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Abstract: ZnWO4 powders with grain size in range 20 nm-10 µm have been synthesized by a simple combustion
method and subsequent calcinations. The photocatalytic activities of powders were tested by degradation
of methylene blue solution under UV light. The luminescence spectra and luminescence decay kinetics
were studied and luminescence decay time dependence on average powder-grain size was obtained. The
correlation between self-trapped exciton luminescence decay time and photocatalytic activity of ZnWO4
powders was shown. A model explaining the excitonic luminescence decay time correlation with photocat-
alytic activity was proposed.
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1. Introduction

ZnWO4 is known as a promising material for X-ray trans-formation into visible light [1] with high light yield, forlaser host, for dosimeters and other applications. Themechanisms of luminescence in a single ZnWO4 crystalare widely studied [1, 2]. It is known that under UV ex-citation the self-trapped excitons at the tungstate anionicgroups WO6−6 are responsible for blue luminescent band.The luminescence decay is exponential with decay time
∼ 27 µs at room temperature (RT).
∗presented at the 6th International Conference on Functional Materialsand Nanotechnologies, March 17-19, 2010, Riga, Latvia
†E-mail: lgrig@latnet.lv

Studies of photocatalysis of semiconductors have researchinterests due to application to water purification, materialsterilizing and solar energy conversion [3]. In [4, 5] thephotocatalytic activity (PCA) of nanosized ZnWO4 wasstudied and results showed that PCA of zinc tungstatenanorods is close to the commercial photocatalyst P-25(Degussa).There is progress achieved in nanoparticle synthesis re-cently. It is shown that particle sizes, surface defects typeand concentration depend on synthesis methods and postsynthesis calcinations.Nanosized active ZnWO4 particles with different sizehave been prepared by wet chemical method such asco-precipitation [6, 7], hydrothermal [8, 9], molten saltroute [10] or mechanochemical synthesis [11]. It was shownthat luminescent properties and PCA of the prepared zinc
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tungstate nanoparticles depend on their crystallinity, sizeand specific surface area but results of different paperswere some-what contradictory.Accordingly to [6], high PCA has relatively large ZnWO4particles with grain size about 400-500 nm preparedby co-precipitation method of Zn(NO3)2 · 6H2O andNa2WO4 · 2H2O and calcinated at 500°C for 4 h. Pho-toluminiscence spectra of ZnWO4 powders prepared bysimilar method and annealed above 450°C were close tothat of a single crystal [7]. Shift of photoluminescenceband maxima to lower energy was observed for powdersannealed at temperatures in the range of 80-450°C. Note,that these powders do not show XRD and Raman spectracharacteristic for ZnWO4 structure.The photoluminescence intensity and PCA of ZnWO4nanoparticles prepared by hydrothermal synthesis in-creased with annealing temperature from 100 up to 500°Cdue to improved crystallinity despite the decrease of spe-cific surface area (SBET) of powder from 44.71 to 21.13 m2/g[8]. At higher annealing temperature PCA decreased be-cause the specific surface area was low and the grain sizeof particles reached 100-200 nm. Luminescence character-istics are very sensitive to defects and particle size (deter-mined by the preparation method). In present work, the setof ZnWO4 powders were prepared by combustion methodand tested. Here the PCA and its correlation with lumi-nescence characteristics were studied in view of the factthat during the photoluminescence and the photocatalysisthe electrons/hole processes are important.
2. Sample preparation, characteri-
zation and experimental equipments
ZnWO4 powders have been synthesized by a simple com-bustion method. Solution of dissolved tungsten in hydro-gen peroxide was mixed with zinc acetate solution. Thenethylene glycol and nitric acid were added. The reac-tants were stirred and heated for 3-4 hours up to 250°Cuntil the burning of the formed viscous gel started. Thepure ZnWO4 particles were obtained after calcinations at600-1000°C for 2 hours. The characteristics of sampleswere collected in Table 1.Scanning Electron Microscope (SEM) images, effectivesurface area (SBET method), FTIR absorption spectroscopyand XRD method (D8 Advance, Bruker AXS) were usedfor investigations of obtained ZnWO4 samples.FTIR absorption spectra were obtained on BRUKEREquinox-55 using KBr pellets method. The results of FTIRabsorption measurements are given in Fig. 1 and Table 2.
Well-known [13–15] ZnWO4 absorption peaks in range of

Table 1. Characterization of obtained samples.

Samplenumber Calcinationstemperature SBET(m2/g) Results ofpowder XRDanalysis
Grain sizes

12f 600°C 21 ZnWO4 (WO3traces)a ∼ 20 nm
12a 700°C 17.8 ZnWO4 ∼ 45 nm12c 900°C 10.8 ZnWO4 ∼ 135 nm12e 1000°C 6.1 ZnWO4 1-10 µm

aAccording to the XRD analysis the sample 12f besides patterns of mono-clinic ZnWO4 phase showed weak patterns of monoclinic WO3 phase. Thepresence of extra phase (WO3) could be explained by incomplete formationof ZnWO4 at low temperature.

Figure 1. FTIR absorption spectra of ZnWO4 powder samples.

Table 2. IR absorption wavenumbers observed at RT and process
models according to [13–15].

Peak maximaposition,cm−1
472 532 629 695 835 874

Assignment (Zn-O) (Zn-O) (W-O) (W-O) (Zn-O-W) (W-O)inWO6

400-900 nm were detected, however the relations of theabsorption in different bands depend on the grain size.The bands at 3452, 2335 and 1630 cm−1 due to OH, C-Oand H2O residual molecular impurities (not shown) werealso detected.The grain sizes of prepared powders depend on calcinationtemperature. The grain sizes were estimated from SBETmethod and from SEM images. Agglomerates of nanopar-
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ticles were observed in SEM image of sample 12f (Fig. 2a)and some micrometer size crystals were observed in sam-ple 12e (Fig. 2b). The grain sizes estimated from differentmethods are in close agreement and data are shown inTable 1.

a

b

Figure 2. SEM image of ZnWO4 powders; a - sample 12f (bars 6 µm
and 600 nm in inset); b - sample 12e (bar 2 µm).

The PCA was controlled by degradation of methylene blue(C16H18N3SCl, MB) solution under Hg lamp full-spectrumirradiation. The Hg lamp was enclosed in an air cooledjacket. The illumination was directed through an orificeto a closed quartz flask with the solution. The spot ofillumination was 1.2 cm2 and it covered the side wall ofthe flask.The aqueous solution of MB (7.6 · 10−3 g/l) with ZnWO4powder (2 g/l) was introduced in the quartz reactor. The

suspension was treated by ultrasound for 10 min and thenstirred in dark for 30 min. The degradation studies of MBwere carried out by irradiation of Hg lamp (120 W) atdistance of 110 mm for 3 h. The samples for the analysiswere taken out of the suspension every 10 min. Beforethe analysis the ZnWO4 particles were removed from sus-pension by centrifugation. The degradation of MB wasdetermined by measuring the light absorption by solutionat wavelength of 662 nm using IENWA4-6300 spectrome-ter.A pulsed YAG:Nd laser (2 ns, 266 nm) was used asan excitation source for time-resolved luminescence mea-surement. The luminescence spectra and the decay ki-netics were measured at RT. Luminescence measure-ments were carried out with a photon counting head(HAMAMATSU H8259-2) and the photon counting board(FAST ComTec module P7887) with minimal channel width250 ps. The spectrum has been recorded in given timerange (channel width multiplied by a number of channels).
3. Results and discussion

3.1. Luminescence spectra and decay kinet-
ics
The luminescence spectra of prepared powders were com-pared with luminescence spectrum of a single crystal(Fig. 3). The spectra of all samples are in close agreementand therefore the same luminescence center was createdindependently of powder grain size. The additional bandsare due to the defect-states were not detected.

Figure 3. Normalized luminescence spectra of ZnWO4 crystal and
ZnWO4 nanopowder with average grain size ∼ 20 nm.

The luminescence decay kinetics of the powder samples
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(Fig. 4) considerably differs from the decay kinetics of aZnWO4 single crystal. In contrast to a single crystal, thedecay kinetics of ZnWO4 powder are nonexponential andstrongly depend on the grain size of powder. Since thedecay is not exponential, for the decay process charac-terization we choose time (∆t) during which the lumines-cence intensity falls three times. The results obtained forall samples are summarized in Table 3. The decay timedecreases with powder grain size decrease.Note that the higher dependence on grain sizes were ob-tained at initial stage of decay kinetics. The consider-able decay time shortening and the nonexponential decaysare known for nanostructured systems [16–18] and are ex-plained as a result of the luminescence center perturbationdue to the high effective surface area in nanopowders. Atthe same time the luminescence light yield is lower inpowder samples due to considerably shorter decay kinet-ics in the powder samples.The electron-hole pairs were created underphoto-excitation and during the relaxation processthe excitons in WO6 complex were formed. Thus, theenergy of radiative transition is the same independentlyof grain size but the probability of the luminescencetransition (defined as ∼ 1∆t ) depends on the powders’grain size.

Figure 4. Normalized luminescence decay kinetics of ZnWO4 pow-
ders (266 nm excitation, 2.5 eV emission).

Since a fraction of the electron-hole pairs in powders donot take part in the exciton radiative annihilation, we sug-gest here that they are trapped at the surface defects andcreated some charged states. These charged states areresponsible for the photocatalytic process. Relative con-tribution of these charged states depends on the grainsize – for the smallest grains the contribution was thelargest and correspondently higher PCA. Therefore PCA

Table 3. Luminescence decay times.

Sample Decay timeCrystal 27 µs12e 6.2 µs12c 6.4 µs12a 4.6 µs12f 2.9 µs

is dependent on the grain size. We compared PCA (MBdegradation in fixed time range) and luminescence prob-ability dependence on the effective surface area (Fig. 5).

Figure 5. Comparison of MB degradation rate (percentage per
100 min), luminescence decay time (∆t, µs) and the prob-
ability of luminescence process

( 1∆t ). Luminescence ex-
citation 266 nm, emission 2.5 eV.

The results show that two processes studied – radiativeexciton annihilation and PCA – are well correlated. Itis well-known that the exciton annihilation is not accom-panied by the free electron-hole appearance. Thus thetwo competitive processes occur under band-to-band UVradiation during the electron-hole pair relaxation: i) cre-ation and radiative annihilation of self-trapped excitons;ii) electron-hole trapping on surface states and MB degra-dation.
4. Conclusions
ZnWO4 powders with grain sizes from 20 nm up to∼ 10 µmwere synthesized by a simple combustion method. PCAwas controlled by degradation of methylene blue solutionunder Hg lamp full spectrum irradiation. It was shown thatPCA depends on powder grain size and is the highest for
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powders with the highest effective area (SBET).The photoluminescence spectra of nanopowders wereidentical with spectrum of the ZnWO4 single crystal, how-ever the decay kinetics are nanocrystal size dependent.A relationship of luminescence decay time and PCA wasfound.
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