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Abstract Key words 
     Thin films of vanadium oxide nanoparticles doped with different 

concentrations of europium oxide (2, 4, 6, and 8) wt % are deposited 

on glass and Si substrates with orientation (111) utilizing by pulsed 

laser deposition technique using Nd:YAG laser that has a wavelength 

of 1064 nm, average frequency of 6 Hz and pulse duration of 10 ns. 

The films were annealed in air at 300 °C for two hours, then the 

structural, morphological and optical properties are characterized 

using x-ray diffraction (XRD), Field emission scanning electron 

microscopy (FESEM) and UV-Vis spectroscopy respectively. The X-

ray diffraction results of V2O5:Eu2O3 exhibit that the film has 

apolycrystalline monoclinic V2O5 and triclinic V4O7 phases. The 

FESEM image shows a homogeneous pattern and confirms the 

formation of uniform nanostructures on the glass substrate. The type 

of the particle found nanoparticles with different doping 

concentrations of Eu2O3. The optical energy gap increases with the 

increase of doping concentration and it varies from 2.67 eV to       

2.71 eV. The prepared thin films are used to fabricate sensor against 

nitrogen dioxide gas. The dependence of sensitivity and response 

time on doping ratio and operation temperature of gas sensors has 

been studied, the maximum sensitivity was about 100%, the response 

time is equal to 24s and recovery time 16s for V2O5 doped 2% Eu2O3 

at 50 °C. 

Vanadium oxide, gas 

sensor, nanoparticles.  
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Euالمشوب تمادة  تحسين اوكسيذ الفناديوم
+3

 كمتحسس غاز 

 حسن مطشر عذية و عصام محمذ اتراهيم

 , تغذاد, انعشاقجايعح تغذاد ,, كهٍح انعهٕولسى انفٍضٌاء

 الخلاصة
 ري انطٕل انًٕجً  Nd:YAGذى  فً ْزا انثحث اسرخذاو طشٌمح انرشسٍة تانهٍضس انُثضً تٕاسطح نٍضس      

nm4631λ=  ٔتًعذل ذكشاس Hz3  وفترة ًبضتns46  تُٕعٍح عانٍح لأكسٍذ انفُادٌٕو لترسيب أغشيت رقيقت

ٔسلائك  صجاجٍحعهى لٕاعذ  % .wt (8 ,6 ,4 ,2 ,0) انٍٕستٍٕو ٔتُسة يخرهفحانُمٍح ٔ انًشٕتّ تأٔكسٍذ 

ذى دساسح انخصائض  .درجت هئىيت لوذة سبػتيي 066ٔذى ذهذٌٍ انغشاء تذسجح حشاسج  (444)انسهٍكٌٕ يٍ انُٕع 

ثصشٌح انرشكٍثٍح تاسرخذاو حٍٕد الاشعح انسٍٍُح ٔانًجٓش الانكرشًَٔ ٔانطٕتٕغشافٍح نهسطح ٔانخصائض ان

بيٌت دراست طيف حيىد الاشؼت السيٌيت لأغشيت . تاسرخذاو طٍف الايرصاص نهكٍف انًشئً ٔانفك انثُفسجٍح

V2O5 راخ انرشكٍة انُإَي ٔترشاكٍض Eu2O3  والتي تن تحضيرهب ببستخذام الترسيب %(  8-% 6)يخرهفح

انرثهٕس ٔذثٍٍ أٌضا اٌ انطٕس انزي ظٓش اٌ جًٍع الاغشٍّ  انًحضشِ كاَد راخ ذشكٍة يرعذد نُثضً ببلليسر ا

بيٌت صىر الوجهر . V4O7اَملاب فً انطٕس انى كاٌ أحادي انًٍم يع ظٕٓس طٕس ثإَي ٔ  Eu2O3 فً غشاء

فجىة الطبقت البصريتتسداد . الالكتروًي ا شكبل ًبًىيت هٌتظوت الترسيب هغ تغير الٌىع هغ تغير ًسبت التشىيب

تن استخذام الاغشيت الوحضرة لتصٌيغ هتحسس لغبز . الكتروى فىلت 6.44الى   6.34بسيبدة ًسبت التشىيب هي 

نُسثح ٔدسجح انحشاسج عهى كم يٍ انرحسسٍح ٔصيٍ انرحسس ٔ صيٍ تن دراست تبثير تغيير ا. اوكسيذ الٌتروجيي

% 6ثبًيت للؼيٌت بٌسبت  43ثبًيت وزهي الرجىع  61ٔصيٍ ذحسس % 466وجذ اى اػظن تحسسيت . انشجٕع

Eu2O3   درجت هئىيت 26ٔتذسجح حشاسج. 
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Introduction 

     Controlling the free-surface 

electrostatic potential of 

semiconducting metal oxides offers 

possibilities for improving the 

performance of sensors and catalysts 

and photocatalysts. However, methods 

to exert such control have typically 

proven to be inexact and unreliable. 

The present work demonstrates an 

approach based on semiconductor 

heterojunctions, wherein an oxide 

substrate with controlled carrier 

concentration supports a much thinner 

layer. The layer is too thin to absorb all 

the charge that would normally 

transfer, so some of the excess charge 

propagates to the free surface and 

changes the surface potential. A 

combination of standard heterojunction 

analysis via Poisson’s equation and 

surface potential measurements 

verifies the workability of this concept 

for thin polycrystalline V2O5 grown on 

polycrystalline anatase TiO2 [1]. 

Vanadium forms various morphologies 

with different coordination 

arrangements. The most common 

coordination arrangements are: 

tetrahedral (VO4), trigonal bipyramids 

or square bipyramids (VO5) distorted 

and regular octahedrons (VO6) [2, 3]. 

There are two bulk structures for 

vanadium pentoxide: α-V2O5 and γ-

V2O5.The structure of α V2O5 has an 

orthorhombic layered structure. 

Pyramid structural arrangement builds 

with five oxygen atoms surrounding 

one vanadium atom. Vanadium forms 

various morphologies with different 

coordination arrangements [4]. 

Tetrahedral coordination is a preferred 

arrangement for +5 oxidation state [5]. 

The layered structure of γ-V2O5 

resembles closely that of α-V2O5. As a 

result the γ-V2O5 unit cell may be 

obtained from that of α-V2O5 by a few 

rearrangements and twists. These 

twists make the γ-V2O5 layers more 

flexible but also render the structure 

metastable [6, 7]. The structure of 

vanadium pentoxide (V2O5) exhibits 

intercalation layered structure. As a 

result, it offers a possibility of 

reversible intercalations of different 

atoms, molecules or ions [8]. The 

interlayer separation of V2O5 changes 

depending the size and shape of the 

intercalated particles [9, 10]. 

 

Experimental 

     V2O5 nanoparticles with different 

doping concentrations of Eu2O3 (2, 4, 

6, and 8) wt.% with high purity of 

99.999 % is pressed under pressure of 

5 ton to form a target of 1.5 cm 

diameter and 0.2 cm thickness. It 

should be as dense and homogeneous 

as much as possible to ensure a good 

quality of the deposit. Thin films of 

V2O5 with different doping ratios of 

Eu2O3 are deposited on glass and Si 

substrates with orientation (111) 

utilizing pulsed laser deposition 

technique the laser energy is a setup of 

200 mJ with constant shoot of 600 are 

carried out. The distance between the 

targetand the substrate is 2 cm, while 

the distance between the target and the 

laser source is 12 cm. The thickness 

about of 100 nm, furthermore the films 

are annealed in air at 400 °C for two 

hours. 

     Two types of substrate were used in 

this study. Glass slides which were 

used to study the optical properties of 

V2O5: Eu2O3 films, and p-type Si wafer 

substrate with crystal orientation (111) 

for gas sensing measurments. 

Substrates cleaned using detergent 

with water to remove any oil or dust 

that might be attached to the surface of 

substrates, then placed under tap water 

and rubbing gently for 15 minutes. 

Then placed in a clean beaker 

containing distilled water, then rinsed 

in an ultrasonic unit for 15 minutes 

also. 

     The X-ray diffraction (XRD) 

pattern of the V2O5: Eu2O3 film 
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deposited on Si substrate is recorded 

by "SHIMADZU" XRD-6000 X-ray 

diffractmeter (CuKα radiation λ=0.154 

nm), FESEM by HITACHI  S4160,UV 

by SPECTROPHOTOMETER SP-

8001. 

     Field emission scanning electron 

microscopy (FESEM) allows sample 

images to be quickly collected in the 

magnification range of 10-250,000X. 

In FESEM, a finely focused electron 

beam 5–30 keV is directed onto the 

examined area in a high vacuum 

environment. The interaction of the 

electron beam with the sample can 

yield backscattered electrons, 

secondary electrons, X-rays with 

characteristic energies, or photons. The 

information restored as images form or 

held on the area for static analysis.  

 

Results and discussion 

1. X-RAY diffraction spectra 
     The X-ray diffraction test is widely 

used as a characterization technique 

because it gives a lot of crystalline, 

lattice parameters, size of the 

crystallites and any other phase 

information about the structure of 

films. It is useful to determine texture 

and it is a non-destructive technique 

and requires minimum sample 

preparation. The interplaner distanced 

dhkl for different planes are measured 

using Eq. (1) 

nλ = 2dsinθ                                      (1) 

 

     Fig. 1 shows the x-ray diffraction 

patterns of deposit V2O5 thin films on 

Si substrates prepared by the PLD 

technique with different doping 

concentrations of  Eu2O3 (2, 4, 6, and 

8) wt. %. In pure sample there are 

many peaks for V2O5 with orientation 

of diffraction angle located at 

(12.3894°), (41.6264°), (45.4146°), 

(62.4256°), (64.6364°), (04.1366°), 

(16.4466°), (12.6066°), (26.3246°), 

(24.6166°), (34.0216°) identical with 

that of standard peaks of monoclinic 

structure of V2O5 shows in Table 1. In 

general there are increments in full 

width of half maximum with 

increasing doping ratio i.e. decreasing 

of crystalline size. There was decrease 

in intensities up to 4% and some peaks 

of V2O5 disappear. A new phase of 

vanadium oxide (V4O7) cubic structure 

was appeared at 6% and 8% with peaks 

( ̅20), (1 ̅2) and (104) at diffraction 

angle of 26.7660°, 30.1340° and 

36.2210° respectively. The increasing 

of doping concentrations of Eu2O3 lead 

to decrease the V2O5 peak intensities, 

as well as, the V4O7 peaks intensities 

increasing. There are no peaks appear 

corresponding to Eu2O3 in all patterns 

because it's low content. Sizes have 

been calculated depend on Scherrer
,
s 

law using Eq. (2) 

Particle Size = (0.9 x λ)/ (d cosθ)     (2) 

      

     Also it can be seen that the full 

width at half maximum (FWHM) 

increases, i.e the grain size (G.S) 

decrease, with increasing doping ratio. 

This is good result for using samples in 

gas sensors. 
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Table 1: Comparison between experimental and standard values of X-ray diffraction peaks 

for V2O5 films with different doping concentrations of Eu2O3. 

Eu% 2θ (Deg.) 
FWHM 

(Deg.) 
dhkl Exp.(Å) 

G.S 

(nm) 
hkl 

dhkl 

Std.(Å) 
Phase Card No. 

 
12.3894 0.4167 7.1385 19.2 (100) 7.1140 V2O5 96-210-2584 

 
14.0597 1.1110 6.2940 7.2 (001) 6.2846 V2O5 96-210-2584 

 
18.7472 0.6266 4.7295 12.9 (10-1) 4.7128 V2O5 96-210-2584 

Pure 25.1582 0.4853 3.5369 16.8 (200) 3.5570 V2O5 96-210-2584 

 
27.9627 0.6900 3.1882 11.9 (110) 3.1920 V2O5 96-210-2584 

 
31.4690 0.6917 2.8405 11.9 (11-1) 2.8466 V2O5 96-210-2584 

 
40.7109 0.6253 2.2145 13.6 (301) 2.2178 V2O5 96-210-2584 

 
45.0390 0.5538 2.0112 15.5 (-103) 2.0089 V2O5 96-210-2584 

 
50.6512 0.7615 1.8008 11.5 (020) 1.6117 V2O5 96-210-2584 

 
57.2400 1.1106 1.6081 8.2 (-213) 1.6117 V2O5 96-210-2584 

 
67.3542 0.4853 1.3892 19.7 (321) 1.3910 V2O5 96-210-2584 

 
70.5186 0.6934 1.3344 14.0 (-123) 1.3351 V2O5 96-210-2584 

 
12.4068 0.5634 7.1286 14.2 (100) 7.114 V2O5 96-210-2584 

 
18.7735 0.8472 4.7229 9.5 (10-1) 4.7128 V2O5 96-210-2584 

 
25.1934 0.6561 3.5321 12.4 (200) 3.557 V2O5 96-210-2584 

2% 28.0019 0.7650 3.1839 10.7 (110) 3.192 V2O5 96-210-2584 

 
31.5131 0.7340 2.8367 11.3 (11-1) 2.8466 V2O5 96-210-2584 

 
40.7679 0.8454 2.2115 10.0 (301) 2.2178 V2O5 96-210-2584 

 
45.1020 0.7488 2.0086 11.5 (-103) 2.0089 V2O5 96-210-2584 

 
57.3202 1.5015 1.6061 6.0 (-213) 1.6117 V2O5 96-210-2584 

 
67.4485 0.6561 1.3874 14.6 (321) 1.391 V2O5 96-210-2584 

 
70.6173 0.9375 1.3327 10.4 (-123) 1.3351 V2O5 96-210-2584 

 
12.4241 0.7618 7.1186 10.5 (100) 7.114 V2O5 96-210-2584 

 
18.7997 1.1454 4.7164 7.0 (10-1) 4.7128 V2O5 96-210-2584 

4% 25.2287 0.8870 3.5272 9.2 (200) 3.5570 V2O5 96-210-2584 

 
28.0411 0.8000 3.1795 10.2 (110) 3.1920 V2O5 96-210-2584 

 
31.5572 0.9700 2.8328 8.5 (11-1) 2.8466 V2O5 96-210-2584 

 
40.8250 1.1430 2.2086 7.4 (301) 2.2178 V2O5 96-210-2584 

 
26.7660 0.7557 3.3280 10.8 (-120) 3.3271 V4O7 96-100-8026 

 
28.0073 0.5104 3.1833 16.1 (110) 3.1920 V2O5 96-210-2584 

6% 30.1560 0.4096 2.9612 20.1 (1-22) 2.9701 V4O7 96-100-8026 

 
36.2100 0.5633 2.4788 14.8 (104) 2.478 V4O7 96-100-8026 

 
40.6540 0.4625 2.2175 18.3 (301) 2.2178 V2O5 96-210-2584 

 
44.9760 0.4096 2.0139 21.0 (-103) 2.0089 V2O5 96-210-2584 

 
51.1900 0.8215 1.7831 10.7 (020) 1.6117 V2O5 96-210-2584 

 
26.7660 0.7587 3.3280 10.8 (-120) 3.3271 V4O7 96-100-8026 

 
28.0080 0.5173 3.1832 15.8 (110) 3.192 V2O5 96-210-2584 

8% 30.1340 0.6196 2.9633 13.3 (1-22) 2.9701 V4O7 96-100-8026 

 
36.2210 0.5633 2.4780 14.8 (104) 2.478 V4O7 96-100-8026 

 
44.9550 0.4076 2.0148 21.1 (-103) 2.0089 V2O5 96-210-2584 

 
51.1876 0.8233 1.7832 10.7 (020) 1.6117 V2O5 96-210-2584 
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Fig.1: XRD for V2O5: Eu2o3 at annealing temperature of 300 °C. 

 

2. Field emission scanning electron 

microscope (FESEM) 

     Field emission scanning electron 

microscope (FESEM) can be used to 

obtain three dimensions like 

topographical images of a wide variety 

of samples. FESEM images of 

undoped and doped films with 

different concentration of Eu2O3 were 

shown in Fig. 2. The FESEM image 

shows a homogeneous pattern and 

confirms the formation of uniform 

structures on the glass. The size of the 

particles of pure and doped with 2%, 

4%, 6%, 8% wt of Eu2O3 are in the 

range of nanostructure. The Nano 

particle size decrease from 200 nm in 

pure samples to less than 50 nm at 8% 

sample. 
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Fig.2: FESEM for V2O5:Eu2O3 at room temperature. 

 

3. Optical Properties 

     Fig.3 shows the transmittance of 

V2O5 doped with different 

concentration of Eu2O3. There was 

increasing in transmittance 

accompanied increase of Eu2o3 doping 

rate. There was stability in 

transmittance about 90% from 500 nm 

to 1100 nm. Spectrum is a significantly 

associated with the structure of energy 

levels which are in turn connected with 

chemical and crystalline structure of 

the material and therefore general 

characteristics of that material. Fig. 3 

shows the variation of transmittance 

for deposited V2O5 thin films on glass 

substrates with wavelength for 

different doping ratio with E2O3. It 

clear from this figure that the 

transmission for all films about 90% at 

the range 500 to 1100 nm and increase 

with increasing doping ratio, which is 

useful for used as optically transparent 

films. 
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Fig.3: Transmittance as a function of wavelength for V2O5 films doped with (2, 4, 6, and 

8)wt %. Eu2O3. 

 

     Fig. 4 shows the variation of 

absorption coefficient (α) for V2O5 

film with wavelength at different 

doping of Eu2O3 (2, 4, 6 and 8) wt. %. 

The absorption coefficient has opposite 

behavior as compared to the 

transmittance. It can be seen that the 

absorption edge is shifted to less 

values of wavelength with increasing 

of doping concentration. Absorption is 

expressed in terms of a coefficient (α), 

which is defined as the relative rate of 

decrease in light intensity along its 

propagation path, and the main reason 

for this attenuation is attributed to        

the absorption processes. The 

measurement of absorption coefficient, 

particularly near the fundamental 

absorption edge, provides a standard 

method for the investigation of 

optically induced electronic transitions 

and gives some idea about the band 

structure and energy gaps in both pure 

and doped V2O5. 

 

 
Fig.4: Absorption coefficient as a function of wavelength for V2O5 films doped with (2, 4, 6, 

and 8) wt %. Eu2O3 ratio. 
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     The values of optical energy gap 

and the type of the optical transition 

for V2O5 films with different doping 

concentrations of Eu2O3 deposited on 

glass substrate at R.T. The optical 

energy gap (Eg
opt

) have been 

determined using Tauc equation  by 

the extrapolation of the portion at 

(αhυ)
2
 =0 in Eq.(3). The energy gap 

increases with increase of doping 

concentration and it was variation from 

2.670 eV to 2.710 eV show in Fig. 5. It 

can be observed that (Eg 
opt

) increases 

slightly and shifting towards the ultra-

violate region as the concentration 

increases of Eu2O3 this is because of 

the effect of impurity or disorder and 

some defects in semiconductors leads 

to local electric fields that affect the 

band tails near the band edge. Also the 

size effect for nanostructure makes this 

shift. The results of optical energy gap 

indicate that all the films have 

localized states which result from the 

density of defects at the grain 

boundaries and donor levels, so we can 

conclude that the optical energy gap 

can be controlled through the control 

of impurities ratios and the size of 

nanostructure. Best fit line intersects 

the energy photon axis at (hυ) equal to 

zero which represents the values of 

optical energy gap 

 (h)B (h Eg
opt

)
r
                       (3) 

 

where: h: is the plank constant. : is 

the absorption coefficient. h: is the 

incident energy. r: is constant which 

takes the values (1/2, 3/2, 2, 3) 

depending on the material and the type 

of the optical transition whether it is 

direct or indirect. Eg
opt

: is optical 

energy gap, where B is a constant 

inversely proportional to 

amorphousity. 

 

Fig.5: The variation of (αhυ)
2
 versus photon energy (hυ) for V2O5 films doped with (2, 4, 6, 

and 8) wt %. Eu2O3 ratio. 

0

1

2

3

4

5

6

2.4 2.5 2.6 2.7 2.8 2.9

(α
h

ν
) 

2
  
  
(c

m
 -2

. 
(e

V
) 

2
)*

1
0

1
0

 

hν  (eV) 

pure

2 % Eu

4 % Eu

6 % Eu



Iraqi Journal of Physics, 2017                                                                           Vol.15, No.33, PP. 17-27 

 

 25 

4. Gas sensor measurements 

     Fig. 6 shows the variation of 

resistance as a function of the time 

with on/off gas valve. The resistance of 

gas sensor decreases exponentially 

when open the gas till reach the 

minimum value and the action reverse 

with gas closing, because it is p-type. 

Gas sensor measurement of pure  and  

 

 

doped V2O5 show high sensitivity to 

NO2 gas, and the sensitivity was 

increases with the increase of operation 

temperature. The maximum sensitivity 

was found about 100% and the best 

response time is equal to 24s, while, 

recovery time 16s for 2% Eu2O3 

sample at 50 °C. All gas sensors 

parameters were shown in Table 2. 
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Fig.6: The variation of resistance as a function to the time for V2O5 films doped with (2, 4, 6, 

and 8) wt %. Eu2O3 ratio. 
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Table 2: The sensitivity, response and recovery time. 

 

PURE 

Sensitivity% Response time (sec) Recovery time (sec) 

50°C 100°C 200°C 50°C 100°C 200°C 50°C 100°C 200°C 

96 96 95 18 8 21 27 7 23 

2% 100 98 60 24 28 19 16 53 18 

4% 90 97 96 24 33 30 28 26 31 

6% 90 98 96 24 27 27 26 29 28 

8% 99 95 97 24 28 18 14 27 18 

 

Conclusions 

      Polycrystalline V2O5-doped Eu2O3 

structures were successfully prepared 

by PLD technique. The x-ray 

diffraction reveals that there was 

decrease in intensities up to 4% and 

some peaks of V2O5 disappear. A new 

phase of vanadium oxide (V4O7) cubic 

structure was appeared at 6% and 8% 

with peaks ( ̅20), (1 ̅2) and (104) at 

diffraction angle of 26.7660°, 30.1340° 

and 36.2210° respectively. The 

FESEM image shows a homogeneous 

pattern and confirms the formation of 

uniform structures on the glass. The 

maximum sensitivity is 100% and the 

best response time is equal to 24s, 

while, recovery time 16s for 2% Eu2O3 

sample at 50 °C. 
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