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The contribution from interaction between regular optical centers in Sr,CeQO, crystal
structure to the migration process of electronic excitation energy has been demonstrated.
The Sr,CeO, crystals have been synthesized by the Pechini citrate method. The lumines-
cence decay process has been studied as a function of the laser radiation density. Parame-
ters of excitation mobility have been estimated. It is shown that the migration in stron-
tium-cerium oxide is rather weak; during its lifetime, the excitation migrates over the
4 chain sites in the arrangement of the optical centers.

IlokasaH BKJIaJ B3aUMOJEHCTBUA PEryJspPHBLIX ONTUYECKUX LEHTPOB B KPUCTANJIUYECKON
crpykrype Sr,CeO, B mpomecc MHUIpalui DHEPrUHU DIEKTPOHHOro Bo3Oy:xmeHusa. OGpasie!
Sr,Ce0, cunTe3MpPOBaHEI LUTPATHBEIM Merogom Ileumnwm. McciexoBaHbI KPHBBIE 3aTyXaHUS
momunecnennuu Sr,CeO, B 3aBUCHMOCTH OT ILIOTHOCTH JIa3epPHOTo manydennd. OmpeneneHs!
napamMeTphl MIOABUKHOCTU BO30y:KAeHnd. IloKkasaHo, 4TO MUTpAllUs B IiepaTe CTPOHIIUA OT-
HOCHUTeJBLHO cjabasi, 3a BpeMs KU3HU Bo30yiKIeHNe IIpeosoJieBaeT 4 yaja LellOYKU B CHCTe-
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Me OIITUYEeCKHUX I€HTPOB.

An effective light absorption in the UV
spectral region is among requirements to
the materials intended for display and light-
ing techniques [1]. From this point of view,
compounds, which possess optical transi-
tions governed by the electron charge trans-
fer are very promising [2]. Strontium-ce-
rium oxide Sr,CeO,, where the bluish-white
luminescence is caused by the radiative re-
laxation in the charge transfer complex
Ce**—02-, belongs to such materials [3].

The Sr,CeO, crystal structure belongs to
the SryPbQO, structure type and is charac-
terized by a strong anisotropy defined by a
set of linear chains of trans edge-sharing
CeOg octahedrons running in parallel to
[001] direction with a spatial spacing of
3.597 A [4]. Thus, a Sr,Ce0, crystal per-
tains to the group of compounds with lumi-
nescence properties governed by the regu-
larly located luminescence elements rather
than by impurity optical centers. Interac-
tion between such regular optical centers
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must promote the energy spatial delocaliza-
tion and efficient transport of excitation to
the doped centers.

In europium activated Sr20e04:Eu3+
crystal, a strong temperature dependence of
the nonradiative energy transfer rate from
the crystal host to the doping ions was re-
vealed that was explained by the electron
excitation migration in the crystal [5]. In
the present short communication, we develop
the idea stated in our previous work [5] and
report the determination results of excitation
mobility parameters in Sr,CeO, crystal.

It is known that electronic excitations
may annihilate when interacting [6, 7]. In
experiments, the annihilation could be ob-
served at a high excitation density. The in-
crease of excitation density in a crystal
causes the reduction of spacing between the
excited centers. The excitation migration
facilitates the excitation approach with sub-
sequent annihilation, and, consequently,
causes a shortened excitation lifetime [8].
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Sr,Ce0, samples were synthesized by one
of the sol-gel methods, namely, the Pechini
citrate one [9]. A citric acid solution in eth-
ylene glycol was added to the mixture of the
Sr and Ce nitrate solutions. The obtained
mixture was heated at 80°C during 10 h
that results in the removal of excess nitric
acid, the solution pH increase and a gel
formation. The next synthetic stage in-
volves the gel hydrolysis. The obtained pre-
cipitate was dried and then dehydrated dur-
ing 4 h at 550°C and annealed during 10 h
at 1000°C with intermediate grinding. X-
ray structure analysis indicates the single
crystalline phase of Sr,CeQy,.

The luminescence decay curves were re-
corded by the time-correlated single-photon
counting method [10]. Luminescence was ex-
cited by fourth harmonic (266 nm) of a
YAG:Nd laser operated in the @Q-switching
mode. A standard optical cryostat was used
for low temperature measurements. The
laser radiation intensity was measured by a
IMO-2N power meter. The magnitude of
light flux hitting the sample was controlled
by UV optical filters. For quantitative as-
sessment of the annihilation rate, the equa-
tion describing a bimolecular quenching
process was applied [11]:

dp _ 1 1, (1)

where p is the excitation density; 1y, the
luminescence decay time; y, the annihilation
rate.

The estimation of the initial concentra-
tion of excited centers was estimated using
the following equation [12]:

No(1 — e @)
PO=""AS AL

where N is the number of emitted photons;
AS, the irradiated area of the sample; Al =
1/K, the average depth of the exciting beam
penetration; K, the extinction coefficient.
As the samples under study were compacted
powders, it is necessary to take into account
the laser beam scattering from a sample
surface. The Kubelka-Munk theory that de-
scribes a relation between absorbed, re-
flected, and scattered light energy for pow-
der materials [13] was used to determine
the amount of scattered energy. The values
of the extinction (K) and reflection (R) indi-
ces for Sr,CeO, at 266 nm (0.4 and 0.08,
respectively) were taken from [14, 15].
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Fig. The luminescence decay curves for a
Sr,Ce0, crystal at different initial excitation
densities: 1018 cm™3 (1), 2 — 1020 cm ™3 (2).
Inset: fitting of curve 2 by the solution of
equation (1).

Using these data, the scattering coefficient
(S) was calculated.

Figure shows the Sr,CeO, luminescence
decay curves at different initial excitation
densities. At 300 K, the decrease of the
luminescence decay time becomes observ-
able if the excitation density exceeds
po ~ 1020 cm™3. According to the calcula-
tions basing on crystallographic data [4], at
such an excitation density, the average dis-
tance between the excited centers in
Sr,Ce0, crystal does not exceed 10 A. The
extrapolation of the exponential part of
decay curve 2 to ¢t = 0 allows the amount of
unquenched centers to be estimated (Fig.).
vy =2.65-10716 cm3/s was calculated from
the experimental data fitting by the solu-
tion of equation (1) (see inset in Fig.). The
annihilation rate y and the diffusion coeffi-
cient D are interrelated as y=4nDR,,
where R, is the annihilation radius [16].
Taking Ry = 10 A (the average distance between
excited centers), we obtain D = 2.10710 em?2/s
and the excitation mean-square track length
l= \/2_‘5(_)5 - 12 A. It should be noted that at

80 K, the decrease in Sr,CeQO, luminescence
decay time was observed even at the excita-
tion density of 5:1020 em™3. This result
agrees with our previous work [5] and is
explained by the shortening of the excita-
tion track length.

Thus, the excitation energy migration in
Sr,Ce0,4 has been confirmed. The annihila-
tion rate estimation shows that the excita-
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tion migrates over the over 12 A or 3—4 chain
sites during its lifetime, taking the spatial
period to be 3.597 A. Tt could be concluded
that despite the regular arrangement of lu-
minescent centers in strontium-cerium
oxide, the excitation mobility is rather
weak. It is associated with the charge trans-
fer in the crystal, i.e. the excitation pre-
ferred localization on CeQg octahedrons as
a result of significant electron density re-
distribution in the excited state.
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J.Luminescence,

NAu@y3iiHO-KOHTPOJIbOBAHA AHITINAAIIA 30yIKEeHb
y kpucraiai Sr,CeO,

A.O.Macanos, O.I''Bazin, I.1.I'anina, 10.B.Manwkin

ITpogemMoHCTPOBAHO BHECOK B3a€EMO/il peryasapHUX OITHYHUX IEHTPIiB y KpucrajgiuHii
ctpykTypi Sr,CeO, mo mpomecy mirpanii eneprii enrexrpornoro s6ymxennsa. 3pasku Sr,CeO,
cuHTe30BaHO IuTrpatTHuM MetoxoMm Ileuimi. [ocrmimykeHo KpuBi 3aracaHHS JIIOMiHeCIIEHITil
Sr,Ce0, samexuo Bif TycTHHHN Ja3epHOTO BHUIPOMiHIOBAaHHA. BusHaueHOo mapaMeTpHu PyXJIH-
BocTi s0ymkenHs. Ilokasamo, Mo Mirpamis y IiepaTi cTpoHI[il0 BigHOCHO cjabka, 3a dac
JKUTTA 30yI:KeHHA JoJiae 4 BYSJM JIAHIIOMKKA Y CHUCTeMi ONTHUUYHUX I[EHTPiB.
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