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Abstract:

LaPO, nanophosphors doped with Th3 were synthesized using a simple co-precipitation method in
deionized water with NH4H-PO4 and La(NO3).5H,0 using Th(NOs) as the dopant at various pH values
while maintaining a constant concentration. X-ray diffraction studies indicate a decrease in particle size
with an increase in pH beyond pH 4. Photoluminescence (PL) studies reveal that PL intensity increases
with rising pH and then decreases, likely due to changes in crystallinity. SEM and TEM images show that
the synthesized nanoparticles have a nanorod structure. FTIR and EDX analyses were also conducted to
determine the elemental composition of the nanoparticles.
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Introduction:

Rare-earth (RE) doped LaPQOs nanophosphors,
incorporating specific amounts of other RE
elements into the lanthanum phosphate host
structure, exhibit unique properties such as high
luminescence, long lifetime, photostability,
optical durability, insolubility, and high energy.
These characteristics make them durable
phosphors widely used in various fields [1-5].
LaPO4 nanophosphors serve as excellent hosts
for activators like Ln®", enabling the emission of
different colors [6-12]. Phosphate sources emit
light upon absorbing ultraviolet radiation, a
process arising from charge transfer between the
oxygen (0%) 2p shell and the partially filled 4f
shell of lanthanides, which can be modified by
doping with RE ions [13-14]. Lanthanides, being
tripositive ions (Ln®) can replace other
lanthanides in the crystal lattice with minimal
structural changes, while the doped ions exhibit
luminescent properties [13-15]. The intense
emission bands from 4f-4f and 5d-4f electronic
transitions confer luminescence properties to
LaPO,. Various RE ions emit different colours:
Eu®* emits red, Th® emits green, Sm** emits
orange-red, and Tm®" emits blue [11-12, 16-18].

In this study, LaPO. is doped with Terbium
(Tb%): which is less sensitive to vibrational
guenching of luminescence, independent of the
solvent, and luminescent in various chemical
environments. This makes Th* doped LaPO,
suitable ~ for  diverse  applications in
telecommunications, lasers, displays, LEDs,
luminescent materials, bioimaging, biosensors,
and more [10,15,19-21].

Several synthesis methods for RE phosphates are
reported in the literature, including solid-state
reaction, urea hydrolysis, hydrothermal, sol-gel,
co-precipitation, polyol, and spray pyrolysis
methods [19-26]. The solid-state reaction
requires  high  temperatures and  lacks
homogeneity.  The  hydrothermal  method
produces high yields but large particle sizes and
requires complexing agents for uniformity. The
sol-gel process involves expensive and sensitive
to environmental conditions. In contrast, the co-
precipitation method is low-cost, produces pure
and homogeneous materials with high yield, does
not require organic solvents, is simple and rapid,
operates at low temperatures, and allows easy
control of particle size. Therefore, co-
precipitation is suitable for synthesizing LaPO.
nanoparticles, and this study investigates the
effect of pH on photoluminescence [27-29].
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While numerous studies have synthesized LaPO4
nanoparticles doped with Tb®, few have
explored the impact of pH on LaPO4 [14, 30-32].
This investigation focuses on the influence of pH
on photoluminescence in Tb*" doped LaPO..
Literature indicates varying trends: some report
increased crystal size with higher pH [33-36],
while others find stability and small crystals at
both low and high pH [37]. Rani et al. observed
that particle size decreases when pH exceeds 9
[38]. Changes in pH can significantly alter
morphology [14, 39-41], with pH being a key
factor affecting particle size and
photoluminescence [40-42]. In this study,
increasing pH initially leads to an increase in
average size, followed by a decrease due to
changes in crystallinity. This trend impacts
photoluminescence, with intensity initially
increasing but decreasing beyond pH4 as average
size decreases. The variations in luminescence
intensity are mainly due to protonation and
deprotonation in acidic and alkaline conditions
[43-47]. At low and high pH values, H" and OH"
ions reduce luminescence intensity [40, 48]. This
work presents the synthesis of LaPO, doped with
Tb® at different pH values and their
characterizations.

Reagents and Materials:

Lanthanum nitrate hexahydrate (La(NO3)s.6H.0,
99.0%, Himedia), terbium nitrate pentahydrate
(Tb(NOs3)3.5H,0, 99.9%, Sigma Aldrich),
ammonium dihydrogen phosphate (NHsH2POs,
98.0%, Alfa Aesar), ethylene glycol, nitric acid,
and sodium hydroxide were used without further
purification. Deionized water was used for
solution preparation.

Preparation and Synthesis:

0.1IM solutions of La(NOs):.6H,O and
Tb(NO3)3.5H,0 were mixed in a beaker, with a
few drops of dilute HNO; added to homogenize
the solution. In another beaker, a 0.1M
NHsH2PO, solution was prepared with deionized
water.

The synthesis of lanthanum phosphate via the co-
precipitation method proceeded as follows [16,
24-51]:

1) 25 ml of the La(NOs3); and Th(NOs); solution
was added dropwise to 25 ml of NH4H;PO,
solution. The mixture was stirred at 60°C for
30 minutes with a magnetic stirrer, resulting
in a white cloudy solution.

2) The pH of the solution was adjusted to 1.06
by adding NaOH solution.
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3) The nanoparticle solutions were sonicated for
30 minutes, purified through centrifugation
using a Remi cooling centrifuge, washed with
distilled water and acetone, and then dried at
60°C for 16 hours in a vacuum oven.

4) The dried samples were powdered by grinding
in an agate mortar.

5) The entire synthesis procedure was repeated
for solutions with pH values of 3.10, 4.06,
6.04, and 8.99 by adjusting with NaOH
solution.

6) All samples were heated in a muffle furnace at
700°C. The reaction between lanthanum
phosphate and ammonium dihydrogen
phosphate is as follows:

Lao_7o Tbo_3o (NO3)3+ NH4H2PO4—> LaPO4:Tbi
+ NHsNO3 +2HNO3

The prepared samples were sent for XRD, IR,
SEM, TEM, EDAX, PL study etc.

Characterization:

To predict the crystalline size and structure, X-
ray powder diffraction (XRD) was performed
using an Xpert Pro with a scanning rate of
0.02°/min over a 20 range from 10° to 80°. The
measurement  utilized nickel-filtered CuKa
radiation with a wavelength of 0.15405 nm. The
X-ray tube operated at a current of 30 mA and a
voltage of 40 kV. Fourier transform infrared
(FTIR) spectra were recorded on an IR Affinity-
1S spectrometer to identify functional groups and
trace species present in the LaPOa. preparation.
The morphology and size of the samples were
examined using scanning electron microscopy
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(SEM) and transmission electron microscopy
(TEM). Elemental composition was determined
from energy-dispersive X-ray (EDX) spectra.
Photoluminescence (PL) measurements were
conducted using an F-7000 Hitachi spectrometer.

Results and Discussion:

X-ray Diffraction: The X-ray diffraction patterns
of LaPO+ doped with Terbium at different pH
levels (1.03, 3.1, 4.06, 6.04, and 8.99) are shown
in Figure 1. All samples exhibited intense peaks
characteristic of the monoclinic phase at 14.60°,
20.30°, 25.20°, 29.03°, 31.04°, 38.30°, 41.40°,
and 48.30°. These patterns matched the standard
JCPDS file no. 04-0635, which has a space group
of P21/n, with the main peak at 31.40°. The
sharp peaks observed indicate good crystallinity
of the prepared samples.

The average crystalline size was calculated using
the Scherrer equation:

D= k\/Bcosb

where, k=0.94, D= the crystal size, A=
wavelength of CuKa  radiation 0.154nm, and
B=half-width at full maximum.

The calculated average crystal sizes were 18.65
nm, 21.80 nm, 33.16 nm, 28.32 nm, and 21.47
nm for the samples with pH values of 1.03, 3.1,
4.06, 6.04, and 8.99, respectively. These results
indicate that the average crystallite size increased
with pH up to a point and then decreased (Table -
1), a trend also reported in previous studies [32,
36].

Table - 1: pH value and the average size

pH 1.06 3.1

4.06 6.04 8.99

Average size 18.65 21.80

33.16 28.32 21.47

The samples prepared at different pH levels
showed an increase in intensity up to pH4,
followed by a decrease. This trend may be
attributed to an increase in crystallinity up to
pH4, which then diminishes beyond this point
[52-54]. According to Leirina Aparecida P.G. et
al. (2020), the nanoparticle size was found to be
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small at both low and high pH values. This
smaller nanoparticle size observed at extreme pH
levels may be due to the repulsion between
nanoparticles caused by the accumulation of
excess charges (H* at low pH and OH" at high
pH) on the surface of the nanophosphors [32,55].
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Figure - 1: XRD graph for pH 1,pH 3,pH 4,pH6 and pH9
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FTIR Spectra:

Figure - 3 presents the FTIR spectra of the
prepared samples at pH levels 1, 3, 4, 6, and 9,
within the range of 500 to 4000 cm™. The spectra
for pH 1.6, 3.04, 4.06, 6.04, and 8.99 all exhibit
identical peaks at 538.18, 615.29, 991.41,
1051.20, 1312.28, 1620.34, 3340.70, and
2353.98 cm™'. Detailed information on the IR
bands of LaPO4 doped with Terbium is provided
in Table - 2. The IR spectra of these samples
reveal eight distinct peaks. The peaks at 538 cm™
and 61529 cm™ correspond to the bending

vibrations of the POs* group. The absorption
bands at 991.41 cm™ and 1051.20 cm™ are
attributed to the stretching vibrations of the PO4*~
group. Additionally, the peaks at 1620 cm™ and
3340.70 cm™ are associated with the bending and
stretching vibrations of the O-H bonds in water
molecules. The IR spectra of lanthanum
phosphate doped with Tb* at different pH are
found to be identical and their spectra are shown
in Figure - 2. These experimental observations
are consistent with the findings reported by the
previous finding too [10].

Table - 2: IR band of LaPO, doped with terbium

Peak position (cm™) Functional groups Mode of vibration
1) 538.13 0O-P-O Bending
2) 615.29 0O=P-0 Bending
3) 991.41 P-O Stretching
4) 1051.20 P=0 Stretching
5) 1312.20 HNO3
6) 1620.34 O-H Bending
7) 3340.70 O-H Stretching
0-p-0y
O-H P=0=—i\p-o
X / OH« 0=p-~c
8 ;
3 i
E A — Ny !
= Lrs40.70 J A
pH1 ]
pH3 538.13
pH4
35IOO SOIOO 25I00 15IOO 10I00 5(I)0

Wavelenght cm-1

Figure - 2: IR spectra of pH 1,3,4,6 and 9.
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SEM and EDX Study

Scanning Electron Microscopy (SEM) and
Energy Dispersive X-ray Spectroscopy (EDX)
analyses were conducted. Figure 3 displays SEM
images of samples prepared at different pH
levels. Although the rod-shaped particles are
visible, the images lack sharpness due to low
magnification. However, high magnification
Transmission Electron Microscopy (TEM)
images confirm the rod-shaped structure of the
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prepared nanoparticles. The EDX spectra for all
samples are identical, indicating the
incorporation of dopant ions into the host matrix.
Elements such as La, Th, P, and O were detected,
as shown in Figure 4. The intensity of the light
element oxygen is not clearly observed in the
EDX pattern, likely due to the increasing
difficulty in ionizing atoms with lower atomic
numbers to generate X-rays [56, 57].

EDAX ZAF Quantification (Standardless)
Element Normalized SEC Table: Default

Elem Wit % At %
oK 0.90 4,62
PK 18.64 49.50
LaL 56.95 33.72
TbL 23.52 12.17
Total 100.00 100.00

EDAX Table showing composition LaPO4:Th**

pH6

pH3 pH4

pH9

Figure - 3: SEM Images of pH 3,4,6 and9 at 30 um.
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Figure - 4: EDX spectra of pH9

Transmission Electron Microscopy (TEM)

TEM images of samples at pH4 and pH6 are
shown in Figure - 5. These images reveal a
mixture of large and small rod-shaped
nanoparticles. The average lengths of the
nanorods are approximately 32.6 nm and 28.48
nm, respectively, closely matching the X-ray

4,

Photoluminescence Study:

The excitation and emission spectra of Tb**
doped LaPO. samples at various pH values are
shown in Figures 6 and 7. The excitation spectra,
monitored at an emission wavelength of 546 nm,
display a broad band from 200 nm to 400 nm,
highest peak at 276 nm. This broad band includes
several peaks at approximately 228 nm, 261 nm,

Eur. Chem. Bull. 2022, 11(Regular Issue 12), 4652 - 4661

diffraction (XRD) patterns. The Selected Area
Electron Diffraction (SAED) pattern for pH4
exhibits a regular pattern of bright spots,
indicating higher crystallinity compared to pH®é.
The ring pattern indices suggest that the LaPOa
nanophosphors have a monoclinic phase, which
is consistent with the XRD results.

35
3.0

=25

S

3

O20
15

10

0.0+

XA

) Figure - 5: Images of pH4 and pH6 HRTEM, SAED, Histogram for calculation of size

276 nm, 319 nm, 340 nm, 350 nm, and 368 nm.
The strongest band at 276 nm corresponds to the
charge transfer band (CTB), resulting from
electron delocalization from the filled 2p shell of
0% to the partially filled 4f shell of Tb*". The
peaks at 228 nm and 261 nm are attributed to
transitions within the host LaPOas, while the
peaks at 319 nm, 340 nm, 350 nm, and 368 nm

4657



Effect Of PH On The Photoluminescence Properties Of LaPO4 Nanoparticles Doped

With Tb3* lons

are associated with the 4f3-4f75d! transition of
Tb*.

Upon excitation at 276 nm, the emission peaks
are observed at 490 nm, 545 nm, 586 nm, and
622 nm, corresponding to the transitions
5D4—>7F6, 5D4—>7FS, 5D4—>7F4, and Ds—7Fs of
Tb*" ions, respectively. The strongest emission
peak at 545 nm is responsible for green emission.
As the pH of the samples increases, the emission
intensity also increases up to pH 4, after which it
decreases. This behaviour suggests that the
crystallinity increases with pH up to 4, enhancing
the emission intensity, and decreases beyond

16004 _ CTBand —pH4

1400 \
\
1
1
1

T T T T 1
200 250 300 350 400 450

Figure - 6: Excitation spectra of LaPO.: Th

Conclusion:

In this study, Tb* doped LaPOs nanoparticles
were synthesized using the co-precipitation
method at different pH values to determine the
effect of pH on photoluminescence. The average
size of the nanoparticles varied with pH, as
revealed by XRD and confirmed by TEM. The
XRD patterns indicated that as pH increased, the
average particle size and crystallinity also
increased, reaching a peak at pH 4 before
decreasing. FTIR spectra identified the structural
bonding of different functional groups within the
nanophosphors. SEM and TEM analyses
confirmed that the particles were crystalline
nanorods, which was further supported by XRD
results. The influence of pH on nanoparticle size
and crystallinity, and their impact on
photoluminescence, can be summarized as
follows: as pH increases, crystallinity increases
up to pH 4 and then decreases. The high-intensity
green emission from LaPOs doped with Tb**
makes these nanoparticles suitable for various
lighting applications.
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pH4. The photoluminescence intensity, as well as
the size and crystallinity of the nanoparticles, are
influenced by the concentration of H* and OH~
ions, which is consistent with the XRD patterns.
The lower intensity observed in the emission
spectra of LaPO. at high H* ion concentrations
may be due to protonation of the nanoparticles.
Similarly, increased OH™ concentration at higher
pH levels also results in reduced emission
intensity. Thus, an increase in the average
crystallite size enhances the crystallinity and
consequently the luminescence intensity of the

complex.
—— pH1
—— pH3
1600 - - 7F —— pH4
—— pH6
1400 + pHY
1200 +
1000 +
INTENSEI['JXA 5P4’ TFg
T 600 4
400 N |
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Figure - 7: Emission spectra of LaPQOg: Th®*
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