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The wide-band complex spectra of intrinsic luminescence of undoped SrLa,TizO,; com-
pounds are found in range of 350—1100 nm under excitation by the light from ultraviolet and
vacuum ultraviolet range (50—-334 nm) of synhrotron radiation. The possible origines of the
observed luminescence are associated with peculiarities of the structure of the layered
perovskite-like SrLa,Ti;O,; compound. So, three luminescence components of the intrinsic
luminescence peaked near ~ 530, ~ 830, and ~ 1100 nm have been attributed to the radiation
decay of excitons localized on (T i06)8‘ molecular groups of three types in the lattice of
SrLa,TizO,;. The luminescent features related with 4f — 4f and 4f5d — 4f radiation transi-
tions in Pr3* ions are found in addition to mentioned intrinsic emission for the SrLa,Ti;O,4,
compound doped with Pré* ions. Obtained results show the prospects of the SrLa,Tig0,,
compounds doped with Pré* ions to be used as luminophores of wide emission spectra.

Keywords: perovskite, titanate, praseodymium ion, intrinsic, luminescence.

CilosKHbBIe, MINPOKOIIOJOCHBIE CIIEKTPBI COGCTBEHHOM JIOMUHECIIEHIINY HEJIErnPOBAHHBIX CO-
equnennit Srla,TiO,; BeiaBrennl B auamasome 350-1100 mM mpu BO3OYKAEHMM CBETOM W3
IUAIa3oHa yJILTPA(UOJIETOBOrO W BAKYYMHO-YJALTPA(MHOJETOBOTO CUHXPOTPOHHOIO U3JIYYEHIS
(60—334 um). HabmromaeMasa JIIOMUHECIIEHIINS CBASLIBAETCS C OCOOEHHOCTAMU CTPYKTYPHI CJIOVC-
TBIX NEPOBCKUTONOAOGHEIX coemumnennit Srla,TizO,;. KoMmonenTs coGecTBEHHON JIIOMUHECIIEH-
nuu ¢ Makcumymamu npu ~ 530, ~ 830 m ~ 1100 HM TPUTHMCAHBI WUIAYUATETLHOMY DPaCIamy
SKCHTOHOB, JOKAJIM30BAHHBIX HA MOJEKYJIAPHBIX I'PYIIax Tpex TuioB B pemrerke Srla,TigOq,.
JIroMmuHeceHIsA, cBA3aHHaA ¢ usBecTHbIMU 4f — 4f u 4f5d — 4f usayuareabHBIMU IIEPEXO0a-
Mz B moHax Prd*, obmHapyseHa MIA COSLMHEHUS SrLa,TizO,; JermpoBaHHOrO KMOHAMM Pra+.
IMosryuyeHHble PesyIbTATHI MOKABATH IIEPCIEeKTHBHOCTD MCIIONb3oBaHuA coepunennit Srla,TisO4,,
JIeTOBaHHBIX MoHaMH Pré*, Kawr IHOMUHO(DOPOB IIMPOKOrO CIIEKTpPa MBIYUEHUA.

Jiominecuennia Jreropanoro IpaseoxumMoM neposckkitononiéuoro SrlLa,TizO,, mpu 36ya-
skenHi BY® ra Y® cunxporponnum sBunpominioBauusm. C.Hedinvko, BUymar, F0.Timos.

Iuporocmyrosl ckmanHi croexkTpu BaacHOi momiHecHeHiii memerosamux crmonyk Srla,TigOq;
BusiBaeHo y pmiamasoni 350-1100 mm mpu 36ymsxeHHi cBiTiiom i3 giamasony yJbTpadioserosoro i
BaKyyMHO-yIbTpadioseToBoro cumHXpoTpoHHOro BHIpoMmiHoBaHHA (50-334 mm). CmoocrepexeHa
JIIOMIHECIIeHIIisI MOB’A3yeTbCA i3 0COOJMBOCTAMH CTPYKTYPU MIAPYBATHX IIEPOBCHKITONIOMIGHMX
cronyk SrLa,TisO,,. KommonenTn Biacuoi mrominectenmii is makcumymamu npu ~ 530, ~ 830 Ta ~
1100 HM TpUMICAHO BUTPOMIHIOBAJILHOMY POSHAZY €KCHUTOHIB, JOKATIB0BAHMX HA MOJEKYJIAPHUX
rpymax Tpeox Tumis B permirmi Srla,TizO,;. Jlrominecnenmia is Bigomumu 4f — 4f Ta 4f5d — 4f
BUIIPOMIHIOBAIBLHUMIE TlepexojaMu B ionax Pri¥, smafineno mia croayru SrLa,TizO,; rerosanoi
iomamm Pr3*. Omep:xani pesynbTaTy MOKasail IEPCIEeKTHBY BUKOPHCTAHHS JeTOBAHHX ioHAMU
Pr3* cmonyx SrLa,TizO4; ak mromiHO(OPIB NIMPOKOro CIEKTPa BUIPOMIHIOBAHHA.
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1. Introduction

The materials those reveal visible lumi-
nescence under vacuum ultraviolet (VUV) or
ultraviolet radiation (UV) are needed for
plasma displays and mercury-free fluores-
cent lamps. Vacuum luminescenct displays
and self-electron (field) emission displays
are also devices of mentioned materials pos-
sible usage. Both undoped and doped with
ions of the rear-earth elements (RE) the
oxide materials are very important in high
energy physics, medical diagnostic etc. as
scintillators and detectors of ionizing radia-
tion and particles with the high energetic
and time resolution.

A lot of important properties, such as
ferro- and piezoelectric, electretes, optical
unliniarity ete. of the layered perovskite-
like structure (LPS) compounds of
A,B,O3,42 (A=Ca, Sr, Pb, La+Sm; B=Ti,
Nb, Ta, Fe, Sc) family (n = 2 + 6 is a num-
ber of BOg octahedra) [1], have promoted to
synthesis and determination of the struc-
ture of compounds and isomorphycally sub-
stituted phases of this family, particularly
those that are based on the five-layered ti-
tanates A“Ln4Ti5O17 (A" = Ca, Sr, Ln = La,
Pr, Nd) [2-T].

Unfortunately, compounds of the
A, B,03,+»> family were not studied before as
optical materials. Although, one could ex-
pect a manifestation of a number of the
optical properties, in particular lumines-
cent, for them as the composition of their
LPS is similar to the composition of the
perovskite structure alkaline earth titanates
A”TiO3 (Al = Mg, Ca, Sr, Ba). The last ones
manifest luminescent properties and they
are very attractive due to spectral distribu-
tion and intensity of their emission, espe-
cially when they are doped with three plus
RE ions (RE3*) and additive co-dopping
takes place [8-11]. Study of the alkaline
earth titanates doped with praseodymium
ions Pr3* (AlTiO;:Pr3*) have shown that
these compounds could be applicated as ef-
fective photoluminofors in elaboration of
minisized luminescent lamps and light emit-
ting diodes (LEDs) [12, 13]. Luminescence
of the Pr3* ions doped oxides, make them as
materials perspective not only for men-
tioned applications. They are also discussed
as very promising scintillation materials,
those are able to simultaneously provide
high light yield and fast decay of the scin-
tillation pulses. The behavior of the allowed
<-->4f dipole transitions in Pr3* ions causes
the noted above characteristics [14-16]. As
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had been shown before, luminescence of the
praseodymium ions in solids can be man-
aged by changing the solids lattice composi-
tion, crystal grains sizes changing, etc [17].
So, the doped with Pr3* ions solids are suit-
able objects for luminophors and scintilla-
tors engineering. The doped with Pr3* ions
SrLa,TigO47 crystals were studied by us, and
their composition and structure could allowed
us a good opportunity for luminescent prop-
erties management.

Really, two dimensional (un-finited in X
and Z axes directions) perovskite-like
blocks, those composed from five slabs of de-
formed octahedra TiOg are the main elements
of the SrLa,TigO4; LPS lattice (Fig. 1) [2].

The degree of TiOg octahedra distorsion
(A) in the SrLa,TigO47 structure is minimal
for the Ti(3)Og octahedron located in the
center of the perovskite-like block (A =
19-104 nm) and average distance between
titan and oxygen atoms of this octhaedron,
<Ti(3),0> is 0.196 nm. The Ti(1)Og and
Ti(2)Og octahedra, which located on the bor-
der of the neighbouring block, differ by the
deformation degree and especially if to com-
pare with central Ti(3)Og octahedron defor-
mation. In fact, A = 38:107% and 451074 nm
for the Ti(1)Og and Ti(2)Og octahedra, re-
spectively [2].

The perovskite-like blocks are separated by
the layers of distorced and jointed by the
common edges (Sr,La)Og ninevertex, so there
is no direct connection between TiOg octahe-
drons which are placed on the borders of the
neighbouring perovskite-like blocks. The
blocks are connected due to —O—(Sr,La)(1)-0O—
interblock bonds. Located on the border be-
tween the blocks the (Sr,La)(1) atoms are
surrounded by seven oxygen atoms (20(4),
0(6), 20(7), 20(8)) of the same blocks and
by two (O(4) and O(7)) oxygen atoms of the
neighbouring blocks on the distances rang-
ing from 0.240 to 0.314 nm (the average
distance is 0.267 nm). Coordination number
of the intrablock atoms (Sr,La)(2) and
(Sr,La)(3) in the SrLa,TizO4; structure is 12,
and their coordination polyhedrons are dis-
torted cubooctahedrons (Fig. 1). The dis-
tances (Sr,La)(2)-O are in the range from
0.240 to 0.306 nm (the average distance is
0.280 nm), while for the (Sr,La)(3) atoms
the (Sr,La)(3)-0O distances are in the range
from 0.241 to 0.311 nm (the average dis-
tance is 0.271 nm). If in the first case there
are four oxygen atoms lying at the same
distance from the (Sr,La)(2) atom, then for
the (Sr,La)(3) position, the four oxygen
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Fig. 1. Crystal structure of SrLa,Ti;O,;, LPS is shown as TiOg octaedrons, Sr and La (circles) [2].

atoms lie in pairs at identical distances, but
they lie at the different distances for each
pair. That is, deformation of the oxygen
polyhedrons of (Sr,La) atoms in different
positions, as well as the mean (Sr,La)-0O dis-
tances are different.

Thus, according to our previously per-
formed studies, we can state the similarity
of the SrTiO; perovskites and layered
SrLayTigQy7; compounds lattice structure;
presence of three types of TiOg octahedra
with different degree of deformation in the
structure of the SrlLa,TigO,; titanate and
presence of three types of La/Sr atoms posi-
tions there. This multivariantness is the
SrLa,TigOy7 crystal properties managment
tool, we suppose.

So, the task of this work was to detect a
possible manifestation of un-doped and doped
with praseodymium ions SrLa,TigO4; titanate
luminescence, determine spectral and kinetic
characteristics of the luminescence and to de-
scribe its possible mechanisms.

Bond to bond transition with absorption
of light in the undoped compounds like to
discussed here have to occurred under en-
ergy of exciting light quanta higher than ~
3.5 eV. The Pr3* ions can be also excited at
similar energies due to 5d<4f and 4f<4f
absorption transitions. Therefore, in this
work, the luminescent properties of the
SrLa,TigOy7 compound are studied in large
range of exciting wave length from VUV
and UV diapasons at temperature near
10 K. Cooling to this temperature makes it
possible to simplify the analysis of spectral
and kinetic data due to the "freezing” of
vibronic processes and thermal over-barriers
transfer of the excitation energy. This sim-
plification at the initial stage of studying
the mechanisms of luminescence in these
systems is expedient, in our opinion.

2. Experimental

Synthesis of the samples was made by
heat treatment (T'=1670 K, t — 2 h) of
co-precipitated hydroxycarbonates batch.

Functional materials, 25, 2, 2018

Aqueous solutions of Sr(NOj),, La(NOj)s,
Pr(NO3); and TiCl, (c.p. grade) were used as
starting materials. Aqueous buffer solution
used as a precipitating agent. In applying
this procedure, the mixing of components
occured at the ion-molecular level in aque-
ous solution and allows for absolutely uni-
form distribution of dopants in the sample
volume. Details of the sample preparation
are available also in [5, 6] and in other pub-
lished papers of the authors of this work.

In order to minimize the destruction of
the SrLa,TigO47 crystalline lattice and pre-
vent the processes of luminescence quench-
ing due to the so-called, cross-relaxations
which were actual at the high praseodym-
ium concentrations, the amount of the pra-
seodymium dopant was only 0.001 mol.%.

X-ray diffraction studies of the polycrys-
talline powder samples were carried out
with use of DRON-3 diffractometer (CuKo
radiation, Ni-filter). XRD patterns were
taken using step by step regime. Step scan
was 0.03°, counting time per step — 5 s.

Experiments with using synchrotron ra-
diation were made at SUPERLUMI station
of HASYLAB (DESY) synchrotron, Ham-
burg, Germany. The primary 2 m normal
incident light monochromator in 15° Mec
Pherson mounting had a working UV and
VUV spectral range of 25-334 nm (50—
3.7 e¢V) and a spectral resolution of 0.3 nm.
The spectra of luminescence excitation of
compounds under study were measured in
the range of excitating wave length, A,,,
50-334 nm (25-3.7 eV). Luminescence spec-
tra were measured in the range of 300-
1100 nm using registering ARC 0.3 m
Czerny-Turner monochromator/spectro-
graph "Spectra Pro 300i" (f/4) which had
resolution interval AA > 0.1 nm and three
interchangeable gratings. The detectors
were a liquid nitrogen cooled CCD detector
from Princeton Instruments (200-1100 nm)
and HAMAMATSU R6358P photomultiplier
(200-800 nm).
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Fig. 2.

3. Results and discussion

In order to evaluate a possible influence
of praseodymium dopant on the structure
and parameters of the SrLa,Ti;O4; lattice a
comparative analysis of the XRD patterns
of undoped SrLa,TisO¢; and doped with pra-
seodymium SrLa4Ti5O17:Pr3+ powders was
made. As Fig. 2 shows, there are no influ-
ence of the dopant on the set, positions and
intensity of the reflexes inherent to the un-
doped SI’La4Ti5O17.

Luminescence of the undoped SrLa,TizO4;
compound under excitation in the range of
synchrotron radiation from 50 to 334 nm
(the last value is defined by the upper limit
of the working range of the "SUPERLUMI"
station) can be found in the wide range of
wave lengths from 325 up to 1100 nm, that
is, the one that covers soft UV, visible and
near-infrared light (Fig. 3). The wide band
of photoluminescence (PL) is obviously com-
plex. So, at the shortest wave length excita-
tion, A,, = 78 nm, two component, at least,
can be highlighted in the PL band composi-
tion. This is shorter wave length compo-
nent that lies in the range of visible light,
860-750 nm with peak position, A,,,, near
580 nm, and the longer wave length, IR
component, that is manifested as shoulder
on the background of the visible emission.
It lies in the range of 700—-1100 nm and has
hidden maximum in the vicinity of 800-
850 nm (Fig. 3, curve 1). The same compo-
nents form the PL spectrum at the longer
wave length VUV excitations. However,
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XRD patterns of SrLa, PrTi;O,;, powders; x = 0 (a) and 0.001 (b).

relative contribution of the IR emission
component rises at A,, rising. Thus, the IR
component is separated and has a maximum
near 830 nm at A, =150 nm. (Fig. 3,
curve 2). The contribution of the IR compo-
nent to the total PL spectrum continues to
increase at further increasing wavelength of
excitation. If the A, reaches the values
>300 nm, the long-wavelength side of the PL
IR component extends beyond the operating
range of the "SUPERLUMI" station register-
ing monochromator (Fig. 3, curve 3).

When praseodymium ions were added to
composition of the SrLa,TigO¢; compound
(the SrLa,TigO47:Pr sample) the set of lines
arouse in the PL spectra on background of
the bands of the own luminescence of host
matrix. The group of lines in vicinity of
585-645 nm shows maximal intensity, and
line near 610 nm is the most intensive
among them. The lines located at the
shorter wave lengths in the ranges of 480-
520 and 530—580 nm are of the lower inten-
sity and they are strongly overlaped. Spec-
tral details located at the longer wave
length than mentioned main line (~ 680—
740, 750-810, 810-860, and 870-930 nm)
are also not very pronounced in relation to
the main line and the broadband background.
Intensity of the lines and those ratio to inten-
sity of the background bands depend on the
excitation wave length. The PL spectra of the
SrLa, TisO47:Pr compound at A,, = 78, 150, and
307 nm are given on in Fig. 4 for example.

Functional materials, 25, 2, 2018
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Fig. 3. Luminescence spectra of un-doped

SrLa,TigO,; crystals; A, =78, 150, and
307 nm; T =10 K.

It should be noted, that besides of de-
scribed above lines, a wide band is observed
in the range of 330—450 nm for doped crys-
tal comparing to the PL spectra of the un-
doped crystal. (This band is marked by
arrow in Fig. 4). Intensity of this band is
lower than intensity of mentioned before
wide luminescence bands both at short wave
length, 78.8 nm, and longer, 150 nm, exci-
tations (Fig. 4).

Spectra of luminescence excitation for
the undoped, SrLa,TisOq7, and doped,
SrLa,TigOQ¢7:Pr, being registereding not far
from maximum of intensive band, A, =
530 nm, and near the line of maximal in-
tensity, }»reg = 610 nm, are shown in Fig. 5,
curves 1 and 2, respectively. In these spec-
tra, according to the characteristic features,
it is possible to specity such regions as 50—
125, 125-185, and 185-334 nm. At the
same time, it is easy to see certain differ-
ences between the indicated spectra. So, in
the excitation spectrum of the wide band PL
of the undoped SrlLa,TigO4; the intensive
structureless band is observed within the
first of these regions. The band of lower
intensity takes places also in the region of

Functional materials, 25, 2, 2018
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Fig. 4. Luminescence spectra of SrLa,_ PrTi;O,,
(x =0.001) ecrystals; A, =78, 150 and
307 nm; T =10 K.

125-185 nm. The region of 185-334 nm,
apparently, is represented by the superposi-
tion of several bands forming a plateau with
a total maximum in the vicinity of 270 nm.
In contrast to the described above, the rela-
tive excitation intensity falls significantly
in the first region in the spectrum of doped
SrLa,TigOq7:Pr crystal. In addition, both the
first and the second regions are structured.
Four component with the peak positions at
68, 82, 92, 97 and 110 nm can be distin-
guished on the first region. Stronly over-
lapped peaks at 135, 160, and 190 nm can
be distinguished on the other region (125—
225 nm). UV region of the excitation spec-
trum (225-334 nm) for the doped sample
looks like as an asymmetric band. The
asymmetry of the band is probably due to
increasing the relative excitation intensity
in the longest wavelength part of the spec-
trum, if compared with the excitation spec-
trum of the wide PL band of the undoped
sample. As a result, peak position of this
region of the spectrum shifts to the long
wave length side up to 307 nm.

Evaluation of the PL decay time is made
within ~ 5-200 ns range of emission
quenching. (Only this range is available for
measurements of the PL kinetic at the "SU-
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Fig. 5. Spectra of luminescence excitations of un-
doped SrLa,TizO,; (1) and doped Srla, ,PrTisO,,
(x = 0.001) crystals (2); kreg =530 (1) and
610 nm (2); T =10 K.

PERLUMI" station.) Time dependence of
the luminescence quenching both of the
wide band PL registered at the wave length
of 495 nm for the un-doped crystal, and
dopant luminescence measured on behavior
of the maximal intensity line at ~ 610 nm
for the doped SrLa,TigO47:Pr sample, were
measured at excitation with A, = 307 nm. As
it turned out, a decay of the wide short wave
length PL band in the range of 30-200 ns is
described by exponent with the decay time
T = 380 ns. The emission near the PL line at
610 nm quenches substantially slower, thus,
its intensity changes slightly for 200 ns
after excitation light shut down. From this
fact, we can conclude that the decay time of
this quenching is not less than 5-10 us.

The XRD data show that incorporation
of dopant in amount of only 0.001 mol. %
does not practically influence the
SrLa,TigOQ7 lattice parameters. Thus, repre-
sentation about features of the SrLa,TigO47
crystal structure (see Introduction) are com-
pletely applicable to the consideration of the
SrLa,TigOQ¢7:Pr crystal structure. It is obvi-
ous, that incorporation of praseodymium
into the lattice of SrLa,TigO47 compound is
most probable in the form of Pr3* ions on
the positions of lanthanum, La3*, ions. This
type of incorporation is realized for many
of oxide compounds containing lanthanum
ions (see e.g., [18—20]). The conclusion fol-
lows from coincidence of radius of the Pr3*
and La3* ions, those are in oxygen surround
of lattice. In fact, radius of the Pr3* is
1.179 A and it is 1.216 A for La3* if the
both ions are located in 9 oxygen atoms
neighbourhood [21].
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3.1 Undoped SrLayTisOq47 luminescence.

Observed luminescence of the un-doped
compounds is a pattern of intrinsic emission
of the crystallophosfors. That is, the emis-
sion due to the processes of absorption of
excitation quanta, the relaxation of the ex-
citation energy and the radiation transitions
in the intrinsic elements of the crystal lat-
tice of the oxide matrix and its own defects.
In fact, the excitation spectrum of the short
(Apax near 580 nm; ~ 2.14 eV) is quite
wide, and its the most long wave length
component is located at 4,18 eV (800 nm).
So, the Stokes shift is very significant
(1.99 eV), that is a clear indication that dis-
cussed luminescence is of "intrinsic” nature
and this statement is consistent with the
well-established approach (see, e.g., [22]).

Manifestation of the wide complex PL
band and its dependences on the excitation
wave length indicate that more than one
luminescence center is involved in the lu-
minescence processes. There were no pre-
vious information concerning luminescence
of the SrLa,Ti;O4; compounds, therefore, in
discussing the possible nature of the observed
emission we are based on the literature-
known data about PL of similar in composi-
tion and structure materials. Obviously, in
our case, first of all, one should consider the
crystals of strontium titanate, SrTiO;. As it
has been mentioned in Introduction, the stud-
ied compounds consist of perovskite — like
bloks, which similarly to strontium titanate
contain jointed by vortex molecular groups of
TiOg and Sr2* jons. (It is common knowledge
that La3* ions are not active in lumines-
cence, and therefore they should be consid-
ered only as modifiers of the crystalline
field in which TiOg groups, Sr2* ions and
Pr3* ion are located.) The data about value
of the bandgap of any optical material, Eg,
are very important for understanding the
luminescence mechanisms in that material.
There are no, of course, such data for
SrLa,TigOq7; under study. As for strontium
titanate, the single crystals of the materials
are characterized with E, values of ~ 3.7
and ~ 3.25 eV (335 and 381 nm) for direct
and indirect bands, respectively. The ab-
sorption edge for SrTiO;, formed the lowest
band to band 2p(0?7) — 3d(Ti4*) transition,
is evaluated by the value of 3.59 eV
(28985 ecm™1, or 345 nm) [10, 23]. Taking
into account the remoteness of the La3* ions
from the perovskite-like motives, we can as-
sume that the E_ values, as well as absorp-
tion edge, for the SrLa,TisO¢; compounds
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have also to be in the noted above ranges.
Analysing the excitation spectra (Fig. 4),
the absorption edge of the of SrLa,TigO4;
crystals can be estimated by the value of
3.51 eV (~ 28330 cm™1, ~ 353 nm). It is
easy to see, this value is close to the noted
above concerning strontium titanate.

The SITiO3 crystals at the low tempera-
tures and UV excitation show the wide struc-
tureless band of visible emission with the
peak position near 500 nm [9, 10, 24, 25].
Calcium and barium titanates show the simi-
lar characteristics of the PL [8]. Mentioned
intrinsic luminescence of the alkaline-earth
titanates is ascribed to the emission of the
self-trapped excitons (STE) of octahedral
groups of TiOg [10, 13]. Taking into account
the above noted similarity of the SrTiO; and
SrLa,TigO47 energy characteristics, we can
suppose that the observed PL short-wave
band is also due to the decay of excitons
localized on the TiOg groups, for example,
those, Ti(3)Og, lying in the center of the
perovskite-like blocks. The data about fast
decay (= 30 ns) of the short wave length PL
band agrees with this conclusion.

Origine of the long wave length IR lumi-
nescence component, due to the lack of data,
can not be reliably determined. It can be
ruled out that this PL is also associated with
the decay of excitons localized on the groups
(TiO6)8‘, however, more distorced, that is,
those that lie on the periphery of the men-
tioned perovskite-like blocks. At the same
time, increasing intensity of the emission
component with A, ~ 830 nm when excita-
tion wave length also increases, indicates that
this PL is better excited under the long wave
length UV radiation. Therefore, there is a rea-
son to take into account a participation of the
lattice defects in this PL. That is, it is possible
that this emission caused by decay of the mo-
lecular excitons of peripheral (TiOe)S‘ groups
localized on the lattice defects.

As is noted above the long wave length
side of the PL spectra (900-1000—~1200 nm)
rises, if A,, becames more than 300 nm. It is
evidently, this enhancement is caused by ap-
pearance and further increasing the addi-
tional longer wave length IR luminescence
band. So, this emission should be related with
the second type of the peripheral (TiOe)S‘
groups. However, it can not be excluded that
this emission is caused by the luminescence
centers, which are directly formed by defects
of the lattice. It is obvious, the question of
the origine of the observed bands of the
SrLa,TigO¢7 intrinsic luminescence needs
further study.
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3.2. Luminescence of the doped compounds.

Undoubtedly, the lines have been found
in the PL spectra of compounds containing
praseodymium, SrLa,TigO47:Pr, are caused
by the radiation transitions in impure Pr3*
ions located at positions of the lanthanum
ions. Indeed, it is known from the literature,
that Pr3* ions are able to originate visible
luminescence in four spectral regions, that lie
in approximate ranges of 450-500, 520-550,
610-670 and 700-750 nm. The PL is deter-
mined by the electronic transitions from ex-
cited 3P4, 3Py, and 'D, levels to the Starks
sub-levels of the lower lying energy multi-
plets 3FJ and 3HJ (see [26—29]) and men-
tioned above references too. The visible lu-
minescence is caused by 3Py — 3H,, 3Hg tran-
sitions (it can be range =485-515 nm
(20500-19400 cm 1), 'D, — 3H,, 3Py — 3Hg
(the range =550-645 nm; =17000-5500 cm 1),
and 1D2 - 3H5, 3P0 —> 3F2, 3F3, 3F4 (the
ranges =650-690-740 nm; 15380-14500-
18500 cm™!). The view of measured by us
emission spectra of SrLa,TigO¢,:Pr in these
ranges and the decay time (not less than
5—10 us) correspond to numberous descrip-
tions of the PL spectra and kinetics of Pr3*
in solids, and therefore we give the same
explanation to the spectral details (see also
notations in Fig. 4). More detailed interpre-
tation of the lines in the Pr3* spectra is
always a complex task, and it should be
emphasized that it is practically never
solved unambiguously. The mentioned
change in the ratio of the intensity of in-
trinsic and Pr3* ions the PL depending on
the excitation wave length, in our view, is
caused by competition between excitation
energy transfer processes, respectively, to
the centers of their intrinsic luminescence
and the PL centers formed by the praseo-
dymium ions. This follows from the fact
that in our experiments we did not deal
with direct excitation of Pr3* ions due to
internal f—f transitions with the light ab-
sorption. In fact, the transitions from 3H,
ground state to the active in luminescence
D,, 3Py, 3P, excited states of the Pr3* jons
take place in the range of visible light absorp-
tion (=470-610 nm; =21280-16390 cm™1),
and they are not realized in this work. The
transitions to the higher energy lying 1'6
and 3P2 excited states take place with ab-
sorption in the range of =445-460 nm
(=22470-21740 cm™1), that is also beyond
of the spectral region used by us. The tran-
sitions only to the high energy 180 state
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provide absorption near =250 nm
(=40000 cm1) [29], that corresponds to the
current in our studies excitation energy of
PL. However, this absorption determines
only a very narrow spectral range (~ 5-
10 nm), and therefore it is not able to form
the excitation spectrum in the range of 50—
334 nm, in general. Thus, we can state that
the excitation energy from the range of
VUV and UV light (50-334 nm; 200000-
59880 cm 1) is delivered to the Pr3* emis-
sion centers due to its transfer through the
elements of SrLa,TigO47; matrix. It is obvi-
ous, a that probability of the transfer
should depend on the excitation quanta en-
ergy, since it determines by which elements
of the lattice the energy is absorbed and the
ways of its delivery to the emission centers
and the specific energy states of the latter.
Comparison of our data with the literature
ones about various oxides contatining Pr3*
(see, e.g., [10, 18, 26—28]), shows that the ra-
diation transitions from the 3P0 level together
with some contribution of the transition from
1D2 level prevail in our case. So, we have to
conclude that the transfer of excitation energy
over the matrix and energy relaxation from
the higher lying of the Pr3* ions 3P, and 3P,
states mainly lead to the population of these
levels: 3Py and partially — 'D,.

It seems, there is an exception from the
noted above. That is manifestation of the
short wave length luminescence band in the
range of 330-450 nm (Fig. 4, curves 1, 2).
This band, which does not manifest itself in the
spectra of the un-doped crystals, can be associ-
ated with the allowed radiation 4f5d — 4f
transitions in the Pr3* ions [14-16]. We
have noted in Itroduction, that 4fb5d — 4f
transitions are very attractive for scintilla-
tor deterctors needs, but we see, that their
intensity is low. It is possible that for
SrLa,TigO7 crystals this result is due to the
strong overlapping of the Pr3* ions 5d levels
with the conduction band of the matrix
[14-16]. We hope that the perspectives for
using the 5d—4f radiation of the studied
materials will become clear after study of
the SrLa,TisO4; crystals of the higher con-
centrated by Pr3* ions.

4. Conclusions

The results of luminescent study of the
layered perovskite-like both undoped,
SrLa,TisOq7, and doped with Pr3* ions,
SrLa4Ti5O17:Pr3+, compounds are reported
firstly in this work.
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Intrinsic luminescence of the SrLa,TigO4;
matrix is observed in 350-1100 nm range
of the light wave lengths under excitation in
the range of 50-334 nm at temperature of
the samples 10 K. The spectrum of this lumi-
nescence is a superposition of luminscence
bands with peak positions ~ 5630, ~ 830, and
~ 1100 nm. The supposition is made that
observed bands are caused by decay of exci-
tons located on (Ti06)8‘ molecular groups
of three types, which differ by distorsion
degree. The luminescence band at ~ 530 nm
we have assosiated with the lowest distorsed
groups that localized in the centre of the
perovskite-like blocks of the SrLa,TigO4;
crystals. The bands near ~ 830 and ~
1100 nm should be associated with more
distorsed peripherical (Ti06)8‘ octahedrons,
which moreover are under effect of the lat-
tice defects.

Doped with Pr3* ions the SrLa,TizO4;
compound in addition to the mentioned in-
trinsic luminescence related with 4f — 4f
radiation transitions in the Pr3* ions. More-
over, the low intensity band is observed in
the range of 330-450 nm. This band is as-
sotiated with 4f5d — 4f transitions in the
Pr3* ijons, we suppose.

The results of the work note the perspec-
tiveness of SrLa, ,Pr,TigO47 as well as simi-
lar perovskite-like titanate compounds
elaboration as luminophores of wide emis-
sion spectrum.
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