
cue ball burrows into the stack of other 
balls, knocking some of them off the surface. 
In such cases, Winograd has found, mole- 
cules that lie on the surface of the target are 
often ejected whole. Even large and fragile 
organic molecules can be bounced off with- 
out being broken apart, he says. 

This leads to some intriguing possibilities, 
Winograd says. Chemists would dearly love 
to be able to watch what happens when a 
metal such as platinum catalyzes a reaction 
between hydrocarbons. Not only are such 
reactions commercially important, they are 
also scientifically interesting. If ion beam 
techniques can be improved, perhaps they 
will allow chemists not only to observe the 
intermediates in these chemical reactions but 
even to see which sites on the metal surface 
the organic molecules are binding to. 

The University of Houston's Rabalais is 
working along these same lines. He is using 
direct recoil ion scattering spectroscopy to 
study the distribution of hydrogen on metal 
surfaces, which is important in understand- 
ing catalysis. "No other technique can give 
you this information," he says. 

Rabalais recently mapped out where oxy- 
gen and hydrogen atoms attach to tungsten 
(21 1). The (21 1) face of a tungsten crystal 
has a peculiar structure of deep troughs 
running between high rows. Rabalais found 
that oxygen atoms sit inside the troughs, 
forming bonds with two first-layer tungsten 
atoms and one second-layer atom. Hydro- 
gen atoms, on the other hand, "tend to be 
mobile and occupy a broad region above the 
troughs," he says. 

Right now the field is small-Rabalais, 
Williams, and Winograd make up a majority 
of the U.S. researchers-but it is surprising- 
ly diverse. The scientists each have their own 
ways of doing things, and they tend to 
disagree good-naturedly about which tech- 
niques are superior. Rabalais, for instance, 
points out that more than 99% of the 
particles ejected from a target are likely to be 
neutral, so electrostatic detectors-like Win- 
ograd and Williams use-miss most of 
them, while his time-of-flight detectors see 
them all. 

Winograd, in return, has found a clever 
solution-using lasers to ionize the neutral 
secondary particles. Since the laser can be set 
to ionize only certain atoms, and since it will 
ionize nearly 100% of those, the technique 
is quite sensitive, Winograd says. In one 
experiment, he detected indium atoms ad- 
sorbed on a silicon surface with a sensitivity 
of 9 parts per trillion-a factor of 100 better 
than any previous surface analysis. 

In other words, if Winograd's game were 
billiards instead of atomic pool, you 
wouldn't want him to hustle you. 
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