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ABSTRACT

Cd-doped ZnO hollow / disc-like nanostructure have been synthesized us-
ing a simple solution method. The corresponding morphology, structure,
and chemical composition were investigated using scanning electron micro-
scope, transmission electron microscope, X-ray diffraction and EDX. The
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XRD patterns, SEM and TEM micrographs of Cd-doped ZnO revealed the
formation of hollow / disc-like nanostructure of different sizes(100- 900 nm),
indicating that a little Cd? is substituted into the ZnO host structure of the
Zn?* site. Transmission Electron Microscopy image also shows that each
hollow nanostructureis made up of nanoparticleswith average sizes 3-6 nm.
The band gap of host material can be tuned from 3.63 to 3.51 €V with in-

crease of Cd doping levelsfrom 0to 10 %.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Zincoxide(ZnO) nanocrystdshavedtracted agreat
dedl of attention from researchersfor both their funda
menta Szedependent optod ectronic propertiesandtheir
widerangeof gpplicaions®. ZnOisaversatilematerid
that has achieved applicationsin photo-cataysts, solar
cedls, chemica sensors, piezod ectrictransducers, trans-
parent e ectrodes, € ectroluminescent devicesand ultra-
violet laser diodes”® . ZnO hasawideband-gap of 3.37
eV andrather large exciton binding energy, which makes
theexciton state stable even a room temperature.

Magnetic, electrical, optical, and catal ytic proper-
tiesof ZnO aremostly size and surface dependent. At-
temptg®*Y have been madeto improvethese proper-

ties and enhance the industrial applications of ZnO
nanoparticles. Doping of ZnOwithIband lIbtrangtion
elementsisrelatively lesscommon comparedtollIb
elementssuch asAl. Doping of ZnO with metal and
transition metal smight shift the optical absorption of
ZnOtothevisibleregion, i. e. to longer wavelength.
Doping of ZnO filmswith cobalt (Co)*¥ hasreported
to significantly decreasethe band gap of cobalt-doped
ZnOfilmsresultantly causes hyperchromic shiftinits
optical absorption. It has been reported to significant
decrease the band gap of ZnOto 2.75eV. It wasre-
ported that M g dopant increased the band gap of ZnO
nanocrystal whileit was decreased by Cd dopant!*4.
Therefore, very few reportsin Cd-doped ZnO have
been published so far. Recently, Cd-doped ZnO
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nanotubes have been reported™. Very recently, we syn-
thesized the M g-doped ZnO nanoparticlesby smple
solution method“. It wasfound that thedoping of ZnO
withMgincreased the band gap of ZnO.

Sdf-assembly of nanocrysta sprovidesan elegant
bottom-—up method for the preparation of extended,
highly ordered nanostructureswith potentialy useful
properties?s1, Hierarchical self-assembly methods
generdly employ templatemediated directiona order-
ing of monolayer functionalized nanoparticlesinto 1D-,
2D- or 3D- structures under the influence of supra—
molecular interactions®®. However, recent observaions
of aggregation based nanoparticle self-assembly inar-
tificial systemd*¥, and natural bio-mineralization pro-
cesses? reveal ed an dternate coarsening mechanism
wherein defect-less, extended, artificial solids are
formed by the mesoscal e crystallization of colloidal
nanoparticles. Spherical structuressuch asmesoscae
and hollow spheres have been reported for transition
metal doped ZnO2+24, Hollow spheresoffer possibili-
tiesin material design for applicationsin catalysis,
nanod ectronics, nano-optics, drugddivery systems, and
asbuildingblocksfor lightweight structural materiad $%.

Herethesynthesisand characteri zation of Cd-doped
ZnO hollow/disc-like nanostructure arereported by us-
ingNon-basicsmplemethodwith particlesize~3to~6
nm, without the ass stance of base, templateand surfac-
tant. Inthisletter, thechangesinthestructura, morpholo-
giesand opticd propertiesof ZnO nanoparticlesand Cd-
doped ZnO nanostructuresare al so discussed.

EXPERIMENTAL

Themethod of synthesiswasthesameasused € se-
wheré*?, Zinc acetate dihydrate, Zn(Ac),.2H,0 (99.9
%, Sigma Co.), cadmium acetate tetrahydrate
(Cd(Ac),.4H.0) (99.9 % Sigma Co.) and methanol
(99.9 % Sigma Co.) were used as received, without
further purification. In atypica experiment, 0.01 mol.
of Zn(Ac),.2H,0 and the respective amount of
Cd(Ac),.4H,0 weredissolved in 50 ml of methanol
under vigorousstirring at room temperature and then
ultrasonicating for 10 min. A clear transparent solution
was obtained. The solution was heated at 65 °C under
reflux for 12 h. The precipitateswere carefully collected
and washed with absol ute ethanol several timesto re-
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movetheionspossibly remaininginthefina products,
thendried at 60 °C for two hours. The color of precipi-
tateswaswhite with the dopant of cadmium.

The UV-vis absorption spectra of ethanolic
nanoparticle solutions were recorded with Hewlett
Packard8453 spectrometer. Scanning €l ectron micros-
copy (SEM) was performed with a Philips X130
ESEMFEG with energy dispersivex-ray (EDX) spec-
troscopy. Thetransmission e ectron microscopy (TEM)
andysswasdonewithaTecna F300transmissoneec-
tron microscope. Crystal structureidentification and
crystd szeandysiswere performed withan XDS2000
X-ray diffractometer, (Scintac Inc.,USA) with CuKa
radiation source and scan rate of 2°/min.

RESULT AND DISCUSSION

Figure 1 shows the XRD patterns of Cd-doped
ZnO asprepared samples. The XRD analysis shows
that al samplesexhibited thesinglecrysta of hexagond
wurtzite structurein correspondence with JCPDS da-
tabase of card number 36-1451, without the appear-
ance of any secondary phase, suggesting that Cd in-
corporated totheZn*2 sitesinthe crystal. The pattern
can beindexed for diffractionsfromthe (100), (00
2),(101),(102),(110),(103) and (112) planesof
wurtzite crystalswith lattice constantsa=0.324 and ¢
=0.523 nm, which correspond to ZnO. Themost in-
tensepeak (101) isat 37.5°, showsasdlightly shifting
towardshigh anglesideson Cd?* doping in comparison
tothat pureZnO. Thelattice expansionindicatesthat
thesubtitutionof smdler Zn*2ion (withionicradius0.60
A)bythelarger Co?*ion (withionicradius0.74 A) takes
placeontheequivaent crystal ographic position Zn*2in
hexagona wurtzitestructure. The percentageof Cdin
the doped ZnO samples(TABLE 1) obtained by EDX
anaysisshowsthat theamount of Cdincorporatedinto
ZnO matrix ismuch smaller than theactua amount of
dopants added during the synthesisbecausealittle Cd
doping did not changethecrystd structureof ZnO, which
isastable phase (thewurtzite phase). Theincreasein
peak intensity over Cd dopantsasisshowninFigurel
could bettributed to theincreasein the particle S ze of
ZnO, whichisinagood agreement with previousre-
ported result™. The particlesizes estimated from the
FWHM of (101) diffraction peak using the Scherrer
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formuld?. Theparticlesizeisincreased from3to 7 nm
for Cddopinglevel from 0to 10 % indicating that the
Cddopant (larger ionicradiusiswdl integrated into the
lattice by taking place of Zn (smdler ionicradius).
Themorphology of the productswasanadyzed with
canning eectronmicroscopy (SEM) andbright fid d trans-
miss on eectron microscopy morphology (TEM). Figure

(101)

(102) (1_@ (103) (112)

Intensity (a.u.)

26 (degrees)
Figurel: XRD patternsof Cd-doped ZnO nanostructure(A)
purezZnO, (B) 3%, (C)5%, (D) 7% and (E) 10 % of Cd.
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TABLE 1: EDX analysisof Cd-doped ZnO samples

Element undoped 3at.% 5at.% 7at.% 10at.%
Cd (%) 0 049 055 1.12 1.17
Zn (%) 99.80 9951 99.45 98.88 98.83

2, SEM images show the morphol ogy change of prod-
uctswithincreasing Cd dopantlevd . InFgure2aspherica
nanoparticleswereobtaned for pureZnO nanoparticles.
Figure 2(b-e) presentsthe obtained ZnO nanostructure
containing Cd dopant percentages (b) 3%, (¢) 5%, (d)
7%and (€) 10%. The SEM imagesshow theformation
of hollow sphere/ disk-likenanostructure. Their struc-
tureswereporouswith vacanciesat their centers. More-
over, thisfigureshowsthegrowth of hollow sphere/ disc-
likenanostructureon Cd doping of ZnO.

TheTEM micrograph of Hgure3demondratesalarge
scdeoveaview imagesof theobta nedthepheressamples
Theformation of sphereswithlargely uniform structure
confirmed that thesynthes sprocesseffectively generated
gpherica productswithwell-confined Sructure. Thesizes
of thespheresin Figure 3weremeasured by TEM. The
measured sizeswereincreased from 100 to 900 nm by
Cddopinglevel from 3%to 10 %. Figure4 (a-€) shows
theHRTEM micrographsand histograms of Cd-doped
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ZnO nanoparticles(a) pureZnO (b) 3% (c) 5% (d) 7%
and (e) 10 % of Cd. The TEM micrographs show the
mostindividua nanopartidesareof Szes3-6nm, whichis
consgtent withtheresult cd culated from XRD deata
Obvioudy, based onthe experimenta resultsmen-
tioned above, the role of incorporation of Cd on
microgpheresformation could beexplained asfollowing.
Theimportant point isthat thegrowth rate of pureZnO
wasvery fast inwhich ZnO separated from the colloidal
solution after agingtimeof 1 hr. Onthe contrary, avery
dow growthrateweregreatly controlled by Cd dopant
level in thereaction mixture. It wasfound that there-
quired agingtimefor complete separation of Cd-doped
ZnOfromthecolloidd solutionwaslonger at higher Cd
dopant level. Asthedopant level increased from 3%to
10%, theaging timeincreased from 3to 7 days. It can
be now specul ated that the growth rateisassumed to be
governed by Cd dopant level whichmay inturnincresse
the aging time of reaction product before separation.
Furthermore, the SEM micrographsof samples(Figure
2) clearly reveal sthat the microspheres of Cd-doped
ZnO aremade up of numerousnanos zed nanoparticles.

0.2 pme
-

Figure3(a-d): TEM miéfograph of Cd-doped ZnO nanostructurefor (a) 3%, (b)5%, (c) 7% and (d)rl
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Thefine nanoparticlesarereasonably self-aggregated
spontaneoudy into sphericd structurewhen the product
mixturewas aged for aperiod of morethan threedays.
The optical properties of the Cd- doped ZnO
nanostructures were studied by UV—Vis absorption
spectroscopy. Figure 5 showsthe room temperature
optical absorption spectraof undoped ZnO and Cd-
doped ZnO nanoparticles. The UV-Vis absorption
spectrum showsthecharacteristicband of ZnO . A clear
shiftintheabsorption bandisseenin ZnO nanopartides
doped with Cdion . AstheCd doping level isincreased
from 0to 10 %, the absorption band shiftsfrom 341 to
355 nm, indicating a decrease in the band gap from
3.63t03.51 eV. Higher doping levelsresultin more
pronounced shiftsof the band gap of Cd-doped ZnO
nanoparticles. It isreasonabl e to expect the band gap,
E,to decreasewith increasing of Cd dopant, sincethe
band gap of CdO (bulk band gap = 2.3 eV) islower
than that of ZnO (bulk band gap = 3.3 V). Further-
more, anumber of previousexperimenta and theoreti-
cd investigationshave proposed size effectshavelittle
influence ontheband of ZnO nanoparticles?’

Al um 3 “.._, ol % 2 e l'_"".,
0% of Cd.
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Figure4: TEM
10% of Cd.
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Figure5: UV-vis. spectraof Cd-doped ZnO nanostructureat
room temper ature.

CONCLUSION

Inthiswork ZnO spherical nanoparticlesand Cd-
doped ZnO nanostructure have been produced through
anon-basi ¢ sol ution process. Theobtained resultshigh-
light afacile, template-free and non-basi ¢ processfor
theformation of uniform spheres. Thegrowth rate of
sphericd structureinto larger scal e could be controlled
by adjusting theaging timeof thereaction product. The
XRD patterns, SEM and TEM micrographs of Cd-
doped ZnO reved ed the formation of hollow spheres/
disc-likewith different sizesof (100- 900 nm), Cd dop-
ing shiftstheabsorption band to red (341-355 nm) with
Cd dopinglevelsfrom 0to 10 %.
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