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AbstrAct
Isomers of 1,4-diamino-3,6-dinitropyrazolo[4,3-c]pyrazole (LLM-119) were designed by structural reorientation of the fused pyrazole 
rings and their respective substituents (-NO2 and -NH2). The structural reorientation involves structural rearrangement, which results 
in different structural isomers. Employing this approach, six structural isomers of LLM-119 were designed. The effect of structural 
reorientation (isomerisation and derivatives) on the enthalpy of formation, detonation properties, impact sensitivity, and density of these 
molecules is studied computationally. The computational methods used in this work yielded results that are close to the literature values 
for LLM-119, namely 519.54 kJ.mol-1 for enthalpy of formation, 1.80 g.ml-1 for density, 8359.3 m.s-1 for detonation velocity, and 31.0 Gpa 
for detonation pressure, with a relative error of 2% for enthalpy of formation, 2% for density, 0.05% for detonation velocity, and 4% for 
detonation pressure. The correlation of the structural reorientation to the calculated thermochemical and detonation properties of the 
molecules indicated that molecules with a -NO2 group attached to a carbon atom and -NH2 connected to a nitrogen atom maximise the 
enthalpy of formation and detonation velocity. The joining of pyrazole molecules has less effect on these parameters. The data shows that 
density and detonation pressure improved when both –NO2 or -NH2 functional groups were on the same side of the molecular structure. 
The structural reorientation gave rise to 3,4-dinitropyrazolo[3,4-c]pyrazole-1,6-diamine which exhibited optimal density and detonation 
performance compared to other molecules. 
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IntroductIon 

Energetic materials (EMs) are organic and inorganic molecules or 
formulations that store energy that gets released during deflagration 
or detonation up to initiation. EMs are classified as pyrotechnics, 
propellants, and explosives and are applied mainly in the aerospace, 
mining industry, and defence.1 The currently applied EMs have 
known shortcomings concerning energy output, sensitivity, and 
processibility.2 The gaps led to continuous research in finding better-
performing EMs.3 The desired EMs should have higher detonation 
performance, lower sensitivity, and good thermal stability.4 However, 
high detonation performance and low sensitivity are not easy to 
achieve, but a good balance between these properties has been the 
focus of research.5 Most EMs are generally made of an organic scaffold 
with energetic functional groups as substituents, the organic skeleton 
acts as fuel (source of heat and gases), and energetic functional groups 
act as an oxidiser.6 Performance of EMs is known to be dependent on 
oxygen balance (composition), density, and heat of formation.7 The 
High Energy Density Materials (HEDMs) are of current attention 
due to their excellent performance these materials have higher energy 
release with a smaller charging volume, and most of them contain C, 
H, O, and N elements. The nitrogen content enhances the detonation 
properties of HEDMs, and this is due to the increased number of N-N, 
C=N, and N-C bonds of the molecule.8

Azole compounds are aromatic five-membered ring molecules 
that consist of a nitrogen atom and at least once non-carbon atom 
(nitrogen, oxygen, and sulfur). These nitrogen-containing compounds 
are known as a family of HEDMs, which comprises tetrazole, triazole, 
imidazole, and pyrazole. These differ in the number of nitrogen atoms 
in the ring.9 The literature shows that the nitrogen-containing azole 
compound meets most of the requirements when designing and 

synthesising new EMs.7,9 The nitrogen-based azole molecules can 
be made of single, coupled, and fused heterocyclic rings. The fused 
heterocyclic ring EMs are known as one of the primary focuses in 
research on EM.10-11

The 3,6-dinitropyrazolo[4,3-c]pyrazole molecule, also known as 
DNPP, consists of two fused Pyrazole rings and is substituted with 
a nitro group at positions 3 and 6 of the molecule. The DNPP was 
first made by Russian chemists and was determined to have excellent 
thermal stability with a decomposition temperature of 330-336 oC, low 
impact sensitivity of 15 J, friction sensitivity of 160 N, and density of 
1.563 g.ml-1.10 The synthetic route for DNPP involves six steps, however, 
it gives a high yield and is scalable. The fused pyrazole units make this 
molecule predominantly planar, which is vital in achieving a higher 
packing density of EMs.12 DNPP is a precursor for 1,4-diamino-3,6-
dinitropyrazolo[4,3-c]pyrazole (LLM-119). LLM-119 is synthesised 
by aminating DNPP at positions 1 and 4. This was obtained with better 
yield and high purity.12-13 LLM-119 has an exothermic peak at 253 oC, 
h50 value of 24 cm, and a density of 1.845 g.ml-1.14 

LLM-119 is a fused pyrazole scaffold that can be prepared in 
higher yields and purity. Due to its planar backbone, it is plausible 
to give higher-density derivatives with only slight modification of 
the molecular energetic functional groups. This work explores the 
effect of structural isomerisation (structural reorientation) of LLM-
119 by changing the positions of the energetic functional groups, 
repositioning the nitrogen atoms of the pyrazole rings, and keeping 
the molecular formula constant. The thermochemical and detonation 
properties of the molecules were calculated and compared. Enthalpies 
of formation were calculated using the Gaussian software and the 
G3 composite method. Detonation properties were estimated using 
the Kamlet-Jacobs equations. Enthalpy of sublimation, density, and 
impact sensitivity were obtained using empirical relationships based 
on the electrostatic potential.
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coMPutAtIonAL MetHods

General

GaussView generated input files, and all the input structures were 
neutral. The calculations (i.e., optimisation and frequency) were done 
with the Gaussian 09 program, which is available within the CHPC 
cluster.15 Preliminary geometry optimisation of electronic structures 
of these molecules was done using density functional theory (DFT) 
with the B3LYP/6-311G (d,p) level theory without any symmetry 
restriction and with default convergence criteria.16-19 The harmonic 
vibrational frequency calculations of the optimised molecules were 
evaluated at the same level of theory as an optimisation to confirm 
that the stationary points obtained correspond to the true minima of 
the potential energy surface. Further calculations on the optimised 
structures were done using B3LYP/6-311++G (2df,2p) level theory 
for the calculations of enthalpy of sublimation. For calculations of 
molecular surface parameters that are required as input terms for 
density and impact sensitivity calculations, the B3LYP/6-31G(d,p) level 
theory and B3PW91/6-31G(d,p) level theory were used respectively to 
match what was used in the development of the electrostatic potential-
based empirical relationships.20-22

Molecular structures

Molecular structures of 1,4-diamino-3,6-dinitropyrazolo[4,3-c]
pyrazole (LLM-119, black in Figure 1) and 3,6-dinitropyrazolo[3,4-c]
pyrazole-1,4(6H)-diamine (3, red in Figure 1) with their derivatives 
were generated for the computational calculations. The molecules used 
a similar pattern of substitution to obtain their respective derivatives. 
As these are structural isomers, these molecules have the same oxygen 
balance and nitrogen content. 

enthalpy calculations

The Gaussian compound method was utilised to obtain atomisation 
enthalpies of the molecules from the pre-optimised structures. The 
Gaussian-3 (G3) method is a quantum chemistry approach that uses 
ab initio molecular orbital calculations to estimate molecular energies 
of compounds with first and second-row atoms, evolving from G2 
theory.23 The G3 method has been used to calculate enthalpies of 
formation for a set of energetic molecules with similar composition to 
that used here, resulting in a mean absolute deviation to experiment 
of 6 kcal mol−1, which was lower than the more computationally 
demanding G4 method.24 These molecules have the same molecular 
formula (C4H4N8O4), and their enthalpies of formation (0 K and 
298 K) were obtained using the equations below:24

( ) ( )( ) ( )( ) ( )( )
( )( ) ( )

0 0 0 0
f f f f

0
f o

H M   4 H C,0 K  4 H H,0 K   8 H O,0 K

  4 H N,0 K D M

∆ = × ∆ + × ∆ + × ∆

+ × ∆ − ∑
 (1)

where ∆ is the gas-phase enthalpy of formation, ∑Do(M) is the 
atomisation enthalpy of the molecule. C, H, N, and O are carbon, 
hydrogen, nitrogen, and oxygen atoms.

The values for the enthalpies of formation for C, H, O and N atom 
which are 711.39, 216.03, 246.84 and 470.57 kJ·mol-1 respectively were 
obtained from the literature.25 The atomisation enthalpy of molecule 
M (C4H4N8O) can be obtained with the equation below.24, 26

( ) ( )( ) ( )( ) ( )( )
( )( ) ( )

oD M 4  G3 0 K,  C  4  G3 0K,  H 8  G3 0 K,O

 4  G3 0K,  N G3 0 K,M

∑ = × + × + × +

× −  (2)

where G3 is the Gaussian composite method used to determine the 
enthalpy.

The enthalpy of formation at 298 K is obtained by the equations 
below.24,26 The values for G3 (0 K) and G3 (298 K) for the molecules are 
obtained directly from computational method G3.
 
 ( ) ( )( ) ( ) ( ) ( ) ( ) ( )0 0

f f T T T T TH g,298 K  H 0 K  H  M  H  C H  H H  O  H  N∆ = ∆ + − − − −

(3)

( ) ( ) ( )TH  M G3 298 K, M G3 0 K, M= −     (4)

where M is (C4H4N8O4), C (carbon), H (hydrogen), O(oxygen), and 
N (nitrogen). HT (M) is the thermal correction for the molecule and 
HT (C), HT (H), HT (O), and HT (N) refer to thermal corrections 
for the elements in their standard states.” The HT values for C, H, O 
and N were obtained from the literature with the values 1.05, 4.23, 
4.34, 4.34 kJ·mol-1.27 The value for the molecule is obtained from the 
calculations.

The solid phase enthalpy of formation is determined as in Hess’s law;28

( ) ( ) ( )f f subH M,s H M,g    H M  ∆ = ∆ − ∆    (5)

where ∆fH (M, g) is the gas-phase value and ∆subH (M) is the enthalpy 
of sublimation which can be calculated with equation 6;20 

( ) 2 2
sub totH M A v  ∆ = α + β σ + γ

   (6)

where A is the surface area of the molecule, v is the balance parameter 
for the positive and negative potential of the molecular surface 
and σtot

2 represents total variance of the molecular overall surface 
potential.20 Here, the constants α, β, and γ are 0.000267 kcal/mol/A4, 
1.650087 kcal/mol, and 2.966078 kcal/mol respectively,29 The values 
of A, v, and σtot

2 were calculated by optimising the molecules using 
the B3LYP/6-311++G (2df,2p) level theory and using Multiwfn as 
reported.17, 29-32 

detonation parameters

The performance of solid energetic materials is dependent on density. 
The density can be calculated using M/V0.001, where M is the molecular 
mass of the molecule and Vm is the volume within 0.001 electrons 
Bohr-3 contour. The method ignores molecular interaction and as a 
result, it gives significant errors in some cases however, equation 7 
accounts for these interactions;21 hence it is applied to determine the 
theoretical density of the molecules.

( )2
tot

m

M v
V
 

ρ = α + β σ + γ 
     (7)

Figure 1. 2D structures of LLM-119 and its related derivatives. The colour 
denotes the fused pyrazole cores.
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where α, β, and γ are fitted constants which are 1.0462, 
0.0021 g/(ml-kcal/mol2), and -0.1586 g.ml-1 respectively.33 The term v 
and σtot

2 are as described in equation 6. The molecular structures were 
optimised using the B3LYP/6-31G(d,p) level theory,17,33 from which 
Vm, v, and σtot

2 were calculated with Multiwfn.34

Detonation parameters (detonation velocity and detonation 
pressure) of CHNO energetic materials are calculated using Kamlet-
Jacobs equations;35

2 0.5 0.5
DP 15.58 NM Q= ρ    (8)

( ) ( )
0.50.5 0.5

DV 1.01 NM Q 1 1.30= + ρ
   (9)

where VD is the detonation velocity converted to m.s-1, and PD is the 
detonation pressure in GPa, N is the number of moles of gases per 
gram of explosive in mol.g-1, M is the average molecular mass of the 
gaseous products in g.mol-1, and Q refers to the chemical energy of 
detonation in kJ.g-1. The values of N, M and Q are estimated from 
the H2O–CO2 arbitrary decomposition assumption, and this require 
explosive’s elemental composition and enthalpy of formation.35 
Generally, for energetic molecules of category CaHbOcNd,4, 36-38, if , 
then equations 11-12 are applicable.

( )N b 2c 2d / 4M= + +    (10)

( ) ( )M 56d 88c 8b / b 2c 2d= + − + +    (11)

( )f , solid
c b

Q 28.9b 94.05 0.239 H / M
2 4

= + − + ∆
  

        (12)

This criterion applies to the molecules studied here (C4H4N8O4). 
Therefore equations (10)-(12) are used to calculate N, M, and Q.

Impact sensitivity

Impact sensitivity, referred to as h50 (cm), is an important parameter. 
It gives information about how sensitive the energetic material is 
towards an external impact which is critical to operational safety. The 
lower the value of h50, the more sensitive the energetic molecule. This 
parameter can be measured experimentally using the drop weight 
method. The parameter can also be estimated theoretically, Pospíšil et 
al.22 developed an equation to predict h50, which is based on molecular 
surface electrostatic potential.39

 
2

50h += ασ + βν + γ    (13)

where α, β, and γ are fitted parameters and known to be -0.0064, 
241.42, and -3.43, respectively.22 The term σ+

2 is the variance of the 
positive surface potentials, and v is the degree of balance between a 
positive and negative potential of the molecular surface. The values σ+

2 
and v were obtained by optimising the molecules using the B3PW91/6-
31G(d,p) level theory and using Multiwfn.18, 22, 32, 34, 40-41

resuLts And dIscussIon

The molecular structure of LLM-119 has been used as a starting point 
for molecular design and modification to achieve related structural 
isomers. No additional substitution was done on the molecule. 
However, the way the pyrazole rings are fused was varied, and the 
substituents (-NO2 or -NH2) were either on the same side or on opposite 
sides of the molecule. As a result of these modifications, molecules 1-5 
were achieved. The way pyrazole rings are fused for LLM-119, 1, and 

2 is the same. Molecules 3-5 also share a similar fused pyrazole core 
structure which is different from LLM-119. Structural modification 
is the first step before computing and studying other properties. The 
optimised structures were taken as true minima with no imaginary 
frequencies.

electronic structures

From the optimised structures, molecular electrostatic potential 
(MEP), highest occupied molecular orbitals (HOMO), and lowest 
unoccupied molecular orbitals (LUMO) were visualised. The MEP 
plot maps the distribution of electrostatic potential over the molecular 
isodensity surface, where the red-coloured area indicate negative 
regions, reactive to electrophiles, and the blue-coloured area are 
positive, reactive to nucleophiles.42 The MEP correlates with dipole 
moment, electronegativity, and partial charges,43 and makes it possible 
to identify reactive sites of a molecule toward nucleophiles and 
electrophiles. The MEP for the title compounds is shown in Figure 
2. These were determined at 0.001 electrons per bohr3 isosurface. The 
electronic densities were determined at the B3LYP/6-311G(d,p) level 
of theory.44-45 For these molecules, the colour ranges from -0.06098 
au (red) to 0.06098 au (blue), where the red area mainly lies over the 
–NO2 group and the blue over the -NH2 group. The positive regions 
are related to the impact sensitivity of the molecules.39 

The HOMO and LUMO, also called frontier molecular orbitals, were 
also studied for the molecules to understand the electronic distribution 
and to analyse the HOMO-LUMO gaps; Figure 3 shows the 3D plot 
of these orbitals where the negative is shown in red and the positive 
in green. For all the molecules it can be observed that the HOMO 
electron density is less distributed at the -NO2 functional group while 
for LUMO the density is less at -NH2 groups. The HOMO, LUMO, 
and bandgap energies are also listed for each molecule (Table 1). The 
HOMO-LUMO gaps are known to be related to the kinetic stability 
and reactivity of the molecule.46 The more extensive the bandgap, the 
more stable and less reactive the molecule,47 molecules with -NO2 or 
-NH2 on the same side of the molecule have a higher bandgap (1, 4, 
and 5) This indicates the more excellent stability of these molecules.

Gas-phase and solid-phase enthalpy of formation

Here we investigate the derivatives of LLM-119 and its structural 
isomer to understand the effect of structural reorientation on the 
enthalpy of formation. The enthalpy of formation in EM is an 
important parameter as it is one of the inputs in determining other 
crucial performance parameters such as detonation pressure and 
detonation velocity. The higher and more positive this parameter is 
the higher its performance. The gas-phase enthalpies of formation are 
determined for all the molecules using the compound method (G3), 
and their values are listed in Table 1. The compounds exhibit positive 
enthalpy of formation. There are observed variations due to structural 
reorientation, with LLM-119 having the highest enthalpy, followed by 
molecule 5. The variation can be due to more than one factor. However, 
when -NO2 is attached via the carbon atom and -NH2 is attached 
via the nitrogen atom of the molecule, the energy is maximised. The 
fused pyrazole structural backbone seems to have an effect. LLM-119, 
1, and 2 structural backbones seem to give slightly higher enthalpies 
compared to 3, 4, and 5. The enthalpies of LLM-119, 1, and 2 structural 
backbones show significant variation due to substituents reorientation 
compared to molecule structural backbone of 3, 4, and 5. 

Results also indicate that the trend of the total energies (in Hartrees), 
from the molecule with the highest energy to the one with the lowest 
energy, is LLM-119, 5, 3, 4, and 2. The higher the energy the molecule 
has, the lesser the thermodynamic stability. In this study, LLM-119 
and molecule 5 are less stable. 

From the gas-phase enthalpy of formation shown in Table 2, solid-
phase enthalpies were calculated, as this is important for further 
calculations. Table 3 lists the calculated solid-phase enthalpy of 
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Table 1: Frontier molecular orbital and HOMO-LUMO gaps

# LLM-119 (eV) 1 (eV) 2 (eV) 3 (eV) 4 (eV) 5 (eV)

EHOMO -7.058 -7.142 -6.566 -6.860 -6.596 -7.695

ELUMO -3.403 -2.571 -3.048 -3.089 -2.485 -2.877

∆EHOMO-LUMO Gap 3.655 4.571 3.518 3.770 4.111 4.818

Note: HOMO is Highest occupied molecular orbitals, LUMO is the lowest unoccupied molecular orbitals.

Figure 2. The molecular electrostatic potential for all the molecules (red shaded area = negative region, blue shaded area= positive region

Figure 3. The frontier molecular orbitals for the molecules (red = negative, green = positive)

Table 2. Zero-point energy (EZPE), thermal corrections (HT), calculated total energies (E0), and gas-phase enthalpy of formation at 298 K (∆fH)

Molecules EZPE (Hartree) HT (Hartree) E0 (Hartree) ∆fHo (g, 298 K) / kJ·mol-1

LLM-119 0.1257 0.1394 -893.0498 625.3088

1 0.1386 0.1251 -893.0743 523.4184

2 0.1375 0.1240 -893.0965 462.3598

3 0.1383 0.1246 -893.0806 505.7252

4 0.1373 0.1237 -893.0815 500.6895

5 0.1394 0.1258 -893.0568 571.2524

Note: EZPE is zero-point energy, HT is thermal corrections, E0 calculated total energies and gas-phase enthalpy of formation at 298 K (∆fH)
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formation for the molecules, the same trend is observed as in Table 1. 
The solid-phase enthalpy of formation for LLM-119 was compared with 
the literature value, which was calculated using the corrected Hartree-
Fock method, and this gives a relative error of almost 2%, which justifies 
the reliability of the method used in this study.13 The relative error is 
calculated using the equation given in the support information.

detonation properties and Impact sensitivity

Detonation properties are vital in determining the performance of EM; 
detonation velocity (D), detonation pressure (P) and heat of detonation 
(Q) are useful parameters in characterising EM. Fortunately, these can 
be obtained computationally with Kamlet-Jacobs empirical equations. 
The equation has been proven to be reliable in predicting detonation 
properties.48 In determining these parameters with Kamlet-Jacobs 
equations, Q and density (ρ) are required and the density is an essential 
factor in energetic materials. The molecules have constant oxygen 
balance and nitrogen content, which are -14% and 49.1%, respectively. 
These are important molecular makeup which contributes to the density 
and performance of EM. The oxygen balance indicates if the EM either 
has enough oxygen or less oxygen for the detonation reaction, oxygen-
rich EM generates less toxic gas product. Table 4 lists the detonation 
parameters of the molecules and a comparison to the literature data. 

From Table 4, LLM-119 has a calculated density of 1.80 g.ml-1 
which slightly differs from the literature value with a relative error of 
2%. The LLM-119 has the lowest density among the molecules, and 
5 shows the highest. From the molecular structures, it seems that 
when the two -NO2 or -NH2 functional groups are on the same side 
of the molecule the density improves (1, 4 and 5). The fused pyrazole 
backbone of 3, 4 and 5 gives slightly higher density. The detonation 
velocities data for the molecules show that molecule 5 has the highest 
value of 8387.8 m/s which is somewhat higher than that of LLM-119, 
which is 8359.3 m/s. The detonation velocity for LLM-119 is close to 
the literature value with a relative error of 0.5%. Molecule 2 gives the 
lowest value, which is 8169.2 m/s. The detonation velocity of these 
molecules follows the trend from highest to lowest 5 > LLM-119 > 1 > 
4 > 3 > 2. The structural properties show that the detonation velocity 
improves when the -NO2 group is attached to the carbon atom and 

when -NH2 is attached to a nitrogen atom of the molecule; hence 
molecule 5 and LLM-119 exhibit higher detonation velocity. The way 
the pyrazole molecules are fused has a slight effect on the detonation 
velocity. The detonation pressure data show that molecule 5 has the 
highest value of 31.6 GPa, and 2 shows the lowest value of 29.8 GPa. 
LLM-119 has a value of 31.0 GPa which is slightly higher than 1. The 
detonation pressure values from highest to lowest are 5 > 1 > LLM-119 
> 4 > 3 > 2. The structural effect shows that the detonation pressure 
improves when the two –NO2 or –NH2 functional groups are on the 
same side of the molecule; this is the same as the trend observed with 
density. This is true since the detonation pressure is proportional to ρ2 
as depicted by eq. 8. The LLM-119-based pyrazole fused core seems 
to give better detonation pressure than the fused pyrazole core of 3, 4 
and 5. The relative error for LLM-119 detonation pressure is 4% which 
shows that the results are close to literature values.

Impact sensitivity is another important parameter used to judge the 
sensitivity of EM to external impact; this parameter is designated as 
h50. The higher the h50 is, the more insensitive the explosive becomes. 
Table 5 lists the calculated impact sensitivity of the molecules. The 
comparison of calculated 10 J and the literature impact sensitivity of 
14 J of LLM-119 gives a higher relative error of -29%, which means the 
calculated h50 is less than the one from the literature, h50 of 24 cm also 
appears in literature for LLM-119 which converts to be 6 J.51 Though 

Table 3. Calculated enthalpies of sublimation (∆subH (M)) and solid phase enthalpies formation (∆fH (M,s)) for all the molecules

Molecules ∆fHo
 (g, 298 K) 

/kJ·mol-1
A4 vσ2

tot (kcal/mol2) ∆subH (M) /kJ·mol-1 ∆fH (M,s) /kJ·mol-1

LLM-119 625.3088 46290.5165 36.3916 105.7685 519.54 (510a)

1 523.4184 45442.4849 37.5598 105.4842 417.934

2 462.3598 45442.4849 37.5598 105.4842 356.876

3 505.7252 45911.3072 38.1199 106.3223 399.403

4 500.6895 47466.1430 50.8293 114.6545 386.035

5 571.2524 48350.1125 60.8346 120.2687 450.984

Note: ∆subH (M) is the enthalpy of sublimation, ∆fH (M,s). solid phase enthalpies formation, A is the surface area of the molecule, v is the degree 
of balance of the positive and negative, σtot

2 represents strengths and variabilities of the molecular overall surface potential. a Calculated value 
from reference using the corrected Hartree-Fock method.13

Table 4. The physical and detonation parameters of LLM-119 and its derivatives

Molecules ρ (g.ml-1) N (mol.g-1) M (mol.g-1) Q (kJ.g-1) D (m.s-1) P (Gpa)

LLM-119 1.80 (1.84a) 3.068 × 10-2 27.429 1463.302 8359.3 (8404a) 31.0 (32.3a)

1 1.838 3.068 × 10-2 27.429 1356.853 8329.7 31.2

2 1.819 3.068 × 10-2 27.429 1292.885 8169.2 29.8

3 1.816 3.068 × 10-2 27.429 1337.439 8227.4 30.2

4 1.830 3.068 × 10-2 27.429 1323.434 8250.9 30.5

5 1.840 3.068 × 10-2 27.429 1391.478 8387.8 31.6

Note: VD is the detonation velocity, PD is the detonation pressure, and N is the number of moles of gases per gram of explosive in mol.g-1, M is 
the average molecular mass of the gaseous products in g.mol-1, and Q refers to the chemical energy of detonation in kJ.g-1. a Literature calculated 
values using Kamlet–Jacobs equations.49-50

Table 5. Calculated impact sensitivity of the molecules.

LLM-119 derivatives σ+
2 v h50 (cm) ISa (J)

LLM-119 155.0097 0.1832 39.82 10 (14b)

1 243.5623 0.1935 41.73 10

2 130.7673 0.2206 48.98 12

3 148.9296 0.2036 44.78 11

4 322.7532 0.1463 29.83 7

5 293.7413 0.1776 37.57 9

Note: σ+
2 is the strengths and variability of the positive surface potentials, 

and v is the degree of balance between a positive and negative potential of the 
molecular surface. a Impact Sensitivity (IS), b literature experimental value52. 
Conversion; 1 cm = 0.245 J (Nm).53
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our calculated h50 differ from both literature values it can be used to 
compare the molecules relatively. As can be seen from the data, the 
h50 increases from LLM-119 to 2 and then decreases to the lowest for 
molecule 4, which means it is the most insensitive, followed by 5 and 
LLM-119. Molecule 2 is sensitive compared to the rest of the molecules.

concLusIon 

The structural reorientation of LLM-119 energetic material has been 
done, and six molecules were designed and optimised with DFT, and 
B3LYP (6-311 G(d,p) methods. All the calculations for the molecules 
were done successfully to obtain their gas-phase enthalpy, solid-phase 
enthalpies, detonation properties, impact sensitivity, density, and 
electronic properties. The structural reorientation has been correlated 
with the calculated thermochemical and detonation properties of the 
molecules. It was observed that molecules having -NO2 joined to a 
Carbon atom and -NH2 joined to the Nitrogen atom of the molecules 
maximise the enthalpy of formation and the detonation velocity. The 
way the pyrazole molecules are fused has a slight effect on the studied 
properties. The density and detonation pressure improve when both –
NO2 or -NH2 functional groups are on the same side of the molecular 
structure. The structural reorientation gave rise to molecule 5, which 
is an isomer with optimal performance. 
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