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Polycyclic Aromatic Hydrocarbons Generated
by the Incomplete Combustion: Case of
Fluoranthene
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Abstract—Incipient soot nanoparticles represent a real threat, due
to the fatal and irreversible damages they can cause on health and
environment. The incomplete combustion of engine’s fuel leads to
the creation of these nanoparticles. It has been shown that they are
formed by some extremely carcinogenic Polycyclic Aromatic
Hydrocarbons (PAH), precisely, the aggregation of dimers and
trimers and so on of PAH. Understanding the structural parameters of
these aggregations is crucial to clarify the real composition of soot
which remains not completely understood. This present paper is
devoted to the study of the dimerization of fluoranthene. Different
structural building ways have been suggested, with full and partial
covering between the monomer entities. The number of the
interacting six membered rings varies between one and three cycles,
from each monomer. The impact of structure on both binding energy
and equilibrium distance has been analyzed. Binding energies vary
between -5.88 and -8.41 kcal/mol. The structural parameters seem to
play a key role in the dispersion-type interactions for the fluoranthene
dimers.

Keywords—Fluoranthene, Polycyclic Aromatic Hydrocarbon,
Stacking dimers, Soot.

I. INTRODUCTION

OWADAYS, emission from industrial processes as well

as the number of cars, air traffic and shipping boats with

combustion engines, is steadily increasing [1-6]. Despite the

fact that a huge effort is being devoted to develop

electromobility, combustion engines fueled by either diesel or
gasoline is still prevailing.

Incomplete combustion generates nanoparticles known as
soot particles. These latter are introduced as Polycyclic
Aromatic Hydrocarbons (PAH). They are considered to be the
most common pollutants in our environment [7-11]. In fact,
their presence in air, soil, water, food, etc, represent a real
danger on the public health along with ecology. A very close
relationship between PAH presence in the ambient air and the
potential to contribute to human cancer has been already
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pointed out [12].

PAH molecules consist of two or more fused aromatic rings.
They are essentially constituted by carbon and hydrogen
atoms. About 500 types of PAH have been detected in air,
many of them display carcinogenic properties.

Even though many experimental studies have been achieved
on soot nanoparticles, their formation is still poorly understood
[13-19]. The development of the incipient soot nanoparticles
has been described as a random agglomerate of dimers and
trimers of PAHs [20-23].

In this optic, we decided to carry out a theoretical study on
one of the most important PAHSs: fluoranthene (Cy¢H1o). This
molecule has been admitted as one of the prior PAHSs in
ambient air which can cause serious damages on health.
Hence, dimerization of stacking fluoranthene has been
undertaken in this study. Indeed, several stacking structures
have been considered in order to detect any kind of influence
on the binding energy and the equilibrium distance.

Il. CALCULATION DETAILS

Full geometry optimization of fluoranthene monomer has
been done without symmetry constraints at MP2/6-311G(d,p)
level of theory. Starting from the final geometry, the
corresponding stacking dimers of the molecules have been
constructed. We choose two types to build stacking structures:
the first way is the Full Parallel Sandwich (FPS) dimer (Fig.
1) and the second one is the Partial Parallel Sandwich (PPS)
dimer. In the PPS structures, each monomer contributes either
with one or two interacting cycles (Fig. 2).

For each structure, the intermolecular separation interval has
been included between 3.4A and 4.1A. Then, a set of single-
points calculations have been completed at the intermolecular
distances above-cited. To deal with basis set superposition
error, we used the counterpoise method [24]. All results have
been fitted to a Morse potential in order to extract the
equilibrium distance and the corresponding binding energy.
For the dispersion energy, we used B-97D [25] method
associated to cc-PVTZ [26] basis set. Calculations have been
performed with Gaussian03 program package [27].
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Fig. 1 Structure of fluoranthene monomer and FPS fluoranthene
dimer (Ball and stick model with hided hydrogen atoms)

The structures of PPS dimers are regrouped in Fig. 2. In
these structures the number of the six membered interacting
cycles is less than in the FPS structure. The corresponding
binding energy of each structure has been calculated upon
the plots that show the equilibrium distance (Fig. 3). Results
are collected in Table I.

RESULTS AND DISCUSSION

e
g
£ &

*”

Fig. 2 Top view of PPS fluoranthene dimers (1 with two
interacting cycles while 2, 3 and 4 with one interacting cycle, from
each monomer)

The equilibrium distance values vary from 3.5 to 3.7 A
through one to three interacting cycles. Within the same
interacting cycle’s number, binding energy differs from -5.88
to -7.96 kcal/mol, in PPS2, PPS3 and PPS4. Binding energy of
PPS1 exceeds that one of FPS though the first one detains
more interacting cycle’s number (Table I). This indicates that
the m-m interactions type existing in these dimers do not
quantitatively influence the strength of the binding energy.

TABLEI
INTERACTING CYCLE’S NUMBER FROM EACH MONOMER, BINDING ENERGIES,
DIPOLE MOMENT AND HOMO-LUMO ENERGY GAP

Int. Class Re Epinding u AEH.L

Cyc
FPS 03 AJA, 37 -8.31 0.624 0.082

B/B
PPS1 02 B/B 3.6 -8.41 0.013 0.085
PPS2 01 AIA 35 -5.88 0.001 0.092
PPS3 01 A/B 35 -7.96 0.731 0.089
PPS4 01 A/B 35 -7.30 0.657 0.093
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Fig. 3 Potential energy curves of FPS and PPS structures versus
intermolecular distances

The Six membered rings of fluoranthene have been labeled
as A and B types as shown in Fig. 1. Three classes of dimers
are distinguished upon the intermolecular interaction they
present. The first class is assumed to B/B interacting cycles;
the second one is assigned to A/B and the last one to A/A
class.

As expected, the first class of dimer, where two cycles from
each monomer are interacting exhibits the strongest binding
energy.

For the PPS structures 2, 3 and 4 where interaction involves
one cycle from each monomer, we notice two categories: A/B
with the strongest binding energies and A/A with the smallest
one (Table 1). This indicates again that interaction energy
seems to be governed by the nature of the cycles that interact
with each other. Thus, binding energy decreases in the order
of: BIB>A/B>A/A.

For each dimer studied, we report dipole moment and
HOMO-LUMO energy gap recorded at the equilibrium
geometry (Table I).

The smallest dipole moment and the smallest binding energy
match together, for PPS2. No link has been found between p
and the binding energies (Fig. 4-a).

HOMO-LUMO energy gap is a good indicator of stability;
the larger the gap the greater the stability of the molecule.
Results show that the most stable system is the PPS4 dimer. It
also coincides with the highest dipole moment magnitude. no
accurate rule has been found with binding energy, nonetheless,
the smallest values match with the dimers possessing the
highest interacting cycle’s number FPS and PPS1 (Fig. 4-b).
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Fig. 4 Equilibrium binding energy versus: a) dipole moment and
b) HOMO-LUMO energy gap

IV. CONCLUSION

Nowadays, it is noteworthy to elucidate the composition of
soot nanoparticles due to the huge impact they have on public
health and ecology. Soot nanoparticles are mainly formed
during the incomplete combustion in engines and are primarily
constituted by aggregation of Polycyclic Aromatic
Hydrocarbons (PAH).

In this paper, we have focused on the basic non-alternant
PAH: fluoranthene. This PAH is assumed to be one of the
most pollutant and carcinogenic in the environment.

Several stacking dimers have been analyzed, where the
monomers interact in a full and a partial parallel positions,
respectively.

The corresponding binding energy and the intermolecular
equilibrium distance for each dimer studied have been
investigated.
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Equilibrium distance varies upon the number of interacting
cycles from 3.5 to 3.7A.

A fluctuation of binding energy from -5.88 to -8.41 kcal/mol
has been recorded through all the dimers. When one cycle
from each monomer is interacting, the binding energy differs
from -5.88 to -7.96 kcal/mol.

We also could find a relation between the type of the
interacting cycles and the binding energies and we established
a suitable classification.

For this kind of dimers, the structural properties and the way
in which the monomers interact with each other are a key issue
to basically understand the soot nanoparticles formation.
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