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anoheterostructure, which con-

sists of chemically distinct compo-

nents, has demonstrated great po-
tential for revolutionizing nanomaterial
research by providing a means to define di-
verse functionalities within a single nano-
structure and, moreover, to generate novel
properties nonexistent in the individual
component materials arising from the
strong interfacial interactions at the
nanoscale. 3 In recent years, tremendous
efforts have been devoted to the fabrication
of SNHs by various vapor-phase
strategies.>~> Apart from costly equipment
for high vacuum and heating temperature,
the previously reported vapor-phase meth-
ods generally lack flexibility in structural
control on the products due to the instant
reaction within an obturated system and
can not be easily extended to construct
SNHs of new configurations or composi-
tions. As an economic alternative, fabricat-
ing SHNs in solution has the advantage of
being low-cost, mild, and more controllable
in the reaction process. With a “surfactant-
controlled growth in a hot organic solvent”
strategy, many metal chalcogenide SNHs
with core/shell or multipod configurations
have been successfully constructed."s” Al-
though some metal-oxide-based nanohet-
erostructures were synthesized via colloidal
methods,® the reports on solution fabrica-
tion of SNHs, comprising pure metal oxides,
are relatively rare.

a-Fe,0; and SnO,, two of the most stud-

ied semiconductors, have been intensively
investigated as gas sensors,’ electrodes,'"
and photocatalysts.'>'> With a narrow band
gap (~2.2 eV), a-Fe,0; displays a wide pho-
toelectrochemical response reaching the
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ABSTRACT Branched Sn0,/c:-Fe,0; semiconductor nanoheterostructures (SNHs) of high purity were
synthesized by a low-cost and environmentally friendly hydrothermal strategy, through crystallographic-oriented
epitaxial growth of the Sn0, nanorods onto the c-Fe,0; nanospindles and nanocubes, respectively. It was
demonstrated that the Sn0, nanorods would change their preferential growth direction on the varied o-Fe;0;
precursors with distinct crystallographic surface, driven by decrease in the distortion energy induced by lattice
mismatch at the interfaces. All of the prepared SNHs were of high purity, ascribing to the successful preinhibition
of the Sn0, homonucleation in the reaction system. Significantly, some of the Sn0,/cx-Fe,0; SNHs exhibited
excellent visible light or UV photocatalytic abilities, remarkably superior to their o-Fe,0; precursors, mainly
owing to the effective electron—hole separation at the Sn0,/cx-Fe,0; interfaces.

KEYWORDS: semiconductor - nanoheterostructure - epitaxial growth - hierarchical
assembly - photocatalysis

visible light region, but the holes in its va-

lence band have relative low oxidation abil-

ity."* Although SnO; has a low valence band

edge potential, which endows the holes in

the band with high oxidation ability, it has

no absorption to the light with a wave-

length longer than 330 nm for its wide band

gap (~3.8 eV)." A superior photocatalyst

combining both merits of a-Fe,03 and SnO,

might be expected by constructing the

SnO,/a-Fe,05; SNHs. Recently, the branched

Sn0O,/a-Fe,03 SNHs'® were prepared by in-

troducing a-Fe,03; nanotubes into a reverse

microemulsion system, which was origi-

nally designed for fabricating pure SnO,

nanorods.!”” However, this method involves

poisonous organic solvents of great vol-

ume, which would not only complicate the ~ *Address correspondence to

experimental process but also passivate the ~ Yswang@fjirsm.ac.cn.

surface reactivity of the products. Received for review August 28, 2009
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nanocubes, respectively, in a hydrothermal

system of Sn(OH)s?~ dilute ©2010 American Chemical Society
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Figure 1. XRD patterns of products at various reaction
stages, with a-Fe,0; nanospindles as precursors. The stan-
dard «-Fe,0; and SnO, patterns are placed at the bottom
and top, respectively.

aqueous solution. Noticeably, the homonucleation of
SnO, was preinhibited in the reaction (i.e., the SnO,
phase was not generated when excluding the a-Fe,;0;
precursors), which guaranteed the high purity of the
SNHs. The structure features of the SnO,/a-Fe,O3; SNHs
at various reaction stages were investigated aiming to
explore the formation mechanism of the SNHs and the
influence of the distinct a-Fe,O3 precursors on the
growth mode of SnO,, which would provide us with
deep insights into the elaborate structure architecting
and functionality tailoring of the SNHs. The band con-
figuration of the semiconductor is a critical factor affect-
ing its property.'® To reveal how the SNHs with recon-
structed band gap structure affect the photocatalytic
ability of the semiconductor, comparative investiga-
tions on the visible light or UV photocatalytic activities
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of the bare a-Fe,O3 precursors and their SnO,/a-Fe,0;
SNHs counterparts were performed.

RESULTS AND DISCUSSION

Sn0,/c-Fe,0; (Nanospindle) SNHs. Powder X-ray diffrac-
tion (XRD) patterns of the products obtained at various
reaction stages, with a-Fe,0; nanospindles as the seed-
ing precursors, are presented in Figure 1. For the
sample having reacted for 30 min, there was only the
hexagonal a-Fe,0; phase (PDF 330664). When the reac-
tion was prolonged to 100, 120, and finally 180 min,
the tetragonal SnO, phase (PDF 770450) was formed
and increased continuously in quantity. Figure 2 pre-
sents the scanning electron microscopy (SEM) images
of the products at various reaction stages. The presyn-
thesized a-Fe,03 nanospindle precursors were gener-
ally of ca. 500 nm in length and ca. 150 nm in diameter
(Figure 2a). Their length axis was determined to be
along [001] of the hexagonal a-Fe,03 by selected area
electron diffraction in the transmission electron micro-
scope (TEM). For the sample having reacted for 30 min,
no visible changes were found. When the reaction pro-
ceeded to 100 min, many 5 nm sized SnO, particles pre-
cipitated on the surfaces of the a-Fe,O3 nanospindles,
making the products appear as balsam pears (Figure
2b). As the reaction was prolonged to 120 min, the SnO,
particles evolved to short nanorod arrays, and the prod-
uct exhibited a corn-like morphology (Figure 2c). After
reacting for 180 min, an interesting SnO,/a-Fe;0;
branched nanostructure of 6-fold symmetry, with six
solid SnO, strips longitudinally enwrapping the a-Fe,0O;
nanospindle, resulted with high purity, as shown in Fig-
ure 2d. Further prolonging the reaction to 240 min led

Figure 2. SEM micrographs of products at various reaction stages: (a) presynthesized a-Fe,03 nanospindle precursors; (b)
having reacted for 100 min; (c) having reacted for 120 min; (d) having reacted for 180 min. Insets show magnified images

of the corresponding products.
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Figure 3. (a) TEM micrograph of a segment of corn-like SnO,/a-Fe,05; composite; (b) EDS spectra taken from encircled re-
gion 1 and 2, respectively, in (a), revealing composition change of composite, Cu signals were from copper grid supporting
the specimen; (c) HRTEM image recorded from frame marked region in (a), showing crystallographic-oriented epitaxial
growth of SnO, nanorods on the (110) plane of a-Fe,03 nanospindle; (d,e) magnified images of the frame marked regions

in (c), showing the merging of two adjacent SnO, nanorods.

to a volume expansion of the SnO, strips, as shown in
Figure S2 in the Supporting Information.

To explore how the SnO, phase couples with the
a-Fe,03 nanospindle, TEM observations of the SnO,/a-
Fe,0s branched nanostructure in the 120 min reacted
sample were conducted, as presented in Figure 3. Fig-
ure 3a shows a segment of the corn-like SnO,/a-Fe,05
composite with diameter of ca. 200 nm. Evidently, its
center part was enriched with Fe and Sn, while Fe van-
ished at the edge, as revealed by the energy-dispersive
X-ray spectrometer (EDS) spectra in Figure 3b. The inter-
facial structure of the SnO,/a-Fe,0; composite was
identified by high-resolution TEM (HRTEM) observation
presented in Figure 3c. The (101) planes of SnO, stacked
parallel to the (110) ones of a-Fe,0s. In other words,
the SnO, nanorods epitaxially grew along the normal
direction of (101)sh0, on the (110) surface of the a-Fe,05
precursor, forming a flat (101)s0,/(110)a-re,0, interface
(heterojunction). The preferential growth of the SnO,
nanorods along the normal of (101) planes was also evi-
denced by the fact that the relative intensity of the
(101)sn0, XRD peak is much stronger than that in the
standard XRD pattern of SnO,. Figure 3d,e shows the
magnified HRTEM images of the frame marked regions
in panel b, which indicates that the adjacent SnO, nano-
rods incline to merge together to form a monocrystal
in the course of growth. At the beginning of merging,

there were obvious lattice distortions in the connect-
ing region (Figure 3d). However, with further growth of
the nanorods, these lattice distortions were released
completely, forming a coalescence between the adja-
cent nanorods (Figure 3e). As the result of the lateral
emerging growth of the SnO, nanorods, the solid SnO,
monocrystalline strips along the length axis of the
a-Fe,03 nanospindle were formed in the sample hav-
ing reacted for 180 min (Figure S1 in the Supporting In-
formation). The growth of the SnO, strips on the six
(110)a-re,0, planes surrounding the [001] axis of the hex-
agonal a-Fe,;0; nanospindle resulted in the final 6-fold
symmetrically branched SnO,/a-Fe,03 SNHs.

On the basis of the results stated above, the forma-
tion process of the hierarchically assembled SnO,/a-
Fe,03 SNHs from the a-Fe,03 nanospindle precursors
in hydrothermal system is concluded, as illustrated
schematically in Figure 4. First, the SnO, nanoparticles
heteronucleate through dehydration of Sn(OH)s?~ and
then epitaxially grow on the surfaces of the a-Fe,O5 pre-
cursors, forming the (101)sno,/(110)ere,0, interfaces. Sec-
ond, these particles grow up into aligned nanorod ar-
rays on the 6-fold symmetrical (110) planes of the
a-Fe,03 nanospindles, taking the normal of (101) planes
as the preferential growth direction. As the reaction fur-
ther proceeds, the adjacent SnO, nanorods tend to
merge together to form the monocrystalline strip, re-

a-Fey0, .
] sno, smomi'mr S0, + 2H,0 +20H> |
Sn0, :  Heteronucleation Oriented Growth "Merging"” Growth

Forming "Strip"

Figure 4. Schematically illustrated formation process of hierarchically assembled SnO,/a-Fe,0; SNHs based on a-Fe,0;
nanospindle precursor. The products at various reaction stages are represented by their idealized cross-section geometry.
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Figure 5. TEM micrographs of SnO,/a-Fe,03 (hanocube) SNHs
at various reaction stages: (a) presynthesized a-Fe,03
nanocube precursors; (b) having reacted for 90 min; (c) hav-
ing reacted for 120 min; (d) having reacted for 180 min.

sulting finally in the 6-fold symmetrically branched
SnO,/a-Fe,05 SNHs.

Sn0,/cx-Fe,0; (Nanocube) SNHs. To explore how the var-
ied a-Fe,03 precursors affect the heteronucleation and
growth of SnO, phase, the a-Fe,05; nanocubes (Figure
S3 in the Supporting Information), which might provide
distinct exposure surfaces to form the interfaces with
SnO,, were employed as the reaction precursors. The
XRD pattern and SEM image of the SnO,/a-Fe,03 SNHs
having hydrothermally reacted for 180 min are pre-
sented in Figures S4 and S5, respectively. The SnO,/a-
Fe,03; SNHs were of high purity, and a-Fe,O; nanocubes
were completely enwrapped by the SnO, nanorods.
The formation process of the hierarchically assembled
SnO,/a-Fe,03 (nanocube) SNHs was revealed by TEM
observations of the products at various reaction stages
shown in Figure 5. Basically, the SnO, nanorods were
generated on the surfaces of the a-Fe,O; nanocubes
through heteronucleation, crystallographic-oriented
growth, and merging stages, similar to the case dis-
cussed above for the SnO,/a-Fe,03 (nanospindle) SNHs.
Noticeably, as exhibited by HRTEM images shown in

|
4

Figure 6, all the SnO, nanorods grew slantwise on the
surfaces of the a-Fe,O; nanocubes with a fixed angle
of ca. 65° during the reaction.

It has been demonstrated in our previous paper'®
that the a-Fe,0; nanocube was enclosed by six identi-
cal planes indexed as (101) in the trigonal system
(herein, in order to simplify the analysis, their indexes
are transformed to (012) in the hexagonal system). As
exhibited by the HRTEM image of the interfacial region
in a SnO,/a-Fe,0; (nanocube) SNH shown in Figure 7,
and the fast Fourier transform (FFT) patterns taken
from a-Fe,03 and SnO, (the top and bottom insets, re-
spectively, in Figure 7), the SnO, nanorod provided the
(101) plane to form the interface with the (012) plane of
the a-Fe,0; precursor and grew preferentially along
the normal of its (112) plane. Herein, a question arises:
why did the SnO, nanorods grew slantwise, instead of
perpendicularly as the case for the SnO,/a-Fe,0; (nano-
spindle) SNHs, on the surfaces of the a-Fe,03
nanocubes? To answer this question, the connection
between (110)fe,0, and (110)sno, lattices at the inter-
face of the SnO,/a-Fe,03 (nanocube) SNH is illustrated
schematically in the middle inset of Figure 7. The angle
between (110)..re,0, and the interface ((012)yre,0,) is
43°, while the angle between (110)sn0, and the inter-
face ((101)sno,) is 66.7°. When the SnO, nanorod grows
perpendicularly to the surface of the a-Fe,Os; nanocube,
the interfacial lattice mismatch between (110)fe,0,
and (110)sn0, reaches as large as 9.0% ((0.365—0.335)/
0.335 X 100% =~ 9.0%). However, when it grows slant-
wise, the interfacial lattice mismatch is dramatically re-
duced to 1.1% ((0.369—0.365)/0.365 X 100% ~ 1.1%).
The least lattice mismatch at the interface causes the
least lattice distortion energy and results in the lowered
heteronucleation energy barrier,'®2%2" which deter-
mines the growth mode of the SnO, nanorods. Signifi-
cantly, the connection between (110)sn0, and (110)q.fe,0,
lattices leads to a less-defective and abrupt interface,
as revealed in Figure 7, which is beneficial to the trans-
fer of the charge carriers.>?23 Similar reasoning on the
epitaxial relationship of the TiO,/Co nanoheterostruc-
tures has been reported by Casavola et al.?*

Photocatalysis of Sn0,/cx-Fe,0; SNHs. The MB degradabili-
ties of the a-Fe,0; nanospindle precursors and their
SnO,/a-Fe,03 SNHs counterparts under visible light irra-
diation for 4 h are presented in Figure 8a. Herein, FS
represents a-Fe;O; nanospindle precursors, while FSS-
100, FSS-120, FSS-180, and FSS-240 represent SnO,/a-
Fe,0s (nanospindle) SNHs having reacted for 100, 120,
180, and 240 min, respectively. Although the photocat-
alytic abilities of the SnO,/a-Fe,03 SNHs varied with
their fabrication time, they were all superior to that of
the a-Fe,05 precursors. With increase in fabrication
time, the photocatalysis of the SnO,/a-Fe,03; SNHs in-

Figure 6. HRTEM micrographs of SnO,/a-Fe,03 (nanocube) SNHs
at different reaction stages: (a) having reacted for 90 min; (b) hav-
ing reacted for 120 min, showing slanted growth of SnO, nanorods
on surfaces of a-Fe,0; nanocubes with a fixed angle of ca. 65°.

creased, reaching a maximum for the sample having re-
acted for 180 min, and it decreased when the reaction
was further prolonged. Similar results were also ob-
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tained for the SnO,/a-Fe,0; (nanocube) SNHs, with the
sample having reacted for 120 min (denoted as FCS-
120) displaying the optimized photocatalytic perfor-
mance, as exhibited in Figure S7. As a comparison, the
MB degradabilities of the SnO,/a-Fe,03 SNHs with dif-
ferent a-Fe,05 precursors and the N-doped TiO, pow-
der (denoted as NT-500) which was reported having
high visible light photocatalytic ability,?> are presented
in Figure 8b. Noticeably, both SNHs samples (FSS-180
and FCS-120) exhibited excellent visible light photocat-
alytic performances approaching to that of NT-500.

As we have known, SnO, has no absorption re-
sponse to the visible light due to its wide band gap;
therefore, the light absorption of SnO,/a-Fe,0; SNHs
was solely contributed by the a-Fe,O; component in
the visible light photocatalysis experiments. The SNH
samples contain less a-Fe,05 than the pure a-Fe,03 one
with same weight. For example, a-Fe,03 was about 32
wt % in the FSS-180 sample estimated by the XRD quan-
titative analysis. However, all of the SNH samples exhib-
ited better enhanced visible light photocatalytic effi-
ciency than the pure a-Fe;O; ones,which must be
correlated to the complexed band configuration of the
SnO,/a-Fe,03 SNHs. On the basis of the Anderson
model,?® a “staggered” type Il band configuration at
the interface of the SnO,/a-Fe,0; SNHs is proposed, as
shown in Figure 9. Under visible light irradiation, elec-
trons (e7) in the valence band (VB) of a-Fe,O; were ex-
cited to its conduction band (CB), with same amount of
holes (h*) left in VB. Driven by the decreased potential
energy, the photogenerated electrons in CB of a-Fe,03;
tended to transfer to that of SnO,. Consequently, the
photogenerated electrons and holes were separated at
the SnO,/a-Fe,0; interfaces, which reduced their re-
combination probability and enabled them to migrate
effectively to the surfaces of SnO, and a-Fe,0s, respec-
tively, to form the hydroxyl radicals (6 0OH). Although the
oxygen radicals (®0,~) would be formed first by the
combination of electrons with O, adsorbed on the sur-
faces of SnO,, they might transform to the hydroxyl
radicals.”’” As a powerful oxidant, the hydroxyl radicals

a
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wTRe - N
Figure 7. HRTEM micrograph of interfacial region in a SnO,/a-Fe,05
(nanocube) SNH, revealing crystallographic-oriented epitaxial growth
of SN0, nanorod on «-Fe,;03 nanocube. Top and bottom insets are FFT
patterns taken from «-Fe,05; and SnO,, respectively; middle inset illus-
trates schematically the connection between (110)q.re,0, and (110)sno,
lattices at the interface.

could decompose effectively the organic substances
such as MB.2

The photocatalytic activity variation of the SnO,/a-
Fe,05; SNHs having reacted for different durations can
be explained as follows: at the early reaction stages, the
heteronucleated SnO, nanoparticles scattered on the
surfaces of the a-Fe,0; precursors, and the SnO,/a-
Fe,0; interfacial area increased with the reaction time,
bringing in more interfacial charge separation and
therefore enhanced photocatalytic activity of the SNHs
sample. On the basis of the SEM images shown in Fig-
ure 2, the areas of the a-Fe,O; surface covered by SnO,
seem nearly same for the 120 min and the 180 min re-
acted samples, the obvious enhancement in the cata-
lytic performance of the latter is probably due to its bet-
ter crystallinity and less crystalline defects, such as
dislocations and lattice distortions that might act as

b 87%

80%
70%

Degradability

NT-500 FS$S-180 FCS-120

Figure 8. (a) MB degradabilities of a-Fe,0; nanospindle precursors and their SnO,/a-Fe,0; SNHs counterparts, and
(b) MB degradability comparison among SnO,/a-Fe,03; SNHs and N-doped TiO, photocatalysts, under visible light ir-

radiation for 4 h.
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OH/H,0 E

o-FeQ, Sno,

Figure 9. Schematic diagram showing band configuration and
electron—hole separation at interface of SnO,/a-Fe,0; SNHs un-
der visible light irradiation; x is the electron affinity, ® the work
function, Vp, the contact potential, E, the vacuum level, E. the bot-
tom of conduction band, E, the top of valence band, E, the band
gap, of a-Fe,0; or SnO, semiconductor.??~3! E; denotes Fermi
level of SnO,/a-Fe,0; SNHs.

the recombination centers for the charge carriers in
the SnO; crystals. The decrease of the catalysis for the
240 min reacted sample can be mainly attributed to the
decrease of the a-Fe,0; content in the SNHs which
weakened the visible light absorption. In addition, an-
other factor depressing the catalysis might be the obvi-
ous dimension expansion of the SnO, strips which pro-
longed the migration distance of the interface-
separated electrons to the surfaces of SnO, and in-
creased their recombination risk.

The MB degradabilities of the a-Fe,O; precursors
and their SnO,/a-Fe,O3 SNHs counterparts under UV ir-
radiation for 40 min are presented in Figure 10. Herein,
FC represents a-Fe,03 nanocube precursors, and P25 is
the commercial UV photocatalyst produced by Degussa
Company. The photocatalytic abilities of both FSS-180
and FCS-120 were remarkably enhanced compared
with their a-Fe,03 precursors. Significantly, FSS-180 de-
graded 84% MB, approaching that of P25 (97%). The
factors inducing the excellent UV catalysis of the SNHs
are complicated. However, the electron—hole separa-
tion at the SnO,/a-Fe,03 interfaces must be a critical
one. Unlike the case in the visible light photocatalysis,

EXPERIMENTAL SECTION

Sample Synthesis: The «-Fe,03 precursors of nanospindles?
and nanocubes'® were presynthesized based on the previously
reported hydrothermal or solvothermal methods. The SnO,/a-
Fe,0; SNHs were prepared by a surfactant-free hydrothermal
strategy. Typically, 0.010 g of the definite a-Fe,O3 precursors was
dispersed in the Sn(OH)¢2~ dilute aqueous solution premade by
dissolving 0.087 g of SnCl, - 5H,0 and 0.267 g of NaOH into 15
mL of deionized water. After ultrasonication for 10 min, the mix-
ture was transferred into a 25 mL Teflon-lined stainless auto-
clave and heated at 220 °C for various durations. The resulting
products were collected by centrifugation, washed with deion-

NTANKS ) ]
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Degradability

P25 FS FSS-180 FC FCS-120

Figure 10. MB degradabilities comparison among «a-Fe,0;
precursors, SnO,/a-Fe,0; SNHs, and P25 photocatalyst, un-
der UV irradiation for 40 min.

both a-Fe,0; and SnO, here have the adsorption re-
sponse to the UV irradiation. Consequently, the interfa-
cial electron—hole separation in SNHs would be bidirec-
tional; that is, the photogenerated electrons on CB of
a-Fe,0s inclined to transfer to CB of SnO, with lower po-
tential, while the holes on VB of SnO, transfer to VB of
a-Fe,05 with higher potential, as illustrated in Figure
S10 in the Supporting Information.

CONCLUSIONS

In summary, a hydrothermal strategy was devel-
oped to synthesize branched SnO,/a-Fe,O; SNHs
through hierarchical assembly, that is, crystallographic-
oriented epitaxial growth of SnO, nanorods onto
a-Fe,03 nanospindles or nanocubes. The investigation
on the structure evolution of the SnO,/a-Fe,03; SNHs in-
dicated a “three-stage” formation mechanism for the
mature SNHs, that is, heteronucleation,
crystallographic-oriented growth, and finally merging
growth of the SnO, nanorods on a-Fe,05 precursors.
The lattice mismatch at the interface played an impor-
tant role in determining the growth of SnO, and re-
sulted in the varied preferential growth direction of the
SnO, nanorods on the a-Fe,0; precursors with distinct
crystallographic surfaces. Evidently, the formation of
SnO,/a-Fe,05 SNHs remarkably enhanced the visible
light or UV photocatalytic ability of the nanocrystalline
a-Fe,03, mainly owing to the effective electron—hole
separation at the interfaces of the SNHs.

ized water and absolute ethanol for several times, and finally
dried at 50 °C for 4 h in a vacuum. All of the reagents are of ana-
lytical grade and used as received.

Sample Characterization: Phase structures of the synthesized
samples were characterized by X-ray diffraction (XRD) on a PAN-
alytical X'Pert PRO diffractometer using Cu Ko (A = 0.154 nm) ra-
diation at a scanning rate of 5°/min for 26 ranging from 5 to
85°. The microstructure and composition analyses were con-
ducted on a JSM-6700F field emission scanning electron micro-
scope (SEM) working at 5 kV and a JEM-2010 transmission elec-
tron microscope (TEM) equipped with an energy-dispersive X-ray
spectrometer (EDS) working at 200 kV. The visible light diffuse re-
flectance spectra of the a-Fe,0; nanospindles and SnO,/a-

Wwww.acsnano.org



Fe,0; (nanospindles) SNHs were recorded using a Perkin-Elmer
UV WinLab Lambda 900 UV/vis spectrophotometer, with BaSO,4
as the reference.

Photocatalysis Test: A heteropolyaromatic dye of methylene
blue (MB) was adopted as the probe molecule to evaluate the
photocatalytic activity of the samples under visible light or UV ir-
radiation at room temperature. The visible light photocatalysis
test was conducted in a 90 mL glass bottle. A 300 W tungsten
halogen lamp positioned about 5 cm away from one side of the
bottle, with a cutoff filter to remove the radiations below 420 nm
and beyond 800 nm, was used as the illuminating source. Typi-
cally, 50 mg of samples was dispersed in 80 mL of 1 X 10~>M MB
aqueous solution to form the testing suspension. The UV photo-
catalysis test was performed in a 200 mL quartz tube. Four 4 W
UV lamps (Philips, TUV 4W/G4 T5) with wavelength centered at
254 nm were used as illuminating source. Typically, 50 mg of
samples was suspended in 150 mL of 1 X 10> M MB aqueous so-
lution to form the testing suspension. All of the suspensions
were magnetically stirred in dark for 12 h to ensure the establish-
ment of absorption/desorption equilibrium of MB on the sample
surfaces before the irradiation. During the irradiation, 4 mL ali-
quots were sampled at the given time intervals and centrifuged
to remove the catalysts and were then analyzed on a Perkin-
Elmer UV WinLab Lambda 35 spectrophotometer. The degrad-
ability of MB is represented by C/Co, where C; and C denote the
main absorption peak intensities of MB at 660 nm before and af-
ter irradiation.
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