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Abstract
This paper is dedicated to the late Prof. P. Bajaj of I.I.T. Delhi, with whom I shared a common interest: a fascination with polyacrylonitrile.Atactic polyacrylonitrile (PAN) is an unusual vinyl polymer that is fibre-forming.  It has several unique and puzzling features including the observation of sometimes a single and sometimes two Tgs.  PAN degrades before melting. Yet, this polymer is one of a handful that can be carbonised with high carbon yield. The order and morphology in PAN have been controversial for a long time.  The first question is whether the polymer has three-dimensional crystalline order, as found in other semi-crystalline, fibre-forming polymers, or has some intermediate type of order. The second issue is whether the chain packing is hexagonal or orthorhombic.There is experimental evidence to support both hexagonal and orthorhombic packing. Another disputed topic is whether the classical two-phase model of polymer morphology [crystalline + amorphous] is applicable to this polymer.In this paper, the above discrepancies will be resolved.  Instead of regarding the hexagonal and orthorhombic forms as mutually exclusive as discussed by previous authors, it is shown that both forms can exist under different circumstances – that is, PAN shows polymorphism.  Further, it will be shown that dry PAN always give the hexagonal pattern, while when the polymer is exposed to certain solvents, solvated complexes can be formed, which results in orthorhombic diffraction patterns. The polymer can show two phase or single-phase behaviour.  It is established that the former occurs with unoriented polymer, whereas drawing induces a transition to a single-phase structure. The two-dimensional hexagonal packing in dry PAN is in effect a mesophasic type of order.  In fact, there is a viscous but thermoplastic mesophase present in PAN in a certain temperature regime.
