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Abstract. Optical methods were used to investigate the formation of combined
or induced electronic emissive states in irradiated CaSO, - Pb* phosphor at 2.9
eV and 3.1 eV. The combined electronic emissive state consists of electronic
states of impurity PB™ —50% and intrinsic 503~ — 503 trapping centers. The
impurity electronic states are formed by capturing free electrons of conduction
band by Pb?* impurities and localizing electrons resulting from charge transfer
from the excited anion complex 503 (0" — Pb**} impurities by reaction
Pb™* + (e~ + 507)—Pb* —50%. The intrinsic electronic states are formed
by capturing free electrons of conduction band by anion complexes or by
localizing electrons resulting from charge transfer from the excited anion
complexS0z(0*~ — 5037} to neighboring anion complexes by reaction
S0i~+{e~ + 507 ) —503— — 507. The combined electronic emissive states at
2.9 eV and 3.1 eV are excited by photons of 3.9-4.0 eV and 4.5 eV. It was also
experimentally shown that in the phosphor with induced trapping centers,
recombination emissions at 2.9 eV and 3.1 eV are regenerated upon excitation
by photons of 3.9-4.0 eV and 4.5 eV. Thus, energies of 3.9-4.0 eV and 4.5 eV are
the excitation and absorption energies between the electronic and hole trapping
centers located in the transparency region of CaSO, - Pb®* phosphor.
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Introduction

CaSO,compounds, whether in the form of crystals or pressed powders, activated by rare earth
and transition metals, are widely used in dosimeters and as emission sources in phosphors. It is
well-known that phosphors activated by rare earth ions are significantly more expensive than
those activated by transitionmetals or other non-rare earth ions.

In the work by the authors [1], ZnB, O, - Pb** powdered phosphors emitting ultraviolet
radiation were studied. It was shown that these phosphors emit blue light at 3.1 3B(388 nm)
when excited by photons with an energy of 4.08 3B (304 nm). ZnB, O, - Pb* phosphors are good
candidates for wavelength converters used in various UV radiation applications.

In phosphors [2,3] based on SrB, O, - Pb* and MAL, B, O, - Pb*, intra-center emissions of
Pb?* impurities were observed at room temperature at 3.4 3B (363 nm) and 2.9 3B (420 nm)
when excited by photons with energies of 4.5 3B(270 nm)and 4.4 3B (277 nm), respectively.

In the work by [4] on Pb?* activated aluminates and gallates, two types of intra-center
luminescence of impurities were discovered. The first type of emission is associated with intra-
center transitions *P, - 'S0 in the Pb** ion. The second type of emission is linked to the so-called
C-D level transition of Pb?* impurities in the matrix, associated with the transition of an electron
to an activator disturbed by the excitonic state of the matrix.

In the phosphor [5] SrMgBO,Pb?* - Gd**, under the influence of mercury radiation at 4.8 3B
(254 nm), two emission spectra were observed: one line at 3.9 3B(313 nm)and another emission
band at 3.7 3B(330 nm). It is suggested that this phosphor can be used as a phototherapeutic
material for UVB therapy.

In the work [6] have shown that the position of intra-center Pb* emission in ZnTiO,
nanocrystals is strongly influenced by its interaction with the lattice. An increase in Pb*
concentration significantly affects the maximum emission band. Red emission at 2 3B(620 nm)
observed by the authors is associated with charge transfer between Pb*" ions and the ZnTiO,
matrix.

In the CaAIBO, phosphor [7] doped with Pb*, Dy**, and Sm*, photoluminescent properties
at 300 K were studied. It was shown that CaAlBO, - Pb** phosphor emits a broad band at 339
nm when excited by photons with an energy of 4.5 3B(272 nm). CaAIBO, - Pb** Dy*", Sm*
phosphors are optical materials for developing new optical display systems and sensitizers for
recombination emissions in the red spectral region.

In the work by the authors [8], the optical properties of the Ca, La, Si0,60, - Pb** phosphor
were studied. The luminescence of Pb?* ions in apatites, which can be used in X-ray imaging
devices, low-pressure lamps, and high-energy physics, was shown.

In the SrZnO, - Pb phosphor obtained by the sol-gel method, broadband emissions with a
maximum at 2.7 3B(451 nm)were discovered, excited by photons with energies of 4.3 3B (283
nm) and 3.9 3B317 nm.The matrix band gap is 3.4 eV. Emissions are associated with combined
impurity-excitonic states [9].

Recombination emissions related to the creation of electron-hole trapping centers were
previously studied [10-13] in CaSO, and CaSO,-Mn. It was shown that in CaSO, and CaSO,-Mn,
intrinsic and impurity electron-hole trapping centers created during recombination decay emit
intrinsic recombination or tunneling emissions, as well as impurity emissions of Mn?* ions.
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Recombination emission in the phosphor CaSO, - Pb**

By analyzing the works of the authors [5-6,9] as well as [10-14], the following conclusion
can be drawn: in irradiated phosphors with photons whose energy exceeds the band gap[11],
intrinsic and impurity trapping centers are formed. As a result of their recombination decay,
intrinsic recombination emissions, as well as intra-center impurity emissions, occur.

This work examines the nature of recombination emissions in CaSO,-Pb* phosphor arising
when irradiated with photons whose energy exceeds the band gap of the matrix.

Experimental part

For the experiments, highly pure calcium sulfate (99.99% purity, Sigma Aldrich) and lead
sulfate powders (Sigma Aldrich) were used. CaSO,-Pb*samples were obtained by the slow
evaporation method. A stoichiometrically calculated amount of CaSO, was mixed with a pre-
calculated amount of PbSO, impurity. Concentrated sulfuric acid was used to dissolve the
mixture. After complete dissolution, the solution was washed several times with distilled water
and dried at 70°C. The samples were then sintered at 400°C for 5 hours in an argon atmosphere.
The annealed powder was slowly cooled over several hours. The final samples were pressed at
0.05 MPa.

The samples were analyzed using fundamental and thermally stimulated spectroscopy
methods. The structure and purity were analyzed using microscopic and energy-dispersive
elemental analysis. Primary photoluminescent measurements were conducted with a Solar
SM2203 spectrofluorimeter (Belarus). Corrections to the Solar SM2203 spectrofluorimeter
graphs are included in the software.

Studies at low temperatures down to 77 K and temperature dependence measurements were
performed in a thermally activated complex consisting of a cryostat with three quartz windows
and one beryllium oxide window, excitation and registration monochromators (OKB "Spektr
MDR-41" and MDR-23U, respectively), and a photomultiplier (Hamamatsu 1P28). The system
was vacuumed to a pressure of 107 (-2) Pa and cooled with liquid nitrogen.

For the study of thermally stimulated luminescence (TSL), the samples were irradiated with
X-rays. After irradiation, the samples were heated at a constant rate of 0.1-0.2 degrees per
second, and the integral TSL was recorded by a photomultiplier.

An energy-dispersive X-ray spectrometer (EDS) and a scanning electron microscope (SEM)
were used for analysis. SEM: Hitachi TM4000Plus Il EDS: BRUKER. SEM working condition: EHT
10 kV. X-ray structural analysis was performed on a D6 PHASER diffractometer from BRUKER.

Results

In previous studies of authors [15] on Na, SO,-Pb and K2 SO,-Pb phosphors, the mechanisms
creation and their recombination decay of trapping centers over a wide temperature range
were investigated.

In order to determine the purity of the samples, the microstructure and elemental analysis of
the obtained samples were performed. The microstructure of pure CaSO,-Pb powder samples
was examined using a scanning electron microscope (SEM)(Fig. 1 a) and energy-dispersive
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X-ray spectroscopy (EDS) (Fig. 1 b). The SEM image shows that the micro-powder sizes range
from 0.5 to 15 pm, with particles predominantly measuring 2-8 pm.

a b
Figure 1. (a) SEM image, (b) EDS elemental analysis of irradiated CaSO,-Pb phosphor

The elemental analysis (EDS) indicated that the sample consists of the main matrix of CaSO,
and lead impurities, with no other specific impurities present.

Next step is investigating the optical properties of irradiated CaSO,-Pb phosphor.

In Fig. 2 (curve 1 and curve 2), the emission spectra of irradiated CaSO,-Pb phosphor at 300
K (curve 1) and 77 K (curve 2) excited by photons with an energy of 6.2 eV are shown. The same
figure (curve 3 and curve 4) presents the emission spectra of irradiated CaSO,-Pb phosphor at
300 K (curve 3) and 77 K (curve 4) excited by photons with an energy of 5.64 eV.

Figure 2. Emission spectra of CaSO,-Pb excited by photons with energy: 6.2 eV at 300 K (curve 1);
6.2 eV at 77 K (curve 2); 5.64 eV at 300 K (curve 3); 5.64 eV at 77 K (curve 4)
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From Fig. 2 (curves 1 and 3), it is evident that at 300 K, a broad emission with a maximum at
3.65 eV corresponding to Pb? impurities is more effectively created [15]. At low temperatures
of 77 K, due to the appearance of new emission centers, the overall broad emission band shifts
(Fig. 2 curves 2 and 4) to the longer wavelength region with a maximum at 3.4 eV.

Similar to other pure sulfates and those with impurities [16-22], after irradiation at 77 K,
induced emission bands appear at 2.9 eV and 3.1 eV.

In Fig. 3, the excitation spectra of the 3.1 eV emission band (curve 1) and the 2.9 eV band
(curve 3) at 300 K, as well as the 3.1 eV emission band (curve 2) and the 2.9 eV band (curve 4)
at 77 K, are presented.

Figure 3. Excitation spectra of CaSO,-Pb for emission bands: 3.1 eV at 300 K (curve 1);
3.1eVat77 K (curve 2); 2.9 eV at 300 K (curve 3); 2.9 eV at 77 K (curve 4)

From Fig. 3 (curves 1 and 3), it is evident that recombination emissions are excited at 300
K (curves 1 and 3) and 77 K (curves 2 and 4) at 5.6 €V, 5.9 eV, 4.5 eV, and 3.9 eV. Thus, these
recombination emission bands are excited or created in the fundamental region of the matrix at
5.5-6.2 eV and in the transparency region of the CaSO, matrix at 4.5 eV and 3.9 eV.

In Fig. 4 (curves 1-3), the excitation spectra of the main intra-center emission of Pb?
impurities at 3.65 eV and 3.4 eV at 300 K and 77 K are presented.
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Figure 4. Excitation spectra of Pb®* impurity emission bands at: 3.65 eV at 300 K (curve 1);
3.4eVat77 K (curve 2); 3.4 eV at 77 K (curve 3)

From Fig. 4 (curves 2 and 3), it can be seen that the 3.4 eV emission is excited by photons
with an energy of 5.57 eV. At 300 K (Fig. 4 curve 1), the 3.65 eV emission is excited over a broad
spectral range from 5.5 eV to 5.9 eV, meaning that the Pb?* impurity at 300 K is excited by intra-
center absorption of Pb?* at 5.5 eV [23], as well as in the fundamental region of the matrix.

Thus, intra-center emission is excited in the spectral region corresponding to Pb* ion
absorption in the matrix.

New recombination emission at 3.1 eV and 2.9 eV is excited in the fundamental absorption
edges at photon energies of 4.5 eV and 3.9 eV.

In Fig. 5, the emission spectra of recombination emission upon excitation by 4.5 eV photons
at 300 K (curve 1) and 77 K (curve 2) are presented. The same figure (curves 3 and 4) presents
the recombination emissions upon excitation by 3.9 eV photons.
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Figure 5. Emission spectra of CaSO,-Pb excited by photons with energy: 4.5 eV at 300 K (curve 1);
4.5eVat77 K (curve 2); 3.9 eV at 300 K (curve 3); 3.9 eV at 77 K (curve 4)

It can be seen that in both cases, recombination emissions of 3.1 eV and 2.9 eV appear
(intensity upon excitation at 77 K is much higher than at 300 K). The experimental [13] result
shows that photons with energies of 3.9 eV and 4.5 eV are the excitation spectra of the new
recombination emission.

To determine the nature of the recombination and intra-center emissions arising from the
corresponding excitations, the changes in their emission intensity depending on temperature
from 77 K to 450 K were measured. In Fig. 6 (curves 1-4), the changes in the intensity of intra-
center emissions at 3.4 eV (curve 1) and 3.65 eV (curve 2), and the new induced emission at 3.1
eV (curve 3) and 2.9 eV (curve 4), are presented.

Figure 6. Temperature dependence of intra-center emission of CaSO,-Pb at: curve 1 - 3.4 eV;
curve 2 - 3.65 eV; curve 3-3.1eV; curve 4 - 2.9 eV
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From Fig. 6, it can be seen that the intensity of the induced emission at 3.1 eV (curve 3) and
2.9 eV (curve 4) gradually decreases to a minimum value from 200 K to 300 K, then slowly
decreases. The intensity of intra-center emission at 3.65 eV and 3.4 eV, overlapping with the
new induced emissions, also decreases from 200 K to 350 K, then gradually increases to 450 K.

In Fig. 7, the thermally stimulated luminescence (TSL) glow curve of irradiated CaSO,-Pb at
liquid nitrogen temperature is presented.

(

&0

200

Figure 7. Thermally stimulated luminescence glow curve of CaSO,-Pbirradiated by X-rays for
1 minute at 77 K

[t can be seen that the TSL maxima fall in the temperature range of 200-350 K, where the
decay of the combined emissive state at 2.9-3.1 eV occurs. The high-temperature TSL at 430 K
corresponds to the increase in Pb?* emission intensity.

Discussion

The main research question of this study is the formation of a new combined emissive
electronic state and to show that as a result of the recombination decay of the electronic state,
the energy of electronic excitations of the matrix is transferred to the emitters, i.e., impurities.

In this work, when irradiated with photons whose energy exceeds the band gap or due
to charge transfer from the excited SO,* anion complex to Pb* impurities or neighboring
S0/ ions, free electrons are formed, which are captured by impurities or neighboring S0 *ions
of the matrix. Electron trapping centers are created according to the reactions e+ Pb**—Pb+
and e-+ SO >— S0,%*, and hole centers in the form of SO*.

Itis assumed, as shown in the band diagram (Figure 8), that the SO, and Pb* trapping centers
below the conduction band should correspond to local states, and their complementary SO,- hole
component is located above the valence band. Thus, these complementary trapping centers in
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Recombination emission in the phosphor CaSO, - Pb**

the fundamental absorption edges correspond to local states. During the recombination decay
of these intrinsic and impurity trapping centers, recombination and tunneling emissions at 2.9
eV and 3.1 eV are observed. Measurements have shown that these recombination emissions at
2.9 eV and 3.1 eV correspond to the excitation spectrum at 3.9 eV and 4.5 eV. Experimentally,
it has been shown that the CaSO,-Pb phosphor with induced trapping centers, when excited by
photons of 4.5 eV and 3.9 eV, re-emits recombination emission at 2.9 eV and 3.1 eV.

e.b. v

Figure 8. Band diagram of calcium sulfate with lead impurity.
Pb?*-excited state of impurity; SO,’*- excited state of the anion

Regarding the presence of Pb* ions in the composition of Pb*-SO,-trapping centers, it can be
observed when measuring the temperature dependence of combined and impurity emission.
From Fig. 5, it can be seen that the intensity of combined emission (curves 3 and 4) in the
temperature range of 200-350 K monotonically decreases, i.e., decays during the ionization of
Pb* to Pb?*+e". Above 350 K, the intensity of intra-center Pb?* emission in the temperature range
of 350-450 K increases, i.e., the electronic states of Pb?*are restored due to the ionization of the
Pb* center.The increase in Pb?* emission can be explained by the following processes: during the
ionization of Pb*, an electron is released. This electron recombines with a hole in SO, located
near the Pb?* ion. The energy released during this recombination is transferred to the Pb(2+)
impurity ions, leading to their excitation. This process can be interpreted as a reabsorption

mechanism, where the transferred energy excites the Pb?* centers. After relaxation from the
excited state, Pb* emits light, resulting in the observed increase in emission intensity. In this
process, during the recombination of electron-hole pairs of the matrix, energy is transferred
from the matrix to the impurities. This demonstrates an elementary mechanism of energy
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transfer from the matrix to the impurities. In this experiment, due to the overlap of impurity
emission and induced emission bands, the energy transfer process is not clearly identified.

The second question regarding the appearance of two intra-center emission bands at 3.65 eV
and 3.4 eV, as well as the appearance of two combined emission bands, is associated with the
anisotropic properties of alkali and alkaline earth metal sulfates.

In the works [24], it has been shown that two types of SO,” holes (A and B) are formed
in CaSO, crystals after irradiation due to the anisotropic properties of the crystal. Theoretical
studies by the authors [25] have shown that the ground state of an unpaired electron in SO, in
different crystallographic directions has different energies relative to the top of the valence
band. Therefore, during the recombination decay of the induced electronic state at 2.9 eV and

3.1 eV, an electron arising after ionization recombines with holes located at different distances
from the top of the valence band, resulting in different energies of recombination emission.

Now regarding the two intra-center emissions at 3.4 eV and 3.65 eV. The formation of two
types of SO, radicals in the lattice is associated with Ca cations in the matrix in different ways.
During the substitution of such cations by Pb? impurities, different binding energies of Pb?*
with S0/ anion complexes are formed. It is assumed that the appearance of two emission
bands of impurities is due to the anisotropic properties of the matrix.

Conclusion

In CaSO,-Pb** phosphors, as in other matrices activated by Pb* ions, intracenter emissions
occur in the energy ranges of 3.4 eV and 3.65 eV. The novelty of this work lies in the appearance
of new electronic emissive states that emit recombination emission at 2.9 eV and 3.1 eV. These
new emissive states arise from the capture of impurities and anions of the matrix by free zonal
electrons formed during excitation by photons with energy exceeding the bandgap of the CaSO,
matrix through the reactions Pb*+(e'+SO,- )»Pb*-SO," and SO/ +(e'+S0,)— SO,*-SO,-. The
new electronic emissive states consist of the electronic states of the trapping centers Pb*-SO,’
and S0,-SO,in the CaSO,-Pb** matrix. During the recombination decay of these combined
electronic states (Pb* and 5043'), recombination emission occurs at 2.9 eV and 3.1 eV, along
with emissions from the restored Pb3*. At the moment of recombination decay of the combined
emissive state, the energy of the intrinsic electronic excitations (e+S0," ) is transferred to the
emitters or impurities in the luminescent lamps used, as well as in modern phosphors with
semiconductor chips.

The formation of two intracenter emission bands at 3.4 eV and 3.65 eV is associated with the
substitution of Pb? impurities for the Ca?* cations in the base, with different binding energies
to the anionic complex.
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CaS0,-Pb, 1roMrHOQOpBIHAAFHI PpEKOMOUHALMAJIBIK CIyJIe/IeHY

AxpaTna. Ontukasnblk agicrepmen CaSO,-Pb* moMuHOdOpEIHAA Nakga 60/1FaH KOMOUHUPJIEHT€H
HeMece UHAYLIMPJIEeHTeH 3JIEKTPOH/BIK caysieaeHy 2,9 3B xaHe 3,1 3B TeH KyHiHiH Ty3inyi 3epTTeni.
KoMGuHHUpJ/IEHTeH 2JIEKTPOHABIK caysiesieHy Kyui Pb*-SO,- Kocna opTasbIKTapbIHbIH, 3JIEKTPOH/BIK,
KyisiepiHeH >oHe MaTpulaHblH SO,”-SO,- MeHLIKTI KapMmay OpTaJbIKTapbIHbIH 3JEKTPOH/BIK
KyiJiepiHeH Typajbl. Kocma KapMay opTa/ibIKTapblHbIH, 3JIEKTPOHJBIK KyilJepi epKiH 30HaJIbIK
3JIeKTPOHAAPAbIH, Pb?* KocracbiIMeH KapMaJlybl Ke3iH/ie HeMece KO3/IbIPbIIFaH aHUOH/IbIK, KOMILJIEKCTEH
SO 42' 0%-Pb2* kocmara 3aps/i TacbIMaJIZIay HOTKECIH/Ie TY3iJITeH 3JIEKTPOHIAP/bIH, JIOKAIU3aIUsIJIaHy bl
kesinge Pb?*+(e+S0,)—>Pb*-S0,- peakuuscebl 60¥bIHIIA Ty3inei. MeHIIIKTi KapMay OpTa/lblKTapbliHbIH
3JIEKTPOH/JBIK KyHJiepi epKiH 30HaJIbIK 3JEKTPOH/APAbIH aHUOH/bIK KOMILJIEKCTEPMEH KapMaJybl
HeMece KO3JbIPblJIFaH aHUOHABIK, KOMIJIEKCTEH SO4-(02'-SO42') KOpIllli aHUOHJBIK KOMILJIEKCTEPre
3aps/ TacbIMaJJlay HOTHMXKECiHJle TY3UIreH 3JIEeKTPOHAAP/AbIH, JIOKaJIW3alUsaJaHybl Ke3iHze
S0,*>+(e+S0,) »S0,*-S0,- peakyusAcel 60MbIHIIA Ty3inesi.

Oueysnep kepceTkeH/iel, 2,9 3B xkaHe 3,1 3B Ke3iHzeri KOMOUHUPJIEHTEH 3JIEKTPOH/IBIK, COy/IEIeHY
Kyisepi 3,9-4,0 3B xoHe 4,5 3B $poTOH sHeprussapbIMeH Ko3bIpbLiazbl. CoOHal-aK 3KCIIepUMEHTaJIbl
TYp/le KepCeTITeHAeN, KaApMay OpTabIKTaphl UHAYIUpPJEHTeH JroMuHodopaapaa 3,9-4,0 3B xaHe
4,5 3B doToHAapMeH Ko03/4bIpbliFaH Ke3ge 3,1 3B koHe 2,9 3B peKkoMOUHaALMSJIBIK CayJesieHy/ep
KaiTa Tysineni. Ocbuiaia, 3,9-4,0 3B xoHe 4,5 3B ¢oron sHeprusanaps CaSO,-Pb* *mromunodop
MaTpULACBIHBIH, MeJIAIpJAiK alMaFblHAA OpHaJacKaH 3JIEKTPOHABIK J>KoHe KeMTIKTIK KapMmay
OpTa/bIKTaphl apachIH/IaFbl KO3/[bIPY *K9He CiHipy 3Heprusijaapbl 60/bIN TaObLIAABL.

TyiiiH ce3aep: cynbdaT, 3/1eKTPOH, PEKOMOUHALUAJIBIK, CayJle/IeHY, MEHILIKTI pafinanus, KEMTIK, KO3Y.
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PexoM6UHaLMOHHOE U3/lyYeHHe B TloMuHOdope CaSO,-Pb*

AHHoTanusA. ONTHYECKUMU METOAAMU HCCIe0BaHO OOpa3oBaHME KOMOWHHUPOBAHHOIO WJIH
WH/y[IUPOBAaHHOTO 3JIEKTPOHHOTO U3JIy4aTeJbHOr0 COCTOSAHUA B 06/1y4eHHOM JiroMuHopope CaSO,-
Pb?* mpu 2,9 3B u 3,1 3B. KoMGHHHpOBaHHOE 3JIEKTPOHHOE H3Jy4aTesJibHOe COCTOSIHHE COCTOUT
U3 3JIEKTPOHHBIX COCTOSAHMM NPUMECHBIX IleHTPoB Pb*-SO,- u a/eKTpoHHBIX cocTosAHud SO, >-SO,-
COOGCTBEHHBIX IIEHTPOB 3axBaTa MaTpHULbIL. [IpUMecHble 3JEKTPOHHBIE COCTOSIHUS LIEHTPOB 3axBaTa
06pasyloTcsd NMpU 3aXBaTe CBOOGOJHBIX 30HHBIX 3JIEKTPOHOB Npumecs Pb?* wiau npu Jokanvsanuu
3JIEKTPOHOB CO3JaHHOTO B pe3yJibTaTe MepeHoca 3apsi/ia OT BO36YKZeHHOT0 aHHOHHOTO KOMILJIeKca
SO,* 0*-Pb2* «k mpumecsam Pb* no peakuuu Pb*+(e+S0,)—>Pb*-S0,-. Co6cTBEHHBIE 3/IEKTPOHHbIE
COCTOSIHUS LIEHTPOB 3aXBaTa 06pa3yloTcs NMPU 3aXBaTe CBOOO/JHBIX 30HHBIX 3JIEKTPOHOB aHHUOHHBIMHU
KOMILJIEKCAMH WJIM JIOKQJIM3al W 3JeKTPOHOB CO3J@aHHOIO B pe3yJbTaTe IepeHoca 3apfAfa oOT
B0O306y/|eHHOr0 aHMOHHOr0 KoMiiekca SO,-(0*-S0,*) K cocelHUM aHMOHHBLIM KOMJIEKCAM 10 peaKLUH
S0,*>+(e+S0,) »S0,*-S0,-.

M3MepeHHeM MOKa3aHO, YTO KOMOUHUPOBAHHbIE 3JEKTPOHHO-WU3/y4YaTeJbHble COCTOSHUS NpPH
2,9 3B u 3,1 3B B0306y:katoTca npu 3Heprusax ¢poroHa 3,9-4,0 3B u 4,5 3B. Takke 3KclieprUMeHTATbHO
MI0Ka3aHo, YTO B JIIOMUHOOpE C HaBe/[EeHHbIMU I[eHTPAaMM 3axXBaTa NpPH BO30yxJeHUU (OTOHaAMU
3,9-4,0 3B u 4,5 3B o6paTHO 06pa3yoTcsd peKoOMOUHAIMOHHbIE U3aydyeHus npu 3,1 3B u 2,9 3B. Takum
ob6pa3oMm, aHeprusi ¢oTtoHa nipu 3,9 -4,0 3B u 4,5 3B aBsgeTca aHepruel BO30YK/IeHUS U MOTJIOIEHUS
MeX/1y 3JIEKTPOHHBIMU U JIbIPOYHBIMU LIEHTPAMH 3aXBaTa PACIOJIO)KEHHOT0 B 06J1aCTU MPO3PavyHOCTHU
MaTpuIbl toMuHOodopa CaSO,-Pb?*.

KioueBsle c0Ba: cy/ib}aT; 3J1eKTPOH; peKOMOUHALIMOHHOE U3/yYeHHe; COOCTBEHHOE U3JYUYEHUE;
JIbIPKa; BO30YXK/eHHe.

References

1. Yilmaz M., Erdogmus E., Luminescence properties of ZnB204: Pb2+ phosphors: Suppression of
concentration quenching, Journal of Luminescence, 2020, Vol. 218, p. 116868.https://doi.org/10.1016/j.
jlumin.2019.116868

2. Tascioglu S., Pekgozlii I, Mergen A., Synthesis and photoluminescence properties of Pb2+ doped
SrAl12B207, Materials Chemistry and Physics, 2008, Vol. 112, No. 1, pp. 78-82.https://doi.org/10.1016/j.
matchemphys.2008.05.031

3. Pekgozlii I, Tagcioglu S., &Menger A., Luminescence of Pb2+ in MAI2B207 (M = Ca, Sr), Inorganic
Materials, 2008, Vol. 44, No. 10, pp. 1151-1154.https://doi.org/10.1134/S0020168508100221

4. Folkerts H. F, Ghianni F, Blasse G., Search for D-level emission of Pb2+ in alkaline-earth aluminates
and gallates, Journal of Physics and Chemistry of Solids, 1996, Vol. 57, No. 11, pp. 1659-1665.https://doi.
org/10.1016/0022-3697(96)00041-8

212 N24(149)/ 2024 A.H. I'ymures amvindazor Eypasua yammuix ynueepcumeminity XABAPIIBICHI.
DQusura. ACmpoHOMUsL cepusicol
ISSN: 2616-6836. eISSN: 2663-1296



Recombination emission in the phosphor CaSO, - Pb**

5.BhagatS. P, Gawande A. B.,, Omanwar S. K., Photoluminescence study of a novel UV emitting phosphor
Sr2Mg(B03)2: Pb2+, Gd3+, Optical Materials, 2015, Vol. 40, pp. 36-40.https://doi.org/10.1016/j.
optmat.2014.11.043

6. Wang S. F, et al, Photoluminescence characteristics of Pb2+ ion in sol-gel derived ZnTiO3
nanocrystals, Inorganic Chemistry Communications, 2003, Vol. 6, No. 2, pp. 185-188.https://doi.
org/10.1016/S1387-7003(02)00711-6

7. Erdogmus E., Pekg6zlii I., Photoluminescence properties of CaAlBO4: M (M: Pb2+, Dy3+,and Sm3+),
Journal of Applied Spectroscopy, 2014, Vol. 81, pp. 394-398.https://dx.doi.org/10.1007/s10812-014-
9943-4

8. Singh V,, Tiwari M. K., UV emitting Pb2+ doped Ca2La8(Si04)602 phosphors prepared by sol-gel
procedure, Optik, 2020, Vol. 206, p. 163600.https://doi.org/10.1016/j.ijle0.2019.163600

9. Manavbasi A., LaCombe ]. C,, A new blue-emitting phosphor SrZn02: Pb2+ synthesized by the
adipic acid templated sol-gel route, Journal of Luminescence, 2008, Vol. 128, No. 1, pp. 129-134.https://
doi.org/10.1016/j.jlumin.2007.06.002

10. Nurakhmetov T. N., et al,, Specific Features of Formation of Electron and Hole Trapping Centers
in Irradiated CaSO4-Mn and BaSO4-Mn, Crystals, 2023, Vol. 13, No. 7, p. 1054.https://doi.org/10.3390/
cryst13071054

11. Nurakhmetov T. N,, et al., Energy Transfer in the CaSO4- DyThermoluminescent Dosimeter from
the Excited State of the SO42- Anionic Complex to the Impurities, Crystals, 2023, Vol. 13, No. 11, p. 1596.
https://doi.org/10.3390/cryst13111596

12. Salikhodzha Z. M., et al.,, Recombination luminescence in CaSO4, Radiation Measurements, 2019,
Vol. 125, pp. 19-24.https://doi.org/10.1016/j.radmeas.2019.04.010

13. Nurakhmetov T. N,, et al., Energy transfer of intrinsic electronic excitation to impurities in the
CaS04-Mn, Eurasian Journal of Physics and Functional Materials, 2021, Vol. 5, No. 1, pp. 31-38.https://
doi.org/10.32523/ejpfm.2021050104

14. Nurakhmetov T. N., et al., Electron-hole trapping centers in Na2504 with a transition metal
impurity Mn, Eurasian Journal of Physics and Functional Materials, 2023, Vol. 7, No. 1, pp. 38-44.https://
doi.org/10.32523/ejpfm.2023070102

15. Nurakhmetov T. N, et al., Luminescence and creation of electron-hole trapping centers in alkali
metal sulfates activated by Pb2+ impurity, Eurasian Journal of Physics and Functional Materials, 2024,
Vol. 8, No. 1, pp. 33-44.DOI: 10.32523/ejpfm.2024080104

16. Nurakhmetov T. N, et al,, Electron-hole trapping centers in alkali metal sulfates with Dy3+
impurities, Eurasian Journal of Physics and Functional Materials, 2023, Vol. 7, No. 2, pp. 115-122.https://
doi.org/10.32523/ejpfm.2023070204

17. Nurakhmetov T. N,, et al.,, Photoluminescence and thermoluminescence in a Li2S04 crystal, 2022.
http://rep.enu.kz/handle/enu/13157

18. Nurakhmetov T. N,, et al,, Intrinsic emission and electron-hole trapping centers in irradiated
Na2S04, Optik, 2021, Vol. 242, p. 167081.https://doi.org/10.1016/j.ijle0o.2021.167081

19. Yussupbekova B. N,, et al., Intrinsic and impurity emission and formation mechanism of trapping
centers in LiKSO4-Cu crystals, Nuclear Instruments and Methods in Physics Research Section B:
Beam Interactions with Materials and Atoms, 2020, Vol. 481, pp. 19-23.https://doi.org/10.1016/j.
nimb.2020.07.027

A.H. T'ymunres amwindazor Eypasus yammorx ynusepcumeminityy XABAPIIBICBI. N24(149)/ 2024 213
Qusura. AcmpoHoMusl cepusicol
ISSN: 2616-6836. eISSN: 2663-1296



Shamiyeva R.K.,, Balapanov M.H., Salikhodzha Zh.M., Kainarbay A.Zh., Sadykova B.M., Zhangylyssov K.B,
Nurpeissov A.S., Karibay B.A., Batisheva A.T.

20. Nurakhmetov T. N,, et al, Mechanisms of formation of electron-hole trap centers in LiKSO4
crystals, Eurasian Journal of Physics and Functional Materials, 2021, Vol. 5, No. 1, pp. 24-30.http://rep.
enu.kz/handle/enu/13195

21. Nurakhmetov T. N,, et al., Influence of Cu+ impurity on the efficiency of creation of electron-hole
trapping centers in irradiated Na2S04-Cu crystals, Eurasian Journal of Physics and Functional Materials,
2021, Vol. 5, No. 3, pp. 200-208.http://rep.enu.kz/handle/enu/13238

22. Nurakhmetov T. N, et al,, Intrinsic emission and electron-hole trapping centers in Li2S04-Cu
crystals, Eurasian Journal of Physics and Functional Materials, 2021, Vol. 5, No. 2, pp. 140-147.https://
doi.org/10.1016/j.ijle0.2021.167081

23.Nicoaral. etal. Growth and spectroscopic characterization of Pb 2+: CaF 2 crystals //The European
Physical Journal B. - 2012. Vol. 85, pp. 1-7.

24. Danby R. ], et al,, ESR of thermoluminescentcentres in CaSO4 single crystals, Journal of Physics
C: Solid State Physics, 1982, Vol. 15, No. 11, pp. 2483.https://doi.org/10.1088/0022-3719/15/11/025

25.Nair S. R, et al., Redox reactions, radio-photoluminescence, and thermoluminescence in Journal of
Physics: Condensed Matter; 1997,Vol.9,No. 39, pp.8307.https://doi.org/10.1088/0953-8984/9/39/015

Information about the authors:

Shamiyeva R.K. - corresponding author, Senior Lecturer; L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan.

Balapanov M.H. - Doctor of Physical and Mathematical Sciences, Professor, Bashkir State University,
Ufa, Republic of Bashkortostan.

Salikhodzha Zh.M. - Cand. Phys.-Math. Sci.; L.N.Gumilyov Eurasian National University, Astana,
Kazakhstan.

Kainarbay A.Zh. - Cand. Phys.-Math. Sci., Assoc. Prof.,; L.N.Gumilyov Eurasian National University,
Astana, Kazakhstan.

Sadykova B.M. - PhD, Acting Associate Professor, L.N. Gumilyov Eurasian National University, Astana,
Kazakhstan.

Zhangylyssov K.B. - PhD, Acting Associate Professor, L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan.

Nurpeissov A.S. - PhD Student, L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.

Karibay B.A. - Student, L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.

Batisheva A.T. - Student, L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.

Hlamueesa PK. - aBTOpP-KOPPECHOHAEHT, CTapIIMi NpenojaBaTesb; EBpasuiiCKUi HallMOHAJIbHBIN
yHuBepcuteT uUM. JLH. 'ymunesa, Acrana, Kazaxcras.

Bbasnananoe M.X. - nokTop QU3NKO-MaTEMAaTUYECKUX HayK, podeccop, YPUMCKUl yHUBEpCUTET
HayKH U TexHoJ0orui: Yoa, Pecniybsnika BamkopTrocTtaH.

Canuxodxnca K.M. - k.p-m.H.; EBpa3suiickuii HauuoHaJbHbIA yHUBepcuTeT uM. JL.H.['ymusena,
AcTtaHa. Kazaxcras.

214 N24(149)/ 2024 A.H. I'ymures amvindazor Eypasua yammuix ynueepcumeminity XABAPIIBICHI.
DQusura. ACmpoHOMUsL cepusicol
ISSN: 2616-6836. eISSN: 2663-1296



Recombination emission in the phosphor CaSO, - Pb**

Kaiinapé6aii A.JK. - k.¢-M.H., accoi.npodeccop; EBpasuiickuii HallMOHAJbHBIA YHUBEPCUTET UM.
JLH.I'ymuneBa, ActaHa, Kazaxcras.

Cadvikoea b.M. - PhD, u.0. ouieHTa, EBpasuiickuil HaloHa bHbIN yHUBepcuTeT uM. JL.H. [ymuniena,
Actana, KazaxcraHn.

Kanewiiwvicoe K.B. - PhD, u.0. gonenTa, EBpa3uiickuil HanuoHa/lbHBIA yHUBepcuTeT uM. JLH.
['ymuneBa, Acrana, Kazaxcras.

Hypneucoe A.C. - poxtopaHT, EBpa3suiicKuid HauuoHa/bHbIA yHUBepcuTeT UMM. JL.H. T'ymuinesa,
Actana, KazaxcraHn.

Kapué6aii Bb.A. - maructpaHT, EBpasuiickuii HanuoHa/bHbIM yHUBepcuTeT uUM. JL.H. T'ymunena,
Actana, KazaxcraHn.

Bbamuweea A.T. - maructpanT, EBpasuiickuii HalUOHaJbHbBIK yHUBepcuTeT UM. JL.H. T'ymunesa,
Actana, KasaxcraH.

Hllamuesa PK. - xaT-xabap aBTopbl, ara oKbITywbl, JLH.['ymunes atbinaarbl Eypasus yaTThIK
yHuBepcuTeTi, AcTaHa, KasakcraH.

Bbaaananoe M.X. - pusrka-MaTeMaTHKa FbLJIbIMIaPbIHbIH JOKTOPHI, Yda FbLJIbIM )KoHe TeXHOJI0IUs
YHUBepCUTeTiHiH npodeccopsl, Yoa, bamkyprcran Pecny6ivkacel, PO.

Canuxodxca K.M. - $.-m.rk.; JLH.ymuneB atviHgarbel Eypasust yaTThIK YHUBepCUTETI, AcTaHa,
KaszakcraH.

Kaiinap6aii A.2K. - ¢.-M.rk., KaybiMJ. npodeccop; JLH.ymuner atbiHgarel Eypasus yaTThIK
yHuBepcuTeTi, AcTaHa, KazakcraH.

Cadvikoea B.M. - PhD, nonent M.a., JLH.lymuneB atbingarbl Eypa3us yJATTBIK YHUBEPCUTETI,
Acrtana, KazakcraH.

Kayrouasicos K.B. - PhD, nouenTt m.a., JLH.I'ymuneB atbingarbl Eypasus yaTThIK YHUBEPCUTETI,
ActaHna, KazakcTaH.

Hypneucoe A.C. - poxrtopant, JLH.I'ymunes ateiHgarbl Eypasus yaTThIK yHUBepcuTeTi, ACTaHa,
KasaxkcraH.

Kapi6aii b.A. - maructpauT, JLH.I'ymuneB aTtbiHgarel Eypasusi yATTBIK yHUBepcuTeTi, AcTaHa,
KazakcTaH.

Bbamuweea A.T. - maructpanT, JLH.['ymuneB ateingarel Eypasus yaATTBIK YHUBepcUTeTI, AcTaHa,
KasakcTaH.

Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms
and conditions of the Creative Commons Attribution (CC BY NC) license (https://creativecommons.org/
licenses/by-nc/4.0/).

A.H. T'ymunres amwindazor Eypasus yammorx ynusepcumeminityy XABAPIIBICBI. N24(149)/ 2024 215
Qusura. AcmpoHoMusl cepusicol
ISSN: 2616-6836. eISSN: 2663-1296



