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ABSTRACT

Semiconductor cupric oxide nanoparticles are of great interest due to their
numerous applications in many important fields of science and technology
such as pigments, semiconductors, sensors, catalysts and solar cells. In
thiswork, nanoparticles of semiconductor cupric oxidewith an average size
of 52 nm have been successfully synthesized via ultrasonic-assisted ther-
mal decomposition of the ethanedioate precursor at 400 °C. The nanoparticles
were characterized by powder X-ray diffraction (XRD), FT-IR spectroscopy,
scanning electron microscopy (SEM), transmission electron microscopy
(TEM), colorimetric analysis (L"a’b" color parameters), diffuse reflectance
spectroscopy and UV-Vis spectroscopy. Our results confirmed the forma-
tion of the pure single-phase monoclinic cupric oxide (space group C2/c)
with the monoclinic structure. The FT-IR spectrum displays the typical vi-
bration of cupric oxide at 536 cmt. Also the optical absorption spectrum
indicates that the cupric oxide nanoparticles have adirect band gap of 1.95
eV, whichislarger than the reported valuefor the bulk cupric oxide (1.85 €V).
© 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Metd oxide nanoparticleshave been actively stud-
iedfor their size- and shape-induced novel properties.
In recent years, the synthesisand production of semi-
conductor meta oxidenanoparticleshasreceived much
attention dueto their excellent physical and chemica
propertiesincomparisonto their bulk counterparts, and
asotheir potentia applicationsin nanoscaedevicesas
interconnectorsfor nanoe ectronicg*3.

Amongthesematerias, cupric oxide, ap-typesemi-

conductor with anarrow band gap, has been studied
intensely because of itsnumerous applicationsin ca-
talyss, pigments, semiconductors, batteries, sensorsand
field transistord*”. On the other hand, thelargefrac-
tionsof surface area, excellent stability and good el ec-
tric propertieshave guided to new studiesto determine
itsapplicability asasuitablematerial for solar cls, in
particular dueto itsphotoconductivity and photochemi-
cal properties®. Also nanocrystalline p-type semicon-
ductor cupric oxideisof specid interest becauseof its
efficiency asnanofluidsin heat-transfer applications. It
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has been reported that 4% addition of thiscompound
improvesthethermal conductivity of water by 20%.

Ultrasound isavery effective processng methodin
the generation and application of nanosized materias.
Ingenerd, ultrasonic cavitationinliquidsmay causefast
and completedegassing: initiate variouschemicd reac-
tionsby generating freechemicd ions(radicals); accd-
erate chemicd reactionsby facilitating themixing of re-
actants, enhance pol ymeri zation and depol ymerization
reactions by temporarily dispersing aggregates or by
permanently breaking chemical bondsin polymeric
chains, increaseemulsficationrates, improvediffusion
rates; produce highly concentrated emulsionsor uni-
form dispersonsof micron-sizeor nanosized materias,
assigt theextraction of substancessuch asenzymesfrom
animal, plant, yeast, or bacterial cells; removeviruses
frominfectedtissue; andfindly, erodeand break down
susceptible particles, including micro-organismg?.

Today, many nanomateriasare producedinadry
process. Asaresult, the particlesneed to bemixed into
liquid formulations. Thisiswhere most nanoparticles
form agglomeratesduring thewetting. Therefore effec-
tive means of deagglomerating and dispersing arere-
quired to overcomethe bonding forcesafter wettening
the micropowder or nanopowde.

Some methods for the preparation of
nanocrystd linep-typemetd oxidesemiconductorshave
been reported recently such as sol-gel technique, one-
step solid state reaction method at the room tempera-
ture, e ectrochemica method, thermal decomposition
of precursorsand co-implantation of metal and oxygen
iong”9, Conventiona methodsfor the preparation of
cupric oxideinclude one step solid statereaction at the
room temperature, mechanical milling of commercia
powders, and so on. However, none of these methods
seemsto besuitablefor the preparation of highly dis-
persed cupric oxide nanoparticles, which hasbeen found
to be an obstacleto many applications, especially in
cataystsand el ectrodes.

Despite cons derable efforts have been devoted to
the preparation of nanocrysta line p-type semiconduc-
tor cupric oxideg*9, thereisalack of information about
the preparation of the semiconductor cupric oxidevia
ultrasonic-assi sted decomposition of the ethanedioate
precursor.

In the present work, we report on the synthesis
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and characteri zation of semiconductor nanoparticlesvia
anovel method based on the ultrasonic-assisted de-
composition of the ethanedi oate precursor. Some ad-
vantages of the method aremild conditionsof reaction
and non toxic agueous solvents.

EXPERIMENTAL

All the reagents were analytical grade and were
used without further purification. Inatypica process,
Cu(NO,),.3H,0 wasdissolved in deionized water to
form atransparent solution, and then used the ultra-
sonic irradiation for 30 min. Subsequently 5 mmol
ethanedioateacid dissolved inan equd volumeof delon-
ized water and added dropwiseto the above solution
under theultrasonicirradiation. The suspension cooled
intheroom temperature. After washed with deionized
water and ethanol for threetimesto purify the product,
the precipitate of the precursor was centrifuged and
dried at 55°C for 14 h. Then cupric ethanedioate pre-
cursor was heated to 400 °C (rate of 5 °C min*) and
calcined at thistemperaturefor 3 hintheambient at-
mosphere.

Theultrasonicirradiation processor wasaHiel scher
UP400S (400W, 24 kHz). FT-IR spectra (500-4000
cmrt) wererecorded on aPerkin EImer Spectrum One
spectrophotometer with KBr pdllets. Thermad analyses
(TG-DTG-DTA) werecarried out usng aPerkin EImer
simultaneousthermal analyzer (STA PyrisDiamond
Modd) with thehegtingrate of 5°C/mininflowingair.
X-ray diffraction (XRD) was performed onaPhilips
PNA-anaytical diffractometer using CuK o radiation.
The SEM micrographwasobtained onaLEO 1455V P
scanning electron microscope. Thetransmission elec-
tron microscopy (TEM) imagewas obtained using a
Philips CM-120. Measurement of L"a b’ color param-
etersand diffuse reflectance spectrumwerecarried out
on a spectrophotometer CE-7000A, in the 350-750
nmrangeusngthe D65illumination.

RESULTSAND DISCUSSION

In Figure 1 XRD pattern for cupric oxide
nanoparticlesisdisplayed. All of diffraction peaks cor-
respondsto the cupric oxidemonoclinic phaseand are
agreement with JCPDS 41-0254 card. Therearenot
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any pesksof impurity inthe XRD pattern. Theaverage
crystalinesizeof the prepared cupric oxideparticlesis
estimated to be 45 nm according to the Debye-Scherrer
equation (1).
0.9\
- B coso (1)

wheret isthecrystalitesize, A thewave ength of
X-ray radiation (CuK or), 6 theBragg angleand 3 isthe
full width at half maximum (FWHM) of themost in-
tensediffraction pesk.
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Figurel: XRD pattern of cupric oxidenanoparticles.

Figure 2 showsthe s multaneoustherma anayses
(TG-DTG-DTA) of the as-prepared cupric
ethanedioate precursor. Thethermogravimetery (TG)
and derivativethermogravimetery (DTG) curves show
theweight loss. Thereisaweight lossstepinthetem-
perature ranges 270-330 °C. which may be ascribed
to the decomposition of the ethanedi oate accompanied
by theexothermic peak inthedifferentid thermal andy-
sis(DTA) curve. Theweight lossisabout 45 %, which
is close to the theoretical value. Above 400 °C the
weight lossisnegligible TheDTA curveexhibitsalarge
exothermic peak around 300 °C which can beascribed
to the burn out of the ethanedi oate. It confirmsthat the
majority of the mass|oss occurs under 400 °C and
alowsfor optimization of the heat treatment program.

TheFT-IR spectraof the cupric ethanedioate pre-
cursor and cupric oxide nanoparticleswereshownin
Figure3and 4. Inthe FT-IR spectrum of the precursor
(Figure 3), peaks observed at around 1626 and 1363
cm* arerelated to the asymmetricv_(COO) and sym-
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Figure?2: Thermal analysesof thecupricethanedioatepre-
cursor () TG-DTAand (b) TG-DTG.
metric v (COO) stretching vibration of COO groups,
respectively which corroboratethe coordination of meta
ions by carboxylates groupsto form acomplex. This
givesriseto alargedifference betweenv_(COO) and
v(COO0), Av (v(COO)-v (COO0)) of about 263 cnm
! characterigtic of the monodentate coordination of car-
boxylate groupstothe meta iong*@ which confirmsthe
ethanedi oate precursor.

While, inthe FT-IR spectrum of the cupric oxide
nanoparticles (Figure 4), the absence of some of the
organic bands could be ascribed to the compl ete de-
composition of the organic compounds. Thereisan
obvious absorption peak at around 536 cm™* that was
the result of overlap of two peaks, which can be as-
signed to thevibrations of Cu-O bands.

SEM image of the as-prepared cupric oxide
nanoparticlesispresentedin Fgure5, showing that the
morphology of particleswasnearly spherica and regu-
lar inthe shape.

Figure 6. demonstrated the TEM micrograph and
selected area el ectron diffraction (SAED) pattern of

ey, P alzrioly Seience

Au Tudian Yournal



18 Synthesis and characterization of semiconductor CuO nanoparticles

MSAIJ, 8(1), 2012

Full Poper e

— ) T e ——

Tranemiitanes (.

T T
mm wa

Warvemibe {iin’)
Figure3: FT-IR spectrum of thecupric ethanedioate precur-
sor.
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Figure4: FT-IR spectraof cupric oxidenanoparticles.
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Figure5: SEM micrograph of cupric oxidenanoparticles.

cupric oxide nanoparticles, presetting that the product
composed of almost spherica nanoparticleswith the
averageparticlesizesof 52 nm, whichisin good agree-
ment with that estimated by the Scherrer equation from
XRD pattern. Thedifferent | attice planesin the SAED
patterns (Figure 6b) are in good agreement with the
present monoclinic system.

The optical absorption spectrum of cupric oxide

EHT = 10.00 by

Figure6: TEM micrograph (a) and SAED pattern (b) of cu-
pricoxidenanoparticles.
nanoparticlesshowed in Figure 7. For measurements,
the cupric oxide product isdispersed in the deionized
water by the ultrasonic irradiation. Thereisabroad
absorption pegk a about 360 nmwhichisingood agree-
ment with the previousreportg® 14,

Theabsorption band gap E,can be determined by
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Figure 7 : Optical absorption spectrum of cupric oxide
nanoparticles.
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Figure 8 : (ahv)? versus hv curve of the semiconductor
sample.
thefollowingequation (2):
(ahv)'=B(hv-E) 2

where hv isthe photo energy, a is the absorption
coefficient, B isacongtant relativetothematerial andn
iseither 2 for adirect transition or 1/2 for anindirect
transition?. The band gap of the as-obtained cupric
oxideisestimated to be 1.95eV that islarger thanthe
reported va uefor thebulk cupricoxide(1.85eV). Fig-
ure8 showsthe(ahv)? versushv curvefor thesample.
Compared to previousreports® in our ultrasonic-as-
sisted preparation method the band gap significantly
decreased to 1.95 eV.

Thecolor of cupric oxidewasevd uaed fromL"ab’
colorimetric coordinates and diffusereflectance spec-
troscopy. The CIE-L"a’b’ col orimetric method asrec-
ommended by theCommisson Internationdel Eclairage
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(CIE) standardswas used to measurethe L"a’b’ color
parametersof cupric oxide. Inthismethod, L™ varies
from black (0) to white (100), b’ from blue(-) to yel-
low (+) and & fromgreen (-) tored (+). Valuesof the
colorimetricdatal’, & and b" werefoundto be 11.01,
1.92 and 4.51, respectively.

Thediffuse reflectance spectrum of cupric oxide
isshownin Figure9. Resultsfrom diffusereflectance
spectroscopy reveal ed nearly compl ete light absorp-
tion duetothevery low intensity of thereflectionin
the 350-750 nmrange. Thiswasfurther confirmed by
the colorimetric coordinates. Therelatively low val -
uesof L", & and b" suggested full light absorption and
confirmed the black color of cupric oxidewhich arein
agreement with the col or matched with the obtained
L"a’b’ color parameters.
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Figure 9 : Diffuse reflectance spectrum of cupric oxide
nanoparticles.

CONCLUSION

In summary, nanoparticlesof semiconductor cupric ox-
ide have been successfully synthesized viaultrasonic-
assi sted thermal decomposition of ethanedioate pre-
cursor at 400 °C. The average size of nanoparticles
was about 52 nm with the amost spherical morphol-
ogy. The optical absorption band gap of thesampleis
determined to be 1.95 eV, whichislarger thanthere-
ported valuefor thebulk materia (1.85€V). Wehope
that this ultrasoni c-assi sted synthesisroute can be ex-
tended to prepare other systemsinvolving other meta
oxides.
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