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Abstract

Exohedral-fullerene has drawn much interest in studying metal complexes of organic molecules. In this work, we used
Density Functional Theory (B3LYP-DFT) to investigate the structural, electronic and optical properties of exohedral-
metallofullerene. We confirm that these properties can be tuned by varying the transition metal over the set of Co, Cu,
Fe, Ni, Pt, and Ru atoms, bounded on the top of external surface of fullerene cage in three central positions: Diatomic -
bond, hexagon and pentagon. The Frontier molecular orbital distribution reveals that the doped Cgo fullerene by these
metals can predict the electronic properties, including ionization potential, electronic affinity, energy gap,
electronegativity, hardness, softness, density of states and dipole moment, referring greater potential for molecular
interaction. To characterize the optical performance of molecules in the context of time-dependent of DFT, we looked at
their absorption spectra in the UV and IR. We found that the six metal atoms are able to tune the optical properties of the
complex molecules, providing an insight into sensitivity of doping in the fullerene cage. In the most cases, the favorite
positions of the metal atoms can be found on the pentagon and hexagon of the outer surface of the Cgo. These calculations
show that exohedral metallo-fullerenes introduce a new family of electronic and optoelectronic materials with attractive

features, which makes those of all metallo-fullerenes for molecular electronic devices and their functionalization.

Keywords: Exohedral-fullerene; complexes organic molecules; density functional theory; electronic optoelectronic

materials.
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Introduction

Fullerenes have attracted a great interest on account of their potential of the variety functional forms
as building blocks for molecular devices, including their high chemical stability, their high electron
affinity and their ability to form metallofullerenes by coordinating a metallic atom with enhanced
optical, electrical and thermal functionalities [1-6]. A typical carbon cluster of Ceso fullerene,
consisting of 60 carbon atoms (20 hexagons and 12 pentagons) arranged in a spherical cage. The
single and double bonds characteristic between the carbon atoms (C-C and C=C), exhibiting strong
bond to atom/or molecule. Therefore, in Ceo fullerene, located an atom or a molecule inside
(endohedral) or outside (exohedral) surface of fullerene, leading to a strategic effect of various uses

in organic transistors [7], sensors [8], solar cells [9, 10] and thermoelectric devices [11-13].

The earliest experimental study on doping of fullerene Cso has been achieved, when iodine was mixed
with Ceo [14]. The later research has explored doping of coevaporated fullerene with an alkali metal
yields a radical cluster [15] and the fullerene was doped by nitrogen, which led to reduce the band
gap of Ceo and alters its optical and electronic properties, promising for future sodium-ion batteries
applications (SIBs) [16]. Form the point of view of enhancing the efficient electrocatalysts formed
from fullerene Ceo via transition metal-doped, it was found that the metals reveal superior catalytic
activity, which introduce a new class of doped fullerene molecules and their applications as effective

electrocatalysts for water splitting [17].

As molecular solids, exohedral metallofullerene complexes, when the positively charged metal is
coordinated on the external surface of the fullerene cage, have received attention [18-23]. However,
more systematic work is still needed to understand the activity of these metals on the outer surface of
fullerenes. The different contributions of singly bonded metal in each complex mainly depend on the
amount of charge transferred from the metal to fullerene, leading to significantly alter and influence
the properties of Ceo fullerene complexes [24, 25]. Moreover, varying the metal outside the cage of
Ceo can make the chemical reactivity, which opens up for various fields, such as hydrogen storage,

catalysis and spin electronic devices [26-28].

In this paper, we present a systematic study of Ceo fullerenes in interaction with Co, Cu, Fe, Ni, Pt
and Ru atoms. We shall investigate the effect of three different bond positions of varied metals on the

external surface of Ceo fullerene, consisting the diatomic-m bond, hexagon and pentagon positions
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with new structural, electronic and optoelectronic properties. We predict that in view of this binding,
the stable structure can be identified by exploring the favorite position of the metal atoms on the outer

surface of the Ceo and the optoelectronic properties can be tuned with the transition metal complex.
2. Computational Method

As shown in Figures (1-3), the fullerene Ceo of interest consists three different outer bonds of atomic
metal, including the diatomic-n bond (C-C), hexagon (6C-ring) and pentagon (5C-ring) positions.
Our aim is to investigate the effect on electronic and optoelectronic performance of varying the metal

atom M = Co, Cu, Fe, Ni, Pt and Ru metallic atoms.

To calculate the electrical properties of each metallofullerene (M-C60), we used the density
functional theory (DFT) Gaussian-16 package [29], which employs B3LYP to represent hybrid
functional with LanL2DZ basis set for metallic atom M and split valence Pople type basis set 6-
31G(d,p) for carbon atoms. All fullerene Ceo structures with metallic atoms M were optimised with

reliable functionals in the ground state.

The (DFT-B3LYP) will use to compute the electronic properties, including the charge transfer,
ionization potential (IP), and electronic affinity (EA), energy gap, electronegativity (), hardness (1)),
stuffiness (S) and dipole moment for all metallo-molecules. To understand the optical performance,
we use full time-dependent (TD)-DFT for studying the change in the absorption of ultraviolet (UV)

and infrared (IR) spectra in response to the binding of metallic atoms.

The electronic properties of Ceo fullerene with varied metallic atoms such as IP and EA parameters

are given by [30, 31]:
IP=E*—E° (D
EA=E®—E- (2)

where E° (E7) is the ground state energy of the neutral (charged) molecule. The HOMO and LUMO,
the energy gap (E; ), electronegativity ( x ), chemical potential ( 12 ), hardness (1), maximum electronic

charge transfer capacity (AN,,4,) and softness (S) of the molecules were defined by [32-34]:

_ —(ELumo + Enomo)
2 )

(3)
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L==x, (4)
(ELumo — Enomo)
= > ) (5)
—u
AN, = —, (6)
n
S = ! (7)
m

It was reported that under the certain conditions, the hardness and softness of a molecule are reliable
indicators of the molecular chemical stability, and both are measures of reactivity and resistance to
polarization [35]. The half of energy gap represented by the hardness (1), which is associated
inversely with the softness (S). whereas the electrochemical reaction is measured by the chemical

potential (u), which is the negative of the electronegativity ().
3. Results and Discussions
3.1. Electronic structure and properties of the metal-fullerenes Cso complexes

Our aim to investigate the favorable position of metallic atom outside the exohedral doped fullerene
Ce0. These metals include Co, Cu, Fe, Ni, Ru and Pt, which located at three positions outside the cage
of Ceo. The metallic atom could be placed at the centre of diatomic-n bond (C-C), hexagon and
pentagon position of fullerene. The structures of all these cases are sufficiently optimized, leading to

the metallofullerene molecules shown in Figures (1-3).

Recently, the stable configurations were obtained due to placing metal atom on top of a diatomic-n
bond (C-C) position of fullerene Ceo, whether the (C-C) position is between two hexagons or hexagon
and a pentagon [36]. In the present study, we consider the three models of fullerenes-metal complexes,

including different positions of the metal atom on the surface of fullerene Ceo.
3. 1. 1. Frontier molecular orbital

The top panels of Figures (1-3) show different views of the calculated geometries of doped Cso
fullerene. Whereas the lower panels of Figures (1-3) show the frontier molecular orbitals of all
metallofullerene molecules. Red corresponds to the positive and green to the negative regions of the
wave function. The calculation shows that the HOMO of Ceo fullerene with Co, Cu and Fe atoms in

the diatomic-rt bond position (Figure 1) is delocalized across their surface with significant distribution
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around the Cu and Fe atom, while there is scarcity of the HOMO distribution around Ceo fullerene in
the presence of Ni, Pt and Ru atoms. The LUMO is delocalized through the Cso with Co, Fe, Ni and
Pt atoms, while for the Ceo with Cu and Ru atoms, the LUMO is almost empty across the Ceo cage

with high distribution around the metals.

Figure 2 (Low panel) shows frontier molecular orbitals for the metallofullerene, where each metallic
atoms linked in hexagon position. The HOMO is delocalized across the Ceso surface and the Co, Cu
and Ni atoms have low distribution, while in the presence of Fe, Pt and Ru atoms the HOMO is
partially distributed with high frontier orbitals around these metals. Whereas the LUMO is distributed
through the Ceo cage and populated around the Pt and Ru atoms.

For the Ceo fullerene with metallic atoms linked in pentagon position (see Figure 3), the plots show
that the HOMO and LUMO are distributed over the whole molecule for all cases with high distributed
of HOMO around Cu atom and high distributed of LUMO around Pt atom.
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Figure 1. Top panel: An example of different views of the optimised geometry for Cgo fullerene with different metal
atoms (Co, Cu, Fe, Ni, Pt and Ru) linked in diatomic-n bond position. Lower panel: B3LYB-DFT calculation of frontier

molecular orbitals (FMOs). Red corresponds to positive and green to negative regions of the wave functions.
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Figure 2. Top panel: An example of different views of the optimised geometry for Cgo fullerene with different metal
atoms (Co, Cu, Fe, Ni, Pt and Ru) linked in hexagon position. Lower panel: B3LYB-DFT calculation of frontier

molecular orbitals (FMOs). Red corresponds to positive and green to negative regions of the wave functions.

After obtaining the relaxed geometry of each Cg metallofullerene, then the bond lengths between the
metal and the centre of diatomic (C-C), hexagon and pentagon were calculated (see Figure 4). The
calculation shows that the doped exohedral over the hexagon and pentagon rings are stable in the

most states of metal atoms, which agrees well with the previous DFT study [37].
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Figure 3. Top panel: An example of different views of the optimised geometry for Cgo fullerene with different metal

atoms (Co, Cu, Fe, Ni, Pt and Ru) linked in pentagon position. Lower panel: B3LYB-DFT calculation of frontier

molecular orbitals (FMOs). Red corresponds to positive and green to negative regions of the wave functions.
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Figure 4. Optimised geometries of the Cgo exohedral metallofullerenes using the DFT-B3LYP hybrid functionals with
LanL2DZ basis set for metal atoms M and 6-31G(d,p) for carbon atoms.
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3. 1. 2. Electronic properties of exohedral metallofullerene

To explore the qualitative chemical and physical perceptions for each exohedral metallofullerene,
the electronic properties were calculated, shown in Tables (1-3). The charge transfer (+AN) between
the metal atom and the fullerene Cgo with each of the three different positions (diatomic, hexagon

and pentagon position) was computed using B3LYB-DFT.

The calculations show that all metals donate electrons to the fullerene. The resulting ionization
potential reveals that the Ceo fullerene with Co atom linked in the diatomic position has the largest
value (IP = 8.4), while the largest electron affinity is found with Fe-hexagon position (EA =4.7 eV)
than those the rest metals. The lowest values of IP and EA are found in the presence of Fe and Co

atoms (5.5 and 1.4 eV), respectively.

The larger and smaller energy gaps are obtained for Co-hexagon position (E; = 2.7 eV) and Cu-
hexagon position (Eg = 0.6 V), respectively. Overall, the calculations suggest that the Ceo fullerene
in the presence of Co often implies a more stability, while Ceo fullerene with Cu suggests higher

reactivity.

Corresponding results for the electronegativities y are in the range of 5.53 (Ni)-hexagon position to
4.35 (Cu)-diatomic position., whereas the hardness () values are in the range of 0.3 (Cu) to 1.34
(Co), where both are found on the hexagon position. The largest softness value is found for Co-
hexagon position (S = 3.3), while the smallest value is obtained for Co-hexagon position (S = 0.75).
These parameters play role to identify the stable conformation and electronic configuration of a
metallofullerene like Ceo, which depends on the interactions between the metal atom and the

fullerene cage.

Determining the electronegativity value of a metal atom bounded on the external surface of the Ceo
fullerene might predict the type of bond is ionic/covalent and the polarity of molecule, which gives
insight into how readily the molecule accepts or donates electrons. All the Ceo fullerene with varied
metals have large electronegativity. The Ni atom on the top of hexagon position of Ceo reveals the
larger electronegativity, suggesting an ionic bond between the Ni atom and fullerene cage with
fewer polarity than those in the rest metals. However, the properties of interest are represented by

determining the charge transfer from the metal to the fullerene, the HOMO/LUMO energy levels
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and electron affinity, effecting on the confinement effects, the stability and redox properties of the

molecular complex.

Table 1. Calculated charge transfer +AN, HOMO, LUMO, ionization potential (IP), electron affinity (EA), energy gap
(Eg), electronegativity (y), chemical potential (i), global hardness (1), maximum electronic charge transfer capacity
(AN,,.,) and global softness (S) for Cgo fullerene with different metal atoms (Co, Cu, Fe, Ni, Pt and Ru) linked in
diatomic position.

Metal +AN HOMO LUMO IP(eV) EA(eV) Eg(eV) X U N ANpax S
atoms (eV) (eV)

Bare 0.00 -6.69 -3.87 7.89 2.68 2.82 5.30 -5.30 1.41 3.76 0.71
Co 0.382 -6.28 -3.66 8.40 1.40 2.62 497 -4.97 1.31 3.80 0.76
Cu 0.53 -4.84 -3.85 6.00 2.72 0.99 435 -4.35 0.50 0.70 2.02
Fe 0.405 -5.99 -3.65 5.50 4.20 2.34 482 -4.82 1.17 4.12 0.85
Ni 0.281 -6.13 -3.74 7.10 2.60 2.39 494 -494 1.19 4.15 0.84
Pt 0.275 -6.28 -3.91 7.61 271 2.37 510 -5.10 1.2 4.25 0.84
Ru 0.376 -5.47 -3.90 6.21 3.71 1.57 469 -4.69 0.78 6.02 1.28

Table 2. Calculated charge transfer +AN, HOMO, LUMO, ionization potential (IP), electron affinity (EA), energy gap
(Eg), electronegativity ()), chemical potential (i), global hardness (1), maximum electronic charge transfer capacity
(AN,,.,) and global softness (S) for Cgo fullerene with different metal atoms (Co, Cu, Fe, Ni, Pt and Ru) linked in
hexagon position.

Metal +AN HOMO LUMO IP(eV) EA Eg(eV) x i n AN ax S
atoms (eV) (eV) (eV)

Bare 0.00 -6.69 -387 789 268 282 530 -530 1.41 3.76 0.71
Co 0.578 -6.50 -3.82 8.0 140 2.70 520 -520 1.34 3.88 0.75
Cu 0.653 -5.24 -463 6.37 340 0.62 493 -493 031 159 3.30
Fe 049 -580 -3.82 595 470 198 481 -481 099 4.86 1.01
Ni 0.38 -6.51 -455 705 344 195 553 -553 098 5.64 1.03
Pt 0.212 -5.90 -399 706 285 190 494 -494 0.95 5.20 1.05
Ru 0.695 -5.79 -4.43 6.52 432 135 511 -511 0.68 7.50 1.48

Table 3. Calculated charge transfer +AN, HOMO, LUMO, ionization potential (IP), electron affinity (EA), energy gap
(Eg), electronegativity (y), chemical potential (pn), global hardness (1), maximum electronic charge transfer capacity
(AN,,qx) and global softness (S) for Ceo fullerene with different metal atoms (Co, Cu, Fe, Ni, Pt and Ru) linked in
pentagon position.

Metal +AN HOMO LUMO IP(eV) EA Eg(eV) X u n AN, S

atoms (eV) (eV) (eV)

Bare 0.00 -6.69 -3.87 789 268 282 530 -530 141 3.76 0.71
Co 0.588 -6.37 -3.88 7.80 175 2.48 513 -513 1.24 4.14 0.81
Cu 0.47 -474 -396 588 280 0.78 435 -435 038 1145 256
Fe 0.38 -5.21 -406 558 430 115 464 -464 0.57 8.14 1.75
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Ni 0.346 -5.82 -3.87 6.24 271 195 4.84 -484 098 494 1.02
Pt 0.342 -6.10 -416 7.21 3.06 194 513 -513 0.97 530 1.03
Ru 061 -566 -486 656 405 080 526 -526 0.40 13.15 2.51

3. 1. 3. Density of states (DOS)

To explain the number of available electron states per unit of energy, the density of states (DOS)
spectrum calculations were performed for all exodedral metallofulerene molecules, shown in Figure
5(a)-(c). The results show that the DOS characterized by peaks and valleys, which refer to energy
regions with many and few electron states, respectively. The most intense peaks correspond to the
higher density of electron, which appears for Cso with Ru on hexagon and pentagon locations around
the energy -0.6 eV of the lower unoccupied states, while the valleys, where the lower density of

electron appears with Ni-pentagon position.

10
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Figure 5. (colour online), (a)-(¢) B3LYB-DFT calculation of the density of states spectrum (DOS) over a range of
energies for Ceo fullerene with different metal atoms (Co, Cu, Fe, Ni, Pt and Ru) linked in (@) diatomic-r bond position,

(b) hexagon position and (c) pentagon position.

The comparison of DOS calculations between the three central positions of varied metals: Diatomic
n-bond, hexagon and pentagon of Ceo fullerene cage. The calculation shows the highest density of
electron appears on the energy -0.85 eV of the lower unoccupied states for Ceo with Ni and Ru on
hexagon position, while the DOS spectra shift to the energy 0.35 eV of the high occupied states for
Ceo with Co, Fe and Pt on hexagon position. The pentagon positions reveal high electron states in
all transition metals accept with Ni is low. In contrary with the Diatomic positions exhibit low

electron states transition metals accept with Ni is high, as shown in Figure 6(a)-(f).

11
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Figure 6. (a)-(f) Comparison of DOS calculations between the three different positions: Diatomic n-bond, hexagon and

pentagon of Ceo fullerene with varied metal atoms (Co, Cu, Fe, Ni, Pt and Ru).

3.1.4. Effect on molecular dipole moment

The crucial physical quantity for controlling the self-assembly and tuning both the physical and
chemical properties of exohedral metallofullerenes is the dipole moment. Herein, we calculated the
dipole moment effect through metallo-fullerene Cso with varied metal atoms on the three different
locations of outer surface of Ceo cage, shown in Figure 7. The highest dipole moment was obtained
for Cso with Cu on the top of diatomic n-bond position, while the lowest was found for Pt on the top
of hexagon position. As expected, the calculation shows that the Cgo-bare (without metal) possesses
zero dipole moment, resulting from its high symmetry (non-polar molecule). However, the formed
exohedral functionalization breaks this symmetry, leading to produce a dipole moment, which plays
role for altering the optical and electronic behaviour of of the Cso complexes. The diatomic and
pentagon positions of metals almost reveal the higher dipole moment than those in the hexagon
position. These confirm that the dipole moment of exohedral metallofullerene depends on the

position bond on the outer of surface and the type of metal.

12
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Figure 7. DFT calculation of dipole moment for each Metallo-fullerene Ceo linked in diatomic position (black), hexagon

position (red) and pentagon position (green).
3. 2 Optical properties
3. 2. 1 Ultraviolet spectrum (UV):

For more mapping of electronic structure of the exohedral metallofullerene, we calculated the
Ultraviolet spectrum (UV) as a function of wave length using the (TD-DFT)/B3LYP with the basis set
of LanL.2DZ for metallic atom M and 6-31G(d,p) for carbon atoms. The different UV spectra are
associated with the varied metal atoms on the top of central position of three bounded states
(diatomic, hexagon and pentagon), shown in Figure 8(a)-(c) (Left). The UV spectrum results can
probe the oxidation state, which helps estimate the charge transferred from the metal atom to the
fullerene cage. Moreover, altering UV spectra provide an insight into sensitivity of doping in the
fullerene cage. The calculations show that the stronger absorption appears for fullerene with Pt atom
in the diatomic m-bond position at the shorter wave length (4 = 800 nm). The high absorption also
exhibits with the Cu, Co and Fe atoms on the top of pentagon position at the wave lengths 4 =1350,
2500 and 3000 nm, respectively. However, the narrowest energy gap (0.6 eV) for Cso with Cu-
hexagon position, leading to the higher response of UV absorber at the wave length 4 =1400 nm,
while the larger energy gap for Ceo with Co-hexagon exhibits the lowest absorbance of UV at the
same wave length. These reveal that the larger electronic transition and stronger interaction between

metals and the external surface of fullerene depend on the position and the type of metal atom. In

13
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general, the doped fullerene by the varied metal atoms on the outer surface of fullerene cage shifts

the absorption peaks and alters the absorption intensity.

Figure 8(d)-(f) (Right) shows the calculated energy change via transition metals complexes, linked
in diatomic n-bond (C-C), hexagon and pentagon positions. These state that when the metal
interacts with fullerene Ceo cage, the energy gap between the HOMO and LUMO can decrease.
The decreasing of energy gap (E,) range from 2.81 eV for Ceo-bare to 0.61, 0.78 and 0.98 ¢V for
Cso with Cu in hexagon, pentagon and diatomic positions, respectively. The formed complexes
through the choice of metal atom results in energy changes, making them more stable and can

potentially affect their electronic properties.
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Figure 8. a-c (Left) B3LYB-DFT calculation of the UV spectrum over a range of wave lengths for fullerene Cgo with
different metallic atoms (Co, Cu, Fe, Ni, Pt and Ru) linked in () diatomic-r bond (C-C) position, (b) hexagon position
and (c) pentagon position. The black curve shows the UV spectrum of Cg in the bare case. Figures d-f. (Right) show
the calculation of the energy change upon transition of metals complexes, linked in (d) diatomic position, (e) hexagon

position and (f) pentagon position.

Figures 9 (a)-(f) show the comparison of UV spectrum calculation for molecular complexes with
each of different three positions (diatomic @ bond, hexagon and pentagon). The calculations show
that the pentagon position of the C60 with Co, Cu, Fe and Ru reveal the highest absorption at the
wavelengths 3200 nm, 1380 nm, 1750 nm, and 1380 nm, respectively. Whereas diatomic position
of the Cgo with Ni and Pt have the higher absorption of UV spectra. These results associated to

optimally-bounded metals in three positions on the surface of fullerene cage.
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Figure 9. (a)-(f) Comparison of UV spectra calculations between the three different positions: Diatomic n-bond,

hexagon and pentagon of Cgo fullerene with varied metal atoms (Co, Cu, Fe, Ni, Pt and Ru).

3. 2. 2. IR spectrum:

To identify the type of bounded metal atom to the fullerene cage, the infrared spectra (IR) of the
metallo- fullerene were calculated using TD-DFT/B3LYP with the basis set LanL2DZ, shown in

Figures 10-12. The results show that all doped fullerenes with varied metals reveal IR-active modes
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due to the asymmetric molecular vibration that absorbs infrared, causing a change in the dipole
moment and producing sharp peaks ranged from the wave number 398 cm™ for Cu- pentagon
position to 1691 cm™ for Cu- hexagon position. The three positions of Cu atom on the external
surface of Cso cage exhibit set of vibrational modes, associating with a change in the dipole moment
and the highly polarity of the bond. This help to distinguish doping of exohedral fullerene and also
probing the structural changes in the fullerene. In general, our calculations show that the doping of
metal atom outside the Cgo fullerene cage significantly changes the vibrational spectrum of

exohedral fullerene. The most significant changes in the IR spectra at Cu—carbon cage vibration

modes.
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Figure 10. (colour online) The corresponding DFT-calculations of IR spectrum for Ceo fullerene versus the wave

number with different metallic atoms (Co, Cu, Fe, Ni, Pt and Ru), linked in diatomic position.
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Figure 11. (colour online) The corresponding DFT-calculations of IR spectrum for Ceo fullerene versus the wave
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Figure 12. (colour online) The corresponding DFT-calculations of IR spectrum for Ceo fullerene versus the wave

number with different metallic atoms (Co, Cu, Fe, Ni, Pt and Ru), linked in pentagon position.
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Figure 13. (a)-(f) Comparison of IR spectra calculations between the three different positions: Diatomic m-bond,

hexagon and pentagon of Cg fullerene with varied metal atoms (Co, Cu, Fe, Ni, Pt and Ru).

Figure 13(a)-(f) show the comparison of IR spectra calculations due to the binding of each metal on
the three positions of fullerene. The stronger absorption of IR is obtained in two locations pentagon

and hexagon of fullerene with the six metals.

The comparison calculations of charge transfer, DOS, UV and IR spectrum for three positions
suggested that in the most cases the favorite positions of the metal atoms can be found on the

pentagon and hexagon of the outer surface of the Ceo.
4. Conclusions

In summary, we have investigated the electronic and optical properties of exohedral
metallofullerene that allows to give rise to complex interaction by varying the metal atoms chosen
from the set Co, Cu, Fe, Ni, Pt, and Ru, binding on the top of external surface fullerene cage in three
central positions: Diatomic n-bond, hexagon and pentagon. We found that all properties can be tuned
with the choice of metal atom and its bond location, leading to support the formation of Ceo

fullerenes hybrids and exhibit their complementary properties. The Cso with Cu-hexagon position
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has the narrowest energy gap (0.6 eV), resulted to higher response of UV absorber, while the larger
energy gap for Cso with Co-hexagon exhibits the lowest absorbance of UV at the same wave length.
However, the calculations demonstrate the stronger absorption appeared for fullerene with Pt atom
in the diatomic n-bond position at the shorter wave length (4 = 800 nm), which agrees well with
previous theoretical investigations [36]. The high absorption also exhibited with the Cu, Co and Fe
atoms on the top of pentagon position at the wave lengths A =1350, 2500 and 3000 nm, respectively.
The calculated electronic properties presented insight to discriminate between stable and unstable
configurations Ceo fullerene with varied metals. All of them suggested different responses for the
electronic transition, chemical interaction and stable configuration between metals and the external
surface of fullerene, which suggested the position and metal-dependent. In general, the doped
fullerene by the varied metal atoms on the outer surface of fullerene cage shifts the UV-absorption
peaks and alters the absorption intensity with significance changes in the vibrational IR-spectrum
of exohedral fullerene. The most significant changes in the IR spectra at Cu—carbon cage vibration
modes. The comparison calculations of charge transfer, DOS, UV and IR spectrum suggested that
the favorite positions of the metal atoms can be found mostly on the pentagon and hexagon of the
outer surface of the Cgo, which agrees well with the ref. [37]. Our study exhibits the potential of
exohedral metallofullerene in future molecular-scale with the multidisciplinary areas, such as

electronic and thermoelectric devices.
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