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Cholesteric liquid crystal films with wide-range thermochromism

ZHAO Songlan, LI Aotian, ZHU Jiliang, ZHOU Xuan"
(School of Sciences, Hebei University of Technology, Tianjin 300401, China)

Abstract: Cholesteric liquid crystal elastomers (CLCEs) have attracted considerable attention in smart
color-changing materials due to their unique helical structures and tunable optical responses. However, the
thermal color-change range of CLCEs is often limited by the constraints of the polymer network, resulting
in a relatively narrow color-change range or requiring elevated temperatures to achieve significant optical
variation. In this work, a series of cholesteric liquid crystal films (CLCFs) with varying crosslinking
densities were prepared by introducing different amounts of the chain extender EDDET. The influence of
crosslinking density on both thermochromic and mechanochromic behaviors was systematically
investigated. Increasing the EDDET content effectively reduces the crosslinking density, leading to a
significantly broadened thermochromic range. Within 20~100 °C, a maximum red shift of 259 nm in the
reflection wavelength was observed. Meanwhile, the thermal sensitivity was markedly enhanced, reaching
a local maximum of 8.2 nm ‘C ' in the 60~80 °C range. Mechanical tests reveal that lower crosslinking
density improves the elongation at break and enlarges the strain-induced blue-shift range. After pre-

stretching treatment, the thermally induced wavelength shift of the CLLCF can be extended to 340 nm,
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with an average thermal sensitivity of 4.31 nm “C '

These CLCFs, featuring a wide thermochromic

range and high sensitivity, are promising candidates for smart sensing, information encryption, and

wearable optical devices.
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Fig.1 Chemical structural formula of materials
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Tab.1 CLCF materials with different mass ratios

Sample E7  R5011 RM257 DPA Irgl84 EDDET
Egs 332 29 547 0.2 0.4 8.6
Eino 324 2.8 532 0.2 0.4 11.0
Enss 315 27 51.8 0.2 0.4 13.4
Epss 30.6 27 50.4 0.2 0.3 15.8
Eire 30.0 2.6 493 0.2 0.3 17.6
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Fig.2 Spectra of samples as a function of temperature, with EDDET mass fractions of 8. 6% (a), 11.0% (b), 13.4%

(c), 15.8% (d), and 17.6% (e).

300
[ s s
Ziny
- #- - AMAT A 8
‘. O
=200 218" K <
E \ , E
= . \ =&
3 / el B
100 K 4 3
0.7 soc 114
049 _ -’7.—‘
0 0
EBAG E11.0 E13.4 E15.B E17A6
Samples

P3N [ i B I A 2% k0K R A2
Fig.3 Wavelength shift and thermal sensitivity of differ-

ent samples

SR, Y EDDET S — 2z 17.6%
{0 S S I N TR Ve < AR - o [

FRELLL R, S 5 o B A0l e g, JL- i k. X
E U BUN N B o i 2 R O B W B e R RS
S NS (A I R A v S o o (Il L T G )

S i 90 i R Xk PR 89 L B S
FAFR] T A CLCF Ml 27 5 i P KA e 5,
UnTET 4 i 7 o 45 T DX PN I I 72 A St 2k B ARt R ]
T R AEA R I RS o i T CLCF v 8ae
G RAR LN, AR RBUEFEZER . 4
HRFRW] L E, AE 60~80 “CIX i) Py 3= Bt # KRy &
R A F) 8.2 nm-"C ', ik — 5 UF W 35 B %
R S I 5 AT M) T 482 T b ek R 17 A B T it
R P S IR 2 B 2 P IR AU (9 R . e b, 4%
B ity B B2 S i B2 B i B 00 78 A B A A 22 5



B, 5 B T

il PRS0 €00 18 AL 55 A T A 0 5

IS

60} =
>

= b
& {40 .2
°4()- o
=3 =
b @
~ c
20t 120 o
= 5
<@

ol lo @

(4

20 40 60 80 100
Temperature (°C)

E 87 S S R A N U PO R S D e
Fig.4 Thermally induced relative wavelength shift and

intensity variation

H T S IR I 45 68 9 it 73 5 B A i A i AR T
R EDDET & A dh Eg o1 E, o BlEIREE 19T, 2
G B2 WA K . = EDDET % & K fh E, , H1
E 5 o 9 52 5 50 38 i i B2 T e S B S RO S R R
fo R 3 o X AT RE iy T R TR R TR T
(432 B BE 77, A Bl T R 0 ot 5 A9 6 B i AR B A

WS TE 445 A T fin R R, R Iy S S U SR BE S R . B
& il B R — 2 Tk R T S B T ) R R
PG 55, S5 0 W T B o R ) R R IS T
JERE b R T VR A 5 A R N R IRE 4
a3 BRI IR
(a) — Initial
~30f
S
o
22
2
g
< 10}
o
0 ; i .
400 500 600 700
Wavelength (nm)
(c) 40 — Initial — 20% — 40%
‘:—:30-
z
2
g
2

0 A i L
400 500 600 700
Wavelength (nm)

IS AN [l A il B 7 o ol i Dl 3%

Fig.5 Spectral changes of different samples under tension (a) E g,

LB E X CLCF AU L & 14 88 9 %2
JIT il £ 1) CLCF A& 2 HA 7T 8 22 5 2% B2, DA
M P o 2 25 S (0 g 2 kg o SR FIN g 3 %
FE i FF A7 B 0 A DU 3K, O a2 SR ) - AR G
Fo FERLRE R R A AR R

8=(Z/ZO—1)><100%, (1)

Crp, O AR FE v A SET R, Lo W HR I JEE
JIRE X

3.2

=
B x

= F/S§, (2)

E*F%ﬁﬁbuﬁﬂ@ﬁd\ S5 H7 7 1E 58 1 B
A . T E, R AN ST AT R
IR

AN TRIRE it 08 7 A K AR A fn 181 5 B R, By
(X EDDET & & (9 E, , 78 32 2 57 1 1R e
200 RALF 20% . Wik A EDDET & it i 3
D)1= S N S S A GO DI BV E R 15 B
20%6 , A B A i K R A A% L IK 31 466 nm, U
RIMB T . Ey, 0T AR 40%0, hon P K
B8l 46 nm, P FRFEAL . B R KA FI
iR B R I K W RS TR o AE B AR G K Y
18094 B, Horbrls S it e 4 HY 516 nm iE £ 2
421 nm,

— Initial— 20%

(b) |

L)
o

Reflectivity (a.u.)
=

400 500 600 700
Wavelength (nm)

~— Initial — 20%— 40%— 60%— 80%

—~
(oR
~

=40}

Reflectivity (a.u
[~
o

400 500 600 700
Wavelength (nm)

(a)Eg s, (D)E, 1, ()E; ,, (A)E; 40

(b) Eio, (c) Es., (d) Ejss.



6 W5 Bos

A TR AR & 04 187 7 -1 A8 i 2k (&1 6(a) ) 2, H s B KRR AR J) . AHILZ T, B & ED-

F7 A58 B A T 170~490 kPa 22 8], W 24 {1 K 2Ry DET & it — 1 E,  E T E, R

13V~94%3 B % EDDET & & 193, Kk & %2 %ﬁﬁﬁ}iﬁmﬁw?,ﬁf&ﬁf}zm&;lﬁﬁﬁijto

JEE R AR B4 Rk 1 i e i 3 A7 e T 7 284 WME 6(b) FrzR , LA E,; R, 24 R A5 ) 46 bk A5 1

k%*ﬁr“%a.mo Horr B, (R A 09 S g JNZE 80 Y0 I, Bl €0 phy 4% (0 i3 Wi AR M i
JE (W7 24 3R AR 13 %6, BRI T o3 2 ML T Forbut R S 516 nm 4L % R & 421 nm.,

(a) 50+ —Ess (b)
—Euo
40} Eisa
_ —Eiss
330 3
=
© 20}
10}
0 1 1 A L i
0 20 40 60 80 100

Strain (%)
K16 (a)BEah ZERLM I i 7 g -0 A8 fh 25 (D) AR RLAR T E, (1A

Fig. 6 (a) The stress-strain curve of the sample under tension; (b) Photos of E,; ; at different stretching rates.

Iy T A R 5 0 G 2 S 19 B0, X I i = w3
K AL IEAT T AT (7). S _ =—Trage=—= || =
T o A B O T B8 KN 5 R ) £ 5| =y | &
U A I B TE O o D PR E e o | £
b R 5 160 S 1 A A IR 16 R R % | §
AN 5 5L B 5 T 060 4 5 SO 5 R B 0/ L A T 5 < -5 8
I KRB . DRI 0 2 AR R e - . &

HEES. P swancn

AT EDDET BURE SR 50 15870 09 gt g 0 s i R0 2 3
CLCF , ZEHUBRAL A 1o 5 o i) B L5 1) b 35 W A% Fig.7 Changes of relative reflection wavelength and re-
ghifd g, BT R A Wik Bz 3l 32 2 BRI i flectivity under mechanical stretching
Jo B RE B JC VA A % IR T I8 4 1 IGE B | kK
SRR AL T2 IR AR RE RS . Rtk , e A J14E Ry HOB IR A B0 )R] LR R R . W&l 8(a)

(a) (b) 35

— Initial— pre-strain— 10min— 2h

»
o

EL

- N N
3] o (3]
T

=
o
T

Reflectivity (a.u.)

Strain: 80%

[3,]

400 500 600 700
Wavelength (nm)

K8 () CLCF 7EHL A HT AL S 849 8RR 5 (b) AR Y 06 15 42 £k
Fig.8 (a) Photos of CLLCF before and after stretching; (b) Corresponding spectral changes.



XE

X

il

S+ FLAT G Y R I €0 11 JIEL S AR AR o A 7

PR s R PR S TR 286, ELT
SRR IS BB R 4 R i K RS, O
AR R A, JF BAE SRR OCE 2 /N R AT g
FEPL P e R, R B R B K MR E
(F8(b)) . XFEPAPEHREEZRTFHAR
U R E T
3.3 EFEEAHTEEEMNCLCF

CLCF 19 3 K nT LA [ i w97 1 3 A BE 1
S, HL AP VE R XN 08 98 1) AR R B
SR K R TR A S K AR,
K CLCF 347 W57t Ak BE, mT DL AR A5 58 3 Bl +
e R AR R ORI A A AR TR
ok A b, BRI B ) ) S R S RE Oy ) A2
S 45, T BURBE WO K R . [H
IR 2 AL T 32 B PE 6 RB AR, B 615 DU AR RE o
FE TV A R, B R e B A B B . 7RG
DS b 3 N 7 RE TR B, B A R RS T i 0 4%
BOUE Sl VX o, T 09 N R ) R, B Bl M R
AU 5 R AR 1) AH S8 D ) W A AR BE D )
JH L DT A 3 B M 4188 B0 IR A . Bl A L 2
1k — L T e b TR K £ B, BEE
BT, A K 5 R Sh IR BE R ARk, PR
220 B . B, W] RLSE R ) R+ B
Ji r B [0 R T O R R s . DA
Epo BMBIH 2 T CLCF, HH £ 48 K Y by 24 F7 i
K BE K b 2 A HUACAE 2, W] s R AR GHIR T B
iRy U2 R R oy S e S V[ TR DAL
55 P 17 ) B TRLAE R, AT 0 — 2 4 T HOR 22 98
T H(E9) .

BRI F B AER) b6 RS B &t & Hildr
5 58 i OOFE = IR TR R E . Y THR
22 30 CHY MRS E W) 06 B fa . Bl & IR

strain heating
— -y
Initial (20°C) 20°C 130°C
f — -
/ - .
100°C 70°C 60°C
B9 Wiy CLCF S R 2Rl

Fig.9 Thermochromic schematic diagram of pre-stretched
CLCF

— 3 Fh BB R T PR S 4T, O B 4 S i
I LLAM B, A TR R Y Ok an A 10
FiE 7, 0 86 FR 0 K A 421 nm, THIR G UK
%, FHiE E 100 Cla , H0 P K 38 3] 766 nm.,
TE 80 “C Y i BE I/ 45 40 [l A, CLCF 1 K A 7% 1
Sk 345 nm , AH X AR AR R 2y S 82 %4, - 35 A i R
W R4 31 nm-C ', ML TE A REGEF <
300 nm, ~2~3 nm+"C "), A& T /E 7€ ¥4 1 75 [ 1
I R ISR T (% 2).

40

— 20°C— 25°C— 30°C— 40°C— 50°C— 60°C
35} — 70°C— 80°C— 90°C— 100°C

-

S 30t

©

8

>

b —

2

e~

o

(]

{r=y

(4]

(12

%00 500 600 700 800
Wavelength (nm)
E 10 ThL A CLCF FFE i i 28 1k
Fig. 10 Spectral changes of pre-stretched CLCF after
heating

2 CLCF AT EMREXSLE
Tab.2 Comparison of thermochromic properties of CLCF

SELW P OBRKEEE EEEECC AMnm) AW REFE (am/°C)
[9] 500~680 20~150 180 036 1.44
[13] 470~650 25~200 180 0.38 1.03
[14] 510~760 25~150 250 0.49 2.00
[15] 460~730 25~100 270 0.59 3.60
[19] 450~680 20~150 230 0.51 1.84
A3 421~766 20~100 345 0.81 4.31
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