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ABSTRACT

The absorption spectra of thallous chloride in mixed aqueous solution with potassium,
sodium and ammonium chloride have been studied. The absorption spectra of the mixed
solutions show a band the peak value of which lies in the region (225-254 mu). The changes in
the absorption curves for different concentrations of the component have been measured. It has
been shown that the absorption spectra of thallous chloride in mixed solutions can be explained
in terms of the absorption due to T1%, TICl and TICl,~ which are present in the system in signi-
ficant concentrations. Following the method similar to that of Scott and Hu (1955), the molar
absorptivity of the individual species for different wavelengths has been determined for each case.

The complex formation in aqueous solution, indicated by the results, suggest the existence of
complex centres of similar nature in thallium activated alkali halide phosphors.

1. INTRODUCTION

The luminescence of thallium activated alkali halides has received consi-
derable attention both from theoretical and experimental workers, viz. Seitz
(1938), Pringsheim (1942), Bose and Sharma (1950), etc. Introduction of
thallium in alkali halide crystals produces new absorption and emission bands
in the visible and near ultraviolet region. The absorption and fluoreseence
spectra of potassium chloride containing thallium have been interpreted in
terms of the energy levels of thallium ions modified by the potassium chloride
lattice. It has been observed that KCl phosphor with high thallium content
(= 4 per cent) shows a strong fluorescence emission in the visible region in
addition to the short wavelength emission observed with low thallium con-
tents; the long wavelength emission gains in intensity and the short wave-
length emission is gradually suppressed when the thallium content is increased.
Similar results have been obtained in the case of (TICl1{KCl) phosphors,
When the concentration of thallium is increased, associated thallium ions
(T1* —T1") or complex centres (TICl, )™ are also produced in the lattice of potas-
sium chloride as indicated by different results, viz. Johnson and Williams
(1952), Joshi and Ewees (1960). Formherz and Lih (1931) found that a strong
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aqueous solution (3-9 M) of potassium chloride containing small amount of
TIC1 (0-00053 M) shows a distinct absorption band with a maximum at 240-2 mu
while a potassium chloride crystal prepared with traces of TICl has two absorp-
tion bands with maxima at 247-5 and 195 mu. Pringsheim and Vogel (1940)
measured the variation of luminescent intensity with added C1~ concentration
in TICI solutions. All these results can be qualitatively explained as being due
to the complex formation. Hilsch (1937) reviewed the experimental results
and suggested that luminescence and absorption in solid phosphors are due to
the complex formation. It was, therefore, felt that a quantitative analysis
of the absorption spectra of the mixed solution of thallous chloride with
other chlorides may yield results having significant bearing on the problem.

In mixed aqueous solutions of TICl and KCl, thallium can be present in
the form of T1*, TICl,~ and TICl; ", etc.; complex ions, containing more than
two chlorine ions, are not present unless the concentration of KCl is very high.
Similar results are also obtained with NaCl-TICl and NH,CI-TICl solutions.
The dissociation constants of thallous complexes in chloride solutions have
been measured from solubility data. It is, therefore, now possible to interpret
the absorption curves of mixed solutions of KCI-TICl more quantitatively in
terms of the absorptivity of the individual ions. The absorption spectra of
mixed solutions of KCI-TIC] have been analysed in this way by Scott and Hu
(1955). The present investigation of the absorption spectra of mixed solu-
tions of NaCl-TICl and KCI-TICl and NH,CI-TIC! was undertaken to
determine quantitatively the changes in the molar absorptivity of Tl*, TICI
and TICl,” ions separately for different wavelength in each case. It is pre-
sumed that such changes must be due to the differences in the effect of the
solvent ions on the energy levels of the solute ions. The method of deter-
mining molar absorptivity of the solute ions in the present work is similar to
that of Scott and Hu (1955) except that, in the present work, the absorption of
the mixed solutions for any wavelength is measured against that of chloride’
solution of the same strength so that the absorption curves show only the effect
of the ions containing thallium. This procedure considerably simplifies the
calculation. The results suggest that complex centres of the type (TICl)) ™ are
likely to be formed in thallium activated alkali halide phosphors.

2. EXPERIMENTAL PROCEDURE

When the concentration of chloride solution is not very high the following

equations can be written for thallium ions and complexes:
A = T+ 401 = [T
TICI ‘Tl +4+Cl- where Kp [TICT]

TICly~ = TICI4-Cl- where Ky = %%%—]
. 2
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where K and K, are the dissociation .consta,nts and their values for different
system have been taken from Scott and Hu (1955). If the concentrations
(in moles/litre) of TICl,™, T1*, TIC1 and C1” are represented by w, z, y and 2z

respectively,

Zf
w =
K KpK
of? (Br) 5ok l "
_.Kg'w _ j
= —Z— , XT= t—y—w

where ¢= concentration of thallium and f= the mean activity coefficient.
The values of f* for KCl and NaCl are taken from Convay electrochemical data
and for NH,CI solution, it is taken from Pearce and Pumblin (1937).

The absorbance per centimetre (4/b) for one of the mixed solutions at any
wavelength when measured against the chloride solution of the same strength
can be written as '

Afb = we +xe,+ye, .. .. - o (2)

where ¢,, €, and ¢, represent the molar absorptivity of TICl,~, TI* and TICl
respectively. The concentrations of the different species for any mixed
solutions can be determined with the help] of the relation (1), if absorption
curves for three different concentrations be known, and the three equations
obtained from equation (2) for any wavelength can be solved for ¢, ¢, and «,.
The complete absorption curves for different wavelengths can be determined
in this way for all the species, i.e. TI*, TICl and TICl,".

The measurements of absorption have been carried out with the help of
Hilger U.V. spectrophotometer, using a hydrogen lamp source at room tem-
perature; chloride solutions of the same strength as that in the mixed solution
have been used for comparison in each case, so that the results represent the
absorption due to the thallium components only. The salts used are of
analar quality and mixed solutions are prepared by adding the requisite
amount of thallous chloride to the aqueous solution of the corresponding
chloride of known strength; the concentrations of thallous chloride, used in the
present investigation, range from 2-08 to 5-2 X 10~ 4 M, so that the concentration
of CI” ion remains practically unaffected.

3. REsunTs AND Di1sOUSSIONS

The measurements have been carried out for various concentrations and
the molar absorptivity of the different species for different wavelengths has
been determined from three of them; the absorption curves have been cal-
culated theoretically from the concentrations of the different species calcu-
lated by equation (1) and the molar absorptivity already determined. The
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theoretical absorption curve is then compared with the experimentally meas-
ured one. The absorption measurements for the various systems are given in
Figs. 1, 2 and 3.
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It can be seen that the experimental curve agrees with the theoretical
curve, indicating thereby the correctness of the hypothesis of complex formation
in the mixed solution shown in Figs. 3, 4and 5. The results further show that,
for a particular concentration of the chloride solution, the increase in the
thalliuim concentration increases the absorbance of the mixed solution for any
wavelength without affecting the position of the band maximum; this is in
agreement with the relations, ’
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For different concentrations of the chloride solution for the same thal-
lium content, the band maximum shifts towards the longer wavelength side.
The reason for the shift is twofold:

1. The different chlorine ion concentrations change the relative propor-
tions of the different species in accordance with equation (1).

2. The molar absorptivity curves of the species of the different wave-
lengths may be affected to different extents due to changes in the dielectric
constant of the solutions, i.e. changes in the internal field acting on the
species. The two effects cannot be separated and are smoothed out in the
method of analysis possible at present. The effect due to the dielectric changes
of the solutions will naturally be more prominent for large changes in the
concentration of the chloride solution and thus can be neglected if the strengths
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of chloride solution be kept within a narrow limit.
that at high Cl” concentration, complexes higher than TICl,” will be present;
such species are not taken into consideration.
experimental absorption curves may not agree very well at higher chloride
concentration. These are also partly borne out by the experimental results for

NaCl-TICI system.

The molar absorptivities of T1*, TICl and TICl,” calculated for different

Hence the theoretical and

aqueous solutions are compared in Tables I, 1T and IIT.

TABLE I

Molar absorptivity in litre mole™ L cm™ ! of TIY in water and different chloride solutions

It is also to be expected

Distilled
Wavelength | water Ka Nacl NHO
in mp 3 €, X € X € X1
€, x10 * * ¥
220 3-01 572 1-47 019
225 | 2-59 470 1-69 0-21
230 1-43 4-20 0-00 0-00
235 0-51 4-00 0-00 0-00
240 0-18 2.97 0-00 0-00
245 0-00 1-37 0-00 0-:00
250 0-00 071 0-00 0-00
260 0-00 0:00 0-00 0-00
Tasre II

Molar absorptivity in litre mole” L em ™Y of TICL in different chloride solutions

Wavelength KCl NaCl NH,Cl
in my €,x103 €y X 103 €y X 103
220 3-63 4-46 553
225 585 504 576
230 4-61 4-43 479
235 2-61 3-60 275
240 0-80 2-28 1-79
245 0-00 1-05 0-34
250 0-00 0-00 0-00
260 0-00 0-00 0-00
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Tarre 11T

Molar absorptivity in litre mole™* cm™1 of TlCl; wn different chloride solutions

Wavelength KO [ NaCl NH,C!
in mp L X103 %103 € X 103
[
t
220 0-00 l 0-00 0-00
225 0-16 | 0-57 0-00
230 2-33 ; 2-88 1-87
235 4-09 381 4-53
240 4-97 } 441 4-54
245 4-68 | 4-14 4-93
250 1 3-28 | 3-02 354
260 - | 1-12 l 115 112
! ]
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