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Abstract 
 

Thick films of pure and Cu doped NiO were prepared by Sol- gel technique. The 
concentration of Cu in NiO was varied systematically from 1 to 5 wt.%. The structural 
characteristics of the material were studied by using X-ray diffraction and scanning electron 
microscopy. The XRD pattern shows a nanocrystalline solid solution of Cu doped NiO with 
an orthorhombic phase and the crystallite sizes is found to be in the range of 40-50 nm. The 
gas sensing properties were studied for different reducing gases such as, CO, NH3, H2S, 
ethanol and LPG. The 5 wt.% Cu doped NiO powder showed large response to CO gas at an 
operating temperature 250 0C. Further improvement in response was achieved by the 
addition of 0.1 wt% Pt to 5 wt.% Cu doped NiO. The sensor showed a good response to 200 
ppm CO gas at an operating temperature 180 0C.  

 
Keywords: CO gas sensor, Nanocrystalline, Response time, Recovery time.  

                                                              

Introduction 

Semiconductor metal oxides as gas sensing materials have been extensively studied for a long time due to 

their advantageous features, such as good sensitivity to the ambient conditions and simplicity in 

fabrication [1, 2]. In the last few years, nanostructures of metal oxides have been found to be effective as 

gas-sensing materials [3–6]. Detection of nitrogen oxides [7], hydrocarbons [8], H2 [9], C2H5OH [10], 

NH3 and CO [11] has been demonstrated using metal oxide nanostructures.  We were interested in 

developing sensors for CO using metal oxide nanostructures, since CO is a one of the most dangerous 

gases in air pollution and human life. CO is produced by incomplete combustion of fuels and commonly 

found in the emission of automobile exhausts, the burning of domestic fuels, etc. It is highly toxic and 

extremely dangerous because it is colorless and odorless.  

Nickel oxide (NiO), which is a p-type semiconduction having band gap energy (3.5–4.0 eV) and room 

temperature resistivity in terms of several mega ohms may be used as a gas sensor. Hotovy et al. [12] 

proposed that NiO films deposited using dc reactive magnetron sputtering can be a promising material for 

gas sensing applications. Imawan et al. [13] proposed that modified TiOx/ NiO films shows highly 

sensitive to H2 gas. Hotovy et al. [14] tested sputtered NiO films exhibits as a CO sensing property. 

Dirksen et al. [15] compared the performance of pure and Li-doped NiO thin film resistive gas sensors for 
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formaldehyde detection.  Cantalini et.al [16], studied CO and H2 gas sensing properties of nanocrystalline 

NiO and Co3O4 in porous silica sol–gel films. Miura et al. [17] fabricated the sensor device using an yttria 

stabilized zirconia (YSZ) tube and a NiO sensing electrode. Lee et. al [18] prepared NiO-based 

nanostructured films by pulsed-laser deposition (PLD) and a sol–gel method were used for CO sensing.  

The grain size is of large importance for the sensitivity, since the surface-to-bulk ratio of the active layer 

is increased with decreasing grain size [19,20]. It is well known that, for example, the sensitivity of NiO-

based sensors is increased with decreasing grain size [21], which puts nanocrystalline structures in the 

focus of interest. The sensor materials are often modified by dopants e.g. noble metals such as Pd or Pt in 

order to improve the performance [22-24]. 

To the best of our knowledge, no reports are available in the literature on Cu-doped NiO based material as 

a CO gas sensor. This communication deals with the preparation and characterization of Cu-doped NiO 

material for gas sensing applications. Further, the variation of sensitivity and selectivity of Cu-doped NiO 

samples with the systematic variation of Cu (metal powder, wt.%) as an dopant for LPG, CO ,NH3 ,H2S 

and Ethanol gases. The sensors are characterized by using XRD and SEM techniques to study the effect 

of the addition of Cu on sensor performance. 

Experimental  

Nanostructured undoped  and doped NiO was synthesized by the modified Pechini citrate route using 

citric acid as the chelating agent as described by Niranjan et al. [25]. Briefly, an aqueous solution 

containing citric acid and ethylene glycol (mass ratio 60:40) was prepared. A known amount of nitrates of 

nickel and copper were added in this solution. This solution was then heated to evaporate water slowly; 

the residual viscous oily mass was then heated at a temperature 800C, to polymerize citric acid and 

ethylene glycol by polycondensation resulting into a green colored solid resin. The solid resin is a cross-

linking of the metal atoms with polyester through oxygen species. The resin formed was then heated to 

burn off the polymer matrix. The resulting resin was treated in a pressure vessel at an calcinations 

temperature 140 0C over 14 h to fully evaporate highly combustible species in the glassy mass and to burn 

down most of the organic constituents- charring. The ash-obtained powder is referred to as the 

‘‘precursor’’ hereafter and was heat-treated 6500C for 6 h. Appropriate quantities of PtCl2 and Cu doped 

NiO were dissolved in deionizer water. This mixture was vigorously stirred and slowly dried on a water 

bath. The dried compound was ground to a fine powder and calcined at 2000C for 1 h to decompose the 

chloride. 

Structural & Gas Sensing Characterization  

The synthesized samples were characterized for their structure by powder X-ray diffraction (XRD) using 

a Siemens D 5000 diffractometer. The XRD data were recorded by using Cu Kα radiation (1.5406 A°). 

The average crystallite size of the samples was estimated with the help of Scherrer equation using the 
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diffraction intensity of all prominent lines [26]. The fine powder was observed under a JEOL, JSM – 

5600 N scanning electron microscope (SEM) by dispersion it on a carbon paste to determine the 

morphology.   

The measuring principle of gas sensing properties is described elsewhere. The gas sensitivity (S) is 

defined as the ratio of the change of resistance in presence of gas (Rg) to that in air (Ra), 

                                             S = (Ra – Rg)/Ra = ΔR/Ra                                                          (1) 

Results and Discussion 

X-ray Diffraction Study 

In order to understand the phase symmetry of Cu doped NiO system i.e. modified with different 

concentrations of Cu (calcined at 650°C), the X-ray diffraction study was undertaken. Fig. 1 shows the 

XRD patterns of different wt.% Cu doped NiO system. The XRD pattern (a) of the pure nickel oxide 

confirm that the formed material is nickel oxide and matches with the standard values (orthorhombic 

system ICDD-JCPDS card no. 40-1179) [27]. They are consistently present in all the Cu modified 

samples also. In addition, the reflections corresponding to the monoclinic phase of CuO [ASTM card no. 

5-0661] are also found to be present in the XRD patterns (c & d). The crystallite size for all the samples is 

calculated by using the Scherrer equation: D=0.9 λ / βcosθ where, β=FWHM in radians. The crystallite 

sizes of the samples wt.%  Cu doped NiO and calcined at 650°C are found to be in the range of 40-50 nm.  

 
Fig.1. XRD pattern of (a) NiO, (b) 1 wt.%  Cu : NiO, (c) 3 wt.%  Cu : NiO  

                        and (d) 5 wt.%  Cu : NiO calcined at 6500C 
 Morphology study 

The SEM technique was employed for finding morphology of 5 wt.%  Cu  doped NiO as synthesized 

powder, calcined at 6500 C. One can notice the presence of macro-agglomerations of very fine particles. 
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The particle shapes are not well defined. Many large and small pores are present in the whole material. 

We assumed that the pores are mainly inter-granular because intra-granular pores are not seen on the 

SEM photograph. 

 
Fig.2. SEM image of 5 wt.%  Cu : NiO calcined at 650°C 

 

Gas sensing characteristics 

Response magnitude test  

To determine the optimum working temperature of the of pure and different wt.% Cu doped NiO sensors, 

the sensitivity are examined as a function of temperature towards reducing gas such as CO, as shown in 

Fig. 3. It is observed that when exposed to CO, the responses of all the samples increase with the 

operating temperature. When the operating temperature increases, the responses for pure and 1 wt.% Cu-

doped NiO decrease at an operating temperature 2300C. But for 3 and 5 wt.% Cu-doped NiO, the 

optimum temperature is about 2500C, then the responses fall with the rising temperature. We selected the 

temperature of 2500C for comparison of the sensing properties of the four sensors. Thus 5 wt.% Cu doped 

NiO shows high CO response at an operating temperature 2500C. 
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Fig.3. Gas sensitivity of pure and Cu doped NiO for 1000 ppm CO gas. 
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 Selectivity test 

Fig. 4 shows the response of 5 wt.% Cu doped NiO to LPG, CO, NH3 , H2S and ethanol as a function of 

operating temperature. The sensor characteristics show that response towards CO and LPG are almost 

similar, although CO shows slightly higher response was observed at an operating temperature 2500C. 

Other gases such as H2S and ethanol show negligible response.  
 

Effect of Pt as an additive 

Fig. 5 shows the sensor response versus operating temperature for the 0.1 wt.% Pt incorporated 5 wt.% 

Cu doped NiO nanoparticles towards CO and LPG. From the graph it is clearly evident that incorporation 

of Pt results in a drastic decrease in the operating temperature for maximum response by more than 500C. 

The operating temperature for the maximum response is observed around 1800C. The Pt doped makes 

possible CO adsorption at lower operating temperatures, and thus the sensitivity of the Pt doped sensor to 

CO is quite large, whereas the response towards LPG is lower with respect to CO. Hence due to 

incorporation of noble metal Pt in synthesized samples, it not only increases the sensor response but also 

increases the selectivity of CO gas against LPG. 

 
Fig.4. Selectivity of 5 wt.% Cu doped NiO for different reducing gases. 
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Fig.5. Gas sensitivity of 0.1 wt.% Pt : 5 wt.% Cu doped NiO for LPG & CO gas. 
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Effect of Gas Concentration  

The variation of gas response of 0.1 wt.% Pt incorporated 5 wt.% Cu doped NiO sample with CO gas 

concentration is represented in Fig. 6. It is observed that the response increases with increasing the gas 

concentration from 200 ppm, but gets saturated at higher concentrations above 200 ppm. The monolayer 

of the gas molecules formed on the surface covers the whole surface of the film. The gas molecules from 

that layer would reach the surface active sites of the film. The excess gas molecules remain idle and 

would not reach the surface active sites of the sensor. Thus, the active region of the sensor would be up to 

200 ppm. 
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 Fig.6. Variation of Gas sensitivity with gas concentration. 

Response and recovery time 

Fig. 7 shows the response characteristics for the 0.1 wt. % Pt incorporated 5 wt.% Cu doped NiO 

nanoparticles to 200 ppm CO gas at 1800C. The response and recovery times for CO were found to be 50 

s and 70 s. 

 
Fig.7. Response and recovery time of 0.1 wt. % Pt incorporated 5 wt.% Cu doped NiO 
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Conclusions 

Cu doped NiO thick films were prepared by a sol-gel technique which is a simple and in expensive 

method. The XRD patterns also show high degree of crystallinity and complete phase formation with 

grain size of about 40-50 nm. From the results obtained, pure NiO showed low response to CO gas. Cu 

doped NiO thick films were found to be sensitive for CO gas. Among all other additives 5 wt. % Cu-

doped NiO thick film was found to be optimum and showed highest response to CO gas at 230 0C. The 

0.1 wt. % Pt incorporated 5 wt.% Cu doped NiO lowers the operating temperature from 230 to 180 0C. 

Response to CO gas increases with increase in operating temperature attains 89 % at 180 0C and then 

decreases further with an increase the temperature. The 0.1 wt. % Pt incorporated 5 wt.% Cu doped NiO 

thick films sensor has good selectivity to CO gas against LPG, NH3, H2S & Ethanol vapours at 180 0C.  
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