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Carbon monoxide (CO) and ammonia (NH3) are highly toxic gases that pose
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low concentrations of these gases at room temperature is therefore of great
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importance. In this work, we report the synthesis and characterization
of graphene-based nanocomposites modified with gold (Au), antimony
oxide (Sb,03), and silica (Si0,), focusing on steady-state sensing response
and recovery process toward CO and NH;. For the synthesis of graphene
oxide (GO), a modified Hummers' method was applied. Gold, antimony
trioxide, and silica nanoparticles were prepared through hydrothermal,
sonochemical, and sol-gel methods, respectively. The structural and
morphological properties of as-prepared nanostructures were investigated
using SEM, XRD, FT-IR, EXD, and MAP Analysis. Gas sensing tests reveal
that the nanocomposites exhibit significantly improved sensitivity to both
CO and NHj, with lower detection limits, sharper response and recovery
times compared to pure graphene oxide. As the best result, GO/Au showed
a 60% change in response time to CO and around a 42% change to NH3, in
addition to improvements of 52% for recovery time from CO gas and 54%
from NH3 gas, compared to pure GO. These findings suggest that all three
nanocomposites present a promising pathway toward high-performance,
room-temperature CO and NH; sensors, with the GO/Au nanocomposite
offering an advantage.
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INTRODUCTION

Toxic gases such as carbon monoxide (CO) and
ammonia (NHs) pose serious health and safety
risks. CO is a colorless and odorless gas that is
mainly produced by the incomplete combustion
of almost any carbon-containing material and
fossil fuels. Even a low concentration of CO can
disturb oxygen transport in the body, leading to
neurological damage or death [1]. NHsis another
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toxic gas that is commonly produced by industrial
and agricultural activities, has irritating and
corrosive properties, and can damage the eyes,
lungs, and other organs [2]. Ammonia is a gas
found everywhere, produced naturally in soils.
Its source is the metabolism of bacteria and the
breakdown of dead plants, animals, and animal
waste. Since NH, plays a key role in the nitrogen
cycle, it is a normal part of the soil, air, and water
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in the natural environment [3]. Every year, many
fatalities and health issues result from exposure
to these gases, particularly in environments with
poor ventilation or industrial incidents. Thus,
highly sensitive, selective, and reliable gas sensors
are critically needed to detect CO and NH; at low
concentrations, ideally under ambient conditions.

Current traditional gas sensors, which
mainly use metal oxide semiconductors and
polymer materials, use optical, calorimetric,
gas chromatography, and acoustic sensing
methods. However, these sensors often have
several limitations, such as high cost and high-
power consumption [4]. As a better alternative,
nanomaterial-based gas sensors are rapidly
gaining popularity. Their unique electrical, optical,
and thermal properties, combined with their
large surface area relative to their size, allow for
superior performance, offering quick response
and recovery times, high sensitivity and selectivity,
and enhanced stability [5].

More recently, graphene and its related
materials such as pristine graphene, graphene
oxide (GO), and reduced graphene oxide (RGO)
have captured attention for gas sensing thanks
to their remarkable properties including high
mechanical strength, thermal ballistic conductivity,
high electron mobility, low electrical noise, and
a large surface area due to their unique two-
dimensional structure [6-10]. The most critical
feature making graphene a promising candidate
for gas sensing is its high sensitivity down to a
single molecule. The electronic properties of
graphene change upon absorbing gas molecules
onto its surface.

Pristine graphene is a zero-bandgap semimetal
with extremely high carrier mobility and
conductivity [11] with a defect-free sp2 carbon
lattice. It provides only weak adsorption sites
[12] and shows a small resistance change upon
exposure to gas molecules [13]. Intrinsic graphene
also lacks the necessary functional groups for
breaking the perfect sp? lattice and creating
localized electronic states. It is also not producible
on a large scale. Graphene oxide, on the other
hand, exhibits chemiresistive behavior primarily
due to its heterogeneous structure and abundant
oxygen-containing functional groups, hydroxyl,
epoxy, carbonyl, and carboxyl, which break the
extended n-network, introduce a tunable bandgap,
and create a high-resistance semiconducting
baseline [14]. These functional groups serve as
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chemically active adsorption sites, enabling strong
interactions with analytes and significant charge-
transfer-induced modulation of conductivity [15].
Although GO exhibits a much larger chemiresistive
response than pristine graphene, it suffers from
humidity cross-sensitivities and long-term signal
drift, and limited selectivity toward specific gases.
To overcome these drawbacks in graphene-
based sensors, scientists use techniques like
doping, hybridization, and functionalization [7].
Modifications of graphene via doping, defect
engineering, or decoration with nanoparticles are
known to improve both sensitivity and selectivity,
and response dynamics [16]. Despite the advances,
there are still gaps. Many sensors perform well for
either NHs; or CO, but less research has studied
a sensor that demonstrates simultaneous high
sensitivity to both gases, while also maintaining
stability, response, and recovery times under
ambient conditions.

Incorporation of gold (Au), antimony (Sb), and
silicon (Si) into GO will synergistically enhance its
chemiresistive response toward CO and NH; gases.
Each dopant contributes a distinct, experimentally
established function that is beneficial for gas
sensing. Gold nanoparticles act as catalytic sites
that increase the interaction between GO and
gas molecules, promote charge transfer, enhance
the sensitivity of GO, and accelerate response—
recovery kinetics of the sensor [20,21]. Antimony
doping modifies the electronic properties of
GO, introduces structural defects, and stabilises
oxygen-related adsorption sites, leading to a
higher sensitivity and stability of the sensor. On the
other hand, Sb reduces interference from ambient
moisture and increases thehumidity tolerance of
the sensor [22,23]. Silicon is typically introduced
in the form of SiO, nanoparticles, which create a
three-dimensional porous networkand increase
the effective surface area and active adsorption
sites on GO [24]. Additionally, Si-based structures
help to uniformly disperse metal nanoparticles,
preventing aggregation and ensuring that
catalytic sites remain accessible, which improves
the reproducibility and stability of the sensor
[25]. Si can also modulate the local electronic
environment of GO, optimising charge-transfer
interactions between adsorbed gas molecules
and the sensing layer, leading to amplifying the
chemiresistive response [26]. Together, these
effects contribute to improved sensitivity, faster
response and recovery times, and improve long-
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term stability of GO-based gas sensors.

In this work, we explore graphene-based
nanocomposites containing gold, antimony,
and silicon as modifiers to enhance gas
sensing performance toward CO and NH;. We
report the synthesis, structural and electronic
characterization, and the gas sensing behavior
(sensitivity, detection limit, response, and recovery)
of GO/Au, GO/Sb,0,, and GO/SiO,nanocomposites
at room temperature.

This research aims to contribute to lower
detection limits for CO and NHs, better steady
state response, and recovery time at room
temperature. By doing so, the study may advance
the development of more effective gas sensor
materials to help reduce pathogenesis and
mortality from toxic gas exposure.

MATERIALS AND METHODS
Materials

In this research, graphite, sulfuric acid,
phosphoric acid, potassium permanganate,

hydrogen peroxide, hydrochloric acid, gold,
antimony trioxide, and silica nanoparticles
were used, all purchased from Merck company
(Germany) with a high purity of above 99%.
Deionized double-distilled water was used
throughout the experimental procedures. XRD
analysis was performed using an X’'Pert-Pro device
made by Philips (Netherlands), which enables
qualitative phase identification and is supported
by the XPertHighScore software for detailed
phase analysis. SEM imaging was carried out with
a MIRA TESCAN instrument equipped with a high-
resolution Schottky emitter, providing high-quality,
low-noise images. FT-IR spectra were recorded
using a Spectrum 2 manufactured by PerkinElmer
Company.

Synthesis of GO

Graphene oxide was synthesized using the
modified Hummers method. First, 3 g of graphite
powder was added to 360 mL of sulfuric acid
and 40 mL of phosphoric acid (ratio 9:1) in a
beaker, and the solution was stirred slowly with a
magnetic stirrer at room temperature. Then, 18 g
of potassium permanganate was slowly added to
the mixture to avoid an explosion. As the reaction
is exothermic, once the temperature reached 35—
40 °C, the beaker was transferred to an oil bath at
50 °C and stirred continuously for 12 hours. The
reaction vessel was removed from the bath and
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allowed to cool to room temperature. To quench
residual potassium permanganate, 400 mL of
ice water at 0°C and 3 mL of hydrogen peroxide
were added under the hood, resulting in a yellow-
colored suspension. The mixture was centrifuged,
and the collected solids were washed with 200 mL
of double-distilled water. Repeat the centrifugation
and again wash with 200 mL of hydrochloric acid,
followed by washing with 200 mL of ethanol. These
washing steps were performed to remove residual
metal ions and acids, and to achieve a neutral pH.
Finally, the purified product was dried in an oven
at 80 °C, yielding the synthesized graphene oxide.

Synthesis of nanoparticles

Gold nanoparticles were synthesized using
a hydrothermal method. First, 0.3 g of gold
(1) chloride (AuCls) was dissolved in 200 mL of
deionized water and stirred for 5 minutes. Then,
0.5 g of sodium citrate (Na3Ce¢HsO;) was added as
a reducing and stabilizing agent, and the mixture
was stirred for an additional 30 minutes. The
solution was transferred to an autoclave and
heated at 200 °C for 5 hours. After cooling, the
resulting precipitate was washed with 200 mL of
distilled water and ethanol, then separated by
centrifugation at 3000 rpm for 5 minutes. The final
product was dried in an oven at 86 °C.

Antimony  trioxide  nanoparticles  were
synthesized using a sonochemical approach. In a
beaker, 1 g of antimony (Ill) chloride (SbCls) was
dissolved in 100 mL of ethylene glycol (C;HgO>)
and stirred for 5 minutes. Subsequently, 10 mL
of 1 M ammonia solution was added to induce
precipitation, followed by 30 minutes of stirring.
The mixture was then subjected to ultrasonic
irradiation at 150 W for 60 minutes. The resulting
precipitate was collected by centrifugation,
washed with 200 mL of distilled water and ethanaol,
and centrifuged again at 3000 rpm for 5 minutes.
The final precipitate was dried at 60 °C.

Silica nanoparticles were synthesized via a
sol-gel method. First, 1 g of tetraethoxysilane
(TEOS) was dissolved in 20 mL of ethylene glycol
((CH,0H),) and stirred for 5 minutes. Then, 10 mL
of 1 M ammonia solution was added as a catalyst
and precipitating agent. The mixture was stirred
under a fume hood at 200 °C for 2 hours, during
which it gradually formed a gel. The gel was
transferred to a crucible and heated in an oven at
500 °C for 2 hours, then allowed to dry slowly at
room temperature.
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Preparing nanocomposites

To prepare the graphene oxide/gold
nanocomposite (GO/Au), 0.1 g of graphene oxide
was dissolved in 100 mL of deionized double-
distilled water and dispersed using an ultrasonic
device with a power of 500 W for 60 minutes.
Separately,0.05 g of gold nanoparticles was
dissolved in 100 mL of deionized double-distilled
water and dispersed using an ultrasonic device
with a power of 500 W for 60 minutes. The
gold colloid was added to the graphene oxide
solution and treated under ultrasonic waves with
a power of 1000 W for 30 minutes. The resulting
suspension sample was stirred for 5 hours at 70 °C
on a magnetic stirrer, and finally it was separated
by centrifugation at 5000 rpm and dried in an
oven. The same procedure with the same amount
of materials was applied for preparing GO/Sh,0,
using GO and Sb,0O, nanoparticles, and GO/Si02
using GO and SiO, nanoparticles.

Sensorial test setup and measurement

To check the sensing properties of the samples,
a chamber was built with an inlet valve at the top
of the chamber for gas injection and an outlet valve
at the bottom of the chamber for gas discharge,
and to prevent the concentration of the gas in the
chamber from reaching full saturation. The inlet
valve was connected to a needle pressure gauge
to control the inlet gas pressure. A fan was used
for better circulation of gas inside the chamber.
The inlet valve is connected to a regulator, and
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the regulator is also connected to the capsule
containing toxic gas. The samples were formed into
tablets using a tablet press machine and placed in
their special location in the experimental setup,
and connected to a four-point probe resistivity
measurement device. A schematic of the testing
setup is shown in Fig. 1.

As Carbon monoxide is an n-type gas that is
an electron donor, it has a pair of non-bonding
electrons. Like many semiconductor gas sensors,
the sensitivity of gas sensors made of graphene
oxide sheets is based on surface adsorption.
The sensing mechanism involves the surface
conductivity being modulated by the adsorbed gas
molecules. The electrical conductivity is strongly
dependent on the surface states produced by
the molecular adsorption, which leads to a
charge space between the layers. The sensing
is more specifically related to the adsorption of
oxygen species, water ions, or hydroxyls, which
act as mediators and catalyze the charge transfer
process. The oxygen groups in graphene oxide are
responsible for the chemical reaction with the
C-O bond with the gas molecules. The hydroxyl
groups in graphene oxide increase the number
of conduction band electrons, resulting in an
enhanced depletion layer.

CO gas adsorbed on the surface of GO creates
moisture, which has a positive effect on the sensor.
When the sensor is exposed to CO gas, reduction
reactions occur between CO gas and hydroxyl and
oxygen groups, releasing electrons that neutralize
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Fig. 1. A schematic showing a device to measure the sensing properties.
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holes, and the products of this reaction are carbon
dioxide and water. The hydroxyl groups in GO are
responsible for the production of CO, and H,0
through the following chemical reaction:

20H+ CO »CO +H, O + 2e
On the other hand, the surface adsorption

of oxygen species in the nanocomposites is
responsible for the production of CO, and

electrons:
0, +2C0O - 2CO,+2°

These released electrons neutralize the holes,
thus reducing the holes of accumulation layer
and the electrical conductivity decreases as a
function of time, thus leading to an increase in the
resistance of the sensor [21].

To calculate the sensor response time, we use
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Fig. 2. XRD analysis of the GO, Au nanoparticles, and synthesized
GO/Au nanocomposite. The peak in angle 2q between 20 and 30
degrees in the GO/Au pattern is associated with gold particles.
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the following relationship:

—R.
S Z:lll‘><100

air

R
Response (%) = —&

(1)

where R is the resistance of the sample in the
presence of CO or NH, gas, and R_ is the resistance
of the sample in normal air.

To analyze the sensor recovery results, we use
the following relationship:

R,.s — R
Recovery (%) = —gas st

X 100
Rsat

()

where here R_ is the resistance of the sample
in the saturated state.

RESULTS AND DISCUSSION
Characterization
Fig. 2 shows the XRD analysis for GO, Au
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4N
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nanoparticles, and GO/Au nanocomposite. The
characteristic peaks at the angle (28) with sizes of
38.26, 44.6, 64.68, and 77.54 in the XRD pattern of
Gold correspond to (111), (200), (220), and (311)
planes. The crystal structure of the nanoparticles
has a cubic phase with the space group Fm-
3m with the number 255. The average crystal
size was calculated to be about 55 nm using the
Debye-Scherrer equation. The sharp peak in the
XRD pattern of GO/Au at 2q between 20 and 30
degrees is associated with the presence of gold
nanoparticles in the GO network.

Fig. 3 shows SEM, MAP, FT-IR, and EDX analyses
for GO/Au nanocomposites. As it is seen from
the SEM, the nanoparticles did not agglomerate
at the nanoscale, and the average particle size
is around 28 nm. In MAP analysis, the green
dots are associated with carbon, the purple dots
are associated with oxygen, and the blue dots
are associated with gold elements. In the FT-IR
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Fig. 3. SEM, MAP, FT-IR, and EDX analyses for O/Au nanocomposite. The average size of particles in synthesized
composites, according to SEM, is around 28 nm. The green dots in MAP analysis are related to carbon, the purple dots
are related to oxygen, and the blue dots are associated with gold.
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image, the broad peak at 3404 cm™ is related to
the hydroxyl group (O-H) adsorbed on the GO/Au
nanocomposite. The absorption peak at 1634 cm-
lis related to the asymmetric stretching vibration
of the carboxyl bonds (C=0). The absorption
peak at 1088 cm™ is related to the stretching
band of the carbon-oxygen single bond (C-O).
The absorption peak at 795 cm™ is related to the
bending band of the carbon-hydrogen (C-H) bond.
The absorption in the region of 469 cm™ is related
to the stretching vibrations of gold-oxygen (Au-O)
bonds. The EDX elemental analysis spectrum of
the GO/Au nanocomposite confirms the presence
of carbon, oxygen, and gold elements. The Ka peak
is related to carbon element with the energy 0.26
keV, and the Ka peak corresponding to oxygen
element with energy of 0.7 keV in this spectrum.
The Ma and M peaks with an energy of 2.63 keV
are related to gold. The LI and La peaks are also
related to the gold element, which is created in
the background of the spectrum.

100

Fig. 4 shows SEM, MAP, FT-IR, and EDX analyses
for GO/Sb,0, nanocomposites. SEM shows that
the nanoparticles did not agglomerate at the
nanoscale, and the average size of the particles
is measured to be around 24 nm. In the MAP
analysis, the green dots are related to carbon,
the purple dots are related to oxygen, and the
yellow dots are related to antimony elements. In
the FT-IR analysis of GO/SbZO& the broad peak in
the region of 3403 cm™ is related to the hydroxyl
(O-H) group adsorbed on the graphene oxide/
antimony trioxide nanocomposite. The absorption
peak in the region of 1634 cm™ is related to the
asymmetric stretching vibration of the carboxyl
bonds (C=0). The absorption peak in the region of
1088 cm™ is related to the stretching band of the
carbon-oxygen single bond (C-O). The absorption
peak in the region of 796 cm™ is related to the
bending band of the carbon-hydrogen bond (C-H).
The absorption in the region of 464 cm™ is related
to the stretching vibrations of the antimony-
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Fig. 4. SEM, MAP, FT-IR, and EDX analyses for GO/Sb,0, nanocomposite. The average size of particles in synthesized composites,
according to SEM, is around 24 nm. The green dots in the MAP analysis are related to carbon, the purple dots are related to

oxygen, and the yellow dots are related to antimony elements.

J Nanostruct 16(2): 2595-2606, Spring 2026

(@) |

2601



M. Azami et al. / Graphene/Au-Sb-Si for CO and NH, Gas Sensing

oxygen bonds (Sb-O). The EDX spectrum of GO/
Sb203 nanocomposite proves the presence of
carbon, oxygen, and antimony elements in the
prepared nanocomposite. The Ka peak is related
to the carbon with an energy of 0.22 keV, and the
Ka peak is related to the oxygen with an energy
of 0.51 keV. The La and LP peaks with an energy
of 2.68 keV are related to the antimony element.

And finally, Fig. 5 illustrates the SEM, MAP, FT-
IR, and EDX analyses for GO/SiO, nanocomposites.
SEM shows that the porous silica nanoparticles
are well-positioned on the surface of graphene
oxide, and its nanopores can be seen in the
image. The silica nanoparticles have a spherical
and homogeneous morphology and are formed
in a monodisperse form. The average size of the
particles is measured to be around 31 nm. In the
MAP image, the green dots are related to carbon,
the purple dots to oxygen, and the blue dots are
related to silicon.

In the FT-IR spectrum of the GO/SiO, the

absorption peak in the region of 3669 cm™ is
related to the hydroxyl group (O-H) adsorbed on
the GO/SiOZnanocomposite. Also, the absorption
peak in the region of 1611 cm™ is related to the
(C=0) double bonds. The absorption peak in the
region of 1091 cm™ is related to the stretching
band of the carbon-oxygen single bond (C-O). The
absorption peakin the region of 780 cm™ is related
to the bending band of the carbon-hydrogen bond
(C-H). The absorption in the region of 475 cm-
lindicates the stretching vibrations of the silicon-
oxygen bonds (Si-O). The EDX elemental analysis
spectrum for GO/SiO, proves the presence
of carbon, oxygen, and silica elements in the
prepared nanocomposite.

Results of sensorial measurements

As mentioned, a setup similar to the one
shown in Fig. 1 was used for the measurement
of the sensorial properties of prepared sensors.
The measurement was performed at 25 °C. The
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oxygen, and the blue dots are related to silicon elements.

2602

J Nanostruct 16(2): 2595-2606, Spring 2026
[@)er |



M. Azami et al. / Graphene/Au-Sb-Si for CO and NH, Gas Sensing

injection of CO/NH3 was done by the capsule, and
the rate of gasinjection was kept constant at 200cc/
min for the measurement of response time. The
concentration of CO inside the test environment
was gradually increased from zero to 150 ppm.
Due to the sensitivity of GO to moisture and water
vapor, it is necessary to remove moisture from the
surface of the tablet samples. For this purpose,
first, a flow of nitrogen gas with a constant flow was
introduced into the sensor chamber. Toxic gas was
then introduced into the chamber with a constant
flow, and the changes in the electrical resistance
of the tablet were measured at each stage by a
precise four-point probe resistance measuring
device. Each measurement was repeated three
times under the same conditions, and the average
was calculated for plotting the graphs of sensor
response according to equation (1).

The results of the response for all sensors
upon introducing CO and NH, gas are presented

in Figs. 6a and 6b, respectively. For pure GO, upon
introducing CO gas, an increase in the electrical
resistance of the sample was observed after 5 s.
The sample resistance reached a saturationvaluein
42 s and remained constant after that. For NH, an
increase in the electrical resistance was observed
after 12 s and reached a plateau at around 37 s.
With the same procedure as mentioned above,
the response graphs were plotted for GO/Au,
GO/Sb,0,, and GO/SiO, nanocomposites upon
introducing CO and NH, gases. As it is seen, the
onset of response to CO gas for GO/Au is at 2 s and
reaches a plateau at 20 s. The onset of response
for GO/Au in the presence of NH3 gas is about 7
s, and it reached the saturation value at 27 s. The
onset of response for GO/SbZO3 is 3 s for CO and
15 s for NH,. And finally. The onset of response for
GO/SiO, is 3 s for Co and 10 s for NH..

To investigate the reversibility of the sensor,
a flow of nitrogen gas was introduced into the
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chamber to clean the sample surface from CO or
NH, gas. As the nitrogen gas entered, the sensor
resistance decreased and finally reached the base
resistance. The average percentage of changes in
the sensor recovery time after removing CO gas is
shown in Fig. 7a, and for NH, gas is shown in Fig.
7b. The GO sensor, after removing CO gas, reaches
the base resistance in 60 s, and after removing
NH, in 65 s. For GO/Au, this recovery time is 27 s
for CO gas and 31 s for NH,. The GO/Sb,0, sensor
is recovered after 42 s for both gases. And finally,
GO/SiO2 is recovered after 36 s for CO and 58 s for
NH,.

The key parameters of sensing behavior for
each nanocomposite and in the presence of each
gas, such as the Response (sensitivity), response
time, and recovery time, are summarized in Table
1. The sensor’s response time, defined as the time
required to reach 63.2% of the final response, was
estimated based on interpolation of the Response
(%) vs. time curves.

As seen in the results of sensorial
measurements for pure GO in the presence of CO
gas, a change in electrical resistance occurs. The
presence of oxygen-containing functional groups
in graphene oxide makes its surface favorable for
gas absorption, and gas molecules are adsorbed
on defect sites and these functional groups. The
behavior of graphene oxide is P-type, that is, it is
an electron acceptor. CO gas is adsorbed on the
surface of the graphene oxide sample and changes
the concentration of charge carriers on its surface,
leading to a decrease in electrical conductivity.

Doping the graphene oxide with gold
nanoparticlesincreasesthe gas detection capability
of the sensor due to the catalytic property of gold
and the high surface-to-volume ratio of graphene
oxide and gold nanoparticles. In fact, by absorbing

gas on the surface of the sample, the conduction
paths are reduced, and the resistance increases.
The use of gold as a conductive phase improves
the sensor response and catalyzes the charge
transfer process.

The modified GO sample by antimony trioxide
nanoparticles increases the conductivity of the
sample. The catalytic property of antimony trioxide
and its high surface-to-volume ratio increase
the gas detection capability. Also, the synergistic
effect of GO and Sb,O, increased the porosity
of the sample. Carbon monoxide reducing gas,
transfers its electron pair to the GO/Sb,0, sample,
causing electrons to be placed in the holes and
reducing the conduction paths, which increases
the electrical resistance.

Regarding recovery time, with the exit of
nitrogen gas, the surface of the GO/Sb,0, sample
was cleaned of carbon monoxide gas. Given that
gas absorption on the surface of the sample occurs
by weak van der Waals forces, with the entry of
nitrogen gas, the sensor resistance decreases
and approaches the base resistance. The sample
resistance reaching the initial value indicates
the reversibility of the sensor. Carbon monoxide
reducing gas transfers its electron pair to the GO/
SiO, tablet, causing electrons to be placed in the
nanopores and reducing the conduction paths,
which increases the electrical resistance. The
recovery time for GO/Sb,0, is longer than that of
the GO/SIO, and is probably due to the greater
porosity of the GO/SIO, tablet and the placement
of more gas molecules on the sample surface.

The test results on the four graphene-based
sensors show that these sensors have a good
detection capability for CO and NH, gases. The
response time for all samples in the presence of
CO gas is below 1 minute, with a very significant

Table 1. Comparison of the properties of fabricated sensors. The best values for each are marked in green. The operating temperature
is 25 °C. The rate of gas injection is 200 cc/min and the final value of gas concentration is 150 ppm. The last column shows some from
the previous studies of graphene-base sensors from references [16,18,29].

Data from literature [16,18,29]

Sensor GO GO/Au GO/Sb20s GO/Si0: Pristine G functionalized ~ ZnO-rGO
(400 ppt) rGO film (1 ppm)
Response co 18 70 47 45 44 (10 ppm)
(sensitivity) (%) NH3 15 50 40 40 0.005 7 (100 ppm) 24.0

co 30.6 14.4

Response time (s)

NHs 27.9 20.8

co 60 29

Recovery time (s)
NH3

67 31

23.8

27.9

42

42

18.8
289 300

36

58
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result for GO/Au, at about 14.4 s for CO and
20.8 s for NH,. The results for other sensors
are also promising which showing a significant
improvement in contrast to pure GO. A very
good improvement is seen in recovery time for
the GO/Au sensor in comparison to pure GO,
and a moderate improvement in both other
nanocomposites.

To further contextualize the performance of
the synthesized nanocomposite sensors, Table 1
compares the key sensing parameters—including
sensitivity, response, and recovery time with
previously reported graphene-based or metal-
oxide composite sensors from the literature [16,
18]. As shown, the GO/Au sensor exhibits the
fastest response to CO and a markedly shorter
recovery time compared to pristine graphene and
to benchmark materials, which we attribute to the
catalytic activity and charge-transfer efficiency of
Au nanoparticles. Meanwhile, GO/Sb,0s displays
enhanced sensitivity and a balanced response—
recovery behavior due to the synergisticinteraction
between Sb,0; domains and the graphene
matrix. The GO/SiO, sensor also outperforms
pristine graphene in both gases, benefiting from
increased porosity and surface accessibility.
Overall, the comparison demonstrates that our
modified  nanocomposites—particularly GO/
Au and GO/Sb,03;—provide competitive or
superior performance relative to state-of-the-
art room-temperature CO and NH; sensors,
further confirming their potential for practical
environmental monitoring applications.

CONCLUSION

In conclusion, in this research, GO, GO/
Au, GO/Sb,0,, and GO/SiO, were successfully
synthesized. According to the analyses performed
on the prepared samples, nanocomposites were
successfully placed in the nanometer phase. The
structural and morphological analyses confirm
the uniform distribution of Au nanoparticles,
Sb,0; domains, and SiO, modifier phases over the
graphene matrix, creating abundant active sites
and facilitating charge transfer. Gas sensing tests
reveal that the composite exhibits significantly
improved sensitivity to both CO and NHs, sharper
response and recovery times in comparison to
non-modified graphene oxide. This study presents
a promising pathway toward high-performance,
room-temperature CO and NHs graphene-based
sensors, which may be beneficial for environmental

J Nanostruct 16(2): 2595-2606, Spring 2026
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monitoring and public health applications.
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