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Abstract : In this work, zinc oxide nanoparticles and vanadium doped zinc oxide were synthesized by wet chemical and
wet incipient method, respectively. Zinc oxide nanoparticles were heated at 650 and 750 ºC for 3 h in air and then
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive (EDX) analysis and
photoluminescence (PL). The XRD patterns showed that the zinc oxide samples have a wurtzite structure (hexagonal
phase) and vanadium doped is in V2O5 crystalline structure. Their structural characteristics and physical properties
were investigated and compared. XRD and SEM data show that the size of nanoparticles increased from 24.3 to 32.6
nm when the annealing temperature was increased. Also, the results indicate that increasing the degree of crystalline
improved the physical properties of the nanoparticles.
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Introduction

Semiconductors are a class of materials defined pri-

marily by their electronic properties. During the past two

decades, nanocrystalline semiconductor particles have

attracted considerable because of their novel properties,

such as large surface-to-volume ratio and the three di-

mensional confinement of the electrons1–4.

Zinc oxide semiconductor is an important member of

semiconductors because of their favorable electronic and

optical properties for optoelectronic applications. It has a

wide band-gap of 3.37 eV and a large exciton binding

energy of 60 meV at room temperature. Zinc oxide is

transparent to visible light and can be made highly con-

ductive by doping5–9. It is potentially useful in various

optoelectronic applications such as optical sensors and

light emitters. Also, zinc oxide has been used widely in

surface acoustic wave devices, gas sensing devices, pi-

ezoelectric devices and catalysts9–13.

Nanocrystalline ZnO can be prepared by various meth-

ods such as sputtering14, chemical vapor deposition

(CVD)15, molecular beam epitaxy (MBE)16, spry pyroly-
sis17, pulse laser deposition18 and the sol-gel process19, 20.

The properties and application of nano structured semi-
conductors are strongly dependant on their crystalline
quality, crystal phase, size, composition and shape. There-
fore synthesising of highly tuned nanocrystals has been a
challenging topic.

In this work, the wet incipient method is used for
preparation of vanadium doped zinc oxide nanoparticles.
Also, the effects of the vanadium amount and heat treat-
ment on the structural characteristics and physical pro-
perties of ZnO nanoparticles have been investigated.

Experimental

All reagents were analytical grade and purchased from
Merck Company. Reagents were used without any fur-
ther purification.

Preparation of zinc oxide nanoparticles via wet chemi-
cal method (undoped ZnO) :

In a typical synthesis, a solution of 5 mmol zinc ace-
tate dihydrate in 30 mL absolute ethanol was added to a
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solution of surfactant CTAB (Zn(Ac)2.2H2O to CTAB
molar ratio was equal to 1) in 30 mL of absolute ethanol
under stirring. Then, 20 mL of NaOH (0.3 M) solution
was added to the above solution under continuous stirring
in order to get the pH value of solution about 10. The
new solution was kept in a water bath at 70 ºC for two
hours. It was observed that the solution started precipitat-
ing after one hour in water bath. After cooling the system
to room temperature, the product was separated by cen-
trifugation, washed with absolute ethanol and deionized
water for several times, and then dried under vacuum at
70 ºC for 10 h. Finally, the nanoparticles were calcined
at two different temperatures to understand the effect of
annealing temperature (650 and 750 ºC for 3 h).

Preparation of vanadium doped zinc oxide
nanoparticles by wet incipient method :

A uniform suspension of ZnO nanoparticles (prepared
sample at 750 ºC) and deionized distilled water was pro-
vided. Then, the amount of ammonium metavanadate (V/
Zn = 0.05, 0.1 and 0.15) was added to this suspension
under vigorously stirring at 70 ºC until the yellow paste
obtained. The products dried under vacuum at 70 ºC for
overnight, and then calcined at 400 ºC for 2 h.

Characterization :

The crystal phase and particle size of the synthesized
products, after purification, were characterized by X-ray
diffraction (XRD) using FK60-04 with Cu K radiation
( = 1.54 Å) in 2 ranges from 20 to 80º, and with
instrumental setting of 35 kV and 20 mA. The morphol-
ogy of the nanostructures was observed by emission scan-
ning electron microscopy (SEM, Philips-XL30). Fou-
rier transform infrared (FT-IR) spectra were recorded on
a Shimadzu-840S spectrophotometer using KBr pellet. The
photoluminescence (PL) spectra were measured on a spec-
trofluorometer (VARIAN-CARY ECLIPSE) at room tem-
perature at an excitation wavelength of 325 nm.

Results and discussion

The XRD patterns of ZnO samples calcined at 650
and 750 ºC temperatures for 3 h are shown in Fig. 1. All
peaks can be well indexed to wurtzite structure (hexago-
nal phase) with lattice constants of a = 0.32495 nm and
c = 0.52069 nm (JCPDS, No. 36-1451). No other crys-
talline phase was found in the XRD patterns, indicating
the high purity of the products. Both of the ZnO samples

were polycrystalline. The results also show that with in-
creasing the annealing temperature, the intensity of the
major diffraction peaks increased indicating that the crys-
tallization of ZnO nanoparticle was improved at higher
temperatures. Notably, this result was similar to that of
vanadium doped ZnO nanoparticles (Fig. 2). The par-
ticles sizes can be calculated using Scherrer’s equation :
D = 0.9 /( cos ) where  is the X-ray wavelength
(1.54 Å),  is the full-width at half-maximum intensity of
the diffraction line and  is the diffraction angle. The
crystallites sizes are estimated to be around 24.3–32.6
nm. Also the surface area of 358 m2/g was obtained for
ZnO catalyst calcined at 750 ºC temperature.

Fig. 1. XRD patterns of ZnO samples calcined at : (a) 650 and (b)
750 ºC temperatures for 3 h.

Fig. 2. XRD patterns of V2O5-doped ZnO samples using ZnO cal-
cined at :  (a) 650 and (b) 750 ºC temperatures for 3 h.

Fig. 3 shows the XRD patterns of vanadium doped
ZnO samples. In Fig. 3 (V/Zn= 0.05) three weak new
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peaks are appeared at diffraction degrees 15.37º, 20.29º
and 26.20º, which can be well indexed to V2O5 crystal-
line structure  (JCPDS, No. 41-1426). The results exhibit
that while the amount of vanadium increased, the inten-
sity of three new peaks was increased. Therefore it can
be concluded that the V2O5-loaded ZnO is carried out
successfully. Also, the XRD patterns (Fig. 3) indicate
that the major diffraction peaks are decrease with increas-
ing of vanadium concentration, which shows V2O5-dop-
ing resulted in a decrease in the crystalline quality. Com-
paring the crystallization of undoped ZnO with V2O5-
doped ZnO, a large amount of doped V2O5 resulted in
lattice disorder, which is associated with the stress gener-
ated.

The FT-IR spectra of undoped ZnO and V2O5-doped
ZnO nanoparticles are shown in Fig. 4. The vibrational
peaks in the range of 3600–3650 cm–1 and 1600–1650

Fig. 3. XRD patterns of V2O5-doped ZnO samples using ZnO cal-
cined at 750 ºC temperature for 3 h.

Fig. 4. FT-IR spectra of (a) undoped ZnO and (b) V2O5-doped ZnO (V/Zn = 0.1) nanoparticles.
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cm–1 can be attributed to the stretching and bending vi-
brations of structural hydroxyl groups of the adsorbed
water. The peak in the range of 420–450 cm–1 can be
associated to the stretching vibration mode of the Zn-
O21–23. Also, the peaks which are appeared at 610, 815
and 1023 cm–1 are due to the stretching vibration mode
of V-O, the bending vibration mode of V-O-V and the
stretching vibration mode of V=O, respectively, and are
absent in Fig. 4a24–26. These results clearly show that
V2O5 is successfully dope the ZnO nanoparticles. This is
in agreement with the results of XRD patterns.

The morphology of the products was observed by SEM
images. The SEM images of the undoped ZnO and V2O5-
doped ZnO (V/Zn = 0.1) are shown in Figs. 5(a-b),
respectively.

Fig. 5. SEM images of (a) undoped ZnO and (b) V2O5-doped ZnO (V/Zn = 0.1) nanoparticles.

The energy dispersive X-ray (EDX) analyses of pre-
pared samples are shown in Figs. 6(a-b). The EDX analysis
of the undoped ZnO sample confirms that the product
consists of Zn and O (Fig. 6a). The elemental analysis of
V2O5-doped ZnO confirms the presence of V in the prod-
uct (Fig. 6b). Also, these results are consistent with the
XRD and FT-IR data.

The optical properties of ZnO nanoparticles :

Photoluminescence (PL) was used to investigate the
optical quality and the effects of vanadium doping. The
PL spectra of the undoped ZnO and V2O5-doped ZnO
nanoparticles (annealed at 750 ºC) are shown in Fig. 7.
In this spectrum, the ZnO nanoparticles contain a UV
emission band at 373 and 386 nm (Fig. 7a). The near
band emission of 373 nm was caused by the transition

Fig. 6. EDX spectra of (a) undoped ZnO and (b) V2O5-doped ZnO (V/Zn = 0.1) nanoparticles.
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from conduction band to valence band. Another UV emis-
sion of 386 nm was attributed to the free exciton recom-
bination in ZnO27. After vanadium loading, the UV emis-
sion peak position of nanoparticles indicated a slight blue-
shift from 3.22 to 3.28 eV, and the intensity decreased
with increasing the amount of vanadium, which is attrib-
uted to an increase in nonradiative recombination9. These
results confirm that the V2O5-doped ZnO nanoparticles
(V/Zn = 0.1) had the best characteristics and optical
properties in this study.

Conclusions

ZnO nanoparticles and vanadium doped ZnO were
successfully synthesized by wet chemical and wet incipi-
ent method, respectively. The particle size increased with
an increase in the heat treatment temperature. With in-
creasing the amount of vanadium, the crystalline quality
of ZnO deteriorated, which is associated with the stress
generated which resulted in lattice disorder. The PL char-
acteristics show that the optical quality deteriorated gradu-
ally with increasing the amount of vanadium. The V2O5-
doped ZnO nanoparticles (V/Zn = 0.1) had the best char-
acteristics and optical properties in this study.
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Fig. 7. PL spectra of (a) undoped ZnO, (b) V2O5-doped ZnO (V/
Zn = 0.1) and (c) V2O5-doped ZnO (V/Zn = 0.15)
nanoparticles.

References

1. P. S. Beer, P. S. Sunder, V. Shweta and K. J. Rakesh,
Optoelectron. Biomed. Mater., 2012, 4, 29.

2. H. Meruvu, M. Vangalapati, S. C. Chippada and S. R.
Bammidi, J. Chem., 2011, 4, 217.

3. N. Q. Yin, L. vLiu, J. M. Lei, Y. S. Liu, M. G. Gong, Y.
Z. Wu, L. X. Zhu and X. L. Xu, Chin. Phys. (B), 2012, 21,
116101.

4. J. Rita and S. S. Florenc, Chalcogenide. Lett., 2010, 7, 269.

5. M. Nirmala, M. G. Nair, K. Rekha, A. Anukaliani, S. K.
Samdarshi and R. G. Nair, Afr. J. Basic & Appl. Sci., 2010,
2, 161.

6. G. C. Lakshmi, S. Ananda, R. Somashekar and C.
Ranganathaiah, Int. J. NanoSci. Nanotechnol., 2012, 3, 47.

7. H. M. Zaid, N. Yahya, M. N. Akhtar and A. B. A. Sallehim,
J. Nano. Res., 2011, 13, 93.

8. K. Sivakumar, V. S. Kumar, N. Muthukumarrasamy, M.
Thambidurai and T. S. Sentjil, Bull. Mater. Sci., 2012, 35,
327.

9. K. J. Chen, T. H. Fang  F. Y. Hung, L. W. Ji, S. J. Chang,
S. J. Young and Y. J. Hsiao, Appl. Surf. Sci., 2008, 254,
5791.

10. M. E. Abrishami,  A. Kompany, S. M. Hosseini and
N. G. Bardar, J. Sol-Gel Sci. Technol., 2012,  62,
153.

11. S. Zandi, P. Kameli, H. Salamati, H. Ahmadvand and
M. Hakimi, Physica (B), 2011, 406, 3215.

12. Shingo Tachikawa, Atsushi Noguchi, Takeharu Tsuge,
Masahiko Hara, Osamu Odawara and Hiroyuki Wada,
Mater., 2011, 4, 1132.

13. N. Singh, Dhruvashi, D. Kaur, R. M. Mehra and A.
Kapoor, Renew. Energ. J., 2012, 5, 15.

14. Z. G. Yu, P. Wu and H. Gong, Appl. Phys. Lett.,
2006, 88, 132114.

15. J. H. Park, S. J. Jang, S. S. Kim and B. T. Lee,
Appl. Phys. Lett., 2006, 89, 121108.

16. P. Fons, H. Tampo, A. V. Kolobov, M. Ohkubo, S.
Niki, J. Tominaga, R. Carboni and S. Friedrich, Phys.
Rev. Lett., 2006, 96, 045504.

17. B. Josph, K. G. Gopchandran, P. V. Thomas, P.
Koshy and V. K. Vaidyan, Mater. Chem. Phys., 1999,
58, 71.

18. J. J. Chen, M. H. Yu, W. L. Zhou, K. Sun and L. M.
Wang, Appl. Phys. Lett., 2005, 87, 173119.

19. M. Ristic, S. Music, M. Ivanda and S. Popovic, J. Al-
loys Compd., 2005, 397, L1.

20. S. Y. Kuo, W. C. Chen and F. C. P. Cheng,
Superlattice. Microst., 2006, 39, 162.

21. Z. R. Khan, M. S. Khan, M. Zulfequar and M. S.
Khan, Mater. Sci. Appl., 2011, 2, 340.

JICS-24



J. Indian Chem. Soc., Vol. 91, March 2014

532

22. R. N. Gayen, K. Sarkar, S. Hussain, R. Bhar and A.
K. Pal, Ind. J. Pure. Appl. Phys., 2011, 49, 470.

23. R. Y. Hong, J. H. Li, L. L. Chen, D. Q. Liu, H. Z.
Li, Y. Zheng and J. Ding, Powder. Technol., 2009,
189, 426.

24. J. R. Sohn and C. K. Lee, Bull. Korean Chem. Soc.,
2007,  28, 2459.

25. L. Li and Z. Yan, J. Nat. Gas. Chem., 2005, 14, 35.

26. M. Gotic, S. Popovic, M. Ivandaa and S. Music,

Mater. Lett., 2003, 57, 3186.

27. K. Vanheusden, W. L. Warren, C. H. Seager, D. K.

Tallant, J. A. Voigt and B. E. Gnade, J. Appl. Phys.,
1996, 79, 7983.


