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a b s t r a c t

We report the elaboration of vanadium-doped ZnO nanoparticles
prepared by a sol–gel processing technique. In our approach, the
water for hydrolysis was slowly released by esterification reaction
followed by a supercritical drying in ethyl alcohol. Vanadium dop-
ing concentration of 10 at.% has been investigated. After treatment
in air at different temperatures, the obtained nanopowder was
characterised by various techniques such as scanning electron
microscopy (SEM), transmission electron microscopy (TEM), X-
ray diffraction (XRD) and photoluminescence (PL). Analysis by
scanning electron microscopy at high resolution shows that the
grain size increases with increasing temperature. Thus, in the case
of thermal treatment at 500 �C in air, the powder with an average
particle size of 25 nm shows a strong luminescence band in the vis-
ible range. The intensity and energy position of the obtained PL
band depends on the temperature measurement increase. The
mechanism of this emission band is discussed.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Zinc oxide (ZnO) is an attractive material for applications such as luminescent screens, varistors,
lasers, optoelectronic devices and room temperature ferromagnetic materials [1–6]. ZnO powder
can be prepared by many methods such as thermal oxidation of metallic zinc, hydrothermal methods,
plasma chemical synthesis, laser ablation, vapour condensation and others. The morphology and the
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average size of the obtained nanocrystal powders strongly depend on the preparation method and
synthesis conditions [6–10].

The luminescent properties are very sensitive to the defect content, stoichiometry, impurity type
and concentration, grain size and powder morphology. Therefore, it is important to use X-ray diffrac-
tion (XRD), scanning electron microscopy (SEM) and transmission electron microscopy (TEM) to study
powders and to examine their effects on the luminescence properties. The main luminescence bands
were observed in the 1.8–2.4 eV spectral region [11–14] (defect related luminescence) and at �3.1–
3.45 eV (excitonic states) in the ZnO crystals and the nanostructured systems at room temperature
[15].

Also different approaches of transition metal (TM) doped ZnO nanocrystalline powders were inves-
tigated and the results different from those obtained on thin films have been reported [16–20]. In most
of these studies, the synthesis and doping are achieved by a sol–gel process.

Thin films have equally been prepared from such powders by spin coating but the properties of the
films can be different from those of the initial material. We report in this paper a new approach to
obtain such powders based on hydrolysis of zinc acetate in methanol followed by supercritical drying
in ethanol using modified sol–gel process.

The effect of vanadium as TM doping element on structural and optical properties of the powder is
investigated for different annealing temperature in air.

2. Experimental details

Vanadium-doped ZnO nanocrystals were prepared by the sol–gel method using 16 g of zinc acetate
dehydrate as precursor in a 112 ml of methanol. After 10 min of magnetic stirring at room tempera-
ture, 0.628 g of ammonium metavanadate corresponding to [V]/([Zn] + [V]) = 0.10 was added. After
15 min magnetic stirring, the solution was placed in an autoclave and dried under supercritical con-
ditions of ethyl alcohol (EtOH). The obtained powder was then annealed in a furnace for 2 h at differ-
ent temperatures in air.

X-ray diffraction (XRD) patterns of vanadium doped zinc oxide nanopowder were carried out by a
Bruker D5005 diffractometer, using CuKa radiation (k = 1.5418 Å). The synthesized products were also
characterized using a JEOL JSM-6300 scanning electron microscopy (SEM) and a JEM-200CX transmis-
sion electron microscopy (TEM). The specimens for TEM were prepared by putting the as-grown prod-
ucts in EtOH and immersing them in an ultrasonic bath for 15 min, then dropping a few drops of the

Fig. 1. X-ray diffraction spectrum of V doped ZnO nanoparticles for different treatment temperatures.
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