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Summary: 
Defective metal oxides are promising for gas sensing due to enhanced free carrier concentrations. In 
this work, reduced molybdenum oxide nanosheets (MoO3-x NSs) were synthesized on alumina sub-
strates using a fast electrochemical method and decorated with palladium chloride. Structural and mor-
phological analysis confirmed temperature-dependent properties. Hydrogen sensing tests showed that 
operating temperature significantly affects response and recovery times, demonstrating the material’s 
potential for efficient gas sensor applications. 
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Background 

Hydrogen, a clean and efficient energy car-
rier, is used in fuel cells, electric vehicles, and 
power systems. However, its wide flammability 
range (4–75%), low ignition energy, and invisibil-
ity pose significant safety risks, making hydrogen 
sensors crucial for early leak detection in indus-
trial settings at low concentrations [1,2]. Effective 
sensors must offer high sensitivity and selectivity 
under real-world conditions. Resistive sensors 
based on semiconductor metal oxides are pre-
ferred due to their stability, simplicity, and scala-
bility. Molybdenum trioxide (MoO₃), with its 
unique layered structure and high electron mo-
bility, shows promise, especially in its substoichi-
ometric form (MoO₃₋ₓ), which exhibits enhanced 
conductivity and gas-sensing performance due 
to oxygen vacancies [3]. This study focuses on 
synthesizing MoO₃₋ₓ nanosheets via anodic oxi-
dation and functionalizing them with PdCl₂ to im-
prove hydrogen sensitivity, aiming to develop a 
cost-effective, fast-response sensor. 

Description of the New Method and system 
MoO₃₋ₓ nanosheets were synthesized through 

anodic oxidation of high-purity molybdenum in 
0.02 M HCl at 30 V for 15 minutes, yielding oxy-
gen vacancy-rich structures with enhanced con-
ductivity. The nanosheets were drop-cast onto 
Al₂O₃ substrates with gold electrodes and func-
tionalized with PdCl₂ to boost hydrogen adsorp-
tion. Hydrogen sensing was evaluated in a cus-
tom chamber using static H₂ injection (10% 
H₂/Ar, diluted), alternating 210 s exposure and 

180 s recovery under vacuum at 150–300 °C. Ar 
served as the carrier gas, ambient air enabled 
recovery, and RH was kept at ~30%. Electrical 
signals were recorded via IVIUMSTAT potenti-
ostat, with sensor response calculated as:
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Where airR and gasR
 are the resistances in air 

and hydrogen, respectively. 

Figure 1 Schematic of (a) anodic synthesis of MoO₃₋ₓ
nanosheets, (b) Pd functionalization on gold electrodes, 
and (c) hydrogen gas sensing system. 

Results and Discussion 

The structural and morphological properties of 
MoO₃₋ₓ nanosheets (NSs) were analyzed using 
XRD, Raman spectroscopy, FESEM, and TEM. 
XRD (Fig. 2a) revealed a nanocrystalline struc-
ture with broad peaks, indicating partial disorder. 
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Raman spectroscopy (Fig. 2b) identified charac-
teristic O–Mo–O and Mo=O vibrations, suggest-
ing oxygen vacancies. FESEM (Fig. 2c) showed 
a wrinkled, layered structure, while TEM (Fig. 2d) 
confirmed stacked nanosheets with dispersed 
nanoparticles, enhancing the surface area for 
gas sensing. XPS analysis (inset of Fig. 2d) con-
firmed the presence of molybdenum, oxygen, 
and residual carbon. 
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Figure 2 MoO3-x NSs charecterization, (a) XRD, (b) Ra-
man spectroscopy, (c) SEM, (d) TEM(inside: XPS survey 
scan). 

Hydrogen sensing performance of the MoO₃₋ₓ
NSs was assessed by monitoring the variation in 
electrical resistance under controlled gas expo-
sure at different operating temperatures (Fig. 
3a). When 10% H₂ gas was injected for 210 sec-
onds, a notable increase in electrical current (de-
crease in resistance) was observed, especially 
at elevated temperatures. This behavior aligns 
with the n-type semiconducting nature of molyb-
denum oxide, where hydrogen exposure do-
nates electrons and enhances conductivity. As 
shown in Fig. 3b, the sensor response signifi-
cantly increased with temperature, peaking at 
300 °C. The response was reversible upon re-
turning to air, demonstrating excellent repeata-
bility and stability. Figure 3c highlights the re-
sponse after 210 seconds of hydrogen exposure, 
with negligible sensitivity at 150 °C and sharp in-
creases above 250 °C, reaching maximum val-
ues exceeding 22200(222/%, in diagram). This
temperature dependence emphasizes the im-
portance of high temperatures for sensor perfor-
mance. Figure 3d shows the response and re-
covery times, with response times under 210 
seconds and recovery times under 8 seconds, 
demonstrating fast kinetics. This combination of 
high response, rapid recovery, and stability 
makes Pd-decorated MoO₃₋ₓ NSs promising for 
efficient, low-cost hydrogen sensing, particularly 
in high-temperature environments.
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Figure 3 (a) Current variation of MoO₃₋ₓ NSs during H₂
exposure; (b) dynamic response of Pd-functionalized NSs 
at different temperatures; (c) response at 210 s; (d) re-
sponse/recovery times vs. temperature. 

The MoO₃ NSs demonstrated high selectivity 
for hydrogen at 300 °C, showing significantly 
higher response to H₂ than to CO₂, NO₂, CH₄,
and ethanol, confirming their specificity and 
suitability for reliable gas sensing applications. 
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Figure 4 Hydrogen selectivity of sample at the operation 
temperature of 300 °C.
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