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Cyclodehydrogenation Reactions to Cyclopentafused Polycyclic Aromatic Hydrocarbons
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B3LYP/6-31G(d,p) electronic structure calculations are employed to elucidate the reaction mechanisms for
the conversion of the alternant;8;, polycyclic aromatic hydrocarbon benzfghenanthrene into the
nonalternant GHio PAHS cyclopentajdlpyrene and benzghilfluoranthene. Isomerization reactions such

as 5/6-ring switching and hydrogen atom scrambling are analyzed. Bay region chemistry, involving the rupture
of one benzene ring followed by the formation of a new five-membered ring, is also studied, together with
the mechanism for the formation of an aryne. The rearrangement of the latter yields annelated cyclopenta-
dienylidenecarbene, which is then trapped intramolecularly.

Introduction Little is known about the basic mechanism of thermally

. . . induced cyclodehydrogenation reactions. Two hydrogen atoms
Polycyclic aromatic hydrocarbons (PAHSs) containing fully . lost, and a new ring is created by the formation of a new

tj'nsatulrate(tj)f|ve-m@mier%1;|gngas Eltegratltcorppdonentg dOf ﬂE“T'rtransannular €C bond. The details concerning the order of
rigonal carbon networks (CP-PAHS) have attracted considerabley, o gtons and the nature of the reactive intermediates are stil

attention in different field$-3 Some of these nonalternant missing, and most of the reaction mechanisms for cyclodehy-
hydrocarbons exhibit unusual photophysical behaviand drogena;tion do not account for the presence of CP-PAHSs.

biological activity” TF’XiCiFy studies provide strong evid_e_nce The importance of cyclodehydrogenation reactions and in-

::hc%t?lfs-tliocfr\nHriii'[Srggpgamy responsible for the genotoxicity of terconversions of PAHs to combustion chemistry, combined
lati h : with the lack of definite experimental evidence for the mech-

¢ RI? ative to other PAHSI'(,CP'P?HS d.emonstrar:e a greater 5nisms, has emphasized the need to carry out a comprehensive

facility to undergo certain kinds of reactions, such as isomer- gate_of-the-art electronic structure study of cyclodehydrogena-

ization involving intramolecular rearrangeménf.This is due tion of benzofphenanthrenelj (Figure 1). This compound

to the fact that fusion of the cyclopenta ring alters the electronic -« peen proposed to play an important role in competing PAH
properties of the PAH, as demonstrated by differences in the growth pathways, i.e., the buildup of planar versus nonplanar

resonance energyand measured differences in ultravietet CP-PAHs2%3Thermolysis ofL produces not only benzghil-
visi_ble (UV—\_/is) absorptioﬁz_and quorescenc’é?'_I’he Presence  qoranthene but also cyclopentalpyrene. Evidence for the
of five- and six-membered rings may also provide the structural \jahjjity of this process has been obtained from flash vacuum
property of nonplanarity to CP-PAHs. Bowl-shaped CP-PAHSs thermolysis (FVT) experimenfd 3¢ These reactions are be-
such as corannulene constitute building blocks for fulleréhigs. lieved to proceed through several stag¥,including dehy-
Recently, CP-PAHs have been widely found in combustion  grggenation as well as rearrangements such as intramolecular
systems (e.g., Lafleur et &); they have been observed as rapping, H scrambling, and five- to six-membered interconver-
pyrolysis products of anthracef®?’ pyrene?! and benzeri@ Sion9:38-40
and as combustion products of benzéheghylene, and ethyl- A detailed analysis of these reactions together with the
ene-naphthalen® mixtures. Wornat et & pyrolyzed brown — oj,cidation of efficient high-temperature routes is reported in
coal and, through the analysis of the product tar, identified g paper. After the first two sections, which describe the
several different CP-PAHs. Consequently, the elucidation of CP- 5 mation pathways from benagphenanthrene to benagtii-
PAH formation processes under high-temperature conditions is,oranthene and cyclopentapyrene, respectively, the inter-

an important research topic. _ e conversion of the latter two nonalternantg8io PAHs is
According to Badger's free radical mechani$hd] simple reported. Reaction rates are computed for the pathways analyzed
aromatic hydrocarbons first lose hydrogen through-gdbond  together with the thermodynamic data of all the intermediates

cleavage, producing aryl radicals. Recombination of these jnyolved in the reaction steps.

radicals yields biaryls, which in turn are subject to further  gjnce benzaflphenanthrene may be regarded as a rigid
_dehydrog_enatlon. The energy of the-B bond in simple PAHs analogue of 1-phenylnaphthalene, and Cioslowsky €t al.
is determined mostly by steric effectsConsequently, the 10ss  reported a detailed analysis of its thermally induced cyclode-
of hydrogen is expected to occur preferentially at sterically pygrogenation, some of the results presented in this study for

congested sites, where new-C bonds may readily form,  penzofjphenanthrene are compared with those obtained for
implying the propensity of aryls to undergo, whenever possible, 1-phenylnaphthalene.

cyclodehydrogenation rather than dehydrogenative polymeri-
zation. Details of the Calculations
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Figure 1. Reaction pathways AC.

under study were fully optimized, and their vibrational frequen-  Pathway A.The cyclodehydrogenation df may proceed
cies were calculated. All the predictions of reaction energetics through the initial abstraction of hydrogen from C1 to produce
and barriers cited in the following text and figures pertain to radical2. The removal of hydrogen lessens the steric congestion
energies at the B3LYP/6-31G(d,p) level of theory. present in the parent aryl: the inter-ring dihedral angl@ ia

To assess the suitability of the B3LYP/6-31G(d,p) level of 0°, whereas that il is 18. As already mentioned, since the
theory for studies of reactions involving aryl radicals, arynes, energy of the homolytic €H bond cleavage in the PAH is
and carbenes, we performed comparisons with experimental datagoverned by steric rather than electronic effects, hydrogen
available for compounds that belong to those classes. Thus, theabstraction from position 1 is favored over that from the others
B3LYP/6-31G(d,p) C-H bond dissociation energy (BDE) of by about 7 kcal/mol.

benzene equals 110.17 kcal/molTat 0 K, in agreement with Radical2 is predicted to readily undergo intramolecular ring
the recent experimental values of 10%80.8 kcal/mot® and closure to intermediat® The transition state of this reaction is
112.0+ 0.6 kcal/mok* found to be quite early, with the length of the-C bond under

Benchmark MP2/6-311G**, QCISD/6-311G**, and CCSD-  formation amounting to ca. 2.17 A in the transition state. The
(T)/6-311G** calculations for 1,2-didehydrogenation of benzene partial loss of aromaticity that accompanies the ring closure
(CeHs — CeHa + Hy) produce values of 86.1, 91.2, and 86.8 offsets the energy gains due to formation of the @ bond,
kcal/mol, respectively? whereas the B3LYP/6-31G(d,p) cal- resulting in a predicted reaction energy-67.6 kcal/mol.
culations yield 91 kcal/mol. All these figures agree quite well C—H bond cleavage completes the pathway frbtn benzo-
with the recent46exper|mental estimate of 86:98.0 kcal/mol  [ghilfluoranthene 4), where the aromaticity is restored upon
(at T = 298 K)*® Impressive agreement is observed between the removal of hydrogen. This process involves a transition state
the B3LYP/6-31G(d,p) predictions for the energy of the benzyne energy of 25.3 kcal/mol. The present calculation places the
— cyclopentadienylidenecarbene isomerization, 29.3 kcal/mol, products4 + H, 15 kcal/mol above the reactant. Thus, once
and the CCSD(T)/6-311G** predictions, which give the same formed, compoune is rapidly converted to a pericondensed
value, 29.3 kcal/mat? Also the B3LYP/6-31G(d,p) energy of  pAH and H in a two-step process with low energy barriers.
the HC=C: — HC=CH rearrangement-39.7 kcal/mol, is Pathway BThe formation of benzgjilfluoranthene can also

close to the experimental value eﬂi + 2 keal/mol. _progress through a 1,2-shift of hydrogen out of the cove region
In summary, the CCSD(T)/6-31G** energetics of the species y, o adjacent carbon to produce radigal'he energy barrier

involved in both the 1,2-didehydrogenation of benzene and the ¢ yhis reaction was identified to be 81 kcal/mol. This type of
1,2-benzyne are accgrat_ely rep_roducgd by the BgLYP/6'3.1G' scrambling of hydrogen atoms represents an important thermal
(d,p) method, warranting its use in studies of analogous reactions4ction for PAH? In 5, the hydrogen 1,5-shift between the
of larger PAHS' ) . atoms C1 and C12 is facilitated by their proximity. As a
The energies and barriers quoted in this paper pertali®0  ;onsequence, a further H migration from C12 leads to compound
0 K and include zero-point energies. 6, which is placed 18 kcal/mol in energy above the reactant
The predicted reaction barrier for this reaction is 11.8 kcal/
mol. The elimination of the two hydrogens bonded to thé sp
Benzofhi]fluoranthene Formation. Figure 1 shows three  C2 produces intermedia® and the further H migration from
possible pathways for the conversion of berhaienanthrene the C1 to C2 leads to benzijilfluoranthene. The reaction
to benzofhilfluoranthene. barriers involved in these last two steps are 90.15 kcal/mol for

Reaction Pathways
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Figure 2. Selected €C and C-H bond lengths (A) in the transition states of the intramolecular ring clogires3 (a), 5 — 6 (b), 8 — 9 (c),
and10— 11 (d).

the 6 — 7 transition and 0.2 kcal/mol for thé— 4 transition,
respectively. This indicates that, ongés formed, it is rapidly
converted to benzghilfluoranthene. As an alternative, from
intermediateb the reaction can proceed through H abstraction
of one of the two hydrogens bonded to C2 to produce radical
3 (dotted line). The barrier energy for this H abstraction is 18.4
kcal/mol. From intermediat8 the reaction route is similar to
pathway A, and benzghi]fluoranthene is formed through-€H
bond cleavage in intermedia8 .
The 1,2-elimination of molecular hydrogen from compound
6 to directly produce compound is forbidden by orbital
symmetry. 1+H
Pathway C.The conversion of benzdphenanthrene to
benzophilfluoranthene can also be initiated by the addition of
a hydrogen atom to the 2-position of bendphenanthrene, 0l
producing intermediate8. Whereas abstraction is close to Figure 3. Energy profiles for pathways AC.
thermoneutral when the abstracting reagent is a hydrogen atom,
the addition of a hydrogen atom to berdphenanthrene is quite  the production of benzghilfluoranthene in the presence of H
exothermic,—26.95 kcal/mol, and the activation energy is 2.84 atoms.
kcal/mol. The resulting radical can then undergo conrotatory |n a H-poor environment pathways A and B become
ring closure, forming a trans-ring junction (compou@)dthat competitive. The initial dehydrogenation step to produce
then loses a hydrogen atom to give intermedttdhis type compound in pathway A requires the eliminatiori a H atom
of electrocyclic reaction involves the exchangemsonds for  from 1, and the bond dissociation energy is found to be 103.2
ring-closingo-bonds. Ring closure occurs when both orbitals kcal/mol. This result is similar to that obtained by Cioslowski
rotate in the same direction to achieve overlap. In other words, et al.3® who identified the energy for the H loss from
conrotatory ring closure occurs when the top lobe of one orbital 1-phenylnaphthalene at the BLYP/6-31G** level to be around
has the same phase as the bottom lobe of the other orbital105 kcal/mol. As a consequence, in a H-poor environment the
involved in forming theo-bond. At this point, the reaction first steps involved in pathways A and B both have significant
pathway can progress either in the same way as pathway B,energy barriers (the transition energy for> 5 is 81 kcal/mol),

forming first intermediate7 and then benzghilfluoranthene and they can both contribute to the formation of beghf
through H migration, or as in pathway B2, producing first radical fluoranthene.

3 and then benzghilfluoranthene. Cyclopentalcd]pyrene Formation. Figure 4 shows reaction

Figure 2 reports the optimized structures of the transition pathway D for the conversion of benzijhenanthrene to
states for the reactiors— 3 (Figure 2a),5 — 6 (Figure 2b), cyclopentagdjpyrene.

FPath 4
Path B
Path B2
Path C

and8 — 9 (Figure 2c). _ Pathway D.The formation of cyclopentafpyrene from
Figure 3 shows the B3LYP/6-31G(d,p) energy profiles for benzof]phenanthrene can be rationalized by invoking the
pathways A-C. benzyne-cyclopentadienylidenecarbene rearrangement, i.e., the

Pathways A and C are facilitated by the presence of radicals formation of 1,2-dehydrobenzgphenanthrene via homolysis
in the environment, and they represent the principal sources forof a peri aryl C-H bond?é followed by loss of a vicinal
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In a H-poor environment, the benzyne pathway to form
intermediatel O requires significant energy since the dissociation
bond energy to forni0 from radical2 is computed to be 86.2
kcal/mol.

From Benzo[ghiJfluoranthene to Cyclopentalcd|pyrene.

The conversion of benzghi]fluoranthene to cyclopentefl-
pyrene is an example of the Ster@/ales rearrangement, which
involves the transposition of two 3ihybridized carbon atoms
within a framework of other gphybridized atoms. Mechanisms
for the Stone-Wales rearrangement have been extensively
discussed®>! and it has also recently been pointed out that
radical-promoted mechanisms can be energetically very favor-
able32 Below we report reaction pathways involving unimo-
lecular and bimolecular reactions for the interconversion of
benzofhilfluoranthene into cyclopentefpyrene.

Unimolecular ReactionsSince the original work of Scott and
Roelofd® on the 5/6-ring interconversion, many examples have
been foungP-30:35.38.53.54nd the process appears to be common
among CP-PAHSs at high temperatures in the gas phase. The
Figure 5. Optimized structures for the transition states of the reaction ring-contraction/ring-expansion sequence, i.e., the exchange of
pathways E (a), F (b), and G (c). five- and six-membered rings, can be achieved by breaking one
C—H bond and one €C bond while forming one €H bond
and one G-C bond® (pathway E). Figure 5a reports the
optimized structures for this transition state. In a similar way,
a four-centered reaction involving concurrent breaking of two
C—C bonds (C2C3 and C12-C1) and forming of two GC
bonds can be considered for the production of cyclopedfa]
pyrene from benzgjhi]fluoranthene (pathway F). The energy
barriers for pathways E and F are 161.6 and 163.3 kcal/mol,
respectively. Figure 5b reports the optimized structures for the

hydrogen. When exposed to radicals, for example, in flame
conditions, the aryl radic&2 may undergo further dehydroge-
nation, forming compoundO, where the H bonded to C2 has
been removed. The energy barrier for the H abstraction from
intermediate2 by a H atom is 13.6 kcal/mol at the B3LYP/6-
31G(d,p) level of theory.

Benzyne benzologu&0 will produce its carbene isomérl
(Figure 4), which then gives cyclopentdlpyrene (2) via
intramolecular trapping (€H insertion). i

The energy barrier for the reactidi® — 11 is 41.3 kcal/ tran_smon states of pgthway F.
mol. Only the singlet electronic state was considered for —Bimolecular Reactionsn the presence of H atoms, benzo-
compound 11 (singlet, —691.82 hartrees; triplet—691.76 [gh|]fluoranthene can undergo H. abstraction to produce inter-
hartrees; quintet-691.69 hartrees) in agreement with recent Mediatel5and H as shown in Figure 6 (pathway G).
electronic structure calculations on cyclopentadienylidenecar- The energy barrier and reaction energy for the reaction
bene?® The reaction energy fdt0 — 11is almost the same as 13 are 9.9 and 4.8 kcal/mol, respectively. The following ring-
that of the benzyne-> cyclopentadienylidenecarbene rearrange- opening/ring-expansion reaction leading to intermedidtas
ment (24.28 kcal/mol vs 29.28 kcal/mol), also in agreement with an energy barrier of 49.0 kcal/mol. The transition state for the
the results reported by Cioslowski e8The computed lengths ~ reaction13 — 14 is reported in Figure 5c. H atoms from the
of the analogous €C bonds in11 and cyclopentadienyliden- ~ gas phase can then add to the radical Bhto produce
ecarbene are quite similar, indicating the lack of significant cyclopentagdjpyrene. The reaction energy fa4 + H — 12
conjugation between cyclopentadiene and 6-ring moieties. TheWith zero-point energy correction is110 kcal/mol.
highly exothermic cyclization, which involves formation of a Pathway H in Figure 6 represents another possibility for the
C—C bond concurrent with a hydrogen 1,2-shift, is predicted interconversion of benzghilfluoranthene to cyclopentedi]-
to possess an activation enthalpy of only 7.6 kcal/mol. The pyrene by a radical-promoted route. H atom addition to
products cyclopentaflpyrene + 2H, lie 94 kcal/mol below compound4 produces radicaB—the same as in pathway-A
the reactantd + 2H. The optimized structure for the transition which can then undergo ring closure to a cyclopropda®, (
state of10 — 11 is reported in Figure 2d. initiating the rearrangement. The energy barrier for the reaction
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Figure 6. Reaction pathways G and H for the interconversion of begtafluoranthene to cyclopentefipyrene.

60T TABLE 1: Reaction Rates for Pathways A-H
reaction A2 n E
30 Path G Pathways A-E
Path H 1+H—2+H; 7.25E+07 1.76 9.69H-03
1—2+H 2.76E+09 1.44 1.198-05
2—3 3.86E+11 0.21 1.77804
4+2H+ 3—4+H 5.75E+10 0.93 3.048-04
1—5 9.70E+11 0.64 8.308-04
5—6 2.18EF11 0.37 1.188-04
1+H—8 6.54E+08 15 1.828-03
30 8—9 5.61E+11 0.21 1.778-04
9—6+H 4.56E+10 0.95 3.048-04
2+H—10+ H, 3.52E+08 1.83 1.508-04
60 - 2—10+H 1.23E+10 1.41 8.528-04
10— 11 1.04E+12 0.41 4.21B8-04
11—12 7.81E+11 0.18 7.64B-03
0 Pathways EH
4—12 3.33E+10 1.65 1.64E-05
4+H—13+H, 1.74E+08 1.74 9.37E-03
12+H, 13— 14 4.96E+11 0.755 5.08-04
20 + 14+H—12 2.33E+08 1.39 —1.95E+03
; : 3—15 1.64E+12 0.38 1.626-04
Figure 7. Energy profiles for pathways G and. H 15— 16 8 15EL12 0.05 16103
3— 15is 32.3 kcal/mol. The 5/6-ring interconversion proceeds 16— 12+H 6.90E+10 0.97 1.448-04
then through the formation of intermediélt6, where the C+ a Arrhenius formatk = AT" exp(—E/RT), units cn¥/(mol K s).

C12c bond is broken and the six-membered ring is formed. The
barrier for the reactiori5 — 16 is 1.15 kcal/mol. Further H  onjine resource (http://www.cseo.net). The transmission coef-

removal from C2 leads to cyclopentapyrene. ] ficients which account for the quantum mechanical tunneling
Figure 7 shows the B3LYP/6-31G(d,p) energy profiles for offect were calculated using the Eckart metfidd.

pathways G and H. ) The thermal rate coefficient is expressed as
DFT calculations are used to compute the reaction rates for

the pathways described above. The enthalpies and entropies are kT Q* M

treated with conventional transition-state theory to calculate K(T) = k(T) 0 <~ g AV¥keT

Arrhenius preexponential factors and energies of activation that h <I>R(T)

result in high-pressure-limit rate constaritg)(as functions of

temperature. Nonlinear Arrhenius effects resulting from changeswhere « is the transmission coefficient accounting for the
in the thermochemical properties of the respective transition statequantum mechanical tunneling effectsjs the reaction sym-
relative to those of its adduct with temperature are incorporated metry numberQ* and®R are the total partition functions (per
using a two-parameter Arrhenius preexponential factomj unit volume) of the transition state and reactant, respectively,
in AT". Rate constants were calculated from the transition-state AV* is the classical barrier height,is the temperature, arig
theory, using TheRate (Theoretical Rates) édd¢the CSEO andh are the Boltzmann and Planck constants, respectively.
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TABLE 2: Thermodynamic Data of Species Considered in the Present Work@,, cal mol~* K1)

species Cy(300 K) Cy(500 K) Cy(700 K) Cy(900 K) Cy(1100 K) Cy(1300 K) Cy(1500 K)
1 5.441E+01 8.9568-01 1.1278-02 1.2798-02 1.3848-02 1.4608-02 1.5168-02
2 5.421E+01 8.8128-01 1.1038-02 1.248B-02 1.3488-02 1.4198-02 1.4728-02
3 5.310E+01 8.7768-01 1.1038-02 1.249B-02 1.3498-02 1.4218-02 1.4738-02
4 5.114E+01 8.4628-01 1.0658-02 1.206E8-02 1.3038-02 1.3728-02 1.4228-02
5 5.623E+01 9.0978-01 1.1388-02 1.288B-02 1.3928-02 1.4668-02 1.5218-02
6 5.336E+01 8.880H-01 1.1238-02 1.2788-02 1.3848-02 1.4618-02 1.5178-02
7 5.265E+01 8.6008-01 1.0768-02 1.216B-02 1.3118-02 1.3788-02 1.4278-02
8 5.661E+01 9.256H-01 1.1648-02 1.3208-02 1.4298-02 1.5088-02 1.5668-02
9 5.523E+01 9.1818-01 1.1608-02 1.319B-02 1.4308-02 1.5098-02 1.5678-02

10 5.403E+01 8.636E-01 1.0758-02 1.2138-02 1.3078-02 1.3758-02 1.4248-02
11 5.478E+01 8.7098-01 1.081H-02 1.2188-02 1.3128-02 1.3798-02 1.428H-02
12 5.143E+01 8.488H-01 1.0678-02 1.2088-02 1.3048-02 1.3738-02 1.423B-02
13 5.063E+01 8.2968-01 1.0398-02 1.1748-02 1.2658-02 1.3308-02 1.3778-02
14 5.086E+01 8.3178-01 1.0418-02 1.1758-02 1.2668-02 1.3308-02 1.3778-02
15 5.336E+01 8.845B-01 1.1098-02 1.2538-02 1.3528-02 1.4228-02 1.4748-02
16 5.337E+01 8.803E-01 1.1058-02 1.2508-02 1.3508-02 1.4218-02 1.4738-02

Table 1 reports the computed reaction rates for the pathwayspentafd]pyrene with a low yield of the latterT(= 1150°C,
analyzed above. 4/10 = 97%/3%).

Reaction Mechanism and Kinetic Modeling Conclusions

d The present study identifies possible reaction pathways
connecting benzalphenanthrene to benagifilfluoranthene and
cyclopentagdlpyrene. For the conversion of benzfghenan-
threne to benzagjhilfluoranthene, the first route involves H
elimination to form radica, followed by rapid cyclization to
intermediate3 and further H elimination to yield benagifi]-
fluoranthene. The second pathway consists of scrambling of
hydrogen atoms: first the 1,2-shift of hydrogen to produce
compound5 followed by the hydrogen 1,5-shift to produce
benzofhilfluoranthene. The third route is represented by an
electrocyclic reaction which is a type of pericyclic chemical
reaction where the net result is omebond being converted
into one o-bond. The reaction proceeds by way of a cyclic
transition state, and one-bond is formed (intermediat@)
during the course of the reaction (pathway C).

Cyclopentagdpyrene is formed through dehydrogenation of
intermediate? to form the corresponding benzyne benzologue.
The transient carbene is trapped via an intramolecutaHC
insertion, giving the cyclopentafused product.

For the conversion of benzgifijfluoranthene to cyclopenta-
[cdlpyrene, four different mechanisms have been identified. The
first two rearrangement pathways involve the formation of four-
centered reactions: the direct ring-contraction/ring-expansion
mechanisms show significant energy barriers (around 160 kcal/
mol, in both cases). The other two routes are promoted by H

The reaction pathways identified above were implemente
in a Chemkin-type kinetic mechanism to simulate a higii500
K) pyrolitic environment, using the SENKIN program of the
CHEMKIN packagé®’-58 which predicts the time-dependent
chemical kinetics behavior of a homogeneous gas mixture in a
closed system. The mechanism includes microscopic revers-
ibility for all the elementary reactions considered. Table 2 reports
the computed thermodynamic data for the species involved in
pathways A-H. The values agree very well with data previously
reported in the literature for polycyclic aromatic hydrocarbons
containing five-membered ring8.Two cases were analyzed:
the first one using pure benzjphenanthrene as reactant and
the second one with benzjphenanthrene, H, andHas the
reactants, to reproduce a flame environment.

In the first case, benzghi]fluoranthene and cyclopenta]]-
pyrene are formed from the beginning and in significant
amounts. Flow analyses show that beghifluoranthene is
initially formed through pathway A and as soon as H atoms
are available pathway C leading to intermediagsnd 9
becomes significant. A total of 90% of intermediétes formed
through the reactio® + H == 6 + H,. Benzofhi]fluoranthene
is produced through pathways A, C, and B2.

A total of 65% of cyclopentajd]pyrene is produced through
pathway H, while 30% comes from pathway G. In these

conditions, the benzyne mechanism (pathway D) is not signifi- atoms, and cyclopenidlpyrene is formed through 5/6-ring
cant. _ _ ~interconversion. Reaction rates and thermodynamic properties
“In a H-rich environment, benzdphenanthrene pyrolysis  have been computed for all the species involved in the pathways.
gives predominantly benzghilfluoranthene, suggesting that  Kinetic simulation results in a high-temperature pyrolysis
benzophilfluoranthene is the primary pentacyclic PAH formed.  anvironment show that benzjphenanthrene gives bengbi]-
Cyclopentafdipyrene is formed later by the 6/5-ring switch  fjyoranthene through the formation of intermediafeand 3.
rearrangement. In fact, after reaching a maximum, the concen-cyclopentagdjpyrene is formed by the 6/5-ring switch rear-
tration profile of benzajhilfluoranthene decreases when cy- rangement aided by H atoms. In a H-rich environment, where
clopentagdpyrene starts forming. Flow analyses show that 4 radical chain mechanism can play a role, cyclopedfpyrene
benzophilfluoranthene is initially formed through pathways A s formed from benzafhilfluoranthene through 5/6-ring inter-
and C. A total of 88% of cyclopentedlpyrene is produced  conversion (pathway H).
through pathway H, while 9% comes from pathway G. These results provide an important context for the study of
The energies involved in the bengbilfluoranthene/cyclo-  much larger PAHSs, fullerenes, nanoparticles, and soot. During
pentafdlpyrene reaction are significantly high, making the direct combustion processes, the formation of high-molecular-mass
interconversion unfavored. These results are in agreement withstructures, such as nanoparticles, and their conversion to mature
the experimental data reported by Sarobe &t al. soot aggregates is the result of a carbonization process involving
Independent thermolysis of bengbif]fluoranthene gave formation of activated complexes, molecular rearrangement,
pyrolysates containing both bengbfjfluoranthene and cyclo-  polymerization, and dehydrogenati#ff! Cyclodehydrogenation
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reactions are responsible for the surface rearrangements of (27) Badger, G. M.; Jolad, S. D.; Spotswood, T.Alst. J. Cheml964

carbonaceous particles and their reactivity, and they need to b

included in model descriptions for soot growth.
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