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Strontium Tin phosphate SrSn(PO,);, nanopowder was prepared by simple Solid-State Reaction method (SSR). Structural and

morphological investigations of the synthesized nanopowder were characterized by Powdered X-ray diffraction study (P-XRD), Fourier

transform infrared (FT-IR) Spectroscopy, Field Emission Scanning Electron Microscopy (FE-SEM), and Energy Dispersive X-ray

Spectroscopy Analysis (EDS). The average crystallite size estimated from P-XRD study was around 17 nm. W-H plot method was also

agreed with the size of the crystallite of the prepared sample in nanoscale. FE-SEM images show agglomerates of non-uniform biscuit like

Nano flakes structure. Various functional groups of the prepared sample exhibited phosphate related bands are confirmed by FT-IR study.
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INTRODUCTION

In the 21 century, nanotechnology has been a boon to

humans for materials innovation and has brought
revolutionary changes in the existing technologies. In spite
of new innovations for materials, controlling their structures
on superfine scale and tailoring them for several
applications has been achieved [1]. In recent years,
phosphate-based compounds are being widely investigated
due to their ease of synthesis, good homogeneity, wide band
gap, high brightness, chemical/thermal stabilities over a
wide range of sintering temperatures, and low cost [2]. As a
host material, luminescent properties of these phosphate-
based phosphor materials are of great interest. But
nitrides,

phosphor-based families sulfates,

aluminates, efc.) have few disadvantages besides their

(such as
interesting characteristics [3].
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Several phosphate-based nanophosphors synthesized by
various techniques have been reported [4]. The solid-state
reaction method is a simple and common synthesis method
to attain polycrystalline material from solid precursors in
large scale usually at moderate temperatures [5]. Certain
parameters such as surface area of the solids, structural
properties of reactants, reactive nature and change in
thermodynamical free energy are vital with the reaction [6].

Strontium (Sr) is an alkaline earth metal which plays a
crucial role in bone regeneration and has several significant
properties like radio-opacity and antimicrobial activity [7].
Tin phosphate phosphors are used as sorbents, electrical
conductors, and catalysts [8,9]. Inorganic metal phosphates
have gained special attention due to their usage in catalysis,
ion exchange, luminescence, lighting, and displays [10,11].
In the present work structural and morphological studies
on phosphor-based Strontium Tin phosphate nanopowder
SrSn(PO,), synthesized by Solid-State Reaction method are
reported for the first time.
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Materials

Strontium Chloride hexahydrate (SrClL.6H,O, 99.9%),
Tin(IV) chloride pentahydrate (SnCl,.5H,O, 99.9%),
Ammonium  dihydrogen (NH4H,PO,,
99.9%) and were used as starting materials for the synthesis

orthophosphate

of Strontium Tin phosphate SrSn(PO,), nanopowder. The
chemical reaction involved in the sample preparation by
Solid-State Reaction method (SSR) is given by equation as
follows,

SrC12.6H20 + 2NH4H2PO4 + SnCl45H20 —
StSn(PO,), + 1 THCH6H,0 + N, + 3H,

Methodology

Strontium Tin phosphate (SrSn(PO,),) nanopowder was
synthesized by Solid-State Reaction method (SSR) with
subsequent intermediate grinding and sintering at 500 °C for
2 h and 950 °C for 2 h in a programmable muffle furnace.
After that, the prepared sample was allowed to cool at room
temperature and is grained well. The powdered sample
obtained was ultrafine. The detailed schematic preparation
procedure was depicted in Fig. 1 [12].

Characterizations

The Powdered X-ray diffraction pattern was recorded by
Rigaku Miniflex600, Rigaku Corporation, Japan. X-ray
diffractometer with Cu ka (k = 1.5406 A), 26 = 3° to 90°
with step size 0.02° and 1.0 s time/step. Field Emission
Scanning Electron Microscopy (FE-SEM) images were
collected from ZEISS Sigma 300 Analytical microscope and
Energy Dispersive X-ray Spectroscopy Analysis (EDS) was
done using EDS: Bruker XFlash 6130. FT-IR spectrum was
recorded on Cary 630 FT-IR with Diamond attenuated total
reflection (ATR), Agilent Technologies, USA Spectrometer
in the range 600-4000 cm™.

RESULTS AND DISCUSSION

P-XRD Studies

Figure 2 SSR method prepared P-XRD pattern of
SrSn(PO,4), nanopowder. Sharp, broad, and well defined
peaks were observed from P-XRD pattern.

Crystallite size of the prepared SrSn(PO,), sample was
computed by Debye-Scherer’s Eq. (1) also Dislocation
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Fig. 1. Schematic preparation procedure of Strontium Tin
phosphate (SrSn(PO,),) nanopowder.
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Fig. 2. P-XRD pattern of StSn(PO,), nanopowder.
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density () (2) and micro-strain (g) (3), respectively were
evaluated using the following formulae [13].

__K M
PcosO
s-L )
D2
__FB 3)
4tan 0

Where K is shape factor, A is wavelength of X-rays, [ is full
width at half maximum (FWHM) of X-ray diffraction
peaks, 0 is Bragg’s diffraction angle, D is average crystallite
size of the lattice, & is dislocation density and ¢ is
microstrain.

Crystallite size (D), dislocation density (8), and
microstrain (¢) calculated from the above equations are 17
nm, 3.46 x 10" lines/m? and € = 114.5 x 10, respectively.
W-H plot Method

Williamson-Hall plot method is used to calculate the
average crystallite size (D) and microstrain (g¢) of the
prepared nanopowder which is given by the equation

Bcosd = (0.9M/D) + 4esind

W-H equation represents a straight line between 4sin0
on the x-axis and Bcosf on the y-axis. The y-intercept of the
line represents crystallite size (D) and the slope of the line
gives microstrain (€). Figure 3 shows the W-H plot of
SrSn(PO,4), nanopowder. The values obtained from this
method are D = 15 nm, & = 444 x 10" lines/m* and
£=-7.548 x 10,

FE-SEM and EDS Analysis

To study the topography, morphology, and distribution
of particles/grains in the sample FE-SEM technique is
employed. Figures 4a, b, c. shows FE-SEM micrographs of
the prepared SrSn(PO,), nanopowder captured at 100 nm,
200 nm, and 1 um. These images exhibit agglomerates of
non-uniformly distributed biscuit like Nano-flakes. The
elemental composition of the prepared nanopowder was also
studied by Energy Dispersive X-ray Spectroscopy Analysis
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Fig. 3. W-H plot of SrSn(PO,), nanopowder.
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Fig. 4a,b & c¢. FE-SEM mlcrographs of the prepared
SrSn(PO,), nanopowder captured at 100
nm, 200 nm, and 1 um, respectively and

Fig.4d ratios and intensities of the
elemental constituents present in SrSn(POy),
nanopowder.

(EDS). Figure 4d shows the ratios and intensities of the
elemental constituents present in the SSR method prepared
SrSn(PO,), nanopowder. The spectrum shows the presence
of elements Sr, Sn, P, and O in the prepared sample and no
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traces of impurities were detected. Particle/grain size
distribution in the prepared sample was also obtained from
Imagel] software. Figure 5a shows the mapping in the FE-
SEM image and Fig. 5b
particle/grain size distribution of SrSn(PO,), nanopowder.

shows the histogram of

The average particle/grain size estimated is 85.2 nm.

FT-IR study

Fundamental vibrational bands of the prepared
SrSn(PO,), nanopowders are presented in FT-IR spectrum
in the range 1500-600 cm. Figure 6 shows the FT-IR
spectrum of SrSn(PO,), nanopowder. It presents symmetric
and asymmetric stretching and bending modes of vibration.
The bands observed at 602, 612, 619, 639, and 669 cm™" are
attributed to asymmetric bending mode PO, ions (v4) [14].
The cluster of bands at 1007, 1043, 1077and 1184 cm’,
respectively are ascribed to asymmetric stretching mode of
PO, ions (v3) [15,16]. A band at 969 cm™ is assigned to
symmetric stretching mode of PO, ions (v;) [12]. An
infrared band observed at 746 cm’ is attributed to
symmetric stretching mode of P-O-P bridge [1]. A band
observed at 1234 cm™ is assigned to PO, vibrations. The
existence of phosphate group ions in the madden sample
was confirmed from the spectrum. The identified band
positions and assignments are given in Table 1.

CONCLUSIONS

SrSn(PO,), nanopowder was successfully prepared by
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Fig. 5a. Mapping in the FE-SEM image and Fig. Sb.
Histogram of particle/grain size distribution of

SrSn(PO,), nanopowder.
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Fig. 6. FT-IR spectrum of SrSn(PO,), nanopowder.

Table 1. FT-IR  Vibrational Band  Assignments of
SrSn(PO,), Nanopowder
S. No. Band position Characteristic feature
(e
1 602,612,619, asymmetric bending mode
639 and 669 PO, ions (v4)
2 1007, 1043, asymmetric stretching mode
1077 and 1184 of PO,* ions

3 969 symmetric stretching mode
of PO, ions (v;)

4 746 symmetric stretching mode
of P-O-P bridge

5 1234 PO, vibrations

Solid-State Reaction method (SSR). The average crystallite
size calculated by Debye Scherer’s formula was around
17 nm and that of the W-H plot method was around 15 nm.
FE-SEM micrographs show agglomerates of non-uniformly
distributed biscuit like flakes of the prepared samples. EDS
confirmed all the desired elements in the sample without
any traces of impurities. FT-IR study indicates the presence
of vibrational modes of phosphate ions.
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