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Nanostructured deposits of ammonia (NH
3
) sensitive ZnO and ZnO-CuO composites were 

fabricated on a graphite electrode via electrophoretic deposition (EPD). Deposition was done by holding 
the applied voltage and deposition time constant at room temperature. Testing of sensing properties 
of the deposits was conducted using Wheatstone bridge circuit. SEM micrographs show a more open 
structure and more exposed surface area of the pure ZnO deposit compared to the ZnO-CuO deposit. The 
average particle size deposited at 500V for ZnO and ZnO-CuO were 241nm and 260nm respectively; 
whereas at 750V the average particle size is 195nm and 276nm, respectively. Deposits with greater 
surface area, smaller particle sizes and thicker deposits exhibit high gas sensitivity. On the other hand, 
addition of CuO resulted to a more compact and dense surface structure and decreased gas sensitivity. 
Thus, particle size and the surface structure of the deposits dictate the sensitivity of the material.
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1.	 Introduction
Nanostructured zinc oxide is one of the most 

attractive semiconducting oxides due to its technological 
applications. It has been incorporated in various areas such 
as paint industry, biomedicine, environmental engineering, 
transparent and spin electronics, surface acoustic devices, 
thin film transistor, and chemical and biosensing1-5. 
These applications are attributed to the unique and highly 
modifiable properties, environmental safety, and stability 
of ZnO. Consequently, issues of fabrication methods and 
technologies to optimize the desired properties have been 
a central topic for materials and engineering research. 
Several studies have incorporated other materials by way 
of doping and composite to enhance specific properties of 
ZnO. Cu2+, Pb2+, Ga, Ag, Au, CdTe, CuInSe

2
, CdS, and other 

polyelectrolyte are some of the elements and compounds 
that were combined with ZnO to improve structural, 
morphological, optical, and electrical properties to address 
specific interests6-12.

At present, surge of researches focused on fabricating 
and innovating ZnO and its composite materials for gas 
sensing application13-18. In gas sensing using semiconducting 
oxides, the widely accepted generalized model to describe 
its mechanism is the adsorption-desorption reaction of 
reactive elements in the vacant sites leading to changes in 
conductivity of the material. The change in conductivity 
is primarily due to the change of bulk charge carrier 
concentration and surface band bending due to chemisorbed 
surface species. The gas sensitivity is therefore influenced by 
some microstructural properties such as grain size, surface 
geometry, connectivity between grains, and space-charge 
layer depth. This is one particular reason why nanometer 

scale and porous material are expected to exhibit higher 
sensitivity than impermeable bulk form. The large surface 
to volume area will lead to more vacant sites that promote 
more surface reactions2,4,10,18,12.

In this study, ZnO and ZnO-CuO were fabricated using 
EPD on graphite electrode. Aside to its simplicity and 
low cost, reports affirm that EPD has been successful in 
fabricating nanostructured ZnO composite19. The fabricated 
materials were subjected to gas and their electrical responses 
were measured. Specifically, the addition of CuO to ZnO is 
aimed to improve the gas sensitivity of resulting material. 
Ammonia which posts high technological importance in 
areas of agriculture, industry, and household commercial 
product was used as test gas20.There are reports regarding 
unmonitored critical concentration of NH

3
 can lead to 

potentially hazardous exposure, thus development of NH
3 

sensor is of significant importance21,22.

2.	 Experimental Procedure

2.1.	 Materials preparation

All chemicals and reagents used in the experiment 
were used as received from the manufacturer without 
further purification. These were ZnO powder (99.5 % pure, 
HIMEDIA), CuO powder (96.0% extrapure, HIMEDIA) 
and acetone CH

3
2C0 (Technical Grade). ZnO and CuO 

were ground using mortar-pestle for 4 hours to ensure 
sufficiently fine particles. About 2.00 g of ZnO powder were 
mixed to acetone to prepare 0.50 M solution. ZnO-CuO-
acetone mixture was prepared by adding 1.00 g of CuO to 
0.5 M ZnO-acetone suspension. To ensure homogeneity of 
solution, the mixtures were sonicated for 1.0 hour.
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2.2.	 Stability test

Stability of the ZnO particles in acetone was conducted 
by preparing 1 g of ZnO powder. The powder was then 
dissolved in a 30 ml acetone and was thoroughly mixed 
using a magnetic stirrer for 2 minutes. The resulting mixture 
was then ultrasonicated for 10 minutes, and magnetically 
stirred again for 2 minutes. The prepared suspension was 
then poured in a 100 ml graduated cylinder initially filled 
with 70 ml acetone. The particles were then allowed to 
settle for 10 minutes. For the stability test of CuO particles 
in acetone, the procedure enumerated for determining the 
stability of ZnO was also followed.

2.3.	 Electrophoretic deposition

Figure 1 shows the EPD set-up used in the experiment. 
Two 2.0 cm length cylindrical graphite rods (6B Steadler) 
with constant separation length of 2.0 cm were used as 
electrodes for the deposition process carried out at laboratory 
temperature. The deposition potential was varied to 500V 
and 750V for a constant deposition time of 10.0 minutes for 
all the runs. The length of submerged part of the electrode 
is 2.0 cm.

2.4.	  Characterization and gas sensitivity test

A SHIMADZU XRD 700 X-ray diffractiometer was 
used to verify existence of ZnO and ZnO-CuO deposits. 
The morphological features were analyzed under JEOL JSM 
5310 Scanning Electron Microscope.The gas sensitivity was 
measured using Wheatstone bridge gas sensing set-up which 
is depicted in Figure 2. In principle, the voltage across the 
bridge changes if any component of the circuit changes its 
electrical properties due to induced stimuli. In this set-up, 
NH

3
 serve as the stimuli while the deposits serve as the 

sensitive component. The ZnO and ZnO-CuO deposits 
were placed in a closed chamber and exposed to NH

3
. The 

gas sensitivity test was carried out at laboratory condition. 
A constant voltage of 0.1mV (Keithley) was applied in 
all sensitivity tests. Electrical response of the deposits 
in the presence of NH

3
 was measured using voltmeter 

(Keithley Model 2182). The areas of exposure to NH
3
 of the 

deposits obtained from different deposition parameters are 
approximately equal. In this study, gas sensitivity is defined 
as GS = |Vg – Va / Va| where GS is the gas sensitivity, V

g
 is the 

voltage reading when exposed to NH
3
, and V

a
 is the voltage 

reading in the absence of NH
3
. In measuring gas response, 

three samples per deposition parameter were tested and the 
average response was normalized and is reported.

3.	 Results and Discussions

3.1.	 Stability test

To assess the stability of the suspension, settling 
behavior of both ZnO and CuO powder with respect to 
acetone were investigated.

Figure 3 shows the stability of CuO and ZnO in acetone 
after 10 minutes. This result clearly indicates that ZnO is 
more stable than CuO because there are more suspended 
ZnO particles compared to CuO particles. Moreover, it 
is also visible23 there are more particles of CuO that had 
already settled on the bottom compared to ZnO particles. 
This more stable condition of ZnO compared to CuO could 
be attributed to the smaller particle sizes of the former which 
are not greatly affected by gravitational force.

3.2.	 Deposition current

The current behavior was observed during the entire 
deposition process. Figure  4 shows the different current 
transients due to variability of deposition parameters. The 
decreasing trend of the current for all the deposition runs 
is similar with other studies of EPD reported elsewhere24. 
The deposition current is initially linear with time but as the 
deposition proceeds, the current continuously decreases to 
a certain value. The decrease in current implies decrease 
in electric field due to the formation of insulating layer of 
ceramics to the surface of the electrodes. Deposition carried 
out at higher potential resulted to higher deposition current.

The addition of CuO shows an apparent decrease in 
current. The presence of CuO decreases the mobility of 

Figure 1. Schematic of EPD set-up. Figure 2. Wheatstone bridge gas sensing set-up.
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charges in the suspension. Consequently, the resistivity 
of the suspension increases which is manifested by the 
apparent decrease in the deposition current. This observation 
is consistent to some reported studies that a high ionic 
concentration will cause instability of the suspension 
thereby inhibiting the movement of ceramic particles24,25.The 
stability of the suspension in EPD dictates the success and 
quality of the material formation in the substrate. Qualitative 
investigation of the deposits implies that the suspension 
current is proportional to the deposition yield. High current 
resulted to high deposition yield. Thicker deposit of around 
0.2mm was obtained at 750V compared to the 0.1 mm 
thickness obtained at 500 V. Furthermore, in the presence 
of CuO, the particles in the suspension tend to settle faster 
compared to that of pure ZnO. This is also evidence that 
the addition of CuO caused instability of the suspension.

3.3.	 Structure and morphology

XRD pattern shown in Figure  5a illustrates the 11 
characteristic peaks of ZnO. The peaks at 2θ values of 31.76, 
34.42, 36.26, 47.54, 56.60, 62.86, 66.36, 67.94, 69.08, 72.54, 
and 76.98 which correspond to the crystal plane of 110, 002, 
101, 102, 110, 103, 200, 112, 201, 004, and 202 respectively, 
are in good agreement with current observations. The 
diffraction peaks agree with the JCPDS card No 36-1451 
which correspond to the hexagonal wurtzite structure of 
ZnO. Figure 5b on the other hand shows the combined peaks 
of ZnO and CuO after deposition. This result indicates that 
ZnO-CuO composite was formed in the process.

Figure 7 depicts the particle size measured using ImageJ 
software and the average particle size was calculated using 
Microcal Origin. Based on particle size, deposits obtained 
from pure ZnO exhibit a more homogenous surface structure 
as observed in Figures  6a and 6c. The mode of particle 
size of pure ZnO deposits obtained at 500V and 750V is 
201‑250nm. The addition of CuO in the suspension resulted 
to a more variable and larger particle size as illustrated in 
Figures 6b and 6d. The mode of the distribution obtained 
from 500V and 750V of ZnO-CuO deposits is 201-300nm.

Table 1 shows the calculated average particle size in each 
deposition parameter. The average particle size deposited 
at 500V for ZnO and ZnO-CuO were 241nm and 260nm, 

Figure 3. Stability of ZnO and CuO in acetone.

Figure 4. Current behaviour during electrophoretic deposition.

Figure 5. XRD pattern of (a) ZnO (b) ZnO-CuO deposited at 750 V.
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respectively. Whereas ZnO and ZnO-CuO deposited at 
750V have particle size of 195nm and 276nm, respectively. 
ZnO deposit obtained at 750V display the smallest average 
particle diameter. Largest particle size was observed at 
ZnO-CuO deposits obtained at 750V.

3.4.	 Gas sensitivity

Figure 8 and Table 2 depict the sensitivity of the material 
deposited at different parameters when exposed to same 
amount of NH

3
. Apparently, pure ZnO deposits obtained at 

500V and 750V exhibit a higher sensitivity than with the 
presence of CuO. At 500V deposition potential, the addition 
of CuO resulted to a decrease in sensitivity from 27.65%-
12.02%. The same result was observed at 750V where the 
sensitivity decreases from 43.73%-32.20%. As observed 
in the SEM images (Figure  6), pure ZnO deposits have 
more open structure and smaller particle sizes compared 
to the ZnO-CuO deposits. Varying the deposition potential 
influence the surface structure of the material formed 
on the substrate. As cited by various literatures10,16, the 

Figure 6. Micrographs of (a) ZnO at 500V, (b) ZnO-CuO at 500V, (c) ZnO at 750V, (d) ZnO-CuO at 750V.

Figure 7. Histogram of particle size of the deposits.
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gas sensitivity of the material is highly dependent on the 
structure, particle size and the surface area. The more open 
the structure and the smaller the particles are, the larger 
the surface area will be available for gas molecules to react 
with to significantly change the bulk charge concentration. 
Since NH

3
 is a reducing gas, it is expected that when gas 

molecules penetrate an n-type material such as ZnO, they 

attach themselves to the vacant lattice holes which in effect 
increases the conductivity of the material25. This widely 
accepted theory in gas sensing mechanism is validated in 
this experiment. The measured voltage across the bridge 
decreases when the material is exposed to NH

3
. This implies 

that in the presence of NH
3
, the conductivity of the material 

increases. The sensitivity of ZnO to NH
3
 can be attributed to 

the change in bulk carrier concentration of ZnO due to the 
interaction of gas molecules and surface structure.

The addition of CuO in the deposition resulted to a 
decrease in sensitivity. The most sensitive deposit was 
obtained at 750V of pure ZnO which has the most open 
structure, homogenous particle sizes and a thicker deposit. 
The deposit obtained at 750V of ZnO-CuO composite 
shows a compacted smooth morphology of CuO which 
reduces the sensitivity of the material. The smooth deposit 
possibly inhibits the penetration of gas molecules to the bulk 
assembly of the material. Consequently, minimal charge 
carriers are added to the bulk concentration. In effect, the 
expected increase in sensitivity in the presence of CuO was 
not attained.

4.	 Conclusion
The study is successful in fabricating nanostructured 

NH
3
 sensitive ZnO and ZnO-CuO deposits via EPD. 

Deposition potential and the addition of CuO influence the 
resulting morphological properties of the deposits, thereby 
affecting its sensing property. SEM results show that the 
particles of pure ZnO deposited at 500V and 750 V are 
much smaller compared to the particles of the deposited 
ZnO-CuO composite. In addition, the surface structure of 
the deposited pure ZnO is more open and exposed than the 
surface structure of the ZnO-CuO deposit which could be 
the main reason of the higher sensitivity to NH

3
 of the latter 

compared to the former in the two voltages considered.
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Table  2. Normalized sensitivity (±uncertainty) of materials at 
different deposition potential.

Deposition 
Potential

Average Normalized 
Sensitivity

Percent
Sensitivity

500V ZnO 0.2765 ± 0.0387 ∼27.65%

500V ZnO-CuO 0.1202 ± 0.0390 ∼12.02%

750V ZnO 0.4373 ± 0.0316 ∼43.73%

750VZnO-CuO 0.3220 ± 0.0579 ∼32.20%

Table 1. Average particle sizes at different deposition parameters.

Deposition Parameter Average Particle Size
(µm)

500V ZnO 0.2413 ± 0.0541

500V ZnO-CuO 0.2603 ± 0.0962

750V ZnO 0.1954 ± 0.0519

750VZnO-CuO 0.2762 ± 0.0690

Figure  8. Average NH
3
 sensitivity of the ZnO and Zno-CuO 

deposits.
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