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Introduction
Researches on dislocations in graphite have been carried
out from the 1950s. For example, edge dislocations [1] and
partial dislocations in the basal plane [2] have been observed
by transmission electron microscopy (TEM). The spiral
growth patterns which originate from the screw dislocation
have been observed [3, 4]. Moreover, it was observed by
atomic force microscope (AFM) that growth spirals had the
height of 6.7 Å (length of double-layer of graphite) or 3.3 A
(single-layer) [5]. Although these results indicate that the
screw dislocations are formed in the graphites, the direct
evidence of screw dislocations has not been obtained.
Recently, it has been reported that the screw dislocations were
observed in the inter-layer of the multi-walled carbon
nanotubes by TEM observation [6]. The screw dislocations in
the multi-walled nanotubes were highly mobile as
characterized by its glide, climb, and the glide-climb
interactions, at temperatures of about 2000 C. However,
dynamical process and detailed structure do not yet become
clear.
The stable structure of the screw dislocation dipole in the
graphite is studied by Suaretz et al. with the simulation using
local density approximation (LDA) [7]. The LDA calculation
is good accuracy, but need a high computational resource.
Therefore it is difficult to deal with the dynamical process for
the dislocations, the properties in finite temperature, and large
scale simulation. Tight-binding method is one of the efficient
methods to overcome these difficulties. In the present study, as
the first step for the tight-binding calculation, the stable
structure of the screw dislocation in the graphite was
investigated with the tight-binding method. The detail of the
core structure is studied, and compare to the result of LDA
calculation. The formation energy by the tight-binding method
is lower than that of LDA calculation, but the optimal
structure quite similar with each other. It is shown that the
optimized structure do not depend on the initial position of the
screw dislocation.

Fig. 1 The stable structure of the screw dislocation dipole in
inter-layer graphite. The atoms of the dislocation core are
denoted by red. The unit cell for the structural optimization
had 6 layers of graphene as shown in this figure.
Method
In the present study, the long-range transferable tightbinding model parameterized by Omata et al. [8] was used.
Since this model represents inter-layer interaction of graphite,
this model was appropriate method for calculation of the
screw dislocations of the graphites. Structural optimizations
were performed for the AA-stacked graphite which had the
unit length 16.9 x 16.7 x 21.3 Å. The unit cell had 672 atoms
and 6 layers of graphene. From the stable structure of graphite
calculated by Omata's tight-binding model [8], the C-C bond
length and inter-layer distance were 1.39 and 3.55 Å
respectively in the initial configuration. The structural
optimization was performed under the periodic boundary
condition. The periodic boundary condition requires an overall
Burgers vector of b = 0. Thus the calculation was performed
to the dipole with two screw dislocations with opposite
Burgers vectors.
Results and Discussion
The structural optimization is performed for the
dislocation dipole which two screw dislocations induced at the
center of the hexagonal ring of the graphene. Figure 1 shows
the stable structure of the dipole of the screw dislocation. The
atoms corresponded to the dislocation core are denoted by red
in Fig. 1. It is shown that these red atoms form the screw in
inter-layer of the graphite. There were no dangling bonds in
the optimal structure. This screw link neighboring graphite
planes into one helical structure. The optimal structure of the
formation energy per dislocation is 0.67 eV/Å. This value is
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lower than that of LDA calculation [7] of 2.35 eV/Å. It seems
that this discrepancy is caused by the difference of the
calculation method.
Figure 2 shows the unit structure of the dislocation core.
Two hexagonal rings of perfect crystal are shown and denoted
by black. The center of the dislocation is surrounded by the
red atoms as shown in the Fig. 2. The distance between atoms
denoted by the arrows was estimated. The differences between
our results and that of LDA calculation are 0.69 - 3.03 %.
Thus the distance is quite similar with each other.
The structural optimizations for the various positions of
the dislocation center are performed. Firstly, in the described
above, the dislocations are induced to the center of the
hexagonal ring. Secondly, the structural optimization is
performed for the dislocation which is induced at the center of
the C-C bond. As the results of the optimization, the stable
structure of the dislocation is same one as shown in Figure 1.
Finally the optimization for the dislocation which is induced
on the carbon atoms also results in the same structure. The
stable structure does not depend on those initial positions.

Fig. 2 The unit structure of the dislocation core. Two
hexagonal rings of perfect crystal are shown and denoted by
black. The length between atoms denoted by the arrows was
calculated
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