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A B S T R A C T

White phosphorescence that lasted ≈212 s, being the longest phosphorescence time reported so far for any Ga
based material, has been observed in undoped ZnGa2O4 (ZGO) phosphors. The samples were synthesized by a
simple combustion method by using two different Gallium precursors (Gallium nitrate and Gallium
Acetylacetonate). According to the X-ray diffraction analysis, the samples prepared with the two different
precursors presented the same single cubic phase. TEM images demonstrated that the ZGO phosphors made with
both precursors are formed by nanoparticles with quasi-spherical shape, and they have nanoparticle sizes in the
range of 17–43 nm. When excited with UV light (400 nm), these phosphors produced a broad blue-green-yellow
luminescence. The blue band was associated to transitions from the Ga-O levels, while that of green-yellow band
was attributed to radiative transitions from oxygen vacancies. Particularly, the sample synthesized with Gallium
acetylacetone precursor presented the highest phosphorescent emission intensity and had a CIE coordinates of
(x= 0.27, y= 0.33), which is close to that for pure white light (x= 0.33, y= 0.33). Since the ZGO presented a
white phosphorescent emission without doping with rare earths, they could be good candidates for lighting or
signaling applications.

1. Introduction

There is a special interest for phosphors materials that emit red,
green, and blue or a mixture of colors, since they can be used in light
emitting diodes (LEDs) or fluorescent lamps [1–3]. Commonly, the rare
earths of Er, Eu, Ce, Pr etc. are used as dopants in host crystalline lat-
tices in order to generate their luminescent emission [4–6]. The most
popular white light emitting diode (WLED) is made by a
Y3Al5O12:Ce3+(YAG:Ce3+) yellow phosphor which is excited by blue
light produced from a GaN diode, the mixture of both, blue and yellow
emissions generate a white color [7]. However, some drawbacks of this
WLEDs technology has been extensively described such as: low color
rendering index ∼75, poor color reproducibility and low thermal sta-
bility at high operating temperatures in the range of 80–200 °C [8–11].
In addition, the rare-earths (REs) are currently considered expensive,
and they require a chemical refinement process and purification, which
increases their production cost and finally affects the price of rare earth

based WLEDs. In fact, a WLED is ten times more expensive than the
incandescent lamps and two times more expensive than the compact
fluorescent lamps [12]. Therefore, an opportunity area is the search of
rare earth free phosphors, which could be excited in the wavelength
range 350–420 nm [13]. According to literature, these rare-earth free
phosphors could be: i) A crystalline matrix which have a great number
of defects or vacancies that generate luminescent centers, ii) semi-
conductor oxides doped with transition metals, and iii) nanostructured
quantum dots [14]. The first possibility which involves the generation
defects or vacancies in the crystalline material is very attractive because
no dopants are needed.

Recently, the zinc gallate (ZnGa2O4) with cubic spinel structure has
been an attractive rare earth free phosphor material due to its stable
luminescent properties in the blue and ultraviolet region [15–17]. This
crystalline lattice is a semiconductor material that has been proposed as
a component for several applications in light-emitting diodes, vacuum
fluorescence displays, ultraviolet photodetector and low voltage field
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emission displays [18,19]. The ZnGa2O4 spinel has shown great che-
mical stability, as well as an inalterability when it is subjected to high
intense electric fields and electron bombardment [20,21]. The blue
emission of ZnGa2O4 (ZGO) in the range 450–470 nm originates as a
consequence of a self-activation process of the Ga-O luminescent cen-
ters [20]. Nevertheless, few reports have discussed the luminescence
generated in this material by vacancies and/or defects [22,23]. More-
over, nobody has observed phosphorescence of ZnGa2O4, only ultra-
violet and/or blue fluorescent emission [20–23]. For this reason, the
aim of this work was to control the type of surface defects in ZnGa2O4
by using different Gallium precursors. Two synthesis by the combustion
method are presented here, and the only difference between the both
synthesis was the use of a different Gallium precursor: [Gallium nitrate,
Ga(NO3) and Gallium Acetylacetonate (C5H7O2)3]. The two synthesized
ZnGa2O4 phosphors presented broad blue-green-yellow phosphores-
cence under excitation with UV light at 400 nm, but the content of
oxygen vacancies (Vo) was higher in the sample made with Gallium
Acetylacetonate. This sample had a CIE coordinate of (0.27, 0.32),
which is close to the ideal white. Additionally, the two ZGO phosphors,
synthesized by both Gallium reagent precursors, had a phosphorescence
time of ≈212 s, which is the longest time reported so far. Hence, the
results presented here for the ZGO phosphors indicate that they could
be a good candidate for solid-state lighting or signaling applications.

2. Experimental

2.1. Synthesis of ZnGa2O4 phosphors

The reagents employed for the synthesis of ZnGa2O4 phosphors
were Gallium nitrate (99%, Sigma-Aldrich), Acetylacetonate of gallium
(99%, Sigma Aldrich), Zinc nitrate (99.8% Fermont), Citric acid (97%,
Sigma-Aldrich) and Ethylene glycol (99% Sigma-Aldrich). A typical
procedure of synthesis for ZnGa2O4 using the Acetylacetonate of gal-
lium was as follows: 5.5× 10−3 mol of [CH3COCH˭C(O-)CH3]3Ga and
5.5×10−3 mol of Zn(NO3)3 were dissolved in 1.38mol of deionized
water in a conical flask with 0.42mol of ethanol, this mixture was
stirred during 30min at a 70 °C. After this, 1.7× 10−2 mol of ethylene
glycol was added to the previous mixture and stirred at 70 °C for
30min. Next, 0.1mol of NH4OH were added to the mixture, and
heating of the hotplate was started in order to reach a mixture tem-
perature around 80 °C. Then the mixture was kept under magnetic
stirring at 80 °C until a high viscosity is observed. Afterwards, the
stirring was stopped and the mixture was cooled down to room tem-
perature. After this, a crystallization of the material was observed. The
precipitated crystals were placed into a high temperature oven (Felisa,
S.A. Model AR340), previously stabilized at 400 °C in air atmosphere.
After 15min, the combustion reaction finished and a black fluffy
powder was obtained. The as-synthesized powders were calcined at
700 °C during 2 h in air atmosphere. The ZnGa2O4 samples obtained
after this synthesis was named ZGO-AC. The chemical reaction for the
synthesis of ZnGa2O4 using the gallium Acetylacetonate was:

A second synthesis was carried out using the same combustion
method, but gallium nitrate was used as Ga precursor instead of
Gallium Acetylacetonate. The sample obtained after this synthesis was
named ZGO-NO and its chemical reaction was:

In order to determine the oxidative or reductive character of the

chemical reactions produced by the two types of Ga precursors, the
molar ratio Φ=Oxidants/Fuel was calculated from the reactions (1)
and (2) [24]. If Φ < 1 the reaction is considered reductive. When

Φ > 1, the reaction is considered oxidant. The values of Φ were 0.78
and 1.35 for the reactions (1) and (2), respectively. This means that the
reaction produced with the Gallium Acetylacetonate is reductive while
that produced with Gallium nitrate is oxidative. A reductive reaction
promotes the generation of oxygen vacancies (Vo).

2.2. Structural and morphological characterization

The structural characterization was carried out by X-ray diffraction
using a Bruker diffractometer with Cukα radiation (λ=1.5418 Å). The
XRD patterns were collected in the range 2θ of 20–70° with a scan rate
of 0.05°/second. The morphology of the samples was analyzed by
transmission electron microscopy (TEM) by using a JEOL JEM-2010
microscope.

2.3. TGA and DTA Characterization

Thermogravimetric/Differential thermal analysis (TGA/DTA) was
achieved by employing a Thermal Analyzer SDT 600 (TA Instruments)
under nitrogen atmosphere with a heating rate of 10 °C/min form
30–1200 °C.

2.4. Optical characterization

The UV–vis absorbance spectra of the samples were measured using
a UV–Vis spectrophotometer (Agilent) equipped with an integration
sphere. Fluorescence spectra and long persistence decay curves of the
ZnGa2O4 samples were recorded with a modular Acton SpectraPro
Fluorometer from Princeton Instruments, which is equipped with a SP-
2300i excitation monochromator attached to a 75W Xenon lamp
(Newport Oriel), and a SP-2500i emission monochromator attached to a
R955 photo multiplier (Hamamatsu). Both monochromators and the
detector were controlled by the SpectraSense software from Princeton
Instruments. All the photoluminescence measurements were performed
under air conditions at room temperature. The phosphorescent decay
time curves were taken at room temperature with the same Fluorometer
after 5min of UV irradiation at 400 nm by using a 20W Philips compact
Black light lamp. Chromaticity coordinates (CIE coordinates) were ac-
quired with a Konica Minolta CS-2000 spectroradiometer under UV
excitation at λ=400 nm. The Fourier transform infrared (FTIR) spectra
of samples were recorded in the range of 400–2100 cm−1 on an ABA
(MB300) spectrophotometer using the KBr method.

3. Results and discussion

3.1. Structure and morphology

The ZnGa2O4 system is a face centered cubic type structure (fcc)
with spinel AB2O4 stoichiometry [25]. The lattice parameter of the pure
ZnGa2O4 system is a = 8.3341 Å and its spatial group is Fd3 m (227)
[26]. Fig. 1 shows a simulation (made in the Diamond 3.1 software) for

the structure of the ZnGa2O4 spinel. The blue spheres represent Zinc
atoms, while the black spheres represent the Gallium atoms and red
spheres symbolize the Oxygen atoms. The atomic positions computed
for the simulation of the ZnGa2O4 structure were acquired from re-
ference [25]. From this simulation, it is observed that the Zinc atoms

are in tetrahedral ZnO3 sites while that the Gallium atoms are situated
in octahedral GaO6 sites. The tetrahedron and octahedron sites are
colored with purple and dark-green colors within the ZnGa2O4 structure

= + + + + + + + + +CH COOH C O CH Ga Zn NO H O HOC COOH CH COOH HOCH CH OH NH OH ZnGa O C H O NH CO CO2[ ( ) ] ( ) 6 ( )( ) 2 29 31 4 23 3 3 3 2 2 2 2 2 2 4 2 4 2 4 2 (1)

+ + + + + + + + +Ga NO xH O Zn NO H O HOC COOH CH COOH HOCH CH OH NH OH ZnGa O C H O NH NO CO2 ( ) ( ) 6 ( )( ) 2 4 14 8 43 3 2 3 2 2 2 2 2 2 4 2 4 2 4 2 2 (2)
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in Fig. 1, respectively.
The X-ray diffraction patterns (XRD) for the ZGO-AC and ZGO-NO

samples are illustrated in Fig. 2. The XRD pattern of the ZGO-AC sample
(see Fig. 2a) presents diffraction peaks corresponding to a single pure
cubic phase for ZnGa2O4 (according to the JCPDS #38-1240 card). The
XRD pattern of the ZGO-NO sample in Fig. 2b also shows diffraction
peaks corresponding to the same cubic phase.

Fig. 3a shows the TGA/DTA curves of the as-synthesized samples
(after the combustion at 400 °C). In the DTA curve, there is a small
endothermic shoulder in the range of 70–108 °C (see black line), which
represents a moisture evaporation [27]. Further, there is a small en-
dothermic shoulder at 263 °C, this peak can be associated with inter-
calated water which was physisorbed in the interstices. At this point,
only a mass loss of ≈ 18% is observed, see TGA curve (blue line) [28].
The intense exothermic peak observed at 482 °C in the DTA curve
corresponds to a reaction for the loss of hydroxides, which provokes the
removal of residual CO2 species (this part of the combustion reaction).
There is another peak at 560 °C observed in the DTA curve, which is
attributed to the release of ethylene glycol residual species [29,30].
Additionally, there is an exothermic peak at 695 °C that represents the
crystallization to ZnGa2O4 [27–30]. After 700 °C, the total mass loss is
around 80%, as observed in the TGA curve. The TGA/DTA curve of
ZGO-AC sample in Fig. 3c shows exothermic peaks at 290 °C and 353 °C,
which are associated with the removal of physisorbed water and the
removal of CO2 carbon species, respectively. The intense peak observed
at 503.7 °C in the DTA curve, corresponds to the release of nitrogen
hydroxides N(OH)2 and ammonium NH3. At this point, the mass loss is
56%. The DTA curve also shows an exothermic peak at 675 °C, which
indicates the crystallization of the ZnGa2O4 phase and the total mass
loss is 73%.

Fig. 4a shows TEM images of the ZGO-AC sample. As observed, the
sample is formed by nanoparticles of semi-rounded shapes with sizes in
the range 8.7–35 nm and an average size of 18.7 nm. Fig. 4b shows a
TEM image at higher magnification to observe the conglomeration of
the nanoparticles and their coalescence. Fig. 4c and d show TEM images
of the ZGO-NO sample, it is observed again coalesced grains with

Fig. 1. Crystalline structure of the spinel ZnGa2O4.

Fig. 2. X-ray diffraction patterns of: a) ZGO-AC and b) ZGO-NO samples.

Fig. 3. TGA/DTA curves of: a) ZGO-AC and b) ZGO-NO samples.
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irregular shape. The nanoparticle size in this sample was in the range
17–43 nm and the average nanoparticle size was 24.7 nm. From these
images, it is inferred that the average size of the nanoparticles in ZGO-
AC sample is ≈ 33% lower with respect to that in ZGO-NO sample.

3.2. Absorption and FTIR-analysis

Fig. 5 shows the absorbance spectra of the ZGO-NO (solid black
line) and ZGO-AC (solid blue line) samples. Both spectra show a high
absorption in the ultraviolet (UV) region, particularly an intense peak
centered at 243 nm (5.1 eV), this peak is associated to the band-edge
absorption of the ZnGa2O4 compound [16]. The absorbance curve of
the ZGO-AC sample showed an additional strong band at 362 nm
(3.4 eV) and corresponds to oxygen vacancies defects (Vo) [19,22,23].
Since this band is less intense for ZGO-NO, it is assumed that the con-
tent of oxygen vacancies is lower in this sample. These oxygen va-
cancies (Vo) generate traps into the band gap of the ZnGa2O4 structure
and they can work as a luminescent emission centers in the green region
as previously published for ZnO nanoparticles [31]. In order to de-
monstrate that we can control the content of surface defects (oxygen
vacancies) in the ZGO phosphors, we carried out two experiments to

Fig. 4. TEM images of: a), b) ZGO-AC and c), d) ZGO-NO samples.

Fig. 5. Absorbance of the ZnGa2O4 samples synthesized by combustion method
and two different precursors (Gallium Acetylacetonate (ZGO-AC) and Gallium
nitrate (ZGO-NO).
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eliminate or to increase the content of oxygen vacancies. Firstly, the
ZGO-AC sample was annealed in air at 900 °C for 2 h. After this, the
absorbance spectrum of this sample was obtained and the broad band
centered at 362 nm disappeared, see Fig. S1 in Supporting information.
According to literature, the annealing in air leads to a decrease of
oxygen vacancies because the oxygen in air is introduced in the mate-
rial. A similar reduction of the oxygen vacancies content has been ob-
served in ZnO films [32]. In the second experiment, the ZGO-AC sample
was annealed at 700 °C in reducing atmosphere of H2/N2 (5%/95%)
and its absorbance spectrum was measured. As result, the absorbance
band related with the oxygen vacancies (at 362 nm) increased, see Fig.
S1. Finally, Fig. 6 shows the FTIR spectra of the ZGO-AC and ZGO-NO
samples. There are vibrational bands at in 434 cm−1, 560 cm−1 and
1560 cm−1 which are attributed to Zn-O, Ga-O and C˭O (carboxyl)
bonds [15,17,33].

3.3. Luminescent properties

Fig. 7a shows the luminescence emission spectra of the ZGO-AC
samples (solid blue line) and ZGO-NO (solid black line) samples when
excited with UV light at λexc = 400 nm. The emission intensity of ZGO-
AC was higher than that for ZGO-NO sample. Interestingly, both sam-
ples have a broad emission band from 400 nm to 700 nm, where two
main bands at 450 nm (blue) and 515 nm (green-yellow) are observed.
The peak centered at 450 nm (blue emission) has been widely reported
in the literature as an emission originated by self-activation of the Ga-O
octahedral luminescent centers. The process involves an energy transfer
from the Ga3+ ion placed in the octahedral sites toward its first six
neighbors [17,19,22,29,34]. According to literature the blue emission is
generated from energy levels produced by distortions of the GaO6 oc-
tahedra and this is enhanced by ZGO nanoparticles in the regime of
quantum confinement [17,35]. On the other hand, the band centered at
515 nm (green-yellow emission), has not been reported in the literature
for the ZnGa2O4 system. However, there are reports where ZnO nano-
particles can emit a similar broad band in the range of 510–530 nm
[36–39]. According to previous works the green-yellow emission comes
from luminescent centers created by oxygen vacancies [36–39]. In our
case, we could form oxygen vacancies on our samples because we
carried out the annealing treatment at 700 °C in air. In fact, we obtained
Φ < 1 for the reaction produced when the Gallium acetylacetonate is
employed in the synthesis, this favors a reductive environment and
then, the formation of oxygen vacancies (Vo). For this reason, the
content of Vo was surely higher in ZGO-AC, in consequence, the lumi-
nescent emission of this sample was stronger in the green-yellow

region. In addition, the higher luminescent intensity in the ZGO-AC
sample can be explained in terms of the nanoparticle size. According to
literature, a lower nanoparticle size implicates a higher specific surface
area, which increases the availability of surface defects such as Vo [40].
Since the average nanoparticle size was lower for ZGO-AC sample in
comparison with ZGO-NO, we expect more surface defects in ZGO-AC
sample, thus, higher emission intensity.

Fig. 7b shows the Luminescence excitation spectra of the ZGO-AC
sample (blue solid line) and the ZGO-NO sample (black solid line). As
observed, the maximum of excitation is reached at 400 nm to produce
the green-yellow emission at 515 nm. At this excitation wavelength, the
oxygen vacancies can be excited. The excitation band centered at
240 nm is related to the Band Edge excitation of ZnGa2O4, the presence
of this Band Edge band was confirmed by the absorbance spectrum in
Fig. 5 [16]. The excitation band at 300 nm is associated to the charge
transfer from the Ga-O bond toward the oxygen vacancies [40],
therefore, emission spectra similar to these showed in Fig. 7a were
observed for both samples after excitation at 300 nm, but the overall
emission intensity was 4 times lower than that observed under excita-
tion at 400 nm (the spectra are not showed here). The inset in Fig. 7b
shows that the ZGO-AC and ZGO-NO samples had CIE coordinates of
(x= 0.2812, y= 0.3738) and (x=0.2342, y=0.3713), respectively.
The CIE coordinate of ZGO-AC is close to the ideal coordinate for pure
white light of (x= 0.33, y= 0.33) [41], while that for ZGO-NO is close
to bluish white. The inset in Fig. 7a shows a picture for the white
emission observed at naked eye for ZGO-AC under UV excitation.

Fig. 6. Fourier-transform infrared spectra of ZGO-AC and ZGO-NO samples.

Fig. 7. a) Photoluminescence emission spectra of ZGO-AC (blue solid line) and
ZGO-NO (black solid line) samples under excitation at λexc= 400 nm. b) ex-
citation spectra of ZGO-AC (blue solid line) and ZGO-NO (black solid line)
samples at λemi= 515 nm. The inset shows the white light emission of ZGO-AC
sample under excitation at 400 nm. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)
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The phosphorescence emission of ZGO-AC and ZGO-NO samples
were also measured. For this, the samples were firstly excited with UV
light at 400 nm for 5min, after this, the excitation is stopped and the
phosphorescence spectrum was immediately recorded. Two main
phosphorescent bands centered at 421 nm and 500 nm (those spectra
were obtained within the first 5 s of phosphorescent emission) were
observed for both samples, see Fig. 8a. The CIE coordinates were also
calculated for these spectra and found the values of (x= 0.24,
y= 0.31) and (x=0.27, y= 0.32) for ZGO-NO and ZGO-AC, respec-
tively. The CIE coordinate for the ZGO-AC sample indicates that its
emission is bluish white and it is close to the CIE coordinate for pure
white light (x= 0.33, x= 0.33), see the inset in Fig. 8a.

Several annealing treatments were carried out to the ZGO-AC
sample (this one had the strongest persistent emission) in order to study
their effects on the phosphorescent emission. When the oxygen va-
cancies disappear after an annealing in air at 900 °C, no broad emission
band in the green-yellow region is observed in the ZGO-AC sample as

depicted by the blue curve in Fig. 8b. This sample, was also subjected to
annealing treatment at 700 °C in reducing atmosphere of H2/N2 and its
absorbance spectrum was measured. As result, the content of oxygen
vacancies increases (as confirmed by the absorbance spectra in Fig. S1),
this in turn, enhanced the phosphorescent emission in comparison with
the original ZGO-AC sample synthesized in air at 700 °C (see black and
red curves in 8b).

The decay curves were measured for the blue and yellow bands
centered at 421 nm and at 500 nm, respectively. Those curves con-
firmed that the emission intensity of the blue and green phosphorescent
bands decreases at different rates. The decay curves for the ZGO-AC
sample indicate that the emission intensity of the blue band decreases
slower than that for the green band, since the slope for the decay curve
was higher than that for the green band, see Fig. 8c. A similar trend
occurred for the ZGO-NO sample. In general, the phosphorescent
emission lasted ≈210–215 s for each emission band as observed in
Fig. 8c. Fig. 9a depicts the phosphorescent decay curves of the overall
emission for ZGO-AC and ZGO-NO samples after excitation with UV
light for 5min. As observed, the phosphorescence lasted approximately
212 s for both samples, this time is agreement with the phosphores-
cence lifetime of ≈ 210–215 s obtained for each emission band in
Fig. 8c. The phosphorescent lifetime reported here are much longer
than that of 1 milisecond reported by Wang et al. in a similar gallium
compound (γ-Ga2O3) [42]. To the best of our knowledge, this is the first
time that such long phosphorescence is reported in undoped ZGO hosts,
that is, without using RE or transition metal dopants.

We used the Clabau model [43,44] and drew a scheme to explain
the mechanisms of luminescence in the ZGO phosphors (the gap of
5.1 eV was taken from the value of energy corresponding to the ab-
sorption band edge in Fig. 5), see Fig. 9b. According to this figure, the

Fig. 8. a) Phosphorescence spectra of ZGO samples after excitation at 400 nm
for 5min. b) Phosphorescence spectra of ZGO-AC sample at different atmo-
spheres after their excitation at 400 nm for 5min, c) Decay time curves for each
blue and green bands observed during the Phosphorescence emission of ZGO
samples. All the curves in figure were recorded after stopping the excitation at
400 nm, which lasted 5min. Inset in a shows the CIE map for the phosphor-
escence of ZGO samples.

Fig. 9. a) Phosphorescence decay curves of the ZGO-AC (blue solid line) and
ZGO-NO (black solid line) samples after 5min of UV excitation (λexc= 400 nm).
b) Scheme showing a model for the emission mechanisms of ZGO-AC and ZGO-
NO samples, c) CIE map for the color emission produced by the ZGO-AC and
ZGO-NO samples. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)
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oxygen vacancies (Vo) are traps levels (trapping centers) where the
electrons are accumulated [45]. When the ZnGa2O4 phosphor is excited
with UV light at 400 nm (3.1 eV), the energy level corresponding to the
GaO6 octahedra (where also Ga-O self-activated levels are present)
could be populated from the valence band (VB). From here, the elec-
trons can be relaxed radiatively toward the VB to produce blue emission
at 450 nm or they can be relaxed non-radiatively toward the trap levels
(oxygen vacancies) and later, produce green-yellow emission centered
at 515 nm by radiative relaxations, see Fig. 9b.

For the phosphorescence, we should consider first that the ZGO
phosphors have a high content of traps, which can be oxygen vacancies
and Ga vacancies. These types of traps are abundant in gallium oxide
compounds [42]. In fact, an increase in the concentration of defects is
expected as the nanoparticle size decreases [42], this explain why the
absorbance was higher in ZGO-AC (nanoparticle size 18.7 nm) with
respect to ZGO-NO (nanoparticle size 24.7 nm). The Ga-O levels should
be firstly saturated with the continuous UV excitation. After stopping
this excitation, electrons can be transferred firstly toward the Ga va-
cancies (deep levels) before the oxygen vancancy levels. This first
transition toward the deep levels causes a “migration energy effect”,
which delays the radiative transition from the oxygen vacancies levels.
This effect has been observed in γ-Ga2O3 and produces phosphores-
cence. Due to the white color emission and long phosphorescence times
presented by the ZnGa2O4 phosphors, they could be good candidates for
application in solid state lighting and signaling.

4. Conclusions

Two ZnGa2O4 phosphors were synthesized by a simple combustion
method using two different precursors: Gallium acetylacetonate and
Gallium nitrate. The ZGO phosphors presented a pure cubic spinel
structure and their average nanoparticle size was in the range of
18–24 nm. The sample synthesized with Gallium acetylacetonate pre-
cursor presented the highest content of oxygen vacancies and the
strongest blue-green-yellow emission with two main bands at 450 nm
and 515 nm. The blue emission was associated to the radiative relaxa-
tions produced from the Ga-O levels in octahedral configuration, while
that for the green-yellow emission was related to oxygen vacancies. The
phosphorescence of the samples lasted ≈ 212 s and was attributed to
the migration energy effect between the Ga and Oxygen vacancies. Such
phosphorescence time is the longest reported so far to the best of our
knowledge. Moreover, the ZGO-AC sample showed a CIE coordinate of
(x= 0.2812, y= 0.3738), which is close to the CIE coordinate for pure
white light. Due to the white color emission and long phosphorescence
times presented by the ZnGa2O4 phosphors, they could be good can-
didates for application in solid state lighting and signaling.
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