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The reaction of CH with ethane was studied, at room temperature, in a low-pressure fast-flow reactéfI,CH(X

v = 0) radicals were obtained from the reactions of CHBith potassium atoms. The overall rate constant

is found at 300 K to be (1.8 0.6) x 1071° cn?® molecule* s™. The absolute atomic hydrogen production

was determined by V.U.V. resonance fluorescence, the reference used being the H production from the CH
+ CH, reaction. The H atoms production from the GHC,H; reaction was found equal to 22 8%. Ab

initio studies of the different stationary points relevant to this reaction and RRKM calculations have been
performed for comparison with experimental results.

I. Introduction formation of the methyl radical and ethylene (€t CyH,).
The first step of this reaction, as in the CHCHj, reaction, is
e insertion in one of the €H bond (or/and insertion in the
—C bond) without barrier as the rate constant is growing
toward the low temperature down to 23'KThe evolution of
the adducts is supposed to lead mainly te-HC3Hgs and CH
+ CyH,. Itis in general agreement that the overall rate constant
is around 2x 10710 cm® molecule! s1 at 300 K, with a
significant temperature dependence over the range632

The methylidyne radical, CH, is an extremely reactive radical
species because of the presence of one singly occupied and on
vacant non bonding molecular orbitals localized on the C atom,
allowing addition onz bonds and insertion i bonds with no
barrier. Because of its high reactivity, the CH radical plays an
important role in hydrocarbon combusticamd in the chemistry
of Titan? Neptune® or Triton* atmospheres where CH is

produced by the photodisssociation of £Hhe reactions of 11,12 . X . IR
CH radical are then a potential source of various hydrocarbons, Er.lknovt'novxz\gietgc,);gﬁ kt)cﬁrr:gTIir;gc:?r?t?arg;ttngri?;Cg?golss f]tellrle
especially ethylene and propene in our case, and could be a : Y P

way for subsequent production of more complex hydrocarbons. or combustion chgmlstry of the ChH CzHelregcthn, the
It is thus interesting to study in detail the kinetics of the CH subsequent evolution of the high energy distribution propyl

. . . . adduct formed in this reaction is related to the decomposition
+ C;Hg reaction. The possible reaction channels aifogin of propyl radical in high-temperature proces&es.

kJ molt 5-19): - . : .
We performed new kinetics experiments using a selective
) 1 source of CH radicals (from the reaction of CHBwith
CH(X'I) + CHg(X"Ag) — potassium atoms), in a low-pressure fast-flow reactor at room
i-CoH (XA AHYos= —425.8+ 3.4 temperature. The overall rate constant obtained by following
the decay of CH radicals laser induced fluorescence signal, with
n-C3H7(X2A’) —411.6+ 3.5 the alkane being introduced in excess, the diffusion corrections
having been validated in a previous study. Absolute product
CHy(X?A",) + CH,(X'A ) —313.5+ 2.1 branching ratios were estimated over the channels yielding H
atoms by comparison with the CH CH; — C,Hy + H
H(S) + C,Hg(X?A") (propene) —274.2+1.8 reactiont* with H atoms being probed by resonance fluorescence
) ) in the vacuum ultraviolet. New ab initio and RRKM studies
H("S) + c—=C;3Hg(X"A’) (cyclopropane)-241.1+ 2.0 were performed in order to assess more precisely the mechanism
) Tt of this reaction.
CaHg(X"A") + Hp (X2 ) —341.7+ 10.2
) 1 II. Theoritical and Experimental Methodology
CHa(X"AY) + CH,(XA) —290.2+ 4.7

A. Ab Initio Calculations. The structures of stationary points
CH,(X®B,) + C,H5(X?A") 4+9.9+ 7.0 along the CHAIT) + C;Hg (*A1) reaction have been optimized
using the quadratic configuration interaction method including

Despite the great amount of spin allowed accessible Channels,single and double excitations, QCISBand the hybrid density

only two channels are supposed to play a nimportant rule functional B3LYP5-18 including nonlocal gradient correction.

; Both methods were used in conjunction with the correlation
formation of hydrogen atoms and propene 4HCsHg) and . . ) )
yerog prop HCaHe) consistent polarized valence douldl&asis set of Dunning and

*To whom correspondence should be addressed. E-mail: jc.loison@ CO-Workers augmented with diffuse functions, aug-cc-pVOZ.
Ipcm.u-bordeaux.fr. Fax: (33) 557 96 25 21. The harmonic vibrational frequencies have been computed at
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the B3LYP level of theory in order to characterize the stationary ~ As a large excess of potassium is introduced in the injector
points (minima vs saddle points), to obtain the data needed incompared to the CHBrconcentration, the precursors (CHBr
the RRKM kinetics study, and to generate the force constant CHBr,, and CHBr) concentrations in the fast flow reactor are
matrix used in the intrinsic reaction coordinate (IRC) calcula- very small and will not interfer in our study, as well as K atoms
tions. Total energies are refined at the CCSD(T) (coupled clusterwhich are not reactive with ethane molecule. The injector
with single and double excitations and a perturbational estimate conditions are the followingP = 1.5 Torr, [K] = 1 mTorr,

of triple excitationd®2) level with the polarized valence tripte-
cc-pVTZ basis sét using B3LYP/aug-cc-pVDZ optimized

[CHBr3] = 0.05 mTorr, which give in the fast flow reactd?:
= 1.5 Torr, [K] < 0.1 mTorr, [CHBg, CHBr,, and CHBr|<

geometries. The discussed energetics are those obtained at the.001 mTorr and [CH} 0.003 mTorr. GHg was used directly

CCSD(T)/cc-pVTZ//B3LYP/aug-cc-pVDZ level and are cor-

from the cylinder with a purity> 99.995%. CHBs (99%) was

rected with the non scaled B3LYP/aug-cc-pVDZ zero-point used without any further purification. Hydrogen atoms were
vibrational energy (ZPVE). The minimum energy paths were detected by resonance fluorescence using théPp— 1s' 2S
traced at the B3LYP level using the IRC metRb#to confirm transition at 121.6 nm. Atom excitation was achieved with the
that the located saddle points connect the presumed minima.microwave discharge lamp previously descriBtde also used

For the QCISD and CCSD(T) calculations, the core electrons the microwave discharge lamp in an absorption setup to check
have been frozen. Unless otherwise noted,Tthdiagnostic of the absorption of H atoms, ethane and methane in the reactor.
Lee and co-workéP is smaller than the recommended values Typically the maximum H atoms absorption at thg is 3%

for closed-shell and open-shell species, respectively 0.02 andwhich correspond to about % 10° molecule cn?, with our
0.03, showing that the multiconfiguration based approach is not microwave lamp conditions, and the absorptions of methane
necessary to get reliable theoretical data. All calculations have and ethane are inferior to 0.1%. Thus, the conditions of the

been carried out with the Gaussian 98 progfam.
B. Experimental Measurement.The experimental setup has
been described in detail previougk?® and only a brief

presently reported experiments ensure the linear dependence of
the atomic fluorescence signal versus the lamp emission intensity
and the H atoms concentration, and the negligeable influence

summary is given here. The setup consists of a fast-flow reactor,of the methane or ethane absorption.
i.e., a 36-mm inner tube with four optical ports for detection.
The CH radicals are produced in an “injector” which slides in
the reactor. At the end of the injector, the CH radicals are mixed ) )
with the ethane flow. Then, the distanci between the end of A. Potential Energy Surface.The energy diagram along the
the injector and the observation windows is directly proportional €&ction path is shown in Figure 1, whereas the structures of
to the reaction time. The CH radicals are probed by LIF using the different minima are displayed in Figure 2.
a ND:YAG laser (Quante| YG 581C) pumped dye laser (around 1. Relatve Stabilities and Structure$he CH-+ C;Hg doublet
1004J by pulse) and exciting the CH 2A — X2IT) near 431 energy surface exhibits a large number of species with different
nm or by OH (4= — X2IT) chemiluminescence detection, with ~ Stoichiometries and spin multiplicities. The most stable species
electronically excited OH being produced by introducing a very have GHy stoichiometry: the iso-propyl radicaC{ 2A’) and
minor amount of @for kinetics experiments (kinetic contribu-  the n-propyl radical €y, 2A). The calculated reaction enthalpy
tion of the CH+ O, reaction is always inferior to 5% of the ~ at 298.15 K is—409.8 kJ/mol for the iso-propyl radical and
CH + CgHg contribution). The distanced( between the = —397.9 kJ/mol for then-propyl radical. The corresponding
detection windows and the injector nozzle aperture could be €xperimental values are425.8 and—411.6 kJ/mol, respec-
varied over the range-0100 mm with 0.5 mm precision. The  tively.>”” Two species with €Hs stoichiometry can also be
pressure was measured by a capacitance manometer (Barocdiroduced by the reaction: the propengs,(*A’) and the
0—10 Torr), and the flow rates were adjusted by thermal mass cyclopropane@s,, *Ay'). Calculations predict the formation of
flow controllers. Typically, the pressure was around 1.5 Torr the propene molecule (with an hydrogen atom) to be exothermic
Corresponding to a gas speed of 30 rﬁ, dhe reaction time by 260.2 kJ/mOl, whereas the reaction enthalpy is 34.2 kJ/mol
(equal to the distancel divided by the gas speed) being smaller for the cyclopropane. The experimental heats of reaction
comprised between 0 and 3.3 ms. are respectively-274.2 and-241.1 kJ/mol for the two isomeps.
The CH radicals were produced from the CHBr 3 K — The enthalpy difference, 33.1 kJ/mol, agrees very well with the

CH + 3 KBr overall reaction which can be separated into three One calculated. The most favorable exit channel corresponds to
elementary steps\¢Hg in kJ.mol1):30:31 the simultaneous formation of the ethylene and methyl radical.
The calculated reaction enthalpy, 300.9 kJ/mol, is close to the

I1l. Results

CHBIr, + K — CHBr, + KBr Ang%: -96+£8 (1) experimental one {313.5 kJ/mol¥ In return, the channel
leading to ethyl radical and methylene is predicted to be

CHBr, + K — CHBr + KBr AHYs=—-75+8 (2 endothermic by 3.0 kJ/mol at 298.15 K, in good agreement with
the experimental value of 9.9 kJ/nfat? CH and GHg can also

CHBr+ K — CH + KBr Ang%: —37+16 (3) react to form the methyl radical with methyl carbei, €A'""),

an isomer of ethylene. The reaction enthalpy is predicted to be
As all of the K+ CHBr, — KH + CBIy (x = 0) reactions are ~ —8.0 kJ/mol at 298.15 K.
endoergic, this source can only produce CH radicals. As the Calculated structures of the reactants and products are shown
sum of the exothermicites of the three abstractions is 208 kJin Figure 2. The geometrical parameters calculated at the two
mol~1, the production of CH® ") radicals, which is 69.9 kJ  levels of theory are very close. The largest difference is observed
mol~! above the ground state, is possible. However that should for the addition complexGs, 2A"). At the QCISD/aug-cc-pVDZ
require high concentration of metastable species with long level, this species has a CH bond of 1.503 A, longer than a
lifetime (as electronic excited CHBr) in the oven, which is typical CH bond and exhibits important Mulliken charges on
unlikely in our conditions. Moreover, the CHgr) reactivity those carbon and hydrogen atoms0(22 and +0.14 e,
is certainly much lower than the CHZKI) reactivity toward respectively). For this type of charge-transfer complex, density
C,Hg.32 functional methods are known to overestimate binding energies
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Figure 1. Potential energy diagram for the CAHT) + C;Hs (*A1g) reaction at 0 K. The reported relative energies (kJ/mol) were obtained at the
CCSD(T)/cc-pVTZ/IB3LYP/aug-cc-pVDZ level with B3LYP/aug-cc-pVDZ ZPVE corrections. The bond orders are not indicated on the schematic
structures of the minima.

and underestimate interfragment distan@ghe CH bond is (species 3). The barrier for the involved hydrogen shift is of
predicted about 0.17 A shorter at the B3LYP functional. 163.1 kJ/mol. However, in light of the computed PES, the most
Experimental geometries are available for almost all of the favorable channels correspond to dissociations leadinght C
species* 36 and there is a good agreement with the optimized + CHs (CC bond breaking; species 4) or ggHCH, + H (CH
geometries, especially with those obtained at B3LYP/aug-cc- bond breaking of the central carbon; species 5). The respective
pVDZ level. The discrepancies between experimental and exit barriers are 129.3 and 151.2 kJ/mol, respectively. Note that
calculated values are within 0.016 (0.024) A for bond lengths the coupled cluster wave functioh diagnostics are, for the
and 0.7 (2.4°) for bond angles at the B3LYP (QCISD) level. corresponding saddle points (SP2/4 and SP2/5), slightly larger
2. Reaction Mechanisrfigure 1 displays a schematic picture than the acceptable value of 0.03 recommended by Lee and
of the potential energy surface (PES) correlating with methyl- co-workers?> Moreover, activation energies for the reverse
idyne CH and ethanefs ground states. Two entrance channels reactions GH4 + CH; or CHCHCH, + H — CH;CH,CH, have
have to be considered: insertion of the CH radical into-eHC been found to be 37.8 and 17.9 kJ/mol and could be compared
bond of GHg leading to then-CsH; (n-propyl) radical and to the Arrhenius parameter from kinetics experiments, 30.8 and
insertion of the CH radical into the-&C bond of GHg leading 13.6 kJ/moB’ The n-propyl radical could also dissociate to
to thei-CzH7 (iso-propyl) radical. The first one, leading to the ¢-CsHg + H through SP2/6 with a barrier of 242.7 kJ/mol. In
n-CzH- radical (species 2) through an addition complex (species contrast, the CC bond dissociation of species 2 leading to the
1), is found without any barrier which is in agreement with the methylene and ethyl radical (species 8) is barrier less, but this
large rate constant at low temperature. The relative energy of process is endothermic. Two other highly exothermic exit
the addition complex is—14.0 kJ/mol with respect to the channels have to be considered for th€sH- radical evolution,
reactants. The saddle point (SP1/2) involved in this insertion the loss of a H molecule leading to &5 + H, and C-C
step is calculated slightly lower than that of species 1 at breaking bond associated with H atom migration leading tq CH
CCSD(T)/cc-pVTZ//B3LYP/aug-cc-pVDZ, showing that the + C,Hs. However, attempts to localize saddle points or reaction
PES is very flat in the addition complex region. About the paths connectingi-propyl and those exit channels were un-
second entrance channel, i.e., the insertion of the CH radical insuccessful. The most favorable channel for thepkbduction
the G-C bond resulting in the formation ®fC;H- (species 3), is the 1,2-H loss where the hydrogen atoms come from two
no clear answer has been found, with the search for a reactionneighboring carbon atoms. However, the activation energy of
pathway being unsuccessfully. However, because of steric this process should be comparable to the barrier of e €~
hindrance with the Ckimoiety of ethane and the ability of the  C,H, + H, reaction, i.e., 500 kJ mot 38 or C,Hs — C,H3 +
two reactants to form species 1, the direct insertion of the CH H, reaction, i.e., 400 kJ mot.*4 Thus, even if this channel is
radical in the CC bond of £ls is certainly the least favored  energetically accessible, it will not play any rule. About the
entrance channel. CH, + CyH3 production, if there is a mechanism from species
Starting fromn-C3H7, several channels are conceivable. First, 2, it should be concerted and the energy barrier should be
the n-propyl radical can isomerize in the iso-propyl radical certainly much higher than SP2/4 and SP2/5.
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Figure 2. Optimized and experimental structures of minima (distances in angstroms and angles in degrees). The QCISD/aug-cc-pVDZ geometrical
parameters are given first, followed by the analogous B3LYP/aug-cc-pVDZ results (in bold type) and experimedtat®dabeen available (in
italic type).

Starting from the-CsH7 radical (resulting from the CH radical
insertion in the C-C insertion or isomerization of the-CsH-
radical), several channels are conceivable. First, the CC bond
can dissociate to form GHand CHCH (species 7). However,
this channel is almost endothermic and will not play any rule
in this reaction. Second, the loss of an hydrogen atom could
lead to a propene molecule with a computed barrier of 151.2
kJ/mol. For the reverse reaction gEHCH, + H — CH3;CHCHg,
we found a calculated activation energy equal to 8.4 kJ/mol,
which could be compared to the Arrhenius parameter from
kinetics experiments of 6.5 kJ/m&lThis supports the calculated ¥
relative stability of SP3/5. P S P R B

As a consequence, the only observable channels in our 00 05 10 15 3

. . [C,H¢] moleculesxcm
experiment are the H CsHg and CH + C,H,4 formation. For
the loss of a hydrogen atom leading to cyclopropane, the saddleFigure 3. Plot of the pseudo-first-order rate constant of the €H
point (SP2/6) is located much higher than for others exit CoHe reaction versus theBls concentration. The gradient of the fitted
channels, and it has a much tighter structure. This channel will lin€ yields to the second-order rate constért; (1.6+ 0.6) x 1071

. T . cm® molecule’! s,

play a very minor role which is also the case for the isomer-
ization between-CsH; andn-CsH;. The fact that the isomer-
ization is not favored versus the other exit channels accentuateent concentrations of £lg introduced in large excess. To get
the importance of the entrance channel (CH or CC insertion). rid of the mixing effects, only the last stages of the decay
The competition between all of these reaction channels will be (after 3 cm from the injector exit) have been taken to deter-
discussed in the light of the experimental results and RRKM mine the pseudo-first-order rate constants. The measured rate
calculations. constants were then corrected from radial and axial diffu-

B. Overall Rate Constant. The pseudo-first-order decays sions from Keyser's formul as done previously with good
of CH radical fluorescence signal were monitored at differ- results!*

N T B
2.0 25 3.0
x10%
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TABLE 1: Experimental Enthalpies of Formation at 298 K,

J. Phys. Chem. A, Vol. 107, No. 28, 2008423

TABLE 3: Reaction Mechanism Used in Simulations of the

in kJ/mol H Atoms Production for the CH + CH,4; and CH + CsHg
exptAHC at Systems
298 K (kJ/mol) reaction koggr? ref
CH 596.44 1.25 CH+CH—CH-+H 3.0x 107 Dean et al’
CzHs —84.0+ 0.2° Bergeat et af?
n-CsHz 100.842.157 CH+CH—CsH+H 3.0x 100 ®b
i-CsH7 86.64+ 2.057 CH+CH;—CHs+H 0.9x 1010 Blitzetal*®
CoHq4 52.54+ 0.3° Fleurat-Lessard et at.
CHs 146.44 0.45 CH + C;H4 — products 2.8< 1071 Thiesemann et &P.
CsHes (propene) 20.2-0.45 CH+ C,Hs— C3Hs + H 2.0x 107 Loisor®
¢—CsHg (cyclopropane) 53.3 0.65 CH+ CHg— CHs+ CH;s  1.3x 1071° This work
H 218.004 0.018 CH+ CoHg— CsHeg + H 0.3 x 107 This work
CH, —74.84+0.35 CH + CgHg — products 2.8< 10°1° Loisorf®
CoHs 297.04 3.08° CH+ CgHg— CsHs + H 1.8x 1070 Loisorf®
CoH2 227.74+ 1.0° CH+ CHz;— CHs; + H 20x 10 ¢
CoHs 131.942.0%0 CH+CHy—CH,+CH;  3.0x 107*? Ceursters et df
CH. 390.4+ 4.0° CoH+ CoHg— CoHy + CoHs  3.5x 1071 Opansky t at*
CsHs(allyl) 170.7+ 8.8° C,H + C;Hs — products 1.2« 1071% Opansky et at!
CH+ CHy— CHs +H 2.0x 107 Tsang et af?
TABLE 2: Experimental and Calculated Reactions CH + CH; — C3Hz + H 4.0x 107 Tsang et af?

Enthalpies at 298 K, in kJ/mol

aln cm® molecule® s™%. P Assumed to be equal to CH CH.

species expt 298 K calcd 298 K° ¢ Estimated from CH+ CH and CH + CHjs reactions.
CHEII) + C:Hs 0 0
n-CsH; —411.6+ 3.5 —397.9 |
i-CsH7 —425.8+ 3.4 —409.8 80 [~
C2H4+ CH3 —313.5+ 2.1 —300.9 i n = "-a
CsHs+H —274.2+ 1.8 —260.2 = [
c—CaHs + H —241.14 2.0 —226.0 &0
CH; + CoHs +9.9+ 7.0 +3.0 @}
CH3CH+ CH3 —-8.0 8 B
CsHs + H2 —341.7+ 10.2 § I
C;Hs + CH, —290.2+ 4.7 g
2From Table 1° This work. é
The results of our experiments are displayed Figure 3, where
axial and radial corrected pseudo-first-order rate constant are e a :
plotted versus the £s concentrations. The main source of X . . . . . 1.2
errors in our measurements is the important radial and axial t(ms)

diffusions corrections. Moreover, the high wall removal rate Figyre 4. H atoms fluorescence signal, from GHCH when no co-

constant, because of wall deposit of potassium, associated withreactantsis added (circle), from GH CH, (filled box), from CH+

these diffusions leads to the limit conditions of the plug-flow CzHs (filled circle) and GH* chemiluminescence signal, when no co-

approximation and the errors quoted take into account thesereactants are added (plus symbe))and when Chior CHs is added

uncertainties. The second-order rate constant is thus{0.6) (cross ), in function of the distancd in the reactor The fits linking
10 1ot . the H production plot result from a global simulation of the different

x 10710 cm? molecule* s71, for the CH+ CyHg reaction. The reactions (see text).

present result is in quite good agreement with previous

measurements1240.4lgven if it is slightly lower.

C. Product Branching Ratio. Relative hydrogen production
of the CH + CyHg was determined on the ratio with the H
production from the CH+ CH,4 reaction by resonance fluores-
cence in the vacuum ultraviolet. As the H atoms branching ratio
is known for the CH+ CH, reactiont* the determination of

branching ratio of H atom production of the CH CyHg
reaction. An example of the traces of H atoms concentrations,
deduced from the fluorescence signals, versus the distance (i.e.
the reaction time) are shown in Figure 4. A simulation is also
shown in Figure 4 with a product branching ratio of H
. . . roduction of the CH+ C,Hg reaction equal to 0.22. The
the absolute branching ratio for the GH C;H reaction can gbsolute initial concentration of CH radicalqs has been estimated
thus be done. from the CHBg concentration introduced in the oven and also
To measure the relative H atoms production, the fluorescencepy measuring the H atoms concentration from the €K H,
signal is recorded successively for the two reactionsiCEH, reaction using atomic resonance absorption spectroscopy and
and CH+ CxHe. The CH, and GHe concentrations were  \as typically close to 1.0« 10! molecules cm3.
adjusted in order to have equivalent global first order rate Among the various secondary sources of H atoms, the main
constants, the CH production being constant during a period of one is due to the CH- CH reaction, with contributions from
more than 1 h. This operation was repeated several times,CH + C,H,, CH + C3sHg, and CH+ CHs reactions. The @H
alternately for different Chland GHs concentrations, under  contribution is small (quantum chemical studies gFiG- CH,*2
different pressures and different CHBroncentrations. As in and GH + C,Hg* reactions shown than the only accessible
our experimental conditions, we cannot neglect secondary channel for these two reactions is direct H atom abstraction).
reactions, and we performed simulations of H production using As all secondary H atoms sources involve mainly CH radical
reactions detailed in Table 3, including mixing effect and wall reactions with similar H production rate constants for,Gidd
reactions, for the three systems: CH alone, €I€H,, and CH CyHg systems (even if the reactions are different), the estimation
+ C,Hs, with the parameter to be fitted being the product of the branching ratio of H production from the CH C;Hg
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TABLE 4: Microcanonical Constants of Different Steps in the Reaction Mechanism at Different EnergyE, above the Energy
of the Reactants in Their Ground State

steps 2/3 2/4 2/5 2/6 3/2 3/5
k (s (E = 0 kd/mol) 1.31x 10° 1.02x 101 1.16x 1010 43x 10° 1.06 x 10° 7.10x 1040
k(s™ (E= 4 kJ/mol) 1.42x 10° 1.09x 104 1.25x 10% 5.0x 10° 1.15x 1 7.63x 10%
reaction versus the CH CHj, reaction is quite accurate even 100
if the secondary contributions are rather high (typically 10% CH, + CH,
for CH + CH4 and 50% for CH+ C,Hg). Based onthe study  f| ==~ =—""5" "= ~=~==7]
of several experimental runs with various initial CH radical 9 80
concentrations, we obtained an H product branching ratio of 5 |
0.22+ 0.08 for the CH+ C;Hg reaction. % 60 [
D. RRKM Calculations. Considering the results of the ab =
initio calculations, we limit the system to the following reactions: § wl
g [
(5]
CH+CH;— n-CH [
o i HONL HeCHe _______|
i-CH, T
A P T - L
_ 04 06 08 1.0
n-C;H, CH;+CH, Ky time (s7) e
H + CiHg k2/5 Figure 5. Concentrations of various intermediates and products versus
times from RRKM calculation following insertion of CH radical in a
H + ¢-C5Hg Koy C—H bond of ethane.
n-CgH, = I-GH; Kora Kara of CH insertion and CC insertion) and solved the following
i-C,H, — H+ CH, K differential equation system:

d[n-C;H-] ]
— = Kg/oli-CsHy] —

(Kag T Ko+ koys 1 Kyye)[N-C5H-]

The microcanonical rate constants of the various steps of the
mechanism are obtained from the classical RRKM expression

G(E i
) = 25 dli-Cot] |
h N(E) a Ko N-CaHyl — (kg + kg)[i-C5Hy]
In this expressiong is the symmetry factom is the Planck’s d[H]

constantG(E) is the number of energetically accessible states
at the transition state, and(E) is the density of states of the
intermediate species. All species are treated as symmetric tops,
and the external K-rotor, associated with the smallest moment

o (kg5 T Kyg[N-C3H7] + kyyi- C3H

d[CHy d[CH,]

of inertia, is treated as an active degree of freedom completely dt dt 2l N-Cath]
coupled with vibrations.

The initial energy distribution function of the energized adduct d[CsHgl .
radical {-CsH; or n-C3H-) is determined by detailed balance da 2l N CaH7] + Kgyeli-CsH7l
assuming thermal energy distribution on the reactants. Taking
into account the narrowness of the thermal energy distribution d[c-C;H{]

and the large excess energy in this system, it will be assumed
thati-CsH7* or n-CgH-* are monoenergetically energized with
an energy of 4 kJ/mol (350 cm¥) above the reactants in their
ground state.

The lifetimer of the various species for an energys then
obtained from I = Y iki(E), wherek;(E) are the microcanonical
constants of all steps in the mechanism in which spedes

dt = kye[n-C3Hy]

the initial conditions beingi{CsH7]—o = x and [n-CsH7]i—o =
1-—x

To numerically solve the system, we use tBellstoer

(Bulirsch-Stoer) scheme of Mathcad software. We obtained
numerical solutions for the amount of the products versus time;

reactant The calculated microcanonical constants of different the relative amount when they have converged was used for
steps in the mechanism are presented in Table 4.i-Tel* calculations of product branching ratios. Plots of the relative
or n-CgH7* RRKM lifetime (10711 s) meets the ergodicity = amount versus time for various species are shown in Figure 5
criterion and is short enough to be able to neglect collisional for the evolutionn-C3H7 following CH insertion of the CH
energy loss (the collision frequency for 1 atm of air at 298 K radical & = 0). The product branching ratios calculated are 88%
is ~10'° s71). Indeed, chemical activation experiments have of CHs; + C;H, and 12% of H+ CsHe following C—H bond
enabled the rate constants for randomization to be determinedinsertion of the CH radical. The corresponding values for the
and led to values of the order of #s 144 C—C bond insertion of the CH radical are 1% of €t CoH,

To calculate the branching ratio, we could consider that each and 99% of H+ CzHg. The very small amount of CHt CoH,
reactive collision between CH anglds gives eithen-CzH7 or in the last case is due to the low value of microcanonical rate
i-CgH7 with a probability equal respectively to-1 x andx (x constant for the isomerization versus the microcanonical rate
being comprise between 0 and 1, depending of the proportion constant of the other processes. Kfactor was adjusted to fit
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12 radical in a C-H bond of ethane, and a very minor role for
isomerization between iso-propyl anepropyl.
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