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Cross sections are obmlned in a quasiclassical trajectory swdy of the reacrion HCI + Cl’ + HCI’+ Cl. The mam purpose is lo 
find out whether pnrlial cross seclions uhlch rekr only LO a cernln angular range of Ihe c<nLer-of-mass scdrlering angle B 
oscillale as a runclion of energy. The swdy was carried out for the energy range 0 3 Q E, 4 2.0 cV and retealed swong 
oscillahons for the angular range 160” c 0 4 z Smce the crou seaions are 1101 small. II IS likely that this heha\ior IS derectable 
in molecular beam enpcrimenw. 

1 Introduction 

In tlus communication we report results obtamed 
from a quasiclassical trajectory calculation (QCT) for 
the reaction 

HCl(ui = 0) + Cl’ + HCl’ + Cl _ (1) 

This system belongs to a family of systems character- 
ized by the heavy-light-heavy mass combination 
and exhibits characteristic features such as approximate 
conservation of translational energy [l] and orbital 
angular momentum [2] _ Other interesting features 
were found in collmear studies [3-71. One of them is 
the oscillatory behavior of the reactive transition prob- 

ability as a function of energy [3--51. Hiller et al. [S] 
speculated on whether such oscillations occur m three 
dimensions. Recently, AbuSalbi et al. [8] performed 
on this system a reactive mfmite order sudden ap- 
proximation (RIOSA) calculation and it was found 
that differential cross sections at certain angles pre- 
sented as a function of energy do indeed oscillate_ 
However, due to its complexity, this study was carried 
out for the threshold region only (all the energy 
values were in the tunneling region) and it was not 
known whether this unique behavior would occur at 
higher energies where the reactive cross sections are 
undoubtedly much Iarger. If this really is the case, 

then it 1s highly probable that these oscillations can 
be detected experimentally. 

The paper is arranged m the following way: Section 
2 describes the potential energy surface, section 3 
gives numerical details of the calculations, and in set- 
tion 4 the results arc presented and discussed. 

2. The potential energy surface 

Although the feature we are considering is mainly 
a mass effect and will depend only slightly on the po- 
tential, we think it is important to carry out this study 
using a reliable potential energy surface. Such a sur- 
face was recently devised [9] _ The potential is a 
DIM-3C type potential, with adJustable parameters that 
were determined by employing available experimental 
and ab mitio information_ The adjustment was carried 
out by considering 17 reactive systems of the type 
XHY and HXY, where X and Y are halogens. However 
the expressions that follow from the DIM3C method 
are usually complicated and therefore cause the QCT 
computer programs to be time consuming_ To over- 
come this complication the DIM-3C potential was ap- 
proximated by a simpler analytic expression which 
reduces the computer time by one and a half orders of 
magnitude. The general expression is of the form [lo] 
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v= VLEP + IV= + u, (1) 
where VL,, is the usual LEP potential [ 111, Wsc is 
the three-center term [9] and U is a potential of the 
form 

rv 

u=ccz _ 

Here the C, are coefficients to be determined by a 
least-squares fit and the Z, are functions of the inter- 

atomic distances. They are chosen to be of the form 

z = rl Y7’ Y”3F 1 - 3 ’ (3) 

where 11~ > 0, i= 1, 2, 3; the Yi are given as 

:Yi=~~+Rk-Ri, i,j,k= 1,2, 3;i#j#k, (4) 

and F IS 

I’= exp(-alR 1 - aZR2 - a3R3) _ (5) 

Here RI, RI and R3 are the three interatomic dis 
tances The coeffkients s_, i = 1, 2, 3, are determined 
by “trial and error” and once tlus IS done the Cl are 
determined, as mentioned above, by the least-squares 
fit to make V given in eq. (1) as close as possible to 
the onginal DIM-3C potential_ It is important to note 
that the DIM-3C potential becomes an LEP-3C poten- 
Gal for the collinear arrangements. As can be seen, the 
Yi and consequently also the 2, are identically zero 
for collinear arrangements More details of the method 
are given elsewhere [IO] _ 

3. Details on the calculaCons 

The aim of the calculation is to obtain only a 
partial reactive cross section for a given range of the 
center of msss scattering angle 8. The range is ~9~ d 
B d n with 80 = 160”. The angle 0 = m is usually ob- 
tamed for b = 0 and q= 0, where b is the impact 
parameter and s) is the angle between the molecular 
axis and the asymptotic direction of motion (for 

more details see ref [ 123 and fii_ 1) Since we were 
interested only in those trajectories where 0 is close 
to YT, It sufficed to apply the Monte Carlo method 
for a relatively small range of b, i.e. 0 d b f be,. It 
was found that for the whole energy range studled 
b,, was never larger than 1 au and for most of the 
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Fe. L The reactive CI HCI’ (kitiS) wordinate system The 
initial direction of motion is along the z-axir Note the d&m& 
tions of ~7. b and r_ 

energy range it was less than 0.8 au. The calculations 
wert carried out as a function of ‘I); thus, instead of 
selecting q randomly by the Monte Carlo method it 
was gradually increased from zero to some value qOg 
which sometimes becomes aslarge as 120” The q inter- 
vals, AR, were either 5O or IO0 and so the computa- 
tlons were carried out for 10 to 20 grid points_ For 
each T grid point at least 100 trajectones were cal- 
culated, but for those cases where the statistics was 
not good enough and the results important, 200 and 
sometimes even 300 trajectories were calculated. The 
cross section for our purpose is 

where 

P(v, Et; 00) = n(~, Et; @,)/N1;1, Et) . (7) 

Here N(q; Et) is the total number of trajectories cal- 
culated for given values of r) and the translational 
energy Et and ~(77, Et; B,,) is the number of reactive 
trajectories for which the center of mass scattering 
angle is in the range (0, < B < -rr). 

4. Results and dirussion 

The partial total cross section ~(1 60°, EJ as de 
fined in eq. (6) is presented as a function of the trans 
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Fg 2 Three-dimensional reactive cross section and collinear 
reactive probability as a function of translational energy; -. 

three-dmensional results; ---, collinear results 

lational energy in fig. 2 In order to see how these 
results compare with the collinear probabihtres we 
also derived those and they are presented in the same 
figure *_ Two main features are noticed_ 

(a) An unusual, well-defined minimum in the energy- 
dependent cross section is encountered at Et = 1.0 eV_ 

(b) The three-dimensional partial cross section 
seems to folIow rather well the collinear probabihty 
function_ 

To get some insight the reactrve probability func- 
tion P(q, Et; do) for a grven value of Et IS presented 
as a function of p in fig. 3. Two curves are shown, 
one for Et = 1.0 eV for which a(Et; 160°) has its 
rnirtimum and the other for Et = 1.8 eV where the sys- 
tem is assumed to behave “normal”. As is noticed 
both curves are oscillating but the Et = 1.0 eV curve 
behaves differently; there is a relatively large 77 inter- 
val on either side of which reactions with trajectories 
scattered into the range 160” < f3 < x take place, but 

* The possibility that the two are closely related came up in 
a discusion between one of the authors (MB) and Professor 
D.J. Kouri 

Fig 3. The reactive probability functionP(s, Et; 0,) (s&c tact) presented as a function of q for 00 = 160”; -, Et = 1.0 cV; 

---, Et = 18 cV_ 
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none occur when q is inside the intervaL We shall not 
enlarge on this phenomenon but just make two 

remarks: 
(a) The angle 7 defmed as r= cos-l(R*r) (see fig. 

1) is very close to -q for all rencttie trajectories (they 
become closer as the initial distance R is taken larger) 

(b) In a previous publication [ 133 we discussed in 
detail how collinear reactive pr~bab~ty functions are 
related to y-dependent probability functions for a 

given energy. Thus was done within the RIOSA but 
seems to be relevant also for an “exact” treatment 
like QCT_ 

More results, and m particular a more detailed dis 
cussion, will be given elsewhere. 
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