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Progress in blue phase liquid crystal network
polymers and their applications

CUI Yong-feng®, WANG Hao®, HE Wan-li", ZHANG Ya-qian, ZHANG Lei,
YANG Zhou, CAO Hui, WANG Dong. LI Yu-zhan

(School of Materials Science and Engineering ,
University of Science and Technology Beijing , Beijing 100083, China)

Abstract: The blue phase is a highly chiral liquid crystal phase state that is usually between the iso-
tropic state and the cholesteric phase. Because of its unique optical isotropy, fast electric field response
and selective reflection wavelength and other optical properties, the blue phase liquid crystals have
good development prospects in liquid crystal displays, optical devices, and tunable three-dimensional
photonic crystals. Therefore, in recent years, blue-phase liquid crystal materials have attracted a lot of
attention from researchers at home and abroad. This article reviews the development process of blue-
phase liquid crystals, the research progress of blue-phase liquid crystal network polymers, and the
current status of their applications in innovative applications. The application limitations of blue-phase
materials in the fields of display and microelectronics are discussed, and the opportunities and challen-

ges of blue-phase liquid crystal and blue-phase network polymers in the design of advanced functional
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materials and device applications are summarized.

Key words: liquid crystal; blue phase; polymer; fast response; Kerr effect
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Fig.1 Double twisted arrangement structure of BPLC(a) ,

schematic diagram of three subphase (b), and po-

larized texture with different colors (¢) in BP.
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Fig.2 Characterize of the core-shell configurations
of BP sub phases. The inserts are schematic
illustrations of the arrangements of cubic cells
at the interfaces of sub phases'™. (a) Photos
of polarizing microscope texture; (b) TEM
images; (c) Syn-SAXS patterns with back-

ground subtracted.
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Fig.3 Molecular structures of the materials in super
stable BP system (a) and milestone research
work to broaden the blue phase temperature

range in small molecule system (b))
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Fig.6 (a) Phase diagrams of chiral liquid crystal
mixtures containing different amounts of ben-
ding dopants; (b) Phase transition behavior
of chiral liquid crystal mixtures containing
12% bending dopants before and after photo-

crosslinking®?’.
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Tab.1 Chemical composition (mass fraction) and corre-
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Bk RM257/ TMPTA/ nFMA/ 651/ HJE/ R#/
Sy/E4 % % % % vV %

M1 49 49 — 2 68 3
3FM-M1 49 24.5 24.5 2 63 0
4FM-M1 49 24.5 24.5 2 57 0.8
SFM-M1 49 24.5 24.5 2 56 0.6
6FM-M1 49 24.5 24.5 2 56 0.5
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Fig.12 (a) Normalized voltage-dependent transmit-

tance (V-T) curves; (b) Relationship be-

tween dielectric constant and frequency of

monomers-?2
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Fig.13 (a) Normalized voltage-dependent transmit-

tance curves; (b) Schematic diagrams of the

mechanism of ETB in different polymer sys-
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Fig.14 (a) Schematic diagram of unit BP [ lattices
with disclination lines; (b) Cubic latticesof
polymer BPLC functionalized by H-bond
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schematic ~ diagram  of the  H-bond
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Fig.15 (a) Schematic diagram of unit BPII lattices in

PSBP and polymer stabilized nano particle

doped blue phase; (b) Voltage dependent

transmittance (V-T) curves of the samples®™.
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Fig.16 (a) Configurations of the BPLC film with
and without an electric field; (b) POM ima-
ges of the multi-layer BPLC film in blue,

green, and red color regions under

increasing electric field (0~15 V/pum)™,

Lin %5 A% Yk 45 2 i PSBP 1 & 1 il %
G e RS . fE R SCHDIRES TR, Yokt
43 F VR T B RUHL AT 45 44, PR I 78 AT AT Dy 1)
i 41 149 6 B G b R i T Ak T R A . FE R T
Ja AT S WA 4 ) TR O T E R I
], PRk, YRk Ml BE ) 2R T B TE RS
KR SR IC O 2 A, 8 A i R, AT
DLSE IR B A TR K BE % ) IS 3R, T4 R B 4n
K17 Frn. 5 H At PSBP 2§ 4 AH L, %8 0 i i)
FHXT AL AR T A T 200 I 2 o X 3E i 41 Ot
BA B &SGR, I HF =4 BoR
VT CHRITTIR B



537 &

(®)
J» ITO glass substrate
Host LC

Dichroc dye

B
- ITO glass substrate

Polymer network

K17 Bertis ¢ PSBP W il JT O A2 L T OC H (a) R E,
JETF St (b) AR TN A &5 b 0 A J g ton
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Fig.18 Color change in a stretchable blue phase gel. (a)
POM photographs; (b) Schematic diagram of
BPI cell unit during stretched; (c¢) Reflection
spectrum during the film stretching; (d) Rela-
tionship between the change rate of A,., and
film stretching rate. The inserts are a schematic
diagram of experimental device and photos of
the film"**,
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Fig.19 (a) Composition of liquid crystal polymer
monomer; (b) Schematic diagram of manu-
facturing process of blue phase film; (c)
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plots of free-standing elastomers after photopolymerization; (c¢) Transmission spectra of elastomers retaining

the cholesteric phase, blue phase | (BP [ ), and blue phase [ (BP Il ) showing selective reflection bands as

measured through incident light to the surface of the elastomer; (d) Stress-strain behavior of cholesteric, blue

phase | , and blue-phase [l elastomers; (e) Change in selective reflection of elastomers retaining the choles-

teric phase, blue phase [ (BP [ ) and blue phase [l (BPIl) as a function of uniaxial strain.
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(a) TEM images of the original film; (b)
TEM images of Salt BP film at dry shrunken

Fig.22

state; (¢) Macro-scales of a strip of a K-salt
BP film at the shrunken and the swollen
states; (d) Schematic representation of the

response of the BPLC film!*,
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