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KEYWORDS Abstract Reaction initiation points of the 16 priority polycyclic aromatic hydrocarbons (PAHs)
PAH: have been determined by calculating all the different C-H bond dissociation enthalpy (BDE) values.
Bond dissociation enthalpy; Six density functional theory methods (B3LYP, B3LYP-D3, B97D3, M06-LD3, M06-2X-D3, and
BDE; ®wB97X-D) in combination with 4 basis sets (6-31G(d), 6-31+ G(d,p), 6-311+ + G(d,p), def2-TZVP)
DFT; have been applied and the most feasible combination has been selected. The BDE values and the
C-H bond corresponding bond lengths have been used to determine potential attack points on the structures.

The studied molecules have been categorized structurally as well, within which the position of the
hydrogen atoms is considered. Results show that most of the hydrogens are in zig-zag positions, and
the BDE and bond length values for the 16 priority PAHs are in a range between 342.0 and
485.6 kJ/mol and 1.0817-1.952 A, respectively. Most of the initiation points are represented by arm-
chair and peak hydrogens. The lowest and highest BDE and shortest and longest bond length values
belong to fluorene and acenaphthylene where the hydrogens were aliphatic and in peak position,
respectively.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction 2016). PAHs are formed under incomplete combustion processes of
organic materials, attributing a human-induced origin to most of them.

The investigation of polycyclic aromatic hydrocarbons (PAHs) has rel- The most common anthropogenic sources of PAH pollution come
evance in numerous research fields due to their harmful properties and from the emissions of coal-fired power plants (Yang et al., 2019; Liu
their omnipresence in the environment (Abdel-Shafy and Mansour, et al., 2019), domestic heating (Wang, 2016; Venturini et al., 2018),
coke production (Inceoglu et al., 2019), waste incineration (Li et al.,
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Miskolc, Miskolc-Egyetemvaros, H-3515 Miskolc, Hungary. (Wagner and Barker, 2019), and especially the emission of various
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Peer review under responsibility of King Saud University. (Zielinska, 2004). However, natural processes like lightning-caused for-

est fires or volcanic activities contribute to PAH emissions as well
(Siddens, 2012; Moorthy et al., 2015). Based on the enumerated
sources of polycyclic aromatic hydrocarbons, their emission can be
ELSEVIE.{ Production and hosting by Elsevier considered permanent which raises constant concern. The carcino-
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genicity of PAHs has been widely proven by experiments, therefore
their biological relevance is self-explanatory (Siddens, 2012; Moorthy
et al., 2015). By intermolecular reactions, strong interaction can be
formed between PAH radical cations and the nucleophilic centers of
DNA, which can result in cancer cell formations (Phillips and Sims,
2019; Kriek and Westra, 2019). The monitoring of these molecules in
the environment started by the creation of a list of 16 priority PAHs
(also called parent PAHs, Fig. 1) done by the U.S. Environmental Pro-
tection Agency (EPA) (Liu et al., 2019; Wang, 2016).

These molecules have been considered by researchers as being rep-
resentatives for all the PAHs, but the extension of the list was sug-
gested several times (Venturini et al., 2018; Inceoglu et al., 2019; Li
et al., 2019). In addition, PAHs are considered as the precursors of
soot (Keller et al., 2019), which initiated several combustion chemistry
studies to build a model to predict their formation (Slavinskaya et al.,
2012; Appel et al., 2000; Raj, 2009; Wang et al., 2007; Frenklach and
Wang, 1991). Numerous growth mechanisms have been already pro-
posed and a significant amount of data of elementary reactions were
produced (Narayanaswamy et al., 2014; Zhu et al., 2017; Wang
et al., 2013; Lin et al., 2016; Liu et al., 2016; Mao et al., 2017; Yuan
et al., 2019; Liu et al., 2018; Goldaniga et al., 2000; Whitesides and
Frenklach, 2010). Despite the continuous progress in the description
of PAH formation, the current situation is still far from being com-
plete. The detailed description of formation mechanisms can con-
tribute to the in-depth understanding of the synthesis of various

nano-scale graphene materials (such as graphene nanoribbons or gra-
phene quantum dots) (Wang et al., 2019) and the atomic description of
carbon vapor deposition (CVD) and carbon vapor infiltration (CVI)
processes as well (May et al., 2000). PAHs also have astrochemical sig-
nificance as they are among the largest and most stable ubiquitous
molecules detected in the interstellar medium (ISM) (Zhang et al.,
2019). Moreover, PAHs are around 10-20% of all carbon materials
in ISM (Hoover, 2014; Zhen et al., 2018). Several PAH growth mech-
anisms start with the abstraction of a hydrogen atom from the PAH
skeleton and thus, a polycyclic aromatic hydrocarbon radical is form-
ing. Enough to mention the HACA (hydrogen abstraction acetylene
addition) (Frenklach et al., 2019), MAC (methyl addition cyclization)
(Reizer et al., 2019), and PAC (phenyl addition cyclization) (Shukla
et al., 2008) mechanisms, within which a hydrogen abstraction is the
first step, to achieve a reactive PAH radical structure, and in some
cases, this step occurs more than ones during the reaction. This can
be achieved by hydrogen abstraction or addition of a radical, which
in the case of PAHs mostly occurs via H*, 'OH and ‘CHj;. In different
environments (i.e. atmosphere, combustion) the concentrations of the
radicals are also different. In the atmosphere the radical sites on PAHs
are generated often with "OH (i.e nitro-PAHs), then the process contin-
ues further with the involvement of O, (Arey et al., 1986; Lee et al.,
2015). Furthermore, ‘OH, O3, NOj; radicals play an important role also
in the atmospheric degradation of toxic PAHs (Ding et al., 2021). In
addition, the reaction of PAHs with "OH radical is traditionally consid-
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ered as crucial evidence in determining their atmospheric lifetimes
(Ding et al., 2019). Taking into account the previously mentioned
facts, it can be stated that the strengths of the carbon-hydrogen bonds
(C-H bonds) are crucial parameters and could define the starting
points of reactions. Nevertheless, the occurrence of a given reaction
mechanism is strongly influenced by the corresponding barrier height
of the rate-determining step. Through the determination of the bond
dissociation enthalpy (BDE) values, the strength of bonds can be
assessed. Furthermore, BDE calculations represent a key tool for the
investigation of antioxidant related mechanisms, and for the study of
chemical degradations with environmental relevance (Santos et al.,
2020; Filho and De Souza, 2020). It is interesting to point out that
the correlation between BDE and bond length has been studied before.
For instance, it is found that in the case of different para- and meta-
substituted phenol structures the BDE showed a better correlation to
the C-O than to the O-H bond length (Klein and Lukes, 2006). The
importance of radical addition reactions is well known in PAH growth,
but in case of several major above-mechanisms such as MAC, HACA,
and HAERA, the first step is a hydrogen abstraction (Reizer et al.,
2019; Reizer et al., 2021), and thus, to determine potential reaction ini-
tiation points the strength of C-H bonds has to be known. The purpose
of this study is to calculate and compare the bond strength of the
carbon-hydrogen bonds for the priority or parent PAHs (Fig. 1). By
using these, potential reaction initiation points will be determined,
and geometrical and energetical features can be associated with the
prevalence of formation mechanisms. Furthermore, a method test will
also be carried out, to select an appropriate density functional theory
method and basis set combination for future studies.

2. Material and methods

Bond dissociation enthalpy (BDE) is an appropriate thermo-
dynamic property to measure bond strength. It determines
the enthalpy change associated with bond breakings and is
equivalent to the difference between the sum of the enthalpy
of the formed radicals (in this case a PAH radical (H?PA”

rad

and atomic hydrogen (H?H)) and the initial PAH structure

(HY, ) (Eq. (1)).
BDE = (H), +H} )~ H) (1)

The BDE of a few polycyclic aromatic hydrocarbons has
already been determined (Luo, 2007), but for many PAHs, this
data is missing (Fujiwara et al., 1996; Meot-Ner, 1980;
Bauschlicher and Langhoff, 1999). In this work, the calcula-
tions have been carried out by using the Gaussian 09 program
package (Frisch, 2004). Calculations are performed with six
selected density functional theory (DFT) methods (B3LYP,
B3LYP-D3, B97D3, M06-LD3, M06-2X-D3, and ®B97X-D)
combined with four basis sets (6-31G(d), 6-31 + G(d,p), 6-311
+ +G(d,p), def2-TZVP) in gas phase at 298.15 K and
1 atm. Dispersion corrections have been applied as they were
implemented in the Gaussian 09 program package for the cor-
responding methods. To calculate the BDE for each studied
carbon-hydrogen bonds (BDEc.y) of the 16 priority PAH
(Fig. 1), 104 radicals, 16 molecules, and 1 hydrogen atom have
been calculated with each method, and thus, in total 2904 cal-
culations have been performed [(104 radical + 16 reactant + 1
hydrogen)e24] (Table S1, Table S4). In the selection of the
studied C-H bonds, the symmetry of the structures is consid-
ered and thus, positions that lead to identical radicals are
excluded from the study (Fig. 1). Method test has also been
performed within which the applied DFT methods combined

with the above-mentioned basis sets have been compared to
experimental values to select the best DFT/basis set combina-
tion for future studies.

3. Results and discussion

3.1. Validation

BDE values of Nph-2 (second hydrogen of naphthalene,
Fig. 1) and Acy-1 (first hydrogen of acenaphthylene, Fig. 1)
were calculated with every combination of methods and basis
sets and compared to experimental data (Table 1). It can be
seen that in the case of naphthalene (Nph-1) each ABDEs
are below 4 kJ/mol (within chemical accuracy). However,
regarding acenaphthylene (Acy-1) the difference between the
calculated and experimental BDE values is > 4 kJ/mol except
in the case of the wB97X-D/6-311+ + G(d,p) level of theory
(Luo, 2007). Taking into consideration the experimentally
measured (BDEgxp) and the calculated (BDEcarc) values, it
can be concluded that the best agreement is obtained with
the wB97X-D/6-311+ +G(d,p) level of theory, as the devia-
tions (BDEgxp-BDEcarc) were only 0.1 kJ/mol and 3.9 kJ/-
mol in the case of Naph-2 and Acy-1, respectively (Luo, 2007).

In addition, the extensive work of Mardirossian and Head-
Gordon made on the analysis of 200 density functionals
showed that wB97X-D is the best hybrid GGA functional
(Mardirossian and Head-Gordon, 2017). The results of
wB97X-D/6-311+ + G(d,p) are compared with the other
DFT/basis set combinations (Figure S1; Figure S2). If the data
of wB97X-D/6-311+ + G(d,p) is considered as a reference (red
line on Figure S2), other DFT values usually underestimate
these. The deviation is the highest (<20.3 kJ/mol on average)
between the M06-LD3 and ®B97X-D/6-311 + + G(d,p) values.
Not surprisingly the @B97X-D/6-31+ G(d) data is very close
to the reference. The difference between them is just 3.8 kJ/mol
on average, which value is well below the chemical accuracy
(4 kJ/mol), and can be attributed to the difference in the dif-
fuse and polarization functions (+, + +; (d), (d,p)) involved
in the basis sets (Figure S1). In addition, among the values
obtained with different methods, the M06-2X-D3 values are
the closest to the wB97X-D/6-311+ + G(d,p) values as, the
deviation is just 2.5 kJ/mol (Figure S2, b). Thus, the ®B97X-
D/6-31+G(d) and wB97X-D/6-311+ + G(d,p) level of theo-
ries are both suitable for similar studies, but as the latter is
slightly better it was selected and applied in the analysis.

Furthermore, experimentally determined bond length val-
ues of chrysene and benzo(a)pyrene were compared to the cal-
culated ones obtained by the selected wB97X-D/6-311+ +G
(d,p) level of theory and the computed and measured values
were also in good agreement with each other (Table S2-S3;
Figure S4).

3.2. Structural and energetics considerations based on the results
of the wB97X-D[6-311+ +G(dp) level of theory

The studied hydrogen atoms have been categorized based on
their position or chemical properties (Fig. 3).

Seven categories are identified, and all of the hydrogens are
assigned to one of the following groups taking into account the
symmetry of the molecular structures as well: zig-zag (noted
with an orange triangle), peak (marked with a green square),
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Table 1

The deviations between the experimental (BDEgxp) (Luo, 2007) and calculated (BDEcarc) bond dissociation enthalpy

values (ABDE in kJ/mol) for naphthalene (Nph-2) and acenaphthylene (Acy-1). The experimental values of Nph-2 and Acy-1 are
determined in gas phase (Reed and Kass, 2000; Kass and Broadus, 2002). The smallest deviations between the experimental and

calculated values are indicated with green.

ABDE = BDEgxp-BDEcar c/kJ/mol
H
9
Qo O

1. 1.
(Nph) (Acy)

Basis set 6-31G(d) 6-31+G(dp) 6-311+ +G(dp) def2-TZV P

Method Nph-1 Acy-1 Nph-1 Acy-1 Nph-1 Acy-1 Nph-1 Acy-1
B3LYP 4.7 8.2 1.7 5.1 4.4 7.6 5.9 9.2
B3LYPD3 2.5 5.8 1.6 4.4 1.6 4.5 3.8 6.7
B97D3 5.7 8.6 2.5 5.01 1.8 44 8.1 10.4
MO6L-D3 22.8 27.4 18.0 22.4 17.6 22.1 21.1 25.4
MO06-2X-D3 0.2 6.6 1.5 44 2.6 8.4 2.8 7.9
®B97X-D 0.3 4.3 20.1 18.8 0.1 3.9 2.4 6.3

armchair (red circle), penta-bay (blue star) anthracene type
(purple square), aliphatic (blue rhombus) and next-to-
aliphatic (yellow triangle) (Fig. 2). Hydrogens in zig-zag posi-
tions are most easily represented on naphthalene, as the hydro-
gens attached to a connected section of 4 carbon atoms (for
example C7-C8-C9-C1 zig-zag chain, Fig. 2, I. Naphthalene
(Nph)) between the C2 - C3 and C7 — C6 midpoints constituent
symmetry plane. The next category is the peak, where the
hydrogen is attached to a carbon and the neighboring C atoms
also hold H atoms (Figure 2, C3, C4, C10, BaP). The hydrogen
is in an armchair position it belongs to a carbon around a bay
region (between C1 and C10 carbons of phenanthrene, a pro-
totype of a “bay region”, Fig. 2). Numerous PAHs have this
structural feature (DhA, Chr, BaA, BaP), with additional
fused aromatic rings. This type of arrangement has significance
in cancer research since the bay region is preserved within the
most carcinogenic PAHs (benzo(a)anthracene, benzo(a)pyr-
ene) and is considered as a critical structural feature for the
formation of carcinogenic and mutagenic cells (Lehr, 1985).

zig-zag
B peak
@ armchair
* penta-bay
[l anthracene-type
@ aliphatic

next-to-aliphatic

XIIl.
Benzo(a)pyrene (BaP)

V.
Phenanthrene (Phe)

Fig. 2 Categorization of the H atoms of the studied PAHs
introduced by using specific examples.

Hydrogens in the penta-bay category are in similar positions
to the hydrogens in the armchair group, but here the two ben-
zene rings at the edge of the structural unit are fused with a
five-membered ring in the middle (fluorene, Fig. 2). The
anthracene-type hydrogens are found on the middle ring of
three linearly connected benzene rings (BaP, Fig. 2). The last
two categories are related to the aliphatic structural moieties
of the PAHs. Aliphatic hydrogens are on the aliphatic unit
of the molecules (Acn-1, Flu-1, Fig. 2), while hydrogens which
are on an aromatic six-membered ring connected to the alipha-
tic part of the species (Acn-2, Flu-2) belong to the next-to-
aliphatic group. The computed BDE and the corresponding
bond length values have been plotted and analyzed (Fig. 2).
By comparing all the obtained values, it can be seen that the
minimum and maximum values belong to two molecules.
Flu-1 has both the lowest BDE value and the longest bond
length value at the same time with 342.0 kJ/mol and
1.0952 A respectively. However, Acy-1 (the first hydrogen on
acenaphthylene, Fig. 1) has the shortest bond length value with
1.0817 A and the highest BDE value with 485.6 kJ/mol. Plot-
ting the BDEs as a function of the corresponding bond lengths,
three subgroups were observed (marked with roman numbers,
Fig. 3, a). The results of Acy-1 (the first hydrogen of acenaph-
thylene) define a special case due to the highest BDE value
(485.6 kJ/mol) and to the relatively short bond length value
(1.0817 A). Consequently, Acy-1 stays separately from the first
and third groups and basically would represent alone the first
subgroup of the BDE vs bond length diagram (Fig. 3, a, L.).
This can be explained by its special position since it is bound
to a carbon atom involved in a five-membered ring which is
fused with two six-member rings. Two data points, Flu-1
and Acn-1 represent the third major group (Fig. 3, a, II1.), with
342.0 kJ/mol and 348.7 kJ/mol BDE values, respectively.
These two points have a BDE value well below the average
(466.6 kJ/mol) which is due to the fact that the C-H bond is
in a-position to the carbon atom involved in the aromatic sys-
tem containing alternating single and double bonds (Lengyel
et al., 2012; Medina et al., 2015). These C-H bonds could be
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Fig. 3 Bond dissociation enthalpy (BDE, in kJ/mol) values as a function of the corresponding C-H bond lengths calculated at the
®B97X-D/6-311+ + G(d,p) level of theory and the categories of the H atoms.

also the reaction centers of possible oxidative attacks (Lengyel
et al., 2012; Medina et al., 2015). Furthermore, if all the data
are being compared it can be seen that the longest C-H bond
values belong to these with 1.0931 A and 1.0952 A. Most of
the data points (101 from 104) can be found in the second
group (Fig. 3, a, 1) with a bond length and BDE value range
between 1.0817 A (Chr-1) — 1.0863 A (Ant-1) and 461.2 kJ/mol
(Chr-1) — 472.9 kJ/mol (BaP-6), respectively. At first sight, one
can suspect a linear correlation within the II. group between
the BDE and bond length values. In order to verify this, the
data of the II. group were selected and analyzed by using linear
regression (Figure S3) and a reasonable correlation was found
(R? > 0.75). By applying the equation of the linear fit, with
some uncertainty the bond dissociation enthalpy can be pre-
dicted for a C-H bond if the corresponding bond length is
known and vice versa. It can be seen that the BDE values
increase together with the bond length values, so a propor-

tional trend exist between them. It is interesting to mention
that in the work of Klein and Lukes the BDE values were
inversely proportional to C-O bonds (Klein and Lukes,
2006). The positions of the hydrogens are also noted according
to the categorization mentioned earlier (Fig. 3). Thirty-eight
hydrogens are in zig-zag position (within II.) so this type of
arrangement is the most prevalent. In this group, the average
BDE value is 469.9 kJ/mol, in a range between 468.0 kJ/mol
(Acy-2) to 471.5 kJ/mol (Ipy-9). Regarding the bond lengths,
the average is 1.0846 A with a minimum of 1.0850 A (Phe-3)
and a maximum of 1.0855 A (BkF-2). 33 hydrogens can be
identified as peak (within II.), with a 468.4 kJ/mol BDE and
1.0843 A bond length, on average.

The maximum BDE value appeared on the tenth hydrogen
of benzo(a)anthracene (BaA-10) with 469.9 kJ/mol and the
minimum is obtained on Acn-3 with 465.3 kJ/mol. The longest
C-H bond has been located on the same molecule (Acn-3)
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Fig. 4 Reaction initiation points of the 16 priority PAHs along with the corresponding bond dissociation enthalpy (BDE, in kJ/mol)
values calculated at the ®B97X-D/6-311+ +G(d,p) level of theory. Hydrogens are colored according to their respective positions and
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legend, the reader is referred to the web version of this article.)

within the peak category with 1.0849 A. However, the mini-
mum bond length is obtained on the first hydrogen of benzo
(b)fluoranthene (BbF-1) with 1.0840 A. 12 hydrogens within
the II. group are in armchair arrangement (Fig. 3). Interest-
ingly both the minimum BDE and bond length values belong
to Chr-1 with 461.2 kJ/mol and 1.082 A, respectively. The
maximum BDE value in armchair position is attributed to
BbF-10 (benzo(b)fluoranthene) with 467.6 kJ/mol. The longest
bond length belongs to BaA-1 with 1.0837 A. There are 13
hydrogens in the penta-bay group. Among them, indeno(1,2-
cd)pyrene represents the minimum BDE and the longest bond
length values with 469.4 kJ/mol (Ipy-1) and 1.0859 A (Ipy-6),
respectively. The highest BDE is attributed to the third hydro-
gen of benzo(k)fluoranthene (Bkf-3), and the shortest bond
length to benzo(b)fluoranthene. The fifth category in the sec-
ond group is anthracene-type which includes only three hydro-
gens (Ant-1, BaP-6, and BaA-6). Based on the results it can be
observed that the BDE and bond length values are changing
inversely proportional with the growth of benzene rings.
Ant-1 being the simplest prototype in this category has the
longest bond length value (1.0863 A) with the lowest BDE
value (472.1 kJ/mol). The sixth hydrogen on benzo(a)pyrene
(BaP-6) consists of two additional benzene rings than anthra-
cene, has the highest BDE value (472.9 kJ/mol), and the short-
est bond length value (1.0861 /OX) in this category. Being in
concordance with previous observations the results of BaA-6
are between the results of Ant-1 and BaP-6, obtaining a
472.2 kJ/mol and a 1.0863 A of BDE and bond length values,
respectively. Among the 13 hydrogens located in the penta-bay
category the first and third hydrogens on indeno(1,2-cd)pyrene
represent the minimum bond length and maximum BDE value
with 1.086 A and 469.4 kJ/mol, respectively. The maximum
BDE is found at BkF-3 with 471.6 kJ/mol, and the minimum

bond length corresponds to BbF-8 with 1.0846 A. The two
hydrogens of Acn-2 and Flu-2 represent the last group that
bears the next-to-aliphatic name. The BDE values here are
469.3 kJ/mol (Acn-2) and 468.4 kJ/mol (Flu-2), while the bond
length values are ~1.08 A. Based on the obtained BDEs,
potential reaction initiation points can be determined on each
molecule (Fig. 4). For 7 molecules (Phe, BaA, Chr, BaP, BbF,
DhA, BgP) from the 16 parent PAHs, the most reactive hydro-
gens are in an armchair position with a BDE range of 461.2—
466.1 kJ/mol, and the most reactive molecule in this respect
is chrysene (Chr) due to its slightly lower BDE value (461.2 kJ/-
mol) than the others. The hydrogens in peak positions repre-
sent the second most reactive subgroup (Fig. 4). Among
them, the most reactive molecule is acenaphthylene (Acy)
which has a 468.7 kJ/mol BDE value. Thus, under a given
mechanism the further growth of PAHs probably will start
with the formation of the PAH radicals by the removal of
hydrogens from these positions.

4. Conclusions

Bond dissociation enthalpies (BDEs) of the 16 priority PAHs were cal-
culated for each unique C-H bond. The calculations have been carried
out by using six density functional theory methods (B3LYP, B3LYP-
D3, B97D3, M06-LD3, M06-2X-D3, and wB97X-D) in combination
with 4 basis sets (6-31G(d), 6-31+G(d,p), 6-311+ +G(d,p), def2-
TZVP). 104 radicals, 16 molecules, and 1 hydrogen atom have been
studied with each method, and thus, in total 2904 calculations were
performed. The results compared with experimental values and the
best method/basis set combination, the wB97X-D/6-311+ +G(d,p)
level of theory, has been selected. The correlation between the com-
puted BDE values and the corresponding computed C-H bond lengths
were also examined. By plotting the BDEs against the corresponding
bond lengths, three clusters can be identified. The first and third groups
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contained only three structures, acenaphthylene, Flu-1 and Acn-1.
Acenaphthylene has a relatively high BDE 485.6 kJ/mol and short
bond length value (1.0817 A), while Flu-1 and Acn-1 are outliers
because of their small BDEs, 342.0 kJ/mol and 348.7 kJ/mol, respec-
tively. The largest cluster includes 101 points, where the bond lengths
are in a range between 1.0817 A and 1.0863 A, while the corresponding
BDE values are between 461.2 kJ/mol and 472.9 kJ/mol. Linear corre-
lation was found between the BDE and bond length values in this clus-
ter (R> > 0.75) and it can be seen that the BDE values increase
together with the bond length values, so a proportional trend exist
between them. By using the equation of the linear fit, the BDE of a
given C-H bond can be predicted with some uncertainty if the corre-
sponding bond length is known and vice versa. Furthermore, all the
studied hydrogens have been categorized by using structural and chem-
ical properties. Seven categories have been defined, zig-zag, peak, arm-
chair, penta-bay, anthracene type, aliphatic, and next-to-aliphatic.
Most of the H atoms are in zig-zag positions. The BDE and bond
length values for the C-H bonds within the 16 priority PAH were in
a range between 342.0 and 485.6 kJ/mol and 1.0817-1.0952 A, respec-
tively. The minimum and maximum BDE and bond length values
belong to fluorene and acenaphthylene, where the corresponding
hydrogens are in the aliphatic and peak subgroup. The BDE values
have been used to determine potential reaction initiation points on
each molecule. Most of these initiation points are hydrogens in an arm-
chair (7 of them) or peak position (6 of them). Further growth of the
structures would start with the removal of hydrogens from these
points. These results can be used to assess the feasibility of potential
growth mechanisms.
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