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Thermolysis products
The comparison of the experimental IR-spectra of the products of thermolysis of poly-5-vinyltetrazole and 

its copper salt shown that they are very similar. We therefore assume that in both cases the products of ther-
molysis contain the same organic matrix. However, the IR-spectrum of the copper(II) poly-5-vinyltetrazolate 
thermolysis product features lower resolution in comparison with the product of thermolysis of poly-5-vinyl
tetrazole. This can be explained by the presence of copper nanoparticles in a polymeric matrix of the product 
of thermolysis of copper(II) poly-5-vinyltetrazolate. To determine the composition of such polymeric matrix 
we calculated the corresponding vibrational spectrum and compared it to the experimental data.

Before proposing possible structures of the thermolysis products, preliminary analysis of the experimental 
IR-spectrum was carried out. According to the characteristic frequencies data we can assume the presence 
of cyano-groups. This assumption is based on the fact that no other fragments that could be formed from 
poly-5-vinyltetrazole are able to absorb in the spectral region of 2200 –2400 cm–1. Double С —— С bond was 
suggested to be formed in the thermolysis product based on the absorption bands at 1596 cm–1 (stretching vi-
bration typical for double bond attached to heavy substituents such as a polymer chain) and 807 cm–1 (typical 
for out-of-plane С—H vibrations in the trisubstituted double bond). Finally, peaks at 1382 and 3371 cm–1 are 
common to C—N and N—H stretching vibrations, respectively.

Considering the presence of the above mentioned chemical bonds and fragments together with the struc-
ture of poly-5-vinyltetrazole and tendencies of bonds cleavage for similar substances seven possible products 
have been suggested (fig. 6). The geometries of all chosen structures were fully optimized and the calculated 
IR-spectra were compared with experimental data.

As can be seen from fig. 6 the polymeric products 1, 3 and 4 have system of conjugated double bonds. It is 
therefore incorrect to consider only one monomeric unit for calculation of their IR-spectra. We have calculated the 
IR-spectra of model structures of polymers 1, 3 and 4, including up to six monomeric units. For polymer 1 (poly-
cyanoacetylene), both cis- and trans-isomers have been considered. According to the results of our calculations, 
the cis-isomer is more stable, therefore only the calculated spectrum of this isomer is discussed below. Calculated 
IR-spectra for models 3 and 4 remain practically unchanged starting with tetramers. On the other hand, the structure 
of the polymer 1 becomes non-planar starting from hexamer. In addition, there is an intense peak at ~1000 cm–1 
in the tetramer spectrum, corresponding to the deformation vibrations of terminal protons. It is obvious, that the 

Fig. 5. Calculated IR-spectrum for model E (see fig. 4) (a);  
experimental IR-spectrum of copper(II) poly-5-vinyltetrazolate (b)


