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Preparation and spectral analysis of photonic crystals on nano
hydrophilic modified electroactive polymer substrate
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Abstract: The final purpose of this study is realizing a solid-state responsive photonic crystals (PCs),
which is constructed from program-controlled pixels, and improving the performance of reflection type
flexible solid-state color display device. In this study,PCs growth on electroactive polymer (EAP) acry-
late film VHBA905 substrate is achieved by coating nano hydrophilic particle on the substrate,which can
create good conditions for PCs assembly. By comparing the reflection spectra of self-assembled PS two-
dimensional photonic crystals (2D PCs) with different layer number of hydrophilic coatings,it is conclu-
ded that two layers of nano hydrophilic coatings is the best for self-assembling on acrylate film. There
has a higher reflectivity enhancement peak in the reflection spectrum of PS 2D PCs on the modified acry-
late substrate compared with that of PS 2D PCs on traditional glass substrate. So, the feasibility of as-
sembling PCs on EAP modified by hydrophilic coatings is verified. Furthermore,a technical basis for pre-
paring responsive PCs driven by EAP is provided.

Key words: display device; nano hydrophilic coating; acrylate film; two-dimensional photonic crystals

(2D PCs) ; spectral analysis

% E-mail ; xuzhaojin1234(@126. com
riE B HE:2022-03-21  {&iT B #8:2022-05-07
BHETH: HERH AR 4 T ERE 34 (11604243, 11504268, 11204213) F1 K EETT [ SR B} 2% 3 4 35 4F 3 4 (16JCQNJC01600) ¥
B |



« 1234 -

1 5]

B2 5 2 B AR — R B 2 T A5 A
8 R RN AN [] i K B0 B 016 1 S S ok AT W sl X
8o A E AR R 8 R i LCD (liquid crystal
display)™' . OLED ( organic light-emitting diode)
EULEMMBE T AT ES RO A KO, H
B S JR BR T8 — A = R A R R L
M., KUK, THE LA LCD —EHIEN R B
Ay E AL BE L F Al K (photonic
crystals, PCs) #f & 9 #2700 A K 3T 88 4 Sf i) i
B PCs™ ™ H AR A Wi & J 3k B 8 8k, K AE R
Al a8 g R 1 R 4T 2 R g R E AR B )T Iz R Y
itk 1] PCs i A (] B b 38 70 3K 2 i 878 PCs 2
EdSREEER AR W DN VR @ N D
Jie &5 . PCs., HA4F g 02 AT 45 40 B 4% 58 . 1B A7 7E
e R B L A A R A B R S ) A, X
T A PCs, Homw [z AL i 38 2 8 o 4 5 R R
FEFER M A Sk ok Far e, K
S DAY W AV N ' SN LI ) TR L 1 7
Bi ABAFAEAG W] 450 B A AE L e 0L 43 B AR E /)N A T
F, ol A5 [ 25 R PCs £ A8 AR K Y 88 =) B

T [ 25 D PCs K 45 5 58 A4 T 5 B
AR e 87 4 B R R AR Oy 22 0 S A SRR A
A B 25 S W A, 3 T B 25 PCs B9 i B HL B H 3G
B4 W1 Celectroactive polymer, EAP)MY DL H ol &
Y FEL 50 0 PR BB R T L A e B B PCs il £ 1 —
FhoET R EE M R . P A A B AR (dielectric e-
lastomer, DE) " 45 25 H B0 45 i B 15 (8] 45 (ms) |
JEAE 55 i K (107 O L JB A8 BE K (200 %6—380 %)
R M TE AR B R B PE G A R R B 3 A R 4
[ 2% 22 Pk i B PCs, H Fr £ L5 b, §il 4 PCs
R GO GOk B2 A Y Oy 2. D R G
SiO, 44k 3 Bk 8 B 2K 2 4 (polystyrene, PS) 44
DK B R S A R R R I K R BOER o
EAEM T fEE R FATS 6 B %A 7 i
SEOT AR . AR ELUTRE CE U R R
FRAFUT g 2 e )y =X, 0 2 A T 5 5 A AR 52 Ak
1Y 2% TH 5K 7 HE 3h Bk B AT HES L BRI 3 2H 3 A
TR s B RS T ) & S (T D) O ¥ S
R =N RN QB I o R SIS e % I S 1
B, R FE K PR 2% . I IL 2 AE DE A4 Rk 3R 1
17 PCs 1y H 4 %<, 75 2% DE kL £ 1 # 17 — &
2B 1Y 25 7K oo b 2

A WF 58 UL DE # B I8 M B2 FE VHB4905
RS SRy LG, o FH AN oK JI0REL U 2 a0 AT 3 D5 K B
PE o 38 S AN K R 2 Y 2 Ok A TR s R TR 3R TH

[l

Ye BB X - B S 2022%F %¥33%

brg | N T - O S s o R B T TR R A
3O TE BB 5L LR R R K TR ZE B TR A TR TR
RN B ) 2 BROR K TR 2 B TS M TR e R A
AT PS Bk — 4 5% F & &k (two-dimensional photon-
ic crystals, 2D PCs) [ H 41 %5 , i XF oA 6] B JE
FOKUR)ZE LR R 0 BT R B 8 91 OK SR OK IR 2
B A 2 8 R AP AR KR ZZ BT 2D
PCs /) B 5 1% 5 0] 45 il #8525 14 F 38 55 3% I 2D PCs
HY B2 ST 3% i A X5 L. R U BT AE RS TR B 2R B IR B PS
2D PCs 6~ TR fE 22 5+ .

2 HERFEKkiE

2.1 BEER

BB R A BRI S EDE 2.5 ho i E
24 h J5 . ZEIR/K 75 U 30 min, AR5 FH 25 8 7K
P B 30 min, fi e A S TR SR i
AR,
2.2 RGREHEREER

Shy A TR A 1R T AR R 1T R K R P SE A R AR
PR ZX1-CQS 9K it AE N 36K IR 2 H 2 Ak
a1,

F1 ZXL-CQS 4K BB A 5 & EL i
Tab.1 Composition and proportion of ZXL-CQS

nano self-cleaning solution

Component name Mass fraction/ %

Si0, (50 nm=#20%) 2.5
TiO, (50 nm=-20%) 2.5
Deionized water 40
Absolute ethanol(99. 5%) 55
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Fig. 1 Contact angle of acrylate substrate before and after hydrophilic treatment: (a) Acrylate film substrate;

(b) (e¢) (d) Acrylate substrate coated with 1,2 and 3 layers of nano hydrophilic coating
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Tab.2 Effect of nano coating layers on hydrophilicity

Number of layers 0 1 2 3

Contact angle/(*) 84.12 32.36 12.48 42.96
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Fig. 2 Schematic diagram of gas-liquid interface assembly
method of PS microspheres: (a) Deionized water

liquid membrane; (b) PS microspheres are transferred

to the liquid level of deionized water under capillary action
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Tab.3 Single drop self-assembly of four acrylate substrates

Number of layers 0 1 2 3

Average change of

contact angle/ () 3.24 55.94 73.16 37.58

Average time/s 1.2 12.5 32.4 8.6

A T AR R S B KT A R T AR Y
PS ffBk A5 kA . PS BBk th T o0 [ AE F
AF EL W BT 7 VR T 32 T I K T R R N R R

SERGEES WO E R B TR Y K, BNTE

FrEBR T HUR PSRk PCs. ANIA 3 iR

M3 A 2H %< WRE S OR R, BEE Bk i A 4R R
SR PR K R T B A T AR AR 285 IR ik SR K
Ab B AH R R TR IH LR 5 BE P R, TER A
K Kb TR TN A TR 18K 9SS 1, PS UKL A A A
PRCR  RAE WD S A A7 A2 LR 19 PS BURk E BUR
o 3 R TR A [ 2 BN oK 2R K IR 2 Y TN TR TG Ak
FrW BRI A B 4. bR 12 R K
WIZRRE A LR HOR B2, PS SOk XS rE 2R 45 W]
WL AFTEFZWSGIRE 2 2 FKEENER LAA
BEAERB R Y 5] B RE , IF A R e 1918 RS B s IR
3 RFEKIRZRIFE i B PS ok - RAEM LR M
AL Z .

MR 3 P B AT LLG S Yl TR 2 2R K
VR JZ B F R 2R KPR R AT PS GBR BRLUR T [ 2 2%
] W] TG, PS Bk 45 DL 78 43 M AT R % RS .
K4 i 2 J2RKIRZE R B PS ik A 4% R
#B 4 4 8 5% (scanning electron microscope, SEM)
K. B R, PS Ok A 2N B HES  HES R %
Ay BB



« 1236 -

(a) (b) (©) (d)

Ye BB X - B S 2022%F %¥33%

(e)

3 AEERLEPSHIKBERFER: (a) WEBER; (b) REFKLENREREER;
(c)(d)(e) BB 123 EMARFRKRENREREER

Fig. 3 Self-assembly of PS microspheres on different substrates: (a) Glass substrate;

(b) Acrylate substrate without hydrophilic treatment;

(c¢)(d) (e) Acrylate substrate coated with 1,2 and 3 layers of nano hydrophilic coating
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Fig.4 SEM of PS microsphere array on 2-layer

hydrophilic coating substrate
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Tab.4 Main parameters of Ocean Optics USB2000+

optical fiber spectrometer

Name Parameter
Detector Sony ILX511B
Wavelength range 200—850 nm
Integration time 1 ms—65 s
Signal to noise ratio 250 ¢+ 1

Optical resolution 1.5 nm FWHM
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Fig.5 Reflection spectrum measurement optical path
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Fig. 6 Normalized reflectance spectra of 2D PCs samples

with different layers of hydrophilic coatings
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Fig.7 Normalized reflectance spectra of PS two-dimensional

photonic crystals on glass and acrylate substrate
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Fig. 8 Reflectivity enhancement curves of 2D PCs on

acrylate substrate and glass substrate
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