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Some features of a diatomic molecule interacting with a solid surface were studied employing the classical trajectory method. 
The focus was @rdy on the light-heavy (LH) mass-combination type molecule with emphasis on reactive (exchange) and 
dissociative processes. Two typical _LH molecule features were considered in detail; the large entrance channel angle yB 
( = 170°) and the non-existence of the dissociative charmeL It was found that the reason for both is the same, but the existence 
of one is not a necessary condition for the appearan ce of the other_ A simple model was suggested to explain the inability of 
LH to dissociate. 

1. Introduction 

Recently, we performed a quasiclassical trajectory 
study of a diatomic molecule colliding with a solid 
(non-corrugated) surface [ 11. Although all four pos- 
sible collisions, ie. adsorption, exchange, dissociation 
and inelastic, were considered, the emphasis was on 
the exchange collision of the type 

AB+S+AS+B. (0 

Here AI3 is the diatomic and S stands for “surface”. 
The main purpose of this work was to study mass ef- 
fects for process (l)_ 

-In order to carry out the study [r]. three kinds of 
diatomic molecules were considered, i.e. the light-light 
(LL) molecules for wl@h H, was taken, the light- 
heavy (LH) niolecules which were represented by HCl 
and HI, and the heavy:heavy (HH) type for which 
we chose Cl, and 12’_ Among the variables that-were 
followed as a function oftime was the angle 7, defmed 
as 

.7=cos __) -l&q>- (1) 

where R yd r are the reagents translational and vibra- 

tional coordinates, respectively. From +tis Parr of that 
study, carried out for the LH system, it was found 
that the behavior of 7(t), for all cases investigated was 
similar, namely, it changes monotonically from its in- 
itial value r. to a maximal value 7B, wherefrom it de- 
creases towards its final value around n,‘2_ The maxi- 
mum is reached just before the exchange takes place 
(only reactive (exchange) trajectories were followed> 
It was found that 7B is in the vic5nity of 77 (it is closer 
to a for HI and somewhat further for HCl) and usually 
weakly dependent on r. and the translational energy 

Et, VI- 
In_this communication the study of this feature is 

extended to-the three kinds of systems to see if the 
LH system behaves significantly differently from the 
other two. We already knpw that the LH system dif- 
fers in that the dissociation charme1,‘i.e. 

AB-i-S+A*B+S (ID 

is closed for a relatively large energy range where it is 
open for the LL &d HH systems [l] _ If the LH sys- 
tem also differs ~$th respect to the functional form 
of 7ft) (for instance, different rB values or stronger 
dependence of 7B on r. aud E,r) then +e quesiion 
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arises as to whether the two features are connected. 
We address this question here by considering three 
kinds of molecues, namely I+, HI and i, and concen- 
trating mainly on the reactive (exchange) process (I) 
and dissociation (Ii). 

It should be noted that Elber and Gerber [Z] re- 
cently studied the dissociation process of I, and 
described a dissociative mechanism. 

The results reported here are carried out for a rigid 
surface where no dissipation of energy into the solid 
is allowed. In this sense the results could be somewhat 
remote from reality. Nevertheless, we think that the 
LH mass effects are too large to disappear in a more 
realistic case- 

2. The potential energy surface 

The potential energy surface employed is a modi- 
fied LEPS surface as introduced by McGreery and 
Wolken 133: 

v=u, +u,+u, 

- re: + a22 + 423Y - e,<e2 + Q3)1 1’2 3 (21 

where 

vi = Di/4(I + +)I {(3 + 4-> exp [--2oLz(Ti- r&l 

- (2 + 6&) exp [-a;-(r - riu)I 1 (3) 

and 

Qi = CDilql + 411 I(1 + 34) expl-2o.& - rio>I 

- (6 + 24) exp [-a;(r - r&l 3 1 (4) 

Table 1 
Morse and Sat0 Parameters for the various systems studied in 
this work 

Molecule a) D (eW ro CA) a(A-l) A 

HZ 4.746 0.7410 1.893 0.03 
SH 2.47 l-65 1.025 0.03 
III 3.193 1.607 1.786 0.147 
SI 1.00 2.20 1.887 0.03 
I2 1.550 2.666 1.866 0.147. 

'hindicatessurface. 

where Di, Tie, q and A, are the dissociation energy, 
the internuclear equilibrium distance, the characteristic 
Morse parameter and the Sato parameter, respectively. 

The various parameters are listed in table 1. 
All the results were derived from perpendicular 

trajectories with the molecules in their ground state, 
ie_ uj =ji = 0. The Monte Carlo procedure is always 
employed with respect to the initial internuclear dis- 
tance and, when required, with respect to the angle ‘y. 

3. Description of the results 

Various transition probabilities for the three mol- 
ecules HI, Ha and I2 as a function of the translational 
energy are shown in fig. 1. It is seen that whereas for 
H2 and 12 the threshold for dissociation is about 1-2 
eV higher than the threshold for reaction, the threshold 
for HI is at a much higher energy beyond the range of 
our interest PlOO ev). The theoretical values for the 
threshold-for dissociation are 4.774,3_193 and 1.550 
eV for H2, HI and I,, respectively, and the theoretical 
values for the thresholds for exchange reactions are 
2.034,0.453 and 0.550 eV, respectively. 

The interatomic distances rHI(r), r&r), r&); as 
well as r(t) for the HI molecule, are presented in fig. 

2 for Et, = 4.0 eV and for two initial values of ro, 
ie. r. = 90” and 40”. Whereas the curves of the inter- 
atomic distances look quite similar in figs. 2a and 2c; 
significant differences are noticed with respect to r(t). 
In fig_ 2b, 7(t) increases from 90” to 158O, and then 
decreases back to -0”. In fig. 2d, r(t) increases 
monotonically from 40° to 270°. In both cases the 
final products are the same, namely a free iodine and 
an adsorbed hydrogen but the reaction coordbate is 
different. The mechanism for the two processes is 
described in fig. 3. In fig. 3a the fust case is shown 
where the hydrogen atom rotates until 7= 7~ (= 158O) 
and then rotates back towards 7 = ?r/Z. In fig. 3b a 
case is shown where the hydrogen hits the surface 
hard and therefore undergoes a fast rotation-which 

causes it to swing around atid above the iodine atom 
(i.e. 7 = T) to tlie other side, to where 7 = 3~/2. This 
situation is only typical of the LH system. In the - 
other cases that we studied, the rB values were always 
(for reactive exchange cohisions) in the range of 
100-120°. This we checked for both H2 and 12_ 

We would like to draw attention to one particular 
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Fig 1. Transition probabilities as a function of total ene%y for the following systems: (a) HL + S; (b) Hz + S; (c) 12 + S. l Ab 

sorption probability: o reaction probability: X dissociation probability: + inelastic transition probability. 
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Fig. 2. Reactive trajectoxies for the HI_+ S system & calculated for Ek = 4.0 eV_ (a) and (c) show the interatomic d&axes and (b) 
and (d) the angle yr (a) and (b) are for 70 = 40” and (c) and (d) for 70 = 90°. Note the definition of 7~ in (b). The notation is as 
follows: - HI distance; ----- SI distance; ---- SH distance. . 
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Fig. 3. The two possible reaction (exchange) meehardsms for 
the HI molecule: (a) The ease where 7 = x is not reached dur- 
ing the interaction_ (b) The case where 7 = R is reached and 
the hydrogen swings to the other side of the iodine. 

case for the LH system where the rotation of H brings 
the y angle very close to R. We found that the reaction 
exchange process was inhibited and the interaction 
ended up being non-reactive. The reason for this is as 
follows. When y approaches yB, which is =?r, the 
slowly rotating H atom actually “rides” on the iodine. 
The iodine, while moving away from the surface pushes 
out the H atom and in this way inhibits the hydrogen 
from being adsorbed on the surface. 

The angle rB is presented as a function of the 
translation energy for two different yo values in fig. 
4. It can be seen that +yu decreases slowly towards 

loo”, although no dissociation is encountered. The 

I I I I I I I I 
4 5 6 7 8 9 lo 

Etr iev ) 

Fig. 4. The angle ?g as a function of translational energy for 
HI as calculated for different initial 7,-, values 

rate of the decrease is slower for yu = 90”, because 
here the arc to be covered by the hydrogen is shorter 
than in the case where rQ = 400.-It should be-noted 
that for r. = 40”, Et, < S-5 eV, and for r. = 90°, Eti 
< 3-5 eV, the final value of 7 is always in the vicinity 
of 3rr/2 and therefore yB is not well defined (see fig. 
2d). 

4. Discussion 

In this communication we concentrated mainly on 
the unique behavior of the LH system. We showed 
that the LH system differs in two main features from 
the other molecular type systems, i.e. 

(a) the dissociation channel is a closed channel 
even for energies as high as tens of eVs; 

(b) the maximal VdUe of y, i.e. yB, for intermediate 
energies is much huger than the corresponding yB 
value of the other systems. 

Although we thought that the two features are 
closely related, in the sense that the existence of one is a 
necessary condition for the appearance of the other, 
we are now in the position to suggest that this is not 
the case. The reason for both is the same, namely be- 
cause the hydrogen is much lighter than the iodine, 
but we also found that for higher energies (i.e. Etr a 
10 ev) yB becomes close to 100° and the dissociative 
channel is stiIl closed. 

In order to explain why the dissociative channel 
cannot be reached, even for energies as high as 100 eV, 

we suggest the use of a free spectator model. The ad- 
sorbed hydrogen atom has two components of 
motion, a horizontal one which is mainly due to the 
original vibrational motion of the hydrogen atom 
with respect to the iodine, and a perpendicular one 
which is mainly due to the origInaI translational mo- 
tion of the HI molecule. If we assume that the trans- 
lational energy of the center of mass of the molecule 
is not changed, the fraction of translational energy 
carried away by the hydrogen atom is mH/(m~ + mi) 
= l/129. In order for the hydrogen atom to be de- 
sorbed from the surface (fol.lowing the rulkure of its 
bond with the iodine) the translational energy Etd of 
the HI molecule has to be at least as high as 

Eti= 
MH +mI 

GtH =129X2_74*35OeV_ 
mH 

(5) 
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If the same model is applied to H, and I,, then Eta The main finding of this work is that for all practi- 
for Hz is cal purposes the dissociative channel for a LH mole- 

Etd=2EsH = 5.5 eV 
cule interacting with a surface can be ignored. This 
fact reduces the complexity of the system and should 

and for 1, is permit easier analysis of future experimental results. 

Etd = 2Esl ~2.0 eV. 

From the trajectory calculation we find that the References 
threshold energy for dissociating an H, molecule is 
5.3 eV and dissociating an 1, molecule is 1.8 eV. The 
reason that the actual values are somewhat lower than 
the ones predicted by the model is because in both 
cases the adsorption is exothermic and thus part of 
the energy required for the desorption comes from 
the free energy. 
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