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PHOTOLUMINESCENCE OF LiKSO4 ACTIVATED BY TL+ IONS

Abstract. The study of the radiation and optical properties of dielectric crystals stimulates the requirements
of modern technology and technics. Operating conditions are becoming more challenging. Structural materials
should not lose their properties in aggressive environments, in strong electric and magnetic fields, at high
pressures and temperatures, under conditions of exposure to ionizing radiation. This article is devoted to the
establishment of the nature of the luminescence centers in LiKSO4 crystals doped with Tl+ ions. LiIKSO4
sulfates form a wide class of ionic-covalent compounds with tetrahedral anions. By the type of chemical
bond and the structure of the crystal lattice, they are similar to almost 2000 compounds. From this point
of view, alkali metal sulfates appear to be a convenient model system for studying relaxation processes in
interaction with radiation. Many of the sulfates are easily grown, which makes it possible to pose various
problems in studying the properties of impurity ions of the cationic subsystem. The results of studying the
effect of mercury-like impurity ions on recombination processes in complex lithium-potassium sulfate in
the temperature range 80-300K are presented. It was found experimentally that the crystals are not colored
when LiKSO4 is irradiated with ionizing radiation. This significantly complicates the establishment of the
mechanisms of various radiation-stimulated processes.

Key words: photoluminescence, recombination luminescence, sulfates, activated by thallium, crystals.

l.Introduction. The LiKSO4 are crystals with
mixed types of the chemical bond: between sub
lattice is ionic and in sulfate anion — covalent.
These crystals are transparent in wide spectral
range [1]. The physical properties of LiKSO4 have
been extensively studied and established that this
ferroelastic compound exhibits a rich variety of
structural phase transitions [2].

Most of the sulfates are being grown easily which
allows setting different tasks in research of qualities
of'ions with impurity additives of cationic subsystem.
Characteristics of mercury-like ions are well studied
in cubic crystalline-ion crystals.Therefore, they are
good luminescent probes for investigation ofdifferent
processes in crystals. Crystals of complex lithium
and potassium sulfate in temperature range 80-300K
have two polymorphic phase-transitions.Parameters
of impurity of luminescence’s centers can be divided
into static and dynamic. Specifications of foreign
color centers of fluorescence may be roughly divided
into static and dynamic. To static could be attributed
for instance the maximal position of the optic
stripes [3]. With temperature of liquid nitrogen the
maximum of absorption is near 5.55 eV. The typical
red displacement generates the heat.The maximum
of absorption is being moved towards the big long

waves. It allows us to set goals in field of foreign
color’s characteristics study in different symmetry
crystalline without changing chemical composition.
The article is dedicated to study spectrally fluorescent
characteristics of crystals LiKSO4, activated by ions
TI+.

2. Objects and research methods

The main objects of research are pure and activated
crystals of complex lithium and potassium sulfate
-LiKSO4 crystals. Alkali metal sulfates are water-
soluble compounds. Therefore, the simplest way to
obtain single crystals is to grow them from saturated
aqueous solutions [4]. The preparation of research
objects, both pure and activated, is influenced by
differences in physical and chemical properties.

LiKSO4 crystals (activated by thallium ions)
were obtained by adding T12SO4 and TICI salts to
the initial aqueous solution. Thallium sulfate salt and
thallium chloride were used as activators to establish
the influence of chlorine ions, crystals were grown
with the addition of potassium chloride to the mother
liquor.It has been established by experiment, which
means that when the KCl salt is added to the aqueous
absorption bands do not appear in the energy range
of 1.5-6.2 eV, i.e. in the region of transparency of
the crystal. Optical properties of complex sulfate
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do not depend on the type of thallium salt used for
activation.

3. Experimental results

3.1 Absorption spectrum of LiKSO4-TI+

Figure 1 shows the absorption spectrum for the
LiKSO4-TI + crystal at room temperature. Curve 1
corresponds to the existence of thallium sulfate in the
initial solution in the amount of 0.01 mol%, curve
2 - 0.05 mol%.

Three optical absorption bands are observed with
maxima at 5.3 eV, 5.6 eV, and 5.75 eV. A similar
absorption spectrum was obtained when thallium
chloride crystals were used for activation. It has been
experimentally established that the optical density
of the observed absorption bands increases with
an increase in the concentration of impurity ions.
There are no such absorption bands in non-activated
LiKSO4 crystals[5,6].

Figure 2 shows the absorption spectrum
measured at 80K. There are maxima at 5.38 eV,
5.55 ¢V, and 5.7 eV. It should be noted that, with
decreasing temperature, the intracenter processes are
characterized by a blue shift by the maximum of the
optical bands. In the LiKSO4 crystal, this regularity
is violated for the long-wavelength optical band.
This is due to the fact that when the temperature is
lowered from 300K to 80K, two polymorphic phase
transitions occur in lithium-potassium sulfate[7-9].

4.0+
3.54
3.0
2.5

2.04

D, optical density

1 - Concentration of impurity ions0.01 mol %
2 - Concentration of impurity ions 0.05 mol %.
Figure 1 - Absorption spectrum of LiKSO4-TI+

crystal at room temperature

In the absorption spectrum at 80 K for the LiKSO4-
Tl+ crystal grown from a solution containing 0.05
mol % of an activating salt, a weak additional
absorption band appears on the long-wavelength part
of the absorption band with a maximum at 5.38 eV.
At room temperature, it is observed in the region of
5.0 eV. The additional absorption band at 80K and
300K disappears, when concentration of impurity

ions decreases. It is associated with paired impurity
centers. Thallium ions with increasing concentration
have a tendency to form paired impurity centers,
the absorption bands of which are shifted relative to
single impurity centers to the long-wavelength side.
Therefore all spectral-luminescence studies were
carried out on LiKSO4 crystals grown from aqueous
solutions with a concentration of 0.01 mol % of
impurity ions.

25

D, optlcal derelty
5 8 %

§

6.0 58 56 54 52 50

E, eV

Figure 2 - Absorption spectrum of LiKSO4-
Tl+crystal at 80K
The concentration of impurity ions is 0.01 mol %

3.2 Photoluminescence of LiKSO4-TI+

The absorption spectra for the LiKSO4-TI+
crystal suggest the formation of two types of impurity
centers. This is possible if thallium ions replace
potassium and lithium ions in the crystal lattice of
this compound. Since the symmetry and coordination
numbers of impurity centers in nonequivalent
cation sites are different, they should have different
luminescence characteristics[8].

Figure 3 shows the emission (curve 1) and
excitation (curve 2) spectra for the LiKSO4-TI +
crystal measured at room temperature. The emission
spectrum was obtained with excitation in the 5.3 eV
band. Two emission bands are observed - the main
one has a maximum at 3.4 eV, the second, less intense,
has a maximum at 4.2 eV. The excitation spectrum
represented by curve 2 in Figure 3 was measured for
the long-wavelength wing of the emission band with
a maximum at 3.4 eV. It has the form of a single band
with a maximum at 5.3 eV. Note that, upon excitation
of photoluminescence on the long-wavelength wing
of the absorption band at 5.3 eV, the luminescence
intensity of 4.2 eV decreases.

Thereby, the three optical absorption bands are
divided into two groups in accordance with the
observed photoluminescence emission bands. Using
the method of moments, it was found that both optical
emission bands with maxima at 3.4 eV and 4.2 eV are
well approximated by Gaussian curves. The spectral
widthis 0.21 eV and 0.28 eV, respectively. Deviations
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from the Gaussian curve become significant at a level
below 0.1-0.15 of the maximum radiation intensity.
The fact that the optical bands are well approximated
by Gaussian curves makes it possible to use the
harmonic approximation for their processing.
70 -
60 4

50

40

Intensity, a.u

30

204

0 T T T T T 1
3.0 3,86 4,0 4,5 5,0 55 6,0

E, eV

Figure 3 - Emission and excitation spectra for the
LiKSO4-TI+ crystal at room temperature
1 — Excitation spectrum for luminescence 3.4 eV
2 - Emission spectrum upon excitation in the 5.3 eV

band
Changes were made in the emission and
photoluminescence excitation spectra of the

LiKSO4-TI+ crystal at liquid nitrogen temperature.
Figure 4 shows the results. Crystal is excited
on the long-wavelength wing of the absorption
band with a maximum at 5.38 eV, the maximum
at 3.45 eV (curve 3). The excitation spectrum of
this radiation is presented by curve 4 of Figure 4.
Excitation of the sample on the short-wavelength
wing of the absorption band with a maximum of
5.7 eV, the maximum of the photoluminescence
emissionobserved at 4.3 eV (curve 1). The excitation
spectrum of this luminescence is shown on curve 2.

4. Discussion

An analysis of the shape of the photoluminescence
emission bands of a lithium and potassium sulfate
crystal doped with monovalent thallium ions showed
that they are well described by Gaussian curves with
an optical width at half maximum of 0.2 eV for the
long-wavelength emission band and 0.25 eV for the
short-wavelength band. Deviations from the Gaussian
shape take place on the wings of the emission bands
at a level below 0.2 of the maximum intensity.

A good approximation of the contours of optical
bands by Gaussian curves makes it possible to analyze
the spectral-luminescent properties of thallium ions
in a lithium-potassium sulfate matrix in the harmonic
oscillator approximation.

Thus, the emission and excitation spectra show the

existence of two types of thallium ion luminescence
centers in lithium-potassium sulfate. Based on the
obtained experimental results and group-theoretical
analysis, it can be argued that the emission band at
3.45 eV and excitation at 5.38 eV are associated with
the thallium ion replacing the lithium ion, and the
emission band at 4.3 eV and excitation at 5.55 eV and
5.7 eV are associated with the thallium ion replacing
the potassium ion. The observed splitting is due to
the lower symmetry of the impurity center at a given
site of the crystal lattice.

Differences in the properties of thallium impurity
ions occupying cation sites instead of potassium or
lithium ions are most pronounced in temperature
measurements. A feature of lithium-potassium sulfate
is the presence of two polymorphic phase transitions
in the temperature range of 80-300K. They occur in
the heating mode at 180K and 250K.
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Figure 4 - Emission and excitation spectra of
LiKSO4-TI + crystal at liquid nitrogen temperature
1 - Emission spectrum upon excitation in the 5.5 eV

band
2 - Excitation spectrum for radiation with a
maximum at 4.2 eV
3 - Emission spectrum upon excitation in the 5.3 eV
band
4 - Excitation spectrum for radiation with a
maximum at 3.45 eV

When the LiKSO4 crystal lattice is rearranged,
a qualitative change in the shape of the
photoluminescence excitation spectra of thallium
ions is observed. For the long-wavelength emission
band, the excitation spectrum in the temperature
range of 80-180K and 250-300K has the form of a
single band; in the range of 180-250K, it splits.

Figure 5 shows the excitation spectra for the long-
wavelength photoluminescence band measured at
190 K (1) and 240 K (2). It can be seen that there are
two optical bands, i.e. the degeneracy was partially
lifted. The lifting of the degeneracy at temperatures
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above 180 K is associated with a decrease in the
symmetry of the impurity center. This is possible
for two reasons: changes in the structure of the
immediate environment or interactions with non-
totally symmetric vibrations.
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Figure 5 -Luminescence excitation spectrum
measured at 190 K(1) and 240 K(2) of the LiKSO4-
TI+ crystal

It was found experimentally that the splitting in
the excitation spectrum for the short-wavelength
emission band is independent of temperature. As the
temperature rises within the limits of one crystalline
phase, the redshift of the position by the maximum
of the optical bands and their broadening, which is
common for intracenter processes, are observed.
The magnitude of the splitting of the 3Pllevel of
the thallium ion, which occupies the position of the
potassium ion, within one phase, does not depend on
temperature[15-17].

At polymorphic phase transitions, the shape
of the excitation spectrum of short-wavelength
luminescence does not qualitatively change.

For the long-wavelength optical emission band,
the splitting in the excitation spectrum at 190
K is 0.08 eV, and at 240 K it is 0.11 eV. As the
temperature rises, it increases. The resulting increase
in the splitting of the excited level of the thallium ion
replacing lithium with increasing temperature lies
outside the experimental error. The result shown in
Fig. 5 was obtained when the output slit of the SF-16
monochromator was 0.3 mm. When the size of the exit
slit on the optical device is more than 1 mm, due to
dispersion, the optical bands are clearly not resolved.
However, analysis of the shape of the contour of the
obtained photoluminescence excitation spectrum by
the method of moments shows its strong deviation
from the Gaussian shape.

Since in the temperature range 180-250 K the
splitting value of the short-wavelength bands in the
photoluminescence excitation spectrum does not
depend on temperature and is associated with a lower

point symmetry group of the impurity ion, the long-
wavelength optical band arising in the excitation
spectrum occurs due to interaction with non-totally
symmetric vibrations, and the dynamic Jahn-Teller
effect takes place [9-12].

The vibrations are not totally symmetric with
respect to the impurity ion. In principle, these can
be totally symmetric vibrations of oxygen atoms
in the anion. It is only necessary that the oxygen
atoms, which are part of different anions, vibrate in
antiphase.

In this case, the point symmetry group of the
impurity ion will decrease from Td to C3V. This is
already enough for the 3P1 level to split into two
sublevels, one doubly degenerate, and the second
nondegenerate (Figure 6). As the temperature rises,
the amplitude of the oscillations increases. This
leads to an increase in the perturbing effect on the
electronic states of the impurity center.

Vibrational spectra and mechanisms of
polymorphic phase transitions in the LiKSO4 crystal
have been insufficiently studied. It was shown that
the available data are contradictory; there is no
generally accepted model of polymorphic phase
transitions[13,14]. This leads to difficulties in
interpreting the temperature behavior of the excited
state of the thallium ion in the given matrix. However,
the above result is an additional argument in favor
of the fact that the observed absorption bands are
associated with the A-band of thallium ions, and they
form two types of impurity centers.

Td C a3V

E

<
A

E
<
A

E E

Figure 6 - A splitting scheme for the state under the
reduction of irreducible representations of the group
Td and over the subgroup C3V

5. Conclusion. The analysis of the shape of the
photoluminescence emission bands of a lithium and
potassium sulfate crystal doped with monovalent
thallium ions showed that they are well described
by Gaussian curves with an optical width at half
maximum of 0.2 eV for the long-wavelength emission
band and 0.25 eV for the short-wavelength band.
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The emission and excitation spectra show the 3.45 eV and excitation at 5.38 eV are associated with
existence of two types of thallium ion luminescence the thallium ion replacing the lithium ion, and the
centers in lithium-potassium sulfate. Based on the emission band at4.3 eV and excitation at 5.55 eV and
obtained experimental results and group-theoretical 5.7 eV are associated with the thallium ion replacing
analysis, it can be argued that the emission band at the potassium ion.
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TL+ HOHAAPBIMEH AKTUBTEHAIPIVIT'EH LIKSO4 KPUCTAJIBIHBIH
OOTOJIOMUHECHEHIUACHI

AnHoTanus. Kazipri 3amMaHfbl TEXHWKA MEH TEXHOJOTHUSHBIH JaMy TallaObIHA COMKEC, MMAICKTPIIIK
KpHUCTaIJIApAbIH PaAUalMsUIBIK JKOHE ONTHKAJBIK KACHETTEPIH 3epTTey ©3eKTi 00BN OThIp. TeXHUKAHBIH
IKCILTYaTaIUSUTBIK XKaFIaiiapbl )KbUIJaH )KbLUIFa KypliesieHe Tycye. KoHcTpyKinanbik MaTepuaniap OesiceH i
opTaja, KYIITi JJICKTP )KOHE MarHUT ©PiCTEPiH/Ie, JKOFAPFbI KBICKIM MEH TEMITEPaTypaJIbl, HOHIBIK COyIIeIepIiH
ocepine OomFaHIa ©3AePiHIH KACHETTEPIH 03repTIieyi KepekK. JJocTypii KOHCTPYKITUSIIBIK MaTepHaIIapIbIH
(bM3uKaIBIK KacueTTepi MOTUGMUKANMSICHIHBIH TEXHOJIOTHSACHIH JKacay Kasipri YaKbITTa KapKbIHIBI ITaMbITT
OTBIpFaH OarbITTapabIH Oipi Oombim TaObuTamel. by Makana Tl + HoHAapbIMEH aKTUBTEHIIPUITCH apajac
LiKSO4 kpucranmapeina apHanran. LiIKSO4 kpucrammapsl TeTpadapIik aHHOHAAPMEH HOHIBIK-KOBAJICTTIK
KOCBUIBICTAP/IBIH KEH KIIACChIH Kypaijpl. Oyiap XUMUSUIBIK OalJIaHbIC TYPIHE JKOHE KPHUCTAIIBIK TOPJbIH
KYpbUTbIMBIHA coiikec 2000-Fa KyBIK KOCBUIBICTapaH TYPATBIHIBIFEI OCITiT, COHBIKTAH CUITLI MeTaaaap
CynmbhaTTapbIHBIH KPUCTATIAAPEl  COYJIEMEH OCEPISCKeH KE3MeTi JKYPETIH pelaKCallUsIIbIK IPOIECTepiH
3epTTey oTe bIHFaibl. Kenreren cymbdarrap oHail ecipijieni, coir ce0enTi omapaslH KOCIa NOHIAPBIHBIH
KaTHOHJIBIK JKYHEIepiH 3epTTeyae opTYpili ecenTepai KOoFa KoHe IIenryre 0omaapl. ¥ CRIHBUIBIT OTBHIPFaH
xkympicta Tl + wmommapeiMen akTuBTeHmipiaTeH apanmac LiKSO4 kpucramgapblHBIH JTFOMAHECIICHITHS
OPTaJBIKTAPBIHBIH TaOMFATRIH aHbIKTayFa apHaiFaH. 80-300K Temmeparypaiblk aiiMakTa KYpACHi JIMTHH-
KaJui cylb(harhl KpUCTAIIAPBIHBIH PEKOMOUHANIMSUIBIK TIPOLIECTEPIHE ChIHAI TOPi3/Iec KOCIa HOHIAPbIHbIH
ocepi 3eprenim, HOTIXKeCl kepcetirin oTelp. LiIKSO4 xpuctanmapsiHa HOHAAYIIEI COYJIIEMEH dcep eTKEHIE
KPHUCTAJJIBIH OOSUIMANTBIHBIFBI AKCIIEPUMEHTAIIBI TaFalbIHIQIBI. Byl JKaFaall KenTereH paauaiuaibik
CTUMYJIJICHTEH TIPOIECTEePIiH MEXaHU3IMIH TaFalbIHAAYIbI KYPACICHIIPETIHIAITT OenTiTi. AKTUBTCHIIpiITeH
KpHUCTaIIapAbIH PEKOMOMHAIMSIIBIK, JTFOMUHECIICHIMSICBIH 3ePTTEY MPOLECTEPIIiH KYPYiH TaFalbIHIANThIH
omic OONBIN TaOBUIAJBI, COHBIHAA 3CPTTENINl OTBIPFAH MATPHUIAHBIH PaJUAlUSUIBIK aKayJdapblHbIH
PEKOMOMHAIUSITBIK MEXaHU3M/IEP] TaFalbIHIaIa Ibl.

Tyiiin ce3mep: (OTOTIOMHHECIICHITUS, PEKOMOMHAMANBIK JTIOMHHECICHIINSA, CylIb(haTTap, TaJUTHA
MOHBIMEH aKTHBTCHIIpIireH, LiKSO4 KxpucTaiaapsl.
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OOTOJIOMUHECHEHIUSA LIKSO4, AKTUBUPOBAHHBIX HOHAMM TL+

AHHoTanms. VccrenoBanusi pagWialliOHHBIX M ONTHYECKHUX CBOMCTB IUAICKTPUYECKUX KPHUCTAIIIOB
00yCJIOBIE€Hbl TpeOOBAaHMSMH COBPEMEHHBIX TEXHOJOTHA. YCIOBHUS JKCIUTyaTallid CTaHOBITCS Ooee
CIOKHBIMHA. KOHCTPYKIIMOHHBIE MaTepuaibl HE JOIDKHBI TEpATh CBOWCTB B arpecCHBHBIX Cpeaax, B
CIJIBHBIX OJJIEKTPHYECKUX W MArHUTHBIX TOJSAX, MPH BBICOKHMX JABICHUSAX W TEMIIEpaTypax, B yCIOBHIX
BO3ZICHCTBUS HOHM3MPYIOMNX M3My4eHnu. OnHuM W3 Haumboiee TMEepCIeKTUBHBIX HaNpaBiIeHUH B
Halre BpeMs SBISIETCS pa3paboTKa TEXHOJIOTHH Momu(puKanuu (PU3MYECKUX CBOMCTB, TpPaIUIIMOHHBIX
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KOHCTPYKIMOHHBIX MaTepralioB.OOBEKTaMH HCCIICAOBaHMS B JaHHOW paboTe SIBISIOTCS KPHUCTAJIIBI
cMmemanHoro cynbgara autust 1 kanus (LiIKSO4). Cynbdatsr LiIKSO4 06pa3yioT oOmupHbIi KiIacc HOHHO-
KOBAJICHTHBIX COCTUHEHUH C TeTpasIpuuecKUMU aHHOHaMHU. OHHU M0 TUIY XMMUYECKOW CBSA3U U CTPOCHHUIO
KpHCcTaTnuecKoi pereTky nono0Hs! moutu 2000 coenunenusm. C 3TOH TOUKK 3peHHUs CYNb(aThI IETOYHbBIX
METaJUIOB TPEACTABISIOTCS YJOOHOH MOIENBbHOW CHUCTEMOW Ui M3y4YeHHs MPOLECCOB pelakcaluy IMpH
B3aMMOACHUCTBUM C M3NydeHneM. MHorue u3 cynb(aToB JIETKO BBIPAIMBAIOTCS, YTO U MO3BOJISICT CTaBUThH
pasyIn4HbIe 3a7a41 10 UCCICIOBAaHUIO CBOWCTB MPUMECHBIX HOHOB KATHOHHOH mojacucTeMbl. JlanHas ctaTbs
MOCBALICHA YCTAaHOBJICHUIO MTPUPOJBI LICHTPOB JIOMHUHeceHIH B Kpuctamax LiKSO4, aktuBupoBaHHBIX
nonamu T+ IlpuBoaarcss pe3ynbTaTel MO H3YYCHHIO BIMSHUS PTYTOMONOOHBIX MPHUMECHBIX HOHOB Ha
PEKOMOMHAITMOHHBIE TIPOIIECCHI B CIIOKHOM JINTHH-KaIWi cyib(areB TemreparypHoM nuama3one 80-300K.
OKCHEepUMEHTAIBHO YCTaHOBJIEHO, uTO npu obmyuenun LiKSO4 monmsupyromel paguanneil KpucTaibl
HE OKPAILIMBAIOTCS. DTO CYHIECTBEHHO 3aTPyAHACT YCTAaHOBICHHE MEXaHW3MOB PAa3IUYHBIX PaJdalliOHHO-
CTUMYJIHMPOBaHHBIX MpoueccoB. VccnenoBanue peKOMOMHALIMOHHON JTIOMUHECIEHIIMKY B aKTMBUPOBAHHBIX
KpHUCTaIax SIBISICTCS METOAMYECKUM MPUEMOM [UIsl YCTAaHOBJICHHS 3HaKa Mpolecca M, B KOHEYHOM MTOre,
MEXaHM3MOB PEKOMOMHAIMY PAJHALMOHHBIX AS()EKTOB MaTPHILIBL.
KitroueBble cjioBa: (QOTONOMUHECLEHINS, PEKOMOMHALIMOHHAS JTIOMUHECLIEHIMS, CYAb(ATHI,

aKTUBUPOBaHHbIE TAJUIHEM, LiKSO4 KpucTabL.
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