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The pyrolysis of toluene, the simplest methyl-substituted aromatic molecule, has been studied behind reflected
shock waves using a single pulse shock tube. Part 1 in this two-part series focused on the high-pressure
experimental results and the high-pressure limiting rate coefficients for the primary steps in toluene
decomposition. The present work focuses on the modeling of benzyl decomposition and the growth of key
soot precursors (§El,, C4H,, CgHe, and indene) from toluene pyrolysis with 81 among the 262 reactions in

the detailed toluene model representing the chemistry that describes the formation and decomposition of
these species. Feasible pathways for benzyl decomposition as well as phenylacetylene and indene formation
have been tested. The simulations also show very good agreement with the single pulse shock tube profiles
for the growth of key soot precursors such a$l§ CsH,, CgHe, and indene.

Introduction fundamental understanding of the soot formation process. The
. . soot precursor species profiles from the current experiments

'_I'he high temperature pyrolysis (.)f toI_uen_e has been an arearepresent key validation targets for the pyrolytic steps in large
of intense research in the combustion kinetics community over combustion models and consequently in this work we have

the past decade becagse of Its abundance n commerual fl.JeIStested mechanistic routes that describe aromatics growth and
A brief summary of prior studies have mentioned in part | in consumption on the basis of the HPST data

this series. Among the experimental studies only the Knudsen
cell-mass spectrometry study by Sniitrand the shock tube Modeling Acetylene Formation and Benzyl
studies by Pamidimukkala et @land Colket and Seely  pecomposition
attempted to characterize the intermediates that form during the ) ) )
high-temperature pyrolysis of toluene. Pamidimukkala &t al. ~1he current high-pressure toluene pyrolysis experiments
performed experiments in a shock tube coupled to a time-of Yiélded GH2 which was the most dominant intermediate with
flight mass spectrometer. Their experiments were performed atMole fractions>100 ppm. GH starts to build up in significant
pressures from 0.2 to 0.5 atm over the temperature range-1550 a@mounts at temperatures below 1400 K (see Figures 2 and 3 in
2200 K and the primary species observed in these experimentg?@'t 1 of this series) which is definitive evidence for its
were GH,, C4Ho, and CH. Colket and Seefyused a single  formation from the decomposition of the benzyl raditalbeit
pulse shock tube over the temperature range +2@%0 K at not via a direct unimolecular step. The formation efHg from
pressures of 10 atm to obtain species profiles for the dominantPenzyl has been a source of uncertainty with multiple mecha-
small hydrocarbon intermediates along with a large number of NiSms proposed by several investigators. Jones &thale
single ring aromatics and multi ring PAHs. There are no other Performed ab initio calculations to evaluate the contributions/
reported measurements of stable species profiles over a widgMpPortance of the several channels for benzyl decomposition.
range of temperatures especially at high pressures relevant tol hey concluded that direct ring opening and the isomerization
practical combustion. to a 6-methylenebicyclo[3.1.0]hex-3-en-2-yl [MBH] intermedi-
Part 1 in this seriédocused on modeling key species profiles ate were the most energetically favorable pathways. They were

(CéHsCHa, CHs, CeHe) from our HPST experiments coupled able to extract rate constants for the two channels using

with H atom shock-tube ARAS data from Braun-Unkhoff et canonical TST. In prior work on the decomposition of benzyl
al® and Eng et al. and the results of recent theoretical radicals, Braun-Unkhoff et &P concluded that over the tem-

calculations by Klippenstein et &lto extract accurate high perature rfénge 1498'700 K bercljzyl dl_srsouatels_prlrﬂarn')_/' toH
pressure limit primary rate coefficients and their high temper- atoms and an unknown product. To explain the H atom
ature branching ratios in toluene decomposition. However, the formation from their benzyl decomposition experiments, Hippler

dominant intermediates from the pyrolysis of toluene such as &t &l have proposed an alternate sequence of steps involving

acetylene, diacetylene, benzyl, phenylacetylene, and indenethe formation of bibenzyl from which H atoms are removed to

represent key soot precursors and consequently the descriptior’?vemually form stilbene. In more recent work Oehlschlaeger

12 : .

of the chemistry that leads to the formation and destruction of et al: ha\ée hperfo:jmed egpte)rlmer:ts_beBCdl reflectgd ShQCk

these species at high temperatures is critical to obtaining aWwaves and have detected benzyl via aser absorption.
Oehlschlaeger et &k.have concluded that the primary decom-

. o . position channel for benzyl decay is via the formation of,&l£
* Corresponding author. E-mail: Kenbrez@uic.edu. . . . N
t University of lllinois at Chicago. species on the basis of the experiments by Frochtenicht'ét al.
* Argonne National Laboratory. who observed a s and H atom fragment in their photoin-
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120 Toluene Pyrolysis, 45 bars TABLE 1: Alternate Benzyl Decomposition Pathways (Units
in cm3, s, mol, cal)
80+ reaction A Ea
£ 40 C6H5CH2 - C5H5CCH2 2.00 x 1014 75 000
g CsHsCCH, — CsHsCoH + H 3.20x 101 34 000
E 0 C5H5C2H +H— C5H5 + Csz 5.00 x 1014 0
k CeHsCH, — |—C7H7 1.20x 10 97 000
2 2001 |—C7/H; — |—CsHs + CoH; 1.00x 104 35000
< 160
= 120 o factor of 2 at 1600 K. Similar trends are observed for the lower
80 pressure 27 bar data set. The failures of the model are primarily
43: due to barriers~90 kcal/mol that need to be overcome to form
1200 1400 1600 1800 acetylene via both the MBH pathway and the ring opening
a Temperature/ K pathway. The model also significantly underpredicts the toluene
decay when using the benzyl decomposition mechanism in Table
1. We have also simulated the absorption profiles reported by
0400 ppm CHCH,UAr, 1615 K, 1.54 Bar Oehlschlaeger et &t Oehlschlaeger et &k have reported
absorption profiles for only one experiment at 1615 K and 1.54
0.08 bar. They have used dilute mixtures (50 ppm) of benzyl iodide
’ (as benzyl precursor) in argon. To accurately reflect their
° experiments we have compared our model predictions for the
§ 0.061 decay of benzyl to the contributions to absorbance from benzyl
£ alone (reported as a dot-dedashed line in Figure 2 of their
2 0.044 paper). Apart from the sequence of steps in Table 1 we have
< o - also included the reactionssi@sCHyl — CgHsCH; + | and its
0.02- o e reverse reaction with rate parameters as reported by Oehlschlae-
0000 - ger et al'2 Figure 1b shows the comparisons made by the model
0.00 . : 2 Q Q to the experimental benzyl absorption profile. The sequence of
0 100 200 300 400 500 steps in Table 1 severely underpredicts the experimental trends
b Time/ ps over the entire time scale (up to 506). In the absence of lower

Figure 1. (a) HPST profiles: @) CeHsCHs; (O) CzHz; (- - -) detailed energy pathways and rigorous high level ab initio calculations
model with benzyl decomposition pathway in Table-1dgtailed model  we have replaced the benzyl dissociation steps in Table 1 by

with global steps for benzyl decay from Colket and Séty) Benzyl two overall reactions for the decomposition of the benzyl radical,
absorbance profiles:) CsHsCH, absorbance data from Figure'2;

(- - -) detailed model with benzyl decomposition pathway in Table 1; . o
(-) detailed model with global steps for benzyl decay from Colket and S;?bal Steps for Benzyl Decomposition (Units in crfy s, mol,
Seeny®

reaction A n E

duced benzyl decomposition experiments in a molecular beam. cyH,CH, — CsHs + CoHs 6.03x 1013 0 70 000
The rate coefficients extracted for benzyl decay by Oehlschlae- CgHsCH, — C4H4 + H.CCCH 2.00x 10 0 83 600
ger et al'2 agrees with the measurements of Braun-Unkhoff et
all® and Hippler et all despite the different mechanistic (see Supporting Information Table ST2 in part 1 of this series
interpretations offered by these authors. Although A1{C for rate parameters) with the rate parameters suggested by Colket
fragment was detected by Frochtenicht et3dh their experi- and Seery.Colket and Seery derived their rate parameters from
ments, the molecular structure of theHg fragment has not = modeling acetylene profiles from toluene pyrolysis experiments
been conclusively determined. Braun-Unkhoff et%ahave as well as in mixtures with cyclopentadiene/acetylene. Adopting
proposed that benzyl decomposition is preceded by benzylthese global steps/rate parameters provides an excellent agree-
isomerization which leads to the78s fragment (a cyclic ment with our measured acetylene profiles as seen in Figure
species-acetylcyclopentadiene) and this pathway has been la. Acetylene is produced primarily from the two stepsi&
shown through the ab initio computations by Jones &tabe CH,; — CsHs +CyH;, [rate parameters from ref 5] andids —
a dominant benzyl decomposition channel. Using the informa- H,CCCH + C;H, [rate parameters from ref 15]. The model
tion from the calculations of Jones et®hs well as the with the global benzyl decomposition steps also shows reason-
conclusions of Braun-Unkhoff et &f, Laskin and Lifshit3* able agreement with the benzyl absorbance profiles as seen in
included a series of steps to describe benzyl decomposition inFigure 1b especially at short time scaled00 us. It is clear
their shock tube study on the thermal decomposition of indene. from the current modeling exercise that the decomposition of
The sequence of steps not only accounts for H atom formation benzyl is far from well characterized. We have attempted to
but also explains &, production from benzyl. The sequence explain the benzyl decay and acetylene formation by global
of steps along with the associated rate parameters is showrsteps. However it is very likely that benzyl decomposition
below in Table 1. involves the sequence of steps as in Table 1 as well as direct

The sequence of steps shown in Table 1 was incorporatedring rupture. However more detailed experiments that attempt
into our model to better describe benzyl dissociation. Figure to trap the intermediates that result from benzyl pyrolysis in
la depicts the acetylene and toluene profiles which have beencombination with higher level ab initio techniques and more
obtained for the higher pressure data set at 45 bar. With thesophisticated kinetic theories than those utilized in the Jones et
detailed steps in Table 1 included the model fails to reproduce al.® study are required to shed light on the actual mechanistic
the GH,, profile for the 45 bar data set with deviations varying processes by which benzyl decays as well as their associated
from a factor of 3 and higher at temperature$400 K to a rate parameters.
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Soot Precursors: Modeling Phenylacetylene and Indene
Profiles

We were able to obtain profiles forsHs (phenylacetylene)
and GHg (indene) among the group of smaller aromatics. The
low fuel mole fractions used in this study inhibit the detection
of species larger than indene although the spectrum of inter-
mediates produced during toluene pyrolysis is rich with profiles
of PAH's as large as pyrene found in prior stucieBheny-
lacetylene and indene, the two key small aromatics that lead to
soot, were observed in small amounts on the order of 2 ppm in
the current experiments. To model the formation and consump-
tion of these species we have assembled a series of reaction
with rate parameters based on literature recommendations.

The dominant route for phenylacetylene formation is via the
popular HACA (hydrogen abstraction acetylene addition) mech-
anism®17 by which GHs + CoH, — CgHg + H. There have
been a number of experimental studies on the reaction betwee
Ce¢Hs and GH, which have been summarized in a recent
computational study by Tokmakov and LihTokmakov and
Lin8 have used high level ab initio techniques (G2M method)
to probe the potential energy surface for the reaction between
CeHs and GHa. Apart from the direct route forming ¢l +
H, CsHs + CyH, primarily forms a stabilized adductBsCHCH
(2-phenylvinyl) that subsequently dissociates gig+ H and
also a number of other cyclic intermediates. Tokmakov anéfLin

n
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computational studies estimates were made for reaction rate
coefficients for the channels. After their review, channels A and
B have been investigated computationally in a series of papers
by Vereecken et @24 High level coupled cluster (CC) and
guadratic configuration interaction (QCI) methods were used
to obtain the potential energy surface in conjunction with an
RRKM-Master equation analysis to obtain temperature/pressure
dependent product distributions for channels A and B. We have
assimilated the information provided by Lindstedt e#!ahnd
Vereecken et @224 and assembled a model involving a series
of elementary steps that formolds isomers that eventually
gyclize to indene. Vereecken etZf.24 in their study have not
provided channel specific rate constants except for the entrance
channels for the reactions betweegHg + AC3H4, CsHs +
PGH,4 and GHsCH, + C,H,. Consequently we have utilized
their barrier heightsHy) and using a simple correlation we have
set the activation energids, to E; + MRT (M: molecularity
of the reaction¥® The preexponential frequency factors were
either based on Lindstedt's estimates or estimates based on
relative entropies for the ¢Elg species. Table ST2, in the
Supporting Information in part 1 of this two-part work incor-
porates the mechanism used to describe the formation of indene
(reactions 225255).

The species identities are the same as that used by Lindstedt
et al?! and Vereecken et &F2* and are depicted in the

have used a combined RRKM/master equation analysis to deriveSupporting Information, Table ST1. Parts a and b of Figure 2
rate coefficients for the formation of stabilized adducts (such depict the model predictions for phenylacetylene and indene
as GHsCHCH) and their subsequent dissociation and isomer- for the 27 and 45 bar experiments, respectively. The sequence
ization reactions. They concluded that at combustion temper- Of steps in Table ST2, from part 1, describes the buildup of
atures the favored product forlds + CoH> is CgHe. This is in phenylacetylene (see Figure 2, parts a and b) fairly adequately
line with an earlier computational study by Richter et%akho at temperatures 1470 K beyond which the experiments show
used DFT techniques in combination with a chemical activation & decay which is not captured by the model because of the lack
analysis using QRRK theory to derive rate coefficients for the of adequate decomposition steps for thgHgforming larger
sequence gHs + C,H, — CeHsCHCH— CgHg + H. We have PAHs. We have restricted the model to depict only a few steps
used the experimental rate by Heckmann &P &r the reaction leading to the formation of naphthaleney(8g) in the absence
CeHs + CoHy, — CgHg + H in combination with the recom-  of species profiles for (gHs and larger species. Reasonably good
mendations of Tokmakov and Lihfor the sequence ¢Els + agreement is also obtained for the indene experimental profiles
C,Hy, — CgHsCHCH — CgHg + H in our model. Table ST2 in using the sequence of steps outlined in Table ST2, in part 1
the Supporting Information in part 1 of this two-part work (reactions 225255). Figure 3 depicts sensitivity analyses that
outlines the sequence of steps (reactions—1B%7) used to ~ were performed for gHs and GHg concentrations for a 45 bar
describe the formation of ¢Ele. experiment at 1509 K. The reactions betweefi£and GH;
Despite being a key combustion intermediate and present informing CGHsCHCH adduct as well as ¢8lg directly are the
significant amounts in flamésthere are very limited thermal ~ most sensitive reactions in the model for phenylacetylene
studies on the formation/decomposition of indengHg}, which concentrations. In the case of indene the two most sensitive
represents the smallest five and six membered ring aromatic.reactions are gHsCH; + CoH, = p-CoHg as well as decom-
The decomposition of indene has been studied by Laskin andposition of ¢-CgHg to indene. The reactions betweegHg and
Lifshitz14in their single pulse shock tube and the decomposition PGHs and AGH4 do not appear to be sensitive in this case
has been shown to proceed via the formation of an indanyl probably due to the relatively low concentrations of these species
radical (GHo). Lindstedt et af! in their review have outlined  in comparison to the large amounts aHgCH, and GH, which
the mechanistic routes that can form indene. The three mainare formed in the current toluene experiments.
channels involve Rates of production analyses were performed for the three
major intermediates i, CgHg and GHg for an example shock

A. phenyl+ allene/propyne (gHs + C;H,— CHy— atT = 1509 K andP = 45 bar. The majority of gH, (82%) is

CoHg + H) produced in equal amounts by the two reactiopBldCH; =
C5H5 + C2H2 and QH5 = H2CCCH + C2H2 with C5H5 being
B. benzyH-acetylene (gH;CH,+ C,H,— CjHg— C,Hg + formed exclusively via gHsCH, = CsHs + CoH,. The benzyl
H) radical thereby appears to be the dominant source for thie C

produced specifically in the lower temperature range of the
current experiments [12601500 K] with contributions from
other species such asis beginning to be dominant at the
They have proposed a series of steps involving the formation higher temperatures-(L600 K). Figure 4 illustrates the contri-
of CgHg isomers that eventually cyclize to form indene. Group butions from various channels to the production of acetylene at
contribution methods were used to estimate the thermochemistrytemperatures 1300, 1500, and 1700 K. Up to 85% gfi{ds

for the GHg intermediates and in the absence of experimental/ formed from the two channelssBs + C,H, — CgHg + H (54%)

C. phenyl+ propargyl (GHg + C;H;— CgHg)
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Toluene Pyrolysis, 27 bars +H, -C,H -CsH
3 : C.H, 2 il l C,H;CH, |
2 0% (A), 0% (B), 3% (C) 61% (A), 41% (B), 25% (C)
B4
= -CH -H,CCCH
© 43 2
S o %o L-CgHs {cH, | {p-cihicn,
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= g -H,CCCH
mgb o | C:H, {
0- oo 25% (A), 40% (B), 25% (C)

1200 1400 1600 1800
Temperature/ K A-1300 K, B - 1500 K, C — 1700 K

Figure 4. Acetylene Rates of Production, 45 bar.

[ V)

Toluene Pyrolysis, 45 bars

are styrene, xylene, ethylbenzene, and vinylacetylene. The
detailed model [See supplementary information Table ST2 in
part 1 in this series on toluene pyrolysis for detailed model]
includes reactions for the formation and consumption of these
2 species.
Figure 5 depicts the model predictions fofH3, C4H4, CgHs,
) p-xylene, and ethylbenzene. The model is able to predict the
] C4H> concentrations fairly accurately at temperatures550

1200 1400 1600 1800 K. At higher temperatures the model over predicts thelC

Temperature/ K formed in contrast to the experiments which depict a decay.
Figure 2. (a) HPST profiles at 27 bar¢®} CgHs; (O) CoHs; (-) detailed However given the uncertainties with regard to the diacetylene
model with steps from Table ST2, part 1. (b) HPST profiles at 45 bar: chemistry the predictions appear to be reasonahld, profiles
(©) CgHe; (0) CoHs; (-) detailed model with steps frm Table ST2, part  are fairly well reproduced by the model. However ethylbenzene
1. and styrene concentrations are underpredicted whereas xylene
Sensitivity to C,H, concentration concentrations are overpredicted by the model.
T=1509 K, P =45 bars

Mole Fraction/ ppm

Toluene Pyrolysis, 45 bars

0.3
2 50-
z 02 0] M R o
2201/ £ 2 - ' '
3 5:2 0.0 - o o
° A = i
8g s 0 = . ==
T ©-0.1- 2 AL
E o 'y
5 92 r 0 ' '
0.3 . - o 2
00 05 _ 1.0 2.0 o Esé :_\m
Time/ ms = g'
e,
Sensitivity to C H, concentration 0- M——h L . )
T=1509K,P=45b ' - ' '
= e 1200 1400 1600 1800
z % Temperature/ K
>
=01 Figure 5. HPST profiles: ¢) C4Hz; (O) CaHa; (a) CeHs; (O) p-xylene;
€8 0.0 (+) ethylbenzene;-] detailed model from Table ST2, part 1.
» 9 0.
§§4.1 We have also estimated thermochemistry for the smaller
E © aromatics and radicals in the model specifically for species not
3 -0.24 included in current databagéd’such as the §Hg isomers based
03 . . . ” on low level DFT methods (B3LYP/6-31G(d)) as implemented
00 05 Tin:e-?ms 1.5 20 in the Gaussian 98 suite of programs by employing the

methodology of ring-conserved isodesmic reactiéifthat use

Figure 3. Sensitivity analyses: (- - -) #1:Ch + H,CCCH= CacHs benzene and the smaller hydrocarbon molecules, CHs,

+H+ H; (X) C6H5CH2 = C5H5 + Csz; (-) C6H5 + C2H2 = CgHe +

H; (%) CeHsCHs + CoHa = p-CoHg; (00) CaHs = CaHa + H: (0) CeHs- CzHe, CHa and GH, as reference species for estimating heats
CHCH = CgHs + H; (+) CeHsCHs + H = CeHg + CHg; (O) CeHs = of formation (AHi%9sx). Table 2 is a compilation of the
CeHs + H; (+++) CeHsCHs + H = CsHsCH, + Hy; () c-CoHg = CoHg thermodynamic parameters for the small aromatic species in
+ H. the model.

and GHs + C;H,; — CgHsCHCH (41%). These reactions are
not only the two most dominant but also the most sensitive
reactions as seen in Figure 3. The majority of the indene (90%) The pyrolysis of toluene has been studied at reflected shock
is formed by the reaction-eCgHg — CoHg + H due to the large pressures of 27 and 45 bar in the single pulse shock tube over
amounts of GH, and GHsCH, present in these experiments the temperature range 1260900 K. A detailed model consist-
with the remaining 10% produced ks/CgHg — CgHg + H. ing of 262 reactions and 87 species assembled in part 1 of this
The only other species formed in significant amounfisppm, series to validate the high-pressure limiting rate coefficients for
apart from diacetylene which is formed in amourt80 ppm, the primary steps in toluene decomposition has been used to

Conclusions
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TABLE 2: Thermochemistry (4) Pamidimukkala, K. M.; Kern, R. D.; Patel, M. R.; Wei H. C.; Kiefer,
- o J. H.J. Phys. Chem1987, 91, 2148-2154.
species AH%95k (kcal/mol) Sesx (cal/(mol K)) (5) Colket, M. B.; Seery, D. Proc. Comb. Inst1994 25 883-891.
CeHs 78.6-30 69.381 (6) Braun-Unkhoff, M.; Frank, P.; Just, T. iroc. Comb. Inst198§
CeHs 19.857 64.487 22, 1053-1061.

(7) Eng, R. A.; Gebert, A.; Goos, E.; Hippler, H.; Kachiani, Rhys.

10 2
CoHsCH, 51-5g7 76.0% Chem. Chem. Phyg002 4, 3989-3996.
gsgfgsH %.go’w ;g-g@wa (8) Klippenstein, S. J.; Harding, L. B.; Georgievskii, Y. Submitted for
-Ceral Mg -oU oA publication inProc. Combust. Ins2006
CsHe 78.447 78.367 (9) Jones, J.; Backsay, G. B.; Mackie, J.XPhys. Chem. A997,
CsHsCHCH 92.66% 82.28w-A 101, 7105-7113.
CgHsCCH, 81.99-W 83.6pw-2 (10) Braun-Unkhoff, M.; Frank, P.; Just, T. Ber. Bunsen-Ges. Phys.
CsHs 35.497 82.587 Chem.199Q 94, 1417-1425.
CeHsCHCHs 41.84% 86.20w-2 (11) Hippler, H.; Reihs, C.; Troe, Z. Phys. Chem., Neue Fold®9Q
CeHsCH.CH: 57.60° 87.8%w.a 167, 1-16. _
p-xylene 4.28° 92.89pw.a (12) Oehlschlaeger, M. A.; Davidson, D. F.; Hanson, R.JKPhys.
ethylbenzene 7.21 86.397 Chem. A2006 110 6649-6653. A
e " 3.42% 87.65’-‘”-3 (13) Frochtenicht, R.; Hippler, H.; Troe, J.; Toennies, l.”2hotochem.
CH 39'227 80'25).w.a Photobiol. A: Chem1994 80, 33-37.

orls ey A (14) Laskin, A.; Lifshitz, A.Proc. Combust. Instl99§ 27, 313-320.
5-CoHe 68.54" 87.6/™ (15) Kern, R. D.; Zhang, Q.; Yao, J.; Jursic, B. S.; Tranter, R. S.;
t-CoHsg 73.52M 90.73wa Greyhill, M. A.; Kiefer, J. H.Proc. Combust. Inst1998 27, 143-150.
p—CoHg 92.12w 90.90-"-2 (16) Bockhorn, H.; Fetting, F.; Wenz, H. VBer. Bunsen-Ges. Phys.
c—CqHgy 72.10W 82.86w-A Chem.1983 87, 1067-1425.
i-CgHg 87.9PW 91.54w-2 (17) Frenklach, M.; Clary, D. W.; Gardiner, W. C.; Stein, S.Hoc.
S-CgHo 50.24W 84.23W-2 Combust. Inst1984 20, 887-901.
n-CoHo 92.7pw. 91.22w.a 11‘(1:(L)%) Tokmakov, I. V.; Lin, M. CJ. Am. Chem. So2003 125 11397

— W, w.a .
LC%'H'F ggigw g?’ig_w_a (19) Richter, H.; Mazyar, O. A.; Sumathi, R.; Green, W. H.; Howard,
RngHg 82 4Pw. 92 0gw.a J. B.; Bozzelli, J. W.J. Phys. Chem. 2001, 105 1561-1573.
RZC‘gHg 80.33”“ 91-24?“1 (20) Heckmann, E.; Hippler, H.; Troe, Proc. Combust. Inst1996

9 o e 26, 543-550.
R3GHo 87.50" 89.3ga (21) Lindstedt, P.; Maurice, L.; Meyer, NFaraday Discuss2001, 119,
R4GHg 88.43w- 90.0Pw-2 409-432.
R13GHg 87.03W 90.09-w-2 (22) Vereecken, L.; Peeters, J.; Bettinger, H. F.; Kaiser, R. |.; Schleyer,
R22GHg 60.78W- 84.03w-2 P. v. R.; Schaefer, H. F., IIJ. Am. Chem. SoQ002 124, 2781-2789.
CioHs 35.987 79.647 (23) Vereecken, L.; Bettinger, H. F.; Peeter®?ldys. Chem. Chem. Phys.
2002 4, 2019-2027.
aBased on DFT [B3LYP/6-31G(d)] structures. (24) Vereecken, L.; Peeters,Rhys. Chem. Chem. Phyz003 5, 2807
2817.

imul he f . f th b d k (25) Computational thermochemistry: prediction and estimation of
simulate the formation of the observed key SO0t Precursor mojecular thermodynamicsrikura, K. K., Frurip, D. J., Eds.; American

intermediates. Because of its presence in significant amountsChemical Society: Washington, DC, 1998.

in the current experiments the decomposition of the benzyl _ (26) Afeefy, H.Y.; Liebman, J. F.; Stein, S. Beutral Thermochemical
. . .p P y Data in NIST Chemistry WebBooNIST Standard Reference Database
radical is responsible for the growth of key soot precursors such nymper 69: Linstrom, P. J.. Mallard, W. G., Eds.: National Institute of

as acetylene and indene. Mechanistic routes for the decay ofStandards and Technology: Gaithersburg, MD, March 2003; http:/

i i webbook.nist.gov.
the b.enzyl radical as well as the formation OT key soot precursor (27) Burcat, A.; Ruscic, B. Ideal Gas Thermochemical Database with
species were tested. The assembled detailed model is able tQpgates from Active Thermochemical Tables. ftp://ftp.technion.ac.il/pub/

explain the decay of benzyl from recent high-temperature supported/aetdd/thermodynamics; 16 Sep 2005. Mirrored at http://garfield-

i .chem.elte.hu/Burcat/burcat.html; 16 Sep 2005.
experiments as well as the subsequent growth of key soot-=1oa et h KUt e ey S e o egel. 1. B.: Scuseria, G. E.: Robb,
precursors observed in the current high-pressure experimentsy; “a- Cheeseman. J. R.; Zakrzewski, V. G.: Montgomery, J. A., Jr..
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