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ABSTRACT

In this paper, the effects of two factors including pH of the reaction mixture and temperature in heat treatment
involved in synthesis of ZnWO, nanoparticles are represented. ZnWO, nanocrytsallites were obtained from zinc
nitrate and sodium tungtsate. The different conditions of pH and cal cination temperature were provided in order to
scrutinize their impact on the structural and morphological changes. The obtained powders were characterized by
X-ray powder diffraction (XRD) and scanning electron microscopy (SEM). Nanocrystalline ZnWO, powder
synthesized at pH = 9 and calcined at 600°C showed an excitation band at 295 nm and a broad emission band at
477 nm.
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INTRODUCTION

Nanosized oxide particles or mixed oxides partiges gaining increasing technical importance fassic areas of
application such as catalysts, passive electramgponents, or ceramic materiaddumerous approaches have been
explored for the preparation of spherical nanosjzadicles including various methofs?2].

Metal tungstates (AWE) A = Co, Mn, Fe, Ni, Mg, Zn) have attracted muckerest since they can be used as
scintillating medium and in electro-optic applicets[3]. ZnWO, has been suggested as a possible new material for
MASER (microwave amplification by stimulated emdssiof radiation), scintillator and OHB (optical kbdburning)
lattice material [4-7]. The present investigatienbiased on the synthesis of nanocrystalline Zp\W@vders by
polymerization followed by the combustion of orgarigents added to the mixture of zinc nitrate aovdiusn
tungstate at different experimental conditions. Pphecursors and synthesized powders were evalimatEam of

the crystallization process, thermal decomposifiod morphology. The effects of pH and the tempeeawere
investigated for analyzing their impact on struet@nd morphology of nanocrystalline Zn\W@owders. The
possible reasons of the structural and morpholbgibanges in ZnWQ nanoparticles have been tentatively
explained on the basis of the literature and expental results.

EXPERIMENTAL SECTION
Zinc nitrate and sodium tungstate were used asrtb@l sources. In the calculated ratio, sodium dtatg was
added to the aqueous solution of metal nitratepgme in deionized water. To investigate the eftdgpH, three

values 7.5 8.0 and 9.0 were chosen. Sodium hydeosidution was then added in different volume ttawbthe
three solutions of different pH. The equal voluniedbsodium salt of ethylenediamminetetraacetiddg@&DTA)
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solution was added to the solutions with pH = B5and 9 followed by the addition of equal volume5dRb6
glycerol. The reaction mixtures were then stirred3 h at 75C. The resultant solutions were dried in an oven. S
obtained dry mass was calcined at €@ get oxide powders. To illustrate the effectalcination temperature,
dry mass obtained from the solution of pH = 9 waisined at 550, 600 and 6%Dkeeping other factors constant.

Table 1 Reaction conditions in synthesis of ZnWO4qwders and patrticle size.

Sample code pH of reaction mixture  Calcination temperature (°C)  Average particle size (nm)

GJ-I 75 600 22.45
GJ-Il 8 600 20.37
G-Il 9 600 15.56
GJ-HI(A) 9 550 19.75
GJ-lI(B) 9 650 18.65

The phases in the powders after calcination wezetified by X-ray diffraction (XRD). The averageystallite size
of the calcined powders was calculated using theaydiffraction line broadening method through Soées
relationship [8]. The microstructure and surfacerphology of the nanocrystalline powders were obsgry
scanning electron microscopy (SEM). The excitationd emission spectra of the samples were carri¢biou
Fluorimeter with a Xe-arc lamp (450 W) as the sewtexcitation.

RESULTS AND DISCUSSION

The XRD patterns of the sample GJ-lll is showniig. B. All of the peaks detected in XRD patterns imdexed to
ZnWQ, (JCPDS: 15-0774). The XRD patterns show that theeeno characteristic peaks of other impurity peas
besides the samples of ZnWQhe influence of pH variation was studied. Itisll known that, EDTA is a multi-
dentate ligand with strong affinity towards metahs. It forms a complex with metal ions at higher gt pH = 7,
the coordination between metal ions and EDTA igsegsed. Therefore, the pH of reaction mixture adjgsted to
desired range by addition of a base. In the presemesstigation, it was observed that with increas@H of the
reaction mixture from 7.5 to 9, the intensity adlwe width of the peaks increases. Thereforeptrécle size tends
to decrease from 22.45 to 17.56 nm (Table 1). Thus,quite clear that at pH = 9, better coordimatis possible
between metal ion and EDTA which and for the foiorabf ZnWQ, nanopatrticles.
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Figure 1 X-ray diffraction pattern of sample GJ-IlI .

The morphology and structure of all the powdersevievestigated by SEM and presented here onlydompde GJ-
[, GJ-llI(A) and GJ-1lI(B). The SEM image revedaisat sample GJ-IlIl shows uniform and dispersivgigas with
average particle size of around 16 nm, in agreemtht the results calculated from Scherrer’s foranii XRD.
The effect of calcination temperature on morpholagg also studied. The calcination temperature®GEsample
GJ-llI(A)) and 656C (sample GJ-llI(B)) were found to be unsuitablettees bigger particles were observed in the
micrographs of these samples as compared to thdgyamalcined at 60C (sample GJ-IlI).
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Figure 2 Scanning electron micrographs of sample GlI(A), GJ-1Il and GJ-II(B).

Based on the above results, it is clear that thtofa like pH of the reaction mixture and calcioatiemperature
greatly affect the morphology of ZnW@anoparticles. As we know, the formation of a talysan be divided into
two stages of nucleation and growth. External chion$ may stress tremendous effects on the sizeremghology
of a given crystal by participating in the nucleatand growth, in which multiple critical roles égfrate to dominate
the process. The mechanism for the effects of blowexmentioned four factors will be qualitativelyadated.
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Figure 3 A) Excitation spectra (with B, =477 nm) and B) emission spectra (with & = 295 nm) of GJ-llI

The excitation and emission spectra of sample G3-firesented in figure 3A and 3Bhe excitation spectrum (Fig.
3A) reveals a strong band at 295 riAigure 3Bshows the emission spectrum of Zn\Weeramic powder in the
wavelength range of 420-540 nm with 295 nm exadtashowing a broad blue emission at 477 nm. Thielated

to the presence of WGstructures in the matrix, playing the role of lmescence centers and a charge-transfer
transition between the 2p- orbitals (of oxygen Joasd the empty d-orbitals (of the central W iomttcould be
causing this luminescen¢e].

CONCLUSION

Nanocrystalline ZnW@ powders were successfully synthesized using EDiid\ glycerol at various range of pH
(from 7.5-9). The pH of reaction mixture playedeykole in particle size determination. The avernpadicle sizes
were 16~23 nm showing tendency to increase wittease in the pH of solution. The calcination terapge also
affected the crystallization and the particle safeproducts. With optimum reaction conditions s&deg this
nanocrystalline tungstate with high qualities wascessfully prepared. ZnW@eramic powder calcined at 6@
demonstrated a broad and intense blue emission/and, which indicates its usefulness in furtherad@pment of
optoelectronic devices.
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