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Polyol Process to Large-scale Synthesis of Cu,O with Disk-like
Structure
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Abstract: A new form of Cu,0, disk-like structure with 60 nm in thickness and 2 pm in diameter,
has been successfully synthesized in bulk quantities by polyol process in the presence of PVP K-30.
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As one of the most important p-type semiconductors, Cu,O is the subject of much current
interest'?. Cu,O has a direct band gap of 2.2 eV, which makes it a promising material
for the conversion of solar energy into electrical or chemical energy’. It was reported
that excitons could propagate coherently through single crystalline Cu,O. Thus, it might
be possible to convert photons into excitons, which could travel through small apertures or
small dimension waveguides with little loss to scattering and diffraction, at the end of the
path the excitons could be converted back into photons®. Cu,O could also be used as a
stable catalyst for water splitting under visible light irradiation although its exact role is
unclear’. Recently, it has been found that Cu,O microspheres can be used as the negative
electrode material for lithium ion batteries®. Moreover, Cu,O as well as CuO is ideal
compounds to study the influence of electron-correlation effects on the electronic structure
of transition metal compounds in general and the high Tc superconductors in particular.
Currently, shape control has raised significant concern in the fabrication of
semiconductor nanocrystals™*, metal nanocrystals’, and other inorganic materials such as
BaCrO, and BaS0,'*!!, which may add alternative variables in tailoring the properties of
nanomaterials. Although several examples have been demonstrated, shape control has
been more difficult to achieve and turns out to be a great challenge field for the future.
Many differently shaped Cu,O nanostructures have been synthesized using various
approaches such as electrodepositionlz’B, thermal relaxation'®, sonochemical method",
vacuum evaporation'®, solvothermal method'’, and liquid phase reduction of metal
salts'®”.  In contrast to nanorods or nanowires, nanodisks are less well-known.
Although a few strategies do exist for synthesizing Ag disks>*' and Co disks™, there is
great interest in developing new methods for making nanoparticles with control over shape.
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Herein, we report a new synthesis of disk-shaped Cu,O nano- particles using polyol
process, developed by Fievet et al. for generating colloidal particles of metals®.

In this process, the polyol (ethylene glycol) could serve as both solvent and reducing
reagent.

A typical procedure is as follows. 20 mL of anhydrous ethylene glycol was added to
a round-bottom flask equipped with a condenser. The ethylene glycol was heated to
reflux (~197 °C) for 1 h. In a separate beaker, 0.200 g of polyvinyl pyrrolidone (PVP
K-30), 0.134 g of anhydrous copper chloride, and 0.160 g of sodium hydroxide were
dissolved in 5 mL of ethylene glycol by sonication, then this transparent dark-blue solution
was rapidly transferred (using a pipette) into the refluxing ethylene glycol under
continuous stirring. After 5 minutes, the solution was quenched with 200 mL of ice-cold
ethylene glycol. Finally, the resultant sample was centrifuged, and washed with distilled
water and absolute alcohol, dried in air before further characterization.

The crystal structure and composition of the obtained sample were analyzed by X-ray
diffraction (XRD). Figure 1 shows an XRD pattern of the Cu,O nanodisk. All
reflectance peaks are indexed to a cubic Cu,O phase (JCPDS 5-667). The peaks at 20
values of 29.5, 36.4,, 42.3°, 61.6, 73.8" and 77.6", to within experimental error,
correspond to 110, 111, 200, 220, 311, 222 lattice planes of standard crystalline Cu,0O,
respectively.

The purity was further analyzed by X-ray photoelectron spectroscopy (XPS). The
XPS for the as-prepared sample were typical for Cu,O reported by other researchers'’.
The morphology and size were characterized by a scanning electron microscopy. Figure
2A and B shows that the Cu,O nanoparticles are disk-like shapes with ca. 60 nm in
thickness and ca. 2 um in diameter.

The general mechanism of the Cu,O nanodisks formation can be represented by the
following reactions:

2HOCH,CH,0H — CH;CHO +2H,0 1)
Cu*' + 40H —» Cu(OH)* ¥)
2CH;CHO + 2Cu(OH) ;- — CH3;COCOCH;+ Cu,0 + 3H,0 +40H  (3)

Figure 1
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The XRD pattern of as-obtained Cu,O.
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Figure 2
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SEM images of (A) low and (B) high magnification of disk-like Cu,0;
(C) molar ratio of CuCl, to NaOH is 3; (D) without adding PVP.

It was found that the molar ratio of copper chloride to sodium hydroxide played a
critical role in the formation of Cu,O nanodisks. When molar ratio is less than 2, only
spherical nanocrystals were formed; when molar ratio is more than 2 and less than 4, the
sample has spherical as well as disk-like shape (shown in Figure 2C). The Cu,O
prepared without adding PVP K-30 displaying large disk-like shape (shown in Figure
2D), indicated that PVP K-30 acted as not only controlling the growth process but also
preventing Cu,0O nanodisks from increase in size. As claimed by Stupp and Braun®,
organic molecules could alter inorganic microstructures, offering a very powerful tool for
the design of novel materials.

In summary, for the first time, Cu,O nanodisks have been generated in large
quantities by a polyol process approach. These particles have thicknesses of 60 nm and
diameters around 2 pm. XRD, XPS and SEM investigations on these nanodisks have
been carried out.
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