
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Theoretical studies of energy spectra and E1
transitions of Ni II ion
To cite this article: P Rynkun et al 2020 J. Phys.: Conf. Ser. 1412 132010

 

View the article online for updates and enhancements.

You may also like
Investigation of adsorptive removal of
heavy metals onto magnetic core–double
shell nanoparticles: kinetic, isotherm, and
thermodynamic study
Ahmed Mohamed El-Toni, Mohamed
Habila, Mohamed Sheikh et al.

-

Induced ferromagnetism in Ni(II) doped
ZnO monolayers via Al co-doping and their
optical characteristics: ab initio study
Muhammad Sheraz Khan, Bingsuo Zou,
Arfan Bukhtiar et al.

-

Patchiness of ion-exchanged mica
revealed by DNA binding dynamics
at short length scales
D J Billingsley, A J Lee, N A B Johansson
et al.

-

This content was downloaded from IP address 18.118.30.253 on 07/05/2024 at 18:45

https://doi.org/10.1088/1742-6596/1412/13/132010
https://iopscience.iop.org/article/10.1088/2053-1591/ad37a7
https://iopscience.iop.org/article/10.1088/2053-1591/ad37a7
https://iopscience.iop.org/article/10.1088/2053-1591/ad37a7
https://iopscience.iop.org/article/10.1088/2053-1591/ad37a7
https://iopscience.iop.org/article/10.1088/1361-6528/ad3255
https://iopscience.iop.org/article/10.1088/1361-6528/ad3255
https://iopscience.iop.org/article/10.1088/1361-6528/ad3255
https://iopscience.iop.org/article/10.1088/1361-6528/ad3255
https://iopscience.iop.org/article/10.1088/1361-6528/ad3255
https://iopscience.iop.org/article/10.1088/1361-6528/ad3255
https://iopscience.iop.org/article/10.1088/0957-4484/25/2/025704
https://iopscience.iop.org/article/10.1088/0957-4484/25/2/025704
https://iopscience.iop.org/article/10.1088/0957-4484/25/2/025704
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvWURGdkxGrrLHEJtquBfluiSRHmQeQrc5AVcJiSO69SAEoqacBsKBbCBQRnQsSViUZNos0Ahxjn-i4zuc1Wk0yNN600bgdQETVei9cCq3-L2p06JYog2H8NT0FiRADI_RkEWgkG5nfs5z1hdy-6uCd93FxOO3VbksO0i2cMhcZ8YZMT8O9Y0uwAKS8Uk7D9aPqY1LoxTKyhHRmiNYG9uebAdHolKyRK-WBh_rNUGMUFHmBsG-E82jXSp_tz4C4C_AxMFXo4XilZ9ZR2YrAlN99PY9PIS7PO3sqNpNM2iFKa1XaSCA3DVP4O5OmzcKomfdHiFUm-_9_ZCM4wXjjAfHr62aDEA&sig=Cg0ArKJSzJYOUthKx0YI&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICPEAC2019

Journal of Physics: Conference Series 1412 (2020) 132010

IOP Publishing

doi:10.1088/1742-6596/1412/13/132010

1

Theoretical studies of energy spectra and E1 transitions of Ni II ion

P Rynkun1 ∗, G Gaigalas1 and P Jönsson2

1Institute of Theoretical Physics and Astronomy, Vilnius University, Vilnius, LT-10222, Lithuania
2Group for Materials Science and Applied Mathematics, Malmö University, Malmö, SE-20506, Sweden

Synopsis Accurate atomic data of the iron group elements are of major importance in astrophysics. In the

present work energy spectrum calculations are performed for 332 lowest states for Ni II ion. Energy levels are

compared with NIST database recommended values. All computations were done using the general-purpose

relativistic atomic structure package GRASP2018.

Nickel belongs to the iron group elements,
and it is one of the most abundant element from
this group in cosmic objects. In the determina-
tion of abundances the accurate transition char-
acteristics are needed. In the NIST [1] database
there are not much electric dipole transition data
for Ni II ion (only transitions between [Ar]3d9

(ground), 3d84s, and 3d84p configurations).

In this work the multiconfiguration Dirac-
Hartree-Fock and relativistic configuration inter-
action (RCI) methods, which are implemented in
the general-purpose relativistic atomic structure
package GRASP2018 [2], were used for energy
spectra computations. The transverse-photon
(Breit) interaction, the vacuum polarization, and
the self-energy corrections were included in the
RCI calculations. Atomic state functions (ASFs)
were obtained as expansions over jj-coupled con-
figuration state functions. To provide the LSJ
labeling system the ASFs were transformed using
the method provided by Gaigalas et al. [3].

The energy spectra for 332 lowest states
for Ni II ion were computed. The calcu-
lations are in progress. So here are pre-
sented the preliminary results where just valence-
valence electron correlations are included. The
inactive core used in the present calcula-
tions is [Ar]. For the construction of the
ASFs single and double substitutions from 3d9,
3d8{4s, 4p, 4d, 4f, 5s, 5p, 5d, 6s, 6p}, 3d74s2, and
3d74s4p configurations to active orbitals set
{7s, 7p, 6d, 5f, 5g} were allowed.

In Figure 1 excitation energies of the lowest
states for each configuration are compared with
data from NIST [1] database. As it seen from
the figure, the largest disagreements are for en-
ergy levels of 3d84s and 3d74s2 configurations.

For other lowest states of studied configurations
the difference with NIST is less than 1%, except
3d74s4p configuration.
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Figure 1. Excitation energy of the lowest state

for each configuration. Black squares show the

data from the NIST [1] while red circles show

GRASP2018 results (RCI). The right Y axis and

blue open triangles show the difference (in %) be-

tween RCI and NIST results for plotted states.
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