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Abstract

To enhance the gas-sensing characteristics of semiconductor metal oxides, meticulous control and
manipulation of point defects on gas sensing properties is required. Therefore, to elaborate the
influence of metal cation defects on the sensing performance, CuO nanoplatelets with various relative
concentrations of oxygen vacancies were prepared at various synthesis temperatures. CuO
nanostructures prepared at higher synthesis temperature revealed higher selectivity and sensitivity
towards NHs due the institution of large number of reactive sites.
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Introduction

CuO are among the most promising p-type
semiconductor materials for gas sensing
applications, showing rapid and reliable
detection of various gases including acetone,
ethanol, ammonia and hydrogen sulfide etc. [,
However, a few cases have been reported were
pure CuO materials showed good sensing
properties at room temperature 2.

Herein we report the enhanced NHs sensing
response of CuO nanoplatelets based sensor at
room temperature, resulting from small
crystallites, high point defects and adsorbed
oxygen species on the surface of the sensing
layer.

Experimental

In a typical experiment, a 0.5 M Cu(NOs):
solution, was placed in the sonication bath, at
35 °C, and modified by urea before the addition
of NaOH, for 25 minutes. The resulting black
precipitate, denoted as A-Urea, was washed
with distilled water, and dried in the oven at 100
°C for 24 hours. The experiment was repeated
at different preparation temperatures (45 to
85 °C) for 25 minutes, with products denoted as
B-Urea to F-Urea. The set of experiments were
repeated under similar preparation conditions,
where the aqueous copper solution remained
unmodified and where it was modified by
NH4sOH, before the addition of NaOH. The
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materials were characterized by XRD, TEM,
SEM, BET surface analysis, XPS and PL
spectroscopy. Sensors were prepared by
depositing a mixture of dispersed CuO powders
with ethanol onto interdigitated electrodes, and
subsequent drying at 100 °C for 1 h. A standard
configuration for resistive sensor measurement,
with Pt-interdigitated electrodes and a Pt-
resistive-type heater printed onto an alumina
substrate were carried out for the gas sensing
tests.

Results and Discussion
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Figure 1: A plot of the average crystallite size and
surface area at specific reaction temperatures.

A decrease crystallite size and increase in
surface area was observed as the reaction
temperature increased, as seen in Figure 1.
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The morphology of the as-prepared products
was confirmed to be nanoplatelets and the
SAED pattern is consistent with the XRD
analyses (see Figure 2).

Figure 2: HR-TEM micrograph and SAED pattern of
E-Urea.

By observing the gas sensing performance of
the  as-prepared products to various
concentrations of CO, NO2z, NHs, CH4 and H2S
gases at room temperature, the effect of the
shape and size of the CuO nanomaterials was
studied. The E-Urea-based sensor showed the
highest sensitivity and selectivity to NHs gas,
whereas E-NaOH and F-NH4OH, showed
selectivity to NO2 and CHs, respectively. The
sensitivity observed for E-Urea to NH3 gas and
E-NaOH to NO2 gas is higher than previously
reported for CuO-based sensors. I8

: 0.45

T T T
B0 —m— Gas sensing response \
225 | —®—Ratio of defects determined from PL L L 0.40

o

% 20.0 4 ;E
o

£ 175 Fo% &

s )

o 150 %

% FO30 —

o 125 " =

9 10 <

v " Loz —'—<"

g s L)

o +

2 50 S

o S Fo20 <

] =

= Gl .\

0.0 £ il Foas
T T T T T
30 40 50 80 70 80 90

Reaction Temperature (°C)

Figure 3: Graph of the room temperature NH3 gas
sensing response and PL defects of CuO products
prepared at 35 to 85 °C in the presence of urea, with
inserts of HR-TEM and SAED pattern of E-Urea.

The relative concentration of Vo and surface
area increased, while the crystallite size
decreased for E-Urea, leading to enhanced
adsorption of oxygen which in turn improved
sensing response, as seen in Figure 3.
Motaung et al. reported that when the relative
concentration of defects decreased the sensing
response also decreased.!  The simplest
mechanism, with the possibility of potential
barrier  difference  for the  CuO-CuO
homojunctions, ! is the due to lattice defects
are specified with the Kréger-Vink notation. 1l
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