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Preparation and Characterization of Flexible PMMA Inverse Opal Film

DENG Li-er, GONG Lei, LIU Wang-yun
(School of Optoelectronic Engineering , Xi'an Technological University, Xi'an 710021, China)

Abstract: SiO, colloidal crystals with silicon spheres diameter of 270 nm were used as templates and
MMA was filled in the gap of silica spheres. SiO,/PMMA photonic crystal with a overlayer of PMMA
was obtained by polymerization reaction. SiO,/PMMA was immersed in a 20 wt% HF aqueous solution.
After etching half an hour,the flexible PMMA film with inverse opal structure peeled off from the TIO
glass substrates. The thin film is a kind of periodic and ordered three-dimensional porous structure with
uniform pore size of 210 nm, the color of the film is bluish violet which is relative to the position of the
band gap. By analysising of the microstructure, the course of the formation of flexible film was studied.
In the stage of polymerization, the bulk shrinkage was more in the overlayer than in the interstitial
spaces, due mostly to the mechanical resistance provided by the close-packed spheres. Stress difference
between the surface and under sruface made the inverse film falled off from the ITO glass. This kind of
film can be used for the preparation of flexible photoelectronic devices.

Key words: Glass and amorphous inorganic non metallic materials; Artificial crystal; Substrate transfer
PMMA; Inverse opal; Flexible; Photonic band gap

OCIS Codes: 310.3840; 310.6188; 160.5298; 160.5293; 160. 5470

0 35

[ 1987 4F Yablonovitch I John ™ #2 1 56+ & 14
B E 3 LK S A 9 38 DR AN TR) 28 O - 1R 19 O 2
Ve R 28 AT T R AR AR A Rl A ik
A AR AR 2 DR S T L A AR B A B TR
B e 0 B 8 3K A5 52 3¢ R I HE S B9 A4 R RN 26
RR L LA 3 7= AR 52 40 5 BT 7% B A A R LA

T DR A ) R LABE AR & M Sy AR BE 5 AT 1T
LA TR )AL 45 ) B S 2R A B T AT Rl
SERMLEYT I R LR T 2. 8 B FE ALY 20 00 I ] AR 4L
A B AT LG i BE A 52 4 O 1 B T EL TS A R Y
FEYL AR H . 0] B A B R R b BT R e T
REATRE (N2 S A REAE VB AR R L 50 T R AR
AR BRARR PR AR 25 45 RS 7 AR AR 2200 B L AT o 4 45 b
e A

EE€WH . HEK A ARAEE (No. 61308071 MBVY4 & T € BRI 5 H (No. 15JK1336) % 1)
E—1EF AL ILA1983—) L kI, [ o R B IE T ) O R Ol T AR R A O AR R R A SRR, Email : 284072453@qq. com

Wi B H.2016-02-25; 3k A H#3:2016- 04~ 20

http . // www . photon . ac . cn

0831002-1



T

¥R

H R B AR i A B I 2 485 0 O s O T S
— AN BT FE ) IR S TS ) A H e R A AN [R] A
TR RS A A 0 B 2 PR A AR AR B T
TH 3 S AR A A A A B I A I SR AR ke i g
SEHR S A 0 R R IR AR T S B SR e R )
A BRI R A R AL 2006 4R, Ozin AN
WHI SR TRKE B ZK,EEHN 8.5 um, EEH
3.8 pm WY ZEPEN BB R AT A N7 0 SR R A2
¥4 AT AR S S oL o4 e 451 B AT R 45 i O O = A
B AR A 28 1 Bl £

AR B A 24 KRR SO, B A& S IEEND
B, ¥ B M F R N R P R ( Methyl
Methacrylate, MMA) ¥ P T s 2 VR B 158
] SiO, /PMMA (52 45 4548 - B 52 5 4540 B i A
SRR CHE) ¥ W b 20 e A5 21 22 M (0 FF 3L TR s R Y Tl
(Polymethyl Methacrylate, PMMA) Jz & [ 1 45 ¥ 8
JEE. P T MMA I 78 W H50C 8 X 22 1 B 1Y) 5% i, 43 B
TR DL B B B AR RS R R M R L AR TR
i B B0 B R AR

1 K3e

S BT R 9 B4 B SIO, B M S0 e | A T
Keg RN 270 nm, R w2 /N T 2. 5% . % N
1.92 g/em®, I EFF K 1. 45, ST BT M A
30 min; BRI R G R P ER (MMAY I H Alfa 22 &),
TR T B R R ZE A 2~ 3 YRR 4l 5 T LR
TES S SRR CHF L 40 M 4l 75 46 B 5 8 5 92 56 FH K 34
R K S E A TTO 358 58 M 2038 v 1 4% WU
K/ WA BR IR A W W IR M 24 h, SRS MY T TR R L JC K
B VB K IE VR 30 min, T )5 45 H.

1.2 SiO,/PMMA £ & &1t & &

W B AU R AR SIO, B MR AR B (SIO,
POER A2 R 270 nm B S TTO 35 585 ¥) #) g1 cm X
1 emPy J7 TE /NBe KT Tk 28 22 O NG 3 4 i i B 4R [
W B — 5 f H 4l 5 1 MMA 3B O AR &5 & LR
B OB SRS 2 A AR B A . W E L.
SR 5 PR A IR BB S 80 °C Y L VI TR B 5R
Bottle cap

1.1

Filter paper

B 1k MMA #3873t £

Fig. 1 Filling process of monomer MMA
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(b) Inverse opal
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Fig. 3 Reflection images taken by microscope
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Fig. 4 The transmission spectra of SiO, opal and
PMMA inverse opal
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(c) SEM sample of PMMA inverse opal film under pressure
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Fig.5 SEM images of the PMMA inverse opal
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(b) PMMA overlayer
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Fig. 6 SEM images of the inverse opal with rolled edge
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