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Using the methods for treatment of environment effects for modeling the photoactive materials
N.O.Dubinets"*" A.A. Bagaturyants’, R. Matute®
'Photochemistry Centre RAS
“National Research Nuclear University “MEPhI”, Department of Condensed Matter Physics

*e-mail: nikita.dubinets@gmail.com

Quantum Mechanics/Molecular Mechanics (QM/MM) method was used for calculations of absorption spectra of
Bis(8-hydroxy-2-methylquinoline)-(4-phenylphenoxy)aluminum (BAIQ). In this part the obtained results in
QM/MM was compared with QM results.

Empirical Valence Bond (EVB) Method was used for modeling the Proton Transfer from the Retinal Schiff Base
in Bacteriorhodopsin. The retinal molecule changes its conformation when absorbing a photon, resulting in
a conformational change of the surrounding protein and the proton pumping action. Proton transfer observed at
the first step of the Bacteriorhodopsin photocycle.

Effective Fragment Potential (EFP) research was used for simulation of exciton formation between 2 organic
layers of 4,4’-bis[1-naphthyl (phenyl) amino]-1,1’biphenyl (a-NPD) and aluminum (I1l) bis (2-methyl-8-
quinolinato)4-phenylphenolato (BAIQ). The obtained results of 1 “live” molecular and EFP environment was
compared with “live” results.

This work was supported by RSF (project Ne 14-43-00052).



Simulation of Cytochrome P450 Catalyzed Aromatic Oxidation
P. N. D’yachkov”
'Quantum Chemistry Laboratory, Institute of General and Inorganic Chemistry RAS

*e-mail: p_dyachkov@rambler.ru

Cytochromes P450s are the principal monooxygenases expressed particularly in the human liver and
metabolizing drugs and toxicants. These enzymes contribute most extensively to the biotransformation of
benzene and its derivatives. On the basis of the quantum chemical calculations, the dependences of biological
oxidation and hazard effects of the mono- and multisubstituted benzene derivatives on the nature of substituents
are studied using an oxenoid model. According to this model, the P450 enzyme breaks the dioxygen molecules
and generates the active atomic oxygen species (oxens) that readily react with benzenes. In the terms of MO
LCAO approach, we calculated the differences AE of the total energies of aromatic compounds C¢Hs-X and
corresponding arene oxides OCgHs-X with tetrahedrally coordinated carbon atoms. The arene oxide stability AE
parameter determines activation energy of oxidation reaction and is shown to be adequate characteristic of the
biological effects of benzenes. Particularly, we obtained that the AE values determine the positions of the enzyme
mediated oxidation, rate of substrate biotransformation, acute toxicity, as well as carcinogenicity of the benzene
derivatives. The benzenes with the low AE values are noncarcinogenic and those with high AE values belong to
carcinogenic compounds series. The carcinogenicity of amino- and nitro-substituted benzenes is also determined
by N-oxidation of amino and reduction of the nitro group. As the phenylhydroxylamines XC¢H,NHOH and
nitrenium ions XCgH,NH™ are the common metabolites of the nitro- and amino-substituted benzenes and the
nitrenium ions XCgH4,NH" are the ultimate carcinogens, the energy difference AEy = E(XCgH,NH") —
E(XCgH4sNHOH) is the second parameter characterizing the carcinogenic activity of amino- and nitro-substituted
benzenes. We conclude that the oxenoid model together with quantum chemical calculations reasonably predict
and explain a variety of the in vivo and in vitro experimental data on the biological behavior of the substituted
benzenes.

1 P.N. D’yachkov, N.V. Kharchevnikova, et el. Intern. J. Quantum Chem. 2007, 107, 2454.
2 P.N. D’yachkov, N.V. Kharchevnikova, et el. Intern. J. Quantum Chem. 2010, 110, 1402.

® P.N. D’yachkov, N.V. Kharchevnikova. In: Benzene: structure, uses and health effects. Ed: Giovanna Tranfo.
Nova Science Publishers, Inc. (2011).



Multireference Methods in Organic Electronics and Photonics: Problems and Applications
A.Ya. Freidzon?"
Photochemistry Center, Russian Academy of Sciences
“National Research Nuclear University MEPhI

*e-mail: freidzon.sanya@gmail.com

The computational problems that typically arise in organic electronics are the problems of light absorption and
emission, charge separation and recombination, and charge transport. These problems are usually addressed with
the relatively cheap and fast density functional theory, which allows for large-scale calculations. However, this
approach has intrinsic deficiencies that lead to qualitatively wrong results. Among these are overestimation of
charge delocalization in extended molecular systems, underestimation of the energy of charge-transfer states, and
different errors in the energies of singlet and triplet states, which lead to wrong transition probabilities of
nonradiative processes.

Multireference methods, such as CASSCF/XMCQDPT, provide qualitatively correct and accurate description of
the processes of interest. In particular, they correctly describe charge and exciton localization in extended systems
through including the states with different localization with equal weights. They also provide balanced treatment
of states of different multiplicity and different orbital character. Therefore, multireference methods give deeper
insight into the nature of the systems under study. Understanding the mechanism of the target process will help
one to find simple molecular descriptors that can be calculated by cheap methods in large scale.

We outline the problems in which multireference treatment is necessary, give some basics of the CASSCF and
XMCQDPT methods, and demonstrate the application of multireference computational methods to the problems
of light emission, charge and energy transfer, and chemical stability of typical OLED materials.

This work was supported by RSF (project Ne 14-43-00052).



Energetically balanced reaction coordinate for the biosynthesis of Spinosyn A
E.G. Gordeev”,V.P. Ananikov
N.D. Zelinsky Institute of Organic Chemistry RAS

*e-mail: gordeev_e@ioc.ac.ru

Cycloaddition reaction (Diels-Alder reaction) is a powerful method for fine organic synthesis. This method
allows to obtain cyclic or polycyclic products including biologically active compounds. Until recently it was
assumed that the cycloaddition reaction is solely a synthetic method and not found in nature. However, a number
of enzymes which catalyze the Diels-Alder reaction (Diels-Alderases) were discovered at the last decades.
Recently a new enzyme (SpnF) was discovered inside the cells of the bacterium Saccharopolyspora spinosa.
SpnF catalyzes the reaction of intramolecular [4+2] cycloaddition in the process of obtaining of natural
insecticide spinosyn A

In this work, we propose a new mechanism of enzymatic catalysis, which allows to achieve a significant catalytic
effect and preserve the concerted character of the cycloaddition stage.'
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Fig. 1. Reaction path for a typical catalytic reaction (left) and energetically balanced catalytic pathway.

By quantum chemical methods it was shown that the classical model of enzymatic catalysis provides only a small
catalytic effect (3-5 kcal/mol). The new model of catalysis includes a sequential compression of the substrate
molecule in the cavity of the enzymatic active center. After each stage of compression increasing of the energy
caused by compression is compensated by hydrogen bonds formation. Several cycles of
compression/compensation lead to the convergence of the diene and the dienophile and to significant decrease in
the activation energy of the reaction. The calculated catalytic effect of the proposed mechanism is 18 kcal/mol.

This work was supported by RFBR (project Ne 14-03-31752) and Russian Science Foundation (RSF grant 14-50-
00126).

' Gordeev E.G., Ananikov V.P. PLoS ONE, 2015, 10(4), e0119984. doi:10.1371/journal.pone.0119984.



MopeanpoBaHue AHM30TPONHBIX INIEHOK OPraHMYeCKHX MOIYNPOBOJHHKOB METO0M MOJIEKYJISIPHOM
ANHAMHAKH.

A.B. Oounoxos

LI® PAH

ale.odinokov@gmail.com

[TocTpoenue peanucTHyHOW MOPGOIOTUM MaTepHana SBISETCS BAXKHOM CTYNEHbIO Ha ITYTH YUCIEHHOTO
onucanus ero GyHKIHOHHpoBaHUs. OpraHu4ecKye MoJyIpPOBOJIHUKHA HA OCHOBE MOJIEKYJI MaJIOW MOJIEKYJISIPHOM
Macchl MPEACTaBISIOT co00i ToHkMe (ropsinka 10-100 HM) TUIEHKH, NOJTyYaeMble BaKyyMHBIM HallbLIICHHEM.
[TpumeyarennsHOM OCOOCHHOCTBIO TAKUX CTPYKTYpP SIBISETCS YacTHYHAs aHWU30TPONMHOCTh. OHA CyIIECTBEHHBIM
o0pa3oM BIHMSIET HAa TPAHCIOPT HOCHTENEH 3apsia, a TaKkKe Ha M3JIY4YEeHHE CBeTa. BOCIpOoU3BeleHHE STHX
3¢ deKToB B pouecce YUCICHHOTO HKCIEPUMEHTA HEBO3MOXKHO 0€3 aleKBaTHOH aHU30TPOIHON MOJETIH.

Hamu ObDia paspaboTaHa MeETONMKAa M CO3JaHBI IIPOrPaMMHBIC CPEICTBA [0 peajM3alid  aJrOpHTMa
«BUPTYaJbHOTO HANBUICHHS», B KOTOPOM OCYLIECTBISIETCS MOJCIMPOBAHHE pOCTa IUIEHKH BeIIeCTBa B
pe3ynbTaTe IOCTENICHHOTO NOOaBICHHS B CHCTEMY MOJICKYJI. B OCHOBE MOJCTHPOBAHUS JIEKUT METO[
MOJIEKYJISIPHOW MUHAMHUKHA B paMKax momyisapHoro mporpammuoro makera GROMACS, pabotatomero mox
VIPaBICHHEM BHEIIHEr0 CKpHUNTa. J[OCTymeH Kak KOHEYHBIH BapHAHT NPOTPaMMBI, TaK M OECKOHEYHBIH
«KOHBEHep», B KOTOPOM MOJIEKYJIBI JOOABIISIOTCS U YIAJLSIFOTCS U3 CHCTEMBI C COXPaHSHHEM MX MOJIHOTO YUCIIa.

Merto/ BUPTYaIbHOTO HAIBUIEHHUS C YCIIEXOM HMCIOJIB30BAJICS ISl MOAEIMPOBAHUS aHU30TPOITHOI Mopdosorun
aMOp(HBIX OpPraHWYECKUX IIOJIyIIPOBOAHMUKOB. BHeceHHe MHUHHMMAIIBHBIX M3MEHEHUI MO3BOJISIET JIErKO
MO/JICTIMPOBATh C €0 MOMOIIbIO CTPYKTYPY OpPraHUKO-HEOPTaHMYECKUX U OPTaHUKO-OpraHMYecKuX HHTepdeicoB
B HAHOPa3MEPHBIX TETEPOCTPYKTYpax, a TaKKe TeHEpUpOBaTh MOP(OJOTHI0 MAaTepUaliOB, B COCTaB KOTOPBIX
BXOJISIT IPUMECHBIE MOJICKYJIBL.

Oma paboma 6vira noddepacana Poccutickum Hayunvim @ondom (npoexm Ne 14-43-00052)



Excited State Dynamics in Complex Systems for Solar Energy Harvesting: Time-Domain Ab Initio
Studies

Oleg Prezhdo
Department of Chemistry

University of Southern California
Los Angeles, CA 90089

Figure 1. An interface between pentacene

and Cg layers. The photoinduced
dynamics at the interface is much more
complex than in isolated singlet fission
material (pentacene), since it involves a
variety of interfacial charge transfer states,
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differences between molecular and periodic, and organic
and inorganic systems. Our simulations provide a
unifying description of quantum dynamics on nanoscale,
characterize the rates and branching ratios of competing
processes, resolve debated issues, and generate
theoretical guidelines for development of novel systems
for solar energy harvesting.

Photo-induced processes at various interfaces form
foundation of photovoltaic and photo-catalytic
applications. They require understanding of dynamical
response of novel materials on atomic and nanometer
scales. Our non-adiabatic molecular dynamics
techniques, implemented within time-dependent
density functional theory, allow us to model such non-
equilibrium response in real time. We focus on photo-
initiated charge and energy transfer at interfaces
involving organic and inorganic nanoscale materials.
Examples include TiO, sensitized with organic
molecules, water, semiconductor quantum dots and
graphene, GaN/water interface, carbon nanotube
bundles, interfaces of Cgo with pentacene and inorganic
particles, etc. Photoinduced charge separation across
such interfaces creates many challenges due to stark
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Figure 2. Auger-assisted electron transfer
(ET) strongly influences ET rate and
eliminates the Marcus inverted regime.
Significant electron-hole coupling and
high density of states available in
nanomaterials allows hole excitation
during electron transfer. Our time-domain
atomistic study will provide a detailed
description of Auger-assissted ET. It
shows that the hole supporting the Auger
mechanism is excited only transiently and
restorers its initial energy within several
picosecond by transferring energy to
phonons.




Influence of structural anisotropy on mesogenity of Ln(l11) adducts by means of quantum chemistry
K.A. Romanova’, Yu.G. Galyametdinov
Kazan National Research Technological University, Physical and Colloid Chemistry Department

*e-mail: ksenuya@mail.ru

Liquid-crystalline lanthanide (Ln) complexes are of particular interest due to their potential applications as
advanced multifunctional materials. Their distinctive anisotropy of magnetic and optical properties allows to
create luminescent materials that emit polarized monochromatic light.? Quantum-chemical simulation of Ln(l11)
complexes with various ligand environments makes it possible to foresee and afterward to synthesize compounds
with obviously predictable liquid-crystalline properties. Such a prediction can be made on the basis of the value of
geometric anisotropy. Quantum-chemical simulation of the equilibrium geometry of complexes was performed
using the Priroda 06 software by the DFT method with the PBE exchange correlation functional. The rL11
relativistic basis set was applied for Ln(lll) and the rL1 basis set for other atoms. In the studied complexes of
Ln(111) with different substituted B-diketones and 1,10-phenanthroline (Phen) (Fig. 1) the highest contribution to
the value of geometric anisotropy of a molecule is brought by the length of terminal alkyl substituents of ligands.
An increase in the length of alkyl substituents in the investigated complexes leads to a simultaneous increase in
both the length and width and as the result to the decrease in the anisometry. Contrary to the complexes with 5,5'-
dimethyl-2,2'-bipyridine (Bpyi7.17) the length of which brings a crucial contribution to the overall geometric
anisotropy of molecules, the anisometry of the complexes with Phen depends on the molecular sizes of B-
diketones to a greater extent. Though the anisotropy value for the majority of known organic calamitic liquid
crystals lies in the range from 4 to 8, it reaches values 1.6+1.8 in the case of liquid-crystalline complexes with
Phen and 2.0+3.0 with Bpy,;-17. Such a difference could be the result of participation of the latter molecules in the
lateral intermolecular interactions between Ln(l111) complexes, the geometry of molecules become more branched
on transition to the longer hydrocarbon radicals. That result in reducing of intermolecular ligand-ligand and Ln-Ln
interactions. 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.*

d=1384

Fig. 1. Optimized structure and geometry parameters of Eu(l11) complex

This work was supported by the Ministry of Education and Science of the Russian Federation (state contract no.
4.323.2014/K).

2 Romanova K.A., Freidzon A.Ya., Bagaturyants A.A., Galyametdinov Yu.G., J. Phys. Chem.
A. 2014, 118, 11244-11252.

% Voevodin VI.V., Zhumatiy S.A., Sobolev S.I., Antonov A.S., Bryzgalov P.A., Nikitenko
D.A,, Stefanov K.S., Voevodin Vad.V., Open Systems J. 2012, 7, 36-39.
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Vibronic band structure in the absorption spectra of dibenzoylmethanatoboron difluoride derivatives: an
analysis based on ab initio calculations

P.S. Rukin®’, A. Ya. Freidzon™?, A. V. Scherbinin®, V. A. Sazhnikov', A. A. Bagaturyants™?, M. V. Alfimov*

Photochemistry center RAS
’National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
*Moscow State University, Department of Chemistry
*e-mail: pavel.rukin@gmail.com
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Fig. 1. The calculated absorption spectrum of DBMBF2, | (Q) (black) deconvoluted into the “soft” |Soft

(blue) and “hard” |hard (green) components.

The nature of absorption bandshapes of dibenzoylmethanatoboron difluoride (DBMBF,) dye substituted in ortho-,
meta-, and para-positions of the phenyl ring is investigated using DFT and TD-DFT with the range-separated
hybrid CAM-B3LYP functional and the 6-311G(d,p) basis set. The solvent effects are taken into account within
the polarized continuum model. The vibronic bandshape is simulated using time-dependent linear coupling model
with vertical gradient approach through an original code. For flexible chromophores, the spectra of individual
conformers are summed up with Boltzmann factors. It is shown that the long-wavelength absorption band shape of
DBMBF, derivatives is determined by three factors: the relative statistical weights of conformers with different
electronic absorption patterns, the relative position and intensity of the second low-energy electronic transition,
and the vibronic structure of individual electronic peaks. The simulated spectra of the dyes in study are in a good
agreement with the available experimental data and explain the observed spectral features.*

This work was supported by RFBR (project Ne 14-43-00052).

* Rukin P.S., Freidzon A.Ya., Scherbinin A.V., Saznikov V.A., Bagaturyants A.A., Alfimov
M.V. Phys.Chem.Chem.Phys., 2015 accepted.
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The structure of N'-(adamantan-2-ylidene)benzohydrazide, a potential antibacterial agent, in solution:
DFT, CASSCF/XMCQDPT2 and UV/Vis studies

M.B. Shundalau®”, A.V. Hlinisty",
S.V. Gaponenko?, E.V. Shabunya-Klyachkovskaya?, A. Matsukovich?

'Belarusian State University, Physics Department, Minsk, Belarus
?B.1. Stepanov Institute of Physics, National Academy of Sciences of Belarus, Minsk, Belarus

*e-mail: shundalov@bsu.by

The incorporation of an adamantyl moiety into several molecules results in compounds with relatively high
lipophilicity, which in turn can modify the biological availability of these molecules. In almost all cases, an
adamantyl-bearing compound will be more lipophilic than the des-adamantyl analogue. Several adamantane
derivatives were associated antimicrobial and anti-inflammatory activities. The title compound (C17H20N20)
was recently synthesized1 as among a series of N'-(adamantan-2-ylidene)aroylhydrazides which displayed potent
broad-spectrum antibacterial activity.

In this study, the title molecule’s structure (Fig. 1, a) has been obtained by DFT and CASSCF/MRPT level of
theory calculations. The results of these simulations were used for interpretation of the UV/Vis spectrum of the
title molecule’s solution in ethanol (Fig. 1, b). At the B3LYP/cc-pVDZ + PCM (ethanol) level of theory we found
four stable conformers of the title molecule: one cis-conformer (for C=0 and N-H bonds) and three trans-
conformers (one “central” and two “side”). These three conformers correspond to rotation around N-N bond. The
calculations at the SA-CASSCF(2,8)/XMCQDPT22 level of theory were performed for the B3LYP/cc-pVDZ +
PCM optimized equilibrium configurations.

Taking into account possible deviation of calculated versus experimental values of the transition energies (i), the
Boltzmann’s weight of the each conformer (ii) and long-wave shifts due to polar solvent (ethanol) effect (iii) one
can suggest that there are two bands with one (long-wave, 280 nm) containing contributions from the “side”
conformers S1 <« SO transitions and another one (shot-wave, 248 nm) containing possible contributions from the
“side” conformers S2 < SO transitions and the “central” conformers S1 «— S0 transitions.

07 — T T |
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Fig. 1. Cis-conformer (a), experimental absorption spectrum of the title molecule in ethanol (1) and calculated at
the CASSCF/XMCQDPT?2 level of theory absorption bands (2) (b)

! M.S. Almutairi, A.A. EI-Emam, N.R. El-Brollosy, M. Said-Abdelbaky, S. Garcia-Granda. Acta Cryst. 2012,
E68, 02247.
2 A.A. Granovsky. J. Chem. Phys. 2011, 134, 214113.
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Ab initio multi-reference perturbation theory calculations of the low-lying singlet and triplet states of the
KRb molecule

M.B. Shundalau®, G.A. Pitsevich, A.A. Minko
Belarusian State University, Physics Department, Minsk, Belarus

*e-mail: shundalov@bsu.by

One of the possibilities of obtaining of molecular quantum matter with controlled properties is the transferring of
the polar diatomic molecules to the ground rovibronic state by initial optical excitation into the overlying
rovibronic states with specific forms of electronic terms. In this case for the high efficiency of excitation and
subsequent relaxation of the molecular system it is required knowledge of the exact forms of the potential energy
curves (PECs) of the combining electronic states. The construction of exact "experimental” terms” is performed on
the basis of the analysis and interpretation of high-resolution rovibronic spectra, and may be based on ab initio
potential curves.

The diatomic polar molecule KRb is a typical example of the above-mentioned compounds. Ab initio calculations
of the KRb’s electronic terms are traditionally?® performed in multi-configuration CASSCF/MRCI
approximation. A common feature of these calculations is both sufficiently successful reproduction of the
experimental value' of the ground electronic state X'=* equilibrium internuclear distance R, (4.06770 A), and
significantly lower value of the ground state dissociation energy’ D, (4217.815 cm™).

In this study, the SA-CASSCF(2,14)/XMCQDPT2* calculations of the low-lying singlet (X'z*, 2'*, 3'=*, 11
and 2'II) and triplet (12", 2°%*, 3°%*, 1% and 2°I0) states of the KRb molecule performed. The Stuttgart RSC
ECPs have been used in calculations. Further the vibrational energies have been calculated. The results of our
calculations of the spectroscopic parameters of the KRb’s ground state X** very well agree with experimental
data (R, = 4.07481 A, D,=4211 cm™, see Fig. 1, a). The differences of the experimental and calculated vibrational
frequencies for the ®*K®Rb ground state are less then 1 cm™ (Fig. 1, b). This is the best agreement among all
previously performed for KRb molecule ab initio calculations.

W g
I
T 3 :r. .‘.:
IS Rl
G w— .
& 9 |
e | ) -
=
> 0
2 3 o 1.
2
" .3
|- . .
4 6 8 10 12 14 0 20 ) 60 80
&YA ‘v
a b

Fig. 1. Differences of the experimental and calculated ground term PECs (a) and differences of the experimental and
calculated vibrational frequencies for the *Kk®Rb ground state: (1), (2)* and this study (3) (b)

This work was supported by SCST of the Republic of Belarus (project Ne F14LAT-060).
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Atomic HF and DFT calculations of exchange interaction in dilute magnetic semiconductor Ga; ,Mn,As
V.G.Yarzhemsky, A.D.lzotov, S.V.Murashov
Kurnakov Institute of General and Inorganic Chemistry of FANO-RAS

*e-mail: vgyar@igic.ras.ru

Despite the fact that dilute magnetic semiconductors have been known for a long time, there is no general
consensus on the electronic structure and the nature of ferromagnetism in these compounds'". Recent studies have
revealed that the electrons as of an impurity and of the host compound found at the Fermi level "'. There are
models of p-d- exchange and double exchange for description of ferromagnetism in these compounds".

In present work a direct atomistic approach to ferromagnetism in these compounds is developed and calculations
are performed. The electrons in conduction band are plane-wave shape between atoms, and are excited atomic
shape at the atomic centers. In the ionic model the excited electrons on Mn centers are of 4s-type and their energy
depends on the spin orientation with respect to Mn3d°(°S) ground term. In parallel spin coupling this energy,
estimated making use of atomic Hartree-Fock wave functions and angular momentum coupling technique, is 0,48
lower than the energy of average term. The calculations of the density of states in GaAs and GaggzsMng 15AS
crystal were also performed. The main peak of DOS of d- states is 3 eV lower with a small peak at the Fermi

level, what is in excellent agreement with the experiment ™.

6 Ga I\./InO As

0,875 125
5] — da
4] ---dp

DOS (relative units)

Energy (eV)

Fig. 1. Spin-polarized DOS of d-electrons in Gagg7sMng 15AS

The DOS of s-states of Gagg;sMng15AS show a small peak at the Fermi level, which is absent in pure GaAs,
which corresponds to Mn4s- states To estimate the spin polarization energy in our model we calculated
Gap g7sMNg 15As with the Mn s- energy shift (Hubbard energy), which is equal to atomic spin-polarization energy.
The resulting total energy is 0.009 eV lower, then the average energy. The obtained energy is in agreement with
the results of other authors 0,007 eV. Thus the theoretical DOS and spin polarization energy are in agreement with
experiment and other theoretical results.

This work was supported by RFBR (project Ne 15-03-05370).

"Ohno H. Science. 1998, 281, 951-956.
i Dietl T. Nature Materials, 2010, 9, 965-974.

i Nemec P. , et.al. Nature communications, 2013, 4, 1422.
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CTpyKTypa U arperanusi CynpaMoJieKy JsipHbIX KOMILIEKCOB [3-IIMKJI0eKCTPUH-MTHPEH-AHAJIUT: CEKTPbI
JJIEKTPOHHOI0 MOTJIOIIEHUS U (PJIyOpeCcHeHIINH, KOMIbIOTEPHOE MOIEJIUPOBAaHKE.

B.T. ABaksin’, B. b. Hazapog’, A. B. Oaunoxos’, M. B. Anpumos’, A. B. Komkun*

“®T'BYH Lenrp poroxumun PAH, *®I'BYH Wuctutyt npobiiem xumuueckoit puszuku PAH

HccnenoBana BO3MOXHOCTE HCIONB30Banus nupeHa (Py) B kadectBe (ayopectienTHoro 3ouaa (O3) B
TPEXKOMITOHEHTHBIX KOMIUIEKCAX «IUKIOJEKCTPUH — MAPEH — aHAJIUTY» IS aHAIUTOB (A) pa3TUIHON HOJISPHOCTH
B BOAHBIX pactBopax. Crektp ¢uyopecrennnn (C®) mupeHa MMeEET XOPOIIO Ppa3peuIeHHYI0 BHOPOHHYIO
CTPYKTYpy. XapaktepucTukoii mupeHa kak @3 sBusercs otHomienue li/sl, roe | uatencuBrocTs nuumu 0-0
nepexoja, a |3 MHTEeHCHBHOCTH TpeThell BHOpPOHHOH JHUU ¢ Av~800 eM™, oTHOCAIIEHCS K KoJieOaTenbHOMY
nepexofy Tuna Ay, B IIpoLiecce KOTOPOTo pacTsKeHUe ckeneta Py BIONb AMHHON OCH CONMPOBOXKAAETCA CKATHEM
CKeJeTa BAONb KOPOTKOW ocH. Pe3ynmpraToM sBNSeTCS BHOPOHHAS CBS3b MEXIY ITHMH IEpeXoJaMH, KOTOpas
MIPOSIBIISIETCS] B TOM, UTO 3anpenieHasii o cummerpun 0-0 mepexonq B CO Py Hukorma He TymuTCs, a BETHYNHA
l1/3] dyBCTBHTENBHA K AMAIEKTPUUCCKOW TPOHHUIIAEMOCTH aHaJIWTa, I[OKAa3aHHOW JUIS KOMIUICKCOB THITA
APy@2BCD B [1,2]. Usyuenne cnektpoB siektporuHoro morioienust (CIT) BOmHBIX pacTBOPOB MHpECHA
mokasaino, uto pobasienne PLJ] mpuBOIWT K MOSBICHHWIO HOBOW MOJOCH, CABHHYTOH Ha 400 cm™ B kpacHyio
00JacTh CIIEKTpa W OTHOCAMICHCS K arperaTaM, B KOTOPBIX POJIb aKTUBHON (POTOXMMHYECKON YaCTHIIBI UTPAET
kommiekc Py@2BCD. CoBmectrbiii ananu3 CII m C® mokas3siBaeT, 9TO POCT TEMIIEPaTypHl BBI3BIBAET pacraj
arperata, a BMECTe C HUM, [TO0-BUANMOMY, 1 camoro Py@2BCD, nockoneky mpu 50° C ero CO nmeer cX0ACTBO €O
cnextpoM Py B Boze. OmHako 3TOT mporecc oopaTuM. [pyruM BaXHBIM pPe3yiIbTaTOM SIBIIAETCS YCTaHOBIICHHBIH
HamMu  ¢akr, g0 C® TPEXKOMIIOHEHTHBIX KOMIUIEKCOB  A,-Py@2BCD wWMET OIMHAKOBBIH KOHTYp W
pa3MuaroTCs JUIS aHAIWTOB PA3HON MOJSAPHOCTH TOJBKO oOTHOmeHHeM |li/3l, KOTOpoe dyBCTBHTENBHO K
J00aBICHUIO A B MUKPOMOJIBHBIX KOJIMYECTBAX.

Metogom MomnekynspHoi auHamuku (MJI) paccumrana cTpykTypa Komiiekca Py@2pCD B
npucyTcTBUU ~1000 MOJIEKYy T BOIBI M HM3Yy4YE€HA CITIOCOOHOCTh K WHKAICYJSIIIMM B €T0 IMOJIOCTh MOJEKYJI A W3
BomHOW cpenpl. Ilokazano, uro Py B mumepe BCD MokeT opHEeHTHPOBATHCS KaK HEepHeHIUKYIsipHO ocu (7
nqumepa (1), Tak U MO HEKOTOPHIM YIUIOM K Heill (2), mpuyeM opueHTanms 2 0ojee mpennodrurenbHa. [lyctoe
mpoctpanctBo B Py@2BCD 3ammmaior B cpemHem oT 8 mo 10 Monekyn BOXBI, KOTOPBIE BBITECHSIOTCS
nobasmeHHsiM  A. Ilpm stom Py mpmoOperaer opumenrammio 1. Pacuer KomIuiekcos A,-Py@2BCD
MOJYOMITUPUYECKUM KBAaHTOBO-XMMHUYECKUM MeTogoM PM7 neMoHCTpHpyeT, B CODIacMM ¢ JaHHbIMH MJI,
OOJIBIYI0 TEPMOANHAMUYECKYIO BBITOJly OpPUEHTAlMH 2 Jjisi CBOOOJHOr0 KOMILIeKca U TpaHcdopmanuio e€ B 1
ISt KOMIUIekcoB  Ap-Py@2BCD. TlprunHa KpacHOTO COBHTA 3JIEKTPOHHOTO TMOTJIONMICHHS arperata UCClieI0BaHa
IIyTeM CpaBHHUTEJILHOTO pacyera MetooM ZINDO/S snepruii 31eKTpOHHBIX MEPEX0JI0B MUPEHa B ra30BOM (aze u
MUpEHa, WMIUICMCHTHPOBAHHOTO B KJIAacTep u3 14 MOJNEKYN OSTWICHTIHUKONS, MOJCIUPYIOMIHNA IOsIC
KoMmIuieMeHTapHeIX H-cBszeft mumepa PCD, oOpa3oBaHHBIX MexOy BTOpuYHBIMH OH-TpynmmamMu mmpokoro
moptaina BCD. [Toka3aHo, 9TO IPUIMHON CABHTA SBISIETCS HANPsHKEHNE, BO3HUKaromlee B mosice H-cBs3eit quvepa
B pe3yJIbTaTe UMIUIEMEHTAIINH KECTKOW MOJICKYIIBI IINPEHa, KOTopast B KoMmiutekce Ay-Py@2BCD H0mOIHATENBHO
cxara ruipooOHBIMU MOJIEKyIaMu A.

Pabora BeImosiHeHa o rpanty PO®U 13-03-00808.
Jlumepamypa.
1.B.T. AsaksH, B. b. Hazapos, A. B. Komkun, M. B. Andumos, XB9, 2015, 49/3, 204-209.

2.V. G. Avakyan,V. B. Nazarov, A. V. Koshkin, M. V. Alfimov, XXVth IUPAC Symposium on
Photochemistry, 13-18 July, 2014, Bordeaux. France, Poster 253.
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Ab initio nccneqoBanue BIUSTHHSI KHCJI0PO/JA HA JICKTPOHHBIE 1 MATHUTHBIE CBOMCTBA HAHONOPOBO/AOB
3d metasnioB Ha noBepxHoctu Rh(553)

Kamvinuna U.A., baxcanosg /1. 1., Kopobosa FO.I".
MockoBCKUi TOCyIapCTBEHHBI YHUBEPCUTET M. JIOMOHOCOBA,
Oduznueckuii hakyabTeT

kamyninaia@gmail.com

B mnocnemHme necATHMACTHS WM3YYCHHWE MAarHUTHBIX CBOMCTB HAHOPa3MEpPHBIX OOBEKTOB OTKPBUIO IIEpE]
HCCIIeIOBaTeNsIMI HOBBIE (pyHIamMeHTanbHbIe (u3mdeckue sBuenus [1]. IIporpecc B MOHMMaHWH KBaHTOBBIX
CBOWCTB MaTepuasioB B HAHOMAcIITabax Jajl TOMYOK IS Pa3BUTHUS TEXHOJOTHH CO3/aHMS HOBBIX MAaTEpHAIOB C
YIPaBISIEMBIMH 3JIEKTPOHHBIMH M MAarHWTHBIMU cBoWcTBaMu. C TOUYKM 3pEHHS NPHUMEHEHHS B PA3IMUHBIX
NIEKTPOHHBIX YCTPOWCTBAX HanOOJEe NMEPCHEKTUBHBIMU BBHIMNISAAT CTPYKTYPHO aHU3OTPOIHBIE OOBEKTHI, TAKHE
Kak OJHOMEpHbICe HaHOIpoBojaa. Ha cBOWCTBa AaHHBIX ATOMAapHBIX CTPYKTYP MOTYT OKasblBaTh BIIMSIHHE
MHOKECTBO Pa3IMYHBIX (PaKTOPOB, B YACTHOCTH, NIPUCYTCTBHE mpuMeceit [2, 3]. B aroii cBsi3u metomom ab initio
OBLTO MIPOBEACHO HCCIIeI0BaHNE
JIEKTPOHHBIX M MarHUTHBIX ~ CBOWCTB
MOHOAQTOMHBIX TMpPOBOAOB 3d MeTaaoB
(Mn, Fe, Co, Ni) u ux MeTaI-OKCHIOB Ha
CTYNEHYATOH  MOBEPXHOCTH Rh(553)
(Pucynok 1) ¢ menbio BBISBICHUS BIMSHHA
KHCJIOPOJIa Ha CBOMCTBA PacCcMaTPHUBACMBIX
HAHONPOBOZOB. VHTEpec K  IaHHBIM

aTOMapHbBIM  00BEKTaM MOTHBHPOBaH
HellaBHEH DKCIIEPUMEHTAJIbHOW paboTOH,
BIIEPBBIE  IMOKa3aBIIEHl  BO3MOXKHOCTH

0o0pa3oBaHusi OJHOMEPHBIX THOPHUIAHBIX
METa/UI-OKCU/IHBIX CTPYKTYp B IpoLecce
OKHCJICHUSI OUMeTaIMYeCKUX
HaHompoBoJoB  Ni-Rh  Ha  crymensax
moBepxHocth  Rh(553) [4]. Tak B
pe3ynbTare  OKHCICHHS  (HOpMHPYIOTCS
onHomepHble Ni-O mpoBoja ¢ pasIMuHBIM
COJICp)KaHWEM KHUCIIOpoJa B  CTPYKType
HHUKEJIEBOTO MPOBO/IA.

Pucynok 1. a) Hanonposon 3d meramma (Mn, Fe, Co, Ni) Ha
[IpoBeneHHBIC cnue-nonispuzoBannbie  Rh(553); 6), B), r) MeTamn-okcunueie Hanonposoza 3d MeTamios
pacueTsl mokasanu, uto paccmarpuaemeie  (Mn-O, Fe-O, Co-O, Ni-O) na Rh(553) ¢ koHueHntpauuei
MoHOaTOMHble mpoBoga 3d wmeramtoB  kuciopona 0.1 ML, 0.2 ML u 0.4 ML cootBeTcTBEeHHO.
HAaXOJSITCSI B MArHUTHOM COCTOSIHUH CO

3HAYEHMSAMH JIOKQJBHOIO MArHMUTHOrO MoMeHTa 3.67ug, 3.03 pg, 1.96 pg and 0.58 pg COOTBETCTBEHHO
npuxojiuecss Ha atombl Mn, Fe, Co u Ni B mpoBoje. [Ipu uccieqoBaHMH MAarHUTHOTO CIEIUICHHS aTOMOB
BHYTPHU MPOBOJA ObLIM PACCMOTPEHBI TPH Pa3iMYHbIe KOHPHUIYpaIluu: aHTU()EPPOMArHUTHAS C YepeIOBAHUEM
HAIpaBIICHAH CIUHOB aToMOB (1]1|), aHTH(eppoOMarHWTHas ¢ IyOJETHBIM ClelyIeHreM CrnuHOB (11]]) u

deppomarautHas (1111).

BaxHO OTMETHTB, YTO COIVIACHO HAIIMM pe3ysbTaTaM aToMbl Mn u Fe B mpoBoJe AEMOHCTPHPYIOT YCTOHYHBOE
aHTH()EppPOMArHUTHOE AyOJIETHOE CIEIIeHne. IIpu paccMOTpEeHHH OXHOMEpHBIX MpoBogoB Co u Ni  6wuI0
MOJIy4EHO, YTO JIaHHBIE HAHONPOBOA HAXOIATCS B YCTOHYMBOM (hePPOMArHUTHOM COCTOSTHHU.

Jnst vicciieIoBaHus BIIMSHUS KHCIOPO/a Ha MAarHWUTHBIC M DJICKTPOHHBIC CBOMCTBA MOHOATOMHBIX MPOBOAOB 3d
MEeTa/uIoB OBUTH PACCMOTPEHBI OMTHOMEPHBIC METALI-OKCHIHbIe HaHompoBoaa 3d meramios (Mn-O, Fe-O, Co-O,
Ni-O) ¢ koruentpauueii kucnopoaa 0.1 ML, 0.2 ML u 0.4 ML (cm. Pucynok 1 6, B, r). Pe3ynbprarsl HOKa3bIBaIOT,
YTO KHCJIOPOJ OKa3bIBACT CHIILHOEC BIMSHIE Ha MATHUTHBIC M DJICKTPOHHBIC CBOMCTBA OJJHOATOMHBIX MPOBOI0B 3d
MetaiioB. COrjacHO NPOBEJCHHBIM CIHH-TIOJIIPU30BaHHBIM pacyeraMm, HaHompoBoia Ni-O Haxogsarcs B
YCTOWYMBOM IapaMarHUTHOM COCTOSIHHM, B TO BpeMsl Kak ojHoMepHble mnpoBoma Mn-O u Fe-O ocratorcs B
anTH(eppomMarHuTHOM coctossHIA. MoHoatomuble ipoBoaa Co-O mpu koHIeHTpanusax kuciopona 0.1 ML u 0.4
ML coxpaHsioT peppoMarHuTHOE yropsigodeHue cinnHoB atoMoB CO, ogHako mpu koHneHTpanun 0.2 ML 6oee
SHEPreTUYECKH BBITOJHON OKa3bIBaeTCSd KOHPHUTYpamus ¢ aHTH(EPPOMArHUTHBIM TyOJICTHBIM CIEIUICHHEM
CIMHOB aTOMOB. B ciryqae HanompoBonoB Fe m Co HabmromaeTcsi CHIDKCHNE 3HAYEHHS JOKAJIBHOTO MarHUTHOTO
MOMEHTa aroMa MeTajUla B IIPOBOAE IIPW YBEIMYEHHM KOHLEHTpALMM KHCIopoda B cucreme. Hambonee
CYIIECTBEHHO NAaHHBIA 3((GEKT MposABISETCS 1T HAHONIPOBOAOB KoOaibTa. Jliist citydasi OTHOMEPHBIX MPOBOIOB
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Mn npu xonHueHtparmu kuciopona 0.2 ML nHabmomaercss majeHHWE 3HAYCHHS MAarHUTHOTO MOMEHTa, Takum
00pa3oM, B pe3ysibTare pabOThI MONyYEHO, YTO MPUCYTCTBUE KUCIOPOJA OKAa3hIBACT CYIICCTBEHHOE BIMSHHC HA
MarHUTHbIE CBOWCTBA MPOBOAOB MEPEXOIHBIX METAILIOB.

Pabora BrImosiHEHA 1TpH nioaepkke rpanTa POOU Ne 13-02-01322-a.
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Effect of impurity concentration on magnetic anisotropy of deposited nanowires
Julia Korobova and Dmitry Bazhanov
Faculty of Physics, Moscow State University, 119991, Russia, Moscow, Leninskie Gory, 1, building 2

email: KorobovaJG@yandex.ru

The modern progress in nanotechnology made clear that adsorbates can be very useful in creation of new
nanostructured material for various applications. There exists number of studies of different adsorbate structures,
for example of self-organized growth of the adsorbates at metal surfaces include highly ordered arrays of
monoatomic Cu wires on the

Pd(110) surface [1], fabrication of Ag nanoislands on the Pt(111) [2] through nucleation of deposited metal atoms
on carefully prepared substrates. In addition to self-assembly growth at the substrate, the adsorbates can also
restructure the substrate surface [3-7]. Presence of impurity atoms can affect very significant the quantum
properties of neighboring atoms and, thus, change the properties of the whole material.

For instance, in the resent study of the effect of adsorbed H atoms on magnetism in monoatomic Fe wires
at Ir(100) surface is was shown that the type of exchange interaction between Fe atoms can be changed by
changing of H coverage: the pristine monoatomic Fe wires deposited on nanostructured 1r(100) surface partially
covered by H atoms are antiferromagnetic but at fully hydrogenated Ir surface the Fe wires themselves are
decorated with hydrogen, which gives rise to the ferromagnetic coupling between adjacent Fe atoms [8]. Base on
this result one can suppose that changing of H coverage can also effect on magnetic anisotropy (MA) in the Fe
wire.

In this work we present the first principal study of effect of changing of H coverage on MA in the Fe
wire in framework of density functional theory [9] as it is implemented in VASP code [10]. The studied Fe wire
deposited on Ir(100) surface with different H coverage are presented in Fig.1.

Figure 1: Fe wire on Ir(100) surface with different H coverage a) 0.4ML, b) 1.3ML, ¢) 1.6ML. blue — Ir, magenta
- Fe, white — H.

As a first step we have repeated the results obtained in [8]. Our results also show that in the case of pure 1r(100)
surface and 0.4ML of hydrogen coverage the antiferromagnetic (AFM) coupling in Fe wire is more energetically
preferable then ferromagnetic (FM) one. The increasing of H coverage decreases the energy difference between
AFM and FM coupling until they become almost degenerate at 1.3ML H coverage. After further H coverage
increasing the FM coupling becomes more energetically preferable then AFM one.

Next step we have obtained the MA energy value for different H coverages. Results of our study are
summarized in Table 1.

H concentration, E:;M- (D e | AL | MAE(FM), | MAE(AFRM),
ML E™, meV meV meV
0 -130 2.89 2.90 2.778 2.543
0.4 -165 2.91 2.91 2.685 2.607
Table 773 14 2.81 2.79 3.126 3548 1.
1.6 156 2.66 2.63 1.151 4.329
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Magnetic properties of Fe wire deposited on Ir(100) surface with different H coverage. ¢ —magnetic moment
value

As one can see from the table the changing of H coverage significantly effects on the MA energy value. Also it
was found that magnetization easy and hard axis direction depends on H coverage also.

As a summary we can conclude that adsorbates make a strong effect on magnetic properties on deposited
nanowire and changing adsorbate coverage can be used for tailoring the MA in Fe nanowire.

Supported by the Russian Foundation for Basic Research (Grant Ne 13-02-01322-a).
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Molecular rotations and adsorbate-substrate coupling at functionalized silicon surfaces

Alexander V. Benderskii

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

Crystalline silicon surfaces chemically functionalized by covalently binding organic molecules are finding
multiple applications in electronics, catalysis, and solar energy conversion. We present spectroscopic studies of
single-crystalline Silicon (111) surfaces functionalized by methyl and propynyl moieties using the surface-
selective nonlinear optical spectroscopy. Vibrational sum frequency generation spectra recorded using different
polarization combinations of the infrared, visible, and sum-frequency fields reveal the orientation, rotational
dynamics, and anisotropy of the surface molecules. Both methyl and propynyl groups are covalently bound to
each of the surface Si atoms and perpendicular to the surface plane.

In the case of the methyl groups (Si-CHj3), both symmetric and asymmetric C-H stretch vibrational modes show a
pronounced azimuthal anisotropy of the 3-fold symmetry in registry with the Si(111) substrate, indicating that the
propeller-like rotation of the methyl groups is hindered at room temperature. The difference in the SFG line
widths for the CH3; asymmetric stretch that was observed for different polarization combinations (SPS and PPP for
SFG, visible, and IR) indicates that the rotation proceeds on a 1-2 ps time scale, as compared to the ~100 fs
rotational dephasing of a free methyl rotor at room temperature. The unexpected 3-fold asymmetry of the
symmetric CHj stretch indicates strong coupling of this vibrational mode to the electronic bath of silicon due to
close proximity of the moiety to the surface.

In the case of the propynyl groups (Si-C=C-CHjs), the symmetric CHj; stretch does not display the 3-fold azimuthal
asymmetry, indicating that the coupling to the Si electronic bath is greatly reduced due to larger separation of the
CH; group from the surface. However, the asymmetric CHj; stretch shows the same asymmetry as in the case of
the methyl groups, therefore the propeller-like rotation is hindered likely due to steric interactions between
neighboring moieties. Thermal treatment of the surface at 160-200 °C causes desorption of a fraction of the
molecules and the resulting vacancy defects introduce a tilt of the neighboring molecules from surface normal,
observed spectroscopically.
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CTpyKTypHbIX (ha3oBbin nepexop (CPI1) B kKBasnogHomepHoMm H-cBA3aHHOM
cerHetoanekTpn4yeckom (CI) kpucranne PbHPO4 (LHP) n ero aentepoaHanore

C.I1 Jonun, T.FO.Muxaiinoea, H.H.bpecnaeckas

Wucruryt obmieii n neoprannueckoit xumuu um. H.C.KypnakoBa PAH, Mockaa
e-mail: dolin@igic.ras.ru
B paMkax mceBIOCIMHOBON WM3WHTOBCKOM MOJENH ¢ y4eToM 3((EKTOB TYHHEIHPOBAHWS W JaTbHOACHCTBH
paccMoTpeHsl TepMonuHaMuieckne ocoderHoctr CPII B ykazaHHBIX B HazBaHWM H-cBs3anHBIX CO MaTepuanax

[1].

s onpenenenns Bcex HeoOxomuMbIx i anammza COII mapamerpoB nceBpocnmHOBOTO rammibrornana (I1ICT)
— CICHTEepOBCKHX MapaMeTpOB M HHTErPajioB TYHHEJIMPOBAHUS - MPUMEHEHAa METOJIMKa, OCHOBaHHAas Ha
HE3aBUCHMOM KBaHTOBO-XUMHYECKOM CIIOCOOE MX HaXOXIAeHHS [2,3].

[MpennoxkeHa ynpolueHHass cxeMa BBIOOpa MOJENIBHOTO KiacTepa, MO3BOJSIONIas B pacyeTax MOTCHIUAIbHBIX
npodueit aByxbsimMHoro noreHnuana [1CIT mapameTpoB NpuMEHUTH MeTOABI Ooliee Bricokoro yposHs (CCSD/6-
311+G**). Pe3ynpTaThl pacyeToB OOCYXICHBI B paMKax JBYX CTATUCTUYCCKUX MOJIENICH — B MPHOIMKCHHUU
MOJIEKYJISIPHOT'O T10JISl ¥ B MeTO/ie KiiactepoB bere.

[ony4yeHbI OICHKH KPUTUYECKON TeMIepaTyphbl Mepexoja /i 00CHX CUCTEM U MOKa3aHO, YTO TOJBKO B paMKax
KJIACTEPHOTO MOAX0/1a BO3MOYKHO MOJYKOJINUYECTBEHHOE BOCIIPOU3BEJEHUE ONBITHBIX IaHHBIX.

ITpeacraBneHo OOBSCHEHHE HAOMIOAAEMOMY H30TOMHOMY OJ(@deKTy, CBA3aHHOMY C HEOOBIYHO BBICOKHM
MOBBILIIEHUEM KpUTHUYeCKOM Temneparypbl nepexoxa (= 150 K), n nokasana ompenensitomias poib dPGHeKToB
TyHHenupoBanus B LHP, a Ttaxke HEoOXOIMMOCTh TOYHOTO ydeTa B pacderax pasinduii B T€OMETPHUECKHUX
napametpax H-cBs3eil B KpucTaiiax, BKIIOYas MX B3aUMHYIO OPHEHTAIIHIO.
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Spin—Orbit Gaps and Conductance in Carbon Chains
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The effect of spin—orbit interaction on the band structures of the monatomic carbon chains, called the carbynes, is
calculated in terms of a linear augmented cylindrical wave method [1]. Because of the cylindrical symmetry of
carbynes, the twofold orbitally degenerate m bands correspond to the semiclassical clockwise and anticlockwise
rotational motion of electrons around the symmetry axis. In the absence of spin—orbit interaction with the two
possible directions of spin, the = bands would be the fourfold degenerate ones. The spin and orbital motion of
electrons are coupled, thereby splitting the fourfold degeneracy. Each  sub-band still has the twofold degeneracy,
the spin polarization direction between degenerate two bands being opposite to each other. In a cumulenic carbyne
with the double bonds, the splitting of = band at the Fermi energy region is equal to 2.4 meV, but the metallic
character of band structure is not broken by spin—orbit interaction. In the semiconducting polyynic carbyne with
alternating single and triple bonds, the spin—orbit gaps are different for the highest valence band (3.1 meV) and
the lowest conduction band (2.1 meV). The spin—orbit gaps in carbyne are about 2 or 3 times smaller than the
spin—orbit splitting (6 meV) in the carbon atom. In carbyne, the spin—orbit interaction is larger than that in carbon
nanotubes because of the larger curvature of electron orbits encircling the carbyne chains; the larger spin—orbit
coupling can be attractive for new experiments and applications. The ballistic electrical conductance of cumulenic
and polyynic carbon chains C40, C20, and C10 is calculated using the m-electron tight-binding method [2]. The
transmission function and dependences of the current on the length of the carbon chain, the type of carbon bonds,
material properties of the electrodes, bias voltage, and temperature are obtained. For the calculations of
transmission function, we use the Schrédinger equation that meets the specified value of the energy E, the wave
functions being the superposition of incident and reflected waves in the region of cathode, and describe the
transmitted wave in the anode. For small bias voltages, the problem of calculating the transmission function in the
cumulenic and polyynic chains is solved analytically by applying the difference schemes approach which permits
us to pass from the tight-binding algebraic equations to the differential equations and to take advantage of their
solutions. In the case of large voltages, we apply an iterative technique. The transmission functions t©(E,V) of the
cumulenic and polyynic chains of similar composition differ dramatically. The energy regions of very high and
low transparency of carbynes for electrons are obtained, and an oscillatory character of the energy dependence of
transmission functions is pointed out. Each electronic level of the molecule corresponds to a peak in the energy
dependence of transmission function with t ~ 1. The peaks are responsible for the resonant electron transfer
between the electrodes. The voltage-dependent variations of the t are initially quite weak, but at the higher
voltages their effect is a drastic reduction of the carbyne transparency. One important feature of the
current—voltage -V characteristics is that the current initially increases with growth of the bias voltage, reaches a
peak, and then drops to give rise to the negative conductance. On the typical I-V curves of the polyynic chains,
there are both the peak and local minimum (valley) at higher voltages.

This work was supported by RFBR (project Ne 14-03-00493).
1. P.N. D’yachkov, V.A. Zaluev, J. Phys. Chem. C. 2014, 118, 2799-2803.
2. P.N. D’yachkov, V.A. Zaluev, E.Yu. Kocherga, N.R. Sadykov. J. Phys. Chem. C. 2013, 117 16306—16315
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Electronic Structure and Energy Transfer in Rare-Earth-Ciprofloxacin Luminescent Labels
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Lanthanide(l111) coordination compounds are widely used as bioprobes in medicine and biology. — In particular,
chelate complexes of lanthanides with synthetic antibacterial drugs, such as fluoroquinolones, can be used for
monitoring these drugs in the environment and body tissues for therapeutic and diagnostic applications in
medicine. Therefore, understanding the energy transfer pathways upon photoexcitation of the complexes is
important for finding best ligand—lanthanide pairs for efficient luminescence.

The structure and ligand-localized excited states of [Eu(cfqH)(cfq)(H20)4]CI2 (cfgH is ciprofloxacin) are studied
by XMCQDPT2/CASSCF with full geometry optimization. The complex includes one anionic and one
zwitterionic ligands. Two low-lying triplet states, both localized on the anionic ligand, have sufficient energy to
transfer to 5D3 sublevel of Eu3+. However, one triplet state has very small SO-T1 gap, which favors fast
nonradiative relaxation. Two other triplet states are localized on the zwitterionic ligand. One low-lying excited
singlet state (S1) is localized on the anionic ligand, the other excited singlet is localized on the zwitterionic one.

Spin-orbit coupling constants were calculated for each relaxed state geometry (ground state, two low-lying triplets
and one low-lying excited singlet) by Spin-Orbit ClI with Pauli-Breit Hamiltonian. Large spin-orbit coupling
constants between S1 and both triplets together with small energy gaps indicate fast intersystem crossing from the
excited singlet state to the triplet manifold. This ISC process is followed by the energy transfer from the ligand-
localized triplet states to 5D3 sublevel of Eu3+. On the other hand, relatively large spin-orbit coupling constants
between SO and one of the triplet states together with the small T-SO energy gap shows that this state can decay
without transferring its energy to Eu3+.

This work was supported by Russian Science Foundation (project Ne 14-43-00052).
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KBaHTOBO-XHMHYecKOe MOJICTHPOBAHNE BJAMSHAS MEXaHOAKTHBALMHA HA YJHEPro-CHJI0BbIe
xapakTepucTuku pasposia C-C cBsa3seii Bo ¢prop-noaumepax

HU.C. Ousieuna® ,C.I1. Jomun™*, A. M. Mankun®, B.1. Casenko®

lI/IHCTI/ITyT ¢usnueckoit xuMuu 1 nekrpoxumuu uM. A.H. ®pymknna PAH
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*e-mail: irina.fliagina@gmail.com
BnusHne MexaHWYeCKOW AaKTHBAllMM Ha JHEPreTHYECKHE U CHJIOBBIE XapaKTEPUCTUKH (PTOPHPOBAHHBIX
MOJIMMEPOB TIPH X pa3pbiBe OBITIO MCCIEIOBAHO HA aTOMHOM YPOBHE METOJAMH PAacueTHOW XUMHHU C TIOMOIIBIO
mporpammbel Gaussian 09. B kadecTBe 31eMeHTapHOTO 3BeHA (TOp-TOIMMEpa OBUIM HCIIONB30BAaHBI MOJICKYIIBI
C6F14 m C20F42 (Puc. 1), a MexaHOaKTHBAaIMsI MOJCIHPOBATACH ITyTEM OJHOPOIHOTO DPACTSDKEHHSI 00enx
MOJIEKYJI ¥ 3aKPETICHNS NX KOHIIEBBIX aTOMOB YIJIEPO/a Ha PAa3IMYHBIX 3alaHHBIX paccTosHUAX R. B pesymbprare
nedopManny pacTsDKEHHST B MOJIEKYJax TIOSIBIISIIOTCS BHYTPEHHHE HANpSDKCHHS, XapaKTepPH3YIOIIUE CTEIleHb
MEXaHOAKTUBAI[UKM €€ CTPYKTYPBI KaK IEJIOr0. BhUIO MCCICIOBAHO BIUSHHE ITHX AcOopManuil/HanpsHKCHUH B
MOJIEKYJIaX Ha SHEPro-CUJIOBbIE XapaKTEePHCTHKH MpoLiecca pa3pbiBa LEHTPaIbHOM CBSI3H T.
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Puc. 1. OnrammsupoBaHHbie cTPYKTYpBI MOJEKYT CgF14 11 CooF 4.

PacuerHble 3HA4YEHUWs] IOJHOM OHEPruM OOEMX MOJEKYJSPHBIX MoJeNed NpH pa3HbIX (UKCUPOBAHHBIX
PacCTOSHUSAX KOHIIEBBIX aTOMOB R yBelIMYMBAIOTCS B MPOLECCE IOIIAroBOTO pa3pbiBa yJUIMHEHUS CBS3H I (CM.
Puc. 2). [TosryueHHbIe Ha OCHOBE aHAJIM3a SHEPTETHYECKUX KPUBBIX 3HAYECHUS SJHEPTHU aKTHUBAIMU Pa3pbiBa CBS3U
T, a, CJIEZI0BATEJILHO, MOJIEKYJI KaK 1eJI0I0 MOHOTOHHO MOHMKAIOTCS ¢ pOocTOM HX Jedopmanuu € = AR/R. Takum
00pazoM, B paMKax HMCIOJIb30BaHHBIX MOJIEKYJSIPHBIX MOJIEJIeH TEOPETUUECKH MMOKa3aHO, YTO MEXaHOAKTHUBALIUS
MOXET CYLIECTBEHHO IIOHU3UTHh IIPOYHOCTh OJJIEMEHTAPHOIO 3BeHa (rop-mojumepa, 4YTO coryacyercs ¢
9KCTIEPUMEHTAIBHBIMU HAOIIOICHUAMH.

r A 114
13 23 33 43 53 63 73 RA 112 & .
—————————— .58 104
162672 | 8 w671 *
& 108 - *
".." A6TE *
@ 162675 | F 6s1 Ea, 106 1 R
o wbi
~ ; « 6,86 KKan/monb *
T 6680 [ & 104 -
= o * 6,91 .,
@ 696 102 -
T -162684 [ "
@ 7,01 100 - d
||
7,06
162688 |- - = e San - | 11 og . . .
" ’ 0 0,02 0,04 0,06 0,08

-1626,92 7,16

OTtHocuTenoHoe yanmHenune AR/Rg

Puc. 2. DHepreTnueckue KpuBbIe (CJIeBa) M SHEPIUU akTUBalMy (crnpasa) paspbiBa CgFyy.

Asmopul 6nazooapam [I.K. Musnuapexa, Jluockuii ynueepcumem (D.C. Mielczarek, the University of Leeds)
3a NOMOWb 8 NPOBEOEHUU PACUEMO8 U 06CYHCOeHUe Pe3YIbMAMO8.
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Adsorption and diffusion of molecular and atomic hydrogen on the Pt,, subnanoparticle
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Y N.I. Lobachevsky State University of Nizhny Novgorod, Department of Chemistry
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The various modes of the molecular and dissociative adsorption of hydrogen molecules along with the further
adsorption, surface migration and diffusion of the formed hydrogen atoms on the platinum cluster Pt24 of sub-
nano size have been studied using the DFT theory (BLYP/CRENBS(Pt)/6-31G(d,p)) in order to model the
processes of the unsaturated aldehydes hydrogenation occuring on the Pt nanoparticles (NP) of the new class of
modern composite Pt-NP/TiO2 catalysts covered by the organoelement ligands. The size of the model cluster (0.5
x 0.8 x 0.8 nm) is close to the minimum size of catalyst nanoparticles (1.5 nm). The shape of the cluster (see left
figure panel below) was chosen in such a way to provide modeling different crystal faces of the real NPs. Its
structure is of approximate D2h symmetry and simple enough to describe all the adsorption modes feasible on the
cluster. During the full geometry optimizations started from various initial points, three modes of the molecular
adsorption of H2 on the Pt24 were found: on-top coordination on the central atoms of (111) faces, two-fold H2
coordination to the single Pt atoms on the edges of clusters, and two modes of bridge-type binding on the cluster
edges and faces. The transition state of the dissociation of the bridge-type adsorbed H2 molecules was located
with the activation energy of 2.3 kcal/mol. We also found two types of dissociative adsorption of H2 resulting to
the bridge-like adsorbed H atoms on the cluster edges. In a course of further surface migration of H atoms, the full
map of adsorption energies was obtained including the positions of three-fold coordinated, bridge-like, and on-top
positions of the hydrogen on all the faces, edges and vertices of the cluster. This map is shown in the Figure
below, right panel. Only non-equivalent surface regions are shown with atom types marked by color. The
transition states of the surface migration were located with typical activation energy of 2—4 kcal/mol. Among the
modes of sub-surface diffusion of H atoms inside the Pt24 cluster, the only metastable structure was found with
the energy of about 13 kcal/mol higher than the energy of the most favorable surface-adsorbed H atoms. This
energy can be considered as an estimate for the activation energy of the spill-over process occurring on the
Ti02/Si02 supported Pt-NPs.

0.564 nm

This work was supported by RFBR (project Ne 14-03-00585).
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New composite nanostructures based on MoS2, graphene and C60. Theoretical investigation
A.G. Kvashnin", P.B. Sorokin, L.A. Chernozatonskii'
*Emanuel Institute of Biochemical Physics RAS

*e-mail: agkvashnin@@gmail.com

Recently a great interest of the scientists around the world directed to new composite materials or heterostructures
with new physical properties which significantly differs from the properties of their constituents. The most
widespread composite material is made of C60 fullerenes located inside the single walled carbon nanotube
(C60@SWCNT) or C60 located between graphene layers.1,2 Fullerenes C60 with carbon nanotubes
functionalized by carboxyl groups,3 and SWNT-C60 interface photovoltaic device,4 or pure carbon nanotubes
dressed in a fullerene fur coats (CNT coated by C60)5,6 were studied as well.

Fig. 1. The atomic structures of considered MoS,NT/Cg, and MoS,,Cg, complex structures

Here we present a comprehensive investigation of various novel compaosite structures based on the molybdenum
disulphide (MoS2) monolayer, C60 fullerenes and graphene which can be successfully applied in photovoltaic as
solar cell units. Theoretical study of the atomic structure, stability and electronic properties of proposed
nanostructures was carried out. We show that making a heterostructure made of these different types of
nanostructures will lead to appearing the particular properties suitable for application in photovoltaic.

Then the detailed study of heterostructure made of MoS2 monolayer, close-packed layer of C60 sandwiched
between graphene layers (G/Mo0S2/C60/G) was carried out. The electronic properties of each constituent part were
calculated to show how the interaction between separate layers will affect the band structure of the resulting
heterostructure.

The comparison of electronic properties between the graphene/MoS2 hybrid structure which is the most used
material for photovoltaic7 and photoresponsive memory devices8 and proposed G/MoS2/C60/G heterostructure
was presented.

This work was supported by RSF (project Ne 14-12-01217).
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Structural characteristics of the organic-inorganic materials (co)poly(titanium oxide-
oxoethylmethacrylate)
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Nowdays the new polymer composites containing nanoparticles of metals or their oxides, as well as
nanostructured hybrid organic-inorganic composites have been developing. Interest to these objects is very strong
because the transition from micro- to nanoparticles leads to subsize physical, chemical, structural, catalytic and
biological properties of materials. Among the hybrid organic-inorganic polymeric composites the particular
interest is represented by the materials based on poly(titanium oxide). It is known that the gels of poly(titanium
oxide) have demonstrated unique optical properties such as reversible conversion Ti4+ <> Ti3+ under UV-
irradiation. This process is accompanied by darkening of the enlightened samples and further theirs discoloring
after the end of irradiation. However the instability and absence of shape of these gels determine the need for
synthesis of solid-state samples which can withstand mechanical handling. In this regard the synthesis of hybrid
copolymers contained poly(titanium oxide) component which stabilized by polymeric matrix of organic nature are
promising.

The aim of this research is the synthesis of organic-inorganic copolymers based on titanium isopropoxide and
hydroxyethylmethacrylate (HEMA) with different ratios of monomers, the study of theirs structure, optical and
catalytic properties. The organic-inorganic copolymers were synthesized by two-stage method: at first —
hydrolytic polycondensation Ti(OPri)4 in vinyl organic monomer and at second — radical polymerization of last.
The obtained materials demonstrate the stability of form. The structure of hybrid nanocomposites was investigated
by three methods: small-angle X-ray scattering, X-ray diffraction analysis, and secondary-ion mass spectroscopy.
It is determined that at the stage of hydrolytic polycondensation the poly(titanium oxide) forms clusters with an
average size of 4-6 nm and narrow size distribution. The comprehensive approach to the clusters structure
investigation has revealed that they have an anatase-type crystal lattice. Clusters are chemically bonded to the
HEMA organic fragment containing double bonds, which participate in the subsequent system polymerization.
The quantum chemical method was applied for investigated the molecular structure of poly(titanium oxide)
nanoparticles grafted to organic polymer, thermodynamic and spectroscopic characteristics of nanocomposites.
The structures of poly(titanium oxide) grafted with organic groups TinOm(OR)x, n = 1-5,8; m = 0,2,4,6,8; x =
4,6,8, R =-O-CH2CH2-0OC (0)-C (CH3) = CH2 were chosen accordingly to simulate a linear, flat - mesh or
bridging groups tetrahedral Ti-O-Ti. Method B3LYP/6-31G(d,p) were carried out for full geometry optimization
of the cluster vibrational frequencies and thermodynamic parameters. The calculated frequencies and infrared
intensity optimized structures were compared with the experimental IR spectra of nanocomposites. The results
show that the presence of bridged structures Ti <OO> Ti leads to a broad intense band at 650 cm- 1, which is
shifted to 600-550 cm- 1 for increasing the number of bridges in the molecule. Tetrahedral structure give very
intense double bands with maxima at 750 and 850 cm-1. Linear chain Ti-O-Ti give rise to bands of relatively low
intensity in the range of 850 cm™.

All the composites were characterized by the high optical transparency up to 93% in visible light region, tensile
strength up to 7 MPa, thermostability up to 240°C and demonstrate the unique optical properties - the reversible
darkening of the sample due to the transition Ti*" + ¢ <> Ti** under UV-irradiation. The photocatalytic properties
of the hybrid organic-inorganic copolymers are discussed.
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New mechanism of reaction between imido complex (‘BuN=),Mo(PMes), and PhSiH;. Quantum chemical
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Silylamido molybdenum complexes demonstrate quite unusual structural and chemical properties and, from this
point of view, are interesting objects both for theoretical research and for practical applications, e.g. as catalysts of
many chemical reactions: hydrosilylation of carbonyl compounds, alcoholysis and aminolysis silanes. Initial key
step in many these processes is the addition of silane to the coordination sphere of molybdenum to form agostic
intermediates. But isolation and study of intermediates is also difficult due to their short lifetime. Earlierl, it was
theoretically shown that the addition of one molecule PhSiH3 to complex (tBuN=)2Mo(PMe3) (1) is a single-step
reaction which results in the B-agostic adduct (tBuN=) Mo [n3-N(tBu) -SiHPh-H ...] (PMe3)2H (3) with pseudo-
octahedron structure. However, the estimates of the reaction activation energy performed with the DFT method
indicate the presence of a significant kinetic barrier (Ea = 20.4 kcal/mol) that contradicts the experimental data.
For this reason, in the present work we studied the new pathway of the the hydrosilylation reaction between the
imido complex (tBuN=)2Mo(PMe3)2 and phenylsilane by density functional theory (B3PW91/6-31G(d,p), Hay-
Wadt DZ ECP for Mo atom). The existence of transition states have been confirmed by the presence of single
imaginary frequency and by the further intrinsic reaction coordinate (IRC) calculation performed by the Gonzalez-
Schlegel method. Assessment of solvents effects on the reaction energies was carried out using the continuum
polarization model (PCM) for two solvents of different polarity (hexane and toluene). Calculations were
performed using the Gaussian03 program. It was found that the reaction can occur by three-step mechanism
different from that one described previously. It consists of three steps: oxidative addition of phenylsilane, ligand
rearrangement and PMe3 elimination (see Fig.1).
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Fig. 1. An alternative mechanism of silane addition to complex (tBuN:)zMo(PMes)z.

Limiting step of this mechanism is a direct silane attack on molybdenum atom with the initial formation of non-
agostic intermediate (2) with activation energy of 20.6 kcal/mol and subsequent rearrangement of the ligand
environment. Among of studied complexes, the most favorable structure is the one with the imido group in cis-
position to hydride atom. The effect of toluene and hexane solvents changes the relative stability of isomers in
accordance with the increase of solvent polarity. The IR spectra of two main intermediates (previous and new
mechanism) are significantly different which makes it possible in principle to distinguish theses isomers
experimentally.

This work was supported by the Russian Foundation Basic Research (RFBR) (project 14-03-00585)

' A.Y. Khalimon, N. A. McLeod, S.K. Ignatov, A.l. Okhapkin, L. G. Kuzmina, J.A.K. Howard,
and G. I. Nikonov. Dalton Transactions. 2014, 43, 8446-8453.
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Structure and luminescence properties of some europium(l11) complexes according to quantum-chemical
calculations
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Lanthanide complexes are widely used as materials for creation optoelectronic devices, flexible displays,
luminescent biological probes, hybrid phosphors, and solar cells. Mesogenic lanthanide complexes (Fig. 1) due to
their unique anisotropy of magnetic and optical properties can be used for creation luminescent materials with
polarized monochromatic emission. Their luminescence and liquid-crystalline properties depend on the nature of
the ligands. Quantum-chemical calculations can help one to find the ligands that can noticeably enhance their
emisison efficiency and foresee compounds with obviously predictable liquid-crystalline properties. In this work,
ab initio* and DFT methods were used to calculate the energies of the ground and excited states, energy transfer
rates and theoretical quantum yields of europium(l1l) complexes with different B-diketonates and Lewis bases.
Prediction of liquid-crystalline properties was made on the basis of the value of geometric anisotropy. It was
found that it reaches values 1.6+1.8 in the case of liquid-crystalline complexes with Phen and 2.0+3.0 with
Bpy,;-17. Also correlation between the positions of the excited levels and theoretical values of quantum yield was
established. It was found that during the photoexcitation of lanthanide complexes both energy transfer process
from organic ligand to ion and singlet-triplet conversion can be considered as rate-limiting steps.

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.?
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Fig. 1. Optimized structure and geometry parameters of Eu(l11) complex

This work was supported by the Russian Science Foundation (project No. 14-13-00758).
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Field dependence of mobility in organic materials with Gaussian disorder from transport level concept
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Concept of effective transport level [1] is extended in order to describe field dependence of mobility of charge
carriers in disordered organics. The electric field changes the energy of all the states by addition of electrostatic
term, eFrcos( 6 ), where r is hopping distance, F is the electric field strength, and 6 is the angle between the
hopping direction and the direction of electric force. We assume that transport energy decreases with increasing
field, providing that energetically upward jumps still dominate in transport.

Formal (effective) transport level, Etr, is defined in ref. [1] of the reasons that a certain number of states, B, should
be inside the certain area of E—r space, which is available for the jump. The boundary of this region is

determined by the condition that the hopping rate V' from an initial state of the energy E to any state of the energy
E' inside this area exceeds a certain value, v >V, =V, exp(—U*),U* =(E, - E)/kT . An energy-

independent value of E; has been obtained in low-field limit, neglecting thermally non-activated jumps (which is
valid for rather deep initial states) [1]. Providing arbitrary field strength, one can generalize equation of the ref. [1]
as follows:

T - Etr Emax Etr' ,9 1
B, :27‘5th dOS|n6jr°( )drrzj 4 g(EY), @

-7 0 —0
where 1, =U./2y=(E, —E)/2ykT . E,,(r,0)=E,+er(Fcos@—F.), y is inverse localization
length, g( E ) is the Gaussian energetic distribution of localized states, N, is the spatial concentration of states.

Fig. 1 compares field dependences of the mobility from Monte Carlo (MC) simulations [2], and results of
this analytic approach with percolation factor B = 2.2 + 0.2(c / kT — 1.5) [1].

T T 1

0.3 0.6 0.9 1.2 15 1.8
F2 (MViem)'"?

Fig. 1. Field and temperature dependences of the mobility. Solid line is calculated from the model. Filled symbols

— MC-simulation of the ref. [Omm6ka! 3aknaaka He onpeaeaena.] at o/KT = 2 (squares), 2.5 (circles), 3 (up
triangles) and 3.5 (down triangles).

One has to note that the value of f = 0.5 responds to rather high field strength, 1.4:10° VV/cm, at o/kT = 3.5
and yag = 5 (arrow on Fig. 1). Fig. 1 shows that the analytic model and MC-simulations are in good agreement at
f<0.5.

1.V. R. Nikitenko, M. N. Strikhanov, J. Appl. Phys. 115, 073704 (2014).
2.H. Béssler, Phys. Status Solidi B 175, 15 (1993).
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Transport level and mobility of charges in disordered organic semiconductors at moderate concentrations
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*e-mail: ayus03@mail.ru
Disordered organic semiconductors provide a wide variety of applications in electronic devices, such as organic
light-emitting diodes, organic field-effect transistors and organic solar cells. It is known that the charge transport
in disordered organic materials is due to a hopping between localized energy states [1].

Microscopic Coulomb fields of neighboring charges could be the reason of mobility dependence on concentration
of charge carriers, because it reduces the activation energy of a hop from a deep state. The low-field mobility of
charge carriers was calculated, providing that a concentration is rather small and one can consider only nearest

p=[ u(F)®(F)dF -
neighbor, 0 , Where H(F). mobility of charge carriers in a Pool-Frenkel form, suggested

by Novikov [2],CD(F)
neighboring charge.

- the distribution function of the module of Coulomb field, created by the nearest

It was demonstrated, that the mobility of charge carriers is increasing significantly with increasing concentration.
These results are shown to be in qualitative agreement with existing theoretical and experimental data [3] (in a
concentration range 10-5-10-3 the conclusion about quantitative agreement could not be made due to lack of
experimental results).

e o0 =0.14eV
A4 0=0.13eVv °

10° 10° 10™ 10° 10°

Fig. 1. Concentration dependence of mobility of charge carriers for OC,C,o-PPV at room temperature in
comparison with the experimental data.

This work was supported by Ministry of Education and Science of Russian Federation, Agreement No.
14.575.21.0002, ID RFMEFI57514X0002.

[1] Bassler H. Phys. Status Solidi B 1993, 175, 15

[2] Novikov S.V., Dunlap D.H., Kenkre V.M., Parris P.E. and Vannikov A.V. Phys. Rev. Lett. 1998, 81, 4472
[3] Tanase C., Blom P.W.M., de Leeuw D.M., and Meijer E.J. Phys. Status Solidi A 2004, 201, 1236
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Molecular packing in a lyotropic La-containing system according quantum-chemical calculations and NMR
data

N.M. Selivanova'”, A.B. Konov?, Y.G. Galaymetdinov*
'Kazan National Research Technological University
? Kazan E.K. Zavoisky Physical-Technical Institute KSC RAS

*e-mail: natsel@mail.ru

The design of multifunctional soft matter combining the capabilities of organized nano- and macroscale structures
with unique magnetic, electrical and photophysical properties is currently a rapidly developing field of modern
science. Lyotropic liquid crystals (LLC) are among promising representatives of such molecular structures. LLC
are traditionally regarded as models of various biological objects: chloroplasts, myelin sheaths of neurons, and
polypeptides. The concept of orientation-ordered structures and collective molecular motion is applied to studies
of living matter of cell membranes and muscle reflexes. Introduction of a metal ion into LLC expands the range of
practical applications of lyotropic mesophases and provides it with a set of additional functional catalytic,
magnetic and optical properties. Compounds with oxyethylene groups are considered to be the most interesting in
terms of ease of synthesis and broadening opportunities for molecular design of thermotropic or lyotropic liquid
crystalline materials. They combine high flexibility of chains, resulting in a low melting point, with the possibility
of hydrogen bonding with protic solvent molecules contributing to the initiation and stabilization of the LC phase.
Lanthanide-containing metallomesogens are of particular importance both from fundamental and applied points of
view. The present study continues our research in the synthesis and characterization of lanthanide-containing
lyotropic liquid crystals based on oxyethylated surfactants. This work is aimed at finding a correlation between the
molecular structure of amphiphilic molecules and supramolecular organization in the mesophases containing a
lanthanide ion. The investigation of molecular motions in the lamellar phase of the C1,EQ4/La>*/H,0 systems with
two different types of packing and 15 wt% and 45 wt% water content was carried out by NMR self-diffusion and
transverse T,-relaxation. The geometry optimization of lanthanum nitrate crystallohydrate complex
C12EO4:La(NO3);-6H,0 in a molar ratio of 2:1 was carried out by Priroda 6 software and PBE exchange-
correlation function. Data analysis of the diffusion coefficient D demonstrates that the increase of solvent content
results in the increase of the diffusion coefficient for all the molecular fragments of the surfactant as well as for
water. It may be the confirmation for less hindered molecular motions as molecules become not so strongly tied to
each other. According to the X-ray diffraction data, the water layer width grows from 5.48 A to 16.87 A with the
increase of water content from 15 to 45 wt% respectively. The observed increase of the diffusion coefficient D
may be associated with deeper penetration of water molecules into the polar units and partially into the
hydrocarbon layer'. Generally speaking, water content increase leads to significant increase of transverse
relaxation time of oxyethylated groups, water and methylene groups. This indicates rotational motion
intensification of molecular fragments, resulting in the increase of the longitudinal relaxation time.

This work was supported by RFBR (project N2 14-03-00109).

1.Selivanova N.M., Konov A.B., Romanova K.A., Gubaidullin A.T., Galyametdinov Yu.G.. Soft Matter. 2015, 11,
7809-7816.
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Ab initio multi-reference perturbation theory calculations
of the ground and some excited states of the YbRb molecule

M.B. Shundalau®, A.A. Minko
Belarusian State University, Physics Department, Minsk, Belarus
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Cold and ultracold polar molecules offer prospects for the realization of new forms of quantum matter with
possible applications to quantum information and to precision measurements'. The YbRb molecule is a
heteronuclear polar diatomic dimer that due to unpaired electron may be trapped and manipulated using magnetic
fields. It is, for example, promising candidate for an experimental search for a permanent electric dipole moment
of the electron or for producing lattice-spin models for quantum computing. For this purpose it is desirable to
know of the exact forms of the potential energy curves (PECs) of the electronic states, as well as the spectral,
energetic and dynamic characteristics of their vibration-rotation subsystems. No experimental data available for
the YDbRD electronic states system. The ab initio calculations of the electronic terms allow to compute all of the
necessary characteristics of the rovibronic states.

In this study, the SA-CASSCF(3,18)/XMCQDPT2? calculations of the low-lying doublet and quartet states and
the spin-orbit coupling (SOC) with the one-electron Pauli-Breit operator for the YbRb molecule performed (Fig.
1). The Stuttgart RSC ECPs have been used in calculations. At the dissociation limits the energies of the lowest
excited YbRb terms relatively to the its ground state are®: 12578.9 and 12816.5 cm™ with the SOC splitting equals
237.6 cm™; 17288.5, 17992.0 and 19710.4 cm™ with the SOC splittings equal 703.5 and 1718.4 cm™. The
corresponding calculated energies of the low-lying terms relatively to the ground state at the distance of 20.0 A
are: 12614.5 (Q = 1/2) and 12852.6 cm™ (Q = 3/2) with the SOC splitting equals 238.1 cm™; 16929.5 (Q = 1/2),
17642.7 (€ = 3/2) and 19059.8 cm™ (Q = 5/2) with the SOC splittings equal 713.2 and 1417.1 cm™. These data
indicate that our calculations well agree with experimental energies.
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5 1000! ]
3 ,
LlCJ [
5000
I Yb(6s%) + Rb(5s) |

8 10 12 14
Re, A

Fig. 1. Calculated at the CASSCF(3,18)/XMCQDPT2 + SOC level of theory
low-lying terms of the YbRb molecule in the range from 3.70 to 15.00 A

This work was supported by SCST of the Republic of Belarus (project Ne F14LAT-060).
1.0. Dulieu, C. Gabbanini. Rep. Prog. Phys. 2009, 72, 086401.
2.A.A. Granovsky. J. Chem. Phys. 2011, 134, 214113.
3.NIST Atomic Spectra Database, http://www.nist.gov/pml/data/asd.cfm.
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High-accuracy ab initio molecular structure and spectroscopy of post-5d element-containing polyatomic
species: thallium fluoride dimer
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Institute of Chemical Thermodynamics and Kinetics, Laboratory of Quantum Chemistry
e-mail: sol@isuct.ru
High-level ab initio calculations on polyatomic 5d and post-5d element-containing molecules are quite difficult
due to the large number of electrons to be correlated, significant relativistic effects, and the greater likelihood of
multireference character. There is only a single investigation tackling their spectroscopic properties, namely, those
of the AuCN molecule [1]. In the present paper we contribute to the field by reporting the results of the first ab
initio treatment of the molecule containing two sixth-row atoms, TI2F2, whose structure and properties have been
discussed previously both by theoreticians and experimentalists. While all researchers have agreed on a planar
rhombic structure of D2h symmetry for this dimer, spectral assignments are still subject to controversies.

We start our computational procedure with a high-level correlation treatment employing the CCSD(T)-F12
explicitly coupled cluster method taking into account the Tl 5d outer-core electron correlation. Triple- (VTZ-F12)
and quadruple-zeta (VQZ-F12) basis sets paired with relativistic pseudopotentials (PP) are used to perform an
extrapolation to the complete basis set (CBS) limit. Then, we assess the effect of correlating the Tl outer-core 5s
and 5p electron correlation (ACV) at the CCSD(T)/cc-pwCVQZ-PP level. Anharmonic corrections to vibrational
frequencies (Aanh) are obtained at the MP2/cc-pwCVTZ-PP level using the vibrational second-order perturbation
theory. Zero point energy is calculated to produce the TI2F2 — 2TIF dissociation enthalpy (AH®). The molecular
second-order spin-orbit coupling (ASO) effect and a correction, which eliminates errors due to using PP
approximation and neglecting scalar relativity on F, APP, are evaluated for totally symmetric modes.

The computed molecular properties (Table 1) are in agreement with the published experimental data. As can be
seen, the explicitly correlated coupled cluster method yields highly accurate results already with a fairly small TZ
basis set, thus substantially reducing computational costs compared to the conventional CCSD(T) approach, which
requires using much larger basis sets. Although the ACV, APP and ASO contributions appear to be not large, they
still need to be quantified in a study aimed at high accuracy.

Table 1. Contributions to the composite scheme and molecular properties of TI2F2.
Units: re(TI-F) — A, ae(F-TI-F) — deg., ®i — cm-1, AH® — kcal-mol™.

le Oe 01(8g) 023 ©3(bzy) 04(br) @s(ba)  we(bz) AH°
VTZ-F12 2.2965 74.03  309.7 96.6 239.3 3390 270.3 755  33.96
+AVQZ-F12 -0.0005 +0.13 +1.2 +0.1 +1.8 +14 +1.4 +0.0 +0.45
+ACBS -0.0004 +0.06 +0.7 +0.0 +1.0 +0.9 +0.8 +0.0 +0.25
+ACV -0.0011  +0.07 +0.1 -0.2 -05 +0.5 +0.3 -03  +0.02
+Aanh -2.8 -1.1 -1.8 -2.4 -1.2 +2.1
+ASO -0.0038 -0.06 +1.4 +0.3 +0.18
+APP +0.0009  +0.02 -0.2 -0.2 +0.02

Final composite 22916 7425 3101 95.5 239.8 339.4 271.6 77.3 34.9

This work was supported by the Ministry of Education and Science of the Russian Federation (project No. 1800).

L Hill J.G., Mitrushchenkov A.O., Peterson K.A. J. Chem. Phys. 2013, 138(13), 134314,
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Structure of two-electron states in solids
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Atomistic modeling of electron structure in solids is usually based on one-electron wavefunctions. To calculate
many-electron effects on ab initio level exact many-electron wavefunctions are required. Two-electron wave-
functions correspond to phenomena based on pair correlations, e.g. superconductivity.

In present work the method of construction of zero-total momentum two-electron wavefunctions in solids based
on Mackey theorem on symmetrized squares is developed’. Power law dependences of magnetic field penetration
depth and ultrasonic attenuation in UPt3 and Sr2RuO4 suggest that gap function has nodes. Observed nonzero
Kerr rotations imply broken time-reversal symmetry and chiral state of Sr2RuO4. It is obtained that for the
wavevector on planes of symmetry in a Brillouin zone some IRs (irreducible representations) are forbidden.
Theoretical nodal planes are compared with experiment for UPt3 (D6h group). Nodal and chiral quantum number
are considered for multidimensional IRs. Chiral two-electron states are constructed for Sr2RuO4 (D4h symmetry)
and are shown in Figure 1. These states are similar to Myake equal spin pairing states.

Fig. 1. Chiral triplet states in D4, Symmetry
This work was supported by OHNM RAS (project 1V.5.2).

1.Yarzhemsky, E.N.Murav'ev, J. Phys: Cond. Mat. 4, 3525,1992; V.G.Yarzhemsky, V.I. Nefedov, Phil. Mag.
Lett. 86, 733, 2006,V.G.Yarzhemsky, Few-body syst. 53, 499 2012.
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TepMoanHAMHYECKHE XaPAKTEPUCTHKH KOMILIEKCOB H KJIACTEPOB BOJAbI, THOHWIXJI0PHIA H MPOAYKTOB
€ro ruipoJin3a B ra3oBoi (aze

M.A.3acosckasn

Vxrunckuit I'ocynapctsennit Texaudyeckuil Y HUBepCUTET, I'. YXTa
e-mail: aspect51@yandex.ru.

KoHileHTpamuss HEHTpalbHBIX U 3apsDKEHHBIX KOMIUIEKCOB M KJIACTEPOB B PEAKIIMOHHON CMECH BIHUSCT Ha
CKOpPOCTh M MexaHu3M ruaposimsa TtuoHmnxiopuaa (SOCI2) B rasosoit ¢daze. llenecooOpazHo u3y4HThH
TEPMOJAMHAMUYCCKUE MapaMeTpbl 00pa30BaHUs HEHTPAIBHBIX U HEHTPANBHBIX KOMIUICKCOB U KIACTEPOB BOJIHI,
SOCI2, a Takxe MPOAYKTOB W MHTCPMEAHMATOB €ro TUAPOJH3a B ra3oBoil (ase. Hamu paccMOTpeHBI peaknuu
obpaszoanmss kmactepoB H20(H20)n n=1-5,7, SOCI2(H20)n, H+(H20)n, OH-(H20)n, CI-(H20)n,
SOCI+(H20)n, (SOCI2(H20)n)-, SOCI(OH)(H20)n, n=1-4, HCI(H20)n, n=1-5. PaccMaTpHBaIUCh pa3InYHBIC
BapHaHTHl 00pa30BaHMA U Pa3JIOXKEHUs 3TUX yactull. OOpa3oBaHNEe HEUTPAJIHHBIX M 3apsSHKEHHBIX KOMILIEKCOB B
ra30Boil (asze U3 HEUTPaIHHBIX MOJICKYJ M MIOHOB IPOIECC TEPMOAMHAMIYECKH BHITOAHBIN. OqHaK0 00pa3oBaHue
B ra3oBoii (asze rugparupoBanubix nonoB H+, OH-, Cl- u SOCI+ sBnsiercs: TepMOJIUHAMUYECKH HEBBITOHBIM
MIPOIIECCOM Jake TIPH YHUCIIe THAPATUPYIOMINX MOJIEKYII BOJBI 10 4, T.€. [UIA TpoIiecca

(H20)8 — (H+)(H20)4 + (OH-)(H20)4.

OHepruu peakuuii noHHOM nuccoumanuu kinacrepos H20(H20)n, SOCI2(H20)n, HCI(H20)n mpu n=1-4
nocturatlot coreH k/Dk-Monb-1. B TO ke Bpems o0OpazoBaHHE HEWTPAIBHBIX KIIACTEPOB SBISETCS BECbMa
BBITOIHBIM TIPOIIECCOM, KOTOPBIi, BOBMOXHO, OyJeT JaBaTh HAaUOOJBIIMKA BKJIAJ B PEAKLUIO TMAPOJIH3a. XOTS
obpaszosanne H+(H20)n, OH-(H20)n, CI-(H20)n, SOCI+(H20)n, myreM KOOpAHHAIIMH HOHOB Ha KiacTepax
BOJIBI 110 CXeMe

M + nH20 — M(H20)n

SIBJSIETCSI TEPMOJANHAMHUYECKH BBITOJHBIM IMPOIECCOM, 00pa30BaHHE UCXOIHBIX HOHOB B ra3oBOi (asze KpaiiHe
HEBBITOIHO, W, TAKUM 00pa3oM, WX KOJIWYEeCTBO o4eHb Mano. OOpazoBanne kiactepoB SOCI(OH)(H20)n, mo
cxemam

SOCI2(H20)n+(H20)n- (OH-)—SOCI(OH)-(H20)n+ (H20)n-(Cl-)
(SOCI+)(H20)n +(H20)n-(OH-)— SOCI(OH)-(H20)n

HUMEIOT HU3KMH aKTUBAIIMOHHBIN Oapbep 1 00J1agaroT OTPULIATEIbHBIMU 3HAUYEHUSIMH CBOOOIHOM »Hepruu ['nbd6ca.
OpHako, MOCKOJIBKY 00pa3oBaHME MCXOJHBIX MOHOB, BCTYIAIOIIMX B ATH PEAKLUH, TEPMOJUHAMUYECKH OYCHb
HEBBIFOJIHO, TO TPOTEKaHHE OCHOBHOro kaHaya rujaponuza SOCI2 mo sTomy mytu ManoBeposiTHO. Mcxoxas u3
MOJyYCHHBIX PE3y/lbTAaTOB, B KauecTBe Hambolee BEpOSATHBIX KAaHAJOB THIPOJIN3A CIEIyeT paccMaTpUBATh
peakimu HerTpanbHbiX KnactepoB (H20)n u SOCI2(H20)n.
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IepecTpoiika CTPYKTYPHI MUKINYECKOT0 KiaacTepa Boabl OsH o B mponeccax nonusamnn

A.B. bapawxoea, HU. I'upuyesa

VBaHoBCKHMii rocy1apcTBEHHBIH YHHUBEPCUTET, Kaeipa OpraHn4ecKol 1 GpU3MIECKOi XUMHUH

B HacTosmieit paboTe pacCMOTPEeHO U3MEHEHHE CTPYKTYPHI MATHWICHHOTO IUKIIIYecKoro kiactepa Boasl OSH10,
KOTOPBIH sIBIIsIeTCS (pparMeHTOM KapKacoB JIBAOB PAa3IUYHOTO THUIA, IPH HMPHUCOCIMHEHUN W OTPBIBE AIIEKTPOHA.
JI71st TOTO BBIMOTHEHA T€OMETPHUYECKass ONTUMU3AINS U pacdeT 4acToT KojeOaHWui HeHTpaabHOW, KATHOHHON U
annonHod ¢opm kmactepa OSHI10. PacueTsl BbITOSHEHBI ¢ HcTHOdb30oBaHHeM Metona DFT ¢ ruOpumHbIM

00MeHHO-KOppeanInoHHEIM (yHKIHOHamoM ['pumma B97-D ¢ mucniepcrnoHHO# monpaBkoit v 6a3uCHBIM HaO0pOM
6-311++G(2d,2p).

HeiitpansHas ¢popma umeer ciiaboBBIpaKEeHHYIO TBUCT-KOH(pOpPMAIHIO KA (puc.la) ¢ TopcnoHHBIM yriom O4-
013-010-07, paBHbIM 13°, 1 OYTH paBHOLIEHHBIMU BOAOPOIHBIMHU CBsi3siMu (BC).
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Puc. 1. Crpoenne He#TpanpHO# (a), aHHOHHOH (0) 1 KaTroHHOH (B) popm KimacTepa OsHyg

I[Tpy mpuCOEeMHEHNH 3IIEKTPOHA MPOUCXOANUT CHIIbHOE HCKaXKEHHE IIUKIIA, KOTOPBIH MpHoOpeTaeT KOHOpMaLHIo
KoHBepT (puc.16). BomopomHble CBA3M CYIIECTBEHHO YMIMHSIOTCA, HO pasiMyde MEXAYy HX [UIMHAMH He
npesbimaet 0.05 A.

IIpu oTpbIBe NIEKTPOHA IMSATUWIEHHBIN LUK CTAHOBUTCS NMPAKTUYECKH IUIOCKUM, TOPCUOHHBIN yron O4-0O13-—
010-07 cocraBnsier Bcero 3.5°. HecMoTps Ha Maible W3MEHEHHsS B KOH(QOpMalUWHW IMKJA, YKBHBAJIEHTHOCTh
BOJIOPOJIHBIX CBAA3€H, CyllecTByromas B HeifTpanbHoit Gopme, ucuesaet. Katnon OsHyy™ mpuoGperaer cTpykTypy
(puc.1B), no cummerpun 6au3Kyt0 K C;, B KOTOPOH MOBOPOTHAst OCh Mpoxout uepe3 arombl O7 ... H5. Karnon
y’Ke He IpeACTaBisieT KjacTep U3 MATH MOJEKYN BOJBI, a CUCTEMY, cOocTosyto u3 rpynnsl O-H, aByx Monekyn
Boabl u ¢parmenta H,O...H...H,O co cBepXmpOYHBEIMH BOJOPOJHBIMH CBSI3SIMH. TakuM 00pa3oM, WOHH3AIIHS
KJIacTepa BBI3BIBAET APAaMATHUECKHE H3MEHEHNUS €r0 CTPYKTYPBI.

V3MeHeHne SHEpruM B TIpoIECCe NPHUCOSAMHEHHUS deKTpoHa K Kiactepy OsHpg cocraBmser 0.47 3B
(ammabaTrmyeckoe CpOJICTBO K AIIEKTPOHY), a B IIpoIecce OTphIBa d1ekTpoHa 9.51 3B (agmadatmueckuii [TN).

Paboma sevinonnena npu nodoepaicke Ipasumenvcmea Poccutickoii @edepayuu (Ne epanma N.14.250.31.0012).
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Onpenenenue BeTNYHH 0apbepoB KOH(POPMAIMOHHBIX IEPEX00B B KBAHTOBOI XUMHHU U MOJIEKYJISIPHOMH
CHEKTPOCKONMUH

B.A. Bamaes

MOCKOBCKHI TOCY1apCTBEHHBII YHUBEPCUTET, XUMHUECKUH (QaKyIbTET
e-mail: v.a.bataev@gmail.com
B nokmane paccMOTpeHbI criocoOb! ONpeeIeHUs BEMTHINH 0aphepoB KOH(MOPMAMOHHBIX NEPEXOA0B C TIOMOIIBIO
KBaHTOBO-XHMUYECKHX PACUETOB U IO 3KCICPUMEHTAIBHBIM IJaHHBIM. PaccMOTpeHBI IPOOIEMbI, BO3HUKAIOIINE
IIPU OIPENEIICHUN BBICOT 0aphepOB BHYTPEHHETO BPAIICHHS U APYTMX KOH(GOPMAIIMOHHBIX NEPEXO0JOB, a TAKXKe
YCIIOBUSI KOPPEKTHOTO CPAaBHEHUS HKCIICPUMEHTAIBHBIX BEIMYMH C pPE3YJbTaTaMH KBAaHTOBO-XHMHYECKUX
pacdeTos.

B moxmame obcyxkmarorcss obOmrue TMOHATHS Oaphepa W IIyTH KOH(POPMAIMOHHOTO Iepexona (B OCHOBHOM Ha
IpUMepe BHYTpeHHero BparieHus). IlokazaHo, 4YTO pe3yabTaThl KBAaHTOBO-XMMMYECKOIO pacuera H
KoJieOaTeIbHOW CIIEKTPOCKOINNH B CYILIECTBEHHOM CTENEHH JIOTIOIHSIOT IPYT JIpyra.

ITpn KBaHTOBO-XMMHYECKOM pacyeTe MOJIEKyJ Oapbepbl KOH(POPMAIIMOHHBIX IEPEX0/I0B €CTECTBEHHBIM 00pa3oM
ONpENeNAIOTCs M0 KPUTHYECKHM (CEeIIOBBIM) TOYKaM IMOBEPXHOCTH HoTeHIManbHOH sHeprum (I1I13). Bricota
Oapbepa B mpocreiiiieM NpuoIMKEHUH PacCUUTHIBACTCS KaK pa3HOCTh YHEPTHH B TOYKE MUHHMYyMa M B CEIJIOBOU
touke Ha [1I1D. bonee crporuii moaxon Tpedyer yduera n3MEHEHHS SHEPTHU HYJIEBBIX KOJIEOaHUI CUCTEMBI.

OKCHeprMEHTAIBHOE HCCIIEAOBAHUE MTO3BOJIET MOIYYNTh HAOOp dHEpruil KonebaTenbHBIX MEPEX010B, KOTOPHIE
MOTYT CTaThb MWCXOJHBIMHM [AHHBIMH JUIS pEIICHUS OOpaTHOW CHEKTpPadbHOW 3aJauyll — BBIYHCIICHUS
3G PEKTUBHOTO OJHOMEPHOTO IOTEHIMaNa (MOTCHIMATbHOM (YHKIMM BHYTpeHHero BpamieHus). [lomydanTh
MOTEHIMAIbHBIE QYHKIMH O0Jiee BEICOKOH pa3sMEpPHOCTH M3 HKCIIEPUMEHTAIBHBIX TaHHBIX YAAeTcsl KpaiHe PeaKo.
Pemaemast mpu 3ToM oOpartHas 3aada KoieOaTeNbHON CIIEKTPOCKONMH HEKOPPEKTHO OIpelesieHa M 4YacTo
HEYCTOWYMBAa B MNEPBYIO O4Yepedb H3-3a TPAAUIMOHHO HEOOJBIIOTO YHCIA HKCHEPHUMEHTATBHO OIpPEIesICHHBIX
4acTOT KoJeOaTeIbHBIX TIEPEX0/I0B, UCIOJIB3YEMBIX B Ka4eCTBE HCXOMAHBIX JaHHBIX. [loka3aHO, YTO B CHITy 3TOTO
U HEKOTOPHIX APYTHX MPUYMH TOYHOE COBIAJCHHE IMOJYYAIOIIMXCA B JKCIIEPUMEHTAIHHOM U TEOPETHUECKOM
MOJIX0/1aX MOTEHINAIBHBIX (YHKIHUN U GapbepoB KOH(OOPMAIIMOHHBIX MEPEX0/J0B B 00IIEM CiIydae MOXET ObITh
TOJIBKO CIIy4ailHbIM.

Paboma svinoanena npu unarncosoti noodepaicke PODU (epanm Ne 13-03-00640).
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B3aumoneiictBue kiacrepos Mg, (n=2-18) ¢ 3TUIOpOMHUIOM B BaKyyme
C.H. bensies, C.B. I[laumenees, C.K. Henamos

HHI'Y um. H. U. Jlob6auerckoro, r. Hikauit Hopropos
Serg_belyaev@bk.ru

Cunre3 peaktnBa ['puHBApa — CJIOXHBIH MHOTOCTAIUHHBIA MPOIECC, BKIIOYAOIIMK B ceds aacopOmto
OKHCIIMTENsI Ha MOBEPXHOCTH METaliIa, 0Opa3oBaHHWE CBOOOIHBIX HOH-paJUKaIbHBIX Map, (HOpMHUpOBaHHE
MOJIMMarHMAOPTaHUIECKOTO MPOM3BOAHOTO U JECOPOLHS MONUSAIEPHOTO KOMIUIEKCa C 00pa30BaHMEM DPEaKTHBA
I'punbsipa. B paboTe BBIMONHEH KBaHTOBOXMMHYECKHH pacdeT OCHOBHBIX TEPMOJAMHAMHYECCKUX (YHKIHH IS
HanboJiee BEPOSITHOTO MapUIpyTa peaklInh B3aWMOJECHCTBHS KOMITAKTHBIX KiacTepoB Mgn (n=2-18),
MOJICNAPYIOMIUX TBEPAYI0 METAJUIMIECKyIo (a3y, ¢ STHIOpoMuAoM Ha BbIcOkoM ypoBHe DFT: B3PWI91/6-
311++G(2d,2p). Paccmorpena nocinenoBaresibHass MHOTOCTaqUiHAsE CXeMa Mpolecca, BKIIIOYAIOIas CIeayIoIue
aseMeHTapHble ctaauu: (1) ajgcopOuusl OKMCIAMTENS Ha TOBEPXHOCTH, (2) BO3MOMKHBIM pacraj OKHCIHTENs Ha
panukanbl, (3) cuHTe3 peakTuBa I'pHHBsIpa W3 MOJEKYJSPHBIX MM PaJMKAIbHBIX peareHToB, (4) mecopOrms
NpOJXYKTOB B 00beM, (5) BO3MOXHBIE MOOOUYHBIE peakiuu. Hanbosee sHepreTHYeCKH BBITOJHBIA MapLIpyT
peakuun ['puHbBspa — pagUKajbHBIA, INPOTEKAIOMIMN TNpaKTHYeCKH Oe30apbepHO (dHEprusi aKTUBALMU
oOpa3oBanus Et- cocTaBifeT HECKOJNBKO KKaJl/MOJb), IPU 3TOM HOCIEIHAS CTafMs IIpolecca — JOecopOuus
MOHOMOJIEKYJISIPHOTO MarHWHOPTraHWYECKOTO TPOU3BOJHOTO (KJIACCHYECKOTO peakTHBa [puHBApaA) SBISETCS
Hambonee »Hepro3arpaTHoil: 9.7 kkamw/monp mnst Mgd4, 11.5-17.5 kxan/monpe mnga Mg2 u mpumepno 20-30
KKaim/Monb g Mg9-Mgl3. Pomp KOOpPIMHHPYIOWIETO pAacTBOPHTENS — OUATHIOBOTO 3¢upa wm TIO,
oOJreryaromniero NpoTeKaHus CHHTe3a peakThBa I puHbsipa, CBOANTCA K CHIbKeHHIo Ea craanm necopOuum.

Paboma svinonnena npu noooepoicke PODU (koo npoexma 14-03-00585).
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Puc. T'eomeTpusi mepexoAHbIX cocrosHui misi peakuun EtBr...Mg, - EtMg,Br (a) u peakuun EtMg,Br -
EtMgBr + Mgs (6). UucnamMu yka3aHbl MeKaTOMHBIE PACCTOSHMS B A.
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Kondopmannonnsie cBoiictBa 1-amunonadranun-8-cyasdokuciaors u 1,8-nadramuncyisrama B
ra3oBoii ¢hase M pa3JIHMYHBIX PACTBOPUTEJSIX

byoanosa K.A., Jlanwikuna E.A., I'upuuesa H.H.

VBaHOBCKMI TOCYAapCTBEHHBIN YHUBEpCUTET, IBanoBO, Poccust
budanowaksusha@yandex.ru
1-Amunonadtamme-8-cynepoxucnora (I) u 1,8-HapTanmuncympram (1) sgBISIOTCS BaXHBIMH  OOBEKTAMHU
MIPOMBINIICHHON XUMHUH M CIIy’KaT OCHOBOH IS CHHTE3a MHOTHX (hapMaIleBTHUECKIX MPETapaToB, KpacuTeIeH 1
MOIOIIUX cpencTB. M3BecTHO, 4TO MHOTHE (PH3UKO-XUMHYECKHE CBOWCTBA COCAMHEHHH 3aBUCAT OT HUX
KOH(OPMAaIIMOHHBIX 0COOCHHOCTEH, KOTOPBIE MOTYT MEHATHCS B 3aBHCHMOCTH OT BHEIITHHUX YCIOBHIA, B TOM YHCJIE
1 OT IIPUPOJIBI PACTBOPUTEIIS.

BeimonHeHo  kBaHTOBO-xumuueckoe wuccienoanus (DFT/B3LYP/cc-pVTZ) koHPOPMAIMOHHBIX CBOMCTB
modekyln | u |l B ra3oBoii daze u B pa3nu4HBIX 10 MOJIIPHOCTH PacTBOPHUTENSX, TAKUX Kak rentad (¢ = 1,9), Bona
(e = 80,4) u popmamuz (¢ =108,9), MpoBeACHO CpPaBHEHHE TCOMETPHICCKUX U IJICKTPOHHBIX XapaKTEPHUCTHK, a
TaK)Ke€ OTHOCUTEIBHOW YCTOWYHMBOCTH KOH(GOPMEPOB B pa3HBIX Cpelax. YUeT COJIbBAaTalliM BBHINIOJIHEH C
ucnons3oBanuem mozaenun SMD (Density-based Solvation Model)

CBoOojnas Mojiekyna | 1Mo JaHHBIM KBaHTOBO-XMMHYECKHUX PacyeTOB UMEET ISITh KOH(POPMEPOB, KaXKIOMY M3
KOTOPBIX COOTBETCTBYET SHaHTHOMEDP. KoHpopMepr! oTianyaroTcs B3auMHoi opuenTarmeit rpymmn —NH2 u —~SO3H
OTHOCHTEJIFHO IUIOCKOCTH Ha(TalIMHOBOTO OCTOBa. Bo Bcex KoH(opMmepax cymecTBYyeT BHYTPHMOJEKYJSpHAs
BomoponHas cBsa3b (BBC) mexnay aromom Bomopona rpymmsl —NH2 ¥ KHCIOpOIOM TPYIIIEI -SO3H. B
Hanbonee yctoiunBoM KoH(popMmepe 1 (puc.la) kpome otmeueHHoit BBC mpucyTcTByeT emie oxHa BOJOPOIHAS
CBSI3b MEXKIY BOJIOPOJIOM CYIb(O-TPYIIIEI H aTOMOM a30Ta Tpymmsl —NH2.

VYCTaHOBJIEHO, YTO C YBEIMYCHHWEM JUIJICKTPUYECKOW IMPOHHMIAEMOCTH CPEIbl TOHIKACTCS JHEPTHs BCeX
KOH(OPMEPOB MOJIEKYJIbI | 110 CpaBHEHUIO C ra30Boi (a3oii, reoMeTpHIecKye napaMeTpsl HadhTaIMHOBOTO OCTOBA
NPaKTHYECKH HE MEHSIOTCS, & OCHOBHBIE M3MEHEHHUS! CTPYKTYpbl CBSI3aHBI C HW3MEHEHHSMH TI'€OMETPUYECKHX
[apaMeTpoB 3aMeCTHTelel, KOTOpble MPHUBOJAT K YBEJIMYCHHIO IUIIOJIBHOTO MoMmeHTa. I[lpu 3TOoM Bce
KOH(OpPMEPBI MOJIEKYJIBI |  OCTalOTCsl B MOJIEKYJIIPHOH (hOpMe He 3aBUCHMO OT HOJIIPHOCTH PacTBOPUTENS 3a
UCKIIIOUYEHHEM HamOoliee yCTOHUMBOro KoHdopmepa 1, KOTOpPBIH B MOJSAPHBIX PACTBOPHUTENSIX NpHOOpETaeT
BUTEP-HOHHYIO Ppopmy (puc.l B).

a 7] 6

Puc.l. Cmpoenue mnaubonee ycmouuugoco kongopmepa monexkyivt I @ cazogou gaze(a) u 6 NOIAPHBIX
pacmeopumensx (0), cmpoenue monexyavl 11 (8).

Mouekyna Il umeeT €AMHCTBEHHYIO YCTOMUYMBYK) TI€OMETPUYECKYIO CTPYKTYpy, KOTOpass HE 3HA4YHUTEIbHO
HU3MEHSETCS 10 ACCTBUEM PACTBOPUTENIEH pasHOU MPUPOIBI.

Paboma evinonnena npu ¢unarcosou noodepocke Munucmepemea Obpasosanust u Hayxu P® (npoexm Ne3474)
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AHanu3 koHdopmammii napa-aJIKNI0KCH3aMeCTHTeNIell B KPHCTALIAX
J.B. Kopomxkosa, E.A. Jlanvikuna, H. Y. I'upuuesa
VBaHOBCKHMI rOCyJapCTBEHHBIH YHHUBEPCUTET, Kadeipa OpraHn4ecKon 1 (pU3MIeCcKoil XUMUH

Msuorue Me30MOp(HBIE COEAMHEHHS COAEpXKAT Mapa-ajJKHIOKCH3AMECTHTENH pa3IWYHOW JJIMHBI, KOTOpBIE
HMEIOT OOJBIIOE YHCIIO HEKECTKUX TOPCHOHHBIX KOOPAMHAT, MTOPOXKIAIONINX KOH()OPMALMOHHOE MHOT000pa3ne
Monekyi. [Ipudem, MHOTOYNCIICHHBIE KOH(GOPMEPHI CBOOOAHBIX MOJEKYJI, COJICpPXKAIINX MOZOOHBIC paIuKalbl,
uMeroT Onm3Kyto sHepruro. OHaKo, Kak mokasan anamms 6onee 200 kpuctammmdeckux cTpykTyp (KemOpmmxckas
Bbaza Kpucrammorpadpnueckux Jlanaeixl), B coequaeHusx ¢ pagukamamu — OCnH2n+1 u3 Bcero MHOTOOOpa3ms
KOH(OPMEPOB CBOOOIHBIX MOJIEKYJ B KPUCTAIIaX MPEUMYIIECTBEHHO peau3yIoTcs ABe CTpyKTyphl -OCnH2n+1:
omHa (I) — TpancounmgHast, co 3HaueHUAMHE TOpcHOHHBIX yriaoB CCCC u yrma OC1C2C3, paBreix 180°; a mpyras
(1) = ¢ TopcuonnsiM yrimom OC1C2C3 =60° u ocramphbiMu yriamu 180°. OTMeueHO, 9TO ¢ Y/UITHHEHHEM
yriiepoHoit nenu (Hauunas ¢ —OC4H9) crpykryp Tna I okaspiBaercs Oosblne, yeM cTpykTyp Tuna Il

Ha puc.l mokazaHo crtpoeHHe ABYX KOH(OPMEPOB CBOOOJHOM MOJIEKYJbl HHPUIMHOBOTO 3¢upa mapa-
OKTUIIOKCHOeH30MHONH  kucinoTel  (Metox DFT/B3LYP/cc-pVTZ), naubomnee OGIM3KO COOTBETCTBYIOIIEE
crpykrypaMm yraepoasou nenu I u Il B kpucraiax.
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Puc.1. CtpoeHue qByX HH3KOIHEpPTreTHUECKUX KOHPOpMepoB (BBepXy: KoH(MopMep I, BHU3Y: KoHpOopMep IT)
CBOOOIHOM MOJIEKYIIBI

Pasmiane B sHeprun koHpopmepos (EII-EI) coctaBmser Becero -0.15 kkan/moib, B To Bpems Kak BenmanHa AG298
paBHa —0.84 xKkan/mois, 1 KoH(popMep I cBOOOIHON MOJEKYIIBI IMEET MMPEUMYIIECTBEHHO Hax KoH(popMepom L.

OpHako, B Kpucramie, Omarogaps 3ddekraM ymakoBKH H MEKMOJCKYISIPHBIM B3aMMOJICHCTBHSAM, 3TO
MpEUMyHICCTBO ncye3acrT, (6] yeM CBUACTCILCTBYCT BBITTOJTHEHHBIH aHaJIu3 KOH(bOpMaI_[I/Iﬁ rnapa-
ATKWJIOKCU3aMECTUTEIEH.

Paboma svinonnena npu ¢punancosoui noodepacke Munucmepemesa Obpasosanus u Hayxu P® (npoexm Ne3474)

'Cambridge Crystallographic Date Centre (CCDC). http://www.ccdc.cam.ac.uk.
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AHaan3 KOH(POPMAIMOHHBIX CBOWCTB napa-H-NPONUIOKCUKOPUYHON KHCIOTHI
A. M. Cmupnosa, K. E. lllnunesas, E. A. Jlanvikuna, H. U. ['upuuesa
WBaHOBCKHMIA TOCYJapCTBEHHBIN YHUBEPCUTET, Kadeapa OpraHndeckor U GU3nIeCKON XUMUN

Ilapa-H-npONUIIOKCUKOPUYHAST KUCIIOTA SBJISIETCS ME30TEHOM, KOTOPBIA B COEAMHEHUH C
TaKUMH  HEME30TeHaMH KaK  napa-H-TPONWIOKCH-napa’-nmaHooudenun u  napa-H-
MPOMUIOKCU(PEHUIA30MUPUIUH MOXKET 00pa30BbIBaTh H-KOMILIEKCHI, MMEIOIINE OOJbIIYIO
MNPOTSHKEHHOCTh U CTPYKTYPY, BBITSIHYTYIO BJIOJIb TUPEKTOPA.

O6pazoBanue monoOoHbIX H-KOMIUIEKCOB MOHMXKAET TeMIIEpaTypy Hepexoia KpucTal —
Me3o(asa u pacmupsier 00JIacTh €e CyIECTBOBAHMS.

Ilapa-u-npONMIIOKCUKOPUYHAS KHUCJIOTAa HWMEET HECKOJbKO HEXECTKUX TOPCHOHHBIX
KOOpJMHAT, KOTOpbIE OOyCIaBIMBaIOT KOH(POPMAIIMOHHOE MHOTrooOpasue MOJeKyibl. Jlis
MorckKa KOH(OPMEPOB BBHIMOIHEH aHAIU3 MOTEHIUAIbHBIX (YHKIHI BHYTPEHHETO BpallleHus
rpynnel -COOH Bokpyr cBssu C-C, -O-C3H;  Bokpyr ceasu O-Cpn u —CH=CH-COOH
BOKpyr cBs3u C-Cpn, Oapeeprl BHyTpeHHero Bpamenus (BB) cocrasumm 8.9, 5.0 u 6.8
KKaJI/MOJIb COOTBETCTBEHHO.

Ananu3 BennunH OaphepoB BB mokazbiBaer, 4To Me30reHHast 4acTh MOJICKYJIBI 00J1aaeT
KECTKOM CTPYKTYpOH, a KOH(POpPMAIIMOHHOE MHOTOOOpa3ue BO3HHKAaeT 3a cueT BB rpymm,
BXOJIAIIMX B COCTAaB 3aMECTHUTEJIS.

Ilapa-H-pONUIOKCUKOPUYHAsT KUCIIOTa UMeeT 16 KoH(OpMepoB, BOCEMb U3 KOTOPBIX
MMEIOT OTHOCUTENIBHYIO DHEPrHUI0, OTJIMYAIoIyocs He Oosiee ueMm Ha 0.8 kkan/mMonb. Bece oHn
XapaKTepU3yIOTCs «3aKphITOi» cTpykTypoit rpynnsl -COOH. Bocemp npyrux koHpopmepos
HUMEIOT «OTKPBITHIN» TUH rpymmbl -COOH 1 60ee BoicoKyro sHepruio (5.6-7.2 KKaji/MoIb).

Tpu HHM3KO3HEpreTHdecknx KoHpopmepa ¢ oTHocuTenbHBIMH 3Heprusmu 0; 0.24; 0.64

(cootBerctBenno |, I1,111) mpuenensr Ha pucynke 1.
® p R 0
@ s e ¥ e . 7 S A S
c - c .~ & - c
v | ¢ N < < ¢
o . o c . o o p—G %
W N @ \“
& w e —4¢
@ w
I b o I
@
& L o —A&
c AC - £
§v & " A
1] " e @
@

Puc.1 Huszkosneprernueckue KoHGOPMEPHI napa-H-TPONUIOKCUKOPUIHOM KUCTOTHI

Bo Bcex BOCBMH HHU3KOAHEPTETUYECKUX KOH(OpMEpax T€OMETPHUECKUE H AIIEKTPOHHBIC
xapaktepuctuku rpynnsl ~COOH npakTHUecKH 0IMHAKOBBI, TO3TOMY OHHU JTOJIKHBI 00J1a1aTh
OJIMHAKOBOM CTIOCOOHOCTHIO K 00pa30BaHUIO0 MEKMOJICKYJISIPHBIX H-CBs3eid.

Paboma evinonnena npu gunancosoii noodepoicke Munucmepcmsa Obpaszosanus u Hayku P®
(npoexm No3474)
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IMapameTps! Bogopoauoii cBsizu O-H:+N B paziumuabIx Me30oreHHbIX H-kommiiexcax

K.E. Ulnunesas, H.U. I'upuuesa, M.C. @edopos, C.A. Coipby

VBaHoBCcKHMif rocy1apCTBEHHBIH YHUBEPCUTET, Kadeipa OpraHnIecKol 1 GpU3MIECKOi XUMUH

B nHacrosmiee BpeMst 0COOBIN MHTEpEC NMPUKOBAH K CO3JAHMIO, HCCIESIOBAHUIO U MPUMEHEHHIO HAHOMATEPHUAJIOB
BTOpPOTO TIOKOJICHHSA, OOpa3yIoUmIMXCs MpPH CaMOOPTaHW3AIWH HAHOYACTHII B PE3yIbTaTe CIECHUPUIECKUX
B3aMMOJICHICTBHH, TAKUX KaK MEXMOJIEKYISIpHAs BOJOPOIHAS CBs3b. I10700HBIE B3aUMOESHCTBUS PeaTu3yioTCs B
KUIKOKPHCTANTNICCKUX KapOOHOBBIX M KOPUIHBIX KUCIIOTaX U CHCTEMaxX Ha X OCHOBE.

B nanHOi1 paboTe HCCIEIOBAHO CTPOCHUE MOJEKYJSPHBIX KOMIUIEKCOB, CBS3aHHBIX IIOCPEACTBOM BOXOPOIHOI
CBSI3U (H-xommnuiexcoB), MEXAy  Iapa-H-NPONUIOKCUKOPUYHOW  KHCIOTOM Q) U mapa-H-
npornmnokcudpennnazonupuartom (1), a Taxke Mexny napa-H-nponuiokcubensoitnoii kucioroit (111) u mapa-g-
nponuIoKcu-napa’-uuanooudenmiom (1V).

ITpn monenupoBaHMKM H-KOMIUIEKCOB HCMONB30BANIUCH HauOOIee OJHEPreTHYECKH BBHITOJIHBIE KOH(OpMEpHI
mozekyn |, 1, Il u V. Jng Bcex KOHPOPMEPOB OTACIBHBIX MOJIEKYJ M JUIS JIBYX H-KOMIUIEKCOB BBINOJIHEHA
ONTUMH3AIMSA TEOMETPHUCCKUX MapaMeTPOB, a TAKXKE PACCUMTAHBI YacTOThl Kosebanus meromom DFT/BI7D
(YIHTHIBAOIUM TUCTIEPCHOHHOE B3aMMOIeHCTBHE) ¢ Oa3rcoM 6-311++G**,

B o6omx H-xommiekcax BO3HHKaeT BomopoaHas cBs3b Mexay atoMoMm N momekyn Il wmm Il u atomom H
kucaoTe! | wim V.
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Puec.1.
H-komriiekcel, o6pa3oBanHbie KoHPpopMepamu Mostekyi I - 1T (a) u III - 1V (b)

DHEPruu  MEKMOJISKYJSIPHOTO  B3auMojieiicTBusi B H-KOMIUIEKcax — pacCYMTBIBAIMCH KAk — Pa3sHOCTh
ONTUMHU3UPOBAHHOI SHEPTUH KOMILJIEKCA M SHEPTUil COCTABISIONIUX €ro0 MOJIEKYJI C MX TeOMETpHEl B KOMILJICKCE.
Jdus pacuera mnocneqHux wucnonb3oBanics Bapuant SP o (Single Point). JIns xommnexkca I-11 sueprus
B3auMoeicTBuA cocraBmia 14.3 kkan/Moib, s kominiekca H1-1V- 8.6 kkai/moub.

CpaBHeHHE CTPYKTYpBI JIByX PAaCCMOTPEHHBIX H-KOMILIEKCOB MO3BOJISET MPEAIOI0KUTh, 4TO Me30MOp(dHbIE
cpoiicta B cucteme |1l OyayT Oosee BhipakeHHBIMH, yeM B cucteme 111V,

Paboma svinonnena npu gunarcoson noodepacxke Munucmepemea Obpaszosanusi u Hayxu P® (npoexm Ne3474).
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