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The influence of europium addition on absorption, luminescence and scintillation prop-
erties of Csl crystals is studied. It is shown the important role of europium as a scavenger
allowing the melt purification before crystal growth. In its turn, this leads the IR-trans-
parency improving of crystals, as well as suppressing of slow scintillation pulses. Reduc-
ing the prolonged emission in the range of 410-580 nm results in evident increase of the
F/T ratio, which is important for the Csl| application as a fast scintillator. At the same
time, the excess scavenger’s concentration above the crucial leads to the quenching of
intrinsic UV emission and appearance of typical for Eu2t ions luminescence.

HccnemnoBanoch BAMsAHNE eBPOIMA HA a0COPOIMOHHbBIE, JIOMUHECIIEHTHLIE U CIMHTUIISAIAOH-
Hble xapakrepucTuku KpucramnoB Csl. Iloxkasana BaskHAs POJb €BPOIMS KaK CKaBaHIepa,
IO3BOJIAIOIIEr0 OUMCTUTL PACILIAB IIepPes HAYaIoOM pocTa. PesyabTaToM SBJISETCS YJIYUIIEHHE
npospaunoct B IK-1uamnasone u CHUMKeHNE BKJIALA 3aTAHYTHIX CIUMHTULIAIMOHHBLIX MMIIYJIbLCOB.
ITomaBnenue wmenneHHON JaoMuHecHeHIuu B obnactu 410-580 HM NPUBOAUT K YBEIWYECHUIO
oruoutenusi F/T, Baxkuoro npu ucnosab3oBauuu Csl Kak GoicTporo cruHTHIIATOPa. B TO Ke
BpeMs M30BITOUHOE COAepsKaHne CKaBaHrepa BLIBLIBAET TyIllIeHMNe coOCcTBeHHOro Y@ cBeueHUSA
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1. Introduction

Csl crystals are used as fast radiation
stable scintillators [1, 2], electromagnetic
calorimeter [3], IR-transparent optics for
power CO,-lasers [4], and photocathodes for
gaseous detector [5]. Maximal crystal purity
is the general requirement for all these
cases. In respect to Csl crystals as scintilla-
tors, high intensity of the fast UV emission
(~307 nm, ~10 ns) and the minimal contri-
bution of the slow (microseconds) compo-
nent in the range of 410-580 nm is consid-
ered to be the quality criteria [1]. At the
same time, for scintillator’ perfection esti-
mation the ratio of the fast component sig-
nal (Fast), to the total emission (Total), so
called F/T ratio, is often used [1]. Ideally,
F/T ratio should be closed to 1, neverthe-
less, even in the best samples it does not
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exceed ~0.7 due to the presence of structure
defects and contaminations. The list and the
influence of undesirable impurities in Csl
crystals are varied [2], but in general they
are related to different oxygen-containing
anions. Such kind of admixtures deterio-
rates functional parameters of pure and TI
doped scintillators considerably, which leads
to the reduction of their radiation stability
and afterglow increase [5, 6].

Elimination of the residual contamina-
tions is a very complicated technological task,
which is usually solved by deep purification
of the initial salt and the reactive atmosphere
application during growing process. Introduc-
tion of europium is one of the ways to solve
this problem as applied to Csl:Tl scintillators
[8, 9]. In co-doped CsI(Tl, Eu) scintillators
the suppression of the undesirable millisec-
ond afterglow was discovered. Currently two
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models explaining this positive effect, are
dominating. The former is based on the idea
that of Eu?* ions introduce deep electron
traps which alter the decay kinetics [9]. The
theoretical estimations allow describing such
kind of effect, but there is no direct evidence
of exactly this mechanism. The latter idea is
connected with europium application as scav-
enger — melting cleaner [7]. It is expected
that europium admixture links oxygen-con-
taining compounds with high-melting oxides
(such as EuO and Eu,03) formation, which
are not included into the solid solution and
stimulate crystal purification. The similar ex-
periments were carried out earlier to improve
IR-transparency of optical windows made
from Csl crystals [4].

This work is devoted to discuss the role of
Eu2* ions introduced into Csl melt from the
point of determination of the dominating
mechanisms for crystals purification and im-
provement of their functional characteristics.

2. Experiment

Pure and europium activated Csl crystals
were grown by Bridgman method in evacu-
ated sealed quartz ampoules, and by Czo-
chralski method in the platinum crucibles in
argon atmosphere. Initial Csl salt contained
~107% wt. % of oxygen-related impurities.
Preliminary dehydration of raw material
was carried out by heating up to 350°C in
vacuum. Dehydrated Eul, used as admixture
was loaded into cesium iodide with concen-
trations in a range of 0.01-7 %. The con-
tent of Eu?* in obtained crystals was varied
from <1075 to 2.10°1 %.

Optical absorption spectra in UV-VIS
range were registered by Specord M40 spec-
trophotometer. IR-absorption spectra were
measured by Spectrum One FT-IR spec-
trometer. Since the fluorescent methods are
most sensitive to reveal the presence of oxy-
gen impurities in the crystals, in this re-
search crystals’ photoemission charac-
teristics were defined using FLS 920 fluo-
rescence spectrometer. Radioluminescence
spectra were measured using X-ray excita-
tion (Cu, 40 mA, 40 kV).

To estimate the scintillation suitability
of crystals, integral emission output was de-
termined as purification criteria, including
slow and fast luminescence components’
contribution. Ratio F/T in the samples was
ascertained using pulse method with the
cosmic muons excitation.
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Fig. 1. X-ray luminescence spectra of un-
doped Csl crystals with total admixtures con-

tents’ ~5-1073 (1), 5:107% (2); 1-107* (3), %.

3. Results and discussion

IR spectra of undoped Csl crystals,
grown by Bridgman method, demonstrate
weak bands corresponding to trace amounts
of CO32‘, SO42‘, OH-, H,O~, CNO~ ions. At
the same time, the intensity of these bands
is much higher for crystals obtained by the
Czochralski method, and the total content
of oxygen radicals may reach ~ 51073 %.

X-ray luminescence spectra of "pure” Csl
crystals with different total contents of
oxygen-containing impurities (1-107%; 5-1074
and ~5-1073 %) are presented in Fig. 1. The
band with the maximum at 307 nm, corre-
sponding to the intrinsic fast emission, is
notable for all crystals. The presence and
contribution of additional bands in the
range of 410-580 nm with slow decay de-
fines crystals contamination level by oxy-
gen-containing radicals.

Radioluminescence spectra of "pure” and
Eu-doped crystals are shown in Fig. 2. Total
impurity content in undoped sample is close
to ~5:1073 %. Dopant concentration in acti-
vated crystals was 2-107% and 2102 %
Eu?* (8 and 7 % Eu?* in the melt, corre-
spondingly). The nominally pure crystal is
characterized by approximately equal con-
tribution of UV and blue luminescence,
whereas for Eu-doped samples the ratio of
these bands (and, hence, the F/T ratio) de-
pends on the activator content. Small addi-
tions (£2:107% % Eu) lead to a significant
reduction in the contribution of the slow
emission component. The ratio of F/T turns
out to be rather high, i.e. close to 1. It has
to be noted that the typical bands corre-
sponding to oxygen radicals, are absent in
IR spectra of these samples.
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Fig. 2. Radioluminescence spectral patterns
depending on Eu contents in Csl crystals (a),

normalized spectra (b).

Thus, growth of the europium content in
crystals leads to a gradual reduction of the
blue emission as it can be seen from the spec-
tra, presented in Fig. 2. However, the effect
has concentration limit, above of which the
situation changes. Concentration increase
higher than 2-1074 % Eu2* (3 % Eu2* in the
melt) results in intensity decrease of the in-
trinsic UV luminescence, and a narrow band
at 445 nm (0.2 eV) appearance. The latter
has emission spectra and microsecond decay
kinetics typical for 4f85d1-4f7 transition in
Eu2* ion [10]. It is important to note that at
any concentration in crystals, europium is in
the divalent state (even in case of phase pre-
cipitation Eul, and CsEulz [11]).

Concentration dependence of X-ray lumi-
nescence spectra of Csl:Eu can be connected
with the fact of low activator’s segregation
coefficient in solid solution (K ~ 0.002).
Due to this the interaction between europium
and oxygen residuals is limited as far as
dopant gradually accumulates directly in the
crystal and gives the typical Eu?* emission.

It should be noted the role of the euro-
pium in the other stages of crystal growth.
The active interaction of europium with
oxygen-containing radicals, leading to the
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Fig. 3. Eu®* ions luminescence in the crystal-
lized melt of Csl:Eu: emission excitation spec-
trum of 611 nm (a) and emission spectrum
under excitation of 393 nm (b).

formation of europium oxides and oxy-io-
dides, takes place during preliminary heat
treatment of the initial raw material. Con-
sidering the possible europium oxygen com-
pounds, it should be noted that europium
has valence (2+) in EuO, Eu,Ol,, Eu,Olg
whereas in Eu,03, EuOIl, Eu,O,l the euro-
pium valence is (8+). As is well known [12],
the spectral-kinetic luminescence parame-
ters of europium ions with different va-
lences are clearly distinguished. Spin-al-
lowed d f transitions with specific narrow
emission band in the blue region with mi-
crosecond emission are typical for Eu?*
ions, whereas spin-forbidden f f transitions
line spectrum in the red region and millisec-
ond decay are typical for Eu3* ions. From
the above mentioned compounds, only EuO
and Eu,O5 oxides are rather thermally sta-
ble at Csl melting temperature (621°C).
One more stage is the interaction between
europium and oxygen admixtures directly in
the melt. Fig. 3 shows excitation and lumi-
nescence spectra of the frozen melt which
remained in the platinum crucibles bottom
after CsllEu ecrystal growth by Czochralski
method. Intense line luminescence in the red
region is revealed, which is typical for f f
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transitions in Eu3* ions, whereas the blue
band of Eu?* ions is absent. It indicates the
precipitation formation of oxide (Eu,Os3) dur-
ing decomposition of Csl-Eul, solid solution.
Typical for oxygen radicals IR bands are prac-
tically absent for single crystals; whereas the
crystallized melt demonstrates the peak at
~540 ¢cm 1 caused by Eu,05. The obtained data
confirm that trivalent europium compounds
are products of interaction between europium
and oxygen ions in Csl melt. Elucidation of
their nature requires detailed research, but in
principle not only europium oxides but also
oxy-iodides (EuOl, Eu,O,l) can be the interac-
tion products.

In analysis of the solid solution Csl:Eu
production, it should be taken into account
that the phase diagram of Csl-Eul, binary
system belongs to eutectic type [13]. The
lattice structure of Eul, is orthorhombic
and for Csl is body-centered cubic. Eu2* and
Cs™ ions differ not only by valence but also
by sizes (AR/R ~ 28 %). This discrepancy
can explain the low segregation coefficient
of europium in Csl solid solution
(K ~ 0.002). The presented data indicate
that activator’ precipitates can appear in
Csl:Eu crystals with a high probability.
These inclusions contain europium ions
mainly in the divalent state. Introduction of
the small and strictly controlled europium
iodide admixtures (<1-107% %) allows to in-
crease the IR-transparency and scintillation
efficiency of pure Csl. The effect is deter-
mined mainly by interaction between euro-
pium and oxygen admixtures deteriorating
optical and scintillation crystal’s properties,
and their elimination off the melt during
the crystals growth process.

4. Conclusions

Thus, it is shown the important role of
europium as a scavenger allowing the melt

purification before Csl crystal growth. In its
turn, this results in the IR-transparency im-
proving of crystals, as well as suppressing of
slow scintillation pulses. Reducing the pro-
longed emission in the range of 410-580 nm
leads to increase of F/T ratio, which is im-
portant for the Csl application as a fast scin-
tillator. At the same time, the increase of
scavenger’s crucial concentration give rise to
the luminescence peak at 445 nm, typical for
Eu?* ions, and leads to the quenching of in-
trinsic fast UV emission in Csl crystal.
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3araymenHa micagceiTimaa B Eu2t akTmBoBaHMX
Kpucraaax Csl

H.Illupan, O.'ekmun, C.Bacioxos, C.Txauwenrxo, J{.Cogpporos

HocaigskyBaBcsi BILIUB €BPOIIif0 HA aOCOPOIIiiiHi, JIOMiHECIIEHTHI Ta CIMHTUIALINHI XapaKTe-
puctuku Kpucramie Csl. IloxasaHo BasKJIMBY pPOJIb €BPOINI0 SK CKaBaHrepa, IO JO3BOJISIE
OUUCTUTH PO3ILIAB IO IouaTKy poctry. IIpurHiuenHsa mnoBisbHOI JIOMiHeclieHITIl B [JianasoHi
410-580 HM TPUBBOAUTH A0 WiABUINleHH: cuiBBigHomeHHA F/T, BaKJIUBOTO B pasi BUKOpPUCTAH-
Ha Csl K mBuaKoro cumHTHIATOPa. B TOM Ke uac 30MTKOBHUN BMICT CKaBaHrepa CIPUUYMNHIOE
saracaHHs BiacHOro Y CBiTIHHS Ta BUHUKHEHHs xapaxkTepHoi muas iomis EuZt momime-

creHIrii.
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