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Abstract Here we report a very simple method to
convert conventional CuO powders to nanoparticle
interlinked microsphere cages by solution method.
CuO is dissolved into aqueous ammonia, and the
solution is diluted by alcohol and dip coating onto a
glass substrate. Drying at 80 °C, the nanostructures
with bunchy nanoparticles of Cu(OH), can be formed.
After the substrate immerges into the solution and we
vaporize the solution, hollow microspheres can be
formed onto the substrate. There are three phases in
the as-prepared samples, monoclinic tenorite CuO,
orthorhombic Cu(OH),, and monoclinic carbonatodi-
amminecopper(IT) (Cu(NH;),COs). After annealing at
150 °C, the products convert to CuO completely. At
annealing temperature above 350 °C, the hollow micr-
ospheres became nanoparticle interlinked cages.

Keywords CuO - Microsphere - Narnoparticle

Introduction

Cupric oxide, CuO, has a monoclinic crystal structure.
It has many interesting properties and received much
research attention [1-18]. CuO is a p-type semicon-
ductor in general with a narrow band gap (1.2 eV) [18,
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19] and hence is potentially useful for constructing
junction devices such as p-n junction diodes [20].
Recent studies indicate that CuO can exist in three
different magnetic phases: a three-dimensional collin-
ear antiferromagnetic phase at temperatures under
213 K, an intermediate noncollinear incommensurate
magnetic phase between 213 and 230 K and a one-
dimensional quantum antiferromagnetic phase at
temperatures above 230 K [11, 21]. CuO-supported
catalysts have shown excellent activity for NO, abate-
ment with different reducing agents, such as CO [22],
hydrocarbons [23], or ammonia [7]. Based on its unique
properties, CuO, especially with nanostructures has
widespread applications, such as high-temperature
superconductors [24, 25], optical switch [18], anode
electrodes for batteries [4, 26], heterogenous catalysts
for several environmental processes [4, 22, 23, 27, 28],
solid state gas sensor heterocontacts [29, 30], and
microwave dielectric materials [31].

Recently, nanostructured CuO has been studied
intensely and different morphologies, such as nano-
wires, nanoribbons, nanobelts, nanofibers, nanotubes
and so on have been synthesized. Among these,
chemical vapor deposition (CVD) [32], laser vaporiza-
tion, electrochemical techniques [33, 34], hydrothermal
treatment [35] and the exfoliating method [36] have
been documented. In these methods, costly equipment
or high temperature is involved and thus decreased the
chemical activity of CuO. In this study, we reported a
simple and low cost approach to convert conventional
CuO to nanoparticle interlinked microsphere cages
near room temperature by a solution method. As far as
we known, this kind of microsphere cages was not
reported previously, and it can have special applica-
tions potentially.
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Experimental

Fabrication of CuO nanoparticle interlinked micro-
sphere cages can be very simple by conversion of
conventional CuO in solution and similar to that of
converting conventional NiO to nanostructures as we
have reported previously [37]. Nanostructures of
Cu(OH), and CuO were converted from conventional
CuO powders by a process as follows: 0.5 g copper
oxide (BDH Chem. Ltd., UK) was dissolved in 100 ml
of 25% aqueous ammonia (International Laboratory,
USA). After 24 h of dissolving, the solution turned to a
blue colour. The above copper solution was diluted
into 500 ml by ethanol absolute, then dip coated on a
conventional sodium glass substrate, followed by dry-
ing at 80 °C in an oven. In order to obtain enough
quantity of CuO on the substrate, the substrate
immerged into the solution and then the solution on
the substrate was vaporized. Finally, the samples were
annealed at different temperatures.

The X-ray diffraction (XRD) patterns of the sam-
ples were measured with a Philips X’Pert diffractom-
eter in Bragg-Brentano reflection geometry using
CuKo radiation at a scan rate of 0.05 °20/s. The
crystallization behavior of the as-prepared sample was
monitored using a differential thermal analysis-ther-
mogravimetric (TG-DTA) instrument (Netzsch STA
449C) with a temperature increase rate of 10 °C/min
from room temperature up to 900 °C. Field emission
scanning electron microscopy (FE-SEM, JSM 6335F
NT) was used to analyze the particle size and
morphology of the samples.

Results and discussion

The dissolving of raw CuO powders in ammonia is
expessed in Eq. 1. The evaporation process at 80 °C
produces Cu(OH), and CuO by decomposing the
products in Eq. 1.

CuO + nNH; + H,0 — Cu(NH,)*" + 20H™ (1)

Here “n” may be equal to 2, 4, 5, 6 but 4 is
preferable. The solubility of CuO in aqueous ammonia
increases with CO, in air because Cu(NH;),CO; is
produced in the solution. Part of the as-prepared
powders turned to black after prolonged drying even at
as low as 80 °C because Cu(OH), decomposed into
black CuO. Upon annealing at higher temperatures,
both Cu(OH), and Cu(NH3),CO; further decomposed
into CuO.
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Figure 1 shows a representative FE-SEM image of
the as-prepared samples dip coated once. The precip-
itations are blue and can be identified as Cu(OH), by
the XRD analysis. It is clearly shown that nanostruc-
tures with bunchy nanoparticles of Cu(OH), have been
formed. The nanoparticles are round and uniform with
a size of about 50 nm as shown in Fig 1.

When the solution was vaporized in the air (putting
the beaker with the solutions opening for a long time),
the precipitations can formed and floated on the
surface of the solutions but not precipitated down to
the bottom of beakers, we can imagine that the
precipitations were taken onto the surface of the
solutions by ammonia gas. Figure 2 shows a represen-
tative image of the samples which were prepared by
vaporizing the solution on the substrate after annealing
at 150 °C. It is amazing that microspheres were

Fig. 2 Annealed at 150 °C
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obtained on the substrate instead of bunchy nanopar-
ticles. We can imagine that the bunchy nanoparticles
can interlink into microspheres when the quantity of
nanoparticles is big enough in the solution. When
vaporizing the solution, the bubbles of ammonia gases
which decomposed from copper ammine hydroxide can
act as moulding board, and thus the bunchy nanopar-
ticles interlink around surface of the bubble and form
hollow microspheres. Figures 3 and 4 show the images
of the samples annealed at 350 and 500 °C respectively.
In Fig. 2, the surface of the microspheres that have
been subjected to a low temperature annealing became
much smooth. When the annealing temperature
reaches to 350 °C and the microspheres become
mesoporous with many nanoscaled holes while the
size of the microspheres contracts. This leads to the
formation of microsphere cages as shown in Fig. 3. The
size of both nanoparticles and holes in the micro-

200nm

Fig. 4 Annealed at 500 °C

spheres is about 10 nm. Figure 4 shows the image of
the sample after annealing at 500 °C. The microsphere
cage further contracts slightly while the nanoparticles
in the sphere grow up to 40 nm and the holes enlarge
accordingly. Many cracked microsphere cages can be
observed in Fig. 4, and this may be caused by high
temperature annealing.

Figure 5 shows the DTA-TG curves of the as-pre-
pared powders from alcohol solution. A distinct weight
loss of 25% in the TG curve below 350 °C was
measured which corresponded to the decomposition
of hydroxide and carbonate. This weight loss starts
from room temperature, speeds at 140 °C, reaches it’s
maximum at 240 °C and corresponds to a large
endothermic peak at about 240 °C in the DSC
thermograph. There is no weight loss above 350 °C
as all the products have been converted to CuO
completely.

Figure 6 shows the XRD spectra of the as-prepared
samples and these annealed at 150, 350, 500, and
900 °C for 6 h. The sample dried at 80 °C for a long
time (5 days) is also shown here. There are three
phases indexed in the as-prepared samples, mono-
clinic tenorite CuO, orthorhombic Cu(OH),, and
monoclinic carbonatodiamminecopper(IT) (Cu(NHjs),.
CO;). Because there is 0.03% CO, in air, carbonato-
diamminecopper(II) can be found in as-prepared
samples. After drying for a long time at 80 °C, the
peak intensity of both hydroxide and carbonate
decreases apparently. When the annealing temperature
is above 150 °C, only CuO peaks were observed.
Therefore, copper hydroxide and carbonatodiammine-
copper(Il) decompose and completely convert to CuO.
In the DSC-Tg curves of Fig. 5, the decomposing peak
is at 240 °C because the rate of temperature rise is as
fast as 10 °C/min but the temperature where decom-
position occurs is lower than 150 °C. Thus, copper
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Fig. 5 DTA-TG curves of the as-prepared powders

@ Springer



110

Nanoscale Res Lett (2007) 2:107-111

@® CuO
O Cu(OH),
B Cu(NH,)),CO,

As-prepared

150°C

350°C

Intensity / a.u.

1 n 1 n 1 n 1

20 30 40 50 60

2Theta /°

Fig. 6 XRD profile of as-prepared sample and the samples
annealing at different temperature.

hydroxide and carbonatodiamminecopper(Il) can be
converted to CuO easily using this method.

The crystallite size of the powders can be estimated
from the broadening of corresponding X-ray spectral
peaks by the Scherrer’s formula

K
~ PBcosO

)

where L is the crystallite size, A the wavelength of the
X-ray radiation (CuKo = 0.15418 nm), K usually taken
as 0.89, f the line width at half-maxiumum height after
subtraction of broadening caused by equipment, and 0
is the diffraction angle. Here we chose the XRD
spectra of (111) and (111) plane to estimate their
crystallite size and then average them in order to
decrease the error of the system. The XRD peaks of
monoclinic tenorite CuO (111) and (111) of the
samples annealed at different temperatures are shown
in Fig. 7. The Gaussian fitting was adopted to calculate
the half width of XRD peaks.

The annealing temperature dependence of crystal-
lite size is shown in Fig. 8. The crystallite size increases
with the annealing temperature. The crystallite size
increases slightly at temperature lower than 500 °C,
while it increases rapidly at the temperature above
500 °C because of grain growth. This result is in
accordance with the FE-SEM observations.
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Fig. 7 XRD peaks of (111) and (111) of the samples annealed at
different temperatures.
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Fig. 8 The annealing temperature dependent of crystallite size

Summary

In summary, we reported a very simple method to
convert conventional CuO to nanoparticle interlinked
microsphere cages near room temperature by dissolv-
ing CuO in aqueous ammonia, followed by vaporizing
the solution on a substrate and decomposing ammine
compounds. In the sample dip coated once, nanostruc-
tures with bunchy nanoparticles of Cu(OH), can be
formed. After the substrate immerges into the solution
and vaporize the solution, hollow microspheres can be
formed onto the substrate. There are three phases in
the as-prepared samples, monoclinic tenorite CuO,
orthorhombic Cu(OH),, and monoclinic carbonatodi-
amminecopper(Il) (Cu(NH;),COs). After annealing at
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150 °C, all products convert to CuO. When annealed at
higher than 350 °C, the microspheres become meso-
porous and nanoparticle interlinked microsphere cages
can be formed. When the annealing temperatue
increase above to 500 °C, some of the microspheres
would be cracked and the mesoporous hollowed
structures can be clearly observed.
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