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ABSTRACT
Over the last few years, many of the available data from modern experimental techniques and
sophisticated theoretical methods have become even more important to stellar spectroscopy.
Obviously, the shape of the spectral line is conditioned by natural broadening, Doppler and
collision broadening. In this paper, we have considered the Stark broadening as a dominant form
of collision broadening of the spectral lines of singly ionized rhodium. Here, Stark broadening
parameters widths and shifts have been calculated for 31 Rh II transitions using the simplified
modified semiempirical method of Dimitrijević and Konjević. We analyzed our results for Stark
shifts and compared these obtained values for the whole set of calculated transitions. Also, Stark
widths were analyzed on an appropriate model of the atmosphere of chemically peculiar stars,
type A.
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1 INTRODUCTION
Rhodium is one of the of the six platinum group
metals: platinum, palladium, rhodium, osmium,
iridium and ruthenium. It is also classified as a
noble metal, meaning that it does not react to
oxygen easily, acts as a fantastic catalyst and
is resistant to corrosion and oxidation. Stark
broadening parameters, line width and shift,
especially are needed in astrophysics, due to
constantly increasing resolution of satellite borne
spectrographs, and large telescopes. This
data on trace elements, which were previously
insignificant, now have increasing importance.

In [1] it is reported a few strong Rh I an Pd I in
spectra of γ Equ as one of the example of cool
Ap star belonging to chemically peculiar (CP)
stars. Some atomic species have stronger lines
in the ultraviolet than in the photographic region,
which is why they can only be seen in the UV
region, for example Co II. This star is also known
as sharpest-lined Ap star [2]. A line identification
study of λλ 3086-3807 confirms the previously
stated, see [3]

Neutral rhodium Rh I is better known in the
literature than its higher ionization states. Today,
both singly and doubly ionized rhodium were
detected in stellar spectra. Several singly ionized
rhodium Rh II, have been identified in different
astrophysical spectra such as the Solar spectrum
[4] and the spectra of the HgMn type star χ Lupi
[5], the super-rich mercury star HD65949 [6], the
HgMn HD175640 [7] and the peculiar Przybilski’s
star HD101065 [8]. Some of these stars show the
presence of singly ionized rhodium because its
spectral lines at different wavelengths observed
λ = 3093.5, 3162.2, 3187.9, 3207.3, 3307.4 and
3477.8, these 6 lines were identified as radiative
transitions [9].

Authors from [9] reported oscillatory strengths
for transitions of astrophysical interest to singly
ionized rhodium. Seventeen radiative lifetimes
of singly ionized rhodium have been measured

with time-resolved laser-induced fluoroscence
techique and combine with theoretical branching
fractions calculated using a relativistic Hartee-
Fock model including core-polarization. As a
final result, a set of 113 Rh II transitions in the
spectral range 1530-4180 is published in [9].

New experimentally determined branching
fractions and oscillator strengths (log gf) for
lines originating from 17 levels belonging to
5 terms of the first excited odd configuration
4d7(4D)5p in Rh II are given in [10]. Spectra
of singly ionized rhodium Rh II have been
recorded with a Fourier transform spectrometer
between (2200-4000 Å) in energy range 25000
and 45000 cm−1. In this region, 49 lines have
been identified and measured. By combining
the branching fractions obtained from the spectra
with previously measured lifetimes, log gf values
are reported in [10]).

Rhodium atoms have 45 electrons and the shell
structure is 2, 8, 18, 16, 1. The ground state
electronic configuration of neutral Rhodium atom
is [Kr] 4d85s1 and the term symbol is 4F9/2,
which follows noble gas [Kr]. It has one stable
isotope and 19 short-lived isotopes and isomers
[9]. Rhodium is a very important element for
stellar nucleosynthesis obtained from the r- and
s-processes. One example in ultra metal-poor
star CS 22892-052, indicated two different r-
processes, where are the new observed data
of the lighter n-capture elements in the 40<Z<56
domain (Nb, Ru, Rh, Pd, Ag and Cd). This stellar
r-process patterns are similar to the solar system
r-process abundance distribution [11].

For our calculations of Stark broadening
parameters we used simplified modified
semiempirical method [12] based on [13] since
a set of atomic data, needed for more accurate
semiclassical perturbation calculations [14, 15]
does not exist. There is no other experimental
and theoretical data for Stark widths and shifts
except our set of calculated values.
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2 THEORETICAL METHOD
The simplified modified semiempirical method [12], formulated for Stark broadening of isolated spectral
lines of singly and multiply charged ions in plasma is convenient for Rh II lines. According to [12], full
width at half intensity maximum is:

wsmse = const
λ2N√

T
(0.9− 1.1

Z
)
∑
k=i,f

(
3n∗

lk

2Z

)2

(n∗
lk

2 − lk
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where λ is wavelength in [m], N perturber density in [m−3], T temperature in [K] and const =
2.21577×10−20m2K1/2 give us full width at half intensity of maximum wsmse in [m]. Here, k = i, f
and i is for initial atomic energy level of the considered spectral line and f for final. Here, with Z
denoted residual charges if ion. For neutral Z = 1, and for singly ionized Z = 2, for doubly ionized
Z = 3 etc. Effective principal quantum number denoted with n∗

lk
, where lk (k = i, f ) represent orbital

angular momentum quantum number.

In the case of the Stark shift for ions, there are two different formula. If we neglect transitions with
∆n = 0, where n denotes main principal number by summing all allowed transitions we get the
following shift formula:
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if exist all levels we can find shift by next formula:
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3 RESULTS

In our previous study of singly ionized iridium
ion [16] we noted that it is possible to apply
simplified modified semiempirical method [12]
when the conditions are satisfied. Because of
this reason we take available 31 lines of Rh II
for calculations of Stark broadening parameters,
widths and shifts. Our results for Rh II spectral
lines are presented in Table 1. For calculations
we used an electron density of 1023 m−3 and
temperatures from 10000 up to 300000 Kelvins.
Energy levels for calculations have been taken
from [17].

Here, we noted that wavelengths given in Table
1 are calculated ones, and consequently different
from experimental ones. The transformation of
Stark width in Å to the width expressed in angular
frequency units may be performed using the
following formula:

W (Å) =
λ2

2πc
W (s−1) (3.1)

where c is the speed of light. If the width or shift
should be corrected for the difference between
calculated and experimental wavelength, this can
be performed with next expression:

W
′
= (λexp/λth)

2W (3.2)
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and for the shift the same formalism in the
appropriate designation. With W

′
is denoted

the corrected width, λexp is the experimental, λth

the calculated wavelength and W the width from
Table 1.

We analyzed our results for a complete set of
calculated lines of single ionized rhodium. In
Section 2, we described a method for obtaining
Stark widths and shifts given by the indicated
formulas. If we make the ratio d/W we can see
that it does not depend on the temperature or
the wavelength or of the perturber density. This
is interesting because such a ratio is constant
for each line separately when varying these
parameters, here specifically for the temperature.
This ratio depends only on quantum numbers and
optical charge, which can be seen if we derive the
quotient shift and line width.

For example, for the 2490.8 Å line, this ratio is
0.325 and it is the same for any temperature from
10000 to 300000 Kelvins. Also, the minimum
value of the ratio has line 2606.5 Å with value
0.191, and the maximum for line 2520.5 Å with
value 0.329. For all calculations in a given
wavelength range of interest, these ratios are
between 19.1% and 32.9% of the width of a
single line, which can be seen in Fig. 1.

The growing need for the spectral line data for
the concerning neutral and lowly ionized heavy
atoms Z ≥ 37 is of enlarged interest in describing
a chemically peculiar star atmosphere. The Rh
II spectrum has been intensively researched for
the last decade and is used in experimental and
technological terms. A look at NIST spectral
database reveals that there is a need of not only
for the characterizing the spectral line properties
but also the characterization of the energy levels,
please take a look at 2477.54 Å, 2504.29 Å, and
3964.54 Å lines for instance. The decay times
and related oscillator strengths are investigated
by the means of the laser induced fluorescent
methods. In the [18], two wavelength methods
are used. Two Nd:YAG second harmonic lasers
are used, one for breakdown on the Rh surface
in a vacuum chamber and the second pulse
is exiting the desired level. The time domain
resolved decay is measured, the results are

used for determining both oscillator strengths
and branching factors in [19]. From all previous
studies it is obvious that the Rh II spectral
characteristics are not only of interest but
present open fields for further research in both
experimental and theoretical aspects of research.

All of the presented works are comparing their
results with adequate pseudo-relativistic Hartree-
Fock models. Having that in mind, it is our
belief that the set of data concerning a Stark
broadening parameters width and shift for the
known spectral line is of interest for both solar
models as well as experimental usage. The lack
of detailed knowledge of energy levels for Rh II
led us to usage of simplified rather than detailed
MSE method.

Here, we considered the Stark broadening effect
for Rh II spectral lines in A type star, as we
considered in our previos papers [20, 21, 22].
In Table 1 is placed spectral line of Rh II with
wavelength 2511.1 Å as 5s b3F4 - 5p z3Fo

4

transition with a relative intensity of 300 [23].
We make a comparison of thermal Doppler and
Stark widths for Rh II spectral line 5s b3F4 -
5p z3Fo

4 (2511.1 Å) in A type stars, a model
atmosphere with Teff = 10000 K and log g =
4.5 [24], in Fig. 2. X axis is written with logτ and
indicates Rosseland optical depth scale. This
chosen model is very similar to the models of
A type stars, where rhodium was detected in
their spectrum, which we wrote about in the
introduction of this paper. In the deeper layers
of the atmosphere, the Stark effect is below
the thermal Doppler, but as we go towards the
surface layers, it grows and becomes dominant
above the optical depth whose value is 2.5, see
Fig. 2. Although in deeper atmospheric layers
Stark broadening is less significant compared to
Doppler one, and it has an effect on the wings of
the spectral line and is still dominant. This fact
is supported by the growing abundance of this
element in the atmosphere of the star. In Fig.
2 we can see distribution of width for Stark and
Doppler one in marked temperature range, from
10000 to 40000 Kelvins, for the same model of A
type star with Teff = 10000 K and log g = 4.5 [24].
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Table 1. This table presents Rh II electron-impact broadening parameters: Stark width-W and
shifts-d, both in [Å] and angular units [s−1] for 31 transitions, obtained by the simplified
modified semiempirical method [13] for a perturber density of 1023 m−3 and temperature

range from 10000 up to 300000 K
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Fig. 1. Ratio of calculated Stark shifts and widths for all spectral lines for singly ionized
rhodium
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Fig. 2. Stark widths for Rh II spectral lines 5s b3F4 - 5p z3Fo
4 (λ=2511.1 Å), for an A type star

atmosphere model with Teff = 10,000 K and log g = 4.5, as a function of the Rosseland optical
depth

Fig. 3. Stark widths for Rh II spectral lines 5s b3F4 - 5p z3Fo
4 (λ=2511.1 Å), for an A type star

atmosphere model with Teff = 10,000 K and log g = 4.5, as a function of the temperature
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One can see from our results it follows that in
atmospheres of A type stars exist layers where
Stark broadening effect should be taken into
account for modeling and investigation stellar
plasmas.

4 CONCLUSION
We have performed a simplified MSE method for
calculation of Stark broadening parameters for 31
transitions in Rh II. Stark broadening parameters
widths and shifts have been calculated.

We can see that Stark broadening is more
important or comparable to Doppler broadening
for important layers and that its significance
increases with the increase of the optical depth.
One should note that even when the Doppler
width is larger than Stark width, due to the
differences between Gaussian and Lorentzian
profiles, Stark broadening may be important in
line wings.

The principal pressure broadening mechanism
for A type stars is Stark broadening, so this
data are usefull for determination of abundances,
radiative transfer calculations, stellar opacity
calculations, modelling of stellar atmospheres
and stellar spectra analysis and synthezis.
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P, Biémont, É, Wahlgren GM, Schütz O,
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