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The photoluminescent properties of concentration set of barium and lanthanum tita-
nium compounds doped with europium ions, Bala,_Eu,Ti;O,,, where x = 0—2, were inves-
tigated. It was found that the luminescence of mentioned materials is caused by °D, — 7FJ
(J =0, 1, 2, 3 and 4) radiation transitions in luminescence centers formed by Eu®* ions.
Two types of luminescence centers which differ by symmetry of neighborhood of Eu®* ions
were found in luminescent emission. It was shown that luminescent characteristics of Eu3*
ions are in close relation with their content in Bala, ,Eu,Ti;O,, compounds that can be
caused by both changing their crystal structure and phase composition when the ratio of
La%* and Eu®* ions is changed.

HccmenoBanbl (POTOMIOMUHECIIEHTHEIE XaPAKTEPUCTUKM KOHIEHTPAIMOHHON cepuu JeTHpo-
BAHHEIX MOHAME eBPONNA THUTAaHATOB Oapma u jnaHTana, Bala, Eu,Ti;O,,, rme x = 0-2. Vcera-
HOBJIEHO, UTO JIOMHUHECIEHIINS YKa3aHHLIX MATEePUAJIOB BLI3BAHA M3JIYyUYATEJNLHBIMU IIEpPeXo-
JTaMu 5D0 7FJ (J=0,1, 2, 3 1 4) B ieHTpax JIOMUHECIEHIIN, cPOPMUPOBAHHBIX MOHAMU
Eud*. Ilo gaHHBIM CIOEKTPOB M3JIyUeHUs HaileHO IBA THIA LIEHTPOB JIOMUHECIIEHIINH, KOTO-
pBle OTJMYAIOTCA cuMMeTpuedl Gumxaiimero oxpy:enus moHos Eust. IToxasano, 4To xapax-
Tepueruky noHOB EUSY TeCHO CBASAHBI ¢ MX COLEPIKAHMEM B COSLUHEHUSX Bala, ,Eu,TizO4,,
MPAYMHOM 9TOr0 MOKeT OBITh KaK M3MeHeHMEe CTPYKTYPBl KPHCTANIA, TAK KM H3MEHEeHHe
(baBOBOrO COCTABA MaTepHUala ¢ M3MeHEHUEeM COOTHOIIEeHUs comepskanma mouos Lad* u Eudt,
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1. Introduction

Oxide compounds which contain rare earth
(RE) ions are attractive materials for multi-
color luminophores which can be used in
plasma and cathodoluminescent displays and
detectors of ionizing radiation as well [1, 2].
Last time some efforts were undertaken to
design new phosphors on the base of doped
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with  praseodymium ions Ca/Ba/SrTiO5
perovskites, e.g. Such type phosphors could
be used in combined LEDs. But, luminescence
intensity (PL) of these phosphors is very low
and researchers aimed to enhance it have to
introduce some additional impurities, Al or
Ga ions, e.g., into mentioned matrix [3-7].

BalLa,Ti;Oyg belongs to Dion-Jacobson
family of layered perovskite-like titanates
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Fig. 1. Luminescence spectra of the

Bala, ggEuj 9 Ti3O04, crystal at VUV and UV
excitation — A,, = 75 (1), 185 (2) and 291 (3)
nm; T =10 K.

of common formulae Ba[lLn,_;Ti, O3] where
Ln is RE element from La to Sm. The some
part of the La atoms in Bala,Ti;O;q can be
easily replaced by another RE atoms [8, 9].
Surely, active in visible photoluminescence RE
ions can be among them. We synthesized and
investigated here the PL properties of the
BalLa,_,Eu, T304y, compounds, where x = 0-2.

2. Experimental

Synthesis of Bala,_,Eu,Ti;O,9, micro-
crystalline powders was made using thermo
treatment (T = 1520 K, ¢ = 2 h.) of simul-
taneously recipitated barium, titanium, and
rare earth hydroxycarbonates. Doped with
0.01 mas. % of Eu3* BaTiO; was synthe-
sized by the similar way.

PL was excited by radiation from the N,
(Mo = 337.1 nm) lasers, powerful xenon
lamp DKsL-1000 and PL was registered by
using MDR-2 and DFS-12 diffraction spec-
trometers which cover wide spectral region
from 225 to 1200 nm. Some of luminescence
spectra were investigated using exciting
synchrotron radiation from the 50-330 nm
region. Experiments with synchrotron ra-
diation were carried on at SUPERLUMI sta-
tion at HASYLAB (Hamburg, Germany).

3. Results and discussion

The Bala,Ti;O;y compounds doped with
europium manifest orange-red PL covering
the range 570-750 nm of the emission spec-
tra and this luminescence is typical for emis-
sion of three charged Eu3* ions. The PL spec-
tra of the samples consist of four well-distin-
guished groups of lines. The least intensive of
all group lies in the 640-670 nm region, the
other ones lie in the ranges 570-605, 605-640,
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Fig. 2. The PL spectra of the
BalLa,_,Eu,Ti;O,, at various concentration of
Eud* ions (x = 0.01 (1), 0.1 (2), and 2.0 (3)
and PL spectra of the BaTiO; compound (4);
T =300 K; A, = 337.1 nm.

and 670-750 nm. The shape of the spectra
does not depend considerably on the excita-
tion wave length (A,,) either it lies in the
region of lattice absorption, A, = 75, 185,
and 291 nm, (Fig. 1) or it corresponds to
inner transitions in Eu3* iomns, A, =
337.1 nm, (Fig. 2 and Fig. 3). The intensity
of the doped with Eu3* ions BaTiO3 lumines-
cence is lower by factor 2.3 in comparison
with the PL intensity of the BaLaQBTi3O10
which contains the same amount of Eu®* (see
Fig. 2, curves 1 and 4).

Observed emission is associated with radia-
tion transitions from excited 5D0 level on “F T
=0, 1, 2, 3, 4) manifold levels of the
ground state of the Eu3* ion [2-4]. There
were not any radical changes in luminescence
characteristics with temperature decreasing
from 300 K up to 4.2 K (Fig. 3). Low inten-
sity line caused by 5D0 — 7F0 transition is
observed near 580 nm; the lines associated
with %D, — TF; transitions compose the
group located in diapason 585-605 nm; the
lines of the D, — 7F, transitions form the
spectral group in diapason 605—-640 nm; the
lines of 5D0 - 7F3 transitions can be found
in the region 640-670 nm, and 5Dy — "F,
transitions determine spectral details in the
region 670-750 nm. Low temperature PL
spectra of non-concentrated compounds,
BalLa, ,Eu,Ti304g, x = 0.01-0.5, manifest up
to 5 lines of emission in the diapason of the
5D0 — 7F1 transitions (marked with arrows
in Figures). We can find up to 9 lines in
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Fig. 3. The PL spectra of the
BalLa,_Eu,Ti;O,, at various temperatures:
T =300 (1), 77 (2) and 4.2 K (3); x = 0.01
(1, 2), and 0.5 (3); A,, = 837.1 nm.

the region of 5D0 - 7F2 transitions. Eight
lines can be seen in the region of 5D0 - 7F4
transition. It is well known that it has to be
the most 1, 3, 5, 7 and 9 lines in the re-
gions of 5D0 - 7FJ transitions (J =0, 1, 2,
3 and 4), respectively. Thus, the number of
experimentally observed lines excesses indi-
cated maximal theoretical value in the lim-
its of each spectral diapason. So, we have to
assume that more than one type of the lumi-
nescence centers (LC) based on the Eu3* ions
exist. If regard that only three intensive
lines and two lower intensity lines are ob-
served in the region of the 5Dy — "F; tran-
sitions and there are 4-5 intensive lines and
another ones are measured as only low in-
tensity peaks on the background of the
noted intensive lines in the region of the
5Dy — "F, transitions we have to conclude
that only two types of Eu3* LC are formed
in investigated compounds. Moreover, one
of them has the lowest symmetry (three
lines in the spectra of ®Dy, — "F; transi-
tions) and other one has higher symmetry
that keeps some partial degeneracy of elec-
tronic states.

Some opportunities to characterize the
peculiarities of these two types of LC arise
from analysis of redistribution of the inten-
sity of emission caused by various transi-
tions and the total intensity of the PL too.
Total integral intensity of the Eu3* ions PL
(650-750 nm) and integral intensity of the
PL in the spectral regions corresponding to
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5Dy — "F; (I; — region from 585 to
605 nm) and 5D0 - 7F2 (U5 — region from
605 to 640 nm) transitions were evaluated.

Significant change of the total integral
spectral intensity of PL is the most notice-
able manifestation of the Eu3* ions concen-
tration changing. The total integral PL in-
tensity increases by 8 times if Eu3* content
increases from x = 0.01 to x = 0.5. If fu-
ture concentration increasing occurs by
4 times from x = 0.5 to x = 2.0, the follow-
ing PL intensity decrease by factor of 16
takes place. Samples where x = 0.5 are
characterized with the most intensity of PL
and the line with position (4,) near 703 nm
has the most peak intensity for non-concen-
trated samples, x = 0.01-0.5 (Fig. 1). The
line at A, near 615 nm is the second at
intensity order. The changes of the peak
intensity of wvarious lines are not propor-
tional to the change of the integral PL in-
tensity, therefore the ratio of the intensity
of the main lines changes too. Thus, the
ratio I(703)/I(615) decreases from value
1.32 to value 0.93 in the interval of concen-
tration enhancement of emission intensity
(from x = 0.01 to x = 0.5). This ratio falls
down to value 0.3 when x varies from 0.5
up to 2.0. As result, line at 618 nm be-
comes the most intensive in the spectra of
BaEU2T|3010 compound (Flg. 2).

It is common knowledge that 5D0 - 7F0 1
transition is directed by selection rules for
intermediate magnet-dipole coupling AJ =
0, £1. The 5D0 — 7F2,4,6 are allowed electro-
dipole transitions [1, 2]. The 5D0 — 7F1
transition is practically insensitive for
changing of Eu3* ions surround while the
5Dy — "F, transition called as "supersensi-
tive” as its intensity is very sensitive to any
changes in neighborhood surround of Eu3*
ions. Therefore this circumstance is used for
characterization of Eu3* interaction with
neighbors. We analyzed the ratio I,/I; and
have found that its value decreases slowly
when x increases from 0.01 to 0.5. Then, the
value of I5/I; increases rapidly after x = 0.5
and it reaches the value of 2.7 for
BaEu,TizO49 compound. As result, the group
of lines of the 5D0 — F 5 transition becomes
the most intensive in the spectra of this
crystal (Fig. 2, curve 3). So, the behavior of
I5/I, ratio is a "mirror” reflection of behav-
ior of total integral intensity of the PL.

Summarizing, we can conclude that
manifestation of two type of LC, behavior
of total integral intensity of the PL and
dependence of the I,/I; value on the Eu3*
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ions concentration are related each other
and they caused by formation of two types
of LC and competition of their contribution
into luminescence processes takes place.
Only 5D0 - 7F1 transition is allowed when
Eu3* ion is placed in position with high
symmetry and inversion center. When the
symmetry of neighborhood is lower and co-
valence of Eu3* ion bonding with 02~ ligan-
des becomes stronger an intensity of the
5D0 - 7F2 transition has to increase. Men-
tioned above is agreed with described above
experimental observations. So, we conclude
that emission of the high symmetry LC
(first type — LC I) is dominant in the spec-
tra of non-concentrated compounds. The
relative quantity of the low symmetry LC
(second type — LC II) increases when the
content of Eu3* ions is higher than x = 0.5
that causes redistribution of the intensity
of the 5Dy — "F, transitions and among the
lines of each group too. The concentration
quenching also takes place but we are not
able to separate its role for LC I and LC II
centers.

Emission lines are widening with the Eu3*
content increasing and their widths rich max-
ima for the most concentrated compound
BaEu,TizO4o. This fact is the better revealed
if consider the behavior of the total halfwidth
of the lines caused by 5D0 - 7F2 transition
(Fig. 2). The value of this halfwidth is
changed from 98 cmfl (BaLa199EU001T|3010
compound, where x = 0.01, Fig. 2, curve 1)
up to 802 em™! (for BaEu,TizO;y compound,
where x = 2.0, Fig. 2, curve 3). Aimed to
clarify this behavior we investigated another
set of samples, namely Bala, ,Gd,TizOqq
(x < 0.01) compounds and BaLa1_ QGd001T|3010
among them, with very low Eu®* concentra-
tion ( £0.001). These samples show larger
value of Iy/I; ratio (up to 4.7) in compari-
son with one for BaEu,TizO4q (I9/I{ = 2.7).
Besides, the spectra of mentioned Gd-com-
pounds are widened similar to PL spectra of
the most concentrated, BaEu,TizOqy, com-
pound (Fig. 2). It means that neighborhood
surround of the majority of Eu3* ions in
Bala; goGdg 1 TizO¢g are similar to one in
BaEu,TizO4q crystal.

The reason for this similarity can be the
next. The spectral components diffuseness
shows that rising of Eu3* ions content (x =
0.5-2.0) as well as incorporation of Gd3*
ions into lattice lead to accumulation of
Eud*, or Gd3*, ions in positions which differ
from La ions positions in Bala,Tiz;O;q com-
pound that follow destroying layered struc-
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ture of its crystal lattice and other crystal
phases can be formed as result. It is possi-
ble also that crystal structure of high con-
centrated Bala,_Eu,Ti;O,y samples or
Bala,_,Gd,Ti3O4g compounds is closer to the
structures of crystalline solid solutions.

Obtained results correspond to data
about structure of investigated compounds
[8, 9]. The BalLa,Ti3O( crystal structure be-
longs to C,,.,, space group (centre of inverse
is element of this group) and formed by
two-dimensional perovskite-like blocks (de-
formed TiOg octahedrons connected by verti-
ces only) which interlaced by one layered
blocks of Ba cations. This crystal arrange-
ment determines existence of two types of
La ions each on them is located in deformed
cubic-octahedral coordination. This fact al-
lows two ways of Eu3* or Gd3* substitution
for La ions. Besides, there is a possibility to
substitute for Ba ions. Some structural dis-
ordering of Ba3" and La3" Dbetween
perovskite-like and Ba-blocks was found re-
cently [9].

We have also established using X-ray scat-
tering that Bala, ,Ln,TisO049 (Ln =La-Sm)
compositions form continuous sets of solid
solutions if Ln = Pr-Sm and they form lim-
ited sets of solid solutions if Ln = Eu-Lu.
For instance, the BaEu,Ti;Oy (x = 2) sam-
ple from Bala,_,Eu,TizO;y set, has to com-
prise of perovskite-type crystal phase (based
on BaTiO3) and pyroclore structure (based
on Eu,Ti,O;) while single phase samples of
BalLa,_,Eu,Ti;O4g, with layered structure
are formed only for x < 1.5 [9].

4. Conclusions

For the first time, the main luminescent
characteristics of the Bala,_,Eu,TizO4q com-
pounds (x varies from 0 to 2) were investi-
gated. It was found that the luminescence
of mentioned materials is caused by radia-
tion transitions in luminescence centers
formed by Eu3* ions. The sets of lines ob-
served in the regions 578-582, 585-605,
605—-640 and 670-750 nm were related with
5Dy — 7FJ (J=0,1, 2, 3 and 4) manifold
transitions, respectively. Two types of lumi-
nescence centers which different symmetry
of Eu3* ions neighborhood were found. Con-
centration quenching of Eu3* ions lumines-
cence takes place and luminescence intensity
is the most if x = 0.5. Characteristics of
Eu3* ions luminescence are in close relation
with composition of Bala,_  Eu,Ti;O4y com-
pound, that can be caused by both changing
their crystal structure and formation of

Functional materials, 19, 2, 2012



S.Nedilko et al. /| Luminescent properties of ...

new crystal phases when the content of Eu3*
ions rises.

Orange-red luminescence of
BalLa,_Eu,Ti;O49,  perovskite-like com-
pounds is effectively excited by the light of
VUV diapason and the intensity of PL is
about 2 times higher than the luminescence
of the started BaTiO3; perovskite doped with
Eu3*. Obtained data allow us to characterize
the investigated materials as luminophores
capabled to be used in plasma displays.
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JIroMiHECIIeHTHI BJACTHBOCTI MOJiKPHUCTAJIUYHUX
MOPOIIKIB MAapPyBATHX NMEPOBCKITOMOAIOHNX THTAHATHUX
CIIOJYR BaLaZ_XEuXTi3O10 (x = 0_2),
JeropaHux iomamu Eud*

C.Hedinvro, I.Hedenvrko, IO.Timos,
B.Illlep6ayvruii, C.Bipxo, B.Boiixo, B.Illeaydvro

Hocaimxeno GoTomoMiHeceHTHI BAACTUBOCTI KOHIleHTpPAaNifinoi cepii serosanux ionamu
eBporito TuraHaTiB Gapiro i mamramy, Bala, ,Eu,Ti;O,,, me x = 0—2. IToxasano, mo JoMiHe-
CIEHITIA UX MaTepiaNiB BUKJWKAHO paTiallilHUMM IepexoiaMu 5D0 - 7FJ J=0,1,2,3
Ta 4) y menTpax mominecrennii chopmosanux iomamu Eudt. Ba pammMm crmexTpis BUIpOMi-
HIOBAHHS 3HaiileHO JBa TUNW IeHTPIiB JIOMiHecileHITii, AKi BipiBHAIOTHCA cUMeETpPiel0 Hal-

Guxuoro orouenus iomie Eudt. B’scosamo, mo xapaxTepucTuRH JOMiHecnenuii iomis E

ust

ricHo mos’asani i3 ix Bmicrom y cmomykax Bala,_,Eu,Ti;O,,, mpuunHOW0O IBOTO MOME GyTH
AK B3MiHa CTPYKTYypHM KpHcTala, Tak i amima (asoBoro crJagy wmaTepiaay opu 3MiHL

cuiBBigmomrenns Bmicry iomis Lad* ra Eudt.
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