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Fig. 1. SEM images of (a) SnS, nanoplates, (b) In,O; QDs and (c¢) SnS,/Iny,O5 composites. HR-TEM images and SAED patterns
with a 5 nm scale of (d), (g) accordion-like SnS, nanoplates, (e), (h) In,O3 QDs and (f), (i) SnS,/In,O3 composites.
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Fig. 2. (a) XRD patterns of Iny,O3, SnS, and SnS,/In,03; XPS spectra of (b) SnS,/InyOs, (¢) O 1s, (d) In 3d, (e) Sn 3d, (f) S 2p.
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Fig. 3. Gas-sensing properties of SnS, nanoplates, In,O3 QDs and SnS,/In,O5 composites: (a) Response sensitivity to 1x10 % NO, of
volume fraction of all composites of different SnS,/In,O3 concentration; (b) variation of response sensitivity to 1x10 % NO, of

volume fraction of all composites of different SnS,/In,O3 concentration; (c) variation of response and recovery time to 1x10 % NO,

of volume fraction of all composites of different SnS,/In,O3 concentration.
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Fig. 4. (a) Resistance time curves of 52% sensor to different NO, concentrations; (b) the fitting curves of 52% sensor to different
NO, concentrations; (c) selectivity of the sensor; (d) repeatability curves of 52% sensor toward NO, of volume fraction of 8x107.

K1 AR NO, Tk RE LA

Table 1.  Performance comparison of NO, sensors based on different composites.

Material Temp./C NO, concentration/x 10 Response Response/recovery time/s Ref.

SnS,-nanosheets 250 10 2.49 6/40 [20]

Sn0,/SnS, 80 1 1.8 159/297 [12]

Monolayer MoS, 25 1.2 1.06 >1800 [21]

In,O3 microspheres 250 20 37 5/20 [22]

In,O, thin films 200 5 10 —/— (23]

InyO3 nanocubes 50 3 10 21/522 [17]
SnS,/In,0; 25 1 26.6 146/243 This work

(a) Fefliy (b) HefE (c)
— A @’Le* 9 In,04
4.3 eV b
------- X g gf —— ¥ Qj/o

P ¥ .
sy || e g
— Ey —.T_: v 0205 —
In,O3 V
L+ ©

E 5 (a), (b) SnS, Fl In,O4 Ml T J5 FUBEHT K] (c) SnS,/Iny04 T 45 B NO, S M AL BB /R 7 &

Fig. 5. (a), (b) Energy band structure diagram of SnS, and In,O3 before and after contact; (¢) schematic diagram of NO, gas sens-

ing mechanism of the sensor based on SnS,/In,O3 heterostructure.
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SnS,/In,0; based gas sensors and its high performance of
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Abstract

NO, is a toxic gas that can react with other organic compounds in the air, causing air pollution and posing
a significant harm to human health. Therefore, a gas sensor that can detect NO, is needed. However,
conventional NO, gas sensors are difficult to operate at room temperature (25 °C). In this work, NO, gas
sensing based on SnS,/In,03, which can operate at room temperature (25 °C), is reported. In,O5 quantum dots
and SnS, nanosheets are prepared by the hot-injection method and hydrothermal method. By using the unique
two-dimensional structure of SnS,, In,O3 is decorated on it, and the composite enhances its sensing
performance. The products are characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM),
high-resolution transmission electron microscopy (HR-TEM), and X-ray photoelectron spectroscopy (XPS). The
results demonstrate that the composites prepared by 52% In,O; exhibit the best sensing response. The
fabricated sensor shows a response range from 26.6 to NO, of 1x10 % in volume fraction, fast response and short
recovery time at room temperature (25 °C). Moreover, this sensor demonstrates excellent reproducibility and
selectivity. The heterojunction structure increases the number of active sites and accelerates the gas transport,
which promotes charge transfer and gas desorption to improve NO, gas sensing performance. This excellent
sensing performance has a great application prospect in NO, detection.
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