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Lanthanide Phthalocyanines: Yesterday, Today, Tomorrow
Yu.G. Gorbunova

Frumkin Institute of Physical Chemistry and Electrochemistry RAS, Moscow, RUSSIA
Kurnakov Institute of General and Inorganic Chemistry RAS, Moscow, RUSSIA

Chemistry of lanthanide phthalocyanines started since 1965, when Kirin and Moskalev
reported seminal work on template reaction between rare earth acetates with melted
phthalonitrile [1]. The authors isolated surprisingly stable green and blue complexes, where
metal ions were sandwiched between two Pc ligands — M(Pc).. Later the electronic structure
and the nature of redox behaviour of such complexes were widely investigated and mono-,
double and triple-decker structure of these complexes were established (Fig.1).
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Fig.1.

Today, complexes of lanthanides with phthalocyanines (mono- and sandwich
structures) attract great attention of researchers as basis of SMM, organic-field transistors,
redox- and photoactive materials, sensors etc [2-4]. Recently our group have found new
interesting properties of this class of compounds using supramolecular approach [5,6],
developing the hybrid materials [7] as well as NMR temperature sensing probes [8].

The future aspects of this intriguing chemistry will be also discussed in the talk.

(D) Kirin, I. S.; Moskalev, P. N.; Makashev, Y. A. Russ. J. Inorg. Chem. 1965, 10, 369-372.

(2) Katoh, K.; Kagesawa, K.; Yamashita, M. Magnets. In Materials and Energy; 2018; pp 271-344.
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A.; Gorbunova, Y. G.; Kalinina, M. A. Inorg. Chem. 2021, 60 (20), 15509-15518.
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HCKOTOpre ACIICKTbI KOOleHHaHHOHHOﬁ XUMHH HOHOB JIAHTAHOUI0B
C MOJIMOKCOMETANIAaTAMHU

V.S. Korenev, M.N. Sokolov

Nikolaev Institute of Inorganic Chemistry SB RAN, Novosibirsk, RUSSIA

Polyoxometalates (POMs) are a class of inorganic metal oxo complexes in their high oxidation
states (mainly Mo, W, V, Nb and Ta). POMs can be versatile inorganic building blocks for the
construction of molecule-based materials. In particular, they bind lanthanide (Ln) cations,
resulting in a family of lanthanide substituted polyoxometalates (LSPs) that exhibit interesting
luminescence and magnetic properties. Considerable attention has been focused on exploring
the reaction of Ln cations with lacunary polyoxoanions because (1) Ln®*" cations have strong
affinity for the basic oxygen atoms at the defect sites in lacunary; (2) owing to their multiple
coordination requirements and stronger oxophilicity, Ln®* cations can link different lacunary
polyoxoanions together leading to oligomers or larger aggregates with unexpected structures
and properties [1].

This report is focused on an overview of our ongoing study devoted to the synthesis of new
POM-based Ln*" complexes. Two case studies will be presented: coordination of Ln3* to the
lacunary PW1103¢'" as quasitetradentate ligands and interactions of Ln®* (such as Gd®*") with
large spherically-shaped polymolybdates (keplerates). Some representative examples of the
ligands and the complexes obtained are shown in the Fig. 1.

Fig. 1. Top: view of [{(PW11039)Gd(H20)2}2]*".
Bottom: View of [Gds{MosO21(H20)6}22 {M0204} 50(SO4)s4] """,

[1] J. Niu, K. Wang, H. Chen, J. Zhao, P. Ma, J. Wang, M. Li, Y. Bai, D. Dang. Crystal Growth & Design,
2009, 9, 4362-4372.
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Peculiarities of lanthanide chelates in colloidal state
R.R. Zairov®?, A.P. Dovzhenko®, S.N. Podychev?, A.R. Mustafina®

2 A.E. Arbuzov Institute of Organic and Physical Chemistry KSC RAS, Kazan, RUSSIA
bKazan (Volga region) Federal University, Kazan, RUSSIA

Great efforts nowadays have been made to develop non-invasive thermometric methods that
use all types of physical signals (optical, electric, magnetic, etc.) in the construction of
nanothermometers. In our work, we have fabricated a new nanomaterial (Fig. 1), synthesized
by solvent-induced nanoprecipitation [1-4]. The application for the use of thermal sensing in
physiological range is discussed as well as insight into colloidal state of lanthanide complexes
and their perspectives in chemistry, biology and interdisciplinary directions.
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Fig. 1. (a) Structure of Th2(TCAnN)2 complex. (b) Schematic illustration of the PSS-[Tb2(TCAnN)2]
nanoparticle. (c,d) TEM images of PSS-[TbL-CD] nanoparticles in a dry state. (e) TbL-CD titration in
DMF. (inset) Color coordinates of PSS-[Th2(TCAnN)2] and CDs. (f) I/10 (545 nm) during six “heating-
cooling” cycles within the range of 30-50 °C.

[1]. S.N. Podyachev,R.R. Zairov, A.R. Mustafina. Molecules 2021, 26(5), 1214.
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10, Art.num. 20541 (2020).
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C.—2019. Vol. 105 — art. num. 110057.
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Coordination polymers based on rhenium cluster complexes
and rare earth metal cations

Y.M. Gayfulin, Y.M. Litvinova, K.A. Brylev, Y.V. Mironov

Nikolaev Institute of Inorganic Chemistry SB RAS, Novosibirsk, RUSSIA

Coordination polymers are a large class of compounds displaying structures formed by
metal centers connected to each other by organic or inorganic bridging ligands. The study of
the structure and properties of coordination polymers is a significant part of modern inorganic
chemistry due to the diversity of their structures and a number of functional physicochemical
properties, which are determined by the properties of individual building blocks. Currently,
there is a growing interest in the use of voluminous metal centers as a basis for obtaining
polymers with complex framework topologies or specific properties. In this work, study of
chalcocyanide tetrahedral and octahedral rhenium cluster complexes as a basis for obtaining
coordination polymers and metal-organic frameworks with rare-earth cations is presented. In
these clusters, rhenium atoms are linked by covalent bonds forming the polyhedron with
corresponding geometry. The faces of the polyhedron are coordinated by “inner” chalcogenide
ligands, while the apical ligands are represented by cyanide anions (Fig. 1). The rigid bulk
cluster core, high chemical stability and ambident nature of cyanide ligands make such clusters
convenient anionic building blocks that are structural analogues of mononuclear
cyanometalates. In addition, cluster complexes exhibit functional properties such as
luminescence and redox activity, which is of interest for the preparation of functional
coordination polymers.

a)
Fig. 1. Structure of cluster anions [ResQ4(CN)12]* (a) and [ResQs(CN)s]* "% (b).

Over the past few years, the authors have been studying coordination polymers formed
by chalcocyanide clusters with different core geometries and complexes of rare earth metal
cations with various organic ligands. The study of complexation between these structural
fragments showed that the preferred dimensionality of the resulting polymers is determined by
the geometry of the cluster anion. Thus, tetranuclear clusters with the general formula
[Re4Q4(CN)12]* form mainly low-dimensional structures with chain, oligomeric or ionic
structures [1, 2]. At the same time, cluster anions [ResQs(CN)s]*”>~ most often form
compounds with three-dimensional framework structures, and many of them demonstrate high
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chemical and thermal stability. This made it possible to obtain the first permanently porous
framework polymers based on cluster complexes and to study their sorption properties [3]. It
was also shown that the type of cluster anion used determines the physicochemical properties
of the resulting polymer compounds. In particular, the luminescence properties of all
compounds are determined by the optical properties of cluster anions, while the luminescence
of rare earth metal cations is not displayed [4]. This shows that cluster fragments as components
of coordination polymers not only play a structure-forming role, but also largely determine
their physicochemical properties.

[1] Y.M. Litvinova, Y.M. Gayfulin, D.G. Samsonenko, D.A. Piryazev, Y.V. Mironov, J. Cluster Sci., 2019, 30,
1195-1204.

[2] Y.M. Litvinova, Y.M. Gayfulin, D.G. Samsonenko, A.S. Bogomyakov, W.H. Shon, S.-J. Kim, J.-S. Rhyee,
Y.V. Mironov, Polyhedron, 2016, 115, 174-179.

[3] Y.M. Litvinova, Y.M. Gayfulin, K.A. Kovalenko, D.G. Samsonenko, J. van Leusen, 1.V. Korolkov, V.P.
Fedin, Y.V. Mironov, Inorg. Chem., 2018, 57, 2072-2084.

[4] Y.M. Litvinova, Y.M. Gayfulin, K.A. Brylev, D.A. Piryazev, J. van Leusen, P. Kogerler, Y.V. Mironov,
CrystEngComm, 2020, 22, 7935-7943.

Acknowledgements — Authors thank RSF (project 19-73-20196) and Ministry of Education and Science of
Russian Federation for financial support.
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d/f-Polypnictides derived by non-classical Ln(Il) compounds

N. Reinfandt?, C. Schoo?, R. Yadav?, S. Reichl®, S.N. Konchenko®, M. Scheer®, P.W. Roesky?

8 nstitut fiir Anorganische Chemie, Karlsruher Institut fiir Technologie, Karlsruhe, GERMANY
bInstitut fiir Anorganische Chemie. Universitit Regensburg, Regensburg, GERMANY
°Nikolaev Institute of Inorganic Chemistry SB RAN, Novosibirsk, RUSSIA

The history molecular of f-element polypnictide complexes begins from two complexes
described by W.J. Evans et al. [1, 2]. Almost 20 years later we have continued it with the first
Ln polyphosphide [(Cp*2Sm)a4Pg] [2], followed by its heavy analogues [(Cp*2Sm)sAsg] and
[(Cp*2Sm)sAsg] as well as a series of mixed-Sm/d-metal polypnictides [e.g. 3-6]. All the
compounds were obtained using a reductive approach by reacting appropriate pnictogen
containing substrate with the corresponding divalent samarium species. The chemistry and the
structure diversity of the compounds, but the limitation to only one 4f-element reduced a
brilliance of the chemical story step by step.

An availability of molecular Ln(I1) compounds of almost all lanthanides makes this chemistry
very interesting again. Herewith we report new d/f-polypnictides — [K(18-crown-
6)][Cp"2Ln(Es)FeCp*] (Ln = La, Ce, Nd; E = P, As) — prepared using a known 3-electron-
([K(18-crown-6)(thf)2][(Cp"2La)2(u-n®m°-CsHe)], A) [7] as well as two new 4-electron-
([K(18-crown-6)][(Cp"2L.n)2(u-n®:nB-CsHe)], Ln = Ce (B), Nd (C) as non-classical reducing
agents of the early lanthanides towards [Cp*Fe(n®-Es)].

It was found also that these new d/f-polypnictides react with P4 resulting in a selective
expansion of {Ps}* unit to P7*: [K(18-crown-6)][Cp"2Ln(P7)FeCp*] (Ln = La, Nd) [2].

| . S

i A/B/C 05P
e / / Fe a,

£ ‘e E=P,As E=P
\E/
O SiMe;
[K(18-crown-6)]@
Ln = La, Ce, Nd Ln = La, Nd

Fig.1. Synthesis of the new d/f-polypnictides and their subsequent reaction with white phosphorus.
Acknowledgements — Authors thank RFBR and Ministry of Education and Science of RF for financial support.

[1] W.J. Evans, S.L. Gonzales, J.W. Ziller, J. Am. Chem. Soc., 1991, 113, 9880.

[2] W.J. Evans, S.L. Gonzales, J.W. Ziller, Chem. Commun., 1992, 1138.

[3] T. Li, M.T. Gamer, M. Scheer, S.N. Konchenko, P.W. Roesky, Chem. Comm., 2013, 49, 2183.

[4] C. Schoo, S. Bestgen, R. Koppe, S.N. Konchenko, P.W. Roesky, Chem. Comm., 2018, 54, 4770.

[5] C. Schoo, S. Bestgen, A. Egeberg, S.V. Klementyeva, C. Feldmann, S.N. Konchenko, P.W. Roesky, Angew.
Chem. Int. Ed., 2018, 57, 5912-5916.

[6] N. Reinfandt, C. Schoo, L. Diitsch, R. Koppe, S.N. Konchenko, M. Scheer, P.W. Roesky, Chem. Eur. J.,
2021, 27, 3974.

[7] N. Reinfandt, N. Michenfelder, C. Schoo, R. Yadav, S. Reichl, S. N. Konchenko, A. N. Unterreiner, M.
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Layered rare earth chalcogenides
N.G. Naumov®®, T.A. Pomelova?, M.S. Tarasenko?, N.V. Kuratieva?, S.J. Park?

®Nikolaev Institute of Inorganic Chemistry SB RAN, Novosibirsk, RUSSIA
Novosibirsk State University, Novosibirsk, RUSSIA

The rare earth chalcogenides are the large and intriguing class of inorganic compounds
demonstrating promising physical properties: magnetic, charge density waves, thermoelectric,
luminescent and non-linear, etc.

This report overviews our recent results and achievements in the synthesis and study of the
structure and physicochemical properties of layered rare earth chalcogenides The details of the
synthesis, structure, and possibilities of the synthesis of nanoparticles of such materials are
widely discussed [1- 5]

g S

a) b) c)

Fig. 1. Crystal structures of layered compounds KLnS; (a), KLn,CuSs (b) and Cs;L.n3CuSs (c)

The synthesis and properties of chalco-orthosilicates Ln2SiO4Q, Q=S, Se, Te and oxoselenides
Ln2O2Se are also reported.

[1] M. S. Tarasenko, A. S. Kiryakov, A. Ryadun, N. V. Kuratieva, P. E. Plyusnin and N. G. Naumov, Mater.
Today Commun, 2019, 21, 100665.

[2] T. A. Pomelova, T. Y. Podlipskaya, N. V. Kuratieva, A. G. Cherkov, N. A. Nebogatikova, M. R. Ryzhikov,
A. Huguenot, R. Gautier and N. G. Naumov, Inorg. Chem., 2018, 57, 13594-13605.

[3] T. A. Pomelova, V. K. Muraveva, T. Y. Podlipskaya, S. E. Khandarkhaeva, N. A. Nebogatikova, I. V. Yushina,
E. Y. Gatapova, S. Cordier and N. G. Naumov, Mater. Sci. Eng. B, 2018, 228, 261-266.

[4] A. S. Kiryakov, D. A. Piryazev, M. S. Tarasenko and N. G. Naumov, J. Struct. Chem. (Engl. Trans.), 2018,
59, 635-640.

[5]1 T. A. Pomelova, S. E. Khandarkhaeva, T. Y. Podlipskaya and N. G. Naumov, Colloids Surf. A, 2016, 504,
298-304.

Acknowledgements — Authors thank RFBR (projects 20-53-00036) and Ministry of Education and Science of
Russian Federation for financial support.
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O cunTe3e OucuMuHoaneHadTeHoBbIX mpou3BoaHbIx TM(I1) u Dy (11)
B.A. Jlononos, M.H. 3emntokoBa, B.M. Makapos, 1.JI. ®entomkun

Hncmumym memannopeanuuecxkou xumuu um. I'.A. Pazysaesa PAH
603137 Huoicnuti Hoeeopoo, ya. Tponununa, 49

Cpeau HOBBIX BaXKHBIX HaIlPaBJICHUN HCCIEIOBAHUN JIAHTAHOMJIOB — IIOMCKOBBIE
paloThI 1O MPOU3BOJHBIM «HEKIACCUYECKUX» ABYXBAJEHTHBIX JlaHTaHOUA0B Dy, Tm u Nd.
Ora TeMa B HACTOsIEE BpPEMsl IIPUBJIEKAET 3HAYUTEIbHOE BHUMaHUE HccienoBaTenei.[1-3]
bnaronaps BBICOKOMY 3HAU€HHMIO BOCCTAHOBHUTEJIBHOIO IOTEHIMAJa TaKUE COEJUHEHUs
Ype3BbIUAIHO aKTHBHBI M HE CTAOWJIBHBI, YTO, OAHAKO, MOXXET OBITb HCIIOJIB30BAaHO IS
aKTHBALlUM OPTaHUYECKUX CyOCTapaToOB M MaJbIX MOJIEKYJI.

B Hacrosimeit pabore cooOriaercs o nomnbiTkax cuHrte3a [(dpp-bian)Tm(DME).] u
[(dpp-bian)Dy(DME).] — ananoros [(dpp-bian)Yb(DME)2] — 1 u3y4eHun ux peakiMOHHON
CIIOCOOHOCTH B OTHOIICHHH T'€TEPOMCHOB U IETEPOKYMYJICHOB.
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[1] M. N. Bochkarev, Coord. Chem. Rev. 2004, 248, 835-851

[2] M. E. Fieser, M. R. MacDonald, B. T. Krull, J. E. Bates, J. W. Ziller, F. Furche, W. J. Evans, J. Am.
Chem. Soc. 2015, 137, 369-382

[3] F. Nief, Dalton Trans. 2010, 39, 6589-6598.

BaarogapuocTu: Pabota BeIToTHeHA TIpU (PHHAHCOBOI mmoaepkke rpanta PH® 21-73-20153.

e-mail: dodonov@iomc.ras.ru
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Lanthanide complexes of sterically-hindered acenaphthene-1,2-diimines
I.L. Fedushkin

G.A. Razuvaev Institute of Organometallic Chemistry of RAS, Nizhny Novgorod, RUSSIA

Complexes of the rare earth elements — ytterbium, samarium, europium, lanthanum and thulium
— stabilized by sterically hindered Ar-bian family ligands (dpp-bian or Ar®'®-bian) have been
prepared and characterized. The titled compounds revealed reactivity which is associated with
the metal center as well as with the redox-active diimine ligand. Ytterbium complexes reveal
two types of thermally induced redox-isomerism depending on the ligand. The bulkiness of the
Ar-bian ligand leads to the formation of low-coordinate and solvent-free metal complexes.
High electron capacity of ligands allowed formation of their polyanions that form stable
sandwich-like complexes with the lanthanides.

e-mail: igorfed@iomc.ras.ru
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Phosphonium-bridged ansa-metallocenes of rare-earth metals

Jasmin J. M. Quentin®, Konstantin A. Rufanov,*® and Jérg Sundermeyer?

#Fachbereich Chemie der Philipps-Universitit Marburg, Hans-Meerwein-Strasse, 35032
Marburg, Germany
b Institute of Living Systems, |. Kant Baltic Federal University, University str., 2, Kaliningrad,
236040, Russian Federation

Group 4 ansa-metallocenes, in particular ansa-zirconocenes, (A, B) became one of the
most important classes of d-electron poor transition metal catalysts for olefin polymerisation.™
Ansa units, interannular bridging groups prevent free rotation of the cyclopentadienyl rings thus
fixing their molecular configuration in a constrained manner, thus increasing both the Lewis
acidity of the active metal center and as a result the turnover of a catalytic polymerisation.
Although metallocenes of the group 4 metals have been dominated, the advantages of rare-earth
ansa-metallocenes in catalysis have been already demonstrated. Since the early work of
Yasuda,?! who published a series of mono- (C) and bis-MeSi-bridged ansa-metallocenes (D)
with high activities in the linear polymerization of PE and block copolymerization of polar and
nonpolar monomers, ansa-metallocenes of rare-earth metals have been successfully applied in
the catalysis of various polymerization and copolymerization reactions.

Ph iMe
U
e S } =
Si ZrCl . X Y, \ Me,Si \ /1., Y
- /I : Me,Si Me M/e:ZrClz /Sl /LnX M: Si\ \LnX /P /ZrClZ
“ @’ ’ 2 /’ ’
e A K SN
R SiMey R"
Ph SiMe;

A B C D E
Heteratom-bridged metallocenes can play an R RO
important role in the development of novel A 7
catalysts. First attempts to fully establish R )/ﬂ R ﬂ R

/ ’, RN

L R
phosphonium bridges ansa-zirconocenes of P /‘Ln“\ -~ > R-Si M
the type E were reported by Parkinfl. Isolobal Q A\ Q AN
relationship between well established R»Si- \\

bridged ansa-metallocenes of group 4 metals RY
and R2P-bridged ansa-metallocenes of rare-  Ln=Sc, Y, La-Lu M =Ti, Zr, Hf
earth, i.e. group 3 metals and lanthanides, assumes similarity in both steric and electronic
properties for both compound classes and therefore may result in highly variable catalytic
properties.

Synthesis of salt-free ligands [Me2P(CsMes)CsMesH] 1-H and [Me2P(CoHs)CoH7] 2-H has
been achieved by dehydroiodation of corresponding phosphonium salts. Their metallation by
different organometallic agents as well as molecular structure and reactivity of the resulted

ansa-metallocenes will be reported.

[1] W. Kaminsky, K. Kiilper, H.-H. Brintzinger, F. R. W. P. Wild, Angew. Chem., 1985, 97, 507; Angew. Chem.
Int. Ed. Engl. 1985, 24, 507.

[2] H. Yasuda, H. Yamamoto, K. Yokota, S. Miyake, A. Nakamura, J. Am. Chem. Soc. 1992, 114, 4908.

[3] J. H. Shin, B. M. Bridgewater, G. Parkin, Organometallics 2000, 19, 5155

Acknowledgements — This research was supported from the Russian Federal Academic Leadership Program
Priority 2030 at the Immanuel Kant Baltic Federal University.
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Oligomerization and reductive properties of Sm(ll) iodo-g-diketiminate
complexes

N.A. Pushkarevsky, O.A. Mironova, T.S. Sukhikh, S.N. Konchenko

Nikolaev Institute of Inorganic Chemistry SB RAS, Novosibirsk, RUSSIA

Molecular halogenide complexes of lanthanides (Ln) are widely used as starting compounds.
Knowing their exact composition and structure is important for the control of reaction
stoichiometry, as well as for understanding the reactivity. The type of donor solvent molecules
used in the synthesis heavily influence the molecular structures of Ln halogenides. Excess of
small molecular donors, such as tetrahydrofurane (thf) or CH3CN often leads to mononuclear
complexes, while in a non-coordinating medium, or as a result of donor solvent loss during
storage, di- or polynuclear species can form.

.Sm
@:
@
on
@c

We have been investigating Ln iodide complexes with a p-diketiminate ligand
{HC(C(Me)N(dipp))2}~ (Nacnac™; Dipp = 2,6-CsH4'Pr2) [1,2]. The series [Ln(Nacnac)l.(thf).]
with Ln%* cations (for Nd, Sm, Gd, Tb, Dy) resist full desolvation upon elevated temperatures.
A partially desolvated complex could be obtained only for Nd, [Nd(Nacnac)l2(thf)], which is
still mononuclear. The Sm?* complex [Sm(Nacnac)l(thf)] [3] can be fully desolvated with the
stepwise formation of di-, tri- and tetranuclear complexes (2—4 on the figure), which are
composed of {Sm(Nacnac)l} fragments and feature different thf content. The fully desolvated
4 can bind two thf molecules and transform into structurally very similar 4-2thf (4*), which is
an exact dimer of 2. The complexes behave as multielectron reductants. The complex 4 is
oxidized by iodine to the mixture of a donor-free Sm®* complex [{Sm(Nacnac)l.}.] and a
unique heterovalent Sm?*3* complex [{Sm(Nacnac)I}4(us-1)], stoichiometrically with respect
to the 12/4 ratio. The complex 3 is oxidized by "BusPTe which leads to the product
[{Sm(Nacnac)1}3(u2-Te2)(thf)] which contains a ditelluride fragment. Structural features and
reaction routes will be discussed.

[1] O. A. Mironova, T. S. Sukhikh, S. N. Konchenko, N. A. Pushkarevsky, Polyhedron, 2019, 159, 337-344.
[2] O. A. Mironova, A. A. Ryadun, T. S. Sukhikh, S. N. Konchenko, N. A. Pushkarevsky, New J. Chem., 2020,
44, 19769-19779.

[3] O. A. Mironova, T. S. Sukhikh, S. N. Konchenko, N. A. Pushkarevsky, Russ. J. Coord. Chem., 2020, 46(4),
241-250.
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CuHTEe3 M KaTaJMTHYIEeCKHEe CBOMCTBA HEePUIICOAePKAIMUX KOMITO3UIIM I

E.1O. JIu6epman, B.H. I'pynckuii, E.A. Cumakuna, T.B. KonbkoBa

Poccutickuti xumuxo-mexnonocuyeckuil ynugepcumem um. /{.1M. Menoeneesa

Lepuiiconepxaiye KOMIIO3UIMM HalUIM IIMPOKOE IPUMEHEHHE B  CaMbIX
pa3HOOOpa3HBIX 00JACTAX HAYKM M TEXHHUKH: IOJIMPYIOLIME MaTepHalbl, TBEPIOTEIIbHBIC
UIEKTPOJIMUTHI, IPOTHUBOKOPPO3UOHHBIE W  ONTHYECKUE IOKPHITHS, OHOMETUIIMHCKHE
npemnapatsl ¥ 1p. OnHaKo HAUOONBIINI UHTEPEC BBI3BIBACT IPUMEHEHUE JAHHBIX MaTepPHAaJIOB
IUIS MCIIOJIb30BAaHUS B KAayecTBE KaTaJlM3aTOPOB M MX HOCUTENEH B TakuxX Ipoleccax, Kak
OYHMCTKA MPOMBIIIJICHHBIX Ta30BBIX U aBTOMOOMIIBHBIX BBIOPOCOB, JOXKHI CaXKH, JECTPYKLIUS
OpraHWYECKUX COCAMHEHUH, MoydeHue cuHres3-raza, PROX, yto Bo MHOTOM 00YyCIIOBIEHO
HamMaueM penokc-epexona Ce*® « Ce*. VYBelIMYeHHIO KaTaIWTHYECKOM AKTHBHOCTH
LepuiicoepKalux MaTepHalioB CIIOCOOCTBYET MPOBEJEHHE H30- M TI'eTepPOBaJIEHTHOIO
JIONHMPOBaHMs JUOKCcUAa 1epus uoHamu O- u f-amemeHTamMu, B pe3yibTaTte KOTOPOTO
IIPOUCXOIUT OOpa3oBaHHE TBEPAbIX PACTBOPOB HA OCHOBE KPUCTALIMUYECKOW peIIeTKU
mokcuaa 1epusi. CBOHCTBa 0Opa3yIOMIMXCS COCJMHEHWH BO MHOTOM OIPENENSIOTCS
XMUMHUYECKOH MPUPOJON BHIOPAaHHOTO MOHA-AoNaHTa. Tak, npu MOAU(DUIMPOBAHUM MOHAMU
Zr** IpoMcXOAUT yBEIMUYEHHE TEPMOCTORKOCTH AMOKCH/IA IIEPHUs, UTO TO3BONSET YIIydIIHTh
€ro 3KCIUTyaTalluOHHbIE CBOMCTBA.

CuHTe3 TBepIBIX PACTBOPOB MPOBOAMIM IMyTeM coocaxiaeHus uoHos Ce™ u Zr*t
T'MJIPOKCUIOM aMMOHUS C TIOCIIEAYIOLUM NpoKanuBaHueM rpu remueparype 500°C. Meroom
PEHTT€HOBCKOM Iudpakiuy MOKa3aHO, YTO IpU colepkaHuu ZI, He npeBblaromumM 20
MOJ1.%, MPOUCXOIUT (HOPMUPOBAHHE TBEPAOIO pacTBOpAa Ha OCHOBE KPUCTAUIMUYECKON
pemieTku auokcuaa uepus. Ilpu Oojee BBHICOKOM COJCPKAHUW HUPKOHUS TPOHCXOIHT
obpa3zoBanue OudazHOl cucTeMbl: (IIOOPUTONOAOOHOTO TBEPJOrO PacTBOpa M AMOKCHAA
mupkoHus. OOpa3oBaHWE TBEpPABIX PACTBOPOB, COTJIACHO pe3yJbTaTaM IPOBEICHHBIX
JiepuBaTorpaMuecKux HCCIeIOBaHUM, NPOTEKaeT YK€ Ha CTaJud OCAaXJEHUs, HO
OKOHYATeNbHOE  (OpPMUpOBAHME MPOUCXOAUT TONBKO HA CTAJUH  TPOKATUBAHMSL.
Cy1iecTBeHHBIM HEJJOCTATKOM JJAHHOT'O METO/Ia, SIBJIIETCSl 00pa30BaHUE TPYIHOPUIBTPYEMBIX
renenogo0HbIX ocaakoB. [IpoBeneHHBIE HCCIEOBaHHME BIHSHHS MapaMETPOB CHHTE3a Ha
TaKHe XapaKTePUCTUKH, KaK Kod(duimeHT Gpuibtpanuu cycrensuun ruapoxcuaon uepus (111)
¥ [UPKOHWIA W YACIBHYIO IIOBEPXHOCTHh TBEPIOTo pactBopa Zrp2CeogO2 , mokaszamu, 4To
ONTUMAJIbHBIMU YCIIOBUSIMH ITPOBEACHUS CUHTE3a ABISIIOTCA Temreparypa cuaresa 40-60°C u
pH 10,5-11 equnui. B nanHOM citydae mpoucxoauT GopMUpOBaHUE MaTepraia ¢ BETUYHMHON
yiaenbHOH moBepxHoctn 78 M%r. JloGaBneHme B cycmeHsumio 3 06.% pacTBopa
BOJIOPACTBOPUMOTO noumepa noynuakprmiamuaa (ITAA), umeromero konienTpaiuio 1 mac.%,
MO3BOJISIET HE TOJBKO YIYUHINTh (DUIBTPALIMOHHBIE XapaKTEPUCTHKH, HO M YBEJIUYHUTH
YAENbHYI0 MOBEpPXHOCTH 10 150 M%r. OpHako HPH 3TOM HPOUCXOAUT yXy/AUICHHE
KaTaJIUTUYECKOM aKTUBHOCTH B peakuuu okucieHus CO, 4yTo, MO-BUAMMOMY, CBS3aHO C
3P PEKTOM «3ayTIIepOKUBAaHUS MTOBEPXHOCTH, KOTOpAsi MPUBOIUT K OJIOKMPOBKE aKTHBHBIX
LIEHTPOB.

®dmoopuTOnoI00HAs CTPYKTYpa COXpaHSIETCS U MPH JalbHEHIIeM MOAn(UIINPOBaHUH
nonamu Me*3, roe Me = Pr — Lu, B xonuuectBe 10 Mon.%. OTMeueHO HalMuKe KOPPEIsIHi
MEXy apaMeTpOM PEIIETKH W MOHHBIM PAIyCOM JIOTIAHTA: C YBEIWYCHHUEM ITOPSTIKOBOTO
HOMEpa JlomaHTa HaOdIofaeTcss yMEHbIIEHHe MapaMerpa pemeTkd. CHHTe3MpOBaHHBIE
CHCTEMBI ~ O0JIQJal0T  BBICOKOW  JTUCTIEPCHOCTHIO. JlommpoBaHWE  penKo3eMelbHBIMU
9JIEMEHTaMHU COIPOBOXKJIACTCS PA3BUTHEM IOPUCTON CTPYKTYpPBI: ylelbHas MOBEPXHOCTb
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CHHTE3MPOBAHHBIX KATAJIN3aTOPOB yBeNHUMBaeTcs 10 81-85 M2/T, cyMMapHBIiH 00BEM IMOP
Bo3pacraer 710 0,102-0,109 cM3/r. AKTHBHOCTb TBEp/BIX PACTBOPOB B peakiiuy okucienus CO
(ycnoBus mpoBeJeHUs KaTaJIUTHUYECKUX M3MepeHuil: cocTaB razoBoit cmecu: CO — 3,6 00.%,
02 — 8,0 06.%, N, — Gamanc, 06beM Karamusatopa 1 cM®, oObeMHas ckopocTh 3600 u™)
3aBUCUT OT TMPUPOJABI HMOHA-JIONAHTA: HauWOoJiee AaKTUBHBIM SIBJISETCS KaTalu3aTop
Pro.1Zr018Ce0,7202-5: Ts00 205°C, Tooos - 290°C, HauMeHee - Luo 12710 18Ce07202-5: Ts00 - 345°C,
Toow - 386°C. Tak, cpenuuii pa3mep 4acTull COCTaBAeT nopsaka 8 HM. CoracHo pe3yabTraram
cnekrpockonun KP, oOpazenr Pro1Zro18Ceo72025 umeer Hanbosnee AePEeKTHYIO CTPYKTYypYy.
HccnenoBanus npunoBepXHOCTHOTO €051, TpoBeAeHHbIe MeToAoM PDOC, nokazanu HaIu4ue
cerperanuy HOHOB Pr* Ha MOBepXHOCTH KaTaanu3aTopa.

[lepcrieKTUBHBIM  SIBISIETCS IIpOBEJEHHE pomupoBanHus uoHamu Bi** n  Gd®*.
[IpoBeneHHBIC HCCICNOBAHUS BIWSHUS NPUPOABI  PEIKO3EMEIBLHOTO  JOMaHTa Ha
KaTaJIMTHYECKHUE CBONCTBA CHHTE3UPOBAaHHBIX MaTepraaoB Mo sBio05Zr0,18Ce€0,7202-5, rie M —
Nd, Sm, Gd, moka3anu, 4yro Haubojee akTUBHBIM B peakuuu okucieHuss CO (ycnoBus
MPOBEACHUS KaTAIMTUYECKUX M3MEpeHuid: coctaB razoBor cmecu: CO — 1,0 06.%, Oz — 8,0
06.%, N2 — Gamanc, macca karammaropa 0,3 T, o6beMHas ckopocTh 3600 u™l) sBusercs
obpasen;, gonmpoBaHHBI wmoHamu GO°*, mus koToporo Temmeparypa 50%-KOHBepCHH
cocrasisteT 150°C. Tak, ananu3 aktuBHoCcTH Gdo 1Zr0.18C€07202-5 1 Gdo,05Bi0,05Zr0,18C€0,7202-5
MOKa3ajl 3HAaYUTEIbHOE YBETUUCHNE aKTUBHOCTH TP BBEICHUU MOHOB BUCMYTA. [loBbINIEHUE
KAaTaJTUTHYEeCKOH aKTUBHOCTH BBI3BAHO TEM, UTO, BO-TEPBBIX, MOIU(MUIINPOBAHNE
Zr0,2Ce0,802 nonom Gd**, umeromiero 6onee HU3KHIA 3apsiJl, MIPUBOAUT K BOSHUKHOBEHHIO
AaHMOHHBIX BaKaHCHil 1 06pazoBaHmio noHa Ce*, 4To crocoOGCTBYET POCTy KaTaluTHYECKOi
AKTUBHOCTH BCJIC/ICTBHE TIOBBIIIEHNS MOOUIBHOCTH KHUCIOPOAa B KPUCTAIUTMYECKOHN peIIeTKe
u penokc-pespamienusim  Ce®*/Ce**. Bo-ropeix, mon Gd** ycunmBaer wuckaxkeHus
KpucTauTMaecko pemetrku Zro2CepgO2, T.K. 00JamaeT 3HAYUTEIBHO OOJBIITUM HOHHBIM
paamycoM 1o cpaBHenmto ¢ moHamu Ce*" m Zr**. BeposTHo, uTO B Cllydae COBMECTHOTO
nonupoBanust voHamu Bi** u Gd®* mpomcxomur ¢opmupoBaHue Hamboiee nedEeKTHOMN
CTPYKTYpBI, CHOCOOCTBYIOIIEH ITOBBIMICHUIO AKTUBHOCTH. JlJIT YETHIPEXKOMITOHEHTHBIX
cucteM Mo,05Bi005Zr0,18Ce07202-5, tie M — Nd, Sm, Gd nabmromaeTcss pOTHBOIOIOKHAS
TEHJCHIMS: AaKTHBHOCTh YMEHBIIACTCS C YBEIMYCHHEM WOHHOTO pajauyca JIOmaHTa.
BepositHolf mpuynHON 9TOro  siBisercs (GOPMUPOBAHHUE CTPYKTYPBI, CHIDKAOILIEH
MOOHMITEHOCTH KHCIIOPO/Ia BCIICICTBUE TIPOCTPAHCTBEHHBIX OTPAaHHYCHUH.

Takum  o0pa3oMm, TMPOBEACHHBIE HCCIEAOBAHMS  TOKAa3aJld  IEPCIEKTUBHOCTH
WCIOJIb30BaHUST MHOTOKOMITOHCHTHBIX KOMIIO3HUIIMI Ha OCHOBE KPUCTALUTUYECKOW PENICTKU
JTMOKCH/Ia TIEpUs JUIS UX UCTIONB30BaHMSI B KauecTBe KaTanu3aTopoB okucienus CO.

e-mail: el-liberman@muctr.ru
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Techno-economic feasibility of producing hydrogen by electrolysis using
rare-earth metals

S.A. Sosnovskiy

Tomsk State University, Tomsk, RUSSIA

As an alternative fuel, hydrogen has been regarded as one of the promising clean energies with
the advantage of abundance (generated through water splitting) and pollution-free emission if
used in fuel cell systems. However, some key problems such as finding efficient ways to
produce and store hydrogen have been hindering the realization of the hydrogen economy. Here
from the scientific perspective, variousmaterials including the nanostructures and the bulk
hydridescontaining, rare earth metals, have been examined in terms of their crystal and
electronic structures, energetics, and different properties forhydrogen generation or hydrogen
storage applications.

Among the techniques required to realize the hydrogen economy, hydrogen storage isone major
challenging barrier to introduce hydrogen in the transportation area. One of the key parameter
is the hydrogen storage capacity. Water electrolysis are seen as potential technologies to
achieve GHG emission reductions and limit the global warming to 1.5 °C above pre-industrial
levels. Moreover, are also seen as a solution to balance electricity grid in the case of higher
share renewable energy production which would increase the intermittent energy production.
One technology cannot solve all problems but hydrogen has already versatile end-use
applications and potential to make significant reductions in CO2-emissions in energy sector,
limiting the global temperature rise. On scheme 1 presents hydrogen storage systems based on
rare earth metals, as well as the author's electrolysis production of hydrogen at an asymmetric
current under conditions of resonant interaction.

Scheme. 1 Hydrogen storage systems based on rare earth metals, as well as the author's electrolysis
production of hydrogen at an asymmetric current under conditions of resonant interaction.
1- electrochemical module for hydrogen production; 2- source of electrical asymmetric and frequency
current; 3- cylinder with hydrogen and metal hydride inside.
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Material

Specifications LaNis (LapgCegNis|LagsCegsNis
Adsorption H, Pya, atm 5 10 40

20 °C [H,], I/kg 160 160 130
Desorption Py, 1 atm 18 -8 -30
temperature,°c | P,,, 10 atm 77 52 24

Scheme. 2 Metal hydride chemical compounds for hydrogen storage, based on rare earth metals.

Scheme 3 shows the material and energy balances of the electrolysis production of hydrogen
using an asymmetric current under conditions of electrochemical resonance.
5kW-h Auxmary
equipment

O; +3.1 kg/h
H2
13.2kW-h

Electricity
28kW-h

23kW-h

Electrolysis

Energy balance

Material balance
Scheme. 3 The material and energy balances of the electrolysis production of hydrogen.

conditions.
H.0 For enrichment D,O H,O
TFor sale H, T
H Hydrogen storage
2 Hydrogen compressor Yper200 kg Fuel cell 30 kW

—_ 42 MPa
H2

I Uninterruptible

) I External network
power system

Scheme. 4 Scheme for obtaining environmentally friendly hydrogen and deuteriumusing rare earth
metals in the form of metal hydride compounds for hydrogen storage.

Scheme 4 presents an environmentally friendly technology for the production of hydrogen and
the production of deuterium in the process of electrolysis using asymmetric current in resonant

225 kw

metals
DO

e-mail: ssa777@mail.ru
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Amine-boranes dehydrogenation — a new challenge for rare earth metal
complexes

0. A. FilippoVv?, V. A. Kirkina?, A. A. Kissel?, A. N. Selikhov®, Y. V. Nelyubina?,
N. V. Belkova?, E. S. Shubina?, A. A. Trifonov?P

2A.N.Nesmeyanov Institute of Organoelement Compounds RAS, Moscow, Russia
bG. A. Razuvaev Institute of Organometallic Chemistry RAS, Nizhniy Novgorod, Russia

The dehydrocoupling of amine-boranes is not only an efficient way to produce hydrogen but
also to obtain new molecules and tailored new materials with B—N bonds [1]. The intensive
exploration resulted in the development of many efficient systems for catalytic amine—boranes
dehydrogenation which are mainly based on transition-metal complexes, however the
principles of sustainable development call for the use of cheaper earth-abundant metals like Fe,
Ni, Co, Mn etc. Known for their Lewis acidity and variety of coordination behavior,
lanthanides can also be a promising class of metals for use as amine borane dehydrogenation
catalysts; however, they have hardly been explored from this point of view [2,3].

Here we present our latest results of the mechanistic and catalytic studies of amine-boranes
(Me2NH-BH3, tBuNH2-BH3) dehydrogenation by rare earth metal complexes (TBDM)2ML,
(M =Sm, Yb; TBDM = (p-tBu-CsHa4).CH; L = TMEDA (n = 1), DME (n = 2)) by IR, NMR
(*H, 'B) and X-Ray spectroscopies [4]. It was shown that formation of amido-borane
lanthanide complexes (2 and 3 at Fig. 1) precedes catalytic dehydrogenation of aminboranes.
The intermediates of the pre-catalytic reaction, kinetics of the subsequent amine-borane
dehydrogenation, as well as the difference between Sm and Yb complexes will be discussed.

+ HNR'R?BH3
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= 2HNR'R?BH; “tn
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N
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2 +Ly H3B
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Fig. 1. Amine-borane dehydrogenative coupling catalyzed by lanthanide(ll) species.

[1] A. Staubitz, A. P. M. Robertson, I. Manners, Chem. Rev., 2010, 110, 4079 — 4124

[2] M. S. Hill, G. Kociok-Kohn, T. P. Robinson, Chem. Commun., 2010, 46, 75877589

[3] P. Cui, T. P. Spaniol, L. Maron, J. Okuda, Chem. Eur. J., 2013, 19, 13437 — 13444

[4] V. A. Kirkina, A. A. Kissel, A. N. Selikhov, Y. V. Nelyubina, O. A. Filippov, N. V. Belkova, A. A.
Trifonov, E. S. Shubina, Chem. Commun., 2022, Advance Article
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The effect of Lu®* and Gd** co-doping on the morphology and luminescence
of NaYF4: Eu®*/Sm®* phosphors

A.A. Betina, A.A. Vidyakina, A.S. Mereshchenko

Saint-Petersburg State University, Saint-Petersburg, RUSSIA

Microcrystalline B-NaYFs: Eu®*/Sm3* particles co-doped with Gd** and Lu®*" ions were
synthesized for the first time by hydrothermal autoclave synthesis. Analysis of XRD patterns
demonstrated that all synthesized materials have the same crystalline phase, which corresponds
to the hexagonal B-NaYF4. Unit cell parameters were refined using XRD data. It was concluded
that the listed lanthanide ions (Eu®*, Sm3*, Gd®*", and Lu®") are capable of isomorphically
replacing the yttrium ion in the crystal lattice, because unit cell parameters linearly depend on
the dopant concentration. The resulting particles have the form of hexagonal prisms with a
diameter of 40 to 1200 nm, depending on the composition. It was found that the addition of
europium and gadolinium ions leads to a decrease, while the addition of lutetium ions leads to
an increase in the particle size.

Upon 393-nm excitation of B-NaYFa: Eu®*, Gd*/Lu* materials, characteristic narrow bands
of the europium ion are observed in the emission spectrum; the emission bands have maxima
at 591, 615, 650, and 695 nm, corresponding to the electronic transitions °Do-'F; (J = 1-4). It
was found that the optimal concentration of europium ions is 30% in the NaYF4 matrix. It is
shown that the lifetime of the °Dy state decreases from 6.7 ms to 2.2 ms as the concentration of
europium ions increases from 1 to 50%. The addition of 1% gadolinium or lutetium ions leads
to an increase in the luminescence intensity up to 2.5 times [1].

Upon 401-nm excitation of B-NaYF4: Sm®, Gd*"/Lu®" materials, the characteristic narrow
bands of the samarium ion are observed in the emission spectrum; the emission bands have
maxima at 561, 595, 643, and 704 nm, corresponding to the electronic transitions *Gs;-°H; (J
=5/2 - 11/2). 1t was found that the optimal concentration of samarium ions is 2% in the NaYF4
matrix. It is shown that the lifetime of the “Gs, state decreases from 4.0 ms to 0.3 ms as the
concentration of samarium ions increases from 0.5 to 20%. The addition of 0.5% gadolinium
or lutetium ions leads to an increase in the luminescence intensity up to 2.5 times.

[1] I.E. Kolesnikov, A.A. Vidyakina, M.S. Vasileva, V.G. Nosov, N.A. Bogachev, V.B. Sosnovsky, M.Y.
Skripkin, I.I. Tumkin, E. Lahderanta, A.S. Mereshchenko, New J. Chem., 2021, 45, 10599-10607.
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Design of functional molecular systems based on lanthanide complexes
E.V. Grachova

Institute of Chemistry, St Petersburg University, St. Petersburg, RUSSIA

Construction of luminescent compounds demonstrating multiband luminescence due to
electronic communication between different chromophore and emission centers followed by
partial or blocked intramolecular energy transfer is one of the most exciting trend in the modern
coordination chemistry.

Design of emissive heterometal molecular systems or so called polynuclear molecular
ensembles is based on ‘building blocks’ strategy where different complexes of transition metals
(TMs) are selectively connected together through a suitable linker. Every ‘building block’ in
this molecular aggregates plays its own role in resulting emission and can be involved in
intramolecular energy transfer, energy exchange or quenching.

The use of Ln(IlI) complexes as one of ‘block’ has a number of advantages, the main ones is
the predictability of the emission colour and of the possibility of direct exciting or exchanging
the energy of between different ‘blocks’.

Thus, the design of luminescent polynuclear heterometallic molecular aggregates using Ln(l11)
complexes as ‘building blocks’ will be discussed, and some general principles of molecular
multiband emitter design will be presented as in the framework of the lecture.

)

| | |
| ]

O,
o

Scheme 1. Idealized scheme of different Ln—TM emissive molecular ensemble design.
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Luminescence of divalent europium in novel bimetallic iodides
V.A. llichev, A.F. Rogozhin, R.V. Rumyantsev, M.N. Bochkarev

Razuvaev Institute of Organometallic Chemistry of RAS, Nizhniy Novgorod, RUSSIA

The photoluminescence (PL) properties of divalent Eu derivatives significantly differ from
those of trivalent ones. This difference is caused by the f—d character of the PL of Eu?* ions
resulting in a broadband emission whose energy depends on the ion environment. In contrast,
Eu®* exhibits a narrowband emission of f-f transitions whose energies are constant.

In this work, we report on a new brightly luminescent ate-complex consisting of an Eu?* ion,
which is coordinated by four DME molecules, and a tetraiododicuprate dianion —
[Eu(DME)4][Cuzl4]. This substance, which can be considered as a bimetallic iodide of Eu(ll)
and Cu(l), exhibits intensive double peaked PL and luminescence thermochromism in the
temperature range of 180-250 K [1] (Fig. 1), which has a potential application in luminescence
thermometry. In order to ascribe these bands to the Eu(ll) or iodocuprate emission centers and
understand the nature of this PL thermochromism we have studied molecular structures and PL
properties of this compound at various temperatures using single crystal X-ray analysis and
time-resolved PL spectroscopy.

PL intensity

0 . T T T L T T T
420 440 460 480 500 520 540

Wavelengths, nm

Fig. 1. Steady-state PL spectra of [Eu(DME)4][Cu.l.] at various temperatures.

In addition, novel bimetallic iodide of Eu(ll) and Pb(ll) - [Eu(DME)4][Pb2ls] was synthesized
and structurally characterized. Unlike the copper counterpart, this compound did not exhibit
the PL. Possible reasons of such PL behavior are discussed.

[1] V.A. llichev, L.I. Silantyeva, A.F. Rogozhin, A.N. Yablonskiy, B.A. Andreev, R.V. Rumyantsev, G.K.
Fukin and M.N. Bochkarev, Dalton Trans., 2021, 50, 14244-14251.

Acknowledgements — This work was supported by RSF (project 20-73-10115).

e-mail: ilichev@iomec.ras.ru

22



“VII Russian Day of Rare Earth”, February 14-16, 2022 Arbuzov IOPC FRC Kazan Scientific Center of RAS

Towards design of bright Dy3*-emitters — effects of coordination
environment symmetry, partially deuteration and gadolinium dilution

llya V.Taydakov?, Yury A.Belousov®?, Vladislav M.Korshunov?, Nikolay P. Datskevich?,
Mikhail T.Metlin?, Daria A.Metlina? and Mikhail A.Kiskin®

8P.N. Lebedev Physical Institute of RAS, Moscow, RUSSIA.
bl omonosov Moscow State University, Department of Chemistry, Moscow, RUSSIA
°N.S. Kurnakov Institute of General and Inorganic Chemistry of RAS, Moscow, RUSSIA

Dy?* coordination compounds attract an attention due to their unusual (vis+NIR) luminescence
as well as magnetic (SMM) properties. Since Dy** luminescence is much less intensive that
Eu®* or Th** one, a rational design of ligands and complexes and subsequent energy transfer
optimization are vital for the preparation of highly emissive materials. Among possible ligands
4-acylpyrazolones hold a most unique position among the otherl,3-diketones due to their
synthetic availability and relatively high energy of triplet level favorable for sensibilization of
Dy** luminescence.

Here we wish to report on design of bright luminescent tris- and tetrakis dysprosium complexes
(Scheme 1) based on 4-(cyclohexanecarbonyl)-5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-
one (HL) and further fine tuning of their emissive properties by combination of various factors
— symmetry of coordination environment, partially deuteration of exchangeable water
molecules and dilution of Dy3* by heavy non-luminescent magnetic ion (Gd**)[1]. Single and
combined effects of each factor will be discussed as well as utilization of imperfection of
ligand-to-ion energy transfer for the creation of white emissive materials.
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Scheme 1. Synthesis of tris- and tetrakis dysprosium (I11) complexes.

[1]. Belousov, Y. A.; Korshunov, V. M.; Metlin, M. T.; Metlina, D. A.; Kiskin, M. A.; Aminev, D. F.; Datskevich,
N. P.; Drozdov, A. A.; Pettinari, C.; Marchetti, F.; Taydakov, I. V. Dyes and Pigments 2022, 199, 110078.
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Lanthanide-based high temperature luminescent thermometry

V.V. Utochnikova, L.O. Tcelykh, M.B. Vialtsev

Lomonosov Moscow State University, Moscow, RUSSIA

Luminescent thermometry is not only one of the most accurate methods of measuring
temperature, but also indispensable for contactless temperature measurements. One of the most
important applications of luminescent thermometry is the measurement of high temperatures, i.e.
in components of engines and gas pipelines, where contactless luminescent thermometry is
practically the only way of measurement. In addition, it allows continuous measurements in real
time and even temperature mapping. Despite the clear prospects, research in this area is very
scarce.

Inorganic materials are usually used as luminescent thermometers at high temperatures. Despite
the low intensity of their luminescence, they are stable up to really high temperatures, while the
thermal stability of brightly luminescent coordination compounds (CCs) is insufficient.
However, metal-organic frameworks (MOFs) based on lanthanide aromatic carboxylates are
often stable up to temperatures of 400-600 °C, which is sufficient for a whole number of
thermometric applications, and demonstrate very intense luminescence.

We proposed heterolanthanide aromatic carboxylates as high temperature luminescent
thermometers within composite films based on transparent thermally stable amorphous,
crystalline and liquid crystalline (LC) polymeric materials [1]. Theoretical aspects, as well as
practical results, i.e. the obtaining of the novel highly sensitive composite materials, were
investigated.

We proposed the analytical description of the four-level system for luminescent thermometry,
which includes one ground and three excited states, to which Th-Eu complexes with organic
ligand belong, and demonstrated the strategy toward the design of such systems to increase the
temperature sensitivity [2]. Based on this study, we proposed new approaches to the sensitivity
increase through the complex design [3].

We investigated a series of highly stable complexes as emitters for high-temperature luminescent
thermometry, studied the complex stability upon simultaneous impact of UV excitation and
heating, as well as the peculiarities of the composite film formation with polymers of different
classes. As a result, we obtained materials, which can operate up to 200 °C with both visible and
NIR emission [4]. We also demonstrated — both mathematically and practically — that the use of
a mixture of monometallic complexes is superior to the use of one bimetallic compound.

These results demonstrated the prospects of the heterolanthanide carboxylates as emitters for
high-temperature luminescent thermometry.

1. Bobrovsky A., Kozlov M., Utochnikova V. Eu-doped cholesteric mixtures with a highly thermosensitive
circular polarization of luminescence // J. Mol. Lig. Elsevier, 2021. Vol. 341. P. 117431.
2. Popelensky T.Y., Utochnikova V. V. How does the ligand affect the sensitivity of the luminescent

thermometers based on Tb-Eu complexes // Dalt. Trans. Royal Society of Chemistry, 2020. Vol. 49, Ne
35. P. 12156-12160.

3. Vialtsev M.B. et al. New approach to increase the sensitivity of Th-Eu-based luminescent thermometer
// Phys. Chem. Chem. Phys. Royal Society of Chemistry, 2020. Vol. 22, Ne 44, P. 2545025454,
4, Vialtsev M.B. et al. Terbium and europium aromatic carboxylates in the polystyrene matrix: The first

metal-organic-based material for high-temperature thermometry // J. Lumin. North-Holland, 2021. Vol.
239. P. 118400.
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REE azolcarboxylates: synthesis, structure, luminescent and sensoric
properties

V.E. Gontcharenko?, A.V. Sidoruk?, A.M. Lunev?, A.l. lvanova? I.V. Taydakov®,
Y.A. Belousov?®?

4Lomonosov Moscow State Universsity, Moscow, RUSSIA
P N.Lebedev Physical Institute of RAS, Moscow, RUSSIA

Azolecarboxylic acids are a unique class of ligands that usually form with REE cations
polymeric complexes with MOF porous structure [1].The structure of various pyrazole-[2] and
1,2,3-triazolecarboxylic acids [3,4] promotes the formation of several metallocycles, which
makes the formation of polymeric complexes preferable instead of molecular compounds. The
aromatic nature of the ligands, together with the minimization of the number of CH bonds,
makes these ligands promising "antennas” for the manifestation of the full potential of the
photoluminescent properties of lanthanides. These features make REE azole carboxylates
promising luminescent sensor materials for the detection of water [4] and metal cations.

This report is focused on an overview of our ongoing inverstigations devoted to the
synthesis new MOF’s based on azolecarboxylic acid ligands, and their use for detection on
different analytes.
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Scheme 1. The studied azolecarboxylic ligands and the composition of the REE complexes they form.

[1] Belousov, A. A. Drozdov, I. V. Taydakov, F. Marchetti, R. Pettinari and C. Pettinari, RSC Adv., Coord.
Chem. Rev. 2021, 445, 214084

[2] A.M. Lunev, A.V. Sidoruk, V.E. Gontcharenko, M.A. Kiskin, 1.VV. Taydakov, Y.A. Belousov and A.A.
Drozdov, Inorg.Chim. Acta, 2022 (article in press)

[3] V. E. Gontcharenko, A. M. Lunev, I. V. Taydakov, V. M. Korshunov, A. A. Drozdov, Y. A. Belousov,
IEEE Sens. J. 2019, 19, 7365-7372.

[4] Y. A. Belousov, V. E. Goncharenko, A. M. Lunev, A. V. Sidoruk, S. I. Bezzubov, I. V. Taidakov, Russ. J.
Coord. Chem. Khimiya 2020, 46, 394401
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Polyfunctional Luminescent Materials Based on Mesogenic Lanthanide
Complexes
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Russian Academy of Sciences»

Coordination compounds of lanthanides (111) are a promising class of substances that can
be used as functional luminescent materials and devices: various types of sensors (anions,
cations, simple molecules, pH, temperature, viscosity, oxygen, UV radiation), light-
transforming materials and coatings, monochromatic light sources, solar concentrators, etc.
Their main property and advantage is the effective luminescence provided by the Ln (I11) ion,
and not by organic ligands. One of the most interesting classes of coordination complexes are
lanthanide(111) complexes with aromatic B-diketonate ligands, since they combine intense
monochromatic luminescence with attractive physicochemical properties.

Film luminescent materials with high optical quality are topical for modern molecular
electronics. The main problem of their application is the rapid degradation of luminescence
under the action of UV radiation (especially in the presence of atmospheric oxygen), low
thermal stability, poor mechanical properties, and a tendency to aggregation. A known solution
is the incorporation of these compounds into host matrices (organic polymers, ionic liquids,
zeolites, etc.).
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Fig. 1 — The structure of synthesized Fig. 2 — Light-transforming coatings (a) OLED based
complexes on the Sm(lI1) complex (b) document marking (c)
fluorescent thermometer based on the Eu(l11) complex
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The paper proposes an alternative approach to solving the above problems - the use of
anisometric analogs of p-diketonate compounds of lanthanides (Ill) (Fig. 1). The main
advantage of these compounds is the absence of crystallization due to long hydrocarbon
substituents in the structure of the complexes, which makes it possible to obtain thin nano-,
micro- and macro-sized homogeneous film materials by melting at relatively low temperatures
and by spin-coating. The combination of these properties makes it possible to create
luminescent materials from melts of these compounds in the form of glassy films with high
optical quality (up to 95%) in visible and near-IR regions. It is important to note that such films
cannot be obtained from nonanisometric analogs of lanthanide(l11) B-diketonate complexes due
to the high tendency to crystallization and high melting points.

Upon excitation with UV light at a wavelength of 365 nm, films of Eu(l1l) and Th(IlI)
complexes exhibit monochromatic luminescence at wavelengths of 545 nm and 612 nm,
respectively. Moreover, it was found that film materials based on Eu(l11) and Th(l11) complexes
can reversibly change the luminescence intensity and decay time in the temperature range of
298-348 K and 143-253 K, respectively. It was found that the resulting compounds have high
photostability. The intensity of their luminescence does not change even after 10 hours of
exposure by UV radiation.

It has been shown that such compounds can be used as components of nanosized light-
transforming coatings (Fig. 2a), OLED emitters (Fig. 2b), luminescent markers (Fig. 2c),
luminescent thermometers (Fig. 2d), O sensors, dosimeters and molecular filters of UV [1-3].

[1] Knyazev, A.A., Krupin, A.S., Galyametdinov, Y.G. Journal of Luminescence, 2022, 242, 118609.

[2] Knyazev, A.A., Karyakin, M.E., Heinrich, B., Donnio, B., Galyametdinov, Y.G. Dyes and Pigments,
2021, 187, 109050.

[3] Lapaev, D.V., Nikiforov, V.G., Lobkov, V.S., ...Galyametdinov, Y.G., Galyametdinov, Y.G. Journal
of Materials Chemistry C, 2020, 8(18), ctp. 6273-6280.
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Control of photophysical properties in lanthanide carboxylate complexes

M.A. Shmelev 2, S.A. Nikolaevskii?, E.A. Varaksina®, V.M. Korshunov®, 1.V. Taidakov®,
N.V. Gogoleva?, M.A. Kiskin?, I.L. Eremenko?

aKurnakov Institute of General and Inorganic Chemistry RAN, Moscow, RUSSIA
b_ebedev Physical Institute, Moscow, RUSSIA

Coordination compounds of lanthanides due to the unique optical characteristics of Ln3* ions
have been proposed as functional materials for luminescent light sources (for OLEDs, lasers
and others), bioimaging, molecular luminescent thermometers and sensors. The antenna effect
is used to solve the main problem of luminescent lanthanide materials by making an aromatic
ligand with high extinction coefficients instead of the weakly absorbing Ln** ion as the centre
of light absorption.

Lanthanides and carboxylate anions usually form oligomers and polymers. The addition of N-
donor aromatic chelate ligand allows to control the nuclearity and structure of molecular
complexes. One more way to modify the structure and photophysical properties is use of the
insertion of d-block formed post-transition ions (Zn?* and Cd?*), N-donor aromatic and
bridging ligands. This method also makes it possible to modify the luminescence characteristics
due to local changes in the structure in the direction of increasing the rigidity of the system and
the selection of a combination of ligands that are effectively involved in the transfer of energy
to metal ions.

This report is a summary of the current results on the synthesis, structural features, and
photophysical properties of heterometallic complexes with anions of aromatic carboxylic acids
and co-ligands.

Acknowledgements — The work was supported by the Ministry of Science and Higher Education of the Russian
Federation as a part of the state assignment of Kurnakov Institute of General and Inorganic Chemistry of the
Russian Academy of Sciences.
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Zn-Ln and Co-Ln heterometallic complexes based on carboxylate ligands:
tuneable luminescence and magnetic properties

S.A. Nikolaevskii?, P.A. Petrov®, D.S. Yambulatov?, M.N. Sokolov®, M.A. Kiskin?,
I.L. Eremenko?
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Search for the new and original synthetic approaches for simple preparation of heterometallic
coordination compounds is one of the most interesting tasks of modern coordination chemistry.
Complexes, containing two and more metals of different electronic structure are especially
interesting because they can be directly used for creation of new functional materials with
unique magnetic, luminescence, and/or catalytic properties, as well as they are considered as
promising stoichiometric precursors for the preparation of heterometallic compounds by
thermal decomposition.

This report is focused on the synthesis, structure elucidation and study of luminescence as well
as magnetic behaviour of M(II)-Ln(I1l) (M(11)= Zn, Co) complexes based on anions of pivalic,
1-nahpthoic, 1-naphthilacetic, 2-furoic and 4-biphenylcarboxylic acids. These compounds are
mainly attributed to two structural types — tri- and tetranuclear (scheme 1). Variety of pyridine
derivatives, P-donor ligands as well as N-heterocyclic carbenes were used as ancillary ligands L.
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Scheme 1. Main structural types of M-Ln heterometallic complexes based on carboxylate ligands.
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Quantum vyields of several Zn-Ln (Ln(lll) = Eu, Th) compounds are exceed 60%. Co-Ln
complexes possesses nontrivial magnetic properties including Single Molecule Magnet
behaviour.
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Tuning physical-chemical properties of sandwich REE complexes via
control of rotational state of phthalocyanine ligands
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A.Yu. Tsivadze®®
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Among various REE complexes sandwich
double- and triple-decker phthalocyaninates attract
special attention for elaboration of novel electronic and
magnetic devices and materials. Varying the nature of
macrocyclic ligands is known to adjust all possible
physicochemical properties of complexes including
magnetism; however, the influence of subtler physical
and chemical factors, especially supramolecular
interactions, has recently become of particular interest
[1]. The reversibility of supramolecular assembling can
be used as a tool for dynamic control of the properties

Fig. 1. Skew angle ¢ in sandwich of sandwich complexes, which makes it possible to
phthalocyaninates which dictates the ~ Create smart materials.
symmetry of coordination surrounding As one of goals of such control we chose the
of REE ion. conformational state of phthalocyanine ligands which
is described by the skew angle ¢ (Fig. 1).

Our studies demonstrate two major ways to achieve the control over conformational
state of sandwich complexes. We differentiate variation of the tetrapyrrolic ligands in sandwich
complexes at the synthetic step as a static control over ¢, while dynamic control over this
structural parameter at the post-synthetic step can be achieved by host—guest interactions if the
appropriate receptor groups are introduced to the molecule.

For example, heteroleptic crown-substituted trisphthalocyaninates act as dynamic
supramolecular scaffolds with switchable rotational states and tunable magnetic properties —
we showed, that potassium cations reversibly intercalate between the crown-substituted
phthalocyanine ligands, resulting in switching of the coordination polyhedron of the metal
centre M* from square-antiprismatic ($=45°) to square-prismatic (¢=0°) [2]. In turn, it results
in significant increase in the axial component of the magnetic susceptibility tensor.

Other dynamic approaches include change of solvation and redox-processes which can
be used to switch between different states of sandwich complexes. Spectral signatures of such
switching will be summarized and discussed.

[1] A. G. Martynov, M. A. Polovkova, G. S. Berezhnoy, A. A. Sinelshchikova, F. M. Dolgushin, K. P. Birin, G.
A. Kirakosyan, Y. G. Gorbunova and A. Y. Tsivadze, Inorganic Chemistry, 2020, 59, 9424-9433.
[2] A. G. Martynov, M. A. Polovkova, G. S. Berezhnoy, A. A. Sinelshchikova, V. N. Khrustalev, K. P. Birin, G.
A. Kirakosyan, Y. G. Gorbunova and A. Y. Tsivadze, Inorganic Chemistry, 2021, 60, 9110-9121.
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Recent advances in the synthesis of complexes of the rare-earth metals in
the +2 oxidation state

William J. Evans

Department of Chemistry, University of California, Irvine, California 92697, United States

The +2 oxidation state chemistry of molecular rare-earth metal complexes has expanded from
the initially identified three ions, Eu(ll), Yb(I1) and Sm(Il), to the current state in which Ln(ll)
complexes are known for all the metals except the radioactive Pm. The discovery by Bochkarev
and co-workers of the first molecular complexes of Tm(ll), Dy(ll), and Nd(I1) was a critical
part of that expansion. Those results stimulated new directions in research on dinitrogen
reduction in our lab and led to a broad range of side-on bound Ln2(u-1n?m>2-N2) compounds
across the lanthanide series. The dinitrogen reduction studies led us to more new Ln(ll) ions
and the current challenges to identify the optimal ligands for stabilizing these highly reducing
species. Exploring the ligand space of Ln(IlI) complexes has led us to some new dinitrogen
reduction chemistry that allows us to make connections back to the Lnz(u-n%n2-N2) compounds
identified earlier. These connections will be described as well as current challenges in these
areas.

e-mail: wevans@uci.edu
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Do monovalent lanthanide compounds exist?

M.N. Bochkarev, A.A. Fagin, S.K. Bukhvalova

G.A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of Sciences,
Nyzhny Novgorod, RUSSIA

The problem of the existence of compounds of monovalent lanthanides and their expected
properties are discussed. Arguments are given in favor of the fundamental possibility of the
existence of such compounds and arguments against their existence. Attempts to synthesize
monovalent thulium and samarium iodides are described. Methods for confirming the presence
of monovalent metals in the obtained products and their reactivity are considered.

e-mail: mboch@iomec.ras.ru

32



“VII Russian Day of Rare Earth”, February 14-16, 2022 Arbuzov IOPC FRC Kazan Scientific Center of RAS

Recent developments in redox transmetallation chemistry involving rare
earth metals

Peter C. Junk,? Glen B. Deacon,® and Zhifang Guo®

2College of Science & Engineering, James Cook University, Townsville, Qld, 4811,
AUSTRALIA
bSchool of Chemistry, Monash University, Clayton, Vic. 3800, AUSTRALIA

Redox transmetallation has been a very versatile synthetic approach to organolanthanoid
complexes. We have developed a very high yielding and simple approach using lanthanoid
metals as starting materials and treating them with organomercury reagents such as Hg(CsFs)2.
These reactions generate Ln(CeFs)x (x = 2, 3 depending on the lanthanoid metal) and can be used
to produce many other metal organic complexes of the lanthanoids by treatment with protic
reagents such as acidic organics, amines and alcohols. Alternatively, the chemistry can be
performed in a one-pot synthesis as a redox transmetallation/protolysis reaction where lanthanoid
metal, Hg(CsFs)2 and LH (protic reagent) can be added to produce the LnLx (X = 2, 3);

e.g. Ln + Hg(CeFs)2 + 2LH — LnL, + Hg + 2Ce¢FsH  (for lanthanoid divalent metals)

While this chemistry works beautifully, as may be expected, it has attracted criticism for its
involvement with the toxic mercury reagents, so more recently we have developed greener
approaches in this synthetic endeavour. We have replaced the mercury reagents with
organobismuth(l1l) and Ag(l) reagents in similar chemical pathways to synthesise the
lanthanoid organometallics. The chemistry has required new approaches to organosilver
reagents and has uncovered some unusual Bi chemistry. The overall story will be covered in

this seminar.
o el
Yb ‘Q- Hg—Yb@ ~ v @

Hg(CgFs), » Yb(CgFs),
+Yb +Hg

Fig. 1. Reaction mechanism of redox transmetallation of Yb by Hg(CsFs)2

Acknowledgements — The authors thank the Australian Research Council (DP 190100798) for support of this
work.

e-mail: peter.junk@jcu.edu.au
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Sandwich complexes
Peter W. Roesky

Institut fiir Anorganische Chemie, Karlsruher Institut fiir Technologie (KIT), Karlsruhe,
GERMANY

First, a new class of pure sandwich complexes ([(n>-CoHg)Ln(n®-CgHs)]), which exclusively
contain fully -coordinated coplanar eight and nine-membered CH rings is presented.! The
single molecular magnet character of the erbium(l11) compound by magnetometric studies was
proven. Aside from this, a detailed Raman spectroscopic analysis allowed us to add some
insight into the vibrational behavior of the 1°-CgHy moiety, that nicely corresponds to the
properties of well-established aromatic CyHn systems.

Fig. 1. A new class of sandwich complexes: [(n?-CoHs)Ln(n8-CgHs)] (left) and its magnetic hysteresis
(right).[4

In the second part of the lecture, the first example of a homoleptic lanthanide quadruple-decker
is presented. The synthesis of this archetypal compound as well as mechanistic studies for its

formation are shown.!?!

@srpra

"F’r;iSi. 1
PraSi sm'
PraSi

Fig. 2. The first well-defined neutral and homoleptic (same metal, same ligand) all-carbon based
quadruple-decker complex.

[1] L. Miinzfeld, C. Schoo, S. Bestgen, E. Moreno-Pineda, R. Képpe, M. Ruben, P. W. Roesky, Nat. Comm.
2019, 10, 3135.
[2] L. Miinzfeld, A. Hauser, P. Hadinger, F. Weigend, P. W. Roesky, Angew. Chem. Int. Ed. 2021, 60, 24493.

e-mail: roesky@kit.edu
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Synthesis and study of polynuclear heterometallic complexes
of nickel and REE with amino acids

A.A. Khusyainova®®, M.A. Lavrova?, S.I. Bezzubov®, Y.V. Logvinenko?, D.D. Semeshkina?,
E.O. Yastrebova?, A.R. Sawaretz®°, V.E. Goncharenko?, V.D. Dolzhenko®¢

2Department of Chemistry, Lomonosov Moscow State University
bKurnakov Institute of General and Inorganic Chemistry, Russian Academy of
Sciences, Moscow
°N. D. Zelinsky Instituteof Organic Chemistry Russian Academy of Sciences, Moscow

Polynuclear heterometallic 3d-4f complexes may act as ion sensors, molecular magnets and
precursors for creating 3d-4f mixed oxides. The synthetic technique for polynuclear cation
complexes [LnNig(AA)12]** with various natural L-amino acids (AA = Gly, Ala, Val, Leu, lle,
Pro, Phe, Ser, Thr, Asn) was established. Due to {Nig(AA)12} framework formation with size-
fixed cavity, such complexes can be selectively obtained for the first LREE, and a possibility
of formation of complexes of different REE depends on synthesis conditions and type of the
amino acid. Stability constant of complexes in solution estimated using UV-Vis spectroscopy.
The effects of crystallization conditions on the composition of the gaining compounds were
explored by the example of [LnNis(Ala)12][Ln1xLn'(NO3)3(OH)(H20)]. Certain facts, which
contribute to cation Ln®* enrichment of anion, have been established: cation complex
sustainability decreasing, Ln®* the ionic radius declaine and the supersaturation extent
reduction. The kinetics of complex formation was studied by the case of [LnNig(lle)12]**, the
generation of 2 intermediate products was fixed, the kinetic model for this process was
proposed. The crystals containing large anions [Ln"(dpa)s]* (Ln"=Eu,Th; dpa=2,6-
pyridinedicarboxylate) were obtained for [LnNis(Gly)12]**. The conditions of getting
[LnNis(AA)12]** in crystalline form were optimized, structures were studied. It was also found
that cations, which contain branched-chain amino acids, can be crystallized from solution with
small anions (CI, I', I3, NOs, ClOs4, BF4, ClOy4), that provides opportunities for applying these
complexes for separating of REE. The distribution coefficients of REE ions from the beginning
and middle of the lanthanide series between the solid phase and the solution were estimated for
some amino acids (Asn, Val, lle, Ser).

e-mail: Doljenko_VD@mail.ru
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'H SIMP uccjienoBanue 0eTa-TuKeTOHATHBIX KOMILIEKCOB npaseoguma
¢ 18-kpayH-6

C.Il. ba6aiinos, I1.A. CtaOHHUKOB

Hnemumym neopeanuueckou xumuu um. A.B. Huxonaeea CO PAH, Hosocubupck

Meronom 'H SIMP oxapakrepuzoBansl komiiekchl [Pr(JIIIM)s(18-kpayn-6)] (I, Puc. a),
[(Pr(ATIM)3)2] (IT), [(Pr(ZAIIM)s3)2(18-kpayn-6)], (III), [Pr(AIIM)(ITTA)(18-kpayn-6)]" (IV,
Puc 0), u TemmneparypHasi 4yBCTBUTEJIBHOCTh MapaMarHUTHBIX JIAHTAHW]I-WHIYLUPOBAHHBIX
CIBUTOB 3THX KoMmIuiekcoB B pactBope CDCl; (Puc.6). Meronamu SIMP onieHeHa BO3MOKHOCTh
dopmuposanus B pactBope CDClz HHKITFO3MBHBIX KOMIIJICKCOB IPH B3aUMOICHCTBHH mpuc-p-
JUKETOHATOB JIaHTaHUA0B (LN) ¢ 18-kpayn-6 B ciyuae Ooisiee pa3BeTBiieHHOTO, yeM [ITA,
nauranaa (Hanpumep, Takoro, kak JIIM). Ilpu B3aumoneiicteun [(Pr(IIIM)s3)2] u 18-kpayn-6
JOMUHUpYIOIIUMHU (opmMamMu KoMIuiekcoB B pacTBope sBisitorcs 1. MccnenoBannbie
KoOpaMHAIMOHHEIE coenuHenus |-1V moryt paccmarpusatbes kak ‘H SIMP napamarautHsle
JAHTAHUIHBIC 30H/BI U1 KOHTPOJIS JIOKAJBHON TEMIepaTypbl B OPraHUYECKHX PAacTBOPAX C
MOMOIIBI0 aHaNu3a [apaMarHUTHBIX JIAHTAHUI-WHIYLUHUPOBAHHBIX CIBHUIOB (IpUYEM
MHKJIIO3UBHBIM SIBIISICTCS TOJIBKO KomIuieke 1V).

\'\/ ~ \f/ .
~

/’ ) 3‘,0 3:1 312 3‘,3 3:4 315 3:6
/ ~ 1000/T, 1/K

a 0 B
Puc. a - ctpoenue komiuiekca [Pr(IITM)s(18-kpayn-6)] B pactBope, 6 - CTpOeHHE KOMILIEKCHOTO
katrona [Pr(IITM)(ITTA)(18-kpayn-6)]* B pacTBope, C - 3aBUCHMOCTh ITapaMarHUTHBIX JIAHTAHU/I-
uHynupoBaHHbIxX cBUToB (JIUC) oT oOpatHol TeMmnepaTypbl Ha npoToHax rpynn CH kommiekca
[Pr(A[TM)3(18-kpayH-6)] B pactBope CDCls.

Temmneparypnast 3aBucumocts JIMC mis mpotoHoB rpymn CH komrmuiekca I mocratouno
XOPOIIO anmpOKCUMUPYETCS JTUHEHHON 3aBUCUMOCTBI0O 0 = A +B/T (HalijlecHHbIe 3HAUYCHUs
napameTpoB paBHbel: A= -12.1= 1.1 m.a, B= 9.8 0.3 m.a.xK (Puc. B). B nmokmane
napamMarHuTHbIE cBOMCTBa KoMiuiekcoB |-V comocraBieHsl co CBOMCTBaMH Jpyrux
MapaMarHUTHBIX KOMIUIEKCOB Ln u d-35ieMeHTOB 1 00cyk1eHbl nepcrekTuBsl st MPT.

Pa6oTa BBITONMHSIIACH TIpH TIoIepkKe Poccuiickoro Hayurnoro ®@omaa (rpant Ne 20-63-46026).

e-mail: babajlov@niic.nsc.ru
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Cu?* / Cd?*-Ln®" heterometallic malonates: ways of synthesis and magnetic
properties

N.V. Gogoleva, P.Yu. Khapaeva, M.A. Shmelev, K.A. Babeshkin, N.N. Efimov, A.A.
Sidorov, M.A. Kiskin, and I.L. Eremenko

N.S. Kurnakov Institute of General and Inorganic Chemistry RAS, Moscow, RUSSIA

Malonic acid allows one to synthesise complexes with a wide range of structures, metal
combinations and dimensionality of polymer structure [1, 2]. It is possible to influence
complexes structure features by directed variation of the malonic acid substituent. One can
affect physicochemical properties of synthesised compounds as a result. Most of the lanthanide
malonate complexes known by now are homometallic [3] and demonstrate perspective
physicochemical properties. In this report we present the strategy of the first Cu-Ln and Cd-Ln
malonates synthesis.

It was shown that possibility of lanthanide-containing malonate complexes synthesis depends
either on d-metal nature or on malonate substituent (Xmal?). In the case of Cu?*-Ln*" (Dy, Eu,
Gd, Th, Yb) system only cyclopropane-1,1-dicarboxylic acid anions (cpdc?) made it possible
to yield heterometallic complexes: 3D-polymer and ionic complex with NBus* cations (Scheme
1). For Cd?* phenylmalonate anions allowed us to synthesize Cd-Ln compound. Phenylmalonic
acid was partially decarboxylated in the reaction mixture. Addition of 4,4’-bipyridine (4,4 -
bpy) leads to heterometal fragment degradation in the both cases. Cu?" or Cd?" layered
polymers were synthesised as a result.

All the complexes were characterized by X-Ray diffraction analysis, IR-spectroscopy, PXRD
and CHN-analysis. Magnetic properties of Cu-Ln complexes are discussed in the report. NBus-
containing complexes demonstrated single molecular magnet behaviour.

{[CdTb(Phac)(Phmal),(H,0),]-(H,0)}, [CuzLny(cpde)s(H,0)el,

—————————

(M= (M Lu(E,0)y]
1 +4 M+ Ln(NO;); + Xmal* i R —(NBuy)[Ln(H,0)4
\CdZ/ 3 \CuZ? [Cu(cpdce),(H,0)],-H,O

_____

{{Cd(Phmal)(4.4’-bpy)(H,0)]-2(H,0)},, {[Cu,(4.4’-bpy),(cpdc),]-3(H,0)},,

Scheme 1. Synthesis of Cu-Ln and Cd-Ln substituted malonates.

[1] N.V. Gogoleva, E.N. Zorina-Tikhonova, A.S. Bogomyakov, N.N. Efimov, E.V. Alexandrov, E.A. Ugolkova,
M.A. Kiskin, V.V. Minin, A.A. Sidorov and I.L. Eremenko, Eur. J. Inorg. Chem., 2017, 547-562.

[2] Z.V. Dobrokhotova, N.V. Gogoleva, E.N. Zorina-Tikhonova, M.A. Kiskin, V.V. Chernyshev, A.L. Emelina,
M.A. Bukov, A.S. Goloveshkin, I.S. Bushmarinov, A.A. Sidorov, A.S. Bogomyakov, M.L. Kovba, V.M.
Novotortsev and I.L. Eremenko, Eur. J. Inorg. Chem., 2015, 3116-3127.

[3] Z. Chen, X. Yu, X. Li, Q. Ye, K. Zhou, Y. Cai, L. Huang, L. Wang, Y. Liand C. Zeng, Inorg. Chem. Comm.,
2020, 112, 107744.
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Mixed-ligand homo- and heterometallic carboxylate complexes with Eu®*,
Gd®* and Sm®* ions: synthetic approaches, structure and physicochemical
properties

I.LA. Lutsenko,? A.A. Mishenina,® M.A. Uvarova,“ M.E. Nikiforova,“
M.A. Kiskin, I.L Eremenko?

a) N.S. Kurnakov Institute of General and Inorganic Chemistry of the RAS, Moscow
b) National Research University Higher School of Economics, Moscow

Lanthanide carboxylates attract the attention of scientists due to their unique coordination
capabilities to form structures of various dimensions and nuclearities. In addition to the
excellent magnetic and optical characteristics that complexes with lanthanide cations acquire,
in recent years, interest has increased in terms of their manifestation of the properties of probes
(temperature sensors in the early diagnosis of inflammatory processes, including oncological
ones). Contrast agents are able to detail the foci of inflammation and make it possible to
measure temperature at almost any depth of a biological object. Gadolinium chelate complexes
(omniscan, prohans) have proven themselves well as contrast agents in magnetic resonance
imaging, and samarium complexes (lexidronam, oxabiform) are used in osteology (they have
an analgesic effect, therefore they are used for bone cancer).

In this work, using various approaches, carboxylate homometallic complexes were
synthesized — molecular [Euz(pfbenz)s(MeOH)s] (1, fig. 1a) and polymeric
{[Gd(pfbenz)2(OAc)(MeOH)]}n-nMeOH  (2),  {[Gd(fur)2(OAc)(H20)]}-CHsCN  (3),
{[Gd(fur)3(H20)2]}n-CHsCN (4, fig. 16), {[Sm(fur)s(H20)3]}-CHsCN (5), as well as
heteronuclear [FesEu2(O)(OH)2(Piv)11(HPiv)(1,10-phen)]-2CsHsCH3 (6) and
{[FesEu2K2(0)4(OH)3(Piv)1s]}n (7, fig. 1c), in which anions act as organic ligands
pentafluorobenzoic (pfbenz), 2-furoic (fur), acetic (OAc) and pivalic (Piv’) acids.

‘ . _

Fig. 1. Molecular complex 1 (a) and fragments of polymer compounds 4 (b), 7 (c)

The structure of all the obtained compounds was established by X-ray diffraction
analysis, photoluminescence spectra were studied (1, 2), and thermal behavior was determined
by the method of simultaneous thermal analysis (STA) in an argon atmosphere (1, 4).

The luminescence spectrum of 1 clearly shows the spectral bands characteristic of the f-
f* transitions of the Eu®* ion: Do-"Fo (580 nm), °Do-"F1 (588 nm), °Do-"F2 (616 nm), °Do-'Fs3
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Fig. 2. - Photoluminescence excitation

spectrum 1, obtained at a recording

wavelength of 616 nm and luminescence
spectralm 2.

(655 nm), ®Do-"F4 (680 nm). The spectral
band corresponding to the hypersensitive
transition °Do-'F, is strongly split, which
indicates a low symmetry of the
coordination  polyhedron. From a
comparison of the relative intensities of the
ligand excitation bands with the maxima at
270 and 395 nm, it can be concluded that
the efficiency of excitation through the
ligand environment is low in comparison
with many known europium compounds.
The total quantum vyield (luminescence
efficiency) was measured with optical
excitation at a wavelength of 300 nm and
corresponds to the n-n * excitation band of
the electronic transition in the ligand
environment. Quantum yield 1.8%.

The STA method was used to study the thermal behavior, stability and nature of
destruction processes for 1 and 4. According to the data in Table 1, complex 1 is thermally
more stable, while destruction processes for 4 begin already from 69 °C.

Table 1. STA data for complexes 1 u 4 (Ar)

Complex Stage | AT, °C Am (TG), % Tendo/exo, °C Min, %
1 1/93-290 43.8 104+0.7
181+0.7
2 /290-380 24.1 357+0.7
3/380-500 3.5 386+0.7 27.6
1/69-126 6.4 96=+0.7
4 2/126-461 31.3 443+0.7 60.8

Both complexes have minimal effects on weight loss (TG) curves and correspond to partial or
complete escape of outer-sphere MeOH (1) or MeCN (4) molecules; on the DSC curves, these
processes correspond to endothermic effects with extrema at 104 °C and 96 °C, respectively.
In general, the destruction of organic parts for 1 and 4 ends already at 450 °C; the final mass
of both complexes corresponds to the formation of oxides.

Acknowledgments: This work was financially supported by the Russian Science Foundation (project 20-13-
00061); Korshunov V.A. and Taydakov 1.V. (P.N. Lebedev Physical Institute RAS, Moscow) for determining the

photoluminescent properties of the complexes.

e-mail: irinalu05@rambler.ru
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Europium complexes with 3,5-dinitropyrazole: unusual luminescence
thermal behavior

V.V. Utochnikova?, I.A. Vatsadze®, D.M. Tsymbarenko?, A.S. Goloveshkin®,
S. Z. Vatsadze®

&Lomonosov Moscow State University, Moscow, RUSSIA
bZelinsky Institute of Organic Chemistry RAS, Moscow, RUSSIA
“Nesmeyanov Institute of Organoelement Compounds RAS, Moscow, RUSSIA

Europium 3,5-dinitropyrazole complexes demonstrate an unusual luminescence behavior upon
heating, i.e. there is a noticeable increase of the luminescence intensity beyond a temperature
of 200 degrees [1].

The common knowledge on the luminescent behavior of nitro-group containing compounds
teaches us that such substituents (which is also proved for azido-group) generally quench the
emission. This indeed is true for the 3,5-dinitropyrazole ligand and it’s metal complexes.

The main idea behind this research is that nitro-group appropriately placed in the ligand
molecule would participate in the coordination to metal atom thus diminishing such quenching
effects.

This report is focused on the synthetic and analytical issues concerned with the above-
mentioned complexes (Fig. 1). The low luminescence quantum yield of Eu compound is
compensated by very high absorption, resulting in intense luminescence even before heating.
During heating, the europium luminescence intensity decreased until 200 degrees, whereas the
elimination of the quenching NO,-groups resulted in a significant increase of the luminescence

intensity.

@’ \
K>—— : § <§‘0
Y

Fig. 1. The calculated ground state geometries of (a) the neutral complex EulLs, (b) the anion [EuL.],
and (c) the dimer [EuzLe] (L = 3,5-dinitropyrozolate anion).

We proposed to use such Eu complexes for determination of accidental overheating above 200
degrees. An on/ off ratio of 37 was reached, making target compound suitable for practical
applications.

[1] V.V. Utochnikova, I.A. Vatsadze, D.M. Tsymbarenko, A.S. Goloveshkin and S.Z. Vatsadze, PCCP, 2021, ,
23, 25480.
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Computational study of single-molecule magnets based on lanthanides
A.A. Dmitriev®?, E.M. Kadilenko®?, M.A. Kiskin®, A. Zabala-Lekuona?, N.P. Gritsan®®

®Novosibirsk State University, Novosibirsk, RUSSIA
b\/oevodsky Institute of Chemical Kinetics and Combustion SB RAS, Novosibirsk, RUSSIA
°Kurnakov Institute of General and Inorganic Chemistry RAS, Moscow, RUSSIA
dUniversity of the Basque Country, Donostia, SPAIN

The design and synthesis of new coordination compounds with physical properties that are
promising for practical application is an urgent task of modern coordination and physical
chemistry and materials science. Application of Ln'" ions in such compounds is justified by
the unique properties of such ions, i.e. their ability to exhibit prominent magnetic properties:
high magnetic moments, significant magnetic anisotropy and slow magnetic relaxation (Single
Molecule Magnetism, SMM, or Single lon Magnetism, SIM). To understand in detail magnetic
properties of the lanthanide complexes, it is necessary to use a large set of experimental and
theoretical methods and techniques. In recent years, the contribution of quantum chemistry and
computer simulation to the solution of this problem has increased significantly.

This report is focused on the computational study of the electronic structure and magnetic
properties of a series of lanthanide (Dy, Yb) complexes showing properties of SMMs. To
determine the electronic structure and magnetic properties of compounds under study, the high-
level ab initio SA-CASSCF/CASPT2/SO-RASSI calculations with direct account of spin-orbit
coupling were performed. DKH2-Hamiltonian was used to take into account the scalar
relativistic effects. The calculated temperature dependence of magnetic susceptibility
correlates well with the experiment. The magnetization blocking barriers and temperature
dependences of magnetic susceptibility have been predicted and the contribution of different
mechanisms on the magnetization relaxation was analyzed for all studied compounds. For the
dinuclear complexes with two paramagnetic ions (Dy®" and Co?*), the dipole-dipole and
exchange (within the Lines model) interactions were accounted using the POLY-ANISO
module for the correct prediction of the electronic and magnetic properties. The computational
results were compared with the experiment. The representative example of the studied
complexes and their properties is shown in Scheme 1.

yT/ emKimol

T T T T T T 1
0 50 100 150 200 250 300
TIK

Scheme 1. The structure of the DyCo complex used in the calculations (left) and the experimental and
calculated temperature dependence of magnetic susceptibility of this complex (right).

Acknowledgements — Authors thank the Ministry of Science and Higher Education of the Russian Federation
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The incorporation of upper vs lower rim substituted thia- and calix[4]arene
ligands into polydiacethylene polymeric bilayers for rational design
of sensors to heavy metal ions

B.S. Akhmadeev, S. N. Podyachev, S.A. Katsyuba, S. N. Sudakova, G. Sh. Gimazetdinova,
V.V. Syakaev, O. G. Sinyashin, A.R. Mustafina

Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center of RAS,
Kazan, RUSSIA

1,3-Diketone calix[4]arene (CA) and thiacalix[4]arene (TCA), with the hydrophobic
substituents introduced onto lower or upper rims respectively, form mixed aggregates with
10,12-pentacosadiynoic acid (PCDA) through the thin film hydration technique. Computer
simulations, showing the arrangement of TCA and CA molecules in supramolecular clusters
with PCDA molecules, suggest that PCDA assemblies with both cyclophanes are a convinient
basis for the coordination of metal ions. However, photopolymerization of mixed aggregates
reveals more disruption of the vesicular nanostructure of polydiacetylene (PDA) when CA
molecules are included compared to TCA. The incorporation of the TCA and CA ligands
influences the ability of the mixed PDA-bilayers to conformational and spectral changes and
provides tight coordination of Th®" ions and efficient sensitizing of the Th3*-centered
luminescence. The PDA-bilayers incorporated by terbium TCA complex provide more
sensitive response on the series of heavy metal ions vs their CA-based analogues. The surface
exposed TCA rims and carboxylate moieties of PDA provide two different binding sites for
Th®" and heavy metal ions. Both distribution of Tb** and heavy metal ions between these sites
and heterometallic complex formation are revealed as the factors affecting the luminescence
response of PDA-TCA terbium complex in the solutions of heavy metal ions. The interplay
between these factors is the reason for the different luminescence response of PDA-TCA
terbium complex on Cd?*, Hg?* and Pb?* ions. The PDA-vesicles incorporated by terbium TCA
complex exhibit easier phase separation vs the PDA vesicles themselves, which favors the
extraction of Pb?* ions.

e-mail: bulat_ahmadeev@mail.ru
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Synthesis, crystal structure, photoluminescence, and gas adsorption of
scandium complexes with tetrafluoroterephthalate and
tetrafluoroisophthalate ligands

A.M. Cheplakova, V.P. Fedin

Nikolaev Institute of Inorganic Chemistry SB RAS, Novosibirsk, RUSSIA.

Metal-organic frameworks (MOFs) are compounds that consist of metal ions or clusters linked
by organic moieties to form a coordination framework, containing cages or cavities. Scandium
is the lightest first-row d-element with a small size of the cation and high positive charge. This
makes Sc(l11) MOFs with O-donor ligands hydrolytically and thermally stable. On the other
hand, an application of perfluorinated dicarboxylates is a promising approach to get novel
MOFs with unique surface properties and selectivity of adsorption.

This report is focused on the ongoing study of Sc(I11) complexes with tetrafluoroterephthalate
(1,4-tFBDC?") and tetrafluoroisophthalate (1,3-tFBDC?") ligands and their properties. The use
of linear bridging ligand mainly results in non-porous materials. Among these complexes, 3D
coordination polymers [Sc(H20)(tFBDC)15]-H20 (1), [Sc2(H20)2(tFBDC)3]-2H20 (2), and
[Sc(H20)(tFBDC)15]-4H20 (3) are supramolecular isomers. Complex 1 is obtained as a phase
pure material, while 2 and 3 are found as admixtures. The reaction of Sc(CF3SO3)z with Ha(1,4-
tFBDC) in the presence of NHs as a base produces layered coordination polymer
[Sc(H20)(OH)(tFBDC)] (4). Solid complexes 1 and 4 show ligand-centred purple/blue
photoluminescence at room temperature with high quantum yields. The angular arrangement
of carboxylic groups in tetrafluoroisophthalate 1,3-tFBDC?™ leads to a highly porous
perfluorinated framework [Sc(OH)(1,3-tFBDC)] (5), showing selective adsorption of CzH>
over CoH4 and C2He, and CeHs over CsH1o.

[qugn«nnaA4FBDcnc

[Sc(OH)(1,3-tFBDC)]
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Synthesis and characterization of lanthanide chalcogenide nanoparticles
T.A. Pomelova

Nikolaev Institute of Inorganic Chemistry SB RAS, Novosibirsk, RUSSIA.

The lanthanide chalcogenides are well-known objects of investigation as they demonstrate the
high-temperature thermoelectric and solar energy conversion properties, and found application
as pigments, phosphor host media and infrared window materials. One of the most efficient
way to improve and modify the properties of materials is decreasing of the particles’ size and
in case of such compounds it remains a challenging task. The high oxophility of lanthanides
prevents using conventional for other oxygen-containing lanthanide compounds methods such
as hydrothermal synthesis or sol-gel.

To solve this, we have applied top-down approach, especially, liquid exfoliation. This process
requires layered compounds, and we found that even ones with charged layers could be
exfoliated in appropriate conditions. We found that the stable dispersions of the binary, ternary
and quaternary lanthanide chalcogenide compounds could be prepared in isopropanol, ethanol
and acetonitrile during ultrasonic treatment. The colloids contain thin nanoplates with high
aspect ratio (50-400 nm lateral size and 2-15 nm thickness). The colloids were successfully
used for preparation of highly oriented films. We found that luminescent properties of
nanostructured KLnSz:Ln” (Ln = La, Gd; Ln’ = Tb, Sm, Eu) are enhanced comparing to bulk
samples.

sp ' —— KLaS_:Eu Film
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Fig. 1. Crystal structure of new layered Fig. 2. Luminescence of KLaS;: Eu nanostructed
compound CsPr.CuSe film in comparison with bulk sample

Intensity, a.u
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Study of the composition of extractable complexes of dysprosium by mono-
2-ehtylhexyl ester 2-ethylhexylphosphonic acid (p507)

I.A.Erokhin, V.A.Dorozhko

St. Petersburg State Institute of Technology, department of rare elements technology and
nanomaterials based on them, Saint-Petersburg, RUSSIA

The composition of extractable complexes of dysprosium by extraction dysprosium
chloride (DyCls) solution by 0,75 mol/l mono-2-ethylhexyl ester 2-ethylhexylphosphonic acid
(P507) in inert diluent was studied. The experiment carried out by contacting of extractant in
acidic form at room temperature with solutions of DyCls in a concentrate range from 0,05 to
1,6 mol/l with O/A=1 ratio. The metal concertation in aqueous phase of equilibrium extraction
system measured by complexonometric titrimetry with the indicator «xylenol orange», protons
concentration in aqueous phase measured by potentiometric titrimetry. The results are
presented at Fig. 1.
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Picture — The ratio of molar amount of the protons transferred to the aqueous phase from the organic
phase to the molar amount of Dy3* transferred from aqueous phase to the organic phase at the
equilibrium state of the extraction process of DyCl; by extractant based on P507

Analysis of the data presented at the Fig. indicates, that with the increasing of initial
dysprosium concentration, amount of protons transferred to the aqueous phase with the
extraction of one mol of metal, is changing. With extraction from initial solution, containing
from 0,05 to 0,8 mol/l dysprosium, there are 3 protons transferred. When the concentration of
dysprosium is in the range from 1 to 1,6 mol/l the amount of protons is equal 2 or less.
Therefore, the composition of the extractable complex in the first case could be Dy(HA,)s,
that match with the data, described in work [1], using the similar extractant. With the increasing
content of dysprosium over 0,8 mol/l the dysprosium can be extracted in form of

[Dy(HA;),]Cl, [DyHA,]Cl,, or polynuclear complexes like Dy, (HA) .-

1. El-Hefny N. E. Comparative studies on Y (I11) and Dy (l11) extraction from hydrochloric and nitric acids by
Cyanex 572 as a novel extractant / N.E. El-Hefny, M.S. Gasser, S.S. Emam, W.H. Mahmoud, H.F. Aly // Journal
of Rare Earths. — 2018. — V. 36. — Ne. 12. — P. 1342-1350.
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Extraction thermodynmics of the Nd and mono-2-ethylhrxyl ester 2-
ethylhexylphosphonic acid

A.S. Orehova, V.A. Dorozhko

St. Petersburg State Institute of Technology, department of rare elements technology and
nanomaterials based on them, Saint-Petersburg, RUSSIA

The thermodynamics of neodymium extraction by an extractant based on mono-2-
ethylhexyl ether of 2-ethylhexylphosphonic acid (P507) investigated. Extraction was carried
out by contact of the extractant P507 with aqueous solution of NdClz. Concentration of P507
was equal to 0.8 mol/l. Concentration of NdClz were equal to 0.199 , 0.265 and 0.303 mol/I.
The ratio O / A = 1. The temperature range was 25-65 °C. It is established that extraction
proceeds according to the equation described in [1]:

Nd3* + 3H,A, = Nd(HA,); + 3H*

The calculation of values of enthalpy (AH) and entropy (AS) carried out from the Gibbs
free energy changes (AG). The system of Gibbs-Helmholtz's equations that written down at a
temperature of each experimental point is for this purpose solved. The values of (AGexp) and
(AGcalc) of Gibbs free energy changes in temperature range 25-65 °C are presented at figure.
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Picture — The temperature dependence of the Gibbs free energy change during the extraction of
neodymium of various concentrations from the chloride medium by P507 in the range of 25 — 65 °C

Based on the dependence, for three experiments conducted with an initial concentration of Nd
chloride equal to 0.199, 0.265 and 0.303 mol/l, respectively, there is an increase in the change
in Gibbs free energy with an increase in temperature in the range of 25-65 °C, which indicates
the possibility of extraction of neodymium above the equilibrium state at 25 °C with an increase
in the extraction temperature.

1. Agarwal, V. Solvent extraction and separation of cerium (IlI) and samarium (I11) from mixed rare earth
solutions using PC88A / V. Agarwal, M.S. Safarzadeh // Minerals & Metallurgical Processing. — 2017. — Vol. 34.
—Ne. 3. — P. 125-131.
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Tenepauys 1 JIOMHHECHEHIMS BO30YK/IEHHBIX HOHOB JAHTAHU/IOB
*Ln™D* npu conoxmmMuyeckom BoccTaHoBIenun Ln™
COJLBATHPOBAHHBIM 3JIEKTPOHOM

K.C. Bacusok, JI.M. I'aimumos, C. M. SIkynoga, b. JI. 'apeeB, A. M. A6apaxmMaHOB,
I'.JI. lapumios

Hnemumym nepmexumuu u kamanuza YOUIL] PAH, 2. Yga

CornacHO U3BECTHBIM JIUTEPATypHBIM JaHHBIM COJBBATUPOBAHHBIN 3JIEKTPOH €s
apysiercs s dexTuBHbIM BoccTanoBuTeeM (E° = 2.9 B) 1, kak mpaBuio, BOCCTAHOBJIEHHE C
MOMOUIBI0 €s OPraHMYeCKMX M HEOPraHMYEeCKHMX MOJIEKYJ, HOHOB M pPAJAUKAIOB C
MOJIOKUTEITPHBIMA ¥ HE3HAYUTEIbHBIMH  OTPUIATEIILHBIMU  MTOTCHIIMATAMH  [TPOXOIUT
9K30TEPMHUYHO (OTPHUIIATEILHOE 3HAYCHUE U3MEHEeHUs cB0001HO# sHepruH (AG ~ Eox — Esoc).
JlaHHOE€ CBOWMCTBO COJBBATMPOBAHHOIO JJEKTPOHA MOKET MPUBOIAUTH K OOpa30BaHUIO
BOCCTAHOBJICHHBIX (DOPM peareHTOB B 3JIEKTPOHHO-BO30YXKICHHOM COCTOSIHUU, IIOATOMY 3TH
peakuuy NOTeHIMAIbHO XEMIIIOMUHECLIEHTHBI. B HacTosd1el paboTe nokasaHa criocoOHOCTh
MOHOB JIAaHTAaHUJIOB K JIIOMHUHECILICHIIUU BCIEACTBHE XUMUYECKOW IeHEPAllU UX AJIEKTPOHHO-
BO30YKJICHHBIX COCTOSIHU B 00JTy4aeMbIX yIbTPa3BYKOM PacTBOpax.

Ha O0CHOBaHMH M3BECTHBIX HOTEHIMANOB penokc-map Ln™/Ln®Y* (n =3 nua Eu, Sm,
Yb, Tm; n =4 nst Ce) u €s mpoBeieHa TeopeTHdecKas OleHKa H3MEHEHHSI CBOOOHOM SHEPTUU
nporuecca nepeHoca aekTpoHa AG. Paccunrannbie 3HaueHuss AG mo3BOJISIOT MOCTYJIUPOBAThH
reHepanunio xeMuIroMuHeceHIH (XJ1) B peakuusx HOHOB JJAHTAHUIOB C COJTbBATHPOBAaHHBIM
snekTpoHoM Ln™ + e — *Ln®™D* g Ln = Ce, Eu u Sm. Jnst utTepOus M Tynus MpoLecc
TlepeHoca dIeKTPoHa ¢ 3acenenneM Sdi-yposHeit Yb?" u Tm?* — sH10TEpMUUECKHIA.

Jlanee ObuIM WM3Y4YEHBI CHEKTPHI OJIHOMY3BIPbKOBOW coHoMtoMuHeceHmuu (OIICI),
doromomMuHecteHuu, moriorienus pacrsopos LnCls-yH2O (Ln = Eu, Sm, Yb, Tm, Ce; y =
6, 7), (NH4)2Ce(NO3)s, EUCI2, SmCl2'(THF)2 B Bozie ¥ STHICHTITHKOJIE, @ TAKXKe JISUCTBHS Ha
OIICJI akueniropoB paaukanos. B ciayuae nepus(1V), eporusi(111) u camapus(l1l) B cnekrpax
OIICJI Ha ¢QoHEe KOHTHHYyMa pacTBOPUTENS OOHAPYKEHbl IIMPOKUE OECCTPYKTYypHbIE
MaKCHUMYMBbI JIIOMUHECHIEHIIMU TIpH 365, 465 u 754 HM, COOTBETCTBEHHO. Y CTaHOBJIEHO, YTO
svutTepamn  paHHoi OIICJI sBastorcs wmomel *Ce3*, *Eu?* m *Sm?*, a xmoueBoi
3JIEeMEHTAapHOM cTaaueil oOHapyXeHHOH coHoxemumoMuHecueHu (CXJI) — peakuus
BoccraHoBnenns Ce*', Eu®* m Sm®" conpBaTHpoBaHHBIM B BOJE WIM STHIECHIIHKOIE
anektpoHoM. [locnemuuii obpasyercs mpu conosnmsze pactBoputens. ['enepamms CXJI ¢
y4acTHEM UTTEepPOUS U TyIUS TIPU ITUX Ke YCIOBUAX COHONM3A HE OOHApYKEHa.

Takum 00pa3zom, Ha MpUMeEpe MOHOB EBPONHS, IEPHUs U camapus 0OHApyKEHO HOBOE

(yHIaMEHTalIbHOE CBOMCTBO JIAHTAHUAOB — CIOCOOHOCTh K XEMUJIIOMHHECUEHIIUU
BCIIE/ICTBHE TEHEPAINU JIIEKTPOHHO-BO30YKIeHHBIX HoHOB *Ln("D* B snemenTaprrx akTax
BocctanoBiienuss Ln™ (N = 3, 4) conbBaTMPOBAaHHBIM OJIEKTPOHOM, MPH YCIOBHH

JIOCTATOYHOCTH YHEPTHH PEAKIHH BOCCTAHOBIICHHS IS IEKTPOHHOTO BO36yxkmenms LnD*,

e-mail: kristina.vasiluk@inbox.ru
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Cunre3, crpoenue U GOTOJIOMUHECHEHTHbIE CBOMCTBA KOMILIEKCHBIX
coeJMHEHUH peIKo3eMe/IbHbIX METAJJIOB ¢ POU3BOAHBIMYU TPHA30J1a

E.A. VBanopa®’, K.C. Cvupnosa“, U.I1. Io3ansxos®®, E.B. Jlugep™®

“Uncmumym neopeanuueckou xumuu um. A.B. Huxonaeea CO PAH, Hosocubupck
SHosocubupckuii 2ocyoapcmeennniil ynusepcumem, Hosocubupck
‘Uncmumym xumuyeckou kunemuku u copenus um B.B. Boesoockoeo CO PAH,
Hoesocubupck

IIpouecc mnepenauv MOIVIOIIEHHOM OJHEPrMM C JIMTaHJAa Ha HOH JIAHTAHUJa C
HocJeyroIel JTIOMUHECIICHIIME BO MHOTOM 3aBUCHUT OT IPUPOAbI OPraHUYECKOro JIMTaH/a.
A3oTcoeprkaliye reTepoLrKIIbl, TAKUE KaK KMUAa30J1, TpHa30J1, IMPUAKH, IMPa30Jl U APYyTHeE,
IIMPOKO HCHOJIb3YIOTCS B KaueCTBE JIMTAHIOB Ul CO3JAaHUs KOMIUIEKCOB PEAKO3eMEIbHbBIX
METAJUIOB C SPKOBBIPA)KEHHOW JIIOMUHECLICHIMEN. /[aHHOE HanpaBJIeHUE OCTAeTCs OJHOU U3
aKTyaJlbHbIX 337a4 XUMHH.

B nanHo# paboTe moiydeHbl KOMIUIEKCHbIE coenuHenus C 1-(1H-0ensumumason-1ui-
metun)-1H-6erszorpuazonom (L) [Ln(LY)2(H20)(NOs)s]n u 6uc(1,2,4-Tprason-1-um)meranom
(L?) [Ln(L?)2(NOs3)3]n. CocTaB u cTpoeHHe cOeHMHEH i U3yUeHbl ¢ OMOIIBIO JIEMEHTHOTO,
PEHTIEHOCTPYKTYPHOTO M peHTreHoda3zoBoro anamuza, a Ttakke HWK-cnektpockonuu.
MeTo10M peHTI€HOCTPYKTYPHOTO aHaJIN3a YCTaHOBIICHBI /IBA CITOCO0a KOOPIUHALINY JTUTAaH/1a
L!: MoHomeHTaTHast KOOpAMHAILMS aTOMOM a30Ta MMHU/A30JbHOTO LHMKIA M OHJEHTATHO-
MOCTHUKOBasi KOOpAMHALIMSA aTOMaMH a30Ta UMMJIaAa30JbHOTO U TPHUA30JIbHOIO LIUKIJIOB, YTO
IPUBOJUT K OOpa3OBaHMIO MOJMMEPHBIX Hemodek. JIuranx L? mpospiser GuaeHTaTHO-
MOCTUKOBYIO KOOpAMHALIMIO aTOMaMU a30Ta TPHUA30JIbHBIX LMKJIOB, CBS3bIBas HOHBI
JAHTAHU/I0B B METAJII-OpPraHUYECKUI OJMMEPHBII KapKac.

JletanbHO WCCIENOBaHBI  (POTOJIOMHHECHEHTHBIE CBOMCTBAa Uil JIMTAaHIOB H
KOMIUIEKCHBIX COeIMHEHUN: IOTYUYeHbI JaHHbIE 110 CIIEKTPaM BO30YKAECHUS JTIOMUHECLIEHIINH
Y DMHCCHH, a TAK)KE TI0 KBAaHTOBBIM BBIXOJIaM U BpeMeHaM >KU3HU BO30YKIECHHBIX COCTOSHUH.
B cnekTpax doTomomuHecenuy auranaa L nabmonaercs giroopecuenius, 3apucsmas ot
JUTMHBI BOJIHBI BO30YXKIIEHUS: TPU Aex = 325 HM HAOIIOMAETCS ABYXITOJOCHAS SMHCCHS,
MaKCUMYMBbI KOTOPO# pacrnoioxkeHbl Ha 395 HM u 510 HM; ipu Aex = 405 HM — o/1HOTIONOCHAS
¢ MakcuMyMoM Ha 510 HMm. B cmektpax ¢oromomuHecueHnuu muranga L2 mabmonaercs
TOJIbKO OJIHOTIOJIOCHAsE 3MHUCCHS TPH Aex = 250 HM ¢ MakcumymoM Ha 325 uwm. Ilpu
KOMIUIEKCOOOpa30BaHUN BpeMEHa >KU3HM BO30YKIEHHBIX COCTOSIHMM YBEJIMYUBAETCS J10
MuKkpocekyH. KBanToBblil Bbxo1 B komiuiekcax esponusi(111) u repousa(ll) ysenuunaercs B
4,5 paza no cpapHermio ¢ L. Ilo JaHHBIM CHEKTPOB JFOMHUHECHEHIHH KOMILIEKCHBIX
COeMHEHUI HabI0AaeTCsl MOJHBINA HIIM YaCTUYHBIM EPEHOC SHEPTUHU C TPUILUIETHOTO YPOBHS
JIMTaHJI0B HA W3JTy4YaTeNlbHbI YPOBEHb HOHOB JIAHTAHHIOB.

BaarogapHocTu: Pabota BhIONHEHAa Ipu  mojanepxkke Poccumifckoro Hay4Horo ¢oHma  (TpaHT
Ne 20-73-10207).

e-mail: ivanovaea@niic.nsc.ru
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Cnoco0bI CHUKEHUSI BPEMEHH KU3HU BO30YKIEHHOT0 COCTOSTHUS
KOMILJIEKCOB JIAHTAHUA0B Jisl yBejnueHus d¢dextunoctu OLED

M.HN. Koznos, B.B. YTounukoBa

Mocxkosckuii 2ocyoapcmeennviii ynusepcumem um. M.B. Jlomonocosa, Mockea, POCCHA

Koopmunanmonnsie coeauHenus (KC) maHTaHUIOB —SBISIIOTCA —TMEPCIIEKTUBHBIMU
Marepuaiamu JJisi SMUCCUOHHBIX CIOEB OpraHMuYecKuX cBerousinydarouux nuoaos (OLED),
MMOCKOJIBKY OHHM 00JIaal0T y3KHMMH SMHCCHOHHBIMU TojiocaMu (~ 10 HM), 4TO TO3BOJMUT
JOCTUYh BBICOKOW 4nCTOTHI cBeTa. OaHako KC maHTaHUIOB PEeKO TEMOHCTPUPYIOT SIPKOCTh
anextpoomuHecteHuu (3J1I) Beime ~100 KI/M? B OTJIMYHE OT JIPYTUX KJIACCOB COCIMHEHU,
apkoctb  DJI  koropeix gocturaer ~10000 km/mM%.  Takum 06pasom, MOIydeHHE
BbicOkOd(hpexTuBHBIX OLED Ha ocHoBe KC naHTaHuIOB MO-TIpeXHEMY SBISETCS Kak
aKTyaJbHOM, TaK M HEPEIEHHOM 3a1aueit B pa3Butuu TexHosorun OLED.

B onHol w3 mpenpimymux paOOT HaIed IpyIIbl ObUIO YCTAHOBJIEHO, YTO OJHUM W3
KITFOUEBBIX (DAKTOPOB, OrpaHUYMBAIOIINX MaKCHUMaIbHbIe XapakTepucTuku KC naHTaHuI0B B
OLED, siBnsieTcst Bpems )KU3HU BO30YKIEHHOTO cocTosiHUS; 1l KC maHTaHUI0B OHO OOBIYHO
COCTaBISET ~| MHJUTMCEKYH/TY, YTO MOBBIIIACT BEPOSITHOCTH MOOOYHBIX TTPOIECCOB U CHIIKACT
4aCTOTy M3Jy4aTeIbHON PEKOMOWHAIIUM AJICKTPOH-IBIPOYHBIX map. JJIs ycTpaHeHHsI 3TOTO
OTPaHUYEHUS MBI ITPEITIOKUITH HECKOJIBKO CITOCOOOB MOHMKCHHSI BpEMEHU KU3HU: 1) au3aiiH
KC naHTaHMIOB ¢ JIETKO TOJSIPU3YEMBIMH JIMTAHJAMHA W JIMTAHJAMU-TaCUTEIISIMU
JIOMUHECIEHIIMY, 2) TOJYy4YCHHE CMEIIAHHOJIUTAHIHBIX KOMIUIEKCOB, 3) BBEJIEHHE HOHA
UTTEepOUS B COCTaB KOMIUIEKCA U 4) UCITOIb30BaHUE TIJIA3MOHHOI'O PE30HAHCA.

B kauecTBe JIerko MOJIAPU3yEMBIX JIUTAaHA0B ObLIM BBIOpaHbI -IMKETOHATHI, a JIMTaH/a-
racuTess JIFOMUHECIIEH NN - nunupuao|a,cldenazun (DPP2). [Tonyuenue
CMEIIaHHOJIMTaHIHbIX IOJApa3yMeBaeT BBeneHue B coctaB oaHoro KC nByx pasnnyHbIx
AQHUOHHBIX JIUTAH/IOB, YTO NPHUBOJUT K CHW)KEHHMIO CHMMETPUM KOOPIAMHAIMOHHOTO
OKPY’KEHHMSI LIECHTPAJIIbHOTO HOHA, OT KOTOPOT'0 3aBUCUT M3ITy4aTEIbHOE BpeMs XKHU3HU. Taxxke
ObUIO M3YyYEHO BIIMSHHUE JIONOJHUTEIBHO MOHA UTTEPOUsS B COCTaBE KOMIUIEKCOB €BPOIIHS:
BBEJICHUE HOHAa WTTepOMsl CHMXKAET KaK KBAaHTOBBIM BBIXOA, TaK M BpeMs >KU3HU
BO30YKIEHHOTO COCTOSIHUSL €BpPOMMS, YTO MOXKET TIPUBECTH KaK K YBEJIWYCHHUIO
3(GGEKTUBHOCTH  AJIEKTPOIIOMUHECIICHIIMM €BPOIUS, TaK M TMOJYYEHUIO YHHUKaIbHBIX
OpPraHWYECKUX CBETOAUOJMIOB C IBOMHON 3MHccHel. Mcnob30Banue MI1a3MOHHOTIO PE30HAHCA
3aKJIIOYAaeTCs BO BBEACHUWE HAHOYACTHUI[ 30JI0TAa B HEMNOCPEICTBEHHOM OJIU30CTH OT
SMHUCCHOHHOTO CJIOSl, YTO IO JIUTEPAaTypHbIM JaHHBIM TaKXke CIIOCOOCTBYET CHUXEHHIO
BPEMEHHU JKU3HH.

B pabGore paccMOTpeHBl MEpPCNEKTUBBI MPEAJIOKEHHBIX CIIOCOOOB  IMOBBIIICHUS
spdextuBHOcTH OLED Ha OCHOBEe pa3sHONMTaHAHBIX [-IUKETOHATOB M apOMATHUECKUX
KapOOKCHIJIATOB €BPOMHUS, TepPOUS U UTTEPOUS.

e-mail: makariy.kozlov@gmail.com
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Highly NIR-emitting ytterbium complexes containing 2-
tosylaminobenzaldehyde-4-azidomethylbenzoylhydrazone anions as
perspective luminescent biomarkers

D.S. Koshelev®?, R.E. Mustakimov®®, V.V. Utochnikova®®

#Faculty of the Material Science Lomonosov MSU
bChemistry Department Lomonosov MSU
“Zelinsky Institute of Organic Chemistry RAS

Lanthanide coordination compounds (CC) combine both the high absorption of organic ligands
and the lanthanide luminescent properties that make them perspective in different areas such
as sensing, OLEDs, or bioimaging. For the latter, lanthanide long excited state lifetimes, as
well as the narrow emission bands and their constant positions in the spectra facilitate detection
in living tissues.

Earlier ytterbium complexes with the Schiff bases, i.e. 2-tosylaminobenzaldehyde-
benzoylhydrazone, demonstrated high quantum yield (QY) of NIR luminescence up to 1.4%,
and a molar extinction coefficient (g) up to 40 000 (M-cm)?, which makes these compounds
prospective as bioimaging markers. However, the low solubility and lack of targeting groups
require further ligand design. To increase solubility, in the present work, benzylidene fragment
of the ligand was brominated, and to increase absorption, azido substituent was introduced into
the benzoyl fragment of the ligand. Thus, modified 2-tosylamino(5-bromo)benzylidene-(4-
azidomethyl)benzoyl hydrazone (H.L2) and its non-halogenated analogue (H2L1) were
obtained by the condensation reaction of the corresponding aldehyde and (4-
azidomethyl)benzohydrazide (Fig. 1a).
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Fig. 1. Synthesis of a) organic ligands H.L, b) lanthanide CC - Yb(L)(HL) (L =L1, L2).
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Ytterbium complexes Yb(L)(HL) (L=L1, L2) were obtained with the corresponding Schiff
bases by the reaction shown in Fig. 1b. Complexes K[YDb(L).] were obtained by the reaction:

Ln(L)(HL)+KOH — K[Ln(L)2](H20)a (n=2 for L1, 1 for L2)

The compositions of the obtained compounds were confirmed by a combination of TG with
MS of evolved gases, IR and NMR spectroscopy. Single-crystal XRD allowed solving
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structures of the 6 different complexes and 2 structures of organic ligand HoL1. It turned out
that the complex structures consist of mononuclear fragments Yb(L)(HL) (Fig. 2a) or [Yb(L)2],
which in the latter case are connected either to a polymer chain via a K* ion (Fig. 2b) or to
binuclear fragments via two K* ions (Fig. 2c).
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Fig. 2. Mononuclear fragments of a) Yb(L1)(HL1) and b) K[Yb(L2)]. c) Dinuclear fragment of
K2[Yb(L1).]2 structure.

The solubility of complexes increased upoh halogenation and upon the formation of K['Yb(L)2].
The maximum solubility reached 40 g/L in THF, and for K['Yb(L).] even water solubility was
detected (~0.1 g/L).

The molar absorption coefficient reached 45300 (M-cm)? for K[Yb(L1).] and the quantum
yield of NIR luminescence reached 1.64% for K[Yb(L2).]. Quantum efficiency (QE) = QY ¢
of the obtained compounds reached 680 (M-cm)™ that exceeds the QE values of the commonly
used biomarkers. The cytotoxicity of the K[Yb(L)2] is very low: cell viability decreases below
80% at concentrations over 80 mmol/L.

Thus, non-toxicity, high QE and high solubility make obtained compounds promising
candidates to the emissive part of the targeted biomarkers.

[1] A. D. Kovalenko, P. O. Rublev, L. O. Tcelykh, A. S. Goloveshkin, L. S. Lepnev, A. S. Burlov, A. A.
Vashchenko, L. Marciniak, A. M. Magerramov, N. G. Shikhaliyev, S. Z. Vatsadze and V. V Utochnikova,
Chem. Mater., 2019, 31, 759-773
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Lanthanide(IIT) complexes with p-enamindione derivatives: structure and
photoluminescent properties

K.S. Smirnova?, E.A. Ivanova®®, |.P. Pozdnyakov®<, V.V. Dotsenko?, E.V. Lider®?
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The preparation of new lanthanide coordination compounds is one of current interest direction
of chemistry, since they exhibit luminescent and magnetic properties, as well as a wide
spectrum of biological activity. The ligand choice is one of the key points, as excitation of the
system occurs indirectly, namely due to an "antenna" mechanism. With this effect, the organic
ligand first absorbs light, goes into an excited state and transfers energy to the metal ion with
subsequent emission. However, exactly lanthanide(lll) ion is responsible for the definite
emission colour.

In this work, f-enamindione derivatives were used as antenna ligands (Fig. 1). Coordination
compounds were obtained by mixing solutions of the corresponding lanthanide(l11) nitrate and
ligand. A series of synthesized complexes with the general formula [LnL2(NO3)s] was
characterized by various physicochemical methods: IR-spectroscopy, elemental, single-crystal
X-ray diffraction and powder X-ray diffraction analyses.

O—CH
0 : o
NH
?  NH /
~ N / — (@)
H = CH
H3C 0 H3C H3C L 3
HSC HsC \O H3C \O
2

Lt L L3

Fig. 1. Structural formulas of ligands.
According to single-crystal XRD analysis, ligands are coordinated by a bidentate-bridging
mode via oxygen atoms with the formation of polymer structures (Fig. 2.). The lanthanide(l11)

coordination sphere is supplemented by three nitrate groups, bidentate-coordinated, so the
coordination number of the central atom is ten.
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Fig. 2. Layered structure of the complex [Th(L?)2(NO3)s]n.

The photoluminescent properties were investigated for the ligands and the lanthanide(l1l)
complexes. L was shown to exhibit blue emission with picosecond lifetime of excited states,
while L? and L® demonstrate green and blue emission, respectively, with nanosecond lifetimes
(Fig. 3). The L? ligand has the most quantum yield — 40.6%. Luminescence sensitization is
occurred for europium(lll), terbium(l1l), and samarium(l11) complexes. The emission spectra
of these compounds exhibit bands characteristic for each lanthanide(l11) ion.

—L',%_=375nm
— L% 2,=395 nm
—L’,2,=375nm

0,2+

0,0

400 ' 4é0 ' 5(;0 ' 5;0 ' 6(')0 ' 650
Wavelength, nm
Fig. 3. Emission spectra of ligands L1~ L3,
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A novel approach to increase Th-Eu-based luminescent thermometer
sensitivity

L.O. Tcelykh, V.Yu. Kozhevnikova, V.V. Utochnikova

Lomonosov Moscow State University, Moscow, RUSSIA

Luminescence thermometry is potentially superior in many fields, where temperature
measurements are required. Its obvious advantages include the possibility of the contactless
temperature measurement of fast moving objects or objects of very small size, temperature
measurement with a large surface coverage, etc. Luminescence thermometry is a success when
many other thermometry methods fail, i.e. in nanotechnology and bioapplications, and even
(nano)theranostics, as luminescence probes are inherently polyvalent materials. The
simultaneous combination of properties such as thermometry and bioimaging provides
advantages for magnetic resonance imaging and X-ray computed tomography. Luminescent
thermometers are potentially suitable for both high temperature and cryogenic applications,
and can be used in harsh environments. Flow temperature measurements, motor surface
temperature measurements, and other engineering applications have already benefited from
this method. Luminescent thermometers allow simultaneous surface temperature mapping with
high resolution.

As the basis of such a thermometer, lanthanide compounds are promising, the luminescence
bands of which have a small width and a constant position. Among them, coordination
compounds are especially important due to the high intensity of luminescence sensitized by the
ligand. The use of two emitting metals compounds makes it possible to use the ratio of the
intensities of the luminescence bands of different metals as a signal and eliminate the need for
additional calibration of the thermometer.

The temperature dependence of the luminescence of Th-Eu complexes is usually caused by a
change in the rate of reverse energy transfer from europium to terbium with temperature. If the
rate of non-radiative processes is larger than of radiative, it can be described using the classical
Mott-Seitz model, which considers the competition between the radiative transition and
nonradiative reverse energy transfer. In our group, it was previously shown that for a three-
level system, to which terbium-europium compounds belong, the temperature sensitivity is
limited by the value of E#/KT?, where k is the Boltzmann constant, T is the temperature, and Ea
is the activation energy, which corresponds to the energy gap between the excited states of
terbium and europium (3200 cm™* = 4604 K). Thus, the sensitivity of such a system, if described
by the Mott-Seitz model, decreases with the temperature increase; e.g. at 100 °C, its limit is
3.3%/°C [1].

We proposed that it is possible to increase the sensitivity, in particular that at the elevated
temperature, if the operation of a thermometers is based not only on the reverse energy transfer.
We propose to introduce another process that will proceed with different efficiency for terbium
and europium ions, i.e. a quenching by the OH-vibrations of the ligand. As the objects of
investigation, we selected bimetallic Tb-Eu complexes with 2-, 3- and
4-hydroxybenzoic anions (H(hbz) = H(2-hbz), H(3-hbz), H(4-hbz)) and different metal ratios
due to high luminescence intensity and thermal stability of lanthanide aromatic carboxylates.
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Despite europium complexes with the selected ligands do no emit light, bimetallic Th-Eu
complexes with 3- and 4-hydroxybenzoates demonstrate europium luminescence with the
quantum yield up to 77%. Selected 3- and 4-hydroxybenzoates demonstrated temperature-
dependent luminescence in the range of 25-100 °C. For 3-hydroxybenzoate of Th-Eu,
thermometer sensitivity reached 4%/°C at 100 °C, which exceeds the expected limit of 3.3%/°C
at this temperature and is the highest reported value at this temperature. Temperature resolution
is about 3 °C.
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Fig. 1. a,c) Luminescence spectra at various temperatures and b,d) ratio of europium (612 nm)
and terbium (545 nm) luminescence bands intensities (LIR = I(Eu)/I(Tb)) and sensitivity Sr of
a,b) EUo,szo_3(3-th)s(HzO)n(CszoH)m and C,d) EUo,szo,g(4-hbZ)3(Hzo)n(C2HsoH)m.

[1] Popelensky T.Y., Utochnikova V. V., Dalt. Trans. Royal Society of Chemistry, 2020, 49, 12156-12160.
Acknowledgements — Authors thank Russian Science Foundation (grant 20-73-10053).
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Using modern machine learning methods to study lanthanide
coordination patterns

A.O. Dmitrienko

Plekhanov Russian University of Economics, Moscow, RUSSIA
M. V. Lomonosov Moscow State University, Moscow, RUSSIA

Rare-earth elements have high coordination numbers and a complex shape of coordination
polyhedra. Another common feature is the shallowness of the potential energy surface: different
coordination environments are close in energy, and corresponding barriers are low. That leads to
many distorted and intermediate structures that a hard to classify. It remains unclear even whether
directed covalent bonds play a significant role in the coordination environment of lanthanides or
electrostatic arguments can explain all their diversity.

Over the decades since the beginning of the century, two significant changes have
revolutionized structural chemistry. The first is the rapid accumulation of records in experimental
structure databases. The second is the availability of modern statistical and data science analysis
methods.

The first revolution is easy to express in numbers. The Cambridge Structural Data Bank,
created in the eighties, reached one million records in 2019; in January 2022, it contained 49,458
lanthanide complexes. Even specialized search queries like “polymer structures with europium
atoms connected by a carboxylate bridge” now give out more than a thousand matches. It is
irrational to process such a large amount of data manually. We always need automated methods.

The second revolution is subtler than the first one. Machine learning methods allow us not
to define the relevant features and categories in advance. They “learn” them statistically from
many examples. Previously available only to computer science experts, those methods are now
available to many researchers in different fields.

The most successful approach to the study of coordination polyhedra with a large
coordination number is the method of Continuous Shape Measurements (CShM). The method
uses a priori mathematical representations — Johnson polyhedra and their spherical analogs —
heavily. On the one hand, this gives the analysis a clear interpretation: which of the idealized
polyhedra is my object more like?. On the other hand, the choice of ideal polyhedra is quite
arbitrary and affects the results strongly.

As an alternative and complement to CShM, it is interesting to conduct an utterly empirical
analysis: measure the all-to-all “distances” (measure of difference, root-mean-square Cartesian
difference for the best overlap, RMSD) between the coordination polyhedra and find the structure
in the resulting matrix using modern unsupervised machine learning techniques. The clusters
found in this way will correspond to stable coordination preferences and will not use any a priori
knowledge about ideal polyhedra.

We carried out studies of lanthanide complexes with different coordination numbers within
this framework. We calculated the RMSD distance matrix with a simple branches-and-bounds
algorithm and visualized it using the t-SNE and UMAP dimensionality reduction methods. In
most cases, the clusters corresponding to stable coordination preferences appear. We investigated
the relationship between the results and the CShM scores and discussed how the cluster
population changes with lanthanide atomic number.

Acknowledgements — Author thank Plekhanov Russian University of Economics for financial support.
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Synthesis and properties of new lanthanides complexes with perylene

T. V. Balashova, S.K. Polyakova, M. N. Bochkarev

G. A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of Sciences,
Nizhny Novgorod, RUSSIA

Interest in the development of new materials based on perylene derivatives is associated with
their exceptional chemical and photochemical stability, high quantum yields of fluorescence,
and a wide range of luminescence colours achieved by change of substitutions in the perylene
core [1]. It is known only small number of perylene complexes containing the metal-ligand o-
bond with alkali and transition metals [1, 2]. Similar complexes with lanthanides in the
literature are absent.

In this work, the possibilities of the reduction of perylene with lanthanide diiodides are
considered. It was found that TmI,(DME)3z does not react with free perylene, as well as with
free naphthalene, as was shown earlier [3]. In contrast, Ndl reacts very vigorously at 77K to
give a blue solution characteristic of the perylene radical anion, which is confirmed by ESR
spectroscopy data. After a few seconds, the color of the solution became burgundy, and the
ESR signal disappeared. An extremely unstable compound of trivalent neodymium
[NdI2(DME)2]2(C20H12), containing two Ndl2(DME). fragments bonded by bridging perylene
dianion was isolated from the reaction mixture as extremely air unstable dark green precipitate.
The composition of the product was confirmed by fragmental analysis, IR, ESR spectroscopy,
and magnetic measurements.
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Li and K react with perylene to give complexes (C20H12)M(DME)s (M = Li, K), existing in the
form of ion pairs, in which perylene is a radical anion. This was evidenced by the ESR spectra
of solutions with a characteristic blue color. Both compounds were synthesized for further
reactions with lanthanide iodides aiming to get new perylene-lanthanide derivatives.

[1] S. Lentijo, J. A. Miguel, P, Espinet. Inorg. Chem., 2010, 49, 9169-9177.

[2] C. Nather, H. Bock, Z. Havlas, T. Hauck. Organomet., 1998, 17, 4707-4715.

[3] M. N. Bochkarev, I. L. Fedushkin, A. A. Fagin, H. Schumann, J. Demtschuk. Chem. Commun., 1997, 1783-
1784.
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Lanthanide complexes with polychlorinated 2-mercaptobenzothiazolate
ligands exhibiting intensive luminescence in near infrared range
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Near infrared (NIR) luminescent materials based on trivalent lanthanides such as Nd, Er and
Yb have attracted great attention in recent years due to their potential use in lasers, bioimaging
and telecommunication systems.

NIR luminescent organic complexes of these lanthanides should be free of multiphonone
quenchers which are C-H and C=0 bonds. Therefore, polyhalogenated “antenna” ligands are
used in the design of such complexes. We have recently shown that perfluorinated 2-
mercaptobenzothiazole effectively sensitizes the NIR emission of Nd, Er and Yb compounds.
[1, 2] In current work we have synthesized lanthanide ate complexes with novel fully and
partially chlorinated 2-mercaptobenzothiazoles (mbt®') (Fig. 1). The triplet levels of the ligands
were determined using low-temperature phosphorescence spectra of the Gd derivatives.
Surprisingly, it was found that the triplet level of the perchlorinated mbt® ligand (19400 cm™)
was significantly lowered as compared with perfluorinated mbt (21500 cm™) and even
protonated mbt ligands (20400 cm™). As expected, due to an absence of quenching bonds in
lanthanide environment the ate complexes with perchlorinated mbt® ligands show intensive
and long-lived luminescence in the NIR range.
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Fig. 1.Molecular structure of [(Nd(mbt®"),) (Na(DME);)*]ate complexes with partially (a) and fully
chlorinated (b) mbt® ligands.

[1] V.A. llichev, L.I. Silantyeva, A.N. Yablonskiy, B.A. Andreev, R.V. Rumyantcev, G.K. Fukin and M.N.
Bochkarev, Dalton Trans., 2019, 48, 1060-1066.

[2] A.F. Rogozhin, L.I. Silantyeva, A.N. Yablonskiy, B.A. Andreev, 1.D. Grishin and V.A. llichev, Opt. Mater.,
2021, 118, 111241.
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Effect of Lu®* and Gd®* additives on the structure and luminescent
properties of NaYFs: Sm*", Gd**/Lu** nanoparticles

A.A. Betina, A.S. Mereshchenko

Saint-Petersburg State University, Saint-Petersburg, RUSSIA

In recent years, the design of the multifunctional nanomaterials is one of the rapidly developing
field of technology. Among this type of materials, one of the most widely studied are hybrid
inorganic functionalized nanocomposites containing rare earth elements, which is due to their
potential use for non-invasive diagnostics of living tissues: luminescent imaging, magnetic
resonance and positron emission tomography, as well as the possibility of creating targeted
radiopharmaceuticals and preparations for photothermal therapy for the treatment of tumors. It
is important to study the dependence of luminescence intensity and particle size on the
composition of the materials. In work, we studied the dependence of these parameters in the
NaYF4 nanoparticles doped with Sm**, where yttrium was also partially replaced by Gd** and
Lud,

Nanoparticles with a mixed crystal matrix were synthesized by hydrothermal method. Upon
excitation at 401 nm, samples with Sm®" demonstrated luminescence bands with maxima at
561, 595, 646 nm. The molar fraction of Sm** corresponding to the maximum luminescence
efficiency was found to be 0.02. Then, the particles NaY o,9sSmo 02F4 were doped with Gd** and
Lu®*. The luminescence maximum corresponds to 0.005 for Gd®** and Lu®*. The particle size
varies between 58-800 nm, for NaYi1.xSmyFs4, and 44-800 for NaYo,9sxSmo02GdxFs and
800-1266 nm for NaYo,gs-xSmo,02LuxF4 strongly depending on Gd/Lu concentration. The cell
volume increases linearly when doped with Gd®*, and decreases when doped with Lu®*.

Fig. 1. SEM image of the sample NaY,.gsSmo2Fa.
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was funded by Fellowship of President of Russia MD-1191.2022.1.3.

e-mail: betina.ann@yandex.ru

60



“VII Russian Day of Rare Earth”, February 14-16, 2022 Arbuzov IOPC FRC Kazan Scientific Center of RAS

Rare-earth nitrate complexes of different dimensions: synthesis, crystal
structure and properties

A.A. Vorobyova,“ G.D. Chistyakov,* V.E. Goncharenko,” K.A. Lyssenko,* S.I. Troyanov,?
K.V. Zakharov,2 A.N. Vasiliev,2® A.l. Boltalin,” I.VV. Morozov*®

“Lomonosov Moscow State University 119991, Moscow, RUSSIA
bNational University of Science and Technology “MISiS "119049, Moscow, RUSSIA

Nitrate complexes of rare-earth elements demonstrate a variety of composition and
structure, but their properties remain insufficiently studied. Using both known and new
synthetic approaches, previously unknown nitrate complexes of lanthanides were obtained in
our work. The crystal structure of the obtained compounds was established by X-ray diffraction
analysis. In the course of the work, a systematic study of nitrate complexes of rare-earth
elements with various counterions was carried out. In this case, several families were
synthesized, which made it possible to trace the crystallographic regularities in the series of
lanthanides and to reveal the stability limits for compounds of the same type:

1. (NO)3[Ln2(NOs3)g], Ln = La— Gd; (NO)2[Ln(NO3)s], Ln =Tb — Lu
2. (A,B)2[Ln(NO3)s], Ln = Dy, Ho, Er, Tm, Yb, A,B = PyH, N-NO2Py, NO;
3. (PhenH2)[Ln(NOs)s], Ln = Eu, Dy

In addition, new synthetic approaches were tested, which made it possible for the first
time to obtain nitrate complexes of a previously unknown composition and structure:
framework (BMIM)s[Las(NO3)1s8](C2H4Cl2) (Fig. 1a) (BMIM — butylmethylimidazolium
cation), chain NO[H0o(NOs3)a4], layered (H30)z[Las(NOs)11(H20)2](H20)s (Fig. 1b).

(a)

o

A

Fig. 1. Structure of [Las(NO3)15]® anion (a); [Las(NO3)11(H20).].2"™ layer (b)‘

Anhydrous nitrate complexes of lanthanides can exhibit the properties of Lewis acids and
find applications in organic catalysis. The presence of series of compounds of the same type
makes it possible to trace the change in such functional properties as luminescence and
molecular magnetism, as well as to reveal patterns between the composition, nature of the
metal, and the manifested properties.
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Dimensionality control of lanthanide B-diketonates by changing the
polarity of the reaction medium

V.E. Gontcharenko?, I.V. Taydakov®, Y.A. Belousov®®

#Lomonosov Moscow State University, Moscow, RUSSIA
b|_ebedev Physics Insitute, Moscow, RUSSIA

Six new complexes of rare earth elements (mainly europium) were synthesized and
analyzed with the use of single crystal X-ray diffraction. The compounds were obtained by
boiling a suspension of lanthanide hydroxide in the solution of B-diketone ligand L of different
polarity (Scheme 1.).

1/3 Ln(OH),

Scheme 1. Scheme of the synthesis of the complexes obtained in the work.

When using ligand solutions in aqueous ethanol, ethyl acetate, and acetonitrile,
complexes with a polymeric structure are formed, and in the case of acetonitrile solution the
structure of the complex is a crystallosolvate [1].

The use of more polar reaction media (dioxane, acetone) leads to the formation of non-
polymeric complexes - crystallosolvates. It should be noted that the use of aqueous methanol
as a solvent also leads to a non-polymeric complex in which the coordination sphere of the
terbium atom is saturated with two methanol molecules instead of two water molecules, which
is possible due to the small size of the solvent molecules [2]. It is worth adding that the resulting
acetone and dioxane crystallosolvates also differ in the mutual arrangement of water molecules
coordinated to the europium atom, which is associated with the influence of the solvent.

Thus, a change in the polarity of the reaction medium makes it possible to adjust the
dimensionality of the resulting complex (0D, 1D). The resulting coordination compounds

62



“VII Russian Day of Rare Earth”, February 14-16, 2022 Arbuzov IOPC FRC Kazan Scientific Center of RAS

exhibit characteristic luminescence of lanthanide ions (except for the gadolinium complex)
upon excitation with 350 nm wavelength light.

Table 1. Dependence of the lanthanide complex structure on the polarity of the reaction medium.

Solvent Polarity index Chemical formula
EtOAc 4.4 [Eu(L)3(H20)]n P212121
EtOH:H0 4:1 5.48 E'Eﬂ(:"E)a('éf)T]g) P2in
MeCN [1] 5.8 [Eu(L)3(H20)]n*1,2(MeCN)
Dioxane:H20 1:1 7.5 [Eu(L)3(H20)2]*1,5(C4HsO2)
Acetone:H20 1:1 7.65 [Eu(L)3(H20)2]*1(H20)*1(C3sHsO)
MeOH:H20 1:1 [2] 7.65 [Tbh(L)3(MeOH)2]

[1] I. V. Taidakov, A. N. Lobanov, A. G. Vitukhnovskii, and Z. A. Starikova. Russ. J. Coord. Chem.,

39(6), 2013, 437-441.

[2] I. V. Taydakov, R. I. Avetisov, and N. P. Datskevich. Russ. J. Coord. Chem., 45(12), 2019, 883-888.
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Scandium halide and alkyl complexes bearing anionic-tethered
pincer NHC ligands
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Due to their outstanding o-donating abilities, N-heterocyclic carbenes (NHCs) have recently
emerged as powerful supporting ligands for transition metal catalysts.[1] In contrast, the use of
NHC ligands for coordination to oxophilic high-oxidation-state metals has been far less
investigated. Although monodentate NHCs are excellent supporting ligands for rare-earth
metal complexes, the metal-carbene bond is still significantly weaker and more reactive in
these electropositive metal systems than it is in late transition metal systems.

Pincer-type ligand systems have gained wide recognition in coordination chemistry as they
form stable metal complexes with strong metal-ligand bonds.[2] From HSAB theory (hard soft
acid base), it follows that anionic-functionalized NHC ligands readily coordinate with
electropositive metals which are Lewis acidic in character, with the anionic functions acting as
anchors counterbalancing the tendency of the undesired NHC dissociation from the electron-
deficient metal center. So, pincer ligands combining a soft NHC with two harder anionic groups
must be particularly effective in the stabilization of rare-earth-NHC complexes, generating
systems with strong metal-carbene bonds.

We expect that, following the success of monodentate NHCs, chelating NHCs with anionic
functions will become perspective objects in the field of organo-rare-earth chemistry. In order
to reduce the tendency for ligand dissociation, symmetrical (OCO)-type NHC-donor systems
L1-3Hs, where a neutral carbene donor is surrounded by two identical anionic functions, were
chosen (Chart 1). In this report, synthesis, isolation, and characterization of a large series of
scandium complexes bearing pincer-type bis-(N-phenoxide)-NHC ligands are described.

B e

L'H, L2H, L3H,
Chart 1. Phenolic-tethered NHC precursors employed in this study.

[1] M. N. Hopkinson, C. Richter, M. Schedler, F. Glorius, Nature, 2014, 510, 485-496.
[2] D. Pugh, A. A. Danopoulos, Coord. Chem. Rev., 2007, 251, 610-641.
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Hybrid systems based on carbon quantum dots and terbium complexes
with thiacalix[4]arene ligands as luminescent ratiometric
nanothermometers

A.P. Dovzhenko?, R.R. Zairov@, A.R. Mustafina®

&Kazan (Volga region) Federal University, Kazan, RUSSIA
bArbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center, Russian
Academy of Sciences, Kazan, RUSSIA

Intracellular temperature attracts special attention in last decades. This essential physiological
property is accountable for the rates of biological reactions and the biomolecule diffusion
course, such as exocytosis, oxidation phosphorylation, and the transmembrane transport of
ions. That makes cell temperature measurements crucial in a big number of practical
applications. Luminescence-based temperature sensing is outstanding in this sphere due to its
merits of being noninvasive and precise [1-3].

In this work, was developed a facile strategy for synthesis of novel hybrid
polystyrenesulfonate(PSS)-coated nanoparticles consisted of carbon dots (CD) and Tb**
complex as a single excited dual band luminescent nanothermometer (Fig. 1).
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Fig. 1. Schematic description of hybrid nanoparticle and structure of ligand of complex [TbL] (a),
emission spectra of this nanoparticles (lex =360 nm) as a function of temperature (b), temperature
dependence of 450nm (1) and 547 nm (2) bands of PSS-{CDs-[TbL]} upon two heating-cooling
cycles(c)

Ligand environment of the Th3+ complex had to satisfy the specific requirements, such as: (1)
high complex stability, (2) incomplete coordination sphere of Tb®* ions, (3) efficient and
temperature responsive Th3*-centered luminescence. The [TbL]* complex with 1,3-diketonate
derivatives of calix[4]arene (L) fits well to the aforesaid requirements. The capacity of the
hybrid nanoparticles to simultaneously emit in the blue and green regions of spectrum
originates from two different emissive components CDs and [TbL]* complex, correspondingly.
Green and blue emitting blocks were incorporated into the polysodium polystyrolesulfonate
(PSS) aggregates through the solvent-exchange synthetic technique. Due to their unique optical
properties, temperature sensing over the range of 35-45 °C can be accomplished via changes
in fluorescence intensity with high sensitivity values (Sj=3.55 % °C™).

[1] Gong D. et al. Sens. Actuators B Chem. 2017, 252, 577-583.

[2] Zairov R.R., Dovzhenko A.P. et al. scientific reports 2020, 10, Ne 1, 20541.

[3] Shi X. Li Z. et al. Small 2019, Vol, 15, Ne 48, 1901507.
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MeMOpaHHasi SKCTPAKIHS PeaK0o3eMeJbHbIX 3JieMeHTOB O-2-3THTeKCHJI-
N,N-au-2-3TunrekcuiamuHoMeTua¢ochoHOBO KUCTOTOM

E.B. 3aiiniena, JI.. Ax6aposa, P.A. Mapnanmmuna, A.P. Jlateinosa, S1.B. Kypaos,
O.E. Uubupes, A.P. I'apudzsHor

Xumuueckuu uncmumym um. A.M. Bymneposa, KOV, Kazanb, POCCHA

B cBs131 ¢ BBICOKHM CIIPOCOM Ha peiko3eMelbHble ieMeHThl (P39) akryanbHol 3aadeit
ABIsIeTCSl  pa3paboTka  A(PQPEKTUBHBIX  THAPOMETALIYPTHUECKHX  IPOIECCOB X
KOHIICHTPUPOBAHUS U pa3JieNieHHsl. 3HAYNTENIbHBIA HHTEPEC B TOM OTHOILICHUH IPEACTABIISIET
METOJl MEMOPaHHOH YKCTPAKLIUYU C IMITPETHUPOBAHHBIMH XUIKUMH MeMOpanamu (MOKM).

Lenpto HacTosimield pabOTBI  SBISETCS M3ydYeHHE MEMOpaHHOH  SKCTpaKIUH
TPeX3apsIHBIX KATHOHOB PEIKO3EMENBHBIX JJIEMEHTOB C HCIOJB30BAaHHEM HOBOTO
MeMOpaHHOTO mepeHocunka — O-2-amunzexcun-N,N-ou-2-amunzekcunamunomemun-
gocgonoson kucnomor (HR):

@)
Alk |

Y P\—OH
ai” N Noni

B xagectBe marpuisl 1OKM ucnosnb3oBanuck ruipodoOHbIe GTOPOIIACTOBBIE QUIBTPHI
¢ muamerpom mop 0,45 mxm, xkunakas (aza — pactBop HR B kepocune. Konmenrparuro
kaTroHOB P33 B BoaHbIX (haszax onpeensuiud poromerpudaeckum Metogom ¢ Apceraszo(ll11).

BbuTO0 BBISICHEHO, YTO C POCTOM KOHILIEHTpAIMHM MEPEeHOCUYHKa B MeMOpaHHOH (ase
MIPOHUIIAEMOCTh MEMOpaHbl YBEJIMYMBAETCS, HO JIUIIb JI0 OINPEJEJIEHHOrO 3HAUeHHs, 3aTeM
3aBHCUMOCTH BBIXOJHT Ha MPEJEIT BCICACTBHE YBEIMUEHHS BSI3KOCTH MEMOpaHHO! (ha3bl.

Ckopoctb nepenoca Heonuma(Ill) BozpactaeT ¢ yBenMueHHEM KOHLIEHTpAIMM HUTpaTa
HaTpUsi B OT/AIONIEM DPAaCTBOPE, HO IEPECTaeT PacTH NPH KOHIEHTPAIUSX HUTPAT-HUOHA,
npesbimatromux 0.2 M, ¢ mepexosoM MeMOpaHbl B «pPEXHM HACBHIILIEHUS», U CKOPOCTb
MaccooOMeHa HauWHAET JUMUTUPOBAThCA AU PY3MOHHBIMH MTPOIECCAMHU.

beuta  wucciaenoBaHa 3aBUCHUMOCTh  3((EeKTUBHOCTHM mepeHoca HOHOB P3D ot
KOHIICHTPALlMU a30THOM KUCIIOTH B OTHAIONIEM pacTBope. IIpoHHmiaeMocTs MeMOpaHbl 1ist
BCEX KaTHMOHOB YMEHbBIIIaeTcs MpH MoBbimeHNH KoHueHTpauuu HNO3z o 0.02 M u manee
MIJIABHO YBEJIMUMBACTCS JI0 ONPEIeIeHHOT0 3HaueHus (Tabi.1).

Alk = -CH2CH(C2H5)C4H9

Tao6.. 1. [Iporunaemocts VDKM (J-10° m/c) 1o oTHOMIEHHUIO K KaTHoHaM P3D npu pasinuHbIX
konmentparusx HNOsz B oTmaromiem pactBope

Kamuon Konyenmpayus HNO3, monv/n

P33 0.0002 | 0.01 0.02 0.05 0.1 0.2 0.3 0.4

Las* 5.09 0.271 0.276 0.918 1.37 1.99 2.03 1.23
Nd3* 4.27 2.39 1.91 2.24 2.85 3.49 3.88 3.56
Sm3* 3.01 1.13 1.77 2.82 491 5.73 6.96 5.63
Er3* 6.73 2.55 3.32 6.12 9.54 10.9 11.6 11
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[Ipu BbICOKMX KOHIEHTpamusax a3zoTHo kuciotel (0.1 — 0.3 M) addexTuBHOCTH
AKCTpakiuu B psagy P30 cyliecTBEHHO pacTeT ¢ yBEIMYEHHEM aTOMHOW MAacChl 3JIEMEHTOB,
YTO IPEJCTABISIET HECOMHEHHBIN MPAKTUYECKUI HHTEPEC.

[TorydeHHBIE AKCIIEPUMEHTATbHBIC PE3YIbTAaThl CBHUICTEILCTBYIOT O TOM, 4YTO IPH
u3MeHeHun pH oTxparomiero pactBopa MPOUCXOJUT M3MEHEHHWE MeXaHH3Ma MeMOpaHHOM
IKCTpakIuu katnoHoB P30 B uccnenoBannoit cucteme. Ilpu pH > 2 B memOpannyto ¢azy
nepexonuT xemat LnR3, a B ciydyae KHCIBIX HHUTPATHBIX HCYEPIBIBAEMBIX PACTBOPOB
TPAHCHOPT OCYIIECTBIAETCS uepes obpazoBanue HoHHOTO accormata {[Ln(HR)3]**-3NOs}.

JInsgs  OLEHKM  BO3MOXHOCTM  MCHOJb30BaHMs  uccienyembix  WOKM B
TUAPOMETAUTYPTUUECKUX —MpoIleccax HCCleqoBaHa MeMOpaHHasi JKCTpPaKIUs HOHOB
ragonunus(1Il) u3 pactBopa, conepxkamiero 10-kpaTubie n30bTkH KaTnoHoB Ca (1), Mg (I1) u
Al (II). Ilomy4eHHBI NPUHUMAIOLUIMA pPAacTBOpP OBLI MpOAHATU3UPOBAH Ha ATOMHO-
SMHUCCHOHHOM CIEKTPOMETPE C MHUKPOBOJHOBOW Aa30THOHM IU1a3MOH. YCTaHOBJIEHO, 4YTO
KAaTUOHBI KaJIbIIHsI, MATHUS U ATFOMUHUS HE MEIIAI0T MEMOPaHHOMY TPaHCIIOPTY TaA0IMHHUS U
HE TEpexXoasIT B MpUHUMAOIMMKA pactBop, mnpu 3ToMm kKatrmoH Gd (III) wusBiekaercs
KOJIMYECTBEHHO.

UccnenoBannsie XXM coxpaHsiiy TpaHCIOPTHBIE CBOWCTBA IIPU KOHTAKTE C pabOYrMHU
BOJHBIMU pacTBOpaMu B TeueHue 260 yacos.

[TonydyeHHble pe3yibTaThl CBUICTENBCTBYIOT O BO3MOXKHOCTH IMPAKTUYECKOTO
ucrnonb3oBanus nanubix VIOKM nmiist pasneneHust 1 KOHIEHTpUpOBaHus HOHOB P30.

e-mail: zaev@mail.ru
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Magnetic and optical properties of liquid-crystal lanthanide derivatives

M.E. Karyakin,® A.S. Krupin,2 A.A. Knyazev,? Yu.G. Galyametdinov®®

4Physical and Colloid Chemistry Department, Kazan National Research Technological
University, Kazan 420015, RUSSIA
bKazan Physical-Technical Institute, RAS, Kazan 420029, RUSSIA

Liquid crystals have found wide application as an anisotropic medium in various devices for
displaying and processing information. Orientation of LC in devices is carried out, as a rule,
by an electric field. This control method has certain disadvantages associated with
electrochemical reactions at the interface between the electrode and LC molecules under the
influence of an electric field. The use of magnetic fields to control an LC medium does not
have this disadvantage; in addition, the orientation of molecules in the mesophase can be
changed at any angle. However, for easy and fast control of the magnetic field, LCs must have
a large anisotropy of magnetic susceptibility, which is unattainable for organic liquid crystals.
From this standpoint, lanthanide ions are very attractive, exhibiting a paramagnetic anisotropy
that is one or two orders of magnitude higher than that for organic LCs. Tb(lll), Dy(lll),
Ho(l1), Er(111), and Tm(l11) ions have the highest absolute values of the magnetic susceptibility
anisotropy. The introduction of a lanthanide ion into a liquid crystal molecule makes it possible
to obtain a mesophase capable of being oriented by relatively weak magnetic fields. In this
case, the presence of a lanthanide ion in the structure of a liquid crystal makes it possible to
impart unique optical and luminescent properties to the latter. However, in this case, problems
arise in obtaining low-viscosity LC phases associated with high coordination numbers of
lanthanides. That is why, until recently, it was not possible to obtain low-viscosity mesophases
with high magnetic anisotropy.

Liquid-crystalline adducts of lanthanide tris(B-diketonates) with 5,5'-diheptadecyl-2,2'-
bipyridine were obtained in this work (Fig. 1, a). It was found that the resulting complexes
exhibit smectic A and nematic polymorphism upon heating. Upon cooling from the isotropic
state, the complexes vitrify with the preservation of the texture of the smectic A mesophase. It
is shown that the phase transition temperatures of the complexes do not have a definite
dependence on the lanthanide(l11) ion.

The magnetic properties of lanthanide-mesogens were studied when they were oriented by
weak magnetic fields by the method of dielectric spectrometry. It was found that the dielectric
properties of lanthanide-mesogens are largely affected by the ligand environment, while the
type of lanthanide ion does not make a significant contribution. The value of the dielectric
anisotropy Ae of the complexes in the temperature range of existence of the nematic phase is
in the range of 0.5 — 3.0, which makes it possible to effectively control the orientation of the
LC director using an electric field.

Using the method of magnetic birefringence, it was found that, depending on the choice of rare-
earth ion, the complexes can be oriented with their long molecular axis, parallel or
perpendicular to the magnetic field. The possibility of controlling the orientation of nematic
lanthanide-mesogens containing Th(l1l) and Dy(Il) ions using weak magnetic fields of 200
Oersted was shown for the first time (Fig. 1, b). While organic liquid crystals require fields of
1500 Oersted or more for orientation, the known non-nematic derivatives of lanthanides are
oriented by magnetic fields of 10000-12000 Oersted.
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Fig. 1 - Structural formula of the Ln(CPDK35)3Bpya7-17 complex, where Ln is the lanthanide ion (a);
Dependence of the critical field H on the anisotropy of the magnetic susceptibility of some nematic
lanthanide-mesogens (b); Polarized luminescence spectra of the oriented Eu(l11) complex (c)

The combination of unique luminescent, liquid-crystal properties and the possibility of
lanthanide-mesogens orientation by weak magnetic fields made it possible to obtain
luminescent media with controlled luminescence polarization. A twofold change in the
luminescence intensity of lanthanide-mesogens was found upon a change in the direction of
orientation of molecules relative to the plane of polarization of the exciting beam (Fig. 1, c).

Thus, the introduction of a lanthanide ion into the structure of a liquid crystal molecule
makes it possible to use the orientational behavior of lanthanide-containing mesophases with a
high anisotropy of magnetic susceptibility to control their luminescent properties.

Acknowledgements — The authors would like to thank the Russian Foundation for Basic Research (projects 20-

03-00620)
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Acid-base approach to the synthesis of heterometallic chalcogenide
complexes of lanthanides and transition metals (Ni, Ti, Zr)

A.Yu. Konokhova, A.G. Demkin, M.Yu. Afonin, T.S. Sukhih and S.N. Konchenko

Nikolaev Institute of Inorganic Chemistry SB RAN, Novosibirsk, RUSSIA

Heterometallic complexes of lanthanides with transition metals are promising objects for
research. Such compounds may have exceptional catalytic, unusual magnetic and luminescent
properties. Few heterometallic d/4f chalcogenide complexes are known; therefore, the
development of methods for the synthesis of such compounds is an urgent task. In this work,
we proposed a new synthetic approach based on the acid-base interaction. Transition metal
hydrosulfide complexes ([Cp2Ti(SH)2], [®“Cp2Zr(SH).] u [(dppe)Ni(SH)2]) were chosen, in
which the SH group was capable of splitting a proton; act as a Brensted acid. The lanthanide
complexes with the allyl ligand [Cp*2LnAllyl] were chosen as the base substrates.

The reactions of [®UCp.Zr(SH)2] with lanthanide allyl complexes [Cp*2LnAllyl] (Ln = Ho,
Dy) were studied. As a result, four-nuclear products have been obtained (Fig. 1, 1), the core of
which consists of two {ZrLnS,} fragments.

Reactions of [Cp*.LnAllyl] with the titanium complex [Cp2Ti(SH)2] in toluene result in
substantially different products: five-nuclear clusters [(CpTi)s(u3-S)s(Cp*Ln)2] (Ln = Dy, Nd,
Th, Gd) (Fig. 1, ). The core {TisLn.} is a triangular bipyramid of metal atoms, on each face
of which there is a ps-sulfide bridging ligand. When carrying out similar reactions in
tetrahydrofuran, binuclear products [Cp*2Ln(u-S)2TiCp(thf)] (Ln = Dy, Tb, Gd, Nd, Tm) are
formed.

The reaction of the nickel hydrosulfide complex [(dppe)Ni(SH)2] with [Cp*2DyAllyl] leads to
the formation of a tetranuclear compound. Its core can be described as an octahedron {Dy.S4}
along two edges of which the {(dppe)Ni} fragments are attached (Fig. 1, I11).
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Fig. 1. Structures of complexes I - [®'Cp,Zr(u-S)(us-S)LnCp*]z, Il - [(CpTi)s(us-S)s(Cp*Ln)2], I -
[((dppe)Ni)2(us-S)4(Cp*Dy)z].

As a result of the study, it has been shown that the use of the acid-base approach is promising
for the preparation of heterometallic d/4f-sulfide complexes.

Acknowledgements — Authors thank Russian Science Foundation (project 16-13-10294) and Ministry of
Education and Science of Russian Federation for financial support.
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Luminescence of rare-earth ions in diopside glasses
of MgCaSi>Os composition

V.V.Sokolov?, A.E. Kokh?, N.G.Kononova® , M.l.Rakhmanova?

4nstitute of Inorganic Chemistry SB RAS
bInstitute of Geology and Mineralogy SB RAS

The study of magnesium-calcium silicate of MgCaSi>.Os composition with a variable
content of magnesium and calcium, known as a mineral of diopside, attracts the attention of
researchers with a number of interesting properties. The high solubility of many metal oxides
in pure colorless diopside makes it possible to obtain and study materials as phosphors [1],
decorative and ornamental materials [2], due to their high biocompatibility with bone tissue as
implants [3]. It is possible to obtain these materials in a glassy state in the entire range of
compositions of the MgSiOz — CaSiOz system [4], the properties of which, with the exception
of the structure of glasses [4, 5], are little studied.

The luminescence of rare-earth ions has been well studied in crystalline magnesium-
calcium silicate; there is information on the luminescence of europium and terbium ions in
glass-crystalline ceramics. Therefore, it is of interest to study the luminescence of rare-earth
ions and in glasses of MgCaSi,Os composition.

The initial crystalline MgCaSi>Os powder for obtaining diopside glasses was prepared
by mixing the corresponding amounts of standard chemical reagents MgO, CaCO3 and SiO..
The reagent mixture was calcined in an alundum crucible up to 1400° C with two grinding
during heating for homogenization.

For the preparation of diopside glasses doped with rare-earth elements, in 3 g of prepared
MgCaSi20s powder was introduced 3-5 mass. % rare earth oxide ( Nd, Sm, Eu, Dy or Th). A
thoroughly mixed mixture was loaded into a glasscarbon crucible and melted using induction
heating. The glasses were obtained by quenching of the superheated to 1600° C melt. For better
homogeneity, the glasses were additionally remelted.

For research, plates with a thickness of 1-2 mm were cut and polished from the prepared
glasses.

The amorphous state of the prepared glasses is confirmed by the presented diffraction
patterns obtained on a DRON-3 diffractometer (Fig. 1)
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Fig. 1. Diffractograms of diopside glasses:1 — undoped glass; 2 -3 % Pr; 3—3% Eu; 4- 3% Th.
Fig. 2. Luminescence spectra (Em) of diopside glass doped with 3 mass% rare earth oxide (Aex 280 nm)
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Excitation and luminescence spectra of diopside glasses doped with rare-earth ions were
obtained using a Fluorolog-3 spectrofluorimeter.

The characteristic luminescence spectra of diopside glasses doped with rare-earth ions
are shown in Fig. 2. Three types of luminescence spectra can be distinguished.

Broadband luminescence for glasses doped with neodymium and europium with a
maximum emission in the range of 460 - 490 nm and 500 - 540 nm, respectively.

Broadband luminescence for glasses doped with samarium and dysprosium with
emission bands characteristic for crystalline samples.

And in the case of terbium-doped glasses, the broadband luminescence is suppressed by
the luminescence bands characteristic for crystalline samples.

Fig. 3 shows the luminescence spectra of diopside glass doped with terbium depending
on excitation in the absorption bands (Fig. 4) in the range of 280-380 nm
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Fig. 3. Luminescence spectrum of diopside glass doped with 3 mass.% terbium oxide upon excitation

at different wave lengths
Fig. 4. Luminescence excitation spectrum of diopside glass doped with 3 mass.% terbium oxide

More detailed results, comparison with the research data of glass-ceramic and crystalline
samples will be discussed and presented.

1 Sahu Ishwar Prasad // J Mater Sci: Mater Electron, 2016, V. 27, P. 10353-10363].
2 RF Patent n.2569942 (2014).
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Fluorescent markers based on composites of lanthanide(l111) complexes and
hybrid quantum dots

A.S. Krupin,? D.O. Sagdeev,® M.E. Karyakin,? R.R. Shamilov,* A.A. Knyazev,? Yu.G.
Galyametdinov®P

“Kazan National Research Technological University
bZavoisky Physical-Technical Institute

Lanthanide compounds have been widely used as markers and tags to protect various
types of goods, securities and banknotes. Clearly defined monochromatic radiation bands of
luminescence of lantanide compounds make it possible to create «fingerprints» (or bar codes).
It is possible to create unique «fingerprints» with a high degree of protection by mixing several
luminophores in the marker. Semiconductor quantum dots (QD), due to their widely managed
dimension-optical properties, are very promising materials in the labelling of important
documents and products. In this connection, compositions of lanthanides(l11) and quantum dots
are interesting due to the noticeable difference in luminescence lifetime (by several orders of
magnitude). This enable time-allowed luminescence to distinguish spawns belonging to
different luminophores.

In this work luminescent mixtures based on the anizometric complex of europium(li1) and
hybrid quantum dots CdSe/CdS/ZnS of two types with intense radiation in blue (Aem = 480 nm) and

green (Aem = 530 nm) are obtained and investigated (fig. 1).
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Fig. 1. Structures of the Europium(I11) complex (a) and colloidal quantum dot «core-shell»
CdSe/CdS/znS (b).

The luminescent lifetime of Eu(Ill) complex in film had of 470 ps. In turn, the lifetime
of QD radiation was less than 2 orders of magnitude. The anisometric compounds of
lanthanides, due to their structure (anisotropic form, long hydrocarbon substitutes at the ends
of molecules) were soluble in organic solvents, lack of crystallization when sprayed with
solution and mixed well with quantum dots.
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When the components are changed
in the marker, their luminescence changes
almost linearly (Fig. 2). This confirms that
there is no chemical interaction between the
luminophores. By varying the component
ratios in materials, one can purposefully
change the radiation color. The work
produced composite materials based on the
Eu(lll) complex and the quantum dots
CdSe/CdS/zZnS with different component
ratios. It was shown that due to the
structural features of the Europium(lll)
complex, the quantum dots are evenly
distributed in the matrix of coordination
compounds of lanthanides. It had been
established that when the content of the
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Fig. 2. Composite solution luminescence spectra
based on Eu(l11) complex with green quantum dots
CdSe/CdS/ZnS

components in the composition is changed, the intensity of their luminescence changes almost
linearly. This confirms the absence of Ferster resonance transfer of energy in the system of
lanthanide complexes and quantum dots. The possibility of purposeful variation of the radiation
color by changing the component ratio in the composition was demonstrated. In the obtained
films, because of the marked difference in the lifetime of luminescence, it is possible to separate
the peaks belonging to the quantum dots and coordinating compounds. Such composites have
the potential to be used as time-allowable luminescence materials for optoelectronics,
luminescent labelling and visualization in biomedicine and can be used to label important
documents, products, fuels and semi-products.

Acknowledgments: This research was funded by the Russian Science Foundation, grant 20-73-10091.
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Synthesis, crystal structure and luminescent properties of lanthanide
bis-acylpyrazolonates

I.V. Loginov, Y.A. Belousov, M.A. Kiskin, V.E. Gontcharenko

Lomonosov Moscow State University, Moscow, RUSSIA.

4-acyl-pyrazol-5-ones are heterocyclic analogues of diketones. These compounds have a
number of advantages: great potential for ligand modification due to the addition of substituents
to the heterocycle, good solubility in ligands and complexes in most solvents, which simplifies
synthesis and growth of single crystals. 4-Acyl-5-pyrazalonates of REE are considered to be a
well-studied group of complexes, which has attracted increasing interest due to the search for
high-performance luminophores.

Bis-acylpyrazolones) are the ligands that have two 4-acylpyrazol-5-one moieties
separated by a methylene chain (CH2)n. By changing the length of the methylene fragment, it
is possible to change the metal-to-metal distance. That should affect the luminescent properties
of the resulting substance. This report is devoted to the synthesis of bis-acylpyrazolonates with
different lengths of the methylene fragment and comparison of the luminescence properties of
the obtained complexes.

The synthesis was performed by reacting lanthanide hydroxide with H.QnQ, where HQ
is 3-methyl-1-phenyl-4-acylpyrazol-5-ones linked together by a (CH2), chain that allows
varying the ligand length. The [Ln2(QnQ)3] complexes (Ln = Sm, Eu, Gd, Tb, Dy; n =3, 5)
have been synthesized. The resulting substances were analyzed with the use of single crystal
X-ray diffraction. Their photoluminescence spectra were studied.

Fig. 1. The structure of [Th2(Q3Q)s(DMF)4]

Acknowledgements — Authors thank RFBR (projects 19-03-00263).
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Bis-1,3-diketo-derivatives of calix[4]arenes — new ligands for sensibilization

of Eu®* luminescence

G.Sh. Mambetova,? A.E. Shvedova,® S.N. Sudakova,” V.V. Syakaev,” I.M. Vatsouro,® V.V.

Kovalev, S.N. Podyachev®

#Kazan National Research Technological University, K. Marks Str., 68, 420015, Kazan
bArbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center of RAS,
Arbuzov str., 8, 420088, Kazan, Russia
‘Lomonosov Moscow State University, Lenin’s Hills 1, 119991 Moscow, Russia

Non-invasive or semi-invasive spectroscopic methods for determining temperature have
gained a great attention in recent decades as an accurate technique for remote evaluation of
temperature changes both in biological fluids or for tissues of living organisms.
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Luminescent thermometers on a basis of lanthanide complexes
are of a growing attention due to unique properties of the
lanthanide-centered luminescence. The sensing in the
physiological range is of particular importance due to a possible
application of such luminescent thermometers in biomedicine.
Calix[4]arenes are known as a convenient scaffold for
embedding of both the binding sites for lanthanide ions and
additional groups. The ligand’s structure optimization can
adjust the triplet excited states of ligands and such way impact
on the luminescence efficacy. The present report introduces the
lower-rim substituted calix[4]arenes (Li-6) bearing two 1,3-
diketone and two propyl groups as new ligands for sensitization
Eu*-centered luminescence. Temperature sensitivity of
lanthanide complexes is exemplified in particular for the ligand
3 coordinating the Eu 3* ions via 1,3-diketonate groups (Fig.1).
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Fig. 1 - Temperature dependence of the Eu** luminescence intensity (I a.u.) of the main Do—'F3

transition (613 nm) obtained by the heating and cooling the DMF solutions of the europium

complexes with Ls.
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Relative sensitivity of the luminescence intensity (S) to the temperature changes (20-
50°C) was calculated in accordance with formula Si=Al/(1-AT)-100% and represented for the
europium complexes with Ls in Fig. 2, where Al is the change in the luminescence intensity
with the temperature variation AT and | is the luminescence intensity at a given temperature. It
appeared that ligands Li-s can effectively sensitize the luminescence of Eu®* ions, but do not
impact on the luminescence of Tb3* ions. Eu®* complexes of these ligands have exhibited also
a rather good temperature-dependent luminescence with high sensitivity in physiological range
(20-50°C) and can be applied in the monitoring of temperature changes in biological fluids or
living organisms. Different physico-chemical techniques and quantum-chemical calculations
are applied for studying the complex formation of these calix[4]arenes with Eu®* ions.
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IHoBepxHOCTHAs MOAM(UKANUS HAHOCTPYKTYPHPOBAHHOIO YIJIepoaa
¢ MHTepKanupoBannbiM EU3" nuia aryopecuenTHoro Meuenus

Macryros .12, caes A.B.”¢, Baiipamykos B.FO.9, Epemun A.B.°

8Canxm-Ilemepbypeckuil nonumexnuyeckuil ynusepcumem Ilempa Benuxozo, 195251,
Canxm-Ilemepoype, Poccus
bCankm-Iemepbypeckuii 20cyoapcmeenblii MexHon02UuYecKull UHCIMUmym (mexHu4eckui
yuueepcumem), 190013, Cankm-Ilemepoype, Poccus
Uncmumym svicokomonexyisapHuix coeounenuti PAH, 199004, Cankm-Ilemep6ype, Poccus
dTemepbypeckuii uncmumym sdeprnoii pusuxu um. b.I1. Koncmanmunosa Hayuonansnozo
uccnedosamenvckozo yeumpa « Kypuamosckuil uncmumymy , 188300, I'amuuna, Poccus

Xumus 1 (pU3WKa COCTUHEHWH W MaTepHaIOB HA OCHOBE YTJIEpojaa B3PBIBOIOIOOHO
pa3BHUBAETCA C MOMEHTA CHHTE3a U OTKPBITUS (PyIsiepeHono100HbIX CTPYKTYp B 1985, mo3nnee
- HaHOTPYOOK, U, HaKOHeIl — rpad)eHOBbIX MaTepuaios [1]. B Hacrosee BpeMs OTACIbHBIM
HaMpaBJIEHUEM HCCIIEIOBAaHUN KapKacHBIX YTJIEPOJHBIX COCTUHEHHH SBISETCS H3ydeHUe
CTPYKTYp BKIIOYAIOIIMX aTOMbl METAJUIOB, HAlPUMEP DSHIOIHAPAIBHBIE COCIUHEHUS
¢bynnepenoB [2], ogHako MOJO00HBIE COCTUHEHHS YacTO TPYIHOJIOCTYIHBI M3-32 BBICOKOM
CJI0)KHOCTH CHHTE3a.

B Hacrosimieit pabote ObuIM HMCCIEIOBaHBI JOCTATOYHO MPOCTBIE C TOUKH 3PEHUS
METOJIMKH TOJIy4eHUs TpadeHonoqo0Hble MaTepuaibl, MOJyYeHHbIE TPU MUPOIHU3E
(TaIUTONMAHUHOB PEIKO3EMENTBHBIX 3JIECMEHTOB [3] M HEKOTOPHIC ITyTH UX MOTU(PUKAIINH.

[TonmyuenHble METAII-yTAEPOIHBIE CTPYKTYPBI 00J1aJJal0T BHICOKOMIOPUCTHIM aXKyPHBIM
CTPOCHHEM C BHYTPHUMOJEKYJISPHBIMU MyCTOTaMH, B COCTaBe 0a30BBIX TOMEHOB CTPYKTYD
KOTOPBIX aTOMBI METAIOB CBsi3aHbl MpouHbIMU M-C cBsizamu. [lomoOHOe cTpoeHue maet
BO3MOXXHOCTh XMUMHYECKOH MOAM(PHUKAIMU TOBEPXHOCTU TMOJTYYSHHBIX MATEpUAIOB IO
aHajorun ¢ rpadeHoM. MoauduupoBaHHbIe MaTepHANbI, O0JaJAIONINE BBICOKOU
(bayopecuieHIueit MOTYT OBITh HCIIOJIB30BAHbI, HAIIPUMEpP, B OMOJIOTUH, - B BUJIE KBAHTOBBIX
TOYEK st OMOBU3YyaJIM3AI[UHU WIIH ONIPEICIICHUS MaTOJIOTHYECKUX COCTOSTHUM.

B pamkax ganHoil paGotel momydens! eBponuid(Il)-cogepxamue rpadenononodHsie
MaTepuaibl, KOTOpble  OBbLIM  IOJYy4YeHBl  OKHUCIEHHEM  IOBEPXHOCTHBIX  IpYMI
MOANGUIIUPOBAHHBIM METOI0M Xammepca [4]. OuniieHHbIe TpenapaTbl METaICOIepKaIlne
OKCHJIOB Tpa)eHa B BOJHBIX PAaCTBOPAX MPEJCTABICHBI B BHJIE OTPHLATEIBHO 3apsyKEHHbIX
KOJUIOUJTHBIX YaCTHIl ¢ peobagaroniuM pa3mMepoB okosio 60 um. Jlaiee Metanicoaepxkaiine
OKCcHJbI rpadeHa, UMEIOLINe 3HAaYUTEeTbHOE KOJINYECTBO CBOOOHBIX KapOOKCHUIATHBIX TPYIIIT
MEPEeBOAMINCh B BBICOKOPEAKIIMOHHOCIIOCOOHBIM  XJIOpaHTHIpHI, W,  Jalee,
MoaudummpoBanuce npucoeannenneM aucyiabhuaa (Na2GSSG) 6rnoreHHOro GMOTOTHYECKU
aKTUBHOTO Tpunentuaa — y-L-rmyramun-L-nucrennournuuuna (GSH, rinyratuona) (puc.l),
coJiepKalerocs BO BCEX KIETKaX OpPraHU3MOB MJICKONMUTAIOMIMX B 3HAYMTENIbHBIX
KOHIICHTPALUSAX W YYaCTBYIOIIETO B THOJNAMCYIb(OUIHON PENOKC-CHCTEME OpTraHu3Ma H
cucreMax Omosoruueckoi perymsauuu [5]. GSH Taxke akTUBHO BOCTpeOOBaH CBSI3aHHBIMH C
HUM TPAHCIIOPTHBIMH pEIEeNnTOpaMu KJIETOK. MeTrogamu KOH(OKAIEHOW MHKPOCKOIHH
HabII01a710Ch aKTUBHOE MPOHUKHOBEHHUE (bIII00pECIUPYIOMHNX Iy TaTHOH-
MOTUGUIIMPOBAHHBIX €BPONUHCOEPKAINX YTIIEPOAHBIX YacTHII B KieTku Hel a.

78



“VII Russian Day of Rare Earth”, February 14-16, 2022 Arbuzov IOPC FRC Kazan Scientific Center of RAS

N Of OH

"N £ N O wo o
Eu 800*C =T H:S04 )
e o —_— = ) =T
'] <&
:§".-.N H.N% "o o YO
o W o
o .:o 4520‘ o"} §° ° w0 i
"’O =0 R, =0
—S0Ck __ o e HNR:R: e =
o =0
o
=0 o =0 o 0
& oo o
o o o MR MR

Puc. 1. Cxema cunTe3a 1 MOAU(UKALIMHA HAHOCTPYKTYPHPOBAHHOTO YTIIepo/a ¢ HHTEPKaTHPOBAHHBIM
Eud.

[Toy4enpie matepuanbl Onarogapst (GIIyOpeCICHTHBIM CBOWCTBAM HOHA EBPOIHUS
MOTYT OBITh HCIOJB30BaHBl i (PIyOPECHEHTHOTO MEYeHHS B OHOMEIUIUHCKUX
MIPUMEHEHUSIX.
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Pyrolyzed Derivatives Journal of Surface Investigation: X-ray, Synchrotron and Neutron Techniques vol. 13 N. 5
pp. 10-19 (09 2019).

[4] Hummers WS, Offeman RE. Preparation of graphitic oxide. J Am Chem Soc 1958;80(6):1339.

[5] Oktyabrsky O.N., Smirnova G.V. Redox regulation of cellular functions Biochemistry (Moscow). 2007. T.
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Luminescent heterometallic europium(l11)-lutetium(l11) metal-organic
frameworks

V.G. Nosov, A.A. Vidyakina, A.S. Mereshchenko

Saint-Petersburg State University, Saint-Petersburg, RUSSIA

The series of (EuxLuix)2bdcanH20 heterometallic europium(l1)-lutetium(111) terephthalates
with x in the range from 0 to 1 was synthesized in the aqueous solution by the mixing of the
EuCls and LuCls taken in stoichiometric ratios with the excess of Nazbdc (bdc? = 1,4-benzene-
1,4-dicarboxylic (terephthalate) ion). At the Eu concentration of 1-40 at. %, heterometallic
europium(1)-lutetium(l11) terephthalates are formed as a mixture of (EuxLuix)2bdcs and
(EuxLuix)2bdcs-4H.O crystalline phases. At higher Eu concentrations, a single crystalline
phase is formed, (EuxLuix)2bdcs-4H2O. All the synthesized samples containing Eu(lll)
demonstrate bright red emission corresponding to °Do—'F; (J = 0-4) transitions of Eu®* ion
upon the 280-nm excitation into *nn* excited state of terephthalate ion. Analysis of the fine
structure of °Do—'Fo emission band allowed us to conclude that Eu®* ion unevenly distributed
between Lnzbdcs and Lnzbdcs-4H20 phases: Lnobdcs-4H20 crystalline phase is enriched by
europium (I11) ions. Also, the local symmetry of Eu®* ion in heterometallic Eu-Lu
terephthalates was proposed based on careful analysis of the emission spectra fine structure
and the structural data. In Euzbdcs-4H-0, the local symmetry of Eu®* ion is pseudo-Ca. In
(EuxLu1x)2bdcs-4H,0, the addition of lutetium ions leads to the Eu®* local symmetry distortion
to C2 or lower point group. The local symmetry of Eu®" is proposed to be C; in anhydrous
(EuxLuix)2bdcs. °Do excited state lifetimes are significantly larger for Eu®* in Lnzbdcs
crystalline phase than the corresponding values for Eu®" in Lnzbdcs-4H20 due to efficient
luminescence quenching of Eu®* by coordinated water molecules in Lnzbdcs-4H20. The Eu®*
luminescence quantum vyields of terephthalate ion decrease with the increase of europium
concentration from 2 to 100 at. % Eu from 22 to 10% upon excitation into mn* singlet
electronic excited state. The emission quantum yield of Eu®* is significantly larger for Eu-Lu
terephthalates containing a low concentration of Eu due to the absence of Eu-Eu energy
migration and the presence of Lnzbdcs crystalline phase with a significantly smaller non-
radiative decay rate compared to the Lnobdcz-4H-0.

Acknowledgements — The measurements were performed at the Research Park of Saint-Petersburg State
University (‘“Magnetic Resonance Research Centre’’, *“SPbU Computing Centre’’, ‘‘Cryogenic Department’’,

“‘Interdisciplinary Resource Centre for Nanotechnology’’, ‘‘Centre for X-ray Diffraction Studies’’, ‘‘Chemical
Analysis and Materials Research Centre’’, and ‘‘Centre for Optical and Laser Materials Research’”).
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Complex formation of novel organophosphorus analogs of nitrilotriacetic
acid toward rare-earth elements

I.I. Mirzayanov, I.D. Shurygin, A.R. Garifzyanov

Kazan (Volga region) Federal University, Kazan, RUSSIA

Titrilotriacetic acid (NTA) and their organophosphorus analogues are multidentate ligands
which form complexes with all metals. Due to the high denticity of these compounds, they
form chelate structures, including a nitrogen atom and a complexing metal ion, which leads to
strong binding. These properties make it possible to use NTA-like ligands as scale inhibitors
in closed systems, to create new hybrid materials for ion exchangers, and to develop anti-
corrosion films. In addition, such compounds are potential chelates for contrast agents for MR,
as well as for the removal of heavy metals from the body. At the same time, an urgent problem
is the control of organophosphorus ligands in the environment and their removal, because,
unlike NTA, they are difficult to biodegrade. In this regard, the introduction of these
compounds into various areas of human life requires certain fundamental knowledge,
especially about their behaviour in an aqueous solution. Therefore, the study of the
thermodynamic characteristics of the complexation reactions of the compounds under
consideration is an important task.

Previously, we described the method of synthesis and obtained new NTA-like
organophosphorus complexones containing (O-alkyl)methylenephosphonic fragments as acid
groups, and studied their complexing properties toward cations of alkaline earth metals and d-
elements [1]. In this paper, the complexing properties of compounds of this class toward rare-
earth elements ions are discussed.

Nitrilotri(O-methyl)methylenephosphonic (HsL?) and N-[(O-butyl)phosphorylmethyl]imino-
diacetic (HsL?) acids were obtained as medium potassium salts as the most convenient form
for isolation and purification by recrystallization.

0
|P!/OMC (|)|
~ OBu
OH p COOH
0 0 ~
Np N pZ OH
I T
MeO™ | | ~oMe HOOC N COOH HOOC N COOH
OH OH NS D\
H;L! H;L? HTA

The complexing properties were studied by pH-metric titration followed by mathematical data
processing using the CPESSP program [2]. The calculated stability constants of the complexes
[ML] (lgKm+L) are presented in Table 1. 1. (Acidic forms of [MHL]" complexes were also
found, not shown in the table).

It should also be noted that, for HsL!, the formation of solid forms at pH < 4.5 was noted for
all elements except yttrium(ll), lanthanum(l11), and cerium(ll), so only complexes of these
rare-earth elements ions are discussed. In homologous HsL! (containing an ethyl, n-propyl, and
n-butyl group instead of a methyl one) and a glycine derivative, bis[(O-butyl)phosphoryl-
methyl]glycine, the formation of solid forms is observed over the entire pH range under study.
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Table 1. Stability constants of [ML] complexes for HsL*and HsL?
(T 25.0°C, 1 0.2 M (KNO3))

M L |gKM+L
Sc¥* Hal 2 12.83
o Hal L 6.18

Hal 2 11.99

. Hal L 6.33
La Hal 2 9.37
. Hal L 6.39
Ce 10.08
Nd* 10.89
Sm3 11.83
G Hal2 11.94
Tb* 12.10
Er* 12.24
Yb¥* 12.44

We analyzed the patterns of changes in the stability constants of HsL.2complexes in comparison
with NTA using the principle of free-energy relationship. The use of this principle showed that
the correlation dependence IgKm+[ML?]° — IgKkm+[Mnta]® (where nta is the NTA anion)
exhibits two distinct linear areas: the initial with steep slope being formed by points
corresponding to light lanthanides with large ionic radii (La, Ce, Nd, Sm, Gd), and the second,
flatter one — Sc, Y and heavy lanthanides (Tb, Er, YDb), which have a smaller ionic radius.

[1] A.R. Garifzyanov, I.D. Shurygin, R.A. Cherkasov, Russ. J. Gen. Chem. (Engl. Transl.), 2018, 88, 1860-
1866; DOI: 10.1134/S1070363218090165.

[2] U.1. Salnikov, A.N. Glebov, F.V. Devyatov Poliyadernye kompleksy v rastvorakh (Polynuclear Complexes
in Solutions), Kazan: KGU, 1989, 288 p.
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Synthesis, structure and properties of novel f-complexes based on
(thia)calix[4]arenes in the crystalline phase

M.V. Kniazeva?, 1.V. Strelnikova®, A.S. Ovsyannikov?, D.R. Islamov?, P.V. Dorovatovskii®,
A.T. Gubaidullin?, S.E. Solovieva®®, 1.S. Antipin®®

8A.E. Arbuzov Institute of Organic and Physical Chemistry - FRC Kazan Scientific Center of
RAS, Kazan, RUSSIA
bKazan Federal University, Kazan, RUSSIA
®National Research Centre “Kurchatov Institute”, Moscow, RUSSIA

(Thia)calix[4]arenes in cone conformation containing four hydroxyl groups of phenolic
fragments are excellent polydentate ligands for the formation high-nuclearity of rare earth
metal complexes and coordination structures in crystalline phase with potential functional
properties (magnetism, luminescence) for different application and materials [1-2]. The
convenience of this type of platform is due to the ability to tune the properties of clusters by
varying the structure of the macrocycle, for example, by introduction the substituents of
different nature and size on the of upper or lower rim [3]. Therefore, the development of new
rational synthetic methods for the synthesis of functional multinuclear lanthanide complexes
based on (thia)calix[4]arenes is still relevant.

R R R R <:| the possibility of varying the substituent
\ f ®
- X

OH OH QH HO

bridge

<:| preorganized polydentate cavity

Scheme 1. (Thia)calix[4]arenes - excellent polydentate ligands for f-metal clusters formation.

<:| the possibility of varying of nature of atoms
X

Here we report the synthesis, structure and magnetic properties of coordination
compounds formed by the interaction of (thia)calix[4]arene derivatives in cone conformation
with f-metal cations [ M = Dy, Er, Th, Eu, Lu].

1. S. Sanz, R.D. Mclntosh, C. M. Beavers, S.J. Teat, M. Evangelisti, E. K. Brechin and S. J. Dalgarno Chem.

Commun., 2012, 48, 1449-1451

2. T. Kajiwara, M. Hasegawa, A. Ishii, K. Katagiri, M. Baatar, S. Takaishi, N. Iki, M. Yamashita, Eur. J. Inorg.
Chem., 2008, 5565-5568

3. P. Hahn, S. Ullmann, A. Kahnt, B. Abel, B. Kersting Inorganica Chimica Acta, 2021, 514, 119983
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Synthesis, Crystal Structure and Optical Properties
of CsL.nZnSs (Ln=Pr- Ho)

S. J. Park? T. A. Pomelova®

aNovosibirsk State University, Novosibirsk, RUSSIA
bNikolaev Institute of Inorganic Chemistry SB RAS, Novosibirsk, RUSSIA

Recently, quaternary chalcogenides containing combination of d- and f-elements and alkali (A)
metal became highly investigated due to utility of reactive flux method. The low melting points
of the AxQy (Q=S, Se or Te) fluxes (433-723 K) and their ability to act as both reagent and
reaction medium have led to the isolation of low-dimensional kinetic species that cannot be
obtained by the use of traditional high-temperature solid-state reactions. Among them
compounds ALNMQs possess the KZrCusSs structure type are the one of the most numerous.
These compounds that exhibit interesting variations of their magnetic and optical properties.
Most of them are selenides and tellurides. Now we report our recent results of preparation,
structure and properties of CsLnZnSs family.

The new compounds CsLnZnSz (Ln = Pr-Ho) have been synthesized from solid at 1073K.
Theses white-colored isostructural compounds crystallize in the KZrCuSs structure type with
four formula units in space group Cmcm of the orthorhombic system. The structure of these
compounds is composed of LnSg octahedra and ZnS, tetrahedra that share edges of 2.[LnZnSs]
layers separated by Cs atoms. These layers separated by layers of face- and edge- sharing CsSg
bicapped trigonal prisms. The optical band gaps for CsLnZnSs (Ln = Pr-Ho) varies from 1.7 to
3.8 eV for Ln = Euand Ln = Dy, respectively. These values are the highest for known ALnMQ3
compounds.

— CsEuZnS3
— CsDyZnS3

KIS

1,5 20 25 30 35 40 45
Photon Energy (eV)
Fig. 1. Crystal structure of CsGdZnS; Fig. 2. Optical band gap
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New Oxybenzophenanthroline Complexes of Lanthanides

S.K. Polyakova, T.V. Balashova, M.V. Arsenyev, R.VV. Rumyantcev, M.N. Bochkarev

G. A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of Sciences,
Nizhny Novgorod, RUSSIA

Unique luminescent properties of lanthanides compounds have made them the subject of
intense study for the past few decades. The most frequently used ligands for the construction
of lanthanide complexes are N”O-donor ligands, for example, 8-hydroxyquinoline, 10-
hydroxybenzoquinoline. It is known that complexes of rare-earth metals with oxyquinoline and
oxybenzoquinolinates ligands have excellent photo- and electroluminescent properties.
Modification of the ligand makes it possible to change its electronic and steric properties, and
thus is an effective way to control luminescence properties of their complexes.

In the search of new effective fluorophores we have synthesized a new ligand 8,10-di-tert-
butylbenzo[b][1,10]phenantrolin-11-ol and a set of lanthanide complexes based on this ligand.
8,10-di-tert-butylbenzo[b][1,10]phenantrolin-11-ol (HL) have been prepared by alkylation of
8-aminoquinoline with 3,5-di-tert-butyl-6-methoxymethylcatechol followed by oxidation of
the reaction mixture. Complexes LnLs (Ln = La, Nd, Sm, Gd, Er, Yb) were synthesized by the
reaction of respective lanthanide tris(trimethylsilylamide) with HL in DME solution.

‘Qu

DME [ *7,_. Y Din_ s ¢

SHNMesSi),  Need | ] =

\\‘«'\fﬂu
YW

“Bu

Ln[N(Me;Si),]3 +

Ln=La, Nd, Sm, Gd, Er, Yb
Scheme 1. Synthetic route of complexes.

According to X-ray analysis, in the YbLz complex the
metal atom is coordinated by three tridentate bonded
ligands via oxygen and nitrogen atoms. Two ligands
are nearly flat, the while the third ligand deviates
significantly from the plane. The PL spectra of erbium
and ytterbium complexes in the solid state and
02 solution exhibit metal-centered emission, which is
characteristic of the corresponding Ln®* ion.
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_ The study of electroluminescent, photovoltaic, and
Fig. 1. PL spectra of Er and Yb glectrochemical propertiess of the obtained
complexes. compounds will be the subject of further research.
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Novel ditopic 2-mercaptothiazoles as potentional ligands for lanthanide-
containing luminescent coordination polymers

A.F. Rogozhin, V.A. llichev, M.N. Bochkarev

G.A. Razuvaev Institute of Organometallic Chemistry of RAS, Nizhny Novgorod, RUSSIA

Lanthanide luminescence is applicable in many modern technologies such as OLEDs,
up-conversion materials, lasers, fiber amplifiers. Organosulphide thiazolate ligands, which act
as efficiently absorbing antennas and effective sensitizers of lanthanide luminescence[1], and
their perfluorinated analogs made it possible to synthesize a number of lanthanide complexes
exhibiting long-lived and intense luminescence in the near-IR range[2].

Ditopic mercaptothiazoles were proposed as ligands for coordination luminescent
lanthanide compounds and polymers. Among the compounds of this class, only one compound
was known, the formation of Dmbt was assumed in 1927, and the synthesis was described in
1960[3]. In this work we have synthesized the set of novel ditopic mercaptothiazoles (Fig. 1).

HS N S.__SH | HS_ _s FFR F
=
pasincrilyades
S S
|
F F F F F F S)\SH
1 2 3

S
S N HS-—<\ O N N
\ N Y j@ \
HS_<\N:©:S>_SH " O \>—S|I:|IS_<S s>_SH

S

4 5 Dmbt
Fig. 1. The set of synthesized bisthiazoles.

Disodium complexes of bisthiazoles 1-5 and Dmbt were also synthesized, structurally
characterized and the triplet levels of the ligands were determined from their low-temperature
phosphorescence spectrum. For the bisthiazoles 1-4 and Dmbt the triplet level values range
from 21200 cm™ to 21600 cm™* while for 5 the value of the triplet state is 18900 cm™. The
triplet levels of the bistiazoles have rather high values relative to the position of the resonant f
levels of many lanthanides, including Th (20400 cm™), Sm (17800 cm™) and Eu (17500 cm™).
Consequently, synthesized bistiazoles are capable of sensitizing the metal-centered PL of most
lanthanides.

[1] V.A. llichev, A.P. Pushkarev, R.V. Rumyantcev, A.N. Yablonskiy, T.V. Balashova, G. K. Fukin, D.F.
Grishin, B.A. Andreev and M.N. Bochkarev, Phys.Chem.Chem.Phys., 2015,17, 11000-11005

[2] A. F. Rogozhin, L. I. Silantyeva, A. N. Yablonskiy, B.A.Andreev, I. D.Grishin and V. A. llichev, Opt. Mat.
2021, 118, 111241

[3] G. Grandolini, Gazz. Chim. Ital. 1960, 90, 1221-1229
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CuHTe3 M uccjieloBaHue MOJUsiAepPHBIX KoMILIeKcoB P33 u Ni
C JIEMIUHOM, H30JIEHIIMHOM M BAJIMHOM

A.P. CaBapeg“’6, 1O.B. Jlorsunenko?, E.A. Bacrora?, E.A. HoBukosa“, E.A. Kopkynoa,
B.J. Jomxenko®®

“Mockosckuii cocyoapcmeennwiii yrusepcumem umenu M.B.Jlomonocosa,
xumuyeckui gpaxynomem, Mockea, POCCUA
6HHcmumym opeanuueckou xumuu umenu H.J[.3enunckoeo, Mockea, POCCHUA

YHUKaIbHbIC MATHUTHBIE M JIIOMHHECIICHTHBIC CBOMCTBA PEIKO3EMEIbHBIX 3JIEMEHTOB
(P33) onpenensroT X MIUPOKYIO cepy MPUMEHEHHS, B CBSA3H C 3THM pa3paboTka criocoOoB
UX pa3lieleHus ABISETCA aKTyalbHOM Hay4HOU 3a1a4eil. XMMUYECKUE CBOWCTBA JJAHTAHOUI0B
B OJIMHAKOBOW CTEIICHW OKHUCIICHUS KpaliHe OJIM3KH, YTO MPHUBOAUT K CIOXKHOCTH HX
pa3neNieHuss TPOCTBIMH XUMHUYECKHMMH METOJaMH. [IpuMeHsieMble CEeTOJHS METOJbI
pasnencaus P3D ocHOBaHBI HA MHOTOKPATHOM IOBTOPEHUHU IPOIIECCOB IKCTPAKIUU HITH
MOHHOTO OOMEHA U IPEAIOIaraloT HCIOIb30BaHUE JOPOTHX, XUMHUECKH Masi03(peKTHBHBIX
Y HEIKOJIOTUYHBIX COeAMHEHUH. VICnoIp30BaHue KECTKOTO KapKaca ¢ MOJIOCThIO 3aIaHHOTO
pasMepa Ui CEJIEKTHBHOTO W3BJICUCHHS HOHOB JIAHTAHHMJOB MOXET CJenaTh 3afady
paznenenuss P3D 6onee sddexruBHoi. [Tommmerammnueckue kapkacsl {M(A)2}s (tie M —
JAHTAHUJBI W JIAaHTaH, A - aMHUHOKHUCJIOTA), CTAOWJIM3UPOBAHHBIC KPYIMHBIMH KAaTHOHAMU
OTBEYAIOT 3aJ]aHHBIM TPEOOBAHUSIM KECTKOCTH, OJTHAKO B HACTOSIIUH MOMEHT OTCYTCTBYIOT
MOJIXO/IBI JUTSI BADHHPOBAHUS Pa3MEPOB TOJIOCTH.

B paGoTe cHHTE3MpOBaHbI HOBBIC KaTHOHHBIE KoMILiekchl coctaa [M {Ni(lle)2}s]*, rae
lle — L-usomneitrun, M — psn La-Eu, [M{Ni(Leu)2}6]**, rae Leu — L-neiinun, M — psax La-Sm,
[M{Ni(Val)2}s]**, rne Val — anun, M — psin La-Eu. Metogom DCIT n30MONSpHEIX PacTBOPOB
M3y4YE€HO W3MEHEHHE YCTOWYMBOCTH KATHOHHOTO KOMIUIEKCAa B pacTBope B psamxy M.
[TonusnepHpie TeTepOMETANTUYECKIEe KATHOHBI BBIJEICHBI M3 pacTBOpa B BUJIE COJEH C
HeOonpmu Heopranuueckumu annonamu NOs3™, ClOs-, PFg,, BFs4, CI, I". Tlonyuenusie
coequHeHus oxapaktepuzoBanbl Metonamu PDA, UK, IITA, ICP-MS. H3ydeno BiusiHuE
IIPUPOJIEl PacTBOpHUTENS Ha cuHTe3 KomruiekcoB [M{Ni(A)2}s]®*. TToka3ana BO3MOKHOCTE
MPUMEHEHUST JaHHBIX KOMIUIEKCOB [uisi paszaeneHus P33, momydensl kod)HUIIMEHTHI
paszenenus B pacTBope. M3ydena kuneTnka komiuiekcoodpaszosanus [M {Ni(lle)2}s]**.

H3C
3 OH ch

HsC  NH,

Crpykrypa [M{Ni(A)2}e]*" L-neiunH L-MN3oneiinun L-Banun
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Synthesis of ""core-shell'* CdS/ZnS quantum dots
doped with europium(ll) ions

D.O. Sagdeev,? R.R. Shamilov,? V.K. Voronkova,” A.A. Sukhanov,”
Yu.G. Galyametdinov®?

@Kazan National Research Technological University
bE K. Zavoisky Kazan Physical-Technical Institute

Quantum dots (QDs) and lanthanide compounds are currently among the most studied
luminescent materials [1-2]. One of the current trends is the creation of materials that combine
the properties of quantum dots and lanthanide compounds. One of the ways is the doping
lanthanide ions into the crystal lattice of semiconductor nanoparticles, which makes it possible
to change the electronic structure of quantum dots, and hence their optical and magnetic
properties.

In this study, hydrophobic colloidal CdS/ZnS “core-shell” quantum dots doped with
divalent europium ions were obtained and characterized for the first time.

The synthesis of Cdo.gsEU0.04S "cores™ was carried out in an aqueous medium at pH =
12 using L-cysteine as a stabilizing agent. Next, a passivating shell of zinc sulfide was grown
on the resulting hydrophilic nanoparticles. At the same time, the stabilizer was replaced from
L-cysteine to oleic acid. The resulting CdogsEU0.04S/ZnS nanoparticles were dispersed in
toluene.

The obtained nanoparticles were characterized by a number of spectrometric research
methods. The elemental composition was confirmed by X-ray fluorescence analysis, the crystal
structure of wurtzite was confirmed by X-ray diffraction. Average hydrodynamic size of the
nanoparticles with stabilizer and solvate shell studied by dynamic light scattering method was
about 3.5 nm.

Using the electron paramagnetic resonance (EPR) method, signals corresponding to
europium ions in the +2 oxidation state were detected in the samples (Fig. 1a), therefore, in the
process of incorporation into the structure of nanoparticles, Eu* ions are reduced (they do not
exhibit paramagnetic properties) to the Eu?* state.
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Fig. 1 — Spectrum a) EPR b) luminescence of CdogsEU0.045/ZnS QDs
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The luminescent properties of the obtained nanoparticles were also studied. QDs
synthesized in the aqueous phase have a wide emission band caused by defects in the crystal
structure of the semiconductor. The luminescence peak of doped quantum dots show blue shift
from 560 to 520 nm relative to undoped CdS quantum dots obtained under similar conditions.

It was shown, that the growth of the ZnS shell and the transfer of nanoparticles from
water to the organic phase do not affect the position and shape of the luminescence peak (Fig.
1b).

It is shown that a decrease in the pH value to 8 and 10 during the synthesis of
Cdo.96EU0.04S/ZnS “cores” leads to the appearance of an additional peak at 433 nm in the QD
luminescence spectra (Fig. 2), which is related to the radiative transition in Eu?* ions. The
absence of this peak in quantum dots synthesized at pH = 12 is probably due to the quantum
confinement effect. In larger nanoparticles formed at high pH, the radiative level of Eu(ll)
appears to be above the conduction band boundary.
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Fig. 2 — Dependence of the luminescence of Cd0.96Eu0.04S QDs on the pH of the reaction medium
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Synthesis, crystal structure and luminescent properties of new lanthanide
complex compounds based on 1-(carboxymethyl)-1H-pyrazole-3,5-
dicarboxylic acid

Anastasia V. Sidoruk?, Alexey M. Lunev?, Victoria E. Gontcharenko®®, Yury A. Belousov®®,
Mikhail A. Kiskin®

4_omonosov Moscow State Universsity, Moscow, RUSSIA
P N.Lebedev Physical Institute of RAS, Moscow, RUSSIA
°N.S. Kurnakov Institute of General and Inorganic Chemistry RAS, Moscow, RUSSIA

Historically, lanthanides have been divided into two subgroups: "cerium"” for light
lanthanides and "yttrium™ for heavy ones. When switching to heavier elements, the effect of
lanthanide compression is manifested, which often leads to a decrease in the coordination
numbers of the central atom, and in the case of complexes with polydentate ligands, it can also
lead to a change in the dimension of the polymer. Nevertheless, isostructural complex
compounds exist within the same subgroup. This phenomenon underlies the synthesis of
mixed-metal phases, which are used as sources of white light, fluorescent thermometers and
ratiometric sensor materials.

In present work, coordination compounds based on a new ligand — 1-(carboxymethyl)-
1H-pyrazole-3,5-dicarboxylic acid (HsL) and metals of the entire lanthanide series of
composition [LnL(H20)x] are synthesized and investigated. The crystal structures of the
samarium, europium, dysprosium and ytterbium complexes were determined using X-ray
diffraction. According to the PXRD data, in one isostructural group there are derivatives of
La**-Th®" - three-dimensional metal-organic frameworks (MOF) [LnL(H20)], and in the other
— Dy**-Lu** [LnL(H20)] complexes, which are 2D polymers. The derivatives of Sm, Eu, Tb
and Dy have intense luminescence sensitized by an antenna ligand.

Fig. 1. Fragments of polymeric structure for (a) [EuL(H20)2]s, (b) [DyL(H20)]x
Acknowledgements — Authors thank RFBR (projects 19-03-00263).
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Structure and photophysical properties of the Yb®*" complexes with p-
nitrothiacalix[4]arene

S.N. Sudakova,? S.N. Podyachev,? V.V. Syakaev,? G.Sh. Mambetova,” A.N. Masliy,”
A.E. Shvedova,® R.R, Zairov,2 D.V. Lapaev,® A.R. Mustafina?

“Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center of RAS,
Arbuzov str., 8, 420088, Kazan, RUSSIA
bKazan National Research Technological University, K. Marks Str., 68, 420015, Kazan
¢Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Sibirsky tract,
10/7, 420029, Kazan

The near-infrared (NIR) luminescent ytterbium (Yb**) compounds are widely applied as
building blocks of nanomaterials for bioimaging and photothermal therapy. This is due to
unique photophysical characteristics of Yb3*-centered luminescence. Literature data
demonstrate fine examples of the convenient excitation of NIR luminescence of Yb** by means
of the efficient intraligand charge transfer (ILCT). Visible light sensitized near-infrared
luminescence of Yb%" via ILCT states requires specific structure of the ligand based on
combination of electron-withdrawing and electron-donating moieties. It is worth noting that
the thiacalix[4]arene backbone allows to embed different groups at its upper rim, while the
lower phenolic/phenolate rim is open for the complex formation with lanthanide ions.
Moreover, the diversification of the upper rim substituents allows to modify the ligand-centered
triplet level responsible for a feeding of the excited lanthanide-centered levels. Therefore, the
series of thiacalix[4]arenes with diverse tetra-substitution of their upper rims is introduced as
the ligands for Yb3*.

The structure variation of the thiacalix[4]arenes L(1-3) with upper-rim substituents
(R=H, Br and NO) is represented with an aim to highlight the specificity of the substituents in
their influence on the complex formation and Yb3*-luminescence of the complexes. The steady
state and time-resolved Yb®*'-centered luminescence data are correlated with both spectral
properties and structural features of the ligands in order to recognize the impact of the different
factors on the luminescence of the complexes.
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The addition of Yb*" to the basified solution of L(3) results in the increased absorbance
at 400 nm with disappearance of the lower energy absorption bands at 450-500 nm (Fig. 1a).
The analysis of the spectral changes resulted from the variation of both L(3) and Yb(NO3)3
through the Job-plotting (Fig. 1b) indicates that the complex formation of Yb3* ions with L(3)
in the basified DMF solutions predominantly occurs in 1:1 stoichiometry followed by
deprotonation of three phenolic moieties (Fig. 1c).
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Fig. 1 - (a) UV-Vis absorption spectra of 3 (C.=0.05 mM) in DMF; 3 with Yb(NOs3) with NEt; (TEA)
(b) The Job’s plot profiles of DMF solutions at the varied 3:Yb** molar ratios and (c) AA of the DMF
solutions of 3 with Yb(NO3); at the varied TEA:L molar ratio (A =400 nm, Cv,3+ = C. = 0.05 mM).
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Fig. 2 - (a) Excitation and (b) emission spectra of the Yb®"- complexes with ligands 1, 2 and 3 in
DMF solution

Comparative analysis of the luminescent spectra reveals no significant impact of the
lower laying triplet energy level of 3 (R=NO) vs that of 2 (R=Br) on the Yb**-luminescence.
This argues for the effect of the upper-rim substituents R=NO2, Br on the flexibility of the
outer-sphere environment of Yb®* ions vs ligand 1 (R=H) as the main reason for the bright NIR
luminescence. However, the advantage of 3 (R=NO3) vs 2 (R=Br) is the excitation of the bright
NIR-luminescence by the lower energy irradiation (Fig. 2), which provides the lower
absorption by the chromophores of biological background.
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Scientific Center of RAS
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Sonotriboluminescence of suspensions of Th(acac)s-H2O crystals in water

A.A. Tukhbatullin, G.L. Sharipov

Institute of Petrochemistry and Catalysis UFRC RAS, Ufa, RUSSIA

The luminescence of suspension, which occurs under sonication, also called as
sonotriboluminescence (STL), was found for the suspensions of known triboluminescent
materials [1-3]. The STL of suspensions was considered mainly in organic solvents. In
continuation of our studies, the sonotriboluminescence of terbium acetylacetonate suspensions
in water was studied in this work to establish the patterns of light emission that occurs during
ultrasonic treatment of aqueous suspensions.

Intense bands of the Tb®* ion at 488, 544, and 585 nm that correspond to the °Ds —'Fe 54
transitions are recorded in the STL spectrum during sonication on an aqueous suspension of
terbium acetylacetonate [4]. The STL spectrum of suspensions coincides with the photo- and
triboluminescence spectrum of terbium acetylacetonate. [4]. The luminescence intensity during
STL of Tb(acac)s-H20 is much higher than that during sonoluminescence of aqueous solutions
of terbium salts. This is due to the different mechanisms of luminescence excitation. The
luminescence during STL of crystal suspensions occurs as a result of a specific tribological
effect [5-8] caused by electrical discharges in the crystalline layer. The excitation of the STL
suspension in water occurs as a result of the bombardment of emitters by charged particles
generated during ultrasonic treatment of disperse systems, and not as a result of the collisional
excitation of emitters inside cavitation bubbles, which is characteristic of sonoluminescence.

[1] G.L. Sharipov, A.M. Abdrakhmanov, A.A. Tukhbatullin, Tech. Phys. Lett. 2009, 35, 452-455.

[2] M. Virot, R. Pflieger, J. Ravaux, S.I. Nikitenko, J. Phys. Chem. C, 2011, 115, 10752-10756.

[3] A.A. Tukhbatullin, G.L. Sharipov, N.F. Burangulova, A.G. Mustafin, Ultrason. Sonochem. 2019, 50, 251—
254,

[4] R.G. Bulgakov, S.P. Kuleshov, A.N. Zuzlov, R.R. Vafin, Russ. Chem. Bull. 2004, 53, 2712-2714.

[5] K. Nakayama, Tribol. Lett. 2010, 37, 215-228.
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DKCTPaKIUA peaKo3eMeJbHbIX 31eMeHTOB O-2-3Tuiarekcus-N,N-ouc(2-
ITWITEKCHJI)aMUHOMETII(POCHPOHOBOI KUCTOTOM

E.K. Konskosa, E.O. Ynbupes, A.P. 'apud3sHos
Kaszanckuii (Ilpusonscckutl) ghedepanvhviii ynusepcumem, Xumuveckuil uncmumym um. A.M.
bymneposa, 2. Kazans
MeTo[1 )KHIKOCTHOW SKCTPAKIIUU HAXOJUT IMIMPOKOE TPUMEHEHHUE B THIPOMETAILTYPriuu
Y aHAJTUTHYECKON XUMHH PEIKO3eMENIbHBIX 3JIeMeHTOB (P30).
B nannoit pabore wmccimenoBamach skcrpakmus uoHoB mepus(lll), camapusa(lll) u

spousi(lll) woBeIM pearenTom  O-2-s3Trirekcuii-N,N-Ouc(2-3THIITEKCHII)  aMHUHOMETHII-
dbochonosoii kucaoroii (HR).

OH /|'CBH17
i-CeH F‘,/\N
TN T T

Okcrpakuus uoHOB P3D mpoBoawiack W3 HUTpaTHBIX cpel pactBopom HR B
xsopodopme. Bpemst kontakta a3 coctaBmsuio 40 MHHYT, MPU COOTHOIIEHMH OOBEMOB
BOJHOM U opranuueckor (a3 1:1. Konuenrpanuto nono P33 ompenensnu B BoaHOU (aze
METOJIOM aTOMHO SMHUCCHOHHOMN CIIEKTPOCKOMHMHU MUKPOBOJIHOBON MHIYIIMPOBAHHOM IJIa3MBbI
(ADC MHUII). CreneHp n3BIE€YEHHS pACCUUTHIBAETCS 110 YPaBHEHUIO:

Cy—
R=————%100%
Co
I'ne Co — ucxoHas KOHIIEHTpAIMsl MeTaJlia B BOJHOM (a3e, C — KOHILIEHTpaIus 1ociie

JKCTPaKLH.

Ha pucynke 1 npuBeaeHa 3aBUCUMOCTh CTETIEHU U3BJIedeHHst HoHOB P30 ot pH BonHOI
¢a3bl. PocT cTenenu u3BieueHus Npyu Nepexoe OT KUCIBIX K CI1a00KHCIBIM PacTBOPaM CBs3aH
C TeM, 4TO B 3TOM HHTepBane pH sKcTpakuus OCyHIECTBISETCS MO KAaTHOHOOOMEHHOMY
MEXAHU3MY:

M3+ + 3[HR]0rg = [MR3]org + 3H*

B cunpHOkMcHOM oOmacth  BOAHOM (a3bl cTemeHb M3BiIeYeHHs HMOHOB P30
yBenunuuBaetcs ¢ poctoM KorneHTpaui HNOs. [To HamreMy MHEHHIO, 3TO CBSI3aHO C TEM, YTO
B CHJIBHOKHUCIIBIX CpeJjax MpH BBICOKMX KOHIIEHTpalusax HoHOB P33 B opranumyeckyio dasy
MEepeXo/IUT MOHHBIN accoluar, o0pa3oBaHHbINM KOMIUIEKCOM MOHa P30 ¢ mpoToHMpoBaHHOM
¢dbopMoii Iuranja u TpeMsi HUTpAaT HOHAMMU:

M3*+3HRorg +3NO3™ = {/M(HR)3]***3NO3 }org
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—=—Sm
——Ce
——Er
100 . . ~
| ]
[ ]
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60 -
x
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[ ]
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pH

Puc 1. 3aBucumocTh cTenenu usBnedenus nonos Ce®*, Sm® u Er®* skcrparentom HR ot pH Boamoii
(hazsl.

YCTaHOBNEHO, YTO KATHOHBI IIENOYHBIX M IIEJIOYHO3EMEIbHBIX METaNIOB H
amromuaMS(11) He sxcTparupyroTcs npu pH<S manubM 3kcTpareHToM. CriegoBarenpHo O-2-
stuirekcui-N,N-6uc(2-stunrekcun)amuaomeTiiipocoHoBass ~ KUCIOTa  MPEACTaBISAET
WHTEpPEC KaK peareHT IS TPYIMIIOBOTO KOHIICHTPUPOBaHWsS HWOHOB P30 M3 pacTBOpOB,
COJIEp>KaIINX COMYTCTBYIOIINE AIEMEHTHI.

e-mail: redatushared@gmail.com
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Bisiminoacenaphthene lanthanides complexes: synthesis and reactivity

D.S. Yambulatov?, S.A. Nikolaevskii?, I.A. Lutsenko?, M.A. Kiskin?, I.L. Fedushkin®

N. S. Kurnakov Institute of General and Inorganic Chemistry, 119991, Moscow, RUSSIA
bG. A. Razuvaev Institute of Organometallic Chemistry, Nizhnii Novgorod, RUSSIA

Complexes of low-valent lanthanides with redox-active ligands of the diimine series are
promising objects for the synthesis of compounds with switchable properties. We are looking
for such objects [1,2]. Previously, we have shown that such complexes can form electronic
isomers [3] and react with a substrates with labile hydrogen atom [4]. Due to the large ionic
radius and the coordinated charged redox-active ligand, divalent lanthanide complexes can be
active towards carbon dioxide.

In this work, it is shown that the complex of divalent europium with a dpp-BIAN ligand in the
dianion state reacts with CO>. It was also shown that the ytterbium(Il) complex with the same
ligand reacts with the free radical TEMPO, forming an adduct with N-Yb and O-Yb bonds.
Features of the synthesis and reactivity to other substrates will be discussed during the report.

1. Fedushkin, I.L.; Skatova, A.A.; Yambulatov, D.S.; Cherkasov, A.V.; Demeshko, S.V. Europium
complexes with 1,2-bis(arylimino)acenaphthenes: a search for redox isomers. Russian Chemical Bulletin
2015, 64, 38-43, d0i:10.1007/s11172-015-0817-6.

2. Skatova, A.A.; Yambulatov, D.S.; Fedyushkin, I.L.; Baranov, E.V. Europium and Ytterbium Complexes
with the Redox Active Acenaphthene-1,2-Diimine Ligand. Russian Journal of Coordination Chemistry
2018, 44, 400-409, doi:10.1134/S1070328418060064.

3. Fedushkin, I.L.; Yambulatov, D.S.; Skatova, A.A.; Baranov, E.V.; Demeshko, S.; Bogomyakov, A.S.;
Ovcharenko, V.l.; Zueva, E.M. Ytterbium and Europium Complexes of Redox-Active Ligands:
Searching  for  Redox  Isomerism. Inorganic  Chemistry 2017, 56, 9825-9833,
doi:10.1021/acs.inorgchem.7b01344.

4, Yambulatov, D.S.; Skatova, A.A.; Cherkasov, A.V.; Fedushkin, I.L. Addition of phenylacetylene and
camphor to the complex [(dpp-bian)Eu(dme)2]  (dpp-bian is the  1,2-bis[(2,6-
diisopropylphenyl)imino]acenaphthene dianion). Russian Chemical Bulletin 2017, 66, 1187-1195,
d0i:10.1007/s11172-017-1871-z.

Acknowledgements — This work was supported by the Russian Science Foundation (Project 20-13-00061)

e-mail: yambulatov@yandex.ru
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3a04HbIe YYaCTHUKH
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Ln (I11) coordination compounds with neutral pincer ligands and
investigation of their luminescent properties

A. Fayoumi,® D.M. Lyubov,?¢ A.A. Trifonov®¢

&Atomic Energy Commission of Syria
bInstitute of Organometallic Chemistry of Russian Academy of Sciences, 49 Tropinina str.,
GSP-445, 630950, Nizhny Novgorod, RUSSIA
“Institute of Organoelement Compounds of Russian Academy of Sciences, 28 Vavilova str.,
119334 , Moscow, RUSSIA

Pincer ligands can be used not only for the preparation of organometallic derivatives of
rare earth metals, but also as neutral chelating ligands for the preparation of various classes of
lanthanide coordination compounds. In this regard, we investigated the complex formation of

bis (imidazolyl) pyridine with lanthanide perc@orates. B

N/ \ 3+

N N/

+ MeCN \/
L [CIO,]
\ | / \
3 N N — N [C|O4]
\

& NJ /N\? /N \ ' licio,]

Ln(ClO4)3(H20)e

N
l

| _
Eu, Tb, Dy, Er, Yb
According to X-ray diffraction analysis, the obtained complexes of europium, terbium,
dysprosium, erbium, and ytterbium are isostructural and represent separated ion pairs, in which
the Ln3 cation is coordinated by three neutral tridentate ligands, and perchlorate anions act as
anions.

For the series of complexes, were investigated the luminescence properties in solid state.
It was found that only the Eu and Th complexes give excitation in wavelengths light of 397
and 390 nm, respectively, exhibit emission characteristic for Ln (I1I) ions.

Excitation analyses spectra for Eu and Tb complexes allow to study differences in the
mechanisms of their excitation. The excitation spectrum of the Eu complex is characterized by
a broad band due to the absorption of the ligand, as well as narrow absorption bands due to
internal f-f transitions of Eu ions. Thus, in the case of Eu, the sensitization mechanism includes
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double excitation both through the ligand and directly through 4f-4f transitions. In the case of
the Th complex, the excitation spectrum contains only a broad band due to the absorption of
the organic ligand with maxima at 325 and 390 nm.

L] I5D_-—? L] L]
! 0 4 =397 nm
ex
B-
c
S
o
[
m 10 Jgr T T T T T T T 3
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Excitation spectra for Eu and Tb complexes.

Intensity / arb. units
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Wavelength / nm

Photoluminescence spectra of complexes Eu
and Th. Q = 57% (Eu) and 18% (Tb)

Acknowledgments: Institute of Organometallic Chemistry of Russian Academy of Sciences, Nizhny Novgorod,
Russia .Atomic Energy Commission (AECS) of Syria

e-mail: adfu_87@hotmail.com
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Komimiekcol JJAHTAHOUAO0B C AIMKJINYECCKUMHA THOANNMUIAaMHU
M.1O. Aponun, T.C. Cyxux, C.H. Konuenko

Hnemumym neopeanuueckou xumuu um. A.B. Huxonaesa CO PAH, 2. Hosocubupck

Anuknnaeckue tuooauuMuAbl R-N=S=N-R wuHTEepecHbIii M OYeHb NEPCIICKTUBHBIN
KJIACC PEIOKC-aKTUBHBIX coeluHEeHUH. OIHOAIEKTPOHHOE BOCCTAaHOBIEHUE KOTOPBIX,
MPUBOIMT K 0Opa30BAHUIO aHUOH-PaIUKAILHON YacTUIlbl. OTHAKO KOOPIUHAIIMOHHAS XHUMUS
MIPOM3BOIHBIX THOJUMMHEIA pa3BUTa clia0o. Ha ceromHsHmiA 1eHb OMmyOJIUKOBAaHO MEHBIIE
necaTd paboT MO0 KOOPAWHAIMOHHBIM COCAMHEHUSM TPOHM3BOJIHBIX THOAWUMHUIA C
MEPEXOTHBIMI METAJIAMH M BCEro OJHA padoTa IMOCBAINICHA KOMIUICKCAM JIAHTAHOW]IOB
[LnCp*2(RN=)2S] (Ln = Sm, Eu, Yb; R = SiMe3, Cp* = CsMes) [1]. Bce crpykrypHO
OXapaKkTepU30BaHHBIC KOMIUICKCHI, IOJIyYE€Hbl C JIMTAHJAMH, B KOTOPBIX B KadecTBE
3amecturenerd SiMes wiu t-Bu rpynmsl. Hu ojHOTO KOMIUIEKCa ¢ apUIIbHBIME ITPOU3BOIHBIMU
THOJMHUMHUJA JO0 HAIMMUX PpabdOT CTPYKTYPHO OXapaKTEepW30BaHO HE ObLT0. XOTS HMEHHO
apWIbHBIC TUOJUMMHUIIBI TPEACTABISIFOT OOMIMPHOE TIOJIE VIS UCCIECIOBaHMS, B TOM YHCIIC
Oyaroapst BO3MOXKHOCTH MX ()yHKITMOHATU3AIUH.

JInsi moNy4YeHUsT TUOJUMMHIHBIX KOMIUIEKCOB CamapHisi, €BpOIUsS W UTTEpOUs ObLI
UCII0JIb30BaH BOCCTAHOBUTEINBHBII moxoa. KoMruiekcsl tanTanouos 2+ [Cp*oLn(thf)z] (Ln
= Sm, Eu, Yb; thf = terparumpodypan) BOCCTaHABIMBAIOT THOAWHUMHIBI 10 AHHUOH-
paMKaIbHON (OPMBI, KOTOpask KOOPAMHHUPYETCS K MOHY JaHTaHOWIa. B pesynbrare 3THX
peakiuii ObLT MosydeH psia coenuHenuit cocraBa [LNCp*2(RN=)2S] (R = Ph, a-nadtumn, B-
Had T, -CeHs-N2-CeHs). Opurnnanbhelii moaxo ] Obul pa3paboTaH i JaHTAHOUIOB, IS
KOTOPBIX HEXapaKTepHA CTENEeHb OKUcCiIeHuss 2+. OH OCHOBaH Ha BOCCTAHOBUTEIHHOU
criocoOHOoCcTH TeTpadenunbopar-anuona B komiuiekcax [LnCp*2BPhy]. Takum o6pazom, Obutn
nosiy4uensl coeaunerus [LNCp*2(R1IN=).S] (Ln = Dy, Tm, Y; R1 = -CsHs-N2-CeHs). s
komiuiekcoB [LNCp*2(R1IN=),S] (Ln = Sm, Dy, Tm, Y), metomom Y ®-criekTpockonuu, Obiia
oOHapykeHa oOpaTumas wu3omMepusanus. [Ipu oOmydeHHH yIbTPadHOIIETOBEIM CBETOM C
JUIMHOM BOJHBI 365 HM MPOUCXOIUT H30MEPHU3ANHUsS a30-TPYIIBl KOOPJIUHUPOBAHHOTO
muranaa. OOpaTHas M30MEpHU3aIUsl MPOUCXOAUT MEUICHHO TOJ[ BO3JIEHCTBHEM JIHEBHOTO
CBETa WJIM OBICTPO TP 00IyueHuu 0enbiM cBeToM LED-mammbr.

[1] S.V. Klementyeva, P.W. Roesky, A.V. Zibarev, S.N. Konchenko at al, Chem. A Eur.J. 2017, 23, 1278-1290.

Baaronapuocrn: Pabora BeinosnHeHa npu GpuHaHcoBoi noanepxke PODU u [IpaBurenscrBa HoBocubupckoi
obmnactu B pamkax npoekra Ne 19-43-543026.

e-mail: afonin@niic.nsc.ru
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Phase transformations, peculiarities of Eu®*" and Th®* ions distribution on
Csi and C; cation positions and excitation channels of photoluminescence
centers of C-Gdzu-x ThxEuxOs solid solution

V.V. Bakovets

Nikolaev Institute of Inorganic Chemistry SB RAN, Novosibirsk, RUSSIA

Gd2a-xThxEuxOs3 solid solutions are characterized by photoemission (PL) properties,
which are determined by the lattice modification of the cubic or monoclinic Gd20s matrix, Tb®*
and Eu®* activator concentrations, impurity phase composition, activator distribution over
centrosymmetric Csi, noncentrosymmetric C» cation sites of the bixbyite lattice and Cs surface
states. During annealing of precursors — products of the sol-gel process Gdaix)
ThxEux(OH)y(C03),-n(H20), x = 1, 2.5 mol.% in the temperature range 700-1200 °C phase
transformations with dehydration, dehydroxylation and decomposition of carbonates occur.

Generally formed solid solutions Gd.Os:(Th*")x(Eu**)x contain microinclusions of
Th7012:Eu®" phase lamellae (Fig. 1). These microinclusions are eliminated by additional
annealing in hydrogen by reduction of Th*" cations to Th®". Fig. 2 shows the normalized PL
spectra of the samples. The intensity of all PL bands of Eu* and Tb®* ions increases due to the
increase in crystallinity of the samples and the concentration of these ions.

* Th,0

M Fig. 1. X-ray patterns of samples: 1% Eu,Tb (700 °C,
" ) M air), C-Gd203, Gd(OH)3, Gd(COs3)OH; 2. 1% Eu,Tb
= RS s a2 (700 °C, H), C-Gd,03, Th7012, Gd(CO3)OH; 3. 1%
> l \ Ly 4 Eu,Tb (900 °C, air), C-Gd203, Th7O12, ThO181; 4. 1%
?‘, - 1. 5 Eu,Tb (900 °C, Hz), C-Gdz0s; 5. 1% Eu,Tb (1200 °C,
g | T air), C-Gdz0s, Th7O12; 6. 1% Eu,Th (1200 °C, Hy), B-
g ) \ | L7 Gd203, Tb7012, 7.2.5% EU,Tb (1200°C, air), C-GdzOs,
3 l - 8. 2.5% Eu,Tb (1200 °C, H,), C-Gd.03

[T N

0 10 20 30 40 50 60 70

100

804

Relative intencity, arb. units

40 10 -40 Rel.u|
20 9.20 Rel.u
_fd'\\/\o/\—\_a;ﬁ’ﬁﬂ.
0 ——/'-\-—/\N-I—N/\—-———
7
450 500 550 600 650 700

Wavelength, nm

a b
Fig. 2. PL spectra of samples 1 - 6 as a 3D bar diagram of the maxima of the main emission bands 487,
513, 542, 550, 584 nm (Th**), 595, 612 and 622 nm (Eu®*) (a) and the general view of the spectra of
samples 7-10: sample 9 - sample 6, annealed in air at 1200 °C, B-Gd»O3z and sample 10 - sample 5
annealed, in Ar at 1200 °C, B-Gd.Os (b).
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Obviously, the short-order structure of the samples changes with variation in the
annealing processes, and this is reflected in the FIR spectra (far-IR) (Fig. 3).

Using the results of the analysis of FIR spectra the absorption bands and localization of
Gd**, Eu®* and Th*" cations at the Csi and C positions of the bixbyite type lattice were
identified. The intensities of the bands depending on the processes of obtaining the samples are
shown in Fig. 3.

12
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Fig. 3. Intensities of FIR absorption bands caused by movement of cations in the positions: C; -
region 190 - 230 cm™ (a) and Cs; - region 120 - 140 cm™ (b).

As a result of joint consideration of changes in the phase composition and real structure
of ceramic polycrystalline samples, as well as their PL and FIR spectra, self-consistent data on
the distribution of PL activators on the Csi and C; lattice positions of cubic sesquioxide
gadolinium as well as on the surface Cs states on the crystallite boundaries were obtained. The
redistribution of cations on the above lattice positions is caused by the transition of surface
active terbium ions to the boundaries of crystallites and the coexistence of these ions in
different oxidation states of Th®" and Tb*". In this case, the spectra of PL samples change
characteristically . It is shown, that the change in the PL spectra of the samples correlates with
the change in the specific surface of S¢r crystallites and with the FIR spectra within the
framework of the known models for describing these spectra.

Using the obtained correlations of the Scr, PL, and FIR spectra for Eu* cations with the
known correlations of the PL bands with the Csi and Cz localization positions of these ions, we
were first able to describe the most likely transfer channels of Th** activator excitation energy
to radiative PL transitions of Eu3+ centers.

[1] V.V. Bakovets, I.P. Dolgovesova, T.D. Pivovarova, M.l. Rakhmanova, PSS, 2020, 62, 241224216
(FTT, 2020, 62, 2147-2156)
[2] V.V. Bakovets, I.P. Dolgovesova, T.D. Pivovarova, L.A..Sheludjakova PSS, 2021, 63, 2162 - 2170
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O-N,N-dimethylaminobenzyl complexes of rare-earth metals with
polydentate amidinate ligands. Synthesis, structure and study of catalytic
activity in the polymerization of isoprene

0.A. Basalova?, A.A. Trifonov®

8G. A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of Sciences,
Nizhny Novgorod, RUSSIA
bA.N.Nesmeyanov Institute of Organoelement Compounds of Russian Academy of Sciences,
Moscow, RUSSIA

Polymerization of diene monomers, in particular isoprene, is one of the areas where
lanthanide compounds are most successfully used. Physical and mechanical properties of
polyisoprenes largely depend on factors such as molecular weight, polydispersity,
stereoregularity of the structure, the ratio of 1,4-cis, 1,4-trans and 3,4 units in the polymer
chain. A particularly important task is the development of such catalysts that would make it
possible to obtain polyisoprene closed to natural in its properties.

A series of new 0-N,N-dimethylaminobenzyl complexes of lanthanides (Y, Nd, Lu) were

obtained and structurally characterized.
tBu
=S Q0
\ J@ %0\ [
Me, e2N AN MezN
M

N’ A N" Me,N

N
1, (67%) 2 Me,
3, (78%)
4, (82%)

Scheme 1.

Bis-(0-N,N-dimethylaminobenzyl) complexes turned out to be effective catalysts for
isoprene polymerization in ternary systems 1, 3, 4 / [[PhsC][B(CsFs)4], [PnNHMe2][B(CeFs)4]] /
AIR; (AIRs=Al'Bus, Al'BuzH, AlMes). These systems provide good rates and stereoselectivity
of the polymerization process, allowing predominantly cis-1,4 polyisoprene. In addition, the
obtained polymer samples have high molecular weights and moderate molecular weight
distribution.

Acknowledgements — The authors thank the Russian Science Foundation Grant No. 20-73-10037

e-mail lesek93@mail.ru
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Buausinue MOJIAPpU3AINHU TraJoOn/J1-aHHOHOB, KOOPAUWHHPOBAHHBIX
C TPEXBAJICHTHBIM HOHOM LICPHUSA, HA (l)OTO.]'lIOMI/IHeCIIeHIII/IIO €ro
COeJIMHEHUH B pacTBopE n TBEPAOM BUIAE

JI.W. Tamumos, J1.P. I'azeea,” C.M. SIxynosa,” K.C. Bacumox?, P.I". Bynrakos’

“Uncmumym negpmexumuu u kamanuza YOUI] PAH, 2. Ypa
SUncmumym ¢uzuxu monexyn u kpucmannos YOUIL] PAH, 2. Veha

Hepuit — metamn cemeiictBa P30 ¢ sApkuM HACTOSIIMM M OOJBIIUM  OyAYLIUM.
[Tocnennee, rmaBHBIM 00pa3oM, CBS3aHO C MOTEHUUAIBHOW BO3MOXKHOCTHIO TMPUMEHEHUS
COEMHEHUI LepHsl B JIIOMHUHECIIEHTHOM crieKTpockonuu u ¢oTtokaranuse. B coennnenusx
LEpUI MOXKET HaXOJIUThCS B JABYX yCTOMUMBBIX BajleHTHBIX coctossHUsAX (Il u V). Onnako
dhoromomunectenus (OJI) uzBecTHa aUIIb IS COSAMHEHUN TpexBajeHTHOTO nepus. OJI
uona Ce(lll), B otmuuum ot ®JI mpyrux monor Ln(lll), oOycnoieHa wu3zmydaTeabHbIM
TIEPEX070M M3 HE PKPaHHUPOBaHHOTO 5s- u Spb-o6omoukamu Sd-yposus Ha 4fl-yposewns.
[Tostomy ®JI coenuuenmii CeXs CHIBHO TOJBEpKEHA BIMSHHUIO NPHUPOIBI aHWOHA X,
koopauHupoBanHoro ¢ umonoM Ce(lll). Tak, mpu mnepexome ot CeCls x CeBrs u Cels
Habmomaercs caBur MmakcuMyMoB DJ1 B ATMHHOBOIHOBYIO 00s1acTh. Hapsiay ¢ 3TuM KpacHbIM
cnpuroM ®DJI B psany coemmnenuit CeCls — CeBrz — Cels taxke yBennmumBaroTcs
nongpusanus aHuoHOB X~ M KoBaJeHTHOCTh cBs3u Ce—X. Takum o00pazom, JOTHYHO
MIPEIOI0KHTh, YTO MOJSIPU3ALUS AHHOHOB MOYKET OBITh MEPBONPHYMHON KPACHOTO CABHIa
@JI tpuranuaos CeXas. Jlns moATBEpkKACHUS 3TOTO MPEANOIOKEHHISI HAMH U3YYEHO BIUSHUE
nosispuzanuu aHuoHoB X (X = Cl, Br, 1) u xoBanentHoctu cBsizu Ce—X Ha IOJIOKEHUE
MakcumyMmoB DJI TpuramunoB CeXs; mocneanue ObLUTH B3STH B BUJIE TBEPAbIX COCIUHEHUN U
pactBopoB B TeTparuapodypane (TT'D).

Crnextpel ®JI tBepabix CeXs coctosT u3 AByX AuQdY3HBIX MOJIOC B CUHEH 00IacTH,
MOJIOKEHHE KOTOPBIX 3aBUCHT OT MPHPOJIbI aHuoHa X mpu katuone nepus: 339, 352 (CI),
363, 381(Br), 383, 392 um (I"). AHamornyHbie KpACHbIE CABUTH HAOIIOMAIOTCS U TS CTIEKTPOB
®JI CeXz B TI'D: 354, 380 (CI") — 359, 390 (Br) — 382, 393 um (I). Jlns uzydeHus BAUSHUAS
KoopauHaoHHoro okpyxenuss Ce(lll) Ha MIMHHOBOIHOBBIA CcaBUT MakcuMymoB @OJI
MIPOBEJ/ICHA TAaKXKe OIIEHKA CTENIEHH HOHHOCTH cBs3u Ce—X, HCIOoIb3ysl KIIACCHYECKYIO TEOPHIO
XMMHUYECKHX CBs3eil. B pesysnbrare ycTaHoBieHO, 4TO MOHHBIM xapaktep cBsizu Ce—X
ymenbraercs B psagy Ce—Cl (36%) — Ce—Br (28%) — Ce-I (18%), T.e. KOBaJICHTHBIN
XapakTep 3TOH cBs3M yBenuuuBaeTcs. OOHapy>KEHHbIE CABUTH XOPOIIO KOPPETUPYIOT CO
cpeHMMU 3HaueHuaMH JyuH cBsseit Ce—X: Ce—~Cl (2.84 A) — Ce-Br (2.89A) — Ce-I (3.18
A), u nomspusyemoctn ammomos: ClI- (1.79 A% — Br (3.12 A% — - (4.57 A3,
paccunTanHsiMu MeToiom PBE/3( (Priroda 11).

Ha ocHOBaHMM NOJTYYEHHBIX KOPPEISALMOHHBIX 3aBUCUMOCTEN CJIeJIaH BBIBOJI O TOM, UTO
06aToXpoMHBIN cIBUT MakcUMyMoB B criektpax PJI CeXs, kak u 1JIsl COeAMHEHUH €BpPOTIHS
EuXz [1], oOycnoBrneH HedemokceTHUeCKUM HPPEKTOM, T.€. YBEIMYCHHEM MOJSpU3ALUN
aHMOHOB X W KOBaJIeHTHOCTH cBsizn Ce—X.

[1] D.l. Galimov, S.M. Yakupova, K.S. Vasilyuk, D.Sh. Sabirov, R.G. Bulgakov, J. Photochem. Photobiol.
A, 2020, 403, 112839.
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Orientation behavior of lyotropic Ln-containing mesogens
A.l. Galeeva, N.M. Selivanova, Yu.G. Galyametdinov

Kazan National Research Technological University, Kazan, RUSSIA

Lyotropic liquid crystals (LLCs) have attraction because of their unique properties that make
them applicable in various fields of science and technology, such as biomedical devices,
electronic devices and others [1, 2].

Earlier in our group were synthesized and investigated lyotropic liquid crystalline lanthanide
(Ln"'=La, Eu, Tb) containing systems based on surfactants: Ci2Hzs0(CH2CH20)10H,
C12H250(CH2CH20)4H, CH3(CH2)11N(O)(CHs)z2), which exhibit stable lyotropic mesophase in
various solvents (H20, D20, H20-C10H2:0H mixture) [3,4].

In this work new thin films with nanoorganized lanthanide ions from aligned and non-aligned
lyotropic systems are researched. For creation aligned samples were used polymeric
orientantes: nylon N6, polyamide AL 1254, Jals-2021-R2. The influence of aligned samples
on lanthanide nanoorganization and its environment were investigated complex of methods:
AFM, SEM, TEM, SAXS, luminescence, contact angle measurement. X-ray diffraction by
small-angle study was carried out to clarify the way of metal ions organization in mesophase
and for orientating properties exploring. The surface free energy of orientate was determined
by the method of geometrical mean approximation based on Foaks conception and Owens-
Wendt equations. The data of oriented polymer surfaces wetting (contact angles) with testing
liquids were used. Important difference in the magnitudes of the surface energy characteristics
for planar and homeotropic orientantes has been revealed. The LLC based on nonionic
surfactant was shown to demonstrate higher wettability to be compared with the nematic
mesogens. Orientations of the surface by it rubbing leads to wetting reduce because of the
surface layer reorientation. The best wetting was reached on the substrates covered with ITO.
The work of adhesion LLC to studied surfaces was calculated using Young equation and the
data of wetting and LLC surface tension measurements. It was established that the system
which forms from nematic phase show more poor adhesion to the surfaces investigated than
the systems with hexagonal and lamellar mesophases. The adhesion to polyimide is higher than
to nylon for any type of mesophases. This offered approach allows estimating the efficiency of
polymer — LLC interaction and surface nanolayers self-organization. The results obtained of
the orientation behavior new materials are useful for new electronic devices creation.

[1] Saadat, Y. Imran, O. Q. Osuji, C.O. Foudazi R. Lyotropic liquid crystals as templates for advanced materials,
J. Mater. Chem. A, 2021, 9, 21607-21658.

[2] Selivanova, N.M. Galeeva, A.l. Galyametdinov, Yu.G. Biocompatible delivery systems based on -
carrageenan and nonionic surfactants, Lig. Cryst. and their Appl., 2020, 20, 2, 23-34.

[3] Selivanova, N. M. Galeeva, A. I. Vandyukov, A. E. Galyametdinov, Yu.G. New Liquid-Crystalline Complex
C12DMAOQO/Lalll with the Nematic Phase. Russ, Chem. Bull, 2010, 59, 469- 472.

[4] Selivanova, N. M. Galeeva, A. I. Gubaydullin, A.T. Lobkov, V.S. Galyametdinov, Yu.G. Mesogenic and
Luminescent Properties of Lyotropic Liquid Crystals Containing Eu(l11) and Th(l11) lons, Journal of Physical
Chemistry B, 2012, 116, 2, 735-742.

Acknowledgements — Authors thank Russian Science Foundation (grant 18-13-00112-11) for financial support.
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Pa3paborka MmeToauku onpenenenuss P39 B 0ypsbIx yrisix macc-
CIIEKTPOMETPUYECKUM METO0M

A.B. I'anonbko, C.C. IHIamnkas

Hucmumym xumuu meépoozo mena u mexanoxumuu CO PAH, Hosocubupck

CoBpeMeHHast BOSHHAsI IIPOMBIIIIICHHOCTh M SHEProcOeperarofe TeXHOIOTUN TPEOy T
CO3JIaHMsI HOBBIX (DYHKIIMOHAJILHBIX MaTEPHAJIOB C 3aIaHHBIMU CBOIICTBaMU. B CBsi3U ¢ 3THM B
Halllel cTpaHe U 3a py0ekoM BO3pOC CIIPOC Ha peIKO3eMelbHbIC A1eMeHThl. OHM He3aMEHUMBI
IIPU CO3/IaHUM DJIIEKTPOJABUTATENCH, TPUMEHIEMbIX B aBTOMOOMIIECTPOSHHH U KOCMHUYECKUX
KOpabJiel, KOMIIBIOTEPHBIX TUCILICEB, ONITOBOJIOKOHHBIX KaOeeH.

B MHOrOYMCIIEHHBIX JHUTEPATYpPHBIX HCTOYHUKAX COOOIIAETCS O TOM, YTO YIVIU H
30JI00TBAJIBI COJIEP)KAT BBICOKME KOHIICHTPAIMHM PEIKO3EMETIbHBIX JJIEMEHTOB M JPYTUX
3JIEMEHTOB-TIpuMeceii. JlaHHbIE OOBEKTHI MHOTHE PacCMaTPUBAIOT B KaueCTBE MCTOYHHKOB
PEIKHX 3JICMEHTOB U 0JaropoIHBIX METAJLIOB.

Jlist ompeieNIieHNs COIePIKaHMs PEIKO3EMETHHOT0 MMOTEHITHAIIA B TIOPO/IaX J0JITOE BPEMsI
WCIOJIb30BAJINCh HE ACCTPYKTHUBHBIE MeTOAbl. OAHAKO OHUM HMMEIOT HEJIOCTATOYHO HHU3KHUE
npezensl 00HApY)KEHUSI M HECYT OIpeleIeHHbIe OTpaHUYeHHs 110 Habopy snemMeHToB. Ha
CETOTHSIIHUHN JICHh MacC-CIIEKTPOMETPHS C MHIIyKTHBHO-CBSI3aHHOM TUIa3MO# CTajla OJIHUM U3
OCHOBHBIX METOJIOB JIJISl ONPECTICHISI HU3KUX KOHIEHTPAIMNA PEKO3EMEIbHBIX AIIEMEHTOB.

Hamu Obuta paspaboraHa METOAMKA MacC-CIHEKTPOMETPHUYECKOTO OMpPEICIICHHS
PENKO3eMENTbHBIX DJIEMEHTOB B YIJISIX M 30JI00TBAJIAX C PA3IMYHBIM COJIEPIKAHHEM CHITHKATHOM
YacTH, ONpEACICHAa 30JIBHOCTh W BIIAXHOCTh JAHHBIX 00pa3ioB yried. KoHueHTparuu
PENKO3EeMENbHBIX 3JIEMEHTOB OIPENEISIN METOJOM MAacC-CIIEKTPOMETPUU C WHIYKTHBHO-
CBSI3aHHOW TUIA3MOHM KOJMYECTBEHHBIM U TOJYKOJIMYECCTBEHHBIM BapUAHTAMHU C pa3HbIMHU
kodpduuuenTamu  pa3daBneHuidi. OTHOCUTEIBHOE  CTAaHJAPTHOE  OTKIOHEHHE TIpU
ompeneneHun P30 modykonMyecTBEHHBIM METOJOM cocTaBiser He Oonee 15 %,
KOJIMYECTBEHHBIM MeTo/IoM — He Oosee 8 %. IlomyueHHble pe3ynbTaThl OBLIM MPOBEPEHBI
METO/OM J100aBOK.

Jlnsi TIOATBEP)KACHUST TPABHIBHOCTH PE3YJIbTAaTOB, TOJXYYEHHBIX METOIOM Macc-
CIIEKTPOMETPUH, OMNPEIETCHO COACPKaHUE CYMMBl PEAKO3EMEIbHBIX 3JIEMEHTOB B YIJIE
ABeNCKOro MEeCTOpOXACHHUS KojopuMmeTpuueckum Merogom c¢ apcenaszo (ll1). Cymmapnoe
conepskanue P30, monyyeHHOe 000UMU METO/IaMU, COBIIAAeT.

BaaronapHocTn: BeIpaxkaeM 0coOYIO MPU3HATENBHOCTD . T.-M. H., Ipodeccopy TOMCKOTO MOIUTEXHUIECKOTO
yHuBepcuteTa, ApOy3oBy Cepreto MBaHoBn1y 3a npenocraBiieHne 00pasoB yriis.
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A new gadolinium-based contrast agent: synthesis and MRI research

V. O. Glavinskaia, R. O. Matsenko, V. V. Zheltova, M. G. Osmolowsky, N. P. Bobrysheva,
O. M. Osmolowskaya

Saint Petersburg State University, Saint Petersburg, RUSSIA

Gadolinium is known for its unique properties. Its compounds are currently actively used
in medical diagnostics as contrast agents for magnetic resonance imaging (MRI) — a modern
diagnostic method that allows visualization of internal organs and tissues for the diagnosis of
a wide range of diseases.

To this day, contrast agents based on gadolinium chelate complexes are the only
approved contrast agents for magnetic resonance imaging worldwide. However, free
gadolinium ion itself is toxic and, if ingested, can cause serious side effects.

In this work, we propose to use gadolinium-doped hydroxyapatite nanoparticles as
contrasting agents. Main advantages of such material are biocompatibility of hydroxyapatite,
which is the main inorganic component of human bone tissue, as well as the energy efficiency
of the synthesis process and economic benefits.

Hydroxyapatite nanoparticles doped with gadolinium were obtained by precipitation and
hydrothermal treatment at different temperatures by varying the composition of the reaction
medium. These synthesis methods allow the dopant to enter inside crystal lattice of the matrix
without the formation of additional phases. The morphological parameters and surface
composition of the obtained powders were studied by X-ray, TEM, and IR spectroscopy
methods, and their specific surface area was also determined by the BET method. It was found
that the obtained nanoparticles are rod-shaped and varying in thickness from 12 to 33 nm and
34 to 81 nm in length.

The imaging capabilities of gadolinium-doped hydroxyapatite nanoparticles were studied
by MRI. For this purpose, their suspensions in agarose gel were prepared. The presence of
contrast relative to agarose was observed in all samples. This indicates that the obtained
material has contrasting properties and can be used in MRI. The results of the studies showed
that the relaxation times T1 and T2 increase with increasing nanoparticle size. Relaxation
times, signal intensity and image contrast are comparable with the data obtained earlier in
studies of magnetite. Also, the obtained samples of doped nanoparticles were compared with
the contrasting effect of the contrast agent "Omniscan” based on gadodiamide trihydrate.
Acknowledgements — Scientific research was performed using the equipment of the Research Park of St.
Petersburg State University (Centre for X-ray Diffraction Studies, Chemical Analysis and Materials Research
Centre, Centre for Innovative Technologies of Composite Nanomaterials, Centre for Optical and Laser Materials
Research, Centre for Magnetic Resonance).

The first author of the paper expresses gratitude to the St. Petersburg State University Alumni Association for the
financial support of the research
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HUcnoab3oBanue 3¢ PpeKra mia3sMOHHOI0 PE30HAHCA IJIA YBeJIUYeHUs
3JIEKTPOJIIOMHUHECHEHTHBIX CBOMCTB KOMILICKCOB Tepoust

AJO. Tnamkux?, M.U. Kosznos’, A.A. Bamenko®, B.B. Yrounnkosa®

“@axynemem nayx o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mocksa,
POCCHA
SDuzuveckuti uncmumym umenu I1. H. Jlebeoeea PAH, 119333, Mockea, POCCHA
*Xumuuecxuui paxyromem MI'Y umenu M.B. Jlomonocosa, 119991, Mocxea, POCCHUA

Opranuyeckue CBETOM3IIYYAIOLIUE AUOAbl HA OCHOBE KOOPAMHALIMOHHBIX COCIMHEHUN
(KC) nanTaHuaoB JIeMOHCTPHPYIOT HeNpeB3okaeHHyr0 uuctoTy I1Bera OLED wu3-3a
Ype3BbIYAIHO Y3KHUX 3MUCCHOHHBIX I0JIOC, XapaKTEPHbIX AJI1 MOHOB JIaHTaHU10B. OJIHAKO B
naHHbId MOMEHT 3 dexTuBHOCTE U ApKocThb OLED Ha OCHOBE KOMILJIEKCOB JAHTAHH]IOB
CyIIeCTBEHHO ycrymaeT aHanoram Ha ocHoBe KC wmpuaus u marepuanam TADF. B nameit
HAay4yHOM Tpynme ObUIO BBIABIECHO, YTO OMNpEAeNsomuM (PaKTOPOM, OrpaHUYHBAIOIINM
MakcuMaibHble XapakrepucTuku B OLED, sBisitorcss Oosbline BpeMEHa  KU3HU
BO30YKIEHHOTO cOCTOsIHUS MOHOB JanTanuoB B KC [1].

Ha npumepe sMUTTEpPOB IPYrux KIaccoB OBUIO MPOAEMOHCTPHPOBAHO, UYTO BBEICHUE
Hanouactui 3oj0ta (AUGNP) B awipouno-unxkektupytouwmii cioi PEDOT:PSS nmo3Bomnsier
yBenmnunth d¢pdexkruBHocTse OLED B pesynbraTe BOSHHKHOBEHHS cieAyroummx 3(dekTos:
MOBEPXHOCTHOTO IJIJA3MOHHOTO PE30HAHCa, YCHUJICHUS BBIXOJAa CBETa W3 YCTPOMCTBA U
VIIydIIeHUs] MHKEKIH HocuTenel 3apsina (Puc. 10). Llenpro nanHo# paboThI CTAJIO H3yUeHUE
BIUSHUS IUIA3MOHHOTO pPE30HAHCA Ha BpeMs JKU3HU BO30YXKAEHHOTO COCTOSHUS U
anekTpostoMuHeclieHTHele  cBoiictBa KC  Tepbus. OObekTaMu HCCIEIOBAaHUS  CTald
komrIuiekchl Tepoust Tb(czb)3 u Tb(czb)3TDZP (Puc. 1a), rae B kauecTBe aHHOHHOTO JIMTaH/a
ObUT BBIOpaH apoMaTWyecKuil KapOokcwiat (czb-), oOmagarommii BBICOKOW JIBIPOYHOMN
MOJIBIKHOCTBIO [2], a B KauecTBe HeWTpasibHOrO nuranaa — TDZP, koMmruiekcsl TepOus ¢
KOTOPBIMHM TOKa3aju pekopanyto sipkocts B OLED [3].

l\

N A /N\
~ 7/

N N

I G

—m—Th(czb),

—e— Th(czb),TDZP b
—a— Th(czb),+AuNps ./
| —e—Tb(czb),TDZP+AUNDS /

15 4 6 8 10 12 14 16 18
6) Pa3smep, HM B) u, v

Puc.1. a) CrpykrypHble hopMyJsl Turaaios: czb- u TDZP; 6) Pacnipenenenue pazmepa u [1OM
n3o0paxxeHue (BO BKJIaJIKe) HaHOYAcTHI] 30510Ta; B) BAX u criekTp anexTpontoMuHecieHIuH (BO
BKJTasIKe) mosrydeHHsIx OLED
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Kommekcer Tb(czb)z u Tb(czb)sTDZP Obutn cuHTE3MpOBaHbI IO OOMEHHON METOIUKE.
CocTaB MOJIy4€HHBIX COEAMHEHMN MOATBEPKIAJIN 10 COBOKYHMHOCTH MeTos0B PDA, SIMP-
cnekrpockonuu, TI'A u HK-cnektpockonuu. M3ydenue (HOTOIFOMHUHECIIEHTHBIX CBOWCTB
M0KAa3aJIo, 4To 00a MOIYYEHHBIX KOMILIEKCa 001a1at0T Y3 PeKTUBHOMN (HOTOIIFOMUHECIICHITUEH,
XapakTepHol mans uoHa TepOus. KBaHTOBBI BbIXOA (DOTOTIOMUHECHEHIIMM KOMILIEKCa
Tb(czb)3 cocraBun 37%, a Bpems xu3uu — 0,73 Mc, B To Bpemst kak aist Tb(czb)3TDZP — 16%
n 0,49 Mc cooTBeTCTBEHHO. BH/HO, 4YTO BBEJECHHE HEUTPAIBHOIO JIMTAH/AA CHMXKAET
KBaHTOBBII BBIXO/I, HO TAKXKE U BPEMsI )KU3HH BO30YKIEHHOTO COCTOSHUS.

HanouacTuiisl 3010Ta ObUIM CHHTE3UPOBaHbI 110 MeToay dpeHca, OHU MPEACTaBISAIOT
co0oii oTHOpOAHBIE C(hepooOpa3HbIe CTPYKTYPHI, CPSTHUIN pa3Mep KOTOPBIX MO pe3yibTaTam
MMPOCBEYMBAIOIICH AIEKTPOHHOU MUKpOCKoruu cocTaisieT 13,5+2 um (Puc. 10).

[Tonmyuyennsie KC TepOust ObUTM IPOTECTUPOBAHBI B KAa4eCTBE AMHCCHOHHOTO CIIOS
(EML) B OLED c¢ rerepoctpykrypoii ITO/PEDOT:PSS/poly-TPD/EML/TPBI/LIF/AL
MaxkcumansHas sipkoctb OLED nHa ocnoBe xommekca Tb(czb)3 nocturna 140 xa/m2 nipu 16
B, a mnia Tb(czb)3TDZP — 420 xn/mM2 npu 18 B (Puc. 1B). i u3ydeHHs] BIHSHUSA
IJIA3MOHHOTO pe3oHaHca cuHTe3upoBanHbie AUGNP B cioit PEDOT:PSS. Baenenue
HAHOYACTHI] 30JI0Ta MO3BOJISIET YBEIUYUTh MAaKCUMAJIbHYIO SIPKOCTh CBETOAMOJA Ha OCHOBE
Tb(czb)3 mo 220 xkm/m2, a Ha ocHoBe Tb(czb)3TDZP — nmo 480 xm/m2. Kommiekc
Tb(czb)3TDZP c wnanouactumamu 3omota B cmecu ¢ PEDOT:PSS mnponemonctpupoBan
pexkopanyto sipkocth i OLED Ha ocHOBE KOMIUIEKCOB TepOMs, IMUCCHOHHBIM CIIOH
KOTOpPOTO HaHECEH U3 PacTBOPA.

[1] V. V Utochnikova et al., “Identifying lifetime as one of the key parameters responsible for the low
brightness of lanthanide-based OLEDs,” Dalt. Trans., vol. 50, no. 37, pp. 12806-12813, 2021, doi:
10.1039/D1DT02269E.

[2] M. L. Kozlov et al., “Towards efficient terbium-based solution-processed OLEDs: Hole mobility increase
by the ligand design,” J. Alloys Compd., vol. 887, p. 161319, 2021, doi: 10.1016/j.jallcom.2021.161319.
[3] E. Girotto et al., “Efficient terbium complex based on a novel pyrazolone derivative ligand used in

solution-processed OLEDs,” J. Lumin., vol. 208, no. September 2018, pp. 57-62, 2019, doi:
10.1016/j.jlumin.2018.12.027.
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Hetero-d/f-metallic polyphosphide complexes containing lanthanides
of the second half of the series

A.D. Demkin?, T.S. Sukhikh?, S.N. Konchenko?®?

®Nikolaev Institute of Inorganic Chemistry SB RAN, Novosibirsk, RUSSIA
Novosibirsk State University, Novosibirsk, RUSSIA

Lanthanide polyphosphide complexes, despite the fact that they are promising starting
compounds for the preparation of functional materials [1], are still rather rare examples of such
a combination of elements. The general method for synthesis these compounds is the reduction
of phosphorus-containing substrates with Ln(Il) complexes. In works [2,3] it was shown that
the reduction of [Cp*FePs] with cyclopentadienyl complexes of Ln(ll) leads to the formation
of heterometallic d/f polyphosphide complexes of various nuclearity (Scheme 1).
\@’ @ thf # [Si]alsu lSil%'IS" ) Bl
@_ Fe, . _%{“thf [SI]-%IT‘M lsulb—lsl //q__\%‘

P
—P —'_ Fe
\
R=Me; n-Pr P, P [Si]=SiMe;, Ln =La, n=1; [si]
R -

e Ln'= Ce, Nd, n=2

Scheme 1. Methods for the synthesis of polyphosphide complexes of lanthanides.

However, to date, polyphosphide complexes have been obtained only for the first half of the
lanthanide series. In an attempt to expand the number of involved lanthanides, we studied
reactions of [Cp*FePs] with [Cp*.Ln][BPhs] (Ln = Nd, Gd, Th, Dy, Ho, Tm) within the
reduction by KCs, as well as with “[Cp "2Ln]” (Ln = Dy, Tm; Cp"= CsH2'Bus) generated in
solution by reduction of [Cp™2Lnl].

It was found that the reactions of [Cp*FePs] with [Cp*.Ln][BPh4]/KCs lead to reductive
dimerization of Ps. As a result, a number of hetero-d/f-metallic complexes
[{Cp*2Ln}2(P10)(FECp*)2] were obtained (Scheme 2, left side). The reactions of “[Cp”2Ln]”
with [Cp*FePs] lead not to reduction, but to a nucleophilic attack of the Ps ring by the carbon
atom of the deprotonated tert-butyl substituent in Cp” (Scheme 2, right side). The report
discusses the features of the studied chemistry and structures of the obtained complexes.

Fe
\'% PER, [Cp*,Ln][BPh,] ‘@/ [Cp™zLni] 5?
Ln— \ + KCg + 18-cr-6 + KC 8 P %—tﬂu
T v o e oS

P—P P==Ls P—-P u
L p/ Ln = Nd, Gd, Tb, p\ P Ln=Dy, Tm ~p—
& Dy, Ho Tm

Scheme 2. The synthesis of polyphosphide complexes of the second half of lanthanide series.
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[1] A. T. Rowley and I. P. Parkin, J. Mater. Chem., 1993, 3, 689-692

[2] T. Li, M. T. Gamer, M. Scheer, S. N. Konchenko and P. W. Roesky, Chem. Commun., 2013, 49, 2183-2185
[3] N. Reinfandt, N. Michenfelder, C. Schoo, R. Yadav, S. Reichl, S. N. Konchenko, A. N. Unterreiner, M.
Scheer and P. W. Roesky, Chem. — A Eur. J., 2021, 27, 7862-7871
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Lanthanide complexes based on substituted 1,2,3-triazole
M.V. Zimina?, N.M. Selivanova?, V.E. Semenov®, Y.G. Galyametdinov®°

#Kazan National Research Technological University, Kazan, RUSSIA
bA.E. Arbuzov Institute of Organic and Physical Chemistry, Kazan, RUSSIA
°E.K. Zavoisky Kazan Institute of Physics and Technology, RUSSIA

The triazole compounds are of significant interest due to their physical - chemical properties:
ease of bonding with biomolecules, organic and inorganic compounds, as well as high
biological activity. Triazoles and their derivatives are widely used in supramolecular,
coordination chemistry and biochemistry. Many compounds of the triazole class exhibit
various biological activities, such as antibacterial, antiviral, antifungal, antituberculous,
anticonvulsant, anti-inflammatory, antitumor. High coordination potential of the triazoles
allow use their as bidentant ligands in click chemistry to obtain metal complexes and
functionalize biomolecules.

Lanthanide ions Ln(III), due to their unique optical properties, are widely used in molecular
electronics, OLEDs, as bioprobes, paramagnetic probes, sensors and bioindicators. The
formation and optimization the sensory function of the lanthanide complexes, is possible at the
expense of the selection organic ligand and mixed ligand complexation [1,2]. In this aspect,
substituted triazoles are of interest as an organic ligands for Ln(Ill) complexes with high
potential for biomedical applications.

The purpose of this work was to synthesize the lanthanide complexes Ln = (La, Dy, Th, Gd)
with 1-decyl-4- (ethyl 3-oxobutaonate-2-yl) -1,2,3-triazole.

Previously the solubility of the substituted triazole for further development of the lanthanide
complexes was evaluated. The solvents were selected based on their polarity. The ligand with
a 1,3-diketone unit dissolves in H20, CH3OH, C2HgsO2, C2HsOH at 25° C. The solubility was
investigated according to polarization optical microscopy. The scheme of the synthesis
lanthanide complexes based on substituted triazole shown in scheme 1.

Ln(IID)

Y

Eth

| +Lodll)  —on eoe
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CioHyy CHL,0
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Scheme 1. The scheme of the synthesis Ln(III) lanthanide complexes based on substituted 1,2,3-
triazole

The intermolecular interactions of the obtained complexes evaluated by FTIR spectroscopy.
However, the interpretation of the IR spectra is difficult due to the superposition the vibration
bands of the ligand individual groups coordinated by the Ln(lll) ion, in particular the
oscillations C=0 «free» B-diketone at 1558-1600 cm™. The appearance of the C-C bond
absorption band at 1521 cm™ and at 1400 cm™ at the IR spectra the obtained complex, indicates
the complexation.
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Thus, a new complexes of lanthanides have been synthesized, which, bearing in mind
bioactivity of the ligand, can be use as potential objects for biomedical use.

[1] N. M. Selivanova, Y. G. Galyametdinov, Chemosensors, 2021. 9 (6), 134.
[2] N. M. Selivanova, K. Vasilieva, Y.G. Galyametdinov, Luminescence, 2014, 29 (3), 202-210.
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Anisometric Eu(l11) and Tbh(I11) complexes as thermosensitive luminescent
materials

R.M. Ziyatdinova“, A.A. Leshcheva®, A.S. Krupin?, D.V. Lapaevb, A.A. Knyazev‘,
Y.G. Galyametdinov®®

“Federal State Budgetary Educational Institution of Higher Education «Kazan National
Research Technological University»
bZavoisky Physical-Technical Institute is a separate structural subdivision of the Federal
State Budget Scientific Institution «Federal Research Centre «Kazan Scientific Centre of the
Russian Academy of Sciences»

Among non-contact methods, temperature measurement is more interesting because of
several advantages over traditional thermometers, such as rapid response, high sensitivity,
superior spatial and temporal resolution, etc. [1]. Intensive luminescence, long service life and
low environmental sensitivity are the main characteristics required for a temperature sensor to
operate. B-diketonate complexes Eu®* and Tb®" due to their unique properties, meet these
criteria [2]. Unfortunately, relatively low photostability in UV irradiation is a major
disadvantage that prevents the use of film materials based on the B-diketonate complexes Eu®*
and Th®" as working elements for fluorescent temperature sensors. Therefore, the creation of
photo and thermostable materials with a high sensitivity of luminescence in a wide range of
temperatures is a current task.

In this work photostable fluorescent thermosensors based on mesogenic complexes Eu®*
and Tb®* were obtained and described (Fig. 1).

The proposed sensors are vitrified films of ,

Eud* or Tb% complexes (depending on the e 3Hy
ranges of determined temperatures) obtained by H
melting between two quartz substrates. Film o
materials have high transmission (more than Ty ¥ g
90%) in the entire visible and near-IR HCE @iOZCQEC'H
wavelength range (450-800 nm) and effectively ()
absorb light in the UV region (Fig. 2a).

The Eu®* and Tb®*" complexes exhibit
intense red and green photoluminescence at a
wavelength of 612 nm by irradiation with UV
light (Fig. 2b) and 545 nm (Fig. 2c),
respectively.

C}H7
Fig. 1 — Structural formulas of B-diketonate
complexes Ln(Ill), Ln=Eu, Th
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Fig. 2 — Spectra of transmission (a) and excitation (bar), luminescence (solid line) films of Eu®" (b)
and Tb** (c) complexes
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The influence of temperature on optical properties of vitrified films based on Eu®* and
Th® complexes was studied (Fig. 3).

The sensors have a high sensitivity of luminescence to a temperature of -6.5 ps Kt in
the range 298-348 K for the Eu®* complex and -3.3 us K in the range 143-253 K for the
Th®" complex and are capable of reversing the intensity and attenuation time of Eu®* and
Th®".

The resultant materials are photo- and thermostable and withstand multiple cycles of

heating and cooling (Fig. 4).
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Fig. 3 — Temperature dependence of lifetime on  Fig. 4 — Invertible changes of ta:. luminescence
612 nm and 545 nm films of Eu** (a) and Th** (when excited by Aexc=337 nm) in successive
(b) complexes, respectively heating and cooling cycles

[1] Zhao Y., Wang X., Zhang Y., Li Y., Yao X. 2020. Journal of Alloys and Compounds. 2020. V. 817. P. 152691.
[2] Lapaev D.V., Nikiforov V.G., Lobkov V.S., Knyazev A.A., Ziyatdinova R.M., Galyametdinov Yu.G., 2020,
Journal of Materials Chemistry C. Nel8. 6273-6280.
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Polynuclear Metallamacrocyclic Complexes of Bismuth(l11) and
Lanthanides(l11): Similar But Not Equal

M.A. Katkova, M.S. Muravyeva, R.V. Rumyantcev, G.Y. Zhigulin, S.Yu. Ketkov

G.A. Razuvaev Institute of Organometallic Chemistry RAS, Nizhny Novgorod, RUSSIA

Among numerous examples of the polynuclear metallamacrocyclic compounds named as
metallacrowns, the popularity of Ln(I11)-Cu(ll) 15-MC-5 complexes is largely due to their
fascinating architectures and potential applications. A relevant aspect of these structures is that
the metallamacrocyclic scaffold prefers early lanthanides characterized by the same charge and
similar ionic radii as Bi®*. Based on this analogy, we have designed and isolated novel
examples of the Bi(l11)-Cu(ll) metallamacrocyclic complexes of the 15-MC-5 type [1,2]. The
single crystal X-ray diffraction measurements confirmed the classic metallamacrocyclic 15-
MC-5 configuration with the neutral ring consisting of five [Cu(l1)-N-O] repeating units, and
the five hydroximate oxygen atoms encapsulating the Bi®* ion within the central cavity. Scalar
relativistic DFT investigations predict similarity between the molecular structures of the model
bismuth(111) and lanthanum(lll) 15-metallacrowns-5. At the same time analysis of the
electronic structures reveals stronger donor-acceptor interactions between the central ion and
the metallamacrocycle in the case of the lanthanum analogue (Scheme 1).
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Scheme 1. Deformation Electron Density isosurfaces at 0.01 a.u. in the region of the central ion and
the five oxime oxygen atoms for [Bi(15-MCcuuntyma-5)]%" (left) and for [La(15-MCcuqnytyma-5)]%"
(right). In the center: top views of the X-ray structures of the Bi(lll) [2] and Gd(lI1) [3]complexes. All
hydrogen atoms, uncoordinated NOs™ and solvate water molecules are omitted for clarity.

[1] G.S. Zabrodina, M.A. Katkova, E.V. Baranov, G.Yu. Zhigulin, S.Yu. Ketkov, Macroheterocycles, 2019, 12,
300-306.

[2] M.A. Katkova, G.Y. Zhigulin, R.V. Rumyantcev, G.S. Zabrodina, V.R. Shayapov, M.N. Sokolov, S.Y.
Ketkov, Molecules 2020, 25, 4379.

[3] A.D. Cutland, R.G. Malkani, J.W. Kampf, V.L. Pecoraro, Angew. Chem. Int. Ed., 2000, 39, 2689-2692.
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MeTasioMHBbIE KJIAaCTEPLI repMaHusd Kak JIMI'aHIbI B KOMILICKCAX
ABYXBAJICHTHBIX JIJAHTAHOUIAOB

C.B. KnemeurneBa

Uncmumym neopeanuueckou xumuu Yuusepcumema Tioouneena, T EPMAHWUA

AHHOHHBIE METAJUIONIHBIE KIacTepbl TepMmanus GegHyps™ (1) and GesHyp2?~ (2, Hyp =
Si(SiMe3)3), [1-3] B KOTOpPBIX KJIACTEPHOE SIAPO  OKPYXKEHO IPOCTPAHCTBEHHO
IKPaHHUPOBAHHBIMH 3aMECTHTEIISIMHU, CTAOUIIbHBI B MHEPTHBIX YCIOBHUAX U MMEIOT TOCTATOYHO
XOPOIIYI0 PAaCTBOPUMOCTh B OPraHMYECKHX PACTBOPHUTENSAX B OTJIMYHME OT OOJBIIMHCTBA
METaLTMYECKUX KJIACTEPOB, a MOTOMY MPEACTABIIAIOT HECOMHEHHBIH HHTEPEC IS U3yUYCHUS
PEaKIMOHHON CIIOCOOHOCTH TaKUX OOBEKTOB, JIEXKAIIMX Ha CTHIKE MEKIY MOJIEKYJISIPHBIMU
COCIMHECHUAMH M KOHJCHCHUPOBaHHBbIMH (azamu. B dacTHOCTH, OJjaromaps TOMY, 4YTO
KJIaCTEPHOE SAPO JIMIIb YaCTHYHO SKPAHHPOBAHO OOBEMHBIMH JIMTAHIAMH, W HEKOTOpBIE
IPaHd OTKPBITHI JUIS B3aHMOJCHCTBHUS, BO3MOXKHBI PEAaKIMU KOMILICKCOOOpPA30BaHMs, YTO

OBLTO paHee MOKa3aHO JUIS IEPEXOAHBIX METAUIOB. [4-7]
Ln(Ge,Hyp,),(THF), /
HCI[aBHO HaM BIICPBBIC YOAJIOCh IIOJYYUTH \ 7* = — N /

KOMILIEKCBI JIBYXBaJICHTHBIX JIAHTAHOU]IOB 7 Ti
C METaUVIOMTHBIMH TE€PMAHHUEBBIMU KJIACTEPaAMHU

B Ka4yecTBe JIMTaH/I0B. Coenunenus
[(THF)2Ln(GegHyps)2] (Ln = Eu, Sm) (Puc. 1) 6bu1n
BBIJICJIEHBl M3  peakUUM  COOTBETCTBYIOIIMX 7
muviomuno (THF).Lnl2 ¢ aByms SKBHBajeHTaMu
KGegHyps.[8] HeobxomuMo  OTMETHTH,  YTO

MOJIyYUTh KOMIUIEKC HUTTEpOMS B aHAJIOIMYHBIX - \ ;
YCIOBHAX HE yaaercs, BBHAy cymiectBenHo Puc. 1 MonexysipHas ctpykrypa
MeHbIIEro pasmepa nona Yb?*. Peaxiuu ¢ MmeHee [(THF)2Ln(GegHyps)2] (Ln = Eu, Sm)

AKPaHUPOBAHHBIM I'EPMaHUECBBIM KJIACTEPOM 2 MPUBOJIAT K COSTUHEHUSIM C 0011l hopMyItoit
[(THF)sLn(GegHyp2)] (Ln = Eu, Sm, YD), B KOTOpBIX KIIaCTepHBIN JUTaH ] KOOPAMHUPOBAH
pasnIuuHBIM 00pa3oM Ha MeTaml. Tak B KOMILIEKCe UTTepOus HabmonaeTcs N -koopauHanus,
a B KOMIUIEKCAX EBPOITHS M caMapHs KaK 1)2- TaK U 1|°-KOOP/MHAIHS METAIIONIHOTO KIacTepa
repmanus 2. JJis BCeX HOBBIX COCTUHCHHU CaMaphs M €BPOIHS HCCIIEAOBAaHBl MAarHUTHBIC
CBOWCTBA, a JUISI KOMIUIEKCOB €BPOIUS M3MEPEHBI CIIEKTPHI JIIOMUHECIICHIIUH, OJHO3HAYHO
MOJITBEPKTAOIINE HAIMYKE JIBYXBAJICHTHBIX JIAHTAHOHJIOB.

[1] A. Schnepf, Angew. Chem., Int. Ed. 2003, 42, 2624. [2] F. Li, S. C. Sevov, Inorg. Chem. 2012, 51, 2706. [3]
0. Kysliak, A. Schnepf, Dalton Trans. 2016, 45, 2404. [4] O. Kysliak, C. Schrenk, A. Schnepf, Chem. Eur. J.
2016, 22, 18787. [5] F. Henke, C. Schenk, A. Schnepf, Dalton Trans. 2009, 9141. [6] C. Schenk, F. Henke, G.
Santigo, I. Krossing, A. Schnepf, Dalton Trans. 2008, 4436. [7] C. Schenk, A. Schnepf, Angew. Chem., Int. Ed.
2007, 46, 5314. [8] S. V. Klementyeva, C. Schrenk, M. Zhang, M. M. Khusniyarov, A. Schnepf, Chem. Comm.
2021, 57, 4730.

BaarogapHocT: Bripakaio MO0 HCKpeHHIOIO OmaromapHoOcTh mpodeccopy A. Iluemndy 3a BO3MOXKHOCTB
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JIroMHHeCIeHTHAasA TEPMOMETPHUA HA OCHOBEC HAHOKPHCTAIHYCCKHUX
qacTHuL, JErMpOBAHHLIX PE€AKO03€MEJIbHBIMA HOHAMUA

I.E. Konecnukos,” JI.B. Mamonosa“, E.B. Adanacsena’

“Cankm-Ilemepbypeckuil 20cy0apcmeeH bl YHUGepCUumem
OCanxm-ITemepbypeckuii nonumexnuueckuii yuugepcumem ITempa Benukozo

Temmepatypa sBisieTcs OIHUM U3 (PyHIaMEHTAIBHBIX MTAPAMETPOB, XapAKTEPUIYIOIIUX
CHCTEMBI, IpoLiecChl U siBeHUs. [IoHATHE TeMnepaTypbl XOPOIIO YCTaHOBJIEHO C TOUKHU 3pEHUs
TEPMOJIMHAMHUKH U UCHOJB3YETCs JUIS XapaKTepU3alud pa3IuyHbIX CUCTeM (Ta3, KHUIKOCTb,
TBepable (ha3bl, MUKPO- U MAKpPOOOBEKThI) B TEPMOJMHAMUYECKOM paBHOBecHU. TouHOe
U3MEpEeHHe TeMIepaTypbl HEOOXOAMMO JJsl HAJAEKHOW XapaKTepu3alud M KOHTPOJIS
IIPOLIECCOB B pa3jIMyHBIX 00JacTAX OT OWOJOTMM M MEAULUHBI /10 MPOMBIIUIEHHOIO
npou3BojacTBa. HeEoOXoaMMO OTMETHTh, 4YTO TMPSIMOE OIpEICIIEHHE TEeMIIEpaTyphl
HEBO3MOXHO, OJIHAKO €€ MOYKHO HM3MEpUTh IIyTeM KOHTPOJIS pa3jIM4YHBIX XapaKTEPHCTUK,
TaKWX Kak o0OBEeM, [aBJICHHE, MPOBOJUMOCTb, KOTOPHIE MOHOTOHHO KOPPEIHPYIOT C
M3MEHEHHEM TeMIlepaTypsl. Bece MeToibl n3MepeHus TeMrnepaTypbl MOKHO pa3/iefuTh Ha TpU
KaTeropuu B 3aBUCHMOCTH OT XapaKTepa KOHTaKTa MEXy JaTYUKOM U 00BEKTOM aHanm3a: 1)
KOHTAKTHBIE; 2) NOJYKOHTAKTHbIE U 3) OECKOHTaKTHBIE.

BeICTpBIIi TEXHWYECKHId TPOTpecc W OTPAHWYCHHUS CYIICCTBYIOIIMX KOHTAKTHBIX
TEPMOMETPOB JJIs1 HEOOJBIIMX CUCTEM CYOMHUKpPOHHOTO MaciiTaba TpeOyroT pa3paboTku
HOBBIX OECKOHTAKTHBIX TEMIIEPaTypPHBIX CEHCOPOB C MHKPO- W HaHOpPa3MEPHBIM
IIPOCTPAHCTBEHHBIM pa3perieHueM. Cpean OECKOHTAKTHBIX CIIEKTPOCKOMMYECKHX METOOB
OTIpEeJIeJICHUs] TeMIIePaTyphl JIIOMUHECIIEHTHAsT TEPMOMETPHS SBISIETCS OJHUM U3 Hamboiee
NEPCHEKTUBHBIX. OTOT METOoA oO0eclneyuBaeT M3MEpPEHHUs TEeMIIepaTypbl Ha OCHOBE
MOHHUTOpPUHTA TEMIIEPATypHOW 3aBHCHUMOCTH W3IYy4YeHHs JIOMHUHOGoOpa (Hampumep,
WHTCHCUBHOCTH  JIIOMUHECHEHUMH (MM  COOTHOLIEHWS  MHTEHCHBHOCTEH  IOJIOC
moMuHecueHu - LIR), monoxkeHus crnekTpajbHON JIMHUM, IIMPHUHBI MOJOCHI, BPEMEHHU
KHU3HU BO30Y)XJIEHHOTO COCTOSHUS M TOJSApU3alMM  M3iydeHus). JllomMuHecueHTHas
TEPMOMETPHUSI COUETAET B c€0€ BBICOKYIO OTHOCUTENIbHYIO TETIJIOBYIO UyBCTBUTENBHOCTH (> 1%
K™) u nmpoctpancTeennoe paspenienue (<10 MKkM), a Takxke ObICTpBIH c60p JaHHBIX (< 1 MC).
Kpome TOro, JIIOMHHECHEHTHas TEPMOMETPHS MOXKET YCIIEUIHO WCIOIb30BAThCS B
OMoJIOrNYecKUX OOBEKTaX W B CIOXKHBIX YCIOBMAX OKpY’Karolled cpeabl (Hampumep, B
CHJIbHBIX 3JICKTPOMArHUTHBIX MOJISIX).

a) Emission ratio b) Spectral shift c) Bandwidth
7 N v v
¥
-
u - - -
S s = K -
/.[nm] A[nm]
=51~ > ©=50 ~ —

Puc. 1. Paznuunsie ciocoObI pcain3anun HIOMHHGCHGHTHOﬁ TCPMOMCETpPHUU.
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Marepuanpl, JeTUpOBaHHBIE penko3emMenbHbIMH  HoHamu  (P3U),  sBisroTcs
CTaOMIIBHBIMHU Y3KOIIOJIOCHBIMH JTFOMHHO(OpPaMH, TOKPHIBAIOIUMH OOJIBIIIYIO YaCTh CIEKTPA,
C, KakK IIpaBHJIO, BBICOKMMH KBAaHTOBBIMH BBIXOJaMH JIHOMUHCCUCHIIUU. B HocjaeaHEe
JACCATUIICTUC ObBLIH HN3YYCHEIL TCPMOMCTPBI Ha Oaze XCJIaTHBIX KOMIIJICKCOB,
MCTAJUIOOPraHUYCCKHUX KapKaCoB, IIOJHMMEPOB, OPraHO-HEOPraHUYCCKUX FI/I6pI/I,Z[OB u
Heopranuueckux HaHodactul] ¢ P3U, oxBaTwiBaronue MmMHUPOKUNA TUANA30H TEMIIEpaTyp OT
kpuoreHHbeIx (T <100 K) mo Texnomormueckmx (mo 1200 K). /lannas pabora mocBsIieHa
HCCICOAOBAHHUIO IMPHUHIUIIOB HIOMHHCCHCHTHOﬁ TCPMOMCTPUMU Ha OCHOBC OKCHUIAHBIX
HaHOKPUCTANIMYCCKHUX  YaCTUL, AKTHUBHPOBAHHBLIX Pa3JIMYHbBIMUA P31 B kadectBe
TCMIICPATYPHO-UYBCTBUTCIIbHBIX JIFOMUHCCHCHTHBIX ITapaMCTpPOB, OBUIO HCIIOJIB30BAHO
COOTHOIIIEHHE MHTCHCUBHOCTEH JJIOMHUHECHCHTHBIX IT10JIOC, CIICKTPAJIBHOC ITOJIOKCHHE JTMHUAHN
JIOMHUHECIICHIIMH U IIUPUHA MTOJIOCH ItoMuHecteHun (Puc. 1).

Baaromxapuoctu: PaGoTs! BeIONHEHA IPH OAEpKKe rpanTa Poccuiickoro Hayunoro ®onma (Ne 21-79-10018).
DKcneprMeHTalIbHbIE HCCIEOBAaHMS BBHINMOJHEHb Ha oOopymoBanun Hayunoro Ilapka CIIOI'Y B PIJ
«Onrryeckne W Ja3epHbIe METOABl HCCIeAOBaHMA BemecTBa», PLI «PeHTreHOmu(pakiMOHHBIE METOIbI

HUCCICOOBAHUA) U ((MC)K,I[I/ICL[I/IHJ'II/IHapHOM PECYPCHOM LCHTPE MO HAIPABJICHUIO "HaHoTexHoIIOrUH'"».
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AHAJIUTHYIECKHE BO3MOKHOCTH METOIa ATOMHOM YMUCCHOHHOM
CIIEKTPOCKOINMHA MUKPOBOJHOBO MHAYIUPOBAHHOM MJIa3Mbl NPH
omnpeae/ieHUH peIK0o3eMeJIbHbIX 3JIEMEHTOB.

E.K. Konbpkoga, E.O. Yubupes, A.P. 'apud3zsaon

Kaszancxuii (Ilpusonoicckuti) ghedepanvrulil yHugepcumem, XumuuecKuil UHCMumym
um. A.M. Bymneposa, 2. Kazanv

Metoabl aTOMHOM CIIEKTPOCKOIUHU SBJISIOTCS CAMBIMHU PaCIpOCTPaHEHHBIMU METOAAMHU
aHanmM3a peaKo3eMenbHbIX eMeHToB (P3D) B MuHepanax u pyaax. Hambonee wacto ams
aHanu3a P30 mpumeHsiercs aTOMHO-dMUCCHUOHHAsI CIIEKTPOCKONMS WHIYKTHBHO-CBSI3aHHOMN
IUIa3Mbl  Oylarogapsi HU3KMM TpefeiaM OOHApYyKEHHs sl OOJBIIMHCTBA 3JEMEHTOB B
CpPaBHEHUHU C JAPYTUMU CIIOCOOAMU OTNpeAeNIeHUs] COJAEPKAHUS METAJUIOB, a TaKKe OBICTPOTE
aHaimza. OJHAKO H3TOT METOJ SBJSETCS JIOCTaTOYHO JOPOTOCTOSIIMM, I103TOMY
HEMAJOBAXHOW 3amadel SBJISETCS MOMCK Oojiee JOCTYMHBIX METOJOB aHalu3a, He
yCTyHawImux Mnpu 3ToM B 3((EeKTUBHOCTH. B 3TOM OTHOWIEHMH NPEACTaBISACTCS
MEPCIEKTUBHBIM HCIIOJIb30BAHUE ATOMHOW 3MHCCHOHHOM CHEKTPOCKONMMH MHUKPOBOJIHOBOM
uHayupoBaHHoU 1wiazmMel (ADC MUII). 3TOT OTHOCUTENEHO HOBBIM BapHAaHT YMUCCHOHHOU
CIEKTPOCKOIIMU MOJKET SIBJISATHCS O0jiee JOCTYNHOW ajJbTEpPHAaTUBOM aTOMHO-3MUCCHOHHOMN
CHEKTPOCKONUU HHIYKTUBHO-CBsi3aHHOW Tuiazmbl (ADC HUCII) 3a cuér Oonee HM3KOM
CTOMMOCTH CIIEKTPOMETpPA M MEHBIIUX SKCIUTyaTallMOHHBIX PACXOOB IPH HCIOJIb30BaHUU
a30Ta B KauecTBe I1a3M000pa3yIoLIero raza BMECTO aproHa.

B Hacrosiielt pabote uccieoBaHbl aHAIUTUYECKHME BO3MOKHOCTH 3TOrO BapHaHTa
SMUCCUOHHOM CIIEKTPOCKOIUH JJI PEIICHUS CII0KHOM aHATMTUYECKOH 3a/1a4u — ONpeIeICHUs
P35 npu coBmecTHOM mpucyTcTBUU. M3MepeHus npoBoamiuck Ha npudope Agilent 4100M.

[Ipu BeIOOpE aHANUTUYECKUX JIMHUHN AJI UCCIEyeMbIX JIEMEHTOB OBbLIIO YCTaHOBJICHO,
yTo 1y BceX P3D B a30THONW MHUKPOBOJHOBOW IIJIa3Me€ HauOOJbIIas HMHTEHCHUBHOCTH
Ha00AaeTCs 1711 pe30HAHCHBIX JIMHUI OJTHOKPAaTHO HOHU3UPOBAHHBIM aToMaM. B uacTHoCTH,
st La(ll) — 3949 uwm, Ce(ll) — 446,0 um, GA(11) — 342,2 am, Er(l1) - 337,3 am.

I'panynpoBOYHbIE 3aBUCUMOCTH, IIOCTPOCHHbIE IIpU BBIOPAHHBIX JJIMHAX BOJIH,
npuBeneHbl Ha puc. 1. [lo aTuM ganHBIM ObUTH paccunTanbl npenensl ooHapyxenus (I10) ¢
UCIIOJIb30BAHUEM YPaBHEHUS:

3o
Cno=—xC
1
Jlnst pacu€ra CpemHEKBaIpPaTUYECKOTO OTKJIOHEHHUS G ObUI M3MEpPEH aHAIMTHYECKHUI

CUTHaJI (1)0Ha npu TOM XK€ JJINHE BOJIHBI, IIpA KOTOpOfI HU3MEPAIICA aHAJUTUYECKUN CUTHAI
9JICMCHTA.

Tao6a. 1. Paccunrannsie BenmuunHbl [10 (Mr/m1) metogom ADC MUII B cpaBaennu ¢ [10 metogom ADC
WCII[1]

JlanTan Hepuit Dpouii TI'agonuumii
CpenHekBaapaTuyecKoe 8 38 68 16
OTKJIOHEHHE G ’
1O ADC MUII 2,8'10'3 2,9_10-3 1’2,10-2 1’1.10-3
I10 ADC UCII 4,1-10° 2,510 8,2:10°° 3,3:10°
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Puc. 1. I'panyrpoBoYHbBIC 3aBUCIMOCTH HHTEHCUBHOCTH CUTHAJIA OT KOHIIGHTPALIUHU (MI/J1) JIJIst
JIaHTaHa, 1epusi, SpOUs U raf0IHHHUA.

Hcxonsd U3 MoayydeHHBIX pe3yJIbTaTOB, MOXKHO C/ENIaTh BBIBOJ O TOM, 4TO MeTog ADC
MUII npu onpenenenun P35 mo MeTponoruueckuM XapakTepHCTUKaM He YCTyIaeT Oolee
noporocrosimiemy merony ADC UCII.

[1] Baghaliannejad R., Aghahoseini M., Amini M. K. Determination of rare earth elements in uranium materials
by ICP-MS and ICP-OES after matrix separation by solvent extraction with TEHP // Talanta. — 2020. — V. 222.
doi:10.1016/j.talanta.2020.121509

e-mail: redatushared@gmail.com
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Dual red-NIR emissive OLED based on Eu-Yb bimetallic complexes for
oximetry

A.l. Kornikov?, M.I. Kozlov®, VV.V. Utochnikova?

4_omonosov Moscow State University, Chemistry Department, Moscow, RUSSIA
bl omonosov Moscow State University, Department of Materials Science, Moscow, RUSSIA

Lanthanide coordination compounds are promising materials for emission layers of organic
light-emitting diodes (OLEDS), since lanthanide ions, due to their special electronic structure,
demonstrate narrow luminescence bands. One of the forward-looking applications of OLED is
oximetry, a non-invasive spectrophotometric method of determining the degree of oxygen
saturation in the blood. However, a big challenge to OLED technology for oximetry is
obtaining OLEDs with luminescence in both visible and near-infrared ranges. The use of
bimetallic rather than separate monometallic complexes will allow creating an oximeter, which
uses one light-emitting diode instead of two. Even though europium and ytterbium ions have
ideal narrow luminescence bands for oximetry, lanthanide-based oximeters have not been
obtained yet. Thus, it was proposed to study the luminescent properties of bimetallic complexes
of europium and ytterbium, possessing two emission bands in both the red and infrared regions
of the spectrum.

Bathophenanthroline (BPhen) (Scheme 1), which is capable of sensitizing Eu®* ion luminescence
and providing high electron mobility, was chosen as a neutral ligand [1]. The dibenzoylmethanate
anion (dbm”) (Scheme 1) was chosen as the anionic ligand (Scheme 1), since its europium
complex shows intense luminescence. Thus, the objects of the study are mixed-ligand complexes
EuxYbix(dbm)sBPhen, as well as EuxLaix(dbm)sBPhen and LaxYbix(dbm)sBPhen (x = 0; 0.01;
0.02; 0.05; 0.1; 1). The aim of this work was to obtain an efficient OLED with dual emission of
europium and ytterbium and to study the energy transfer from the europium ion to the ytterbium
ion.

dbm” BPhen
Scheme 1. Structural formulas of the ligands

The composition of the obtained compounds was determined by the thermogravimetric
analysis, IR spectroscopy, *H NMR spectroscopy, and scanning electron microscopy with
EDX. The quantum vyields of the ytterbium complexes photoluminescence reached 0,9%,
which is rather high, and the individual europium complex demonstrated a quantum yield of
32%. The decrease in the observed lifetimes of europium with an increase in the fraction of
ytterbium indicates the presence of energy transfer from the europium ion to the ytterbium ion
in the obtained complexes. The obtained complexes EuxYbi.x(dbm)sBPhen (x = 0; 0.01; 0.05;
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0.1; 1) were tested in OLEDSs, which demonstrated intense electroluminescence in the visible
and near-infrared regions, as well as high luminance and energy efficiency values (Scheme 2).
The energy efficiency of Euo.osYbo.gs(dbm)sBPhen reached 147 uW/W, which is one of the
highest values for ytterbium-based OLED. Thus, complex Euo.osYbo.gs(dbm)sBPhen is a
promising compound for applications in oximetry.

b

a 160
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140 4
40{ —v— Eu(dbm);BPhen §120- —8— EUg 45 Yb, o5(dbm);BPhen
—a— Euy ,Yb, o(dbm);BPhen 200
& 304 —8— EUgo5Yb, gs(dbm);BPhen > —e— Yb(dbm),BPhen
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Scheme 2. a) Luminance and b) energy efficiency of the OLED with heterostructure
ITO/PEDOT:PSS/poly-TPD/EuxYbix(dbm)s(BPhen):CBP/TPBI/LiF/Al.

[1] Kozlov M.I. et al. On the development of a new approach to the design of lanthanide-based materials for
solution-processed OLEDs // Dalton Trans., 2019, 48(46), 17298-17309.

e-mail: andrey.i.kornikov@gmail.com
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TepmodJiekTpUYeCKHe CBOMCTBA TBEPABIX PACTBOPOB
CuCroglnooiS2 (Ln = La...Lu)

E.B. Koporaes

Hnemumym neopeanuueckou xumuu um. A.B. Huxonaeea CO PAH, Hosocubupck

Teépapie pacTBOpel Ha ocHOBe aucyiabhumaa wmeau-xpoma CuCrixMxS; (M —
penKo3eMeNbHbIN uiu nepexoanoi merami, x=0-0.40) B HacTos1IEe BpeMs pacCMAaTPUBAIOTCS
B KaueCTBE MEPCHEKTUBHBIX (DYHKIIMOHAIBHBIX MaTEPUAIOB JJIi COBPEMEHHOMN AJIEKTPOHUKH.
JlanHble MaTepualibl O00JIAAAIOT PSAOM CBOWCTB, NEPCHEKTHBHBIX [UIA IPAKTHYECKOTO
MIPUMEHEHHUSI: HIOHHAS TIPOBOIUMOCTb, TEPMOIIECKTPUUYECKUE CBOMCTBA, MAarHUTHbBIE CBONCTBA,
KOJIOCCAJIbHOE MAarHeTOCONpPOTHBIICHHE, (Ha30BBI NEpexoa MeTaul-TudIeKTpuk. Ocobo
BOXHOM 3a/Jayeil sBISIETCA BBISIBJICHHE B3aUMOCBSI3U AJIEKTPOHHOTO CTPOEHUS U
TEPMOIIEKTPUUYECKUX CBOMCTB XMMMUECKUX COEIMHEHUH C LI€JbI0 HANPABICHHOI'O CHHTE3a
HauOoJee NEepCHeKTUBHBIX (YHKIMOHATIBHBIX MaTepuaioB C TpeOyeMbIMH CBONCTBaMHU.
Karnonnoe 3amemenne CuCrSz-maTpuipl MO3BOJIIET B IIUPOKHUX IpUIETIAX BapbUPOBATh
¢usnueckue cBoiictBa CuCri1xMxS2. Mcxonnas CuCrSz-maTpunia siBIsSETCS] MePCHEKTUBHBIM
TEPMOIIEKTPUUECKUM MaTepUajIoM, u JEMOHCTPUPYET BBICOKHE  3HAYCHHS
TEePMOAJIEKTpUUYecKoil 1oOpotHocT ZT~2. BMecTe ¢ TeM, TepMOIIEKTPUUECKUE CBOWCTBA U
AJIEKTPOHHOE CTPOCHHE KaTHOH-3aMEUICHHBIX TBepAbIX pacTBOpoB CuCrixMxS; m3ydensr
HeZocTaToOyHO. B 3TOH cCBsi3M, B paMKax MpeACTaBIEHHOW paboThl, ObUIO MPOBEACHO
KOMIUIEKCHOE UCCIIEJIOBAHUE AJIEKTPOHHOI'O CTPOCHUS IMIMPOKOTO Psifia KaTHOH-3aMEIIEHHbIX
mucynbhunoB CuCrogolno01S2 (Ln = La...Lu), a Takke UX TEPMOAJIEKTPUIECKIX CBOWCTB B
teMmneparypHoM juanazoHe 100-740K. bbino ycraHOBIIEHO, 4YTO MEpexo] MOPSAOK-
6ecriopsiiok B CuCrSz u TBepapIX pacTBOpax Ha €ro OCHOBE NMPUBOAMUT K MCUYE3HOBEHUIO
SHEPreTUYECKOM ILEIN BCIEACTBUE JIOKAINU3AMK aTOMOB B OKTa3ApUYECKUX MO3ULUAX, YTO
IPUBOANUT K BO3HHMKHOBEHUIO AaHOMAJIMM Ha TEMIIEPATyPHBIX 3aBHCUMOCTAX KOAPQHUIMEHTa
3eeoeka CuCrogolnooiS, mpm  Beicokmx Temmeparypax (T~700K). VYeenumuenue
kodpduurenTa 3eebeka NMpPU KATHOHHOM 3aMEIIEHUU BEPOSTHO BHI3BAHO YMEHbBIICHHEM
oOmiel IUIOTHOCTH COCTOSSHUM y TOTOJIKA BAJIEHTHOM 30HBI, KOTOpPOE OO0YCIOBIEHO
CIIeAYIOIMMHU (aKTOpaMHU:

— DJIEKTPOHHAS IJIOTHOCTh ATOMOB JIAHTAHOWJOB BHOCHUT MEHBIIMH BKJIaJ B OOIIyIO
IUIOTHOCTh COCTOSIHUM, B CPABHEHUH C aTOMaMH XpOMa;

— MapuuanbHble BKJIAJbl COCTOSHUNA aTOMOB JIAHTAHOMJIOB JIOKAJIU30BaHbl B IIyOuHE
BAJICHTHOM 30HBI.

Haubonee cunbHble HW3MEHEHUSI TEPMOIIEKTPUUYECKUX CBOWCTB HAONIOAAIOTCS JUIS
naHTaH-3ameneHHol cucteMbl CuCro g9l 80.01S, 4TO MO3BOISIET paccCMaTPUBATh JAHHBIN COCTAB
HapaBHE C UCXOIHBIM TUCYJIb(PUIOM XpOMa-MeIU B KaUyeCTBE NEPCIIEKTUBHOIO MaTepHraia Jijist
TEPMODJIEKTPUYECKHUX MPHIIOKEHUH.

Baaronapuoctn: VccnenoBanue BBINMOJIHEHO 3a cy€T rpanTta Poccuiickoro Hayunoro ¢onna (mpoekt Ne 19-73-
10073)

e-mail: korotaev@niic.nsc.ru
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Novel heteroleptic amido Ca(ll) and Yb(Il) NHC pincer complexes
l.V. Lapshin? A.A. Trifonova®

8G. A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of Sciences,
Tropinina str. 49, 603950 Nizhny Novgorod, RUSSIA
bA. N. Nesmeyanov Institute of Organoelement Compounds of Russian Academy of Sciences,
Vavilova str.28, 119991 Moscow, RUSSIA

The molecular design of N-heterocyclic carbene ligands with new properties is an essential
problem in the chemistry of coordination compounds. Important directions in alkaline-earth
and lanthanide coordination chemistry are investigation of their NHC complexes, structural
modification of carbene ligands and creation of polydentate NHC-ligands. In the present work,
picolyl-functionalized carbene ligands and methods for the synthesis of NHC alkaline-earth
and lanthanide complexes were studied. Two novel isostructural heteroleptic amido Ca(ll) and
Yb(I1) complexes bearing NHC pincer ligand have been synthesized. Reaction of 1,3-bis(2-
picolyl)-4,5-dimethylimidazolium chloride with M(N(SiMes)2)2(THF)2 (M = Ca, Yb) led to in
situ deprotonation of the imidazolium salt and activation of CH-acidic picolyl group resulting
in the dearomatization of one of the pyridine rings and formation of ((NHC)CaN(SiMes)2)2 (2)
and ((NHC)YDbN(SiMes)2)2 (3). NMR and XRD studies of dimer pincer amido complexes 2
and 3 revealed their unique structural features, such as bridging carbenes, which is a first
example in alkaline earth and lanthanide metals chemistry.

Fig. 1. The molecular structure of heteroleptic amido calcium complex 2.
[1] I. V. Lapshin, A. V. Cherkasov and A. A. Trifonov, Russ Chem Bull, 2021, 70, 1957-1963.

Acknowledgements — Authors thank Russian Science Foundation (project 17-73-20262-11) for financial
support.
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Synthesis, structures, photoluminescent and magnetic properties of three-
blade propeller homoleptic lanthanide complexes
[LNnL3](ClO4)3-H20-2MeCN (L = 2,6-bis(1-methyl-imidazol-2-y1)pyridine)

Dmitry M. Lyubov,2? Albano N. Carneiro Neto,° Ahmad Fayoumi,?
Vladislav M. Korshunov,? Ilya V. Taydakov,>? Yannick Guari,® Joulia Larionova,®
Luis D. Carlos,® Jérome Long,®" Alexander A. Trifonov®?

2 10MC RAS, Tropinina 49, 603950, Nizhny Novgorod, RUSSIA
P INEOS RAS, 28 Vavilova str., 119334, Moscow, RUSSIA
¢ Department of Physics and CICECO, University of Aveiro, PORTUGAL
4 LPI RAS, Leninskiy Prospect 53, 119991, Moscow, RUSSIA
¢ ICGM, Univ. Montpellier, CNRS, ENSCM, Montpellier, FRANCE.
" Institut Universitaire de France (IUF), Paris Cedex 05, FRANCE

We report the synthesis, structures, magnetic and luminescent properties of a series of three-
blade propeller homoleptic lanthanide complexes [LnL3](ClO4)3-H20-2MeCN (Ln = Eu (1),
Tb (2), Dy (3), Er (4), Yb (5), Gd (6); L = 2,6-bis(1-methyl-imidazol-2-yl)pyridine). The Eu,
Th, and Dy analogues exhibit the characteristic lanthanide-based luminescence. Remarkably,
the mixed Eu/Th complex with a metal ratio (1:10) can be used as a ratiometric thermometer
in the solid-state in the temperature range 130-220 K with the maximum value of S, =5.3
%K within the range of 150-170 K. Theoretical calculations allow not only to model the
luminescence properties of pure complexes but also rationalize the performances of the mixed
Eu/Tb thermometers.

0.9
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Fig. 1. a) synthesis of [LnL3](ClO4)s-H20-2MeCN; b) CIE chromaticity coordinates for the Euo.o9 Tho.o1

mixed complex at different temperatures.
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Synthesis and regularities of changing in thermodynamic properties for
compounds based on bismuthates of rare earth elements

N.I. Matskevich?, A.N. Semerikova?, D.A. Samoshkin?®, S.V. Stankus®, E.N. Tkachev?,
V.A. Trifonov?

@Nikolaev Institute of Inorganic Chemistry SB RAN, Novosibirsk, RUSSIA
bKutateladze Institute of Thermal Physics SB RAN, Novosibirsk, RUSSIA

Compounds based on bismuthates of rare earth elements are promising materials for
environmental technologies, in particular, for application in ceramic oxygen generators [1-2].
They have high ionic conductivity at medium temperatures. Doping by various elements is
applied, in particular, by rare earth elements and transition metals to increase the stability of
delta form of bismuth oxide.

In this work, we synthesized compounds based on bismuth oxide with following compositions:
Bi125Er15Fe0225, BisNbo2R0s0s2 (R = Sm, Dy, Er, Lu). The compounds were synthesized by
solid phase reactions from corresponding oxides. Characterization of compounds was
performed by X-ray powder diffraction and confirmed individuality of compounds. Reaction
and differential scanning calorimetry were used to determine thermodynamic properties [3-6].
The standard formation enthalpies for all compounds were determined by reaction calorimetry.
Based on obtained standard formation enthalpies, the lattice enthalpies were calculated. The
heat capacity of BizsNbo2R0.80s2 compounds was measured in the temperature range of 320—
1000 K using DSC 404 F1 calorimeter.

It was shown that standard formation enthalpy and lattice enthalpy of Bii2sErisFeO22s
compound were greater in absolute value than for analogous compound with cobalt, which was
explained by smaller iron radius. It was shown that standard formation enthalpies and lattice
enthalpies for BisNbo2R0.s0s2 compounds were increasing in absolute value with decreasing
rare earth element radius. This was explained using formulas derived by authors that related
lattice enthalpies and formation enthalpies for low doping by rare earth elements with radii of
rare earth elements. For all BisNbo2RogOs.2 compounds, the phase transitions were found at
temperatures above 500 K, which was associated with transition of cubic phase to tetragonal
one.

[1] R. Punn, A.M. Feteira, D.C. Sinclair, C. Greaves, J. Am. Chem. Soc., 2006, 128, 15386-15387.

[2] N.1. Matskevich, Th. Wolf, C. Greaves, A.N. Bryzgalova, J. Alloys Compd., 2014, 582, 253-256.

[3] N.I. Matskevich, V.N. Shlegel, A.N. Semerikova, D.A. Samoshkin, V.D. Grigorieva, S.V. Stankus, V.A.
Kuznetsov, S.A. Ponomareva, V.P. Zaitsev, A.Yu. Novikov, Dalton Transactions, 2021, 50, 2130-2136.

[4] N.I. Matskevich, V.N. Shlegel, D.A. Samoshkin, S.V. Stankus, V.P. Zaitsev, V.A. Trifonov, J. Chem.
Thermodyn., 2022, 165, 106643.

[5] E.N. Tkachev, N.I. Matskevich, D.A. Samoshkin, VV.N. Shlegel, S.V. Stankus, Physica B: Phys. Cond. Matter,
2021, 612, 412880.

[6] N.I. Matskevich, V.N. Shlegel, A.A. Chernov, D.A. Samoshkin, S.V. Stankus, V.D. Grigorieva, V.P. Zaitsev,
E.N. Tkachev, J. Phys.: Conf. Series, 2021, 2057, 012048.
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Synthesis, structure and catalytic activity of bis(alkyl) rare-earth-metal
complexes bearing oxophosphine heteroscorpionate ligand

N. Yu. Rad’kova?, A. A. TrifonovaP?

8G. A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of Sciences,
Tropinina str. 49, 603950 Nizhny Novgorod, RUSSIA
bA. N. Nesmeyanov Institute of Organoelement Compounds of Russian Academy of Sciences,
Vavilova str.28, 119991 Moscow, RUSSIA

A tridentate bispyrazolylmethanide ligand containing oxophosphine Ph2P=0O group at the
methanide carbon atom PzIM¢2,CHP(O)Ph; (1) was prepared according to previously published
methods [1]. PzIMe2,CHP(O)Ph; (1) reacted with Ln(CH2SiMes)s(THF), (Ln = Sc, Y, Er, Lu)
in toluene affording bis(alkyl) species [PzIM®%,CP(O)Ph2]Ln(CH-SiMes), THF (Scheme 1).

Ph

Ph\F',;O Ph

)\ Ph—p=0
N N ) toluene, 0 °C ) N/\\ -N
/ \ + Ln(CstlMe3)3THF3 —_— \ \ \
| | -SiMey =N ' N
—N N>~ /4 \THF
SiMe, SiMes

Ln = Sc (63 %) 2, Y (70%) 3, Er (72%) 4, Lu (69%) 5
Scheme 1. Preparation of bis(alkyl) complexes 2-5.
The bis(alkyl) compounds 2-5 were evaluated as precatalysts for a-olefins and isoprene

polymerization. The ternary systems 2—5/Borate/AliBus were active in the polymerization of
1-nonene and isoprene under very mild conditions.

Fig. 1. Molecular structure of bis(alkyl) complexes 2-5.

[1] S. Krieck, A. Koch, K. Hinze, C. Miiller, J. Lange, H. Gorls and M. Westerhausen, European Journal of
Inorganic Chemistry, 2016, 2332—-2348.
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IlepeHnoc 3Hepruu U 0COOEHHOCTH CTPOEHUS KOOPAUHAIIMOHHBIX
MOJIMA/IPOB HEKOTOPBIX )KUJAKOKPHUCTAINYECKUX KOMILJIEKCOB
JantanouaoB(IIl) B Bo30yK1eHHOM COCTOSIHMM 10 JAHHBIM KBAHTOBO-
XHUMHYECKOr0 MOIeJIMPOBAHUS

K.A. Pomanosa, 10.I'. I'anmameTnnHOB

Kaszancxuii nayuonanvuwlil ucciedosamenbckutl mexnoaocuveckutl ynusepcumem, Kazamo,
POCCUA

OTnuuuTeNnbHBIE 10 CBOEMY CTpoeHuio skuakokpucramumyeckue (OKK) xommiekcs
nantanouaoB(IIl) (Ln(Ill)) oOnagaroT KOMILJIEKCOM YHHKalbHbIX onTudeckux, KK u
MarHuUTHBIX CBOMCTB, SBISIOTCS PEIKUM IPUMEPOM TEPMOCTAOMIIBHBIX HOIMMOP(HBIX
Mmetauiome3orenoB. Hammume mona Ln(IIl) He Tompko oOecmeumBaer uM 3¢ dexkTuBHBIC
JIOMUHECLEHTHBIE CBOMCTBAa, HO TaKK€ YBEIMYMBACT AHU30TPONMI0 MarHUTHOMN
BOCIIPUMMYHUBOCTH U ONITUYECKYIO YYBCTBUTEIFHOCTD MONMU(YHKIIMOHATEHBIX MAaTEPHATIOB HA
ux ocHoBe. B To Bpems, kak non Ln(Ill) mogOupaercst BMecTe ¢ IMraHIHBIM OKPYKEHUEM Ha
CTaJAUM CHHTE3a, CTPOCHME IOIyYaeMbIX KOOPAMHALMOHHBIX IOJU3IPOB, B TOM YHCIIE IIPU
($oTOBO30YKIEHUU MOJIEKYJI, YCTAHOBJIEHO JOCTATOYHO HEOAHO3HAuHO. B naHHO#N pabore
IIPEACTABIIEHBI PE3YyJIbTaThl KBAHTOBO-XMMHMYECKOTO MOJEIMPOBAHUS C HCIIOJIb30BAHUEM
Teopur (pyHKIMOHaNA MI0THOCTH HekoTopbix KK B-mukeronarHeix xomiuiekcoB Ln(IID) ¢
ocHoBaHuAMH JIpronca. PaccMoTpeHa B3auMOCBS3b MEXAY N€OMETPUUECKMMU IIapaMeTPaMHU
MOJIEKYJI, 0OCOOEHHOCTSIMM CTPOEHHsI KOOPIMHALMOHHBIX MOJU3IPOB KomiuiekcoB U ux KK
CBOMCTBAMH. YCTaHOBJIEHBl 3HAYEHUs AHU30TPOIMHU TI€OMETPUM MOJIEKYJ, IPH KOTOPBIX
Habmoparores JKK mesodasbl. IIpu 3ToM ocHoBanue Jlbtonca ompenenser Hanuuue KK
CBOMCTB y KOMILJIEKCOB, @ CTPOECHUE [-IUKETOHOB M UX 3aMEHUTEJEH - KOJUYECTBO M THUI
Me30da3. s onTUMU3MPOBAaHHBIX T€OMETPUN KOMIIJIEKCOB B OCHOBHOM M TPUILJIETHOM
BO30YKJIEHHOM COCTOSIHUM OBUIM pacCUMTaHbl mapaMeTpbl NmonudpoB Boponoro-/lupuxie.
YcranosineHo, uto npupoza nona Ln(I1l) u ero nepBoit kKoopIuHAIIMOHHOH c(hepbl BIUSAIOT Ha
AQHU30TPOIMIO CBOMCTB KOMILIEKCOB. VM3MeHEeHUsT mapamMeTpoB IMOJIUAPOB IPH IEPEXOoJe B
psaay ot La(Ill) x Lu(Ill) xoppenupyioT ¢ HM3MEHEHMSIMU B TemIeparypax HX (a3oBbIX
nepexo/1oB. PaccuntaHHble SHEPIrUU JIMTaHIHO-JIOKATM30BaHHBIX BO30YKIECHHBIX COCTOSHUI
OBbUIN MCIIOJIB30BaHbI JUIsl OTIPEIeIeHUs KaHAJIOB BHYTPUMOJIEKYJISIpHOH nepeadu sHepruu. B
pe3ynbTare ObUIO BBISIBICHO, YTO MAarHUTHBIE CBONCTBAa KOMIUIEKCOB OIPEAENSAIOTCS B
OCHOBHOM KOOPJAMHALMOHHBIM nonudapoM, JKK cBoicTBa - JIMraHIHBIM OKpYKEHUEM, a
JFOMHUHECIIEHITUS - 000UMU U3 3TUX (HAKTOPOB.

Baaronapuoctn: KBaHTOBO-XMMHYECKHE PacueThl OBLIM MPOBEICHBI C MCIOIb30BAaHUEM CYIEPKOMITBIOTEPOB
MBC-10IT u MBC-100K «MexBeJOMCTBEHHOTO cynepKoMIibioTepHOoro eHTpa PAH». PaboTa BEIONHEHA IpH
¢unancoBoit mogmepxkke mpoekra Ne ['CI'K-0064/21. Ilpoekr peammsyercs mobeantereM KoHkypca Ha
TIPE0CTaBIICHHE TPAHTOB NPEIIOAaBATENSIM MaruCTPaTyphl OJIarOTBOPHUTENILHOM nporpaMMbl « CTHIEHAMAIbHAS
nporpamma Biaagumupa [loranuna» brarorsopurensroro ¢honna Brnaguvupa IotanuHa.
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Highly nucleophilic heterobimetallic K-Yb'!, Li-Sm'' and K-Ca anionic
benzhydryl complexes in intermolecular hydroamination of multiple bonds
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603950, Tropinina str, 49, Nizhny Novgorod, RUSSIA
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119334, RUSSIA

Amines and their functionalized derivatives are widespread structural fragments of a large
number of natural compounds, drugs, and complex molecules that perform a variety of
biological functions. Therefore, the development of new methods for the formation of C-N
bonds is certainly an urgent task. Intermolecular hydroamination is a fundamental chemical
process of adding N-H bonds of nitrogen-containing substrates to multiple bonds of unsaturated
compounds with electrophilic properties: alkenes, acetylenes, diene hydrocarbons, conjugated
enyns, proceeding in 100% atom-economical mode in the presence of a catalyst. In this work,
two types of heterobimetallic (ate-) complexes of divalent Yb", Sm' and redox-inert calcium
were synthesized in the form of contact [(p-tBuCsH4).CH]sMK (A, B, Fig.1), and separated
ion pairs [(p-tBuCeHa)2CH]sSmLi(Base) (C, D, Fig. 1).
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Fig. 1. Synthe3|zed heterobimetallic ate- complexes of Yb, Sm, Ca.

Heterobimetallic complexes of type A and B have demonstrated unprecedented catalytic
activity in hydroamination of multiple bonds of styrene, a-methyl-substituted styrene, internal
diarylacetylenes, internal double bonds of norbornadiene and trans-stilbene with a wide range
of primary and secondary amines under mild conditions (room temperature-80 °C). For the first
time, the oxidation of Yb'-Yb'"' during the catalytic cycle was proved by NMR spectroscopy
and X-Ray, which leads to a four-coordinate heterobimetallic complex and a sharp drop in the
activity of the catalyst. In the case of redox-inert calcium, no decrease in activity was detected,
which emphasizes the key role of the coordination number and the environment of the metal
center.

Acknowledgements — Authors thank Russian Science Foundation (grant Ne 21-73-00107).
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A zw-carbazolyl supported alkyl and borohydride half-sandwich Dy(l11)
complexes, showing single-molecule magnet behavior

A.N. Selikhov®?, A.A. Trifonov®?, Jérome Long®

8G. A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of Sciences,
603950, Tropinina str, 49, Nizhny Novgorod, RUSSIA
bA.N. Nesmeyanov Institute of Organoelement Compounds, RAS, Vavilova str. 28, Moscow,
119334, RUSSIA
“Institut Charles Gerhardt, Equipe Ingé nierie Molé culaire et Nano-Objets, Universitéde
Montpellier, FRANCE

The ability of a coordination complex to present bistable magnetic states continues to attract
attention of chemists and physicists since the discovery of this phenomenon nearly thirty years
ago. In this sense, the field of Single-Molecule Magnets (SMMs) has taken an upturn with the
use of lanthanide ions to design highly magnetically anisotropic complexes exhibiting
exceptional performances, making such molecular systems potential candidates for
applications in datastorage, spintronics or quantum computing. In this work we have reported
the synthesis, structures and magnetic investigations of two half-sandwich hetereleptic Dy(l11)
complexes with alkyl (dimethylaminomethyl) and BH4 ligands, showing an unprecedented n5
coordination mode of the carbazolyl ligand with a trivalent lanthanide ion resulting in the
appearance of an axial crystal field and a zero-field SMM behavior (Fig. 1).[2]
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Fig. 1. Half-sandwich hetereleptic Dy(III) complexes with a w-coordination of carbazolyl
ligand

[1] J. Long, A. N. Selikhov, K. A. Lyssenko, Y. Guari, J. Larionova, A. A. Trifonov, Organometallics 2020, 39,
2785-2790.

[2]J. Long, A. N. Selikhov, N. Y. Rad’kova, A. V. Cherkasov, Y. Guari, J. Larionova, A. A. Trifonov. Eur. J.
Inorg. Chem. 2021, 3008-3012.
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Ocob0enHocTH (pOpMHUPOBAHUS BAJIEHTHOM MOJIOCHI M TEPMOIJIECKTPUYECKHE
CBOIiCTBa KATHOH-3aMelIéHHBIX TBEPABIX pacTBOpoB LnxMn1xS Ha ocHOBe
cyJab(puaa Maprasua

M.M. CeipokBaiivi

Hncmumym neopeanuueckoti xumuu um. A.B. Huxonaesa CO PAH, Hosocubupck

B HacTosiee Bpemsi OJHMM W3 HaWOoOJee AaKTUBHO Pa3BUBAIOIIMXCS HAIlpaBJICHHUM
MaTepUaJOBE/ICHUSI  SIBISETCS  MOMCK  BBICOKOI(DPEKTUBHBIX  TEPMOIIEKTPUUECKUX
MaTepuaioB. Mcrnonp30BaHue MOAOOHBIX MaTEepHaioOB JJISi CO3JAHHS BBHICOKOd((EKTHBHBIX
TEPMOIIEKTPUUYECKUX T€HEPATOPOB, MO3BOJSIONINX MTPEOOPa30BhIBATH TEIIOBYIO SHEPTHUIO B
anekTpuueckyro. K Takum marepuanam oTHOCSTCS Cynbhuabl 3d-MeTaioB, JOMHUPOBAHHBIC
MOHAMH peliKo3eMeNbHbIX MeTauioB (P3M) cBolicTBaMu KOTOPBIX MOXHO YNPABIATh IIyTEM
BapbUPOBAHUSl THUIA M KOHIICHTPALWU 3aMEHIAIOIIMX aTOMOB, YTO IIO3BOJISIET IPOBOIHUTH
HaMpaBJICHHBI TMOWUCK M CHHTE3 COCIUHEHHH, oOnamarouiux TpedyeMbIMH (PU3NYECKUMU
cBoiicTBamu. K MaHHOMY KiacCy COEAMHEHHUI OTHOCSTCS KaTHOH-3aMEUIEHHBIE PAaCTBOPHI
LnxMn1 xS (Ln — peako3eMenbHBIM MeTal) Ha OCHOBE o-MNS-marpuibl, KOTOPBIE
JIEMOHCTPUPYIOT BBICOKUE 3HaUEHUs KO3 uirenTa 3eedexa, a TaKxKe U Ipyrue NpakTuIecKu
3HaYMMble APPEKTH: CMEHA TUIIA MMPOBOJAUMOCTH M MEPEX0/ METalI-AUAJIEKTpUK. Bmecte ¢
TEeM, JJIEKTpOpH3MUYCCKHE CBOWCTBA, B dYacTHOCTH Koddduiment 3ecbexa (S)
MOJTYTIPOBOTHUKOBBIX MAaTEPHUAJIOB B CYIIECTBEHHOH CTETIEHH OMPEIEIISIOTCS UX SJIEKTPOHHBIM
CTpOeHHEM (TNTIOTHOCTBIO COCTOSIHUM Y TIOTOJIKA BAJIGHTHOM 30HBI U IHA 30HBI TPOBOAMMOCTH):

5= _E. (ln%+2)-nun—(ln%+2)-pup |
e

Npp+npy

rae Kk — koHcranTa bonbimaHa, € — 3apsij SIeKTpoHa, N U P — KOHICHTPALUH 3JICKTPOHOB
U JBIPOK COOTBETCTBEHHO, in U Up — TMOABUKHOCTH AJIEKTPOHOB M ABIPOK COOTBETCTBEHHO,
Ne 1 Ny — 3¢pdexTuBHas MIOTHOCTH COCTOSHUM Yy JHA 30HBI NMPOBOAMMOCTU M IIOTOJIKA
BaJICHTHOM 30HBI, COOTBETCTBEHHO. B ciydae LnxMni xS ocoGeHHOCTH 3IIEKTpPOHHOTO
CTPOCHHUSI CBSI3aHBI C XapaKTepoM 3aroHeHus 3d-000104kn aToMoB MapraHia u 4f-o0oaouku
aromoB P3M. B pamkax manHO# paboTsl 31ekTpoHHOE cTpoeHne LnxMni xS (Ln = Dy, Tm,
Yb; x =0.01; 0.05) 6b110 M3y4yeHo 3KkciepuMeHTaNbHO (PP C-criekTphl BaJIEHTHOM MOJIOCHI)
U C MPUBJIEUYEHUEM METOJ0B KBAaHTOBOM XMMHHU (MapuuanbHble BKIaabl coctogHuil (DOS) B
CTPYKTYpPY BaJEHTHOM 30HBI), a 3aT€M COINOCTABJIEHO C MOJYYEHHBIMH TEeMIIEPaTypHBIMHU
3aBUCUMOCTSIMU K03 duirenta 3eedeka.

Bbbu10 yCcTaHOBIEHO, YTO KaTHMOHHOE 3aMeEIIeHUE MPUBOAMT K YBEJIWYECHUIO 3HAUCHUI
kodpdunmenta 3eedexa LnxMn1 xS oTHOCHTENBHO HCcXoaHON MNS-MaTpuIlel, 9TO COrTacHO
JaHHBIM KBAaHTOBO-XHMHUYECKHX PAcYETOB 00YCIIOBICHO BKIaaMHu f-cocTostHMil TaHTaHOUI0B
B CTPYKTYpY HOTOJIKA BaJeHTHOM 30HBI. [lo1001e XapakTepoB MOJyYEHHBIX TEMIIEPATYPHBIX
3aBucHMOcCTel koadduirenTa 3eedeka i TBEPABIX pacTBOPOB ¢ TM u YD 1 ux oTiuyme ot
COOTBETCTBYIOIMX 3aBUCHUMOCTEH JUIs TBEpPBIX pacTBOpoB ¢ Dy BeposTHO 00yciioBiIEHO
OCOOCHHOCTSIMH pacripeneieHus f-cocTosHHI JITaHTAaHOWIOB B BAJCHTHOW 30HE M 30HE
MIPOBOJIUMOCTH. ¥YBeJIWYEHNE KOHIIEHTPALMK aTOMOB Ln MPUBOIUT K CHUKEHUIO BEITMUMHBI
koa¢pdunrenta 3eedeka, 4TO BEPOSTHO CBSI3aHO C BO3HMKHOBEHHMEM KOHIIEHTPAIMOHHOTO
[Iepexo0/1a METAII-IUIEKTPHUK.
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bbu10 yCcTaHOBIEHO, YTO OCHOBHOM BKJIA/I B INIOTHOCTD 3aHATHIX COCTOSIHUI B BAJICHTHOM
30HE 00YCJIOBJICH BKJIAJaMH COCTOSIHHI aTOMOB MapraHIia, a BKJIaJ COCTOSIHHUH JIAHTAHOU IOB
CMemIaeTcss B 00JIaCTh TMOTOJIKA BAaJIGHTHOM 30HBI C YBEIWYEHHUEM IOPSAKOBOTO HOMEpA.
Xapaktep pacnpeneieHds  BKJIQJOB  COCTOSSHUM — KOPpEIUMpYeT ¢  IMOJYyYECHHBIMHU
TEeMIIEpaTypPHBIMU 3aBUCUMOCTAMH KodhdurmenTa 3eedeka aiis LnxMn1«S. YcTaHoBieHHbIS
KOppe.H}ILII/II/I MC)KI[y BHGKTpOHHbIM CTpOCHI/IeM nu TepMOBJIeKTpI/I‘-IeCKI/IM CBOfICTBaMH
MO3BOJISIIOT 3aKJIKOYUTh, YTO MCIIOJIB30BaHUE JAHTAHOMJIOB Hayalla pslla MEPCIEKTUBHO C
TOYKHN 3peHI/ISI HeHeHaHpaBHeHHOﬁ MOIII/I(bI/IKaLII/II/I JTHA 30HBI HpOBOﬂI/IMOCTI/I, B TO BpeMH KakK
KCIOJIb30BaHHUE JIAHTAHOUJOB KOHIIA PSJa MO3BOJIAET M3MEHSTH AJIEKTPOHHYIO CTPYKTYpPY
MOTOJIKA BAJICHTHOM 30HBI.

e-mail: syrokvashin@niic.nsc.ru
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New cationic dysprosium alkoxide complexes. Synthesis and investigation
of magnetochemical properties.

A.O. Tolpygin,“® A.A. Kissel,* R.R. Saifutiarov,’ A.A. Trifonov,*® J. Long®

“IOMC RAS, Tropinina 49, GSP-445, 603950, Nizhny Novgorod, RUSSIA
YINEQOS RAS, Vavilova str. 28, 119334, Moscow, RUSSIA
“Institut Charles Gerhardt, Equipe Ingé nierie Molé culaire et Nano-Objets, Universitéde
Montpellier, FRANCE

Complexes that demonstrate slow relaxation of magnetization (SMM) due to their unique
properties are of interest to the development of quantum computers, molecular spintronics and
ultra-high-density data storage devices. In this regards great attention is focused on
development of ligand environment enable to increase of blocking temperature as well as
anisotropic barrier of SMM.

It was shown that the replacement of four THF molecules in Dy(OCPhs)2(THF)s[BPha]t!
by 2 molecules of a,a’-bipy leads to the migration of —OC(Phs) ligands from the axial to cis-
positions of the octahedron (O-Dy-O 107.17°). Recrystallization from 2,6-Me>CsHsN also
leads to a similar change in the geometry of the cationic alkoxide complex (O-Dy-O 102.69°).
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The magnetochemical properties of the resulted complexes 1 and 2 were investigated.

References: [1] J. Long, A. O. Tolpygin, E. Mamontova, K. A. Lyssenko, D. Liu, M. D. Albagami, L. F.
Chibotaru, Y. Guari, J. Larionova, A A. Trifonov, Inorg. Chem. Front., 2021, 8, 1166.
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YyacTtue cOCTOSTHUI NepeHoca 3apsiaa "'urana-Mmetaun' B TylmieHUn
JIIOMUHECHEHIMH KapOOKCUJIATOB eBPONNS, COAEPKANUX T-U30bITOYHBIH
reTeponuKJI

B.N. Haprok, K.I1. Xypasnes, B.A. Kynpsiosa

Hncmumym paouomexnuxu u snexkmponuxu um. B.A. Komenvnuxkosa PAH, 2. @pszuno
Mocxosckoii 00..

W3ydensl mporecchl  BO30YXICHUS  JIOMHHECHCHIIMHA  HHIOJ-3-KapOOKCHUIATOB
Ln(ICA)3-3.5H20, wunmon-3-ameratoB  LN(IAA)3-1.5H O u  uHm01-3-1pONMOHATOB
Ln(IPA)3-H20 (Ln = Eu, Th), a takke cepuy TPOMHBIX HHIOIKAPOOKCHIATOB €BPOIUS M
tepoust ¢ 1,10-¢penantponmuuom u 2,2'-Ounupuamnom [1]. Paccmortpensl mnuppon-2-
kapookcunatel LN(PCA)3z-3H20 (Ln = Eu, Tb) [2]. UccaenoBaHbl CIEKTPBI TFOMUHECICHIHH
U BO3OYXXICHHUS JIIOMUHECHEHIIMM COCAMHEHUI €eBpOnmus W TepOus, BpEMEHa >KU3HU
31eKTpoHHBIX coctosuuii Do (EU®") u °Ds (Tb%') M MHTEHCHBHOCTH JIOMHHECIICHIIHH.
Konebarensupie UK crieKTpel 1 TaHHBIE PEHTTCHOCTPYKTYPHOTO aHAJIM3a CBUIETEIBCTBYIOT
00 0JIMHAKOBOM CTPOCHHH JIBOMHBIX COCTUHCHUIN EBPOITHUS U TEPOUS C KaX10H U3 KapOOHOBBIX
kuciaoT. CpaBHEHHE CIEKTPOCKONUYECKHX XapaKTEPUCTHK H30CTPYKTYPHBIX COEIWHEHHN
JIeTKo BOCCTaHaBiuBaeMoro uoHa EU®* u nerko okmcisemoro wmona Th®* oGmeruaer
UAeHTU(DHUKALIMIO COCTOSHUIM mepenoca 3apsaa "nmurana-meramt” (LMCT).

[TponemoHcTprpoBana omnpenenstonas pois cocrosauii LMCT B nepenave sHepruun
BO3OyXJeHHs K HOoHy Eu®" M TylleHMM IIOMMHECHEHIMH KapOOKCHIATOB EBPOIHS,
COZEepKAIINX HWHIONBHBIA WJIM TUPPOIbHBINH (parment. CompspkeHHEe TapaieTbHO
OPUECHTUPOBAHHBIX OPOUTAIICH HEIONEIEHHON MMaphl JICKTPOHOB aTOMa a30Ta M CUCTEMBI TT-
AJIEKTPOHOB APOMATHYECKOTO (hparMeHTa JIUTaH A CO31AET N30OBITOK 3JIEKTPOHHOM IJIOTHOCTH,
KOTOpas MOJKET CMECTHThCA K HoHy EU®' ¢ 0Opa3oBaHreM HU3KOSHEPTeTHYECKUX COCTOSHMUIA
LMCT. B unpmon-3-ameratax u WHAOI-3-ipornroHaTax QopmupoBanue cocrosauit LMCT
MOAU(DUIIMPOBAHO METHJIEHOBBIMH MOCTHKAaMHU. B HCCII€ZJOBaHHBIX COEIMHEHUSX E€BPOMUS,
COJZIepIKAIINX T-W30BITOYHBIN T€TEPOIMKII, aKTHBHBI JIBa KaHAJIA TYIICHHUS JTIOMHUHECIICHIINN C
yuactueM LMCT. J[Ing OodbIIMHCTBA COEAMHEHUH €BpOINHUS XapaKTepHO TYIIECHUE,
00YyCIIOBTIeHHOE Oe3bI3NydaTeNbHOM ne3akTuBanueil °Do-cocTostHMs woHa EU®™ uepes
Hu3kosHepreruueckoe cocrosinue LMCT. Ho B HEKOTOPBIX TPOWHBIX COEAMHEHUSX COCTOSIHHUE
nepeHoca 3apsaja, Oyayun Oojee BBICOKOIHEPreTHYECKHM, Y4YacTBYET B OIYCTOLIEHUU
BO30YKIEHHBIX SJIEKTPOHHBIX COCTOSIHUM TUTaH/a.

[1] B.U. Uaproxk, K.IT. XKypasnes, Onm. u cnexmp., 2022, 130, 121.
[2] K.P. Zhuravlev, L. Michnik, P. Gawryszewska, V.I. Tsaryuk, V.A. Kudryashova, Inorg. Chim. Acta, 2019,
492, 1.

BaarogapHocTu: PaboTta BBINONTHEHAa B paMKaxX T'OCYAapCTBEHHOTO 3aJaHusl MUHHUCTEPCTBA HAYKH M BBICIIETO
obpazoBanust Poccuiickoii Genepanu.
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Crexkua cucreMbl GeS;-GarSz-ShoS3:Pr kak MaTepuaibl st aKTHBHOM
BOJIOKOHHOM OIITHKH

X.4. lTax6a3oBa, E.W. I'pomioBkuH, A.C. TBepbsiHOBUY

Canxm-Ilemepbypeckuii 20cy0apcmeeHublll yHusepcumem, UHCmumym Xumuu

XaJIbKOTCHUIHBIE CTEKIa JIONMUPOBAHHBIE PEJAKO3EMEIbHBIMH HOHAMH HMEIOT
HEOCHOPUMBIE TNPEHMYIIECTBA B KAauyeCTBE MaTEpUANOB s ONTHYECKuX ceHcopoB MK
JManasoHa Uil XUMHYECKHX, MEIUIUHCKUX, OHOJIOTMYeCKMX W T.Jd. TNPUMCHCHUH.
Vcnonp3oBanue pas3iauyuHbIX penkozeMenbHbix noHOB (P3U) mo3Bosser co3maBath Habop
[IUPOKOIOJIOCHBIX WCTOYHUKOB H3IYYCHHS IEPEKPHIBAIOIINX CIIEKTPAIbHYIO 001acTh OT
BUAMMOTO nuama3oHa 1o 12 mxm. Ilpu 3TOM 3TH MaTepuaibl MOTYT OBITH HOJYYEHBI B
00BEMHOM, IIJTAHAPHOM COCTOSIHUY U B BUIC ONTOBOJIOKHA. OTHOM U3 MPO0OJIEM, BOSHUKAIOIITUX
npu pa3paboTKe MTaHHBIX MaTEpUANIOB, SIBISIETCS BBICOKOE KOHILEHTPAIIMOHHOE TYIICHUE
moMuHecHeHnuu P3U.

JlanHasi paboTa HampaBieHa Ha YCTaHOBJIIGHHE 3aKOHOMEPHOCTEH CBSI3BIBAIOIINX
CTPYKTYPHO-XUMHUYECKOE CTPOCHUE MATPHIIBI XAIBKOT'CHUIHOTO CTEKJIa C OJHOPOIHOCTHIO
pacnpenenenus B Heil P31, Panee Obuto moka3aHo, 4TO BBEJACHHE B MaTpHIly cTekia GapSs
NPUBOJMUT K CYIIECTBEHHOMY IOBBINICHHIO pacTBopumoctd P3U, 3a cuer oOpa3oBaHus
KOMIUIEKCHOW CTPYKTYypHOU eauHuIel GaSs™, komnencupytomiei 3apsia P31.

[TosToMy, B KauecTBe XaJbKOTEHHIHOW MaTpuilbl i BBeneHusi P3M, B ocHOBHOM
WCCIIeIOBANIM KBa3MOMHApHYIO cucteMy GarSz- GeSy. OnmHako HeoCTaTKaMH dTOW CHUCTEMBI
SIBJISTEOTCSI BBICOKAsi TEMIIEpaTypa CHHTE3a M BBICOKasi KPUCTAIUTM3AIMOHHAS CIOCOOHOCTD, UTO
0COOEHHO B@)XHO TPH BBITATUBAHUHM ONTHYECKUX BOJIOKOH. /IS yMEHBIICHHS JTHX
HEraTUBHBIX (AaKTOPOB CTEKI000pa3yolias cucTeMa Obuia ycaokHeHa gobaBieHrneM ShoS3. B
xauectBe P3U Gbin BEIOpaH Pri*, koTophlii MHTEpeceH He TONBKO 6I1aroaps TOMUHECIEHITUN
Ha OJHOW W3 JUIMH BOJH WHGpOPMAUMOHHBIX JMHUK cBsi3u (1,3 MxMm), HO M Onaromaps
IIUPOKOTIOIOCHOU JitfoMuHectieHITuu B cpeaneit UK obnactu cnekrpa ot 3,5 10 5,2 MKM, 4TO
MO3BOJISIET CO3/1aBaTh, HanpuMep, cencopsl Ha COx.

JI15 n3ydenus BIMSHUS COCTaBa MATPHIIB HA XapaKTep pacipe ieneHus noHos Pré* 6pumm
BBIOPAaHBI 5 COCTABOB M3 BBIIICYKA3aHHOM ICeBIO TPOitHOM cuctembl GaxSs-GeSz-SheSs, B
koTopble BBoAmiIoCh OT 0.1 10 2 at% Pr. CunHTe3 nmpoBOaMIM MyTEM CIUIABJIEHUS YHCTBIX
KOMIIOHEHTOB B OTKauaHHBIX KBaplEBBIX aMIlyJlax B HECKOJIbKO CTaguil B TOCTOSIHHO
Ka4aroIleucs Meun.

JUis  yKka3aHHBIX COCTaBOB ObUIM H3Yy4€Ha CTPYKTypa CTEKOJ C IOMOIIbBIO
KOMOWHAIIMOHHOTO  pPAacCesHUs,  CIEKTPhl  ONTHYECKOTO  TIOTJIOMIEHHS,  CIIEKTPHI
JIOMHUHECLEHIIMY TPU BO30YKIEHUH U3ITydyeHHEM ¢ ATUMHOM BoiHbI 607 HM. Kpome Toro, s
cocTaBa IPOBEICHO TECTOBOE MOJIYyUYEHHE ONTOBOJIOKHA B KBaplieBOM 0000uKe tuamerpoM 80
MKM.

Cornacho ciektpam KP cTpyKTypa cTeKoI Onpeensercs CiIe yoIUMI CTPYKTYPHBIMH
enunutiamu GeSap, S32Ge — GeSzye ShSzp, mpruem Terpasapbl GeSs2 MOTYT OBITH COSTUHEHBI,
Kak peopamu Sz2GeS,GeSyy2, Tak u BepmuHamu S3Ge — S — GeSs. Ga 3ameraet Ge B TaHHBIX
CTPYKTYPHBIX €IUHUIIAX.

[Ipr W3MEHEHMU cocTaBa MaTPUIBI M KOHIICHTpAlMU Pr m3MeHseTcsl CIeKTpalbHOe
MOJIOKEHHUE Kpas (yHAaMEHTAIbHOrO U (OHOHHOTO ToriomieHus. [IpumecHoe onTudeckoe
norsomenne BOMM3M TepexonoB Prit B cpemmeit MK o6mactm crekTpa ompesensercs
npucyTCTBUEM B cTeknax rpynn HS', a taxke COs..
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VBenuueHne OTHOCHTEIBHOTO COACpKaHus SD2S3 MpUBOIMT K PE3KOMY YBEIHYCHHIO
CTeKJ1000pa3ytoniel cnocoOHOCTH, CMEUIEHUI0 00JacTH MPO3payHOCTH B JJIMHHOBOJHOBYIO
o0JIacTh CIEKTpa, YBEIUYEHHUIO TIOKa3aTeNls MpeJOMIIEHHS M YMEHBIIEHUIO Iopora
KOHIICHTPAIIMOHHOTO TyIIeHus. B To Bpems, kak yBenmueHue GaxSsz MPHUBOAHUT K CTPOTO
obpatHOMY 3 DeKTy.

Baaronapuocru: VccnenoBanue BBITIOJNIHEHO 3a cueT rpanrta Poccuiickoro HayuHoro ¢onma Ne 22-23-00074,
https://rscf.ru/project/22-23-00074.
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Activation of the Sm (II) — Sm (II) reduction process under the combined
action of a chemical reductant and UV irradiation

S. M. Yakupova?, K. S. Vasilyuk?, D.l. Galimov?, and R.G. Bulgakov®

4nstitute of Petrochemistry and Catalysis, UFIC RAS, RUSSIA
bInstitute of Physics of Molecules and Crystals, UFIC RAS, RUSSIA

In order to develop new effective methods for the synthesis of compounds of divalent
lanthanides, which are promising as catalysts and one-electron reducing agents, we have
studied the effect of a significant acceleration of the reduction of Sm (I11) to Sm (11) under the
combined action of a reducing agent - diisobutylaluminum hydride '‘BuAIH and UV irradiation
on the bulk complex SmClz-(THF)«—'Bu2AlH [1]. This complex is a product of the interaction
of the crystal hydrate SmCls-6H20 with an excess of 'Bu,AlH in THF.

The study of the kinetics of the reduction of Sm (111) to Sm (I1) by increasing the optical
density of the absorption band of Sm (Il) at 586 nm in the reaction of SmClz-6H,O with
'Bu2AIH without the use of UV irradiation showed that the time of complete reduction of
samarium is 2 hours. The kinetics of samarium reduction changes dramatically upon UV
irradiation (Amax = 365 nm, light flux intensity 5.02-10® photons-s®) of a homogeneous
reaction solution formed after interaction in the SmCls-6H20-'Bu,AIH-THF system, and
complete reduction of Sm(I11) to Sm(ll) is carried out in a record 15 minutes. The rate constants
of Sm (1) reduction were determined: ki = (4.12+0.37)-10* s (without irradiation) and kz =
(2.25+0.18)-10 s (with UV irradiation) from the slope of linear anamorphoses in coordinates
Ln ([Sm(11)]-f(t). The ratio of these constants kz/ki = 5.5 quantitatively characterizes the effect
of acceleration of the Sm (Ill) reduction under UV irradiation. Quantum vyield of
photoreduction Sm(I111)—Sm(II), defined as the ratio of the amount of formed Sm (Il) to the
number of absorbed photons, turned out to be ¢ = 0.27 + 0.03.

Based on the experimental data obtained, a mechanism for the reduction of Sm (111) was
proposed, including the photolysis of the Al-H bond in the '‘BuAIH hydride with the formation
of atomic hydrogen H, which is a stronger reducing agent than 'Bu,AIH.

[1] D.1. Galimov, S.M. Yakupova, R.G. Bulgakov, J. Photochem. Photobiol. A, 2022, 425, 113711.
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[LnNis(Gly)2][Ln"(dpa)s] complexes, where Ln=Ce, Pr; Ln'=Tb, Eu

Yastrebova E.O., Dolzhenko V.D.

Department of Chemistry, Lomonosov Moscow State University

Polynuclear 3d-4f cluster complexes attract much attention due to their structural
diversity and unique physical properties. They can be used as molecular magnets, ion detectors,
precursors for the synthesis of mixed 3d-4f oxides. Earlier in our laboratory technique for
obtaining polynuclear cation complexes of composition [LnNis(AA)12]** (AA = Gly, Ala) was
established. These cations crystalize with large three-charged anions [Ln(NO3)]*".

This work is devoted to gaining [LnNis(Gly):2][Ln'(dpa)s] (Ln = Ce, Pr; Ln'=Th, Eu;
dpa = 2,6-pyridinedicarboxylate) complexes and improving synthetic conditions, the
composition and structure of occupied compounds were confirmed by set of physicochemical
methods. The choice of lanthanide in cation stemmed from stability of that complex
compounds. Tb and Eu were picked due to high luminescence intensity of [Ln'(dpa)s]*, it can
be applied for studying the qualitative composition of the obtained compounds by
complementary means. The great feature for solid specimen was discovered: the intensity of
anion luminescence falls below device detecting limit. The luminescence signal in solution was
recorded. Owing to {Nis(Gly)12} framework hardness and relatively high inertness of the
nickel(I1) complexes the compounds with selective distribution of REE over cationic and
anionic positions were obtained.

e-mail: eugeniastr@mail.ru
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