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ABSTRACT

Pure and cadmium-doped copper oxide nanoparticeegehbeen successfully prepared by a microwave tedsis
solvothermal method using copper acetate as théirgjamaterial. The particle sizes have been olgdias, 10-14
nm for pure CuO and 42-87 nm for cadmium-doped @a@oparticles.The synthesized both pure and cadmium
doped copper oxide nanoparticles have been chaiaetk by using XRD, SEM—-EDAX and UV-Visible analysi
techniques. From the XRD study, it is found tha&t phepared samples are in the monoclinic systeranr8icg
Electron Microscopy (SEM) pattern shows the splaricorphology of the prepared nanoparticles. Thesence of
dopant in the doped sample is found by using EDAXsmrements. The optical property of cadmium-daopgger
oxide nanoparticles are measured by UV-Visible spscopy.
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INTRODUCTION

In chemical sciences, synthesis of transition metal metal oxide nanoparticles is a growing resefietd. As the
metal particles are reduced in size, bulk propgniethe particles disappear to be substitutetidb af quantum dot
following quantum mechanical rules. It can thusdasily understood that metal nanoparticles cheyniiffers
from that of the bulk materials. Since with sizeluetion the high surface area to volume ratio lEadnhanced
catalytic activity [1]. Among various metal nanogeles, copper (Cu) and copper oxide §O) nanoparticles have
attracted considerable attention because coppmreisof the most important in modern technologies iarreadily
available [2]. Considerable interest has been fedusn copper nanoparticles due to their opticatalytc,
mechanical and electrical properties [3, 4].

In recent years, copper oxide has attracted inkrglgsinterests for both fundamental and practigdsons. The
oxides of transition metals are an important claflssemiconductors, which have applications in mégretorage
media, solar energy transformation, electronics @atdlysis [5-13]. Among the oxides of transitioetais, copper
oxide nanoparticles are of special interest becatisieeir efficiency as nanofluids in heat transé@plication. For
example it has been reported that 4 % additionusd @nproves the thermal conductivity of water by9a(Q14].

CuO is a semiconducting compound with a narrow bgapl and used for photoconductive and photo thermal
applications [15]. Nano-copper oxide is a widelgdisnaterial. It has been applied to the catalygtesconducting
materials, thermoelectric materials, sensing materglass, ceramics and other fields. In additiba,nano-copper
oxide have been used as rocket propellant comlustitalyst and also more use such as: Ceramidaesigas
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sensors, magnetic storage media, near-infrare@rgijlt photoconductive and photo thermal applicafions
semiconductors, solar energy transformation, cstglyhigh-tech superconductors[16]. The cuprougdeoxCyO)
and copper oxide (CuO) with different morphologies/e also been prepared by several routes, sutheasal
oxidation [17], simple solution [18], simple hydysls [19], template-based sol—gel [20], and elattemnical [21].
Besides, the hydrothermal [22-26], solvothermal, [23] and microwave-hydrothermal [29, 30] methodsehalso
been employed to control the morphologies of tlesdes. With the decrease in the crystal size, siaed copper
oxides may exhibit unique properties which canigeiicantly different from those of their bulk coterparts, for
example, the large interfacial areas, homogeneity kighly reactive surfaces, unusual optical, eleat and
catalytic properties, etc. As a result, it is alwagesirable that physical and chemical characiesistan be
controlled by tuning the grain size of the CuO jotes in practical applications [31]. In the pastcddes, much
effort has been made toward the synthesis and cieaization of nanosized

Transition metal oxide particles. Among all traiwsitmetal oxides that have been investigated, Mest work has
been devoted to the preparation and charactenzafi€uO nanoparticles. It is well known that copprides can
be conventionally obtained by the thermal decontjfmrsof copper salts in solid state [32].

The current work is devoted to the investigatiorpafe and cadmium -doped CuO nanopatrticles formdtiom
metal—-organic compound, which have been preparatsimg the solvothermal method and the preparel figity
CuO nanoparticles have been investigated using wdbtechniques of XRD, SEM-EDAX, and UV-Visible
analysis. The results show that the formation oOQwanoparticles from acetate precursors is comglate the
particle sizes of the CuO nanoparticles can berobved to be between 10 and 14 nm.

MATERIALSAND METHODS

2.1. Synthesis

Copper nanoparticles have been prepared by seweefhiods ranging from thermal reduction, sonochemica
method, sol-gel reaction, to gas phase processp@@d to the wet-phase sol-gel based method anth¢nmal
reduction, both of which require inherent multistppcesses, gas-phase methods are capable of umrgin
production of nanoparticles with a single step. ré€f@e, many modifications of the gas-phase meihctliding
inert gas condensation, sputtering, microwave ®8gith and spray pyrolysis have been developedafgeiscale
industrial production of nanoparticles. Among thoselvothermal process has been shown to be a pdwer
technique for generating novel materials with iesting properties. Particularly, the solvothermathhique
provides the alternative approach that allows tbenemical synthesis of fundamentally important vesfined
nanometer-sized materials at mild conditions. Tolamowledge, this new synthetic technique has eenbapplied

in the synthesis of transition metal oxides suclt@sper oxide. The present work is focused on tm¢hesis and
characterization of nanometer-sized pure and cadrdioped CuO particles by a simple microwave assiste
solvothermal method. Analytical reagent (AR) grad@per acetate, urea, ethylene glycol (as sohamtlused as
precursors. Copper acetate and urea are takeruds sothe molecular ratio 1:3 and dissolved i® 10l ethylene
glycol as individually. Then the two solutions anéed together and the colour of the solution hased to dark
green. The prepared solution is kept in a domesticowave oven (operated with frequency 2.45 GHz power
800W). Microwave irradiation is carried out for alb@®0 minutes till the solvent is evaporated corghje The
obtained colloidal precipitate is black in coloim.the end, the precipitate is washed several timigls distilled
water and acetone to remove the organic impurifie. prepared sample is dried in atmospheric alrsamealed it
for 30 minutes at 10C to improve the ordering. For cadmium doping sasptadmium acetate (2 wt %) are added
with the above precursors and the same procedwseepaated.

2.2. Characterization

The powder XRD pattern of the prepared nanopastidaecorded with automated X-ray diffractomed&PERT
PRO Philips System) operating Cult wavelength 1.54056 A. The EDAX spectrum is otdi for the doped
samples using JOEL / EO JSM-6390 scanning elechioroscope. The UV-Vis absorption spectra are icebifor
the powder specimen using a LAMBDA-35 spectroméberall the samples which havebeen considered én th
present study. The optical bandgap energy ifEalso estimated for all the samples.

UV-Visible absorption spectrum of synthesized nartiples shows the band edge-absorption peak redftw be at
350 nm. The optical band gap of the produced natiofess is calculated using the Tauc’s relation][33
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anv =(nv - By)®
Where Ivis the incident photon energy, n is the exponedt dietermines the type of electronic

Transition causing the absorption and can takevdiheées 1/2 and 2 depending whether transitionrisctlor indirect
respectively. Plots betwednnv)? avd nv for pure and doped samples are drawn and the ibestr Irelationship
indicating that the optical band gap of the purd doped CuO nanopatrticles is due to a direct alfbtwensition.
The value of the band gap is determined from tter@epts of the straight line.

RESULTSAND DISCUSSION

3.1. Structural characterization

The XRD patterns which is obtained in the presentys for both pure and cadmium -doped copper oxide
nanoparticles are presented in Fig. A. All difffantpeaks can be indexed in the CuO monoclinic @ljad, 35].
The lattice parameters are calculated using thet Eguare refinement from the UNITCELL-97 progra®6][The
obtained parameters are a= 4.682 A, b= 3.424 A .1255A with volume cell of 81.52 A These values are
consistent with the reported literatures [37, 38Y avith the respective “JCPDS” (Joint Committee Powder
Diffraction Standards) card N0.89-5895.

In the case of pure CuO spectrum the diffractioakgeare considerably broadened that is attribudetthe small
crystallite sizes. Small crystallites have reldijvéew lattice planes that contribute to the diffiian lines.
Broadening the peak may also occur due to micrainétrg of the crystal structure arising from degetike
dislocation and twinning etc. These defects aresidamably negligible in the case of cadmium-dopadOC
nanoparticles. In doped copper oxide nanopartgpestrum the diffraction pattern peaks are conaligmarrowed
that are attributed to the change in crystalliteesi The grain sizes which obtained are small gimdo have the
guantum confinement.
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Fig. A : XRD spectrum of both pure and cadmium-doped CuO nanoparticles
The crystallite sizes can be estimated using SeHgrfiormula
D = K\ /pcod
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Where the constant K is taken to be 00# the wavelength of X-ray used which is Guiadiation {= 1.5406 A),
and B is the full width at half maximum of the diffracti peak corresponding t®.2Using above equation the
crystallite sizes find to be in the range of nanan@&he particle sizes are measured by taking teeage of three
main line widths which are obtained from the XRDtpms as 10—14 nm for pure CuO and 42-87 nm fdmoam-
doped CuO.

3.2. SEM-EDAX Analysis

The EDAX spectra of CuO doped nanoparticles arevehia Fig. B. This shows that Cdmpurity has entered in
the crystal matrix of CuO. It is expected that @& ions will be replacing the Dions instead of occupying the
interstitials. The dopintevels and the bonding characteristics are detexanoy EDAX spectrum.

In order to obtain insight information about sugamorphology and particle size of the samples, Stdlyses
were performed. The product is agglomerated from ffien to a few tens of um. The agglomeration wasiced

with increase in grain growth .The agglomeratiohparticles is usually explained as a common wagninimize

their surface free energy, and the SEM micrograpfde pure and cadmium-doped CuO nanoparticlestzoe/n in

Fig. C.1 and Fig. C.2. SEM micrographies clearlpwhthe surface features, by which it highlight tt@O

nanoparticle was successfully prepared. From thd Bfults, the prepared crystallites are nearlyesphl in shape
and it can be seen that the particles congreggathier and the size of which is about 100 nm.
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Fig. B : EDAX spectrum of pureand cadmium-doped CuO nanoparticles

3.3 Optical studies

UV-Visible absorption spectrum and direct bandgagctsrum for both pure and cadmium-doped CuO natiofes
are shown in Fig. D and Fig. E. The spectrum shindand edge-absorption peak which is found tatl350 nm.

In UV-Vis, high energy electromagnetic radiationtive wavelength range of 100-700nm is utilized tonmote
electrons to higher energy orbitals. Since orbitelse quantized energy, only certain transitions @ecur in the
UV-Vis energy range. The differences in the incidamd transmitted beam give us information abowt th
frequencies which are absorbed by the sample melecBased on absorbance data, the sample chestrigelure
can be analyzed.
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Fig. C.1: SEM micrographies of pure CuO nanoparticles
Fig. C.2: SEM micrographies of cadmium-doped CuO nanoparticles
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Fig. D : UV-Vis and band gap spectrum of pure CuO nanoparticles

The best linear relationship is obtained by plgit{nhv)? against hiindicating that the optical band gap of the
pure and doped CuO nanoparticles is due to a ditkmted transition. The direct band gap is detasdifrom the
intercept of the straight line at a = 0, whichasirid to be 2.4 eV for pure CuO. In the case of ¢anrdoped CuO
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the band gap is decreases from 2.4 eV to 2.27Th\S, it thus can be inferred that copper oxidelmaactivated by
visible light [39].
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Fig. E: UV-Vis and band gap spectrum of Cadmium-doped CuO nanoparticles

CONCLUSION

Pure and cadmium-doped CuO nanoparticles with monocstructure have been synthesized successifly
microwave assisted solvothermal method. SEM miaplgies clearly show the surface features, by wilitich
pinpoints that CuO nanopatrticle is successfullyppred. From the SEM micrographies, it can be undedsthat
the crystallites prepared are of nearly sphericadhape so that the grain sizes determined by ubimgcherrer
formula can be considered as valid. The dopengls and the bonding characteristics have be¢grrdmed by
EDAX spectrum. This also shows that*Gehpurity has entered in the crystal matrix of Cl¥-Visible absorption
spectrum of synthesized nanoparticles shows the ledge-absorption peak and is found to be at 350Tire
obtained band gap value is 2.4 eV for pure and @2%or cadmium-doped CuO nanopatrticles.
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