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Crystal structures and structural colors of blue phase liquid crystals
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Abstract; Blue phase liquid crystals possess several extraordinary optical properties, such as fast re-
sponse time (sub-milliseconds), Bragg reflection in visible range, optical isotropic property. These
properties make blue phase liquid crystals have a good application in electro-optical devices. Besides of
displays, blue phase liquid crystals demonstrate series of new developments in polymer-stabilized blue
phase film, crystal lattice structure, structural color and tunable application recently. These develop-
ments not only deepen cognitions in fabrication and basic structure of blue phase liquid crystals, and
also broaden the applications of blue phase liquid crystals at the meantime. In this review, we discuss
about the research developments of crystal lattice structure and structural color in blue phase liquid
crystals in recent years. First, the fabrication and development of blue phase liquid crystals are intro-
duced. Then, the recent developments of crystal lattice structure, including monodomain crystal, sin-
gle crystal and structural color of blue phase liquid crystals are demonstrated. Last, the tunable

crystal structure of blue phase liquid crystal, such as the effects of electric field and optical field on
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blue phase liquid crystals are shown.
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Fig.1 (a) Typical POM textures of a thermally tun-

able BP lattice pattern observed under
reflection mode with crossed polarizers (or-
thogonal double-arrows). All the POMs were
recorded with a cooling rate at 0.3 ‘C/min;
(b) Kossel diagrams recorded in photoaligned
and unaligned areas detected at the same tem-
perature, 53.5 °C; (c¢) The pattern can be e-
rased and rewritten by sequential UV-irradia-
tion and electric-field stimulation. The scale
bar is 300 pm."™ Copyright 2017, Wiley-
VCH Verlag GmbH &. Co. KGaA, Wein-

heim.
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Fig.2 (a)

Chemical illm

51 Substrate

Si Substrate

Schematic  representation of  the
fabrication process to create chemical patterns
with  regions of competing anchoring
properties from PMMAZO brush substrates
having nano- or microscale straight stripes.
The homeotropic anchoring glass substrate
was placed face-to-face with the patterned
substrate to form a hybrid cell. (b) Tempera-
ture of cholesteric phase, BPI, BPII, and iso-
tropic phase. The stripe like patterns with
different pattern dimensions are used to form
stable single-crystalline BPI,,, at 40.1 ‘C and
BPII(10, at 41.7 °C. The corresponding Kossel
diagrams are included” Copyright 2019,

American Chemical Society.
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Fig.3 (a) Fabrication of the multicolour pattern.

Step 1: printing green  rectangular

background on BP polymer coating with 16
V voltage; Step 2: printing red “USTB” let-
ters on BP polymer coating with 24 V
voltage. (b) Photograph of an inkjet-printed
multi-colour pattern (scale bar, 10 mm).
(¢) Wavelength of light reflected by different

colour regions of the pattern on day 1 of

[76]

printing and after 30 days Copyright

2019, the Royal Society of Chemistry.
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Fig.4 (a) Configurations of the BPLC film with and
without an electric field; (b) Polarized optical
microscopy images of the multi-layer BPLC
film in blue, green, and red color regions un-
der increasing electric field Cup to 15 V/pm) ,
the scale bar is 100 pm; (c~e) Reflection
spectra of the multi-layer BPLC film under an
electric field of 0, 1, 5, 10 V/pm, and 15
V/pm for the blue (¢), green (d), and red
(e) color regions, respectively; (f) Relation-
ship of reflectance versus electric field for 450
nm (B), 545 nm (G). and 654 nm (R)™®,
Copyright 2017, Wiley-VCH Verlag GmbH

& Co. KGaA, Weinheim.

N, B2 55 A WA . 1) 90 )2 B AP AE Ll
SR AR TR AE 1 V/pem BT LS



57 W ZEWe i . 55 AN

A RS 5 2 (0 691

NI BE RS, 4 AR SRy 72 %6 .86 %0 LA K 94 %6 AR S
/N o 3K SR R T A 0 e ) L S AR AR —
A BIE L /N B 5 A e B 8 R G R, (HAE
W R T RSN 5 4 B AL A AE — S0 i B 0 1) 2 A VR
fm o3 FL R A R /DN T R R A 1 1 R
JE o T3 25 04 10 200 AFDV & 3 2 10 D 9 R[] 7 7
SRR G H. I X — BN T, 10 5]
ARV A A e o U PR3 5 ) 389 50 HEB A AR
KRR BEAR , 5308 2 10 OGB48 Bl 0 AH S A% S5 . [
e SRR GRS, B 4D BRT
3 ol R TR v 30 R B L A 1 AR Ak i &
42 EHiRBIHAPE

R T 32 L A, BT L A A AT DR A
P4, Wang & Nl TR AWM G T
SPATE I R T OGiIE S AR R A
(K 5), MIFLny i e TR EWRE
ARV Al B G S S 6385 2 A 67 1) O R R & A= TR
FEIE [ fi e T A AELLRE W E 5 Ca) s, B/l 5(b)
Skt R A L 5 R OGS R R 4.4V
F—4.4 VALLEF B35 530 nm #] 615 nm i#
gerli, Al EEWRIE., W 5O NBF T RE
Jiti IO L ) R A ) i B O 1 B W A7 L A T 4R
AR 6IE A A v] B2 AT AR R W (E Dk
5900 i it Jin v, R B ) TR R A LR A — B, 1T

— I JE IR A0 E 5 (D R s, 1
A 1w i S L ] 1 B o B85 0 T 4% i 445 4
BEEF SEM Elf% . #EJCH i, SEM El i) R
GWAETE R B Z )N B0 B A HEA L RS Y
S W G B K (570 nm) . e 0 A ) AR R S .
SEM K& R BE WM 4 5 T H A QEW) A Fl
VX5, 10 1) b A (i) R AE , T 80U 9 1 1 2R
G RO AT A S AR BN, SOOI IS T
Jiti I L ) i s %) 15 950 E G A B, SR G I 2 R
B b LR CEM o 1] F R (o RAE , S8R
NN R /R R R Y A NI - 24
. MG s = AL R, Bl TR A
PRER BTN BRI MRS IR RS AN,
AW, MBSV MRS T
A A RN S AR AL T 7 AR T O e YE . B
Tt L 7 1 N7 FH A R 0 R R T R A R RE T
B 71,
43 HipiAEE

Wk 5 FH 00 L 3 08 A L 6 S e] LA T R AH

i
Polymer fibrils
of the iemplate

—
Polymer fibrils
formed by CoM

AN 9 E 37 T W R R RO 1 4R IE 320
% I OB R A B Ca) AR BT 3% (b) 5 (o) 78
TRHEMEREBE S —4.4 V/pm f+4.4 V/pm
R R TR S e I N N U RO VA
(D TCHLI T IR ) B 1 AR S
WA E Y SEM ER AR 2 pm!™
Fig.5 Reflection-mode POM textures (a) and
reflection spectra (b) of the templated BP
laser under different DC fled strength; (c) Dy-
namic response of the peak position wavelength
of the PBG of templated BP sample during
cycles of alternating DC field with electric field
strength in —4.4 V/pm and +4.4 V/pm; (d)
Schematic illustration and SEM [racture
surface microstructures of the templated BP
samples after polymerization under different
electric feld: without DC field, under
negative DC bias and under positive bias. The
scale bars in the SEM images are 2 pum!'™,
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