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Abstract

Certain isomeric dinitramines derived from tetraaminoethylene have been designed which possess an embedded 
push-pull type conjugated system(s) operative in different extents which may attract attention as an insensitive 
high energy materials. Those structures and their magnesium composites have been investigated within the 
restrictions of density functional theory at the level of B3LYP/6-311++G(d,p). The results indicate that the 
dinitramines considered are exothermic and favorable in terms of Hº and Gº values. However, their magnesium 
composites are not all stable, (two of them decompose) and Mg atom acquires some positive charge in each case. 
Various structural, quantum chemical and UV-VIS spectral data are collected and discussed.

1. Introduction

The category of nitramines encompasses a wide range of substances depending on the characteristics of R1 
and R2 in their structures having the chemical form of R1R2NNO2. Nitramines are also known as nitroamides. 
There are great demands to develop explosives with higher performance accompanied by reduced sensitivities 
towards external stimuli, higher thermal stability and improved environmental acceptability. Various aspects of 
nitramines have been investigated and published through years [1-19]. The nitramines, which have found 
practical application as explosives are multi-functional nitramines, usually cyclic and include high explosives 
like RDX, HMX, and bicyclo-HMX (BC-HMX). Complexes of the explosively unstable nitramine ligands N-
nitromethylamine (HL), N,N′-dinitrodiamino-ethane (H2L′), and 5-nitraminotetrazole (H2L″) with ammine 
derivatives of divalent copper, nickel or palladium explode on heating or under a hammer blow [20]. 
Dimethylnitramine has been used as a simple model for cyclic nitramines because it is easier to deal with 
experimentally and theoretically. Nano-nitramine explosives (RDX, HMX, CL-20) are produced on a bi-
directional grinding mill [21] and compared with the micron-sized samples; the nano-products show obvious 
decrease in friction and impact sensitivities. On the other hand, toxicological testing of nitramines and 
nitrosamines indicate a genotoxic potential of these substances [22].

In the present study, some dinitramines derived from tetraaminoethylene and their interactions with 
magnesium have been considered within the restrictions of density functional theory (DFT).

2. Method of Calculation

In the presently considered DFT study, all the initial geometry optimizations leading to energy minima have 
been achieved by using molecular mechanics (MM2) method then the structures were subjected to semi 
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empirical PM3 self consistent fields molecular orbital (SCF MO) method [23-25] at the restricted level. 
Afterwards, the structure optimizations have been managed within the framework of Hartree-Fock (HF) and 
finally by using density functional theory (DFT) at the level of B3LYP/6-311++G(d,p) [26,27]. Note that the 
exchange term of B3LYP consists of hybrid Hartree-Fock and local spin density (LSD) exchange functions with 
Becke’s gradient correlation to LSD exchange [28]. Also note that the correlation term of B3LYP consists of 
the Vosko, Wilk, Nusair (VWN3) local correlation functional [29] and Lee, Yang, Parr (LYP) correlation 
correction functional [30]. In the present treatment, the normal mode analysis for each structure yielded no 
imaginary frequencies for the 3N–6 vibrational degrees of freedom, where N is the number of atoms in the 
system. This search has indicated that each structure corresponds to at least a local minimum on the potential 
energy surface. Furthermore, all the bond lengths have been thoroughly searched in order to find out whether 
any bond cleavages have occurred or not during the geometry optimization process. All these computations 
were performed by using SPARTAN 06 program [31].

3. Results and Discussion

Nitramines are employed as important oxidizer ingredients for solid propellants. Note that well known 
explosives, RDX and HMX, are nitramines. Nitramines are highly energetic structures and produce high 
impetus and specific impulse for gun and rocket propulsion systems. Additionally, they generally produce little 
smoke, less toxicity and environmental risks.

Figure 1 shows the optimized structures of the nitramines presently considered. They are dinitramines of 
tetraaminoethylene and designed in accord to trans, cis and geminal configurational patterns. One should notice 
the conformations of the groups in each case. The isomer-C has some resembles to FOX-7 explosive and 
possesses some degree of push-pull type resonance characteristics. The figure also displays the direction of the 
dipole moment vectors whose directions and magnitudes are dictated by orientation and conformation of the 
amino and nitramine groups they possess.

Figure 1. Optimized structures of the dinitramines considered (Top and side views).

Table 1 shows some of the standard thermo chemical formation and constant volume heat capacity (Cv) data 
of the species considered. The data reveal that the standard heat of formation (Hº) values of all the isomers are 
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exothermic and they are favored according to their Gº (Gibbs free energy of formation) values. The algebraic 
order of Hº and Gº values are the same as C<A<B whereas Sº values follow the order of B>A>C. On the other 
hand, Cv values exhibit the order of B>C>A. Note that isomers C and B are the most and least exothermic 
structures in terms of Hº values.

Table 1. Some thermo chemical properties of the dinitramine isomers 
considered.

Isomer Hº Sº (J/molº) Gº Cv (J/molº)

A -1861675.173 416.64 -1861799.392 131.71

B -1861661.909 417.47 -1861786.380 134.63

C -1861724.837 408.59 -1861846.659 134.52

Energies in kJ/mol. 

Table 2 shows some energies of the species considered where E, ZPE and EC stand for the total electronic 
energy, zero point vibrational energy and the corrected total electronic energy, respectively. According to the 
data, they are all electronically stable structures. The stability order is C>A>B which is the same order of Hº 
and Gº values. Note that ZPE values exhibit the order of C>A>B.

Table 2. Some energies of the nitramine isomers considered.

Isomer E ZPE EC

A -1862016.53 329.09 -1861687.44

B -1861999.72 324.99 -1861674.73

C -1862067.04 330.72 -1861736.32

Energies in kJ/mol.

Aqueous and solvation energy values (Eaq and Esolv, respectively) for the isomers considered are shown in 
Table 3. The solvation energies were calculated by adopting SM5.4/A model [31]. The algebraic order of 
aqueous and solvation energy values are C<A<B and C<B<A, respectively. Thus, dinitramine-C is solvated 
better compared to the other isomers and associated with more negative Eaq value. 

Table 3. Some energies of the dinitramine isomers considered.

Isomer Eaq Esolv

A -1862049.63 -33.101

B -1862039.59 -39.863

C -1862118.26 -51.221

Energies in kJ/mol. Solvation energy by SM5.4/A model.

Table 4 list some properties of the isomers considered. It is worth mentioning that the polar surface area 
(PSA) is defined as the amount of molecular surface area arising from polar atoms (N, O) together with their 
attached hydrogen atoms [31]. Although these compounds are isomeric, their PSA values differ from each 
other, meaning that the same kind of atoms might be influenced by electronic factors differently at different 
positions.
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Table 4. Some properties of the dinitramine isomers considered.

Isomer Area (Å²) Volume (Å³) PSA (Å²) Ovality Log P

A 179.18 135.83 160.459 1.40 -0.68

B 180.13 135.83 161.112 1.41 -0.68

C 178.64 135.44 159.252 1.40 -0.68

Polarizabilities in 10-30 m3 units.

As for the log P values, note that a negative value for log P means the compound has a higher affinity for 
the aqueous phase (it is more hydrophilic).

The dipole moment and polarizability values for them are tabulated in Table 5. The orders of dipole 
moment and polarizability values are C>B>A and B>A>C, respectively.

Table 5. Dipole moment and polarizability values for the 
nitramine isomers considered.

Isomer Dipole moment Polarizability

A 2.66 51.42

B 5.31 51.47

C 6.20 51.29

Dipole moments in debye units. Polarizabilities in 10-30 m3 units. 

Figure 2 shows the electrostatic potential (ESP) charges on the atoms of the dinitramine species considered. 
Note that the ESP charges are obtained by the program based on a numerical method that generates charges that 
reproduce the electrostatic potential field from the entire wavefunction [31]. Electrostatic potential maps of the 
isomers considered are shown in Figure 3, where negative potential regions reside on red/reddish and positive          
. 

Figure 2. ESP charges on the atoms of the isomeric dinitramine species considered.

Figure 3. ESP maps of the isomeric dinitramine species considered.
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ones on blue/bluish parts of the maps. Thus, the location and distribution of the colors indicate the extent of 
push-pull character of the isomers. The best one resides on isomer-C where the direction of the dipole moment 
vector is a clear indication of that property.

The calculated bond lengths (Å) of the isomeric dinitramine species considered are shown in Figure 4. As 
seen in the figure, the same types of bond lengths vary from one structure to other. For instance, the C-C double 
bond is 1.35, 1.34 and 1.37 going from structures A to C. The push-pull type resonance existing in isomer-C 
somewhat causes elongation of the double bond. 

Figure 4. The calculated bond lengths (Å) of the isomeric dinitramine species considered (hydrogens omitted).

Figure 5 displays the local ionization maps of the isomeric nitramine species considered, where 
conventionally red/reddish regions (if any exists) on the density surface indicate areas from which electron 
removal is relatively easy, meaning that they are subject to electrophilic attack. It is worth remembering that the 
local ionization potential map is a graph of the value of the local ionization potential on an isodensity surface 
corresponding to a van der Waals surface.

Figure 5. The local ionization maps of the isomeric dinitramine species considered.
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The LUMO maps of the isomeric dinitramine species considered are shown in Figure 6. Note that a LUMO 
map displays the absolute value of the LUMO on the electron density surface. The blue color (if any exists) 
stands for the maximum value of the LUMO and the red colored region, associates with the minimum value. 
Note that the LUMO and NEXTLUMO are the major orbitals directing the molecule towards of the attack of 
nucleophiles [31]. Positions where the greatest LUMO coefficient exists is the most vulnerable site in 
nucleophilic reactions.

Figure 6. The LUMO maps of the isomeric dinitramine species considered.

Figure 7 displays the bond densities of the isomeric dinitramine species considered.

Figure 7. The bond densities of the isomeric dinitramine species considered.

Figure 8 shows some of the orbital energies of the isomeric dinitramine species considered.

Figure 8. Some of the orbital energy levels of the isomeric dinitramine species considered.
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The HOMO, LUMO energies and the interfrontier molecular orbital energy gap, Δε, values (Δε = εLUMO-
εHOMO) of the dinitramine isomers considered are listed in Table 6. The algebraic orders of the HOMO and 
LUMO energies are C<A<B and A<B<C, respectively. Thus, the interfrontier molecular orbital energy gap 
values (Δε), possesses the order of C>A>B. The substituents depending on their orientations and conformations 
exert rather different electron donating and attracting abilities to lower or raise the frontier molecular orbital 
energy levels. Consequently, Δε values yield the above mentioned order. 

Some ballistic properties of explosives are correlated with the interfrontier molecular orbital gap values, for 
instance the impact sensitivity of explosives are related to the interfrontier molecular orbital energy gap values 
e.g., narrower the gap, the explosive becomes more sensitive to an impact stimulus [32, 33].

Table 6. The HOMO, LUMO energies and Δε values of the nitramine 
isomers considered.

Isomer HOMO LUMO Δε

A -647.00 -248.82 398.18

B -597.31 -222.28 375.03

C -657.47 -218.94 438.53

Energies in kJ/mol.

Figure 9 displays the calculated UV-VIS spectra (time dependent DFT) of the isomeric dinitramines 
presently considered. As seen in the figure, all the spectra except for isomer-B are mainly confined into UV 
region having two absorption peaks. They vary in shape for the isomers, in terms of intensities and positions of 
the absorptions. The spectra are influenced by the value of the transition moments which are responsible for the 
excitations of nonbonding or π-orbitals [34, 35]. 

Figure 9. The calculated UV-VIS spectra (TDDFT) of the isomeric dinitramine species considered.
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Interaction with magnesium

The presently considered dinitramines interact with magnesium atom such that composites A+Mg and 
B+Mg undergo rupture of one of HN-NO2 bonds. The distance standing for the broken bonds are 6.036 Å and 
3.972 Å, respectively. The composite C+Mg remains intact and HN-NO2 bonds have the lengths of 1.411 Å and 
1.407 Å.

Figure 10. Optimized structures of the magnesium composites of the dinitramine systems considered.

Table 7 contains some thermo chemical properties of the magnesium composites of the dinitramine isomers 
considered. The values for the decomposed ones are for the resultant systems. As seen in the table, they are 
more exothermic and have more favorable Gº values compared to C+Mg composite. Also note that they possess 
more favorable entropies of formation.

Table 7. Some thermo chemical properties of the magnesium 
composites of the dinitramine isomers considered.

Isomer Hº Sº (J/molº) Gº

A+Mg -2387395.801 442.37 -2387527.694

B+Mg -2387382.933 446.65 -2387516.105

C+Mg -2387075.234 439.42 -2387206.248

Energies in kJ/mol.

Some energies of the magnesium composites of the dinitramine isomers considered are collected into Table 
8. As seen there the decomposed system standing for A+Mg is more stable than the respective system of B+Mg.

Table 8. Some energies of the magnesium composites of the nitramine 
isomers considered.

Isomer E ZPE EC

A+Mg -2387730.92 323.83 -2387407.09

B+Mg -2387719.39 325.19 -2387394.20

C+Mg -2387416.63 330.96 -2387085.67

Energies in kJ/mol.

Figure 11 displays the ESP charges on the atoms of the magnesium composites of dinitramine species 
considered. As seen in the figure, in all three cases the magnesium atom acquires positive charge, they are 
respectively 1.437, 1.280 and 0.344 esu for A+Mg through C+Mg composites. Thus, the isomer-A is a much 
better oxidant compared to the others, thus the magnesium gets more positive charge. It is worth mentioning 
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that the expelled NO2 moieties in A+Mg and B+Mg composites have negative partial charge. Note that in 
isomer-C the nitramine groups have geminal configuration (see Figure 1).

Figure 11. ESP charges on the atoms of the magnesium composites of nitramine systems considered.

Figure 12 displays the ESP maps of magnesium composites of the isomeric dinitramines considered. Note 
that negative potential regions reside on red/reddish and positive ones on blue/bluish parts of the maps.

Figure 12. ESP maps of magnesium composites of the isomeric dinitramine systems considered.

Figure 13 shows the bond densities of magnesium composites of the isomeric dinitramine systems 
considered.

Figure 13. The bond densities of magnesium composites of the isomeric dinitramine systems considered.

Some of the orbital energy levels of the magnesium composites/systems of the dinitramine systems 
considered are depicted in Figure 14. Note the condensed appearance of the inner molecular orbital energy 
levels in C+Mg composite (intact composite in the group) is indicative of its thermal stability.
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Figure 14. Some of the orbital energy levels of the magnesium composites of the dinitramine systems 
considered.

The HOMO, LUMO energies and Δε values of the magnesium composite/systems of the nitramine isomers 
considered are shown in Table 9. The algebraic order of HOMO and LUMO energies are A+Mg< B+Mg< 
C+Mg and A+Mg< C+Mg< B+Mg, respectively. Consequently the order of Δε values turn out to be B+Mg< 
A+Mg< C+Mg.

Table 9. The HOMO, LUMO energies and Δε values of the 
magnesium composite/systems of the nitramine isomers considered.

Isomer HOMO LUMO Δε

A+Mg -632.95 -280.59 352.36

B+Mg -592.74 -213.21 379.53

C+Mg -458.43 -250.15 208.28

Energies in kJ/mol.

Figure 15 displays the calculated UV-VIS spectra (TDDFT) of the magnesium composites of isomeric 
dinitramine systems considered. As seen in the figure, all the spectra except C+Mg are mainly confined into UV 
region having two absorption peaks in A+Mg, three overlapped peaks in B+Mg which vary in shape, resulting 
from the intensities and positions. The spectrum of C+Mg is completely different from the others which covers 
both the UV and visible region. It has the narrowest Δε value among the others. Thus, possesses a very high 
λmax value in the visible region.
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Figure 15. The calculated UV-VIS spectra (TDDFT) of the magnesium composites of isomeric nitramine 
systems considered.

4. Conclusion

The present study, performed on the some newly designed nitramines and their interactions with 
magnesium within the restrictions of density functional theory has revealed that the nitramines are thermally 
and electronically stable at the vacuum conditions. However, magnesium somewhat perturbs the parent 
structures by transferring some electron population to the organic component, acquiring some positive charge 
itself. The extent of transfer is such that some of the parent dinitramines decompose by the cleavage of one of 
two N-NO2 bonds. In the intact dinitramine structure, the presence of magnesium atom narrows the interfrontier 
frontier molecular orbital energy gap making it at least more susceptible to impulse stimulus compared to the 
parent structure. Note that magnesium or some other metals contribute the thermal effect of energetic materials 
affirmatively. The some other ballistic properties or others of those dinitramines (if they are dictated by the 
interfrontier frontier molecular orbital energy gap values) are expected to be affected by the influence of 
magnesium (or similar metallic components).

References

[1] Shishkov, I.F., Vilkov, L.V., Kolonits, M., & Rozsondai, B. (1991). The molecular geometries of some cyclic 
nitramines in the gas phase. Struct. Chem., 2, 57-64. https://doi.org/10.1007/BF00673490 

[2] Gribov, P.S., Suponitsky, K.Yu., & Sheremetev, A.B. (2022). Efficient synthesis of N-(chloromethyl)nitramines 
via TiCl4-catalyzed chlorodeacetoxylation. New J. Chem., 46, 17548-17553. 
https://doi.org/10.1039/D2NJ03521A 

https://doi.org/10.1007/BF00673490
https://doi.org/10.1039/D2NJ03521A


Lemi Türker

http://www.earthlinepublishers.com

204

[3] Yan, Q-L., Zeman, S., & Elbeih, A. (2013). Thermal behavior and decomposition kinetics of Viton A bonded 
explosives containing attractive cyclic nitramines. Thermochimica Acta, 562, 56-64. 
https://doi.org/10.1016/j.tca.2013.03.041 

[4] Zhang, J., He, C., Parrish, D.A., & Shreeve, J.M. (2013). Nitramines with varying sensitivities: functionalized 
dipyrazolyl-N-nitromethanamines as energetic materials. Chemistry, A European Journal, 19(27), 8929-8936. 
https://doi.org/10.1002/chem.201300747 

[5] Oxley, J.C., Hiskey, M., Naud, D., & Szekeres, R. (1992). Thermal decomposition of nitramines: 
dimethylnitramine, diisopropylnitramine, and N-nitropiperidine. The Journal of Physical Chemistry, 96(6), 2505-
2509. https://doi.org/10.1021/j100185a023 

[6] Keshavarz, M.H. (2009). Simple method for prediction of activation energies of the thermal decomposition of 
nitramines. Journal of Hazardous Materials, 162(2-3), 1557-1562. https://doi.org/10.1016/j.jhazmat.2008.06.049 

[7] Borges Jr., I. (2008). Excited electronic and ionized states of N,N-dimethylnitramine. Chemical Physics, 349, 256-
262.

[8] Ermolin, N.E., & Zarko, V.E. (1998). Modeling of cyclic-nitramine combustion. Combust. Explos. Shock Waves, 
34, 485-501. https://doi.org/10.1007/BF02672671 

[9] Shu, Y., Korsounskii, B.L., & Nazina, G.M. (2004). The mechanism of thermal decomposition of secondary 
nitramines. Russ. Chem. Rev., 73, 293-307. https://doi.org/10.1070/RC2004v073n03ABEH000802 

[10] Elbasuney, S., Yehia, M., Hamed, A., Ismael, S., & El Gamal, M. (2021). Ferric oxide colloid: novel nanocatalyst 
for heterocyclic nitramines. J Mater Sci: Mater Electron, 32, 4185-4195. 
https://doi.org/10.1007/s10854-020-05162-0 

[11] Patil, V.B., Zalewski, K., Schuster, J., Bělina, P., Trzciński, W.A., & Zeman, S. (2021). A new insight into the 
energetic co-agglomerate structures of attractive nitramines. Chemical Engineering Journal, 420, 130472. 
https://doi.org/10.1016/j.cej.2021.130472 

[12] Vinogradov, D.B., Bulatov, P.V., Petrov, E. Yu., & Tartakovsky, V.A. (2021). New access to azido-substituted 
alkylnitramines. Mendeleev Communications, 31(6), 795- 796. https://doi.org/10.1016/j.mencom.2021.11.008 

[13] Türker, L. (2020). Some novel tricyclic caged-nitramines - A DFT study. Earthline Journal of Chemical Sciences, 
5(1), 35-48. https://doi.org/10.34198/ejcs.5121.3548 

[14] Türker, L. (2009). Contemplation on spark sensitivity of certain nitramine type explosives. Journal of Hazardous 
Materials, 169(1-3), 454-459. https://doi.org/10.1016/j.jhazmat.2009.03.117 

[15] Türker, L. (2019). Nitramine derivatives of NTO - A DFT study. Earthline Journal of Chemical Sciences, 1(1), 
45-63. https://doi.org/10.34198/ejcs.1119.4563 

[16] Meyer, R., Köhler, J., & Homburg, A. (2002). Explosives. Weinheim: Wiley-VCH.

[17] Türker, L. (2017). Effect of an alpha-particle on Tetryl - A DFT study. Int. J. of Chemical Modeling, 9(1), 27-36.

[18] Türker, L. (2015). Modeling of effect of primary cosmic rays on Tetryl-A DFT study. Int.J. of Chemical 
Modeling, 7(2), 133-143.

[19] Türker, L. (2023). Neutral and charged nitrophenyl-N-methylnitramines - A DFT treatment. Earthline Journal of 
Chemical Sciences, 10(2), 195-211. https://doi.org/10.34198/ejcs.10223.195211 

[20] Palopali, S.F., Geib, S.J., Rheingold, A.L., Brill, T.B. (1988). Synthesis and modes of coordination of energetic 
nitramine ligands in copper(II), nickel(II), and palladium(II) complexes. Inorg. Chem., 27, 2963-2971. 
https://doi.org/10.1021/ic00290a015  

https://doi.org/10.1016/j.tca.2013.03.041
https://doi.org/10.1002/chem.201300747
https://doi.org/10.1021/j100185a023
https://doi.org/10.1016/j.jhazmat.2008.06.049
https://doi.org/10.1007/BF02672671
https://doi.org/10.1070/RC2004v073n03ABEH000802
https://doi.org/10.1007/s10854-020-05162-0
https://doi.org/10.1016/j.cej.2021.130472
https://doi.org/10.1016/j.mencom.2021.11.008
https://doi.org/10.34198/ejcs.5121.3548
https://doi.org/10.1016/j.jhazmat.2009.03.117
https://doi.org/10.34198/ejcs.1119.4563
https://doi.org/10.34198/ejcs.10223.195211
https://doi.org/10.1021/ic00290a015


Some dinitramines from tetraaminoethylene and their interactions with magnesium – DFT study

Earthline J. Chem. Sci. Vol. 12 No. 2 (2025), 193-205

205

[21] Liu, J., Wei, J., Yang, Q., Song, J., Ga-zi, H., Feng-sheng, L. (2014). Study of nano-nitramine explosives: 
preparation, sensitivity and application. Defence Technology, 10(2), 184-189. 
https://doi.org/10.1016/j.dt.2014.04.002 

[22] Ravnum, S., Rundén-Pran, E., Fjellsbø, L.M., Dusinska, M. (2014). Human health risk assessment of nitrosamines 
and nitramines for potential application in CO2 capture. Regul Toxicol Pharmacol, 69(2), 250-5. 
https://doi.org/10.1016/j.yrtph.2014.04.002  

[23] Stewart, J.J.P. (1989). Optimization of parameters for semi empirical methods I. J. Comput. Chem., 10, 209-220. 
https://doi.org/10.1002/jcc.540100208 

[24] Stewart, J.J.P. (1989). Optimization of parameters for semi empirical methods II. J. Comput. Chem., 10, 221-264. 
https://doi.org/10.1002/jcc.540100209 

[25] Leach, A.R. (1997). Molecular modeling. Essex: Longman.

[26] Kohn, W., & Sham, L.J. (1965). Self-consistent equations including exchange and correlation effects. Phys. Rev., 
140, 1133-1138. https://doi.org/10.1103/PhysRev.140.A1133 

[27] Parr, R.G., & Yang, W. (1989). Density functional theory of atoms and molecules. London: Oxford University 
Press.

[28] Becke, A.D. (1988). Density-functional exchange-energy approximation with correct asymptotic behavior. Phys. 
Rev. A, 38, 3098-3100. https://doi.org/10.1103/PhysRevA.38.3098 

[29] Vosko, S.H., Wilk, L., & Nusair, M. (1980). Accurate spin-dependent electron liquid correlation energies for local 
spin density calculations: a critical analysis. Can. J. Phys., 58, 1200-1211. https://doi.org/10.1139/p80-159 

[30] Lee, C., Yang, W., & Parr, R.G. (1988). Development of the Colle-Salvetti correlation energy formula into a 
functional of the electron density. Phys. Rev. B, 37, 785-789. https://doi.org/10.1103/PhysRevB.37.785 

[31] SPARTAN 06 (2006). Wavefunction Inc. Irvine CA, USA.

[32] Anbu, V., Vijayalakshmi, K.A., Karunathan, R., Stephen, A.D., & Nidhin, P.V. (2019). Explosives properties of 
high energetic trinitrophenyl nitramide molecules: A DFT and AIM analysis. Arabian Journal of Chemistry, 
12(5), 621-632. https://doi.org/10.1016/j.arabjc.2016.09.023 

[33] Badders, N.R., Wei, C., Aldeeb, A.A., Rogers, W.J., & Mannan, M.S. (2006). Predicting the impact sensitivities 
of polynitro compounds using quantum chemical descriptors. Journal of Energetic Materials, 24, 17-33. 
https://doi.org/10.1080/07370650500374326 

[34] Fleming, I. (1976). Frontier orbitals and organic reactions. London: Wiley.

[35] Turro, N.J. (1991). Modern molecular photochemistry. Sausalito: University Science Books.

This is an open access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted, use, distribution and reproduction in any medium, or format 
for any purpose, even commercially provided the work is properly cited.

https://doi.org/10.1016/j.dt.2014.04.002
https://doi.org/10.1016/j.yrtph.2014.04.002
https://doi.org/10.1002/jcc.540100208
https://doi.org/10.1002/jcc.540100209
https://doi.org/10.1103/PhysRev.140.A1133
https://doi.org/10.1103/PhysRevA.38.3098
https://doi.org/10.1139/p80-159
https://doi.org/10.1103/PhysRevB.37.785
https://doi.org/10.1016/j.arabjc.2016.09.023
https://doi.org/10.1080/07370650500374326
http://creativecommons.org/licenses/by/4.0/

