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Gd
2
O
3
:Yb3+ phosphor has been synthesized by the solid state reaction method with boric acid used as a flux. The resulting

Gd
2
O
3
:Yb3+ phosphor was characterized by X-ray diffraction (XRD) technique, Fourier transmission infrared spectroscopy

(FTIR), scanning electron microscope (SEM) and transmission electron microscope (TEM), and photoluminescence and
thermoluminescence.The results of theXRD show that obtainedGd

2
O
3
:Yb3+ phosphor has a cubic structure.The average crystallite

sizes could be calculated as 42.9 nm, confirmed by the TEM results. The study suggested that Yb3+ doped phosphors are potential
luminescence material for IR laser diode pumping.

1. Introduction

Luminescent materials in various forms such as colloidal,
bulk, nano, crystals, and nanocrystals are of interest not
only for basic research, but also for interesting application
[1–3]. Rare earth activated phosphors have attracted great
interest because of their marked improvements in lumen
output, color rendering index, and energy efficiency, and
greater radiation stability Lanthanum oxide (La

2
O
3
) is rec-

ognized as an excellent host material for rare earth (RE)
with luminescence applications with a relatively low cost.
These phosphors have been recognized to hold tremendous
potential in the field of photonic applications. The doping
concentration is controlled over a broad range without the
host structure influence. The luminescent properties of RE
in La
2
O
3
nanocrystalline powders using different synthesis

methods have been recently reported [4, 5]. Gd
2
O
3
is an

Ln
2
O
3
-type oxide. The Ln

2
O
3
(Ln = Gd, Y, Sc, Lu, Dy,

etc.) oxides have been extensively studied because of their
optoelectronic and display applications. Gadolinium oxide
(Gd
2
O
3
) has been studied widely as the host matrix for

downconversion [6–8] processes because of its interesting

physical properties, such as high melting point (2320∘C),
chemical durability, thermal stability, and low phonon energy
(∼600 cm−1). Gd

2
O
3
hosts have smaller phonon energies

compared to hosts such as YAG or YAP; smaller phonon
energies lead to a reduction in nonradiative losses and hence
lead to increases in the luminescence efficiency [9, 10].

The Yb3+ ion has several advantages compared with other
rare earth ions due to its very simple energy level scheme,
constituting of only two 2F

5/2
and 2F

7/2
levels. There is no

excited state absorption, no cross-relaxation process, and
no more upconversion internal mechanism able to reduce
the effective laser cross section and, in addition, the intense
and broad Yb3+ absorption lines are well suited for IR laser
diode pumping. The luminescence emission of RE ions is
the result of unique electronic transitions, and different
emission colors can be achieved by the controlled doping of
specific lanthanide ions into the Gd

2
O
3
host matrix. Yb3+

ions attracted us because of their simple energy level diagram,
having two states 2F

5/2
and 2F

7/2
with an energy difference

of 10,000 cm−1. Yb3+ ions are commonly used to activate
materials and serve as a useful probe of host characteristics
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Scheme 1: Synthesis of Gd
2
O
3
:Yb3+ phosphor.

as their luminescence is known to be highly sensitive to the
coordination of the activator site because Yb3+ ions have a
large absorption cross section [11]. In the present study, we
were focused on synthesis of Gd

2
O
3
:Yb3+ phosphors by solid

state reaction method and on investigating the luminescence
behaviour of the prepared phosphor.

In this work, we report the solid state synthesis of
ytterbium doped Gd

2
O
3
phosphor. Gd

2
O
3
:Yb3+ phosphor

was investigated by X-ray diffraction (XRD), field emission
scanning electron microscopy (FESEM), Fourier transform
infrared spectroscopy (FTIR), and thermoluminescence (TL)
and photoluminescence (PL) measurements.

1.1. Solid State Synthesis of Gd
2
O
3
:Yb3+ Phosphor. Gd

2
O
3
:

Yb3+ phosphor was synthesized by conventional solid state
method. Oxide of rare earth materials such as gadolinium
oxide (Gd

2
O
3
), ytterbium oxide (Yb

2
O
3
), and boric acid as a

fluxwith high purity (99.99%)were used as precursormateri-
als to prepare Yb3+ dopedGd

2
O
3
phosphor. In stoichiometric

ratios of rare earth ions Yb3+ (4mole%) andGd
2
O
3
were used

to synthesize Gd
2
O
3
:Yb3+ phosphor. These chemicals were

weighed and ground into a fine powder by using agatemortar
and pestle. The ground sample was placed in an alumina
crucible and heated at 1100∘C for 1 hour followed by dry
grinding and further heated at 1400∘C for 4 hours in a muffle
furnace. The sample is allowed to cool at room temperature
in the same furnace for about 15 h [12–14] (see Scheme 1).

1.2. Characterization of Prepared Phosphor. Crystalline
phases and sizes of as-prepared phosphorswere characterized
by powder X-ray diffraction (XRD; Bruker D8 Advance).
The morphology and particle sizes of Gd

2
O
3
:Yb3+ phosphor

were observed by transmission electron microscopy
(Philips CM-200) and FE-SEM (JSM-7600F). Photolumi-
nescence measurements were performed using a Spectro-
fluorophotometer. TL glow curve was recorded at room
temperature by using TLD reader I1009 (Nucleonix Sys. Pvt.
Ltd. Hyderabad). All of the measurements were performed
at room temperature.

2. Results and Discussion

2.1. XRD Analysis Results. Figure 1 shows the XRD pattern of
Yb3+ doped Gd

2
O
3
phosphor. The average particles size was

calculated by Debye-Scherrer formula [15]:

𝐷 =

𝑘𝜆

𝛽Cos 𝜃
, (1)
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Figure 1: XRD result of Gd
2
O
3
:Yb3+ and JCPDS card 43-1014 for

cubic Gd
2
O
3
.

Table 1: (ℎ, 𝑘, 𝑙) and 𝑑 spacing (Å) of Gd2O3:Yb
3+.

Serial number 2𝜃 (ℎ, 𝑘, 𝑙) 𝑑 spacing (Å)
1 20.66 (2, 1, 1) 4.315
2 29.03 (2, 2, 2) 3.071
3 35.59 (4, 1, 1) 2.666
4 39.48 (3, 3, 2) 2.284
5 43.01 (1, 3, 4) 2.096
6 48.03 (4, 4, 0) 1.894
7 52.59 (6, 1, 1) 1.743
8 56.87 (6, 2, 2) 1.617
9 59.56 (4, 4, 4) 1.55
10 63.62 (6, 3, 3) 1.461

where 𝑘 is a dimensionless constant, 𝜆 is the wavelength of
X-ray used, 𝛽 is the full width at half maxima (FWHM) of
the diffraction peak, and 𝜃 is the diffraction angle (Bragg’s
angle) for the (ℎ, 𝑘, 𝑙) plane. The observed values are in
good agreement with the standard values given for the cubic
structure. X-ray diffraction pattern of Yb3+ doped Gd

2
O
3

confirms proper phase formation and nanocrystalline nature
of the sample. All the diffraction peaks are in agreement with
those of the JCPDS card number 43-1014 for Yb3+ doped and
confirm that the sample has a cubic structure [16]. Particle
size of the prepared sample is found to be 41 nm.The values of
interplanar spacing 𝑑 for cubic phase structure are calculated
by reported formulas [17]:

𝑑 =

𝑎

√
ℎ

2
+ 𝑘

2
+ 𝑙

2

, (2)
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Figure 2: Fourier transform infrared (FTIR) spectra of Gd
2
O
3
:Yb3+.

(a) (b)

Figure 3: FEG-SEM images of Gd
2
O
3
:Yb3+.

where𝑑 is the interplanar spacing.𝑑 spacing and (ℎ, 𝑘, 𝑙) value
for different theta were also calculated (Table 1).

2.1.1. Fourier Transform Infrared (FTIR) SpectroscopyAnalysis.
The Fourier transform infrared (FTIR) spectra of ytterbium
doped Gd

2
O
3
phosphor were recorded in order to investigate

different molecular species present in the phosphor and are
shown in Figure 2. Here Fourier transform infrared (FTIR)
spectra were measured via the potassium bromide (KBr)
pallet formation by pellet technique. The bands around 440
and 542 cm−1 are assigned to the Gd–O vibration of cubic
Gd
2
O
3
[18]. All the observed peaks confirm the formation of

Yb3+ doped Gd
2
O
3
phosphor.

2.1.2. Field Emission Gun Scanning Electron Microscope
(FEG-SEM) Results. The FEG-SEM images of the product
obtained are shown in Figures 3(a) and 3(b).The as-prepared
Gd
2
O
3
:Yb3+ phosphor has a dumble-like morphology with

an average diameter of 40–50 nm. It can be found that the
product is composed of many sphere shaped particles and
some of them are agglomerated together.The average particle
size was calculated by collecting 100 clearly identifiable
particles estimated to be 42.9 nm (Figure 4).
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Figure 4: Histogram of particle size distribution for the studied
Gd
2
O
3
:Yb3+ phosphors.

The statistic histogram is shown in Figure 4 where the
Gaussian fitting was also carried out. The difference between
the average size confirmed from FEG-SEM and the crystallo-
graphic size derived fromXRD is probably due to the reasons
that, on one hand, the crystallographic size calculation based
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(a) (b)

(c)

Figure 5: Transmission electron micrographs of Gd
2
O
3
:Yb3+ (a and b) along with the SAED (c) pattern.

on the Debye-Scherrer equation in the case of larger size
particles may introduce larger error and that, on the other
hand, the crystallographic size reflects the size of well-
crystallized part of the particles, but the average size observed
from FEG-SEM presents the apparent size of the particles;
thus, they may be different.

2.2. Transmission Electron Microscope (TEM) Result. Figure
5 shows the TEM micrographs of the Gd

2
O
3
:Yb3+ phosphor

along with the selected area electron diffraction SAED pat-
tern. The TEM measurements were carried out at different
points of the grid and almost similar results were obtained
each time. The TEM image shows the presence of spherical
nanoparticles with an average diameter lying in between 32
and 44 nm. The crystalline nature of the material is clear
from the SAED pattern. A variation of the average diameter
of nanoparticles in between such a small range can be
considered roughly as the nearly uniform distribution. From
the TEM image, it can also be clearly observed that crystals
present in the phosphor material are highly agglomerated.
The selected area electron diffraction pattern (SAED) (inset
c) shows the bright spots, which indicates the high crystalline
nature of the phosphor material. Indexing of the SAED
pattern also confirms the presence of the cubic Gd

2
O
3
phase.

2.2.1. Thermoluminescence Glow Curve of Gd
2
O
3
:Yb3+ Phos-

phor. Thermoluminescence (TL) is a convenient technique of
studying optically active centers in solids. Energy absorbed by
the solid is emitted as light is measured in the heating process

and in turn the light is measured in the form of glow curve.
From the shape position and intensity of the glow curve,
various defect characteristics, in particular trap depth, are
calculated by different methods. TL is a phenomenon which
is caused by the thermally assisted release of the irradiation
induced electrons from the traps of the material. In the struc-
ture of the most insulating solids, there exist point defects,
naturally occurring or artificially created, which induce
electronic states in the forbidden band. These defects have
great importance in understanding the thermoluminescence
(TL) phenomenon. Several models exist, which explain the
basic principles of the TL process using charge carrier traps
induced by impurities called dopants. Thermoluminescence
(TL) is a superbly sensitive technique to record radiation
history in insulators and it is consequently widely used in
radiation dosimetry and archeological dating, as well as for
studies of crystalline defects. These models provide diagnos-
tic tools that can be employed to evaluate the TL kinetic
parameters using processes based on electronic transitions of
the charge carriers. Crystalline TL materials exhibit a glow
curve with one or more peaks when the charge carriers are
released. This glow curve is a graphical representation of the
luminescence intensity as a function of time or temperature,
providing information about parameters corresponding to
each peak, such as activation energy, frequency factor, and
the order of the kinetics [19, 20]. The TL curve can provide
valuable information on the intrinsic defect of materials and
the energetic ray towhich thematerial was subjected. TL glow
curve for Gd

2
O
3
:Yb3+ phosphor was recorded with a UV
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Table 2: Kinetic parameters of Gd2O3:Yb
3+ TL glow curve.

UV exposure time 𝑇
1
𝑇

𝑚
𝑇

2
𝜏 𝛿 𝜔 𝜇 = 𝛿/𝜔 Activation energy E in eV Frequency factor S in s−1

5 101.9 132.4 170.1 30.67 37.77 68.44 0.552 0.704 7.9 × 109
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Figure 6: TL glow curved result of Gd
2
O
3
:Yb3+.

exposure of 5min at a heating rate 6.7∘C s−1. The order of
kinetics and the activation energy with frequency factor are
calculated using Chen’s empirical formula [21–23]. Figure 6
shows the TL glow curve of Gd

2
O
3
:Yb3+ for 5 Min UV

exposure time. In the glow curve, only a single peak was
observed, at around 132.37∘C.

The kinetic parameters of Gd
2
O
3
:Yb3+ phosphor are

listed inTable 2. In this TL glow curve shape factor𝜇∼ 0.52 or
greater than second-order kinetics, which may be caused by
the presence of two or more traps with similar trap energies.
Here the value of 𝜇 is 0.552 for 5 minutes, which shows the
second-order kinetics.The value of activation energy belongs
to 0.704 eV and frequency factor 7.9 × 109 s−1.

2.3. Photoluminescence Studies. The absorption and emission
spectra of Gd

2
O
3
:Yb3+ phosphor were recorded at room

temperature (Figures 7(a) and 7(b)). There is a large overlap
observed between absorption and emission spectra. Several
lines can be seen in both absorption and emission due to
the different transitions between the two 2F

7/2
and 2F

5/2

multiplets.The energy level scheme of Yb3+ is very simple and
contains twomultiplets, the ground 2F

7/2
state and the excited

2F
5/2

state.The strong interaction of Yb3+ ions with the lattice
vibration gives rise to strong vibronic sidebands or even to
supplementary Stark levels and phonon which can easily be
taken for the assignment of electronic transitions.

There are seven Stark levels distributed in the two man-
ifolds and labeled from 1 to 4 in ground state and from 5
to 7 in excited state from the lowest to highest energy. The
strong electron-phonon coupling of Yb3+ ion is responsible
for the additional peaks which appear in emission spectra.
The resonant transition appears at 981 nm corresponding to
the zero phonon line transition between Stark level 1 → 5
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Figure 7: (a) Absorption PL spectra of Gd
2
O
3
:Yb3+ (4mol%). (b)

Emission PL spectra of Gd
2
O
3
:Yb3+ (4mol%).

and at 1020 nm is due to 5 → 3 emission transition. At
first attempt, the 1–7 and 1–6 lines are located at 924 nm
and 916 nm, respectively [24–26]. In absorption spectra at
room temperature, the transitions from the 2F

7/2
ground state

thermally populated Stark levels are clearly seen and fit well
with the corresponding emission transitions. The observed
peaks are the result of absorption from mainly 1, 2, and 3
populated stark levels. The energy level scheme of Yb3+ helps
to explain the above-mentioned transitions between Stark
levels (Figure 8).

3. Conclusion

The cubic face Yb3+ doped Gd
2
O
3
phosphor was successfully

synthesized by the solid state reaction method, which is
confirmed by the XRD result well matched with JCPDS card.
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The SEM and TEM results agree with the XRD result. The PL
emission spectra show that the peak at 981 nm corresponds
to the transition from one the stark level of 2F

7/2
to the lowest

level of multiplet 2F
5/2

. In TL glow curve, only a single peak
was observed, at around 132∘C.The value of activation energy
belongs to 0.704 eV and frequency factor 7.9 × 109 s−1.
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