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Quantum mechanical electronic structure calculations were carried out to determine equilibrium geometries,
energetics, and normal-mode frequencies for stationary points along the minimum energy reaction path for
the reaction of methyl radicals with chlorine molecules. The results are used to calculate the rate coefficient,
employing both extended RRKM theory and quasi-classical trajectory techniques. The results of both methods
agree well with each other and with the experimental measurements. The reactivity is investigated and is
shown to be greatly enhanced by increasing the initial translational energy of the reactants. A large part of
the total available energy is shown to be directed into product vibration, in good consistency with the
experimental observations.

1. Introduction

The reactions between hydrocarbon free radicals (R) and
chlorine molecules are important elementary steps in both
thermal and photochemical chlorination processes1 which take
place via the simple two-step free-radical chains:

Of these, Cl atom reactions have been widely investigated
partly due to their importance in atmospheric processes2 and
also because fundamental information on energy disposal in
exoergic chemical reactions can be obtained from a detailed
analysis of the infrared emission of HCl, usually produced with
a significant amount of vibrational and rotational excitation.3

Studies of the reactions of alkyl and substituted alkyl radicals
with Cl2 and other halogen molecules are much less frequent
in the literature and theoretical investigations of the kinetics
and dynamics of such systems are yet more scarse. Another
point that makes interesting the study of such systems is the
ambiguous conception postulated in the literature that several
reactions of alkyl and substituted alkyl radicals with halogen
molecules possess negative activation energies.4-6

Recent experimental studies of reaction 2 with R being the
methyl radical include a molecular beam dynamical investiga-
tion7 and measurements of the rate coefficient at various
temperatures.8-11 Values at room temperature were found to
range from (1.5( 0.1) × 10-12 to (3.4 ( 0.3) × 10-12 cm3

molecule-1 s-1. Kovalenko and Leone12 in a detailed treatment
of their experimental measurements have shown that the increase
in initial translational energy yields a considerable enhancement
in the reactivity of the CH3 + Cl2 system. Also they have found
that a large amount of total available energy is directed into
product vibration. Timonen et al.5,8-10 have studied the kinetics
of several alkyl radical reactions with dihalogens over the
temperature range 296 to 712 K and concluded that the CH3 +
Cl2 reaction, contrary to other alkyl+ Cl2 systems, presents a

small positive activation energy which is in accord with the
translational energy enhancement observed. Very recently Dobis
and Benson11 have measured again the rate coefficient and have
established the positive activation energy of reaction 2 for R)
CH3 and C2H5. In their critical examination of several data for
various R+ Cl2 reactions13 they dispute the concept of negative
activation energies for some members of this class of reactions
and they conclude that the apparent negative activation energies
observed in some cases must be artifacts of the experimental
techniques employed.

The few theoretical investigations include mainly the exami-
nation of the transition states of a series of alkyl and chloroalkyl
radical reactions with Cl2

14,15and a recent study of the stationary
points in the reactions of methyl and ethyl radicals with Cl2 by
Bozzelli and co-workers.16 In all these studies a transition state
was determined at the entrance of the reaction, possessing a
linear geometry in the three atomic centers involved, i.e., C,
Cl, and Cl′.

In the present work we reexamine the various stationary points
of the CH3 + Cl2 reaction at a higher level of theory. Using
these findings theoretical rate constants were calculated on the
basis of an extension of RRKM theory and on quasi-classical
trajectory techniques, using a LEPS-type potential energy surface
fitted to the ab initio results for the stationary points. This latter
method allowes us to investigate at a first approximation the
question of initial collision energy dependence and the disposal
of total available energy, to compare with the experimental
investigation of Kovalenko and Leone.12

2. Quantum Mechanical Calculations and Results

The geometries of reactants, products, transition states, and
intermediate complexes have been fully optimized at the MP2-
(full)/ 6-311+G(3df, 3dp) level of theory, starting from the C1

geometry. Vibrational frequencies were calculated at the same
level and were used for the characterization of the stationary
points and the calculation of the zero-point-energy (ZPE)
corrections. The stationary points have been positively identified
as minima (number of imaginary frequencies NIMAG) 0) or
transition states (NIMAG) 1). Connection of the transition* Author to whom correspondence should be addressed.

RH + Cl f HCl + R (1)

R + Cl2 f RCl + Cl (2)
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state with reactants and products has been confirmed by intrinsic
reaction coordinate (IRC)17 calculations. The moments of inertia
and the partition functions determined were used for the RRKM
calculations of the rate coefficient. Finally, single-point CCSD-
(T)/ 6-311+G(3df, 3dp) calculations at the MP2(full)/ 6-311+G-
(3df, 3dp) geometries were carried out to establish a higher
accuracy for the energetics. The calculations were performed
using the GAUSSIAN 98 series of programs18 on a Silicon
Grapics Origin 2000/10 R10000 at the University of Ioannina,
Greece.

Three stationary points were determined along the reaction
path, two of them representing energy minima and one corre-
sponding to a well-defined tight transition state. All structures
are depicted in Figure 1 and their properties along with those
of reactants and products are summarized in Tables 1, 2 and 3
where they are compared with the corresponding results of
Bozzelli and co-workers.16 As it is readily seen, our calculated

bond equilibrium distances at the MP2(full)/ 6-311G+(3df, 3dp)
are shorter than the corresponding values of ref 16 calculated
at the MP2/6-311G(d, p) level. However, the same general
characteristics for the reaction path are confirmed. As the
reactants CH3 and Cl2 approach, they form a loose, shallow van
der Waals structure, CH3-Cl2, denoted hereafter as M1, at the
entrance of the potential energy surface and located at a C-Cl
distance of 2.87 Å, 0.85 kcal mol-1 below the reactants at the
CCSD(T) level. This adduct with a linear C-Cl-Cl geometry
proceeds to a well-defined tight transition state, TS1, with an
imaginary frequency 383i and with a similar linear C-Cl-Cl
geometry but with the C-Cl distance decreased significantly
from 2.87 in M1 to 2.26 Å in TS1 while the Cl-Cl distance is
increased from 1.99 to 2.05 Å. Similar linear-type configurations
of TS1 have been identified by both Tirtowidjojo14 and Seetula15

in a series of alkyl and chloroalkyl radicals with Cl2. Also,
similar behavior has been determined in the ab initio investiga-
tion of the analogous H+ Cl2 system where the two angular
transition states identified present really negligible or very small
barriers to linearity.19

The calculated energy barrier values corresponding to TS1

are rather confused. Our MP2(full)/ 6-311+G(3df, 3dp) calcula-
tions locate TS1 below the reactants but the CCSD(T) calcula-
tions including ZPE corrections place clearly TS1 at 1.24 kcal
mol-1 above reactants. In the work of Bozzelli and co-workers16

the MP2 calculations locate TS1 at 2.4 kcal mol-1 above
reactants and the CBSQ// MP2/6-311G(d, p) calculations below.
We attribute this difference with our energetic results to the
significant deviations existing in the optimized geometries of
Bozzelli’s and ours, which affect the single-point calculations
at a higher level of theory.

The system further proceeds to a minimum M2 of the form
CH3Cl-Cl with a H1C-ClCl′ trans geometry, located at a
considerable potential well, 32.44 kcal mol-1, with respect to
reactants. The carbon-chlorine bond is almost completed and
the second chlorine atom begins to move away. M2 decomposes
into the products CH3Cl + Cl that are formed at an energy
barrier of 2.23 kcal mol-1 above the M2 well and 30.2 kcal
mol-1 below the reactants including zero-point energy correc-
tions. This result is in reasonable agreement with the experi-
mental exothermicity used by Timonen and Gutman,8 108 kJ
mol-1. The course of the reaction as described above, presents
similar characteristics with the systems CH3 + H2,20,21and CH3

+ Br2, I2,7,12,22,40and indicates a similar pattern for the CH3 +
X2 (X ) H, halogen atom) reactions with dynamics largely
governed by long-range attractive forces.

3. RRKM Calculations and Results

In this section we apply extended RRKM theory for the
calculation of the macrocanonical bimolecular rate constant,
k(T),23-25 assuming the following general scheme

wherek1 andk2 are the microcanonical forward rate constants
and k-1 the corresponding backward. The M1 ) CH3-Cl2
adduct is not included since it is found too shallow,-0.85 kcal
mol-1 at the CCSD(T) level, to play any significant role in the
calculation of the rate coefficient. For this reason it is ignored
in the above formulation. The two reactants are assumed to
follow a potential energy profile such as given in Figure 2, where
the reaction proceeds through the tight transition state TS1 to

Figure 1. Structures of stationary points for the reaction CH3 + Cl2.

TABLE 1: Optimized Geometries in Å and deg for
Reactants, Products, Transition States, and Reaction
Intermediatesa

M1 M2 TS1 TS2 CH3 Cl2 CH3Cl

r(CCl) 2.8733 1.7677 2.2653 1.7916 1.7652
3.0975 1.7786 2.3302

r(ClCl′) 1.9918 2.8256 2.0541 4.3000 1.9796
2.0350 3.3008 2.0979

r(CH) 1.0740 1.0841 1.0759 1.0841 1.0735 1.0826
1.0797 1.0879 1.0818

r(CH′) 1.0740 1.0836 1.0759 1.0837 1.0826
∠)CClCl′ 180.0 89.7 180.0 89.8

180.0 89.1 180.0

∠)HCCl 92.1 108.1 98.2 108.4 108.7
93.7 108.7 98.1

∠)HCH′ 120.0 110.8 118.0 110.5 120.0 110.2
119.9 110.2 118.0

æ(HCClCl′) 0.0 180.0 0.0 162.1

æ(H′ CClCl′) 120.0 59.9 120.0 39.6

a The second line contains results of ref 16 at the MP2/ 6-311G(d,
p) level of theory.

CH3 + Cl2 f TS1 y\z
k1

k-1
M2 ) CH3Cl-Cl 98

k2

TS2 f CH3Cl + Cl (3)
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the potential well M2 ) CH3Cl-Cl. The intermediate complex
M2 is formed “hot” in the low-pressure limit and its formation
is hindered by the potential barrierV1 with respect to reactants,
corresponding to TS1. Generally, a transition state TS2 also
hinders the decomposition of the intermediate activated complex
M2 to products with a corresponding potential barrierV2 which
may be positive or negative with respect to reactants but greater
than the potential wellVM2 corresponding to M2. Therefore, the
reaction is analyzed from the point of view of the options
available to the intermediate minimum M2 and the overall
reaction rate coefficient,k(T), will include the rate constant for
each step.

The microcanonical rate constant,ki(E), at an energyE, for
each elementary step in reaction 3 is given by26,27

whereWi(E, J) is the number of states for the active degrees of

freedom of the transition state TSi being involved in the
considered reaction stepi ,andFreag(E, J) is the density of states
for the active degrees of freedom available to the reacting
species.

The macrocanonical rate constant for the overall reaction is
then given as

whereâ(E, J) is the microcanonical branching ratio

and QCH3, QCl2 the corresponding partition functions. The
quantityW2(E, J) and the microcanonical rate constantsk2(E,
J) andk-1 (E, J) are evaluated using a modified version of the
RRKM code28 based on RRKM theory.26,27 The symmetry
number required in the input of the RRKM algorithm, i.e., the
symmetry of the internal rotor of the critical configuration and
the energy minimum,28 is also taken from the Gaussian output
and it has the value 3. The rate coefficient,k(T), is finally
evaluated by direct summation and numerical integration of eq
5, with Vmax being the greater ofV1 or V2.

In the present case a tight transition state TS2 that generally
hinders the decomposition of the minimum into products has
not been determined, i.e., the minimum follows a barrierless
dissociation pathway. Hence, to determine the critical config-
uration in the exit valley, where the number of states is a
minimum, a variational treatment29-31 was employed, i.e., a
number of energy points at the exit path have been calculated
by increasing the Cl-Cl distance and rate constant computations
have been carried out at these points. The location where the
rate coefficient assumes a minimum value is taken as corre-
sponding to a loose TS2, found to be placed at a zero energy
barrier with respect to products CH3Cl + Cl. It is depicted in

TABLE 2: Electronic Energies in h and Relative Energetics Including ZPE Corrections in kcal mol-1 , for the CH3 + Cl2
Reactiona

species
MP2(full)/

6-311+G(3df, 3dp)b
CBSQ//

MP2/ 6-311G(d,p)c
CCSD(T)//

MP2/ 6-311+G(3df, 3dp)b ZPE

CH3 + Cl2 -959.30592 0.00 -959.19724 0.00 -959.37978 0.00 19.69
M1 -959.31092 -2.01 -959.19954 -1.45 -959.38292 -0.85 20.81
TS1 -959.31543 -3.65 -959.20158 -2.72 -959.38147 1.24 21.99
M2 -959.36685 -32.56 -959.24236 -34.82 -959.43927 -32.44 24.55
TS2 -959.35901 -28.97 -959.43492 -30.19 24.07
CH3Cl + Cl -959.36030 -28.99 -959.23865 -32.49 -959.43621 -30.21 24.86

a The results of each method contain the total electronic energies and the energy differences with respect to reactants, including zero-point
energy corrections.b Results of present work.c Results of ref 16.

TABLE 3: Moments of Inertia (amu Å 2) and Harmonic Frequencies (cm-1) for Stationary Points of Reaction CH3 + Cl2
species Ia, Ib, Ic frequencies

M1 3.48 256.61 256.61 3360, 3360, 3160, 1441, 1441, 602,
565, 188, 188, 108, 69, 69

TS1 3.45 220.03 220.03 3332, 3332, 3143, 1424, 1424, 960,
533, 533, 448, 91, 91, 383i

M2 36.81 190.57 224.19 3262, 3258, 3143, 1491, 1489, 1396,
1054, 1050, 771, 110, 91, 59

TS2 3.15 24.5 245.35 3218, 3216, 3105, 1496, 1495, 1394,
1049, 1049, 750, 51, 13, 34i

CH3 1.73, 1.73, 3.46 3363, 3363, 3164, 1443, 1443, 503

Cl2 0.0, 71.79, 71.79 562

CH3Cl 3.19, 38.24, 38.24 3216, 3216, 3104, 1499, 1394, 1050,
1050, 750

Figure 2. Schematic representation of the reaction profile. Numbers
indicate energy differences in kcal mol-1.

ki(E, J) ) Wi(E, J)/hFreag(E, J) (4)

k(T) )
1

hQCH3
QCl2

∑
J)0

∞ ∫Vmax

∞ W2(E, J)e-E/RT

1 + â(E, J)
dE (5)

â(E, J) ) k2(E, J)/k-1(E, J) ) W2(E, J)/W-1 (E, J) (6)
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Figure 1 and its properties along with all the required RRKM
input that contains the moments of inertia and the harmonic
frequencies of all the stationary points are summarized in Table
3. We may also notice here that the loose TS2 is much lower
located than TS1, which impliesW2 . W-1 for the important
energy region. Thus, the termW2/(1 + â) in eq 5 reduces to a
very good approximation to W-1. This indicates that the tight
transition state TS1, at the entrance valley of the reaction, is
the main important feature of the potential energy surface and
the elaborate investigation of TS2 is really insignificant. The
fact is clearly demonstrated in Table 4 where a sample ofW-1

and W2 values vsE are collected and also in Figure 3 where
the ratioW-1/W2 vs all accessible energiesE is depicted. The
diagram shows thatW-1 remains much lower thanW2 for all
the important energy region, making the first step in reaction 3
the rate-determining step for the CH3 + Cl2 system.

The rate constant is evaluated from eq 5 at 298 K. Since the
temperature dependence of the macrocanonical rate coefficient
is an important issue in the study of alkyl+ dihalogen reactions,
k(T) calculations have been performed at two additional
temperatures 450 and 600 K. MaximumJ andE values used
are 51 and 8 kcal mol-1, respectively, at 300 K and 90 and 25
kcal mol-1 at 600 K with intermediateJ andE values for 450
K. The theoretical results along with the experimental data are
presented in Table 6 and they clearly indicate a definite increase
in the rate constant with increasingT as a result of the sensitivity
of the system to TS1. In our opinion our theoretical results are
in reasonable agreement with the experimental trends, taking
into account the uncertainty associated with the ab initio
calculations and the uncertainty in the experimental measure-
ments.

4. Trajectory Calculations and Results

In addition to RRKM computations, quasiclassical trajectory
(QCT) calculations were also carried out on a LEPS-type
potential energy surface,32 constructed to reproduce the lowest
adiabatic PES of the system. The potential energy function of

London, Eyring, Polanyi, and Sato, despite its simplicity, has
been widely used successfully for the kinetic and dynamic study
of triatomic systems with a collinear or a near collinear saddle
point geometry33 and it can be easily used as the starting point
for the construction of PES for more complex polyatomic
systems.34 The present system with a collinear C-Cl-Cl
geometry in the transition state configuration TS1 should be
adequately described to a first approximation by a LEPS-type
surface in which the CH3 group is treated as a pseudoatom Q
of mass equal to the total mass of CH3.35,36 A quite similar
approach has been used in the quasi-classical trajectory study
of the dynamics of the relevant CH3 + I2 system with good
results.37

The surface, optimized to produce the best fitting to the ab
initio results for the stationary points, takes into account the
ZPE corrections and presents a potential energy well of 34.2
kcal mol-1 at C-Cl and Cl-Cl distances of 1.75 and 2.26 Å,
respectively. It also presents a transition state corresponding to
TS1, located at 0.95 kcal mol-1 above reactants at a Cl-Cl
distance 2.10 Å and a Q-Cl distance 3.05 Å. This distance is
larger than the C-Cl distance of 2.27 Å of the CCSD(T)
calculations for TS1, and the corresponding value of Bozzelli
et al.16 but the difference is not expected to affect seriously the
description of the reaction, since TS1 is located anyway early
enough in the entrance valley. The barrier height 0.95 kcal mol-1

of the calculated surface is quite low and is found in good
consistency with the most recent experimental estimates.11 The
optimum Sato parameters along with the other molecular
properties of the surface are summarized in Table 5 and a
contour diagram for the collinear approach of reactants is given
in Figure 4. Using Muckerman’s quasi-classical trajectory
program39 we have calculated the reactive cross section,σr(Et),
for a series of initial translational energy values,Et, from 0.5
to 80.0 kcal mol-1. A total of 30 000 trajectories were run at
each value ofEt. Due to the large number of trajectories the
calculated error33 in each result is quite low. The initial
conditions for Cl2 were chosen to be the zero vibrational level
and the rotational numberJ ) 20 which is the most probable
rotational level at 298 K. The reactive cross section is calculated

Figure 3. The ratio of the number of states,W-1/W2 vs accessible
reaction energiesE.

TABLE 4: Number of States for the Forward and
Backward Elementary Steps of Reaction 3

E/ kcal mol-1 W2 W-1

0.5 7.18E+11 0.00
1.5 9.59E+11 2.15E+03
3.5 1.67E+12 2.68E+05
6.5 3.67E+12 1.02E+07

10.5 9.70E+12 2.62E+08
17.5 4.46E+13 1.32E+10
25.5 2.06E+14 3.21E+11

TABLE 5: Properties of the Constructed LEPS Surface

species
re(Q-Cl)/

Å
re(Cl-Cl)/

Å
â(Q-Cl)/

Å-1
∆Ea/

kcal mol-1 Sb

TS1 3.050 2.101 0.95
1.24c 2.40c

0.51d 0.53d

M2 1.751 2.260 34.23
32.44c 34.82c

QCl 1.779 1.723 88.24e 0.551

Cl2 1.999 2.008 58.03e 0.042

a With respect to reactants including ZPE corrections.b Sato param-
eters.c The ab initio results of present work and of ref 16, respectively.
d The experimental estimates of refs 8 and 11, respectively.e The
binding energies of these species.

TABLE 6: Calculated and Experimental Rate Constants in
10-12 cm3 Molecule-1 s-1

k (T) RRKM QCT expt.a expt.b expt.c

300 K 2.20 2.15 1.5(( 0.1) 2.0(( 0.4) 3.4(( 0.3)
450 K 2.48 2.62 2.41d

600 2.60 2.94 2.55d

a Reference 12.b Reference 8.c Reference 11.d These experimental
results correspond really to 437 and 579 K in ref 8.
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from

wherebmax is the calculated optimal maximum impact parameter
at eachEt. The appropriatebmax values were found to increase
with increasing collision energy and range from 4.0 to 4.5 Å
for the range of energies examined in this study.Nr(Et) is the
number of reactive trajectories andNtot(Et) is the total number
of trajectories run at a certain value ofEt. The reactive cross
section is depicted as a function of the initial collision energy
in Figure 5. As we can see the cross section increases
considerably when increasing the initial translational energy of
the reaction up to about 20 kcal mol-1. This result is in
reasonable agreement with the experimental studies of Kov-
alenko and Leone12 who have found that the reaction rate is
considerably enhanced for translationally “hot” methyl radicals.
These workers have shown that the enhancement in reactivity
observed is predominantly due to the translational excitation
of CH3. Thus, the dynamical behavior of the reaction appears
to follow precisely the energy requirement rules40 for reactions
with an early barrier and shows an enhanced reactivity with
the initial collision energy increase. Over 20 kcal mol-1 an

approximate plateau is obtained and further yet the rate
coefficient begins to decline gradually for larger values ofEt.
The rate coefficient at 298 K is calculated from

whereµ is the reactant reduced mass,E0 is the threshold energy
which is taken as 0.5 kcal mol-1 from Figure 5, andkB is the
Boltzmann contant. The rate constant at a given temperature is
calculated by a polynomial fitting of theσr(Et) vsEt curve. The
multiple surface factorg is included to ensure counting reactive
collisions only on the lowest adiabatic electronic PES of (2A2′′)-
CH3 + (1∑g

+)Cl2 system. Since the intermediate M2 formed is
in a singlet state theg factor is taken as 1/2. The calculated
rate coefficient is in turn included in Table 4 along with the
RRKM results and the experimental values and a reasonable
consistency is overall observed.

To examine the temperature dependence of the rate coefficient
by the use of QCT technique,k(T) has been calculated also at
450 and 600 K by repeating the above procedure and using as
most probable rotational numbers for Cl2, the values 25 and
28, respectively. The QCT results included in Table 6, reflect
adequately the experimental trends. They show some greater
tendency to increase with increasing temperature as a result of
the lower barrier, 0.95 kcal mol-1, of the best fitted surface
compared to 1.24 kcal mol-1 of the ab initio calculations. This
point indicates further the sensitivity of the system to the low
energy barrier at the entrance of the reaction.

The simplicity of the LEPS functional form allows us readily
to study the mode of disposal of the total available energy to
compare with the experimental results. The total available
energy,Etot, results from the difference in binding energies
between reactants and products,∆De, the collision kinetic
energy,Et, and the internal energy of the reactants, which
includes the considerable zero-point energy of CH3. This energy
is distributed among product translational and internal energies,
i.e.,

where the primes indicate product quantities. Figure 6 shows
the variation of the average fractions of product vibration,

Figure 4. The PES representation for the collinear approach C-Cl-
Cl of the reactants. Energy values are in kcal mol-1 and the contour
spacing corresponds to 1 kcal mol-1.

Figure 5. The variation of the reactive cross section vs initial collision
energy.

σ(Et) ) πbmax
2 (Et) [Nr(Et)/Ntot(Et)] (7)

Figure 6. The variation of the fractions of total available energy
disposed into product vibration〈fv′〉 (circles), rotation〈fr′〉 (triangles)
and translation〈ft′〉 (squares). The experimental result by Kovalenko
and Leone12 is marked by an X and the error bars indicate the
experimental uncertainty.

k(T) ) g[ 8

(kBT)3 πµ]1/2∫E0

∞
Etσr(ET) exp( -Et

kBT) dEt (8)

Etot ) ∆De + Et + Eint ) Et′ + Eint′ (9)
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rotation, and translation,〈fv′〉, 〈fr′〉 and 〈ft′〉 as functions of the
energy of the system. At very low energies all of the available
energy goes into product vibration. As the energy rises,〈fv′〉
decreases slowly reaching 0.4 at 60 kcal mol-1. The experi-
mental result of Kovalenko and Leone12 taking into account
the large experimental uncertainty, fits reasonably well within
the theoretical curve as shown in Figure 5.

The detailed distribution of total available energy into product
vibration and translation atEt ) 0.85 and 25.0 kcal mol-1, is
depicted in Figures 7 and 8, respectively. In these diagrams we
plot the percentage of the total reactive encountersNr,v/Nr or
Nr,t/Nr , possessing a specific fraction of product energy into
either vibration or translation, respectively, vs the energy of
the system.Nr,v or Nr,t represents the number of reactive
collisions with a certain amount of vibrational or translational
energy andNr is the total number of reactive trajectories at given
collision energyEt. We clearly see that atEt ) 0.85 kcal mol-1

the major part of the total reactive encounters leads to products
with high vibrational excitation and low translational energy
and thus, the considerable exothermicity of the reaction atEt )
0.85 kcal mol-1 is directed almost exclusively into product
vibration. At Et ) 25.0 kcal mol-1 this fraction decreases
although the products still show a large part of total energy
directed into vibration. Hence we may conclude that the
theoretical treatment describes reasonably well the observed
reaction dynamics indicating that the reaction is favored in near-
collinear collisions of methyl radicals with Cl2 on a PES with
an early energy barrier. The CH3Cl molecules produced are
vibrationally excited since a considerable amount of the reaction

exoergicity is deposited preferably into product vibration. This
behavior is found to be quite analogous to the dynamics
observed in the CH3 + I2 system37,40where an optimal activation
energy barrier of 0.8 kcal mol-1 has been employed to simulate
the kinetics of the system.37

Summary

Quantum mechanical calculations for the CH3 + Cl2 reaction
have been carried out to determine the stationary points along
the reaction path. The system passes through a shallow minimum
M1 to a tight transition state TS1 located at an energy barrier
1.24 kcal mol-1 with respect to reactants at the CCSD(T)// MP2-
(full)/ 6-311+G(3df, 3dp) level of theory. It further proceeds
to a deep minimum M2 at 32.44 kcal mol-1 which decomposes
into CH3Cl + Cl. Extended RRKM calculations and quasi-
classical trajectory computations based on the ab initio results
describe satisfactorily the kinetics and dynamics of the reaction
observed experimentally and in particular the small but de-
finetely positive temperature dependence, resulting from the
sensitivity of the system to TS1. The main conclusions of the
study are the considerable enhancement in reactivity obtained
with increasing the initial collision energy, and the favored
disposal of total available energy into product vibration, in
reasonable agreement with the experimental observations.
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