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ABSTRACT KEYWORDS
The study of semiconductor nanoparticles has been an interesting field of Semiconductor
research for more than two decades. Thisisbecause it gives an opportunity nanoparticles;
to understand the physical propertiesinlow dimensionsand to exploretheir Cds;
vast potential for applications, e.g. in optoelectronics. The latter is particu- Preparation methods;
larly based on the large variations of the band gap as a function of particle Applications.

size, which is a consequence of quantum confinement. Moreover, small
nanoparticles allow the study of relevant surface properties due to the high
surface to bulk ratio. In semiconductor nanoparticles, strong confinement
effects appear when the size of the nanoparticlesis comparable to the Bohr
radius of the exciton in the bulk material. The active physical and chemical
properties of the nanocrystallites make it very important to improve their
stability, which has intensive relations with the surface states and environ-
ments. Especially, considerable interests have been focused on the organic/
inorganic hybrid composite, in which semiconductor nanocrystallites are
encapsulated in the organic phase. CdS is an important inorganic semicon-
ductor compound owing to its unique photoelectric properties. The con-
finement effect is observed for CdS particles when the particle sizes are
equal to or lessthan 50 A. Bulk CdS is widely used as a commercial photo
detector in the visible spectrum. It is also used as a promising material for
buffer layers in thin film solar cells. The optical properties of CdS
nanoparticles have been extensively studied in recent years as this material
exhibits pronounced quantum size effects. A lot of work has been done on
the preparation of these nanoparticles and a wet chemical synthesis has
come up as apromising technique because of the ability to produce various
sizes and large quantities of the nanoparticles.
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INTRODUCTION Conventional fillersare materialsin theform of par-

ticles, fibers or plate-shaped particles. However, a-

Traditionally, polymeric materidshavebeenfilled  though conventionally filled or reinforced polymeric
with synthetic or natural inorganiccompoundsinorder materialsarewidely used in variousfields, it isoften
toimprovetheir properties, or smply toreducecost. reported that the addition of thesefillersimpartsdraw-
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backstotheresulting materials, suchaswe ght increase,
brittleness and opacity™™. Nanocomposites, ontheother
hand, areanew classof composites, for which at | east
onedimensionsof thedispersed particlesisinthena
nometer range. Depending on how many dimensions
areinthenanometer range, one can distinguishiso-di-
mens ond nanoparticleswhenthethreedimensonsare
on the order of nanometers, nanotubes or whiskers
when two dimensions are on the nanometer scale and
thethirdislarger, thusforming an e ongated structure
andfindly, layered crystasor clays, presentintheform
of sheetsof oneto afew nanometersthick and hun-
dredsto thousandsnanometersin extent!?. Theincreas-
ingly demanding gpplicationsof polymeric materiasre-
quirean ever more sophisti cated understanding of the
relationship between chemica structure, molecular or-
ganizationand materid properties. Defectsor locd varia-
tionsin Sructureare expected to play animportant role
inlimiting macroscopic properties. Theimpact of struc-
turd defectson the optoe ectronic and mechanica prop-
ertiesof inorganic materiasisfairly well established®.
Similar ideashave been hypothesized for organic poly-
mers, but amoredetalled ingght into therole of defects
incrystalline polymer and organic molecular solidshas
only begun to be devel oped. I1-VI semiconductor
nano-crystal quantum dots and electro-optic active
polymers, which exhibit el ectro-optic and nonlinear
optical propertiesdifferent from those of correspond-
ing bulk materials, areanew classof materiaswhich
hold considerabl e promisefor numerous applications
ineectronicsand photonics®. Incorporating such quan-
tum dotsinto polymer filmsisof increasinginterest be-
causeof their gpplicationin guided wave nonlinear op-
ticsand optical communication devices®. In recent
years, more and more attentionshave been paid to the
nanoscal ed semi conductor and quantum dots materi-
ad”. Withalot of nove physical and chemica proper-
ties, thesematerid sareof high vauein both fundamen-
tal researchesand practica applications.
Theactivephysica and chemica propertiesof the
nanocrystalitesmakeit very important toimprovetheir
stability, which hasintensivere ationswith the surface
statesand environments. Passivation or capsulationis
oneof themost useful waysto achievethisgoal. Espe-
cialy, consderableinterests have been focused onthe
organic/inorganic hybrid composite®, in which semi-
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conductor nanocrystallites are encapsul ated in the or-
ganic phase. Cadmium sulfide (CdS) isan important
Inorganic semiconductor compound owingtoitsunique
photoel ectric properties. CdS holds particle-size-de-
pendent el ectroni ¢ spectrum, which could show thein-
fluence of size quantization effects. Itspotential appli-
cations have been exhibited in many fieldssuch asthe
nonlinear optics, the photo electrochemical cellsand
heterogeneous photocataysis¥. During the past decade,
many reports have been presented on the synthesi s of
CdS nanocrystallites*, among which the methodsre-
lated to organic or polymeric matrices have attracted
many attentiong*Y, Polymersasmatriceshave severa
advantages for encapsulated semiconductor
nanocrystalites. Ontheonehand, polymerswithakind
of spatia conformation can be used asatemplateto
make nanoscaled crystallitesin solution, polymersare
ableto achieve surface passivation, prevent particles
from agglomeration and maintain the particledisper-
siondegree, whichareinfavor of controllingthecrys-
talitesizeand sizedistribution effectivelyi*2,
Asadirect wide bandgap (2.42 €V) semiconduc-
tor, CdSnanocrystals may be potentially used in opto-
electronicsof nonlinear opticsand light emitting diodes.
TheNanoparticlesareof great scientificinterest asthey
are effectively abridge between bulk materials and
atomicor molecular structures. A bulk materia should
have constant physica propertiesregardiessof itssize,
but at the nano-scal e thisis often not the case. Size-
dependent properties are observed such as quantum
confinement in semiconductor nanoparticles, surface
plasmon resonancein some metal particlesand super
paramagnetism in magnetic material §*3. The proper-
ties of materials change astheir size approachesthe
nanoscal e and the percentage of atomsat the surface
of amaterial becomessignificant. Modificationinthe
electroniclevelsoccurred very strongly dueto thelim-
ited number of atomsinthe particles. Suchmateridsin
theseregimeexhibit nove physica and chemicd prop-
ertiesdueto thelarge surfaceto volumeratio aswell as
size quantization effect in semiconductor
nanoparticles'. Dueto finite size of the nanoparticles
the continuous energy band of the bulk crystal trans-
formsinto aseriesof discrete satesresulting inwiden-
ing of the effective band gap. The nanoparticlesfre-
quently display photoluminescenceand sometimesdis-
ey, Research & Reotews On
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play electroluminescence. Additionally, some
nanoparticles can form self-assembled arrays. Because
of thesefavorable properties, nanoparticlesarebeing
extensvely displaysstudied for usein optod ectronics™.

PROPERTIESOFPOLYMER BASED
NANOCOMPOSITES

Polymer-based nanoparti cle nanocompositeswere
prepared viavari ous processes and showed improved
mechanicd, therma and dectricd properties. However,
the aforementioned properties of resultant
nanocomposites were not alwaysimproved. For ex-
ample, if one property changed for the better, another
property changed for theworse. When nanocomposites
aredesigned, one needsto takethistendency into ac-
count and find the optimum propertiesfor specific ap-
plications.

M echanical properties

Generdly, thereasonfor addinginorganic particles
into polymersistoimproveitsmechanical properties
such asthetensle strength, modulusor stiffnessviare-
inforcement mechanisms described by theories for
nanocomposites®®l. However, poor compatibility be-
tween the polymer matricesand theinorganic particles
in nanocomposites prepared by smple physica mixing
will createinherent defectswhich, consequently, result
in add eteriouseffect onthemechanica propertiesof
the nanocomposites. The mechanical properties of
nanocomposites, prepared from various polymersand
inorganic particles, did not alwaysincrease. In some
cases, the properties of nanocomposites were de-
creased by the addition of inorganic particles because
of aggregation in polymer matrices. To solvethisprob-
lem, theload amounts of inorganic particleswere opti-
mized or werefunctionalized with organic materia*.

Thermal properties

For structura applicationsat e evated temperatures,
thedimens ona stability of low therma expansion co-
efficient of these nanocompositesisalso very impor-
tant. Thehigh therma expans on coefficient of neat poly-
mers causes dimensional changes during themolding
process. Thechangesareeither undesirableor, insome
cases, unacceptablefor certain applications.

Optical properties

Theoptica propertiesof discontinuous metallicor
granular composite films, consisting of metal
nanoparticlesembedded in adie ectric, havelong been
of interest. Moreover, asthe market of materialsfor
optical applicationsexpands, the need for novel mate-
rid swith functionality and transparency increases. Poly-
mer-based inorganic nanoparticle nanocomposites
show great promise asthey can providethe necessary
stability and easy processability with interesting optica
properties. As described earlier, metal nanoparticles
show characteristic plasmon resonance modes during
interaction with el ectromagnetic waves asaresult of
collectiveoscillations of freeelectronsand loca en-
hancement of the e ectromagnetic field. Thisphenom-
enon largely depends on the particle size, shape, and
thesurrounding diel ectric matrix. Partidleplasmonreso-
nances occur through absorption energiesintheintra:
band transitionsand can beeither dipolar excitation, in
thecaseof spherical particles, or multipolar excitation
of particlesnonspherica in geometry!8l,

CRYSTALLINELATTICEOFSMALL
NANOPARTICLES

Physicsof semiconductor theory use macroscopic
charge carrier statistic parametersof bulk crystalsfor
al structurestypesincluding micronsand sub- microns
elementsinmicrochips. Itiscorrect gpproximation now
asthesizesof microchips dementsmorethan 100 nm
aremoretimelarger in comparisontointeratomicdis-
tances. In contrary, typical nanoparticles, for example
CdS or ZnSwiththesizeof 1 - 3 nminclude afew
atomic layersand itsinteratomic distancecan differ es-
sentialy from sameof bulk crystals. Now areafew of
workswherethese effectsareinvestigated. Indeed, if
to shrink elements down to thenanometer scale, crest-
Ing nanodots, nanoparticles, nanorodsand nanotubesa
few tensof atomsacross, they’ve found weird and puz-
zling behaviorsunexpected for bulk and micronsized
materid!®¥, Certainly at decreasing of nanoparticlessized
up to few nanometersthat correspond to some tens
atlomsitscrygdlinelatticechangeessentidly from same
of bulk crystal and it isappear instability of crystaline
lattice. Large surface of small particlewill result on
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augmentation of influence of surface stateson crystal -
linelatticeof nanoparticles. Thereisalot of work that
show sizeand surfaceeffectsof crystdlinelatticechange
innanometerssize nanoparticles®.

STRUCTURE OF CASNANOPARTICLES

CdS has two crystal forms; the more stable
hexagona wurtzite structure and the cubic zinc-blende
structure. In both of theseformsthe cadmium and sul-
fur @aomsarefour coordinate. Figure 1 shows the crystal
structure of CdSin (a) Wurtziteand (b) Zinc-blende
symmetries. Thereisaso ahigh pressureformwiththe
NaCl rock salt structure. Cadmium sulfide is a
direct band gap semiconductor. The magnitude of'its
band gap meansthat it appears colouredY.,

(a) (b)
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Figurel: Crystal structureof CdSin (a) Wurtziteand (b)
Zinc-blendesymmetries

OVERVIEW OFVARIOUSSYNTHESIS
TECHNIQUESFOR CdASNANOPARTICLES

Thereexistsalarge number of methodsto obtain
clusterswith different properties. Theseweredevel -
oped over many years. The cluster preparation meth-
odscan beclassfiedintwo generd classesasgasphase
methods and condensed phase methods. Often gas
phaseclugtersare produced and studied inthe gas phase
only, or they are deposited on asolid surface. These
methodsare used for small quantitiesof clusters. The
second class of synthesisisthat in which the clusters
are obtained in the condensed phase. These methods
aremainly divided into two classes as chemical and
physical methods. Chemica methodsarepromisingin
terms of cost reduction and ability to produce large
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amountsof particles. Usualy the nanoparticlesarebe-
ing capped by different organic moleculessincethisis
an easy way of stabilizingthemto avoid agglomeration.
CdS nanoparticlesare of thegreat interest since many
years. Thereason may bethat thissmall band gap ma-
terid showsinteresting Size quanti zation effectsand the
nanoparticles can beobtained in macroscopic amounts
for various characterizations, whichisdifficult for many
other 11-VI semiconductor particlesexcluding CdSeand
to someextend CdTe. Animportant aspect of research
on nanoparticleshasbeento prepare size selected par-
ticles in order to study various size dependent fea-
tures?.

Thereweremany effortsto syntheszesize sl ected
CdSwithavery narrow sizedistribution, however only
afew were successfull®. Most of thetechniquesfol-
low an organic capping route and awet chemicd syn-
thesiswith solventslike ethanol, methanol, acetonitrile,
dimethylformamide (DMF), etc. The particlesareob-
tained asfree standing powdersand can beredissolved
to formananoparticle sol ution. Polyphosphateand thi-
olsarethemost commonly used capping agents. Use
of monochromaticlight toirradiateacolloida solution
of CdS particleswasadopted in order to produce vari-
oussizes?. Monodispersed CdS particlescan befound
intheliteraturein afew cases, who report avery sharp
absorption pesk for a10 A size CdS cluster obtained
by fusion of two [Cd, ;S (Sphen), ], molecular clus-
ters. A very good examplefor asize quantization effect
can be seenin the absorption spectraof highly mono-
di sperse CdSe nanoparticles®!,

APPLICATIONSOFCdS
NANOCOMPOSITES

The advantagesof nanoscaleinorganic particlein-
corporation into polymer matrices can lead to anum-
ber of applicationsthat theincorporation of theanao-
gouslarger scaeparticlesdo not dlow dueto aninsuf-
ficient property profilefor utilization. Theseareasin-
clude barrier properties, membrane separation, UV
screening, flame retardation, polymer blend
compatibilization, eectricd conductivity, impact modi-
fication, biomedica applications, etc. Hence, polymer-
based inorganic nanoparti cle nanocompositesemerg-
ing asnew materiad sprovideopportunitiesand rewards
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creating anew world of interest?®, CdSis predomi-
nantly used asapigment. CdSand CdSe are used in
meanufacturing of photo resistors sensitive to visible and
near infrared light. In thin-film form, CdS can be com-
bined with other layersfor usein certain typesof solar
cells. CdSwasaso one of thefirst semiconductor ma-
teridsto beusedfor thin film a transistor which is shown
in Figure 2. Thin films of CdS can be piezoelectric and
have been used as transducers which can operate at
frequenciesinthe GHzregion.

Electrons in Electrons out

~)
:'] Gate
< yoltage

( __ Metal contact

3 [ Thin-film semiconductor

Figure2: Thinfilmtransistor

CONCLUSIONS

Nanocomposites on base of semiconductor
nanoparticlesand polymer matrix are prospective ma
terid sfor gpplication in optod ectronics, for cregtion of
luminescent material sand sensor eectronics.. Introduc-
ing semiconductor nanoparticlesinto polymer matrix
volumechangesphys cochemical propertiesof thesys-
tem. The properties of the obtained structures depend
on asemiconductor particletype, dimensionsof par-
ticles. 11-VI semiconductor nano-crystal quantum dots
and dectro-opticactivepolymers, which exhibit € ectro-
opticand nonlinear optica propertiesdifferentfromthose
of corresponding bulk materials, are a new class of
materialswhich hold considerable promisefor numer-
ous gpplicationsin dectronicsand photonics. Incorpo-
rating such quantum dotsinto polymer filmsisof in-
creasing interest because of their gpplicationinguided
wave nonlinear opticsand optical communication de-
vices. Besidezinc oxideand zinc sulphidethe cadmium
chalcogenides arethe prototypica systemsof thell-
V1 semiconductor compounds. Already for some hun-
dred years, CdS has been used as a pigment because

of itscolour. Solid CdSisayelow material, duetoits
band gap of 2.42 V. It providesuseful propertiesfor
optod ectronic devices, such asphotosensitiveand pho-
tovoltaic devicesor asphoto resistors.
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