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Energy transfer in co-doped Nal:(Tl,Eu) crystals
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The energy transfer mechanism in Eu doped and Tl, Eu co-doped Nal crystals is
discussed. The self-trapped exciton emission band overlaps stronger with Eu?* excitation
bands rather that with TI*. This suggests that transfer STE — Activator can be more
efficient in Eu?* co-doped Nal:Tl crystals. Theoretical estimation of energy transfer effi-
ciency was done based on the Forster model. It is shown that Europium concentration of 1
mass% or above is required for efficient dipole-dipole energy transfer. However, this
concentration is not reachable in Nal:(TI,Eu) due to the solubility limit of Eu?* in Nal
crystal.

Obcy:xmaeTca MeXaHU3M Mepefadll SHepTUr B aKTUBHPOBAHHLIX EU M COaKTHUBUPOBAHHEIX
Tl u Eu kpucraanax Nal. ITosoca usiayuyeHnsa aBTOJOKAJIM30BAHHOIO sKcuToHa (AJID) mepe-
KPBIBAETCS CHJBHEE ¢ YPOBHAME Bo3OyxzeHus EuZt | wem B cayuae TI*. Dro rosopur o Tom,
uro mepexaua AJID — AKTHBATOD MOMKET GBITH Gosee addexTuBHON B EUZ* coarkTHBHpOBAH-
veix kpucraiiaax Nal:Tl. Teoperuueckas oneHka 3(hPEeKTUBHOCTH IIEPEHOCA SHEPIUU OCYILLECT-
BAsiIachk Ha ocHOoBe Mmomenau Pecrepa. ITorasamo, uro miasa sGHEKTUBHOIO IUMNOIb-IUIIOJILHOTO
ImepeHoca 9HEPrum Heo0xXommMa KOHIeHTpanusa espoumda 1 macc% wmawm Boimre. Ommaxo, sra

rounentpanusa mHe goctmwskuma B Nal:i(TI,Eu) us-sa mpemesmos pacreopumocTu Eu?* B kpucrame
Nal.

Ilepenoc eneprii B coaxtusoBanux kKpucraixax Nal:(TI,Eu). C.I'pidin, C.Bacwkos,
H.IlTupan, Al'ekmun

O6rosoproeThesi Mexanism mepegaui emeprii B aktupoBanux EuU i coaktusoBanux TL Ta Eu
kpuctanax Nal. Cvmyra BumnpominioBanHa asrojokajdizoBamoro excutony (AJIE) mepexpu-
BAEThCH CHJbHiIe 8 piBHsAMu 36yasxenns Eu2t, misk y Bunanky TI*. Ile roBopurb mpo Te, Lo
nepenaua AJIE — AxrmBatop Mome GyTy Ginbmn eertuBHOO B EUZY coakTHMBOBAHMX KpHC-
Tanax Nal:Tl. Teopernuna oninka epekTUBHOCTI IIepeHocy eHeprii spilicHoBasacsa Ha OCHOBL
mopeni Pecrepa. Ilokasamo, 1m0 aad ePEeKTUBHOI AUIIOJB-IUIIOALHOI mepemaui emeprii
HeoOxigHa KoHueHTparis eepomrio 1 mac% a6o suine. OgHAK, Taka KOHIEHTPAILLA HE HOCHMK-
ma B Nali(TI,Eu) y 88’asky 38 memamu posunusocti EUZt B kpucraxi Nal.
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1. Introduction

As it was shown in our previous works,
co-doping of Nal:Tl and Csl:Tl classical scin-
tillators with Eut can improve some scintil-
lation properties. In case of Csl:(Tl,Eu) euro-
pium halides added into the melt during the
crystals growth as scavengers [1]. This ef-
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fect results in suppression of the scintilla-
tion afterglow. In case of Nal scintillator
presence of Eu2* ions in the crystal lattice
was found to significantly change its lumines-
cent properties [2]. Besides, the light yield
improvement was found in Eu co-doped Nal:Tl
crystals [3].
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Goal of the present work is to investigate
possible mechanisms of the light yield im-
provement in Nal:(TI,Eu) crystals. Fluorescent
spectroscopy methods were used to study the
interaction between the intrinsic and activa-
tor-induced emission centers.

2. Experimental

The series of Nal:Eu, Nal: Tl and Nal:(Tl, Eu)
single erystal boules 25-35 mm in diameter
and 100-200 mm in height were grown by
the Czochralski method of automated pull-
ing from the melt in controlled reactive at-
mosphere. Due to the crystals’ high hygro-
scopicity all the processing was performed
in the dry boxes only. The Europium con-
centration in samples was varied from 10-5
to 0.5 mass% Eu?* and determined by
chemical and absorption methods.

The absorption spectra were measured by
means of SPECORD 40 spectrophotom-eter.
Spectral and kinetic characteristics of pho-
toemission were studied using FLS920 com-
bined steady state and fluorescence life-time
spectrometer manufactured by Edinb. Instr.
Ltd. A Xe900 steady state xenon lamp was
used in the continuous mode for UV spec-
troscopy. The spectroscopic investigation of
crystals emission was performed at the SU-
PERLUMI setup of HASYLAB at DESY
(Hamburg, Germany) under synchrotron ra-
diation excitation.

3. Results and discussion

Europium concentration in Nal:(Tl,Eu)
was varied to obtain a set of samples with
different Eu2* content. It was found that
the increase of europium leads to a significant
change in the emission spectrum (Fig. 1). At
higher europium concentration then thal-
lium or neighbour concentration the emis-
sion spectrum of Nal:(TLEu) crystals con-
tains mostly the Eu2* related emission band
peaking around 440 nm (Fig. 1, b). Thallium
characteristic emission which is normally
peaking around 410 nm in Nal:Tl (Fig. 1, a) is
strongly suppressed by Eu. Measurements
of excitation spectra for Eu2* emission
(440 nm band) in Nal:(TI,Eu) reveal the over-
lap of TI* emission band with Eu absorption.
This overlapping suggests the energy trans-
fer between the activator centers.

Apart the overlapping between TI* emis-
sion and Eu?* absorption, the overlap be-
tween self-trapped excitons (STE) emission
band should be also noted. Low temperature
emission of STE is peaking around 300 nm
in Nal crystals (Fig. 2). Even though STE
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Fig. 1. Excitation and emission spectra of
Nal:Tl (a), Nal:(TI,Eu) (b) and Nal:Eu (¢) crys-
tals measured at 300K.

luminescence is quenched at room tempera-
ture, non-radiative resonance energy trans-
fer from exciton to activator is still possi-
ble. According to Fig. 2, the STE emission
band overlaps stronger with Eu2t excitation
bands rather that with TI*. This suggests
that transfer STE—Activator can be more
efficient in Eu2+ co-doped Nal:Tl crystals.

In general, energy from donors to ac-
ceptors can be transferred by the non-radia-
tive Forster resonant energy transfer
mechanism or by re-absorption of the
donors’ emission by acceptors. The former
mechanism is required for improvement of
scintillation properties.

Resonance energy transfer occurs due to
multipole Coulomb interaction of the impu-
rity ions in case of overlapping donor lumi-
nescence and acceptor absorption lines [4].
Probability of the Forster resonance energy
transfer (FRET) can be estimated using the
following expression:

_ 3mhet(yf,
= Am2w2R6

1)
[21(E)gy(E)dE,

where n — refractive index; m — mass of the
electron; e — electron charge; R — distance

between interacting ions; [g,(E)gy(E)dE —

the overlapping integral of the luminescence
spectrum of the donor g;(E) and the absorp-
tion spectrum of the acceptor g,5(E) in case

of [g,(B)dE =1 and [gy(E)dE =1; w — the

average frequency overlap; f; and fy — the
oscillator strengths of the transitions donor
and acceptor ions corresponding.
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Fig. 2. Emission spectrum of self-trapped ex-
citons in Nal, overlapping with Eu?* and TI*
excitation spectra measured at 10K.

FRET efficiency in Nal:(Tl,Eu) can be es-
timated based on the equation (1) using
FRET efficiency in Nal:(TI,Eu) can be esti-
mated based on the equation (1) using Pho-
tochem CAD simulation software. Estima-
tion of dipole-dipole energy transfer effi-
ciency and average distance between ions
as function of activators content is shown
in Fig. 3. Based on the spectral overlap
method used, non-radiative dipole-dipole
transfer is possible in case of short donor-ac-
ceptor distance D, less than 3-4 nm (Fig. 3, a).
Based on Fig. 3, b europium concentration
of 107! mass% or higher is required to
make sure the average distance between the
acceptors is 4-5 nm. However, aggregation
of europium ions in Nal was observed at Eu
concentrations above 1072—1071 mass% and
higher [2]. This suggests that dipole-dipole
transition TI—Eu is limited due to poor solu-
bility of Eu2* in Nal.

Anyway, energy transfer mechanism
Tl—Eu is not expected to cause any improve-
ment of light yield observed in [3]. On the
other hand, gain in Nal:(TIl,Eu) scintillation
efficiency can be explained by the energy
transfer from STE to Eu2* emission centers.
As it was suggested in [5, 6], quenching of
STE excited states can be the major reason
of energy losses in alkali halide scintillators
at RT. In this respect, the energy transfer
of exciton to emission centers can be the
source of the light yield increase at RT.
Since Eu?t excitation energy levels coincide
with STE emission in Nal (Fig. 2), energy
transfer from excitons to Eu emission cen-
ter is possible. However, efficiency of
STE—Eu?* transfer is limited by the concen-
tration of activator as shown in Fig 3. In
order to fully benefit from this transfer,
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Fig. 8. a — Efficiency of dipole-dipole energy
transfer mechanism versus distance between
ions; b — average distance between activator
ions as a function of activator concentration.
Rectangles marked concentration which
achieves good scintillation efficiency for
’Classic’ and ’New’ materials. The value D
estimated using the following expression:

D= %, where N — activator ions per cm3.

Europium concentration about 1 mass% is
required (Fig. 3, b). This can be the case for
many Eu-doped alkali-earth halide scintilla-
tors such as Srly:Eu, BaBrl:Eu etc [7, 8].

4. Conclusions

Improvement of Nal:Tl scintillation yield
by europium co-doping is considered. We
suggest that emission centers created by
Eu2* in Nal can benefit from excitonic energy
transfer from the crystal matrix. Probability
of this transfer is estimated for the case of
Forster resonance mechanism. It is shown
that europium concentration of 1 mass% or
above is required for efficient dipole-dipole
energy transfer. However, this concentra-
tion is not reachable in Nal:(TI,Eu) due to
the solubility limit of Eu2* in Nal crystal.
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