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:In a companion paper;l a comparison is made of the energy dependent
reaction probabilityz calculated for a variety of‘collinear'systems from
elassical trajectories and froﬁ transition—-state theory. Although there
is excellent agreement for a system such asAH532‘+ Bzfﬁ, in which both
the potential and the particle masses ere,symmetric, Significant devia-
ttions occur ferhmore asymmetric reactions (e.g., Bf+H 2 HBr+H). A
detailed analysis shows that the calculated dlfferences arise from the
violation of two assumptions of transition—state theory; that is, the
transition-state distribution does not have the equilibrmum form and/or
the transmiss1en coefficient iS'not equal to unity. Since there are
significant constralnts on the dynamics of a reactlng system . that is

;restrlcted to collinear colllSlons (lD), it is essentlal to perform cor-
responding comparisons for the three—dimensiona1 problem (3D). For the -
ww;s:ymmetric,,H3Hsystem,~excellent,agreement—withﬁtransition—state theory
jmxz;»e&:st:atlned for both 3B and 1D trajectorles.B‘ This mote reports the
results obtalned on an extended LEPS surface for a thermo—

neutral reaction w1th a well—deflned asymmetric barrler.l’A The surface
parameters, which correspond to an artifically'modified Hg system,4 are
chosen so that the barrier is in the entrance valley for the forward
reaction (A+BC > AB+C)’and, thetefore, in the exit wvalley for the baek—
ward reaction (C+BA = CB+A); the reactions A+BC T ACHB are excluded by.'
the choice of parameters. As masses for the atoms, theé values mA*mC~1
mB=2,were chosen because this combination ieadsvto a simply defined
transition state. |

To cempare the trajeetor§_and transition-state theory results, the

~ average reactiqn e:ossfseetionﬁ§(ﬁ)' 1“‘”54““35,19,: was used. For the_;r

case of an atom and a diatomic molecule with a linear transition state,



~backward reactions do have very similar rates; the reason for their some-

vhat greater divergence at E = 1,0eV is not clear.
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the functional form obtained from classical transition-state theory isz
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where E is to thé total system energy (relative to fhe separated atom
and diatomic molecule), Ec is the barrier height (relative to the same
eﬁergy zero); I* and I are the momenFs of inertia of the transition
state and the reactant molecule, res?ectively; vv; vs, and vb are the

molecular stretching frequencyband the transition-state symmetric

stretching and bending frequencies, respectively; is the reduced

¥4, BC

- mass of A and BC, and K is the transmission coefficient. The calculated

values of §Art(E) for a series of total energies E are listed in the

iast column of Table I. They are of course identical for the forward

and reverse reactions since the reactant and saddle point properties of
* the surface are the same. In column & of Table I are listed the average

_cross sections §r(E) determined by using the usual Monte Carlo vafiaj ’

bles5 to specify the initial translational, rbtational, and vibrational
energy of the collision trajectories subject to the restriction that
they sum to the total energy E.

It is clear from the table that the cross sections for the forward

and reverse reactions disagree with those from transition-state theory

and that the deviations for both are of corresponding magnitudes, the

ratio of §Art to §r being a factor of 2 to 3 for the energies studied.

However, in agreement with transition-state theory, the forward and



&s & first step in datérmining the source of the transition-state
theory error for these reactions, we list in column 3 as §tr(E) the
values of the eross section that would be obtained if all trajectories
reaching the transition state went on to give products. As in the 1D
results, the ratio of gtl§tr is a measure of the transmission coeffi-
clent, while the difference between §=£ and §Art 1s a consequence of
‘nonequilibrium distributiens in tﬁe tfﬁﬁsition state, From the results
in Table 1 at the lewer energies (E{l.5eV), the value of ¥ is in the
range 0.83 <k < 1,05 at B=2 for the backward reaction K‘is significantly

' gmaller for a somewhat artifieisl réasen‘a

0f particular interest is
the fact that the values of K for the two reactions are not gfeatiy dif-
ferent even though the barrier is in the entrance valley for the forward
reaction éﬁd4iﬁ the @éit vélley for the backward reaction. Thus,
the 3b ealeulatiéﬁsh@ié contrast sﬁarély with the 1D treatment, in which
' deviations in the forward dirécti@n‘arasé primarily from k¥ < 1 and inv
the f@%@f@@ reaetion from a nonequilibrium transitiansstate.&istribution.
Clearly in the 3D trajectories, thé additional degrees of freedom of
system make veflection a less likely @éeurrenée.- i |

"It is now well known that a sufficient condition for-the validity of
transition-state théary. modified to take account of inaccessible regions of
pﬁagé %?éééé;l’? is that the motion alpng the reaetion coordinate can be sepa-
rated ir@m the ether degrees of frééaom, whichrbéhave adiabatically.s On éﬁis

bagis, Polanyi and angs’g

suggestéd that the forward reaction should obey
transition-state theory while the backward reaction should not, since

in the f@rﬁét the barrier is encountered before the system




rounds the 'bend"” in the ehergy surface (i.e., before vibrational and
translational energy are transposed)‘while in the latter, the bar-
rier is encountered after rounding the bend. The trajectory analysis
of the transition-state distribution does show that, asvfar as the
symmetric stretching mode is concerned, the Backward reaction deviates
- more from adiabaticity than the forward reaction which is nearly
adiabatic. However, it is clear from Table I that the S(E) values do
not Qeflect this difference;i.e., the two reactions show corresponding
deviétions from the transition-state theory. Further analysis is in
progr;ss, particularly of the impoftance of the trénéiézg;;state
bendiﬁg modes, to complete our understanding of the origins of devia-

tions from transition-state theory in three-dimensional collisions.
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Table I. Average Reaction Cross Sections

Forward Reaction (A+BC -+ AB+C)

E(ev) E-E_(eV) §tr(E)a’b .§;(E)a’b §Art(E)'
0.5 194 0.041 0.38 £ 0.008 0.122
0.75 | hbd 0.605 0.594 + 0.063 0.992
1.0 .694 1.56 1.44 + 0,12 2.50
1.5 1;194 3.70' 3.39 + 0,22 6.49
2.0 1.604 6.45 5.82 + 0.35 11.10
Reverse Reaction (AB;C > A+BC);

0.5 194 0.046 0.046 *+ 0.013 0.122
0.75 NAYA 0.515 0.509 * 0.083 0.992
1.0 694 2.26 2,22 9.26  2.50
1.5 1.194 4.42 3.87 + 0.44 6.49
2.0 1.694 9.71 5.91 % 0.64 11.10

Values in a.u.; the error limits correspond to the standard

deviation of the mean.

Average collisional cross section weighted by the’relative transla-

tional energy (J. Chem. Phys. 51, 5193 (1970), Eq. 21).



