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Abstract—Using optical spectroscopy and X-ray diffraction analysis, the nature of defectsin y-irradiated lith-
ium fluoride crystals is found, mechanisms of their formation are proposed, and the absorption bands at

385 (FF centers) and 506 nm (FLVa+ centers) are interpreted. © 2001 MAIK “ Nauka/Interperiodica” .

INTRODUCTION

The exposure of y-irradiated lithium fluoride crys-
tals to the integrated emission of xenon lamps induces
in their absorption spectra the band with A, = 506 nm
and ahalf-width of 1130 cnr! at T = 78 K through opti-
cal bleaching. The aim of this work was to study the
conditions under which the defects responsible for this
absorption band are formed and to determine their
nature. Previously, F5 centers were observed in this
spectral regionin y-irradiated and annealed crystals[1].
However, this model is unsatisfactory. First, there takes
placetheinteraction with H centers (interstitial halogen
atoms) in addition to the ionization of color centers
(CCs) during the exposure to optical emission. This
causes a decrease in the degree of CC aggregation, and
acrystal becomes bleached. It is natura to assume that
the same is true for the F5 centers. Second, as will be
shown below, these defects are charged (they efficiently
interact with electrons of F centers).

EXPERIMENTAL

We studied y-irradiated (D = 10°-108 R) LiF crystals
grown by the Kyropoulos method in air and enriched
with oxygen. The crystals were exposed to the inte-
grated emission of xenon lamps in a “Kvantron” type
laser head of a Kvant-17 laser (1 MW) for the purpose
of inducing CCs with the absorption maximum at
506 nm (they will be referred to as 506-nm centers) and
to the fourth harmonic of an Nd: YAG laser for the study
of CC phototransformation. The isochronous annealing
was carried out in a temperature range of 293-523 K.
The temperature was changed with a step of 50 K, and
asample was held at each temperature for 15 min. The
absorption spectra were measured on an MPS-50L
spectrophotometer at 78 and 300 K. The emission and
excitation spectra were measured on a standard setup.
The X-ray diffraction analysis was carried out on a
DRON 2.0 diffractometer using CuKy, 4, emission. We
determined the interplanar spacing d,,; and the broad-
ening B = 9l,,.., Where Sisthe area under the envelope

of apeak being studied, for all the reflections observed
in the spectrum depending on the y-irradiation dose.

RESULTS AND DISCUSSION

The fact that the accumulation of the defects under
study linearly depends on the y-irradiation dose up to
108 R (Fig. 1a) suggests that we deal with intrinsic
defects of the crystal lattice (because impurity defects
aresaturated as early asat thefirst irradiation stage with
adose of 107 R). The efficiency of defect accumulation
asafunction of the number of emission pulses of xenon
lamps tends to saturation at 200 pulses (Fig. 1b). This
may be caused by the fact that acrystal is heated in the
course of irradiation and its temperature is increased
above 200°C. Thus, the defects are both produced and
destroyed. Indeed, using isochronous annealing of
y-irradiated crystals, we determined the effective tem-
perature (T = 200°C) of production of 506-nm centers

and observed the transformation of F; centers into
506-nm centers (Fig. 1c). We emphasize that a high
defect concentrationisinduced only in the crystalswith

a predominant content of F, centers. The analysis of
data on defect formation in y-irradiated samples upon
annealing and optical bleaching showed that the effi-
ciency of their production in the samples exposed to the
integrated emission of xenon lamps, al other condi-
tions (y-irradiation dose, temperature) being the same,
was higher by afactor of 1.67. This may be caused by

the fact that, when an F; center is exposed to optical
emission, its electron is found in the excited state [2]
and is involved in the optical transformation of color
centers.

The optical bleaching by F light (the fourth har-
monic of aNd:YAG laser at 266 nm) at alow tempera-
ture (78 K) causes the destruction of the 506-nm band,
aswell asof theF band (A = 250 nm), the strengthening
of the M absorption band at 441 nm, and an increasein
the concentration of defects responsible for absorption
at A, = 385 nm (Fig. 2). In the case of excitation in the
M band, we observed red emission with A, = 650 nm,
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which istypical of F, centers. In the case of excitation
in the 385-nm band, no luminescence was observed.
The analysis of the curves suggests that the 506-nm
centers are transformed into the 385-nm centers. An
increase in the concentration of F, centers may be

caused by the electron trapping by F, centers and the
interaction of anionic vacancies with F'. However, no
changes in the optical density in the absorption region
of F, centers (600-640 nm) was observed. The F' +

V. —~ F, reaction is also excluded because, first, the
crystal were optically bleached at a low temperature
and, second, the 385-nm absorption, which was attrib-
uted to F' centers[3], was not weakened. It islikely that
the appearance of F, centers is associated with the
decay of F, centers whose zero-phonon lines at 523.4
and 512.5 nm were observed in the absorption spec-
trum [4]. However, these centers had an insignificant
concentration and were unable to affect the transforma-
tion of 506-nm centers into 385-nm centers. Thus, in
our opinion, the electrons of F centers interact with
positively charged defects that are responsible for
absorption at 506 nm. Knowing the nature of defects
(385 nm), we can aso interpret the absorption band
under study. As for the absorption of lithium fluoride
crystals, it is known that absorption in the 385-nm
region may be caused by F' centers [3]. These defects
are unstable because they have an excessive charge and
will interact with positively charged defects. The cen-
ters observed in our experiments are stable (the absorp-
tion band is unchanged on storage). The absorption
band at 385 nm may be caused by F -like centers that
produce 490-nm emission under excitation [5]. How-
ever, the crystals optically excited in the 385-nm
absorption band produced no emission either in the
blue or in the red region. Therefore, the defects
observed by us are closer in propertiesto quasi-metallic

Wf centers, which were studied in detail in neutron-
irradiated (10'°-10'® neutron/cm?) lithium fluoride
crystals [6]. Subsequent annealing forms from these
centers atomic defects with an absorption band at
275 nm (F, centers, where F| isLi’ in an F center [7]).
Therefore, F| centers are required for the formation of
both 385- and 506-nm centers.

The 506-nm absorption band is produced by ther-

mally or optically induced transformations of F5 cen-
ters. Previously we observed the transformation of F;

centers into FLFQ [8]. Similarly, it is reasonable to

assume that the electron density inan F5 center can be
displaced under the action of light and temperature to
the nearest lithium cation, and this produces a lithium
atom, which occupies a position in one of the F centers
of theinitial defect:

Fa+Li" T FVoVe +Li° - FLVL + VIV,
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Fig. 1. (a) Efficiency of 506-nm center formation in y-irra-
diated O, OH:LiF centers versus the y-irradiation dose.
(b) Accumulation of centersin y-irradiated crystals (D = 6 x

107 R) versusthe number of pulsesof integrated emission of
a xenon lamp. (c) Isochronous annealing of Fg centers
(Ig is the 540-nm luminescence intensity) and 506-nm cen-

tersin y-irradiated samples (D = 6 x 107 R).

600
A, nm

Fig. 2. Absorption spectraof the O, OH:LiF crystal (D =5 x
107 R) with induced 506-nm centers (1) before and (2) after
optical bleaching by the fourth harmonic of aNd:YAG laser
a T=78K (n=10* pulses, acrystal 300 pm thick). D' is
the optical density.
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Fs+Li"+hv L= (F3)* +Li"
T RVIVI+ LI T FVI+ VIV

This produces an excessive concentration of vacancies
in the crystal lattice, which should have an effect on d
or (. Indeed, a decrease in the relative broadening of
reflections is observed in the X-ray spectrum upon the
exposure to the integrated emission of xenon lamps,
which gives evidence of an elimination of local stressin
the crystal lattice due to the appearance of vacancies
because of the induction of 506-nm centers. The
defects under study are positively charged because they
interact with the electrons of F centers and are easily
destroyed in the course of annealing at T > 220°C. The
optical bleaching by F light produces quasi-metallic
centers with the 385-nm absorption band (F, F centers):

F.V. + e — F.F. In summary, we determined the

nature of defects, proposed the mechanisms of their
formation, and interpreted the absorption bands at 385

(F_F centers) and 506 nm (F, V. centers).
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