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Various nanostructures have been widely investigated as alternative 
materials for hydrogen storage using experimental and computational 
techniques. In this research, adsorption, electronic, topological properties, 
and some molecular descriptors of magnesium-doped boron fullerenes 
and their interaction with H2 for hydrogen storage are investigated using 
density functional theory at B3LYP/6-31G//M062X/6-31G** theoretical 
level. Structures of B80, Mg12B80, Mg20B80 and Mg30B80 were optimized and 
their interaction with hydrogen molecule were analyzed. Results shows 
that charge transfer from Mg to B atoms is responsible for positive charge 
of Mg atoms. When hydrogen molecule approach to the system, it gets 
polarized and adsorbed to these boron fullerenes doped with Mg atoms. 
Also, it was found that Mg12B80 possesses the lowest energy gap (ΔEH-L), 
lowest hardness (η), and the highest adsorption energy, which indicates the 
reactivity and the hydrogen storage capability of this structure to adsorb 
hydrogen rather than B80, Mg20B80 and Mg30B80.

INTRODUCTION
Nowadays, nanomaterials have wide 

applications in human life, and a more accurate 
knowledge of their structure helps to extend their 
applications, because of relationship between 
macroscopic and microscopic properties. Various 
nanostructures, which are composed of carbon, 
boron and nitrogen, have been widely investigated 
as alternative materials for hydrogen storage 
using experimental and computational techniques 
[1-13]. One method to store hydrogen is using 
nanomaterials such as fullerenes and metal-
coated nanotubes which have higher binding 

energies [14-18]. Metal-coating of nanotubes 
increase the ability of the nanostructures to 
absorb hydrogen molecules [19]. Metals such 
as Sc and Ti, were among the first elements 
investigated for coating nanotubes and fullerenes 
[17, 18]. These metals show favorable binding 
interaction with hydrogen molecules in the range 
of 0.2 to 0.6 eV through the Kubas mechanism 
[20]. Dong et al. [21] demonstrated that the 
B40 fullerene coated by 6 Ti atoms (Ti6B40) can 
store up to 34 H2 molecules, corresponding to a 
maximum gravimetric density of 8.7 wt%. It takes 
0.20-0.40 eV/H2 to add one H2 molecule, which 
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assures reversible storage of H2 molecules under 
ambient conditions. Tang, C and Xue, Z [22] found 
that the average hydrogen adsorption energies 
per H2 for B40 (Sc-nH2)6 (n =1-5) are in the energy 
range from 0.33 to 0.58 eV. Liu et al. [23] indicated 
that Sc4B38 systems could effectively absorb 24H2 
and have an average adsorption energy of 0.22 
eV. Boron nanostructures coated with metal 
have been widely analyzed for hydrogen storage 
using density functional theory (DFT) [21, 24-29]. 
One of the conditions for reversible hydrogen 
molecule adsorption is that the adsorption 
energy lies between the energy of physical and 
chemical adsorption types (between 0.2 and 0.4 
eV/H2) [30]. Szwacki et al. [31] predicted a stable 
nanostructure of boron fullerene family and 
suggested a stable boron cage of B80, in which the 
inclusion of metal atoms on these nanostructures 
often raises hydrogen storage capacity due to the 
strong binding energy. Zhou et al. reported the 
hydrogen adsorption on alkli-metal (Na, K) doped 
B80. They found that Na12B80 and K12B80 show fairly 
low adsorption energies (0.07 eV/H2 and 0.09 eV/
H2), indicating that alkli-metal is unsuitable for 
hydrogen storage. Calcium coated nanotubes and 
fullerenes are appropriate coating systems for 
hydrogen storage [5, 26, 28, 30, 32]. Yoon et al. 
demonstrated that calcium atoms can be placed 
on each of the 32 rings in C60 and create the Ca32C60 
structure that absorbs 92 hydrogen molecules 
[33]. A polarization mechanism for the adsorption 
of H2 molecules has been developed by evaluation 
of the radial component of the electric field related 
to the charge redistribution [34]. In many cases, 
fullerene B80 has been used as a calcium coatings 
substrate for binding of hydrogen molecule [35]. 
Since the Ca32C60 complex has been shown to 
achieve a high specific density, calcium-coated B80 
may achieve a similar or greater specific density. In 
addition, the larger surface area of B80 compared 
to C60 may make the calcium-coated B80 complex 
a better material for adsorption H2 molecules. 
Recently it has been showed that a calcium-coated 
B80 fullerene, Ca12B80, is a promising material 
for hydrogen storage [24]. The Ca12B80 complex 
includes one calcium atom placed on each of the 
12 pentagonal rings of B80. The average binding 
energy of calcium in Ca12B80, 0.12–0.40 eV/H2, is 
greater than the binding energy of bulk calcium 
metal, which highly reduces the probability of 
clustering in B80 and it represents a high capacity 
hydrogen storage material with the required 

properties.
Since calcium and magnesium-coated B80 

fullerenes exhibit high hydrogen storage capability, 
in this research, different magnesium-coated boron 
fullerenes were selected to investigate hydrogen 
binding energies and molecular descriptors which 
can provide a lot of information to interpret and 
predict the properties of the entitled systems.

COMPUTATIONAL DETAILS
All calculations for Mg, H2, B80, Mg12B80, 

Mg20B80, Mg30B80 systems and their complexes 
with hydrogen molecule have been carried out by 
using Gaussian 09 software [36] at B3LYP/6-31G//
M062X/6-31G** level of theory, which has been 
show as a popular level to predict binding energies 
of molecules [37], and vibrational harmonic 
frequency calculations have been done to confirm 
stable structures. The amount of charge transfer 
from magnesium atoms to boron atoms for Mg12B80, 
Mg20B80 and Mg30B80 when magnesium atoms 
are bind to boron pentagonal rings and boron 
hexagonal rings, respectively, has been calculated 
using Mulliken charge distribution. To determine 
the type of interaction of hydrogen molecule with 
B80, Mg12B80, Mg20B80 and Mg30B80, critical points 
have been calculated by using AIM2000 software 
[38]. Some molecular descriptors are obtained for 
the entitled systems using Dragon ver. 7 (5270/3D) 
software [39].

RESULTS AND DISCUSSION
Fig. 1 shows optimized structures in which Mg 

atoms bind to the boron atoms in boron fullerene 
(B80). According to the structure presented by 
Szwacki et al. [31], when Mg atoms bind to the 
boron fullerene, charge transfer takes place 
from Mg atoms to B atoms. Tables 1 to 3 include 
amount of charge transfers for Mg12B80, Mg20B80 
and Mg30B80 when Mg atoms bind to boron 
pentagonal and boron hexagonal rings, calculated 
in the context of Mulliken population analysis.
This charge transfers make Mg atoms to become 
positively-charged, that leads to interaction 
with boron fullerene with negative charge.  
The binding energies for boron fullerene doped 
with Mg is calculated by

 

 

𝐸𝐸𝑏𝑏 =
(𝐸𝐸𝑀𝑀𝑔𝑔𝐵𝐵80 − 𝐸𝐸𝐵𝐵80 − 𝑚𝑚𝐸𝐸𝑀𝑀𝑔𝑔) 𝑚𝑚⁄  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                        (1)

where EMgB80
, EB80

 and EMg are the total energy 
of B80 doped with Mg, the energies of B80 
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Fig. 1. Optimized configurations of side view of a) B80, c) Mg12B80, e) Mg20B80 and g) 
Mg30B80. Optimized configurations of top view of b) B80, d) Mg12B80, f) Mg20B80 and h) 

Mg30B80. The blue ball for B, the green ball for Mg.



257J Nanostruct 13(1): 254-265, Winter 2023

H. Tavakoli Moghadam et al. / Interaction of H2 with Mg-coated Boron Fullerenes

Mg atoms  B atoms in pentagonal faces of the B80 cage  q (e) 

81(0.49)  10(-0.02) 42(-0.02) 43(-0.02) 57(-0.02) 59(-0.02)  0.59 

82(0.49)  25(-0.01) 26(-0.02) 27(-0.02) 49(-0.02) 50(-0.02)  0.58 

83(0.49)  5(-0.02) 6(-0.02) 15(-0.03) 16(-0.02) 17(-0.01)  0.59 

84(0.49)  33(-0.01) 34(-0.02) 44(-0.02) 45(-0.02) 46(-0.02)  0.58 

85(0.49)  20(-0.02) 21(-0.01) 54(-0.02) 55(-0.02) 56(-0.03)  0.59 

86(0.49)  13(-0.02) 14(-0.03) 28(-0.02) 38(-0.02) 39(-0.01)  0.59 

87(0.47)  31(-0.02) 32(-0.02) 40(-0.02) 41(-0.02) 58(-0.02)  0.57 

88(0.47)  18(-0.02) 19(-0.02) 22(-0.02) 23(-0.02) 24(-0.02)  0.57 

89(0.49)  47(-0.02) 48(-0.02) 51(-0.02) 52(-0.01) 53(-0.02)  0.58 

90(0.49)  3(-0.03) 4(-0.02) 11(-0.02) 12(-0.02) 29(-0.01)  0.59 

91(0.49)  30(-0.01) 35(-0.02) 36(-0.03) 37(-0.02) 60(-0.02)  0.59 

92(0.49)  1(-0.02) 2(-0.03) 7(-0.01) 8(-0.02) 9(-0.02)  0.59 

 

  

Mg atoms  B atoms in hexagonal faces of the B80 cage  (q)(e) 

81(0.37)  32(-0.29) 33(-0.05) 41(-0.05) 42(-0.26) 43(-0.19) 44(-0.08)  1.29 

82(0.40)  16(-0.10) 17(-0.15) 18(-0.12) 24(-0.18) 25(-0.00) 26(-0.09)  1.04 

83(0.34)  7(-0.02) 8(-0.09) 19(-0.12) 20(-0.05) 21(-0.13) 22(-0.14)  0.89 

84(0.30)  30(-0.08) 31(-0.05) 37(-0.10) 38(-0.07) 39(-0.12) 40(-0.11)  0.83 

85(0.35)  8(-0.09) 9(-0.12) 10(-0.08) 20(-0.05) 56(-0.19) 68(-0.15)  1.03 

86(0.33)  27(-0.08) 28(-0.12) 36(-0.12) 37(-0.10) 38(-0.07) 49(-0.11)  0.93 

87(0.36)  21(-0.13) 22(-0.14) 23(-0.20) 52(-0.27) 53(-0.04) 54(-0.08)  1.22 

88(0.42)  12(-0.00) 13(-0.14) 29(-0.09) 39(-0.12) 40(-0.11) 58(-0.14)  1.02 

89(0.38)  23(-0.20) 24(-0.18) 25(-0.00) 50(-0.17) 51(-0.03) 52(-0.27)  1.23 

90(0.37)  11(-0.04) 29(-0.09) 41(-0.05) 42(-0.26) 58(-0.14) 59(-0.20)  1.15 

91(0.40)  1(-0.04) 6(-0.17) 7(-0.02) 17(-0.15) 18(-0.12) 19(-0.12)  1.02 

92(0.32)  30(-0.08) 31(-0.05) 32(-0.29) 33(-0.05) 34(-0.14) 60(-0.11)  1.04 

93(0.45)  1(-0.04) 2(-0.32) 3(-0.13) 4(-0.08) 5(-0.16) 6(-0.17)  1.35 

94(0.39)  34(-0.14) 35(-0.12) 46(-0.06) 47(-0.09) 48(-0.17) 60(-0.11)  1.08 

95(0.46)  43(-0.19) 44(-0.08) 45(-0.09) 55(-0.24) 56(-0.19) 68(-0.14)  1.39 

96(0.42)  14(-0.05) 15(-0.22) 16(-0.10) 26(-0.09) 27(-0.08) 28(-0.12)  1.08 

97(0.34)  45(-0.09) 46(-0.06) 47(-0.09) 53(-0.04) 54(-0.08) 55(-0.24)  0.94 

98(0.32)  4(-0.08) 5(-0.16) 12(-0.00) 13(-0.14) 14(-0.05) 15(-0.22)  0.97 

99(0.42)  35(-0.12) 36(-0.12) 48(-0.17) 49(-0.11) 50(-0.17) 51(-0.03)  1.14 

100(0.40)  2(-0.32) 3(-0.13) 9(-0.12) 10(-0.08) 11(-0.04) 59(-0.20)  1.29 

 

  

Table 1. Mulliken charge distribution in the Mg and B atoms of the Mg12B80H2 and average 
charge transfer (∆q) from Mg to B atoms in pentagonal faces of B80 cage.

Table 2. Mulliken charge distribution in the Mg and B atoms of the Mg20B80H2 and average charge transfer 
(∆q) from Mg to B atoms in hexagonal faces of the B80 cage.
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molecule and separate Mg atom, respectively, 
and m is the number of Mg atoms. The 
calculated binding energies are listed in Table 4.  
Our calculated results show that the average 
binding energy in the Mg12B80, Mg20B80 and Mg30B80 
are -0.76, -1.13 and -0.35 eV/Mg, respectively. 
To investigate the interaction of the hydrogen 

molecule with the B80 coated with Mg, a hydrogen 
molecule is added to this system, that displaces 
the absorbed Mg atoms. The electric field due to 
the positively charged Mg atoms increases the 
polarizability of the H2 molecule which leads to 
adsorption of H2 molecule without dissociation. 

The polarization interaction between the Mg 

Mg atoms  B atoms in hexagonal faces of the B80 cage  (q)(e) 

1(0.34)  3(-0.16) 16(-0.10) 17(-0.15) 80(-0.13) 88(-0.13) 107(-0.15)  1.16 

2(0.34)  3(-0.16) 16(-0.10) 78(-0.16) 79(-0.12) 87(-0.15) 104(-0.13)  1.16 

4(0.36)  60(-0.10) 73(-0.14) 74(-0.14) 83(-0.11) 86(-0.10) 89(-0.18)  1.13 

5(0.36)  16(-0.10) 17(-0.15) 64(-0.09) 69(-0.12) 70(-0.12) 78(-0.16)  1.10 

6(0.36)  19(-0.13) 66(-0.10) 77(-0.13) 79(-0.12) 81(-0.13) 87(-0.15)  1.11 

7(0.33)  45(-0.15 57(-0.16) 58(-0.10) 67(-0.16) 68(-0.10) 76(-0.15)  1.14 

8(0.33)  20(-0.15) 21(-0.10) 50(-0.14) 59(-0.15) 60(-0.10) 73(-0.14)  1.12 

9(0.33)  20(-0.15) 49(-0.12) 53(-0.09) 59(-0.15) 62(-0.09) 72(-0.12)  1.06 

10(0.33)  18(-0.14) 48(-0.13) 53(-0.09) 62(-0.09) 63(-0.14) 71(-0.13)  1.04 

11(0.33)  18(-0.14) 47(-0.12) 54(-0.09) 63(-0.14) 64(-0.09) 70(-0.12)  1.02 

12(0.32)  46(-0.12) 54(-0.09) 55(-0.14) 64(-0.09) 65(-0.14) 69(-0.12)  1.01 

13(0.33)  19(-0.13) 43(-0.13) 55(-0.14) 56(-0.10) 65(-0.14) 66(-0.10)  1.06 

14(0.36)  34(-0.10) 36(-0.16) 37(-0.16) 46(-0.12) 47(-0.12) 54(-0.09)  1.11 

15(0.34)  23(-0.12) 29(-0.16) 30(-0.13) 34(-0.10) 35(-0.15) 36(-0.16)  1.15 

91(0.34)  28(-0.15) 29(-0.16) 33(-0.12) 34(-0.10) 37(-0.16) 38(-0.14)  1.17 

92(0.35)  26(-0.11) 28(-0.15) 31(-0.18) 33(-0.12) 39(-0.15) 40(-0.10)  1.16 

93(0.36)  26(-0.11) 27(-0.11) 31(-0.18) 32(-0.19) 41(-0.11) 42(-0.10)  1.17 

94(0.35)  24(-0.13) 25(-0.10) 27(-0.11) 30(-0.13) 32(-0.19) 35(-0.15)  1.17 

95(0.36)  23(-0.12) 24(-0.13) 35(-0.15) 43(-0.13) 44(-0.13) 56(-0.10)  1.11 

96(0.36)  25(-0.10) 32(-0.19) 42(-0.10) 45(-0.15) 52(-0.14) 58(-0.10)  1.14 

97(0.36)  21(-0.10) 31(-0.18) 40(-0.10) 41(-0.11) 50(-0.14) 51(-0.14)  1.13 

98(0.36)  33(-0.12) 38(-0.14) 39(-0.15) 48(-0.13) 49(-0.12) 53(-0.09)  1.11 

99(0.33)  21(-0.10) 22(-0.16) 51(-0.14) 60(-0.10) 61(-0.16) 74(-0.14)  1.13 

100(0.33)  22(-0.16) 52(-0.14) 58(-0.10) 61(-0.16) 68(-0.10) 75(-0.14)  1.15 

101(0.33)  44(-0.13) 56(-0.10) 57(-0.16) 66(-0.10) 67(-0.16) 77(-0.13)  1.09 

102(0.36)  62(-0.09) 71(-0.13) 72(-0.12) 80(-0.13) 85(-0.15) 88(-0.13)  1.10 

103(0.36)  68(-0.10) 75(-0.14) 76(-0.15) 82(-0.10) 84(-0.10) 90(-0.19)  1.14 

108(0.35)  85(-0.15) 86(-0.10) 88(-0.13) 89(-0.18) 106(-0.11) 107(-0.15)  1.16 

109(0.36)  83(-0.11) 84(-0.10) 89(-0.18) 90(-0.19) 105(-0.11) 106(-0.11)  1.17 

110(0.35)  81(-0.13) 82(-0.10) 87(-0.15) 90(-0.19) 104(-0.13) 105(-0.11)  1.17 

 

  

Table 3. Mulliken charge distribution in the Mg and B atoms of the Mg30B80H2 and average charge transfer (∆q) 
from Mg to B atoms in hexagonal faces of the B80 cage.
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atom and the absorbed H2 molecule results in 
increase in the H-H bond length, compared to a 
single H2 molecule, as can be seen in Table 4. Fig. 
2 shows the adsorption of a H2 molecule on B80, 
Mg12B80 and Mg30B80 structures.

The hydrogen adsorption energy on boron 
fullerenes doped with magnesium is calculated by:

𝐸𝐸𝑎𝑎 =
(𝐸𝐸𝑀𝑀𝑔𝑔𝐵𝐵80𝐻𝐻2 − 𝐸𝐸𝑀𝑀𝑔𝑔𝐵𝐵80 − 𝑛𝑛𝐸𝐸𝐻𝐻2) 𝑛𝑛⁄  

 

                           (2)

where EMgB80H2
, EMgB80

 and EH2
 are the energy of 

H2 on B80 doped with magnesium, the energy of 
B80 doped with magnesium and the energy of H2 
molecule, respectively, and n reflects the number 
of adsorbed H2 molecules. Total energies of the 
structures and adsorption energies per H2 molecule 
as well as H-H bond lengths in H2 molecules are 
given in Table 4. Entries in table 4 shows that 
boron fullerenes doped with magnesium atoms 

 E (eV) Eb (eV/Mg) Ea (eV/H2) H-H (Å) 

Mg -5443.29    

H2 -31.76   0.742 

B80 -54075.67    

B80H2 -54107.45  -0.02 0.743 

Mg12B80 -119404.35 -0.76   

Mg12B80 H2 -119436.33  -0.22 0.743 

Mg20B80 -162964.15 -1.13   

Mg20B80 H2 -162995.97  -0.06 0.744 

Mg30B80 -217384.79 -0.35   

Mg30B80 H2 -217416.61  -0.05 0.744 

 

  

Metal- coated Boron nanostructures Ea(eV/H2) Reference 

B80 0.02 This research 

Mg12B80 0.22 This research 

Mg20B80 0.06 This research 

Mg30B80 0.05 This research 

Na12B80 0.07 [27] 

K12B80 0.09 [27] 

Ca12B80 0.12 - 0.40 [28] 

Sc6B40 0.33 - 0.58 [22] 

Mg12B80 0.20 [29] 

Ti6B40 0.20 – 0.40 [21] 

Sc4B38 0.22 [23] 

 

  

Table 4. Total energy (E), binding energies of Mg atoms on the B80 
(Eb) and adsorption energy (Ea) calculated using M062X/6-31G**//
B3LYP/6-31G method, as well as H-H bond length in H2 molecules.

Table 5. Hydrogen absorption energy (Ea) on Metal-coated Boron 
nanostructures calculated in previous papers and this research.
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c d 

  
e f 

  
g h 

 
Fig. 2. Side view of optimized configurations of one H2 molecule adsorbed on a) B80, 
c) Mg12B80, e) Mg20B80, g) Mg30B80 along with the number of atoms. Top view of the 
optimized configurations of one H2 molecule adsorbed on b) B80, d) Mg12B80, f) Mg20B80, 

and h) Mg30B80. The blue ball for B, the green ball for Mg, and the red ball for H
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have more hydrogen absorption capacity than 
boron fullerenes. The adsorption energies for B80, 
Mg12B80, Mg20B80 and Mg30B80 are     -0.02, -0.22, 
-0.06 and -0.05 eV/H2, respectively. Mg12B80 has the 
highest adsorption energy, which indicates that its 
reactivity and hydrogen storage capability is more 
than B80, Mg20B80 and Mg30B80, which corresponds 
to the condition of the reversible hydrogen 
molecular absorption (between 0.2 and 0.4 eV/
H2). Table 5 includes a comparison of the results of 

our calculations and the calculations of previous 
papers for the values of hydrogen absorption 
energy  on Metal-coated Boron nanostructures.

To determine the type of interaction of hydrogen 
molecule with B80, Mg12B80, Mg20B80 and Mg30B80, 
critical points of electron density distribution have 
been calculated by using AIM2000 software. The 
results of these calculations, such as the values 
of charge density, ρ(r), Laplacian of ρ, ∇2(ρ), 
Lagrangian Kinetic Energy, G(r), Hamiltonian 

Bond ρ(r) G(r) K(r) ∇2(ρ) V(r) 

H(81)-H(82) 0.2690 0.00003 0.3410 -1.3637 0.3410 

H(81)-B(3) 0.0024 0.0012 -0.0004 0.0065 0.0008 

B(3)-B(2) 0.1394 0.0475 0.0914 -1.1754 0.1389 

B(3)-B(4) 0.1342 0.0360 0.847 -0.1950 0.1207 

B(3)-B(11) 0.1253 0.0314 0.0703 -0.1556 0.1017 

B(3)-B(77) 0.1223 0.0507 0.0724 -0.0868 0.1232 

B(3)-B(78) 0.1196 0.0475 0.0683 -0.0832 0.1158 

 

  

Bond ρ(r) G(r) K(r) ∇2(ρ) V(r) 

H(93)-H(94) 0.2465 0.00001 0.2660 -1.0642 0.2661 

H(94)-Mg(85) 0.0003 0.0001 -0.00005 0.0006 0.00005 

Mg(85)-B(54) 0.0264 0.0259 -0.0008 0.1066 0.0251 

Mg(85)-B(55) 0.0254 0.0251 -0.0001 0.1043 0.0241 

Mg(85)-B(56) 0.0259 0.0256 -0.0001 0.1059 0.0247 

 

  

Bond ρ(r) G(r) K(r) ∇2(ρ) V(r) 

H(101)-H(102) 0.2457 0.0001 0.2643 -1.0568 0.2643 

H(101)-B(37) 0.0011 0.0005 -0.0002 0.0028 0.0003 

B(37)-B(30) 0.1305 0.0209 0.0742 -0.2130 0.0951 

B(37)-B(36) 0.1305 0.0216 0.0751 -0.2138 0.0967 

B(37)-B(38) 0.1214 0.0222 0.0646 -0.1696 0.0868 

 

  

Table 6. ρ(r), ∇2ρ, G(r), K(r) and V(r), (in atomic units) for the critical 
point between bonds in B80H2 molecule

Table 7. ρ(r), ∇2ρ, G(r), K(r) and V(r), (in atomic units) for the critical point 
between bonds in Mg12B80H2 molecule 

Table 8. ρ(r), ∇2ρ, G(r), K(r) and V(r), (in atomic units) for the critical 
point between bonds in Mg20B80H2 molecule 
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Kinetic Energy, K(r), and Virial Field Function, 
V(r), for the hydrogen absorption bond and 
the corresponding atoms, have been shown in 
Tables 6 to 9. Our calculated results show that 
the ∇2(ρ) values, for the critical points between 
the hydrogen molecule and B80, Mg12B80, Mg20B80 
and Mg30B80, are all positive and consequently of 
electrostatic type.

The ∇2(ρ) value for Mg12B80 is lower than that 
B80, Mg20B80 and Mg30B80, which is equal to 0.0006, 
0.0065, 0.0028 and 0.0029, respectively. By 
plotting the molecular graph, we found that the 
critical point of H2 molecule adsorption on Mg12B80 
is located between the H atom and the Mg atoms 
on the pentagonal boron ring, while the critical 
point of H2 molecule adsorption on Mg20B80 and 
Mg30B80 is located between the H and one of the B 
atoms in the hexagonal boron ring.

By using the energy of HOMO and LUMO 

orbitals, EH and EL, the values of ionization energy 
(IP), electron affinity (EA), electronegativity (χ), 
and hardness (ƞ) can be obtained:

IP ≈ -EH, EA ≈ -EL, ƞ = (IP - EA)/2, χ = (IP + EA)/2        (3) 

Some electronic properties of B80, B80H2, 
Mg12B80, Mg12B80H2, Mg20B80, Mg20B80H2, Mg30B80 
and Mg30B80H2 are given in Table 10.

Table 10 shows Mg12B80 possesses the lowest 
value of ΔEH-L, which indicates a lower kinetic 
stability (higher reactivity) of this structure 
compared to B80, Mg20B80 and Mg30B80. When a 
hydrogen molecule binds to these structures, 
the ΔEH-L increases which indicates that the 
adsorption potency decreases for subsequent 
hydrogen molecule. Also, the hardness value 
(ƞ) for Mg12B80 is lower than for B80, Mg20B80 and 
Mg30B80 which shows that it has a lower energy 

bond ρ(r) G(r) K(r) ∇2(ρ) V(r) 

H(111)-H(112) 0.0290 0.00005 0.3400 -1.36 0.3400 

H(112)-B(37) 0.0013 0.0005 -0.0002 0.0029 0.0003 

B(37)-B(34) 0.1280 0.0217 0.0759 -0.2170 0.0976 

B(37)-B(38) 0.1350 0.0190 0.0828 -0.2550 0.1020 

B(37)-B(47) 0.1410 0.0217 0.0906 -0.2760 0.1120 

 

  

Table 9. ρ(r), ∇2ρ, G(r), K(r) and V(r), (in atomic units) for the critical 
point between bonds in Mg30B80H2 molecule 

Molecule EH EL ΔEH-L χ ƞ IP EA 

B80 -5.34 -3.58 1.76 4.46 0.88 5.34 3.58 

B80H2 -5.35 -3.58 1.77 4.47 0.89 5.35 3.58 

Mg12B80 -3.77 -3.14 0.63 3.45 0.32 3.77 3.14 

Mg12B80H2 -3.83 -3.27 0.56 3.55 0.28 3.83 3.27 

Mg20B80 -2.98 -2.24 0.74 2.61 0.37 2.98 2.24 

Mg20B80 H2 -2.99 -2.24 0.75 2.62 0.38 2.99 2.24 

Mg30B80 -2.90 -2.23 0.67 2.56 0.33 2.90 2.23 

Mg30B80H2 -2.91 -2.23 0.68 2.57 0.34 2.91 2.23 

 

  

Table 10. Some electronic properties of B80, B80H2, Mg12B80, Mg12B80H2, 
Mg20B80, Mg20B80H2, Mg30B80 and Mg30B80H2 structures in eV
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gap and more reactivity. Numerical value of some 
molecular descriptors for B80, Mg12B80, Mg20B80 and 
Mg30B80 which were calculated using Dragon ver. 7 
(5270/3D) has been given in Table 11.

The data show that values of MLOGP and 
MLOGP2 for B80, Mg12B80, Mg20B80 and Mg30B80 are 
the same, the values of ZM1, ZM2, DBI, BBI, TIE and 
Wap for Mg12B80 are higher than B80, Mg20B80 and 
Mg30B80. Also, the values of VvdwMG, PHI and MSD 
increases according to the number of atoms and 
the size of the structure, while values of V index, X 
index and Y indices decreases with respect to the 
number of atoms and the size of the structure. In 
other words, values of these descriptors depends 
on the size and number of atoms in the structure. 
Therefore, it can be concluded higher values of 

ZM1, ZM2, DBI, BBI, TIE and Wap, result in higher 
adsorption capability.

CONCLUSION
Through B3LYP/6-31G//M062X/6-31G** 

calculations, results showed that magnesium 
doping of boron fullerenes rises the hydrogen 
storage capacity. Mg atoms binds to the boron 
fullerenes due to the charge transfer from Mg to 
B atoms. This charge transfer creates an electric 
field around Mg atoms with a positive charge 
when hydrogen molecules approach the system, 
the hydrogen molecules become polarized, and 
they are adsorbed to these boron fullerenes 
doped with Mg atoms. Analysis of critical points 
shows that the Laplacian of ρ, ∇2(ρ), for the critical 

descriptors B80 Mg12B80 Mg20B80 Mg30B80 Definition of descriptors 

V index 0.12 0.11 0.10 0.08 Balaban V index 

X index 0.16 0.15 0.14 0.11 Balaban X index 

Y index 0.46 0.44 0.39 0.28 Balaban Y index 

ZM1 2220 2640 1440 1350 first Zagreb index 

ZM2 5850 7215 2792 1470 second Zagreb index 

BBI 900 1080 539 490 Bertz branching index 

DBI 23.66 26.31 16.29 14.63 Dragon branching index 

Pol 540 685 749 636 polarity number 

MSD 4.55 4.68 4.89 6.14 mean square distance index (Balaban) 

VAR 8 54 194 84 Variation 

SMTI 1.45105 1.95105 1.65105 2.30105 Schultz Molecular Topological Index 

Wap 3.94107 6.93108 1.84107 6.11106 all-path Wiener index 

PHI 0.12 0.2 2.38 5.23 Kier flexibility index 

DELS 20.57 40.98 79.42 73.22 molecular electro topological variation 

TIE 145.30 183 180 181.8 E-state topological parameter 

MLOGP -1.43 -1.43 -1.43 -1.43 Moriguchi octanol-water partition coeff. (logP) 

MLOGP2 2.05 2.05 2.05 2.05 
squared Moriguchi octanol-water partition coeff. 

(logP2) 

VvdwMG 62.74 180 612.4 802.4 van der Waals volume from McGowan volume 

 

Table 11. Molecular descriptors for B80, Mg12B80, Mg20B80 and Mg30B80
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points between the hydrogen molecule and B80, 
Mg12B80, Mg20B80 and Mg30B80, is a positive value, 
reveling an electrostatic interaction. Our results 
show that Mg12B80 possesses the lowest ΔEH-L and 
the highest adsorption energy, which indicates 
higher reactivity of this structure compared to B80, 
Mg20B80 and Mg30B80. Also, the hardness value (ƞ) 
for Mg12B80 is lower than those of B80, Mg20B80 and 
Mg30B80, that shows a lower energy gap and more 
reactivity. Numerical values of some molecular 
descriptors show that for Mg12B80, values of ZM1, 
ZM2, DBI, BBI, TIE and Wap are all higher than 
other structures, that results higher adsorption 
capacity.
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