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In the present study, the copper oxide and copper nanoparticles were prepared by thermal decomposition of solid phase copper acetate at
various time (1-3 h) and temperature (200-500 °C). The method is simple, less expensive, avoid toxic solvent as well as avoid use of

with methyl, carbon-oxygen double bond, carbon-oxygen single bond and copper-oxygen bond functional groups. Thermogravimetry

of shapes, which includes icosahedrons, truncated cubes and nano-whiskers made from sphere with diameter of 7.43-0.83 nm.

—I
passivating agents. The FT-IR spectrum of the copper acetate monohydrate (calcined) shows the major changes in absorption peaks associated |

| analysis shows that the copper acetate monohydrate decomposes at about 250 °C to form copper. The TEM images show a combination
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INTRODUCTION

Copper oxide exists in three stoichiometric which include
cuprous oxide (Cu,O, cuprite), cupric oxide (CuO, tenorite)
and Cu4Os (paramelaconite) with their crystalline forms [1].
All the copper oxides are p-type semiconductor with a narrow
band gap in the range between 1.2 to 2.5 eV depending on
their stoichiometry [2,3]. Copper oxide shows unique physical,
electronic and photonic properties [4], which have led to its
application in sensors, catalysis, batteries, high-temperature
superconductors, solar energy and magnetic storage media [5].
Copper base compounds are known for their biocidal properties,
which include antimicrobial, antibiotic and antifungal agent
[6]. Copper oxide shows better biocidal properties than most
organic antimicrobial agents, because of it’s stability, strength
and tends to possess long shelf life [7,8]. Copper oxide nano-
particles have been prepared using many methods, which
includes sol-gel [9], thermal oxidation of copper substrates [ 10],
solvothermal [11], solid state reaction [12], electrochemical
[13], hydrothermal [ 14], precipitation methods [15] and thermal
decomposition of single precursor [16].

The single-source precursor involves a compound (salt
or complex) with both metal (copper) and chalcogenide contain-
ing ligand (oxygen) [17]. The single-source precursor allows
easy control of reaction conditions and leads to nanoparticles
with well-defined size and shape [18]. In general, single-source
precursor involves the synthesis of complexes from metal salts
(metal source) and ligand (chalcogenide source) [19]. The
complex can be thermalized to form metal chalcogenide nano-
particles in the presence of a passivating agent to control the
growth of nanoparticles [20]. Metal acetate salts can also be
used as a single-source precursor for the preparation of metal
oxide nanoparticles [21,22]. Copper acetate is easy to handle,
low cost and with both metal (copper) and chalcogenide (oxygen)
in one source. The furnace makes it possible to thermally decom-
pose the compound without the use of a passivating agent.
This article reports a simple, convenient and passivating free
method to prepare copper oxide nanoparticles. The method
involves thermal decomposition of copper acetate monohydrate
precursor under solid state conditions. Thermal decomposition
temperature and reaction time varied to study their effect on
the growth of nanoparticles.
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EXPERIMENTAL

Copper acetate monohydrate (99.0%) was purchased from
Merck, USA, while toluene (99.5%) was purchased at Sigma-
Aldrich. All the chemicals were of analytical grade and used
without any further purification.

Synthesis of copper oxide nanoparticles: Copper acetate
monohydrate (0.5 g) was placed inside a small, square piece
of aluminium foil. The foil was placed in the glass tube and
put into the furnace purged with nitrogen. The sample was
calcined for 1 h at 200 °C. After 1 h, the sample was cool to
room temperature while inside the furnace. Then, the sample
was ready to be characterized. The method was repeated at 300,
400 and 500 °C for 1 h. The same procedure was repeated at a
various time interval (180, 150, 120, 90, 60) min at 300 °C.

Characterization: Infrared spectra were recorded on the
Thermo-Scientific Nicolet iSSOFT-IR spectrometer. The spectra
were collected over the range of 4000 to 400 cm™. Thermo-
gravimetric analysis was performed using Perkin-Elmer Pyris
6 TGA under an inert atmosphere of dry nitrogen. The comp-
ounds were heated from 30 to 800 °C at a heating rate of 10 °C
min"'. Powder X-ray diffraction patterns were recorded using
a Shimadzu XRD 700 X-ray diffract meter diffractometer with
CuKo radiation (A=1.54 A) at40kV and 40 mA. The samples
were scanned within a 20 range of 10-80°in a step size of 0.05%
with a count rate of 9 s. Transmission electron microscope
(TEM) analysis was performed using HITACHI JEOL 100S
operated at 80 kV. All the samples were deposited on carbon-
coated copper grids and allowed to dry.

RESULTS AND DISCUSSION

The FTIR spectra of copper acetate monohydrate (Fig. 1)
and the FT-IR peaks are assigned according to their functional
groups in Table-1. The FTIR show three absorption peaks of
interest: the first peaks at 3465-3268 cm™, due to a hydroxyl
group of water and acetic acid [23]. Second peaks at 2993 and
2945 cm™ (weak), which are attributed to the methyl group.
Third absorption peaks at 1594 and 1417 cm™, which can be
associated to symmetric and antisymmetric carboxylate stret-
ching mode [24,25].
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Fig. 1. FT-IR spectrum of copper acetate monohydrate
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TABLE-1
FTIR SPECTRA OF COPPER ACETATE MONOHYDRATE
Wavenumber (cm™) Assignment
3465 O-H stretching in crystal water
3365 O-H stretching in acetic acid
3268 O-H stretching in crystal water
2993 C—H stretching in methyl
2945 C—H stretching in methyl
1651 HOH bending
1354 C—H bending in methyl
1049 C—CHj; framework vibration
1032 C—CH; framework vibration
1594 C=0 stretching
1417 C=0 stretching, C-H bending in methyl
685 Acetate anion scissoring
625 Acetate anion twisting

Fig. 2 shows the TGA (black) and DTG (red) curves of
copper acetate monohydrate. Copper acetate monohydrate
decomposes into two steps (Scheme-I) [26]. The first decom-
position occurs between 111 and 159 °C, which is associated
with dehydration [23]. The dehydration led to a mass loss of
8.28% and comparable with water molecule theoretical
(9.02%) [26]. The second decomposition occurs between 208
and 317 °C and was due to acetate moiety [27]. The decom-
position of acetate resulted in a mass loss of 59.29%, which
is in good agreement with theoretical value (59.16%). A copper
residue with a mass of 32.43% was comparable with theoretical
(31.83%). The DTG (red) show three endothermic peaks at
143,269 and 288 °C. The DTG peaks at 143 and 288 °C were
consistent with dehydration and decomposition of acetate
moiety, respectively [25]. The DTG peak at 269 °C could be
associated with copper oxide intermediates which further
composed into copper.
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Fig. 2. Thermogravimetric analysis curve (black) and derivative (red) for
copper acetate monohydrate

Effect of time: Fig. 3 shows the FT-IR spectra of Cu(OAc),:
H,O and Cu(OAc),-H,O calcined at 300 °C and a various time
interval of reaction (1-3 h). The spectra show that significant
changes occur in functional groups associated with hydroxyl,
methyl, carbonyl and copper-oxygen. The Cu(OAc),-H,O (uncal-
cined) showed O-H group (water) peaks at 3465-3268 cm',
while these peaks are not present in calcined Cu(OAc),-H,O.
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Scheme-I: Reaction pathway involved in thermal decomposition of Cu(OAc),-H,O in the presence of nitrogen
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Fig. 3. FTIR spectra of Cu(OAc),-H,O (a) and Cu(OAc),-H,O calcined at
300 °C by varying time (min): 60 (b), 90 (c), 120 (d), 150 (e), 180 (f)

The disappearance of hydroxyl group peaks in calcined
samples confirms that water molecule had been driven off from
calcined copper acetate. The second peaks appear at 2993 and
2945 cm™ are due to the methyl group. These peaks were very
weak for Cu(OAc),-H,O (uncalcined), since their intensity were
supressed by more instense functional groups of O-H and C=0.
The methyl group peaks were more vissible for all calcined
Cu(OAc),-H,O sample, because the function (O-H and C=0),
which were hindrance to there have been decreased or are no
longer present. The third peaks at 1651 and 1417 cm™ is attri-
buted to carbon-oxygen double bond. The peak at 1651 cm’
was intensive for uncalcined Cu(OAc),-H,O, while decreased
and complete disappeared for calcined Cu(OAc),-H,O. The
fourth peak in 1240 cm™ was due to carbon-oxygen single bond
and present only in calcined Cu(OAc),-H,O. This confirms that
the carbon-oxygen double bond was converted to a single bond.

Fig. 4 shows the XRD pattern of Cu(OAc),-H,O calcined at
300 °C by varying reaction time (1-3 h). The spectra show a
mixture of three copper which includes cuprous oxide (Cu,O,
cuprite), cupric oxide (CuO, tenorite) and copper. All the samples
show the same phases thought the reaction time, similar results
at this temperature were reported [28]. The cuprous oxide peaks
are consistent with cubic phase Cu,O (JCPDS card number: 75-
1531). However, the cupric oxide peaks can be indexed to a mono-
clinic structure of CuO (JCPDS card number: 80-1916). Further-
more, the XRD pattern for Cu can be indexed to the face-centered
cubic Cu (JCPDS card number 85-1326) [ 16]. The peaks signified
by the asterisk are due to sample holder because of smaller yield.
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Fig. 4. XRD spectra of Cu(OAc),-H>O calcined at 300 °C by varying time
(min): 60 (a), 90 (b), 120 (c), 150 (d), 180 (e)

Fig. 5 shows the TEM images of Cu(OAc),-H,O calcined
at 300 °C by varying reaction time (1-3 h). The TEM shows
bigger cluster with icosahedron shape made up of small copper
oxide nanoparticles Fig. 5a. The small particles have a spherical
shape with a diameter in size range of 7 to 2 nm. However,
nanoparticles prepared from 90-150 min showed a mixture of
an icosahedron and truncated cube with bigger particle sizes.
These particles are agglomerated and made up of small parti-
cles (Fig. 5b-d). Furthermore, particles prepared at 180 min
are spherical with a diameter in the range of 7 to 3 nm.

Effect of temperature: Fig. 6 shows the FI-IR spectra of
Cu(OAc),-H,0O (uncalcined) and Cu(OAc),-H,O calcined for
1 h, at various temperature of reaction (200-500 °C). The spectra
show similar results as for Cu(OAc),-H,O calcined at 300 °C
and various time as outlined in Fig. 3. The Cu(OAc),-H,O uncal-
cined and Cu(OAc),-H,O calcined at 200 °C show spectra at
the same peaks, except that the peak intensity has decreased
for calcined samples. This shows that only water that is evapora-
ting at this temperature range and some hydroxyl group peaks
are still present at low intensity. However, Cu(OAc),-H,O
calcined at the range of 300-500 °C show major changes in
the spectra compared to uncalcined Cu(OAc),-H,O. Firstly peaks
at 3465-3268 cm™ (uncalcined) due to the hydroxyl group of
crystal water are not present for Cu(OAc),-H,O calcined at 300-
500°C. The second peaks at 2993 and 2945 cm™ due to methyl
group are sharp and intense for Cu(OAc),-H>O calcined at 300-
500°C. These peaks are very weak for uncalcined Cu(OAc),-H,O.
The third peaks at 1651-1417 cm™ are weak and disappearing
as the temperature is increased. These carbonyl and hydroxyl
group are stronger on the uncalcined Cu(OAc),-H,O sample.
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Fig. 6. FTIR spectra of Cu(OAc),-H,O (a) and Cu(OAc),-H,O calcined for
60 min at various temperatures (°C): 200 (b), 300 (c), 400 (d), 500 (e)

The disappearance of carbonyl group confirms that oxygen is
used to fully bond with copper or decomposing as temperature
is increased.

Fig. 7 shows the XRD pattern of Cu(OAc),-H,O calcined
for 1 h by varying temperature (200, 300, 400 and 500 °C). The
spectra show a mixture of three copper, which includes cuprous
oxide (Cu,O, cuprite), cupric oxide (CuO, tenorite) and copper.
The spectra for Cu(OAc),-H,O calcined at 200, 400 and 500
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Fig. 7. XRD spectra of Cu(OAc),-H,O (a) and Cu(OAc)-H>O calcined for 60
min at various temperatures (°C): 200 (a), 300 (b), 400 (c), 500 (d)

°C show a mixture of cuprous oxide and copper. However, the
spectra for Cu(OAc),-H,O calcined show a combination of
three-phase which include cuprous oxide, cupric oxide and
copper. The cuprous oxide peaks are consistent with cubic
phase Cu,O (JCPDS card number: 75-1531). However, the
cupric oxide peaks can be indexed to a monoclinic structure
of CuO (JCPDS card number: 80-1916). Furthermore, the
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XRD pattern for Cu can be indexed to the face-centered cubic
Cu(JCPDS card number 85-1326) [16]. The peaks signified
by an asterisk are due to sample holder because of smaller
yield. The sample holder peaks appear due to lower sample
yield.

Fig. 8 shows the TEM images of Cu(OAc),-H,O calcined
for 1 h and by varying temperature (200-500 °C). The image
for Cu(OAc)»-H>O calcined at 200 °C show agglomerated nano-
whiskers. As the temperature was increased to 300 °C, the
clusters with icosahedron shape build up by spherical nano-
particles of 7-2 nm diameter. For nanoparticles prepared at
400 °C show a well dispersed spherically shaped nanoparticles
with a diameter in the range of 6-3 nm. However, for Cu(OAc),-

H,0 calcined at 500 °C show TEM image with well dispersed
spherically shaped nanoparticles with a diameter of 1-3 nm.

Conclusion

Copper oxide nanoparticles were prepared by the thermal
decomposition of solid copper acetate monohydrate. The FT-IR
spectra for calcined Cu(OAc),-H>O showed changes in absorp-
tion peaks attributed to methyl, carbon-oxygen double bond,
carbon oxygen single bond, copper-oxygen group as compared
to Cu(OAc)»-H,O (uncalcined). Thermogravimetric analysis
showed that Cu(OAc),-H,O decomposes above 250 °C to form
copper oxide intermediate which further decomposes into
copper. The XRD showed that Cu(OAc),-H>O decomposed to

L

Fig. 8. TEM images of CuAc,-H,O calcined for 60 min at various temperatures (°C): 200 (a), 300 (b), 400 (c), 500 (d)
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form three copper nanoparticles: cuprite, tenorite and copper.
The TEM images showed many shapes which include icosahe-
drons, truncated tubes, nanowhiskers and small spheres. The
images showed that nanospheres were the build block for ico-
sahedron truncated tubes and nanowhiskers. The solid solid-
state reaction conditions such as short time and low tempera-
tures favour agglomerated copper oxide nanoparticles. How-
ever, longer time and high temperatures favour spheres with
diameter in the range of 2-7 and 1-6 nm.
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