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The mechanisms of creation of a new combined electron-emissive state at 2.95 eV, 3.1 eV, 2.6-2.7 eV and 2.25-2.4 eV,
which is a pre-decay state for energy transfer from the matrix to the emitters, were investigated in the CaSO, — Bi
phosphor. Combined electron-emissive states are formed from intrinsic SO.” — SO, and impurity Bi** —SO, electron-
hole trapping centers according to studying via spectroscopic and thermal activation methods. In turn, the intrinsic and
impurity electron-hole trapping centers are created during excitation of the anionic complex SO;~ as a result of charge
transfer from the matrix to impurities (O°" — Bi*" ) and neighboring anions (0> —S0?"). It is shown that the energy
accumulated in the intrinsic matrix during external irradiation in the form of a combined electron radiative state of SO.~
and Bi** decays as a result of the recombination process and is transferred to impurities.
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INTRODUCTION

Luminescent properties of alkali halide, alkaline earth
oxides, sulfates, phosphates, tungstates, borates and other
compounds activated by Bi ions have been studied since
the 1960s [1-13]. Phosphors activated by ions Bi®",
Bi?* are used in practice as sources of visible radiation.
Phosphors with Bi** impurities are also used to obtain ra-
diation in the infrared region of the spectrum, which are
used in medicine for visualization of human tissue.

According to experimental data, Bi* and Bi*"ions
in phosphors emit in the ultraviolet, visible, and infrared
regions of the spectrum. In the studies by authors [14—
16], emissions were observed at 4.08-4.09 eV in
La,AlLO,, —Bi, Y,ALLO, —Bi and Lu,SiO, —Bi at low
temperatures T<100 K. The authors suggest that the ap-
pearance of ultraviolet emission is associated with the
transition of an electron from a metastable 3po level to
the ground state. As the temperature increases T>100 K,
this emission fades.

The authors in [17] observed ultraviolet emission
spectra at 242 nm (5.1 eV) in the YPO, —Bi phosphor at
room temperature, excited by 227 nm (5.4 eV). The
emission band at 242 nm (5.1 eV) is attributed to intra-
center emission from the Bi®*" ion. Visible emission as-
sociated with the electronic transition 3pi—1so in the
Bi** ion has been investigated in the works of authors
[14-16] across various phosphors.

In the work [18], it was shown that the appearance of
a broad emission band at 448 nm (2.75¢eV) in the
CaSnO, — Bi*" phosphor is associated with the 3p;— 1so
transition in Bi**, which is excited by photon energies of
262 nm and 308 nm (4.02 eV). The authors suggest that
the 448 nm (2.75 eV) emission is excited as a result of
charge transfer from the matrix (0> — Bi** ) to the Bi*'
centers.

Visible emissions at 377 nm (3.3 eV) and 390 nm
(3.2 eV) were observed in the CaO —Bi phosphor when
excited by of 300 nm (4.1 eV) and 354 nm (3.5 eV), as
reported by the authors in [19]. Numerous experimental
studies have demonstrated that the ground state of the
Bi** ion is located above the valence band within the
transparency region of the phosphor matrix at the 1sq
level, while the excited state is 6s'6p®.

Absorption bands associated with transitions 1so3p1
and 1so1p; have been identified in the spectral range of
250400 nm (3.1-4.9 eV). Intra-center emission of Bi*
arises from the decay of the excited 3po and 3p;: states,
which may be mixed depending on the matrix tempera-
ture.

In contrast to Bi®" emission, the luminescence of
Bi?* (with the 6s26pconfiguration) is less studied due to
its instability. Bi** luminescence is attributed to an intra-
configurational p-p transition, which is forbidden by par-
ity rules. Due to spin-orbit coupling in the electronic con-
figuration of the Bi®" ion, with a configuration of 6s26p?,
the Bi** ion splits into a ground state 2py/, and an excited
state 2ps».

The study by the authors [20] demonstrated that the
luminescent material CaAl,O, —Bi exhibits emission
from Bi®" in the deep red and near-infrared regions (720
850 nm), associated with the 2ps»—2p1 transition. It
was established that this luminescence is dominant in ra-
dioluminescence and thermoluminescence spectra. Such
phosphors are widely used in biomedicine.

In the phosphor CaF, —Bi, photoluminescence has
been observed in the energy range of 380—800 nm, cor-
responding to the 2ps»—2p13 transition, which is excited
by 266 nm [21].

The work by the authors [22] identified infrared emis-
sions at 627 nm (1.9 eV), which are excited in the
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spectral regions of 260 nm (4.7 eV), 452 nm (2.75 eV),
and 592 nm (2.09 eV). It is suggested that in BaSO, , the
Bi?* ion is responsible for the emission at 627 nm
(1.9 eV), which is excited by the transition of electrons
from the ground state 2p1,—2s12 (260 nm) to the excited
state 2p12,—2psr2 (452 nm).

Thus, in phosphors activated by Bi ions, excitation
by ionizing radiation leads to emissions in the ultraviolet,
visible, and infrared spectral regions. The resulting en-
ergy of intrinsic electronic excitations is transformed to
the emitter through the mechanisms described above. In
the present work, the possibility of transforming the en-
ergy of electronic excitations to emitters through the for-
mation of intrinsic and impurity trapping centers is con-
sidered in the CaSO, —Bi phosphor.

METHODS

The samples under investigation were prepared using
a wet chemical synthesis method. High-purity powders
of CaSO, and Bi,O, were used in the synthesis process.
Initially, CaSO, and Bi,O, (witha0.2% g/mol impurity
concentration) were thoroughly mixed and dissolved in
concentrated H,SO, (3—4 drops).The resulting solution
was then evaporated at a temperature of 250 °C. After the
evaporation of the acid, the powder was washed with
double distilled water and subsequently dried at 70 °C.
The final powders were pressed into tablets with a diam-
eter of 8-9 mm and a thickness of 1-2 mm.

The structure and purity of the samples were moni-
tored using microscopic and energy-dispersive elemental
analysis techniques. The analyses were conducted using
an energy-dispersive X-ray spectrometer (EDS) and a
scanning electron microscope (SEM). Specifically, a Hi-
tachi TM4000Plus 11 SEM was employed, paired with a
BRUKER EDS system. The SEM operated at an acceler-
ating voltage of 10 kV. X-ray diffraction (XRD) analysis
was performed using a D6 PHASER diffractometer
(BRUKER).

Photoluminescence characteristics were measured
with a Solar SM2203 spectrofluorimeter (Belarus) which
has a spectral resolution of 0.3 nm. Low-temperature in-
vestigations (down to 77 K) and temperature-dependent
studies were conducted using a thermoactivation setup,
which included a cryostat with three quartz windows and
one beryllium oxide window, monochromators for exci-
tation and detection (from OKB “Spektr MDR-41” and
MDR-23U, respectively), and a photomultiplier tube
(Hamamatsu 1P28). The system was evacuated to a pres-
sure of 107 Pa and cooled using liquid nitrogen. To ac-
count for potential measurement uncertainties, the spec-
tral resolution of the system was taken into consideration
when analyzing the emission linewidths and peak posi-
tions. The uncertainty in wavelength calibration was es-
timated to be within £0.5 nm, and the signal-to-noise ra-
tio was optimized by adjusting the slit widths and
integration times. Additionally, background signal

subtraction and dark noise corrections were performed to
enhance the accuracy and reliability of the obtained spec-
tra.

RESULTS

SEM images reveal particles of varying sizes in the
CaSO, —Bi powder. The overall image indicates the
presence of large particles ranging from 9 to 18 pm and
smaller particles ranging from 0.1 to 2 um (Figure 1).
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Figure 1. SEM (a), EDS (b) and XRD (¢) images
of the CaSO, —Bi phosphor
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The images also show that the impurity components
of the powder appear brighter than the main substance.
This difference in brightness is due to the difference in
atomic numbers between the Bi impurities and the main
CaSO, matrix.

Elemental analysis (EDS) confirmed that the sample
consists primarily of the CaSO, matrix and bismuth im-
purities, with no other uncontrolled impurities present.
Additionally, the XRD pattern corresponds well to the
reference PDF 49-1762, confirming the presence of the
CaSO, phase. The structural analysis further indicates
that the sample crystallizes in both tetragonal (P-421c, a
=17.7314 A, ¢ = 5.6361 A) and orthorhombic (Bbmm, a
=6.2300 A, b=6.9800 A, c = 6.9700 A) modifications,
with a calculated density of 2.980 g/cm?®.

Next step is investigating of the optical properties of
the irradiated CaSO, —Bi phosphor.

In the phosphor irradiated with photons possessing
energies greater than the [23] bandgap of CaSO, —Bi, as
in other Bi -activated compounds, ultraviolet, visible,
and orange-red emissions are expected to appear.

Figure 2 presents the emission spectra of the
CaSO, —Bi phosphor irradiated with an energy of
5.64 eV at temperatures of 300 K and 77 K.
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Figure 2. Emission spectra of the CaSO, —Bi phosphor
irradiated with an energy of 5.64 eV

From the figure, it can be observed that ultraviolet
emissions associated with Bi*" impurities appear in the
4.65-4.75 eV range, visible emissions at 2.7 eV, and red-
orange emissions at 1.9-2.03 eV. Similar emission bands
have been identified in the works of authors [17, 18, 21—
22]. The ultraviolet CaSO, —Bi bands, which are de-
tected at low temperatures T<100 K, are associated with
electronic transitions from hybrid states 3p: and 3po to
the ground state so. The emission bands at 2.7 eV corre-
spond to Bi** emissions, arising from the 3p;—'sy elec-
tron transition.

The red-orange emission band around 1.9-2.03 eV is
attributed to Bi®* ions.

At a temperature of 77 K, after irradiation with pho-
tons of the same energy, in addition to the main intracen-
ter emissions, new groups of emission bands appear at
3.1eV, 29eV, 2.7¢eV, 26V, 24eV, 22eV, and
2.03 eV, 1.92 eV, 1.89 eV. These emission bands can be
divided into three groups: the first group, which is the
most intense, appears at 2.9-3.1 eV; the second group of
bands appears at 2.6-2.7 eV; and the third group appears
at 2.2-2.4 eV. These groups of bands have been dis-
cussed in the works of authors [23—26] and are associated
with recombination emissions that occur due to the re-
combination of electrons with non-equivalently located
localized holes SO, in three crystallographic directions.
These recombination emissions correspond to electron-
hole trapping centers within the bandgap of the matrix.
The emission bands at 1.9-2.03 eV, as suggested by the
authors [22], are likely related to intracenter emission of
Bi** ions in the BaSO, matrix.

The appearance of new recombination emission
bands is likely related to the interaction of impurities with
intrinsic electronic excitations, specifically electron-hole
pairs, which arise as a result of charge transfer from an
excited anion to impurities [O* — Bi®*"] and to neigh-
boring anions in the matrix [O* — SO;" ] [18]. This
charge transfer process leads to the formation of electron
trapping centers such as Bi** and SO} . It is well known
that in ionic crystals with introduced impurities, electron-
hole pairs are more efficiently excited near the impuri-
ties. During the excitation of the matrix, a 2p oxygen
electron from the valence band transitions to the conduc-
tion band and is captured by Bi** impurities, forming the
Bi** ion. The hole generated near the impurity becomes
localized above the valence band in the vicinity of the
Bi** —SO, complex.

At the final stage, as a result of these relaxation pro-
cesses, intrinsic Bi’** —SO, and impurity SO - SO,
electron-hole trapping centers are formed. The decay of
these trapping centers in the matrix results in three types
of recombination emissions at 2.9-3.1 eV, 2.6-2.7 eV,
and 2.3-2.4 eV [23-26]. In order to clarify the nature of
these recombination or tunneling emissions, the excita-
tion spectrum of these emissions were measured.

Figure 3 shows the excitation spectra of the newly
formed emission bands at 3.1eV and 29eV at 77 K
(curves 2 and 4, respectively). The figure indicates that
these bands are excited by photons with energies of 3.95—
4.1eV, 44-45eV, 5.15-5.2 eV, as well as above 5.9
6.18 eV.

Figure 4 presents the excitation spectra for the newly
formed recombination emission bands in the second and
third groups at 2.6-2.7eV and 2.25-2.4eV at 77 K
(curves 2 and 4, respectively). It is evident that these
groups of bands are also excited by photons of 3.0-
3.35¢eV, 3.95-4.1eV, 4.4-4.5 eV, and more intensely at
5.15-5.2 eV.
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Figure 3. Excitation spectra of CaSO, —Bi at 3.1 eV
and 2.9 eV
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Figure 4. Excitation spectra of CaSO, —Bi at 2.6-2.7 eV
and 2.25-2.4 eV

In the same Figure 4, the excitation spectra of the pre-
sumed intracenter emission at 2.75 eV at 77 K (curve 5)
are also shown. It can be observed that this emission band
is effectively excited by photon energies of 5.15-5.2 eV,
as well as by 3.95-4.1 eV and 4.4-4.5eV.

To investigate the interaction between the two groups
of recombination emissions and the excitation spectrum
at3.95-4.1 eVand 4.4-45eV at 77 K, it is hypothesized
that the appearance of recombination or tunneling emis-
sions is likely connected to the formation of electron-hole
trapping centers in CaSO, —Bi. These centers are
formed during irradiation with photons whose energy ex-
ceeds the bandgap, leading to the creation of new elec-
tron-hole trapping centers.

The CaSO, —Bi phosphor with induced trapping
centers was re-excited by photons with energies of 3.95—
4.1eV and 4.4-4.5eV at 77 K, resulting in the appear-
ance of recombination emissions.

Figure 5 shows the recombination or tunneling emis-
sions of CaSO, -BI
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Figure 5. Emission spectra of CaSO, —Bi irradiated
with photon energies of 4.4-4.5 eV and 3.95-4.1 eV

From Figure 5 (curves 2 and 4), it is evident that at 77
K, emission bands appear at 2.95-3.1 eV, 2.6-2.7 eV,
and 2.25-2.4 eV. Additionally, in the same figure, emis-
sions corresponding to Bi** ions are observed at 2.03—
1.8 eV, which are excited by photons with energies of
3.95-4.1eVand4.4-4.5¢eV.

It is also important to note that the bands at 2.7-2.75
eV, corresponding to the intracenter emission of Bi**,
are excited at these energies (curve 5).

Figure 6 presents the excitation spectra for the emis-
sion bands at 2.03-1.9 eV corresponding to Bi** ions in
the CaSO, — Bi phosphor. From the figure, it is clear that
these bands are excited by photon energies of 2.2-2.4 eV,
2.6-2.75eV, 2.95-3.1 eV, and above 5.1-6.2 eV.

To clarify the nature of the new recombination emis-
sions, the intensity of these emissions was measured as a
function of temperature (77-450 K) under excitation by
photons with an energy of 5.64 eV. This energy was
found to be optimal for generating all observed emission
bands.

Figure 7 shows the temperature dependence of the in-
tensity of the main recombination emission bands at
3.1eVand 2.9 eV, as well as the intracenter emissions of

Bi** and Bi*" impurities at 2.75 eV and 1.9 eV, in the
CaSO, —Bi phosphor. The figure indicates that the in-
tensity of the recombination emissions at 3.1 eV and 2.95
eV, as well as the intracenter emissions at 2.75 eV and
1.9 eV, gradually decreases over the temperature range
from 100 K to 250 K.
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Figure 6. Excitation spectra of CaSO, —Bi at 2.03-1.9 eV

In the temperature range of 250-330 K, the emissions
at3.1eV,2.95eV, and 2.75 eV exhibit a marked increase
in intensity before monotonically decreasing to minimal
levels. The observed increase in emission intensity is
likely associated with an intense process of emission
band decay.
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Figure 7. Temperature dependence in the CaSO, — Bi
phosphor

DiscussioN

The primary objective of this study is to establish the
regularity of energy transfer from the matrix to the emit-
ters, specifically demonstrating that energy transfer oc-
curs through the formation of intrinsic and impurity elec-
tron-hole trapping centers. Based on the experimental
data obtained, it is hypothesized that the new groups of
recombination emission bands at 3.1 eV, 2.95eV, 2.6
2.7eV, and 2.2-2.4 eV are generated upon irradiation
with photons whose energy exceeds the bandgap of the

matrix, resulting in the creation of electron-hole pairs.
The trapping centers that generate emissive electronic
states are formed when free electrons are captured by im-
purities or anionic complexes, according to the reactions
Bi* +e¢ — Bi**[17,19,22] and SO +e¢ — SO
[27]. These electron trapping centers, Bi** and SO;",
can be created as a result of charge transfer from the ex-
cited anionic complex SO?~ to impurities such as Bi**
or to anions such as , following the reactions (0> — Bi**
)or (O° =8O SO ).

The hole component formed during the transition of
an electron to the conduction band is expected to localize
above the valence band as a radical, SO, .

Thus, the created electron trapping centers form, with
their complementarily localized holes SO, , intrinsic
SO - S0, and impurity Bi* —SO, trapping centers.
The electron components of the trapping centers Bi**
and SO, located below the conduction band, create in-
duced or combined electronic emissive states, which are
localized in the transparency region of the matrix, com-
plementarily with the hole states located above the va-
lence band.

When electrons from the combined electronic emis-
sive state recombine with hole components, new bands
of recombination emissions appear at 3.1 eV, 2.95 ¢V,
2.6-2.75 eV, and 2.2-2.4 eV. These electron-hole emis-
sive states are excited by photon energies of 4.4-4.5 eV
and 3.9-4.1 eV, primarily at 77 K.

Another important aspect is the experimental detec-
tion of the presence of both impurity and intrinsic elec-
tronic states in the pair within the combined electronic
emissive state. This is evidenced by the measurement of
the temperature dependence of the intensity of intrinsic
recombination emissions at 3.1 eV and 2.95 eV, along
with impurity intracenter emissions of Bi** and Bi?**.
These findings support the idea that both impurity and
intrinsic electronic states coexist in the combined emis-
sive states, contributing to the observed luminescence be-
havior.

From Figure 7, it is evident that the intensity of both
intrinsic and recombination emissions at 3.1 eV and
2.95 eV, as well as the intracenter emissions at 2.75 eV
and 2.03-1.9 eV, decreases monotonically up to temper-
ature of 250 K. In the temperature range of 250-330 K,
the recombination emissions at 3.1eV and 2.95eV,
along with the intracenter emissions of Bi*" at 2.75 eV,
increase sharply, followed by a decrease to a minimal
value at 450 K. The intensity of the intracenter emission
of Bi*" significantly decreases within this temperature
range.

In this temperature range, the combined emissive
states undergo decomposition. The band diagram shows
that the ionization energy of the electronic emissive states
Bi** and SO is proportional to kT = 250-330 K, with
a maximum at around 300 K (where Eu represents the
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ionization energy of the electron). The resulting free elec-
tron recombines with a hole near the Bi** impurity,
thereby exciting the impurity. Another portion of the
electrons recombines with holes, leading to the appear-
ance of recombination emissions at 3.1 eV and 2.95 eV.
The “burning out” of the three emission bands can be ex-
plained as follows: the increase in intensity of the two
recombination emission bands at 2.95 eV and 3.1 eV is
associated with the recombination of the ionized electron
from SO;” and Bi** with the SO, hole localized in two
nonequivalent crystallographic directions. The nonequiv-
alent positions of the holes lead to different energies rel-
ative to the top of the valence band, which in turn affects
the recombination processes and the resulting emission
bands.

The increase in the intensity of the intracenter emis-
sion of Bi®*" at 2.75eV is related to the rise in the con-
centration of Bi®*" centers due to the ionization process
Bi** — Bi* —e ™ in this temperature range.

The decrease in the radiation intensity of 2.03-1.9 eV
Bi** ion is associated with a decrease in their concentra-
tion as a result of ionization Bi** — Bi* —¢ .

The energy accumulated by the matrix itself during
UV irradiation in the form of Bi* -center and SO;
combined radiative state is transferred to the impurities
of the main emitter of the phosphor Bi** center. The
band diagram on the left side of the figure shows the
ground and excited states of the anionic complex SO;
and the local states of the formed electron-emitting state
SO, which are formed by the capture of electrons by
the anionic complexes SO?™ located under the conduc-
tion band £, = KT (activation energy).
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Figure 8. Band diagram

The right part of the band diagram shows the ground
15, states of the Bi** impurity near the localized hole, and
the 3p; excited state of the Bi®*" ion. The impurity elec-
tron-emitting states of Bi** are formed upon the capture
of electrons Bi*" +e” — Bi** (?p state). According to the
authors of [22], the ?p state is split due to the spin-orbit
interaction into 2py; (ground) and 2ps (excited) states.
The emission of Bi** at 2.03-1.9 eV occurs upon the
transition of an electron from 2ps,—2py2 [22].

CONCLUSIONS

In the irradiated CaSO, —Bi, new combined elec-
tronic emissive states at 3.1 eV, 2.95eV, 2.6-2.75eV,
and 2.25-2.4 eV are formed from intrinsic and impurity
electron-hole trapping centers, specifically Bi** — SO,
and SO} —SO; . It has been demonstrated that the en-
ergy accumulated in the intrinsic matrix during external
irradiation, in the form of combined electronic emissive
states Bi** — SO, , is transferred to the Bi®** impurities
through the recombination process.
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CaSOs+-Bi ®OCPOPJAFbI TIOMUHECHEHIUSA )KOHE JIEKTPOH/AbIK
KEMTIKTEPII KAPMAY OPTAJIBIKTAPBIHBIH KAJIBITITACYbI

P. K. Illamuepa’, T. H. Hypaxmeros, K. M. Canuxoasxa, T. T. Quidaii,
Bb. M. CaaspixoBa, A. K. Kaiinap6aii, K. b. ZKanbuisicos, A. C. Hypneucos

JLH. I'ymunee amwvinoazel Eypasus ynmmulx ynueepcumemi, Acmana. Kazaxcman
* baunanvic ywin E-mail: rasha_arman@bk.ru

CaSO, — Bi momunodopsiaaa 2,95 3B, 3,1 9B, 2,6-2,7 9B xone 2,25-2,4 3B aHeprus AeHreiiiepinae xaHa apanac
ANIEKTPOH/IBI-KEMTIKTIK KYH/IH TY3UIy MeXaHu3Muepi 3epTTeii, Oy Kyl MaTpHLaMeH CoyJielIieHIpriliTep apachiHia
SHEPTHUSHBI Oepy alJBIHAAFBI KYH OOJBIN TaObLIa b,

KoMOUHAIMANAHFaH 3eKTPOHBI-KeMTIKTiK Kyitnep SO; — SO, sxoHe kocmamsl Bi’" —SO, 31eKTpOHBI-KEMTIKTIK
KapMay OpTaJbIKTApbIHAH CHEKTPOCKOMMSJIBIK MKOHE IKBUTYJIBIK aKTHBalMs JICTEpIMEH 3epTTeysiep HerisiHjie
KanbImTacafbl. ©3 Ke3eTiHe, O3iK KoHe KOCTAjbl MeKTPOHIbI-TKEMTIKTIK KapMay opTambikTapbl SO aHHMOHIBI
KeleHiH KO3JbIpFaH Ke3/le, MaTpuagan Kocranapra (O — Bi®") xone xepmiinec anmongapra (0> —SO.™) zapsan
TachIMaJJaHybl HOTHKECIHIE TY31Ie .

CBIPTKBI coyNeneHy Ke3iHe o3iK MaTpHIana sKuHakTaiarad sHeprus SO, sxome Bi® snmekTpomspi-coymenenmiprim
OipiKTipiJIreH Ky#i TypiHAe peKOMOMHAIMS MTPOLIECi apKbUIBI BIIBIPAl, KOcHajaapra OepiieTiHi KopceTiii.

Tyiiin co3dep: cynvgham, 51eKmpon; peKOMOUHAYUSILLK IMUCCUS, MEHWIKMT dIMUCCUSL, MECIK, KO3Y.
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JIJIOMUHECHEHIUSA 1 OBPA3SOBAHHUE 2JIEKTPOHHO-ABIPOYHBIX HEHTPOB 3AXBATA
B IIOMUHO®OPE CaSO:-Bi

P. K. Illamuea”, T. H. Hypaxmeros, %K. M. Canuxonsxa, T. T. Anuéaii,
Bb. M. CaasixoBa, A. K. Kaiinapo6aii, K. b. 2Kanbuibicos, A. C. Hypneucos

Espasuiickuii nayuonanvuuiii ynueepcumem umenu JI.H.I'ymunesa, Acmana, Kazaxcman
* E-mail ona konmaxmos: rasha_arman@bk.ru

B momunodope CaSO, —Bi nccnenoBaHbl MeXaHU3MbI CO3aHUsT HOBOTO KOMOUHHPOBAHHOTO JIEKTPOHHO-ABIPOYHOTO
cocrostHUs Tpu 2,95 3B, 3,13B, 2,6-2,73B u 2,25-2,4 3B, xoTopoe SBISIETCS NpEeApaclaIHbIM COCTOSHHEM IS
nepeaavyy SHEPIHy OT MATPHLIBI K U3IIy4aTe M.

ITo maHHBIM HCCIIENOBAHUS CIEKTPOCKOIIMYECKUMHI METOIaMU U METOIaMU TEPMUYECKON aKTHBALH KOMOWHUPOBaHHBIS
3JIeKTPOHHO-IBIPOYHBIE COCTOSHUS GopMHUpyroTCs n3 cobeTBernbX SO — SO, m npuMecHbx Bi*" — SO, 37eKTpoHHO-
IBIPOYHBIX IIEHTPOB 3axBaTa. B cBOIO ouepens, COOCTBEHHBIE W IPUMECHBIE 3JIEKTPOHHO-IBIPOYHBIC LICHTPHI 3aXBaTa
CO3MA0TCA TIPH BO30YKIEHNH aHHOHHOTO KoMIiTekca SO B pesysbTaTe MepeHOCa 3apaaa ¢ MATPHIIBI Ha MpuMecH (
O* —Bi*") u cocennue annons (0> — SO.7).

IToxa3aHo, YTO PHEprus, HaKOIUICHHas B COOCTBEHHOIH MaTpulle NMPU BHENIHEM OOJyYeHHWH B BHAC OOBEAWHEHHOTO
NeKTPOHHOTO HM3MydaTenbHOro coctosuus SO m Bi®*, pacmamaercs B pesynbTaTe Tporecca peKOMOMHAIIMH H
nepeaaeTcs MPUMECsM.

Knroueswie cnosa: cyﬂb(j)am; ONIEKMPOH,; peKOM@uHaL;MOHHaﬂ amMuccust,; cobcmeennas amuccus, ablpl(’a,’ 8035y9iCl)€Hu€.
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