
Volume 6, Number 1, 2013. pp. 7-15 
 

 
Corresponding Author:  Nehad M. Tashtoush. Email: nehadmt@yu.edu.jo 

Jordan Journal of Physics 
 
ARTICLE 
  

Optical Properties of Vanadium Pentoxide Thin Films Prepared by 
Thermal Evaporation Method 

 
 

Nehad M. Tashtousha and Osamah Kasasbehb  

 

a Department of Physics, Faculty of Science, Yarmouk University, Irbid, Jordan. 
b Department of Physics, Faculty of Science, Mutah University, Al-Karak, Jordan. 
Received on: 2/12/2012;  Accepted on: 15/4/2013 
 
Abstract: Vanadium Pentoxide (V2O5) thin films were obtained using thermal evaporation 
technique on a glass substrate. Many films of different thicknesses were prepared. 
Deposition rate was controlled by using a quartz monitor connected with the system and 
the rate was about 5 nm per second for all films. The transmittance and reflectance of each 
film, in the spectral range 300 to 900 nm, were measured from which the optical constants 
(Refractive index, Absorption coefficient, Extinction coefficient and Energy gap) were 
determined. The energy gap was calculated for two films (d1 = 320 nm and d2 = 700 nm) 
and found to be 1.87 and 2.1 eV for the direct allowed transitions, respectively. All 
measured values were consistent with those found in other previous studies. All our films 
were found to have an amorphous structure as was shown by the XRD patterns of the films. 
Keywords: Refractive index; Extinction coefficient; Optical constants; Absorption 

coefficient; Vanadium Penoxide. 
 

 
Introduction 

Thin films of semi-conducting materials 
generally have neither the same physical 
properties nor the same chemistry as the 
respective bulk material. Moreover, the 
preparing techniques and deposition processes 
used to create films dramatically change the 
physical properties of material such as refractive 
index, extinction coefficient, homogeneity, 
density, hardness, internal stress, adhesion to 
substrate and crystal structure. Therefore, the 
difference in physical properties between bulk 
and thin film material depends strongly on many 
factors such as the type of deposition process 
itself, deposition temperature, deposition rate, 
gas pressure, substrate geometry, preparation of 
the coating material and the post-deposition 
temperature. Vanadium pentoxide is an 
important material in glass and ceramic 
industries. Vanadium pentoxide is of big interest, 
since it is a good catalyst and can be used in the 
applications of gas sensors and other 
applications. Also, it is a chemical material that 

can be added to glass for coloration and to 
absorb wavelengths below 359 nm. It also can be 
used in ceramic resistor materials. Possible new 
uses include the preparation of bismuth 
vanadate ceramics for use in solid oxide fuel 
cells. Another new application is in vanadium 
redox batteries, a type of flow battery  used for 
energy storage, including large power facilities 
such as wind farms. Many methods of 
preparation, physical and chemical methods, are 
used to prepare V2O5 films: chemical vapor 
deposition, magnetron sputtering, sol-gel 
technology, thermal evaporation technique and 
flash evaporation. The characteristics of V2O5 
films are strongly dependent on the method of 
their synthesis, because V2O5 loses oxygen when 
heated in vacuum or in reductive atmosphere; 
this causes partial dislocation and oxygen 
removal from the V2O5 lattice, which results in 
the formation of defects or a reduced phase in 
the resulting layers [1-8]. 
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The electro-chromic properties of aqueous 
sol-gel derived vanadium oxide films with 
different thicknesses have been investigated [9]. 
Rajendra Kumar et al. have determined various 
structural parameters such as lattice constants, 
grain size and micro-strain and dislocation 
density of V2O5 thin films prepared by vacuum 
evaporation. Also, the influence of deposition 
temperature on the structural parameters has 
been discussed [10]. Pulsed laser deposition 
technique was used by Rajendara Kumar et al. to 
prepare V2O5 thin film thermistors [11]. Finally, 
many reports have been found about the physical 
properties of V2O5 and its compounds, especially 
glass and ceramic [12-15]. 

 

Theoretical Background 
Many methods can be used to measure the 

optical constants of materials [6, 16-18], one of 
which is by measuring the transmittance (T) and 
reflectance (R) of the film. For a single 
absorbing layer on a transparent substrate such 
as vanadium pentoxide thin films on a glass 
substrate, it is easy to measure the reflectance 
from the film side and the transmittance through 
the film. Using these measurements, we can find 
the optical constants of the film material by 
solving the theoretical equations that give the 
values of transmittance and reflectance as a 
function of wavelength and optical constants. 
These relations for T and R can be approved, and 
have been found to be as [18, 19]: 
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where d is the film thickness, k is the extinction 
coefficient of the film, s is the refractive index of 
the substrate, n is the refractive index of the film 
material and no is the refractive index of air. 
Solving Eq. 1 and Eq. 2 by a suitable computer 
program (using Mathematica Package or Mat 
lab), n and k can be found. Then, k can be used 
to find the absorption coefficient α which is 
related to k by [6]: 

4 kπα
λ

=              (3) 

In order to determine the fundamental 
absorption edge from T measurements, the 
following expression can be used: 

( ) ( )m
ghv B hv Eα = −             (4) 

where α is the optical absorption coefficient, hν 
is the incident photon energy, as a constant 

called edge width parameter, Eg is the optical 
band gap of the material and m is the exponent, 
that determines the type of electronic transition 
causing the absorption. It can take values of (1/2) 
for direct allowed, (3/2) for direct forbidden, 2 
for indirect allowed and 3 for indirect forbidden 
transitions [20]. 

Experimental Details 
Vanadium pentoxide thin films, of different 

thicknesses (320, 550 and 700 nm), were 
prepared using thermal evaporation technique. 
This was achieved by using Edwards Coating 
System E306 A model. All samples (thin films) 
were deposited on glass substrates with a 
refractive index of about 1.52. The substrates 
were cleaned by the usual method of cleaning; 
that is: using the ultrasound cleaner filled with 
acetone to clean the substrates, then filled with 
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distilled water. After this, all substrates were 
cleaned again with methanol and then with 
distilled water. Finally, hot clean air was used to 
dry the substrates. To prepare a certain sample 
with a certain thickness, the substrate was 
attached to a special holder in the evaporator. 
Then, a powder of V2O5 of purity 98.5% was 
added to the Mo boat, which was 12 cm away 
from the substrate, before closing the chamber to 
start the evacuation and evaporation process. The 
base pressure inside the chamber was less than 
10-5 mbar. In each deposition process, two 
samples were prepared for different purposes of 
film characterization. After the films were 
deposited, they were removed from the coating 
chamber and a variety of characterization 
techniques were employed to study their various 
properties. The normal incidence reflectance (R) 
and transmittance (T) of the films were measured 
over the range of 300 nm to 900 nm wavelength. 
A spectrophotometer, Specord M500 model, was 
used for this purpose. 

 

 
 

Results and Discussion 
The X-ray diffraction pattern of room 

temperature deposited V2O5 films assured their 
amorphous nature. Fig. 1 shows a typical XRD 
pattern of one of the as deposited V2O5 thin 
films. Fig. 2 shows a typical curve of the 
transmittance in the visible region; i.e. from 300 
nm to 900 nm for three films of different 
thicknesses (320, 500 and 700 nm). It shows that 
the transmittance decreases as the thickness of 
the film increases. Also, more peaks 
(interference fringes) appear when the film 
thickness increases. Fig. 3 shows the reflectance 
spectrum of the three prepared films in the same 
visible spectrum as for T. In order to measure the 
optical constants, two well prepared films of 
different thicknesses; i.e. d1 = 320 nm and d2 = 
700 nm, were analyzed. As shown in Fig. 2, 
there are two broad peaks for the first film; 
namely at λ  = 530 nm and 780 nm. To measure 
the optical constants of this film, the measured 
values of T and R were used with Eq. 1 and Eq. 
2. The refractive index, (n), and the extinction 
coefficient, (k), of this film for the whole 
spectrum region were calculated by solving these 
two equations. 

 
FIG. 1. X-ray diffraction pattern of an as deposited V2O5 thin film on a glass substrate 
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FIG. 2. The transmittance (T) curve as a function of wavelength of three V2O5 films (d = 320, 550 and 700 nm) 

 
FIG. 3. The reflectance (R) curve as a function of wavelength of three V2O5 films (d = 320, 550 and 700 nm) 

  
The calculated values of the refractive index 

as a function of wavelength are shown in Fig. 4. 
It appears that the refractive index of this film 
decreases from 1.88 to 1.73 as wavelength 
increases from 500 nm to 900 nm. These 
calculated data of refractive index were fitted to 
the two-term Cauchy formula. The output of this 
fitting process gives us a relation between the 
refractive index and the wavelength; that is: 

2

51020.2
( ) 1.68606n λ

λ
= +            (5) 

The full curve in Fig. 4 represents the fitted 
data curve according to Eq. 4. This Cauchy 
formula can be used to calculate the refractive 
index at any wavelength. 
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FIG. 4. Refractive index of V2O5 film (320 nm) versus wavelength. The points represent the calculated values 
and the full curve is the fitting curve according to Eq. 4 

 
Fig. 5 shows the extinction coefficient 

variation versus wavelength. As indicted in the 
Figure, the extinction coefficient of this film 
decreases from 0.057 to about 0.039 as 
wavelength increases from 500 nm to about 620 
nm, then up to 900 nm the extinction coefficient 
was found to be constant with the value of about 
0.039. In order to calculate the absorption 
coefficient of the film, Equation 3 was used. Fig. 
6 shows the behavior of the calculated values of 
the absorption coefficient as a function of 
wavelength. It appears that the absorption 
coefficient decreases from 0.0013 nm-1 to 0.0007 

nm-1 in the range of 500 nm to 620 nm. After this 
value of wavelength, from 620 nm to 900 nm, it 
becomes almost constant and equal to about 
0.0007 nm-1. Finally, to measure the optical 
energy gap for this film, Eq. 4 was used. Fig. 7 
shows that the energy gap for direct allowed 
transition in this film is about 2.1 eV. This result 
is reasonable and is very close to other values 
found in literature. However, more accurate 
values can be deduced for all optical constants if 
more efficient programs for solving these 
equations were used. 

 
 

FIG. 5. Extinction coefficient of an as deposited V2O5 (320 nm) thin film against wavelength 
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FIG. 6. Absorption coefficient of an as deposited V2O5 (320 nm) thin film against wavelength 

 
 

FIG. 7. (αhυ)1/2 versus (hυ) plot for 320 nm V2O5 thin film 
 
Another V2O5 film with a thickness of 700 

nm was used to determine and compare the 
optical constants of a larger film thickness. 
Using the same procedure and equations, the 
optical constants of this film were calculated. 

It is clear that the transmittance is less than 
that of the first film (thickness = 320 nm). The 
maximum value of T is about 62% with three 
maximal points (peaks) in the spectrum. Also, 
the transmittance falls down to almost zero value 
at about and less than 400 nm. Comparing with 
the first film; i.e. d1 = 320 nm, there were two 
broad peaks and the transmittance falls down to 
zero at about 320 nm. As indicated in the Figure, 
the film shows different types of absorption. In 
the range of 320 to 420 nm, the film has a strong 
absorption, while in the region from 420 nm to 
540 nm the film has a weak absorption, and a 

medium absorption region exists in the range 
from 540 nm to 900 nm. 

In order to measure the optical properties, 
Eqs. 1 and 2 were solved. Fig. 8 shows the 
calculated refractive index of this film (dot 
points) as a function of wavelength interval of 
500 nm to 900 nm. It appears that the refractive 
index decreases from 1.94 to 1.7 as wavelength 
increases from 520 nm to 900 nm. This shows 
higher values of n compared with lower film 
thickness as indicated in Fig. 4 for the 320 nm 
film. The full curve on Fig. 8 represents the 
fitted data curve where the data were fitted to the 
two-term Cauchy formula. The Cauchy formula 
that can be deduced from fitting data and can be 
used to calculate the refractive index at any 
wavelength is found to be: 

2
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FIG. 8. Refractive index of V2O5 (700 nm) film versus wavelength (dot points for measured and line for fitting) 

 
The behavior of the extinction coefficient 

against wavelength is shown in Fig. 9. It appears 
that the extinction coefficient decreases from 
0.035 to 0.018 as wavelength increases from 500 
nm to 900 nm. Using these data of k, the 
absorption coefficient was calculated. Fig. 10 
shows the behavior of the absorption coefficient 
as a function of wavelength. As Fig. 10 shows, it 
is clear that the absorption coefficient decreases 
from 0.0009666 nm-1 to 0.00035 nm-1 as 

wavelength increases from 520 nm to 700 nm. 
Then it will be constant and equal to 0.00035 
nm-1 in the interval of wavelength from 700 nm 
to 900 nm. 

Finally, the optical band gap was calculated 
using Eq. 4. Using the data in Fig. 11, the optical 
band gap energy for direct allowed transition 
was found to be about 1.87 eV. 

 
 

FIG. 9. Extinction coefficient of the as deposited V2O5 (700 nm) thin film against wavelength 
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FIG. 10. Absorption coefficient of the as deposited V2O5 (700 nm) thin film against wavelength 

 

 
 

 
FIG. 11. (αhυ)1/2 versus (hυ) plot for 700 nm V2O5 thin film 

 
Conclusions 

Thermal evaporation method was used to 
prepare Vanadium Pentoxide thin films. The 
films are deposited on a glass substrate at room 
temperature. X-ray analysis reveals that the V2O5 
films are amorphous. The transmittance 
increased when the film thickness decreased. 
However, more peaks appear when the thickness 
increases. The refractive index was calculated 
and found to decrease from 1.88 to 1.73 and 
from 1.94 to 1.7 for the two analyzed films. 

Other optical constants were calculated and 
found to be inconsistent with other previous 
studies. The energy gap was found to be between 
1.87 and 2.1 eV for direct allowed transition. All 
measured values were consistent and very close 
to those found in other previous studies. 
However, using more accurate and faster 
programs may give more accurate values. 

 

 
 

Wavelength (nm) 

A
bs

or
pt

io
n 

co
ef

fic
ie

nt
 (n

m
)-1

 

hυ (ev) 

(α
hυ

)1/
2  (e

v 
nm

-1
)1/

2  



Optical Properties of Vanadium Pentoxide Thin Films Prepared by Thermal Evaporation Method 

 15

References  
[1] Vaidhyanathan, B., Balaji, K. and Rao, K.J., 

Chem. Mater., 10(11) (1998) 3400. 

[2] Hanlon, T.J., Walker, R.E., Coath, J.A. and 
Richardson, M.A., Thin Solid Films, 405 
(2002) 234. 

[3] Pergament, A.L., Kazakova, E.L. and 
Stefanovich, G.B., J. Phys. D: Appl. Phys., 
35 (2002) 2187.  

[4] Al-Kuhaili, M.F., Khawaja, E.E., Ingram, 
D.C. and Durrani, S.M.A., Thin Solid Films, 
460 (2004) 30.  

[5] Meng, L-J., Silva, R.A., Cui, H-N., Teixeira, 
V., Dos Santos, M.P. and Xu, Z., Thin Solid 
Films, 515 (2006) 195.  

[6] Aki, A.A., Applied Surface Science, 253 
(2007) 7094. 

[7] Putrolaynen, V.V., Velichko, A.A., 
Pergament, A.L., Cheremisin, A.B. and 
Grishin, A.M., J. Phys. D: Appl. Phys., 40 
(2007) 5283. 

[8] El Mandouh, Z.S. and Selim, M.S., Thin 
Solid Films, 371 (2000) 259. 

[9] Wang, Z., Chen, J. and Hu, X., Thin Solid 
Films, 375 (2000) 238. 

[10] Rajendra Kumar, R.T., Karunagaran, B., 
Senthil Kumar, V., Jeyachandran, Y.L., 
Mangalaraj, D. and Narayandass, S.K., 
Materials Science in Semiconductor 
Processing, 6(5-6) (2003) 543. 

 

 

 

 

 

 

 

 

 

 

 

 

[11] Rajendra Kumar, R.T., Karunagaran, B., 
Mangalaraj, D., Narayandass, S.K., 
Manoravi, P. and Joseph, M., Materials 
Science in Semiconductor Processing, 6(5–
6) (2003) 375. 

[12] Tashtoush, N., Qudah, A.M. and              
El-Desoky, M.M., Journal of Physics and 
Chemistry of Solids, 68 (2007) 1926.  

[13] Bhattacharya, S. and Ghosh, A., Solid State 
Ionics, 161 (2003) 61.  

[14] Sen, S. and Ghosh, A., Journal of Applied 
Physics, 86(4) (1999) 2078. 

[15] Bahgat, A.A., Ibrahim, F.A. and               
El-Desoky, M. M., Thin Solid Films, 489(1) 
(2005) 68.  

[16] Swanepoel, R., J. Phys. E:Sci. Instrum., 
16(12) (1983) 1214.  

[17] Marquez, E., Ramfrez-Malo, J., Villares, 
P., Jimenez-Garay, R., Ewen, P.J.S. and 
Owen, A.E., J. Phys. D: Appl. Phys., 25 
(1992) 535. 

[18] Heavens, O.S., Rep. Prog. Phys., 23 (1960) 
1. 

[19] Heavens, O.S., "Optical Properties of Thin 
Solid Films", (Dover Publ., 1955).  

[20] Ramana, C.V., Hussain, O.M., Uthanna, S. 
and Naidu, B.S., Opt. Mater., 10 (1998) 101. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


