Tabmuua 2. PU3nKo-xUMHUECKHE CBOMCTBA SITOKCUIHBIX KOMIIO3UTOB

Brixon
CocTaB KOMITO3UIIMHM, MAacc.d., T, Tk KapOOHU30BAHHBIX T,
oTBepkIeHHOH 15 macc.u. IIDIA °C °C ctpyktyp npu Tk, % °C
Mmacc.
1005/1-20 200 | 390 40 (390 °C) 86
1009 1-20+40TXDD 180 | 360 55 (360 °C) 100
1009/1-20+40TXDD+0.05A1,03 180 | 365 50 (365 °C) 122
[Ipumeuanune: T,, Tx — HayanpHas W KOHEYHAas TEMIIEpATypa
OCHOBHOW CTaJNu T€pMOn3a; Ty — TEIIIOCTOUKOCTH 110 Buka.

JINTEPATYPA
I. OcunoB IL.B., Ocunuuk B.C., CwmorpoBa C.A., CasenseB /I.H.
PerynupoBaHue CBOWMCTB HANOJHEHHBIX AMOKCUAHBIX OJUTOMEpPOB //
[Imactnueckue maccsl. — 2011, - Ne 4 — C. 3-5.
2. MocroBoii A.C. Hcnonp30BaHHE 5SNOKCHCHIAHOB TPHU CO3JAHUU
AMOKCHUIHBIX KOMIIO3UTOB C TIOBBIMICHHBIMU (PU3UKO-XUMHUUYCCKUMHA U
MexaHu4eckuMu cBoiictBamu // IlepcriektuBHbie Matepuanbl. — 2016. — Ne
4. —C. 60-66.
3. MocroBoii A.C., fxosneB E.A., bypmucrpoB N.H., Ilanosa JL.I.
Wcnons3oBanue MOAU(PUITUPOBAHHBIX HAHOPA3MEPHBIX YaCTHII
MOJIMTUTAHATA KA U (PU3NYECKUX METOJI0B MOAU(DUKAIIMK SMOKCHIHBIX
COCTABOB C 1I€JIbIO TOBBIIICHUS X DKCIUTyaTallMOHHBIX cBOUCTB // JKypHan
npukiaagHoi xumun. —2015. —T. 88, Ne 1. — C. 138-149.
4. MocroBoit A.C., ITanmoBa JLI'., KypbGaroBa E.A. Moaudukarms
SMOKCUJHBIX MOJHUMEPOB KPEMHHIICOAEPIKAIUM HAIMOJIHUTEIEM C UEIbIO
MOBBINICHUS SKCIUTyaTaI[MOHHBIX CBOMCTB // Bompockl MarepuanoBeaeHuUs.

~2016. — Ne 2 (86). — C. 87-95.

V]IK 541.45/459
Tereshkov M.V., student, Tymchenko A.V., student

Dontsova T.A., PhD (Chemistry)
(Igor Sikorsky KPI, Kyiv)

CALCULATION OF THE TOTAL ENERGY OF SnO:
FRAGMENT OF STRUCTURE USING NWCHEM SOFTWARE

Quantum-mechanical characteristics of electrons and their behavior
in general determine the total energy of the quantum system. Description of
the behavior of electrons in a multi-electron system is somewhat difficult,
since in such a system there are different types of interactions: exchange,
exchange-correlation, etc. Thus, some approximations and simplifications
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are used in the process of solving the basic quantum-mechanical equation —
the Schrodinger equation.

In practice, the Density Functional Theory (DFT) is often used to
describe multi-electronic systems. This method is universal and applicable
to both electronic gases and multi-electron condensed systems. DFT is
based on the following principles: the energy of the ground state of the
system of interacting particles in this external field is represented as a
single functional, which depends only on the electron density of the
particles [1]. Since the movement of electrons in the condensed state is
strongly correlated, a model system of non-interacting particles in which
the total energy and electron density coincide with similar functions of the
real system is used to describe such a system [2].

The main purpose of density functional theory is to replace the multi-
electron wave function with electron density function. This allows to
simplify the problem significantly, since the multi-electron wave function
depends on several variables, while the density is a function of only three
spatial coordinates [3].

Calculation of the total energy of a system, which is a solid
crystalline body — the 49-atoms SnO, cluster (Fig. 1) was done in
NWChem software using the mentioned above non-empirical method —
density functional theory (DFT).

NWChem is free and open-source software distributed under the
terms of the Educational Community License (ECL) 2.0. This software
provides a wide range of empirical, non-empirical and hybrid methods of
computational chemistry implemented as separate modules. The main
advantages of NWChem compared to other computational chemistry
software (e.g. MOPAC, GAMESS-US, Gaussian) is that NWChem has
open source code, implements almost all of computational chemistry
methods, supports multiprocessor systems and high-performance clusters
through MPI, has wide configuration capabilities, simple structure of input
files and is updated and improved regularly. The quantity and quality of
documentation covering all the functionality of the software is also worth
mentioning [4,5].

The total DFT energy was calculated in direct mode using the
B3LYP hybrid exchange-correlation functional which consists of Hartree-
Fock (Exact) Exchange, Slater Exchange Functional, Becke 1988
Exchange Functional, Lee-Yang-Parr Correlation Functional, VWN I RPA
Correlation Functional. A 3-21G basis set was chosen for the optimal ratio
of calculation time and accuracy. The calculated total energy
was -56982.3035569 Hartree. The total energy consisted of following
components (Hartree): one electron energy = -144067.75663, coulomb
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energy = 56094.44348, exchange-Corr. Energy = -1788.31012, nuclear
repulsion energy = 32779.31971.

Fig. 1. The 49-atom SnO, cluster.

The approximate accuracy of numerical integration used to estimate
the exchange-correlation contribution to the density functional was 1x107.
Since the calculations were performed iteratively, the main convergence
criteria of calculations was the energy difference between the two iterations
— less than 5x10°°.
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AHAJIN3 KUCJIOTHO OCHOBHBIX CBOMCTB
HAHOKOMIIO3UTA HA OCHOBE AKTUBUPOBAHOI'O YT'JIA

Cpenn copOLMOHHBIX MaTEPHAIOB, KOTOPBIE OOJAJAr0T OOJBIION
yICIBbHONW TIOBEPXHOCTBIO U JIOCTATOYHO BBICOKMMH COPOIIMOHHBIMU
CBOMCTBaMH, HamOoJiee W3BECTHBIMH SIBJISIOTCS aKTHUBHUPOBAHHBIC YTIIH.
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