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ABSTRACT

Copper oxide (CuO) nanoparticles are synthesized by aqueous precipitation method using
copper acetate as a precursor and NaOH as a stabilizing agent. This gives a large scale
production of CuO nanoparticles easily. X-ray diffraction pattern (XRD) reveals single phase
monoclinic structure. Scanning electron microscopy (SEM) showed the rectangular mor phology
of as prepared CuO nanoparticles. The transmission electron microscopy (TEM) showed 5-6 nm
size of as prepared CuO nanoparticles. Photoluminescence (PL) showed band edge emission at
398 nm and green emission at 527 nm. The band edge-absorption peak is found to be at 355 nm.
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INTRODUCTION

The oxides of transition metals are an important cla$ssemiconductors, which have
applications in magnetic storage media, solar gngegsformation, electronics and catalydis

9]. Among the oxides of transition metals, copper exi@noparticles are of special interest
because of their efficiency as nanofluids in heandfer application. For example it has been
reported that 4 % addition of CuO improves the rit@rconductivity of water by 20 % [10].
CuO is a semiconducting compound with a narrow kgag and used for photoconductive and
photothermal applications [11]. However, the repam the preparation and characterization of
nanocrystalline CuO are relatively few to some pthensition metal oxides such as zinc oxide,
titanium dioxide, tin dioxide and iron oxide. Somethods for the preparation of nanocrystalline
CuO have been reported recently such as the somicddemethod [12], sol-gel technique [13],
one-step solid state reaction method at room teamtyer [14], electrochemical method [15],
thermal decomposition of precursors [16] and colamiation of metal and oxygen ions [17] and
SO on.
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In this paper, we have synthesized CuO nanopastizjesimple aqueous precipitation method
with size 5-6 nm. The synthesized nanoparticleewbaracterized by XRD, SEM, TEM and PL
spectrometer.

METHODSAND MATERIALS

2.1 Chemicals

All chemicals used in the experiment are analy@gent grade. Copper acetate monohydrate
Cu (CHCOO) H,O and acetic acid glacial were purchased from Meicklia. Sodium
hydroxide NaOH (pellets) was purchased from LobHeer@ie. Deionized water was used
throughout the experiment.

2.2 Synthesis

Aqueous solution of copper acetate (0.02 mol) epared in round bottom flask. 1 ml glacial
acetic acid is added to above aqueous solutiorheated to 1T with constant stirring. About
0.4 g of NaOH is added to above heated solutidrpldl reaches to 6-7. The large amount of
black precipitate is formed immediately. It is adoged and washed 3-4 times with deionized
water. The obtained precipitate was dried in air2ié h.

2.3 Characterization

The powder X-ray diffraction (XRD) was performedngs Philips Holland, XRD system PW
1710 with nickel filtered CuK (A = 1.5405 A) radiation. The average crystallitegiy has been
calculated from the line broadening using Schesreglation: t = 0.94 /Bcosd, whereA is the
wavelength of X-ray and is full width of half maximum (FWHM). Photoluminesnce (PL)
measurements were performed by F-4500 FL specttoptater with 150 W xenon lamp at
room temperature. Powder samples are spread gyleass slide and mounted inside the sample
holder. The morphology of CuO nanoparticles wadistli using scanning electron microscope
(JEOL JSM 5600). The transmission electron miavpgd TEM) was performed with Tecnai 20
G? under 200 KVSamples are prepared by dispersing drop of colbmiccopper grid,
covered with the carbon film and the solvent isparated.

RESULTSAND DISCUSSION

3.1 XRD study

XRD pattern of as prepared CuO nanoparticles isvaha figure 1. It gives a single-phase with
a monoclinic structure. Lattice parameters are 4.84 A, b = 3.47 A, ¢ = 533 A. The
intensities and positions of peaks are in goodeageat with the reported values (JCPDS file
No. 05-661).
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Fig. 1: XRD of CuO nanoparticles
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No peaks of impurities are found in XRD patterneTpeaks are broad due to the nano-size
Effect. The average crystallite size of CuO nantig@as is found to be 8 nm using Scherrer
formula.

3.2 SEM and TEM study

Figure 2 shows the SEM image of as prepared Cu@paaticles. It shows that the CuO
nanoparticles are in rectangular shape. Figure)3slfaws the TEM image of as prepared
nanoparticles. The size of particle observed in TiEge is in the range of 5-6 nm which is in
good agreement with calculated by Scherrer formagiag XRD. Figure 3 (b) shows the selected
area diffraction pattern (SAED) of as prepared GuDoparticles. It shows that the particles are
well crystallized. The diffraction rings on SAED age matches with the peaks in XRD pattern
which also proves the monoclinic structure of appred CuO nanoparticles [18].

Fig.3: (a) TEM image, (b) SAED pattern of as prepared CuO Nanoparticles.

3.3 PL study

The room temperature photoluminescence spectra pifegpared CuO nanoparticles are shown in
figure 4 after excitation at 330 nm. Three emisgieaks are observed at 398 nm (violet), 470
nm (blue) and 527 nm (green) for CuO. The first oogesponds to the band-edge emission [19-
21]. The second one is due to artifact. The thing arises from the singly ionized oxygen

vacancy resulting in green emission of CuO materi@cause of recombination of a photo
generated hole with a singly ionized electron ihemee band [19, 22-24]. Figure 5 shows

excitation spectra of CuO nanoparticles monitored70 nm. It is clearly observed that the
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band-edge absorption is found at 355 nm. The bapdigfound to be 3.5 eV which is higher
than the reported values [21].
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Fig. 4: Emission spectrum at 320 nm Fig. 5: Excitation spectrum at 470 nm

CONCLUSIONS

CuO nanoparticles with monoclinic structure are tlsgnized successfully by aqueous
precipitation method. From SEM and TEM study, itfasind that particles are rectangular in
shape with average size of 5-6 nm. The band-edgesem peak is found at 398 nm and green
emission peak is found at 527 nm. Green emissiak peses from the singly ionized oxygen
vacancy of CuO materials because of recombinatfoa photo generated hole with a singly
ionized electron in valence band. The band-edgerpbsn is found to be at 355 nm.
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