
LATTICE DYNAMICS OF CUBIC Cs2NaLnX6 AND XA9949659

CsNaLni-xLn'xX6 ELPASOLITES

R. ACEVEDO, V. POBLETE, R. ALZAMORA, R. VENEGAS,
G. NAVARRO, C. HENRIQUEZ
University of Santiago,
Santiago, Chile

Abstract

Crystal lattice dynamics of stoichiometric Cs2NaLnXg and nonstoichiometric CsNaLnj^Ln'^Xg,
0.01 < x < 0.10, Ln and Ln' are trivalent positive lanthanide ions and X is chlorine or bromine, were studied.
Phonon dispersion relations were computed for similar compound, Cs2UBrg, and vibronic absorption spectra
with reduced number of required input parameters are considered on the basis of proposed model.

Aims

Many different attepts to rationalize the spectral intensities in pure and doped
crystals containing lanthanide ions, having essentially octahedral sites, have been undertaken in
recent years.

Elpasolites, of the general stoichiometric structural form Cs2NaLnX6 and
non-stoichiometric CsNaLni-xLn'xX6, where 0.01<x<0.10, Ln and Ln1 are trivalent positive
lanthanide ions, and X is chlorine or bromine, are of both scientific and technological interest,
due to their luminiscence properties. Studies of these compounds are particularly complex, due
to the complexity of the spectroscopic bands and possible transitions modes (radiative, nono
radiative, thermal assisted, etc.). They involve:

1. Synthesis and structural characterization of these elapsolites [1], implying X-ray diffraction
and (Bragg) neutron diffraction. Single crystal synthesis is controlled by XRF and TR-XRF,
etc.

2. Spectroscopic characterization of elpasolites. This stage implies IR spectroscopy, FT-IR,
Luminescence and two photon Absorption Spectroscopy.

3. Theoretical studies of spectra, an intrinsically complex stage, because of the complex nature
of the emission absorption processes involved. This studies will address the following
subjects:

a) Pure (stoichiometric) crystal lattice dynamics.
b) Force Field simulation, to include crystal lattice short range interactions.
c) Computation of the phonon dispersion relations and of the form of vibronic spectra.

Neutron inelastic, scattering data, from diffuse scattering experiments (could be made at our
laboratory) and cocherent inelastic experiments (only in collaboration with foreign
laboratories) on stoichiometric and non stoichiometric compounds.
Studies of the role of vacancies and structure of non stoichiometric doped elpsolites. Non
stoichiometric compounds are of particular relevance to available experimental facilities at
NCLR. Vacancies will certainly have a role in controlling dynamics and electronic excitation
processes.
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Previous work

Crystal dynamics on non doped crystal lattices. For these purposes, short and long range
interactions have to be considered explicitely.

For long range interactions, the Ewald method will be used. This method is based on the
introduction of a gaussian distribution for positive and negative charge, which leads to lattice
interactions with a potential energy in the reciprocial space <&(G) and - <E>(G), such that the
Coulomb potential takes the general form:

EWALD: 0>(C) = <D(G) +[<D(C) -<D ( G )] = O ( c ) + < D W (1)

Assuming this expression, the long range Coulomb contribution to the dynamic matrix given
by:

) S S ( > (2)
cc,3=X,Y,Z

may be decomposed into two series, one running over the direct space (NH related to the
potential O ® above) and other one running over the reciprocial space (NG related to the
potential <E>(G) above). In equation 2, qN reffers to the n-th atom's charge in the /-th unit cell,
k is wave vector and a=X,Y,Z. In the most of the published works the gaussian half width n in
eq. 2 is commonly chosen to insure simultaneous convergence on both, reciprocal and direct
spaces. This mathematical criteria may lead to a different number of gaussians in the
reciprocial space compared to the number of those in the direct space. This fact is of primary
importance, because it may introduce a charge desequilibrium in the lattice, otherwise it is
neutral. We [2] have developed a convergency test, requiring the gaussian half width to be
adjusted, so that crystal charge desequilibrium is precluded. A computation algorithm has been
devised to naturally force the lattice charge neutrality, being it of enough generality and
flexibility to be used for computations on stoichiometric and non-stoichiometric elpasolites,
such as those presented above [2, 3].

Crystal lattice short range interactions. Another sizeable problem consists on the simulation of
a force field, as a means to introduce the short range interactions in the crystal lattice. For this
purpose, we have developed a mixed Urey-Bradley force field and valence force field (UBFF-
GVFF). This formalism allows us to introduce a variety of interactions, between directly and
indirectly interacting nuclei, belonging to different unit cells and different coordination spheres
on the reference unit.

On the same line, we have progressed on the understanding of the spectroscopical assignation
for k=0. Here, the potential, related to internal vibrations and to their interactions, is
considered under the fundamental assumption of no time phase difference between unit cells.
The method of compatibility tables requires the knowledge of the site and space symmetry
group and number of molecules per unit cell. Identifying the point group at which the
molecules or ions belong, their vibrational behavior in the crystal can be determined, relating
the point group symmetries with those of the site symmetry group occupied by such molecule
or ion.
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FIG. 1. Structures of the 0^ crystals.
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F/G. 2. Phonon dispersion relations for Cs2UBra [3].

In the case of stoichiometric elapsolites of the type Cs2NaLnX6, determination of the
symmetry species at which different ions belong, and consequently their IR and/or Raman
activity, is immidiate. In our case, the identification is as indicated.

Phonon dispersion relations and vibronic absorption spectra. Phonon dispersion relations
have been computed (2) for similar compounds (Cs2UBr6) as well as vibronic absorption
spectra, with a reduced number of required input parameters, and higher quality on the
comparisson of predicted and experimental results (Figures 1 and 2). Analysis of neutron
scattering data will be fundamental as a further test for our model computations.
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