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The broadening and shift of the 535.0 nm thallium line resulting from the photodissociation of 
thallium iodide perturbed by helium, neon and argon were investigated at low densities using a 
photoelectric Fabry-Perot interferometer. The Doppler and collision broadening components 
of the line profiles have been determined. Linear variations of both the Lorentzian half-width and 
the shift of the line with the perturbing gas density were found and interpreted in terms of Van 
der Waals and Lennard-Jones potentials. 

1. Introduction 

This paper reports measurements of the shape, 
width and shift of the 535.0 nm fluorescence line 
of thallium resulting from the photodissociation of 
thallium iodide molecules perturbed by helium, neon 
and argon. The broadening and shift of this line 
due to collisions with noble gas atoms have been 
studied by Cheron at al. [1]. Their experiment was 
carried out on the fluorescence light emitted from 
a natural thallium vapour mixed with a noble gas 
and with a grating spectrograph, so that rather 
high foreign gas pressures (500—1500 Torr at tem-
perature 743 K) could be used. In this pressure 
region, however, some objections to the applicabil-
ity of the impact theory of line broadening [2, 3] 
may be raised since significant deviations of experi-
mental fine profiles from the Lorentzian profiles 
were found by Cheron et al. [1], 

In the present work, high-resolution spectroscopy 
techniques were used to measure the profiles of the 
535.0 nm T1 line at low pressures of foreign gas 
(He, Ne, Ar), where the impact theory is valid. The 
main interest of this work was to establish the mag-
nitudes of the collision broadening and shift param-
eters for the low pressure region and to compare 
them with the high pressure data of Cheron et al. 
as well as with the predictions of the impact theory. 

Reprint requests to Dr. E. Lisicki, Institute of Physics, 
Nicholas Copernicus University, Grudziadzka 5, 87-100 
Torun, Polen. 

2. Experimental 

The experimental arrangement and the line pro-
file analysis were identical with those used in our 
previous investigations of the broadening and shift 
of the 535.0 nm T1 line by krypton and xenon [4] 
and by molecular hydrogen [5, 6] and deuterium [7]. 
The atomic fluorescence of thalium was excited by 
the photodissociation of thallium iodide molecules 
due to the irradiation of the Til vapour with ultra-
violet light of an r. f. electrodeless mercury discharge 
lamp. The line profiles were analysed using a grating 
spectrograph and a Fabry-Perot etalon with 
1.204 cm spacer and dielectric coatings. The etalon 
which was pressure scanned [8, 9] resolved the 
hyperfine structure into two components, separated 
by the 7 s 2SI /2 T1 level interval of 0.42 cm"1. The 
intensity distribution was monitored using a photo-
multiplier in the photon counting mode. The numer-
ical methods of the analysis of line profiles were 
described in our previous work [4—7]. A low pres-
sure r.f. electrodeless thallium discharge lamp was 
used as the reference source in the line shift mea-
surements. All measurements were performed at the 
temperature 733 K for various densities of the per-
turbing gas up to about 4 x 1018 c m - 3 (this cor-
responds to foreign gas pressures up to 100 Torr 
at temperature 273 K). 

3. Results and Interpretation 

For all densities of the perturbing gas used in the 
present experiment we have found that the non-
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instrumental component of the measured shape of 
the 535.0 nm T1 line emitted due to the photodis-
sociation of Til can be fitted well to a Voigt profile, 
i.e. the convolution of the Lorentzian and Gaussian 
profiles. The half-widths of the Lorentzian and 
Gaussian components of the Voigt profile were de-
termined using a method proposed by Ballik [10] 
combined with a least squares method. 

3.1. Doppler Broadening Parameters 

Figure 1 shows the plot of the Gaussian half-
width y o of the 535.0 nm T1 line emitted from the 
thallium iodide cell at the temperature 733 K 
against the density of perturbing gas. The Gaussian 
width is practically independent of the density. The 
average values yr> of Gaussian half-width at 733 K 
were found to be 0.0507 cm~i for Til + He, 0.0500 
cm - 1 for Tll + Ne and 0.0479 cm~i for Tll + Ar. 
We should note that the Gaussian half-width ya cor-
responding to the usual Doppler broadening result-
ing from thermal motion of T1 atoms at 733 K is 
equal to 0.020 cm - 1 . The difference ZlyD — yD — ya 
(0.031 cm-i for Til + He, 0.030 cm~i for Tll + Ne 
and 0.028 cm - 1 for Til -f- Ar) can thus be used to 
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Fig. 1. Plots of the Gaussian half-width yr> of the 535.0 nm 
T1 line against the density of perturbing gas. 

estimate the additional Doppler broadening arising 
from the recoil of the excited T1(72SI/2) atom 
after photodissociation of the TIL molecule. As was 
shown by Zare and Herschbach [11] in the general 
case the Doppler shape of fluorescence lines emit-
ted by a fragment atom excited due to the photo-
dissociation of the parent molecule may differ signif-
icantly from the Gaussian profile. However, in the 
case of excitation by unpolarized light the Zare and 
Herschbach theory predicts profiles which resemble 
very much to the Gaussian profiles as they are found 
in the present work. 

We should emphasize that at very low pertubing 
gas densities the Gaussian half-widths are always 
greater than the average value yjy • For the Til cell 
with no perturbing gas we found at 733 K the same 
value yD = 0.0573 cm - 1 as in our previous mea-
surements [3—7]. This value is 12% greater than 
the average value yn for TlI-f-He, 13% greater 
than y-o for Tll + Ne, 16% greater than yD for 
Tll + Ar, 26% greater than y D for Tll + Kr and 
26% greater than y D for Tll + Xe. 

3.2. Lorentzian Broadening and Shift Parameters 

In Fig. 2 the Lorentzian half-widths yL of the 
535.0 nm T1 fine emitted from the thallium iodide 
cell are plotted against the density of perturbing 

Fig. 2. Plots of the Lorentzian half-width yL of the 535.0 nm 
T1 line against the density of perturbing gas. 
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gas. As can be seen for all perturbing gases the 
Lorentzian half-widths depend linearly on the den-
sity according to the relation 

7 l = yo + yi + ßN, (1) 

where N is the perturber density and ß is the pres-
sure broadening coefficient related to the inter-
action between the radiating Tl-atom and the per-
turbing atom. In Eq. (1) yo is the sum of the natural 
width of the line and the residual Lorentzian half-
width of the instrumental function, yi denotes the 
Lorentzian half-width of the 535.0 nm line due to 
the interaction between the radiating Tl-atom and 
the Til molecule. 

Measurements performed on Til cells with no 
perturbing gas have confirmed our previous results 
[4] for the asymptotic value of the sum yo + yi-
For the temperature 733 K we found the value 
0.0022 cm - 1 . Using a least squares method the val-
ues ß of the pressure broadening coefficient were 
determined from the slopes of the straight lines 
shown in Figure 2. These experimental values of ß 
are listed in Table 1, where they are compared with 
the results of ß determined by Cheron et al. [1]. 
It must be remembered that the experiment of 
Cheron et al. was carried out at perturbing gas 
densities one order of magnitude higher (0.5—2.0 X 
1019 cm - 3 ) than those (0—4 x 1018 cm"3) used in 
the present investigation. 

Figure 3 shows the plot of the shift A of the 
535.0 nm T1 line emitted from the Til cell against 
the number density of the perturbing gas. For all 
perturbing gases the shift is linear over the density 
range measured according to the relation: 

A=Ao + dN, (2) 

where d denotes the pressure shift coefficient cor-
responding to the interaction of the radiating T1 
atom with the perturbing atom. In Eq. (2) the 

Fig. 3. Plots of the shift A of the 535.0 nm T1 line against 
the density of perturbing gas. 

quantity A a comprises the residual shift due to the 
interaction between the radiating T1 atom and the 
Til molecule, the shift of the line in the reference 
source and that resulting from the numerical data 
analysis. In our experimental conditions we found 
A0 = — 0.0017 c m - 1 at the temperature 733 K. 

As can be seen in Fig. 3 neon and argon produce 
a red shift (minus sign) of the 535.0 nm T1 line. On 
the other hand, a shift towards the blue (plus sign) 
is observed when helium is used as the perturbing 
gas. 

The values 6 of the pressure shift coefficient de-
termined from the slopes of the straight lines shown 
in Fig. 3 are listed in Table 2, where they are com-
pared with the experimental values obtained by 
Cheron et al. [1] in their studies at perturbing gas 

Table 1. Experimental and theoretical values of the pressure broadening coefficient ß (in units 10 - 2 0 cm_1/atom cm - 3) . 
Numbers in parentheses are standard deviations of the least-square-fit. 

Per- Experiment Theory 
turber 

this work Cheron et Lennard-Jones van der Waal 8 
al. [1] 

coul H - F D - H - F coul H - F D - H - F 

He 3.05 (0.03) 3.38 (0.22) 2.90 3.68 3.30 2.13 2.45 2.25 
Ne 1.45(0.02) 1.49(0.15) 1.52 2.07 1.72 1.75 1.98 1.82 
Ar 3.36(0.09) 3.12(0.22) 2.00 1.99 1.84 2.58 2.90 2.67 
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Table 2. Experimental and theoretical values of the pressure shift coefficient ö (in units 10~20 cm_ 1/atom cm - 3). Numbers 
in parentheses are standard deviations of the least-square-fit. 

Per- Experiment Theory 
turber — — — 

this work Cheron et al. [1] Lennard-Jones van der Waals 

H^F D - H - F cmd H - F D - H - F 

He + 0.30 (0.03) + 0.24 (0.06) -f 0.20 + 0.32 + 0.27 - 0.77 - 0.89 - 0.82 
Ne - 0 . 3 4 ( 0 . 0 2 ) - 0 . 3 2 ( 0 . 0 7 ) - 0 . 1 4 - 0 . 0 7 - 0 . 0 8 - 0 . 6 4 - 0 . 7 2 —0.68 
Ar - 0 . 9 8 ( 0 . 0 1 ) - 1.00(0.07) - 1.10 - 1.04 - 0 . 9 9 - 0 . 9 4 - 1.06 - 0 . 9 7 

densities one order of magnitude higher than those 
used in the present measurements. 

3.3. Interatomic Potential Parameters 

In order to interpret our experimental values of 
ß and (5 for the 535.0 nm T1 line perturbed by Ar, 
Ne and He we have applied the procedure identical 
with that used in our previous work [4] on the 
broadening and shift caused by Kr and Xe. Firstly, 
we have determined the values OD and o8 of the 
effective cross sections for the broadening and shift 
of the 535.0 nm T1 line by Ar, Ne and He. To this 
end we have applied the impact theory of pressure 
broadening according to which the coefficients ß 
and (5 (in angular frequency units) can be written 
in the form [2, 3] 

ß = 2 vob, (3) 

ö = ±vos, (4) 

where v is the mean relative velocity of colliding 
atoms. 

The values o'b and <rs determined from the 
straight lines shown in Figs. 2 and 3 are equal to: 

<rb = 4.64 x 10-1 4 cm2 and 
(TS = 0.27 X 10-1 4 cm2 

for T1 + Ar (v = 6.81 X 104 cm s~i), 

(7b = 1.48 X 10-1 4 cm2 and 
(Tg = 0.69 X 10"14 cm2 

for T1 + Ne (v = 9.19 X 104 cm s"1) and 

(Tb = 1.45 X 10~14 cm2 , 
(TS = 0.29 X 10"14 cm2 

for T1 + He ( v = 1.98 x 105 cm s~i). 
As in the case of collision effects caused by Kr 

and Xe [4], we have used an empirical (6—12) 
Lennard-Jones potential to approximate the inter-

action energy F(i2) between the perturbing atom 
and the T1 atom (R the interatomic distance): 

V(R) = hC12R~12 -HCeR-e. (5) 

The constants CQ and CI2 have been calculated 
using three methods which were thoroughly dis-
cussed in our previous paper [4]. The first method 
consists in the application of a simple Coulomb 
approximation introduced by Unsold [12]. In the 
remaining methods either non-relativistic Hartree-
Fock (H-F) wave functions evaluated from the 
computer program given by Froese-Fischer [13] or 
multiconfiguration relativistic Dirac-Hartree-Fock 
(D-H-F) wave functions evaluated from the pro-
gram given by Desclaux [14] have been applied. 
Using these methods the values of the Lennard-
Jones potential parameters have been calculated 
from analytic formulae given by Unsold [12] for Ce 
and by Hindmarsh et al. [15] for C12. These theo-
retical values of C6 and C12 for Tl + He, Tl + Ne 
and Tl + Ar are listed in Table 3. This Table con-
tains also the values of the van der Waals constant 
Ce for the T1 atom in the 72 S1/2 state calculated 
by Wu et al. [16] from a formula [18] more general 
than that given by Unsold. 

The values of the repulsive constant C\2 termed 
as "coul" in Table 3 were obtained from the formula 
proposed by Hindmarsh et al. [15] using the Cou-
lomb approximation of the Bates-Damgaard type 
[17] (cf. Eq. (15) in [4]). 

We have then used the values of the Ce and C12 
constants computed in this way to calculate the 
pressure broadening and shift coefficients ß and d, 
respectively. The calculations were performed using 
expressions derived by Hindmarsh et al. [15] on the 
basis of the classical impact theory (cf. Eqs. (6) and 
(7) in [4]). The calculated values of ß and <5 are 
listed in Tables 1 and 2. where they are compared 
with our experimental values as well as with the 
results of the experiment by Cheron et al. [1] car-
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Per-
turber 

Tl-state c 6 Ref. 
[16] 

C12 Per-
turber 

coul H - F D - H - F 

Ref. 
[16] 

coul H - F D - H - F 

He 62P3/2 
72Si / 2 

0.145 
0.8 

0.236 
1.12 

0.25 
0.969 0.735 

0.003 
2.52 

0.03 
8.69 

0.038 
4.823 

Ne 62P3/2 
72Si / 2 

0.264 
1.46 

0.432 
2.072 

0.461 
1.785 1.429 

0.006 
3.52 

0.05 
11.74 

0.061 
6.617 

Ar 62P3/2 
72Si/2 

1.09 
6.07 

1.784 
8.478 

1.886 
7.313 5.867 

0.025 
8.57 

0.19 
26.31 

0.208 
15.390 

Table 3. The Lennard-
Jones potential parameters 
for T1 + He, T1 + Ne and 
T1 + Ar. (C6 in units 
10~31 cm6 rad/s, C12 in 
units 10"74 cm12 rad/s). 

ried out at perturbing gas densities one order of 
magnitude higher than those used in our work. In 
both Tables the columns termed as "van der Waals" 
represent the theoretical values of ß and <5 obtained 
from the impact theory for the purely attractive 
van der Waals potential, i.e. when C 12 = 0. 

Table 4 contains the comparison of the theoret-
ical and experimental values of the ratio d/ß of the 
pressure shift to the pressure broadening coef-
ficients. We should mention that in Tables 1—4 the 
columns termed as "coul" correspond to the Cou-
lomb approximation applied in the calculations of 
the CQ and C12 force constants. 

3.4. Discussion 

The first conclusion which can be drawn from the 
comparisons shown in Tables 1 and 2 is that for T1 
+ Ar and Tl + Ne the purely attractive van der 
Waals potential leads to quite a good agreement of 
the calculated values of ß and <5 for the 535.0 nm T1 
line with the measured ones. Moreover, as can be 
seen from Table 4 the experimental values of the 
ratio 61 ß are for Tl + Ar and Tl-f-Ne in better 
agreement with the theoretical value ölß=— 0.36 
resulting from the impact theory for the van der 
Waals potential than with those resulting from the 
Lennard-Jones potential. We should also mention 
that our experimental results of ß and S for Tl + Ar 
agree well with theoretical values of Wu et al. [16] 

Table 4. Experimental and theoretical values of ratio ö/ß. 

Per-
turber 

Experiment Theory Per-
turber 

this Cheron 
work et al. [1] 

Lennard-Jones this Cheron 
work et al. [1] 

coul H - F D - H - F 

He 
Ne 
Ar 

+ 0.099 + 0.071 
- 0.234 - 0.21 
- 0.291 - 0.31 

+ 0.068 
- 0.089 
— 0.55 

+ 0.086 
- 0.033 
- 0.522 

+ 0.082 
- 0 . 0 4 7 
- 0.537 

calculated for the van der Waals potential. In their 
calculations the CQ constant was computed using 
a method proposed by Proctor and Stwalley [18]. 
On the other hand, however, for the 535.0 nm T1 
line perturbed by He the calculations based on the 
assumption of the van der Waals potential yield 
values for the shift which are in qualitative disagree-
ment with experiment: a blue shift is observed 
while a red one results from theory. As can be seen 
from Tables 1, 2 and 4 the Lennard-Jones potential 
yields values of ß and <5 for the 535.0 nm T1 line, 
perturbed by He, which are in reasonable agree-
ment with experimental values. We should empha-
size that in this case the Coulomb approximation as 
well as those based on the Hartree-Fock and Dirac-
Hartree-Fock wave functions yield results for the 
coefficients ß and Ö which agree reasonably with 
experiments. Let us note, however, that for T1 + Ne 
the theoretical values of the pressure shift coef-
ficient 6 and the ratio d/ß calculated from the 
Lennard-Jones potential on the basis of the Cou-
lomb approximation are in much better agreement 
with experiment than those resulting from calcula-
tions based on the Hartree-Fock and Dirac-Hartree-
Fock wave functions. On the other hand, however, 
as we have emphasized above for Tl + Ne and 
Tl + Ar the van der Waals potential yields much 
better results than the Lennard-Jones potential. 
Thus we can conclude that in this case the Lennard-
Jones potential may not deal adequately with the 
Tl-Ne and Tl-Ar interaction. Further more accurate 
studies on interaction potentials for Tl-noble gas 
system are thus necessary to explain the experimen-
tal data for the collision effects on the 535.0 nm 
thallium line. 
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