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Report:
A fundamental understanding of the influence of free surfaces and buried interfaces on the
properties of thin polymer films is important in many applications, including coatings,
adhesion and the electronic behaviour at interfaces in polymer-based optoelectronic devices.
Both the free surface and the buried interface may differently affect properties such as the
chain conformation, the composition of mixed systems and chain dynamics, while a
combination of surface and finite size effects may also influence the character and
temperature of the crystallisation and glass transitions. However, there is a paucity of
experimental evidence regarding the effect of interfaces on the chain structure at the
microscopic scale.
Grazing incidence x-ray diffraction (GIXRD) enables us to probe the structure of the topmost
50 Å (corresponding to a typical dimension of a single polymer chain at the surface) and
compare it directly with the structure in the bulk of the polymer film. In addition to
comparing the structure of the surface and the bulk, we aim to compare the structural kinetics
of the surface with that in the bulk. In a previous experiment 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 and that the surface induces a dominant chain orientation which propagates
throughout the film on annealing. In the current experiment, we performed the first in-situ

study of chain structure kinetics at a polymer surface. The structure of the surface and the
bulk were monitored continuously during in-situ annealing in a vacuum furnace mounted
onto the φ-circle of the diffractometer. A wavelength of 1.6 Å was employed in a focussed
configuration. Structure both parallel to and normal to the surface could be probed using the
flexible diffraction geometry gained with the two detector circles.
Scans were performed for annealing temperatures in 5°C steps between 80°C and 100°C.
For temperatures of 95°C or below, ordering was observed at the surface whereas the bulk
remained amorphous or displayed much slower ordering kinetics (fig. 1). Detailed fitting of
the scans is in progress in order to quantify the time evolution of peaks for surface and bulk
in order to determine activation energies for each. We intend to extend these studies to
buried polymer interfaces in order to quantify and compare the kinetics of ordering at a
surface, buried interface and in the bulk. This would constitute a major step forward in the
understanding of the effect of interfaces on polymeric systems.
(a)
Fig. 1 GIXRD scans during in-situ
annealing of 1500 Å PET films at
95°C.
(a) for the surface (incident angle
αi = αf = αc = 0.18°).
(b)

(b)

for the bulk of the film
(αi = αf=0.60°)

