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2. Quantum-mechanical determination of the charges of atoms, their covalent and electrostatic interaction in
biomolecules

Pedepar:

1. [IpoBeeHO KBaHTOBO-MEXaHIYHUI aHAJIi3 MOMIiNly €JIEKTPOCTAaTUYHOI CKJIAI0OBOI €HEPTii MKMOJIEKYJISIPHOI
B3a€eMO/ii Ha CKJIa/I0Bi, JIOKAJIi30BaHi y BiflIOBiIHOCTI 10 rpady KOBaJIEeHTHUX 3B'513KiB MOJIEKYJIH. JJOCIiIKEHO
BIUIUB KOH(popMalii 6ioMoseKkysn Ha e(peKTUBHI 3apsiay iXHiX aTOMIB Ta OPsAKY 3B's13KiB. CTBOPEHO HOBI MOjieJli Ta
METOJIY IJIs1 OJep>KaHHs JIOKaTi30BaHUX OpbiTasieil, IpUAaTHUX 171 aHAJI3y eJIeKTPOHHOI CTPYKTypU 6i0MOJIEKYI,
arpokcumalii ix 3BeJieHoi 0JHOYaCTMHKOBOI MaTpulli 'YCTHUHH, NOJiy OGHOEIEKTPOHHUX (Pi3UYHUX BIACTUBOCTEH i
T'YCTMHU 3apAy Ha JIOKa/Ii30BaHi CKJIAOBI, WO BiAIOBiNal0Th Mogei JIbloica. OxapakTepru30BaHO BILIVB
€JIEKTPOHHOTO CIIPSDKEHHS Ha CTATUCTUYHI XapaKTePUCTUKYU PO3IOAiiB JOBKMH KOBAJIEHTHUX 3B'SI3KiB.

P0o3p0o6s1€HO YKCII0Bi QITOPUTMU Ta KOMITIOTEPHI ITpOorpamMu [J1s1 peasisaliii CTBOpeHHX MeTOiB aHali3y



€JIEKTPOHHOI CTPYKTYypH 6ioMoJieKys1. Po3po6yieHi MeTony MOXKyTh 3HAUTH ITOJAJIbllle BUKOPUCTAHHS [1pU
CTBOPEHHI HOBUX Ta IIapaMeTpu3allii iCHyI0YMX CUJIOBUX TOJIIB IIPU MOJIEKYJISIPHO-AMHAMIYHOMY MOJEJOBAHHI
6iOMOJIEKYJIIPHUX CUCTEM, I100YI0BI HaNliBEMITIPUYHUX MOJIeJIel €JIeKTPOHHOI CTPYKTYPH TaKUX CUCTEM Ta

CTaTUCTUYHOMY IPOTHO3YBaHHI ixHiX (i3UKO-XiMIYHUX BJIACTUBOCTEN, 110 MAIOTh 0i0JIOTIYHMI CEHC.

2. The thesis is devoted to the quantum-mechanical analysis of the decomposition of electrostatic component of
intermolecular interaction energy into the contributions localized in accordance with the graph of the covalent
bonds of a molecule. Molecular dynamic simulations in combination with quantum mechanics methods (DFT, 2nd-
order Moller-Plesset perturbation theory, atoms in molecules electron charge density topology analysis method
(QTAIM), symmetry-adapted perturbation theory (SAPT), as well as LPO and CLPO orbital localization methods
developed in this thesis) were used to investigate the decomposition of one-electron molecular properties of
biomolecules into the localized contributions. The conformational dependence of the covalent bonding descriptors
obtainable from one-particle density matrix was studied. The values of bond orders for pairs of covalently bonded
atoms in different conformers were obtained by Natielo-Medrano, NPA-Weiberg, and Mayer methods in model
DNA constituents. Using the method of molecular electrostatic potential approximation, the dependence of atomic
charges of canonical 2'-deoxygribonucleotides was investigated. The modification of the principal component
regression method was developed to obtain atomic charges from such the observable properties of molecules as
the spatial structures and dipole moments of their conformers. The problem of approximating the reduced one-
particle density matrix, initially given in the basis of orthonormal functions, by a diagonal part of its expansion over
the localized orbitals is formulated, and numerical algorithm as well as its software implementation for finding the
localized orbitals (LPOs) as a solution of the formulated problem are created. Modification of the LPO algorithm
based on the new conditions for orbitals occupancy and ionicity is developed and implemented in software
package JANPA for obtaining the CLPO localized orbitals. These localized orbitals are shown to mimic the electron
pairs of the covalent bonds and single-atomic lone pairs, well-known in the classical Lewis model of molecular
electronic structure. Basing on the developed methods, a new procedure for finding the covalently bonded atoms
and determining their integer-valued bond order from a reduced one-particle density matrix of the molecule is
proposed. It is shown that the distribution of the lengths of detected covalent bonds gets close to the normal one
after removing the bonds which can be considered as conjugate. In this case, for all bonds their average lengths
agree with the corresponding experimental values within one standard deviation. The covalent radii corresponding
to single, double and triple bonds were found for atoms of chemical elements H, B, C, N, O, F, Si, P, S, Cl, Ge, As, Se,
Br solely from the first-principle data. A new model is proposed for approximating the charge density of a
molecule by the sum of the point charges located on atomic nuclei and equal to NPA charges, and of the following
localized electronic components, neutralized by the appropriate fraction of nuclear charge - electron pairs of
atoms and covalent bonds.
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