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ARTICLE INFO ABSTRACT

Keywords: Rare earth ions doped alkaline metal zirconium phosphors have recently received significant attention in several
Synthesis applications including light-emitting diodes (LEDs) based solid-state lighting, solar panels, barcode readers and
Magnesium zirconium phosphate fluorescent labels focusing on the ultraviolet (UV) to visible (Vis) spectrum photoluminescence (PL) properties.
g;;z:‘osl)hors Near-infrared (NIR) PL properties of rare earth ions doped magnesium zirconium phosphate (MZP) nano-

phosphors characteristics have not been investigated and considered as good candidates for optical amplifier and
photonics applications. In this study, erbium doped magnesium zirconium phosphate (Er>*doped MgZr4(PO4)e)
nanophosphors containing 0.0, 0.25, 0.5, 0.75 and 1.0 mol% Er®* were synthesised using a sol-gel technique.
The samples prepared were calcined at 900 °C. Nanopowders of the samples were examined by the transmission
electron microscopy (TEM), X-ray diffraction (XRD), and Raman spectroscopy to determine the surface
morphology, particle size, crystallographic phase, crystalline structure, and lattice strain. Increasing in the Er>*-
ion concentrations do not have significant influence on the crystallite size, with an average crystallite size range
from ~ 28 nm to 32 nm. However, the lattice strain parameter of the Er>* doped MZP samples decreased slightly
as compared to the pure undoped MgZr4(PO4)s. The Er®*dopant was found to influence the photoluminescence
properties measured at room temperature under a 980 nm excitation source. Systematic analysis revealed the
presence of broad emission band corresponding to the *I;3 /2 — N o /2 transition. The results showed that 0.5 mol
% Er>*doped sample exhibits a full width half maximum (FWHM) value of 38 nm with a long photoluminescence
lifetime of 5.47 ms. The results obtained clearly demonstrates that 0.5 mol% Er>* doped MgZr4(PO4)g nano-
phosphors has a huge potential for integrated photonic applications such as lighting, biosensing, compact
waveguide amplifiers, and lasers with emission properties in the IR region.

Lattice strain
Photoluminescence

1. Introduction

In recent years, several inorganic nanophosphor materials have been
investigated extensively as host materials for luminescent rare earth ions
and becoming attractive for photonic devices such as light-emitting di-
odes, solar panels, biosensors, quantum storage, and fibre optic
communication [1,2,3,4]. The unique lattice strain and crystallite-size
dependency on the crystal structure and morphology of rare earth
doped inorganic nanophosphors with superior optical properties play
significant role in some of the aforementioned applications mentioned
above. Among these, alkali metal (M = Na, K) zirconium orthophos-
phate (MZr4(PO4)¢) phosphors have a great potential in practical
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applications owing to their superior physical, chemical and optical
properties [5,6,7]. For instance, ZrP,O7 has a refractive index ranging
from 1.54 to 1.66 at 633 nm and at room temperature and, high trans-
mittance at the visible, near infrared (NIR) regions [8,9]. However,
application of most of these inorganic nanophosphors have been
focussed on light emitting diodes to produce colours in a spectral range
of 400-800 nm or for white generation by integrating with rare earth
ions such as Eu>*, Dy>*tand Tb®* [10,11,12]. The light-emitting diode of
different colours have been realised using either their down conversion
or upconversion to enable the rare earth ions/transition metals doped
phosphors converting ultra-violet or infrared light sources to blue, green
and red or white photoluminescence emissions. However, it should be
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Fig. 1. TEM images represent different concentrations of Er>* ion doped MZP nanopowder phosphors calcined at 900 °C for 3 h with SAED patterns: (a -c) MZPO, (d-

f) MZP1 and (g-h) MZP4 .

noted that the alkali metal zirconium orthophosphates are likely to be
naturally sensitive to moisture and therefore be unstable in ambient
conditions for extended length of time.

Choice of appropriate host material is highly crucial in the effective
doping and hence modulating the material for ultimate advanced ap-
plications. Among various host lattices, magnesium zirconium ortho-
phosphate (MZP) nanophosphor having a NASICON type crystal
structure has been found to be an appropriate host material for rare
earth ions as well as for application as microwave dielectric materials
[14,15] and as solid electrolyte in high temperature electrochemical
sensor in non-ferrous scrap metal refining and virgin metal alloying
operations [16,17,18]. This host crystal is also suitable for exploiting
photoluminescence properties of the Er®* - ion dopant due to its prop-
erties such as a high phonon energy of 1030 cm™!, high refractive index
(MgO = 1.735, ZrOy = 2.180-2.670, and PO4 = 1.603), high trans-
mittance at visible-NIR wavelength, and thermal stability [13]. MZP
doped with luminescent rare earth such as Er**- ions would be suitable
material as a result of an intrinsically faster photoluminescence emission
for numerous applications including a scintillator, light emitting diodes,
photocatalyst, and biosensing in the visible-NIR wavelength region (400
to 800 nm). Additionally, it has potential for the formation of hybrid-
composite waveguide amplifiers and compact lasers at NIR emission
around 1.53 pym. The MZP phosphor as a host would enable incorpora-
tion of a high rare earth ions concentration and solubility along with
weak ion-ion interactions to minimise PL and lifetime quenching. Over
the years, several methods have been reported for synthesising undoped
and rare-earth ions doped alkali metal zirconium phosphate, which
include co-precipitation method, solid-state reaction, sol-gel and com-
bustion [4,13,14,15,16]. Adamu et al. [14] synthesised MgZr4(PO4)g
nanophosphors using novel and economical sol-gel method at a reduced
temperature to investigate the calcination process, and possible phase
transformation due to its potential application as a solid state electro-
chemical sensor in non-ferrous scrap metal refining. Similarly, Li et. al.
[18] employed solid state reaction technique to fabricate different
concentration of Ce3* doped MgZr4(POy4)6 to study phase and micro-
structure, conductivity and dielectric properties. Recently, Nataliia et.
al. [13] prepared NASICON-like ion conductive rhombohedral rare

earth elements doped lithium zirconium phosphate utilising two
different synthesis approaches including polymerizable-complex
Pechini method and a solid state reaction. They examined the crystal
structure and characteristics of their colour optical properties in the
visible spectrum (400 to 700 nm) for pigment application. In addition,
nano-structured mesoporous sodium zirconium phosphate was fabri-
cated and characterised for separation and extraction of uranyl ions
from real samples [19,20]. Furthermore, Eu®* doped Ag 5Zr2(PO4)s (A
= Ca, Sr, Ba) phosphors were synthesized by a co-precipitation method
[16]. Their visible spectrum photoluminescent spectroscopy and struc-
tural properties were explored. Most of the previous research on undo-
ped and rare earth ions doped alkali metal zirconium phosphate
nanophosphors focussed on structural and visible luminescent proper-
ties without any report on near-infrared luminescent properties studies
around 1530 nm. Among these methods, sol-gel synthesis technique has
become attractive owing to its advantage over the other techniques since
it is environmentally friendly, less energy intensive and yields fine
powders easy to compact and sinter at lower temperatures to nearly full
density [9]. Furthermore, sol-gel process can circumvent high volatility
of phosphorus above 1200 °C, which leads to decomposition of MZP into
numerous undesired polymorphic phases such as ZrOs, ZrP,07 and Zr,0
(POy4)2 [10,11]. In addition, the process allows formation of homoge-
neous nanostructures with high surface area-to-volume ratio, which
enhances the photoluminescence properties at the NIR.

To the best of our knowledge, this is the first report of MZP nano-
phosphors doped with different concentration of Er>* ions prepared by
novel and economical sol-gel method. The X-ray line profile analysis
was performed to understand the effect of peak broadening on lattice
strains and crystallite sizes by utilising Willamson-Hall method and
Scherrer’s equation. Furthermore, structural analysis of the nano-
phosphors was carried out by Raman spectroscopy. In addition, the in-
fluence of lattice strains on the NIR PL emission and lifetime at 1533 nm
(*I13 /2 . /o transition) of the MZP incorporated with different con-
centrations of Er’* ions were also investigated, respectively.
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Fig. 2. (a) XRD patterns of MZP0O and Er?t doped MZP (MZP1, MZP2, MZP3 and MZP4) calcined at 900 °C for 3 h, Diffraction patterns within 26 range from (b) 19 to

21°, (c) 44 to 48°

2. Experimental technique

The raw materials for nanophosphor synthesis consisted of magne-
sium nitrate hexahydrate (MgN20g-6H20, 99.99% purity), ammonium
dihydrogen phosphate (NH4H2PO4, 99.999% purity), zirconyl chloride
octahydrate (ZrOCl,-8H30, 99.99% purity), and erbium nitrate penta-
hydrate (Er(NO3)3-5H20, 99.9% purity), which were all purchased from
Sigma-Aldrich, UK and used without any further purification. Er®*
doped MZP phosphors were synthesised with molar compositions of
(9.09-X) mol% of MgN30¢-6H20, 54.55 mol% of NH4H,PO4, 36.36 mol
% of ZrOCly-8H,0 and x mol% of Er(NO3)3-5H50 (x = 0.00, 0.25, 0.50,
0.75 and 1.00 mol%) denoted as MZP0, MZP1, MZP2, MZP3, and MZP4
by using a modified sol-gel technique [14]. In brief, appropriate
amounts of MgN20g-6H20, NH4H;PO,4, and Er(NOs)3-5H,O were
initially weighed and then mixed with 150 mL deionised water in 3
different beakers. The precursor solutions were mixed according to the
selected compositions and then continuously stirred in a beaker with a
magnetic stirrer to form a clear homogenous solution. This was followed
by adding ZrOCl,-8H,0 aqueous solution in dropwise via syringe. The
final precursor solution was allowed to stirrer for 2 h to yield homoge-
nous sol-gel solution and then dried on a hot plate at 100 °C for 24 h.
Lastly, the dried powders were ground with agate mortar and pestle into
fine powder and then calcined at 900 °C for 3 h to convert into single
phase nanopowders of Er>* doped MZP.

The surface morphology along with the selected area electron
diffraction (SAED) patterns was determined by the transmission electron
microscopy using a FEI Tecnai F20 Transmission Electron Microscope at

an accelerating voltage of 200 kV. The phase purity of the samples was
determined using X-ray diffraction (XRD, P’Analytical X Pert, MPD,
Netherlands) with CuKa (A = 1.5406 A) radiation. Following this, X’Pert
HighScore Plus software was utilised to analyse the XRD data. Renishaw
Raman microscope under a 514.5 nm excitation source from a green Ar™"
laser was also employed to provide molecular structure fingerprints of
the nanopowders of Er doped MPZ phosphors from 200 to 3200 cm ™!
wavenumber range. The FLS920 fluorescence spectrometer (Edinburgh
Instruments, UK) with a semiconductor laser diode emitting at 980 nm
was used to measure photoluminescence spectra and lifetimes of the
nanopowder phosphors at the NIR (1400-1700 nm).

3. Results and discussion
3.1. Morphological and structural properties

3.1.1. Transmission electron microscopy studies

The morphology and crystal structures of the undoped MZP and
Er>*-ions doped MZP nanophosphors synthesised were studied by using
high-resolution TEM (HR-TEM). The high-resolution TEM images and
corresponding selected area electron diffraction (SAED) patterns of
MZP0, MZP1 and MZP4 is presented in Fig. 1. Fig. 1(a) illustrates TEM of
undoped MZPO sample, which reveals that the particulates are aggre-
gated. High resolution image and SAED of MZPO is presented as Fig. 1(b)
and (c), respectively. The existence of numerous discrete spots line-up or
randomness of the diffraction patterns forming around the central spot
in the SAED pattern suggests the undoped MZPO is crystalline. Thus,
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Fig. 3. Williamson-Hall plots of pure MgZr4(PO,)s and different concentrations of Er doped MgZr4(PO4)s with their corresponding equation and correlation of a line.

such crystal formation of sample MZPO could be attributed to long-
ranger order. Subsequently, MgZr4(PO4)¢ nanophosphors doped with
different concentrations of Er’* ions as described in the experimental
section were studied using TEM. The surface morphology and SAED
pattern of the crystal lattice of sample MZP1 are identical to sample
MZPO0 and depicted in Fig. 1[(d), (e), and (f)] respectively. In contrast, as
the Er®* ion concentration increases from 0.5 to 1.0 mol% in the steps of
0.25 mol% [MZP2, MZP3 and MZP4] the crystallite sizes appeared to
decrease slightly and remain agglomerated. Fig. 1(g) and (h) shows TEM
micrograph of sample MZP4 and SAED pattern respectively exhibiting a
crystalline nanoparticulate sample represented by the discrete spot with
a high degree of order in the crystal lattice and devoid of boundaries. A
fine structure in single crystal electron diffraction patterns indicates
possible composition-dependent lattice strains and creation of short-
range order. In addition, the SAED pattern consists of numerous order
reflections in both directions, which suggests a high crystallographic
order existing in this crystal. Similarly, the TEM and SAED patterns of
samples MZP2 and MZP3 are identical to sample MZP4, which are not
shown here.

3.1.2. X-ray diffraction measurements

XRD analysis was performed to ascertain phase purity of the undoped
and Er®* doped MgZr4(PO4)g nanoparticles. Fig. 2(a) shows the XRD
patterns of undoped MZP and various Ert doped MgZr4(PO4)g nano-
phosphors measured within 26 scanning range of 10° to 80° at room
temperature. The XRD pattern of the undoped sample matches with the
standard data of MgZr4(PO4)¢ available in International Center for
Diffraction Data (ICDD) card number of 04-045-0419 with monoclinic
crystal structure, space group of P21 , and space group number Iy
without any additional impurity phase. This result of MZPO sample
pattern is comparable and consistent with Adamu et al. [14,17], Pet’kov

etal. [21], and Kazakos-kijowski et al. [22] where they synthesised pure
MgZr4(PO4)e using sol-gel synthesising method. According to the ICDD
data, the pure monoclinic crystal structure has a space group of P23,
[14,17]. Moreover, the XRD pattern of sample MZPO has several
diffraction peaks at 20 = 20.07, 23.61, 28.50, 32.53, 35.14, 45.96, 54.93
and 63.13°; which correspond to reflection from crystallographic planes
or Miller index (hkD) of (111), (211), (022), (213), (202), (402),
(313) and (060). These diffraction peaks matched well with the
observed and computer calculated 20 values reported elsewhere [26].
Doping the MgZr4(PO4)¢ with 0.25 mol% of Er** ion concentration,
causes negligible difference in the XRD pattern compared to sample
MZPO. On the other hand, as the Er®* ion concentration increases from
0.50 mol% to 1.00 mol%, new minor diffraction peak at 20 = 44.62°
[shown in Fig. 2 (b)] tends to increase and broaden. This peak is can be
assigned to Er3t doped zirconium oxide phosphate (Er:ZrO(PO4)s)
phase. Such variation in the diffraction patterns can contribute to lattice
strain in the nanophosphors due to crystal imperfection or Er>* dis-
placing Mg?" ions in the MgZr4(PO4)¢ crystal structure. Furthermore,
the peak shifting, broadening and increasing intensity of the nano-
phosphors diffraction peaks occurred at 260 = 20.07° and 44.62° [Fig. 2
(b) and (c)] can be ascribed to combine effect of crystal structure vari-
ation owing to presence of Er>" and other factors including crystallite
size, and lattice strain [23,24]. Additionally, these changes in the XRD
patterns could be attributed to crystalline transformation from long-
range order to short-ranger order.

For instance, it is well known that the crystallite size of a nano-
powder less than 100 nm produces broadened diffraction peaks instead
of a sharp; while the lattice strain existing in such samples can lead to
broadening of Bragg diffraction and increasing intensity peaks.
Conversely, instrumental broadening effect was eliminated from these
measurements by initially performing XRD of standard silicon powder
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Table 1
Average crystallite size and lattice strain for pure MgZrs(PO4)¢ and various
concentrations of Er doped MgZr4(PO4)s.

Sample ID Crystallite size (nm) Lattice strain
(e x 10'3)
Debye-Scherrer’s Eqn. W-H method
MZP0O 20.73 31.82 2.99
MZP1 20.67 29.21 2.42
MZP2 20.69 29.16 2.40
MZP3 20.70 29.16 2.48
MZP4 20.70 28.15 2.39

under the same experimental condition where we observed the peak
width centred at ~ 36° [ not shown here]. Initially, the average crys-
tallite size (D.) of each nanophosphor as-prepared was estimated by
using Debye-Scherrer’s equation based on peak broadening, which is
given below [23,24,25];

kA
¢ P.cosd

(€8]

where 1 is the wavelength of incident X-ray beam in nanometres (A =
0.15406 nm), B is the full width half maximum of the peak in radians,
20 is the scattering Bragg angle in radians, and k is a constant whose
value depends on particle shape (0.95). In addition to the Debye-
Scherrer equation, Williamson-Hall (W-H) method was also employed
to elevate crystallite size for comparison and lattice strain
[23,24,25,26,27].

According to W-H method, the broadening owing to the lattice strain

distortion and crystal imperfection can be expressed as
[27,28,29,30,25]:
B, = 4e.tand 2)

where B is the peak broadening because of lattice strain and ¢ is the
strain distribution inside the crystalline nanopowder. From Eq. (1) and
(2), the total peak broadening (B ) is related to deconvolution of lattice
strain and crystallite size equations which can be formulated as.

kA 1
By = 5@ + 4e.tanf 3)

The equation (3) above can be rearranged as follows

kA
Bj.cosd = ) + 4e.sinf (€))

Thus, Eq. (4) represents the W-H method. The crystallite size and lattice
strain of the MZP samples prepared at different concentrations of Er®*
ions were determined by plotting Bp.cosf as a function of 4sing (Wil-
liamson-Hall plot) as shown in Fig. 3. Crystallite size and lattice strain
distribution were calculated by using y-intercept and slope of the
straight line of each sample. The diffraction planes relating to (111),
(211), (022), (213), (202), (402), (313) and (060) peaks were
employed to calculate the crystallite sizes and lattice strain using Eq. (4).
Table 1 illustrates comparison of crystallite sizes estimated from Debye-
Scherrer’s equation and W-H method as well as the lattice strain dis-
tribution obtained from W-H method. It is observed that the crystallite
size of MgZr4(PO4)¢ nanopowders are almost identical for each formula,
however, the crystallite sizes extracted from W-H method are higher
than those obtained from Debye-Scherrer’s equation. The variation in
crystallite sizes between the two approaches is attributed to the fact that
Debye-Scherrer’s equation assumes lattice strain part of W-H equation to
be zero. Henceforth, the crystallite size is underestimated if only the
diffraction peak broadening is taking into account. Also, the lattice
strain strongly depends on the Er®* ion dopant with an average value of
~ 242 x 103, which is almost identical to the pure/undoped
MgZr4(PO4)e phosphor (2.99 x 1073). According to Nath et al [13], the
slight change in lattice strain is ascribed to the lattice expansion in the
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Fig. 4. Raman spectra of undoped and Er** doped MgZr4(PO4)e phosphors.

crystalline nanopowders as a result of size confinement. On the contrary,
doping MgZr4(PO4)¢ with Er®" ions could initiate atomic rearrangement
thus modifies the size confinement as compared to pure MgZr4(PO4)g
and then leads to decrease lattice strain. The lattice strain decreases with
increasing Er>" concentration in MZP could be due to the lattice relax-
ation as a result of the formation of oxygen vacancies by Er>*ion alio-
valent substitution in MZP. In addition, the peak broadening and lattice
defect observed in the XRD pattern could generate lattice strain due to
large ionic radii of the Er®* ions in octahedral coordination (0.89 A) as
compared to cationic radii of Mg?* and Zr** in tetrahedral coordination
of 0.57 A and 0.72 A.

3.2. Spectroscopic and photoluminescence properties

3.2.1. Raman spectroscopy

Raman spectroscopic investigation of as-synthesised undoped
MgZr4(PO4)e and various concentrations ranging from 0.25 to 1 mol% in
the step of 0.25 mol% of Er doped MgZr4(PO4)¢ nanophosphors were
performed under a 514.5 nm excitation laser at room temperature to
identify molecular structures; which is presented in Fig. 4. The Raman
spectrum of sample MZPO exhibits a weak vibration band of lattice
modes positioned at 265 cm™! and another a weak Raman band at 309
cm’l, which is consistent with Zr-PO4 modes [31]. The two weaker
peaks appear at 430 em ! and 625 cm ™! are assigned to PO4 V3 sym-
metric and V4 antisymmetric bending groups deformation vibration
[32,33,34,35,36,37]. Furthermore, the weak peak at 625 em ! appears
to be overlapping with that of 602 cm ! corresponding to the oxygen ion
vacancies due to the Er®" substitution in MZPO. This correlated well
with the decrease in strain with increasing Er®* concentration in MZP as
shown in Table 1. Besides these vibrational modes, there occurs another
well resolved v3 antisymmetric vibration bands from 868 cm™! to 1204
cm ! with an intense peak at 1030 cm ™! and a shoulder at 1080 cm™!
[4,32]. These vibrational bands correspond to the phonons of the
orthophosphate ions, (PO4)% , phosphor host. Additionally, doping
MgZr4(PO4)e with Er®* ion concentrations ranging from 0.25 mol to
1.00 mol reveal additional vibration modes occurring at 406, 991, 1077,
and 1627 cm ™}, respectively. These vibration modes are not found in the
undoped MgZr4(PO4)e. Moreover, the splitting of the Raman vibration
band ranging from 760 to 1300 cm ™! [vibrational peaks at 846, 991,
1079, and 1165 cm™!] can be assigned to Er>* ions photoluminescence
emission stark levels under 514.5 nm laser excitation [38-42]. The
(PO4)* phonon energy is suppressed by Er’t ions photoluminescence
peaks due to their domination in photoluminescence intensity.
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However, as the Er®" ion concentration increased to 0.5 mol% [MZP3]
and 1.00 mol% [MZP4], various Raman vibration peaks observed in
samples MZP0O, MZP1, and MZP2 at 406, 991, 1077, and 1627 em !
disappeared to form a broad vibration band. The significant broadening
and peak shift of the Raman spectra bands with overlapping weak peaks
on samples MZP3 and MZP4 are mainly attributed to slight decreasing
lattice strain and crystallite size [43] as shown in Table 1. This can be
ascribed to optical phonon confinement in a small crystal size within
nanometer range.

3.2.2. Photoluminescence (PL) properties

Fig. 5 illustrates a comparison of downconversion photo-
luminescence (PL) emission spectra and lifetime transients of Er doped
MgZr4(PO4)e nanophosphors with different concentrations of Er>* ions
under a 980 nm excitation of semiconductor diode laser measured at
room temperature. The Er®* ions PL emission measured from 1400 nm
to 1700 nm at the near-infrared region arises from the characteristic
band due to the 411 3,2 meta-stable state to the ground state, 411 5,2 State as
shown in Fig. 5. The Er doped MgZr4(PO4)¢ nanophosphors spectra
shown in Fig. 6(a) reveal strong PL emission with a broad band peaked
at 1533 nm wavelength. The PL spectra of samples MZP1 and MZP2 are
almost identical with narrow band, however, the full width half
maximum (FWHM) of sample MZP2 [FWHM = ~39 nm] is smaller than
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sample MZP1 [FWHM = ~61 nm] as shown in Table 2. In contrast, as
the Er®* ion concentration increases to 0.75 (MZP3) and 1.00 mol%
(MZP4) the PL intensity decreases with the increasing FWHM, respec-
tively, which is attributed to concentration quenching effect.

Similarly, Fig. 6(b) shows the PL lifetime of MgZrs(PO4)e: Erdt
concentration nanophosphors measured after exciting with a 980 nm
excitation source at room temperature. The PL lifetime of these samples
were monitored at 1533 nm (4113/2 transition) and then fitted with
double exponential function. The average PL lifetime was calculated
using the expression [44];

AT + ApTl

= 5
AlTl +A1’[1 ( )

av

where A; and A, are pre-exponential factors, 7; and 7; are the rapid and
slow lifetimes for the exponents. Table 2 illustrates average PL lifetime
obtained from various Er®" doping concentrations. The average lifetime
obtained from equation (5) initially increases from 2.39 ms to 5.47 ms
for samples MZP1 and MZP2 and then decreases very rapidly to 1.71 ms
and 0.84 ms with increasing Er>* doping concentrations. This can be
ascribed to concentration quenching as well as change in local crystal
field due to closely space Er®t ion-ion interactions [426In addition, the
appearance of second phase Er:ZrO(POy4), identified from the XRD data
as the Er>" ion increases in MZP resulted in cluster formation of the Er>*
ions, which can potentially have contribute to decrease in PL intensity
and lifetime [45].

4. Conclusions

In summary, results of structural, chemical and optical characteri-
sation of Er>" doped MgZr4(PO4)g nanophosphor powders are presented
with the aim of getting insights of crystal structure, crystallite size,
lattice strain, crystal field interactions, and line broadening mecha-
nisms. The selected area electron diffraction (SAED) patterns obtained
from Transmission Electron Microscopy (TEM) reveal that the crystal
structure of the host and Er®* doped MZP remains as a single crystalline
phase with the increase in concentration of Er’* ions. This was further

Table 2
FWHM and average PL lifetime of the MgZr4(PO4)s: XEr*" nanophosphors at
4113/24 - 4115/2 transition for 0.25 < x < 1 mol% Er.

Sample ID Er (mol%) FWHM (nm) Lifetime (ms)
MZP1 0.25 60.81 2.39
MZp2 0.50 38.90 5.47
MZP3 0.75 61.13 1.71
MZP4 1.00 64.65 0.84
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Fig. 6. (a)-(Left hand side) PL emission spectra of MgZr4(PO4)e : xEr>" nanophosphors with different concentrations of Er>* ions intra-4f atomic transition *I;5,,* —
“I;5,- at room temperature using 980 nm excitation laser (b)-(Right hand side) Corresponding PL lifetime.



T. Choudhury et al.

confirmed by XRD analysis. Scherrer equation and W-H analysis was
used to obtain the crystallite size and lattice strain of the Er doped MZP
nanophosphors as a function of concentration of Er dopant. The local
structure influence of Er®* ion concentrations on the PL properties of
MgZr4(PO4)¢ doped with Er®* nanophosphors was also studied, which
revealed strong intensity PL emission spectra at 1533 nm under a 980
nm pump wavelength. The FWHM value initially decreases from ~ 61
nm to ~ 39 nm for samples MPZ1 and MZP2 with corresponding PL
lifetime of 2.4 ms and 5.5 ms. As the Er®" doping concentration in-
creases, the FWHM values of ~ 61 and ~ 65 nm were obtained for
samples MZP3 and MZP4, nevertheless, PL lifetime of these samples
decreased drastically to 1.7 ms and 0.8 ms, respectively. The decreasing
in PL lifetime as the Er>" doping concentration increases is attributed to
concentration quenching effects and/or changes in local crystal field.
The results obtained indicate that sample MPZ2 has a good PL proper-
ties, which is a suitable candidate with a huge potential for lighting,
lasers and optical amplifiers around 1533 nm.
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