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ABSTRACT

Zinc oxide is an inorganic compound also known as zincite and occurs
rarely innature, generally inacrystallineform. Itisusually orangeor red in
color due to presence of manganese impurity. It usually appears as awhite
crystalline powder, which is nearly insoluble in water. Most of ZnO which
is used commercially is produced synthetically. ZnO is actually a wide
bandgap semiconductor of the I1-V1 semiconductor group. The doping of
the semiconductor is n-type which is due to oxygen vacancies. This has
several favorable propertieslike high el ectron mobility, good transparency,
wide bandgap for seni-conductivity, high room-temperature luminescence,
etc. These propertiesare used in applicationsfor electrodesinliquid crystal
displaysaswell asin energy saving and heat protecting windows, electronic
applications of ZnO as thin-film transistors and light emitting diodes.
Because of its unique properties and versatile applications, it is used in
transparent electronics, ultraviolet light emitters, piezoel ectric devicesand
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chemical sensors.

INTRODUCTION

Nanotechnol ogy isdefined asthe study of manipu-
lating matter on the atomic and molecular scae. It cov-
ersvariousareasranging from conventiona devicephys-
icsto completely new approaches based on molecular
self-assembly, from deve oping materia shaving dimen-
sions of the nanoscal eto finding out whether we can
control matter ontheatomic scale. Itisableto create
many new materia swith avast range of applications,
such asin medicine, biomaterias, electronicsand pro-
duction of energy. However, nanotechnol ogy raises
many concerns about toxicity and impact of
nanomaterialson environment and their effectson glo-
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bal economicd¥. Nanoparticlesareof great scientific
interest asthey are effectively abridge between bulk
materialsand atomic or molecular structures. A bulk
material should have constant physical propertiesre-
gardlessof itssize, but a the nanosca e size dependent
properties are often observed. Thus, the properties of
materialsgeneraly changeastheir sizegpproachesthe
nanoscal e and as the percentage of atoms at the sur-
face of amateria startsto becomesignificant. For bulk
meateriad slarger than one micrometer, the percentage of
atomsat the surfaceisinggnificant in comparisionto
the number of atomsin the bulk of the material. The
interesting and sometimes unexpected properties of
nanoparticlesarethereforelargely duetothelarge sur-
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faceareaof themateria, which dominatesthe contri-
butions made by the small bulk of the material.
Nanoparticles often possess unexpected optical prop-
ertiesasthey are small enough to confinetheir elec-
tronsand produce quantum effects. Other size depen-
dent property changesin the nanoparticleincludequan-
tum confinement in semiconductor particles, surface
plasmon resonancein some metal particlesand super
paramagnetismin magnetic materia §2.

Theimportant propertiesof nanostructured mate-
rid shave started motivation among scientiststo explore
thepossihilitiesof usngthemintechnological applica
tions. In particular, theeectronic and optical properties
of nanostructured materials have been of interest be-
causeof their potentid applicationsin thefabrication of
microelectronic and optoelectronic devices. As
nanotechnol ogy progressesand complex nanosystems
fabricated, arisngimpetusisbeing givento thedeve -
opment of multi-functional and s ze-dependent materi-
als. Recent developments in nanoscience and
nanotechnol ogy have brought potentia building blocks
for anoscaedectronic, optod ectronics, medicinesand
solar cellg¥. Thesurface-to-volumeratioincreasesas
thematerial dimension decreasesto nano-order. The
high surface-to-volumeratio of nanomaterialshassig-
nificant implicationswith repect to energy Sorageden-
sty. Additionally, nanomaterial sarefound to be supe-
rior catalyst for hydrogen storage materials. Among
the nanostructured metal oxides, zinc oxide (ZnO) is
considered to be one of the best metal oxidesthat can
beused at ananoscaelevd. ZnOitsaf hasnormally a
hexagona or wurtzitestructureand it iswell-known as
ann-typell-VI semiconductor with awidedirect band-
gap of about 3.37 eV and alarge exciton binding en-
ergy of 60 meV®. From this point of view,
nanostructured ZnO powdersdisplay agreat power in
many applicationssuch asgassensors, solar cdls, varis-
torsand photocatalyst with high chemical activity. Re-
cently, extensive progress has been made on the re-
search front of ZnO-based nanomateria smotivated by
both basi ¢ sciencesand potentia advanced technolo-
gi egeil.

ZnO nanomaterialshave been studied for the ben-
efitsassod ated with quantum confinement including re-
duced dark noise, increased absorption efficiency and
thepotentia for largeareaand lower cost devices. The
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nanostructures, however; often exhibit astrong, para
sitic green photol uminescence caused by excessZn?
ionsand oxygen deficiency!*?. Solutionsto these prob-
lemsincdudedeve oping effective surfacemodification,
annealing treatment and producing stable ZnO quan-
tum dots (QDs) that are unagglomerated, highly crys-
talline and monodisperse®¥. Theability to createre-
producible Ohmic or Schottky contactsisal so associ-
ated with oxygen vacancies. These vacancies often
dominatewhich tend to pin the ZnO Fermi level tothe
defect level, hindering the expected barrier producing
rel ationship between the contact metal and semicon-
ductort*4,

PHYSICAL PROPERTIES

Molecular Weight of ZnOis81.37 g/mol. Puremi-
crocrystallineZnOiswhitein colour and singlecrystal
ZnOiscolourless. ZnO turnslemon yellow on heating
and revertstowhite on cooling. Therdativedensity of
Zn0is5.607. ZnO sublimes at atmospheric pressure
at temperatures over 1200°C and under high pressure
amelting point of 1975°C hasbeen estimated.

The vapor pressure of ZnO at 1500°C is 12mm.
Therefractiveindex of ZnOisw =2.004 ande=2.020.

Crystal structure

ZnO hasthewurtzite hexagonal crystal structure.
Commercia ZnO show thiscrystal structureonly un-
der electron microscopic examination. The precise
shape of thecrystal depends on themethod of forma:
tion. Inregular zinc oxide these vary between acicular
needlesand plate shaped crysta's. ZnO can beinduced
toformavery largevariety of crystallineshapesusing
specialized deposition methods, whichiscurrently a
very activeareaof research. ZnOusudly crystdlizesin
threedifferent forms: hexagonal wurtzite, cubic zinc
blende and cubicrock salt which areshownin Figure
1. Thelatter isthemost rarely found. Thewurtzite struc-
tureismost stable at ambient conditionsand ishence
most common3,

M echanical properties

ZnOisarelatively very soft material with approxi-
mate hardnessjust 4.5. Itselastic constantsarerela-
tively smaller than those of other I11-V semiconduc-
tors. Thehigh heat capacity and high heat conductivity,
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low vauesof therma expansionand highmeting points
aresome of the characteristics of ZnO. ZnO hasbeen
proposed to beamore promising UV emitting phos-
phor than GaN because of itslarger exciton binding
energy. Among the semiconductors bonded tetrahe-
drdly, it’sfound that ZnO hasthe highest piezodectric
tensor. Thismakesit animportant material for many
piezod ectric gpplications, which requireahigh degree
of electromechanica coupling among them4,

Piezoelectric effect and polar surfaces

Piezoelectricity of ZnO hasbeen extensively stud-
ied for various applicationsin force sensing, acoustic
wave resonator, acousto-optic modul ator, etc. Theori-
gin of thepiezoelectricity liesduetoitscrystal struc-
ture, inwhich theoxygen atomsand zinc atomsaretet-
rahedraly bonded. In such astructurewhichisnon cen-
trosymmetric, the center of positive chargeand nega-
tive charge can be displaced dueto external pressure
induced latticedistortion. Thisdisplacement resultsin
loca dipole moments, thus amacroscopic dipolemo-
ment appearsover theentirecrystd. Infact, anong the
tetrahedraly bonded semi conductors, ZnO hasthehigh-
est tensor which providesalarge el ectro-mechanical
coupling*”. Another result of the non-centrosymmetric
ZnO crystd dructureisitsspontaneouspolarization and
polar face dominated nanogtructures. Thecrystal Struc-
ture of ZnO can bevisudizedin away that oxygen at-
omsand zinc atoms aretetrahedrally bonded. These
tetrahedrons stack along aparticular direction. Dueto
the effect of spontaneous pol arization, the position of
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Figurel: Sick and ball representation of ZnO crystal structure; black and gray spheresdenoteZn and O atoms

positivechargeisdisplaced fromthat of negative charge
inthat fixed particular direction. The net result of this
spontaneouspolarizationisacharged ZnO surface. In
order to achieve minimized energy, thecharged surface
resultsin uniquenano-ring and nano-coil structure.

ELECTRICAL PROPERTIES

Thefundamental study of theelectrica properties
of ZnO nanostructuresiscrucial for developing their
futureapplicationsin nanoel ectronics. ZnO hasaquite
large band gap of 3.37 eV at room temperature. The
advantagesof alargeband gap include higher values of
breskdownvoltages, sustaininglargedectricfidds, high-
temperature and high-power operations. ZnO hasn-
type character, in the absence of doping. Non-stoichi-
ometry isusualy theorigin of n-typecharacter. Dueto
defectssuch asoxygen vacanciesand zincinterdtitiass,
ZnO nanowires arereportedly show n-type semicon-
ductor behavior. Themainimpediment of ZnO for wide-
ranging applicationsin € ectronicsand photonicsrests
with thedifficulty of p-type doping. Successful p-type
doping for ZnO nanostructureswill greetly enhancetheir
future applicationsin nanosca e el ectronicsand opto-
electronics. P-typeand n-type ZnO nanowirescan serve
as p-n junction diodes and light emitting diodes
(LED)!8,

OPTICAL PROPERTIES

ZnO isgenerally transparent to visible light but
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strongly absorbs ultraviolet light below 3655°A. The
absorptionistypically stronger than other white pig-
ments. Intheregion of vigblewavdengths, regular ZnO
appearswhite, but rutile and anatasetitanium dioxide
have ahigher reactive index and thus has a superior
opacity. The band gap energy is 3.2 eV; this corre-
spondsto theenergy of 3655°A photons. Under ultra
violet light zinc oxideis photoconductive. Thecombi-
nation of optical and semiconductor properties make
doped zinc oxide acontendor for new generations of
devices. Solar cellsrequireatransparent conductive
coating, indiumtin oxideand ZnO (doped) arethe best
materials. Intrinsic optical properties of ZnO
nanostructuresarebeingintensively studied for imple-
menting photoni ¢ devices. Photoluminescence spectra
of ZnO nanostructureshave been extensively reported.
Excitonic emissonshave been observed from the pho-
toluminescence spectraof ZnO nanorods. Itisshown
that quantum sze confinement can S gnificantly enhance
theexciton binding energy. Strong emission pesk a 380
nm dueto band-to-band transition and green-yellow
emission band rel ated to oxygen vacancy areobserved.
PL spectra show that ZnO nanowire is a promising
materid for UV emission, whileitsUV lasing property
isof more significance and interest. Duetoits near-
cylindrical geometry and largerefractiveindex (~2.0),
ZnO nanowire/nanorod isanatura candidatefor opti-
cal waveguide. The additional advantages of ZnO
nanowire lasers arethat the excitonic recombination
lowersthethreshold of |asing and quantum confinement
yieldsasubstantial density of statesat the band edges
and enhancesradi ativeefficiency. Optical waveguiding
using diel ectric nanowire a so achieved considerable
progress. Recently, ZnO nanowireswere reported as
sub-wavelength optical waveguide. Opticaly pumped
light emissonwasguided by ZnO nanowireand coupled
into SnO2 nanoribbon. Thesefindings show that ZnO
nanostructures can be potentia building blocksfor in-
tegrated optoel ectronic circuits ™.

CHEMICAL PROPERTIES

ZnO occursasthe minerd zinciteor aswhite pow-
der known aszincwhite. Itisusualy orangeor redin
colour dueto manganeseimpurity. CrystallineZnOis
thermochromic, which changesfrom whiteto yellow
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colour when heated and reverting to white colour on
cooling. Thischangein colour iscaused by avery small
loss of oxygen at high temperatures. ZnO isamphot-
eric, thatisit reactswith both acidsand alkalis. With
acidit reactsto form familiar compound such aszinc
sulfate. With dkadi it formszincates. ZnO decomposes
to form zinc vapor and oxygen at about 1975 °A °C,
indicating itsconsiderable stability. Heating with car-
bon convertsZnOinto Zn, whichismorevolatile. Com-
mercia ZnO showsameasurablebut low level of wa
ter solubility, 0.005 g/litre. ZnO exposed to air absorbs
both water vapour and carbon dioxide?.

CONCLUSIONS

The, the properties of materiasgeneraly change
astheir size approachesthe nanoscale and asthe per-
centage of atomsat the surface of amaterial startsto
become significant. Nanoparticles often possessunex-
pected optical propertiesasthey are small enough to
confinetheir e ectronsand produce quantum effects.
Other size dependent property changes in the
nanoparticleinclude quantum confinement in semicon-
ductor particles, surface plasmon resonancein some
metal particlesand super paramagnetismin magnetic
materias. ZnOisconsdered to beoneof thebest meta
oxidesthat can beused at ananoscaleleve. ZnOitsdlf
hasnormally ahexagona or wurtzite structureanditis
well-known asan n-typell-V1 semiconductor witha
widedirect bandgap of about 3.37 €V and alarge ex-
citon binding energy of 60 meV. For this reason,
nanostructured ZnO powdersdisplay agreat power in
many applicationssuchasgassensors, solar cells, varis-
torsand photocata yst with high chemical activity.
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