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Non-Covalent Interatomic Interactions in Crystals of Halogen-Substituted
Trinitromethanes

E.V. Bartashevich?, A.l. Stash?, V.G. Tsirelson®

!Department of Chemistry, South Ural State University
2Karpov Institute of Physical Chemistry
®D.I. Mendeleev University of Chemical Technology
*e-mail: kbartash@yandex.ru

Interatomic interactions in crystals of substituted trinitromethanes, CIC(NO,); and IC(NO;)3
containing intra- and intermolecular interactions O...Cl, O...l, have been carried out from
Quantum Topological Theory of Atoms in Molecules and Crystals (QTAIMC)* and the Non-
Covalent Interactions (NCI) method analyzing the Reduced Density Gradient function (RDG)
2, Zero-flux condition for the gradient of electron density allows tracing boundaries of
bounded atoms as closed surfaces around the nuclei.

Fig.1. Intermolecular interactions O...Cl in solid chlorotrinitromethane: a) QTAIMC, b) NCI

Periodic 3D calculations B3LYP-D/TZVP were performed with optimization of atomic
positions keeping fixed the space group and unit cell parameters (CRYSTALQ9/14). The
electron density was converted to the space-extended Hansen-Coppens multipole model and
the features of the bond critical points and atoms were used to characterize the non-covalent
interactions in the crystals under study with WinXPRO program.

In the crystals CIC(NO;); and IC(NO;); we can distinguish three types of low RDG regions:
1) intermolecular halogen bonds® CI...0, 1...0; 2) intermolecular van der Waals interactions
Cl...0, 1...0; 3) intramolecular interactions ClI...O, 1...0. From the standpoint of NCI, both
intra- and intermolecular interactions between halogen and oxygen atoms are of the same
nature. However, the corresponding QTAIMC bond paths are not found; instead, such
contacts, which we call “uncompleted links”, are accompanied by "quasi-bonding channels"
corresponding to A(r)<O regions on the sign[Ay(r)]p(r) contour maps. Both QTAIMC and
NCI-RDG use the perpendicular curvature of electron density, A,(r), as a parameter for
conclusions about the character of atomic interactions.

1. Bader R.F.W. Atoms in Molecules. A Quantum Theory, Clarendon Press, Oxford, 1990.

2. Johnson E.R., Keinan S., Mori-Sanchez P., Contreras-Garcia J., Cohen A.J., Yang W. J.
Am. Chem. Soc., 2010, 132, 6498.

3. Desiraju G.R., Ho P.S,, Kloo L., Legon A.C., Marquardt R., Metrangolo P., Politzer P.A.,
Resnati G., Rissanen K., Pure Appl. Chem., 2013, 85, 1171.

This work is supported by the Russian Ministry for Education and Science.
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Empirical Valence Bond (EVB) Method on the Proton Transfer from the Retinal Schiff
Base in Bacteriorhodopsin

N.O. Dubinets*?*, R. Matute®, A. Warshel®

'National Research Nuclear University “MEPhI”, Department of Condensed Matter Physics
2HeHTp ®otoxumuu PAH
3University of Southern California
*e-mail: nikita.dubinets@gmail.com

The retinal molecule changes its conformation when absorbing a photon, resulting in
a conformational change of the surrounding protein and the proton pumping action. It is
covalently linked to Lys216 in the chromophore by Schiff base action. After
photoisomerization of the retinal molecule, Asp85 becomes a proton acceptor of the donor
proton from the retinal molecule. This releases a proton from a "holding site™ into the
extracellular side (EC) of the membrane. Reprotonation of the retinal molecule by Asp96
restores its original isomerized form. This results in a second proton being released to the EC
side. Asp85 releases its proton into the "holding site,” where a new cycle may begin.

A simple and reliable empirical valence bond (EVB) approach which we applied here
uses the valence bond concept of ionic-covalent resonance to obtain a Hamiltonian for the
isolated molecule and then evaluates the Hamiltonian for the reaction in solution by adding
the calculated solvation energies to the diagonal matrix elements of the ionic resonance forms.

Fig. 1. Bacteriorhodopsin



Cylindrical wave method and its applications to nanotubes electronic structure

P. N. D’yachkov

Institute of General and Inorganic Chemistry RAS
e-mail: p_dyachkov@rambler.ru

We develop the linear augmented cylindrical wave method (LACW). The main argument
for using cylindrical waves is to account for the cylindrical geometry of the nanotubes in an
explicit form that offers the obvious advantages. In the LACW method, a one-electron model
is used. The electron potential is constructed with the use of the muffin-tin (MT) and local
density functional approximations. In the MT spheres, the potential is taken as spherically
symmetric one. In the interatomic region, the electron potential is constant. In a single-wall
nanotube (SWNT), electron motion is confined to an approximately cylindrical layer with a
thickness on the order of the van der Waals diameter of the atom. Correspondingly, in the
LACW method, the motion of electrons in the space between MT spheres is limited by two
cylindrical potential barriers impenetrable for electrons. In the interspherical region, the basis
functions are the solutions of the Schrédinger equation for free movement of electrons inside
an infinite tube called the cylindrical waves. Inside the MT spheres, the basis function is
expanded in spherical harmonics and solutions of the radial Schrodinger equation in the MT
sphere. Finally, to construct the basis functions, the solutions of the wave equation for the
interspherical region and MT spheres are sewed together. The electronic structure of
individual achiral armchair and zigzag SWNTs obtained using this method. When rotational
and screw symmetries are considered, the actual rather than translational unit cell of any
nanotube contains only two atoms. These symmetry properties are taken into account when
writing basis wave functions and calculating the integrals of the corresponding secular
equation. The double-walled nanotubes consist of two concentric cylindrical graphene layers
with a strong covalent bond between C atoms in each layer and a weak van der Waals
interaction between the layers. With account of the interlayer electron tunneling, the LACW
approach to double-walled nanotubes was developed in. In this model, the electronic spectrum
of the double-wall carbon nanotubes is governed by the free movement of electron in the
interatomic space of two cylindrical layers, by electron scattering on the muffin-tin spheres,
and by electron tunneling between the layers. A first-principles numerical method for
calculation of the electronic structure of the point impurities in the SWNTs based on a
Green’s function technique is developed. The host SWNTs electron Green’s function is
calculated using the LACW theory. The Green’s function of the impurities is calculated in the
terms of matrix Dyson equation. A relativistic version of the LACW method is elaborated and
applied to calculating the gaps in the Fermi energy region induced by the spin-orbit coupling
in the armchair (n, n) tubules. Due to the spin—orbit interaction, the energy gap opens and the
metallic nature for armchair nanotubes is broken; however, each energy subband still has the
two-fold degeneracy. The spin-orbit splitting decreases with growth of n from 0.537 meV for
the (4, 4) tubule to 0.086 meV for the (12, 12) nanotube.

This work was supported by RFBR (project e 03-14-00493).



Nature of the narrow optical band in H*-aggregates: Dozy-chaos—exciton coupling

V.V. Egorov

Photochemistry Center RAS
e-mail: egorov@photonics.ru

Dozy chaos emerges as a combined effect of the collective chaotic motion of electrons and
nuclei, and their chaotic electromagnetic interactions in the transient state of molecules
experiencing quantum transitions. Following earlier discussions of the well-known Brénsted
relations for proton-transfer reactions; the temperature-dependent electron transfer in
Langmuir—Blodgett films; the shape of the optical bands of polymethine dye monomers, their
dimers, and J-aggregates, this paper reports one more application of the dozy-chaos theory of
molecular quantum transitions. The qualitative and quantitative explanations for shape of a
narrow and blue-shifted optical absorption band in H-aggregates (Fig. 1, right panel) is given
on the basis of the dozy-chaos theory by taking into account the dozy-chaos—exciton coupling
effect [1]. It is emphasized that in the H -aggregate chromophore (dimer of cyclic bis-
thiacarbocyanines, Fig. 1, left panel) there is a competition between two Frenkel exciton
transitions through the chaotic reorganization motion of nuclear environment. As a result, the
highly organized quantum transition to the upper exciton state becomes an exciton-induced
source of dozy chaos for the low organized transition to the lower exciton state. This
manifests itself in appearing the narrow peak and broad wing in the optical spectrum pattern
of H'-aggregates (Fig. 1, right panel). A similar enhancement in the H -effect caused by the
strengthening of the exciton coupling in H -dimers, which could be achieved by synthesizing
tertiary and quarternary thiacarbocyanine monomers, is predicted.

H*-monomer
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Fig. 1. Theoretical optical absorption band shapes of thiapolymethinecyanines fitted to the
available experimental data on polymethine dye monomers (M), dimers (D), and H -
aggregates (right panel) and structure of cyclic bis-thiacarbocyanines (left panel).

[1] Egorov V.V. AIP Advances 2014, 4(7), 077111-1 - 077111-9.
http://dx.doi.org/10.1063/1.4889897
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Use of fluorescence up-conversion technique to studies complexes of Cucurbit[7]urils
with organics dye.

D.A. Ivanov, N.Kh. Petrov.

The Photochemistry center of the Russian academy of sciences
*e-mail: ivanovd@photonics.ru

The relaxation of electronically-excited states of styryl dye (1) and its complexes with
cucurbit[7]uril (CB[7]) in aqueous solution was studied by fluorescence steady-state and
upconversion techniques.

The effect of complexation of CB[n] on organic dyes has remained relatively unexplored in
particular in the field of an ultrafast relaxation of electronically excited states. We report on
ultrafast fluorescence measurements that could shell light upon the relaxation of an
electronically-excited guest molecule in the cucurbituril cavity.
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Fig. 1. Fluorescence decay

Fluorescence decay: Normalized fluorescence decay curves of aqueous solutions of dye 1: (1)
in the presence of CB[7], and (2) without it.

The styryl dye (1) can produce 1:1 complexes with CB[7]. The binding constant of about
10E6 M™. The fluorescence is significantly enhanced upon complexation. The fluorescence
up-conversion method allows the detection of the transient behavior of the population in the
S; state.

On the basis of comparison of the dye’s excitation and absorption spectra the quantum
efficiency of the non-radiative route has been estimated: g = 0.29 for aqueous solution of dye
1, and g1 = 0.35 in the presence of CBJ[7]. This increase in the probability of non-radiative
relaxation to the ground state may be attributed to the fact that upon encapsulation dye
molecules obtain additional degrees of freedom for vibration.

This work was supported by RFBR (project Ne 14-13-00751).



Large scale first principles modeling of non-stoichiometric complex perovskites for fuel
cell applications and CO2 capture

E.A. Kotomin*®, M.M. Kuklja®, Yu.A. Mastrikov®, R. Merkle®, J. Maier®

®Institute for Solid State Physics, University of Latvia, Kengaraga str. 8, Riga, Latvia
®Max Planck Institute for Solid State Research, Heisenbergstr. 1, Stuttgart, Germany
‘Materials Science and Engineering Dept, University of Maryland, College Park, USA

Two ABO;-type perovskite solid solutions (BSCF: Ba;..SryCoy.,FeyOs5 and LSCF: La;SrCo;.
yFey03.5), mixed ionic — electronic conductors, recently have attracted a lot of attention because of a
wide range of potential applications in modern technologies, e.g. gas separation membranes, solid
oxide fuel cells (SOFC), etc. The structural defects, first of all oxygen vacancies and antisite defects in
perovskites, affect many properties and worsen performance of the perovskite materials in specific
applications.

In this talk, we present results of first principles calculations of the perfect BSCF and LSCF
crystals, the crystals containing basic point defects (cation and anion vacancies, cation exchange, and
antisite defects), disorder (Frenkel and Schottky), and a set of relevant solid-solid solution reactions
[1,2]. Our DFT modeling reveals that oxygen Frenkel defects, full Schottky disorder and partial
Schottky disorder accompanied by the growth of a new phase (e.g. a parent perovskite) all have
relatively low formation energies and are favorable. The obtained cation exchange energies are very
low for both the A- and B- sublattices of the perovskite structure; this leads to a formation of new
phases or interphases.

We explored and analyzed in great detail the oxygen vacancy formation energies in the cubic and
hexagonal phases of BSCF and demonstrated that a high concentration of vacancies (oxygen non-
stoichiometry), in fact, serves as a stabilizing factor that governs the preference of the cubic phase
over the hexagonal phase. We also discuss peculiarities of the oxygen vacancy diffusion in BSCF and
LSCF. We established that the A/B-site cation size mismatch in BSCF leads to the unusually low
oxygen vacancy formation energy, which causes a considerable non-stoichiometry, and facilitates
vacancy migration with a prominent charge transfer at the transition state. The smaller mismatch
between A- and B-site cations in LSCF results in twice higher vacancy formation energy and higher
migration activation barrier, which give rise to a smaller oxygen vacancy concentration and thus a
slower oxidation reaction, as compared to BSCF.

Based on the above-discussed results of first principles calculations of the defect formation and
migration energies, as well as oxygen atom and molecule adsorption on perovskite surfaces, we
calculated the diffusion-controlled kinetics of oxygen reduction reaction (ORR) as a function of
adsorbed oxygen and surface vacancy concentrations [3]. This allowed us to determine the rate-
determining steps (which is important for improvement of fuel cell and permeation membrane
performances) and suggest interpretation of available experimental data.

[1] M. M. KukKlja, Yu. A. Mastrikov, B. Jansang, and E.A. Kotomin, J. Phys. Chem. C 116 (2012) 18605—-18611
[2] M. M. Kuklja, E.A. Kotomin, R.Merkle, Yu. A. Mastrikov, J. Maier, Phys. Chem. Chem. Phys. 15 (2013)
5443 (a review article).

[3] Yu. A. Mastrikov, R. Merkle, E. Heifets, E.A. Kotomin, J. Maier, J. Maier, J. Phys. Chem. C 114 (2010)
3017.



Theoretical study of the dependence of magnetic properties of the ferromagnetic and
antiferromagnetic materials on the composition and crystal structure

D.N. Krasikov'", A.A. Knizhnik*?, B.V. Potapkin*?

! Kintech Lab Ltd.
2 Russian Research Centre ,, Kurchatov Institute”
*e-mail: krasikov@Kkintechlab.com

Possibility of down-scaling of the thermal-assisted switching magnetoresistive random-access
memory (TAS-MRAM) cells and their optimization depends crucially on the magnetic
properties of ferromagnetic and antiferromagnetic layers constituting the device. Magnetic
anisotropy of these layers play important role in the device operation and in the possibility of
down-scaling the size of MRAM cells.

We analyzed theoretically the magnetic properties (saturation magnetization,
magnetocrystalline anisotropy, magnetoelastic anisotropy) for a series of ferromagnetic
(FexCo1x) and antiferromagnetic (Mnglri) alloys. We developed a methodology for
calculation of magnetic properties, which is based on the analysis of energetics of supercells
of alloys with different geometry, different atomic arrangement and different orientations of
atomic spins. The calculation methodology is the following: (1) creation of stoichiometric
supercell from the unit cell with experimental structure; (2) creation of a series of supercells
with different atomic composition and different atomic arrangements; (3) geometry
optimization using DFT; (4) precise evaluation of a supercell energy using self-consistent
noncollinear spin-orbital calculations with given spin directions; (5) usage of supercell
energies for calculation of saturation magnetization, magnetocrystalline and magnetoelastic
anisotropy.

For calculations of supercell energy we employed plane-wave-PAW density-functional
(PW91) approach as implemented in VASP 5.2.2 code. FeCo alloy was investigated using 16-
atoms bcc supercell with 9x9x9 I'-centered k-point mesh, Mnlir alloy was investigated using
32-atoms fcc supercell with 4x4x4 k-point mesh.

It was established that FeCo alloys possess high saturation magnetization (~1.9x10° A/m) and
low magnetocrystalline anisotropy (maximum 0.34 meV/supercell or 325 kPa for 12.5% Co is
predicted). Calculated saturation magnetostriction coefficient for stoichiometric FeCo A, is

1.14x 10™. It is concluded that strained FeCo thin films in MRAM devices can demonstrate
much larger magnetic anisotropy than the inherent magnetocrystalline anysotropy of FeCo
alloys.

For Mnlr alloys the calculated magnetocrystalline anisotropy is about two orders of
magnitude larger than for FeCo and significantly depends on the Ir content. For stoichiometric
Mnlr and for low Ir content, [001] is a hard magnetization axis, while for high Ir content
[001] becomes light magnetization axis.

This work was supported by the Ministry of education and science of Russia, contract Ne
14.576.21.0023 from June 30, 2014 (identifier RFMEFI57614X0023). Supercomputer
resources are provided by National Research Centre "Kurchatov Institute™.



Mobility and diffusion coefficient in disordered organics: thin and thick films
V.R. Nikitenko", V.M. Sukharev, N.A. Sannikova

National Research Nuclear University “MEPhHI”
*e-mail: vladronik@yandex.ru

Organic electronics devices (light-emitting diodes, photovoltaic elements, etc.) consist of thin
(in the range of 10 - 100 nm) active layers. Predictive modelling of operation of such devices
unavoidably needs correct characterization of charge transport in thin organic layers. Charge
transport, being of hopping nature, can be described in the framework of Gaussian disorder
model (GDM) [1]. However, one has to expect, that mobility is size dependent on a spatial
scale of tens and even hundreds nanometers (irrespective to non-equilibrium or quasi-
equilibrium regime of charge generation), in accordance with recent Monte-Carlo (MC)
simulations [2]. The reason is that percolation paths, which are interrupted in thick films,
determine conductivity in thin disordered films, providing that a thickness L is less or
comparable with a scale of percolation network [3]. The basic idea of the analytic model is the
following: probability to meet a deep state (releasing from the deep state determines drift
mobility) decreases along with the number of states Ny, visited by a carrier. Average (over the
ensemble of drifting carriers) value <Ny>, obviously, decreases along with decreasing of film
thickness or with increasing of field strength F. The simplest approach is to “cut off” deep
energies from the Gaussian distribution of states (DOS) g(E), hence to introduce an effective
DOS ge(E): gef(E) = g(E), E>E*, and ge(E) = 0, E<E*. Characteristic energy E* is
determined by the condition that average number of trappings of a carrier, as it passes through
the layer, by states with energies E<E¥*, is less than unity, consequently such trapping is
unlikely: <N>=<NO0>¢(E*) = 1, where ¢(E*) is a probability of carrier capture after the hop
to a state of energy E < E*. In MC simulations, we use a conventional model, where hopping
centers are located at sites of simple cubic lattice with a lattice constant a [1]. Energies of
sites are distributed randomly according to Gaussian distribution g(E) with the variance o.
Hopping rates are determined by usual Miller-Abraham’s expression. Quasi-equilibrium
initial distribution is considered in order to omit effects of dispersive transport. The analytic
model able to fit MC data for mobility in thin films for a broad range of disorder parameter
o/KT and electric field strength, by the use the same disorder-dependent percolation factor,
B=2.2+0.2c/KT, which was used successfully [4] in modelling of mobility in infinite media.
Size dependence of mobility in thin organic layers has to be accounted for predictive
modelling of charge transport in organic light-emitting diodes. Another interesting aspect of
modelling is to take into account different types of lattice and coulomb interaction of charged
particle with it’s image charge. When field strength is small, one can expect that different types
of lattice lead to different mobility dependences [5], at least at high enough values of disorder. We
compare our MC results with mobility dependences from [5] for simple cubic lattice and face-centered
cubic lattice. Furthermore, we take into account one more additional type of cubic lattice — body-
centered cubic lattice — and due to deviations, that arise during comparison, we suggest our own
correction to mobility dependence due to size effect (that is transient phenomenon and differs from
dispersive transport). Effect of image charge for simple lattice is also considered.

[1] Béssler B Phys. Stat. Sol. (b)., 1993, 175, 15

[2] Korolev N A, Nikitenko V R, and Ivanov D V, Semiconductors, 2011, 45, 230

[3] Shklovskii B | and Efros A L, Electronic Properties of Doped Semiconductors, 1984
(Heidelberg:Springer)

[4] Nikitenko V R, Strikhanov M N, J. Appl. Phys., 2014, 115 073704

[5] J. Cottaar, L. J. A. Koster, R. Coehoorn, and P. A. Bobbert, Phys. Rev. Lett., 2011, 107, 136601.

10



Molecular structure and conformations of 3-methyl-3-phenyl-3-silatetrahydropyran
from gas-phase electron diffraction and quantum chemical calculations

D. Yu. Osadchiy®",S. A. Shlykov*

! Ivanovo State University of Chemistry and Technology, Department of Physical Chemistry
*e-mail: clinnn@mail.ru
3-methyl-3-phenyl-3-silatetranydropyran (1) is a substituted cyclohexane containing silicon
and oxygen atoms in the ring, and the phenyl and methyl groups at the silicon atom. The
molecular structure of the molecule has been studied by gas-phase electron diffraction and
quantum chemical calculations (DFT, MP2 methods with 6-311G** and cc-pVTZ basis sets).
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Fig. 1. Molecular structure of the axial and equatorial conformers of 1.

Two possible structures may be considered for the compound 1 differing by axial or
equatorial position of the phenyl group. They are abbreviated as 1-eq and 1-ax. (Fig. 1) The
potential energy surface (PES) profile of the phenyl ring position about the sila-
oxycyclohexane frame was scanned by varying the 6(C8-C7-Si-C13) dihedral angle with a
step of 10° and optimization of all other geometrical parameters. Rotation of the phenyl group
about the Si—Cpp, bond tested by all computational approaches applied revealed two minima
on the PES: for practically orthogonal and somewhat twisted orientations in case of the 1-eq
and 1-ax conformers, respectively. Orientation of the phenyl ring in 1-ax conformer is
predicted to be almost in the same plane with the oxygen atom — the torsion angle C8-C7-Si-
C13 is about 30° All DFT calculations predict some prevalence of 1-eq whereas 1-ax
conformers are to be predominant according to the MP2 results.

From the least-squares refinement of GED data, the conformers ratio was determined as 1-
eq:1-ax =38(14):62(14) %, from which the Gibbs free energy was estimated as AG°(293)
EqoAx =0.29(27) keal mol™. The MP2 method, thus, yielded better predictions for the
conformers preference for this compound. Best agreement with experimental geometry was
demonstrated by MP2 method with 6-311G** basis set.

Coexistence of both, equatorial and axial, conformers was also found in our recent theoretical
and experimental study of 1-phenyl-1-silacyclohexane [1], but in that case, the 1-eq
conformer was more favourable with the Gibbs free energy difference estimated as
AG°(298)eqeax= —0.29(25) kcal mol™,

This work was supported by RFBR (project Ne 14-03-00923-a).

[1] Shainyan B.A., Kirpichenko S.V., Osadchiy D.Yu., Shlykov S.A. Struct Chem. 2014, 25, 1677-1685
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Molecular structure of tris-acetylacetonato iron(l11), Fe(O2C5H7)3, by gas electron
diffraction and quantum chemical calculations

A.A. Petroval, N.I. Giricheva®, N.V. Tverdova!, G.V. Girichev*”

!lvanovo State University of Chemistry and Technology
?lvanovo State University
*e-mail: girichev@isuct.ru

The molecular structure of tris-acetylacetonato iron, Fe(acac)s (Fig.1) has been studied
by a synchronous gas-phase electron diffraction (GED) and mass spectrometric (MS)
experiment and by calculations at DFT/UB3LYP/cc-pVTZ theory levels.

The mass spectrum recorded at 116(10) °C simultaneously with diffraction patterns
testifies to that all ions originate exclusively from the molecular species Fe(O,CsH7)s.

Three electronic states differing by total spin 5/2, 3/2 and 1/2 were examined carrying

§ out GED structural analysis. It was found,
AS the electronic state with  S=5/2
‘fv *‘ q} corresponds to experimental data, and the
d g molecular structure belongs to the
@ @, ® @ * ~@ symmetry type D; (Fig.1). Table shows
D ,k £ the selected structural parameters.
@ ¢ Fe
& C—~@ DFT/
c @& -
w E@ e distance, A UBSLYP/ ppy zps
g ;_c @ angle, deg. _6-3119
® c Fe-O 2.013 2.017(4)
we 0-C 1270 1.269(5)
Figure 1. Molecular structure of Fe(O.CsH7)s C-C 1403 1.402(2)
C-Cme) 1.510 1.509(2)
C-Hay 1.087 1.087(6)
Z0Fe0 85.9 88.3(5)
f(r) Radial distribution curve

demonstrate good agreement of the
molecular structure Ds  with
experimental data. The calculations
predict the electronic state with S=5/2
as a ground state as well.

Af(r) The study was supported by
r A Ministry of Education and Science of
e S ) S s S S S — Russia (Project N 1800).
0 2 4 6 8 10 12

Fig. 2. Experimental (dots) and theoretical radial
distribution curves, and residual for Ds.symmetry.
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Molecular structure of nickel(l1) etioporphyrin-11

A.E. Pogonin, N.V. Tverdova, G.V. Girichev

Ivanovo State University of Chemistry and Technology,
Research Institute of Chemistry of Macroheterocyclic Compounds,
*e-mail: girichev@isuct.ru

Fig. 1. Molecular structure of NiEP-I1

Molecular structure of nickel(Il) etioporphyrin-11 (NiEP-11) has been studied by a combined
gas-phase electron diffraction and mass spectrometry (GED/MS) method in synchronous
mode and DFT calculations using the B3LYP and PBE functionals with pVVTZ basis sets for
describing H, C, N atoms and cc-pVVTZ for describing Ni atom. The mass spectrum consists
of two groups of peaks corresponded to single and double charged parent ion and ions formed
by consecutive removal of hydrocarbon substitutes by an electron impact. According to
B3LYP calculations NiEP-11 was found to possess quasiplanar geometry (D, symmetry) of
macroheterocycle. Slight distortion from planarity is caused by the effect of different
substitutes in pyrrole rings. However according to PBE calculations, quasiplanar structure is
corresponded to saddle point on potential energy surface. The ruffling distorted structure (C,
symmetry) with C,-N-N-C,=22.1° corresponds to the minimum and has the energy lower by
1 kJ/mol.

In the GED structure analysis, two models have been examined. Structural ~ parameters (A)
of NIiEP-I1 molecule yielded by DFT calculations and the analysis of GED experimental
data are presented in Table.

PBE GED:; R=4.86% PBE B3LYP GED; R=4.89%
C, C, D, D, D,

Ni-N  1.956 1.957(4) 1971 1978  1.966(5)

N-C, 1.982 1.378(4) 1.383 1.374 1.380(4)

CCy 1451 1.454(5) 1450 1.448  1.455(3)

C,Cn  1.384 1.390(4) 1382 1379  1.386(3)

Cp-Cy 1374 1.371(8) 1373 1364  1.371(3)

The influence of ruffling-distortion on the IR spectrum was shown by QC-calculations [1].
This work was supported by RFBR (Grant 13-03-00975a).

[1] Sliznev V.V., Pogonin A.E., Ishenko A.A., Girichev G.V. Macroheterocycles. 2014, 7(1),
60-72.
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Excited State Dynamics in Nanoscale Materials: A Time-Domain Ab Initio Perspective

Oleg V. Prezhdo

Department of Chemistry, University of Southern California, Los Angeles, CA 90089, USA

Photovoltaic and photo-catalytic processes are initiated by a light-driven charge
separation at an interface of two complementary materials. The separation competes with
electron-vibrational energy losses, energy transfer, charge recombination and other processes.
Our group has developed [1-4] and implemented [5,6] a suite of theoretical and simulation
approaches, aimed at modeling these events in the time domain and at the atomistic level of
detail, as they occur in experiment. The approaches combine time-dependent density
functional theory with non-adiabatic molecular dynamics [1]. They treat electrons quantum-
mechanically and nuclei semi-classically [2,3,6,7].

We show how the asymmetry of electron and hole transfer at a polymer/nanotube
interface can be used to optimize solar cell performance [8]; that the mechanism of electron
injection from a CdSe nanoparticle into nanoscale TiO2 depends on the dimensionality of the
latter [9]; that plasmon-driven charge separation on TiO2 sensitized with plasmonic
nanoparticles has a 50% chance to occur already during light absorption [10]; that optically
dark states govern the rates and yields of singlet fission and charge transfer at a
pentacene/C60 interface [11]; that nanoscale materials exhibit a new, Auger-assisted type of
electron transfer [12]; that the low efficiency of photo-catalytic water splitting by GaN is due
to unfavorable competition of charge relaxation and transfer [13]; that atomic defects can be
both detrimental and beneficial for the charge separation [14]; how a long, insulating bridge
can accelerate charge separation [15]; why graphene, a metal, can be used as a TiO2 sensitizer
[16]; and how excited electrons can be extracted from quantum dots prior to relaxation [17].

The software [5,6] is available free of charge at http://gdriv.es/pyxaid.
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Theoretical and experimental study of luminescence properties of lanthanide(l11)
complexes with B-diketonates and Lewis bases

K.A. Romanova'’, A.Ya. Freidzon®, A.A. Bagaturyants®, Yu.G. Galyametdinov'

'Kazan National Research Technological University, Physical and Colloid Chemistry
Department
“Photochemistry Center, Russian Academy of Sciences
*e-mail: ksenuya@mail.ru

Lanthanide complexes can be easily recognized by their remarkable emission properties:
significant lifetimes, great Stokes shifts and narrow emission bands. Emission wavelengths of
Ln** cover all spectral range: from UV to visible and near infra-red. The narrow line width of
the bands allows to obtain monochromatic radiation and suggests the opportunities to apply
Ln** in some optical electronic devices, light-emitting devices, displays, lasers, luminescence
bioprobes, etc. Their emission efficiency depends on the relative positions of the excited
levels in the emitting ion and in the ligands.

Liquid-crystalline lanthanide complexes, due to their unique magnetic and spectroscopic
properties as well as their possibility to align in an external electric or magnetic field, are
promising luminescent materials with controlled polarization [1]. Computer simulation can
help one to find the ligands that provide the most efficient energy transfer to the lanthanide
ion and noticeably simplify the design of highly efficient luminescence materials.

In this work, ab initio XMCQDPT2/CASSCF approach [2] is used to calculate the energies of
the ground and excited states of europium(III) complexes with B-diketonates and Lewis bases
(2,2'-bipyrimidine and 1,10-phenantroline). The triplet and singlet excited states, which are
localized on each of the four ligands, are optimized by the CASSCF method together with the
ground state. The excited state optimization showed the structural changes in the ligand that
carries the excitation. The theoretical results are in good agreement with experimental data.
Experimental values of triplet levels of the ligands were taken from the literary data from
phosphorescence spectra of Gd** complexes. Absorption, excitation, and emission spectra of
the complexes are also investigated. Absolute and relative quantum yields and lifetimes of
liquid-crystalline lanthanide complexes are determined.

It is found that during the photoexcitation the greatest contribution comes from the (-
diketones whose geometry considerably changes in comparison with Lewis bases. On the
basis of the calculated data the main intramolecular energy transfer channels are determined.
Correlations between the positions of the excited levels and measured values of absolute
guantum yield are established.

The calculations were performed using the facilities of the Joint Supercomputer Center of
Russian Academy of Sciences and the Supercomputing Center of Lomonosov, Moscow State
University. [3]

This work was supported by RFBR: Yu.G.G and K.A.R. - project Ne 14-03-00136a; authors
AYa.F. and A.A.B. - project Mo 12-03-01103-a.

[1] Galyametdinov Yu.G., Knyazev A.A., Dzhabarov V.I., Cardinaels T., Driesen K., Gorller-
Walrand C., Binnemans K. Adv. Mater. 2008, 20, 252-257.

[2] Freidzon A.Ya., Scherbinin A.V., Bagaturyants A.A., Alfimov M.V., J. Phys. Chem. A,
2011, 115, 4565-4573.

[3] Voevodin, VI. V.; Zhumatiy, S. A.; Sobolev, S. I.; Antonov, A. S.; Bryzgalov, P. A,
Nikitenko, D. A.; Stefanov, K. S.; Voevodin, Vad. V. Practice of "Lomonosov"
Supercomputer. Open Systems J. 2012, 7, 36-39 http://www.osp.ru/os/2012/07/13017641/, (In
Russian).
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Influence of vibrational corrections obtained from different theory level of quantum-
chemical calculations on the results of gas-phase electron diffraction study of molecular
structure of 3-aminophthalimide

D.S. Savelyev'”, N.I. Giricheva?, M.K. Islyaikin' , G.V. Girichev*

Ylvanovo State University of Chemistry and Technology
?lvanovo State University
*e-mail: Iv_den_ru@mail.ru

Fig. 1. Molecular scheme 3-AP

Gas-phase molecular structure of 3-
aminophthalimide (CgHgN2O,, Fig. 1) has been studied
by a synchronous gas-phase electron diffraction and mass
spectrometric experiment (GED/MS) and by calculations
at theory levels DFT (B3LYP, LC-wPBE, M06, M062X,
CAM-B3LYP, B97D, B2PLYP ) and MP2 with different
basis sets.

In analyzing data of quantum-chemical
calculations, a scatter for the internuclear distances
(Ar(C-C*"*")=0.016A,  Ar(0-C)=0.023A,  Ar(C-
N12)=0.017A) and good agreement between bond angles
(excluding amino group) obtained by different methods
has been identified (AZ(C-C-C™"")~0.5°, A~/(C-C-
N12)~0.44°).

We studied the influence of the vibrational corrections obtained from quantum chemical
calculations on the results of gas-phase electron diffraction refinement.
Table. Structural parameters of the CgHgN,O, molecule yielded experimentally by

GED/MS with diffferent vibrational corrections.

B3LYP/ MO6/ LC- wPBE/ | B2PLYP/ MP2/
Parameters cc-pVTZ | aug-cc-pVTZ | cc-pVTZ 6-31++G** | cc-pVTZ

R=4.58% | R=4.85% R=4.95% | R=4.51% R=4.49%
r(C-N12)average 1.403(3) 1.405(3) 1.404(3) 1.401(3) | 1.401(3)
r(C2-C7) 1.476(3) 1.473(3) 1.486(3) 1.475(3) | 1.479(3)
r(C-C benzene)a\,erage 1.400(3) 1.399(3) 1.401(3) 1.400(3) | 1.399(3)
r(O-C)average 1.212(3) 1.213(3) 1.211(3) 1.214(3) | 1.214(3)
r(C-H)average 1.082(2) 1.083(2) 1.083(2) 1.083(2) | 1.082(2)
r(N12-H13) 1.009(12) 1.013(14) 1.011(13) 1.015(12) | 1.018(13)
r(N16-C1) 1.368(3) 1.364(3) 1.371(3) 1.373(3) | 1.377(3)
r(N16-H)average 1.008(12) 1.011(14) 1.009(13) 1.015(12) | 1.017(13)
/CT7-N12-C8 113.2(4) 112.7(5) 113.1(5) 113.4(4) | 113.5(4)
/C3-C8-N12 105.0(5) 105.4(6) 105.2(6) 105.4(5) | 105.3(5)
/C4-C3-C2 122.2(2) 122.2(2) 122.5(2) 122.2(2) | 121.9(2)
/014-C8-N12 125.7(5) 125.8(8) 125.8(8) 125.5(5) | 125.6(5)
/H17-N16-C1 119.6(49) 121.1(36) 120.2(36) 118.2(48) | 116.9(48)
T H18-H17-C1-N16 -14.1 0.0 -9.7 -18.7 -22.1

According to the error limit, gas-phase electron diffraction allows to measure most bond
distances and valence angles with good precision. Nevertheless, the values of the refined
parameters depend on the vibrational corrections involved to GED structural analysis

The study was supported by the grant RFBR N 13-03-00975a and RSF Ne 14-23-00204
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Molecular structure of 3-aminophthalonitrile (3-APN) by gas electron diffraction and
guantum chemical calculations

D.S. Savelyev'”, N.I. Giricheva?, M.K. Islyaikin', G.V. Girichev!

!lvanovo State University of Chemistry and Technology
?lvanovo State University

*e-mai

I: Iv_den_ru@mail.ru

Gas-phase molecular structure of 3-aminophthalonitrile (CsHsN3) (Fig.1) has been
studied by a synchronous gas-phase electron diffraction and mass spectrometric experiment
and by calculations at theory levels DFT (B3LYP) and MP2 with 6-31G* and cc-pVTZ basis

sets.

Fiaures 1. Cheme molecule 3-APN

Interpretation of the mass spectrum recorded
simultaneously with diffraction patterns at 375(5) K
reveals that all registered ions originate exclusively
from the molecular species CgHsN3, the thermal
decomposition process as well as volatile impurities
in the gaseous phase were absent.

Electron diffraction and quantum chemical
calculations give nonlinear fragments C-C=N (£C-C-
N11=175° and ZC-C-N13=178°, for MP2 and
B3LYP methods, cc-pVTZ basis set) and the
withdrawal both fragments of benzene plane (Tablel).
At the same time, replacing the amino group with
halogen atoms leads to the planar molecular structure
with linear chain C-C=N.

Both experiment and theory predict the pyramidal NH, group. Some decrease of angle
Z/C8-C6-N14 in comparison with ~ZC2-C6-N14 and rotation of NH, group decreasing H15-
N11 internuclear distance do not contradict to the existence of weak hydrogen bond between
atoms H15 and N11 (r(H-N)exp=2.891A, r(H-N)cac=2.771 and 2.798 A for B3LYP and MP2,

respectively).

Table 1. Structural parameters of the C¢HsN3 molecule yielded experimentally by GED and
theoretically by B3LYP and MP2 methods.

Parameters GED(R=6.3%) B3LYP MP2

A, deg. ro-structure  6-31G*  cc-pVTZ 6-31G*  cc-pVTZ
r(C-C™™® ) 1.410(3) 1406 1399 1403  1.399
r(C8-C10) 1.431(3) 1.427 1.422 1.430 1.424
r(C7-C12) 1.438(3) 1.434 1.429 1.433 1.428
r(C10-N11) 1.167(3) 1165 1154 1185  1.175
r(C12-N13) 1.166(3) 1.163 1.152 1.185 1.174
r(C6-N14) 1.342(11) 1372 1366 1383 1376
r(N14-H15) 1.006(2) 1.011 1.006 1.015 1.008
r(N14-H16) 1.004(2) 1.009 1004 1013  1.006
Z/(C6-C8-C10) 119.2(9) 118.2 118.1 118.3 118.0
Z/(C8-C10-N11) 175.0(67) 175.1 175.0 175.3 174.7
Z(C8-C6-N14) 119.5(14) 120.8 120.8 120.7 120.6

1(C6-C8-C10-N11) 4.2
1(C6-H15-H16-N14) -16.9

6.4 4.2 1.4 5.6
-19.8 -17.2 -27.3 -25.7

The study was supported by the grant RFBR N 13-03-00975a and RSF MNe 14-23-00204
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Features behavior phenyl ligands in palladium tetraphenylporphyrin (Pd-TPP).

D.S. Savelyev'”, N.I. Giricheva?, N.V. Tverdova®, G.V. Girichev!

Ylvanovo State University of Chemistry and Technology
?lvanovo State University
*e-mail: Iv_den_ru@mail.ru

Gas-phase molecular structure of palladium tetraphenylporphyrin has been studied by a
synchronous gas-phase electron diffraction and mass spectrometric experiment and by
calculations at theory levels DFT (B3LYP, M062X) with SDD, 6-31G*, cc-pVTZ, aug-cc-

pVTZ-PP basis sets.

Figure 1. Structure of conformer Cy(1).
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Figure 2. Potential energy vs. torsion angle
“phenyl - macrocycle” for conformer Cy(1).
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Possible conformations with
the different positions of phenyl
rings relative to the macrocycle
were examined (Fig.1), and only
three symmetrical conformers have
been found to be stable. One of
them possesses the symmetry Dy,
two others — C,. Dihedral angles
“phenyl - macrocycle” are equal to
82.7°, £82.3° and  £77.3°,
correspondingly (B3LYP / cc-
pVTZ on all atoms), 70.5°, £69.1°
and +65.9°, respectively
(M062X/cc-pVTZ on all atoms).

Scanning angle of rotation of
one phenyl ring with others kept
freeze) (B3LYP/6-31G*) showed
asymmetrical trend in  energy
molecule and existence the second
shallow minimum (Fig.2).

It should be noted that the
perpendicular arrangement of the
rings is energetically unfavorable for
a molecule, and it is associated with
the destroying of weak conjugation of
n-systems of the ligands and the
macrocycle.

Planar  position of phenyl
fragments  corresponds to  the
maximum value of energy (by about
200 kcal/mol).

The study was supported by the grant RFBR N 13-03-00975a.
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The Molecular Structure of 1,8-bis(phenylethynyl)anthracene Determined by Quantum
Chemical Calculations

N.V. Tverdova, A.A. Otlyotov

Ivanovo State University of Chemistry and Technology
*e-mail: arseney_otlyotov@mail.ru

The molecular structure of 1,8-bis(phenylethynyl)anthracene, abbreviated 1,8-BPEA (Fig.1)
has been determined for the first time by quantum chemical calculations using B3LYP, CAM-
B3LYP, LC-BLYP, LC-wPBE and MO06 functionals with
cc-pVTZ basis set.

Five models of the molecule with different orientation of
phenylethynyl groups were investigated. Three models were
rejected since they happened to have one or two imaginary
frequencies in most DFT calculations.
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Fig. 1. The model of 1,8-BPEA
molecule

Fig. 2. The preferable models of 1,8-BPEA

Model 1 (Fig.2) happened to correspond to the minimum from all calculations, except LC-
BLYP/cc-pVTZ, while model 2 was either the minimum (LC-BLYP/cc-pVTZ) or the saddle
point of the 1st order.

Structural parameters of all five models of 1,8-BPEA are almost identical, except torsion
angles defining the position of phenylethynyl fragments: bond lengths differ by less than
0.005 A and valence angles differ by less than 0.1° in the rings and by less than 6° in linear
chain. The use of CAM-B3LYP and LC-BLYP functionals which take into account long
range corrections effects leads to the similar values of angles on the one hand, and the
shortening C-C distances in rings on the other hand as compared with B3LYP/cc-pVTZ.

The electronic structure of the molecule was studied by means of NBO-analysis. The reason
of nonplanar structure of 1,8-BPEA molecule is a balance between the extended = - electronic
delocalization of the phenylethynyl and anthracene fragments and low steric repulsion of the
phenyl substituents.

This work was supported by RFBR (project Ne 12-03-91333-NNIO _a).
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New Quantum Chemical Approach In The Description Of The Alifatic Normal Alcohols
Clusterization At The At Air/Water Interface

Yu.B. Viysotsky', E.A. Belyaeva®", E.S. Kartashynska,"N.A. Smirnova?

'Donetsk National Technical University
2Saint Petersburg State University, Institute of Chemistry
*e-mail: eabelyaeva@mail.ru

Langmuir monolayers at air/water interface (see fig.1l) have been intensively
investigated during the last century. Since the 90th of the twentieth century quantum chemical
methods have joined to the experimental ones, such as X-ray diffraction and BAM enabling
modeling the monolayer unit cells and calculation of their structural and thermodynamic
parameters. But despite the great amount of papers on this subject, the problem of the correct
accounting of the liquid phase in description of the monolayers has not been solved yet
neither using ab initio nor with the help of semi-empirical methods. Continuum models,
which take into account the solvent (such as AMSOL and COSMO), give the opportunity to
calculate parameters of molecules just in a single phase, using supermolecula approach
requires the great amounts of the computational time.

air

water

Fig. 1. Fragment of the alcohols monolayer at the air/water interface

The main task of the new model proposed is to account explicitly the influence of two
adjacent phases on the parameters of amphiphile clusterization at the air/water interface.
According to the Model the influence of the phases on the calculated thermodynamic
parameters is estimated by carrying out calculations in the both phases. The quantum
chemical calculations and estimations of thermodynamic parameters are carried out separately
for each of two phases, the nature of the phase being taken into account (e.g. the dielectric
permeability of each of the phases can be estimated in frames of the continuum model
COSMO, program complex Mopac2012, quantum chemical semi-empirical PM3 method).
After calculating thermodynamic parameters (enthalpy, entropy and Gibbs’ energy of
clusterization) of the small cluster (dimers, trimers, tetramers etc.) increments from the
intermolecular CH---HC interactions and interactions between functional groups (indicated by
the arrows in fig.1). Using these parameters one can calculate thermodynamic parameters of
the clusters formation of any dimension till infinite cluster — monolayer.

Structural and thermodynamic parameters of the clusterization for alcanols Cg —at
air/water interface were calculated, they are in agreement with experimental data.

This work was supported by RFBR (project Ne 12.50.1192.2014).
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Towards rational design of organic solar cells: how to control the structure of a bulk
material

A. Zhugayevych*", J. E. Coughlin?, T. S. van der Poll?, G. C. Bazan?, S. Tretiak®
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To maximize the power conversion efficiency of a single-junction solar cell we need to
optimize four basic parameters: optical gap, open circuit voltage, short circuit current, and fill
factor [1]. For bulk-heterojunction organic solar cells, the first two parameters are related to
the HOMO and LUMO energies of the donor and acceptor materials, thus allowing for their
efficient optimization through straightforward first principle calculations. In fact, these two
parameters are now well optimized, approaching a fundamental limit. In contrast, the other
two parameters are far from their maximum possible values, and their optimization is one of
the main target in organic photovoltaics. Quite often, changes in chemical composition or
processing condition small enough to have negligible effect on single-molecule electronic
properties, produce dramatic changes in structural and electronic properties of the
corresponding bulk material. In the present report we discuss this phenomenon using both
theory and experiment. In particular we show that isoelectronic atom substitutions within the
n-conjugated system of a molecule, often substantially change the intermolecular packing in
the bulk material, leading sometimes to orders of magnitude change in charge carrier mobility
[2]. Similar effects are observed upon changes in molecular side chains not belonging to -
conjugated system. A systematic way to modify the molecular shape and intermolecular
packing is through the change of dihedrals on single bonds linking a n-conjugated system. To
do it in a controlled way, we develop a set of design rules for constructing a molecule from
basic building blocks [3]. This open up a possibility for a rational design of bulk material
structure.

[1] A. Zhugayevych, S. Tretiak, Ann. Rev. Phys. Chem. 2015, 66, in press.
[2] T. S. van der Poll, A. Zhugayevych, E. Chertkov et al, J. Phys. Chem. Lett. 2014, 5, 2700.
[3] J. E. Coughlin, A. Zhugayevych, R. C. Bakus Il et al, J. Phys. Chem. C 2014, 118, 15610.
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MexaHu3Mbl epeHoca 3apsaa B HeyNopsiA04eHHbIX TBePAbIX MATPULIAX,
HU3rOTOBJIEHHBIX HA OCHOBE OPraHU4YeCcKUX MaTepuajaioB

M.B. bazunesckuti, A.B. Oounokos

Hentp ®oroxumuu PAH
*e-mail: basil@photonics.ru

CchopmynupoBaHa MeTOAMKAa pacyeTa MHUKPOCKONMYECKOM KHHETHKH MepeHoca
anektpoHa (IID) B HeymopsmoueHHBIX TBepAbIXx MaTpumax. OHa OpHUEHTHpOBaHA Ha
IOPWIOKEHUS TpU  OLEHKE MOABMXXKHOCTM HOCHTENEH 3apsJa B  COBPEMEHHBIX
dboTodneKTpUUeCKnX ycTpoiicTBax. IIpemnokeHHass Mojenb d3JeMeHTapHoro akrta I[19
HAaMEPEHHO HCKJIIOYAET BIUSHUE MOJISAPU3ALMOHHBIX MOJ Cpelbl Ha KHHETUKY. B OCHOBY
MIOJIOXKEHA DHBOJIIOLUS KOMILJIEKCA JIOKAJbHBIX MOJIEKYJISIPHBIX MOJ, MOJSPU30BAHHBIX
U30BITOYHBIM MOJIEKYJISIPHBIM 3apsiioM. Pemakcarius 3Toi moacucTeMbl Ipy B3aUMOICHCTBUN
C AaKyCTUYeCKUMHU (POHOHHBIMH MOJAMHU OOECIEeUMBAET DJHEPreTUYECKUN OOMEH Mexay
JIOKaJbHBIM  PEAaKIMOHHBIM LEHTPOM U CcpeAoi. BbIsBlIeHbl JBa allbTEepHATHUBHbBIC
KMHETUYECKUE PpEKMMA: BBICOKOTEMIIEPATypHBIM, COOTBETCTBYIOIIUNA JUCCUIIATUBHOMY
MEXaHU3My  IpPBDKKOBOM  peakUud, M  HU3KOTEMIIEPAaTypHbIA,  COOTBETCTBYIOLIMM
korepeHTHOMY IID. IlpuBeneHbl pe3ynbTarbl pacuyeTa KMHETMYECKUX KOHCTAaHT M OLIEHKH
NOJBMKHOCTH AJIs peaibHOro Marepuana. OHU CONOCTABIEHBI CO CTaHAAPTHBIM PacyETOM,
HCITOJIB3YIOLIUM ypaBHEHHE MapKyca Ha KHHETUYECKOM CTaJuH.

Paboma oOvina evinonnena npu @urancosoii nodoepicke Poccutickoco nayunoeo ¢onoa
(coenawenue Ne 14-43-00052).
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MHorokaHaJbHbIN XapaKTep peaKklMid OKUCJIeHUus 0eH30J1a

C.IL Honun* H.H.Bpecnasckas, A.A. Mapkos, H.U. Mouceesa, A.E. I'exman

Wucturyt obmeit n Heopranndeckoit xumun uM.H.C.Kypnakoa PAH
*e-mail:dolin@igic.ras.ru

Ha ocHOBaHMM pe3y/bTaTOB KBaHTOBOXHMHUYECKOTO MojenupoBanus (B3LYP, MPn)
peakIMy OKHCJIEHUS OeH30Jla C YyJYacTHEM HAJIyKCYCHOM KHCIOTHI B Cpele IoKa3zaHa
BO3MOXXHOCTh TOJIY4EHUS TpeX MPOIYKTOB: (eHoNa, MUKIMYECKOTo KETOHAa M AIOKCHIa
OeH3ona. M3ydeHbl MEXaHHU3Mbl peakIMid MX B3aUMHBIX HpeBpamieHuid. [lokazano, 4ro ms
NOBBIMICHUST  3(PGEKTHBHOCTH  MOJCIMPOBAHMS  3TUX  PEAKIUHA  HEOoOXOAWM  y4eT
nomomHUTENbHBIX  Mosekyn cpeabsl (CH3COOH, H,0,, x&macrepsl BOnbBI), KOTOPBIU
orpezeNnsieT XapakTep MHOTOIIPOTOHHOTO IIEpeHoca.

Paboma 6vina noooepacana Ilpoepammon 1 OXHM 1.
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MHorodpyHKunoHaIbHOE M0BEeHUE MIEPEeKUCH BOAOPOAAa B PEAKIMAX OKUCICHUS
0/1e(pHHOB C YYaCTHEM NMEPOKCUYKCYCHOM KHCI0ThI

C.11. Jlonun*, H 5. @Qunumonosa, A.A. Maprxoe, H. Y. Mouceesa, A.E. I'exman

HNuctutyT o6mieit u Heoprannueckoit xumun uMm.H.C. KyprakoBa PAH
*e-mail:dolin@igic.ras.ru

N3 pesynbratoB pacueroB (B3LYP, MPn, QCISD) peakumii SmOKCHIMpPOBAHUS THUIIA
[punexxkaeBa ¢ y4acTHEM IEPOKCHYKCYCHOH KHCIOTHI B Ka4eCTBE OKHCIHMTENS CICIyeT
OCHOBHOH BBIBOJI 0 MHOTO(YHKITMOHAIBHOM ToBeneHnr H202:

(i) oHa sIBIsETCS pEareHTOM ISl TOJNyYeHHs W3 KapOOHOBOH KHCIOTHI COOTBETCTBYOIICH
NEPKOCUKHUCIIOTHI;

(il) oHa MOKET caMa B KHCIIOW CpEIe SBJIATHCS OKHCIHUTEIIEM, «BBIZACISIS» aKTUBHBIH aTOM
KHCJIOPO/Ia JIJIsl aTaKh OPTaHUIeCKOro CyOCcTpaTa;

(iii) oHa MOKET MPOSIBIIATH KaTAIUTHYECKOE BIUSHHUE, aKTUBHO YYaCTBYS B MHOTOIIPOTOHHOM
MEPEHOCE CO 3HAYMTEIBHBIM MOBBIIICHUEM 3(P(PEKTUBHOCTH (TIOHM)KEHUE PEAKIMOHHOTO
Oapbepa) peakiuu OKHCIeHUs. [Ipu 3TOM pojb KHUCIOTHI TOJBKO JBOSKAS — PEATU3YIOTCS
Bo3MoxkHOCTH (i) m (il), TOorga Kak KJIacTephbl BOABI MOTYT Y4acTBOBATh TOJBKO B MEPEHOCE
IPOTOHOB.

Paboma 6wina noooepacana Ilpoepammorn 1 OXHM 1.
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JByxcTaauiiHasi peakius OKMCJIEHHUs 3THIEHA U ero (PTOpIpon3BOIHBIX € y4aCTHEM
CHHIJIETHOT'O TUKHUCJIOPOAA

C.11. Jlonun™, T.FO.Muxaiinosa, H.H.bpecnasckas, A.A. Mapkos, H . Mouceesa, A.E.
l'exman

Wucturyr obmeit n neopranndeckoit xumun uM.H.C.Kypnakoa PAH
*e-mail:dolin@igic.ras.ru

W3 pesyapraroB pacderoB pasnuuabiMu meromamu (B3LYP, MPn, QCISD) sueprertuku
peakuuu 1,2-iprcoeaHECHHUS 102(1A) B cucreMax {CoHsFx + 102}, k =0-4, nmoka3aH ee
JIBYXCTAIMMHBIA XapaKTep BO BCEX CHCTEMax ¢ 00pa30BaHMEM MHTEpMenrara (TIEpIMOKCHIa).

T51
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Haiineno, uro mpu mocnenoBarensHOM 3ameniennn H—F mporcxoautr MoHoTOHHOE (OIM3KO0E
K JJMHEWHOMY) BO3pacTaHue abCOMIOTHOTO 3HaueHus mapamerpa AEjn, 9TO CBUIETENHCTBYET
0 CcTa0WIM3alMi WHTEpMeauaTa B KaXIOM ciydae (10 CpPaBHEHHUIO C He39Me1£1eHH0171
CHCTEMO}H1), a TaK’)K€ YMEHBIIICHHEM BEJIMUUH 000OUX aKTHBAIMOHHBIX OapbepoB E; , E; .

Paboma 6vina noooepacana Ilpoepammorni 1 OXHM 1.
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Buusinne u3MeHeHus mapamMeTrpa peIHéTKI/I 30J10TA ¥ IUJIATHHbI HA MATHUTHBIE CBOMCTBA
O0CAXKIEHHBIX HA HX MOBEPXHOCTH HAHONPOBOAOB IEPEXOAHBIX METAJJI0B

Kopobosa I0.I"., Basxcanos J[.H.

MoOCKOBCKUI TOCYTapCTBEHHBIA YHUBEPCUTET M. JIOMOHOCOBA,
dusnueckuii paxkynbreT
korobovajg@yandex.ru

[Iporpecc B 007acTH TPOW3BOJCTBA YCTPOWCTB TMaMATH TpeOyeT OJHOBPEMEHHOU
MUHUATIOPU3AIMH U MOBBIIIECHUS IJIOTHOCTH 3allMCH JaHHBIX. Kpome Toro, TpedyeTcs NErkocTh
B YIpPaBJIEHUU TAaKUM YCTPOHCTBOM. B 3TOi CBSI3U NMPOBOJSATCS WHTEHCHUBHBIE MCCIIEIOBAHUS
MarHUTHBIX CBOWCTB HAHOMPOBOJOB mepexonHbix 30 u 4d MeTamuioB, KOTOpbIe, o0Jamas
CTPYKTYPHOM aHHM3OTPOIHUEH, Takke MOTyT oO0JjazaTh BBICOKOM SHEPrHed MarHUTHOU
anmsorponuu (MAE). Ilockonbky BenmnunHa MAE 3aBUCHUT OT aTOMHOM CTPYKTYpbI, TO pa3yMHO
MPEINOJIOKUTh, YTO YBEIMYEHUE WIM YMEHBUICHHE TMapaMeTpa pemeETKH TMOJJI0OKKH, Ha
KOTOPYIO OCaXKJAIOTCSI HAHOMPOBOJA IMEPEXOJHBIX METAJIOB, MOXET OKa3aTh BIUSHUE Ha
sHauenne MAE. B nannoit pabote paccMaTpuBaiuCh B KaueCTBE MOJJI0KEK moBepxHocTh (111)
30J10Ta W TUTATHHBI, ¢ OCAKICHHBIMA Ha HUX MOHATOMHBIMH TPOBOJAMH KOOallbTa U Kele3a
cooTBeTcTBeHHO. Kpucraminueckas pemeéTka MoioKKN pacTAruBajiach U CKUMAallach Ha TPU U
OATh OPOLEHTOB. VcciiemoBaHuWs  MarHUTHBIX  CBOMCTB — OCaXJICHHBIX  HAHOIIPOBOJIOB
OPOBOAWIMCH, B paMKax TeOpHUH (YHKIHMOHAIA 3JIEKTPOHHONW IUIOTHOCTH C IOMOUIBIO
nporpammuoro makera VASP (Vienna ab-initio simulation package) [1]. Teoperudeckue
pacuéThl MPOBOJWINCH C HCIOJIb30BaHHEM 0Oa3nca IUIOCKUX BOJH. OOMEHHO-KOPPEISIIMOHHOE
B3anmojeiicteiue 1 PAW-moTeHIIManbl OMUCHIBATUCH C TTOMOIIBIO MPUOIMKEHNUS 0000MIEHHBIX
rpagueHTtoB (GGA) [2]. Junamuueckasi pejakcamusi aTOMOB MPOBOAMIACH 10 TOTO MOMEHTA,
[I0Ka OCTaTOYHBIE CHUJIbI, JEHCTBYIOUIME HA MOHBI CUCTEMBI, CTAHOBWJIMCH MEHBIIE 0.015B/A.
DOHeprusi oOpe3anus ©Oa3uca 1IocKkux BoiaH Obita 5003B. Pacuérel B 30He bpmmmosna
OCYIIECTBIISUIMCH B K-ceTke, mocTpoeHHoi MeromoM Monkxopera — [Taka [3]. Mcnonb3oBaHHbIC
napaMeTpbl pacy€THOM cXeMbl 00ecrneuyuBarOT HEOOXOJWMYI0 TOYHOCTh BBIYMCIIEHUH, YTO
MOATBEPKIAETCS MPOBEAEHHBIMHU TECTOBBIMU PacYETaMH.

Pacuérbl mokaszanu, 4TO H3MEHEHHE NapaMeTpa pelIeTKH 30J0Ta M IUIaTUHBI OKa3bIBAaeT
cymiectBeHHoe BiusHue Ha BennunHy MAE. Pesynbratsl pacuéros npencrasiens! B Tabnure 1.

MAE B mnockoctu | MAE B miockocTH, Jlerkas och Tsoxémas och
IIOBEPXHOCTH, M3B | mepneHquKyIsipHOn
MIOBEPXHOCTH, M3B

Co/Au(111) Fe/Pt(111) Fo/Au(111) Fe/Pt(111) Fo/Au(111) Fe/Pt(111) Co/Au(111) Fe/Pt(111)
D.95a | 0.303 1.529 0.210 1.311 I I L 1
D.97a | 0.435 1.694 0.316 0.866 I I 1 1
a 0.816 0.439 0.075 1.368 I I 1 Z
1.03a| 0.236 0.989 0.017 0.312 I I 1 1
1.05a| 1.016 0.056 0.750 0.057 L L z z

Ta6muma 1. Bennunaa MAE u HanpaBiieHne ocelt JIETKOro U TSHKETOT0 HaMarHUIMBaHUS TS
cucrem nposoj Co Ha moBepxHocT AU(111) u mpoBox Fe na mosepxHocTu Pt(111). a—
PaBHOBECHOE 3HAUYCHHE MMOCTOSTHHOMN peméTky, Z — HalmpaBlIeHUE, IePIEHINKYISIPHOS
MOBEPXHOCTH TOJIIOKKH, || - HAIIpaBJICHUE, TapaIeTbHOE TIPOBOY, 1. HalpaBJICHUE,
NePHEHANKYISIPHOE TPOBOJY B TUIOCKOCTHU MOIOKKH.

Kak BupHO M3 Tabmuuel B ciaydae HaHompoBoga CO Ha moBepxHoctH AuU(111) m3menenue
napameTpa pemeéTku 30i0Ta Ha 3% W yMeHblIeHHEe ero Ha 5% HpUBOAAT YMEHBIICHUIO
BEJIMYMHBI PHEPIrUM MAarHUTHON aHU30TPONMH IO OTHOIIEHUIO K PAaBHOBECHOMY 3HAUEHUIO, HE
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U3MEHSA IPU 3TOM HAIIPaBJICHHs JIETKOM W THKENOW OCEed HAMarHMYEHHOCTH: JIETKas OCh
HalpaBJieHAa BJOJb IIPOBOAA, a TsDKenas — MEpPHEeHIUKYISPHO IPOBOAY B IUIOCKOCTU
MOBEPXHOCTU MOUIOKKU. OTHAKO yBEIMYEHHE ITapaMeTpa PEeIIETKH 30J0Ta Ha 5% MpUBOIUT K
3HAUUTENBHOMY pOocTy BennduHbl MAE 1 M3MEHEHUI0 HanpaBieHUsl Ocel JIETKOTO U TSXKEI0ro
HaMarHu4yuBaHus. B ciydae cuctembl HaHomnpoBoj Fe Ha moBepxHoctu Pt(111) ymenbmieHnue
IIOCTOSIHHOW pEemETKU IUIaTUHBl NPUBOAUT K pocTy BenuuuHbl MAE, a yBenuueHue - kK
ymeHblieHHI0 MAE 10 OTHOIIEHWI0O K paBHOBECHOMY 3HadeHHIo. OJHAKO ciemyeT 0co0o
OTMETHTb, YTO B CJIy4ae YBEIMYEHHUS IMOCTOSHHOM peméTKd IuIaTuHbl Ha 5% Halmonaercs
U3MCHCHHE HANpaBICHUs OCH JIETKOTO HAaMarHWYMBaHUSA, AaHAJOTMYHOE TOMY, KOTOpOe
HaOJII0JaNI0Ch IS ClTy4asi HAHOTIPOBOIa K0OaibpTa Ha moBepxHoctd Au(111).

Taxum 006pa3zoMm, MOTyYEHHbIE PE3yIbTaThl IOATBEPXKIAIOT, YTO U3MEHEHHE ITapaMeTpa peIéTKU
NOJJIOKKH, a, CIEAOBAaTENbHO, U PACCTOSHMS MEXIYy aTOMaMHU B HaHOIPOBOJE, OKAa3bIBAET
CYIIECTBEHHOE BIMSHUE HA MarHUTHBIE CBOWCTBA ITPOBOJOB MIEPEXOAHBIX METAIIIIOB.

[1] G. Kresse, J. Furthmuller, Phys. Rev. B, 1996, 54, 11169
[2] P. E. Blochl, Phys. Rev. B, 1994, 50, 17953
[3] H. J. Monkhorst, J. D. Pack, Phys. Rev. B,1976,13, 5188
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Hanoxommno3utsl Au/TiO2/I'IMA kak nepcrneKTHBHbIE (POTOKATAIN3ATOPBI
OPraHMYecKoro cuHTe3a. KBaHTOBOXHMHYECKOE HCCIIeI0OBAHNE CTPYKTYPHBIX,
CIIEKTPAJBbHBIX M JIEKTPOHHBIX IAPAMETPOB PeaKIMOHHBIX IIEHTPOB

A.C. ﬂozuﬂoea*, C.K.Henamos

HHI'Y um.H.1.Jlobauesckoco, Huxxcnuii Hoseopoo

*e-mail: nastya Is91@mail.ru

Marepuansl comepkaie HanodacTHibl T10, win Ha ocHOBe (T10;)y-reneit meperneKTUBHBI
JUISE TIPAaKTHYECKOTO TPUMEHEHUS B MEIUIIMHE B KAa4eCTBE METOK PAKOBBIX KIETOK, MJIs
CO3IaHMSI COJIHEYHBIX JJIEMEHTOB, ()OTO- M DIIEKTPOXPOMHBIX JATYMKOB, a TaKXkKe Kak
MEPCIIEKTHBHBIC KATAIUTUYECKUE U (POTOKATATUTUYECKUE CHCTEMbI B TOHKOM OPTaHMYECKOM
cuHTe3e. BBeseHne B MOMTUMEPHO-TUTAHOKCUIHBIA KOMIIO3UT HAaHOUYACTHI] 30J10Ta U cepedpa
OPUBOIUT K YCHICHHWIO HMX (DOTOAKTHBHOCTH, OJHAKO CBSI3b CTPYKTYpPhl KOMIIO3HTa CO
CBOMCTBaMHM JAaHHOTO MaTepuajga H3ydeHa HeIocTaTouyHo. B  HacTosimeid pabote
KBAaHTOBOXMMUYECKUM METOJOM HCCIEAOBAHBI CTPYKTYPHBIE, TEPMOIUHAMHYECKHE U
CHEKTpaJIbHbIE napameTphbl HAaHOKOMITO3UTOB MOJINTUTAHOKCHAA B MaTpuLe
ruapokucyTuamMerakpwiata (I'OMA).  Kiacrepsl okcnpa TuTaHa ¢ HPUBUTBIMU
opranndeckumu rpymmamu Ti,0m(OR)y, n=1-5,8; m=0,2,4,6,8; x=4,6,8, R= -O-CH,CH,-O-
C(0)-C(CH3)=CH, BbIOMpanuch Tak, 4YTOObI MOJCIMPOBATH AKTUBHBIC  IECHTPHI
dboToKaTaIM3aTOPOB - JIMHEWHBIE, IMJIOCKO-CETYaThle, TETPadAPUUYECKUE HIIM MOCTHUKOBBIE
rpynnupoBku T1-O-Ti B KoHTakTe ¢ HaHOYacTHIamH 3oiota. Merogom B3LYP/6-31G(d,p)
IPOBOAWINCH TIOJIHAS ONTHMM3ALMS TEOMETPUHU KJlacTepa, KoyiedaTeNbHbIX 4YacToT U
TEPMOAMHAMHUECKUX napaMeTpoB. Paccuntannsiii UK criekTp onTUMHU3MPOBaHHBIX CTPYKTYpP
CpaBHMBAJICA C OJKcrnepuMeHTalbHbIMM MK cnekTpamMy HaHOKOMIO3UTOB. Pe3ynbTaThl
MOKa3bIBAIOT, YTO HAJIUYME MOCTHKOBBIX CTPYKTyp TI<SOO>Ti mnpuBOAUT K TMOSBJICHHUIO
IIUPOKOM MHTEHCUBHOM IMOJI0CH B 00mactu 650 oM, KoTopasi cMeniaeTcst B obmacts 600-550
cM' IpH YBEIMYCHHH YHCIA MOCTHKOB B MOJCKYIe. TeTpasapHuecKhe CTPYKTYPBI HAIOT
OYE€Hb MHTEHCHUBHBIE JIBOMHBIE MTOJIOCHI ¢ MakcumymaMu 750 u 850 cmL. Jluneitnbie uenu Ti-
O-Ti IPHBOIAT K MOSBICHHIO OTHOCHTEIBHO HH3KOMHTCHCHBHBIX IOJIOC B 001acTH 850 cv ™.
Jns  mMonmenupoBaHHS KOMITIO3UTOB € 30JO0TBIMH  HaHodacTHiamMu wmetomom DFT
(B3LYP/LANLOS) mpoBenensl pacuetbl kiactepoB Au, (n=1-7) B marpuie TiO/IDOMA.
Haubonee BHIOJHBIMU IIEHTpAMU KOOpAMHAIIMM aTOMOB 30JI0Ta SIBISIFOTCS KapOOHUIIbHbBIE
cBsi3u, arombl kuciopona cBs3u Ti-O-Ti m artomsl Bogopoma ['DMA. HaHoKOMIO3WTHI
00J1a71a10T BBICOKOW CBETOYYBCTBUTEIBLHOCTHIO Ha JTMHE BONHBI < 360 HM, oOnydeHue Ha
ATOW JJIMHE BOJHBI MIPUBOJIUT K 0OPA30BAHHIO IIMPOKOW TOJOCHI MOTJIOMIEHUS OT OJIMIKHETO
Y® no OmmxHeit MK-o0macTé B mepBOHAYAIBHO ONTHYECKH IPO3PAYHOTO MaTepHaa.
[Tornomenue csizano ¢ Y @-UHAYIUPOBAHHON I'€HEpALMU LIEHTPOB Ti** 3a cuer oOpaTuMoro
npeobpasosarmus Ti**+e—Ti™. Jlns MogemMpoBaHus 3TOTO TPOLECCa POBEACHBI PACUETHI
SHEpruii BO3OYXKAEHHUS M CHI ocuuuistopoB meromom TD-B3LYP/6-31G(d,p). Pacuers
MOKA3bIBAIOT, YTO HanOoJiee MHTCHCHUBHOE IMOTJIONMIEHUE B JIAaHHBIX CHCTEMaX MPOUCXOAWT B
nuanazoHax 260-350 u 410-450 HM. DOTH Juama3oHbl COOTBETCTBYIOT 3JEKTPOHHOMY
NEPEHOCY C HAHOYACTHII 30J10Ta Ha CBsi3b T1-O-Ti u Ha kucaopoasl [DMA, cOOTBETCTBEHHO.
[TomryueHHble pe3ynbTaThl MO3BOJIAIOT KOHTPOJIMPOBATH CTPYKTYpY M I€JIE€HANPaBICHHO
¢dopmupoBaTh (YHKUMOHAIbHBIE MaTepHalbl C TPeOYEeMBIMH XapaKTEPUCTUKAMH IS
XUMHUYECKHX U OMOMETUIIMHCKIX TTPUIIOKEHUH.

Paboma evinonnena npu noooepoicke PODU (npoexm 14-03-00585)
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PacTBOpeHre HAHOKPHCTAIUINYECKOT0 XUTO3aHA B BOIHOM cpee: MOJIEKYJISIPHO-
AUHAMHMYECKOE UCCIeJOBAHME

Haymos B.C., Henamog C.K.

Hwxeropoackwuii ['ocynapctBennsiii Yuusepcuter um. H.W. Jlo6aueBckoro
*e-mail: skignatov@gmail.com

[Tpou3BoiHbIE aMHHO3aMEIICHHBIX TOJMIIMKAHOB, B YaCTHOCTH xHWTo3aHa (mosu-1,4-(N-
arnetun )-f-D-rmrokonupano3aMuHa-2) pacCMaTPUBAIOTCS  CETOJHS KaK IEPCIICKTUBHBIC
MaTepuanbl JUIsi WHKANCYJINPOBAHUS U TPAHCIIOPTA JIEKAPCTBEHHBIX CPEICTB B OpraHU3ME.
Cpeau Takux JIEKAPCTBEHHBIX CPEICTB OCOOEHHO Ba)K€H HWHCYJIMH WM Jpyrue OelIKOBbIE
npenapaTsl, MHKANCYISALUS KOTOPBIX MpUBea Obl K BO3SMOXKHOCTH HX MEPOPATBLHOTO TIPUEMA.
OpnHako mpakTHYECKOEe MPUMEHEHHE XWTO3aHa M €ro MPOM3BOAHBIX B KauecTBE MarepHalia-
WHKAICYIIATOPa OCJIOXKHSETCS OTCYTCTBHEM WH(GOpPMAIMU O CTPYKTYype CaMOro XHMTO3aHa U
€ro KOMILJIEKCOB B BOJHBIX pacTBOpax, TEPMOJMHAMUYECKHUX CBOMCTBaX U KUHETHKE
KOMIUIEKCOOOpazoBanus. JlaHHbIE O KOHCTaHTaX HECTOMKOCTH TMPH B3aUMOJCHCTBUU C
Pa3TUYHBIMU OEJIKOBBIMHU areHTaMU MPAKTUYECKU OTCYTCTBYIOT, a CaM IPOLECC PACTBOPEHUS
U €r0 KMHETHKA M3Yy4aauch OOBIYHO HA OCHOBE (OpMaTbHO-KMHETHYECKOro moaxona. Jlms
M3YYEHHUs IIpollecca pPacTBOPEHHUs XMTO3aHAa B BOJIE€ HCIOJIB30BAaH METOJ MOJEKYJSPHO-
JUHAMHYECKOTO MOJenupoBanus. Mojenb MpencTaBisia co0oi KPUCTALI XHUTO3aHA,
nomernieHHbId B sk ¢ SPC-pomoit. Kpucramn coctosur u3z 8 nemneit, ammuaon ot 20 mo 60
MOHOMEpPHBIX 3BeHbeB Kaxnas (MM 3,2-9,6 kJla). lnsg mocTpoeHHs] KPUCTAIUTHYECKON
CTPYKTYpPHBI UCTIOIB30BaHbl JaHHble PCA. HacTh aMUHOTpYNN B KPUCTAIIIE MPOTOHUPOBAJIACH.
Paznuunas cremeHb TMPOTOHUPOBAHUS COOTBETCTBYeT ompeaeneHHomy pPH. Pacuers
POBOIMINCH ¢ TToMoInkio porpaMMbl GROMACS 4.6 Ha paboueit cranmuu ¢ GPU (2300
snep CUDA). [lns TOCTpOCHHS TOMOJIOTUM CHCTEMBI HWCIOJB30BAIH  CHEIHATBLHO
moaudunupoBanHoe cunoBoe moie S3A6CARBO. B cumoBoe mosne Obutn g00aBiIeHBI
9JIEMEHTHI, TMO3BOJISIONINE MOJCIUPOBATH IMOJTHAMUHOTIUKAHBI C PA3IMYHBIM COCTOSIHUEM
aMUHOTPYNN (HEPOTOHUPOBAaHHAs, IPOTOHWPOBAHHAA, 3aMelleHHas). Moauduxaus nosus
OblIa MpoOW3BEJCHAa Ha OCHOBE KBAaHTOBO-xuMmmueckux pacueroB (HF/STO-3G//B3PW9I1/6-
31++G(d,p)). Bpemss momenumpoBanus 10 40 uc, mar 1 dc, NVT-ancam6as, T=300K,
tepmocTaT bepeHyiceHa. BrisBieHa 3aBUCHMOCTh CKOPOCTH pacmlaja KpPHUCTalia OT CTEIEeHU
npotonupoBanus amuHorpymnm (Puc. 1.). YcraHoBineHo, 4To pacmaj KpUCTAUIOB XWUTO3aHa
HAYMHAETCs NPU CTENEeHH NMPOTOHHMpOBaHUS amuHorpymmn 6oiee 30% (pH~6,8), 3To xoporio
COTJIacyeTcsl C SKCIEPUMEHTAIbHBIMU JAHHBIMU IO PACTBOPEHUIO XMUTO3aHOB. MoneKkynsapHas
Macca TOJUMEpa OKa3bIBaeT BIMSHUE JUIIb HA CKOPOCTh MEPBOHAYAIBLHOTO PA3pPHIXIICHUS
KpHUCTaJJIa, HE BJIMSSA Ha CKOPOCTh pa3deraHus OTAENbHbIX Lenei.

Twisting without
dissolution

PD = 0% ’ PD = 30% 'PD = 50%
alkaline media pH~6.8 pH~6.4 pH~6.0

Puc. 1. CocTosiHue cuctem ¢ pa3iuyHOM CTENEHBIO TPOTOHUPOBAHUS LIETIEI
nocsie 10 HC MOETUPOBaHUS.
Paboma evinonnena npu noooepicke PODOHU (npoexm Ne 14-03-00585).
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AfanTauus TEOPHUHU CTEKJIOBAHUS 111 aMOP(HBIX OPraHHYeCKHUX MATEPHAJIOB

A.B. Odunoxos*

1I_IeHTp ®otoxumuu PAH
*e-mail: ale.odinokov@gmail.com

IIpeBpamieHue JKUOKOCTM B TBEPLOE HEYNOPSANOYEHHOE TEJNO IIPU  OCTBIBAHUU
COIIPOBOKIAETCS 3aMOPO3KOW CTeneHei CBOOOJBI, OTBEYAIOUIMX KPYMHOMAacCIITaOHBIM
NEPEMELICHUAM COCTABJIAIOIIMX TEJIO MOJIEKYJI. OTOT IPOLECC MOXKET ONUCBHIBATHCA C
IOMOUIBIO (hOpPMaIN3Ma, CBOMCTBEHHOIO TEOPHH (PAa30BBIX IEPEXOJOB BTOPOrO poja, IAc B
Ka4yecTBEe MapaMeTpa MopsAIKa BHICTYNAET (DYHKIUS aBTOKOPPENSLUHU IIOTHOCTH BEILECTBA.
XapakTEepUCTUKONM CTENEHW CTEKJIOBAHHUA MOXET CIYKHUTh BpeEMs  O-pEllaKCalllH,
IPONOPLUOHAIBHOE MAaKPOCKOIMYECKON BSI3KOCTH. DTO BpeMsl HEOTPAaHMUEHHO BO3PACTAET
py NPHUOIMKEHUH CHCTEMBbl K TOUYKE CTEKJIOBaHMs. Pa3nuuHble TEOpeTHYECKHE MOAXOJIbI
[IpeJIaraloT pa3jInyHblid BUJ TAKOW CUHTYJIIPHON 3aBUCUMOCTH.

Pucynox 1. BHenmHu#i BUI BEIMUCIUTEILHON STYSHKH, COAEpPIKAIICH MOIeh aMop(HOTO
Mmatepuaina u3 mosekyn CBP.

IIpumeHeHne TEOpUM CTEKIOBAHUSA K KOHKPETHBIM CHUCTEMaM B paMKaX UYHCIEHHOI'O
JKCHEPUMEHTa 1O CHUX IOp OrPaHUYMBAIOCH MPOCTBIMH JKUIAKOCTSMH, COCTOSLIUMHU W3
chepuiecku-CHMMETpUYHBIX vacTull. Ilpeanmaraercss pacmuputh 007aCTh TpPUMEHEHHUS
TEOpHH Ha CiIy4all OpraHWYecKOro marepuaina, cocrosmero u3 Momnekyn 4,4’-N,N’-
nukap6azonunondennna (CBP), kortopsie umeroT BeITaHyTy0 hopmy (cM. Puc. 1). B atom
ClIy4ae pacuéT KOppeasUuU IJIOTHOCTH JIOJDKEH YUUTBIBATH HE TOJIBKO IMOJIOKEHNE YACTHIL B
pa3Hble MOMEHTBHI BPEMEHHU, HO U UX OpHeHTauuu. Jlius paccMaTpuBacMOM CUCTEMBI TaKOU
QITOPUTM pEaJN30BaH, pAcCUUTaHbl OOOOIMIEHHBIE BOCIPUUMYMUBOCTH JJISi PA3IUYHBIX
TEMIEPATyp, IOCTPOEHA 3aBUCHUMOCTb BpPEMEHU O-pelaKcalii OT TeMIIepaTyphl.
YMeHbllIeHHe BA3KOCTH CHUCTEMBbI OMUCAHO B T€pMUHaX 3akoHa Porensa-Dymyepa, a Takxke
TEOPHH COMPSKEHHBIX MOA. JlaHBI MpakTHYECKHE PEKOMEHIALMU 10 BBIOOPY MapaMeTpoB,
OTBEYAIOUIUX 32 PACUET KOPPEISALHUH INIOTHOCTH.

PabGora Opima BeIMOSHEHAa Tpu (UHAHCOBOW mozjaepx)ke Poccuiickoro HaydHoro Qonma
(cornmamenne Ne 14-43-00052).
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TeopeTuveckue KojiedaTejbHbIE CIEKTPbI TPUC-KOMILIEKCOB MUBAJIaTOB M(piv);
(M=Al, Ga, In, TI).

A.E. lloconun, O.A. Ilumenos, b.B. [lyuxkos, FO.A. ’Kabanos

M BaHOBCKHI rOCYJapCTBEHHBIN XUMUKO-TEXHOJIOTUYECKUA YHUBEPCUTET
*e-mail: zhabanov@gmail.com

KBaHTOBO-XMMHYECKHE pacueThl PABHOBECHBIX T'COMETPUN W TapMOHMYECKHX YaCTOT
kosrebanuii Mmostekyn M(piv); (M=Al, Ga, In, Tl) Bemonuensr meromom DFT/B3LYP. Ilpu
pacueTax HCHoNb30Balicss Habop Oa3ucHbIX (QyHKIU CC-pVTZ Ha aromax O, C, H. [lna
atomoB Al, Ga, In, Tl ocroBHBIE 000JIOYKH OMUCHIBAIKNCH PEIITHUBUCTCKUMH OCTOBHBIMHU
noreHiuagamu. BanentHeie o0osjo4yku atomoB Ga, In, Tl omwmceiBamuch 0a3uCHBIMU
Habopamu aug-cc-pVTZ, Al - (4s4p)/[2s2p]. TIpoBeneHo omucaHue KoeOaTeIbHBIX MOJ C
ucrnonb3oBanueM mnporpammbl  ChemCraft uw Ha ocHOBe aHanu3a pacnpeieieHus
MOTEHIMAIBLHON SHEpriH (OPM HOPMAIBHBIX KOJICOAHUI MO €CTECTBEHHBIM KOJeOaTeITbHBIM
koopauHatam. CmoxenupoBannbie UK crektper ams M(piv)s (M=Al, Ga, In, Tl) cxomus
MEXIy COOOW: TOJOXKEHHS MaKCUMYMOB ITOJIOC B OCHOBHOM H3MEHSIIOTCS Ha HECKOJBKO
OoOpaTHBIX CAHTUMETPOB TMPH MEpexoie OT OJHOTO COSAMHEHHUS K Jpyromy. B cumy
CTPYKTYPHBIX M3MEHEHUN MEXbsiepHOTro paccrosaus M-O B monekynax M(piv)s (M=Al,
Ga, In, Tl) 10cTaTOYHO CHJILHBIC U3MEHEHHS YaCTOT B PACCMOTPEHHOM Psily HAOJIFOIaeTCs B
cilydae KoJleOaHWH, HauOOJBIINI BKJIAI B KOTOPBIE BHOCSAT KOOPIWHATHI, OMUCHIBAIOIINE
JBIDKEHUE XeNaTHBIX (parmMeHTOB. BbimeneHo 25 ¢opm koneOaHU, COOTBETCTBYIOIIUX
4acToTam, 3HAYCHUS KOTOPBIX CYIIECTBEHHO yOBIBAIOT B pany
Al(piv)s—Ga(piv);—In(piv);—Tl(piv)s. Cpeau HUX HalieHO 7 BBICOKOMHTEHCUBHBIX B MK-
cnekTpax. Heo0XommmMo OTMETHTh 0 BEChbMa OOJIBIITUX PA3InYHSIX B BHJIE CIICKTPOB B 00JIaCTH
o 600 CM_l, OIHAKO HHTEHCHBHOCTL OOJIBIIMHCTBA IIOJIOC B JaHHOH oOmacth Mama. B
o6mactu ~3000 cmt BBIJICIITFOTCS TIOJIOCHI, COOTBETCTBYIOIIUE BaJeHTHBIM Koyiebanusm C-H
CBsi3eH B METWJIBHBIX TPYIIAax M MPAKTHUYECKU HE OTIIMYAIOIIUECS IPYr OT Jpyra BO BCEX
YeThIpex crekTpax. B o6mactm wactor ot 1600 mo 3000 cm ™ ¢yHIaMeHTaIbHBIC
KoJ1e0aTeNIbHBIE IEPEX0Ibl OTCYTCTBYIOT.

500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

N
[e]
500 600 700 800 %00 1000 1100 1200 1300 1400 1500 1600 1700

8 5@ Y TI(piv)3
400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

Pucynok 1. Teopernueckue MK-criektps! komiuekco M(piv)s B o6macta 350-1700 ™.

Paboma evinonnena npu ¢punancosoti noooepoicke PODPU (epanm 14-03-31784 mon_a).
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ToyHoe onmucaHHe CBOICTB MOJIEKYJISIPHBIX CUCTEM, COACPKAIIIUX AaTOMbBI JIAHTAHOU/I0B,
COBPEMEHHBIMM METOAAMHU KBAHTOBOH XHUMHH

B.I'. Conomonux, A.H. Cmupnos, O.A. Bacunves, E.B. Cmapocmun, U.C. Hasaprun
HBaHOBCKMIA rOCY1apCTBEHHBIN XMMUKO-TEXHOJIOTHUYECKU YHUBEPCUTET
JlaGopatopus kBanTtoBoi xumun HUW TepMoarHaMuKy 1 KHHETUKU XUMHUYECKUX MTPOIIECCOB
e-mail: sol@isuct.ru

B Heopranmyeckoil M METAT-OPraHUYECKOW XHMHUU BAXHYIO POJb HIPAIOT COEAUHEHUS,
coJiep Kallie aTOMbI JJaHTaHOUI0B. MOJIEKYJIbl TAKMX COEAMHEHHH, KaK MPaBUiIo, 00JIaaaioT
OTKPBITOM  DJIEKTPOHHOM OO0OJIOYKOM W MHOXKECTBOM HHU3KOJIGKAIIUX  AJICKTPOHHBIX
cocrosiHuid. JloctaTrouHO TOYHOE Teoperrueckoe ab iNitio onmcaHue CBOWCTB 3THX MOJEKYI
TpeOyeT pemieHus psaa CIOXKHBIX 3anad. Pemas snextponHoe ypaBHeHue llpénunrepa,
clieflyeT KOPpPEKTHO Yy4YuThIBaTh d((eKTbl HenmoaHOThl Habopa Oa3uCHBIX (QYHKIU,
3JICKTPOHHOM KOPPEISIIUU U pensTuBucTckue ddexto. Jlanee, Beraucisas "HaOmogaembie",
HE cleayer 3a0bIBaTh, YTO BHYTPUMOJICKYJSpPHAs JUHAMUKA TaKUX CUCTEM HeaanabaThdHa
[0 CBOEW MpUpPOJE, T.€. HE MOXET ObITh OMHCaHa B CTaHAAPTHOM mpuoOnmxkeHun bophHa-—
Onnenreiimepa.

B HacTosiieM cOOOIIEHHH MOAXOJbl K PELICHHUIO NMEePEYUCICHHBIX 3a/lad PacCMOTPEHBI Ha
pUMepe MOJIEKYJl TPUTAJIOTeHUIOB Liepusi, MpazeoauMa U uUTTepous. [laH cpaBHUTENbHBIN
aHaJ M3  pPe3yJbTaTOB  pacyeToB  MeETONOM  cBs3aHHBIX  kiactepoB CCSD(T) wu
MHOTOUCXOJHBIMA MeToaamMu Teopun BosmymieHudt CASPT2 u  KoHUTYparlmoOHHOTO
B3aumoseiicteus MRCI. PaspaGoranel npHeMbl YCTpaHEHHS OIIMOOK, OOYCIOBICHHBIX
HEMOJHOTON MPUMEHSIEMOIr0 OJJTHO3JIEKTPOHHOTO 6a3uca, MyTeM 3KCTPANOJISALUN Pe3ylIbTaToOB
BBIYUCIICHUH K Tpezeny moysHoro 0azucHoro Habopa. IlokasaHbl mMyTH JTOCTaTOYHO TOYHOTO
ormucanust 3pdekroB  cnmH-opOuTampHOoro B3ammoxeicTBus (SOC) B Mojekyaax
paccMaTprUBaeMoOro Kjacca ¢ IMOMOIIBIO CIIMH-OPOMTANbHBIX oreparopoB bpeiita-Ilaynun u
3(PeKTUBHBIX OCTOBHBIX MoTeHnanoB. Haitneno, uro yuer SOC kapauHambHBIM 0Opa3zoM
U3MEHSET OTHOCHUTEIBHOE PACIOJOXKEHHE HHU3KOJIEKAIIMX DSJICKTPOHHBIX COCTOSHUN U
XapaxkTep MmoBepxHocTer noteHuanpHou sHepruu (I1113), u uro coueranue >3¢gdexror SOC,
Sna—Temnepa u  ncesno-flHa—Temnrepa NpUBOAUT K YPE3BBIYAKHO  CIIOKHOMY,
aHrapMoHuueckoMy xapakrtepy III1D monexyn B 3Tux coctostHUsAX. OOCYKIEHBI TTPOOIEMBI
OMHCAaHUA HeaanadaTUYeCKOH BHYTPUMOJEKYISIPHOW TUHAMHUKH TaKUX CUCTEM U TPHUEMBI
BApUAIIMOHHOTO BBIYUCICHUS "HAOMOmMaeMbIx", B TOM YHCJIE€ XapaKTEPUCTUK WX
WH(]paKpaCHBIX CIIEKTPOB.

Paboma noooepycana Poccutickum ¢honoom GyHOameHmanvublX uUcciedo8anuil (npoexkm

Ne13-03-01051) u Munucmepcmeom obpaszosanus u nayku Poccutickout @edepayuu (npoekm
MNe 1800).
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KousebareqbHbIe BKJIAAbI B PEMIETOYHON MO/I€JIH JIEHHAPA-A’KOHCOBCKOI0 KPUCTAJLJIA U
JKHIKOCTH

C.B. Tumos, C.A. Cepos, I'"M. Ocmposckuti

I'HL[ P® HU®XU um. JI.A.Kapniosa
*e-mail: titov@nifhi.ru

B paMkax KBa3MXMMHUYECKOTO NPHUONIKEHUS MOJAEIH PEMIETOYHOTO Tra3a B JICHHAP/-
JKOHCOBCKOM CHCTEME Ha MPUMEPE KPUCTALINYECKOTO WM KUIKOIO aproHa HaxXOoIsIIerocs
B PaBHOBECHH C TAapOM H3YyYEHbl OCHOBHBIC TEPMOJWHAMUYECKHE CBOWCTBA IMOAOOHBIX
cucreM. ['maBHOUM mpoOIEMON JIsi TAKOW MOJENH SIBIISETCS YCTaHOBJIEHHWE MAaTeMaTHYECKON
CBSI3U MEXK/y 0a30BBIMH MapaMeTpaMH — PEHIETOUHOM KOHIICHTpALMeH YacTHIl U TapaMeTpoM
KPUCTAJUIMYECKON PEMETKH, YTO JAET PEIIEHUE 3a/1a4d O TEIUIOBOM paciuupeHuu tena. s
TBEPAOTO Tela B BBIPAKEHHWE JUISI CBOOOJHON OHEPruM pPEmETKH  CcojaepiKaiiee
NOTEHUUAIBHYIO SHEPIHMI0 M PEHIETOYHYI0 SHTPONUIO BHECEHBI MONPAaBKU s y4éTa
KoieOaHui, KOTOpBIC BBIPAKAIOTCA YEpe3 YaCTOTHI JIOKAJIBHBIX KOJEOAHUH KIACTEPOB
COOTBETCTBYIOIIMX BCEBO3MOXKHBIM CIocoO0aM pa3MmenieHuss 1-2 BakaHCUM B TIpejaesiax
YeThIpEX OMmKalIuX coceliei, YTO COOTBETCTBYET Mojenu DWHiTelHa. B xuakoil dase
CYMMUPOBaHHE 10 J1Ie(PEKTHOMY OKPYKEHUIO BBIOIHEHO 3P deKTHBHBIM 00pa3oM. Ha ocHOBe
MOJTYYEHHOTO BBIPAKEHUS JUISI CBOOOTHOM SHEPTUU PACCUUTAHBI IPYTUE TEPMOIUHAMUICCKUE
CBOMCTBa — BHYTPEHHSSI SHEPrusi, TEIIOEMKOCTh U AHTponus. g TemnepaTyp OIM3KHX K
TEMIEpaType TUIABJICHUS TApMOHUYECKOE TPUOIKEHNE CTAHOBUTCS HEAOMYCTUMBIM, B CBSI3U
c ueM Ay paboThl MpPHU BBICOKMX TEMIIEpaTypax, a Takke B KMIKOW (haze MpeasokeHa
MO/IeJIb OTPAaHUYEHHOT'0 OCIIIUIATOPA CO CPEIHEB3BEIICHHON PEIIETKOM.

Paboma evinonnena npu noooepocxe PODPU (koo npoexma 14-03-00886a).
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KBanTOBO-XMMHYeCKoOE Hcc/Iel0oBaHHe CTPOeHus 4-XJ10poQTaTOHUTPHIIA

I'.B. Trotsie, A.A. Otnéros, I'.B. ['upuue™
HBaHOBCKMIA rOCY1apCTBEHHBIN XMMUKO-TEXHOJIOTHUYECKU YHUBEPCUTET

*e-mail: girichev@isuct.ru
1,2-pTanoguHUTPUIIBI  MPENCTABISAIOT  HMHTEpeC  Kak  MPEeKypcopsl  MpHU  CHUHTE3e
¢dTanounaHMHOBBIX KpacuTenell. B HacTosmeit
paboTe BBIMOJIHEHO KBAHTOBO-XMMHUYECKOE
HCCJIEJOBAHHE TE€OMETPUYECKOTO0 CTPOCHHS
MOJIEKYJIBI - 4-xjopodTanonutpunia (puc. 1)
METOJIOM TEOpHH (YHKIMOHATA TUIOTHOCTH
(DFT/B3LYP) ¢ 6asucHbiMu Habopamu 6-
31++G**, 6-311++G**, cc-pVDZ, cc-pVTZ,
a TakkKe HEIMIHUPHUYECKUM METOJOM B
npudmmkennn  MP2/6-31G*.  YcranoBieHo,
4yTo MoJsiekyna umeer cummerpuio Cs. BaxkHo
OTMETHTb, YTO 3HAUCHHs BAJICHTHBIX YIJIOB

NPAKTHYECKHM HE  3aBHCAT OT  BbIOOpa

Puc.1. Monens Monexybl TEOPETHYECKOT0 MpHOIMKeHHs. B To ke

4-x10poQTanoOHUTpHIA BPEMSI, OTJEIbHBIE MEKBIAIEPHBIE PACCTOSHHUS,

MOJlyYeHHBIE  NPH  Pa3HBIX  COYETAHUSX

metox/06azuc, OTIINYAIOTCA Ha BEJIMYHHY, IPEBBIIAIOIIYIO HOTPEIIHOCTH

3HeKTpOHOFpa(queCKOFO n MHKPOBOJIHOBOI'O MCTOOOB, qTo AcJaacT AKTYaJIbHBIM
HKCIIEPUMEHTAIIbHbIE UCCIICAOBAHMS CTPYKTYPBI 3TOM MOJICKYJIBL.

B3LYP B3LYP B3LYP B3LYP MP2
r(A), £°), o( em™ 6-31++G**  6-311++G**  cc-pVDZ cc-pvVTZ 6-31G*
o1, CM 84 83 84 84 80
r(C1-C2) 1.394 1.390 1.395 1.386 1.394
R(C1-Cl) 1.745 1.746 1.748 1.740 1.731
R(C2-H4) 1.084 1.082 1.089 1.079 1.086
R(C6-C10) 1.435 1.430 1.436 1.428 1.434
R(C10-N11) 1.163 1.155 1.163 1.152 1.184
/C2-C1-C3 121.1 121.1 121.1 121.1 121.1
/C2-C1-Cl 119.3 119.2 119.3 119.3 119.3
/C2-C6-C10 118.8 118.9 119.0 118.9 119.3
~/C6-C10-N11 1785 178.6 178.7 178.6 179.0

Paboma svinonnena npu gpunancosoii noooepaicke PODU (epanm Nel3-03-00975 a)
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MouJiekyasipHasi CTPYKTYPa U KOH(OPMAIUOHHBIN cOcTaB N-IMKJI0TeKCHJINMUTIEPUIMHA
MO IAHHBIM KBAHTOBO-XUMHMYECKHUX PACYeTOB, JIEKTPOHOrpaduieckoro/macc-
creKkTpoMeTpuyeckoro 3kcnepumenta u UK-cnexkrpockonun

Yan Juno Guen’, Lnvikos C. A.

HBaHOBCKMIA rOCY1apCTBEHHBIN XMMUKO-TEXHOJIOTHUYECKU YHUBEPCUTET
e-mail: phientran@mail.ru

B Hactosimielt pabore HamMu BIEpBbIe OBLJIO BBIMOJHEHO HCCIEIOBAHUE CTPYKTYPHI M
koH(popmanmonHoro coctaBa N-muknorexcunmunepuanna (N-LI'TT) ¢ momormsio KBaHTOBO-
XUMHYECKHX  PacyeToB (KX) BBICOKOTO  YpOBHS, METOJIOM  COBMECTHOTO
aneKTpoHorpaduueckoro U Macc-cnekrpomerpudeckoro (3I/MC) skcnepuMeHTa, a TakKe
NK—cnekTpocKonuu.

KBanToBo-xumnueckue pacuets! BblosHEHbI MeTogamu DFT-B3LYP u MP2 ¢ pasnuunbsiM
Habopom 6azucoB: 6—311G**, 6-311+G** u cc—pVTZ c npumenerunem nporpamMmm Gaussian
09 u PC GAMESS (US). Pe3ynbraThl mokaszaiu, 4To KOH(OpMEpHI C 3KBaTOPUAIbHBIM
MOJIOKEHUEM  ITUKIOTeKCHJIBHOTO Koyiblla Tmipu  azore (Puc.l) sBusroTcs Hambosee
npeano4YTuTeNbHBIMA. OTHOCHUTENBbHBIE SHEpruu, >Hepruu ['mb60ca xoHdopMepoB U cocTas
napa npu 298 K npencrasnenst B Tabaute 1.

I (EqC-EqgN-orth) Il (EqC-EgN-twist) 111 (AXxC-EQN)
Pucynox 1. Ctpykrypa ocHOBHBIX KOH(opmMepoB Mosekynbl N-LI'TI

OI'/MC »sKcriepuMeHT ObUT BBINOJIHEH Tpu Temneparype 3¢ ¢y3uonnoit syeriku T=300(5).
KondopmarmonHnslit coctaB npuBeieH B Tadnwuiie 1.

Tabmuua 1: OTHOCcHuTENbHAs 3HEprus, sHeprus [ n66ca u kondopmanonusiii cocras N-IIT'TI

KBaHTOBO-XMMUYECKUE PACYETHI | or
0
Meron/6a3uc IAE, II(:(aH/MIOIJIII: AIG (295I3IK), KKaJI/Il\I/IIOJII: X, Xy Xuy, %
B3LYP/6-311G** 0/133| 19 | 0| 124 2,05 86:11:3
B3LYP/6-311+G** 0/102] 197 | 0 | 1,03 2,18 83:15:2
B3LYP/cc-pVTZ 0/125) 214 | 0 | 1,09 2,23 85:13:2
MP2(FC?)/6-311G** | 0/1,09|-0,26 | 0 | 1,19 —0,02 | 46:6:48 | 74:21:5°
MP2(FC)/6-311+G** |0]1,05| 0,16 | 0 | 1,02 0,23 54:10:36
MP2(Full %)/6-311G** | 0| 1,10 |-0,31 | 0 | 1,20 -0,06 | 45:6:49
MP2(Full)/cc-pvTZ [0]1,00]|-024] 0 | 1,06 -0,23 | 38:6:56

% — FC — Frozen Core; Full — Full core
b_ [Torpemnocts onpenenenus cocrasa: 13%

B macc-cniekrpe anexktpoHHOro yaapa (Uyems=50 B) o6HapyxeHo, uro Hanbosee BepOSITHBIM
yTeM JHUCCOLNMATHBHON WOHUW3AIMKM SIBISETCS OOpa3oBaHME HOHA C PACKPBITHEM U
YaCTUYHBIM OTPBIBOM IIMKJIOT€KCUIBHOTO Kosiblla. CaMblM HMHTEHCHBHBIM SIBJISICTCS IIHK,
OTBEYAIOITUH HOHY CsH1oN-C3H,". OkcnepumeHTanbHbIM UK-cniektp sxuakoit ¢azer N-LIT'TI
IpY KOMHATHOH TeMIIepaType MpOSBISET CXOJACTBO C PACCUMTAHHBIM KBAHTOBO-XMMUYECKU
st konpopmepa | B obmactu ot 400 qo 1600 em?, uro CBUJICTEIILCTBYET O IOMUHUPOBAHUHT
3TOro KoH(hopMepa He ToNbKO B razoBoi (rmo qanueiM KX u OI), HO U B sxuakoi ¢ase.

35


mailto:phientran@mail.ru

CTpyKTypa, 3JIeKTPOHHOE CTPOoeHHe U (PYHKIIMOHAJIbHbIE CBOICTBA 3aMelIeHHbIX
HAHOYACTHII 30J10Ta

Apowcemckuii B.1I.
MOHX PAH, r. MockBa

Manbie HaHowacTHIBl 30J0Ta (~1-2 HM) XapakTepu3yIIIHecs BBICOKOU
cuMMeTpueli U GpakTaIbHBIM CTpoeHHEM [l1] ABISIOTCS MOJEISAMU IS
TEOPETUYECKOI0 HCCIEIOBAaHUS PA3HOOOPA3HBIX (PYHKIIMOHAIBHBIX CBOWCTB
Oostee kpymHbIx HaHodacTuil (~10-20 Hm). B yacTHOCTH, caMOOPIraHU3YIOIIHECS
MOHOCJION TMaJIJIaIUEBbIX KOMIUIEKCOB C TEPMUHAJIBHOM THOJIOBAW TPYIION Ha
HaHOYAaCTHUIIAX Au, SIBJISIFOTCS MEPCIEKTUBHBIMU MarepuagiaMu
HAHOZJIEKTPOHUKH [2]. KoMiuiekc ¢ TEpMHUHAIBHON THOJIOBOM TIPyNIIOif
moxaenupoBaiics rpynmod SH. [2]. [ns wmanbix (MJIOCKUX) HaHOYACTHIL
YCTaHOBJIEHO, YTO CYIIECTBYET BO3MOXKHOCTh 3aMelleHuss atoma AU B
HaHoyacTulle Ha rpynny SH 0e3 HapymieHus cTaOMJIBHOCTH M CHMMETPUH
HAaHOYACTULIBl. B cilydae CHUMMETPUUYHBIX KJIETOYHBIX HAHOYACTHUI[ cepa
00pa3yeT TpH SKBUBAJICHTHBIE CBSI3U C 30JI0TOM WJIM JIBE SKBUBAJICHTHBIE U OJHY
CYILIECTBEHHO OoJiee JUIMHHYI0. 3aMeHa aroma AU Ha rpynny SH B HaHO4acTHIIE
MPAKTUYECKA HE MEHSET DHEPrEeTUYECKOM IIEIM MEXIY BBICIIEH 3aHATOU U
HU3IIEH BakaHTHOM opOuTansiMu. TeopeThyeckue mnapameTpbl HaXOJsITCS B
cormacuu ¢ nanaeiMu  EXAFS. PaccmartpuBanace Takke CTaOMIBHOCTH
SHAO03ApabHBIX HaHodactul, MeAu;, (Me=Zr, Nb, Mo, Tc,Ru, Hf, W, Os, Pt,
Hg).

JIns KBAaHTOBO-MEXAHMYECKOTO OIKMCAaHUS ONTHUYECKUX MEePEeXOJ0B B
crazepe — Ja3epe Ha HAaHOYACTHIAX 30JI0Ta, 3aKIIOYCHHBIX B OOOJIOUKY U3
COCIMHECHUI KpeMHHsI oOmuM auametpoM 40 HM, ¥ JIMHOW BOJHBI 531 HM,
paccuuTaHbl MapUUaIbHbIE AIEKTPOHHBIE TUIOTHOCTH 3aHITHIX U BO30YXKICHHBIX
COCTOSIHUYM HaHo4acTHIl AU,. BepxHue 3aHAThIC cOCTOSHUS 00pa3oBaHbl SAs;,- 1
6s- opOutansimu. Cpeau BO30YXKACHHBIX COCTOSHUM, KpOME€ IOJIHOCTBIO
THOPUIN30BaHHBIX S-, P-, d- COCTOSHUH, MPHUCYTCTBYIOT S-, d- COCTOSHUS C
OYEHb MaJIOW IIPUMECBHIO P-cOCTOSSHMM. Ha OCHOBaHMM  TOJYYEHHOU
DJIEKTPOHHOM  CTPYKTYpbl pa3paboTaHa Mojelb paboThl crmazepa Ha
HaHouacTunax 3ojota [3]. CoracHo 3TOW MOJEIM TMEPBOHAYAIBHOE
BO30Y)KJICHHE TTPOUCXOANT B P- COCTOSIHUSA, KOTOPHIE B PE3yJbTaTe JUMOJIbHBIX
NEPEX0/I0B MEPEXOIAT B S-,0- COCTOSIHHS, M3 KOTOPBIX MEPEXOJ B OCHOBHOE
COCTOSIHHE B JIUTIOJILHOM MPUOIMKEHUH 3aTPEIIIEH.

[1] X.-G.Xiong, W.-H.Xu, et.al. Int. J. Mass Spectr. 2013. V.354-355. P.15

[2] C. Battocchio, I. Fratoddi, I.Venditti. V. G. Yarzhemsky, Chem. Phys. 2011
V.379. p.92.

[3] B.I'. Spxxemckuii, M.A. Kazapsia, O.H.MypasbeB, Kpatkue cooOrieHus mo
¢usuke 2012, N.9, p. 13.
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