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Hydrocarbons are considered the principal cause for climate change. In 

comparison with other gases, hydrocarbons exhibit health effects and they are 

responsible for nearly one-fifth of anthropogenic global warming. These include 

volatile organic compounds (VOCs) and methane (CH4).
1 Over the last years, 

nanomaterial-based gas sensors with high sensitivity at room temperature (RT) 

and low fabrication cost, have been demonstrated.2 Recently, various metal oxide 

(MOX) nanocrystals (NCs)/carbon nanotube (CNT) chemo-resistors have been 

investigated in order to design sensitive exhaled breath gas sensors3. However, 

MOX NCs/CNT-based sensors lack rapid recovery time and long-time stability, 

limiting their utility.  

 

In this paper, we present highly sensitive ZnO NCs/multiwalled CNT (MWCNT) 

heterostructure chemi-resistive sensors arrays for the selective detection of low 

concentrations of different hydrocarbons at RT. The atomic layer deposition 

(ALD) is used to spatially control the growth of MOX on the CNT surface, in 

terms of morphology and crystallinity, contributing to high sensitivity of the final 

heterostructure. (Fig. 1) The resulting sensors operate at RT and show fast and 

reliable response to toluene (C6H5-CH3) and methane CH4, being not responsive 

to benzene (C6H6) (Fig. 2). The response to C6H5-CH3 and CH4, although similar 

in magnitude, has different transient characteristics, allowing for differentiation. 

The observation of the transient characteristics is enabled by photo-activated 

sensing and UV promoted de-gassing. For example, the use of periodically UV 

illumination allows the investigation of the transient response to CH4, resulting in 

PPM-level sensitivity at RT with shorter (few seconds) recovery time. (Fig. 3)  
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Figure 1. (a) Schematic array of hydrocarbons chemi-resistive sensors. (b) MOX/CNT 

heterostructure active material (c) Transmission electron microscopy (TEM) image showing 

uniform distribution of ALD ZnO NCs on MWCNT surface. Mean diameter of the ZnO 

nanoparticles is 7.74 nm. (Reproduced with permission from [4].)

 
Figure 2. Typical time-resolved curve of the resistance of MWCNT/ZnO chemi-resistor upon 

exposure to toluene (C6H5-CH3) 10 ppm and benzene (C6H6) 5 ppm.   

 
Figure 3. (a) Typical time-resolved curve of the resistance of MWCNT/ZnO chemi-resistor upon 

exposure to CH4 10, 5, 2 ppm. (b) Typical time-resolved curve of the resistance of the ZnO-

MWCNT sensor while continuously exposed to 10 ppm of CH4 and recovered to baseline 

resistance by UV radiation.  
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