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ABSTRACT: Copper oxide (CuO) nanoparticles were synthesized successfully by arc discharge method
in an aqueous medium. Arc discharge was ignited between two copper electrodes and an exhaustive
characterization of morphology and crystalline structure of the drawn up copper oxide nanoparticles
were studied. Electron microscopy analyses revealed that the grown CuO nanoparticles are irregularly
shaped with nominal diameters in the interval of 10-50 nm. XRD results show the as-synthesized
particles contain only CuO peaks without any impurities. The results procure a simple, cheap and
responsive method for preparing single-phase CuO nanoparticles.
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CuO Nanoparcaciklarin Kolay ve Amorf Yapida Sentezi

OZ: Bakir oksit (CuO) nanoparcaciklari, siv1 bir ortamda ark desarj yontemi ile basarili bir sekilde
sentezlendi. Iki bakir elektrot arasinda ark bosalmasi gercekleserek iiretimi tamamlanan bakir oksit
nanopargaciklarin morfolojisi ve Kristal yapisi ayrintili bir sekilde incelenmesi yapildi. Elektron
mikroskobu incelemeleri sonucunda iiretilen CuO nanoparcaciklarin 10-50 nm araliginda nominal
caplarda diizensiz sekilli oldugu goriilmektedir. XRD sonuglar: ise sentezlenen parcaciklarin herhangi
bir safsizlik olmadan sadece CuO piklerini igerdigini gostermektedir. Sonuglara gore tek fazli CuO
nanopargcaciklarin {iretilmesi icin ark desarj yontemi basit, ucuz ve esnek bir yontemdir.

Anahtar Kelimeler: Ark Desarj, Bakir Oksit (CuO), Nanoparcacik

INTRODUCTION

Metal oxides are a significant class of semiconductors and have been concentratedly studied because
of their specific properties for prospective applications, such as solar cells, electronics, and
photocatalysis (Tai et al., 2012; Panuthai et al, 2014). Cu-based materials grow into increasingly
attracting for both primary research and practical purposes. As compared to palladium, platinum and
gold, copper oxide nanostructures are relatively cheap with high stability and nontoxicity; they
encourage the performance of the works on improvement of the existing methods for their formation.
Copper oxides (CuxO) can exist in various stoichiometries and in phases such as Cu20 (cuprous oxide)
and CuO (cupric oxide). CuO has an equanimeous band gap energy, cost-efficient production and high
optical transparency. Many new endeavors have been used in the syntheses of copper oxide
nanostructures with diverse morphologies, such as particles (Wu et al., 2010; Zhang et al., 2008; Lanje et
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al., 2010), hollow spheres (Wu et al., 2010; Qin et al., 2012), rods (Shrestha et al., 2010), tubes (Lee et al.,
2011), wires (Chen et al., 2008; Shi et al., 2011) and flowers (Zhang et al., 2012). Furthermore, multiple
methods have been devoted to synthesise CuO nanowires, such as thermal decomposition (Zhang et al.,
2012), heat treatment (Xu et al., 2002), self-catalytic growth (Wang et al., 2002), hydrothermal methods
(Hsieh et al., 2003), wet chemical methods (Zhang et al., 2016), and shape evolution via y-irradiation
(Singh et al., 2009). As for the above common methods, elevated temperature, high-pressure and
comparatively secular are presupposed for the prepping of copper oxide nanomaterials (Hai et al., 2010).
The arc discharge methods have been comprehensively utilized for the fabrication of carbon nanotubes
(CNTs) (Qiu et al., 2011; Kratschmer et al., 1990; Zhao et al., 1997; lijima et al., 1993; Liu et al., 1999; Liu et
al., 2007), carbon nano-onions (Huang et al., 2003; Sano et al., 2001), molybdenum disulfide fullerenes
(Sanoet al., 2002), ZnO (Eskizeybek et al., 2012; Ashkarran et al., 2010; Fang et al., 2009) and Cd(OH)2
nanoparticles (Eskizeybek et al., 2011). The arc discharge method can be utilized in various mediums
such as vacuum, organic solvents, and liquid nitrogen. For this reason, different structures can be
synthesized such as Cu, CuO and Cu:20 (You et al., 2005). Among these, the arc discharge method in de-
ionized water is characterized by high productivity, relatively low costs, a possibility of scaling and
performing one stage synthesis of nanomaterials. The disadvantage of this method is obtainment of
nanoparticles with a broad size distribution (Tepanov et al., 2014).

In this study, we report the syntheses of CuO nanoparticles by arc discharge immersed in de-ionized
water. The idea is to use de-ionized water as an oxygen source and the fabrication of nanoparticles in a
liquid setting to secure their isolation from air atmosphere. The structural, morphological and optical
peculiarities of the produced CuO nanoparticles were carried out.

MATERIALS AND METHODS

In this study, high purity copper (Cu) rods (Alfa Aesar, 99.99%) were utilized qua electrodes to
synthesize CuO nanoparticles. All reagents were of analytic phase and used without further
decontamination.

The CuO nanoparticles have been produced by the lab made arc discharge apparatus immersed in
de-ionized water (Figure 1). Two Cu electrodes were used inthe instrumentas anode and cathode. The
arc discharge was initialized in de-ionized water by contacting the anode to the cathode and at that rate
the openness among the electrodes were inspected by measurement discharge voltage to retain resolute
about arc during the experiment. When arc discharge is performed in aqueous solution, H20
decomposes into H*, O2 and OH- ions and then Cu atoms react with O to form CuO nanoparticles.A
direct current (DC) welding power source provided the arc current and it was fixed to 50 A since 50 A is
the optimum amperage value for the production of large amounts and effective nanoparticle
(Eskizeybek et al., 2011). The voltage remains constant throughout the arc process and is significant for
the reproducibility of the nanoparticles synthesis. Arc discharge was sustained until the anode electrode
consumed. The resulted particles were withheld in the room temperature to consummate decantation at
the fag end of the reaction vessel for 24 h. The stagnant particles were picked up and washed with de-
ionized water. After all, the particles were desiccated at 40 °C under vacuum for 24 h (Eskizeybek et al.,
2012).
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Figure 1. The schematic view of the arc discharge instrument.

Shimadzu XRD-6000 performed X-Ray Diffraction (XRD) analysis. X-ray diffractometer exploiting
Cu Ka radiation (A=0.15418 nm) the functioning conjuncture were 40 kV and 30 mA in the scanning
interval from 10°-80° at a ratio of 2°/min. The morphology of the synthesized outputs were implemented
exploiting a JEOL/JSM-6335F-EDS SEM. The Transmission Electron Microscope (TEM) images of the
CuO nanoparticles were carried out exploiting JEOL-2100 HRTEM at 300kV. The Diffuse Reflectance
(FTIR) spectra of all materials were inscribed by a Perkin Elmer 1725 spectrophotometer.

RESULTS AND DISCUSSIONS

XRD pattern of the synthesized products by arc-discharge is designated in Figure 2a. The low weak
intensities and wider peak widths indicate the low crystalline quality of the sample. All diffraction peaks
in the pattern can be indexed to a pristine monoclinic crystalline of CuO with lattice parameters
a=4.68370 A, b=3.42260 A, c=5.12880 A and B=99.540 (JCPDSNo. 45-0937; Abaker et al.,, 2011). Two
dominated peaks which appears at 20=35.6" and 38.8" are indexed as (111)-(002) and (111)—(200) planes
and regarded in the surveyed XRD pattern. These peaks are the characteristic peaks for pristine
monoclinic CuO crystalline phase and enumerate that they are privileged crystalline planes of the
nanoplates (Bayansal et al., 2011). Importantly, no definite peaks of impureness are seen in this pattern.
The average particle size is computed to be 37.5 and 40.6 nm using Scherrer formula for the (002) and
(111) planes, alternately. In addition to XRD analysis, EDS analysis was also fulfilled to monitor the
composition and pureness of the synthesized outputs (Figure 2b). The EDS spectrum indicates the
explicit peaks related to copper and oxygen confirming the contamination with the presence of Si
attributable resulting from the Si wafer, which was at the furthest of the detection limit of EDS.
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Figure 2. (a) XRD pattern of the prepared nanoparticles presenting monoclinic CuO (b) The EDS
spectrum of nanoparticles showing copper and oxygen

The morphologies of CuO nanostructures were characterized by SEM and TEM. Figure 3a indicates
the low-magnification SEM image of as-grown CuO structures. The as-synthesized CuO nanoparticles
consist of the conglomerated particles. It is important to note that no specific morphology is observed
(Figure 3a). The magnified image shows that the nanostructure has a stack formation with 10-40 nm
average particle size (Figure 3b).
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Figure 3. SEM images of CuO nanoparticles

The CuO nanostructures were also characterized by TEM and high-resolution TEM (HRTEM).
Figure 4a indicates the low-resolution TEM image of CuO clusters. The average size of CuO clusters is
measured as of 100-150 nm (Figure 4a) and showing that the structure is associated from various
numbers of nanoparticles. Figure 4b manifests the HRTEM image of the ersatz CuO nanostructure. The
micrograph reveals the formation of irregularly shapely nanoparticles. The dimension of the
nanoparticles aline amongst 10 and 50 nm which is in decent compliance with the centreing particle
sizes assessed by Scherrer’s equation. The smooth and parallel lattice fringes of the swelled structures
exposed that the synthesised nanoparticles exhibit semi-crystalline nature as seen upper inset in Figure
4b. The weighed spacing of the crystallographic plane is about 0.27 nm, ersatz to the [110] lattice fringes
of the monoclinic CuO. No dislocations in the lattice fringes are beheld which predicates that the
synthesised structures are pristine without any impureness or structural imperfections (Abaker et al.,
2011). Figure 4c proves the structural details of high-resolution lattice fringes from another
agglomerated CuO nanostructures. The interplanar spacings for the two sides are 0.252 and 0.232 nm,
which are analogue the spacings for [002] or [-111] and [111] planes in monoclinic CuO (Zou et al., 2011).
This further validates the multi-crystallinity of the as-prepared nanoparticles. Extended defects such as
twins are not found in HRTEM observations. More thorough structural data on the CuO nanocrystal is
supplied by selected area electron diffraction (SAED) analysis. The conforming SAED pattern of the CuO
nanocrystal is indicated in the Figure 4d. The SAED pattern proves ordinate dot alignment and the
diffraction dots can be appointed to the [200], [002], [111] crystal planes of monoclinic CuO along the
[100] axis (Liu et al., 2006; Zhang et al.,2005; Xu et al., 2007).
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pattern. The scale bars are 100 nm, 10 nm and 2 nm for a, b and c respectively

The grade and composition of as-synthesized of CuO nanostructures were characterized further by
FTIR spectroscopy and the indicated in Figure 5. The availability of absorption bands at 511 and 592 cm™!
are in view of v(Cu-O) modes which approve the composition of monoclinic CuO crystals (Zhang et
al.,2016). The absorption band nascence at 1401 cm™ was arisen based on the existence of (COs)2(Abaker
et al,, 2011). The band broadly transpires in the FTIR spectrum, if the specimens are synthesized in the
presence of the oxygen atmosphere (Singh et al., 2009; Hai et al., 2010). The absorption peak at 1568 cm™!
is attributed for bending vibration of absorbed water and surface hydroxyl. A wide peak in the interval
~ 3000-3500 cm™ was by the reason of the O-H stretching mode (Abaker et al., 2011; Vaseem et al.,
2008).
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Figure 5. FTIR spectra of CuO nanoparticles

CONCLUSIONS

In summary, CuO nanoparticles have been fabricated via arc discharge method in de-ionized water
as a simple, low temperature owing to liquid medium and cost-effective solution method. The crystal
structure and morphology of copper oxide nanoparticles were characterized by XRD, SEM, TEM and
FTIR spectroscopy. XRD shows that CuO nanoparticles have monoclinic crystal system as a single phase
without impurities. The as-synthesized CuO nanoparticles consist of irregularly shaped nanoparticles
with diameters from through 10 to 50 nm. HRTEM survey revealed that the copper oxide nanoparticles
represent multi-crystal formation and these values are consistent with the literature.
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