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a b s t r a c t

Gadolinium activated BaZrO3 phosphor has been prepared by the solution combustion method. Powder
X-ray diffraction and scanning electron microscopy methods are used to characterize the prepared
phosphor. Electron paramagnetic resonance (EPR) spectra of un-doped and gadolinium activated BaZrO3

phosphor has been studied. Pure BaZrO3 exhibits an EPR spectrum which is a superposition of spectra
from two distinct centers. One of the centers (center I) with an isotropic g factor 2.0016 is tentatively
assigned to an Fþ -type center (singly ionized oxygen vacancy). Center II with an axially symmetric g-
tensor with principal values gjj ¼ 1.955 and g⊥ ¼ 1.973 is identified as a Zr3þ ion. The EPR spectrum of
gadolinium activated BaZrO3 samples exhibit resonance signals with the effective g values at g z 1.94
and g z 4.10. The signal at g z 1.94 has been attributed to Gd3þ ions disposed in a weak cubic symmetry
field between the Gd3þ ion and the phosphor lattice. The excitation spectrum exhibits a dominant band
with a maximum at 275 nm (36364 cm�1). Upon excitation at 275 nm (36364 cm�1), the emission
spectrum exhibits a well defined ultraviolet B emission band with a maximum at 314 nm (31847 cm�1)
corresponding to 6P7/2 / 8S7/2 transition.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

In recent years, there is a great interest in the area of lumines-
cence studies of BaZrO3 doped with rare-earth ions. A few spectro-
scopic studies have been carried out on BaZrO3 doped with Tb3þ,
Er3þ, Eu3þ and Pr4þ ions [1e4]. To the best of our knowledge we
are not aware of any study that has been reported regarding the
gadolinium doped BaZrO3 phosphors. Hence the present detailed
investigation has been taken up to study the structural and optical
properties of gadolinium activated BaZrO3 phosphors. It is well
established that ultraviolet (UV) radiation has been widely used
in phototherapy [5e7]. Especially, the narrow band ultraviolet B ra-
diation is used for curing many types of skin disorders. Also gado-
linium activated crystallite has attracted considerable research
interest owing to its UV emission in a narrow region (300e320)
[8]. This narrow region showed remarkable therapeutic effects.
The 6PJ / 8S7/2 transition of Gd3þ is ideal for such emission.

The understanding of perovskite materials is a very active
research area of constant interest over the several decades and
with great significance to both application and fundamental related
issues [9e11]. The general formula ABX3 belongs to the perovskite
family where A and B are cations and X is an anion. It has been re-
ported that in the perovskite oxides structure, the smaller tetrava-
lent B cation resides in the center of corner sharing BO6 octahedron.
And in the ideal case, the larger divalent A cation is located in the
cavities between eight octahedron with a 12 fold oxygen
coordination. The perovskite oxide material exhibits a variety of
interesting electronic, electromechanical and conductive proper-
ties. Especially, BaZrO3 has high refractive index, high photochem-
ical stability, wide energy gap, and excellent thermal, mechanical,
electrical and optical properties [12e15]. In BaZrO3 tetravalent
cation fits almost perfectly on the B-site. It should be noted that
Goldschmidt tolerance factor is about one and the symmetry of
these materials is cubic [16]. Bilic and Gale [17] investigated ground
state properties of BaZrO3 using density-functional theory calcula-
tions. Theoretical and experimental study of BaZrO3 was carried out
at low temperature by Akbarzadeh et al. [18]. Gomez et al. [19]
studied the effect of yttrium dopant on the proton conduction path-
ways of BaZrO3, a cubic perovskite material. A simple hydrothermal
methodwas adopted to prepare nanocrystalline BaZrO3:Yb, Tm and
the size, morphology, band gap, and photoluminescence of the ox-
ide particles were investigated [20]. Mohanta and Behera [21] stud-
ied magnetic field dependence of the pinning effect in BaZrO3
doped YeBaeCu superconductor. Moreira et al. [22] studied radio-
luminescence properties of deca-octahedral BaZrO3 nano-crystals.
Several investigations have been carried out [23e30] on BaZrO3
to obtain structural information using various spectroscopic
methods. As far as we know, there are no previous reports on gad-
olinium activated BaZrO3 phosphors. In view of this, a detailed
investigation on gadolinium activated BaZrO3 phosphors has been
undertaken using spectroscopic methods such as X-ray diffraction
(XRD), scanning electron microscopy (SEM), electron paramagnetic
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resonance (EPR) and optical studies.

2. Materials preparation and analysis

Gd activated BaZrO3 was prepared utilizing the combustion synthesis methods.
In a typical synthesis 1.9557 g of Ba(NO3)3, 2.00 g of ZrO(NO3)2$2H2O, 0.1013 g of
Gd(NO3)3∙6H2O and 2.40 g of NH2CONH2 were dissolved in a minimum quantity
of deionized water in a China dish of 300 ml capacity. The solution was allowed to
react at 80 �C for 30 min to obtain a homogenous solution. Then the dish was intro-
duced into a muffle furnace preheated to 550 �C. The water quickly evaporated and
the mixture formed foam, within which a vigorous reaction between the nitrates
and urea soon initiated and ended. The entire combustion process was completed
in about 3e5 min. The resulting white fluffy masses were crushed into a fine pow-
der. Then the powder was transferred to a 50 ml alumina crucible to be heat-treated
at 1100 �C for 3 h in air to remove by-products and reduce internal strains before it
was used for the further characterization.

Powder XRD pattern was recorded in the 2q range from 5� to 80� on a Philips
X'Pert X-ray diffractometer with graphite monochromatized CuKa radiation and
nickel filter at a scanning step of 0.03� . Powder morphology was studied using Scan-
ning electron microscopy (Hitachi S-3200N, Japan). Absorption spectroscopy was
performed at room temperature by diffuse reflectance with a Cary 6000i UV-Vis-
NIR absorption spectrophotometer. A powdered sample of 100 mg is taken in a
quartz tube for the EPRmeasurements. The EPR spectra of the samplewere recorded
on a JEOL FE1X ESR Spectrometer, operating in the X-band frequencies, with a field
modulation of 100 kHz. Emission and excitation spectra were recorded using a Flu-
orolog 3e22 spectrometer (Jobin Yvon) with a 450W Xenon lamp as an excitation
source.

3. Results and discussion

3.1. XRD phase analysis

Fig.1 shows the XRD pattern of the BaZrO3:Gd3þ phosphor pow-
der. The observed diffraction peaks in the recorded XRD pattern
correspond to those of the standard pattern for BaZrO3 (JCPDS,
No. 74-1299). All signals on the pattern can be indexed to pure cu-
bic crystal structure of BaZrO3. The diffraction pattern indicates that
doping with gadolinium ions has negligible effect on the crystal
structure of BaZrO3. As indicated by XRD pattern, crystallinity and
cubic phase of BaZrO3 could be obtained by the solution combus-
tion synthesis.
3.2. Morphological analysis

Scanning electron microscopy study was carried out to investi-
gate the morphology of the synthesized phosphor powder. Fig. 2
displays SEM images of the BaZrO3:Gd3þ phosphors that are taken
at various magnifications. SEM image is shown in Fig. 2(A) and the
image indicates that the powder particles are highly agglomerated
with rough surface and also has pores, voids and cracks. It is also
clearly seen that the particles are non-uniform and irregular in
shape and sizes. The non-uniform and irregular behavior of the
Fig. 1. Powder XRD pattern of BaZrO3:Gd3þ phosphor.
particles can be attributed to the non-uniform distribution of tem-
perature and mass flow in the combustion flame. A magnified
portion of Fig. 2A (portion a) is shown in Fig. 2B. Portion (a’) of
Fig. 2A is magnified to obtain Fig. 2C. When a gas is escaping under
high pressure, pores, voids and cracks are formed with the forma-
tion of small particles, and this is clearly illustrated by Fig. 2B and C.
Portion (b) of Fig. 2B is magnified to obtain Fig. 2D and portion (c) of
Fig. 2C is magnified to obtain Fig. 2E. These higher magnification
images (Fig. 2C, D & E) show that the particles are interconnected,
which is a characteristic of the combustion product.

3.3. Electron paramagnetic resonance studies

EPR spectrum of pure BaZrO3 samplewas recorded at room tem-
perature (RT) and 123 K. The room temperature spectrum recorded
in the free-electron region (ge z 2.0023) is shown in Fig. 3(a) and
the low field spectrum is displayed in Fig. 3(b). The spectrum ex-
hibits sharp and intense signals in the free-electron region and
also at g z 4.03 and a small broad signal at g z 7.50. The signals
at gz 4.03 and 7.50 may be attributed to unintentional Fe3þ impu-
rity which is present in the starting chemicals [31]. The chemicals
have been found to contain 10e30 ppm Fe impurity. It is inferred
that the observed spectrum in the 3470 G magnetic field region
(g z 2) arises from two distinct centers. The EPR lines associated
with these centers are labeled in Fig. 3(a).

BaZrO3 belongs to the ABO3 family of perovskites and has a cubic
symmetry structure with space group Pm3m [32]. The unit cell has
the parameters a ¼ b ¼ c ¼ 0.4193 nm. Zr ions are surrounded by
regular octahedron of oxygens which are linked together by their
corners to form a three-dimensional framework. Barium cations
are in a 12-fold cuboctahedral coordination.

In BaZrO3, Ba site may be expected to have mixed occupancy
with partial replacement by Zr atoms. Substitution of this kind
arising from antisite cation exchange or the cation exchange disor-
der is a point defect in crystal lattices wherein cations exchange po-
sitions. The concentration and distribution of these defects in
crystal lattices influence the electrical conductivity, optical proper-
ties, ionic diffusion, and the resulting chemical properties. Theoret-
ical calculations have predicted the presence of such defects [33]
and confirmed by X-ray diffraction [34], X-ray absorption fine
structure [35] and direct observation by advanced electron micro-
scopy [36]. An example of the effect of cation exchange disorder
on the luminescence properties is provided by a recent study of
Cr3þ doped AB2O4 spinel compounds [37].

In BaZrO3, a number of trapping sites for the electron and hole
may be created due to antisite formation which results from the
interchange of the ions in the octahedral and cuboctahedral posi-
tions by divalent and tetravalent ions. The line labeled as I in
Fig. 3(a) is due to a center characterized by an isotropic g-value
equal to 2.0016 and 20 G linewidth. The EPR line is broad and indi-
cates a possible unresolved hyperfine structure. The unresolved
structure results from the interaction of the unpaired electron
with nearby nuclear spins. Barium has isotopes with nuclear spin
3/2: 135Ba and 137Ba. 137Ba is more abundant (11.2%) than 135Ba
(6.6%) and its nuclear magnetic moment (0.94) is higher than that
of 135Ba (0.84). Zirconium isotope 91Zr has a nuclear spin 5/2. It is
11.2% abundant with a magnetic moment �1.30 [38]. It is likely,
therefore, that the electron spin will be interacting with barium
ions and also possibly with zirconium ions.

In oxide systems, disorder of cations and non-stoichiometry can
give rise to lattice defects whichmay serve as trapping centers. First
principle calculations have shown that oxygen vacancies would
more easily form with cation disorder than in a perfect cation-
ordered system [39]. Such vacancies can trap electrons and result
in the formation of Fþ -centers. One of the probable centers which



Fig. 2. SEM micrographs of BaZrO3:Gd3þ phosphor.
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is likely to be formed in BaZrO3 is an Fþ -center (an electron trapped
at an anion vacancy). The earliest observation of this center was in
neutron irradiated LiF [40]. In LiF, a single broad line
(linewidth z 100 G) with a g-factor equal to 2.008 was observed.
The inherent linewidth of Fþ -center is approximately 1 G (as
observed in MgO system [41]). The ions present in a system deter-
mine the experimentally observed linewidth (whether they have
nuclei with magnetic moment and their abundance) and also on
the amount of delocalization of the unpaired electron which de-
pends on the host lattice. An unusually large linewidth is observed
in alkali halides as the electron is delocalized and interacts with
several alkali and halide ions from successive neighboring shells.
In KCl, the observed line width is approximately 20 G [42] and in
LiCl it is 58 G [42]. In other systems like HgI2.2HgS [43] and BaO
[44], the linewidths are about 10 G and 3.5 G respectively. In
general, a variation in linewidth is observed. Small g-shifts, which
may be positive or negative, are the normal feature of Fþ-centers.
Further they are characterized by linewidths which depend on
the host lattice. An anionic vacancy can trap an electron during irra-
diation or synthesis of the phosphor and such trapping is the basis
for the formation of Fþ-centers. Large linewidths can arise from hy-
perfine interaction with the nearest-neighbor cations. Center I
formed in the present system is characterized by a small g-shift.
The center does not exhibit hyperfine structure but the linewidth
is relatively large. A recent report of observation of such a center
is in LiAlO2 and ZnAl2O4 phosphors [45,46]. Based on these obser-
vations and considering the likely defect centers that can form in
BaZrO3, center I is tentatively assigned to an Fþ-center. It is to be
mentioned that Fþ-centers are normally formed due to irradiation
by ionizing radiations. The present system appears to be a rare case
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where such centers are formed during synthesis procedures.
Though rare, there are reports of detection of Fþ -centers in oxide
systemswhich are not subjected to ionizing radiation and observed
in as prepared pristine samples. For example, in
yttriumealuminum perovskite YAlO3 single crystals grown in vac-
uum, Zorenko et al. [47] reported the detection of Fþ-centers in
their photoluminescence studies of Al2O3eY2O3 oxide system. In
recent years, Fþ-center has been identified in nanocrystalline
MgO using photoluminescence spectra [48] while an intense ESR
signal (g~2.003) observed in air and vacuum annealed TiO2 nano-
particles has been assigned to an Fþ-center [49].

Center II shown in Fig. 3(a) does not exhibit any hyperfine struc-
ture and is characterized by an axially symmetric g-tensor with
principal values gjj ¼ 1.955 and g⊥ ¼ 1.973. In a recent study of de-
fects formed in polycrystalline pristine Zirconia and those formed
after reductive treatments of Zirconia, Gionco et al. [50] reported
the observation of Zr3þ ions. EPR studies have shown that one of
the ions is characterized by the principal g-values g⊥ ¼ 1.9768
and gjj ¼ 1.9589. Several studies have also reported Zr3þ ion which
has a d1 configuration viz., polycrystalline ZrF4 [51], Zr doped YAG
[52], Zr doped YPO4 and ScPO4 [53] and nuclear glasses [54]. The
ion is in lower symmetry environment in these systems such as be-
ing in sixfold, sevenfold or eightfold coordinated sites. These
studies show that the g-value of the ion in a distorted cube or in
a distorted octahedral are less than the free-electron value (ge
~2.0023) and also gjj < g⊥. The g-values have been interpreted in
terms of crystal field theory which gives g⊥ ~ ge and (gjj - ge) ~ -
l/D where D is the splitting between the cubic crystal field E and
T2 levels and l the spineorbit coupling constant (for Zr3þ ion l
~500 cm�1) [55]. Essentially the g-shifts depend on the ratio be-
tween the spineorbit coupling of the Zr ion and the crystal field
splitting [56].

Based on these results and observations, center II with an axial
nature of the g-tensor and with negative g-shifts and relatively
large anisotropy in g-values in the present system BaZrO3 is tenta-
tively ascribed to Zr3þ ion. The axial nature of the g-tensor arises
from a Zr3þ ion being present in a site that deviates from a regular
octahedral environment. In BaZrO3 with an ideal perovskite struc-
ture, Zr ion is located at a site of regular octahedron environment
provided by oxygens. The presence of oxygen vacancies in the lat-
tice due to antisite disorder causes a rearrangement of the
nearest-neighbor oxygens to Zr ion. The resulting deviation from
regular octahedral environment leads to the axial nature of the g-
tensor.
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The room temperature EPR spectrum of BaZrO3:Gd3þ phosphor
is shown in Fig. 4(a). This spectrum exhibits signals at gz 1.94 and
4.10. The signal at gz 1.94 is attributed to Gd3þ ions in aweak crys-
tal field between the dopant and the lattice [57]. The signal at
g z 4.10 might be due to unintentional Fe3þ impurity ions.
Fig. 4(b) shows the EPR spectrum of BaZrO3:Gd3þ phosphor
observed at 123 K. Similar to room temperature EPR spectrum,
123 K EPR spectrum exhibits signals at g z 1.94 and g z 4.10.
The intensity of the resonance signals increases with decreasing
temperature in accordance with the Boltzmann law. The g values
are independent of temperature variation, suggesting that the
structural environment is invariant between Gd3þ and the phos-
phor lattice.

The electronic configuration of Gd3þ ion is [Xe]4f7 and the spin
quantum number S is 7/2 and the ground state is 8S7/2. With the
orbital angular momentum L¼ 0 in crystals, a crystalline field alone
can't split an S state. Higher order perturbations involving
spineorbit coupling and spinespin coupling lead to splitting. The
strong spineorbit coupling of 4f electrons breaks the L-S scheme
of energy levels and the groundmultiplet is mixedwith Ls 0 states
which results in large crystal field interactions. In this situation, the
EPR spectrum of Gd3þ ion is characterized by several lines depen-
dent on the local symmetry of Gd3þ ion and the magnitude of crys-
tal field interaction.

The powder EPR spectrum of Gd ion has been classified by Brod-
bek and Iton [58] on the basis of themagnitude of crystal field inter-
action (HCF) in relation to the Zeeman splitting which is measured
by hn (where n is the microwave frequency). They consider the EPR
spectra in three regions which depend on the ratio HCF/hn viz.,
weak, intermediate and strong. In the weak crystal field region,
HCF/hn � ¼ and the spectra are primarily in the g ¼ 2.0 region
and higher order transitions are forbidden. Intermediate CF region
has been considered in two parts; (a) lower intermediate and
higher intermediate CF regions. In the lower intermediate region
(¼� HCF/hn� 1), EPR spectrumwill be observed over awide region
where g varies over the values 2.0 < g <∞. For the case of higher
intermediate CF region, a group of resonances with g > 2.0 is ex-
pected. In the strong CF case (HCF/hn�4), the EPR spectrum is
entirely controlled by the resonances resulting from transitions
within the Kramer's levels.

The ionic radius of Ba2þ ion is 1.61 Å in a 12-fold coordination
and Zr4þ ion has 0.72 Å radius in an octahedral coordination (6-
fold) [59]. Gd3þ with an ionic radius of 0.94 Å in a 6-fold coordina-
tion is likely to be located at the 6-fold coordinated Zr4þ sites on the
basis of ionic radii considerations. Gd3þ ion has a higher ionic
radius in case it is located at a site with higher coordination num-
ber. For example, the ionic radius is 1.11 Å in a 9-fold coordination.
In a previous study on BaMO3 (M ¼ Ce, Zr, Sn) host materials, the
rare-earth ion Pr4þ (0.85 Å ionic radius in a 6-fold coordination)
is observed to be substituted for M4þ ions i.e., it is in an octahedral
site [60]. On the other hand, it is also reported that Gd3þ replaces Ba
ions in the perovskite BaTiO3 crystal [61], a system similar to the
present BaZrO3. Therefore, there exists a possibility that in BaZrO3,
Gd3þ ion may replace Ba ions as well as Zr ions. The EPR spectrum
appears to result from a superposition of two lines of differing line-
widths but with almost similar g-values. The narrow line has 86 G
linewidth while the broader line has 296 G linewidth and the g-
value is 1.94. The two lines are tentatively interpreted as arising
from Gd3þ ions located at Ba2þ and Zr4þ sites.

A replacement of Ba2þ ions by Gd3þ requires charge compensa-
tion to take care of the excess charge of the Gd3þ ion. This can be
achieved by creation of Ba2þ vacancies. If the vacancy is near the
Gd3þ ion, the charge compensator is likely to alter the normal sym-
metry of the substitutional site. If a distortion occurs in the environ-
ment of Gd3þ ion, then it is possible that the crystal field seen by the
Gd3þ ion will increase. This will lead to the appearance of EPR lines
in the low field regionwhich is expected in the case of intermediate
crystal fields [58]. The lines seen only near g ¼ 2.0 in the present
case indicate that for most of the Gd3þ ions the charge compensator
is at a remote location and the local symmetry is not perturbed by
the charge compensator. It is to be noted that the incorporation of
Gd3þ ions at the Zr4þ sites also requires charge compensation by
way of creation of anion vacancies.

3.4. Optical studies

The diffuse reflectance spectrum of BaZrO3:Gd3þ phosphor
observed at room temperature is shown in Fig. 5. This spectrum
presents a weak band at z 319 nm (31348 cm�1) and a broad
band at low energy side at z 1417 nm (7057 cm�1). The band at
z 1417 nm (7057 cm�1) is difficult to assign [52, 62]. The band at
about 319 nm (31348 cm�1) has been attributed to defect level in
host. In the case of Gd3þ ions, the first excited state occurs at above
32000 cm�1 from the ground state. Due to this fact, perhaps the
band at z 319 nm (31348 cm�1) is not due to Gd3þ ions but due
to defect level in host.

Room temperature photoluminescence spectra of BaZrO3:Gd3þ

phosphor is shown in Fig. 6. Fig. 6(a) and (b) shows the excitation
and emission spectra of BaZrO3:Gd3þ phosphor, respectively. The
excitation spectrum exhibits two very weak bands at z 248,
254 nm (40323, 39370 cm�1) and prominent bands with maxima
at z 275, 276.5 nm (36364, 36166 cm�1) in the UV region when
emission wavelength is fixed at 314 nm (31847 cm�1). The former
bands due to the 8S7/2/6DJ, and the latter bands due to the 8S7/
2/

6IJ transitions of Gd3þ ions. The observed bands are related to
the fef transitions of Gd3þ ions. The observed band positions and
their assignments are in good agreement with the band positions
reported elsewhere [63]. Singh et al. [64] reported luminescence
and EPR investigation on ultraviolet emitting Gd doped MgAl2O4
phosphors. They observed five bands at 246, 253, 273, 276 and
279 nm in the excitation spectrum when the emission is fixed at
312 nm.

Gd3þ ion belongs to 4f7 electronic configuration. The energy
gap between the ground state and the first excited state is approx-
imately 32000 cm�1. Theoretical calculations show that the 4f7 en-
ergy levels of Gd3þ ions can extend up to 150000 cm�1. The energy
levels up to 67000 cm�1 have been reported experimentally [65].
Studies of Gd3þ ions in phosphors is limited because of strong ab-
sorption in phosphor lattice in the UV region which masks all the
absorption bands except from a few low lying excited states.
Fig. 6(b) shows the emission spectrum of BaZrO3:Gd3þ phosphor
observed when the excitation wavelength is fixed at 275 nm



Fig. 6. Photoluminescence spectra of BaZrO3 phosphor (a) Excitation spectrum of
BaZrO3:Gd3þ (lem ¼ 314 nm) and (b) Emission spectrum of BaZrO3:Gd3þ

(lex ¼ 275 nm).
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(36364 cm�1). This spectrum exhibits a prominent band at z
314 nm (31847 cm�1), a relatively prominent band at z
311.5 nm (32103 cm�1) and a weak band at z 320.6 nm

(31192 cm�1). These bands result from transition between the
excited state (6PJ) and ground state (8S7/2) of Gd3þ. This emission
is classified as ultraviolet B (UVB) and it is suitable for use in pho-
totherapy lamps to treat various skin diseases. The observed band
positions are in good agreement with the band positions reported
in literature [63]. Singh et al. [66] observed an emission band at
313 nm in Gd2Zr2O7 phosphor and was assigned to 6P7/2 / 8S7/2
transition. Also, they [64] observed an emission band at about
312 nm in the emission spectrum of Gd doped MgAl2O4 phosphor.
The band at z 320.6 nm (31192 cm�1) is a phonon assisted band
and has been attributed to 6P7/2 / 8S7/2 transition. Parrish and
Jacnicke [67] conducted phototherapy investigations in the UV
(270e320 nm) region. They found UV emission in a narrow region
300e320 nm displayed significant therapeutic effects and the UV
emission in the region 270e300 nm is not much operative and
even leads to side effects. As per the present investigation, the ob-
tained photoluminescence results have indicated that the pre-
pared phosphor with a narrow band centered at z 314 nm
(31847 cm�1) could be a potential candidate for phototherapy
application.
4. Conclusions

Gadolinium activated BaZrO3 powder is successfully prepared
by urea combustion method. The XRD pattern of prepared phos-
phor powder exhibits a pure cubic crystal structure. Two centers
have been identified in pure BaZrO3 based on EPR studies. These
centers are tentatively assigned to an Fþ center and Zr3þ ion. The
two overlapping resonance signals at g z 1.94 in the Gd doped
phosphor are attributed to Gd3þ ion located at the Ba and Zr sites
in the lattice. The resonance signal at g z 4.1 might be due to
Fe3þ ion impurity in the sample. The g values are independent of
temperature variation. The observed major narrow UV emission
band at z 314 nm (31847 cm�1) corresponds to the transition
6PJ / 8S7/2. The UV emission makes BaZrO3:Gd3þ phosphor a
good candidate for applications in phototherapy lamps.
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