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Abstract. A TiH2 - decorated fullerene nanosystem (C60[TiH2]6)7 has been studied via MD simula-
tion. The mean square displacement, the angular and linear velocity autocorrelation function, the
Lindemann index, etc., have been calculated. A comparison of the calculated physical variables
of a titanium-decorated fullerene cluster with their counterparts of a pure fullerene cluster (C60)7

is presented.

1. INTRODUCTION

The capability of hydrogen absorption by titanium
decorated fullerene has been discussed in the re-
cent papers [1–3]. In particular, a prediction that a
single TiH

2
 atomic group attached to a C

60
 molecule

can adsorbs up to three H
2
 hydrogen molecules [1-

3] has been reported. A detailed study of various
properties of Ti-decorated fullerene systems be-
comes a subject of great importance [3] in connec-
tion with the hydrogen storage issue [3]. It is shown
[4-6] that very small pure fullerene clusters reveal
unusual properties. The dynamical properties of an
extremely small nanosystem composed of deco-
rated fullerenes, particularly as little as seven
C

60
[TiH

2
]
6
 aggregates are studied in this paper.

2. SIMULATION DETAILS

The interaction between carbon atoms for each pair
of C

60 
molecules has been described by the Lennard-

Jones (LJ) potential, V(r
ij
)=4ε[(σ/ r

ij
)12 - (σ/ r

ij
)6], where

r
ij
  is the distance between the ith and jth carbon

atoms of a pair of interacting fullerenes, ε  and σ are
the two standard Lennard-Jones (LJ) potential pa-
rameters shown in Table 1. C

60
 fullerenes have been

treated as rigid bodies with no internal vibrations.

The carbon atoms of a fullerene form a truncated
icosahedron, which consists of 12 pentagonal and
20 quasi-hexagonal faces. There are two distinct C-
C bond lengths. The values used in this work, 1.37
Å and 1.448 Å were taken from quantum chemistry
calculations [10]. Following previous first principle
energy calculations [3], six TiH

2
 groups were located

on twofold axes of pairs of hexagons forming a C
60

molecule. The molecules’ geometry was optimized
by the steepest-descent algorithm of a quantum-
mechanical electronic structure calculation. The
optimization was performed using the ArgusLab
code. The LJ parameters for the titanium, hydrogen
and carbon interactions are also given in Table 1.
MD simulations were performed with a computer
code written by us. The classical equations of mo-
tion were integrated up to 2.5 ns by the Adams-
Moulton predictor-corrector algorithm [11]. The in-
tegration time step was 2 fs which ensures a good
stability of the algorithm. The clusters were equili-
brated for 107 integration steps. The appropriate cor-
relation functions were averaged over 2.5 104 time
origins. The origins were separated by a time inter-
val equal to 50 integration time steps. The calcula-
tions were carried out for a constant energy en-
semble for a zero total linear and angular momen-
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Fig. 1. Snapshot of titanium decorated fullerene
C

60
[TiH

2
]
6
.

Fig. 2. Energy E
t
 dependence of the (C

60
[TiH

2
]
6
 )

7

nanosystem‘s Lindemann index.

Fig. 3. Mean square displacement of the centre of
mass of the C

60
[TiH

2
]
6
 molecule for three energies

of the nanosystem.

Fig. 4. Linear velocity autocorrelation function of the
C

60
[TiH

2
]
6 

molecule for three energies E
t
 of the

nanosystem.

tum of the whole system. The ground state configu-
ration of (C

60
[TiH

2
]
6
)
7 
was reached by the Monte Carlo

(MC) simulation after 5 . 105 time steps. The thermo-
dynamic limit could be a problem in case of con-
stant temperature MD simulations for a system
consisting of a very small number of particles and it
is always a problem to define the temperature in
extremely small clusters [12]. That was the reason
for calculating the calculated physical variables of
interest in the same manner as Gallego et al. [4]
had, i.e. as a function of the total energy E

t
 of the

cluster, instead of temperature.

3. RESULTS

Due to the presence of TiH
2
 atomic groups attached

to the C
60

 surface (see Fig. 1), the minimum energy
configuration of (C

60
[TiH

2
]
6
)
7 
is not a perfect pentago-

nal bipyramid, which is the case with the pure
fullerene cluster (C

60
)

7 
[4, 5 ].

We have reached this slightly deformed pentago-
nal bipyramid structure after 5.105 simulation steps

in the Monte Carlo simulation. The Lindemann in-
dex δ

L 
was calculated

 
[12] To search for the appear-

ance of phase transition in the nanosystem, which
separates the solid and liquid states of (C

60
[TiH

2
]
6
)

7

( )
( )N

ij ij

i j ij

r r

N N r

1/ 222

L

2
,

1 <

−
δ =

−
∑  (1)

where r
ij
 is the distance between the centers of mass

of the i
 
th and j

 
th molecule. The energy evolution of

index δ
L
 is given in Fig. 2.

It can be seen that the index δ
L
 slightly changes

with energy and is very low for E
t
 < - 0.20 eV/mol-

ecule, thus confirming the solid state phase of the
cluster in this energy area. Further heating (increas-
ing energy E

t
) leads towards the liquid phase of the

nanosystem. A symptom of this is a jump of the
Lindemann index δ

L
 for E

t
 > - 0.18 eV/molecule, re-
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Fig. 5. Energy dependence of the linear velocity
correlation time of: a) C

60
[TiH

2
]
6 

molecule in
(C

60
[TiH

2
]
6
)

7
 nanosystem, b) C

60
 molecule in (C

60
)

7

cluster.

Fig. 6. Angular velocity autocorrelation function of:
a) C60[TiH2]6 molecule in (C60[TiH2]6)7 nanosystem,
b) C

60
 molecule in (C

60
)
7
, for various energies E

t
, the

number associated with a given curve denotes en-
ergy E

t
 in the eV/molecule unit.

                (ε/k
B
), [K]        σ, [Å] m, [10-25 kg]

       
 
C-C   28         3.4       0.199

       Ti-Ti 205.4         3.8       0.795
       

 
H-H  12.5        

 
2.81       0.016

Table 1. Potential L-J parameters used in the simu-
lation, taken from [7-9].

flecting the transition from a solid to liquid phase.
Then, we calculate the mean square displacement
<|∆r(t)|2> of C

60
[TiH

2
]
6
 aggregate for several energies,

∆r(t)=r(t)-r(0), where r is the position of the center
of mass of a single titanium decorated fullerene (see
Fig. 3).

The slope of <|∆r(t)|2> is connected with the
translational diffusion coefficient D of a molecule via
the Einstein formula <|∆r(t)|2> ≅  6 D t. The
nanosystem’s solid state phase at low energies is
confirmed here (D ≈ 0). It can be also seen that the
translational mobility of C

60
[TiH

2
]
6
 increases with the

growth of energy and the typical liquid phase plot of
<|∆r(t)|2> is observed at higher energies E

t
. The next

figure (Fig. 4) shows the normalized velocity
autocorrelation function Cv(t)=<v(t)×v(0)><v(0)2>-1

where v is the translational velocity of the centre of
mass of the C

60
[TiH

2
]
6
 molecule, calculated for high,

intermediate and low energy.
For low energy E

t
 the function Cv(t) of a deco-

rated fullerene exhibits dip and dumped oscillations,
associated with the solid phase. The oscillations
gradually vanish, as energy E

t
 increases. The high

energy velocity autocorrelation function relaxes more
regularly – a decay characteristic of a liquid state.
Next, the velocity correlation time τ

v
 = td∫  Cv(t )is

calculated as a function of total energy (see Fig.
5a).

A raise of τ
v
 around (-0.15 eV/molecule) can be

observed. It is known that τ
v
 is proportional to the



163TiH
2
 atomic group decorated fullerene nanosystem – computer simulation study

diffusion coefficient D ~ τ
v
 [14]. The plot τ

v
(E

t
) con-

tains information about two areas in the nanosystem.
The first area is the solid phase (E

t
 < - 0.20 eV/

molecule) where an almost negligible translational
diffusion which is practically independent from en-
ergy appears. The second area a phase with a well
developed translational diffusion (E

t
 > - 0.10 eV/

molecule) – a liquid state. The region of a phase
transition around E

t
 ≈ -0.13 eV/molecule is also

clearly marked. For comparison, in Fig. 5b τ
v
(E

t
) for

pure fullerene molecule (undecorated) is shown in a
less complicated cluster (C

60
)

7
, taken from [5]. Ap-

parently, the solid-liquid phase transition and, con-
sequently, the liquid phase of a pure fullerene clus-
ter develops at substantially lower energy E

t
.

The simulated angular velocity autocorrelation
function Cω(t) = <

⊥ω(t). ⊥ω(0)> <
⊥ω(0)2 >-1 is shown in

Fig. 6a.
Two kinds of relaxation of Cω(t) for a TiH

2
 deco-

rated fullerene can be distinguished. The dumped
oscillations of the angular velocity correlation func-
tion for a low energy, associated with the hindered
rotations in the solid phase [15-19]. Much regular
decay of Cω(t) is observed for high energies E

t
, like

for molecular rotations in a liquid phase. It should
be noted that in a small (C

60
)

7 
cluster, composed of

pure fullerenes only, almost free rotations are acti-
vated, even in the cluster’s solid phase [5]. This
state of condensation is usually called a plastic
phase. A Cω(t) plot for a pure fullerene molecule in
the solid phase of a (C

60
)

7
 cluster is illustrated in

Fig. 6b, taken from [5]. It can be concluded from
these plots that the reorientational dynamics in a
solid phase is much tighter in a (C

60
[TiH

2
]
6
)

7

nanosystem, comparing to the (C
60

)
7
 cluster. The

atomic groups TiH
2
, attached to the fullerene sur-

face, are responsible for this.
In conclusion, preliminary investigations of the

dynamics of C
60

[TiH
2
]
6
 molecules in a nanosystem

are motivated by the potential use of those samples
for hydrogen storage. Our MD simulations have con-
firmed that a solid-liquid phase transition is expected
in the energy range of -0.20 < E

t
 < -0.05 eV/mol-

ecule. The liquid phase of (C
60

[TiH
2
]
6
)

7
 exists at much

higher energies (E
t
 > -0.05 eV/molecule), compared

to the pure fullerene cluster (C
60

)
7 
where the liquid

phase could develop for E
t
 > -0.35 eV/molecule. The

influence of molecular hydrogen H
2
 atmosphere on

the properties of TiH
2
 atomic group decorated

fullerenes, should be the subject of future research
related to the efficient hydrogen storage problem.
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