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¢ Abstract

Received:. 2025/09/28 © Introduction: Nanostructures, with their exceptional physicochemical
Accepted: 2025/12/04 © properties such as high conductivity and durability, are widely used in
PP:16-34 . optoelectronics, photonics, and catalysis. Perovskite oxides like NaShO3,

: exhibiting multiple crystal phases and tunable optical and electrical properties,
: hold great potential for energy storage, sensing, and advanced photonic
: applications.

EELE : Methods: NaSbOs nanopowders (NPs) were synthesized via a chemical method.
:Lﬁ‘ x ¢ Initially, CgH4K2012Sh2¢3H,0 was dissolved in deionized water, followed by
Sty : the addition of H.O, and NaOH and stirring at 60°C. The precursor was annealed
= : ¢ at 400-1000°C to produce NaSbOs; NPs. Structural, morphological, and
: elemental properties were analyzed using X-ray diffraction and scanning
: electron microscopy. Optical properties were evaluated by photoluminescence
: and Raman spectroscopy, while electrical properties were assessed using
: compressed pellets with silver coatings through current-voltage characteristics.
: Findings: The present study revealed that annealing NaSbh(OH)s at 500°C yields
: a pure NaShO; phase with optimal crystallinity, . TEM images confirmed
: uniform particles (55-65 nm) at 500°C. UV-Vis, PL, and Raman spectra
: demonstrated high transmittance, strong emission intensity, and superior
: crystallinity at this temperature. Electrical characteristics also verified optimal
: conductivity at 500°C, making NaShOs suitable for optoelectronic applications.
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Extended Abstract

Introduction:

The advancement of nanostructured materials has
drawn significant interest due to their unique
physicochemical properties, distinct from bulk
condition. Nanostructures such as nanowires,
nanotubes, and nanoparticles exhibit promising
potential in  optoelectronics, catalysis, and
biomedical imaging, with performance strongly
governed by size, morphology, and crystallinity. In
oxide systems, perovskites are particularly versatile
because of their structural flexibility and tunable
chemistry. Sodium antimonate (NaSbhOs) is a
notable candidate, exhibiting polymorphic phases
including orthorhombic, rhombohedral, and cubic,
which each associated with distinct electronic and
optical characteristics. While conventional high-
temperature solid-state or high-pressure synthesis
enables NaShOs; formation, these methods suffer
from coarse particle sizes and limited control.
Consequently,  low-temperature  wet-chemical
approaches, such as sol-gel and hydrothermal
synthesis, have emerged, producing nanocrystals
with  improved homogeneity. Among post-
treatments, annealing plays a critical role in tuning
conductivity, crystallinity, and morphology, though
excessive heating can degrade performance. In
various oxide systems, annealing has been shown to
reduce defects, narrow band gaps, and enhance
photocatalytic activity. Despite these advances, little
is known about how annealing influences NaSbO;
nanostructures,  particularly  regarding phase
stability and optoelectronic behavior. This study
addresses that gap by synthesizing NaSbOs;
nanoparticles via co-precipitation that is a novel
route for this compound.

Findings and Discussion

In this research, XRD analysis showed that
annealing NaSb(OH)g at 400°C and 500°C forms
pure  rhombohedral NaShOs;,with  optimal
crystallinity at 500°C indicated by sharper peaks. At
600-1000°C, secondary phases (Sh20s, NasShQOg)
appear, with NasSbO., dominating at 1000°C. Lattice
strain (&) decreases with annealing due to defect

reduction but increase at 800°C due to incomplete
phase transitions, correlating with higher stacking
fault energy. Crystallite size, via Williamson-Hall,
rises from 25.5 nm (400°C) to 53.6 nm (500°C),
drops to 15.3 nm (800°C), and increases at 1000°C,
reflecting recrystallization.

TEM/FESEM revealed morphological shifts from
irregular 155 nm particles (un-annealed) to uniform
55-65 nm plates at 500°C, rod-like at 800°C, and
fragmented at 1000°C. PL intensity increased at
500°C with blue-green emissions (415-483 nm)
originated from Sb® and oxygen vacancies,
declining at higher temperatures with new peaks
(e.g., 607 nm, Sh,0s). UV-Vis showed higher
transmittance at 400-600°C, reduced at 800-
1000°C due to NasSbhO. defects. Bandgap decreased
from 3.82 eV (400°C) to 3.46 eV (500°C). Raman
and -V analyses confirmed annealing at 500°C
results in higher crystallinity and conductivity.

Conclusion

Annealing NaSb(OH)s at 500°C optimizes single-
phase NaShOs; formation with superior crystallinity,
uniform morphology, enhanced PL, and high
electrical conductivity, making it ideal for
optoelectronics  applications,  while  higher
temperatures introduce secondary phases that
reducing performance.
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