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■ Raman microscopic studies of polymer surfaces
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We describe three examples of how innovative
confocal Raman microscopy can be employed to
address questions of commercial importance for
polymer-polymer or polymer-substrate interfaces.

aman microscopy is rapidly becoming the technique
of choice for the analysis of polymer surfaces and
interfaces. The short (visible or UV) source wavelength, combined with high throughput spectrometers [1,2]
and very sensitive (CCD) two dimensional detectors provide
an analytical tool with molecular discrimination and micron
scale mapping capability. The confocal capability of modern
Raman microscopes (CRM) gives additional depth-profiling
information [2,3,] (without sectioning) for materials “transparent” to the source laser. There are now a wide range of
potential applications of such a system and therefore an
increasing range of commercial instruments on the market
[4]. We outline here just three examples of how this technique can be employed to enhance the quality of materials
characterisation.

R

Commercial PET “film” (such as that used for overhead
projector slides and other products) is a co-extended biaxially oriented laminate comprising a layer of PET (Fig. 1a
and 1b) and PET containing an isophthalate comonomer to
reduce crystallinity (Fig. 1c). Since the Raman bandwidth of
the “ν(C = O)” mode of PET is sensitive to crystallinity
[5,6] it is possible to quantify the crystallinity gradient as
shown in figure 2a. Comparison of CRM data with the result
obtained by microtoming (to provide “lateral” measurements
across the interface) shows good agreement (Fig. 2b) and
underpins the validity of the confocal approach within the
limit of a 2 µm3 spatial resolution.

Figure 1. (a) E47 PET in an all “trans” crystalline formation;
(b) E47 Pet in a mixed “trans” and “gauche” amorphous conformation; (c) E99 PET containing a fixed percentage of isophthalic acid comonomer.

25 °C for several hours) clearly leads to a loss of fungicide
both from the surface and from the bulk (Fig. 3c) of the film.
Such a loss of toxic material to the ambient has potential
environmental impact and is therefore of significant commercial importance.

An important issue around the incorporation of fungicides
into paints and other polymer-containing coatings and consumer products is the potential loss of “active” in the ambient environment [7,8]. Figure 3 shows how CRM may be
employed to map and depth profile the fungicide (PA3) content of a plasticised PVC film using the ratio of band intensities shown in figure 3b. The leaching process (water at

The distribution of silane primer (such as Y9669 – see
figure 4) across a polymer/glass laminate (Fig. 4a) and, in
particular, accumulation at the polymer/glass interface is
thought [9,10] to be a controlling factor for the adhesion
mechanism in such materials. The relative amount of silane
at a given depth into the polymeric material may be assessed
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Figure 2. (a) The ν(C = O) band width as a function of depth (in confocal mode) for a 30 µm PET laminate; (b) Comparison of the
interfacial gradients measured for a 20 µm PET laminate for the two depth profile experiments.
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Figure 3. (a) The structure of Fluorofolpet (PA3); (b) the Raman spectrum of biocide (PA3) and plasticiser (DOP) in a PVC matrix,
(c) map and depth profile of additive concentrations in the PVC matrix.
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Figure 4. (a) The silane/PVC matrix structure; (b) the 1602 cm–1 band of Y9669; (c) The silane distribution with depth into PVC as a
function of annealing temperature.
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by measuring the area under the phenyl ring vibrational band
at ~ 1600 cm–1 (Fig. 4b). In figure 4c, we demonstrate how
we have employed CRM to measure the depth profile of
Y9669 (initially brushed onto the surface of a 20 µm pure
PVC film) as a function of the annealing process, at 70 °C.
At longer annealing times the diffusion of silane towards the
interface is clearly enhanced, correlating well with commercial conditions for laminate production (which involves formulating the polymer with silane and then heating between
glass sheets).
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