
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



Journal Name  

ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 1  

Please do not adjust margins 

Please do not adjust margins 

Key Laboratory of Advanced Ceramics and Machining Technology, Ministry of 

Education, School of Materials Science and Engineering, Tianjin University, Tianjin 

300072, PR China, *E-mail:shenzhurui@tju.edu.cn; jihuiming@tju.edu.cn. 

†Electronic Supplementary Informa4on (ESI) available. 

SeeDOI: 10.1039/x0xx00000x 

Received 00th January 20xx, 

Accepted 00th January 20xx 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

 

 

A CuO-ZnO Nanostructured p-n Junction Sensor for Enhanced 

N-butanol Detection† 

Yalu Chen, Zhurui Shen*, Qianqian Jia, Jiang Zhao, Zhe Zhao, Huiming Ji* 

Herein, a  novel CuO-ZnO nanostructured p-n junction composite is prepared via the hydrothermal method. It is composed 

of ZnO two dimensional (2-D) porous nanosheets assembly and leaf-like 2-D CuO nanoplates. Then, its gas sensing 

performance toward n-butanol is studied here. The 2-D/2-D CuO-ZnO composite sensor shows 2.7 times higher sensitivity 

than that of pure ZnO at 220 °C. Moreover, its response to n-butanol is 3.5~84 times higher than those for other target 

gases. This reveals an excellent selectivity toward n-butanol. Its detection limit for n-butanol is calculated to be 0.4 ppm, 

indicating a potential advantage in low concentration detection. The significant enhancement of composite in sensing 

performance can be firstly attributed to the p-n junction, which brings the electronic sensitization for the composite 

sensor. Moreover, the porous structure and the open 2-D/2-D heterostructure also contribute to the sensing performance 

of the composite. These allow the gas molecules diffuse rapidly, making the chemisorption and the surface reactions on 

the p-n junction more easily. 

1.Introduction 

Semiconductor gas sensors have been widely studied due to 

their important applications in environmental monitoring and 

medical diagnosis1-3. Zinc oxide (ZnO, n-type, band gap: 3.37 

eV) exhibits excellent sensing performance toward various 

oxidizing and reducing gases. It also has advantages of low cost, 

simplicity in fabrication, and miniaturization4-6. Therefore, 

many reports have focused on improving its gas sensing 

performance7-9. These mainly include morphology 

modification6, 10-12, exposing certain crystal facet13-15, and 

surface decoration16-18 etc. 

Recently, combining ZnO with p-type semiconductor has 

attracted great attention due to its enhanced sensing 

performance19-25. By fabricating a p-n junction, charge transfer 

will occur to equalize the Fermi level, resulting in changes of 

energy structure of ZnO19, 26. Moreover, certain metal oxide 

(e.g. CuO27, NiO28 and Cr2O3
29) can also promote the surface 

catalytic decomposition of some target gases. Thus electronic 

sensitization could be simultaneously induced by the formation 

of p-n junction19, 21, 26, 30. This can contribute to the improved 

sensitivity, selectivity and operating temperature. Up to date, 

many ZnO based p-n junction sensors have been fabricated in 

recent years, such as CuO-ZnO19-21, NiO-ZnO24 and Cr2O3-

ZnO22, 23, 25
et al. Amongst, CuO-ZnO heterostructures have 

attracted growing interest. They always have low detection 

limits19, 21, 30, 31 and enhanced selectivity32-34. Thus, many efforts 

have been paid on their morphology design to further improve 

their sensing performance. For example, Xie et al.21
 have 

prepared three-dimensional (3D) ordered CuO-ZnO inverse 

opals using polymethylmethacrylate (PMMA) template. Its 

corresponding sensor achieved a very low detection limit 

toward acetone as 100 ppb. Zhang et al.19 have synthesized 

flower-like CuO-ZnO heterojunction nanorods via a co-

precipitation method. This CuO-ZnO nanorod sensor exhibited 

much better selectivity toward ethanol than that of pure ZnO 

sample. In summary, successful examples of different 

topological structures can be listed as follow: 0-D/0-D21, 31, 33, 

0-D/1-D32, 34, 35, 1-D/1-D18, 2-D/1-D35, 36, 0-D/3-D19and 3-D/3-

D37(n-D represents for n-dimensional structure)etc. However, 

the synthesis of 2-D/2-D CuO-ZnO heterostructures is rarely 

reported. It is known that 2-D nanomaterials have attracted 

great attention due to their large surface to volume ratio, special 

electronic properties and abundant surface active sites38-41. As 

gas sensing is mainly based on the surface chemical reactions, 

these advantages would greatly improve the sensitivity of 

sensor. Therefore, it would be interesting to combine two 2-D 

semiconductors into a p-n junction. This novel topological 

design would bring some benefits for gas sensing. 
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Herein, a novel p-n junction sensor composed of 2-D ZnO 

porous nanosheets assembly and 2-D CuO leaf-like nanoflakes 

have been fabricated. Its gas sensing performance toward n-

butanol is studied. N-butanol is mainly used as the raw material 

for organic agents production42 and the industrial solvent43-45. 

Besides, n-butanol has the advantages of a high energy content, 

being less hydroscopic and less corrosive45. Thus it is a 

promising gasoline substitute42, 45.However, n-butanol vapor is 

inflammable, explosive and could cause symptoms such as 

dizziness, headache somnolence and dermatitis44. In this work, 

the sensor response toward 100 ppm n-butanol is 174.3 at 

220 °C. Its theoretical detection limit is estimated to 0.4 ppm. 

Also, the 2-D/2-D CuO-ZnO p-n junction sensor exhibits much 

better n-butanol selectivity than that of pure ZnO sensor. The 

possible gas sensing mechanism of CuO-ZnO p-n junction 

sensor is discussed afterwards. This finding will be useful for 

the design of metal oxides heterostructures for application in 

gas sensing. 

2.Experimental  

2.1 Preparation of porous ZnO microspheres 

All chemical reagents were analytical grade and were used as 

received. In a typical procedure, 0.5 mmol Zn(NO3)2•6H2O, 2 

mmol L-Glutamine and 0.5 mmol NaCO3•10H2O were 

dissolved in 20 ml of distilled water. Then, the mixture was 

transferred into 25 mL Teflon-lined stainless autoclave and 

maintained at 140 oC for 12 h. The autoclave was cooled to 

room temperature naturally, and the obtained Zn5(CO3)2(OH)6 

precipitate was washed with distilled water and ethanol before 

being dried in air at 80 °C. Finally, the porous ZnO 

microspheres were obtained after annealing the 

Zn5(CO3)2(OH)6 precipitate at 400 oC for 2 h in air. 

 

2.2 Preparation of CuO-ZnO composite 

Briefly, 0.04 g porous ZnO microspheres were dispersed in 20 ml 

Cu(NO3)2 solution and stirred for 0.5 h. The weight ratio of 

CuO/ZnO was 1/10. Afterward, the mixture was transferred into 

Teflon-lined stainless autoclave and maintained at 120 oC for 1.5 h, 

respectively. After the autoclave cooled to room temperature, the 

obtained precipitate was washed with distilled water/ethanol and 

dried in air at 80 °C. 

 

2.3 Characterization 

The crystalline structures of the porous ZnO microspheres and 

CuO-ZnO composite were examined by X-ray diffraction instrument 

(XRD, Rigaku D/max 2500 diffractometer at 40 kV and 200 mA 

with Cu Kα radiation). The morphological features and element 

composition of the samples were investigated by field emission 

scanning electron microscopy (SEM, Hitachi Model S-4800), energy 

dispersive spectrometry (EDS), transmission electron microscopy, 

and high-resolution transmission electron microscopy (TEM, HR- 

Ih
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(b)

(c)

(d)

 

Fig. 1. (a) Digital photo of ZnO sensor, (b) digital photo of 

CuO-ZnO composite sensor, (c) schematic diagram of a typical 

gas sensor and (d) measuring electric circuit of gas sensing 

properties. 

 

TEM, FEI Tecnai G2 F20). The specific surface area test was 

performed using a NOVA 2200e surface area analyzer. 

 

2.4 Fabrication and measurement of gas sensor 

Fig. 1 (a) and (b) display digital photos of ZnO and CuO-ZnO 

composite sensors, and (c) displays the schematic diagram of a 

typical gas sensor. The preparation and measurement of the side-

heating sensor are similar to those depicted in our previous report6, 46. 

A proper amount of porous ZnO microspheres or CuO-ZnO 

composite powders were mixed with several drops of distilled water 

to form a paste, which was then coated onto the Al2O3 tube posited 

with a pair of Au electrodes and four Pt wires. A Ni–Cr alloy 

filament which was inserted into the tube was used as heater, and the 

temperature of coated tube was controlled by regulating the heating 

current. As displays in Fig. 1 (d), the gas sensing properties were 

measured by a CGS-8 intelligent gas sensing analysis system 

(Beijing Elite Tech Co. Ltd., China). A heating current (Ih) range 

from 0 to 300 mA was applied, and a test voltage (Vt) was supplied 

to the sensor. A load resistor RL was connected to the sensor, whose 

resistance was measured and used for calculating and outputting the 

sensor resistance. The sensor response was defined as S=Ra/Rg, 

where Ra and Rg were the resistance of the sensor in air and in target 

gas, respectively. The gas sensor was aged completely for hours at 

the optimum working temperature before measurement to improve 

the mechanical strength and electrical contact, and to ensure its 

stability and repeatability. 

3.Results and discussion 

3.1 Composition and morphology 

XRD pattern of precipitate obtained during the first 

hydrothermal process is displayed in Fig. S1. This XRD pattern 

indicates that the as-prepared precipitate has low crystallinity 

and all diffraction peaks can be indexed with Zn5(CO3)2(OH)6 

standard card (JCPDS No. 19-1458). Fig. 2 compares the XRD  
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Fig. 2. XRD patterns of (a) as-prepared ZnO and (b) CuO-ZnO 

composite. 

 

pattern of as-prepared ZnO and CuO-ZnO composite. XRD 

pattern of as-prepared ZnO (Fig. 2(a)) is well indexed with 

standard card of hexagonal wurtzite ZnO (JCPDS No. 36-1451).  

No impurities can be found in this pattern. XRD pattern of 

CuO-ZnO composite (Fig. 2(b)) displays the characteristic of 

both wurtzite ZnO and CuO (JCPDS No. 65-2309), and no 

other peak related to impurities is observed. The XRD pattern 

of CuO-ZnO composite exhibits two main peaks of monoclinic 

CuO located at 38.8 and 48.9 degree corresponding to (111) 

and (-202) planes, respectively. The broad and weak diffraction 

peaks indicate the small grain size and poor crystallinity of 

CuO. 

SEM images of Zn5(CO3)2(OH)6 precipitate are displayed in 

Fig. 3(a) and (c). Spherical hierarchical structures of 

Zn5(CO3)2(OH)6 precipitate are uniformly distributed with the 

size of 8~12 µm approximately. They are self-assembled by 

numerous nanosheets, whose thickness is about 20 nm and 

surface is smooth. As shown in Fig. 3(b) and (d), ZnO exhibits 

similar shape with Zn5(CO3)2(OH)6 microspheres, but the 

nanosheets are porous after annealing. Fig. 3(e) shows a low 

magnification TEM image of ZnO microspheres, demonstrating 

the characteristic of solid core and saw-tooth like edge. High 

magnification TEM image of a single ZnO nanosheet (Fig. 3(f)) 

also displays the porous structure of the nanosheet with the pore 

size of 10~50 nm. These pores may originate from the 

decomposition of Zn5(CO3)2(OH)6 during the calcination 

process47-50.During the heat treatment a great amount of gases 

such as CO2 and H2O volatilized from the nanosheets, the 

decomposition reaction can be expressed as Eqs. (1)49, 50and 

numerous vacancies remained. Then, the pores were formed within 

the nanosheets, as those vacancies were condensed into pores 

following the Kirkendall effects49. 

Zn5(CO3)2(OH)6 → 5 ZnO + 3 H2O + 2 CO2         (1) 

The HRTEM image (Fig. 3(g)) displays clear lattice fringes 

with the d-spacing of 0.26 nm, corresponding to the (0001) 

facet of wurtzite ZnO. Moreover, the SAED pattern depicts the 

well-defined single crystal of ZnO nanosheet and can be 

indexed to the [01
—

10] zone axis of wurtzite ZnO (Fig. 3(g), 

inset). 

Fig. 4(a) and (b) display low magnification SEM images of 

ZnO porous microsphere and CuO-ZnO composite, 

respectively, and (c) displays high magnification SEM image of 

CuO-ZnO composite. By comparing Fig. 4(a), (b) and (c), it  

 

 

Fig. 3. (a, c) SEM images of as-prepared Zn5(CO3)2(OH)6 

precipitate, (b, d) SEM images, (e, f) TEM images, (g) HRTEM 

image and SAED pattern (inset) of as-prepared ZnO. 
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Fig. 4. (a) SEM image of ZnO porous microsphere, (b, c) SEM 

images, (d-e) TEM images and (f-h) corresponding elemental 

mapping images, (i-k) SEM image and corresponding elemental 

mapping images of CuO-ZnO composite. 

 

can be seen that after the second hydrothermal process, the 

hierarchical structure and porous nanosheets of ZnO 

microsphere are maintained, and leaf-like structures grow 

outward on the surface of ZnO nanosheets. Fig. 4(d) and (e) 

also demonstrate that there are dark leaf-like structures with the 

length of about 500 nm attached on ZnO nanosheet. In order to 

clarify the composition of the leaf-like structures, TEM 

elemental mapping was performed. As shown in Fig. 4(f)-(h), 

the signals of Cu are concentrated on the dark leaf-like areas in 

Fig. 4(d), and the signals of O are also enriched in these areas. 

Considering the result of XRD pattern of CuO-ZnO composite, 

the leaf-like structures can be confirmed as CuO. EDS mapping 

is conducted to clearly confirm the spatial distribution of leaf-

like CuO in the hierarchical composite microsphere. As shown 

in Fig. 4(i)-(k), the signals of Zn and Cu are detected uniformly 

in the whole sphere region, indicating the uniform distribution 

of leaf-like CuO on ZnO microsphere. Growth mechanism of 

the obtained nanostructures is discussed and details see Section 

S1. 

Herein, to study the chemical nature and the surface related 

sensing mechanism, XPS analysis was performed for ZnO and 

CuO-ZnO (Fig. S8, Table S1). Fig. S8a shows that the Zn 2p 

spectra of ZnO and CuO-ZnO were similar for their energy 

positions and distribution. As shown in Fig. S8b, the Cu 2p 

spectrum of CuO-ZnO showed a characteristic of CuO51, the 

calculated Cu: Zn ratio is 1: 8.4. This indicates a 10.6 % molar 

ratio of CuO in the composite. While there was no obvious Cu 

2p signal for the pure ZnO. 

 

3.2 Gas-sensing performance 

Working temperature is an important indicator for a gas 

sensor. It is closely related to energy consumption, easy usage, 

testing convenience, etc.52 For semiconductor gas sensors, 

working temperature can greatly affect the kinetics of gas 

sensing. This include molecules chemisorption, desorption and 

chemical reactions on the surface of sensing materials6, 8. 

During gas sensing process, these factors will reach a balance, 

and exhibits the best response at optimum working  
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Fig. 5. (a) Sensing response of ZnO and CuO-ZnO composite 

sensors toward 20 ppm n-butanol at different working 

temperatures, (b) response of ZnO and CuO-ZnO composite 

sensors to various 100 ppm VOC gases at 200 °C and 220 °C, 

respectively. 
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Fig. 6. (a) Sensing response and (b, c) transient curve of CuO-ZnO composite and ZnOsensors toward different concentration of n-

butanol. 

 

temperature13, 52-54. In this study, response of ZnO and CuO-

ZnO composite sensors toward 20 ppm n-butanol at different 

working temperatures were tested, as displayed in Fig. 5(a). It 

is depicted that the response value increases firstly with 

increasing working temperature and then decreases. The 

maximum responses of ZnO and CuO-ZnO sensors are reached 

at an optimum working temperature of 200°C and 220 °C, 

respectively. This working temperature is relatively low 

compared with other ZnO-based materials55-58. The responses 

of ZnO and CuO-ZnO sensors to 100 ppm of various VOC 

gases (methanol, ethanol, n-propanol, n-butanol, acetone and 

ammonia) were measured at 200 °C and 220 °C, respectively, 

as shown in Fig. 5(b). Obviously, CuO-ZnO composite sensor 

shows enhanced response to most of the test gases than the 

sensor based on pure ZnO microspheres. Moreover, the 

response of CuO-ZnO composite sensor to n-butanol is 3.5-84 

times higher than those toward other testing gases, revealing an 

enhanced and excellent selectivity toward n-butanol.  

The responses of ZnO and CuO-ZnO composite sensors 

toward different concentration of n-butanol were measured at 

200 °C and 220 °C, respectively, as shown in Fig. 6 (a)-(c). The 

resistance of CuO-ZnO composite sensor in air (about 10 MΩ) 

is obviously higher than that of ZnO sensor (about 3 MΩ). 

Besides, the resistivity was tested by Hall measurement 

(HALL-8800, details are shown in Fig.S9).The resistivity of 

ZnO and CuO-ZnO is 0.716E+3 Ω·cm and 1.254E+3 Ω·cm, 

respectively, which are consistent with the resistance of the 

ZnO and CuO-ZnO sensors in air. As p-n junction can lead to 

band barrier and wide depletion layers, this resistivity increase 

could prove the formation of CuO-ZnO p-n junctions26, 29, 

59.The resistance of the two sensors decrease after inducing n-

butanol, exhibiting n-type semiconductor characteristic. The 

sensing responses of ZnO and CuO-ZnO composite sensors are 

calculated and displayed in Fig. 6(a). It can be seen that CuO-

ZnO composite sensor exhibits much higher response than ZnO 

sensor. The sensing response of CuO-ZnO composite sensor to 

20 ppm n-butanol is 37.7, which is about 2.7 times of ZnO  
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Fig. 7. (a) Plot of power function fitting and (b) linear fitting of 

S-1 versus concentration of n-butanol. 
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Table 1 Gas sensing properties toward n-butanol in present study and other literatures.

 

sensors’ response. In comparison with previous studies, CuO-

ZnO composite sensor exhibits considerably enhanced 

sensitivity toward n-butanol than other ZnO based sensing 

materials. In addition, both ZnO and CuO-ZnO composite 

sensors exhibit excellent response and recovery characteristics  

with respect to different concentration of n-butanol. The 

responses of both sensors are fast and significant even to 0.5 

ppm n-butanol. Meanwhile, the sensors’ resistance could 

basically return to the baseline every cycle after inducing the air. 

Thus, both of the sensor are stable enough to enable the 

practically repeatable detection of low concentrations of n-

butanol. 

The response of metal oxide semiconductor gas sensor can 

usually empirically represented as S -1= α[C]β14, 44, 65. Herein, S 

is the response value of the sensor, C is the concentration of 

target gas, α is a parameter and β is the surface charge 

parameter with value from 0.5 to 114. Fig. 7(a) displays the plot 

of S-1 versus C of ZnO and CuO-ZnO composite sensors, 

where a power function relationship as described by above 

equation is observed. The values of β of ZnO and CuO-ZnO 

composite sensors are 0.59 and 0.90, respectively. The value of 

β is depending on the charge of the surface species and the 

stoichiometry of the elementary reactions on the surface14, 65, 66. 

Thus, the difference between the values of β indicating that the 

gas sensing mechanism of these two samples may be different. 

As shown in Fig. 7(b), the response of CuO-ZnO composite 

sensor has a good linear relationship (R=0.9913) with the 

concentration of n-butanol in the range of 0.2-5 ppm. Thus, the 

theoretical detection limit (DL) as defined in article [67] can be 

calculated to be 0.4 ppm, which is a relatively low detection 

limit for n-butanol. 

3.3 Gas sensing mechanism 

Generally, gas sensing behavior of ZnO is resulted from the 

surface chemical reactions. The reactants are the chemisorbed 

oxygen species (O-, O2- and O2
-) and the adsorbed target gas 

molecules. These reactions lead to the resistance variation of 

the gas sensor. High specific surface area of sensing material 

usually has positive effects on the sensing response52. Thus the 

specific surface area test was performed, and the nitrogen 

adsorption–desorption isotherms are provided in Fig. S10. The 

specific surface area of CuO-ZnO composite is 46 m2/g which is 

not significantly larger than that of ZnO porous microspheres (35 

m2/g). Their difference of surface area is not the main factor for their 

difference in sensing response. Therefore, the higher sensitivity of 

CuO-ZnO composite could be attributed to the electronic 

sensitization induced by CuO68, 69. There are more active sites69 

and more chemisorbed oxygen species on the surface of p-type 

semiconductors than those of n-type semiconductors70. The 

modified CuO nanostructures could act as a strong acceptor of 

electrons from ZnO68.The Fermi energy levels of n-type ZnO 

and p-type CuO are equalized due to the charge transfer, as 

shown in Fig. S1171, 72. Moreover, as shown in the Mott-

Schottky curve (Fig.S12.), CuO-ZnO composite exhibits 

smaller slope than the ZnO, indicating that the introduction of 

CuO increases the carrier density of the ZnO. Besides, the flat 

band potential of the ZnO is shift positively by about 0.2 V  

Sensing materials Working temperature (°C) Concentration (ppm) Response Reference 

Au/ ZnO microsheets 240 20 18.5 [16] 

Au NPs-ZnO NWs 320 100 18.2 [60] 

ZnO microflowers 320 100 24.1 [10] 

3D flower-like ZnO 

nanostructures 
220 100 49 [11] 

ZnO nanoparticles 320 100 62 [61] 

ZnFe2O4/ZnO 

nanoheterostructure 
260 200 26 [62] 

ZnFe2O4/ZnO hollow 

microsphere 
320 200 27.7 [63] 

ZnO@ZnS core/shell 

microrods 
300 500 48.5 [64] 

ZnO nanoflakes 330 500 87 [13] 

ZnO porous 

microspheres 
200 

20 14 
This work 

100 47.5 

CuO-ZnO composite 220 
20 37.7 

This work 
100 174.3 
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Fig. 8. Illustration of sensing mechanism for CuO-ZnO p-n junction toward reducing gases. 

 

after the addition of the CuO. These results suggest the electron 

redistribution between the ZnO and the CuO73. In the air, 

oxygen molecules capture electrons from CuO, and 

chemisorbed oxygen species are formed on its surface74. 

Meanwhile, electrons transfer from ZnO to CuO, causing the 

formation of an electrons depletion layer (EDL) extending into 

ZnO69. The formation of EDL would significantly narrow the 

conducting part and dominate the conductivity of CuO-ZnO29, 

59.Upon exposure to reducing gases, the gas molecules react 

with chemisorbed oxygen and electrons are released to CuO. 

Then, the electrons return to ZnO, leading to the reduction of 

EDL thickness and the increase of conductivity of CuO-ZnO. 

The illustration of sensing mechanism for CuO-ZnO p-n 

junction toward reducing gases is shown in Fig.8. Compared to 

pure ZnO, the decoration of CuO promotes the chemisorption 

of oxygen species and the chemical reactions on the surface of 

CuO-ZnO19, 69.This leads to an enhancement in sensitivity of 

composite. Moreover, the quantity of chemisorbed oxygen 

species can be evaluated by the intensity of Oc component in 

the O 1s XPS specra14, 75, 76. As shown in Table S1, the relative 

percentage of OC component of CuO-ZnO is 18.7 % which is 

higher than ZnO (12.7 %). This result could further prove the 

sensing mechanism of CuO-ZnO p-n junction.  

In addition, the porous hierarchical structure of ZnO and the 

2D-2D topology also contribute to the excellent gas sensing 

performance. The porous hierarchical structure of ZnO provides 

channels for diffusion of gas molecules6, 77.Moreover, it also 

provides more active sites and improves the kinetics of 

chemical reactions on the surface77.This also results in 

enhanced sensing performance. Furthermore, there would be 

more oxygen species chemisorbed on the surface of 2D CuO 

than 0D and 1D structures due to its large surface to volume 

ratio78. Thus the sensitivity of the CuO-ZnO composite is 

further enhanced. 

4.Conclusion  

In summary, a CuO-ZnO p-n junction composite with the2-

D/2-D topology has been synthesized. Then, the gas sensing 

performance of CuO-ZnO composite and pure ZnO toward n-

butanol is studied. The CuO-ZnO composite sensor shows 2.7 

times higher sensitivity than that of pure ZnO at 220 °C. 

Moreover, CuO-ZnO composite sensor exhibits a better 

selectivity toward n-butanol than that of pure ZnO. The 

enhanced sensing performance of composite can be attributed 

to the p-n junction at first. The introduction of CuO brings both 

the electronic sensitization for the composite sensor. This 

results in the significant enhancement in sensitivity. Moreover, 

the enhancement in sensitivity can also be attributed to the 

porous nanostructure and the open 2-D/2-D heterostructure. 

This structure allows the target gas molecules diffuse rapidly, 

making the chemisorption and the chemical reactions on the p-n 

junctions more easily. 
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