CHAPTER 2

SURVEY OF THE RELATED OPTICAL STUDIES IN
POTASSIUM CHLORIDE



(1) COLORATION OF SOLIDS

Colour centres in solids have been studied exten-
sively for nearly half a centﬁry, primarily because
of its usefulness in the understanding of the electronic
processes in solids. In the early part of this century
Przibramgo and his co~workers carried out an extensive
work on the coloration and luminescence of solids which
included mainly natural minerals. The major concepts
in the field of colour centres originate from the
researches on alkali halide:: crystals. Alkali halides
are ideal crystals for the study of colour centres
because of the extraordinarily wide rénge of optical
transparency exhibited by them even at elevated tempera-
tures. Historically, the first observation of the
coloration of alkali halides appears to be the work of
Goldstiengl, who found that when these salts are bombarded
with cathode rays, they darken, each compound exhibiting
its own characteristic colour. The same coloration can
be produced by expbsing the crystals to highly energetiec

radiations.

A comparison of the absorption spectrum of an
alkali halide crystal before and after exposure to

ioniging radiations show that strong absorption bands



are generated in the crystal‘by the irradiatidn._ The
nature of the'absorption is strongly dependent on the
temperature of irradiation of the crystal. For example,
absorption bands, produced during irradiation below
room temperature, do not appear if the irradiation is

performed at room temperature.

Of the large number of optical absorption bands
which have been observed, none appears so prominently
over the entire range from liquid helium température
to room temperature as the F-band. The F-absorption
band in KCl has a peak at 540 mp at room temperature.
The model of the centre responsible for this absorption

22 which involves an electron

band proposed by de Boer
trap@ed in a halogen vacéncy, the electron being shared
by the six nearest neighbour alkali ioms seems to be
established beyon& any’reasonable doubt. The F-absor-
pfion corresponds to an electron transition from the

18 ground state to the 2P excited level close to the

bottom of the conduction band.

It has been reported that the peak position of
the F-absorption is dependent on temperature. With
decreasing temperéture the band becomes narrower and
its peak positioh shifts to shorter wave_ lengths. Tﬁe

effect of hydrostatic pressure on the F-absorption in
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alkali halides has been investigated by Jacobs and

Maisch and Drickamer24. It is observed that the peak

of the P-rband shifts to shorter Waveléﬁgths with
inereasing pressure. In the case of F-band in KC1,
Jacebsz3 reports a shift of 169 mp. The thermal bleach-
ing of the F-centres has been studied by many investi-
gatorszs’zs. Braner and’Halperih present evidence fo

‘ show that the thermal bleaching of ‘F-centres takes

place mainly at certain characteristic temperatures.

27

Sadlyarenko et al™ reported the existance of F-centres

with different thermal stabilities in the alkali halide

28

phosphors. Sonder et al found that the F-centre

annealing occured over a broad range of temperature.

Gareful measg;e%ents have ggyealed a small hump
at the short wavelength side of the F-band and tpree
additional, well-resolved but very weék abserptioﬁ
bands at wavelengths still shorter than that of the
hump. The hump is called the K-band and the three weak
- bands are termed Ll, Lg and L3 bands.( Lity suggests
that the F and K bands are due to transitions of the
P-centre to higher bound excited states; resﬁlting in
very little phatoconductivityzg. Miyamoto et a130
identified the K-band as due to‘F~centres in the field

of dislocations. However, recently Spinolo et a151
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and Schmatterly % yave given evidence in support of.a..
model invo;vigg t?ansition§_to highef'excited states

of an P-centre. The I-bands, according to Lﬁtyzg

y are due
to transitipns‘of ﬁheﬂF—qen#reAeleqtrons tq free or unbound

states whichlgive phoﬁqcogductivity even at the lowest
' 33

temperatures. Klick and Kabler g;opogéd a model for
Lfbgﬁds as being combinations .of the usual F-centre trans-
itioné, which transfe; the E-ce@trgﬂglectron_to a neighbour-
ing alkal;miqn agdwﬁge raig;ng_of the resulting alkali -

atom to various excited states.

~In addition tgﬁfhe‘K and I-bands, there is yet anofher
absorp?}pg banq that occurs When an aika;i halide crystal
is qoloureé with F-centres; th;s‘isAtermgd the F-band.
This band which lies on the low energy side of the funda-
mental exciton ébsorpfiop is thought %o iqyolve the
excitation of a halogen ion near the chent;eséf Partial
?leach;ngupfAthe F-band. at low tgm%eraﬁgrg‘prqduces a
band on thgnlow Qneréy side of the ?—band,wqalled the
oi~band. The~(-band paévaygg_beeqwgsgumgd‘tq be due %o 2
a'pe:ﬁurﬂed‘léttice“absorptiop, the perturbation being
due to a negative ion vacancy. The thermal destruction ‘
of the gen#re at 1owltempéya§ure - 150°K in the case of
«~-centres in KC1 - can be caused bybthé d}fﬁqsion of

isolated vacancies so as to form vacancy pairs.
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- Illumination of a KC}(crysta% containing chgntres
with light in the P-band at\low‘témgergtgres causes a
. ﬂecreasg in the Ffbaﬁd and-a broad bgﬁd on the long 4
wavelength side appears. This hgs:begn,ngmed the F' band.
3

Pick 5_has investigated the qptical conversion of F -» F{

and the reverse reaction. The quantum yield for destruction

of F-centres is small gt low temperatures, but increases
with temperature a@d attains a value of two at —100°C.
It is believed that at temperature around -100°C, the
electron trapped at the F-centre, when exgited“to the
highef 1eye}, instead of being tg;own into the conduction
band, is retrapped by another F-centre td_forﬁ the F!
centres In KC1, the F’Vbentré is stable only at‘low
temge;g%ures, apd it’dgéémposes on warming to 200°K,
regenerating the F-centres.

While P-illumination of a crystal qentaining‘F—
centres at low temperatures generate Fland «<-centres,
the bleaching ofFcentres, if performed at room temperature
results in the formatien of a family ef'aésorpfion
bands appearing on the long wavelength side of the P~
band. These are designated the M, R,, 82g N, and N, bands.
These centfes can also be formed by subjecting the alkali
halides to prolonged X~ irradiation near room temperatgress.
Based on the fact that these bands appear~to be the

product of F-centre coagulation, generated at the cost

12
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of F-qentres,“Seith? Q;op9§ed ﬁegtaﬁive models for
theée centres. According to Seitz the Ry centre is
an electron_tygppe@vat a palr of negative ion vacancies
and the 32‘9¢n§re\cons%§ts_ef‘é pair of F—centres.w
The M-centre, he suggested,_inyqlved a centre having
an L-shaped configgrat%onwresglting~from~the associa- -
tién of an F-centre wiﬁh_a_neutral pair of positive
and negative ion vaoanpigs. ﬁﬁn ;nte;sting feature of
Seiﬁz’s M, 31 and 32 ceptge modgls is th@ir_laok of
cubic symmetry and the prediction that the luminescence
of these qgntres should be polarizged if the exciting
light is_polarized. _ ‘ ) S

A modification of the Seitz's M-centre model has

38

been proposed by Knox”", which i%volves an_alkali

atom at the centrg of‘g‘qua?tet gf.vaqancies ( two positive
and two negative). From-the results obtained during
their study on the dichroic properties of F and M-

39,40

centres aﬁd the reaction kine?ics for the formation

41
of F and M-centres in additively coloured KCl, Van Doorn
and Haven suggested a model for M-centre consisting
of a pair of PF-centres.: Zﬁg Van Doorn—Haven model is

in accord with the requirement of inversion symmetry42

and the absence of dielectric ;93845. Many investigations

have been reported in the recent past which lend support
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to the_F2 model of Mfgeptrgééfuwg
) Vgp ?ooynQanﬁ_Hévep‘gggculateg on the possibility

that cthe;uF—agg?eggte bgntrgs might also involve more

copsis@s of tp;ge,3~ceq§r§§: ’T@isvppgsibilitthgs been
expandég_by P;c?%?l vige_9rdgg;of~cgmpleiity of these
qug}s ;gpgéng from“qng‘ﬁé iogr ?Tcgntres‘qorresponés
to the order iniwhiqh‘they_gre_fo:med, first F followed
by M, R and N-centres. 3iqk”§s§umed_thgt’the Rlland‘Rz
bgn@s‘corpegpond‘tq two transitions of the same centre
comprising of three F-centres forming an equilateral
triangle in the (ill)_plane;’ The N-centre has been
§§égme@_tq @pvglyeﬂfoﬁr P-centres. The N-band appears
to consist of two overlapping bands, W, and Ny. The Ny
centrq\ig gssqggd to consist.of g‘parg;}g%ogram in’the
(111)‘p}an§~wpilg_the7N2;ceﬁg;§,is:a_@et;aheqfon involving

the four possible (111) planes. Pierce'® studied the

vibronic sﬁrqcture ayq sym@et:y_prpperﬁiegiof FP-aggregate
. centres in NaCl apqﬂy$gé¢nts.evidegcguinifavqgr of the

F.-model of the R-centre. He, howgvex?>pqigts‘opt»the

!
possibility of’gnmﬂl—mgéel consisting of two F-centres

at diagonal positions in a unit cell and favours the
-centre. Schnieder and Kabler®’

1 model for the N,

speculated that the N1~centres consist of three P-centres

Pick's N
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whose arrangement is different from that of R-centre.
Though the F3 model of R-centre seems to be well-established

the models for the Nl and Nz centres are not yet finalised.

The PF-aggregate centres are in gemeral stable in

thé4dark in the vieinity of and below room temperature.
At higher temperatures they become unstable and generally

.dissociate into F-centres or into other F-aggregate

48

centres. Tomiki has summarised the thermal reactions

which occur above a critical temperature in additively
coloured KCL as follows:

- >50%

I F+ M +vN1 + 33

° -
Ry, Ny 2104 4

R,, R

o
M >I130¢C 7

Py

49

The Rs‘band seems Lo be & new band. Bron has also

confirmed the presence of R5 band peaking near the\32

band in X-rayed KCl. Hattori®®

observed that the thermal
bleaching of the Né band is nearly identical to the
thermal bleaching of the Rl and Rz bands. He noticed

the presence of still énother band which has been desi-

gnated as Ng;. Thus the first thermal reaction becomes

' > 50% '
Rl’ Roy Ny “==%F + M + N; + Npy + Npo
where NRZ is the same as the R3 band. The NRl, NRQ:
and Nl centres bleach at temﬁeratures around 70°C.

NRys Npgy Ny 2-om F + N



" In addition to these absorptions a large variety
of optical absorptions ascribable to the transitions
to higher excited states and to ionized aggregate centres

have been reported51_55.

For all the centres that are discussed above
the absorption is due %o trapped;elctrons; Irradiation
with ionizing raaiation can as well generate centres
’due to trapped—hélesf This éroup\of centres a?e gegerally
known as V-centres. The nature and type of V-bands

generated depend on the temperature of irradiation.

Irradiating a KC1 crystal at room temperature
prﬁdubes two absorption bands peaking at 212 and 230 mp
named VS and V2 bands respectively. The V3 band dominates
over the V2 in strength. These centres are generated
‘along with the usual F-centres; Alexander and Schneider®
observed that the application of man electric field of

2000 volts/em during F-light illumination eliminated

the P-band oompietely'leaving‘the V-centres unaltered.

Irradiation of alkali halides at liquid nitrogen
temperature produces a prominent Vl band and amaller ‘
Vz and V5 bands, together with F and F' bands. In the
irradiated erystal an absorption is also produced in
the short-wave ultraviolet whgifh may be resolved into

the Vz and another band designated V4.' The Vl band
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has a peak maximum at 356 mp and V, peaks at 254 mp

in KC1l, The V1 band ip KC1l becomes thermally'u?stable
at 128°K and is completely bleached at 173°K and above.
The V, band is slso unstable above 193°K.

Sei’sz37 proposed that the Vl band is due to a centre
consisting of a hole trapped at a positive/ion vacancy.
‘Aécording to him the V5 and V2 éentres are the inverse

" of his R1 and Rz centre models respectively and the V4

centre,the inverse of his M-centre model. Other modelss?

for V-centres have been proposed by Warley, Nagamiya,

Burstein and Oberly.

k]

Kanzig and Woodruff58 have suggested that the Vl

centre consists of a halogen molecule Xé at a single

59,60 have been

anion -site. A number of other models
proposed for the Vl centre. There now exists strong
evidence that the V, centre in KCI and KBr comsists

‘of an H-centre associated with an impurity vat ion®?.

As an alternative to the vacancy ﬁodel of V-centres
proposed by Seitz, Hersh has suggested that the V2 and
Vs bgnds in KT and KBr and the V, band in KC1 arise
from & centre that may be described as a linear array

of halogen molecule and a halide ion. This suggestion

of a molecular~-type model results from studies of the
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H

a@sorption bands in water solutions of thé alkali
halides ana~halogens.' Short-lived species of absorbing
centres have been found in water sélu@ions of halogens

and alkali halides after ultraviolet irradiation. These
were suggested to be X; ions. Qhe wavelength of absqrption
bands arising from these species are near those found.
for'vk and H centres in the erystalline solid. The

close correspondence between the pands found in solution
and Vk and H bands found in crystals lend support to |

"Hersh's suggestionsz.

%

Lﬁtyss, Damm and Tompkins64 have suggested that
Vo and V3 bands are attributable to the presence of

65 observed that

impurities in the crystal. Nadeau
these bands do 'not appear in the crystals when the
impurity content of the crystal is reduced comsiderably.
A considerable amount of work has been carried out by

Christy et a166’67

s on the properties of Vsecentres in
alkali halides. They identified the VS centre as one
coﬁsisting of a Clg molecular ion, oriented in the [001]
direction,~oceupying two anion and one catiom sitese.
Recemtly from the studies on prolarized bleaching of

68 the model of this centre

V3 centre Christy has speculated
as a resonance between the three possible (100)-type

orientations, i.e. as a Clg- molecular ion with cubic
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symmeﬁry. He has further speculated that the VS’ V2

and V4 absérptions are all related to Xg struectures.
' The V4~centre is ﬁroﬁuced most prominently by

¥-irradiation betweén 140°K and 200°K. ' Though the

254 mp. band in KC1 has been des;i,gnaéed the V, band

earlier, Faraday and~Compton69 and Ttoh' O observed a

band af 240 mp in K61 which exhibited similar behaviour

as the V, band in KBr and preferred to call this as

4
71 , :
the V4 band. Kingsley suggested this centre to be
an antimorph of F-centre. According to Iton © the V

4
centre involves a di-imterstitial halogen moiecula

which has a {100> symmetry axis.

.During irradiation of a pure KCl crystal at liquid
nitrogen temperature, itlis possible for some of the
electrons from the 3p shell of chlorine ions to be
ejected. The resulting chlorine atom associates with
an adjacent negative chlorine ién. In other words, the
electron deficiency is shared by the chlorine atom and
the nearby chlorine ion thereby forming a Glg mélecule
ion. This eeﬁtre has been named the Vk centre and has
got an absorption at 865 mp in KCl. It has been obse-—
rved that the introduction of impurities such as Ag+,
T1+QT Pb* into the crystal increases the efficiency

of formation of these centresvz. This is understandable

i
’
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since the impurities act as efficient electron traps
and reduce the possibility of annihilatioﬁ of the hole
trapped at the centre. Thermal bleaching ¢f Vk centres
' occurs in pure K6l at 133°K and in KC1:T1l at 208°K.

In additively coloured crystals containing divalent
metal impurities a new set,ofiabsorption bands arises
which have been named the Z bands. Mainly five such

bands have been observed and ére designated with subsc-
‘ ripts)l o 5. Optical irrad;afion of divalent impurity-
doped crystals contaiﬁing F-centres with P-light generates
Z1 centres., If this crystal is then heated to around
380°K, the Z1 centres are deséroyeq, some of the PF-
cen%res are reformed and 22 centres appear. When crystal
containing mexture of F and 7, centres is irradiated
with P-light ata4180;k, the two bands decrease in
concentration and Zzuband appears along with the F!

band. Additively coloured KCl:Sr specimen after pro-
longed P-irradiation at room temperature exhibits Z4
band besides the Z, band. An interesting characteristic
of Z4 is its appearance aﬁd disappearance along with
‘the 7, band. Kojima'° observed that KCl crystals
containing relatively high concentrations of Sr*" exhi-
bited another band, Zy, besides the normal Z, band.

The models of the various Z-centres have been discussed



21

by several authors o9,

A

X-irradiation at -80°C of crystals of KC1l and KBr

containing Ca2+, Sr2+ 2

’ ana Ba“t has been found to produce
a centre whose optical absorption is in the near-ultra—
violet ( 323 and 321 mp for KCl:Ca and KCl:Sr respect-
ively and 335 and 390 mp for KCl:Ba ). The centre is
bleached thermally at around 232°K. Analysis_ of the

resonance spectrum has 1ed>Hayes and Nichols80 to

suggest that it is a Clg eccupying an anion-cation
vacancy pair in the close neighboeurhood of the impurity
and is aligned imnthe [ 100J]direction. Crawfofd and
Nelson°l also observed this absorption but disagree

with the view that\it ig in the viecinity of the impurity.

With the incorporation of the impurities‘in alkali
halide lattice a number of absorption bands are observed
which are characteristics of the impurity. An absorption
band at 204 mp in KCl has been found in all‘symthetié
crystals grown without the intentional addition of
impurities. The impurify responsible for this absorption
is identified as the hydroxyl‘ions and the band is

called the OH  band®®. Tt has been further established®

3
" that moisture and oxygen together encéurage the increase
in the OH~band which is proportional to the time the

melt is exposed to oxygen and moisture.
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The absorption band having a maximum at 216 mp’in
K8l is known as the U band. The U cenﬁre has been

84and is considered

studieﬁ extensively by Hilsch and Pohl
to be an H ion 6ccupying a halogen lon site; U centres
can be converted into F-centres by irradiation with

U band light. Delbecq et al°?

has carried out.paramag-
netic resonance studies on KC1l:KH system. They observed
two more absoptions on the longer wavelength side of |
the U band and designated them as U; and Uy. The Up
band peaks at 236 mp in KCl. Based on their observations
they have proposed models for the different centres.

' The U centré is a substitutional hydrogen ion on a
halogen site while the Ul and UZ centres are suggested
to be ihterstitial hydrogen ion and hydrogen atom
respectively. The maximum rate of thermal decay of U2
occurs at 108°K. The Uy bgnd has a maximum rate of
&ecay in the Qicinity of 160°K. Additive coloration

of crystals containing OH baﬁd produces a U band that

is proportional #o the OH band height.

86

Kanzig and Cohen observed a paramagnetic reson-

ance signal at low temperatures in various alkali

halides and they attributed it to an 02 impurity ion

in a substitutional halide iom position. Rolfe et al®’

have studied the optiecal absorption’spectrum of this
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88 have studied the

centre. Recently PFisher et al
production and optical absorpition of KCl containing

05 end 0™~ centres. They identified the absorptions

at 5.09, 6.41 and 7.0 ev (243,193 and 177 mp) as due

to O2 and ascribed another set of absorptions at 2.82,4. 34,
5.77 and 6.40 ev (439,285,215 and 194 mp) to 0 centre.
A1l vands for O have been attributed to electron trans-
fers from O~ %o the surrounding K ioms. Irradiation
with ultraviolet light in the O . absorption bands

results in the photochemical reaction®?

-

o+ [ > 0 + F

The 0 centres are reported to have an absorption at

6.7 ev (185 mn)5%.

(2) LUMINESCENCE OF POTASSIUM CHLORIDE PHOSPHORS

The crystalline luminescent solids are generallyl
called phosphors. Because of their relatively simple
structure and properties alkali halides have been sub-
jectgd to extensive study. The present Wérk is mainly.
concerned with the luminescence of potassium chloride
activated with thallium. In this system both the absorp-
tioﬁ and the emission are suggested to occur in the
same localized centre. The absorption spectra of all
alkali halides exhibit;striking gsimilarity when they
are activated with thallium. The three principal

1

absorption bands were labelled by Seitz™ as A, B and
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and € bands., The spéctrallpositions of these bands
in KC1:T1 are 247, 206 and 195 mp respectively with
relative strengths as C> AD B. V

KC1:T1 phosphors exhibit two main emission bands;
the principal emission at 305 mp was attributed to
247 absorption and the weaker emission band at 475 mp

to the 195 mp absorption.

The electronic coenfiguration of the ground state
of 1% iomn in gas is 632 aﬁd the electronic state is

1

S The first .excited state of the free ion has the

0°
configuration 6S6P and contains the electronic states
*2r 7Py fﬁz and ¥p,. . |
Seitz's modei considers the luminescent éentre‘
to be a substitutional thallous ion. In(other words
the luminescence emission is attributed to the electr-
onic transitions in the substitutional Tl+ ion. A
configuration coordinate model which invo¥ved a single-
-eonfiguration coordinate for the distance between tné
;uminescent ion and its‘nearest néighﬁours was ﬁtilized

to interpret the interaction between the emission

centre and the crystal lattice.

Later Williams2 attempted a2 quantitative treatment

of the problem. The energies of the %Sb and ?Pl states
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4

of the T1+ ion in K81 were calculated. A similar gcheme

13 for the

was adopted later by dohnson and Williams
%Pl state. The following transhdtions were associated

with the observed absorption hands:

195 mp ) gy == 1B,
247 mp 1SO ——~~*-3P1
206 mi 180 —~-—~f5P2 ( very weak )

In order to account for the observed long- lasting

phosphorescence of KC1:T1l, Johnson and Williamsis

attributed the electron trapping characteristics to

- the 3Po’and SPE states because the transitions

1 o3
180 ~—-~¢-3P2 are forbidden.
The blue emission around 475 mp was ageribed to

1]?1 ~~—~*-1SO transition. Later observations by Eby and

90 of a high energy

Teegarden® and Johnson and Williams
emission at liquid nitrogen temperature in the region

- 0f the A bpand has simplified the position. Since the .
247 mp. emission overlaps the absorption band, there is

a strong reabsorption of the emission at room temperature.

The present scheme is as follows:

247 mp absorption 130 ~~——-5P1
305 mp emission | 3p1 ~—~—-1SO
195 mp absérption 180 ~——-0-1P1
247 mp emission lPl =--~¢-1SO
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The transitien for the.475'mp emission is not fully

91

understood. Willisms believes that both this emission

M .
and the 505iemission originate from isolated substitu-
tional Tl+ ion with different excited or vibrational

state.

Though the theory could successfully eiplain many
of the them existing data, the later findings of
various workers raised serious'dqubts regarding the
validity of the Seitz-Williams theory. Williams' sugg-
estion implies that the same exeitation spectrum should
be observed for the 305 and 4752éﬁissions. During ’
his study of room temﬁerature,excitation spectrum Butler'
obtained certain contradictory—re;ults. Patterson and
Klick8 preferred to consider different thallium centres
rather than one centre. Objections to the calculations
of Williams and his co-workers have been raised by

Knox and Dextergz.

On the basis of the band theory of solids é phos~
phor gkhibiting long~term phosphorescence should also
show photoconduetivity; but KC1l:Tl1l system happens to
be an‘eXception to this rule. Seitzr suggested the
metastable énergy levels of Tf* ions as trapping
- sites to explain this. ~5Po and 5Pz states were later

identified as the “"electron traps". Johnson and
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Williams™ ascribed the two major thermal glow peaks

in KC1:T1 at 205° and 300°K to these traps. Results

" obtained by Ewles and Jpshil1

contradicted this aésump- )
tion. They observed the same two glow peaks iﬁ KC1l
. activated with barium or strontium. Even 'specpure'
potassium chlgride, evaporated and compressed,‘éxhibitéd
the same two glow peaks. They argued that the traps
responsible for KG1:T1 thermoluminescence were inde-

‘ pendent of the impurity ion and that they were charac-

teristic of other crystalline defects in the host lattice.

Thermoluminescence lends itself as a versatile

tool for the detailed study of trapping sites in lumine-

93

scent materials. Randall and Wilkins suggested that

the glow peaks exhibited by phospherescent materials

were due to eleetrons released from a number of eleciron-

26,94-08

excess centres. Many of the workers have

speculated on the pessibility of a direct coerrelation

between the glow peaks in alkali halides and the colour

centres. Hill amd Schwed>® 97

N

suggested that different peaks arise due to electron-

and Bonfiglioli et al

deficient centres having different capture cross-sections
for electrons, which are released thermally from a single
electron-excess centre. Halperin and his group believe

that the glow peaks are due to recombination of electrons
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and heles after the thermal release from their approprigte
trapping sites, which are characterised by specific
activation energies. Localized energy levels just below .
the conduction band serve as electron traps and those

just above the valence band serve as hole traps.

According to Hill and Schwed and Bonfiglioli et al,
every peak should give emission that is different from
those of other péaks. Moreover, the activation energies
for all the peaks should be the same. Both these-featﬁres
have been contradicted yy Halperin et ai, who obtained
different thermal activation energies for the glow peaks
of Na€l and KCl, as well as a common emission bend in’

the peak895’99.

100

Dutton and Maurer ' suggested that the thefmo~

luminescence results from the recombination of holes

released from V1 centres with eleétrons from F‘centres.

Based on an experiment performed by Stoddard101 on

102 carried out measure-—

sodium chloride Braner and Israeli
ments on the photo-stimulated thermoluminescence of
alkali halidgs. The‘peaks obtained after F light
illumination were termed the "electron peaks" and the
ones obtained after V light illumination were fermed

1103

the"hole peaks". Bessacchi et a carried out a

similar study and speculated on the probable models for
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the various glow peaks. Thermoluminescence measurements

by Joshi et a11918

led them to suggest that the trapping
sites in KC1:T1 are the ion-vacancies. They have specu-
lated on the probable colour centres responsible for

the different glow peaks in KC1l:Tl.

Evidence for the relation between thermal glow peaks
and colour centres has also been obtained by a number of other

104 R . .
workers 04?1@5. Thermolunminescence measurements in conjun-—

ction with optical absorption studies in 1iP%8 aid in

ke1:7112 by Christy et al and Delbecy eb al respectively
lend further support to the view thatvthermal glow
results from the thermal destruction of different types
of abseorbing centres and the subsquent recombination

of electrons and holes at the emission centre.

The survey of the literature given above is more
or less of a general nature. It is mainly intended
to give a broad idea of the present line of thinking

in the field of thermoluminéscence.

(3) OPTICAL ABSORPTION OF KCL:TL

Optical absorptlon and lumlnescence of KC1:T1 have
been the subject of detailed study in the past few years.

Incorporation of thallous ions in KC1l lattice introduces
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new absorption bands depending on the different con-
figurations in which thallium is present. Much of the
earlier work in this direction will be referred in the

following sections.

!/

9 studied the trapping and

Receﬁtly Delbecqfet a11
annihilaﬁion of electrons and holes in KC1:T1 system.
In an asseciated absorptioh §tudy they obtained number
of absorption bands wﬁich they attributed to the presence
of T1*, m* and 71° centres. The absorptions at 247, \
209 and 195 mp have been identified as the well-known
A, B and C bands (Seitz's terminology)z respectively.
The bands at 380, 250, 300, 640, 1260 and 1500 ma have
been attributed by thése authors to T1° atoms and the
bands at 220, 262, 294 and 364 o have been ascribed to
?17* ions. |

These anthors have discussed the formation meché—

nism of the above centres in KC1l:Tl on irradiation of

the samples. Irradiation of these samples at 77°K with

'
&

ionizing radiation results in the‘fermafian of free
electrons and positive holes which may then be trapped
to form T1° and €1;. The Cl; ion ean be retrapped at mt

ion to form Tl+f the reaction being given by

7" + C1; (mobile species) ——p m*t + 201",

-
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The above authors in a later paperlo7 have

studied in detail the infra-red absorption of 1 °

¢

atoms in ¥ -~irradiated KC1:T1 samples. These absor-
ptions have been attributed to the forhidden.%Pyg———)-

%Psyg transition of the free atom. )

108 have made a2 theoretieal

Recently Stauber et al
study of 71V absorptions in KCl. It is reported that
thallium substitutionally initroduced in alkali halide
crystals gives rise 1o foﬁr absorption bands namely
A, B, C and D bandsat 5.03, 5.94, 6.36 and 7.30 ev.

respectively. The transitions involved in the case

of the former three have been discussed.



