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Abstract: One of the notable features of carbon nanotubes (CNTs) is the ability to precisely
regulate the flow of gases and liquids through their channels, as well as their excellent
performance in permeability as next-generation separation membranes. In paticular, the
transport of fluids through single-walled carbon nanotube (SWCNT) and multi-walled
carbon nanotube (MWCNT) membranes, which are functionalized for high permeability
and selectivity, has proven to be significantly superior compared to alternative structures.
In this study, the surface adsorption of carbon dioxide on carbon nanotubes which are
functionalized with carboxyl (-COOH) and zwitterionic groups have been investigated
using molecular dynamics (MD) simulation. Some parameters such as surface coverage,
radial distribution function, mean square displacement, and some thermodynamic
properties were computed. The impact of functionalization was assessed by evaluatioing
the CO, adsorption capacity and the suitability of these functionalized nanotubes
as gas separation membranes under specific temperature and pressure conditions.
Findings indicate that gas adsorption on zwitterion-functionalized nanotubes decreases
considerably compared to those functionalized with COOH groups. In contrast, carboxyl-
functionalized nanotubes allow CO: to move through with very little resistance, meaning
they don’t slow the gas down much, which is ideal for efficient separation. Molecular
dynamics simulations further demonstrated that at least three or more zwitteronic
groups located at the ends of a nanotube is key to noticeably reducing CO: flow. This
finding closely matches both previous simulations and experimental data. By adding
these functional groups, carbon nanotubes become especially promising materials for
improving hydrogen storage, gas separation, and energy management technologies.
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