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ABSTRACT

Nanoparticles of calcium fluoride (CaF doped with Erbium doped are prepared using ccaipigation technique.
Preliminary characterization of the samples is éagdrout using PXRD, SEM and FTIR. The nanopartiakesirradiated
with psrays. Optical studies on the irradiated samples arade through absorption and luminescence measmtsmrhe
results of optical absorption (OA) spectra showedearation of various color centers. All the centesponsible for the
absorption are identified and attributed to defeg&nerated due to gamma radiation. PhotoluminesedRt.) spectrum
exhibited emission peaks at ~387, 442, 460 andrbi7 The mechanisms of OA and PL of the observeglssarare

discussed in detail.
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INTRODUCTION

Development in the preparation, characterizatiah eplications of nanomaterials have drawn moentdn in the recent
past. Rare earth doped luminescent nanomateriadsgwtential technological applications in disptggtems. Nano fluorides
have wide range of applications compared to sudfated oxides of metals. The high stability and hggroscopic character
of Cak have made it special among other fluoride compau@ds$; has wide transparency range apart from large alptic
band gap (12eV) [1]. This leads to formation ofocaenter even for low dose irradiation by gamma.rahere are different
novel methods to prepare nanoparticles of {2]. In the present work nanopatrticles of gdbped with Erbium (Er) are
synthesized using co-precipitation method. The gmegh samples are characterized by XRD, FTIR, SEM, abd PL

techniques.
EXPERIMENTAL

The synthesis chart of 2mol% Er doped Qa&noparticles is represented in figure 1. To bagfih Stoichiometric quantity of
Erbium oxide (EJOs) was transferred in to 250 ml conical flask anticmacid (HNQ) was added in to it in small quantity.
The mixture was stirred well and was evaporateslbw heating on a sand bath. This process contzy@; to erbium

nitrate [Er(NQ),]. stoichiometric quantities of Ammonium fluoriddlKi,F) and Calcium chloride (Caglwere added in to
the conical flask. The chemical mixture was dissdlin 100 ml distilled water and kept for stirrifog 2 hours. Then solution
mixture was centrifuged and the precipitate isaetéd. The precipitate was washed thoroughly vitthrel and extracted on

to a ceramic dish. The final product (Er doped L£aRs obtained by slow drying of the precipitate aosand bath at 190.
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The structure of the prepared samples was confirlmedXRD measurements using a Philips X-pert PRO deow
diffractometer with Cu-Kradiation §=1.54056A) with a scan range 1029The morphological studies of the samples were
carried using scanning electron microscopy (JEOM-830A) by sputtering technique with gold as comgricontrast
material. Then the samples were subjected to FiuBlies using Nicolet Magna 550 spectrometer withr iBllets. The
wavelength range used for the FTIR studies was-4@00 cnT. Afterwards the Er doped Cafanoparticles were exposed
to Gamma radiationsHfays) of dose 5 KGy. The UV-Visible spectrum of samples was recorded in the wavelength range
200 to 900 nm using V-570 UV/VIS/NIR double beareapophotometer. The PL studies of Er doped,®affe carried out

using a spectrofluorometer (Jobin Yvon Fluorolog@&)ipped with a 450W Xenon lamp as the excitagimurce.
RESULTS AND DISCUSSION

PXRD, SEM and FTIR

Figure 2 shows powder X-ray diffraction patternX®) of Er doped Cafsamples. It confirmed the cubic crystallinity of
prepared nanocrystals. The XRD peaks are indiagtee phase of fluorite structure belonging to spgeaip Fm3m. The
JCPDS Card no. 87-0971[7] was used to compared p&iern with literature. The XRD analysis showedl tihe average
lattice constant of obtained nanocrystals is 0.5468¢ Scherrer's formula was used to calculate altyst size and the
calculated value was found to be about 30 nm. Skdtunes of Er doped CaFshown in figure 3 revealed that GaF
nanoparticles are fluffy, porous and agglomera&M also indicates that the nanocrystals are smlean shape and are
distributed homogeneously. They are found to cantaids [8]. Figure 4 shows FTIR spectrum of thmgkes with two IR
absorption bands located at ~3419 and 1558. éthese are found to be characteristic @dHnolecules indicating the
presence small quantity of hydroxyl groups durireparation of sample. The 364 tmeak is attributed to hindered rotations
of hydroxyl ions. The band peaked at 3419'dmassigned to,4,—"1:5, transition of Et" ions [9]. The ~2360 cthband is

because of KBr pellets utilized for recording FEpectrum.
Optical Absorption Studies

Optical absorption (OA) spectrum girradiated Er doped nanocrystalline Gafamples is shown in figure 5. A series of
absorption peaks with a noticeable and solid or88a8 nm and three feeble ones at 413, 485 ancdi®8dre observed. The
origin of these absorption bands is accounted bdéseddefects created duringradiation. In rare earth doped GaF
substitution of host ion by the dopant accomplisblesrge compensation along with formation of lattiacancies and
interstitials. Additional positive charge of Erbiuions is compensated through fluoride ions at ititiels. Gamma-
irradiation is proved to produce color centers aRCF-aggregates along with F-center are the sigmifidafects created by
y-rays. Free electrons liberated ypyays get trapped at negative ion vacancies amd fecenters. An F-center is a fluoride
ion vacancy trapping an electron. In GalR F-center is formed when an electron transits fis state to 2p state. The
absorption peak at 333 nm may be attributed gaanter [10]. The 413 and 485 nm absorption peakg Ibe assigned to
perturbed Y and M centers respectively. Theg dfises when electron transits to the excited sw@itéG,,/, from the ground
state where as M center forms due to spectrosta@pisition to'Fs, state from the ground stallgs, [11,12]. The absorption

at ~584 nm is attributed to Calcium colloids.
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Photoluminescence Studies

Photoluminescence (PL) is used to identify spedéfects and their relative concentration. PL ie &b detect the defects
which overlap in absorption spectrum. The PL spectofy-rayed CaEEr is as shown in figure 6. The emission peakslyi
from UV to infrared region are found to be charastie transitions of Er. The gamma rayed @a&noparticles were excited
under 330 nm. The corresponding PL emissions aa&egeat ~387, 442, 460 and 517 nm. In irradiatedidfred Caj
nanocrystals erbium can be in trivalent*{Estate. As mentioned earlier, irradiation of €&ffms centers particularly F and
F-aggregate centers. When irradiated Z&focrystals are excited with UV light, electromamsitions result in the release of
absorbed by the defects gets in the form of phofbhis is referred as PL emission. The PL speaedds on the dopants
and their concentration along with the locatiothi@ host lattice. Based on these facts the PL @nissould be attributed to
different electronic transitions as a result ofdiation [13]. The PL emission at 387 nm is attuto *Gorp— “l1sp2
transitions of EY' ions. Similarly 442 nm, 460 and 517nm emissioesatiributed t6Gg— *l152 , *Forp— *Hisp and?Hyyp—

*| 152 transitions respectively [14, 15].
CONCLUSIONS

Er doping of Cafnanoparticles was successfully prepared by cofgtaton method. The nanocrystalline G&fFf was
characterized by XRD, SEM, FTIR, Optical absorptaomd PL. PXRD showed that the average particle aiZéab:Er is
about 30 nm. The morphological features studiedguSEM showed that the as-prepared samples welenaggted from
few microns to a few tens of microns, fluffy andrquas. Optical absorption showed thatadiation creates F-aggregate
centers in Er doped nanocrystalline ¢dA. studies revealed various transitions respondieemission iny-rayed

nanocrystalline CaFEr.
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FIGURE CAPTIONS

Figure 1. Flow chart for the synthesis of Erbiuuppeld Cakgnanoparticles by co-precipitation method
Figure 2. Powder XRD spectrum of Er doped nanoalyst Cak
Figure 3. SEM pictures of Er doped nanocrystalaé,

Figure 4. FTIR Spectra of Er doped nanocrystaliaé,
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. Figure 5. Optical absorption spectrum of Er dopadocrystalline Caf

* Figure 6. Photoluminescence spectrum of Er dopadangstalline Caf
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