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Thermoluminescence studies of trapping centres in KCI*
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Six thormoluminescence (TL) peaks m the range 30-400"C have
been isolated by experimontal as well as numcrical computational
techmques in X-rradiated KCl  crystals  Thermal activation
energy (E), {requoncy factors (s or s'ng)) and the order of recombina-
tion lomotics of these peaks have been established by total curve
fitting of TL curver obtamed in samples which bave undergone
different treatments

The natwre of chamge carrers producimg the observed TL has been
studied by means of photostimulated TL By X-nradwation at
temperatures above 30°C and f-stimulation at 30YC two TL peaks
around 135" and 175°C have heen genevated, from which we conclude
that these two peaks are duo to thermal relcase of F.centre clectrons
The TL peak around 90°C which s always present m erystals irra-
diated at 30°C is found not to be F-stimulable, which may possibly
be due to thermal rvelease of trapped holes

The present mvostigation shows a set of foar TL peaks around 175,
205, 236 and 266°C having almost the same activation encigy (E)
but different frequency tactors (s or &'ng)  Wo propose that those
TL peaks are due to thermal reloase of # centre clections {rapped
m different local cuvironments.

1. TNTRODUCTION

Thermoluminescence (TL) of alkaly halides has been widely invostigated 1o doter-
mine the thermal activation encigy (E), the frequency factor (s or §'ng) and tho
order ol kinetics of recombination. Among the alkali halides KCl (pure as well
as doped with suitable impurities) 1s probable the most cxtensively studied
material (Malperin ¢f af 1957, Braner & Halperm 1957, Jain & Mehendru 1965,
1970, Mehondru 1970, Mattern et al 1970, Ausin & Alvarez Ravas 1972a, 1972b.
Gartia & Ratnam 1975¢, 19750, Ratnam & Qartin 1975). Tn spite of tho con-
siderable effort there is disagroement in the data reported by the different investi-
gators. In our earlier papers (Gartia & Ratnam 1976b, Ratnam d: Gartia 1975)
on the TL studies i alkali halides the importanco of isolation of pure TL peaks
in the determination of thermal activation onergy (FE) as well as the order of
kinotics of recombination was high-hghted. Howoever, it was not possible to
isolate all the TL poaks by experimental technigues alone

In the present work the TL peaks which could not be isolated by experimental
techniques like high temporature (upto 200°C) X-irradiation alone, F-bleaching

* Based on the work submiltod for I'h.D. degroe by onc of the authors (R.K.G.).
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at 30°C alone and irradiation at hugh temperatures (105, 165 and 200°C) {ollowed
by F-stimulation at 30°C; are isolated by numerical computation. It is shown
that there 18 & unigue set of six TL peaks m the range 30-400°C in X-irradiated
KCI, their 1olative intensities bemg dependent on the treatment given to the
sample before rccordmng the TL curve The role of F.centre electron m the
TL process ol X-wradistod KCI which 1s stall controversial is discussed.

2. EXPHERIMENTAL

Sovoral pieces of laboratory grown KCI crystals of approximate size
1 41401 em?® eut from the same bulk were used lor study. They wore all hoat
treatod—kept, at 400°C for 30 mn. m vacuum and. quenched to RT (30°C) before
porforming the experiments. Tiradiation dose was 30 min. of 30 kV, 10 mA
X-vays m all the cases  The rate ol heating was 28405 dogree/min The
method of recording the glow cuvo and other details are deseribed m owr pre-
vious papers (Gartia & Ratnam 1975, 1975b). F-stimulation/bleaching was
done for timos varying between 5 to 240 mm in the sample holder compartment
of Spectromom 202 spectrophotometer at RT.

3 Rusurrs

’

3.1, Analysis of the 266°C peak

In our carlier papor it has heen shown that KCI erystal irradiated at 200°C
gives vise to an isolated TL peak at 266°C (Ratnam & Gartia 1975). In this
case sinee the peak does not show any satellite peaks all the three eaperimental
parameters, 7', (glow peak temperature), 7') (lower half-width temperatuie)
and 7', (hugher bhalf-width tewperature) can b detenunod accurately  The
goomctuical Lactor py = 8/w, whoere & = Ty-- 1" and w = T,—T"; of this peak
18 found to bo 0-40. According to Chen (1969) ug = 0-42 for first order and 0-52
for second order TL peak  This mdicates that the 266°C peak follows first order
kmetics. To deternune the ordor of kinetics, & and s of this peak accurately
the theoretical TL peak w numerically computed, the TL intensity bemg cal-
culated ot intervals of 4°C Swmee the geometrical fuctor (s5) shows the peak to
follow first order kinetics the following oquations of Randall & Wilkins (1945)
15 used for numorical computation

I = snyexp (— IE;L: ) exp [—(%) L_,I" oxp (;ﬁ )d"‘] e (D

and the condition for maximum 18
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where the paramoters have their usual meanings (sce Chen 1069) Since all
tho parametors in oq (2) are known one can caleulatc the frequency factor
& (Sve™?) for different values of E. The value of & is calculated by computer
simulation of I nsing the method of loast squares. The numerical computations
are carried out on an TB.M 1620 computer. The theoretical TL curve with
B =132 ¢V and 5 = 5-5x 101 (Sec1) is found to give the best it with the ex-
perimental curve (figure 1).
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Fig. 1. "Thermolummesconce eurve of KCI crystal niadisted by 30 kV, 10 mA X-rays for
30 min at 200°C The contuuons curve 15 the experimentally recorded one and
dots ropresont. intensities of tho namerically computed curve using Randall-Wilkiny’
equation,

For erystals iwradiated at 156 and 105°Ct two ovorlappmg peaks are observed
n the region 240-270°C' (Curve A of figures 2 and 3). However crystals ivra-
diated at those above mentioned temperatures followed by 16 mm. of F-stimula-
tion at 30°C show a well vesolvod peak around 260°C (Curve B of figuros 2 and 3)
Since & (T'y—Ts) of this peak m both the cases ig close 1o that of 266°C poak of
200°C irradiated sample, least squaro fitting of the falling side of this peak is
attempted using first order kinetics equation of Randall & Wilkins (1945). The
numerically computed TT curve with  =- 1-45 ¢V and & = 2Xx 10** (Sec—?) given
the best fit for both tho casos (curve B of figures 2 and 3).

3.2, Analysis of the 135°C peak

In our earlier paper (Ratnam & Gartia 1975) we have shown that by a proper
welection of the temperature of X-irradiation and the time of F-stimulation a
pure TL peak around 135°C can be generated in KCI. Since geometrical factor (uy)



1012 R, K. Gartia, V. V. Ratnam and B, K. Mathur

e ® o = >

INTENSITY (ARB-UNITS) —

EN

TL

S E—— RO - |

60 izo te0 240 300

TCMPERATURE (°C)—»

Fig. 2 Thermolnmimescence cume of KO nradiated by 30 kV, 10 mA Xauys at 166°C,
(A) for asarradiaded erystal, (B) fo erystal having undeigone 16 muwn.  F-stimula-
tion ut 30°C. Doty roprosent. the intonsitios of the numericully compuated TL peaks.
The Qufferenco curvo 13 shown by hseontinuous cuve
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Fig. 3. Thermolununescence curve of K¢l wrradusted by 30 kV, 10 mA, X.rays at 105°C:
(A) for as-irradiated crystal, (B) for erystal having undergone 16 min  F-stimula-
tion at 30°C.  Dots represent the intensities of the numerically computed TL peals.
The difference curve 1s shown by discontinuous curve,
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of this peak shows that it follows second order kinetics the following equation
of Garlick & Gibson (1948) 15 used for numerical computation.

1 = ¢'n2exp (— TI;' ) []-y( s%"" )i‘ oxp (— Ir;i"' :;dT’]—:. e (3)
1]

The condition for maximum m this case iv—
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The numerically computed curve with f# = 0-78 eV and s'ng = 1-3 x 108 (sec~?)
1 found to give the best fit with the experimental curve (curve B of figures 2 and 3).

Though curve B of figures 2 and 3 show two woll-dofined poaks the difference
curve (obtained by subtracting the numerically computed TL peaks from the
experimontal curve) shows m both the cases two overlapping peaks m the region
of 180 and 220°C. The analysis of these peaks is done m tho following sections
No attempt is made to analyse these in figures 2 and 3 as they are not well-defined

3.3 Analysis of other TL peaks

TL curve of 240 mm F-bloached erystal shows a promment TL peak al
135°C with shoulders around 90, 200 and 236°C (figwe 4)  Smee wo have
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Fig. 4. Thermolummesconce curve of KCl irraduted by 30 kV, 10 mA Xorays {o 30 min
at 30°C and F-heached for 240 min. at the samo tomperature, The contmuous
curve 18 the experimentally recorded one and the discontinuous curves are the
numerically computed TL curves Dots ropresent the totul theoretical TL curve
(the computed TL peaks added together).
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already succossfully analysed the 135°C' peak, this curve is selected for
analysis Ly numerical compulation The entire TL curve can be fitted
by five TL peaks oceureing ol 90, 135, 175, 205 and 235°C (figuwre 4) Tn
the expermmental curve iteolf the prosonce of all the above mentioned TL peaks.
oxcepl the one at 175°C. are clearly seen though i s difficult to locate
their temporaiwre maxma (Ty) oxactly Howover TL curve of KCl crystal
irradiated at 155°C followed by 60 min  of F-sbmulation at 30°C shows two
promment TL peaks at 138 and 263°C with an additional promment shoulder
around 175°C (Gguro 5) T tlus case tho TI curve can be fitted by five peaks
at 135. 175, 205, 230 and 263°C

The valies ol B, s or s'ny and also the order of kingtics of all the TT, peaks
reprted above are shown m table 1

Table I Thormal activation onergy (B), frequeacy lagtor (s or «'ny) and the
order of kmeties of cecombmation of the six TL peaks m the range
30-400°C obgervod in X-irradiated KC1

Treatment 1 (°C) E (oV) sorsn, Ordorof
kimetics
200°C wradintion 266 132 B-H% 101 Iirst
156°C nradiation--15 min, F-stimulation 2568 1:406 2:0% 102 Furst
131 078 1-3 x 108 Second
106"C wrradiation+ 16 nmin  #-stimnlation 2560 1:45 2:0%x 102  First
131 078 1-3x 10° Second
1656°C rradiation—+ 60 min  F-stimulation 263 1-44 95101 First
230 1-32 50x10* st
206 1-44 5:2x10  Tirst
176 1-44 5-8x 10  BSecond
136 0-84 6 0x10° Second
30°C wradation+ 240 nmun, F-bleaching 236 1-32 3:5 10" Farst
206 1-44 5.2 %1012 First
170 1-44 58x10'*  Second
136 0:84 6-0108 Second
90 1-12 1:63¢10'%  Tust

4 DiscUssIoN

Jamn & Mehondim (1965, 1970) have shown that only two TL peaks are
observed i RT X-uradiated spoctroscopically puue KCI erystal  Howevor,
they havo roported additional TL peaks in doped or strained samples. Thoy have
altrihated the 135 ana 190°C peals 1o the firnt and second stage M contres, whereas
95 and 270°C peaks have beon attribited 1) the niesence of impurities and vlastic
delrmation rewpectively  They have also shown that there 15 an intimate rela-
tion hatween the TT output und the F centre concentration of the samole.  This
rosult has heen further supported by Ausin & Alverez-Rivas (1972a, 19720)
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Braner & Halperin (1957) have shown that F gentiex Dleach al stages corves-
pomding to the different 1T, peak tomperatiwes  Ausin & Alvavez-Rivas (19720)
have also shown that thome s an annealing step of F centres corresponding {o
oach TL poak when the temporature of the samvles is vaised al a constant rate
Thesoe vesults contirm that J centres dofinstely play a key rvole in the T process
Now the question that arses 1+ what is tho exact vole F contres play in the
TL procoess ?
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ig. 5. Thormolummescence cuve of KO nradisted by 30 WV, 10 mA, X-aays for 30 mm
at 1356°C followed hy 60 pun ol P-stimulation at 30°C  The continuons eurve iy
the experimentally tocorded one uud the discontinuous ewrves e the munerieally
computed TLoewrves Dot 1opresents the total thoovotical T1 curve (the curves
addod tugethor)

A & Alvarez-Rivas (1972¢) argue that F contres aet as recombination
sontres [or mterstitials (hole type centres) wluch heeome thermally 1eleaesd
from trapping sites  Their argminent 1s haxed on the Lact that the almormal yaiues
of & or 'ng observed by them ax compared to the expocted range 108-101 (see 1)
mtles out the vossilibity that TL vrocess s due to untranving of F contre eloctrous
or mare olectrome holes  Howoever our rosults show that m all the cases the
values of s or 8'ng ase always m the rangoe 108 10" (s¢c table 1, columm 4)

To spocify the natwre of the chairge carrers giving rise to the observed TL
peuks, though ordimary TL data is cectainly not adequate, photostinulated TL
can vrovide a way of detosting photmomzation ot contres allowmg in some cases
the separation of the processes duo to electron carriers fron those due to hele
carriers. Branor & Tsrach (1963) have shown that wsing this technique one ¢an
specily the nature of eharge carviers roduemg tho observed TL peaks We
have shown m our cacher paper that by irradiatmg st hugh temperatures (105,
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1565 and 200°C) and stimulating with F-light at 30°C ono (an re-excite F-stimul-
able T1. pouks pround 135 und 175°C (Ratuam & Gartia 1975) Thermal activa-
tion energy (E) and froquency factor (s'ne) of these two peaks occvrrmg in RT
irradiatod, heavily bleaghed sample as well ag in the F-stimulatod sample are
found to be practically the same (see table 1) It is mteresting to note that even
after 120 min  F-stimulation of Ingh temporature X-irradiated KCl crystals wo
never observed the 90'C peak which s always present in RT nradiated samples.
The result indicates thut the TL peaks ocevrring at 135 and 175°C are dve to
thormul release of F gentre olections wheroas the peak arovnd 90°C may be dve
to the roloase of trapped holes  Though Ausin & Alvarez-Rivas (1972¢) r(port
that the TL emusyion band has its maxnnum at 440 nm for all the TL peaks, the
myestigation of Katz el al (1972) shows that m addition to the main blue band
(440 nm) thero also exwts a detectable green enmussion hand (540 nm)  They
have detected tlus green band at the rise of the 87°C TL peak where the blue
emission band was sl woak  This supports ovi propositiom n the sense that
the recombination centro for 90°C pealk is not the ame ax that of the 135 and
175°C peak

The present investigation shows a sel of four TL peaks around 175, 205,
236 and 266"C having almogl the same activation energy. but diffaent. lrequovey
factors (bable 1) 'This immediately rominds one ol the mvest-gation of Hll &
Schwed (1955) and Bonfigholi ef ul (1959) who have reported that all the TL p(-,l;.ks
of NaC'l oceurring above RT have the sume activation onergy  In recont studies
m copper activated KBr (Morti of al 1971) und NaCl (Murth & Murthy 1972) it
has hoon shown that two or more TL peaks m the same material can have idents-
cal aztivation onergy  Tho multipheity of TL peaks in these studics has been
attributod die to differeave m the frequency factors. singo a large valve of [re-
quency lactor can lower the location of the poak temperatire considerably
The varation of frequency Factor m these studies has been attributed to the
ditferent local environments of the I contre cloetrong  That thore aro several
types of F centres formed in difforent envinonments. which differ m both optical
a1d thermal p operties have been shown recently by Arsonovici & Townsend
(1972). Taeroforg. we prupose that the fovr TL peaks occwring around 175,
205, 235 and 266°C aro dvie to thermal releaso of F contre nleutl‘(m—S trapped in
aifforent local environmoents

5. CoNCLUSION

Tho prosent, investigation has shown that TL can be nrofitably used {0 deter-
mine tho thermal activation enorgy (E). frequency facto (s or §'n,) and the order
of kmeties as well otovided the TI meaks are properly isolated. Depending
upon the matortal, by suitable oxperimental tochniques and numerioal computa-
tion the individual TL pasaks can be igolated from which the trappmg parameters
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can be detormmed with certainty as is shown in the present case The nature of
the charge carriers whose thermal release give rise to the TL wvrocoss can be
dentified by photostimulated TL
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