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Abstract 

In order to gain a better insight into the effects of gas surface potential functions and on observable quantities related to adsorption, 
xenon trapping on cold P t ( l l l )  was simulated using classical three-dimensional stochastic trajectory calculations with a pairwise 
additive Morse potential and a potential developed by Barker and Rettner [J. Chem. Phys. 97 (1992) 5844]. Both potentials predict 
the same dependence of the initial trapping probability on the translational energy and angle of incidence of the colliding xenon atoms, 
but only the Barker-Rettner potential gives agreement with the observed in-plane scattered distributions, thus providing a basis for 
distinguishing the potentials. The features of the potentials that determine the differences in collisional dynamics are the potential 
corrugation and the steepness of the repulsive wall. Corrugation causes substantial scrambling between the components of incident 
gas-atom parallel and normal momentum, whereas the impulsiveness of the collisions determines the efficiency of energy transfer 
between the gas and surface. Long collision times computed for the softer Morse potential result in secondary surface recoil effects 
which cause scattering xenon atoms to gain normal momentum from the vibrationally excited surface; these effects are absent in the 
impulsive Barker Rettner potential. These differences in the microscopic dynamics predicted by the potentials strongly effect the 
computed scattering distributions, but are compensatory in predicting the initial trapping probabilities. The Barker Rettner potential 
behaves much like traditional hard cube models, whereas the Morse potential predicts that the efficacious dissipation of incident 
parallel momentum to the surface facilitates trapping at glancing incidence. © 1997 Elsevier Science B.V. 
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1. Introduction 

Recently, Barker and Rettner (BR) [1] devel- 
oped an empirical potential for the xenon Pt( 111 ) 
interaction which accurately reproduces a wide 
variety of experimental observations, including the 
commensurate-to-incommensurate phase trans- 
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ition at high Xe coverages, Xe desorption rates, 
the energy and angular dependencies of the initial 
trapping probability, and the angular distributions 
of scattered species over a wide range of incident 
kinetic energies. The truly remarkable aspect of 
this potential is its ability to reproduce such a wide 
variety of behavior. 

Other potentials have appeared in the literature 
which also accurately reproduce subsets of the 
behavior exhibited by xenon on P t ( l l l )  [2 10]. 
There is, in general, a need for reliable potentials 
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in order to predict the details of molecular adsorp- 
tion and scattering. In this paper we have examined 
the collisional dynamics predicted by both the BR 
potential and a Morse potential [10] in order to 
determine ( 1 ) the dynamical features of the scatter- 
ing predicted by the BR potential, and (2) the 
differences in the scattering dynamics that arise 
from different potential functions, which can serve 
as a guide to distinguishing correct and incorrect 
potential functions. In this case, these potentials 
lead to nearly the same prediction of the initial 
trapping probabilities, but predict vastly different 
angular and final energy distributions of the scat- 
tered atoms. It is thus the latter observables that 
lead to a distinction between the validity of the 
two potentials. It may therefore be concluded that, 
in general, agreement between theory and experi- 
ment on the energy scaling is an insufficient test 
of the accuracy of the potential. 

2. Simulation methods 

The stochastic, three-dimensional classical 
mechanical trajectory technique has been described 
in detail previously [11,12]. Periodic boundary 
conditions were imposed in the x and y directions 
parallel to the surface plane to create an infinite 
surface. A Pt(l  11 ) slab consisting of three layers 
each with 36 atoms was coupled to the bulk by 
friction, random and constraint forces applied to 
the bottom layer of the slab. In fact, for the 
collisional energies studied here, the presence of 
the heat bath was relatively unimportant, as its 
elimination produced no changes in the calculated 
initial trapping probabilities to within the statisti- 
cal uncertainty of _+ 0.02. 

2.1. P t - P t  potential 

The platinum atoms were chosen to vibrate 
about their bulk-terminated equilibrium positions 
(Pt Pt bond length 2.769 A). Following the simple 
prescription by Adelman and Doll [13], the Pt-Pt 
interactions were represented by nearest neighbor 
(NN) and next nearest neighbor (NNN) harmonic 
force constants taken from previous work 
(kNN = 43.6 kg S -2 ,  kNNN = 10.2 kg s -2) [10, 14] and 
the friction constant applied to the third layer 

atoms in the z direction was 1.86 x 1013 S -1. These 
slab parameters accurately reproduce the bulk Pt 
Debye temperature of 234K [15]. The resulting 
surface Debye temperature of 124 K, however, is 
slightly higher than the experimental value of 
110 K [161. 

2.2. Xe Pt  interaction potentials 

The potential developed by BR consists of both 
additive and non-additive terms. In order to fit the 
wide variety of observations for the X e / P t ( l l l )  
system the BR potential contains nine adjustable 
parameters, the values of which are given elsewhere 
[1]. The BR potential takes the following form: 

u =  ~ [u(R,) + v(R;)] + V(=~ v) 

where 

u(Ri )=A1 exp(-~aR/)  

and 

v(R;) = - c6 G(RI)/RI 6 

with Ri defined as in the Morse potential and RI 
is centered a distance h above the Pt atom at 
position (xi,Yi,Zi) and is defined as 

R I  2 = ( X g  - -  x i )  2 At- ( y g  - -  y i )  2 q'- (2g - -  Z i - - t l )  2 

where the gas atom position is specified by the 
coordinates (Xg, yg, Zg) and is referenced to the 
same fixed coordinate system as the Pt atoms. 

The damping function G(R) is defined by 

G ( R ) = I ,  R > R 1 ,  

and 

G ( R ) = e x p [ - ( R 1 / R -  1)2], R<_R 1, 

where R1 is an adjustable parameter. 
The non-additive term V(zg v) is defined by 

V(Zg v ) = A W exp ( -  C~Zg v)/[W + A exp ( -  ~Zg v)] 

where Zg v is defined as the height relative to the 
"local-average" surface 

_ a v  _ . . a v  
• ~g  - - ~ ' g  - - ' ~ g s  • 

The position of the local surface .av is a weighted "~ gs 
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average over surface atoms 

.~av = 2,[Z i¢ (R i ) ] /2  [~)(Ri )1 ~gs 

where the primed summation indicates that the 
sum is to be performed only for surface atoms. 
The weighting function is given by 

¢(R)=exp(-6R 2) 

where 6 is another adjustable parameter. 
As described by BR [1] the use of a non- 

additive, z-dependent term in the X e / P t ( l l l )  
potential is intended to account for the repulsive 
interactions between the xenon atom and the delo- 
calized conduction electrons of the metal. A local- 
average surface is defined in order that the repul- 
sive force resulting from the non-additive term is 
predominantly transmitted to the Pt atoms closest 
to the incident xenon atom, thereby allowing for 
realistic energy dissipation through vibrational 
excitation of the immediate surface atoms. In the 
low energy repulsive portion of the potential the 
non-additive term dominates over the central force 
repulsive interaction, especially above threefold 
hollow sites, resulting in a relatively smooth poten- 
tial energy surface topography. This smoothed 
interaction was necessary to reproduce the narrow 
angular distributions observed in low energy scat- 
tering. A similar smoothed potential was used by 
Tully [2] in calculating angular and velocity distri- 
butions from low energy scattering for the 
Xe/Pt( 111 ) system. 

For the pairwise additive Morse potential a cut- 
offdistance rc of 9.0 A was applied for convenience 
and a background term fit to a Gaussian was 
incorporated to account for the long-range attrac- 
tive interactions between the xenon atom and the 
bulk solid atoms not explicitly included in the sum 
of pairwise potentials. For this case, the total 
potential energy function takes the form 

U= ~ e{exp[-- 2~(Ri--ro)]-- 2 exp[--c~(Ri- ro)]} 

--Ne{exp[--2o-(r c - r o ) ] - 2  exp[--o-(r~ r0)]} 

--c~ exp(-- flz 2) (1) 

where Ri is taken to be the distance between the 
Xe atom and the ith Pt atom, or re, whichever is 
smaller. The second term in Eq. (1) ensures that 
the potential is continuous at Ri=r~. The back- 

ground term was obtained by determining the 
contribution to the total binding energy of a large 
number of Pt atoms not included in the sum over 
the atoms in the slab. The resulting term was 
found to be only a function of the height above 
the surface z, and could be adequately fit by a 
Gaussian. As described previously [10], this term 
is unimportant because the Morse potential is a 
relatively short-range interaction, but it was 
included for consistency. A consequence of the 
short-range interaction is that the Morse potential 
does not accurately represent the correct - C / z  3 
asymptotic behavior of a gas surface potential. 
However, precise description of the long-range 
behavior of the potential is not essential in deter- 
mining energy transfer occurring in gas surface 
collisions due to the weak coupling between gas 
and surface atom motions at large separations [ 17]. 

There are three parameters in the Morse poten- 
tial which can be adjusted independently: e the 
well depth; a the range parameter; r0 the equilib- 
rium separation. Given values for a and r0, e is 
chosen such that the potential reproduces the 
experimental binding energy of 25.9 kJ tool - 1 as 
determined by TPD measurements [18]. This 
restriction reduces the number of parameters which 
can be adjusted to match the experimental gas 
surface dynamics. The optimum set of Morse 
potential parameters which fit the dependence 
of the initial trapping probability of Xe on 
P t ( l l l )  on incident energy and angle were 
determined by Arumainayagam et al. to be 
e = 2 . 6 2 8 k J m o l  1, c~=I.05A i and ro=3 .20A 
[10l. 

Fig. 1 illustrates the potential curves as a func- 
tion of height above atop and hollow sites for 
both the Morse and BR potentials. Some impor- 
tant differences are immediately apparent. The 
equilibrium locations and heights differ for the 
potentials. The BR potential has the equilibrium 
position located at a height of 3.3 A above an atop 
site, though the energy difference between atop 
and hollow sites is small. This height is in good 
agreement with previous calculations [ 19 21]. The 
Morse potential has its energy minimum located 
above a hollow site at a height of 2.3 A. The 
details of the potential minima affect the equilib- 
rium behavior, however; the differences which 
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Fig. 1. BR and Morse potential energy curves as a function of 
height above (a) an atop site and (b) a threefold hollow site. 
The solid lines are for the BR potential and the dashed lines 
are for the Morse. 

influence energy exchange occur in the repulsive 
regions. 

A comparison of the potentials (Fig. 1) also 
indicates that the BR potential exhibits a "harder" 
repulsive wall than the Morse potential over either 
the hollow or atop sites, and this difference is 
accentuated for the hollow site. The increased 
steepness of the BR repulsive region results in 
collisions that are more impulsive than those 
described by Morse interactions. This difference 
has important consequences in the energy exchange 
during the gas surface collision and, therefore, on 
the predicted dynamics of trapping. 

The corrugations in the repulsive regions of the 
potentials are also different. Fig. 2 displays the 
potential energy as a function of lateral position 
in the [ 112] direction for both potentials at different 
heights of the xenon atom above the surface. At 
these heights the potential felt by a xenon atom 
incident with 20 kJ mol-~ kinetic energy is much 
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Fig. 2. Lateral variation of the potential energy in the [112] 
direction above a static Pt( 111 ) surface. Three potential-energy 
contours are displayed for (a) the BR potential at constant 
xenon atom heights of 2.65 A,, 2.75 A, and 2.85 A and for (b) 
the Morse potential at constant xenon atom heights of 1.55 A, 
1.65 ~, and 1.75 A,. The inset displays the [112] direction on a 
Pt( 111 ) surface. The smallest heights, corresponding to 2.65 
and 1.55 ~, for the BR and Morse potentials respectively, were 
chosen to yield a potential energy of about 20 kJ mol 1 above 
an atop site. For subsequent energy contours the xenon atom 
height is systematically increased by 0.1 A, to illustrate how the 
corrugation varies throughout the region in which a low energy 
(20 kJ tool 1) xenon atom exchanges energy with the surface. 

more corrugated for the Morse potential than for 
the BR potential, and the corrugation of the Morse 
potential decreases more slowly than the BR poten- 
tial with increasing distance from the surface. 
Moreover, at the closest point of impact a xenon 
atom will have less energy than it initially pos- 
sessed, since energy is dissipated to the surface 
during the collision. The loss of momentum to the 
surface prevents the incident atom from 
encountering the larger corrugation at distances 
closer to the surface that would result from an 
elastic collision. Hence, the actual corrugation 
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experienced by a xenon atom initially with 
20 kJ mo1-1 kinetic energy is typically less than 
the largest corrugation displayed in Fig. 2, particu- 
larly for the BR potential. For the BR potential, 
for example, at the distance of closest approach 
the average energy calculated for 2500 xenon atom 
trajectories initially with 18 kJ mol - ~ translational 
energy at normal incidence is about 6 kJ mol-1  
Consequently, the differences in corrugation 
between these potential functions will strongly 
influence the model-based interpretation of the 
effects of different energy exchange processes on 
trapping, e.g. the role of parallel momentum 
exchange. 

2.3. Calculation methods 

Newton's equations of motion governed by the 
interactions described above were integrated by a 
modified Beeman algorithm with a time step of 
2 fs [22]. The initial gas atom translational energy 
and angle of incidence were chosen to match 
previous experimental conditions [1, 10]. The ini- 
tial positions and momenta of the surface atoms 
were chosen for each trajectory at random from a 
Boltzmann distribution at a prescribed surface 
temperature. For this study the surface temper- 
ature was kept at 95 K for the calculations of the 
trapping probabilities and was increased to 800 K 
for the calculation of scattered angular and energy 
distributions. Random forces at each integration 
step were selected from a Gaussian distribution 
which rigorously satisfies the fluctuation-dissipa- 
tion theorem, as described previously [11]. 

Xenon atoms were initially located outside of 
the rangoe of  the gas-surface interaction at a height 
of 9.5 A above the surface. Although a cut-off 
distance was not employed for the BR potential, 
this starting height is sufficiently far from the 
surface to make the initial gas-surface interaction 
insignificant. The initial x and y positions of the 
atom were chosen from a 50 x 50 grid covering the 
entire surface plane. The use of the grid was chosen 
for convenience and does not alter the computed 
trapping probabilities from those obtained using a 
uniform random distribution. 

Trajectories were integrated until one of the 
three following conditions occurred: ( 1 ) the xenon 

atom scattered from the surface and escaped to a 
height of 9.0 A above the surface (the potential 
cut-off of the Morse potential) and had an amount 
of perpendicular translational energy in excess of 
its potential energy at that height. These trajecto- 
ries were classified as scattered; (2) if the xenon 
total energy (kinetic plus potential) fell below a 
specific energy selected to be the trapping criterion, 
which was set at - 5 k B T  S in this study, these 
trajectories were designated as trapped. It is noted 
that changing the trapping criterion to - 2 k B T  s 

had virtually no effect on the computed trapping 
probabilities; (3) if neither ( 1 ) or (2) resulted after 
the 15 000 integration steps (30 ps) the trajectory 
was terminated and classified as uncertain. The 
largest number of uncertain trajectories for either 
potential was obtained at the highest incident 
energy (50 kJ mol-1)  employed and at 60 ~ inci- 
dence. At these incident conditions 7% (184) of 
the 2500 Morse trajectories were classified as 
uncertain, whereas none of the BR trajectories 
could be designated as trapped during the 15 000 
time steps (30 ps). Hence, the uncertain trajectories 
were classified as trapped, as it seems quite unlikely 
that any of these could scatter after such a long 
interaction time with the surface. This is supported 
strongly by the infrequency of multiple bounce 
scattering that was observed for either potential 
after more than about five bounces. For consis- 
tency, the uncertain trajectories determined using 
the Morse interaction were also included as 
trapped in the analysis. The number of  trajectories 
used in the trapping calculations was 2500, yielding 
a statistical uncertainty of  _+0.02 in the computed 
trapping probability. To obtain good statistics for 
the in-plane scattered distributions it was necessary 
to integrate 15 000 trajectories and include atoms 
that scattered within + 2.5 ° of the scattering plane. 

3. Simulation results 

The energy scaling and magnitudes of the initial 
trapping probabilities computed from the potential 
parameters cited above are the same for both 
potentials. The initial trapping probabilities pre- 
dicted by the Morse and BR potentials are plotted 
in Fig. 3 as a function of Ei cos" (0i) for n =  1.8 
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Fig. 3. The initial trapping probability of  xenon trapping 
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6 _< E~ _< 50 kJ mol - 1 and 0 < 0~ <_ 60 °. The open circles represent 
calculations using the Morse potential and the solid circles are 
for calculations using the BR potential. The surface temperature 
is 95 K. 

where Ei is the incident energy and 0i is the angle 
of incidence from the surface normal. For each 
potential, the value of n =  1.8 was determined to 
be the best scaling exponent which would collapse 
the data to a universal curve. The predicted initial 
trapping probabilities are in excellent agreement 
with the experimental data reported by BR [1]. 
The "energy scaling" in which n takes on a value 
of two would be predicted by the so-called hard 
cube models [23,24], which assume that momen- 
tum of the gas atom tangential to the surface is 
conserved upon impact and that only energy asso- 
ciated with the normal component of momentum 
must be dissipated in order for trapping to take 
place. In view of the assumptions of the hard cube 
models, it is often asserted that a value of n close 
to two indicates that the corrugation of the gas- 

surface interaction is small over the low energy 
range at which trapping occurs. Clearly, this is not 
the case for the Morse potential, which is corru- 
gated in the low energy repulsive regime. 

The angular and energy distributions of xenon 
atoms inelastically scattered from a P t ( l l l )  sur- 
face exhibit significant differences for the two 
potentials (Figs. 4 and 5); the dynamics predicted 
by the Morse potential do not adequately repro- 
duce the experimental data. For example, the BR 
potential accurately predicts superspecular angular 
distributions that are consistent with scattering 
from a flat surface, in good agreement with experi- 
mental data [1 ], whereas the Morse potential pre- 
dicts broader subspecular angular distributions 
(Figs. 4a and 5a). For an incident kinetic energy 
of 48.3kJmo1-1 and 01=45 ° (Fig. 4b), the BR 
potential predicts that atoms which scatter super- 
specularly have relative kinetic energies less than 
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Fig. 4. (a) In-plane intensity and (b) average final translational 
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unity, whereas those that scatter subspecularly 
have relative kinetic energies in excess of  one. This 
behavior is expected if mostly normal momentum 
is dissipated to the surface. The effects of  the 
corrugation produced by the Morse potential are 
evident in both the broad angular distributions 
and the final energy distributions (Fig. 4b), in 
which the final energies are only weakly correlated 
with the exit angles. For the higher incident energy 
conditions (Ei = 112.9 kJ m o l -  1, 0i = 30 °) the final 
energies of  the scattered BR and Morse trajectories 
depend similarly on exit angle (Fig. 5b); however, 
the higher Morse corrugation again leads to subs- 
pecular scattering, whereas the BR produces super- 
specular behavior (Fig. 5a). The calculations show 
that the in-plane energy and intensity distributions 
are highly dependent on the details of  the potential, 
and provide an assessment of  the accuracy of the 
potential function - for any potential function. 

Comparison of the calculated and experimental 
scattering distributions in this case shows that the 
actual corrugation of the interaction is overesti- 
mated by the Morse potential. 

4 .  D i s c u s s i o n  a n d  a n a l y s i s  

In order to facilitate a deeper understanding of 
the differences in these two potential functions in 
describing the adsorption and scattering dynamics, 
the analysis was carried to a higher order of  detail. 
Since it is known that trapping is determined 
primarily by energy exchange on the first bounce, 
the partitioning of energy after the first bounce 
for many gas surface collisions was determined. 
For each of 2500 trajectories incident with a fixed 
energy and angle, the parallel, perpendicular and 
total translational energies of  the xenon atom after 
the first bounce and at the classical outer turning 
point were stored for analysis [25]. The perpendic- 
ular energy is defined as the sum of the perpendicu- 
lar translational and potential energy. Once all 
2500 trajectories were completed, translational 
energy distributions were computed by arranging 
the total number of  trajectories into 30 different 
bins according to the amount of  parallel, perpen- 
dicular or total translational energy possessed by 
a xenon atom after the first bounce at the outer 
turning point. The translational energy distribu- 
tions after the first bounce were also designated 
by the trajectories that eventually trapped or scat- 
tered. Energy loss distributions were easily 
obtained from the total translational energy distri- 
butions by subtracting the initial energy. Both 
averages and standard deviations were calculated 
for each distribution. 

4.1. Trapping dynamics 

It is interesting to examine how the two poten- 
tials can lead to almost the same trapping probabil- 
ities and the same energy scaling, even though the 
dynamics of  the processes are quite different. The 
dynamics accompanying the BR potential are very 
similar to that expected of a hard cube model. At 
the incident energies where trapping is significant 
the BR potential is flat and the repulsive wall is 
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steep; as a result, only the exchange of incident 
normal energy with the surface produces trapping. 
For example, at normal incidence and 
18 kJ mol -  t initial translational energy the com- 
puted BR trajectories gain only negligible parallel 
momentum since the corrugation encountered is 
small. The atoms that eventually trap lose an 
average of about 22 kJ m o l - t  to the surface on 
the first bounce, resulting in a final energy that is 
in the attractive region of the potential. Likewise, 
at glancing incidence (60 : from the surface 
normal) the initial parallel energy is nearly con- 
served for all BR trajectories with 18 kJmo1-1 
initial total energy (Fig. 6a). Trapping occurs only 
when the energy lost to the surface during the first 
bounce is greater than the initial 4.5 kJ tool -1 of 
normal energy (Fig. 6b). Hence, scattering results 
almost solely from collisions in which insufficient 
normal momentum is transferred to the surface to 
contain the xenon atoms in the attractive well. The 
near-normal energy scaling produced by the BR 
potential is the direct consequence of the absence 
of corrugation and the impulsiveness of the net 
interaction potential, which is clearly shown in the 
collisional dynamics. 

Interestingly, near-normal energy scaling is also 
predicted for the Morse interaction, despite the 
predominant role of parallel momentum exchange 
in the collisions. This result is surprising, since it 
is usually expected that collisions with a corrugated 
surface will produce non-normal energy scaling as 
a result of mixing parallel and perpendicular 
momentum [26]. Indeed, the Morse interaction 
does predict that parallel and perpendicular 
momentum are exchanged during some collisions. 
A gain in parallel momentum during the first 
bounce is found to assist trapping for both glancing 
and normal incident trajectories. In addition, 
nearly all atoms incident with 18 kJ mol ' total 
energy at glancing angles (60 °) which are scattered 
lose parallel energy; however, even for many atoms 
which are trapped, parallel energy is lost (Fig. 6c). 
The high efficiency with which parallel energy is 
dissipated to the surface significantly lowers the 
fraction of trajectories that scatter via conversion 
of parallel to perpendicular momentum. For exam- 
ple, at 60 ° incidence about 45% of all trajectories 
lose parallel energy during the initial collision but 
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Fig. 6. Energy distributions after the first bounce for trapped 
(solid lines) and scattered (dashed lines) trajectories which 
represent (a) the parallel energy and (b) the energy lost to the 
surface for BR trajectories; (c) the parallel energy for Morse 
trajectories. All 2500 xenon atoms are incident on Pt( 11 t ) with 
18 kJ tool ' initial translational energy at an angle of 6 0  from 
the surface normal and for a surface temperature of 95 K. In 
(a) and (c) each arrow indicates the initial parallel energy 
(13.5 kJ mol ~) of the atoms and, in (b) the arrow indicates 
the initial normal energy (4.5 kJ mol '). 

still lead to trapping (Fig. 6c), indicating that a 
significant fraction of the initial parallel momen- 
tum for these trajectories is dissipated to the 
surface. The effectiveness of parallel energy dissipa- 
tion to the surface ultimately leads to an enhance- 
ment in the trapping probability at glancing 
incidence, compared with normal incidence, and 
hence to the prediction of near-normal energy 
scaling of the initial trapping probabilities. 

4.2. Site dependence 

The distribution of impact sites resulting in 
either trapping or scattering at a given incident 
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angle and energy is also significantly different for 
the two potentials. Distributions were constructed 
for each potential for trajectories at 6 0  incidence 
and 18 kJ m o l - t  initial energy that scatter. The 
site maps are displayed in hexagonal  Wigner-Sei tz  
cells, in which the center is an atop site and the 
vertices represent the six adjacent threefold hollow 
sites (Fig. 7). For the BR potential, scattering 
results f rom the collisions near bridge and hollow 
sites where energy transfer is the least efficient 
(Fig. 7a). In addition, since parallel momentum is 
nearly conserved, the impact sites for scattering 
are almost symmetrically distributed about  the 
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Fig. 7. Lateral positions at the inner turning points of (a) scat- 
tered BR trajectories and (b) scattered Morse trajectories. All 
xenon atoms are incident on Pt(lll)  initially with 
18 kJ mol - 1 translational energy and at an angle of 60 ° from 
the surface normal and for a surface temperature of 95 K. Each 
dot represents the impact point of a single trajectory and the 
atop site is located at the center of the cell. The total number 
of scattered BR and Morse trajectories at these incident condi- 
tions are 335 and 813 respectively. 

perimeter o f  the Wigner-Sei tz  cell. As illustrated 
by the site map,  the dynamical  behavior produced 
by the smooth  BR potential results in superspecu- 
lar scattering (Figs. 4a and 5a) for low incident 
energies. 

For the Morse trajectories, scattering occurs 
most ly f rom the leading face where the effect of  
the corrugat ion is the strongest (Fig. 7b). In this 
case, a toms are scattered in the subspecular direc- 
tion by directly convert ing incident parallel to 
normal  momentum.  Scattering f rom the corruga- 
tion also tends to broaden the angular  distribu- 
tions, particularly at high kinetic energies (Fig. 5a), 
since the lateral forces vary significantly across the 
surface unit cell. 

4.3. S u r f a c e  recoi l  

One of  the most  dramatically different features 
o f  the scattering dynamics produced by the two 
potentials is the role o f  multiple collisions in 
trapping and scattering. Hard  cube models predict 
multiple collisions for gas surface a tom pairs with 
mass ratios exceeding 0.33 and have, therefore, 
been assumed useless for the description o f  such 
collisions [23]. For  the Morse interaction, recoil 
o f  the surface Pt a tom initially struck in a collision 
occurs during the collisional time scale and pro- 
duces a secondary collision with the xenon a tom 
during its departure f rom the surface. In the BR 
potential these recoil collisions are absent in the 
range o f  incident kinetic energies explored in this 
work. The existence o f  these secondary collisions 
for the Morse trajectories and their absence for 
the BR trajectories can be attributed to the differ- 
ences in the collisional times, which are determined 
by the steepness o f  the repulsive parts o f  the 
potentials and which are longer for the Morse 
interaction. A similar recoil effect has also been 
observed in a simulation o f  high energy xenon 
scattering f rom GaAs(110)  [27]. 

A consequence o f  the surface recoil is a transfer 
o f  energy from the lattice back to the xenon a tom 
as it departs f rom the surface, thereby reducing 
the net energy dissipation in the collision. For  all 
Morse trajectories incident with 18 kJ mol  - 1 trans- 
lational energy and at normal  or  60 ° incidence 
the average recoil energies are found to be 
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6.5 kJ mol ~ and 4.8 kJ tool - ~ respectively 
(Fig. 8a). Independent of the incident angle, about 
90% of this recoil energy is channeled into the 
perpendicular energy of the xenon atom. Since 
there is only a marginal dependence of the recoil 
energy on the angle of incidence, the energy scaling 
exponent would change negligibly in the absence 
of recoil. However, the recoil phenomenon does 
reduce the net energy transfer to the surface, 
leading to a reduction in the initial trapping prob- 
ability. For xenon initially with 18 kJ mol - ~ trans- 
lational energy and without recoil, the initial 
trapping probability would be greatly over- 
estimated. 

Secondary surface recoil also has a significant 
effect on the angular intensity distributions of 

scattered atoms. Since most of the recoil energy is 
transferred normal to the surface, the final exiting 
angles of scattered atoms are shifted towards the 
surface normal due to recoil. For example, without 
recoil the angular distributions predicted by the 
Morse potential shift by 8.2 ° and 20.5 ° towards 
the superspecular direction for initial conditions 
of 112.9kJmol  1 and 30 ° incidence and 
48.3 kJ m o l -  1 and 45 ° incidence respectively, each 
at a surface temperature of 800 K, rendering their 
peak maxima nearly identical to the angular distri- 
butions predicted by the BR potential. Thus, the 
subspecular scattering predicted by the Morse 
potential results mainly from the secondary recoil 
of the surface, rather than from the corrugation. 
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Fig. 8. T ime  progress ion of  (a) the to ta l  energy and (b)  the 

no rma l  forces on the xenon a tom for a xenon a t o m  single trajec- 
tory. The xenon a tom is incident  on the P t ( l l l )  surface at  
normal  incidence and ini t ia l ly wi th  18 kJ mol  ~ t rans la t iona l  
energy. The t ra jectory begins at  a la teral  pos i t ion  0.7994 A from 
an a top  site and  m i d w a y  between an  a top  and ho l low site. The 
solid lines represent  the BR t ra jectory and  the dashed  lines are 
for the Morse  trajectory.  

4.4. Representative single trajectories 

The magnitude and duration of the normal 
forces acting on an incident xenon atom during 
the collision govern the energy transfer to the 
surface and the influence of the secondary recoil 
of the surface atoms. A comparison of trajectories 
computed using the BR and Morse potentials is 
shown in Fig. 8. The two trajectories were each 
initiated with 18 kJ m o l i  initial energy, at normal 
incidence and for an impact site 0.800 ,~ from the 
atop site and midway between the hollow and atop 
site. The total energy and normal forces for these 
trajectories are plotted as a function of time in 
Fig. 8. Prior to surface recoil, energy transfer is 
nearly equally as efficient for each trajectory 
(Fig. 8a), even though the BR repulsive forces are 
larger than those of the Morse. The duration of 
the repulsive force is critical in determining the 
effect of recoil on the initial energy transfer to the 
surface; the durations are 330 fs and 470 fs for the 
BR and Morse potentials respectively (Fig. 8b). 
The fastest vibrations of the surface atoms yield a 
vibrational time of about 387 fs, according to the 
computed surface Debye temperature [25]. Hence, 
secondary surface recoil significantly affects the 
Morse trajectories because the collisional time is 
longer than the shortest characteristic time for 
vibration. Conversely, the atoms in the BR trajec- 
tories escape the surface without secondary 
collisions. 
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5. Conclusions References 

Dynamical calculations using the BR and Morse 
potentials produce drastically different dynamical 
behavior on the microscopic level. However, mani- 
festations of these differences are less evident in 
the computed observable quantities. By compari- 
son with experiment, only the in-plane scattering 
distributions establish the accuracy of the low 
energy, repulsive region of the BR potential over 
that of the Morse potential. For the Morse inter- 
action, the effects of secondary recoil primarily 
determine the deviations between the computed 
and experimental angular distributions for low 
energy scattering. Without this effect, the predic- 
tions of the potential functions would be nearly 
indistinguishable. It is important to recognize that 
the scattering distributions are a sensitive probe of 
the underlying collisional dynamics, and should, 
therefore, be considered an essential test for the 
assessment of accurate gas surface potential 
energy functions. 
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