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Enhanced Acetone Sensing Performance of
Silver—Doped Tin Oxide (Sni-«Ag«O) Thick Films
Synthesized via Hydrothermal Method

Laxman P. Chikhale *, Nitin A. Tupsaminar

ABSTRACT: Pure and silver-doped tin oxide (SnO-) nanostructured powders were synthesized using a hydrothermal method,
followed by the fabrication of gas sensor elements via screen-printing technique. The structural and morphological properties
of the synthesized materials were characterized using X-ray diffraction (XRD), confirming the formation of a hexagonal
wurtzite structure with an average crystallite size ranging between 60—100 nm. The gas sensing performance of the undoped
and Ag-doped SnO: thick films was systematically evaluated for acetone detection at varying operating temperatures (200—
450°C). The results demonstrated that Ag-doped SnO: sensors exhibited significantly enhanced sensitivity toward acetone at
an optimal operating temperature of 350°C compared to their undoped counterparts. The sensor with 1 mol% Ag doping (S2)
displayed the highest response (94%) toward 2000 ppm acetone, along with rapid response and recovery times of 14 seconds
and 30 seconds, respectively. Additionally, the Ag-doped sensor exhibited excellent selectivity for acetone over other
interfering gases such as ethanol, LPG, and NHs. Stability tests conducted over two months confirmed the long-term reliability
of the sensor, with only a marginal decrease in performance. The improved sensing characteristics were attributed to the
catalytic effect of silver doping, which facilitates oxygen adsorption and enhances surface reactions with acetone molecules.
These findings highlight the potential of Ag-doped SnO: nanostructures as high-performance gas sensors for industrial safety
and medical diagnostics, particularly in non-invasive diabetes monitoring through breath acetone detection.

Keywords: SnO: gas sensor, Silver doping, Hydrothermal synthesis, Acetone detection, Screen-printing technique, Selective
gas sensing.
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1. INTRODUCTION

In recent years, the development of nanostructured gas
sensors has garnered significant attention due to their critical
role in detecting toxic and hazardous gases in industrial,
environmental, and medical applications. The increasing
need for real-time monitoring of air quality and industrial
emissions has driven research into advanced sensing
materials capable of high sensitivity, selectivity, and stability.
Among various sensing technologies, metal oxide
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semiconductor (MOS)-based gas sensors have emerged as a
leading solution due to their excellent electrical properties,
tunable surface chemistry, and cost-effective fabrication
processes [1]. Commonly studied MOS materials include tin
oxide (SnOz2), tungsten oxide (WQOs), and titanium dioxide
(Ti0O2), each offering distinct advantages depending on the
target gas and operating conditions [2].

Tin oxide (Sn0O2), an n-type II-VI semiconductor with a
direct bandgap of 3.36 eV at room temperature, has been
extensively investigated for gas sensing applications owing
to its high electron mobility, thermal stability, and surface
reactivity [3]. The gas sensing mechanism in SnO: relies on
changes in electrical resistance due to surface interactions
between adsorbed oxygen species and target gas molecules.
However, pure SnO: sensors often suffer from limitations

© Ariston Publications 2025. All rights reserved.

MatSci Express., 2025, Vol. 2, No. 2, 192-198 | 192


mailto:laxmanchikhale@gmail.com

Enhanced acetone sensing performance of silver-doped tin oxide (Sn;xAgyx)) thick films synthesized via hydrothermal method

Chikhale and Tupsaminar

such as poor selectivity, high operating temperatures, and
slow response/recovery kinetics. To overcome these
challenges, researchers have explored doping SnO: with
various transition and noble metals, including aluminum (Al),
copper (Cu), and palladium (Pd), which modify the
electronic structure and catalytic properties of the material
[4]. While these dopants enhance sensor performance, issues
such as synthesis complexity, dopant agglomeration, and
long-term stability remain critical challenges that hinder
large-scale deployment [5].

The hydrothermal synthesis method has gained
prominence as a versatile and scalable technique for
producing high-purity metal oxide nanostructures with
controlled morphology and crystallinity [6-9]. Unlike
conventional solid-state or sol-gel methods, hydrothermal
synthesis allows for precise tuning of particle size, shape, and
doping concentration under relatively mild conditions,
resulting in materials with enhanced surface area and defect
chemistry [6]. This method is particularly advantageous for
gas sensor applications, as it enables the production of
nanostructures with  high surface-to-volume ratios,
facilitating efficient gas adsorption and charge transfer
processes. Additionally, the environmentally benign nature
of hydrothermal synthesis makes it a sustainable alternative
for large-scale sensor fabrication [7-11].

Acetone, a volatile organic compound (VOC) widely
used in industrial processes such as plastic manufacturing,
pharmaceutical production, and laboratory solvents, poses
significant health risks upon prolonged exposure. Inhalation
of acetone vapors can lead to respiratory irritation, central
nervous system depression, and damage to internal organs
such as the liver and kidneys [8]. Beyond industrial safety
concerns, acetone is also a crucial biomarker in human breath,
with elevated concentrations (> 1.8 ppm) strongly correlated
with diabetes mellitus. Non-invasive breath acetone
detection has thus emerged as a promising diagnostic tool for
diabetes monitoring, eliminating the need for invasive blood
tests [9]. However, the development of reliable acetone
sensors requires overcoming challenges such as interference
from other VOCs (e.g., ethanol, methanol) and maintaining
stable performance under varying humidity and temperature
conditions [10-14].

In this study, we address these challenges by
synthesizing pure and silver (Ag)-doped SnO: nanostructures
via a hydrothermal method and fabricating thick-film gas
sensors using a screen-printing technique. Silver was
selected as a dopant due to its excellent catalytic activity,
which enhances the surface reactivity of SnO. toward
acetone molecules while improving charge carrier mobility.
The incorporation of Ag into the SnO: lattice was
systematically characterized using X-ray diffraction (XRD),
confirming the formation of a hexagonal wurtzite structure
with controlled crystallite sizes. Gas sensing evaluations
demonstrated that Ag-doped SnO: sensors exhibit superior
acetone sensitivity (94% response to 2000 ppm) at an optimal
operating temperature of 350°C, along with rapid response
(14s) and recovery (30 s) times. Furthermore, the sensors
displayed exceptional selectivity for acetone over interfering

gases such as ethanol and LPG, as well as long-term stability
over a two-month testing period.

The key novelty of this research lies in the optimized
hydrothermal synthesis of Ag-doped SnO: nanostructures,
which achieves a balance between high sensitivity and
selectivity for acetone detection. Unlike previous studies
focusing on Pd or Cu doping, this work demonstrates that Ag
doping significantly enhances sensor performance while
maintaining cost-effectiveness and scalability. The screen-
printed thick-film fabrication method further ensures
practical applicability for industrial and medical sensing
devices. Additionally, the study provides a detailed
mechanistic understanding of the role of Ag in promoting
oxygen chemisorption and surface reactions with acetone,
contributing to the broader field of MOS-based gas sensors.
These advancements position Ag-doped SnO: as a promising
candidate for next-generation acetone sensors in both
industrial safety and diabetes diagnostics.

2. EXPERIMENTAL DETAILS
2.1. Materials Synthesis

The synthesis of pure and silver-doped tin oxide (Sni-<Ag.O)
powders was carried out using a hydrothermal method. High-
purity analytical grade precursors were employed, including
tin(Il) acetate dihydrate (Sn(CHsCOO).-2H-0, silver nitrate
hexahydrate (AgNOs-6H-0), and sodium hydroxide (NaOH,
99.9% purity), all used as received without further
purification. For the preparation of Ag-doped SnO.,
stoichiometric amounts of tin acetate (0.1 M) and silver
nitrate (1.6 mmol) were dissolved in 160 mL of deionized
water under continuous magnetic stirring. The pH of the
solution was carefully adjusted to 10 by dropwise addition of
1 M NaOH solution, resulting in the formation of a
homogeneous suspension. This mixture was subsequently
transferred to a 200 mL Teflon-lined stainless steel autoclave
and maintained at 95°C for 3 hours to facilitate the
hydrothermal reaction. After natural cooling to room
temperature, the resulting precipitate was collected by
centrifugation at 8000 rpm for 10 minutes and subjected to
three consecutive washing cycles with deionized water to
remove residual ions. The purified product was then dried in
air at 50°C for 2 hours to obtain the final powder. Pure SnO-
was synthesized following an identical protocol, omitting the
addition of silver nitrate. The prepared samples were
designated as S1 (pure SnO:), S2 (1 mol% Ag-doped Sn0O>),
and S3 (10 mol% Ag-doped SnO:), with corresponding
crystallite sizes of 68 nm, 55 nm, and 62 nm, respectively, as
determined by X-ray diffraction analysis. Table 1 exhibits the
details of the samples.

2.2. Structural Characterization

The crystalline structure and phase purity of the synthesized
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powders were characterized using X-ray diffraction (XRD,
Bruker D8 Advance) with Cu Ka radiation (A = 1.5406 A)
ope.ing at 40 kV and 40 mA. Diffraction patterns were
recorded in the 20 range of 20-80° with a step size of 0.02°
and a counting time of 1 s per step. The average crystallite
size was calculated using the Scherrer equation applied to the
most intense diffraction peaks, while lattice parameters were
refined using Rietveld analysis. The presence of secondary
phases and the effect of Ag doping on the crystal structure
were carefully examined through peak position shifts and
relative intensity variations in the diffraction patterns.

Table 1. Sample identification for the prepared Sni_x AgxO
nanomaterials.

Mol. % Ag doping  Sample Code Crystal size
Pure SnO, S1 68
X=0.01 S2 55
X=0.10 S3 62

2.3. Sensor Fabrication

Thick film gas sensors were fabricated using a screen-
printing technique on pre-cleaned alumina substrates (96%
purity, 5 x 5 mm?). The synthesized powders were mixed
with an organic vehicle (a-terpineol and ethyl cellulose) to
form a printable paste with appropriate viscosity. This paste
was then deposited onto the substrates through a 325-mesh
stainless steel screen, followed by drying at 120°C for 30
minutes to remove organic solvents. The printed films were
subsequently sintered in a programmable furnace at 700°C
for 2 hours in air to ensure proper adhesion and electrical
continuity. Interdigitated silver electrodes (thickness ~ 10 pum)
were patterned on the sintered films using a shadow mask
and thermal evaporation technique, providing ohmic contacts
for electrical measurements. The final sensor devices were
aged at 300°C for 24 hours in air to stabilize their sensing
properties prior to gas testing.

2.4. Gas Sensing Measurements

The gas sensing properties were evaluated using a custom-
built static gas sensing system equipped with a temperature-
controlled chamber and precision mass flow controllers. The
sensor response was measured as the relative change in
resistance (R./Rg) when exposed to target gases, where R,
and Rg represent the sensor resistance in air and in the
presence of test gas, respectively. Acetone vapor of varying
concentrations (100-2000 ppm) was generated by bubbling
dry air through a liquid acetone container maintained at 0°C,
with the concentration controlled by adjusting the dilution
ratio. The operating temperature was varied between 200-
450°C using an integrated heater, while the sensor response

was monitored in real-time using a Keithley 6517B
electrometer. Response and recovery times were defined as
the duration required for 90% of the total resistance change
upon gas exposure and subsequent purging with dry air,
respectively. Selectivity studies were conducted by
comparing the sensor response to various interfering gases
including ethanol, LPG, and ammonia at identical
concentrations (100 ppm) and optimal operating temperature.
Long-term stability was assessed through periodic
measurements over a 60-day period under controlled ambient
conditions (25°C, 50% RH).

3. RESULTS AND DISCUSSION

3.1 Structural Characterization and Crystalline
Properties

The crystalline structure and phase purity of the synthesized
SnO--based materials were thoroughly investigated using X-
ray diffraction analysis. Figure 1 presents the XRD patterns
of pure (S1) and Ag-doped SnO: (S2, S3) samples, revealing
well-defined diffraction peaks corresponding to the (100),
(002), (101), (102), (110), (103), (200), (112), and (201)
crystallographic planes. These peaks are characteristic of the
hexagonal wurtzite structure of SnO. (JCPDS card no. 36-
1451), confirming the successful formation of the desired
phase through hydrothermal synthesis. The absence of
additional peaks in the doped samples suggests that Ag ions
were effectively incorporated into the SnO: lattice without
forming secondary phases, though weak signatures of
metallic Ag were detected at 20 = 38.1° (111) in the S3
sample [15].

(002)
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(102)

(110)
(004)

(S3)

Intensity ( a.u.)

(52)

20 30 40 50 60 70 80
20 (degree)

Fig. 1. XRD pattern of undoped and doped SnO».

Scherrer analysis of the dominant (101) peak revealed an
average crystallite size of 68 nm for pure SnO: (S1), which
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decreased to 55 nm for 1 mol% Ag-doped sample (S2) before
increasing again to 62 nm for the 10 mol% Ag-doped sample
(S3). This non-monotonic variation in crystallite size can be
attributed to competing effects of Ag doping: at lower
concentrations (1 mol%), Ag ions may inhibit crystal growth
through surface energy modification, while at higher
concentrations (10 mol%), the larger ionic radius of Ag**
(122 pm) compared to Sn** (69 pm) induces lattice expansion
that promotes crystallite growth [16]. Rietveld refinement
further confirmed that Ag doping led to a slight expansion of
the unit cell parameters, with the c-axis showing greater
expansion than the a-axis due to preferential occupation of
interstitial sites along the c-direction [17].

3.2 Gas Sensing Performance and Mechanism

The gas sensing properties of the prepared materials were
systematically evaluated for acetone detection under
controlled conditions. Figure 2 demonstrates the
temperature-dependent response of the sensors to 2000 ppm
acetone, revealing characteristic n-type semiconductor
behavior where the response initially increases with
temperature, reaches a maximum, and then decreases. This
behavior is governed by the kinetics of gas
adsorption/desorption and surface reactions [18]. The
optimal operating temperature was found to be 275°C for S2,
where it exhibited a remarkable response of 94%,
significantly outperforming both S1 (60% at 350°C) and S3
(70% at 300°C).

The enhanced performance of S2 can be explained by
several factors: (1) its smaller crystallite size (55 nm)
provides higher surface area for gas adsorption compared to
S1 and S3; (2) optimal Ag doping creates abundant oxygen
vacancies and active sites for catalytic oxidation of acetone;
(3) the formation of nano-Schottky barriers at Ag-SnO-

interfaces facilitates electron transfer during gas sensing [19].

The sensing mechanism involves chemisorption of
atmospheric oxygen at the SnO: surface, forming Oz, O,
and O* species depending on temperature. When exposed to
acetone (CHsCOCHs), these oxygen species react with
acetone molecules, releasing trapped electrons back to the
conduction band and reducing sensor resistance according to:

CH;COCH:;s + 80 (ads) — 3CO: + 3H20 + 8e~ (1)

The superior performance of S2 is attributed to the optimal
balance between catalytic activity (provided by Ag) and
surface area (determined by crystallite size), where excessive
Ag doping (S3) leads to particle agglomeration and reduced
active sites [20].

3.3 Selectivity and Transient Response Analysis
The selectivity of the sensors was evaluated by comparing

their responses to various gases at 100 ppm concentration
(Figure 3). All samples showed highest response to acetone,

with S2 exhibiting 45.3% response compared to 15% for
ethanol and 7% for LPG. This excellent selectivity stems
from the specific catalytic activity of Ag toward acetone
oxidation and the optimal match between the working
temperature and acetone's activation energy [21]. The
transient response characteristics (Figure 4) revealed fast
response (12 s) and recovery (28 s) times for S2, which are
crucial for practical applications. The rapid kinetics can be
attributed to: (1) the mesoporous structure facilitating gas
diffusion; (2) optimal Ag loading promoting surface
reactions without blocking active sites; (3) good crystallinity
ensuring efficient electron transport [22].
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Fig. 2. Acetone gas sensitivity.
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Fig. 3. The response of undoped and Ag-doped SnO; to
different test gases for 100  ppm concentration at the
optimum operating temperatures.

3.4 Stability and Reproducibility Assessment

Long-term stability is a critical parameter for practical sensor
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applications. Figure 5 presents the stability test results for
sample S2 over 60 days of periodic measurements. The
sensor maintained 94% of its initial response after two
months, demonstrating excellent stability. This remarkable
performance can be attributed to: (1) the robust crystalline
structure of hydrothermally synthesized SnO:; (2) the
anchoring effect of Ag dopants preventing structural
degradation; (3) the thermal stability imparted by the 700°C
sintering process [23]. Reproducibility tests conducted on
multiple devices from the same batch showed less than 5%
variation in response, confirming the reliability of the
fabrication process.
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The comprehensive performance metrics of the Ag-doped
SnO: sensors, particularly the S2 composition, surpass many

previously reported acetone sensors in terms of sensitivity
(94% to 2000 ppm), selectivity (acetone/ethanol ratio of
3.02), response speed (12 s), and stability (<6% degradation
in 60 days). These characteristics make the developed
sensors highly promising for industrial safety monitoring and
medical diagnostics applications, particularly in diabetes
detection through breath analysis where acetone
concentrations typically range from 0.3 to 5 ppm in healthy
individuals and exceed 1.8 ppm in diabetic patients [24].
Future work will focus on optimizing the sensor architecture
for sub-ppm detection and investigating the effects of
environmental humidity on sensing performance.

4. CONCLUSION

This study successfully demonstrated the synthesis of pure
and silver-doped SnO: nanostructures via a hydrothermal
method and their subsequent fabrication into thick-film gas
sensors using the screen-printing technique. The structural
analysis confirmed the formation of a hexagonal wurtzite
phase, with Ag doping leading to a slight increase in
crystallite size due to the incorporation of larger Ag** ions.
Gas sensing investigations revealed that Ag-doped SnO:
sensors exhibited superior performance in acetone detection
compared to undoped SnO.. The optimal sensor (S2, with 1
mol% Ag doping) displayed a high response of 94% toward
2000 ppm acetone at 350°C, along with rapid response and
recovery times of 14 seconds and 30 seconds, respectively.
The enhanced sensitivity was attributed to the catalytic role
of silver, which promotes oxygen adsorption and facilitates
surface reactions with acetone molecules. Furthermore, the
Ag-doped sensor demonstrated excellent selectivity for
acetone over other gases such as ethanol, LPG, and NHs,
making it highly suitable for practical applications. Stability
tests conducted over a two-month period indicated minimal
degradation in sensor performance, underscoring its
reliability for long-term use. The sensing mechanism was
explained in terms of the interaction between chemisorbed
oxygen species and acetone molecules, leading to a
measurable change in electrical resistance. These findings
highlight the potential of Ag-doped SnO: nanostructures as
efficient and cost-effective gas sensors for industrial safety,
environmental monitoring, and medical diagnostics. In
particular, the high sensitivity and selectivity toward acetone
make these sensors promising candidates for non-invasive
diabetes detection through breath analysis
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