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copper(II) poly-5-vinyltetrazolate and its thermolysis products, we have used the model structures in which 
heavy polymer chains were substituted by iodine atoms. Thus, all calculations in such cases were carried out 
for corresponding single monomeric units terminated by iodine atoms. We assume that heavy iodine atoms will 
have almost no effect on the calculated vibrational properties of remaining atoms in model structures. The geo
metry optimization and vibrational frequencies calculations of possible products of thermolysis of copper(II) 
poly-5-vinyltetrazolate were carried out using hybrid B3LYP [14] functional and 6-311+G(d, p) [15] basis set 
for all atoms except iodine for which Def2-TZVPD [16] basis was applied. Taking into account a much larger 
size of the model structures used for theoretical investigation of copper(II) poly-5-vinyltetrazolate itself, the 
geometry optimization and vibrational frequencies calculations of such systems were carried out using smaller 
6-31G(d) [17] basis set for H, C, N and SDD basis for Cu [18] and I [19]. To prevent the interaction between 
the N-atoms of the tetrazole rings and the H-atoms of the substitute, which can lead to unphysical conforma-
tions, a polar aprotic medium was used for geometry optimization and vibrational frequencies calculations of 
copper(II) poly-5-vinyltetrazolate model structures. Dimethylsulfoxide (DMSO) was chosen as a solvent and 
the solvation effects were considered within the PCM model [20]. All calculations were performed using the 
Gaussian 09 program [21].

Experimental section
Synthesis of poly-5-vinyltetrazole. Poly-5-vinyltetrazole was obtained through the polymer-analogous 

transformation of polyacrylonitrile [9]. Polyacrylonitrile (25 g) was dissolved in dimethylformamide (250 mL). 
To the resulting solution a mixture of sodium azide (32 g) and ammonium chloride (27 g) was added. The re-
action mixture was stirred at 100 °C for 25 h. Afterwards the solution was diluted with water, and the resulting 
mixture was added to a solution of hydrochloric acid (0.7 mol · cm–3). The obtained product was filtered out, 
washed with water, and dried in a vacuum oven for 8 h.

Preparation of copper(II) poly-5-vinyltetrazolate and the products of its thermolysis. For the prepara-
tion of copper(II) poly-5-vinyltetrazolate, poly-5-vinyltetrazole (6.5 g) was dissolved in an aqueous solution 
of sodium hydroxide (200 mL, 1.2 wt. %). The resulting solution of sodium poly-5-vinyltetrazolate was added 
to an aqueous solution of copper(II) nitrate (100 mL, 25 wt. %). The reaction mixture was stirred at room tem-
perature for 2 h. Afterwards the solution was filtered through the cellulose membrane. The obtained precipitate 
was washed with water and ethanol, and dried in a vacuum oven for 4 h Subsequently, copper(II) poly-5-vinyl
tetrazolate was subjected to thermolysis in a muffle oven at 300 °C for 5 min. As a result of the thermolysis of 
copper(II) poly-5-vinyltetrazolate, a black powder product was obtained [12].

IR spectroscopy investigation. Infrared spectra of poly-5-vinyltetrazole, copper(II) poly-5-vinyltetra-
zolate and the products of their thermolysis were recorded on Bruker «Vertex 70» FT-IR system (Blackman – 
Harrys apozidation) over the 4000 – 400 cm–1 range in «Pike» diamond cavities.

Results and discussion
Structure of copper(II ) poly-5-vinyltetrazolate
With a purpose of proving the feasibility of the chosen me

thod, model structure of poly-5-vinyltetrazole was optimized 
(fig.  1) and its vibrational frequencies were calculated and 
compared with the experimental data. Calculated vibrational 
frequencies together with the corresponding displacement vec-
tors, as well as the experimental IR data are shown in table 1.

As can be seen from table 1, the calculated frequencies are 
in good agreement with the experimental ones especially in 
the region below 1600 cm–1. We therefore focus on the compa
rison of calculated and experimental IR-spectra of copper(II) 
poly-5-vinyltetrazolate in this region. The application of the 
larger basis set allows improving the agreement with experi-
ment only for frequencies above 1100 cm–1.

In our previous work [22] we have shown that in silver(I) 
and palladium(II) 1-R-tetrazole-5-thiolates Ag+ and Pd2+ ions 
are located in the areas of minimal MESP. Therefore, in or-
der to determine the most probable Cu2+ coordination sites 
we carried out the calculations of MESP for the model struc-
ture corresponding to the poly-5-vinyltetrazolate anion. The 
B3LYP/6-311+G(d, p) calculated plot of MESP distribution 
is shown in fig. 2.

Fig. 1. Optimized model structure  
of poly-5-vinyltetrazole


