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Incorporation of 12-Tungstophosphoric acid in Titania
spheres and fabrication of core-shell
Polyoxotungstate/Titania nanostructures
ABSTRACT
M. Seyedsadjadi1,*
S. Rashidzadeh1
N. Farhadyar2
1Department

of chemistry,
Science and Research Branch,
Islamic Azad University, Tehran,
Iran.
2Department of Chemistry,
Varamin –Pishva Branch,
Islamic Azad University,
Varamin, Iran.
Received: 18 June 2012
Accepted: 28 September 2012

Core-shell 12-tungstophosphoric acid/TiO2 (HPW/TiO2)
nanoparticles at 10 and 20% of HPW have been synthesized by simple
in-situ sol- gel method. Characterization of the samples was carried out
by X-ray diffraction (XRD), Scanning electron microscopy (SEM),
Fourier transform infrared (FTIR). The X-ray diffraction patterns of as
prepared solid samples, indicated characteristic peaks of titania with
additional peaks concerning to HPW in a very low intensities. This result
in addition to the FTIR and SEM - EDX analysis data confirmed
incorporation of HPW / TiO2 nanostructure in spherical morphology with
a particle size of around 25 nm.
Keywords: Polyoxometalates; Phosphotungstic acid; Keggin type
structure; Inorganic-inorganic nanostructure; Titania phase.
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Polyoxometalates (POMs) are a large class of compounds
that have been extensively used as acid and oxidation catalysts in many
reactions, notably because their acid-base and redox properties that can
be tuned by simple change in the polyanion chemical composition [14]. Among the numerous POMs, Keggin type POMs such as
polyoxotungstates (PW) have been attractive because of their strong
bronsted acid properties, exhibition of fast reversible multi electron
redox behavior under mild conditions, tunable redox properties and
also easy access [5]. Unfortunately, these compounds are highly
soluble in various polar solvents which cause problems in separation
from reaction media and render them less attractive for applications in
heterogeneous catalysis. Among the different protocols proposed to
solve problem, immobilization of polyoxometalates on porous oxide
materials seems very cheap, attractive and practicable [6, 7].
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To date, it has been shown that supporting
POMs into the suitable inorganic solids such as
carbon, silica, titania and etc [7-9] have good
supporting properties which are effective method to
overcome the mentioned problem [10-14]. In this
work, successful preparation and characterization
of polyoxotungstate nanostructure incorporated
with TiO2 (HPW/TiO2) have been reported.

EXPERIMENTAL
Material and characterization
All chemicals and solvents were purchased
from Merck or Fluka and used as received without
further purification. Samples were characterized
with FTIR, UV-Vis, SEM and X-ray powder
diffraction. The secondary electron micrographs of
the samples were obtained to obtain the shape and
diameter of particles by scanning electron
microscopy (SEM), using Philips Model 505
equipment, at a working potential of 15 kV, and
samples coated with gold. Crystalline phase
characterization was carried out by the powder Xray diffraction (XRD) patterns were collected on
Rigaku Miniflex diffractometer using Cu Ka
radiation (λ = 0.1541 nm, k=0.94), nickel filter, in
the high voltage source 40 kV, 30 mA, and scanning
angle between 2θ = 10 – 90o at a scanning rate of
18/min. Fourier transform infrared (FTIR) spectra
were recorded on a Thermo Nicolet spectrometer
using KBr disc method in the 400–4000 cm−1
wavenumber range. The UV–vis spectra were
recorded in the 400–4000 nm range on a PerkinElmer Lambda 35 apparatus.
Nanomaterials synthesis


Synthesis of nTiO2

Titanium
tetraisopropoxide
(TTIP)
(0.0125 mol) was added dropwise to a molar
mixture of EtOH/H2O and stirred vigorously at
room temperature. The sol sample obtained by the
hydrolysis process was then irradiated with
ultrasonic equipment in an ultrasonic cleaning bath
for 1 h and aged in closed beaker at room
temperature for 24 h in order to obtain further
hydrolyze of TTIP and mono dispersed TiO2
nanoparticles. The sample obtained was finally
dried at 100 ◦C for about 8 h in air to vaporize
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water and alcohol from the gel and grounded to the
fine powder after calcination at 400 ◦C in air for 1h.


Synthesis of PW nanoparticles

Sodium tungstate (0.305mol) and
disodiumphosphate (0.09 mol) were dissolved in
boiling water (150 ml) and stirred magnetically. A
concentrated hydrochloric acid (80 ml) was then
added drop wise to the solution obtained and
cooled. To separate impurity from the solution,
some amount of ether was added and the lower part
of solution was separated and evaporated to dryness
mildly heating under air current.


Synthesis of PW / TiO2 nanocomposite
(First attempt (FA))

The core shell PW-TiO2 nanopowders
was synthesized on the basis of sol–gel method
reported in literature for preparation of some titania
supported PW nanoparticles [15]. A solution of
tetrabuthyl orthotitanate in n-BuOH (25 mL) was
prepared and stirred at 80 ºC. The mixture was then
slowly cooled to room temperature and adjusted to
pH= 2 by using hydrochloric acid and was added a
solution containing sodium tungstate (0.305 mole)
and disodiumphosphate (0.09 mole). The mixture
was then maintained under constant stirring rate for
3 h until occurrence of gelling process. The gel
obtained was filtered and dried in air at 100 ºC for
24 h and finally calcined in vacuum at 350 ºC for 4
h to fasten the titania network and washed with hot
water (80 ºC) three times.


Synthesis of HPW/TiO2 nanocomposite
(Direct synthesis method)
- Synthesis of HPW/TiO2 nanocomposite
(Second Attempt (SA))

Suitable amount of Sodium tungstate
dihydrate and disodium hydrogen phosphate
dodecahydrate were added to 75 ml of DI water and
the mixture was stirred at 80 ◦C for 1 h. Then
appropriate amount of nano TiO2 (nTiO2) (in 10
and 20 wt % ) were added to solution. After then
the mixture was stirred at 80 ◦C for 9 h and 82 ml
of HCl solution was added drop wisely and mixed
for 3 h at 80 ◦C. The precipitate was separated from
mixture after 3 h at room temperature and then
poured into petri dish and placed in convection
oven overnight at 100 ◦C. afterward the powder
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was ground to fine particles and dried at 130 ◦C for
6 h in oven.
- Synthesis of HPW/TiO2 nanocomposite
(Third attempt (TA))

Suitable
amount
of
disodium
hydrogenphosphate dodecahydrate and nano TiO2
for 10 and 20 %wt were added to 75 ml of DI water
and the mixture was stirred at 80 ◦C for 1 h. Then
appropriate amount of sodium tungstate dihydrate
for above weight percent were added to solution.
After then the mixture was stirred at 80 ◦C for 9 h
and 82 ml of HCl solution was added drop wisely
and mixed for 3 h at 80 ◦C. The precipitate was
separated from mixture after 3 h at room
temperature and then poured into petri dish and
placed in convection oven overnight at 100 ◦C.
afterward the powder was ground to fine particles
and dried at 130 ◦C for 6 h in oven.

RESULTS AND DISCUSSION
SEM micrographs and Dispersive X-RAY analysis
(EDAX)
Figure 1a shows SEM micrograph of well
spherically distributed TiO2 nanoparticles prepared
by the second method in this work. Particle size
estimated through this image was lower than 50
nm. Figure 1b represents SEM images of TiO2
nanoparticles loaded with 20 w% of PW
nanoparticles. Interesting point taken from these
images was the particle size diminution in
incorporated nanostructures by increasing PW
amounts and remaining spherical morphology in
both the cases. The X-ray dispersive analysis
(EDX) of the samples prepared in the second
method shown in Table 1, confirms appropriate
percentage values of P and W incorporated in TiO2
nanostructures.
Table 1. EDX ZAF quantification (standardless) elements of
nanocomposites prepared in second synthesis method

Sample

%P

%W

%O

%Ti

%Au

10%wt.nHPW/n-TiO2

0.86

6.31

41.5

40.39

10.94

20%wt.nHPW/n-TiO2

1.29

8.46

36.31

40.0

14.31
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Fig. 1. a) TiO2 nanoparticles; b) TiO2 nanoparticles loaded by 20 % wt.
of PW in second method (SA)

X-ray diffraction
Figure 2 displays XRD diffraction pattern
of TiO2 nanoparticles synthesized in this work. It
consists of a mixture of anatase and rutile phases.
The peaks appeared at 2θ= 25, 38.0, 48.0 and 54.3o
elucidate the diffractions of the (101), (004), (200)
corresponding to the anatase TiO2 phase (JCPDS
no. 21-1272). The other additional peaks observed
with a low intensities at (110) and (200) reflections,
can be indexed to hexagonal lattice crystallinities of
TiO2 rutile phase (JCPDS no 77-0441) [16]. The
average crystalline size from the most intense
anatase peak was estimated to be 50 nm using
Scherrer’s formula:
D=0.9λ/βcosθ
Where ‘λ’ is wave length of X-Ray
(0.1541 nm), ‘β’ is FWHM (full width at half
maximum), ‘θ’ is diffraction angle and ‘D’ is
particle diameter size.
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Fig. 2. XRD powder diffraction pattern of prepared nano TiO2

Figure 3 Shows XRD powder diffraction
pattern obtained for synthesized HPW with the
characteristic peaks of polyoxotungstate having
Keggin structure [17]. The peaks appeared in this
figure corresponded to the plane (101), (004), (200)
and (213) are in conformity with the formation of
crystalline Keggin structure in the synthesized
samples (JCPDS file No. 50-0305). The average
crystalline size calculated from Scherrer’s formula
using the most intense peak was estimated to be
around 18 nm.
Figure 4(A,B,C) represent powder X-ray
diffraction patterns of HPW, nTiO2 in comparison
with HPW/TiO2 nanostructures incorporated with

10% wt. and 20 wt. % of HPW prepared in the first,
second and third method. All X-ray diffraction
patterns showed characteristic peaks of titania with
additional peaks of HPW in a very low intensities
showing
formation
of
inorganic-inorganic
composites or the presence of well dispersed of
very small size of Keggin in or on the titania
surface. The average particle size of as prepared
nanocomposites prepared in the first, second and
third method determined according to the Scherrer
equation, are listed in Table 2. These data clearly
indicated formation of core-shell nanostructured
HPW/TiO2 in all the cases.

Fig. 3. XRD Pattern of nano HPW
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Table 2. Crystalline size of synthesized nanocomposites

Fig. 4. (A,B,C). XRD powder diffraction patterns of nTiO2
incorporated with: a) 10% wt.nHPW; b) 20% wt. of nHPW prepared in
first (A), second (B) and third method (C).
i. Titania peaks are shown by ×
ii. HPW peaks are shown by

Submit your manuscript to www.ijnd.ir

Sample

Crystallite
Size(nm)

Nano TiO2

50

Nano HPW

18

10%wt.-nHPW/n-TiO2 (a)

5.0

20%wt.-nHPW/n-TiO2 (a)

10

10%wt.-nHPW/n-TiO2 (b)

14

20%wt.-nHPW/n-TiO2(b)

15

10%wt.-nHPW/n-TiO2 (c)

15

20%wt.-nHPW/n-TiO2(c)

16

FTIR Spectra
Figures 5(left, right) show FTIR spectra of
nHPW/nTiO2 samples prepared through the above
mentioned methods with 10%wt. and 20 %wt. of
HPW. In these Figures, infrared spectrum of the
prepared HPW is included for comparative
purposes. It has been widely reported that HPW
with Keggin structures gives several strong typical
IR bands assigned to HPW as follow: 1080 cm−1
(stretching frequency of P–O in the central PO4
tetrahedron), 987 cm−1 (terminal bands for W O in
the exterior WO6 octahedron), 888 cm −1 and 805
cm−1 (bands for the W–Ob–W and W–Oc–W bridge
and corner respectively) [18]. The FTIR results
obtained for TiO2 and TiO2 supported nHPW
samples with 10 and 20% wt HPW (Figures 5 L, R)
showed typical bands for anatase phase at 700 cm-1
which is in good accordance with reported data and
the peaks appeared in the range from 1100 cm−1 to
700 cm−1 can be ascribed to the stretch vibrations of
P–O, W- O, and W–O–W bonds of the Keggin
units respectively, indicating that the primary
Keggin structures of these polyoxotungstates
remain intact. Distinct shifting characteristic peaks
of HPW incorporated nanostructures different
percent of nPW on TiO2, (10%wt. n-HPW/nTiO2)
to a higher frequency (Figure 5), shows occurrence
and formation of new chemical linkage between
terminal W- O, and W–O–W bonds with loaded
TiO2 component. Interesting point is that,
remaining of the peak corresponding to the
stretching frequency of P–O in the central PO4
tetrahedron and the peak at 987 cm−1 (terminal
109
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bands for WO in the exterior WO6 octahedron)
without any frequency shifting due to the linkage in
TiO2 supported HPW (Figure 5 right). This result in
accordance with other published data can be due to
the protection of WO6 octahedron Keggin structure
in TiO2 supported HPW [19].

Seyedsadjadi et al.

CONCLUSIONS
We successfully prepared core shell
HPW/TiO2 nanostructure with various content of
HPW (10 and 20 wt. %), by in situ sol-gel method.
The
X-ray
diffraction
patterns
showed
characteristic peaks of titania with additional peaks
of HPW in a very low intensities. This may be due
to the well dispersed small amount of Keggin
structure on the titania surface without any
structural changes. The SEM and EDX analysis
data revealed presence of HPW incorporated with
TiO2 nanoparticles in all the prepared samples. The
FTIR inspections confirmed interaction between
HPW and TiO2 with remaining HPW structure
unchanged.
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