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Positron annihilation lifetime spectroscopy (PALS) is a technique which makes use of the anti-
particle of the electron, the positron (e+), first predicted by Dirac in 1931. In the technique, a
radioactive nucleus such as 22Na which gives off positrons is contained within a very thin titanium
foil and sandwiched between the samples (such as plastic coupons) which one wishes to analyse.
When the positron is ejected, it emits two gamma rays of a characteristic energy 1.21 Mev. When
the positron enters the plastic it rapidly slows down (thermalises) in approximately 10-1 seconds
and whilst doing so, can abstract an electron from the surroundings - becoming known as a
positronium (Ps) species. The spin of the electrostatically bonded electron can be of opposite spin
to the positron (known as para-positronium, p-Ps) or can be of the same, parallel spin (ortho-
positronium, o-Ps), with pPs being a third likely to form as the oPs. There are thus three types of
sub-atomic particle present - E+, pPs and oPs. Of the two species, the o-Ps is the longest lived
with p-Ps tending to annihilate by self-destruction. The o-Ps tends to form and locate in regions of
low electron density - the so-called "free volume" or "excluded volume" holes in polymers. When
o-Ps is annihilated, it picks off another electron and emits a characteristic energy of 0.5 Mev - its
lifetime being of the order of 1 to 5 ns in condensed polymers. The size of the free volume "holes"
or "pores" in which the o-Ps localises are of the order of angstrom radii By measuring the average
time and intensity of decay of the o-Ps species, a measure of the free volume pore size and
concentration can be obtained. This can - via simple models - be related to the fractional free
volume of the polymer. Additional possibilities include determining distribution of free volume and
even a measure of the anisotropy of free volume shape.

This talk will concentrate on the use of PALS as a technique in characterising macromolecules.
Work will be presented both from the literature and from the Monash University laboratories.
PALS has been used by various groups to evaluate many properties that one associates with free
volume such as physical ageing, gas permeability, the glass transition, uptake of a solvent,
crystallinity, crosslinking, molecular mobility.

One area of much interest for us has been the use of this technique in looking at miscibility of
polymer blends. In miscible blends, the interactions of the different polymers may be expected to
lead to a negative free volume of mixing because of the strong attraction between the different
chains. This may influence the free volume properties. Conversely, if a material is partially miscible
or totally immiscible, this should influence both the size and total content of free volume. This
should be related to other properties such as mechanical properties and molecular mobility, such as
measured by dielectric relaxation spectroscopy. Variations on this involve copolymerisation of
crosslinked materials or linear thermoplastics (the ultimate "molecular" miscibility) and this will
also be discussed. Multiphase systems such as water uptake in polymers can vary polymer
properties by filling molecular voids, as well as disturbing chain conformations and, in the case of
polar polymers, associating with the polymer chains.

We have also been interested in the effect of polymer molecular structure on free volume -
particularly in rigid polymer chains such as substituted poly(phenylenes) and liquid crystalline
polymers and results will be presented from this. Indeed, the unusual packing which arises from
such anisotropic molecules leads to unusual behaviours both of the homopolymers and subsequent
liquid crystal polymer - liquid crystal polymer blends.
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