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The calculation of thermal rate constants for gas phase reactions:
A semiclassical flux—flux autocorrelation function (SCFFAF) approach
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A semiclassical approach to the calculation of thermal rate constants, based on the flux—flux
autocorrelation function method, is presented with its applications. The autocorrelation function is
generated along classical trajectories using a classical interpretation of the Boltzmannized flux
operator. The activation energies for considered reactions are calculated using the G2/MP2
procedure. The forces are generated using a new parametrization of the PM3 NDDO Hamiltonian
optimized for accurate gradients. Thermal rate constants for hydrogen abstraction from ethane and
haloethanes by hydroxyl radical serve as a first test of this approach. Calculated results are in good
agreement with cumulative rate constants for all systems considered over a range of temperature
including room temperature. The approach is able to distinguish betweeid 8 abstraction with

a result for fluoroethane at room temperature that is consistent with the available experiment and
trends that are in line with those expected. 2001 American Institute of Physics.
[DOI: 10.1063/1.1344890

I. INTRODUCTION of states at the dividing surfage This procedure finds an
upper bound to the thermal rate constant. Andetsotmo-
Rate constants are perhaps the most fundamental quaguced a multiplicative correction which was used to account
tity in chemistry and the calculation of gas-phase thermafor the effect of trajectories that recross the dividing surface
rate constants, in particular, is of interest for theoretical andind hence increased the calculated rate constants.
experimental investigations of combustion and atmospheric  Another semiclassical procedure for the calculation of
chemistry-? Of special importance is the interaction of hy- thermal rate constants is variational transition state theory
droxyl radical with airborne molecules as a primary degra{VTST). In this method, the thermal rate constant is ex-
dation mechanism for many organic pollutants. Hydrocarpressed as
bons and halogenated hydrocarbons are released into the
troposphere from combustion fuels and from other industrial ksT QC(T,s) Vuer(S)
and domestic uses. Common characteristics of the systems of K(T.8)=&(T) h  ®RT) ’{ B 7) : 2
. . . . DN(T) B
interest for atmospheric degradation and combustions are
that molecules are comprised of many atoms, between 1@here «(T) is an effective transmission coefficient encom-
and 100 or more, and that the geometry of the reaction copassing classical and quantal effedts, is the Boltzmann
ordinate may be somewhat complicated. Any theoreticatonstanth is Planck’s constantis the reaction coordinate,
method to treat such systems must be able to accommodateQ¥'(T,s) is the partition function for vibration and rotation
large number of degrees of freedom while being computaef the generalized transition stateR(T) is the reactant par-
tionally tractable. This semiclassical flux—flux autocorrela-tition function, andVygp(s) is the Born—Oppenheimer po-
tion function (SCFFAR approach attached to am initio  tential ats. The dividing surface is determined by minimiz-
parametrization of a simplified HamiltoniatNDDO) ad-  ing the thermal rate constant along the minimum energy path
dresses both of these concerns. thereby obtaining the position of the dynamical bottleneck.
Due to the computational demands of fully quantum me-This procedure is termed canonical VT3T.Computation
chanical methods for the determination of thermal rate conef the transmission coefficient is a two stage procedure, in
stants, a number of semiclassical techniques have been dehich one separates a classical reaction coordinate from
veloped. We do not intend a comprehensive survey of thigjuantized transverse mode in stage 1 and then adds in mul-
literature, however we discuss a few methods that generat&imensional quantum mechanical contributions semiclassi-
thermal rate constants from classical trajectories. Reelk  cally in stage 2. These latter contributions are sometimes
culated thermal rate constants by integrating over classicallyeferred to as tunneling corrections.
generated trajectories at a dividing surface. The thermal rate Recently, there has been a resurgence of interest in a

constant is then expressed as guantum mechanical approach called the flux—flux autocor-
relation function(FFAF) method®*! The general outline of
k(T):f ~ v-npdo, (1)  the theory is well-established, so only a summary is pre-
s,0-n>0

sented here. The details of the various quantum mechanical
a surface integral of the outgoing flux n over the density calculations differ with respect to implementation and the
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system that is being investigated. A substantial advantage fiting from points calculated using the G2 extrapolation
found in using the Boltmannized FFAF as well as using theprocedure® A set of reaction parameters was also generated
FFAF as opposed to the flux-side autocorrelation functiorusing a genetic algorithm to find a new set of PM3 NDDO

that can also be related to the thermal rate constant. parameters for the underlying semiempirical Hamiltonian.
The thermal rate constant can be calculated from th&wo types of tunneling corrections were also calculated to
time integral of the FFAF according to enable the authors to calculate the thermal rate constants
over a range of temperature near and above room tempera-
k(T)= T’lfCtdt, 3 e
(M=Q(M 0 it ® The present study, the first undertaken using the

) - ) ] SCFFAF approach, focuses on the abstraction of hydrogen
whereQ,(T) is the reactant partition function per unit vol- 1, hydroxyl radical from ethane, fluoroethane, and chloroet-
ume and the FFAF is defined by hane. The reactions for which thermal rate constants are cal-
culated are

. . CH3CH3;+OH —CH3CH," +H,0, (5)
with B=1/(kgT), H is the system Hamiltonian, arfeis the . .
flux operator. We propose a semiclassical procedure for the CHZCH,X +OH—CH;CHX +Hz0(a), (6a)
computation of the FFAF, and using E®), we arrive at the CHsCH,X +OH —"CH,CH,X +H,0(3), (6b)
SCFFAF thermal rate constants. o )

The size of the systems that we wish to consider preyvhere Xis elther.F or Cl. Hydrogen abstraction from a ha-
cludes the use adb initio electronic structure calculations at '0€thane occurs either from the carbon bonded to the halogen
each atomic configuration visited by the system dynamics. [tEd- (68, a abstractiof or from the other carbofEg. (6b),
is convenient to reparametrize a semiempirical Hamiltonian abstractiof. Our newly developed SCFFAF approach fol-
particularly the NDDO Hamiltonian, to yield an approximate [0Ws from the quantum mechanical FFAF method while us-
system Hamiltonian parametrized from thb initio results. N9 classical dynamics for the propagation of all degrees of
This approach has been used for dual level direct dynamic§eedom in the region of the transition state.
based on VTST and is referred to as the specific rea¢tion
range parametefNDDO-SRB fit to model potential energy
surfaces in chemical reactiofs*® A similar procedure has
been developed for condensed phase reactions and is termed Historically, thermal rate constants have been fitted to
AM1 system specific parameteréAM1-SSP.** In the the Arrhenius relation. Here it is clear that the accurate de-
SCFFAF procedure that we have implemented, we have adermination of the activation energy is paramount for the
justed the original PM3 NDDO parameters with the intent ofaccurate calculation of the thermal rate constants,
reproducing high level calculations of the gradients which E
drive the dynamics calculation. This procedure is distinct k(T)=Aexp< _ A ’ 7
from those cited above in which energetics or thermodynam- keT
ics properties have been included in the optimization procewhereE, is the activation energy. This is an empirical rela-
dure. We refer to the NDDO parameter, which we have sqjon and it can occur that the preexponential factors a
generated, as general reaction paramé®@RPg. We use an  function of the temperature leading to so-called non-
interpolation procedure based on a Taylor expansion of graarrhenius behavior in the thermal rate constant.
dients around a number of points calculated on the MEP for  Since the accuracy of the thermal rate constant is ex-
the system considered. A number of other interpolation protremely sensitive to the determined activation energy, we
cedures are available in the literatdPehowever the proce- have chosen to employ an extrapolation technique for its
dure used herein appears to achieve acceptable results.  determination. We have used the G2/MP2 procedure for the

The computation of accurate activation energies is esdetermination of the activation barriers by comparing calcu-
sential for the calculation of thermal rate constants. For thisations of the reactant energies with the energies of the vari-
computationally intensive task we have employed the G2bus transition states. For ethane, there exists a single transi-
MP2 proceduré® There are a number of other approaches taijon state structure, whereas for each of the haloethanes there
this sort of extrapolation for basis set limits and correlationare three transition state structures to be considered. One of
energy. A more recently available approach is the G3he haloethane transition states corresponds abstraction
proceduré’ which modifies the G2 procedure for greater ef-while there are two distinct transition states fpabstraction.
ficiency and accuracy. Other authors have proposed generaffable | summarizes the activation energies for each of the
zations of these procedures to allow for the generation o§even transition state geometries associated with the various
potential energy surfaces. In particular, a multicoefficient Ghydrogen atom abstraction reactions we have considered.
method® has been developed and applied to geometry  As described in the introduction, the FFAF method has
optimization!® gained a good deal of attention recently for a fully quantum

A sophisticated variant of VTST has been applied to themechanical calculation of thermal rate constants. It is conve-

abstraction of hydrogen by hydroxyl radical from ethane,nient to work with the Boltmannized flux operator
fluoroethane, and chloroethane. Selust al'® employed a .

number of techniques for the generation of the PES including F(B)=e FH2Fe AH2,

Cﬁ(t):tr[efBI:HZIEefﬁﬁlzeiliit/hleefil-]t/ﬁ], @

Il. METHOD

®

Downloaded 26 Sep 2005 to 128.227.192.244. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



J. Chem. Phys., Vol. 114, No. 12, 22 March 2001 Thermal rate constants 5143

TABLE I. Activation energies for the seven transition states considered. the vicinity of the transition state structure that must be com-
puted to generate the thermal rate constants. Problems re-

System Orientation Barrigkcal/mo)  Sekusk et al? . Lo
lated to the recrossing of the dividing surface are not encoun-
Ethane Al _ 2.7 2.9 tered in the FFAF method in that the crossing and recrossing
Chloroethane a abstraction 1.0 11 of the dividing surface are included in the FFAF with their
B abstraction | 3.3 3.4 . Furth f the Bolt ized fl
5 abstraction I 25 28 proper sign. Furthermore, use of the Boltzmannized flux op-
Fluoroethane « abstraction 1.6 21 erator simplifies the generation of the FFAF by providing
8 abstraction | 4.3 4.3 algorithmic advantages, particularly in the use of the Lan-
B abstraction I 3.0 3.3 zcos matrix reduction. However, because of the computa-

tional complexity of the method, it is not useful for applica-
tion to systems with more than a few atoms without
substantial simplification.

aReference 13.

PO NN A. Semiclassical implementation of FFAF
F=—-[H,0(s)]. o )

fi There are a number of possible implementations of the
The flux operator is the commutator of the system Hamil-FFAF equations in the previous section that could be consid-

tonian with the Heaviside step function along the reactiorf€d- The implementation that provides the results for this
coordinates defined as article treats all the degrees of freedom in the abstraction of

hydrogen from ethane and haloethanes by hydroxyl radical
1, s>0, explicitly through the solution of Hamilton’s equations for
0, s<0. ©) their motions. The Boltzmannized flux operator is used in the
construction of the FFAF, which is constructed along the
%I ssical trajectories calculated. In lieu of absorbing bound-
S _ary conditions, trajectories are simply terminated when they
hydrogen and the carbon from which it is abstracted. Thi ropagate sufficiently far away from the dividing surface.

choice allows for a S|m|Iar_d§scr|pt|on of all the transition The forces under which the atoms move are generated along
states considered and within the context of the FFAF

. . . o the reaction path. Here we use the minimum energy path
method, variations in the choice of dividing surface have nOt(MEP) by the use of our parametrization of the NDDO
led to changes in the calculated rate constants. '

The Hamiltoni b itten in Cartesi dinat Hamiltonian. Forces for trajectories that deviate from the
€ Hamilionian can be written In L-artesian coordinaleep 5re generated from a Taylor expansion of the potential

O(s)=

In all the cases that we consider in this study, the reactio
coordinate is defined by the distance between the abstract

as along the MEP. The PES for the reaction under consideration
" SN |2 . is never explicitly generated. The NDDO Hamiltonian is rep-
H({p.ah) =2, om TVED- (100 arametrized to reproduce gradients at the positions of the
i=12m; transition state and the reactant and product van der Waals
N is the number of atoms in the system, gnd g; , andm;, structures. The vibrational partition function of the reactants

are the momentum, coordinate, and mass associated with tiw generated from vibrational frequencies calculated using
ith degree of freedom, respectively. Interpreting the flux opthe B3LYP functional in a density functional theofFT)
erator presented in E¢8) within the usual quantum me- calculation?> Moments of inertia are determined for the re-
chanical framework and observing that the potential comactants and the transition state to incorporate the rotational
mutes with the step function, we obtain an expression for th@artition function in the thermal rate constant calculation.

flux operator, The SCFFAF procedure must provide the information
M - necessary for calculating the thermal rate constants as de-
F=_ > &,Vis 8(s)+ 5(S)Vis~& ' (12) fined in Eq.(3). The interpretation of the trace in E@}) is
23 \m i simplified in the consideration of the FFAF from each clas-

which is used for the generation of the FFAF in our semi-SicaI trajectory as it becomes the product of the flux at the
initial time with the flux at some later time The flux de-

classical method. The delta function is interpreted using thd S , ,
definition of the derivative as fined by Eq.(11) is interpreted using the momentum in each

relevant degree of freedom when the reaction coordinate is
O(s+h)—0O(s—h) defined by
(5)= 5h :

whereh is the width of the dividing surface which is defined

for the convenience of the calculation. It should be noted thatvhere H is the abstracted hydrogen and C is the carbon from

this formulation of the delta function allows freedom in the which the hydrogen is abstracted.

thickness of the dividing surface without significant change  This implementation of the SCFFAF procedure involves

in the calculated integral of the FFAF and hence the thermathe generation of a set of initial conditions in which the

rate constants. positions of the atoms are initially chosen to be at the loca-
The FFAF method can benefit from absorbing boundartion of the activated complex. Momenta are chosen,

conditions to limit the region of space in which wave packetsweighted to approximately account for vibrational zero-point

must be propagated, and to limit the amount of the PES irnergies, randomly for each of the degrees of freedom of the

(12)
s=|rc—ryl, (13
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TABLE Il. The percent difference of the varied PM3 atomic parameters. TABLE lll. The characteristic bond lengths of the transition state.

Parameter Atom PM3 PM3-GRP % difference MBPT(2) PM3
Uss H —-13.073321 —13.202997 —0.991912 A 6-31G(d,p)  6-311++G(d,p  Original  Optimized
Ges H 14.794 208 14.878 398 0.569 077
Be H ~5.626512 —5.727858 —1.801223 Fe-u 1.107 1177 1.230 1.226
Uge c —47.270320 —47.280822 —0.022217 -0 1321 1.364 1.337 1.336
Upp C —36.266918 —35.999 012 0.738 707
Ges C 11.200 708 12.484 437 11.461 138
Gqp C 10.265 027 10.262 732  —0.022 362
Gpp c 10.796 292 11.304 365 4.705 994 N _ oV PV
Gp2 c 9.042 566 8.805893 —2.617325 a—q(OI)— ol - + 7099 - - (dj—djo)- (17)
Hsp C 2.290 980 2.379499 3.863799 : Hg=d, ! HIg=qp
g: g }3_’2&2 g;g };_’?Sf 252)(2) gﬁg gig Thg gradient is calculated. by determinin_g the nearest MEP
Use o -86.993002 —95431336 —9.700012 points to the current coordinates at any time along the given
Upp o} —71.879580 —71.875280 0.005976  trajectory and using the NDDO Hamiltonian. The values are
gss 8 ﬁggi Igg gézg ézg 15;-222 ??éi linearly interpolated between the two closest configurations
s . . .
pr; o 13,654 016 13.864919 1544 624 with respect to the distance along the reaction coordinate.
Gpa o) 12.406 095 11.786 533 —4.994 007
Hsp 0 0.593 883 0.692 335 16.577682 B. NDDO potential
Bs 0 45202651 —46.160997 —2.120105 . iy ltoniZeT 24
B, o 24752515 25958174  —2.042 859 The semiempirical PM3 NDDO Hamiltoni was

reparametrized to reproduce, to the extent possible within the
chosen parameter space, MBRJ6-311++G(d,p) struc-
tures at three stationary points on the MEP described in the

atoms at the activated complex, and the total kinetic energfydrogen abstraction reaction of ethane with hydroxyl radi-
is constrained to be below some threshold that is a randomi§al. This parameter “optimization” was carried out using
chosen fraction of a kinetic energy maximum. The kineticGAFORTRAN 1.6.47° a global, genetic algorithffi (GA)-
energy maximum is chosen to maximize the calculated thefPased, optimization program. The NDDO parameters varied
mal rate constants. The time evolution of the system is theM/ere all one- and two-electron atomic integredee Table )
generated by So|ving Hamilton’s equatiahﬁ)r all degrees with the bounds of the variation set t020% of each param-

of freedom as a set of simultaneous differential equations, €ter’s initial value. The error function to be optimized by the
o 3H GA is defined as follows:

aq P ——=q. (149 () any of the individual parameter setéorming the
' “population” of the GA) for which the computed ac-
tivation barrier was less than zero or the computed

heat of reaction was greater than zero were rejected

These equations are solved in Cartesian coordinates, hence
the derivative of the Hamiltonian with respect to positions

reduces to the derivative of the potential and the derivative
of the Hamiltonian with respect to momentum reduces to thgj)
derivative of the kinetic energy,

Vv . P

T Qi—mi- (15

Pi=
The solution of these equations requires the knowledge afiii)
the positional derivative of the potential at an arbitrary con-
figuration of the atoms involved in the reaction. For this
purpose, a number of configurations, usually about 100, are
generated along the MEP for the reaction considered. At
each of these points along the MEP, gradients and Hessians
are calculated using the GRP parametrization of the NDDO
Hamiltonian so that the potential is expanded in a Taylor
series,

outright;

the parameter set would also be rejected if the atomic
parameters failed to make sensge.g., the work
needed to remove a valeneeelectron must remain
greater than that needed to remove a valence
p-electron, eto;

the error function is then defined to be the root-mean-
square of the percent differences between the com-
puted NDDO gradient and a chosen acceptable error
of 0.03 au for each of the following MBRZ) station-

ary points: the reactant-side van der Waals complex,
the product-side van der Waals complex, and the tran-
sition state structure, with the percent difference of
the transition state structure being preferentially
weighted by a factor of 3.

> - Y4
V(q)_v(qO)—i_; a_qJ . (qj_qw) TABLE IV. The gradient norms of the three MBIF2)/6-311++G(d,p)
=% structures computed using the two NDDO approaches.
1 PV — —
System Original PM3 Optimized
t5 39,90 (d;—0jo)(dk— ko),  (16) Y 9 P
Lk OHi%Hkl =g, TS 451 13.7
N . . . R-VDW 45.9 135
whereqq are coordinates along the MEP. Taking the deriva- P-VDW 491 35.8

tive with respect to positions of E@l5),
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The error function is then minimized using the GA. The lll. RESULTS
specifications used in conjunction with running the GA were
a uniformly distributed starting generation of 100 individu-  In Tables Ill and IV we present how the optimized pa-
als, 30 bits per parameter, a uniform crossover probabilityameters performed versus the original PM3 parametrization
with a crossover ratio of 0.5, and a mutation probability offor ethane. Note that while the semiempirical characteristic
0.005. The optimization was considered converged when th&S bond lengths(Table IIl) are approximately the same
returned value of the error function had stabilized and theboth Hamiltonians describe a later TS than those yielded by
individual errors were acceptably small. the second-order calculationghe forces computed for the

For this work the MEP was determined at about forty MBPT(2)/6-311+ +G(d,p) structure(Table 1V) are signifi-
equally spaced points on each side of the barrier top, yieldingantly different, with the optimized Hamiltonian yielding a
some eighty plus points in all including the barrier top. Thegradient norm for the TS less than one third that of the origi-
classical barrier top was located using the eigenvector folnal parametrization. The curvatutelessian of the second-
lowing (EF) algorithnf’~2° available inmMopPAc 5.07mn*®  order TS structure described by the original parametrization
The MEP connecting reactants to products through the firsthas three large negative eigenvalues, while that of the opti-
order saddle point, located using the EF technique, was denized Hamiltonian has only one, thus the signature of the
termined using the intrinsic reaction coordinate following al- Hessian is correct for the optimized semiempirical method;
gorithm available in the standard versionndpac®! though both NDDO methods yield repulsive modes describ-

The potential does not include dissipation and Hamil-ing the hydrogen atom transfer with too acu@pproxi-
ton’s equations are energy conserving hence the total energgately 50% a curvature.
of any given trajectory is a constant of the motion. The Bolt-  The SCFFAF procedure has been applied to hydrogen
zmann factor for the Boltzmannized flux is taken to be theabstraction from ethane, chloroethane, and fluoroethane by
initial energy of each trajectory. The FFAF is accumulatedhydroxyl radical over a range of temperatures for which ex-
along each trajectory and at equal time intervals and the totglerimental results exist. There is a wealth of experimental
FFAF is the sum of the accumulated FFAF for all the trajec-data on the ethane systéfas well as a recent application of
tories considered. For the results presented in the next semterpolated VTST with interpolated correctiod¥TST-IC)
tion we have used 1000 randomly generated trajectoriesyith various types of tunneling corrections, as well as direct
each of which originates at the position of the activated comédynamics within a dual-level dynamics framework. The ac-
plex. The semiclassically calculated FFAF is then integratedivation energy that we calculated from the G2/MP2 pre-
over the time of the propagation. The trajectories are propascription differs slightly from that calculated by Sekis
gated until they reach the boundary, in which case the traet al. with our result, 2.7 kcal molt, being 0.2 kcal mol*
jectory is terminated, or until final time is obtained. In all lower. Sekuak et al. applied three different approaches to
cases, the FFAF is seen to diminish to zero at late times sthis problem. The first calculates the PES using G2/MP2
that no contribution to the thermal rate constants is neinterpolations and employs the small curvature tunneling
glected. The rotation of the activated complex is included incorrection to IVTST-IC(SCBS ). The second is a dual-level
the calculation by the inclusion of the rotational partition direct dynamics approach in which G2/MP2 energetics and
function for the transition state, as free rotations are not inspecific reaction parametefgken from the ethane abstrac-
cluded in the dynamics modeling. The vibrations of the re-tion) in the PM3 Hamiltonian drive the calculation. Again,
actants are calculated using DFT with the B3LYP functional.small curvature tunneling corrections are ug&LCBS ).

The G2/MP2 calculations have been carried out on &inally, the specific reaction parameters are used in the direct
SGI Origin 2000 with a R12000 processor. The NDDO pa-dynamics calculation, as in SCBS I, with the microcanoni-
rametrization, the generation of the MEP, and the SCFFAFal multidimensional tunneling correcti¢g8CBS IlI). Figure
dynamics have been calculated using IBM-compatible perd presents the thermal rate constants for abstraction from

sonal computer with Pentium Il chips. ethane. Over the range of temperature that we have consid-
10"
+ C,H, Exp.
—— QCFFAF
w0t L 1l - SCBS I
‘g -——-SCBS1I
Al - -scBsin . ) .
g o Em FIG. 1. Comparison of present work with experiment
Q 1™ (Ref. 32 and other theory(Ref. 13 for abstraction
% from ethane, the thermal rate constant units are
= cn molecule *sec®. See text for definition of SCBS
[ 107 results.
o™ I \ I

200.00 300.00 400.00 500.00 600.00

Temperature (K)
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TABLE V. Percent abstraction from alpha and beta carbons in chloroethanelTABLE VI. Percent abstraction from alpha and beta carbons in
fluoroethan&(Exp) (Ref. 34 85%/15%+3% afB.

Temperature % Alpha abstraction % Beta abstraction
Temperature % Alpha abstraction % Beta abstraction

300 93.9 6.1
350 91.6 8.4 243 94.2 5.8
400 89.4 10.6 273 92.2 7.8
450 87.3 12.7 296" 90.6 9.4
500 85.4 14.6 324 88.7 11.3

373 85.4 14.6

ered, 200600 K, we find excellent agreement betweer,ghey are consistently larger than the measured rate

SCFFAF results and experiment. The SCBS | method under: - .35 Again, the SCBS | method greatly underesti-

estimates the rate constants throughout the range, Wh“r%ates the rate constants. The SCBS Il method performs bet-

SCB;: :;]:réiicgsh%i%r:g ;v:s”tr\g::tgo?\x?rirr!nmgﬁltc.)roethaneter than SCBS | yielding results that are lower than the mea-
the SCFFAF procedure is able to distinguish betwéefa- Sured rate constants by about a factor of 3. Again, the SCBS

. ) : Il method overestimates the rate constants by a similar fac-
tive rate oj « and B abstraction, and the resulting percent- y

. - tor.
ages for each type as a function of temperature is presenteg
in Table V. As would be expected from the relative activa-
tion energiesy abstraction is dominant at all the tempera-

For the three systems that we have considered, the
SCFFAF procedure consistently performed as well as, if not

tures that we have considered. With rising temperatgre better than, the IVTST-IC calculations recently reported. The
abstraction becomes a more si. nificant grtion Igf th(’aBr to’tafomparison to experimental results is quite good for thermal
rate constant and. as there aregth B drg ens and onl ate constants across a range of temperatures and for chemi-
two a hydrogens ,would be expectgad i/o bg dominant inythefa"y distinct systems. The ratio @f to 8 abstraction is able

: o . o be calculated by the SCFFAF procedure and for the single
high temperature limit§60%/40%. Figure 2 presents a com- y P g

. : . vailable experimental data point is seen to be in line with
parison of thg cumulative rate constantg. Again the S.CFFA'gxperiment, though not in complete agreement. From these
results are in excellent agreement with the experifient

. results, i rs that thi miclassical implementation of
throughout the considered temperature range, 300—500 esults, It appears that this semiclassical implementation o

As is the case for ethane, the SCBS | results are much Iowetre FFAF formalism is sufficient for the calculation of ther-

than the experimental data. SCBS Il and SCBS Il are withi mal rate constants for hydrogen abstraction from ethane and

about a factor of 3 throughout the range, while they unde:haloethanes by hydroxyl radical.

estimate and overestimate the rate constants, respective
We employ the same NDDO parametrization for the haloet—%' CONCLUSIONS
hanes as for ethane. The FFAF method for the calculation of thermal rate
Hydrogen abstraction from fluoroethane presents the opeonstants is extended through a semiclassical procedure to be
portunity to evaluate the accuracy of the SCFFAF procedurapplicable to systems comprised of many atoms. The
for the prediction ofa and 8 abstraction as an experimental SCFFAF procedure realized here relies on a multilevel de-
result is available. Singletoet al®* found an« abstraction  scription of the dynamics of chemical reactions. As is seen
percentage of 85%3% at 297 K(see Table V). Although  from the Arrhenius relation, the accurate determination of
the SCFFAF resul(90.6% is slightly outside the error bars the activation energy is extremely important for a realistic
of the experiment, it shows a dominance of thabstraction description of the thermal rate constants. In accordance with
that is close to what has been observed. Figure 3 presents tttgs principle, the activation energies of the reactions consid-
cumulative thermal rate constants for this abstraction. Thered have been determined with the G2/MP2 extrapolation
SCFFAF results are within a factor of 2 for this case, yetprocedure. This determination is done independently from

+ C,H,Cl Exp.
—— QCFFAF
ot L I SCBS 1
= —-—-SCBSTI
*g ______________ - . .SCBSII
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§ ----------------------- mental results from Ref. 33.
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- FIG. 3. Same as Fig. 1 for hydrogen
abstraction from fluoroethane, experi-
mental results from Ref. 35.
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