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Abstract: QCM is one of major sensing methods for volatile organic compounds (VOC) at room 

temperature. Nanostructure is effective to increase the sensitivity because of its large surface area. 

We introduced ZnO nanostructure to detect ethanol gas. ZnO nanostructure was fabricated by all 

wet process such as electrodeposition and chemical bath deposition (CBD). In this case, seed layer 

was obtained by electrodeposition, and nanostructure was formed by the CBD. The thickness of 

seed layer was controllable by charge amount on the electrodeposition, and that of nanostructure 

was controllable by deposition time on the CBD. As the results, the sensitivity increased with the 

thickness of the seed layer when the deposition time on CBD was set as 30 min. These results 

indicate that we can obtain high sensitive VOC sensor by using all wet process which is fit to large 

scale production with cost-effective. 
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1. Introduction 

Volatile organic compounds (VOC) are one of the major targets for gas sensing, since they are 

known as air pollutants and marker of some diseases such as diabetes and kidney failure.  

For examples, acetone, ethanol, acetaldehyde, methane, and trimethylamine are measured for VOC 

sensing. In particular, sensing ethanol gas is very important in automobile and foods industry.  

In addition, we can use intelligent sensors at someone’s need, since a mobile sensor can be connected 

to a mobile device such as a smartphone. 

There are mainly two measuring methods to detect ethanol gas, semiconductor and quartz 

microbalance methods (QCM). Semiconductor type gas sensor monitors the resistance changes 

corresponding to the gas adsorption on the electrode and works at high temperature over 200 °C. 

ZnO has been used for a sensor material for VOC on a semiconductor device [1,2]. QCM type sensor 

monitors the frequency changes of resonance frequency corresponding to the gas adsorption on the 

electrode and works at room temperature. QCM is known as a real time measurement with 

simplicity, convenience and low cost. QCM is one of candidates for highly sensitive ethanol sensor 

to be integrated with the mobile device without heating procedure. Some researchers tried to use 

ZnO material onto the quartz surface [3,4]. We have studied ZnO structure dependent with the 

deposition potential on the electrodeposition, and tried to detect ethanol using the electrodeposited 

ZnO on the twin sensor QCM [5]. As the results, QCM with scaly ZnO surface, which was obtained 

at −0.8 V vs. Ag/AgCl, showed high frequency changes on exposing to ethanol gas. This result 

indicated that highly specific surface would be effective to improve the sensor sensitivity. In this 

study, ZnO nanostructure was fabricated on the QCM chip by all wet process, and it was applied to 
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detect ethanol gas. In fact, the seed layer was obtained by electrodeposition, and nanostructure was 

formed by Chemical Bath Deposition (CBD). 

2. Experimental 

Zinc nitrate hexahydrate was dissolved in pure water, and it was used as an electrolytic plating 

solution. The concentration of it was 0.05 M. We used a three electrode system and a potentiostat 

(HZ-5000, Hokuto Denko Corp., Japan). Counter electrode was Zn plate, and Ag/AgCl was used for 

a reference electrode. Working electrode was Au thin film on the quartz substrate (fundamental:  

9 MHz, Seiko EG&G, Japan). On the electrodeposition, the potential was ranged from −0.7 to −0.9 V 

vs. Ag/AgCl at 60 °C. The deposition time was ranged from 5 to 15 min. The size of ZnO crystal 

enlarged with the charge amount which increased with the deposition time and the deposition 

potential. So, ZnO seed layer was fabricated on the QCM with the applied potential of −700 mV.  

The solution composed of Zinc nitrate hexahydrate, NH4OH, and TMAH was used for CBD at 90 °C. 

Finally, pH of the CBD solution was adjusted to 10.6. After the CBD deposition, the device was 

washed with pure water. Then, the device was stored within a vacuum until gas measurement. 

3. Results and Discussion 

3.1. Morphology of ZnO Nanostructures 

The electrodeposited layer was used as a seed layer for CBD. As the results of SEM images of 

the ZnO films electrodeposited from −0.7 to −0.9 V vs. Ag/AgCl, ZnO crystal enlarged with charge 

amount. The charge amount increased with the deposition time and the potential. Thickness of the 

ZnO thin film increased linearly with the charge amount. So, we can control the thickness of ZnO 

thin film by the charge amount. 

Figure 1 shows the SEM images of ZnO nanostructure on the CBD deposition time from 5 to  

60 min. The height of the structure increased with the deposition time linearly lower than 30 min, 

then it was saturated after 30 min. In the same way, diameter of the nanostructures increased with 

the deposition time. In addition, nanostructures were grown in vertical direction on the deposition 

time within 15 min. After that, the structures were grown in diagonal direction. 

 

Figure 1. SEM images of ZnO nanostructures after CBD deposition for 5, 15, 30, and 60 min, respectively. 
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3.2. Sensor Characteristics 

Figure 2a shows a schematic figure of ethanol vapor detection and an example of real time 

measurements of frequency shift corresponding to ethanol gas injection before and after the CBD 

deposition for 15 min (Figure 2b). Resonant frequency decreased just after the injection of EtOH gas. 

After the frequency shift reached the peak, it increased gradually. These results indicated that 

adsorption and desorption of EtOH gas on ZnO nanostructure was quickly or gas concentration 

decreased with the time because the gas was filled with a microtube at first. The magnitude of 

frequency shift corresponding to the gas adsorption was increased after the CBD, because of its large 

surface area. These data shows that ZnO nanostructure was effective to increase the sensitivity  

of the sensor. 

  
(a) (b) 

Figure 2. Left: (a) Schematic figure of QCM measurement for EtOH gas. Liquid EtOH was stored in a 

1.5 mL microtube. After a cap of the microtube was opened, a silicone tube was inserted in the top of 

the microtube. Then, vapor of the EtOH gas was supplied to a measurement chamber by pump. Right: 

(b) Time dependent QCM measurements of EtOH gas before and after the CBD for 15 min. 

We evaluated the effect of the thickness of seed layer on the sensitivity, which was electrodeposited 

on Au electrode. Figure 3 shows the frequency shift on the EtOH gas injection corresponding to the 

thickness of the seed layer. Here, the thickness was monitored by using cross section SEM. As the 

results, the magnitude of the frequency shift increased with the thickness of the seed layer. 

 

Figure 3. The magnitude of frequency shift on EtOH gas injection dependent with the thickness of the 

seed layer. 
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In addition, we evaluated the effect of thermal oxidation of nanostructured ZnO on EtOH gas 

sensing. Thermal oxidation was treated at 100 °C for 1 h in the atmosphere. The magnitude of the 

frequency shift on the EtOH gas injection decreased and was lower than the half of it after the thermal 

oxidation. X-ray diffracrion analysis was applied to the samples as shown in Figure 4. Before the 

thermal oxidation, the peaks belonging to ZnO(100), (002), and (101) were observed. The data shows 

ZnO structure was polycrystal. However, the peak intensity of ZnO(002) was only increased after the 

thermal ozidation. Other peak intensities were decreased or missed. These results indicated that the 

surface of (100) and (101) was effective to gas sensing. 

 

Figure 4. XRD patterns of ZnO nanostrucuture on the quartz crystal. Dash line and continuous line 

were measured before and after the thermal oxidation, respectively. 

Finally, we evaluated the selectivity of the ZnO nanostructure based QCM sensor. Frequency 

shift dependent with vapors such as water, acetone, EtOH, and IPA were monitored, and the value of 

them were 48 Hz, 76 Hz, 266 Hz, and 195 Hz, respectively. These results agreeded with other report [1] 

and indicated that the QCM sensor had selectivity to the alcohols which have hydroxyl group. 
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