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Processes of excitation energy migration in EuMgB;0,, and EuP3;O4 quasi-one-dimen-
sional matrices have been investigated by means of steady-state and time-resolved lumines-
cence spectroscopy. It was shown that the patterns of energy migration in these materials
are sufficiently different — while for EuMgBzO,, the most effective energy transport
takes place at room temperature via 5D0 - 7F1 transitions of Eu3* ion, for EuP304 energy
transfer is more effective at low temperatures and mediated by Eu3*—02" charge transfer
states. The difference in energy transport processes can be explained taking into account
the peculiarities of phonon subsystem for borate and phosphate matrices.

MeTomOM CTAIIMOHAPHON M paspellleHHON BO BPEeMEHU CHEeKTPOCKOIIMMN MCCAeJOBAHLI IPO-
Iecchl MUTDAIMM SHEPIMM BO3Oy:KAeHHA B KBasHOZHOMEPHBIX Marpumax EuMgBgO,, m
EuP;0q. IlokasaHo, 4TO MeXaHMSMBI MUTPANMM DHEPIWHM B OTHX MATPHIAX CYIIeCTBEHHO
pasTMuHBl — B TO BpeMdA, Kak aaa EuMgBg;0,, maubomee a)peKTHBHEBIN TPAHCIOPT HMeeT
MECTO IPU KOMHATHON TeMIlepaType M IMPOUCXOLUT MPHU YUYACTUHI 5D0 — 7F1 Iepexom0B MoHa
Eud*, ams EuP Oy mepenoc osmepruu HamGonee s(HEKTHBEH NPU HUBKUX TeMIepaTypax u
obycioBren Eus*—02%~ mepexogaMu ¢ mepeHocoM sapsfa. Pasinume B IIpolieccax MUTPAIIAN
JHEPrUU MOKeT OBLITL O0LACHEHO OCOGEHHOCTAMM (POHOHHON MOoACHUCTEMLI GopaTHON u (oc-
haTHOM MATPHII.

Ocob6iuBocti Tpancnopry eseprii y Ksasiognosumipaux marpuuax EUMgB;O,, Ta
EuP,O,. H.B.Kornoneuyv, B.BCeminvko, IT.O.Marcumuyr, 11.Becnanosa, AOMacanos, 10.B Manioki.

MeTtogom crarionapHoi i 103BoJieHOI y yaci CIEKTPOCKOITii mocaif:KeHo mpoiiecu Mirparrii
eneprii s6ymxenna y xBasiogmoBumipamx matpumax EuMgB;O,q, i EuP3O4. IToxasamo, mio
MexaHisMm wMirparii edeprii B IMX MAaTPUIAX iCTOTHO PpisHi — y Toil uyac, AK [AJA
EuMgBsO,, Haii6inem edexTHBHMI TpaHCIOPT Mae Micioe Ipu KimmHarHiii Temmeparypi i
BimOyBaeThcA 3a y4yacTio 5D0 - 7F1 nepexoxis ioma Eut, mua EuP3;0q4 nmepenecenns emeprii
HAl6inpm eeKTHUBHE NpPU HUSBKUX TeMIepaTrypax i obymosiene EuS*—02" mepexomamu &
mepeHocoM 3apspmy. Pisumuiia y mpoitecax mirparii emeprii moixe OyrTu mosicHeHa 0COOJIMBOC-
Tamu oHoHHOI mimcucremu GopaTtHOl i doctharHol MaTPHUIE.
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1. Introduction

Effective transport of excitation energy
to luminescent centers is a key for design of
high performance optical materials. As was
shown recently, in low dimensional systems
(one- and two-dimensional) the processes of
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energy migration are sufficiently modified
as compared to three dimensional systems.
In a set of papers the change of migration
character for low dimensional systems was
shown [1-6]. For instance, in [1] it was
shown that for one-dimensional systems the
time dependence of quenching function
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P()=In(I/1,) + t/7y is changed from P(t) ~ ¢
(as observed for three-dimensional struc-
tures) to P(t) ~ t0-33,

Recently, one and two dimensional en-
ergy transport was observed for such struc-
tures as EuAI3B,O4, [2], NaEuTiO, [3],
EUOZSO4 [4:], EuOCI [5] and Sr2CGO4 [6].
The processes of one-dimensional excitation
transport also were investigated for
REMgBs0,o, (RE=Eu, Tb) and EuP;O4 bulk
materials at intra-center excitation [7]. In
this paper we present the results obtained
for EuMgB504 and EuP;09 powders excited
at 266 nm (excitation in Eu3+-02~ charge
transfer band) and 532 nm (intra-center ex-
citation). As will be shown in our paper the
processes of energy migration in these sys-
tems strongly depends as on the type of
excitation, so on the type of crystal lattice.
Such a behavior is determined by crucial
role of phonon subsystem peculiarities in
energy relaxation processes.

2. Experimental methods

EU_MgB5010 and LaMngo10:EU3+
(0.01 at.%) powders were synthesized by co-
precipitation method. Europium (III) oxide
(Eu,03), lanthanum (III) oxide (LayOj),
magnesium oxide (MgO) and boron oxide
(B,O3) were dissolved in required propor-
tions in nitric acid. Aqueous ammonia solu-
tion was added to resulting transparent so-
lution until precipitation of metal hydrox-
ides (pH ~8-9). Then the precipitate was
heat-treated for 8 h at 80°C, 250°C and
500°C. The final annealing was carried out
at 750°C for 8 h.

EuP30q and LaP3Og:Eud* (0.01 at.%)
powders were synthesized by solid state
method. Europium (III) oxide (Eu,0j3), lan-
thanum (III) oxide (LayO3), and ammonium
dihydrophosphate (NH,H,PO,) taken in re-
quired proportions were milled in agate
mortar, then heated to 600°C with heating
speed of 50°C/h and maintained at this tem-
perature for 10 h. Then the powder again
was grounded in an agate mortar, and an-
nealed at 1000°C for 15 h.

The purity of crystal phase was control-
led by XRD. The luminescence decay was
taken using the time-correlated single-pho-
ton counting (TCSPC) technique [8] at
300 K and 77 K. The 5D0 luminescence was
excited by YAG:Nd laser (A,,. = 266 nm and
532 nm).

exc
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Fig. 1. Luminescence spectrum of

LaMgB;O0,:Eu3* (0.01 at.%). T = 300 K.
3. Results and discussion

3.1. One- and multistep energy
transfer in EUMgB504

Crystal structure of bulk REMgBs04q
crystals was described in [9]. As was shown
in [9], REMgBgO4q consists of edge-sharing
REO;g polyhedra arranged into one-dimen-
sional chains. The average distance between
rare-earth ions in the chain is ~4 A, while
the distance between different chains is
much more — about 6.4 A. Such structure
allows to suppose the effective one-dimen-
sional migration of excitation energy
through the chains and sufficiently less ef-
fective — between the chains. To determine
the relative contribution of energy migra-
tion to electronic excitation relaxation proc-
esses for these materials, LaMgBgO4( crystal
matrices with 0.01 at.% and 100 at.% of
Eu3* were obtained.

The luminescence spectrum for
LaMgBSOm:Eu?’+ (0.01 at.%) powder excited
by YAG:Nd laser (A,,.= 266 nm) is shown
in the Fig. 1. The spectrum consists of char-
acteristic Eud+ 5D0 - 7FJ J=0,1, 2, 3)
transitions. The local symmetry of rare-
earth center in REMgBgO4y is rather low
(monoclinic, space group — P2;/c¢), so com-
plete splitting of Eu3+* 5D0—> 7FJ transi-
tions is observed. The ?D, — "F, transition
is absolutely forbidden (as 0 — 0 transi-
tion), so its intensity is relatively low as
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compared with Dy, — "F; and 5Dy — "F, in-
tensity but it still can be observed in the
spectrum due to low symmetry of cationic
centre.

5D0 - 7F2 decay curves for
LaMgB504p:Eud* at 77 K and 300 K (A, =
266 nm) are shown in Fig. 2a. Decay curves
for LaMgBSOw:Eu3+ are monoexponential as
for 77 K, so for 800 K with decay time 1, =
2.7 ms and do not depend on the tempera-
ture. So in this case we can exclude one- or
multistep energy transfer between doped
ions and consider 7t as intrinsic decay time
of isolated Eu3* luminescent center in
LaMgBs04q crystal lattice.

For investigation of energy migration pe-
culiarities between Eu3* centers in
REMgB50,, lattice EuMgBsO;, were ob-
tained. Luminescence spectrum of
EuMgBgO4y at 266 nm excitation coincide
with spectrum of LaMgBSOm:Eu3+ and is not
shown here.

5Dy — "F, decay curves for EuMgB504
at 77 K and 300 K are shown in the Fig. 2b
(Moxe = 266 nm). Both curves are non-expo-
nential, but 300 K decay curve exhibit more
pronounced deviation from monoexponential
decay law. Deviation from monoexponential
decay law usually is associated with one- or
multistep energy transfer from optical cen-
tres to quenching centres that can be as
intentionally introduced, so of intrinsic na-
ture. In [1] was shown that in the case of
one-dimensional energy migration the long-
time part of decay curve must follow the
law I = Iyexp(—t/1y — Btl/3). Approximation
of 77 K and 300 K decay curves by this law
is shown in the upper inset of Fig. 2b. This
approximation confirm the one-dimensional
type of energy migration and allows to de-
termine energy migration rate B that in-
creases from 1.5 ms1/3 to 8.4 ms™1/3 at
temperature increase from 77 K to 300 K.

The initial parts of both decay curves
show sufficient deviation from ~t1/3 law.
Such deviation can be explained taking into
account an impact of one-step energy trans-
fer between Eu3* ion and adjacent energy
acceptor. For dipole-dipole mechanism of
energy transfer the decay law takes the
form: I = Iyexp(—t/To5 — vt1/2y 110, 11]. Ap-
proximation of initial parts of 77 K and
300 K decay curves by ~t1/2 law allows to
determine that forster rate constant y in-
creases from 0.75 ms™1/2 at 77 K to 2 ms~1/2
at 300 K (Fig. 2b, lower inset).

So, for EuMgBgO,q the processes of both
one- and multistep energy transfer are tem-
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Fig. 2.

®Dy — F,

decay curves of (a)
LaMgB;0,p:Eu®*  (0.01  at.%) and (b)
EuMgBsO,g. A, =266 nm, I — 77K, 2 —
300 K. In the insets: upper — curves 1 and 2
in {In(I/Iy) + t/7, 19-33} coordinates, lower —
initial parts of curves 1 and 2 in {In(I/I,) +
t/7q, %%} coordinates.

perature-dependent and occur via dipole-di-
pole interaction. As will be shown in section
3.3, such mechanism of energy migration is
possible due to high value of Debye energy
in borate matrices.

3.2. One- and mullistep energy
transfer in EuP30g

Crystal structure of bulk REP3Oq (where
RE=Ce...Gd) crystals was described in [12].
The local symmetry of RE center is C222
(orthorhombic). REP3Og structure consists
of zigzag chains of rare-earth ions arranged
along to ¢ axis. The average distance be-
tween these chains is about 7.3 A and be-
tween RE ions in the same chain — 4.2 A.
So, the structure of rare-earth sublattice in
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Fig. 3. Luminescence spectrum of
LaP;0g:Eus* (0.01 at.%). T = 300 K.

REP3;0g is quite similar to structure of
rare-earth sublattice in REMgBgO,¢ and
can be treated as quasi-one-dimensional.
Likewise, the effective one-dimensional en-
ergy transport can be also expected for
these lattice.

To determine the impact of energy mi-
gration to excitation energy relaxation proc-
esses for this lattice, LaP30q with
0.01 at.% and 100 at.% of Eu3* were ob-
tained. The luminescence spectrum for
LaP30g:Eud* (0.01 at.%) excited by YAG:Nd
laser (A,,. = 266 nm) is shown in the Fig. 3.
It consists of characteristic Eu3* 3D, — 7F,
(J =0, 1, 2, 3) transitions. The local sym-
metry of rare-earth center in REP30g struc-
ture is higher than in REMgBgO,q one (or-
thorhombic and monoclinic, respectively), so
the splitting of EuS+ 5D0 - 7FJ transitions
for LaP30g is less complete than for
LaMgB504y. Also the ratio of 5Dy — 7F,
transition intensity relative to 5Dy — "F,
one is less for EuP30g than for EuMgBgOq
due to higher degree of local symmetry of
the centre.

5Dy — "F, decay curves for LaP3Oq:Eus*
at 77 K and 300 K (A, =266 nm) are
shown in Fig. 4a. Decay curve for
LaPSOQ:Eu3+ at 300 K is monoexponential
with decay time ~4 ms. Decay curve for
LaP30g:Eud* at 77 K consists of two stages:
initial non-monoexponential stage and sub-
sequent exponential decay (~4 ms). At such
a low concentration processes of multistep
energy migration between Eu3* ions can be
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Fig. 4. 5D0 - 7F2 decay of: (a)

LaP;0g:Eu®* (0.01 at.%) and EuMgBgO,, at
=532 nm (c). I —
300 K, 2 — 77 K. In the inset — decay curve
(b) in {In(I/Iy) + /7, 9-5} coordinates.

M. =266 nm (b) and A
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neglected, so decay time of 4 ms can be
associated with intrinsic decay of EuS* cen-
ters. Nature of 77 K decay curve deviation
from monoexponential law at initial stage
will be clarified lower.

For investigation of energy migration be-
tween Eu3* centers in REP3Og lattice
EuP30g9 powders were obtained. Lumines-
cence spectrum of EuP;0g at 266 nm excita-
tion coincide with spectrum of LaP309:Eu3+
and is not shown here.

5D0—> 7F2 decay curves for EuP30g at
77 K and 300 K are shown in the Fig. 4b
(Moxe = 266 nm). Decay curve for EuP30g at
300 K is monoexponential with T~ 4 ms,
while at 77 K the curve shows a sufficient
deviation from monoexponential decay law
at initial stage which is more pronounced
that for LaP309:Eu3+. The decay time of
4 ms is equal to intrinsic decay time 7, of
5D0 — 7F2 Eu3* transition in LaP309:Eu3+,
while the initial deviation of 77 K curve
must be associated with some one-step or
multistep energy transfer that occurs pref-
erentially at low temperatures.

Such temperature dependence of energy
transfer is rather unusual for rare-earth
ions. As a rule, inhomogeneous broadening
leads to slight difference between positions
of 4f energy levels of adjacent RE ions, so
to overcome the difference between these
levels participation of phonons is required.
So at temperature increase processes of en-
ergy transfer become more effective.

Excitation spectra for all Dy — "F (J =
0, 1, 2, 3) consist of the wide band with
maximum at about 250 nm and width of
~3000 cm™! that can be ascribed to Eu3+-
02~ CT transition [13] and set of 4f—4f
transitions (Fig. 5). Obtained temperature
behavior of decay curves can be explained if
we suppose that energy transfer at 266 nm
excitation (excitation through CT band) oc-
curs not between 4f states of Eu3* ions but
directly between charge-transfer (CT)
states. The width of Eu3*—02- CT band is
~3000 cm~! (while for intra-center 4f—4f
transitions ~10-20 e¢m™1), so no phonons re-
quired to overcome the inhomogeneous
broadening. Moreover, at room temperature
CT states show very fast relaxation to lower
levels [14]. Analysis of decay curve (Fig.
4b, inset) has shown that initial part is well
approximated by ~£9-5% law, so forster
mechanism of energy transfer can be sup-
posed. To prove this supposition, the intra-
center excitation of 5D0 transition was pro-
vided (A,,. = 532 nm) (Fig. 4c). As can be

exc
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Fig. 5. Excitation spectra of EuMgBzO,, (1)
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seen from the figure, for intra-center exci-
tation both decay curves are monoexponen-
tial and no deviation is observed. So it can
be concluded that energy transfer between
Eu3* ions or Eu3* ion and adjacent uencher
of defect nature occurs in EuP3Oq via Eud*—
02~ CT band, while migration via 4f levels
of Eud* ions is absent.

3.3. Comparison of energy
migration mechanisms in
EuMg85010 and EUP309

The experimental results obtained for
EuMgB504y and EuP30g demonstrate clearly
that in spite of very similar structure the
processes of energy transfer in these matri-
ces are sufficiently different. While for
EuMgB504y energy migration occurs by di-
pole-dipole interaction between 4f—4f transi-
tions of Eus* ions, for EuP3Oq energy trans-
fer is occurs via CT states. To clarify why
dipole-dipole interaction cannot provide an
effective pathway for Eus* 5D0 excitation
migration, the features of thermal popula-
tion of “Fy level for EuMgB5O4, and EuP30q
were investigated. It was shown previously
[15] that energy transfer between EuS* ions
is rather ineffective when it takes place via
5D0 - 7F0 transitions (due to absolutely
forbidden nature of 0 — 0 transitions). How-
ever, when F 1 level is thermally populated,
migration can occur via 5Dy — "F; transi-
tions and becomes rather more effective.

Functional materials, 21, 2, 2014
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The excitation spectra of EuMgBgO4o and
EuP30g (A, = 696 nm) are shown in Fig. 5.
The spectra are quite similar and consist of
wide band with maximum at about 250 nm
(which can be assigned to Eu3+—02- charge
transfer (CT)) and set of narrow lines be-
tween 300 and 600 nm (4f-4f transitions).
The same spectra in the range of 500—
600 nm are shown in the inset. In the spec-
tra of EuMgB7501O besides number of transi-
tions from ‘F( level there are also two
bands that can be assigned to 7F1 —>5D1
and 7F1 - 5D0 transitions. These bands are
absent in the spectra of EuP30g, so it can be
supposed that thermal population of 7F1
level is considerably lower for EuP3Og than
for EuMgB50,(. Difference between thermal
population levels for EuP30g than for
EuMgBgO,( can be explained by lower values
of Debye energy for REP3;Og lattice
(-1200 em™!) than for REMgB;04y one
(more than 1400 ecm™1) [7, 16].

The difference in Debye energy can ex-
plain absence of energy transfer via CT
states for EuMgBgO,o as well. Increase of
phonon energy increases the probability of
thermal relaxation of CT state thus drasti-
cally decreasing the probability of radiative
relaxation or energy transfer to another
center. So this concept allows to explain the
difference between energy transfer proc-
esses in EuUMgBg0,¢ and EuP30g matrices.

4. Conclusions

In the paper processes of energy migra-
tion in EuMgBgO;9 and EuP30g matrices
were investigated. It was shown that in
spite the fact that the energy migration
process is quasi-one-dimensional in both
these matrices, the specific mechanisms of en-
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ergy transfer are completely different —
namely, for EuMgBgsO4y it occurs via
5D0 - 7F1 transitions and its efficiency is
determined by thermal population of 7F1
level, while for EuP30g the main channel of
energy delocalization is interaction between
Eud+—02- CT states. The difference between
energy transfer mechanisms in EuMgBgO,q
and EuP30g is explained by differences in
phonon subsystems for these materials.
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