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H2S Gas Sensing Properties of CuO Nanotubes
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CuO nanotubes are synthesized using TeO2 nanorod templates for application to H2S gas 
sensors. TeO2 nanorod templates were synthesized by using the VS method through thermal 
evaporation. Scanning electron microscopy, transmission electron microscopy and X-ray 
diffraction showed that the synthesized nanotubes were monoclinic-structured polycrystalline 
CuO with diameter and wall thickness of approximately 100∼300 nm and 5∼10 nm, 
respectively. The CuO nanotube sensor showed responses of 136∼325% for the H2S 
concentration of 0.1∼5 ppm at room temperature. These response values are approximately 
twice as high as that of the CuO nanowire sensor for the same concentrations of H2S gas. 
Along with the investigation of the performance of the sensors, the mechanisms of H2S gas 
sensing of the CuO nanotubes are also discussed in this study.
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I. Introduction

H2S gas is extensively used in analytical chemistry 

for the synthesis of various sulfides and the separation 

of some metals such as silver, lead, and copper [1]. 

However, H2S gas is known to be an inflammable and 

toxic material affecting the human neural system. 

When people are exposed to even a relatively low 

concentration of 50 ppm H2S gas, respiratory problems 

and dermatitis may occur. A concentration of 500 ppm 

could cause even death by asphyxiation. Moreover, 

H2S gas catches fire when there is more than 4% H2S 

in the air at a temperature of 260oC [2]. Therefore, 

when handling H2S gas, special care should be taken, 

including the installation of gas sensors that can 

detect H2S even at concentrations in the 1 ppm range.

In general, the electrical resistances of semiconductor 

metal oxides such as SnO2 [3], In2O3 [4], ZnO [5], and 

CuO [6] tend to be changed by the chemical reactions 

on their surfaces when in contact with chemical gases. 

Thus, some chemical gases absorbed on the compound 

semiconductors cause the resistance changes in the 

semiconductors. The reasons for the resistance changes 

are known to be related with the modification of the 

depletion layers or compounds formed on the surface 

by the chemical reactions [7]. Therefore, the existence 

and amount of the chemical gases can be confirmed 

by measurement of the resistance variations. 

CuO, one of the p-type semiconductor metal oxides, 

reacts with H2S gas, causing a change in the electrical 

resistance. The resistance change of CuO facilitates 

the detection of the chemical gas. In general, CuO 
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shows increased resistance by the reactions with 

oxidizing gases such as H2S due to an enlarged 

depletion layer. However, a high concentration of H2S 

gas produces a metallic layer of CuS, resulting in a 

reduction of the electrical resistance. Even though 

CuO has some drawbacks caused by the gas 

concentration, as briefly mentioned above, its high 

selectivity of H2S gas has drawn a great deal of 

attention as a H2S gas sensor [8].

Compound semiconductors have been researched as 

chemical gas sensors due to their high reactivity on 

the surface. In particular, nanostructured materials are 

more capable of detecting a small amount of chemical 

gases due to their high surface−to-volume ratio [9]. 

Nanostructured materials can be divided into several 

categories based on the morphology: 0-dimensional 

nanoparticles, 1-dimensional nanowires, 2-dimensional 

nanofilms, 3-dimensional nanoporous materials, etc. 

Among them, 1-dimensional materials such as nanowires 

or nanotubes have been actively researched as sensor 

materials due to their linear structured advantage of 

being easily applicable as an electrical channel in the 

system [10,11]. In particular, nanotubes seem to show 

better sensing performance compared to nanowires 

due to their higher surface area [11].

In the current study, CuO nanotubes were synthesized 

and characterized from a materials perspective. Then, 

the H2S gas sensing performance of the CuO nanotubes 

was evaluated. The performance of the CuO nanotubes 

was compared with CuO nanowires, and the results 

were discussed. 

II. Experiments

CuO nanotubes were synthesized using core-shell 

structured nanorods [12]. Three steps were taken to 

synthesize nanotube-shaped CuO materials. First, a 

template of TeO2 nanorods was synthesized by the 

Vapor-Solid method using thermal evaporation. Then, 

a shell layer of CuO was sputtered on top of the TeO2 

nanorods. The TeO2 core-CuO shell structured 

material obtained by the above procedure was heated 

to eliminate the TeO2 core by evaporation to produce 

CuO nanotubes. 

For the synthesis of TeO2 nanorods, 1 g of Te 

powder was poured into an alumina crucible, which 

was covered with a Si substrate. Then, the Te powder 

was placed inside of planar tube-typed furnace and 

heated to 500oC at a heating rate of 10oC/min. The 

sample was held at 500oC for 1hr and withdrawn after 

being cooled down to room temperature in the 

furnace.

Then the synthesized template of TeO2 nanorods was 

DC-sputtered for CuO coating. During sputtering, the 

substrate was rotated at 60 rpm for uniform CuO shell 

coatings. The base vacuum in a chamber was set at 

5.0×10-6 Torr, and 20% O2 gas, prepared by mixing with 

40 sccm Ar and 10 sccm O2, was introduced into the 

chamber. Then the pressure in the chamber was held at 

2.0×10-2 Torr by the adjustment with throttle valve. 

After pre-sputtering of the CuO target for 10 min at 100 

mA, CuO film coating was carried out for 10 min at 50 

mA while the substrate was rotating at 60 rpm.

The prepared TeO2 core-CuO shell sample was 

placed into the tube-typed furnace. After adjusting 

the pressure in the furnace to 5.0×10-3 Torr, the 

sample was heated to 700oC with a heating rate of 

10oC/min and held for 1 hr. Following the heat 

treatment, the sample was withdrawn from the 

furnace after being cooled down to room temperature.

The synthesized CuO nanotubes were systematically 

characterized. First, the morphology of the sample 

was observed with SEM (Scanning Electron Microscopy, 

Hitachi S-4200). Microstructure characterization of 

the sample was performed by using TEM (Transmission 

Electron Microscopy, Jeol 2100F) and low angle XRD (X- 

ray Diffractometer, Philips X’pert MRD Diffractometer) 

with Cu-Kα radiation at a scanning rate of 4
o per min.

For the gas sensing measurements of the synthesized 
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Figure 1. SEM image of CuO nanotubes.

Figure 2. XRD pattern of CuO nanotubes.

Figure 3. (a) Low magnification TEM image of a CuO
nanotube. (b) High-resolution image of a 
CuO nanotube. (c) SAED patterns of a CuO 
nanotube.

CuO nanotubes, an IDE (Interdigital Electrode) chip 

with thin Ti/Au films (10 nm/100 nm) was used. The 

IDE chip was prepared on a Si wafer that was coated 

with 300 nm of SiO2. The interval between electrodes 

was set at about 30 μm by a photolithography process. 

CuO nanotubes were ultrasonically mixed in 10 ml 

2-propanol for 1 minute before being applied to the 

IDE chip. Then, the prepared CuO nanotube sensor 

was connected to a Keithley Sourcemeter 2612, and it 

was placed into a chamber. The gas sensing property 

of the CuO nanotubes was measured for different 

concentrations of H2S gas, which was injected onto 

the IDE chip in the chamber. 

III. Results and Discussion

Fig. 1 shows the SEM micrograph for the 

synthesized CuO nanotubes. The diameter of the 

nanotubes was observed to be approximately 300 nm. 

XRD data for the nanotubes are presented in Fig. 2. 

Based on the diffraction peaks, CuO nanotubes are 

found to be grown on (110), (111), (200), (112), (020), 

and (311) planes. Based on these data, synthesized 

nanotubes are confirmed to be a monoclinic-structured 

polycrystalline CuO with the lattice parameters of 
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Figure 4. (a) Dynamic responses of the CuO nanowire 
H2S gas sensors. (b) Dynamic responses of the
CuO nanotube H2S gas sensors. (c) Responses
of the CuO nanowire and nanotube gas sensors
as a function of H2S gas concentrations.

a=4.689Å, b=3.420Å, c=5.13Å, and β=99.570o (JCPDS 

No.: 89-5899). 

A low-magnification TEM micrograph shows a 

synthesized CuO nanotube with a diameter of 

approximately 200∼300 nm and a wall thickness of 

about 5∼10 nm, respectively (Fig. 3(a)). The diameter 

of the CuO nanotubes can be adjusted through careful 

control of the thickness of TeO2 nanorods. The wall 

thickness can also be controlled by the coating 

conditions such as sputtering time and energy 

intensity. Fig. 3(b) shows an HRTEM image of the 

CuO nanotube. The spacing between two neighboring 

parallel fringes in the CuO nanotube was measured to 

be approximately 0.232 nm, which was in good 

agreement with the interplanar spacing of the (111) 

plane of the monoclinic-structured polycrystalline 

CuO. Fig. 3(c) shows SAED (Selected Area Electron 

Diffraction) patterns of the sample, confirming a 

polycrystalline microstructure of the CuO nanotubes 

consistent with the XRD data in Fig. 2.

Fig. 4 shows the dynamic response curves of the 

gas sensors based on CuO nanotubes and CuO 

nanowires as a function of H2S gas at room 

temperature. CuO nanowires were synthesized (for 

comparison with CuO nanotubes) using Cu foil by a 

thermal oxidation process. The foil was ultrasonically 

cleaned for 10 min in a solution of DI water, acetone, 

and ethanol (1：1：1 in volume ratio). Then it was 

cleaned and dried with DI water and nitrogen gas, 

respectively. The dried Cu foil was placed in a 

furnace and heated to 500oC at a heating rate of 

10oC/min. It was then held at 500oC for 1hr and was 

withdrawn after being cooled down to room 

temperature in the furnace. The diameter of the 

synthesized CuO nanowire was observed to be about 

50∼150 nm. The concentration of H2S gas was varied 

from 100 ppb to 5 ppm. The sensor was purged with 

air after each measurement. For each measurement, 

H2S gas and air were injected for 5 min and 10 min, 

respectively. The response of a gas sensor to a gas 

was defined as Rg/Ra×100 (%) where Rg and Ra are the 

electrical resistances of the sensors in the gas and 

air, respectively. Fig. 4(a) shows the H2S gas sensing 

performance of the CuO nanowire sensor. After 

exposure to H2S gas, the response of the CuO 

nanowire sensor was gradually increased to 108%, 

118%, 129%, 143%, and 164% as the concentration of 

H2S gas increased to 100 ppb, 500 ppb, 1 ppm, 2 ppm, 

and 5 ppm, respectively. On the other hand, the 

response of the CuO nanotube sensor increased to 



Wooseung Kang and Sunghoon Park

396  Appl. Sci. Conv. Technol. 23(6), 392-397 (2014)

136%, 177%, 212%, 256%, and 325%, respectively, 

when the same concentrations of H2S gas were 

applied (Fig. 4(b)). According to the data described 

above, the response of the CuO sensor to H2S gas was 

found to be greatly improved with the morphology 

change of the base material from nanowire to 

nanotube: the response of the CuO nanotube sensor 

was about 1.26∼1.98 times higher than that of the 

CuO nanowire sensor for H2S gas concentrations of 

100 ppb - 5 ppm. Fig. 4(c) shows the responses of 

both CuO nanotube and nanowire sensors as a 

function of H2S gas concentration. The responses 

were expressed as a linear function of R=A[C]n+B 

where R=response, A,B=constant, n=exponent, and 

[C]=gas concentration. The linear equations for CuO 

nanotubes and nanowires sensors were calculated to be 

R=35.54[C]+159.88 and R=10.67[C]+113.95, respectively. 

The comparison of the equations showed that the 

slope of CuO nanotube sensor was about 3.35 times 

larger than that of the CuO nanowire sensor, 

indicating that the sensitivity of the CuO nanotube 

sensor to H2S gas is much higher than that of the 

CuO nanowire sensor.

The H2S gas sensing characteristics of the CuO 

nanotube sensor can be explained in terms of the 

materials and morphology. CuO material itself has a 

tendency to react with H2S gas on the surface, 

resulting in electrical resistance changes. In addition 

to the inherent property of CuO material, nanotube- 

shaped CuO has a high reactivity with gas due to its 

high surface-to-volume ratio [13].

The mechanism of H2S gas detection by CuO can be 

explained by two theories depending on the concentration 

of H2S gas [14,15]. CuO is a p-type semiconductor in 

which holes are the major carriers of the current 

flow. In general, CuO forms surface states by absorbing 

oxygen from air. The electrons in the valance states 

are excited to the surface states, resulting in the 

formation of holes. Under these circumstances, a low 

concentration of H2S gas reacts with CuO as follows: 

2H2S(g)+3O2(ads)=2H2O(g)+2SO2(g). (1)

Since O2 absorbed on the CuO surface is eliminated 

by the reaction with H2S gas, the electrons in the 

surface states recombine with holes in the valance 

band. Thus, the decreased carrier concentration in 

the semiconductor increases the electrical resistance 

[14]. On the other hand, H2S gas of more than 500 

ppm has an additional reaction to the one described 

above for the case of a low concentration of H2S gas: 

CuO(s)+H2S(g)=CuS(s)+H2O(s). (2)

Since the CuS formed on the surface is a metallic 

compound, it plays a role as an electron channel, 

contributing to the reduction of the electrical 

resistance. Thus, a higher concentration of H2S gas 

tends to reduce the electrical resistance by producing 

more CuO on the surface. As can be inferred from the 

description above, the performance of the CuO sensor 

can be limited by the H2S gas concentration [15].

Other than the materials aspect in the detection of 

H2S gas described above, nanotube-shaped CuO 

provides another advantage of a highly exposed area, 

which is favorable for sensing chemical gases; 

compared to nanowires, nanotubes have an inside 

surface as well as an outside surface. In addition to 

the higher surface area of the CuO nanotube sensor, 

it can also double the Debye length (about 3∼23 nm 

for CuO) due to the increased surfaces existing both 

inside and outside of the nanotubes, resulting in 

improved sensing [16-18].

IV. Conclusions

In the current study, the H2S gas detection 

performance of a CuO nanotube based sensor was 

evaluated at room temperature, and the results were 
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compared with a CuO nanowire based sensor. The 

response of the CuO nanotube sensor to the H2S gas 

for a concentration of 0.1∼5 ppm was found to be 

approximately 1.26∼1.98 times higher than that of 

the CuO nanowire sensor. The sensitivity of CuO 

nanotubes to H2S gas was also calculated to be about 

3.35 times higher than that of CuO nanowires. These 

results were ascribed primarily to the larger extent of 

the electrical resistance increase on the surface of 

the CuO nanotubes. The structural advantages of 

nanotubes such as higher exposed surface and doubled 

Debye length seemed to contribute to the improved 

H2S gas detection performance.
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