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oxide semiconductor drew a considerable attention due to 
morphological structure and the exploration of their prop-
erties due to their potential application in electronic, opti-
cal, super conductor devices, etc. [1]. To decompose pol-
lutants of organic compounds by photocatalytic reaction, 
the oxidation potential of hole needs to be more positive 
than +1 V that is redox potential of general organic com-
pounds. In addition, the redox potential of electrons needs 
to be more negative than that of oxygen (O2/O2– or H2O2) 
because surplus electrons that are not consumed by reduc-
tion of oxygen would result in electron–hole recombina-
tion, which leads to the decreasing photocatalytic activity. 
The most suitable material for photocatalyst, which also 
meets these conditions, is TiO2. The bandgaps of rutile 
and anatase type TiO2 is 3.2 eV. The conduction bands are 
negative enough to reduce oxygen into O2− by one-electron 
reduction. To decompose the organic compounds are due to 
the valence band of the semiconducting materials. Photo-
catalytic reaction was carried out under the UV light irra-
diation is the serious problem to take into account [2].

Oxide semiconductors with narrow bandgap energy of 
≤2.5 eV have a potential for visible-light-driven photocata-
lyst as well as TiO2. Generally, the quantum efficiency is 
lowered due to high probability of electron–hole recombi-
nation with narrowing the bandgap. The bandgap energy 
of WO3 is 2.5 eV, where the valence band level is almost 
same as TiO2, while the conduction band level is much 
lower than that of TiO2 and then just able to reduce oxygen 
to H2O2 by two-electron reduction. Since the rate of two-
electron reduction of oxygen would be low, resulting in the 
recombination of electron–hole [3], WO3 alone was consid-
ered to show the low quantum efficiency under visible light 
irradiation.

A variety of metal oxides like Zinc oxide, Titanium 
dioxide and tungsten oxide are prepared by different 

Abstract  The synthesis of magnesium doped Tungsten 
oxides (Mg:WO3) nanomaterial was achieved using a sim-
ple household microwave irradiation method. In which 3 
and 10 wt% magnesium chloride were used to prepare the 
above material. The synthesized materials were structurally 
and optically characterized using various techniques like 
X- Ray Diffraction, FTIR, UV-DRS, PL and SEM-EDAX. 
The X-ray diffraction confirms clearly showed the presence 
of crystalline Mg: WO3 particles. Further, UV-DRS and 
FTIR result shows the presence of Mg: WO3 nanomaterials 
at specific wavelength. From UV-DRS the optical band gap 
energy increases to 3–3.15 eV compare to the pure materi-
als. The scanning Electron Microscopy(SEM) analysis con-
forms that the synthesized Mg:WO3 was spherical in shape 
and has 30–40  nm size in diameter. EDAX confirms the 
Mg doped in the synthesized material. The emission spec-
tra of the undoped and Mg doped samples were analyzed 
using PL spectroscopy.

1  Introduction

In recent years, the water and air pollutants are removed 
by photocatalytic technology. Synthesis of transition metal 
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techniques like hydrothermal route [4], surfactant medi-
ated method [5] sol–gel [6], chemical co precipitation [7], 
acidification method [8], and electrodeposition method [9]. 
In the above methods, the microwave irradiation method 
has sparked much interest due to their operation simplicity, 
effective, low-cost route to synthesis, less time consuming 
(about 10 min), and for large-scale production [10].

There are several additives and dopants which can 
improve the photocatalytic performance of WO3. Chemical 
doping of WO3 with metallic (Cu [11], Sn [12], Pd [13], 
Mn [14], Ag [15] etc.) elements to modify the electronic 
structures of semiconductors as well as their surface prop-
erties, thus extending their visible light absorbance. In this 
report, synthesis and systematic investigation of pure and 
Mg doped WO3 nanoparticles by microwave irradiation 
method for the first time. To the best of our knowledge, this 
is the first preliminary report about structural, optical and 
photocatalytic activity of pure and Mg doped WO3 nano-
particles by microwave irradiation method. Moreover, the 
method is simple, cost effective and less time consuming 
compared with other methods.

2 � Experimental procedure

2.1 � Material synthesis

The pure and (3, 10 wt%) of Mg doped tungsten oxide pre-
pared by tungstic acid and magnesium chloride in 10 ml of 
sodium hydroxide (NaOH) solution. It results in a yellow 
color solution due to proton exchange process [16]. Then 
the initial pH value was 10 whereas at the end,the pH was 
1.It act as a the medium for the required product to have 
desired morphology [17]. After attaining the desired pH 
value, 5 ml of distilled water is added for quick response of 
microwave with precursor solution. The final solution was 
placed into the Microwave oven (2.45  GHz) under opti-
mum power of 360 W in air atmosphere. After the irradia-
tion process, the resultant substance was dried in convec-
tion mode at 100 °C for 5 min. The final product was pale 
green in color for pure WO3 and Mg doped WO3.

2.2 � Characterization techniques

The surface morphology, structural and chemical state of 
the obtained Nanomaterial was characterized by using 
X-ray diffraction method (X-ray Diffractometer-XPERT 
PRO) and FTIR (Spectrum RX I- Perkin Elmer). Opti-
cal measurements were carried out in UV–Vis Spec-
troscopy (SHIMADZU 3600 UV–Vis Spectrometer), 
Surface morphology was studied by Scanning Electron 
Microscopy(FEIQUATA250), Elemental analysis were 

performed by EDAX (FEIQUATA250) and PL spectra 
were recorded by LS 45 Fluorescence spectrometer.

3 � Results and discussion

3.1 � XRD analysis

The phase formation and purity of the pure and Mg doped 
WO3 nanoparticles were investigated by XRD as shown in 
Fig. 1. From the X-ray analysis, it was noted that the dif-
fraction peaks of the pristine WO3 at 22.12°, 23.59°,24.37
°26.60°,28.77°,33.26°,33.61° and 34.16° could correspond 
to (002), (020), (200), (120), (112), (022),(202) and(220) 
planes of WO3 with monoclinic type crystal structure and 
the results are in good agreement with the standard JCPDS 
data (card no: 83-0950). After doping Mg, the diffraction 
peaks at 23.02, 23.50, 24.28,33.18 and 34.10 are corre-
spond to (010),(103),(502),(113) and (505) plane of Mg 
doped tungsten oxide (W18O49) with monoclinic structure 
and the result are in good agreement with standard JCPDS 
data(card no:84-1516). It was observed that the WO3 
changes to W18O49 due to to the fact that the structure vari-
ation between WO3 and WO2 leads to change in linking of 

Table 1   Crystalline size and lattice parameter for pure and Mg 
doped WO3 

Material Lattice parameters Average crys-
talline size 
(nm)a(A°) b(A°) c(A°)

Pure WO3 7.3521 7.5351 7.6242 46.35
3 wt% Mg 7.3487 7.5285 7.6191 34.36
10 wt% Mg 7.3401 7.5235 7.6051 32.43

Fig. 1   XRD pattern for a Pure WO3 b 3 wt% Mg c 10 wt% Mg
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coordination polyhedral from corner sharing to edge shar-
ing [18]. Moreover, the intensity of the peak decreases 
with the increase in the Mg concentrations. These results 
clearly indicate that Mg2+ substituted in WO3 host lattice 
site. The lattice parameters of pure WO3 were estimated 
at a = 7.3721 (A°), b = 7.5451 (A°), c = 7.6142 (A°) and 
b = 90.892. After Mg doping, these parameters decrease 
with the increase in the Mg concentrations (Table  1), the 
observed variation in lattice parameters was consistent with 
the smaller radius of the Mg2+ ion (0.734 A°) with respect 
to the W6+ ion radius (0.78 A°) and with the small amount 
of Mg concentration used for doping.

The average crystalline sizes of the pure and Mg doped 
WO3 nanoparticles were calculated by using Scherrer’s 
Eq. [19].

 where d is the mean crystallite size, K is the shape factor 
taken as 0.89, k is the wavelength of the incident beam, D 
is the full width at half maximum and θ is the Bragg angle. 
The average crystalline size of pristine WO3 was found 
to be 46.35 nm and it was further decreased to 34.36 and 
32.43  nm for 3 and 10  wt% Mg doped WO3. This result 
suggests that the grain growth is suppressed due to doping 
of Mg into W-site. Table 1 shows the crystalline size and 
lattice parameter for pristine and Mg (3 and 10 wt%) doped 
tungsten oxide materials.

3.2 � FTIR analysis

Figure 2 shows the FTIR spectra of pure and Mg doped 
WO3. The recorded wave number and relative intensi-
ties obtained from the spectra and the assignments were 
listed in Table  2. The tungsten oxide vibrations were 
found in the infrared region of 1453−600  cm−1 which 
correspond to W–O stretching, bending and lattice mode. 
The absorption bands at 3401.74 and 3380.62  cm−1 are 
attributed to stretching vibration of surface hydroxyl 
group or adsorbed water. It was found due to re-adsorp-
tion of water molecules from ambient atmosphere. The 
peaks around the corresponding wavenumbers 1623.18, 
1629.01 and 1630.45  cm−1 are due to W–OH vibration. 
The spectrum shows strong bands at 828.20, 837.29 

D =
0.9�

�cos�
nm

and 882.88  cm−1 for W–O–W bridging mode [20]. The 
764.44 and   771.65  cm−1 band assigned to the out of 
plane deformation W–O–W mode, when hydrogen was 
located at a coplanar square of oxygen atoms. After Mg 
doping these peaks was shifted to lower wavenumbers 
and this may have been due to the decrease in size of the 
doped samples.

3.3 � UV–Visible diffusion reflectance spectroscopy

Figure 3a–c shows the diffusion reflectance spectra of Pure 
and Mn doped WO3 respectively. The absorption from 650 
to 450  nm towards lower wavelengths in the entire spec-
trum (blue shift) corresponds to the absorption edge of 
the solids. From the Fig. 3b, c it is well observed that the 
enhancement of bandgap energy is due to the doping of 
magnesium in the pure WO3.This is due to optical trans-
parency of the pure WO3 increases with the increase in the 
Mg doped WO3. The transmittance of Mg doped WO3 were 
increase due to the presence of metal ions (Mg2+). Band 
gap energy for doped samples were also decreased and 
bring a considerable blue shift in the absorption edges with 
the increase of Mg content from 0 to 10 wt%.

Table 2   Observed FTIR 
spectrum for pure and Co doped 
WO3 

Reference value Pure WO3 3 wt% Mg doped 10 wt% Mg doped Tentative assignment

3454 – 3401.74 3380.62 O–H stretching mode
1625.98 1630.45 1629.01 1623.18 W–OH vibration
833.21 882.88 837.29 828.20 W–O–W bridging mode
769.29 – 771.65 764.44 W–O–W Stretching and 

bending mode

Fig. 2   FTIR spectra for a Pure WO3 b 3 wt% Mg c 10 wt% Mg
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The band gap energies (Eg) have been calculated using 
Kubelka–Munk (K–M) model as described below. The 
K–M model [19] at any wavelength is given by.

F(Rα) is the so called remission or Kubelka–Munk func-
tion, where.

A graph is plotted between [F(Rα)hν]2 vs hν and the 
intercept value gives the band gap energy Eg [20] of the 
individual sample. The band gap energies were calculated 
for pure and 3, 10 wt% Mg doped WO3 are tabulated. These 
values offer an excellent agreement with the reported value. 
The bandgap energy for pure WO3 is 3.00 eV and further 
increased for 3 and 10wt% as 3.09 and 3.15 eV.

3.4 � Scanning electron microscopy and EDAX analysis

The SEM uses a focused beam of higher energy electrons 
to generate a variety of signals at the surface of solid speci-
mens. The signals that derive from electron sample interac-
tions reveal information about the sample including exter-
nal morphology. When sample were viewed under SEM, 
the spherical morphology with regular size was observed 
as shown in the Figs.  4b and 5b. The average diameter 
of 1–1.5 micrometer and thickness of 80–100  nm. After 
doping of Mg the plate like morphology decreases when 
increasing the Mg content as shown in the Fig.  5b. The 
decrease of crystalline size was also confirmed by XRD 
results. The EDAX results confirm the obtained materials 
are composed of W and O as shown in the Fig.  4a. Fig-
ure 5a shows the EDAX spectra confirms the presence of 
Mg in the doped material. The intensity peak of tungsten 
was decreased due to the addition of Mg ions in the tung-
sten site and intensity peak of oxygen remains constant for 
both pure and Mg doped WO3.

3.5 � Photoluminescence studies

The PL spectroscopy is a useful study to measure the 
energy distribution of emitted photons and to under-
stand the electron hole pair in the semiconducting oxide 
materials [21]. The oxygen vacancy and lattice distortion 
of pure and magnesium doped tungsten oxide samples 
were analyzed using photoluminescence spectra and it 
is shown in the Fig. 6. The spectra were recorded under 
the excitation wavelength of 325  nm at room tempera-
ture. Both pure and Mg doped tungsten oxide material 
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Fig. 3   a UV–Visible DRS spectra for Pure WO3, b UV–Visible DRS 
spectra for 3 wt% Mg doped WO3, c UV–Visible DRS spectra for 
10 wt% Mg doped WO3 
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show blue emission (490–498  nm) and green emis-
sion(565–570  nm). The blue emissions are due to the 
defect level in the bandgap for its electron transistion. 
The green emission peaks is related to v+

o
 oxygen vacan-

cies and these emission may be attributed to the differ-
ent luminescent centers such as defect energy levels 
arising due to Mg interstitials and oxygen vacancies as 
well as dangling bonds into naocrystals. Due to the Mag-
nesium doped into tungsten oxide, the intensity of peaks 
decreases and shifted towards the lower energy. The 
decreases in the peak intensity are due to the presence of 
Mg into WO3 and cause the lattice defects.

4 � Conclusion

Finally, it has been substantiated that a simple and inexpen-
sive microwave irradiation method is used to synthesize the 
pure and Mg doped WO3. The crystalline size and structure 
were evaluated from XRD which has monoclinic structure 
and crystallite which ranges from 32 to 46  nm. The UV- 
DRS method was used to calculate the bandgap energies of 
the prepared material and effective with the reported value. 
UV-DRS analysis shows that the band gap energy increases 
with the decrease in the particle size. Mg doping into the 
WO3 increases the bandgap which is evident by a blue shift 

Fig. 4   a EDAX image of pure WO3, b SEM image of pure WO3

Fig. 5   a EDAX spectra of 10 wt% Mg doped WO3, b SEM image of 10wt% Mg doped WO3
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in the optical absorption edge and that was found by UV-
DRS method. Scanning Electron microscopy confirms the 
plate like morphology change as the magnesium concentra-
tion increases in the WO3. The energy dispersive spectrum 
confirms the presence of tungsten, oxygen and magnesium 
in the synthesized materials. The PL studies show the blue 
shifts in the optical absorption edge and the same was 
obtained for pure and Mg doped WO3. Band gap energy 
for doped samples were increased and bring a considerable 
blue shift were observed in the absorption edges with the 
increase of Mg content into the tungsten site. So, the Mg 
doped WO3 can be used in the enhancement of photocata-
lytic activity in both UV and visible region.
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