M 3h &
i s |

2014 5 & 59% £ 158 1369 ~ 1381

www.scichina.com csb.scichina.com

& (TIHREE) Jekit

¥ SCIENCE CHINA PRESS

RIRET Yt Dt il e DI REAN AR RHIFFE UL

A%, EHT, PR, AR

LR R, BN 310027
* & N, E-mail: jghuang@zju.edu.cn

2013-11-11 iR, 2013-12-19 8237, 2014-04-04 [IL5 R & %
[ 5 5 RIS & 3R (2009CB930104) AT % [ AR Bl2F 2 42 (21173192) % Bl

% B AW B AR R AR S T H A AR BT RE DUEL LR R st e, R AR A
WP AKEMH R ERNER Y. RATERDREN—FE NN RAT 2 TFHED,
M EILE 2 F 2 KB A I B 0 R A 4 oK B R b oy % 3L DR AR VT 3 T DL W AR AR
T ] B A K 3R A B R A o e
BHAHERTERMN, e RARERELARERG S ILREMfE AEER)5
ONE| AR BLE NIRRT VAR - R R VT LA AT A R A LB A K AT ek E AN
AGA R TERAR S BA MW B EE, R Bt — rHrm AR
FTHE; S DUaTE M7 iR IR AT R AR 2 BT B AR B B A A R RN RR S
A AE T R AT R, ASUER T Dtk b s e E AR E WA B (e B A
PREEAMAME, REWARME, RS BARMBE)NARHE NERAFER

Yotk
G4
g A
DL B AR R B R R R (LR A By | AT
AR A B,

7 V- IR

W AR B LR TT K S fe AR — SRR R A S e A KA Ry B R R AR I A

AR

FIAR SR D REAT R S5, 4% b A2 4y 21 200 o
A RIEAR T RE FOT R E AT 1 LR TR, LA AR
UALAI DNV P S i P/ W OE S J i AR 1
I BT AL Dy bR S RO PR RE, X J2 A3 B4 ) B
ANRE LAY, LA A SR I A W T O FE AT A D RE A
b — 2R AT R BB (R 501 2 D BE 4 K A4 ) 9 i
(AR BA I PRI A b AR, 4% R R AR I
TN 3 SN N RN 1S 22N ) L LS 22l
S5 E PR B, il i A TR A 7 ks X
FHTCRRI - 3 Dt B R A R A A B AR (v Ji -
BEI ) A, ST AR AR R R AR S,
& T BA KR B MAES I RE L SR, ©
A IR TE K 22 FUR AR WA BROK 2 1) 45 4 R
SUREAT S, TR 2 g oK KT S50 BA 4 BIAR 4

A2, S B0 T AR RS S5 R 7 A A e 2 o X
PG B A0 AR A8 N E B A v . 3 T T - 5 7 T g
LASIE 299 A B4 K 88 7 A 2 T il < T R 1k ) 5 M v
R, RS A S ) 2 0 ) o oK RUJE 1 52 2 45 4
S Bk, 205k i T A AR R
AR, N H T — RPN REAN R AR R

21 2 ZR 02 oh A AR L B K 01 20, D b
PL B-1,4 BEHHARIEIE s WEE, i TREEMFAEIE
JRIR A PRl f 0B, 07 % 2R 1) &5 4y B T 2 () A B
L5 WWI B AN OK £ 4E HT, X LBk 27 4 JL 0 AR
H GRS M B £ 4, JEMIA AL T 2P R i £
JE U AR G5 My U, 2T 2k 38 2T 2k 3 18 5 (0 AF 16 AR
T IALSATHLE PR A H SR TR CRE R I, M
o S ) A 2 O S5 R RS, Ak 22 730 96 P e

Ver), 2014, 59: 1369—-1381, doi: 10.1360/972013-1242

SIARR: PR, BB, 20, % KRS YERY RSN 50 A9 Kb Rk . FL2#3E 4R, 2014, 59: 1369-1381

Jia DL, Wang M Y, Li S, et al. Functional nanostructured materials templated by natural cellulose substance (in Chinese). Chin Sci Bull (Chin




4 % dh W 2014558 $£50% H15H

IR B R AR D SCR AN BRI, mT LA 5 4%
Tl I RE A KT RE. I T 0k WK K AR £F 4 R W A AR
R HPE, U022 )2 RPIRES A | v iy LR i AR A5 5 |
ABINT AR, il & S REAN K B T — 4%
] 158 PRy R A

UTIIWT SR, PR IR LT 4E R Wy It (AN 4K A
FE AR E R, 2T 4k 3 T 2 2R W) A9 2%
RYIL, Hil s T 2R IIREGKBIRL. IXSE T REANAKAS
FORE £ 4 2 RR LS 250 N BRSO 5 Al
PEAHLHLES S e —E, R I rERE. B 7
YRR Z Ak, KIREF 4 2 W) ik nl DL >S4 SO
TR 25 DT BRANKR A bR

AR SCHRBAERR T L RIRFAER Y B (A 52 30 = 0
FHA) 5 98 4R) B A, 308 e A 3 T 1) 4 2 B A
AN [P SR D) BE (9 2 (A A (< i SR AR i e . 2R
B AR T LA £ D REAOR B1RL A I 5T 2 JE.
W7 1 K 7 4 3R 0y T DA L) 40 K= 0 ) ik e TR AR
450 5 B AR R Fr S AL E PR R A &, T A
H A5 o 5 R P RE R ) A R S5 A AL

1 JeHLaRARE

L1 GRAAEaRA R

LA K R 2T 4 22 1y Jo o B AR T o 20 BE 40 K bR
AJ LA A A6 b R SR A A R W) AR 1 £ R IR
WEHGIA BN T IRER KL . (2= RIRT YR
Yy R R rp, SR AT R S RS By, 153
FARE BRI SR A5 A B T TR . T M - B M
AE LU0 10 B A5 21 48 3R 10 32 I i 6 s A1k
5, AR A M S R A AR R T I R BB T 1 R
T SR VA - I 125 A 2T Ak 3R AR T UUAR 4w AR )
MR R, HEA RS ERMA RS &R
Kt B AL W) 73 1 22 8] 38 A A B A RS SR B 3]
SRYERim, FA LY Uk 25 1 BE I R A4 <5 s ot SR
e, A SliK i A 2 W BT £ 21 48 38 3% 1 Y 4
i Jot 8 RE AL 5 W K it A ) 40 T AR 1 W) R MRS )
i 1o A A W B K SRR, RT3 AR Y R AR
P2 O JEE 8 . 00 T 3 T 4 JC - B U V5 RE A4 K
JRR B RIRT AR Y AL, LR IR LT 4R R

1370

Ho4 Bh CEdon o4Om0
e o o”T:I? O\M/;
H o | eEmERLEN > (oo oRJ)
: OH AR Lo ouoLE]
o OH CRJ-oon‘o W “o(R)
voflon T CF- oM<l o~ o)
O~,,—0
_‘_M
~o{"R]
R h—
H O— M—OH BERR
C>M/_O o7 \O b
ol o4l °>mon
Ho O o
?M,OH
HO—MZ_o NOH €—— HEADT IR
oL\~ S=M—OH
HO—MZ S
EEEER AR 0y 0
ot — N~ OH
FHETAS
/ﬁﬁsmﬂ% —> 1 e | —
SRS
F 04 MR

B 1 DAERTERVBTAER G &SR E MW REMRREE




45 38K 1T A

1y D25 L 381 40 A 8 2 AR TR 5 4 ) A 2852

VAR IR ET 4 32 W) o g B, R T 2 T 4 TG - 5 G
i, Bl T 28 BA KR YRR Y 5 2 = R IR
g NI RA 7/ BIS 7p S (I A 7 N R 4
AR 5.

TR — R 2 LA AR, et
FASAE, TEOCHL | el AL A ST AT T 1
RIS, AR EEAW BN 3.2 eV IBLERET |
B4 3.0 eV BGLLA L KAERE 3 il B g — 44k
B TR A D MEASAH, S DL T LA W
FIA 8 1 — 4010 Bk 32 2 BBk L RN 43 21 47 Y,
Horp AR M B B R 20 B AR A
B AR I S BB, XS AN AR
PR AE, B aPHER SIS R R
kS LA R, SR R T, R R
IRENDORG T, HOLMEALTE T R Ar, E2—MEAT
e IO FH TSR (22 4 L TRV e i e A e ),

) 6 20 K 2 A AR B R 7 1 T A KA
AR R -BEIREE | BT N TR v
09 AR R B4 18 B R0 25 A O T T B P £ A
MW, AR A W ) o o e T P A AR A A

& AR ROR A T T SRR KSR A Y R AR (B
4%, MAE . ARAESE) AR, LABKER U T R A AT,
T A TE VA S -BE I, A T BB A LR N
KA IO S TV S - 5 ) 3 ) A P -
AL, BETE AN K2 U0 RS ff 2 AR A A R0 285 44 (&
2). b5 v A 15 2 ) SRR BR 9 KA R R e e R
BT YR Y R BT SERAE, EAA MRREE . Rk
BRAKAE S REX 5], BB B — Ak Ek 40 K it
PSR ST 10 nm Z247), K Bl T 4F4E R
FHRE AR EER . AAL, LLRIRET 4 K W) (e 40) A A
M, SR FH RURE AR 3k il 4 1 B AT AU i — SR AL Bk gk
B DERYCK Z A AR AR A R R R
TR, K TG AR i 7 FH R R D R AP i
fEAEPERE.

PINEACH N, R KGR0 ik, Hil4& T LA
ST AN T BRI R AR AR
TR T 20 2 SRR EE R I IE 4N E &)
1E 23 S0 K M IR B 2 BR 4T 4 R iy, 1831l 4 4t
AN BT ALK KA ML, 1B 3 iz R
(T BB IR, SEM K R IZ 440 A A Ak
BRAN KA SE R (8 B T 08 4RSS A T S50 R TE B ) 3

B2 DABRZRH B ] & BB Z sk kg
(a) FHHHL T S BBESEM)EIG; (b) 5T W BACBECTEM IR, PRI 2R I o TR ]

P _ "
B3 DAIBLR AR E I KIRRR e IA R B B & 1A B SRR E AR
() SEM [BME, PUAGIE RS SRS (b) TEM [BHR, PUA IR 20 i R DX i AT ]

(|

1371



4 % dh W 2014558 $£50% H15H

FRAE; A TEM B L] 2 31 b Bk g R 45
¥, B R/ANS— | SRR R 70 nm () E AL
WAL TR B iR 04 SR FH K 3Rk B8R TO A AR e - B
T2 1) A5 A5 2 ) SORIR 4 21 40 R S AR A He, X R
YR MBI AR LR, S HEATEINET
Rk e I PP L uRl, R B AR B A P e
DLUB AR M, R FH 3R I I - v, e T
P AR AR S 1 RS 4 A 21 B AR AR AR
REAMBL, ST XN A0 4 20 A B A AR
PR RIURL RS ARG B 42 1], O o 8 o A5 4 21 A
TR ARBR G K ORI RSE, 4R RO A I UL
TR RIREF 4 R W) Jon (52 90 % 8 2 J ug 40) 1Y B¢
— AR IR 3 )2 A LREBEIR )2, HE VIR
) JER B ) — AR AL R BE IR AR, I J5 P UCAR 3 2 bk
FRHLEE L2, B A AR B I 1, K i A
BHEZS P AT KR, 1R B E b RE R
L4 AT TR URAE B A AR, TE KB IB e
AT, T AR, TE T SRR T
T R, JE AT BR 25 18] R T S A G AR PO,
MR SE T 4/ &40 4 8 — A ke ik, & A1k
T 7 S P 52 BT RS A0 4 2T 0 R SR AL B A K TR
Kl 4 izbr B OREE R I, TR Rl s, B SE b
TRER TUBARM = 4E 2 UCIR N 8 250y, LS AR e 2
B BREA R SE, 421 A B AR A Bk g ok SR 1) - 1
R HARTE 3.3~16.0 nm, Fife K/NATE e AE — A
PR BE Jie I J22 JE B X d AR EL AR AT A . oM
RHELAG FRIR B 22 2 U0 IR S5 4 A SR R B B
EAt1 NS T 0 5 O R 4 W G TP N = D5 .0t | AL
FEWE AR ER A G IRTT B Ak B R, H R
D5 ¥R G T N 4 4 A R AR AR BRI T S 9 KK

NIRRT R R R P R e A iy =
BRARE AT 40 HO e PR 5T 5 IR AL T A iR AR
AT 00 SC Rk LA R R S R TE S B AR/ 4L
A ARG K B2 G b RHTE G AR AL A AT L
TR B E A EAEN. T aaa R Ak
BRI AEAT SERE RS IR, 2 Fh i AUAL B & AT RO A L
TN BUER A Y 1] 4 21 47 B S ARk RS, Rt
A RHRRIR B 40 K 45 M BE AR 1 2 (] FL A 23 75 Rt 3%
KEGME, TR A PLGR T, RN
ZREMEIE . Tk, PAURAR A M, R R
Ji-BE IR, il T BT RRIR S R TS B R/ A 41
G2 R A A I A ALK G K S A R R PY,
W OURR T — € 5 A A BRBE IR A0 B 4R A 25 Uk
e, 153N Bk Y ) AL BR AR A SRS g K
G Uk, TEBUERT B — ALK E BT, 12
i B AR S 20 A 8 AR AR BR DT AR B BLER ™ AU 1 — S Ak
BRYKAE KT, SR BERT /ARG a R 2 FhAH
AT EABRGURE S MR B 5 R B MR
TIOR3 N 285 4 5], Bk A — Ak Bk 4 oK AR
Uf b DR FE T U ARE A 1 2 2R AR Z5 4, JF BLR R
B8 50 nm, 2 100 nm YEFIR 4 204 B — A ALK
ETHOKE RN, REEMEEAE KRN ILRTA,
PEHIRCRE A MLA R, RIS 2 B b [RAEH] .
ZAAARE O n BURRE AR R K, TR
ST TR A2 B 0. LA R DU T 1 o A
Y, FH bR R R -BE R, AR IR AR g — AR AR
YT PR A BEROH I, T2 P 500 CIBBE,
RN T RIREF 4 R AT S A R P %
MR T IRARAIE SR ZS HFRE, 2R 2R
5 KA B AR — R IE 2 )2 R AR S5

B4 DARLCH BRI & 1 Z SR/ &4 R B SRSk A9k E R
(a) SEM FE11R, POFFEI N BE A IS (b) 1S AP KR BERY TEM IR, /R G204 A kg K ORI 0 T — SUALRER A RE . Py iifE]
S Ak KR 5 4 BB AT T 5 OB (HR TEM)FEIR

1372



EEEREN

B 5 DAIBSRH AR & BT /& 4R B ZE LRI S B AR Y
(a) SEM % (b) MR E4KE Y TEM KIS

HUR AL BYORE R EAR KL 100 nm, 8 EEH
RSE ¥ — 1) A AL B ok 4Lk, Bk ERAKT 5
nm, EEEEE N 10~15 nm. A AR LIARAE AR,
I Z Ak 85 2 % VR 5 5 A A i) Ak 27 ORR 12 1
£ AR R R, AR Ty A 0 R RS B 2
il T KSR £ 24 28 10 0 DA 2 0L 380 490 DK S 0 PN 1 i e 2
F, FLA AR 98 K Ok AR AR BN K BT W 42 A
By E MR T A SRR, 75 500°CAHMF T,
ZEAB DA B BT 100 ppm(1 ppm=1 pL/L)YE S,
MR 16.5. Z(EBCA WUH S, XJEH TEAR
R oK G — BTS2 R IR E A A5,
AN G SR A A B R IR TSR
FACTHS N n SR IRMORL, T EA ST
JCHL R RE, TEZX W LE R B TR T
N AT 5. AR B A R R 2 R TR S AR ) B
AH B b, X — 2 4R Ak R 48 9 Kbt Rk 1) i 25 R
FEAXT R D RARE 4 R AE  — Fh BLAE 09 A= ) 44
B, SR — 4R AL B GO A B . DA
= H H I IEACE A B, UL In(OCH,CH,OMe); F1

Sn(O'Pr),~'PrOH 43 HIME Ky E AL H0 AR AL I AT,

18 1o 2 A -BERIE e AP E R B IR AT 4E )R )Z A
A E AL B BRI R, SR 5 TE 2 TP B e bR B 4K,
PRV EAL R AOR A PR, AR 2 R
ARBC EL, o] J7 8 e i B ORE AR AN I BE R LE. %%
LR B R IR SE 4 M DR B T B AR 2T 4 R A 454
R MR SRR AL, AR B 48010 B B A0 KA Hh /N
— . HA/NT 10 nm (9 A AL B ORI AN TR 49 8
JEE IR LE B RE il 29 HAT o S AR RE, T HL S L R B
TR T g ok, P SR B EEIR L 9:1 I, AR

R, b 0.53 S/em, HOB & T A LA
A2 4% 1 AL S 5 KBRS, RN A R
PERE LT PR TR i A2 2 SRR BT kR oK 2 )2
R Z G5

1.2 ZALBRARAE MR

RACBR B A B e | e e L LR
1A A TERE A AE A AR, fEfiEfl . A
i R A K o Tl T EL A Sl T A PO
Sb, T RALBREAT O i s AR TG | D R
PERE, XIPRBEA R B vk SF UL, BT
JEAE A B il FRL Tt 11 P A A 270 8 20 2 285 A )
5. FVHT, SCHRRIE i & 2 AL BRRR Y DT IR A IR 2 F,
AR ER G R B AL | e OMTIRGE | Bk
Fe AR AR BAGA Tk A 20 B H ok, Sk
e A SRR R 1 T 2 0 S B K ORE K
ORI, HICT —4ERALBRAR AR, IR LBkl
Kb L BACBRGOKRET ZE | RALBRAN KA 25 1 4 WU AH
XA JUHIEBA R IRY R A5 I S R AL R A
KBPRE, 0GR WARE . FH KRR e R AR (00 %
O E R0 R, Jo e B AR 4R 4 4
PEBRBERZ I, == rpBebe Btsifith, 1521 A LBkl
KRR, SR AR B HaL Jiik, R — ALkt
JERCRAL R, il 5 1 A B AR i iR 25 Al FE S0 A
TRERDURAE R B 6 2 A AL Bk K A 1 SO 45
W R AR SEM B EATLAE 2, ALKl
KEMBRE TIRAMN 22 KM 451, ZRA
PRYURAE MBS —ikE, EREJLTgrokaln
YUK ARE, WAEHY TEM B8R I RETE M7 b 204k

1373



4 % dh W 2014558 $£50% H15H

Bl 6 BAIBLRA BN & M) SLAL SRR A
(a) SEM [EIfR, PS4 RE G (b) AURGIKERH) TEM R, 11210 PR OB

IR REE R, & RE IR AE 40~50 nm.
FRACKAKAE A RAE 1 mol/L KOH %,
I AR ) LR S RS B A R 0 B, S R
10 mV/s B, H LA N 18.1 F/g. X H BT R
FECR I, Y B 430 2.16, 1.28, 0.64, 0.32
F0.16 A/gBf, LHZE5 25.0, 28.7, 36.6, 51.0 Al
74.2 Flg. [RISCHRAR I8 A Rk 9 K 0RE B3 K Ak
k4P R A L, BALERGN KR A MR A
TR, X5ZMEAGEAZHZRNE
EHAIEHARK KR, TERALERERAAAE T
T, 2 MPBERT R ELAG RN S5 A H AR A

1.3 Jrdl AUIbREA R AR

3 ) LAET 4l 23R W) o (S5 96 % E g AR Ak
TET 7% 1P 50 7S ot Jk = F R TR B2 (CT AB) A A i Al
FUEREAR, 45 T A AL S RE AR RS
26 P 2 THI 3 M2 - B S V6 A I AR 7 A 3R 2 A 3R (U 2 —
JRIRERL Ny 2.5 nm 1 A ALBGHE R, P T
PR BRBE IR 09 R THT & A AR 2k, A9 s A 2 1Y DB 4R
YR RYE, WA R T CTAB BRI, fr
CTAB Ji AR T W B, P o 348 JC - B B vk e 3 T

1374

B 7 DAL B &R

DU A ALEE. BB 4CH CTAB Z5AH WL LA K — 4
A B 3 A b A TR S i 1) O 1k 4 ) S bR, S
FINFL ARG A AR, B 7 iz b R A T
B R, ARG R A TE SOW EARSR I T TRk
TEACH TR S0 NS5 K 4% 15 TEM BB A R, —AAbrEgh
KA B RE LS R 30~40 nm, EANFLEHHALRY
2 nm). ZAFLMEHEA R LRI, 7IEN
— b 5 B I G OK ORI Y AR, Sl A JE gk
ORI A R AL T R AR5

1.4 GEANKR LB R

e — P BEAYE SARARE, T TR RE
AEHLIL | - IR ER I SAE  rh . AR PP AR 45
P B RE AR C WA IE, (HHAT K AR W) T 350 04 ik b1
BHPAR D i i 88 PGE Gk, EARN B B T,
W 5 AR S ZFLREGR R O A R IE PO X R
U7 BRI 5 A B T HA KR W) BOE S RE R R
B SURLAS B 50 Jay BRAE & A7 ik o0 3R B9 K AR Bk, i
XF R AR Y B 5 A= A AR R A R e . LA B 4R L
R, I BRI TR, A T R AR AR,
e LA KON AR A R AL REAORE, RIFTEAR

VAL ULREIR B P
(a) SEM [El{%: (b) SARAVKAHY TEM 1%, p iR



R I E R

SR 2 IR IR B AR T, K R A R A K 2
W SRR AR & 22 O E A SR B HOR A RE oW E %
R SR AR FE T I U8 4CASE AR 1Y) JE S50 RN 25 M R AE,
YKL T DL, R E R HORE (E8).
F TR R O 5 4 52 ) T 4K A T S R 4 A
fiE, DRERE S B AR R ) Fe R A 7R R AMERY
FROTF, RRSL A IS AMNTOL; SO, Fef A
RAFAR RS

L5 FilGImaRasipt

LR —FRAT Y, KEFEE, B THS#H
e, ELMREN . RGMMEMAER . .
ARV AT SR, R AR TR L W2 B 5R0 A 24 ) i
AR TN Y, REY/ kRS
MRS LR EY S B LSS S, RIARR
Y 72 VERE | BHRRTE AT R SR 2 R0 R MERE,
W 7 45 43 A5 21 5 792 i 0 PO T AR Ok,
JZIZ AA T, B REY)E M )R Z
FHAE S & R AW /B LR E SR DERIREF
He R Y (LI W w0 R, DA I e -
Bl S R TE B — MR AT 4 R A 4E ) 2 1 UL K Z R 1Y
TR BE R, SR I O i R R IR e
— W E b (PDDA) 1 %) + (kunipia-F, montmoril-
lonite-K 10, sumecton-SA)Z/Z B 2L 2R 1M, 1554
4k &/ HALER/PDDA/E + 5 AR RO B HAE 2 R
HRIBBE bR A LSy, 193] ALK/ B AR E R
ARl g R A B BRI AL )E, 15
FNFE L ORE MR B B R 2 4l R/ A AR
PDDA/ZE + 5 6 M B2 2 B /PR VS AL 3, ¥ 4
e %, 153 A /PDDA/ES LA R 3 Fh

B8 LABEH B & HRESI R SR

FEORHER R B T IR AR A 10 Z SR MUIR S AL . s £ 4
R/ AL EK/PDDA/R 52 & BRI VE SR 9 K UKL Y
AR, X AT B R 3 BE E AR B PERE.

1.6 BIRAARIF R R

A WIS A B TR R SR 5 A8 B s 1 R 5
AFIN T AR, B ik Bl & T — S B
TREEA A4 B AR R, G Au, Ag, Cu 2512 i T
SRR ST 0, s A KRRy mgmys
TE S0 04 4 R bR o IR HE. 3 W A B 5 T il A T
HA R IRET Y 2 W) TR 45 H 14 45 TR SR K 27 i o 130,
DIGEAE BN, MR A LRI — RN
SAACBRBE IS, 7E 28 S B e A5 B BLEk T R A
TRERGK A, SR HAE M MR 1300°CTF k4T
BEIGA TR, ALK R Bk, 15 B 4 JE R AT 4
B9 R iZA BHO OIS H, 7] LAE B 4 8 SR 4T 4R 1
B TIRMREA ML) 2R MUK EE R . R T RS, —
ALK I BIR S R T R A K T 4, [, T
TR AR BRGNOKE 1Y Z2 2 R IRDIR 25 44 1 A BIR A T 0
TE&BHRMER. IR N 48 MR R SR T
He Z Y R ZE R SR T — 4B S

17 A TCHLARE R

AR — Bl AR F A AT S A G A AR R
JEFIE BBk B T A A Bk, PO B R DG A
PRI S 32 5T, A AR A 7 RS TRk —
AL BRI (1 5 5 BN D B B 4D AR fiE
#Z NI, HAry Lk, SCHRE a9 — s/
T 52 5 AR 0738 SR A BR AN K TR ) Bk 24 K 8 b1
b LA KRt/ S A Bk A K R B S M R AE

(a) SEM [&{%; (b) FE4NKPURIAY HRTEM K4

1375



4 % dh W 2014558 $£50% H15H

() SEM B8, PHIE AL T ; (b) HRTEM IR, P A S ) 28 DX R 1T S 14

PR —PRIRIIZHE, BR T HIERAR Z AN, b nl LA
FIVERRET E R RTAR Y, it il & T A Bk 22 /Y
BRI LF BT R B S AR AN AR, E£F 4 R
21 Y T PR — E J5 R 10 AR AR BRBE R I, AR R
HAER A E b, 195822 WKL HER iR/
BRA B AL BRI B RORE. IR AR AU b S5 AR
IR IR, fEmtbid B, FriciRag — A fb ek
WG RHL AL T BR£T 4E RO MR ZS, IOk A £F 4 R 94K £F
AE 5 AL J A Sr ZLIRANVK LT 2, X SL YK 4T 4k AR
JLTHEDLEGORASE, BA KR 3~6 nm JFHIHSL
(181 10). FrotAR I JCE 1 25 — S A BREE I WIS S Bt
PR A AL BRI IR, FUREERZY 12 nm, iy F kL
B2y 4.5 nm BYBURLLL K, GLEETERRANK LT 4E R 1HT.
BEAFR LR B, 404 mY/g. th TIZE AR
H e 1R i I R PE RRE R R A 22 FLEE A, e T
JCAEALIE A A DLUORE A AT 1

TE ALK/ S A FER R, BR T BB A A
BRICEIL B SRR Z A, B2 T A AR/ A SR
SRR ARED . LIIBAUHBR, % 7 HAT I8
U2 VR U PR 54 04 27 AEAR 5 2040 B — SR A Bk /A 25
WIS A PR A PR A AR T R AR
AR ZZWRPPREH, T A RZ R, BREr

& 10

1376

A 2 IR B R G R R A s, T AR B R ik e 4 B A
TCRE ek /A1 S re ke, — A A Bk e I e 1k 4
21 A7 A A AR A K R R ik A ik 2T AE R T Bk
LRYERH IR T A 20 A AR A BR AN K ORI AT 3R,
KIARTE 20~50 nm, /N FPEZS S BB 2 /Y
S 2L AR BR R R O RLAR . G AR A
SN T AR T A

9K HUAR Y RGP ARE T HAA AN [W TAR g R
BB AL B 2 AR A L 1 e A A A A% I HE
TEAE W H R RIS 245 U R T . DAAF4ER
ISR, S5G R RIS, 4 TR
SE HIRRITREPE Si0,/y-Fe,05 A A BT, FELF 4 K47
AERT AR B AR REGUORE ERECA 10 nm A4 O
T v-Fe, 03 2K Uk

TE KSR 2F 4t 3% 21 2 3% 10 0B 2% (b1 R i
AACAT R B 2 i R SR G5, 6 v] R IG AL 4T e 3
T A TR AR KRR A 5 W)
AN TR RO AR SR BT 6K A K 0 £ 28 3 2F 4 R
REPE AR AR b, n] R LS5 R e 1 55 90 oK JBORL Y
RSB A&, KRB i T REAN K 5 # L.
M S B, TR R AR T 4k 32 W o (92 30 26 6 T 1
51T Tl KA R -EERE, WA T el

IR B & BB/ — EULER A SF AT
(a) SEM 1, PRI AT (b) SR DK TEM FEIfR



EEEREN

KIBURL I — AR DO A RS i e e 4
RAUK L e iR Ao BEIR =, 2RI T
LA T T B2 A R UKL, PR — 2D DURR — S f Bk
5% LABE o 5 AN OKIOURE, fiJo AT R B LA BR 2 7 4E R
JI G A0 4G 0 K ORE T AT AL, JE R T A SO H
GOKREAR R/ G E SR R E ) T g4t
JEAT B 22 J2 R IMUIREE A, BAT BRI R R, KK
HEINT AR URL Y T (B L 40%). FF H49h
SRR, B [61 1 3 T 306 ok 9 5 AT AL A i 144 2 T
AR S AR ORLAE s, (R AR I A A Bk
AR PURL S A AUOKR AR R, A8 G 0K UKL THT
BN DU — 5 A B 9 1 5 R < A R UK B
BITF, Ml T 90K BURL I S HE . BIMEETE 500 °CAnFA
6 h &, GAKBURL RS AR KA. SRR
BT GRAE T GRBORL B I REDLH, W T 2 AR
AT T AL 55 oh, ARAR R - — A AL Ek-
B 525 AN OK £ 2 b ek L2 24 32 008 4K S 4SS A R sk U5
SR LB DU TR O AT, I I -
BERCYE, TEISARET 4 3R A UURR — S B Wi, od
R B R BRI 73k, K U AR AT 4 3R 5 AL D ik
K4, 133 AR R TRANOR T HE R RE. A
TR I T B TR R R R, O RO AR B g
J, o 0 R AN DK AR £ 280 1) — AL T B 2 A i 44 0K
SRR bR T IR AR S R 2 R R4S
P S ARAE, S A A W 15 50 ot 28 A Bk 4
KRELE L, B 8 B AR G R IIURL o A 142, Ok RS
¥—HRAREN, FHERMCY 5 nm. 5 Z Lk
DK ET A B AT, B0 K BURL A — A1 PR 2 1) Bk
L YERORL R R S B AR X B R, TS 9.5% (JR
o). PR SEER AR R, AR K AT i b o
2 BRI B AT R PR AOR

2 REWHRM R

2.1 PRSP R

LHE RGP IR ML | RN | SRR K AT A
Y —RKEEREGYMEL, ENES RN E R T
ZRE R TR S B AT R AP R AR AR RS
B A N X HAE RE A AR R I R, (2 S R
BV R OO R — oM TR ], PR 2l i o
i 1] (14 A0 ELAE R TR AN [R] 1 K 254 . A |
RE WM KGR B &I E 0 e — R

SN IS AR Bl R I R R S S AR SR R ) —
RN g B HE A B, ELBIT ) A ) 23R 5 W R A A 7 A
Pe2E . XERUR AL, DR AR S BRI T 32 BIBR 1. A al
LA 3 5 A TG ] 48 4 A HAT — 7 Bl /40 R 45 4 1) A
AR B8 2 T 9 ) B A2 24 7R A 2 R B R A
] 95 2R A W RO, 30 e Ty ol L S TR R
BYR ARG RIE R ER . KRR R Y =
[ T, A ] T 182 IR 254 ) 2T 24 23 /3R ik s 52
A RS £ 2 ALK R g A RERECY.
U8 AR T2 A AR T P TR, H B R AR TR 1 44 oK
24k b I R AL AR T 3 4K 47 4R R i 2R
L 5 S ) SR L R R L b T R A R
WLk 5 2% ) JRE B ST BTk, BT A 47 4 R /R L s
EAMRHRE T IR 0BRSS 1, A B
BN TPERE. SR L I [ Py 5 B T k904 WA R
EAC AT, ATPEX T 2R G MR
ERRH 5 AT —E S M e

22 ROUBEGEHIAREME

ZILREWE A MR EA KRR & e
HLZA I R R B R A — R AN 3, il 23 T ok sk
Z A, BAMRKIIF LRI, LR KR FE
5 1) A R T v B A L B AR O GE Al A A
HLARL. TELF 4 R i H R I hlh b, LAV 4R WA,
JCAE IR AR AT 48 R i £ 1w DA ALK EEIR 2, 161k
JEARNE AR e 2 3200, FHER OBBE(PVA)HZ 4
BTH b, @t T EAREK/PVA  XUZ ) 38 85 20 541 3%
AN TR AE Ea i e A N /N =S i Pl
NaOH/JR VA WAR AL 3, R 2 BRer 48 R iy, 14
P TR AB/PVA B AWK R %R A £
K RY R Z 2R M50, B R0 P
HUAHR B[] I 3 4k 7R T 2T 4 25 %) I R 6 1) 40 B e
Jo AN B AT R AL ik — 2B B b D R A Bk
PVA S &9 MR bR L A Loy, R8T
HA KM A2 WA IRZ L PVA ARl it —
AACERTG LT S R R TE W ik, B LF e R 3R
T 20 2 AR BRI 2 2 A IS, IR Ak B A 5 5 fo 2T
e ZJn, HlE T SAALERT R E A URE AR
EH g5 A PVA 25, MR SE -1
PRER T e AR AR AT A 22 2 R IR S5 4, i HL A 5
g HOR, BER TAPRHO LR E (E 1), HFEEA
R4 A BB il R

1377



4 % dh W 2014558 $£50% H15H

Bl 11 DAIBZRAARAR B & i Z EAL S/ R -PVA) S A SR E AR

() IRf% SEM KR, WHRIEHRES IR T (b) #ifl SEM B, WHEIEy AR 590K E 1) TEM [B1&

2.3 RWRRGURE MR

bR T LR R EWA KM B Z A8, LIUEAC iR,
ST £ Y 2R 1 2 R T DA — 2 A AL BRI e R DL 3
bR, PR E AR, BRI ERRRER (PAH),
R L)W (PET), PDDA, EIK LMl £ (PSS) 5
HLAR 2 24128 TH L, HJaEid NaOH/JR R
I T A B it 4w T R 2K Ny, 1R B T AR/ R
it R KA BB, R BRARE AR RS S R e A
BE, AEZ AGIOW A5 B8 58 47 b O B8 8 4R 21 4k 2 Bk
() 45 FTE SRR AT

3 LRAgiHER

AR B BT R R AN KB B K TR 1Y i
ST, B BB AR R G 7 5 AR A T il
AIF 5875 10 1 S, AT B [ Tl A R R A DL
P AR 2B . FAREE YY) I A AR 24 BT R
AN, i1 Z 8RR 2% 0RO A [ 2= U Y
ZREMRIESL, BT HAMR R rERE, BUA BN H
PHEAEME AAS S, AE AR 5 AR W) B 72 0L 21 44 oK
JRREERRIE SR AT S T, 78R il 454 b 51 AR
AR E I RE R ZAREE T, DU BT A 31 59 A8 B R

S5k

EA AR BT A 2 D RE TR I BAT 3 SR W s
FURRERIE S0 7 A2 Y BEAG R 5T, A B S BEAA R 1Y
WRFEAR A T — IR RO LA . P, BET B R AW
BN T REAN AR S AR B350 A4 SRS T H
Fil FE Pk 2 FRE A ST — A BR A B 52 75 1. L A
IRETYE R W) AR B SR, AR GRS
b DR SE R o A A A RS, REAZ AL
Ho s A 25 SIS E AR 25 25 HF R T
YRR W], 75 U £F 4 38 1) iM% 00 81 44 K = Uk Y
ZERFIE S ET AR N LA A A B X5 A BA Fie
TIRER B PRSI, SCBL T 1 SR T 4 3 b1 kL ) 25 40
PERET S AR B A= P A 58 B4 . AR
21 i F W o R 4 52 2 0 BT P 45 210 ) Zh BE A4 R
ST M BRI R . HOAT A SRR B AR T
JFRFICHLCE B AOKRFRH B A ZR, ] 18 4= ) ) o
BT ST A W) R 23 A 25 ) 201 LIS SFUAR
(4 D RE B B PR AR Ay = 2 U R L, =l
B 70 —AJ5 I Rk R, IR, [ SR A= W SR 2k
B | A, JLBUA B RS T BB X e HfE
LW Z2 AN [RIRR S 14 F AR AR W0 W) JoiAr B i A 22 FE i
HRAI DR R B TCHL | A HLLA L S5 T RN K &5
FARE, 2 0 1 HT A A XEAR LAY

1 Pouget E, Dujardin E, Cavalier A, et al. Hierarchical architectures by synergy between dynamical template self-assembly and

biomineralization. Nat Mater, 2007, 6: 434-439

2 Davis S A, Burkett S L, Mendelson N H, et al. Bacterial templating of ordered macrostructures in silica and silica-surfactant mesophases.

Nature, 1997, 385: 420-423

3 Anderson M W, Holmes S M, Hanif N, et al. Hierarchical pore structures through diatom zeolitization. Angew Chem Int Ed, 2000, 3 9:

2707-2710

1378



20
21

22

23

24

25

26

27

28

29

30

Dong A, Wang Y, Tang Y, et al. Zeolitic tissue through wood cell templating. Adv Mater, 2002, 14: 926-929

Kim Y. Small structures fabricated using ash-forming biological materials as templates. Biomacromolecules, 2003, 4: 908-913

Hall S R, Bolger H, Mann S. Morphosynthesis of complex inorganic forms using pollen grain templates. Chem Commun, 2003,
2784-2785

Huang J, Wang X, Wang Z. Controlled replication of butterfly wings for achieving tunable photonic properties. Nano Lett, 2006, 6:
2325-2331

Cook G, Timms P L, Goéltner-Spickermann C. Exact replication of biological structures by chemical vapor deposition of silica. Angew
Chem Int Ed, 2003, 42: 557-559

Unocic R R, Zalar F M, Sarosi P M, et al. Anatase assemblies from algae: Coupling biological self-assembly of 3-D nanoparticle
structures with synthetic reaction chemistry. Chem Commun, 2004, 796797

Caruso R A, Antonietti M. Sol-gel nanocoating: An approach to the preparation of structured materials. Chem Mater, 2001, 13:
3272-3282

Klemm D, Heublein B, Fink H P, et al. Cellulose: Fascinating biopolymer and sustainable raw material. Angew Chem Int Ed, 2005, 44:
3358-3393

Shin Y, Li X, Wang C, et al. Synthesis of hierarchical titanium carbide from titania-coated cellulose paper. Adv Mater, 2004, 16:
1212-1215

Pan L, Huang H, Lim C K, et al. TiO, rutile-anatase core-shell nanorod and nanotube arrays for photocatalytic applications. RSC Adyv,
2013, 3: 3566-3571

Tsai C C, Teng H. Regulation of the physical characteristics of titania nanotube aggregates synthesized from hydrothermal tre atment.
Chem Mater, 2004, 16: 4352-4358

Yang D, Qi L, Ma J. Eggshell membrane templating of hierarchically ordered macroporous networks composed of TiO, tubes. Adv Mater,
2002, 14: 1543-1546

Huang J, Kunitake T. Nano-precision replication of natural cellulosic substances by metal oxides. J] Am Chem Soc, 2003, 125:
11834-11835

Gu Y, Liu X, Niu T, et al. Titania nanotube/hollow sphere hybrid material: Dual-template synthesis and photocatalytic property. Mater
Res Bull, 2010, 45: 536541

Zhao J, Gu Y, Huang J. Flame synthesis of hierarchical nanotubular rutile titania derived from natural cellulose substancew. Chem
Commun, 2011, 47: 10551-10553

Gu Y, Huang J. Precise size control over ultrafine rutile titania nanocrystallites in hierarchical nanotubular silica/titania hybrids with
efficient photocatalytic activity. Chem Eur J, 2013, 19: 10971-10981

Ranade M R, Navrotsky A, Zhang H Z, et al. Energetics of nanocrystalline TiO,. Proc Natl Acad Sci USA, 2002, 99: 64766481

Luo Y, Liu X, Huang J. Heterogeneous nanotubular anatase/rutile titania composite derived from natural cellulose substance and its
photocatalytic property. CrystEngComm, 2013, 15: 5586-5590

Huang J, Matsunaga N, Shimanoe K, et al. Nanotubular SnO, templated by cellulose fibers: Synthesis and gas sensing. Chem Mater, 2005,
17: 3513-3518

Imai H, Iwaya Y, Shimizu K, et al. Preparation of hollow fibers of tin oxide with and without antimony doping. Chem Lett, 2004, 29:
906-907

Aoki Y, Huang J, Kunitake T. Electro-conductive nanotubular sheet of indium tinoxide as fabricated from the cellulose template. J Mater
Chem, 2006, 16: 292-297

Emons T T, Li J, Nazar L F. Synthesis and characterization of mesoporous indium tin oxide possessing an electronically conductive
framework. ] Am Chem Soc, 2002, 124: 8516-8517

Kaskel S, Schlichte K, Kratzke T. Catalytic properties of high surface area titanium nitride materials. ] Mol Cata A: Chem, 2004, 208:
291-298

Li G, Wang F, Jiang Q, et al. Carbon nanotubes with titanium nitride as a low-cost counter-electrode material for dye-sensitized solar cells.
Angew Chem Int Ed, 2010, 49: 3653-3656

Dong S, Chen X, Gu L, et al. Facile preparation of mesoporous titanium nitride microspheres for electrochemical energy storage. ACS
Appl Mater Interfaces, 2010, 3: 93-98

Zhu L, Ohashi M, Yamanaka S. Novel synthesis of TiN fine powders by nitridation with ammonium chloride. Mater Res Bull, 2002, 37:
475-483

Truong C M, Chen P J, Corneille J S, et al. Low-pressure deposition of TiN thin films from a tetrakis(dimethylamido)titanium precursor. J
Phys Chem, 1995, 99: 8831-8842

1379



it

Fd # 2014558 H£59% F£15H

31

32

33

34

35

36

37
38

39

40

41

42

43
44

45

46

47

48

49

50
51

52

53

1380

Joshi U A, Chung S H, Lee J S. Low-temperature, solvent-free solid-state synthesis of single-crystalline titanium nitride nanorods with
different aspect ratios. J Solid State Chem, 2005, 178: 755-760

Liu X, Zhang Y, Wu T, et al. Hierarchical nanotubular titanium nitride derived from natural cellulose substance and its electrochemical
properties. Chem Commun, 2012, 48: 9992-9994

Zhang H, Li F, Jia Q. Preparation of titanium nitride ultrafine powders by sol-gel and microwave carbothermal reduction nitridation
methods. Ceram Int, 2009, 35: 1071-1075

Sun D, Lang J, Yan X, et al. Fabrication of TiN nanorods by electrospinning and their electrochemical properties. J Solid State Chem,
2011, 184: 1333-1338

Zhang Y, Liu X, Huang J. Hierarchical mesoporous silica nanotubes derived from natural cellulose substance. ACS Appl Mater Interfaces,
2011, 3: 3272-3275

Bao Z, Weatherspoon M R, Shian S, et al. Chemical reduction of three-dimensional silica micro-assemblies into microporous silicon
replicas. Nature, 2007, 446: 172-175

Zhang Y, Huang J. Hierarchical nanofibrous silicon as replica of natural cellulose substance. J Mater Chem, 2011, 21: 7161-7165

Pialy P, Nkoumbou C, Villiéras F, et al. Characterization for industrial applications of clays from Lembo deposit, Mount Bana
(Cameroon). Clay Miner, 2008, 43: 415-435

Chaturbedy P, Jagadeesan D, Eswaramoorthy M. pH-sensitive breathing of clay within the polyelectrolyte matrix. ACS Nano, 2010, 4:
5921-5929

Zhou M, Gu Y, Huang J. Hierarchical nanotubular clay materials derived from natural cellulose substance. Mater Res Bull, 2013, 48:
3223-3231

Payne E K, Rosi N L, Xue C, et al. Sacrificial biological templates for the formation of nanostructured metallic microshells. Angew Chem
Int Ed, 2005, 44: 5064-5067

Kumara M T, Tripp B C, Muralidharan S. Self-assembly of metal nanoparticles and nanotubes on bioengineered flagella scaffolds. Chem
Mater, 2007, 19: 2056-2064

Gu Y, Jia D, Huang J. Hierarchical fibrous titanium metal derived from cellulose substance. CrystEngComm, 2013, 15: 8924-8928

Puma G L, Bono A, Krishnaiah D, et al. Preparation of titanium dioxide photocatalyst loaded onto activated carbon support using
chemical vapor deposition: A review paper. J Hazard Mater, 2008, 157: 209-219

Liu X, Gu Y, Huang J. Hierarchical, titania-coated, carbon nanofibrous material derived from a natural cellulosic substance. Chem Eur J,
2010, 16: 7730-7740

Luo Y, Liu X, Huang J. Nanofibrous rutile-titania/graphite composite derived from natural cellulose substance. J Nanosci Nanotechnol,
2013, 13: 582-588

Gu Y, Liu X, Niu T, et al. Superparamagnetic hierarchical material fabricated by protein molecule assembly on natural cellulose
nanofibres. Chem Commun, 2010, 46: 6096-6098

Huang J, Kunitake T, Onoue S. Facile route to a highly stabilized hierarchical hybrid of titania nanotube and gold nanoparticles. Chem
Commun, 2004, 1008—1009

Liu X, Luo Y, Wu T, et al. Antibacterial activity of hierarchical nanofibrous titania-carbon composite material deposited with silver
nanoparticles. New J Chem, 2012, 36: 2568-2573

Huang J, Kaner R B. A general chemical route to polyaniline nanofibers. J Am Chem Soc, 2004, 126: 851-855

Huang J, Ichinose I, Kunitake T. Nanocoating of natural cellulose fibers with conjugated polymer: Hierarchical polypyrrole composite
materials. Chem Commun, 2005, 1717-1719

Gu Y, Huang J G. Fabrication of natural cellulose substance derived hierarchical polymeric materials. J Mater Chem, 2009, 19:
3764-3770

Gu Y, Niu T, Huang J G. Functional polymeric hybrid nanotubular materials derived from natural cellulose substances. J] Mater Chem,
2010, 20: 10217-10223



Functional nanostructured materials templated by natural cellulose
substance

JIA DongLing, WANG MengYa, LI Shun & HUANG JianGuo
Department of Chemistry, Zhejiang University, Hangzhou 310027, China

Natural bio-substances are ideal template substrates for the fabrication of functional artificial nanostructured materials due to their
unique naturally produced structures and properties that prior to man-made ones. As being one of the most abundant natural polymers,
natural cellulose substances possess unique structural hierarchies from macro- to molecular scales, as well as porous network structures
at nanometer levels; hence excellent properties and functionalities are expected for the artificial matters templated by which. To
introduce the unique structural features and properties such as the porous structures and the high inner surface areas of the natural
cellulose substances into artificial functional materials to the maximum extent possible, duplication of natural cellulose substances by
using various inorganic and organic guest substances with nanometer precisions provides an efficient solution. Ultrathin metal oxide
gel films with nanometer thicknesses can be deposited onto the nanofibers of bulk cellulose substances by means of the surface sol-gel
process, and specific guest substrates can be further assembled onto the film surfaces; further removal of the cellulose components by
proper treatment results in artificial functional nanostructured materials possessing the hierarchical structures and morphologies of the
initial cellulose substances. In this review, the recent research progress in this aspect is summarized, showing the results on the design
and fabrication of novel nanomaterials such as nanostructured metal oxides and their composites, polymeric nanomaterials as well as
silicon and metal nanomaterials. It has been demonstrated that it is a facile, low-coat and environment friendly shortcut to functional
materials by using natural cellulose substances as templates or scaffolds.

cellulose, nanomaterials, biomimetic materials, bio-template syntheses, surface sol-gel process
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