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Abstract 

The reaction networks responsible for aromatics formation in counterflow flames of the C3H4 

isomers allene and propyne are identified through a combined experimental and modeling study. 

Mole fraction profiles of near-atmospheric pressure (933 mbar) diffusion flames fueled by the 

C3H4 isomers are analyzed by means of a newly assembled, chemically detailed kinetic 

mechanism. The experiment consists of a counterflow burner system that is coupled to a high-

resolution time-of-flight molecular-beam mass spectrometer with single-photon ionization via 

synchrotron-generated vacuum-ultraviolet photons. Flame-sampled, mass-specific 

photoionization efficiency curves are used to identify the presence of aliphatically substituted 

aromatic species in addition to the commonly considered pericondensed ring structures. The new 

mechanism describes the formation and growth of aromatics through repetitive sequences of 

radical-radical and radical-molecule reactions that include C1-C6 intermediates. Higher 
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concentrations of aromatic species are observed in the allene flame and the new mechanism 

captures the observed experimental trends very accurately. The results indicate the importance of 

the aliphatically substituted aromatics and of ring-enlargement reactions for the growth reactions. 

According to the model simulations, radical+radical recombination and PAH-radical+molecule 

reactions play an important role in PAH growth. 

 

Keywords: allene; propyne; counterflow flames; PAH formation; chemical modeling 
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1. Introduction 

Formation of soot is still one of the less understood phenomena in combustion. It is agreed 

upon that the underlying mechanism involves several chemical and physical processes. One of the 

key chemical processes in the formation of soot is growth of polycyclic aromatic hydrocarbons 

(PAHs). With the formation of benzene, the simplest aromatic molecule, in combustion processes 

well understood [1-4], research is now focused on building a more fundamental understanding of 

the formation of larger aromatic species [5-15].  

For many years, the growth of PAHs has been modeled using the celebrated hydrogen-

abstraction-C2H2-addition (HACA) mechanism.  However, recent studies have shown that HACA 

alone may not be enough to explain the growth of PAHs [7] and additional reaction pathways such 

as growth by addition reactions with C3-C6 species have been suggested [8-15]. The C3 species 

have been proposed to facilitate growth by recombination reactions or through formation of C5 

rings [8, 9] which subsequently undergo ring-enlargement reactions to C6 rings. However, the 

importance of these reactions in laboratory flames still needs to be verified.   

To this end, this study focuses on the chemical structures of two counterflow diffusion 

flames fueled by the C3H4 isomers allene (propadiene, CH2=C=CH2) and propyne (methyl-

acetylene, CH3-C≡CH). It is understood that hydrogen-abstraction reactions from these 

hydrocarbons lead to a resonance-stabilized propargyl radical (C3H3), which is a main precursor 

for formation of first aromatic ring species in combustion processes [1-4, 16]. This study helps 

explore the role of the propargyl radical (C3H3) in growth of larger aromatic species.   

Parallel to the experimental analysis of the two flames, a new chemically detailed 

mechanism has been developed to describe the formation of aromatic ring structures. The 



 5  

LLNL-JRNL-796421 

 

 

mechanism developed is based on reaction pathways and associated rate parameters from recent 

high-level ab-initio calculations to describe in detail the growth of PAHs using the various 

repetitive reaction schemes. This detailed PAH mechanism, which is based on fundamental 

studies, can be useful to gain insights into fuel molecular structure effects on formation and growth 

of PAHs. 

 

2. Kinetic modeling 

Details of the calculations are described in the Supplementary Material. The new PAH 

mechanism developed (see Supplementary Material) is built on top of LLNL’s recent aromatic 

mechanism [17] with C0-C4 chemistry from AramcoMech 2.0 [18]. In the present work, we limit 

the mechanism to model formation of aromatics up to four aromatic rings. The reaction pathways 

and the associated reaction rates used to describe the formation of PAHs have been modeled using 

repetitive reactions schemes taken from recent ab-initio studies as described in detail in the 

following sections. 

2.1 Formation of C6H6 (benzene and fulvene) 

 The chemistry describing the formation of benzene and its isomer fulvene is modeled based 

on the latest literature recommendations and the following reactions are included: 1,3-

butadiene+vinyl radical [19], acetylene+C4H5 radicals [20], C3H3+ C3H3 [1], C3H3+allyl (C3H5-A) 

radical [2], and cyclopentadienyl (C5H5) radical+CH3 radical [21]. To model the formation of 

cyclopentadiene and C5H5, which are important for the last reaction system, the C3H5-A+acetylene 

[22] and C3H3+acetylene [23] reactions have been updated.  As the formation of benzene through 



 6  

LLNL-JRNL-796421 

 

 

the above-mentioned reaction systems is well understood, we shall not provide any further details 

on these reaction systems here. 

 

2.2 Growth of PAHs beyond benzene 

 The growth of PAHs has been modeled using repetitive schemes identified in the literature 

[5-14]. The repetitive reaction schemes for growth of PAH considered are addition of PAH/PAH-

radicals with: C1(methyl radicals); C2 (acetylene, HACA); C3 (propene, allene, propyne, propargyl 

and allyl radicals); C4 (butadiene and vinylacetylene); C6 (benzene, phenyl radical, benzyne). This 

set of reactions is sufficient to explain most intermediate species detected in the flames. To enable 

a discussion about the reaction networks of PAH formation in the C3H4 flames, the following 

description provides detailed information of molecular growth from reactions of PAHs (and the 

respective radicals) with C1-C6 intermediates as included in the mechanism. 

2.2.1 Methyl-assisted growth 

The role of methyl radicals in PAH growth can be through a) ipso-substitution reactions 

with PAHs producing methylated PAHs, b) recombination reactions with PAH radicals producing 

methyl-substituted PAHs or benzylic radicals, and c) ring-enlargement reactions with resonance-

stabilized radicals like cyclopentadienyl and indenyl radicals. The first two reaction classes are 

known to be important for formation of toluene in both premixed and diffusion flames [3, 24]. The 

benzylic radicals produced can subsequently react with acetylene leading to formation of indene-

like moieties [9] or react with C3H3 leading to C6 rings [25]. The importance of the last reaction 

sequence c) has been studied earlier by Sharma et al. [21] (formation of benzene from C5H5), and 

more recently by Zhao et al. [26] (formation of naphthalene from indenyl radical). 
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2.2.2 HACA-assisted PAH growth  

 HACA has been widely used to model growth of PAHs and has been studied substantially 

[27]. In the current mechanism, the HACA scheme has been described using the recent works of 

Mebel et al. [6] and Frenklach et al. [28]. The reactions from Ref. [6] have been used to describe 

addition of acetylene at radical sites on free-edges of PAHs. For addition of acetylene to radical 

character sites on zig-zag structures, which result in production of cyclopenta-fused PAHs (e.g., 

1-naphthyl+C2H2⇄acenaphthylene+H), we used the rates from Ref. [29]. For addition of acetylene 

to PAH radicals with radical character on arm-chair sites (o-biphenyl 

radical+C2H2⇄phenanthrene+H), the rates from Yang et al. [13] have been used.  

2.2.3 Growth by addition of C3H4 isomers and propargyl radicals 

The addition of phenyl radicals to C3H4 isomers allene and propyne has been revisited 

recently by Mebel et al. [9] who suggested production of a wide distribution of products which 

include phenylpropynes, phenylallene, phenylacetylene, benzyl radicals, acetylene, methyl 

radicals, and C9H9 adducts. We modeled the phenyl+C3H4 reactions according to their findings. 

As the current diffusion flames contain high amounts of C3H3, we also considered the 

recombination reaction between phenyl and propargyl. The rate for this reaction has been adopted 

from a recent study of [30]. 

The reactions of phenyl radical with C3H4 isomers and propargyl are expected to produce 

significant amounts of indene isomers, i.e. phenylpropynes and phenylallene, so it is imperative 

for the mechanism to describe the reactions of these C9H8 isomers. Mebel et al. [9] explored the 

addition reactions of C9H8 isomers with H radicals but the abstraction of weak allylic hydrogens 

from these isomers producing resonantly stabilized phenyl-propargyl radicals (PPRs) has not been 
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studied. We modeled the formation PPRs in our mechanism using analogies from C3H4. 

Furthermore, as PPRs are similar to propargyl radicals we have considered PPR+C3H3, PPR+PPR 

recombination reactions using analogies from the C3H3+C3H3 system. 

 

 

2.2.4 Growth by addition of vinylacetylene and 1,3-butadiene 

The role of vinylacetylene and 1,3-butadiene towards formation of PAHs has been modeled 

in the current mechanism using the kinetics from Zhao et al. [29] and Fascella et al. [10], 

respectively. 

2.2.5 Growth by addition of benzene, phenyl radicals and o-benzyne 

The reactions of phenyl radicals towards PAH growth has been shown to be important by 

Shukla [14]. Considering this, we have modeled the PAH+PAH radical reactions using the kinetics 

from Park et al. [31]. Furthermore, the o-benzyne assisted growth of PAHs has been modeled using 

the kinetics provided by Comandini and Brezinsky [32]. 

2.3 Oxidation of PAHs 

The oxidation of PAHs has been modeled according to Singh et al. [33] who theoretically 

studied the oxidation of pyrene radicals. Their study suggested production of embedded resonance-

stabilized C5 rings. The oxidation of these embedded resonance-stabilized C5 rings has been 

modeled according to recommendations of Refs. [34, 35]. 
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3. Experimental procedures  

The experiments were conducted with Sandia’s counterflow burner system which has been 

explained by Skeen et al. [36]. Only limited details are provided here. The burner system comprises 

two opposing gas outlets which were kept 12 mm apart. Both the allene and propyne non-premixed 

flames were studied at identical conditions to ensure the temperature and velocity fields were 

similar. Differences in PAH concentrations can therefore be attributed to the divergent pyrolysis 

chemistry of allene and propyne. The experiments were conducted at near atmospheric pressure of 

700 Torr (933 mbar) in argon dilution with the fuel and oxygen mole fractions of 6.9% and 20% 

in the fuel and oxidizer stream, respectively. The velocity at the exit of both the nozzles were 

maintained at 22.12 cm/s.  

The flame structures of the C3H4 flames were analyzed using high-resolution mass 

spectrometry with single-photon ionization employing synchrotron-generated vacuum-ultraviolet 

radiation as described earlier [37, 38]. To this end, the flame gases were sampled via a horizontally 

mounted quartz nozzle vertically along the centerline of the flame and guided into a two-stage 

differentially pumped vacuum chamber of the mass spectrometer. The mass spectrometer has a 

high resolution of (m/Δm ≈ 4000) which allows for separation of the C/H/O elemental composition 

in the mass range of interest: m/z = 2 u (H2) to m/z = 204 u (C16H12).  

Sampling techniques can provide a very accurate and molecule-specific (to some extent 

even isomer-specific) description of the gas composition in flames. However, these measurements 

are accompanied with perturbations of the flow- and temperature field around the sampling probe 

and wall effects, see [39, 40] and references therein. Extensive work has been performed to 

understand the effect of the sampling probe on low-pressure premixed laminar flames. However, 



 10  

LLNL-JRNL-796421 

 

 

similar levels of details are missing for atmospheric-pressure diffusion flames. Nevertheless, 

previous work conveyed impactful insights and quantitative information on PAH-forming 

combustion chemistry useful for validating combustion chemistry models [37, 38, 41].  

Mass-specific photoionization efficiency (PIE) curves were recorded to help with species 

identification. While this method has been shown to be very successful for small species, given 

the number of potential isomers for large species, this isomer-resolved approach may not be 

quantitatively applied for molecules containing more than 7 heavy atoms. There are limitations 

associated with obtaining isomer-specific information for large molecules, which can be traced 

back to the exponential growth of conceivable isomers as the number of heavy atoms increases 

and the expected similarity of photoionization efficiency curves (and ionization energies) [39]. 

Therefore, an attempt to provide isomer-specific information has not been undertaken. Here, we 

have used reference PIE curves from Ref. [42] and from Selby and Osborn (private 

communication) of selected PAHs to qualitatively show the presence of two classes of molecules, 

i.e. the pericondensed ring structures (e.g. indene) and the aliphatic PAHs (e.g. phenyl-propynes).  

To obtain the mole fraction profiles, the data was analyzed as described in Refs. [37-39]. 

The estimated uncertainty in the reported mole fractions of major intermediates such as methane, 

ethylene, acetylene, propene, propyne, and benzene is estimated to be below 30%.  For larger 

aromatics, the uncertainty in their mole fractions is estimated to be about a factor of 2. For these 

aromatics, when photoionization cross sections are typically unavailable, we estimated their cross 

sections following a common practice in analyzing photoionization mass spectra. Due to missing 

photoionization cross sections, the uncertainty for larger species could be as high as a factor of 4. 
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However, the relative uncertainty between the two flames should be considerably smaller given 

the fact that the same experimental and data reduction procedures were applied.  

 

4. Results and discussion 

In this section, we first discuss the PAH species detected in the C3H4 flames and their 

conceivable structures, followed by a discussion on the difference in the propensities of the two 

isomers to form PAHs. Later, we compare the experimentally determined and simulated mole 

fractions of the PAHs, and finally discuss reaction pathways important for formation of PAHs in 

these C3H4 flames. 

  4.1 Flame-sampled mass spectra from allene and propyne flames 

The flame-sampled mass spectra for species with a mass-to-charge (m/z) ratio greater than 

60 from the propyne (top) and the allene (bottom) flames are shown in Fig. 1. As seen, the sample 

mass spectra measured for the two C3H4 flames exhibit striking similarities of the peaks, albeit 

some differences in the relative intensities of the intermediates. Most of the detected species, e.g.,  

C6H6 (m/z=78), C8H6 (m/z=102), C10H8 (m/z=128), C12H8 (m/z=152), C12H10 (m/z=154), C14H8 

(m/z=176), C14H10 (m/z=178), and C16H10 (m/z=202), correspond to those on the stabilomer grid 

identified by Stein and Fahr [43]. However, intermediates were also detected that are not on the 

stabilomer grid, e.g., C7H8 (m/z=92), C9H8 (m/z=116), C10H10 (m/z=130), C11H10 (m/z=142), 

C12H12 (m/z=156), C13H10 (m/z=166), C14H12 (m/z=180), C15H10 (m/z=190), and C16H12 (m/z=204). 

The detection of the non-stabilomer grid molecules agrees with observations by Johansson et al. 

[44]. 



 12  

LLNL-JRNL-796421 

 

 

  

Figure 1: Flame-sampled mass spectra from the propyne (top) and allene (bottom) 

counterflow diffusion flames. (56x67 mm, 160 words) 

 

Deciphering the underlying chemistry responsible for the molecular weight growth 

processes requires further insights into the isomeric structures of the C9H8 and C13H10 detected in 

the flames. We compared the experimentally recorded PIE curves of C9H8 and C13H10 isomers with 

the known PIE curves of different isomers from Zhao et al. [42] and Selby and Osborn (personal 

communication). The flame-sampled photoionization efficiency curves were approximated using 

a theoretically calculated photoionization efficiency curve PIEcalc(E) that is derived using 

PIEcalc(E) =  ∑ ci  ×  PIEi(E)i , in which i labels the different isomeric species, PIEi(E) are 

energy-dependent isomer-specific photoionization efficiency curves, and ci are the respective 

weighting factors. PIEcalc(E) is referred to as “weighted sum”. As seen in Figs. 2a and 2b, the 

experimentally recorded PIE curves of both C9H8 and C13H10 could not be replicated by any one 

isomer alone whilst a weighted sum of the PIE curves of the different isomers provides a best fit. 

This comparison suggests the potential presence of aliphatic C9H8 and C13H10 isomers in these 

flames. Further supporting evidence for this statement is shown in the Supplementary Material 

where results are shown excluding aliphatic C9H8 and C13H10 isomers. However, it is to be noted, 
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that the best fit shown for PIE curves in Fig. 2 is not a unique solution and that the lack of 

quantitative cross-section data precludes the determination of the isomer specific ratios. While 

C13H10 1H-benz[f]indene seems to closely match the flame-sampling PIE curve in Fig. 2(b), a 

single isomeric form is highly unlikely given the complex PAH formation chemistry. 

 

Figure 2: Comparison of PIE curves of (a) C9H8 and (b) C13H10 from experiments and 

different molecular isomers. (57x67 mm, 165 words) 

 

The mass spectra intensities have been analyzed and the mole fraction profiles of 20 

aromatics (m/z between 78 to 204) are provided in the Supplementary Material. For comparison 

between allene and propyne flames, in Fig. 3 we show the peak mole fractions of species with 

concentrations more than 10 ppm.  Several interesting trends can be seen in Fig. 3: a) mole 

fractions of non-stabilomer grid molecules such as C9H8, C13H10 and C15H10 are comparable to 

those on the stabilomer grid, b) the concentrations of C14H10 and C16H10 are higher than that of the 

C14H8 stabilomer.  
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Figure 3: Mole fractions of the different aromatic species detected in the current 

experiments. The numbers above the bars represent the ratio of peak concentration detected 

in the two flames (allene/propyne). Mole fraction of C6H6 has been divided by 10 in the plot. 

(41x67 mm, 155 words) 

 

 In Fig. 3 we also show the ratio of peak concentrations of PAHs observed in both flames. 

A ratio greater (smaller) than one would indicate the concentration of PAH is larger (smaller) in 

the allene flame. As seen in Fig. 3, the ratios are greater than one, suggesting that allene 

consistently produces higher concentrations of PAHs. This observation corroborates well with the 

prior premixed flames experiments of Hansen et al. [45].  In this earlier work, the authors observed 

the concentrations of benzene to be higher in an allene flame and the difference was attributed to 

the relative production of propargyl from allene+H versus propyne+H reactions. The propargyl 

concentrations, and thereby the benzene concentrations, were found to be higher in the allene flame 

while acetylene and methyl/methane (derived from propyne+H⇄C2H2+CH3) were higher in the 

propyne flame. The comparison of the acetylene, methane, and benzene mole fractions from 

experiments and modeling results in this work show similar trends as shown next.  
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4.2. Overall mechanism performance 

The comparison of the experimental and simulated mole fractions of selected species is 

shown in Fig. 4. Additional species profiles are shown in the Supplementary Material. As seen, 

the performance of the PAH mechanism relative to the measurements is very encouraging with 

differences in mole fractions of most species within a factor of 2. It should be noted that this factor 

of 2 difference in mole fraction is about the measurement uncertainty for PAHs with known 

photoionization cross sections (up to a factor 4 for species with unknown cross sections). This 

level of agreement between experimental results and model predictions in peak mole fraction and 

position is expected. A better (or even a perfect) agreement cannot be expected given our current 

understanding of the molecular-weight growth chemistry, experimental limitations, and the 

simulation approach. The reported discrepancies indicate potential gaps in our current chemical 

knowledge of molecular-weight growth processes. 

However, the differences in mole fractions of methane and toluene appear to be outside the 

experimental uncertainties. Nevertheless, the trends are reproduced correctly. That is, although the 

mechanism underpredicts the concentrations of toluene (C7H8), the sensitivity of the toluene 

formation to fuel structure is accurately predicted. To elaborate, the experiments suggest the 

concentrations of toluene to be less sensitive to the fuel structure (a ratio of the peak concentrations 

of 1.12 was observed), and this trend is well predicted by the mechanism. The difference in 

concentrations of methane is surprising and could result from possible shortcomings in the 

methane chemistry of AramcoMech 2.0 [18]. 
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Figure 4: Comparison of mole fractions of the fuel, C2H2, CH4, benzene isomers (C6H6), 

phenylacetylene (C8H6), toluene (C7H8), and selected PAHs from experiments (symbols) and 

simulations (lines). (66x144 mm, 361 words)  

 

For comparisons shown in Fig. 4, a shift in peak location and earlier buildup of PAHs is 

noticed when compared against simulations. These discrepancies in the profile shapes could be 

caused by several effects which include shortcomings in the mechanism, sampling probe 

perturbations, and non-idealities in flow field at nozzle exit [46]. Such experimental non-idealities 

are not reflected in the current numerical model. 

 

4.3 Molecular-weight growth reaction network 

 We conducted integrated rate of production analysis to identify the reaction pathways 

important for PAH growth. A main finding was the importance of aliphatic- and non-stabilomer 

grid molecules towards formation of biphenyl, naphthalene, and phenanthrene through ring-

enlargement and radical-radical recombination reactions as hypothesized in Ref. [47]. We shall 

discuss this important network herein. In addition to radical-radical recombination reactions, we 

also found PAH molecule+PAH radical reactions to be important and they shall be discussed. We 
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begin with the identification of pathways important for formation of C9H8 and C13H10 isomers 

(produced through growth reactions on phenyl and naphthyl radicals), and show their importance 

towards formation of biphenyl, naphthalene, and phenanthrene.  In the following discussions, we 

focus only on the propyne flame as both flames exhibit a similar PAH growth network. 

4.3.1 Isomeric distribution of C9H8 and C13H10 and their role in PAH growth 

 Comparisons of the simulated mole fractions of the different isomers of C9H8 and C13H10 

and the total simulated and experimental mole fractions of C9H8 and C13H10 are shown in Fig. 5. 

Based on the model predictions, ~80% of the C9H8 and C13H10 in the flames are indene and benzo-

indenes (9-fluorene/1H-benz[e]indene/3H-benz[e]indene/1H-benz[f]indene) respectively, and the 

remaining 20% are propynyl-/allenyl- substituted benzene and naphthalene respectively.  As the 

simulated peaks for the C13H10 isomers show a larger discrepancy when compared against C9H8 

isomers, the conclusion on the relative importance of the aliphatic C13H10 isomers might seem 

uncertain. However, based on our current understanding that PAH growth chemistry is driven by 

repetitive schemes [5], comparison of PIE curves (c.f., Fig. 2) and the known similarity in the 

reactions of phenyl and naphthyl radicals  [4]  with C3 species, we can confidently state that 

aliphatic C13H10  isomers are present. 
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Figure 5: Comparison of simulated mole fractions of different (a) C9H8 and (b) C13H10 

isomers in the propyne flame. (57x67 mm, 166 words)  

 

From the comparison of mole-fractions it might appear that formation of aliphatic C9H8, 

C13H10 may not be important. However, in the flux analysis we observed that indene and benzo-

indenes (and their radicals) are dominantly produced from cyclization of aliphatic C9H8 and 

C13H10. For C9H8 isomers we show this reaction sequence in Fig. 6, which illustrates the 

importance of recombination reaction between aryl and propargyl radicals. 

 

 

Figure 6: Role of aliphatic C9H8 isomers towards formation of indene and biphenyl. (43x67 

mm, 130 words) 
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As discussed in section 2.2.3, the H-abstractions from the aliphatic side chain produce 

phenyl-propargyl (PPR, C6H5CHCCH) radicals. From the current model we find the PPR+C3H3 

recombination reaction, as proposed earlier by Stein et al. [48], to be important for predicting the 

concentrations of C12H10 isomers (see Fig. 7). PPR can also be produced from phenyl+C3H3 

reaction via the pathways shown in Fig. 6. The comparison shown in Fig. 7 highlights the potential 

importance of PPR on growth of PAHs and the need for better understanding of their chemistry.  

 

 

Figure 7: Effect of PPR+C3H3 reaction on concentration of C12H10 isomers. (41x67 mm, 124 

words) 

 

4.4 Role of ring-enlargement reactions in formation of naphthalene and phenanthrene 

 To gain further insights into PAH growth, we show the summary of the flux analysis for 
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benzoindenyl+CH3 reactions via ring-enlargement schemes contribute significantly to formation 
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C16H12 in the mass spectra shown in Fig. 1 provide evidence for these ring-enlargement reactions. 

Figure 8a also shows the importance of fulvenallenyl radical (C7H5) towards growth of 

naphthalene. The C7H5+C3H3 was proposed by da Silva and Bozzelli [49] to be important for 
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pyrolysis of toluene, and according to them is similar to the recombination reaction of propargyl 

radicals. However, detailed and the reaction rates of C7H5+C3H3 reaction have not been reported. 

Given its importance it would be recommended to theoretically study this reaction.  

 
Figure 8: Fluxes of important pathways for formation of (a) naphthalene and (b) 

phenanthrene. (63x67 mm, 173 words) 

 

  In addition to the ring-enlargement reaction, biphenyl and phenylacetylene also contribute 

towards formation of phenanthrene (also shown in Fig. 8b). The addition of phenyl radical to 

phenylacetylene in the current mechanism has been modeled according to recommendations of 

Ref. [11]. However, Parker et al. [50] did not notice phenanthrene to be a major product in their 

cross-beam experiments, and the importance of this reaction towards formation of phenanthrene 

is still not clear. Considering that this addition reaction supports fast PAH growth, it might be 

worth revisiting this reaction. 

 Finally, the analysis of the experimental data and simulations conducted here highlight the 

role of propargyl radical and ring-enlargement reactions in formation of non-stabilomer grid 

molecules and PAH with C6 rings. To further test the importance of these pathways, simulations 

were conducted with the current mechanism considering HACA only, ignoring the role of 
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propargyl radicals and ring enlargement mechanisms. In these simulations, the concentrations of 

the PAHs were found to be severely underpredicted (shown in the Supplementary Material). This 

analysis shows the need to incorporate the reactions of propargyl radical with aryl radicals and 

ring-enlargement reaction pathways in kinetic mechanisms used to model formation of PAH 

growth.  

 

5. Conclusions 

A combined experimental and modeling study was performed to understand the reaction 

growth network of PAH formation in counterflow diffusion flames of allene and propyne. To this 

end, a new chemically detailed mechanism was constructed which describes the formation and 

growth reactions through repetitive sequences of radical-radical and radical-molecule reactions 

that include C1-C6 intermediates. The experimental measurements show the effect of isomeric 

structures on formation of PAHs, and the detection of stabilomer grid and odd carbon containing 

non-stabilomer grid molecules in flames.  The concentrations of the non-stabilomer grid molecules 

were found to be comparable to that of stabilomer grid molecules. Comparison of photoionization 

efficiency curves suggest the presence of aliphatic substituted PAHs. The detailed chemical 

mechanism reproduces the observed experimental trends and the concentrations of the PAHs 

satisfactorily. The reaction path analysis conducted with the detailed mechanism reveals the 

importance of radical+radical recombination, PAH-radical+molecule and of the aliphatic 

substituted aromatics towards formation of aliphatic-substituted PAHs, non-stabilomer and 

stabilomer grid molecules. The inclusion of these repetitive reaction growth networks in kinetic 
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models may significantly aid efforts to simulate PAH, and ultimately soot, formation in practical 

combustion applications. 
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