CHAPTER V

RESULALS AND DISCUSSION




(A) RESULTS
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The excitation and emission spectra of NaCi:T1
powder specimens differing in thallium content were
measured at room temperature. The speciﬁens wére
studied in as-received conditions and affer various
pretreatments. The results obtained are'presented in
this section. The preparafion of the specimens
involved erystallization of 'Specpure' sodium chloride,
with varying quaﬁtities of thallous‘chlo£ide, from
aqueous solution. Like other alkali halides, sodium
chloride does not luminesce strongly in the pure state
until the temperature is lowered‘below 80°K. A weak
luminescence in alkali halides at 300°K hés been of
courée, reported earlieri. NecessaryAprécautions were
therefore taken against the misinterpretation of the
experimental data that méy be attributed to intrinsic
'1uminescence. The excitation and emissi;n spectra
presented in the thesis have been therefore corrected,
wherever necessary, by subtracting very low intens@ty
excitation and emission of as-received and pretreated
pure NaCl specimens from those of the corresponding
thallium-doped specimens. Precautions were also taken
to remove the effect of scatter in the iﬁstrument by

using suitable filters. Luminescence measurements were
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carried out for a number of specimens and the typical
luminescence spectra are presented for discussion. In

all the cases tﬁe excitation spectrum of a given specimen
was first observed and subsequently its emission spectrum
stimulated by the observed excitation was recorded.

EBach excitation and emission band is designated by the
wavelength aﬁ which its peak appears. Iﬁ should however,
be mentiened that a band may not appear isolated and may
possess satellites to the higher or lower wavelength side.
In such a case, chénges in the relative intensities of
the components within a composite band would lead to an
apparent shift in the position of its maximum. In this
respect the peak positions indicéted‘cantonly be regarded
as approximate. Wherever necessary, the complex excitation
and emission bands have been analyzed by the superposition
of bell-shaped curves. The intensities of the excitation

and emission bands are given in absolute units.

Overall examination of the excitation and emission
spectra obtained in the present measurements indicates
that the éxcitation and the emission bands can be
classified into three groups on the basis of the region
in which emission occurs. The three groﬁps are :

(i) Excitation bands favouring ultraviolet emission
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(ii) Excitation bands favouring near-ultraviolet
emission and (iii) Bxcitation bands favouring visible

emission.

(i} Figs. 1 through 14 correspond to varieus NaC1:T1
phosphors with Tl concentration varying in the range
between 10~ % to 10~! molar fraction. These figs.

exhibit the excitation and emission spectra fof specimens,
obtained by crystallization from aqueous solution, in
as-received condition and after various‘pretreatments.
The data in these figs. concern with the emission of

the phosphors in the ultraviolet region.

(Figs. 1 - 4} :

«

Fig., 1, Curves: 1 and 2 represent the excitation
spectra for 320 nm emission of the phosphors with 107%
and 10”3 molar fractionm Tl. These spectra consist of
a single pronounced excitation band at 256 nm. Fig. 2,
Curves: 1 and 2 show that thq:excitation of these
phosphors at 256 nm gives emission at 320 nm besides
other emission bands in the near-ultraviolet and visible

region. It may be mentioned that 256 nm excitabion

favours 320 nm emission however, this execitation ~:=
h .
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band is very closely situated to the excifation band
(260 nm) responsible for the dominant emission in the
pear-ultraviolet region (360-390 nm). Fig. 3, Curves:

1 and 2 show the excitation spectra of the phosphors
with 10~2 ana 10~! molar fraction T1. In. both ke cases
the excitation spectrum resembles the one observed for
the phosphor with lower concentration of T1. It is
clearly seen from the figures that the iqcrease of T1
concentration brings about decrease in the strength of
256 nm excitation and the related 320 nm emission band

(Fig. 4).

(Figs. 5,6) :

Fig. 5, Curves: 1 and 2 exhibit the excitation
spectra for 320 nm emission of two as-received powder

specimens (T1 conc. : 10™%* ana 1072

m.f.} compressed to
tablet. In both the cases the excitation spectrum
displays band at 256 nm. Fig. 6, Curves: 1 and 2 show
that the excitation of the phosphor at“256'nm gives

rise to emission at 320 nm alongwith other emission bands.

"(Figs. 7 - 10) :

The excitation and emission spectra of the phosphors

annealed in evacuated and sealed tubes at 500°C and
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subsequently quenched to room temperature, in as-received
condition and after compression to tablet, are presented
in Figs. 7 to 10, As-received phosphors (Tl conc. : 1074
and 10~° m.f.} exhibit prominent excitation band around
256 nm (Fig. 7, Curves : 1 and 2) for 320 nm emission
whereas the emission spectra excited by this band consist
of the emission band at 320 nm and other bands in the
near-ultraviolet and visible region (Fig. 8, Curves : 1
and 2). It may be noted that 320 nm emission appears
more significant relative to other baﬁds in the emission

spectrum in the case of speéimen having lowest T1

concentration {Fig. 8, Curve : 1).

Compression of the thermally pretreated powder
specimen‘ta,tablet primarily influences its emission
spectrum. The relative strength of 320 ﬁm emission band
decreases if the specimen is subjected to compression
by stressing (Fig. 10, Curve : 1 and 2). Further, an
overall increase in the.emission on the long-wavelength

side of 320 nm emission is also noticeable.,

(Figs. 11 - 14} :

Fig. 11, Curves : 1 and 2 illustrate the excitation

spectra of the‘melt and quenched specimens with 10'"'4 and
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10”2 molar fraction 71, measured for emission at 320 nm.
Fig. 13 exhibits excitation spectra for the above specimens
(for 320 nm emission} after compression to tablets. In

all the cases the excitation spectrum displays a single
baﬁd around 256 nm. The emission spectra for the above
specimens, when exciﬁed by irradiation into 256 nm band,
exhibit 325 nm band and other bands on the long wavelength
side. Comparison of the emission speetfa of the two
specimens one of which is annealed and quenched from 500°C
{Fig. 8, Curve : 1) and the other quenched from melt "
(Fig. 12, Curve : 1), both having same concentration of
T, cleafly indicates that greater thermal shock suppresses

320 nm emission.

'(ii) Figs. 15 through 42 represent the luminéscenee

data for near-ultraviolet emission of the phosphors. The
specimens,. prepared by crystallization from aqueous
solution, were examined in as-received condition and after
subjecting them to various pretreatments. Thallium content
of the phosphors ranged between 10™* to 10”1 molar traction.
The results presented in :Liv these figures correspond to

the near-ultraviolet emission of the phosphor,



- 79 -

(Figs. 15 - 22) :

The excitation spectra of as-received specimens,
differing in T1 concentration, are presented in ﬁhe Figs.15,
17, 19 and 21. The excitation spectra for these specimens
in general, exhibit a principal band between 260 nm and
265 nm and a subsidiary band between 225 and 230 nm. The
-emission spectra excited by these bands are shown in Figs.16,
18, 20 and 22, Excitation of the phosphor by absorption
of light at 230 nm gives rise to emission spectrum somewhat
similar to the one excited by 265 nm band. The difference
in the intensities of the bands in the emission spectra
excited by 230 and 265 nm band is clearly observable.
Further, the 320 nm emission band is conépicuous by its
absence in the emission spectrum excited by 230 nm band.

At lowest T1 concentration (10”4 m.f.) the emission

spectra for both 230 and 265 nm excitation counsist of a
pronounced band at 360 nm and other bands,in the ultraviolet'
and visible region. With the increase in,Tl‘concentration
the peak position at 360 nm shifts to the long wavelength
side indicating that 360 nm band is‘composite in nature.
This presumption is substantiated by the “clear appearance
of a double maximum (at 360 and 390 nm) in the emission

spectrum (Fig. 22, Curves : 1 and 2} for highest T1
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concentration (10"1 m.f.)., It may also ‘be noted that
in the emission spectra excited by 265 Qm band, the
bands in the visible region-become more conspicuous in
the case of specimen with highest T1 concentration
(Fig. 22, Curve : 2). On the other hand, at highest
Tl concentration, there is a marked deeréasg in the
strength of the~emission band around 390 nm excited by

either 230 nm or 265 nm band.

(Figs. 23 - 30 ) :

The excitation and emission spectra.of the
specimens deformed by compression to tab}ets are
presented in Figs. 23-30. Excitation spectra of these
specimens, though differing in T1 concentration, display
in common a priﬁary band around 265 nm and a secondary
band around 230 nm (Figs. 23, 25, 27 and 29). The
emission spectra excited by absorption of 1light into
230 nm and 265 nm band in general, consist of a prominent
band at 390 nm,\bands of lesser intensity in the region
between 360-380 nm and other‘banﬁs of still lesser
intensity at 450, 480 and 520 nm. Comparison of the
emission spectra for the specimens in the form of powder
(Figs. 16, 18, 20 and 22} and in the form of tablet

(Figs. 24, 26, 28 and 30), having same Tl concentration,
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‘clearly indicate the suppression of 320 nm band in the
spectra for the tabletted specimens. Further,
deformtion-induced enhancement in the intensities of
the emission bands in the 360-390 nm region as well as

in the visible region is also observable.

(rigs. 31 - 38)

figs. 31-38 represent the excitation and the emission
spectra of the specimens, annealed in evqcuated and sealed
tubes at 500°C and then quenched to room temperature, in
as-received condltlon and after compress1on to tabiet.
The excitation spectra of these specimens also exhibit
two bands, one around 230 nm and other around 268 nm,
Excitation of the specimens either at 230 nm or 268 nm
gives rise to dominant emission in the 360-390 region.,
It may also he noted that tﬁe deformation induces
enhancement in the intensities of the visible emission

bands (compare Curve : 2 in Fig. 32 with that in Fig. 36

and Curve : 2 in Fig. 34 with that in Fig. 38).

(Figs. 39 - 42) :

The excitation and emission spectra of melt and

quenched specimens in as-obtained condition and after
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deformation by étressing were also recorded. Figs. 39
and 41 demonstrate the excitation data for the specimens
before and after comp?ession to tablet. It is seen that
in both the cases the excitation spectruﬁ consists of a
dominant band at 267 nm. In the excitation spectrum of
one of the tabletted specimens, an excitétion band at
280 nm is also discernible (Fig. 41, Curve : 1). It is
noteworthy that the 230 hm excitation band appearing
alongwith 265 nm excitation band, in theispectra of the
specimens examineé so far, is surprisingly absent in the
excitation spectra of meit and quenched specimens.
Excitation into 267 nm band results in the emission
principally in the near-ultraviolet region with subsidiary

emission in the visible region,

Results described above for NaCl:T1 phosphors,
as-received from solution, with four different T1
concentrations are summarized in Table 1. Table 2
incorporates the data obtained for variously pretreated
NaCl:T1 phosphors. In these tables and the others °
- following, the number in the bracket refers to Fig. No.
and the abbreviation given above the peak wavelength
indicates the relative strength of the band. The following
abbreviations are used:

S - Strong; M - Medium; W - Weak; V.W. - Very Weak.
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TABLE 1

Excitation and Emission Bands Displayed by As-received NaCl:T1l
Phosphors Differing in T1 Concentration (Wavelengths in nm)

[

Sr. Specimen T Excitation — Emission o
No. gome.  band Band,/ Other bands
m. f ‘Bands
T favoured
1. NaCl:T1 1074 s s s W
Powder phosphor 256 320 360 450
prepared from (1) (2)
agueous solution
2. " " . " M S ' w W
225 360 480 520
(15) (16)
3. " " " S S s M W
260 360 320 450 480
(15) (18)
4, " " 10™3 S M. S W W
256 320 370 430 480
(1) (2)
5 . " " n M S M w
. 228 370 450 B20
(17) (18)
6. u " " S S M M W
. - - 263 370 : 320 450 480
(17) {18)

contd.o..o-oo



- 84 -

TABLE 1
Sr. . Tl Excitation Emission
No. Specimen .Conc., band ~eeme——————— e
in Band/ Other bands
m.f, Bands
favoured
7. NaCl:Tl 1072 S M M S W
Powder phosphor 256 320 360 378 430
prepared from (3) . (4)
agueous solution w
480
8. " " " M S M M W
- - 228 378 360 450 520
(19) (20)
9. " " " S S w M W
’ 263 378 325 360 450
(19) (20)
10. " " 1071 s M M S w
256 320 360 384 450
(3) {4)
w
480
11, " " " M S M M w
230 384 360 450 520
(21) (22) , |
12. u " " S S M M M
262 384 325 360 450
(21 {22)

W
480
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TABLE 2

Excitation and Emission Bands Exhibited by Pretreated

NaCl:T1 Phosphors (Wavelengths in nm)

Sr. . T1 Excitation ‘Bmission
No, Specimen Conc., band @z —ceocme——e —— —
in Band/ . Other bands
m, I, Bands
favoured
1., As-received 1074 | M M S M
NaC1i:T1 256 320 360 385 450
powder phosphor - (5) (6)
compressed to M
tablet 480
2. n u ‘ " W S S k4 W
. . . 228 390 375 480 520
(23) (24)
3. " " n S S v S M
- - 267 390 320 380 450
(23) (24) -
M
480
-3
4, n " 10 S M M S M
. 256 320 360 385 450
(5) (6)
W
480
5, n " n M S ‘M S W
- . 227 390 360 375 B20
(25) (26)
6. v " s s w S M
: . 264 390 320 375 450
(25) \26) M
- 480

contd....
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TABLE 2
Sr. . T1 Excitation Emission
No., Specimen Conc.  band — —
in Band/ Other bands
, m.f, Bands
favoured
7. As-received 10”2 M s M M W
NaCl:T1 235 392 360 450 520
powder phosphor {27) (28)
compressed to
tablet
8 - " " n S S W M M
265 392 320 365 450
(27) {28) °
- o M ‘ W
480 520
-1
9, " " 10 M S S M
228 395 370 820
(29) (30)
10. " w ] S S M
265 95 480
(29) 30)

contde....
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TABLE 2
Sr. . T1 Excitation Emission
No. Specimen Conc. band o s
in Band/ Other bands
m.f. Bands
favoured
11, NaC1:T1 powder 107 % s s s
phosphor 258 320 360
annealed and (7) (8)
quenched from
500°C
" " -3
12. 10 S S S
259 329 362
(7) (8)
-2
13. n " 10 M S i}
233 364 450
(31) (32)
14, " " " S s M M
266 364 450 480
(31) (32)
15, v " 1071 M S ¥ W
228 372 450 480
(33) (34}
i16. " w " S S : M M
267 372 450 480
(33) (34)

contde...
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TABLE 2
Sr. . T1 Excitation Emission
No. Specimen Conc. band ~eeeee—————————— e
in Band/ Other bands
mn.f. Bands
favoured
17. NaCl:T1 powder -4
phosphor 10 5 S s . 8 M
annealed and 257 320 360 385 450
quenched from (9) (10) :
500°C and then M
pressed to 480
tablet
) -3
18. n " 10 S M S S S
259 320 360 375 390
(9) (10}
M W
450 480
-2
19, " " 10 M S S W
233 364 385 450
(35) (36}
20. " " " S S M M M
267 375 320 450 480
(35) (36)
21, v " 1071 M s M. M
235 382 | 450 480
(37) {38)
22, " " " S S M M
267 388 450 480
(37) (38)

contd.....



- B89 -

TABLE 2
Sr. T1 Excitation Emission
No, Specimen Conc, band e —————————
in Band/ Other bands
m.f, Bands
favoured
23. NaCl:T1 melt 107t s M s W
and quenched 260 325 . 360 450
powder phosphor (11) (12)
24, " " 1073 S sS. . S W W
256 325 362 450 480
(11) (12)
25, ® " 10”2 s s M M W
. 267 375 . 325 450 480
- (39) (40)
-1
26, " " 10 S S : W M w
267 375 . 320 450 480
(39} (20} -

contde....



- 90 -

TABLE 2
Sr. . T1 Excitation Emission
No. Speqlmen Conc. band = e e
in , Band/ Other bands
m.f. Bands
favoured
27. NaCl:T1 melt 10~% S M S W
and quenched . 259 320 360 450
powder pressed (13) (14)
to tablet .
-3
28, " " 10 S S S W
260 325 370 480
(13) (14) .
29, w n 1072 S s v, M
. . 267 390 320 450
(41) (42)
i , W w
' 480 520
30, ® " 10”1 S s  v.W. M
3 267 390 320 450
(41) (42)
M W

480 - 520
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(Figs. 43 - 50) :

Preliminary experiments indicated that the emission
of the phosphor in the visible region is favoured by
excitation into wavelengths ﬁetween 265 and 280 nm,
Measurements were made therefore to inveétigate in detail
the excitation spectra for visible emission of as-received
(from solution) and pre-treated NaCl:T1 phosphors. The
results obtained are presented in Figs. 43 through 50.
For most of the specimens examined, the éxcitation spectra
were recorded for three emission bands nsted in the visible
region, namely 450, 480 and 520 nm. It;is seen that
instead of 230 nm excitation band, observed alongwith 265 nm
excitation bénd‘for near-ultraviolet emission of the
specimens, there now appears an excitation band around
240 nm for visible emission of the specimens. Since the
excitation band (260 nm region) for strdng near-ultraviolet
emission has an eﬁtensive overiap with the excitation band
(265-280 nm region) for weaker visible emission, the emission
spectrum obtained by excitation into 265-280 nm region band

nearly coincides with the one excited by 265 nm band,

(Figs. 51 - 54) :
Present measurements also included the studies of

the excitation and emission spectra of as-received T1C1
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"powder and its tabletted specimen. Figs. 51 and 53
respectively demonstrate the excitation épectra for
as~received and mechanically deformed specimens. In both
the cases the excitation spectrum consists of a broader
and flatter band, stretching roughly from 210 te 270 nm.
The emission spectrum for any of the speéimens is nearly
independent of the wavelength of the exc#ting light. While
the excitation spectrum of T1Cl does not exhibit well
defined maxima, its emission spectra display two emission
bands namely, at 360 and 385 nm. In thé powder specimen
one- observes principal emission band‘at 385 nm and a
subsidiary band at 360 nm (Fig. 52}. ©On the other hand,
in a tabletted specimen, the 360 nm becomés much more
pronounced and overshadows the 385 nm band. It is interesting
to note that in untreated or pretreated T1C1 the emission

is only in the 360-385 nm region.

(rigs. 55 - 63) :

In yet another series of experiments excitation and
emission spectra of (i)} aqueous solution of T1Cl and
{(ii) T1C1 in saturated aqueous solutionnoi‘NaCI were examined.,
The results obtained are presented in Figé. 55 through 63.

The saturated solution of T1Cl exhibits an excitation band
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around 255 nm (Fig. 55, Curve : 1). A bread emission

band peaking at 390 nm is observed by excitation at this
wavelength (Fig. 56, Curve : 1}. It is seen from the
excitation and emission curves for T1Cl-solution that

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 ingensity of these
bands continues till the solution is diluted to 1:50

(Fig. 59} Curve : 1 and Fig. 60, Curve : 1). With further
dilution of the solution, the intensity of the excitation
and the emission band begins to drop. It is of interest

to note that with the decrease in the concentration of
T1Cl-solution there is a shift in the position of the
excitation and the emission meximum to the short-wavelength
side i.e., from 390 nm to 360 nm, In addition,‘a,new
exeitatioﬂ band appears around 206.nm for T1Cl-solution
with 1:20 dilution (Fig. 57, Curve : 2). This excitation
band grows in intensity as the concentration of the
solution decreases and simultaneously a shift in the
position of the band to the longfwavelenéth side is observed

till it stabilizes around 214 nm (Fig. 59).

Figs. 61, 62 and 63 demonstrate the excitation and

emission spectra obtained for T1Cl in aqueous saturated
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solution of NaCl. The excitation spectr;'for‘this
solution consist of a band at 258 nm when 1 mg T1Cl

is added to 20 c.c. ofksaturatéd NaCl solution (Fig. 61,
Curve : 1). The band maximum shifis to ;ong—wave;ength
side as T1Cl concentration is increased. The position
of the maximum moves to 272 nm when 10 mg TI1Cl is
added to saturated NaCl solution (Fig. 61, Curve : 6).
The emission spectra excited by 260-275 nm region band
and 230 nm band are presented in Figs. 62 and 63
respectively. In both the cases there is a strong
emission band at 425 nm. The emission spectra obtained
by excitation into 260-275 nm region however, shows
other emission bands of lower intensities at 450, 480

and 520 nm (Fig. 62).



Fig. 1 : Excitation spectra of NaCl:T1 powder
specimens for 320 nm emission.
As-received specimens (i.e. as obtained
by crystallization from aqueous solution).

4

Curve : 1 -~ For T1 concentrationrv 10 = m.f.

Curve : 2 - n n ~J 1073 m.f.
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Fig., 2 : Emission spectra of NaCl:T1 powder
specimens upon excitation at 256 nm.
As-received specimens (i.e. as
obtained by crystallization from
aqueous solutionj.

Curve : 4 - For T1 concentraion(\)10—4 m.f.

Curve : 2 - w " m10"3 m.t.
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Fig. 2 : Excitation spectra of NaCl:T1 powder
specimens for 320 nm emission. As-received
specimens (i.e. as obtained by erystalli-
zation from aqueous solution}.

Curve ¢ 1 -~ TFor T1 COncentrationmio_z m.fe.

Curve : 2 - J " oo 107t m.f,
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Fig, 4 : Emission spectra of NaCl:T1 powder
specimens upon excitation at 256 nm.
As-received specimens (i.e. as obtained
by crystallization from aqueous solution).

Curve : 1 - For T1 concentration ¢v 10”2 m.f.

Curve : 2 - n u cv10~ ! .t
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Fig. 5 : Excitation spectra of NaCl:T1
as-received specimens, compressed to
tablet for 320 nm emission.

Curve : 1 - For T1 concentration m10-4 m.f.

Curve : 2 - J n 1073 m,fe
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Fig., 6 : Emission spectra of NaCl:T1
as-received specimens compressed to

tablet upon excitation at 256 nm.

Curve : 1 - For T1 concentrationc\)io“é m.T.

Curve ::2 - n " 0J10"3 m.f.



24000 -

27000

18000 -

75000 -

e ——

12000

INTENSIT Y

Sooo

000

3000

CURVE - 1 CURVE- D

24000 |-

RI000 1~

28000 L.

15000 |-

385
385

3Joo

450 Joo 50

WAVELENGTH IN NIT ——iyem

F/G. 6



Fig. 7 : Bxcitation spectra of NaCl:Tl1 powder
specimens for 320 nm emission.
Specimens annealed at 500°C for 24 hours
in evacuated and sealed +tube and quenched
rapidly to room temperature.

Curve : 1 - For T1 concentrationmiO"LL m.f.

Curve : 2 - n u v 1073 m.f,
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Fig. 8 : Emission spectra of NaCl:T1 powder
specimens upon excitation at 258 nm.
Specimens annealed at 500°C for 24 hours
'in evacuated and sealed +Hube and quenched

rapidly to room temperature.

Curve : 1 -~ TFor T1 concentrationc\)10~4 m.fe.

Curve : 2 - " " 01072 Lt
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Fig. 9 : Excitation spectra of NaCl:T1l specimens
for 320 nm emission., Specimens annealed
at 500°C for 24 hours in evacuated and
sealed tube, quenched rapidly to room
temperature and subsequently compressed to
tablet:,

Curve : 1 - For T1 concentration cuo10~% m.zf.

Curve : 2 ~ " " m1073 m.f.
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Fig. 10 : Emission spectra of NaCl:T1 specimens
upon excitation at 258 nm. Specimens
annealed at 500°C for 24 hours in
evacuated and sealed tube, quenched
rapidly to room temperature and subsequently
compressed to tablet,

Curve : 1 - For T1 concentration 010”4 m. 1.
Curve : 2 - " J ~1072 m.t,
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Fig, i1

Excitation spectra of NaCl:T1l melt and

guenched specimens (powdered) for 325 nm
emission,

Carve : 1 - For T1 concentra‘sionc\J10"4 m.f.

Curve : 2 - n " 01072 m.



INTENSIT Y ——

oo

700

G oo

500

400

300

200

706

CoRrRvVE - 7

258

i

CURVE- 2

8600 por

7000 I~

€000 |

So066

feooo

256

J000

2¢60

lCco6

266

275

2e0 275

WAVELENGTH 1N i

FrG. 17



Fig, 12 : Emission spectra of NaCl:T1 melt and

quenched speeimens (powdered} upon
excitation at 256 nn.

Curve : 1 - For T1 concentration <\>10"4 m.f,

Curve : 2 - " n (\)10—3 m.f,
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Fig. 13 : Excitation spectra of NaCl:T1 specimens

'

for 320 nm emission., Specimens melt and
quenched and then compressed to tablets.

Curve : 1 - For Tl concentrationc\)10-4 m.f,

Curve : 2 = " n 10_3 m,fl,
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Fig. 14 : Emission spectra of NaCl:T1 specimens
upon excitation at 258 nm., Specimens
melt and quenched and then compressed
to tablets.

Curve : 1 - For T1 concentration 0010-4 m.f.

Curve : 2 =~ " w 01073 m.f,
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Fig. 15 : Excitation spectrum of NaCl:Tl powder
specimen for 360 nm emission. As-received

specimen (i.e. as obtained from aqueous
solution).

T1 concentration cv 10~ % m.f.



INTENSIT Y

Booo -

70606 b~

000 |-

5000

dooo -

3000 P~

2000 I~

1000

260

225

i

200

275
WAVELEN GTH 1y N e

£1G6. 15



Fig. 16 : Emission spectra of NaCl:Tl powder
specimen upon excitation at 225 nm
{Curve : 1) and at 260 nm (Curve : 2}.
As-received specimen (i.e., as obtained
by crystallization from aqueous solution}.

T1 concentration cu 107% n.1.
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Fig. 17

.
-

Excitation spectrum of NaCl:T1
powder specimen for 370 nm emission.
As-received specimen.

T1 concentration ro 107% m.f.
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Fig. 18 : Emission spectra of NaCl:T1 powder
specimen upon excitation at 228 nm
{Curve : 1) and at 263 nm (Curve : 2).
As-received specimen,

T1 concentration cu 1073 m. e
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Fig. 19 : Excitation spectrum of NaCl:T1
powder specimen for 378 nm emission.

As-received specimen.

3

T1 concentration co 10°° m.f.
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Fig. 20 : Emission specitra of NaCl:iTl1l powder
specimen upon excitation at 228 nm
(Curve : 1) and 263 nm (Curve : 2).

As-received specimen.

71 concentration oV 10~2 m.f.
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Fig. 21 : Excitation spectrum of NaCl:T1
powder specimen for 384 nm emission.

As-received specimen.

T1 concentration o 10-'1 m. fe
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Fig. 22 : Emission spectra of NaCl:Tl1l powder
specimen upon excitation at 230 nm
{Curve : 1) and at 262 nm {Curve : 2}.

As-received specimen.

71 concentration cv 10"1 m. T,
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Fig. 23 : Excitation spectrum of NaCl:T1,
as-received specimen compressed to

tablet, for 390 nm emission.

A

. b
T1 concentration cv 10 n.f.
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Fig. 24

Emission spectra of NaCl:Tl1,
as-received specimen compressed
to tablet, upon excitation at
228 nm {Curve : 1) and at 267 nm
{(Curve : 2},

T1 conecentration oo 10+ m.f,
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Fig. 25 : Excitation spectrum of NaCl:T1,
as-received specimen compressed to
tablet, for 390 nm emission.

T1 concentration cu 1073 m. £
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Fig.

26

Emission spectra of NaCl:T1,
as-received specimen comﬁressed
to tablet, upon excitation at
227 nm {Curve : 1) and at 264 nm
(Curve : 2).

T1 concentration oo 109 m.f.
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Fig. 27 : Excitation spectrum of NaCl:T1,
as-received specimen compressed to
tablet, for 392 nm emission.,

T1 concentration v 10 2 m. £
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Fig. 28

.
-

Emission spectra.of NaCl:T1l, as-received
specimen compressed to tablet, upon
excitation at 235 nm (Curve : 1)} and
265 nm (Curve : 2).

T1 concentration oo :1.0-'2 m.t.,
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Fig. 29 : Excitation spectrum of NaCl:T1,
as-received specimen compressed to

tablet, for 395 nm emission.

T1 concentration cv 10+ m. fio
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Fig. 30

.
.

Emission spectra of NaCl:T1,
as-received specimeh compressed
to tablet, upon excitation at
228 nm (Curve : 1) and at 265 nm
{Curve : 2).

T1 concentration co 10“1 m.f,
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Fig. 31

»
-

Excitation spectrum of NaCl:T1 powder
specimen for 364 nm emission. Specimen
was annealed at 500°C in evacuated and
sealed tube for 24 hours and then

quenched rapidly to room temperature.

T1 concentration oo 1072 m.f.
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Pig. 32

.
3

Emissioen spectra of NaCl:Tl powder
specimen upon excitation at 233 nm
(Curve : 1) and at 266 nm (Curve : 2}.
Specimen was annealed at 500°C in
evacuated and sealed tube for 24 hours
and then quenched rapidly to room

remperature.

T1 concentration v 10~2 n.t.
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Fig. 33 : Hxcitation spectrum of NaCl:T1l powder
specimen for 372 nm emission. Specimen
was annealed at 500°C§évacuated and
sealed tube for 24 hours and then quenched
rapidly to room temperature.

T1 concentration cv 10"1 m, fie
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Fig. 34 : Emission spectra of NaCl:T1 powder
specimens upon excitation at 228 nm
(Curve : 1) and at 267 nm (Curve : 2},
Specimen was annealed at 500%C in
evacuated sealed tube for 24 hours and
then quenched rapidly to room temperature.

T1 concentration oo 10*1 m.f,
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Fig. 35 : Excitation spectrum of NaCl:T1 specimen
for 375 nm emission, Specimen annealed
and quenched from 500°C in evacuated and

sealed tube and subsequently compressed
to tablet.

T1 concentration co 102 m, fie
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Fig. 36

: Emission spectra of NaCl:T1 specimens

upon excitation at 233 nm {Curve : 1)
and at 267 nm (Curve : 2). Specimens
annealed and quenched from 500°C in

evacuated and sealed tube and subsequently .
compressed to tableti,

T1 concentration co 10-2 m.f.
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Fig.

38

Emission spectra of NaCl:T1 specimen

upon excitation at 235 nm (Curve : 1)

and 267 nm (Curve : 2}. Specimen
annealed and quenched from 500°C in
evacuated and sealed tube and subsequently
compressed to tablet.

T1 concentration co 1071 m.fe
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Fig. 39

.
.

Excitation spectra of NaCl:T1l melt and

quenched specimens (powdered) for 375 nm

emission.

Curve
Curve

1 - For T1 concentration oo 10-2

2 -

1

it

oo 107

1

mefe
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Fig. 40 : Emission spectra of NaCl:T1 melt and
gquenched specimens {powdered) upon
excitation at 267 nm.

Curve : 1 - For Tl concentration co 10“2 m,f.

Curve : 2 =~ " u QN 10_1 m, e
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Fig. 44 : Excitation spectra of NaCl:T1l melt and
quenched specimens {tabletted) for 390 nm
emission.,

Curve : 1 - For T1 concentration o 10"2 me fie

Curve ¢ 2 - . " " ~ 107t mL1.
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Fig. 42 : Emission spectra of NaCl:Tl1l melt and
guenched specimens (tabletted) upon

execitation at 267 mnm,

Curve : 1 - For T1 concentrationmio-g m.fs

Curve : 2 - n " ) :LO"'1 m. fle
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Fig. 43 : Excitation spectra of NaC1:T1 powder
specimen for 450 nm emission (Curve : a),
480 nm emission (Curve : b} and 520 nm
emission {Curve : c). As-received
specimens {(i.e. as obtained by crystalli-
zation Irom aqueous solution).

T1 concentration co 102 m. T
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Fig. 44 : Excitation spectra of NaCl:T1 powder
specimen for 450 nm emission {Curve : aj,
480 nm emission (Curve : b}, and 520 nm
emission {Curve : c}. As-received specimens
{i.e. as obtained by crystallization froem
aqueous solution).

71 concentration cv 102 m.f.
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Fig. 45 ¢ Excitation spectra of NaCl:T1l specimen
compressed into tablet for 450 nm emission
(Curve : a) and 480 nm emission {Curve : b},
As-received specimens.

©1 concentration co 10~ % m.f.
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Fig.,

46

Excitation spectra of NaCl:T1
as-received specimen compressed
to tablet for 450 nm emission
{Curve : a), 480 nm emission’
(Curve : b) and 520 nm emission
{Curve : c).

T1 concentration o102 m.t.
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Fig. 47

L
.

Excitation spectra of NaCl:T1 powder
specimens for 450 nm emission {Curve : a),
480 nm emission (Curve : b) and 520 nm
emission {Curve : ¢). Specimen annealed
at 500°C in evaéuated and sealed tube

for 24 hours and then guenched rapidly

to room température.

T1 concentration cv 10'2 m.f.



INTENSIT Y ———

cCURVE - (a) curVE-(h)
Sooo - 2400
273
Fo60 27006
6000 2800
5000 — 1560
Hdooo 1200
J006 |~ 27/ Soo
2000 ~ b6o0
238
10006 30
{ ]
206 275 200 2748

WAVELENGZH IN N ——pe

FIG. 47



INTENSIT Y ———mm

I
N

curve

249006

21006 L.

1600

/500

200 1 276

S00

60 -

243

300 |~

i

200 274

WAVELEANEGTAH A NI e

FIG. 47



Fig. 48

: Excitation spectra of NaCl:T1l specimens

compressed to tablet for 450 nm emission
(Curve : a}, 480 nm emission {(Curve : b)
and 520 nm emission {(Curve : ¢). Specimen
annealed and quenched from 500°C in
evacuated and sealed tube and then
compressed to tablet.

T1 concentration oo 10-2 m.f.
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Fig. 49 : Excitation spectra of NaCl:T1 melt and
quenched specimen {powdered})’for 450 nm
emission {Curve : a}, 480 nm emission
{Curve : b} and 520 nm emission {Curve : c}.

T1 concentration co 1()"‘2 m.f.
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Fig. 50 : Excitation spectra of NaCl:T1l melt and .
quenched specimen {tabletted)} for 450 nm
emission (Curve : a) and 480 nm emission
{Curve : b).

T1 concentration oo 1072 m.f.
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Fig. 51 : Excitation spectrum of TIiC1
powder (untreated) for 385 nm
emission.
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Fig. 52 : Emission spectra of T1C1 powder
(untreated) upon excitation at
227 nm emission (Curve : 1},
260 nm emission (Curve : 2) and
270 nm emission (Curve : 3},
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Fig. 53 : BExcitation spectrum of TIC1
powder compressed to tablet,

for 360 nm emission.
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Fig. 54 : Emission spectra of T1C1l powder
compressed to tablet upon excitation
at 215 nm {(Curve : 1) and 260 nm
{Curve : 2}.
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of
Fig. 55 @ ExcitationAaqueous T1Cl-solution as

a function of T1C1l concentration.

Curve : 1 - Saturated T1Cl-solution
Curve -~ Dilution of the saturated
71C1-solution with water
in the proportion of ... 1:
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Fig. 56 : Fluorescence intensity of agueous
T1Cl-solution at various T1C1

concentration.

Saturated T1C1 solution

Curve : 1 -~
Curve : 2 -~ Dilution of the saturated
T1Cl-solution with water
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Fig. 57 : Excitation of aqueous T1Cl-solution
as a function of T1C1 concentration.

Curve : 1 - Dilution of the saturated
T1Cl~solution with water
in the proportien of ... 1:10
Curve : 2 — n n " 28 0 1 :20
Curve : 3 -~ " " " eee 1330

Curve : 4 - " " " o 1:40
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Fig. 58 : Fluorescence intensity of aqueous
T10l-solution at various TiCl

concentration.

“Curve : 1 - Dilution. of the saturated
TiCl-solution with water
in the proportion of ... 1:10
Curve : - T " ... 1:20
CUI‘VG : hend A " n .o 1 :30
Curve : 4 - se
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Fig. 59 : Excitation of aqueous T1Cl-solution
as a function of T1Cl concentration.

Curve : 1 - Bilution of the saturated
TlCl-solution with water
in the proportion of ... 1:50
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Fig. 60 : IPluorescence intensity of aqueous
T1Cl-solution at various TiCl
concentration,

Dilution of the saturated
71Cl-solution with water
in the proportion of ... 1:50

Curve : 2 - " n n oo 1270
Carve ¢ 3 - " " " ee o 1:90
CUI'VG : 4: — " " n o s 1 :600
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Fig. 61 : Excitation spectra of aqueous saturated
NaCl-solution with varying concentrations
of T1Cl for 425 nm emission.

Curve ¢ 1 - 1,0 mg of TiC1l in 20 c.c.
of saturated NaCl solution,

Curve : 2 ~ 3.0 mg " u "
Curve : 3 ~ 5.0 mg " " "
Curve : 4 - 7,0 mg " " "
Curve ¢ 5 - $,0 mg " " "
Curve : 6

.- 10.0 mg " " n
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Fig.

62

»
.

Emission spectra of saturated NaCl solution

with varying concentrations of flCl upon

excitation (higher intensity) at appropriate

wavelengths

Curve : 1 -

Curve : 2 -
Curve ¢ 3 -
Curve : 4 -
Curve ¢ 5 -
Curve : 6 -

as observed from curves in Fig. 61.

1.0 mg of TiC1l in 20 c.c. of
saturated NaCl solution;
Excitation at 258 nm.

3.0 mg
5.0 mg
7.0 mg
9.0 mg
10.0 mg

"

n

L

"

"

"

"

n

at
at
at
at
at

260
266
268
272
270

nm
nm
nm
nm
nm



2/001

f800

/5oo0

INTENSITY
N
o
©

Soo

600

300

CURVE -

/

425

27006

8606 |-

|

CYRPVE -

2

425

]

200

‘1g8co

)

CURVE- 3

425

375

450

£2¢8 37¢

450

£25 375 450 52%

WAVELENGTH IN 11777

/G 62




CURVE - A cURVE - 5 CURVE- &

425

oo —

200 + 2700 b TOO0

8o 18606 &Foo

/500 /7500 - Soo

-
N
0
o
1

200 00

INTENS )T Y i

Soe

- 425 300

360

37¢ 450 S28 375 450 5265 324 450 528

WAVELENGTH IN N —

FlG. 62




Fig. 63 : Emission spectra of saturated NaCl-solution
with varying quantities of T1C1l upon
excitation {lower intensity)} at appropriate
wavelengths observed from curves in Fig. 61,

Curve ¢ 1 -« 3,0 mg of T1Cl in 20 c.c. of
saturated NaCl solutionm.

Curve : 2 - 5,0 ng " "
Curve ¢ 3 - 7,0 ng n "
Curve : 4 = 9,0 ng " "
Curve : 5 - 10,0 mg n "
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(B) DISCUSSIGN
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TzZzie'resem; discussion concerns with thé physical models

for the luminescence centres associated with the excitation
and emission bands of untreated and pretreated NaCl:Tl
phosphors differing Widely in their thallium content. In

the case of alkali halides doped with heavy metal impurities,
thallium doped potassium chloride phosphpr has been most
intensively studied. Other thallium doﬂed alkali halide
phosphors studied in sufficient detail ;re KBr:T1 and KI:T1.
The luminescence study of thallium doped sodiuﬁ chloride
phosphor has not attracted special attention mainly because
it is believed that its luminescence chéracteristics are
similar to those observed in thallium doped potassium
chloride phosphors. PFPresent investigat%on indicates that
the luiminescent properties of NaCl:T1l phosphor are not in

all respects identical with those of KCi:Tl phosphor .

It may be mentioned that more freqﬁently the
absorption spectra, and not the excitation spectra of the
phosphor have been studied. However, i% is known that
every excitation band must be an absorption band. The
. intensity distribution in the two spect}a can be different
because the luminescence yield need not be the same for
various absorption mechanisms; and some absorption bands

may even be missing from the excitation spectra. The
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excitation bands observed in the current;invéstigétion,
together with the emission bands excited: by them, are
discussed in certain groups to sult the feonvenience.

As mentioned before, the three emission band groups can
be distinguished on the basis of the spéctral region in
which they appear. The three groups are emission bands
in the (i) ultraviolet, (ii) near-ultrav}olet and

(iii) visible region. First we discuss the excitation
process that givés rise to emisgion in the ultraviolet

region.

(i} Excitation Bands Favouring Ultraviolet Emission:

As mentioned earlier in chapter thfee, the luminescent
spectra of alkali halide phosphors containing trace amount
of thallium were given a theoretical inferpretation by
Seitzi. His treatment established a model which has been
used in the interpretation of the experimental Qork on many
different impurities in the alkali hali@es. The problem
has been approached from the tight binding appreximation,
that is, it is assumed that the transitions.of the ion in
the solid are essentially the same as in the gas., Only the
energy levels are believed to be shifted as a result of the
inferaction of the valence electrons with the c¢rystal. The

electronic configuration of the ground state of the 71 ion
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in the gas is 65> and the electronic state is 180. The
first excited state of the free T1” ion:has the’
configuration 6s6p and contains the electronic states:
3P0, 3P1, 3P2 and 1P1. When the ion is placed in the
crystal , in substitutional position, ali*these states
are raised in energy, the ground state somewhat more
than the excited states, by Madelung field. The two
strong absorption bands 247 and 195 nm cbserved in
KC1:T1 were identified by Seitz with tﬁo most probable
transitions 'S, — %, and te, —- iPi respectively.
The task of computing these levels is sufficiently
formidable that mo detailed treatment of the problem
has yet been completed, Despite the difficulties,
however, one may still adopt a semiempirical approach
to the problem. One such approach was taken by
Wiiliamss’so. Williams attempted a complete and unified
theory of absorption and emission, by computing
configuration coordinate curves. He computed T1* wave
functions by the Thomas-~Fermi method, and ;ssumed that
they did not overlap ér mix with any other states of
the system., He assumed the existence of a single radical

configuration coordinate, and computed the energy of the

system as a function of the coordinate, taking into account



i

such important quantities as Madelung energy, repulsive
energy ,Van der Waals' energy and polarizétion energy. By
computing some quantities, estimating others, and using
experimental results where possible, he was able to
reproduce certain experimental features df the thallium
spectra, in particular, the positions and the widths of

the 247 nm absorption and 305 nm emission bands of KC1:T1.
It must be stated that the Williams theory has a number

of faults, some of which are discussed by Knox and Dexterg.
Hgnce the theory was later modified62 but it is not still

free from objections. It is perhaps best to view Williams'

approach as a very valuable, but semiempirical technique.

In the present experiments it is observed that a
band in the ultraviolet region with its maximum at 320 nm \ \
appears in the emission spectra of the specimens with lower f
T1 concentration., With the increase“of"Tl concentration, |
the intensity of 320 nm emission decreasés. The intensity
of this band also decreases if the specimen is examined
after compression to tablet. 1In this reépect the behaviour
of 320 nm emission band is analogous to that of 305 nm
emission band ebserved in KC1:T1 phosphors. The data
presented in Figs. 1 through 14 reveal that the 320 nm

emission, exhibited by NaCl:T1 phosphor, is favouwred by X

R U N “
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excitation into 256 nm band. Since Williams' theory has
been able to ofifer satisfactory explanation to the
occurrence of 247 nm absorétion and 305 ﬁm emission in
the spectra of KC1:T1l system, one may rqgsonably assume
that the 256 nm excitation and 320 nm eﬁission in NaC1:T1
arises in isolated substitutional T1+'idn in the perfect
region of the lattice. The 256 nmhexeiﬁation can then

3

be due to 130 — Pi glectronic transition within an

isolated substitutional Tl+ ion and the inverse
electronic transition 3P1-~9 180 can be ascribed to

the 320 nm emission,

(ii) Bxcitation Bands Favouring Near-Ultraviolet Emigsion:

It is clear from Tables 1 and 2 that in the case of
NaC1:T1 solid phosphor the emission in the near-ultraviolet
region (between 360 - 390 nm) is favouréd by two excitation
bands the maxima of which range hetween 225 -~ 235 nm and
260 - 267 nm. Investigation of the excitation spectra of
as-received and pretreated P1Cl powder ;how that in general,
the excitation spectrum is broad and diffuse reaching from
210 to 270 nm with poorly resolved maxima (Figs. 51 and 53).
The emission spectrum obtained by irradiation of the TI1C1l

specimen, with light of wavelength belonging to any of the
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excitation maxima, exhibits band only in the near-ultraviolet
fegion (rigs. 52 ana 54). In the case of as-received powder
specimen the‘ emission is primarily in the 390 nm band with
subsidiary emission in 360 nm band. On the other hand, a
tabletted T1Cl specimen exhibits emission principally in the
560 nm band. The excitation spectra of T1Cl-solution also
exhibit a dominant excitation band the position of the
maximum of which varies between 220 and 255 nm aepending on
the concentration of the solution. It shifts to short
wavelength side as the concentration of fhe solution is
decreased (Figs. 55, 57 and 59). In the same manner, the
T1Cl solution exhibits a broad emission band with its peak
position lying between 365 and 390 nm when excited by
wavelength in the range between 220 and 255 nm. As in the
case of excitation spectra, the emission band maximum

also moves to short wavelength side with the decrease in

the concentration of T1Cl-solution (Figs. 56, 58 and 60).

The results of the excitation and emission spectra
for solid NaCl:T1 phosphor, T1Cl powder énd aqueous
T1Cl-solution are summarised in Table 3. It is clear
from this table that the positions—of the maxima of the

excitation bands in the above three'systéms are roughly
.—the same whereas the emission region (360 - 390 nm) for

h
.

AN
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TABLE 3

of the Execitation and Emission Bands of

Solid NaCl:T1 Phosphor, T1C1 Powder and T1C1-Solution

(Wavelengths in nm)

gz: Specimen __Maxi?ET __________
of excitation of emission
band band
NaCl:T1 powder phosphor
prepared from solution.
1. 107% u. 1. iy 225 . 360
(15} (16)
ii) 260 - 360
(15) (16}
{
2. 107 m.z. iy 228 378
(19) (20)
ii) 263 378
(19) (20)
NaCl:T1 powder phosphor
pressed to tablet.
-4 k Ly I
3. 10° ° m.f. i}y 228 390
(23) (24)
ii} 267 - 390
(23) {24)
4. 1072 meLe iy 235" 392
(27) (28)
-ii} 265 " 392
(27) (28)

* contd.ooa
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TABLE 3

Eg' Specimen . Maximum L
of excitation of emission
~band band
NaCl:T1 powder phosphor
annealed and quenched
from 500°C
- .
5. 10 m,f. i) 233 364
(31) (32)
ii} 266 364
(31) (32)
NaCl:T1 powder phospher
annealed and quenched
from 500°C and then
pressed to tablet.
-2
6. 10 © m.f, i) 233_. 364
(35) - (38)
iiy 267 375

(35): (36}

contdeses oo
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TABLE 3

Sr.

No. Specimen

3

Maximun

. - - — -~ (o W > - T —

of excitation
band

=

-~ — ——

of emission
band

7. T1Cl powder in Broad Principal
as-received excitation: emission band
condition,. band reaching at 385 nm and

from 210 to subsidiary
270 nm with band at
poorly 360 nm
resolved
maxima

(51} (52)

8. T1Cl1 powder pressed " " Strong
to tablet. emission band

‘ at 360 nm
(53) (54)

9. Aqueous Maximum Maximum

T1Cl-solution. appears appears
between 220 between 365
and 255 nm and 390 nm

depending on
T1Cl concen-
tration”

{55,57,59)

depending on
T1Cl concen-
tration

(56,58,60)
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the three systems exactly coincide. Hence it seems
plausible to assume that in all the three systems the
excitation and emission originate from ihtergal
electronic transitions within the same kind tentre

namely, T1C1l molecule.

It is important to note that paralielism exists
in the behaviour of solid NaCl:T1 phosphor and
T1Cl-solution in regard to their near-ultraviolet
emission. In both the cases the emission maximum
shifts from 360 nm to 390 nm as the concentration of
T1C1 is increased (for solid NaCl:T1 phosphor see
Curve : 2 in Figs. 16, 18, 20 and 22). Similarly, in
both the cases the intensity of the near-ultraviolet
emission band increases at first with tﬁe increase in
T1Cl1 concentration and after an optimum concentration
‘begins to decrease with further increase in T1C1
concentration. Thus, T1Cl in NaCl lattice exhibit,
with respect to its near-ultraviolet emission,
luminescent characteristics similar to fhose displayed
by aqueOUS.TICI solution, Inlwhat folibws, the
luminescent behaviour of T1Cl solution is discussed on

the basis of which one can interpretﬁhthe luminescence
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characteristics of the solid NaCl:T1 phosphor in

regard to its near-ultraviolet emission.

It is observed from Figs. 56, 58 and 60 that the
intensity of the emission of T1Cl-solution increases
with the decrease of T1C1 concentration:and reaches
a maximum for an 'Optimum Concentration' (1:50 dilution).
With further dilution, the intensity of’the emission
band begins to drop. It is génerally c&nsidered that
in a solution}the degree of dissociation of the molecules
into ions decreases with the increase in the concentration
of the compound81. Thus, different number of T1Cl
molecules and Tl ions coexist in the solution depending
on the concentration of the T1Cl-solution. In a satu?ated
T1Cl-~solution, one would expect the molar concentration
of undissociated T1Cl1 molecules to be very much greater
than the concentration of the 171* ions formea by the
dissociation of the molecules. It is suggested that in
a concentrated T1Cl-solution the excited T1C1 molecule
may be strongly perturbed by the interaction with a
nearby unexcited T1Cl molecule. In such a case, an
internal conversion can be made probable which will limit

the eventual fluorescence emission of the absorbed energy.
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The existence of 'Optimum Concentration' then essentially
means that when an excited T1C1l molecule isséértain
distance apart from an unexcited TlCl molecule, the
quenching probability of the former by the latter is
minimum. Dilution of the T1Cl-solution beyond 'Optimum
Concentration' leads to further the decrease in the
concentration of T1Cl molecules and consequential increase
in the distance, that is, beyond optimum distance, between
an excited and an unexcited T1Cl molecule. One may thus
say that in a T1Cl-solution, the strengéh and position of
the excitation band and of the emission:band excited by

it is mainly governed by the intermolecular distance.

Since extremely dilute T1Cl-solution exhibits an emission
band around 360 nm whereas a saturated T1Cl-solution
displays an emission band around 390 nm, it may be concluded
that large intermolecular distance favoﬁrs emission around
' 360 nm and smaller intermolecular dista;ce favours emission

around 390 nm,

€

In the earlier section it is suggested that in a
solid NaCl:T1l phosphor an isolated substitutional 71¥
ion in the perfect region of the lattice is responsible

for ultraviolet emission of the phosphor. It is proposed
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that a substitutional T1* ion in the distorted region

of the lattice forms one of the components of the cenire
responsible for near-ultraviolet emission of the phosphor.
This hypothesis is borne out by the fact that compression
of the NaCl:T1 phosphor to tablet enhances the emission

in the near-ultraviolet region whereas sﬁppresses the
ultraviolet emission (compare curve : 2 in Figs. 16 and
24; curve : 2 in Figs. 18 and 26 etc.). In the distorted
region of the lattice, a 1% ion will not occupy a position
of cubic symmetry. This assumption is donducive to a
simpler explanation of the near-ultraviolet emission

(360 - 390 nm region) of the phosphor. There is a ‘
gignificant possibility that a 71* ion in the distorted
region forms a covalent bond with one of the neighbouring
c1” ion®2. This would form a T1Cl molecule with an axis
in the <100> directions. One can now conveniently apply
the concepts advanced to explain the luminescent
characteristics of the T1Cl-solution to interpretd the
near-ultraviolet emission observed in solid NaCl:Tl

4

phosphor. At lowest T1Cl concentration (10~ m.f.) the

r1*

ions in the distorted regions will be isolated and
the resulting isolated T1C1l molecules will be responsible

for 360 nm emission band of the phosphor (Fig. 16, Curve:2).
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. With the increase in T1 concentration, the intermolecular
distance between T1Cl molecules in the distorted regions
will decrease and hence the emission maximum would shift

to the long-wavelength side and fina;ly for minimum
intermolecular distance it would stabilize around 390 nm
(Curve : 2, Figs. 18, 20 and 22). O©One can explain the
increase in the intensity of neér—ultraViolet emission
(till certain optimum T1 concentration is reached) and
subsequent decrease in its intensity (with further increase

in the T1 concentration) on the basis of the concentration

quenching.

(iii) Excitation Bands Favouring Visible Emission:

Data presented so far clearly indiéate that excitation
of the as-received or pretreated phosphor by absorption of -
light in the 260 nm region gives rise to emission principally
in the near-ultraviolet region alongwith subsidiary emission
in thé visible region. It is observed tﬂat the emission in
the visible region becomes significant with the increase of
Tl concentration and for a given concen%raﬁion of T1 the
intensity of the emission is enhanced if the phosphor is
subjected to thermal and/or mechanical treatment. The
detailed study of the excitation spectra for emission in

the visible region was carried out for as-received and
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variously pretreated specimens. The results obtained

are preéented in the Figs, 43 through 50 and the same

are summarized in Table 4. It is clear from the data

that the visible emission arises by absorption of liéht

in the 240 nm and 260 nm region. It may be noted that

the excitation maximum for near-ultraviolet emission
appears anywhere between 260 and 267 nm whereas excitation
maximum for visible emission occurs between 265 nm and

280 nm, Thus; there iéggktensive overlap between the
excitation band for near-ultraviolet emission and the
excitation band‘for visible emission. It is of significance
to note that the thermal and/or mechanical pretreatment

of the specimen preferentially shifts the peak position

of excitation band for visible emission to leng-wavelength

side,

Results obtained in the study of tﬁe excitation and
emission spectra for saturated NaCl-solution containing
varying amount of T1Cl are given in the Figs, 61,62 and
63 and in the tabular form in Table 5. It is seen that
emission of such-an aqueous solution is’in the visible
region, primarily in the 425 nm band. With the increase
in T1Cl concentration new bands appear at 450, 480 and

520 nm as shoulders on the descending slope of the dominant
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TABLE 4

Excitation Bands for Visible Emission Exhibited by
As-received and Variously Pretreated Solid NaCl:T1 Phosphor

(wavelength in nm)

Sr. X . T1 Fig. Excitation Emission band
No. Specimen conc. No. band for which the
in excitation 1is
m.f. observed
1 NaCl:T1 powder 1074 43 235 265 450
phosphor
as-received fron 235 265 480
solution.
- 265 520
2 " u 1072 44 235 266 450
235 267 480
240 268 520
3 .NaCl1:T1 powder 107t 45 242 272 450
phosphor
compressed to - 272 480
tablet
4 " " 107% 46 242 269 450
242 270 480
242 270 520

Contd.. e
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TABLE 4
Sr. Specimen T1 Fig. Excitation Emission band
No. °P conc. No. band for which the
in excitation is
m.f, observed
-2
5 NaC1:T1 powder 10 47 240 271 450
phosphor
annealed and 242 273 480
quenched from
500°C 242 276 520
6 NaCl:T1 powder 1072 48 240 272 450
phosphor annealed
and quenched from 240 280 480
5300°C and then
pressed to tablet 240 277 520
7  NaCl:T1 melt and 10 2 49 242 270 450
quenched phosphor
242 270 480
242 271 520
8 NaCl:T1 melt and 10°2 50 243 275 450

quenched phosphor
pressed to tablet 245 280 480 -
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TABLE 5

Excitation and Emission Bands BExhibited by Saturated

NaCl-Solution Containing Varying Amounts of T1C1

(Wavelengths in nm)

Sr.

. Excitation band/

Emission band/

No. Specimen bands bands
1 Saturated NaCl-solution 225 ; 258 425 ; 450
+ 1 mg TiCl (61 ; Curve : 1) (62 ; Curve : 1)
2 Saturated NaCl-solution 230 ; 260 425 ; 450; 480
+ 3 mg TiC1 (61 ; Curve : 2y (62 ; Curve : 2}
3 Saturated NaCl-solution 230 : 266 425 ; 450;480;520
+ 5 mg T1C1 (61 ; Curve : 3} {62 ; Curve : 3)
4 Saturated NaCl-solution 225 ; 268 425;450;480;520
+ 7 mg T1C1 (61 ; Curve : 4) (62 ; Curve : 4)
5 Saturated NaCl-solution 225 ; 272 425;450;480;520
+ 9 mg T1C1 (61 ; Curve : 5} (62 ; Curve : 5)

~



