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Introduction 

The orientation of the crystallites in a polyethylene terephthalate (PET) foil sample is determined using the 

X-ray diffraction pole figure technique. With this technique a clear discrimination can be made between 

linearly stretched PET and biaxially oriented PET (BoPET). This is based on the differences in the 

orientation of the polymer chains in the two types of PET foils. The used technique is briefly explained at the 

end of this report. 

 

Sample 

PETix
TM

  foil sample 

 

Used Equipment 

Panalytical X'Pert pro MRD diffractometer with Cu-kα X-ray tube, primary poly capillar lens and secondary 

parallel plate collimator. Beam size: 3 mm x 3 mm. 

 

Results 

The (1.0.0) pole figure shows a very strong peak in the centre (see figure 1). This shows that the PET crystals 

have a strong preference for an orientation with the (1.0.0) planes parallel to the foil surface. As a 

consequence, the phenylene rings of the PET monomers will also be oriented parallel to the sample surface. 

 

The angle between the (0.1.0) plane and the (1.0.0) plane in the triclinic unit cell of PET is about 60°. 

Because of the (1.0.0) planes in this sample being parallel to the sample surface, the (0.1.0) planes have to be 

found on a ring at a tilt angle of 60°. In this ring, visible in the pole figure of the (0.1.0) plane, we can see 4 

intensity maxima (see figure 2). This shows the presence of four different preferred orientations for the 

(0.1.0) planes of the PET crystals in this sample. The polymer chains, parallel to the c-axis, are perpendicular 

to both the (1.0.0) poles and the (0.1.0) poles. As shown in figure 3, this results in four c-axis directions. 

Spots opposite from each other at the edge of a pole figure represent, however, the same direction. We 

therefore have two main c-axis directions, at about 7 degrees from the machine direction and the transverse 

direction. 

 

Conclusion 

The strong preferred orientation of the phenylene rings parallel to the foil surface and  the orientation of the 

polymer chains in two in plane directions show that the PETix
TM

  foil sample is a BoPET. 
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Figure 1,  (1.0.0) pole figure of PETix

TM
  foil sample 

 

 
Figure 2,  (0.1.0) pole figure of PETix

TM
  foil sample 
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Figure 3,  Orientation of the polymer chain direction (c-axis) at an angle of 90 degrees from the (1.0.0) and 

the (0.1.0) poles. MD = Machine direction (primary stretch direction), TD = transverse direction (secondary 

stretch direction), ND = normal direction (normal to the foil surface). The dotted lines show the association 

between the two strongest (0.1.0) poles and the main c-axis direction. 
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Theoretical background 

In linearly stretched PET the polymer chains will be aligned along the stretch direction (MD), without any 

limitations to the rotation of the polymer chains around their long axis.  

 

In BoPET, the polymer chains will be partly aligned along the first stretch direction (MD) and partly along 

the second stretch direction (TD). At the same time, the rotational freedom around the long axis is lost. The 

phenylene rings of the PET monomers will align with the surface of the foil. 

 

This preferential orientation of the polymer chains is preserved in the crystalline part of PET. PET 

crystallizes in a triclinic unit cell, in which the polymer chains are parallel with the c-axis and the phenylene 

rings are (almost) parallel with the (1.0.0) plane (bc-plane) (see figure 4).  

 

The orientation of the crystalline unit cells in a sample can be determined using the X-ray diffraction pole 

figure technique. By measuring the orientational distributions of the (1.0.0) plane and the (0.1.0) plane, we 

can deduce the orientational distribution of the c-axis and hence the polymer chain direction. The 

orientational distributions of the (1.0.0) plane itself will be identical to the orientational distribution of the 

phenylene rings. 

 

 

 
Figure 4,  Triclinic unit cell of PET with a = 4.56 Å, b = 5.94 Å, c = 10.75 Å, α = 95.5°, β = 118°, γ = 112° 

[1]. 

 

In the X-ray diffraction pole figure technique the diffracted intensity of a selected crystallographic plane is 

measured as a function of  the rotation and tilt of the sample. The gathered information is then plotted as a 

contour map in a pole figure (see figure 5). Each point in this pole figure represents a different orientation of  

the normal on the selected  crystallographic plane, called the pole. Plotting the intensities measured on all 

possible sample orientations, we get a complete overview of the orientation distribution of the selected 

crystallographic plane.



Philips Innovation Services Materials Analysis 

 2014.1042 

 XD140042 

 

5 

 

 

 
 

Figure 5,  Basic grid of a pole figure 

 

 

Sample tilt angle 0 – 90   
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