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ABSTRACT: In this work, SnO2, WOs, and SnO.-WOs hybrid nanomaterials were synthesized via the sol-gel method
and characterized for their potential gas-sensing applications. X-ray diffraction (XRD) analysis confirmed the successful
formation of crystalline SnO- (rutile phase) and WOs (monoclinic phase), with the hybrid composites, NC-1 (20% SnO-
- 80% WO:3), NC-2 (40% SnO: - 60% WOs), and NC-3 (60% SnO: - 40% WOs), displaying diffraction peaks from both
materials, indicating a well-integrated structure. Scanning electron microscopy (SEM) revealed uniform spherical
nanoparticle morphologies with an average size range of 15-30 nm, which are favorable for enhancing gas-sensing
performance. The gas-sensing behavior of the nanomaterials was evaluated for various gases, demonstrating superior
sensitivity and faster response times for the SnO2-WOs hybrid composites compared to the individual oxides. Among the
hybrids, NC-2 (40% SnO: - 60% WOs) exhibited the best gas-sensing performance, highlighting the synergistic effect of
combining SnO: and WOs in enhancing gas-sensing properties [1-3]. These results make the SnO2-WOs hybrid materials
promising candidates for future gas detection applications.
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I. INTRODUCTION

Metal-oxide nanomaterials-especially SnO: (tin oxide) and WOs (tungsten oxide) have attracted significant
interest due to their distinctive chemical and physical properties. Their high efficiency, stability, affordability, and non-
toxic nature make them valuable in applications such as catalysis, optical devices, chemical and biosensors, and various
nanodevices. SnO2, WOs, and their hybrid nanocomposites (SnO.—WOs) demonstrate particularly strong gas-sensing
capabilities. This enhanced performance results from their open, sponge-like porous morphology, which increases surface
reactivity and promotes efficient gas interaction. Numerous synthesis approaches—including solid-state, electrochemical,
hydrothermal, sonochemical, green methods, and thermal evaporation have been used to produce these nanomaterials [4-
6].

In this study, we introduce a simple and cost-effective method for preparing SnO. and SnO—WOs
nanocomposites with varying stoichiometric ratios: NC-1 (20% SnO:, 80% WOs), NC-2 (40% SnOz, 60% WOs), and
NC-3 (60% SnO2, 40% WO:s). Their structural and morphological characteristics were analyzed, and their gas-sensing
performance was evaluated. Among the composites, NC-2 exhibited the highest sensitivity and fastest response. These
findings demonstrate the strong potential of SnO.—WO; hybrid nanomaterials for advanced gas detection and
environmental monitoring applications [7-10].

II. RESEARCH REVIEW

SnO: and WOs are widely studied metal-oxide semiconductors known for their strong gas-sensing properties,
thermal stability, and high surface reactivity. Earlier research shows that combining these oxides into SnO>.—WOs hybrid
nanomaterials enhances sensitivity and response speed due to improved charge transfer, increased active sites, and
synergistic interactions between the two phases. Various synthesis methods have been reported, but the sol—gel technique
remains preferred for its simplicity, cost-effectiveness, and ability to produce uniform nanoparticles. Previous studies
also confirm that the crystalline structures of SnO: (tetragonal) and WOs (monoclinic) contribute significantly to their
sensing performance. However, further investigation is needed to optimize composition ratios and understand their
influence on gas-sensing behavior. This research addresses these aspects by preparing and characterizing SnOz, WOs,
and SnO—WOs composites using the sol-gel method.
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III. MATERIALS AND METHODS
A. Preparation of SnOz2, WOs and SnO:-WO: nanocomposites

SnO: nanoparticles were prepared via a sol-gel process by dissolving SnCls-5H-0 in double-distilled water and
ethylene glycol at 60°C. NHsOH was added dropwise to form a white gel, which was ultrasonicated, filtered, washed,
and dried at 120 °C for 24 hours to yield SnO: nanoparticles [11-12].

WOs nanoparticles were synthesized via a sol-gel method. WCls was dissolved in ethanol to form W(OC:Hs)s,
followed by addition of NHsOH and 24 hours of stirring under ice-cooling to induce hydrolysis. The resulting precipitate
was washed, centrifuged until chloride-free (verified with AgNOs), and then peptized with additional ammonium
hydroxide. To improve colloidal stability, 50 uL of Triton X-100 was added, allowing the WOs gel to form. The gel was
spin-coated onto a cleaned alumina substrate at 500 rpm for 30 s and then 2000 rpm for 90 s, producing a uniform coating.
The WOs-coated alumina substrates were calcined at 300—-600 °C for 1 hour, then slowly cooled in the furnace to obtain
well-crystallized WOs arrays with improved structural ordering [13-14].

Sn0O—WOs nanocomposites were synthesized by mixing stoichiometric amounts of Sn and W precursors in a
solvent system of water and ethylene glycol. The mixture underwent the sol-gel process, where ammonia was added to
induce hydrolysis and condensation. The resulting gel was dried and calcined to form the SnO.—WOs composite
nanoparticles. The uniform mixing of SnO- and WOs at the molecular level resulted in well-dispersed composite powders
with enhanced properties [15-16].
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Image 4 SEM 60%Sn0;-40% WO3 Image 5 SEM 100%WOs3

B. Characterization

Sn0z, WOs, and SnO-—WOs hybrid nanomaterials were synthesized via the sol-gel method and characterized
using XRD and SEM. XRD analysis confirmed their crystalline nature, with SnO- showing tetragonal rutile peaks and
WOs exhibiting a monoclinic phase. The hybrid composite displayed peaks from both oxides, indicating successful
composite formation without impurities. Crystallite sizes calculated by the Scherrer equation were within the nanometer
range. SEM images revealed uniformly distributed, nearly spherical nanoparticles with slight agglomeration. The SnO»—
WOs composite showed a more interconnected and compact morphology, demonstrating effective mixing and interaction
between the two oxide phases [15-16].

IV. CONCLUSION

In conclusion, SnO2, WOs, and SnO-—WOs hybrid nanomaterials were successfully synthesized using the sol—
gel method, a simple, cost-effective technique for producing highly crystalline nanostructures. XRD analysis confirmed
the formation of pure SnO: (tetragonal rutile) and WOs (monoclinic) phases, while the hybrid composites showed peaks
from both oxides, indicating successful integration without impurities. SEM images revealed uniform, spherical
nanoparticles with well-connected surface morphology, particularly in the hybrid samples. The NC-2 (40% SnO-—60%
WOs) composite exhibited enhanced gas-sensing properties, including higher sensitivity and faster response times,
highlight the potential of these hybrid materials for gas detection and environmental monitoring [17-18].
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