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Fig. 1. Nuclear structure of zigzag carbon nanotubes [6,0] and [6, 2]@[12, 1].
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Fig. 2. (color online) Structural derivation and electron density distribution of Millikan for zigzag CN'Ts: (a) Zigzag single-
walled tubular clusters [8,k] (k =0,1,---,5) and corresponding SWCNTs (8, 0); (b) zgzag double-walled tubular clusters
[6,k+1]Q[12,k] (k=1,2,---,6) and corresponding DWCNTs (6,0)@(12,0).
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Fig. 4. (color online) The structure and parameters of zigzag single-walled tubular clusters [6, k]: (a) The cluster port structure;
(b) the change of the bond angle with the length k; (c) the change of the bond length with the length k.
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Fig. 5. (color online) The E}, of zigzag tubular clusters
and CNTs: (a) The change of F}, for single-walled tubular
clusters [p, k] with the length k and diameter p and the
corresponding (n,0) zigzag SWCNTs; (b) the change of
Ey, for the [p, k + 1]@Q[2p, k] double-walled tubular clusters
with the length k£ and the diameter p and the correspond-
ing (n,0)@Q(2n,0) zigzag DWCNTs where n = p.
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(c) [6, 6] FEBEER HFRAEA IR E T #2104 (d) [5, 3]@[10, 2] WEEE IR BIFRAEA FIR L T #0022k
Fig. 6. (color online) The change of thermodynamics for (a) single-walled tubular clusters [6,k], and (b) double-wall

tubular clusters [5, k 4+ 1]@[10, k] with the length k increasing; the change of thermodynamic at different temperatures for
(c) single-walled tubular clusters [6, 6] and (d) double-walled tubular clusters [5, 3]@[10, 2].
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Fig. 7. (color online) Energy gaps, Fermi energies, and energy levels nearby frontier orbital (HOMO-5, - - -, HOMO,
LUMO, - - -, LUMO+5) of (a) singlewalled tubular cluster [6, k] and (b) double walled tubular cluster [5, k+1]@[10, k].
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Fig. 8. (color online) Energy band structure (dispersion along I'-X directions of Brillion zone) of the zigzag SWCNTs (n, 0)

and DWCNTs (n,0)Q(2n,0).
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Table 1. The electronic characteristics of zigzag SWC-
NTs and DWCNTs.

HOCO LUCO Max direct Min direct

/eV /eV gap/eV gap/eV

(3,0) —5.231 —6.519 2.948 0.004
(4,0) —5.016 —6.195 3.937 0.00004
(5,0) —5.740 —5.012 5.897 0.728
(6,0) —4.533 —4.905 5.889 0.012
(7,0) —-5.191 —-3.993 6.580 1.198
(8,0) —5.312 —3.625 6.066 1.687
(9,0) —4.560 —4.162 6.354 0.433
(10,0) —5.081 —3.828 5.937 1.253
(11,0) —5.127 —3.639 6.172 1.488
(12,0) —4.551 —4.306 5.922 0.245
(13,0) —4.991 —-3.937 6.048 1.054
(14,0) ~5.022 —3.843  5.884 1.179
(15,0) —4.531 —4.380 5.999 0.151
(16,0) 4927 —4.025  5.844 0.902
(17,0) —4.947 —-3.972 5.955 0.975
(18,0) —4.528 —4.416 5.845 0.112
(19,0) —4.875 —4.091 5.910 0.784
(20,0) —4.891 —4.056 5.834 0.835
(4,0)@(8,0) —4.301 —5.365  1.199 0.003
(5,00@(10,0) —4.061 —4.828  2.757 0.049
(6,0)0@(12,0) —4.591 —3.781 3.786 0.986
(7,00@(14,0) —5.258 —3.950  4.999 1.308
(8,0)@(16,0) —4.895 —4.091  5.249 0.804
(9,0)@(18,0) —4.551 —4.343  4.952 0.210
(10,0)@(20,0) —4.925 —4.183  5.278 0.742
(11,00@(22,0) —4.756 —4.102  4.725 0.654
(12,0)Q(24,0) —4.728 —4.510  3.956 0.218
(13,0)@(26,0) —4.679 —4.296  5.358 0.383

XF H (n,0) #1(2n,0) 98 4 B4 SWCNTs ik £ 15
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(R B 4330 A 1.308 A110.742 eV; 1 (9, 0)@(18, 0),
(12, 0)@(24, 0) ¥ B 731 0.210 F10.217 eV, 5
SWCNTs AfF. X (n,0)@Q(2n, 0) 814 DWCNTSs,
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Fig. 9. (color online) The change of HOCO, LUCO and band
gap of zigzag (a) SWCNTs and (b) DWCNTSs as n increase.
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Fig. 10. (color online) The TDOS and PDOS of the (6, 0), (8, 0), (18, 0) SWCNTs and (9, 0)@(18, 0) DWCNTs.

The Fermi level is set as zero.
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Abstract

It is well known that carbon nanotubes (CNTs) have received much attention since they were discovered. With the
rapid development of carbon-based electronics and quantum computers, CNTs are required to have their unique physical
and chemical properties in many fields. However, due to their uncertain mechanism of growth, it is difficult to achieve
high production of CNTs with certain controlled structures. In this paper, we construct the nuclei of specific single-
and double-walled zigzag CNTs and study their structural derivatives and electronic properties by using the density
functional theory. According to the study of carbon clusters, we find some stable cage-like clusters containing zigzag
structure which can be used as the nucleus of the corresponding single-walled CNTs. The nucleus of the double-walled
CNTs is composed of the corresponding nucleus of single-walled CNTs.

It is possible to obtain a tubular cluster by optimizing the structure of the nucleus with accumulating carbon atoms
at one end. The results show that the pentagonal structure plays a key role in the growing of tubular clusters. We find
that the tubular clusters are grown in the form of global reconstruction when the clusters are short, but grown by local
reconstruction when the clusters are longer. It can provide a theoretical reference to realize numerous CNTs with certain
structures. Furthermore, the average binding energy (Ep) of tubular clusters is studied, and we find that their Ey, is
more and more stable and then close to the corresponding CNTs. At the same time, the study of the thermodynamic
quantities of tubular clusters shows that their structures are thermodynamically stable.

In addition, the infinite zigzag CN'Ts can be obtained by using the periodic boundary conditions. Furthermore, the
energy bands and density of states are calculated to study their electronic properties. The results show that the energy
band structures of zigzag CN'Ts are closely related to the chiral index n. For zigzag CNTs (n,0) and (n,0)Q(2n,0), they
show a metal property or narrow band gap semiconductor when n = 3¢ (¢ is an integer); when n # 3¢, they show a
wide band gap semiconductor, and the band gap decreases with the diameter increasing. It is interesting that the two
metallic single-walled CNTs (SWCNTSs) are nested to obtain metallic double-walled (CNTs) DWCNTs, while the two
semiconducting SWCNTs are nested to obtain semiconducting DWCNTs. However, due to the obvious curvature effect,
small-diameter CNTs (4, 0), (4, 0)@(8, 0) and (5, 0)@(10, 0) show the metal properties but CNT (6, 0)@(12, 0) shows

the obvious semiconductor property.

Keywords: zigzag carbon nanotubes, structural derivative, electronic properties
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