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Using the sol-gel process, a series of G

d®* doped CaAl40; samples were fabricated. Their crystal characteristics,

surface morphologies, and spectral characteristics were analyzed using X-ray powder diffraction (XRD), Fourier

Keywords: transform infrared (FTIR), scanning electron microscopy (SEM), and photoluminescence (PL) spectroscopy. XRD
Sol-gel analysis reveals that the prepared phosphor exhibits a single monoclinic phase, indicating a well-defined crystal
EI;I; tons lattice. Under the excitation wavelength of 272 nm, weak and strong emission peaks were identified at 307 nm
CaAlLLO, and 314 nm, which correspond to ®Ps/5 — 85,/ and ®Py /5 — 8S;,, transitions, respectively. A strong electron

paramagnetic resonance (EPR) signal of the CaAl,07:Gd>* phosphor was observed at geg ~ 2.16 and 1.94 along
with several weak EPR signals that were observed at ge;f ~ 14.8, 9.7, 5.6, 4.8, 3.7, 3.16, 2.7 and 1.5. The intense
narrowband at 314 nm in the ultraviolet-B region makes prepared phosphor a promising candidate for photo-
therapy lamp applications. This study presents a comprehensive investigation of the Gd3* doped CaAl40;

phosphor, addressing its structural, and luminescent properties, which contributes to a deeper understanding of

Ultraviolet-B

this material for various technological applications.

1. Introduction

Over the past few decades, inorganic phosphor materials have been
widely used in a variety of applications such as white LEDs, field
emission displays, high-definition television screens, X-ray imaging,
biomarkers, bioimaging, luminescent electrodes, and ceramics which
encouraged researchers to search for novel materials with useful prop-
erties [1-4]. CaO-Al;03 (CA)-based binary inorganic systems have been
the subject of many studies in recent years due to their superior thermal
characteristic for the use in high-temperature refractories [5,6]. They
also play significant roles in cement technology as hydraulic materials
and metallurgical slags in the steel sector. In fact, the CA compound
system exhibits three main phases, CaAl,04, CaAl407, and Ca;2Al;4033
in the phase diagram. All three phases show emerging applications in
various fields including material science and ceramic technology. The
CaAl407 host matrix receives special interest from researchers due to its
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unique crystallographic characteristics and a high melting point of about
1765 + 25 °C. Among all high-alumina cement, CaAl407 is largely rec-
ommended for usage and is a highly valuable chemical, especially in
casting, trowelling, and gunning applications. CaAl4O7 is used as a
high-temperature ceramic for refractory applications. Wu et al. [7]
prepared a low permittivity CaAl4O; ceramics by solid-state reaction
method and systematically reported its structural, vibrational, and mi-
crowave dielectric properties.

CaAl407, with its monoclinic crystal structure, high chemical sta-
bility, and endurance, is an excellent carrier of optical material for
phosphors [8]. Doping is an effective way to modulate the properties of
any crystal lattice without changing its primary structure. In recent
decades, much research has been done on the doping of rare earth (REs)
ions and transition metal (TMs) ions for use in a variety of scientific and
practical applications, such as lighting, display technologies, commu-
nications, detectors, security, etc. Due to their high quantum efficiency,
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prolonged phosphorescence persistence, and appropriate emission hue,
oxide-based phosphors doped with rare-earth elements (Ce, Tb, Sm, and
Eu) have received a lot of interest [9-14]. Jia et al. [15] prepared
CaAl4O7:Tb3+, ce®t by sintering, and luminescence features were re-
ported for displays requiring blue emission. Kumar et al. [16] investi-
gated the blue light-emitting CaAl40,:Tm>* phosphors prepared by the
conventional Pechini sol-gel method. Puchalska et al. [17] studied the
luminescent kinetics of Eu>* ions in CaAl40,:Eu®t prepared by the
Pechini method. Park et al. [18] reported structural and red-emitting
CaAl40,:Mn*" phosphors. Singh et al. [19] investigated the photo-
luminescence properties of CaAl40,:Tb®" phosphors for display panel
applications. CaAl4O7 materials have been synthesized using a variety of
techniques, including combustion, coprecipitation, and hydrothermal
processing. On the other hand, the sol-gel method offers several ad-
vantages, including precise composition control, homogeneity, and
low-temperature processing [20-22].

Most efforts can be directed toward the development of display
technologies that use CaAl407 phosphor-containing REs or TMs to pro-
duce visible light. In this work, we are interested in ultraviolet light with
CaAl40,:Gd>* phosphor for phototherapy lamps. Normally, the spectral
region from 100 to 380 nm is ultraviolet (UV) radiation, which is
invisible. Among the known ultraviolet -A, -B, and -C regions, UV-B is
the most beneficial operational radiation for the treatment of skin-
related health issues and disorders. The use of gadolinium (Gd®") as
an activator for a variety of host matrices has shown promising thera-
peutic results, and Gd is one of the most significant lanthanide ions due
to the narrowband ultraviolet-B (NB-UVB) emission in the range of
310-320 nm (Gd>*: °P; - 8s;,,).

Gd®* behaves as an active ion in several host lattices (CaAl;2010,
ZnO, YScOs3, MgAl,O4, etc.) and their optical characteristics are
described [23-26]. EPR studies have also been carried out on some of
the phosphors like Y4Zr3012:Gd3+ [271, GdAIO3 [28], and EuAl3(BO3)4:
Gd3* [29]. In the current investigation, we have carried out a thorough
analysis of Gd3"-activated CaAl,O; phosphors, which have been syn-
thesized through the sol-gel method at relatively low temperatures. The
analysis encompasses the use of powder X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), electron paramagnetic resonance
(EPR), and photoluminescence techniques.

2. Materials preparation and analysis

The sol-gel technique is a versatile and widely used method for the
synthesis of various materials, including ceramics, glasses, and nano-
particles. The sol-gel technique allows for precise control over the
composition and structure of the synthesized materials. The described
sol-gel process in this study is a well-established and effective method
for the preparation of high-quality materials with tunable properties. In
this investigation, using the sol-gel technique, a series of CaAl;07:Gd>"
(CA1-CA7) phosphors depending on the concentration of Gd>* ions were
synthesized. High-quality analytical-grade raw materials were used to
prepare CaAl;07:Gd>* phosphor powder. Compositional information for

Table 1
Detailed information on sample composition and starting materials.

Sample Sample Starting materials (in grams)
composition code Calx Al CA(x Gd (
1079 1079 1079
CaAl;07:0.005Gd CAl 4722 3 38420 45
CaAl407:0.015Gd CA2 4722 3 38420 135
CaAl407:0.030Gd CA3 4722 3 38420 270
CaAl407:0.045Gd CA4 4722 3 38420 406
CaAl40,:0.060Gd CAS 4722 3 38420 541
CaAl407:0.075Gd CA6 4722 3 38420 676
CaAl407:0.090Gd CA7 4722 3 38420 812

[Ca= Ca(NOs)ye4H,0, Al= AI(NOs)3e9H,0, C.A
(NO3)306H,0].

Citric acid, Gd=Gd

4633

Ceramics International 50 (2024) 4632-4639

the preparation of CaAl40,:Gd>* phosphor is shown in Table 1. In a
typical synthesis, a molar ratio of 2:1, citric acid and metal ions
(CaX204H,0, AlX309H,0, GdX3e6H,0 in which X = (NO3)) were first
dissolved in deionized water with constant stirring and heating for about
60 min at 80 °C, then kept in an oven at 110 °C to obtain uniform dried
gels. The solid gel is then heated at 400 °C for 120 min to obtain powder,
which appears brownish due to carbon residuals. Finally, the resulting
brownish powder is thoroughly ground and sintered at 1000 °C for 180
min in air. A schematic presentation of the synthesis is shown in Fig. 1.

The XRD pattern of the sample powders was recorded at a scan rate
of 5°/minute over a range of 10-80° of a 20 scale using an X-ray
diffractometer (RIGAKU Miniflex-II) consisting of CuKa (A = 1.5406 Z\)
and operating at 40 kV and 30 mA for all samples. The morphological
photographs were taken with the S-3400, Hitachi - Japan electron mi-
croscope. To identify the functional group present in prepared samples;
Fourier transform infrared (6700, Thermo Fisher Nicolet) spectrometer
operated in the range of 400-4000 cm™' was used. The photo-
luminescence spectra were recorded with an RF-5301PC SHIMADZU
fluorophotometer, which contains a Xenon lamp as an excitation. An
ESR Spectrometer (JEOL FE1X) was used to record EPR spectra with a
field modulation of 100 kHz.

3. Results and discussion
3.1. X-ray diffraction

Fig. 2 shows the X-ray diffraction pattern of CaAl4O; and CaAl,Oy:
Gd3+ (CA1-CA7) phosphors. All samples exhibit a similar XRD pattern.
The prepared samples belong to the monoclinic phase of CaAl4O; with
C2/c space symmetry which matches closely to the JCPDS card no. 23-
1037. The crystal structure representation of the pristine and Gd-
modified phosphor is shown in Fig. 3. The crystallite size and lattice
strain are determined from the observed diffraction peaks by the well-
known Scherrer equation.

d=09%; ., 0 1
where d is the crystalline grain size, 0.9 is the shape factor, 2 is the
wavelength (1.5406 A), 6 is the Bragg angle and f is the diffracted full
width at half-maximum (FWHM). Table 2 presents the FWHM, crystal-
lite size and lattice strain for all samples. The mean size of crystallites for
the studied systems is around 27-34 nm. As the concentration of Gd
increases in the crystal lattice, the XRD peak position shifts towards a
higher value of 26 due to the difference in ionic radius. The size
mismatch leads to local lattice distortions which results in the increase
in lattice strain. A shift in the higher side of 26 typically indicates a
change in the crystal structure or lattice spacing of the material. A shift
to higher 26 values can lead to greater separation between diffraction
peaks, resulting in improved resolution. This is particularly valuable
while discussing its complex structure with closely spaced diffraction
lines, as it allows for better discrimination between different crystalline
phases.

3.2. SEM

The morphology of the CaAl,07:Gd®" (CA3) sample is displayed in
Fig. 4. The sample shows a plate-like morphology having particle size in
micrometers. An additional factor affecting the crystal formation is the
presence of Gd®" ions as dopants. CaAl,0,:Gd>* crystal structure may
favor growth along certain crystallographic planes, resulting in a flat-
tened, plate-like phase. In CaAl407:Gd>" crystals, the growth rate in the
direction perpendicular to the plate-like morphology may be higher,
depending on the growth conditions and the inclusion of Gd3* ions,
which leads to plate-like crystal morphology. The shape and size of the
particles are somewhat irregular. However, the particles facet had many
ruptured traces and pores. Fig. 4B shows a magnified view of Fig. 4A
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Fig. 1. Schematic diagram for the synthesis of CaAl,0,:Gd®*.
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shows a magnified view of Fig. 4C (zone C). Several small particles
appear on the surface of the microparticles, which is caused by the
evaporation of gas molecules under the influence of high pressure. The
growth rate of a crystal can be influenced by the surface energy of
different crystallographic faces. Depending on the crystallographic
structure and the presence of certain ions of Gd>*, the surface energy of
specific faces may be reduced, promoting faster growth along those
faces. This can result in plate-like crystal morphologies with faster
growth in the perpendicular direction.

3.3. FT-IR, photoluminescence, and energy transfer analysis

Fig. 5 depicts the FT-IR spectrum of the sample used to determine the
metal-oxygen vibrational frequency of CaAl,0; nanoparticles. No large

JCPDS File No:- 23-1037 Table 2 . R 34
| . L | . . . FWHM and crystallite size of Gd”":CaAl40; (CA1-CA7) phosphors.
10 2|0 3|0 l 4:0 5‘0 Glo ' 70 Samples Sample FWHM Crystalline size Lattice
Wavelen gth (nm) code (A) (nm) strain
CaAl,O7 - 0.2561 33.29 0.0050
Fig. 2. Powder XRD pattern of CaAl,O, and Gd>*:CaAl,0, (CAl- CaAl;07:0.005Gd  CAl 0.2742 31.04 0.0053
CA7) phosphors. CaAl,0,:0.015Gd  CA2 0.2639 32.25 0.0051
CaAl,07:0.030Gd  CA3 0.2560 33.25 0.0049
. o . ) o CaAl,0,:0.045Gd  CA4 0.3135 27.13 0.0061
(zone a) where, at higher magnification of the image, there is a distinct CaAl,0,:0.060Gd  CA5 0.3106 27.40 0.0060
porosity within the crystalline grains. This porosity is due to the evo- CaAl,07:0.075Gd ~ CA6 0.2866 29.70 0.0055
lution of large amount of gases during the sintering process. Fig. 4D CaAl07:0.090Gd  CA7 0.3137 27.13 0.0060

Fig. 3. Crystal structure of pristine and Gd-modified phosphor.
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Fig. 4. SEM image, of Gd*":CaAl40, (CA3) phosphor.
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Fig. 5. FT-IR spectra of Gd>*:CaAl,O; (CA3) phosphor.

impurity peaks attributable to organic contaminants were found. The O-
H band of water molecules is responsible for a broad peak at 3501 cm ™!
[30]. However, a noticeable band can be visible at 2365 cm’l, which is
attributed to the C-H band stretching vibration. The peak at 2170 cm™!
is attributed to (N=N=N) azide stretching vibration. C-H bending peaks
occur at 2015 and 1365 cm ™! [30]. Another minor peak at 1470 cmtis
caused by the nitrate group. The existence of C-O stretching causes weak
absorption at 1224 cm! [31,32]. The band at 1540 cm~ ! indicates the
presence of pollutants such as COy, which were probably absorbed from
the air during the experiments. A special structural characteristic
brought about by Gd doping may be shown by the absorption peak
measured at 1356 cm ™! [33]. It could be connected to Gd-O vibrations,
changes in the crystal structure brought on by the inclusion of Gd, or
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some other interaction involving Gd ions. A distinctive vibrational mode
to the incorporation of Gd ions may be linked to the absorption peak at
1648 cm ! [33]. This peak may be due to a vibrational mode associated
with oxygen that is impacted by the presence of Gd. Gadolinium ions
have frequently significant interactions with oxygen atoms in com-
pounds and it might involve the stretching vibrations of Al-O or Ca-O
bonds or changes in the crystal lattice brought on by the doping of
Gd. The presence of a robust chemical bond or vibrational mode is
suggested by the absorption peak at 1733 cm™!. This vibration is due to
the formation of a carboxylate group [34]. It could have something to do
with carbon-oxygen (C-O) bonds or perhaps Gd-O bonds. The stretching
vibration of M — O bonds (M = Ca, Al) can be attributed to the strong
absorption bands at 813 cm ! and 643 em™! [35]. The Gd,Os3 ion is
known to be an efficient light emitter in the ultraviolet (UV) and visible
regions among the lanthanide group due to its intrinsic luminescence
nature when irradiated under UV light. The low phonon energy and high
Gd;03 bandgap energy reduce multiphonon relaxation, which leads to
enhanced radiative emission [36,37]. Moreover, the stretching and
bending modes of the AlO4 units are considerably high between 650 and
950 cm™! in the FT-IR spectrum (see Fig. 5), which alleviates the
non-radiative relaxation process to the emitting level 6PJ (Gd®H).

The photoluminescence excitation (PLE) and photoluminescence
(PL) spectral measurements at ambient temperature in the region of
230~340 nm wavelength for CaAl407:Gd®" phosphor samples, are
depicted in Fig. 6 (a) and (b). The PLE exhibits well-resolved peaks of all
samples monitored at the emission wavelength of 314 nm and is asso-
ciated with the inter-configurational electronic transitions from the
lowest level of 857/2 to higher levels, (GDJ, GPJ, 6IJ, J=7/2-17/2 region)
around 243, 245, 252, 272, 275 and 278 nm, respectively [38]. Upon
excitation, at a wavelength of 272 nm, strong and weak UV emission
intensity appeared at 307 nm and 314 nm which is attributed to the
P55 > 8S; 5 and ®Py 5 — 8S;, transitions of Gd>*. In PLE and PL, the
spectral intensities of all samples are maximally promoted with Gd>*
ions at 3 mol% and decrease the intensity of the CaAl;07:Gd>* phos-
phors with increasing Gd>* dopant concentration to 9 mol%. Fig. 7
presents the emission intensity of the Py, — 8S;/5 (314 nm) peak
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Fig. 6. Photoluminescence spectra of the Gd*":CaAl40, phosphor (a) Excitation spectrum of Gd*":CaAl4O; (Aem = 314 nm) and (b) Emission spectrum of Gd>:

CaAl407 (hexe = 272 nm).

depending on the concentration of Gd ions. The increase in the Gd>* ion
concentration in the samples leads to a decrease in the emission in-
tensity. In fact, the energy is transferred non-radiatively between the
ions as the distance between the Gd®' ions decreases with increasing
concentration, so the concentration quenching effect plays a significant
role in the luminescence mechanism. To know the possible energy
transfer mechanism, an important parameter is the critical distance
between Gd ion to Gd ion for transfer of energy (R.), which is calculated
from Blasse’s formula [39],

(2)

v 118
RC:Z{ 3 }

4rNX,
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where V is the cell size (=271.685 A3), N is the availability of cations in
the unit cell (=4) and X, is the optimal number of Gd>* ions (=3 mol%).
In this work, the estimated R, is 8.14 A, which shows that energy transfer
through multipolar interactions leads to concentration quenching in
Gd3*:CaAl,0; phosphors. The possible excitation and emission from
electronic levels of Gd>' ions are shown in Fig. 8.

According to Dexter’s theory, the exact type of multiple interactions
can be known since dipole-dipole (d<d), dipole-quadrupole (d<q), and
quadrupole-quadrupole (q<q) interactions occur between Gd3* ions,
using the following formula [35],

Tk} 3)
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Fig. 7. Variation in the emission intensity of strong emission (314 nm) as a
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Fig. 8. Pictorial view describes the possible different electronic levels of
Gd*" ions.

where I is the intensity of the emission peak, x is the Gd concentration (3
mol%), K and g are the constants. Q is also a constant for the d<d (6),
d<q (8), and q«q (10) interactions. The estimated Q value in this work
is 3.6 from the slope value of the linear fit to Log(I/x) versus Log(x) (see
Fig. 9). The Q value suggests that the observed quenching of the emis-
sion intensity is taken into account due to the dipole-dipole interactions.
The critical concentration of Gd>* (3 mol%) containing CaAl407
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Fig. 9. Plot of Log (I/x) Vs Log (x) in Gd3+:CaAl4O7 phosphor.

phosphor may be useful in NB-UVB phototherapy lamps. When it comes
to treating a range of skin diseases, phototherapy employing NB-UVB

has been found to be more effective than traditional broadband UVB
(BB-UVB).

3.4. EPR spectral analysis

The EPR spectral lines of a representative CA7 sample recorded at
room temperature are depicted in Fig. 10. Relatively strong lines are
seen at gefr ~2.16 and 1.94. On the other hand, the low-field spectral part
saw more weak lines at g.ff ~14.8, 9.7, 5.6, 4.8, 3.7, 3.16, 2.7, and 1.5,
respectively. Of the RE ions, the Eu?* and Gd>* ions have L = 0 with the
electronic configuration [Xel4f’. When these ions are located in the
crystal lattice, crystal field effects are negligible as they are S-state ions.
However, higher-order distortions arise due to the spin-orbit coupling,
which causes observable crystal field effects. Higher levels of L # 0 are
mixed with the lowest level and allow ions to interact in a crystal field
environment. Generally, the site symmetry of Gd>* ions is determined
by the nearest neighboring ions. Therefore, changing the location of
these neighboring ions leads to a change in the surrounding environ-
ment of the Gd>* ions. This surrounding environment significantly alters
the crystal field and there will be changes in the observed EPR spectra. In
the specific case of disordered systems like glasses, a unique ‘U shape
spectrum’ of EPR spectral lines is observed with lines at about gefr ~2.0,

3000 1 1 1 1

2000

1000 +

Intensity (a.u.)

-1000

-2000 —

1.94

T T
400 500

Magnetic Field (mT)

T T T
0 100 200 300 600

Fig. 10. Room temperature EPR spectrum of Gd®>*:CaAl,0, phosphor.
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2.8, and 5.9 due to the distribution of Gd>* ions around the crystal filed
environment [40,41].

CaAl407 has a grossite structure and crystallizes in the monoclinic
phase of the C2/c group with lattice constants: a = 12.86 A, b = 8.879 A
andc = 5.44 A [42]. The calcium ion is located in a coordination sphere
with 7-fold C, symmetry. The nearest neighboring oxygen ions are
located at a distance that varies from 2.33 A to 2.88 A. There are two
non-equivalent Al sites, and the Al ions are in the centre of the tetra-
hedral oxygen ions, which are closer to the principal tetrahedra. In
CaAl407, sheets of corner-sharing AlO4 tetrahedra are enlarged in the y
and z directions, while Ca atoms are occupied between the sheets.

The EPR signal of the Gd>" ion for powder samples was observed and
discussed by Brodbeck and Iton [43]. They consider the magnitude of
crystal field interaction (Hcp) and Zeeman splitting hv (where v is the
microwave frequency). They identified weak, intermediate, and strong
regions in the EPR spectrum based on the Hcp/hv ratio. The region,
where Hep/hv < Y, is considered weak (g ~ 2.0). In the intermediate
region of the EPR spectrum, a wide range of g values between 2.0 and oo
(Lower) and g values greater than 2.0 (Higher) are expected. When the
surroundings of the Gd>" ion are not distorted, lines near g ~2.0 are
expected. On the other hand, when the surroundings are distorted, large
crystal fields are expected and lines in the low-field region of the spec-
trum are observed.

In the compound CaAlsO7, the Ca%" ion exhibits a coordination
number of seven. Within this coordination environment, the ionic radius
of Ca®t is 1.06 A [44]. In contrast, when the Gd>" ion is in a seven-fold
coordination, its ionic radius is slightly smaller 1.0 A. On the other hand,
AI** jon resides in a fourfold coordination, possessing an ionic radius of
0.39 A. Consequently, it is anticipated that the dopant Gd*" ion will
preferentially replace the Ca?* ion rather than the Al>* ion due to the
smaller ionic radius of AI** compared to Ca®". Substitution of Ca®* by
Gd®* ion would result in a positive charge accumulation. This charge
imbalance can be compensated by the creation of Ca*" vacancies or
interstitial O3 ions near Gd®* ions.

In the study of Eu3+-doped CaAl407, Puchalska et al. [17] observed
in their photoluminescence emission spectrum a red emission with a
dominant emission line at about 612 nm (Excitation at 395 nm). They
further identified two well-resolved emission spectral lines around
577.2 nm and 579.7 nm when experiments were carried out at liquid
nitrogen temperatures (77 K). These results were interpreted in terms of
two distinct sites of Eu>* ion in the CaAl4O7 lattice. It was mentioned
earlier that Ca?* vacancies or interstitial O3 ions will be present near
Eu" ions due to charge compensation. These can induce structural
disorder around the dopant ion resulting in distinct Eu* sites in the host
matrices. Based on the experimental results and conclusions from the
above study on Eu®* doped CaAl405, it is speculated that the CaAl4O7:
Gd>* phosphor may have two Gd>* sites. The presence of a Ca®" va-
cancy or an interstitial O ion in the vicinity of the Gd** ion may distort
the environment around the dopant ion, making it experience a strong
crystal field effect. Therefore, EPR signals appear in the low-field part of
the spectrum [43]. This expectation is consistent with the observed EPR
spectrum (see Fig. 10).

Apart from the low-field lines with relatively low intensity, two high-
intensity EPR lines are observed at gesr ~2.16 and 1.94 (Fig. 10), due to
the presence of Gd>' ions in undistorted Ca2' sites. Charge-
compensating defects are speculated to be in remote locations as far as
these Ca?" sites are concerned.

4. Conclusion

In this paper, samples of the CaAl40,:Gd>* phosphors with different
concentrations of Gd ions were synthesized using the sol-gel technique.
Detailed results of XRD, SEM, PL, and EPR of CaAl;07:Gd>* phosphors
are reported. The XRD pattern confirms a stable single monoclinic phase
with a C2/c space group. The variability of crystallite size in the range of
27-34 nm was observed for CaAl407:Gd>" phosphor samples. SEM
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analysis revealed that the shape and size of the particles are somewhat
irregular, and the formation of pores is visible in the crystalline grains.
The vibrational stretching and bending modes of the AlO4 units are
considerably high in the 650-950 cm™' frequency range in the FT-IR
spectra, which facilitates the non-radiative relaxation process to the
Gd>*+:%p; level for efficient UV-B emission of light. Upon excitation of
272 nm, a strong emission peak at 314 nm (6P7/2 - 8g, /2) is observed
together with a weak emission peak at 307 nm (°Ps/ — 2S;,2). Con-
centration quenching of the emission of Gd3+: 6P7 /2 = 8S7 /2 is observed
which is caused by the transfer of energy non-radiatively, primarily via
multipolar interactions between the Gd-Gd ions. Relatively strong EPR
lines were observed around g ~2.0 along with small low-intensity sig-
nals in the low-field region of the spectrum. These lines suggest the
presence of two distinct Gd®* sites in the CaAl4Oy lattice. One of the sites
is the originally undisturbed Ca®* site, while the other is where its
surroundings are disturbed by charge-compensating defects. The opti-
mum activator ion concentration was estimated to be 3 mol%, based on
the PL quenching data. In summary, the Gd ion is present in the 3+ state
within the CaAl4O; matrix. Further, the present results, though pre-
liminary in nature, suggest that Gd> doped CaAl,O; phosphors have the
potential to be used as UV-B emitting phosphors for medical applications
in the treatment of skin diseases.
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