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STUDIES  ON  THE  MOLECULAR  COMPLEXES  OF  1,2-DICHLOROETHANE
IN  A  VITRIFIED  MATRIX
Keywords: 1,2-dichloroethane, conformational analysis.
Vibrational spectra of solutions of 1,2-dichloroethane in a vitrified matrix (paraffin oil) are studied in a wide temperature range including the area below the glass transition temperature. Indications of the complex formation are observed at concentrations of more than 0.07 volume fractions. As found from the combined analysis of the experimental data by the methods of factorial analysis and quantum-chemical calculations, the molecular complex is a dimer formed from the trans- and gosh-conformations of 1,2-dichloroethane. Thermodynamic parameters of the complex are determined.
Ключевые слова: 1,2-дихлорэтан, конформационный анализ.

Исследованы колебательные спектры растворов 1,2-дихлорэтана в стеклующейся матрице (парафиновое масло) в широком интервале температур, в том числе и ниже температуры стеклования. Обнаружено, что при концентрациях более 0,07 об. дол. наблюдаются признаки комплексообразования. Совместный анализ экспериментальных данных с привлечением методов факторного анализа и квантово-химических расчетов позволил установить, что молекулярным комплексом является димер, образованный транс- и гош-конформациями 1,2-дихлорэтана. Определены термодинамические параметры комплекса.

Introduction
Interest to investigation of molecular complexes is connected with the fact that intermolecular interactions play an extremely important role in understanding the kinetics of chemical reactions, processes of dissolution and adsorption, the effects of molecular self-organization, and the formation of supramolecular systems with unusual physical and chemical properties. Therefore studying the phenomena caused by weak intra- and intermolecular interactions is one of the urgent problems of contemporary chemical and molecular physics.
The results of experimental studies on the molecular clusters of 1,2-dichloroethane in a vitrified solvent by the Fourier-transform infrared spectroscopy method in wide temperature and concentration ranges are given in the present article. The experimental data are interpreted with using the methods of factorial analysis and quantum-chemical calculations of the electronic and stereochemical structures, and the energy of the molecular clusters.
Experimental Techniques and Quantum-Chemical Calculations
Paraffin oil (PO) was used as a vitrified matrix. A solution of 1,2-dichlorethane (DCE) with the specified concentration was thoroughly mixed for 5 minutes and placed into a cell for low-temperature studies with the fixed wall thickness (50 μm).
The IR-Fourier absorption spectra were recorded on a Tenzor-27 spectrometer (Bruker). The spectral resolution was 1 cm–1 and the number of scans 32. Low-temperature studies were carried out in a standard cryostat in a temperature range from 100 to 300 K. The cryostat was cooled by liquid nitrogen with a mean cooling rate of 0.5–1.0 degree/minute. Temperature was registered by means of a platinum thermometer. The accuracy in maintaining the sample temperature was ±1 K. In the case of strongly overlapped absorption bands they were divided into separate spectral components by means of a PeakFit software package. The band’s shape was determined as a sum of the Lorentz and Gauss distribution contours.
Quantum-chemical calculations were performed with the use of a Gaussian 98 program package [1]. Geometrical parameters of all the molecular structures were optimized using a B3LYP three-parametrical exchange-correlation functional [2] and 6-31G(d,p) and 6-311++G(d,p) basis sets, and also a PBE functional and a (3z) basis. Inclusion of polarization p- and d-orbitals in a basis set is determined by the presence of hydrogen and chlorine atoms in the system of atoms that are capable to form weak non-covalent complexes. In order to confirm that the obtained structures are minima on a potential energy surface and for determining the energy of zero-point oscillations, the vibration frequencies have been calculated at the same theoretical level.
The values of standard formation enthalpies and free Gibbs energies in a gas phase (Т=298.15 K, р = 1 atm) are calculated taking into account the energy of zero-point oscillations and also the corresponding thermal corrections to the electronic energy.
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