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A Full Dimensional Quasiclassical Trajectory Study of Cl+ CH,4 Rate Coefficients
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The CI+ CH, reaction has been investigated using a full dimensional quasiclassical trajectory technique and

a new potential energy surface. The new surface is generated by expanding the interaction in terms of minimum
energy paths in the Bond Order space. Results are compared with those obtained on another recently proposed
potential energy surface and with experimental data.

1. Introduction bending of the &H bonds. Nyman and Yu proposed a
o semiempirical PES assembled by summing a LEPS function
~ The study of the Ci- CH, — HCI + CHgreactionis of key  for the CH—C triatom to the CH potential of Hase et &2-23
importance for the modeling of atmospheric and combustion Gonzaez et al. fitted the calculated ab initio points using a
chemistry. In the stratosphere, at low temperatures {200 triatomic analytical functional of the many-body expansion
K), the reaction of Chiwith Cl to produce HCI competes with  (\BE)24 type treating the Cklgroup as a pseudoatoth.
that of G. Therefore, the Ck CH,4 reaction acts as an important Corchado, Truhlar, and Espinosa-Gafealso fitted the ab
sink of the Cl atoms, and the determination of the rate coefficient jitio values using an analytical PES consisting (like in the

of the CI + CH, reaction plays a key role in modeling the  athod proposed by Jordan and Gilbert for the-tHCH,
depletion of the stratospheric ozone layéin combustion, at reactiort®) of four LEPS functions (one for each €H—C

high temperatures (108@500 K), the Cl+ CHy reaction  gia10m) plus valence and out-of-plane bending terms. We shall
significantly affects the outcome of clorohydrocarbons oxida- ofer to this potential as CTE. The CTE PES allows the
tions. Therefore, the determination of the rate coefficient of the permutational symmetry of the hydrogen atoms by releasing a
Cl + CH;, reaction is also important to model flames and .,nstraint embodied into a surface previously proposed by the
determine their impact on the environment. same author® The CTE PES was used for transition state
This has prompted experimental studies of the4CICH, theory (TST) calculations obtaining a satisfactory reproduction
reaction aimed at determining the value of its thermal rate of measured rate coefficients and kinetic isotopic effét3n
coefficient in the interval of temperatureb ranging from  the CTE PES we have carried out extended quasiclassical
T =180 toT = 1100 K. (At higher and lower temperatures trajectory (QCT) calculations to investigate whether a full
experimental measurements are difficult to perform.) The dimensional trajectory study would confirm the positive conclu-
measured rate coefficients exhibit a strong non-Arrhenius sjons of the TST investigation. The results of this investigation
behavior. Measured values have been recently reviewed by thenave motivated the assemblage of a new PES and new QCT
IUPAC Subcommittee on Gas Kinetics Data Evaluation for calculations.
Atmospheric Chemistry. A value ot = 1.0 x 107%% cm® Accordingly, this paper is organized as follows: In Section
molecule’! s~ has been recommended for a temperature of 298 2 the results of a QCT study performed on the CTE PES are
K.# Outside the interval of temperature covered by the experi- jjjystrated. In Sectio 3 a new potential energy surface of the
ment extrapolations have been provided in refs 5 and 6. Kinetic pinimum Energy Path- Many Process Expansion (MEP-MPE)
isotopic effects have also been studied. In particular, severaltypevj based on Bond Order (BO) coordinates is proposed, and
measurements in which Gias been substituted by GBave  the results of a QCT study performed on it are discussed. In
been performed-** These measurements indicate that at high gSection 4, the kinetic isotopic effect obtained by substituting

temperatures the reactivity of the deuterated methane is smalleicH, with CD, is analyzed for both the CTE and the MEP-
by a factor of 2 than that of CHand becomes more than 1 \pPE PESs.

order of magnitude smaller at low temperatures.

In recent times a great deal of work has been performed to 2. The QCT Calculations on the CTE PES
determine the potential energy surface (PES) of the-@H, . .
reaction. Accurate ab initio calculations have been performed AS already mentioned, we first performed extended QCT
by several author18 Low level (HF/6-31G) ab initio calcula- calculations on the CTE potential energy surface to compare

tions have been recently used in an on-the-fly trajectory sttidy. full dynamical and TST results. _
A full six-atom model PES, allowing the exchange of one  2.1. The CTE PESThe CTE PES for Ct- CH, |$Eassembled
hydrogen atom, was worked out (see ref 20) as a sum of four OUt of four stretching and two bending term¥°™& = Vg +

three-body LEPS functions (one for each-&—C group of Vval + Vop. The stretching termes account for the deformation
three atoms) plus a harmonic force field to describe the of the CH—C bonds and are formulated as LEPS potentials.

The bending ternv,y accounts for the in plane motion and is
- - . - formulated as a sum of the harmonic contributions associated
T Part of the “Gert D. Billing Memorial Issue”. . . . ilibri®
* Permanent address: Dipartimento di Chimica, Univérsit®erugia, with the in plane displacement from equilibriuinThe other
06123 Perugia, Italy. bending termV,p accounts for the out of plane motion and is
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Figure 1. TST (open squares) and QCT (open circles) rate coefficients for the CTE PES. For comparison, two different interpolation curves
(dashed lineand dotted lin® of the experimental values are also shown.

formulated as a sum of the second and fourth order terms of It has to be emphasized here that both reactant (initial) and
the expansion in the displacement from equilibrigfm. product (final) separations need to be large enough to make
The parameters of the CTE PES were optimized to reproducethe interaction between the separated fragments sufficiently
the equilibrium geometries as well as the frequencies and thesmall (In our calculations we set this distance to be 8.5 A so as
energies of the reactants, of the products, and of the transitionto have, on the average, an interaction energy between the two
state. The optimization has also taken into account the depen-reactant fragments of 0.07 kcal/mol.). The impact parameter
dence of the thermal rate coefficient on the temperature and ofwas also taken large enough (up to 8.0 A) to include all the
the room-temperature isotopic ratio. The CTE PES is endoergic significant contributions to reaction.
of 6.1 kcal/mol, has a saddle to reaction 7.7 kcal/mol higher  2.3. The Rate Coefficients.The QCT rate coefficients for
than the reactant asymptote, and shows two wells (absent fromthe reaction CH- CH, calculated on the CTE PES are shown
the ab initio data). One well is located inside the entrance in Figure 1 (open circles). In the same figure the corresponding
channel and is 3.2 kcal/mol deeper than the reactant asymptoteyalues obtained by Corchado et-alsing thecanonical unified
while the other well is located inside the product channel statistical model with optimized multidimensional tunneling
(4.7 kcal/mol deeper than the product asymptote). approach (CUSOMT) version of the TST method are shown
2.2. The QCT Calculations.On the CTE PES we carried as open squares. Both sets of calculated values are compared
out rate coefficient calculations at several temperature valuesin the figure with the two curves (dashed line from ref 5 and
falling in the range 20862500 K. At each temperature the dotted line from ref 6) interpolated from the experiment.
number of calculated trajectories was chosen large enough to As apparent from the figure, the temperature dependence of
make the statistical error lower than 5% (At= 200 K more the thermal rate coefficient obtained on the CTE PES from the
than 120000 trajectories were integrated, whild at 1000 K transition state theory well reproduces that of the most recent
60000 trajectories were found to be sufficient.). Particular care fit to the measured data. On the contrary, the full dimensional
was put on the calculations of the rate coefficient performed at QCT estimates of the rate coefficient calculated on the same
T =298 K for which more than half a million trajectories were PES deviate significantly from it. The discrepancy is large at
integrated reducing the statistical error to less than 1.5%. The both high and low temperature. It varies from a factor 2 at high
calculated rates were multiplied by a factor 1/3 to account for temperature to more than 2 orders of magnitude at low

the fact that out of the three surfaces?f, 2 2A', and 12A"") temperature. This means that part of the agreement of TST
involved in the CIfP) + CHy(X 1A;) reaction only the BA' calculations with the experiment is due to their reduced
correlates adiabatically with the products HCIEZ,) + dimensionality.

CHs(X 2AY).

The calculations were carried out using a version of VE- 3+ Theé MEP-MPE PES and Related Calculations
NUS96® customized to incorporate the CTE PES and its  To obtain a better reproduction of the measured rate coef-
analytic derivatives. The input parameters of the program were ficients using a full dimensional QCT approach we investigated
chosen to be the following: the integration step 0.1 fs, the initial the possibility of building a new PES (the already mentioned
and final separations of the collision fragments 8.5 A, and the MEP-MPE, Minimum Energy Path Many Process Expansion
maximum impact parameter 8.0 A. The vibrational energy of PES729 inspired to the scheme proposed by Ochoa and &lary
the reactant Chimolecule was set to correspond to that of the who generalized to polyatomic reactions the concept of many
ground state calculated using a normal coordinate approach (Thisprocess expansion (MPE) approacPies?
can lead to a slight underestimate of the value of the rate 3.1. The Bond Order MPE Formulation of the Interaction.
coefficients at the higher temperatures considered here.). TheA key problem of the functional representation of the interaction
rotational energy was set equalkgl/2 (with ks being, as usual, is the fact that direct or inverse powers of physical coordinates
the Boltzmann constant) around each principal axis of inertia. are unsuitable to formulate the interaction of neutral molecules
The translational energy was randomly selected to mimic the over the entire range of distances.
Boltzmann distribution for the chosen temperature. The values To overcome this difficulty it has been suggested to use BO
of the remaining parameters were selected randomly. coordinates® These coordinates are quite suitable for this
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purpose since they have built-in the metrics of molecular bonds. other atoms fly awayP; depends explicitly only om;; yet its
They become, in fact, large at short distances, one at the-atom coefficients too depend parametrically on the otherariables.
atom equilibrium distance, and zero at infinity. The BO To generalize the BO formulation of the PES to large systems

coordinate for the generiel pair of atoms is defined as we followed here the alternative MPE approach. In the MPE
scheme given the set of atom#uv... one can formulate the
N = exp[—B., . — el 1) PES as a sum of all the possible procegsesnnecting reactants

to products
with r,; being the internuclear distancey, being the corre-
sponding equilibrium value, ang}, being a parameter related V.. = ZWE(SE) Ve(ty) @)
to the bond strength of thel diatom.
The diatomic (two-body) potentiaM(®) of the diatomxi

can be expressed in the bond order formalism as a polynomiaIWhereSé‘ is Fh_e evolution coordinate (or reaction coordinate) of
of the related BO variab® process driving the transformation of the system from reactants

to products, whilet; is the set of coordinates describing the
G ‘ local deformation of the system. In edv(te) is the functional
VO ) = _De:(/lzaki,jrljxi ) describing the cut of the reaction channel at each point of the
= evolution coordinate, whilVg(ss) is a weight function that
properly averages the contributions coming from different
with G being the power of the polynomial arigk; being the  processes. In this way the permutational symmetry of the system
diatomic dissociation energy. Then tfig; parameter and the s fully taken into account.
a«; coefficients are obtained by best fitting either the ab initio A suitable evolution coordinate can be defined using the polar
electronic energies or the spectroscopic data. representation of the BO coordinates (Hyperspherical Bond
For polyatomic systems a popular approach is the Many Body Order or HYBO coordinat&453. As an example, for three atom

Expansion (MBE) one suggested by Murrell and collaboratbrs.  systems and the specific= kAu (i.e. k + Au — kA + 1) process
In the MBE approach the potential is expanded in interactions the evolution coordinate,, can be expresséi34 as
of an increasing numbers of atoms:

2 3 4 o,,, = arcta D (8)
V=V + V& v (3) o n,
In the case of three atom systems (8ay) the only additional

; wheren,; andn;, are the relevant BO coordinates amg, can
many body term is the three-body one that reads

be understood as the angle of rotation from the initial diatom

H Au to the final diatomxd (from this the name ROtating Bond
\/(3)(r For )= c. o nonopk (4) Order or ROBO potential). The corresponding collective
ke T Tl N +;¢jzk wehpuiik " = e coordinate that accounts for the stretching of the system while
i+j+k<H it evolves from reactants to products is the hyperragiys
_ o _ defined as

where the summation, as specified in ref 39, is over all crossed
terms (excluding single variable ones) up to an overall order _ [2 2

( g 9 ) P pk/‘u,u =N + nl,u (9)

H. Sometimes, also the RBO variables given by the product of
the BO coordinates for the related internuclear dista¢éare

) Similarly for the four atomeduv (i.e. kA + uv — « + Auv)
used. Accordingly, the three-body term has the form

process one has an anglg,,, defined as
H

) ) n
3 _ i k y
\/( )(rlc/l’ r/l‘u’ r/,m) - ; Cﬂ/,w, ijk(rldnfd) (r}.ﬂnﬂy)J(rﬂKnﬂk) a/d,uv = arCta'(ﬂ) (10)
i+j+k=T=j=k KA.
i+j+k=H

(5) and hyperradiug,,» defined as

Both formulations have been used to fit the PES of three atom 5 5 5
system$®48 Extensions to four and five atom systems have Pz = N My + 10, + 10, 11)
also been reportetd: 52 ] -
A simple way of formulating the PES as a BO polynomial N _thls case, however, four additional angles need to be
suitable for a straightforward generalization to polyatomic def|n§d?5—37 _
systems is the ALBO one in which the overall potential is  This type of Many Process Expansion has been used to

formulated in the following pseudopair additive foff3 assetmble the PES of some tr¥e¥-5>5% and fou?*%%3"-%tom
reactions.
v({n}) = sz(l + QUnd )Py (6) 3.2. The MEP-MPE Formulation of the Interaction. When
T

moving to larger systems the explicit consideration of all the

possible processes of a pure MPE approach becomes quite
wherej andk run over all diatomic pairs making the functional demanding. After all, in general, the key information for the
a sum of pseudo (“effective”) diatomic model potentials having calculation of the low energy dynamics of reactive systems is
a shape depending on the proximity of the other atoms. For that associated with the portion(s) of the PES located in the
this reason@); andP; are expressed as (low order) polynomials proximity of the minimum energy path or paths. For this reason
in the BO variables. In particula); depends on all the BO  one can express the relevant processes in terms of the MEP
variables but; and makes the depth of the effective diatomic segments connecting reactants to products through all possible
potential depend on the vicinity of the other atoms. Due to the types of transition states or stable intermediates (stationary
nature of the BO variables these contributions vanish when the points). Moreover, the complexity of the treatment can be further
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reduced by discarding from the expansion of eq 7 the processegolynomial to interpolate the ab initio potential energy value
involving paths falling outside (above) the energy range of of the extrema of the interval while satisfying the continuity
interest. Finally, each point of the considered sectiong:aé condition for its derivative. Similarly the corrective contributions
formulated as a sum of two terms: the te¥fmep associated were evaluated by interpolating th2 parameters of eqgs 14,
with the minimum energy path closer to the considered 15, and 16 from their values at the R, P, or S extrema of the
arrangement and the terndsmpeassociated with the correction  relevant interval.

for the deviation of the geometry considered from the nearest Tphe D&% (X=R,P,S) values used to fit the vario?, .

minimum energy configuration: parameters were essentially the dissociation energies of the
_ isolated diatoms (78.3, 106.4, 78.2, 109.5 kcal/mol for, respec-
VE - V;’,mep+ VE,mbe 12) ( b

tively, CI-C, CI-H, C—H, and H-H). For the reactant
) T
The correction termVempe is then further articulated into geometry theD‘méFévalue of C-H was multiplied by a factor of

two- (2), three- (3), and four- (4) body components such as in 0.93. For the saddle geometry, tB&)° value of C-H1 and
the usual MBE approach C—H1 was set at 60.0 kcal/mol to take into account the
relaxation of both the CtH1 bond of the HCI product and the
V. . =SV® 1+ S5V 4 §Nvy9 13 C—H1 bond of the CHreactant. No changes were introduced
&,mbe IZ i&,mbe Iz i&,mbe IZ i&,mbe ( ) for the products.
. . The three-body correction term includes only the most
where the index runs over all the two, three, and four sets of jnqtant contributions. In fact, for the reactant geometry only
atoms. The two-body components read the contribution due to the HC—H bending motion of the CiH
V@  _—p®@ n—n, r)z (14) molecule was considered (the value of the rela@ E,Re
i£,mbe i£,mbe " i§,me parameter was set at 34 kcal/mol), while for the product
geometry only the HC—H bending motion of the CH
molecule was considered (the value of the relaBéi’ pa-
rameter was set at 14 kcal/mol, by making the molecule much
floppier than CH). At the saddle geometry, a distinction
between the bending motion of HC—H and that of H-C—H

to account for the difference between the related BO coordinate
n; and its reference valug: meptaken at the corresponding point
on the nearest minimum energy path. It is worth noting here
that the two-body expression of eq 14 is anharmonic in the
physical space despite its harmonic-like formulation in the BO

space. The three-body components read was made. The value of tHa{)s parameter for H+C—H was
taken to be 35 kcal/mol, slightly higher than that of the ,.CH
3 _ 3 2 ianifi i
Vi(E,)mbe_ Di(g,)mbe(qﬁig ~ Picmep (15) molecule but significantly hlgher(g?san that of the €ptoduct

molecule, while the value of thB/; parameter for HC—H
to account for the difference between the related actual bendingwas taken to be less energetic (30 kcal/mol).

anglegi; and that of the corresponding geometry on the nearest  The DX parameters of the four-body correction terms were
minimum energy patipizmep The four-body components read  assumed to be negligible. An exception is made for the product
5y @) ) geometry where for the €H1—C—H torsion a small correction
Vi(g,mbe— Dig,mbe@ig - Cig,me;) (16) of 0.4 kcal/mol is considered to take into account the loss of

planarity of the CH molecule.

The resulting MEP-MPE surface is endoergic of 6.7 kcal/
mol and has a saddle point 7.9 kcal/mol higher than the reactant
asymptote. No wells are located on the minimum energy path.
The equilibrium geometries of the reactant and product mol-
ecules of the MEP-MPE PES are in excellent agreement with

_ 2 the spectroscopic data. The vibrational harmonic frequencies
We = neXp[_b(nj B nj§'m99 ] 17 are inpgeneral quite well reproduced. The geometry of tr?e saddle
! point of the MEP-MPE PES has a symmetty, being the

where the product extends over all thpairs of atoms of the  internuclear distances €H1, H1-C, and C-H 1.431, 1.388,
system and the parametecontrols the width of the Gaussian. and 1.086 A, respectively. The anglg$Cl—H1—C) and (-

3.3. The MEP-MPE PES for the Cl+ CH,4 Reaction. The (H1-C—H) are 180 and 101.4, respectively. These geo-
MEP-MPE PES for the C¥ CH, — HCI 4+ CHjz reaction has metrical data are in good agreement with the ab initio
been worked out by Considering that there is a Sing|e MEP information. The harmonic frequenCieS of the saddle pOint of
connecting both reactant (R) and product (P) asymptotes to thethe MEP-MPE PES fall in general within the error bars of the
saddle point (S) as singled out by the ab initio calculations of ab initio values. The main difference is found in the imaginary
ref 12. The reactant arrangement consists of the isolated Cl atomfrequency value that is underestimated in the MEP-MPE PES.
and the CH molecule. At the reactive saddle a-& bond (of All the other details of this first MEP-MPE PES are given in
CH,) is weakened (its length is stretched) to allow one of the refs 27 and 29.
four hydrogen atoms (hereafter labeled as H1) to interact with  3.4. The QCT Calculations on the MEP-MPE PES.The
Cl and form a collinear-like EH1—Cl intermediate. The other  thermal rate coefficient for the C+ CH, reaction has been
three C-H bonds are symmetrically arranged around the calculated in a wide interval of temperatures (2@%00 K)
C—H1-Cl axis (symmetryCs,). The product arrangement using the already mentioned modified version of VENU396.
consists of the isolated HC| and Glholecules. Yet, on the MEP-MPE PES the derivatives were calculated

Accordingly, the MEP was partitioned into tvW¢ segments. numerically (contrary to what was made for the CTE PES). For
The first segment goes from reactants to the saddle, while themost of the other parameters and conditions the choice made
second segment goes from the saddle to products. The MEPfor the MEP-MPE PES is similar to that made for the CTE
energy of each segment was then calculated using a third degre®ES. The most notable differences are those associated with

to account for the difference between the related actual torsion
angleg;e and that of the corresponding geometry on the nearest
minimum energy patiliz mep

Finally the weight functiolW: is expressed as a normalized
sum of the individual process weight& defined as
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Figure 2. QCT rate coefficients calculate on the first (solid squares) and optimized (solid circles) MEP-MPE PESs. For comparison, two different
interpolation curves (dashed Ifhand dotted lin® of the experimental values are also shown.
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the maximum value of the impact parameter and with both the
initial and final separations (that were significantly reduced).
In fact, since the initial and final separations were set up at 5.0 ~
A, the interaction between the asymptotic fragments is as low ~ 2.0
as that of the CTE PES that uses the larger separation of 8.5 A.
Similarly, a maximum impact parameter of 3.0 A is sufficient
for collecting all the reactive contributions (in contrast with the L5
larger value of 8.0 A used for the CTE PES). The number of g
trajectories calculated at each temperature is large enough to,°
lead to errors lower than 9% for the rate coefficients. DS o 3
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The key result obtained from the QCT calculation is the value i -l [ i
of the rate coefficient at room temperature (298 K). This value - ¢
isk=2.074 0.18 x 10713 cm® molecule’* s that is a factor i ]
of 2 higher than the IUPAC recommended vatudowever, 0.5 0{0' — '0'5' — 1'0' — 1'5' — '2!0' — '2'5

the dependence of the rate coefficient on the temperature ) -1
obtained on the first MEP-MPE PES is in fairly good agreement D po(CI-H1-C) /keal mol
with the experimental findings (solid squares in Figure 2). Figure 3. QCT rate coefficients at room-temperature calculated on

To scale the rate coefficient values to the experimental dataseveral MEP-MPE PESs as a function of tBE)YCl-H1-C)

: 3)s _ g parameter (see Section 3.3 of the text). The IUPAC recommended value
we played with the paramet@ /2 of the three-body correc is shown as a dotted lirfe.

tion term for the C+H1—C bending motion. This term controls
the cone of acceptance of Cl when approaching.@id a matter

of fact, a null value ofDﬁﬁﬁ(Cl—Hl—C), as that used for
building up the first MEP-MPE PES, implies that the corre-

sponding term of the three-body correcti ,r)nbe is zero for

(3)S
mbe

the Dfﬁﬁ(Cl—Hl—C) parameter decreases the rate coefficient.
By interpolating over these results the appropiate value of
D@3CI-H1-C) was found to be 1.84 kcal/mol. On this

: optimized MEP-MPE surface, we have calculated the rate
all values of the CtH1-C angle. On the contrary, when  coefficient in the range of temperatures going from 200 to 2500
DERCI-H1-C) differs from zeroM,, has a zero value in K. The large batches of integrated trajectories (for instance near
the case that the geometry of the system coincides with the 300000 at room temperature) kept the percentual error below
reference configuration of the (collinear) transition state and 5%. The rate coefficients calculated using the optimized MEP-
increasingly becomes more positive (more repulsive) as the MPE PES are plotted in Figure 2 (solid circles) as a function
angle Ck-H1—C deviates from collinearity. Accordingly, when  of the temperatur&. As apparent from the figure, the agreement
D@%CI-H1-C) is zero, even for geometries sufficiently far  of the calculated QCT rate coefficients with the experiment is
from collinearity the potential energy is small enough to particularly good at low temperature € 1.014+ 0.04 x 10713
allow an abstraction of the hydrogen atom. Whereas ascm?® molecule! st at T = 298 K). At high temperature the
D@3CI-H1—C) gets larger the interval of energetically fa- calculated values lie, as expected, between the two curves
vorable angles of attack increasingly narrows. To this end, the extrapolated from experimental data.

D(n?ffe(CI—Hl—C) parameter was set equal to 0.7, 1.0, 1.5, 1.7, )

2.0, and 2.5 kcal/mol to estimate the dependence of the room-4- 1Sotopic Effect

temperature QCT rate coefficient calculated on the correspond- QCT calculations of the thermal rate coefficients were
ing MEP-MPE PESs. For each value D Z)SQ(CI—Hl—C), we performed also for the Ct CD4 reaction. For this purpose both
have integrated a number of trajectories large enough to keepCTE and the optimized MEP-MPE PESs were used. In this way
the percentual error lower than 7%. The results obtained areit was possible to estimate the kinetic isotopic effect (KIE)
shown in Figure 3. As apparent from the figure, an increase of defined as the ratic+cn,/kei+cp, between the rate coefficient
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TABLE 1: Kei+ch/Kei+cp, Isotopic Effect Calculated Using magnitude from measured data when using quasiclassical
QCT, TST, and LSC—IVR Techniques on Both the CTE techniques. For this reason we turned our attention onto the
and the Optimized MEP-MPE PES$ MEP-MPE PES designed to fit in a piecewise way the potential
CTE MEP-MPE energy paths connecting the stationary points of the surface.
TK TST2 IVRP QCT QCT experiment The assembled MEP-MPE PES has an endoergicity and a barrier
200 87.7 16.0 1.2 31.3+ 135 similar to those of the CTE PES. The main difference between
298 14.3 12.0-0.6 8.0+0.9 10.7°13.6916.4¢ the two surfaces is the presence, in the CTE PES, of two deep
12.2118.8 wells located in the reactant and the product channels, respec-
400 56 48 7.9-08 4.8+£0.6 5.2;6.4 tively. These wells cannot be found in the MEP-MPE PES (as
200 33 30 7607 36+04 4.x well as in ab initio data). This feature can explain the different
800 16 16 4404 26+0.2 2.7 . .
1000 08 14 4603 21+02 17 results obtained with the two surfaces.
2000 1.3 1.2 2502 1.7+01 1.7 The QCT calculations have also shown that the MEP-MPE

PES is not only accurate enough to lead to the reproduction of
2 Reference 172 Reference 61¢ Reference 7¢ Reference 8¢ Ref-
erence 9'Reference 10¢ Reference 11" For comparison, also the the measured temperature dependence of the thermal rate

values obtained from the experiment are shown. coefficient but also flexible enough to allow the anchoring of
its theoretical value to the value measured at room temperature.

of Cl + CH, and that of CH- CD4 and compare the calculated 10 do this it has been sufficient to play with the value of the
KIE with the measured one for a wide range of temperatures Parameter of the bending component of the interaction at the
(295-1018 K)7-1t transition state. This flexibility will allow for carrying out further
For the Cl+ CD; calculations the same parameters adopted refinements in order to obtain accurate estimates of the detailed
for Cl + CH, were used. A larger number of trajectories (for dynamical properties. As an example, test calculations mimick-
example, more than 800000 at 298 K for the MPE-MPE PES) ing the conditions of an experiment of Zare and collaborétors
have been calculated to make the statistical error as small assk!owed that the rotational population of the HGK0) and HC'
7% due to the low reactivity of the deuterated reaction. (v'=1) products of the reaction Gt CHa(v=1) — HCI('[")
The calculated KIEs are compared with the experiment in + CHs are hotter than the measured ones. We are planning,
Table 1. In Table 1, also the values obtained on the CTE PEShowever, to carry out this finer tuning together with a full
using the TS¥ and the linearized semiclassical-initial value dynamical quantum calculation.

representation (LSEIVR®9)5L are given.
E)As can be sefen from T2b|e 1, t%e values of KIE measured at Acknowledgm_ent. Fin_ancia_ll support from MCyT, MIUR,
ison*S, and COST in Chemistry is acknowledged. Thanks are due

to the authors of ref 17 who sent us their potential energy surface

of theoretical results with the experiment quite difficult. The routine

KIEs calculated on the CTE PES always fall within the
experimental error bar regardless the technique used. However
their dependence on the temperature highly varies with the
theoretical approach used. In fact, at 200 K the QCT KIE (1) Wayne, R. PChemistry of Atmospherg3rd ed.; Oxford University
increases about 40% with respect to the room temperature onePress: Oxford, 2000. _ ‘ - _
while the corresponding TST KIE increases about 500%. On Kam(g%ep,"'ﬁhe/f‘lfb”ésﬁmé,\h_;silggﬂrﬁg',&'CJ_';' ngg\?vf]m} '\L/' gﬁaﬁgf“/g_’ $

the contrary, as the temperature increases, the KIE decreasegoldman, A.; Irion, F. W.; Newchurch, M. J.; Rinsland, C. P.; Stiller, G.
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