
Vol:.(1234567890)

J Mater Sci: Mater Electron (2017) 28:5222–5234
DOI 10.1007/s10854-016-6179-5

1 3

Synthesis and characterization of  TiO2–NiO and  TiO2–WO3 
nanocomposites

P. Pandi1 · C. Gopinathan1 

Received: 10 September 2016 / Accepted: 3 December 2016 / Published online: 1 February 2017 
© Springer Science+Business Media New York 2017

are attracted towards the preparation of  TiO2 based solar 
cells and solar energy materials. Any modification in the 
semiconducting property or crystalline phase of the  TiO2 
will change its application significantly thus making it an 
excellent candidate for wide applications in the field of 
energy and environment. From the previous prior research 
articles, the electrical conductivity of  TiO2 is poor under 
direct solar irradiation. By the incorporation of  TiO2 matrix 
with another semiconductor, the conductivity of  TiO2 was 
increased by reducing the photogenerated electron–hole 
pair recombination, properly directing the excess photogen-
erated electrons.

The performance photocatalytic activity is increases 
by the use of several mixtures of transition metal oxides 
such as  TiO2–V2O5 [4],  TiO2–SiO2 [5],  TiO2–ZnO [6], 
 TiO2–SnO2 [7, 8],  TiO2–CoO [9] and,  TiO2–SrO [10] 
that are nanocomposites.  TiO2,  WO3 and NiO are known 
as transition metal oxides with the direct band gap of 
3.2–3.35 eV, 2.8 eV and 3.5–4.0 eV respectively. Recently, 
 TiO2–NiO [11] and  TiO2–WO3 nanocomposites have been 
attracting more attention because of their better electro-
chromic behavior and outstanding performance as solid 
electrodes for solar cells [4]. The frontier of precision nano-
composites and comprehensive knowledge about structural 
parameters, structural factors relating properties and their 
relative performance in a certain application and also mate-
rials engineering leads to solving the new challenges.

In this research paper is mainly focused on the nano-
composites with the following objectives: Synthesis and 
Characterization of  TiO2 nanoparticles by hydrothermal 
method;  TiO2 nanoparticles were added to NiO and  WO3 
respectively and nanocomposites were synthesized by 
surface modified process then annealed at 550 °C. The 
prepared samples were characterized by XRD and DRS 
UV-Vis-IR spectroscopy techniques. The particle size and 

Abstract TiO2–NiO and  TiO2–WO3 nanocomposites 
were prepared by hydrothermal and surface modification 
methods. The samples were analyzed using X-ray diffrac-
tion, Scanning Electron Microscope images, Transmis-
sion Electron Microscope, Energy dispersive analysis, 
Zeta potential, Electrophoretic mobility and Photocatalysis 
activity measurement. XRD data sets of  TiO2–NiO,  TiO2–
WO3 powder nanocomposite have been studied for the 
inclusion of NiO,  WO3 on the anatase-rutile mixture phase 
of  TiO2 by Rietveld refinement. The cell parameters, phase 
fraction, the average grain size, strain and bond lengths 
between atoms of individual phases have been reported in 
the present work. Shifted positional co-ordinates of indi-
vidual atoms in each phase have also been observed.

1 Introduction

In the emerging field of materials science and technology, 
significant evolution has been made using different transi-
tion metal oxide [1–3]. Among this,  TiO2 have solutions 
to the most pressing issues in energy generation with not 
detrimental to the environement. Therefore researchers 

Electronic supplementary material The online version of this 
article (doi:10.1007/s10854-016-6179-5) contains supplementary 
material, which is available to authorized users.

 * P. Pandi 
 pandipmc11@gmail.com

 C. Gopinathan 
 cgnmku64@gmail.com

1 Department of Solar Energy, School of Energy Sciences, 
Madurai Kamaraj University, Madurai 625021, Tamilnadu, 
India

http://crossmark.crossref.org/dialog/?doi=10.1007/s10854-016-6179-5&domain=pdf
http://dx.doi.org/10.1007/s10854-016-6179-5


5223J Mater Sci: Mater Electron (2017) 28:5222–5234 

1 3

morphology of the nanocomposites was studied by SEM 
and TEM technique respectively. Zeta Potential and Elec-
trophoretic mobility is studied by Dynamic light scattering 
method. The elemental analysis was carried out by EDAX. 
In this research paper, for the first time, two mixed poly-
morphs of  TiO2 were investigated with the insertion of NiO 
and  WO3 by the Rietveld refinement process. Photocata-
lytic measurement was made under direct solar irradiation 
and eosin-Y used as dye for decomposition.

2  Synthesis of  TiO2 nanoparticles 
by hydrothermal method

The  TiO2 colloidal solution was prepared by hydrolysis of 
titanium tetra isopropoxide (TTIP) (Aldrich Chemicals, 
USA). In a typical process, 1 M of titanium tetra isopropox-
ide was mixed together with 4 M of acetic acid. The result-
ant solution was mixed with double distilled water and 
stirred vigorously for 1 h to obtain a clear solution. After 
an aging period of 24 h, the solution was kept in an oven 
at 70 °C for 12 h to the obtain Ti(OH)4 colloidal solution. 
This was transferred into a stainless steel autoclave and 
placed in oven at 180 °C for 12 h. Then the autoclave was 
cooled down to room temperature. The solution was dried 
at 100 °C to get  TiO2 crystals and then crushed into fine 
powder with mortar and pestle [12–22].

2.1  Nanocomposite preparation

Nanocomposites were synthesized by dispersing 0.1  gm 
of Nickel oxide and 3 gm of  TiO2 in 50 ml of chloroform. 
This suspension was stirred for 3 h at 70 °C. After stirring, 
the mixture was filtered and repeatedly washed with chloro-
form and the resulting solid was dried in an oven at 100 °C 
for 1 h. This process was repeated for  TiO2–WO3 nanocom-
posite preparation. Finally the fine powder was annealed at 
550 °C for 1 h.

3  Result and discussion

3.1  Structural analysis

XRD pattern of both nanocomposites were recorded 
using Philips X’PERT PRO powder diffractometer with 
Cu–Kα1 (λ = 1.54056  Å) as the target in 2θ range of 
3°–120° in steps of 0.05° as the intervals at SAIF Cochin. 
The  TiO2–NiO and  TiO2–WO3 nanocomposites, the  TiO2 
relative peak positions were consistent with the standard 
powder diffraction profile of anatase (JCPDS # 21-1272) 
and rutile (JCPDS # 21-1276), NiO (JCPDS # 47-1049), 
 NiTiO3 (JCPDS # 330960) and  WO3 (JCPDS # 43 1035) 

respectively. Figure  1 shows narrow peaks that were 
obtained by increasing both anatase and rutile diffracted 
crystallographic planes.

The nanocomposite structural features were analyzed 
using the Rietveld refinement method Jana 2006 soft-
ware for the first time [23, 24]. In both the nanocompos-
ites,  TiO2 crystallites exhibited two mixed polymorphs 
such tetragonal structure of anatase and rutile belongs 
to the space group of  I41/amd (a = 3.785  Å, c = 9.514  Å) 
and  P42/mnm (a = 4.59373 Å, c = 2.95812 Å) respectively. 
The input atomic coordinates for anatase was x = y = z = 0 
for Ti and x = y = 0, z = 0.2066 for O. Similarly, that for 
rutile was x = y = 0.30530, z = 0 for O. The cubic crys-
tal system of NiO belongs to the space group of Fm3̄m 
(a = b = c = 4.17  Å) and x = y = z = 0 Wyckoff position 4a 
for the Ni atom and also x = y = z = 0.5 for the 4b O atom 
[25]. The monoclinic crystal system of  WO3 belongs to the 
space group P

21
∕n (a = 7.297 Å, b = 7.539 Å, c = 7.688 Å) 

and  WO3 Wyckoff positions were taken from the reported 
results of Woodward et al. and Emil Indrea et al. [26, 27]. 
Figure 2 depicts the observed and calculated XRD profile 
for structural parameters, lattice parameters, peak shift, 
background profile and preferred orientations were used to 
minimize differences. The goodness of fit for all refinement 
process was close to unity.

The structural parameters and phase fractions of both 
the nanocomposites were obtained from the Rietveld 
refinements as shown in Table  1. The results of the reli-
able position refinement are presented in Table 2. Supple-
mentary Figure  2a and Figure  2b give the observed and 
calculated structure factors of  TiO2–NiO and  TiO2–WO3 
nanocomposites with each phases. The anatase to rutile 
phase transformation occured with increase in annealing 
temperature and with respect to the oxygen vacancy.  TiO2 
annealed at 550 °C showed better photocatalytic activity 
because it was 87.04% anatase and 12.96% rutile as per 
prior research papers [12, 28]. But in the obtained phase 
fraction of  TiO2–NiO nanocomposite, the phase fraction 
of the anatase decreased from 87.04 to 57.9%, when  (O2−) 
oxygen vacancy site in anatase  TiO2 was coupled with NiO. 
The  NiTiO3 diffraction peak was observed at 2θ = 33.08°, 
35.65° from Figs. 1a and 2a and the annealed temperature 
of 550 °C was enough for the existence of  NiTiO3 [28].

In the case of  TiO2–WO3 nanocomposite, it was noticed 
that the content of anatase decreased by 73.9% and was due 
to  WO3 incorporation on the surface of the tetragonal tun-
nel surrounded by  TiO6 octahedrons. Figure 2c shows the 
3D electron density distributions of  TiO2 anatase and rutile 
are derived from the Rietveld analysis using visualization 
software called VESTA [29]. The Ti 6+ ions octahedrally 
coordinated to six  O2− ions were distorted, with the apical 
(Ti–O)* bond length being slightly longer than the equa-
torial (Ti–O)# bond length. The Ti–Ti, W–O and Ni–O 
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bond length is tabulated in Table 3. The rutile phase apical 
bond length (Ti–O#) and Ti–Ti bond lengths increased and 
another four equatorial oxygen atoms (Ti–O*) decreased 
respectively from the Cromer et al. [30] and Wolfgang Sig-
mund et al. [31] reported values, which could be due to lat-
tice strain by adding NiO,  WO3 respectively. Moreover the 
inclusion of NiO,  WO3 to the  TiO2 matrix, produces little 
changes in the positions of both metal oxide systems due to 
energy minimization.

The size broadening due to the crystallite size distribu-
tion [32, 33] is given by

(1)D =
K�

B cos �

B is the FWHM (Full Width at Half Maximum) in radians. 
K is a constant—usually 0.9 for a spherical sample of cubic 
symmetry. λ is the wavelength used, d is the crystallite size 
(size of the coherently diffracting domain—different from 
particle size) and θ is the Bragg angle of the reflection. 
Strain broadens due to the strains present in the sample 
(due to lattice displacements of atoms from their original 
positions, surface strains, dislocations, impurities, non-sto-
ichiometry in mixed systems, etc.—usually predominant in 
thin films, low order and nano structures).

B is the FWHM, e is the strain. The crystalline size 
was retarded by the insertion of NiO on both mixed 

(2)B = 4e tan �

Fig. 1  XRD pattern of a  TiO2–
NiO nanocomposite, b  TiO2–
WO3 nanocomposite
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Fig. 2  a Refined X-ray powder 
profile for  TiO2–NiO nanocom-
posite (0 indicate  NiTiO3). b 
Refined X-ray powder profile 
for  TiO2–WO3 nanocomposite. 
c 3D electron density and bond 
length of anatase and rutile 
 TiO2
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anatase-rutile phase  TiO2, so that anatase was 23.24  nm, 
rutile was 15.33  nm, which can be compared to previous 
research papers. The crystalline size of NiO was 44.92 nm. 
But in the case of  TiO2–WO3 nanocomposite, the size of 

the crystallites increased. Anatase was 30.96 nm and rutile 
was 25.49 nm due to the accumulation of  WO3 on anatase-
rutile mixture of  TiO2. The size of  WO3 crystallites was 
19.57 nm (Table 1).

Table 1  Structural parameters 
from the Rietveld refinement

a Using Scherer’s formula

Nanocomposite TiO2–NiO TiO2–WO3

Parameters Phase #1 Phase #2 Phase #3 Phase #1 Phase #2 Phase #3

Phase #1
 a (Å) 3.7852 4.5968 4.1763 3.7833 4.5895 7.3128
 b (Å) 3.7852 4.5968 4.1763 3.7833 4.5895 7.5221
 c (Å) 9.5237 2.9961 4.1763 9.4929 2.9709 7.6944

Cell volume (Å) 136.5 63.3 72.8 135.9 62.6 423.3
 R (obs) 1.02 0.18 1.55 2.57 2.56 2.43
 wR (obs) 1.46 0.37 2.52 3.11 2.96 3.06

Phase fraction % 57.9 15.4 26.7 73.9 9.4 16.7
 D (nm)a 23.24 15.33 44.92 30.96 25.49 19.57
 Strain × 10−2 a 0.11 0.10 0.13 0.154 0.153 −0.03

Table 2  Bond length for  TiO2–
NiO nanocomposite

Nanocomposite Atoms TiO2–NiO TiO2–WO3

Positions x y z x y z

Phase #1 Ti 0 0 0 0 0 0
O 0 0 0.2507 0 0 0.207

Phase #2 Ti 0 0 0 0 0 0
O 0.2931 0.2931 0 0.3124 0.3124 0

Phase #3 Ni 0 0 0
O 0.5 0.5 0.5
W1 0.2407 0.0243 0.2591
W2 0.2479 0.0279 0.7425
O1 0.0211 0.0732 0.2391
O2 1.0364 0.4331 0.2953
O3 0.2821 0.2602 0.287
O4 0.235 0.2145 0.7919
O5 0.3033 0.0021 0.0212
O6 0.3001 0.5485 1.1663

Table 3  Bond length for nanocomposite

Nanocomposite Bond Ti–O (*) Ti–O (#) Ti–Ti Ni–O W1–O4 W1–O6 W2–O2 W2–O3 W2–O5 W2–O7

TiO2–NiO TiO2 A 1.9388 1.9600 3.0415
R 1.9055 2.0132 2.9961

NiO 2.0882
TiO2–WO3 TiO2 A 1.9353 1.9647 3.0349

R 1.9207 2.0276 2.9709
WO3 1.8132 1.8947 1.6336 1.7784 1.4573 0.7007
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3.2  Morphological analysis

The nanostructure of the  TiO2–NiO and  TiO2–WO3 nano-
composites were observed by SEM as shown in Fig. 3. The 
morphologies of  TiO2–NiO and  TiO2–WO3 nanocomposite 
could be seen as particles with great aggregation and the 
particle size was around few tens of nanometer. Figure  3 
evidently illustrate that the close contact nanoparticles 
served as a beneficial path to easily move electrons from 
one grain to another. Figure  3 show that  TiO2–NiO and 
 TiO2–WO3 nanocomposites receive an increasing atten-
tion in the field of solar materials and solar cell applica-
tion due to their small grain size and high density of grain 
boundaries.

Figures  4 and 5 illustrate  TiO2–NiO and  TiO2–WO3 
nanocomposites the particle size distribution examined 
by the TEM. In  TiO2–NiO nanocomposites size of the 
particles was not uniform but had a spherical, cubic and 
hexagonal shape as shown in Fig.  4a, b. The size of the 

nanoparticles was in the range of 31–44  nm and the par-
ticle size distribution was completely crystallized. Fig-
ure  5a, a suggests that, on anatase-rutile mixed phase 
 TiO2,  WO3 nanoparticles tend to aggregate with each other 
to form bigger particle size distribution as compared to 
 TiO2–NiO nanocomposites. The  TiO2–WO3 nanocompos-
ite size distributions matured as large as 18–64 nm due to 
recrystallization.

Figure  4d, e illustrate the direct evidence of crystal-
line nature of NiO, anatase and rutile  TiO2 nanoparticles. 
HRTEM images shows clear lattice fringes, which allowed 
for the identification of crystallographic spacing. Figure 4d 
shows the interplanar distance of 0.352 nm was close to the 
d spacing of the (1 0 1) planes of the anatase  TiO2. Fig-
ure 4e shows the lattice spacing of 0.25 nm was related to 
the (1 0 1) plane of rutile  TiO2. Moreover the lattice spac-
ing of 0.27 nm was correlated to the (1 0 4) plane of  NiTiO3 
(JCPDS# 330960), which confirms the presence of anatase 
 TiO2, rutile  TiO2 and NiO. Figure  4f shows the Selected 
Area Electron Diffraction (SAED) pattern of  TiO2–NiO 
nanocomposite. The synthesized  TiO2–NiO nanocomposite 
was further confirmed by the result of SAED pattern. All 
reflected crystallographic plane in electron diffraction pat-
tern of  TiO2–NiO composite were good agreement with the 
XRD results.

The interplanar distance of 0.38  nm, 0.352  nm and 
0.25 nm was corresponds to (0 0 2) planes of the  WO3, (1 0 
1) planes of the anatase  TiO2, (1 0 1) plane of rutile  TiO2 as 
shown in Fig. 5d, e, which confirms the presence of anatase 
 TiO2, rutile  TiO2 and  WO3. Figure 5f shows the SAED pat-
tern of  TiO2–WO3 nanocomposite were good agreement 
with the XRD results.

The chemical composition of the prepared  TiO2–NiO 
nanocomposites are presented in Fig.  6 and Table  4. The 
content of  TiO2–NiO nanocomposites of both anatase and 
rutile were high (at.%) as compared to NiO.

3.3  DRS UV‑Vis‑IR analysis

The optical absorbance spectrum of nanocomposite is 
shown in Fig. 7a, b, which showing strong absorption and 
this could be due to the surface morphology of both the 
nanocomposites. The different particle size of nanocom-
posites absorbed wavelengths in this range and it was blue 
and red shifted. In order to determine the optical band gap 
of the nanocomposites, the absorption coefficient (α) was 
calculated from the absorbance spectrums using Eq. (3).

where Eg is the optical bandgap. Figure 7c, d gives the typi-
cal Tauc plot of (�h�)2 vs h� for  TiO2–NiO and  TiO2–WO3 
nanocomposites. The values of band gap have been esti-
mated by taking the intercept of the extrapolation to zero 

(3)(�h�) = A(h� − Eg)
n

Fig. 3  a SEM image of  TiO2–NiO nanocomposites. b SEM image of 
 TiO2–WO3 nanocomposites
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Fig. 4  a–c TEM images  ofnanocompositesTiO2–NiO, d HRTEM image of anatase  TiO2, e HRTEM image of rutile  TiO2 and  NiTiO3 and f 
SAED pattern of  TiO2–NiO nanocomposite
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Fig. 5  a–c TEM images of nanocomposites  TiO2–WO3, d HRTEM image of  WO3 and, e HRTEM image of rutile  TiO2 and anatase  TiO2 and f 
SAED pattern of  TiO2–WO3 nanocomposite
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absorption co-efficient with photon energy axis. Figure 7c, d  
indicates the direct allowed transition present in the 
 TiO2–NiO and  TiO2–WO3 nanocomposites.

The band gap value of  TiO2–NiO nanocomposite 
decreased to 2.44  eV and this was due to the structural 
parameters. Ti –Ti bond length in anatase phase was greater 
than in rutile phase, whereas apical and equatorial bond 
lengths were shorter. The anatase to rutile phase fractions 
decreased when annealed at 550 °C after the inclusion of 
NiO to  TiO2 matrix. These structural changes led to differ-
ent electronic configurations. Moreover NiO (6.67  g/cm3) 
had higher density than rutile (4.23  g/cm3) and anatase 
(3.78 g/cm3) phase  TiO2, therefore the band gap values of 
 TiO2–NiO nanocomposite at 550 °C (2.44  eV) decreased. 
The tauc plot (Fig.  7d) of  TiO2–WO3 nanocomposite 
annealed at 550 °C depicted band gap value of 2.40  eV. 
Because of the annealing temperature led to bigger parti-
cle size due to the agglomerated  WO3 particles on the  TiO2 
matrix as shown in Fig. 5b. Tables 1 and 2 show the struc-
tural parameters for the 550 °C annealed  TiO2–NiO and 
 TiO2–WO3 nanocomposites.

3.4  Photocatalytic analysis

The photocatalytic activity for anatase, rutile and two 
mixed polymorphisms of  TiO2 with NiO,  WO3 nanocom-
posite yielded good results due to the competing charge 
transportation to the surface and comparative declination 
in the surface area due to the large crystallites. In addi-
tion, after the insertion of NiO or  WO3 to the  TiO2 systems, 
changes could be observed in the unit cell, positions and 
bond lengths, which are key factors for their peculiar prop-
erties as compared to parent system. The energy minimi-
zation (equilibrium) of the  TiO2–NiO or  TiO2–WO3 sys-
tem led to internal rearrangements within the constrained, 
which could be resovled many problems such as oxygen 
defects, lattice defects at its surface and interface, elec-
tron–hole pair recombinations and so on.

The photocatalytic activity was assessed by degrading 
0.1  mM of eosin-Y in aqueous solution (eosin-Y concen-
tration 0.1mM;  TiO2–NiO/(or  TiO2–WO3): 0.2  gm). The 
changes of eosin-Y concentration with direct solar irra-
diation were observed by measuring the absorption spec-
tra using a Thermo-spectronic UV–Vis spectrometer. The 
samples were taken out every 10 min to record the absorp-
tion spectra. Figure  8a shows the intensity of the absorb-
ance spectra of eosin-Y, with the presence of  TiO2–NiO 
nanocomposites, which decreased after direct solar irra-
diation was incident on it. In nanocomposites, absorption 
at 516 nm was taken into account to determine the rate of 
degradation. Figure  8c shows the absorbance spectra of 
direct solar irradiated eosin-Y solution which had better 
photocatalytic activity.

Fig. 6  Elemental analysis of 
 TiO2–NiO nanocomposites
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Table 4  Elemental analysis of  TiO2–NiO nanocomposites

Elements Atomic % Weight %

O 50.27 75.17
Ti 49.56 24.76
Ni 0.18 0.07
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Figure 8b shows the photocatalytic activity of  TiO2–NiO 
nanocomposite. It could be seen that the inclusion of NiO 
nanoparticles on the matrix of anatase-rutile mixed  TiO2 
exhibits a significant influence on the photocatalytic activ-
ity. In the presence of a small amount of NiO nanoparti-
cles was obviously enhanced the photocatalytic acitivity 
as compared to pure anatase-rutile  TiO2 nanoparticles. 
Figure  8b illustrate the  TiO2–NiO nanocomposite photo-
catalytic mechanism. Under the direct solar irradiation, the 
photogenerated electrons on the conduction band of  TiO2 
can transfer to NiO. The recombination of photogenerated 
electrons and holes are retarded by inclusion of NiO nano-
particles on anatase-rutile mixed  TiO2 matrix. Moreover 
the reason for this efficient achievement was tentatively 
credited to the inhibition of recombination of electron–hole 
pairs on the surface of the  TiO2. This is due to the  (O2−) 
oxygen vacancy site in anatase-rutile  TiO2, which coupled 
with NiO, to produce a close contact  TiO2–NiO nanocom-
posite particle providing a successful lane for electrons to 
move from one grain to another.

Figure 8d illustrate the photocatalytic activity mecha-
nism of  TiO2–WO3 nanocomposite. Better photocatalytic 
efficiency was achieved for  TiO2–WO3 nanocomposite. 
The increased efficiency of this materials could be attrib-
uted to the light absorption of  TiO2–WO3 shifted towards 
the visible region. An efficient charge separation could 
be assured because the photogenerated electrons from 
 TiO2 are transferred into the lower energy conduction 
band of  WO3. The generated holes in the valence band of 
 WO3 are moved into the higher energy valence band of 
 TiO2, which makes charge separation more efficient. In 
this way, life time of photogenerated electron–hole pairs 
is increased. In addition, to it can suppressed the pho-
togenerated electrons from recombination, thus increas-
ing the charge transfer efficiency. The result was that 
the  TiO2–WO3 nanocomposite photocatalyst exhibited 
even higher photocataltic activity than that of  TiO2–NiO 
nanocomposites.
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Even though more number of Bragg’s diffraction planes 
were informed that the  TiO2–WO3 nanocomposite have bet-
ter electrons transport track as compared to the  TiO2–NiO 

nanocomposite as shown in Figs. 1, 2. The bigger and uni-
form particle size distribution of  TiO2–WO3 nanocompos-
ites was clear evidence for the better photocatalytic activity. 
In addition, Table 5 shows the 550 °C annealed  TiO2–WO3 
nanocomposite in a suspension had large zeta values, which 
repelled each other and did not have a tendency floccu-
late. The higher zeta value indicated the greater stability of 
 TiO2–WO3 nanocomposite in aqeuos solution.  TiO2–WO3 
nanocomposites had better zeta potential, electropho-
retic mobility and optical band gap as compared to the 
 TiO2–NiO nanocomposites.
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Fig. 8  a UV absorption spectra of eosin-Y solution treated with 
 TiO2–NiO nanocomposites. b Photocatalytic mechanism of  TiO2–
NiO nanocomposite. c UV absorption spectra of eosin-Y solution 

treated with  TiO2–WO3 nanocomposites. d Photocatalytic mechanism 
of  TiO2–WO3 nanocomposite

Table 5  Zeta potential, electrophoretic mobility and optical band gap 
of nanocomposite

Nanocomposite Zeta poten-
tial (mV)

Electrophoretic mobil-
ity × 10−6(cm2/Vs)

Optical 
band gap 
(eV)

TiO2–NiO 1.1 9 2.44
TiO2–WO3 −1.5 −12 2.40



5233J Mater Sci: Mater Electron (2017) 28:5222–5234 

1 3

4  Conclusion

TiO2–NiO and  TiO2–WO3 nanocomposites were prepared 
by hydrothermal and surface modification methods and 
analyzed using X-ray diffraction, SEM, TEM, EDAX, Zeta 
potential, electrophoretic mobility and Photocatalytic activ-
ity measurements. The nanocomposite structural features 
were investigated using the Rietveld refinement method 
Jana 2006. The cell parameters, phase fraction, crystal-
lite size, particle size, atomic position and bond length 
between atoms in each phase is affected by the addition of 
NiO and  WO3 to the mixed anatase-rutile  TiO2. The photo-
catalyst performance was found to increased by the usage 
of  TiO2–WO3 nanocomposites as compared to  TiO2–NiO 
nanocomposite, which was due to the light absorption 
shifted towards the visible region, reduced the photogen-
erated electron–hole recombination and the life time of 
photogenerated electron–hole pairs increased. In addi-
tion, the larger and uniform particle size distribution of 
 TiO2–WO3 nanocomposites created better photocatalytic 
efficiency.
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