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Research progress of liquid crystal/polymer composites
for smart windows
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Abstract: With the sound of energy saving horn, smart windows with dynamic adjustment of light
transmittance are particularly important in today’ s high-energy buildings. Due to the excellent external
field response performance and good processing performance, liquid crystal/polymer composite systems
exhibit various application prospects in smart window that dynamically modulates light transmittance.
According to the regulation mechanism, smart windows fabricated by liquid crystal/polymer composite can
be divided into electrochromic, thermoschromic, mechanochromic and photochromic. Among them,
electrochromic and thermochromic windows are of great importance because of the feasibility of preparation

and application. In recent years, the emerging technologies that combined smart window technology
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with solar cells, are expected to promote the green and intelligent innovation in the field of architecture. In

this paper, five types of liquid crystal/polymer composite for smart window application were introduced ,

that is, polymer dispersed liquid crystal, polymer stabilized liquid crystal, a coexistent system of polymer

dispersed and stabilized liquid crystal, polymer network liquid crystal, and polymer wall stabilized liquid

crystal. Their microstructures and response mechanisms were summarized. The research progress and

combined applications with other emerging technologies were reviewed. Finally, the future development

trend of smart windows is briefly prospected.
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Fig.4 (a) Photos of large area PSLC smart windows in

transparent and scattered states' ™5 (b) Schematic
diagram of electrochromic PSCLC+ ChLC smart

window working mechanism.
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electric field ™.
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Fig.6 (a) Schematic diagram of PD&.SLC film preparation process " ; (b) Thermochromic PD&.SLC film at low

temperature (left) and high temperature (right) actual photos ™.

() Bsf, Sy i — 25 1 v k42 JEE 10 0 50 I e 25 2R
RSl A U 4 R o A B 4% T 188 4k
LYK SR (W-VO, NCs)*"*" 5945 (Cs,WO,)
Yk FE (NRs) Y ITO 44K fhiik (NCs) ™ K HiB
A % PD&.SLC J5 52 8L 1 X 3k 41 41 O 09 A 3L 5t
Wi, G BRI T B R AT KB 6 £0 40 Dk
BN 2 PN R )

PDE&.SLC A& 7 7 r 2 98 't B il 4 J7 1l 78 2
H—E R H . 20184 ML H B H AT L T
PD&.SLC . PDLC M fl {& & 1Y Hi -6 1k g , #F il

W EL A IR OK Bl R e B R Y R R R
T 2L KAWL FLIR b 1) T 5 R A Y2 4
(HAPNs) 5 LCor FZ M EAMEAEN izl
oy RS LC 43 T 6 A5 W) 21 4V A7 HES , T
SR B AT SRR AR . A TS A R A
KRR =, DT 58 1 I OCA 3% 3 RXT HE

[) 41, 32 AT A8 OSUB  &f (DFLC) AF il
2 W OGP AR T g B2 P 0 PD&.SLC 4 g
o A7 Fs b E LCM 5 5 /Y 38 i, B 5 )
A% SR B RN . XA LCM A &,



1252 W5 Bos

37 &

TREG Y HARLLIE N A fE 7 HAPNs, DFLC 43
T4 LC 0 o9 BCELHE S, Bt 2 B IR A
X T&A0.5%.1.0% (JF #4380 LCM iy
il ok U, R HAPNSs 76 X DFLC 43 F () 76 B B
] J7 1 & T — AE L H TR
HAPNs Al DFLC 43+ Z [8] 9 41 B /E R 2 D)5
B DFLC 43 F 19 58 4 B, PR s 22 30 3 Y
RE BLCM EEHmME 2. 0% b, iH FRAEW
Je A vh B A FLIR N HAPNs B9 %5 i K, 4F DFLC
4y F B AR F 5, 2 DL SEEE DFLC 43 19 36 1
HE B R IB DR . ZELCM & & 0% .
0.5%.1.0% .2.0% B} #F 5 43 5 S ORI o

B CEEY B . BT DFLC B A U
FEPE B AR IR M A b 5 A 3 43 i 3R Bk
IEPE P LC, B, 3T 03 0 AR 5 B a2k
75 RS 9 BE 38 8 e i A 43 i 3%, DFLC 43
Tl TR I H S 2L R A YR IR W
Pr 5 3k B VO L, BE G AR O 3F IR S s X A
AR 37 B Bl 3B B OR AS  RE A it n s A
Hi 3% , DELC 43 F i a] 747 T 2t 51, i 4R
T HAPNs X DFLC 43 ¥ 9 3 B 7R, I
FESLIE T BCRLHEA B A AR R AR B UIRES . X
b R 7 n] 3 0 E AT LCM & &, B HAPNs |1y
B S LGP R A T AR R

0% LCM 0.5%, 1.0% LCM 2.0% LCM
Opaque (Normal state) Translucent (Normal state) Transparent (Normal state)
. O )
) | \3) /@ 6‘00 N

HE HE

/‘\/ off /\/ on
Dp/\©n ©

Transparent Opaque

Normally opaque

[y R —_

Increasing LCPMs content

B 7 ST LCM e BE Rl ) T AR ML R 25 18 s iy 1R
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Fig.8 (a) Four working modes of PD&.SLC system smart windows with W-VO, NCs and positive LC*; (b) Three

working modes of PD&.SLC system smart windows incorporating W-Vo, NCs and using negative 1.C and graphene

electrodes .
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Fig.9 (a) Microstructures of PNLC samples with different I.C contents; (b) Microstructures of PNLC samples with

different numbers of mercaptan functional groups'*’.
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Fig. 11

(a) Short-circuit current and energy density of two kinds of smart windows with a-Si layer thickness of 13 nm and

28 nm in transparent state and scattering state and the comparison with the energy density required for self-supply ™3

(b) Working principle and photos of smart window when transparent solar cell and PD&.SL.C dimming film are

fitted together ™.
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Fig. 12
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