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Abstract. In this work, the effect of substrate temperature on structural and optical properties of V 2O5 thin
films has been characterized by X-ray diffraction (XRD); SEM and transmission. The films mince has been
prepared by Reactive Chemical Spraying technology in Liquid Phase (RCSLP) on glass substrates
preheated at (350, 400, 450 and 500 °C). The X-ray diffraction analysis confirms that all layers are
polycrystalline, and the preferred orientation of V 2O5 is the (001) plane. The morphology of V2O5 thin
films  are  porous  nature  and  their  particle’s  shape  is  three-dimensional. The transmittance and absorbance of
thin film were measured from which the optical constants (Energy gap, Refractive index, Absorption
coefficient, Extinction coefficient and Optical dielectric constant) were determined.

1. Introduction
Due to their permanent structural flexibility combined
with their chemical and physical properties,Vanadium
oxides have recently been the subject of much [1, 2].
Because of their permanent structural flexibility
associated with their chemical and physical properties.
Different oxidation states can be obtained depending on
the method of preparation and the type of source
material, such as VO2, V2O3 and V2O5…[3, 4].Vanadium
pentoxide (V2O5) is the most oxidized state, the most
stable form of crystallizationand most applicable in
industry, mainly in Li-ion batteries[5, 6], electrochromic
and thermoelectric devices [7, 8], gas sensors [9, 10] and
opto- electronic switches [11, 12].
The lamellar structure of V2O5 can be distinguished by
a series of VO5 pyramid pairs with roughly square base
sharing a ridge. In these pyramids, five oxygen atoms
surround the vanadium, one of these atoms is located in
the apical position at a shorter distance of about 1.54
Å(this corresponds to a vanadyl bond) [9],and the other
atoms are at a distance of about 2 Å. Two pairs of
pyramids are linked together by an arete and thus create
double zig-zag chains along the axis b. These chains are
connected to each other by vertices along an axis and
thus form a leaflet. The use of very irregular VO 6
octahedra can also describe the structure, where the sixth
oxygen atom is at a greater distance of about 2.79 Å.
This link is a type of van der Waals link. The crystal
structure of V2O5 is an orthorhombic structure where the
lattice parameters are a = 11.512 Å, b = 3.564 Å and c =
4.368 Å [8].
*

Among the methods of preparation of V2O5 thin films,
we find thermal evaporation, electron beam evaporation
[13], magnetron sputtering [14], sol-gel [15],
electrochemical deposition [16], pulsed laser ablation
[17], and the spray pyrolysis technique [18, 19]. This
latter will be the method of preparation used in this
work.
The objective of our work is to show the correlation
observed between the structural and optical, properties
observed in the thin films of V2O5 deposited on at
different substrate temperatures (350, 400, 450 and 500
°C) using a spray pyrolysis technique.

2. Growth and characterization of V2O5
We grow our thin films V2O5 by spray pyrolysis method.
The precursor used for deposition of films was prepared
by dissolving vanadium trichloride (VCl3) powder in
distilled water. They are deposited onto glass substrates,
the solution concentration at 0.05 M, the deposition time
was 10 min and the substrate temperature varies from
350 °C to 500 °C, The experimental set-up for this last
has been described previously [19].
The structural characterizations are performed using Xray diffraction (XRD) with Cu Kα  radiation  (λ  =  1.5406  
Å); the patterns were recorded over the angular range
13–70°   (2θ).   Morphology   of   deposited   thin   films   was  
observed using FEI Quanta 200 Brand scanning electron
microscope. Optical measurements were carried out
using the Spectrophotometer JASCO UV/VIS/NIR V570
in the wavelength range (350 – 2500 nm).
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500 °C (Fig 3 b-c-d) are inhomogeneous, have a porous
nature   and   their   particle’s   shape is three-dimensional.
The same phenomenon was seen on V2O5 layers
prepared by Liu. & al. [21].

3. Results and discussion
3.1. Structural properties
Figure 1 shows the XRD patterns for samples grown for
different substrate temperatures (350 °C, 400 °C, 450 °C
and 500 °C). Analysis by X-ray diffraction showed that
all layers are polycrystalline and orthorhombic structure.
The preferred orientation of V2O5 thin films is the (001)
plane at an angle 2θ   =   20.076°   which   indicates   the  
preferred orientation along the crystallographic c axis
perpendicular to the substrate. When we have increase
substrate temperature, the intensity of the (001) plane
peak has been increased. This result may be attributed to
the recrystallization process on account of, the increase
in the substrate temperature from 400 °C to 500 °C. The
obtained results are in agreement with the results
reported by Naser and al [20].
Figure 1 also shows that the position of (001) diffraction
peak shifts towards higher angle. Indicating that the
lattice constant c value of the V2O5 thin films decreases
with the increase of the substrate temperature (figure 2).
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Fig. 2. The lattice parameter c of V2O5 samples at different
substrate temperatures.
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Fig. 1. X-ray diffraction spectra of V2O5 samples at different
substrate temperatures.

Fig. 3. Surface morphology of V2O5 layers at different
substrate temperatures.

3.2. Morphology

The   layers   developed   at   500   °C   have   a   high   porosity’s  
density. This morphology is very important because it
allows   the   insertion   of   chemical   species   (gas,   etc…).  
This helps to consider several applications for those
layers especially in the field of electrochromism [22-23].

Figure 3 shows the morphology images of V2O5 thin
films prepared at different substrate temperatures (350,
400, 450 and 500 °C). We can see clearly that there is a
change and an evolution of V2O5 thin layers shape.
Indeed, the layer prepared under 350 °C (Fig 2-a)
appears smoother and homogeneous with a small size of
grains while the thin films developed under 400, 450 and
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We can observed that the substrate temperature influence
the transmittance value. In fact, when the substrate
temperature increases the transmittance value increases.
This improvement is mainly related to the crystalline
quality of thin films.

3.3 Optical properties
Figure 4 shows the optical transmission spectra of V2O5
thin layers at the initial state developed in different
temperature. All samples exhibit a sharp fundamental
absorption edge, and an important transmittance in the
visible range, while reflectance is low. In the near IR
range the transmittance decreases while the reflectance
starts increasing. The same behavior is reported by Ben
Ayad et al. [24].

The reflectance R of the material with Transmittance (T)
and Absorbance (A) is given by the relation:

R  1  Te A

Transmission values of V2O5 with different temperatures
(350, 400, 450 and 500 °C) were then used to obtain the
values of optical band gap (Eg) by using Tauc [25] and
Davis and Mott model [26]. The values of the direct
band gaps are 2.46, 2.48, 2.51, 2.52 eV for V 2O5 thin
films elaborated respectively at 350, 400, 450 and 500
°C. These values of direct band gap are comparable to
2.44 eV, already reported by I. Quinzeni et al. for
polycrystalline V2O5 thin films [27].
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In the figure 5, it is observed that the value of k is
decreased and then increased to the insured value with
the wavelength, the low 0.6 lower values of the
absorption index (k) indicate that these layers are
transparent and that the deposited films do not exhibit
surface defects. The same behavior is followed by the
refractive index n, as shown in the figure 5. The value of
the refractive index decreases with increasing
wavelength from 500 nm and reaches a saturation value
for the high wavelengths.
The   real   (εr) and   imaginary   (εi) parts of the optical
dielectric constant can be calculated from the following
relations [29] :
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Fig. 4. UV-Vis-NIR Transmission, Absorbance and
Reflectance spectra of V2O5 thin films with different
temperatures.
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350-2500 nm range optical conductivity as a function of
wavelength  εr and  εi vs wavelength function, also optical
conductivity   (σopt) vs wavelength, the values of the real
part are greater than those of the imaginary part, these
constants show the similar behavior like the k and n.
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Fig. 5. The absorption  coefficient  (α),  extinction coefficient (k)
and refractive index (n) of V2O5 thin films with different
temperatures.
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wavelength.
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The variation of the dielectric constant with the
wavelength shows the existence of interactions between
photons and electrons in the deposited thin layer [29].
The optical conductivity directly depends on the
absorption coefficient and the refractive index of the thin
layers and follows the same variation as that of the

Where  c,  α  and  n  is  the   velocity  of  light,  the  absorption  
coefficient and the refractive index respectively.
The figure 6 shows the graph of the real, imaginary parts
and the optical dielectric as a function of wavelength in
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absorption  coefficient  α  and  the  refractive  index   n when
the wavelength increases.
Optical conductivity decreases sharply after 500 nm.
This is due to a sharp decrease in the absorption
coefficient after this value.
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4. Conclusion
To summarize, V2O5 films were done by spray pyrolysis
method under temperature effect, after characterization,
the XRD results shows that all layers are polycrystalline
and orthorhombic structure also when the substrate
temperature increased the intensity of the pic (001) plane
has been increased. The SEM results show that all layers
are porous.
The transmission study gives that, substrate temperature
improves the transmission of thin films in the visible
range, and that the optical gap increases.
In addition, the optical conductivity directly depends on
the absorption coefficient and the refractive index of thin
layers and follows the same variation as that of the
absorption  coefficient  α  and the refractive index n.
In brief, from this study, we can say that V2O5 is a
promising material for Li-ion batteries and
electrochromic devices applications. We are interested to
study electrical and electrochemical properties of doped
V2O5 thin films as a part of future work.
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