Trade Science Ine.

ISSN : 0974 - 7494 Volume 6 | ssue 4

fNano Science and Nano Technology

A Tndian Yournal

—= Fyf| Peper

NSNTAIJ, 6(4), 2012 [159-162]

Electrical behaviour of ZnCdO nanocomposites

M .Earnest Sephen Gnanadoss!, M.A.Jothirajan?, G.Alagumuthu3, S.M eenakshiSundar**
PG & Research Department of Physics, &. Joseph’sCollege, Trichy-2, (INDIA)
2Arul Anandar College, Karumathur, (INDIA)
3PG & Research Department of Chemistry, Sri Paramakalyani College, Alwarkurichi, (INDIA)
PG & Resear ch Department of Physics, Sri Paramakalyani College, Alwarkurichi, (INDIA)
E-mail: smsun_1964@yahoo.co.in
Received: 2" June, 2012 ; Accepted: 5" September, 2012

ABSTRACT

ZnCdO nanocomposites have been synthesized by solvothermal process.
X-ray diffraction spectra confirm that the sampleis of hexagonal wurtzite
structure, and a little Cd doping would not change the crystal structures
of ZnO. The particle size is calculated using Debye Scherrer’s formula
from XRD patterns. Thefunctional group isanalyzed using FTIR studies.
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The ac and dc conductivity, resistivity and dielectric constant of ZncdO
nano particles are measured by using | mpedance analyzer with frequency
range (400Hz- 4KHz) with temperatures 333K & 453K. Semiconducting
behaviour of the sample is observed from the conductivity studies. The
dielectric constant varied with temperature and frequency is al so studied.
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INTRODUCTION

Nanomaterial s show propertiesdistinct from bulk
material s because of the nature of the atomic structure
intheinterfacid regions separating nanoparticles. The
dielectric property of nanocrystallinemateriasexhibits
unusual propertiesthat play vital rolein the devel op-
ment of new materials. A nanocomposite organic/inor-
ganic materidsisafast growing areaof research. Sig-
nificant effort isfocused onthe ability to obtain control
of thenanosca e structuresviainnovative synthetic ap-
proaches. The propertiesof nano-compositematerias
depend not only on the propertiesof their individual
parents but al so on their morphol ogy and interfacial
characteristics. Experimental work hasgenerdly shown

that virtually al types and classes of nanocomposite
materialslead to new and improved properties, when
compared to their macrocomposite counterparts.
Therefore nanocomposites promise new applications
inmany fields such asmechanically-reinforced light-
wel ght components, non-linear optics, battery cathodes
andionics, nanowires, sensorsand other sysemg¥. ZnO
hasardatively largedirect band gap of 3.3 eV atroom
temperature. Advantages associated with alarge band
gap include higher breakdown voltages, ability to sus-
tanlargedectricfidds, lower eectronicnoise, and high-
temperature and high-power operation. The band gap
of ZnO canfurther betunedto 3.0—-4.0 eV by alloying
it with magnesium oxide or cadmium oxidg?.
Cadmium oxide (CdO) isawd | known 11— VI semi-
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conductor with adirect band gap of 2.2 eV (520 nm)
and hasdevel oped various applicationssuch asitsuse
insolar cdlls, transparent el ectrodes, photodiodes, and
sensorg®. Cadmium oxideis an n-type semiconduc-
tor@ with a band gap of 2.16 eV at room tempera-
ture’®. CdO isused as atransparent conductive mate-
ria®, whichwas prepared as atransparent conducting
filmback in 19071, Cadmium oxideintheformof thin
filmshasbeen usad in gpplicationssuch as photodiodes,
phototransistors, photovoltaic cells, transparent elec-
trodes, liquid crystal displays, IR detectors, and anti
reflection coatings®. CdO micro particlesundergo band
gap excitation when exposed to UV light andisaso
selectivein phenol photo degradation®. W. Lehmann
reported that about 10% of ZnO can be replaced by
CdO with acorresponding shift, to lower energies, of
the optical absorption edge, of the near-edgeemission,
and of the green emission™,

Zhang*¥ et d reported that withincreasing Cd con-
centrations, the band gap of Zn,, Cd O is decreased
duetotheincrease of sstatesin the conduction band.
Theresultsof theimaginary part of thedie ectric func-
tione,(w) indicatethat the optical transition between
O2p statesin thehighest valenceband and Zn 4s states
inthelowest conduction band has shifted to thelow
energy range asthe Cd concentrationsincrease. Zinc
Cadmium Oxideisall-V1 semiconductor compound.
It isasingle phase compound no secondary phaseis
seeninthe XRD spectrum. It might be dueto thelow
percentage of cadmiumintheZinc Cadmium, where
x isthestoichometricratio and hereitsvalueis0.8.

Sang Yeo LEE et a has successfully synthesized
Simulation and Fabrication of ZnCdO light emitting
diodes simulated current voltage characteristicsasa
function of cd composition. They studied the optica
and el ectrical propertiesof thethin filmg*2. Xiaolel
Liuet a have successfully synthesized synthesisand
el ectronic transport studies of ZnCdO nanoneedles
using achemical vapor deposition method. The char-
acterizationsweredone by using SEM, TEM, XRD,
AFM and IR techniques*®..

EXPERIMENTAL DETAILS

The synthesis of ZnCdO was carried out using
solvotherma method. Ethylene glycol isused asthe
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solvent and acetoneis used to remove any unwanted
organic substances present in theresulting powder par-
ticles. The synthesized nano particleswereregrinded
and mixed with abinder (Polyvinyl Alcohal). Themix-
turewasthen heated at 300° C to burnout the binder.
Further, apellet of 12 mm diameter and 1.2 mm thick-
nesswere made by applying 250 M Paof pressure us-
ing hydraulic pressfor further analysis. The prepared
pellet was then used for dielectric measurement by
coated itsopposite faces using high grade conducting
layer of slver pagte. X-ray diffraction andysishasbeen
carried out. DC conductivity wasstudied over therange
room temperatureto 400K. Thedielectricloss, capaci-
tance, resisitivity are measured using i mpedance spec-
troscopy andysis. By using SA| DEMO theélectrical
parametersof the ZnCdO nano particlesareca cul ated.
AC conductivity and didlectric measurementswerecar-
ried out in thefrequency range (400Hz- 4KHz) with
temperatures240 K & 300 K.

RESULT AND DISCUSSION

XRD analysis

X —Ray Diffraction Analysis is carried out to con-
firmthecrystalline nature of the as prepared sample.
TheXRD Spectrumwastaken withthesupport of XRD
instrument — SEIFERT — MODEL JSO — DEBYE
FLEX 2002. Particle sizes were calculated using
Debye- Sherrer’s formula. X-ray diffractin pattern ob-
tained fromtheasgrown ZnCdO nanocompositestruc-
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Figurel: XRD spectrum of ZnCdO nanocrystals
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turewasshowninFigure 1. XRD pattern obtained from
theZnO—CdO composite structure showed additional
peaksfrom (111), (200), (220) and (311) planes cor-
responding to cubic CdO (JCPDS no. { 05-0640) be-
side hexagonal ZnO peaks. The ZnO-related XRD
peaks observed for the ZnO —CdO composite struc-
tureweredightly deviated from the peaks observed for
the ZnO sample. Thissuggeststhat there might bea
very small ZnCdO phaseat theinterface.

I mpedance spectroscopy analysis of ZnCdO
nanocrystals

The SA| DEMO softwareisused to calculatethe
electrical parameterslikeresistance, capacitance, re-
sistivity, dc conductivity, dielectric constant, etc. Itis
evident from theFigure 2, the Col-Col plot theresis-
tanceand hencetheres stivity of semiconducting mate-
rialsgo on decreases astemperatureincreases. Almost
for dl thetemperaturesthe Col-Col plot show thesingle
semi circlebehaviour. Inthe caseof resistivity vstem-
perature, Figure 3it is seen that when temperaturein-
creasestheresistivity decreases. Particularly theresis-
tivity decreases sharply for lower temperatureregions
and decreasesvery dightly ashigher temperaturere-
gions. Figure4 showstherel ation between dc conduc-
tivity and temperature. Itisevident fromthefigurethat
the conductivity increasesexponentialy asthetempera-
tureincreases. Figure 5 show therelationshi p between
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Figure2: Col-Coal plot for ZnCdO for different temperatures
(333K t0453K)
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Figure 3 : Resistivity vstemperature of ZnCdO nano-
crystals
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Figure4: DC conductivity Vstemperature(c VST)
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Figure5: Log DC conductivity Vstemperature(Log e VsT)

log 6, and 1000/T. Figure 6 show therelationship be-
tween thedid ectric constant and frequency for four dif-
ferent temperatures. Inal thefour graphsthedidectric
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congant valueismaximum at lower frequencies It might
be dueto thereason that the diel ectric constant is pro-
portiond tothepolarization. Thefour polarizationswill
be present at |ower frequencies. Asfrequency increases
thefour polarizations start to go off oneby oneinthe
following order, space charge polarization, dipolar po-
larization, ionic polarization and e ectronic polarization.
Hereinthesefour spectraalsoit isevident to seethe
dielectric constant decreasesasthefrequency increases.
Thevauesof thedielectric constant for any tempera-
ture at any desired frequency could betaken fromthe
graph straight away.
[—m—E60 |
—e—E"100c

E'140C

1000000 4 —v—E80C

800000
600000
400000
200000

\‘\ i

| /N
04 o o TV uvvvwerwy ey v

¥ T ¥ T ol T T T ¥ T ¥ T % T ¥ T ¥ 1
-1 0 1 2 3 4 5 6 7 8
Log F (Hz)

Figure6: Logfrequency Vsdidectricconstant for different
temperatures(Logf Vsg?)

CONCLUSION

Thisresearch wasa med to prepare nanocrystals
of ZnCdO by Solvothermal (microwave strategy)
method. Thefollowing conclusonsaredravnfromthe
analysis of the results of the study. Nanoparticles of
ZnCdO are prepared by achemical route. The XRD
anaysisof ZnCdO givesaparticles ze of 60.2877nm.
Complex impedanceanaysisstudy givesthee ectrical
characteristics such asresistance, capacitance, resis-
tivity, ac conductivity, dc conductivity and dielectric
constant of theZnCdO nano composites.
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