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Abstract— In this work, the effect of palladium (Pd) as dopant on the structural and optical properties of WO3 nanostructures has been 
discussed. Pure and Pd (0.5 %, 1 % and 1.5 %) doped WO3 nanostructures were synthesized by acid precipitation method. XRD analysis 
with Rietveld refinement revealed the formation of monoclinic phase for WO3 and Pd doped WO3 nanostructures which were further 
supported by Raman studies. It was observed that the crystallite size of WO3 nanostructures was decreased with increase in Pd 
concentration. FESEM micrographs showed nanoplate type morphology of pure and Pd doped WO3 nanostructures. EDX confirmed the 
presence of Pd dopant in WO3 nanostructures. A broadening and shifting of Raman stretching modes in Pd doped WO3 nanostructures 
was observed. Diffuse reflectance spectroscopy results showed a red shift in band gap with Pd doping. Photoluminescence spectra 
exhibited blue and violet emission which was due to direct band transition and oxygen vacancies. A small shift in the peaks of violet and 
blue emission with Pd doping was also observed and attributed to defect centres created with doping. 

Index Terms— Doping, Nanoplates, Photoluminescence, Rietveld refinement, Raman spectroscopy, Sensor, WO3.   

——————————      —————————— 

1 INTRODUCTION                                                                     
ungsten trioxide (WO3) is a fascinating material, which 
shows outstanding properties for applications in several 
important technologies, such as gas sensors, solar cells 

and photocatalysis [1], [2], [3], [4]. These applications strongly 
depend upon structural, optical and morphological features 
[5]. Doping is one of the most effective and proficient method 
to alter these properties [6]. For example, Bai et al. reported 
enhanced acetone sensitive properties of copper-doped WO3 
sensors in comparison to pristine WO3 [7]. Feng et al. showed 
that Ti doped WO3 nanostructures exhibited improved visi-
ble-light-driven photocatalytic properties [8].  

Moreover, the decoration of noble metals such as palladium 
(Pd) and platinum (Pt) offers a high surface area, fast gas dif-
fusion and mass transport kinetics to WO3 based gas sensors 
due to their fascinating catalytic properties [9], [10]. Recently, 
Wang et al. demonstrated that existence of Pd on the WO3 sur-
face boosts the sensitivity of the sensor and lowers the opti-
mum operating temperature at low concentrations of hydro-
gen gas [11]. However, the synthesis of the noble metal Pd 
doped WO3 nanoplates have rarely explored. 

In this paper, we report the effect of Pd as doping on the 
structural and optical properties of WO3 nanostructures. The 
study of structural and optical properties of Pd doped WO3 
have immense importance for device applications.  

2 EXPERIMENTAL 
2.1 Synthesis 
In the synthesis of WO3 nanostructures, Na2WO4·2H2O was 

dissolved into distilled water and nitric acid taken both in 
equal volume to prepare 0.2 M solution. The solution was kept 
on stirring continuously for 4 h at room temperature and then 
aged for 24 h. The obtained yellow precipitates of WO3.H2O 
were filtered and washed thoroughly with distilled water and 
ethanol several times to remove any impurity ions. The 
expected chemical reaction was 

Na2WO4 + HNO3 —›H2WO4 + 2 NaNO3  (1) 
H2WO4 —› WO3 + H2O   (2) 

      The resulting precipitates were dried at 60oC in the oven 
which was followed by calcination at 500oC for 3h. Similarly, 
0.5, 1.0 and 1.5 % Pd doped WO3 nanostructures(labelled as 
0.5Pd, 1Pd and 1.5 Pd, respectively) were prepared by adding 
appropriate amount of PdCl2 to Na2WO4·2H2O  solution and 
following the above mentioned procedure. 

2.2 Characterization 
The crystal structure of the synthesized samples was studied 
by powder X-ray diffraction (XRD) (D8 Focus, BRUKER, 
Ettlingen, Germany) operated at 40 kV and 30 mA using Cu-
Kα1 radiation. The morphology of samples were analysed by 
field emission scanning electron microscope (FESEM; Carl 
Zeiss SUPRA 55). Raman spectra were recorded at room 
temperature on a Renishaw Invia microscope with an argon-
ion laser at an excitation wavelength of 514 nm. UV-Vis 
diffuse reflectance spectra (DRS) of samples were measured 
on a UV-Vis-NIR spectrophotometer (Shimadzu UV-3600 
spectrophotometer). Photoluminescence spectra (PL) were 
recorded (Lambda 45, Perkin Elmer fluorescence spectrome-
ter) at excitation wavelength of 310 nm. 

3 RESULTS AND DISCUSSION 
3.1 XRD analysis 
The XRD patterns of the WO3 and Pd doped WO3 nanostruc-
tures are shown in Fig. 1. The three prominent peaks corre-
sponding to reflection planes (200), (020) and (002) of WO3 are 
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present in XRD pattern which suggests the monoclinic phase 
[12] of as obtained WO3 (JCPDS-83-0951). No trace of impurity 
peak associated with Pd is observed which may be due to low 
doping content of Pd. The absence of dopant peaks also con-
firms the successful incorporation of Pd into the WO3 lattice. 
With Pd doping, the corresponding diffraction intensity also 
decreases which may be due to the lattice distortion induced 
by Pd ion into WO3 crystal as the ionic radius of dopant ion is 
larger (ionic radii of Pd2+ and W6+ is 78 and 67 pm respec-
tively) than host [13]. The crystallite size (D) has been calcu-
lated by employing the Scherrer’s equation [14] and the values 
are listed in Table 1. A decrease in crystallite size has been 
observed on doping which reveals that incorporation of Pd 
into WO3 might restrain the nanostructures growth to some 
extent.    
  Additionally, the Rietveld refinements of all samples have 
been performed on XRD data by employing Full Prof pro-
gram. The refinements have been carried out with P 21/n 
space group for XRD patterns in a 2θ range of 10–70◦ with a 
step size 0.02◦. Fig. 2 represents Rietveld refined XRD patterns 
for WO3 and Pd doped WO3 nanostructures. The lattice pa-
rameters ‘a’, ‘b’, ‘c’and ‘β’ and Chi-square values obtained 
from Rietveld analysis are presented in Table 1. Initially, the 
cell volume decreases (0.5 Pd), then it increases (1Pd) and fi-
nally it increases again (1.5 Pd). This deviation in cell volume 
of the Pd doped WO3 nanostructures comparative to pure 
WO3 are attributed to the presence of Pd ions into the WO3 
lattice network. Upadhyay et al. have reported similar varia-
tions in lattice parameters and cell volume for indium doped 
WO3 [12].  

 
3.2 Raman spectroscopy 
To further investigate the chemical structure of WO3 and Pd  
doped WO3 nanostructures, the Raman spectra were recorded 
at room temperature. Fig. 3 displays the Raman spectra of 
WO3 and Pd doped WO3 nanostructures. Raman spectra of 
pure WO3 nanostructure exhibit characteristics peaks at 808 
and 715 cm-1 which are linked to the W-O-W stretching mode. 
The Raman bands correspond to O-W-O bending vibration 
modes are also observed at 327 and 275 cm-1 [12].  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

   With Pd doping, these bands become broad and shifts 
towards lower wavenumbers confirming the incorporation of 
dopant into WO3 lattice. A relative decrease in intensity in Pd  
doped WO3 nanostructures is also observed which is 
attributed to presence of structural disorder upon doping.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3 FESEM-EDX analysis 
After confirmation of monoclinic phase from XRD and Raman 
studies, FESEM measurements were employed to analyse the 
morphology of WO3 and Pd doped WO3 nanostructures. Fig.4 
shows the FESEM micrographs of WO3 and Pd doped WO3 
nanostructures which shows a compact distribution of 
nanosheets like morphology which are randomly aligned and 
overlapped. With doping, the thickness of sheets decreases 
which is in accordance with crystalline size variation as 
obtained from XRD data.  
   

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  The EDX analysis confirms the presence of Pd in WO3 nanos-

 
Fig. 1. XRD patterns of pure WO3 and Pd doped WO3 nanostruc-
tures.   

 

 
Fig. 3. Raman spectra of pure WO3 and Pd doped WO3 nano-
structures.  

 

 
Fig. 2. Rietveld refinement plots of pure WO3 and Pd doped WO3 
nanostructures.  
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tructures. Fig. 5 shows the EDX spectra of the WO3 and 1Pd 
nanostructures. No other element except W, Pd and O has 
been detected which shows that final products are free of im-
purities. 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.4 DRS spectra 
DRS spectra of WO3 and Pd doped WO3 nanostructures are 
shown in Fig. 6a. The absorption spectra of nanostructures are 
obtained by using Kulbeka Munk function [15]. A small blue 
shift in absorption spectra has been observed with Pd doping. 
By plotting [F(R)* hν]2 vs hν and extrapolating the linear part 
of the curve [F(R)* hν]2 to zero, the direct band gap energy 
(Eg) of WO3 nanostructures has been determined (Fig. 6b) and 
the obtained Eg values are tabulated in Table 1. It can be seen 
that there is red shift in band gap with Pd doping. This optical 
band gap widening upon Pd doping can be attributed to pres-
ence of large numbers of oxygen vacancies which may lead to 
band filling effect. The difference in charge between dopant  
 
  

                             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

and host ions can be the reason behind band filling. Similar 

 
Fig. 4. FESEM micrographs of pure WO3 and Pd doped WO3 
nanostructures showing nanoplate type morphology. 

 
Fig. 5. EDX spectra of pure WO3 and 1Pd doped WO3 nano-
structures. 

 
Fig. 6. (a) DRS absorption spectra and (b) (F(R)*hν)2 versus hν 
plots of pure WO3 and Pd doped WO3 nanostructures. 

 
TABLE1 

Crystallite size (D), Lattice parameters (a, b, c and β) 
extracted from Rietveld analysis and Band gap energy 
value (Eg) of pure WO3 and Pd doped WO3 nanostruc-
tures.  
Sample Crystallite 

size 
(nm) 

Lattice 
parameters 

  (Å) 

Chi-
square 

Unit 
cell 

volume 
(Å)3 

Band 
gap 
(eV) 

WO3 28.70 a=7.312 
b=7.536 
c=7.696 
β=90.46 

2.01 424.174 2.92 

0.5Pd 18.89 a=7.316 
b=7.528 
c=7.689 
β=90.44 

1.79 423.522 3.10 

1Pd 19.79 a=7.326 
b=7.523 
c=7.687 
β=90.33 

1.61 423.749 
 

3.12 

1.5Pd 18.04 a=7.333 
b=7.516 
c=7.681 
β=90.63 

1.55 423.380 3.17 
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decrease in band gap due to doping has been reported pre-
viously in literature [16]. 
 
3.4 PL spectra 
Fig. 7 displays the PL spectra of WO3 and Pd doped WO3 
nanostructures. The inset of Fig.7 displays the deconvoluted 
PL spectrum of WO3 which shows deep level emission (DL) 
comprising of blue and violet emission which may be due to 
direct band transistion and oxygen vacancies. The intensity of 
DL emissions increases with increase of Pd in WO3 which 
suggests the enhancement of defects with doping [16]. A small 
shift in the peaks of violet and blue emission with Pd doping 
has also been observed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

4 CONCLUSION 
In summary, we can write that doping of Pd into WO3 lattice 
has been successfully achieved by simple cost effective acid 
precipitation method. XRD and Raman studies confirm the 
monoclinic phase of all samples. The decrease in crystallite 
size and variation in lattice constants with Pd doping is due to 
difference in ionic radii of dopant and host.  The Raman 
modes in Pd doped WO3 nanostructures becomes broad, com-
parative less intense and shifts towards lower frequencies in 
comparison to pure WO3. FESEM micrographs reveal nanop-
late type morphology of pure and Pd doped WO3 nanostruc-
tures. A red shift in bandgap has been observed for Pd doped 
WO3 nanostructures. The presence of oxygen vacan-
cies/defects arises from Pd doping has been confirmed by 
enhanced PL emission intensity.   
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Fig. 7. PL spectra of pure WO3 and Pd doped WO3 nanostruc-   
tures; inset showing deconvolution of pure WO3. 
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