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Artificial Fossilization Process: A Shortcut to Nanostructured

M aterials with Complex Morphologies
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Abstract: Fabrication of nanostructured materials by using natural substances as templates or scaffolds
is a frontier research field in nanoscience and technology. W e recently developed an “artificial fossiliza
tion process” to prepare novel functional nanomaterials by precise replication of natural substances
with various guest matrices. This review describes the application of this process in the syntheses of
different functional nanomaterials such as metal oxides and nanotube/ nanoparticle hybrids.
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Fig. 1 Representative illustration of the precise replication of natural cellulose fibers by metal oxides
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Fig.2 Nanoprecise titania replica of filter paper
(a) photograph of a piece of filter paper after deposition of 10nm thick titania lay er;
(b) photograph of pure titania sheet obtained by calcination of the filter paper sample
shown in (a); (c¢) FE-SEM image of the sample displayed in (b) showing titania nanotube

assemblies; (d) TEM image of an individual titania nanotube isolated from the assembly
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Tablel Compositions and characteristics of IT O nanotubular sheets
Precursor Density/ Fractional Sos/
. In/Sn ratio T hickness/ Hm v ' s Eo/ (kJ* mol)
mixture (g* cm™3) density/ % (S* em™ 1
In10 98 £ 5 0.33 4.7 5.89% 10-3 16
In9Snl 93.5/6.5 (14.41) 218 £ 12 0.23 3.3 0.533 1.2
In2Snl 80.3/19.7 (4. 1/1) 95 £ 11 0.13 1.9 7.58% 10-3 4.0
In2Sn8 30.4/69.6 (1/23) 172 £ 26 0.16 2.2 4.27x 1073 20
Sn10 165 £ 19 013 1.8 1.03x 107 ° 13
Note: * at 298K.
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Fig.3 A hierarchical hybrid material of titania nanotubes and gold nanoparticles derived from filter paper

(a) FEESEM image of the hybrid. The inset shows a macroscopic photograph of the material;

(b) TEM image of an individual titania nanotube that is fully coated with gold nanoparticles

[32]

(¢ 6nm £ 1nm)

[33]

300C 30s

2. 5nm,
450°C 6h /

[1]

) ) [2]

[3]

[5]

[ 6]

’ [7]

[34] [35]

M ANN S. Biomineralization: Principles and Concepts in Bioinor
ganic M aterials Chemistry[ M]. New York: Oxford U niversity
Press, 2001.

SANCHEZ C, ARRIBART H, GUILLEM M G. Biomimetism
and bioinspiration as tools for the design of innovative materials
and systems[ J]. Nature Materials, 2005, 4: 277- 288.

DAVIS SA, BURKETT S L, MENDELSON N H, et al. Bacte-
rial templating of ordered macrostructures in silica and silicasur-
factant mesophases[J]. Nature, 1997, 385: 420- 423.
ANDERSONM W, HOLMESSM, HANIF N, et al. Hierarch+
cal pore structures through diatom zeolitization[J]. Angewandte
Chemie International Edition, 2000, 39: 2707- 2710.

CHIA S, URANO J, TAMANOIF, et al. Patterned hexagonal
arrays of living cells in solgel silica films[ J]. Journal of the
American Chemical Society, 2000, 122: 6488- 6489.
MELDRUM F C, SESHADRI R. Porous gold structures through
templating by echinoid skeletal plates[J]. Chemical Communica
tions, 2000, (1): 29- 30.

YANG D, QI'L, MA J. Eggshell membrane templating of hieras
chically ordered macroporous networks composed of TiO; tubes

[J]. Advanced Materials, 2002, 14: 1543— 1546.



196

/2008 10

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[ 16]

[17]

[18]

[19]

[ 20]

[21]

[22]

DONG A, WANG Y, TANG Y, et al. Zeolitic tissue through
wood cell templating[ J]. Advanced Materials, 2002, 14: 926-
929.
KIM Y. Small structures fabricated using Sash-form ing biologi cal
materials as templates[ J]. Biomacromolecules, 2003, 4 908 -
913.

HALL S R, BOLGER H, MANN S. Morphosynthesis of com-
plex inorganic forms using pollen grain templates[ J]. Chemical
Communications, 2003, (22): 2784- 2785.

COOK G, TIMMSP L, G LTNER-SPICKERMANN C. Exact
replication of biological structures by chemical vapor deposition
of silica[ J]. Angewandte Chemie International Edition, 2003,
42: 557- 559.

KEMELL M, PORE V, RITALA M, et al. Atomiclayer depe
sition in nanometer level replication of cellulosic substances and
preparation of photocatalytic TiO2/ cellulose composites [ J].
Journal of the American Chemical Society, 2005, 127: 14178 -

14179.

BAO Z, WEATHERSPOON M R, SHIAN S, et al. Chemical
reduction of three-dim ensional silica micre-assemblies into micre-
porous silicon replicas[ J]. Nature, 2007, 446: 172- 175.
CARUSO R A, ANTONIETTIM. Solgelnanocoating: An ap-
proach to the preparation of structured materials[ J]. Chemistry
of M aterials, 2001, 13: 3272- 3282.

ICHINOSE I, LEE SW, KUNITAKE T. In Supramolecular
Organization and Materials Design[ M ]. JONES W, RAO C N
R, Eds. Cambridge, UK: Cambridge Univ Press, 2002. 172-
213.

HUANG J, ICHINOSE I, KUNITAKE T. et al. Preparation of
nanoporous titania films by surface sol gel process accompanied
by low-temperature oxygen plasma treatment[ J]. Langmuir,
2002, 18: 9048- 9053.

HUANG J, ICHINOSE I, KUNITAKE T. et al. Zirconia t-
tania nanofilm with composition gradient [ J]. Nano Letters,
2002, 2: 669- 672.

HUANG J, ICHINOSE I, KUNITAKE T. Replication of den-
drimer monolayer as nanopores in titania ultrathin film[J].
Chemical Comm unications, 2002, (18): 2070- 2071.

HUANG J, KUNITAKE T. Nano-precision replication of natu-
ral cellulosic substances by metal oxides[ J]. Journal of the
American Chemical Society, 2003, 125: 11834- 11835.
HUANG J, MATSUNAGA N, SHIMANOE K, et al. Nanotu-
bular SnO; templated by cellulose fibers: synthesis and gas sens-
ing[J]. Chemistry of Materials, 2005, 17: 3513— 3518.
AOKIY, HUANG J, KUNITAKE T. Electre- conductive nane-
tubular sheet of indiumtin-oxide as fabricated from the cellulose
template] J]. Journal of Materials Chemistry, 2006, 16: 292-
297.

HUANG J, KUNITAKE T, ONOUE S. A facile route to the
hierarchical hybrid of gold nanoparticle and titania nanotube| J] .
Chemical Comm unications, 2004, (8): 1008- 1009.
WEATHERSPOON M R, DICKERSON M B, WANGG, et al.

[24]

[25]

[ 26]

[27]

[ 28]

[29]

[ 30]

[31]

[32]

[33]

[ 34]

[35]

T hin, conformal, and continuous SnO;, coatings on three dimen-
sional biosilica templates through hydroxygroup amplification
and layer-by layer alkoxide deposition[J]. Angewandte Chemie
International Edition, 2007, 46: 5724- 5727.

KOBAYASHIS, HAM ASAKIN, SUZUKIM, et al. Prepara
tion of helical transitior metal oxide tubes using organogelators
as structure-directing agents[ J]. Journal of the American Chem-
ical Society, 2002, 124: 6550- 6551.

JUNG J] H, KOBAYASHI H, VAN BOMMEL K J C, et al.
Creation of novel helical ribbon and double layered nanotube
Ti0; structures using an organogel template[J]. Chemistry of
M aterials, 2002, 14: 1445- 1447.

LIU SM, GAN LM, LIU L H, et al. Synthesis of single crys
talline Ti0; nanotubes[J]. Chemistry of Materials, 2002, 14:
1391- 1397.

CARUSO R A, SCHATTKA J H, GREINER A. Titanium d+
oxide tubes from solgel coating of electrospun polymer fibers
[J]. Advanced Materials, 2001, 13: 1577- 1579.

CHEN Q, ZHOU W, DU G, et al. Trititanate nanotubes made
via a single alkali treatment[ J]. Advanced Materials, 2002, 14:
1208- 1211.

PATZKE G R, KRUMEICH F, NESPER R. Oxidic nanotubes
and nanorods anisotropic modules for a future nanotechnology
[J]. Angewandte Chemie International Edition, 2002, 41: 2446
- 2461.

IMAITH, IWAYA Y, SHIMIZU K, et al. Preparation of hollow
fibers of tin oxide with and without antimony doping[ J]. Chem-
istry Letters, 2000, (8): 906- 907.

XU C, TAMAKIJ, MIURA N, et al. Grain size effects on gas
sensitivity of porous SnOxbased elements[]J]. Sensors and Ae
tuators B: Chemical, 1991, 3: 147- 155.

ERCOLESSIF, ANDREONI W, TOSATTI E. Melting of
small gold particles: mechanism and size effects[ J]. Physical
Review Letters, 1991, 66: 911- 914.

FULLAM S, COTTELL D, RENSMO H, et al. Carbon nane-
tube templated self assembly and thermal processing of gold
nanowires[ J]. Advanced Materials, 2000, 12: 1430- 1432.
HUANG J, ICHINOSE I, KUNITAKE T. Nanocoating of nat
ural cellulose fibers with conjugated polymer: hierarchical poly-
pyrrole composite materials [ J]. Chemical Communications,
2005, (13): 1717- 1719.

HUANG J, ICHINOSE I, KUNITAKE T. Biomolecular modi
fication of hierarchical cellulose fibers through titania nanocoat
mg[J]. Angewandte Chemie International Edition, 2006, 45:
2883- 2886.

: 2008-06-27; : 2008 0819
(1977—), )
R : (310058) Email:
hlab@ zju. edu. cn
[ ]




