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Abstract 

Purpose: The present study is to resolve the problem in electronic structure of alkaline earth metals 

bydifferent calculations and conceptual theories.  

Methodological concept: All discovered alkaline earth metals occur in nature. Experiments have 

beenconducted to attempt the synthesis of element 120, the next potential member of the group, but they 

have allmet with failure. The electronic structure of alkaline earth metals determines all their physical 

properties.Effective electron Eigen value problem of the singly charged alkaline earth metal ion with a 

single valenceelectron. This valence electron moves in one particle model potential to reproduce the 

valence excitationenergies of the monocation.  

Results: The radial degree of freedom of the electronic wave function in a finite element basis set from 

thesolution of the one electron problem. Using the Lanczos-based package ARPACK, we calculate-for 

eachvalid combination of angular momentum quantum numbers l and j-the first 18 eigen functions outside 

thecore shells. In other words, solutions associated with inner shells are skipped. Thus, the selected 

valence-electron solutions display correct nodal behavior. 

Keywords:  Alkaline earth metals, electronic structure, valence electrons.  

1. Introduction 

The alkaline earth metals are six chemical elements in column (Group) 2 of the Periodic table. They 

are beryllium (Be), Magnesium (Mg), Calcium (Ca), Strontium (Sr), Barium (Ba), and Radium (Ra). They 

have very similar properties: they are all shiny, silvery-white, somewhat reactive metals at standard 

temperature and pressure. Structurally, they have in common an outer s- electron shell which is full; that is, 

this orbital contains its full complement of two electrons, which these elements readily lose to 

form cations with charge +2, and an oxidation state (oxidation number) of +2 [1-8]. All the discovered 
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alkaline earth metals occur in nature. Experiments have been conducted to attempt the synthesis of element 

120, the next potential member of the group, but they have all met with failure. The electronic structure of 

alkaline earth atoms determines all their physical properties. Effective electron eigen value problem of the 

singly charged alkaline earth metal ion with a single valence electron. This valence electron moves in one 

particle model potential to reproduce the valence excitation energies of the monocation. We represent the 

radial degree of freedom of the electronic wave function in a finite element basis set from the solution of the 

one electron problem. Two electron basis functions are constructed. The effective two electrons Hamiltonian 

which describes the neutral atoms and which fully incorporates valence electron correlation is represented in 

this basis diagnolized [9-16].  

2. Calculations  

A. One-particle Hamiltonian 

When treating the effective one-electron problem of the monocation, we employ the one-electron 

Hamiltonian 

 

The operator V represents the electrostatic field generated by the noble-gas like core. This is a central field. 

However, an explicit dependence of the associated potential on the orbital angular momentum quantum 

number l must be included to take account of the fact that electrons with l = 0 dive deep into the core and 

experience relativistic effects (orbital contraction). Such scalar relativistic effects decrease with the average 

distance from the nucleus and thus with l. Therefore, we assume that the spin-angular representation of V 

can be written as 

 

The quantum numbers j and mj refer to the total angular momentum of the valence electron, s = 1/2 denotes 

its spin. In this work, the following parameterization of Vl(r) is used: 

 

Z is the nuclear charge. The parameters  and rl are listed. The potential Vl(r) describes 

the interaction of the valence electron with the ionic core at various length scales. For very large distances 

from the core, the electron is attracted by a point charge of charge +2. As the electron comes closer, the 
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ionic core responds to the presence of the electron and becomes polarized, as expressed by the term 

proportional to cp/r4. Below r = rl, the electron dives into the core. The parameters  

mediate the transition from the exterior region of the core to the interior, where at very small length scales 

the electron interacts with the unscreened charge Z. 

Spin-orbit interaction is represented in Eq. (1) by the operator V
(so)

: 

 

where,  

  

and  ≈ 1/137.036 is the fine-structure constant. 

The Eigen states of h1 can now be written as 

 

and we can focus on solving the radial equation,  

 

 

To this end, we apply a technique based on finite elements. 

B. Finite-element basis 

For the radial degree of freedom, we introduce a quadratically spaced grid of N + 1 grid points between r = 0 

and r = rmax, i.e., ri = rmaxi
2
/N

2
, i = 0, ...,N. In each interval [ri, ri+1], six unique, linearly independent fifth-

order Hermite interpolating polynomials can be constructed that satisfy the boundary conditions [17-24].  



DOI: 10.18535/ijsrm/v5i7.44 

Badrish Badoni, IJSRM Volume 5 Issue 07 July 2017 [www.ijsrm.in] Page 6168 

 

Where  j, k = 0, 1, 2. The functions are defined to vanish everywhere outside [ri, ri+1]. Using the definitions 

 

we have, for r ∈ [ri, ri+1] and j = 0, 1, 2, 

 

And 

 

These formulas correct some misprints in equation. Three continuous basis functions, with continuous first 

and second derivatives, can now be associated with grid point ri (i = 1, ...,N − 1): 

 

Using these, the function value at grid point ri, the first derivative, and the second derivative of any wave 

function can be represented. At the end points, r0 and rN, we set  

 

which is consistent with the boundary condition specified in equation, and 
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which selects solutions to Eq. (7) that vanish at r = rmax. 

The solutions to the Eigen value problem of , 

 

(the explicit dependence on angular momentum quantum numbers is suppressed) are found by expanding the 

eigen-functions in terms of the finite-element basis functions Bj,i(r): 

 

Hence, we have to solve the generalized Eigen value problem 

 

Where,  

 

 

 

and  

 

3. Results and discussion 

In this present work our strategy toward solving the electronic structure problem of alkaline earth metal 

atoms we first treat the effective one electron Eigen value problem of the singly charged alkaline earth metal 

ion with single valence electron from the solution of the one electron problem of monocation we employ the 

one electron Hamiltonian . 
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The operator v represent the electronic field generated by th noble gas like core.For the radial degree of 

freedom, we introduce the degree of freedom, we introduce quadratic ally spaced grid of N+1 grid points 

between r=0 and r= rmax 

 i.e. ri= rmax i
2
/N

2
, i=0,1,2,3……………..,N. 

 

The effective two electron Hamiltonian which describes the neutral atom and which fully incorporated 

valence electron correlation is represented in this basis and diagonal zed in this way Eigen energies and 

Eigen vectors of the two electron valence shell are obtained. 

4. Conclusion 

Since the basis function Bj,i(r) vanishes outside [ri−1, ri+1], both matrices,  and o, have a simple banded 

structure with small bandwidth. The high degree of sparsity is ideal for iterative solvers. Using the Lanczos-

based package ARPACK, we calculate-for each valid combination of angular momentum quantum numbers 

l and j-the first 18 Eigen functions outside the core shells. In other words, solutions associated with inner 

shells are skipped. Thus, the selected valence-electron solutions display correct nodal behavior. 

5. References 

1. A. Aguado and J. M. López. (2000).Structures and stabilities of CaO and MgO clusters and cluster ions: 

an alternative interpretation of the experimental mass spectra,” The Journal of Physical Chemistry B, 

vol. 104, no. 35, pp. 8398–8405. 

2. B. Delley (1990). An all electron numerical method for solving the local density functional for 

polyatomic molecules,” Journal of Chemical Physics, vol. 92, no. 1, pp. 508–517. 

3. B. Delley (1991). Analytic energy derivatives in the numerical local density functional 

approach,” Journal of Chemical Physics, vol. 94, no. 11, pp. 7245–7250. 

4. B. Delley (1996). Fast calculation of electrostatics in crystals and large molecules,” The Journal of 

Physical Chemistry, vol. 100, no. 15, pp. 6107–6110. 

5. B. Delley (2000). From molecules to solids with the DMol
3
 approach,” Journal of Chemical Physics, vol. 

113, no. 18, pp. 7756–7764.  

6. D. J. Driscoll, W. Martir, J. X. Wang, and J. H. Lunsford (1985). Formation of gas-phase methyl radicals 

over magnesium oxide,” Journal of the American Chemical Society, vol. 107, no. 1, pp. 58–63.  



DOI: 10.18535/ijsrm/v5i7.44 

Badrish Badoni, IJSRM Volume 5 Issue 07 July 2017 [www.ijsrm.in] Page 6171 

7. E. De La Puente, A. Aguado, A. Ayuela, and J. M. López, (1997).“Structural and electronic properties of 

small neutral (MgO)n clusters,” Physical Review B, vol. 56, no. 12, pp. 7607–7614. 

8. F. Jin, Y. Liu, and M. D. Christopher. (1989). Barium strontium oxide coated carbon nanotubes as field 

emitters,” Applied Physics Letters, vol. 90, no. 14, Article ID 143114, 3 pages, 2007.  W. A. Saunders, 

“Molecules and clusters, Zeitschrift für Physik D, vol. 12, pp. 601–603. 

9. G. Bilalbegović (2004).  “Structural and electronic properties of MgO nanotube clusters,”  Physical 

Review B, vol. 70, no. 4, Article ID 045407, 01-06. 

10. I. S. Elfimov, S. Yunoki, and G. A. Sawatzky (2002). Possible path to a new class of ferromagnetic and 

half-metallic ferromagnetic materials,” Physical Review Letters, vol. 89, no. 21, Article ID 216403, 01-

04. 

11. J. M. Recio and R. Pandey (1993). Ab initio study of neutral and ionized microclusters of 

MgO,” Physical Review A, vol. 47, no. 3, pp. 2075–2082.  

12. K. P. Huber and G. Herzberg. (1979). Molecular Spectra and Molecular Structure, IV. Constants of 

Diatomic Molecules, van Nostrand Reinhold, New York, NY, USA.  

13. M. C. Day and J. Selbin (1962). Theoretical Inorganic Chemistry, chapter 4, Reinhold, New York, NY, 

USA; Chapman & Hall, London, UK. 

14. M.-J. Malliavin and C. Coudray (1997). Ab initio calculations on (MgO)n, (CaO)n, and (NaCl)n clusters 

(n = 1–6),” Journal of Chemical Physics, vol. 106, no. 6, pp. 2323–2330. 

15. M. Wilson (1997). Stability of small MgO nanotube clusters: predictions of a transferable ionic potential 

model,” The Journal of Physical Chemistry B, vol. 101, no. 25, pp. 4917–4924.  

16. N. Sharma and R. Kakkar (2013). Recent advancements in warfare agents/metal oxides surface 

chemistry and their simulant studies, Advanced Materials Letters.  

17.  O. Koper, Y. X. Li, and K. J. Klabunde (1993). Destructive adsorption of chlorinated hydrocarbons on 

ultrafine (nanoscale) particles of calcium oxide,” Chemistry of Materials, vol. 5, no. 4, pp. 500–505.  

18. P. A. Cox and A. A. Williams (1986). HREELS studies of simple ionic solids,” Journal of Electron 

Spectroscopy and Related Phenomena, vol. 39, pp. 45–48.  

19. P. J. Ziemann and A. W. Castleman Jr. (1991). Stabilities and structures of gas phase MgO 

clusters,” Journal of Chemical Physics, vol. 94, no. 1, pp. 718–728. 

20. R. C. Whited, C. J. Flaten, and W. C. Walker. (1973). Exciton thermo-reflectance of MgO and 

CaO,” Solid State Communications, vol. 13, no. 11, pp. 1903-1905.  

21. S. Utamapanya, K. J. Klabunde, and J. R. Schlup. (1991). Nanoscale metal oxide particles/clusters as 

chemical reagents, Chemistry of Materials, vol. 3, pp. 175–181.  

22. T. Ito and J. H. Lunsford (1985). Synthesis of ethylene and ethane by partial oxidation of methane over 

lithium-doped magnesium oxide. Nature, vol. 314, pp. 721-722.  



DOI: 10.18535/ijsrm/v5i7.44 

Badrish Badoni, IJSRM Volume 5 Issue 07 July 2017 [www.ijsrm.in] Page 6172 

23. T. P. Martin and T. Bergmann (1989). Mass spectra of CaO and BaO clusters. The Journal of Chemical 

Physics, vol. 90, no. 11, pp. 6664-6667.  

24. V. E. Henrich and P. A. Cox (1994). The Surface Science of Metal Oxides, Cambridge University Press, 

Cambridge, Mass, USA.  

 


