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Summary:

Herein, the electrochemical synthesis of porous tin oxide (SnO2) semiconducting film is demonstrated
for application in gas sensors to detect redox gases. The application of a negative electrode potential in
a strong acidic precursor solution induces a series of chemical and electrochemical reactions. The in-
terplay of these reactions produces a porous, chemically pure and polycrystalline SnO:2 film over the gas
sensor’s electrodes. The preliminary tests under different redox gases confirm the enhancement in the
sensitivity of the SnO2 sensors compared to a reference SnO:2 based gas sensors.
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Background, Motivation and Objective

There is a growing research interests in develop-
ing an electronic nose for breath analysis of a
person for the premature diagnostic of disease®:
2, Indeed, the human breath contains a complex
mixture of oxidizing, reducing and volatile or-
ganic compounds (VOCs), which composition
and concentrations change depending on the oc-
currence of a disease. For instance, a kidney in-
fection shoots up ammonia (NHs) concentration
in the breath more than 14 times, while early-
stage asthma increases the concentration of ni-
tric oxide (NO) 4 times in the breath compare to
a breath of a healthy person 3 4. Such disease
biomarkers gases have been conventionally de-
tected using gas sensors based on metal oxides,
like tin oxides (SnO2), which are abundant and
inexpensive. Current approach of using these
materials in gas sensors comprise synthesis of
powder by hydrothermal method followed by pro-
cessing of the corresponding ink on the sensor
electrodes into thin film by screen printing or sim-
ilar solution casting methods. However, the mor-
phologies of such metal oxides films are often
compact and that reduces their sensitivity to-
wards the redox gases detection. On the other
hand, the detection benchmarks for the disease
biomarkers in the breath is often in ppb range,
necessitating drastic improvement in the sensi-
tivity of metal oxide-based sensors. In this en-
deavor, we report an electrosynthesis approach
of one step synthesis and deposition of porous
film of SnO2 onto gas sensor electrodes, which
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is rapid, precise and well-controlled in terms of
thickness and porosity.

Description of the New Method

The key novelty of the presented work is the in-
novative electrochemical methodology, in which
in situ generated hydrogen bubbles provides a
dynamic template for the pores evolution in sim-
ultaneously forming SnO2 deposit. The Dynamic
Hydrogen Bubble Template (DHBT) method 5 ©
has been previously explored only for the metal
film deposition but never for the metal oxide film.
The fine control of the electrochemical conditions
could produce a hierarchical porosity in the SnO2
film deposited over the gas sensors electrodes.

Results

The electrosynthesis is performed by electrore-
duction at a fixed potential in a precursor solution
containing a tin salt, a source of oxygen and a
proton source. Notably, the presence of the pro-
ton source causes hydrogen evolution reaction
at the electrode, producing bubbles at the elec-
trode surface and that behave as a soft dynamic
template @ to induce porosity in the metal oxide
deposit. We have modulated the electrosynthe-
sis potential, time and temperature to tune the
porosity and microstructures of the SnO2 porous
film. The preliminary results have demonstrated
the production of a porous film of SnO2 (Figure
1a), having multiplicity of pore sizes. Such hier-
archical porous morphology is a characteristic
feature of DHBT deposition. The microstructure,
upon investigation with X-ray diffraction (XRD)
exhibits reflection peaks characteristic of rutile or
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cassiterite phase of SnO2. The surface analysis
of the film by X-ray photoelectron spectroscopy
(XPS) shows characteristic peaks associated to
Sn** oxidation state. The porous coating is of
high chemical purity and is devoid of any poten-
tial metallic tin contamination, as confirmed by
XPS analysis. The electrochemical characteriza-
tions of the porous SnO: coating further revealed
hindered electron transfer reaction of a redox
probe Ks[Fe (CN)s] compared to a conventional
gold electrode, which exhibits well-defined redox
peaks, highlighting low conductivity of the oxide
film. Optimization of the electrosynthesis param-
eters, evaluation of the associated mechanism
and application of porous SnO: film in redox
gases sensing are the scope of our ongoing ac-
tivities.
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Fig. 1. SEMimage (a), XRD profile (b) and XPS high
resolution spectrum (c) of SnOz film.
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