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1. Introduction
Naturally, the vast majority of energy exists at the very high

range. While the majority of applications just need little

energy. Phosphors are light-emitting substances made of host

matrix with a little quantity of rare-earth or transition metal

ions serving as activators [1]. These materials have the

ability to undergo electronic transitions that shift light from a

higher to a lower frequency [2]. With the emergence of

inorganic phosphor, a new achievement in the study of

luminescence has been done. Solid-state lighting techniques

are fundamentally made of luminescent materials [3]. In

order to address the need greater use of low voltage lighting

sources as a result of rising global energy consumption, RE

doped solid-state substances are extremely fortunate and

essential for energy-efficient and sustainable technology.

These materials make use of the better higher emission

efficiency, regulated emission profile, and sharp emission

lines of other transition metal ion-doped inorganic materials.

Due to their interesting optoelectronic, biochemical, and

thermal properties [4]. Rare earth doped phosphors are the

subject of present research because of their successful use in

field emission displays (FEDs), luminescent paints, interior

decoration, 3D display technology, tri-color lamps,
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emergency lighting, safety indicators, white light-emitting

devices, and agricultural fields [5].

The majority of luminescent substances (or phosphors) are

solid inorganic substances made up of a host lattice that is

typically purposefully doped. Energy is absorbed either

through the host lattice or on impurities. Additionally, energy

can be transferred through the lattice. Rare-earth ions, for

example, which are only found in small proportions (a few

moles percent or less), are the most common purposefully

doped impurities on which the emission occurs. Numerous

rare-earth-based host lattices or rare-earth ion-based

luminous materials have been created in recent years. Many

of these materials have been used in various applications. The

performance of the devices in which rare-earth phosphors

were used was frequently significantly improved [6].

One of the essential components of LED-based solid-state

lighting technology is phosphor. It generates visible light by

absorbing ultraviolet, violet, or blue light from LED chips.

The performance of WLEDs, including luminous efficacy,

colour rendering, correlated colour temperature, colour gamut,

a long life, and so forth, is therefore greatly influenced by

phosphor. Garnets, silicates, aluminates, phosphates, borates,

and nitrides are only a few of the many substances that make

good hosts for LED phosphors [7].

The rare earth calcium borate family, which also comprises

additional compounds containing rare earth elements,

includes CGBO. The alkaline earth lanthanide double borate

group includes the Ca3Gd3(BO3)4 crystal. It is widely known

that the M3Ln2(BO3)4 (M=Sr, Ca, Ln=Y, Gd) crystals are

desirable choices as solid-state laser host materials [8]. As

prospective phosphors for the white LEDs and plasma

display panels, studies into the M3Ln2(BO3)4 compounds

seeded with ions of rare earths have also been carried out [9].

Calcium Gadolinium Borate Ca3Gd3(BO3)4 is not available

naturally as a mineral. It is a synthetic compound that is

typically produced in the laboratory. However, it is

structurally similar to naturally occurring borate minerals.

Natural borate minerals that are similar in structure to

CGBOO include datolite and vesuvianite. These minerals

contain Boron, Calcium and other elements, but they do not

specifically contain gadolinium.

The chemical formula of Calcium Gadolinium Borate is

Ca3Gd3(BO3)4 and its molar mass is 967.31 g/mol. According

to Fig.1 (a), the Calcium Gadolinium Borate unit cell is made

up three sets of boron-oxygen BO3 triangles and three sets of

cation-oxygen polyhedral. Eight oxygen ions coordinate three

distinct cation sites named M1, M2, and M3 (Figure 1b).

Together with the M2O8 polyhedron, the M1O8 polyhedron

shares oxygen atoms O6 and O7, while the M3O8

polyhedron shares atoms O3 and O7. In a three-dimensional

framework, the Mj polyhedron connects the BO3 triangles

(Figure 1a). The M1, M2, and M3 sites are where the

Ca2+and Gd3+ ions are located, according to the distribution.

The Ca3Gd2(BO3)4 lattice becomes physically disordered due

to this sort of cation distribution, which results in the doped-

RE ions' spectrum widening.

Figure 1. a) crystal Structure of CGBO b) and the coordination settings at the Ca2+ and Gd3+ion's M1, M2, and M3 sites[10].
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Pure CGBO is an odorless, fine pale-yellow powder. Its melting

point is greater than 1000 °C and a density of 4.31 g/cm3. It has

the refractive index of typically 1.79 in the visible spectrum. It

exhibits good thermal stability at high temperatures [11]

CGBO consists of Calcium (Ca), Gadolinium (Gd), Boron (B)

and Oxygen (O) atoms. CGBO is generally chemically stable

and unreactive under normal conditions. It is insoluble in

water and most common organic solvents. When heated to

high temperatures, it decomposes to form boron oxide and

the corresponding metal oxides.

3CaCO3 + 2Gd2O3 + 4H3BO3→ Ca3Gd2(BO3)4 + 6CO2 +

2H2O [11] Eq-(1)

2. Materials and Methods
2.1 Overview of synthesis
Firstly, we collected the CGBO host material in the form of

chemical substance using a weighing balance and then

combining Calcium Carbonate (CaCO3), Gadolinium Oxide

(Gd2O3), and boric acid (H3BO3) as raw materials. These

reactants were weighed and mixed in the stoichiometric ratio

in the fashion to obtain a homogenous mixture as shown by

the chemical equation (2).

3CaCO3 + 2Gd2O3 + 4H3BO3→ Ca3Gd2(BO3)4+ 6CO2+

2H2O Eq-(2)

A number of clean plastic bottles were then filled with an

equal volume of CGBO host material. In those bottles, the

host material was mixed together with different molar

quantities of dysprosium oxide (Dy2O3). Several alumina

balls were placed in each of the bottles and the bottles were

then sealed tightly with screw top plugs. To achieve good

agglomeration of the powders, the bottles were ball milled for

1 hour. The ball milling process was performed, the powders

were mixed well and placed in to small alumina crucibles

with alumina lids and heated in the furnace at high

temperature before the onset of the melting point for

approximately 10 hours. The sintering process was carried

out by the heat and cooling rate as low as 100 0C/ hr. The

sintered powders were synthesized from alumina crucibles.

The obtained product is once more grounded to acquire small

particles and then siftings are carried out to get rid of large

survivals.

The solid-state reaction method is quite inexpensive and

uncomplicated for synthesizing dysprosium doped calcium

gadolinium borate material. However, it may result in

inhomogeneous and whiter infested powders due to incomplete

reaction or contaminated furnace atmosphere. As heating

conditions play massive roles in determining the quality of the

phosphorescent material, high purity of the starting materials is

crucial.

2.2 Solid-State reaction method preparation

Ca3Gd2(BO3)4:Dy3+ phosphors were synthesized employing

the conventional solid state reaction method. Another

frequently used approach for making dysprosium-doped

calcium gadolinium borate. The method that can create Dy3+

phosphorescent material is through the solid-state reaction

method. With the use of this method of producing the end

product, the individual components are mixed in the right

proportion in terms of stoichiometry and then exposed to

high temperature in a furnace.

The solid-state reaction method is less time consuming and

cost effective for synthesizing dysprosium doped calcium

gadolinium borate material. It could nevertheless create

inhomogeneity and impurities in the finished product,

because of unsaturated reactions or the influence of the

furnace atmosphere, however. Achieving a high quality

phosphorescent material is ensured by strict regulation of the

heating process as well as the usage of highly pure initial

components.

2.3 Material required

The host and doping material should be employed in their purest

forms to produce Ca3Gd2(BO3)4 phosphor in order to achieve

superior results [12].

2.4 Quantity

For the best results, the correct host and dopant materials

should be used in the solid-state reaction process. The
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luminous properties of the phosphor are influenced by the

host to doping agent ratio.

2.5 Characterization

At the Centralized Resource Laboratories, Department of the

Physics University of Peshawar, XRD, SEM, and analyses

have been used to examine the uniform morphology, phase

purity, and crystallinity of the synthesized samples. The

samples will be subjected to optical analysis utilizing the

UV-Vis spectroscopy equipment at the MRL, Department of

the Physics University of Peshawar.

3. Results and discussion
3.1 X-ray diffraction analysis (XRD)

Figure 2 compares the XRD peaks of Ca3Gd2(BO3)4:Dy3+

rare earth doped phosphors with reference peaks of

Ca3Gd2(BO3)4 (PDF No. 48-0293). The required phase is

achieved for the synthesized phosphors because the peaks of

our compound match well with the peaks of the reference

compound. This also further verifies that the synthetic

phosphors have tetrahedral structures with the similar

numbers of atoms. Further, we can use Bragg’s diffraction

formula to measure the various lattice parameters of the

synthesized phosphors which will in turn help to explain the

structure of the compound. Additionally in Figure 2, the

XRD patterns of Ca3Gd2(BO3)4:Dy3+ are compared with the

XRD peaks of accepted PDF references of Joint Committee

on Powder Diffraction Standards (JCPDS) PDF No. 48-0293.

The following comparison highlights the fact that none of the

synthesized phosphors contain any extra peaks of the

constituent components. Therefore, it was found that the

reactants used in the preparation procedure did not cause any

contamination to the synthesized materials which were all,

single phase.

3.2. SEM micro structural analysis

For the better understanding of the SEM images of the

synthesized products at various dopant concentrations,

figures 3 (a) and (b) are provided separately. These

micrographs show how the nature of the particles differs

depending on their morphologies and forms. To attain high

brightness, the phosphor must be crystalline and the size of

the grains in the phosphor must be less than one micron.

Figure 2. XRD peaks of Ca3Gd2(BO3)4:Dy3+ doped with rare earth elements.
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The synthesized phosphors will have good luminescence

since the sizes of phosphor grains are in the micrometer scale.

It is difficult to predict what novel phosphors with

micrometer-sized grains may prove useful in future X-ray

imaging applications using sing Scherrer’s equation [13]. a

rough estimation of the mean grain size “D” of the crystallite

could be made. � = 푘�
� 2� 푐표�� [13] Eq-(3)

The symbols used in the β (2θ) equation include radian

measurement of the pure diffraction profile; the constant

value of k; the X-ray wavelength; diffraction angle; and “D”

stands for average grain size. As it can be seen from the

phosphor’s XRD patterns represented by the primary peaks in

Figs. 3a and 3b, the grain size can be calculated using

Scherer’s equation that determines the size of crystallites.

Figure 3. SEM Micrographs of (a) Pure Ca3Gd2 (BO3)4 (b)
Ca3Gd2(BO3)4:Dy3+ (2 mol%)

Pure CGBO sample and Dy doped (Ca3Gd2(BO3)4:Dy3+) of 2

mole% the SEM images are presented in the figure 3 (a) and

(b) The grain size is almost similar of the pure Ca3Gd2(BO3)4

phosphor sample and 2 mole% of Dy doped sample.

Therefore, it could be deduced that the grain size of the

samples does not influence the luminescence.

Figure 4. Energy level diagram for Dy3+

3.3 UV luminescence ofCa3Gd2(BO3)4:Dy3+

The energy level diagram for the Dy3+ ion transitions in the

Ca3Gd2(BO3)4 phosphor is shown in Figure 4. It displays the

levels of the host and Dy3+ dopant's valence and conduction

bands. The host Ca3Gd2(BO3)4 valence and conduction bands

sandwich the dopant Dy3+ valence and conduction bands.

While other excitations may be conceivable in this range,
6H15/2 - 4M15/2+ 6M7/2 is the band where they are most likely to

occur.

Additionally, it displays the emission bands of the Dy3+

doped synthetic material. 4F9/2 - 6H9/2 + 6F11/2, 4F9/2 - 6H11/2 +
6F13/2, 4F9/2 -6H15/2, and 4F9/2 -6H11/2 are the emission

transitions. While 4F9/2-6H13/2 (yellow) and 4F9/2 -6H15/2 (blue)

are the more dominating peaks, blue/yellow color

applications place a greater emphasis on the former. However,

it was applicable in red due to the presence of 4F9/2 -6H11/2

(red) emission transitions. The usage of this phosphor as a

multicolor phosphor is also possible.

Figure 5 depicts the emission spectra of Ca3Gd2(BO3)4:Dy3+,

which were also detected. The ground state is the source of
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all excitations. Two significant emission peaks are depicted

in Figure 5 peak 483 nm having transition 4F9/2-6H15/2 and

peak 576 nm having transition 4F9/2-6H13/2. Between the range

of 650nm and 790nm, additional minor emission peaks are

seen. This can be employed in multi-color applications due to

its multi-color emissions peaks.

The presence of distinctive emissions attributed to Dy3+

offers confirmation of the luminescent behavior of Dy3+ ions

within the Ca3Gd2(BO3)4 host. Comparable distinct emissions

have been noted in Dy3+ doped aluminates such as SrAl2O4

[14],CaAl2O4 [15] , MgAl2O4 [16] , as well as in a series of

silicates [ 17-23].

Figure 5. Emission spectra of Ca3Gd2(BO3)4:Dy3+ phosphor by UV light.

Figure 6. Optimization of Dy in Ca3Gd2(BO3)4 phosphor.

4. Conclusion

In this study, we successfully synthesized Dysprosium doped

Calcium Gadolinium Borate (Ca3Gd2(BO3)4. Intensely green-

emitting Dy3+ activated phosphors have been synthesized

through a conventional solid-state synthesis method. The
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substrate samples for the study were prepared in such a way

that they contain different concentrations of Dy3+ ion, namely

0.5 mole%, 1mole%, 2mole%, 3mole%, 4mole% and

5mole% respectively, after which structural and luminescent

properties were investigated. X-ray diffraction (XRD)

analysis confirmed the formation of a pure phase of

Ca3Gd2(BO3)4. As for the Dy3+ ions, a good relocation

independent on dopant concentration was observed after 10h

of heating at 800°C. The presence of Dy3+ ions in the host

lattice can thus be affirmed without the introduction of other

undesirable phases.

The result of photoluminescence (PL) analysis indicated that

the intensity of the emission was also highest at 2 mole%

Dy3+ concentration. Emission spectra have displays the

characteristic peaks of 483nm and 576nm corresponding to

the blue and yellow regions respectively are due to the

transition of 4F9/2→6H15/2 and 4F9/2→6H13/2 respectively. These

observations call for future work on Dy3+ doped

Ca3Gd2(BO3)4 phosphors because they could be used as

tunable yellow phosphors in optoelectronic devices.

At the same time, the synthesized materials possessed

characteristics similar to medical diagnostic imaging facilities,

including the X-ray and CT scans. This creates other

opportunities for these materials in the medical and

diagnostic imaging where luminescent materials are used to

identify internal structures. The emission characteristics of

Dy3+ doped Ca3Gd2(BO3)4 phosphors, tunable color and its

potential as the biomedical imaging tool make it an excellent

candidate for various technological applications; solid state

lighting, display devices and biomedical diagnostic tools.

In conclusion, the successful synthesis and comprehensive

analysis of Dy3+ doped Ca3Gd2(BO3)4 phosphors are illustrated

with their potential in legitimate optoelectronic and medical

imaging applications.
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