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OVERVIEW
Understanding intermolecular interactions among different materials and integrating them into design strategies is paramount to 
developing novel structured materials or enhancing the performance of existing ones. 

Predictions of the crystal density and detonation velocity are essential metrics in computer-assisted methods for the 
development of new formulations of energetic materials. Such properties are directly dependent on the structure and type of 
interactions present in energetic materials, which, in turn, can undergo significant modifications under the high-temperature and 
high-pressure conditions characteristic of detonation processes.

In the case of composite materials containing both energetic materials and polymeric binders, understanding how these interact 
is particularly important in several areas, for example to develop new polymer-based sensors for explosives detection, to 
increase the collection efficiency of the explosive residues adsorbed on surfaces for enhanced detection sensitivity, or to 
formulate new polymer-based explosives or munitions.
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NETL accomplishments for this research includes: 

•	 Used first-principles calculations to investigate the compression, the low-pressure α → γ phase transition, and the shock 
Hugoniot properties of energetic material RDX (hexahydro-1,3,5-trinitro-1,3,5-s-triazine) in the pressure range of 0−9 GPa 
using Born-Oppenheimer molecular dynamics (BOMD) simulations.

•	 Studied the interactions of crystalline and amorphous polyethylene (PE) with RDX surface using force-distance spectroscopy 
and molecular dynamics (MD) simulations.

•	 Used density functional theory (DFT) to calculate the crystallographic lattice parameters for a set of 26 ionic high nitrogen 
content compounds. The main objective of this study was to screen different DFT functionals which incorporate long-range 
dispersion interactions and to identify those functionals that are capable of predicting the unit cell volumes within a target 
error of less than 3%, a value which is a required threshold for accurate predictions of energetic materials formulations.

Contacts
Madhava.Syamlal
Senior Fellow
Computational Sciences & Engineering Directorate
madhava.syamlal@netl.doe.gov

Dan C. Sorescu
Physical Scientist
dan.sorescu@netl.doe.gov

www.NETL.DOE.gov

RDX Compression, α→ γ Phase Transition, and Shock Hugoniot Calculations from Density-Functional-Theory-Based Molecular 
Dynamics Simulations; Dan C. Sorescu and Betsy M. Rice; J. Phys. Chem. C, 2016, 120 (35), pp 19547–19557, DOI: 10.1021/
acs.jpcc.6b06415, Publication Date (Web): August 26, 2016.

Investigations of the Intermolecular Forces between RDX and Polyethylene by Force–Distance Spectroscopy and Molecular 
Dynamics Simulations; D. E. Taylor, K. E. Strawhecker, E. R. Shanholtz, D. C. Sorescu, and R. C. Sausa J. Phys. Chem. A, 
2014, 118 (27), pp 5083–5097, DOI: 10.1021/jp5039317 Publication Date (Web): June 12, 2014.

Assessing the Performances of Dispersion-Corrected Density Functional Methods for Predicting the Crystallographic Properties 
of High Nitrogen Energetic Salts; Dan C. Sorescu, Edward F. C. Byrd, Betsy M. Rice, and Kenneth D. Jordan; J. Chem. Theory 
Comput., 2014, 10 (11), pp 4982–4994, DOI: 10.1021/ct5005615, Publication Date (Web): October 30, 2014.

Figure 1. The mean absolute percent error of the predicted lattice dimensions 
by some of the best performing DFT functionals. The errors bars are below 
1 %, similar to the values obtained by experimental methods.

Figure 2. Snapshot of a PE chain interacting with RDX surface.
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