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Abstract

We investigated structural phases of potassium intercalated into carbon nanotubes using a structural
optimization process applied to atomistic simulation methods. As the radius of carbon nanotubes
increased, structures were found in various phases from an atomistic strand to multishell packs
composed of coaxial cylindrical shells and in helical, layed, and crystalline structures. Numbers of
helical atom rows composed of coaxial tubes and orthogonal vectors of a circular rolling of a triangular

network could explain multishell phases of potassium in carbon nanotubes.
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Table 1. Parameters of Lennard-Jones 12-6
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K-K K-C
Rea (A) 4.001 3.902
Des_(kcal/mol) 0.070 0.070
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E 2 E dge AlEHolMoAN dojd @i UxRFrE URe #E FE KT #AE Kondodt
Takyanagi [53]1¢) EAMeli T ®AE Tosatti S[4619] EAMOlIT Rs © #F 1}z fo] o]
o] Mol 1 g9 b HYsts WAZ HY @f HEoY.

Table 2. Structural phases of K in CNTs obtained from our simulations. KT index is the index of
Kondo and Takyanagi [53] and T index is the index of Tosatti et all46]. Rs is radius of K
nanowire and @ and b are the unit vectors of the corresponding spreading sheets.

Structure indices
Radius o KT T index Unit vectors(A)
(n, n) (A) Phase Chirality index Orthogonal Rs
n-n'-n’’ Vectors a b
5 3.390 linear chain - 1 (1, 1) 0.000 - -
6 4,068 zigzag - 1 (1, 2) 0.191 - -
7 4738 zigzag| chiral 2 2,1 0989 | 1909 | 7685
8 5424 zigzag| achiral 2 2, 1 169 | 6.094 | 6.252
9 6.102 triple helix chiral 3 3, D 22191 5254 | 5343
10 6.7%0 |layers of 2 atoms{ achiral 4 (4, 2) bec |2.849| 5.068 | 5351
11 7.458 5-stranded helix chiral 5 5, 2 3.530| 5.041 5.252
1o | sage | el e 6-1 6.2 14033 2981 | 5250
linear chain (L, 1)
13 | sea | Mexemomallavert 6-1 6.0 4014 5143 | 5143
linear chain (1, 1)
14| gagy | BStranded bl 8-2 By 712) 489 | 5430
triple helix (2, 1)
15 10.170 9-stranded chain achiral 9.4 bce 6.932 B B
layers of 2 atoms {4, 2) bee
16| 10.848 1271;2:323 E:ii chiral 10-4 ((140" ;4)) 6908| 4984 | 4947
11-stranded chain (11, 4
17 11.526 pentagonal layer! achiral 11-5-1 5, 1 7683 4994 | 5.049
linear chain (1, D
12-stranded helix (12, 3)
18 12.204 7-stranded helix chiral 12-7-1 6, 2) 8.253| 4.786 | 4.861
linear chain (1, D
13-stranded helix (13, 3)
19 12.882 7-stranded helix chiral 12-7-3 (7, 1) 8919 | 4746 | 4.819
triple helix 3, D
15-stranded helix bee
20 12.560 9-stranded helix| achiral 15-9-4 bee 9.592 - -
double helix (4, 2) bee
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