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Single crystals of solid solutions Srl,:Eu, Bal,:Eu and Ba,Sr,_ |,:Eu with concentration
of Eul, equal to 0.5 mol.% were grown by Bridgman-Stockbarger method. Addition of Bal,
to Srly:Eu is found to cause arising two emission bands in the luminescence spectrum. One
of them with maximum ca 430 nm is usual for Eu-containing halides, another with
maximum at wavelength in 550—-580 nm range is characterized by the shift of maximum
position at varying Bal, concentration. The latter band arising is explained by distortions
of crystal lattice of solid solution as compared with that of Bal, or Srl, since Sr2* and Eu?*
from the one hand and Ba2* from the other one have appreciably different radii. As a
result, the light yield for the obtained materials decreases and the energy resolution
deteriorates.

Meromom Bpumxmena-Crokbaprepa BBIPAIeHbl MOHOKPHUCTAJIBI SrIZ:Eu2+, Bal,.Eu u
TBepABIX pacTBopoB Ba,Sr;_ l,:Eu ¢ kommenrpanweir akTuBaTopa 0,5 mox.% . [JobaBreHue B
Srl,:Eu fioguna Gapua IPUBOAUT K IOABJIEHWIO ABYX IIMKOB B CIEKTPe JIOMWHECIeHIIWH.
TlepBBiil M3 HUX XapaKTepeH AJIs eBPOMUU-COAePIKAIUX MAaTepuayoB (MaKCUMYMbI BOJIM3U
430 HM), BTOpOiIT — ¢ MakcuMyMoM B objactu 550—580 HM, MO Mepe HOBBINIEHUSA KOHIIEHT-
pamuu Bal, nonoxenme makcmmyma cmemjaercss B IIMHHOBOJHOBYIO 00JacThb. YIOMAHYTHIH
UK MOSABISETCS KaK CIeJCTBAE MCKAMKEHUI KPUCTAJLINYECKON DEeIIeTKU TBEPLOIO PACTBODA
13-33 SHAYUTENHHOTO DPABIMYMAS MOHHBIX pasumycoB Srét m Eu?*, ¢ ozmoll cropomsr m Ba2* ¢
npyroii. BeimencrBue 9TOro yMeHbBIIAETCS CBETOBBIXOJ U YXY[JUIAETCH SHEPreTHYecKoe paspe-
LIeHWe [IOJYYeHHBIX MATEPUAJIOB.
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One of the most pronounced present-day
trends of the material science of scintilla-
tors is the intensive development of Ce3* or
Eu?*-activated alkaline earth metal halides.
For instance, authors of [1] studied scintil-
lation properties of barium halides activated
with addition of Ce3* or Eu?*. Following
investigations [2] proved high enough scin-
tillation efficiency of materials BaX, Eu
(X — halide ion), which demonstrated light
yield of about of 10,000 photon/MeV.

Srl,:Eu?* is very attractive for investiga-
tors owing to extremely high scintillation
parameters; according to data of [2, 5] the
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material doped with 0.5 mol.% Eu2?* pos-
sesses light yield within 75-80 % in respect
to Nal:Tl. Authors of [3] reported the light
yield of Srl,:Eu?* to be 85,000 photon/MeV
(at 0.5 mol.% Eu?*) and 115,000 pho-
ton/MeV (at 6 mol.% Eu?").

Another direction of the development of
new scintillation materials is the obtaining
of materials on the basis anion-anionic solid
solutions [6] that gives possibility to vary
the technical characteristics of the scintilla-
tors changing a degree of anion-anion sub-
stitution. There is no common opinion about
the effect of such a substitution on the
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properties of scintillator, e.g., authors of
[6] found that for LaCly—LaBrs:Ce solid solu-
tions the dependence of the light yield from
a degree of CI-Br substitution passes
through maximum ca CI:Br ratio 0.34:0.66
whereas data of [7] showed that for the said
solid solutions the changing of the light
vield going from pure LaCl;:Ce to pure
LaBr;:Ce is monotonous. Similar data on
ternary mixtures of alkaline earth metal
halides with cation-cationic substitution are
absent, although for the case of rare-earth
halides the systems of such a kind are pat-
ented [8].

The purpose of the present work is to
study the effect of Ba:Sr ratio in solid solu-
tions of Ba,Sry_,1,:0.5 mol.% EuZ* ternary
system on luminescent and scintillation
characteristics of these materials. Binary
Srl,—Bal, system is characterized by limited
solubility of the components in the solid
state [9]. According to extrapolation from
[9] the solubility of Bal, in Srl; should be of
the order of some mass. % and the solubil-
ity of Srl, in Bal, may be 10 % or more.

Anhydrous Bal, and Srl, were prepared
by interaction of the corresponding carbon-
ates with iodine and hydrazine:

2MCOz{ + 2I4 + NoH,— (1)
— 2MI, + 2H,0 + 2CO,T.

All the chemicals were of reagent qual-
ity, the carbonates were taken with 5 %
excess to stoichiometric ratio to provide
thorough purification of the formed alka-
line earth iodides from heavy metals which
under these conditions precipitates as car-
bonates or hydroxides. Filtered solutions of
Bal, and Srl, were evaporated (the formed
was evaporated up to formation of crystal-
line film on the solution surface and the
latter was heated until the temperature of
solution reached 138°C). Srl;.6H,O and

Bal,-2H,O hydrates deposited after cooling
were separated from the liquor and dried in
vacuum with stepwise elevation of the tem-
perature to 400°C.

Eul, was obtained by dissolution of
Eu,05 in aqueous HI (both chemicals were of
reagent quality). Then NH,l was added to
Eul; solution in the ratio of 1 mole of NH,I
per 1 mole of Eul; and the obtained solution
was dried and heated in vacuum to 400°C.
When the temperature exceeded 200°C the
thermal decomposition of Euly to Eul, ac-
cording to the following reaction:

2Eul; 5 2Eul, + 1,1, (2)
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was started. The process (2) was considered
as finished after ending of iodine evapora-
tion from the sintered powder.

The obtained anhydrous iodides were
used for preparation of the charge for the
growth of single crystals of Srl,—Bal, sys-
tem with concentrations of the former com-
ponent equal to 2, 5, 10, 20, 90, 95 and 98
mol.% . Initial concentration of Eul, for all
samples was 0.5 mol.%. The compositions
of the solid solutions were chosen with the
use of phase diagram of Srl,—Bal, from the
regions of formation of stable solid solu-
tions [9].

The growth of Eu doped Srl,—Bal, single
crystals was performed by Bridgman-Stock-
barger method. The temperature at dia-
phragm was chosen to be approximately
equal to the melting point of the corre-
sponding composition taken from the data
of [9]. The temperature gradient in the
growth zone was 5°C per cm and the rate of
the lowering of growth ampoule was
1.3 mm/h. The grown crystals were cooled
to room temperature the rate of tempera-
ture decrease was 3°C/h. Our experiments
gave us possibility to obtain only following
single crystals: Baly,:0.5 mol.% Eu?*,
Srl:0.5 mol.% Eu?* and some solid solu-
tions Ba,Sr,_,l5:0.5 mol.% Eu?* with the pre-
dominance of Srl,.

Scintillation properties of the obtained
materials were used for the following stud-
ied in the form of scintillation detectors of
diameter of 12 mm and height of 2 mm.
Source 137Cs (y-rays, 662 keV) was used for
the excitation of scintillations, the measure-
ments of light yield were performed using
PMT Hamamatsu R1307, at the registration
time equal to 10 us. The radioluminescence
spectra were obtained using 24'Am source,
MDR-23 monochromator was used for the
spectra registration.

The radioluminescence spectra of the
solid solutions include 2 emission bands —
the first narrow band is placed at 435 nm
and the second relatively broad band is
characterized by maximum shifting from
550 to 580 nm with the increase of BaZ*
concentration in the solid solution (Fig. 1).
The band at 435 nm corresponds to lumi-
nescence of Eu2* (5d — 4f transition), and
reasons of arising other band require eluci-
dation. For this purpose let us analyze the
radioluminescence spectra of "pure” Srl, or
Bal, activated with Eu2* as they are pre-
sented in [3]. The luminescence spectrum of
Srl:0.5 mol.% Eu?* contains only a band
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Fig. 1. Radioluminescence spectra of scintilla-
tion materials on basis of Ba,Sr,_1,:0.5 mol.%
Eu solid solutions with concentration of Bal,
equal to 2 (1), 5 (2) and 10 (3) mol.% (the
source of y-rays is 241Am).

near 435 nm, whereas in the case of
Baly:0.5 mol.% Eu?* two bands at 420 nm
(that is proper to Eu2* luminescence) and
550-580 nm that resembles the spectra ob-
tained in the present work. Authors of [3]
additionally performed zone refining for the
purification of the charge, this leads to de-
crease of the arbitrary intensity of the long-
wave band with the simultaneous consider-
able decreasing light yield. The long-wave
bands were referred to a recombination
transition caused by admixtures, which
were not identified.

In our opinion, the reason of the long-
wave band existence may be due to distor-
tions of crystal lattice at the formation of
solid solutions of substitution. It is well-
known [9] that in Srl,—Bal, system increas-
ing concentration of both component in the
solid solution on the basis of another one
leads to instability of the formed solution
and, finally, to its decomposition.

The typical pulse height spectrum of
Ba,Sry_l5:0.5 mol.% Eu2* solid solutions at
small Bal, concentrations is presented in
Fig. 2. As is seen from this Figure the light
vield of SrgggBaggy'Eu solid solution as
34 % in respect to Nal:Tl and energetic
resolution is equal to 27 %. The depend-
ences of the light yield (L) and energetic
resolution (R) of Srl;:Eu, BalyEu and
Ba,Sry_,l>.Eu solid solutions is depicted in
Fig. 8. The addition of barium to the mate-
rial on the basis of Srl, causes fall of light
yield, seemingly, because of appreciable dis-
tortions of crystal lattice, it is observed si-
multaneous worsening energetic resolution
(R value increases).
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Fig. 2. Pulse height spectra of
Srp9gBag ¢2:0.5 mol.% Eu (I) and Nal:Tl (2)
the source of y-rays is 24'Am.
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Fig. 3. Dependences of light yield, L, (1) and
energetic resolution, R, (2) of Srl,—Bal,:Eu
(0.5 mol.%) solid solutions from Bal, concen-
tration (the source of y-rays is 241Am).
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CumHTHIANIAHUMA MaTepiajl Ha OCHOBiI TBepaHX
posunniB Ba,Sr,_,|,:Eu

H.B.Pe6posa, B.JI.Yepzuneyv, M.M.Kocinoe, T.B.Ilonomapenko,
T.I1.Pe6posa, I.M.B’'ronuk, O.B.3enencora

MeTtogom Bpimxmena-Crok6aprepa Bupomeno moHokpucranu Srly:Eu, Bal,:Eu ra TBepaux
posunnis Ba,Sr,_,l,:Eu 3 Kommenrpamiero axrtuparopa 0,5 mon.%. [omasamms mo Srl,:Eu
momumy Oapiio Beme [0 IOABH [ABOX MHiKiB y cmexrtpi aominecrenmii. Ilepmwuit 3 HuUX €
IPpUTAMAHHUM [IJsi €BPOIiii-BMicHuUX MmarepianiB (Makcumymu mobausy 430 Hm), mpyruii 3
maxkcumyMoM B obmacti 550—580 mm, mpu migsumenHi KormenTpanii Bal, momosxenna mak-
CUMyMy BMIiI[yeThCA y AOBrOXBHUJIBLOBY 00JaCTh. 3ragjaHMil IiK 3’ABJIAETHCA AK HACIiZOK
CIIOTBOPEHb KPMCTAJIUHOI I'PATKM TBEPAOIr0 PO3UMHY 3 OIMJISAYy Ha 3HAUYHY BigmiHHiCTB io-
HHUX pajgiycis Sr2* 1a Eu2+, 3 ogHoro OOKy i Ba2+, 3 immrioro. B Hacaimok 1mpboro
3MiHBIIYEThCA eHepreTUYHe PO3TiJIeHHA OJep:KaHUX MaTepiaJis.
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