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The photoluminescence (PL) studies of the set of undoped and doped with Eu3* ions
Bi-containing oxide compounds BiPO,, K;Biz(PO,)s, K,Bi(PO,)(MoO,) and K;Bi(MoO,), as
well as calculations of their electronic structures were performed. The intrinsic PL of
undoped crystals was found under excitation in VUV and UV diapason of light (100-
400 nm). The PL spectra possess several main components lying in the blue-green, green-
orange and orange-red light diapasons (from 400 up to 850 nm). When Eu ions are
incorporated into the crystals, the intrinsic PL diminishes and inner f—f PL of Eu®* ions
becomes dominant. Comparison of the PL excitation spectra with the data of calculated
partial density of electronic states allowed distinguishing the role of excitation transitions
in bismuth-oxygen polyhedrons (BiOg or BiOg), phosphate (PO43‘) and molybdate (MOO42‘)
groups. Observed intrinsic PL mainly originates from the excitation transitions in Bi —
oxygen polyhedrons followed by the related backward radiation transitions. Very strong
excitation energy transfer from bismuth-oxygen polyhedrons to Eu3* ions was observed for
all investigated Eu-doped compounds.

ITposemensnl ucciemoBauua Goroamomunecennuu (PJI) paga HelerupoBaHHBIX U JIETHUPO-
BaHHBIX eBpomueM OKcupHEIX coegunenuii BiPO,, K;Big(PO,)s;, K,Bi(PO,)(MoO,) u
KsBi(MoO,), mapazy c pacueraMy HuX BJIEKTPOHHOH cTPyKTyphl. O0HapyKeHa coGCTBeHHAA
DJI HeJeTUPOBAHHBIX KPHUCTAJJIOB IPU BO3OYIKAEHUU UX CBETOM B BY®D um Y@ cmexTpajb-
HEIX obmactax (100—-400 am). CnexTpsr DJI HeTeTHPOBAHHBIX 06PABIOB COCTOAT M3 HECKOJb-
KUX OCHOBHBIX KOMIIOHEHT B CHUHE-3€JIeHOM, 3eJIeHO-OPAHIKEBOM U OPAHIKEBO-KPACHOM CIIEKT-
pansHBIX amanaszonax (ot 400 go 850 um). IIpu serupoBaHUYN KPUCTAJIIOB MOHAMU €BPOTIHSA
cobecrennas DJI zaTyxaeT W B cHeKTpax AOMUHUPYIOT junuu DJI, cBAsaHHbIe ¢ BHYTPU-
LeHTpoBEIME f—f mepexomamum B moHax EU%Y. CpasmeHue cumexTpos BosGyszenus DJ ¢
pesyJabTaTaMU PACUYeTOB IaPHIUAILHOM IIJIOTHOCTH BJIEKTPOHHBIX COCTOSHUI IIO3BOJHJIO IIPO-
aHAIM3uUPOBaTh yuactue B mpoiteccax PJI sneKTPOHHBIX BO3OYIKIEHUIN B BUCMYT-KHCJIOPOJ-
merx moamsapax (BiOg mam BiOg), docharabix (PO43‘) u MOJAMOIATHBIX (MOO42‘) rpyumnax.
Hab6amopaemas codcrBennas PJI opmupyercss sJeKTPOHHBIMYU BO30YMKIAEHUAMU U IIOCJIEIVIO-
VMY KSJIYyYaTeJIbHBIMH II€PEeX0JaMU B BUCMYT-KHUCIOPOSHBIX Hoamagpax. Bo Bcex paccmor-
PEeHHBIX COeIUHEHUAX, JEerUPOBAHHBIX eBponueM, Habmogaercsa sddeKTUBHAA Iepegada
aHepruu (POTOBOBBYHMCAEHUA OT BUCMYT-KUCIOPOAHBIX TIOIMIAPOB K moHam Eudt.
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1. Introduction

Phosphate and molybdate compounds
with rigid three-dimensional framework
have attracted much attention because of
their high chemical and thermal stability
combined with the possibility of effective
doping with luminescent rare-earth (RE)
ions [1-8]. The Bi®* and RE3* ions possess
close ionic radii and therefore the Bi-con-
taining compounds could be easily doped
with luminescent ions like Eu3*, Yb3*, etc.
It was demonstrated recently that
KzBi(PO4)(MoO4):Eu3+ is a perspective phos-
phor for white light-emitting diodes [4].
Yb3* and Nd3*-doped KgBi(MoO,), is consid-
ered as a promising material for laser in the
near-IR region [5, 6].

The properties of Eud*-related photolumi-
nescence in several types of phosphate-based
Bi-containing hosts (in particular,
BiCa,(PO,4)30 [7], Yqg5Big 1EUq 05V 1-yP)O4
[8] and NazY(PO,), [9]) have been investi-
gated up to now. At the same time, the
photoluminescence (PL) properties of un-
doped Bi-containing  phosphates and
molybdates has attracted less attention. In-
trinsic PL properties of only few types of
Bi-containing oxide compounds have been
studied so far and the centers of their in-
trinsic PL were associated with Bi3* ions in
the oxygen surrounding [10, 11]. A thor-
ough physical explanation for properties of
the RE-containing luminophores cannot be
given without understanding of the role of
the crystal hosts in the luminescence proc-
esses. The present paper aims at overcome
this lack using available methods of spectro-
scopic studies combined with the electronic
structure calculations. The luminescence
properties of pure and Eu-doped BiPO,,
K3B@5(PO4)6, K,Bi(PO4)(MoOy) and
KgBi(MoQ,), crystals are analyzed against
the structural peculiarities of the crystal
hosts and the electronic structure results.

The electronic structures of all investi-
gated crystals are calculated for the first
time.

2. Experimental and calculation
procedures

Bi-containing phosphate and molybdate com-
and KzBi(MoQ,), have been prepared from
KZO—P205—BI203—|V|OO3 molten System [1,
12]. Calculated amounts of K,MoO,, MoOs,
Bi,O;, and KPO; for each synthesis were
melted at 1000°C and kept at this tempera-
ture for 1 h. Afterwards, it was cooled down
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with a rate of 80°C to 520°C (BiPQ,), 580°C
(K3Big(PQy)g), 650°C (K,Bi(PO4)MoO,)) and
690°C (K5Bi(M0O,),). For a synthesis of Eu3*
— doped compounds 1 % mol. of Eu,05 was
added as an additional component. The an-
nealing time in this case was widened up to
3 h to reach the homogeneity. Crystalline
products were leached out from the solidi-
fied melt with boiling deionized water and
their purity and structures were proved by
X-Ray powder diffraction (Shimadzu XRD-
6000 diffractometer, curved pyrolitic
graphite counter monochromator, CuK, ra-
diation A = 1.54184 A, 20 = 5-90° operat-
ing in Bragg-Brentano (0/20) geometry).
The colorless transparent crystals with typi-
cal linear dimensions in range 0.1-1 mm
were obtained. The detailed information
concerning synthesis procedure and specific
structural features of investigated com-
pounds could be found elsewhere [1, 12].

The VUV-excited photoluminescence and
PL excitation spectra were studied on a
SUPERLUMI station at HASYLAB (DESY),
Hamburg, Germany in 90-330 nm region
of excitation photon wavelengths A,, (or
3.7-14 eV region of excitation energies) and
T =8 K [13]. The PL excitation spectra in
300-600 nm (2—4 eV) spectral region were
obtained with powerful Xenon lamp DKsL-
1000 as an excitation source. The samples
were placed into a flow-type helium
cryostat. All spectra were corrected by the
system response.

The electronic structures of perfect
BiPO,, Ks3Big(POyu)s, KyBi(PO4)(MoO,) and
KgBi(MoQ,), crystals were calculated using
the WIEN2k program package [14] in which
the full-potential linear-augmented-plane-
wave (FLAPW) method is implemented
within the framework of the density-func-
tional theory (DFT). The Perdew and Wang
generalized gradient approximation was em-
ployed [15] for the exchange-correlation po-
tential. The relativistic effects were treated
in the scalar relativistic approximation. The
partial densities of electronic states (PDOS),
optical properties and components of dielec-
tric tensor were -calculated using well-
known relations implemented in the
WIENZ2k program code [14].

3. Results and discussion

The XRD patterns of all studied samples
are presented in Fig. 1. The XRD data of
BiPO,, KgBi(MoQ,), and K,Bi(PO4)(MoQy,)
correspond to the reference ones from PDF2
X-Ray powder database (file numbers PDF2
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Fig. 1. XRD patterns of undoped BiPO, (1),
KgBi(MoO,), (2), K,Bi(PO,)(MoO,) (3), and
K5Bi5(PO,)g (4) crystals.

No.77-2208, PDF2 No0.29-0986 and PDF2
No.71-0503 respectively) and do not demon-
strate any additional reflexes. The pattern
of K;3Big(PO,)g is taken from [12]. As Fig. 1
shows, the XRD results confirm purity of
all synthesized samples.

The PL emission spectra of all investi-
gated compounds are shown in Fig. 2. The
emission spectrum of BiPO, measured at
Aex = 260 nm reveals broad asymmetric
band (Fig. 2a). The main peak of the band is
located at 475 nm and an additional long-
wavelength emission component is clearly
distinguishable in 550-650 nm spectral re-
gion. The PL emission band with similar
spectral characteristics was observed for
Bi3*-related emission in LaPO,:Bi [16]. Tak-
ing into account similarity of surrounding
of Bi3* ions in LaPO, and BiPO,, there is a
full reason to assume an analogous origin of
PL emission bands in these two compounds.
The origin of the long-wavelength compo-
nent of BiPO, emission requires further
studies.

The intrinsic PL emission spectrum of
K3Big(POy)g crystal (Fig. 2b) substantially
differs from the case of BiPO,. Two over-
lapped components with approximately
equal intensity are clearly distinguishable
at ~500 and ~580 nm and the third compo-
nent undoubtedly arises when longer excita-
tion wavelength is applied (Fig. 2b, curves 3
and 4). The bismuth ions in BiPO, and
K3Big(PO,4)g hosts have eight oxygens in the
nearest surrounding and in the both cases
form irregular 8-vertex polyhedra BiOg.
However, three nonequivalent positions of
Bi ions exist in K3Big(PO,)g lattice and each
of them is characterized by specific geomet-
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Fig. 2. PL emission spectra of undoped (I, 3)
and Eu® doped (2, 4) BiPO, (a),
K;Bis(PO,)s (b), K,Bi(PO,)(MoO,) (c) and
KgBi(MoO,), (d) crystals obtained under syn-
chrotron excitation with A, . = 260 nm (I, 2)

and 330 nm (3, 4); T =8 K.

ric structure of BiOg polyhedron [1, 17]. At
the same time, it is well known that spec-
tral properties of Bi3*-related emissions
(peak position and half-width) in various
oxide hosts strongly depend on configura-
tion of the nearest oxygen surrounding
[18]. Taking into account these facts, two
spectral components of K3Big(PO,)g emission
can be tentatively ascribed to emission of
the BiS*-related centers which originate
from three nonequivalent lattice positions
of the bismuth ions.

It is known that emission of Bi3* ions at
low temperatures originates from 3PO - 1S0
transitions. At higher temperatures the
emission occurs mainly from the higher
level 3P1 and transition 3P1 - 1.5'0 becomes
allowed due to spin-orbit coupling of 3P1
and 1P, states. Generalizing the data on the
luminescence properties of Bi* ions in oxy-
gen coordination we can note that spectral
position of the PL bands depend on number
of the oxygen ions in the nearest surround-
ing, the symmetry of this surrounding and
the presence of defects, first of all the oxy-
gen vacancies in it. Dependence between
these structural characteristics and Stokes
shift of luminescence was found too [19].
Analysis of this dependence leads to the
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conclusion that described above emission
components should be attributed to the
transitions in Bi3* ions in polyhedral oxygen
coordination — [Bi08]13-groups. Really, the
further studies are required to verify this
assumption.

The PL emission spectrum of
K,Bi(PO4)(MoO,) at short A, (Fig. 2¢) re-
sembles the case of BiPO,, however with
higher relative intensity of the long-wave-
length component. This suggests the Bid*-re-
lated origin for (at least) the main emission
component of K,Bi(PO,4)(MoO,) peaking near
490 nm. However, K,Bi(PO4)(M0oO,) contains
molybdate groups MOO42‘ which are known
as centers of intrinsic PL in the various
types of molybdate crystals and can cause
the PL emission bands peaking in 500-
600 nm spectral region (see e.g. [20-22]).
So, both Bi%*- and MoO42 -related centers
should be considered and the further stud-
ies are required to clarify this assumption.

The PL emission spectrum of
KgBi(MoQ,), contain a broad band peaking
near 620 nm (Fig. 2d). The peak position
and the half-width of this spectrum are
similar to corresponding spectral peculiari-
ties of intrinsic PL emission of NaBi(MoO,),
crystals which was ascribed to the
molybdate groups [10]. At the same time,
KgBi(MoQ,), reveals no emission components
near 500 nm which were found for three
other Bi-containing crystals studied here
and assumed to have the Bi%*-related origin
(see above). So it is the most probably, that
MOO42‘ groups play a dominant role in the
processes of intrinsic PL emission in
KsBi(MoQ,), crystals. However, further
studies are obviously required to verify this
assumption.

The PL emission spectra of all Eu-doped
samples reveal narrow lines of Eu3*-related
emission grouped around lines peaked at
592, 615, 650 and 700 nm (Fig. 2). The
lines originate from intra-configurational
4f6 transitions of Eu3* ions (detailed assign-
ment of the groups to specific f—f transi-
tions will be presented below in this paper).
Doping of the crystals with Eu ions leads to
substantial decrease of an intensity of the
intrinsic PL emission and therefore the in-
trinsic emission can be not observed at some
Aoy (Fig. 2).

The PL excitation spectra of all Eu-doped
samples contain well-known narrow excita-
tion lines (grouped near 322, 365, 380, 400
and 470 nm) which should be evidently as-
cribed to intra-configurational (f—f) absorp-
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Fig. 8. PL excitation spectra of Eu®* — doped
(1) and undoped (2, 3) BiPO, (a), K;Bi5(PO,)g
(b), K;Bi(PO,)(MoQ,) (c) and KyzBi(MoQ,), (d)
crystals obtained under synchrotron and Xe-lamp
excitations (the last one indicated by numbers
with asterisk symbols *) with Xreg =614 nm (1),
500 nm (2) and 600 nm (3); T = 8 K.

tion transitions in Eu3* ions: (Fig. 8 curves
with asterisk). The mentioned lines are as-
cribed in the following way: the short-wave-
length lines in 315—-330 nm region with
peak near 322 nm belong to the set of tran-
sitions from the ground "F; to the excited
state 5Hj g; the lines peaking near 365 nm
correspond to ‘F,— ®D, transition; the
ox — 980 nm originate from the
set of "Fy — 5G4 transitions and the most
intensive line at A, ~ 400 nm is attributed
to 7F0 - 5L6 transition. The group of lines
with peak at 470 nm originates from
7F0 - 5D2 transition [4].

As Fig. 3 shows, peculiarities of the PL
excitation spectra in the short wavelength
regions (100-350 nm) for undoped and Eu-
doped phosphate samples are similar. In
particular, the PL excitation spectra of
BiPO, and BiPO4:Eu crystals are similar
below ~300 nm (Fig. 8a). The spectra of un-
doped and Eu-doped samples are similar
below ~350 and ~310 for KjBis(PO4)s and
K,Bi(PO4)(MoOQ,), respectively (Fig. 8b and
¢). This feature implies that an efficient

lines near A
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energy transfer from the ecrystal hosts to
Eu3*-emission centers takes place and the
similar bands in PL excitation spectra of
undoped and Eu-doped samples most prob-
ably should be attributed to the band-to-
band host excitations.

In the case of KgBi(M0Q,),, such similar-
ity between the PL excitation spectra of un-
doped and Eu-samples is observed at lower
wavelengths, only below ~250 nm (Fig. 3d).
However at longer wavelengths, the PL ex-
citation spectra of KgBi(MoO,), and
KsBi(M0QO,)4:Eu  differ substantially: the
main excitation bands of pure and doped
samples are observed near ~340 and
~290 nm samples, respectively.

In order to clarify peculiarities of the
intrinsic PL excitation, we have calculated
the electronic structure of all studied crys-
tals. In order to illustrate results of these
calculations, in this paper we present the
results for K5Bi(PO4)(MoQ,). This crystal
can be considered as the most representative
case since it comprises all structural ele-
ments which can be found in the studied set
of compounds: Bi3* and K* cations, as well
as PO43‘ and MOO42‘ molecular groups. Cal-
culated PDOS dependences of
K,Bi(PO4)(MoO,) crystals are presented in
Fig. 4. The origin of energy scale is chosen
at the Fermi level. As the Fig. 4 shows, Bi
6s, Mo 4d and O 2p electronic states form
the valence band (VB) of the crystal (7.3
to 0 eV). Contribution of P 38s, P 3p and Bi
6p states into the VB is appreciable only
below —4 eV. The top of the VB is formed
mainly by O 2p states, however with valu-
able contribution of Bi 6s states. The states
of Bi 6s also form a separated sub-band
below the bottom of the VB (-10.6 to
9.2 eV region). The region of relatively
high density of the states (3.6—8.0 eV) in
the conduction band (CB) of
K5Bi(PO4)(MoO,) is followed by a region
with lower PDOS levels (above 8.0 eV). Mo
4d and Bi 6p states clearly dominate in the
lower (3.5—8.0 eV) region of the CB. The CB
above 8.0 eV is formed mainly by Bi 6p, P
3p and O 2p states that have almost equal
contribution here. The bottom of the CB is
formed mainly by Mo 4d states, however
with some contribution of Bi 6s and O 2p
states.

So, the calculations indicate that both
Bi3* ions and MoO42~ molybdate groups can
participate in the processes of intrinsic PL
excitation since their states are present at
the band edges (at the top of the VB and the
bottom of the CB). Bi3* 65 — Bi3* 6p transi-
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Fig. 4. Calculated partial densities of states
(PDOS) of K,Bi(PO,)(M0oO,) crystal. The den-
sities of oxygen states are presented sepa-
rately for atoms that belong to molybdate
MoQ, (b) and phosphate PO, (c) groups of the
crystal.

tions undoubtedly have to contribute to the
absorption of the crystal just above the fun-
damental absorption edge (see upper part of
Fig. 4).

The PDOS results can also be interpreted
as that charge-transfer trsansitions in bis-
muth-oxygen polyhedra can also contribute
to the PL excitation since the states of all
oxygen ions (from both phosphate and
molybdate groups) contribute to the top of
the VB.

The charge-transfer (CT) transitions of
O — Eud* type (which are usually observed
in PL excitation spectra of Eu-doped oxide
compounds) most probably are hidden
against the background of the mentined
above excitations formed by transitions of
the crystal hosts. The O — Eud* CT transi-
tions can be manifested only in the case of
KgBi(MoQ,)s, where the bismuth-oxygen
polyhedra have BiOg structure rather than
BiOg in three other crystals. As it was
stated above, the excitation spectrum of
Eud*-related PL differs from the excitation
spectrum of the intrinsic luminescence of a
host only in the case of KgBi(MoQO,), (Fig.
3d). The excitation band of Eu3* PL in
KsBi(M0QO,), with peak position near 300 nm
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can be tentatively ascribed to O — Eu3* CT
transitions. The spectral position of this
band corresponds to positions the CT excita-
tion bands of the Eu3* PL usually observed
in the analogous phosphate and molybdate
hosts.

At the same time, the role of PO,3~ phos-
phate groups in the PL excitation processes
should be less important if compared with
the role of Bi3* ions and MoO42~ groups. As
the PDOS picture shows, O — P transitions
should have energies which are well above
the bandgap and phosphate groups PO43‘
can determine the PL excitation only at ex-
citation energies well above the fundamen-
tal absorption edge (probably, in 100-
250 nm region of excitation wavelengths).

The PL emission spectra of Eu3*-doped
samples under the Xe-lamp excitation with
Aer = 400 nm are shown in Fig. 5. This ex-
citation wavelength corresponds to intra-
center Eu3* ion 7F0 - 5L6 f—f transitions.
As well as band-to-band synchrotron excita-
tion (see Fig. 2), all investigated compounds
doped with europium manifest the lumines-
cence emission in the orange-red spectral
region (570—720 nm). Such spectra are typi-
cal for radiation transitions in threefold-
charged Eu ions. The PL spectra consist of
four well-distinguished groups of lines in
585-605, 605-640, 640-670 and 670-
750 nm regions. The observed groups of
lines should be associated with the radiation
transitions from excited 5D, level to "F (J
=1, 2, 3, 4) manifold levels of the ground
state of Eu3* ion [23-25]. In addition, a
group of the lines with low intensity caused
by 5D0 - 7F0 transitions can be distin-
guished near 575 nm only for Eu3*-doped
KgBi(MoQ,), crystals. A group of the lines
of 5Dy — "F, transition becomes the most
intensive in the spectra of K,Bi(PO,4)(MoO,)
and K5B|(MOO4)4 crystal (Fig. 5). In the
cases of Eu3*-doped BiPO, and K;3Big(POy)g
the most intensive group of lines corre-
sponds to 5D0 - 7F1 and 5D0 - 7F4 transi-
tions, respectively.

It is well-known that Dy — 7F, ; transi-
tions for Eu3* are governed by selection
rules for intermediate magnet-dipole cou-
pling AJ =0, +1. 5Dy — TFy 4 4 are allowed
electric-dipole transitions [23 26] It is also
well known that the largest numbers of lines
in the groups of ®Dy, — 7F; transitions have
to be equal to 1, 3, 5, 7 and 9 for J =0,
1, 2, 3 and 4, respectively, if the symmetry
is low and degeneracy of the states is com-
pletely removed. As our data show, the
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Fig. 5. PL emission spectra of Eu3* — doped
BiPO, (a), K3Bis(PO,)s (b), K,Bi(PO,)(MoO,)
(c) and KgBi(MoO,), (d) crystals obtained
under Xe-lamp excitation with A, . = 400 nm;
T=42K.

number of lines in the group of 5Dy — "F,
transition (such analysis is correct since the
lines are well separated here) corresponds to
theoretical limit for all studied crystals ex-
cluding K3Bi5(PO,)s. So, the symmetry of
the nearest surrounding of Eu3* ions in
BiPO,, K,Bi(PO4)(MoO,) and KgBi(MoOy,),
hosts obviously corresponds to the site sym-
metry of Bi®* ions in these crystals: Cg, Cy
and Dg,, respectively.

At the same time, the number of experi-
mentally observed lines exceeds indicated
maximal theoretical limits for
K;Bi5(PO4)s:EuS* crystal. In particular, at
least 5 lines can be distinguished in the
group of 5Dy— "F; transitions for
K3Bi5(PO4)g:Eu3* (the lines are indicated by
vertical arrows in Fig. 4 and theoretical
limit for their number is 3). So, there it is
a full reason to assume that more than one
type of the luminescence centers related to
Eu3* ions exist in this compound. Since Bi3*
ions occupy three different types of posi-
tions in K3Big(PO,)g lattice (site symmetries
are C{, C; and C,), the different types of
surrounding of Eu3* ions are quite expect-
able for this host. It is obvious that addi-
tional studies are required in order to ob-
tain more detailed inferences on the nearest
surrounding of Eu3* ions in the compounds
studied.
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4. Conclusions

The photoluminescence properties of the
set of undoped and Eu3*-doped Bi-containing
oxide compounds BiPQ,, K3Big(PO,)s,
K,Bi(PO4)(MoO,) and KgBi(MoO,), were stud-
ied. Theoretical calculations of the elec-
tronic structures of the set of undoped crys-
tals were carried out. All mentioned above
undoped compounds reveal intrinsic PL
under excitation in the VUV and UV re-
gions of light (100-400 nm) and the PL
spectra comprise components in the blue-
green (peaking at 475 or 490 nm), green-or-
ange (peaking at ~500 and ~580 nm) and
orange-red (peaking near 620 or 670 nm)
regions of light. The components spectral
contribution depends on the type of the
compound which results in shift of the peak
positions in the PL emission spectra from
475 nm (for BiPO,) up to 670 nm (for
K3Big(POy)g). Comparison of the PL excita-
tion spectra with the data of calculated par-
tial density of electronic states allowed dis-
tinguishing the role of excitation transi-
tions in bismuth-oxygen polyhedrons (BiOg
or BiOg), phosphate (PO43‘) and molybdate
(MOO42‘) groups. Observed intrinsic PL
mainly originates from the excitation tran-
sitions in Bi-oxygen polyhedrons followed by
the related backward radiation transitions.
Excitation energy transfer from the host to
Eud* ions was observed for all investigated
Eu-doped compounds. The Eu-doped samples
at VUV, UV and visible excitation reveal
narrow lines of Eu3*-related emission
grouped around the main lines peaking at
575, 592, 615, 650 and 700 nm which origi-
nate from intra-configurational 4f6 transi-
tions in Eu3* ions (radiative transitions
from the excited 5D0 level to 7FJ (=0,1,
2, 8, 4) manifolds of the ground state). It
is shown that peculiarities of the PL excita-
tion spectra in the short-wavelength regions
(100-350 nm) for undoped and Eu-doped
phosphate samples are similar. This feature
confirms existence of the efficient energy
transfer from the crystal hosts to Eud*-
emission centers.
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JIroMiHECIIeHTHA CIIEKTPOCKOIifd Ta eJIEKTPOHHA
CcTPpYKTypa Bi-BMicHHX OKCHIHHMX CIOJIYK JErOBaHHUX
iomamu Eu3*

C.Hedinvko, B.Yopmnii, I0.Xuxnuii, B.Illlep6ayvruil,
M.Cnob6odanux, K.Tepebinenko, B.Boiiko, B.lllerydvro

IIposeneno mocaimenunsa doroaominecennii (PJ) HU3KM HeleroBaHMX Ta JEroBaHUX
eBpomiem OGicmyr-BmicHEMX orcmmgEuUx cmoayk BiPO,, K;Bis(PO,)s K,Bi(PO,)(MoO,) ra
KsBi(MoO,), pasom iz pospaxyHkamMm IX eJeKTPOHHOI cTPyKTypu. Buasmemo miacmy ®JI
HeJIeTOBAaHUX KPUCTAJiB mpu 36yaKeHHi cBiTaoM y BY®D T1a Y@ cnekTpasbHMX AiamasoHax
(100-400 um). Cnextpu DJI HejeroBaHUX 3pas3KiB CKIAAAIOTHCS i3 MEKITBLKOX OCHOBHUX
KOMIIOHEHTIB Yy CHHBLO-3€JIEHOMY, 3€JeHO-OPAHIKeBOMY Ta OPAHIKEBO-UEPBOHOMY CIIEKTPAJb-
Hux aiamaszonax (Bix 400 mo 850 mwm). Ilpu meryBanHi KpMCTaNiB i0HAMHU €BPOTIiI0 BJIACHA
@JI zaracae i B cmekTpax momimyrors Jgiuii @JI, mos’asani i3 BuyTpimuiMu f-f mepexomamu
B iomax Eud*. IlopimsmHa cuexTpis s6ymxenns ®JI is pesyibTaTaMu POSPAXYHKIB map-
HiaJbHMX TI'yCTUH €JEeKTPOHHUX CTAHIB J03BOJHJO IIPpOaHAaisdyBaTu ydyacthb y mnpoiecax ®@JI
eNIeKTPOHHUX 30y/KeHs y Gicmyr-KucHeBnx noxieapax (BiOg a6o BiOg), docdarnux (PO43‘)
Ta MOJiOmATHMX (MOO42‘) rpynax. Cmnoctepe:kena BaacuHa @®JI, B ocHOBHOMY, (popMyeThCs
eEeKTPOHHUMHU 30Y/JKeHHAMU T4 TOAANLIIMUMU BUIPOMIiHIOBAJILHUMU IepexogaMu y OicMyT-
KUCHeBUX ToJiiefpaXx. B ycix posriIgHYyTUX CIOJYKaX, JeTOBAHWX €BPOIMi€EM, CIOCTEPITAETHCA
eeKTHUBHA Mepefausa eHeprii s6yMKeHHs Bij GicMyT-KucHeBUX mosiexpis o iomin Eud*.
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