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Report:

The properties of polymeric surfaces and interfaces are important in many commercial
applications. paints and coatings, adhesives, polymeric semiconductors, biocompatible
materials, membranes etc. The project aims at understanding chain conformation and kinetics
at polymer surfaces and interfaces and to compare them with the corresponding properties in
the bulk. In recent experiments, we investigated the crystallisation of the archetypal semi-
crystalline polymer poly(ethylene terephthalate) (PET) and showed that there are significant
differences in the ordering at the surface compared to the bulk. We have also demonstrated
the role of the surface in inducing a preferred orientation of the polymer chains on
crystallisation [1]. The detailed kinetics can now be followed in real-time using a compact
high vacuum chamber for in-situ studies.

Buried polymer interfaces are crucia for structural integrity of multilayers, for adhesion and
for semiconducting polymer devices. In this experiment, we aimed to understand the kinetics
of crystallisation at a buried polymer-polymer interface. Does the kinetics of crystallisation
at such an interface proceed at arate similar to that of the free surface or at arate typical of the
bulk polymer?

In order to investigate the upper interface of a buried polymer layer, we needed a suitable
polymer complement having a lower electron density than PET. Polystyrene (PS) was
selected for this giving the required refraction effects (fig. 1). However, the difference in the




critical angle for PET and PS is of the order of

0.02° and hence considerable care was required //

to penetrate the PS while limiting the —— Ri ;’ET
penetration in the PET film. No s

(?onsderable difficulty Was ex'perlen.ced in the Fig. 1 Refraction at the buried polymer

first 3 days of the experiment in setting up our interface

compact vacuum chamber on the diffractometer

and overcoming initial problems. Samples annealed for 90 minutes at four different
temperatures between 90°C and 115°C indicated that crystallisation is more rapid at 95°C than
at 90°C. Samples annealed at 100°C and 115°C did not display distinct crystalline peaks. This
initially puzzling result has now been resolved by a more recent experiment on BM28 where
time-resolved GIXRD and reflectivity scans showed that PET/PS interfaces suffer severe
interdiffusion at temperatures of 100°C and higher. The time-series of scans at 95°C showed
that crystallisation of the PET occurs during shorter anneal times. For anneal times of several
hours, the crystalline peaks disappear — as a result of more gradual inter-diffusion at the
interface.
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Fig. 2 GIXRD scans of the scattering in the plane of the interface from a
PET/PS bilayer annealed at 90°C, 95°C and 100°C for 90 minutes. Distinct
but broad crystalline peaks from PET can be observed at 95°C. Anneding at
100°C does not result in crysalline peaks from the interfacial PET. Thereisa

dlight inconsitency in the scale factor due to small variations in the angle of
incidence around the critical angles of PS and PET.

The reflectivity results are currently being analysed in detail and a publication will be prepared
shortly.

[1] Therole of surface-induced ordering in the crystallisation of PET films, M Durrell, JE Macdonald, D Trolley, A
Wehrum, P Jukes, R A L Jones, C JWalker and S Brown, Europhysics Letters 58 (2002) 844-850



