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Abstract 
 

The bay-capping mechanism on PAH armchair edges and the kinetics of acetylene addition to 6-6-5 and 5-6-5 
bays have been explored by ab initio/RRKM-ME calculations. The bays on the edges were modeled by C21H11 
and C20H9 radicals produced by H abstractions from 7H-benzo[c]cyclopenta[e]pyrene and 
dicyclopenta[cf]pyrene. The C20H9 + C2H2 reaction is shown to have a low entrance barrier and to rapidly form 
the capped product, indaceno[2,1,8,7-cdefg]pyrene, along with ethynyl substituted dicyclopenta[cf]pyrene at 
temperatures above 1400 K. The reactivity of C21H11 is shown to be governed by the location of the unpaired 
electron; the π radical R1 formed by H abstraction from the CH2

 group in 7H-benzo[c]cyclopenta[e]pyrene reacts 
with C2H2 very slowly owing to a high entrance barrier, with the bay-capping rate constant approaching 10-16 
cm3 molecule-1 s-1 only at temperatures above 2000 K. This result reaffirms that the growth of π aryl radicals via 
acetylene addition is inefficient and reflects the generally low reactivity of such radicals where the spin density is 
highly delocalized over the entire polyaromatic system. Alternatively, the σ C21H11 radical R2 produced by H 
abstraction from the five-membered ring at the bay rapidly reacts with C2H2 forming the bay-capped product, 
with the rate constant on the order of 10-12 cm3 molecule-1 s-1 at T > 1500 K. Rate constants for the capping 
reactions at the 6-6-5 and 5-6-5 bays are compared with those at the 6-0-6, 6-6-6, and 6-5-6 bays. The site-
specific bay-capping rate constants have been utilized in kMC simulations of the PAH growth and the results 
showed measurable differences when the 6-6-5 and 5-6-5 bay-capping reactions are taken into account, including 
an increase of the growth rate and the formation of closed-shell PAH and a rise of the number of embedded five-
membered rings accompanied with a slight decrease of their overall amount. 
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1. Introduction 

Hydrogen-Abstraction/C2H2-Addition (HACA) 
mechanism put forward by Frenklach and co-
workers [1,2] remains the most generally accepted 
mechanism for the growth of polycyclic aromatic 
hydrocarbons (PAHs). HACA successfully describes 
the PAH growth in various flames by kinetic models 
[3-10] and has been confirmed by molecular beam 
experiments in pyrolytic reactors, in particular, for 
the formation of naphthalene from benzene [11-13] 
and for the growth of an extra six-membered ring on 
armchair PAH edges, such as in the formation of 
phenanthrene from biphenyl, pyrene from 
phenanthrene, and corannulene from fluoranthene 
[14-17]. The acetylene addition reactions on 
armchair edges in these systems can be characterized 
as bay capping resulting in the formation of an 
additional six-membered ring and a change of the 
PAH edge to zigzag. 

The bay-capping mechanism is similar in all 
systems studied so far [10,14-17] and involves 
typical steps of C2H2 addition, the ring closure, and 
an H atom loss competing with a hydrogen atom loss 
immediately after the acetylene addition leading to 
the formation of an ethynyl substituted reactant. 
However, the entrance barrier and the reaction 
enthalpies for the channels leading to the formation 
of the bay-capped product and the ethynyl 
substituted molecule may vary in wide margins. 
These details are governed by the bay structure, 
namely, and of primary interest to the present study, 
by the presence and combination of six- and five-
membered constituent rings. 

The bay sites considered in the present study are 
shown in Fig. 1. They include two six-membered 
rings connected by (a) a C-C bond, 6-0-6 (biphenyl) 
or (b) a central six-membered ring, 6-6-6 
(phenanthrene), (c) two six-membered rings 
connected by a central five-membered ring, 6-5-6 
(fluoranthene and benzo[ghi]fluoranthene), (d) six- 
and five-membered rings connected by a central six-
membered ring, 6-6-5, and (e) two five-membered 
rings connected by a central six-membered ring, 5-6-
5. We do not consider structures with two adjacent 
five-membered rings since those are energetically 

unfavorable and hence uncommon in PAH [18]. 

Fig. 1. Possible structures of PAH bay sites. 

 

Structure (b), 6-6-6, represents the armchair edge 
and its growth through capping was the first 
application of HACA [1]. Structure (c), 6-5-6, occurs 
in embedded five-membered ring migration [19] and 
its capping numerically simulated PAH curving 
[20,21]. The omnipresence of five-membered rings 
in the evolving PAH structure was one of the 
predictions of HACA [1] and now has been firmly 
established experimentally [22,23] and 
computationally [20,24,25]. It is, therefore, naturally 
to ask if other bay structures composed of six- and 
five-membered rings could occur in PAH growth and 
whether capping of such sites would contribute to the 
growth. 

The present study explores these questions by 
examining capping by acetylene addition of bay sites 
(d), 6-6-5, and (e), 5-6-5, which has not been 
investigated to our knowledge. Sites 6-6-5 and 5-6-5 
were represented by radicals formed by H 
abstractions from the 7H-
benzo[c]cyclopenta[e]pyrene C21H12 and 
dicyclopenta[cf]pyrene C20H10 molecules. The 
choice of these radicals for simulating the 6-6-5 and 
5-6-5 bay sites, respectively, is justified by the fact 
that the models should generally describe PAH edges 
more realistically when at least one layer of aromatic 
rings is included under the bay site. We calculated 
potential energy surfaces (PES) for acetylene 
addition to these sites and evaluated their rate 
constants. These results were compared to those of 
sites 6-0-6, 6-6-6, and 6-5-6 and their effect on PAH 
growth was tested in kinetic Monte Carlo (kMC) 
simulations. 

 
2. Calculation methods 

 
Density functional theory (DFT) B3LYP [26,27] 

calculations with the 6-311G(d,p) basis set were 
carried out for geometry optimization of all species 
on the considered C22H11 and C23H13 potential 
energy surfaces (PES) accessed by the bay-capping 
reactions of the C20H9 and C21H11 radicals with 
acetylene, as well as for H abstractions from the 
C21H12 molecule by H atoms. Vibrational 
frequencies for all stationary structures were 
calculated at the same B3LYP/6-311G(d,p) level of 
theory and the computed frequencies were utilized 
for the evaluation of zero-point vibrational energy 
(ZPE) corrections and in rate constant calculations. 
Single-point energies were refined using the standard 
composite model chemistry G3(MP2,CC) approach 
[28,29], in which a basis set correction obtained by 
MP2 calculations with the G3Large and 6-31G(d) 
basis sets is added to the CCSD(T)/6-31G(d) energy 
along with ZPE. All B3LYP calculations were 
carried out using the Gaussian 16 program package 
[30], whereas the CCSD(T) and MP2 calculations 
were performed with the MOLPRO 2021 code [31]. 

Temperature- and pressure-dependent rate 
constants in the temperature range of 500-2500 K 
and in the pressure range of 0.01-100 atm were 
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computed employing the RRKM-ME approach [32] 
as implemented in the MESS code [33,34], generally 
within the rigid rotor-harmonic oscillator 
approximation (RRHO). Internal rotations 
corresponding to low-frequency vibrational modes 
were treated as hindered rotors and their internal 
rotational potentials were evaluated using B3LYP/6-
31G(d) PES scans along the corresponding torsional 
angles. The computed internal rotational potentials 
allowed us to ensure that the lowest in energy 
conformer is chosen for the calculations of the 
reaction kinetics, e.g., for the initial adducts. The 
Lennard-Jones parameters ε and σ required for 
RRKM-ME calculations were estimated depending 
on the molecular mass of the intermediates involved 
in the reaction as proposed by Wang and Frenklach 
[35] and the parameters for the N2 bath gas were 
taken from Vishnyakov et al. [36,37]. The 
“exponential down” model [38] was used to treat the 
collisional energy transfer in ME, with the 
temperature dependence of the range parameter α for 
the deactivating wing of the energy transfer function 
expressed as α(T) = α300(T/300 K)n. The values of n 
= 0.62 and α300 = 424 cm-1 in this expression were 
earlier derived by Jasper from classical trajectory 
calculations [39,40] and were systematically used by 
us in the studies of C2H2 addition reactions to 
various PAH radicals [10,15-17,40,41]. 
 
3. Results and discussion 
 
3.1 Potential energy surfaces for bay capping 

We first consider the bay-capping reaction 
between two five-membered rings attached to a 
central six-membered ring as in the 
dicyclopentapyrene molecule, C20H10. The potential 
energy diagram for acetylene addition to the C20H9 
radical formed after H atom from a five-membered 
ring at the bay position is shown in Fig. 2. 

Fig. 2. Potential energy diagram for the C20H9 + C2H2 
reaction. Relative energies are given in kcal/mol. 

 

The C20H9 radical has a σ character and easily 

reacts with C2H2 overcoming a barrier of only 1.4 

kcal/mol. The acetylene addition results in the initial 

intermediate i1, which can either decompose to the 

ethynyldicyclopentapyrene product p1 via H loss 

from the α carbon atom in the side chain or undergo 

a six-membered ring closure—the bay-capping 

process. The ring closure may occur immediately (i1 

→ i2) or be preceded by 1,6-H migration from the 

five-membered ring to the β C atom in the side chain 

(i1 → i4). The six-membered closure in i4 and 1,2-H 

shift in i2 both lead to the same intermediate i3, 

which in turn can eliminate an extra hydrogen atom 

forming the final bay-capped product C22H10 p2, 

indaceno[2,1,8,7-cdefg]pyrene. The i1 → i2 → i3 

pathway appears to be preferential as compared with 

i1 → i4 → i3 due to the lower-lying transition states 

(TS). Also, i2 can decompose to p2 + H directly. The 

p1 + H and p2 + H products respectively reside 15.8 

and 25.0 kcal/mol below the reactants with the 

corresponding TS located at -9.7 and -23.4/-22.2 

kcal/mol with respect to C20H9 + C2H2. For 

comparison, the bay-capping process involving the 

4-phenanthrenyl radical [10,16], i.e., in the bay 

(armchair edge) formed by three six-membered 

rings, the C2H2 addition reaction energies to produce 

the 4-ethynylphenanthrene and pyrene products are -

4.0 and -58.8 kcal/mol, meaning that bay capping in 

4-phenanthrenyl is much more favorable 

thermodynamically than in C20H9. The difference 

can be attributed to the fact that because of the 

presence of two five-membered rings in near vicinity 

from one another, indaceno[2,1,8,7-cdefg]pyrene is 

not a planar molecule and thus the aromatic 

stabilization is partially lost. It is also interesting to 

compare the bay -capping reaction energy in C20H9 

with those in 7-fluoranthenyl (C16H9) forming 

benzo[ghi]fluoranthene and in 

benzo[ghi]fluoranthen-5-yl (C18H9) producing 

corannulene, -46.6 and -35.9 kcal/mol, respectively, 

both including only one five-membered ring [17]. 

Here, the bay-capping process occurs between two 

six-membered rings connected to a central five-

membered ring but the product is planar for 7-

fluoranthenyl and non-planar, though highly 

symmetric corannulene for benzo[ghi]fluoranthen-5-

yl. In the meantime, the reaction rate is likely to be 

controlled not by the thermodynamical preference of 

the bay-capped product but by the height of the 

entrance barrier for C2H2 addition, which is the 

highest for 4-phenanthrenyl (4.7 kcal/mol) followed 

by those for benzo[ghi]fluoranthen-5-yl (4.4 

kcal/mol), 7-fluoranthenyl (2.3 kcal/mol), and C20H9 

here (only 1.4 kcal/mol), and the bay-capping 

branching fraction vs. the formation of the ethynyl-

substituted product. 

Next, we look at bay capping between a six- and a 

five-membered ring connected to a central six- 

membered ring as in C21H11 radicals produced by H 

abstractions from C21H12 (Fig. 3). The C21H12 

molecule features a CH2 group on the six-membered 

ring in the bay area. The C-H bond in this group is 

much weaker than the regular aromatic C-H bond 
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and therefore it is easier to abstract an H atom from 

CH2 than from the five-membered ring on the other 

side of the bay. For instance, the reaction energies of 

C21H12 + H → C21H11 + H2 are calculated to be -43.9 

and 12.2 kcal/mol when the radicals R1 and R2 are 

formed as a result of H abstraction from the CH2 

group and the five-membered ring, respectively. The 

difference in the barrier heights is not that large but 

still significant, 2.9 vs. 18.8 kcal/mol. The R1 isomer 

of C21H11 is 56.1 kcal/mol more stable than R2. R1 is 

a π radical with the spin density delocalized over the 

entire polyaromatic system. The calculated PES (see 

Fig. S1 for a more detailed potential energy diagram) 

indicates that the reaction of R1 with acetylene is 

unfavorable. The addition of C2H2 to the π radical 

site in the six-membered ring at the bay exhibits a 

high barrier of 27.5 kcal/mol and leads to an 

endothermic initial complex i1. The H loss from the 

side chain in i1 which normally competes with bay 

capping is highly endothermic here with the product 

lying 47.8 kcal/mol above R1 + C2H2.

 

 
Fig. 3. Potential energy diagram for the C21H11 + C2H2 reaction. Relative energies are given in kcal/mol.  

 

Alternatively, the six-membered ring closure in i1 is 

facile producing i2 over a barrier of 5.9 kcal/mol. 

The intermediate i2 can either lose an H atom to 

form the bay-capped products p2 or p8 endothermic 

by 18.1 and 13.5 kcal/mol, respectively, or feature a 

1,2-H shift in the five-membered ring leading to i3, 

which then dissociates to a much more favorable 

C23H12 product p5, 7H-

benzo[ghi]cyclopenta[pqr]perylene, exothermic by 

23.0 kcal/mol. While the energies of the bay-capping 

reactions occurring via C2H2 additions to the π 

radical C21H11 R1 and the σ radical C20H9 are 

similar, the π radical reaction is hindered by a very 

high entrance barrier making it non-competitive, as 

will be shown in the kinetics subsection below. 

If a σ radical R2 is produced by less favorable H 
abstraction from the five-membered ring, this radical 

can react with acetylene much easier. The barrier for 
the C2H2 addition is only 1.7 kcal/mol and the initial 
complex i13 formed resides 43.9 kcal/mol below the 
reactants. i13 can either lose an H atom from the 
acetylene moiety forming p6 exothermic by 16.1 
kcal/mol or undergo a 1,6-H shift from the CH2 
group in the six-membered ring to the terminal C 
atom of the side chain. The H migration barrier is as 
low as 3.0 kcal/mol leading to i14 which resides a 
deep potential well. The latter intermediate can 
dissociate to an arene-substituted allene p9 by H loss 
from the side chain or be subjected to the six-
membered ring closure at the bay producing i4. 
Finally, the latter can split an H atom to form the 
bay-capped products, preferentially, 5H-
benzo[ghi]cyclopenta[pqr]perylene p4 (at -50.1 
kcal/mol relative to R2 + C2H2) or, less likely, p2 (at 
-38.0 kcal/mol). Thus, according to the calculated 
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PES, the bay closure process via C2H2 to the σ 
radical R2 is anticipated to be fast. It is also worth 
noting that the two reaction pathways initiating from 

R1 and R2 are linked by H migrations in i2 and i4 
via the intermediate i3, but the corresponding 
barriers are high. 

 

Fig. 4. Total and individual channel rate constants calculated at 1 atm: (a) C20H9 + C2H2; (b) C21H11 (R1) + C2H2; (c) C21H11 

(R2) + C2H2; (d) comparison of rate constants of bay-capping reactions on various sites. 

 
3.2 Bay-capping kinetics 

The total and individual channel rate constants 
for the C20H9 + C2H2 reaction calculated at 1 atm are 
illustrated in Fig. 4(a), whereas the overall set of rate 
constants in this reaction system including those for 
reverse reaction and product branching ratios at 
various temperatures and pressures can be found in 
Supplementary material. The reaction is predicted to 
be fast, with the high pressure limit (HP) rate 
constant growing from 1.0×10-12 to 8.0×10-11 cm3 
molecule-1 s-1 in the 500-2500 temperature range. 
The total rate constant at 1 atm is close to the HP 
limit up to ~1300 K and then falls off; at 2500 K k1 

atm is a factor of 3.4 lower than kHP. At low 
temperatures, the reaction preferentially forms 
collisional stabilized intermediates, i1 at 500-700 K, 
i2 up to 1000 K, and i3 up to 1200 K, whereas at 
higher temperatures p1 and p2 becomes predominant 
and then, above 1500 K, exclusive products. The 
branching ratio of p2 somewhat exceeds that of p1 

up to 1500 K, whereas at higher temperatures the 
yield of p1 is predicted to be higher due to the 
entropic preference of the immediate H loss 
following acetylene addition. Nevertheless, the bay-
capping reaction channel producing 

indaceno[2,1,8,7-cdefg]pyrene p2 is fast, with the 
rate constant maximizing at 6-8×10-12 cm3 molecule-1 
s-1 in the 1400-1800 K temperature range. 
Interestingly, the reverse p1 + H reaction  (0.7-
1.4×10-11 cm3 molecule-1 s-1) nearly equally branches 
between the formation of the reactants and p2 + H in 
this temperature interval. The reverse p2 + H 
reaction is predicted to be a factor of 3-3.6 faster 
than C20H9 + C2H2 → p2 + H and to produce the 
initial reactants and p1 + H with similar yields. Thus, 
an equilibrium may be established between bay 
capping in C20H9 and desorption of acetylene from 
the edge of indaceno[2,1,8,7-cdefg]pyrene. 

The C21H11 (R1) + C2H2 reaction of acetylene 

addition to a π radical is predicted to be very slow 

(Fig. 4b). The prevailing reaction channel at 

temperatures of 1000 K and above is the formation 

of the bay-capped product 7H-

benzo[ghi]cyclopenta[pqr]perylene p5, although at 

high temperatures the yields of less 

thermodynamically stable p2 and p8 also become 

significant. Nevertheless, the total rate constant in 

the 1400-1800 K range is only 5×10-18–5×10-17 cm3 

molecule-1 s-1 meaning that the bay-capping process 

via acetylene addition to a π radical is not expected 

 



6 

 

to play a significant role in PAH growth on the 

edges. In principle, this reaction can be enhanced if 

the R1 radical produced by highly exothermic H 

abstraction from C21H12 releasing 43.9 kcal/mol 

remains “hot” and does not equilibrate before it 

encounters a C2H2 molecule. This may happen at low 

pressures and high acetylene concentrations.  

However, a study of the energy distribution in R1 

after H abstraction and the evaluation of the rate 

constant of energized R1 reacting with C2H2 is a 

complex task requiring a careful consideration, 

which is beyond the scope of the present paper.  

Alternatively, the R2 + C2H2 reaction is fast (Fig. 

4c), with the HP limit rate constant of 2.6×10-13–

2.6×10-11 cm3 molecule-1 s-1 at T = 500-2500 K. The 

total rate constant at 1 atm is close to the HP limit; 

the fall-off difference reaches a factor of 1.4 at 2500 

K. The formation of collisionally stabilized i14 

prevails up to 1800 K and at higher temperatures the 

major products are 5H-

benzo[ghi]cyclopenta[pqr]perylene p4 and arene-

substituted allene p9. In the 1400-1800 K 

temperature range, the i14 intermediate 

predominantly dissociates to the bay-capped product 

p4 with the unimolecular rate constant of 4×104-

2.3×106 s-1. The reverse p9 + H reaction rapidly 

produces i14 or p4 + H, whereas the p4 + H reaction 

results in H-assisted isomerization to the most 

thermodynamically favorable product p5 with the 

rate constant as high as 1.1-1.7×10-10 cm3 molecule-1 

s-1. We can conclude therefore that the bay-capping 

process involving acetylene addition to the σ radical 

R2 is an efficient process. However, the probability 

that the R2 radical is produced by H abstraction from 

C21H12 molecule is low. The calculated rate constant 

for H abstraction by H from C21H12 to form the π 

radical R1 is 6.2×10-11–1.2×10-10 cm3 molecule-1 s-1 

at T = 1400-1800 K, whereas that to form the σ 

radical R2 is 2-3 orders of magnitude lower, 1.7×10-

13–1.3×10-12 cm3 molecule-1 s-1. 

Figure 4(d) compares bay-capping rate constants 
for various systems calculated earlier by us [10,15-
17] and in the present work at the same level of 
theory, including the acetylene addition reactions to 
σ radicals incorporating two six-membered rings 
connected by a C-C bond (biphenylyl), with a central 
six-membered ring (4-phenanthrenyl), with a central 
five-membered ring (7-fluoranthenyl and 
benzo[ghi]fluoranthen-5-yl), one six- and one five-
membered ring (C21H11 R2), and two five-membered 
rings (C20H9). All these reactions are fast, with rate 
constants at 1500 K in the 8.9×10-13–7.5×10-12 cm3 
molecule-1 s-1 range. The kinetics in the forward 
direction is controlled by the entrance barrier, the 
lowest for C20H9 (1.4 kcal/mol) and the highest for 4-
phenanthrenyl (4.7 kcal/mol), and the branching 
between the bay-capping pathway and the formation 
of the ethynyl-substituted reactant. In the meantime, 
the enthalpy of the bay-capping process determines 

the rate of the reverse reaction of acetylene 
desorption, slowest for biphenylyl (phenanthrene + 
H) and 4-phenanthrenyl (pyrene + H) and fastest for 
C20H9 (indaceno[2,1,8,7-cdefg]pyrene + H). 

 
3.3 Kinetic Monte Carlo simulations of PAH 

growth 

 
The site-specific rate constants for the bay-

capping reactions were tested in kMC simulations of 
the PAH growth. The kMC simulations followed 
evolution of naphthalene in a sooting-flame 
environment of an atmospheric burner-stabilized 
flames of ethylene, specifically, a stagnation 16.3% 
C2H4–23.7% O2–Ar flame of Wang and co-workers 
[42] (cold gas velocity 8.0 cm/s and burner-to-
stagnation surface separation 0.8 cm). The flame was 
computed with the FFCM1 model [43] using Cantera 
[44].  

The stochastic evolution of PAH structure was 
simulated using the Gillespie algorithm [45] with an 
updated kMC model [20,46]. The reaction rate 
constants were calculated using the time-dependent 
temperature and gaseous species profiles (H, H2, 
C2H2, CH3, O, OH, O2) obtained in the flame 
simulations. The rate-constant values were updated 
every10 µs. 

Most of the starting naphthalene molecules were 
oxidized and/or thermally decomposed; hence 
50,000 runs were carried out for each case to collect 
sufficient statistics of molecular evolution. 

 
Fig. 5. Top panel: flame temperature profile. Bottom three 

panels: numerical results of kMC simulations with 6-0-6, 6-

6-6, and 6-5-6 bay site capping only (blue) and with new 

capping reactions at bays 6-6-5 and 5-6-5 added (red) per 

evolving molecular structure, second panel from the top: 
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the number of carbon atoms, third panel: ratio of the five- 

to six membered rings, bottom panel: fraction of the 

embedded five-membered rings. 
 

The results of the kMC simulations are presented 
in Fig. 5, comparing the cases with and without 
inclusion of the new capping reactions. Overall, the 
numerical results indicate that the additional capping 
reactions, namely those at the 6-6-5 and 5-6-5 sites, 
are frequent enough to affect measurably the PAH 
evolution. 

A closer examination of the computed trends 
indicates that the inclusion of the additional capping 
increases, as expected, the rate of growth, which can 
be observed in the second panel of Fig. 5. Yet, 
perhaps somewhat unexpectedly, the fraction of five-
membered rings is reduced, not increased, which is 
noticeable in the third panel of Fig. 5. 

This result, however, become understood by 
noticing that the capping of sites 6-6-5 and 5-6-5 
results in the formation of semi-embedded five-
membered rings, which are less reactive to both 
growth [47] and oxidation [46]. In the present 
simulations, these sites were primarily converted to 
six-member rings in reactions with CH3 and to a 
lesser extent to embedded five-member rings in bay-
capping reactions with C2H2. This, in turn, reduced 
the presence of five-membered rings at the PAH 
edge. 

Thus, while the total fraction of the five-
membered rings is decreased with the additional bay 
capping, the number of embedded five-membered 
rings is increased, as shown in the bottom panel of 
Fig. 5. The latter observation is also consistent with 
the increase in closed-shell PAH formation, from 2 
to 13 %, with the inclusion of capping at 6-6-5 and 
5-6-5 bays. 
 
4. Conclusions 

 
We explored the bay-capping mechanism and 

kinetics via acetylene addition reactions to the 6-6-5 
and 5-6-5 bays modeled by C21H11 and C20H9 
radicals. The C20H9 + C2H2 reaction features a low 
entrance barrier and rapidly forms the bay-capped 
product, along with the ethynyl substituted reactant 
at temperatures above 1400 K. The reactivity of 
C21H11 is determined by the location of the unpaired 
electron; the π radical, R1, formed by H abstraction 
from the CH2

 group in C21H12 reacts with C2H2 very 
slowly owing to a high entrance barrier. The bay-
capping rate constant for R1 approaches 10-16 cm3 
molecule-1 s-1 only at temperatures above 2000 K. 
Thus, the growth of π aryl radicals via acetylene 
addition is inefficient, which reflects the generally 
low reactivity of such radicals where the spin density 
is highly delocalized over the entire polyaromatic 
system; low reactivity of π radicals toward C2H2 
addition contrasting them from σ radicals is 
anticipated to be a common feature in PAH growth. 
The σ C21H11 radical, R2, produced by H abstraction 

from the five-membered ring at the bay reacts 
rapidly with C2H2 forming the bay-capped product 
with the rate constant on the order of 10-12 cm3 
molecule-1 s-1 at T > 1500 K. Rate expressions for the 
capping reactions at the 6-6-5 and 5-6-5 bays are 
generated (Table 1 and Supplementary Material) and 
the rate constants are compared with those at the 6-0-
6, 6-6-6, and 6-5-6 bays. kMC simulations of the 
PAH growth utilizing the site-specific bay-capping 
rate constants showed measurable differences when 
the 6-6-5 and 5-6-5 bay-capping reactions are taken 
into account, including an increase of the total 
growth rate and a rise of the number of embedded 
five-membered rings, with a slight decrease of their 
overall amount. 
 
Table 1 

Parameters of fitted modified Arrhenius expressions 
k = A1 ���  exp(-Ea

1/RT) + A2 ���  exp(-Ea
2/RT) at 1 

atm.  A are in cm3 mol-1 s-1 or s-1 and Ea in cal mol-1. 

 A α Ea T 

range 

C20H9 + C2H2 (R) →  

p1 

+ 

H 

2.46E+66 -14.473 54446 500-

2500 

2.12E+20 -1.6145 21332 

p2 

+ 

H 

2.68E+74 -16.886 55985 500-

2500 
1.30E+96 -25.45 49262 

C22H10 (p1) + H → 

R 4.62E+73 -16.14 70699 500-

2500 1.97E+27 -3.1857 37461 

p2 

+ 

H 

3.92E+99 -23.889 78209 500-

2500 
2.01E+44 -8.5029 40508 

C22H10 (p2) + H → 

R 1.01E+83 -18.308 83190 500-

2500 1.37E+102 -26.087 75392 

p1 

+ 

H 

7.33E+100 -23.636 89111 500-

2500 
1.82E+45 -8.1741 51131 

C21H11 (R2) + C2H2 → 

i14 2.91E+89 -21.27 64964 500-

2000 2.06E+23 -3.1638 8287.7 

p4 

+ 

H 

4.56E+21 -2.1527 31220 500-

2500 
7.97E+82 -18.585 84882 

p9 

+ 

H 

3.35E-08 6.3571 21568 500-

2500 
8.13E+81 -17.782 98888 

C23H13 (i14) → 

p4 

+ 

H 

6.09E+85 -20.354 109340 500-

2000 
3.19E+28 -4.3469 71248 

p9 

+ 

H 

1.12E+64 -13.714 114160 500-

2000 
3.56E+23 -2.7323 77567 

C23H12 (p4) + H → 

p5 

+ 

8.92E+45 

 

-8.5138 

 

34082 

 

700-

2500 
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H 

C23H12 (p9) + H → 

i14 
 

23.363 3.9052 -1247.5 500-

1750 -1.51E+32 -4.3886 30259 

p4 

+ 

H 

3.25E+38 -6.4724 39050 500-

2500 
5.71E+107 -25.371 95481 
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