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ABSTRACT 

 

The Slater parameters have been determined for 4s²4p² - 4p (4d + 5s) 

configurations of neutral germanium by least-squares methods. The calculations were 

made by the Cowan code using experimental spectroscopic data, with relativistic 

Hartree-Fock method, with inclusion of large number of interacting configurations 

[4s4p³, 4s 4p (4f + 5p + 5d + 5g + 6s), 4s4p(4d² + 5s²), 4p (4d + 5s)]. 

 

Keywords: Isoelectronic, Hartree-Fock, Interacting Configurations and Slater 

Parameters. 

 
1.  INTRODUCTION 

  

Germanium is subject to various investigations in science and technology. Scientists 

in astrophysics, plasma physics, physical chemistry, atomic physics and nuclear physics as 

well as many related fields rely heavily on the proper identification of atomic energy levels 

and energy parameters of germanium. Germanium has been widely applied in the laboratory 

and in astronomical plasmas1. Neutral germanium is also observed in the spectra of stars of the     

Cr-Eu-Sr variety of Ap stars and in the solar photosphere2,3. 

Scientist and specroscopist had been studied the structure of germanium atom 

experimentally. The very fisrt study of arc spectrum of germanium performed by Rowland and 

Tatnall and also by Exner and Haschek, in the region above 2200 Å, was summarized in 

Kayser’s Hadbuch der spectroscopie in 19274. Since then many papers have been  reported on 

neutral  germanium. Gartlein classified 73 lines in the range 1870 Å to 4685 Å, and established 

all five levels 1S0, 3P0,1,2, 1D2 of ground configuration 4s²4p²  and 29 levels of 4p (5s,6s,7s) and 

4p (4d-5d )5. In 1929 Rao described the arc spectrum in the Schumann region (1630 Å). He 

confirmed Gartliein’s work and classified 50 new lines. He also gave the ionization potential 

8.09 volt approximately6. In 1937 Sibaiya finds 7 new lines of using hollow cathode 
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discharge7. Kiess (1940) extended the analysis region 5265 Å to 11144 Å and classified 25 of 

44 lines in transition between 4p5s-4p (5p+6p)8. Later in 1959 Andrew and Meissener 

completely studied the germanium spectrum in the range 1546 Å to 11253 Å. Using these data 

they had discovered 5S2 term of sp³  configuration and established 68 new levels configuration 

and established 68 new levels belonging to the configurations 4pns (n=5-10), 4pnp, 4pnd and 

4pnf (n=4-7) and 4s4p³ 9. The analysis performed by Humphreys et al. confirmed 4d ³F4, 5f, 

6f and 7f ³G5 previously estimated by Andrew and Meissener, and reported 6p ³D3 and 6p 1S0 

levels. The 4p4f configuration was established by Cowan and Andrew10,11. Brown et al. (1977) 

had been reported a high-resolution absorption spectrum of germanium in the region 1500-

1900 Å. He included the 4pns, 4pnd and 4png configurations (with n as high as 70) and 

reported 549 levels belonging to these configurations in which most of the levels were reported 

for the first time12. And the latest work known is the study of outermost d-subshell absorption 

spectra of Ge I by Connerade et al.13. 

Slater gave solutions for multielectron system in integral form called Energy 

Parameters or Slater Parameters, i.e. Eav, Fk, Gk etc. 

In the present work these energy parameters have been determined using the reported 

spectroscopic data of neutral germanium, the empirical scaling factors 0.85 for electrostatic 

integrals (Fk) integrals, 0.75 for Gk integrals and 1.0 for spin-orbital integral, of HFR values. 

 

2.  THEORETICAL APPROXIMATIONS 

 

The Hamiltonian of an atomic system having N electrons is of the form 

 

H= Hkim + He-nuc +He-e 
 

=∑
ℎ

2𝑚𝑒
∇𝑖

2 − ∑
𝑧𝑒²

𝑟𝑖
+ ∑

𝑒²

𝑟𝑖𝑖𝑖≠𝑗𝑖𝑖  

 

Where, Hkin, He-nuc and He-e belongs to the kinetic energy of electrons, the Coulomb potential 

and the energy of electrostatic interaction of electrons respectively and ri is the distance 

between the iir  electron and nucleus, and 𝑟𝑖𝑗=|𝑟𝑖 − 𝑟𝑗|.  

Schrödinger equation in the case of multiple electrons, multiple wave functions obtain. 

But because of the term of interaction of electrons, an exact solution could not be obtained. An 

approximate solution is to adopt the method of central force field. It assumed that every 

electron moves in the central force field of the nucleus and also in the mean force field 

produced by other electrons, then we have the following effective Hamiltonian: 
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2𝑖𝑗

= − ∑ [
1𝑝𝑖

2

2𝑚𝑒
+

𝑍𝑒²

𝑟𝑖
− 𝑉𝑖

2𝑖𝑗
(𝑟𝑖)]

𝑁

𝑖=1

𝑁

𝑖=1

 

 

And the Hartree-Fock (HF) approximations assumes that the atomic wave function of 

n-electron atom be written as the product of n one-electron wave functions, which can be 

written as Slater Determinant14-17. 
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The solutions of such system in terms of Slater parameters are as follows 
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Eav gives the center of gravity of the configuration, Fk gives the separation of term with same 

S values but different L values, Gk represents the separation with same L values but different 

S values and Zeta gives the spin orbital interaction with is responsible for fine structure 

splitting of energy levels. The Hartree-Fock-Slater method is the most typical method. Cowan 

revised this method and developed the RCN/RCG program which was used in our study. The 

program is very effective15,17.  

 

3. RESULTS AND DISCUSSIONS 

 

The calculations for the energy parameters have been performed using the Hartree-

Fock method with relativistic corrections included in the Cowan code. All energy levels of the 

related for configurations under consideration have been taken from reported spectroscopic 

data by the various scientists6-13. The predicted energy parameters are shown in Table 1. 
 

Table 1. Energy parameters for Ge I 
 

Configuration  Parameter LSF value (cm-1) 

4s² 4p² E0(4s² 4p²) 
F2(4p, 4p) 

zeta(4p) 

4053.8 
25402.7 

905.9 

4s² 4p  4d E0(4s² 4p 4d) 
zeta( 4p) 

zeta ( 4d) 

F1( 4p, 4d) 

F2( 4p, 4d) 

G1( 4p, 4d) 

G3( 4p, 4d) 

54659.0 
1004.9 

2.6 

0.0 

7128.1 

3839.5 

1802.8 

4s² 2p 5s E0(4s² 4p 5s) 
zeta( 4p) 

G1( 4p, 5s) 

42218.1 
1137.1 

2095.3 

http://www.physics-journal.org/


315 Abdul Wajid, J. Pure Appl. & Ind. Phys. Vol.5 (10), 312-315 (2015) 

October, 2015 |Journal of Pure Applied and Industrial Physics|www.physics-journal.org 

The Least Squares fit (LSF) calculations have been performed for, 4s² 4p5s and 4s4p4d 

configurations for neutral germanium. The energy parameters for allowed transitions were 

yielded. A large number of interacting configurations [4s4p² (4f+5p+5g), 4s4p(4d² +5s²), 

4p3(4d+5s)] are taken for input. The calculations are semi empirical because they made use of 

experimental data to determine energy parameters. 
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