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The present paper reports the effect of solvents, on the synthesis of both copper (I) oxide and copper
nanoparticles in large scale using oxalic acid as reducing agent under microwave irradiation. A weighed ratio of
copper acetate and oxalic acid were subjected to microwave irradiation in the presence of diethylene glycol and
ethanol, followed by calcinations at 500°C. The solvents seem to play an important role during the synthesis. It was
interesting to observe that in case of diethylene glycol, spherical aggregates of copper oxide (I) nanoparticles were
formed as cotton ball shaped whereas, in case of ethanol, spherical shaped copper nanoparticles were formed as
confirmed by scanning electron microscopy (SEM). The nanoparticles so formed were also characterised and

confirmed more precisely by X-ray diffraction measurements (XRD) and Fluorescence microscopy.
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Introduction

Compared with conventional materials, copper nanoparticles
have some unusual properties, such as small dimensions, large
specific surface area and low electric resistance. They also display
quantum size effect and macroscopic quantum tunnel effect.
Therefore, copper nanoparticles have been the subject of much
attention in recent years, due to their potential applications in
several fields'*. Copper nanoparticles are particularly attractive for
their lower cost than others like gold and silver®®. These possess
various applications in printed circuit boards (PCBs) and flexible
electronics® ", catalysts'®*, light emitting diodes (LED)™ and
biocompatibility****. However, the disadvantage is the difficulty of
copper reduction in mild reaction conditions as well as the easy
oxidation of copper nanoparticles in air under ambient atmosphere
conditions in comparison to noble metals like gold and silver. To
date, thermal reduction”®, thermal decomposition®®®, direct
electrochemical reduction from CuO nanoparticles'’, mechano-
chemical process®®, polyol process’®*’, chemical reduction'*?, in-
situ synthesis in polymers®, electro-exploding wire (EEW), metal
salt reduction?, microwave heating®, radiation methods®’, micro
emulsion techniques®, laser ablation®®, solvothermal method?’,
sonochemical reduction®® and ion beam radiation® have all been
developed to prepare copper nanoparticles.

Chemical thermal reduction is one of the most convenient
method for the synthesis of metals and metal oxide nanoparticles
because the synthesis process is simple and the size and shape of
nanostructured copper can easily be controlled. Among various
techniques developed for the synthesis of copper and copper oxide
nanoparticles, microwave heating was found to be the simpler
method. In order to improve the thermal reduction process to
prepare copper nanoparticles with controllable size and shape, we
have first carried out the synthesis of copper nanoparticles under
microwave irradiation at lower energy, followed by calcination at
higher temperature. The synthesis was carried out in both di-

ethylene glycol and ethanol instead of water to study the effect of
solvents on the size and stability of the copper nanoparticles. It was
interesting to observe that in case of diethylene glycol, spherical
aggregates of copper oxide (1) nanoparticles (Cu,0O) were formed
whereas in case of ethanol, spherical shaped copper nanoparticles
(Cu) were formed as confirmed by X-ray diffraction measurements
(XRD). In both the cases, the size of the nanoparticles were below
50 nm. The nanoparticles so formed were characterised by
scanning electron  microscopy (SEM) and  Fluorescence
microscopy.

Experimental

Materials

The chemicals used in the present work are Copper acetate,
oxalic acid, di-ethylene glycol, ethanol and doubled distilled water.

Method

Copper acetate and oxalic acid were taken in diethylene glycol
in 1: 1 ratio. The mixture was then vigorously stirred and sonicated
for 20-30 minutes. After sonication, the solution was kept in
microwave oven at 180 W. Light grey coloured precipitate was
obtained within a minute. The precipitate was then centrifuged,
filtered, washed and dried. The dried product was calcined at
500°C for 30 min. A brown -black coloured precipitate was
observed, which was filtered, washed several times with solvent
and finally dried for 3-4 hours. Similarly, when copper acetate and
oxalic acid in 1: 1 ratio were taken in ethanol as solvent and then
following the same procedure, light brown coloured precipitate
was obtained within a minute at 180 W. The precipitate was then
centrifuged, filtered, washed and dried. The dried product was
calcined at 500°C for 30 min. Brownish-black coloured precipitate
was observed, which was filtered, washed several times with
ethanol and finally dried for 3-4 hours.
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Results and Discussion

Formations of Cu,O and Cu nanoparticles from copper acetate
and oxalic acid have been reported in this work. The role of
solvents on the synthesis of both types of nanoparticles has been
reported under microwave irradiation at low power, followed by
calcinations at higher temperatures. In case of diethylene glycol as
solvent, individual spherical aggregates of Cu,O nanoparticles
were observed which varied from 2-4 micrometers (Fig. 1a, 1b).
This demonstrates that the copper oxide nanostructures are
composed of many interconnected sheet-like crystallites. The SEM
micrographs of copper nanoparticles in ethanol have been shown in
Figs 2a and 2b. Agglomerates of spherical copper nanoparticles
were observed with nearly uniform size (below 50 nm).
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Figure 1: SEM of copper (1) oxide nanoparticles in di-ethylene glycol.

The XRD pattern of as prepared Cu,O nanoparticles is shown in
Fig. 3a. Sharp peaks of Cu,O nanoparticles were observed at 26
value of 36.6° and 59.8° representing (111) and (220) planes
respectively. Bragg's reflections for Cu nanoparticles (Fig. 3b)
were observed in XRD pattern at 20 value of 44.2° and 51.1°
representing (111) and (200) planes respectively. The XRD peaks
in both figures confirm the formation of two forms of copper
nanoparticles in presence of two different solvents.
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Figure 2: SEM of copper nanoparticles in ethanol.
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Figure 3: XRD of copper (1) oxide and copper nanoparticles in (a) di-
ethylene glycol and (b) ethanol respectively

Further, both forms of copper nanoparticles were fluorescent in
nature, but Cu,0O nanoparticles have been found more fluorescent
properties than Cu nanoparticles as shown in Figure 4.

(b)

Figure 4: Fluorescence images of copper (1) oxide and copper
nanoparticles in (a) di-ethylene glycol in (b) ethanol respectively

Conclusions

Cu,0 and Cu nanoparticles were synthesized in large scale by
changing the solvents, maintaining same reaction conditions. The
solvents seem to play an important role during the synthesis. The
XRD patterns confirmed the formation of both type of
nanoparticles. In case of diethylene glycol, spherical aggregates of
Cu,O nanoparticles were formed, whereas in case of ethanol,
individual spherical shaped Cu nanoparticles were formed as
confirmed by XRD. In both the cases, the sizes of the nanoparticles
were below 50 nm. Thus, both forms of copper nanoparticles can
be prepared by varying the solvents under green conditions.
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