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Abstract: In nature, biological organisms possess multi-level, hierarchical and elaborate structures that are developed
during the evolution in millions of years. These hierarchical structures help facilitate the realization of one or a few func-
tions of living organisms. Inspired by these natural structures, material scientists have attempted to prepare novel function-
al materials with similar structures by mimicking these biological structures. However, conventional methods are hard to
fabricate materials with such complicated hierarchical structures. Morphology genetic method has been recently adopted to
effectively prepare materials with biological structures by changing the compositions of biological templates to desired mate-
rials while keeping the structures of the templates. In this paper, we firstly introduce the morphology genetic principles and
several related fabrication methods. Secondly, progress is summarized on the morphology genetic materials using some bio-
logical structures as templates. Finally, functional performances of these materials, including light response, photocataly-
sis, electromagnetic wave absorption, and gas sensing, are introduced as well.

Key words : morphology genetic materials; functional materials; biological structure; composite

Vol.32 No.7

1T W B

IREM B BA RO /G . AL B fk
FUUSEIIRERE AR, EfRE . Y. BRI 3
T A2 A5 O B A e 4 3 OR R L E T H AT
HREM BHE AT A RMIF R BORZ L, TR A BB B R BF
LA, DIREM ORI LY L 85% o DL, ThRER REEY T

RS EHEI: 2013 -04 —09

EL£WMEB: EHEARBFEL BT HE (51001070, 51171110)
F—1EH: XNEH, B, 1979 F4, [5G

BIREE: skdk, F, 1957 44k, #H4Z, LS00

DOI; 10.7502/j. issn. 1674 —3962. 2013. 07. 01

TR v B B AR ) A Jo b 3 B2 0 4 sh AN SCHEAE
TR F FE AR AL GE ™ b i s A T2, S BRI bk e
EEEE AR BRI S TT A8 R REA R, 15
HEAORL . R STk REMR BRI
B AR, EOSOE AR TE R A B 2Ty
[, % T 5 A% [ B4 A A O B A 3 S

UTLEAENC, O T TR RIIREA B, BB E S
TR . AR D aerr e, JHurse TIRE ., 4
OREEXTTAORMERE R RN . e, e R A R A R
I PEREBEE 4100 RO YA T A 2R B35 981 88
MR oAk, HoR. WHOR . 90K RE R
W, HARTEARN B R SRR R A . B, BE. %



386 Hh R R a2

32 %

JE k. BRULLASN, BAMAE SIS IS S5 H AN R 4
BHARE /s DI RERY R 22 5 N, AN [ JAl 0 P45 4
AU b A T FE R I 4 i o AR A PR AR A TR
Pt e gesEs . NE . 45 Ao i et 141
LI RENE R W ML, n] S ERAORE D) BE 1 4 94 7 A 45
i, ATREA R BT A AR AL RS 4R 5

R AT UL, BPRHE D BETE 5 R RL 4 45 F4 A o> 5 D)
G Pt WFFEAAI . LA RIS S8R0 1 B 114 52 i)
HUAE T REAT R T B fie o G BB} 2 ) L, R i
32 AT e A A BOR BT BR AT et il g AN TR R
JE . AN . NS DREM R, THERAZ
4t SPOWROK REE LU N5 1 (DR BL, R A5
X — G EERL A M R A B PR RN, FRT A K ER
TEAEALRE 92 AL — I AR L 3 — RO B0 b1t A0 21 3 i
B, MIARMEAE YR . 24k 22 R P S B ALy
2R, SR R R R 1 et I REAT R BT TS A

2 BESKEIIEESHHEN

2.1 HYHHSIhEEEE N

FARRAEULTTAFHEAL I TR B2 | SRR 57 10
AR o X8 A il 2 o 1] A A LU S
MR A LR, BAESE S ROEAR— 45K
IIREE AR W BRSSOk, i MEA 2 A%
FEARFEEAE (1 IR G AL, [ A SR Gl 00 38 2 0
REZRAIEEA R AR B S A BAT s 0 45
- DIRER AR, WAl 45 M I AL St B E I D RE, LA
PESrB oebh . el . REER T . BRI 1R
REARIE. N, DISEMRR A HL - THUZRES IR T &
e s (DT 2 5 A TR NS A ST 2 R IR ES R
PR 1~ 4 R (o A DR SR P S J B A S A D (% . R
TAMMEHELL, ARR SR SRS — 25D
ALY T 0 AR RAE [ SR ol i 8 A% R A G Ak e Ji e o
1, RAERMNZYE, SRR RIS
P A EERT AL . AR fl . 45 5 DiRE
PSR AL, TEAREL T 1 4R A= W 3 1 R 85 A A R 4 A
MAFDIREZ B AT 5 5 —
2.2 BEWMHSEESMEZARFE

SO EART, K A AR AT R N IRURR L )
BUE SRR A% . BRARINE M TBL. AR RE
Yyim RS AR 0 A R AR ST — E I REAR T, X TR
PR R SE 1t D e A A I B AR L A i 28 18 SO
R REIROR, AT A 807 i R~
FR, JFBUG TARKI S . SR NI JE, —J7
I, —HERZXT HARAEWETH - TR R R G R

PERFGE s 5 — 7T, BRIV R T A 5 v K o 09 5 AR AR
B, E LU AR K B IR AL TT AR AL T SR 1 43 0K 20
S R T BAT 9 2 SRR . S BRBELAS: T O G b T
PEWIES R B T REEEE O R A G J5U B ) ik S ik T g
Bk

N T IEBEG ARG, REASPE . i
WA B A WSS SO RE— R AL BB R R, TR AT
AT AR Sf i 11 T R T T A S A 28 ) i S MR
Fel e LA AR IR, B AL D7 AR
W B SRR A5, T A S5 A 2 4 i
A BT, W A RO B AR SSh, U IR T
FEVE RS RERTR . X I T AL AR B LR RS A0 25 4 45 4 S Y
FRARIONE, 7530 Dy R A R 4R 5 A BT A R, IR TF
JB G T HE 40 55 K4 5 6 iR A A5ORE ATL B 4 ] L) S5 el AT
5. BT, HlsmAMEmrEa 28, o i
TR E IR BE . A B | kR AT
RN T k%,

2 R TR R S T — b sl LR 3% 1 4 43 i 3 3R
BRI BbRakik B irk . W2 ik S
R R K R A, 0 4 R A VA Y I A A
BREWERALE N, RIGHELRER, L TR,
P FNE AL IS 2 T LM B AR 2 L Xy ik fig
SEAF LA BR SRR B R GRS A0 43 Mk . T AL 25 0 TR
I S B R A B R S s S R L
B R ], AR AR A R TR A 4 R A K VAR W K 2
FEEVRWRE T, 3 3ok A e 1R 5 Sl AL 15 4 5 A
WA, S 1) U S 20 0 SR A A B )
o TR BAIEEE 22 I 0 L B o W A L4
IR BAESN L5 b4 B A2 &, TR
7 W R 200 4 0 225 £ 4 B B AL s S

FE A2 Kb B A — B A B B A D S B T A R
BIR AR, B2 BT TR BIE ST L R i B S
H: TERRAY A RGBT, R A
ZEAk, AT YIRS 7 A K i e i,
FHV AR B 200 0 (003 A, T LA e 43 B — L
TEQUK R ESIR4AIR . SRy . &8 E M
e SRR TR AR L, AL AL B R A
X8 A 1 S S ARORS A, T EL R AR N B R AL,
BN H T LA/

K S A v R R R A K S T 1 4 i 1
il 45 ELAT JEL A A R R I R B T R A R, R
T WA A RN IR T A AR AL A0 T R A2 v
L KT XA A A R AT N B SE BN K R F BS T  E
B, w LK K EEE R E AR ¥



557 3]

XIPRTEA: BmAEK

HIBEE S FRE 387

CdCl, + 2.5H,0 YE R&FTRBTIRAAR . # Na,S - 9H,0 Fl#i
HRAE A BRIRATIR R, 76 100 C 44T il % 94 K B Ak 4/
B Gt MR TIRE G, 1 AR LR
fLH A E 2R RIRAY

BRICLISN, i nTARHE A F AR AR, R At A R
Mg T, e SRTORY W R I
A e B 45 7 IR T 5 IR E M BIAR I B
Iy FNAE KRR A, A A i R b B B ORAIE A KA S A
WFEas A, CE AR BERE IR A W) R A S5 A Y 25 4
28

3 EEKEINGE SN RME

3.1 ETIRBERE R B

WA F AR B T 2 R B i 2 — TR £ 4
WHILA 18 TRz 2%, ket iRt TR R B2
KA 7 0 A= U A5 AR o LA A, 3 2o e Ak A
gy BRAFESH, AT g BT 2B SRR 20 0 OIS
B TIRERTRL, 0TI K8 B4 T REAT BB A TR 45 1 A
SRS WIS I Y B R e R (GH05), X
Je—ff N - ZBE A AR EER S, Ak
B 1o 201 P B I REAR A 3t 5 Al 8 i, DRIIE T
TEHUS 9 B4 D57 5
3011 A ot A

FI AR S b (1 5 2 10 7 4 ol J2 3 5 3 I 1y 2
RGN LASE AR, I R 2800 i 0 Mg (2
T ROUR 4% 4 T 7 A 1 A o A [ e S

L 2 [ — W A A [ B A3, A R A ) B RO 4
oy, IS [ A b U 45 ) o K B S 2 A S ] 4 i) 7 A
Mo MBS AR AR, T ] 5 HAT RS A 3 A )
ORI SRR, TS A Y SR A5 R L S fE
REPESRAE H AR bR S

P A B, e g F S 3 T A A8 P M T B
o, MIMRBLH RE X Tk S =, R i s
REf RO Z A RE L, ITTRESE A O A TR PRSI =
FUEIE AR, I AR T T A0 iy Vg4 DX A
FAOLAR [ 2 g 88 XU} g e DR (3 % b % ok 200 46
g5k, b, SREBEREE 2 RGEE A0 e s A
7 2S5, WP 2, A T LR K R JEE i I i nT
Wt S € 8% J 2% T 45 A4 )Ry HE 21 B 5T T T
(SCS) MR, HKLEARHTRL S pm 58, 10 pm &, HWE] 2f

CH,
[¢]
OH
NH
. O HO :
e
O
HO o)
NH
OH
(0]
CH,
L _1n

K1 W5ezsTX

Fig. 1 Molecular Formula of chitin

|

o
:
ﬂﬁ

3
o

i

X eta ™~
S
22175
'.’u.m~‘

= e ﬂ

K2 CERRUERMEEHE: (a, )EEERBEN, (b, c, e, DREEAMBTRMHER. (a, b, o) RO, (d,
e, DWEEEA . (c, )7 THRAR R FFT 28 e 2

Fig. 2 Nature microstructure of the butterflywings named Papilioparis Linnaeus: (a, d) optical micrographs and (b, c, e, f) SEM

images. (a~c) black male, (d ~f) blue male. the insets in the lower left-hand (¢, f) corner FFT transform images
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tical images of inorganic replicas
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the activated wing (c¢) and the nano-CdS/wing(d). (e) reflection spectra of original wing and nano-CdS/wing

3.1.2 & RBAMHEREEATIGRMELRE

HA = A a5 0 4 B R Rk . ok
BREME, ey . LT, BREESRAUEEA )2 h
1o SR E R A = 2 R 4 N 4 R A AE I
M, PETE TR PEREMLER RS, R TR
SRUER % (1) — 2 5 ORS S5 A RN A R, 7E A
MR BT HEIIE ST, DIRR B N, @itk
SO AR TTRL . BAR A BR 3 P RR, FEE IR AT AR
A = A a5 1) & TR Mk

FIRAAPE T 20, nl il o H AT 0500 25 40 1) 42 1
Ak ThRER R 2 B Ta Rl L TR
1) 7 F 4 8 W i B () SEM 5 25 1491 B £ B8R 0 AH %7
PIREIS I . REIS IS LM BRT Co, Nif/DEW
AAbSL, HAlAE S RS AR 48 T E M Si R,
Horp RS SioT R TR . St fba= 6k, il
2 5 1 4 T SR 8 R 57 55 M A2 T U B ) ] 0
gERE, R ER T R LR R ) O e g R, i LR R
il T S R ridge” L ANOKR G rib” 254, GX s
il /N4 T PORL R A5 50 4 7 16 B HL A T 2 45 AL 11 0 S %
R, s 7b FroR . B Te AE 3 B R BRI
RIRWE ROG LB 55 . CS FE A RERS K 2] 1077

mol/L i) R6G 43F, 5 Klarite Fi k38 Fr DL S f il 4 i
FIFTE T A A E e 200 HEHG 0 ) i IR o 4 v
T — A Hh 9% (Klarite 3£ A H AR M 2] 10 7" mol/L
R6G 4rF ), H7EPS E K LA IS R6G 43 A B ik
T 4 ANBCR G (PS 3k 5 HBER I E] 10 ™7 mol/L Y
R6G 43F) 6

W SE R 5 5 4l AN S pe i it o A B 2
S50 RGO R R TR T B R
FSEEIRARE, R B RO N Tk
AR SRERAE T 2 b S, P s REE
TR 235 K ) 2% DRI Sy 224 4 8 DK b L SS9 1) — K
Febkm) i, I TAEX 2 2R 2450 Z 45T
RE— IR T 25 ¥4 i i o8 AR TR 0 3L
3.1.3 AT A8 R

2007 4, 3 AR A ERAF T b0 & B A R N
) R T 0 390 i 85 ot 3 2 Tl 28 AR B S TR) 118 6 2 i)
NEFEME . TR R B, MR IR TH S GLEE A SR T A KLY
A N R o OGE A I T A ) S — SR A HES S B0k
PRI PR TR R, T DA R o R 2R AR

FRAT A 2 SR FH 17 B 55 A7 WV W B DR Ak P A
ST, I S T R AL B A



390

Hh R R a2

2_4
ElkeV

SN SN

e ————

-

e e

7200 1300 1400 1500 1600 1700
Raman Shift/cm™'

10"

I1 000 cp:

Lottt

1200 1300 1400 1500 1600 1700
Raman Shift/cm™'

10"

W
PR SV R

T

1200 1300 1400 1500 1600 1700

1200 1300 1400 1500 1600 1700

7200 1300 1400 1500 1600 1700
Raman Shift/cm™'

7200 1300 1400 1500 1600 1700

&

ridge]

Raman Shift/cm™' Raman Shift/cm™' Raman Shift/cm™’

T (a) &)@ SO EE R A AR BB CR WA A, (b) J5aR S@ il v 70 4 8 s i 1 g I i 85 R, ()3 A Au SERS &
Al ROG A3 FHIZ A5 S M LLE, ROG W R 10 7% ~ 10 7" mol/L( 42 el o B I b 51 R MV 11 4635 By 0 3K A 11
Au BEEEE R | Bl (Klarite) . Y7L ) Au ) 1)

Fig. 7 (a)SEM element mapping images of metallic wing — scale replicas, (b) SEM images of an original butterfly wing scale and metallic

replicas, and ( ¢) comparison of Raman signals from R6G on three Au SERS diagnostic substrates, R6G concentrations; 10 = ~
10 =13 mol/L( Data from top to bottom in each diagram were collected on Au butterfly scales chemically synthesized, commercial

SERS substrate (Klarite) , and Au scales prepared by simple physical deposition) ']

F) SnO, AR T 8a SRR T H N Z AL
0 268 B A (HRE 2 BRI ), 9 T o By R X B A e
HRNAREZ R K 8b Fl 8¢ /R AL IR JZ
Wtz oA R IL, SnO, BB R A AUE 3 9 £
FLEH, Rl R HAT 230 B B A R o 250 B 2R
(AP ERURTRIZ NG S 2Ry (iR =R PR iRu g 3t R TR I
o WA RS R IR AR A 7 NS B, DO
JRIREZ) Sy 32 nm, TEM [&] Jy it — L 7R 1 Sn0, #E3
BEM ) Z AL S5 K (151 9) , Hias O B ZE A i L 7

Intensity/a.u.

Sn
iR, 2SO BEJR 290 31 nm, 5 FESEM 45 3R 4H R S
—Ho 392 AL SnO, R AR Hh 44 A UKL 3 AR T Freroviey

(&1 9e), SAED M 25 5 3 W] 41 48 WwL &2 2 i 25
HRTEM [ al DL Wi A 2 58 6L 19 dh 46 2 80, B 417
70 2 B0 XA R — A 52 B 9 4K b (18] 9F) .

Kl 10a Sy BERIE S SnO, TETERT R PR 0 1 A

B8 SnO, Mg i () H i 7 BB K (a ~ ) fil EDX
it ()
Fig. 8 SEM images(a ~ ¢) and EDX spectra(d) of a single

Sn0, scale!®



o A KRR SRR 391

B9 Sn0, Hihf (a~d) Il SnO, KPR (e, )Y

& AT W e
Fig. 9 TEM images of single SnO, scale (a ~ d) and SnO,

nanoparticles building blocks(e, f)

— —Biomorphic SnOzli
-6
2x107 | — —Contrasting sample

100x10°
-~

120

T

»
T

-
[e?) o
o o
T T T T
Sensitivity (R./R,)
-
X
-
o
&

S
T

0°

o
o
T
°
2
3
n
St
3
@
8
3
o
o
X

- 25x10°° .
" |

] 10x10 F . :

F5x107° - 1

0 100 200 300 400 500 600 700 800 900
Time/s

Sensitivity (R./R,)
T

l
L]

N
o

N

o
=l
3
@
&

o

== Biomorphic SnO, . E

—_
o
o

—a&— Contrasting sample

Sensitivity (R/R,)
» [} fee]
o o o

\

n
o

T T T T T T T T 71

.

A

-

0 ‘2I0I4I0I6I0I8I0'10IO
Concentration/x 10
K10 (a)SnO, B8 75 A [R] 43 He R X 2 W5 A4 2 Ak A A0
B, (b)“HEW N - & By TR i 221
Fig. 10 (a) real-time sensing responses of the sensors to etha-
nol of different concentrations and (b) sensitivity ver-

[3]

sus ethanol concentration of the sensors

szt 2 (1 ~ 100 x 10 %), & 10a A] I, SnO,
SRS 8 SR S T, AR Y R TR L

(307 4%) . I H, SnO, MEM e A R A TR E T
(170 °C) HAT w5 (i 7 8 o FETORS SR W 2l 10 i
SnO, WA A i (AR SR REBI3K 3.7, R Mk
FERYTEBL T, H 40 K 00k 2 4% 1 AR A 43 G 22 L 45 A4 il
SnO, W HA L5 1 B RE

ZE LTI, FAR SRR TR E A RS 2
YRR o S PR R S5, AR o R B
Frdt G, Al — R A A SR EE DI RE A B, XA
BRI BE AR A BT SR TR, e o 5 SR
WFoE At T He M 2
3.2 EFTBEAEWERNINEEMBIEAR

SR B b AR ) 45 B TR RE LA LAY ) 43 0 25 40
M, XAEAHSE R T BE P R AE S B VE . DAk 4k e 7Y
WIAE D25 K R RS, T ) 4 LA 0 245 4 R o5 1% T i
Mk,
3.2.1 AT RAMKrE e H &L B R

PR R K B REIEA 6 A AE I 37 T, L4
FAFE AR BH IR | B 2 A AL i ad 7 v & 15 25 B2 1)
YER o ARSI S AsEA, TSl 4 THLE wiik, i —2
T 5% 3l 3 2 235 K60 % ' P i o7

DI TR g G pig it SR A, SR FH T A5 33 3ot 125 R e
TEMEANT N B Ti0, ™ 1 Zn0™ it i, Hrp, K
R AR FEIERGFER N TREE S SR T, k7
REABARMECR . B 11 5 hf A A i DA 22 X0 51 44 >k
RIS RAE . 12 9l 415 B i 48 A Zn0 1
g5k ONENLEE, EHEEY R T R G
FIFEATE S, (0 R F b R R g e i F2 46 08 1T 2 50%
S A I 0 B A (0, X T AR,
M 1, BT L bk A 22 FLOE 242 45 0 % o8 4 2
il FLAE K/ FROR R E (1 12b) o 38 i TEM M
5%, TE B WA IR AEAE 250 T i A SRR 1 40 K 2
FAREE (B 12¢) o BRI (B 12d) 7T 0L, 99K J
JERVREEZ) R 15 nm, WK T R R 2% 48 A 1 IR
X O IR R K R K R S BOR 2 R
EOE:DIIS

T 2L E B 2R Zn0 1975 vk AR AT L 45 45 21N
TRBA Tio, W45k, AT &8 m-fm T
FARAEYI G R 0 G4t H ) it SO ELAT 4 s A Ak 0 i
A, TEVSKALEL ., SEHiak . BB ARG E A I N
AR
3.2.2 ASBAALOMIGHEEHERR

YRR C, H, 0%k on i, H45HE
W B 2 AR . A IR Sl T2 R
AASHR, PR TR IR W = dE S A, R — KRR



392 Hh R R a2 32 %

BT JRUR R AT 0 SO ORI RAE . (a) B
(b)) R ETEAR MBS R, (o) 2 S T 45 # = 1% 4X
AR F, BRI B9 (d) FRE T B RO A () JE2
MBEE, (o) BIEAROGILRER, (h) it L RO 45
TR (1) M 5 1A 2 2 UK 0 oK 2 1 25 4 3 B s T 2
%%@[28]

Fig. 11 Characterization of original Cinnamomumcamphora leaf; digital

picture of the leaves (a) and their surface morphology (b),
(c) surface images obtained by Keyence, SEM image (d) and
optical microscope (e) of the cross-section optical microscope,
(g) confocal laser-scan microscope ( CLSM) of the cross-sec-
tion, TEM images of a chloroplast(h) , and granum-the layered

nanostructure of thylakoid membranes (1)
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(a, b) SEM images of the cross-section of N-doped ZnO

Fig. 12
derived from Cinnamomumcamphora leaf, (¢) TEM im-
age of layered nanostructure, and (d) Magnified image

of the square region of (c)
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Fig. 13 (a, b) SEM images of biomorphic porous carbon (BPC), (c¢ ~f) TEM images of BPC/Fe composites obtained at
600, 700, 800 and 1 000 °C , respectively, (g, h) magnified TEM images of the graphitic nanostructure catalytically
formed at 1 000 °C, and (i) XRD patterns of the BPC (1 000 C ) and BPC/Fe composites (600 ~1 000 °C)

50 50
I I 1000 C
40 40
i i 800 C
m 30 - m 30 [+
2 3 L
w i w
® 20 ® 20t
L - 700 C
—_— T000 T
10 800 C 10 [
L — 700 C L 600 C
0 L 1 ' 1 L T T 0 L 1 ' 1 L 1 000 1(
8 9 10 11 12 8 9 10 11 12

Frequency/GHz

Frequency/GHz

Wl 14 R [ ik o 4 R S B/ Bk ST B MR LR R REARE : (2) ZALER, (b) ALk B

Fig. 14  The electromagnetic shielding effect of carbon-based composite prepared from coconut shell at different temper-

atures: (a) BPC and (b) BPC/Fe[?!)
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Fig. 15  Frequency dependences of reflection loss for the paraffin-

C/Cosamples with various thickness
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Fig. 16 SEM images of the TiO,replica ofcedar wood calcined at
450 C (a, b), 460 C (c, d), 500 C (e, f), and
600 C (g, h)
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Fig. 17  Gas sensing response of ZnO calcined at 600 °C with dif-

ferent wood templates
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(a, b) SEM images of the membrane fibres of natural ESM,
SEM images (¢ ~e) and TEM images (f, g) of ESM-morphic
Sn0, films synthesized at 550 °C

Fig. 20

showing  porous

interwoven meshworks
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Fig. 21 SEM images (a ~c¢) and TEM image (d) of the biomorphic

ZnS hollow spheres using Str. theromophilusas the template.

TEM images of (e, f) biomorphic porous ZnS hollow nano-

tubes using L. acidophilus as the template(e, f)
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