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Molecular Dynamics Simulations of I,/Ar Solution Confined in a
Cylindrical Nanotube
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Abstract Molecular dynamics simulations on vibrational energy transfer and diffusion of I,/Ar solution
confined in a cylindrical nanotube have been performed. The solute vibrational energy relaxation time Ty, as
well as the solvent diffusion coefficient D, along the nanotube was calculated as a function of radius of the
nanotube. The results show that the T, decreases as the radius increases, while the D, takes the opposite
trend. The confinement effect of the nanotube weakens quickly as the radius becomes larger, and as a result,
both T; and D, tend towards the values of a bulk system as we expected. In addition, the mechanism of con-
finement effect on energy transfer and mass transport was explored at an atomic/molecular level by investi-
gating the interactions among the nanotube, solute iodine and solvent argon.

Keywords molecular dynamics simulation; radial density profile; vibrational energy relaxation time; dif-
fusion coefficient; cylindrical nanotube
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Wall-I 0.258 2831.3
Wall-Ar 0.241 1455.1
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Figurel Solvent radial density profilesvs. radius of cylindrical
nanotube
From left to right, corresponding to each profile, the radii of cylindrical nano-
tube are 0.8, 1.0, 1.2, 1.5 and 1.8 nm, respectively
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diffusion coefficient of solvent vs. radius of cylindrical nanotube
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Table2 Theforces (10 Jnm %) along the solute bond and their ratios
ro/nm fs foy max fo F foffoy max fJF fsv maxlF
0.8 92.45 45.90 163.95 256.35 2.01 0.36 0.18
1.0 44.70 42.44 199.13 243.83 1.05 0.18 0.17
1.2 17.15 48.35 212.43 229.58 0.35 0.07 0.21
15 18.54 48.43 232.60 251.14 0.38 0.07 0.19
18 18.58 46.38 221.29 239.87 0.40 0.08 0.19
15% 172 50.50 296.03 297.75 0.03 0.01 0.17
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Figure 3 The contribution of individual argon atom to the vi-
brational relaxation
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Table3 Thenumber of Ar around I, vs. radius of cylindrical nanotube

r/nm I+l I I Probability®
Bulk Surface Bulk Surface Bulk Surface Bulk Surface
0.8 9.36 6.13 6.34 3.02 1.92 4.23 0.38 0.62
1.0 9.63 6.53 6.47 3.18 2.06 4.48 0.43 0.57
12 9.49 6.50 6.39 3.10 2.04 4.47 0.68 0.32
15 9.45 6.67 6.38 3.08 2.10 4.58 0.82 0.18
18 9.45 6.72 6.38 3.08 2.16 457 0.82 0.18
15° 114 7.18 7.64 3.74 2.25 4.92 0.95 0.05
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Figure 4 Solvent radial density profiles and solute probability
distribution described by two types of potential functions

To make the overlap of the two profiles clear, the solute probability is magni-
fied several times. 1, 10~4 LJ potential function; 2, 10~4 LJ potentia func-
tion without attractive term
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Table 4 Z-axis diffusion coefficient of solvent (10> cm?s 1)
and local number of argon atoms in different solvent layers

Bulk? Surface® Total
Dzl NAr D22 NAr Dza Dzb

ro/nm

0.8 330 527 40.6 375 379 395
1.0 368 516 44 384 410 424
12 410 5.06 483 387 446 458
15 431 498 494  3.88 453 465
18 447 493 486  3.90 453 465
15° 313 598 506 3.93 382 426
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