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ABSTRACT

Titanium doped nanosized tin oxide photo catalysts are synthesized for the first time using simple co-precipitation

method. The degradation experiment demonstrates the synergistic effect between adsorption and photo catalysis for the

removal of methylene blue (MB) under the sun light for irradiation. The prepared photo catalysts are characterized by

using X-ray diffraction, SEM and EDAX, UV-Vis Spectra and photo luminescent. The crystallite size is determined from

XRD analysis and is found to range from 3.81nm to 18nm. The blue shift in the UV-Vis absorbance spectra confirms the

quantum confinement of the samples. The substitution of Sn by Ti in the rutile structure increases the concentration of

oxygen vacancies as it enhances the degradation of methylene blue dye under direct sunlight. The maximum photo

catalytic removal efficiency of the synthesized samples for methylene blue dye is 95.6% in 45min.
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1. INTRODUCTION

In the recent past, the environment pollution due to
industrialization has brought a great attention towards
scientific community in the area of adsorption and photo
catalysis [1]. Toxic organic compounds come from
various sources such as industries, households, etc. [2].
Specifically, the organic dyes are the major constituent
of pollutants in wastewater released from textile,
leather, cosmetics, paper, plastics, etc. [3, 4]. The
general toxicity and the chemical stability of the organic
dye pollutants bring harm to the ecosystem when
released into the water bodies such as rivers, lakes,
ponds and seas without any prior treatment. These
pollutants can produce toxic products through
hydrolysis, oxidation or other chemical reactions in the
water bodies. Therefore, these organic dyes must be
removed from the industrial wastes. The usual methods
of the removal of dyes from the industrial waste are
adsorption [5], biodegradation [6], chemical methods
such as chlorination, ozonation [7]. These treatments of
the dyes bring several problems since dyes have
synthetic origin and complex aromatic molecular
structures which make them very stable and generally

difficult to be biodegraded and photo degraded [8].

Nowadays advanced oxidation such as Fenton oxidation
[9], photo-Fenton oxidation [10, 11], and photo
catalysis [12] have been used in wastewater treatment.
Which among, the photo catalysis is a process by which
light of appropriate wavelength is used by the catalyst
which involves the transfer of electrons from the
valence band to the conduction band to degrade the
organic dyes into carbon di oxide and water without any
other toxic products [13].

Scientists have developed many nano metal oxides such
as TiO, [14], BiVO, [15], Ag,PO, [16] and ZnO [17],
CuyZn, (O composite [18], etc. and they show photo
catalytic activity for organic dye degradation due to
their larger surface to volume ratio. However, the
practical application of photo catalysis in wastewater
treatments is hampered due to its lower thermal and
chemical instability, relatively higher cost of catalysts
and lower efficiency of decomposition of dyes and
usually suitable for the removal of dye wastewater with
low concentration [19]. Among these nano metal
oxides, tin oxide behaves as a promising element of
photo catalyst due to their high surface reactivity, large
number of active sites, and high adsorption power of
light energy [20]. An effort has been taken to study the
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photo catalytic activity of environment friendly,
chemically stable, n-type semiconductor tin oxide nano
particles with a wide band gap [21] of 3.6eV. Tin oxide
nano particles have a variety of applications such as
optoelectronic devices, conductive electrodes [22],
transparent coatings [23], dye sensitized solar cells [24],
transistors [25], optical sensors [26], gas sensors [27,
28], alcohol sensors [29, 30], formaldehyde sensors
[31], super capacitor applications [32, 33]. Nano tin
oxide has no adverse health effects and is poorly
absorbed by the human body when injected or inhaled
[34]. Although pure tin oxide has good thermal and
chemical stability, pure tin oxide does not show very
good efficiency in photocatalytic degradation of organic
dye due to its wide band gap energy and greater
recombination rate of the generated electron—hole pairs
[35]. Addition of transition metal ions imparts more
free electrons in the case of n-type semiconductor
ensuing in the narrow down of band gap [36]. As a
result, irradiation of visible range of electromagnetic
radiation generates excited electrons and ultimately this
enhances photo catalysis. Several works have been
reported on doping of tin oxide with transition metals
which include gold [37], manganese [38], silver [39,
40], zinc [41], and iron [42] to enhance the photo
catalytic activity. In the present work we report the
adsorption and photo catalytic activity of pure and
titanium doped tin oxide nano particles for the
degradation of methylene blue organic dye under direct
sunlight irradiation.

2. MATERIAL AND METHODS

2.1. Preparation of Tin oxide nano particle

SnO, samples were prepared using Tin chloride (IV)
Penta hydrate (SnCl,.5H,0, Sigma Aldrich) as a
precursor, NaOH as precipitating agent and EDTA as
surfactant. 1M of Tin chloride (IV) Penta hydrate was
slowly added to 50mL of de-ionized water at room
temperature under constant stirring to produce a
transparent colloidal solution. NaOH was added drop
wise to the colloidal solution in order to modulate the
pH at 3 uniformly throughout the reaction. The
colloidal solution was then left for constant stirring for
about 5 hours at 60°C. A white precipitate formed was
obtained and filtered using Whatman filter paper and
washed with de-ionized water several times until the
effluent pH became neutral. At last, after washing with
de-ionized water, the precipitate is washed with ethyl
alcohol. After drying the precipitate was calcined at
170°C in a hot air oven for about 2 hours, the SnO,

nano particles were obtained. The reaction mechanism
in the synthesis of tin oxide nano particles is given

below:
SnCl,.5H,0 + 4NaOH ——-Sn(OH), +4NaCl+5H,0
Sn(OH), ——»SnO, + 2H,0

2.2. Preparation of Ti doped SnO, Nano Powder
For the preparation of Ti doped SnO, nano powder,
0.02M, 0.06M and 0.1M of TiO, was added to the 1M
tin chloride solution and the pH was balanced as 3. The
mixture was stirred constantly for 5 hours. The
procedure adopted to prepare nano structured pure
SnO, was used to obtain Ti doped SnO, nano particles.

2.3. Preparation of samples for photo catalytic
activity
A 0.5 ml of methylene blue solution was added in
500ml of de-ionized water and dissolved. Now 0.5 gm
of all the prepared pure and titanium doped tin oxide
nano particles were mixed with 100ml of the above
solution in four beakers separately, and the remaining
100ml MB solution was kept in a beaker. The beakers
were covered well with aluminum foil in order to avoid
the entering of light. The beakers with solution were
stirred for 5 minutes and covered well with aluminium
foil in order to avoid the entering of light. The
suspension was placed in dark condition for 30 minutes
to ensure an adsorption-desorption equilibrium. The
samples were collected from all the four beakers for
every 10 minutes. Up to 10 minutes the dye de-
colorizes rapidly and there after the colour fades a little.
The colour of the MB dye remains the same after 30
minutes. Since the dye stop de-colorization, the
aluminium foils were removed from the beakers and
placed in sunlight. The samples were collected in equal
intervals of time and further investigations were

performed.

3. RESULTS AND DISCUSSION

3.1. XRD Analysis

The crystallite size and phases of pure and Ti doped
nano particles were determined by XRD analysis. XRD
data were collected using X’Pert Pro X-ray diffracto-
meter (CuKy target, =1.5406 A) in the 2theta range of
20°-80° and the diffraction pattern of pure and Ti
doped SnO, were shown in fig. 1. The diffraction peaks
were in harmony with JCPDS card no: 41-1445 and the
synthesized samples show tetragonal rutile structure
[43]. The cell parameters a, c and cell volume V of the

synthesized samples were calculated using the formula
1/d,’= W+ /2 + 1P/
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Where, h, k, 1 were miller indices and d,,, the unit cell
volume of the tetragonal system are, V= a’c [44]. The
crystalline size, D, of all the samples were calculated
from the peak width with the Scherrer’s formula: D =
(KN)/ (BcosO,) where, A - X-ray wavelength, - full
width half maximum (FWHM) of a diffraction peak, 0,-
the diffraction angle and K - the Scherrer’s constant of
the order of units [45, 46].

The lattice parameters, cell volume, average crystallite
size, tetragonal distortion and band gap of the pure and
Ti doped tin oxide nano particles were given in table 1.
The lattice parameters of all the Ti doped samples vary
from the pure SnO, and is due to the incorporation of
Ti"" ions into the SnO, crystal system since the ionic
radius of Sn*" and Ti*" ions are 0.69A [47] and 0.74A
[48] respectively. The crystallite size increases with the
increase in the Ti ion concentration. The increase in the
crystallite size is due to the incorporation of Ti*"and is
attributed to the creation of tin or oxygen vacancies and
also leads to the assembly of bigger grains of Ti doped
SnO, compared to pure SnO, respectively [49, 50].
When Ti'" substitutes Sn*'the lattice should expand as
the size of Ti*"is larger than that of Sn*"[51]. Number of
unit cell in the crystal is calculated using the relation,

n=TD’/6V

where, D is the crystallite size and V is the volume of
the unit cell [52]. The tetragonal distortion c/a ratio is
calculated and is given in table 1.
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Fig. 1: XRD pattern

Table 1: Lattice parameters, crystallite size, tetragonal distortion and band gap of pure and Ti doped
SnO,

Lattice parameters  Cell Volume  Crystallite size = Number of unit

Tetragonal Band gap

Samples

aA cA V=a’cA’ Nm cell in the crystal ~distortion c/a Ev
Pure SnO, 4.7059 3.1606 69.9954 3.871 433 0.6716 3.99
Sng o5 Tiy ,O,  4.6953 3.1597 69.6626 9.87 7223 0.6729 3.232
Sng g, Tiy 0O, 4.7015 3.1561 69.7645 13.80 19714 0.6712 3.211
Sny 4 Tiy , O,  4.7367 3.1635 70.9821 18.38 45778 0.66787 3.201

3.2. SEM and EDAX Analysis

3.2.1. SEM Analysis

The morphology of pure and Ti doped SnO, were
characterized by using Scanning Electron Microscope
(SEM) CARL ZEISS EVO18 and is depicted in Fig. 2.
The morphology of samples was tetragonal with one
sharp corner in each particle. The sharpness diminishes
with the increase in concentration and becomes almost
spherical. Agglomeration of the particles was also
observed. This may be due to the minimizing of the high
surface and interfacial energy of particles. This study
also revealed the better appearance of homogeneity in
shape and size of the nanoparticles under the resolutions
taken.

3.2.2. EDAX analysis

Pure and Ti doped SnO, nanoparticles were also
subjected to examine the chemical formation and
composition using EDAX analysis and is shown in fig. 3.
The EDAX spectrum confirmed the presence of Sn, O
and Ti elements and the atomic weight percentage of all
the synthesized nano materials is given in fig. 3. The
EDAX spectrum of all the samples also confirms the
absence of impurities that arises from the precursor
during the synthesis process. Thus, the synthesized SnO,
nanoparticles were present in their pure forms. The
and Ti
demonstrated that synthesized tin oxide nano particles

b

steady and pointed peaks with Sn, O

were crystalline in nature [53]. The crystalline nature

agrees well with the XRD report.
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Fig. 2: SEM images of pure and titanium doped tin oxide
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Fig. 3: EDAX images of pure and titanium doped tin oxide

3.3. UV-Visible Spectrum

An absorbance spectrum of pure SnO, and Ti doped
SnO, nanocrystals were shown in fig. 4. Pure SnO,
illustrates an absorption peak at 310 nm and the optical
band gap is found to be 3.996eV using the relation
Eg=hc/A where, h is Planck’s constant, A is the
wavelength; ¢ is the velocity of light and Eg is the
optical band gap [54]. Blue shift is observed for the Ti
doped nano SnO,,.

The optical band gap of all the Ti doped samples
decreases as the concentration of titanium increases and
is given in table 1. The band gap energy of the electron-
hole pair due to quantum confinement is inversely
proportional to the radius from the following equation.
Thus, as the crystallite size increases there is decrease in
the band gap of the prepared samples which is shown in

table 1.
o _1.8e2

2uR® =R

AEg =

Where R is the particle radius, h is planks constant, e is
the charge of the electron, W is the effective reduced

mass, € is the static dielectric constant [55].

T T T
400 [t 1] BOO 1000

WAVE LENGTH

Fig. 4: UV Absorbance of pure and Ti doped
SnO, nano particles

3.4. Photoluminescence Spectra

The photoluminescence spectroscopy is a technique to
determine the crystalline quality, surface defects,
energy bands and exciton fine structure of the
nanocrystals. The PL spectra of the synthesized pure and
Ti doped SnO, nano particles are shown in Fig.5. The
emission peaks are at 354nm, 489nm and 536nm for
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pure SnO, nanocrystals. The peak at 354nm is shifted to
387nm and also, there is a decrease in the intensity of
the PL spectra for all the Ti doped SnO, nano particles.
This is due to the fact that Ti*" ion is incorporated in the
SnO, lattice and this leads to the local disorder but also
the position of oxygen as well as tin vacancies. The
emission wavelength of the oxide material depends
mainly on the particle shape, size, and excitation
wavelength [56]. The UV peak centered at 354nm is
generally ascribed to the near band edge emission from
the holes in the valence band and the radioactive
recombination of electrons in the conduction band. This
emission peak at 354nm is due to high crystalline nature
and perfect surface states [57]. The emission at 354nm
equivalent to the 3.5eV energy corresponds to the de-
excitation from the conduction band of Sn*'3d to the
valence band of O*(2p). The blue emission of SnO, at
489nm (2.54eV) is attributed to the emission of trapped
electrons in the defect levels within the band gap, such
as O vacancies and Ti interstitials formed during the
process of synthesis [58, 59]. The green emission peak
at 536nm (2.31eV) is attributed to deep traps forming
defect energy levels inside the SnO, band gap of all the
synthesized samples [60].

Pure and Ti doped SnO, nano crystals is synthesized by
co-precipitation method and thus a high density of
oxygen and tin vacancies is expected which is
responsible for the interactions between these oxygen
and interfacial tin vacancies [61]. This leads to the
formation of a number of trapped states which form a
series of metastable energy levels within the band gap
result into a strong PL signal at room temperature.
Thus, these intermediate states are responsible for the
enhancement of photo catalysis activity of MB dye.

Pure Snd,
Sn__Ti_ O

oss ooz
- "

sn T 00
Sny,Ti O

0s1_ 0172

800

600

Intensity (a.u.)

300

300 400 500 600
Wavelength {nm)

Fig. 5: PL spectra of pure and Ti doped SnO,
nano particles

3.5. Adsorption and photo catalytic degra-
dation of methylene blue
The steps involved in the degradation process of organic
dyes are a) adsorption of reactants onto the surface, (b)
reaction taking place on the surface, (c) desorption of
products from the surface [62]. The surface area of nano
particles is more than that of the bulk. Due to this larger
surface area, the catalyst can easily adsorb on the dye
molecule. In order to quantify the effect of adsorption
on the degradation of methylene blue organic dye with
the chemical formula (C,(HCIN,S), 0.5 g of the pure
and Ti doped samples are mixed with methylene blue
dye in separate beaker. The pH of the solution is
maintained at 7. The beaker was covered by aluminum
foil to prevent the exposure of light and stirred
constantly in a magnetic stirrer. The colour of the dye
has not been changed when the dye is added with pure
SnO, but the dye decolorizes when added with Ti doped
SnO, nano crystals indicating the process of adsorption
and is shown in the figure 6. The intensity of the
absorption peak at 664 nm decreased significantly with
increase in the doping concentration of Ti in SnO,.
These results reveal an increase in the mineralization of
MB dye of tin oxide through Ti doping process.
However, MB dye has not been completely decolorized
and effort has been taken under sunlight irradiation for
photo catalysis.
The adsorption amounts of pure and Ti doped SnO,
nano particles are determined by recording variations in
the MB-absorption band at wavelength A max = 664 nm
which  corresponds to the strongest absorption
wavelength for MB. The percentage of degradation of
the dye and quantity of the dye adsorbed were
calculated by using the following equations.
% Degradation = (C,-C,)/C, X100 = ((4,-A)/A;) X
100
The degradation of the MB dye takes place as soon as the
dye is mixed with the catalyst. The MB molecules are
adsorbed on the surface of Ti doped SnO, catalyst. This
enhances the excitation of electrons to the conduction
band and simultaneously increases the electron transfer
to the adsorbed O,. After 30 minutes, the degradation
of the dye stops because of the saturation of adsorption
of the molecules at the surface. The removal efficiency
remains the same there after. The degradation efficiency
are 3.61%, 14.54%, 38.71%, 49.02% for pure SnO,
and Ti (0.02M, 0.06M,0.1M) doped SnO, respectively.
Now the system is irradiated with visible photons by
keeping the solution in direct sunlight. The removal
efficiency is increased as the dopant concentration of Ti
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ion is increased in the SnO, lattice. The increase in the
removal efficiency is influenced by factors such as
morphology, crystalline nature, crystallite size, porosity
and surface area [63]. The doping concentration of Ti in
SnO, increases the crystallite size and due to quantum
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confinement effect, the band gap shrinks. The smaller
band gap energy due to Ti doping plays another role in
enhancing the visible light photo catalytic activity of
SnO, catalyst.
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Fig. 6: UV- Visible spectra of degradation efficiency of MB dye using pure and Ti doped SnO,

As soon as the solar light enters the dye added with
photo catalyst, electrons from the valence band move to
the conduction band of the tin oxide nano particles [64].
Furthermore, oxygen vacancies act as a donor with an
energy level at 2.54 eV (489 nm) which is obtained
from PL spectra of all the synthesized samples.
Consequently, the energy position of oxygen vacancies
generates the holes in the valence band under visible
light irradiation.

In Ti"" doped material, the Sn*" lattice position is
replaced by Ti*" ions, this will lower the energy level of
conduction band of SnO,. Also, it can be considered
that the titanium ions have transferred their energy into
the conduction band of which can act as a mediator of

interfacial charge transfer leading to light induced
charge carriers [65]. The electron can excite from the
valence band of Ti energy level. Then the photo
from the

conduction band of Ti doping energy level to the surface

generated electrons can easily move
of photo catalyst to capture adsorbed O, which improve
the separation efficiency of charge carriers. These photo
generated electrons are transferred from excited state of
adsorbed molecules to the conduction band of nano
particles thus facilitating the production of active species
for photo catalysis such as hydroxyl (HO”, hydrogen
peroxides (HO,") and superoxide (O,") radicals. These
active will in turn oxidize the

species organic

compounds adsorbed on the oxide surface and reacts at
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the ortho-, para-, or meta-positions of the benzene ring
depending on the nature of functional groups attached
to the ring [66]. Finally, the nano sized Ti doped SnO,
and pure SnO,mineralizes the MB dye into carbon
dioxide, water, and inorganic nitrogen with nitrate ion
gradually [67- 69]. Fig. 7 shows the degradation
mechanism and the degradation reaction is given below:
Sny o5 Tig 0,0, MB — MB’

Sng o5 Tig 0,0, hv—8n o5 Tij 1,0, (€' + h+VB>

Sny o5 Tij 4,0, <h+VB) + H,0 —8n, 4 Ti; ,0,+OH +H"
Sny o5 Tij 4,0, <h+VB) + OH —8n, o4 Ti ,,0,+ OH’

Sny o5 Tiy 4,0, (€' cp) T Oy Sny g Ti 4,0,+ Oz-*

Sn, o5 Ti 4,0, (e-CB)+O2-*+2H+_) Sn, o5 Ti 4,0, + H,0,
Sny o5 T 4,0, (€ cp) TH,O,— Sy o4 Ti0.0202+OH*+ OH
0,"+ H'— HO,"

O,"+ H,0 — HO,” + OH

MB'+ O,"+ HO," + OH— H,O + CO,

The normalized residual concentration of MB dye is

evaluated using
C/C,=A, /A,

f N T
Oxidation Products

T ~—
Ll

f Methylene Blue Dye
Oxidation Products
P

Fig. 7: Methylene blue dye degradation
mechanism

Where, C, and C, are the initial and residual
concentration of MB dye, A and A are the absorbance
intensity at time t and at time t = 0 [70]. Fig. 8 shows
the plot of the ratio of C,/C, vs irradiation time. The
graph illustrates that there is no remarkable degradation
of the dye without catalyst. But, when pure SnO, was
added with the dye and kept in sun light 80.14% of the
dye degraded in a duration time of 8 hours. When Ti
(0.02M, 0.06M) doped SnO, is used as catalyst 84.69%
and 89.54% of the dye degraded in a very short duration
time of 60 minutes. Ti (0.1M) doped SnO, photo
catalyst mineralizes 95.59% of MB dye in a duration
time of 50 minutes. Hence, this dye degradation process
of Ti (0.1M) doped with SnO, as catalyst was
investigated by collecting and reusing same catalyst for

multiple cycle of MB dye degradation process and is
depicted in figure 9. A small decrement in the
degradation efficiency is observed after five cycles due
to incomplete recollection and loss during washing.
SnO, nano particles doped with titanium is a stable
catalyst and have great potential application in waste
water treatment.
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Fig. 8: MB degradation efficiency of Pure and Ti
doped SnO,
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Fig. 9: MB degradation percentage of Ti (0.0IM)
doped SnO, for five cycles

4. CONCLUSION

Pure and Ti doped SnO, photo catalysts were prepared
in nano size varying with tetragonal rutile structure
from 3.871nm to 18.38nm. The synthesized nano sized
samples of pure and Ti doped SnO, were characterized
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by using XRD, SEM, EDAX, UV-Vis spectra and PL
spectra. The SEM analysis depicts the tetragonal
morphology and the EDAX confirms the elemental
composition of the synthesized samples. The UV spectra
show the blue shift and the band gap energy decreases
with increase in crystallite size as dopant concentration
increases. Active species such as Oz*f, HO,*, OH*,
H,0,, and HO, generated during the irradiation of sun
light are responsible for the degradation of methylene
blue dye are formed due to the doping of titanium.
From the present work, it is evident that Ti (0.1M)
doped SnO, acts as a good photo catalyst in sunlight.
The merits of low band gap and more oxygen vacancies,
exhibits the highest sun-light photocatalytic activity of
95.59% of degradation of MB dye. Very good photo
stability and recyclability was accomplished under sun-
light irradiation for Ti (0.1M) doped SnO,. The
synergistic effect of both adsorption and photo catalysis
demonstrates the degradation of methylene blue dye in
both dark as well as direct sun light. Thus, the
synthesized samples are found to be good in waste water
treatment of organic effluents of industrial waste.
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