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STUDIES ON OPTICAL BLEACHING OF X-RAY IRRADIATED NaCl CRYSTALS

K. VIJAYALAKSHMI anp K. N. KUCHELA
Physics Department, Central College, Bangalore University, Bangalore

ABSTRACT .
The regions of fast first stage bleaching and the slow second stage bleaching of F-centres
in ‘as cleaved’ X-ray irradiated NaCl crystals at room temperature are not clearly separated out

in the optical bleaching curves.
-""\ﬂF‘rfli —_—

These curves are explained by a simple relation of the form
£ log t, A apbeing the change in absorption coefficient at the F-band peak after

bleaching the colored crystal for ¢ minutes, a,, being the absorption coefficient at the F.band
peak before bleaching and £ being the constant dependent on the time of X-ray irradiation.
The two regions are distinctly separated out in the case of heat-treated NaCl crystals. A
possible mechanism of bleaching is suggested to explain the results of optical bleaching.

INTRODUCTION

T is well established by several authorsl-8
that F-centres are formed in alkali halides
by X-ravs by two distinet processes, In one
of them the negative ion wvacancies initially
present in the crystal, trap elecirons liberated
by X-rays and these are uniformly distributed
in the volume of the crystal. In the other
process, new vacancies are generated during
irradiation and these in turn may f{rap
electrons and form additional F-centres. These
F-centres are formed perhaps near some defectd
and are highly localized in small regions of the
crystal having very high concentration of these
F'-centres.

‘The optical bleaching of F-centres also
supports the idea of two stages of coloration.
The studies on owntical bleathing of F-cenires
by Markham et al% on additively colored KBr
crystals at low temperatures, by Uela and
Werner Kanziot® on additively colored, deformed
KC1 crystals, and by Bron% on the relation
between X-ray coloration and optical bleaching
indicate that oplical bleaching of F-ccntres also
takes place in two stages. During the first stage
of bleaching the F-band decrcases rapidly and
this can beo attributed to the bleaching of first
type F-centres, During the second stage of
Lleaching, the decrease in F-band is much

slower and. thig can be attributed to the bleach-
ing of second type F-centres,

In the present paper optical bleaching curves
of F-centres have been studied systematically
to investigate the nature of these two stages
of bleaching at room temperature in X-irra-
dicced Harshaw NaCl crystal (as cleaved and
heat-treated crystals).

EXPERIMENTAL

Sodium chleride crystals used in the present
study were aged about 8 to 10 years. Syslematic
experiments were conducted to find the origin
of these crysials. Rabin and C. C. Klick!! have
sudled the F-band growth curves for NaCl
crystals of different origins, The F-band growth
curve obtained from our experiments agreed
well with that obtained by Rabin and Klick for

Harshaw NaCl crystals.
NaCl crystals were cut and clcaved to the

" size required from a big block., The thickness

of the orystals uscd was less than 0-4 mm.

Heat treatment of NaCl crystals consisted in
raising their femperature to about 600° C and
maintaining them at that temperature for 7 to
8 haurs, then quenching immediately by withe
drawing th-m f{rom the furnace and cooling on
a copper plate.

The wontinuous X-.ray spectrum from a
copper target tube operated at 39 KV and 10 mA
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was omployed to produce the coloring, The
cleaved crystals, wrapped in black paper were
placed close to the window of the X-ray tube,
The irradiation time varied from 10 minutes to
12 hours.

Progressive cptlical bleaching of previously
X-irradiated crystals was carried out by placing
the crystals within about 8 em from a 250V
60 W incandescent bulb with an electric fan
nearby to keep ithe worystal cool,

Optical absorption measurements were made
bsing DU-2 Beckmann non-recording type
Spectrophotometer in the wavelength range
from 400 mup to 900mx The optical density
logy, I/I at various wavelengths and the
absorption wcoefficient « at the F-band peak
were determined. F-centre concentrations were
computed from Smakula’s formula using an
oscillator strength of 0-8. In our experiments
the density of F-centres was in the range
1017 to 1018/cm3.

RESULTS
X~ray Irradiation and optical bleaching
were carried out as explained before. Figure 1

represents optical bleaching curves for ‘heat-
treated’ as well as ‘as cleaved” NaCl crystals.
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F1G. 1. Representing the optical bleaching curves for
' heat-treated ’. and * as cleaved ’ NaCl crysials. @ Biea-
ching curves of *as cleaved* NaCl crystals, A Bleaching
curves of ‘ heat-treated’ NaCj crystals. Time of X-ray
exposyre and the thickness of the crystals are mentioned
oh the curves,
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Regiong of fast and slow bleaching are clearly
indicated in the case of heat-treated crystals.
In our experiments, the optical bleaching curves
can be explained by a simple relation of the
form A e ja. =k log t, Figure 2 shows a plot
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FIG, 2. Results obtained with * as cleaved * NaCl crystals
(21)—10 minutes X-ray irradiation. {23)—20 minutes
X-ray irradiation.  (ag}—7 hours X-ray irradiation.
Thickness of the crystal used = 0-034 cm,

of Aa_ /e  wersus log t for “as cleaved” NaCl

crystals, A e /a ~ being the fractional change
in absorption coefficient at the F-band peak and
t being the time of bleaching in minutes.
Irrespective of X-ray irradiation time, the plot
is @ straight line. (Only 3 graphs are shown
as samples.) In Fig. 3 the graph (b)
represents the plot of A a, /e, versus log ¢ for
a heai-treated NaCl crystal and graph (a)
represents that for an ‘as cleaved’ crystal.
Graph (b) consists of two parts, one of which
has got nearly the same slope as that of (a).
We need at least two slopes to explain the
bleaching curve obtained with heat-tregted
crystals, This indicates that the nature of
bleaching in the initial stage is different from
that in the later stage and that the mecha-
nisim of bleaching in the later stage is similar
to that in the case of ‘as cleaved’ crystals.

DIScUSSION

To explain the mechanism of optical bleach-
Ing several, theories have been put forward by
earlicer workerst'1¢,  But a more rigorous one
is that due to Bron and Nowickl3 According

to them the transfer of electrons from
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F-centres to some pre-existing traps, present
only in X-ray irradiated crystals (hole traps-
V-~centres which are prodwzed
F-centres in X-ray irradiated crystals), is
considered to occur during ihe initial, very rapid
part of the first stage of bleaching, Since the
initial wvacancies and hence the first type
F-centregs are widely distributed in the volume
of the crystal, an ejected electron from an
F-centre by a photon will have a very small
chance of being recaptured by another vacancy
before it combines with a hole trap As the
hole traps become fully occupied with electrons,
bleaching becomes dependent on the rate of
formation of the secondary centres like, R, M, N,
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FiGc. 3. A comparis~hn of results obtained wuab ' as
cleaved ' aud " heat-treated ” NaCl crystals (#) *as cleaved’
crystalss (&) ‘heat-treated ’ crystals.  X-ray irradiavion
time and the thickuness of the cryntals are mentioned on
the graphs.

Since the second type F~-centres have very high
local density, it is not unreasonable that theso
F.coentres should unile to form F-cenfre opgre-
gates like M, N, R centres as they are blcached.
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The mechanism which slows down the ‘sezond
(lage of bleaching will be as follows: 'Tha
second type F-cenires generated by X-rays
during the secongd stage of coloration are of
high roncentration in cerhain localized areas
of the crystal. During bleaching, a liberated
eleciron will have a high probability of being
recapiured by a nearby vacancy with no net loss
CcI F-cenire, Quantum efficiency measure-

menis1213 3lso support the above mechanism
of bleaching.

In ‘as cleaved’ crystals of NaCl, the number
of vacancles present prior to irradiation is very
much dependent on the origin of these crystals,
In the case of Harshaw NaCl crystals, this
number is of the order of 10!5 to 1016/ems.
(The same order of initial number of vacancies
was: estimated from graphical extrapolation for
Harshaw NaCl wcrystals by Rabint in his studies
on expansion of colored NaCl crystals having
different origins.) Thus the concentration of
first type F-centres can be only of the order
of 1015 to 1016/om3 or even less. In our experi-
ments the density of F-centres is as high as
1017/em3 for X-irradiation of 10 minutes. When
the crystal is being optically bleached, the first
type F-centres are perhaps bleached within a
few c¢kconds and later the bleaching occurs
only by forming F-centre aggregates lika
M, N, R ientres. The study of absorption,
sfpecirum shows definitely that as the F-band
decreares, the M-band gradually increases first
and later the N-band apvears at the expencse of
both F-band and M-band So, the regions of
fast firs{ stage bleaching and the second stage
bleaching are not separated out in the case of
‘ar. cleavad’ NaCl crystals as shown in
Fig. 1. From Fig, 2 it is evident that the
mechanismm of bleaching is the same for all the
‘as cleaved’ crystals of NaCl irrespective of
X-ray irradiation time and the only change
observed is in their slope which decrcases as
the X-irradiation period increases. This can
be explained from the fact thal as the density
of sccond 1ype F-cenires increases, the recapture
of an cjericed cleciron {rom an F-ceontre by a
vaconcy without net loss of F-cenire becomes
more preminent and hence the fractional change
in abrorplion cocflizient Aa /e . becomes much
less for the given time of bleaching,

It is known that quenching of NaCl crystals
at  a parficular temperature  inereases the
initial number of varancics, The effect is much
greater at higher temperatures, This may be
attributed to the ‘quenching in' of vacancies
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which were in equilibrium at high temperatures.
It is supposcd that these wvacancies are unable
to coalesce, It is well established®% that initial
vacancies and those induced by heat treatment
are similar and are widely distributed in the
volume of the crystal Thus in heat-treated
crystal of NaCl, the contentration of the first
type F-centres will enhance considerably when
they are w¢olored  Optical bleaching of these
crystals clearly indicates that there are two
distinct stages of bleaching, The rate of bleach-
ing is faster in the initial stage and later the
mechanism  of bleaching is similar to that in
the case of ‘as cleaved’ crystals.

In conclusion, it may be said that even
though the regions of first stage and the second
stage bleaching are not separated out in ‘as
cleaved’ crystals of NaCl, distinct separation
can be obtained by quenching the crystal at
high ‘emperatures. The results obtained from
heat-reated NaCl icrystal support the fact that
the optical bleaching also takes place in two
stages.
F~centres occurs and then in the second stage,
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the second type of F-centires are bleached with
the formation of secondary centires like M, N, R.
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