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Scintillation crystals based on BaBr,—BaCl, solid solution corresponding to minimal
melting point in the phase diagram doped with Eu?* (from 0.3 to 3 mol. %) were grown
by Bridgman-Stockbarger method. The X-ray luminescence spectra of pure matrix of
Ba(Brg oCly 1), composition includes wide emission band with the maximum which position
is placed near 410 nm. The emission spectra of the Eu?*.activated materials contain
narrow bands with the maxima at 411-413 nm. The absolute light yield of
Ba(Bro_gCIO_1)2:Eu2+ material doped with 8 mol. % of the activator is ca. 32600 photons per
MeV and the best energetic resolution is 9.5 %. The decay curve for the studied materials
is described by one component with the time constant of 70 ns. Distribution coefficient of
Eu?* in the studied matrix is estimated as & = 0.7240.05. All the obtained parameters are
close to those of BaBrz:Eu2+ single crystals obtained under similar conditions.
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CHMHTUIIANVOHHLIE MOHOKPHUCTANJILI HA OCHOBE AKTUBHUPOBAHHOIO €BPOIHUEM TBEPIOI0
pacrsopa BaBr,—BaCl, ¢ cocrasoM, cOOTBeTCTBYIOIIMM MUHHMAJIBHONW TeMIeparype ILIABJIe-
HUA Ha (GasoBoil gmarpamme, BoIpalieHbl MeTonoMm Bpumpxmena-Croxbaprepa. Iloryuen KoH-
LEeHTPALMOHHBIN pAfL, B KOTOPOM comzep:xanme Eu2* sapouposasocs or 0.3 mo 3 mox. %.
CrexTp peHTreHONIOMHUHecIeHIMY uucToii Marpunsr Ba(Bry ¢Cly ), umeer mmpoxryo smuccu-
OHHYIO TIOJIOCY ¢ MaKcuMyMoM mpu 410 M. OMUCCHOHHBIE CIEKTPLI KPUCTAJIOB, AKTHBUPO-
BAHHBIX go6GaBKaMm EuZ¥, BKIHOUAIOT YBKYI [OJIOCY ¢ MaKCUMyMOM B mIpexenax 411—
413 BEM. AGCONIOTHBINM CBETOBBLIXOJ MATCPHAJIA Ba(BrolgCloj)z:Eu2+ ¢ 3 moi. % oOlLleHEeH Kak
32600 doromo/M»sB npu sHeprermueckom paspemenuu 9.5 % . Kpusble saTyxamus CIIUH-
THILIALMOHHOIO UMIIYJAbCA AJd MSYYEHHBIX MATEPUANOB OIMMCHLIBAIOTCA OJHUM KOMIIOHEHTOM
¢ KoHCTaHTOM saryxamms oxono 700 me. Kospdumment sxoxpenums EU2* B nsyuaemyro
marpuiry pasen 0.72+0.05. Bee mosyueHHbIe mapaMeTpbl OJM3KH K TAKOBBIM /[JI MOHOKPHUC-
TaJaa BaBrZ:Eu2+, MOJIYUEHHOT'O B IIOJOOHBIX YCIOBHUAX.
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Omep:xaHHA i CHMHTHIANINHI BIACTHBOCTI KPHUCTAJIiB Ha OCHOBiI TBEPmOTO PO3YHHY
Ba(Bry oCly 1), axTuBOBaHOTO e€Bpomiem. B.JI.Yepzuneysb, I0.M.Jlaybko, O.I0.I'punna,
T.B.Ilonomapenro, H.B.Pebposa, T.Il.Pebposa, T.€.I'opb6auwosa, O.B.Jlonin, O.I.Tpybaesa,
B.JO.Iledaut.

CuuHTUAAITHI MOHOKPMCTAAM HA OCHOBI AKTUBOBAHOTO €EBPOIIEM TBEPAOTO PO3UNHY
BaBr,—BaCl, si cxaagom, mjo Bignosigzae mimimanprilt Temmeparypi TomreHHs Ha (asosiit
piarpami, supoigero meroxom Bpimmena-Crokbaprepa. Opepsxano KOHIGHTPALIMHII palx, B
axomy Bmict EUZ* Bapiosases Bix 0.3 1o 3 mou. % . CHEKTP PEHTreHOMIOMIHECHe il YneTol
marpuni Ba(Bry oCl, 4), Mae mupoxry emiciiitny cmyry s makcumymom mpu 410 mm. Ewmicifimi
CIIEKTPY KPHCTAJIB, aKTHBOBAHUX AobaBramy EUZ’, BRIIOUAIOTE BYSLKY CMyTy 3 MaKCHMY-
MoM y mesxax 411-413 mm. AGcoamoTHuil csiTsoBuxin marepiamay Ba(BrolgClm)z:Eu2+ 3
3 moua. % ominenuir ax 32600 dorouie/MeB npu enepreruunomy posginenni 9.5 % . Kpusi
3aracaHHs CHMHTHUIAIIAHOrO iMIyAbCY MJid BHBUYEHUX MATEPiaJiB ONUCYIOTHCA OITHUM KOM-
[IOHEHTOM 3 KOHCTAHTOIO saracaHusa Gamspxo 700 me. Koedinient sxommennas Eu?t y marpu-
oo, o mocaimkeno mopiBuroe 0.7210.05. Bei opepsxani mapamerpu € OJHUSBKUMH 0

BiAnoBiTHWX XapaKTepucTHE MOHOKpucrasna BaBr,E

1. Introduction

Nowadays scintillation materials based
on Eu?*-activated complex compounds or
solid solutions of alkali and alkaline earth
metal halides attract attention of investiga-
tors working in material science of scintilla-
tors. This is caused by relatively high funec-
tional parameters of these materials exceed-
ing those of widely used Nal.Tl single
crystals. For instance, such materials as
CSBaZ|5ZEu2+, CSBaZI5:Eu2+ and Eu2*-doped
solid solution of BaBr,—Bal, system (0.5:0.5)
demonstrate high absolute light yield ap-
proaching 100,000 photons per MeV to-
gether with excellent energy resolution ca.
3 per cent [1-3]. Such interest to the io-
dine-containing compounds is explained by
the common opinion that these materials
possess narrower band gap comparing with
bromide and chloride compounds. Neverthe-
less, the latter halides are characterized by
higher resistance to influence of oxygen-
containing atmosphere components and
lower hygroscopicity than the iodide com-
pounds.

Our recent investigation of bromide and
chloride scintillators of CsSrX;Eu2* shows
that their scintillation parameters are com-
parable with those of the common used scin-
tillators, therefore, the similar materials
also should be prospective for the practical
use [4, 5].

The present work is devoted to study of
scintillation properties of the material be-
longing to BaBr,—BaCl, solid solution sys-
tem. The phase diagram of the said BaBro—
BaCl, system is referred to the systems with
persistent row of solid solutions possessing
minimal melting point of 841°C at content
of BaCl, equal to 10 mol. % [6]. As is
known, the crystallization processes of
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BaBr,—BaCl, solid solutions possessing com-
positions deviating from the most low-melt-
ing one results in obtaining crystal with
different ratios of the constituent anions
along the growth axis. In this case the
grown Eu?*-doped sample should be charac-
terized by additional non-uniformity of the
dopant distribution. Choosing Ba(Brg ¢Clg 1)2
gross-composition we avoid the non-uni-
formity of the anion distribution. However,
the second non-uniformity connected with
the entering of Eu?* in the crystal remains
and, so, it can be studied.

2, Experimental

Both components of the solid solution,
BaBr, and BaCl, were obtained by dissolu-
tion of BaCO; (mass fraction of the main
component is 0.9999) in 55 per cent hydro-
bromic or 37 per cent hydrochloric acid, re-
spectively, both acids were of "chemically
pure” grade. Some excess of barium carbon-
ate was added to the obtained solution that
provided the precipitation of heavy and
lighter alkaline-earth metal cation from the
obtained solution. After filtration the said
solution was acidified to pH within 3—4 and
evaporated to the formation of wet crystal-
line powder. The latter was dried in vacuum
(ca. 5—10 Pa) at stepwise temperature eleva-
tion from room temperature (rt) to 200°C.

EuBr, was used for the doping of the
obtained crystals. It was obtained by disso-
lution of Eu,O5 (mass fraction of the main
component is 0.99999) in the hydrobromic
acid taken with 2 per cent excess that re-
sulted in obtaining aqueous solution of
EuBr;. Then ammonium bromide (mass frac-
tion of the main component is 0.9999) was
added to the formed solution and its
amount corresponded to mole ratio of NH,Br

Functional materials, 22, 4, 2015



V.L.Cherginets et al. / Obtaining and scintillation ...

to EuBr3z equal to 4. This solution was
evaporated dry and placed in quartz am-
poule. The next stage of the process was the
obtaining of EuBr, by thermal decomposi-
tion of EuBrj:

t- 400°C, vacuum

2EuBr; 2EuBr, + BrzT.(l)

To make this, the ampoule with EuBr; +
NH4Br mixture was heated to 500°C in vac-
uum (ca. 5 Pa) with stepwise temperature
elevation. The sublimation of ammonium
bromide was observed at 250—300°C and HBr
formed owing to the dissociation process
provided additional deoxidization of EuBrs.
The elimination of bromide started at tem-
peratures above 300°C and the complete de-
composition according to Eq.(l) was
achieved at 500°C.

Then obtained EuBr, was melted at 683°C
and cooled to rt.

To prepare charge of Ba(Bry oClj ), matrix
BaBr, and BaCl, powders were mixed in mass
ratio 92.8:7.2, respectively. Preparation of
charge for growth of activated materials was
performed by mixing matrix with EuBr, and
the mass fractions of the latter were: 0.0032
(0.3 mol. % of Eu?*), 0.0108 (1 mol. % of
Eu2*) and 0.0324 (3 mol. % of EuZ*).

The single crystals were grown by Bridg-
man-Stockbarger method; the temperature
at the diaphragm was 840°C both for the
pure halide matrix and for the doped crys-
tals. The temperature gradient in the
growth zone was 10°C/cm and the rate of
the ampoule descent was 2.6-2.8 mm/h.
The obtained single crystal was cooled to
the room temperature 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.

Estimation of the distribution coefficient
of Eu?* in Ba(BrygCly (), matrix was per-
formed on the basis of complexonometric
determination of Eu content in the grown
samples.

The X-ray luminescence spectra were re-
corded using a setup consisted of X-ray
emitter (PEIC-I) and receiving block includ-
ing monochromator (MDR-23), PMT (PMT-
100), amplifier, analog-digital converter
and PC. The pulse-height spectra were ob-
tained under 137Cs (y, 662 keV) irradiation
and registered using PMT Hamamatsu
R1307.

The kinetics of scintillation light decay
was studied as follows. The studied sample
was placed directly on the photocathode of
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Fig. 1. Normalized X-ray luminescence spec-
tra of single crystals of Ba(Bry 4Cl; 1), (1) and
Ba(Bry ¢Cly 1):1 mol. % Eu?* (2) composi-
tions, room temperature.

PMT XP 9822QB without optical contact.
The other surfaces of the sample were
coated with 3 layers of TETRATEC film.
The measurements of the pulse shape were
performed using the natural background ir-
radiation without additional y-ray sources
for several hours. The events of enough for
the registration intensity by LeCroy Wave-
Surfer 422 oscilloscope took place some
times per a minute. The total pulse was
considered as the scintillation light of the
studied crystal.

3. Results and discussion

Examples of X-ray luminescence spectra
of Ba(Br09C|01)2 matrix and
Ba(BrO_QCI0_1)2:Eu2+ single crystal are pre-
sented in Fig. 1. The emission spectrum of
the undoped solid solution includes a wide
asymmetric band (Fig. 1, curve 1) which is
proper to BaBr,—BaCl, solid solutions which
compositions differ from one studied in this
work [7]. The maximum of this band is
placed near 410 nm that is in the excellent
agreement with the results of [7] and
authors of [8] ascribe this band to recombi-
nation either of pair consisting of F and V.
The second possible reason according to [8]
is the contamination of the matrix by traces
of Eu?*. However, the latter is hardly possi-
ble since addition to such matrix of
0.1 mol. % of Eu2?* causes considerable re-
duction of the matrix band intensity and
shift of the band maximum to 390 nm and
simultaneously the small band with the
maximum at 610 nm proper to Eu3* lumi-
nescence appears. This permits to make an
assumption that the existence of these
bands is caused by other admixtures.
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Indeed, Eu3* ion cannot exist in a high-
temperature halide melt (as it has been
mentioned above the minimal melting point
in BaCl,-BaBr, system is 841°C) containing
bromide or iodide ions. However, the presence
of oxygen and oxide-ion traces in the melt and
surrounding atmosphere favours running the
following process:

2Eu?t + 202 + 14027 — Eu,05! 2)

and the existence of trivalent europium in the
precipitated solid oxide phase is undoubted.
EuZ* has been found in [9] to be inclined to
formation of insoluble oxides due to interaction
with oxygen-containing admixtures in halide
melts. Just luminescence of small Eu,05 results
in arising additional emission band (610 nm)
[7]. So, the band observed in the undoped ma-
trix could be connected with the presence of
oxygen-containing admixtures in the mixed
halide melt, and, hence, in the final crystal.
The addition of larger amount Eu?*
(0.3 mol. % and more) results is complete
suppression of the matrix band and narrow
band (FWHM = 0.025 V), proper for other
crystals based on Eu2*-doped alkaline earth
halides arises, which is caused by 4f65d1-
4f7 in Eu?* ion (Fig. 1, curve 2). This band
is characterized by a maximum at 412 nm
and its position is practically independent
of Eu?* concentration. It should be noted,
however, that the integral intensity of the
emission of the sample doped with Eu?* is
considerably smaller than that of pure ma-
trix and it sequentially increases with the
rise of Eu?* concentration in the samples.
An example of excitation and luminescence
spectrum of EuZ*-doped Ba(Brg gClg 1), sample
is presented in Fig. 2. The emission spectrum
was recorded with an excitation of 360 nm
and it shows a band with maximum at 405 nm
(FWHM = 0.025 eV). The Eu2* emission can be
excited via abroad band between 250 and
380 nm. For the sample containing 1 mol. %
Eu2*, the excitation intensity is highest at
275 nm and it sequentially decreases at lower
energies. As is seen there is overlapping be-
tween the excitation and emission spectra for
samples containing high Eu?* concentrations.
The measurements of the light yield (LY)
and energy resolution (R) of pure and Eu?*-
doped Ba(Brg oClg 1)o crystals show that in
the Eu2* concentration sequence (mol. %)
0 > 0.3 —>1— 3 the relative LY (fraction
with  respect to Nal:Tl) is 0.18
(R=11 %) — 0.14 (R=10)—> 0.27
(R=11 %) > 0.31 (R=9.5 %). That is,
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Fig. 2. Normalized excitation (1) and lumi-
nescence (2) spectra of Ba(Bry4Cly4),:1 mol.
% Eu?* single crystals, room temperature.

the luminosity passes through the minimum
at low Eu2* concentrations that can be ex-
plained in details using the above-consid-
ered data of [7]. The shape of the emission
spectrum of the matrix can be caused by the
presence of 02 ions in melt (BaO admix-
tures). Small amounts of Eu2* act as scaven-
gers removing both Eu2* and 02~ from the
melt and, hence from the final crystals.

From the above-presented concentration
row it can be seen that at Eu2* concentra-
tions exceeding 1 mol. % approaches to a
plateau of luminosity. For the sample con-
taining 8 mol. % of Eu?* (8 mm diameter
and 2 mm height, light collection coeffi-
cient is 0.21) the absolute light yield was
estimated according to routine described in
[10] to be 32,600 photons per MeV. For
grown under the same conditions
BaBry:1 mol. % Eu?* scintillator the rela-
tive LY is 0.32 (R =10 %).

The decay curves of scintillation light
for the obtained EuZ?*-doped materials can
be described using single component with
the decay times lying in 660-700 ns range
and the decay time decreases with increas-
ing Eu?* concentration in the crystal.

As for distribution coefficient of Eu?* in
Ba(Brg gCly 1), matrix, its estimation for
samples which charge contains more than
1 mol.% EuBr, yields value £ = 0.7210.05,
whereas for pure BaBr, this constant is
equal to 0.73. So, small addition of chloride
into bromide does not lead to appreciable
changes in Eu?* distribution between liquid
and solid phase and does not effect scintil-
lation properties of the corresponding Eu?*-
doped scintillators.
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4. Conclusions

Scintillation ecrystals of undoped and
Eu2*-doped crystals based on Ba(Bry oClg 1),
matrix based were grown by Bridgman-
Stockbarger method and were studied by
traditional methods. The X-ray lumines-
cence spectra of the pure matrix includes
wide emission band with the maximum at
410 nm. The emission spectra of the Eu2*-
activated materials contain narrow bands
with the maxima at 411-413 nm. The absolute
light yield of Ba(Bry¢Cly 1)2:8 mol. % EuZ* is
ca. 32600 photons per MeV and the best
energetic resolution is 9.5 %. The decay
curve for the Eu?*-doped materials is de-
scribed by one component with the time con-
stant of 700 ns. Distribution coefficient of
Eu2* in the studied matrix is estimated as
k= 0.7240.05. All the obtained parameters
are close to those of BaBr, Eu?* single crys-
tals obtained under similar conditions.
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