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ABSTRACT

Cerium oxide nano particles are synthesized by solvent free method using cerium nitrate as starting material and
glycerol asorganic dispersant. The material was characterized by XRD, SEM, UV - visible and fluorescencetechniques.
XRD analysisrevealed that the cerium oxide nano particles hasface centered cubic structure. Theaveragegrainsize
was about 59 nm. The surface morphology of the compound was carried out using SEM and the particles forms a
nano tubular structure which grows up to 3 nm. The EDAX spectrum reveal s the purity of the compound. The UV-
spectrum shows amaximum at 338 nm which isdueto the charge transfer from oxygen to ceriumin cerium dioxide.
The fluorescence spectrum shows three emission around 378, 438 and 484 nm.
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INTRODUCTION

Cerium dioxideand ceriabased materia shavebeen
investigated widdy inrecent yearsdueto its potential
goplicationindectronic, ceramic, ultraprecisepolishing,
gassensor, catalysis, solid oxidefue cellsand so on™
4. Because of its excellent ionic conduction, doped
cerium oxide nano particlesare promising el ectrolyte
materid sfor SOFCY. Hencetheextensiveresearchis
going oninthesynthesisof cerium oxidenano particles.

Many synthetic gpproachessuch as Precipitation,
So-gel method!™, microwave assisted hydrothermal
process®, electrochemical process®, combustion
method*?, direct sono chemical route™ and the gas
liquid co—precipitation have been used for the
preparation of Cerium oxidenano particles'?. Uekawa
eta. prepared CeO, fine powdersby forced hydrolysis
at 383 K in polyethylene glycol §*3. They found that
thereaction performedin polyethyleneglycol solution
with higher mol ecul ar weight favored theformation of

mono dispersed CeO, powders. Verdon et all*
adopted solvo therma method inthe preparation of sub
micrometer CeO, particlesat 150 bar. Microemulsion
isavery efficient method for preparing highly mono
dispersed cerium oxide nano particles.

In al the above mentioned methods of synthesis,
either atoxic solvent or expensivecapping agentshave
beeninvolvedinthepreparation of synthess. Synthesis
of zinc oxide nano particleswas already reported in
our earlier publication*¥. Thisisfor thefirsttimewe
arereporting the synthes sof cerium oxidenano particles
of high purity through asolvent free, ecofriendly anda
high economic method. The absence of solvent inthe
synthesisavoidsthe contamination from thesolvent and
hence pure compound isobtai ned.

EXPERIMENTAL

All thereagentsused were of andytica grade purity
and hencewereused without further purification. Cerium
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nitrate hexahydrate Ce(NO,),. 6 H,O.A.C.S. reagent
(sgmaAldrich 99% purity by weight) and the glycerol
(anhydrous) wasobtained from Merck.

Prepar ation of cerium oxidenano particles

About 4.3 g of cerium nitrate hexa hydrate was
welghed and madeinto apastewith glycerol ina50ml.
dlicacrucible. Theamount of glycerol (stabilizing agent)
was adjusted after several trials. Thetemperature of
the muffle furnace was initialy kept at 50°C. The
temperature of thefurnacewasd owly raised to 200°C
after the sample was kept inside the furnace. The
nanoparticlesformed areannedled a 800°C for 6 hours.
The dslight yellow crystalline powder obtained was
characterized.

Characterization

The morphology of the compound was examined
by scanning e ectron microscope (SEM) using Hitachi
Su-6600. Thedementa andysiswerecarried out using
theenergy disperdve X - ray andyss(EDAX) technique.
Thex-ray diffraction patternswas studied using scifert
— X —ray diffractomer with a CuKa radiation. The
diffracted intengtieswererecorded from10to 70 angle.
TheaveragegrainSzeof thesamplewasestimated usng
Scherer equation!*®.

Theabsorption spectraand emission spectrawere
recorded using Cary 100 Bio UV-Visible
spectrophotometer and Fluoromax-4P
spectrofluorometer respectively. For spectra analysis,
thecerium oxidenano particlesaredispersedin HPLC
methanol with the help of asonicator. Cerium oxide
nano particlesare sonicated in methanol for 10 minutes
and the spectrum wasrecorded at room temperature.

RESULTSAND DISCUSSION

Sructureand morphology characterization

The characteristic peak corresponding tothe (111),
(200),(220),(311),(222) and (400) arelocated at 20 =
28.54, 33.07,47.47, 56.33, 59.07, 69.40 respectively.
All thediffraction peaks agreed well with the standard
valuesfor the face centered cubic structure of cerium
oxide. Thevaduesmatcheswell withthe JCPDS number
81-0792.The absenceof extrapesk clearly tell thepurity
of thesample. Theaveragecrystdlinesizewasobtained
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fromtheScherer formula
D =0.9)/ Bcos0 (@)

Wherep is the full width half maximum and it is about
0.24for the(111) plane. The X value = 1.5406 and the
20=28.54 for the (111) plane. Theaveragegrainsize
of the cerium oxide nanoparticle calculated isaround
59 nm.

The surface morphology of the sample was
examined using the SEM. Figure 2(a), (b) and ()
represent thesurface morphol ogy of theprepared cerium
oxide.

The SEM imagereveal ed that therewerevarious
sizesof particlesinthe prepared sample. Thelargest
particlesare composed of small crystallitesand show
particle aggregatesof irregular shapesand larger sizes.
Thesnglenanorod growsevenupto 3 um. The energy
dispersive X-ray spectrum in Figure 3 performed on
the material s suggests the existence of Cerium and
oxygen apart from the carbon peak. The carbon peak
isdueto the surface of the sample sprayed with carbon.
Theabsence of any other extrapeak clearly reved sthe
purity of thesample.

The EDAX spectrumin Figure 3 and the datain
theTABLE 1 clearly showsthat theweight percentage
of cerium and oxygen isapproximately 1:2.

M echanism
Cerium nitrateon hesting it becomescerium oxide
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Figurel: Showsthetypical XRD pattern of theasobtained
nano particles
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Figure 3 : The EDAX spectrum for the cerium oxide
nanoparticle

TABLE1
Element Weight% Atomic%
CK 3.93 14.07
OK 23.69 63.70
CelL 72.39 22.23
Totals 100.00
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Figure4: UV—-Visible spectrum of cerium oxide nano particle
by calcinationsat 800 °C using methanol as solvent

makesthereaction green.

15,0k 10.8mm x15.0k SE U 5 00um Optical characterization
Figure2: A, B & C. SEM micrograph of the cerium oxide Optical propertiesof the samplewere characterized
nano particles by UV absorption and fluorescence spectrophotometer.
andnitrogen dioxide. Glycerol actsasastabilizing agent Thedight yellow crystalline powder wasinsolublein
to avoid agglomeration. water and amost in all organic solvents. The UV-
Ce(NO,),—> Ce0, +2NO, Spectra was recorded for the sample dispersed in

methanol solution.

The absence of solvent and other by products Figure 4 showsthetypical absorption spectrum of
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the synthesized CeQO, nano particles. A strong blue
shifting absorption peak below 400 nm (at 338 nm) is
originated fromthechargetransfer between the oxygen
and ceriumin CeO,". Theapproximatebandgap value
cdculatedfromthe), , usingtheformulagivenbelow.
Energybandgap=1.2/2__ (eV) 2

The band gap value calculated from the above
equation is around 3.5 eV. The photolumnescence
spectrum of cerium oxidewasrecorded by many groups
and afew of properties on photoluminescence have
been reported intheliterature earlier®,

Theroom temperature photoumi nescence spectrum
(RTPL) of the CeO, nano particleswasrecorded a the
excitation wavelength 338 nm using fluorimeter is
represented in Figure 5

Intensity
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Figure 5 : The fluorescence spectrum of cerium oxide
nanoparticleusing methanol assolvent

The emission spectrum showsthree characteristic
peaksoneat 378 nm, 438 nm and 484 nm respectively.
Thesethree emission peaks are characteristic of rod—
likeCeO,nanopartided™. Theinvestigation showed that
theemission bandsranging from 400to S00nmfor CeO,
samplearedtributed to thehopping from different defect
levesof therangefrom Ce4f to O 2pband. Itissuggested
that thestrong emission pesak a 484 nmisrelaedtothe
abundunt defect such asdidocationswhichishe pful for
fast oxygentrangportation.

CONCLUSION

The CeO, nanoparticles were successfully
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synthes zed by the sol vent free and eco friendly method.
Thestructurd and optical characterizationwerecarried
out using XRD, SEM, absorption and fluorescence
measurementsrespectively. The XRD spectrum shows
the nanoparticles are crystaline pure phase CeQO,
nanoparticleswith face centered cubic structure and
the mean grain size was around 59 nm. The sample
showsabsorption maximum a 338 nmand d so exhibits
room temperature photoluminescence of the bluelight
at 378 nm, 438 nm and 484 nm respectively. Thecurrent
Investigation provesthat thisisthesmplest methodin
thesynthesisof nano particles.
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