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Summary: 
The selective detection of air pollutants remains a critical challenge. Here, we investigate the role of 
metal–support interaction in determining gas sensing behavior using single-atom Cu catalysts anchored 
on Co3O4 for formaldehyde vapor. Strong interfacial coupling modulates the redox properties of the 
support, enhancing sensitivity, selectivity, and low-temperature operation toward formaldehyde. This 
work provides mechanistic insights into how atomic-level catalyst–support integration governs environ-
mental sensing performance. 
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Background, Motivation an Objective 
Detecting formaldehyde at trace concentrations 
is critical for indoor air quality monitoring. 
Chemoresistive gas sensors relying on semicon-
ductive nanoparticles[1] are promising due to 
their compact size, low power and high sensitiv-
ity. While Co3O4 is a promising oxide for chemo-
resistive sensors, its performance is limited by 
poor low-temperature reactivity and selectiv-
ity.[2] Single-atom catalysts (SACs), when elec-
tronically coupled to the support, can modulate 
surface redox properties and enable more effi-
cient gas-solid interactions.[3] Here, we investi-
gate Cu-based SACs on flame-made[4-6] Co3O4 
and directly compare them with nanoparticle-
decorated counterparts. Our objective is to re-
veal how metal–support interaction (SMSI) at the 
atomic scale governs sensitivity, humidity stabil-
ity, and gas selectivity in formaldehyde sensing. 

Description of the New Method or System 
Atomically dispersed Cu2+ species were stabi-
lized on Co3O4 nanoparticles through a post-syn-
thetic incorporation route, facilitated by intrinsic 
surface defects introduced during the oxide fab-
rication process. Spectroscopic analyses con-
firmed the formation of well-defined metal–oxy-
gen–support interfacial motifs, accompanied by 
enhanced surface redox reactivity. This engi-
neered interface led to a notable improvement in 
sensing performance under low-temperature 
and humid conditions, outperforming systems 

based on aggregated Cu species or unmodified 
supports. 

Results 
H2-TPR analysis (Fig. 1) revealed a distinct low-
temperature reduction peak in the Cu SAC sys-
tem, indicating enhanced lattice oxygen activa-
tion due to strong metal-support interaction. Un-
der 50% relative humidity, the Cu SAC sensor 
maintained the highest absolute response to 1 
ppm formaldehyde among all samples (Fig. 2), 
demonstrating superior low-temperature activity 
and robustness under realistic environmental 
conditions  

Fig. 1. H2-TPR profiles of pure Co3O4, CuNP-Co3O4 
and Cu1-Co3O4 under 5 vol% H2/Ar. 

Temperature ( °C)

S
ig

na
l (

a.
u.

)

150 200 250 300

Unmodified

400 450

Nanoparticle

SAC

350

H2-TPR

DOI 10.5162/EUROSENSORS2025/MP3



The 37th European Conference on Solid-State Transducers
EUROSENSORS 2025

209

Fig. 2. Response of Cu1-Co3O4 toward 1 ppm for-
maldehyde in comparison to reference samples at 50% 
RH and 75 °C. 
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