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CAPITULO 22

THERMAL ANNEALING EFFECTS ON SOL-GEL
SYNTHESIZED CU,0 NANOPARTICLES

Data de aceite: 01/03/2022
Data de submisséo: 16/02/2022

Angela Alidia Bernal Cardenas
Departamento de Fisica, Centro Politécnico,
Universidade Federal do Parana

Curitiba, Parana, Brazil

José Pedro Mansueto Serbena
Departamento de Fisica, Centro Politécnico,
Universidade Federal do Parana

Curitiba, Parana, Brazil

ABSTRACT: A simple and fast Sol-Gel synthesis
of Cu,0 nanoparticles is reported. The Cu,0
nanoparticles were deposited by drop casting
on glass or indium tin oxide (ITO) substrates for
characterization, which was done using X-ray
diffraction, scanning eletron microscopy and
UV-Vis spectroscopy. The Cu,0 nanoparticles
were exposed to a constant temperature
thermal process for different duration times.
The resulting nanoparticles morphological and
structural changes were analyzed using the cited
techniques. It was observed that the thermal
treatment of Cu,O nanoparticles is able to slightly
increase its size and decrease its band gap
energy without affecting crystalline structure.

KEYWORDS: Nanoparticles, Sol-Gel, Cu,O.

11 INTRODUCTION

Cuprous oxide is an inexpensive,

stable and non-toxic compound and an
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interesting material because of its optical
properties. Cuprous oxide (Cu,O) is a p-type
semiconductor with a direct band gap of 2.1
eV suitable for sunlight absorption [1] and has
attracted much attention for decades, due to its
potential uses in solar cells [2], photocatalysis
[3], photoelectrochemical water division [4],
transistors [5] and thin films for gas detection [6].

Aegerter et al. used the Sol-Gel method
to synthesize Cu,O semiconductor nanoparticles
[7]. This method offers many advantages such
as: high homogeneity, control of nanoparticle
size, control of morphology and low temperatures
synthesis (below 21°C). This method begins with
achemical solution, “sol”, thatacts as a precursor.
This precursor undergoes various hydrolysis
and condensation reactions to form a colloidal
dispersion, “gel”, from slow polymerization. The
partial dehydration of the “gel” produces a solid
residue that is known as “xerogel”, obtained by
heat treatment, and “aerogel”, when it is dried
by evaporation, resulting in the nanostructured
material [7].

In this work, the synthesis of Salek [8],
was improved to obtain Cu,O nanoparticles. The
resulting nanoparticles were characterized by
X-ray diffraction, scanning eletron microscopy
and UV-Vis spectroscopy, in order to analyze
their microstructural and optical properties.
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21 EXPERIMENTAL

The cuprous oxide nanoparticles were synthesized via the Sol-Gel method. Initially
0.80 g of copper sulphate pentahydrate (99% CuSO,:5H,0) was dissolved as a precursor
salt in 10 ml of deionized ultrapure water, kept stirring for 3 minutes. In the sequence,
0.50 g of potassium hydroxide (KOH) was mixed with 140 ml of ultrapure deionized water,
kept stirring for 3 minutes. Hydrolysis was achieved by mixing the precursor salt together
with potassium hydroxide, stirring vigorously for 12 minutes to obtain copper hydroxide.
Subsequently, 0.20 g of ascorbic acid was mixed in 50 ml of ultrapure deionized water, kept
stirring for 3 minutes. Finally, it is added to the copper hydroxide, kept shaking vigorously for
1 hour until a gel is formed. After that, it was removed from the stirrer, leaving it well covered
in a dry place for 24 hours. The formation of the xerogel is observed. Finally, the liquids were
extracted with a micropipette obtaining 400 mg of Cu,0O nanoparticles in powder.

The Cu,O nanoparticles were deposited on glass substrates (for UV-Vis measurements
and microscopy images) and Si substrates (for XRD measurements) using the drop casting
method. Prior to deposition, 200 mg of this nanomaterial was dispersed in 400y of deionized
ultrapure water to improve the homogeneity of the dispersion. Different deposition volumes,
40ul, 50u1 and 60ul, were used in order to obtain films thicknesses with approximately 320
nm, 490 nm and 470 nm, respectively, doing it in low vacuum to avoid oxygen pressure on
the sample and allowing it to dry for 24 hours. Finally, the Cu,O nanoparticle films were
submitted to a thermal treatment at 175°C in a vacuum oven (pressure of 65 mmHg) for 0,
15, 30 and 45 minutes, to evaporate possible liquid residues.

Reagents potassium hydroxide, copper sulfate pentahydrate and ascorbic acid from
Sigma Aldrich were used as received. Wide-angle powder X-ray diffraction (XRD) patterns
were recorded with a Shimadzu XRD-7000 diffractometer operating at 40 kV and 20 mA
(Cu-Ka radiation A =1.5418 A) with monochromator (scan speed of 2° min-') in the 26
angle range from 20° to 65°, from which was possible to determine the composition of
the crystalline phase and crystal sizes. A scanning electron microscope Tescan Vega 3, at
an electron acceleration voltage of 10 kV, was used to observe the shape and size of the
cuprous oxide nanoparticles. The images were analysed using the Image J software. UVVis
transmittance spectroscopy was made using a UV visible spectrophotometer Perkin Eimer
Lambda 1050.

31 RESULTS AND DISCUSSION

From the X-ray diffractograms of annealed and not annealed Cu,O nanoparticles,
Figure 1, it is possible to identify the characteristic peaks at 29.6°, 36.2°, 42.3° and 61.7°
of Cu,O corresponding to the crystalline planes (110), (111), (200) and (220), as well as
peaks at 32.7° and 35.6° corresponding to CuO at the (110) and (-111) crystalline planes,
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indicating that both materials are formed in the synthesis process. As the exposure time to
175°C increases, small phase changes occur corresponding to the characteristic peaks of
copper oxide at 32.7° and 35.6°. Substrate Si characteristic peaks occurs at 28.4°, 47.5°
and 56.3°. Making use of the Debye-Scherrer equation [9], the crystal size can be estimated
as 44.3, 42, 41 and 37 for the 0, 15, 30 and 45 minutes of annealing duration, respectively,
indicating that the annealing process slightly decreases the crystal size.

Figure 1: X-ray diffractograms of Cu,O nanoparticles submitted to in vacuum thermal treatment of 175°C
for 0 minutes (black); 15 minutes (red); 30 minutes (blue); and 45 minutes (green).

Scanning electron microscopy was realized on Cu,O samples in order to investigate
the shape and size of the synthesized nanoparticles. Figures 2a-d present the obtained
images with their respective histograms of samples submitted to thermal treatment of
175°C for 0, 15, 30 and 45 minutes, respectively. For the no thermal treatment sample,
one can observe that the nanoparticles have a spherical shape with an average size of 95
nm. For the sample exposed to 15 minutes thermal treatment, one can observe that the
nanoparticles shape and size does not significantly change, with the average size being 95
nm. However, it seems that some nanoparticles have fused, probably due to the annealing
temperature. For the sample exposed to 30 minutes thermal treatment, one can observe
that the nanoparticles shape and size starts to significantly change, with the average size
being 98 nm. In this case, there is more evidence that the nanoparticles are fusing due to
the long annealing time at 175°C. Finally, for the sample exposed to 45 minutes thermal
treatment, one can observe that the nanoparticles shape and size significantly change,
with the average size being 127 nm. It is clear from this image that the nanoparticles have
fused due to the long exposure time of the annealing process. Interestingly, although the
nanoparticles have fused and increased in size, there is no change in its crystalline structure,
as evidenced by the XRD measurements, which implies that in a sufficiently long annealing
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time, Cu,0O microparticles can form.

Considering that the absorbance depends on parameters such as crystalline
structure,

Figure 2: SEM images with its respective histograms expressing the size of the nanoparticles of Cu,O
nanoparticles submitted to a thermal treatment of 175°C for a) 0 minutes, b) 15 minutes, c) 30 minutes
and, d) 45 minutes.

Morphology, surface roughness and thickness of the thin film [10], it can be seen
on Figure 4a that the absorbance of the Cu,0O nanoparticles depends on the exposure
time to the thermal treatment. Since the nanoparticles tend to fuse, the size of the effective
nanoparticles increases, which tends to decrease the band gap energy and allow the
absorption of lower energy photons. In addition, longer exposure to annealing processes
tend to increase the existence of defects on the crystalline structure due to the nanoparticles
fusion. The optical band gap for the Cu,O samples, obtained from Figure 4b, is estimated
in2.1eV,2eV, 2.1 eV and 1.9 eV for 0, 15, 30 and 45 minutes annealing times at 175°C,
respectively. These values agree well with theoretical ones for a direct band gap energy
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of 2.1 eV [11]. It is important to note that the band gap may be sensitive to the size of the
nanoparticles: increasing diameter size decreases band gap energy, mainly, due to the
quantum confinement effect [1, 12].

Figure 3: a) Absorption coefficient b) band gap energy of Cu,0O nanoparticles.

41 CONCLUSION

Nanoparticles of Cu,0 were synthesized vai Sol-Gel. The XRD measurements
confirmed its synthesis and, in addition, the thermal treatment at 175°C for 45 minutes was
not able to change its crystalline structure. SEM images showed that the nanoparticles
tend to fuse with increasing annealing time, which changes its shape and size. The
average diameter sizes are 95 nm, 95 nm, 98 nm and 127 nm for 0, 15, 30 and 45 minutes
annealing times, respectively. This fusion process and the consequent increase in size of
the nanoparticles slightly reduces the energy of the bandgap from 2.1 eV to 1.9 eV.
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