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Eu?*-doped CsSrCl; scintillation crystals with activator concentration 0.5, 1 and 5 mol. %
and SrCl,: :Eut materlal doped with 1 mol. % of the activator have been grown by Bridg-
man- Stockbarger method. The radioluminescence spectra of CsSrCl,: Eu?* materials include
a narrow band with the maximum which position is shifted from 437 to 448 nm with Eu?*
concentration increase and the spectrum for SrCl,: :Eu?* contains a band with the maximum
at 414 nm. The light yield of CsSrCl;: Eu2* materlal achieves maximal value at 5 mol. %
of Eu?* and it is equal to 89 % in respect to Nal:Tl (ca 16,000 photons per MeV) and
energetic resolution R is 11.5 %, whereas for SrCl,:1 mol. % of Eu?* the light yield
consists 30 % (ca 12,000 photons per MeV) and R = 9.2 %. The scintillation pulse decay
curves for CsSrCI3:Eu2+ is described by two components with the decay constants 420 ns
and 2.8 pus and the fraction of the faster component is 0.8.

CHUHTUNIATNOHHEIE MOHOKpI/ICTaJ'IJII)I CsSrCl;, akTuBUpOBaHHEIE J0GaBKaMM Eu?* 0,5, 1 u
5 mon. %, u SrCly:1 mox. % Eu?* BrIpamensl ns pacmiapa MeTogoM Bpumpkmena-CrokGapre-
pa. CrexTpsr pa,ZLI/IOJIIOMI/IHeCIleHI_H/II/I CSSrCI3:Eu2+ UMET e¢IVMHUYHBIN V3Kl MUK C MAaKCH-
MYMOM, IIOJIOMKEeHIEe KoToporo cmemiaerca or 437 mo 448 HM B 3aBUCHMOCTH OT KOHIIEHTPA-
ouu aKTHBaTopa, B ciayuae marepuana SrCly:E Eu?* maxcumym Habmozaerca mpm 414 mwm.
Ceeronrrxog CsSrCl,: :Eu?* pocruraer MaKCHMAJBLHOTO BHAUeHWA mpu 5 Moia. % Eu?* u co-
craBasger 39 % OTHOCI/ITeJIBHO Nal: Tl (oxomo 16000 dororos/MsB) mpu sHepreTuyecKom
paspemennu R = 11,5 %, gaxa SrCly:1 mox. % Eu2* cseroseixon paser 30 % (oxoxo
12000 dororor/M3sB) u R = 9,2 % . KpuBas saTyxaHUA CHUHTUJIAIMOHHOIO UMIIYJALCA IS
CSSrCIS:Eu2+ MOXKeT GBITH OIIMCAHA ABYMA KOMIIOHEHTAMM C KOHCcTaHTamu saryxanmsa 420 He
u 2,8 MKc u gogeii 6osee Gpictporo kommonenTa 0,3.

1. Introduction terials as CsBa2I5:Eu2+, CSSI’|3:EU2+
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Modern trends in development of Eu2*-
activated alkali and alkaline earth halide
scintillators consist in a shift of the empha-
size from the doped single substances on
complex halide compounds containing one-
and two-charged metal cations. For in-
stance, scintillation properties of such ma-
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CsEul; have been recently reported [1, 2].
The reason why only iodide compounds be-
come the object of such great attention con-
sists in generally accepted opinion that they
possess the narrowest band gaps in compari-
son with compounds formed by other halide
ions. Nevertheless, some difficulties of ob-
taining iodide materials are caused by lower
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stability of iodide compounds as formed by
the "’softest” base (according to "hard and
soft acids and bases” concept [3] the
strength of bonding in pairs formed by al-
kali, alkaline earth and rare-earth cations
and halide ions decreases with the increase
of anion radius in F—>Cl—>Br—1| se-
quence). Ditto, the individual iodides are
less stable than corresponding bromides and
chlorides, and the action of residual water
and oxygen in the growth atmosphere can
lead to appreciable pollution of the grown
single crystals by oxygen traces. These ad-
mixtures worsen the scintillation parame-
ters of the obtained materials because of
interaction with the activator cation (Eu2*),
which was shown in [4] to be very strong
Lux acid.

Therefore, the complex of chloride and
bromide compounds based on alkali and al-
kaline earth metal salts deserve to be stud-
ied as prospective scintillation materials.

The purpose of the present work is inves-
tigation of luminescence and scintillation
properties of the compound formed by ce-
sium and strontium chlorides. According to
the phase diagram of CsCI|-SrCl, system [5],
in the said system only one stable com-
pound, CsSrCl; is formed. The melting
point of this compound is 842°C that allows
to perform the crystal growth without ap-
preciable difficulties. For a comparison we
performed parallel investigation of
SrCly:Eu?* material.

2. Experimental

SrCl, was synthesized by dissolution of a
weight of SrCO5 of 99.99 % purity in extra
pure hydrochloric acid taken with the ex-
cess of 5 %. Then the weight of NH,CI cor-
responding to NH,CI:SrCO; molar ratio
equal to 0.5 was added to the formed solu-
tion of SrCl,. The obtained mixed solution
was evaporated, placed in quartz ampoule
with the diameter of 60 mm and 300 mm
height and heated in vacuum (ca 10 Pa) up
to 400°C with 4-hours stop at 200°C which
was necessary to removal of chemically
bonded water. Ammonium chloride subli-
mates from the charge in 200-350°C tem-
perature range that prevents pyrohydrolysis
of the obtained anhydrous chloride.

The charge of CsSrCl; was synthesized by
such a way. A weight of SrCO5; (99.99 %)
was dissolved in extra pure hydrochloric
acid with the formation of SrCl, solution.
Then the weight of CsCl corresponding to
CsCl:5rCO3; molar ratio equal to 1 was
added to the solution of SrCl, and NH,CI as
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it was described in the previous paragraph.
The obtained mixed solution was evaporated
to formation of the mixture of crystals.
This mixture was placed in quartz ampoule
with the diameter of 60 mm and 500 mm
height and heated in vacuum up to 400°C.
The following heating was performed in the
flow of argon saturated by CCl, vapor. The
mixture was melted and kept at 870-900°C
in Ar+CCl; atmosphere for 4 h. upon to the
absence of wetting the ampoule walls by the
melt which serves as an indicator of com-
plete removal of oxide ion admixtures
(down to 10~% mol-kg™1). The principal reac-
tion taking place at the purification can be
presented by the following scheme:

2SrO+ CCI, T — 2SrCL +CO, T (1)

taking into account that oxide ions O2?~ in
the melt are distributed between Cs* and
Sr2* cations and the following equilibrium

Cs,0 + Sr2t = 8r0 + 2Cs* (2)

under the treatment conditions is practi-
cally completely shifted to the right.

Eu?* was added in the form Eul, as the
most stable halide of europium (II). The
routine of Eul, synthesis is presented in de-
tail in [5].

In the frame of this work pure CsSrCl;
and the samples containing 0.5, 1 and
5 mol.% of Eu?* were grown (the attempt
to obtain the sample doped with 10 mol.%
of Eu?* failed because of breaking down of
the formed solid solution). To make this the
growth charge was placed in quartz ampoule
of 18 mm diameter, melted and kept for a
day at 870°C in vacuum (ca 10 Pa). The
crystals were grown by Bridgman-Stock-
barger method; the temperature at the dia-
phragm was 842°C for pure CsSrCl; and
840°C for the doped crystals, whereas for
pure and EuZ?*-doped SrCl, it was 874°C.
The temperature gradient in the growth
zone was 10°C/ecm and the rate of the am-
poule descent was 2.6—2.8 mm/h. The ob-
tained ingot was cooled to the room tem-
perature with the rate of 10°C/h. Then the
ingot was cut and the detectors of 12 mm
diameter and 2 mm height were prepared. It
should be noted that in the case of CsSrCly
the final ingot included brown-and-red pre-
cipitate in the bottom section because of the
formation and precipitation of EuO under
the experimental conditions. This was
caused by the existence of oxygen-contain-
ing admixtures in Eul, which, in the con-
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Fig. 1. The radioluminescence spectra obtained under 2*'Am excitation at RT: a) pure CsSrCl; (1)
and CsSrCl; doped with 0.5 (2), 1 (3) and 5 mol.% of EuZ* (4); b) pure SrCl, (1) and SrCl, doped

with 1 mol.% of Eu?* (2).

trast with the chloride matrixes could not
be purified under hard conditions.

The radioluminescence spectra (%4TAm
y-irradiation) of the obtained materials were
recorded using MDR-23 monochromator.
The pulse-height spectra were obtained under
137Cs (y, 662 keV) and 241Am irradiation and
registered by PMT Hamamatsu R1307.

The scintillation pulse shape of
CsSrCl;:Eu?* detector was obtained using
the delayed-coincidence method (Bollinger
and Thomas, 1961). Two 9142B (Electron
Tubes Ltd.) photomultipliers were used for
the detection of scintillation photons both
in "start” and in "’stop” channels of the
optical part of the set-up. The detectors
were irradiated by gamma photons of 192Eu
radionuclide source (y, 41, 77.9, 122 keV).
The photomultiplier in the "start”™ channel
was used to give zero-time signal. It was
placed in optical contact with the scintilla-
tor. A scintillation pulse was attenuated by
a diaphragm to single photon mode and
then detected by the photomultiplier to gen-
erate delayed timing signal in the "stop”
channel.

3. Results and discussion

Radioluminescence spectra of the materi-
als based on CsSrCl; and SrCl, are presented
in Fig. la and Fig. 1b, respectively. As seen
the spectra for the pure chloride matrixes
are quite different. The emission spectrum
of CsSrCl; includes a relatively narrow band
(290-360 nm) with the maximum at 321
nm, whereas the radioluminescence spec-
trum of pure SrCl, contains wide band
(300-500 nm) of low intensity which, simi-
larly to results of [6] may be attributed to
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the presence of cation admixtures (Ba?* and
Ca?*).

An addition of Eu2* to the said matrixes
results in disappearance of these bands. All
the Eu?*-doped crystals contain only one
narrow band which can be ascribed to 5d—4f
transition in Eu?* ion. In the case of
CsSrCl; the position of the band maximum
is shifted from 437 to 448 nm when Eu?*
concentration increases from 0.5 to
5 mol.% (thereat FWHM value reduces
from 23 to 21 nm). As for SrCl,:Eu2* mate-
rial, the maximum of the emission band is
placed at 414 nm that is in a good agree-
ment with the results of [7]. Authors of [7]
note also that an increase of Eu2* concentra-
tion causes the shift of the said maximum
from 410 to 416 nm (FWHM is 14 nm) that
principally corresponds to similar effect ob-
served in CsSrCI3:Eu2+ system. An increase
of the activator concentration in CsSrCl;
matrix leads to subsequent increase of the
integral intensity of the emission band, and
increase of Eu2* concentration from 0.5 to
5 mol.% (i.e. in 10 times) causes increase
of this parameter by factor of 4.

The results of the light yield determina-
tion show that the increase of the activator

Table. Relative light yield (LY, in respect
to Nal:Tl) and energetic resolution (R) of
some Eu?*-doped CsSrCl; crystals

Detector LY (y-"%Cs) R, %
CsSrClg:0.5 % Eu?* 8.3 18.4
CsSrCly:1.0 % Eu?* 18.5
CsSrCly:5.0 % Eu?* 38.9 11.5

CrCl, :1.0 %Eu?* 30.3 9.2
189
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Fig. 2. Pulse height spectra obtained under '37Cs excitation: a) CsSrCl; doped with 0.5 (1), 1 (2)
and 5 mol.% of Eu2* (3); b) pure SrCl, (1) and SrCl, doped with 1 mol.% of Eu?* (2); in comparison

with standard Nal:Tl sample (a4 and b3).

concentration in CsSrCl; leads to the in-
crease of the light yield that can be seen
from the pulse-height spectra (Fig. 2a). The
maximal value of the light yield is observed
for the sample doped with 5 mol.% of Eu?*
and it is approximately equal to 39 per cent
(ca 16 000 photons per MeV) as compared
with Nal:Tl (Table).

As for SrCly:Eu?* scintillator, its light
yield is estimated to be near 30 % as com-
pared with Nal:Tl. So, both materials are
bright enough scintillators and complex ma-
trix doped with considerable amount of Eu?*
is somewhat brighter than doped strontium
chloride. As for SrCIZ:Eu2+ material, it
should be noted that the concentration of
Eu?* ca 1 % corresponds to the plateau sec-
tion [7] where the maximal values of LY is
observed and the exceeding of this concen-
tration leads to the decrease of the scintilla-
tion parameters owing to concentration
quenching of the luminescence.

The best energy resolution for the doped
CsSrCl3 samples is observed for the material
doped with 5 mol.% of EuZ* (11.5 %)
whereas for doped SrCl, material this pa-
rameter is equal to 9.2 %.

The scintillation pulse decay curve for
CsSrCls:Eu?* material doped with 5 mol. %
of the activator is presented in Fig. 3. As
seen it may be approximated using two com-
ponents with decay constants 420 ns and
2.8 ps. The fraction of the faster component
is 0.3 and that of the slower one is 0.7. In
the case of SrCl, there is only one compo-
nent with the decay constant which is esti-
mated as 2 us [7]. This means that both
scintillators are rather slow.
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Fig. 3. The scintillation pulse decay for
CsSrCl; material doped with 5 mol. % of
Eu?*: total pulse (I) and fractions of compo-
nent with the decay constants equal to 2.8 is
(2) and 420 ns (3).

4. Conclusions

So, in this work CsSrCl; scintillation
crystals doped with 0.5, 1 and 5 mol. % of
Eu2* and SrCly:1 mol. % of Eu?* have been
grown by Bridgman-Stockbarger method. In
the case of the binary matrix the precipita-
tion of a part of Eu?* in the form of EuO
takes place. The radioluminescence spectra
of CSSFCI3:EU2+ include a bands with the
maxima placed in the region from 437 to
448 nm, their position is dependent on Eu?*
concentration increase and the spectrum for
SrCl,:Eu?* contains a band with the maxi-
mum at 414 nm. The maximal LY of
CsSrCl3:Eu?* is observed at 5 mol. % of
Eu* (39 % in respect to Nal:Tl) and R is
11.5 %, whereas for SrCly:1 mol. % of Eu?*
LY is 30 % and R=9.2 %. The scintilla-
tion pulse decay curves for CSSFCI3:EU2+ is
described by two components with the decay
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CouaTHiaAniiiai Baacrusocti monokpucraxis SrCl,
i CsSrCl;, akTuBoBanux mo0aBKamu Eu2*

B.J1.Yepzuneyw, O.JO.I'punna, T.Il.Pe6posa,
IO.M./layvro, T.B.Ilonomapenko, H.B.Pebposéa,
M.M.Kocinoe, O.A.Tapacenko, I0.1.Jonxwenrxo, O.B.3enencovra

CuouaTnnaniiiai monoxpucramu CsSrCl;, akTmsosami mobaBKamu Eu?* 0,5, 1 i 5 mom. %, i
SrCly: 1 mom. % Eu?* Bupomeno 8 posmiasy MeToxoM Bpimxmena-CrokGaprepa. CeKTpn pagio-
JroMiHecHeHIil CSSrCI3:Eu2+ MAOTh OAVMHWYHHMN BY3bKUII IIIK 3 MAKCAMyMOM, IIOJOMCHHS
Axoro smimyyerses Bix 437 no 448 HM y s3asesHoCTi Bij KoHIeHTpaiil akTHBaTOpa, Y BUIALKY
MaTepiary SrCIZ:Eu2+ MaKCHUMyM crocTepiraetoeca npu 414 mm. CsiTnoBuxin CSSrCIS:Eu2+ Iocs-
rac MaKCHMAJIBLHOrO sHaueHHs Tpu 5 mMox. % Eu?t i cxaagae 839 % migmocmo Nal:Tl (Gnmspro
16000 coronis/MeB) mpu emepreTuunomy posgizenni R = 11,6 %, gaa SrCly:1 momx. % Eu2*
cBiTnoBuxin mopisuioe 30 % (Gaussko 12000 dotouis/MeB) i R = 9,2 % . Kpusa saracanus
COMHTAJAANINHEOrO iMIyabpcy aasa CSSrCIS:Eu2+ MOXe OyTH OIMCAaHA ABOMA KOMIIOHCHTAMU 3
KoHcranTamu saracamusa 420 ve 1 2,8 mice i vacrrkoro mBugmoro kommonenra 0,3.
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