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Kinetics of the Unimolecular Decomposition of the GCl3; Radical

I. Introduction

Kinetic modeling of processes such as combustion and
incineration of chlorinated hydrocarbons and industrial chlorina-
tion is essential for understanding their mechanisms and for use
of these mechanisms as tools of prediction and control. The
success of such modeling is currently limited by a lack of
fundamental information on the rates and products of a large
number of elementary reactions involving chlorinated hydro-
carbon radical$.Reactions of the trichlorovinyl radical,,Cls,
have been demonstrated to be among the most important an
sensitive reactions in a number of systems of combustion and
pyrolysis of chlorine-rich unsaturated chlorinated hydrocarbdhs.
The principal reactions responsible fop@3; removal are its
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The GCl; — C.,Cl, + CI (1) reaction was studied using the laser photolysis/photoionization mass spectrometry
technique. Rate constants were determined in time-resolved experiments as a function of temperature (569
683 K) and bath gas density ([He] (3—24) x 10' atoms cm?, [N5] = 12 x 10 molecules cm?3). C,Cl,

was observed as a primary product of reaction 1. Rate constants of reaction 1 are in the falloff, closer to the
low-pressure limit, under the conditions of the experiments. The potential energy surface (PES) of reaction

1 was studied using a variety of quantum chemical methods. The results of the PES study indicate that the
minimum energy path of the LCl; dissociation proceeds through a shallow-well symmetric structure with

the departing Cl atom equidistant from both carbon atoms; a PES saddle point exists between the nonsymmetric
equilibrium GClI; structure and the symmetric one. The results of quantum chemical calculations and the
experimental rate constant data were used to create a model of reaction 1. The experimental dependence of
the rate constant of LCl; decomposition on temperature and pressure was reproduced in RRKM/master equation
calculations. The reaction model provides expressions for the temperature dependences of the high-pressure-
limit and the low-pressure-limit rate constants and the falloff broadening fackets= (1.36 x 1013)T°-°
exp(=13625 KM s, k;°(He) = (4.89 x 10T 614 exp(—14497 K cm?® molecule® s, k;°(N2) = (1.525

x 10t)T-5% exp(—14393 KIT) cm? molecule® s72, Feen(He) = 0.33 exp(-T/1836 K)+ 0.67 exp(-T/98 K)

+ exp(=3650 KIT), andFcen(N2) = 0.35 expT/1864 K) + 0.65 exp-T/103 K) + exp(—3614 KIT). The
experimental data are not sufficient to specify all the parameters of the model; consequently, some of the
model parameters were obtained from quantum chemical calculations and from analogy with other reactions
of radical decomposition. Thus, the parametrization is most reliable under conditions close to those used in
the experiments.

decomposition of the £Cl; radical:
C,Cl;— C.Cl,+ Cl (1)

Reaction 1 was studied in the 56883 K temperature interval

at varying densities of the helium bath gas ([He]3—24) x

10 atoms cm®) and at one density of nitrogen bath gasA[N

= 12 x 10 molecules cm3). The experimental study is
described in the next section. Section Ill presents a quantum
chemical computational study of the potential energy surface,
&N RRKM/master equation model of the reaction, and a param-
etrized representation of the calculated rate constants over wide
ranges of temperatures and pressures. A discussion of the ex-
perimental and the computational results is given in section V.

reaction with Q, thermal decomposition, and reaction with | Experimental Study and Results
molecular chlorine. The £I; + O, reaction has been studied

experimentally. The rate constants of the reaction ofCl;
radical with molecular chlorine were recently determined by

I1.1. Experimental Apparatus and Method. Trichlorovinyl
radicals were produced by the pulsed, 248 nm laser photolysis

us in direct, time-resolved experimefitshe kinetics of the  Of tetrachloroethyleng:
thermal decomposition of L£ls, however, remains unknown: 248 nm

no experimental or theoretical information on this reaction is
currently available in the literature.

C,Cl,—— C_Cl;+Cl
— other products (2)

In this paper, we report the results of our experimental
investigation of the reaction of the thermal unimolecular
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The decay of @Cl; was subsequently monitored in time-
resolved experiments using photoionization mass spectrometry.
Details of the experimental apparatasd procedurésised have
been described before and thus are only briefly reviewed here.
Pulsed unfocused 248 nm radiation (4 Hz) from a Lambda
Physik EMG 201MSC excimer laser was directed along the axis
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of a heatable quartz or Pyrex reactor (1.05 cm i.d., coated with TABLE 1: Conditions and Results of Experiments To
boron oxidé or uncoated). Gas flowing through the tube-at Determine the Rate Constantsk; of the Unimolecular

m s* contained the radical precursae@.01%) and an inert ~ D€composition of GCls

carrier gas (He or B in large excess. The flowing gas was [M]? T/K [CoCly® [CoCls]e® 19 kifs? ki¥/st

completely replaced between laser pulses. He Bath Gas
Gas was sampled through a hole (0.04 cm diameter) in the 3.02 609 10 19 100 205 3254.1
side of the reactor and formed into a beam by a conical skimmer 3.03 619 20 39 100 200 4243
before the gas entered the vacuum chamber containing the g'gg ggg %8 ‘218 188 58'8 ggig'g
photoionization mass spectrometer. As the gas beam traversed 303 guq 10 20 100 205 1098373
the ion source, a portion was photoionized and mass selected. 303 59 20 41 100 200 144466.6
C.Cls, C,Cl,, and GCl4 were ionized using the light from a 3.03 668 10 21 100 205 165611
hydrogen resonance lamp (10.2 eV). Temporal ion signal 3.03 683 20 41 100 20.0 26D11
profiles were recorded on a multichannel scaler from a short 6.04 590 4.1 8.4 108 143 30624
time before each laser pulse up to 25 ms following the pulse. 2'82 g?g 12 1 2% 6 igg ii'g ggjgg'g
Typically, data from 100610000 repetitions of the experiment  gg5 619 10 21 108 194 75536
were accumulated before the data were analyzed. 6.05 629 4.1 8.8 108 14.3 103#25.8
The gases used were obtained from AldrichQ, >99%) 6.05 639 10 22 108 19.4 143#4.1
and MG Industries (He> 99.999%; N, > 99.999%). GCl4 g-gg ggg 18 %g igg ig-i ;g%?i
was purified by vacuum dls_tlllatlon prior to use. Helium and 605 669 10 29 108 194 294480
nitrogen were used as provided. 121 575 79 13 100 188 34916
The GCl; ion signal profiles were fit to an exponential 120 583 55 10 100 17.8 47422
function ([GCls]; = [CoCl3]oe %) using a nonlinear least-squares  12.1 585 7.2 14 100 18.8 50#2.0
procedure. Unimolecular decay of,C3 was observed only 121 590 3.6 6.8 100 127 59472.0
above 500 K. Below this temperature a slow decay s€Igis gé gg% 265 118-1 10207 117538 5584f§g
observed due to a first-order heterogeneous wall-loss process: 5o 9 55 1 100 190 96825
12.1 603 7.2 14 100 18.8 888927
C.Cl; — heterogeneous loss (3 121 610 3.6 70 100 127 1024228
12.1 611 16 8.3 27 158 10663.1
Above 500 K the decay constant increased rapidly with rising 12.1 622 7.2 14 100 18.8 1544232
temperature due to the increasing importance of the thermal gg ggg 5é56 117 ) 18(())0 119é07 12652% 2-‘2‘
decomposition of €l3 radical, reaction 1. The decay constants 12:1 630 16' 8:5 57 15.'8 193:52:5
were analyzed assuming thai@l; radicals were consumedonly 120 32 55 11 100 19.0 2158423
by two elementary reactions, 1 and 3. At low temperatures, only 12.0 632 55 11 100 19.0 21285.1
the heterogeneous loss is observiéd ks). Above 500 K the 121 642 7.2 15 100 18.8 259487.9
sum of the two loss processes is obserdéd=(k; + ka). 120 642 5.5 11 100 190 292.47.0
Calculations ok; from measurements &f require knowledge gi ggg 12'6 g? 1(2)(7) ig; gggﬁg'g
of k3 above 500 K. Wh||d@, was dll’ectly determined below 120 652 55 11 100 190 373.8 78
500 K (13-29 s, independent of temperature between 370 121 659 3.6 73 100 12.7 436429.2
and 500 K), it could not be measured above this temperature 12.1 660 16 8.8 27 158 427H6.7
due to the additional loss of radicals by unimolecular decom- 24.2 569 8.0 16 108 184 55824
position. Values okz above 500 K needed to determikigfrom 243 579 30 17 30 239 65837
- . 24.3 589 8.0 16 108 184 98454.0
the measurements df were obtained by an extrapolation 5,5 ggq 30 17 30 239 138847
assuming thaks retains its temperature independence beyond 242 609 8.0 17 108 18.4 18610
500 K up to the highest temperature of this study, 683 K. To 24.2 619 30 18 30 239 26817
minimize possible errors in the determinationkefcaused by 242 629 8.0 17 108 184 34017
this assumed temperature independencégadibove 500 K, 242 639 30 18 30 239 46826
experiments to obtairk; were conducted at temperatures 24.2. 649 8.0 18 108 184 55623
sufficiently high to ensure tha > 2.5ks. It was this criterion N Bath Gas
that established the lowest temperature used to detetmnize ﬁé ggg % 3411 lgg fg 'j %gg éo
each bath gas density. The highest temperature used at eachj5 5  go5 13 24 03 164 22011
total gas density was determined by the fact that decay constantsi2.1 629 21 42 100 294 22515
above 600 s! could not be measured accurately. The limitations 12.0 639 13 24 93 164 30617
in the temporal resolution of the experimental apparatus are 12.1 639 21 42 100 294 31523
654 13 25 93 164 49932

determined by two factors: the finite time of radial diffusion
of the radicals under study and the effects of molecular velocity 2 Concentration of the bath gas (helium or nitrogen) in units 8¢ 10
distribution on time-resolved mass spectrometric sampfing. atoms cm? or molecules cim?. * In units of 16* molecules crm?. ©In

Experiments were performed to establish that the rate units of 1G_° molecules cm3_. The QC_:I3 concentrations were obtained
constants did not depend on the concentration of precursorPy measuring the photolytic depletion 0f@, and represent an upper

. . limit since they were obtained assuming a 100% yield gElgin the

(prOVIde_d that the Concemrat'on was k_e_pt low enough to ensurephotolysis.d Estimated photolyzing laser intensity in mJ pufsem=2.
that radicat-radical reactions had negligible rates), reactor wall e Eror limits represent & statistical uncertainty.A quartz reactor
material, or the photolyzing laser intensity. The rate constants coated with boron oxide was used. An uncoated Pyrex reactor was used
of the GCl; decomposition depended only on temperature and in all other experiments.
bath gas density.

11.2. Experimental Results. The results of all the experiments  The unimolecular rate constants for reaction 1 obtained from

and the conditions used to determikieare given in Table 1. these sets of experiments conducted at four different densities
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Figure 1. C,Cl; decomposition rate constantg ¢s 1000T) for four
densities of helium (open symbols) and one density of nitrogen (filled

circles). Lines represent the results of master equation simulation. 1
Key: triangles, [He]= 3 x 10 atoms cm?, squares, [HelE 6 x -+
10' atoms cm?; circles, [He]= 12 x 10 atoms cm?® and [N] = 12 ‘"—?L

x 10 molecules cm?, tilted squares, [He} 24 x 106 atoms cm.
The inset shows an example of theGG; decay profile: [He]= 12.1
x 10 atoms cm®, T = 630 K,k = 207 s*.

of helium ((3-24) x 10' atoms cm?3) and one density of 0\3)(2’ A

hitrogen (12 1(.)16 m°'e‘?“.'?5 cr) are shown ln.Flgure L. Figure 3. Three-dimensional surface plot obtained in a relaxed scan
The GCl; detection sensitivity was lower when nitrogen was of the PES of reaction 1 using the BH&HLYP/6-31G(d) method. The
used as a bath gas, akidalues in this case could be determined  minimum energy path of the Cl; dissociation proceeds from one of
only under optimal conditions. Error limits of tHe values in the nonsymmetric minima ¢Cl; equilibrium configurations) through
Table 1 representdlstatistical uncertainty. Potential uncertain- a corresponding saddle point and the symmetric shallow-well minimum.
ties associated with the assumed temperature independence of

the wall decay of @lz are not eas?ly eva_luated._Tht_arefore, no the BH&HLYP/6-31G(
attempt was undertaken to quantify their contribution.

The values ok; increase with pressure; the vs pressure
dependence at each particular temperature is somewhat weak
than proportional. Thus, reaction 1 is in the falloff region under ;o passing through X1 and perpendicular to the@bond
the conditions of the current study, relatively close to the low- o4 the other line passing through the CI3 (departing) atom and
pressure limit. @Cl, was observed as a primary product of parallel to the G-C bond. The X+X2 and the CI3-X2

reaction 1 with the gCl, characteristic rise time matching that distances were scanned with the rest of the coordinates
of the GCl; decay due to thermal decomposition. No other optimized.

potential primary or secondary products were observed. The results of the UMP2/6-31G(d) and the BH&HLYP/6-
31G(d) scans are in qualitative agreement. The PES obtained
in the BH&HLYP/6-31G(d) scan is displayed in Figure 3. Three
Il.1. Potential Energy Surface. The potential energy surface  minima are observed on the PES: two identical minima
(PES) of the reactive system o%Cl; decomposition and the  corresponding to the equilibrium configuration ofGT; and one
corresponding reverse reaction, that of addition of Cl to the triple shallow minimum corresponding to a symmetrical structure with
bond of GCl,, was studied using four combinations of methods the departing CI3 atom equidistant from both C atoms. The
and basis sets: UMP2/6-31G(d), UMP2/6-311G(2d), BH&HLYP/ equilibrium nonsymmetrical minima are separated from the
6-31G(d), and QCISD/6-31G(d). In addition, higher level single- symmetrical minimum by saddle points.
point calculations were performed at selected critical points  The minimum energy path for LCl; decomposition thus
using the QCISD(™! method with the large 6-3H11(3df) basis proceeds from the nonsymmetric equilibrium structure 21
set. A description of the methods and the basis sets can be foundhrough a saddle point to the shallow symmetric minimum, with
in ref 12. The version of the BH&HLYP function&i4 subsequent departure of Cl via a symmetric pathway (CI
implemented in the Gaussian9&uite of programs (used in  equidistant from both C atoms). To ascertain the existence of
all quantum chemical calculations) was used. Two-dimensional the saddle point on the nonsymmetrie symmetric reaction
scans of the PES were performed at the UMP2/6-31G(d) and path, additional calculations were performed. Structures of the

d) levels. The system of coordinates
employed in these scans is shown in Figure 2. Point X1
seudoatom) was positioned in the middle of the@bond,
nd point X2 was placed at the intersection of two lines: one

Ill. Model of Reaction 1
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TABLE 2: Energies? of Critical Points on the PES of the GCIl;3 — Cl + C,Cl, Reaction Obtained in Quantum Chemical
Calculations

structure

computational method saddle point symmetric minimum +aT,Cl,
BH&HLYP/6-31G(d) (optimization) 102.88 99.98 112.70
ZPE contributiof —4.50 -3.32 -3.90
MP2/6-311G(2d) (optimization) 91.86 50.89 62.56
PMP2/6-311G(2d)//MP2/6-311G(2d) 84.72 74.90 87.43
QCISD(T)/6-311G(3df)//IMP2/6-311G(2d) 98.22 91.21 103.96
ZPE contributiof —2.58 —4.09 —7.68
QCISD/6-31G(d) (optimization) 103.25 91.39 94.82
QCISD/6-311-G(3df)//QCISD/6-31G(d) 99.55 (99.66) 98.15 109.95
ZPE contributiof —5.04 —6.31 —6.73

experimerft 109.8+ 6.7

2 Energy values are given in units of kJ mblelative to the @Cl; equilibrium configuration, with ZPE included.Contribution of the zero-
point energy (included in the energy values above) calculated at the level of theory used for geometry optirhiiatienof the energy barrier
derived from modeling of the experimental data performed in this study (sectiofl Tie value in parentheses was obtained using the IRCmax
method®3° with a step size of 0.1 amt bohr.

C,Clz nonsymmetric equilibrium configuration, saddle point, full time-dependent master equati®rperformed using the
symmetric GCl; configuration, and Ci C,Cl, products were Householder tridiagonalization algorithm (see refs 23 and 24
calculated using the UMP2/6-311G(2d), BH&HLYP/6-31G(d), for details) resulted in the same rate constant values that were
and QCISD/6-31G(d) methods. Vibrational frequencies of all obtained with the steady-state master equation. The ChemRate
critical points were obtained at the optimized structures. Higher progran?®> was used in all calculations.
level QCISD(T)/6-31%(3df) single-point energy values were The exponential-dowf?®model of collisional energy transfer
calculated for all these critical points using the UMP2- and the was used in the calculations. The values of the collisional energy
QCISD-optimized structures, and the contributions of the ZPE transfer parametefAEldown (average energy transferred per
were included. The results are presented in Table 2. As can bedeactivating collision with the bath gas), is unknown and can
seen from the data, all calculations result in the saddle point only be obtained from fitting of the experimental data. However,
energy being higher than that of the shallow symmetric this parameter, generally, has unknown temperature dependence.
minimum. Also, the BH&HLYP/6-31G(d) and the QCISD(T)/ The model of thé AE[Jown VS temperature dependence foOG
6-311+(3df) calculations result in the saddle point energy being used here was based on analogy with the results of Knyazev
lower than that of the G C,Cl, products. The detailed results  and Tsang obtained feecC4Hq.2” These authors modeled the
of quantum chemical calculations are presented in the Support-chemically and thermally activated decompositiorseéC4Hg
ing Information. to reproduce the experimental literature data obtained over a
Ill.2. Rate Constant Calculation. A model of reaction 1 wide range of temperatures (19680 K). The modeling yielded
was created on the basis of the results of quantum chemical[AEdown proportional to temperaturefAEdown(secCsHg,He)
calculations and the experimental data of the current study.= 0.52T cm~! K~1. A similar proportional dependence was
QCISD/6-31G(d)-level structures and frequencies were used forobtained earlier for the decomposition of ethyl rad@@&PThus,
all species. The saddle point connecting the nonsymmetric a proportional dependence
equilibrium GCls structure and the symmetric shallow minimum
was taken as the dynamic bottleneck (transition state) of the AEL =0T 0]
reaction. This is a reasonable assumption considering the fact
that further chemical transformation of the symmetric structure was used in the model of reaction 1. Uncertainties resulting
can be expected to largely favor dissociation via a very “loé%e”  from this assumed form of the\Eldown Vs T dependence were
complex rather than reassociation to formQGG& through a estimated by repeating selected parts of the modeling exercise

“tighter” transition state. using the temperature-independ@NEdown ((AEdown = cON-
Microcanonical energy-dependent rate constants 21 stant).
decomposition K(E)) were calculated using the RRKM The energy threshold of reaction E;f and the coefficient

method!’—2° The sum-of-states and the density-of-states func- oye of the [AE[down vS T dependence for helium bath gas (eq 1)
tions of the transition state and the@; molecule, respectively,  were adjusted to reproduce the experimental valu&gdfHe])

were calculated using the modified Bey&winehart algo- obtained in the current study. Data fitting was performed by
rithm 21 One rotational degree of freedom in both the transition minimization of the weighted sum of squares of deviations. Each
state and the £l; molecule was taken as acti¥&?® To data point was assigned a weight equai;td. Such weighting

approximately account for the conservation of angular momen- represents an intermediate case between an unweighted fit
tum, k(E) values were multiplied by the ratio of the moments (which would give unfairly large weights to large rate constant
of inertia of the remaining adiabatic rotational degrees of values) and fitting “on a logarithmic scale” (minimizing the sum
freedom. of squares of deviations of logarithms), which would treat
Pressure- and temperature-dependent rate constant€hf C  relative deviations at low and high pressures equally. Consider-
decomposition were calculated via solution of a steady-state ing the fact that low rate constant values are subject to larger
master equatidfi using the Nesbet algorith.It was demon- uncertainties because of the extrapolated temperature inde-
strated that the calculated rate constant values did not depengendence ofks (see section 1), we chose the reciprocal
on the size of the energy increment (30 @nused in master  weighting method of data fitting, which gives some preference
equation solution with 5 cmi used ink(E) calculations) used  to larger values but takes low-value rate constants into account
in converting the continuous form of the master equation into as well. The optimized values af§ = 109.8 kJ mot! and
the matrix form!® It was also demonstrated that solution of the ape = 0.338 cnt! K1, Data fitting for the experimentai;
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TABLE 3: Properties of the Model of Reaction 1 and pressure intervals were calculated using the master equation/
Vibrational Frequencies (cr)? RRKM approach with the optimum model of the reaction
C.Clg: 140, 210, 273, 402, 473, 618, 879, 943, 1751 presented above (Table 3). The following temperature depend-
transition state: 93, 180, 189, 321, 364, 506, 997, 2197 ences of the high- and the low-pressure-limit rate constants were
Rotational Constants obtained:
C.Clz: B = 0.1225 cm* (active),
Bg,c = 0.04136 cm* (adiabatic) k= (1.36 x 1013)-|-0-29 exp(—13625 KT st (I

transition stateB, = 0.0925 cm? (active),

— e .
Bac = 0.03732 cm’ (adiabatic) k°(He) = (4.89 x 10T ®exp(~14497 KIT) cnt®
Reaction Barrier

E1 = 109.76 kJ mol* molecule*s™* (Il
Collisional Energy Transfer Parameters o 5.05 3
[AELow(He) = 0.338T cm 1 K k,°(N,) = (1.53x 10")T >*exp(—14393 KIT) cm

[AEMow(N2) = 0.535T cm 1Kt

aVibrational frequencies and molecular structures were obtained in

molecule*s™* (V)

QCISD/6-31G(d) calculations. The matrix of calculated values of rate constants was fitted with
TABLE 4- Results of Modeli  the E ) al the modified LindemannHinshelwood expression, and the
- nesults or Modeling or the EXperimenta resulting temperature dependences Fefn: (general center
lélé;g{-iigr]])lData with Modified Versions of the Model of broadening factéf) can be represented with the following
— — expressions:
_ optimized optimized
model version EvkImof®  [AEHowm(He)/cm Feen(He) = 0.33 exp(-T/1836 K)+ 0.67 exp(-T/98 K) +

“central” modet 109.76 0.338 a

[AEHown = constarit 112.93 309 exp(=3650 KTT) (V)

two frequencies increased 107.62 0.296 _

two freguencies reducéd 112.06 0.38T Feen{N2) = 0.35 exp(-T/1864 K)+ 0.65 exp{-T/103 K) +

a QCISD/6-31G(d) frequencie$AEdown is assumed to be propor- exp(=3614 KM (VI)

tional to T. P QCISD/6-31G(d) frequencieSAEdown is assumed to be ot T 0 ; ot
independent of. © QCISD/6-31G(d) frequencies with the two lowest The average deviation of fit is 5.6%, and the maximum deviation

frequencies increased by a factor of [AE[down is assumed to be is 21% (qbserved at the lowest presst—_Jhn'gheSt temperature
proportional toT. ¢ QCISD/6-31G(d) frequencies with the two lowest ~combination). The upper temperature limit of the rate constant
frequencies decreased by a factor of REL..n iS assumed to be  parametrization is determined by the significance of non-steady-
proportional toT. state effect& 335 above 1400 K where the notion of a time-

values obtained in nitrogen bath gas was performed with the independent rate constant is inapplicable and the formalism of
E. fixed at the optimum value determined from modeling the virtual component® must be used if an accurate description

rate constant data for helium bath gas. The optimized coefficient o_f urjim(_)leculgr kinetics as a part of complex combustion
of eq | for nitrogen iso, = 0.535 cni® K. Details of the kinetics is desired. Already at 1400 K, non-steady-state effects

optimized model of reaction 1 are presented in Table 3. The can be observed: in the case of an initial Boltzmann distribution
resultant calculated values of the rate constants are in good®f C2Cla the first 20% of molecules decompose with an effective
agreement with the experimental results (Figure 1). rate constant that is more than twice as large as the steady-

Data fitting was then repeated with several modified versions State rate constant.
of the model to approximately evaluate the influence of
uncertainties in certain parameters of the model. First, calcula-
tions were performed with theAE[Jown = constant model of The current study provides the first experimental determina-
collisional energy transfer. Second, data fitting was repeatedtion of the rate constants of reaction 1. The value&;ofiere
with modified properties of the transition state: two lowest obtained as a function of temperature and bath gas density in
vibrational frequencies of the transition state were doubled in two bath gases, helium and nitrogen. No previous experimental
one case and divided by 2 in the other case. Since reaction 1 isor computational studies of this reaction exist in the literature.
relatively close to the low-pressure limit under the experimental Such lack of experimental and computational information is
conditions of the current study, the modeling results are not rather typical for many of the reactions involving chlorinated
very sensitive to the properties of the transition state; thus, the hydrocarbon radicals. This absence of experimental data in-
changes in the model induced by the variations of the vibrational creases the relevance of computational methods that can be used
frequencies are not dramatic. Table 4 presents the results offor assessing kinetic parameters. In this respect, it is interesting
these fitting exercises performed with the modified versions of to compare the results of the PES study performed in the current
the model. The overall resultant uncertainty (6.7 kJ THoin work with the properties of the PES derived from the experi-
the value of the reaction threshold was estimated by adding thement.
variations in the optimized; value caused by the uncertainty The minimum energy path of reaction 1 proceeds from the
of the [AEdown VS T dependence, that of the transition-state nonsymmetric equilibrium structure of,Cls through a saddle
frequencies, and thesXtatistical uncertainty of the fitting (1.2  point to the shallow symmetric minimum, with subsequent
kJ mol1). departure of Cl via a symmetric pathway (Cl equidistant from

111.3. Parametrization of the Rate Constants.We present both C atoms), as described in section Ill. This reaction
here a parametrization df; in helium and nitrogen, which  mechanism is qualitatively similar to that observed for the
provides rate constant values throughout the range of temper-decomposition of the CK¥CH,CI radical36:3” where the mini-
atures 308-1400 K and pressures 1 to & 10* Torr. The mum energy path also passes through a symmetric bridged
modified Lindemana-Hinshelwood expression introduced by structure with a shallow PES well. The@l; PES differs from
Gilbert et al*®was used. Values df in the above temperature  that of CHCH,Cl decomposition by the existence of a saddle

IV. Discussion
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