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The simple relations between the Stark broadening parameters and the ionization potential
derived by Puri¢ et al. [1] are discussed, and attention 1s drawn to the serious limitations for their
application. The periodic dependence of the Stark width and shift on nuclear charge number

obtained by the same authors [2] is also explained.

Lakicevic and Puri¢ (Ref. [3] and references
therein) have found that the Stark width w and the
shift ¢ (in units of angular frequency) of spectral
lines emitted by a non-hydrogenic atom (or ion)
depend on the “effective ionization energy” I eV
=1Iy— E; (I, and E; denote the ionization energy
and the energy of the lower level, respectively, both
counted from the ground level) in the general form
of a power series:

w=> A% and 6= B, I"*. (la,b)
k k

On the basis of an analysis of various experimental
(in the temperature range 9500—34000 K) and
theoretical data at 20000 K, Puri¢ etal. [1] found
that, for the resonance lines of singly charged ions,
the relations (1) become

wx20507* A and d=x20507"* A . (2a,b)

These equations (and the corresponding ones for
neutral atoms) differ from (1a,b) in two respects:

(1) They refer to the values of w and d in units of
wavelength and

(i1) they are the result of an average over the ele-
ments.

Moreover, (2a,b) apply to the particular plasma
conditions N, = 10" cm™3 and 7= 20000 K.
Recently, Puri¢ et al. [2] have demonstrated that

elements. In order to obtain this dependence, Puri¢
etal. [2] supplemented the available experimental
and theoretical values of w and d by interpolated
ones. The basis of this interpolation is, for example,
in the case of the resonance lines of singly charged
1ons, (2a, b) of the present paper.

We discuss here the following questions: (i) Why
is the parameter /, — E; and not e.g. Iy — E; or [, the
best parameter for the description of the w and d
dependence on the ionization energy? (ii) Do the
Stark broadening parameters, if presented in the
wavelength scale, depend on the ionization energy
in a simple way, as it is asserted especially for the
resonance lines in [1]? (iii) Is the finding in [2]
correct that the Stark broadening parameters of the
resonance lines depend on the nuclear charge
number in a manner corresponding to the periodi-
city of the ionization energy in the periodic table of
the elements?

Equations (1a,b) are based on three different ap-
proaches (semiempirical, semiclassical and adi-
abatic) and are understood to hold for isolated
neutral atom lines as well as for isolated ion lines. In
order to simplify the discussion we shall use the
semiempirical formula [4] for the widths and shifts
of isolated ion lines in a form convenient for the low
temperature limit. In this case the Stark line width
(HWHM) in angular frequency units is given by
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g = 0.2 1s the threshold value of the Gaunt factor,
and n* 1s the effective principal quantum number.

Starting from (3) we can easily derive the expres-
sion

AN % o
0= 5 5 i
' {(10— E)*  (ly— Ep)?
Bi 3
L b " P ] @)
(Io— E)) (Ip— Ep)
where
(i) hay (E”)]po_z. (52)
3 5
=1 (5E}Z) (5b)
Bi=[1-30(+1)] En/2;: j=if. (5¢)

By expanding the denominators on the right-hand
side of (4) into geometric series in / [cf. 3, 6],

I'=1I,~E (6)
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or Iy, it is easily possible to make this expression
look like a power series in these variables:

')"Z Ai (Ei Epy 2 b k) K (7a)

= 24;\ (E, Ef'..?l /,. /f) 1,)_k (7b)
k

= Y Aw (Ei, Er: =2k, ) Ig (7¢)
k

However. the arguments (other than /, =) of the
coefficients and with them the coefficients them-
selves depend — in general — on 7, I” or /;, respec-
tively. Therefore, in the framework of the present
approximation (1a) would follow only. if the coeffi-
cients 4, (E;. E;. = [;. I;) would turn out to be con-
stant. Even within groups of lines corresponding
to the same transitions in homologous atoms. the
latter condition is not fulfilled. The averaging of the
coefficients 4, over the lines of such a group would
lead. of course. to constant coefficients A;. but this
process is apt to smooth out trends and variations.
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and 7=20000 K. The dependence of * on Z (dotted line) is also shown.
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When the Stark width is expressed in the wave-
length scale:

wi(A)= i

w(s") _3
= 1077, (8)

LT e

as 1s done in (2a), an additional effect, namely the
implicit dependence of the wavelength . on the
1ionization energy /; becomes important: With the
increase of /; the distance between energy levels
increases as well, and 2 becomes smaller. This effect
is not taken into account in (2a) and in [7]. There-
fore. (2a.b) and the corresponding results in [7]
should be met with great caution. because they are
lacking any theoretical basis.

Recently, Puri¢ etal. [2] demonstrated also the
periodic dependence of the Stark widths and shifts
in a wavelength scale on the nuclear charge number
for neutral and ion resonances. In order to explain
their results and to demonstrate the dependence of /
on /. the dependence of the Stark widths for the
resonance lines of singly ionized atoms upon the
nuclear charge number Z is plotted in Figure 1. The
Stark broadening data in this figure are evaluated
from (2a) and are expressed in nanometers as in [2].
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The same data are also plotted in angular frequency
units together with the dependence of /> upon Z for
the same resonance lines.

It i1s clear from Fig. I that the dependence upon
the nuclear charge number is completely different
when Stark broadening parameters are given in
angular frequency units. The dependence on Z
obtained in [2] for w (and ) in nanometers is in fact
the periodic dependence of /> on Z. and it can be
easily explained by means of (5) where, for the cal-
culation of the line width, one uses the product of
the two quantities 2> and @ (s™'). The latter changes
much less from element to element. Since the energy
difference between the upper and the ground state
for the resonance transition (which is used in cal-
culating ») depends implicitly on the ionization
energy. the results obtained (Figs. 1 and 2 in [2]),
are only an indirect illustration of the well known
periodic dependence of the ionization potential
upon the nuclear charge number (see e.g. [8]).
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