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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. LiKSO4 
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.
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TL+  ИОНДАРЫМЕН АКТИВТЕНДІРІЛГЕН LIKSO4 КРИСТАЛЫНЫҢ 
ФОТОЛЮМИНЕСЦЕНЦИЯСЫ

Аннотация.  Қазіргі  заманғы техника мен технологияның даму талабына сәйкес, диэлектрлік 
кристалдардың радиациялық және оптикалық қасиеттерін зерттеу өзекті болып отыр. Техниканың 
эксплуатациялық жағдайлары жылдан жылға күрделене түсуде. Конструкциалық материалдар 
белсенді ортада, күшті электр және магнит өрістерінде, жоғарғы қысым мен температурады, иондық 
сәулелердің әсерінде болғанда өздерінің қасиеттерін өзгертпеу керек. Дәстүрлі  конструкциялық 
материалдардың физикалық қасиеттері модификациясының технологиясын жасау қазіргі уақытта 
қарқынды дамыған бағыттардың бірі. Бұл мақала Tl + иондарымен  активтендірліген аралас LiKSO4 
кристалдарына арналған. LiKSO4 кристалдары тетраэдрлік аниондармен иондық-ковалеттік 
қосылыстардың кең классын құрайды. Олар химиялық байланыс түріне және кристалдық тордың 
құрылымына сәйкес 2000-ға жуық қосылыстардан тұратындығы белгілі, сондықтан сілтілі металдар 
сульфаттарының кристалдары  сәулемен әсерлескен кездегі жүретін релаксациялық процестерін 
зерттеу өте ыңғайлы. Көптеген сульфаттар оңай өсіріледі, сол себепті олардың  қоспа иондарының 
катиондық жүйелерін зерттеуде әртүрлі есептерді қоюға және шешуге болады. Ұсынылып отырған 
жұмыста Tl + иондарымен  активтендірліген аралас LiKSO4 кристалдарының люминесценция 
орталықтарының табиғатын анықтауға арналған. 80-300К температуралық аймақта күрделі литий-
калий сульфаты кристалдарының рекомбинациялық процестеріне сынап тәріздес қоспа иондарының 
әсері зерттеліп, нәтижесі көрсетіліп отыр. LiKSO4 кристалдарына иондаушы сәулемен әсер еткенде 
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кристалдың боялмайтындығы эксперименталды тағайындалды. Бұл жағдай көптеген радиациалық 
стимулденген процестердің механизімін тағайындауды күрделендіретіндігі белгілі. Активтендірілген 
кристалдардың рекомбинациялық люминесценциясын зерттеу процестердің жүруін тағайындайтын 
әдіс болып табылады, соңында зерттеліп отырған матрицаның радиациялық ақауларының 
рекомбинациялық механизмдері тағайындалады.  

Түйін сөздер:  фотолюминесценция, рекомбинациалық  люминесценция, сульфаттар, таллий 
ионымен активтендірліген, LiKSO4 кристалдары.
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ФОТОЛЮМИНЕСЦЕНЦИЯ LIKSO4, АКТИВИРОВАННЫХ ИОНАМИ TL+  

Аннотация. Исследования радиационных и оптических свойств диэлектрических кристаллов 
обусловлены требованиями современных технологий. Условия эксплуатации становятся более 
сложными. Конструкционные материалы не должны терять свойств в агрессивных средах, в сильных 
электрических и магнитных полях, при высоких давлениях и температурах, в условиях воздействия 
ионизирующих излучении. Одним из наиболее перспективных направлений в наше время является 
разработка технологий модификации физических свойств, традиционных конструкционных 
материалов. Объектами исследования в данной работе являются кристаллы смешанного сульфата 
лития и калия (LiKSO4). Сульфаты LiKSO4 образуют обширный класс ионно-ковалентных соединений 
с тетраэдрическими анионами. Они по типу химической связи и строению кристаллической решетки 
подобны почти 2000 соединениям. С этой точки зрения сульфаты щелочных металлов представляются 
удобной модельной системой для изучения процессов релаксации при взаимодействии с излучением. 
Многие из сульфатов легко выращиваются, что и позволяет ставить различные задачи по исследованию 
свойств примесных ионов катионной подсистемы. Данная статья посвящена установлению природы 
центров люминесценции в кристаллах LiKSO4, активированных ионами Tl+. Приводятся результаты 
по изучению влияния ртуте подобных примесных ионов на рекомбинационные процессы в сложном 
литий-калий сульфате в температурном диапазоне 80-300К. Экспериментально установлено, что при 
облучении LiKSO4 ионизирующей радиацией кристаллы не окрашиваются. Это существенно затрудняет 
установление механизмов различных радиационно-стимулированных процессов. Исследование 
рекомбинационной люминесценции в активированных кристаллах является методическим приемом 
для установления знака процесса и, в конечном итоге, механизмов рекомбинации радиационных 
дефектов матрицы. 

Ключевые слова: фотолюминесценция, рекомбинационная люминесценция, сульфаты, 
активированные таллием, LiKSO4 кристаллы.

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 of different 
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 Tl+.
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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 Tl2SO4 and TlCl 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 do not depend on the type of thallium salt used for activation. 

Experimental results. Absorption spectrum of LiKSO4-Tl+. Figure 1 shows the absorption spectrum for 
the LiKSO4-Tl + 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 eV, 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].

1 - Concentration of impurity ions 0.01 mol %
2 - Concentration of impurity ions 0.05 mol %.

Figure 1 - Absorption spectrum of LiKSO4-Tl+ 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. 
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Figure 2 - Absorption spectrum of LiKSO4-Tl+ crystal at 80K
The concentration of impurity ions is 0.01 mol %

Photoluminescence of LiKSO4-Tl+. The absorption spectra for the LiKSO4-Tl+ 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-Tl + 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 width is 0.21 
eV and 0.28 eV, respectively. Deviations 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.

Figure 3 - Emission and excitation spectra for the LiKSO4-Tl+ crystal at room temperature
1 – Excitation spectrum for luminescence 3.4 eV

2 - Emission spectrum upon excitation in the 5.3 eV band
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Changes were made in the emission and photoluminescence excitation spectra of the LiKSO4-Tl+ 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 emission observed 
at 4.3 eV (curve 1). The excitation spectrum of this luminescence is shown on curve 2.

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.

Figure 4 - Emission and excitation spectra of LiKSO4-Tl + 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 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-Tl+ 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 3Р1 level 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.

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

and over the subgroup C3V
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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. 

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.
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