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Abstract: We report herein the efficiency of microwave-assisted synthesis for obtaining ZnO/SnO2 
heterostructures for room-temperature gas-sensing applications. The sensing performances of the 
traditional oxide materials have been found for applications above 200 °C. However, these 
temperatures were here reduced to room temperature by considering sensing activity 
photoactivated by UV light, even for ppb ozone (O3) levels. The heterojunctions exhibited a fast 
response, total reversibility, and selectivity to oxidizing gases, especially O3 gas. This investigation 
provides an efficient way to obtain heterostructures exhibiting remarkable properties for practical 
applications as O3 gas sensor devices. 
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1. Introduction 

Metal oxide semiconductors (MOS) have attracted considerable interest from many researchers 
due to their unique properties that allow numerous practical applications [1,2]. Among the MOS, 
zinc oxide (ZnO) and tin oxide (SnO2) are n-type wide band-gap semiconductors (Eg = 3.2 and 3.6 
eV, at 300 K) [4,5]. These compounds have attracted much interest due to their wide range of 
applications, mainly as chemoresistors [1,6]. The traditional semiconductor gas sensors (e.g., ZnO, 
WO3, SnO2, and In2O3) have generally found application for use at temperatures >200 °C, hindering 
the monitoring of gas composition in an environment containing explosive species since high 
temperature could trigger an explosion [7]. In this way, the UV-light irradiation becomes an 
efficient and low-cost approach for the activation of the chemical reactions at room temperature [7–
9]. Despite the potential application of pristine ZnO and SnO2 as UV-activated gas sensors, the high 
charge carrier recombination rates impair their efficiency [9]. Therefore, great efforts have been 
made to improve the performance of these semiconductors, for example, the coupling or creation of 
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junctions between semiconductors (heterojunctions) has been a promising way to retard the charge 
recombination and thus enhancing the gas sensing activity [9,10]. 

The heterojunctions have been prepared by a variety of physical and/or chemical routes [4,5,9–
11]. Recently, we reported the UV-assisted gas sensing properties of ZnO/SnO2 heterojunctions 
prepared via conventional hydrothermal method [9]. Despite the remarkable properties of the 
heterojunctions as sensing materials [9,10], the controlled and reproductive synthesis of these 
compounds, to ensure reliable operation of the sensors, has been the main difficulty for 
technological applications. 

Therefore, we report herein the efficiency of microwave-assisted treatment for obtaining of 
ZnO/SnO2 heterostructures exhibiting remarkable properties as UV-assisted ozone gas sensor 
working at room-temperature. Gas sensing measurements under continuous UV irradiation proved 
the ability of heterojunction for detecting ppb ozone levels (20 to 385 ppb). Additionally, the 
heterojunction also exhibited total reversibility, repeatability, and selectivity to oxidizing gases. 

2. Materials and Methods 

2.1. Samples Preparation 

ZnO/SnO2 heterojunctions with the composition 50 wt % ZnO: 50 wt % SnO2, were prepared 
via microwave-assisted method (CEM Discover; 2.45 GHz). The appropriate amounts of 
nanocrystalline ZnO and SnO2 powders were added into 20 mL of Milli-Q water and kept under 
continuous stirring. Then, the solution was transferred to a 35 mL vessel sealed with a Teflon cap 
and treated in the microwave reactor for 20 min at 200 °C. 

2.2. Characterization Techniques 

X-ray diffraction (XRD) patterns were determined using a PANalytical Empyrean operating in 
Bragg-Bretano mode using a CuKα radiation source. The microstructural properties of the ZnO-
SnO2 heterojunction were analyzed using a transmission electron microscopy (TEM, FEI TECNAI 
G2 F30) operating at 300 kV. Gas sensing measurements were performed at room temperature (24 
°C) under a UV-light irradiation provided by an UV light-emitting diode (LED, Nichia,  λ = 325 nm; 
200 µW). The distance between the UV-LED and the sensing material was kept at 10 mm. A 1 V dc 
voltage was applied to the sample while the electrical resistance was monitored by using an 
electrometer (HP4140B Source/Pico-ammeter). Dry air was used as both the reference and the 
carrier gas, maintaining a constant total flow of 500 SCCM via mass flow controllers. The O3 gas 
was generated by oxidizing oxygen using a pen-ray UV lamp, resulting in an O3 output level from 
20 to 385 ppb. To evaluate the selectivity, NO2, NH3, and CO gas-sensing measurements were 
performed for concentrations ranging from 100 to 500 ppb (NO2), 1 to 5 ppm (NH3), and 5 to 10 
ppm (CO). 

3. Results and Discussion 

Figure 1a displays the XRD pattern of ZnO/SnO2 heterojunction, being all peaks indexed to 
crystalline ZnO and SnO2 phases, respectively. HRTEM image obtained from the ZnO/SnO2 
heterojunction showed that the microstructure consists of SnO2 nanoparticles (of ca. 5 nm), 
coalesced over ZnO rod-like structures of ca. 13 nm, as illustrated in Figure 1b. Additionally, Figure 
1b revealed the existence of junction between ZnO and SnO2 nanoparticles, indicating the formation 
of junction between the oxide semiconductors. 
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Figure 1. ZnO-SnO2 heterojunction prepared via microwave-assisted method. (a) XRD pattern; and 
(b) HRTEM image. 

Figure 2a presents the gas sensor responses of the ZnO/SnO2 heterojunction exposed to various 
O3 levels under continuous UV irradiation.  

(a) (b) 

Figure 2. (a) Room-temperature gas sensing response of ZnO-SnO2 heterojunction as a function of 
ozone gas concentration; (b) Comparison of the sensor responses to different gases (O3, NO2, NH3, 
and CO) under continuous UV illumination. 

We observed that the heterojunction exhibited a good sensor response even for the lowest O3 
level (20 ppb), and also a total reversibility, and good repeatability. It is important to remember that 
ozone levels higher than 100 ppb are known to be harmful to human health [6]. To evaluate the 
selectivity, the heterojunction was exposed to oxidizing (NO2) and reducing gases (NH3, and CO). A 
good response to NO2 was obtained, and the response to both reducing gases was low, suggesting a 
selectivity towards oxidizing gases. Figure 2b displays the comparison of sensor responses of the 
heterojunction to different gases. 

4. Conclusions 

This paper reports a versatile and efficient approach for preparing ZnO/SnO2 heterojunctions 
for use as room-temperature ozone gas sensors. HRTEM analysis revealed the existence of junction 
between ZnO and SnO2 particles, respectively. The UV-assisted gas sensing experiments confirmed 
the sensing performance of the ZnO/SnO2 heterojunction, exhibiting a good sensor response in 
detection of oxidizing gases, especially, at the ppb ozone levels. The improvement of gas sensing 
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performance was attributed to the good charge separation, which was motivated by the formation 
of ZnO/SnO2 heterojunction. These findings show that ZnO/SnO2 heterojunctions present a 
potential for practical applications as ozone gas sensors operated at room-temperature. 
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