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A systematic investigation of random propylene copolymers, containing higher even and odd carbon-numbered 
1-olefins was recently performed. Within this project, we aim at clarifying the effect of type and amount of 
comonomer on structural and morphological features of the semicrystalline solid state characteristics of these 
new materials. It is well established that both crystallization and melting behaviour of random copolymers of 
propene with other olefins is affected by the nature and content of constitutional and configurational defects as 
well as by the details of chain microstructure.1 Concentration and type of co-units, together with the applied 
thermal history, dictate the resultant crystalline structure in copolymers (, , modifications) and affect the 
crystallizability of copolymers, with an obvious impact on morphological features and properties of the material. 
In particular, either if included or excluded from the crystal lattice, the presence of defective co-units always 
depress the melting temperature of polymers. Recent studies performed on  propene/-olefins copolymers 
demonstrated that ethylene and, to a greater extent, 1-hexene co-units tend to be excluded from the crystal lattice 
of the -form and tend to crystallize in the -form already at low comonomer content.2 On the other hand, 1-
butene can enter into the -type crystal lattice and the development of  form is less favoured.3 This 
notwithstanding, propene/1-hexene copolymers exhibit relatively high level of crystallinity even at comonomer 
contents above 25 mol.%. The bulky 1-hexene co-units (in the range between 9-30 mol%) destabilize the  form 
but favour the  development of a new trigonal structure, -form, which is isomorphous to the Form I of isotactic 
poly-1-butene. WAXD reflections characteristics for the low melting -form have also been observed in 
propene/1-pentene copolymers in a wide range of compositions and in one propene/1-butene with 7.5 mol% of 
butane. This suggests  that, besides the composition, other microstuctural details must play a role in the 
formation of -crystals. For this reason, in this study time resolved WAXD-SAXS experiments have been 
performed to investigate a well characterized series of propene/1-pentene copolymers containing up to around 50 
mol% of co-units and to ascertain in which range of composition the formation of the new trigonal modification 
is favoured.  

Room temperature as well as temperature- and time-resolved 1-D WAXD and SAXS patterns have been 
simultaneously collected at Beamline A2 of the Hasylab-DESY on samples that were quenched from the molten 
state and aged at room temperature during at least  one week. In particular, samples have been placed in a 
temperature controlled oven and heated at 10°C/min; diffraction data have been collected in the 2 range from 9 
to 23° in the wide angle region and in the 0.02-0.1 nm-1 range of the scattering vector in the small angle domain. 
In order to collect diffraction patterns every 2.5 °C, the sampling time has been fixed at 15 s. 

In Figure 1, examples of the patterns collected at room temperature on well aged samples at various content of 1-
pentene are shown. For1-pentene content up to 7.5 mol% the characteristics reflections of the  form at 
2=14.2, 16.9 and 18.6 are present. As expected, the level of crystallinity rapidly decreases on increasing the 
comonomer content. In the copolymers with 1-pentene content greater than 10 mol%, three strong reflections at 
2=10.2, 17.5 and 20.6, respectively, appear. These reflections are identical to those of the trigonal unit cell 
found in propene/1-hexene copolymers with a=b1.75 nm and c=0.65 nm, corresponding to Miller indices (110), 
(300) and (220)+(221), respectively. A closer examination of diffraction maxima in Figure 1 reveals a gradual 
shift of the reflections towards smaller angles on increasing the concentration 1-pentene co-units amount. 
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Figure 1 – Room temperature WAXD intensity profiles of propene/1-pentene copolymers aged at room temperature. 
 
As shown in Figure 2, the a=b lattice constant increases linearly on increasing the molar content of comonomer, 
thus indicating an expansion of the crystal  lattice in the plane normal to the molecular axis, imposed by the need 
of hosting an increasingly number of units bearing the bulkier side groups. In Figure 2, the horizontal line at 
a=b=1.77 nm corresponds to the unit cell parameter of it-Poly(1-butene) in Form I. The intersection of this line 
with experimental data corresponds to the maximum concentration of 1-pentene units that can be hosted by the 
trigonal cell (about 50 mol%).  
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Figure 2 - Cell parameters of the trigonal modification in C3/C5 random copolymers 
 
By coupling the information acquired by SAXS and WAXD, it emerges that the-form crystallites are 

wide lamellae around 5 nm thick which, notwithstanding the expected structural disorder associated to the 
randomness of co-units along the chains, exhibit very sharp WAXD reflections in the whole range of 
compositions.  

Temperature resolved WAXD analysis carried out in this study were essential to clearly identify the 
structure of the crystals undergoing melting in the whole temperature range and, in particular, between ca. 40 
and ca. 80 °C, in which DSC exhibits complex thermal behaviour with multiple endotherms  
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