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Abstract: The present work reports the successful synthesis and detailed characterization of SrZrSi, O, phosphors doped with trivalent
europium (Eu3* ), cerium (Ce3* ), and dysprosium (Dy?* ) ions. A sol-gel assisted combustion method was employed, utilizing glycine as
a fuel, to produce fine, homogeneous phosphor powders. The structural analysis using X-ray diffraction (XRD) confirmed the formation of
a single-phase tetragonal SrzZrSi, O, structure, with no detectable secondary phases, even after doping with rare-earth ions. Shifts in
diffraction peak positions indicated the successful incorporation of dopant ions into the host lattice, suggesting substitutional doping at the
strontium sites. Morphological examination by scanning electron microscopy (SEM) revealed the formation of nearly spherical and
moderately agglomerated particles, while transmission electron microscopy (TEM) provided evidence of nanoscale crystallinity and
uniform grain distribution. Further confirmation of the chemical structure was obtained through Fourier-transform infrared spectroscopy
(FT-IR), which identified characteristic vibrational modes corresponding to Si—O and Zr—O bonds. The combined results affirm that the
sol-gel combustion route is a reliable and efficient method for synthesizing highly crystalline, uniformly doped SrZrSi, O, phosphors.
These materials are expected to be promising candidates for advanced optical and electronic applications due to their structural integrity

and fine particle morphology.
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ILINTRODUCTION:
The synthesis and characterization of advanced materials play a
pivotal role in the fields of materials science, chemistry,
nanotechnology, and environmental engineering. The
development of novel materials with tailored structural,
morphological, and functional properties has become a central
focus of modern research, primarily due to their wide-ranging
applications in catalysis, energy storage, drug delivery,
optoelectronics, sensors, and environmental remediation. To
achieve these specialized properties, it is crucial to adopt suitable
synthesis techniques that enable precise control over size, shape,
crystallinity, and chemical composition [1-5].

Material synthesis refers to the deliberate design and construction
of materials using specific procedures under controlled conditions.
These methods are generally categorized into physical and
chemical approaches. Physical methods often involve high-energy
inputs and sophisticated instrumentation to convert bulk materials
into thin films or nanostructures through processes such as
evaporation, sputtering, or laser ablation. On the other hand,
chemical methods involve reactions between precursor
compounds under defined temperature, pH, and concentration
conditions to produce the desired material. These include solution-
based techniques like sol-gel, hydrothermal synthesis, co-
precipitation, and combustion synthesis, which are known for their
simplicity, cost-effectiveness, and scalability [6-10].

The choice of synthesis method is guided by several factors,
including the nature of the material, the intended application,
IMPACT FACTOR 6.228

desired morphology, crystallinity, and available resources. For
instance, high-temperature solid-state methods may be suitable for
stable oxide materials, while low-temperature sol-gel or
hydrothermal routes may be preferred for synthesizing
nanostructured materials with high surface area and controlled
porosity. Furthermore, the kinetics and thermodynamics of the
chemical reactions, as well as the physical constraints of the
system, play a crucial role in determining the outcome of the
synthesis [11-12].

However, synthesis alone does not guarantee the functionality of
the material. Comprehensive characterization is essential to
confirm the success of the synthesis, determine the material's
phase purity, structural integrity, surface features, chemical
bonding, and particle morphology. A wide array of analytical and
spectroscopic techniques is employed for this purpose. X-ray
diffraction (XRD) is extensively used to identify crystalline
phases and calculate average crystallite size. Scanning Electron
Microscopy (SEM) and Transmission Electron Microscopy
(TEM) provide detailed insight into surface morphology and
internal structures at the micro- and nanoscale. Fourier Transform
Infrared Spectroscopy (FTIR) identifies functional groups and
monitors chemical bonding [13-20].

Each characterization technique complements the others,
providing a multidimensional understanding of the synthesized
material. The synergistic use of synthesis and characterization not
only facilitates the verification of material properties but also
enables the fine-tuning of the synthesis process for better
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performance outcomes. In research and industrial applications, the
ability to reliably synthesize and characterize materials leads to
the development of more efficient, sustainable, and high-
performance technologies [21-30].

In this paper, an in-depth overview of both physical and chemical
synthesis methods is provided, followed by a discussion of the key
characterization techniques used to analyzematerial properties.
This comprehensive understanding is fundamental for the rational
design of functional materials and for advancing their applications
in diverse scientific and technological domains.

ILEXPERIMETAL SECTION

Sr(NO3),, Zr0,,SiO,,urea (NH2CONH,), glycine, and dopant
nitrates (Eu(NO3)3, Ce(NO3)3, Dy(NO3)3) were used as starting
materials. The sol-gel combustion route involved mixing the
nitrates and glycine in stoichiometric proportions, followed by
gelation and combustion at elevated temperatures to yield fine
powders.

2.2 Synthesis of Pure and Doped SrZrSi,O, Samples

The pure SrZrSi,O, and doped M(1-x)NSi,O, :Ax (M =Sr, Mg,;
N = Zr; A = Eud*, Ce3*, Dy®*) samples were synthesized using
combustion method with glycine as a fuel. All starting materials,
including SrO,, ZrO,, urea, europium nitrate [Eu(NO3)3], cerium
nitrate [Ce(NO3)3], and dysprosium nitrate [Dy(NO3);], were of
analytical grade and used without further purification. Glycine
served both as a complexing agent and a combustion fuel.

Initially, stoichiometric amounts of strontium nitrate, zirconium
oxides, and NH,CONH,were weighed according to the required
composition for each sample. For the doped samples, an
appropriate quantity of europium nitrate, cerium nitrate, or
dysprosium nitrate was also weighed depending on the desired
doping concentration (0.001, 0.01, or 0.1 mol%). The weighed
nitrates were dissolved separately in a minimal volume of distilled
water to form clear solutions.

All the individual solutions were then mixed together under
vigorous stirring to form a homogeneous precursor solution.
Subsequently, the required amount of glycine was added to the
mixture. The resulting solution was stirred continuously to ensure
complete homogeneity. The mixture was then heated at 80-90°C
to slowly evaporate the water content, leading to the formation of
a viscous gel.

Upon further heating to around 200-250°C, the gel underwent
self-ignition due to the exothermic reaction between the nitrates
and glycine. This auto-combustion process produced a foamy and
voluminous powder, which was collected after cooling naturally
to room temperature.

Finally, the as-combusted powder was transferred to an alumina
crucible and calcined in a muffle furnace at 900-1000°C for 3-5
hours to achieve the desired phase formation and enhance the
crystallinity of the SrzZrSi,O, materials. The pure and doped
samples thus obtained were stored for further characterizations.

I11.RESULT AND DISCUSSUIN
IMPACT FACTOR 6.228

3.1 XRD of Prepared Sample
3.1.1 XRD Analysis of Pure SrZrSi,O; Sample

The XRD pattern of the pure SrZrSi, O, sample displays sharp and
well-defined diffraction peaks in the 28 range of 20° to 70°,
indicating the formation of a highly crystalline phase. The major
diffraction peaks correspond to the (006), (100), (110), (107),
(214), (116), (203), (205), (206), (207), (209), (300), (217),
(2011), (219), (220), (2111), and (2014) planes. These reflections
are in good agreement with the standard orthorhombic structure of
SrZrSi, 04, confirming the successful synthesis of a pure, single-
phase material without the presence of any impurity peaks.The
calculated crystallite size for pure SrZrSi,O, was found to be
approximately 41.0 nm, indicating a highly crystalline nature of
the as-prepared powder.

3.1.2 XRD of Eu Doped Silicate Based Nanophosphor

The XRD pattern of the SrZrSi,O,:Eu* doped sample closely
resembles that of the pure SrZrSi,O,. No additional peaks or
secondary phases were observed, suggesting that the Eu* ions
were successfully incorporated into the SrZrSi, O, lattice without
disturbing the host structure. A slight variation in peak intensity is
noticed, which can be attributed to minor changes in the crystal
lattice due to the difference in ionic radii between Sr2* and Eu3*
ions. The consistent diffraction pattern indicates that Eu3* doping
maintains the orthorhombic phase and high crystallinity of
SrZrSi,0,.

The major diffraction peaks were located at 22.8° (006), 24.7°
(100), 26.4° (110), 28.4° (107), 30.3° (214), and additional peaks
at 32.4°, 34.1°, 36.0°, 37.8°, 41.5°, 44.8°, 46.2°, 48.0°, 52.1°,
54.3°, 57.8°, and 60.4°, corresponding to different
crystallographic planes. The intense and sharp peaks at these
positions further confirm the good crystallinity and phase purity
of the Eu3* doped nanophosphor (Figure 1).Upon doping with
Eu3* ions, the crystallite size increased slightly to 44.9 nm.

3.1.3 XRD of Dy Doped Silicate Based Nanophosphor

The XRD pattern of the SrZrSi,O,:Dy3* doped sample exhibits
diffraction peaks that match well with those of pure SrZrSi,0O,.
The absence of impurity peaks or phase separation confirms the
successful doping of Dy3* ions into the SrZrSi, O, lattice. Similar
to the Eu3* and Ce3®* doped samples, slight variations in the relative
intensities of some diffraction peaks are observed, possibly due to
minor lattice distortions or internal strain created by the
substitution of Dy3* ions for Sr2*. Nevertheless, the fundamental
orthorhombic structure remains intact after Dy3* doping.

Prominent diffraction peaks were observed at 22.8°, 24.7°, 26.4°,
28.4°, and 30.3°, which correspond to the (006), (100), (110),
(107), and (214) planes, respectively. Additional peaks were
present at 32.4°, 34.1°, 36.0°, 37.8°, 41.5°, 44.8°, 46.2°, 48.0°,
52.1°, 54.3°, 57.8°, and 60.4°, confirming the polycrystalline
nature of the nanophosphor (Figure 1).For the Dy3*"-doped
sample, the crystallite size was estimated to be 46.3 nm.

3.1.4 XRD of Ce Doped Silicate Based Nanophosphor
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The XRD pattern of the SrZrSi,0,:Ce3* doped sample also shows
a strong resemblance to the pure SrZrSi, O, diffraction pattern. No
extra peaks or splitting of existing peaks were detected,
confirming that Ce3* ions are effectively incorporated into the
SrZrSi, 0, framework. The retention of the orthorhombic crystal
structure upon Ce3* doping suggests that the dopant ions substitute
Sr2* sites without inducing significant structural distortion. Minor
changes in peak intensity might reflect slight lattice strain caused
by the ionic radius mismatch between Sr2* and Ce3*(Figure 1).In
the case of Ce3*-doped SrZrSi, O, a further increase in crystallite
size to 47.9 nm was observed.
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Figure 1: XRD of (a)SrZrSi»0y, (b) SrZrSi,O7: Eu®*, (c)
SrZrSi,07: Ce®*, (d) SrZrSi,07: Dy®*

Table 1: Crytal size of SrZrSi.Ov, SrZrSizO7 :Eu®*,
SrZrSi>07:Ce*, SrZrSi:O7:Dy?*

20 B D (nm)
Sample Peak | (FWHM, | 6 (°) | (Crystal
@) rad) size)
SrZrS1,0 303 | 00035 |1515| 41
(Pure)

SrZrSi,07:Eus* | 30.3 0.0032 | 15.15 44.9

SrZrSi,0,:Ce®" | 30.3 0.003 | 15.15 47.9

SrZrSi,0,:Dy3" | 30.3 0.0031 | 15.15 46.3

3.2 SEM Characterization of Prepared Sample
3.2.1SEM of SrZrSi,05:

The SEM micrograph of SrZrSi,0, (Figure2a) shows a densely
packed and irregular fractured surface, composed of randomly
oriented plate-like grains. The structure appears compact with
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minimal visible porosity, indicating good material integrity. The
tightly interlocked grains suggest strong mechanical interlocking,
which may contribute positively to the material’s mechanical
properties. The scale bar indicates 100 um, highlighting that the
platelets are relatively fine and well-distributed throughout the
matrix.

3.2.2 SEM of Eu Doped Silicate Based Nanophosphor

In SrzZrSi,0, doped with Eu3* (Figure2b), the morphology
remains similar to the undoped sample but shows a slightly more
porous structure with visibly more gaps between the grains. The
plate-like structures are still randomly oriented but with a looser
packing compared to pure SrZrSi,O,. The slight increase in
porosity could be attributed to the incorporation of Eu3* ions into
the structure, potentially influencing the grain growth and
compaction behavior during synthesis.

3.2.3 SEM of Dy Doped Silicate Based Nanophosphor

SrzZrSi,O, doped with Dy3* (Figure2d) shows a markedly
different microstructure, characterized by well-separated, petal- or
leaf-like platelets. The particles are loosely packed, creating a
highly porous network. This highly porous and vertically oriented
platelet structure suggests that Dy3* doping significantly alters the
material’s morphology, likely impacting its density and
mechanical strength. The open structure could also influence
optical properties if these materials are intended for photonic
applications.

3.2.4 SEM of Ce Doped Silicate Based Nanophosphor

The SEM image of SrZrSi,0,:Ce¥* (Figure2c) displays a
significant change in morphology, with larger and more well-
defined platelets. Some of the layers appear stacked and more
aligned, while areas of the fracture surface show larger cracks and
voids. The presence of Ce3* seems to promote the formation of
bigger, more pronounced grains, possibly affecting the fracture
behavior by making it more brittle. The microstructure suggests
less uniformity compared to the undoped and Eu3*-doped samples.
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Figure 2: SEM of (a)SrZrSi,0-, (b) SrZrSi,O7: Eu®*, (c)
SrZrSi,O7: Ce®*, (d) SrZrSi,O;: Dy%*

3.3 TEM Characterization of Prepared Sample
3.3.1 TEMSrZrSi,O,

The TEM image of SrZrSi,O, (Figure3a) shows a relatively
irregular particle morphology with a broad size distribution. The
grains appear somewhat agglomerated with non-uniform shapes,
mostly rounded or slightly faceted. The particles are densely
packed, and some porous regions can be observed between the
clusters. The average grain size appears smaller compared to the
doped samples, and the particles have rougher surfaces, indicating
a less crystalline or more defective structure.

3.3.2 TEM of Eu Doped Silicate Based Nanophosphor

The TEM micrograph of SrZrSi,0, doped with Eu3* (Figure3b)
reveals well-defined, faceted grains with more uniformity in size
and shape compared to the undoped material. The grains are
predominantly polyhedral and show clearer boundaries,
suggesting enhanced crystallinity due to Eu3* doping. The
particles appear better organized and slightly larger, with reduced
agglomeration, indicating that Eu?*™ ions may facilitate grain
growth and improve overall crystallinity during synthesis.

3.3.3 TEM of Dy Doped Silicate Based Nanophosphor

The TEM image of SrZrSi,O,:Dy3* (Figure3d) shows highly
crystalline grains with a consistent, polyhedral morphology. The
particle size appears comparable to the Ce3*-doped sample but
with slightly more distinct grain boundaries. There is minimal
agglomeration, and the particles are well-separated, forming a
tightly packed structure. The Dy3* ions seem to promote both grain
boundary definition and crystallinity, possibly contributing to
improved material performance in terms of density and
uniformity.

3.3.4 TEM of Ce Doped Silicate Based Nanophosphor

In the case of SrZrSi,0,:Ce3* (Figure3c), the TEM image shows
a collection of fairly large, well-faceted grains with mostly
hexagonal or polygonal shapes. The grains are densely packed,
and the size distribution is quite narrow compared to (a) and (b).
The smooth and sharp edges of the particles suggest high
crystallinity. The Ce3* doping seems to significantly enhance the
grain growth, resulting in bigger and more uniform crystallites,
which could positively influence the optical and mechanical
properties of the material.

IMPACT FACTOR 6.228
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Figure 3: TEM of (a)SrZrSi,0y, (b) SrzZrSi,0;: Eu®*, (c)
SrzrSi,07: Ce®*, (d) SrZrSi,07: Dy**

3.4 FTIR Characterization of Prepared Sample
3.4.1 FTIR of SrZrSi,O,

The FT-IR spectrum of pure SrZrSi,O, displays characteristic
vibrational bands in the range of 400-1000 cm™, attributed to the
stretching and bending vibrations of Si-O and Zr-O bonds. A
strong and sharp absorption peak is observed around 1450 cm™,
indicating the presence of Si—O-Si asymmetric stretching. Minor
bands at lower wavenumbers correspond to bending modes of
metal-oxygen (Sr—O and Zr-0) bonds. The overall transmittance
is lower compared to the doped samples, indicating a denser and
less defective structure(Figure 4).

3.4.2 FTIR of Eu Doped Silicate Based Nanophosphor

Upon doping SrZrSi,O, with Eud* ions, noticeable shifts and
slight broadening of the vibrational bands are observed. The main
Si—0-Si stretching peak remains prominent near 1450 cm™ but
appears slightly shifted, suggesting an interaction between Eu3*
ions and the host lattice. The broader features at lower
wavenumbers imply an increase in lattice distortion and defect
states induced by Eu3* doping, which could influence the
material’s optical properties(Figure 4).

3.4.3 FTIR of Dy Doped Silicate Based Nanophosphor

In the case of SrZrSi,0,:Dy?*, the FT-IR spectrum exhibits the
highest overall transmittance among all samples. The vibrational
bands are slightly less intense but well-defined, particularly in the
Si—0-Si and Zr-O regions. The presence of Dy3* ions appears to
introduce less lattice strain compared to Eu®* and Ce3" doping,
indicating a more ordered structure. The smoothness of the
transmittance curve suggests fewer structural defects, making
Dy3* doping favorable for enhancing the material’s optical
performance(Figure 4).

3.4.4 FTIR of Ce Doped Silicate Based Nanophosphor

The FT-IR spectrum of SrZrSi,0,:Ce3* shows sharper and more
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defined peaks compared to the Eu*-doped sample, indicating
improved crystallinity. The characteristic Si—O-Si stretching
vibration remains around 1450 cm™, with slightly higher
transmittance values, suggesting a decrease in defect density. The
Ce3" doping seems to stabilize the host lattice structure,
maintaining the integrity of the Si—O and Zr-O networks while
introducing minimal structural distortion(Figure 4)
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Figure 4: FT-IR ofSrZrSi,07, SrZrSi,O7 : Eu®*, SrZrSi,O7: Ce3*,
SrzrSi, 07 : Dy**

IV.CONCLUSION

In this study, SrZrSi,O, phosphors doped with Eud*, Ce3*, and
Dy3* ions were successfully synthesized using combustion
method with glycine as a fuel. X-ray diffraction analysis
confirmed the formation of a pure tetragonal SrZrSi,O, phase,
indicating that the dopant ions were effectively incorporated into
the host lattice without inducing secondary phases. Morphological
investigations using SEM and TEM revealed that the synthesized
powders consisted of uniformly distributed, nanoscale spherical
particles with moderate agglomeration, characteristic of
combustion-synthesized materials. FT-IR spectroscopy further
validated the structural integrity of the silicate framework,
showing clear signatures of Si—O and Zr—O bonding. The results
demonstrate that the adopted synthesis method offers a reliable
and efficient route for producing high-purity, well-crystallized,
rare-earth-doped SrZrSi,O, phosphors. These materials, owing to
their stable structure and fine morphology, hold significant
potential for future application in optical and electronic devices.
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