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Various noble metals such as Au, Ag, Pd, Pt, Ru, and Rh are used for decorating resistive gas sensors
because of their high catalytic activity and electronic effects, which boost the overall sensing
characteristics of resistive sensors. However, bimetallic decorations such as AuPt, AuPd, PtPd, and AuAg
are often preferred to boost the sensing capabilities because bimetallic combinations exert synergistic

effects that enhance the catalytic features compared with that of their single-metal-decorated
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DOI: 10.1039/d5tc00145e counterparts. In this review, we discuss the roles of different bimetallic couples in the sensing capacity

of resistive sensors with specific emphasis on the underlying sensing mechanism. We believe that this
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1. Introduction

The rapid development and progress achieved in various
industries and the automobile sector coupled with population
increase have resulted in air pollution becoming a major issue
in most countries. Particulate matter (PM), NO,, SO,, O3z, and
CO are the major contributors to air pollution." Additionally,
volatile organic compounds (VOCs) such as toluene (C,Hg),
acetone (C;Hq0), formaldehyde (HCHO), and trimethylamine
(C3HgN; TMA) that exhibit low boiling points (50-260 °C), high
vapor pressure (133.3 Pa), and high volatility contribute to air
pollution, particularly to indoor air pollution.> VOCs are
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review will be highly beneficial for researchers working in the field of gas sensors.

classified into several categories based on their boiling points,
molecular structures, and polarities (Fig. 1).* Exposure to VOCs
causes respiratory irritation and asthma.” Furthermore, expo-
sure to aromatic VOCs causes cancer, obesity, diabetes, and
damage to the nervous system.’

Additionally, other gases such as H,S, H,, and CH, that are
present in air are toxic or explosive. For example, CH, is common in
coal mines,” and H,S is common in the oil and gas industry.® From
an environmental perspective, the major effects of toxic gases
include acid rain, ozone layer depletion, ozone-forming photoche-
mical reactions, and global warming.>'® From a human health
perspective, exposure to polluted air accounts for one-quarter of the
morbidity/mortality associated with heart disease and one-quarter
of stroke cases.'' Fig. 2 presents three primary hypotheses that
relate cardiovascular impairment with air pollution.*?

In addition to their toxic effects, some gases and VOCs act as
biomarkers that enable the diagnosis of certain diseases such as
asthma, lung cancer, oxidative stress, metabolic illness, and diabetes
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based on their presence in the exhaled breath of patients."**
Table 1 presents the characteristics of toxic gases and VOCs.

For these reasons, the detection of various gases and VOCs
using reliable and robust devices is important from safety and
medical perspectives. Traditionally, gas chromatography-mass
spectrometry (GC-MS), selected ion flow tube mass spectrometry
(SIFT-MS), and proton transfer reaction mass spectrometry (PTR-
MS) have been used to detect VOCs."® However, these are expensive
and time consuming techniques that require bulky equipment and
skilled operators; hence, their applications are limited in this
area.”® Therefore, small, portable, and highly sensitive electronic
devices are used as gas sensors to detect gases and VOCs.
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2. Resistive gas sensors

Resistive sensors are most popular among the different gas
sensors because of their high sensitivity, fast dynamics, simple
design, low price, and high stability.”" The first resistive gas
sensor was introduced in 1962 in Japan by Seiyama et al.>> Since
then, extensive research has been conducted to develop highly
sensitive and reliable sensors.>® Two design strategies are primar-
ily used for fabricating gas sensors. The planar design strategy
uses a flat substrate of insulating nature, which is equipped with
interdigitated electrodes and a heater attached to the backside.
Then, the sensing material is deposited on the front side of the
sensor to make it ready for use (Fig. 3(a)). Tubular gas sensors use
a small insulating tube, such as alumina, as the substrate
equipped with electrodes and a resistive Ni-Cr wire to heat the
sensor to the desired temperature. The sensing material is
deposited over the substrate to make the gas sensor ready for
use (Fig. 3(b)).>*

Resistive gas sensors are composed primarily of semiconduct-
ing metal oxides owing to their widespread availability, stability,
semiconducting nature, cost-effectiveness, ease of synthesis,
and excellent electrical properties.”> When a resistive gas sensor
is exposed to air, oxygen molecules will be adsorbed on its
surface and thanks to the high electron affinity of oxygen, it
takes electrons from the sensor surface by the following
reactions:*®

0, (ads) + e~ — 20 (ads) 1)
0,(ads) + e~ — 0, (ads) @)
0, (ads)e” — 20 (ads) (3)
O (ads) + e~ — 0> (ads) (4)
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Fig. 1 VOC classification. Reproduced with permission from MDPI, ref. 4.

For n-type gas sensors, the above reactions cause the deple-
tion of the outer layer of sensing materials and the so-called
electron depletion layer (EDL) will be formed in air. Since the
concentrations of electrons in this layer are much lower than
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those in inner parts of the sensing layer, overall, the resistance
of the sensor increases, relative to vacuum conditions. For
p-type gas sensors, capture of electrons by adsorbed oxygen
species causes the formation of a hole accumulation layer
(HAL), in which the concentration of holes is higher than those
in inner parts, and the resistance of the sensor decreases
relative to vacuum. Upon exposure to a reducing gas, the gas
reacts with the already adsorbed oxygen species, causing the
release of the electrons on the sensing layer, and as a result, the
thickness of the EDL and the HAL for n- and p-type gas sensors
decreases, respectively. This modulation of the thickness of
layers eventually causes the modulation of resistance, where
the resistance of n-type gas sensors decreases, while that of
p-type gas sensors increases in the presence of a reducing gas.
Also, upon exposure to oxidizing gases, more electrons are
abstracted from the sensor surface, causing expansion of the
thickness of the EDL and the HAL for n- and p-type gas sensors,
respectively. This causes the increase of resistance of n-type gas
sensors while for p-type sensors a decrease of the resistance
occurs.”” Fig. 4 schematically shows the general sensing mecha-
nism of n-type and p-type gas sensors. However, they present
two major issues of high working temperature and relatively
weak selectivity.?® Elevated sensing temperatures lead to high
power consumption, which limits their applications in remote
areas where power shortage may be common. Weak selectivity
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Fig. 2 Three primary hypotheses expounding on inhaled particle-mediated cardiovascular impairment. Reproduced with permission from Springer

Nature, ref. 12.
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Table 1 Characteristics of toxic gases and volatile organic compounds (VOCs
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)15—18

Effects on humans and environment

Name Formula Properties Sources Moderate Severe
Nitrogen NO, Pungent smell  Fossil fuel industry, automotive Nose and throat dis- Generating ozone and acid rain, bron-
dioxide and reddish color emissions, household fuel-based comfort, transient chitis, pulmonary edema, and asthma
appliances coughs, eye irritation,
fatigue, and nausea
Sulfur dioxide SO, Colorless and Oxidation of sulfur-containing  Nose and throat dis- Respiratory and cardiovascular diseases,
pungent odor minerals during heating and comfort, transient congestive heart failure, asthma, acute
combustion, particularly when  coughs, eye irritation,  bronchitis and altered lung function,
coal is used as dominant fuel fatigue, and nausea acid rain, photochemical smog, tropo-
spheric ozone, and regional haze
Carbon CcO Colorless, odor-  Fossil fuel burning Headache, dizziness, Death
monoxide less, and tasteless and nausea
Hydrogen H,S Colorless, poiso- Oil and gas industries, coke Headache, dizziness, Halitosis, Down’s syndrome, Alzhei-
sulfide nous, mal- burning, paper manufacturing  nausea, loss of memory, mer’s disease, and death
odorous, and and olfactory paralysis
flammable
Acetone C3HgO Colorless, pun-  Rubber, leather, fiber, and paint Irritation to eyes, throat, Dizziness, nausea, headache, and nega-
gent odor, flam- and nose tive impact on the nervous system
mable, and
explosive
Ethanol C,HsOH Colorless, sweet- Acetic acid, dyes, fuels, beverages, Headache and irritation Dizziness, nausea, and drowsiness

ish taste and
smell, low toxi-
city, and
flammable
Trimethylamine C;HoN

and strong odor and synthetic dye

Formaldehyde HCHO Toxic flammable, Home furnishings and building
pungent odor, materials
and colorless

Toluene C,Hg Flammable, Diluents, interior decoration
slightly acute adhesives, and automotive inter-
toxicity, aromatic ior parts
odor, and
colorless

Methane CH, Colorless, odor- Coal mine and natural gas

less, tasteless, reservoirs

and explosive

may lead to false alarms, which causes problems in practical
applications. To mitigate these shortcomings, various strate-
gies such as heterojunction formation,” doping,®° irradiation
with high-energy beams,*" morphology engineering,*” and dec-
oration with metals®® have been used.

Contacts
> N Film
\ \1. K
\\\ Substrate
Heater
(a) (b)

Fig. 3 (a) Flat and (b) tubular gas sensors. Reproduced with permission
from MDPI, ref. 24.
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Toxic, flammable, Solvent, antiseptic, curing agent,

flavors, and medical disinfectants to the mucous

membrane, eyes, and
nose

Irritation to the respira- Headache, pulmonary edema, and skin
tory tract and damage to burn

the mucosa and skin
Irritation to skin, eyes,
throat, and nose, nau-
sea, coughing, and sick
building syndrome
Irritation to the respira-
tory tract

Chronic toxicity, pulmonary damage,
nasopharyngeal cancer, and probably
leukemia

Confusion, vomiting, convulsions, and
coma

Coughing and irritation Climate change, global warming, suffo-
to throat, eyes, and nose cation, and death

Among these, noble metal decoration is a notable strategy
owing to the catalytic and electronic effects of noble metals.
Generally, noble metals exhibit high catalytic activity towards
oxygen and some other gases. Therefore, oxygen molecules will
preferentially adsorb on the surface of noble metal NPs and
readily dissociate into atomic species under low activation
energies. Then, the dissociated oxygen atoms move towards
the metal oxides through a spill over effect. This leads to the
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Fig. 4 General gas sensing mechanism of n- and p-type resistive gas
sensors in the presence of oxidizing and reducing gases.
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(a) In air (b) In reducing gas

Noble metal NPs

. Gas reaction
+ A

Depletion layer

Fig. 5 Catalytic effect of noble metals for enhanced gas response of
resistive gas sensors.

adsorption of more oxygen species, which in turn may mediate
more reactions with the target gases and enhance the sensing
signal.>* This mechanism is schematically shown in Fig. 5(a) and
(b) for an n-type gas sensor. Electronic sensitization of noble
metals also significantly affects the resistance modulation.
Generally, noble metals have a higher work function relative to
metal oxides. Hence, in the interfaces between decorated noble
metal NPs and metal oxides, the electrons move from metal oxides
to noble metals to equate the Fermi levels in both sides of the
interface. For n-type gas sensors this causes the formation of
Schottky barriers in interfaces and also expands the thickness
of the EDL. Hence, the resistance of the sensor in the presence of
noble metals is higher relative to pristine form. When the sensor is
exposed to a reducing gas, the released electrons cause a signifi-
cant decrease of the height of Schottky barriers and also narrowing
of the EDL, resulting in a remarkable change in resistance. This
mechanism is schematically shown in Fig. 6(a)-(c) for n-type gas
sensors. This provides a higher resistance modulation compared
with that provided by the unmodified sensors.**>°

A bimetallic decoration strategy has been proposed to
enhance the effect of metal decoration.’” Owing to their

(a) Vacuum level
Before Contact

‘Work function

‘Work function

N-type metal oxid
M Noble metal

(b) InAir (¢) In reducing gas

Vacuum level Vacuum level

Vacuum level Vacuum level

Schottky barrier

o Schottky barrier
E, __I.

N | -. )

Noble metal

Noble metal

H Ey ——
N-type metal oxide | N-type metal oxide

-

EDL EDL
Fig. 6 Energy band levels of noble metals and n-type metal oxides before
contact (a) and energy band levels after contact in (b) air and (c) reducing
gas atmospheres.
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synergistic effects, bimetallic nanoparticles (NPs) exhibit a
better sensitivity than single-metal-decorated NPs. In the fol-
lowing sections, we present the effects of bimetal-decorated
NPs on the gas-sensing behaviour of resistive sensors.

3. Bimetal-decorated resistive gas
sensors

Bimetallic NPs exhibit high catalytic activity and good stability,
and they may increase the surface area of the sensing layer.**™*°
They exhibit better catalytic effects and selectivity than individual
noble metals because of their synergistic electronic and structural
interactions.”* In addition to the enhanced sensitivity, bimetallic
decoration may increase the stability of resistive gas sensors
relative to its single metal-decorated counterpart. For example,
alloying Au with Ag led to enhanced thermal stability of Ag, which
was beneficial for gas sensing performance.** Also, poor stability of
Pd caused by volume changes and its oxidation in an air atmo-
sphere can be addressed by use of AuPd bimetallic decoration.*®
Thus, bimetallic NPs exert promising effects on gas sensing
output.*>*** In this section we will explain some notable research
studies in the field of bimetal decorated gas sensors.

Alwan et al.>® decorated porous silicon (P-Si) with Au, Pd,
and AuPd bimetallic NPs. P-Si was fabricated through photo-
electrochemical etching, followed by immersion in an Au and
Pd salt solution for different immersion periods to synthesize
the Au, Pd, and AuPd NP/P-Si samples (Fig. 7). Fig. 8(a) shows
the SEM image of the Au NPs deposited on P-Si. Square-shaped
pores were formed, and the Au NPs were spread evenly over
these pores. The Au NP sizes varied from 75 to 475 nm, and the
most prominent peak was observed at 75 nm (Fig. 8(d)). Also,
Fig. 8(b) shows the SEM image of the Pd NPs deposited on P-Si.
The sizes ranged from 75 to 375 nm, and the most significant
peak was observed at 75 nm (Fig. 8(e)). Fig. 8(c) presents the
SEM image of the Au-Pd bimetallic NPs, which were clustered
around the surface pores rather than within them. Their sizes
were approximately 30-190 nm, which were smaller than those
of the monometallic nanoparticles (Fig. 8(f)).

Among the fabricated gas sensors, the AuPd bimetal-
decorated sensor exhibited the highest sensitivity to CO gas.
The improved gas response was attributed to the higher barrier
height of the AuPd bimetal-decorated sensor than those of
other gas sensors. This induced a notable change in the barrier
height in the CO atmosphere, leading to the generation of a
noticeable sensor signal. Furthermore, the smaller size of the
bimetallic NPs than those of single NPs provided a higher
surface area than those of single-metal-decorated sensors. This
increased the number of surface sites for incoming gas mole-
cules. A related study conducted by the same team showed that
P-Si decorated with Au-Ag bimetallic NPs exhibited enhanced
CO, sensing features.’*

Pd forms PdH, in the presence of H, gas by expanding
substantially up to 600 times its original volume.>” This prop-
erty makes Pd a suitable material for H, gas sensing, which is
achieved through two primary methods. The first approach

This journal is © The Royal Society of Chemistry 2025
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Fig. 7 Synthesis of (a) Au-, (b) Pd-, and (c) AuPd-decorated P-Si. Reproduced with permission from Elsevier, ref. 50.
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Fig. 8 Scanning electron microscopy (SEM) images and particle size distribution of (a) and (d) Au-, (b) and (e) Pd-, and (c) and (f) Au—Pd NPs. Reproduced

with permission from Elsevier, ref. 50.

involves detecting changes in electrical resistance during the
absorption of H, gas by a Pd thin film at RT.>*** The second
approach used Pd as a catalyst to facilitate the decomposition
of H, molecules on the surface of resistive gas sensors.>>™>’
However, this catalyst is prone to oxidation into PdO at high
temperatures, which reduces its H, adsorption capacity. Ulti-
mately, this leads to a decline in the sensing performance. In
this context, Kim et al.>® synthesized bimetallic AugsPd;5 alloy
NPs and mixed them (100, 300, 500, 700, and 1000 pL) with 40
mg of SnO, powder to enhance the H, sensing performance.
The average size of the Pd;5Augs alloy NPs was 15 nm and that

This journal is © The Royal Society of Chemistry 2025

of SnO, NPs was 50-300 nm. The XPS study showed that the
sample prepared using 500 pL of AugsPd;5 alloy NPs showed the
highest percentage of adsorbed oxygen species, which are
required for oxidizing H, gas. Additionally, the sensor fabri-
cated from this sample showed the highest response of 72.78 to
100 ppm H, at 150 °C. Furthermore, the responses to H, gas
were 7.18, 18.15, 21, and 58 times higher than those to
C,H;0H, C3;HsO, CO, and CH,, respectively. Sensors with
higher quantities of Pd-Au NPs exhibited reduced responses
owing to agglomeration and screening effects caused by the
AuPd alloy. The underlying sensing mechanism is attributed to

J. Mater. Chem. C, 2025, 13, 9930-9950 | 9935
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Fig. 9 (a) and (b) TEM and (c) HRTEM images of AuPd—ZnO NWs and (d)
response of gas sensors to 1 ppm NO, versus temperature. Reproduced
with permission from Elsevier, ref. 60.

the chemical and electronic effects of bimetallic NPs. The
adsorbed H, molecules were efficiently dissociated into atoms
by the Pd-Au NPs, which were then transferred to the SnO,
surface. There, they reacted with active oxygen ions to form
water vapor. Furthermore, the absorption of H, by the AuPd
alloy NPs and partial formation of PdH, on SnO, decreased the
Schottky barrier height. This reduced the thickness of the
electron depletion layer, resulting in the generation of a sen-
sing signal.

In another study related to use of AuPd, Pandey et al.>°
investigated H, detection using AuPd bimetallic NPs. They
synthesized SnO, nanorods (NRs) using a hydrothermal
approach and decorated them with bimetallic AuPd NPs using
a reduction method. The optimized sensor showed a high
response of 46.4 to 100 ppm H, gas at 175 °C. This output
was 43-fold higher than that of the SnO, sensor and approxi-
mately 3 times higher than that of Pd-decorated SnO, NRs. This
notable sensing characteristic of the optimized gas sensor was
attributed to the pronounced catalytic effect of the bimetallic
NPs at the sensing temperature and creation of Schottky
junctions between the AuPd and SnO, NRs.

In a study on the use of AuPd bimetallic NPs, Chen et a
prepared ZnO nanowires (NWs) via a hydrothermal route under
conditions of 140 °C for 12 h. Au, Pd, and AuPd NPs (5-20 nm)
were decorated onto these ZnO NWs via a chemical route.
Fig. 9(a)-(c) show the TEM/HRTEM images of the AuPd NPs
on the ZnO NWs. Fig. 9(d) shows the sensing behaviour of gas
sensors to 1 ppm NO, gas versus temperature. The bimetallic
AuPd decorated-sensor showed the highest response to 1 ppm
NO,, which was R,/R, = 94.2 at 100 °C. This was much higher
than that of the Pd-decorated sensor. Furthermore, the
response and recovery times were shorter than those of the
other gas sensors. Owing to the electronic and chemical sensi-
tization effects of the bimetallic Au/Pd NPs, the Au/Pd-
decorated sensor exhibited both higher sensing performance
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Fig. 10 (a) Gas sensing response of various gas sensors to 100 ppm

CsHgN; (b) selectivity of the AuPd-In,Osz sensor to 10ppm gas and
10 ppm CsHgN. Reproduced with permission from Elsevier, ref. 61.

for NO, than the Au- and Pd-decorated gas sensors and lower
sensing temperature.

Sun et al.®" synthesized monodisperse In,0; porous spheres
that were 200-300nm in size using a hydrothermal approach
under the conditions of 130 °C for 12 h. Subsequently, an in situ
redox process was used to deposit Pd, Au, and bimetallic AuPd
NPs onto the In,O; nanospheres. The decorated samples exhib-
ited a higher total number of oxygen vacancies than pristine
In,03, with AuPd-In,0; showing the highest percentage. These
oxygen vacancies provide additional active sites for both reaction
and adsorption. Additionally, higher concentration of adsorbed
oxygen species indicates higher involvement of chemisorbed
oxygen in the oxidation-reduction processes. At 175 °C, the
AuPd-In,O; sensor produced a response of 367 to 100 ppm
C3HoN and significantly outperformed Pd-In,O; (30.3), Au-
In,0;3 (2.9), and In,O; (1.1) (shown in Fig. 10(a)). The cross-
selectivity of the AuPd-In,O; sensor was evaluated by measuring
its response to a gas mixture comprising 10 ppm crosstalk gas and
10 ppm C3HoN (Fig. 10(b)). The response of the sensor to the gas
mixture was nearly identical to its response to C;HgN alone, which
highlights its ability to differentiate between gases. Furthermore,
its high selectivity towards C;HoN may be attributed to the low C-
N bond energy in C3HyN, which enables its ready breakage at the
sensing temperature on the sensor surface.

Furthermore, the electron cloud density surrounding the N
atom in C;HgN is higher than that around the oxygen atoms in
other gases, which facilitates the adsorption of the C;HoN
molecules on the sensing material.

The superior performance of the AuPd bimetal-decorated
sensor compared with that of the single noble metal-decorated
sensor could be primarily attributed to the synergistic effect of
Au and Pd. Both electronic and chemical sensitization enable
greater adsorption of oxygen, which significantly increases the
resistance of the sensor in air. In addition to the catalytic effects
of noble metals, AuPd exhibits hybridization of the s, p, and d
orbitals with electron loss in the d-band. This phenomenon in
association with the catalytic behavior enhances the effective-
ness of the AuPd alloy particles as catalytic sites.

The hierarchically assembled structure provides a high sur-
face area, effective charge-transfer pathways, facile charge flow,
and numerous active sites, all of which contribute to enhanced
sensing performance. Zen et al.®> synthesized hierarchical WO,
NW bundles via a facile hydrothermal route at 180 °C for 20 h.
They were composed of several bundles of well-ordered NWs of

This journal is © The Royal Society of Chemistry 2025


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5tc00145e

Open Access Article. Published on 20 2025. Downloaded on 10.09.25 4:17:52.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Review

uniform size. The bundles comprised an assembly of multiple
1D NWs that formed hierarchical structures with straight
nanowire arrangements. A single NW with a diameter range
of 5-10 nm naturally forms uniform bundles approximately 50—
100 nm in size. The average diameter of these hierarchical
bundles was approximately 500 nm, and the length was 3-4 pm.
Additionally, Au NPs with diameters of approximately 4-16 nm
were dispersed across the surface of the WO; bundles, whereas
the size of the AuPd NPs was 5-24 nm. The AuPd-WQO; sensor
was decorated with 2.4 wt% Au and 0.48 wt% Pd and exhibited
a significant response of 91 to 50 ppm #n-butanol at 200 °C,
which was approximately 14-fold and 1.4 times higher than
those observed for pristine WO; (5.7) and Pd-WOj; (59) sensors,
respectively. Alkyl chains containing n-butanol cause signifi-
cant surface adsorption and dissociation. The -CH; group acts
as an electron-donor and enhances the electron density on the
oxygen atom. The -OH group possesses higher polarity and
lower bond energy than the C = O group in C3H¢O. Therefore, n-
butanol exhibits notable electron-donating capability that
enables chemisorbed oxygen species to interact with butanol
at lower concentrations than those of other gases. Moreover,
decorating WO; particles with AuPd NPs resulted in synergistic
effects, which could be attributed to the spillover effects of
oxygen and n-butanol. In the AuPd-decorated WO3;, the elec-
trons are transferred from WOj; to Pd and Au. Then, the EDL
expands on WO3;, and band bending occurs; however, upon
exposure to n-butanol, the height of the barrier reduces, leading
to the generation of a sensing signal.

Three-dimensional ordered macroporous (3DOM) structures
show advantages such as a large surface area and pores for easy
diffusion of gases. Therefore, they are good candidates for
sensing applications.®® Zeng et al.®* synthesized 3DOM WO,
with a macropore size of 320 nm and decorated it with
bimetallic AuPd NPs. Among the different gas sensors, the
AuPd-decorated sensor showed the highest response of 28 to
10 ppm C3H¢O at 300 °C. The sensor successfully detected
C3;H¢O in the exhaled breath of individuals with diabetes. The
pores in 3DOM WOj; facilitate the diffusion of gases. Addition-
ally, the oxygen molecules dissociate into oxygen ions via the
spill over effect of the AuPd alloy, leading to the expansion of
the EDL. Hence, an increased degree of resistance modulation
occurs in the bimetal-decorated gas sensors. Furthermore,
electronic sensitization owing to the formation of Schottky
junctions contributes to the enhanced sensing mechanism.

Li et al®® decorated Pd, Au, and AuPd bimetallic NPs (3-
10 nm) on SnO, NSs that were fabricated using a solvothermal
reaction at 180 °C for 12 h with ascorbic acid as the reducing
agent. Compared with that of NaBH,, ascorbic acid shows
weaker reducing properties, which results in the formation of
fewer seeds. Therefore, the AuPd NPs exhibit good dispersibility
and are less prone to aggregation. The AuPd-decorated SnO,
sensor demonstrated a response of 6.6 to 2 ppm C3;HO at
250 °C and 4.1 to 2 ppm HCHO at 110 °C. It showed notable
selectivity for the detection of C3HsO at low concentrations
(Fig. 11(a)) with a minimal or negligible response to other
biomarkers (Fig. 11(b)). The presence of interfering gases
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