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Abstract: Here we report on preparation of core-shell TiO2/SnO2 via a simple two-step method where the core TiO2 is first synthesized using a usual 
sol-gel procedure followed by addi-tion of SnO2 solution of three different concentrations (0.2 M, 0.4 M and 0.6 M) to avail the coating layer. Both core 
and the corresponding three core-shells are characterized with various spectroscopic tools such as UV-Vis-DRS spectra, PL spectra . Also the struc-
tural and morphological properties are studied via XRD,TEM and EDX spectra. Then the photocatalytic performance of the core as well as the core-
shell nanostructures are investi-gated under UV light illumination to degrade Phenol and it is found that the core-shell TiO2/SnO2 nanostructures ex-
hibit better photocatalytic activity than the core TiO2 nanos-tructures. 
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Introduction  
Semiconductor nanostructures are now established materi-
als in the research field as they possess interesting optical 
and electrical properties which found them a place for the 
ap-plication in photovoltaics and photocatalysis. Generally 
core-shell nanostructure is achieved by coating a lower en-
ergy gap nanomaterial by a higher energy gap material 
where the cores and shells may be any kind of colloidal par-
ticles, i.e. metals, insulators and all classes of semiconduc-
tors[1].Two types of core-shell nanostructures namely TYPE 
1 and TYPE 2 core-shell are reported till date. An enhanced 
luminescence is observed with TYPE 1 core-shell nanostruc-
tures while the adverse effect is prominent in TYPE 2 core-
shell nanostructures due to less charge recombina-
tion[2].Inverted core-shell nanostructures are also reported 
where the core material is typically a higher band gap mate-
rial and the shell material is a lower band gap material[3]. 
Photocatalysis is a phenonmenon which requires charge 
separation of electron and holes which is favored by for-
mation of core-shell nanostructures as charge separation oc-
curs at the interface due to difference in band alignment of 
the two materials.Transition metal oxides are good photo-
catalytic materials due to large surface area . Now a days , 
typical composite nanostructures like core-shell nanostruc-
ture are fabricated inside nanorods with outside covered 
layers e.g. TiO2/ZnO, ZnO/MgO and ZnO/Er2O3 [4]. Also 
it is reported on enhanced photocatalytic activity of core-
shell TiO2/MgO nanostructures by H.S.Jung and hus co 
workers where Mg(OH)2 gel was topoactically decomposed 
on TiO2 particle surface resulting in highly nanoporous 
MgO coated TiO2 particles.[5].In our work, we prepared 
core-shell TiO2/SnO2 nanoparti-cles via a simple sol-gel 
method and studied their photocatalytic activity for phenol 
under UV light illumination which is found to be enhanced 
than TiO2 nanoparticles. 

I. Materials and methods  
 

Titanium iso Propoxide, 2-Propanaol, Stannous Chloride and 

ethanol were used as the main reactant. For all washing and 
cleaning purpose , double distilled water was used. For the 
synthesis of core TiO2 nanoparticles, we followed a standard 
procedure[6]wheretita-nium isopropoxide, Ti{OCH(CH3)2}4, 
was mixed with 2-propanol in a 2:5 ratio and stirred for 30 
min for homogenous mixing. Then a few drops of water were 
added for hy-drolysis. SnO2 nanoparticles were synthesized 
following[7] only with an increment of the pH to 11. By this 
procedure, SnO2 solutions of three different concentrations 
were pre-pared namely 0.2 M,0.4 M and 0.6 M. To the pre-
pared TiO2 nanoparticles, SnO2 solutions were added drop-
wise followed by stirring for 4-5 hours then centrifuging and 
drying to obtain the three core-shell TiO2/SnO2 nanostruc-
tures named as TS2,TS4 and TS6. 
 
The UV-Visible DRS spectra of the samples were recorded in 
the range 300-700 nm using Shimadzu UV-2550 UV-Visible 
spectrophotometer. The photoluminescence spectra were 
recorded by a Persein-Eloven fluorescence spectrophotometer. 
Powder X-Ray diffraction (XRD) study was performed by a 
Rigaku Miniflex X-Ray diffractometer with Cu Kα radiation (λ= 
1.5418 A0) at 30 kV and 15 operating at with 2ϴ ranges from 10-
70 degree. TEM characterization was done by a JEOL 2100 200 
KV TEM instrument and EDX spectra was recorded with JEOL 
JSM SEM Model 6390 LV under liquid nitrogen environment 

II Results and Discussion 
 
Fig 1(a) shows the XRD pattern for core TiO2 and the corre-
sponding three core-shells TS2 (0.2 M Sn2+), TS4 (0.4 M Sn 2+) 
,TS6 (0.6 M Sn2+) .The XRD pattern clearly shows the for-
mation of anatase phase of core TiO2 in all the four 
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               Fig. 1(a): XRD pattern 
 
 
 
 
 
 
 
 
 
 

                Fig. 1(b):TEM image 
 
 
 
 
 
 
 
 
 
 
 
 
 

               Fig.1(c): EDX pattern 
 

samples. The diffraction peaks of TiO2 for different values 
of 2θ= (25,38,48,54,63,69,75) from different crystal planes 
{(101),(004),(200),(105),(204),(220),(215)} respectively are 
found in the pristine TiO2 nanoparticles as well as all the 
three core-shell structures .Also two peaks of SnO2 are 
found in the core-shell nanostructures indicating the pres-
ence of SnO2 in the core-shell sample. The presence of all 
the constituent elements in the sample are also confirmed 
via EDX spectra at Fig 1(c ). Fig 1(b) shows the TEM image 
of the core-shell TiO2/SnO2 nanostructure where the core 
portion is the darker regime that is indicated by red colored 
arrow and the surrounding lighter regime is the shell por-
tion which is indicated by the blue colored arrow. The core 
has a size of 15 nm with a shell thickness of 20 nm. 

 
The absorption is calculated by Kubelka-Munk plot F(R) = (1-
R)2/2R, where R is the re-flectance of the sample and it is 
found from the reflectance spectra. The band gap of the na-
nomaterials were calculated from a plot of the modified Ku-
belka-Munk function[F(R) E]1/2 vs the energy of absorbed 
light E (=hʋ) where R=Rsample/RBaSO4. 

 
After plotting the graphs and fitting linear, we get the band 
gaps as: 
 
Band gap of TiO2 nanostructure=3.25 eV, Band gap of TS2 = 
2.9 eV, Band gap of TS4 = 2.75 eV, Band gap of TS6 = 2.6 eV 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2(a): Band gap determination of TiO2 nanoparticles and 
(b) Band gap determination of the corresponding three core-
shell nanoparticles. 
 
Which shows the electrons at core-shell nanostructures can 
get excited even at visible light making them more practical-
ly applicable for photo catalysis purpose. Fig 2(c ) de-picts 
the photoluminescence spectra of core TiO2 nanoparticles as 
well as the correspond-ing three core-shell nanostructures 
excited at a wavelength of 320 nm. We can see from the 
graph that the intensity of the band edge emission peak of 
core TiO2 nanoparticles is lowered in the core-shell TS2 and 
TS4 nanostructures which signifies that the recombina-tion 
is very less in the core-shell nanostructures than the core 
structure. That means the electron hole overlap integral in 
these type of core-shell nanostructures is very less indi-
cating pronounced charge separation in the samples which 
is one of important factors con-tributing to photocatalysis 
phenomenon. But in case of TS6 sample we can see that the 
the intensity of the band edge peak is far more enhanced 
than in the core structure signifying less charge separation 
and more recombination of electron and holes in the sample 
which makes it unfavorable for photocatalysis purpose. 
Thus both band gap calculation and pho-toluminescence 
spectra provide sufficient proof of TYPE 2 core-shell 
nanostructures . The peak around 425 nm corresponds to 
Ti3+ defect states and other peaks correspond to oxy-gen 
vacancy related states. Fig 2(d) represents the photocatalytic 
degradation of phenol under UV light illumination (365 nm) 
for all the four samples i.e TiO2, TS2, TS4 and TS6 and it is 
found that core-shell TS2 and TS4 show much better degra-
dation than the core TiO2 nanoparticles. 
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  Fig. 2(c): Photoluminescence spectra 
 

 
 
 
 
 
 
 

 
 
  Fig. 2(d): Photocatalytic degradation 

The degradation efficiency was calculated from the de-
crease in concentration or degrada-tion of Phenol from its 
initial concentration was studied by the decrease in the ab-
sorption peak (At) of phenol solution irradiated for 10 
min,30 min and 50 min. The degradation efficiency of phe-
nol solution is given by{ (A0-At)/A0}×100%[8]. For pris-
tine TiO2 ,the maximum degradation efficiency was found 
as 35.35% which is at 10 min irradiation while it is de-
creased at 30 min irradiation time and again increased at 
50 min irradiation . This is because of the fact that at 30 
min irradiation, not enough charge carriers are cre-ated to 
excite phenol and most of the charge carriers are lost in re-
combination before they can reach the surface. Again with 
increasing time ,the photocatalytic degradation again in-
creases as with increase in time enough charge carriers are 
created and they get enough time to reach the surface 
while some of them are lost in recombination. For core-
shell TS2 and TS4 ,we can see that degradation increases 
with increase of time and the efficiency is much higher 
than that of core TiO2 nanoparticles because of more 
prominent charge sepa-ration in the samples. The highest 
degradation was found for TS4 core-shell nanostruc-tures 
which is 52%.We could not see any kind of degradation in 
case of TS6 sample which is attributed to the fact that 
charge separation is very less in the sample and also max-
imum number of electrons are lost in recombination. An-
other reason may be the fol-lowing fact that the shell 
thickness becomes so high,that the light source does not 
have enough energy to excite the electrons and those elec-
trons that are excited they could not tunnel to the surface 
to take part in the reaction that yields photocatalysis. 
Table 1: Photocatalytic degradation of Phenol by different 
prepared samples at 10, 30 and 50 minutes of UV irradia-
tion. 
  
 
 

 
 
 
 
 
 
 
 
 

 
 
Conclusion 
 
Thus, in this report, we have shown the successful synthesis of 
core TiO2 nanoparticles along with core-shell TiO2 /SnO2 
nanoparticles with three different concentrations . Also this 
report throws light on degradation of a carcinogenic material 
like phenol under UV light illumination and it is found that the 
core-shell nanostructures show better photocata lytic activity 
than the core structure owing to charge separation. It is ex-
pected that lots of scope are available to work on this material 
TiO2/SnO2 for further detailed study on photocatalytic degra-
dation of other toxic materials in near future. 
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