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Ge,Sn/Si-based nanoparticles are used as excipients in 
pharmaceutical technology. Recently, silicon/ 
germanium oxide has emerged as drug delivery 
systems. Therefore, in this article, it has been evaluated 
the promising alternative alkaline earth metals of 
beryllium-ion, magnesium-ion, calcium-ion delivery. 
This paper reports the presence of human cells of an 
additional ouabain-insensitive transport pathway for 
Mg2+–Be2+ and Mg2+–Ca2+ and ions cotransport. A vast 
study on H-capture by Mg2+Be2+ [SiO–(GeO/SnO)] or Mg2+Ca2+ [SiO–(GeO/SnO)] complexes was probed using computational  approaches 
due to density state analysis of charge density differences (CDD), total density of state (TDOS), localized orbital locator (LOL) for 
heteroclusters of Mg2+Be2+ [SiO–GeO], Mg2+Be2+ [SiO–SnO], Mg2+Ca2+[SiO–GeO] and Mg2+Ca2+ [SiO–SnO]. Higher Ge/Sn to Si content can 
increase cell capacity through Mg+Be+ [SiO–GeO], Mg2+Be2+ [SiO–SnO], Mg2+Ca2+ [SiO–GeO] and Mg2+Ca2+ [SiO–SnO] nanoclusters for ion 
adsorption process and might improve the rate performances by enhancing electrical conductivity. Besides, [SiO–(GeO/SnO)] anode material 
may advance cycling consistency by excluding electrode decline and augments the capacity owing to higher surface capacitive impacts. The 
fluctuation in charge density values demonstrates that the electronic densities were mainly located in the boundary of adsorbate/adsorbent 
atoms during the adsorption status. Among these, beryllium-ion, magnesium-ion, calcium-ion transfer seems to show the most promise in 
terms of initial capacity. This ion transport can create and maintain an electrochemical gradient, which is crucial for various cellular processes, 
including cell volume regulation, electrical excitability, and secondary active transport. Current study wants to discover deeper into several 
aspects of this molecular entity, such as describing its structure and mode of operation in atomic detail, understanding its molecular and 
functional diversity, and examining the consequences of its malfunction due to structural alterations.  
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INTRODUCTION 
The lithium ions are prominently represented in the 

environment, however, lithium ions are not essential co-factors 
in biological systems. In contrast, sodium, potassium, calcium 
and magnesium are essential co-factors in multiple biological 
systems, and others such as iron, zinc, and copper play a role in 
some specific systems. Thus, lithium ions appear to have been 
isolated from being incorporated as an essential element during 
the evolution of increasingly complex biological systems [1–7]. 

The targeted delivery of therapeutics to internal organs to, for 
example, promote healing or apoptosis holds promise in the 
treatment of numerous diseases. Currently, the prevailing 
delivery modality relies on the circulation; however, this 
modality has substantial efficiency, safety and/or controllability 
limitations [8]. 

It is relevant to remark that Si-based inorganic compounds 
have been extensively examined for lithium-ion batteries (LIBs) 
[9]. Similarly, although Si-based polymer-derived ceramics 
(PDCs) have already been investigated as electrodes in 
rechargeable LIBs, [10] there are no results to discover their 
potential for magnesium-ion batteries (MIBs). One hopping 
anode material for LIBs is silicon (Si), with a theoretical capacity 
nearly ten times that of graphite [11]. However, the usage of Si-
anodes remains moderate because of magnificent volume 
expansion and pulverization during cell cycling, conducting 
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structural deterioration and poor performance 
stability [9]. The extracted polymers from 
ceramics, especially with silicon backbone, 
might be a supreme candidate to modify the 
mentioned concerns [10]. Therefore, SiOC with 
Si tetrahedrally coordinated to O and C, has 
already been studied as electrodes in 
rechargeable lithium-ion batteries [12–15].  

Moreover, Sn-containing SiOC/Sn nanobeads 
are synthesized with various C/Sn elements and 
examined as electrodes for Mg-ion batteries 
[16]. 

Owing to low electrical conductivity, 
additives such as tin (Sn) are provided to 
ameliorate the cycling consistency, rate 
performance of SiOC electrodes and reversible 
capacity [17,18]. It should also be underlined 
that, like silicon electrodes, metallic tin 
electrodes endure severe volume expansion and 
particle assossiation, conducting to poor cycling 
consistency [19]. Therefore, SiOC ceramics are 
appropriate active matrices to buffer volume 
alteration and density of tin during cell cycling 
[20–23]. 

Lately, the carbide hybrid nanomaterils of Si-, Ge-, Sn have 
been proposed as occupied H2-capture substances[24–26]. 
Whereas the polarizability of Si is more than C atom, it is 
assumed that Si–C/Si nanosurface may append to compositions 
more intensely in hybrid to the pure C-nanostructures [27–29 The 
previous investigations of energy-saving devices through H-
adsorption have been tailored owing to DFT calculations with a 
semiconductor group of Si/Ge/Sn/Pb nano-carbides [30], Mg-Al 
nanoalloy [31] and Al/C/Si doping of BN nanocomposite [32]. 
Nanomaterials with notable structures detect undertaking 
demands in the field of electrocatalysis, fuel cells, and energy-
saving [33].  

This investigation wants to delve into the feasibility of alkaline 
earth metal cations delivery by [SiO–GeO]  or [SiO–SnO]  
nanocluster through formation of Mg2+Be2+[SiO–GeO], 
Mg2+Be2+[SiO–SnO], Mg2+Ca2+[SiO–GeO] or Mg2+Ca2+[SiO–
SnO]  complexes. Therefore, it was analyzed the physico-
chemical properties of mentioned heteroclusters. Regarding this 
context, [SiO–GeO]  or [SiO–SnO]  nanocluster was modeled 
with hybride alkaline earth metal cations  of  Mg2+/Be2+/Ca2+ as 
cathode materials for comparison. Following in-depth 
characterization, samples were measured for their performance 
correlated with chemical composition varations to legislate their 
potency for the first time in Mg2+–Be2+ & Mg2+–Ca2+-batteries. 

THEORY, MATERIALS AND COMPUTATION 
The aim of this study is to transport alkali metal ions of Mg2+, 

Be2+, Ca2+ by [SiO–GeO]  or [SiO–SnO]  nanocluster towards 
formation of Mg2+Be2+[SiO–GeO], Mg2+Be2+[SiO–SnO], 
Mg2+Ca2+[SiO–GeO] or Mg2+Ca2+[SiO–SnO]  complexes 

(Figure1 a,b,c,d) which can increase the ion transfer in human 
cells. Figure1(a,b,c,d) has shown alkaline earth metals-based 

nanoclusters of Mg2+Be2+ [SiO–GeO], Mg2+Be2+ [SiO–SnO], 
Mg2+Ca2+ [SiO–GeO] and Mg2+Ca2+ [SiO–SnO] which can 
enhance the ion delivery in bodycells, transistors or other 
semiconducting devices. In this investigation, the computations 
have been launched by Coulomb-attenuating method–(Becke, 3-
parameter, Lee-Yang-Parr) [CAM–B3LYP–D3] level of theory.  

The analysis of Bader charge parameter [34] has been 
illustrated for H2-captured hybrid clusters of Mg2+Be2+[SiO–
GeO], Mg2+Be2+[SiO–SnO], Mg2+Ca2+[SiO–SnO]. and Mg2+Ca2+ 
[SiO–SnO] (Figure1a,b,c,d) due to Gaussian 16 revision C.01 
computational software [35] and GaussView 6.1 graphical 
program [36]. The applied basis sets for theoretical calculations 
of H2-capture by Mg2+Be2+ [SiO–GeO], Mg2+Be2+ [SiO–SnO], 
Mg2+Ca2+ [SiO–GeO] and Mg2+Ca2+ [SiO–SnO] has been 
supported by LANL2DZ and 6–311+G (d,p). 

One of the most significant advantages of applying (Ge/Sn)-
containing SiO nanocluster as anodes/cathodes in magnesium 
batteries is they provide several potential Mg ion storage ways in 
a stable [SiO–(GeO/SnO)] anode material, increased electrical 
conductivity from Ge/Sn and surface area from the nanocluster 
morphology. In this investigation, homogenously distributed 
germanium or tin elements can be immobilized in the SiO matrix, 
which prevents their tendency to form agglomeration under cell 
cycling. The Mg/Be/Ca insertion might also result in the cleavage 
of some Si–O, Ge–O or Sn–O bonds in the [SiO–(GeO/SnO)] 
anode material and the expansion, providing favorable sites for 
the subsequent ion insertion in the network.  

At the same time, the Mg, Be, Ca atoms could react rapidly 
with a metalloid germanium or metal tin, and possibly hybrid 
nanocluster of [SiO–(GeO/SnO)] to form different Mg-based 
alloys of  Mg2+Be2+ [SiO–GeO](Figure1a), Mg2+Ca2+ [SiO–GeO] 
(Figure1b), Mg2+Be2+ [SiO–SnO](Figure1c) and Mg2+Ca2+ [SiO–
SnO](Figure1d). 

 
Figure 1. Delivery of  Mg2+, Be2+, Ca2+ in the body cell by  [SiO–(GeO/SnO)] 
nanoclusters and formation of  (a) Mg2+Be2+  [SiO–GeO], (b) Mg2+Ca2+ [SiO–
GeO], (c) Mg2+Be2+  [SiO–SnO], (d) Mg2+Ca2+ [SiO–SnO] complexes 
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RESULTS AND DISCUSSION 
3.1. Charge density differences analysis 
In Figure 2(a,b,c,d), charge density differences (CDD) [37] 

have been shown for Mg2+Be2+ [SiO–GeO], Mg2+Ca2+ [SiO–
GeO], Mg2+Be2+ [SiO–SnO], Mg2+Ca2+ [SiO–SnO] nanoclusters 
with the vibration in the district about –12 to +6/+10 Bohr. 
Moreover, the elements of O2, O3, O7–O12, O14, O15, O17, 
O(18), O22–O27, O29, O30 from Mg-based alloys of  Mg2+Be2+ 
[SiO–GeO], Mg2+Ca2+ [SiO–GeO], Mg2+Be2+ [SiO–SnO], 
Mg2+Ca2+ [SiO–SnO] have displayed the vibration about –12 to 
+6/+10 Bohr (Figure 2a,b,c,d).  

 

 
Figure 2. CDD graphs for (a) Mg2+Be2+  [SiO–GeO], (b) Mg2+Ca2+ 
[SiO–GeO], (c) Mg2+Be2+  [SiO–SnO], (d) Mg2+Ca2+ [SiO–SnO], 
nanoclusters. 

The charge distribution has been illustrated by Mg2+Be2+[SiO–
GeO], Mg2+Ca2+[SiO–GeO], Mg2+Be2+ [SiO–SnO], 
Mg2+Ca2+[SiO–SnO] nanoclusters (Tables 1 & 2). 
Functionalizing of Mg, Be, Ca atoms can augment the negative 
atomic charge of O2, O3, O7–O12, O14, O15, O17, O(18), O22–
O27, O29, O30 in Mg2+Be2+  [SiO–GeO], Mg2+Ca2+ [SiO–GeO], 
Mg2+Be2+ [SiO–SnO], Mg2+Ca2+ [SiO–SnO] nanoclusters.  
 
Table 1. The atomic charge (Q/coulomb) for Mg2+Be2+ [SiO–GeO], 
Mg2+Be2+[SiO–GeO].H2, Mg2+Ca2+ [SiO–GeO], Mg2+Ca2+ [SiO–
GeO].H2 nanoclusters. 

Mg2+Be2+  [SiO–GeO] Mg2+Ca2+ [SiO–GeO] 
Atom Q Atom Q 

Si1 1.4393 Si1 1.4372 

O2 –0.6703 O2 –0.6788 

O3 –0.8343 O3 –0.8340 

Si4 1.3740 Si4 1.366 

Si5 1.4332 Si5 1.4286 

Si6 1.4172 Si6 1.3943 

O7 –0.6767 O7 –0.6763 

O8 –0.8532 O8 –0.8475 

O9 –0.8153 O9 –0.8197 

O10 –0.9649 O10 –1.2365 

O11 –0.8329 O11 –0.8281 

O12 –1.0175 O12 –1.0194 

Si13 1.5445 Si13 1.5089 

O14 –0.7512 O14 –0.7804 

O15 –0.7733 O15 –0.7745 

Ge16 1.3562 Ge16 1.3435 

O17 –0.6284 O17 –0.6324 

O18 –0.7884 O18 –0.7822 

Ge19 1.3576 Ge19 1.3549 

Ge20 1.3304 Ge20 1.3243 

Ge21 1.3682 Ge21 1.3704 

O22 –0.6836 O22 –0.6884 

O23 –0.7965 O23 –0.7970 

O24 –0.9093 O24 –1.1820 

O25 –0.8050 O25 –0.8135 

O26 –0.9793 O26 –0.9811 

O27 –0.8325 O27 –0.8143 

Ge28 1.2053 Ge28 1.1979 

O29 –0.7461 O29 –0.7978 

O30 –0.7284 O30 –0.7262 

Mg31 1.2824 Mg31 1.2514 

Be32 0.9790 Ca32 1.7324 
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Table 2. The atomic charge (Q/coulomb) for Mg2+Be2+  [SiO–SnO], 
Mg2+Be2+  [SiO–SnO].H2, Mg2+Ca2+ [SiO–SnO], Mg2+Ca2+ [SiO–
SnO].H2 nanoclusters. 

Mg2+Be2+  [SiO–SnO] Mg2+Ca2+ [SiO–SnO] 
Atom Q Atom Q 

Si1 1.4285 Si1 1.4300 

O2 –0.6719 O2 –0.6895 

O3 –0.8351 O3 –0.8320 

Si4 1.3636 Si4 1.3597 

Si5 1.4168 Si5 1.4167 

Si6 1.4029 Si6 1.3827 

O7 –0.6886 O7 –0.6830 

O8 –0.8536 O8 –0.8450 

O9 –0.8227 O9 –0.8304 

O10 –0.9564 O10 –1.2393 

O11 –0.8390 O11 –0.8324 

O12 –1.0083 O12 –1.0091 

Si13 1.3627 Si13 1.3426 

O14 –0.7749 O14 –0.8001 

O15 –0.7646 O15 –0.7757 

Sn16 1.6457 Sn16 1.6092 

O17 –0.8062 O17 –0.7944 

O18 –0.8870 O18 –0.8719 

Sn19 1.6753 Sn19 1.6533 

Sn20 1.6269 Sn20 1.5903 

Sn21 1.6774 Sn21 1.6238 

O22 –0.8309 O22 –0.8107 

O23 –0.8919 O23 –0.8810 

O24 –0.9885 O24 –1.2527 

O25 –0.9185 O25 –0.9201 

O26 –1.0596 O26 –1.0678 

O27 –0.9570 O27 –0.9403 

Sn28 1.6716 Sn28 1.6348 

O29 –0.8873 O29 –0.9249 

O30 –0.8926 O30 –0.8887 

Mg31 1.1567 Mg31 1.1344 

Be32 0.9065 Ca32 1.7117 
 
 

3.2. Total Density of State 
In isolated system (such as molecule), the energy levels are 

discrete, the concept of "density of state (DOS)" is supposed to 
be completely valueless in this situation. Therefore, the "original 
total DOS (TDOS)" of isolated system can be written as [38]:   
       𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 (𝐸𝐸) =  ∑ 𝛿𝛿 (𝐸𝐸 − 𝜖𝜖𝑖𝑖 𝑖𝑖 )   (1) 

 
Figure 3. OPDOS/PDOS/TDOS graphs of (a) Mg2+Be2+  [SiO–GeO], (b) Mg2+Ca2+ [SiO–GeO], (c) Mg2+Be2+  [SiO–SnO], (d) 
Mg2+Ca2+ [SiO–SnO], nanoclusters. 
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The normalized Gaussian function is defined as: 

    𝐺𝐺(𝑥𝑥) = 1
𝑐𝑐√2𝜋𝜋

𝑒𝑒−
𝑥𝑥2

2𝑐𝑐2   where   𝑐𝑐 = FWHM
2√2lnx

                    (2) 

"FWHM (full width at half maximum)" is an adjustable 
parameter in "Multiwfn" [39,40]. Furthermore, the curve map of 
"broadened partial DOS (PDOS)" and "overlap DOS (OPDOS)" 
are valuable for visualizing orbital composition analysis, "PDOS 
function of fragment A" is defined as: 
       𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴 (𝐸𝐸) = ∑ Ξ𝑖𝑖,𝐴𝐴 𝐹𝐹 (𝐸𝐸 − 𝜖𝜖𝑖𝑖 )𝑖𝑖                             (3) 

where" Ξ𝑖𝑖,𝐴𝐴 is the composition of fragment A in orbital i". The 
"OPDOS between fragment A and B "is defined as: 
     𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝐴𝐴,𝐵𝐵 (𝐸𝐸) = ∑ X𝐴𝐴,𝐵𝐵

𝑖𝑖  𝐹𝐹 (𝐸𝐸 − 𝜖𝜖𝑖𝑖 )𝑖𝑖                       (4) 

where" X𝐴𝐴,𝐵𝐵
𝑖𝑖  is the composition of total cross term between 

fragment A and B in orbital i ".  
In the "TDOS map", each discrete vertical line corresponds to 

a "molecular orbital (MO)", the dashed line highlights the 
position of "HOMO". The curve is the "TDOS" simulated based 
on the distribution of "MO" energy levels.  

Mg2+Be2+  [SiO–GeO], Mg2+Ca2+ [SiO–GeO], Mg2+Be2+ [SiO–
SnO], Mg2+Ca2+ [SiO–
SnO] (Figure 3 a,b,c,d) 
have shown the steepest 
maximums TDOS 
surrounding –0.30, –0.40 
and –0.60 a.u. owing to 
covalent bond between 
Mg2+/Be2+ and Mg2+/Ca2+ 
with [SiO–(GeO/SnO)] 
nanocluster with maximum 
density of state of ≈ 22.  

Fragment 1 has been 
defined for O9 to O12, 
Si13, O24 to O27 and 
Ge28, Mg2+31/X32 
(Y=Be2+, Ca2+) in Figure3 
(a–d). Fragment 2 has 
indicated the fluctuation of 
Si1, Si4 to Si6 beside the 
similar involved atoms of 
Fragment 1 in Figure3. 
Finally, it was considered 
the fluctuation of 
Ge16/Sn16, Ge19/Sn19 to 
Ge21/Sn21, O17, O18, 
O22, O23, O29, O30 in 
Figure3 (a–d) through 
Fragment 3. 

3.3. Localized orbital 
locator analysis 

Localized orbital locator 
(LOL) has a similar 
expression compared to 
"electron localization 
function (ELF)" [41–43].  

             LOL(𝐫𝐫) = 𝜏𝜏(𝐫𝐫)
1+𝜏𝜏(𝐫𝐫) 

 ; 𝜏𝜏(𝐫𝐫) = 𝐷𝐷0(𝐫𝐫)
1
2  ∑ 𝜂𝜂𝑖𝑖𝑖𝑖 |∇𝜑𝜑𝑖𝑖 (𝐫𝐫)|2

       (5) 

          𝐷𝐷0(r) = 3
10

(6𝜋𝜋2)2 3⁄ �𝜌𝜌𝛼𝛼 (r)5 3⁄ +  𝜌𝜌𝛽𝛽 (r)5 3⁄ �          (6) 

"Multiwfn" [39, 40] also supports the approximate version of 
"LOL" defined by "Tsirelson and Stash" [44], namely the actual 
kinetic energy term in "LOL" is replaced by "second-order 
gradient expansion like ELF" which may demonstrate a broad 
span of bonding samples. This "Tsirelson’s version of LOL" can 
be activated by setting "ELFLOL_type to 1. For special reason", 
if "ELFLOL_type in settings.ini is changed from 0 to 2", another 
formalism will be used: 
LOL(𝐫𝐫) = 1

1+ �1 𝜏𝜏(𝐫𝐫)� �
2        (7) 

If the parameter "ELFLOL_cut in settings.ini is set to x", then 
"LOL will be zero where LOL is less than x". 

Delivery of alkaline earth metal cations  by Mg2+Be2+  [SiO–
GeO], Mg2+Ca2+ [SiO–GeO], Mg2+Be2+ [SiO–SnO], Mg2+Ca2+ 
[SiO–SnO]  nanoclusters (Figure 4a,b,c,d) might be described by 
LOL graphs using Multiwfn [39,40] due to achieving their 

 
Figure 4. The shaded map of LOL graphs for (a) Mg2+Be2+  [SiO–GeO], (b) Mg2+Ca2+ [SiO–GeO], (c) 
Mg2+Be2+  [SiO–SnO], (d) Mg2+Ca2+ [SiO–SnO] nanoclusters. 
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delocalization/localization characterizations [41] of electrons and 
chemical bonds (Figure 4a,b,c,d). 

Mg2+Be2+  [SiO–GeO] (Figure 4a), Mg2+Ca2+ [SiO–GeO] 
(Figure 4b), Mg2+Be2+ [SiO–SnO] (Figure 4c), Mg2+Ca2+ [SiO–
SnO] (Figure 4d) have demonstarted the electron delocalization 
through an isosurface map with labeling atoms of O10, O12, 
Si13, O24, O26, Ge28 or Sn28, X(31)(X=Mg2+), Y(32) (Y=Be2+ 
or Ca2+).  

Besides, intermolecular orbital overlap integral is important in 
illustration of intermolecular charge transfer which can compute 
HOMO-HOMO and LUMO-LUMO overlap integrals between 
the alkaline earth metal cations of  Mg2+, Be2+ or Ca2+ and 
heterocluster of [SiO–GeO] or [SiO–SnO] towards formation of 
Mg2+Be2+  [SiO–GeO], Mg2+Ca2+ [SiO–GeO], Mg2+Be2+ [SiO–
SnO], and Mg2+Ca2+ [SiO–SnO] complexes. The layered 
germanium/tin-silicon oxide improved by alkaline earth metals 
of magnesium, beryllium and calcium have indicated the 
structural stability of Mg2+-, Be2+-, Ca2+-ion batteries through the 
reported stability energy in Table 3. A small portion of Mg2+, 
Be2+ or Ca2+ entered the Si–Ge or Si–Sn layer to replace the 
alkaline earth metals sites might improve the structural stability 
of the electrode material at high multiplicity, thereby improving 
the capacity retention rate. 

CONCLUSIONS 
Delivery of alkaline earth metal cations of Mg2+, Be2+ or Ca2+ 

in the body cells by heterocluster of [SiO–GeO] or [SiO–SnO] 
towards formation of Mg2+Be2+ [SiO–GeO], Mg2+Ca2+ [SiO–
GeO], Mg2+Be2+ [SiO–SnO], Mg2+Ca2+ [SiO–SnO] complexes 
was studied by computational method. The changes of charge 
density defined a notable charge transfer in Mg2+Be2+ [SiO–
GeO], Mg2+Ca2+ [SiO–GeO], Mg2+Be2+ [SiO–SnO], Mg2+Ca2+ 
[SiO–SnO].  

It is well established that enhancing of Mg, Be or Ca to cell 
batteries might augment the energy-saving in cell batteries. The 
results of this research article represent that the architectural 
design of XY(GeSiO) (X = Mg2+/Y=Be2+,Ca2+) can augment the 
capacity of body cell. 
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