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Synthesis of POSS-functionalized liquid crystalline
block copolymers via RAFT polymerization for
stabilizing blue phase helical soft superstructures†

Jianqiu Jin,‡a Mingjie Tang,‡a Zhenghe Zhang,a Kang Zhou,a Yun Gao,a

Zhi-Gang Zheng *a,b and Weian Zhang *a

A series of POSS-functionalized liquid crystalline block copolymers (LC BCPs), PHEMAPOSS-b-P6CBMA,

containing a crystalline polyhedral oligomeric silsesquioxane (POSS) block and a mesogenic cyanobiphe-

nyl block, were prepared via reversible addition–fragmentation transfer (RAFT) polymerization for the first

time and utilized to stabilize blue phase (BP) liquid crystals through facile doping. Using the advantages of

both the POSS and polymer, a new strategy, which is distinct from the commonly adopted strategy for

polymer stabilization of the BP, has been established. This new BP system with a wide BP range covering

the typical room temperature range (i.e. 25–30 °C) leaps over intricate processing barriers, which are

inevitable in conventional photo-induced polymer stabilization. In particular, improved electro-optical

(E-O) properties of the BP, including lower driving voltage, lower hysteresis and a higher Kerr constant (K)

compared with the common BP stabilized via photopolymerization, were obtained by optimizing the con-

centration of the doped LC BCP. Differential scanning calorimetry (DSC) and thermogravimetric analysis

(TGA) were employed to evaluate the thermal properties of the LC BCPs, and the results indicated that

the introduction of POSS enhanced the thermostabilities of the copolymers effectively. Such an ingenious

strategy provides a brilliant and easy way to form large size BP displays and other devices that are incom-

patible with UV light exposure during the working process.

Introduction

Polyhedral oligomeric silsesquioxane (POSS) is attractive as
one of the promising candidates for constructing inorganic–
organic hybrid materials because of its well-defined cube-like
structure with an inorganic silica core surrounded by eight
functional organic corner groups.1–5 In recent years, with the
rapid development of living/controlled polymerization tech-
niques in polymer science, many novel POSS-containing
hybrid polymers with well-defined topological structures have
been developed,6 including star-shaped,7–11 telechelic,12–17

dendrimers,18–20 alternating copolymers,21–23 and block copo-
lymers (BCPs).24–27 Among hybrid polymers, BCPs in particu-

lar, which exhibit microphase-separated structures due to the
nature of POSS and possess advantageous properties, have
attracted much interest.28–30 Hayakawa et al. reported the syn-
thesis of a POSS-containing block copolymer of poly (POSS
methacrylate-block-2,2,2-trifluoroethyl methacrylate) (PMAPOSS-
b-PTFEMA) with a precisely controlled structure via reversible
addition–fragmentation transfer (RAFT) polymerization, and
this polymer could self-assemble into fancy perpendicularly
oriented nanodomains.31

Monomers bearing mesogenic moieties are popular as
some of the useful candidates for constructing BCP-based
materials, i.e. liquid crystalline block copolymers (LC BCPs),
because of the functionality of the LC block.32–42 As a result,
both the microphase separation properties of BCPs and the
self-organizing behaviors of liquid crystal (LC) polymers are
integrated into one polymer system.43 Recently, some well-
designed LC BCPs have been constructed to endow advanced
materials with potential electronic, photonic, or photorespon-
sive functionalities.34,44,45

The blue phase (BP), a specific LC phase in a system with
high chirality, generally exists between the isotropic and chiral
nematic (N*) phases, giving rise to a fascinating soft material
with a self-assembled 3D cubic helical soft superstructure
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formed by double twisted cylinders (DTCs) under certain cir-
cumstances.46,47 The lattice constant of the BP is comparable
to the scale of the wavelength of light, thereby endowing such
a phase with selective light reflection, presenting significant
colorful platelets that are the typical optical texture of a BP.
Such an arrangement possesses a fast response on the scale of
submilliseconds driven by an electric field due to the short
coherent length, therefore enabling versatile advanced electro-
optical (E-O) applications.47,48 The major problem that hinders
the substantial applications of BP materials is their weak struc-
tural thermostability (i.e. a narrow temperature range of
2–3 K), which has motivated abundant endeavours with the
aim of resolving this issue and improving the performance of
BP materials.49–57 In particular, polymer stabilized BP (PSBP)
materials, which were first proposed by Kikuchi et al. in
2002,58 have been widely used in the fields of science and
engineering, such as in displays and photonics.59,60 However,
some bottlenecks of PSBP materials, such as high driving
voltage, and voltage-induced hysteresis due to the increasing
number of monomers, still have not been overcome.
Furthermore, the preparation of PSBP materials is intricate
and requires elaborate techniques, including complex pro-
cesses, precise temperature control and uniform ultraviolet
(UV) light intensity, all of which are great challenges to the
application and engineering of BP materials.

In the past few decades, POSS, as an interesting nanosized
inorganic–organic hybrid molecule with the superior charac-
teristics of low surface energy and unique structure, has been
loaded in some LC media. Jeong et al. employed POSS for the
vertical alignment (VA) of liquid crystals and Jung et al. pro-
posed that POSS can optimize the E-O performance of liquid
crystal systems.61,62 Kemiklioglu et al. observed a significant
reduction of the driving voltage of PSBP materials based on
acrylated POSS monomers, however, the complicated prepa-
ration processes and high technological conditions that are
necessary for conventional adopted polymer stabilization are
inevitable.63

Herein, we designed and synthesized a POSS-functionalized
LC BCP (PHEMAPOSS-b-P6CBMA) via RAFT polymerization
using monomers of POSS and mesogenic cyanobiphenyl, both
of which possess a long spacer to overcome the polymerization
barrier as well as enhance the molecular flexibility (Scheme 1).
Such a judiciously designed LC BCP exhibits improved misci-
bility even when the concentration reaches 20 wt% in the BP
medium due to the mesogens embedded into the LC host.
This is difficult to achieve with common POSS-functionalized
BCPs to the best of our knowledge. A relatively stable BP, with
a wide BP range covering the typical room temperature range
(i.e. 25–30 °C), was obtained through facile doping of the LC
BCP (PHEMAPOSS40-b-P6CBMA167), while leaping over the
aforementioned processing barriers that are regarded as inevi-
table in conventional photo-induced polymer stabilization.
Moreover, the E-O properties of the doped BPs, including the
driving voltage, hysteresis and Kerr effect, displayed significant
improvements compared with the conventional PSBP samples.
Such an approach to stabilizing BP materials by directly

mixing an elaborately synthesized POSS-functionalized LC BCP
is distinct from polymer stabilization methods as well as other
approaches that have been commonly used to enhance the BP
arrangement, and produces another stable BP material candi-
date, which might be more appropriate for large size BP dis-
plays and other devices that are incompatible with UV light
exposure during the working process, such as micro-photonic
devices used in biomedicine for protein detection in vivo.

Experimental section
Materials

The POSS-functionalized monomer (HEMAPOSS) and RAFT
agent cumyl dithiobenzoate (CDB) were prepared according
to our previous work,64 and the synthetic route to
prepare HEMAPOSS is shown in Scheme S1.† 2,2′-
Azobisisobutyronitrile (AIBN) was recrystallized three times
from ethanol. Dichloromethane (DCM), triethylamine (TEA)
and tetrahydrofuran (THF) were dried over sodium and dis-
tilled before use. Methacryloyl chloride (95%, Aladdin),
2-hydroxyethylmethacrylate (HEMA, 96%, Aladdin), 4-cyano-4′-
hydroxybiphenyl (99%, Aladdin), succinic anhydride (98%,
Aladdin), 6-chloro-1-hexanol (95%, Aladdin), nematic liquid
crystals (NLCs) SLC-1717 (supplied by Slichem Co. Ltd), chiral
dopant R5011 (from Jiangsu Hecheng Advanced Materials Co.
Ltd), and other reagents were used directly as received.

Characterization

The 1H NMR measurement was performed using a BRUKER
AV400 spectrophotometer using tetramethylsilane (TMS) as the
internal reference and CDCl3 as the solvent. The number
average weight (Mn) and polydispersity index (Mw/Mn) were
determined using a Waters 1515 size exclusion chromato-
graphy (SEC) system with THF as the eluent at a 1 mL min−1

flow rate and polystyrene as the standard.
The thermostability of the sample was measured using a

PerkinElmer Pyris 1 Thermal Gravimetric Analyzer (TGA)

Scheme 1 The structure of the POSS-functionalized LC BCP and the
phase transition behavior of the blue phase liquid crystal containing
different amounts of the POSS-functionalized LC BCP.
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under nitrogen and air, separately. The sample (flow rate:
60 mL min−1) was heated up from 0 to 800 °C at the heating
rate of 10 °C min−1.

Differential scanning calorimetry (DSC) was carried out
using a PerkinElmer Diamond DSC instrument under nitro-
gen. The samples were first heated up to 200 °C and held at
this temperature for 10 min, then the sample was cooled to
−50 °C. The second heating scan was performed from −50 to
200 °C at a rate of 10 °C min−1 and all the thermograms were
recorded.

Synthesis of the POSS-functionalized homopolymer
(PHEMAPOSS)

PHEMAPOSS was prepared via RAFT polymerization of the
POSS-functionalized monomer HEMAPOSS using CDB as the
RAFT agent, according to our previous work.64

Synthesis of the LC BCP (PHEMAPOSS-b-P6CBMA)

In a typical process, PHEMAPOSS (0.3 g, 0.0061 mmol),
6CBMA (1.2 g, 3.3 mmol) and AIBN (42 μL, 5 mg mL−1 AIBN
THF solution, 0.0012 mmol) were dissolved in 4 mL THF and
placed in a glass tube with a magnetic stirring bar. The
mixture was degassed via four freeze–pump–thaw cycles. The
polymerization was performed in an oil bath at 70 °C for 12 h
after the tube was sealed under vacuum. The reaction was
quenched using liquid nitrogen. Finally, the mixture was preci-
pitated into methanol five times, and the product was dried
under vacuum at 50 °C for 24 h to obtain PHEMAPOSS-b-
P6CBMA.

Sample preparation and measurement

The POSS-functionalized LC BCP (i.e. PHEMAPOSS40-b-
P6CBMA167) was mixed into a blue phase liquid crystal (BPLC)
host with additional solvent, dichloromethane, to enable a
better dispersion of the polymer in the solution, then this was
stirred at room temperature for at least 1 hour and heated to
50 °C for another 30 min to remove the solvent through evap-
oration (Scheme S3†). The BPLC host was prepared by mixing
a commercial NLC, SLC-1717, and a commonly used chiral
agent, R5011 (supported by Merck Serono Co., Ltd.), in a
weight ratio of 95.2 : 4.8. Four samples containing 5 wt%,
15 wt%, 20 wt% and 25 wt% of the LC BCP were prepared. The
sample was confined in a 9.5 μm-thick in-plane-switching (IPS)
LC cell with interdigital stripe indium tin oxide (ITO)
electrodes on a single substrate (width of the electrode: 12 μm,
gap between the adjacent electrodes: 12 μm) and settled on a
precisely controlled hot stage (LTS120E, Linkam). The phase
transition behavior was observed using a polarized optical
microscope (POM, Nikon LVPOL 100) with a crossed polarizer
in reflection mode during sample cooling with a rate of 0.5 °C
min−1. The BP texture was observed using a charge-coupled
device (CCD, Nikon, DS-U3) fixed on the POM and the
corresponding reflection spectrum was detected using a fiber
connected spectrometer (Avantes USB2048).

A 1 kHz square-wave alternating current (AC) electric-signal
was applied on the cell, while a 532 nm double-frequency neo-

dymium-doped yttrium aluminium garnet (Nd:YAG) laser,
with a polarization direction of ±45° with respect to the elec-
trode orientation, moved along the cell normal as the probe
light to ensure the highest possible refractive index modu-
lation when applying a voltage. Thus, the voltage-versus-trans-
mittance (VT) curve was tested. The response time of the
sample was tested by recording the transmission intensity
changes in alternate OFF (i.e. removing voltage) and ON (i.e.
applying a saturation voltage) states using a photoelectric con-
verter connected to the oscilloscope. The Kerr constant (K) was
determined by fitting the curve of the electric-field dependent
birefringence using the extended Kerr theory,65 while the bire-
fringence of the sample was tested using the commonly used
Senarmont method. Herein, the voltage dependent capaci-
tance was tested using a capacitance meter (Hioki Hitester
3532-50) to obtain the dielectric constant of the LC host.

Results and discussion
Synthesis of LC BCP PHEMAPOSS-b-P6CBMA

A series of POSS-functionalized LC BCPs, PHEMAPOSS-b-
P6CBMA, were synthesized via RAFT polymerization, and the
synthetic route is illustrated in Scheme 2. Firstly, the
HEMAPOSS monomer (Scheme S1†) and PHEMAPOSS homo-
polymer were prepared, separately. Here, our group designed
and synthesized a novel POSS monomer (HEMAPOSS) with a
long spacer between the POSS unit and the methacrylate group
before it, which decreases the steric effects of the large cube-
like POSS units in the free-radical polymerization. The POSS-
functionalized homopolymers (PHEMAPOSS) with a higher
degree of polymerization (DP) were successfully obtained via
RAFT polymerization. The polymerization was carried out in
THF at 70 °C for 24 h using AIBN as an initiator and CDB as a
RAFT agent. The molar ratio between HEMAPOSS, AIBN and
CDB was fixed to 50/0.3/1. The SEC trace (Fig. 1, trace 5)
without a shoulder and with only a tiny tail at a low elution
volume demonstrated that the RAFT polymerization of the
POSS-containing monomer HEMAPOSS had been achieved.
The 1H NMR spectrum (Fig. S4†) was also measured to charac-
terize the PHEMAPOSS homopolymer, and the number mole-
cular weight (Mn, NMR, PHEMAPOSS) was calculated using the

Scheme 2 Synthetic procedure for PHEMAPOSS-b-P6CBMA.
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formula Mn, NMR, PHEMAPOSS = [M]o/[CTA]o × MHEMAPOSS × χ +
MCDB, where MHEMAPOSS, MCDB and χ are the molecular weight
of HEMAPOSS, molecular weight of CDB and monomer con-
version, respectively. The results showed that the DPPHEMAPOSS

and Mn, NMR, PHEMAPOSS of the homopolymer PHEMAPOSS
were 40 and 43 400 g mol−1, respectively.

After the synthesis of the LC monomer 6CBMA (Scheme S2
and Fig. S3†), the PHEMAPOSS homopolymer was used as a
macro chain transfer agent (CTA) to synthesize the LC BCPs
PHEMAPOSS-b-P6CBMA. The polymerization was carried out
in THF at 70 °C. Four block copolymers with the same
PHEMAPOSS block length and different P6CBMA block
lengths were obtained, and the polymerization results are
listed in Table 1. The SEC curves of the PHEMAPOSS-b-
P6CBMA block copolymers are shown in Fig. 1. It can be
clearly observed that the peaks of the SEC curves shifted to
lower elution volumes with increasing P6CBMA block length.
Additionally, the polymerization of the P6CBMA block led to a
substantial increase of the PDI (Table 1), which is probably
due to the non-negligible presence of dead chains in the
macro CTA. The 1H NMR spectrum of the PHEMAPOSS-b-
P6CBMA block copolymer is shown in Fig. 2. By comparing
the integration area of the signal at 6.92 ppm (c, aromatic
proton from the biphenyl unit), to that of the signal at

0.53 ppm (d, d′, –Si–CH2–), the DPP6CBMA in the P6CBMA block
was determined as DPP6CBMA = (16 × I2.22)/(2 × I0.53) ×
DPPHEMAPOSS, and the Mn, NMR, PHEMAPOSS-b-P6CBMA of the
PHEMAPOSS-b-P6CBMA block copolymers was determined as
Mn, NMR, PHEMAPOSS-b-P6CBMA = Mn, NMR, PHEMAPOSS + DPP6CBMA ×
Mn, 6CBMA, where Mn, 6CBMA is the molecular weight of the
6CBMA monomer.

Thermal properties of the LC BCPs

DSC measurements were performed to identify the thermal
transitions of PHEMAPOSS-b-P6CBMA. Firstly, all the samples
were heated up to 200 °C and held at this temperature for
10 min to remove their thermal history. After the cooling
process, all of their second heating traces were recorded and
are shown in Fig. 3. We can clearly see that the clearing point
(Ti) of the LC BCPs at around 150 °C rises with the increase of
POSS content. This result implies that the steric POSS unit in
the LC BCP may render the movement of the whole block
copolymer more difficult, leading to a higher temperature
being required to achieve the isotropic transition. Additionally,
the glass-transition temperature (Tg) could only be observed
clearly from the curve of PHEMAPOSS40-b-P6CBMA290 at

Fig. 1 The SEC curves of (1) PHEMAPOSS40-b-P6CBMA32, (2)
PHEMAPOSS40-b-P6CBMA89, (3) PHEMAPOSS40-b-P6CBMA167, (4)
PHEMAPOSS40-b-P6CBMA290 and (5) PHEMAPOSS40.

Fig. 2 1H NMR spectrum of PHEMAPOSS40-b-P6CBMA167 in CDCl3.

Fig. 3 DSC curves of PHEMAPOSS-b-P6CBMA on second heating pro-
cesses with a heating rate of 10 °C min−1 under a nitrogen atmosphere.

Table 1 The results of the LC BCPs obtained via RAFT polymerization

Polymers Mn, SEC
a Mn, NMR

b PDIa
wt%
(P6CBMA)

PHEMAPOSS40 21 000 43 400 1.15 0
PHEMAPOSS40-b-P6CBMA32 23 100 55 100 1.30 21
PHEMAPOSS40-b-P6CBMA89 29 700 75 700 1.32 43
PHEMAPOSS40-b-P6CBMA167 40 500 104 100 1.27 58
PHEMAPOSS40-b-P6CBMA290 51 400 148 700 1.31 70

aMolecular weights (Mn, SEC) and molecular weight distributions (PDI)
were evaluated using SEC with polystyrene standards. b The final com-
position of the block copolymer and Mn, NMR were determined from
the integration of the 1H NMR spectra.
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around 30 °C, and it became difficult to identify with the
increase of POSS content. It is possible that the rigid POSS
units lowered the flexibility and mobility of the whole block
copolymer, leading to a restricted glass-transition behaviour.

The thermostabilities of the POSS-functionalized LC BCPs
were evaluated using TGA under atmospheres of both air and
nitrogen, separately (Fig. 4). Obviously, all the LC BCPs exhibit
a two-step degradation process under air and a single-step
degradation progress under nitrogen. The char yield at 800 °C
increased with the increase of POSS content, and the amount
of residual char formed under the air atmosphere was signifi-
cantly higher than that formed under the nitrogen atmo-
sphere, which could be attributed to the silicon dioxide that
oxidized from the POSS units. Particularly, the LC BCP with
higher POSS content showed a higher 10 wt% decomposition
temperature (T10) under both atmospheres. Under the air
atmosphere, the initial decomposition temperatures of all the
LC BCPs were around 300 °C, indicating that these LC BCPs
underwent similar degradation processes, which possibly
occurred through the aromatization and dehydrogenation of
the alkyl groups. The second degradation process, which
occurs at around 470 °C, could be the oxidation of the aro-
matic rings in the LC units and the further decomposition of
the POSS units. Under the nitrogen atmosphere, the LC BCPs
with different POSS content showed similar degradation rates
after 600 °C. Overall, the TGA results demonstrated that POSS

can substantially enhance the thermostability and the flame
retardancy of the LC BCPs.

Temperature range of the LC BCP doped BP

As we all know, the crosslinking density of a polymer in a
common PSBP system should be appropriate, because a cross-
linking density that is too low will lead to insufficient stabiliz-
ation,58,66 while a crosslinking density that is too high will lead
to destruction of the BP structure.67 In this POSS-functionalized
LC BCP doped BP system, the entanglement of the polymer
chains has a similar effect of molecular anchoring on the
arrangement of the LCs, and an appropriate crosslinking density
(i.e. the density of the polymer entangled mesh), which is deter-
mined from the length of the polymer chain, should be ben-
eficial for achieving better thermostability. Furthermore, the mis-
cibility of the dopant in the BP is also a crucial factor for stabiliz-
ing the BP. Thus, we chose a POSS-functionalized LC BCP with a
moderate molecular weight, i.e. PHEMAPOSS40-b-P6CBMA167,
denoted POSS-LC-BCP for simplicity, which should contribute to
a desired crosslinking density, and its content of mesogenic cya-
nobiphenyl is higher than 50 wt%, which should improve the
miscibility of the whole polymer in the BPLC host, therefore pre-
venting the aggregation of POSS.61 As shown in Fig. 5a, the BPLC
host possesses a narrow BP range of 6.6 °C during cooling, from
the phase transition temperature between isotropy and the BP
(i.e. 87.0 °C) to the phase transition temperature between the
BP and the N* phase (i.e. 80.4 °C). As a small amount of
POSS-LC-BCP was homogeneously mixed into the host system,
the optical texture (Fig. 5b) displayed green-coloured platelets
with a small size at the temperature close to the upper-end of the
BP range, i.e. 86.6 °C. The BP domain size gradually increased
and was accompanied by a reflection colour shift to dark blue
with cooling until the temperature reached 78.2 °C, i.e. the phase
transition temperature from the BP to the N* phase, which in-
dicated a slight widening of the BP range to 8.4 °C. In general,
better BP stabilization and E-O performance can be achieved in a
conventional PSBP system containing a higher concentration of
polymer (i.e. a higher content of photopolymerizable monomers,
e.g. 15 wt%), as suggested in many prior studies.51,53,68 Thus, we
attempted to increase the concentration of the LC BCP to
15 wt% in the BPLC host. Surprisingly, a much wider BP range
of 44 °C, from 79 °C to 35 °C, was observed, exhibiting a reflec-
tion colour change of the platelets from the initial green mixed
up with blue to the final blue colour, and was accompanied by
the shrinkage of the platelet size with cooling (Fig. 5c). A con-
tinuous increase of the POSS-LC-BCP concentration to 20 wt%
led to further widening of the BP range from 80 °C to 23 °C,
including the typical room temperature range (i.e. 25 °C–30 °C),
displaying a reflection colour change from cyan to dark blue as
well as the diminishing of the platelets upon cooling (Fig. 5d).
However, the BP range was not extended further as expected, but
narrowed to less than 10 °C when the concentration of
POSS-LC-BCP exceeded 20 wt%, on account of the phase separ-
ation between the BPLC host and the polymer additive. The
phase transition temperatures corresponding to all the aforemen-
tioned samples are summarized in Table S1.† The gradual

Fig. 4 TGA curves of PHEMAPOSS-b-P6CBMA under (a) air and (b)
nitrogen atmospheres.
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reduction of the phase transition temperature from the isotropic
state to the BP (TIso-BP) indicated good miscibility of
POSS-LC-BCP with the BPLC host, and demonstrated that the
mesogenic moieties grafted on the polymer chain play a positive
role in enhancing the miscibility with the BPLC host. In
addition, the BP domain size (i.e. platelet size) was found to be
reduced significantly with increasing POSS-LC-BCP concen-
tration, due to the shrinkage of the network formed by the
polymer chain entanglement of the growing POSS-LC-BCP, which
is similar to the effect caused by increasing photocrosslinking
density in conventional PSBP systems containing a high
monomer content before light exposure. Furthermore, the tex-

tures and the corresponding reflection spectra of the samples
containing 20 wt% POSS-LC-BCP were almost invariant (Fig. 5d,
Fig. S5d†), indicating that enhanced structural stability of the
BP has been achieved for the first time in such a convenient
manner without subsequent photopolymerization; this is com-
pletely distinct from the commonly adopted BP stabilization
through photo-induced polymerization, i.e. PSBP, and other
methods proposed previously.

It was noted that the helical pitch of the BP system was gradu-
ally elongated with the doping of POSS-LC-BCP, determined
from the red-shift of the central wavelength (λc) of the reflection
band (Fig. S6†). This should have led to a reduction in the stabi-
lity of the BP. On the contrary, it has been confirmed that the
high concentration of POSS-LC-BCP (≤20 wt%) facilitated the
stabilization of the BP. The reason for such an effect may lie in
the anchoring effect of the LC arrangement on the surface of the
polymer caused by entanglement of the polymer chains, there-
fore resulting in the enhancement of the BP stability, however,
the POSS induced low interfacial energy between the defect and
DTCs in the BP cubic structure also plays a positive role.

E-O Performance

The voltage dependent transmittance of the BPLC containing
20 wt% POSS-LC-BCP exhibited a lower driving voltage of 69 V,
which declined sharply for approximately 90 V, compared with
that of the conventional PSBP sample; meanwhile the E-O hys-
teresis for the former was less than half of that for the latter
(Fig. 6a). Such exciting improvements of E-O performance
probably result from the lower interfacial energy between the
defects and DTCs in the former BP sample. To reduce the
driving voltage further, the LC host can be changed to a
material with higher dielectric constant or the protrusion elec-
trodes can be designed according to the distribution of the
electric-field lines. Besides, adopting such polymer doping to
enhance the BP cubic structure presented a weak influence on
the response behaviour of the BP. The rise and decay times
were 130 μs and 300 μs (Table S2†), which are comparable to
those of the typical BPLC and the PSBP demonstrated herein.

The parameter K – a specific index to reflect the perform-
ance of the BP driven by an electric field – of the BP containing
20 wt% POSS-LC-BCP was 1.96 nm V−2, which was conspicu-
ously higher than that of the PSBP, 0.75 nm V−2, as predicted.
K is proportional to the birefringence (Δn), the dielectric con-
stant (Δε) and the square of the helical pitch (P2) of a given LC
system as expressed in eqn (1),51

K � Δn � Δε ε0P2

kλð2πÞ2 ð1Þ

in which k is the average elastic constant and λ is the wave-
length of light. Conspicuous monotonic decreases in Δn and
Δε of 0.028 and 9.259, respectively, were observed as the
content of POSS-LC-BCP was increased to 20 wt% (Fig. 6b),
probably due to the isotropic orientation of the mesogenic
moieties in the side chains of the doped polymers. However,
the helical pitch was extended for about 20 nm as aforemen-

Fig. 5 Optical textures of the BP containing (a) 0 wt%, (b) 5 wt%, (c)
15 wt% and (d) 20 wt% LC BCP observed using the reflection mode of a
POM with crossed polarizers. The corresponding temperature is labelled
below every panel. Scale bar: 50 μm.
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tioned, and moreover, K is a function of the quadratic term of
P, leading to a higher value of K mathematically.

Conclusions

We prepared POSS-functionalized LC BCPs (PHEMAPOSS-b-
P6CBMA) consisting of a POSS block and a mesogenic cyanobi-
phenyl block via RAFT polymerization to facilely dope into a
BP system, which revealed a new strategy that is distinct from
the conventional polymer stabilization strategy used to stabil-
ize the BP. By virtue of the advantages of both the POSS and
polymer, we successfully extended the BP range to room temp-
erature and achieved a lower driving voltage, lower hysteresis
and higher K when increasing the concentration of the LC BCP
to 20 wt%, displaying significant improvements compared
with the common PSBP sample. Such an ingenious BP stabiliz-
ation gives rise to another stable BP helical superstructure can-
didate for facilitating practical application not only in large
size BP displays but in other applications beyond this.
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