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A B S T R A C T

In this work, Ni(II) carboxylate and Ga(III) β-diketonate complexes, were studied as precursors for the photo-
chemical deposition of ternary metal oxide thin films with different levels of Eu(III) doping. Diluted solutions of
these complexes were mixed, spin-coated on silicon(100) and irradiated at room temperature with a 254 nm UV
light. Subsequently, the photodeposited films were annealed at 350, 650 and 950 °C. The photochemistry and
annealing of these films was monitored by Fourier transform infrared spectroscopy. The obtained samples were
characterized by X-ray diffraction, X-ray photoelectron spectroscopy, scanning electron microscopy and UV–vis
spectroscopy. The results showed the formation of spinel-type structures (NiGa2O4). The prepared phosphors
under UV irradiation revealed red luminescence, which was attributed to transitions from the 5D0 excited state to
the 7Fj ground states of the Eu3+ ions. The intensity of the photoluminescence decreases upon Eu doping, and
the performance of these emissions depends strongly on the surface structure and morphology of the photo-
deposited films.

1. Introduction

Spinels are a class of mixed metal oxides of chemical composition
AB2O4, where A is a metal ion with valence (+2) and B is a metal ion
with valence (+3). In the spinel structure, the oxygen ions form lattice
face centered cubic and the A and B cations occupy the interstitial sites
of the tetrahedron and the octahedron, depending on the particular
type of spinel [1]. The first studies were focused on the synthesis and
characterization of this material. The feasibility of introducing various
cations of different charges and sizes into the crystalline structure of the
spinel, has given rise to new optical properties [2,3]. For example, the
study of spinel materials doped with lanthanide (LnIII) ions has at-
tracted much interest due to their wide spectral range emission, from
ultraviolet to infrared [4]. Among all LnIII ions, europium is the most
attractive for photoluminescent studies due to its narrow band emission
between the 610–625 nm and a long lifetime of its excited states [5].
Usually Europium has two oxidation states and show different types of
emission spectrum. The emission signal of Eu(III) is composed of red-
colored narrow lines with energies that are, in some cases, independent

of the host lattice. On the other hand, the emission spectra of Eu(II) is
composed of a broad band with an energy strongly depending on the
crystal environment [5]. Thus, the divalent europium ion provides a
luminescence in which the color depends on the host lattice, varying
from ultraviolet to red. Among these oxide phosphors, gallium com-
pounds, such as ZnGa2O4 [6] and MgGa2O4 [7], have been studied as
host materials for lanthanide ion-doped phosphors. Some difficulties in
the preparation of these mixed-oxide materials include: low purity in
the chemical composition, loss of homogeneity in the size and dis-
tribution of the particles, and high calcination temperatures. In this
context, various methods of synthesis have been proposed for the pre-
paration of mixed-oxide metal materials. Each of these methods of
synthesis determines the quality of the material in terms of its mor-
phology, structure and chemical composition. All these factors finally
define the properties of material and thus the potential applications.

Photochemical deposition methods differ from other synthetic
techniques due to the selectivity of the precursor species for the de-
position of the desired material. In this case, the precursor species must
be photo-reactive by the absorption of light generating an intermediate
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species or the final product of the photochemical reaction [8]. In recent
years, we have developed a photochemical method based on the use of
UV light for the deposition of some metal oxide thin films in order to
study their photoluminescent characteristics [9–11]. In general, the
application of this methodology involves a series of steps: (i) choosing
suitable coordination complex precursors, (ii) deposition of the solu-
tions of the precursors onto substrates using the spin-coating technique,
(iii) irradiation of the spin-coated films with light of a proper wave-
length to decompose the complex precursors and to form metal oxide
films, under aerated conditions, (iv) elimination of organic residues
from the films using organic solvents and (v) post-annealing of the
photodeposited films.

In this manuscript, we report a photochemical synthesis as an al-
ternative methodology for the preparation of ternary metal oxide thin
films of NiGa2O4 doped with Eu(III) ions. The effect of europium doping
on the luminescent properties of the thin films was also studied.

2. Experimental details

2.1. Preparation of amorphous thin films

The precursor complexes Ni(2-ethylhexanoate)2 and Ga(acac)3 were
purchased from Aldrich Chemical Company. The substrates for film
deposition were quartz plates (2 × 2 cm2) and n- and p-type silicon
(100) wafers (1 × 1 cm2), which were obtained from Wafer World Inc.,
Florida, USA.

The Ni(2-ethylhexanoate)2 and Ga(acac)3 complexes were homo-
genized and mixed in a molar proportion of 1:2 in CH2Cl2 or ethanol
solution. The thin films were prepared as follows. A silicon chip was
placed on a spin-coater and rotated at a speed of 600 rpm. A portion
(0.5 ml) of a solution of both precursor complexes in CH2Cl2 was de-
posited onto the silicon chip and allowed to spread. The motor was
stopped after 30 s, and a thin film of the complex remained on the chip.
The quality of the films was examined using optical microscopy (500×
magnification).

For the deposition of NiGa2O4:xEu films, solutions of both Ni(2-
ethylhexanoate)2 and Ga(acac)3 with different proportions of Eu(acac)3
(where x = 5, 10 and 15 mol%) were spin-coated on the appropriate
substrate, and the thin films were irradiated until no absorptions due to
the complexes were observed in the infrared spectrum.

2.2. Photolysis of the complexes as films on Si(100) surfaces

All photolysis experiments were performed following identical
procedures. First, the Fourier transform infrared spectroscopy (FT-IR)
spectrum of the starting film was obtained. Then, the chip was placed
under a UV-lamp setup, which was equipped with two 254 nm 6 W
tubes in air. The reaction progress was monitored by recording the FT-
IR spectrum at different time intervals, following a decrease in the IR
absorption of the complexes. After the FT-IR spectrum showed no evi-
dence of the starting material, the chip was rinsed several times with
dry acetone to remove all remaining organic products on the surface
prior to analysis. To obtain films of a specific thickness, successive
layers of the precursor materials were deposited by spin-coating and
irradiated as previously described. This process was repeated several
times until the desired thickness was achieved. Post-annealing was
performed under a continuous flow of synthetic air at different tem-
peratures (350–950 °C) for 2 h in a programmable Lindberg tube fur-
nace.

2.3. Characterization of the thin films

The FT-IR spectra were obtained with 4 cm−1 resolution in a Perkin
Elmer Spectrum Two FT-IR spectrophotometer. The UV spectra were
obtained with 1 nm resolution in a Perkin Elmer Model Lambda 25
UV–vis spectrophotometer. X-ray diffraction (XRD) patterns were

obtained using a D8 Advance Bruker X-ray diffractometer; the X-ray
source was Cu Kα radiation (40 kV/30 mA). X-ray photoelectron spec-
troscopy (XPS) were recorded on an XPS-Auger Perkin Elmer electron
spectrometer Model PHI 1257, which included an ultra-high vacuum
chamber, a hemispherical electron energy analyzer and an X-ray source
that provided unfiltered Kα radiation from its Al anode
(hν= 1486.6 eV). The pressure of the main spectrometer chamber
during data acquisition was maintained ca. 10−7 Pa. The binding en-
ergy (BE) scale was calibrated using the peak of adventitious carbon,
which was set to 284.6 eV. The accuracy of the BE scale was± 0.1 eV.
The morphology and existence of elements in the samples were ob-
tained by scanning electron microscopy (SEM) with a Hitachi model SU
3500 with an accelerating voltage of 10.0 kV. The SEM was coupled
with a Bruker model Quantax 100 energy dispersive X-ray spectroscope
(EDX) for semi-quantitative determinations.

Photoluminescence (PL) emission spectra measurements were car-
ried out in an Ocean Optics Model QE65000-FL spectrometer with an L-
type setup. Excitation was performed with a PX-2 pulsed xenon lamp
(220–750 nm), and the UV light passed through a monochromator set
at 325 nm. The measurements were taken at room temperature.

3. Results and discussion

3.1. Solid-state photoreactivity of the precursor complexes

Some coordination and organometallic complexes, such as Ni(acac)2
[12,13], Ni(t-amyltropolonate)2 [14], Ni(CO)2(PPh3)2 [15], Ga(tmhd)3
[10,11] and Ga(acac)3 [16], have been used as precursors in the pho-
todeposition of metal oxides, such as NiO and Ga2O3 thin films. It is
known that these complexes absorb strongly at readily accessible parts
of the UV spectrum (200–400 nm) and that irradiation of these com-
plexes with UV light leads to the photoreduction and photo-
fragmentation of these complexes. Here, we proposed the use of Ni(2-
ethylhexanoate)2 and Ga(acac)3 complexes as precursors for the pho-
todeposition of ternary metal oxides (Eq. (1)).

+ + + +

→ −

hv ONiL 2Ga(acac) xEu(acac)

NiGa O : xEu
2(thin film) 3(thin film) 3(thin film) 2

2 4 X (thin film) (1)

where L = 2-ethylhexanoate, acac = acetylacetonate and x = 5, 10
and 15 mol% of Eu.

To evaluate the solid-state photoreactivity of the mixed precursor
complexes, solutions of Ni(2-ethylhexanoate)2 and Ga(acac)3 in a molar
proportion of 1:2, respectively, were deposited on Si wafers by spin-
coating and irradiated in air with a 254 nm UV source. The FT-IR
spectral changes associated with the photoreactivity of both precursor
complexes after different irradiation times are depicted in Fig. 1. The
photolysis of these complexes resulted in the gradual loss of intensity
associated with the vibrational modes at 2950 cm−1 associated to a
single carbon‑hydrogen bond (CeH); at 1590–1520 cm−1 corre-
sponding to the carbonyl group (C]O); and at 1240 cm−1 assigned to a
single carbon‑oxygen bond (CeO). All these groups belong to the li-
gands.

An intense and broad band located in the 3600–3100 cm−1 range is
assigned to the OeH stretching vibration and confirms the existence of
water due to the presence of absorbed moisture, which becomes more
pronounced at the end of photolysis. No new bands that could be as-
sociated with the formation of an intermediate during photolysis of the
precursors were apparent in the spectrum. This observation is con-
sistent with the photo-induced loss of ligands from the precursor
complexes, forming volatile products that are partially desorbed from
the surface.

3.2. Characterization of the mixed-metal oxide thin films

FT-IR spectra for samples treated at different temperatures from 350
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to 950 °C are shown in Fig. 2. For samples thermally treated at 350 and
650 °C, two hours was sufficient to remove organic residues, according
to FT-IR spectroscopy, but insufficient for the formation of mixed-metal
oxide thin films. Some authors [17] have reported that the peaks be-
tween 600 and 500 cm−1 and 500–400 cm−1 represent the char-
acteristic metal‑oxygen (AeO and BeO) vibrations, respectively, of the
AB2O4 structure. It has also been reported [18] that the higher fre-
quency bands (~750–550 cm−1) can be attributed to metal‑oxygen
groups bond vibrations located in tetrahedral sites and that the lower
frequency bands (~500–400 cm−1) can be associated with the meta-
l‑oxygen bonding vibrations located at the octahedral sites. When the
samples were annealed at 950 °C, it was possible to identify some
characteristic peaks of the mixed-metal oxide films. The bands at 1080
and 625 cm−1 for the NiGa2O4 film can be attributed to NieO and
GaeO bond vibration modes, respectively. However, the broadening of
both bands cannot confirm the formation of the regular spinel structure.
The samples, exhibit a broad an intense band at ~3400 cm−1, which
can be assigned to the vibrational modes of OeH groups due to the

absorption of traces of water molecules during the course of the mea-
surement. With an increase in annealing temperature, the intensity of
this signal decreases.

Phase analysis and structural characterization of the samples were
carried out by XRD studies. The XRD pattern (Fig. 3a) reveals the
amorphous nature of the as-deposited films. Only peaks that can be
attributed to the partial formation of spinel are observed. However, for
films annealed at 950 °C (Fig. 3b), the XRD spectrum shows peaks at 2θ
values of 63.8°, 58.1°, 43.8°, 37.7°, 36.0°, 30.6° and 18.6°, which cor-
respond to the (440), (511), (400), (222), (311), (220) and (111) crystal
planes of cubic NiGa2O4 with a spinel structure. Similar results have
been reported in other articles [19–21]. No peaks attributable to other
phases are observed, which indicates the formation of the pure phase of
NiGa2O4. The introduction of europium as an additive in the crystalline
structure of spinel does not modify their structure but can modify the
lattice parameters due to the difference in the radius between the ad-
ditive and the substituted ions in the spinel. We suggest that europium
is not incorporated within the matrix by substituting for Ga3+ ions. It is
known that the Eu3+ ion radius is 0.95 Å, which is slightly higher than
the radius of Ga3+ (0.62 Å). Therefore, the incorporation of europium
into the matrix occurs at the edges of each of the phases or the grain
boundaries of the film. However, peaks ascribed to europium or its
oxides states were not detected. It is possible that the content of euro-
pium in the matrix, are so low (at trace level), which is below the de-
tection limit of XRD, or another possibility is that the species being well
dispersed over the sample surface.

The chemical composition and surface electronic state of the sam-
ples annealed at 950 °C were analyzed by XPS. The survey XPS spectra
are shown in Fig. 4, and they indicated the presence of Ni, Ga, O, and
Eu in the NiGa2O4:xEu films.

The high resolution spectra of the Ga 2p3/2, O 1s and Ni 2p3/2 core
levels were measured for the NiGa2O4:xEu sample and are shown in
Fig. 5. The Ga 2p3/2 XPS (Fig. 5a) shows a main peak at approximately
1118.8 eV. This value is similar with those reported for Ga3+ in other
spinels [6,22–24]. Fig. 5a (inset) shows the O 1s XPS spectra of the
NiGa2O4:xEu sample. This spectrum presents two peaks, one located at
530.9 eV, associated with metal‑oxygen bonds (MeO), and a second
one at 532.5 eV, associated with the presence of hydroxyl species
(OeH) on the surface, due to environmental moisture [6,25].

The interpretation of the XPS signal with respect to the formation of
nickel oxides is widely debated. The Ni 2p3/2 spectra are often complex
and contain multiple peaks, and therefore is difficult to assign specific
binding energies to the different oxidation states of nickel. Some
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authors [26,27] have determined the position of Ni 2p3/2 binding en-
ergies at 852.6, 854.6 and 856.1 eV corresponding to Ni0, Ni2+ and
Ni3+ species, respectively. Moreover, each oxidation state is accom-
panied by major and minor peaks, as well as satellite peaks [28]. Other
authors [29] associate the low energy Ni species at 854 eV to the NieO
bonds of NiO, the peak centered at 856 eV to the formation of NieOH,
while the peak centered around 857.8 eV is attributed to the formation
of NiO(OH). The assignment of these Ni peaks to the formation of hy-
droxides is supported when the O 1s spectrum shows peaks in the range
531–532 eV range which to OH species.

In our case, the Ni 2p3/2 spectra (Fig. 5b) can be deconvoluted into
four peaks, the main peak (1), the shoulder (2) and its satellites (3 and
4). The peak 1 at 856.2 eV as the main peak is ascribed to the chemical
state Ni2+ or as NiO, and the peak 2 at 858.2 eV as the shoulder as-
signed to the Ni3+ or NiO(OH) species. The value obtained in the Ni
2p3/2 signal is similar with those reported for Nickel in other type of
spinels [30,31].

The XPS spectra of Eu 3d for doped samples (not shown here) reveal
two peaks, corresponding to Eu 3d5/2 at ~1136.0 eV and Eu 3d3/2 at
~1165.7 eV, with an energy separation (ΔE) of ~29.7 eV between the
two peaks. These values are associated with the Eu3+ state [32,33]. No
evidence for the existence of the Eu2+ state, such as satellite peaks
associated with Eu 3d5/2 and Eu 3d3/2 signals, can be found [33,34].

The surface morphology of the samples was studied by scanning
electron microscopy. Fig. 6a shows SEM images of the NiGa2O4:xEu
samples, annealed at 950 °C. Here, it is possible to observe an irregular
aspect with circular deposits corresponding to nucleation sites from the
photo-reactivity and deposition of the precursor complexes.

Fig. 6b shows EDX spectrum and the percentages of each element
obtained from EDX analysis are presented in Table 1. The SEM-EDX
results confirm the existence of each of the elements (Ni, Ga and Eu) but
in a low percentage. The high carbon content is attributable to organic
byproducts of the photolysis of the precursor complexes, whereas the
high oxygen content is probably due to the oxidation of each of the
elements, as well as oxidation of the substrate due to surface annealing.

3.3. Optical properties

The optical properties of the Eu-doped NiGa2O4 were examined
using a UV–vis spectrophotometer. Fig. 7 shows the optical transmis-
sion spectra of the photodeposited samples on fused quartz that were
annealed at 950 °C and had a ~200 nm thickness. It can be seen from

the UV–vis spectra that the transmittance of the films is> 85% in the
visible range for all samples. There is also a slight absorption at 250 nm
which can be attributed to NiGa2O4 host lattice [35,36]; however, with
the increase of europium doping concentration, it is possible to observe
a gradual increase in the absorption due charge transfer absorption
from oxygen to europium [37].

The slight decrease in transmittance in the doped samples can be
attributed to the greater thickness due to a higher concentration of
dopant. The optical band gap of the samples was determined by ap-
plying the absorption coefficient α, calculated using the previous
measured transmittance data, from the relation:

= ⎛
⎝

⎞
⎠

α 1
t

ln 1
T (2)

where t is the thickness of the thin film and T is the transmittance of the
sample. For a crystalline semiconductor, it has been shown that the
optical absorption near the band edge follows the equation:

=αhv hv( ) B( –E )n
g (3)

where B is a constant, Eg is the band gap energy, α is the absorption
coefficient and h is Planck's constant. Among the parameters, n de-
termines the transition characteristics of a semiconductor. The band
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gap energy can be estimated by plotting (αhν)2 as a function of photon
energy (hν) and extrapolating the linear portion of the curve to the
point where the absorption coefficient (α) equals zero, and this value is
presented in Fig. 7. The calculated values of the optical band gaps of the
undoped NiGa2O4 films were 4.75 eV. The band gap of the Eu-doped
samples are slightly lower than those of the undoped samples, this
phenomenon can be explained; due to introduction of additives and the
presence of oxygen vacancies in the material provide discrete energy
levels in the energy gap between the conduction and valence bands of
the host material. The calculated values for the band gap of the
NiGa2O4 samples are higher than those reported in other studies,
3.85 eV [38] and 3.53 eV [39].

This variation in the values of band gap to higher energy, which was
observed in other transition metal oxides [40], is due to the existence of
morphological imperfections of the film, as well as to the presence of
grain boundaries. These characteristics lead to larger free carrier con-
centrations and the existence of potential barriers. The electric fields
arising from these factors in the disordered state result in an increase in
the optical band gap [40,41]. In this case, the heterogeneity and the
presence of imperfections observed by SEM in our films are probably

the cause for the obtained wide band gap values.

3.4. Luminescent characteristics

The excitation and emission spectra of the NiGa2O4:xEu films an-
nealed at 950 °C are illustrated in Fig. 8. The excitation spectrum
(Fig. 8a) obtained by monitoring the emission of Eu(III) 5D0 →

7F2 lu-
minescence at 610 nm mainly consists of a broad intense band with a
maximum at 266 nm and a series of broad bands in the 255–370 nm
range, which are assigned to f-f transitions of europium ions. The band
at 266 nm is assigned to the charge transfer of electrons from the 2p
orbital of oxygen to the 4f orbital of europium, together with the ab-
sorption of the NiGa2O4 host lattice. The charge transfer band increases
with europium concentration, but it decays when the europium con-
centration reaches 15 mol%. The emission spectrum (Fig. 8b) obtained
by excitation at 325 nm shows characteristic emission peaks of Eu3+

between 500 and 750 nm, which are associated with the following
transitions: 5D0 →

7F0 at 573 nm, 5D0 →
7F1 at 595 nm, 5D0 →

7F2 at
610 nm, 5D0 →

7F3 at 658 nm and 5D0 →
7F4 at 700 nm. Similar results

have been reported with Eu3+ incorporated in other spinel-type
structures [6,42]. However, we can see that the emission signal of the
europium are presented in the form of broad band very different from
the sharp signals of emission of the europium when it is inserted in a
crystalline material.

Some authors [43] argue that this feature is an indication that
europium may be located at the surface or close to surface sites, instead
of entering the crystal lattice of the host material. It is known that the
Eu3+ ion radius is 0.95 Å, which is larger than the radius of Ga3+

(0.62 Å). Therefore, the probability of Eu3+ ions entering the lattice of
NiGa2O4 by substituting for Ga3+ is very low. Most likely, the Eu3+

ions penetrate into the amorphous regions at the grain boundaries of
the films, considering that the emission spectrum obtained is similar to
that of Eu3+ in other amorphous hosts [6]. In other words, the presence
of structural defects in the material can potentially cause the Eu3+ ions
to experience various crystal field environments, and therefore the
photoluminescence spectrum will be broadened inhomogeneously [44].

When a lanthanide ion (LnIII) is incorporated into a host material,
the energy level of the LnIII ion is generally split into a number of
sublevels due to the crystal field. These sublevels can generate emission
signals different from what one can expect from the emission bands of a
crystalline material doped because due to multiple of f-f transitions of
the LnIII ion. These electronic transitions respond to the relation 2j + 1

(a)

(b)

Fig. 6. (a) SEM image of the NiGa2O4:xEu sample annealed at 950 °C for 2 h. (b) the
corresponding EDX spectrum. With x = 15 mol% europium.

Table 1
Percentage of each element obtained from SEM-EDX analysis of the sample annealed at
950 °C.

Sample/element O-K
atom
(%)

Ni-L
atom
(%)

Ga-L
atom (%)

Eu atom
(%)

C-K
atom
(%)

Ni/Ga

NiGa2O4:xEu 69.95 0.58 1.20 0.13 28.14 0.48
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and (4) x = 15 mol% Eu.
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(where j is the electronic angular momentum) [45]. Therefore, there
should be only one peak for the 7FJ = 0 level, at least three peaks for the
7FJ = 1 level, and at least five peaks for the 7FJ = 2 level. However, it is
also well known that the maximum number of these sublevels depends
on the symmetry of the crystal field surrounding the LnIII ion [45].
Hence, other signals are seen here that are different than those men-
tioned previously: one at 624 nm and another located at 680 nm, at-
tributed to 5D0 →

7F2 and 5D0 →
7F3 transitions, respectively. It has

been reported [45] that the observation of other peaks produced by the
splitting of 7Fj levels are the result of dopant LnIII ions randomly oc-
cupying different sites in the host material.

Based on the above results and discussion, a schematic diagram is
illustrated to explain the luminescent characteristics of the mixed oxide
samples (Fig. 9). The incorporation of additives (Eu ions) into the
NiGa2O4 lattice, provides discrete energy levels in the energy gap be-
tween the conduction and valence bands in the host material called
defect states. These defect sates can be sources of electrons and also
sites of capture of excited electrons under ultraviolet light irradiation.
Here, the absorption of light at 325 nm (3.8 eV) produces the genera-
tion of a number of holes and electrons. Subsequently, photoexcited
electrons in the defect states may migrate to different excited states of
Eu3+ ion (in this case, only the 5D0 level is shown) through the process
of energy transfer (ET). Finally, excited photoelectrons at the excited
levels of Eu3+ can radiatively relax from 5D0 to various 7Fj (j = 0–4)
ground levels of Eu3+, resulting in emission in the visible region
(570–700 nm).

In this way, energy transfer from NiGa2O4 to Eu3+ ions can be fa-
cilitated through energy trapping centers in the host material. These
energy capture centers are a product of the intrinsic or extrinsic defects
of host material. In other words, the structure of the material, the type
of additive incorporated and the discrete energy levels between the host
material and the additive are determinant in the energy transfer process
[46].

4. Conclusions

In summary, nickel gallium oxide spinels were prepared by a solid-
state photochemical method, followed by post-annealing at 950 °C. The
results of XRD and XPS analyses show spinel formation in the NiGa2O4

samples. When these films are doped with different concentrations of
Eu(III) and excited at 325 nm, they exhibit emission corresponding to
5D0 →

7Fj (j = 0–4) transitions of Eu(III) ions. The photoluminescence
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Fig. 8. Photoluminescence (a) excitation and (b) emission spectra of NiGa2O4:xEu an-
nealed at 950 °C, where x = 0, 5, 10 and 15 mol% Eu.

Fig. 9. Schematic of the energy transfer mechanism from the
host material to Eu3+: (1) excitation process by absorption of
light at 325 nm, (2) non-radiative transitions between defect
states of the host material (recombination process), (3) energy
transfer process from defect states to the excited level of Eu3+,
(4) non-radiative transitions from excited levels to the 5D0 level
of Eu3+ and, (5) radiative transitions from the 5D0 level to the
7Fj (j = 0, 1, 2, 3 and 4) ground levels of Eu3+.
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spectra show broad and irregular bands probably due to the existence of
structural defects caused by a very irregular deposition of the material,
which imparts imperfections in its morphology, regardless of the che-
mical composition of the film. The presence of these defects suggests a
possible energy transfer from the matrix to the europium ions, which
produces the emission processes. Further studies are necessary to better
control the morphology and structure in the photochemical synthesis of
spinels in order to improve the optical properties of the material. The
use of a single-source precursor species with metal ratios compatible to
targeted ceramic material may contribute to better control in the de-
position of the material as has been proposed in other synthetic
methodologies [47,48].
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