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ABSTRACT

The (Cl)* color centersinside the single crystals of NaCl have been studied.
The single crystals have been performed using the Czochralski method.
The photoluminescence and the photoluminescence excitation spectra
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showed the emission bands of (Cl")* centersin NaCl situated in the UV-

visiblerange. © 2014 TradeSciencelnc. - INDIA

INTRODUCTION

When Pohl! started research onthe akai halides
inthe nineteen-twenties, it was hoped that the knowl-
edge obtai ned from these materialswould add to the
understanding of solidsasawhole. It wasfound, how-
ever, that they show some extreme properties (strongly
ionic character andlargeenergy gap). Which makethem
stand gpart from the solidsof morecommercia interest
such asthesemiconductors. Thesematerialshave nev-
erthel ess been made the subject of agreat number of
investigationsbecause of ther interesting propertiesand
their easeof purification and crystdlization. A large part
of alkali halides have been devoted to the color cen-
ters.

During the past few years, color centersin alkali
halides have received attention because of their useful -
nessaslaser active centers?3. It wasrecently reported
the development of anew color centerin NaCl single
crystals excited in the UV range, based on what we
tentatively identified asan (Cl-)* . Thiscenter repre-

sentsaninterdtitial positionof Cl-ioninthecrystd lat-
ticeof akali halideslike KCl and NaCland itispro-
duced by thedisplacement of Cl-ionfromtheir normal
gtes.

Inthis paper, the author has el aborated thesingle
crystasof NaCl and hasstudied their optical properties
inorder to show the emission bands of (Cl)* centerin
NaCl.

EXPERIMENTAL

TheNaCl single crystalswere prepared by using
the Czochralski method in free atmosphere in
Laboratoryof Crystallography (LC) at the Constantine
University inAlgeria. The powder of NaCl isprovided
by Panreac QuimicaCompany in Spain. Thesnglecrys-
talsarecleaved perpendicular tothedirection[100] in
order to prepare sampleswith 1 mm thickness. Some
samples have been annealed at 650°C for 24 h and
then cooled dowly at room temperature.

Photol uminescence spectra (PL) wererecorded at
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78 K by using aJobin-Yvon spectrometer HR 460 pro-
vided of CCD (Charged Coupled Device). Thesource
of excitationinthe UV-visiblerangeisaxenon lamp
(450 W). However, the photol uminescence excitation
spectra (PLE) were measured at 78 Kwith a Jobin-
Yvon spectro-fluorometer Fluorol og-3, using axenon
lamp 450 W.

RESULTSAND DISCUSSION

Figure 1 showstheemiss on spectraof our samples
excited with 270 nm at 78 K before and after anneal -
ing. A series of emission lines between 500-800 nm
have been observed, which are assigned to the el ec-
tronictrangtionsfromthelowest vibrationd level of the
excited state’rr to vibrationa levelsof theground state
?r, of O, moleculei ong>¢. Theoxygenisintroduced
inside the single crystals of NaCl because they are
elaboratedin freeamosphere”. Beforeanneding (Fig-
ure 1.a), the spectrum presents two emission bands,
Stuated a 350 nmand 460 nm. After annealing (Figure
1.b), the 350 nm band becomevery intense and shifted
by 30 nm. Itisnow |ocated at 380 nm. While, wenote
alarge emission band situated between 500-800 nm
and centered at 620 nm (seetheinset Figure1). This
band isdetermined using the Gaussian fit. Inorder to
provethe appearance of an emission band centered at
620 nm, we have measured the PLE at 620 nm before
and after annealing (Figure 2). The spectrashow that
after anneding, theexcitation band becomevery intense
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Figurel: Emission spectraof NaCl excited with 270 nm and
measured at 78K : (a): beforeannealing, (b): after annealing.
Theinset showsthe emission band 620 nm.
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Figure?2: Excitation spectra of NaCl measured at 620 nm
and obtained at 78 K: (a): before annealing, (b): after
annealing.
and located at 271 nm.

Figure 3 displays the PL spectra of samples ex-
citedwith360 nmat 78 K, beforeand after annealing.
The spectrapresent alarge emission band between 400-
550 nm, formed by four pesks,each onesituated at 415,
440, 460 and 500 nm. After annealing, we observethat
thelarge emission band isbecomevery intense. Itis
probably dueto theincrease of the point defects be-
causeof thethermal agitation of atomsinsidethelattice
of singlecrysta sduring theannealing. The PLE spectra
measured at 380, 460 and 500 nm after annealing,are
illustrated in Figure 4. We noticedan excitation band
situated about 271 nm. However for 500 nm, we ob-
serve aweak excitation band as show by the arrow.
Theposition of thisband is determined by the second
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Figure3: Emission spectra of NaCl excited with 360 nm and
measured at 78K : (a): beforeannealing, (b): after annealing.
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derivativemethod isequd to 284 nm (seetheinset Fig-
ure4) and it isassigned to (O* - F*) centers®. This
center isformed from the reaction betweenthe F and
the O, centersasfollow:
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Figure4: Excitation spectra of NaCl measur ed at 380, 460
and 500 nm after annealingand obtained at 78 K. Theinset
showsthesecond derivative method.
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Interm of adiabatic potential energy surface and
Jahn Tdller effect, J. G Kang hasassigned the271 nm
excitation band to the electronic transition from the
ground state*A to the excited states’A of (CI')* cen-
terg”.
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CONCLUSION

Inthispaper, the (Cl")* centersinNaCl singlecrys-
tals have been investigated, which are elaborated by
the Czochral ski method. A compari son study between
our results and those obtained by J. G Kang, permits
to deduct that the emission bands peaking at 350, 380,
415, 440, 460, 500and 620 nm in NaCl crystals are
dueto (Cl)* centers.
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