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Epoxy-Hardener System



Curing reaction



Molecular Dynamics Simulation

1. Divide time into discrete time steps

2. At each time step:

- Compute the force acting on each atoms, 

using molecular mechanics force field. 

- update position and velocity according to 

Newton’s law of motion



CHARMM Force Field
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Optimizing 

Geometry

• Build molecule from 

fragments

• NWChem optimizes the 

molecular geometry 

(angles, bond lengths, etc.)

• Löwdin population analysis 

determines partial charge 

on each atom

Unoptimized PDGE Formaldehyde

Optimized PDGE Formaldehyde
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Generate LAMMPS data file
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Initialize System in Packmol

• Allows us to place multiple of 

our optimized molecules into a 

closed system

• The system is a periodic box

• Prevents atoms and molecules 

from escaping without placing 

additional restraints on the 

system



Procedure

Create 

Molecule

Optimize 

Molecule 

Structure

Obtain 

Missing 

Force 

Parameters

MD 

Simulation

Place 

Multiple 

Molecules in 

System

VMD NWChem LAMMPSPackmolVMD & CGenFF



Next Steps

• Finalize force parameters

• Minimize energy and run NVT 

and NPT ensemble 

equilibration

• Add script to create bonds 

between epoxy and hardener 

groups--crosslinked structure



Next Steps continued

• Run thermodynamics experiments on our 

model system

• Measure physical properties under 

various conditions
• Glass Transition Temperature

• Thermal Expansion Coefficient

• Isothermal Compressibility
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