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Back reactions in color-center production: A study of a di-interstitial center in Li-doped KBr
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The production of V(306) centers, constituted by two interstitial halogen atoms trapped at a lithium impurity,
is studied in doped KBr in the 190-300°K temperature range. Above 210°K the V(306)-center production
saturates and the saturation concentration decreases with increasing temperature. The saturation of the V(306)-
center production is correlated to a first stage in the F center growth curve. Some evidence for a mechanism
of saturation of the V(306)-center production based on the mobility of anion vacancies is given.

I. INTRODUCTION

It is well known that back reactions due to mo-
bile interstitial halogens play an important role in
color-center production in alkali halides.' Re-
combinations between vacancies and interstitials
due to the motion of anion vacancies have also
been considered, but no clear evidence has up to
now been obtained for such processes.

It has been found? that in Li-doped KBr near
room temperature the production of V(306) cen-
ters—constituted by two interstitial halogen atoms
at a lithium impurity and responsible for an ab-
sorption band peaking at 306 nm—saturates at
concentrations much lower than that of the impur-
ities and is correlated with a first stage in the F-
center production. It has been suggested? that the
saturation of the V(306)-center production could
be the result of interstitial-vacancy recombination
at lithium impurities due to the motion of anion
vacancies.

The aim of the present work is to find experi-
mental evidence for this suggestion, i.e., for a
back reaction due to mobile anion vacancies,

II. EXPERIMENTAL

The experimental apparatus and conditions were
the same as those described earlier.? In the pres-
ent work the temperature of the sample during x
irradiations and optical absorption measurements
was maintained within +0.1 °K of the reported
temperature.

The thermal destruction of o centers produced
by optical ionization of F centers in x-irradiated
samples has been studied by a step annealing meth-
od following a procedure already used by Giuliani, 3
In the present experiment, however, the sample
after x irradiation at 80 °K was warmed in the
dark and kept at 300 °K for 30 min; then it was
recooled and optical bleaching of F centers was
performed at 170 °K; after that the crystal was
warmed to various annealing temperatures and
held in the dark for 5 min, Finally, from the an-
nealing temperatures the sample was cooled to
80 °K for the optical-absorption measurements.

13

The samples used have been grown in nitrogen
atmosphere by the Kyropoulos method. The mo-
lar concentration of lithium impurities was 1%

(in the melt). The starting KBr powder was Merck
Suprapur,

III. RESULTS

Figures 1 and 2 show the growth curves for the
V(306) and the F band in the 190-300 °K tempera-
ture range. The increasing of the temperature of
irradiation from 190 to 220 °K makes the growth
curve of the V(306) band to saturate (Fig. 1).
Correspondingly, the F-center growth curve shows
a distinct first stage whose saturation value de-
creases—as that of the V(306) band—with increas-
ing temperature (Figs. 1 and 2).

In the temperature range considered another
band due to hole centers is produced along with
the V(306) band: its peak is at 265 nm (at 80 °K)
and its overlapping with the V(306) band cannot be
ignored in our temperature interval.

However, we have found that there is no corre-
lation between the growth of this band with the sat-
uration of the V(306) band and the first stage of the
F-center production. On the other hand the over-
lapping of the 265-nm band with the V(306) band
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FIG. 1. Growth curves for the V(306) band. Absorp-
tion measurements taken at the irradiation temperatures.
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FIG. 2. Growth curves for the F band. Absorption
measurements taken at the irradiation temperatures.

can reasonably account for the apparent growth of
the last one after saturation.
One can try to describe the saturation behavior
of the V(306)-center production by the equation
dn

T =A-Bn, 1)
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FIG. 3. Semilog plot of the quantity A, for the
V(306) band as a function of irradiation time. Ay, is
the difference between the saturation value of the optical
density and the value measured after a time ¢ of irradia-
tion. The temperatures of irradiation are, starting
from the top (in °K): 200, 205, 210, 215, 220, 230, 240,
280, 290, 300,
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FIG. 4. Semilog plot of the quantity Ay, for the first
stage of the F-band growth as a function of irradiation
time., &gy, is the difference between the saturation val-
ue of the optical density and the value measured after a
time ¢ of irradiation. The temperatures of irradiation
are, starting from the top (in °K): 200, 205, 210, 215,
220, 230, 240, 270, 280, 290, 300.

where # is the V(306)-center concentration and A
and B are temperature-dependent parameters,
The solution of this equation is given by

n =n,[1- exp(- Bt)],

where n, =A/B is the saturation value of the V(306)-
center concentration.

If Eq. (1) describes the production of V(306)
centers, a semilog plot of the difference between
the optical densities corresponding to n, and n(¢)
as a function of irradiation time would yield a
straight line whose slope is given by the param-
eter B. Figure 3 shows that this is indeed the case.

At this point one is tempted to try to describe

the F-center production in the first stage also by use
of Eq. (1). The results are shown in Fig. 4. As
one should have expected the F-center production
is more complicated than that of the V(306) cen-
ters. In particular, the first stage of the F-cen-
ter production seems to be composed of two pro-
cesses a fast and a slow one. If we focus our at-
tention on the slow process—which is also the
main component of the first stage of the F-band
growth—we find that it can be described by Eq.
(1) and that the temperature dependence of the de-
struction coefficient Br is the same as that of the
coefficient B, which governs the destruction pro-
cess of V(306) centers (Fig. 5).

IV. DISCUSSION AND OTHER RESULTS

The main feature of the results of Sec. III that
must be explained is the temperature-dependent
saturation behavior of the V(306)-center produc-
tion and the associated first stage of the F-band
growth. [From now on in relating to the first
stage of the F-band growth we will refer to its
main component described by Eq. (1) and char-
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FIG. 5. Plot, as a function of temperature, of the
destruction coefficient B, responsible for the saturation
of the V(306) band and of the coefficient By responsible
for the saturation of the main component of the first
stage of the F-band growth.

acterized by the destruction parameter B, of Fig.
5.]

Several mechanisms could be responsible for
the destruction parameter B, .

A. Thermal decomposition of V(306) centers

We have measured the thermal destruction pa-
rameter of V(306) centers by following in the dark
at a constant temperature the decrease in absorp-
tion of the V(306) band after x irradiation. The
time elapsed from the switchoff of the x rays and
the start of the absorption measurement was of the
order of 10 sec. It turns out that the thermal de-
struction parameter is negligible at all tempera-
tures except the higher ones, For instance, at
270 °K its value is about 1.5 which must be com-
pared with the value of about 30 of Fig, 5. At
300 °K its value is about 10: the thermal destruc-
tion process becomes appreciable though it re-
mains less efficient than the one operative under
x irradiation,

B. Destruction process due to x rays

The destruction process due to x rays is ex-
pected to be temperature independent. In any case
it cannot explain the temperature dependence of
By, reported in Fig. 5.

C. Aggregation of interstitials around V(306) centers

It has been shown that the thermal decay of H , (Li)
centers takes place around 200 °K.*° However,
the thermal destruction of H,(Li) centers due
to the migration of the trapped interstitial holo-
gen atoms ends up in an increase of the V(306)-
center concentration, *° Accordingly, we have
found that the production parameter A, of Eq. (1)
increases in the same temperature range in which
the thermal decay of H,(Li) centers takes place.
Therefore, we can conclude that the release of in-
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terstitial halogen atoms by lithium impurities
mainly affects the production process of V(306)
centers and not their destruction,

D. Interstitial-vacancy recombination at lithium impurities due
to the motion of anion vacancies

Figure 6 shows the thermal decay of isolated
anion vacancies produced either directly by x ir-
radiation at 80 °K (data taken from Ref. 4) or by
optical bleaching of F centers in x-irradiated Li-
doped samples. The difference between the two
curves is due to the fact that the migration of in-
terstitial halogen ions trapped at lithium impuri-
ties (I, centers) and their recombination with an-
ion vacancies play an important role in the ther-
mal destruction of a centers produced by x rays.
On the other hand, isolated interstitial negative
ions are not present before the thermal destruc-
tion of anion vacancies produced by optical bleach-
ing of F centers as described in Sec. II. In this
case the disappearence of anion vacancies should
be due to their own migration.®

Let us now focus our attention on Fig. 5, which
gives the dependence of B, on temperature , B, be-
gins to increase just around 210 °K, i.e., around
the same temperature at which anion vacancies be-
gin to migrate, Furthermore, the increase of B,
in the 210-240 °K range bears a qualitative rela-
tion with the thermal decay curve of o centers
produced by x rays., This can be understood on
the basis of the fact that, if By, is due to the mo-
tion of anion vacancies, then it will depend on the
concentration of o centers under x irradiation and
this concentration will depend in turn, besides
other factors, not only on the mobility of anion
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FIG. 6. Thermal decay of isolated anion vacancies
produced either by x irradiation at 80 °K (open circles)
or by optical bleaching of F centers (full circles) in x-
irradiated samples. The data for a centers produced by

x rays have been taken from Ref. 4.
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vacancies but also on the concentration and mo-
bility of interstitial halogen ions.

Finally, we must add that during the thermal de-
cay of anion vacancies obtained by optical bleach-
ing of F centers no decrease of the V(306) band
has been detected. This would imply that the mi-
gration of anion vacancies could be a necessary
but not a sufficient condition for the destruction of
V(306) centers, Some other condition not verified
during the thermal decay of anion vacancies but
easily met under x irradiation must be fullfilled.
This condition could be the presence of free elec-
trons.

We are now in a position to suggest a possible
mechanism for the destruction of V(306) centers
which will also explain the correlation between the
saturation behavior of the V(306) band and the
main component of the first stage of the F-center
production and, in particular, the data of Fig. 5
concerning the temperature dependence of B, and
Bg:

x rays - free electron plus free hole,

V(308) plus electron— (I50/5.-)
trapped at a Li impurity,
(I3p0l5.-) trapped at a Li impurity

plus anion vacancy— H,(Li)
(thermally unstable),

H,(Li) plus F center — perfect crystal,

hole plus F-center - anion vacancy,

It is worth stressing that this mechanism is
based on the assumption of the existence, as an
intermediate product, of a defect composed by an
interstitial halogen Br,” molecule trapped at a

lithium impurity.

Coming back to Fig. 5 some word must be said
about the temperature dependence of B, and By
above 240 °K. In particular, their increase above
270 °K is not clearly understood. Besides the
thermal decomposition of the V(306) center to
which we have referred to above, the thermal in-
stability of o, centers may play a role as sug-
gested by the decrease of the production efficiency
of F, centers which we have observed to occur
above 260 °K.

Finally, it is worth stressing that another pos-
sible mechanism for the destruction of V(306) cen-
ters based on the mobility of the F center in its
excited relaxed state (F*) must be kept under con-
sideration. It is known that F * centers can jump
around a cation impurity of size smaller than that
of the substituted ionwith anactivation energy of the
order of 0.1 eV.® Reasonably, the motion of F* cen-
ters in a perfect lattice could occur with an acti-
vation energy of some tenths of eV. This is just
of the right order of magnitude for a process—as
the destruction of V(306) centers—which occurs
above 210 °K. However, it must be observed that,
apart from these considerations, no other evidence
for the role played by mobile F* centers in the
saturation of the V(306) band is now available,

V. CONCLUSIONS

The results reported in this paper give new sup-
port to the existence of back reactions in color-
center production based on the mobility of anion
vacancies. However, no conclusive evidence has
been obtained and further investigations are
needed in order to settle this rather central prob-
lem,
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