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Quantum dots of ZnGa,04:Eu® " was successfully synthesized by simple wet chemical method. This easy synthe-
sis technique at low temperature, in aqueous medium resulted in the cubic spinel structured ZnGa;04:Eu® "
quantum dots, confirmed from x-ray diffraction (XRD) and transmission electron microscopy (TEM). The
photoluminescence (PL) spectrum consists of electric and magnetic dipole transitions of Eu>*, and there exist

a quenching behavior with respect to concentration of activator. This is the first time report on the synthesis of
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red emitting phosphor by aqueous solution route and the pure, efficient PL emission may find applications in im-
aging techniques as well as in display technology.

© 2017 Published by Elsevier Ltd on behalf of Acta Materialia Inc.

In the present scenario, nano-rare earth luminescent materials have
significant attraction due to their remarkable utilization in the fields like
optoelectronic devices, flat panel displays, biomarker, sensor etc. Re-
cently more attention is given to the activator incorporation into the
metal oxide semiconductors due to their wide direct band gap, which
give rise to fruitful results. The stability in thermal and chemical proper-
ties, in comparison with sulfides also induce their practice in low volt-
age cathodoluminescent devices.

Zinc gallium oxide/zinc gallate (ZnGa,04) is a binary oxide com-
pound which come under the group of inorganic spinels. They posses
crystal structure in the form A2+ B>*, 0, in which both of the cation
(A=Zn and B=Ga) belongs to the fourth period. Here Zn?>* and Ga>*
ions occupy the tetrahedral and octahedral sites of the cubic spinel re-
spectively with Fd3m space group. This particular spinel structure im-
proves their use in sensing applications [1]. The wide band gap of
4.4 eV and good transparency over the visible spectrum aids their use
in the applications like reflective optical coatings [2], transparent
conducting oxide [3] etc. Rare earth [RE] doped zinc gallate results in
better quantum efficiency and sharp luminescence which enrich the
phosphor applications. Here the shielding effect generated by the 5 s
and 5p electrons of RE helps in the competent emissions from the 4f
shell and are insensitive to the surrounding effect. ZnGa,04:Eu>* is an
excellent red phosphor, where the red emission is generated from the
4f shells of Eu>* ion [4]. This sharp red emission by Eu>* doping can
be utilized in lasers, light emitting diodes [LED], display boards etc. In
conjunction with this pure red emission, nontoxic nature of zinc gallate
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can be effectively exploited for the cell imaging purposes in the biolog-
ical field [5].

A variety of synthesis techniques like solid state reaction [6], hydro-
thermal [4,7-9] and citrate solgel method [10], which require high tem-
perature for the synthesis or annealing purpose, were used for
ZnGa,04:Eu ™ production. The volatilization of ZnO at these tempera-
tures, instigate the synthesis of zinc gallate at low temperature with
fewer chemicals. Here we adopted a simple, cost effective synthesis of
ZnGa,04:Eu> ™ at a low temperature of 90 °C by using an aqueous solu-
tion route. This is the first time report by this method, for the synthesis
of red emitting zinc gallate and the observed pure, intense red emission
can be utilized in optoelectronic devices and in bio markers.

To the aqueous solution of gallium nitrate [Ga(NOs)s, Sigma, 99.9%],
required molar concentration of europium acetate [Eu(OOCCH3)s, Alfa
aesar, 99.99%] was added. Keeping the molar ratio of Zn®*: (Ga®>™
+ Eu®™*) as 1:2, zinc acetate [Zn (CH3C00),, Sigma, 99.9%] was pre-
pared in distilled water and mixed with the above solution. After com-
plete dissolution, 6 g urea [CO (NH;),, Merck, 98%] was also added to
the above mixture. The final solution was taken in a standard capped
bottle and transferred to a conventional laboratory oven and kept for
24 h at 90 °C. The resultant solution with white precipitates was filtered
centrifugally using 2-propanol and dried in the oven, with the same
temperature for another 24 h to get the final ZnGa,04:Eu®" powder.

The resultant powder was analyzed structurally and optically.
Rigaku MiniFlex 600 X-Ray Power Diffractometer was used for the
XRD analysis. The crystal structure and morphology of the particles
were studied using Jeol JEM 2100 transmission electron microscope.
Diffuse reflectance spectra were recorded with Varian, Cary 5000 UV-
VIS-NIR spectrophotometer having an external diffuse reflectance ac-
cessory consisting of a 150 mm diameter integrating sphere with
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angle of incidence 8°. The variation in PL emission was investigated
using Horiba flouromax-4C spectrofluorometer.

The formation of spinel cubic structured zinc gallate, by the wet
chemical method is confirmed from the XRD pattern [Fig. 1.a]. On
Eu®* doping, the major diffraction is from the (311) plane and the en-
tire pattern can be indexed with the JCPDS file no: 86-0451, having
Fd3m space group. The higher ionic radius of Eu>*(0.95A°) compared
to Zn?>*(0.74A°) and Ga>*(0.63A°), indicate the possibility of replacing
both of these ions. But considering the coordination number (CN), the
site with higher CN values will be replaced by the RE ion and here it is
the octahedral site which is occupied by the Ga®* ion [4]. The ionic ra-
dius mismatch produced in the lattice on RE doping, leads to lattice dis-
order and here the decrease in crystallinity and the origin of Ga,03
phase in XRD are due to this discrepancy. The strain (§) produced in
the crystal lattice due to the mismatch and line broadening can be eval-
uated using the Williamson-Hall (WH) plot [Fig. 1.b]. The relation used
behind the WH plot is

3 cosO = D

+2¢ sinf (1)
where \, 3 and 6 respectively represent the wavelength of x- ray used,
full width at half maximum and diffracting angle [11,12]. The average
grain size (D) can be calculated from the intercept of WH plot and
also using Debye Scherrer's formula,
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All of the structural parameters are found to vary with the molar
concentration of Eu> " [Table 1].

The quantum dot formation of zinc gallate is confirmed from the
TEM image, for 2% molar concentration of Eu>* [Fig. 2.a]. The spherical
quantum dots from TEM have size below 8 nm and it is comparable with
the average grain size observed from XRD. The various reflecting planes
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Table 1
Variation in structural parameters with Eu®>* molar concentration in ZnGa,0,4:Eu®*.

Eu®* Grain size (nm) Lattice strain Lattice
PR —3 o
concentration (%) Scherrer's WH plot (x1077) parameter (A°)
formula
Bulk - - - 8.34
1 12.12 11.07 141 8.341
1.5 7.75 6.78 4.23 8.363
2 8.37 7.13 3.86 8.386
2.5 9.74 8.65 245 8.357
3 9.58 8.38 2.75 8.352

from the x-ray diffractogram matches with the diffracting rings in SAED
as depicted in Fig. 2.b. The particle distribution, by counting the no and
size of the particles from TEM is shown in Fig. 2.c.

There is a relation derived by Kubelka & Munk to evaluate the band
gap (E,) of the powder samples which connect the scattering (s) & ab-
sorption (k) coefficients with the diffuse reflectance (R) values,
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By extrapolating the linear portion of hv vs ((k/s) hv)? plot [Fig. 3.a]
to hv axis, we get the E, values [13,14] and are listed in Table 2. In the
case of quantum dots, the confinement effect leads to increase in band
gap of the particles as observed in Table 2 [Eg of bulk ZnGa,04 =
4.4 eV]. M. Vasile et al. and P. M. Aneesh et al. reported synthesis of eu-
ropium doped zinc gallate nanoparticles using hydrothermal method
with a band gap energy of 4.7 eV [4] and 4.59 eV [8] respectively In
this work, more confinement of the nanoparticles can be observed
from the higher value of band gap. In Fig. 3.b the variation in grain
size and Eg values with the molar concentration of Eu** is portrayed.
As expected, the inverse relation of grain size with band gap is seen in
the diagram.
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Fig. 1. (a) X-ray diffractogram (b)WH plot of ZnGa,04:Eu®* with molar concentration of Eu>™*.
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Fig. 2. (a) TEM micrograph, (b) SAED pattern & (c) particle size distribution ZnGa,04:Eu’~.
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