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ABSTRACT: In this theoretical report we are focused on the substituent effects of titanium dopants 

on the band gap, NBO, and global reactivity of C20-nTin metallofullerenes (n = 1 - 5), at DFT. The C18Ti2-2 

metallofullerene is found as the most stable analog with the highest band gap, in which carbon 

atoms are replaced by Ti dopants in the equatorial location, separately. The charge on carbon 

atoms of C20 is estimated roughly zero, while the high positive charge on the C16Ti4-2 surface 

prompts this metallofullerene for hydrogen storage. The positive charge on Ti heteroatoms and  

the negative charge on their adjacent C atoms implies that these sites can be able to be influenced 

more readily by nucleophilic and electrophilic reagents, correspondingly. The electronic 

transitions are usually classified according to the orbitals engaged or the involved specific parts 

of the metallofullerene. Common types of electronic transitions in organic compounds are “π–π*”, 

“n–π*” and “π* (acceptor) – π (donor)”. Fascinatingly, the charge transfer (CT) tack places via 

the suitable overlapping among σC―Ti bondingʼs orbital along with σ*C―Ti anti-bondingʼs orbital 

of C20-nTin metallofullerenes. For example, the NBO analysis of C19Ti1 metallofullerene points out 

higher CT energy of σC―Ti → σ*C―Ti (16.31 kcal/mol) with respect to σC―Ti → σ*C―C (0.63 kcal/ mol).   
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The reactivity of metallofullerenes can be affected by the number and topology of the substituted 

dopants. Based on these results we infer that metallofullerenes are a potential material  

for hydrogen storage with high capacity and the driving force for reactivity of them is the relief  

of π-curvature strain and leads sp2→sp3 hybridized atoms.  

 

KEYWORDS: Metallofullerene; Titanium; Heteroatom; Band gap; Reactivity. 

 

INTRODUCTION 

Encapsulation and substitution of carbon atoms by 

heteroatoms have been an object for experimental and 

computational investigations expected to understand the 

stability, structural, chemical reactivity, and electronic and 

magnetic possessions of the nanostructures [1-3]. The 

carbon forms contain graphite, graphene, fullerene, carbon 

nanotube, cyclacene, acene, polyacene, cyclophenacene, 

nanographene, nanosheet, nanocone and nanocage [4-6]. 

Graphite consists of graphene layers. The stable C60 

icosahedral structure is a graphitic hollow cage containing 

twelve pentagons with no restriction of hexagons. 

Contrary to C60, dodecahedron C20 fullerene consists of 

twelve pentagons without a hexagon ring, resulting in an 

extreme curvature. This structure as the smallest hollow 

cage is the most strained fullerene and it is a promising 

candidate for high-temperature superconductors, because 

of its larger electron-phonon coupling than stable C60. 

Nevertheless, recognition of a very short-lived C20 hollow 

cage has been achieved via de-bromination of C20Br20 in 

the gas phase [7]. As a result of the high reactivity as well 

as low stability of C20, the geometrical electronic of C20, 

comes from experimental to theoretical research in the gas 

media.  

Despite Ti-decorated B38 and B40 fullerenes that have 

been obtained as the first experimentally full-boron cages, 

hydrogen storage of the designed transition metal for 

example titanium atoms at hexagon and heptagon rings of 

these fullerenes has been explored via DFT calculations [8]. 

Experimental and theoretical investigations have revealed 

that titanium clusters significantly improve hydrogen 

storage properties [9]. Moreover, the Density Functional 

Theory (DFT) results predict the stability from C20 to its 

substitutional, endohedral, and exohedral derivatives to 

perform “superatom” which can be substitutional, exo, and 

endohedrally stabilized by releasing the strain energy, 

metal ion encapsulation and hydrogen adsorption, 

respectively. Some reports have been focused on  

Ti-metallofullerenes [10,11]. Here, we are focused on the 

electronic effect, NBOʼs study, AIM charge, and MEP 

analysis of C20-nTin analogs in which titanium atom(s) is 

an efficient hydrogen storage media for the 

metallofullerenes (Fig.1). 

 

COMPUTATIONAL METHODS 

Metallofullerenes is optimized by B3LYP, M06-2X/6-

311+G* and B3LYP, M06-2X/AUG-cc-pVTZ [12-14]. To 

evolution shape and energy of the FMOs, the NBO 

calculations [15] are carried out at various methods and 

basis sets including B3LYP/AUG-cc-pVTZ, M06-2X/6-

311++G** and B3PW91/6-311++G** [16]. The AIM 

charge and MEP map are obtained, individually. The 

nucleophilicity index, N, is calculated as N = EHOMO(Nu) – 

EHOMO(TCNE), where tetracyanoethylene (TCNE) is chosen 

as the reference [17]. The global electrophilicity, , is 

calculated using  = (2 / 2), where  is the chemical 

potential ( = (EHOMO + ELUMO) / 2) and  is the global 

hardness ( = (ELUMO – EHOMO) / 2) [17]. Also, χ is the 

absolute electronegativity (χ = – ), S is the global softness 

(S = 1 / 2) and ΔNmax is the maximum electronic charge 

of C20 and C20-nTin metallofullerenes (ΔNmax = –  / ) [17]. 

 
RESULTS AND DISCUSSION 

FMOs & ΔEHOMO-LUMO 

The FMOs are recognized as one of the initial 

approaches to characterize molecular interactions. Their 

shapes indicate the ability to donate and accept the electron 

respectively. The ΔEHOMO-LUMO determines the chemical 

stability of the molecule. The FMO Eigenvalues are useful 

for computing various global chemical reactivity indices 

that predict the relative stability and reactivity of the 

molecules (Fig. 2) [19-23]. 

The FMO electron density of the scrutinized structures  

is mainly localized at their external surfaces. In 

metallofullerenes, most of the part of HOMOs are located 

over titanium heteroatoms whereas the LUMOs are 
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C20  C19Ti1  

  

C18Ti2-1  C18Ti2-2  

  

C17Ti3  C16Ti4-1  

  

C16Ti4-2  C15Ti5  

 

Fig. 1: The geometries of C20 and C20-nTin metallofullerenes, at B3LYP/AUG-cc-pVTZ. 
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LUMO C20  LUMO C19Ti1  

  

HOMO C20 HOMO C19Ti1 

  

LUMO C18Ti2-1   LUMO C18Ti2-2   

Fig. 2: The frontier molecular orbital shapes including the highest occupied molecular orbital (HOMO) and the lowest unoccupied 

molecular orbital (LUMO) of C20 and C20-nTin metallofullerenes, at B3PW91/6-311++G**. 
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HOMO C18Ti2-1    HOMO C18Ti2-2 

  
LUMO C17Ti3 LUMO C16Ti4-1    

   

HOMO C17Ti3 HOMO C16Ti4-1 

Fig. 2: The frontier molecular orbital shapes including the highest occupied molecular orbital (HOMO) and the lowest unoccupied 

molecular orbital (LUMO) of C20 and C20-nTin metallofullerenes, at B3PW91/6-311++G**.                  (                             ) 
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LUMO C16Ti4-2    LUMO C15Ti5 

  

HOMO C16Ti4-2 HOMO C15Ti5 

 

Fig. 2: The frontier molecular orbital shapes including the highest occupied molecular orbital (HOMO) and the lowest unoccupied 

molecular orbital (LUMO) of C20 and C20-nTin metallofullerenes, at B3PW91/6-311++G**.                  (                             ) 

 

delocalized over the whole C–C bonds. The HOMO–LUMO 

excitations in these molecules imply an electron density 

transfer from Ti atoms to C atoms and redistribution of the 

charge density on the fullerene surface. The most important 

point is the selection of methods and basis sets in theoretical 

studies. However, the main difficulty deals with the study of 

FMOs and the use of these results to calculate reactivity 

indexes. The FMOʼs energy makes these metallofullerenes as 

the suitable conductor with the narrowest ΔEHOMO-LUMO. 

Apart from C19Ti1, C18Ti2-1, C16Ti4-1 and C15Ti5 that their 

HOMO-LUMO energy splitting (ΔEHOMO-LUMO or band gap) 

is smaller than that of C20, the band gap of C18Ti2-2 and C17Ti3 

metallofullerenes is higher than that of pure cage (Table 1). 

Thus, the electron is easier to remove and transfer from 

HOMO to LUMO potential surface of C19Ti1, C18Ti2-1, 

C16Ti4-1 and C15Ti5 than that of the unsubstituted cage. 

Furthermore, two substituted separately titanium 

heteroatoms of C18Ti2-2 increase the band gap and lead to 

improved conductivity. The FMOʼs energy Eigen values 

along with their gaps indicated that C18Ti2-2 

metallofullerene is the most stable in the gaseous state 

because of its largest gap among the studied nanocages as 

well as it is least reactive than those having smaller gaps. 

Also, C16Ti4-1 metallofullerene is considered as the least 

stable species in a gaseous state because of its narrowest 

gap among the studied nanocages as well as it is predicted  
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Table 1: The FMO energies (EHOMO and ELUMO in a.u.), along with their band gap (ΔEHOMO-LUMO in eV)  

calculated for C20 and C20-nTin metallofullerenes. 

Species EHOMO
a, (b), [c] ELUMO

a, (b), [c] ΔEHOMO-LUMO
a, (b), [c] 

C20 -0.20134, (-0.21055), [-0.20455]  -0.13054, (-0.12567), [-0.13351]  1.93, (2.31), [1.93]  

C19Ti1 -0.19088, (-0.19973), [-0.19339] -0.13080, (-0.12471), [-0.13239] 1.63, (2.04), [1.66] 

C18Ti2-1 -0.17181, (-0.18118), [-0.17282] -0.11933, (-0.11876), [-0.12053] 1.43, (1.70), [1.42] 

C18Ti2-2 -0.20158, (-0.20960), [-0.20397] -0.10947, (-0.10433), [-0.10927] 2.51, (2.86), [2.58] 

C17Ti3 -0.17113, (-0.17994), [-0.17244] -0.09820, (-0.09353), [-0.09903] 1.98, (2.35), [2.00] 

C16Ti4-1 -0.13224, (-0.14344), [-0.13330] -0.09851, (-0.10025), [-0.09848] 0.92, (1.18), [0.95] 

C16Ti4-2 -0.16664, (-0.17302), [-0.16765] -0.09672, (-0.08749), [-0.09587] 1.90, (2.33), [1.95] 

C15Ti5 -0.15776, (-0.16144), [-0.15826] -0.10461, (-0.09762), [-0.10486] 1.45, (1.74), [1.45] 

At aB3LYP/AUG-cc-pVTZ, bM06-2X/6-311++G** and cB3PW91/6-311++G**. 

 

as the most reactive species in chemical reactions than 

those having wider gaps. The electronegativity difference 

among Ti and C atoms (Ti = 1.54 and C = 2.55) induces π-

electron polarization from titanium toward its adjacent 

carbons and causes increasing of band gap in C19Ti1, 

C18Ti2-2, C17Ti3 and C16Ti4-2 compared to C18Ti2-1, C16Ti4-

1 and C15Ti5 which are more conductive than C20. The 

occupancy of one carbon atom by one titanium atom, 

improves the π-ring current (Fig. 2). Interestingly, band 

gap of the C18Ti2-2, and C16Ti4-2 metallofullerenes with 

respect to their corresponding isomers (C18Ti2-1 and 

C16Ti4-1) is increased considerably because of the 

appearance of some electronic states from the separated 

titanium sites; i.e. the electronic property of the 

metallofullerenes is sensitive to number and arrangement 

of the Ti-dopants. Another words, C18Ti2-2 and C16Ti4-2 

heterofullerenes easily permit the promotion of unpaired 

electrons from the d2-orbitals of Ti-substituted dopant to 

the π*-orbitals of their bonded C atoms. Evidently, due to 

the existence of electronic repulsions of titanium 

heteroatoms, this strong π-ring current slightly is vanished 

in the C18Ti2-1 and C16Ti4-1. From band gap view point, the 

former species (C18Ti2-2 and C16Ti4-2) benefit from strong 

π-bond conjugation across Ti—C bonds, while the latter 

species (C18Ti2-1 and C16Ti4-1) suffer from electronic 

repulsion and weak π-bond conjugation across Ti—Ti 

bonds in the corresponding cages. For either C18Ti2-1 or 

C16Ti4-1 configuration, the highest positive spin density is 

localized on the substituted titanium dopants and the 

carbon atom bears a very small spin density (see Fig. 2). 

This may imply that titanium heteroatoms are more 

reactive in C18Ti2-1 and C16Ti4-1 configurations than those 

in the other configurations (C18Ti2-2 and C16Ti4-2) toward 

a radical addition. 

 

AIM charge and MEP map  

The AIM theory defines the spatial volume of an atom 

in a molecule by electron density topology analysis [24]. 

An atom’s spatial volume is defined as the volume 

enclosed by zero-flux surfaces of the electron density. The 

zero-flux surfaces are the union of all points where ∇ρ . n 

= 0 (ρ is the electron density and n is the unit vector normal 

to the surface). These volumes are nonspherical and do not 

overlap to each other. Once the atom’s spatial volume  

is determined, itʼs AIM charge is obtained by integrating 

electron density over the volume. The electron density 

includes the information on each atoms’ electronegativities, 

therefore AIM charge does take the atom’s 

electronegativity into account. The AIM atomic charge 

approves the hydrogen storage possibility of the doped 

metallofullerene, nanostructures because of enlarging 

binding energy of the adsorbed H2 molecules on surfaces 

of them. Here, to probe the possible application of C20 and 

C20-nTin metallofullerenes as hydrogen storage, the AIM 

charge is accomplished at M06-2X/6-311++G** level of 

theory (Fig. 3).  

Substituent effects are another important concept in 

chemistry since they induce changes in electron density 

and thus affect physico-chemical properties of molecules. 

Without a doubt, slight alterations in type of the substituted 

atom as dopant and topology of metallofullerene either cap 

or equatorial position can make possible change of value,  
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Carbon atom Titanium atom 

  
C20  C19Ti1  

  
C18Ti2-1  C18Ti2-2  

  
C17Ti3  C16Ti4-1  

  
C16Ti4-2  C15Ti5  

Fig. 3: The AIM (atoms in molecule) charges of C20 and C20-nTin metallofullerenes, at M06-2X/6-311++G**. 
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sign of charge, point group, electrophilic and nucleophilicʼs 

site, etc. The range of AIM charge distribution on carbon 

atoms of pristine C20 is varied from -0.148 to +0.412. The 

charge trend is rationalized by the quality of the σ bonds 

of Ti—Ti. Thus, C18Ti2-1 and C16Ti4-1 metallofullerenes 

having one and two Ti—Ti single bonds is carried out the 

lowest positive charge on the corresponding Ti 

heteroatoms (+0.568 and +0.924, respectively). On the 

other site, C18Ti2-2 and C16Ti4-2 metallofullerenes having 

six and twelve Ti—C single bonds and no Ti—Ti bonds is 

carried out the highest positive charge on the 

corresponding Ti heteroatoms (+1.465 and +2.221, 

respectively). Next comes C15Ti5 structure having twenty 

Ti—C single bonds but no C=C double bonds between Ti 

heteroatoms in the equatorial position, which is carried out 

differently with positive charges on its titanium dopants 

from +1.185 to +1.475. The presence of the neighboring 

C=C double bonds to the Ti—C single bonds, however, is 

suggested to be the main reason for the stronger resonance 

of C18Ti2-2 and C16Ti4-2 metallofullerenes relative to the 

corresponding C18Ti2-1 and C16Ti4-1 isomers. Thus, the π-

electron delocalization within the Ti—C=C—Ti bonds 

improves the overall π-electron delocalization and ring 

current in equatorial position, which results in higher 

degree of charge transfer. The point charges upon the 

material surface can improve the storage capacity since 

they increase the binding energy of hydrogen to the surface 

[25]. Here, C20 with the least positive charge is found as 

the worst candidate for hydrogen storage; while the 

investigated metallofullerenes especially C16Ti4-2 analogue 

with the maximum positive charge on Ti—dopants are 

suitable candidate [25]. To create the MEP energy  

data easy to render, a color spectrum, with red as the lowest 

MEP energy value and blue as the highest, is utilized  

to convey the varying strengths of the MEP energy values. 

It is a tool for realizing and guessing the reactive behavior 

of a molecule. There are many applications of the MEP  

in the fields such as molecular recognition, hydrogen 

bonding and understanding of variety of physiochemical 

properties related to molecular interactions. In any 

particular region around a molecule, the sign of the MEP 

depends upon whether the effects of the nuclei or electrons 

are dominant. It is a key to assessing its reactivity there. 

Herein, these values (a.u.) are calculated in the range  

of -1.540e-2 a.u. (deepest red) to 1.540e-2 a.u. (deepest 

blue) (Fig. 4).  

The extension of the positive MEP around the titanium 

heteroatoms and the regions of negative MEP around the 

carbon atoms gives the same conclusion obtained by 

Froudakis about the nature of the intramolecular charge 

transfer in hydrogen adsorption as found by the orientation of 

the molecular dipole moment (Fig. 5). 

Each Ti― -unit can bind up to 5 H2 molecules with 

an average adsorption energy of 0.182 eV/H2. 

Additional 10 H2 molecules can be absorbed into one 

C18Ti2 metallofullerene, resulting in hydrogen 

capacities of 6.07 wt% with a high adsorption energy  

of 0.365 eV/H2 (Fig. 6).  

While the C15Ti5 metallofullerene substituted with  

5 Ti― units can store 25 H2 molecules, the hydrogen 

gravimetric density (the hydrogen storage capacity) 

reaches up to 10.72 wt% with an average adsorption 

energy of 0.912 eV/H2. Based on these results we infer that 

C18Ti2, C17Ti3, C16Ti4, and C15Ti5 metallofullerenes are 

potential materials for hydrogen storage with high capacity 

and might motivate active experimental efforts in 

designing hydrogen storage media. Also, C18Ti2, C17Ti3, 

C16Ti4, and C15Ti5 metallofullerenes with the average 

adsorption energy of 0.365, 0.547, 0.730, and 0.912 eV/H2, 

respectively, satisfy the requirements of DOE.  

 

NBO analysis 

In order to recognize various second order interactions 

among electron donors and electron acceptors, NBO 

analysis is completed on the simplest C19Ti1 

metallofullerene (Table 2).  

The sp2 hybrid is found from occupancy between 1.514 

for σC7–Ti20 with 0.789*sp24.36d0.02+0.613*sp0.05d2.76 hybrid 

vs. 1.929 electrons for σC19–Ti20 bonding orbitals with 

0.863*sp2.44d0.00+0.505*sp0.28d1.93 hybrid. The sp24.36 

hybrid on C7 has 3.94% s and 96.00% p; also the sp2.44 

hybrid on C19 has 29.04% s and 70.95% p-character. The 

sp0.05d2.76 hybrid on Ti20 has 26.28% s, 1.23% p and 

72.45% d-character and so the sp0.28d1.93 hybrid on Ti20 has 

31.07% s, 8.83% p and 60.04% d-character. These bonding 

orbitals have 62.38% C7 and 37.62% Ti20 character in 

sp24.36d0.02 and sp0.05d2.76 hybrids and so 74.44% C19 and 

25.56% Ti20 character in sp2.44d0.00 and sp0.28d1.93 hybrids. 

Therefore, Ti20 has a lower percentage of NBO and shows 

a lower polarization coefficient than C7 and C19 atoms in 

bonding sigma bonds. The 0.789 and 0.613 values in σC7–Ti20 

bond and the values of 0.863 and 0.505 in σC19–Ti20 bond  
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C20  C19Ti1  

  
C18Ti2-1  C18Ti2-2  

  
C17Ti3  C16Ti4-1  

  
C16Ti4-2  C15Ti5  

 

-1.540e-2 

 

1.540e-2 

Fig. 4: The MEP (molecular electrostatic potential) maps of C20 and C20-nTin metallofullerenes. 
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1)2H…..(20C C19Ti1…..(H2)1 

  

2)2H…..(2-2Ti18C C17Ti3…..(H2)3 

  

4)2H…..(2-4Ti16C 5)2H…..(5Ti15C 
 

Fig. 5: The optimized structures for hydrogen adsorption. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: The hydrogen gravimetric density (wt%) of the 

scrutinized metallofullerenes. 

exhibit polarization coefficients. It means that the other 

coefficients are non-polarization. More polarization 

coefficient suggests more electron-rich atoms in the 

formation of one bond. In fact, the intramolecular 

interaction is developed through suitable overlap among 

the bonding orbital of σC7―Ti20 with an anti-bonding orbital 

of σ*C8―C9 and σ*C19―Ti20 which results in the occurred CT 

from σC7―Ti20 as a donor to σ*C8―C9 and σ*C19―Ti20 as 

acceptor, with an increasing of its occupancy. The 

important interaction energy (E(2)) is found from the 

bonding orbital of σC7―Ti20 to the anti-bonding orbitals of 

σ*C8―C9 and σ*C19―Ti20 and their related energies are 0.63 

and 16.31 kcal mol-1, respectively (Table 3). 
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Table 2: NBO (natural bond orbital) results showing the occupancy, formation of Lewis and non-Lewis orbital’s the valence 

hybrids of the intramolecular bonds in C19Ti1, at B3PW91/6-311++G**. 
 

 
Bond 

(A-B) 
Occup. 

EDA 

(%) 
EDB (%) NBO s (%) p (%) d (%) 

σC7―Ti20 1.514 62.38 37.62 0.789*sp24.36d0.02+0.613*sp0.05d2.76 3.94, 26.28 96.00, 1.23 0.06, 72.45 

σC19―Ti20 1.929 74.44 25.56 0.863*sp2.44d0.00+0.505*sp0.28d1.93 29.04, 31.07 70.95, 8.83 0.02, 60.04 

 

Table 3: The calculated second order perturbation energies E(2) in kcal/mol corresponding to the most important charge transfer 

interactions (donor-acceptor) in C19Ti1, at B3PW91/6-311++G**. 

 

Donor NBO (i) Acceptor NBO (j) E(2) (kcal mol-1) E(j) – E(i) (a.u.) F (i,j) (a.u.) 

σC7―Ti20 σ*C8―C9 0.63 0.65 0.021 

σC7―Ti20 σ*C19―Ti20 16.31 0.39 0.079 

 

The lowest E(2) (0.63 kcal mol-1) as a criterion of 

thermodynamically stabilization energy, for the lowest 

electron density transfer is considered for the weakest 

intramolecular interaction of σC7―Ti20 → σ*C8―C9. While 

the highest value (16.31 kcal mol-1) is considered  

the strongest intramolecular interaction of σC7―Ti20 → 

σ*C19―Ti20.  

 

Global reactivity  

Titanium causes diverse changes of reactivity in  

C20-nTin metallofullerenes compared to C20 (Table 4). 

Two substituted Ti atoms individually in C18Ti2-2 

metallofullerene lead to the lowest value of N, S, and ΔNmax 

as well as the highest among the substituted structures. In 

contrast, four substituted Ti atoms individually in C16Ti4-1 

metallofullerene lead to the highest value of N, S, χ,  and 

ΔNmax along with the lowest. Therefore, C18Ti2-2 is the 

most chemically stable species, while C16Ti4-1 is the most 

chemically reactive species. The driving force for reactivity 

of the substituted metallofullerene is the relief of curvature 

strain and leads sp2→sp3 hybridized atoms. Henceforth,  
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Table 4: The reactivity parameters including N, , , , χ, S and ΔNmax (all in eV) calculated for C20 and C20-nTin  

metallofullerenes, at M06-2X/6-311++G**.  

Species N ω μ η χ S ΔNmax 

C20 3.73 4.53 -4.57 2.31 4.57 0.22 1.98 

C19Ti1 4.03 4.77 -4.41 2.04 4.41 0.24 2.16 

C18Ti2-1 4.53 4.90 -4.08 1.70 4.08 0.29 2.40 

C18Ti2-2 3.76 3.18 -4.27 2.86 4.27 0.17 1.49 

C17Ti3 4.56 2.94 -3.72 2.35 3.72 0.21 1.58 

C16Ti4-1 5.56 4.68 -3.32 1.18 3.32 0.43 2.82 

C16Ti4-2 4.75 2.70 -3.54 2.33 3.54 0.21 1.52 

C15Ti5 5.07 3.58 -3.52 1.74 3.52 0.29 2.03 

 

the reactivity of metallofullerenes can be affected by the 

number and topology of the substituted dopants.  

 

CONCLUSIONS 

DFT calculations reveal that band gap, AIM charge 

distribution, MEP, NBO analysis, N,  and other 

reactivity indexes are affected by n and the array of the 

substituted dopants. The calculated band gap of C18Ti2-2 

(2.51, 2.86 and 2.58 eV) and C16Ti4-2 (1.90, 2.33 and 1.95 

eV) is estimated wider than that of C18Ti2-1 (1.43, 1.70 

and 1.42 eV) and C16Ti4-1 (0.92, 1.18 and 0.95 eV, at 

B3LYP/AUG-cc-pVTZ, M06-2X/6-311++G** and 

B3PW91/6-311++G**, respectively). Then, C18Ti2-2 is 

found as the best insulated and the weakest conductive 

metallofullerene. Isolating Ti—dopants using double 

bonds of C=C is a relevant approach for achieving more 

kinetic stability of C18Ti2-2 and C16Ti4-2 structures (about 

two times) than the corresponding isomers; C18Ti2-1 and 

C16Ti4-1 that suffer from electronic repulsion of Ti—Ti 

bonds. However, due to some local distortion of the 

atomic structure, the distribution of the wave function is 

slightly delocalized around the titanium dopants instead 

of carbon atoms. For example, for either C16Ti4-1 or 

C16Ti4-2 configuration, the highest positive spin density 

is localized on the equatorial titanium atoms and the 

capped carbon atoms bear a very small spin density.  This 

may imply that titanium atoms are more reactive than 

the capped carbon atoms toward a radical addition in 

both isomers of C16Ti4-1 and C16Ti4-2. The C18Ti2-2 and 

then C16Ti4-1 metallofullerenes include the lowest and the 

most chemical reactivity among the surveyed structures. 

The substituted doping leads to positive AIM atomic 

charge on Ti heteroatoms of C20-nTin metallofullerenes 

with the highest value of +2.221 in C16Ti4-2. According 

to Froudakisʼs findings and respecting positive charge 

distribution, it seems that C20 with the least positive 

charge and C16Ti4-2 metallofullerene with the most 

positive charge on its Ti atoms are the worst and the best 

candidate for hydrogen storage, correspondingly. Two 

substituted Ti atoms individually in the most chemically 

stable species; C18Ti2-2 lead to the lowest value of N (3.76 

eV), S (0.17 eV) and ΔNmax (1.49 eV) as well as the 

highest  (2.86 eV). In contrast, two homo bonds of Ti—Ti 

in the least chemically stable species; C16Ti4-1 causes  

to the highest value of N (5.56 eV), S (0.43 eV), χ (3.32 

eV),  (-3.32 eV) and ΔNmax (2.82 eV) along with the 

lowest  (1.18 eV). Investigation on the intramolecular 

interaction of C19Ti1 metallofullerene indicates σC―Ti → 

σ*C―Ti as the strongest stabilization energy (16.31 kcal 

mol-1) compared to σC―Ti → σ*C―C as the weakest 

stabilization energy (0.63 kcal mol-1). Hence, the 

significant electron delocalization occurs due to one  

Ti-substitution in this species.  
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