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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 (I11) 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 CgHs-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 XCsH;NHOH and
nitrenium ions XCgH4NH™ are the common metabolites of the nitro- and amino-substituted
benzenes and the nitrenium ions XCgHsNH™ are the ultimate carcinogens, the energy
difference AEy = E(XCgH4NH") — E(XCsH,NHOH) 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.'

Typical energy surface showing the catalytic effect Energetically balanced reaction coordinate
> >4 for catalytic transformation
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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), €0119984.
doi:10.1371/journal.pone.0119984.



MopenupoBaHue aHU30TPONMHBIX NJIEHOK OPraHUYeCKUX MOJIYNPOBOJHUKOB METOI0M
MOJIEKYJISIPHOI TMHAMMKH.

A.B. Oounoxos

[1® PAH
ale.odinokov@gmail.com

[TocTpoenue peanucTHYHOM MOP(HOIOTHH MaTepuaia SBISETCS BaXHOW CTYNEHBIO Ha
MyTH YUCJICHHOTO OMHCaHus ero (GpyHKuuoHupoBaHus. OpraHuveckue MOTYMPOBOAHUKH Ha
OCHOBE MOJIEKYJI MAJIOW MOJICKYJISIPHON MacChl IPEJICTABIISAIOT co00# ToHkue (Topsaka 10-100
HM) TUIEHKH, TIOJTy4aeMble BAKYYMHBIM HambUIeHHEeM. [IpuMedarenbHOi 0COOEHHOCTHIO TaKUX
CTPYKTYp SIBJII€TCA 4YacTU4YHas aHM30TPONHOCTh. OHa CYIIECTBEHHBIM 00pa3oM BIMSET Ha
TPaHCIOPT HOCUTENIEH 3apsaa, a TaKKe Ha H3JIy4YeHHEe CBeTa. BocrpousBeneHHE 3THX
a¢dexToB B mpolecce UUCIACHHOTO JKCIEPUMEHTa HEBO3MOXKHO 0€3  aJeKBaTHOM
AHU30TPOITHOU MOJEIIH.

Hamu Obiia paspaboTraHa MeTOAMKAa M CO3JaHbl MPOTPaMMHBIE CpPEICTBA IO
peaiM3aliiii  AIrOpuTMa «BUPTYaJIbHOTO HAMBUICHUS», B KOTOPOM  OCYIIECTBISETCS
MOJIETIMPOBaHUE POCTa MJIEHKU BEUIECTBA B PE3YNIbTAaTe MOCTEIIEHHOTO 100aBIEHUSI B CUCTEMY
MOJIeKY/1. B OCHOBE MOAETUPOBaHUS JIEKUT METOJ MOJICKYJISPHONH IWHAMUKHA B paMKax
nonynsgpHoro nporpammHoro makera GROMACS, paboraromero moja —yrnpaBieHHEM
BHEIIHEro ckpunTa. J[oCTymeH Kak KOHEYHBIH BapHaHT IpPOTpaMMbl, TaK U OECKOHEUHBIN
«KOHBEWep», B KOTOPOM MOJIEKYJIbI JOOABISIIOTCS M YIAISIOTCS U3 CUCTEMBI C COXpPaHEHHEM
WX MOJHOTO YHCIA.

MeTo BUPTyaJIbHOTO HAMbBUICHHUS C YCIIEXOM HCIOJIb30BAJICSA AJIS MOJEIUPOBAHUS
aHM30TPONHONM MOpGOJOTHH aMOP(HBIX OpPraHWYECKHX MOJYNPOBOJHUKOB. BHeceHnue
MUHUMAaJIbHBIX W3MEHEHUU TMO3BOJISET JIETKO MOJIEIMPOBATH C €ro IMOMOIIBI0 CTPYKTYPY
OpPraHUKO-HEOPTAHWYECKUX W OPraHUKO-OpPraHWYecKuX HHTep(HEeldCcOB B HAHOPA3MEPHBIX
reTepoCTPYKTypax, a TaKkKe TeHepupoBaTb MOP(OJOTHUI0 MaTEpUaJOB, B COCTaB KOTOPBIX
BXOJIAT IPUMECHBIE MOJICKYJIBL.

Oma paboma 6vina noodepaxcana Poccuiickum 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,
in addition to the pentacene states.

organic molecules, water, semiconductor
guantum 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 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
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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(111) 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(111) 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(l11)
and the rL1 basis set for other atoms. In the studied complexes of Ln(lIl) 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 -
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,;7-17. Such a difference could be
the result of participation of the latter molecules in the lateral intermolecular interactions
between Ln(I11) 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=13.84

1=3094
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 DBMBF,, | (Q) (black) deconvoluted into the

“soft” 1, (blue) and “hard” I, (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 No 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.



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.I. 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 (C17H20N,0) was recently synthesized® 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)/XMCQDPT2? 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 S; « Sy transitions
and another one (shot-wave, 248 nm) containing possible contributions from the *side”
conformers S, « Sy transitions and the “central” conformers S; < Sy transitions.
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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)
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! 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 KRD 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'=*,
2's*, 3's*, 1M1 and 2'10) and triplet (132", 2°2*, 3°%*, 1°I1 and 2°10) 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 (Re = 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.
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Fig. 1. Differences of the experimental and calculated ground term PECs (a) and differences of
the experimental and calculated vibrational frequencies for the ®*K®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).

L A. Pashov, O. Docenko, M. Tamanis, R. Ferber, H. Kndckel, E. Tiemann. Phys. Rev. A. 2007, 76, 022511.
2'S. Rousseau, A.R. Allouche, M. Aubert-Frécon. J. Mol. Spectrosc. 2000, 203, 235.

®K. Chen, C.-L. Yang, M.-S. Wang, X.-G. Ma, W.-W. Liu. Spectrochim. Acta A. 2012, 99, 57.

* A.A. Granovsky. J. Chem. Phys. 2011, 134, 214113.
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Atomic HF and DFT calculations of exchange interaction in dilute magnetic
semiconductor Ga;.xMnyAs

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 Gag grsMng 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 ™.

61 Ga I\./InO As

0,875 125
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Fig. 1. Spin-polarized DOS of d-electrons in Gag gzsMng 15AS

The DOS of s-states of GaggrsMng15AS 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 Gag g7sMnp 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.
" Dietl T. Nature Materials, 2010, 9, 965-974.
""Nemec P. , et.al. Nature communications, 2013, 4, 1422.
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CTpyKTypa u arperanusi CynmpaMoJieKyJIsIPpHbIX KOMILIEKCOB -IIMKJI0eKCTPHH-TTHPEH-
AHAJIUT: CIIEKTPHI 3JIEKTPOHHOTO NMOTJIOIIeHUs U (MIyopecHeHIIuN, KOMIIbITEPHOe
MO/leJINpOBaHue.

B.T. ABaksan‘, B. b. Hazapos’, A. B. Oaunokos’, M. B. Andumos’, A. B. Komkuu®
“©I'BYH Lentp poroxumun PAH, *®I'BYH UncrutyT npobiaem xumudeckoil pusnkn PAH

HccrnenoBana  BO3MOXKHOCTh — HCMOJIb30BaHMs — nupeHa (Py) B KauecTBe
¢dayopecuenTHoro 30H1a (P3) B TPEXKOMIIOHEHTHBIX KOMIUIEKCAX «LHUKIIOJAEKCTPUH — MUPEH —
aHAJINT» A1 aHaauToB (A) pa3au4yHOM TMOJSIPHOCTH B BOAHBIX pacTtBopax. CHekTp
bayopecnieniiun  (CD) mnupeHa wuMeeT XOpOIIO pa3penieHHYI0 BHOPOHHYIO CTPYKTYDY.
XapaxkTepuctukoii mupena kak @3 spnsercs orHourenue li/3l, rae |1 uATeHCHMBHOCTD TMHUK 0-
0 mepexona, a |3 ”HTEHCUBHOCTH TpeTheld BUOpOHHOU JuHUU ¢ Av~800 CM'l, OTHOCSIIIIENCST K
KoJieOaTeIbHOMY Iepexoay Tuma Ag, B Ipolecce KOTOpOro pacTsbkeHue ckenera Py Bhonb
JUTMHHOM OCH COTIPOBOXKAAETCS CXKATHEM CKeJleTa BIOJb KOPOTKOM ocu. Pe3ynbraTom sBisercs
BUOPOHHAsS CBS3b MEXAY dTUMHU MEPEX0TaMu, KOTOPask MPOSBISIETCS B TOM, YTO 3alperieHHbII
o cummerpun 0-0 mepexon B CO Py Hukoraa He TymuTCs, a BenuunHa lp/3l ayBcTBUTEIBHA K
JMBJICKTPUUECKOM MPOHUIIAEMOCTH aHAJIUTA, TIOKa3aHHOM sl KOMILIEKCOB TuMa A2-Py@23CD
B [1,2]. U3yuenue cnektpoB anektporHoro noriomieHus: (CIT) BOgHBIX pacTBOPOB MUpEHA
nmokasano, 4to gobasienue PIIJ] mpuBOIUT K MOSBICHUIO HOBOM MOJIOCH], cABUHYTON Ha 400
cM™ B KpacHyI0 00J1acTh CHEKTpa M OTHOCAUICWCS K arperaram, B KOTOPBIX POJIb aKTHBHOM
dboroxumuueckoi wactumbl urpaet komimiekc Py@2BCD. Cosmectrbiii anamu3 CIT u CD
MOKa3bIBAaeT, YTO POCT TEMIIEpAaTypbl BBI3BIBAET paclaj] arperara, a BMECT€ C HHUM, IIO-
BuMoMy, 1 camoro Py@2BCD, nmockonbeky npu 50° C ero C® nmeer cXoJCTBO CO CIEKTPOM
Py B Bome. Omgnako 3TOoT mporecc oOpatum. J[pyrum BakKHBIM pPeE3yJbTaTOM SIBISETCS
yCTaHOBJICHHBIH HaMU (akT, yTo CO TPEXKOMIIOHEHTHBIX KOMIUIEKCOB Ao-Py@2BCD umerot
OJIMHAKOBBIM KOHTYp M Pa3IHYaIOTCs Ui aHAIUTOB PA3HOM MOJSPHOCTH TOJIBKO OTHOIIEHUEM
11/31, KOTOpPOE YYBCTBHUTENBHO K T00ABICHUIO A B MUKPOMOJIbHBIX KOJHUECTBAX.

Metonom wmonekynsapHod nuHamuku (MJI) paccumTaHa CTpyKTypa KOMIUIEKcCa
Py@2BCD B npucyrctBuu ~1000 MoIeKysI BOIbI M H3y4eHa CITIOCOOHOCTH K MHKAICYJISIUH B
ero MOJOCTh MOJEKya A wu3 BomHoW cpenbl. [lokazano, yuto Py B numepe BCD moxer
OpPHEHTUPOBATHCS KaK MEepIeHAUKYIIpHO ocu C7 aumepa (1), Tak ¥ 1Mo HEKOTOPBIM YIIIOM K
Heit (2), npuyeM opueHTanus 2 6onee mpeanodrurenbHa. [Tycroe mpocrpanctso B Py@23CD
3aHUMAIOT B cpepHeM oT 8 10 10 MoJekysn BOJbI, KOTOpbIE BBITECHSIOTCS HOOABICHHBIM A.
I[Ipu »TomM Py mnpuobperaer opueHtanmio 1. Pacuer komIuiekcos A Py@2pCD
MOJIY3MIIUPUYECKUM KBAaHTOBO-XMMHUYECKUM MeTogoM PMT7 neMoHCTpupyeT, B COTJacuH ¢
naHHbiMH MJI, OONBIIyIO TEPMOAMHAMHUYECKYIO BBITOJY OpUEHTAUMU 2 s CBOOOJHOTO
KoMmIutekca u Tpanchopmarmio €€ B 1 ama komruiekcoB  A-Py@2BCD. IpuunHa KpacHOTO
CHIBUTA 3JICKTPOHHOTO TIOTJIOUICHUSI arperara HMCCieJoBaHa MyTeM CPaBHUTEIBHOTO pacyera
metogoM ZINDO/S sHepruit 35eKTpOHHBIX IEPEXOJ0B MUpPEHA B Ta30BOW (a3ze W MUpPEHa,
MMIUIEMEHTUPOBAHHOTO B KjiacTep U3 14 MOJNEKyn STHICHTIHKOIS, MOJCIUPYIOUIMHA MOsIC
koMmruieMeHTapHbix H-cBsizeit numepa BCD, oOpa3zoBaHHbIX Mexay BropuuHbiMu OH-
rpynmnamu mupokoro nopraia BCD. IlokazaHo, 4TO IPUUWHON CIBHTA SBJSETCS HAMPSIKCHHE,
BO3HMKamlIlee B nosice H-ceA3ell qumepa B pe3ysnbTaTe UMIIIEMEHTALUN KECTKOW MOJIEKYIIbI
nupeHa, kotopas B Komiuiekce Ao-Py@2BCD momonHHMTENbHO caTta THAPOPOOHBIME
MOJIEKyJIaMH A.

Pa6ota Bemonnena no rpanty POOUN 13-03-00808.

Jlumepamypa.

1. B.T. AsaksH, B. b. Hazapos, A. B. Komkun, M. B. Andpumos, XB3, 2015, 49/3, 204-2009.

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 nccaenoBanne BJAMSIHASA KHCJI0POAA HA 3JIEKTPOHHbIE U MATHUTHBIE CBOMCTBA
HaHOMOopoBoa0B 3d MeTa/10B Ha moBepxHocTH Rh(553)

Kamvinuna U.A., baxcanos J[.U., Kopobosa IO.I'.
MoOCKOBCKUI TOCYAapCTBEHHBINM YHUBEpCUTET UM. JIOMOHOCOBA,
®dusnueckuit haKyabTET
kamyninaia@gmail.com
B mnocnegnue necATuieTHs HW3YYeHHE MArHUTHBIX CBONCTB HaHOpa3MEPHBIX OOBEKTOB
OTKPBIJIO TEpea HCCAeIoBaTeIsIMA HOBbIe (yHIAMEHTaNbHbIC (Gu3ndeckue sBicHus [1].
[Iporpecc B mOHMMaHWK KBAaHTOBBIX CBOMCTB MaTepHUajoB B HaAHOMAcIITabax Jajl TOTYOK IS
pPa3BUTHUSL TEXHOJOTUW CO3JaHUS HOBBIX MAaTEpPHUAIOB C YIPaBISEMbIMU 3JIEKTPOHHBIMU H
MarHUTHBIMH cBoMcTBaMu. C TOYKM 3pEHUS TNPUMEHEHHUS B Pa3IUYHBIX JIIEKTPOHHBIX
yCTpoOicTBaxX HauOoJliee MEPCIEKTHUBHBIMU BBITIISAIAT CTPYKTYPHO AHU3OTPOIHBIE OOBEKTHI,
Takue KaK OJIHOMEpHBIE
HaHonpoBoa. Ha cBolicTBa 1aHHBIX
aTOMapHBIX CTPYKTYP MOTYT
OKa3blBaTh BJIUSIHUE MHOXECTBO
pa3anyHbIX (AaKTOPOB, B YACTHOCTH,
npucyrctBue npumeceid [2, 3]. B
3TOU cBs3u mMeromoM ab initio Osw10
MIPOBEACHO HCCJIeI0BAHNE
ANEKTPOHHBIX u MarHUTHBIX
CBOMCTB MOHOAQTOMHBIX ITPOBOJIOB
3d meramios (Mn, Fe, Co, Ni) u ux
METaJUI-OKCUJIOB Ha CTYIIEHYaTON
noBepxuoctu Rh(553) (Pucynok 1)
C 1EJIbI0 BBISIBJICHUS  BIMSHUS
KHUCJI0poJa Ha CBOMCTBA

PaccMaTpuBacMbIX — HAHONPOBOLOB. — pyevyok 1, a) Hanonposox 3d meramma (Mn, Fe, Co,
VHTepec K MaHHBIM aTOMAPHBIM  Ni“  po o RR(553). 6). B), r) MeTami-oKCHHELe
00bCKTaM MOTHBMPOBAH HC/ABHCH Hanonposoa 3d meramioB (Mn-O, Fe-O, Co-O, Ni-O)

SKCHepHMeHTaHBHOHU paboroii, Ha Rh(553) ¢ konmentpanueii kucmopoaa 0.1 ML, 0.2
BIICPBBIC TIOKA3ABIUCH BOSMOKHOCTD M1 1 0 4 ML COOTBETCTBEHHO
oOpazoBaHHs OJTHOMEPHBIX

THOPUIHBIX  METAJUT-OKCHUIHBIX CTPYKTYp B TMPOLIECCE OKHUCICHHUS OWMETaNTHYeCKUX
naxorpoBooB Ni-Rh na crymensx moepxuoctu Rh(553) [4]. Tak B pe3yabrare OKHCICHHS
dopmupytorcss ogHoMmepHbie Ni-O MpoBOJa C PA3NIUYHBIM COACPNKAHUEM KHUCIOpOJa B
CTPYKTYpE HUKEJIEBOTO MPOBO/IA.

[IpoBeneHHBIE  CHUH-TIONSIPU30BAHHBIE  pacdeThl — IMOKa3ald, YTO  paccMaTphBacMbIe
MOHOATOMHBIC TpoBoja 30 MeTa/uIoB HAaXOISATCS B MAarHUTHOM COCTOSHHU CO 3HAYCHHUSIMU
JIOKaJIbHOTO MAarHUuTHOro MomeHta 3.67ug, 3.03 ug, 1.96 pg and 0.58 pg COOTBETCTBEHHO
npuxojsmmecs Ha atombl Mn, Fe, Co u Ni B mpoBoze. [Ipu uccienoBaHny MarHUTHOTO
CIICTUICHUSI aTOMOB BHYTPU TPOBOAA OBLTM PACCMOTPEHBI TPH Pa3IUYHBIC KOH(UTYpaIuu:
aHTH(eppOMarHWTHAs C  YepeJAOBaHHUEM  HampaBieHWd  cnuHOB — atromoB  (T71]),
aHTU(EPPOMArHUTHAs C AyOJETHBIM clerieHneM cnuHoB (171]]) u peppomarautHas (1111).
BaxHO OTMETHTBH, 4YTO COTJIACHO HallMM pe3yiapTaraM aromMbl Mn u Fe B mpoBoje
JEMOHCTPUPYIOT ~ YCTOWYMBOE aHTU(EpPpPOMArHUTHOE JyOJETHOE CIETJICHHE. [Tpu
paccMOTPEHHH OJHOMEPHBIX PoBo0B CO u Ni OBUIO MOJIYYEHO, YTO JaHHBIE HAHOIIPOBOIA
HaXOJSITCS B YCTOMYUBOM (PepPOMArHUTHOM COCTOSTHUH.

Jlnst  WcclieoBaHUS BIMSHUS KHCIOpPOJa HAa MAarHUTHBIE H  JJIEKTPOHHBIE CBOWCTBA
MOHOATOMHBIX MPOBOJOB 3d METaIOB OBLIM PACCMOTPEHBI OJHOMEPHBIC METaJlI-OKCHUIHBIC
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nanomnposoaa 3d meramwioB (Mn-O, Fe-O, Co-O, Ni-O) ¢ konnenrpanueii kuciaopoaa 0.1 ML,
0.2 ML u 0.4 ML (cm. Pucynok 1 6, B, T). Pe3ynbpTaTsl HOKa3bIBAIOT, YTO KMCIOPO OKa3bIBACT
CWIBHOE BIIMSIHAE Ha MAarHWTHBIE W DICKTPOHHBIC CBOWCTBAa OJHOATOMHBIX MPOBOIOB 3d
MeTaioB. COrjacHO TPOBEACHHBIM CIHH-TIONSPH30BaHHBIM pacueram, Hanomposonxa Ni-O
HaXOJAATCS B yCTOWYMBOM ITapaMarHUTHOM COCTOSIHUH, B TO BpeMsI KaKk OJJHOMEpHBIE IIPOBOJA
Mn-O u Fe-O ocratorcst B aHTH()EPPOMAarHUTHOM COCTOSIHUU. MoHoaToMHbIe TipoBoga Co-O
npu KoHneHtpauusx kuciaopoma 0.1 ML um 04 ML  coxpassior ¢eppoMarHuTHOE
ynopsiioueHue cnuaoB aromoB CO, ogHako npu koHueHTpamuu 0.2 ML Gonee sHepreTHuecKu
BBIFOJTHOW OKa3bIBAETCSl KOH(Urypauus ¢ aHTU(EPPOMArHUTHBIM AYOJETHBIM CLEIUIEHUEM
CIIMHOB aTtoMoB. B ciyuae HanompoBozoB Fe um Co HaOmomaercss CHIDKEHHE 3HAYCHHS
JIOKAJIbHOT'O MarHUTHOI'O MOMEHTA aTOMa MeTaJlla B IPOBOAE NPH YBEJINYEHUN KOHIIEHTPALUU
Kuciaopona B cucreme. Hambonee cymecTBeHHO naHHBIH 3ddekr mnposBusgercs s
HaHOIIPOBOJIOB KoOasnbTa. Jlnd ciaydas OofHOMEpHBIX MPOBOAOB MN mHpu KOHLEHTpaLUU
kuciopoaa 0.2 ML nabmioaercs majieHue 3Ha4eHUsI MarHUTHOTO MOMeHTa, Takum o06pazom, B
pe3ynabTare paboOThl MOJIYYEHO, YTO MPUCYTCTBHE KHCIOPOAA OKa3bIBAET CYIIECTBEHHOE
BJIMSIHME HA MAarHUTHBIE CBOMCTBA ITPOBOJIOB MEPEXOIHBIX METAIIJIOB.

Pabota BeimonHena npu noanepkke 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: KorobovalG@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, c) 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 Ir(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 EMML | M| AT T MAE(FM), | MAE(AFM),
concentration, | E™, lg lg meV meV

ML meV

0 -130 2.89 2.90 2.778 2.543
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0.4 -165 291 291 2.685 2.607
1.3 -14 2.81 2.79 3.126 3.548
1.6 156 2.66 2.63 1.151 4.329

Table 1. Magnetic properties of Fe wire deposited on Ir(100) surface with different H coverage.
4 —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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