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Abstract- Thin films of zirconium doped vanadium pentoxide with different Zr-doping levels (in steps of 0.1mM 

of Zr) were deposited on glass substrates by a home built spray pyrolysis system. The effect of Zr doping on the 

structural, morphological and optical characteristics were carried out. X – ray diffraction (XRD) patterns revealed 

that prepared films were polycrystalline in nature, having an orthorhombic crystal structure. Annealing effect 

improved the crystallinity of the films. The crystallite size of the films was found to increase after annealing. From 

FESEM images, the flower shaped structure was observed in the annealed Zr doped V2O5 film. The band gap 

energy of as deposited films varied with Zr doping. 
  

Index Terms- thin films; Spray pyrolysis; X –ray diffraction; Zirconium dopant. 

1. INTRODUCTION 

Doping metal oxides has been utilized as one 

method for enhancing or changing the properties of the 

oxides for new and upgraded execution of different 

electronic devices. Transition metals specifically 

introduce changes in electrical, structural, optical and 

morphological characteristics of the parent metal 

oxides. V2O5 continuously studied due to its potential 

for many applications such as optical switching devices 

[1], humidity sensors, secondary Li batteries and 

electrochromic materials [2]. The relationship between 

microscopic and macroscopic properties, materials, and 

deposition parameters provides an important guidance 

to optimize these material characteristics for a given 

application [3]. V2O5 films have been prepared by a 

various physical and chemical vapor deposition 

techniques such as chemical vapor deposition [4] 

sputtering [5], sol gel method [6], pulsed laser 

deposition [6], evaporation [7-9] and spray pyrolysis 

[10, 11].  

Introduction of Zr atoms as dopants into the V 

– O matrix has been studied in the form of nanoparticles 

[12, 13], thin films [14]. Interest in Zr doped V2O5 

arises from the fact that wide band gap of ZrO2 is 

beneficial to widen the bandgap and potential to 

increase the absorbance. The molecular mixing of these 

components is vital in transforming the properties of the 

mixed oxides. Changes in their properties caused by 

doping usually depend on the synthesis method and 

conditions, the ratios of the components, nature of 

source materials and post-synthesis treatments. The 

main objective of this study was to deposit undoped and 

Zr-doped V2O5 thin films using the spray pyrolysis 

method and to investigate the effect of doping on their 

structural, morphological and optical properties. 

2. EXPERIMENTAL  

2.1. Preparation of Zn-Doped V2O5 Thin Films 

Vanadium (III) chloride (Sigma-Aldrich, USA, 

purity 99.8%) and Zirconium oxychloride, (Sigma-

Aldrich, USA, purity 98%) were used as sources of 

vanadium and zirconium oxides respectively. Initially, 

for pristine V2O5 thin film 0.05M of vanadium (III) 

chloride (VCl3) was dissolved in 50 mL of deionized 

water.  For Zr doped V2O5, an appropriate quantity of 

Zirconium oxychloride (ZrOCl2.8H2O) was added from 

0.1mM to 0.5mM in steps of 0.1mM in the precursor 

solution respectively. The solution was stirred 

thoroughly using a magnetic stirrer for 30 min and then 

deposited on the preheated glass substrates kept at 

250°C by spray pyrolysis system. A home built spray 

system was constructed as reported by Jeyaprakash et 

al [17].  

Before the deposition process, the glass substrates 

were cleaned chemically and dried to remove the 

unwanted organic matters present in the substrate. The 

cleaned glass substrates were placed on the heater 

which is controlled by chrome-nickel thermocouple fed 

to a temperature controller with an accuracy of ±1°C. 

The solution was sprayed at an angle of 45° onto 

preheated glass substrate kept at a distance of 50cm 

from the spray gun. Compressed dry air at a pressure of 

2 kg/cm2 by an air compressor via an air filter with 

regulator was employed as the carrier gas and spray rate 

of the solution was kept at 3 ml/min. To avoid excessive 

cooling of substrates, consecutive spraying process was 

employed with the time period of 15 seconds between 

two sprays. All the prepared film samples were post 

annealed at 300°C for 1 hour in an air atmosphere. 
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2.2. Characterization techniques 

The structural details of the thin films prepared by 

the afore mentioned process, were carried out by P 

Analytical X-ray diffractometer (Model D/MAX 

ULTIMA III) using Ni – filtered  CuKa X- radiation 

(k=1.54056A). A range of 2θ from 10° to 100° was 

scanned from a fixed slit type so that all possible 

diffraction peaks could be detected. Crystallite size and 

micro strain were analyzed by X-Ray line broadening 

technique. Surface morphology of the films was 

investigated using Field Emission Scanning Electron 

Microscope (Model Carl Zeiss Ultra 55) with an 

accelerating potential of 18KV. Prior to the imaging, 

the films were sputtered with a thin gold film to 

increase the emission of the secondary electron for 

enhanced imaging. All the spectra were acquired at a 

pressure using an ultra-high vacuum with Al Ka 

excitation at 250W. The optical properties and the band 

gap of the thin films were analyzed by UV-VIS-NIR 

spectrophotometer (Model- Lambda 35). 

 

3.  RESULTS AND DISCUSSION  

3.1.  Structural Analysis  

To study the crystalline structure and phase change 

in the prepared samples before and after heat treatment, 

XRD has been performed as shown in figure 1. The 

XRD pattern of as deposited pristine V2O5 film 

corresponded with the orthorhombic structure (JCPDS 

41−1426) while the impurity peak due to V4O9. 

However, the XRD pattern of the pristine V2O5 had low 

peak intensities because of the poor crystallinity. Zr as 

dopant suppressed the crystal growth of V2O5 along (0 

0 1) direction and increasing the intensity along (1 0 1) 

plane. The peak intensity increased gradually with 

increase of dopant concentration. These results 

conclude that, Zr4+ is well doped within the V2O5 

lattice.  

As it can be seen, with open air annealing at 300˚C 

crystallinity of the films were improved. Fig 2 (b) 

exhibits typical V2O5 phase with major peaks along (0 

0 1), (2 0 0) and (1 1 0).  The observed pattern is in 

accordance with the previous work prepared by the 

spray pyrolysis and other methods [11, 15 - 16]. At 

higher concentration of Zr (0.5mM), (0 0 1) peak 

becomes dominant.  The dominance of (0 0 1) peak 

suggests that the texture of V2O5 thin film is oriented 

along c – axis which is perpendicular to the surface of 

the substrate with it’s a- , b- axis parallel to the surface 

[17]. The crystallite size and microstrain were 

calculated using Scherrer’s formula [18], 

D = 0.9λ / βcosθ and 

εhkl = β/4tanθ 

Where D is the size of the grain in the direction 

perpendicular to the reflecting planes, θ is diffraction 

angle, K is shape factor (=0.9), X is the wavelength of 

X-ray, β is the full width at half maximum of prominent 

peaks in radian and εhkl is microstrain. Figure 3(a) and 

3(b) show the variation of mean crystallite size and 

microstrain for both as deposited and annealed films. It 

is observed that the crystallite size decreases with 

dopant concentration increases. It is mainly due to 

change in peak position with Zr doping. After 

annealing, the crystallite size was found to increase due 

to coalescence process [19]. The grain orientations as a 

function of Zr concentration as shown in figure 4.  The 

peak intensity I(101)/I(001) is mapped for various Zr 

concentration for as deposited films.  For low Zr 

concentration, (0 0 1) peak shows the highest peak 

intensity and the (1 0 1) the second highest 

(I(101)/I(001) > 1).  At higher concentration of Zr, (1 0 

1) peak dominates with respect to the (0 0 1) reflection 

(I(101)/I(001) < 1) as the (1 0 1) peak intensity 

increases rapidly in contrast to the intensity of the (0 0 

1) peak. With post annealing, microstrain decreases due 

to ordering of atoms in the crystal lattice and 

concentration of stacking faults and point defects are 

reduced [20]. 

 

 
Fig  1: XRD patterns of as deposited (a) Pristine V2O5       

and Zr doped (b) 0.1 mM  (c) 0.2 mM (d) 0.3 mM             

(e) 0.4 mM (f) 0.5 mM. V2O5 thin film 

http://www.ijrat.org/


International Journal of Research in Advent Technology, Vol.6, No.6, June 2018 

E-ISSN: 2321-9637 

Available online at www.ijrat.org 
 

1044 

 

3.2.  Morphological Analysis  

 The surface morphology of the as deposited 

and annealed films was studied using FESEM 

images shown in Figure. 5 – 7. As deposited 

pristine and Zr doped thin films show smooth and 

tightly packed grains with some fine pores.  .  As 

observed in Figure 5, there is a noticeable 

difference between as deposited and annealed 

films. While annealing the agglomeration process 

is initiated resulting in the formation of larger 

grains. In contrast to the as deposited pristine V2O5 

film, the annealed V2O5 film presents a slightly 

coherent and homogeneous morphology, 

consisting of flower shaped morphology (Figure 6 

– b). It is attributed to the migration of surface 

atoms at higher temperatures. In addition, more 

voids were observed among Nano flowers.  Figure 

7 shows the structure of Nano flowers with 

different magnification. Nano flowers with the 

porous nature of the film which is useful for the 

solar cell and sensor application.  [21]. Thus the 

higher concentration of Zr doping affect the crystal 

structure and morphology of V2O5 thin films 

 
 

 

`  

Fig 2: XRD patterns of annealed (a) Pristine V2O5 

and  Zr doped (b) 0.1 mM (c) 0.2 mM (d) 0.3 Mm      

(e) 0.4 mM (f) 0.5 mM. V2O5 thin films 

 

 

Fig 3: Variation of (a) Mean crystallite size and 

 (b) microstrain of as deposited and annealed  

Pristine and Zr doped V2O5 thin films 

 

 
Fig 4: Grain orientations as a function of Zr 

concentration 
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Fig. 5:  FESEM images of as deposited (a) and Zr doped with 0.3(b) and 0.5mM (c) 

 
Fig 6: FESEM images of annealed pristine V2O5 (a) and Zr doped with 0.3(b) and 0.5mM (c) 
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Fig 7: FESEM images of annealed pristine V2O5 (a) and Zr doped with 0.3(b) and 0.5mM (c) 
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Fig 8: Absorbance spectra (a) and Tauc’s plot (b) of as deposited  

V2O5 thin films doped d with different Zr concentrations 

 

Fig 9: Absorbance spectra (a) and Tauc’s plot (b) of annealed  

V2O5 thin films doped with different Zr concentrations 
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3.3. Optical studies  

Figure 8 and 9 show the optical absorption spectra 

and Tauc’s plot of as deposited and annealed pristine 

V2O5 and Zr - doped V2O5 thin films. Generally, by 

increasing the dopant concentration, the optical 

absorbance increases intensely.  The absorbance of the 

Zr-doped V2O5 films decreases as the Zr-doping level 

increases from 0.1mM to 0.4mM except 0.2mM 

concentration.  This rise in absorption edge is the result 

of the decreased band gap which improves the thin film 

conducting behavior. However this trend is reversed for 

0.2mM dopant concentration which is probably 

resulted from more porosity in film.  The absorbance 

decreased considerably with post annealing at 300°C.   

The optical absorption coefficient ‘α’ was estimated by 

the following relation: 

α = 2.303A / t 

Where A is the absorbance and t is the thickness of the 

film. The optical band gap was calculated using Tauc's 

relation [22],  

(αhυ)1/n = B (hυ  ̶  Eg) 

Where hυ is the photon energy, Eg is the cortical band 

gap of the film, α is the absorption coefficient, ‘B’ is 

constant, the exponent ‘n’ corresponding to the type of 

transition. The values of n - 1/2, 2, 3/2 and 3, 

correspond to the allowed indirect, direct, forbidden 

direct band gaps indirect and forbidden respectively. 

The optical band gap energies of as - deposited pristine 

V2O5 are 2.32eV which is in agreement with the 

previous works [23]. As the doping concentration 

increases, the band gap energy found to decrease. The 

lowering band gap is related to the grain size [24]. 

When the prepared samples are annealed at 300ºC, the 

energy gap is shifted to lower energy and it clearly 

indicates that the annealing processes decreases band 

gap energy. The microstructural changes caused by 

annealing treatment can be attributed to decrease in 

optical band gap [25, 26].  The effect of grain size on 

the optical band gap arises out of quantum confinement 

effects [26]. The variations of Eg with Zn doping 

concentration of both as deposited and annealed films 

are shown in figure 10. 

 

 

 

 

 

 

 

 

 

Conclusion  

In this work, we investigate the effect of Zr-doping of 

different levels on the physical properties of vanadium 

oxide thin films prepared by spray pyrolysis. Our 

results revealed that Zr-doping in vanadium oxide thin 

films strongly affects its physical properties. The X – 

ray diffractometry showed that films were 

polycrystalline nature with orthorhombic structure.  By 

increasing the level of doping suppressed the crystal 

growth of V2O5 along (0 0 1) direction and increased 

the intensity along (1 0 1) plane. After annealing, (0 0 

1) plane become dominated.  The SEM micrographs 

show that formation of Nano flowers in annealed Zr 

doped V2O5 thin films. UV – Vis spectra illustrated that 

the doping samples with zirconium decreased the band 

gap of the films. With annealing, the band gap energy 

values found to decrease and it is attributed due to 

structural changes in the films. 
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