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In the paper the effect of light output increase with maximum at x = 0.5 observed
previously for the mixed Zn,Mg, WO, crystals is demonstrated for nanocrystals with the
same composition. The enhancement of light output up to 8 times at the transition from
bulk to nanosize was shown. This effect is determined by nonlinear dependence of concen-
tration of oxygen vacancies with minimum at x = 0.5 for Zn Mg, _ WO, nanocrystals.
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YeranosiaeHo, uTo a(h@PeKT yBeJIUUYeHNs CBETOBOTO BLIXOZa, HAOJIIONAE€MLIA B CMEMIAHHLIX
obweMHBIX Kpucrawrax Zn Mg, WO,, ¢ makcumymom npu x = 0,5, o6HApYKeH y HAHOKDIC-
TAJIJIOB TAKOrO Ke cocTaBa. IloKasaHO aHOMaJbHOe ycuieHme »Toro sddexra B 3 pasa upu
mepexoje K HaHOpasMepam. ITo o0ycaoBiIeHO HabMI0LaeMol HeJIMHEeNHON 3aBUCUMOCThIO KOH-
LEHTPAY KHCJIOPOAHBIX BAaKAHCHI B 3aBUCHUMOCTH OT COOTHOIIEHHUS KATUOHOB IHMHKA U
MarHuA B HaHOKpucramrax Zn Mg, WO,.

AHoMajbHe TiABMINEHHA CBiTJI0BOro BHXOAy y sMimanmx HaHOKpHCTajzax Zn Mg, WO,.
1 A Tyniyuna, I1.0O.Maxcunmuyr, Il Axyboscvra, O.M JJybosur, B.B.Ceminvro, B.C.38epesa,
O.I''Tpybaesa, K.O.I'y6enxo, O.M.Bosx, 10.B.ManwxiH.

Beranosiseno, mio edexT 36iMBIIIeHHA CBITIOBOTO BUXOAY, IO CIIOCTepiraeThes

y smimanmx o6’emHuX Kpucranax Zn,Mg, WO,, 3 makcumymom npu x = 0,5, puasme-
HUH Yy HAHOKPHCTAJIB TAKOro K ckJany. [lokasaHo aHoOMaJibHE IiJACUJIEHHSA IbOro eeKTy B
3 pasu upu mepexoni go Hamopoamipis. Ile ob6ymoBieHo HerminiiiHOIO 3anexHicTio 3 MiHIMY-
moMm npu x = 0,5 KoHmeHTpauil KMCHeBUX BaxKaHCiii B sajemHocTi Bij criBBigHOIIEHHSA
karionis muHKY i marmiro y mamoxpucranax Zn,Mg, WO,.
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1. Introduction

Scintillators based on tungstate single
crystals are widely used in detectors and
spectrometric systems for nuclear physics
and nuclear power engineering, geology and
medicine, as well as in various devices of
radiation control [1-3]. Recently it was
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shown that an increase in light output can
be achieved by turning from pure com-
pounds to solid solutions, so-called mixed
crystals. This effect has recently been dem-
onstrated for some of the compounds [4-7],
including Zn,Mg;_, WO, bulk mixed crystals
[8, 9], but the nature of this effect re-
mained obscure until now. In this paper we
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Fig. 1. TEM-image and diffraction pattern of ZnWO, (a), Zn, sMg, VWO, (b).

investigated the luminescent properties of
Zn,Mg,;_ WO, crystals and nanocrystals. It
was expected that by transition to nanoscale
scintillation materials improving certain
functional characteristics (sensitivity, spa-
tial, and temporal resolution, radiation
strength, afterglow) would become possible
[10-14] as well as extending their applica-
tions [15—-18]. Indeed, despite the fact that
Onsager radius of these materials is about
5 nm, and therefore, the direct effect of the
size of the nanocrystal on the processes of
recombination of electron-hole pairs is ab-
sent, the scintillation processes in nanocrys-
tals differ significantly as compared with
their bulk counterparts.

2. Experimental

Zn,Mg,_ WO, single crystals with differ-
ent compositions were grown by Czochralski
method, the charge was obtained by solid-
phase synthesis of ZnO (99.995 %), MgO
(99.95 %) and WO5; (99.995 %) [8, 9].
MgWO, single crystal was grown from
melted flux solution by pulling on a rotat-
ing seed [19].

Zn,Mg,_ WO, nanocrystals were produced
using the method of liquid-phase synthesis,
followed by crystallization in molten LiNOj.
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Amorphous Zn,Mg,_, WO, samples were pre-
pared by coprecipitation from aqueous solu-
tions of Zn(NO3)2, Mg(NO3)2 and NaWO4 at
room temperature. Cleaned and dried pre-
cipitates were mixed with lithium nitrate in
a weight ratio of 1:10 and melted at 300°C
followed by aging for 16 h. The reaction
product was washed, filtered and dried at
80°C in air.

For X-ray phase analysis Siemens D500
Powder Diffractometer (CuK, nickel filter,
Bragg-Brentano geometry) was used. The
morphology of nanocrystals was studied by
transmission electron microscopy (TEM)
using EM-125 microscope (SELMA,
Ukraine). The accelerating voltage was
equal to 125 kV, the study was conducted
in the bright field mode, the image was
recorded by CCD matrix.

The luminescence spectra of nanocrystals
were investigated by means of automatic
spectrofluorimeter based on the MDR-23
monochromator. For registration of the lu-
minescence spectra Hamamatsu R9110
photomultiplier operating in photon count-
ing mode was used. Photoluminescence was
excited by the third harmonic of YAG:Nd
laser EKSPLA NL-202/TH (A,,. = 355 nm),
X-ray luminescence was excited by REYS
(anode voltage — 25 kV, heating current —
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Fig. 2. The light output of Zn,Mg,_ WO, bulk
crystals with different composition.

37 nA). The relative light output of the crys-
tals with sizes of @ 15x2 mm?2 was measured

at X-ray irradiation (anode voltage
200 kV, current — 1 mA).

3. Results and discussion

XRD analysis has shown that all samples
are monophasic and have monoclinic wol-
framite structure. Although all nanocrystals
were obtained under identical conditions,
samples of the starting compounds had
smaller sizes as compared with the mixed
nanocrystals. TEM images of nanocrystalline
samples of ZnWO, and ZnggMgysWO, are
shown in Fig. 1. ZnWO, had grain-like shape

X-ray Luminescence Intensity, a. u.
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with dimensions of 40-100 nm,
Zng Mgy sWO, was composed of larger
grains with sizes up to 200 nm.

The luminescence spectra of Zn,Mg,;_, WO,
bulk crystals at X-ray excitation consisted
of the single band with maximum at
495 nm, which is usually associated with
the radiative relaxation of excitation in
WOGS‘ oxyanion complex involving electron
transfer from the 5d tungsten orbitals to the
2p oxygen orbitals, traditionally described as a
relaxation of the self-trapped exciton [20—22].
The peak position and the width of the lumi-
nescence band are almost independent on the
composition of the mixed Zn,Mg;_ WO, crys-
tal [8]. The dependence of the light output of
bulk Zn,Mg,_,WO, crystal on the composi-
tion at X-ray excitation is shown in Fig. 2.
There is an increase in the light output for
mixed crystals with a maximum at x = 0.5.
The value of light output for the crystal
with x = 0.5 is ~ 1.5 times higher than that
for ZnWO, and ~ 2.1 times higher than the
one for MgWO,.

X-ray luminescence spectra of mixed
nanocrystals are presented in Fig. 3a. As
for the bulk crystals, for nanocrystals at
X-ray excitation the band with maximum at
495 nm was observed. The intensity of
ZnWO, luminescence was slightly higher
than the one for MgWO,, but the change in
the intensity of X-ray luminescence for
mixed nanocrystals compared to ZnWO,
shows abnormally high values in comparison
with bulk ecrystals. The dependence of the
light yield of Zn,Mg,_ WO nanocrystals on
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Fig. 8. X-ray luminescence spectra (a) and light output (b) of Zn Mg, WO, nanocrystals with
different compositions: 1) x =1, 2) x = 0.7, 3) x = 0.5, 4) x = 0.3, 5) x = 0.
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Fig. 4. Photoluminescence spectra at A,
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= 855 nm for Zn,Mg,_ WO, crystals (a) and nanocrystals

(b) of different composition: 1) x =1, 2) x =0.7, 3) x = 0.5, 4) x =0.3, 5) x = 0.

their composition at X-ray excitation is
shown in Fig. 8b. For mixed Zn,Mg,_ WO,
nanocrystals the noticeable increase in light
output as compared to their bulk counter-
parts was observed, with the maximum in-
tensity (as well as the bulk crystals) for
Zn05Mgo5WO4 Sample. While for the bulk
Zny Mgy sWO, crystal increase of light out-
put relative to ZnWO, was about 150 %,
the value of light output for nanocrystals
with similar composition exceeds that of
ZnWO, by 450 %.

Photoluminescence spectra of Zn,Mg,;_ WO,
bulk crystals and nanocrystals at A, =
855 nm have shown a broad band with A,,,, =
650+720 nm ("red” band) (Fig. 4). For
nanocrystals intensity of this luminescence
band is sufficiently higher than for the bulk
crystal (Fig. 4a and b). Intensities of the
band with A,,,, = 650 nm for Zn,Mg,_,WQO,
crystals and nanocrystals of various compo-
sitions are shown in Fig. 5. While the inten-
sity of the "red” photoluminescence band
for bulk mixed crystals does not depend on
the ratio of Zn and Mg cations, for
nanocrystals of solid solutions nonlinear de-
pendence with a minimum at x = 0.5 is ob-
served. This effect can account for notice-
able increase of the light output of mixed
crystals at transition to the nanoscale.

In [28] it was shown that the decrease in
the intensity of the main X-ray band (A, =
495 nm) for ZnWO, nanocrystals is accom-
panied by an increase in the intensity of the
"red” luminescence band. In this case, the
"red” band increases with decreasing
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Fig. 5. Photoluminescence intensity (A
650 nm) for ZnMg, WO, crystals
nanocrystals with different compositions.

max
and

ZnWO, nanoparticle size due to increase in
the concentration of oxygen vacancies and
creation of distorted WOg centers providing
non-radiative relaxation channel competing
with the luminescence of self-trapped exci-
tons at X-ray excitation.

In the case of mixed Zn,Mg, WO,
nanocrystals dependence of X-ray lumines-
cence intensity on the composition with the
maximum for x = 0.5 is accompanied by the
inverse dependence of "red” luminescence
band intensity with a minimum value for
x = 0.5. Since the "red” band is associated
with luminescence of distorted by oxygen
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vacancies WOg centers that present nonra-
diative relaxation channel competing with
the luminescence of self-trapped excitons at
X-ray excitation [23], one of the reasons for
the abnormal increase in light output for
Zn,Mg,;_,WO, nanocrystals can be a non-lin-
ear dependence of the oxygen vacancy con-
centration on the ratio of zinc and magne-
sium cations and its minimum wvalue for
Zny Mgy s WO, sample.

4. Conclusion

The effect of light output increase ob-
served for the mixed Zn,Mg,_, WO, crystals
with a maximum at x = 0.5, increases sub-
stantially for nanocrystals with the same
composition. This effect increases more than
three times at transition to Zn,Mg,_ WO,
mixed nanocrystals. The change of the light
output is accompanied by the nonlinear de-
pendence on the ratio of zinc and magne-
sium cations of luminescence band deter-
mined by distorted tungstate complexes,
with a minimum at x = 0.5. This effect can
be associated with the peculiarities of the
processes of formation of oxygen vacancies
in the mixed nanocrystals.
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