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Luminescence of Solid State Inorganic Materials
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In the last ten years, the study of luminescent materials by chemists,
physieists and mineralogists has led to the publication of more than 3000 papers
in the scientific literature. The study of luminescence in its simplest form
involves the use of some energy source to excite a luminescent center from its
electronic groundstate to an exclted electronic state, and then observing the
emission as the system relaxes back to the groundstate. The study of solid
state inorganic systems has led to an increased understanding of the localized
electronic structure of luminescent centers as well as the delocalized elec~
tronic band structure of many solids. Many of these results have been summa-
rized in recent reviews [1]. The energy diagram below depicts the electronic
and vibrational structure of a molecule which is excited from a singlet
groundstate SO to an excited singlet state 31.
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Once the molecule has been excited to S,, it may relax back to S, by several
different competing pathways including }luoreSCence (f1) from S, to Sg or
intersystem crossing (isc) to a triplet state T1 followed by phosphorescence
(ph) to 53- Besides providing information about the electronic structure, a
great deal of knowledge about the transfer of energy in the solid state has also
been gained [2,1d].

Photoluminescence, which invelves the use of an ultraviclet or visible
light source to electronically excite the system of interest, has been used to
probg_the electronic structure of many oxo-anions such sa wou -, Vo 3= and
TiO . This experimental work has been well complemented by a wealth of elec-
tronic structure calculations [3]. The electronic structures of the perman-
ganate and chromate ions have been studied by theoretical methods for many years
and these studies all predict the luminescence of the two anions. While lumi-
nescence of the chromate ion has been observed at 1.4 K, observation of per-
manganate luminescence has not been observed [4].
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By using short pulse width laser techniques, one is able to study the
dynamies of many solid state processes by monitoring the rate at which the
luminescence of a particular system decays. The basis for such investigations
originates from the classic work on solid state energy transfer by Forster and
Dexter [5]. for an electronically excited molecule, relaxation to the ground
state may proceed not only by radiative fluorescence and phosphorescence, but
also via the nonradiative transfer of energy to other molecules in the lattice
through dipole-dipole, dipole-quadrupole or quadrupole-quadrupole interactions,
Many solid state processes provide nonradiative relaxation pathways, and by
monitoring the quenching of luminescence as a function of time one is able to
monitor the dynamics of such processes. Examples of such processes include
electronic exchange interactions [6], localization of excitons in disordered
systems [7] and temperature dependent phenomena [8].
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