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Rapid detection of volatile organic compounds (VOCs) such as toluene and acetone is
urgently needed. Semiconductor-type sensor materials such as CuO and SnO have the
advantage of exhibiting a wide range of responsiveness to VOCs, but have high working
temperature, limited response values, slow response / recovery speeds, and low durability.
In the present research, layered compound Ti;C, Ty (MXene) based composites were
synthesized by an electrostatic self-assembly method, and the environmental response
function of the two-dimensional mix ionic compound was investigated. By hydrothermal
process, we succeeded in forming a hybrid heterostructure in which oxide nanoparticles of
about 7 nm are uniformly dispersed on the surface and layers of the layered compound
MXene. The CuO/Ti;C,Tyx showed better toluene gas selectivity / response speed and gas
sensing performance. In addition, the nanocomposite combining SnO-SnO- (p-n junction)
and MXene was also successfully synthesized by a one-step hydrothermal method. Under
hydrothermal treatment, a part of p-type SnO was oxidized to n-type SnO., and a p-n junction
was formed. The sandwich-structured SnO-Sn0O,/Ti;C,Tx sensor showed an excellent
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acetone gas sensing performance at room temperature with a significantly reduced
operating temperature. The two-dimensional composite ionic compound using the layered
compound MXene shows excellent environmental response performance and is expected as
a novel material for VOC gas detection.
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Fig.1. (a) XRD patterns and (b) SEM images of MAX phase-TizAlC,;
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Fig. 2. XRD patterns of (a) CuO nanoparticles, (b) Ti;C,Tk after etching by HF, and (c) CuO/TizC,Tx
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Fig.3. TEM images of (a) CuO nanoparticles; SEM images of (b) Ti;C,Ty MXene and (c) CuO/
Ti;C,Ty; (d) SEM images of CuO/TizC,Tx and (e-h) its corresponding elemental mapping. (i)
TEM image of CuO/Ti;C, Tk
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Fig.4. (a) Transient response/recovery curves with various toluene concentrations and (b) response
values of CuO/Ti;C,Ty with different Ti;C,Tx amount; (c) Gas sensing response of CuO,
Ti;C,Tx and CuO/Ti3C, Tk tested at different working temperatures, (d) response/recovery
times, and (e) selectivity of CuO/Ti3 C. T30 wt.% to 50 ppm of tested gas.
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Fig.5. Transient response/recovery curves of (a) CuO/Ti;C, Ty, (b) CuO/MoS., (¢c) CuO/rGO, (d)
Corresponding response value and (e) response/recovery time of CuO/Ti;C, Ty and CuO/MoS..
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Fig. 6. The average room temperature gas response of TisC, Ty, SnO-SnO. nanoparticles and SnO-SnO,/
Ti; C, Ty sensors at 10-100 ppm of (a) ethanol, (b)methanol, (c) toluene and (d) acetone gas.
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