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Abstract

This article presents the quantum-chemical analysis of silicon organic substance synthesized
on the basis of urea, formaldehyde and tetraethoxysilane based on the Gaussian Interface
program. As a result of quantum-chemical calculations, the electronic structure and energetic
properties of reagents and products, including total energy, energy of formation, heat of
formation, electron energy, nuclear energy, dipole moment, and the values of the charges of
oxygen atoms were determined in advance of the reaction centers. It has been confirmed that
the results obtained on the basis of the analysis are consistent with the general laws. When
planning chemical reactions, especially when determining the technological parameters of
reactions and developing technology, it is important to carry out quantum chemical
calculations of the initial chemical substances and carry out mathematical modeling of the
results obtained.
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Introduction
It is well known that the chemical properties and reactivity of molecules depend on their
electronic structure and energy characteristics.
Currently, quantum chemical calculation methods are rapidly developing. As a result, it is
possible to estimate the geometry of molecules, calculate the stability of intermediate and
transition states. The experimental calculation of such results for many reactions is associated
with difficulties caused by the simultaneous occurrence of intermediate stages in a multi-stage
process and the presence of intermediate products in a very short time. The rapid development
of computational methods of quantum chemistry, as well as the creation of modern computing
equipment and programs, made it possible to find many properties of complex organic
compounds. For this reason, molecular dynamic and quantum chemical tests are currently
considered important physicochemical testing methods for obtaining data necessary to establish
certain mechanisms and patterns of production of organic substances [3, p. 2; 4, p. 3].
. \¢ In the experimental evaluation and explanation of the reactivity of organic substances, quantum
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chemistry closely helps and makes it possible to predict probable reactions. The basis of today's
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quantum chemistry is the Schrddinger equation, it is most often determined in a process without
heat exchange for stationary states.

As a result of applying quantum chemistry methods, calculated information is obtained on the
density of electron states, the arrangement of electron density, possible reaction surfaces and
various spectroscopic quantities. Today, quantum chemistry methods are inexpensive,
convenient and multipurpose methods for studying the electronic structure of molecules.
However, it is impossible to completely abandon traditional experimental methods of testing
substances [6, p. 2; 2, p. 2].

The activity of a molecule in any reaction depends largely on its structure and energy properties.
With the development of quantum-chemical calculation methods, chemists have gained the
opportunity to plan experimental work, carry out targeted synthesis of products and obtain
substances with specified properties.

Based on the above, the electronic structure of some intermediate substances used in scientific
research was studied and quantum chemical calculations were performed [1, p. 1; 5, p. 2].
Results are presented on the electronic structure and spatial geometry of the starting substances
urea, formaldehyde and tetraethoxysilane (TEOS), obtained semi-empirically using the RMZ
and AM1 methods (Fig. 1, 2, 3).
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Fig. 1. A, B. Charge distribution in the urea molecule
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Fig. 2. Electron distribution of the formaldehyde molecule
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Fig. 3. A, B. Distribution of energy and electrons in the tetraethoxysilane molecule
The separation of atomic charges in the studied molecules shows that, based on the distribution
of the negative and positive charges of the molecules of the starting materials, their reactivity
Is high and they can react with various compounds.
Based on the above, the electronic structure and charge distribution were studied taking into
account that the addition of tetraethoxysilane to the monomethylol derivative formed by urea
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S with formaldehyde is considered an intermediate state in our experiments (Fig. 4).
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Q Fig. 4. Distribution of electronic charge in the intermediate state of monomethylol urea
; with tetraethoxysilane.

Quantum-chemical calculations of the selected substances for the synthesis of organosilicon
compounds were studied, the obtained data are presented in Table No. 1. The energy properties
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of the molecules taken (total energy, formation energy, formation heat, electron energy, nuclear
energy, dipole moment, oxygen atom charge) and the electronic structure, as well as the reaction
the center in them can be determined in advance[7].
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Table No. 1
Quantum-chemical calculations of the compounds used
w Compounds Total Energy of Heat of Electron Nuclear Dipole Charge of
c energy formation, formation, energy energy moment the
9 kcal/mol kcal/mol kcal/mol eV kcal/mol (D) oxygen
atom
Primary substances
Urea -18418 -705 -41,04 -54689 36270 4,071 0,1017
Formaldehyde -10209 -368 -34 -19246 9037 2,164 0,06
TEOS -57886 -3082 -326 -338530 280644 2,678 0,08734
Synthesized intermediates
Intermediate -72148 -3402 -361 -444066 371918 0,4244
state
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Analyzed values of total energy, energy of formation, heat of formation, electron energy,
nuclear energy, dipole moment, atomic charge oxygen also indicate that the results obtained are
consistent with general laws.

When selecting chemical reactions, especially when identifying technological conditions for
reactions and creating technology, it is important to carry out quantum-chemical calculations
of the initial chemical compounds, and to carry out mathematical modeling with the data
obtained.
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