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JIN Zhihao', ZHENG Jinzhi', WU Jia’, YAN Yangyang'*"

(1. College of Mechanical and Power Engineering, Shenyang University of Chemical Technology, Shenyang 110142,

Liaoning, China; 2. Facility Horticulture Laboratory of Universities in Shandong, Weifang University of Science and
Technology ,Weifang 262700, Shandong, China; 3. Shandong Dongchen Ruisen New Material Technology Co., Ltd.,
Jinan 250200, Shandong, China )

Abstract: Monodisperse polystyrene(PS)@SiO, core-shell nanometer microspheres were prepared by
emulsion polymerization with an improved Stober method, dispersed in poly(ethylene glycol) phenyl ether
acrylate (PEGPEA) to form a non-dense particle array. A mechanical discolored photonic crystal film was
then synthesized from rapid photopolymerization trapping regular array, and characterized by SEM and
optical fiber-coupled spectrometer. The influence of volume fraction and particle size of PS@SiO, core-shell
nanometer microspheres on the structure color of photonic crystal thin film were investigated, while the
mechanism was further speculated. The results showed that the heat treatment changed the microstructure order
of PS@SiO, core-shell nanometer microspheres, which accelerated the formation of opal photonic crystal
structure. The structure color of photonic crystals gradually changed from red to blue with the increase of
PS@Si0, core-shell nanometer microspheres volume fraction or the decrease of particle diameter. The photonic
crystal thin film exhibited structural color reflectivity >60%, tensile strain at least up to 70%, sensitivity
2.16 nm/%, response speed 1.9 nm/ms, reflection wavelength tuning range 151 nm. After 100 stretch/release
cycles and 3 d recovery at 25 °C, the structure color of the photonic crystal film remained unchanged.
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Table 1 Particle size of PS microspheres corresponding to
different masses of emulsifier
SDS Jii /g PS fEk k42 /nm
0.105 149
0.097 173
0.093 180
0.080 195
0.075 224
0.062 267
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Fig. 1 Schematic diagram of preparation process of photonic
crystal thin film
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2 HR5WR
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Fig. 2 Appearance of PEGPEA, PS@SiO, core-shell nanospheres,
photonic crystal elastomeric ink (a) and SEM image
of elastomeric ink (b)
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AEE (a); TEPIFA R 25 T A48 B0 7 A A
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B r A TE (e) SEM [&]
Schematic diagram of opal structure composed of
colloidal particle arrays embedded in elastomer (a);
Photos of photonic crystal thin films taken under
two different conditions (b, c); SEM images of
surface (d) of opal photonic crystal layer and cross
section of photonic cystal film (e)

Fig. 3
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Schematic arrangement of particles with different
volume fractions in an elastomer (a); Photos (b)
and corresponding reflection spectra (c) of
photonic crystal thin films prepared with different
volume fractions of PS@SiO, core-shell microspheres
with particle size d=180 nm; SEM images of red,
green and blue photon films (d); Reflection spectraof
core-shell nanoparticles with different particle sizes
PS@Si0O,; core-shell microspheres at 33% volume
fraction (e)
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Jmax N 646 nm, R IRARBEIIBA 56 4 i A A
o ABCBE I A G S A B AT 58 SE T 37 T 254
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@4,=26%, - A T B 2 R AR IR /N F AT ) W AR RIS

RSB BT, &k T 0] BB i 25 A ) 4 K M S S5 (6) HIXT R, ﬁE%T;‘ﬁ%aaﬁiéﬁé
MK, MG Bragg ATST 2/, M S 2 BRI K Fa G AE R AR A s

WA, TR OB RO, MEkRi R
NZTE 150~250 nm BTSN, DUEE AT DG 78 N
,E\Jﬁﬁﬂﬂ?o Dy, b PS@SIO, flEK B AR M AR 1 o
P FLALF] SDS it 7E 0.08~0.105 g 31 Fl 4 I 45 114
PS ek A%, M7 VTEOS AR IMAR, #H& T
ARIKIAZ I PS@SIO, fiEk . 3 2 AR T il %
) PS@SiO, Bk i k4% . PDI Al Zeta A7 5095 .
M2 W LA, Frifil 1 PS@SiO, fdERFLIK
) PDI 3 <0.073, B il & i ik o i tE R 4f.
Zeta HLV FE-25.2~-27.6 mV Z[a], W] 4L 4810
% 71, i PS@Si0, Ek e LI BE S Fa e A7 A
ANIEPKEAR PS@Si0, B 5e 48 A Ak i 45 19 06 7
PRI, PR IE AR AR Xof 0 TR S v SR A R o 508 1o
Dy, KA TS24 G T B, & 4e
J PS@Si0, i FE K BRI T 4351 33 % i A [R) ki A%
il 45 B T fb PR IR 107 4 S B 61 ARt . NI de
ATLVE W, BEE R H 239 nm [ 169 nm /DN, 6
T IE T I O YK 653 nm [A] 558 nm 3, %

2 PS@SiO) M FT UK ERR AR A 23 B R AL
Table 2 Characterization of PS@SiO, core-shell nanopheres
with different particle sizes and dispersion

FE VTEOS/ PS#if&/ PS@SiO,kife/ ppy  Zeta R
mL nm nm mV
1 0.6 149 169 0.065 252
2 0.8 149 180 0.064  -26.2
3 0.6 173 189 0.073 273
4 0.8 173 210 0.071  -27.6
5 1.0 195 239 0.069 269

[ AT DL B, o U3 Ak R 7 58 1 i

25 A AR B 2 E %*ﬂl, il £ A A [ 254
JCT ARG A BB SR MR A, WA (O S

RIN>60%,
23 EFREFEERHNBT @R
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P Sa St i AR B AN [] 437 02 2 ) 4
iafisRe o
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0 - . . . . B} 18] /ms
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100
d
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=400
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K s O SRR AE AN R R RS R B 45 GBS IR A (a ) SR Y BUHE 3%

(b); B EDCTERER RIS (c);

3.d BT RO (d)s ST REAHETE 100 YOEFR LN A 45% T BIREE PEI (e)
Fig. 5 Structural color digital photos of photonic crystal film under different tensile strains (a) and corresponding reflection
spectra of light (b); Dynamic reflection spectrum over time mapping (c); Reflectance spectra of photonic thin film
under 3 d stress testing (d); Stability testing of photonic crystal thin film under 100 cycles of tensile strain of 45% (e)
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A R 189 nm Y PS@Si0, %75 44 K ek
Wk, il 2 IR 80N 30% . d=189 nm 1)
PS@Si0, & 7e 9K Bk 4 i 6 F SR A T F
T PERE S HIT B OE FH o FE ANl Rz 7 1 0 3 A A
B2/ NN O ORI = {1 =il i ) S )
623 nm, FHZBRLF[B] S A 66 nm, MK Sa Al LA
F, BRI 0 B E 70%, 6T A s Fy
RGN FAN R RV g g (R NS S N B R V|
o, FUEF SR EIE RN AR 20T 5E 70%, X
TR, Ao TSR E /NS RSy B0/ o

B Sb A AN [l R AE T G AR B 10
SHERE, W sb nTLLE W, SR KAE 623~
472 nm YL NS B, G 3R B A A R AR 3 R
%, BRI KL R AJ=151 nm, WHEEIG
AT T T AN AT UGS o 2T Bl R
TS IAEE d) ROPKE, 4504t s ik &2 3]
LRRAS o MUAECE R B R IR 2.16 nm/%. YaT ik
TR B 52 B S e T LR N H AR AR R Y By, AT
Pl (7) 3158

Aax
S—TE— (7)
KA A TR PO, nm; Ae R Rifi
7 I AEAE

] Sc Ayl FH 0 45 i o 1A RS ) 50 ms )
TSR T b AR Py A R IR B SIS Y 1 AN A Y
Ak o I Sc ATLAE H, 248 iy B e, Hors
SR SEEL 151 nm 2087481k, AR AT E 76
ms, JGZ MR AL TE 150~152 nm Z (7], %R k&
JIT T B [ 7E 76~80 ms Z [A] o [RIUL, HLAK AR € i 2
g, m R HE R E N 1.9 nm/ms,

T3 LGAX T PS@SIO, Hire 4 K ki ATE
PEGPEA i &/ il & H 6 F M ( PS@SiO,-
PEGPEA ) FISCHRHRE (16T S A

3 ZPOETAKRAL RBE RN

Table 3 Comparison of various photonic crystals on tuning
range of reflection wavelength, sensitivity, and
reflectivity

. ) R 2%

4 AL/ 2R/ %

H 1 J/mm (/%) ST #/% it
PS@SiO,-PEGPEA” 151 2.16 60 A3
RN T HE-2-2 N
I R O R ek / BN BE 460 0.6 — (8]
J¥z
Si0,-Z, —Wi-PEGMA® 150 3.1 50 [9]
SiO,-PEGPEA 133 1.9 55 [10]
Si0,-5 — H L fk U 110 2.8 16 [20]
B Z M -PDMS-Fi 60 2.0 — (3]

HI M J57 B 435124 1.9 F1 0.7 nm/ms; “—” ToHEHE

2 3 i LIFEH, PS@Si0,-PEGPEA A1 fig
PETF R ZHOET A

Kl 5d AER T MEEEE e=50%RET
P45 3 dIKE E e=0 J5 AT EIEE . I 5d 7T DL
i, YT AR AN RS, RO
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Fig. 6 Schematic diagram of internal microstructure
changes in photonic crystal thin film
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Fig. 7 Digital photos of structural color changes in photonic

crystal thin films under different bending angles of
fingers (a) and corresponding reflection spectra (b)
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