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Octahedral (Os) symmetry of the RE®** sites in the Cs;NaRECIs crys-
tals removes all of the electric dipole intensity from the 4f-4f transitions.
Thus the decay of luminescence originating in the excited states of RE ions is
governed by phonon assisted (vibronic) transitions, multiphonon relaxation
and phonon assisted energy transfer (cross relaxation and energy migration
to impurities). Contribution of these processes to the decay of the 53/, state
of erbium in Cs; NaErClg has been studied in the 4.2-300 K temperature re-
gion. It has been concluded that atlow temperatures the S, /2 state decays
exclusively by vibronic transitions. At about 100 K the cross relaxation via
the %, /2 state becomes operative. Efficiency of this process grows strongly -
with increasing temperature, reducing the *S; /2 lifetime by almost three or-
ders of magnitude. No evidence has been found that multiphonon relaxations
contribute to the decay of the S; J2 state.

PACS numbers: 78.55.Hx

In our previous work [1] we reported for the first time the absorption prop-
erties of CssNaErClg and we proposed the assignments of vibronic “ransitions of
Er3t. More extensive study of the compound has been next reported by Hasan
and Richardson [2]. Both the studies are very useful for the interpretation of lu-
minescence spectra and lifetimes since they provide the energies of excited states
of Er*t as well as the vibrational modes of ErCl3~ moiety. Preliminary data on
Er3+ luminescence obtained with broadband excitation into the *Fy7;3, *F5/2, Go/2
and “G1y/2 group of levels indicated that the *Fy/;, 4I9/2 and “Iy13 luminescent
states are populated by direct vibronic transitions frofn initially excited levels or
by ion—ion interaction [3].

In this work the processes contributing to the relaxation of the 453/2 state
of Er3t are examined. As the Er®t ions in CsyNaErClg are situated in the sites
of octahedral (Oy) symmetry, the electric dipole transition are forbidden. There-
fore the excited %53/, level may decay by phonon assisted (vibronic) transitions,
multiphonon relaxation to the next lower lying level and by ion-ion interaction.
In Fig. 1 we present the lifetimes of the 4S3/; level of Er3+ in Cs;NaErClg and in
CsaNaFErg.2Yg.4Ybg 4Clg recorded in the 100-300 K temperature region. Tempera-
ture influences more strongly the lifetimes measured for diluted sample indicating
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Fig. 1. Influence of temperature on luminescence lifetime of the %S;/, state of Er®t in
Cs;NaE1Clg (o) and in CsaNaEro.2Y0.4Ybo.4Cls (X).

Fig. 2. Influence of temperature on the rate of decay related to Er-Er interaction.
Points indicate the values obtained by subtracting the reciprocals of lifetimes shown
in Fig. 1.

the presence of ion—ion interactions. The rates of decay related to these interac-
tions determined by subtracting the reciprocals of lifetimes for concentrated and
diluted samples are plotted versus temperature in Fig. 2. It can be seen that the
process of concentration quenching of luminescence is switched on at about 110 K
and that it is very efficient at higher temperatures. Only one cross relaxation
~ scheme may be constructed for the %S5/, level using the energies of excited states
which were derived from absorption spectra. This process involves two simulta-
neous transitions in which an excited ion makes the 453/2 — 4 /2 transition and
the coupled unexcited ion-makes the 4Iy5/2 — “f13/5 transition. As a result, the
4I9/2 and 4113/2 levels would be populated. Luminescence spectra recorded in the
775-800 nm spectral region following selective excitation in the 2Hy; /2 level at
519 nm confirm this conclusion. It can be seen in Fig. 3 that at room tempera-
ture almost all luminescence intensity is associated with 4l J2 — s /2 transition,
whereas at 80 K the lumineseence originates exclusively in the 4S5 /2 level. Particu-
larly strong temperature dependence of cross-relaxation efficiency in the 100-200 K
temperature region indicates that the resonant condition is fulfilled for upper com-
ponents of the ground 4[5 /2 state. The exact positions of the crystal field levels of
the Iy, state are not knownhowever, and the vibrational modes and crystal field
levels involved in the process cannot be identified. Contribution of multiphonon
relaxation in the decay of the 453/2 level may be estimated using the excitation
spectra for the luminescence originating in the 4Fy /2 level which is situated about
3000 cm~?! below the 4S3/2 level. In Fig. 4 we compare the absorption spectrum
of CsyNaErClg in the 300-800 nm spectral region and the 4Fy /2 excitation spectra
recorded at 300 K for concentrated -and diluted samples. It can be seen that the
4Fg/2 level in concentrated sample is populated mainly from the Fs/2 level by
cross relaxation process “Fsa — “Foa: 15y2 — s /2 which meet the resonant
condition with the inclusion of vibrational modes. Efficiency of this process is con-
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Fig. 3. Luminescence band corresponding to the S3j; — *I13/, and Tos2 — *his)2
transitions of Er®* in Cs;NaEro.2Yo.4Ybo.4Clg recorded at 295 K and 80 K

Fig. 4. Absorption spectrum of the CsaNaEr.(Y,Yb)1_,Cls crystal in the 300-800 nm
spectral region (a); excitation spectrum of the luminescence originating in the *Fy,
state, centered at 650 nm for CsoNaErCls (b) and for Cs;NaEro.2Y0.4Ybo.4Cls (c).

siderably less important in diluted sample and the 4Fy /2 luminescence is excited
from high energy levels, most probably by direct vibronic transitions. For both
the samples the 2H;; /2 and 4.5'3/2 levels are not present in the excitation spectra,
indicating that the multiphonon relaxation of the 453/, level is negligibly small.

In conclusion, at room temperature the decay of the 433 level of Er®* in
CsaNaErClg is governed by cross relaxation via the 4Ig /2 level. Efficiency of this
process diminishes with decreasing temperature and becomes negligibly small be-
low about 100 K where the vibronic transitions dominate. Multiphonon relaxation
does not contribute significantly to the decay of the 453/2 level. Occurrence of
strong luminescence associated with the *Ig;s — “I15/2 transition indicates that
the cross relaxation process via the 413 /2 level does not remove the excitation out
of the g/, level.
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