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CCMPLEX-VALUED ClASSICAL TRAJECTORIES 

FOR LrNEAR REACTIVE COLLISIONS OF H + H2 
. * BEWW THE ClASSICAL THRESHHOLD · 

Thomas F. George and William H. Miller* 

LBL-813 

Inorganic Materials Research Division, Lawrence Berkeley Laboratory 
and Department of Chemistry; University of California 

Berkeley, California 94720 

Within the framework of "classical S-matrix" theory it is possible to 

describe classically forbidden collision phenomena by the analytic con

tinuation of classical mechanics1' 2 • Quite recently it has been shown3 

how this analytic continuation can actually be carried out for complex 

collision systems (such as A + BG) by integrating the equations of motion 

directly through classically inaccessible regions of phase space. For 

such trajectories the coordinates and momenta, and the time also, become 

complex-:valued, but this causes no problems for this classical-limit theory. 

One situation in which classically forbidden transitions are expected 

to play an important role is that of a thermal energy chemical reaction 

for which there is an activation barrier; i.e., the "tunneling" region 

below the classical threshhold for reaction may actually dominate the 

4 thermal energy kinetics. The H + H2 reaction, expected in some sense to 

be the most quantum-like chemical reaction, is one that should thus provide 

a severe test for any classical or semiclassical description of the 

reaction dynamics. 

Here we report results of classical S-matrix theory for linear 

reactive collisions of H + H2 below the classical threshhold; i.e., 
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complex~valued classical trajectories are found which go from H + H
2 

to 

H2 +Hat collision energies for which~ ordinary (i.e., real) trajectories 

are non-reactive. The details of the theory for the linear reactive problem 

have been given previousl~, and the complex-valued ~lassical trajectories 

are integrated as in reference 3; i.e., one integrates from both the initial 

and final asymptotic regions and matches the two branches of the trajectory 

in the intermediate region. ·For these classically forbidden transitions 

there is typically just one trajectory that contributes to a particular 

classical S-matrix element (whereas two trajectories typically contribute 

to classically allowed transitions). 

Figure 1 shows our results for the ground state to ground state 

reactio~ probability {as a function of collision energy) in the energy 

region below the classical threshhold, which is somewhat above 0.21 eV 

for this Porter-Karplus6 potential surface; i.e., the purely classical 

reaction probability is identically zero for E
0 

< 0.21 eV. Shown also 

are the quantum mechanical results'of Diestler7 (i~dicated by crosses) 

and Wu and Levine
8 

(indicated by circles) for this same potential surface. 

There is almost exact agreement with Diestler's7 result far below the 

classical threshhold, and in the region just below threshhold the semi

classical values lie between Diestler's7 results and those of Wu and 

8 
Levine. Because of the discr~pancy in the quantum mechanical values it 

is not possible at this time to ascertain the precise degree of accuracy 

of the semiclassical values. Whichever of the two quantum calculations 

turns out to be the more nearly correct, however, it is clear that exact 

classical dynamics, analytically continued and used within the framework 

of classical S-matrix theory, is quite an accurate description of reactive 

tunneling9 for this system. 

~ ... ' 
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Since only one10 classical trajectory is involved in the reaction 

at each collision energy, various features of the reaction dynamics can 

be elucidated by examining this trajectory. Although this is somewhat 

ambiguous because all of the coordinates and momenta are complex-valued, 

at least one observation is clear: the tunneling trajectory does indeed 

"cut the corner" as it proceeds from one side of the barrier to the other, 

the real part of the interatomic distance at the symmetric configuration 

varying from 
0 

A at E = 0.20 eV (just below threshhold) to 1.02 
0 

0 

at E = 0.05 eV (far below threshhold), compared to the value 0.90 A for 
0 

the saddle point itself. 

Further work is in progress (i.e., transitions to and from excited 

vibrational states are being investigated) and these results, as well as 

more details of the procedure, will be published later. 
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10. A number of trajectories must actually be computed, of course, in 

order for this particular trajectory (with integral vibrational 

quantum numbers initially and finally) to be found. This trajectory, 

incidentally, .is symmetric about the symmetric configuration; 1. e., 

the initial branch of the trajectory from A + BC to the symmetric 

conf'iguration A-B-C is precisely the same as the final branch of the 

trajectory f:rom A-B-C to AB + C. 
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Fig. l The reaction probability for the ground state (i.e., 
vibrational quantum number equal zero) to grOund state H + H2 H2 + H 
transition, as a function of the relative collision energy E

0
• The 

crosses and circules indicate the quantum mechanical results of 
Diestler7 and Wu and Levine,8 respectively, for this same Porter
Karplus6 potential surface. 
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