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1. ASSTRACT ?Muimum 200 words)

We have used the positron as a microscopic probe to clraify the connection between
the microscopic properties  (e.g.. free olunie  distributions) and macroscopic
properties (pressure, volume, and temperature relations) of polymers in the glassy
state. Measurements of the positron lifetime distribution in the polymer as a
function of temperature, aging, and applied strain have shown that positrons are
sensitive to the distribution of free volume clements. However, we have alsc found
that refinements in data analysis are necessary, and that we are far from obtaining
an unambiguous free-volume distribution froni the current results. Theoretical models
are being tested to see if they are consistent with the results. We have also
generated simulated positron lifetime distributions to test the validity of our
curve-fitting methods, and we have discovered that these methods break down when the
instrumental resolution curve exceeds approximately 250 nanoseconds,in width.
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We have attempted to clarify the connection between microscoplc propertles (free
volume) in polymers and macroscopic properties (relaxation under strain or pressure,
overaii voiume as a function of temperature or pressure, etc.) by using the positron
as a microscopic probe. The lifetime distributions of positrons have been measured as
a function of temperature, aging, pressure, and appiied strain, and the results have
been correjated with those of more conventional measurements. In additlon, the
methods of data analvsis have been carefuiiy scrutinized to determine whether some
resuits couid be explained as artifacts of the computer fitting program, which is a
standard program used in many positron research laboratories.

SUMMARY OF IMPORTANT RESULTS
During this project the most important resuits were:

e Observation that some polymers are, in a sense, rejuvenated by application of
tensile straln. This means that an old poiymer, which is no longer shrinking as it
ages further, will shrink to a smaller volume after the applicatlon and release of
tensile strain.

e Confirmation of studies showing that some, but not all, polymers undergo chemical
or physicai changes as a result of positron irradiation. Thus one must be careful
in interpretation of results when using positrons as a probe.

e Simulation of positron annihilation data from polymers, which showed that a
simulated curve could not be fitted properiy by the most commonly used computer
fitting program unless the time resolution function is much narrower than the time
resojutlon that is normaily used in polymer studies. This result explains some
discrepancies in resuits that have been reported from different laboratories in
studies of polymers of Identical composition and history, and It shows what must be
done to produce meaningful results.

e Development of apparatus to measure simultaneously the positron lifetime and the
totai gamma-ray momentum from annihilation of ortho positronium (o-Ps). This
apparatus, which needs further refinement, can in princlple magnify the o-Ps
component in the lifetime spectrum. Thls is significant, because o-Ps is the probe
whose lifetime is affected by free-volume changes in polymers, and It is Important
to be able to distinguish between o-Ps and other positron states in the positron
annihilation results.
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