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Abstract : Wereport the synthesis of copper oxide
nanowiresviaafacile mechanochemica techniquefol-
lowed by low thermal treatment. The precursors of
copper acetate monohydrate and acetamidewereem-
ployed to grow thisone dimensional morphology. The
scanning e ectron microscopy images (SEM) reveaded
theformation of desired NWswith adiameter range of

INTRODUCTION

One-dimensional nanoscaled structures such as
nanowires (NWs) and nanorods have been known as
an important building block of the various nano-sys-
temsand nano-devicesdueto their uniquephysical and
chemical properties. Amongst nanostructures, semi-
conducting metal oxide nanowiresare considered as
an attractiveand applicablegroup because of their sur-
prising electrical, optica and magnetic propertiesand
potentia applications, which are dependent on size of
particles. Copper oxide, CuO, isanimportant p-type
semiconducting metal oxide having anarrow optical
absorption edgeof 1.0to 1.7 eV, whichiswidely em-
ployed in nano-systems such as magnetic ceramics,
€l ectronic devices, hydrogen storage materids, batter-

19— 76 nm and lengths of several micrometers. The
high quality of theresulting product can draw auseful
outlook for industrial mass production of NWsby this
way. © Global Scientificlnc.

K eywor ds: Nanocrystallinematerials; Green syn-
thesis; Semiconductors; Nanowires, CuO.

Ies, gas sensors, superconductors, solar cellsand cata
lystd?8. Based on wide applications, thereisanin-
creasing demand for the synthesis of CuO onedimen-
sional nanostructures such asnanorodsand nanowires
by using facile, economic and environmentdly friendly
techniqued®Y. Themost of reported methodsfor the
synthesisof CuO nanowiresor nanorodsare based on
thephysical thermal oxidation and thechemica meth-
ods havebeen observed, rarely. Amongst applied tech-
niques, afew works have been reported about the syn-
thesis of the specia nanostructures by mechanochemi-
cd procedure, whilethisprocessisanefficentandsmple
grinding method accompanying achemica reactionand
canbesuccesstully gppliedinlargequantities*?. Tothe
best of our knowledge, the fabrication of CuO
nanowires by this method has not been reported, yet.
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In present study, we report the preparation of CuO
nanowires by utilizing mechanochemica procedurefor
thefirst time. In addition, thereare no reportsfor the
synthesisof thisnanostructure using organic molecule
of acetamide. Wedesigned asmple solid state method
for the synthesis of Cuo nanowires using copper ac-
etate asthemetal sourcein the presence of acetamide
moleculesasadriving agent.

EXPERIMENTAL

All chemica swere purchased from Merck Co. and
used without further purification. Doubledistilled water
wasusedinall experiments.

Thereagent materialsof copper acetate dihydrate
(Cu(CH,CO0),.H.0) and acetamide (CH,CONH,)
weremixed together withamolar ratio of 1:1 and then
wereput inastainlesssteel milling container (10 mL)
withtwo smal gainlesssted bals(10 mmin diameter)
using amassratio of 8:1 ball-to-powder. Thegrinding
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processwascarried outinavibratory Mixer Mill (Retsch
MM-—400) apparatus at the frequency of 1800 rpm for
30 min at theambient conditions. Theobtained bluish
powder was collected and calcined at 350 °Cfor 2hin
afurnace.

The X-ray diffraction (XRD) pattern wasobtained
on a PHILIPS PW 1800 diffractometer with
monochromatized Cu Ka radiation (A = 1. 542 A).
Fourier transforminfrared (FT—IR) spectra were re-
corded on a Shimadzu-8400S spectrometer intherange
of 4004000 cm™ using KBr pellets. Scanning elec-
tron microscopy (SEM) images obtained on a
VEGAWTESCAN with gold coating.
Thermogravimetric anadysis(TGA) wascarried out on
aTA Instruments 931 apparatus with the heating range
of room temperatureto 800 °C under flowing N, asan
inert environment with aflow rate of 10 °C min™. Dif-
fusereflectance spectrum (DRS) was obtained using
UV-Vis spectrophotometer (Shimadzu- MPC — 2200
spectrophotometer).
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Figurel: () TGA curveof theprecursor and (b) FT-IR spectra of (1b—i) theprecursor and (1b-ii) the product after heating

at 350°C for 2hinair.
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RESULTSAND DISCUSSION

To determinethe cal cination temperature, the ob-
tained precursor after milling was processed by a
TGA. The TGA curveshowninFigure laclearly rep-
resentstwo-step pattern of theweight lossat thetem-
peraturerange of 125-290 °C. A weight loss of 23%,
whichisrather mild, occursupto 175 °C that is at-
tributed to the release of the adsorbed water mol-
ecules. Theweight loss (71%) between 175 and 290
°C occurs with a rapid weight loss rate because of
decomposing the organic groups of the prepared pre-
cursor. It can be said that themainweight lossisinthe
second step of weight loss pattern up to 290 °C and
then, reaches to a steady level about 300-350 °C.
Therefore, the compl ete decay of organic section and
achieving to theinorganic product (cal cination tem-
perature) occursabout thistemperature.

FT-IR spectraand XRD pattern were planned

to characterize the composition of product. Figure
1b showsthe FT-IR spectra of (1b—i) the precursor
and (1b—i1) the product after heating at 350 °Cfor 2
h. The appeared peaks at 3433, 3332, 1649, 1600,
1431, 1128 and 684 cm* arerel ated to the stretch-
ing vibration frequencies of thefunctional groups be-
longing to the precursor (Figure 1b—i)**4, Asare-
sult of heating treatment, the all of organic sections
of the prepared precursor were removed and only
onerather broad band at 532 cm remained, which
isan evidencefor the formation of CuO compound
(Figure 1b—ii),

The XRD pattern of product isindexed to amono-
clinic phase of CuO in agood according to JCPDS
card no. 5-0661 (Figure 1b). Thediffraction peaks at
20 valuesof 32.52°, 35.55°, 38.73°, 46.31°, 48.76°,
53.41°, 58.32°, 61.57°, 65.81°, 66.23°, 68.14°,

72.42° and 75.02°, matching with the (110), (111),
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Figure2: (a) XRD pattern of theproduct and (b) SEM imagesof CuO NWsat (2b-i) low magnification and (2b—ii) high

magnification.
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(111), (112), (202), (020), (202), (113), (022),

(311), (220), (311) and (004) confirmtheformation of
CuO phasewith ahigh qudity and the pure phase. The
morphol ogy and size of the product wereinvestigated
by SEM images(Figure 2b). Figure 2b reved sthe SEM
images of the CuO NWswithlow magnification (2b-i)
and high magnification (2b-ii). These images represent
thefineNWswith thediameter of 19— 76 nm and the
length severd um.

Meanwhile, theoptica absorption of thefind prod-
uct wasinvestigated in thewavelength range of 190—
800 nm (Figure 3a) by DRS of the CuO NWS. The

absorption band gap, E,, can be determined by the
equation (1)1,

(ahv)"=p(hv-E)) 1)
Where, hv isthe photo energy, o isthe absorption co-
efficient, B isaconstant relativetothematerial andnis
ether 2for adirect trangtionor /2 for anindirect tran-
sition. To determine the band gap, we have plotted
(ahv)? versushv curves. According to Figure 3b, the
band gap for CuO NWS was found to be 1.65 €V.
The observed difference between the cal cul ated band
gap and thereported valuesintheliteraturesisorigi-
nated fromthe sizeand density of CUONW...
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Figure3: (a) DRSspectrumand (b) theplot (ahv)? ver sushv curvefor CuO NWs.

CONCLUSIONS

Inasummary, thefine CuO nanowireswith thedi-
ameter of 19— 76 nm and lengths of several microme-
terswere successfully synthes zed by mechanochemi-
cal processus ng acetamide and copper acetate with-
out any additives, for thefirst time. Thestructural andy-
ses of the obtained product reveal ed ahigh purity of
crystalline phase of CuO NWs having aband gap of
1.65eV. Thesynthes sfeasibility of the CuO nanowires
by mechanochemical method, whichisasimple, green
and solvent free technique, can be afitting approach
for manufecturingtheindudtria scdeof thevariousmetd
oxidenanowires.
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