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Effect of Nal concentration (C) on variations of some Csl(Na) crystal characteristics has
been studied. The characteristics considered include: the optical absorption coefficient in
the activator band; emission intensities of excitons localized at Na* ions (420 nm) and in
the regular lattice (8340 nm) in the radioluminescence (RL) at 80 K; yields of stationary
RL (2*'Am, 60 keV) (Lg;), y-scintillation (*¥Cs, 662 keV) (L,) and o-scintillation (**'Am,
5.9 meV) (La) for Csl(Na) crystals grown under the forced melt mixing. The number of
activator emission centers in those crystals has been shown to increase linearly as C rises
up to about 2.2:1072 mol.%. The L, value attains a maximum at C = 2.3 1072 mol.% Nal
while those of Lp; and Ly, at C = 9:1073 mol.%. The Nal solubility in Csl has been
concluded to be at least 2.2:1072 mol.% and thus to exceed substantially the literature
data (from 81073 mol.% to 1.1072 mol.%). Therefore, the maximum L, value is due to a
sufficient number of emission centers at the specified excitation density. The fact that the
C value corresponding to the maximum L, of Csl(Na) is lower than for Csl(Tl) crystals
(about 2.5:1072 mol.% of TIl) is assumed to be caused by a larger size of the distorted
lattice volume in the neighborhood of the light Na* cation where the probability of the
hole localization is increased.

Uccnenosano Biausaue xounenrpauuu (C) Nal ma usmenenue: xoa(pPHUIIMEHTa OITUYECKOTO

= IIOTJIOIeHUA B aKTUBATOPHOM ITOJIOCe; MHTEeHCUBHOCTeH B paguontomunecnernuy (PJI) npu 80 K
CBeYeHUs OKCHTOHOB, JOKanu3oBaHHBLIX y Nat—umomos (420 EM) u B DperyiasapHOH pelleTKe
(840 mMm); BeIxOZa cramuonapHoi PJI (24'Am, 60 xeV) (Lg)s v-(*%7Cs, 662 xeV) (L) u
0~(2*1Am, 5.9 meV) (L) cummTumtanui kpucramtos Csl(Na), BeipameHHBIX B yCIOBHAX npn-
HyAUTEeILHOTO IepeMellIUBAHUS paciiaBa. 1l0KasaHo, YTO KOJMYECTBO AKTHUBATOPHEBIX ILIEHTPOB
CBEUEHUS B 3THUX KPHCTAJLIAX JUHEHHO Boapacraer ¢ yBeauderueM C mo = 2.2 1072 mon.% Nal.
Bmauenne L, pocruraer maxcumyma npu C = 2.3 1072 mox.% Nal, Torza xax Lp, u L — mpu C
= 9.1073 mo01.% Nal. Crenano saxmrouenue, uto pacrsopuMocts Nal B Csl cocrasisaer He MeHee
2.2.1072 Mon.% | CylLeCTBEHHO BbILIE M3BecTHOH B aurepaType (8:1073 Mom.%—1-10"2 Mon.%).
TlosToMy MakcHMajbHOE 3HAYEHUe LY 00yCIOBIEHO QOCTATOYHOCTHIO KOJUYECTBA IIEHTDPOB
CBeUeHUs IIPU MAHHOY IJIOTHOCTU BO30yskaeHus. Ilpexmosaraercd, YTO MeHbIIee 3HAUeHHUE
C, OIpy KOTOPOM [JOCTUIAeTCAd MaKCHMAaJbHOE 3HAUeHHe L kpucrannos Csl(Na) mo cpasne-
mumio ¢ Csl(Tl) (~2.5-1072 mon.% TII), obycioBieno 60annM PasMepoM MCKaXeHHOro obmema

PelIeTKU B OKPYMKEHUU JIETKOr'0 KaTHUOoHAa Na*, rae BEePOATHOCTL JIOKaAJIU3alEXW OBIPOK YBEJIH-
YyBaeTcd.

. It follows from thermodynamical calcula- as from electron microscopy of decorated
tion of Nal solubility in cesium iodide made cleavage pictures of Csl(Na) crystals grown
basing on the decomposition curve of the by Stockbarger technique [2] that the solu-
solid solution for Csl-Nal system [1] as well bility of Nal in Csl at room temperature (T,)
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Fig. 1. Concentration dependence of the opti-
cal absorption coefficient for Csl(Na) crystals

on 260 nm wavelength.

amounts from 81073 to 1-1072 moles per
cent (from here on, this unit is referred to
as %). The solid solution decomposition at
T, resulting in formation of isolated aggre-
gates of about 2:1075 c¢m size occurs during
several days [1]. The fy-scintillation yield
(L,) for those crystals attains a maximum
also at the activator concentration (C)
8-1078- 1.1072 % [8,4]. Therefore, the sub-
stantial difference in C values correspond-
ing to the plateau origin of the L(C) de-
pendence for Csl(Na) crystals and for Csl(Tl)
ones (in the last case, C ~ 2.5:1072 % of Tl
[5]) can evidence that the maximum L
value for Csl(Na) is defined not by the suf-
ficiency of the emission centers number at
the specified excitation density but by the
Himited Nal solubility in Csl. At the same

 &ime, according to the concentration de-

pendence of the optical absorption coeffi-
cient (K) at the activator band maximum
wavelength (244 nm) for Csl(Na) crystals
grown by Stockbarger method, the linear K

~ inerease up to C about 1.1072 % [6] is

changed by its slight rise amounting about
20 to 25 % as C is increased up to
21072 % Nal [7]. This fact can point to a
higher Nal solubility in Csl as compared to
that specified in [1,2]. The reduction of the
K elevation rate is accompanied by the in-

~ crease of the number of non-scintillating

activator aggregates. The last fact results
in an impairment of the energy resolution
(R) even in the initial section of the L.(C)
plateau. It has been concluded in [1,7]
under account for [8] that the R deteriora-
tion is caused by increased fraction of re-
gions enriched in the mentioned activator
distribution nonuniformities in the crystal
volume; the size of these nonuniformities
(2-1075 cm) is three times smaller than the
electron free path. Those nonuniformities
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arise due to the capturing of Nal admixture
by the crystal in the course of growth at a
low entry coefficient (0.02) resulting from
an insufficient melt mixing as well as to
the solid solution decomposition. The last
process may be favoured by a great number
of the growth defects (dislocations and
grain boundaries) that are typical for crys-
tals grown using Stockbarger technique [9].

The growing of Csl(Na) crystals under
the forced melt mixing (pulling on a seed
while the crucible with the melt and the
crystal are roteted in opposite directions)
[10] results in a substantial reduction of
the activator aggregates number and in 1.5
times improved R [11]. The growth defect
density in such crystals is 1.5-2 decimal
orders lower than in those grown by Stock-
barger method [9]. It is not known, how-
ever, how the emission centers number in
those crystals changes as C increases. The
information on this problem is of impor-
tance because it would allow to refine the
Nal solubility in Csl and to improve the
notions of the scintillation process mecha-
nism in Csl(Na) crystals.

In this connection, the effect of Nal concen-
tration (varied from 4.4-1073 to (8+3.6)-1072 %)
on the emission centers number has been
studied in this work for CslI(Na) crystals
grown under the forced melt mixing [10].
Moreover, the concentration dependences of
stationary radioluminescence (RL) vyield
(Lgr), of LY and of y-scintillation (Lp;) ones
have been considered.

The changes in the emission centers
number were determined from the character
of K(C) dependence in the activator band as
well as from the emission intensity ratio for
excitons localized at Na* ions (420 nm) and
in the regular lattice (840 nm) in the RL
spectra taken at 80 K.

Samples of the same geometry, namely,
5 mm thick discs of 830 mm in diameter,
were used in all experiments. The disecs
were cut out of large Csl(Na) crystals of
150 mm in dia. and 100—-150 mm in height
annealed at T, for difféerent time periods
varying from several days to two years. The
optical absorption was measured using a SF-
26 spectrophotometer, the RL spectra
(®*'Am, 60 xeV) were taken in a vacuum
cryostat using a MDR-2 monochromator and
FEU-100 photomultiplier; the excitation
source being positioned on the outer
cryostat side at an Al window. The standard
techniques were used to determine the v-
and a-scintillation yield under excitation by
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Fig. 2. Concentration dependence of the

(I 490/ I340)"/? ratio for RL of Csl(Na) crystals
at 80 K.

187Cs, 662 xeV and 24'Am, 5.9 meV, respec-
tively. The sodium concentration was deter-
mined by the flame photometry.

Since it is difficult to measure K in the
activator band maximum (244 nm) at C 2
1.10~2 % of Nal due to high optical density,
we used K values measured on the long-
wavelength band edge, namely, at 260 nm
wavelength (Kggo) Where the transmission
of the crystals under study was at least
40 % or more to get information on the
K(C) dependence character. The long-wave-
length edge of the absorption band has
been found to have the same shape for all
samples, thus confirming that the K960 val-
ues were selected properly for the determi-
nation of changes in the emission centers
number within the specified C range.

In RL spectra taken at 80 K, intensities
of 420 and 340 nm bands (denoted as I4g9
and Ig40, respectively) are redistributed in
favour of the activator emission (420 nm)
as C increases. Therefore, the value of

(T49071 340)1/2 ratio should be proportional

to the concentration of activator emitting
centers. It is just this ratio that we have
used to isolate from the total C value its
fraction that enters the lattice and is re-
sponsible for the 420 nm emission.

The measurement results are presented
in Figs. 1-3. Note that no effect of the an-
nealing duration at T, on character of de-
pendences shown in these figures has been
observed.

It is seen from Fig. 1 that the Kyq value
for examined crystals increases linearly
(Kyg0 = bC where b = 43.8 ecm™1%) as C
increases up to 2.2.1072 % of Nal. At
higher C values, Kggo does not change es-

sentially. The dependence ‘(I490/ 13 4:0)1/ 2(0)
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Fig. 3. Concentration dependence of o-scintil-
lation yield (1) and y-scintillation one (2) for
Csl(Na) crystals.

shown in Fig. 2 points that the number of

activator emitting centers increases also

linearly as C grows up to 2.3.1072 % Nal.
The obtained K6o(C) and (Iga0/ I340) %(C)

dependences evidence that the activator cen-
ters responsible for the optical absorption
and 420 nm RL of the crystals being stud-
jed arise from individual Na* ions up to C-
about 2.2:10~2 % Nal. It follows therefrom
that the Nal solubility in Csl at T, is at
least 2.2:10~2 % and thus exceeds signifi-
cantly that found in [1,2]. The above is con-
firmed by the concentration dependence of
o-scintillation yield (Fig.3, curve 1) show-
ing that L, value increases as C grows up to
about 2.3-1072 % of Nal.

Unlike the Ly(C) dependence, the maxi-
mum LY value for studied crystals (Fig. 3,
curve 2) is attained at C = 9103 % Nal, as
well as for crystals grown by Stockbarger
method. The Lgr(C) dependence is of the
same character. This means that the satura-
tion of Ly(C) and Lz (C) dependences is due
to the sufficiency of the emission centers
number at a specified excitation density. In
this case, the distance between Nat ions.
amounts 22a, a being the lattice constant,
provided the ions are distributed uniformly.
Unlike Csl(Na), the maximum LY value for
Csl(Tl) crystals is attained at C about
2.510"2 % of TIl, when the distance be-
tween TI* ions is 16a.

The difference between activator concen-
trations corresponding to maximum LY val-
ues for Csl(Na) and Csl(Tl) may be associ-
ated with that the number of centers re-
sponsible for scintillations is greater in
Csl(Na) than in Csl(Tl) (according to the as-
sumption stated in [12]), the activator con-
centrations are the same in both cases. In
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the same time, it can be supposed that the
_ probability of hole localization in the acti-
_vator ion environment at the crystal inter-
_action with y-radiation is higher for Csl(Na)
_ than for Csl(Tl). The last fact may be due to
_that the volume of the crystal lattice dis-
_torted by the-light Na+ cation is greater
_than in the case of Tl* one, since the Nat*
radius is considerably smaller as compared
to TI* and Cs* ions. This assumption is evi-
denced by the inverse proportional depend-
ence between distance ratio corrersponding
to L, maxima for Csl(Na) and Csl(Tl) crys-
tals (22a/16a = 1.37) and effective ionic
- radii of TI* (1.59 A) and Na* (1.18 A) in
the CsCl type lattice (1.59/1.18 = 1.35).
Spectral and kinetic characteristics of the
erystals grown by the technique proposed in
§10] will be studied to prove that assumption.
Authors are thankful to L.N.Shpilin-
skaya for her assistance in measurements of
RL at 80 K.
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IIpo cram axkTmBaTopa B Kpucraxax Csl(Na),
IO BHPOIIEHi B yMOBaxX NPUMYCOBOIO
nepeMiliyBaHHS PO3ILJIABY

O.H.Ilanosea, E.JI.Bunozpad, B.I.l'opuneyvruil,
C.I1.Kopcynoea, M.M.Kocinoe, O.M.Kydin, K.B.Illaxoéa

Hocrmimxeno Bmnue Bmicty (C) Nal ma aminn xoe(imieHTy ONTHYHOTO MOTMMHAHHS B
aKTHBATOPHiN cmysi, inTeHcuBHOCTell B pagiomominecuennii (PJI) mpum 80 K ceirimus
excironiB, nokanisosarux 6ima Na*—ionis (420 HM) Ta B perynspxi#t rpatui (340 HM), BuXO-
Ay cranuonapuoi PJT (**'Am, 60 xeV) (Lp;), y—("¥Cs, 662 xeV) (L,) u o~(**'Am, 5.9 meV)
(L) cummTMnanii mas xpucranis Csl(Na), supomenux. B ymosax IPUMYCOBOI'0 IepeMimry-
BaHHA posmiasy. ITokasaHo, 10 KiNBKiCThH aKTHBATOPHUX NEHTPIB CBiTiHHA B HMux KpHCTa-
nax nimiiiHo 8pocrae mpu a6imemenni C mo = 2.2:1072 mon.% Nal. Buavenns L, mocarae
Maxcumyma pu C = 2.83.1072 mon.% Nal, Toni sk Lp, Ta LY — npu C = 9102 mon.% Nal.
3pob6iIeHO BUCHOBOK, mo posuuuHicTs Nal B Csl me menme mix 2.2-1072 M % i smaumo BUIa
Bigomoi 3 smiteparypnu (8-1073-1.10"2 Mon.%). ToMy MakcuMaTbHA BeIHYMHA LY obymMoBieHa
HOCTATHBOX KinbKicTio cBiTiHHA npw pgami#t minesocTi 36ymsKeHHs. Ilpunyckaersea, mo
MeHIle 3HaYeHHA C, IpU AKOMY [LOCATAETLCA MAaKCUMAJbHA BeIUYMHA Ly kpucranis Csi(Na)
B nopiBHagHI 3 CsI(TI) (~2.5-1072 mox.% TII), 38yMOBJIeHa OiNBIINM PO3MIPOM BUKDHUBIEHOTO
06’eMy TpaTKU HaBKOJO Jerkoro kariomy Na*, e fmoBipricTs sokamizanmii zipox
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