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The pressure-dependent rate coefficients for several reactions relevant to propyne pyrolysis were determined
with ab initio quantum mechanical calculations and RiBeamspergerKasset-Marcus (RRKM) analyses.

These reactions include the mutual isomerization of propyne and allene, the chemically activated reactions of
propyne and allene with the H atom and of acetylene with methyl on thi @otential energy surface.
Propyne pyrolysis was experimentally studied in a flow reactor at 1210 K and 1 atm. A detailed reaction
mechanism, employing the current RRKM rate coefficients, is shown to accurately predict the experimental
acetylene and methane profiles determined in the flow reactor and literature shock-tube data of propyne and
allene pyrolysis up to 1500 K.

I. Introduction 8 was that the rate of the CH fission reactions of propyne and
) ) allene observed in the high-temperature and low-pressure LS
The high-temperature pyrolysis of propyne ¢pfa) has been  oyperiments cannot be explained without considering the
extensively studied over the last 2 decadiésThe mechanistic  hindered rotation in propyne and allene.
understanding is that propyne initially undergoes a fast isomer-  grom these studies, it has been known that there is a rapid
ization to allene (agHs) coupled with slower decomposition jsomerization between propyne and allene and the pyrolysis of
reactions initiated by CH fissiohLevush et af. examined the  these compounds produces mainly acetylene and methane via

pyrolysis of allene and propyne at atmospheric pressure andihe chemically activated reactions of the H-atom with propyne
over the temperature range 960150°C. They concluded that 514 gjlene, e.g.

the mutual isomerization is faster than CH fission. Lifshitz,

Frenklach, and Burcabbserved propyne and allene pyrolysis pCH,+H—CH,+ CH,

in a single-pulse shock tube over 164D470 K and 1.2-6 atm.

They detected allene, propyne, methane, acetylene, ethyleneThe above reaction belongs to a class of chemically activated
ethane, and plas products of propyne and allene pyrolysis and reactions on the £Es potential energy surface. Previously, there
found that the production of CHs considerably faster from  are only two high-temperature experimental measurements for
propyne pyrolysis than from allene. Subsequent studies by the rate coefficient of the above reaction, the first being the
Hidaka and co-workef$ and by Wu and Kerh further forward rate from propyne pyrolysiand the second being the
confirmed the notion of fast mutual isomerization and the chain reverse from methane pyrolys$idn both studies, the reaction
mechanism initiated by CH fission. It was further found from is of secondary importance in the overall process, as such the
these studies that benzene is produced in significant concentrareported rate coefficient of the g84 + H reaction remains
tions. uncertain.

A recent study by Kiefer, Kern, and co-workenssed two Although an accurate knowledge of the rate coefficient of
complementary shock-tube techniques, laser schlieren (LS) andthe pGH4 + H reaction is not critical in order to explain the
time-of-flight (TOF) mass spectrometry, to examine the thermal pyrolysis experiments, this knowledge is critically required for
decomposition of allene and propyne. The LS experiments overthe prediction of the ignition delay times of propyne in a shock
the 1806-2500 K temperature range and-7650 Torr pressure  tube, and propyne and allene oxidation in gen&tét. In
range show that the dissociation of propyne and allene follows particular, in fuel-rich flames with abundant H atoms, the
a very weak chain reaction initiated by CH fission, although a reaction of H with pGH4 not only consumes the H atoms and
small amount of H elimination from allene may be possible. thereby reduces the overall oxidation rate, it also provides an
Because the LS technique is capable of eliminating the additional route of propyne and allene mutual isomerization via
influences of secondary reactions, the CH fission rates werethe H-atom catalyzed reactibn
accurately determined in that study. The TOF experiments over
the 1696-2090 K and 246-330 Torr range detect acetylene, pCH, +H—aGH, +H

methane, diacetylene, and benzene. An important finding of ref .
Using the QRRK methodology, Dean and Westmoretand

examined the chemically activated process of
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In that study, they demonstrated the importance of chemically all of which are accessible to internal energy in excess of 65
activated reactions and the effect of pressure on these reactionskcal/mol. Subsequent stud#€s?® further confirmed their find-
The same reaction system was recently reexamined by Diau,ings. Recognizing that cyclopropene may have to be considered
Lin, and Meliust®* who computed the BAC-MP4 potential as a stabilized intermediate under certain combustion conditions,
energy barriers and determined the pressure-dependent rateve also report the pressure-dependent, RRKM rate coefficients
coefficients using the RRKM method. In both studies, the determined for the mutual isomerization of propyne and allene.
isomerization of the energized adducts to formsCBH, and The RRKM parameters were obtained in a similar fashion as
its subsequent isomerization/dissociation paths were omittedthose of the GHs reactions.

because it is unlikely that these paths should influence thi C

+ CHgrates. However, with this omission, the H-atom catalyzed |I. Methodologies

propyne and allene mutual isomerization was also excluded in . )
their studies. Experimental. The Princeton turbulent flow reactor (PTFR)

used in this work has been extensively documented in previous
studies?®30 The pyrolysis experiment was performed in the
PTFR at atmospheric pressure using propyne with a purity of
98.1%. The major impurities in the gas sample were propane
t (<0.2%), butane€0.5%), allene £0.3), and butenes<(0.7%).
The PTFR was operated near its upper design temperature to
ensure sufficient reaction progression over the allowable reaction
time. Specifically, experiments were conducted at 1210 K with
0.297% propyne in nitrogen. Background levels of oxygen were
€getected, but never exceeded 160 ppm. It is estimated that these
ackground levels of oxygen never exceeded 60 ppm in the
reaction zone of the reactor and that the remaining oxygen
contamination occurred in the carrier lines to the sample valves,
where the mixture was already quenched. These small levels
of oxygen have a minimal effect on the pyrolysis experiment
Sfor the present fuel, as confirmed by a subsequent analysis in
which a small amount of oxygen (300 ppm) was artificially
added to the same initial mixture and the results showed no
appreciable changes in the fuel decay and major intermediate
species profiles.

Gas samples were collected in a water-cooled sampling probe
and analyzed using a 5890 Hewlett-Packard gas chromatograph
with FID detectors. ¢through G hydrocarbon species were
eluted from a PlotQ column, whiles@&nd higher hydrocarbons
were eluted from a DB-5 column. FID signals of the product
yields were quantified and converted into mole fractions using
extensive calibrations from a gravimetrically blended, certified
gas mixture. Carbon balances were carefully checked for each
sample and were found to be close to the total initial carbon,
and were withint-5% of the mean value. There is no evidence
of carbon formation or carbon deposits over the entire course
of reaction. GC analysis detected methane, acetylene, ethylene,
ethane, propene, allene 1,3-butadiene (13¢}; 1,2-butadiene,

It is known from propyne and allene pyrolysis studies that a
significant amount of benzene is produéée The production
of benzene can be attributed to the recombination of propargyl
(CsH3) radicals®14-17 However, there still exist large uncertain-
ties concerning the self-reaction of propargyl. It is still no
known to what extent fulvene, benzene, or phenyl form from a
single-step elementary reaction ofHE recombinatiori81®
These uncertainties affect the understanding of propyne pyrolysis
in several ways. First, fulvene/benzene/phenyl formed from
propargyl recombination undergo subsequent reactions, leadin
to molecular mass growth and ultimately soot formation, or they
may decompose to small species, like acetylene and diacetylene.
Second, if the gHz + C3Hs reaction leads to phenyt H, the
H atom would subsequently promote chain reaction via the
chemically activated reaction of g8, + H. The last problem
poses a significant challenge in achieving reliable measurement
for the pGH4 + H reaction from propyne pyrolysis. For this
reason, a further theoretical study is critically needed, and such
a study must take into consideration a more complete set of
reactions occurring on thezBs potential energy surface.

In this work, we performed (a) density functional theory
(DFT)20 and G2 calculations for the potential energy (PE)
barriers and (b) RiceRamspergerKasset-Marcus (RRKM§223
calculations for the mutual isomerization of propyne and allene,
and the chemically activated p&4 + H, aGH4 + H, and GH,

+ CHjz addition/dissociation reactions. The present analysis
includes a more complete description of the potential energy
surface of GHs, including allyl (aGHs), CHsCHCH, CHCCH,,

and their dissociation productsi@; + CHs, pGH4 + H, and
aGH, + H. To examine the accuracy of these results, we
compared the theoretical rate coefficients with those available
in the literature at both low and high temperatures. We also
S?r:gg;k?;i: ?Io(\j;(?ggggrn t:tl {ercigyaetop%rglgstlcs) :\t/l;?gatg] tﬁz vinylacetylene, 2-butyne, butenes, cyclopentadiene, benzene, and
adequacy of our theoretical results at this moderately high toluene.__ ) o )
temperature. Using detailed kinetic modeling, we demonstrated AP Initio and RRKM Calculations. Ab initio calculations

that the current theoretical rate coefficients can accurately predictWere carried out using the Gaussiafi9rogram. Energy
the production of GH, and CH, in the flow reactor experiments ~ calculations were performed on geometries and frequencies
and in the shock-tube pyrolysis study of propyne and alfene. optimized using the hybrld BBLY'P density functional, which

In addition to the chemically activated reactions occurring emplgys asllghgly modifiet Beckesthree-p_arameter gxchange
on the GHs potential energy surface, the mutual isomerization functional (B3 coupled with thg correlatlonal functional of
of propyne and allene was also examined in the present study.Lee’ _Ya_ng, and Parr (L_YF‘*)“, with the s_pllt-valence pl_us
There have been several theoretical sti#di@&reported regard- polarization 6-31G(d) basis set. The hybrid B3LYP functional

ing the minimum energy route for the mutual isomerization of was chqsen for Its .ab'“ty to predict reasqnably well the
propyne and allene. Honjou et @ifound that a direct 1,3-H geometries for transition stafésnd for free radicals when the

shift requires an excessive energy barrier of about 90 kcal/mol. Spin c_ontamlnatlorﬁsztis moderaté® The zero-point _V|brat|onal_
They proposed that the mutual isomerization of propyne and energies (ZPVE) were calculated from the harmonic frequencies,

. : hich were scaled by a factor of 0.98. This scaling factor was
allene proceeds through the intermediate cyclopropengHgC whichy .
and more specifically, via specifically determined for ZPVEs calculated at the B3LYP/6-

31G(d) levelR’ A full G221 calculation was performed on the

. . N B3LYP/6-31G(d) geometries and frequencies, resulting in

PGH, — propenylidene~ cGgH, — energies which approximate a QCISD(T)/6-3%3(3df.2p)//
vinylmethylene—~aGH, B3LYP/6-31G(d) calculation, which will be referred to as G2-
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Ch energy leveE = E* + E,, E, is the energy barrier, arfuis the
TS1
65.4 TS2 TS3

Planck constant. The direct-count algorithm of Beyer and
Swinehart® was used to calculate the sums of energy states,
while the densities of states were calculated using the Whitten
Rabinovitch approximatiofit Active rotations were accom-
modated using the method of Astholz et*akurther details
about the RRKM code can be found in ref 43.

The thermal rate coefficients were obtained by assuming a
steady state for each of the energized species and by implement-
ing weak collision stabilization. For the propyne/allene isomer-
ization system, the form of the reaction is

60 —

30 —

Energy (kcal/mol)

{pCsHy}*—={cC3Hs}* == {aC3H,}*
PC03H4 B0 B0 B,

Figure 1. Potential energy barriers of allene and propyne mutual pCyH, cC;H, aC;H,
isomerization, determined at the G2(B3LYP) level of theory. For TS1

and TS3, the energies are reduced by 2 and 1 kcal/mol, respectively,and for the GHs system, the form of the reaction is
from those predicted at G2(B3LYP) level; see text.

0 11

PCH +H - aGH +H
(B3LYP). The use of the empirical higher level correction {CH;CCH,}*
(HLC) was avoided in the present calculations by using relative ’ / \ [
energies where the HLC cancels exactly. For thel{iree- C,H, + CH, =—={CH,CHCH}* e (aC,H, ) *
radical system spin contamination is lo]< 0.8 for all ne ’ }
isomers and transition states at the B3LYP/6-31G(d) level. bio Pso 1”6“’
We employed the analytic gradient procedure and the CH;CHCH  CHyCCH,  aCyH;

combined synchronous transit and quasi-Newton (STQN)
method for the determination of isomerization transition stétes. Where{}* denotes an excited species gfidts corresponding
For dissociation reactions, the transition state was determinedéfficiency of collisional stabilization and is the collisional
by a relaxed scan of the potential energy surface. All transition frequency. The8's were calculated using the approximation of
state structures were confirmed by having only one imaginary Gilbert et al.3*
frequency with the motion along the reaction coordinate. E. [ 5
The frequencies and rotational constants required for RRKM down
calculations were obtained at the B3LYP/6-31G(d) level and | ( T)
whenever possible at the B3-PW91/6-311G(d,p) 1€%@&oth p= e FekgT E —E (2)
the B3LYP and the B3-PW91 were shown to have the lowest L/(; ° B(E)[l - ex;{— FO T)]dE
overall root-mean-square error between the theoretical harmonic EgowrH FeksT eKs
frequencies (after scaling) and experimental fundamental fre-
quencies’ Durant?® however, showed that the B3-PW91 \herelEy[is the average energy transferred per collision in
functional appears to be better than the B3LYP functional at down transitions,kg is the Boltzmann constanfl is the
predicting frequencies for transition state structures. For the temperatureB(E) is the Boltzmann distribution of enerdy,
CsHs system, theoretical frequencies were calculated at the B3-and Fe is the energy-dependent density of states. Because the
PW91/6-311G(d,p) level and were scaled by 0.973, as deter-collision stabilization efficiency depends on the nature of the
mined by methods described in ref 37. There was, however, molecule 5 must be different for different excited species. For
little difference (after scaling) between these frequencies andthis reasonf; was computed for each adduct. This was
those calculated at the B3LYP/6-31G(d) level for all structures. accomplished by assuming, in eq 2 to be equal to the
For the propyne/allene isomerization system, frequencies ob-minimum energy barrier for the ground-state adduct to dissociate
tained at the B3LYP/6-31G(d) level had to be used due to orisomerize. For examplg, was computed using the molecular
convergence problems encountered for transition states usingproperties of CHCHCH (for B(E) and Fg) and with E, equal
the B3-PW91 functional. Based on theHg system, the results  to that of the dissociation of GJ€HCH to GH, + CHs.
should be very comparable. The frequencies obtained at the Kinetic Modeling. The modeling of the flow reactor and
B3LYP/6-31G(d) level were scaled by 0.96, as recommended shock-tube experiments was performed using the Sandia Chemkin
by Scott and Radof for the scaling of harmonic frequencies 145 and the Senkin cod®.A detailed kinetic model was used

[Edown[H_ I:EkB

calculated at this level of theory. for the simulation, which was similar to the one used in a
Thermal rate coefficients were calculated from the microca- previous Study of propyne oxidation in a flow reactor and in
nonical rate constants obtained from the RRKM theBr?, laminar premixed flame&: The kinetic mechanism and its
N N associated thermochemical data will be described later.
KE) = | Q' W(E) )
B P I1l. Mutual Isomerization of Propyne and Allene
*Qhp(E) by

The potential energy barriers for the isomerization of propyne
wherel, is the reaction degenerad®;* andQ; are respectively and allene are presented in Figure 1. Of critical importance to
the partition functions for inactive rotational degrees of freedom the rate coefficient calculation are the energies of TS1 and TS3.
of the transition state and the reactant molecW¢s?) is the The present G2(B3LYP) energy barriers of these two transition-
sum of rovibrational energy states of the transition state at energystate structures agree with those obtained by Yoshimine2et al.
level E*, p(E) is the density of states of the stable species at at the MRCI(DZP) level of theory to within 1.5 kcal/mol. The
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TABLE 1: RRKM Parameters of the Allene and Propyne 104 . : . .
Isomerization Reaction Calculated at the B3LYP/6-31G(d) This work (1.5 atm) ()
Level, with All Frequencies Scaled by 0.96 (See Text) 103 ’
aGH,; v, cm? 371, 371, 830, 830, 853, 995, 995, 1078, 1397, This work (5 atm)
1450, 1992, 3019, 3023, 3088, 3088 5
Bo,2cm ! 0.296 (4,2) external inactive; 10% ¢ Levush et al. 3
4.863 (1,1) external active —_ Lifshitz et al.
L—J param% o= 4.76 A, elks = 252 K T, 10] Hidaka et al.
pCHs v, cmt 333, 333, 576, 577,913, 1032, 1032, 1387, ;
1448, 1448, 2158, 2921, 2981, 2981, . Bath Gas = Ar
i 3357 o 10 (B = 260 con!
Bo2cmt 0.284 (3,2) external inactive;
5.334 (1,1) external active 10101
cCHs v, cm?t 578, 766, 826, 899, 982, 1002, 1041, 1082,
éigg 1491, 1683, 2929, 2984, 3138, 0] propyne —> allene
Bo2cmt 0.580 (2,2) external inactive; . . .
1.005 (1,1) external active 105 . . . . .
TS1 v, cmt 249i, 394, 591, 742, 814, 824, 955, 991, ‘ This work (1.5 atm) b)
1153, 1429, 1693, 2605, 2858, 3063, el O~ This work (5 atm) 1
3147 P
Bo2cm? 0.307 (1,2) external inactive; Tl Kiefer et al. (p = 1.19 atm)
3.317 (1,1) external active 10° pKakumoto etal. .. "\ Y P
TS3  v,cm? 926i, 634, 702, 855, 965, 1026, 1040, 1080, N S ON
1182, 1443, 1586, 2175, 2967, 3053, o  Leveshetalm TR
3201 & . e
Bo,2cmt 0.517 (1,2) external inactive; Mool N Hidaka et al.
1.109 (1,1) external active S "
) Bradley & West ‘\
2The numbers in parentheses are the symmetry number and the 100
dimension of the rotor, in that orderReference 47.
101
103 - : - allene — propyne
102 L ) ) ) .
0.5 0.6 0.7 0.8 0.9 1.0 1.1
1000K/T
104 Figure 3. Comparison of the rate coefficients of (a) 3G — aGH,
. and (b) aGHs — pCsH,4 at high temperatures between experimental
T, data (Levush et al., 1 attnL.ifshitz et al., 1.19-4.75 atn? Hidaka et
z al., 1.7-2.6 atm? Bradley and West, 3.955.26 atm?® Kakumoto et
al., [1.13-1.34 x 10°° mol/cn¥]”) and theoretical results of Kiefer et
105 al%® at 1.19 atm and this work (1.5 and 5 atm).
Bath Gas =N, negligible as compared to g8, at these conditions, in
(Eoun) = 260 cm-! agreement with the experimental observation.
Figure 3 shows a comparison of the present theoretical results
100 : n e 1000 for propyne to allene and allene to propyne at 1.5 and 5 atm

P (Torr) with those determined experimenta’rl9v?~7v49Th¢se two pres-
sures cover the range of pressures employed in the experiments.
Figur.e. 2. Comparison of the experimentéland theoreticgl rate Comparisons are made by assuming the experimentally mea-
C?g;fs'ﬁ'fem of CGHa — pGiHa (M = N) at 495 K as a function of o, 1aq rate coefficients in each direction are a sum of the direct
P ' propyne<> allene rate, plus the effective rate due to stabilization
to cyclopropene, followed by its re-energization and isomer-
ization to propyne or allene. For example, the total rate for the

propyne differ, however, quite substantially from those in ref . R .
26, by as much as-57 kcal/mol, possibly because of large spin isomerization from allene to propyne, assuming a steady state
' ! for cyclopropene, is given by

contamination in these biradical species. These differences are

inconsequential since the rate-limiting process is to overcome ksKs

the potential energy barriers of TS1 and TS3. Kot = Ky T ks =k, + Kotk 3
—5

The RRKM parameters are presented in Table 1. The reaction

path degeneracies are taken into account via the symmetryyhere the rate coefficients correspond to the reactions given
number; thus, they are explicitly specified as equal to unity in pelow.

all RRKM calculations. Figure 2 presents a comparison of

energies of vinylmethylene and propenylidene relative to

experimental data of Bailey and Waléhwho studied the aGH, — pGH, 4)
isomerization of cgH,4, and the present theoretical results at -

495 K and over the pressure range 0780 Torr. The aGgH, = cGH, ©)
calculation uses a reasonalil,,,Jvalue of 260 cm? for cC;H, — pC;H, (6)

nitrogen as a bath gas. The experimental data were accurately

reproduced over the entire pressure range, as seen in Figure ZFor this isomerization process, we found that at 1000 K the
by reducing the G2(B3LYP) energy by 1 kcal/mol for TS3. The direct rate k4) is about a factor of 2 larger than the stabilization/
theoretical result also shows that the isomerization tgHa@ redissociation ratek{y, and it increases to a factor of 15 larger
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TABLE 2: RRKM Rate Coefficient Parameters? for the
Propyne—Allene Isomerization Reaction

k= AT exp(—E/RT)

P (atm) A n E
pCsHs — cCsH4 0.1 3.4x 10% —10.97 68.9
1 1.2x 10 —9.92 69.3
10 5.3x 10%® —8.06 68.3
100 2.8x 10% —5.69 66.4
0 1.7 x 10*? 0.31 60.0
cCsHs— aGHy 0.1 2.3x 10% —8.81 47.8
1 4.9x 10 -9.17 49.6
10 7.2x 100 —8.60 50.6
100 1.6x 10°%° —6.64 49.5
0 2.0 x 10%? 0.56 42.2
pCsHy — aGH.P 0.1 6.4x 107 —14.59 88.2
1 5.2x 10° —13.93 91.1
10 1.9x 1077 —12.62 93.3
100 1.4x 10°? —10.86 95.4

aUnits in s, kcal, mol, and K. Unless otherwise indicated, the rate
parameters are fitted within the temperature range-2®00 K. Fitted
for the temperature range 862500 K.

at 1500 K. This trend was also observed for the isomerization
of propyne to allene. On the basis of this result, it may be

necessary to include cyclopropene as an intermediate at low to

J. Phys. Chem. A, Vol. 103, No. 30, 1998893

Figure 5 compares the calculated and experimental rate
coefficients of the reaction pE4 + H — products at 299, 363,
and 460 K. The experimental data were taken from the works
of Whytock et aPf® and Wagner and Zellnéf. The rate
coefficients of Wagner and Zellr&were determined over the
pressure range of 118 Torr with no reported pressure
dependence. The theoretical rate coefficients are found to be
close, in both magnitude and falloff, to the experimental Fdtes
for the three temperatures studied, using@Bgwilvalue of
260 cn1t for argon.

Experimental rate coefficients of the reactionsblg+ H —
products were compared in Figure 6 with the theoretical results
determined in the present study. Aleksandrov €f aftudied
the reaction in the pressure range48 Torr, whereas the data
of Wagner and Zelln&f were obtained between 1 and 20 Torr.
RRKM calculations were performed at 4 and 15 Torr with the
G2(B3LYP) energy barrier of TS6 increased by 0.5 kcal/mol
to reconcile the data reported in the two studies. Wagner and
ZellneP® reported the individual rate coefficients of

aCH, + H— CH,CCH,
—aCHg

()
(8)

intermediate temperatures to properly model propyne and allene

isomerization.

It is seen in Figure 3 that our theoretical results are in close
agreement with the experimental data of Hidaka €t ahd
Levush et all but are lower than the data of Lifshitz et?dby
about a factor of 2. Our theoretical results are obtained with
the energy of TS1 shifted 2 kcal/mol downward from the
original G2(B3LYP) value. Of course, a further decrease in the
energy barrier would improve the agreement with the data of
Lifshitz et al? The present rate coefficient also differs from the
early theoretical results of Kiefer et ®by about a factor of 2.

with k7 larger thanks by about a factor of 6 over the reported
temperature range. Our calculation is seen to be in close
agreement with the total rate coefficiely (+ kg) of ref 56. In
addition, the calculatekl; agrees fairly well with their experi-
mental data. However, the model predikigo be significantly
lower than the experimental value at the low temperature end
(300 K), but it is slightly larger than the experimental data at
500 K. Lowering the energy barrier of reaction 8 helps to bring
the predictecks to a better agreement with the data of ref 56,
but it deteriorates the prediction for the data reported by Tsang

This seems to be consistent with the need of a reduced@nd Walket’ for kg (allyl dissociation) at 1080 K and-27

isomerization rate at high temperatures to avoid an initial
gradient not observed in the LS experiméhts.

Our flow reactor data cannot precisely determine the rate of
propyne isomerization to allebe to within a factor 2 of certainty,

as will be discussed later. Nonetheless, based on all the

experimental and theoretical studies to date, it is tempting to
conclude that the uncertainty in our theoretical isomerization
rate coefficient is no larger than a factor of 2 for temperatures

up to 1600 K. For this reason, we tabulate the computed rate

coefficients in Table 2 at several representative pressures.

IV. C3Hs System

The GHs system considered here includes the chemically
activated reactions of £, + CHs, pGH4 + H, and aGH4 +
H, the mutual isomerization, stabilization, and dissociation of
the GHs isomers (agHs, CH;:CHCH, CHCCH,). The potential
energy diagram is presented in Figure 4, and the RRKM

parameters are shown in Table 3. The relative energies of

atm. The current calculations are already larger than their rate
by a factor of 3.

Figure 7 compares the experimentally determined data of the
recombination reactionsEl, + CHz; — products with the present
theoretical results. Holt and KéPrstudied this reaction in the
pressure range 76760 Torr, while the results of Garcia-
Dominguez and Trotman-DickensSrwere obtained between
30 and 90 Torr with their data remodeled by Diau et®alhe
calculated rates were obtained using a reasonable value of 450
cm1 for [Egownlat 700 Torr with M= i-C4H10, and at 60 Torr
with M = CH3zCHO. The present theoretical results reproduce
quite well these low-temperature data.

In Figure 8, we compare all the major channels gHgZ+
CHs — products, calculated in the present study (solid lines),
to those determined in the study of Diau et®{dashed lines).
Also shown is the experimental rate for

C,H, + CHy;— pCH, + H ©)

propyne, allene, and allyl calculated in the present study supportreported by Hidaka et &l.for the reverse reaction, in the

the heat of formation of the allyl radical recently reported by
Tsang! (AfHaes = 40.9 kcal/mol). Specifically, the present
theoretical enthalpies of reaction for g€ + H — aGHs and
aGH, + H — aGHs are —54.9 and—55.9 kcal/mol, respec-
tively, whereas their respective experimental values-&586.5
and—56.8 kcal/mol, based on the well-establiskigH,gg values

of aGH,4 (45.6 kcal/mol) and pgH,s (44.3 kcal/mol)$2 The
differences are less than 1 kcal/mol, whereas the previgtiss

= 39.1 kcal/mol? yields enthalpies of reaction equal 67.3
and —58.8 kcal/mol, respectively.

temperature range 1260570 K at pressures between 1.7 and
2.6 atm. The results of Diau et ®lwere determined at 3 atm,
and all of our current calculations were conducted at 2 atm. It
is seen that the high-pressure limit and falloff rate coefficients
for the GH, + CH; — CH3CHCH reaction agree quite well
between the two theoretical studies. One of the largest discrep-
ancies between the two studies is that the present work yields
a significant reduction in the rate coefficient of

C,H, + CH,— aCHs (10)
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Figure 4. Potential energy barriers of thelds system, determined at the G2(B3LYP) level of theory.

TABLE 3: RRKM Parameters of the C3Hs System Calculated at the B3-PW91/6-311G(d,p) Level with All Frequencies Scaled
by 0.973 (See Text)

aGHs v, cnrt 412,515, 537, 764, 788, 905, 983, 1009, 1177, 1235, 1377, 1469, 1471, 3055, 3059, 3065, 3158, 3161
Bo,2cm?t 0.317 (2,2) external inactive; 1.835 (1,1) external active
L—J param% 0=14.85A;elks = 260 K

CH;CCH, v, cnrt 176, 305, 469, 856, 874, 913, 1016, 1068, 1345, 1372, 1410, 1425, 1711, 2899, 2960, 2984, 3009, 3075
Bo,2cm?t 0.280 (1,2) external inactive; 2.520 (1,1) external active

CH3;CHCH v, cnrt 189, 395, 597, 773, 798, 911, 1027, 1080, 1233, 1357, 1437, 1437, 1647, 2944, 2951, 3005, 3049, 3164
Bo,2cm?t 0.303 (1,2) external inactive; 1.929 (1,1) external active

TS5 v, cnrt 722i, 140, 375, 431, 486, 822, 825, 857, 978, 984, 1062, 1375, 1426, 1939, 3047, 3053, 3129, 3141
Bo2cm™?t 0.287 (1,2) external inactive; 2.123 (1,1) external active

TS6 v, cmt 425i, 220, 302, 363, 389, 841, 856, 862, 970, 986, 1068, 1370, 1425, 1977, 3039, 3049, 3115, 3128
Bo2cm™? 0.271 (1,2) external inactive; 2.248 (1,1) external active

TS7 v, cmt 503i, 59, 225, 338, 401, 641, 733, 930, 1011, 1020, 1364, 1427, 1429, 2125, 2951, 3016, 3025, 3375
Bo2cm™?t 0.264 (1,2) external inactive; 2.355 (1,1) external active

TS8 v, et 665i, 154, 358, 411, 454, 633, 655, 921, 1012, 1027, 1365, 1429, 1433, 2091, 2961, 3034, 3034, 3380
Bo,2cmt 0.278 (1,2) external inactive; 2.229 (1,1) external active

TS9 v, cmt 448i, 4F, 231, 436, 471, 530, 632, 724, 744, 804, 1366, 1374, 1873, 3014, 3176, 3187, 3299, 3388
Bo,2cmt 0.212 (1,2) external inactive; 1.307 (1,1) external active

TS10 v, et 1864i, 297, 394, 676, 808, 811, 946, 990, 1066, 1109, 1377, 1405, 1645, 2146, 2981, 2995, 3109, 3113
Bo,2cmt 0.289 (1/2,2) external inactive; 2.575 (1,1) external active

TS11 v, cmt 2092i, 444, 617, 670, 870, 893, 914, 1019, 1024, 1096, 1194, 1379, 1600, 1806, 2988, 3056, 3083, 3107
Bo,2cmt 0.381 (1,2) external inactive; 1.286 (1,1) external active

TS12 v, cnrt 2038i, 148, 240, 352, 590, 805, 883, 1000, 1002, 1341, 1420, 1427, 1816, 2325, 2923, 2975, 3006, 3027
Bo,2cmt 0.280 (1,2) external inactive; 2.556 (1,1) external active

2The numbers in parentheses are the symmetry number and the dimension of the rotor, in thAReféeence 47¢ The vibrational motion
is replaced by an internal free rot&rand the frequency is not used in the RRKM calculatibfihe symmetry number of 1/2 was implemented to
account for the asymmetric transition state structure which accounts for the proper path deg@neracy.

at higher temperatures, while the result of Diau et al. shows a  Table 4 presents the rate coefficient expressions of gtz C
persistent increase ki as temperature increases. The reason system, determined from the RRKM analysis at several repre-
for this discrepancy is the inclusion of allyl dissociation talde sentative pressures.

+ H in the present study, which has a significant influence on

the rate coefficients ofjo. V. Propyne Pyrolysis in Flow Reactor

The two theoretical studies yiekb values which differ by In Figure 9, we present selected species profiles experimen-
about a factor of 5, with the present result being larger. The tally determined for propyne pyrolysis in PTFR at 1210 K and
experimental rate determined by Hidaka et s betweenthe 1 atm. We found that the extent of reaction was quite significant
two theoretical results. As will be demonstrated later, the at the first sampling point of PTFR. The propyne mole fraction
production rates of acetylene and methane in the shock-tubewas found to be 2250 ppm, compared to 2970 ppm in the
experiments of Hidaka et dl.from which kg was determined, unreacted mixture. This is most certainly caused by propyne-
are not very sensitive to this reaction, as such its rate coefficientto-allene isomerization reaction in the mixer section of the flow
cannot be precisely determined. It will be further shown that reactor. The allene concentration at the first sampling point
the concentrations of acetylene and methane can be predictedeaches as high as 700 ppm, which continues to rise rapidly to
quite well in the propyne and allene pyrolysis experiments of 850 ppm within the initial 26:30 ms, followed by a mild
ref 5, when the present theoretidalis employed. decrease over the remainder of the reaction time. Other product
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which will be discussed later. Nonetheless, we proceeded to
compile a reaction mechanism with the aim of verifying the
theoretical rate constants described in the previous sections. In
this reaction mechanism, the reactions were extracted from the
C/H part of a kinetic model previously used for propyne
oxidation in a flow reactor and in flamés.Several rate
parameters were updated based on the theoretical study presently
conducted. A set of relevant reactions are presented in Table 5,
which essentially yield identical results as the full mechanism
for the flow reactor experiments just described and for the shock-
tube simulation to be discussed. The thermochemical data for
most of the species found in Table 5 were taken from the
compilation of Burcat and McBrid& The entropy of the
propargyl radical was corrected by7 cal/mol K from the initial
compilation.

The essential feature of this mechanism includes the mutual
isomerization of propyne and allene, including cyclopropene
as a possible intermediate, and the chemically activated reactions
of H atoms with propyne and allene, whose rate coefficients
were based on the present RRKM study. In an initial attempt
to simulate the flow reactor experiments, we found that the fuel
decay rate is extremely sensitive to the propyne dissociation
rate. In a recent study, Kiefer et &reported that a standard
RRKM—Gorin model significantly underpredicts the rates of
propyne and allene dissociation

pCH,— CH, + H (11)
aCH,— CH,+ H (12)

observed in the high-temperature and low-pressure LS experi-
ments. They proposed a hindered-rotor model, which describes
the dissociation rates very well. The effects of hindered rotors

on unimolecular falloff have been further reviewed by Kiefer.

At the flow reactor conditions of 1210 K and 1 atm, reactions
11 and 12 should be in falloff. Knowledge of the falloff rates
is rather limited at this time. The closest rate data that we could
take from the literature were those of Kiefer et al.'s RRKM
result§ and those of Hidaka et &lat a pressure of 2.2 atm.

species with notable concentrations are acetylene, methane, and@he latter experimental data were from rather indirect measure-
benzene, whose mole fractions exceed 100 ppm. 1,3-Butadienements with possible complications due to H production from
and ethylene were also measured in appreciable concentrationspropargyl recombination. At 1200 K and 2.2 atm, the second-
reaching about 40 ppm at 200 ms. Other species that are detectedrder dissociation rates of ref 8 are abouk 110° cm® mol~?!

have concentrations at the ppm level.

s 1 for propyne and allene dissociation. The H CzH3

It turned out that a satisfactory prediction of the species combination rate constanksi; andk-1, were calculated from
profiles in the flow reactor was extremely difficult for reasons these dissociation rates to bex210'3 and 7x 102 cm?® mol™?!
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TABLE 4. RRKM Rate Coefficient Parameters? for the

C3Hs System

o) k= AT exp—E/RT)

(atm) A n E note
CoH,+ CH; — pGsHs+ H 0.1 4.5x 10 1.86 11.6
1 26x10° 1.10 13.6
10 1.1x10% 0.39 16.2
100 2.1x 10% 0.37 18.1
CoHz+ CH; — CH3;CHCH 0.1 1.4x 102 -7.14 100 b
1 32x10% -7.76 133 b
10 24x10® -821 171 b
100 1.4x10*° -8.06 20.2 b
o 1.5x 107 187 8.2
CHy+ CHs—aGHs+ H 0.1 2.4x 10 0.91 20.7
1 51x10° 0.86 22.1
10 5.1x 104 0.35 25.0
100 7.3x 10V 0.11 28.5
CoH,+ CH; — CH3;CCH;, 0.1 6.8x10°° —4.16 180 b
1 50x10%2 -439 188 b
10 9.3x 107 -555 229 b
100 3.8x10*® —7.58 313 b
CoH,+ CH; — aGHs 0.1 8.2x 10°® —-13.32 332 b
1 27x10% —-12.82 357 b
10 4.4x10° —-1140 36.7 b
100 3.8x10* —9.63 376 b
pCsH; + H — CH;CHCH 0.1 1.0x10*® -500 18 b
1 55x10% -574 43 b
10 1.0x10* -6.88 89 b
100 9.7x 107 -7.63 138 b
o 3.2x10%° 143 47
pCsHs + H—aGHs+ H 0.1 2.3x 10" -0.26 7.6
1 6.3x107 -091 10.1
10 3.1x10? -2.18 148 b
100 6.4x 1077 —-358 21.2 b
pCsHs + H— CHsCCH;, 0.1 4.6x 10" —10.21 10.2 b
1 17x107 -1058 13.7 b
10 7.0x 107 -10.40 16.6 b
100 3.2x10% —9.11 174 b
o 1.7x 101 097 28
pCsHs + H — aGHs 0.1 1.1x10° —-1456 28.1 b
1 49x10° -1437 316 b
10 2.2x10° —-13.61 349 b
100 1.6x 10 —12.07 375 b
aGH4 + H— CH;CHCH 0.1 1.1x 10*° -6.52 15.2
1 54x10° -6.09 16.3
10 2.6x 10 -6.23 18.7
100 3.2x 10°** -—5.88 215
aGHs + H— CH;CCH, 0.1 9.2x10® —-865 7.0 b
1 95x10% -943 112 b
10 15x10% -9.69 151 b
100 1.8x10® —-8.78 168 b
o 4.4x 10° 145 2.4
aGHs + H—aGHs 0.1 9.6x 10! —14.67 26.0 b
1 15x10° -1354 269 b
10 24x10% —-11.30 254 b
100 6.9x 10" —-8.06 21.3 b
o 4.6x 10° 144 438
aGHs — CH;CHCH 0.1 1.3x 10°° —14.53 73.8
1 5.0x10' -13.02 73.3
10 9.7x 10" -11.73 73.7
100 1.1x10%* —9.84 734
aGHs — CH;CCH, 0.1 39x 10°° —-1542 754
1 7.1x10% —-14.08 75.9
10 6.4x 10 —12.12 75.7
100 2.8x10® —9.27 74.
CH;CCH, — CH;CHCH 0.1 1.6x 10 —12.16 52.2
1 15x10%® —12.71 53.9
10 5.1x 102 —13.37 57.2
100 5.8x 10°* —12.43 59.2

aUnits in cm, s, mol, kcal, and K. Unless otherwise indicated, the

rate parameters are fitted within the temperature range-3600 K.

b Fitted for the temperature range 662500 K.

s1 for propyne and allene, respectively. To account for the

possible pressure falloff effect, we reduded; to 1.5 x 10'3

cm?® mol~! s71 as a rough estimate for simulation under the flow
reactor condition of 1210 K and 1 atm. The valuekof, was

Davis et al.
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Figure 9. Experimental (symbols) and computed (lines) profiles of
selected species in pyrolysis of 0.297% propyne in nitrogen in PTFR
at 1 atm, 1210 K. The computation was performed by including 0.7%
propane, 0.3% allene, and 0.7% 1-butene as the impurities in the
propyne feed. The solid lines represent the base calculation. The dotted
lines are obtained with the rate coefficient ofglz = aGH, multiplied

or divided by 2, as indicated.

not very critical to the prediction of the flow reactor experiments.
A factor of 2 difference ink-1, does not cause any marked
changes in the predicted concentration profiles of all species.
In the present mechanism, we assigkeg to be equal to 2.5
x 102 cm® mol~! s~ to represent an average value over 1200
1500 K, a temperature range corresponding to Hidaka et al.’s
experiments that were also used in the present model study.
It is assumed that the recombination rate of the propargyl
radical leading to benzene is:2 10*2 cm® mol~! s71, which
was derived from a previous study of benzene formation in a
premixed fuel-rich ethylene flamé. The second reaction
channel leading to the production of phenyl and H atom was
also included,

CyH, + CHy— CHg + H (13) (13)

with a rate constant of & 10'2 cm® mol~1 s~ We note that,

in terms of predicting the consumption of propyne in the flow
reactor, the rate assigned for the above reaction is highly coupled
with the propyne and allene dissociation rates. A larger rate of
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TABLE 5: Selected Reactions of Propyne Pyrolysis Mechanisin
k= AT exp(—E/RT)°

reactiol A n E refs/notes
pCeH,= aGH;, 5.15x 10 —13.93 91117 this work, 1 atm
7.64x 10°° —13.59 91817 2 atm
pCsHy==cC3H4 1.20x 10" —9.92 69250 this work, 1 atm
5.47 x 10% —9.43 69089 2 atm
cCHs=aGH, 4.89x 101 —-9.17 49594 this work, 1 atm
8.81x 10* —9.15 50073 2 atm
CsHz+ H = pGCsH,4 1.50x 10%3 1200 K only, see text
CsHz+ H=aGH., 2.50x 10¥? 1200 K only, see text
CoHy+ CHy == pGCsHs + H 2.56x 10° 11 13644 this work, 1 atm
2.07 x 101 0.85 14415 2 atm
CH,+ CHy=aGHs+H 5.14x 10°° 0.86 22153 this work, 1 atm
1.33x 10% 0.75 22811 2 atm
aGHs + H=C3H3z+ H; 1.30x 108 2.0 5500 18
aC3H4 + CH3 == C3H3 + CH4 1.30x 1042 7700 6,e
pC3H4 + CH3 == C3H3 + CH4 1.80x 102 7700 6,e
pCHs+ H=aGH,+H 6.27 x 10V —-0.91 10079 this work, latm
1.50x 10'8 —-1.0 10756 2 atm
CzH3z + C3Hz = CgHs 2.00x 1012 18
CzHz + C3Hz=C¢Hs + H 5.00x 1012 see text
CsHs + CHa(++M) = 1,2-CHe(+M) 1.50 x 10%2 this work, k.
2.60x 10°7 —11.94 9770 ko/[M], d
a=0.175T" =1341,T = 60000,T" = 9770 f
CHs + H(+M) = CHa(+M) 1.27 x 10 —0.63 383 60K
2.48x 10% —4.76 2440 ko/[M], d
a=0.783,T" =74,T =2941,T" = 6964 f
CH; +H=CHz;+ H; 6.60x 10°8 1.62 10840 60
CoHz + H(HM) = CoHa(+M) 5.60 x 1012 2400 60 k..
3.80x 10% —7.27 7220 ko/[M], d
a=0.7507,T" =98.5,T = 1302,T" = 4167 f
CoHs + H(HM) = CoHa(+M) 6.08 x 1012 0.27 280 60K
1.40x 10% —3.86 3320 ko/[M], d
a=0.782,T" =207.5,T" = 2663,T" = 6095 f
CoHz + H=C,H, + H» 6.00x 1013 60
CoHa(+M) = H; + CoHa(+M) 8.00 x 1012 0.44 88770 60k.,
7.00x 10°° -9.31 99860 ko/[M], d
a=0.7345T" =180,T" = 1035,T" = 5417 f
C2H4 +H= C2H3 + Hg 1.33x 10)6 2.53 12240 60
CoHy + CHz == C,H3 + CH,4 2.27x 10% 2.0 9200 60
CH; + CHz3=C4jHs + H 2.00x 108 —1.68 10600 43b, 1 atm
CHy + CoH3=1,3-CHs + H 2.80x 10% —2.44 14720 18, 1 atm
1,3-GHe + H=pCsHs + CH3 7.00x 102 2000 18
1,2-CHs¢ + H=1,3-CHs + H 2.00x 1013 4000 18
1,2-CHe + H=aGH,; + CH3 2.00x 1013 2000 18
1,2-GHe + H=pCsHs + CH3 2.00x 1013 2000 18
1,2-GHe = 1,3-CGHs 1.00x 10% 65000 18
c—CgHs + H=CgHs 2.40x 10 —13.66 29500 43b
CeHg + H=CgHs + H> 2.50x 10 16000 61
CeHs + H(+M) = CeHg(+M) 1.00 x 10 18, Ke
6.60x 107 —16.3 7000 ko/[M]
a=1T" =0.1,T =585T" =6113 f
CsHz + H=C3Hs 1.00x 10% estimated
CsHz + H=CzH, + H> 5.00x 108 1000 62

a Simulation using the reactions included in the table yields results in Figure 9 identical to the full mecHaR&aations with the sign="
are reversible¢ Units in cm, s, mol, cal, and K! Third-body enhancement factors: Ar 0.7.¢A factor slightly reduced from that originally
proposed in ref 6, 2.06 102 f Troe’s broadening factoF(T) = (1 — a) exp—T/T™) + a expT/T) + exp(T7/T).44

the above reaction can be compensated by smaller propyne angroposal originating from Wu and KefmWe note that the
allene dissociation rates. For these reasons, the rate constantsndothermicity of the above reactions is greater than 17 kcal/
assigned forkii, kip, and ki3 serve only the purpose of molif thelCgHg is CH/=C=CH—CH=C=CH, with AH29s=
reproducing the propyne disappearance rate in the flow reactor92 kcal/mol® Adding ~3 kcal/mol for the activation energy of
so that we can compare the experimental and predicted acetylenghe IC¢Hs + H combination reaction, it is expected that the
and methane concentrations. activation energy of addition/elimination reactions is at least
The present kinetic model excludes the contribution of the 20 kcal/mol. Using this activation energy value and a reasonable
pCsHs + CsHs and aGH4 + CgHs reactions to benzene and A factor of 133 cm® mol~! s72, we performed a modeling test
H-atom production in the flow reactor. The addition/elimination and found these reactions to be unimportant to both fuel decay
reactions and benzene production rates under the present flow reactor

conditions.
H, + CH;— ICH; + H . - i ;
PCH, + CaH; 66 There is yet another complication, which arises from the
aCH, + CH;—ICH; + H impurity effect in the experiment. This effect was also found

to be highly coupled to reaction 13. In the initial tests, we
produce “linear”ICgHg, which can isomerize to benzene, a excluded reaction 13 and found that the computed propyne
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disappearance rates differ very little with or without the 1 . . . .
impurities being included in the computation. This is certainly 3~2 propyne
caused by the strong radical-chain inhibition in the system of - \P%H‘*

propyne pyrolysis without the additional source of the H atom 081 o % ]
due to reaction 13. When reaction 13 was included in the = >

reaction mechanism, however, the overall decomposition rate m: 06 "]
becomes very sensitive to impurities. In the subsequent com- &

putational runs, this impurity effect was included in the

computation by assuming that the propyne feed contains 0.7% O 041 ]

propane, 0.3% allene, and 0.7% 1-butene.

Figure 9 presents the comparison between the experimental o2l \ ‘o ]
and computed species profiles in the flow reactor, plotted as a
function of reaction time. The solid lines represent the base
calculation using the mechanism of Table 5. To properly
compare the experimental and computed results, the experi-
mental data were time-shifted by10 ms to account for
nonidealities in the mixing process which tend to accelerate Figure 10. Comparison of experimenta(symbols) and computed
initial fuel consumptior$ It is seen that with a proper prediction ~ (lines) species profiles in shock-tube pyrolysis of 4% propyne in argon
of the propyne disappearance rate, the acetylene and methan@t 1726 atm. The reaction times at 1200, 1300, 1400, and 1500 K

. . . are respectively 2400, 2130, 1950, and 1280

concentration profiles are predicted well by the model. Unfor-
tunately, this agreement does not provide sufficient support for 1
the current theoretical rate constants. The production rates of
acetylene and methane were found to be more sensitive to the
CH fission of propyne and allene and to the propargyl
recombination reactions. An increasekyby a factor of 2 causes
only a 10% increase in the acetylene concentration at 200 ms,
while a decrease iky by factors of 2 and 5 reduces the acetylene
concentration by 10 and 30%, respectively. The ude @fom
ref 13 results in the computed acetylene concentrations, which
are about 50% lower than the experimental data.

The concentration profiles of 1,3-butadiene and benzene were
well reproduced. Based on the current reaction mechanism, 1,3-
butadiene is produced primarily from

(9
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Temperature (K)

0.6
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Benzene comes almost entirely from propargyl recombination. E:ggg‘; slle'ciggmﬂ,?ﬁsg?nfhﬁﬁﬁiﬁgqfn&ﬁyggﬂfﬁ ;)”g"ggem?n“frd on
The current rea.lcuon mechanism underpredicts a”e”‘? Conc.entraat 1.7—2}.)6 atm.pThe reaction times at p1y20(¥ 1300, 1400, and 150% K
tions, but the discrepancy between model and experiment is Not, e respectively 2400, 2130, 1950, and 1880
caused by the uncertainty in the mutual isomerization rate of
propyne and allene. An increase or decreask, dfy a factor and allene, and the chemically activated reactions of propyne
of 2 causes changes in the concentrations of these species onlgnd allene with the H atom and of acetylene with methyl on
at the very early stage of reaction (see Figure 9a). Thus, a largerthe GHs potential energy surfaces. The RRKM rate coefficients
rate constant consistent with the experimental measurementsyere carefully compared with available literature data at both
of Lifshitz et al? (Figure 3) and the theoretical results of ref 50 low and high temperatures. The current theoretical results show
could equally describe propyne isomerization to allene in the that the rate coefficient of the reaction
current PTFR experiment.

CH,+ CH;— pCH,+H
VI. Simulation of Propyne and Allene Pyrolysis in Shock
Tubes was a factor of 3 larger than the experimental rate of Hitlaka
and about a factor of 5 larger than the RRKM rates of Diau et
all3 It was demonstrated that the production of acetylene and
methane from propyne decomposition in the shock-tube experi-
ments of ref 5 can be well accounted for by a detailed reaction
mechanism employing the theoretical rates determined in the
present study. Propyne pyrolysis was also studied in a flow
reactor at 1 atm and 1210 K. Despite many uncertainties, it
was shown that the reaction mechanism predicts well the
acetylene and methane production rates when the propyne
disappearance rate is adequately accounted for.

We performed simulation under the shock-tube condition of
Hidaka et af from 1200 to 1500 K. The mechanism of Table
5 (with rate coefficients at 2 atm) predicts quite well the species
distribution as a function of temperature for shock-tube pyrolysis
of propyne and allengas shown in Figures 10 and 11. Although
the current rate coefficient for ps + H — C,H, + CHsis a
factor of 3 larger than that of Hidaka et althe acetylene and
methane profiles in these experiments were still well reproduced.

VIl. Summary
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