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Abstract

The growth of hydrocarbon molecules up to sizes of incipient soot is computed in premixed laminar flames using
kinetic Monte Carlo and molecular dynamic methodologies (AMPI code). This approach is designed to preserve
atomistic scale structure (bonds, bond angles, dihediglea) as soot precursors evolve into three-dimensional
structures. Application of this code to aliphatic (acetylene) and aromatic (benzene) flame environments is able to
explain results in the literature on the differences in properties of soot precursors from these two classes of flames

particularly relating to H/C ratio, particle sphericity, and depolarization ratio.
0 2004 The Combustion Institute. Published by Elsevier Inc. All rights reserved.
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1. Introduction

Within the soot formation process, the transi-

tion from gas-phase compounds to nascent isolated

occurring at different time scales, we use an approach

that combines two atomistic methodologies: molecu-

lar dynamics (MD) and kinetic Monte Carlo (KMC).
The code named AMPI (atomistic model for par-

spherules represents a dramatic change in both chem-ticle inception) places the two simulation procedures

ical and physical propertigd]. The precursor parti-
cles thus formed have a liquid-like character, a com-
position typicalof hydrocarbon tars, a presumed den-
sity around 1.2 gmL, and a C/H ratio of about 2.
They are optically transparent in the visible light
spectrum and thus have a low imaginary component
of the refractive index. The processes involved in the
formation of soot precursors exhibit a wide range of
time scales, spanning pico- or nanoseconds for in-
tramolecular processes that can occur, for example,
on a particle surface to milliseconds for intermole-
cular reactions. To accurately model the reactions
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on an equal footing and alternates between KMC and
MD steps during the simulation. The use of this ap-
proach permits us to follow the growth of aromatic
compounds up to the nanosize range in a chemically
specific way. It is designed to preserve atomistic scale
structure, such as bonds, bond angles, and dihedral
angles. Some preliminary results have been reported
in earlier publications on the evolution of soot precur-
sors in premixed laminar flam§2,3].

To help resolve issues such as identification of
pathways leading to soot formation, it is important
to characterize the premors in terms of chemi-
cal structure/components. Studying relationships be-
tween structure and pathways, structure and proper-

0010-2180/$ — see front mattér 2004 The Combustion Institute. Published by Elsevier Inc. All rights reserved.

doi:10.1016/j.combustflame.2004.08.013


http://www.elsevier.com/locate/jnlabr/cnf
mailto:violi@eng.utah.edu

280

ties, and structure and reactivity (population of ac-
tive sites) may lead to a deeper understanding of soot

growth mechanisms. We want to address these issues Zi:O "i

theoretically by studying the growth of molecules in
combustion environments, using atomistic models.

In this article the AMPI code is used to study
the growth of aromatic nanoparticles in aromatic
and aliphatic laminar flames. The aromatic growth
process strongly depends on the specific local envi-
ronment, which is characterized by several experi-
mentally measured propérs, such as temperature,
concentration of hydrogen, and polycyclic aromatic
hydrocarbons (PAHs), and this work reveals the influ-
ence of different environments on structural proper-
ties of the compounds formed.

After summarizing in the following section the
methodological details of the computations performed,
we report an analysis of the reaction rates used in the
code, and discuss the results of the molecular growth
process in two different environments representative
of low-pressure benzene and acetylene flames.

2. The AMPI code

Among atomistic simulations the most direct tech-
nigue is the MD method, in which an appropriate in-
teratomic potential is chosen to describe the forces be-
tween atoms, followed by an integration of the classic
equation of motion with appropriate boundary condi-
tions. An appealing feature of MD is that it follows
the actual dynamical evolution of the system. How-
ever, the limitation in the accessible simulation time
is a substantial obstacle in making useful predictions
with MD. To solve this time scale problem, the MD
methodology has been coupled to KMC to allow the
extension of the accessible time scale by orders of
magnitude relative to direct MD, while retaining full
atomistic detail.

In a typical simulation, an aromatic seed mole-
cule is placed in a combustion environment defined by
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follows:
m—1 moo
i=0"i
;<1< 1)
Zi:o”i i=0"i

Herer; is the rate at which the eventoccurs, and

¢1 is a random number in the rangé, 1). Once a
reaction is chosen, the molecular system is altered ap-
propriately and the list of relative rates is updated to
reflect the new configuration. Since one event occurs
at each simulation step and different events occur at
different rates, the time increment;,, associated with
each simulation step is dynamic and stochastic,

@)
Zf‘il i

where¢, is a random number uniformly distributed
in the rangg(0, 1), and the denominator is the sum of
the rates of all of the events that can occur at the sim-
ulation step for whichit has been evaluatdd]. The
use of variable time increment allows the considera-
tion of reactions that occur on widely disparate time
scales.

The MD module is used to equilibrate the struc-
tures produced after the KMC steps, and the output
is a phase space at equilibrium. The computations al-
ternate between the KMC and MD components. The
time between Monte Carlo events can be arbitrarily
long (depending on the kinetics, model, etc.), whereas
in MD, we require time steps that are a small fraction
of a vibrational period. So the combination of the two
techniques spans two time and equilibrium scales.

A first version of this code was applied to the for-
mation of soot precursors in premixed laminar flames
[2,8]. That version has been significantly modified
[3] and the new code, named AMPI, has been used
in this article. The potential used for these calcula-
tions is the adaptive intermolecular REBO potential
known as AIREBOI[9]. The extensions include an
adaptive treatment of the nonbonded and dihedral an-
gle interactions, whichtal allows for covalent bond-

@)

temperature and concentrations of the species presenting interactions. Torsional potentials are introduced

in the gas phase that can contribute to the growth
process. A list of all the possible events, i.e., reac-
tions, is also provided to the code. During the KMC
step[4—6] one reaction is executed at one site on the
growing aromatic structure during each time step. The
probability of choosing a reaction is equal to the rate
at which the reaction occurs relative to the sum of the
rates of all of the possible reactions. To choose one
reaction, a list is constructed that contains a running
sum of the rates of each of the possible events, and
each entry in the list is normalized by the sum of the
rates of all the possible events. At each time step, one
event denoted by: is randomly chosen from all of
the M events that can possibly occur at that step, as

via a novel interaction potential that does not require
a fixed hybridization state. For carbon or hydrocar-
bon systems in which chemical reactions are of inter-
est, and which require nonbonded interactions to be
treated, the AIREBO potential provides an effective
and accurate method of performing molecular simu-
lations. The individual atomic velocities in the sys-
tem are periodically resampled from the Boltzmann
distribution at the given temperature so that the en-
tire MD system is described within a weak collision
model. The temperature resampling allows the user to
equilibrate the system to a specified temperature. The
atoms are randomly picked throughout the molecule
at a user-defined collision rate.
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The definition of sites where reactions can oc-
cur includes atoms on five- and six-membered rings,
dangling bonds on five- and six-membered rings,
sp3 hydrogen, chains prone to close to form five-
membered rings (HCCCCCH, HCCCEand six-
membered rings (HCCCCCCH, HCCCCtC[2],
sites on generic aliphatic chains, and rings contain-
ing a number of carbons different from 5 or 6. Thirty
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include the coupling of two growing radical interme-
diates and/or H atom addition to a radical. A detailed
analysis of this sequence is reported elsew[iEsg
The second reaction sequence considered in this

study is the HACA mechanism. The term HACA
was introduced by Frenklach and Wafi#], as an
acronym for H abstraction—E, addition. This im-
plies a repetitive reaction sequence of two principal

species that describe the gas-phase environment aresteps: abstraction of hydrogen by H atom from hydro-

included (see Sectiof.1.2), together with the cor-
responding rates. Microepic reversibility and frag-
mentation reactions, where a radical breaks apart to
form either a stable species and a radical or two radi-
cals, were also included in the AMPI code.

Table 1reports the main rates used for these cal-
culations, together with their references.

2.1. Inputsto the code

The main inputs to the AMPI code are the temper-
ature, concentrations of the species that can contribute
to the growth, rate constants for the principal reac-
tions that these species can undergo with the growing
seed, and intramolecular reactions such as dehydro-
genation.

2.1.1. Reactionrates

In this article we consider two main reaction se-
guences as possible pathways that can contribute to
the aromatic growth. The first one was introduced by
D’Anna and Violi[10], and it is based on the forma-
tion of resonantly stabilized structures of the reacting
radicals, which follows the idea that hydrocarbons
with conjugated structures and their derivatives are
critical intermediates to soot nucleatifii]. Growth
of aromatic compounds beyond three-ring PAHSs is
modeled by a radical-molecule sequence of reactions
involving five-membered ring compounds, such as
acenaphthylene, given by the sequence

Rl: R-H+H=R; +Hy,

R2: Ri+Rj—H+H:RiRj+H2,

where R—H is an aromatic molecule withpericon-
densed rings, and;Rs its radical.

The initiation step (R1) is represented by H ab-
straction reactions, which activate the aromatic struc-
tures. This can be accomplished in many different
ways, but under conditions of typical flame and
shock-tube experiments, H abstraction by gaseous H
atoms typically dominate§l2—14] Aromatic radi-
cals (R) then add to the conjugated double bond of
five-membered PAHs (R-H) leading to RR;. The
product continues to grow by the same process un-
til termination reactions occur. Termination reactions

carbons, which activates the aromatic molecules (R1),
and

R3: R + CyHy = products

addition of acetylene to the radical site formed, which
allows for molecular growth and cyclization of PAH.
The rates used in the AMPI code for this sequence
are those reported by Richter et al. in their theoretical
study of acetylene addition to phenyl and 1-naphthyl
radicals[17].

2.1.2. Gas-phase species

The other main inputs to the AMPI code are the
concentrations of the species present in the gas phase
that can contribute to the aromatic growth process.
H, Ho, CH4, CHsz, CoHo, CoH, CoH3, CoHy, CoHs,
C3Hg, i-C4H3, i-C4Hs, CsHg, CsHs, phenylacety-
lene, styrene, gHg, CgHs, naphthalene, 1- and 2-
naphthyl radicals, ethynylnaphthalene, acenaphthy-
lene, 1-, 3-, 4-, and 5-acenaphthyl radicals, biphenyl,
indene, and indenyl radical are considered in this
work as key contributors to the PAH growth process
and are used as inputs to the atomistic model.

A low-pressure benzene—oxygen flame G/©.8
with an unburned velocity of 42 cnT$, p = 2.66 kPa
[18], and an acetylene/oxygen flame at a pressure
of 2.67 kPa[19] have been experimentally studied
by Homann et al. They measured PAH, PAH rad-
icals, and PAH ions in these flames by means of
resonant (REMPI) and noesonant multiphoton ion-
ization with a frequency-doubled, pulsed dye laser
and separation with a time-of-flight mass spectrom-
eter, equipped with an ion reflector. We use their ex-
perimental data to validate the AMPI code, treating
the chemistry of the charged and uncharged PAH the
same because of the similarity of their reactions, as
discussed by Homar|20]. The concentrations of the
gas-phase species that can contribute to the molecu-
lar growth of the aromatic compound have been cal-
culated using the CHEMKIN packad@1] together
with a kinetic model previously developd@2]. In
using these concentrations in the atomistic model, no
allowance was made in the calculated hydrocarbons
and H profiles for species depletion or temperature
change.

The choice of the compounds that contribute to
aromatic growth is based on their high concentrations
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Table 1

Main reaction rate constants in the AMPI code

Species Site for additién AP n E

HC HCCCCCH 323E7 209 198000
Hd SPC 148E14 000 135850
He *CCCCCCH 111E16 -0.82 6900
Hf *CCCCCH 124E33 —5.68 89100
CHsf *CCCCCCH 305E52 1180 176600
CH39 Abstraction 120E13 000 51480
CoHN HCCCCCCH 100E12 000 00
CoHyf *CCCCCH 112E26 —3.42 208700
CoHyf *CCCCCCH 856E44 —10.50 132200
CoHsf *CCCCCCH 175E49 -1031 242700
CoH3' HCCCCCCH T94E11 000 63990
CoHyl *CCCCCCH 199E13 000 00
C2H5j Abstraction 120E13 000 51000
H,CCCHE *CCCCCCH 300E12 000 00
H,CCCCH *CCCCCCH 600E12 000 00
HccHccH *CCCCCCH 184E72 —16.13 57,6300
CHyCHCHCH™ *CCCCCCH 280E-7 563 —18900
CgHg" *CCCCCCH 100E-1 40 0.0
CgHs® HCCCCCH 312E0 270 88600
CgHs® *CCCCCH 189E-1 216 4860
CgHgP *CCCCCCH 190E76 —18.90 394700
CgHgY Abstraction 120E13 00 51480
CeHs' *CCCCCCH 594E42 —8.83 138300
CgHsd HCCCCCCH 190E76 —1890 39470
CgHs® HCCCCCH 243E1 304 23200
Indené *CCCCCCH 251E12 000 62000
Naphthalene *CCCCCCH 794E11 000 63990
1*Naphthyf *CCCCCCH 594E42 —8.83 138300
1*Naphthyf *CCCCCH 1293E0 362 18312
2*Naphthyf *CCCCCCH 485E27 —4.32 69400
1*NaphthyP HCCCCCCH 190E76 —1890 394700
2*NaphthyP HCCCCCCH 190E76 —18.90 394700
Acenaphthylen® *CCCCCCH 1203E0 362 18312
3*Acenaphthyl *CCCCCCH 594E42 —8.83 138300
3*Acenaphthy? HCCCCCCH 190E76 —18.90 394700
4* Acenaphthyi *CCCCCCH 594E42 —8.83 138300
4* Acenaphthy? HCCCCCCH 190E76 —18.90 394700
5* Acenaphthyl *CCCCCCH 594E42 —8.83 138300
5* Acenaphthy? HCCCCCCH 190E76 —18.90 394700
Indenyf *CCCCCH 500E12 000 80000
Biphenyf *CCCCCCH 594E42 —8.83 138300
Ring closure HCCCCC '=HCCCCC (ring formed) 3.86E11 0212 177000

@ Asterisks indicate sites on the growing aromatic where the addition reactions occur.
b Rate coefficients in the forta= AT™ - exp(—E/RT). Units: mol, cm, s, K, and canol.

¢ A.M. Mebel, M.C. Lin, T. Yu, K. Morokuma, J. Phys. Chem. A 101 (1997) 3189-3196.
d v.D. Knyazev, S.I. Stoliarov, I.R. Slagle, Proc. Combust. Inst. 26 (1996) 513-519.

€ A.M. Mebel, M.C. Lin, D. Chakraborty, J. Park, S.H. Lin, Y.T. Lee, J. Chem. Phys. 114 (2001) 8421-8435.
f H. Richter, T.G. Benish, O.A. Mazyar, W.H. Green, J.B. Howard, Proc. Combust. Inst. 28 (2) (2000) 2609-2618.

9 J.L. Emdee, K. Brezinsky, |. Glassman, J. Phys. Chem. 96 (1992) 2151-2161.
f_‘ M.B. Colket, Proc. Combust. Inst. 21 (1986) 851-864.
' A. Fahr, S.E. Stein, Proc. Combust. Inst. 22 (1988) 1023-1029.

I H.-Y. Zhang, J.T. McKinnon, Comist. Sci. Technol. 107 (1995) 261-300.

k' A. D’Anna, A. Violi, Proc. Combust. Inst. 27 (1998) 425-433.

I'ca. Pope, J.A. Miller, Proc. Combust. Inst. 28 (2000) 1519-1527.

M P.R. Westmoreland, A.M. Dean, J.B. Howard J.P. Longwell, J. Phys. Chem. 93 (1989) 8171-8180.
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N X. Zhong, J.W. Bozzelli, J. Phys. Chem. A 102 (1998) 3537-3555.

O A. Violi, et al. (2004), in preparation.

P J. Park, S. Burova, A.S. Rodgers, M.C. Lin, J. Phys. Chem. A 103 (1999) 9036-9041.
4 A. Violi, T.N. Truong, A.F. Sarofim, Combust. Flame 126 (1/2) (2001) 1506-1515.

in the PAH inventory and to the important role played
by PAH with peripherally fused five-membered rings
(CP-PAH), which include acenaphthylene, in the for-
mation of soo{15,23-28]and fullerene$29]. Acety-
lene is the most abundant building blog30] and
contributes to the HACA mechanism.

Having a diverse molecular base for the reaction
sequence of hydrogen abstraction followed by addi-
tion to the radical site leads to a network of aromatic—
aliphatic linked structures that have been identified in
several experimen{81-34]

3. Resultsand discussion
3.1. H/Cratio

Keller et al.[18] report the molecular formulas of
PAH in a C/H diagram for the benzene flame, where
each point corresponds to a certain formulaHG.
The totality of points represents the ensemble of PAH
and PAH radicals with different molecular formulas.
The experimental data for the development of the en-
semble of PAHs with up to 70 C atoms have been
replotted inFig. 1 as empty diamond points for the
aromatic flame at distances/ot= 7 and 10 mm above
the burner.

The dashed line, provided for reference, corre-

sponds to pericondensed polybenzenoid structures
(benzene, pyrene, coronene, circumcoronene), the

H/C of which is given by

HIC = 1/n,

and the circular series index is
n=(C/6)°%°,

where C is the number of carbon atoms in the aro-
matic cluster[35]. The points above and below the
line correspond to PAH that are H-rich and H-poor
PAH relative to the most condensed six-ring struc-
tures.

In the same figure the filled diamonds represent
the results, obtained through the use of the AMPI
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Fig. 1. C/H diagram of PAH and PAH radicals at different
distances from the burner for the benzene flame. The dashed
line marks maximum condensed six-ring PAH. Open dia-
monds, experimental data; filled diamonds, modeling results
that match the experimental data; asterisks, modeling results.

H-rich species. At 10 mm7{ around 2200 K) com-
pounds with a larger number of carbons and com-
pounds that are H-poor begin to appear. The com-
puted structures are able to show this change. There
are many reasons for a variation in the relative H
content. Increases in H/C ratio result from (1) substi-
tuting hydrogen with a methyl, and (2) carbon struc-
tures more open than those found in arom@ag].
Decreases in H/C ratio result from (1) replacing a
hydrogen with an ethynyl group, (2) incorporating
five-membered rings into the structure, or (3) dehy-

code, that match the experimental data from Homann, drogenation reactions that lead to the loss of two hy-
while the asterisks are the modeling results that do drogens and ring closure. This implies that aromatics
not have correspondence in experimental data. In the with the same number of carbon atoms, but differ-
experiments, at a height above the burner of 7 mm ent numbers of hydrogen atoms, may have very lit-
(T around 1800 K) some PAH have grown ta aof tle in common in terms of structure and mechanisms
70 atoms, and the ensemble is composed mainly of of formation.Fig. 2 shows an example of the struc-
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Fig. 2. Structure of a particle formed in benzene flame. Fig. 4. Structure of a particle formed in acetylene flame.
30 .
= monds are the modeling results that match the exper-
h imental data.
3 * The dominant PAH up to ¢gH, in the acetylene
20 r " ,0%,,-‘& flame are densely grouped around the pericondensed
£ ?5:“ ’;’w Eas benzenoid line. The plotted C/H ratios form a stair-
f‘*,.t{ ¥ ** case structure, with each step displaced to higher car-
. ,‘?’ L bon and hydrogen atoms but having an approximately
10 | iy ? constant spam of H atoms. The band of growth fol-
P lows the line of maximally condensed hexagons fairly
® expmod well. Fig. 4is an example of a computed structure pro-
P I L # mod duced in the acetylene environment. For comparison
0O 10 20 30 40 50 60 70 the structure presented lig. 4 has the same number

of C atom as the structure shownkig. 2 Note that

the particle formed in an acetylene environment has
Fig. 3. C/H diagram for the acetylene flame. The dashed much less curvature than that produced in a benzene
line marks maximum condensed six-ring PAH. Open dia- environment.

monds, experimental data; filled diamonds, modeling results

that match the experimental data; asterisks, modeling results. 3.2. Aspect ratio

nC

tures computed for nanoparticlesia= 10 mm. The Another important characteristic of these particles
structure shows a high degree of curvature, as a conse-is their morphology. Ellipticity parameters are often
quence of dehydrogenation reactions and ring closure used to characterize particle sh4p8]. To character-
leading to five-membered rings. Presently, the model ize ellipticity, the aspect ratio AR is defined agb,
does not incorporate the oxidation reactions that can wherea and b are the major and minor axes of the
reduce the rate of growth. particle. A series of diameters of particles are sam-
The computed and measured H/C ratios of PAH pled. The average of these diameters is used as the
fall in a broad band around the pericondensed ben- spherical diameters of the particle, and the averages
zenoid line due to the variance in H content for the of the longest and shortest diameters are used as
same number of C atoms. This distribution widens as andb, respectively. A better evaluation efandb can
the number of carbon atoms increadefg. 3 shows be obtained using the Legendre ellipse, which has the
the C/H diagram for molecular formulas of even- same geometrical moments up to the second order as
and odd-numbered PAHwith up to 70 C atoms for the original object area in this case, the projection of
a low-pressure, fuel-rich, premixed acetylene/oxygen the particle in theu—b plane. The Legendre ellipse
flame. The open diamonds are the experimental data is often used instead of the original object. The as-
obtained by Homann and co-workdf®], while the pect ratio of the particle, defined agb, is reported in
asterisks are the computed results, and the filled dia- Fig. 5as a function of the equivolume diameter (ED)
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Fig. 5. Computed aspect ratios of soot precursor molecules
as a function of equivalent spherical diameter in Angstroms
for the acetylene (open circles) and benzene (filled circles)
flames.

calculated for a spherical particle encompassing the
same volume.

4. Discussion

The gas-phase concentrations were computed us-
ing the Richter et alj22] mechanism. For a benzene
flame, with a C/O ratio of 0.8, the benzene concen-
tration exceeds that of acetylene up to a height of
about 8 mm{ ~ 1900 K). Higher in the flame, acety-
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Table 2
Flame properties and contribution of some species to the car-
bon growth

Flame height (mm) 7 10
Temperature (K) 1800 2130
CoHs 9E-6 4E-7
CgHg 6E-7 1E-9
% C growth

CoHs 6 35.0
CgHg 84 13.1
C3H3 26
CHs 0.4 16.7
C1oHg 9 6.6
CoH3 0.6 2.6

ture. There is a competition between bimolecular as-
sociation reactions (addition or growth reactions) and
rearrangement reactions which exhibit higher activa-
tion energies: at the low temperatures at the begin-
ning of the oxidation zone, the molecules grow but
rearrangement and degradation reactions do not play
a significant role[18]. With increasing temperature
the growth reactions become faster but the rates of
rearrangements increase even more rapidly. Cage clo-
sure reactions, breaking C—H bonds, and intramolecu-
lar rearrangements have large activation energies and
are therefore favored at higher temperature.

In contrast to the structures formed in the aromatic

lene concentrations exceed those of benzene. As a flame that show three-dimensional characteristics, the

consequence, the relative contributions to growth of

structures formed in the aliphatic flame are instead

the soot precursors change as combustion progresses mainly planar and the contribution of acetylene is sig-

with benzene dominating early in the flame and acety-
lene and its derivatives dominating at later stages of
combustion. This is illustrated ifable 2

The percentage of carbon growth contributed by
benzene decreases from 84% at a flame height of 7
mm to 13.1% at 10 mm. Allowance is made for the
change in the gas-phase concentrations at different
heights in calculating the soot precursor composition,
but the depletion in gas-phase species by the forma-
tion of precursors is neglected.

Dehydrogenation reactions, which involve the loss
of hydrogen with rearrangement of the structure to
form new rings, are 11% of the reactions that occur
at 1800 K, and their contributions increase to 22% at
2200 K. Within the oxidation zone the temperature
rises and the number of vibrational degrees of free-
dom of the PAH increases with growth, factors that fa-
vor unimolecular reactions of PAH that normally have
larger activation energies than addition reactions with
unsaturated hydrocarbons. Unimolecular reactions of
large PAH lead to structures that are more reactive
to addition of smaller unsaturated hydrocarb§itj.

The larger the activation energy, the more rapidly the
rates of elementary reactions increase with tempera-

nificant. This is in agreement with the finding reported
by Homann et a[19] that in an acetylene flame, high-
mass PAH are essentially planar molecules. As the
mass increases, the average C/H becomes lower than
that of benzenoid PAH, hence slightly more rich in
hydrogen.

The present results are also consistent with the po-
larization of light scattered by young soots. Haynes et
al. [37] investigated soot formation in premixed flat
flames of ethylene and benzene with air using laser
light scattering and fluorescence and extinction mea-
surements. They found that the depolarization of the
light scattered 4v) from the particles is of the order
of 1% for ethylene and 0.2% for benzene flames. Fur-
thermore, they observed that the depolarization ratio
decreases with increasing height in the flame. These
observations are qualitatively explained by the results
above that show that the anisotropy of soot precur-
sors is higher in acetylene than benzene flames and
decreases with progress of reaction. The distinction is
between aliphatic flames, in which the major growth
species are acetylene and its derivatives, and aromatic
flames, in which benzene or PAH additions dominate
in the early stages of combustion.
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5. Conclusions

The AMPI code provides a tool for studying in a
chemically specific way the transformations that oc-
cur during the formation of soot precursors. The use
of this methodology allows the study of long time
scales, where the time between Monte Carlo events
can be arbitrarily long (depending on the kinetics,
model, etc.), whereas MD simulations require time
steps that are a small fraction of the atomic vibra-
tional period. The knowledge of the structures of soot
precursors, obtained by applying the AMPI code to
follow the time evolution of a statistical ensemble of
molecules, can supply valuable guidance to the devel-
opment of soot formation models.

The potential of the AMPI method is apparent
from its ability to reproducette H/C trends identified
in aromatic and aliphatic flames. The reaction path-
ways for the growth of incipient soot particles seem
to depend on the fuel. In the case of aromatic fu-
els, polymerization reactions can occur early, because
aromatic compounds are in relatively large concen-
trations in the fuel, whereas in the case of aliphatic
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