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Two maxima are observed in the thermograms of of the thermostimulated depo-
larization currents of SrCl,—TI* crystals have been observed: a low-temperature one
(T,, =107 K, €, = 0.24 eV), caused by the reorientation of TI*V," dipoles, and high-tempera-
ture one (T, = 215 K, ¢, = 0.46 eV) related to thermal dissociation thereof. TI+Va+-dipoles
possess Cg, symmetry, that results in splitting of the absorption A-band (lSO - 3P1
transition) into two components with maxima at 234 and 247 nm. At low-temperature
irradiation (T < 140 K), T|+Va+-dipole concentration (at the stage of a crystal coloring
saturation) is decreased by 15-20 % as a consequence of charge carrier capture by
TI*-ions.

Ha TepMorpaMMax TOKOB T€PMOCTHMYJINPOBAHHON [eHONApUsanuy Kpucrawios SrCl—TI*
HaOMOmaloTCa 1Ba MaKcHUMyMa: Huskoremmeparyprwiii (T, =107 K, E, = 0.24 sB), o0y-
CJIOBJIEHHBIN peopueHTanuein TI“LVaJr — pumnoJeit, u BeicoKoTemneparypuuii (T, = 215 K,
E, = 0.46 5B), oOycroBieHHBI! WX TepMoJucCOIHanmeit. T|+Va+-,ZII/IIIOJII/I obnamator Cg, —
cuMMeTpueii, dYTO OOyCJIOBJIMBAET pacIileljeHne A-I0JOCHl TOTJIOIIeHusA (Iepexon
1S0 - 3P11) HA JBe KOMIIOHEHTHI ¢ Makcumymamu npu 234 u 247 um. IIpu HU3KOTEMIIEpa-
rypaom obayuenuu (T < 140 K) KoHIleHTpamus T|+Va+-ann0ﬂeﬁ (Ha cTaguM HACBIIEHUA
OKPAIIINBAaeMOCTH KPUCTaJLJIa) yMeHbIaeTca Ha 15—20 %, uTo sSBAsdeTCA CIEICTBUEM 3aXBara
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HocuTesedl sapazxa TI*-momammu.

Thallium is among the most widely used
activators of ionic crystals. Tl activated
crystals are perspective material for lasers
on color centers [1-3]. Thallium is included
in the form of substituting TIC+(632) ions in
the lattice of alkali halide crystals. Under
ionizing irradiation, the localization of the
charge carriers on thallium ions and forma-
tion of TIO and TI2*-activating color centers
take place [1]. At T > 200 K, when anion
vacancies become mobile, TIO(1) and TIO(2)
color centers are formed additionally in
relatively low concentrations [2]. The TIO(1)
and TIO(2) centers include a neutral TI? atom
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perturbed by field of one or two nearest-
neighbour anion vacancies, respectively [3].

In SrCl,—TI* crystals irradiated with
X-rays at 78 K, the TI0(1) and TI2*(2)
color centers are formed [4]. These centers
have low thermal stability and at T >
140 K, due to ionic processes, are trans-
formed into TI2* and TI2(1) ones, respec-
tively [5]. The ionic thermostimulated proc-
esses in SrCl,—TI* crystals have not been
studied yet, although this problem is of
both scientific and practical interest. The
available literature data on ionic processes
in SrCl, crystals were obtained on the crys-
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Fig. 1. Thermostimulated depolarization currents in SrC|2—T|+ crystals (Ep = 6000 V/cm,) prior to

(1) and after (2) irradiation.

tals doped with alkali cations only (Na*, K,
Rb*, Cs*) [6].

The crystals were grown by the Stock-
barger technique in quartz ampoules. Four
groups of crystals were obtained, namely,
"pure” SrCl, crystals; SrCl—TI* crystals
(0.05-0.2 mol% of TICI in the melt); SrCl,—
Na* ones (0.05-0.2 mol% of NaCl in the
melt); and SrCl,-Na*-TI* ones (0.05—
0.2 mol % of NaCl and TICI in the melt).
The samples used in these experiments were
shaped as 10x10x1 mm3 plates cleaved from
single crystals perpendicularly to the crys-
tallographic <111>-axis.

The standard procedure was used to
measure the thermal depolarization. The
sample was polarized to saturation in an
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electric field E = 6000 V/cm at appropriate
temperature T, such that any dipoles pre-
sent are sufficiently mobile to become ori-
ented in the field. The polarization cell was
then cooled down to a low temperature at
which the motion of dipoles is frozen and
the electric field was removed. On warming
up at a constant rate (3 K/min), the
thermostimulated depolarization current
pulses were recorded in the temperature
range where the frozen-in polarization dis-
appears as the dipoles randomize. The opti-
cal spectra were measured using a double
grating monochromator.

Fig. 1 illustrates the thermostimulated
depolarization (TD) in SrCl, crystals prior
to and after irradiation (curves 1 and 2,
respectively). In the thermogram of TD of
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"pure” crystals a maximum at 220 K is ob-
served (see Fig. la, curve 1). For SrCl,—Na*
crystals (see Fig. 1b, curve 1), two max-
ima are observed: low-temperature one at
T, =122 K (¢, = 0.28 eV) and high-tempera-
ture one at T, = 220 K (g5 = 0.52 eV). In
SrCl,—TI* ones (see Fig. 1lc, curve 1), two
maxima of TD currents also occur:
T;=107 K (¢, =0.24 eV) and Ty = 215 K
(e, =0.46 eV). As to SrCl,—Na*™-TI* crys-
tals, two maxima at T = 107 K and T = 122 K
are observed in the low temperature range
as well as a maximum at 220 K (see Fig. 1d,
curve 1).

It follows from the TD thermograms
shown in Figs. 1b,c (see curves 1) that in
doped crystals, (T <130 K) one TD maxi-
mum is observed in the low temperature
range, the peak location and activation en-
ergy depending on the type of impurity ion.
In the crystals doped with two activators,
two low-temperature TD maxima are ob-
served (see Fig. 1d, curve 1). By analogy
with SrCl-Me* crystals (Me* = Li*, Na*,
K*, Rb*) [6], we conclude that the maximum
at 107 K in SrCl,—TI* is due to the reorien-
tation of TI*V,* dipoles while at 215 K, to
thermal dissociation thereof. The thermal
dissociation of the dipoles (TI*V," - TI"V,*)
is accompanied by spatial migration of
anion vacancies. As a result, the intensity
of the 215 K TD current peak is two orders
higher than that of the dipole relaxation.
The existence of this peak in "pure” SrCl,
crystals (see Fig. 1a) is caused by the pres-
ence of non-intentional impurities of mono-
valent metals in the crystal.

In SrCl, crystals, the TI*V,*-dipole sym-
metry is Cg,. The presence of vacancies is
the reason for the lowered thallium center
symmetry and the splitting of its 3P1 state
into two sublevels. A double band 4; + A,) is
resolved into two subbands (see Fig. 2, curve 1).
The absorption peaks are: A,y = 234 nm
(5.30 eV) and Ay ; = 247 nm (5.02 eV) at
80 K. The splitting of the two absorption
peaks is 0.28 eV. The A, and A; band half-
widths are 0.18 and 0.21 eV, respectively.
The area under A; band is larger than that
under A, one. The photoluminescence ex-
cited in A-bands of absorption consists of
one band with a maximum peaked at
380 nm (3.27 eV) and half-width 0.39 eV at
80 K (Fig. 2, curve 2). This emission is due
to transitions of the thallium ions from the
3p, excited state into the 1S, ground one.
The photoexcitation spectrum of the
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Fig. 2. Absorption spectra of SrCl,—TI" crys-
tals irradiated at temperatures (K): 90 (1),
300 (3) and photoluminescence spectrum at
90 K (2).

380 nm emission band reproduces the shape
of the absorption A-band.

Pure SrCl, crystals are radiation-resis-
tant materials and are not colored under
X-ray irradiation. The coloration induced by
the radiation is observed in the crystals
doped with alkali cations [6] or thallium [3, 4].
Moreover, the coloration in SrCl,—Me* crys-
tals is accompanied by decreasing the dipole
relaxation currents (see Fig. 1b, curves 2) [6].
The same takes place in SrCl,—TI* crystals.
Fig. 1 (see curves 2) illustrates the thermo-
grams of the dipole relaxation currents in
crystals irradiated at low temperatures at
the stage of crystal coloring saturation. As
follows from the Figure, the dipole relaxa-
tion currents in colored crystals are by 15—
20 % lower than in non-irradiated ones (see
curves 1). This means that dipoles are de-
stroyed in the course of the crystal irradia-
tion. The dipole destruction efficiency at
low temperatures (T < 140 K) is independent
of the impurity type in SrCl,—TI*-Na* crys-
tals at the stage of crystal coloring satura-
tion, the part of destroyed TI*V,* and
Na*V,* dipoles is approximately the same to
within experimental error. The efficiency of
the radiation dipole destruction at low tem-
peratures in SrCly—TI* crystals does not depend
on whether a dipole is in the "frozen" state
(T <107 K) or a vacancy is in rotational
motion around the impurity (T > 107 K).
The sharp increase of dipole destruction
efficiency takes place at T > 140 K and is
accompanied by the change of the color cen-
ter structure.

It follows from the results of the TD
study that TI* ions, as well as of alkali
metal ones, are included into the lattice of
a crystal as impurity-vacancy TI*V,* di-
poles. At T < 107 K, the impurity-vacancy
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dipoles are "frozen" in the lattice of SrCl,—TI*
crystal. In the temperature range of 107 to
225 K, the anion vacancy moves rotation-
ally around TI* ion by jumping along eight
equivalent positions (local migration). At
T 215 K, the thermal dissociation of di-
poles is observed, (TI*V," - TI* + V%), the
spatial migration of anion vacancies and
formation of isolated TI* ions take place. At
the same time, the dipole reconstruction oc-
curs according to the following scheme:
T+ +V, - TI* +V,*. Thus, at T > 215 K,
thallium is in the lattice of a crystal both in
the form of TI*V,"-dipoles and isolated TI* -
ions.

In TI*V,* dipoles, an anion vacancy re-
places one of the eight nearest neighbour
anions of the TI*. In this case, the Cg; sym-
metry of the perturbed TI* center can ex-
plain the formation of the double absorption
band (4; + A,). The unperturbed TI* center
symmetry is O;. Let us assume, as it was
observed in the case of the F, center, that
the oscillator strengths related to each of
the three transitions are equal [5]. The elec-
tric transitions of the dipoles responsible
for the A; and A, bands are perpendicular
and parallel to the axis of rotation, respec-
tively.

It was observed in the thermal depolari-
zation experiment (see Fig. 1) that at
215 K, the TI*V,* dipoles are thermally un-
stable and release the anion vacancy. The
anion vacancy moves away restoring the O,
symmetry of the TI* ions and, as a result,
the splitting of the absorption A-band
should disappear. However, as is seen in
optical absorption spectra, splitting of the
A-band still exists at room temperature (see
Fig. 2, curve 3). This indicates that at this
temperature, the majority of thallium ions
still exist in the crystal lattice as TI*V,"-di-
poles.

The ratio of intensities of absorption
subbands and their maximum positions do
not depend on the measurement tempera-
ture. That is why we consider that the split-
ting cannot be preconditioned by the Jahn-
Teller effect, as it is observed in the case of
KF-TI* crystals [7]. At low-temperature ir-
radiation (T < 140 K) of SrCI,—TI* crystals,
TI%1) and TI2*(2) centers are being gener-
ated [3] and the concentration of TI*(1) di-
poles decreases (see Fig. lc, curve 2). The
radiation-induced destruction of TI*(1) cen-
ters and coloration appearance are due to
the following reactions [4]:

TIVE + e o TIOVY = TIO(1), 1)
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TV + et - TI2*VE = TIH(1). (2)

In SrCl,—Me* crystals (Me* = K*, Na*,
Rb*, Cs™), the radiation-induced dipole de-
struction at low temperatures goes accord-
ing to the scheme [6]:

Me*Vi +e” - Me'Ve=F,, 3

Me*Vi + et . Me*V el = Vi, (4)

The difference between the reactions (1)—
(2) and (3)—(4) consists in the localization of
charge carriers on dipoles. However, this
difference does not influence the efficiency
of dipole destruction (generation of color
centers), which is practically the same for
both TI*V, and Na*V," and amounts to 15—
20 %. At the dipoles concentration of
1019 cm™3 order, as is in our case, this pre-
determines the concentration of color cen-
ters of 1018 cm™3 order. The thallium color
centers formed in the crystals under low
temperature irradiation, possess an effi-
cient electrical charge with respect to the
crystal lattice, and play the part of the re-
combination centers [5]:

TIOVE + et o TIFVE + hv g0 (5)

TIZ*VE + em o TIVE + hvggg- (6)

Due to the reactions (1)—(2) (generation
of coloring centers) and (5)—(6) (bleaching
action of radiation), a dynamic equilibrium
between thallium color centers (TI%(1) and
TI2*(1)) and TI*V,* dipoles is realized. At
T > 140 K, when "free"” anion vacancies be-
come mobile [6], the electrically neutral
thallium coloring centers are formed [8, 9],
the bleaching action of X-rays decreases,
and the crystal coloration efficiency in-
creases. These processes are accompanied by
the rise of the additional peaks of ionic
thermal currents.

Thus, the relaxation processes in SrCl—TI*
crystals are of ionic nature. Those are con-
nected with the change of charge state of
defect complexes under X-irradiation and
thermal influence.
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PenakcaniitHi BiIacTHBOCTI He(p)eKTHUX KOMILIEKCiB
y kpucraaax SrCl—TI*

C.I.Kauwan, B.M.Cananax, 3.11.9opnii,
I.B.ITipxo, T.M.RKywnip

Ha TepmMorpamax cTpyMiB TepMOCTHMYJIBbOBAHOI Aemoaapusanii kpucranis SrCl,—TI" cmoc-
TepiraloThca ABa MakKcuMyMmu: HusbKoTemmneparypuui (T, = 107 K, E, = 0.24 eB), symos-
JIEHUM peopieHTAaIlie0 T|+Va+-JII/IIIOJIiB, i Bucoxoremmneparypuuit (T, = 215 K, E, = 0.46 eB),
3YMOBJIEHHH IX TepMOAMcoIliaIiero. T|+Va+-,I[I/IHOJIi BosozitoThe C, -cuMeTpi€io, IO 3YMOBJIIOE
posiienieHHa A-cMyru moriuHaHHsS (mepexisn 180 - 3Pl) Ha OBi KOMIIOHEHTH 3 MaKCHUMyMa-
mu npu 234 i 247 um. IIpu HU3bKOTeMIepaTypHoMy ompominenHi (T < 140 K) xoumeuTpa-
mig T|+Va+-I[I/IHOJIiB (Ha cranmil HacuueHHsA 3a0apBJeHHSA KpPHCTAJa) 3MEHIIYETHCA Ha
15-20 %, 110 € HaCTiAKOM 3axoILIeHHA HociiB sapany TI*-iomamm.
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