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There is currently much experimental and theoretical
activity aimed at understanding the microscopic dynam-
ics of rotationally inelastic molecule~surface scatter-
ing.'"® We wish to report on the HD/Pt(111) system,
which we feel is an excellent prototype for comparisons
between experiment and theory. HD-metal scattering is
nearly ideal for study as (1) the rotational excitation
probabilities are large due to the offset of the HD center-
of -mass from its geometric center,® (2) there are typi-
cally a small number of energetically open inelastic
channels, and (3) modeling can be done with only one de-
gree of translational freedom due to the low surface cor-
rugation.

We report on the collision induced translation-to-
rotation energy transfer of HD(J =0) scattering from
Pt(111), and on the observation of sharp modulations of
these J =0~ (2=0, 1, 2) rotational transition probabili-
ties as a function of incident angle. The energy and
azimuthal dependence of these modulations are inconsis-
tent with elastic selective adsorption. We believe that
these modulations are due to competitive scattering into
bound surface state rescnances of the HD/Pt(111) physi-
sorption interaction potential, where the final HD rota-
tional state J=»+1 is that of a nearly free rotor. Anal-
ysis of these resonances should determine for the first
time the bound levels of a molecule on a smooth metallic
surface, and hence the short range interaction poten-
tial, * similar to the use of elastic selective absorption to
detern?ine potentials for more highly corrugated sys-
tems.

The UHV scattering apparatus, employing a rotatable
mass spectrometer detector, has been previously de-
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scribed,® Scattering from a clean Pt(111) crystal was

a supersonic beam of a 4:1 H,—HD mixture. The HD
energy was typically 109 meV, with a FWHM of 12 meV.
This HD beam was predominantly in the J =0 rotational
state. Studies were also done with beam energies of
40.8, 219, and 326 meV. The Pt surface temperature
was maintained at 500 K to limit the hydrogen surface
coverage to less than 1%. The incident beam was col-
limated to 0.1°, the detector to 1.0°.

Figure 1 shows the in-plane angular distribution for
HD scattering from Pt(111) along the (101) direction for
a 109 meV beam incident at 6, =35°. The discrete peaks
correspond to HD scattering into different final rota-~
tional states. Discrete peaks are due to coherent, dif-
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FIG. 1. Angular distribution of the reflected number density
for HD scattering from Pt(111) with 6, =35°, =(101), T

=500 K, E,=109 meV, and periodicity d=1, 385 X. Vertical
lines give peak positions predicted by Eq. (1),

© 1981 American Institute of Physics

Downloaded 14 Sep 2004 to 128.196.212.217. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



1034

w
3

Percent Of Beam Intensity

o

T 1 T 1
0 30 60 90
Incident Angle From Norma!

FIG. 2. Peak height versus incident angle for sevexlal rota-
tionally inelastic transitions (E; =109 meV, ¢;=(101)). Verti-
cal lines indicate dips used to estimate bound levels in Table L.

fractive scattering from the ordered surface. Unique
scattering angles are prediéted from the appropriate
conservation equations. Ignoring phonon interactions,
they are

K=kl +(2m/E)[EW) -EU)], K=K, +G, (1)

where k; and k, are the initial and final wave vectors,

m is the HD mass, E(J,) — E(J;) is the change in rota-
tional energy, K; and K, are the components of k;, and k,
parallel to the surface, and G is a surface reciprocal
lattice vector. The presence of only weak diffraction
for G#0 in Fig. 1 confirms the small corrugation of the
HD/Pt(111) potential. Results using other beam ener-
gies, but with 6, chosen to give comparable E, values,
indicate that the rotational excitation probabilities pre-
dominantly depend only on E,, the normal component of
the incident energy, and are insensitive to azimuthal
orientation. ?

In Fig. 2 the peak heights for each particular final J
state are plotted versus 6;. No subtraction of the dif-
fuse background was made. To relate these values to
probabilities, proper account of background, incident
beam energy spread, angular resolution, and Debye-
Waller dttenuation’ must be made. A competitive bound
state resonance shows in the J =0~z probability when
% ’k%,/2m calculated from Eq. (1) for J=0~#x+1 is nega-
tive and precisely matches a real bound level in the
HD/Pt(111) potential, where %, is the component of k,
perpendicular to the surface. The E(J,) levels are then
those of a bound hindered rotor, and will approximate
free rotor levels when the degree of hindering is small.
Assuming a free rotor, Eq. (1) and the dips indicated in
Fig. 2 for J=0-~1 and 0~ 2 are used to calculate bound
levels, as listed in Table I. Alsoc in Table I are a dip
for J =0—~2 which is not apparent in Fig. 2, but shows
clearly in a Fig. 1 type plot at the appropriate incident
angle, as well as J =0~ 1 data for a 40.8 meV beam.
The two resonances observed for 0— 1, but absent for
0~ 2 may have been missed due to their shallowness and
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TABLE I. Bound state levels calculated from Fig. 2 and Eq. (1),

fransition ﬁr‘lev) Approximate bound level energies (meV)
0to1 109.9 —-2.0 —5.3 —-9.3 -14,8 (a) (a)
Oto1l 40.8 —-2.7 -5.8 —9.5 —=15.1 (a) (a)
0to2 108.3 v se+ —-8,0 —-14,0 -21.3 ~-32.9

2Energetically impossible to observe with this transition.

breadth. We have estimated the potential well minimum
from Debye~Waller attenuation’ to be 55 meV, suggest-
ing that one or two bound levels may have escaped detec-
tion. The J=0-0 data has irregular dips which cannot
be put into agreement with the levels of Table I. This
may be due to the breakdown of the free rotor approxi-
mation for bound J =1 states.

A careful analysis of this data including full deconvolu-
tion and time-of-flight measurements is now being car-
ried out. Hopefully, information will be obtained on the
anharmonicity of the potential well, on the rotational
bindering, inelastic cross sections, and on the general
nature of rotationally mediated bound state transitions
in surface scattering. ‘
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