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Abstract: In this paper, we present our investigations into the detonation performance and
stability variations caused by replacing the -CF3 or -OCF3 group with -SF5. The widely
applied DFT B3LYP/cc-pVTZ approach was employed to evaluate the HOMO-LUMO gap,
cohesive energy, chemical hardness, and electronegativity. Based on these parameters, we
predict the changes in chemical and thermal stability resulting from the inclusion of -SF;
instead of -CF3 or -OCF3. Our results indicate that, in some cases, the density of fluorine-
containing nitro compounds decreases due to the presence of the pentafluorosulfanyl
group. Additionally, machine learning techniques were used to determine the detonation
pressure and velocity of fluorine-sulfur-containing compounds. Our findings suggest that
fluorine-containing nitro compounds exhibit better detonation performance and stability
than fluorine-sulfur-containing ones. Overall, the pentafluorosulfanyl groups inclusion of
aromatic polynitro compounds improved neither the stability nor the detonation properties
such as -CF3 or -OCFj3 groups.

Keywords:
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1. Introduction

High-energy materials are widely used for mining, construction, military, and other
purposes. Thus, they are exploited in increasing amounts each year, leading to increased
requirements for effectiveness and safety. Currently, there are several directions being
explored in modeling and synthesis to produce materials with favorable detonation per-
formance and high resistance to any stimuli. One of these directions relies on increasing
the density of potential hazards. Generally, this is achieved by including nitrogen-rich
backbones such as triazole, furazan, etc. Recently performed investigations reveal that the
inclusion of the fluorine-containing group to cycle nitramines could increase their densities
and detonation performance while retaining good thermal stability [1,2]. These results are
supported by investigations of Wang et al., which exhibited that the detonation velocity and
heat of explosion of 3-Bromo-5-fluoro-2,4,6-trinitroanisole are higher and the impact and
friction sensitivity are lower than those of TNT [3]. The presence of the pentafluorosulfanyl
group also markedly increases the materials” densities and can provide energetic salts with
improved properties [4]. Nevertheless, the synthesis of SF5-containing high-energy materi-
als is a challenge, and much effort is required to overcome it [5]. Despite the fact that some
aromatic derivatives containing -SF5 functional groups have already found applications in
the molecular structures of pesticides, optoelectronic materials, and medicinal drugs, only
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a few S-containing organic high-energy materials have been described as high-energy ones.
A few existing studies discuss the computational and experimental energetic properties of
these potentially interesting and useful compounds.

Notably, along with increasing the detonation performance, the thermal and chemical
stability and resistance to shock stimuli must be equal to or, in beneficial cases, higher than
that of the exploited high-energy materials. Jagadish et al. described the incorporation of
sulfur into high-energy materials as a way to improve their thermostability and, in some
cases, to decrease their sensitivity to impact, friction, and electrostatic discharge [6]. The
newly synthesized C-C bonded 1,3,4-thiadiazole with pyrazine, incorporating a nitrimino
explosophoric moiety, exhibits moderate to high thermal decomposition temperatures, high
positive heats of formation, and good densities with strong detonation performance [7].

A study that we recently conducted reveals that the incorporation of -CF3 and
-OCF; fragments could increase the energetic properties of nitroaromatics, along with
their stability and resistance to shock stimuli. Certain compounds, with the assignation
codes CF3N2, OCF3N2, C2F6N2, 1CF2N2/02CF2N2, and 2CF4N2/0O2C2F4N2, were rec-
ommended for practical usage because they possess higher stability than tetryl and better
explosive properties than TNT [8]. Views of these compounds and their full chemical
names are given in Appendix A. Hence, referring to the above facts, we may state that the
incorporation of sulfur and fluorine improves the stability and energetic properties of the
compounds. In this context, pentafluorosulfanyl is the best candidate for a theoretical study
that seeks to predict this technique’s potential to improve the above properties. Thus, it is
necessary to determine whether the detonation properties of the nitro-compounds are better
when -SF5 is incorporated along with the above-mentioned fluorine-containing groups. On
the other hand, it remains unclear which fluorine- and fluorine-sulfur-containing groups or
their combination leads to the greatest improvement. This means not only enhancing deto-
nation properties but also significantly increasing the chemical and thermal stability of the
material, as well as its impact resistance. Therefore, this study aims to predict whether re-
placing the -CF3 or -OCF3 groups in aromatic nitrocompounds with -SF5 will enhance their
energetic properties. Our study will help to estimate the significance of this replacement
and indicate new directions in the design of advanced high-energy materials. Previously,
only the early works of Sitzmann et al. were dedicated to pentafuorosulfanyl derivatives;
they studied their physicochemical and energetic properties. However, that study only cov-
ered nitro aliphatic compounds, while nitroaromatic compounds were scarcely studied [9].
We contend that the results of this research will help to identify directions that are likely
to lead to improvements in high-energy material properties. Consequently, this allows
for a more efficient use of research resources and supports the pursuit of more promising
strategies for performance enhancement.

2. Materials and Methods

As outlined above, this study aimed to demonstrate the influence of the -SF5 group on
the stability and energetic properties of fluorine-containing compounds. The methodology
employed in this research aligns with that presented in our recently published work [8].
Multiple conformers of each molecule under investigation were designed to ensure re-
liable results. The conformers differ in the positions of substituents relative to the core
structure. It is important to note that, in certain cases, steric effects allow for only one
positional arrangement.

Becke’s three-parameter hybrid functional approach with non-local correlation, as
defined by Lee, Yang, and Parr (B3LYP), was utilized in conjunction with the cc-pVTZ basis
set implemented in the GAUSSIAN software package [10-12]. This approach effectively de-
scribes various molecules” geometric and electronic structures and their derivatives [13-23].
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To identify equilibrium configurations, Berny optimization was performed without ap-
plying any symmetry constraints, allowing for the optimization of bond lengths, angles,
and dihedral angles. A vibrational frequency analysis confirmed that energy minima were
achieved, ensuring that the structure of the most stable conformer was identified.

Initially, the calculated total energies of the conformers were compared, and the
conformers with the lowest total energy were selected for further analysis. To assess and
compare the thermal stability of compounds with varying chemical compositions, cohesion
(BEA) was calculated. This parameter, which indicates the energy required to separate an
atom from a system of particles, was determined using the following formula:

E—-YE
1
BEA = —N
where E is the total energy of the molecule under study, E; is the total energy of the
atoms consisting of this molecule, and N is the number of atoms. A larger value of
BEA, the normalized energy differences, shows higher thermal stability. To evaluate the
stability related to the chemical properties and aging of the compounds investigated, we
calculated the HOMO-LUMO gap, chemical hardness, and electronegativity. It is known
that compounds with a larger HOMO-LUMO gap and chemical hardness are more resistant
to undergoing chemical reactions or to being transformed by an external perturbation, such
as an applied electric field. On the other hand, a high level of electronegativity denotes a
molecule’s strong tendency to attract an electron; this leads to ionization and could speed
up the degradation [24,25].

It is known that the density of the compounds is the main factor in increasing the
detonation pressure and velocity of the compounds. Our study begins with the evaluation
of the density of the generic compounds: C2F6N3, CF3N2, CF3N3, C3FON3, O2C2F6N3,
and O3C3FIN3. The density of the compounds was predicted using three approaches:

e  The equations developed by Politzer et al. [26], which include the molecular mass, the
volume of the 0.001 electrons /bohr® counter of the electronic density of a molecule,
the degree of balance between positive potential and negative potential on the surface,
and their sum;

e  Methods implemented in ACD/ChemSketch based on the Van der Walls volumes
molecular modeling program [24];

e  The division of molecular weight by molar volume, obtained via B3LP/cc-pVTZ.

We used this method in order to find a more reliable approach for evaluating the den-
sity of the compounds consisting of -SF5 substitutes. ACD/ChemSketch reliably predicts
the density of known fluorine-containing compounds. For example, the experimentally ob-
tained density of CF3N3 is 1.716-1.816 g/ cm?, while that estimated by ACD/ChemSketch
is equal to 1.77 g/m?3 [24]. Based on the analysis of the calculated densities and the outlined
values of the experimental measurements, the density of the -SF5-containing compounds
was calculated using the above Politizer equation. The proof of the above decision is given
in the Results section.

The semi-empirical equations Kamlet and Jacobs developed focus on the C,H,N.Oy4
compounds. They are not suitable for evaluating the parameters of the derivatives consist-
ing of fluorine and sulfur. The equations suggested by Keshavarz et al. are dedicated to the
CaHpNcOgFe compounds [27,28]. The approaches implemented in Cheetah, Thermo, or
EXPLOS rely on thermodynamic databases, which may have limited or incomplete data
for certain fluorine- and sulfur-containing compounds, particularly those that are newly
designed and not synthesized. Therefore, we used several machine learning models to eval-
uate the detonation velocity and pressure. The data used for training were collected from
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all available studies [28-30]. Considering that the SF5-group is used to increase the density
of these molecules, leading to better detonation performance, we obtained the dependence
of the detonation pressure and velocity on the density. Another main reason for focusing
solely on the density of the compound is the variability of other parameters provided
alongside the detonation pressure and velocity. To ensure that we had a comprehensive
dataset for training, we aimed to minimize incompleteness caused by differences in the
parameters presented. Notably, the density of the compounds depends on their chemical
and geometrical structures; it is, therefore, one of the factors influencing the products of
detonation, which directly determines the detonation pressure and velocity [31]. Consider-
ing our aim to show how the stability and explosive properties of the fluorine-containing
compounds could be changed by replacing the -CF3 group with -SFs, in conjunction with
advanced machine learning, we hope that the above dependence is sufficient to determine
the main general tendency for improving the properties of high-energy materials.

The dataset for machine learning consists of sulfur and sulfur-fluorine compounds,
and it is used to obtain general equations for evaluating and determining the progress
of the detonation properties, which rises due to the implementation of the -SF5 groups.
It satisfies our aim of predicting the influence of the above sulfur group on the energetic
properties of the fluorine-containing compounds, i.e., when -CF3; groups are replaced
by -SFs. As the dataset for machine learning was relatively small, we employed linear
regression, polynomial regression, random forest regression, and Bayesian ridge regression,
which are known to perform well in predicting numerical values. We used 80% of the
generated dataset for training, reserving the remaining 20% for testing. To identify the most
precise model, the models’ performances were evaluated using metrics such as accuracy,
the mean squared error, and the coefficient of determination (R?). Additionally, we found
that the detonation pressure mostly depends on the density of the compounds, while the
detonation velocity is dependent on pressure. The metrics for assessing the accuracy of the
applied machine learning methods were the best in the case of the polynomial regressions.
Thus, the resulting equations of this approach were applied to calculate the detonation
pressure and velocity of the newly designed fluorine- and sulfur-containing compounds.
Each predicted value was validated against experimentally observed trends and anticipated
limitations to ensure reliability.

3. Results

The sketches of the investigated compounds, their chemical composition, full chemical
names, and assignation codes are presented in Appendices A and B. It should be noted
that the hardness index of the compounds under study is higher than 0.9, which indicates
their higher thermal and chemical stability. To be more specific and show how the -SF5
group influences the thermal and chemical stability of the selected fluorine-containing
compounds, we calculated the cohesion, HOMO-LUMO gap, chemical hardness, and
electronegativity. The dependence of these parameters on the number of -SF5 group is
presented in Figures 1-4 and Table 1.

The study of the energetic properties began with the evaluation of the approaches
used for the density calculations. Table 2 shows the values of the densities of the fluorine-
containing compounds obtained using the approach implemented in ACD/ChemSketch
program and the equation suggested by Politizer et al.; these values are followed by our
calculation results.
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Figure 1. Dependence of cohesion on the incorporation of the -SF5 group. The colors represent
compounds derived from different parent compounds, arranged in order of the increasing -SF5 group
number presented in the bracket.
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Figure 2. The figure illustrates the dependence of HOMO-LUMO on the incorporation of the -SF5
group. The colors represent compounds derived from different parent compounds, arranged in order
of the increasing -SF5 group number presented in the brackets.
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Figure 3. Dependence of chemical hardness on the incorporation of the -SF5 group. The colors
represent compounds derived from different parent compounds, arranged in order of the increasing
-SF5 group number presented in the brackets.
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Figure 4. Dependence of electronegativity on the incorporation of the -SF5 group. The colors represent
compounds derived from different parent compounds, arranged in order of the increasing -SF5 group
number presented in the brackets.
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Table 1. The obtained values for cohesion (BEA), the HOMO-LUMO gap (Gap), chemical hardness
(CH), and electronegativity (ELN). The parameters of some compounds are repeated several times
because they are the results of the complete replacement of -CF3 or -OCFj3 groups by -SFs.

Compounds BEA, eV Gap, eV CH, eV ELN, eV
C2F6N3 5.38 5.02 2.51 6.57
CF3SF5N3 5.02 5.22 2.61 6.46
S2F10N3 4.51 4.83 241 6.66
CF3N2 5.47 4.94 2.47 6.14
SF5N2 5.05 5.36 2.68 6.47
CF3N3 5.43 4.73 2.36 6.53
SF5N3 4.98 4.83 241 6.64
C3FIN*/ 5.39 5.01 2.50 6.66
C2F6SF5N3 5.04 5.45 2.73 6.56
CF3S2F10N3 4.65 4.87 2.43 6.81
0O2C2F6N3 5.00 4.96 2.48 6.44
OCF3SF5N3 5.00 4.90 2.45 6.45
S2F10N3 451 4.83 241 6.66
O3C3FIN2 5.27 5.14 2.57 5.80
O2C2F6SF5N3 5.00 5.07 2.54 6.42
OCF352F10N3 4.65 4.75 2.38 6.75
S3F15N3 4.31 4.72 2.36 6.89

Table 2. The density of the fluorine-containing compounds obtained using the approach implemented
in the ACD/ChemSketch program (pac), with Gaussian pg, and that suggested by Politizer et al. (p).

Compound pac, glem? pG, g/em? p, glem®
CF3N2 1.74 1.98 1.60
C2F6N3 1.82 2.34 1.79
CF3N3 1.77 2.07 1.83
C3FI9N2 1.85 2.09 2.02

O3C3FIN2 1.79 2.11 1.80

O3C3F9N3 1.89 2.05 1.95

It is observed that the values obtained using the equation proposed by Politzer et al.
are generally higher than those calculated using the ACD/ChemSketch program but lower
than those derived from calculations performed with the Gaussian program. Moreover,
the density of the CF3N3 compound obtained by the equation coincides with the experi-
mentally determined density of 1.82 g/cm?. The calculated densities of the other presented
compounds also fall in the range of representative values [1.6-2.4 g/cm?] of the exper-
imentally measured ones for fluorine-containing compounds [32]. The above equation
along with the approach implemented in ACD/ChemSketch was used to evaluate the
fluorine-sulfur-containing compound’s density. The density is presented in Table 3.

The presented values of SFs-containing compounds range from 1.30 (gas state) to
2.08g/ cm?, although, in some cases (for example, in concentrated forms), these values can
approach or exceed 2.40 g/cm? and reach 2.86 g/cm? [29-31]. Referring to the results pre-
sented in Table 3, we may assume that the approach implemented in the ACD/ChemSketch
program is dedicated to evaluating the density of the sulfur—fluorine-containing com-
pounds in concentrated forms. On the other hand, the values obtained using the equation
of Politizer et al. represent a more general density of these types of compounds. We
used these values of the densities for the evaluation of derivatives representing energetic
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properties to avoid overestimating them, considering the potential of the sulfur—fluorine-
containing compounds.

Table 3. The density of the sulfur—fluorine-containing compounds obtained using the approach
implemented in the ACD/ChemSketch program (pac) and that suggested by Politizer et al. (p).

Compound pAc, glem? p, glem®
CF3SF5N3 2.35 2.09
SF5N2 2.19 1.41
SF5N3 2.20 1.88
C2F6SF5N3 2.26 2.03
CF3S2F10N3 2.84 2.40
CF3SF5N3 2.35 1.89
OCF3SF5N3 2.41 1.76
S2F10N3 2.26 1.60
O2C2F6SF5N3 2.27 2.07
OCF3S2F10N3 2.41 1.76
S3F15N3 2.48 2.05

As mentioned above, we used several machine learning models to find the one that is
the most suited to the present investigation. The highest accuracy, lowest mean squared
error, and coefficients of determination of 0.70 for evaluating the dependence of detona-
tion pressure on density and 0.90 for that of detonation velocity on the pressure were
achieved using the polynomial regression model. Thus, this model was used to evaluate
the detonation velocity and pressure. The obtained values are presented in Table 4.

Table 4. The detonation pressure (P) and velocity (D) of the sulfur—fluorine-containing compounds
obtained using a polynomial regression model within a machine learning framework.

Compound P, kbar D. km/s
CF3SF5N3 297.8 7.55
SF5N2 160.4 6.41
SF5N3 295.6 7.53
C2F6SF5N3 325.2 7.73
CF352F10N3 369.9 7.99
OCF3SF5N3 335.2 7.79
S2F10N3 2229 6.97
O2C2F6SF5N3 332.0 7.77
OCF3S2F10N3 267.3 7.99
S3F15N3 286.7 7.47

4. Discussion

The results of the density variations caused by replacing fluorine-containing groups
by -SF5 are presented in Figure 5.

Generally, replacing the -CF3 group with -SF5 tends to increase the density of the com-
pounds. This observation aligns well with experimentally obtained results [28]. However,
this trend is not observed in the case of CF2N2 and O2CE3SF5N3. This could be the case
because the molecular volume outweighs the increase in molecular weight as a result of
the trigonal bipyramidal geometry of the -SF5 groups, which is bulkier than the relatively
compact tetrahedral geometry of -CF3. Therefore, while the addition of the heavy -SF5
group can increase the density of compounds, this effect is not consistently observed when
-CFj3 is replaced by -SFs. Despite this finding, the density of two compounds (SF5N2 and
S2F10N3) is lower than that of TNT, while that of CF3SF5N3, C2F6SF5N3, CE3S2F10N3,
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O2C2F6SF5N3, and S3F15N3 is higher than the density of HMX—a powerful and relatively
insensitive nitroamine.

2.50
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Figure 5. Changeability of the density of the CF3-containing compounds when the group is replaced
by -SFs. The colors represent compounds derived from different parent compounds, arranged in
order of increasing by one -SF5 group number from 0 on the left to 3 or less on the right.

As mentioned above, the hardness index of the compounds under study indicated
their high stability. However, the analysis of the BEA indicates that implementation of
the -SF5 leads to a decrease in thermal stability (Figure 1, Table 1). Indeed, the S-F and
C-F bonds are some of the strongest bonds, rendering these -SF5 and -CF3 groups highly
resistant to thermal decomposition and chemical reactions. However, the bond energy
(272 kJ /mol) of the S—C bonds is lower than the 347 kJ /mol of C—C [33,34]. In some cases,
the 360 kJ/ mol of the C-O bond is replaced by lower-energy C-S. This could be the main
reason for the decrease in thermal stability caused by the replacement of -CF3 with -SFs.
Based on the findings, we can predict that 5-C bonds should be decomposed first during
an explosion to form -CF3 and -SF5 and, then, if enough energy is released, these groups
should degrade. Thus, after an explosion of CaHbFcNdOeSf compounds rich in -SFs
groups, along with CO, CO,, COS, H,S, HE, HyO, and N, gases, then SFn could also be
present [35].

Referring to the results of the HOMO-LUMO gap’s dependence on the -SF5 group
number, we conclude that some precise number of -SFs is found in the most chemically
stable compounds (Figure 2; Table 1). Indeed, the HOMO-LUMO gap of the compounds
with one -SF5 group is the largest among the similar ones. More precisely, replacing one
-CF3 group with -SF5 increases the chemical stability of nitro compounds. However, the
addition of a second -SF5 group significantly decreases stability, while the influence of
additional -SF5 groups appears negligible. The exception is O3C3FIN2, which is a highly
fluorine-rich compound; thus any replacement of -CF; with -SF5 leads to a decrease in
chemical stability. Referring to these results, we speculate that increasing the fluorine
content in nitro compounds to improve both chemical and thermal stability may be limited
by two factors: there are nine fluorine atoms in the compound, and the implementation of
other fluorine-containing groups worsens stability.

This tendency is confirmed by the analysis of the chemical hardness: the largest
values of the parameter are the compounds possessing one -SF5 group, except for the
sulfur—fluorine compounds originating from O3C3FIN2. Thus, the most chemically stable
compounds derived from different parent molecules can be ranked based on their resistance
to reaction, as follows:

C2F6SF5N3 > SF5N2 > CF3SF5N3 > O3C3FIN2 > OCF3SF5N3 > SF5N3

The high electronegativity of the compounds under study is not a surprise because
they consist of fluorine atoms. The values of this parameter ranged from 5.18 eV to
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6.89 eV, indicating a high tendency to attract electrons, which could lead to fast aging due
to ionization.

It is necessary to highlight SF5N2 and SF5N3, which differ in the number of -NO,
groups. Previously, we demonstrated that increasing the number of -NO, groups in
fluorine-containing compounds enhances their energetic properties. This trend is evident
in these compounds: the detonation pressure and velocity of SF5N,, which contains two
nitro groups, are lower than those of SF5N3, which possesses three nitro groups.

Typically, the high-energy materials exhibit detonation velocities between 1.01 km/s
and 9.89 km/s. The measured detonation velocity of TNT, usually used as a standard, is
6.9 km/s. That of RDX and HMX is 8.7 and 9.1 km /s, respectively. Hence, the detonation
velocity results presented in Table 4 classify the compounds under study as high-energy
materials. Moreover, the detonation velocities of only two compounds, S2F10N3 and SF5N2,
are comparable to that of TNT, while the detonation velocity of the remaining compounds
is higher. However, these detonation velocities are lower than RDX and HMX. A similar
observation can be made when comparing the detonation pressures of TNT (~210 kbar),
RDX (338 kbar), and HMX(393 kbar) with the values presented in Table 4 [7,36]. Again,
the detonation pressures of S2F10N3 and SF5N2 are similar to that of TNT, while that of
the others is between TNT and RDX, except for CF352F10N3. The detonation pressure
of this compound is higher than that of RDX but lower than that of HMX. Hence, the
implementation of -SF5 groups could lead to improvements in the energetic properties of
fluorine—sulfur-containing nitro compounds, but it is not mandatory (Figure 6, Table 4).
Notably, the detonation pressure of the nitro compounds consisting of -CF3 or -OCF3
explored in this study varies from 189 to 459 kbar [8]. Their detonation velocity is also
higher, ranging from 7.01 to 8.78 km/s. Based on these results, we speculate that replacing
-CF; or -OCF; with -SF5 would not improve the energetic properties of fluorine-containing
nitro compounds.
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Figure 6. The dependence of detonation pressure on the incorporation of the -SF5 group. The colors
represent compounds derived from different parent compounds, arranged in order of increasing SFs
group number from 1 on the left to 2 or 3 on the right.

That said, the results presented in Figure 6 suggest that replacing -CF; with -SF5 may
enhance the energetic properties of fluorine-containing compounds. However, this is not
valid for compounds where -CFj3 is incorporated within oxygen. Reducing the number of
oxygen atoms results in a decline in the energetic properties of the compounds consisting
of -OCF3 and -SF5 groups.
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5. Conclusions

This study aimed to predict the influence of replacing -CF3; or -OCF; with -SF5 on
the stability and detonation performance of fluorine-containing nitro benzenes. Notably,
all of the designed and investigated compounds are classified as high-stability and high-
energy compounds.

We found that -CF3 replacement by heavier -SF5 groups does not necessarily increase
the density of the compounds. This is because of the different intensifications in volume
and molecule weights. However, the density of our proposed advanced materials, such as
CEF3SF5N3, C2F6SFSN3, CF3S2F10N3, O2C2F6SF5N3, S3F15N3, is higher than the density
of HMX—a powerful and relatively insensitive nitroamine.

Another undesirable effect is the reduction in thermal stability caused by the inclusion
of -SF5 instead of -CF3 or-OCF3. Moreover, the comparison of the evaluated parameters
such as the HOMO-LUMO gap, the energy of cohesion, and chemical hardness allows
us to conclude that the number of fluorine atoms in the nitro compound should not be
higher than nine, because surpassing this threshold leads to a decrease in the chemical
and thermal stability of fluorine-containing nitro compounds. Additionally, we speculate
that the compounds under study undergo rapid aging due to ionization, considering their
high electronegativity.

Regarding detonation performance, no solid conclusion was reached regarding the
improvement of the detonation performance due to replacing the fluorine group with
pentafluorosulfanyl. The replacement of -OCF3 with -SF5 reduces the number of oxygen
atoms, leading to a decline in the energetic properties in compounds containing both -OCF;
and -SFs. In contrast, replacing -CF3 with -SF5 produces the opposite effect, improving the
detonation performance.

Based on our findings and the challenges associated with incorporating the pentafluo-
rosulfanyl group into nitro compounds, we conclude that the practical implementation of
compounds containing -SFs, either alone or in combination with -CF3 or -OCFs;, is unlikely
to be effective or beneficial.
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Appendix A
The view of sulfur- and fluorine-containing derivatives:
FFF FFF F ¥ FIF
N/ s
F-\SILF F~g—F F_\SI/__F F“S'/“F
NO, O,N NO, oN NO, O,N NoO,
S—F F=S ST
A ¥/ I\F
NO, NO, NOF F F NOJF g
SF5N2 SF5N3 S2F10N3 S3F15N3

Code (Assignation) and Chemical Name:
SF5N2—2,4-dinitro-1-(pentafluoro-lambda®-sulfanyl)benzene;
SF5N3—1,3,5-trinitro-2-(pentafluoro-lambda®-sulfanyl)benzene;
S2F10N3—1,3,5-trinitro-2,4-bis(pentafluoro-lambda®-sulfanyl)benzene;
S3F15N3—1,3,5-trinitro-2,4,6-tris( pentuﬂuoro—lambda6-sulfanyl)benzene;

F Fr FFF FFr FE F
s/ N/
F-4’F A AL FogE
OZN NO2 OZN NO OZN NO
F F F F
F o—L-F F)}o o—LF
No, F No, F E No, F
CF3SF5N3 C2F6SF5N3 OCF3SF5N3 02C2F6SF5N3

Code (Assignation) and Chemical Name:
CF3SF5N3—1,3,5-trinitro-2-(pentafluoro-lambda®-sulfanyl)-4-(trifluoromethyl)benzene;
C2F6SF5N3—1,3,5-trinitro-2-(pentafluoro-lambda®-sulfanyl)-4,6-bis(trifluoromethyl)benzene;
OCF3SF5N3—1,3,5-trinitro-2-(pentafluoro-lambda®-sulfanyl)-4-(trifluoromethoxy)benzene;
O2C2F6SF5N3—1,3,5-trinitro-2-(pentafluoro-lambda®-sulfanyl)-4,6-bis(trifluoromethoxy)benzene;

View of fluorine-containing derivatives:

F F
NO, O,N NO, O,N
NO, NO,
CF3N2 CF3N3 C3F9N3

Code (Assignation) and Chemical Name:
CF3N2—2,4-dinitro-1-(trifluoromethyl)benzene;
CF3N3—1,3,5-trinitro-2-(trifluoromethyl)benzene;
C2F6N3—1,3,5-trinitro-2,4-bis(trifluoromethyl)benzene;
C3F9N3—1,3,5-trinitro-2,4,6-tris(trifluoromethyl)benzene;
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F F 0 E F
0o o o o
NO, o,N NO, O)N NO, O,N NO,
F F F
o< o o—
NO, NO, NO, ¥F Fy NO, F¥F
OCF3N2 OCF3N3 02C2F6N3 03C3F9N3

Code (Assignation) and Chemical Name:
OCF3N2—2,4-dinitro-1-(trifluoromethoxy)benzene
OCF3N3—1,3,5-trinitro-2-(trifluoromethoxy)benzene
O2C2F6N3—1,3,5-trinitro-2,4-bis(trifluoromethoxy)benzene
O3C3FIN3—1,3,5-trinitro-2,4,6-tris(trifluoromethoxy)benzene

Appendix B

The chemical composition of the compounds under study.

No. Structural Formula Mol. Formula MW

Elemental Analysis Data (Calculated)
C% H,% N,% 0,% S, % E %

R F/F
F-g-F

NO

C¢HsFsN,O,S 29416 2450  1.03 952  21.76 1090  32.29

F-¢—F

CeHoFsN3;O6S  339.16 2125 059 1239 2830 945  28.01

CgHF19N3O6S,  465.20 15.49 0.22 40.84 9.03 13.78 40.84
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Elemental Analysis Data (Calculated)
No. Structural Formula Mol. Formula MW
C, % H, % N, % 0, % S, % E %
F FF
F-¢F
ON NO,
4. . T CeF1sN306S; 59125  12.19 0 711 1624 1627 4820
F—S S-—F
s o
F/¥ NoF¥ §F
F F/F
F-¢—-F
O,N NO,
5 F C7HFgN304S 407.15 20.65 0.25 10.32 23.58 7.88 37.33
F
No, F
6. CgF11N306S 475.15 20.22 0 8.84 20.20 6.75 43.98
F EF
F-g—F
O,N NO,
7. F CyHFgN3;07S 423.15 19.87 0.24 9.93 26.47 7.58 35.92
0o—F
No, F
F\F\ ¥
F—-g—-F
O,N NO,
8. . e CgF11N3OgS 50715  18.95 0 829 2524 632 4121
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Elemental Analysis Data (Calculated)
No. Structural Formula Mol. Formula MW
C, % H, % N, % O, % S, % E %
F
FO -F
NO,
9. CeH3F3N,04 236.11 35.61 1.28 11.86 27.11 0 24.14
NO,
F
FOF
O,N NO,
10. CyH,yF3N304 281.11 2991 0.72 14.95 34.15 0 20.28
NO,
11. CgHF¢N3Og¢ 349.10 27.52 0.29 12.04 27.50 0 32.65
12. CoFoN305 41710 2592 0 1007 23.02 0 40.99
F
(0]
13. NO, C,;H;F;N,Os 25211 3335 120 1111 3173 0 2261
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No. Structural Formula Mol. Formula MW

Elemental Analysis Data (Calculated)
C% H,% N, % 0,% S, % E %

F%F
(0]
O,N NO
14. 2 2 CyH,yF3N307 297.11 28.30 0.68 14.14 37.70 0 19.18
NO,
F
(0]
15. ONN NO; CgHF¢N3Og 381.11 25.21 0.26 11.03 33.59 0 2991
F
07<
1“()2 F F
F
Fﬁ/F
(0]
16. oN NO, CyoF9gN30g 465.10 23.24 0 9.03 30.96 0 36.76
F
>ro o
F f NO, jF<F
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