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Parameters of radiation sensitivity of SrCl,-K crystals have been estimated using
dimensional model. The maximum concentrations of color centers depending on the concen-
trations of alkali metal impurities have been determined. Analysis of the obtained results
and their comparison with the experimental data has been performed.

B OHHOMepHOﬁ MogeJIn paCCUUMTaHBbl IIapaMeTpPhbI paHI/IaHI/IOHHOfI YYBCTBUTEJIBHOCTU KPHUC-
TaJIJIOB SrClZ-K. OHpeﬂeJIeHI)I IIpegeJibHbIe KOHII€EHTPAIlU!U INEeHTPOB OKPACKHN B 3aBUCUMOCTHU
OT KOHI€HTpaIluu IIPpHUMeCH IIeJIOUHOI'0 MeTaJlJja. OCyH_IeCTBJIeH aHaJu3 pe3dyJIibTaTOB HCCJIe-
HOBaHI/Iﬁ 1 WX COIIOCTaBJIeHHe C 9KCIIEPUMEHTOM.

1. Introduction

According to its radiation characteristics
SrCl,-K crystals are similar to crystals of
fluorides of alkalinity [1, 2]. Pure SrCl,
crystals are stable for ionize irradiation
that allows using them as scintillates [3—5].

On the other hand, the crystals of SrCl,,
alloyed by alkaline metals are characterized
by very high radiation susceptibility [6-10].

In the present study within the frame-
work of the ion chain model [11, 12] radia-
tion parameters of SrCl,-K crystals depend-
ing on the quantity of alloying additives
and irradiation temperature were estimated.
The results of calculations were compared
with the spectral experimental data.

SrCl,-K crystals were grown in a soldered
quartz ampoule by the modified method of
Stockburger. The additive concentrations
were 0.04 and 0.4 mol % KCI. The actual
amount of the additive was estimated by the
method of thermo-stimulated depolarization
and calculated by Bucchi formula [7, 8] and
it was 10!% and 1019 1/e¢m3, correspon-
dently.

Samples of SrCl,-K sized 10x1x1 mm3
were irradiated by X-rays within the tem-
perature range of 80+250 K. As source of
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irradiation it was used X-ray unit, working
under the following parameters: U = 55 kV,
I =1 mkA, the time of irradiation of the
samples £ — 1 h. An estimation of the spectra
of directed absorption and the spectra of
thermo-stimulated depolarization were con-
ducted according to the standard methodology.

2. Research results

At low temperatures alkali metal ions
(K*) are included in the SrCl,-K crystal lat-
tice as impurity-vacancy dipoles (IVD)
Me*V, *-type, where Me* is negatively
charged in relation to the lattice of alkali
metal ion, and V,* is a positively charged
anion vacancy. As it was shown in previous
works [11, 12] if crystals are irradiated at low
temperatures, then they generated {Fy—Vyp} —
complementary pairs of color centers pro-
duced by the localization of the charge car-
riers on IVD:

e” + MetV{ - Fa. (1)

et + Me'V} — Vip. (2)

A structure of impurity-vacant dipoles,
Fa-and Vip-color centers are presented in
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Fig. 1, and the mechanism of their forma-
tion can be described by the following
scheme:

where IVD - - - - - IV D — ion chain fragment
with the length limited by impurity-vacant
dipoles; w; — is a probability of charge car-
riers (e”, e") capture by IVD and a pair
{F s—Vkp}-pair color centers formation; wy —
is a probability of {Fs—Vkp}-pair color cen-
ters destruction due to the (¢, e") charge
carriers localization on the color centers
and thus the IVD couple reduction.

With accumulation of the color centers
an opposite reaction takes effect, which is
the consequence of Fj-centers holes and
Vp-centers electrons capturing [10]:

Fp + et > MetVi, )

VKD + e — MeJrVJar. (5)

As a result, the bleaching of each pair of
the color centers is accompanied by the aris-
ing of an appropriate pair of dipoles. At the
stage of color crystal saturation the dy-
namic balance is reached between the proc-
esses of generating the color centers and
bleaching induced by radiation exposure.
Concentration of the color centers at the
color saturation stage is determined by the
equation [12]:

o oM g ©
1 wy + Wy 0

where C; is {F4—Vip} — complementary pairs
concentration in saturated crystal, Cy — IVD
pairs concentration in the crystal before ir-
radiation.

{F s~Vkp}-pairs are thermally stable under
temperatures values lower than of T =
140 K [6—-8]. At higher temperatures, the
anion vacancy parts thermo actively from
the hole center. Mobile vacancy is localized
on F,-center and My* center is formed. As a
result of impulsive heating of colored crys-
tal to temperatures of T > 140 K the
{F s—Vkp}-pair centers disappear in the crys-
tal and (Mj"™—Vi4)-complementary pair of
the color centers is formed. The models of
M,* and Vgy-centers are shown in Fig. 1,
and the mechanism of their formation can
be described as following:
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Fig. 1. Models of color centers.

{M "=V 4}-pairs are generated not only after
the pulse heating the crystal to the tempera-
ture of T = 140 K (Eq. (7)), but also directly
during the exposure at T > 140 K [8].

The process of the color centers forma-
tion and bleaching induced by radiation can
be described in the form of the following
scheme:

where w; and wg are the probabilities of
formation of {Mj*—Vy,}-complementary pairs
of the color centers and their bleaching, re-
spectively.

Since the Mj* and Vi, are defects of
dipole type, the probabilities of w; and wjg
are coincided by the value. Therefore, the
critical concentration of {My*—V4}-pairs
formed in crystals irradiated at tempera-
tures T > 140 K is described by the equa-
tion:

Wy Co (€)]

:70 = -
0 ’
wy + Wy 2

CZ
where C, is a concentration of {Mj™—Vy,}-
pairs on the color saturation stage of the
crystal irradiated at 7 > 140 K and C; is a
concentration of IVD pairs before the crys-
tal exposure.

The Table shows the results of calcula-
tions of radiation sensitivity of fluorites
crystals alloyed by alkali metals depending
on the impurity concentration and irradia-
tion temperature. C is a molar concentra-
tion of impurity ions (IVD) in the crystal; [
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Table. The parameters of radiation sensi-
tivity of SrCl,-K crystals

C,% | 1 | w | wy |C/Cy Cy/Cy|Cy/Cy
0.4 | 4b | 0.107 |0.417 |0.204 | 0.,5 |2.449
0.2 | 5b |0.0888|0.425|0.173| 0.5 |2.893
0.05 | 8b |0.0333/0.375|0.082| 0.5 |6.131
0.025 | 10 |0.0263|0.361 | 0.068 | 0.5 |7.363
0.0075) 15b | 0.021 | 0.85 |0.057| 0.5 |8.833

— an average distance between impurity ions
in the crystal lattice; b — parameter of ion
chain in erystallographic direction (b = \fga)
[111] , where a — crystal lattice constant;
w; and w, — probabilities of the color cen-
ters formation and their bleaching by the
electron-hole pairs decay, respectively; C;
and C;{ — concentrations of the complemen-
tary pairs of the color centers formed in the
crystal after irradiation at temperatures T
=90 K and T > 220 K respectively, Cy =
C/2 — concentration of pairs of dipoles in
the crystal before its exposure, E — energy
of ionizing radiation, which is necessary to
form the color centers pair.

3. Discussion

Fig. 2 shows an induced absorption spectra
of crystal SrCl,-K exposed to X-rays (X-ray
apparatus parameters: U = 55 kV, I = 12 mA,
t=20.5h)at T; =120 K (curve 1) and at Ty =
160 K (curve 2), that is at Ty <T,;> T,,
where T, =140 K is a thermal dissociation
temperature of Vyp-center (Eq. (7)). As
shown in Fig. 2 induced absorption spectra
(IAS) of crystals irradiated at 120 K (curve
1) and 160 K (curve 2) differ significantly.
IAS at 120 K contains band of Vip absorp-
tion centers (band 890 nm) and a doublet
absorption band of F4-centers (band 580 and
640 nm). IAS at 160 K consist of the
380 nm band (Vgp-center absorption band),
triplet absorption of Mu*-centers (bands at
444, 535 and 760 nm) and F-band (580 nm
band) (curve 2).

Thus, the study of the induced absorp-
tion spectra confirms that the formation of
the color centers occurs according to the
equations (3) and (8).

From the equations of (3) and (8) it fol-
lows that, regardless of the value of crys-
tals irradiation temperature, a formation of
the color centers occurs due to localization
of charge carriers on impurity-vacancy di-
poles, and hence the process is accompanied
by radiation destruction of dipoles. Reduc-
ing the concentration of the dipoles in the
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Fig. 2. The spectra of induced absorption in
the crystals of SrCl,—0.4KCl (I — after irra-
diation at T =120 K, 2 — after irradiation
at T = 160 K).

crystal can be registered by measuring the
value of thermally stimulated depolarization
(TSD) currents before and after exposure of
the crystal to X-rays beams.

Figure 8 (curve 1) shows TSD thermo-
gram currents of the SrCl,-KCl| crystal irra-
diated by X-rays beams at 78 K. TSD ther-
mogram has three maximums:

¢ 112 K — caused by the reorientation of
dipoles;

¢ 140 K — caused by thermal Vip-center
decay;

e great maximum at 210 K is associated
with the IVD thermal dissociation.

Figure 3 (curves 2 and 3) shows curves
which characterize the dependence of cur-
rents value at maximum of 112 K of irra-
diation temperature of different samples.
As seen from this figure the maximum de-
struction of dipoles occurs in the range of
150-160 K and reaches the value of 30—
40 % of initial IVD concentration. If the
crystal is rayed at T < 140 K the portion of
destroyed by radiation dipoles makes up the
value of 9-15 % of IVD concentration. And
when the structure of the color centers is
changed (F5 — M,* thermally induced con-
version), the effectiveness of the process of
radiation destruction of dipoles increases 2—
3.5 times more. All these data qualitatively
coincide with the results of theoretical calcu-
lations for high-allowed crystals (Table 1).
The data presented in Fig. 8 imply that the
average efficiency of radiation induced de-
struction is maximal at 160 K, and conse-
quently the maximum of crystal coloration is
to be achieved exactly at a given temperature.

Owing to an absence of literature data on
oscillator strength as for electronic as for
hole color centers, an information on the
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Fig. 8. TSD currents in the crystals of SrCl,-K:
1 — TSD currents in irradiated crystals of
SrCl,—0.04 % KCI; 2 and 3 — relative concen-
tration of radiation-damaged IVD in the crys-
tals of SrCl,— 0.04 % KCI and SrCl,—0.3 %
KCI, respectively. I, — the value of TSD cur-
rents before irradiation; I, — the TSD cur-
rents value after irradiation of the crystal by
X-rays (irradiated time ¢ = 30 min).

color value in SrCl,-K crystals can be ob-
tained by measuring the area under the ab-
sorption spectra (area under the graph of
optical density D as a function of Av).

In Fig. 4, curves are shown, which re-
flect the area value under the contour of F,
and F-absorption bands (curve 1), Mu* ab-
sorption bands (curve 2) and Fy, F and My*-
bands (curve 3).

From this figure we can see that the
crystal coloration occurs under the condi-
tions of irradiation of the crystal in the
temperature range of 150-160 K (curve 3)
and it is concerned with the My*-centers
formation in the crystal matrix (curve 2).
After thermally induced transformations
the value of crystal coloration increases
about 3.5 times more, that is consistent
with the data of theoretical calculations
(Table 2).

Thermal bleaching of SrCl,-K crystals at
T > 160 K is caused by Vga-centers thermal

dissociation.
Fig. 4 (curve 4) shows the thermogram

of thermally stimulated luminescence (TSL)
for SrCl,-K crystals. It manifests maxima at
103, 135 and 190 K caused by thermal dis-
sociation of Vi, Vip and Vi,-centers respec-
tively. Thermally released holes recombinate
with electronic centers and cause the crystal
discoloration.
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Fig. 4. Dependences of area under the absorp-
tion bands of electrical color centers of the
crystal SrCl,—0.04 % KCIl from temperature
of the crystal exposure: I — for F, and F-cen-
ters, 2 — for MA+—centers, 3 — total absorption
of all color centers, 4 — thermally stimulated

Table 2. Formation energy of complemen-
tary pair of the color centers (E) and maxi-
mum values of concentration of the color
centers in the crystals of SrCl,—K, irradi-
ated at 80 K (n;) and 160 K (n,)

C, % E, eV | nq, 1/cm3 | ny, 1/cm3
0.400 140 4.08-1018 1-1019
0.200 169 1.73.1018 51018
0.050 450 2.04-1017 | 1.25-10!8
0.025 570 8.49-1016 | 6.25-1017

4. Conclusions

Good correlation between the experimen-
tal data on SrCl,K crystals radiation sensi-
tivity and theoretical calculations results
obtained by the ionic chain model pointed
out the advisability to apply this approach.
The model was developed for crystals of
fluorites and other classes of ionic crystals:
alkali halide crystals, halide compounds of
alkaline earths, metal oxides and others,
and the approach allows to classify the ionic
crystals by their radiation sensitivity.
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Pagianiiiaa gyrausicts kpucraiais SrCl,-K
3.11.Yopwniiu, I.B.Ilipxo, B.M.Cananax

B opHoBuMIipHi#T Momesi pospaxoBaHO NapaMeTpu pajialiiHOl YYTJIWBOCTI KpUCTAIIB
SrCIz-K. Busnaueno rpaHmuHi KOHIEHTpAaIlii IIeHTPiB 3a0apBJIeHHS 3ajJe;KHO BiJl KOHIIEHT-
pamii goMimKwu JysKHOTO MeTany. SAifiCHEHO aHaJis pes3yJbTaTiB [JOCHiJ/KeHHd Ta IXHE
3icTaBJeHHA 3 €eKCIepUMEHTOM.
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