Thermodynamical evaluation of addiction mechanism between etioporphyrines and ammonia
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Environmental pollutions and industry pollutions of toxic gases leads to enlargement of interests about express analysis of gases, which could be provided as real-time automatic process. One of the solutions for such task is using the semi-conductive sensors.  The electrophysical changes of surfaces involved is known to be analytical response, and they functionally linked with quantity of substance to be analyzed.

At the present days our scientific group to provide some investigations, which aimed to design such sensors. Metalloporphyrines are known to be the p-type semi-conductors have been considered as the gas-sensitive conductive layers. Etioporphyrines of Ni, Co and Cu were evaporated at high vacuum to glassceramic plates, contains the pear-to-pear structure of nickel electrodes, have been researched.

A lot of our attention devoted to studying the mechanism of interactions between thin films of compounds concerned and corresponding gases. For this aim to be reached conductivity measurements at several temperatures were provided to be exposed at ammonia. Theoretical investigations of interactions thermodynamics were provided for Ni, Cu, Co etioporphyrines molecules with ammonia with Gaussian 03 package with approaches involved: DFT/PBE functional, 6-31G(d,p) basis set and SDD ECP.
The inner rotations thresholds of side chins were taken into account when solving theoretical tasks about thermodynamical features of formation such adducts. This solution allows the choice of the attack center for ammonia molecule to be correct.

Results of thermodynamic investigations show free Gibbs Energy to be ~ 100 kJ/mol for such interactions, which proves the sorption-like interaction type for main electronic state of porphyrines to be studied.

Evaluation of thin films conductivity at several temperatures proves the facts mentioned above – conductivity data are in agreement with theoretical data.

At exposition the thin films to the ~ 400 nm energy the growth of their sensitivity could be observed. The task about the mechanism of interactions in excitation state proves last one fact to be correct: Gibbs Free Energy absolutely grows, which proves some more strong chemical bond to be formed. 

Thus, the theoretical thermodynamics investigations of interactions between etioporphyrines and ammonia, and experimental study of conductivity show the sorption-type interactions to be self-specific energy features for each of metal of porphyrines metallocomplexes.

