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FOREWORD 

 
The goal of this work is to investigate the initial reactions of high explosives (HEs) and determine how these 

reactions would be affected by the application of external electric fields. Since many high explosives have molecular 

moments, such as dipole or quadrupole moments, they are dielectric materials and can be polarized by electric 

fields. It is not well known at the molecular level how HEs will respond to external electric field perturbations, but 

other dielectric molecules have shown changes in electron density. This change in electron density appears as 

changes in bond lengths and bond angles following similar insults, which suggests that some bonds may become 

easier or harder to break, depending on the insult. These electric field insults may provide some control over the 

HE’s sensitivity. In order to accomplish this goal, density functional theory calculations were used to study how 

representatives of four different types of HE molecules initially behave without any applied electric fields and 

following the electric field insult. The first step in the decomposition of these particular HEs was the removal of a 

–NO2 group and that process was studied to determine how the direction and magnitude of the applied electric field 

may affect this initial reaction of decomposition. These four different HEs showed differences in how the removal 

of –NO2 occurs under applied electric fields, suggesting that there is an effect of electric fields to control the 

sensitivity of certain HEs. The next steps are to look into the effect of HE intermolecular interactions to determine 

how the bulk material may respond to electric field insults, how ingredients used in propellants and other 

applications may be influenced by applied electric fields, and how these HE changes due to electric field insults 

may lead to changes in the interactions with the other ingredients used in desired applications. 
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EXECUTIVE SUMMARY 

 

This report describes the changes that four representative molecular high explosives (HEs) undergo upon exposure 

to applied electric fields, as determined using density functional theory. The electric fields were varied in magnitude 

and orientation with respect to the molecule. Results are presented that show changes in the optimized electron 

density due to the applied electric fields. These changes help understand how electric fields can be used to initiate 

the process of HE decomposition. An example of the decomposition is presented for each HE, namely the breaking 

of a bond to release –NO2 from the molecule. These products were optimized both with and without applied electric 

fields as part of the process to obtain transition state geometries and energies to determine the effect of the applied 

electric field on the activation energy to decomposition, which is related to the sensitivity of the HEs. 
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ACRONYMS AND ABBREVIATIONS 

 

 

Å Angstrom = 10-10 meters 

aug-cc-pVDZ Augmented correlation-consistent polarized basis set 

with double zeta description of valence electrons 

aug-cc-pVTZ Augmented correlation-consistent polarized basis set 

with triple zeta description of valence electrons 

a.u. Atomic units 

B3LYP Hybrid Becke 3 parameter exchange density functional 

with Lee-Yang-Parr correlation density functional with 

20 % exact Hartree-Fock exchange 

D Debye = 3.336 × 10-30 Coulomb·meter 

D3BJ Grimme’s third empirical dispersion correction with 

Becke-Johnson damping 

DFT Density functional theory 

|e| Magnitude of the charge of an electron 

HE High explosive 

K Kelvin 

PETN 2,2-Bis[(nitrooxy)methyl]propane-1,3-diyl dinitrate 

RDX 1,3,5-Trinitro-1,3,5-triazinane 

TATB 2,4,6-Trinitrobenzene-1,3,5-triamine 

TNT 2-Methyl-1,3,5-trintirobenzene 

V/m Volts per meter 

Ψ Wavefunction 

  

  

  

  

  

  

  

  

  

  

  

  

  

  
  

 

  



 

 

xii 

Distribution Statement A. Approved for Public Release: Distribution is Unlimited. 

IHTR-2022-004048 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1 

Distribution Statement A. Approved for Public Release: Distribution is Unlimited. 

IHTR-2022-004048 

 

EFFECTS OF ELECTRIC FIELDS ON HIGH EXPLOSIVES AS DETERMINED BY DENSITY 

FUNCTIONAL THEORY 

 

Overview 

 

 This report describes the changes that four representative molecular high explosives (HEs) undergo upon 

exposure to applied electric fields, as determined using density functional theory (DFT). The electric fields were 

varied in magnitude and orientation with respect to the molecule. Results are presented that show changes in the 

optimized electron density due to the applied electric fields. These changes help understand how electric fields can 

be used to initiate the process of HE decomposition. An example of the decomposition is presented for each HE, 

namely the breaking of a bond to release –NO2 from the molecule. These products were optimized both with and 

without applied electric fields as part of the process to obtain transition state geometries and energies to determine 

the effect of the applied electric field on the activation energy to decomposition, which is related to the sensitivity 

of the HEs. Molecular dipole moments, due to electric field-induced geometrical changes, are also presented. 

 

Introduction 

 

The motivation for looking at calculations with applied electric fields comes from the desire to understand 

and exploit the response of materials, particularly dielectric materials, to applied electromagnetic radiation. These 

materials can be used to create switchable propellants, where applying a potential can cause a change in the material 

which leads to ignition of the propellant and removing the potential will extinguish the propellant. In order to 

accomplish this goal, density functional theory will be used to perform these calculations. 

 Density functional theory was developed in the 1960s by Hohenberg and Kohn who found a direct 

relationship between the electron density and the wavefunction which describes where electrons are likely located 

in space [1]. This theory uses the electron density in order to solve the Schrödinger equation (𝐻̂𝛹 = 𝐸𝛹). By 

minimizing the electron density, the ground state electron configuration (and thus the geometry) can be obtained. 

This method is much less computationally expensive than the wavefunction-based methods used previously (going 

from 3N degrees of freedom, where N is the number of atoms in the system, to only three). DFT is not only 

computationally faster than wavefunction-based methods, but it can be almost as accurate, with judicious choices 

of the parameters required for calculations. DFT is a useful tool for determining the geometries and energies of 

systems with a good balance of computational effort and accuracy. It is this balance of accuracy and computational 

effort that led to the use of DFT for calculating the effect of applied electric fields on the changes in electron density 

and geometry for the systems of interest. Since DFT is known to give fairly accurate geometries, comparable to 

experimental data, it was chosen to study the ground state of the unperturbed HE molecules. Without a proper 

description of the unperturbed ground states as frames of reference, one cannot determine the effects of the 

perturbations, here an electric field, or give suggestions of what is occurring in real life applications from the 

calculated results. 

 This project required optimizing the structure of molecules under applied electric fields to determine how 

their electron density changed. By understanding the change of the electron density by the magnitude and direction 

of the applied electric field, a database of responses can be created for different applications, such as remote sensing 

of materials, dielectric ignitors, or switchable propellants. By matching the response of a material in a device, such 

as an IED, the type of explosive may be matched to the database and help defeat this threat. Dielectric ignitors are 

dielectric materials which can be inserted into a formulation, such as a propellant, and when electromagnetic 

radiation is applied, they absorb the radiation and heat up enough to ignite the HE. Switchable propellants involve 

applying a potential which leads to a change in the molecular or electronic structure of a portion of the propellant 

(maybe just an additive or a binder or the entire formulation) which causes ignition while removing the potential 

extinguishes the propellant. Switchable propellants can increase the range of devices by allowing for non-
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continuous burning and coasting periods, such as rockets and missiles, which use this propellant, and can be used 

for terminal effects.  

In this study, four HEs were chosen to represent different types of HEs. 1,3,5-Trinitro-1,3,5-triazinane 

(RDX) was chosen to represent nitramine HEs. 2-Methyl-1,3,5-trintirobenzene (TNT) was used to represent 

nitroarene HEs. 2,4,6-Trinitrobenzene-1,3,5-triamine (TATB) was chosen to represent aromatic nitroaniline HEs. 

2,2-Bis[(nitrooxy)methyl]propane-1,3-diyl dinitrate (PETN) was chosen to represent nitrate ester HEs. The 

chemical structures, abbreviations, and HE type for these 4 molecules are shown in Figure Figure 1. 

 

    
 

 

 

Figure 1. Chemical structures of the high explosives used in this study. The abbreviated name and the type of high 

explosive are below the chemical structures. 

 

Assumptions 

 

 In order to complete the calculations which were used to prepare the data and results used in this report, a 

few assumptions had to be made at the start. By using DFT, there are a few implicit assumptions, such as the Born-

Oppenheimer approximation, which says that due to the large mass difference between electrons and the particles 

that make up the nucleus, the electron movement can be decoupled from nuclear movement. Another assumption 

was that the exact functional form of the exchange-correlation functional is not known and the DFT methods used 

were approximations to this exact exchange-correlation functional. DFT calculations also assumed that the 

temperature of the calculations was 0 K. Temperature corrections can be performed, but they are not included by 

default.  

These calculations involve only a single HE molecule in a vacuum. Since the initial atomic positions were 

taken from experimental crystal structures, it was assumed that the energy minimization routine performed in the 

quantum mechanical program led to the ground state of the molecule and not a meta-stable, transition point. 

Confirmation that the structures were energy minima was obtained by completing a frequency analysis and ensuring 

that there were no imaginary (negative) frequencies. The DFT optimized geometries were compared to crystal 

structure data and it was assumed that if the ground state of the HEs could be represented well by the DFT 

methodology/level of theory, then the DFT determined geometries and energy levels would be well represented 

when the HEs were insulted by applied electric fields. For this study, the effects of intermolecular interactions were 

not included due to increases in the required computational resources. It was also assumed that the quantum 

mechanical program’s treatment of the electric field accurately describes the true interaction of molecules with 

applied electromagnetic radiation. It was also assumed that the applied electric field would impact the geometry 

and energy levels of the HEs, which may have an influence on the decomposition of the HE toward initiation. 

In order to look at the potential decomposition products, it was assumed that the most commonly reported 

mechanisms held true for the decomposition of these HEs. Using this assumption, one NO2 group was removed 

from the HE molecule to a distance that was assumed to discourage bonding interactions from occurring with the 

rest of the molecule and this structure with a free NO2 group was used to optimize the geometry. After the 

                 RDX                          TNT                         TATB                        PETN 
            Nitramine                 Nitroarene         Aromatic nitroaniline      Nitrate Ester 
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    Before Electric Field       After Electric Field 

View along:   Z        Y                   Z            Y 

calculations were finished, it was determined that this initial distance was not sufficient for certain HEs to 

discourage bonding between the removed NO2 group and the rest of the HE molecule.  

 

Methodology 

 

 All calculations presented in this technical report were completed using the Gaussian 16 computational 

chemistry program (Gaussian 16 revision C.01) [2]. Visualizations were made using GaussView 6 [3]. Molecular 

structures were prepared using the ChemDraw program.  

Initially, the four HEs were geometry optimized using the B3LYP-D3BJ/aug-cc-pVTZ level of density 

functional theory (DFT) [4-6]. B3LYP-D3BJ/aug-cc-pVTZ is the compact way to say that the DFT level of theory 

consisted of the B3LYP hybrid functional [4] combined with the D3BJ dispersion correction [5] while using the 

aug-cc-pVTZ basis set [6]. After the initial optimization, it was determined that the TATB molecule was not going 

to converge self-consistently at this level of theory, so the smaller aug-cc-pVDZ basis set was chosen with the same 

B3LYP-D3BJ functional as the next option and self-consistent convergence was reached. Frequency analysis was 

performed to ensure that there were no imaginary (negative) frequencies for the optimized structures, which ensured 

that the structure was a minimum on the potential energy surface and not a saddle point. Once the four HEs were 

optimized, static electric fields of varying magnitude and alignment with respect to the molecular orientation were 

applied to the optimized geometry and the system was allowed to re-optimize the geometry and energies in the 

electric field, using the same level of theory as the initial optimization without electric fields. The magnitudes of 

the electric fields were varied from 5.1 × 107 V/m to 2.6 × 1010 V/m (2.6 V/Å). These electric fields were somewhat 

stronger than those observed at the dielectric breakdown of composite explosives (~1 - 4 ×107 V/m) [7], but were 

on the same order of magnitude as the fields observed at the interface of two materials, particularly core-shell metal 

nanoparticles (~109 V/m) [8]. Frequency analysis was again performed on each optimized structure to determine 

that the structures were minimum structures on the potential energy surface. Gaussian cube files were prepared of 

the electron density using the “formchk” and “cubegen” programs built in with the Gaussian 16 program. The cube 

files were used to visualize the electron density using the GaussView 6 program. The effect of applied electric fields 

can be seen on the changes in geometry of TATB in Figure 2 below. 

 

 

 

 

 

 

 

 

 
Figure 2. Optimized geometries of TATB before (left) and after (right) interaction with an electric field applied along the 

z-molecular axis (out of the plane of the benzene ring). The views are along the z axis (left of each side) and along the y 

axis (right of each side). Carbon atoms are gray, oxygen atoms are red, nitrogen atoms are blue and hydrogen atoms are 

white.  

 

To examine a product of HE decomposition, the R-NO2 bond (R = C, N, O) was artificially extended to 1.5 

Å longer than the optimized bond length (1.5 Å was about the distance of the optimized R-N bond lengths), which 

resulted in distances of at least 2.7 Å. Each of the R-NO2 bonds were separately extended in the HEs (for each 

molecule only one bond was lengthened and the others remained the same as the optimized geometry). This created 

3 (RDX, TNT, TATB) or 4 (PETN) different geometries of the decomposition products for the HE molecules in the 

study, so that the effect of the different magnitudes and orientations of the applied electric fields with respect to the 

molecule could be determined on these different geometries. The different geometries were then optimized without 
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any applied electric fields to use as the baseline for any changes caused by the applied electric fields. A free nitro 

group was expected in these optimized structures. The B3LYP-D3BJ/aug-cc-PVTZ level of theory was used for the 

RDX, TNT, and PETN molecules, while the B3LYP-D3BJ/aug-cc-pVDZ level of theory was used for the TATB 

molecule, as used for the initial geometry optimizations. The TNT and TATB calculations using the decomposition 

products as the input geometry optimized, but they optimized to structures without free nitro groups (all nitro groups 

were bound). 

 

Results and Discussion 

 

Ground State Optimization 

The ground state geometries and electron configurations of the four representative HEs were optimized 

using DFT at the B3LYP-D3BJ/aug-cc-pVTZ (RDX, TNT, PETN) or aug-cc-pVDZ (TATB) level without any 

applied electric fields. These optimized geometries were compared to the crystal structures of the HEs to determine 

how well this level of theory described the experimental geometrical values, such as bond lengths, angles, and 

dihedrals [9-12]. The B3LYP-D3BJ/aug-cc-pVTZ level of theory optimized the bonds of TNT to within 1 % of the 

crystal structure values, while the largest deviations in bond length for RDX and PETN were within 5 ± 1 %. The 

angles for RDX, TNT, and PETN were optimized to within 5 % of those values determined from crystal structures. 

The B3LYP-D3BJ/aug-cc-pVDZ level of theory had some trouble optimizing N-H bonds present in TATB, and 

due to the overestimation of these bond lengths, the maximum error in bond lengths compared to crystal structure 

data was around 27 %. The angles obtained through DFT calculations were less than 10 % different than those 

obtained from the crystal structure of TATB. Figure 3 shows the geometry of PETN as viewed from the molecular 

x, y, and z-axes, along with the optimized electron densities viewed along these axes. The electron densities show 

the surface in space at which there is 0.0004 |e|/Å3 or larger inside this surface. This is the environment that other 

molecules or perturbations would see and interact with in space. 

 

Optimization of Ground State with Applied Electric Fields 

Once the ground state geometries of the HEs were optimized, an electric field was applied and the HEs 

were allowed to relax in the electric field during a second geometry optimization. This relaxation was to allow for 

the interaction of the electric field with the electron density of the molecule. Due to the anisotropic nature of the 

HE geometries, the electric field was applied along different molecular directions. This allowed for different parts 

of the molecule to interact with the electric field. The fields were applied along the molecular x-, y-, and z-axes and 

the original configuration was oriented to have the molecule lying in the xy-plane, if possible, or at least oriented 

so the major axis of the molecule was parallel to the xy-plane. The magnitude of the electric field was also varied 

to see how the intensity changed the interaction with the HEs. The magnitude was varied from 0 V/m to 2.6 × 1010 

V/m (2.6 V/Å). When the electric field was strong enough, the electron density rearranged to a lower energy 

configuration, which resulted in changes in bond lengths, bond angles, dipole moments, and electron density maps. 

Images of the electron density following interaction with the applied electric field can be found in Figures 4 – 15. 

Figures Figure 4 – Figure 6 show the electron densities of the RDX in response to applied electric fields in different 

directions. Figures Figure 7 – Figure 9 show the responses of the electron density of TNT to the applied electric 

fields. The electron density responses of TATB can be found in Figures Figure 10 – Figure 12 and PETN electron 

density responses to applied electric fields are shown in Figures Figure 13 – Figure 15. The changes in dipole 

moment due to the electric field-induced geometrical changes are summarized in Tables Table II – Table V. 

RDX had major changes to the electron density at different electric field intensities along different 

molecular axes (Table I). When the electric field was applied along the RDX molecular x-axis, Figure 4 showed 

that there was a major change in the geometry and corresponding shape of the electron density at 2.6 × 109 V/m. 

However, when the field was applied along the RDX molecular y-axis (Figure 5), the geometry and electron density 

remained fairly stable up to the largest magnitude tested (5.1× 109 V/m). Applying an electric field along the RDX 

molecular z-axis (Figure 6) had a major change in the geometry and corresponding shape of the electron density at 
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2.6 × 109 V/m. A similar pattern was seen with electric fields applied along the TNT molecular x- and y-axes. An 

electric field along the x-axis (Figure 7) showed a noticeable change in the geometry and electron density map at a 

magnitude of 5.1× 109 V/m, while there was no change in the general shape of the electron density map at this same 

electric field magnitude, but along the molecular y-axis (Figure 8). The electron density map and geometry changed 

when the electric field was applied along the TNT molecular z-axis at the magnitude of 5.1× 109 V/m (Figure 9) 

because a nitro group moved towards larger z values following the applied electric field.  

The dipole moment of RDX also changed anisotropically, just as the geometry, with both the magnitude 

and the orientation of the applied electric field (Table II). In all cases studied for RDX, the dipole moment was 

found to only be along the molecular z-axis. The dipole moments monotonically increased as the magnitude of the 

electric field increased along each of the molecular x-, y-, and z-axes, but the values of the dipole moments differed 

with the orientation of the electric field. When the field was applied along the x-direction, the largest magnitude 

(5.1× 109 V/m) led to a dipole moment of 7.29 D, whereas the same magnitude of field applied along the y- and z-

axes resulted in dipole moments of 7.41 D and 10.41 D, respectively. These dipole moments are rather large, which 

typically indicates ionic type, or charge transfer, character. The dipole moment from the z-axis applied field is on 

the order of the dipole moment found in KBr (10.6 D). [13] 

The dipole moments of TNT (Table III) were similar to RDX, in that they changed anisotropically, but the 

dipole moments from the geometries obtained with an electric field applied along the y-axis began decreasing as 

the magnitude increased (1.66 D to 0.71 D), until it sharply increased to 3.03 D at the largest magnitude (5.1× 109 

V/m). The dipole moments of the molecules with electric fields applied along the x- and z-axes monotonically 

increased, but the magnitudes of the dipole moment was not as large as those seen in RDX.  

PETN was different from RDX and TNT, because the electric fields applied along each of the three 

molecular axes led to changes in geometry and electron density. The electric fields along the PETN molecular x- 

and y-axes caused major changes to the geometries and electron densities at the same magnitude of 5.1× 109 V/m 

(see Figures Figure 13 and Figure 14). The nitro groups tended to be more strongly affected by the electric field than 

the rest of the PETN molecule. The nitro groups were moved along the direction of the applied electric field. When 

the electric field was applied along the PETN molecular z-axis, the magnitude of 5.1× 109 V/m was sufficient 

enough to cause large changes in geometry and the corresponding electron density (Figure 15). This was caused by 

the rotation and translation of nitro groups to align with the applied electric field in the z-direction. 

The dipole moments of PETN (Table V) were similar to those of TNT, where one direction of electric field 

application led to a decrease in the dipole moment of the system as the electric field magnitude increased, before 

increasing at higher electric field magnitudes. For PETN, the dipole moments of the molecules with an electric field 

applied along the molecular z-axis decreased from 1.61 D at 0 V/m to 1.13 D at 5.1 × 108 V/m, before increasing 

to 3.83 D and 6.07 D at 2.6 × 109 V/m and 5.1× 109 V/m, respectively. Applying electric fields along the molecular 

x- and y-axes of PETN led to dipole moments that monotonically increased with values slightly larger than those 

seen in RDX (along the x-direction: 8.81 D for PETN, 7.29 D for RDX, along the y-direction: 8.41 D for PETN, 

7.41 D for RDX).  

 TATB was a special case in that it was the only molecule in the study that did not converge at the same 

B3LYP-D3BJ/aug-cc-pVTZ level as the other HEs. The smaller aug-cc-pVDZ basis set was used to obtain 

convergence and this means that the results for TATB cannot be compared directly to the other HEs in this study. 

TATB only underwent some twisting out of planarity at electric fields with large magnitudes (at least 5.1× 109 V/m) 

in the molecular y- and z-directions (Figures Figure 11-Figure 12). At the electric field magnitudes tested along the 

x-direction (Figure 10), there was no major twisting of the TATB molecule. Calculations with an electric field 

magnitude of 2.6 × 1010 V/m applied along the z-axis led to a breaking of planarity in the benzene ring portion of 

the TATB molecule. The resulting geometry had C-C bond lengths similar to a cyclohexane chair configuration and 

all of the nitro groups pointing in the same direction (upward in Figure Figure 12) while the amino groups were 

pointing in the other direction (downward in Figure Figure 12). 

 The dipole moments for TATB (Table IV) are similar to those for RDX, in that they monotonically increase 

with the magnitude of the electric field for all orientations. However, since these results were obtained with a 
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                  X-axis                                          Y-axis                                            Z-axis 

different basis set than the other three HEs, they must be considered by themselves. The dipole moment with no 

applied electric field is negligible, but it starts to increase and has values in the order of TNT and PETN around the 

same electric field magnitudes (2.6 × 109 V/m). The TATB molecule was able to be optimized with an electric field 

applied along the molecular z-direction which had the largest magnitude field in this study. This very large electric 

field magnitude (2.6 × 1010 V/m) led to a dipole moment of 45.74 D, which was due to the large distance between 

the nitro groups and the amino groups created when the planar TATB became cyclohexane like, with all of the 

amino groups pointing one direction and the amino groups pointing in the opposite direction. 

 
Table I. Voltage of Applied Electric Fields at Which Noticeable Change First Appeared in the Geometry and Electron 

Density in Different Molecular Directions. All units are V/m. 

Electric field applied along RDX TNT TATB PETN 

X axis 2.6 × 109 5.1 × 109 NA b 5.1 × 109 

Y axis NA a NA a 5.1 × 109 5.1 × 109 

Z axis 5.1 × 109 5.1 × 109 5.1 × 109 5.1 × 109 

          a Largest electric field magnitude studied was 5.1 × 109 V/m. b Largest electric field 

          magnitude studied was 2.6 × 109 V/m. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Optimized geometry (top) and optimized electron density (bottom) of PETN at the B3LYP-D3BJ/aug-cc-pVTZ 

level of theory viewed from the molecular x-axis, y-axis, and z-axis. The isosurface value of the electron densities is 

0.0004 |e|/Å3. Carbon atoms are gray, oxygen atoms are red, nitrogen atoms are blue and hydrogen atoms are white. 
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Table II. Dipole Moments of the Optimized Geometries of RDX Both With and Without Applied Electric Fields. All units 

are D.a 

Electric field applied along 0 V/m 5.1 × 107 V/m 2.6 × 108 V/m 5.1 × 108 V/m 2.6 × 109 V/m 5.1 × 109 V/m 

X axis 3.19 3.19 3.22 3.29 5.23 7.29 

Y axis 3.19 3.23 3.39 3.60 5.27 7.41 

Z axis 3.19 3.19 3.22 3.27 3.99 10.41 
a All calculated dipole moments were found to only lie along the molecular z-axis. Therefore, the calculated total dipole moment will be 

presented. 

 
Table III. Dipole Moments of the Optimized Geometries of TNT Both With and Without Applied Electric Fields. All units 

are D.a 

Electric field applied along 0 V/m 5.1 × 107 V/m 2.6 × 108 V/m 5.1 × 108 V/m 2.6 × 109 V/m 5.1 × 109 V/m 

X axis 1.66 1.66 1.66 1.70 2.81 4.92 

Y axis 1.66 1.61 1.42 1.19 0.71 3.03 

Z axis 1.66 1.66 1.66 1.67 2.20 3.57 
a All calculated dipole moments were found to only lie along the molecular z-axis. Therefore, the calculated total dipole moment will be 

presented. 

 
Table IV. Dipole Moments of the Optimized Geometries of TATB Both With and Without Applied Electric Fields. All units 

are D.a 

Electric field applied along 0 V/m 5.1 × 107 V/m 2.6 × 108 V/m 
5.1 × 108 

V/m 

2.6 × 109 

V/m 

5.1 × 109 

V/m 

2.6 × 1010 

V/m 

X axis 5.14 × 10-4 0.07 0.34 0.67 3.33 NA NA 

Y axis 5.14 × 10-4 0.07 0.32 0.67 3.28 6.50 NA 

Z axis 5.14 × 10-4 0.04 0.18 0.37 1.87 3.91 45.74 

a All calculated dipole moments were found to only lie along the molecular z-axis. Therefore, the calculated total dipole moment will be 

presented. 

 
Table V. Dipole Moments of the Optimized Geometries of PETN Both With and Without Applied Electric Fields. All units 

are D.a 

Electric field applied along 0 V/m 5.1 × 107 V/m 2.6 × 108 V/m 5.1 × 108 V/m 2.6 × 109 V/m 5.1 × 109 V/m 

X axis 1.61 1.61 1.65 1.78 3.97 8.81 

Y axis 1.61 1.61 1.65 1.75 3.69 8.71 

Z axis 1.61 1.56 1.37 1.13 3.83 6.07 
a All calculated dipole moments were found to only lie along the molecular z-axis. Therefore, the calculated total dipole moment will be 

presented. 
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Figure 4. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX under an electric field applied along the x-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 5. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX under an electric field applied along the y-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 6. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX under an electric field applied along the z-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 7. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of TNT under an electric field applied along the x-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 8. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of TNT under an electric field applied along the y-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 9. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of TNT under an electric field applied along the z-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 10. B3LYP-D3BJ/aug-cc-pVDZ optimized electron densities of TATB under an electric field applied along the x-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 11. B3LYP-D3BJ/aug-cc-pVDZ optimized electron densities of TATB under an electric field applied along the y-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 12. B3LYP-D3BJ/aug-cc-pVDZ optimized electron densities of TATB under an electric field applied along the z-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 13. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN under an electric field applied along the x-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 14. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN under an electric field applied along the y-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 15. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN under an electric field applied along the z-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Potential Decomposition Products  

One reason for performing calculations with applied electric fields was to determine the effect of the electric 

field on the decomposition of the HEs, including the activation energy for the first step in the decomposition. In 

order to do this, potential decomposition products were made computationally to optimize both with and without 

electric fields to quantify the effect of the field. The optimized decomposition products could then be used as the 

ending points on transition state searches, with the HEs optimized under electric fields as the starting points. A 

transition state search could give the actual transition state on the path between these end points and could be used 

to determine the activation energy of the pathway. After a literature review, the commonly reported pathways for 

decomposition of these HEs had in common the removal of NO2 by breaking of the O2N- bond to either C, N, or O 

depending on the HE molecular structure [14-17]. Due to the anisotropic nature of applying electric fields along 

different molecular directions, each nitro group was removed for each HE, yielding 3 (RDX, TNT, TATB) or 4 

(PETN) different potential decomposition products to optimize and compare. Figure 16 shows the different nitro 

groups on the HEs color coordinated with the orientation of the group. The N-R (R = C, N, O) bond lengths were 

extended to 1.5 Å longer than the previously optimized structures (about the length of the optimized R-N bond 

length), with a minimum distance of 2.7 Å, to simulate the removal of the NO2 group from the HE. The 3 

decomposition products of RDX were denoted RDX-top, RDX-left, and RDX-right. The 3 decomposition products 

of TNT were denoted TNT-bottom, TNT-left, and TNT-right. The 3 decomposition products of TATB were denoted 

TATB-top, TATB-left, and TATB-right. The 4 decomposition products of PETN were denoted PETN-top, PETN-

bottom, PETN-left, and PETN-right. These products were first optimized without any electric fields to get a baseline 

for comparison. Then, the optimized geometries of the decomposition products (without electric fields) were used 

as the stating guesses for optimizations under the electric fields. The magnitudes and orientations of the electric 

fields were the same as those used during the optimizations of the initial HE structures. 

After optimizing the HE decomposition products, it was found that only the RDX and PETN decomposition 

products were optimized to a new species with a free nitro group. All of the TNT and TATB decomposition products 

with lengthened C-NO2 bonds (2.94 Å) were optimized structures without free nitro groups (the lengthened C-NO2 

bond lengths became ~ 1.4 Å), regardless of the addition of an electric field. These optimized C-NO2 bonds were 

shorter than the other C-NO2 bonds in the same structure (~1.5 Å). This suggests that the initial lengthening of the 

C-NO2 bonds at 2.94 Å was not long enough to reduce the interaction and allow the -NO2 group to leave the rest of 

the HE structure. Instead, it seemed that the stretched bond rebounded and reached a minimum value around 1.4 Å. 

Further calculations could be performed to determine the initial C-NO2 distance which leads to an optimized 

structure with a free NO2 group. 

     
Figure 16. Chemical structures of the HEs in the study with colored nitro groups corresponding to the decomposition 

products. Red signifies the top nitro group, light blue identifies the left nitro group, light green identifies the right nitro 

group, and orange signifies the bottom nitro group. The naming convention HE-direction has the nitro group in that 

direction moved away from the rest of the previously optimized HE structure, in the direction of the bond. 

 

Figures Figure 17 – Figure 19 show how the electron density of the RDX-top species interacted with the 

applied electric fields oriented along different molecular axes. Similar figures can be found for RDX-left (Figures 

Figure 20 – Figure 22) and RDX-right (Figures Figure 23 – Figure 25). RDX-top underwent a ring twist under an 

applied electric field with a magnitude of 2.6 × 109 V/m along the molecular x-direction (Figure 16). This ring twist 

was accompanied by a change in the direction of the nitro group in the left position, from along the plane of the 
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molecule to pointing up out of the plane. This led to the change in electron density seen in Figure 17 in the view 

along the y-direction at this field magnitude. When electric fields were applied at different magnitudes along the 

molecular y-axis (Figure 18), there were no major changes in the geometries and associated electron densities. The 

applied electric field along the molecular z-axis at a magnitude of 2.6 × 109 V/m caused the RDX ring to form a 

bowl-like structure and the free, top nitro group to rotate out of plane (Figure 19). RDX-left also had a ring twist at 

strong magnitude electric fields along the molecular x-axis, but at a magnitude of 5.1 × 109 V/m, RDX actually 

optimized with a long C-N distance in the ring, thus breaking the ring in the image produced by the GaussView 

program (Figure 20). RDX-left underwent small geometrical and electron density changes with applied electric 

fields along the molecular y-axis, as well as the molecular z-axis (Figures Figure 21 - Figure 22). RDX-right mainly 

had the free nitro group move along the axis of the applied electric field, with no major changes to the geometry of 

the remainder of the RDX structure (Figures Figure 23 - Figure 25). Table VI shows the changes in N-NO2 bond 

length due to the application of electric fields with varying orientations and magnitudes around the RDX potential 

decomposition products. 

 Figures Figure 26 – Figure 28 show the electron density of PETN-top optimized under applied electric fields 

with different magnitudes applied along different molecular axes. Analogous figures for PETN-bottom (Figures 

Figure 29 – Figure 31), PETN-left (Figures Figure 32 – Figure 34), and PETN-right (Figures Figure 35 – Figure 37) 

are also presented. Table VII shows the changes in O-NO2 bond lengths due to the application of electric fields to 

the potential PETN decomposition products. When the electric fields were applied along the molecular x-axis 

(Figure 26), the PETN molecule twisted counter-clockwise starting at a magnitude of 2.6 × 109 V/m. The top nitro 

group also moved outward, along the x-axis, which was due to the applied electric field along this direction. With 

electric fields applied along the molecular y-axis (Figure 27), PETN-top had the left and right nitrate ester arms 

moving upwards towards the molecular y-axis, as if the arms were folding up towards the top nitrate ester arm. 

With this folding occurring, at a magnitude of 5.1 × 109 V/m the molecule turned counter-clockwise and the top 

nitro group moved towards the y-axis. PETN-top was fairly stable until the magnitude of the electric field reached 

5.1 × 109 V/m along the molecular z-axis (Figure 28). Then, the molecule turned counter-clockwise, the bottom 

nitro group turned from in plane to almost perpendicular to the plane of the molecule, and the free, top nitro group 

moved towards larger z values, away from the rest of the molecule. 

 Applying electric fields with different magnitudes along the molecular x-axis of PETN-bottom did not have 

much impact on the geometry or electron density, until the magnitude reached 5.1 × 109 V/m (Figure 29). At this 

magnitude, the entire bottom nitrate ester arm moved towards larger x-values, as if it was curling to align with the 

x-axis. The left nitro group of this PETN-bottom structure also had a lengthened O-NO2 bond at 1.46 Å, which was 

long enough to not show bonding interactions in the GaussView program. Similar to the PETN-top structure, when 

electric fields were applied along the molecular y-axis, the left and right nitrate ester arms began to curl inward 

towards the y-axis. At a magnitude of 5.1 × 109 V/m along the y-axis, the PETN molecule rotated counter-clockwise 

and the top nitro group twisted to be perpendicular from its initial arrangement, seen in the pictures at lower and no 

magnitude applied electric fields (Figure 30). PETN-bottom was mostly stable to electric fields applied along the 

molecular z-axis, until the magnitude reached 2.6 × 109 V/m, where the top nitro group turned to be perpendicular 

from its previous orientation (Figure 31). When the magnitude was 5.1 × 109 V/m along the z-axis, the entire PETN 

molecule optimized in a position that had the majority of the atoms twisted upward towards larger z values, as if it 

had been rotated around the molecular x-axis. Also, the oxygen on the bottom nitrate ester arm still attached to the 

rest of the PETN molecule was rotated about 180° around its own axis. 

 PETN-left had only limited interaction with the electric fields applied along the molecular x-axis (Figure 

32), because there were no major changes in geometry and electron density. However, when the electric fields were 

applied along the molecular y-axis, PETN-left behaved just like PETN-top and PETN-bottom with the left and right 

nitrate ester arms folding upwards toward the y-axis (Figure 33). Also, the free, left nitro group moved towards the 

molecular y-axis. When the electric fields were applied along the molecular z-axis (Figure 34), there was limited 

interaction, until the magnitude reached 2.6 × 109 V/m, when the bottom nitro group turned almost perpendicular 

from its previous position and the entire molecule turned counter-clockwise. 



 

22 

Distribution Statement A. Approved for Public Release: Distribution is Unlimited. 

IHTR-2022-004048 

 

 PETN-right with applied electric fields along the molecular x-axis had the free, right nitro group moving 

along the x-axis, with the rest of the structure staying relatively constant (Figure 35). PETN-right was different than 

the other PETN decomposition products in that the left and right arms didn’t begin to curl up towards the y-axis 

until the electric field magnitude reached 5.1 × 109 V/m (Figure 36). The bottom nitro group also did not show a 

bond in the GaussView program due to a O-NO2 distance of 1.46 Å. When the electric field was applied along the 

molecular z-axis, PETN-right remained stable until the magnitude was 2.6 × 109 V/m, when the top nitro group 

twisted perpendicular to its initial position and the entire molecule turned counter-clockwise (Figure 37). 

 
Table VI. Initial and Final N-NO2 Bond Lengths in the RDX Structures Optimized With and Without Applied Electric 

Fields. All Units are Å. 

Electric Field 
RDX-top RDX-left RDX-right 

Initial Final Initial Final Initial Final 

0 V/m 2.800 2.320 2.800 2.211 2.800 2.211 

5.1 × 107 V/m along x-axis 2.320 2.320 2.211 2.210 2.211 2.211 

2.6 × 108 V/m along x-axis 2.320 2.319 2.211 2.210 2.211 2.217 

5.1 × 108 V/m along x-axis 2.320 2.318 2.211 2.211 2.211 2.249 

2.6 × 109 V/m along x-axis 2.320 2.334 2.211 2.264 2.211 2.491 

5.1 × 109 V/m along x-axis 2.320 2.379 2.211 2.287 NA NA 

5.1 × 107 V/m along y-axis 2.320 2.321 2.211 2.211 2.211 2.211 

2.6 × 108 V/m along y-axis 2.320 2.326 2.211 2.215 2.211 2.216 

5.1 × 108 V/m along y-axis 2.320 2.407 2.211 2.224 2.211 2.225 

2.6 × 109 V/m along y-axis 2.320 2.585 2.211 2.343 2.211 2.364 

5.1 × 109 V/m along y-axis NA NA 2.211 2.611 2.211 2.675 

5.1 × 107 V/m along z-axis 2.320 2.322 2.211 2.209 2.211 2.212 

2.6 × 108 V/m along z-axis 2.320 2.327 2.211 2.206 2.211 2.217 

5.1 × 108 V/m along z-axis 2.320 2.334 2.211 2.204 2.211 2.225 

2.6 × 109 V/m along z-axis 2.320 2.575 2.211 2.211 2.211 2.331 

5.1 × 109 V/m along z-axis NA NA 2.211 2.213 NA NA 

 
Table VII. Initial and Final O-NO2 Bond Lengths in the PETN Structures Optimized With and Without Applied Electric 

Fields. All Units are Å. 

Electric Field 
PETN-top PETN-bottom PETN-left PETN-right 

Initial Final Initial Final Initial Final Initial Final 

0 V/m 2.720 2.208 2.720 2.208 2.720 2.207 2.720 2.207 

5.1 × 107 V/m along x-axis 2.208 2.208 2.208 2.208 2.207 2.207 2.207 2.206 

2.6 × 108 V/m along x-axis 2.208 2.208 2.208 2.208 2.207 2.210 2.207 2.204 

5.1 × 108 V/m along x-axis 2.208 2.209 2.208 2.209 2.207 2.213 2.207 2.203 

2.6 × 109 V/m along x-axis 2.208 2.232 2.208 2.249 2.207 2.255 2.207 2.209 

5.1 × 109 V/m along x-axis 2.208 2.273 2.208 2.441 2.207 2.392 2.207 2.484 

5.1 × 107 V/m along y-axis 2.208 2.207 2.208 2.208 2.207 2.207 2.207 2.207 

2.6 × 108 V/m along y-axis 2.208 2.205 2.208 2.211 2.207 2.208 2.207 2.206 

5.1 × 108 V/m along y-axis 2.208 2.203 2.208 2.214 2.207 2.210 2.207 2.205 

2.6 × 109 V/m along y-axis 2.208 2.192 2.208 2.244 2.207 2.242 2.207 2.196 

5.1 × 109 V/m along y-axis 2.208 2.402 2.208 2.275 2.207 2.399 2.207 2.414 

5.1 × 107 V/m along z-axis 2.208 2.208 2.208 2.208 2.207 2.207 2.207 2.207 

2.6 × 108 V/m along z-axis 2.208 2.207 2.208 2.207 2.207 2.208 2.207 2.207 

5.1 × 108 V/m along z-axis 2.208 2.206 2.208 2.207 2.207 2.208 2.207 2.208 

2.6 × 109 V/m along z-axis 2.208 2.203 2.208 2.206 2.207 2.217 2.207 2.213 

5.1 × 109 V/m along z-axis NA NA 2.208 2.493 NA NA NA NA 
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Figure 17. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX-top under an electric field applied along the 

x-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 18. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX-top under an electric field applied along the y-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 19. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX-top under an electric field applied along the z-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 20. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX-left under an electric field applied along the 

x-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 21. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX-left under an electric field applied along the 

y-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 22. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX-left under an electric field applied along the z-

direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 23. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX-right viewed along x, y, and z directions under 

and electric field applied along the x-direction. Isosurface values are 0.0004 |e|/Å3. 
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Figure 24. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX-right viewed along x, y, and z directions under 

and electric field applied along the y-direction. Isosurface values are 0.0004 |e|/Å3. 
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Figure 25. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of RDX-right viewed along x, y, and z directions under 

and electric field applied along the z-direction. Isosurface values are 0.0004 |e|/Å3. 
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Figure 26. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-top under an electric field applied along the 

x-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 27. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-top under an electric field applied along the 

y-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 28. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-top under an electric field applied along the 

z-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 29. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-bottom under an electric field applied along 

the x-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 30. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-bottom under an electric field applied along 

the y-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 31. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-bottom under an electric field applied along 

the z-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 32. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-left under an electric field applied along the 

x-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 33. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-left under an electric field applied along the 

y-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 34. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-left under an electric field applied along the 

z-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 35. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-right under an electric field applied along 

the x-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 36. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-right under an electric field applied along 

the y-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Figure 37. B3LYP-D3BJ/aug-cc-pVTZ optimized electron densities of PETN-right under an electric field applied along 

the z-direction viewed along x, y, and z directions. Isosurface values are 0.0004 |e|/Å3. 
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Conclusions 

 Four high explosives were examined using density functional theory to determine how their geometry and 

electron density would respond to applied electric fields with varying magnitudes and orientations. The combination 

of the B3LYP functional with the D3BJ dispersion correction and the aug-cc-pVTZ basis set (B3LYP-D3BJ/aug-

cc-pVTZ) gave good comparison to the crystal structures of RDX, TNT, and PETN, while the aug-cc-pVDZ basis 

set (B3LYP-D3BJ/aug-cc-pVDZ) was required for convergence of the calculations with TATB. The electric fields 

ranged in magnitude from 5.1 × 107 to 2.6 × 1010 V/m, which are large on the continuum scale, but are not that large 

on the molecular scale.  

The electron densities of the HEs were anisotropic in their responses to the applied electric fields. RDX had 

noticeable changes to the geometry and electron density when a strong electric field was applied along the molecular 

x- and z-axes, but there was very little change in the geometry and electron density when the electric field was 

applied along the molecular y-axis. TNT behaved rather similarly to RDX, in that there were changes in geometry 

and electron density when an electric field was applied along the molecular x- and z-axes, but very little change 

occurred when the field was aligned with the molecular y-axis. PETN had noticeable changes in the geometry and 

electron density when the electric field was applied along each of the molecular x-, y-, and z-axes. Since TATB 

calculations were performed with a different basis set, the results with RDX, TNT, and PETN cannot be directly 

compared. The TATB calculations showed that there was not any major changes in geometry and electron density 

when the electric field was applied along the molecular x-axis. When electric fields had large magnitudes, like 5.1 

× 109 V/m or larger, along the molecular y- and z-axes there was some twisting of the TATB molecule out of 

planarity, causing corresponding changes to the electron density. The trends of the dipole moments of the optimized 

geometries lead to two different categories: one with monotonically increasing dipole moments with increasing 

electric field magnitude, regardless of the orientation of the electric field and the other with one direction of electric 

field application leading in a decrease of the dipole moment until a large magnitude is reached, leading to an overall 

increased dipole moment, while the other directions have dipole moments which monotonically increase. RDX and 

TATB fall into the only monotonically increasing group, while PETN and TNT have one direction that decreases 

in dipole moment before increasing (y-axis for TNT and z-axis for PETN).  

The optimized structures of the HEs with the applied electric fields were going to be used as the reactants 

for transition state searches to identify the transition state(s) on the path to decomposition and eventual detonation. 

Those transition states would then be used to calculate the activation energies under the applied electric fields. 

Literature searches found that the most common first step in the decomposition pathways of the 4 HEs investigated 

was the removal of a NO2 group from the molecule [14-17]. To examine this, different structures were computed 

in which one of the nitro groups was moved further away from the rest of the molecule than in the optimized 

geometry. RDX, TNT, and TATB each had 3 decomposition products, while PETN had 4 products directly 

corresponding to the number of nitro groups in each HE. Each decomposition product structure had only one nitro 

group at the extended distance and the rest of the nitro groups were held at the previously optimized geometry. The 

R-NO2 (R = C, N, O) distances were about 1.5 Å longer than the optimized geometries (about the same as the 

optimized R-N distances) and were at least 2.7 Å. These decomposition product structures were optimized without 

any electric fields and then the optimized structures were used as the initial estimates for the decomposition product 

optimizations with applied electric fields. After the geometry optimizations were completed, it was found that all 

of the TNT and TATB potential decomposition products optimized into structures without a free nitro group. The 

RDX and PETN decomposition products did have free nitro groups and analysis was performed on these structures.  

The RDX decomposition products had anisotropic responses to the application of electric fields. RDX-top 

had ring twisting at strong magnitude electric fields aligned along the molecular x-axis and almost no changes when 

electric fields were aligned along the molecular y-axis. Additionally, RDX-top had a ring opening event with strong 

magnitude electric fields aligned along the molecular z-axis. RDX-left also had ring twisting when large magnitude 

electric fields were applied along the molecular x-axis, but it was relatively stable to all magnitudes of electric fields 

applied along the molecular y- and z-axes. RDX-right mainly had the free nitro group move in the direction of the 

applied electric field with very little changes in the rest of the RDX structure. 
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The PETN decomposition products also had anisotropic responses to the applied electric fields. When the 

electric field was aligned along the molecular x-axis and the magnitude was larger than 2.6 × 109 V/m, the PETN-

top and PETN-right molecules turned counter-clockwise and the PETN-bottom and PETN-left did not interact much 

with the electric field because there were no major changes to the geometry or electron density. The PETN 

decomposition products all had some form of folding of the left and right nitrate ester arms towards the top nitrate 

ester arm under electric fields applied along the molecular y-axis. The PETN decomposition products under applied 

electric fields along the molecular z-axis turned counter-clockwise and one of the nitro groups twisted from parallel 

to the xy-plane to perpendicular to the xy-plane. Due to time constraints and computational resources, the transition 

state searches were not completed, but can be completed in the future to obtain the transition state geometry and the 

activation energy of this pathway. 

 

Future Work 

 

The next steps of this work are to look at larger systems of HEs and determine how they respond to electric 

fields. With the larger systems, the magnitude of the electric field will likely change with the system size and the 

effects on the molecules may also change due to intermolecular interactions and long-range ordering. By looking 

at more continuum-like systems, one can better understand how HEs in a larger, more realistic environment, like in 

propellants or explosives, will respond to external electric fields to which they might be exposed.  
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