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Abstract: Computer simulation tools mainly used for polymer materials and polymeric membranes are divided into
various fields depending on the size of the object to be simulated and the time to be simulated. The computer simulations
introduced in this review are classified into three categories: Quantum mechanics (QM), molecular dynamics (MD), and
mesoscale modeling, which are mainly used in computational material chemistry. The computer simulation used in polymer
research has different research target for each kind of computational simulation. Quantum mechanics deals with microscopic
phenomena such as molecules, atoms, and electrons to study small-sized phenomena, molecular dynamics calculates the
movement of atoms and molecules calculated by Newton’s equation of motion when a potential or force of is given, and
mesoscale simulation is a study to determine macroscopically by reducing the computation time with large molecules by
forming beads by grouping atoms together. In this review, various computer simulation programs mainly used for polymers
and polymeric membranes divided into the three types classified above will be introduced according to each feature and
field of use.
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Table 1. Computer Simulation Tools

Category Program Web License type
DMol3 (in the Materials Studio program package) https://www.3ds.com Commercial
VASP (Vienna Ab initio Simulation Package) https://www.vasp.at Commercial
Qunnn - CASIED (Conbie S Tod Foy ks s s Conmrl
NWChem https://nwchemgit.github.io Free
Quantum ESPRESSO https://www.quantum-espresso.org Free
CHARMM (Chemistry at Harvard Macromolecular Mechanics) https://www.charmm.org Commercial
Molecular GROMACS (GROningen MAchine for Chemical Simulations) http://www.gromacs.org Free
dynamics [ AMMPS (Large-scale Atomic/Molecular Massively Parallel Simulator) https://lammps.sandia.gov Free
Forcite (in the Materials Studio program package) https://www.3ds.com Commercial
DPD (Dissipative particle dynamics) https://www.3ds.com .
Mesoscale (in the Materials Studio program package) https://lammps.sandia.gov Commercial
modelling Mesodyn (in the Materials Studio program package) https://www.3ds.com Commercial
Mesocite (in the Materials Studio program package) https://www.3ds.com Commercial
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Fig. 1. Types of materials simulation (Reprinted
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with permission from [1]. Copyright 2014 the Membrane Society of Korea).
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Fig. 2. LUMO (lowest unoccupied molecular orbital) isosurfaces of the IM'-2, IM'-3 and IM'-5 by DMol3 (Reprinted with
permission from [9]. Copyright (2020) American Chemical Society).
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Fig. 3. Quantum mechanics simulation of CO, reduction
by VASP (Reprinted with permission from [13]. Copyright
(2020) American Chemical Society).
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Fig. 4. Highly mobile membrane mimetic (HMMM) model
calculated by CHARMM (Reprinted with permission from
[20]. Copyright (2015) American Chemical Society).
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curring during heat treatment process calculated by Forcite
in the Materials Studio program package (Reprinted with
permission from [25]. Copyright 2012 American Chemical
Society).
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Fig. 6. Mesoscale simulation results of 0.5 wt% (upper) and
1 wt% (lower) of functionalized MWCNT models where
MWCNTs (green color) are embedded with amine groups
(left; blue color) and hydroxyl groups (right; red color),
respectively. Here, P84 models were hidden calculated by
DPD in the Materials Studio program package (Reprinted
with permission from [26]. Copyright 2016 Elsevier).
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