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5.1 RESULTS

In this section the results of measurements
at room temperature on the excitation and emission
spectra of NaBr:Tl phosphors containing varying
amounts of thallium, in as-received condition and
after various pretreatments are reported. The prepera-
tion of the specimens involved crystallization of
sodium bromide, with different quantities of thallous
bromide, from agqueous solutions, Like other alkali
halides, sodium bromide does not luminesce strongly
in the pure state, though a weak luminescence has been
reported earlier in alkali halides at 300°K(4) .
Mecessary precautions were therefore taken against
the misinterpretation of the experimental data that
may be attributed to intrinsic luminescence. The
excitation and emission spectra presented in the thesis
have been therefore corrected, wherever necessary, by
subtracting very low intensity excitation and emission
of as-received and thermally treated { in vacuum )
pure MNaBr specimens from those of the corresponding

thallium doped specimens, It may be mentioned that the



luminescence of pure NaBr specimen heated in open air
is quite marked, Luminescence of this nature is not
included in the study of Tl doped NaBr .. Heat treat-
ment to Tl doped specimens was imparted in vacuum,
Precautions were also taken to remove the effect of
scatter in the instrument by using suitable filters,
Luminescence measurements were carried out for a
number of specimens and the typical luminescence spectra
are presented for discussion, In all the cases the
excitation spectrum of a given specimen was first
observed and subsequently lts emission épectrnm stimu~
lated by the observed excitation was recorded, Each
excitation and emission band is designated by the wave-
length at which its peak appears, It should be mentioned
that a band may not appear isolated and may possess
satellites to the higher or lower wavelength side,. In
such a case, changes in the relative intensities of the
components within a compesite band would lead to an
apparent shift in the position of its maximum.. In this
respect the peak positions indicated can only be-
regarded as approximate., Wherever necessary, the

complex excitation and emission bands have been analysed



by the superposition of bell-shaped curves.,. The
intensities of the excitation and emission bands

are given in absolute units, The results for the
luminescence spectra of undoped sodium bremide are
presented first, Overall examination of the excita-
tion and emission sPectra—of T1 doped sodium bremide
obtained in the present measurements indicates that
the emission bands can be classified into three groups
on the badls of the region in which they appear.. The
three groups are : emission bands in the i) ultra-
violet region, ii) near ultraviolet region, and

iii) visible region,

I UNDOPED NaBr :

(Figs, 1 and 2 ) :

The excitation and emission data presented
in Figs, 1 and 2 relate to the undoped NaBr powder
specimens annealed at 500°C and subsequently quenched
to room temperature and also include the data for the
same specimens after compression to tablets, From

these Figs, It is obvious that the excitation spectra



for the specimens consist of a single dominant band
around 270 nm and the emission spectrum induced by
this excitation display a prominent band at 360 nm..
Since the undoped NaBr powder as-received from the
manufacturers involved some unavoidably present
impurities, it was believed that such impurities
might have a role in the occurrence of 270 nm excita-
tion and 360 nm emission, However, measurements
carried out for the luminescence spectra of the speci-
'mens indicate that there is a marked increase in the
intensity of the excitation band at 270 mm or the
emission band at 360 nm if the heat treatment is given
in open air instead of in evacuated and sealed tube

( Fig.2a, Compare : Curvesl and 2 ). In the same
manner, thé inhancement in the intensity of the exci-
tation or emission band is observed if the specimen is
annealed at higher temperature instead of at lowér
temperature, other conditions remaining the same

( Fige 2a, Compare : Curves 2 and 3 ), A weak sub-
sidiary band at 432 nm is observed in the emission
spectra of the above specimens after compression to

tablet. ( Figc 2b) .



ITI DOPED NaBr :

i) ULTRAVIOLET EMISSION 3

Figs. 3 through 16 represent the luminescence
data for the ultraviolet emission of the phosphors
obtained by crystallization from solution with T1
concentration varying in the range between 10-4 to
10~ molar £raction. The data also include the excita-

tion and emission spectra for pretreated specimens,

(Figse ¢ 3 - 6 ) 3

Fige 3, Curves : 1 and 2 represents the
excltation spectra for 328 nm emission of the phosphors

4 and l@“s mefe Tl . These spectra consist

with 10~
of a prominent excitation band at 268 nm and a weaker
excitation band at 228 nm , Fig, 4, Curves : 1 and 2
shows that the excitation of these phosphors at 268 nm
gives the principal emission at 328 nm ,. Fig. 5,
Curves : 1 and 2 indicates the excitation spectra of
the phosphors with 10~2 and 10™Y mef. T1 . In these
cases besides 328 nm emission, other emission bands

in the near ultraviolet and visible region also appear
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( Fige 6 )o It is clearly seen, from the figures that
the increase of Tl concentration brings about decrease
in the strength of 268 nm excitation and the corresp-

onding 328 nm emission,.

(Figs. ¢ 7 and 8 ) :

Figs 7, Curves : 1 and 2 exhibits the excitation
spectra for 328 nm émission of two as-received powder
specimens ( Tl cone : ho‘16;4 and lo'3vm.f. )’coﬁpressed
to tablet,. In both the cases the excitation spectrum
displays bands at 228 nm and 268 nm . Fig. 8, Curves : 1
and 2 shows that the excitation of the phosphor at 268 nm
glves rise to emission aé 328 nm alongwith‘other emlssion

bands on the higher wavelength side,

(Figse. 3 9 = 12 )

The excltation and emission spectra of the
phosphors annealed at 500°C in évacuated and seaied
tubes and subsequently quenched to room temperature,
in as-received condition and after compression ib tablet,

are presented in Figs..9 to 12 . as-received phosphors



(Tl conec : 10"4 and 10“3 m.£,) exhibit prominent

excitation band at 268 nm and a weaker one at 228 nm
( Fig. 9, Curves : 1 and 2 ) for 328 nm emission., The
emission spectra excited by the band at 268 nm consist
of the emission band at 328 nm and the other band at

350 nm { Figs 10, Curves : 1 and 2 ).

Compression of the thermally pretreated (in
vacuum ) powder specimen to tablet, leads to a decrease
in the intensities of the excitation ( at 268 and 228 nm)

and emission ( at 328 nm ) bands ( Figs, 11 and 12 )},

(Figs, : 13 - 16 ) :

Fig., 13, Curves 1 and 2 illustrate the
excitation spectra of the specimens annealed at 500°C
in evacuated and sealed tubes and then slowly cooled to

4 and QI.O"3 me,f, Tl , measured

room temperature with 10~
for emission at 328 nm o, Fig., 15 exhibits excitation
spectra for the above specimens ( for 328 nm emission )
after compression to tablets, In all the cases the
excitation spectrum displéys a prominent band at 268 nm

and a weaker one at 228 nm . The emission spectra for



the above specimens, when excited by irradiation
into 268 nm band, exhibit 328 nm band and other
bands on the long wavelength side (Figs. : 14 and 16),
In this case also it is observed that deformation

supresses the 328 nm emission,

ii) WNEAR ULTRAVIOLET EMISSION s

Figs. 17 through 32 represent the lumine-
scence data for near ultraviolet emission of the
phosphors, This emission has observed to be signifi-
cant when the Tl concentration is high, ( i, e:>lo°3mef®)e
These specimens prepared by crystallization from agueous
solution, were examined in as-received conditien and

after subjecting them to various pretreatments,

(Figse 317 = 20) :

The excitation spectra of as-received
specimens with Tl concentration 10°2 and 1071 mof. o
are presented in Figs. 17 and 19 . The excitation
épectra for these specimens in general, exhibit a
principal band around 270 nm and a subsidiary band

around 240 nm . The emission spectra excited by these
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bands are shown in Figs. 18 and 20 . Exeitation of
the phosphor by absorption of light at 242 nm gives
rise to emissioh spectrum more or less similar to the
one excited by 270 nm band. The difference in the
intensities of tﬁe bands in the emission spectra

excited by 240 and 270 nm band is clearly observable,

(Figs, 3 21 = 24) :

The excitation and emission spectra of the
as~received specimens compressed to tablets are pre=-
sented in Figs., 21 = 24 ,. It is noted that in the
above specimens there is an overall decrease in the
intensity of the near ultraviolet emission and simultaw
neously one observes an increase in the intensities of
the bands in the visible region ( Compare 3§ Curves 1
and 2 of Pigs. 18 and 20 with the corresponding Curves

of Figs, 22 and 24 respectively ),

(Figs.:25 - 28) :

Figs 25 = 28 represent the excitation and the
emission spectra of the specimens, annealed at 500°C in

evacuated and sealed tubes and the guenched to room



temperature, in as-received condition and after
compression to tablet, The excitation spectra of

these specimens also exhibit two bandsQ one around

242 nm and the other around 272 nm ., Excitation of

the specimens either at 242 nm or at 272 nm gives

rise to emission in the near ultraviolet region as

a shoulder on the emission band in the visible region
at 420 nm .. The data presented in the Figs. correspond
to emission induced only by principal. excitation around
272 nm ,. Subsidiary emission bands at 450, 480 and/or
500 nm are also discernible, It is observed that
compression of the above specimens subsides the near

ultraviolet emission,

(Figs, ¢ 29 - 32)

[ 1]

The excitation and emission spectra of the
specimens annealed at 500°C ( in vacuum ) and then
cooled slowly, in as-received condition and after
deformation by stressing were also recorded, Flgs. 29
and 31 respectively demonstrate the excltation data fer
the specimens before and after compression to tablet,

It is seen that in all the cases the excitation spectrum



consists of a dominant band around 274 nm and a
subsidiary ~band around 242 nm, Further it is
observed thét in the emission spectra of the above
specimens before compression, the near ultraviolet
emission is significant when Tl concentration is

o~ J.C)"'2 mefo o When the concentration is increased

to lo'l m.f.. , the near ultraviolet emission is
overshadowed by the emission in the visible at 420 nm .,
Compression of the annealed and slowly cooled specimen
leads to appearance of additional bands ( 450 and

480 nm ) in the visible region,

iii) VISIBLE EMISSION

It has been mentioned before that the near
ultraviolet emission of the phosphor is conspié@usly
observed in the untreated and pretreated specimens
when Tl concentration exceeds 1073 mefe o« In
addition to this, visible emission for the WNaBr:Tl
phosphor is also favoured when Tl éoncentration is
higher, However, ane significant difference between
the phosphors favouring near ultraviolet and visible

emission is that the thermal and/or mechahical treatment



selectivelg enhances emission in the visible., The

data obtained for visible emission is presented in

the Figs. 17 through 32 alongwith the near ultrae-
violet emission. The visible emission bands observed

are around 420, 450, 480 and 500 nm . The band about

420 nm is preferably observed as a dominant band when

a high Tl content specimen is subjected to prolonged
anneal at SOOGC (in vacuum) and then quenched,ahd also
when the specimen is annealed (in vacuum) and then cooled
slowly. The emission in the other two bands, around

450 and 480 nm, is selectively.observed when heavily doped
specimen is deformed by stressing. The band around

500 nm is mainly favoured if the specimen with higher

T1 .concentration (r\:lo-l mefe ) 1s annealed at elevated

temperature (in vacuum) and subsequently cooled slowly,

The visible emission around the bands mentioned
above is favoured by excitation of the specimen.into
wavelengths ranging between 244 ¢td 250 nm and.274 to
280 nm ., These excitation regions have extensive overlap
with the similar excitation regions responsible for near
ultraviolet emission, However, on detailleco examination

it is noticed that the exeitation band maxima in the two



ranges for visible emission appear on the longer wave-
length side, On an average, one may attribute near
ultraviolet emission to excitation at 242 and 273 nm
whereas the visible emission can be assoclated with
excitation at 247 and 277 nm .. The illustrative
excitation spectra for visible emission in the case

of untreated and pretreated specimens with highest Tl
concentration (rleo-l M.fs ) are presented in Figs,. 33

through 35 ..

Results de?cribed above for NaBr:Tl bhosphors;
as=received from solution, with four different Tl
concentrations are summarized in Tab;e l. The table
also incorporates the data obtained for variously
preéreated NaBr:Tl phosphors. In this tablet and the
others following, the number in the bracket refers to
Fig., number and the abbreviations given above the
emission wavelengths indicate the relative strength of
the emission bands. The following abbreviations are
used s

S=-strong ; M-medium ; Weweak ;.



TABLE s:11

1ol

Excitation and Emission Bands Displayed by Untreated

and Pretreated NaBr:Tl Phosphors Differing in Tl Conc.

( wavelength in mm )

Tl , Emission
Conc, Excitation g—=3 7
No, Specimen mfs (principal) B2 Other
® P oo b favoured bands
1. NaBr:Tl powder s s
phosphor prepared 10-4 268 328
from agqueous sol, (3) (4)
-3 s s M
2. " " 10 268 328 350
(3) (4)
"2 s S s s
3. " " 10 268 328 366, 420
: (5) (6) *
] S s s
4, " " " 270 364 328, 420
(17) (18) :
s s S 5
5. " " " 276 420 328, 364
(18)
-1 8 s s s
6. " " 10 268 328 366, 420
(5) (6)
s s S. S
7 " " " 270 366 328, 420
(19) (20)
s s 8 s
8. u " " 276 420 328, 366
(33) (18)

ContGose
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T1 Emission
Conc, Excitation Band/
§r' Specimen inf~ (p??gdi 1) BSands Other
Ce pec ¢ e cipa favoured Bands
9, As~received 4 s s s
NaBr:Tl powder 1o 268 328 350
phosphor pressed (7) (8)
to tablet,
-3 s s s M W
1o, " " lo 268 328 350, 420, 450
(7) (8)
N - -2 S S M S
11, " " 1o 270 366 328, 450,
(21) (22)
8 8 M s
12, " " n 274 450 328, 366
(22)
-1 s 8 M s
13, n " 10 272 366 328, 450
(23) (24)
) "8 M S
14, " " " 276 450 328, 366
(24)

Contd,ee
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‘(I:gnc Emission
in + Excitation Sand/
Sre ) £ Band 1y Bands Other
No. Specimen mefe  (Principal)  coyoyred Banda
15, NaBr: Tl powder s s
Phosphor annealed 10~ % 268 328
and quenched from (9) (10)
500°C..
-3 s s S
16, " " 1o 268 328 350
(9) (1o)
-2 8 s s M M
17, " " 1o 270 390, 420 450, 500
(25) (26)
-1 S M 5 M M
18, " ® 10 270 Z 382 420, 450,500
(25) (26)
8 S M M M
19, " " " 274 420 382, 450,500
(33) (26)

Contdsoo
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T1
Conc., Exeitation Emission
Band/
ST, in Band Bands Other
No's Specimen m.f, (Principal) £avoured Bands
20, NaBr:T1 powder s s s
-4
phosphor annealed 1O 268 328 350
and guenched from (11) . (12)
500°C and then
pressed to tablet,
-3 S S M
21, " " 10 268 328 350
(11) (12)
-2 s W S M M
226 n " 10 272 380 420,450,480
(27) (28)
‘ ‘ S s W M M
23, u " u 274 420 380,450,480
(28)
: -1 s W s M M
24, " " 10 270 386 420,450,480
(27) (28)
S 5 W M M
25. " " " 274 420 286,450,480
(28)

Contdeee
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™1 Emission
‘ Cone, Excitation Band/
t?g .  Specimen ;n £ (P?‘aiggi al) Bands Other
° P e=e P favoured Bands
26, NaBr:T1 powder 8 s
phosphor annealed 10™4 268 328
and slowly cooled (13) (14)
from 500°C,
-3 5 S s
27, " " 10 268 328 350
(13) (14)
-2 S S w
28 n " 10 278 388 328
. (29) (30)
-1 S W S M
29, " " 1o 272 388 420,500
(29) (30)
. S S W M
30, " " " 274 420 388,500
{33) (30)

Contd, e
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-~ 1l06.

Tl . Emission
Conc, Excitation Band/
Ne. Specimen mg. (Peineipal) Bands ‘other
° P e=e P favoured Bands
31, NaBr:Tl powder s s
-4
Phosphor annealed 10 268 328
and slowly cooled (15) (16)
from 500°C and
then pressed to
tablet,
-3 s s M S
32. " " 1o 268 328 350, 420
(15) (16)
-2 S M W S
33, " " lo 276 378 328, 420
(31‘) (32) M W
450, 480
S S W M
34, # " » 280 420 328, 378
(32) M W
450, 480
-1 s ML S B M
35. " " 1o 274 382,420 450 480
(31) (32)
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(FPigs. : 36 and 37)

Fig, 36, Curves : 1 and 2 illustrates the
excitation spectra of as-received @1Br - powder and
T1Br - powder in tabletted form. Fige 37, Curves : 1
ané 2 demonstrates the emission spectra for the above
specimens.. It is observed that the excitation spectra
in both the cases consist of a broad and diffused band,
stretching roughly £from 220 to 280 nm » The emission
spectrum for any of the specimens is independent of the
'wavelength of the exciting light., While the excitation
spectfum of T1Br does not exhibit well defined maxima,
its emission spectra display well discrernible emission

band at 360 nm.

(Figs.:38 - 41)

In yet amother series of experiments excitation
and emission spectra of (i) aqueous solution of TI1Br and
(ii) T1Br in saturated aqueous solution of NaBr were
examined,. The results obtained are presented in Figa 40
through 43 . The saturated solution of T1Br exhibits an
excitation band around 234 nm , (Fig. 38, Curve 3 1) ¢

A broad emission band peaking at 370 nm is observed by
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excitation at this wavelength ( Fig. 39, Curve : 1 ),

It is seen from the excitation and emission curves for
T1Br -~ solution thaé the intensity of the excitation

as well as the emission band increases with the decrease
in the concentration of the solution, The enhancement
in the intensity of these bands continues till the
solution is diiuted to 1:5 ( Fig.. 38, Curve : 5 and
Fige. 39, Curve 3 5 ), With further dilution of the
solutien, the intensity of the excitation and the emission
band begins to drop. It is observed that with the
decrease in the concentration of T1Br - solution there
is a shift in the position of the excitation and the
emission maximum to the short wavelength side, e i.e..

from 234 to 220 nm and 370 to 360 nm respectively.

Figs. 40 and 41, Curves : 1 through 6 demons-
trate the excitation and emission spectra obtained for
aqueous saturated solution of NabBr with addition of
T1Br in varying concentration. The excitation spectra
for this solution consist of a band at 270 nm when TI1Br
concentration is low , (Fig. 40, Curve : 1 ), The band
maximum shifts to long-wavelength side as the TlBr

concentration is increased, the extreme position recorded
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being 286 nm , ( Fig. 40, Curve : 6 ), A subsidiéry
band around 250 nm also appears at higher TlBr
concentration, The emission spectra excited by the
bands in the 270 - 286 nm région are presented in
Fige. 41 . There is a strong emission band at 460 nm .
Alongwith this emission other emission band of lower
intensity at 480 nm is also observed when TIBr

concehtration is very bigh .

(Figs, ¢ 42 and 43) :

The study of the luminescence spectra of NaBr
doped T1Br (I&Br:Na)‘phoéphors has also been carried
out, The excitation and emission spectra for TIBr
phosphors with 0.3 and 0,5 molar fraction of NaBr are
presented in Figs.. 42 and 43 , These phosphors were
prepared by heating the mixture of Tl1Br and NaBr powder
to around 500°C ( i.e. beyond the melting point of
T1Br) and then quenching the mixture to room temperature,
It is quite apparenﬁ that there is a marked difference
between the excitation spectra of TlBr:Na specimen and

undoped TI1Br - powder, The former display selective
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excitation band around 280 nmvwhereas the latter
exhibit a broad and diffused excitation spectrum,

In the same manner, the spectral‘composition for the
emission of T1Br:MNa phosphor differs widely from that
of undoped T1Br. The emission of T1Br is only in

the near - ultraviolet region whereas with the
introduction of NaBr in TiBr, the emission extends
far into the visible region around 500 mm ,. This
emission becomes more prominent if the concentration
of NaBr in T1Br is increased ( Fig.. 43 ). The results

obtained are summarised in Table 2.
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TABLE 3 2 :

Excitation and Emission Bands in NaBr Doped T1Br

(T1Br:Na) Phosphors.

Na Emission
Conc,
ER W B S
l, TlBr:Na powder 053 270 360 460, 500
phosphor. (42) (43)
s s W s
2e " " " 274 460 380, 500
(42) ~ (43)
s s . w [
3. " " " 280 500 380, 460
(42) (43)
8 W 'S 5
4.,. " " 0.5 270 370 460, 500
- (42) (43)
s s W 8
5. " " " 278 460 370, 500
(42) (43)
S S w S
6. " u " 280 500 370, 460

(42) (43)




Fig. 1l(a) : Excitation spectra of undoped WaBr-powder

specimen for 360 nm emission,

Curve

1 -« Specimen annealed and quenched
from 500°C (in vacuum)
Curve : 2 -~ Specimen annealed and gquenched
from 500°C (in open air)
Curve : 3 - Specimen annealed and guenched

from 650°C (in open air)

Scale on the left hand side corresponds to curve : 1

Scale on the right hand side corresponds to curves:2 & 3
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Fige. 1(b) : Excitation spectra of undoped NaBr

specimen for 360 nm emission,

Curve : 1 - Specimen annealed and guenched
from 500°C (in vacuum) and
then compressed to tablet.

Curve : 2 = Specimen annealed and quenched
from 500°C (in open air) and
then compressed to tablet,

Curve : 3 -~ Specimen annealed and quenched
from 650°C (in open air) and

then compressed to tablet,

oo
e

Scale on the left hand side corresponds to Curve

Scale on the right hand side corresponds to Curves : 2 & 3
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Fige.. 2(a) : Emission spectra of undoped NaBr-powder
specimens on excitation at corresponding
wavelengths as observed from curves in

Fige 1(a).

Curve : 1 -~ Specimen annealed and guenched
from 500°C (in vacuum)

Curve : 2 - Specimen annealed and quenched
from 500°C (in open air)

Curve : 3 = Specimen annealed and gquenched

from 650°C (in open air)

Scale on the left hand side corresponds to curve : 1

Scale on the right hand side corresponds to curves : 2 & 3



80000
700001
£0000 1
500004
40000 4

300004 .

200001

{0000 1

ettt iio e

.-
2

3 S 3 2 g 3 3 3
- W - - v ~ S

e LLISNI LMY

3%0 “o0 %0
WAVELENGTH

B0

250

IN M e—p

FlGg 2a



Fig. 2(b) : Emission spectra of undoped NaBr specimen
on excitation at corresponding wavelengths

as observed from curves in Fig.. 2(a).

Curve : 1 - Specimen annealed and quenched
from 500°C (in vaeuum) and
then compressed to tablet,

Curve : 2 - Specimen annealed and quenched

- f£rom SOOfC (in open air) and
then compressed to tablet,
Curve : 3 -~ Specimen annealed and quenched
from 650°C (in open air) and

then compressed to tablet,

Scale on the left hand side corresponds to Curve : 1

Scale on the right hand side corresponds to Curves : 2 & 3
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Figs 3

Excitation spectra of NaBr:Tl powder

specimens for 328 nm emission.

Specimens as-~received by crystallization

from agueous solution,

4

Curve : 1 - Tl concentration ~s 10 = Mefe

.

3

Curve : 2 = Tl concentration ~ 10 - mefe

”»
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Figs 4 : Emission spectra of NaBr:Tl powder

specimens upon excitation at 268 nm,

Specimens as-received by crystallization

from agueous solution,

4

Curve : 1 - Tl concentration ~ 10  mef,

[ 1]

3

Curve : 2 = Tl concentration ~ 10~ mefe
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Fige 5

.

Excitation spectra of NaBr:Tl powder

specimens for 328 nm emission,
Specimens as-received by crystallization

from ‘-aqueous solution,

Curve 1l - T1 concentration 10'2 Mmefo

Cuarve 3 2 - T1 concentration wl()"':L mefe
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Fig, 6 : Emission spectra of NaBr:Tl powder

specimens upon excitation at 268 nm,

Specimens as-received by crystallization

from aqueous solution,

2

Curve : 1 - T1 concentration o 10 ° mef,

L2 )

Curve : 2 = T1 concentration ou lO”l m.fe

Scale on the left hand side corresponds to Curve

Scale on the right hand side corresponds to Curve

L L]

LL]
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Figs 7 : ExXcitation spectra of NaBr:Tl

specimens for 328 nm emission.,

Specimens as-received from solution

and then compressed to tablet,
Curve : 1 = Tl concentration n 107+ m.£,

2 = Tl concentration ~v lo"3 me£a

Curve
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Fig. 8 : Emission spectra of NaBr:Tl specimens

upon excltation at 268 nm,

Specimens as~received from solution

and then compressed to tablet,
Curve 3 1 - Tl concentration ~ 10'4 Mmefoe

Curve : 2 - Tl concentration py 10-3 mefs

Scale on the left hand side corresponds to Curve : 1
2

Scale on the right hand side corresponds to Curve :
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Fig, 9 : Excitation spectra of WaBr:Tl powder

specimens for 328 nm emission,

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube and quenched

rapidly to room temperature.

l « T1 concentration v :!.O"'4 Mefe

Curve 3 2 = Tl concentration ou 10"3 Mefs

Curve

L 1]
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Figs 10 : Emission spectra of NaBr:Tl powder

specimens upon excitatien at 268 nm,

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube and quenched

rapidly to room temperature,

Curve : 1 ~ T1 concentration nru 10"4 mefe

3

Curve : 2 - Tl concentration ~u 10 - mefe

ae

Scale on the left hand side corresponds to Curve

Scale on the right hand side corresponds to Curve
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Fig.. 11

L 1)

Excitation spectra of NaBr:Tl specimens

for 328 nm emission,

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube, quenched
rapidly to room temperature and

subsequently compressed to tablet,

1l = Tl concentration ov 10'4 Mefs

Curve ¢ 2 - T1 concentration rv lo~3 mefe

Curve

a8
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Fige 12 Emission spectra of WaBr:Tl

specimens for 328 nm emission

t
Specimens annealed at 500°C for 4 hours

in evacuated and sealed tube, guenched
rapidly to room temperature and

subsequently compressed to tablet,

1 - T1 concentration n 10~% Mefo

2 = T1 concentration rv 10"3 mef,

Curve

on

Curve

o

)
Scale on the left hand side corresponds to curve : 1

Scale on the right hand side corresponds to curve : 2
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Fige 13

Excitation spectra of NaBr:Tl

specimens for 328 nm emission,

Specimens annealed at 500°C for 4 hours
in evacuated sealed tube and slowly

cooled to room temperature,

Curve : 1 -« Tl concentration oJ 10"4 mefo
Curve 1 2 - Tl concentration o 10"3 Mefe
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FPige 14

Emission spectra of NaBr:Ti
specimens upon excitation at

268 nm ,

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube and slowly

cooled to room temperature.

Curve

8

1 - Tl concentration o 10 = m,fe

Curve : 2 - Tl concentration o 10 ~ mefe

ae

Scale on the left hand side corresponds to Curve

.

Scale on the right hand side corresponds to Curve :
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Fig. 15

Excitation spectra of NaBr:Tl

specimens for 328 nm emission,

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube, slowly
cooled to room temperature and

subsequently compressed to tablet.

1 -« T1 concentration nJ 1024 msfe

Curve ¢ 2 - Tl concentration o 10_3 me £

Curve

(1]
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Fig, 16 : Emission spectra of NaBr:Tl specimens

upon excitation at 268 nm.

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube, slowly
cooled at room temperature, and

subsequently compressed to tablet,

Curve : 1 = Tl concentration ru 1074 Mo fo

Curve : 2 «~ Tl concentration rv 10'3 mefs

Scale on the left hand side corresponds to Curve :

Scale on the right hand side corresponds to Curve :
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Fig. 17

Excitation spectra of NaBr:Tl powder
specimens for at emlssion at 364 nm

(Curve : 1) and at 378 nm { Curve : 2).

Specimens as-received by crystallization

from aqueous solution, .

Tl concentration pu 10”2 Mefo
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Fig. 18

Scale on the left hand side corresponds to Curve

Scale on the right hand side corresponds to Curve

Emission spectra of NaBr:Tl powder
specimen upon excitation at 270 nm

(Curve : 1) and at 242 nm ( Curve : 2).
Specimens as-received by crystallization
from agueous solution,

T1 concentration ru lo"’2 mef,

[ 1)
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Excitation spectra of NaBr:Tl powder
specimen for emission at 366 nm

(Curve : 1) and at 380 nm (Curve :2),

Specimens as-received by crystallization

from agueous solution,

T1 concentration o lo"l Mefs
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Fig. 20 : Emission spectra of WaBr:Tl powder
specimen upon excitation at 270 nm

(Curve : 1) and at 240 nm {(Curve : 2).

Specimens as-received by crystallization

from aqueous solution,

1

Tl concentration (v 10 © m.fe

Scale on the left hand side corresponds to Curve :

.

Scale on the right hand side corresponds to Curve
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Fige 21

Excitation spectra of NaBr:Tl specimen
for emission at 366 nm (Curve : 1) and

at 386 nm (Curve : 2),

Specimens as-received by crystallization
from agqueous solution and then compressed

to tablet.

T1 concentration 1072 mefe
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FPig. 22 Emission spectra of NaBr:Tl specimen

upon excitation at 270 nm (Curve : 1)

and at 240 nm (Curve : 2).

Specimens as-received by crystallization

from agueous solution and then compressed

to tablet,

Tl concentration pny J.Csm2 mefe

Scale on the 1left hand side corresponds to Curve

s
—

Scale on the right hand side corresponds to Curve

.
N
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Fige. 23

Excitation spectra of NaBr:Tl specimen
for emission at 366 nm (Curve : 1) and

at 370 nm ( Cuxrve : 2),

Specimens as-received by crystallization
from agueous solution and then compressed

to tablet,

-1

Tl concentration o 1@ Mefe
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Fig, 24

Emission spectra of NaBr:Tl specimen
upon excitation at 272 nm (Curve : 1)

and at 242 nm (Cuzrve : 2).

Specimens as-received by crystallization
from agueous sclution and then compressed

to tablet,.

Tl concentration o l(:""l mefs
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Fig.. 25

o

Excitation spectra of NaBr:Tl powder
specimens for emission at 390 nm

{Curve ¢ 1) and at 382 nm (Curve : 2),

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube and quenched

rapidly to room temperature,

l - Tl concentration nu lo"'2 Mefs

2 = Tl concentration ~u lo'l Mefe

Curve

Curve

L]
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Fige. 26

0

Emission spectra of NaBr:Tl powder

specimens upon excitation at 270 nm.

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube and quenched

rapidly to room temperature,

Curve : 1 - Tl concentration rv 10 < m.fe

-8

Curve : 2 - Tl concentration e 10 ~ Mefe

-
]

Scale on the left hand side corresponds to Curve

an
N

Scale on the right hand side corresponds to Curve
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Figes 27 ¢ Excitation spectra of NaBr:Tl specimens
for emission at 380 nm (Curve : 1) and

at 386 nm {(Curve : 2).

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube, quenched
rapidly to room temperature and

subsequently compressed to tablet.
Curve : 1 - Tl concentration oJ 10"2 mefe

Curve : 2 « Tl concentration ru lo"l mefe
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spectra

Fig. 28 Emission/of NaBr:Tl specimen upon

excitation at 272 nm (Cuxrve : 1)

and at 270 nm (Curve : 2),

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube, quenched
rapidly to room temperature and

subsequently compressed to tablet,
Curve ¢ 1 - Tl concentration o 10'2 Mefoe

Curve 2 2 - Tl concentration v lo-l mefe

L L
fomt

Scale on the left hand side corresponds to Curve

Scale on the right hand side corresponds to Curve

a
N
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Figo- 29

-

Excitation spectra of NaBr:Tl powder

. specimen for emission at 388 nm.

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube and slowly

cooled to room temperature,

Curve

-8

1 - T1 concentration P 10"2 Mefo

Curve : 2 -~ Tl concentration o lo"l Mmefe
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Fig. 30

L]

Emission spectra of NaBr:Tl powder
specimens upon ex&itation at 278 nm

(Curve : 1) and at 272 nm (Carve : 2).

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube and slowly

cooled to room temperature,.

Curve : '1 = Tl concentration ~ 10~ ° mefe

(2]

Curve : 2 = Tl concentration m 10 ~ m.f.

Scale on the left hand side corresponds to Curve : 1l

Scale on the right hand side corresponds to Curve : 2
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Fig. 31

Excitation spectra of NaBr : Tl specimens
for emission at 380 nm (Curve : 1 ) and

at 382 nm (Curve : 2),

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube, slowly
cooled to room temperature and

subsequently compressed to tablet.

Curve 1 -~ Tl concentration J 10"2 Mo fe

1

Curve : 2 = Tl concentration n 10 — Mefe
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Fig. 32 : Emission spectra of NaBr:Tl specimens
upon excitation at 276 nm (Curve : 1)

and at 274 nm (Curve : 2).

Specimens annealed at 500°C for 4 hours
in evacuated and sealed tube, slowly
cooled to room temperature and

subsequently compressed to tablet.

1l « Tl concentration rv 10"2 Mefs

2 -« T1 concentration v lo"l mefe

Cuxrve

Curve

.

Scale on the left hand side corresponds to Curve : 1

..
N

Scale on the right hand side corresponds to Curve
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Fige 33

Excitation spectra of NaBr:Tl powder

specimens for emission at 420 nm

Curve : 1 - Specimen as-received by
crystallization from
agqueous solution,

Tl concentration nJ)lO"l mefe.

Curve : 2 - Specimen annealed at 500°C for
4 hours in evacuated and sealed
tube and quenched rapidly to
room temperature,

T1 concentration ou lo'l M.f.

Curve 3 3 = Specimen annealed at 500°C for
4 hours in evacuated and sealed
tube and slowly cocled to room
temperature,

Tl concentration o~ lo"'l mefe
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Fig,. 34 : Excitation spéctra of NaBr:Tl specimens
for emission at 450 nm {(Curves : la,2a and 3a)

and at 480 nm (Curves : 2b and 3b).

Curve : 1 -~ Specimen as-received by
crystallization from agueous
solution and then compressed
to tablet,

Tl concentration ny lo""l me £,

Curve : 2 - Specimen annealed at 500°C for
4 hours in evacuated and sealed
tube, quenched rapidly to room
temperature and subseguently
compressed to tablet.

T1 concentration m 107F me£e

Curve : 5 - Specimen annealed at 500°C for
4 hours in evacuated and sealed
tube, slowly cooled to room
temperature and subsequently
compressed to tablet,

T1 concentration njlo-l Mo fo
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Fige. 35

Excitation spectrum of NaBr:Tl powder

specimen for emission at 500 nm.

Specimen annealed at 500°C for 4 hours
in evacuated and sealed tube and slowly

cooled to room temperature,

T1 concentration ~v lo"l mefs
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Fig.. 36

.
e

Excitation spectra of T1Br specimens

Curve : 1 - Excitation spectrum of
T1Br - powder for emission

at 360 nm.

Curve : 2 - Excitation spectrum of
T1Br - powder compressed to

tablet for emission at 360 nm,
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Fig.. 37 : Emission spectra of TIBr specimens

Curve : 1 - Emission spectrum of TiBr
powder upon excitation at
270 nm,

Curve : 2 - Enission spectrum of TiBr
powder compressed to tablet

upon excitation at 270 nme

Scale on the left hand side corresponds to Curve

Scale on the right hand side corresponds to Curve
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Fig. 38

Excitation of agqueous TlBr-solution as

a function of TI1Br concentration,

00...01

9059001

9@06@@1

@9.'..1

0903@91

@@.O@r’)l

Curve : 1 - Saturated TlBr-solution

Curve : 2 - Dilution of saturated
TlBr-sclution with water
in the proportion of
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Fige 39

L4

Fluorescence intensity of aqueous
TiBr-solution as a function of

TIBr concentration.

"
s
i

Curve Saturated TlBr-solution

o
N
1

Curve Dilution of the saturated

TIBr-solution with water

in the proportion of .cecee 1 3 1
Curve : 3 = " " esssss 1 3 2
Curve : 4 = " " evsses 1 ¢ 3
curve : 5 w " " esacss L 3 5
Curve : 6 -~ " " eosvse L 8 7
Curve : 7 - " " essess 1 3 10
urve : 8 - " " sseese 1 3 5O
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Fig, 40

*

Excitation spectra of agqueous saturated
NaBr-solution with varying concentrations

of TlBr « for emission at 460 nm,

Curve : 1

1 drop of saturated TlBr-solution
in lce.c, of saturated

NaBr-solution.

Curve : 2 - 2 drops e "

Curve ¢ 3 - 3 drops u " n
Curve 3 4 - 5 drops " n n
Curve : 5 - ©& drops u " "
Curve ¢ 6 - 7 drops " " n
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Fig, 41

-
-

Emission spectra of saturated WaBr~solution

with varying gquantities of TI1Br upon excitation

at appropriate wavelengths ( corresponding to

principle

Curve

(1) .k (1]
O wn E W 3%
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band) as observed from Curve in Fig. 40
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Fig. 42 : Excitation spectra of T1Br:Wa specimens

Curve : 1 - Excitation spectra of WaBr
doped T1Br (TlBr:¥Na) for
emission at (a) 360 nm,

(b) 460 nm and (c) 500 nm,

Na concentration o 0.3 m. £,
Curve : 2 -~ Excitation spectra of WaBr

doped T1Br (T1Br:Na) for

emission at (a) 370 nm,

(b) 460 nm and (c) 500 nm.

Na concentrationms 0.5 mef,
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Fig. 43 : Emission spectra of T1Br:Na specimens

upon excitation at 280 nm .

curve

o

1l = WNa concentration ~ 0.3 mefe

Curve

L 1]

2 - Na concentration ) 05 m.fe

Scale on the left hand side corresponds to Curve

L13

Scale on the right hand side corresponds to Curve

L]
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