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ABSTRACT

Cerium phosphate was synthesized by co-precipitation method — the base
salt. This base salt was doped with zinc having different molarities. Their
structure and morphol ogy were characterized by X- ray diffraction (XRD),
Fourier transform infra red spectroscopy (FTIR), scanning electron
microscopy (SEM) and transmission el ectron microscopy (TEM). Optical
propertieswereanalyzed by UV — Visible absorption and diffuse reflectance
spectra, Raman spectra and Photoluminescence spectra. The observed
photoluminescence of the sampleisattributed to various defectsresulting
from crystallization and also due to the amount of Ce* in mixed oxide
system. Violet, Blue, Green emissions were observed which make our
samples useful in photonic devices. lon exchange studies were carried
out on protonated base sample. Chemical composition was obtained with
energy dispersive X- ray spectroscopy (EDS). Dielectric constant and
losstangent were determined. Thermal stability analyzed with TGA/DTA.
© 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION and UV absorbing property of cerium based inorganic

ion exchangemateriadsinthenanoform haverdatively

Now aday’s inorganic ion exchange materials are
gaining much importance owingto their ability tore-
move pollutants, especialy environmental ones. Tet-
ravalent metal acid (TMA) saltsare novel materias
amongst inorganicion exchangersand can be synthe-
sized in both amorphous and crystallineform(*¢l, Ce-
rium compounds havereceived specia attention for
various applications owingto their redox properties
(Ce* <> Ce*), cataytic activity, eevated oxygen trans-
port, oxygen storage capacity (OSC) and more over
their thermd gtaility. Although, numerousion exchangers
inthe bulk form have been reported earlier, theion ex-
changing property, did ectric study, luminous property

been untouched. Certain other ion exchangerswere
prepared by our group™®, now we could improvethe
crystalline nature of the product. Inthe present study,
cerium phosphate, in nano form was prepared by co-
preci pitation method. It was doped with Zn of different
molarities.

EXPERIMENTAL

Material and methods

In the present endeavour, Cerium phosphate has
been synthesized by co- preci pitation method. Aque-
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oussolution of Ammonium ceric sulphateand disodium
hydrogen phosphatein appropriate molar ratioswere
used as starting material's. Ammonium ceric sulphate
and disodium hydrogen phosphate were obtained from
Merck or BDH and used without further purification.
All reagentsused were of GR or AR grade. Ethylene
diaminetetraacetic acid (EDTA) was used asacap-
ping agent to stabilize the particle against agglomera:
tion. Theprecipitated samplewaswashed severa times
with distilled water and then with ethanol. Thesample,
cerium phosphateisallowed to dry naturdly, and thisis
base sample P. The base sample Pwasdoped with zinc
of different molarities (0.01, 0.02, 0.03, 0.04 M) and
the sample codes were F1, F2, F3, and F4 respec-
tively. The crystal structure, phase purity, morphol ogy
and chemica compaosition of the prepared sampleswere
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characterized by XRD, SEM, TEM, FTIRand EDS
studies. Thecation exchange property of sample Phas
been expl ored by column method. Inaddition, UV ab-
sorbance— diffuse reflectance, photoluminescence,
Raman studiesand dielectric studieswered so investi-
gated. Thermd stability wasanalysed with TGA/DTA.

RESULTSAND DISCUSSIONS

X —ray diffraction analysis

X-ray diffraction (XRD) pettern of thesampleswere
recordedinthe 26 rangefrom 10°to 60’ a anincidence
angleof 1'with Bruker AXSD8Advancediffractometer.
XRD profilesof theas prepared and doped samplesare
showninFigure 1. All the peaksin sample Pwerein-
dexed to anorthic phase of CePO, Thesewere compa-
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Figurel: X-ray diffraction pattern of samples1(a) P, 1(b) F1, 1(c) F2 and 1(d) F4. Anorthic structureremainsstablew.r.to

doping. Noimpurity phaseswer e observed
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rablewiththevauesfrom JCPDS 77-1507. Zinc doped
samplesaso exhibit anorthic phasewith no other impu-
rity phases. Someamount of pesk shifting wasobserved
indoped samples. XRD profilesindicatethat the pre-
pared samplesarecrydalinein natureand broadeningin
the pesksindicatesthat thecrystdlitesaresmalerinsze,
From XRD profilemicro structural parameterssuch as
crystdlitesze didocaiondengty, miccostrananddas-
ticstrainwereca culated.

SEM analysis& chemical composition (EDS)

Thesurfacemorphol ogy of the samplewasobtained
by scanning electron microscope (SEM) on a JEOL
Model JSM - 6390LV scanning e ectron microscope
and Elemental composition (EDS) onaJEOL Model
JED — 2300 energy dispersive spectrometer. SEM im-
ageprovidesinformation on themorphol ogy of the pre-
pared sample. It isinferred from the SEM micrograph,
that particlesarerod shgped and evenly distributed. This
wasconfirmedwith TEM imageFigure3(a). Chemical
composition and product purity of the prepared sample
was confirmed by EDS, Figure2. EDSisan anaytical
technique used for the dlementa analysisor chemical
characterization of asample. Qudlitativeandyssinvolves
theidentification of thelinesinthespectrum. Quantitetive
anadysis(determination of the concentration of theele-
mentspresent) involvesmessuring thelineintensitiesfor
each dement inthesample. In addition to ceriumand
phosphorous pesks, apeak dueto oxygenwasobserved
inour sample, which can beassgned dueto theoxygen
storage capacity of the prepared sample. Since Cerium
compounds can become non — stoichiometric in oxygen
content, it cangiveup oxygen without decomposing or it
can release or takein oxygen. During rich conditions,
Ce* isreduced to Ce* and releases Oxygen. During
lean conditions, it takesup O and thereversereaction
occurs. It is reported that Cerium compounds were
promising candidatesfor catalytic gpplication owingto
thisproperty!®1, EDS, [Figure 2] showsthe presence
of Ceriumat 0.8eV (M_line),4.839¢V (L line),5.199
eV, 5599 eV (L, line). Phosphorousat 2.013 eV (K,
line) and Oxygenat 0.525eV (K _ line) withnoimpurity
peaks present.

Thisconfirmspurity of the prepared sample. From
EDSandys spercentageof each dementspresentinthe
samplewerecalculated and ispresentedin TABLE 1.
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Fig. 2 EDS of sample P. No impurity peaks were present
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TEM analysis

HRTEM imageisobtained with JEOL JEM 2100.
Figure 3(a) isthe TEM image and SAED pattern of
cerium phosphate nano rods.

TABLE 1: Chemical composition of sample P from EDS
analysis

Element / Shell kev Mass % Atom %
Oxygen K 0.525 51.76 78.31
Phosphorous K 2.013 21.94 17.15

0.800
Cerium L 4.839 26.3 4.54
5.199

Fig3(b) istheHRTEM imagedisplayslaticefringes,
indicating highly crystalinenatureof thematerid. From
thefigureitisclear that slight agglomeration of par-
ticles, which can bedueto thefact that materia s syn-
thesized in water medium becomes agglomerated due
to high capillary forcesand hydrogen bonding of weter.

—= Ful] Paper

water. Thetotal weight loss correspondsto two mol-
ecule of water (7.793 %), present aswater of crystal-
lization, whichisin closeagreement with thetheoretica
vauecdculated (7.515 %). From DTA curve pesk tem-
peratureis 100 C.

Second stage of decompositionisfrom 158 C to
211.5' C. Themasslossinthisstageis 13.617 %, which
correspondsto theremova of two molecule of oxygen
out of thewholesample. Theoreticdly itisabout 13.36
%. Peak temperatureis 188.97°C.

Third stage of decomposition starsfrom 212'Cto
857 C. Peak temperaturein this stageis 786.84° C.
Total masslossduring thisstageisfound to be 39.847
% (13.617 + 26.23). These two stages are attributed
to thedecompasition of the phosphatemolecule (Theo-
reticaly itis39.66 %), and itselimination. On further
heating, thereisno significant lossis observed which
indicatesthe stability of themetd oxide system.

18 08 100 200 300 400 500

Temperatues ("C
Fig 4 TGA/DTA curve of sample P

TGA/DTAanalyss

Thermo gravimetric analysiswas done on Perkin
Elmer, Diamond TG/DTA. Samplewas heated from
40'Ct01020°C, at aheatingrate of 10°C/minin Nitro-
gen aimosphere. The TGA/DTA curvesfor samplePis
shownin Figure 4. Thefirst stage of decomposition
startsfrom 41°'C and ends at 100°C. Themasslossis
4.822 % correspondsto theloss of amol ecule of wa-
ter (Theoretically itis 3.8 %). The next stageisfrom
100'Ct0 157.69°C. Themasslossis 7.793 % which
corresponds to the removal of another molecule of

UV —Visand DRSstudies

Optical reflectance and absorbance data of the
sampleswere measured in therange of 200—2000 nm
using aVarian, Cary 5000 spectrophotometer havinga
resolution of 0.05 nm. To anayzethe e ectronic prop-
ertiesof the prepared sample Kubelka— Monk func-
tion F(R) was*?™® used, where R isthediffusereflec-
tance of agiven wavelength. Figure5 showsUV — Vis
absorption spectra of cerium phosphate and doped

cerium phosphate nanoparticles.
Absorption spectrashow apeak a 275 nmwhich
flano Science and n.“;,';::;w
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Figure5: Absorption spectraof samplesP, F1, F2, F3and F4.
Blueshift isobserved in doped samples

isthe characteristic absorption***4%3 peak of Ce*. This
wasin close agreement with thetheoretical value (203
—276 nm) of Ce*. Thiscan beexplained asduetothe
f —d transition from 4f* ground state to the 5d' state of
Ce*. Absorption spectrashow that sampleswere al-
most trangparent in thevisibleregion and absorb ultra:
violet radiation strongly and dight absorptioninthelR
region. On doping, transparency inthevisibleregion
increases, UV absorbanceincreases considerably, and
blue shift is predominantly observed in the doped
samples. Asaresult band gap shiftsto higher value.
Important requirementsfor the UV shielding nano ma-
teria arethat it should absorb UV radiation strongly
and should possessacut off wave ength nearly between
350- 400 nm. Thismeans energy band gap!*® should
approximatey in between 3—4 eV. Moreover material
isto betransparent inthevisibleregion. Theserequire-
ments agreewel | with our results. So we suggest this
material asagood candidatefor sunscreens.
Therdation between the absorption coefficient (o)
and theincident photon energy hv™ isgiven by, (ohv)?
=k (hv— Eg) wherek isproportionality constant, ais
the optical absorption coefficient and E, isthe band
gap. Theband gap isdetermined by extrapol ation of
thelinear portion of (ahv)?versus(hv) plot asshownin
Figure6. Two distinct band gap values were obtained
in doped samples, oneistheactua band gap and the
lower vauecorrespondsto trangition from defect level.
From Figure6, itisclear that in doped samples, addi-
tional levelsare created in between valence band and
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conduction band, schematically thiswasdepictedin
Figure 6(d). Thismay bedueto thefact that on doping
with zinc, defectslevel sand oxygen vacanciesarecre-
ated and which modify thedensity of statesinthesys-
tem, resultsin modified band gap. Thiscan aso becon-
firmed with PL studies. The energy band gaps of the
samplesare 2.8, 3.6, 3.73,3.87and 4 eV.

Photoluminescenceanalysis

Photolumi nescence measurementsweredoneona
Perker EImer LS 45 Fuorescent Spectrometer. Figure
7 shows the photoluminescence (PL) spectra of
undoped and doped sampl es.

On excitation with 290 nm, the undoped sample
givesabroad PL peak inthevisbleregionandfor doped
samples peaks around 456 — 480 nm (blue), 528 nm
(green) which are characteristic of the Ce* statewere
observed. In addition to these bands, 330— 375 nm
(near - band- edge emission), 420 nm (violet) were
a s0 observed. Green emission band arisefromthere-
combination of photo generated holewithasingly ion-
ized defect such as oxygen vacancy®. In doped
samples, photol uminescenceincreasesand luminescence
property changesfromvisibleto ultraviolet region. This
impliesthat on doping moredefect level sareintroduced
in the sampl es and the concentration of the Ce** ions
areincreased. Thisis aso observed in UV studies.
Therearelots of oxygen vacanciesand defect energy
levelsexist between Ce“4f” and O “2p’ level which is
responsible for the broad PL peak. Electrons were
trapped in defectslevel s, which resultsintheformation
of F center and these electronsweretransmitted from
defect level to O 2p level and formspeak around 330
— 375 nm, which is the near- band- edge (NBE) emis-
sion. Near — band — edge emission can also be due to
therecombination of free or bound excitong*d. Violet
and Blueemissiond® arereported earlier inthe case
of Cerium phosphate nanofiber and ceriumoxidethin
film929_ |n Ceriumion, 4f eectronsarewd | shielded
fromexterna chargeby 55° and 5p° shdlls. Optica prop-
ertiesof therareearthionsaredueto transition of the
shielded inner 4f electrong?Y. Such shieldingleadsto
discrete and well defined energy level sand resultant
trangtion leadsto multiple pesks. Blueemissoncanbe
atributed tothede—excitation of Ce* ionsfrom*®D,,,
excited state to the split ground state *F,, and *F,,.

A i Pl ———————
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Figure6: Band gap for samples6(a) P, 6(b) F1, 6(c) F4 and 6(d) schematicrepresentation of defect level screated on doping.
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Figure7: PL spectra of samplesP, F1, F2, F3and F4. On
doping mor edefect levelsand oxygen vacanciesar e created,
asaresult emission intensity increases & extendsfrom UV
tovisible

Moreclearly, energy level sformed by oxygen vacan-
ciesareabove Ce ‘4f’ band states and under Ce ‘5d’
level. When thematerid isexcited, valenceband elec-
tronsmaketranstionto the defect statewithin theband
gap. Fromthisdefect state, the electron will undergo
multipletransitions. Ce** ionspresent inthecrysta | at-
tice create atrap state above vaence band and corre-
spond to the Ce 5d-4f transition (blue emission) with
high UV absorption dueto dlowed e ectric dipoletran-
stion and thusrare earth phosphate materiad sare good
materialsfor photonic devices 5192223, Peaksat 480
nm and 528 nm are characteristic peaks of Ce** state.

3.7FT-IR studies

Fourier Transform Infrared (FT-IR) spectraof the
samplesinthetransmittance modewererecordedin
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therange of 400—4000 cm™* with aresolution of 4cm
tonaThermo Nicolet, Avatar 370 spectrophotometer,
using KBr pdlet method. Theformation of desired crys-
tal phasesfor different synthetic conditions can be ob-
served from theinfrared spectroscopic studies, Figure
8. In Cerium phosphate and other doped samples, a
broad peak is observed at 3430 - 3130 cm * dueto—
OH stretch and peak at 1630 cm isattributed to aquo
(H—-O-H) bending mode. Peak at 1400 cm™ repre-
sents P — O stretch and 6 POH, peak at 1060 cn?
assignableto symmetrical stretching vibration dueto
(PO,)*. Sharp peak at 625 cmr*and 520 cm™* can be
dueto metal oxide stretching vibration*451424, These
bandsare characteristic of hydrous Cerium phosphates
(25261 Nloimpurity phases could be observed in the spec-
trum, confirms purity of the prepared sample. Most of
the peaksin the doped sample occur moreor lessin
the same position except that observed at ~ 3430 cn.
Samples F1 and F2 show thisband at 3138 and 3160
cm™. Thiscan be dueto thenon— stoichiometric oxy-
gen content in cerium compounds and dueto oxygen
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Fig.8 FT-IR spectra of samples P, F1, F2, F3 and F4
exchangereactiong’®, EDS spectrum also showsa
strong peak dueto oxygen.

Raman studies

Raman scattering isapowerful characterizingtech-
nique used to analyze thelattice defect and the doping
concentration of amaterial. Raman spectrawere ob-
tained using Raman spectrometers excited by anAr*
laser. The Raman spectra of undoped and doped
samplesaredepictedin Figure9.

Raman active bending vibrationsv,and v, inthe
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Figure9: Raman spectraof samplesP, F1and F3

range 400 — 590 cm™, were observed. ThisistheF,
modeof cerium compounds?’. Bandsinthehigher fre-
quency range 945-1044 cn? correspondsto symmet-
ric stretching vibrationsv, and v, of phosphate group.
The lower frequency band 224 or 238 cm’?, corre-
spondsto thelattice mode of vibration which can be
attributed to thevibrations of cations.

I on exchangecapacity (IEC) studies

Theion exchange capacity of theundoped sample
wasdetermined by column method™+524, Theion ex-
change capacity (IEC) of theexchanger, inmilli equiva
lent per gram (meg gm'?) isgiven by (av/w), whereais
themolarity of NaOH solution, v thevolume of NaOH
required for titration and w the weight of theion ex-
changer. Here, ion exchange capacity of cerium phos-
phatewith akali metal ionslikeLi*, Na', K* and dka
lineearthmetd ionslikeMg?*, Ca?*, Sr?* and Ba?* were
studied and tabulated in TABLE 2. From the data.ob-
tained, itisclear that for univaent and divalentions, the

TABLE 2: lon exchange capacity — univalent and divalent
ions

Exchanged Hydrated ionic  Exchange capacity
ion radius (pm) (meq gm™)
Li* 340 0.28
Na" 276 0.35
K* 232 0.42
Mg®* 700 0.34
ca 630 0.42
st 610 0.50
Ba™ 590 0.60
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exchange capacity increaseswith decreasein hydrated

ionicradii, which agreeswell with val uesreported ear-
lier [31229.30]

Dielectric study

For dielectric studies, pelletswere prepared using
KBr PressM — 15. Diclectric studies were done with
HIOKI — 3252 LCR meter. Dielectric property of
nanomaterid sisduetothedifferent typespol arizations
present inthematerial anditisentirely different from
that of bulk materias. Innanomaterids, bothgraininte-
rior and grain boundary contributeto thetotal conduc-
tivity which affectsthe die ectric property®. AC el ec-
trical and dielectric propertiesof the prepared samples
were anayzed by measuring capacitance (C), phase

—= Fyl] Paper

angle(p), themodulusof complex impedance (Z), dis-
sipationfactor (D) and quality factor (Q) of thesamples
using impedance spectroscopy over afrequency range
100 Hz to 1 MHz. For this, pellets of undoped and
doped sampleswere prepared, using acombination of
uniaxia andisogtatic pressing. A 13mmdiameter hard-
ened sted pressing diewas used and approximately 2
gm of thefine powdered samplewas|oaded into the
die. It waspressed to 5 tonsusing aKBr Press model
M —15. No binder was used. The resulting pellets were
used for thedielectric studies. Variation of dielectric
constant, didectriclossand conductivity withthesigna
frequency at room temperaturefor afrequency range
100 Hzto IMHz isdepictedin Figure 10 (a), (b), and
(c). From Figure 10(a), it isclear that all the samples
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Figure10: Variation of (a) Dielectric constant (b) L osstangent and (c) Conductivity with frequency. Dielectric constant

increaseswith doping
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exhibit high didectric constant at |ow frequenciesand
decreaseswith the applied frequency. Itiswell known
that nanocrystallinematerial consist of lot of grainsor
grain boundaries. Mg ority of theatomsresideingrain
boundaries which contain defects such as dangling
bonds, oxygen vacanciesetc. These areresponsible
for space charge distribution at interfaces. On the ap-
plication of externd dectricfidd, gpacechargecanmove
and cause change of dipole moments, when they are
trapped by the defects causes space charge polariza-
tion.

Inadditiontothis, ionsand vacanciesplay anim-
portant roleinthedie ectric behaviour of amateria es-
pecidly incerium compoundsowingtothe r redox prop-
erties (Ce** <> Ce*). When anédectricfiddisapplied,
ionsand oxygen vacanciescan exchangepositionswhich
inturn produce changeof dipolemomentsresultsinion
jump polarization. Thisleadstoanincreaseindidectric
constant. Oxygen vacanciesarevery much equivalent
to positivecharges. When an electricfield isapplied,
the dipoles get rotated, produces a resultant dipole
moment inthedirection of applied field producesrota:
tion direction pol arization. Rotation direction polariza-
tions, ionjump polari zation together with space charge
polarization play acrucid roleindeciding thedieectric
property of amateria®! and they wereresponsiblefor
high value of dielectric constant. Thusit can be con-
cluded that high valueof dielectric constant obtainedin
the present study can be due to the increased space
chargepolarization, rotation direction polarization and
ionjump polarization. In our case, diel ectric constant
increaseswith doping. Thismay beduetothefact that
doping increases the defects and oxygen vacancies
whichinturnincrease polarization and thusdielectric
constant. Thiswasa so evident from absorption spec-
traand photoluminescence spectra

Whenandectricfiedisapplied, space chargecarri-
ersinadidectricmaterid requireenoughtimetolineup
their axesparallel totheapplied electricfield. At low
frequenciesdidectricwill get sufficient timefor this. As
frequency increasesbeyond aparticular vaue, the space
chargecarrierscannot keepin pardld withthefiddand
they lag behindthefidld producesadecreasein polariza-
tionwhichresultsinlow valueof didlectric constant at
highfrequency and conductivity increaseswith frequency.
Thesetwo aredepicted in Figure 10(a) and 10(c).

flano Soienoe and flano Teohnology

Theexterna field applied tothedielectric materia
isutilized
1 toovercometheinterna frictiona forceand
2 forrotationsof dipolar moleculesand other kinds
of molecular transfer from one position to another
(ionjump), producesenergy loss.
Didectriclossoccursdueto absorption of current.
The defects, space charge formation and all the
inhomogenitiesin nanomaterial s cause absorption of
current, which causesdid ectricloss. Thedangling bonds
at the surfacewill be highly reactive and adsorb gases
likeoxygen and nitrogen which can causedidectricloss.
From Figure 10(b), itisclear that for sample F1 dielec-
triclosshashighvadueat low frequenciesand gradudly
decreases and beyond 250 kHz | ossremains constant.
For all other samplesdielectriclossinitialy increases
with frequency, attainsamaximum value and then de-
creasesat aslower rate.

CONCLUSION

Cerium phosphate, aluminescent cation exchanger
Innanorangeis prepared by co— precipitation method.
It wasdoped with zinc of different molarities. Samples
wereindexed and they belong to anorthic phase. No
impurity phases could be observed from XRD, EDX,
FT-IR studies. Fromtheresultsof ionexchangestudy it
isclear that Cerium phosphate seemsto beapromising
ionexchangematerid withaggnificantionexchangeca
pecity. Theion exchange capacity (IEC) inmeggnr* for
different metal ionsare: Li* 0.28; Na', 0.35; K+ 0.42;
Mg*, 0.34; C&+ 0.42; Sr*, 0.50; B&?+ 0.60. Diffuse
reflectance study reveal sthat more defect levelswere
created and thiswasin closeagreement with PL studies.
FromPL sudies, it can beinferred that theemisson goec-
trainthesampleisduetothetransition by
(i) CedftoO2pleve
(i) Defectslevel to O 2pand
(i) Ce5d—4ftransition.

The prepared samplesexhibit strong UV absorp-
tionwithviolet blue, green emission and therefore can
beused asUV absorber, UV shielding materids, light
emission diode, e ectrol uminescencedevices, non mer-
cury fluorescent lamps. Raman active modeswere ob-
servedin all samples. From dielectric study itisclear
that dopingincreasesdid ectric constant and our sample
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isapromising candidatefor insulating materid.
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