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Designing meaningful MD simulations: The lithiation of 
Silicon

Abstract : Molecular dynamics (MD) is used to understand the properties of materials by following the time evolution of the system and exploring the interactions between its constituent atoms. MD
simulation allows making reliable predictions of various properties of materials; however, designing useful computer experiments is a complex task that requires the appropriate selection of
interatomic interactions (force fields) and other conditions. In this work we discuss some aspects of molecular dynamics that would help the inexperienced users design reliable simulations. The
simulation of the lithiation process of silicon is taken as an example for better understanding.

1. What is Molecular 
Dynamics?

Additional Resources:  “From atoms to materials” 

and  “an Introduction to MD”- NanoHUB U courses.

Molecular dynamics is a computational
method used to predict kinetic and
thermodynamic properties of materials by
following the dynamics of all its
constituent atoms. MD simulation consists
of the numerical solution of the classical
equations of motion.[1].

2. Identifying and verifying 
interatomic potentials

What is ReaxFF ?
Is a reactive force field that attempts to fill
up the gap between quantum chemical
and empirical force field based
computational methods. Reaxff allows the
simulation of chemical reactions in MD
simulations. [2]

3. Testing applicability of potential 

to problem of interest
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� Optimization of Li-Si interactions

� Use three different shapes of Si to
study the effect of geometry on
lithiation

Future work

classical equations of motion                  

Approximation for numerical 
solutions

Summary

Verification of the force field for 
Li-Si-O [3]

Example of MD: Silicon Melting

Initial

Figure 1. Verification of equation of state for different crystal
structures of lithium (Li) calculated using ReaxFF. Yellow circle
points represents our calculations for BCC structure and yellow
asteriks represents our calculations for FCC. [Hang Sang Soo et al. ;
J. Phys. Chem. A 2005, 109, 4575-4582]

Figure 2. Verification equation of state of Li2SiO3 using ReaxFF.
Yellow triangles represents our calculations. [Narayanan Badri et al.
;Modelling simul. Mater. Sci. Eng. 2012, 20, 015002]

force field verification is fine
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Li-Si system

Structure
ρρρρ (g/cm3) 

DFT MD

LiSi 1.878 3.617

Li12Si7 1.530 3.575

Li13Si4 1.272 1.975

Li15Si4 1.189 1.599

Li21Si5 1.189 1.480

Densities calculated with MD are not agreed 
with those calculated with DFT. 

MD simulation  for LiSi system

Phase transformation

MD simulation for lithiation process 

Simulation is not agreed with the real behavior

We need a new force field

� Introduce MD simulation technique

� Si anode can expand after fully
charged and cause to fracture failure
→ understanding the diffusion kinetics 

during lithiation [5]

� existing state-of-art ReaxFF in lithiation
problems is not applicable.
o shrink of volume
o unexpected face transformation

→ Need new optimized Li-Si force filed

Table 1. Densities for LiSi system using DFT
and ReaxFF methods.

Use LAMMPS package for MD simulation [4]
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equilibration 
at 10K and 1 atm


