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Radioluminescence,thermoluminescenceand u.v. excitationmeasurements
in Cs! additivelycoloredcrystalsshow anew luminescentcomponent
locatedat 2.5 eV. This is attributedto theradiativerecombinationof V~
centerswith F centers.Anothernewcomponentat 2.72 eV is observed
only underu.v. excitationof 5.14 eV. This is relatedto the radiative
recombinationof localisedexcitonsat F4 centersites(a band).

SINGLE crystalsof Cs!havinga low concentrationof band(conversion2F + hvF = F~+ F)3 the intensity
impuritiessuchasMn2~(100ppm in the melt) orNa’ of the intrinsic emissionat 3.67eV beingenhancedby
(20 ppm in the crystal)havebeenadditively colored the samerelativeamount.Theemissionintensityof
in cesiumatmospherewith the usual van Doom’s bothcomponentscanbe restoredto their initial
technique.Theywere further quenchedbetweentwo valuesaftera thermalannealingnear300°K.The
copperblocks after30 secheatingat 500°C.The F temperaturedependenceof the intensityof the
centerconcentrationwas typically of the orderof 2.5 eV emissionis similar to that of theradiative
1017 cm3.The presenceof Mn2~or Na~impurities, recombinationof the localizedexcitonsassociated
which at low temperatureareelectrontraps,wasin with impuritiessuchasNat2 In particularthe
origin thoughtto be necessaryin orderto createa emissionintensity is zero below5O°Kandpresents
sufficient amountof 11k centers.1 a sharpincreaseat the temperatureatwhich the

1/k centersbecomemobile. Theseexperimentsshow
We havestudiedthe recombinationprocesses that the 2.5 eV emissionis unambiguouslyrelatedto

underionizing irradiation (13 sourceSr9°8 mCi) in theradiativerecombinationof mobileV~centers
two differenttemperatureregions.For T< 50°K, createdby the ionizing radiationwith F centers
the V~centersare self-trappedandwe observeonly alreadypresentin the crystal.This processcanthus
thewell known intrinsicemissionat 3.67eV.2 At be regardedasthe recombinationof a localized
highertemperaturethe Vk centersare mobile and exciton in the neighbourhoodof an F~center.This
additionalluminescenceoccurs.Figure 1 shows emissionprocessis evidently in competitionwith
thespectralanalysisof theradioluminescence intrinsicrecombinationmechanism,[e + Vk hv
observedat 90°K.Besidesthe intrinsicemissionat (3.67eV)].
3.67eV, a newcomponentappearsat 2.5 eV with a
half-width of 0.52 eV. We foundthat its intensity is Thermoluminescenceof a CsI (Nä~)crystalX
an increasingfunctionof the F centerconcentration, or 13 irradiatedat T < 5O°Kpresentstheglow peaks
Figure 1 showsalso that,startingwith a givenF associatedwith thethermalmigrationof V~centers.1
centerconcentration,the2.5eV luminescence The spectralanalysisshowstwo main components
intensitydecreasesafterbleachingin the F-absorption which arethe sameasin Fig. 1, one locatedat 2.5 eV

and theotherat 3.67 eV. Thecharacteristicemission
* ... . . . . . .Visiting scientiston leavefrom the Institut of the radiativerecombinationof mobile Vk centers

NationaldesSciencesAppliquées(INSA) Lyon, with impurities(Na~:2.95 eV) also appearshowever
France.
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FIG. 1. Spectralanalysisof the luminescence Temperature (°K)
observedunder/3 irradiationat T 90 K in CsI con-
tainingF centers. measuredwith a quenched FIG. 2. Relative intensityof thedifferentglow peaks
crystal,— — — — — measuredafterpartialbleachingof measuredasa functionof temperaturefor a heating
the F band(F -~ F conversion), rateof 4°K/mm aftera 30 mn /3 irradiationat LHeT.

—--3.67 eV(338nm) emission.— — —2.50eV
(495 nm) emission.—-------—-2.95eV (420nm)

with a lower intensity.Figure 2 showsthe relative emission. total emission(experimental).The
variationof thedifferent emissionintensitiesasa sumof the threespectralemissionintensitiesis in good
function of temperaturefor a heatingrateof 4°K/min. agreementwith the plain curve.
This is different from the glow curve of reference1
becausethekinetics of therecombinationmechanisms e + Vk —~1w (3.67eV)
are different sinceF centerstakepart in them.

Thisprocessis finally equivalentto the ionization of
Theappearanceof the2.5 eV emissionconfirms F centerby excitationin the /3 band.4

theproposedrecombinationmechanismbetween (b) Ionizationdueto thepartial absorptionof
mobile Vk centersand F centers, the 2.5 eV emissionby thebroadF absorption.

hv(2.5eV)+F—~F+e~
The presenceof the 3.67 eV emissionis strongly

relatedto the presenceof F centerscreatedduring followed by intrinsic recombination
the ionizing irradiationat LHeT (F+ (electron—hole) e~+ Vk -÷ hv (3.67eV).
pair-~ F + ~ A similar analysisof theglow curves
recordedaftera completeinfraredirradiation Inspectionof Fig. 2 showsthatprocess(a) is
bleachingof the F centersjustafter the ionizing prevailing,at least for the first glow peakat 65°K.
irradiationshowsonly theemissionat 2.5 eV and
thoseassociatedwith the impuritiesat 2.95 eV. The Ultraviolet excitation(6.5 eV >hv > 4 eV)of a
shapesof theseglow curvesare not changedbut their quenchedadditivelycoloredcrystal showsin the
intensitiesarereduced.Theseexperimentsclearly visible regionof thespectrumonly the well known
indicatethat the appearanceof the 3.67 eV lumines- intrinsic luminescence(3.67eV) due to free exciton
cenceis due to a mechanismwhich ionizes the F recombination,and the additionnalluminescencedue
centersformedduring irradiation.Two processescan to excitonrecombinationat impurity sites,which are
he visualised: characteristicof an uncoloredspecimen.2The fact that

— the F centersheredo not play a role in the luminescence,
(a) Autoionizationof an F centerby the in spiteof the presenceof an important/3 bandat

recombinationof one of its electronswith a V 5.5 eV, is not surpnsingbecausetheexcitedcenterunder-
center,the energyproducedbeingusedfor the . . . 4 .
- . . goesautoionization resulting in a barenegativeion
ionizationof thesecondelectron.

vacancyandan electronin the conductionband.After
V~+ F —~(e + V~)~

0~d + F —~-F~+ e a partial bleachingof the F centersperformedat
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to excitedstatesof the F~centersalreadyobserved
by Frohlich and Mahr.5 Figure3 showsthe
excitationand emissionspectrarelatedto thesenew

~•1

is present.Excitation Emission ~T

1 componentswhena sufficient numberofF~centers

j5~ Wemay concludethat all luminescenceemissionspreviouslyobservedby irradiationandthermalstimulationappearalso in u.v. excitation,but in this3 caseone observesin additiona typical emissiondueto relaxedacenters(2.72eV). It is consistent
Photon Energy

with the localized model of theF~center
6that

FIG. 3. u.v. excitationspectraandemissionspectra different relaxationsoccur,dependingon the position
of an additivelycoloredCsI crystalmeasuredat LHeT of the holeproducedby thetransitionrelativeto
afterpartialbleachingof theF band(F -* F con-
version)at 90°K.Excitation spectra emission thenegativeion vacancy.Forexcitationin thea-band
measuredat 2.72.——— ——emissionmeasuredat thehole is next to the vacancywhile in thehigher
2.50.Emissionspectra excitationat 5.17. excitedbandsthehole is fartherandits relaxation
— — — — excitationat 5.45. is that typical of the 17h centerthusproducingthe

V~+ F recombinationasshown in Fig. 3.

90°Kthe /3 banddecreasesandtheabandappears
in the u.v. region. Optical excitationof this band
(5.17eV) at LHeT producesa newluminescent Acknowledgements— The authorsare indebtedtoProfessorF. Bassanifor fruitful discussionsduring
componentcenteredat 2.7 eV with a half-widthof his stay inNeuchãtelasa CICPprofessor(1972—73).
0.37eV. Moreoverthe 2.5 eV emissioncanalso be Thiswork hasbeensupportedby theSwissNational
producedby excitationat 5.45 eV in correspondence Foundationfor ScientificResearch(FNSRS).
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Des mesuresde radioluminescence,thermoluminescenceet d’excitation
u.v. présententdansle iodurede cesiumcoloréadditivementune
nouvellecomposanteluminescentecentréea 2.5eV. Nousl’attribuons a
Ia recombinaisonradiative decentresV~avecdescentresF. Une autre
emission,situéea 2.72 eV et excitéeparu.v. a 5.14eV estliée ala
recombinaisonradiatived’excitonslocaliséssurdescentresFt


