicular to the substrate surface. A threshold voltage 

(Vth) and dielectric constant anisotropy (Δε) were obtained with capacitance method by 

employing a capacitance–voltage (C–V) measurement system (INSTEC ALCT-PP1). 

Here the temperatures of LC samples were controlled by an accurate temperature control 
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stage (INSTEC mk1000). The detailed measurement and calculation processes were very 

similar to the previous study,
14

 and the related parameters are listed in ESI. 

3. Results and Discussion 

3.1. Design Strategy and Synthesis of POM hybrids 

To achieve the POM hybrids, photo-responsive azobenzene mesogenic units are 

covalently grafted onto the nanosized POM clusters. As shown in Figure 1, we design 

two organic-inorganic hybrids with the general molecular formulas of 

(TBA)4[(SiW11O39)O{Si(CH2)3NHCOC6H4N=NC6H4OC8H17}2] (POM Hybrid 1 with a 

bent-like structure), TBA=(n-C4H9)4N+ (counter cation for the charge balancing) and 

(TBA)4[(SiW11O39)O{SiCH2)3NHCOC6H3[O(CH2)12OC6H4N=NC6H4OC8H17]2}2  

(POM Hybrid 2 with dendritic-like structure). The detailed description for synthetic 

processes and characterizations are provided in ESI as mentioned above. In brief, the 

POM hybrids were prepared by covalently attaching azobenzene mesogenic units onto 

[(C4H9)4N]4[(SiW11O39)O{Si(CH2)3NH2·HCl)2] (SiW11-NH2) Keggin POM cluster as 

similar to the previous studies.
45,46

 As a representative case, the synthetic procedure of 

POM Hybrid 2 is provided in Figure 2. Various techniques including NMR, FT-IR, 

ESI-MS and elemental analyses are adopted to characterize the structural conformations 

of POM Hybrids 1 and 2. In the FT-IR spectra, C=O (1650 cm
-1

), Si-O-Si (1045 cm
-1

), 

W=O (960 cm
-1

) and W-O-W (850 cm
-1

) stretching vibrations can be clearly observed, 

indicating the organic motifs have been successfully anchored onto the POMs. 
1
H-NMR 

spectra of POM Hybrids 1 and 2 show signals that can be assigned unambiguously and fit 

well with the corresponding molecular structures (see Figure S1 and Figure S2 in ESI). 

The peaks observed at ca. -52 ppm and -85 ppm in the 
29

Si-NMR spectra of POM 
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Hybrids 1 and 2 correspond to the Si in the silane and the heteroatom of the SiW11 cluster, 

respectively. ESI-MS provides convincing conformational information of POM Hybrids 1 

and 2, and it is possible to assign all the signals (see Figure S3-S4 and Table S1 and S2 

in ESI). For example, ESI-MS peaks of POM Hybrid 1 observed at m/z 2044.52 can be 

ascribed to {HCOONa+(TBA)2[(SiW11O40){Si(CH2)3NHCOC6H4N2C6H4OC8H17}2]}
2-

 

(Figure 1), while peaks of POM Hybrid 2 at m/z 2794.97 can be assigned to 

{(TBA)2[(SiW11O40){Si(CH2)3NHCOC6H3-(O(CH2)12OC12H8N2OC8H17)2}2]}
2-

 (Figure 

1).  

 

 

 

Fig. 1. Schematic presentation of POM hybrids and the corresponding ESI-MS spectra 
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Fig. 2. General synthetic procedure of POM Hybrid 2 

 

According to DSC investigation as shown in Figure S5, we find that both of these 

POM hybrids have no LC phases observed on the thermal recycle. Therefore we pay 

more attention to the molecular structures of POM hybrids that are related to the crucial 

factors of the stabilization mechanisms of these BP systems as mentioned later, such as 

biaxiality and elastic constant. Figure 3 shows the change in UV/Vis spectra of POM 

Hybrids 1 and 2 under various UV irradiation condition, clearly showing that the trans 

forms of the azobenzene moieties in POM hybrids exhibit absorption maxima at around 

350 nm due to a π-π* transition and at 450 nm due to an n-π* transition. Upon UV 

photoirradiation at 365 nm (2 mW·cm
-2

), a distinct decrease in the π-π* bands and a 

relatively small amount of increase in the n-π* bands are found, which suggests that 

trans-cis photoisomerization of these two POM hybrids takes place upon UV irradiation.  
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Fig. 3. UV/Vis absorption spectra of (a) POM Hybrid 1 and (b) POM Hybrid 2 

under various irradiation conditions 

 

3.2. Temperature Ranges of BPs induced by POM hybrids 

To evaluate these two POM hybrids on the BP temperature ranges, a series of LC 

samples doped with different amount of POM hybrids are prepared, and the weight ratios 

of each component are listed in Table 1. In order to avoid a supercooling effect for the 

misunderstanding of the BPs’ stable temperature range, the temperature ranges having a 

coexistence of BPs (BP I or BP II) and Ch phase or isotropic phase have been excluded 

from the temperature ranges of BP in this study. Additionally, the Bragg reflection bands 

in BPs are plotted as a function of temperature to identify different BP phase, such as BP 

I or BP II. By comparing the temperature ranges of BPs between doped samples with the 

undoped one, we find that both POM Hybrid 1 and POM Hybrid 2 are beneficial to 

stabilizing BPs as shown in Table 1. For example, by increasing the POM Hybrid from 0 

to 3.0 %, the BPs temperature ranges of LC system doped with POM Hybrid 1 increase 

from 5.9 
o
C to 20.5 

o
C in samples A0-A2. By contrast, increase of the POM Hybrid 2 

from 0 to 3.0 wt% results in a little increase in the BPs temperature range, i.e., from 5.9 
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o
C to 7.9

 o
C in samples B0-B2. However, when the concentrations of the POM hybrids 

are increased from 5.0 wt% to 11.0 wt%, the expansion of BP temperature ranges are 

inversely suppressed both in the samples of A3-A5 and B3-B5 as shown in Table 1, 

which may be related to the effective solubility of POM hybrids in LC systems.  

Table 1. Phase transition temperatures and temperature ranges for the LC samples 

containing POM hybrids 

Mixture ratio of host LC 

/wt% 

Phase transition temperature 

/
o
C 

Temperature range  

/
o
C  

 BYLC-X S811 POM 

Hybrid 1 

BP I BP II Iso △T 

A0 67 33 - 47.4 52.6 53.3 5.9 

A1 67 33 1 40.5 51 51.5 11.0 

A2 67 33 3 31.0 -- 51.5 20.5 

A3 67 33 5 39.7 -- 52.0 12.3 

A4 67 33 8 42.5 -- 52.6 10.1 

A5 67 33 11 36.2 -- 51.1 14.9 

 BYLC-X S811 POM 

Hybrid 2 

BP I BP II Iso △T 

B0 (A0) 67 33 - 47.4 52.6 53.3 5.9 

B1 67 33 1 -- 46.3 52.1 5.8 

B2 67 33 3 -- 42.0 49.9 7.9 

B3 67 33 5 -- 40.9 47.7 6.8 

B4 67 33 8 -- 43.5 49.7 6.2 

B5 67 33 11 -- 42.5 48.9 6.4 

 

According to the polarized microscope images and temperature dependence of the 

Bragg reflection from the LC mixtures in Figure 4, we surprisedly find that POM Hybrid 

1 has a great effect for the stabilization of BP I, while POM Hybrid 2 helps to stabilize 

BP II.
 
As a representative example, for the sample A2, the polarized microscope texture 

of BPI are platelet texture with a continuous color change and fine stripes from 51.5
 o
C to 

31
 o
C as shown in Figure 4c, in which no obvious fluctuation of the textures are observed 
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during the cooling process. Meanwhile, Figure 4a illustrates the temperature dependence 

of the reflection band of the sample A2, it clearly shows that the reflection band of the 

sample exhibits a continuous change and has a little red shift as the temperature decreases. 

It is well known that Bragg reflection bands in the temperature regions above and below 

the transition point are closely bound up with the (100) and (110) reflections of the cubic 

lattice planes of BP II and BP I, respectively. If the existence of the BP I–BP II transition, 

the temperature dependence of the Bragg reflection wavelength exhibits a discontinuous 

change and the wavelength shifts approximately 50-80 nm from BP I to BP II.
4
 Therefore, 

we confirm that there is just BP I in these samples doped with POM Hybrid 1. However, 

the samples with POM Hybrid 2 exhibit entirely different appearances. Firstly, the 

featured polarized microscope textures of the sample B3 blended with 5.0 wt% POM 

hybrid 2 are observed on the cooling process. As shown in Figure 4d, the typical texture 

of BP II appears as similar to that of the previous study.
47

 In order to further verify this 

deduction, we also investigate the temperature dependence of Bragg reflection bands. 

Figure 4b shows the typical temperature dependence of the Bragg reflection band of the 

sample B3 blended with 5.0 wt% POM Hybrid 2. It is obvious that the Bragg reflection 

wavelength has a gradual blue-shift as the temperature decreases. This trend corresponds 

well with that observed for BP II in other case during heating and cooling process, which 

means that BP II is dominant in this sample.
27

 Based on these observation, we therefore 

confirm that POM Hybrid 2 helps to stabilize BP II. 

On the basis of polarized microscope images results and Bragg reflection observations 

of the samples A0-A5 and B0-B5, two phase diagrams are produced as shown in Figure 

5. In fact, Table 1 has already provided information for the phase transition temperatures. 
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In order to get a direct contrast for the stabilization effect, here we just focus on BP I for 

A0-A5 and BP II for B0-B5. Figure 5a shows the phase diagram for the samples A0-A5 

as a function of the POM Hybrid 1 concentration. In the samples A0-A5, the widest 

temperature range of BP I reaches to >20 °C for the sample A2 during the cooling 

process. What’s more, the lower temperature of BPs is very close to room temperature as 

shown in Figure 5a, which is one of necessary factors of the BPs-LC for display and 

photonics applications. Figure 5b shows the phase diagram for LC samples as a function 

of the concentration of POM Hybrid 2. For the undoped sample (B0), the temperature 

range of BP II is around 0.7 °C. Whereas the widest temperature range of BP II for the 

sample B2 increases to 7.9 °C, which is much wider than that of conventional BP system. 

 

Fig. 4. Temperature dependence of the Bragg reflection peak wavelengths for (a) the 

sample with 3 wt% POM Hybrid 1 and (b) the sample with 5 wt% POM Hybrid 2; (c) 
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and (d) polarized microscope images of these two samples, respectively. 

 

Fig. 5. Phase diagram obtained during cooling process for the samples with (a) POM 

Hybrid 1 and (b) POM Hybrid 2 

3.3. Mechanisms of POM hybrids for stabilizing the BPs 

To get an understanding of how these two POM hybrids affects the BP temperature 

range of LC systems, we investigated the influence of the doped POM hybrids on the 

elastic constants of the bulk N-LCs of BYLC-X. Here we prepared the LC samples 1 and 

2, in which the weight ratio of POM hybrids is 3.0 % in BYLC-X. In theory, three types 

of the Frank elastic constants, splay (K11), twist (K22), and bend (K33), have been 

demonstrated to be closely related with the thermodynamic stability of BPs as mentioned 

in the previous studies.
14,48,49

 The measured and calculated parameters of samples 1 and 2, 

including K11 and K33, elastic constant ratio (K33/K11), dielectric constant anisotropy (Δε), 

threshold voltage (Vth), are listed in Table S3. Here the temperature dependencies of the 

elastic constants (K11, K33) and elastic constant ratio (K33/K11) for samples 1 and 2 are 

shown in Figure 6, where T is the measured temperature and Tc is the clearing point. It 

should be noted that K11 and K33 of the samples 1 and 2 are larger than that of the bulk 

BYLC-X. This may be due to that the existence of counter cations in POM moiety of 
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POM Hybrids 1 and 2 influences the dielectric performance of the bulk LCs as shown in 

Table S3. Herein, K11 of sample 1 with POM Hybrid 1 is larger than that of sample 2 

containing POM Hybrid 2 as shown in Figure 6a, whereas K33 of sample 1 is much 

smaller than that of sample 2 containing POM Hybrid 2 as shown in Figure 6b. 

According to the previous investigations, the smaller K33 should be responsible for the 

doping-induced enlargement of temperature ranges of thermodynamically stable BPs.
14,25

 

This may be the reason why the POM Hybrid 1 has a better effect on the stabilization of 

BPs than POM Hybrid 2 does. Next, the elastic constant ratio (K33/K11) of the sample 1 is 

much smaller than that of sample 2 in Figure 6c, but it is very similar to that of the bulk 

BYLC-X. It has been reported that the elastic constant ratio K33/K11 is relevant to the ratio 

of molecular length L to width D (L/D), and the corresponding order parameters of the 

LC molecules decrease when L/D ratio of molecules is reduced.
14,25

 By comparing the 

measured K33/K11 of sample 1 with sample 2, it may be reasonable to think that the order 

parameters of the BYLC-X doped with POM hybrid 1 would be more pronouncedly 

reduced. As a result, the BPs–Ch transition temperature of the samples doped with POM 

Hybrid 1 is lower than that of the samples doped with POM hybrid 2 as shown in Table 1. 

This may be a possible mechanism of stabilization effect of BPs from POM Hybrid 1. 

Finally, the possible reason why BP II is stable in LC samples with POM Hybrid 2 may 

be related to the dendritic-like molecular structure of POM Hybrid 2. A similar trend has 

been found in the dendron-stabilized BPs system, in which the temperature range of BP II 

was extended to 3.5°C due to the introduction of dendron molecule.
14

 Additionally, the 

higher K33 induced by POM Hybrid 2 may be beneficial to stabilizing BP II as 

demonstrated in the previous study.
50
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In addition to the above-mentioned factors, as shown in Figure 1, bent-like POM 

Hybrid 1 and dendritic-like POM Hybrid 2 are prepared by covalently grafted 

azobenzene mesogenic units onto the nanosized POM clusters, and these two rigid 

wide-body hybrid molecules might have two different axes as demonstrated in the 

previous studies.
45,46

 The molecular biaxiality has been demonstrated to be helpful to 

induce a biaxial helix that can stabilize DTC structure of the BPs. Therefore, we think the 

molecular biaxiality in POM hybrids may be another important factor for stabilizing the 

BPs.
16,18

 

 

Fig. 6. Elastic constants as a function of temperature in Nematic phase: (a) splay elastic 

constant (K11); (b) bend elastic constant (K33) and (c) elastic constant ratio (K33/K11). T is 

the measured temperature and Tc is the clearing point. 

 

3.4. Optical Switching of Bragg Reflection Band of BP II  

We then evaluate the effectiveness of the POM hybrid on the optical tuning of 

reflection band of BP. Different from some previous investigations,
33-35

 here we focus on 
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the optical tuning of BP II, rather than BP I or phase transition from BP I to Ch. 

Therefore, a LC sample (sample 3) with 36 wt% S811 in 64 wt% BYLC-X doped with 5 

wt% POM Hybrid 2 was prepared, in which the temperature ranges of BP II is around 7.5 

o
C ranged from 48.4 to 40.9 

o
C on the cooling process. Temperature dependence of the 

reflection bands of this sample, shown in Figure 7a and 7b, clearly shows that the Bragg 

reflection band of this sample exhibits a blue shift as the temperature is decreased from 

the isotropic clearing point. Therefore, we confirm that there is dominant BP II in this 

sample.  

 

Fig. 7. (a) The temperature dependence of the Bragg reflectance wavelength of the 

sample 3; (b) and the corresponding point plot of Bragg reflection wavelength of the 

sample 3; (c) the reflectance spectral change of the sample 3 when irradiated by UV light 

at 45 °C; (d) changes in polarized microscope images of the sample 3 

when irradiated by UV light at 45 °C. 

 

We perform the optical switching of BP II of this LC sample doped with POM Hybrid 
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2 at 45°C. Similarly to the no phase transition from BP II to BP I or Ch on cooling 

process, a continuous shift of Bragg reflection band is observed at the photo-induced 

optical behavior of this sample. As shown in Figure 7c, the reflection bands has a 

red-shift from 539 to 617 nm upon UV irradiation (365 nm, 10 mW/cm
2
) and the shift 

range of Bragg reflection wavelength is 78 nm. After 15s of irradiation, the reflection 

band of BP II no longer shifts and stays at 617 nm. Figure 7d shows the polarized 

microscope images for the BP II of the sample 3 at 45°C by UV light irradiation. The 

various BP platelet colors from green to red is observed as the irradiation time increases, 

which is in agreement with a continuous shift of reflection wavelength under UV 

irradiation as shown in Figure 7c. Additionally, it recovers to the original state when 

irradiated by visible light (450 nm, 15 mW/cm
2
).  

Figure 8 shows the illustrations of BP-LCs doped with POM Hybrid 2 and the 

phototuning mechanism of DTC structure in BP II before and after UV light irradiation. It 

should be noted that this is the first case to effectively tune the Bragg reflection of BP II 

by UV/Vis light and no phase transitions from BP II to BP I or to Ch are observed. Here 

the photoresponsive behavior is derived from four azobenzene mesogen groups of POM 

Hybrid 2, in which azobenzene group has a trans–cis isomerization upon UV light 

irradiation. As demonstrated in Figure 8, the UV irradiation causes the bending of the 

rigid part of the azobenzene moieties in the POM Hybrid 2 resulting from the change of 

geometrical configuration from trans- to cis- isomers of azobenzene groups. Here the 

destabilization effect of cis-isomer makes the bulk LC molecules more loose and results 

in the extension of the DTC structure of BP II for the LC samples doped POM Hybrid 2. 

Therefore the lattice constants of DTC structure of BP II are increased, leading to the fact 
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that Bragg reflection band of this sample has a red shift. And the restoration of the 

reflection will occur when the cis isomer turns back to the trans form under 450 nm light. 

We further note that no phase transitions from BP II to BP I or from BP II to Ch happen 

in this BP system according to our observations of polarized microscopy images in 

Figure 7d, this may be attributed to the fact that the “effect” azobenzene concentration is 

not enough to change the DTC structure of BP II due to the huge molar mass of the POM 

moiety, thereby resulting in the optical switching in the range of BP II. Another important 

reason may be that BP II exhibits higher elastic resistance against lattice deformation by 

the applied external field compared to BP I due to the existence of cross-linking points of 

disclination lines in BP II structure.
50

 

 

Fig. 8. The possible illustration of POM Hybrid 2 doped into the BPs and partial 

enlargement of DTC structure of BP II before and after irradiation 

 

4. Conclusions 

In summary, we have developed two POM-based organic-inorganic hybrids to stabilize 

blue phases (BPs) and addressed the stabilization mechanism. Both these two POMs 
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organic-inorganic hybrids are conducive to stabilizing BPs, bent-like POM Hybrid 1 has 

a positive effect on the stabilization of the BP I, while dendritic-like POMs Hybrid 2 

could help to stabilize BP II. The related mechanism may be caused by the difference of 

elastic properties and orientational order of LC molecules induced by POM hybrids. 

Additionally, the optically switching of Bragg reflection wavelength of BP II based on 

dendritic-like POM Hybrid 2 has been achieved. Our molecular design of 

organic-inorganic hybrids gives rise to a new strategy for both the stabilization of BPs 

and optical switching of Bragg reflection of BPs. 
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Two polyoxometalate-based organic-inorganic hybrids have been demonstrated to be 

capable of stabilizing and optically switching of liquid crystal blue phase. 
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