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Abstract In this paper, we discuss the synthesis and

characterization of pure and silver (Ag) doped tungsten

oxide nanoparticles prepared by microwave irradiation

method. The size and morphology were studied by powder

X-ray diffraction and the results reveal that the pure and Ag

(3 and 10 wt%) doped WO3 crystallizes in monoclinic

structure. TEM analysis shows both pristine and silver

doped WO3 nanoparticles were spherical morphology with

a average size from 30 to 40 nm. Scanning electron

microscopy result indicates spherical shaped morphology

with an average diameter of 40–30 nm, which is in proper

agreement with the average crystallite sizes calculated by

Scherrer’s formula. A considerable red shift in the

absorbing band edge and decrease the band gap energy

from 3.00 to 2.85 eV for Ag doped samples were observed

by using UV-DRS spectra analysis. The defects in crystal

and oxygen deficiencies were analyzed by photolumines-

cence studies. The photocatalytic activities of the pure and

Ag doped WO3 samples were evaluated by the degradation

of methylene blue in an aqueous solution under visible

light irradiation. The photocatalytic activity for Ag doped

WO3 was much higher than pure WO3.

1 Introduction

In recent years, photocatalysis technology has received

universal attention due to its applications in organic syn-

thesis and the abatement of pollutants in water and air. There

has been considerable interest in the synthesis of transition

metal oxide semiconductors with diverse morphological

structure and the investigation of their properties due to their

potential application in electronic, optical, super conductor

devices, etc. [1]. It is used to remove the organic pollutant

which includes detergent, dyes, pesticides and herbicides

under UV-light irradiation. The heterogeneous photocatalyst

attracted a considerable attention due to elimination of

organic pollutants in water [2–5] and Semiconductor pho-

tocatalysts drew attention due to low cost and environmental

friendliness. Among the various types of semiconductor

photocatalysts (ZnO, TiO2, SnO2, In2O3) tungsten oxide

(WO3) is highly interesting and have been intensively stud-

ied for a long time due to their promising physical and

chemical properties [6]. WO3, an n-type semiconductor with

an excellent electrochromic, photochromic and gasochromic

properties has been extensively used in variety of applica-

tions, including gas and temperature sensing, catalysis,

electrochromic windows and displays, flat panel displays,

solar energy devices and so on [7]. Tungsten oxide is pre-

pared by various methods like sol–gel method, Chemical

precipitation method, hydrothermal process, Sputtering

technique and Microwave irradiation method. Among these

methods Microwave irradiation method is very simple due

its operation, less consumption of time, and purity of the

material when compared to other methods [8].

There are several additives and dopants which can

improve the photocatalytic performance of WO3. Chemical

doping of WO3 with metallic (Cu [9], Sn [10], Pd [11] Mn

[12] etc.) elements to modify the electronic structures of
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semiconductors as well as their surface properties, thus

extending their visible light absorbance. In the recent study,

it has been reported that the tungsten oxide synthesis was

found along with the hydrate group (WO3�H2O) by micro-

wave irradiation method [13]. In the present research the

pure and silver doped Tungsten oxide without hydrate group

were synthesized by Microwave irradiation method. Gen-

erally, microwave heating is a promising technology whose

applications have been fast growing due to its exclusive

effects such as rapid volumetric heating, increased reaction

rates and shortened reaction time, improved reaction selec-

tivity and energy saving. Microwave irradiation is effec-

tively used to modify the desired morphology, particle size

and high surface areas, this property have huge effects on the

photocatalytic properties of semiconductor metal oxides.

This paper is reported about structural, optical and photo-

catalytic activity of pure and Ag doped WO3 nanoparticles

by microwave irradiation method.

2 Experimental procedure

2.1 Material preparation

The precursor solution is prepared by adding tungstic acid in

10 ml of sodium hydroxide (NaOH) solution which results in

an yellow colour solution due to proton exchange protocol

process. Again Hydrochloric acid (HCl) is added drop by

drop till it attains pH value 1. Hydrochloric acid acts as a

precipitating agent and also as the medium for the required

product to have desired morphology [14]. After accom-

plishing the pH value, 5 ml of distilled water is added for

immediate response of microwave with precursor solution.

Eventually the solution was placed into the Microwave oven

(2.45 GHz) under optimum power of 360 W for 5 min in air

atmosphere. After the irradiation process, the resulted sub-

stance was dried in convection mode at 100 �C for 5 min.

The silver doped WO3 was synthesized by adding tungstic

acid and silver nitrate at molar ratio (0.03 and 0. 10) in 10 ml

of NaOH solution. The above procedure was repeated to

obtain the final product. The final product was pale green in

colour for pure WO3 and Ag 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). Transmission Electron

Microscope and Selected-area electron diffraction were

recorded with JEM2100. High resolution electron micro-

scope were recorded with a accelerating voltage of 200 kV.

Optical measurements were carried out in UV–Vis

Spectroscopy (SHIMADZU 3600 UV–Vis Spectrometer),

Surface morphology was studied by scanning electron

microscopy (SEM) (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 pure and Ag doped WO3

nanoparticles were investigated by XRD. The microstructure

of prepared samples were analysed by X-ray diffraction

(XPERT PRO) using Cu Ka wavelength of 1.5405 Å. From

the X-ray analysis, it was noted that the diffraction peaks of

the pristine WO3 at 22.99�, 23.46� and 24.24� and for Ag

doped WO3 exhibits the diffraction peak at 2h = 23.02�,
23.49� and 24.27� could correspond to (002), (020) and (200)

planes of WO3 with monoclinic structure [15] as shown in

the Fig. 1 and the results are fetch with the standard JCPDS

data (card no: 83-0950). Both pure and Ag doped WO3 can be

well indexed to the standard pattern of monoclinic WO3 with

the lattice constants a = 7.300, b = 7.538, c = 7.689 and

b = 90.892. In XRD pattern, it confirms that the purity of

synthesized materials with the absences of additional peaks.

Moreover, the intensity of the peak decreases with the

increase in the Ag concentrations. These results clearly

indicate that Ag substituted in WO3 host lattice site.

By using the Debye–Scherrer’s equation [16, 17], the

average grain size are calculated based on the peaks found

in the XRD pattern from 2h = 23� to 25�. The crystalline

size (D) of the pure and Ag doped WO3 were calculated by

using Debye–Scherrer’s relation,

Fig. 1 XRD pattern for (a) pure WO3, (b) 3 wt% Ag, (c) 10 wt% Ag
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D ¼ 0:9k
b cos h

nm

where b is the full width at half maximum, k is the X-ray

wavelength (0.15406 nm), and h is the diffraction angle.

The average crystallite size is calculated for pure WO3 is

35 and 33, 31 nm for 3 and 10 % of Ag doped WO3. The

average crystallite size of pristine WO3 was found to be

35 nm and it was further decreased to 31 nm for 10 wt%

Ag doped WO3. The XRD results reveal that the crystalline

size has decreased with increase in Ag concentration.

3.2 FTIR analysis

FTIR spectroscopy is a powerful technique to study the

crystalline quality structure disorder and defects in doped

semiconductor alloy. It gives significant information about

local structure change due to incorporation of Ag ions into

WO3 host lattice [18]. Figure 2 shows the FTIR spectra of

pure and Ag (3 and 10 wt%) doped WO3 in room tem-

perature. The observed wave number, relative intensities

obtained from the recorded spectra and the assignments

were illustrated in Table 1. The tungsten oxide vibrations

are found in the infrared region of 1453–600 cm-1 which

correspond to W–O stretching, bending and lattice mode

[19]. The wave number greater than 3700 cm-1 show a

very high transmittance due to a low absorption character.

The peak around 1620 cm-1 may be assigned to W–OH

vibration. The spectrum shows a strong band at 830 cm-1

for W–O–W bridging mode [20]. After Ag doping these

peaks were shifted to lower wavenumber and this may have

been due to the decrease in size of the doped samples.

3.3 UV–visible diffusion reflectance spectroscopy

The optical property of substitution of silver into WO3 site,

the sample were characterized by UV–Vis transmission

spectra analysis. Figure 3a–c shows the diffusion reflec-

tance spectra of pure and Ag doped WO3 respectively. It

was observed that the optical transparency of the pure WO3

decreases with increase in the Ag content. The decrease in

the transparency of Ag doped WO3 was attributed to the

increase in reflectance due to the presence of the metal ion.

A considerable red shift was observed in the absorption

edges with the increase of Ag content from 0 to 10 wt%,

which indicates the decrease in bandgap of WO3 on dop-

ing. The band gap energies (Eg) have been calculated using

Kubelka–Munk (K–M) model as described below. The K–

M model [20] at any wavelength is given by

K

S
¼ 1 � R/ð Þ2

2R/
¼ F R/ð Þ

F(Ra) is the so called remission or K–M function, where

R/ ¼ Rsample

Rstandard

A graph is plotted between [F(Ra)hm]2 versus hm and the

intercept value gives the band gap energy Eg [13] of the

individual sample. The band gap energies were calculated

for pure and 3, 10 wt% Ag doped WO3 are tabulated.

These values offer an excellent agreement with the repor-

ted value. Table 2 shows the bandgap energy for pure and

Ag doped WO3.

3.4 Scanning electron microscopy and EDAX

analysis

Scanning electron microscope is a useful technique to

determine the morphology and particle size of the samples.

Figures 4a and 5a shows SEM image of pure and Ag doped

WO3 nanoparticles. It was clearly observed that both the

samples show spherical morphology with average diameter

of 1–1.5 lm and thickness of 80–100 nm. The particle size

estimated from XRD results much smaller than the SEM

Fig. 2 FTIR spectrum of (a) pure WO3, (b) 3 wt% Ag, (c) 10 wt%

Ag

Table 1 Observed FTIR

spectrum for pure and Ag doped

WO3

Reference value Pure WO3 3 wt% Ag doped 5 wt% Ag doped Tentative assignment

1625.98 1620.45 1626.68 1623.98 W–OH

833.21 882.88 897.39 827.21 W–O–W bridging mode
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results. This change in size could be due to the larger

particles which are composed of many smaller particles.

After doping of Ag dopant the plate like morphology

decreases when increasing the Ag content as shown in the

Fig. 5a. The decrease of crystalline size was also confirmed

by XRD results. The EDAX results confirm the obtained

materials which are composed of W and O as shown in the

Fig. 4b. Figure 5b shows the EDAX spectra for silver

doped WO3 that confirms the presence of silver in the

synthesized material. The intensity peak of tungsten was

decreased due to the addition of silver ions in the tungsten

site and intensity peak of oxygen remains constant for both

pure and Ag doped WO3.

3.5 Transmission electron microscope

Figure 6a, b shows the TEM image of both pristine and Ag

doped WO3 nanoaprticles. It is clearly observed that both

particle have spherical shaped morphology with an average

diameter of about 30–40 nm for pure and Ag doped WO3

nanoparticle which shows very good agreement with XRD

result. The morphology of doped particles remain

unchanged but the average diameter got decreased. Fig-

ure 6c, d show the SAED pattern and HRTEM image of Ag

doped WO3 nanoparticles. The SAED pattern confirms that

the prepared material is well crystallized nanoparticles

grown along the [002] direction [21]. The HRTEM images

show that the interplanar distance of Ag doped WO3 is

0.366 nm for the crystal plane [002] [22].

3.6 Photoluminescence studies

The PL spectroscopy is a useful study to measure the

energy distribution of emitted photons after optical exci-

tation and to understand the electron hole pair in the

semiconducting oxide materials [23]. The oxygen vacancy

and lattice distortion of pure and silver doped tungsten

oxide samples were analyzed using photoluminescence

spectra and it is shown in the Fig. 7. The spectra were

recorded under the excitation wavelength of 325 nm at

room temperature. Both pure and Ag doped tungsten oxide

material show blue emission (485 nm) and green emission

(558 nm). The blue emission is due to the defect level in

the bandgap for its electron transition. The green emission

peak (558 nm) is related to mþo oxygen vacancies and these

emission may be attributed to the different luminescent

centers such as defect energy levels arising due to silver

Table 2 Band gap energy for pure and Ag doped WO3

Material Bandgap energy (eV)

Pure WO3 3.00

3 % Ag 2.94

5 % Ag 2.85
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Fig. 3 a UV–visible DRS spectra for pure WO3. b UV–visible DRS

spectra for 3 wt% Ag doped WO3. c UV–visible DRS spectra for

10 wt% Ag doped WO3
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interstitials and oxygen vacancies as well as dangling

bonds into nanocrystals. Due to the silver doped into

tungsten oxide, the intensity of peaks increases and shifted

towards the higher energy. The increase in the peak

intensity is due to the presence of Ag into WO3 which

cause lattice defects.

3.7 Photocatalytic activity set up

The photocatalytic activity set-up was fabricated by

Vadivel et al. [24]. The photocatalytic experiment on the

prepared samples for the photodegradation of dyes is

performed at ambient temperature. The photocatalytic

activities of pure and Ag doped WO3 samples were

evaluated by the degradation of methylene blue (MB), in

visible light irradiation. For photocatalytic process, the

dye solution was prepared by adding a particular con-

centration (for example 200 ml, C0 = 10 mg l-1) and a

particular amount of synthesized material poured into dye

solution. The 150 W high pressure mercury lamp was

used as a light source. The samples/dye solution was

irradiated in the horizontal direction and the distance

between the UV lamp and the glass/dye solution was kept

within 25 cm. Then the solution was kept in the dark

room and well stirred with magnetic stirrer for more than

60 min to attain the equilibrium condition throughout the

solution. The concentration of the aqueous suspensions

(MB) in each sample was analyzed by using UV–Vis

spectrophotometer at a wavelength range of 300–600 nm.

The photocatalytic efficiency was calculated from the

expression g = (1 - C/C0), where C0 is the initial con-

centration of dyes (MB) before illumination and C is the

concentration of dyes after a certain irradiation time

(15 min).

3.7.1 Photocatalytic activity measurements

The photocatalytic activities of pure and Ag doped WO3

samples were evaluated based on their ability to degrada-

tion of methylene blue (MB) under visible irradiation.

2 g l-1 of pure WO3 and Ag doped WO3 nanoparticles

were added to methylene blue (MB) to determine the

Fig. 4 SEM and EDX spectra

of WO3

Fig. 5 SEM and EDX spectra of Ag doped WO3
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efficiency in degradation. The results shows that the time

of the illumination and the quantity of the photocatalyst

used for the degradation of the MB dyes. In Fig. 8, the

graph is plotted between degradation percentage of MB

dyes concentration in the aqueous sample after visible light

irradiation in the presence of a typical pure and 2 g l-1 Ag

Fig. 6 TEM image of a pure

WO3 b 10 wt% Ag doped WO3,

c SAED pattern of Ag doped

WO3, d HRTEM image of Ag

doped WO3
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Fig. 7 Photoluminescence spectra for (a) pure WO3, (b) 3 wt% Ag,

(c) 10 wt% Ag

Fig. 8 Photocatalytic degradation of methylene blue (MB) using

Mn–WO3 catalyst under visible-light irradiation
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doped WO3 samples. The photocatalytic activity of Mn

doped samples increased with the increase of Ag ion

concentrations. Figures 8 represent the degradation of MB

of WO3 with different Ag concentrations (3 and 10 wt%).

In my previous studies Mn doped WO3 shows very good

photocatalytic activity [12]. Comparing to the previous

studies, the Ag doped WO3 shows the better photocatalytic

activity. Due to the lower bandgap energy compare to Mn

doped WO3 exhibit very good photocatalytic activity. With

the reaction time at 150 min, the MB degradation effi-

ciencies of pure and Ag (3 and 10 wt%) doped WO3

samples are about 71,75 and 81 %, respectively.

Figure 9 shows the schematic representation of the

mechanism of pure and Ag doped WO3 in the degradation

of methylene blue dye. The bandgap energy of pure

tungsten oxide is lowered by the addition of manganese

into the site of tungsten. Due to this factor the generation of

electron and holes pair will increase and enhance the

photocatalytic activity for Mn doped WO3. The reaction

between the Ag doped WO3 with the photons as follows.

Ag�WO3 þ hm ! e CB� þ hVBþ

The system is irradiated with the photons (visible light)

the electron in the valence band move to the conduction

band of pure WO3. In Mn doped material, the W6? lattice

position is replaced by Ag2? ions, it will lower the con-

duction band of WO3. As a result the Ag doped WO3,

electron can exhibit from the valence band of Ag energy

level. Then the photogenerated electrons can easily trans-

ferred from the conduction band of Ag doping energy level

to the surface of photocatalyst to capture adsorbed O2

which improve the separation efficiency of charge carriers.

This two factors give rise to the increase in photocatalytic

efficiency for 10 wt% Ag doped WO3 catalyst compared to

the pure WO3. At the same time, more MB molecules are

adsorbed on the surface of Ag–WO3 catalyst, enhancing

the photo excited electron to the conduction band and

simultaneously increasing the electron transfer to the

adsorbed O2. Moreover the smaller bandgap energy due to

Ag dopant can play another role in enhancing the visible

light photocatalytic activity of WO3 catalyst.

4 Conclusion

Finally, it has been substantiated that a simple and inex-

pensive microwave irradiation method is used to synthesise

the pure and Ag doped WO3. The crystalline size and

structure were evaluated from XRD which has monoclinic

structure and crystallite which ranges from 35 to 31 nm.

TEM analysis shows both pristine and Ag doped WO3

nanoparticles are spherical shaped morphology with aver-

age particle size from 40 to 30 nm and it was compared and

in very good agreement with the XRD result. The UV-DRS

method was used to calculate the bandgap energies of the

prepared material and it has an effective with the reported

value. The bandgap energy value shows the emission of

radiation in the visible region. Ag doping into the WO3

reduces the bandgap which is evident by a red shift in the

optical absorption edge and that was found by UV-DRS

method. SEM confirms the plate like morphology change

as the silver concentration increases in the WO3. The

energy dispersive spectrum confirms the presence of

tungsten, oxygen and silver in the synthesized materials.

UV-DRS analysis shows that the band gap energy

decreases with the increase in the particle size. The PL

studies show the red shifts in the optical absorption edge

and the same was obtained for pure and Ag doped WO3.

Fig. 9 Schematic diagram for representation for photocatalytic mechanism of MB in Mn doped WO3 catalyst
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The photocatalytic activity of pure and Ag doped WO3

catalysts were determined by degradation of MB under

visible light irradiation. Ag doped catalysts show enhanced

photocatalytic activity as compared with pristine WO3.

This Ag doped WO3 catalyst may have potential applica-

tions in removal of pollutant as a highly efficient

photocatalyst.
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