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The pressure broadening and shift of the 535.0 nm TI line resulting from the photodissociation
of thallium iodide mixed with sulfur hexafluoride were studied at low densities using a Fabry-
Perot interferometer. A linear variation of both the width and shift of the line with the SF¢
density was found and the cross sections for the broadening and shift were determined.

1. Introduction

In recent papers [1—3], studies of the Doppler
and pressure broadening of the atomic fluorescence
of thallium iodide perturbed by rare gas atoms and
some non-polar molecules such as H,, D,, N,, O,
as well as CO, were reported. In these studies the
values of the effective cross sections for the collision
shift and broadening of the 535.0 nm (7%S,,,— 6%P3/)
atomic thallium fluorescence line resulting from the
photodissociation of thallium iodide molecules were
determined from the Lorentzian component of the
line profile.

The present paper describes an extension of these
investigations to measurements of collision effects
on the same Tl line accompanying the photodisso-
ciation of TII perturbed by sulfur hexafluoride
(SF¢). This research is stimulated, in part. by recent
work on collisions between Rydberg atoms and SFg
molecules which has shown that the cross sections
for the excitation transfer between various fine
structure levels were smaller than those observed
when polar molecules have been used as perturbing
gas but close to those caused by rare gas atoms
[4, 5]. Such results were not unexpected since SFg
has no permanent dipole moment and its mass and
polarizability are comparable to those of the xenon
atom. We have therefore thought it useful to study
the broadening and shift effects on atomic thallium
fluorescence produced by SF¢ in order to compare
them with those due to rare gas atoms, especially
due to xenon.
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2. Experimental

The experimental procedure and the line shape
analysis used in the present work were identical to
those described in our previous papers on the
pressure broadening and shift of the 535.0 nm TI
line accompanying the photodissociation of thal-
lium iodide [1—3]. The light was collected from the
fluorescence cell containing TII vapour with SFg.
The photodissociation of T1I was excited by irradia-
tion of the TII-SF¢ mixture with the ultraviolet light
emitted from a radio-frequency mercury discharge
lamp. The fluorescence cell was mounted in an
electric oven, which could be maintained at any
temperature between 300 and 750 K with stability
of =2 K over several hours. The temperature was
measured with a thermocouple placed in a contact
with the fluorescence cell. Measurements reported
in the present paper were carried out at the temper-
ature of 733 K and at densities of sulfur hexa-
fluoride up to 9x10'7 em™ which corresponds to a
pressure of SF¢ up to 16 Torr at room temperature.

Line profiles were analysed using a grating
spectrograph and a pressure scanned Fabry-Perot
etalon with 1.204 cm spacer and dielectric coating
[6]. Our studies were performed on natural thallium
which consists of 70.54% 2°T1 and 29.46% 2%3TI. The
two hyperfine-structure components determined by
the splitting of the 7%S,,, level of Tl were resolved
while the splitting due to the hyperfine-structure of
6°P3,» Tl level was not resolved by our interferom-
eter. The methods of numerical analysis of the
resultant profiles of overlapping line components
were the same as in previous works [1 —3]. In mea-
surements of the collision shift of the centre of the
535.0nm TI line a low pressure r.f. electrodeless
discharge thallium lamp was used as a reference
source.
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3. Results and Discussion

A very careful numerical analysis has shown that
the resultant shape of the 535.0 nm TI line emitted
due to the photodissociation of TII can be suffi-
ciently well approximated by the Voigt profile,
which is the convolution of the Lorentzian and
Gaussian profiles. The half-widths y; and yp of the
Lorentzian and Gaussian components of the re-
sultant profile, respectively, were determined using
both a procedure given by Ballik [7] and a least
squares method.

The results of our measurements are shown in
Fig. 1, where the Gaussian and Lorentzian half-
width, yp and yi, of the 535.0 nm Tl line as well as
the shift 4 of this line are plotted against the sulfur
hexafluoride density. It is seen that the Gaussian
half-width is practically constant over the entire
range of the SF¢ density. The mean value 7p of the
Gaussian half-width is equal to 0.052 cm™! which is
significantly greater than the Gaussian half-width
7a=0.020 cm™! corresponding to the usual Doppler
broadening resulting from the thermal motion of Tl
atoms with the Maxwellian velocity distribution at
the temperature 733 K. The difference between 7p
and y4 is due to the additional Doppler broadening
arising from the recoil of the excited TI(7%S;,)
atom after the photodissociation of TII. It should be
noted that the average Doppler width of the
535.0 nm TI line perturbed by SF¢ at 733 K is close
to the values found for this line perturbed by rare
gas atoms and such non-polar molecules as H,, D,,
N3, Oz and CO; at the same temperature [1—3].
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Fig. 1. Plots of the Gaussian (1), Lorentzian (2) half-widths
and the shift (3) of the 535.0 nm TI line against the density
of sulfur hexafluoride. A @ O — experimental points.

As it is seen from Fig. 1 the Lorentzian (full) half-
width . of the 535.0 nm TI line depends linearly on
the density N of sulfur hexafluoride according to
the relation:

=%t AN, (D

where y, is the asymptotic value of the Lorentzian
half-width for the fluorescence cell with no perturb-
ing gas and £ is the pressure broadening coefficient.
Using the least-squares analysis we found for
Tl + SF¢ the value f=(5.12+0.47)x107®cm~!/
molecule cm™3. Let us note that in the case of the
same line perturbed by Xe the measured value of
the pressure broadening coefficient was found to be
£ =(3.05%0.03) x 1072¥ cm~!/atom cm ™3 [2].

Figure 1 shows that the shift 4 of the 535.0 nm TI
line is a linear function of the sulfur hexafluoride
density:

A= A4y+ 6N, 2)

where 4, is the asymptotic shift for the TII fluo-
rescence cell without perturbing gas and ¢ is the
pressure shift coefficient. From the least-squares
analysis we found for Tl+ SF¢ the value of the
coefficient to be 6= (—1.59 £0.30) x 107X cm~/
molecule cm™>. For the same line perturbed by Xe
we have determined previously the value

d=(—=0.977 £ 0.03) x 102 cm~'/molecule cm 3

[2]. Let us note that the shift is towards the red like
in the case of perturbation by atoms of comparable
polarizability (Xe, Kr).

The red shift of the 535.0 nm Tl line perturbed by
SF¢ is indicative of an attractive long-range poten-
tial for Tl + SFg. The experimental value of the
ratio of the shift to the Lorentzian half-width deter-
mined in the present work is equal to 4/y;=—0.311.
This value does not differ much from the theo-
retical value of this ratio 4/y. = —0.362 calculated
on the assumption that the interaction energy for
Tl + SF¢ is given by the pure Van der Waals inter-
action [8].

Since our experimental values of the Lorentzian
half-width y; and shift 4 are closely linear function
of the SF4-density we can determine the cross-sec-
tions oy, and o for the pressure broadening and shift
of the 535.0nm TI line, respectively, using the
impact approximation [8], according to which

ﬁ=2l—'o'b, (3)
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and
o=%7o;. 4)

Here ¢ is the mean relative velocity of the colliding
atom and molecule. Using the values § and ¢ deter-
mined in the present investigation for ¢=6.4x
10*cm/s we found the values gy = 7.5 x 10™"#cm? for
the cross-section for the broadening and o,= 4.6 x
10~"#cm? for the cross-section for the shift of the
535.0nm TI line. These values of cross-sections are
greater than those determined in our previous experi-
ments on Tl perturbed by rare gas atoms, hydrogen,
deuterium, oxygen, nitrogen and carbon dioxide. The
reasonable agreement between our experimental data
and theoretical values obtained for a Van der Waals
interaction shows that in the first approximation the
broadening and shift of the 535.0 nm Tl line by SF¢
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