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Quantum-chemical modeling of mono- and biligand
complexes of silver ions with some DNA nucleotide
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One of the promising objects for the creation of new functionalmaterials is themetallizedDNAmolecule. Such
a system is a unique combination of the biopolymer matrix of DNA and the properties of metal ions, in par-
ticular Ag<sup>+</sup>. The presence of intercalated Ag<sup>+</sup> ions in the DNA structure provides
the possibility of forming one-dimensional nanostructures in the form of nanowires [1]. At the same time, for
the correct modeling of such systems, a necessary procedure is a step-by-step optimization, the initial stage
of which is the quantum-chemical modeling of complexes of DNA nucleotide bases with Ag<sup>+</sup>
ions in the form of L–Ag<sup>+</sup> and L–Ag<sup>+</sup>–L, where L is the ligands of the studied ni-
trogenous bases. In our case, the anions of thymine (T<sup>–</sup>) and guanine (G<sup>–</sup>), and the
molecular forms guanine (G), cytosine (C), 5-bromocytosine (С-Br) and adenine (A).
Calculations were performed within the framework of density functional theory (DFT) in the Gaussian 03
software package. Argentum atoms were described by the Def2-TZVP ECP basis set. The 6-311++G(d, p)
basis set was used to describe the nucleotide base atoms. The PCM and SMD models were used as solvation
models. The empirical correction for the dispersion interaction GD3 was used. Calculations of the effective
charge of the central atom were made using the natural orbital theory (NBO). The criterion for comparing
the stability of the complexes was the energy effect of complex formation. Calculations of the energy effects
of Gibbs energy, enthalpy and zero-order energy for the [Ag<sup>+</sup>–L] complexes were performed
according to the equation:
<pre>
L + Ag<sup>+</sup> = [Ag<sup>+</sup>–L] + Δ<em>E</em><sub>1</sub>
Δ<em>E</em><sub>1</sub> = <em>E</em>(Ag<sup>+</sup>–L) – (<em>E</em>(L) + <em>E</em>(Ag<sup>+</sup>))
</pre>

For the [L–Ag<sup>+</sup>–L] complexes, the energy effects of formation were calculated according to the
equation:
<pre>
L + [Ag<sup>+</sup>–L] = [L–Ag<sup>+</sup>–L] + Δ<em>E</em><sub>2</sub>
Δ<em>E</em><sub>2</sub> = <em>E</em>(L–Ag<sup>+</sup>–L) – (<em>E</em>(L) + <em>E</em>(Ag<sup>+</sup>–
L))
</pre>

It was shown that electroneutral Ag<sup>+</sup> complexes with the N3 atom of thymine and the N1 atom
of guanine demonstrated the highest thermodynamic stability. Positively charged complexes gave lower ther-
modynamic stability. Among them, Ag<sup>+</sup> complexes with the N1 atom of adenine were found
to be the least stable, which explains the experimentally observed “jumping out” of adenine from the double
helix in the metallized Ag-DNA molecule [1]. A comparison of the computational approaches used in [2]
shows that the B3LYP functional in combination with the SMD solvation model provides the most suitable de-
scription of the [Ag<sup>+</sup>–L] complexes, since it systematically gives lower formation energies than
B3LYP/PCM and predicts the Ag-N bond lengths more consistently than M06-2X.Therefore, optimization was
performed for the [L–Ag<sup>+</sup>–L] complexes using this method.
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