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Combining the versatility of the electrospinning technique and hydrothermal growth of nanostructures enabled the
fabrication of hierarchical SnO2/TiO2 composite nanostructures. The results revealed that not only were secondary
SnO2 nanostructures successfully grown on primary TiO2 nanofiber substrates but also the SnO2 nanostructures were
uniformly distributed without aggregation on TiO2 nanofibers. By adjusting fabrication parameters, the morphology
as well as coverage density of secondary SnO2 nanostructures could be further controlled, and then SnO2/TiO2

heterostructures with SnO2 nanoparticles or nanorods were facilely fabricated. The photocatalytic studies suggested
that the SnO2/TiO2 heterostructures showed enhanced photocatalytic efficiency of photodegradation of Rhodamine B
(RB) compared with the bare TiO2 nanofibers under UV light irradiation.

1. Introduction

TiO2 has been well-known as an excellent photocatalytic
material which can find applications in various fields includ-
ing water splitting, environmental purification, self-cleaning
and superhydrophilic surfaces, sensors, and disinfection.1-6

However, enhancing the photocatalytic efficiency of TiO2 to
meet the practical application requirements is still a challenge
because of the bottleneck of poor quantum yield caused by
the rapid recombination of photogenerated electrons and
holes. Much effort has been made to increase the electron-
hole pair separation efficiency. Therein, TiO2 based homo-
structure and heterostructure such as anatase/rutile homo-

structure,7 noble metal (Ag,8 Au,9 Pt,10 Pd,11 etc.)/TiO2,
carbon (nanotube,12 nanowall,13 nanofiber,14 graphene,15

etc.) /TiO2, MxOy (ZnO,16 SnO2,
17 etc.)/TiO2 and MxSy

(CdS,18 PbS,19 etc.)/TiO2 heterostructures have received the
most attention recently because of their excellent catalytic
activity. Among the semiconductor/TiO2 systems, SnO2/
TiO2 heterostructure attracts much interest in particular
because of their structural analogy. That is, both oxides
TiO2 and SnO2 belong to the same crystal symmetry
(tetragonal) and have two molecular units per primitive unit
cell (Z=2).20 Additionally, the band gap of SnO2 (Eg=3.5-
3.6 eV) is higher than that of TiO2 (Eg=3.0 eV for rutile, Eg=
3.2 eV for anatase), but the conduction band (CB) of SnO2

(ECB forSnO2=0VversusNHEatpH7) is lower than that of
TiO2 (ECB for TiO2=-0.5 V versus NHE at pH 7). As a
consequence, in the SnO2/TiO2 heterostructure, the interface
between SnO2 and TiO2 is a “type II heterojunction”, mean-
ing that the valence band (VB) of TiO2 is positioned
(energetically) between the VB and CB of SnO2, and the
CB of TiO2 is positioned above the VB and CB of SnO2.
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When both SnO2 and TiO2 are activated simultaneously,
the practical implication of this “staggered” configuration
of energy levels is that the CB of SnO2 acts as a sink of
photogenerated electrons. Since the photogenerated holes
move in the opposite direction, they accumulate in the VB of
TiO2, and thereby hinder charge recombination and improve
photocatalytic efficiency.
Besides, very recently, electrospun TiO2 nanofibers have

been the focus of research.21-24 TiO2 nanofibers have opened
a wide spectrum of new possibilities for high photocatalytic
activity and easy recovery. Moreover, the electrospun nano-
fibers with both high porosity and large surface area being
available for reaction are promising materials for surface
modification and functionalization. Motivated by the above
concerns, in this work we fabricate SnO2/TiO2 heterostruc-
tured photocatalysts based on TiO2 nanofibers by combining
the electrospinning techniquewith the hydrothermalmethod.
The adopted synthesis route ensures not only the successful
growth of SnO2 nanostructures on TiO2 nanofibers substrate
but also the high dispersion of SnO2 nanostructures on TiO2

nanofibers without aggregation. By simply tuning the pre-
cursor concentration or reaction temperature, we can vary
the coverage density as well as the morphology of nanos-
tructured SnO2 (nanoparticles or nanorods), aiming at asses-
sing the photocatalytic application potential of SnO2/TiO2

heterostructure. Furthermore, owing to its simple, cost-
effective, and environmental-friendly process, the synthetic
strategy may be fairly applicable for the synthesis of other
TiO2 nanofibers based heterostructures. Last, the photoca-
talytic characteristics of the as-obtained SnO2/TiO2 hetero-
structures are investigated by measuring the degradation of
dye RB and compared with those of the pure electrospun
TiO2 nanofibers.

2. Experimental Section

2.1. Preparation of TiO2 Nanofibers. One milliliter of tita-
nium butyloxide was mixed with 1.5 mL of acetic acid and 5 mL
of ethanol. Then the homogeneous solution was added to poly-
(vinyl pyrrolidone) (PVP) solution of about 8 wt%, followed by
vigorous stirring at room temperature for 4 h. Composite PVP/
titanium butyloxide nanofiber film was fabricated by electro-
spinning from a syringe at an applied electric voltage of 10 kV.
TiO2 nanofibers were obtained after annealing of the obtained
composite nanofibers in the air at 500 �C for 12 h.

2.2. Fabrication of SnO2/TiO2 Heterostructures. In a typical
procedure, 10 mg of the electrospun TiO2 nanofibers were put
into an autoclave containing 20 mL of SnCl4-H2O-C2H5OH

solution. The concentration of the SnCl4 solution was fixed at
0.6 mmol L-1. The pH value of the solution was adjusted to 10
by a 0.1 M NaOH aqueous solution. The autoclave was main-
tained at 150 �C for 12 h and then allowed to cool to room
temperature. The as-fabricated products were collected out,
washedwith ethanol and deionized water, respectively, and then
dried in an oven at 60 �C for 12 h. By this method, three samples
of SnO2/TiO2 heterostructures were fabricated, and then were
denoted as TS1, TS2, and TS3, respectively. The detailed
experimental conditions were listed in Table 1. In addition, for
simplicity, pure TiO2 nanofibers were denoted as TS0.

2.3. Characterization. X-ray diffraction (XRD) patterns of
the samples were recorded on a Rigaku, D/max-2500 X-ray
diffractometer. Field emission scanning electron microscope
(FESEM, Hitachi S-4800) was used to observe morphology of
samples. Energy dispersive X-ray (EDX) spectroscopy being
attached to scanning electron microscopy (SEM) was used to
analyze the composition of samples. The high-resolution trans-
mission electron microscopy (HRTEM) images were acquired
using a JEOL JEM-2100 (acceleration voltage of 200 kV). X-ray
photoelectron spectroscopy (XPS) was performed on a VG
ESCALAB LKII instrument with Mg KR-ADES (hν=1253.6
eV) source at a residual gas pressure of below 10-8 Pa. FT-IR
spectra were obtained on Magna 560 FT-IR spectrometer. The
photoluminescence (PL) spectra of photocatalysts were detected
with a Jobin Yvon HR800 micro-Raman spectrometer using a
325 nm line from a He-Cd laser.

2.4. Photocatalytic Test. The photoreactor was designed
with an internal light source (50 W high pressure mercury lamp
with main emission wavelength 313 nm and an average light
intensity of 2.85 mW cm-2) surrounded by a water-cooling
quartz jacket to cool the lamp, where a 100 mL of the RB
solution with an initial concentration of 10 mg L-1 in the
presence of solid catalyst (0.01 g). The solution was stirred in
the dark for 30 min to obtain a good dispersion and reach
adsorption-desorption equilibrium between the organic mole-
cules and the catalyst surface.Decreases in the concentrations of
dyes were analyzed by a Cary 500 UV-vis-NIR spectrophot-
ometer at λ=554 nm. At given intervals of illumination, the
samples of the reaction solution were taken out and analyzed.

3. Results and Discussion

Figure 1a presents the SEM image of sample TS0. It can be
clearly seen that the TiO2 non-woven nanofibers are of
relatively smooth surface without secondary nanostructures.
The diameter of the fibers ranges from 200 to 400 nm. SEM
image of the sample TS1 shown in Figure 1b indicates that
there is essentially no change to the non-woven nanofibers’
morphology during the growth of the SnO2 nanoparticles.
Moreover, the nanoparticles are uniformly distributed across
the surface of each fiber without aggregation, offering high
level exposure of the nanoparticle surface. It is worth point-
ing out that the high porosity and large surface area of TiO2

non-woven nanofibers are advantageous for uniform growth
and distribution of SnO2 nanoparticles on the surface of TiO2

nanofibers. The diameter of SnO2 nanoparticles is about
50 nm. The EDX spectrum in Figure 1c demonstrates the

Table 1. Experimental Conditions, SnO2 Nanostructure Characteristics, and Chemical Component of the Prepared Composite Samples

Sn/Ti ratio

sample [SnCl4] (mM) temperature (�C) morphology crystal size (nm) starting (actuala)

TS1 0.6 150 nanoparticles 50 1:10 (1:9.90)
TS2 1.2 150 nanoparticles 70 1:5 (1:5.00)
TS3 0.6 200 nanorods 30-60 � 150-250 1:10 (1:9.78)

aThe value is determined by EDX.
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high purity of TiO2 nanofibers. As expected, the atomic ratio
of Ti to O is close to 1:2. In Figure 1d, the existence of the tin
element is detected in the SnO2/TiO2 composite. Five differ-
ent places of the SnO2/TiO2 heterostructures surface are
analyzed by EDX, and the atomic ratio of Sn to Ti is about
1:10, confirming the uniformity of the SnO2 nanoparticles
grownon theTiO2 nanofibers.XRDpatterns ofTS0 andTS1
are shown in Figure 1e. The curve 1 reveals that the crystal
phase of TiO2 nanofibers is anatase (JCPDS No. 21-1272).
The curve 2 indicates that all the diffraction peaks of the
SnO2/TiO2 heterostructures can be well indexed as rutile
SnO2 (JCPDS No. 41-1445) and the anatase TiO2. No other
impurity peaks are detected, indicating the non-existence of
other impurities such as SnO, orthorhombic SnO2, or rutile
TiO2. It is obvious that the synthesis route adopted success-
fully achieves SnO2/TiO2 heterostructure integrating the
rutile phase SnO2 with the anatase TiO2.
TEM was used to investigate the microstructure of the

sample TS1 composite in more detail. Figure 2a shows that
SnO2 nanoparticles are uniformly attached on the TiO2

nanofibers surface, and the selected circular area is enlarged
(Figure 2b). It can be observed that the diameter of SnO2

nanoparticles is about 50 nm, which is in agreement with the
SEM analysis above. A high-resolution image of the SnO2/
TiO2 heterostructure (Figure 2c) reveals the simultaneous

presence of crystalline TiO2 and SnO2 crystal lattices in the
region of the junction.The fringes observed correspond to the
interplanar distances of 0.35 and 0.26 nm, which agree well
with the lattice spacing of the (101) and (101) low-index facets
of the anatase TiO2 and rutile SnO2 crystal, respectively.
Figure 2d shows the further magnified HRTEM image of the
SnO2 crystal; the measured lattice spacing of 0.26 nm can be
clearly observed. These results confirm that the heterostruc-
tures are well formed between SnO2 nanoparticles and TiO2

nanofibers.
The chemical composition and purity of the sample TS1

composite was studied and compared with that of the sample
TS0 by XPS analysis. The fully scanned spectra (Figure 3a)
demonstrate that Ti, O, and C elements exist in bare TiO2

nanofibers, while Ti, Sn, O, and C exist in SnO2/TiO2

heterostructures, respectively. The C element can be ascribed
to the adventitious carbon-based contaminant, and the
binding energy for the C1s peak at 284.6 eV is used as the
reference for calibration. The high resolution XPS spectra
with scanning over the following areas are analyzed: the
binding energies for theTi 2p region around 460 eV, the Sn3d
region around 490 eV, and theO 1s region around 530 eV. As
shown in Figure 3b, there are two peaks in the Ti 2p region.
The peak located at 464.2 eV corresponds to the Ti 2p1/2 and
another one located at 458.5 eV is assigned to Ti 2p3/2. The

Figure 1. SEM images of sample (a) TS0 and (b) TS1; EDX spectra of sample (c) TS0 and (d) TS1; (e) XRD patterns of (1) sample TS0 and (2) TS1.
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Figure 2. (a,b) TEM image of sample TS1 at different magnification. (c) HRTEM of the SnO2/TiO2 heterojunction region. (d) HRTEM of SnO2

nanoparticles.

Figure 3. (a) XPS fully scanned spectra of the sample TS0 and TS1. (b) XPS spectra of Ti 2p for the sample TS0 and TS1. (c) XPS spectra of Sn 3d for the
sample TS1. (d) XPS spectra of O1s for the sample TS0 and TS1.
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splitting between Ti 2p1/2 and Ti 2p3/2 is 5.7 eV, indicating a
normal state of Ti4þ in the as-prepared SnO2/TiO2 hetero-
structures. Besides, the peaks for Ti 2p in the composite show
no shift comparedwith that in bare TiO2, confirming that the
structure of TiO2 remains intact after synthesis of SnO2

nanoparticles. In Figure 3c, the Sn 3d5/2 peak is located at
486.0 eV and the Sn 3d3/2 peak is found at 494.5 eV. More-
over, the splitting of the 3d doublet of Sn is 8.5 eV, indicating
that the valence state of Sn isþ4. The atomic number ratio of
Sn to Ti is about 0.1, as determined from our experimental
XPS peak areas and their relative sensitivity factors, which is
in good agreement with the EDX results above. Figure 3d
presents the O 1s photoelectron peaks. The shape of a wide
and asymmetric peak of O 1s spectrum indicates that there
can bemore than one chemical state according to the binding

energy. It includes crystal lattice oxygen (OTi-O or OSn-O),
surface hydroxyl groups (OOH), and adsorbed water with
increasing binding energy. Using the XPS Peak fitting pro-
gram, version 4.1, each O 1s XPS spectrum is fitted to three
kinds of chemical states. After calculation, the apparent
OOH/OTi-O ratio is determined to be 0.44 for the TS1
composite, which is three-times higher than that of TS0.
FT-IR spectra were also further utilized to detect the surface
OHgroups andwater adsorption on the surface of the sample
(not shown). For the SnO2/TiO2 composite, an overlapped
broad peak of high intensity at 3375 cm-1 is observed, which
is characterized as surface Ti-OH and hydrogen-bonded
molecular H2O species. On the other hand, for the pure TiO2

nanofibers, the intensity of the surface hydroxyl group band
at 3375 cm-1 is significantly decreased compared with that of

Figure 4. (a,b) SEM images of the sample TS2; (c,d) SEM images of the sample TS3; (e,f) EDX spectra of the sample TS2 and TS3; (g) XRD patterns of
sample TS2 and TS3.
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the SnO2/TiO2 composite. Thus, it can be deduced that the
amounts of surface OH groups on the surface of the compo-
site are significantly increased by the modification of SnO2

based on the analyses of XPS and IR. The increasing amount
of surface hydroxyl group in the SnO2/TiO2 composite may
originate from the high dispersion and hygroscopic nature
of the SnO2 nanostructure. In other words, the adsorption
affinity of SnO2 to water is much stronger than that of TiO2.
In comparison with TiO2, SnO2 is very sensitive to water.
SnO2 has been extensively used as a moisture sensor for this
very reason.
By tuning the experimental parameters including precursor

concentration and temperature, the secondary SnO2 nano-
structures grown on TiO2 nanofibers with different density
and shapes can be further controlled. Panels a and b of
Figure 4 show the SEM images of the sample TS2. It can be
observed that the density of the nanoparticles is dramatically
increased when the precursor concentration [SnCl4] is in-
creased to 1.2 mmol L-1. At the same time, the diameters
of the grown nanoparticles also change from 50 to 70 nm.On
the other hand,when the precursor concentration is 0.6mmol
L-1 and the growth temperature is increased to 200 �C, the
morphology of secondary SnO2 nanostructures grown on
TiO2 nanofibers changes significantly. Panels c and d of
Figure 4 show the SEM images of the as-fabricated sample
TS3. It can be observed that SnO2 nanorods instead of
nanoparticles are grown on the nanofiber substrates. The
nanorods have diameters of 30-60 nm and lengths of 150-
250 nm. In addition, for the as-fabricated sample TS2 and
TS3, the atomic ratio of Sn to Ti is about 1:5 and 1:10,
respectively, as determinedby theEDXanalysis (Figure 4e,f).
As expected, it is in agreement with the stoichiometric
composition. Figure 4g shows the XRD patterns of TS2
and TS3. The diffraction peaks indicate the SnO2/TiO2

composites to be a mixture of rutile SnO2 and anatase TiO2

phases with no other impurity phases, suggesting that neither
appreciable chemical reaction between TiO2 and SnO2 nor
anatase-to-rutile phase transition occurs during the synthesis
of the SnO2 nanostructures.
To further study the fine structures of the as-grown SnO2

nanoparticles and nanorods, HRTEM was analyzed. The
typical HRTEM images of an individual nanoparticle and
nanorod are shown in Figure 5, panels a and b, respectively.
Both the images reveal that the lattice spacings are 0.34 nm,
which are related to the (110) plane of tetragonal rutile SnO2.
Meanwhile, Figure 5b clearly indicates that the SnO2 nano-

rods are highly crystallized with few defects and grow along
[001] direction. Since there is neither a template nor a
surfactant in the synthesis system, it is reasonable to hy-
pothesize that the driving forces for the growth of 1D SnO2

nanorods come from the inherent crystal structure of SnO2.
For the rutile structure of SnO2, the sequence of surface
energy per crystal face can be described as (110) < (100) <
(101) < (001) according to the calculated data.25 Accord-
ingly, the surfaces of (110) and (001) have the lowest and the
highest surface energy, respectively, thereby the low-index
(110) face is the thermodynamically most-stable bulk termi-
nation. It can properly explain the preferential growth of
SnO2 along the [001] direction in thermodynamic aspects.
The photocatalytic degradation of rhodamine B has been

chosen as a model reaction to evaluate the photocatalytic
activities of the present SnO2/TiO2 heterostructures, and they
are compared with that of the bare TiO2 nanofibers. Figure 6
shows the degradation curves of RB on the SnO2/TiO2

heterostructures and bare TiO2 nanofibers. In general, the
SnO2/TiO2 heterostructures show enhanced photocatalytic
activities in comparison with the bare TiO2 nanofibers.
The order of photocatalytic activities is TS3 > TS1 > TS2
> TS0.
Several reasons may account for the enhancement of the

photocatalytic activity of the SnO2/TiO2 heterostructured
photocatalyst. First, the high activity of the composite is
related to the role of SnO2 nanostructures on the surface of

Figure 5. HRTEM images of (a) SnO2 nanoparticles of the sample TS2 and (b) SnO2 nanorods of the sample TS3.

Figure 6. Curves of photocatalytic degradation of RB over different
catalysts.

(25) Leite, E. R.; Giraldi, T. R.; Pontes, F. M.; Longo, E.; Beltran, A.;
Andres, J. Appl. Phys. Lett. 2003, 83, 1566.
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TiO2 nanofibers. A proposed mechanism for the enhanced
photocatalysis of the SnO2/TiO2 composite is shown sche-
matically in Figure 7a. To understand the charge transfer at
the SnO2/TiO2 heterojunction, three relevant material prop-
erties of TiO2 and SnO2 including band gap, electron affinity,
and work function are given. The band gap of anatase TiO2

and rutile SnO2 is 3.2 and 3.5 eV, respectively; the work
function of TiO2 is around4.2 eV, its electron affinity is about
4.2 eV; the work function of SnO2 is around 4.4 eV, its
electron affinity is about 0.5 eV larger than that of TiO2.
Accordingly, a type II heterojunction is formed in the
staggered arrangement at the SnO2/TiO2 interface. The
Fermi energy level of TiO2 is higher than that of SnO2

because of its smaller work function, so that electron transfer
occurs from the conduction band of light activated TiO2 to
the conduction band of light activated SnO2 and, conversely,
hole transfer can take place from the valence band of SnO2 to
the valence band of TiO2. Because the Fermi level (EF) of the
semiconductor is directly related to the number of accumu-
lated electrons, as illustrated by following: EF=ECBþ kT ln
nc/Nc,26 where ECB is the conduction band energy, nc is the
density of accumulated electrons, andNc is the charge carrier
density of the semiconductor, a negative shift in the Fermi
level of the SnO2 and a positive shift in the Fermi level of the
TiO2 would be expected. The efficient charge separation
increases the lifetime of the charge carriers and enhances
the efficiency of the interfacial charge transfer to adsorbed
substrates, and then, account for the higher activity of the
composite SnO2/TiO2 photocatalyst. On the contrary, in the
absence of the SnO2 nanostructures attached to the surface of
the TiO2 nanofibers, most of charges quickly recombine
without doing any chemistry. Typically, only a small number
of electrons (1%) and holes are trapped and participate in
photocatalytic reactions, resulting in low reactivity. The
better separation of electrons and holes in the SnO2/TiO2

heterostructures is confirmed by PL emission spectra of TS1
and TS0. (Figure 7b). It is found that TS1 exhibits much
lower emission intensity than TS0, indicating that the re-
combination of photogenerated charge carrier is inhibited
greatly in the SnO2/TiO2 heterostructures.
Second, the hypothetical mechanism is proposed for the

photocatalytic degradation of RB as follows:

ðSnO2=TiO2Þþhv f ðSnO2=TiO2ÞðeCB-þhVBþÞ

hþþOH- f OH 3

e-þO2 f O2 3
-

O2 3
-þH2O f HO2 3 þOH-

HO2 3 þH2O f H2O2þOH 3

H2O2 f 2OH 3

OH 3þRB f CO2þH2O

RB is initiated by the photoexcitation of the semiconductor
system followed by the formation of the electron/hole pairs
on the surface of the catalyst. Subsequent to various steps, the
holes (hþ) are ultimately trapped by surface hydroxyl groups
(or H2O) at the catalyst surface to yield OH 3 radicals.
Dissolved oxygen molecules react with conduction band
electrons (e-) to yield superoxide radical anions, O2 3

-, which
on protonation generate the hydroperoxy, HO2 3 , radicals,
producing hydroxyl radical OH 3 , which is a strong oxidizing
agent to decompose the organic dye.27,28An important factor
for the efficient photooxidation of organic substrates will
depend on the concentration of OH 3 radicals by photoox-
idation of surface hydroxyl groups and/or chemisorbed
H2O.29 As demonstrated by XPS and IR analysis above,
the amount of surface hydroxyl groups for the SnO2/TiO2

heterostructure is larger than that of the bare TiO2, and
thereby leads to the enhancement of the photocatalytic
activity of the heterostructured SnO2/TiO2 nanofibers.
Then why does TS2 show considerably lower activity than

TS1? Although the heterojunction favors electron flow from
TiO2 to SnO2 nanoparticles, higher surface coverage of SnO2

nanoparticles decreases the accessibility of the active sites of
the TiO2 nanofibers surface, and thus in turn reduces the
photoactivity. Moreover, SnO2 itself is not effective as
photocatalyst, which is in agreement with the previous report

Figure 7. (a) Schematic diagram showing the energy band structure and electron-hole pair separation in the SnO2/TiO2 heterostructure. (b) PL emission
spectra of TS0 and TS1.

(26) Subramanian, V.; Wolf, E. E.; Kamat, P. V. J. Am. Chem. Soc. 2004,
126, 4943.

(27) Aarthi, T.; Madras, G. Ind. Eng. Chem. Res. 2007, 46, 7.
(28) Rajeshwar, K.; Osugi, M. E.; Chanmanee, W.; Chenthamarakshan,

C. R.; Zanoni, M. V. B.; Kajitvichyanukul, P.; Krishnan-Ayer, R. J.
Photochem. Photobiol. C: Photochem. Rev. 2008, 9, 15.

(29) Schwarz, P. F.; Turro, N. J.; Bossmann, S. H.; Braun, A.M.;Wahab,
A. M. A. A.; Durr, H. J. Phys. Chem. B 1997, 101, 7127.
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that TiO2 showed high photocatalytic property while pure
SnO2 showed very low photocatalytic activity. Therefore, the
photocatalytic activity of SnO2/TiO2 composites will de-
crease with the increase of SnO2 contents when the SnO2

content is loaded up to a certain level. Comparing the results
for TS1 and TS3, which have the same composition, we
suggest that the higher photocatalytic activity of the latter
results from the higher crystallinity of SnO2 nanocrystals.
The higher crystallinity means fewer defects in the as-synthe-
sized sample. It is well-known that lattice defects may act as
recombination centers for photoinduced electrons and holes,
thus significantly reducing the net photocatalytic activity.

4. Conclusion

The SnO2/TiO2 heterostructured photocatalyst have been
fabricated via the electrospinning and hydrothermal meth-
ods. SEM and TEM reveal a uniform distribution of SnO2

nanoparticles or nanorods on the TiO2 nanofibers’ surface
and intimate contact between them. XPS demonstrates that
there is a larger amount of surface hydroxyl groups for the

SnO2/TiO2 composite in comparisonwith the bare TiO2. The
investigation of photocatalytic ability show that the SnO2/
TiO2 composite possesses a higher photocatalytic activity
than the bare TiO2 for the degradation of RB dye under UV
light irradiation because of the improvement of the separa-
tion of photogenerated electrons and holes, as well as the
change of amount of surface hydroxyl groups of the catalyst.
Moreover, the simple experimental procedure for the novel
TiO2/SnO2 heterostructures is quite simple, environmentally
benign, and cost-effective, permitting it to be used for the
synthesis of future heterostructured photocatalysts.
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