QUANTUM-CHEMICAL MODELING OF DIMERIZATION OF COPPER ATOMS WITH PARTICIPATION OF MALEIC ACID IN THE PROCESS OF ELECTROREDUCTION

One of the promising areas in electroplating is obtaining nanodisperse organometallic coatings that have a number of valuable properties [5]. Among them, copper nanodispersed coatings with an intercalated fraction of the organic component [3, 1] should be isolated, which, due to dπ-pπ-binding, can form stable compounds with Cu0 and Cu+.
The energy of formation of copper clusters was studied in the process of electrodeposition of copper ions from an aqueous solution in the presence or absence of unsaturated functionally substituted alkenes, in particular acrylic acid (HAA) [6]. It was established that its introduction into the internal coordination sphere leads to a decrease in the energy effects of the dimerization reactions:
	2[Cu0(H2O)] → [Cu02(H2O)2]
	−240,6 kJ/mol

	2[Cu0(H2O)πHAA] → [Cu02(H2O)2(πHAA)2]
	−62,6 kJ/mol

	2[Cu0(H2O)πHAA] → [Cu02(H2O)2] + 2HAA
	−45,1 kJ/mol


It was also experimentally investigated that nano-dispersed copper coatings are formed in the presence of acrylic or maleic acid (H2MA) in the course of electroreduction of copper ions[2]. But the initial stages of nucleation with the involvement of maleic acid are not sufficiently studied. Therefore, the purpose of this work was to conduct quantum-chemical modeling of influence of maleic acid on the dimerization of copper atoms.
Modeling of copper clusters was performed using B3LYP functional.  Solvation effects were taken into account using polarization continuum model. Wachters+f basis set was used for copper atoms and 6‑311G(d,p) basis set was used for carbon, hydrogen and oxygen atoms. UsingBader method [4], a topological analysis of functions of the distribution of electronic density ρ(r) was carried out, which allowed calculating the coupling energy of atoms of the Lj−Cu-Cu−Li cluster, where Lis H2MA and/or H2O. Calculations were made using the Gaussian and AIM2000 program.
According to the simulation results, the energetics of the formation of dimers of copper atoms from their π-complexes with maleic acid in the molecular form was calculated:
	2[Cu0(H2O)πH2MA] → [Cu02(H2O)2 ] + 2H2MA
	−1,64kJ/mol (1)

	2[Cu0(H2O)πH2MA] → [Cu02(H2O)πH2MA] + H2MA + H2O
	15,39kJ/mol (2)

	2[Cu0(H2O)πH2MA] → [Cu02(πH2MA)2] + 2H2O
	47,97kJ/mol (3)

	2[Cu0(H2O)πH2MA] → [Cu02(σmonoH2MA)2] + 2H2O
	32,56kJ/mol (4)

	2[Cu0(H2O)πH2MA] → [Cu02(H2O)2(σmonoH2MA)2]
	11,70kJ/mol (5)

	2[Cu0(H2O)πH2MA] → [Cu02(H2O)2(σbiH2MA)2]
	−66,44kJ/mol(6)


According to the reaction of dimerization, it can be observed that the introduction of H2MA leads to a more significant decrease in the energy effects of dimerization than the introduction of HAA. At the same time,as the investigated reactions show, the best energy characteristics are performed in the reaction (6).
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