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Porous CuO/In,0; Nanostructures
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Abstract

Trimethylamine (TMA) is an organic amine gas that serves as a key indicator for evaluating the freshness of seafood. We
synthesized a highly sensitive trimethylamine (TMA) sensor based on porous indium oxide (In,O;) nanoparticles (NPs)
loaded with CuO in the range of 6.7 to 28.4 at.%. CuO was loaded by hydrazine reduction onto as prepared In,O; NPs using
the microwave irradiation method. Crystal structures, morphologies, and chemical composition of CuO/In,0; nanostructures

(NSs) were characterized by X-ray diffraction, field emission scanning electron microscopy, energy-dispersive X-ray spec-
troscopy, and inductively coupled plasma mass spectrometry. The response of the 23.8 at.% CuO/In,O; to 2.5 ppm TMA
at 325°C was 5.7, which was 2.8 times higher than that of porous In,O; NPs. The high sensitivity and selective detection
of TMA were attributed to electronic interactions between CuO and In,O; and the high catalytic activity of CuO to TMA.
Altogether, this CuO/In,0; sensor could be used in the future to detect low concentrations of TMA, thereby aiding in the

storage and distribution of marine food resources.
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Fig. 1. Morphology and crystal structures of the In,O; NPs and CuO/
In,0; nanostructures: (a) SEM image of In,O; NPs; (b) 6.7
at% CuO/ In,0; NSs, (c) 16.5 at% CuO/In,O; NSs; (d) 23.8
at% CuO/ In,0; NSs; (e) 28.4 at% CuO/In,0; NSs; (1), (g),
(h), and (i) EDS elemental mapping of In, O, and Cu in 23.8
at% CuO/ In,O; NSs; (j) EDS spectrum of 23.8 at% CuO/

In,O; NSs.
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Fig. 2. (a) Full-range XRD pattern taken from In,O; NPs, 6.7 at%
CuO / In,05 NSs, 16.5 at% CuO/In,O; NSs, 23.8 at% CuO/
In,O; NSs, and 28.4 at% CuO/In,O; NSs, (b) Magnified
scaled pattern in the 28-42° range, showing In,O; of (104),
(400), and (004) peaks and CuO (002) and (111).
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Fig. 3. (a) Gas response of 23.8 at% CuO/ In,O; NSs to 2.5 ppm TMA at 300°C, 325°C, and 350°C. Gas response of (b) In,O; NPs; (c) 6.7
at% CuO/ In,O; NSs, (d) 16.5 at% CuO/In,0; NSs; (e) 23.8 at% CuO/ In,O; NSs, and (f) 28.4 at% CuO/In,0; at 325°C to 2.5 ppm gases.
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Fig. 4. (a) Dynamic TMA sensing transient of 23.8 at% CuO/In,0;
NSs (b) Gas responses of 23.8 at% CuO/In,O; NSs as a func-
tion of TMA concentration at 325°C.
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Fig. 5. The sensor resistance of In,O; NPs, 6.7 at% CuO/In,0; NSs,
16.5 at% CuO/In,0; NSs, 23.8 at% CuO/In,0; NSs, and 28.4
at% CuO/In,0O; NSs in the temperature range of 300°C to

350°C.
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