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Abstract: Electrochromic technology shows broad application prospects in smart windows, displays, and
anti-glare rearview mirrors owing to its low driving voltage and low power consumption. Liquid crystals

(LCs), combining the fluidity of liquids with the anisotropy of crystals, provide a unique platform for
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multidimensional optical modulation through their electric-field responsiveness and optical anisotropy.
Recently, the integration of .Cs and electrochromism is reshaping the research landscape of smart light
modulation. This review focuses on the material systems, device architectures, and multifunctional
integration of 1.C-based electrochromic smart windows and display devices. First, the basic structures and
performance parameters of electrochromic devices are introduced. Then, the discussion is organized
according to the two roles that L.Cs play in the devices: (i) as functional enhancement components, where
LLCs do not participate in electrochromic reactions but provide light-scattering modulation, structural
color, or polarization control, enabling dual-functional integration of electrically controlled light
modulation and electrochromic coloration, as well as color gamut expansion and information encryption
through cholesteric .Cs and cellulose nanocrystals; and (ii) as electrochromic active components, where
LC themselves participate in redox reactions or form charge-transfer complexes with electrolyte ions to
produce color changes, including L.LC/ammonium salt systems and L.C/ionic liquid systems. Finally, the
current mechanistic controversies, performance bottlenecks, and future development directions are

discussed, aiming to provide a reference for the commercialization of high-performance, low-cost,

multifunctional LC-based electrochromic devices.
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Fig. 1 Configurations of electrochromic devices: (a) layered

and (b) lateral structures.
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Fig.3 Schematics and characteristics of viologen based electrochromic devices integrating cholesteric liquid crystals.

(a) Detailed structure of the device with functional, alignment, and conductor layers; (b) Three alignment states
of rod like liquid crystal molecules: planar, focal conic and homeotropic states with their corresponding different op-
tical transmittance and colors; (¢) Chemical mechanism of viologen switching between transparent and dark blue
states under bias stimuli; (d) Transmittance variation of RGB viologen based electrochromic devices under different
voltages across the visible spectrum; (e) Influence of polarized light, rotation angles and voltages on the appearance

of composite electrochromic devices: the initial colors of the devices are cyan, magenta and yellow, and the back-

light colors are magenta, yellow and cyan, respectively™™".
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Fig.4 Structural-color electrochromic devices based on patterned CL.C polymer networks: (a) Schematic illustrations

of the fabrication procedure and structure; (b)

Polarized-light microscopic images of gridded CLC polymer

films; (c) Photographs and reflection spectra of the green structural-color device in the colored and bleached states;

(d) Response time and cycling stability of the green structural-color device; (e) Voltage-controlled revealing and

hiding of multicolored patterns for the patterned structural-color device; (f) Viewing-angle dependence of the de-

vice; (g) Circular-polarization dependence of the device*,
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Fig.5 CNC-based structural-color electrochromic devices. (a) Schematic illustration of the fabrication procedure and

device structure of the CNC/OS/TA/PEDOT : PSS composite coating; (b) Cross-sectional SEM image of the

composite coating, with CNC crystallite aggregates outlined by dashed lines; (¢) Photographs of the composite

coating in the colored (—0.6 V) and bleached (0.8 V) states; (d) Transmission spectra of the composite coat-

ing, showing a transmittance modulation of 40. 2% at 630 nm; (e) Cycling stability of the optical modulation at

630 nm, retaining 92. 5% after 20 000 s; (f) Schematic illustration of the self-assembly, structural-color tuning

and electrochromic device application of CNC-PANI composite films"*"*",

IS HE TS M EE 15 S T /a8
G, RGeS B BUE AR A S
B I FRAE R R T AR N W Ty, S S
WA L B b R S AR R R B T B
M SZ B SIS e . 1982 4F |, Nakamura 26 &
WHGE T MM R B BB . R R,
TE W Al A BE(Gn 4-1F 97 -4 - JUER B R, 8CB) e
V5 if /b i R T (L Y OE T BRI B, TBATD i
in L H U B A A2 I R B s R AR AT Y
AR O e AR IR ™ AR B S 38 U 1) BH A%
PR AR R AR 2R A
AXCAE VB b A () B0 A L30T b A R0 REL 53 ) v 2
FE 45 1) AP AR Rl A AT DO SR 3 . X — R B
WA P SRS AT RS S T W —

FHBHMAR 2, TP R T A R BO% @ 53 7 19 .
ZTAEB SR SR A SR A R 6, 2
TE WL DA TE R A 2 R AR e i S G o, B
IEB T (a0 TBA ") 7645 (o ad 72 v i QB AR .
A AT B T — A0 2D Y AL B Y A A
TBA "5 8CB 73 7 A& Az i I S L, A= B H, £ B 7
AW (TBATS8CB) , W™ A2 B 5 78 PR U A=
LSy By Y R G XU 5 A AR
FCNE, fd B R 25 o AR IR A B = X TR AR
A3 J5 35 1) B HOG IS R AE

Cupelli %5 8 T — Fp 3 T H A 57 -0 40
A 1 W) 8 5 & W) 43 8O & (Polymer Dis-
persed Liquid Crystal, PDLC)#8 . % #% {43 i
W 2= g R F R T A (A YT Y R R B/ ik



O E A SR BV G RRES  AORMA R ST S 2 T RS 11

R T A Tig ) 5 ml S A W (E7 E49 %) R &)
FAR (I PMMA) IR &, 2 A SO 43 155 1 2% 3K 15

LSS 0 3R A 0 43 WO S ECPDLC #5714 , Wi il
PLHOR GO IE X B TR G &, %
PEE IRAEA I AR R Y 5 B 5 54 i
BB FRUETHR T, OO SE F R TS TR A
SEHL T HL OGS R B £ 1 ST B IR 9 < 7R 3 I
FLA T VR VR TR B ) T O RS 1 AR L2 RPN R
ANE B AU B S R T
B F 5 W o 78 BT LA 6 v Ao 5% B 4%
SR/ TR IN A T Re AS E ER SANTTE 7
BARBEBRALE ABEHAOQ ERLO BSHAEG
DU ARy kS D)4 i AR A % TR WA TR

5T iy YLO

0 CHMA

IBOMA
°\¢/\\/“\/’\
Y
HDDA

HPMA

X
&~

o 2
= o

L
&

AF 7 24 R G 9 458 A IR €6 43 ek TR B 7 2
) B R E S 3 R R L I R AE T ORI BE AR
Ml A T2, A S 2 D ae 6 5 R a8 1R 1)
— A TR A TR

Xian 25 VHHE T — FROR FDOG R A S A 4
B 45 B ECPDLC 2844 (&1 6) o WA 4-7
-4 R LB (5CB) TR M R iR PR TR A
(IBOMA/HPMA/CHMA/HDDA) . J% 5| )k #|
(TPO) 5 H fi e X+ = e 56 — 56 78 1k %
(DDAB)E A, & 2406 [E 4K 30 min, 30145 & W
s TR 1 SR 0 I 4% O 3 2o 1F 38 S5 P4k N
W R s 5 5CB i 1L 42. 9% .DDAB 5 5CB Ji
B 25.0% &R 10 pm Al 5 280

|
C12H25_T’—C1ZH25

DDAB

b\»@
*-

:%:E--

lonic salt Polymer — ITO

P 6 UM R AL B (8 5 A ) HOH i B () B ORE L (b) AR JECER AN (o) DU AR T AR S IR A TR R B ] 2k (R i ] G

@iE I G asE

Fig.6 (a) Materials and (b) working principle of a dual-responsive electrochromic polymer dispersed liquid crystal
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green and transparent'*"’
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Fig.7 (a) Sequential optical images captured from 2. 8 to 5 V demonstrate the gradual color transition; (b) Time-resolved
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optical images show the dynamic switching of the device between transparent and opaque states ™.
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Fig.9 (a) Electrochromic mechanism of substituted di-
phenylacetylene species; (b) Transmittance spec-
trum of PEB-ionic liquid at 2. 5 V DC, with the in-
set showing the optical photograph of the device at
this voltage; (¢) Photographs showing four states
of an ECPDLC cell taken on a light box at differ-
ent applied voltages: opaque and uncolored (0 V
DC, 0 V AC), opaque and colored (3 V DC, 0
V AC), transparent and uncolored (0 V DC, 70
V AC, 100 Hz) , and transparent and colored (3
V DC, 70 V AC, 100 Hz)"*"".
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(a) Electrically color-changing mechanism of cyano-alkyl-biphenyl derivatives; (b) Photographs of the electrically
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switchable color-changing ECPDLC under different applied voltages: opaque and uncolored state without an elec-

tric field, opaque and colored state under 5 V DC, transparent and uncolored state under 45 V. AC, transparent

and colored state under simultaneous or step-by-step application of 45 V. AC and 5 V DC; (¢) Schematic diagram

of the working process of the ECPDLC device ™",
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Tab.1 Roles, coloration mechanisms and typical performance comparison of liquid crystal-based electrochromic systems
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