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EZFF2 – software for global optimization of force-field potentials: development of 
force-field potentials for modeling multi-walled WSe2 nanotubes. 

A. V. Domnin, D. D.Kuruch, S. I. Lukyanov, R. A. Evarestov, A. V. Bandura

St. Petersburg State University, 7-9 Universitetskaya Nab., St. Petersburg, 199034, Russia

The study presents a novel force field designed to model the properties of multi-walled nanotubes (MWNTs) 
composed of tungsten diselenide  (WSe2),  addressing the limitations  of ab initio  methods for such large 

systems. Traditional quantum chemistry methods are computationally prohibitive for simulating MWNTs 
with  experimentally  relevant  diameters.  Thus,  force  field  approaches  remain  essential,  although  many 
existing force fields are not optimized for MWNTs.

Using  a  gradient-free  optimization  algorithm,  specifically  the  PSO  [1],  we  calibrated  the  force  field 
parameters  to  accurately  reflect  the  properties  of  WSe2 MWNTs.  Our  methodology  involved  computer 

tuning the force field to match a training set of experimental data and ab initio calculations for bulk phases,  
nanolayers, and single-walled nanotubes. The GULP [2] program was utilized for both force-field fitting and 
subsequent molecular mechanics or molecular dynamics simulations.

The  developed  force  field  was  validated  through  comparisons  with  quantum chemical  calculations  and 
experimental data. Results indicate that the new force field accurately reproduces the structural and energetic 
properties of WSe2 nanotubes, including interlayer distances and stability metrics. Notably, the interlayer 

interactions in WSe2 contribute more significantly to nanotube stability than in WS2, attributed to the larger 

and more polarizable selenium atoms.

Key findings include the successful simulation of the structure and stability of chiral and achiral MWNTs 
with diameters  approaching experimental  values.  The force field's  ability  to  predict  properties  of  multi-
walled  nanotubes  with  various  chirality  angles  and  interlayer  distances  shows  good  agreement  with 
experimental measurements.

This  work  underscores  the  potential  of  optimized  force  fields  in  modeling  complex  nanomaterials  and 
provides a robust tool for future studies of WSe2 MWNTs. Our findings pave the way for further theoretical 

exploration  and  potential  experimental  validation,  contributing  to  advancements  in  nanoelectronics  and 
optoelectronics.
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