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Abstract

Luminescent nanomaterials are used in everyday life due to their employment in distinct
fields of science and technology, like cathode ray tubes (CRTSs), flat panel display devices,
temperature sensors, lasers, solar-cells, biological imaging, and solid-state lighting but also
as carriers for miscellaneous therapeutic drugs. We have prepared dysprosium Dy** (0.5 mol
%) doped lanthanum phosphate (LaPO,) phosphor by solid state reaction method. The
excitation spectra of synthesized phosphor at 595 nm monitoring were composed of
broadband and a series of sharp peaks, the strongest excitation peak at 254, 271, and 350
nm. The main emission spectra of samples under 254, 271, and 350 nm excitation are Dy**
(0.5 mol %) doped LaPO, phosphor observed at 477 and 573 nm corresponding to blue and
yellow color. The broadband emission is the characteristic of the allowed f-h transition of
Dy*" ions. The corresponding emission band is observed due to the (blue emission)
*9—°h15, (yellow emission) *fg,—%hyz, transition of Dy®" ions. All the samples have
been characterized by X-ray powder diffraction (XRD), scanning electron microscopy
(SEM), Fourier transform infrared spectroscopy (FTIR), and photoluminescence (PL)
techniques.
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1. Introduction

Nowadays, research on the synthesis of inorganic luminescent material with proper
dimensions and morphologies has attracted great attention. Inorganic luminescent
materials like lanthanum phosphate (LaPO,) have found many practical applications in the
field of electroluminescent devices, integrated optics, biological labels, modern lighting,
and display fields [1,2]. Among different lanthanide phosphates (or) lanthanide
orthophosphates (LnPO,) systems, LaPQ, is perhaps the most studied one, in particular,
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its monoclinic polymorph (monazite). This material has been suggested as a good
candidate for the immobilization of radioactive waste elements and protective coating for
ceramics [3,4]. Besides, it is one of the most commonly employed host matrices for the
preparation of lanthanide-based phosphors. The production and marketing of cost-
effective, energy-saving, and size-reduced nanomaterials with different shapes are of
major importance for the development of multifunctional optical, magnetic, and electrical
properties and functions and to unfold new domains of theoretical and technological
importance [5,6]. It is well known that the optical properties of luminescent materials
depend on the properties of the host material and the electronic structure and the
concentration of the rare-earth ions. In nanomaterials, optical properties are also
influenced by the size and morphology of particles, generally showing reduced quantum
efficiency of emission in small-size particles [7-9]. The fluorescent materials with tuned
emission in the visible region and promising applications as bio-labels are obtained when
monazite nanoparticles are doped with some lanthanide (Ln) cations such as Eu, Ce, Tb,
or Dy. LaPO, possesses the properties like low solubility in water, very high thermal
stability, and high refractive index. Because of these properties, it has got importance for
the production of display lamps and sensors. Dysprosium (Dy**) doped LaPO, materials
have potential applications in fluorescent lamps, optoelectronics, and telecommunication
[10-12]. Different methods can be used to synthesize lanthanide phosphate like solid state
reaction, combustion, sol-gel, hydrothermal, precipitation, micro-emulsion, etc. [13-15].
In the present work, the prepared dysprosium Dy** (0.5 mol %) doped LaPO, phosphor is
synthesized by solid state reaction method fired at 1200 °C for 3h. The prepared sample
was analyzed by XRD, SEM, FTIR, and PL measurement.

2. Materials and Methods
2.1. Materials preparation

All the chemical reagents used in this experiment were analytical reagent (AR) grade pure
and used without further purification. Lanthanum oxide (La,03) (Sigma-Aldrich Chemie,
Inc, Germany) was used as a host material. Ammonium dihydrogen phosphate
(NH4.H,PO,) (Sigma-Aldrich Chemie, Inc, Germany) was used as precipitating agent and
catalyst. Dysprosium oxide (Dy,03) (National Chemicals, Nutan Gujarat Industrial Estate,
Vadodara, India) was used as a dopant, and almost all chemicals of assay 99.999 % were
used. The stoichiometric mixture of these starting materials of powders was thoroughly
grounded into homogenized using an agate motor and pestle for 1h, then put into an
alumina crucible and heated at 1200 °C for 3 h with a heating rate of 5 °C/min in the
muffle furnace. Finally, the samples were allowed to cool down to room temperature for
about 20 h. The prepared sample powders were again grounded into homogenized using
an agate motor and pestle for 10min for characteristic measurements [16,17].
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2.2. Analysis method

This synthesis route is very easy and does not require expensive as well as sophisticated
equipment. The major advantage of the solid state reaction (SSR) method is that the final
product in solid form is structurally pure with the desired properties depending on the
final sintering temperatures. This method is environmentally eco-friendly, and no toxic or
unwanted waste is produced after the SSR method is completed. In this process, the
powders produced from SSR method are very fine, and the cross-contamination is very
little. This method is also very convenient for large-scale production on an industrial
scale. Several complementary methods were used to characterize the prepared phosphors.
To identify the crystal phase, X-ray diffraction (XRD) analysis was carried out with a
powder X-ray diffractometer (Indus beam line-Il (ADXRD BL-12), RRCAT, Indore,
India). The electron source size at this port is approximately 0.5 mm (H) x 0.5 mm (v).
The beam acceptance of the beam line is 2mrad (H) X 0.2mrad (V). The morphologies
(scanning electron microscope, SEM) of the phosphor powders were obtained by using
the Nova NanoSEM450 (ClU-Lab-Central University, Hyderabad). The scanning time
was 10 s and 26 ranges from 15 to 60°. The photoluminescence (PL) emission spectra
were measured by a spectrofluorophotometer (SHIMADZU, RF-5301 PC) using a xenon
lamp as an excitation source (MSU-Vadodara, Department of Applied Physics). All the
spectra were recorded at room temperature. Emission and excitation spectra were recorded
using a spectral slit width of 1.5 nm [18,19].

3. Results and Discussion
3.1. Phase identification and crystal structure

The phase identification, crystal structure, purity of the prepared powder samples of
LaPO, phosphors, and dysprosium (Dy**) (0.5 mol %) doped LaPO, phosphors were
detected by XRD. Fig. 1 represents the XRD patterns of pure LaPO, phosphors. It shows
that all the diffraction peaks are in good agreement with the standard data of LaPO,
(JCPDS card No. 32—-0493), and no impurity peak was detected, indicating the prepared
samples as single phase. According to the XRD patterns of pure LaPO, phosphors, it can
be seen from the pattern that all the samples exhibit the characteristic diffractions of
crystalline monoclinic LaPO,. No traces of impurity phases were observed in the XRD
patterns of LaPO, phosphors. The average crystallite size of 28 nm was calculated for
pure LaPO,4 phosphor by using Debye-Scherer’s formula.
D= K. M cosf---------------- (1)

Where K = 0.94, D represents the crystallite size (A), 1 is the wavelength of CuKa
radiation, and g is the corrected half-width at full maxima (HWFM) of the diffraction
peak. Unit cell volume decreases with Dy** (0.5 mol %) doped LaPO, phosphor indicating
homogeneous substitution of La** ions in LaPO, by Dy**. The XRD patterns of Dy*" (0.5
mol %) doped LaPO, phosphor has been depicted in Fig. 2. It is observed that the
crystallite sizes of Dy*" (0.5 mol %) doped LaPO, phosphor are found to be decreased to
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16 nm. It is also observed that no change in peak positions, but the intensity of the main
peak is increased by 10 %, maybe for purity and complete single phase.
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Fig.1. XRD patterns of pure LaPO, phosphor.
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Fig.2. XRD patterns of Dy** (0.5 mol %) doped LaPO, phosphor.
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3.2. SEM morphology

The SEM morphology micrograph images of pure and Dy** (0.5 mol %) doped LaPO,
phosphor are as shown in Figs. 3(a) and 3(b). From the SEM images, it can be seen clearly
that the structure of synthesized phosphor has different sizes and irregular shapes of
bunching of flowers with different resolutions. The average size of particles of pure
LaPO, phosphor is around 10um. Incorporating Dy** (0.5 mol %) doped LaPO, phosphor
reveals the reduction of the size particles to about 2um. The examined SEM micrograph
shows that the pure and Dy** (0.5 mol %) doped LaPO, phosphor samples originated from
the solid microcrystalline structure with some agglomeration between the grains. The
grains appeared agglomerated owing to the high-temperature solid-state synthesis. These
phosphors can be very easily employed in lighting display technology and various coating
display illuminating applications. The overall SEM studies concluding us the phosphors
can be grounded mechanically and sieved to get the uniform size to use as phosphors in
devices like compact fluorescent lamps (CFL) and fluorescent lamps [FL] [20,21].

10 pm EHT = 15.00 kv Signal A = SE1 Date 7 Sep 2017

WD = 12.0 mm Mag = 5.00 KX ﬁ

2 pm EHT = 15.00 kW Signal A = SE1 Date :7 Sep 2017
L WD = 12.56 mm Mag = 10.00 K X

Fig. 3(b). SEM micrograph of Dy** (0.5 mol %) doped LaPO, phosphor.
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3.3. FTIR study

FTIR spectrum is one of the most common spectroscopic techniques used by organic and
inorganic compounds. The FTIR technique is to count the absorption of various infrared
radiations by the target material, to develop an IR spectrum that can recognize functional
groups and molecular structure in the sample. The FTIR spectra were recorded within the
wave number range 4000 to 500 cm™ on (Jasco-4100) FTIR spectrometerinstrument. Fig.
4 shows the FTIR spectrum of dysprosium (Dy**) (0.5 mol %) doped LaPO, phosphor. A
large band is also observed at 1450 cm™ and is assigned to the phosphate group PO,* in vs
region anti-symmetric stretching of the P-O band. It is also observed that the peaks
located at 530, 697, 860, and 1067 cm™ are due to v, regional vibration of PO,>groups
[22,23]. The peaks at 3467 cm™ are observed due to the bending stretch vibration of the
O-H group of capping agent PEG near the standing stretching of the O-H group.
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Fig. 4. FTIR of Dy*" (0.5mol %) doped LaPQ, phosphor.

3.4. Luminescence properties of Dy** doped materials

The PL excitation and emission spectrum of dysprosium (Dy**) (0.5 mol %) doped LaPO,
phosphor under different excitations are as shown in Fig. 5. The excitation and emission
spectra of Dy** (0.5 mol %) doped LaPO, phosphor at 595 nm monitoring were composed
of broadband and a series of sharp peaks at 254, 271, and 350 nm. From the emission
spectra of Dy** (0.5 mol %) doped LaPO, phosphor is observed at 477 and 573 nm,
corresponding to blue and yellow color when monitored at excitation wavelength 254 and
350 nm. The broadband emission is the characteristic of the allowed H-F transition of 251
Dy** ions [24]. The corresponding emission band is observed due to the (blue emission)
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*Foo—"Hasp, (yellow emission) *Fe,—°Hysp, transitions of Dy** ions are well resolved
with sufficient temperature. Dy** (0.5 mol %) doped LaPO, phosphor under different
excitations are synthesized by solid state reaction method; favorable emission in the deep
blue region is one of the best candidates as blue light-emitting phosphors and are suitable
for SSL technological applications in the LED devices [25-28].
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Fig. 5. Excitation and emission spectrum of Dy** (0.5 mol %) doped LaPO, phosphor under
different excitations.

3.5. CIE analysis

The CIE coordinates were calculated by the spectrophotometric method using the spectral
energy distribution. The luminescence color coordinates of dysprosium (Dy**) (0.5 mol
%) doped LaPO, phosphor under different excitations have been characterized by the CIE
(commission international de I'Eclairage) 1931-color chart chromaticity diagram [29]. Fig.
6 shows the color coordinates emission spectrum of the dysprosium (Dy**) (0.5 mol %)
doped LaPO, phosphor converted to the CIE 1931-color chart chromaticity using the CIE
software from Radiant Imaging. Points (A) are x = 0.142 and y = 0.087 indicating to blue
color (Aem= 477 nm), and Points (B) are X=0.425 and Y=0.511 indicating to yellow color
(Aem= 573 nm) under 254 and 350 nm excitation wavelengths.
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Fig. 6. CIE coordinates of (Dy**) doped LaPO, phosphor.
4. Conclusion

In summary, novel Dy** (0.5 mol %) doped LaPO, phosphors have been successfully
synthesized by SSR method at high temperatures. The phase identification, surface
morphology, and spectroscopic techniques of pure and Dy*" (0.5 mol %) doped LaPO,
phosphors have been identified by the XRD, SEM, and FTIR, respectively.

Photoluminescence emission spectra of prepared materials showed intense blue and
yellow color with 254, 350 nm excitation. The strong intense peak of these light-emitting
materials was located in 477 and 573 nm regions due to (blue emission) “Fe,—°His,
(yellow emission) “Fe,—°Hysp, transitions of Dy** ions. The maximum luminescence
intensity of the phosphors was obtained when these materials were heated at 1200 °C.

According to the XRD patterns, the average crystallite size was calculated for pure
LaPO, phosphors and Dy** (0.5 mol %) doped LaPO, phosphors and found to be 28 and
16 nm, respectively. It is also observed that no change in peak positions, but the intensity
of the main peak is increased by 10%, maybe because of purity and complete single
phase.

The examined SEM micrograph images reveal that the pure and Dy** (0.5 mol %)
doped LaPO, phosphor samples originated from the solid microcrystalline structure with
some agglomeration between the grains. The grains appeared agglomerated owing to the
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high-temperature solid state synthesis. The average particle sizes of pure and Dy** (0.5
mol %) doped LaPO, phosphor is around 10 and 2 um, respectively.

Finally, dysprosium (Dy*") (0.5 mol %) doped lanthanum phosphate (LaPOy)
phosphor under different excitations are synthesized by solid state reaction method;
favorable emission in the deep blue region will make it one of the best candidates as a
blue phosphor and are suitable for SSL technological applications in the LED devices.
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