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Exact quantum mechanical results for callincar Hr + Hi - 21 + HeH+reac:ive collisions arc prescnled Ior rhe 
(total) energy range of 0.93 CV to I .4 eV. The Hz initial vibrational states include u = 0 through u = 5. The diaromics- 
in-molecules semi-empirical surface of Kuntz is used in the compurntions. Excep\Tor a short range orcncrgics, [he 
calculated reaction probabilities for Hi (u = 0) are laker than those of excited Hz. 

1. Introduction 

A major objective of chemical dynamics studies 
is the understanding of how potential energy surface 
details affect the course of chemical reactions [I-3]. 
In particular, because of the potential importance of 
reactions involving population inversions, considerable 
effort is being expended in dynamical studies focusing 
on the roIe of vibrational energy in chemical reactions 
[4-g]. The present study is focused on the reaction 

He+H;+H+HeH*, (1) 

an example of a proton transfer reaction. Experimen- 
tal studies of this system have been reported by Chup- 
ka and Russell [IO] and by Chupka et al. [I l] in 
which enhancement of the reaction cross section was 
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found for vibrationally hot Ht molecules. In addition 
to these studies, Brown and Hayes [ 121 have reported 
ab-initio potential surface calculations. Their results 
suggest this system to be especially promising because 
the correlation energy appears to vary relatively little 
with nuclear configuration [12] _ Thus, a reasonably 
accurate ab-initio surface has been obtained for this 
system. Furthermore, Kuntz [13] has recently re- 
ported a diatomics-in-molecules procedure which 
yields an empirical surface in semiquantitative agree- 
ment with the ab-initio surface of Brown and Hayes. 
This surface is in a form convenient for applications 
to collisional dynamics studies (fig. 1). We have per- 
formed fully quantum mechanical calculations, in 
the collinear approximation, for this reaction. Re- 
sults for various initial .tibrational states are given 
and a preliminary comparison against the experimen- 
tal results of Chupka et, al. is made. The method em- 
ployed is that due to Kuppermann [14], &modified 
by Baer and Kuppermann [15], and is described 
elsewhere [S; 151. 
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2. Results and discussion 

In fig. 2 are represented the various transition prob- 
abilities, i.e., 

He+HS(u)+H+HeH+(u=O,l), u=O,l,2,3. 

(13) 

Ca!culations have been made for total energies ranging 
iiom 0.93 eV up to 1.40 eV. At the low energies (less 
than 1 .O ev) one has u = 0 through u = 3 as open chan- 
nels in the Ht + He arrangement and only u =O in the 
HeH+ arrangement whereas at the high energies (larger 
than ! .3 eV) one has u = 0 through u = 5 as open 
states for the Hi molecule and u =O, 1 for the HeH+ 
(table I). As many as 17 basis functions were em- 
ployed in most of the calculations. Flux conserva- 
tion was satisfied in general within 2 percent. 

The predominant feature of the results as shown 
in fig. 2 is the fact that q (u = 0) + He reaction 
probabilities are in general larger than those for 
$ (u = 2) + He and Hz (u = 3) + He (an exception 

38 

to this is the range of energies around E = 1 .O eV). 

This seems to be in striking contrast with experiment 
[IO, 1 l] , and with ideas regarding the effect of late 
barriers on the influence of vibrational energy in a 
reaction. Thus, one might expect vibrational excita- 
tion to be particularly effective in promoting reac- 
tion for such a surface as the present one (fig. 1) since 
the system must overcome the large barrier (endo- 
ergicity) in the exit channel (fig. 1). Although the 
present calculations seem to violate this picture 
(which was used in discussing the experimental cross 
section [ 10,111) that still does not necessarily mean 
that the present resuIts contradict the experimental 
fmdings. First, the collinear calculations yield transi- 
tion probabilities only and not cross sections so that 
even relative magnitudes cannot be directly compared 
without additional assumptions. The second reason 
has to do with the high endoergicity of the system 
(0.8 eV). Consequently a relatively large quantity 
of kinetic energy is concentrated in the (Hz, He) 
channel, before passing the reaction zone, which dis- 
torts the “collinear picture”. 
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Fig. 2. The transition probnbilily as a function of total cner- 

.ey. Lower part: - H;(O) + He- HHe+(O.l)+ II;---H:(2) 
+He- HHe+(O,l)+ Ft. Upperpmt: - H;(l)+ He-+ 
HHe’(0. I)+ H; - - - H;(3) + He - HHe+(O,l) + H. Arrows A 
nnd B show the opcninp of the ground state and the fust ex- 

cited state of HHe+. 

Some support to the present results can be found 
from recent experiments done by Maylotte et al. [14] _ 
They studied the exothermic reactions: 

Cl + HI+ HCl + I, -AJ$= 31.7 kcal mole-‘; (2) 

Br+HI+HBr+I, -MO = 162 kcal mole-’ ; (3) 
0 

Cl + HBr + HCI + Br,-N!i = 15.5 kcal mole-l (4) 

and noticed a large difference between reaction (2) and 
reactions (3) and (4) with regard to the final vibra- 
tional distribution. They found that the most popu- 
lated vibration due to reaction (2) was u = 3 whereas 
the most populated level in reaction (3) is v = 2 and 
in reaction (4) u = 1 (they cannot measure the rela- 
tive population of u = 0). Considering now the back- 
ward (exothermic) reaction 

HHe+ + H --f I~; + He,-mi = 18 kcal mole-‘, (5) 

we notice that it is similar to reactions (3) and (4) in 

Table 1 
Eigenslates of tls and Hell’ 

HUH+ b) 

ground s~atc 0.135 0.929 
lsr cscired slate 0.396 I .287 
2nd excited state 0.642 1.605 
3rd esciwd srntc 0.816 1.882 
4111 cscitcd state 1.095 2.121 
5th cscitcd rtntc 1.301 2.352 

a) In units of cV. 
b) hleasurcd from rhc bottom of 11; hlorsc potential well. 

the scnsc that all three of them, namely, reactions 
(3), (4) and (5) have the same exoergicity. Now as- 
suming that the experimental results of Mnylotte et 

al. would approximately apply to reaction (5) as well, 
we realize that in this respect the collinear picture 
hns much more relevance, i.e., 3 relatively small popu- 
lation inversion [which is equivalent to a weak vibra- 
tional enhancement of the transition probability of 

reaction (l)] , and consequently the calculations 
seem to be at least qualitatively, in reasonable agree- 

ment with the experimental ones. 
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