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Summary:

We report a significant improvement in the thermal stability of graphene-based gas sensors. By depos-
iting a thin antimony oxide layer on graphene via pulsed laser deposition, a protective effect was ob-
served at operating temperatures above 200 °C under humid air and harsh ozone conditions over ex-
tended periods, enabling sensors to maintain a stable response. Importantly, this protective layer pre-
serves the CO-sensing capability introduced by Pt functionalization, indicating that the typical sensitivity-
stability trade-off can be effectively mitigated without compromising the response to target gases.
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Background, Motivation and Objective

Graphene has emerged as a promising material
for next-generation gas sensors, due to its ex-
ceptional electronic characteristics and atomi-
cally thin structure. However, in its pristine state,
graphene is relatively inert, which restricts its ef-
fectiveness as a receptor in chemiresistive gas
sensors. Previous studies have demonstrated
that introducing a functional layer, such as met-
als [1] or metal oxides [2], onto the graphene can
substantially enhance its sensitivity to various
toxic and pollutant gases by providing active re-
ceptor sites. Despite these improvements, such
functionalization often introduces a trade-off be-
tween sensitivity and stability, as surface modifi-
cations can render sensors susceptible to deg-
radation, particularly during long-term operation
at elevated temperatures.

Thermal activation is a widely employed strategy
to enhance the performance of both traditional
metal-oxide and graphene-based gas sensors
[3]. By activating the receptor layer, heating can
significantly improve sensitivity and accelerate
response and recovery dynamics. Furthermore,
temperature modulation strategies have been
extensively investigated to enhance selectivity
and are already implemented in commercial
metal-oxide-based sensing platforms [4]. How-
ever, prolonged exposure to elevated tempera-
tures is known to reduce the operational lifetime
of the chemiresistive gas sensors. Therefore,
ensuring reliable long-term performance and ex-
tending the upper temperature limits requires ef-
fective protection of the active sensing layer.

In this study, we aimed to improve the long-term
stability of graphene-based gas sensors for high-
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temperature operations in humid air and harsh
ozone environments, which we believe is a criti-
cal step toward reliable operation as commercial
gas sensors.

Description of the New Method or System

Here, we report, for the first time, the protective
role of thin antimony oxide layers deposited on
graphene-based gas sensors via pulsed laser
deposition (PLD) (Figure 1).
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Fig. 1. PLD of graphene sensor. Graphene was previ-
ously wet-transferred between the Au electrodes on a
Si/SiO2 substrate (outlined in red). A 5-cent coin for
scale.

Our results show that graphene sensors exhibit
sensitivity to CO gas only after functionalization
with Pt; however, significant degradation occurs
at operating temperatures above 200 °C. In con-
trast, incorporating the antimony oxide interlayer
enables the sensor to maintain performance at
elevated temperatures without compromising
CO sensitivity. This protective effect is highly re-
producible, and the improved stability persists
for at least two years, indicating that antimony
oxide is a promising material for overcoming the
long-standing stability limitations in gas sensor
research.
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Results

Figure 2 demonstrates the change in “relative re-
sponse,” which is the variation of the electrical
conductance in time, upon target gas (or heat-
ing), and is defined as:
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where lgas is the conductance upon a target gas,

while the lair is the initial conductance in synthetic

air.

Deposition of the Pt layer via PLD enabled the
graphene sensor to detect CO gas even at room
temperature (RT).
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Fig. 2. Relative responses to CO and NO2 gases in
different concentrations at RT and 150 °C.

The long-term stability of the graphene sensors
with and without the protective antimony oxide
layer is shown in Figure 3. At 200 °C, the unpro-
tected sensor current begins to drop, and at 250
°C, a significant and irreversible decrease oc-
curs, indicating sensor degradation.
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Fig. 3. Long-term stability of the graphene sensors in
40% humid air above 200 °C.
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The influence of a harsh environment was inves-
tigated by elevating the temperature under an
ozone atmosphere. Figure 4 shows that the an-
timony oxide-coated sensor achieved a stable
baseline up to 200 °C, whereas the uncoated
sensor exhibited a dramatic degradation trend.
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Fig. 4. Stability of the sensors (w/ and wo/ antimony
oxide) under an ozone environment.
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