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Among aromatic heterocyclic polymers, those containing 1,3,4-oxadiazole (POD) and 1,2,4-triazole 
(PT) rings are of special interest for the production of high-performance materials due to their high 
thermal stability and certain specific properties which are determined by the nature of the polymer 
backbone containing the heterocyclic units. Aliphatic poly-1,2,4-triazoles combine a high thermal 
resistance, simple synthesis procedure, easy processability, structural diversity and flexibility, light 
weight, and cost effectiveness. Therefore they are attractive as advanced materials, like polyamides, 
for many industrial and commercial applications, especially in surface-mount technology and 
automobile industries. In order to elucidate the relation between the length of the aliphatic segment 
of the repeating units in the backbone and the structure, processing, and orientation effects during 
tensile tests and thermal treatment, SAXS and WAXS studies have being done at B1.  

 

 

 

 

 

 

 

Figure 1: SAXS (a) and WAXS (b) patterns of aliphatic poly-1,2,4-triazoles recorded at room temperature. 
Films obtained by hot press moulding at 180 °C (n= 4, 10, 12) and 250 °C (n=6) 

The effect of the length (n) of the aliphatic segment on the polymer structure is manifested by a 
strong upturn at low q values with slight shift of this peak to higher q values when the length of the 
aliphatic segment increases from n=4 to 12 (Fig. 1). The observed peaks in SAXS and WAXS 
patterns could be assigned to the length of the polymer repeating unit and to the side-by side 
packing of the chains. When analyzing the films with the optical microscope (Fig. 2c), spherulites 
with a 40µm average diameter were observed for polymer film (n=12) cast from solution before 
tensile test while elongation of the initial spherulites was observed for the same film after tensile 
test (average thickness: 22 µm; average length: 100 µm); the orientation effect during tensile test 
was also observed in the SAXS patterns (Fig. 2, a and b). When hot press moulded films of 
polymers with n=4 and 12 were heated up to 250 °C and subsequently cooled to room temperature, 
the WAXS pattern show that crystallinity is lost around 70°C (for both polymers) and that only the 
polymer with n=12 recovers almost the initial crystallinity when cooled down to room temperature 
(Fig. 4); this was also observed by DSC (Fig. 3). Figures 4 evidenced the polymers with n=4, 10 
and 12, the presence of a crystalline phase causes an increase in strength and decrease in strain at 
break when the aliphatic segment length became shorter. The film processing has only strong 
influence for n=6; a film cast from solution at 120°C is stronger and stiffer than a film prepared by 
hot press moulding at 250°C.  For films prepared from the polymer with n=12, there was no strong 
influence of the processing onto their mechanical properties; this polymer has the highest strain at 
break. 
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Figure 2: SAXS patterns of hot press moulded films (a) and films cast from solution (b) at 130°C (n= 12), 
before and after tensile test (Middle and Bottom) recorded at room temperature. Optical Microscopy of films 
films cast from solution (c) at 130°C (n= 12), before and after tensile test recorded at room temperature. 

 

 

 

 

 

 

 

 

 

 

Figure 3: Evolution of WAXS patterns with the temperature for n=4 (Top, a) and n=12 (Bottom, a) and DSC 
traces for films obtained by hot press moulding (Top and Bottom, b) and from solution (Top and Bottom, c) 

 

 

 

 

 

Figure 4: Processing effect on the structure and mechanical properties of aliphatic polytriazoles 
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