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Abstract. Computer modeling of linear optical polarizability of single-walled
zigzag (n,0) carbon nanotube with different diameter capped at one end by half
of fullerene and conned at another end such that it is able to be connected with
different (n,n) armchair nanotubes is carried out. The geometry of conned tube
was such as described by R. Saito. The numerical calculation of the electronic
and optical properties of such molecule in framework of the Su-Schrieffer-Heeger
(SSH) model was carried out. It is shown localized states demonstrate the non-
linear aspects of excited states in that system. It is found that the molecules with
different radius have the strong oscillating dependence of optical polarizability on
the incident light energy. The length decrease and uncapping fullerene shift the
peaks of the optical polarizability spectrum to the relatively high-energy region
and suppress the heights of the peaks. The effect of Coulomb repulsion was in-
vestigated in detail. It is shown that increase of Coulomb repulsion shifts peaks of
optical polarizability toward high energy region.
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1. Results and Discussions

The model Su-Schrieffer-Heeger (SSH) (Ma and Yuan, 1998) was used in the
numerical calculations of the optical and electronic properties of an individ-
ual SWCNT and its modifications. We introduced a new parameters that differ
from standard one ξ = α2/(Kt) , u = U/t and v=V/t and leads to units
of energy counted in t. The quantities ξ = 0.32 and t = 3.2 eV were cho-
sen as in previous work (Prylutsky and Ogloblya, 2004) and were exploited
in following computations. Within the independent electron approximation and
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sum-over-states approach, the linear polarizability is expressed as α(ω) =
∑

n ∈ occ. p ∈ unocc. µnpµpn

(

2εpn(ε2pn−ω
2)

(ε2pn−ω
2)2+Γ2ω2

)

, where µnp is a dipole momentum.

To account radiative widening of electron levels we should use Γ = 32 meV. The
main attention was devoted to spatial averaged polarizability α by the formula:
α = (|αxx | +

∣

∣

∣αyy

∣

∣

∣ + |αzz|)/3.
We investigated zigzag (15,0) nanotube capped at ends within caps maked

up from C180 fullerene. The results of computations of spatially averaged optical
polarizability of this nanotube with length 6 periods and 8 are depicted in Fig.1.
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Figure 1. Polarizability of opened
(15,0) (a) and capped at both ends (b)
nanotubes with length of 6 (solid) and 8
(dotted) periods (here u=0.3,v=0.15).

Figure 2. Polarizability of capped-
conned nanotube with u=0;v=0 (solid),
u=0.3;v=0.15 (dashed), u=0.6;v=0.3
(dotted).

As we can see from Fig.1 the uncapped nanotube has additional low-energy
peaks that occur due to dangling bonds at the opened ends of nanotubes. The
length decrease or uncapping of nanotube shifts the peaks of polarizability toward
high energy region and suppresses their values.

We also considered the conned configuration of closing fragment. The ge-
ometry of conned tube was such as described by R. Saito (Saito et al., 1996).
Authors describe the general way to connect nanotubes with different diameter
by knee configuration that have one heptagon and one pentagon defects. We used
this procedure and built knee that connects capped (10,0) nanotube witl length
of 8 with (2,2) nanotube, witch was not constructed and four bonds where left
dangling. Computational results are depicted at Fig.2. Fig.2 demonstrates the in-
fluence of different Coulomb repulsion. It is observed a splitting of main peak of
polarizability. The splitting is larger for higher values of Coulomb repulsion.
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