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Summary:

This work develops a high-sensitivity sensor based on tungsten-doped bismuth stannate (W-Bi2Sn207)
ultrafine nanocrystals for the detection of 4-ethylguaiacol. The sensor demonstrates exceptional re-
sponse to 4-ethylguaiacol at trace concentrations of 2—10 ppm. The enhanced sensing performance is
driven by electronic structure modulation and increased surface oxygen vacancies. This work under-
scores the potential of defect-engineered nanomaterials for advanced agricultural monitoring and real-

time plant health diagnosis.
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Background

Bismuth stannate (Bi2Sn207), an n-type semi-
conductor characterized by its stable ilmenite-
type lattice, holds immense promise for chemire-
sistive gas sensing due to its structural flexibility
and, notably, its facilitated charge-transfer kinet-
ics [1]. However, achieving high sensitivity at
trace-level concentrations remains a formidable
challenge for pristine Bi2Sn207 [2]. Recent stud-
ies have demonstrated that the strategic incor-
poration of tungsten (W) into the metal oxide lat-
tice has significant potential to modulate elec-
tronic properties and surface chemistry [3]. By
employing a facile hydrothermal route to synthe-
size W-doped Bi2Sn207 (W-Bi2Sn207), this dop-
ing strategy synergistically induces the formation
of abundant surface oxygen vacancies, creating
high-density active sites for gas adsorption. Con-
sequently, the sensor exhibits a superior, stable
response to 2-10 ppm 4-ethylguaiacol, enabling
reliable trace detection.

4-Ethylguaiacol is a volatile organic compound
(VOC) released by plants as a defensive re-
sponse to biotic or abiotic stressors, such as
pathogen invasion or drought [4]. The emission
intensity of 4-ethylguaiacol correlates directly
with the physiological health status of the crop,
providing a real-time diagnostic signature for
early plant stress detection. This work demon-
strates the successful integration of W-Bi2Sn207
ultrafine nanocrystals into gas sensing platforms,
highlighting their potential as an indispensable
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tool for precision agriculture and non-invasive
plant health monitoring [5].

Sample preparation

A straightforward one-step hydrothermal method
was used to synthesize tungsten-doped
Bi2Sn20y7. During the synthesis, tungsten hexa-
chloride (WCls) was used as the dopant precur-
sor, and the molar ratio of W to Bi was adjusted
to approximately 0%, 2%, 4%, and 6%. The sam-
ples were designated as BSO, 2WBSO, 4WBSO,
and 6WBSO, respectively. To evaluate the gas-
sensing properties, a four-channel testing sys-
tem was utilized to capture real-time resistance
signals during cyclic exposure to ambient air and
the target gases.

Results

Owing to its superior sensing metrics, the
4WBSO sample was selected as the representa-
tive sensor for in-depth structural analysis (Fig.
1). The morphological features of the synthe-
sized QDs were examined via high-resolution
transmission electron microscopy (HRTEM). As
depicted in Fig. 1b, the 4WBSO exhibits an ultra-
small grain size of 3-6 nm based on statistical
analysis, consistent with the significant broaden-
ing observed in the XRD pattern (Fig. 1d),
thereby enhancing surface reactivity. The corre-
sponding selected area electron diffraction
(SAED) pattern (Fig. 1d) illustrates the well-de-
fined crystalline lattice of the doped stannate
structure. Additionally, energy-dispersive X-ray
spectroscopy (EDS) mapping (Fig. 3e-3i)
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highlights the homogeneous dispersion of Bi, Sn,
O, and W atoms, confirming that tungsten has
been successfully and uniformly incorporated
into the Bi2Sn207.

Fig. 1. (a) TEM images and (b-c) HRTEM image of
4WBSO, (d) XRD pattern of 4WBSO, (e) HAADF-
STEM image of 4WBSO, (f-i) EDS elemental mapping
images of Sn, W, O, and Bi for 4WBSO.

The O 1s spectra were deconvoluted into three
Gaussian-Lorentzian components: lattice
oxygen (O.), chemisorbed oxygen (Oc), and
oxygen vacancies (Ov). XPS O 1s analysis
reveals that W-doping significantly increases the
Ov relative concentration (Ov/(Oc+OL+0v)) from
24.4 % 10 50.0 % (Table 1). A corresponding shift
in binding energy from 529.7 eV to 530.3 eV
confirms the strong electronic modulation by
high-valence W¢* ions. These abundant Oy sites,
combined with size effects, provide a high
density of active centers, thereby facilitating
enhanced adsorption of 4-ethylguaiacol and
superior sensing Kinetics.

Tab. 1: Summary of O 1s Binding Energies and
Relative concentration of Oxygen Vacancies (O.) for
BSO and 4WBSO Sample.

Sample Binding Ov/(OL:Oc+Ov)
Energy (%)
(eV)
BSO 529.7 24.4%
4WBSO 530.3 50.0%

Fig. 2 demonstrates that 4WBSO achieves the
most  significant  response  toward 4-
ethylguaiacol across the 2-10 ppm range at room
temperature. The remarkable enhancement is
primarily driven by the strategic incorporation of
tungsten, which optimizes the amount Oy to a
near-ideal level (approx. 50%), significantly
modulating the electronic band structure and
enhancing charge-carrier mobility. The high
valence WS* ions increase the number of
chemisorption centers and introduce defect-
induced energy levels. These states act as
efficient electron traps, facilitating rapid charge
transfer during interactions with 4-ethylguaiacol
molecules, thereby heightening sensitivity.

EUROSENSORS 2026

40
351 pure
2WBSO
5304 —=—4wBSO
x —es— 6WBSO
T 251
e
o 204 Room temperature
2 4-Ethylguaiacol
S 151
o
2 10+
©
54
o] ¥

2 4 6 8 10
Concentration (ppm)
Fig. 2. The response values of WBSO (x =0, 2, 4, and
5) film to 4-ethylguaiacol (2-10 ppm) at room
temperature.

Conclusion

W-doped Bi.Sn207 ultrafine nanocrystals were
successfully synthesized wusing a facile
hydrothermal method. The optimized 4WBSO
exhibits abundant oxygen vacancies and size
effects. The developed sensor shows a superior
response to 2-10 ppm 4-ethylguaiacol at room
temperature, providing a valuable tool for real-
time plant stress monitoring.
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