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Abstract: An ab initio (HF/3-2H1-G*) direct dynamics quasiclassical trajectory study was performed for the

Cl~ + CHsCl S\2 reaction at a reagent relative translational energy of 100 kcal/mol. Initial conditions for the
trajectories were averaged over the orientation ogClHand the reaction dynamics studied versus collision
impact parameter. The trajectories reacted by a backside attack mechanism and reaction by frontside attack

was not observed. The calculated backside reaction

cross reactions004P222 and approximately two to

four times larger than the experimental valdeRhys. Chem. A997, 101, 5969). The absence of reaction by
frontside attack was investigated by initiating trajectories at@héransition state for the frontside attack
mechanism. These trajectories formed &1 CHsCl reactants with a large vibrational energy and low relative
translational energy, which suggests extensive@Hibrational excitation is needed to access the frontside

reaction pathway.

|. Introduction

The dynamics, kinetics, and energetics of the thermoneutral
symmetric nucleophilic substitution reaction
Cl" + CH,CI—CICH; + CI™ Q)
has been widely studied both experimentaifyand theo-
retically>=25 A particularly interesting aspect of this reaction

is its mechanism®3° The original mechanism proposed by
Brauman and co-workef$;31for thermal conditions, is indirect
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backside attack in which a Cl--CHzCl ion—dipole complex

is formed prior to surmounting the central barrier and forming
products. Both classical traject§d#17.282%and quantum dy-
namicat?2>calculations have suggested that, for collisions with
a thermal reactant translational energy; @ stretch excitation,
and low CHCI rotational energy, the & reaction may also
occur by a direct backside mechanism without forming the-ion
dipole complex. Since this mechanism is suppressed byCCH
rotational energy and the population of excited@l stretch
vibrational states is small at 300 K:28it may only become a
significant component to the overall reaction for high-temper-
ature and/or nonthermal conditions.

Both experiments and theories have probed the mechanism
for reaction 1 at high energies. In pioneering work by Bierbaum
and co-workerd the rate constant for reaction 1 was measured
as a function of center-of-mass collision enerBy (i.e.
translational activation) for a GJ&€I temperature of 300 K.
Deconvolution of these experiments yielded an apparent thresh-
old of 45 kcal/mol, which was attributed to a high-energy
mechanism involving frontside anionic attack at the chlorine
atom of chloromethane. Such a threshold is consistent with ab
initio calculationd®2! of the barrier for a frontside mechanism
in which CI~ attacks carbon instead of chlorine. In recent
experiments, the translational activation of reaction 1 was
studied with finer resolution of the collision energy. A trans-
lational threshold of 1 4 kcal/mol was found for reaction,
presumably by backside attack. No evidence for a frontside
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Cl~ + CHsCl S\2 Reaction

attack mechanism was seen in measurements of the rate constant

versus translational enerdyand the origin of the difference
with the earlier experimental stublig unclear. This translational
threshold of 11+ 4 kcal/mol is appreciably larger than the
backside potential energy barrier of 23.0 kcal/mol, deter-
mined from ab initio calculatio43? and fits of statistical
theorieg? to the 300 K thermal rate constéhtiowever, a

translational threshold larger than the backside barrier is

consistent with trajectory calculatiof$217” which indicate
reaction is promoted by €Cl stretch excitation.

The translational activation of reaction 1 was recently
investigated by classical trajectory simulatidA3he shape of
the experimental reaction cross section verlsgswas repro-

duced by the trajectories and the resulting threshold of 18 kcal
mol was in approximate agreement with the experimental value. | - .

The reactive trajectories were direct, with negligible trapping
in the ion—dipole complexes. The product energy was primarily
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HF/3-214+-G*, MP2/6-31H-+G**,18 and G2()?* calculations give
respectively 52.9, 55.3, and 46.3 kcal/mol for the barrier's potential
energy (zero-point energy included). HF/3423* and MP2/6-31#G*%*

/give respectively a €CI bond length of 2.705 and 2.438 A and a

Cl—C—Cl angle of 92.8 and 84°2at the barrier. The HF/3-24G*
monic frequencies at the potential barriers are in excellent agreement
with those found from higher levels of theory. HF/3-2&* and MP2/
6-31G** frequencie$®18 differ on average by only 7.1 and 3.1% at

partitioned to relative translation with small and similar amounts the backsideDs, and frontsideCs transition states, respectively.

of energy partitioned to vibration and rotation. Backward
scattering and a rebound mechanism was found aBegywvith

Direct dynamics trajectories were also initiated at @éarrier to
determine the nature of the product energy partitioning for trajectories

increasing importance of forward scattering and a stripping that reach this region of the potential surface. HF/3-@t and MP2/
mechanism ak, is increased. The total angular momentum is 6-31G* trajectories were calculated and compared for this study.

well-approximated by the initial orbital angular momentum,
which is strongly correlated with the final orbital angular

momentum. The principal difference between the trajectories \,zy g

B. Integrating the Quasiclassical Trajectories.The trajectory study
was performed using the general chemical dynamics program VE-
NUS967 interfaced with the Gaussian 98 packages of progifam.
called Gaussian to obtain the gradient of the potential for

and experiments is the order of magnitude larger cross sectionSpiegrating the classical equations of motidhStandard algorithmg
found from the trajectories. The analytic potential energy surface in VENUS96 were used for selecting the trajectory initial conditions,
(PES) used in the trajectory study did not include a mechanism performing the numerical integration, and analyzing the trajectory

(or mechanisms) for frontside att&€kand, therefore, the

results. Each trajectory was integrated with a 0.5 fs time step for a

trajectories were unable to predict information about the relative maximum of approximately 500 integration steps. The trajectory events

importance of backside versus frontside attack at tiEgh
In the work reported here, the ab initio direct dynamics
quasiclassical trajectory methdd® is used in an attempt to

resolve some of the issues regarding the dynamics of reaction,

1 at highEg. Of particular interest is (1) the contribution of

were direct,lasting only 250 fs or less. Integrating one trajectory for
500 steps required about 18 h on one processor of a CRAY J-916 and
7 h on one processor of a SGI/MIPS R10000 computer.

To simulate reaction 1, the reactants must have an initial separation
ge enough that the results are not affected by the value of the
separation. Because of the high, of 100 kcal/mol and the 300 K

the frontside attack pathwa_y to the reaction rate, (2) the_ origin rotational energy for CKCI considered in this study, it is possible to
of the order of magnitude difference between the experimental initially separate Cl from the CHCI center of mass by only 10 A.

and trajectory reaction cross sections verBug and (3) the
comparison with the higlk reaction dynamics predicted by
the previous trajectory study.

Il. Computational Procedure

A. Ab Initio Theory. Ab initio direct dynamics simulations are very
computationally intensii and a balance between level of ab initio

theory and number of integration steps per trajectory is required. For

the work reported here, calculationsEé of 100 kcal/mol and at the
HF/3-21+G* level of theory were feasible and realistic. At this high

With the high reagent relative velocity and the £{H angular

momentum, the initial random orientation of &@H is unaffected as
the CI and CHCI separation moves inward to 10*AThe quasiclas-
sical methoé® was used to add zero-point energy (zpe) to eachGTH
normal modé& andRT/2 rotational energyT = 300 K) was added to

(37) Hase, W. L.; Duchovic, R. J.; Hu, X.; Komornicki, A.; Lim, K. F.;
Lu, D.-H.; Peslherbe, G. H.; Swamy, K. N.; Vande Linde, S. R.; Varandas,
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(38) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
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approximately 500 integration steps (see discussion below). The HF/O

3-21+G* level of theory is tractable for the direct dynamics and gives
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2.3, and 2.7 kcal/mol (zero-point energy included) for the potential
energy and 2.397, 2.317, and 2.301 A for the@ bond length. A
similar relationship between HF/3-25G* and higher levels of theory

is found for properties of the frontsides barrier, with the structures:
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quadratic expansion of the potential may be used to integrate the
trajectoried® and, therefore, an ab initio calculation is not necessory at each
integration step. This approach becomes less efficient if the total angular
momentum is not zero (i.e.: Bolton, K.; Schlegel, H. B.; Hase, W. L.; Song,
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was performed at each integration step for the trajectories reported here.
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Table 1. Average and Range of Values for Dynamical Properties of the Reactive Trajettories

Li and Hase

collision impact parameter

property b=0 b=1 b=2

Cl-C—Cl angleé

reactant 149 (136168) 144 (127163) 121

transition state 161 (151170) 155 (139-170) 170
energy partitioning

frel 0.89 (0.73-0.97) 0.88 (0.620.95) 0.68

fuib 0.10 (0.06-0.26) 0.07 (0.06:0.29) 0.11

frot 0.01 (0.06-0.04) 0.05 (0.02:0.09) 0.21
angular momenta

J 22.4 218.8 (208.8229.9) 405.2

I¢ 38.8 (16.1-66.9) 179.3 (138.2207.7) 287.2

It 22.8 (7.2-47.3) 51.2 (28.471.7) 1214
scattering anglés

0(vi,vr) 173 (168-178) 141 (132-150) 108

ol ly) 10 (5-16) 7

0(11,J) 25 (11-79) 7 (3-16) 5

0(li.j) 29 (6-71) 10

O(lt,js) 37,153 (37,126:168) 38 (12-84) 16

aThe range of values is given in parentheses. The reactant’s impact parameter isTinedCHC—Cl angle is in deg¢ Fraction of the available
energy (not including CECl zero-point energy) partitioned to product relative to translational, vibrational, and rotational eéh&hgyinitial
orbital angular momenturhis 207.% and 415.% for b = 1 and 2 A calculations, respectively. The initial @ rotational angular momentujn
is 22.4 for each calculation® Scattering angles in deg between the initial (i) and final (f), relative veloeitydrbital angular momentum)(
CHsCl rotational angular momentunj)( and total angular momentund)(f A bimodal 6(ls,js) distribution is observed fob = 0 (see text). One
reactive trajectory has a smdl(ls,j\) angle of 37, while the average of the remaining seven is°1&8d much larger.

T T

each CHCI principal rotation axis. These energies were then trans-
formed to the Cartesian coordinates and momenta used in the numerical
integrations by choosing random phase for the normal modes of 0.04 _
vibration and random signs for the components of the angular
momentum. CHCI was then randomly rotated and the G+ CH;Cl
center-of-mass separation set at 10 A, with an initial relative velocity
for Eres = 100 kcal/mol and the specified collision impact paraméter
The total classical energy (i.e. GEl zpe and rotation, ané.) for
these initial conditions is then 25:6 0.9 + 100.0= 126.4 kcal/mol.
However, at the initial Cl + CHsCl separation of 10 A there is a
relatively small intermolecular interaction between reactants, which
ranges from—1.8 to 1.4 kcal/mol for C+C—CI angles of 180 and*Q
respectively. This adds a small breadth to the reactants’ initial energy.

Reaction probability
o
o
[\V]
T

0.00 . L

1. Trajectory Results and Discussions 0.0 10 20 30
Impact parameter (A}

A. Reaction Mechanism a_lnd Dynamics  for Backsnde Figure 1. Probability of reaction versus impact parameter. The fit (solid
Attack. Due to the computational expense of this study, an jine) is described in the text.
attempt was made to reduce the number of nonreactive
trajectories, while still calculating reaction probabilities. This js approximately 40% foé near 180, but negligibly small for
was done by scanning the-©C—Cl angled of the randomly 0 close to 90.44
chosen initial conditions. The structures for the backdde From the above number of reactive trajectories, the resulting
and frontsideC; barriers suggest the preferential€0—Cl reaction probabilities for backside displacement are 0.04, 0.035,
angles for reaction should be 180 and"9fespectively, and  and 0.005 fobb of 0, 1, and 2 A, respectively. They are plotted
the backside pathway was studied quantitatively and the jn Figure 1, where they are fit with the functidh(b) = 0.04
frontside pathway qualitatively by only running trajectories with  exp(—0.134539). This expression foP,(b) may be inserted into
an initial 6 angle in the range of 18®0°. The reaction
dynamics was investigated in this manner for collision impact
parameters of 0, 1, and 2 A. For each of these impact parameters,
200 initial conditions were randomly selected and those with a
0 angle of 90 or more were propagated until either products to estimate the reaction cross section. The resulting value is
or reactants were separated by 10 A. There were eight, sevenP.31 2. Computing the standard deviation in the reaction
and one reactive trajectories forof 0, 1, and 2, respectively,  probability at eactb, from the square root of the number of
all occurring by the backside displacement mechanism. No reactive events, gives a reaction cross section in the range of
reaction was observed fér less than 120 For the randomly 0.22-0.40 A2, which is approximately two to four times larger
chosen initial conditions, witth of 0 and 1 A, the ratio of  than the experimental value of 0.11 for Er = 100 kcal/
reaction to total number of trajectories is 0/34, 0/32, 0/29, 2/27, mol.4
3/24, 4/18, 2/5, and 4/11 for the initi@l angle in the range of
90-100, 106-110, 116-120, 126-130, 136-140, 1406-150,
150-160, and 166170, respectivel§® The reaction probability

(44) Twenty trajectories were run with= 0 and random values &f

(42) At 300 K there is negligible excitation of the @&l vibrational between 0 and 30 No reaction by either backside or frontside attack was
modes. found.

o= ["P(b)27b db 2)

(43) The probability of an initial CFC—CI angle@ is proportional to
sin 6 and none of the 200 initial conditions for edgslmad a value fop in
the range of 176180C°.
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The trajectory cross section, based on the analytic potential B. Search for Frontside Reaction.As discussed above,
energy surface PES3, is 3.0% for E = 100 kcal/mol and though the initial conditions chosen for the trajectories are those
the same type of C¥Cl energies as used for the above direct expected to facilitate frontside attack, reaction by frontside attack
dynamics?® The value ofbmay for this calculation is 3.0 Aand  was not observed in the direct dynamics trajectories. The small
similar to the value estimated from Figure 1, which indicates impact parameters for the initial conditions have a small
that the difference between the reactive cross sections for thecentrifugal potential and, thus, more vibrational kinetic energy
current and previous trajectory studies arises not from different available to deform the Cl+ CHCl system to attain th€g
bmax values but from a near order of magnitude difference in barrier region of the potential energy surface. In addition, ab

reaction probabilities.

initio calculationd®21show that the frontside reaction pathway

Properties of the direct dynamics reactive trajectories are is initially CI™ approaching backside and then moving frontside
summarized in Table 1. In crossing the transition state (defined for displacement with retention of configuration. Thus, initial

by equal C-Cl bond lengths) the CIC—CI angle tends to

ClI—-C—CI angles between 180 and O@re expected to be

increase, coming close to the backside reaction path value offavorable for frontside reaction.

18C°. The product energy is primarily partitioned to relative
translation, with much smaller amounts to &Hvibration and

It is of interest that one of the= 1 A nonreactive trajectories
attained the approximatg,, configuration

rotation. Energy partitioning to product rotation increases with

increase in impact parameter. The velocity scattering angle H
shows strong backward scattering and a rebound mechanism / al
for b = 0, but a tendency toward forward scattering and a e
possible stripping mechanism (see Figure 5 in ref 23p & H cuw
increased. A higher rotational energy hsis increased is Cl
consistent with a stripping mechanig.

H

The angular momentum scattering anglesifer 1 and 2 A
provide a rather detailed picture of the atomic motion during
the reaction. The near alignment of the initial and final orbital
angular momentd; andl;, means that the motion of Cland
the center of mass of Gl is approximately in the same plane
for both reactants and products. Since the initiakCHotational
angular momentury is small compared tb, the total angular
J and|; are nearly equal and, thu3,andl; are aligned. The
orbital angular momentum of the produttgs smaller than that
of the reactants;, and for the total angular momentum to be
conserved, i.el; ~ J = |y + j;, It andjs must point in the same
direction. Thus, the angular velocities for the productsCH
and orbital rotations are in the same direction.

For b = 0O trajectories thef(ls,js) scattering angles are
considerably different from those for the larger impact param-
eters. This arises from the small total angular momentum for
b = 0. If jj was zero forb = 0, 6(ls,j1) would have to equal
18(° to conserve the total angular momentum of zero. For the
trajectories reported here with a smialbf 22.4, seven of the
reactive events qualitatively retain this relation betwkeand
ji. However, one of the reactions has sniat 16.1h andj; = excitation, and all occurred by backside attatk.
7.2h, which are approximately aligned wit(lr,j;) = 37°. A clue to why frontside reaction is not observed in the

The energy partitioning, velocity scattering angle distribution, trajectories was found by determining the energies of the
and angular momentum correlations for these direct dynamics products for the nonreactive trajectory which attained the
trajectories and the trajectories studied previo&%fpr the PES3 approximat&zu Conﬁguration. With CHC] Zero_point energy
analytical potential, are very similar. However, as noted above removed, the fractions partitioned to relative translation, vibra-
the PES3 reaction cross section is an order of magnitude Iargertion, and rotation are 0.20, 0.74, and 0.06, respectively.

than the HF/3-23+G* direct dynamics value. Since trajectory  Comparing these fractions with those in Table 1, for backside
calculations with analytical potentials are much faster than ab reaction, shows that the sizes of thg and f,i, values are

initio direct dynamics, it is of interest to determine what regions reversed for theC,, configuration. The implication is that to
of the PES3 surface are in error. A previous comparison of PES3reach a configuration, like that of the frontsid® barrier,

and MP2/6-31+G** surfaces?® in the vicinity of the central  sybstantial CHCI reactant vibrational excitation is required.
barrier, showed that the PES3 energies are somewhat |0wer, To Study' in more deta“' the reactant energies needed for
which would result in more reaction on PES3. More complete frontside reaction, a set of 24 trajectories were initiated at the
comparisons between PES3 and ab initio calculations in the frontsideCs barrier with a total classical energy identical with

region between the pre- and postreaction-€CH;Cl com-  that for the CI + CHsCl collisions studied above, i.e., 126.4
plexes show that the PES3 energies are particularly too low for — . — — .
(46) The initial energy for these trajectories is partitioned with the

distortions of the Chlumbrella. Extensive ab initio calculations . i ) OHE ! !
B . . fractions 0.00, 0.21, and 0.79 in rotation, vibration, and relative translation,
at both low and high energies will be needed to correct PES3. respectively. The average values for these fractions in the products are

respectively 0.09, 0.33, and 0.58. Thus, the3;QHcking excitation is
transferred to CkCI product vibration. The increase in GEl vibrational
energy in going from reactants to products is similar to that seen without
CHjs rocking excitation (see Table 1).

2v

with equal C-Cl bond lengths of 2.9 A and a EC—Cl angle

of 102.T. Except for the orientation of the GHroup, thisCy,
configuration has a structure quite similar to that of the frontside
C; barrier. All that is required for a transition from tl@&, to

C; configuration is an approximate 9@otation of the methyl
group. At the HF/3-23G* level this barrier is relatively small,
~10 kcal/mol, suggesting such a rotation is possible to give
reaction through the frontside mechanism. In an attempt to
induce this mechanism, 200 trajectories were run as above with
b =1 A and an initial C+C—CI angle between 180 and 90
but with an additional 4 quanta of energy added to each of the
two symmetric rocking modes of GBI. The frequency for
these modes is 1142 crh and these 8 additional quanta add
26.1 kcal/mol of vibrational energy to GBI, possibly assisting
CHs rotation and promoting frontside reaction. The result was
negative. Only four reactive trajectories were observed, fewer
than the seven reactive events without this ;Cigcking

(45) For a 300 K Boltzmann distribution of GHI vibrational and
rotational energies, the cross section is 3.34aAd bmax = 2.7 A. Mann,
D. J.; Hase, W. L. Unpublished results.
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Table 2. Dsn and Cs Barrier Properties and CPU Time for Direct Dynamics at Different Levels of Electronic Structure FTheory

Dap barrier C; barrier .

relative
theory energy C-Cl C—H energy C—ClI Cl-C-ClI CPU time
HF/3-21+G* 2.06 2.40 1.06 54.70 2.70 92.8 1.00
HF/6-31G* 3.57 2.38 1.06 56.34 2.73 95.2 1.14
HF/6-31G** 3.42 2.38 1.06 55.30 2.75 96.8 1.49
HF/6-314+-G* 6.59 2.39 1.06 57.78 2.79 98.6 1.59
HF/6-31H-+G** 6.91 2.39 1.06 56.78 2.81 101.2 8.52
MP2/6-31G* 4.54 2.31 1.07 55.56 2.42 85.1 3.05
MP2/6-31G** 4.52 2.30 1.07 55.04 2.41 85.4 4.24
MP2/6-3H-G* 7.66 2.32 1.07 56.68 2.44 84.2 4.58
MP2/6-31H+G** 7.96 2.30 1.07 56.01 2.40 84.7 23.14
CCSD(T)/367cGTOs 3.16 2.31 1.07

aEnergies are in kcal/mol, distances in A, and angles in deg. The relative direct dynamics CPU time is for calculations using one processor on
a SGI/MIPS R10000 workstatiof.The classical potential energy barrier. Including harmonic zero-point energies lowers the barrier-8y50.3
kcal/mol. ¢ The classical potential energy barrier. Including harmonic zero-point energies lowers the barrig+Bykcal/mol.

kcal/mol. Zero-point energy was added to the barrier’'s normal energy surface. The principal difference in these two trajectory
modes of vibration andRT/2, with T = 300 K, was added to  studies is the approximately 10 times smaller reaction cross
each of the barrier's principal rotation axis. These zero-point section for the HF/3-2£G* trajectories.

and rotational energies are 23.6 and 0.9 kcal/mol, respectively, Reaction by a frontside displacement mechanism is not
and the barrier’s potential energy is 54.7 kcal/mol. Thus, to attain observed in the ClI + CHsCl direct dynamics trajectories.
the desired total energy, 47.2 kcal/mol was added to reaction Initializing trajectories at the frontsides barrier and propagating
coordinate translation. Random initial conditions for these them to products preferentially puts more than 80% of the
trajectories arise from random phases for the normal mode available energy in product vibration. This suggests that
vibrations, and a random sign (i.e. positive or negative) for each translational activation cannot access the frontside barrier and,
component of the rotational angular momentum and for the instead, extensive Gi&l vibrational excitation may be needed.
reaction coordinate momentum. With @& zpe removed, the  However, C-Cl stretch excitation promotes the backside
average product energy partitioning for these trajectories is very pathway-121728and it is possible, even with vibrational excita-
specific, i.e.,frer = 0.11, fj, = 0.83, andf, = 0.06, and is tion, that the frontside pathway will be overwhelmed by backside
primarily to product vibratiort” This is distinctly different from reaction.

the results in Table 1 for translational activation of reaction 1, It would be of interest to investigate the direct dynamics of
which occurs by backside attack and for which on$0% of reaction 1, with both vibrational and translational activation, at
the available energy goes to product vibration. The strong a higher level of ab initio theory. A comparison of barrier heights
implication is that theCs barrier structure cannot be attained and structures and the CPU time requirement for direct dynamics
by translational activation and, instead, requires preferential at different levels of electronic structure theory are given in

vibrational excitation of CKCI. Table 2. For example, the MP2/6-31G* level of theory gives
MP2/6-31G* direct dynamics was also used to study energy classical barriers of 4.5 and 55.6 kcal/mol for the back&ge
partitioning for the trajectories initiated at th€s barrier and frontsideCs barriers, in approximate agreement with the

(properties of thés, andCs barriers at this level of theory are  G2(+)2021 and CCSD(T3* barriers. The barrier structures at
given in Table 2). A total of 29 MP2 trajectories were calculated this MP2 level are in excellent agreement with the higher level
and the product energy partitioning obtained.ds= 0.23,f,in structureg%21-24For example, MP2/6-31G* has Bg, barrier

= 0.63, andft = 0.14. As found from the HF/3-28G* with C—Cl and G-H bond lengths of 2.31 and 1.07 A, in exact
trajectories, the energy partitioning is preferentially directed to agreement with the CCSD(T) reséttSimilarly, the MP2/6-

product vibration. 31G* Cs barrier has a €CI bond length and CtC—ClI angle
of 2.42 A and 85.1, which are in very good agreement with
Summary the MP2/6-31%+G** structure. Though a MP2/6-31G* direct

The work reported here illustrates the power of ab initio direct dynamics trajectory will require approximately 3 times more
dynamics simulations for probing microscopic reaction mech- computer time than the HF/3-215* trajectories reported here,
anisms and calculating experimental observables. With direct@ MP2 direct dynamics study is feasible with parallel and
dynamics, the classical dynamics of an ab initio level of theory distributed computer architectures. _
is not adulterated by a less than exact fitting with an analytic ~ For the concerted backside and frontside pathways for
potential energy function. For the 100 kcal/mol translational reaction 1 the HF/3-2#G* level of theory gives transition state
activation of reaction 1, the HF/3-21G* level of theory predicts ~ Structures and energies in good agreement with those of higher
a backside reaction mechanism with a reaction cross sectionleVvels of theory. Thus, HF/3-24G* direct dynamics is a
only 2—4 times larger than the experimental vafuEhe product real|st|c. approach for investigating the translational activation
energy partitioning, velocity scattering angle distributions, and Of reaction 1. However, HF theory does not properly describe
angular momentum correlations from the HF/3+Za* direct ~ bond ruptures®and could not be used to study the Cl bond
dynamics trajectories are very similar to results from a previous dissociation pathway of vibrationally excited @1.4° Trans-

classical trajectory studybased on the PES3 analytic potential lational activation of reaction 1 does not produce vibrationally
excited CHCI. As shown in Table 1, with a high reagent

(47) For the 24 HF/3-21G* trajectories initiated at th€s transition

state the average and range of th,js), 6(Is,J), and 6(j;,J) angular (48) Levine, I. N.Quantum Chemistngrd ed.; Allyn and Bacon: Boston,
momentum scattering angles in degrees are 123-186), 51 (11-104), 1983; p 380.
and 72 (25-134), respectively. The average and range of valudsfior (49) The classical CgtCl bond energy is 49.9 and 81.8 kcal/mol at

the Iy, js, andJ angular momenta are 67 (2821), 57 (20-107), and 63 the HF/3-2#-G* and MP2/6-31G* levels of theory, respectively. The
(52—74), respectively. experimental value for this bond energy is 87.4 kcal/Mol.
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translational energy of 100 kcal/mol, the average vibrational Because of the rather lengthy times often required for energy
energy in the CECI product is 10 kcal/mol, with a maximum  to accumulate in the reaction coordinate for a unimolecular
value of 29 kcal/mol. On the other hand, some of the trajectories reaction to occur, direct dynamics may be prohibitively expen-
initiated at theCs barrier form vibrationally excited C¥C| with sive for studying CHCI dissociation. In conclusion, it is
sufficient energy to dissociate to GH- Cl and/or CH + HCI.5° apparent that considerable care is required in applying HF direct
However, these trajectories were only followed as they moved dynamics.
off the C barrier and they were not integrated for longer times
to study CHCI dissociation. As discussed above, HF theory is  Acknowledgment. This research was supported by the
clearly inappropriate for the €Cl bond rupture channel and @  National Science Foundation. The authors wish to thank
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