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Solid phases with features intermediate between those of the crystalline and amorphous states are 
often encountered in polymers. These structures are usually referred to as “mesomorphic”, from the 
greek mesos-morphe which means “middle form”. Because of its industrial relevance, the 
mesophase of isotactic polypropylene (i-PP), which is easily obtained by rapidly cooling the molten 
polymer, is one of the most extensively investigated.[1-3] Its structure is consistent both with the 
presence of  small bundles of parallel chains in 3/1 helical conformation, with short range lateral 
order,[1] and with a conformationally disordered glass, characterized by defects in the handedness 
of the

 
helices.[2] The macroscopic properties of i-PP mesomorphic structure, e.g. density, and 

elastic modulus, lay between those of the amorphous state and of  the  monoclinic structure 
(commonly obtained by crystallizing the polymer at low-moderate cooling rates). Associated with 
the development of the different structures, profound changes in the nano-scale morphology have 
been reported. The typical cross-hatched lamellae of the monoclinic phase (-form) are replaced in 
the semi-mesomorphic samples by small nodular morphologies with typical sizes of the order of 5 
to 20 nm.  

Due to its low density and high degree of disorder, i-PP mesomorphic form is metastable and, on 
heating between 40 and 80°C, it undergoes an irreversible transformation into the 
thermodynamically stable crystalline α-form. [4-6] By means of DSC [4] and temperature resolved 
WAXD [5] it was suggested that this transition involves different phenomena, such as re-
crystallization of the mesophase, its partial melting and simultaneous crystallization of α form from 
the undercooled melt. On the other hand, on line AFM during heating of semi-mesomorphic 
samples demonstrated that the nodular morphology is retained even after the complete 
transformation into the monoclinic structure, thus suggesting an intra-molecular mechanism based 
on rearrangement of helical conformations.[6] So far, little is known on the kinetics of the meso-to-
 phase transformation as a function of temperature, because most of the investigations were 
performed under continuous heating conditions. Moreover, no information is presently available on 
the role of purposely added constitutional defects (co-units) on the kinetic of this solid-state 
transition. Besides its scientific intriguing aspect, the relevance of this proposal is also connected to 
the possibility of forecasting post-processing behaviour of polypropylene goods.

 

In the following, preliminary results concerning the evolution of this metastable phase upon 
isothermal annealing for long times are reported.  Figure 1 summarizes the most relevant features of 
the phenomenon. 

 

 

 

 

 

 

 

 

Figure 1: WAXD patterns of i-PP homo and copolymers, quenched and annealed according to the reported 
conditions. 



Wide Angle X-Ray Diffraction allows to easily follow the structural evolution, since the two 
polymorphs present largely different patterns. In particular, with the progress of the transformation, 
the two broad halos which characterize the mesomorphic phase  are progressively replaced by the 
five sharper diffraction peaks distinctive of the -form. The typical time evolution of the phase 
transition can be deduced from Figure 1a. As expected, since it occurs in a solid system at relatively 
low temperatures, the process is very slow. In agreement with the observed structural changes, an 
increase of the density of the sample, which follows a logarithmic law with time, has been assessed 
ex-situ. Figure 1b provides information on the effect of annealing temperature. It clearly appears 
that meso-to-transition is a thermally activated process, being faster the higher is the 
temperature. This trend clearly rules out any possible involvement of a nucleation process as a rate 
determining step. On the contrary, it points towards a mechanism controlled by diffusion/mobility 
in the mesomorphic state, which can be greatly enhanced by increasing temperature. At a given 
temperature, the extent of transformation is larger in copolymers respect to homopolymers, as 
shown in Figure 1c. This observation can be justified by a  larger segmental mobility in the 
mesophase of propene/ethylene random copolymers. This can possibly be due to a decrease in the 
“stiffness” of the polypropylene -helix resulting from the inclusion in the mesophase of a certain 
amount of defects able to break its symmetry. In parallel with the structural transition, also the 
morphology  in the nanometer length scale evolves. Changes in the nodular crystal habit can be 
conveniently probed by means of Small Angle X-Ray Scattering, as shown in Figure 2a. The 
intensity profiles clearly show the presence of a periodicity in the electron density fluctuation, 
which, for semi-mesomorphic samples, has been commonly attributed to the average nodules 
diameter. From Figure 2b, a clear growth of the domain size can be deduced. Again, this 
phenomenon, which occurs simultaneously with the meso-to- transformation, appears to be 
extremely sensitive to temperature and can be described by a logarithmic law, similarly to 
analogous data on the thickening of polymer lamellar crystallites. 

 

 

 

 

 

 

 

Figure 2:  a) SAXS  intensity profiles of i-PP samples quenched and annealed at 70°C for different times.    
b) Time evolution of nodules size at different annealing temperatures. 

Given the promising results so far obtained, further research is being carried on in order to correlate 
WAXD/SAXS data with the observed density evolution and to elucidate the mechanism of this 
irreversible transition. Many details have still to be understood, particular attention must be paid to 
the role of co-units in accelerating  the phase transformation. Indeed this unexpected finding can 
shed a light on the issue of comonomer inclusion in the metastable polymorph and, more generally, 
on the structuring of the mesophase itself. 
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