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Evaluation of the morphologies and
formation mechanisms of ZnO and CuO
nanoparticles synthesized via the co-
precipitation method

Narges Johari! Faezeh Zohari?
Fatemeh Rafati?

1- Introduction

One of the crucial parameters to tune the various
properties of nanoparticles, such as mechanical,
physical, optical, magnetic, electrical, and biological
properties is their structure and morphologies. In
recent years, nanomaterials have received much
attention due to the high surface-to-volume ratio they
have, as this property has led to the determination of
the different properties of these materials, including
their electrical, chemical, mechanical, physical,
optical, and magnetic properties. Zinc oxide
nanoparticles are used as additives in food and
medicine. In the present study, zinc oxide (ZnO) and
cupric oxide (CuO) nanoparticles were synthesized
via the co-precipitation method with the same
protocols. The phase structures and morphologies of
the prepared nanoparticles were investigated using an
X-ray diffractometer (XRD) and scanning electron
microscopy (SEM), respectively.

2- Experimental

2-1 Production of zinc oxide nanoparticles. Zinc
oxide nanoparticles were fabricated by the co-
precipitation method. Based on this, two different
solutions called solution A and solution B were
prepared. To prepare solution A, zinc nitrate (Zn
(NO3)2, Sigma-Aldrich) at a concentration of 0.5 M
was added to distilled water and mixed at 60 ° C.
Solution B is a 2 M solution of sodium hydroxide
(NaOH, Merck). Solution B was then slowly added to
solution A, mixed at 60 ° C, at a rate of 15 drops per
minute.

2-2 Production of copper oxide nanoparticles. Two
solutions, C and D, were prepared to make copper
oxide nanoparticles using the co-precipitation method.
Solution C and D were 0.5 M copper sulfate solution
(CuSOg4, Merck) and 2 M sodium hydroxide solution,
respectively.  To  synthesis,  copper  oxide
nanoparticles, solution D were added to solution C the
same as the protocol used to synthesize zinc oxide
nanoparticles described in Section 2-1. The color of

the dried copper oxide nanoparticles was dark brown
to black.

3- Results and discussion

The X-ray diffraction pattern of the nanoparticles of
copper oxide has been shown in Figure 1. CuO
monoclinic phase with relatively wide peaks was
detected in mentioned XRD pattern, which is in
accordance with the standard phase card number of
96-101-1195. On the other hand, no additional peaks
representing impurities in the nanoparticles were
observed in the obtained X- ray diffraction pattern.
Figure 1 shows the X-ray diffraction pattern of ZnO
nanoparticles made with hexagonal phase structure,
which is in accordance with the standard phase
reference card number of 96-901-1663. Figure 1
shows the comparison of the X-diffraction pattern of
both ZnO and CuO nanoparticles that the resulting
peaks of CuO are wider than ZnO. That is, the
dimensions of the synthesized CuO nanoparticles are
smaller than the ZnO nanoparticles.
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Figure 1: X-diffraction patterns of CuO and ZnO
nanoparticles.

Figure 2(a) shows the SEM image and morphology of
ZnO nanoparticles with a diamond-spherical-like
structure. Further, figure 2(b) shows the SEM and the
morphology of CuO nanoparticles with a flower-like
structure. The difference between the crystal
structures of zinc oxide and copper oxide
nanoparticles is related to the different electrostatic
interactions between the anions and their polar
surfaces, which ultimately lead to their different
structures.
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Figure 2: Scanning electron microscope images of a)
ZnO nanoparticles, b) CuO nanoparticles.
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4- Conclusion

In the present study, ZnO and CuO nanoparticles were
fabricated by co-precipitation method with the same
protocols. The phase structure and morphology of the
fabricated nanoparticles were evaluated and it was
found that the nanoparticles were fabricated without
any additional impurities. The morphologies of these
nanoparticles were completely different. The ZnO
nanoparticles had a diamond-spherical- like structure,
however, CuO nanoparticles had a flower-like
structure which was consisted of nano-sheets stacked
together.
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