
Journal of Solid State Chemistry 176 (2003) 203–205

Investigation of energy and structural changes of Lin (n ¼ 3; 4)
microclusters based on temperature

’Izzet Kara,a,� Nuri Kolsuz,b and Seyfettin Çakmakc
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Abstract

The energy and structural changes of lithium microclusters based on temperature has been investigated by using Molecular-

Dynamic simulation Method. Two and three-body interacted semi-empiric potential energy formula that characterized the

interaction has been used. It has been calculated that the dissociation of atoms from cluster has started after 1300K for Li3 and

1350K for Li4, respectively. Dissociations at the fixed temperatures are very close to the expected values of the lithium metal.

Additionally, it has been observed that Li4 microclusters above 1000K and Li3 clusters above 700K temperatures have steady

structures in two different energy values.

r 2003 Elsevier Inc. All rights reserved.
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1. Introduction

The structures of atomic solids, their phase transfor-
mations, their surface and defect characteristics, the
nature of their microclusters, and their melting behavior
all provide a rich source for experimental and theoretical
studies. A question examined in many papers has been
whether a potential energy function for the atomic
interactions can rationalize the experimental findings [1].
The ground state geometrical structure of lithium
clusters between four and eight atoms were interpreted
using ab initio configuration interaction calculations [2].
The experimental values of the dissociation energies of
small Liþn had been compared with the dissociation
energies of CI ab initio and Hückel type [3]. Recently,
the investigation of the properties and dynamics of small
clusters is a rapidly expanding field [4–9]. The structural
properties of Lin microclusters with the number of
atoms n ¼ 3210 have been investigated by using
molecular dynamics (MD) method [8,9].

In this work, the dissociation mechanism of Li3 and
Li4 microclusters has been investigated for the first time

by using a MD method. In the MD method, the
molecules are allowed to move naturally under
the influence of their own intermolecular forces. The
positions and velocities of each molecule are followed in
time by solving Newton’s equation of motion (force
equals mass times acceleration, a second order differ-
ential equation) using standard numerical methods. For
the systems of non-spherical molecules the classical
equation of rotational motion, involving the angular
velocity and torque on a molecule, must also be solved.
The macroscopic properties are calculated by averaging
the appropriate functions of molecular positions and
velocities over time [7]. Molecular dynamics simulations
are limited largely by the speed and storage constraints
of available computers.

In this study, we have investigated the steady
structures and energies of Li3 and Li4 microclusters in
different temperatures by the MD simulation methodol-
ogy. We have also identified the temperatures of
dissociation in the clusters. Li3 and Li4 clusters have
been selected since they are most steady clusters in terms
of energy. In this process, semi-experimental many-body
potential energy function is used [10]. Considering
UijðrijÞ two-body potential energy function and
Wijkðrij ; rik; rjkÞ three-body potential energy function,
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the total interaction potential energy is
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Wijkðrij ; rik; rjkÞ: ð1Þ

In this formula, B2 and B3 are two-body and three-body
interaction parameters respectively. Interaction poten-
tial between i and j atoms is
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Three-body interaction potential energy function is;

Wijk ¼ Uijfijk þ Uikfikj þ Ujkfjki: ð3Þ

In this formula

fijk ¼ e�ðr2
ik
þr2

jk
Þ; fijk ¼ e�ðr2ijþr2

jk
Þ; fijk ¼ e�ðr2ijþr2

ik
Þ

are the Gaussian factors. The required parameters have
been parameterized for lithium element [5].

Simulation process has been applied 25,000 MD steps
where each step took 1.175� 10�14 s. Temperature
scaling has been applied for the first 15,000 steps and
released for the last 10,000 steps. During the MD
process temperature has been increased 100K each time
until 4000K. Temperature increases are noted as 5K for
energy undulations. Mean influencing energy changes
for Li3 microcluster at 1300K is shown in Fig. 1. In this
simulation process, the triangular form, which is the
energy wise steadiest configuration, has been used. Fig.
2 shows the mean kinetic energy change of Li3
microcluster at 1300K. Kinetic energy is becoming
steady after 10,000 MD, in other words thermally
balanced. The total energy is constant, kinetic and
potential energy fluctuates; but these fluctuations must
preserve the value of the total energy [6].

2. Discussion and conclusion

Total interaction energy (TIE) of the microclusters
versus temperature is given in Fig. 3. In the case of Li3,
the decrease in TIE within the temperature range of 1–
1300K is about 0.17 eV leading to an almost constant
TIE. After 1300K, the relative position of one of the
atoms in the cluster changes considerably with respect to
the others, and at 1350K the distance of this atom to the
other two atoms exceeds Rc: This is interpreted as the
dissociation of this microcluster. The fluctuation in the
interatomic separation of the remaining two atoms is
relatively very small. This dissociation may be shown as
Li3-Li2 þ Li (T ¼ 1300K) [4]. The early dissociation
occurs in close temperatures. It has been observed that
dissociation start after 1400K temperature in Li4
microclusters. TIE varies again smoothly between 1
and 900K, the total decrease in this temperature range

ARTICLE IN PRESS

5000 15000 250000 10000 20000

MD steps

-0.4

-0.3

-0.2

-0.1

av
er

ag
e 

in
te

ra
ct

io
n 

en
er

gy
 p

er
 a

to
m

 (
eV

)

Fig. 1. Average interaction energy changes for Li3 microcluster at

1300K.
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Fig. 2. Average kinetic energy changes for Li3 microcluster at 1300K.
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Fig 3. Total interaction energy changes of Lin(n ¼ 3; 4) clusters in

different temperatures.
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being 0.04 eV. TIE within the temperature range of 900–
1400K is about 0.49 eV. TIE varies very small between
1500 and 3500K, the total decrease in this temperature
range being 0.05 eV. The second atom has been
dissociated around 3500K of temperature for Li4 cluster
as shown in Fig. 3. This can be explained as because of
the tight connection of the Li4 atoms [4]. The TIE versus
temperature characteristics of product Li3 between 1500
and 3500K shows the same behavior of Li3 micro-
cluster. Additionally, the Li4 cluster becomes steady in
two different energy values after 1000K. Similarly, the
Li3 microcluster also creates steady structure in two
different energy values after 700K. These structures are
equilateral triangle and isosceles triangle. Li3 micro-
cluster, which has the equilateral triangle geometry, is
steadier in terms of energy when compared with
isosceles triangle. The equilateral triangle geometry is
the unique geometry, which can occur in FCC net
among the three neighbor atoms, although, the isosceles
triangle geometry is the geometry that can occur in BCC
net among the three neighbors. There is a crystal-
lographic phase transition from FCC to BCC structure
in Li3 microclusters within this working temperature
interval. Total interaction energy versus characteristics
of product Li3 at 1330K shows the same behavior of Li3
microclusters. Li4, even it is seen as steady in different
values in terms of energy after the first dissociation in its
cluster, configurationally behaves same as the Li3
microcluster.

The last product dimers (Li2) of the both Li3 and Li4
microclusters have nearly the same interaction energy
values. It has been seen that the interaction energy of the
formed geometry ðLi4-Li3 þ LiÞ of the Li4 microclus-
ter after the first dissociation is close to the interaction
energy of the Li3 microcluster. This is the expected
result. But, it shows that the Li4 cluster has more tight
connection since these values occur at different tem-
peratures. In other words, more energy is required for
the dissociations in large clusters. The fusing points of
the microclusters are lower than the bulk materials [11].
The melting temperature is strongly dependent on the
size, even the addition or removal of one atom, instead
of monotonic variations with size. Also the phenomena
of dynamic coexistence strongly depends on the cluster

size [12]. The melting temperature increases with
increasing cluster size [13]. Dissociation energies of the
lowest dissociation channel for Knþ

n ; Naþn and Liþn
exhibits the sawtooth behavior as illustrated in Ref. [14].
In our MD simulation calculations, the amplitude of
dissociation energies is as follows:

These values are near to the experimental values. Also
the phases in Li single crystals change in terms of
temperature [3]. In this work, Li3 microcluster has
isosceles triangle geometry within the temperature range
of 700–850K. This result is in agreement with Ref. [3].

We conclude by pointing out that this type of study
can be valuably used in studies on dissociation mechan-
isms of the lithium and other microclusters.
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[4] -S. Katircioğlu, -S. Erko@, Mol. Simul. 4 (1989) 247–250.
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