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K. K. Rebane and P. M. Saari. Hot Luminescence
and Relaxation Processes in the Luminescence Centers
of Crystals. Hot luminescence (HL) can be represented
in good approximation as the emission of a luminescence
center during the first few moments after an excita-
tion event, up to the time of establishment of thermal
equilibrium between the center and its environment
(equilibrium with the lattice vibrations in the case of
an impurity atom molecule in a crystal).

Since HL originates from unrelaxed sub states (vi-
brational, rotational, etc.) of an excited electronic
state of the center, it gives information on the relaxa-
tion processes of these substates. The overwhelming
majority of luminescence centers in crystals are fast-
relaxing—the vibrational relaxation time is reckoned
in picoseconds and is several orders of magnitude
smaller than the lifetime of the excited electronic state.
Thus, HL can be used to investigate processes of
picosecond duration under the conditions of continuous
excitation of moderate power that are the rule for
luminescence measurements.

A consistent description of HL has been given within
the framework of a unified two-photon approach to the
formation of secondary luminescence.CIJ In this ap-
proach, the entire secondary luminescence flux is cal-
culated for a given fast-relaxing center (or complex of
centers12·1) and the photon flux incident on this center,
and is then separated into the ordinary luminescence,
scattering, and a residual part whose properties are
intermediate between them—the HL.

The basic distinctive properties of HL have been
demonstrated clearly in a series of experiments in
which HL was observed on impurity NO£ molecules in
alkali halide crystals.C 3 ] Of particular importance
among these properties for experimental separation
of the HL are the appearance of vibrations not only of
the ground state, but also of the excited electronic
state in the low-temperature spectra, which makes it
possible to calculate the positions of the hot lines in
the spectrum, and the characteristic dependence of the
HL spectrum on the wavelength of the exciting light
within the same electronic transition (see Fig. 1).
HL is much less subject to temperature and other types

of quenching than ordinary luminescence.

HL has now been observed and investigated in vari-
ous objects: frozen organic solutions (Shpol'skii sys-
tems), t4: i semiconductors, t5 ] nonimpurity molecules
and ionic crystals, etc. (see the review16·1).

Under continuous excitation, information on relaxa-
tion processes in the excited electronic state is re-
flected in the intensity of the HL (which is very low
compared to that of ordinary luminescence in fast-re-
laxing systems). The measured (with spectrally se-
lective excitation to various levels) intensities of the
HL lines can be used in combination with other spec-
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FIG. 1. HL spectrum of KC1 = NC>2 vs. wavelength of exciting
light. The figure shows the scheme of the lower intramolec-
ular vibrational levels of NOJ in the excited and ground elec-
tronic states and the positions of the corresponding hot lines
in the spectral range to the shortwave side of the ordinary lu-
minescence (OL). Data on the intensities of the HL lines have
made it possible to determine the relaxation times of transi-
tions from the vibrational levels lv{, If}, and 2v£; for exam-
ple, the lifetime of the lv'2 level with respect to vibrational re-
laxation is 550 oscillation periods or 30 psec, and the total
lifetime of the level (τ = 18 psec) is shorter due to the com-
peting nonradiative deactivation (TJ =45 psec) of the electronic
state.
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troscopic data to obtain highly detailed information on
relaxation kinetics. This method was used in133 to de-
termine the times of vibrational (rotational) relaxation
and those of other non-radiative transitions in systems
in which HL is observed. The shortest of the lifetimes
determined—those of the vibrational levels of the an-
thracene molecule in frozen n-hexane—ranged from 1.5
to 5 psec. c e ] The effects of various factors (type of
base matrix, temperature, pressure) on the relaxa-
tion processes have also been investigated.

If relaxation occurs simultaneously in different de-
grees of freedom of the system, the spectra of the HL
originating from various levels of one degree of free-
dom reflect the time dependence of the HL in another
degree of freedom. "Time samples" of the rotational
relaxation process were obtained in this way in the case
of KCl-NOJ in : e : ; to a certain degree, they are similar
to those that can be obtained experimentally with flash
excitation and time resolution in the picosecond range.

Most of the material of the paper was published in [ 8 3;

the latest results from experimental study of HL will
be published in Izv. Akad. Nauk SSSR, Ser. Fiz. (pa-
pers at 23rd AU-Union Conference on Luminescence).
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Ch. B. Lushchik and I. L. Kuusmann. Lumines-
cence, Autolocalization and Decay of Excitons in Ionic
Crystals. The idea that free and self-trapped (auto-
localized) excitons may exist in crystals was introduced
by Frenkel' in" 3 . LandauC2] and RashbaC3: analyzed the
need for an activation energy for autolocalization of
electrons and excitons in solids.

Numerous experiments have indicated that only free
excitons exist in narrow-gap semiconductors. An ex-
perimental study of excitons in broad-gap ionic crys-
tals has been made at the Estonian Academy of Sciences
Institute of Physics; it required the development of
methods for measurement of optical characteristics in
the region of the spectrum up to 22 eV, methods of
registering weak emissions with excitation of the crys-
tals by pulsed electron beams, and the preparation of
crystals of high purity.

It has been established that excitons exist in three
states in alkali halide crystals: free excitons,C4] self-
trapped monohalide excitons (X°e):5:l, and autolocalized
dihalide excitons (3Qe),te>7] in which the hole component
is spread out over two halogen ions (X"). Figure 1
shows the luminescence spectra of all three types of
excitons under excitation of KI crystals with 5-keV
electrons at 67 °K (curves 2, 2'). The strong broad
bands at 3.3 and 4.1 eV correspond to triplet and sin-
glet dihalide excitons. The weak narrow band at 5.75
eV, which is nearly resonant with the self-absorption
band, is due to radiative annihilation of free excitons.
The luminescence of monohalide self-trapped excitons
appears in the 5.2 eV range.

The figure (curve 1) presents the 3.3-eV lumines-
cence excitation spectrum measured for KI at 80 °K.
There are three different mechanisms by which auto-
localized dihalide excitons can be formed: by direct
optical creation of monohalide excitons (range 5.7-7.0
eV), by recombination of electrons with autolocalized

holes (7-11 eV), and by the creation, by photons, of
hot photoelectrons capable of generating excitons by
electron impact (11. 5-17 eV).

The freezing of the luminescence of dihalide excitons
in NI and KI on cooling from 80 °K to 4 °K, and the
concurrent intensification of free-exciton lumines-
cence in Nal and of the luminescence of impurity cen-
ters in Ki-Tl indicate that the process of two-center
autolocalization of excitons requires an activation
energy. L7'ei As a result, free and autolocalized ex-
citons coexist in alkali iodides at low temperatures,'4·7·83

Table I gives the positions of the emission bands (in
electron volts) of free excitons (e°) and one-center and
two-center autolocalized excitons (eJu and eJU) for a

number of the ionic crystals that were studied. The
symbol + marks the experimentally observed cases of
hole autolocalization (e*A) and the hypothetical cases of
electron autolocalization (e^). As the table shows,
coexistence of free and autolocalized excitons is pos-
sible in both one-center and two-center autolocaliza-
tion, both with stopping of the hole exciton component
and with self-trapping of the electron component.
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FIG. 1.
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