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Intrinsic Luminescence from Relaxed States of Excitons in Alkali Halide Crystals.
Ken- ichi KAN’NO and Tamao MATSUMOTO.
Department of Physics, Faculty of Science, Kyoto University.

This paper is concerned mainly - with a review of new aspects of intrinsic luminescence from self-
trapped excitons (STE) in-alkali halide crystals, and represents a new direction of-investigation.
Luminescence studies on various kinds of mixed crystals have presented evidence that the 7 emission
bands in nine alkali halides, (Na, K, Rb) x (Cl, Br, I), should be kclassified into three distinct typés {,
11, I11). It has been also shown that all o emission bands are essentially the same as the so-called “ 7
emission” bands in NaBr and Nal (Type I). These findings bring a pleasing orderliness to the
occurrence, peak energies and dipole strengths of singlet ¢ and triplet 7 transitions in alkali halides.

_ In this new scheme, the ¢ bands generally, and the corresponding 7 bands in NaBr and Nal, are
suggested to originate from an on- center configuration. The low energy 7z bands, and Ex band in
RbI, are suggested fo ‘originatey from two separate 6ff —center configurations, all on the same adiabatic
potential surface bf the lowest energy. Thus, these provide an explanation of the self - trapping of

excitons in terms of on-center and/or off- center distortion.
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Fig.1 Self- trapping and subsequent relaxation processes of exciton in alkali
halide crystal, shown schematically.
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Fig.2 Intrinsic liminescence spectra under x— ray excitation at 4K.
Relative intensity scales for different crystals are not necessarily
equivalent. Spectra have been corrected for monochromator dispersion
and photomultiplier response. (ref. 4)
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Fig.3 Electron and hole orbitals of the STE in alkali
halide, labeled by approximate designations
appropriate to D, symmetry.
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Table 1 Lifetimes of the 7 emission in alkali
chrolides, bromides and iodides in unit of us.
(ref. 18)

NaCl| 295 || NaBr!| 049 ‘Nal | 0.09

KCl | 5000 || KBr | 130 || KI | 44
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Fig4 Schematic energy - level- diagram for the STE tacitly assumed to be
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(Na.K,

Rb) X (Cl, Br, 1), at K. Emission spectra (left side in each figure) were
obtained under excitation at 7.7eV for bromides and iodides, or at 8.4eV
for chrolides. The hatched bands denote the 7 emission. The right side

shows the corresponding excitation spectra (solid curves

emission, broken curves

cthe 7

. the o emission, dotted curve in Rbl : Ex

emission), which are not corrected for the reflectance loss of the incident
light. Peak positions of the lowest (n=1) exciton absorption are indicated

by arrows. (ref. 12)
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Fig.6 Luminescence due to localized excitons in KBr:!
at 2K. Dimer emission (4.30eV) is efficiently
stimulated in the low energy tail of the localized
exciton absorption band located just below the

fundamental absorption of KBr. (ref. 12)
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Fig.8 Decay profiles of the 7 emission in NaBr and
Nal obsereved at 7K under excitation at 7.7eV
with single - bunched light pulses from UVSOR.
A fast decay compnent (NaBr: 1.5ns, Nal:
1.0ns) is seen to coexist with the piling - up
component due to phosphorescece with the
long lifetime (NaBr:470ns, Nal:95ns). (ref. 12)
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Fig.9 (A) Emission spectra of Na,_JJBr mixed crystals at 10K stimulated at
7.7eV. (B) Decay profiles of the emission in the UV region observed at
7K under excitation at 7.7eV with single - bunched light pulses from
UVSOR. (ref. 12}

Br

NaCl 1. jil 1 NaBr
A
!Rba % | :: /]( - [\ A

) 6 2 3 4 5 6 2 3 4 5 6

i

H
=
£

PHOTON ENERGY (eV)

Fig.10 Emission spectra of nine alkali halides (the same as those in Fig.5).
Interrelations between emission bands inside a given halide family are
indicated by lines labeled 1 , I and Il . Dotted lines mean that. a
corresponding emission band is missing. (ref. 12)
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Fig.11 Luminescence spectra due to hetero - nuclear
relaxed excitons, [(Brl)™ +e], in NaBr:l, KBr:f and
RbBr:l at 7K. These spectra were obtained in
nominally pure crystals of NaBr, KBr and RbBr
under stimulation with the light in the absorption
band due to residual I~ impurity ions: i.e. 6.4eV
for NaBr:| and KB8r:, and at 6.2eV for RbBr:L
(ref. 33)
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Table 2 Peak energy of the intrinsic luminescence of
nine alkali halides with type assignment.
Lowest  excitation energy and radiative

lifetime are also given. * denotes the lifetime

of the fast decay component from a singlet
state. (ref. 34)
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Table 3 Properties of the dimer emission bands with
type assignment. (ref. 34)

HATE B4EFE4AS (19914)

Table 4 Properties of the monomer emission bands
with type assignment. (ref. 34)
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Fig.12 Peak energies of emission bands in (A) KBr,_,l ,and (B) RbBr, _.l, mixed
crystals, against the composition x. Intrinsic emission band peaks of
pure crystals (x=0 and 1) and emission band peaks of I~ monomer and
dimer in bromides are demoted by arrows. (ref. 37)
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Fig. 13 Decay profiles of Type | emission in KBri_J. and RbBr,_.l, at 8K
observed with irradiation of 7.7eV photons from the synchrotron
radiation. The analized decay time constant of the fast decay

s

component, 7° is given in each case. The intensity of the slow
component is the accumulated value because the repetition period of
excitation pulses is shorter than the decay of emission. (ref. 37)
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Fig. 14 Pressure effect on the luminecence of Rbl at
4.2K. Excitalion was made with 6.42eV light
pulses from an ArF excimer laser. Hydrostatic
pressure up to 2.1kbar was applied, 1) p = 0
kbar, 2) p= 1.2 kbar, 3) p = 1.5 kbar, 4) p=1.8
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Fig.15 Luminescence spectra of bulk and thin NaBr
crystals measured at 11K under excitation at
7.7eV. Each spectrum has been normalized at
the maximum of the 7 emission band around
4.5eV. (ref. 42)
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Fig.16 Total x - ray energy required to form one F
center at liquid helium temperature for various
alkali halides as a function of the ratio S/D,
where S is the space between adjacent halides
in a <110> direction of the normal lattice and D
is the diameter of the halogen atom. S is given
by [(a/ﬁ) - d] where a is the lattice constant
and d is the halide ion diameter. (ref. 43)
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against Rabin - Klick parameter S/D. (ref. 34)
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Fig.20 Schematic configuration coordinate diagram
newly proposed for the intrinsic luminescence in
KBr. (ref. 34)
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