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Introduction 

During the past twenty months, we have made progress in several areas relevant to the 
eventual use of positron techniques in catalysis research. We have completed our positron 
microscope, and at the same time have performed several studies in our (non-microscopic) 
depth-profiling positron spectrometer which should ultimately be applicable to catalysis. 
These studies involve using depth-profiled positron spectrometries to observe the growth 
dynamics of metal silicides on silicon substrates and to observe defects in glassy polymer 
surfaces and thin films, and the use of bulk positron lifetime measurements to observe 
pore-size variations in zeolites. 

The Positron Microscope 

For more than five years, we have been working to construct a second-generation 
positron microscope. This project is complete, and we have begun preliminary tuning of 
the microscope beam while awaiting delivery of a radioactive source of sufficient activity 
for actual image collection. The microscope has been designed to operate in a number of 
modes and not all of these are currently available, but we will be able to begin immediately 
on a number of very interesting extensions of studies we have initiated using our positron 
spectrometer. While these studies are proceeding, we will continue to upgrade and improve 
the microscope, adding new functionality and additional modes of operation. 

Our initial positron microscope studies will use the Positron Reemission Microscopy 
(PRM) mode of operation. In this mode, positrons reemitted from the surface of a sample 
are collected and focused to form a magnified image of the surface. Because the emitted 
positrons are influenced by a number of features of the sample, such as lattice defects, 
crystal face, chemical composition, and surface impurity coverage, the images can reveal 
aspects of the sample not easily observable by traditional microscopies. Although we plan 
to survey a wide variety of samples using the microscope, early emphasis will be given 
to extending our previous positron spectroscopic studies of metal silicides (see below) to 
microscopic images. 

Positron Lifetime Measurements of Pore-Sizes in Zeolites 

Positron lifetime spectroscopy was used to determine pore diameters in a variety of 
zeolites (hy, 3A, nh4, hzsm, and 4A)-see attached table. Only after heat treatment did the 
deduced diameter agree with the value specified by the manufacturer. Not only is this an 
important calibration of the lifetime technique, but it also suggests that there is sensitivity 
to adsorbates on the pore surfaces (and indeed a report has appeared in the literature 
claiming that positron lifetime spectroscopy is sensitive to specific surface oxygenation). 
We are encouraged that such techniques can be useful in catalysis studies. 

1 



Doppler Broadening Spectroscopy of Metal Silicides 

Depth profled Doppler-broadening spectroscopy (DBS) of positron annihilation radi- 
ation was employed in the investigation of epitaxial cobalt silicide .films grown thermally 
on Si substrates in situ. DBS is well suited for the study of such systems due to its non- 
destructive nature, and the high sensitivity of positrons to defects. In an earlier positron 
re-emission experiment, the positron diffusion length in the films was found to be short 
(of order 150 A). This is indicative of a large rate of positron trapping either in the film 
or at the silicide-Si interface. In this experiment DBS was used to further investigate the 
nature of the positron trapping, and to study the diffusion and drift of positrons near the 
Schottky well and the associated depletion region. These results support the conclusion 
that the trapping rate at the interface is relatively small; thus the majority of positrons 
are trapping in defects in the film. This is the first application of our recently imple- 
mented depth-profled DBS apparatus. A paper to be submitted to Physical Review B is 
in preparation. 

Positron Lifetime Spectroscopy of Glassy Polymer Surfaces and Thin Films 

A fast timing technique has been implemented in a variable energy positron beam. 
The mean positron implantation depth ranges from 5 nm to 700 nm. The positron lifetime 
spectra are collected by using secondary electrons produced during positron implant ation 
as start signals, and positron annihilation 7-rays as stop signals. The time resolution of 
this system is measured to be about 0.5ns, and the 2ns lifetime in glassy polymers such 
as polycarbonate, polystyrene, PMMA, and epoxy can be clearly resolved. It is the first 
systematic, slow positron study of insulator targets using positron lifetime techniques. This 
depth-profiled work represents an important first step toward three dimensional imaging 
of positron lifetimes, a technique which will eventually be accomplished by adding lateral 
resolution in the positron microscope. This work was published in Physical Review Letters 
74,4947 (June 12,1995). 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise docs not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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Positron Lifetimes 

in 

Zeolites 

Zeolite 0-Ps lifetime, intensity PALS Specified 
Name Before baking After baking Diameter (A) Diameter (A) 

hY 2.67ns, 3.70% 5.77ns, 2.43% 13.5 13-16 

3A 1.47ns, 5.74% 4.02ns, 7.28% 11.8 11 

nh4 1.94ns, 5.15% 4.77ns, 6.32% 12.6 12 

hzsm 2.62ns, 1.98% 6.5 (channel) 

4A 1.51ns, 8.26% 4.17ns, 10.21% 12.0 11 

unknown 2.61ns, 11.69% 4.71ns, 13.95% 12.5 U I l h O W n  

Notes: 

1. These data were acquired last summer (1993) using one of our bulk positron lifetime 
spectrometers. It is used as a calibration of our PALS analysis model to determine hole 
size diameter. 

2. Baking was performed in air @4OO0C. 

3. Error bars are about 0.02nsec for 0-Ps lifetimes, 0.05% for the intensities. 
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