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Abstract: Butterfly has been developing elaborated hierarchical micro/nano structures with multiple layers and dimensions
through natural selection for millions of years. The microstructures are composed of ridge, rib and strut and they act on

incident light to present special optical characteristics. 3D inorganic or organic materials templated from butterfly wing scales
can not only get multifunctional properties, such as structural color, antireflection, thermal-response, selective vapor

response, directional adhesion and superhydrophobicity and they can be controlled by using wings with different structures or
changing the thickness of replica, but also avoid the problem of complex equipment, simple configuration and high cost in
the artificial biomimetic process. In this paper, the special optical characteristics of butterfly wing scales templated metal,
metal oxide, polymer are summarized. Firstly, the “rib” structures on metal scales have significant surface localized

enhancement effect. The Au scales are 10 times more sensitivity than commercial Surface Enhanced Raman Scattering
(SERS) substrate but cost only 1/10. Secondly, the micro scales on wings have “light trapping” effect and the honeycomb
structured black scales can absorb average 96% of visible light which can be applied to light anode and photocatalysis
etc. Finally, butterfly wings endow responsive photonic crystals with special photo characteristics which change with the
surrounding environment such as pH, electric field, temperature, etc. This property provides a new way for making simple
and sensitivity sensors.
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T A 2 A A 1 (A JEE R4 200 ~ 600 scales/mm”)
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MRS S E R A — RO G b, A28 B RS B[R]
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i ELHER R R AWV S AR e, mT LRI R RO
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2.1 E£RBRAENRERISIEEA

W EL A AR R S RN SR, P DL T
SIBIRT o B TR MR, SR R UL KGR
HERRANY o X TR NS Y Au, Ag, Cu %
SIEFWE, ZERMMEE S ERTFE K, Hal
PR A W RO By, 5 W T 3% 18 0 15 R
Wy Btk A M EAE O, iR B R B RE i IE 4R
MR
2,11 Am3gigim g okiE

I BER 4 8 119 3 T Jm) 38 144 5 3550 00 5 25 65 9 Jo
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(Surface Enhanced Raman Scattering, SERS) GOl H oy
JZ TR AN EE AR L R A A T A
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2008 4F, Garrett N L %8 A\ DL BB 5 RV Graphium
weiskei 2y B M, 8 MU Bk, JE R A
Ji oy B8 09 0K (BT TR B S Y Au . Ag IR, AT LUK
IR A B 23 v B (0. 12 ~ 0. 24 wg/mL) ,
PE— 2B BF 9 m R OBLEE 9 SERS R R R It TR A
waE

2011 4F, Tan 25 AR R BV EK B Euploea mulciber
W A, dE R T REAL . A SE DU R 25 AR 3R
15 ELAA SR 5 = kG AN G519 7 Fh (Co, Niy Cu,
Pd, Ag. Pr. Au) & Jm AR Ta) o K I 45 R R W,
Au B )1 (Ihahity 4 J2) BA REUZE . ARSI R4
P, HCAT UK AR E (107" M) (19 R6G 4» F, R
J¥ LU A SERS 3 K- (Klarite ©) 5 10 £5 (1077 M) o i
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AT B AR AR G % v O 22 G T O £ M b L X — ik
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ST FLEAT AN [ b 45 Cu SERE I LRSI ) ROG 4 FHI &% (b) 1#74)

Fig. 1 SEM images of wing scales replicated in seven metals, scale bar: 2 wm for left column and 250 nm for right column(a) (421,

Simulation results show hotspots excited on the layered Cu nanostructures by laser irradiation (514.5 nm) and SERS studies on Cu scale

replicas with different layer numbers. The Raman signals of R6G on various samples decreased with their layer numbers(b
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2003 4F, Gary Cook % A R F Ak 2% S AH DU %,
TESR U R Batus philenor 8% 3 3% 1 A ] i 4 1k &
AACRELTIE L Si0, 02, i i BE IS 1Y Ba 45 b 1 5 BR AR
Mo SiOIREHEE W E i ke & w, FERE S
AFEEMOINGE, Bk, #HER G, 1885 K Sit B,
Si: P #Sit Ge 43 3: 1, 3:4 F1: 4 Ml aERR L
BEREBRER B RERR EL ™ L = 4R Rk S5 K Ak B SiO,
PR TOLM et fE I B A Bl T B 5% 06 HO = 1 B
WIS, ST R AR St H 2% 1 O T N, Ee i A
TARMAICF A 02 0 s n 3k
Ao BRI, WA T AR DR BT IR RS 0 () 454
ot R R 1A 0 T N 25 0 A e R e 45 ok B rh 2 B —
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Fig. 2 Optical and SEM images of M. menelaus, P. u. telegouns and '3@:0 Iﬁ]ﬁﬂ'ﬁ#%ﬁﬂi E@mﬁﬁ%*@ﬁﬁfiﬂﬁ%ﬁﬁ%ﬁi y ﬂ\ﬂ‘@
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(A) Morpho Peleides W 8% )7 0 AL HIRE S - (a) LR IRBEAE MR BE v R 1 A= R A5 (b) L EREEEE 5 19 = 4
AL RINAE SEM BE 5 () Bl b 1 EDX 3% &5 (d) S5 SEM A (e) =4E A ARG L WA Wi 24119 rib 2335 1) SEM B A,
(B) SR HIFEM AP VERE: (a) EALSBEHIE AT R R S5 WA RE 200% B M, iR 8 st = - A (b) &
a IR A SEM B s (o) 43S0 JRE5HI SEM BB (d) [T o MR 9 B 40063 B B st R I o3 B A i e i )
(A) Images of the alumina replicas of the butterfly wing scales: (a) An optical microscope image of the alumina coated butterfly wing scales;
(b) A low-magnification SEM image of the alumina replicas of the butterfly wing scales on silicon substrate after the butterfly template was
completely removed; (c¢) The energy dispersive X-ray (EDX) spectrum of the alumna replica shown in part (b); (d) A higher magnification
SEM image of an alumina replicated scale; (e) A SEM image of two broken rib on an alumina replica. (B) “Waveguide” properties of the alumina
replicas: (a) A dark field optical microscope image of an individual scale; (b) The SEM image of the replica structure corresponding to optical
microscopy image shown in part (a); (c¢) The SEM image of the bifurcated lamella structure; (d) The corresponding dark field optical
[19]

microscope image showing the potential application as beam splitter
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2.2.2 kr# TR, AL Bi, WO RA, #e5RI94K L Bi, WO,

2008 4=, Gaillot D P 55 DL & B2 % XU Papilio blumei
AR, R MRS )2 PR (ALD) g il 4% 1 HA 353
KNSR JEE I Ti0, ™ o Kol & B, LS 4
1 nm, 524, 652 F1742 nm Kby LS WL R ~ 1 nm, T
850 FiI 1054 nm Kb f) 5 S5 W NI AR 4K 21 5% A E RS, 31X o i
EERPRHRDG A P RE R AL TR

2009 4=, Zhang 4¢ A\ k£ 1 2R XU Papilio Paris
Linnaeus (1) B8R 8% v, DL R S BEIR I Thaumantis
diores ( Doubleday) W) A% Fr it , LA Ti(SO,), Al
WK, 38 3 IR I FRR A VA ] At BLAT S 22 GRS AN 45
f4) TiO, VE S Y R} #804k K FH §E F 3 ( Dye Sensitized Solar
Cells, DSSC) FYSEPHME " o 45 52 W LA ofi 048 3 bR S5 4 1)
Papilio Paris Linnaeus {4 % i g 554 1 £ 19 Ti0, >t FH
B, AHLG DLV 045 0 1 W5 €0 6% 058 SURE - 25 40 1Y
Thaumantis diores 2 {0 8% i /E M BT, EA H&HOG
WOR TR, s AREE R LR AR L ALBR R L AL
/N, X TGRS oA R JF B AR TR
YRS, ] g i TR R AL
2.2.3 kAR

2012 4F, Yao % Njm il 2 Wi MG ok 2, R AA
LB IRE Papilio paris BE B 25 (1) Bi, WO, W™ . g

—=—BVOP
~e—-BVOB

——BVOB@0.6C
—+—BVOB@1.5C
—+—-BVOB@2.4C

Wavelength (nm)

dag T +ae— 4ag

!
H,0 '3‘
2H0+4h" — 41+ +0,
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water splitting process

LA B SR AOGIRILRE F7 o X — ik al R A AL =000k
FEARTR R, 35 S i K R it 15 e S R B

2013 4F,  Yin A5 A 1 75 e —5E 1 125 AN b 4 Ak B 7E
ELERZR KUME Papilio paris 3538 1 R0 A )8 B 48 2% BivVO,
(B4) P AR B T e 1 S e w3 R 25 4, M LR
FH BiVO, HLAT B (4 60 I B 5 HLvR, 3l ad 45 i e 4
RS, JWER0.6 ~2.4 wi% , ok HE#H
BT 2Bk T 400/ oz R, DA B BiVO, i bz A1 3
FIAT, BICHE ARG B T—2S R B ML 5s, 1
5T BiVO, L fEALBE J1. AT LR R (N > 420 nm),
1.5 wt% C- BiVO, [ )6ff K =& ( ~800 pmol/L, 5h)
FIRE fi B OSE B AR 43 G & 4l BivO, B oK B9 16 £
( ~49 pmol/L, 5h) F16.3 1%, (A MR EHIEZE 2.4 wi%
BF, o AR Ry B AR R R B BB , FEH—
2RI X, FRAE T OIS YE . X —F 58 M il 4 ik
BEMEHEALFBRAE T F P — 2B Ak, IRk R
PRPEHE TR o Yin SR HIRIRE B 5 L 7E 550 °C Hé2h
BENEA Papilio paris WEBLEH () WO, W IR 454y
PR T HOCRIEE S, FRZAL MR T B,
W T R TF—2 X ml &, SR T eIk tpe, nr
ST B A R sl WO B AR i 50%

or .
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Ag* - . '
"0; 1
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P4 B AR ) 45 IR PB A% BiVO, I SEM I (a ~ c) 5 C- BiVO, OEHLEG AL (d) 5 AR W45 H 70 Fa T e L

A S HLA (o) B

Fig. 4 SEM images of C-doped BiVO, scale replica(a ~ ¢); Action spectra of the electrodes for photon-to-photocurrent efficiency

(1.5 'V, Ag/AgCl) (d) ; Effects exerted by the bio-structures and C on the photocatalytic properties of C-doped BiVO, replicas(e) ,

the inset shows a SEM image of the C-doped BiVO, scale replica !
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2.2.4 FRHFER

2015 4, Han 55 A o) V4 IS —T5E 1 12 R 08 436 P 5 ol
TR TE R 21 50XV Trogonoptera brookiana S8 A= K
Si0, ™ o FEZWATGT . A T8 FUk ARG H 0 B A H
SR Z2 22 45 R 1 B B AT S A O 2R 0N B B R VE TR
SiO, 2 H L5 WP FHPE AR A G E T R, XX F
EOCIREEE, MKHEMCEEREA TEZNY
=98

T 4 Ak ¥, 2008 4F, Martin-Palma R J %5 A L) 3%
M XU Battus philenor AR . Ge,, Shy, Seq, J I K},
IR T R FHBE 5% 7 55 #1 78 8% 2 R ( Conformal-Evaporated-
Film-by-Rotation, CEFR) # A, 7EUE# FIE K =
YT P4 GeShSe Y. 2009 4F, Akhlesh Lakhtakia
S NI — 0 38 e e R R 2 B AR B R A5 B T A
GeShSe iK™ o 3% T/ A AIE B T 23 45 M 40 BL 114 4l
JEPERE, [RIET, 3 RhET BUR OB AT N T 2 RO 2E 25 1
gl R BH fig H Tt O TR R de R AR OGRS R L 6
R,
2.3 RBREYWAHEMNImNMEXFRE

A 37 5 AR O — 28 0 S AR R TR Ok 1 R e M
B, HAEREEHNR (EIERE . pH, M%) 1
FIECR . BB RE2ErERe (AN B DT B A
AR, RIUH R SOCIEER S R, X E I
TEAEYMEIR G 8 . BRIZWT . T P 1 S5 ST A
J Iz 0 o B A3 e IO P S A A 2 3 Ao e i g 2R
AWy, un pH MRy AR A K EERT . IR R N-5
TR 3 R 0 T e 7K 8 s S5 B B Pl B B RO 2l 4
FEREER 17 2208 B 26 11 A 4548 1 06 F AR Zs B,
PET A 9, X e F R TR B 0 BRI 36
MBS, FENTEONL T, HE LU G5 Y R R g —
Ay RILR . [RIE, R A 7K BE B i Ak DL RSP A1
RN FT, 55 FEEEWBTESAT W7 IR, B,
WES 28 S A T AR IE AR T T B B2 2% = 4 3 G T A 245 1
3 N 23X — i,
2.3.1 @3 pkk

2011, Zang 558 ANLASR EAEACHRS, 4 H V& 45
ST BB AL 6% Fr i A H SR 2 S0 2 Bl (PVA) IR 2 95 B
(CTS) A B ZE 4 B B L 47 50Ek CTS/PVA JK BE i
T — T R L b 45 2R CTS/PVA/BE ™ 0. 9%
NaCl 7K %5 W 1% in 2| CTS/PVA/BE M Bl R TH )5, CTS/
PVA JKEER KRR Hn 30 VB RJG, /KEERIRK.
TEIX — T2 e AR i o 72 v, SRR Y U 45 A8 e A AR
s R R SR s, WK, R ST IE 4 (662 —
757 nm) ; B, S EERS (757 —579 nm), XAl

SRR A RO I A Y B b, BRI Z AL, PVA AT T
K, BRI R AR KM RAT B f 1, CTS B 5 i £k 2
Wk, JCHEH 5 AEYAHE, X PVP/PVA/ SR L %
AR AR B 2 U AT ) B T 5
2.3.2 pHh R

2012 4F, Zang 55 A\ LUAHARL B9 75 25 08 08T AL CTS/
PVA/UER pH AR o AE vk A0 R P 3R 55 v (pHL 75
1.00 ~7.07) 8 1) 52 S5 16 T 730 nm % =2 30 nm )42
WA s ; TEmERREE T (pH 7E 7. 07 ~ 13.74) , 2 5f %
KHA:21260 nm (I B EFL, M pH 7.07 Iy 730 nm
S0 pH 13. 74 I} 470 nm, HIEH A pH GBSl
BCAAR R pHAS IR

2013 4, Yang 45 A\ i — 203l b 3R M5 R G AE
FHTE TN B¢ Morpho 8% | JE Jl 4 2) R W 5L N 4% 1R
(PMMA) 322, 14 pH mapi R 46 (F 5) ™, s by
HoeR FHAZEHE, 5SHENGER(MMA) K E)JE
MR, G P2 RS AR ] PMMA 28 B o 76 ik
VMR 1A I 5 R T Rl AT IRK R MMA R v B kAT
PR, BESE R WY, PMMA/MREH Y S 5 e B pH 22 fk &
MUK, xE&HhTHTER LK - NHS 5 PMMA |
= COO ™ FEBI P P8 IE B 5k 1 1 i A ] 7 S 3505 I 0
Wi, TERRYEFREE b B 1A S BU M IELIR, X — T
B R 2R N A R BN 5 2R 5 B 1 R AL 2 SO DT 55 O i
B L= DR AL B R RS AL TR 0 AR AR S A
2.3.3 REmEE

2015 4F, Lu 55 A [A]FE 38 of % w5 R S
TEINBE Morpho ME ¥ I T2 B 3B N-5 1N 5 9 & Bt B
(PNIPAM) i 2, A il B2 i 07 PR ' 7 b A4, iR B0
F, PNIPAM JZfK, 15| B AR S e 2075, T
A A DR B AR A

B T RR A5 M0 0 = 2 S5 R AN S5 A AR
WA RS TR, 2011 4F, Liu 35 Ak LK 35 Morpho
LA 5 PR EEAE OC, PRI R FH B R T
PRE S BER A TR SRS s, SR T2
MSTE AN S5 M b, OB HOG R, BRI
JEIE A A, 3X R (A5 A A A T A A5 TR BT
WL, OF B OB A0 R R R BT, 2012 4F,
Potyrailod5: A\ 5 BE Bk 44 K 48 (SWCNTSs ) TR 7E 1% B Bk
[N Morpho sulkowski 838 -, >4 Fr i K 21 M 2k 48 5 3
W b, CONT/BEH 2 BRI, S B0 s & A 72
o RFF CNTs A R A £LAM I RE T A e 10 S S
S UEHRE AR (1) =473 GAS A RIS PELS &, JLTRL R AUk
PERT A2 18 ~ 62 mK, AW B FE Sy 35 ~ 40 Hz ™,
2012 4, Peng 55 N\ 38 1o V45 I B JC 125 Bk Dl il ROV 1 %

=\
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WS Fe, O, /BB IA o B S FE RSB HK,
FORBIER, SURRELR . MIILRELM . RNIGER

PMAA-PC with
hierarchical structure

SERBWIFEL, Fey O A SR IRETIE N AE ST, MY K
TS

— original butterfly
—— alkali-treated butterfly
e PMAA-PC

B

Reflectance/a.u. .

T T T
400 500 600 700

B5  LL Morpho S AEp ] # pH M RDET S (PC) I FR (a) 5 BEMISALEETTIE LK PMMA-PC A£G IR AT (b) ;- PMMA-PC X

PRI pH AR5 306 R LK e S5 pH. (B A7 PR (o)

Fig. 5 Overall synthesis of pH-responsive PCs from Morpho butterfly wings(a) ; Reflection spectra of original butterfly wing, the alkali-treated butterfly

wings, and the final PMAA-PC samples(b) ; Representative spectral response of PMAA-PC to different pH values, with representative optical im-

ages obtained at typical pH values(¢) 1**]

3 % iE

WY RIR = A RSN ESHIRT T &8 . A .
REWEMRLR A A TERE, I H T ih A [R] Sd 45 4
M2Ese . EEYINIREESF N R T IR e, ALY 2
TG e AR R el K P fE R AR U R AT
ITZHIRLAT, A SE A TR — R A R A T R
BEANRCRY , (EE, SRR R OO ES Fa +o0KE 4l PRI 52
AR S, EAEROR s 2R R, W — PR
A7 S AN T 073, AR dE ORI A 7™, DA i
FTERRERE IR AF T b . 538k, KA PRy 4ii 2
I 7 P ELAH B 22 (8] AN 5 A A ), X 5 A0 R SR AR
RS BRAE DR HCAIE 5 G i N DAy i 2 A4 A PO A A 45
R EREEN BT, & H e s a2 L,
HE— 2] WS AN [R] FRAL (4 45 A8 FIPE REEATREL, BFFEH
(ridge) . fifi (xib) .\ M3 (concave) | B #% (pane) | ZH)
(strut) SEGAEE R XEEAE FBOALA], AT A it =4k
KMo RGN, A 5OE%), 3D FTENAE =4k
FRHE 8 HoR CHUR R, A e A B S BRI A [R5 3K
il s A RS A AR FAR o

SEHE References

[1] Whitney H M, Kolle M, Andrew P, et al. Science[]], 2009, 323

(5910) ; 130-133.

[2] Zhang G S, Huang Z Q. Optics Express[J], 2010, 18(13) . 13361 -
13367.

[3] Huang J, Wang X, Wang Z L. Nanotechnology[]], 2007, 19(2):
025602.

[4] Parker A R, Welch V L, Driver D, et al. Nature[]], 2003, 426
(6968) ; 786—781.

[5] Menitt E. Journal of the Optical Society of America[J], 1925, 11 (2):

93-97.
[6] Parker A R. Journal of Optics A-Pure and Applied Optics[]], 2000, 2
(6): RI5-R28.

[7]  Yoshioka S, Kinoshita S. Journal of the Optical Society of America
A-Optics Image Science and Vision[J], 2006, 23 (1) ; 134-141.

[8] Biro L P, Balint Z, Kertesz K, et al. Physical Review E[J], 2003, 67
(2): 021907.

[9] Vukusic P, Sambles J R, Lawrence C R, et al. Proceedings of the
Royal Society of London Series B-Biological Sciences[J], 1999, 266
(1427) . 1403—1411.

[10] Saranathan V, Osuji C O, Mochrie S G J, et al. Proceedings of the
National Academy of Sciences of the United States of America []],
2010, 107 (26) ; 11676-11681.

[11] Srinivasarao M. Chemical Reviews[J], 1999, 99 (7). 1935-1961.

[12] Tan Yongwen(IFI853C). Thesis for Doctorate ({8 1:1£30)[D]. Shanghai
Shanghai Jiaotong University, 2013.

[13] Liu N, Tang M L, Hentschel M, et al. Nature Materials| J], 2011, 10



564 Hh [ A et 55 36 &

(8): 631-636. (6) : 2231-2236.

[14] Pris A D, Utturkar Y, Surman C, et al. Nature Photonics[1],2012,6  [39] Kubena R L, Ward ] W, Stratton F P, et al. Journal of Vacuum
(3) : 195-200. Science & Technology B-Microelectronics Processing and Phenomena

[15] Watanabe K, HoshinoT, Kanda K, et al. Japanese Journal of Applied (37,1991, 9 (6) : 3079-3083.
Physics Part 2-Letters & Express Letters[ J], 2005, 44 (1-7) ; 148-150. [40] Haynes C L, Van Duyne R P. Journal of Physical Chemistry B[J],

[16] Kustandi TS, Low H'Y, Teng J H, et al. Small[]], 2009, 5 (5): 2001, 105 (24) ; 5599-5611.
574-578. [41] Garrett N L, Vukusic P, Ogrin F, et al. Journal of Biophotonics[ )],

[17] Chung K, Yu S, Heo C J, et al. Advanced Materials[]J], 2012, 24 2009, 2(3): 157.
(18) : 2366. [42] Tan'Y, GuJ, Zang X. , et al. Angewandie Chemie International Edition

[18] Cook G, Timms P L, Spickermann C G. Angewandie Chemie-International [J], 2011, 50(36) : 8307-8311.
Edition[J], 2003, 42 (5) : 557-559. [43] Tan Y, Gu ], Xu L, et al. Advanced Functional Materials[]J], 2012,

[19] Huang J, Wang Z L. Nano Letters[J], 2006, 6 (10) : 2325-2331. 2(8) ; 1578—1585.

[20] Zhang W, Zhang D, Fan T X, et al. Bioinspiration & Biomimetics[J],  [44] Mu Z, Zhao X, Xie Z, et al. Journal of Materials Chemisiry B[17,
2006, 1(3) : 89-95. 2013, 1(11) ; 1607-1613.

[21] Zhang W, Zhang D, Fan T X, et al. Chemistry of Materials[J], 2009, [45] Drexhage K H. Journal of Research of the National Bureau of Standards
21 (1): 33-40. Section A (Physics and Chemistry) [J], 1976, 80A (3) . 421-428.

[22] Chen Y, Gu J, Zhang D, et al. Journal of Materials Chemisiry[]],  [46] Heilman B D, Miaoulis I N. Applied Optics[ 1], 1994, 33(28) : 6642~
2011, 21 (39) . 15237-15243. 6647.

[23] Song F, Su H, Chen J, et al. Applied Physics Letters[J], 2011, 99 [47] Koon D W, Crawford A B. Applied Optics[ 1], 2000, 39(15) ; 2496~
(16) ; 163705. 2498.

[24] Song I, Su H, Han J, et al. Nanotechnology[J], 2009, 20 (49): [48] Zhang Wang (3K WE). Thesis for Doctorate (1#1-i53) [D].
295502. Shanghai; Shanghai Jiaotong University,, 2008.

(257 Zhu'S, Liu X, Chen Z, et al. Journal of Materials Chemistry[J], 2010, [49] Gaillot D P, Deparis O, Welch V. et al. Physical Review E[1], 2008,
20 (41): 9126-9132. 78(3) : 031922.

[26] Peng W, Zhu S, Wang W, et al. Advanced Functional Materials[]J] , [50] Yao F, Yang Q, Yin C, et al. Materials Letters[J], 2012, 77 21-24.
2012, 22 (10) : 2072—2080. [51] Yin C, Zhu S, Chen Z, et al. Journal of Materials Chemistry A[J],

[27] Weatherspoon M R, Cai Y, Cme M, et al. Angewandte Chemie[]], 2013, 1(29) ; 8367-8378.
2008, 120 (41) . 8039—8041. [52] Yin C, Zhu S, Yao F, et al. Journal of Nanoparticle Research[]],

(28] Liu N, Giessen H. Angewandie Chemie International Edition[]], 2013, 15(8) ; 1-11.
2010, 49 (51) . 9838—9852. [53] Han Z, Mu Z, Li B, et al. Small[]J], 2016, 12(6) ; 713—720.

[29] Lakhtakia A, Martin-Palma R J, Motyka M A, et al. Bioinspiration & [54] Martin-Palma R J, Pantano C G, Lakhtakia A. Applied Physics Letters
Biomimetics[ 1], 2009, 4 (3) : 034001. [J7, 2008, 93(8) : 083901.

[30] Fang Y, Li Z, Huang Y, et al. Nano Letters[J], 2010, 10 (5): 1950— [55] GuJ, Zhang W, Su H, et al. Advanced Materials[J], 2015, 27(3):
1954. 464-478.

[31] Noginov M A, Zhu G, Belgrave A M, et al. Nature[J], 2009, 460 [56] Wang Jianying ( F8:5i), Zhou Mi(J& 1%), Gao Jianping ( 5 &
(7259) ; 1110-1112. ). Polymer Bulletin( =43 ¥-i84f¢) [J], 2006, 11; 44-51.

[32] Park S, Won Hahn J. Optics Express[J], 2009, 17 (22): 20203—  [57] Zang X, Ge Y, GuJ, et al. Journal of Materials Chemistry[ J], 2011,
20210. 21(36) : 13913—13919.

[33] Pala R A, White J, Bamard E, et al. Advanced Materials[]],2009,  [58] Zang X, Tan Y, Lv Z, et al. Sensors and Actuators B: Chemical[ 1],
21 (34) : 3504—3509. 2012, 166 824-828.

[34] Falk A L, Koppens F H L, Yu C L, et al. Nature Physics[J], 2009, [59] Yang Q, Zhu S, Peng W, et al. Acs Nano[J], 2013, 7(6): 4911—
5.(7): 475-479. 4918.

[35] Kawata S, Ono A, Verma P. Nature Photonics[J], 2008, 2 (7): 438~ [60] TuT, Zhu S, Ma ], et al. Macromolecular Rapid Communications[J] ,
4. 2015, 36(19) : 1722-1728.

[36] Kneipp K, Kneipp H, Kneipp J. Accounts of Chemical Research[]J], [61] Peng W, Zhu S, Wang W, et al. Advanced Functional Materials[]J ],
2006, 39 (7) : 443—450. 2012, 22(10) ; 2072—2080.

[37] Jiang P. Angewandie Chemie-International Edition [ )], 2004, 43
(42) : 5625-5628. (¥ & I)

[38] Tm H, Bantz K C, Lindquist N C, et al. Nano Letters[]], 2010, 10



