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Abstract: Traditional design and manufacture method is less likely to duplicate the expected elaborate structures

and functions, which seriously hinders the discovery of new phenomenon and the establishment of new mechanism

between structures and functions. The chemical constituents within the organism can be replaced with the desired

functional constituents by using the multi-level, multi-dimensional and multi-scale intrinsic bio-structure as tem-

plate, through physical and chemical process. This innovative material, which endows the desired function while

maintains the original bio-structure at the same time, is named morpho-genetic material. This manuscript presents

the design, manufacture, characterization and mechanism of optical function morpho-genetic material, illustrates by

two typical examples: metal-semiconductor functional wings enhanced infrared absorption and photothermal conver-

sion, metal wing surface enhanced Raman scattering. The research thought and synthesis method mentioned here of-

fer a new solution for the synthesis of multi-level fine structure. Furthermore, it provides a foresight and theoretical

support for proposal of the novel material.
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Fig. 1  Optimization of the micro/nano-hole structure: (a) the opti-

mized results under wavelength 600 nm by contrast with thin

film structure, (b) the models of micro/nano-hole structure

and thin film structure, and (c) the optimized results under

broad wavelength range from 400 ~ 800 nm by contrast with thin

film structure
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Fixed filling ratio:0.27
Fixed hole area=0.176 um?

2 SERETRIR R (a) 26T Papilio ulysses WEMS5H B
LRI FLFESEH MO: o - 1. BRARARZR, (AR FD A
MR EE, a-2: MO B—A S8, a-3: Papilio ulysses F4E
ARSI ; (b) 3 AXIFRG5H ML, M2 FiI M3 RUREES, ETRY
25 ORFLITBUARE 5 MO AR IR, 435104 0.27 F10. 176 um®;
(e) FEKFETr 1) (e Al y J5 1)) N JEBIVE I A 26 1 (PBC) i
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Fig. 2 Structure model and boundary conditions; (a) MO: the dissymmet-
ric model with ridges derived from the Papilio ulysses, a —1: the
sketch map of polar angle 6, azimuth angle ¢ and coordinate sys-
tem, @ —2: one period of the MO, a —3: the tapered ridges of Pap-
ilio ulysses; (b) three symmetric model of M1, M2 and M3, the
filling ratio and the hole’ s area are fixed at 0.27 and 0. 176 pum?;
and (¢ ) periodic boundary conditions ( PBC) and absorbing
boundary conditions by perfectly matched layer (PML) are applied

in horizontal (x & y) directions and vertical (z) directions, respec-

tively

T FLI 245 ) 56 ' A A i34 P 7 Dt PR AT UL 45 4
O TALRAATE, AT A< 0] LU R 25 R AT
OFARFNRE IS RILE G, ST SR/ T e B 9N

Unpolarized

KRE R G5, T SRPE T RSN, BT
KALEERG BB AN T Jr S50, BN K FLAS F L
WOR TRE 458 . @k 78 K I DX I B 47 S5 4l v 4
AN, BRI IE SR RO . AR LI S5
F T AT B R BB, B AR T RE R R (R
PR N FLIRE 2 R B RS 00, B AR B I A e AT
HRAZHBER AR YN LS 0 RE LA S
KE/NIE, JLR 2 PRIE R AS FRIE I, L 45 F K 23 [
ISP LI SR T B RT3 S BRI AR 2
BT IR IIRON , NI o @ T LR
BOERVEI, Gl AL I 25 0 R S0P ) i K 2 BAT B 19
JEMHT o AR 40 XU S 45 g o] 5 1 1 e it 24
IIREMBHIIE T 26

3 TRE-FSMHERESM AR

IAEGE T KB FST, BHAZRATH & T BA SR
WSR3 21 A1 56 B B e v BB 1 20 A0 O A b BE, 24 Bk
800 nmZT AP R M5 = 8 A 57 0 20 S S IR S R BE 1Y
BRAIRFE(13% ) . & AR (21% ) Ffl 464 (Cu,_, Se)
UKFRH(22% ) ™, 23k 980 nm Z1 AP IR IS 2 B
PE 5t () 21 51 O 3B 3 1 BB 19 25 K M CugS; 40 K i
(25.7% ) B A TKAT(23. 7% ) 0 SR, LA 1 30653
AT MU B — g o 2, AT R 1 T 22 T R 1k
e . B, KEZWRASYKE SHREAER (M. &
|V BRI = VE O X7 S E S ¥y VA 3N A
WA T R TR R E S LE
P ORPHEERAR . T2 R 7 RO ™

AT HESE B i B A A BH G T R A B 4R R 41 A e I
etk Re, TREA BT A S ECAMIC = 5 T Be

K13 0 MO ~ M3 £ 600 nm ¢ K FUALSFEARMWAIE . [RIRTEE R TR s p FEIEAR IR LA R SIS L

HEZE | AR/IMEFIR AR

Fig. 3 Polar contour plots of absorption with model MO to M3 at a wavelength of 600 nm. The polarized s, p and unpolarized

light, and average, standard deviation, minimum, maximum were applied, respectively
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Fig. 4 Optical image of Troides Helena (a), SEM image of the T_FW (b) , and cross-section SEM image of T_FW (c)
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Fig. 5 The absorption spectra of the Au-CuS_T_FW and other contrast samples over the wavelength range of 300 ~2 500 nm (a) and 2.5 ~ 15

wm (b), the temperature elevation of the system included the water, the beaker bottom and the photothermal conversion material ( Au-CuS

_T_FW, CuS_T_FW, Au_T_FW, T_FW and BlueTec eta plus_ Cu) during a continuous irradiation period by a 0. 439 W/cm?* NIR la-

ser at 980 nm(c) , the time constant for heat transfer from the system (Au-CuS_T_FW) was determined to be 7s =195 s by applying the

linear time data from the heating period (20 min) versus negative natural logarithm of 1 subtracted driving force temperature(d)
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Table 1 Solar absorptance and emittance of the absorber of solar collectors

Photoabsorption materials Luminous absorptance

Thermal emissivity Production companies/References

Au-CuS_ T_ FW_ APCF 0. 980
CrMoN/CrON(SS) 0.924
Cr-Cr, 05 (Cu) 0.92 ~0.960
SS/SS-N( glass) 0.910
CoCuMnO,_ 1.2um 0.928
CoCuMnO,_ 4.3 pum 0.942
CoCuMnO, 0. 800 ~0. 930

Black electroless Ni( Al) 0. 995
Solution - 1_ 9M 0. 965
Solution —1_ 8M 0.976

Solution —1_ 70 °C
Black electroless Ni(Ti) 0.993
DHP( Cu) 0.950
Mirosol ( Al) 0.900

D

e
eta Plus 0.945
TiNOX( Cu) 0. 950
TiNOX ( Al) 0.950
PVD selective coatings( Al) 0.950
o ISO 0.955
o ASTM 0. 960

0. 566 Our work
0. 120 [61]
0.050 ~0. 080 [62]
0. 060 [63]
0. 198 [64]
0.273
0. 450 ~0. 500 [65]
0. 760
0. 590
0. 750 [66]
0. 850 [67]
0. 050
0. 200 Alanod Solar( Germany )
8 83; BlueTec ( Germany )
0. 040 .
0. 040 Almeco-TiNOX ( Germany )
0. 050 PLASMA D. 0. O( Macedonia)
8 ggg SCHOTT Spezialglas( Germany )
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Fig. 6 Maps of the electromagnetic field energy flux density amplitude of Au-CuS_NPs(a), Au-CuS_NPs_ Chitin(b), T_FW (c¢) and
Au-CuS_T_FW(d), intensity distribution maps of Au-CuS_NPs_ Chitin (e) and Au-CuS_T_FW (h), and heat source density

maps of Au-CuS_NPs_ Chitin (f) and Au-CuS_T_FW (i),

temperature maps of Au-CuS_ NPs_ Chitin (g) and Au-CuS_T_FW

(j), the insets of (i) are the heat source density distributions in the white rectangular regions at a higher magnification. The wave-

length of the incident light is fixed under 980 nm
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Fig. 7 Metallic wing — scale replicas: (a) and (b) E. mulciber, (c)optical microscopy image of scales, (d) seven metallic replicas. Re-

produced with permission. [34 —35] Copyright 2011 and 2012, John Wiley and Sons
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mission. [ 34 —35] Copyright 2011 and 2012, John Wiley and Sons
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SERS of R6G with a concentration of 10 =* M collected on
the scales demonstrated in (b) (c¢). Reproduced with
permission. [34 —35] Copyright 2011 and 2012, John
Wiley and Sons
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