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Abstract

Interaction of lithium atom with TEX molecule which is a high density energetic material 
is considered within the restrictions of density functional theory at the level of 
UB3LYP/6-31++G(d,p). The results indicate that the lithium atom transfers an electron to 
TEX causing the rupture of one of C-N bonds of the structure. Some geometrical and 
quantum chemical data have been collected and discussed. A plausible mechanism has 
been suggested for the destructive reduction of TEX molecule.

1. Introduction

Most of the metals (like Li, Na, etc.) fall into class of strong reducing agents 
delivering some of their valence electrons to organic molecules. The most encountered 
reductions of this type involve the electron transfer to π-electron systems. 

Nitro compounds and their relatives are very readily reduced by many reagents. 
Depending on the acidic or basic conditions applied, various products from nitro 
compounds can be obtained. Nitro compounds are very versatile precursors for diverse 
functionalities. Nitramines are special type of nitro compounds.

The chemical degradation of nitramines has been of technical interest for years, since 
the nitro group has been used for protecting amines [1, 2]. Industrial applications of 
nitramine degradation have included the disposal of residual product and by-products 
from nitramine production, treatment of waste streams from the production processes, 
and, recently, the demilitarization of nitramine-based ordnance by denitration of the 
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nitramine component [1-6]. Hydride reductions of various nitro aromatics including N-
nitramines were reported [7].

A process of degrading nitramines by mixing the nitramine with an aqueous 
dispersion of metal powders and by heating the mixture is described [8] in which HMX 
and RDX are typical nitramines which are degraded. Metal powders which have been 
successfully used include aluminum and zinc. Best results have been obtained when an 
aqueous base is used in connection with the metal powder. Although, in the literature 
many articles exist about the reduction of nitrosamines [9, 10] very few reported for 
nitramines. Therefore, the interest and opportunity exist for the demonstration and 
development of a new, efficient and environmentally benign process for denitration of 
nitramine materials. 

4,10-Dinitro-2,6,8,12-tetraoxa-4,10-diazawurtzitane (known as TEX) is as one of the 
novel energetic materials [11, 12]. It is a nitramine having high density and very high 
detonation velocity [13-15]. In addition to those properties, TEX possesses extremely low 
sensitivity towards shock, friction and impulse [16]. It was first synthesized by Boyer and 
coworkers [12]. The synthesis of TEX involves the reaction of form amide with glyoxal 
and in a two-step synthesis involving a piperazine derivative as an intermediary product. 
TEX is a caged nitramine containing two embedded five-membered cyclic dietheric (also 
it can be considered as an acetal) structures resembling to 1,3-dioxalane. 

In the present study, interaction of lithium and TEX which is a nitramine type caged-
high energy material, has been considered quantum chemically within the realm of 
density functional theory (DFT).

2. Method of Calculations

In the present study, firstly the initial structural optimizations of all the structures 
leading to energy minima have been achieved by using MM2 method followed by semi-
empirical PM3 self-consistent fields molecular orbital (SCF MO) method [17, 18] at the 
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restricted level [19, 20]. The subsequent optimizations were achieved at Hartree-Fock 
level using various basis sets hierarchically. Then, the structural optimizations were 
managed within the framework of density functional theory (DFT) [21, 22] at the levels 
of UB3LYP/6-31++G(d,p) [20, 23]. 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 [22, 24]. The correlation term of B3LYP consists of the 
Vosko, Wilk, Nusair (VWN3) local correlation functional [25] and Lee, Yang, Parr 
(LYP) correlation correction functional [26]. Additionally, the vibrational analyses have 
been done. The total electronic energies are corrected for the zero point vibrational 
energy (ZPE). 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 indicates that the structure of each molecule corresponds to at least a 
local minimum on the potential energy surface. All these calculations were done by using 
the Spartan 06 package program [27].

3. Results and Discussion

Organolithium compounds are in general more convenient to handle and are also 
more soluble than all the organic compounds of the other alkaline metals. Because of that 
they find wide application in synthetic work. Also, the synthesis of organolithium 
compounds presents less difficulties in choosing the solvent [28].

TEX molecule has some susceptible sites for lithium interaction. The nitro groups 
have the prime possibility to undergo reaction with lithium. However, the attic or/and 
base ring (piperazine) hydrogens might show sufficient acidity to react with lithium atom 
because they are linked to electronegative atoms. Methalation reaction is suitable for the 
preparation of lithium derivative of comparatively acidic hydrogens.

Figure 1 shows the optimized structure of TEX+Li system in two different angles of 
view. As seen in the figure, lithium atom interacts with TEX molecule destructively 
causing the rupture of the C-N linkage of the piperazine ring. Figure 2 shows the bond 
lengths/distances of the system. The broken C-N bond yields the corresponding distance 
as 2.92 Å. The rest of the bond lengths are reasonable. The distances between the lithium 
atom to the oxygen and the nitrogen and carbon atoms of the broken bond are 2.01, 1.87, 
and 2.69 Å, respectively.
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Figure 1. Optimized structure of TEX+Li system (two different views).

Figure 2. Bond lengths/distances of TEX+Li system (hydrogens omitted).

Figure 3 shows the electrostatic potential charges (ESP) on the atoms of the systems 
of TEX and TEX+Li. 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 [27].
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Figure 3. The ESP charges on the structures considered (hydrogens not shown).

The figure indicates that the lithium atom acquires some positive charge close to 
unity (0.854 eu). The charges on the nitrogen and carbon atoms of the broken bond are           
-0.936 and -0.166 eu, respectively. Figure 4 displays the electrostatic potential maps of 
TEX and TEX+Li systems. In the figure the blue/bluish and red/reddish regions show the 
positive and negative potential regions, respectively. In the TEX molecule the positive 
potential regions coincide with the attic and base regions whereas in the lithium 
composite a huge region around the lithium atom extending to the attic region exists.

Figure 4. Electrostatic potential maps of the structures considered.

Figure 5 shows some of the molecular orbital energy levels of the systems 
considered. Note that lithium atom has an unpaired electron in its ground state electronic 
configuration. 

TEX+LiTEX
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Figure 5. Some of the molecular orbital energy levels of the systems considered.

Therefore, the presently applied unrestricted level of calculation yields α- and β-type 
molecular orbitals which are represented as a- and b-types in the figure. As seen in the 
figure, the presence of lithium atom causes mainly the raise of the HOMO level up 
compared to the parent structure, TEX. The LUMO level is raised somewhat as well (see 
Table 1). All these are indication of transfer of some electron population to the organic 
component of the system. The data in Table 1 also indicate that the interfrontier 
molecular orbital energy gap (∆ε) is much narrower in TEX+Li system as compared to 
the respective value of TEX molecule.

TEX

TEX+Li



Destructive Reduction of TEX by Lithium-DFT Treatment

Earthline J. Chem. Sci. Vol. 5 No. 2 (2021), 249-260

255

Table 1. The HOMO, LUMO energies and ∆ε values of the structures considered.

Structure HOMO LUMO ∆ε

TEX -801.49 -269.52 531.97

TEX+Li -622.29 -231.50 390.79

Energies in kJ/mol.

Figure 6 shows the time-dependent density functional UV-VIS spectrum of TEX+Li 
system which covers a large domain in the spectrum.

Figure 6. UV-VIS spectrum of TEX+Li system.

Figure 7 is the local ionization maps of the systems considered. In the local ionization 
potential map conventionally red regions on the density surface indicate areas from which 
electron removal is relatively easy, meaning that they are subject to electrophilic attack.

Figure 7. Local ionization maps of the systems considered.

Figure 8 is the LUMO map of TEX molecule. A LUMO map displays the absolute 
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value of the LUMO on the electron density surface. The blue color stands for the 
maximum value of the LUMO and the color red, the minimum value and the yellow-
green regions are in between. Hence, a nucleophile attacks on the atom having the blue 
color.

Figure 8. The LUMO map of TEX molecule.

Figure 9 displays the spin density map of TEX+Li system where the blue region 
indicates the site of the unpaired electron population.

Figure 9. Spin density map of TEX+Li system.

In nitramines the electron withdrawing effect of nitro group is mainly inductive 
because in resonance structure-B two positive charges on adjacent nitrogens appear 
which is highly energetic and unfavorable situation. 
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The electron from the lithium atom cannot be localized on the nitro group because 
this time electron-lone-pair repulsion develops between the nitramine nitrogen atoms. On 
the other hand, the carbon atom adjacent to the nitramine moiety is under the inductive 
electron demand of the neighboring nitrogen and oxygen atoms in the TEX structure. In 
the below scheme, structure-A possesses positive charge-lone-pair attractive interaction 
between the nitrogen atoms. In structure-B1 opposite charges are on the adjacent sites, 
therefore a more favorable situation arises compared to structure-A. Moreover, resonance 
structure-C stabilizes the decomposed system in which favorable charge-charge and 
charge-lone-pair interactions exist. Note that the separate moieties B1 and B2 are linked 
to each other in the decomposed TEX molecule.
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In Figure 9 unpaired electron density (blue region) is on the carbon atom indicated as 
B2 in the scheme.

4. Conclusion

The present study (within the constraints of the theory and the level of basis set used) 
indicates that the lithium atom transfers some electron population to TEX molecule 
causing its destructive reduction. The destruction is in the C-NNO2 bond, where the nitro 
group remains unaffected. The proposed mechanism of destruction involves a radical 
formation on the carbon atom as in accord with the spin density map obtained by 
calculation. In practice the radical formed may undergo some subsequent reactions which 
might be some potent cyclic/acyclic compounds.
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