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 Growth of Zinc oxide on glass substrate via Chemical Bath Deposition technique 

(CBD) was employed. Ammonium hydroxide (NH4OH) and Zinc sulfate (ZnSO4) 

were used as the precursor in the synthesis. The concentration of NH4OH was varied 

from 1 M to 3 M. Sensitivity measurements were carried out in the presence of 

Hydrogen peroxide (H2O2) gas. Scanning Electron Microscopy (SEM) and Energy 

Dispersive X-ray Spectroscopy (EDS) were done to examine the surface morphology 
and elemental composition of the grown samples. Results showed that in the presence 

of H2O2 gas, an increase of resistance of fabricated ZnO-based sensor was observed. 

The sample grown from 1 M NH4OH exhibits higher sensitivity to H2O2 gas. On the 
other hand, SEM images revealed that the samples were composed of hexagonal 

nanorods and EDS data suggested that these nanorods are ZnO. Furthermore, it was 

found out that the change in surface morphology of ZnO nanostructures has significant 
effect on the sensitivity of the fabricated H2O2 gas sensor. This can be explained in 

terms of its total surface area exposed to H2O2 gas. 
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INTRODUCTION 

 

 The large variety of applications of Hydrogen peroxide (H2O2) has continued to increase over the last 

decades. In the last years, the use of hydrogen peroxide vapour (HPV) as sterilant became more relevant (Klapes 

and Vesley, 1990). It is also used by multistage bleach plants since it can provide brightness enhancement (Hart, 

2007). In medicine, it is used as antiseptic and disinfectant (Frish, 2010). Nevertheless, H2O2 can also be 

harmful in concentrations higher than 35 %. It is an aggressive oxidizer and can pose several risks including 

explosive vapors, hazardous reactions, corrosive internal ailment, and skin disorder (Wakefield, 2009). Over the 

past 15 years, three bleach plants in North America experienced catastrophic events involving decomposition of 

H2O2 which resulted in serious injuries (Hart, et al., 2012). Also, disastrous events like the sinking of the 

Russian Kursk submarine in 2000 and explosions in wastewater treatment tanks have occurred due to H2O2 

reactions (Hart, 2007),. 

 So in order to prevent these catastrophic consequences, several researchers have laid out ways on the early 

detection of H2O2 gas. Recently, there has been a number of studies in order to fabricate H2O2 gas sensors 

employing several routes in detecting H2O2 such as sensors based on thermocouple (Näther et al., 2006), gold 

(Au) and platinum (Pt) electrodes (Kuwata and Sadaoka, 2000), and Prussian – blue (Benedet et al., 2009). 

However, these materials are expensive and its processing technique is difficult to perform and required high 

vacuum technology. Therefore, it is imperative to find an alternative material that offers promising properties 

that can detect H2O2 gas. By finding low cost yet feasible material, it is easier to acquire H2O2 gas sensor. 

Hence, this will decrease the numbers of possible dangers brought by the high concentration of H2O2 gas that 

pose high risks to human health in the industrial and also in domestic settings. 

 A good candidate as an alternative material is zinc oxide (ZnO) because it has strong surface sensitivity 

(Janotti and de Walle, 2009). It has direct band gap of 3.37 eV at room temperature and has a large exciton 

binding energy of 60 meV which is necessarily adequate to overcome the thermal energy at room temperature 

(Choi et al., 2010).   

 There are various techniques to synthesize ZnO such as metal organic chemical vapor deposition 

(MOCVD) (Tan et al., 2005), molecular beam epitaxy (MBE) (Kim et al., 2008), pulse laser deposition (PLD) 
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(Oshima et al., 2003) and chemical vapor deposition (CVD) (Barankin et al., 2007). But these techniques are 

very expensive, highly toxic, high cost in environmental disposal and they need high vacuum equipment. 

Nonetheless, it is essential to find another technique to grow ZnO that offers low cost and does not need high 

vacuum equipment.  

 Nowadays, it is believed that chemical bath deposition (CBD) technique might be the cheapest method to 

deposit ZnO nanostructures. It does not require sophisticated instruments while the starting chemicals are 

commonly available and cheap, and the preparation parameters are easily controlled (Wang, 2007). And this 

technique does not need high vacuum equipment.  

 ZnO has already been fabricated as sensor to detect various species. This includes fabricating ZnO as 

Methane sensor (Mitra and Mukhopadhyay, 2007), LPG sensor (Sivapunniyam, 2011), ultraviolet radiation 

sensor (Ievtushenko, 2008) and calcium ion sensor (Asif, 2008). But to the best of our knowledge, there has 

been no report that ZnO nanostructures synthesized via CBD have been utilized as H2O2 gas sensor. In this 

study, ZnO nanostructures are grown on glass substrate and fabricated as H2O2 gas sensor. Sensitivity to H2O2 

gas of the fabricated ZnO–based sensor was measured. Scanning Electron Microscopy (SEM) and Energy 

Dispersive X-ray Spectroscopy were also carried out to examine the surface morphology and elemental 

composition, respectively. 

 

Methodology: 

 The first step before the CBD proper is the washing of glass substrates in order to remove dirt and 

impurities. This is done by washing in several substances, namely: acetone, distilled water, ethanol, distilled 

water again, Hydrochloric acid (HCl), and lastly distilled water. The cleaned glass substrates undergo pre-

treatment process in order to create seed-layer. 

 The CBD proper commence with the making of Ammonium zincate bath solution which is done by 

combining 100 ml of ZnSO4 and 100 ml of 1 M (or 3 M) NH4OH in a beaker. This beaker is placed inside a 

1000–ml beaker with water having the same level as the solution inside the beaker. The bath is stirred at a 

constant rate of 360 RPM by magnetic stirrer for 30 minutes. And then, the cleaned substrates were placed 

inside the ammonium zincate bath. The solution was then maintained at 70 
0
C and stirred at a constant rate of 

360 RPM for 5 hours. Figure 1 shows the set-up of Chemical Bath Deposition. 

 

 
 

Fig. 1: Set-up for chemical bath deposition of Zinc oxide. 

 

 The glass substrate with deposited ZnO nanostructures was cut into 5 mm × 5 mm and were fabricated as 

H2O2 gas sensor by circuit connection shown in Figure 2 to monitor the current and voltage in the absence and 

presence of H2O2 gas.  
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Fig. 2: Circuit diagram in measuring current through and voltage across the ZnO sample. 

 

 In measuring the sensitivity the current pumped by the low current source is held to a fixed value. And the 

sensitivity is calculated by using the following formula (Mintang, 2010): 

Sensitivity = 100 %          
e o

o

R R

R


            (1) 

 where Ro and Re are the resistances of ZnO sample before and during/after exposure to H2O2 gas, 

respectively. 

 The hydrogen peroxide gas source is connected to a tube connected to a chamber where fabricated ZnO 

nanostructures was placed (Figure 3). From the other side of the chamber, another tube is placed extending to 

the exhaust of the system. At the end of this second tube is an exhaust fan that sucks the gas from smaller box 

and pushes it out.  Thus, the net flow of the fumes of H2O2 is indicated by red arrows. The ZnO sensor is placed 

inside the inner box. The two thin wires connected to circuit described in Figure 2. A steady current was 

pumped into the sample. The current and voltage across were monitored and recorded every 30 seconds. Every 

sensitivity measurement is composed of five minutes. 

 

 
 

Fig. 3: Set-up for exposing ZnO nanostructure to H2O2 gas. 

 

 The surface morphology and elemental composition of the ZnO nanostructures were obtained from the 

JEOL JSM-6510LA Analytical Scanning Electron Microscopy. 

 

Results: 

 While the ZnO samples were connected to the circuit described by Figure 2, current and voltage were 

measured during every 5 min with and without the presence of H2O2 gas. Figure 4 shows the sensitivity graph of 

the sample. It is observed that no sensitivity has been detected before the introduction of H2O2 gas. Upon every 

introduction of H2O2 gas, it is very apparent that significant increase of sensitivity has been observed. The 

increase in the sensitivity value during the exposure may have been caused by the increase in the number of 

oxygen ions occupying the surface ZnO. These ions are the outcome of adsorption of oxygen gas molecules. 

This oxygen gas comes from the following chemical decomposition of H2O2 which happens when it is exposed 

to heat, light, sunlight or comes into contact with a metallic surface: 

 

2 2 2 2H O  H O + O                                  (2) 

 Some electrons, instead of participating in the electron-hole recombination, are trapped by these oxygen 

ions (Fig. 5). Hence, increase in the number of oxygen on the surface of ZnO may trigger the increase in 

resistance of the fabricated ZnO nanostructures. 
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Fig. 4: Sensitivity to H2O2 gas of fabricated ZnO-based sensor device. 

 

 When the H2O2 gas is shut off, there is abrupt drop of sensitivity which suggest that desorption have 

occurred and the electrons that were loosely bound to O2 molecules were returned back to the conduction band 

of ZnO thereby reducing its resistance. But it can be noted that the sensitivity values would not go back to its 

original value (before the first exposure) which would indicate that some oxygen ions might have still remained 

there. 

 During the first exposure, ZnO nanostructures grown using 1M NH4OH concentration gave a higher value 

of sensitivity up to 85% while ZnO nanostructures prepared using 3M NH4OH concentration gave a sensitivity 

of only 45 %. This higher sensitivity of ZnO nanostructures prepared using 1M NH4OH concentration might 

have something to do with the surface morphology of the grown samples. Figure 6 shows the SEM images of 

the samples grown using (a,b) 1M concentration of NH4OH and (c,d) 3M concentration of NH4OH. It is 

revealed that formations of sea-urchin-like nanostructures are very apparent in the 1M NH4OH preparation. On 

the other hand, combination of broken nanorods and flakes are present for the 3M NH4OH preparation as shown 

in Figure 4.4b. Table 1 presents the quantitative EDS data of the grown samples using 1M NH4OH and 3M 

NH4OH. It is observed that for 1M NH4OH concentration, the Zn/O ratio is closer to one suggesting that less 

impurities are present and implies that the grown nanostructures are most likely ZnO. On the other hand, 3M 

NH4OH concentration exhibits a higher Zn/O ratio suggesting that several impurities composed of Zn 

complexes are present in the nanostructures. This is also in good agreement with the formation of flake-like 

structure observed in the SEM images shown in Figure 6. Hence, the higher value of sensitivity of sample 

grown from 1M NH4OH concentration can be attributed to the more uniform hexagonal nanostructures that 

would give rise to higher surface area to volume ratio (Fig. 6).  

 

 
 

Fig. 5: Band structure and schematic diagram of the mechanism on H2O2 gas detection on ZnO surface (a)  

Before the H2O2 gas exposure, the electrons are free (b) when H2O2 gas reaches the surface of ZnO, it  

decomposes into H2O and O2 (c) the oxygen gas becomes Oxygen anions by trapping electrons. 
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Table 1: Quantitative energy dispersive X–ray spectroscopy (EDS) data analysis of the ZnO nanostructures grown using 1M and 3M  

NH4OH concentrations 

Concentration of NH4OH in 

the bath of each sample 

Si 

(Atom %) 

Zn 

(Atom %) 

O 

(Atom %) 

 

[Zn]/[O] 

Ratio 

1M 1.95 47.23 50.80 0.93 

3M 1.45 46.53 52.01 0.89 

 

Conclusion: 

 Zinc oxide nanostructures has been synthesized via chemical bath deposition and fabricated as H2O2 gas 

sensor. The fabricated ZnO nanostructures H2O2 gas sensor exhibit significant response in the presence of H2O2 

gas. The response is dependent on the surface morphology of the grown ZnO nanostructures. It is revealed in the 

SEM results that the synthesized samples are composed of ZnO nanorods and EDS data showed that these 

nanorods are composed of Zn and O atoms. Moreover, the surface morphology of ZnO nanostructures played an 

important role in the response of sensitivity of H2O2 gas. 

 

 
 

Fig. 6: SEM images of the ZnO nanostructures synthesized via CBD using (a) 1M NH4OH in 5000x (b) 10000x  

magnifications and (c) 3M NH4OH in 5000x (d) 10000x magnifications.   
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