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Abstract The present study explores, the pure and silver

(Ag) doped WO3 nanoparticles synthesized by microwave

irradiation method. Powder X-ray diffraction results reveal

that the WO3 doped with Ag concentration from 0 to

10 wt% crystallizes in monoclinic structure. TEM analysis

shows both pristine and silver doped WO3 nanoparticles.

They are having spherical morphology with a average size

from 30 to 40 nm. Scanning electron microscopy studies

depicts that both the pristine and Ag doped WO3 form in

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 con-

siderable red shift in the absorbing band edge and a

decrease in 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 defi-

ciencies were analyzed by photoluminescence spectra

analysis.

1 Introduction

In the recent years, photocatalytic technology has received

universal attention due to its application in organic syn-

thesis and the abatement of pollutants in water and air. It is

used to remove the organic pollutant which includes

detergent, dyes, pesticides and herbicides under UV-light

irradiation. The heterogeneous photocatalysis attracted a

considerable attention due to elimination of organic pol-

lutants in water [1–4] and Semiconductor photocatalysts

drew attention due to low cost and environmental friend-

liness. Because of its low cost and stability towards cor-

rosion, TiO2 is used as commercial photocatalytic material

which has bandgap energy of 3.2 eV and it will be excited

by UV irradiation and limits further application in the

visible light region.

Transition metal oxides represent a large family of

materials possessing various interesting properties such as

colossal magneto-resistance, piezoelectricity and super-

conductivity. Among them, tungsten oxide is an n-type

semiconductor metal oxide material which has its band gap

in the range of 2.6–3.0 eV and it can be irradiated by

visible light [5]. Since, the tungsten metal has several

oxidation numbers, tungsten oxide forms different com-

pounds such as W3O, WO2, WO2.72, WO2.9, WO2.96 and

WO3 [6]. Tungsten oxide shows several outstanding

properties like electrochromic [7], gaschromic [8], pho-

tochromic [9], gas sensor [10], photocatalyst [11] and

photoluminescence properties [12]. Tungsten oxide is

prepared by various methods like sol–gel method, Chem-

ical 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 [13].

The photocatalytic performances of WO3 were studied

for several additives and dopants. To modify the electronic

structure and their surface properties of semiconductor, the

chemical doping of WO3 with metallic elements are used

extending their visible light absorbance. When compared to
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other transition metals, Ag plays a vital role in the

enhancement of photocatalytic activity of WO3. Cong and

Lin [14] have successfully prepared Eu3? doped WO3

nanoparticles by the modified method of Pechini. The

photocatalytic activities of the nanoparticles were evalu-

ated by photodecomposition of rhodamine B (rhB). The

result indicates that the Eu3? doped WO3 nanoparticles

exhibit the highest photocatalytic activity. In the recent

study, it has been reported that the tungsten oxide synthesis

was found along with the water molecule (WO3�H2O) by

microwave irradiation method [15]. In the present research

the pure and silver doped Tungsten oxide without hydrate

group were synthesized by microwave irradiation method.

For the first time the study yielded the pure and silver

doped tungsten oxide directly from the microwave Irradi-

ation method without hydrate group (H2O). In both the

cases, the time taken to complete the synthesis was around

5 min and the reaction process is very simple.

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 [16]. 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 sodium hydroxide (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).

Transmission electron microscope and selected-area elec-

tron diffraction was recorded with JEM2100. High resolu-

tion electron microscope was recorded with an 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 (FEIQUATA250), Elemental analysis

were performed by EDAX (FEIQUATA250) and PL spectra

was recorded by LS 45 fluorescence spectrometer.

3 Results and discussion

3.1 XRD analysis

The microstructure of the prepared samples were analysed

by X-ray diffraction (XPERT PRO) using the Cu Ka
wavelength of 1.5405 Å. The average crystalline size and

structures were calculated from X-ray diffraction pattern

which is shown in Fig. 1. The XRD pattern of the sample

shows the formation of WO3 and diffractions matched

perfectly with the WO3 monoclinic structure [17]. Figure 1

shows the X-ray diffraction (XRD) pattern for synthesized

pure and Ag doped WO3. From the figure it has been

observed that the Pure WO-3 exhibit the diffraction peak at

2h = 23.123, 23.594 and 24.371 and for Ag doped WO3

exhibits the diffraction peak at 2h = 23.024, 23.498 and

24.270 related to (002), (020), (200) reflection of mono-

clinic phase of WO3. Both Ag doped WO3 and undoped

WO3 can be well indexed to the standard pattern of mon-

oclinic WO3 with the lattice constants a = 7.300,

b = 7.538, c = 7.689 and b = 90.892 (JCPDS card No:

83-0950). No additional peaks are found in the XRD pat-

tern which confirms absence of impurities in the synthe-

sized material. It was also noted that the small peak shift

was observed for lower angle side for Ag doped samples.

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.

Fig. 1 XRD pattern for a Pure WO3, b 3 wt% Ag, c 10 wt% Ag
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By using the Debye–scherrer’s equation [18, 19], 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,

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 nm, 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 UV–visible diffusion reflectance spectroscopy

The optical property and substitution of silver into WO3 site,

the sample were characterized by UV–Vis transmission

spectra analysis. Figure 2a, b 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 doping.

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 Kubelka–Munk func-

tion, where

R/ð Þ ¼ Rsample

Rstandard

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

intercept value gives the band gap energy Eg [15] 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 1 shows the bandgap energy for pure and

Ag doped WO3.

0 1 2 3 4 5 6

(F
(R

al
ph

a)*
hv

)^
2

(Energy hv (eV)

Eg=3.00 eV

0 200 400 600 800 1000 1200 1400 1600
5

10

15

20

25

30

35

40

45

50
%

 R
ef

le
ct

an
ce

 (
R

)

Wavelength (nm)

0 400 800 1200 1600
0

10

20

30

40

50

%
 R

ef
le

ct
an

ce
 (

R
)

Wavelength (nm)

0 1 2 3 4 5 6

(F
(R

α)*
hν

)2

Energy h ν (eV)

Eg=2.90 eV

0 1 2 3 4 5 6

(F
(R

al
ph

a)
*h

v)
2

Energy hv (eV)

E
g

 = 2.85eV

0 200 400 600 800 1000 1200 1400 1600

5

10

15

20

25

30

35

40

45

Wavelength (nm)

%
 R

ef
le

ct
an

ce
 (

R
)

(a)

(b)

(c)

Fig. 2 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 Table 1 Band gap energy for pure and Ag doped WO3

Material Bandgap energy (eV)

Pure WO3 3.00

3 wt% Ag 2.94

10 wt% Ag 2.85
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3.3 Scanning electron microscopy and EDAX

analysis

Scanning electron microscope is a useful technique to

determine the morphology and particle size of the samples.

Figure 3a and 4a shows SEM image of pure and Ag doped

WO3 nanoparticles. It is clearly observed that both the

samples show plate like 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

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. 4a. 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. 3b. Figure 4b 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.

3.4 Transmission electron microscope

Figure 5a, b shows the TEM image of both pristine and Ag

doped WO3 nanoparticles. 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 the doped particles remain

Fig. 3 a and b SEM and EDX spectra of WO3

Fig. 4 a and b SEM and EDX spectra of Ag doped WO3
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unchanged but the average diameter got decreased. Fig-

ure 5c, 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].

3.5 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. 6. The spectra were

recorded under the excitation wavelength of 325 nm at

room temperature. Both pure and Ag doped tungsten oxide

Fig. 5 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

Fig. 6 Photoluminescence spectra for a pure WO3, b 3 wt% Ag,

c 10 wt% Ag
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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 mo
? oxygen vacancies and these

emission may be attributed to the different luminescent

centers such as defect energy levels arising due to silver

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

causes the lattice defects.

4 Conclusion

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

pensive microwave irradiation method is used to synthesize

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. Scanning electron microscopy confirms

the plate like morphology change as the silver concentra-

tion 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. The material can be excited by visible light

and this property is used to remove the organic pollutant

from the waste water.
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