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Abstract Nanostructured metal (Sn, Cu and Ni) doped
TiO, was successfully synthesized by microwave irradia-
tion method. Metal doped TiO, was characterized by X-ray
diffraction (XRD), Scanning electron microscope (SEM),
Fourier transform infrared spectroscopy (FTIR) and UV-
Vis spectroscopy (UV-Vis). The XRD pattern confirms the
formation of monoclinic phase TiO, and metal doped TiO,
samples. SEM images show the attractive morphologies for
metal doped TiO, nanopowders. The photocatalytic activity
of the synthesized sample was also studied by the decom-
position of methylene blue dye under UV light irradiation.

1 Introduction

Photocatalytic effect at the surface of titanium dioxide has
been attracting much interest to examine their useful appli-
cations for self cleaning of tiles, glasses, and windows,
air and water purification [1]. Water pollution is one of
the major contaminations in the world. Several treatments
were used in order to solve this problem. Among them
photocatalytic decomposition is one of the best method for
waste water treatement. Since, the first discovery of pho-
tocatalytic splitting of water with TiO, under ultra violet
(UV) light irradiation by Fujishima and Honda [2], the
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semiconductor metal oxides (e.g..TiO,, CdS, ZnS, Fe,0,
and ZnO) are attracting much attention for use in photo-
catalysis [3—16]. Titanium dioxide is one of the best semi-
conductor oxides due to its cost effective, eco-friendly
nature, photostability, chemical inertness and high stability
[17-23]. It has been potential material owing to its envi-
ronmental applications such as photon-to-electric energy
conversion devices or water-splitting applications and pol-
lutant dissociation [24-26]. TiO, exists in three different
crystalline polymorphic phases such as anatase, rutile and
brookite [27]. The rutile and anatase phases have an energy
band gap of 3.0-3.2 eV and hence it can absorb only <5%
of the solar radiation that reaches the earth’s surface [28].
For this function, doping or combining TiO, with differ-
ent non-metal or transition metal ions has been initiated.
In this work, Sn, Cu and Ni have been selected for doping
with TiO,. Tin is nontoxic, abundant, and inexpensive and
has relatively high chemical stability. Sn-doped titania also
illustrated improved day-light activity and it has a wide
band gap of 3.8 eV [29, 30]. It is highly enviable to manip-
ulate size distribution and design, surface chemistry and
chemical composition of tin oxide nanocrystals reaction
to visible-light, which accounts for 43% of the entire sun-
light [31]. Cu is a relatively abundant and low cost metal
[32] and it nearly inhibits electron—hole recombination to
improve the catalyst. Some reports exposed that Cu-doped
TiO, nanoparticles could be fabricated via a vapor-phase
syntheses (e.g., evaporation condensation and sputtering)
or liquid-phase syntheses (e.g., sol-gel and impregnation)
[33]. Nickel has been established to be a capable transi-
tion metal for increasing the photocatalytic activity when
it is doped with TiO,. Ni-doped mesoporous TiO, catalyst
played a major role in controlling the morphology and ther-
mal stability of mesoporous photocatalysts [34, 35]. Tran-
sition metal doped titanium dioxides were synthesized by
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various methods such as sol-gel method [36], anodization
method [37], electrospinning method [38], hydrothermal
and solvothermal method [39], spin-coating technique [40]
etc. These methods are tedious in contrast to the microwave
irradiation method. The microwave irradiation method
has sparked much attention owing to its simplicity, logi-
cally low cost, short period and likelihood of huge scale
construction [41, 42]. In the present work, TiO, and metal
doped TiO, nanomaterials were synthesized by microwave
irradiation method and subsequently characterized the
materials using several advanced techniques. The photo-
catalytic performance of the synthesized nano-sized TiO,
and metal doped TiO, nanopowders was also investigated
by methylene blue dye under the visible light irradiation.

2 Materials and methods
2.1 Materials

Commercially available titanium oxychloride (TiOCl,),
stannous chloride dihydrate, copper acetate monohydrate,
nickel(Il) acetate tetrahydrate, sodium hydroxide (NaOH),
methylene blue, deionized water (DD) were used as
received.

2.2 Experimental methods

Metal doped TiO, powders were prepared by microwave
irradiation method using the following procedure. A mix-
ture of 1.6 M titanium oxychloride (TiOCl,) was prepared
using deionized water as solvent and stirred at room tem-
perature. Titanium precursor was added to the transition
metals (0.1 M stannous chloride dihydrate, 0.1 M copper
acetate monohydrate, 0.1 M nickel(II) acetate tetrahy-
drate) after stirring for 30 min. Sodium hydroxide (NaOH)
solution was added dropwise until the pH of the solution
reached 12 and maintained at 90°C. After 1 h vigorous
stirring, solution was obtained. Same procedure was fol-
lowed and then added 1.6 M titanium oxychloride and
NaOH without transition metals. The microwave irradia-
tion was passed through the solution with the frequency of
2.45 GHz with power of 160 W for 30 min. Subsequently
TiO, and metal doped TiO, powders were formed.

2.3 Photocatalytic measurement

The photocatalytic activities of the synthesized TiO, and
metal doped TiO, nanomaterials were evaluated by the
degradation of methylene blue under a 6-W UV lamp
equipped with a cutoff filter (A>254 nm). The illumina-
tion intensity used for the photodegradation of dye was 6 W
UV lamp—Philips. To keep the photocatalytic reaction at
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room temperature, the reaction beaker was kept in a cool-
ing water system. An amount of 0.1 g of photocatalyst was
suspended in a 200 mL aqueous methylene blue (MB) dye
solution (10 mg/L). Prior to the illumination, the suspen-
sions were ultra-sonicated for 5 min under dark condition
for 1 h to ensure an adsorption—desorption equilibrium of
the MB dye was adsorbed to saturation level on the surface
of catalysts. The effect of concentration of the catalysts on
the degradation of dye was also investigated.

2.4 Characterization

The structural property of metal doped TiO, was studied
by X-ray diffraction (XRD) using Cu-Ka (A=0.154 nm)
radiation source (X’pert Pro PANalytical) over a 20 scan
range of 10-80°. Morphological studies of the samples
were examined by Scanning Electron Microscope (SEM,;
JEOL JCM-6000, 15 KV). The quality and composition
of the nanoparticles were characterized by Perkin Elmer-
Fourier transform infrared (FT-IR) spectrometer in the
range of 400-4000 cm™! in KBr pellets. The MB dye
degradation was measured by UV-Vis spectrophotom-
eter (SCHIMADZU UV-1800) in the wavelength range of
400-800 nm.

3 Results and discussion
3.1 X-ray diffraction (XRD)

The as-prepared TiO, and metal (Sn, Cu and Ni) doped
TiO, powder was found to be crystalline nature. The XRD
pattern was also measured for the samples which were sub-
jected to microwave irradiation for 30 min. Figure la—d
shows the XRD pattern of the synthesized TiO, and metal
(Sn, Cu and Ni) doped TiO, powders. XRD pattern of TiO,
powder is well indexed to the standard pattern of mono-
clinic phase which is in accordance with the JCPDS card
n0.481278. The sharper peaks clearly indicate the presence
of TiO,. The pure TiO, peak was large compared to those
of metal doped TiO, samples. The X-ray powder diffrac-
tion patterns were also used to determine the crystallite
size of all the prepared samples. The crystallite size D was
determined from the broadening of the peaks by Scherrer’s
formula.

D =K\/BcosH

where K is the shape factor (0.9), A is the wavelength, f
is the width of the peak at half the maximum intensity
(FWHM) after subtraction of instrumental noise, and 0 is
the diffraction angle. The estimation shows that the mean
crystallite size of TiO, and metal (Sn, Cu and Ni) doped
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Fig. 1 XRD pattern of a pure TiO,, b Sn doped TiO,, ¢ Cu doped
TiO, and d Ni doped TiO, for microwave irradiation for 30 min
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TiO, are in the range of 57 nm and 20 nm, 27 nm and
30 nm respectively.

3.2 SEM with EDX analysis

SEM images of TiO, and metal (Sn, Cu and Ni) doped
TiO, powders are shown in Fig. 2. The SEM image of
TiO, and metal (Sn, Cu and Ni) doped TiO, powder indi-
cates the presence of particles of different shapes and sizes.
Figure 2a display the SEM image of pure TiO, sample and
it clearly indicates the aggregation of particles. The addi-
tion of various doping materials such as Sn, Cu and Ni
influences the surface morphology of the TiO, powder.
Figure 2b shows the SEM image of Sn-TiO, powder and
it clearly evinces the formation of nanoparticle. Figure 2c
shows the image of Cu-TiO, sample and it clearly point
out the formation of flower like structure. Careful observa-
tion of SEM image of Ni-TiO, sample shows the presence
of nanoplate morphology (Fig. 2d). Figure 3a—c show the
EDX spectra of TiO, Sn doped TiO, and Ni doped TiO,

10.00 kV|10.0 mm |40 000 x |LFD | 60 Pa SE AU_Quanta250FEG

HV WD | mag B | det |pressure|mode|

Fig. 2 SEM image of a pure TiO,, b Sn doped TiO,, ¢ Cu doped TiO, and d Ni doped TiO, for microwave irradiation for 30 min
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Fig. 3 EDX spectra of a pure TiO,, b Sn doped TiO, and ¢ Ni doped TiO, for microwave irradiation for 30 min

and the EDX spectra confirms the presence of Ti, Sn, O
and Ni elements, respectively.

3.3 Fourier transform infrared spectroscopy (FTIR)

Figure 4 shows FTIR spectra of TiO, and metal (Sn, Cu and
Ni) doped TiO, samples in the range of 400-4000 cm™! at
room temperature. The bands observed in the range of
400-800 cm™' are mainly ascribed to Ti-O and Ti-O-O
bonds. Since Ti—O bond is shorter than Sn—O, Cu-O and
Ni—-O bonds therefore, the doping of metal in TiO, may
lead to a shift of the wavenumber of Ti—O lattice vibra-
tion [43-45]. The bands observed in the range of 1101 and
1026 cm™' are present in all the samples which indicate
Ti—O-Ti vibrations [34]. The band at 1445 cm™! in TiO,
has been attributed to stretching vibration of Ti—O-Ti group
which is shifted to 1409 cm™'.This may be due to the dop-
ing metals in of TiO, [46]. The stretching vibration of O-H
and bending vibration of the adsorbed water molecules are
also present at 1645 cm™" in TiO, and Sn doped TiO,. Then
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Fig. 4 FTIR spectra of a pure TiO,, b Sn doped TiO,, ¢ Cu doped
TiO, and d Ni doped TiO, for microwave irradiation for 30 min
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Cu and Ni doped into TiO, the peak shifted to 1564 cm™'this
may be due to the doping of Cu and Ni [34]. The peaks
observed at 2922 cm™! corresponds to residue of bioorganic
substances [47]. The presence of an intense H,O band at
3430, 3444 and 3452 cm™! confirms the presence of hydroxyl
groups or adsorbed water [30].

3.4 Ultraviolet visible spectroscopy (UV-Vis)

Figure 5a—d shows UV—-Vis spectra of methylene blue dye in
the presence of TiO, and metal (Sn, Cu and Ni) doped TiO,
sample under UV light. Microwave treatment for 30 min
under the irradiation of light above 254 nm was performed
for the sample. The peak intensity of methylene blue dye
absorption was found at 665 nm and the intensity of the
methylene blue absorption decreased with an increase of the
reaction time from O to 3 h [48].

n% = (abs, — abs,) X 100/abs,
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3.5 Photocatalytic activity test

Photocatalytic activity of the synthesized TiO, and metal
(Sn, Cu and Ni) doped TiO, samples was performed by the
degradation of Methylene Blue (MB) in aqueous solution
under UV light irradiation. MB shows a maximum absorp-
tion at about 665 nm. Figure 6a—d shows the decomposi-
tion of MB in aqueous solution in the presence of TiO, and
metal (Sn, Cu and Ni) doped TiO, which was prepared by
the microwave treatment. The MB degradation study was
carried out under UV light irradiation (A>254 nm). The
degradation efficiency of the samples was defined as C/
C,, where C and C,, stood for the remnants and initial con-
centration of MB. The degradation efficiency of MB was
calculated as 92, 85, 60 and 54% for the samples TiO,,
Sn-TiO,, Cu-TiO, and Ni-TiO,, respectively. The activ-
ity of the TiO, photocatalytic efficiency was high compared
to metal doped TiO,.This is due to the change of number
of active sites, surface group type (or) acid-base properties
in the metal (Sn, Cu and Ni) doped TiO, samples which
depends on the ionic radius, charge and low diffusion
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Fig. 5 UV-Vis Spectra of a pure TiO,, b Sn doped TiO,, ¢ Cu doped TiO, and d Ni doped TiO, for microwave irradiation for 30 min
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Fig. 6 Photocatalytic degradation of MB in presence of a pure TiO,,
b Sn doped TiO,, ¢ Cu doped TiO, and d Ni doped TiO, for micro-
wave irradiation for 30 min. Reaction conditions: (MB)=10 ppm,
V =200 mL, (Catalyst)=0.1 gL', Light intensity =6 W

length. This also serves as a trap for the electron produced
under irradiation [49].

4 Conclusions

The pure TiO, and metal (Sn, Cu and Ni) doped TiO, pho-
tocatalyst was successfully synthesized by microwave irra-
diation method. The XRD pattern confirmed the formation
of monoclinic TiO, and metal (Sn, Cu and Ni) doped TiO,.
SEM image revealed the morphology of the prepared sam-
ples. FTIR studies confirmed the functional groups. The
prepared pure TiO, and metal (Sn, Cu and Ni) doped TiO,
photocatalyst successfully decomposed the methylene blue
dye under UV light irradiation.
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