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PREFACE

A couple of decades ago, we were happy to find several reports on crystal chemistry of
extreme or non-ambient conditions in the program of crystal chemical conferences. And today we
are holding a full Conference-School for Young Scientists - HTXRD - and not the first, but the
fourth one! Of course, this is the result of a rapid development and implementation into a practice
of the initial main topic of the conference — diffraction studies of thermal expansion and phase
transitions. This process has become possible due to the development of the equipment and
software for processing large massifs of diffraction data.

This conference is aimed at providing young people with the approaches and methods of
studying a behavior of a crystal structure under variable thermodynamic parameters, studying the
structure and properties of crystals under extreme conditions, as well as studying of complex
crystallographic objects - periodic and disordered crystals and nanomaterials.

For the first time in our program, the research of a behavior of a matter under pressure is
so widely presented. These lectures will open the conference, although at the first school a lecture
on the influence of pressure was presented only by Prof. Elena Boldyreva. Now lectures of the
world's leading scientists on this hot topic are presented at the conference — Prof. Hubert
Huppertz (University of Innsbruck, Austria), Professor Leonid Dubrovinsky (University of
Bayreuth, Germany), Prof. Elena Boldyreva (Novosibirsk State University and Institute of
Catalysis SB RAS), Prof. Natalia Dubrovinskaia (University of Bayreuth, Germany).

New topic of the school is research of various properties of materials; also under
conditions of variable thermodynamic parameters - lectures will be presented by Prof. Barbara
Albert (Technische Universitat Darmstadt, Germany), Corr. Member RAS, Prof. Evgeny Antipov
(Lomonosov Moscow State University), Prof. Anatoliy Senyshyn (Heinz Maier-Leibnitz
Zentrum, Technische Universitdt Miinchen).

Several lectures cover phase transitions from various viewpoint of a thermodynamic,
symmetrical and crystal-chemical-mineralogical aspects: academician, Prof. Andrey Rempel
(Institute of Metallurgy, Ural Branch of the Russian Academy of Sciences, Yekaterinburg), Prof.
Evgeny Chuprunov (Lobachevsky National Research Nizhny Novgorod State University), Corr.
Member RAS, Prof. Nikolai Eremin, (Lomonosov Moscow State University), Corr. Member
RAS, Prof. Sergey Krivovichev, Kola Science Center RAS, Apatity and Institute of Earth
Sciences, Saint Petersburg State University.

Also academician, Prof. Andrey Rempel will present a report on Russian-German travel
scientific seminars for young scientists.

HT X-ray diffraction and HT crystal chemistry are traditionally the main topics of these
schools. However, new information awaits the listeners. For the first time Prof. Robert Dinnebier
(Max Planck Institute for Solid State Research, Stuttgardt, Germany) will give a lecture, also
lectures by Prof. Rimma Bubnova (Institute of Silicate Chemistry RAS, St. Petersburg), Prof.
Alexander Knyazev (Department of Chemistry, Lobachevsky National Research Nizhny
Novgorod State University), Assoc. Prof. Maria Krzhizhanovskaya (Institute of Earth Sciences,
St. Petersburg State University).

One of the main topics of crystal chemistry and traditional for these schools — aperiodic
crystals and nanomaterials — also got a new vector for this time. This section will be opened by
Prof. Nadezhda Bolotina (Federal Research Center "Crystallography and Photonics" RAS,
Moscow), Prof. Svetlana Titova (Institute of Metallurgy, Ural Branch RAS, Yekaterinburg), Prof.
Olga Yakubovich (Lomonosov Moscow State University), Prof. Alexander Titov (Institute of
Metallurgy, Ural Branch RAS, Yekaterinburg), Prof. Sergey Tsybulya (Novosibirsk State
University), Prof. Pavel Fedorov (Prokhorov General Physics Institute RAS, Moscow), Prof.
Oleg Siidra (Institute of Earth Sciences, St. Petersburg State University).

We are grateful to these scientists — world’s famous experts in their field — for their
plenary lectures as offline (St. Petersburg) as well as online ones. It should be noted, that the
geography of lecturers as well as participants is widely represented (more detailed information is
on the HTXRD-4 website, www.htxrd2020.ru).

Workshops are an important component of all HTXRD schools, and we look forward for
further cooperation with their initiators — Prof. Nadezhda Bolotina (Determination and analysis of
complex non-standard structures, including modulated ones (Jana2006)), Prof. Rimma Bubnova,
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Vera Firsova, Sergey Volkov, Andrey Shablinskii, Yaroslav Biryukov (Determination of thermal
expansion tensor according to X-ray diffraction data (TTT and RTT)), Dmitry Yatsenko
(Modeling of powder diffraction patterns of nanoscale systems (DIANNA software package)).

Of course, we are very grateful to our sponsors RFBR, ICDD, Bruker, Technoinfo.
Without their financial support, the organization of the Conference would have been practically
impossible.

Special thanks to our local Organizing Committee from the Institute of Silicate Chemistry
of the Russian Academy of Sciences, young scientific secretaries PhD Sergey Volkov and
Valentina Yukhno, and local committee (Yaroslav Biryukov, Vera Firsova, Andrey Shablinskii,
Olga Shorets).

For the first time, the Conference is held in an online format, but we are sure that this will
not prevent the exchange of our young participants to present their new experimental results,
creative ideas and methods, and start to apply the acquired knowledge and skills in their practice.

We invite everyone to the next offline conference-school which we hope hold in St.
Petersburg!

Rimma Bubnova, Maria Krzhizhanovskaya, Stanislav Filatov
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Extreme Conditions of Pressure and Temperature for the Synthesis of Crystalline Materials.

Huppertz H.

Institute of General, Inorganic and Theoretical Chemistry, University of Innsbruck, Innrain 80-82,
A-6020 Innsbruck, Austria.
*Correspondence email: Hubert.Huppertz@uibk.ac.at

In the field of solid state chemistry, high-pressure/high-temperature conditions realized via a 1000
ton press and a Walker-type module (Figure 1) can be used for the synthesis of new compounds [1]. The
talk gives an introduction into the experimental challenges to realize such exotic conditions in the field of
high-pressure research. Next to other examples from the field of basic fundamental research, a new HF-
free synthesis route via a high-pressure/high-temperature experiment for the preparation of the novel
hexafluoridosilicate phosphor Li,SiFs:Mn** is presented (Figure 2); Li,SiFe:Mn** is a compound, which
probably cannot be synthesized via a common wet-chemical etching process. Not many lithium-
containing hexafluoridosilicates are known so far, e.g. LiNa,AlFs:Mn** is one of them. However, the
lithium ion is the lightest cation besides H*, and therefore a blue shift of the emission is expected for
lithium-rich phases in comparison to compounds of its heavier congeners. Because even a small blue-shift
can lead to a higher luminous efficacy of radiation (LER), we expect good performance of Li,SiFs:Mn**
in WLEDs [2]. So, this example demonstrates that not only basic fundamental research but also applied
research can be performed under such exotic conditions.

Figure 1: 1000 t multianvil gh—pressure device for the Figre 2: Schematic illustration of
realization of extreme pressures and temperatures. doping Li;SiFe with Mn**,

1. Huppertz H., Heymann G., Schwarz U., Schwarz M.R. Handbook of Solid State Chemistry,
Editors: Dronskowski R., Kikkawa S., Stein A. Wiley-VCH Verlag GmbH & Co. KGaA. Weinheim.
Germany. High-Pressure Methods in Solid State Chemistry. 2017. V. 2. P. 23-48.

2. Stoll C., Bandemehr J., Kraus F., Seibald M., Baumann D., Schmidberger M.J., Huppertz, H.
HF-Free Synthesis of Li,SiFs:Mn**: A Red-Emitting Phosphor. Inorganic Chemistry. 2019. V. 58. P.
5518-5523.
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Inorganic Synthesis and Crystal Chemistry at Multimegabar Pressures

Dubrovinsky L.

BGlI, University of Bayreuth, 95440 Bayreuth, Germany
*Correspondence email: Leonid.Dubrovinsky@uni-bayreuth.de

The impact of high-pressure studies on fundamental physics and chemistry, and especially on the
Earth and planetary sciences, has been enormous. Modern science and technology rely on the
fundamental knowledge of matter that is provided by crystallographic studies. The most reliable
information about crystal structures and their response to changes in pressure and temperature is obtained
from single-crystal diffraction experiments. Advances in diamond anvil cell (DAC) techniques and
double-stage DACs, as well as in modern X-ray facilities have increased the accessible pressure range for
structural research up to multimegabar range. We have developed a methodology to perform single-
crystal X-ray diffraction experiments in double-side laser-heated DACs. Our results demonstrated that the
solution of crystal structures, their refinement, and accurate determination of thermal equations of state of
elemental materials, oxides, carbides, borides, carbonates, and silicates from single-crystal diffraction
data are possible well above 100 GPa at temperatures of thousands of degrees. These resulted in findings
of novel compounds with unusual compositions, crystal chemistry, and physical properties. We illustrate
application of new methodology for simultaneous high-pressure and high-temperature single crystal
diffraction studies using examples of investigations of chemical and phase relations in the Fe-O system,
transition metals carbonates, silicates, and hydrides.
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Crystals of organic and coordination compounds —what can we learn about them from high-pressure
experiments

Boldyreva E.V.*?

! Boreskov Institute of Catalysis SB RAS, 630090, Novosibirsk, Lavrentieva ave. 5, Russia.
Novosibirsk State University, 630090, Novosibirsk, Pirogova street, 2, Russia.

High-pressure research is becoming increasingly popular not only among mineralogists and
geoscientists, inorganic chemists and physicists, but also among organic chemists. One does not need
extremely high pressures, to induce various interesting transformations in coordination, organic and
organometallic compounds, such as proton transfer, charge transfer, changes in the hydrogen bonds,
halogen-halogen, n-x, and other types of intermolecular interactions, conformational changes, rotation of
molecules, as well as recrystallization from the pressure-transmitting fluids, to give new phases, which
cannot be accessed at ambient pressure. These studies can be carried out using repeatedly, without
replacing the diamonds after each experiment in the relatively modest budget diamond anvil cells and
using laboratory sources of X-rays, not necessarily synchrotron radiation. The quality of data can be
sufficiently high, not merely to follow reliably the changes in the intramolecular geometries (bond lengths
and angles), but also to analyze the distribution of electron charge densities. This research is very
important not only for improving the understanding of the nature of chemical bonds, intermolecular
interactions, and factors that determine the crystallization and structural transformations of solids, but also
for many practical applications, such as developing materials for organic electronics, optical materials,
mechanically responsive materials, supramolecular devices, as well as new drug forms.

In my lecture | shall give an overview of the state-of-the-art of the experimental techniques,
which are used for high-pressure diffraction experiments with coordination and organic materials. | shall
also give examples of the studies of the anisotropy of the continuous structural distortion in relation to the
intermolecular interactions and intramolecular bonds, of the mechanisms of crystallization, solid-state
phase transitions, and chemical reactions. The role of seeding, of the protocol of increasing and increasing
pressure, and of the pressure-transmitting fluids in pressure-induced transformations will be discussed. |
shall also discuss the effect of pressure on photochemical and thermal transformations in the crystals of
organic and coordination compounds.

The support from the Russian Ministry of Education and Science is acknowledged (project
project AAAA-A19-119020890025-3).

1. bonmeipea E.B., 3axapos b.A., Pamenxko C.B., Ceperkun }0.B., TymanoB H.A.
UccnenoBanne TBepao(a3HBIX MpPEBpaIIeHU TPU TIOMOIIM PEHTTEHOBCKOW MU(PAKIUU B YCIOBHSIX
BBICOKHUX JaBiicHmi in situ. 2016, U3a-8o CO PAH, Hosocubupck, ISBN 9785769215261. 256 crp.

2. Boldyreva E.V. High Pressure Crystallography, Elucidating the role of intermolecular
interactions in the crystals of organic and coordination compounds, in: Understanding Inter-molecular
Interactions in the Solid State — Approaches and Techniques, D. Chopra (Ed.), RSC, 2018,., Print ISBN:
978-1-78801-079-5 (Cepust Monographs in Supramolecular Chemistry), 339 pp.

3. Boldyreva E.V. Multi-component crystals and non-ambient conditions, in: Multi-Component
Crystals. Synthesis, Concepts, Function. E. Tiekink, J. Zukerman-Schpector (Eds), De-Gruyter: Berlin,
2017, ISBN 3110463792, 9783110463798, 336 pp.

4. Zakharov B.A., Boldyreva E.V. High pressure: a complementary tool for probing solid state
processes, CrystEngComm, 2019, 21, 10-22.

5. Gaydamaka A.A., Arkhipov S.G., Zakharov B.A., Seryotkin Y.V., Boldyreva E.V. Effect of
Pressure on Slit Channels in Guaninine Sodium Salt Hydrate: A Link to Nucleobase Intermolecular
Interactions, CrystEngComm. 2019, 21, 4484-4492.

6. Bogdanov N.E., Milasinovi¢ V., Zakharov B.A., Boldyreva E.V., Mol¢anov K. Pancake-
Bonding of Semiquinone Radicals under Variable Temperature and Pressure Conditions, Acta
Crystallographica Section B: Structural Science, Crystal Engineering and Materials. 2020, 76(2), 285-
291. DOI: 10.1107/s2052520620002772.
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Materials synthesis and crystallography at extreme pressure-temperature conditions revealing
remarkable materials properties

Dubrovinskaia N.

Material Physics and Technology at Extreme Conditions, Laboratory of Crystallography,
University of Bayreuth, Universitaetstr. 30, 95440 Bayreuth, Germany
*Correspondence email: natalia.dubrovinskaia@uni-bayreuth.de

Modern science and technology rely on the vital knowledge of matter which is provided by
crystallographic investigations. The most reliable information about crystal structures of solids and their
response to alterations of pressure and temperature is obtained from single-crystal diffraction
experiments. We have developed a methodology for performing single-crystal X-ray diffraction
experiments in double-side laser-heated DACs and demonstrated that it allows the crystal structure
solution and refinement, as well as accurate determination of thermal equations of state above 200 GPa at
temperatures of thousands of degrees. Application of this methodology resulted in discoveries of novel
compounds with unusual chemical compositions and crystal structures, uncommon crystal chemistry and
physical properties. It has been successful in investigations of various classes of solids - elemental
materials, oxides, carbides, borides, carbonates, nitrides, and silicates.

In this contribution the results of our single-crystal diffraction studies of phase relations in
various metal-nitrogen systems will be reported. The materials synthesis and crystallography at extreme
pressure-temperature conditions revealing remarkable materials properties will be elucidated on example
of one-step synthesis of metal-inorganic frameworks (HfsN2o-N2, WNg-N2, and OssN2g-3N2) and other
types of nitrides and polynitrides. Perspectives of materials synthesis and crystallography at extreme
conditions will be outlined.
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Phase transformations at moderated temperatures in nonstoichiometric compounds with high entropy

Rempel A.A.

Institute of metallurgy of the Ural Branch of the Russian Academy of Sciences,
620016 Ekaterinburg, Amundsena str. 101, Russia.
*Correspondence email: rempel.imet@mail.ru

The results of performed experimental and theoretical studies, the prospects of the
nonstoichiometric compounds for hard and tough materials, metallic and semiconductor materials, the
materials which are photocatalytically active under visible light will be presented in the talk.

Nonstoichiometric compounds are best known among the carbides, nitrides, or oxides of the
group 1V and group V transition metals. The chemical formula of such nonstoichiometric compounds can
be written as MX, (where X = C, N, or O). The existence of nonstoichiometry is related to the presence of
structural vacancies either on metal or on non-metal sublattices. The amount of vacancies can be very
high that means that the nonstoichiometric compounds possess strongly extended homogeneity regions
fromy = 0.5 up to y = 1.2. At high temperatures most of nonstoichiometric compounds have disordered
cubic B1 (NaCl) structure. The stability of this highly symmetric cubic phase at high temperature is
provided by high configurational entropy due to atom - structural vacancies disordering on the same
sublattice like it is case in high entropy alloys [1].

At moderated temperatures, lower than about 1000 K, the structural vacancies on metal and non-
metal sublattices undergoing ordering and build low-symmetry superstructures of the MzX, MsXz, MeXs,
MsgX7, and MsVuXsVx types. This is supported by the use of diffraction analysis including neutron and
synchrotron techniques and first principal calculations the structure of synthesized compounds with
allowance of long range, short range and correlational orders of structural vacancies. Disorder-order
phase transformations at moderated temperatures in the transition metal compounds have significant
effects on the physical properties of the nonstoichiometric compounds and on their equilibrium phase
diagrams [2].

Acknowledgements: This study was conducted under the state assignment for IMET UB RAS.

1. Rempel A.A., Gelchinsky B.R. Production, properties and practical application of high-entropy

alloys. 2020. Steel in Translation, pp.243-247.
2. Rempel A.A., Gusev A.l. Nonstoichiometry in solids. 2018. Moscow: FIZMATLIT, 640 pages.
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PoJib KpHCTAJUIOXMMHM B CO3IAHMM HOBBIX KATOHBIX MATEPHAJIOB /IS META/LT-HOHHBIX
AKKyMYJISITOPOB

Awuntunos E.B.

Xumuueckuil pakyiapTer, MOCKOBCKHI TocyIapcTBEHHBIN yHHBEpcUTeT, MockBa 119991,
Poccus
*Correspondence email: evgeny.antipov@gmail.com

Hcrounukom okono 90% MCHONB3YIOMIEHCs B HACTOSIIEE BPEMS SJHEPTUH SBJISIETCS MCKOIMIaeMOoe
TOIJIMBO, YTO MMEET OYEHb CEPbE3HBIE MOCIEACTBH: OBICTPOE HCUEpIaHUE MPUPOJHBIX PECYpCOB H
CYIIECTBEHHBIH dKoJorndeckuit ymep6. IloaToMy axTyanpHOM 3ajadyeld  SIBISIETCS  pa3BUTHE
BO300OHOBIJISIEMBIX HCTOYHHUKOB JHEPrMU H JIPQPEKTUBHBIX HAKOMUTENECH ODHEPTHH, YTO ITO3BOJHT
CYIIECTBEHHO YMEHBIIUTH OTPEOICHHE TPUPOTHBIX PECYPCOB B Oy yIIEM.

Li-noHHbIC aKKyMyJSITOpBI, H3HAYaJbHO pPa3pabOTaHHBIC Uil TOPTATUBHBIX IEPEHOCHBIX
YCTPOMCTB, YK€ ceddyac Haxo[aT LIMPOKOE IPUMEHEHUE B KA4eCTBE CTAllMOHAPHBIX HAKOIUTENIEH
JHEPIHUH, B JEKTPOMOOUIAX U Jip. B HacTosmiee BpeMsi CTpEMHUTENIbHO Pa3BUBAIOTCA HCCIEIOBAaHUS B
obmactu Na u K-MOHHBIX aKKyMyJISITOPOB, KOTOpPBIE OOJaJalOT WENbIM PSIOM MPEUMYIIECTB IO
CPABHEHUIO C JIMTUH-UOHHBIMU. Y JIENbHBIE DHEPreTHYECKUE XapPAKTEPUCTUKU METAII-MOHHBIX
AKKyMYJISITOPOB, B OCHOBHOM, OIPEAEISAIOTCS CBOMCTBAMU MCIIONB3YEMBIX AJEKTPOAHBIX MATEPUAJIOB.
Jnia ynoBneTBOpeHus] OTPEOHOCTEH, CYIIECTBYIONUX M, 0COOEHHO, HOBBIX MPUMEHEHUH, DIIEKTPOIHBIE
MaTepualnbl METaI-MOHHBIX AKKYMYJIATOPOB HYXIAKOTCS B CYLIECTBEHHOM YIYUIIEHHHM UX YAEIbHBIX
JHEPreTUYECKUX MapaMeTpoB, 0€30MaCHOCTH U CTOMMOCTH.

B noxnane OyayT paccMOTpeHbl OCHOBHBIE HalpaBJICHHsI HAIIMX UCCIIEJOBAHUI B 00JIACTH HOBBIX
KaTOJHBIX MatepuanoB juisi Li-, Na- u K-MOHHBIX aKKyMyJisTOpOB C OCOOBIM aKIIEHTOM Ha pPOIb
KpUCTAJUIOXMMHH B UX CO3JAHUU U ONTUMHU3ALMH BAXKHBIX JUISl IPAKTUYECKOr O UCIIOJIb30BAHUS CBOMCTB.

Pab6ota BhIMmomHeHa IpH oaaepkke Poccuiickoro Hayurnoro ¢ouaa (rpant Ne 17-73-30006).
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Megascience facilities and russian-german travelling seminar of nanomaterials

Rempel AA.~

Institute of metallurgy of the Russian Academy of Sciences, 620016, Amundsena str. 101,
Ekaterinburg, Russia.
*Correspondence email: rempel.imet@mail.ru

Megascience facilities like synchrotron and neutron sources play an important role in the
development of nanoscience. This is because of additional possibilities of these sources in giving precise
information about atomic structure, particle size, particle size distribution, core-shell structure, etc. of the
nanomaterials.

To make undergraduates and postgraduates from Russia and Germany to be familiar with
possibilities of the synchrotron and neutron sources more than 10 years ago in 2006 a traveling school-
seminar (TS) on physics and chemistry of nanomaterials (PCnano) had been started. To that time it was
possible due to close collaboration between University of Erlangen-Nuremberg (Prof. Dr. Andreas
Magerl), Ural Federal University and Ural Branch of the Russian Academy of Sciences.

Participants for the TS were selected from all over the country for academic excellence and
interest in scientific and cultural exchange. Each of them will present a 15-minute research paper, which
was usually their first presentation in English to an international audience. The group was accompanied
by two Russian and two German professors who give extended lectures. The scientific part was also
complemented by lectures by leading scientists at the visited institutes.

Since 2006 the participants of TS have visited most known and important synchrotron and
neutron source facilities in Russia (Novosibirsk, Moscow) and Europe (Munich, Hamburg, Berlin,
Karlsruhe, Grenable). Since 2006 many participants of the TS have used synchrotron and neutron sources
in their scientific work and have achieved important scientific results.

Recently, the project of the mobile Russian-German summer school-seminar TS for
undergraduates and postgraduates was among the winners of the competition "Russia and Germany:
scientific and educational bridges" [1].

Acknowledgements: Prof. Dr. Andreas Magerl, Ass.Prof. Dr. Maxim Vlasov, Prof. Dr. Mirijam
Zobel and many many others.

See news at https://urfu.ru/en/news/33203/
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Unusual thermal structural behaviour of lithiated graphite phases

Senyshyn A. !, Miihlbauer M.J.2, Baran V.*

! Heinz Maier-Leibnitz Zentrum (MLZ), Technische Universitit Miinchen, Lichtenbergstr. 1,
85748 Garching, Germany
2 Institute for Applied Materials (IAM), Karlsruhe Institute of Technology (KIT), Hermann-von-
Helmholtz-Platz 1, D-76344 Eggenstein-Leopoldshafen, Germany

Crystal structures of the phases in the Li-C system have vital importance for electrochemical
energy storage, especially Li-ion battery technology. Due to difficulties with metallic lithium about 98 %
of Li-ion batteries are utilizing graphite anode at the moment. Furthermore graphite additive is used to
maintain electronic conductivity of weakly conducting cathodes, e.g. LiFePO.. Use of electrochemistry
permits to intercalate one lithium per six carbon atoms, which is reflected in the formation of LiC¢ phase
(stage 1) — graphite sheets alternated by lithium layers along c axis. The phase has no homogeneity limits,
i.e. upon lithium extraction stage 11 (LiC1,) phase is formed, where every 2" plane is occupied by lithium.
Further lithium extraction leads to the formation of sequence of phases displaying solid-solution like
behaviour reflecting the intermediate steps between stage 11 and electrochemically active graphite 2H [1].

Recent in operando structural studies of model cylinder-type Li-ion battery revealed a structural
instability of certain low-lithiated graphites [2]. Furthermore anomalous structural behaviour of stage |
and stage Il had been noticed along with the considerable differences between in situ and ex situ modes of
data collection [3]. In the current contribution a systematic temperature-resolved diffraction study of
selected compositions from Li-C binary system will be presented and discussed in terms of battery
performance at different temperatures.

1. Senyshyn, A., O. Dolotko, M. J. Muhlbauer, K. Nikolowski, H. Fuess and H. Ehrenberg
(2013). "Lithium Intercalation into Graphitic Carbons Revisited: Experimental Evidence for Twisted
Bilayer Behavior." Journal of the Electrochemical Society 160(5): A3198-A3205.

2. Senyshyn, A., M. J. Muhlbauer, O. Dolotko and H. Ehrenberg (2015). "Low-temperature
performance of Li-ion batteries: The behavior of lithiated graphite." Journal of Power Sources 282: 235-
240.

3. Baran, V., O. Dolotko, M. J. Miihlbauer, A. Senyshyn and H. Ehrenberg (2018). "Thermal
Structural Behavior of Electrodes in Li-lon Battery Studied In Operando." Journal of The Electrochemical
Society 165(9): A1975-A1982.
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Aperiodic crystals

Bolotina N.B.

Shubnikov Institute of Crystallography of Federal Scientific Research Centre “Crystallography
and Photonics” of Russian Academy of Sciences, Leninskiy Prospekt 59, 119333, Moscow, Russia.
Correspondence email: nb_bolotina@mail.ru

Aperiodic crystals [1, 2] have a long-range order and give sharp diffraction patterns, like periodic
crystals, but differ from the latter in the absence of three-dimensional translational periodicity of the
atomic structure. There are three types (or families) of aperiodic crystals. Atoms of incommensurately
modulated crystals are shifted from the points of the crystal lattice according to a periodic law, but the
modulation period is incommensurate with one or more lattice periods. Two lattices with incommensurate
periods are necessary to describe the structure of an incommensurate composite. Quasicrystals have
symmetry that is unacceptable in crystals according to the laws of classical crystallography. The
structures of aperiodic crystals are successfully studied in model spaces with more than three dimensions,
but the principles for constructing the superspace models are different for the above three families. This
lecture will focus on modulated and composite crystals. The methods for describing their structures in
superspace have a common basis and are implemented in a single software package JANA [3].
Superspace modeling of quasicrystals is built on other principles and will not be considered here.

An idea will be formed on the methods for describing modulated and composite structures in the
(3+d)D space. The capabilities of the JANA program for the structure solution and refinement will be
discussed. A separate group is formed by crystals in which the period of structural modulation is
commensurate with the period of a small basic lattice. In fact, these are 3D long-period structures, which
are complicated or inaccessible for solution due to the huge number of strongly correlating structural
parameters. The only way to solve this problem is to consider the long-period structure commensurately
modulated with respect to the lattice with smaller cells and pass to the superspace model. The lecture
contains examples of commensurately and incommensurately modulated crystals and incommensurate
composites. The advantages of their description in (3+d)D are demonstrated.

This work was supported by Russian Foundation for Basic Research, grant No 18-29-12005.

1. T.Janssen, G.Chapuis, M. de Boissieu. Aperiodic Crystals. From Modulated Phases to
Quasicrystals // IUCr Monographs on Crystallography, No 20, Oxford University Press, 2007.

2. S. van Smaalen. Incommensurate Crystallography. IUCr Monographs on Crystallography, No
21, Oxford University Press, 2007.

3. V. Petiicek, M. Dusek, L. Palatinus, Crystallographic computing system JANA2006: General
features, Z. Kristallogr. 229 (2014) 345-352.
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Investigating catalysts and luminescent materials by in situ powder diffractometry
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In-situ X-ray powder diffraction can be used to investigate the mechanisms of reactions between
solids and gas phases.

The analysis of structural changes of a catalyst during a reaction is an important step towards a
better understanding of the reaction mechanisms. Thus it may help to optimize both the catalyst and the
process. Acrylic acid and methacrylic acid represent organic chemicals that are important technical
products. Their industrial production relies on catalyzed reactions that are not fully optimized. We have
designed an experimental set-up that allows it to detect and follow the changes of a crystalline catalyst
during such oxidation reactions. As an example, we will present the following example in detail: cesium
salts of vanadium-substituted heteropolyacids with Keggin anions used as heterogeneous catalysts to
partially oxidize acrolein. Acrolein vapour was led through a reaction chamber at the diffractometer. A
catalyst of the nominal composition Cs;H,[VPMo01:04] was investigated at varying conditions
(temperature, water pressure, reaction time). The in-situ/operando experiments revealed how the
occupation of the different atomic sites reversibly changed during the reaction. The oxygen content of the
catalyst was monitored and new conclusions concerning the reaction mechanism were drawn.

As a second example the investigation of a luminescent material in the context of thermographic
measurements will be discussed.
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Bimsinue 3¢ppexToB nopsika-0ecnopsaKa B KpUCTALIHYECKHX CTPYKTYpPaxX Ha TePMOIAMHAMHYCCKHE
(yHKuMM cMelIeHUs TBEPABbIX PACTBOPOB

Epemun H.H.

MI'Y um. M.B.JIomonocoga, ["eonorudueckuii dakynsrer, 119991, Mocksa, Jlenunckue ropsi, 1A
neremin@geol.msu.ru

B Hacrosmee BpeMs MaTeMaTUYECKUH anmnapaT TEOPETUYECKONM KPUCTAJUIOXUMHUU IIO3BOJISIET BO
MHOTHX CIIydasiX 3aMeHATh (U3WYECKU OKCIEPUMEHT MaTeMaTH4ecKMM. KauecTBEHHBIM CKadok
MOBBIILICHUST OBICTPONCHCTBUS KOMITBIOTEPOB B TepBbIe nBa necstuiieTns XXI|-oro Beka MO3BOIHI
MeperTH K TMpeNCcKa3aHWI0 KPUCTAUTMUECKUX CTPYKTYp HE TONBKO COEAWHEHUWH C (DUKCHpPOBaHHON
CTEXHMOMETpUEH, HO W TMPOTSHKEHHBIX TBEPIBIX PACTBOPOB, KOTOPHIMHU SIBIISIIOTCS BCE TMPHPOAHBIC
MUHepalbl 0e3 UCKIIOYEeHHWs, TMpHYeM KaK METOJaMH «H3 TEPBBIX INPUHIMIIOBY, TaK H
MOTYIMITUPHYECKUMHU METOAaMH MEKATOMHBIX TTOTEHIIUAIOB.

B peanbHOM KpHcTamiie pachpesieleHdue pa3iiyHbIX COPTOB aTOMOB IO  CTPYKTYpHO—
9KBUBAJICHTHBIM IMO3HIIMSAM B OOIEM ciydae MOJAYMHSICTCS 3aKOHaM MaTeMaTHUYecKOol craTUcTuku. Kak
ObLIO TIOKa3aHo B 0030pe [1] mcmonb3oBaHHE HEOOJBIIOrO YMCIA JIEMEHTAPHBIX SYECK MPUBOAUT K
W3YYEHHIO HE TBEPJBIX PACTBOPOB, a YIOPSJAOUEHHBIX MPOMEKYTOUHBIX COCTMHEHHH, 00ialaromnMu
paJMKaIbHO OTIMYHBIMU OT HEYMOPSI0YEHHBIX TBEPABIX PACTBOPOB TEPMOJMHAMUYECKUMHU CBOMCTBAMH.
B cBiM3m ¢ 3THM, WHTEpeC K MOJEIMPOBAHHIO TBEPJBIX PACTBOPOB, CTAIKWUBACTCS C MPOOIEMOIt
pacrpeneineHiuss aTOMOB B PacyeTHOM slYEHKEe OrpaHUYEHHBIX Pa3MEpPOB JI HAWIydllled HMUTALUU
HEYNOPSJIOYEHHOCTH. JTa mpodjeMa ¢ TOW WIM WHOM CTENEeHBI0 yclieXa pelaercs pasTHdHbIMU
MeToquYecKuMHu rpueMamu. OpUruHAIBHBINA aBTOPCKUI MOX0/I, N3JI0KEHHBIH B [2] MO3BOJISET B paMKax
SYEHKH  pa3yMHBIX  KOHEYHBIX  Pa3MepPOB  MaKCHMajbHO TPUOINM3UTHCS K  CTATHCTHYECKU
HEYNOPSIOYEHHOMY paclpe/eNIeHHI0 B MaKPOCKOITMYECKOM KPUCTAIUIE TPOU3BOIIEHOIO COCTABA.

[loMuMO U3NI0XKEHHUS METOJUUYECKMX OCOOEHHOCTEH aBTOPCKOrO IOAXoJa B JIOKJIaJe Ha
CIIEAYIOIMX KOHKPETHBIX IpHMEpax JOEMOHCTPUPYETCS pe3yJIbTaTUBHOCTh U IpelcKa3aTelbHble
BO3MOKHOCTU METOJHKH:

1) BiusiHEe PPEKTOB yHOpsAIOYCHHSI HAa KPUCTAILIOrpadUueCKHe apaMeTpbl U SHEPTeTHUECKHIE
XapaKTEPUCTUKHU TBEPJOrO pacTBOpa 00beM sIUEHKU B CHCTEME CKUAaruT - Fe-MeHKopHuT;

2) TmpenckazaHHE TEPMOAMHAMHYECKMX (QYHKIME cMmemeHus, (a30Boil CTaOWIBHOCTH U
OTKJIOHEHHs OT IpaBuia Berapmaa B TBepabix pactBopax ruOpuaHbix mepoBckutoB CH3NH3Pb(11xBry)s
[31;

3) cozaaHue TepMOIMHAMUYECKON 0a3bl MaHHBIX [4] 17t TBEpIBIX PACTBOPOB PEIKO3EMENbHBIX
¢docdaToB, TOMUPOBAHHBIMU PAANOAKTUBHBIMHI AKTUHOHIAMH.

1. Urusov V.S. Comparison of semi-empirical and ab-initio calculations of the mixing
properties of MO-M’O solid solutions. J. Solid State Chemistry. V. 153. P. 357-364.
2. Epemun H.H., [lesnoB P.3, Ypycos B.C. Beibop cBepxseiiku ¢ onTHMaIbHONH aTOMHOM

KOHGUTypanueil mpu MOAEINPOBAHIH HEYTIOPSIIOUEHHBIX TBEP/IBIX PAcTBOPOB. DH3NKa U XUMHS CTEKIIA.
2008. T. 34, Ne 1, C. 9-18.

3. Marchenko E.I. et al. Transferable approach of semi-empirical modeling of disordered
mixed halide hybrid perovskites CH3NHsPb(l1.«<Bry)s: prediction of thermodynamic properties, phase
stability and deviations from Vegard’s law. J. Phys. Chem. C. 2019. V. 123, Ne 42, P. 26036-26040.

4. Eremin N.N. et al. Solid solutions of monazites and xenotimes of lanthanides and
plutonium: atomistic model of crystal structures, point defects and mixing properties. Comp. Mat. Sci.
2019. Vol. 157, P. 43-50
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Polymorphic transitions in feldspar structures
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The various aspects of polymorphism in the feldspar family of minerals are considered with
special emphasis upon their structural diversity and complexity [1]. The feldspar family is defined as
consisting of valid minerals and unnamed or conditionally named mineral phases with the general
formula M™[T/*Qg], where n is the average charge of the M™ cation (n = 1-2; M™ = Na*, K*, Rb",
(NHJ,)*, Ca*, Sr*, Ba?"), k is the average charge of the T** cation (k = 4 — n/4; T** = Be**, Zn**, AP**, B¥,
Fe, Si*", As®, P*"). There are twenty-nine valid mineral species known to date that can be assigned to
the feldspar family. Maskelynite is the natural X-ray amorphous feldspar polymorph (glass) with the
plagioclase composition. All feldspar polymorphs can be classified into two groups: those containing T
atoms in tetrahedral coordination only and those containing T atoms in non-tetrahedral coordination.
There are four basic topologies of the feldspar-family tetrahedral networks: fsp (3D; feldspar sensu
stricto; eleven mineral species), pcl (3D; paracelsian; seven mineral species), bct (3D, svyatoslavite; two
mineral species), and dms (2D; dmisteinbergite; six mineral species). There are three minerals that
contain T atoms in exclusively octahedral (sixfold) coordination and crystallize in the hollandite structure
type. The high-pressure polymorphism for the structures with the fsp and pcl topologies is controlled by
the distinction of these topologies as flexible and inflexible, respectively. The analysis of structural
complexity by means of the Shannon information theory indicates the following general trends: (i)
structural complexity decreases with the increasing temperature; (ii) Kinetically stabilized metastable
feldspar polymorphs are topologically simpler than the thermodynamically stable phases; (iii) the high-
pressure behavior of feldspar-family structures does not show any obvious trends in the evolution of
structural complexity. The feldspar polymorphism includes a number of structural phenomena: (i)
coordination changes of intra- and extraframework cations; (ii) topological reconstructions, including
changes in dimensionality; (iii) cation ordering, including Al/Si and M-cation ordering in solid solutions,
resulting in the chemical stabilization of particular structure types and the formation of incommensurately
modulated structures (in plagioclases); (iv) displacive distortions involving tilting of tetrahedra and
rotations of crankshaft chains; (v) amorphization. The observed structural phenomena are controlled by
temperature, pressure (including shock-induced transformations) and crystallization kinetics that may
stabilize metastable phases with unique crystal structures.

The study was funded by RFBR, project number 19-15-50064.

Krivovichev S.V. Feldspar polymorphs: diversity, complexity, stability. Zapiski Ross. Mineral.
Ob-va. 2020. CXLIX. P. 16-66.
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KosnuecrBeHHbIe HU3MEPECHHUSA B TCOPUU CUMMETPUU KPUCTALJIOB. da3zoBble Mepexoabl BTOPOro poaa

Uynpynos E.B.

HauumonanbHelil uccnenoparenbckuii Huxeropoackuii rocynapcTBeHHbIN yHuBepcuTeT um. H.M.
JloGaueBckoro"

[IpuBBIYHOE OHATHE CUMMETPUHU KaK JBYXYPOBHEBOE «CHMMETPUYHO-HECUMMETPUYHO» JTaBHO
PaCIIMPEHO /10 OMpPEeNIeHUs «IIOYTH CUMMETPUYHOY, «JaCTUYHO CUMMETPHUYHO» U T.J. Takue 4aCTUIHO
CUMMETPHYHBIC CHCTEMbl M3BECTHBI B Da3IMUYHBIX pazlenax (U3WKH, XUMHH, KpUCTALIOrpaguH.
CrienMaInuCThl IO PEHTTeHOCTPYKTYPHOMY aHAJIU3y Ha3bIBAIOT aTOMHBIE CTPYKTYPBI ¢ TPUOIN3UTENHHOMI
CUMMeETpHEN MCeBAOCUMMETPUYHBIMH.

[lycte  QyHKOHMS  2JEKTPOHHOW  TUIOTHOCTHM  KPUCTa/Ula  WHBAapHaHTHA  OTHOCHTENBHO
npocTpaHcTBeHHOW rpymmbel G. Ecny 9acTh 3JIEKTPOHHOM IMIIOTHOCTH KPHCTAJIa WHBAapUAHTHA TaKKe
OTHOCHUTENBHO (eopoBcKoii Haarpynmbl TOG, To OyneM TOBOPUTH, YTO Ui KpHCTaia XapaKTepHa
(henopoBcKas MCEBIOCUMMETPHSL.

J1s1  KOJNMYECTBEHHOM OLIEHKM CTENEHM HMHBAPUAHTHOCTH KPUCTAJUIMYECKOM CTPYKTYpBI
OTHOCHUTEIBHO M30METPHUECKON ONepaiy UCIoidb3yeTcs (QyHKIIMOHAT, KOTOPBI MPUHAMAET 3HAYCHHUS
or -1 no +1, moka3piBasg TE€M CaMbIM CTENEHb HMHBAPUAHTHOCTH HCCIEAYEMOW CHCTEMBI OT TOYHOMN
aatucumMerpun (1) g0 TouHoM cummerpum (+1). [ng  KpuHCTamioB OIEHWBAeTCSl CTEMEHb
WHBapUAHTHOCTH (DYHKIIMHU 3JIEKTPOHHO MJIOTHOCTH.

Hdna  Qyskumit BBOAWMTCS TOHATHE TICEBIOCHMMETPUYHONW (PYHKIMM W  TIPUBOAATCS
COOTBETCTBYIOIIME TMpPHUMEPH. B KPUCTAIUIOXMMHUM BBOAWTCS TIOHATHE TICEBIOCHMMETPUYHBIN
CTPYKTYPHBI THII M ONHCHIBAIOTCS CIENHAlbHBIE OUArpaMMBbl JJIS KOJIMYECTBEHHOTO ONHMCAHUS
MIPUHAUIEKAIINM 3THM CTPYKTYPHBIM THITaM KPHCTAJUIOB.

OO6cyxmaroTcsi auarpamMmbl Ui BCEX KpPUCTAJJIOB, omucaHHBIX B KemOpumxckom OaHke
CTPYKTYPHBIX JaHHBIX.

B  ¢Qusuke KkpucramyioB  KOJIMYECTBEHHOE  ONMCAaHUE  NPUONMKEHHONH  CUMMETPHUH
(nceBmocMMMETpPUM) MOXET ObITH IIOJI€3HO IIPU  OINUCAHUU KPUCTAJUIMYECKUX CTPYKTYp B
HU3KOTeMIepaTypHoii (ase, KOoTopele 0O0pa3yloTcs B Xone (a3oBBIX MEpexXomoB BTOPOTo poja.
BBenenHplll (DyHKIHMOHAT KOIMYECTBEHHO OIMCHIBAECT BEIUYMHY IapaMerpa mnopsaaka Jlanpay s
KPHUCTAJUIOB B HU3KOCHMMETPUYIHON (hase.
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Fractional coordinates, symmetry modes, and rigid bodies:
Three different ways for describing structural evolution during phase transitions

Dinnebier R.E.
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If a direct subgroup relation exists between the two phases undergoing a displazive phase
transition, it is often advantageous to describe the crystal structures not in form of individual fractional
coordinates but using symmetry/distortion modes starting from an existing (or virtual) parent phase.
Usually only very few modes are active, thus reducing the number of parameters considerably. Often,
these modes or combinations of these modes define polyhedral tilts allowing the use of (more complex)
rigid body modes.

Freely available user-friendly group-theoretical pograms like ISODISPLACE! or
AMPLIMODES? can be used to derive the required irreducible representations. In a second step, the
active modes can be determined and parameterized, allowing the direct determination of physical
quantities like order parameter, lattice strain etc.

The evaluation of the crystal structure during the high temperature phase transition of the double
salt Mg(H20)sRbBr3 is analyzed in four different ways during this presentation®,

1 B. J. Campbell, H. T. Stokes, D. E. Tanner, and D. M. Hatch, "ISODISPLACE: a web-based
tool for exploring structural distortions,”" J. Appl. Cryst. 39, 607-614 (2006).

2 D. Orobengoa, C. Capillas, M. I. Aroyo and J. M. Perez-Mato, AMPLIMODES: symmetry-
mode analysis on the Bilbao Crystallographic Server, J. Appl. Cryst. (2009). 42, 820-833

3 R E. Dinnebier, A. Leineweber, J.S.0. Evans, Rietveld Refinement: Practical Powder
Diffraction Pattern Analysis using TOPAS, De Gruyter STEM, 347 pages, 2018, ISBN-13: 978-
3110456219.
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Self—assembly and high anisotropy thermal expansion of crystal structures consisting of BOs
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Nowadays, self-assembly of building blocks into ordered structures is of increased interest at
atomic, meso-, nano-, micro-length scales. Self-assembly of building blocks is defined as the spontaneous
organization of building blocks into ordered structures that ubiquitously occur in materials science and
nature.

In present time borates represent one of the most investigated class of chemical compounds in the
area of high-temperature chemistry and they can contribute to the development of this branch of science
in the other classes of chemical compounds, for example, carbonates and nitrates. Specific features of
borate crystal structures can be used for formulation of the following principles of formation process of
borates and particular carbonates, nitrates etc. The practical parallel alignment of thermal vibration
ellipsoids of T and O atoms in the crystalline phases evidences a collective character of the thermal
atomic motion and motion of the rigid B—O groups, with the ensuing preferable orientation of the rigid T—
O groups in many crystalline phases with TOs groups. This allows formulating the following principles of
self-organization of TOs and rigid B-O groups, of preferably parallel mutual orientation in the crystal
structures of these compounds:

Thermal motion is the inherent driving force of crystal substances formation. In borates, borates
carbonates and nitrates such an organizing force is the strong anisotropy of thermal vibrations of atoms in
the TOs triangles (T = B, C, N), flat triborate and other B—O rigid groups containing TOj3 triangles and its
rigid groups.

During the crystallization of borates, carbonates and nitrates from TOg triangles, their rigid
groups and M metals, the long axes of thermal ellipsoids of the T and O atoms tend to be realized for the
parallel (or preferable) orientation by taking electrostatic interaction into account.

These principles of self-assembly allow us to better understand the process of formation of
crystalline substance. The principles can be generalized for other flat atomic—-molecular groups. In
particular, the steric similarity of borates and organic compounds allows us to expect that the principles of
high-temperature crystal chemistry, and self-assembly in borates will motivate the development of the
high-temperature structural chemistry for some groups of organic compounds.

The examples of the self-organization of atoms, TOs triangles (T = B, C, N) and rigid B—O-
groups are given in [1, refs therein].

The study was funded by the Russian Foundation for Basic Research, project number 18-29-
12106.

1. Bubnova R.S., Filatov S.K. Self-assembly and high anisotropy thermal expansion of

compounds consisting of TOs; triangular radicals. Struct. Chem. 2016, 27, 1647-1662. DOI
10.1007/s11224-016-0807-9
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Low-temperature X-ray diffraction of biologically active substances

Knyazev A.V. %, Shipilova A.S.}, Knyazeva S.S.}, Gusarova E.V.}, Amosov A.A., Kusutkina
AM.!

! Lobachevsky State University of Nizhni Nogrorod, 603950, Gagarin av. 23, Nizhni Nogrorod,
Russia.

Amino acids, hormones, vitamins and proteins - one of the most important representatives of
biologically active substances. However, for most compounds there is no information on their behavior in
a wide temperature range, polymorphism, and thermophysical parameters. We conducted a study of a
significant amount of biologically active substances over the past seven years. The most used methods are
low-temperature X-ray diffraction, vacuum adiabatic calorimetry, and differential scanning calorimetry.
Recently, we have actively begun to use X-ray diffraction analysis for a detailed understanding of
structural rearrangements in polymorphic transitions.

We carry out systematic X-ray studies in the temperature range 100-350 K in increments of 25 K.
This is the most typical temperature range, but in the case of stable compounds the temperature range can
be extended, and in the presence of phase transitions the step can be reduced. X-ray studies allowed us to
calculate the coefficients of thermal expansion in a wide temperature range. Thermal expansion
coefficient is the quantitative characteristic of thermal expansion. Value of the thermal expansion
coefficient in given direction corresponds to length of radius-vector, which is traced from origin of
coordinates to edge of figure of expansion. We have built figures of thermal expansion for more than 30
biologically active substances. Almost all the compounds studied have a pronounced anisotropy of
thermal expansion. This behavior of the structure is in good agreement with the direction of
intermolecular interactions and hydrogen bonds.

The authors are grateful to the Ministry of Science and Higher Education of the Russian
Federation for financial support through grant 0729-2020-0039.

1. Knyazev A.V., Ishmayana S., Soedjanaatmadja U.M.S., Lelet M.1., Shipilova A.S., Knyazeva
S.S., Amosov AA., Shushunov A.N. Comprehensive thermodynamic and structural study of hevein.
Journal of Chemical Thermodynamics. 2019. V.131. P. 168-174.

2. Knyazev A.V., Emel’yanenko V.N., Smirnova N.N., Shipilova A.S., Zaitsau D.H., Knyazeva
S.S., Gulenova M.V. Thermodynamic investigation of L-carnitine. Journal of Chemical Thermodynamics.
2019. V.131. P.495-502.

3. Knyazev A.V., Emel’yanenko V.N., Shipilova A.S., Zaitsau D.H., Lelet M.l., Knyazeva S.S.,
Gusarova E.V., Varfolomeev M.A. Thermodynamic properties of myo-inositol. Journal of Chemical
Thermodynamics. 2018. V. 116. P. 76-84.
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Nowadays high-temperature X-ray diffraction (HTXRD) studies are not uncommon. Many
research labs are equipped with modern high-end XRD technique meanwhile others prefer “mega-
science” facilities. Recent studies of complex and/or unusual thermal transformations by laboratory XRD
under non ambient condition are reported for a number of oxygen compounds with the crystal structures
based on oxygen tetrahedra or octahedra.

Among tetrahedral crystal structures new data on phase transition of natural REE borosilicates,
stillwellite and tazhikite are presented. The temperature region of highly anisotropic thermal behavior for
stillwellite and even negative thermal expansion for tadzhikite were revealed. Both anomalies of thermal
behavior correspond presumably to the regions of structure reconstruction before phase transition. A
special attention is paid to the phase transitions with lowering symmetry on heating. Two cases of this
type transformation are presented for KBSi»O¢ [1] and Ca:B:SiO [2].

Complex consequences of high-temperature phase transitions of octahedrally based structures are
described using the example of BiRO4 (R = Nb, Ta) [3, 4]. The strong anisotropy of triclinic BiTaO4
structure, manifested by a radical change in the direction of the thermal expansion tensor, was studied by
Rietveld method at elevated temperatures [5].

The possibilities, advantages and disadvantages of laboratory HTXRD are discussed.

The authors acknowledge the Resource Center of X-ray diffraction Studies, Center for Optical
and Laser Materials Research and “Geomodel” Resource Centre of Saint Petersburg State University for
instrumental and computational resources. This work was partially supported by the Russian Foundation
for Basic Research (18-29-12106).

1. Krzhizhanovskaya M.G. Bubnova R.S., Derkacheva E.S., Depmeier W., Filatov S.K.
Thermally induced reversible phase transformations of boroleucite, KBSi.Os. Eur. J. Mineral. 2016, 28,
15-21.

2. Krzhizhanovskaya M.G., Gorelova L.A., Bubnova R.S., Pekov I.V., Krivovichev S. V. High-
temperature crystal chemistry of layered calcium borosilicates: CaBSiO4(OH) (datolite),
CasBsSiz015(0OH)s (‘bakerite’) and CazB,SiO7 (synthetic analogue of okayamalite). Phys. Chem. Mineral.
2018, 45, 463-473.

3. Zhuk N.A., Krzhizhanovskaya M.G., Belyy V.A., Makeev B.A. High-temperature crystal
chemistry of a-, B-, and y-BiNbO4 polymorphs. Inorg. Chem. 2019. 58. 1518-1526.

4. Zhuk N.A., Krzhizhanovskaya M.G., Belyy V.A., Sekushin N.A., Chichineva A.l. The bismuth
orthotantalate with high anisotropic thermal expansion. Scripta Mater. 2019. 173. 6-10.

5. Zhuk N.A., Krzhizhanovskaya M.G., Belyy V.A., Kharton V.V., Chichineva A.l. Phase
Transformations and Thermal Expansion of a- and B-BiTaO. and the High-Temperature Modification y-
BiTaO4. Chem. Mater. 2020. 32. 13. 5493-5501.
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Analysis of diffraction patterns of nanostructured powders.
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Nanostructured materials are specific objects of study for X-ray structural analysis due to the
presence of diffraction effects associated with the size, shape, and means of joining primary nanoparticles
with each other. Not only the broadening of diffraction peaks, but also their shift or complete
disappearance can be a consequence of the size factor. During the growth of crystallites, stacking faults or
layer displacement faults often occur. In the case of a large concentration of planar defects and their
ordering the diffuse scattering effects arise in both the neighborhood of the Bragg maxima and the regions
outside coherent scattering. The nanostructures of coherent type also characterize their diffraction
features. Additional factors, such as dislocations and related microstrains of the crystal structure,
complicate the diffraction pattern and make it difficult to correctly interpret it.

Various examples of the influence of the real structure of polycrystalline samples on their
diffraction patterns will be given in the report. Several methods of analysis, including modeling of
diffraction patterns based on models of various types of nanostructures, will also be presented. The
method for calculating of diffraction patterns using the Debye formula is currently the most promising
and widely used for the analysis of diffraction patterns from powder nanomaterials [1].

1. Yatsenko D., Tsybulya S. DIANNA (Diffraction Analysis of Nanopowders) — A Software for

Structural Analysis of Nanosized Powders.Zeitschrift fiir Kristallographie - Crystalline Materials. 2018.
V.233. N1. P.61-66.
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The origin of the first order structural phase transition for PrBaMn,Og double manganite
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Double manganites RBaMn;Os (R — rare earth element) have the crystal structure which can be
represented as alternating of cubic perovskite elementary cells RMnO3z; and BaMnQOs; along c-direction.
Due to difference in size of R and Ba atoms a slightly bigger than c/2, also other structure distortions may
appear. Double manganites with R = Nd, Pr demonstrate a number of magnetic and structural phase
transitions close to room temperature being perspective magnetocaloric and magnetoresistive materials,
the temperature of magnetic phase transitions drop rapidly when the material becomes disordered
(R,Ba)MnOs.

Earlier we have studied magnetic and structural phase transitions in solid solutions of double
manganites Ndi-xPrBaMn,Os by magnetometry and X-ray powder diffraction [1]. It has been shown that
the structural phase transition is not related neither to magnetic nor to metal-insulator phase transition
(Fig. 1).

We perform LDA+DMFT calculations for two unit cells, using the structure data obtained
experimentally at temperatures 215 K and 185 K, which are slightly above and slightly below the
structural transition temperature T« = 200 K, respectively. Both these temperatures are far below the
temperature of metal-insulator phase transition Twm~ 270 K. The structural transition leads to the increase
in the distortion of Mn-O octahedra.
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In general, the results of LDA+DMFT calculations suggest that structural transition at T in
PrBaMn,Os compound, and so, in is Nd;«Pr«BaMn.Os solid solutions, are caused by partial orbital
ordering of ey states of Mn.

The work is supported by RFBR, project No 19-29-12013.
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The layered transition metal dichalcogenides form an extensive group of isostructural materials
within which it is natural to expect the possibility of the formation of solid solutions. The most studied
system of solid solutions is TiSz - TiSe,. This system is traditionally treated as an example of a uniform
substitution inside the chalcogen sublattice. Our careful analysis of the Ti (S1xSex)2 system showed that
there is a transition from "true” solid solution in the range of 0 <x <0.25 and 0.75 <x <1 to the formation
region with nano- heterogeneity in the chalcogen sublattice.

The experimental study included a set of methods, such as electrochemical research, HREM and
STM examination, and a set of spectral techniques: ResPES, ARPES, including those with resonant Ti2p-
3d and S2p-3d excitation. The sum of the experimental results made it possible to conclude that the nature
of nano-inhomogeneities is associated with the formation of Janus layers S-Ti-Se. The chirality of the
Janus layers makes it possible to observe boundaries between homogeneous regions as stacking faults.
The characteristic size of the homogeneous region is 100 A. The formation of Janus layers should have a
strong effect on the structure and properties of intercalate derivatives of solid solutions of transition metal
dichalcogenides.
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Minerals with sulfate anions are one of the most diverse classes. More than 400 minerals
containing sulfate anion are known to date. Most of known anhydrous sulfates have relatively simple
chemical composition and structural architecture. In contrast, hydrated sulfate minerals have more
complex compositions and structures. Most of the anhydrous sulfates are highly soluble compounds and
unstable in humid atmosphere, namely, sulfates of alkali and alkaline earth metals. Under terrestrial
conditions, hydrated sulfate minerals are common in various geological environments. Whereas the
anhydrous sulfate minerals of alkali, alkaline earth and transition metals form almost exclusively in active
fumaroles.

The fumaroles of Tolbachik volcano are a unique mineralogical locality with a large number of
endemic mineral species. The variety of sulfate minerals observed in Tolbachik fumaroles is impressive.
Since 2014, we have discovered 11 new mineral species with sulfate anions of fumarolic origin. Many of
the fumarolic minerals demonstrate unique structure types with unprecedented and complex architectures
and have no synthetic analogues. Several examples of the recently obtained synthetic sulfate materials
inspired by Nature will be discussed.

This work was financially supported by the Russian Science Foundation through the grant 16-17-
10085.
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A novel phase of phosphate-silicate composition was obtained under soft hydrothermal conditions
(so-called “chemie douce”). The crystal structure of K(Al15Znos)[(P15Sios)O0s] is a three-dimensional
network of two types of tetrahedra, statistically populated by two different atoms (Yakubovich et al.,
2020). In the first case, these are Al and Zn metal atoms, in the second - P atoms (non-metal, typical acid-
forming agent) and Si (metalloid). A mixed type anionic framework built from sharing vertices
alternating (Al,Zn)O, and (P,Si)Os tetrahedra, is stabilized by large K* in the cavities. In the same
structure type minerals celsian, BaAl;Si>Og (Griffen & Ribbe, 1976) and filatovite, K(Al,Zn)2[(As,Si)O4]2
(Filatov et al., 2004) crystallize, as well as a large group of phosphates with first row transition metals
and Al (Yakubovich et al., 2019). The structural feature of the isotypic natural and synthetic compounds
of this family is the close topology of their cationic substructures to that of feldspars with the
characteristic design of “crosslinked Jacob’s ladder” (Taylor, 1933).

A study of the sample using a scanning electron microscope demonstrated an obvious separation of
the crystals in two zones with sharply defined regions of white and gray colours. A microprobe analysis
of polished crystals of K(Al,Zn)[(P,Si)O4]. revealed a clear correlation between the colour of the studied
areas and their chemical composition. Thus, P and Zn atoms on one hand and Si atoms on the other hand
occur distributed between sectors with different colour. The average chemical composition of the light
part of the sample was found to be “phosphate”, while the averaged chemical composition of the dark part
is essentially “silicate”; their idealized formulae are KZnAIP,0g and KAISi;Os.

In accordance with experimental data and detailed crystal chemical analysis we came to the
conclusion that composite K(Al,Zn),[(P,Si)O4]. crystals present the product of an epitaxial intergrowth of
the silicate KAISI[SiO4]. and phosphate KAIZn[PO.]. phases with identical topology of their cationic
substructures and close similar crystal structures (that of minerals orthoclase and celsian, accordingly). In
our opinion, the two-phase crystal studied using X-ray diffraction was the assembly of phosphate and
silicate "coherent intergrowth" with epitaxial “heterostructure”, which could be described in the
framework of a single diffraction pattern due to phase matching of scattered waves.

The proposed scenario is supported by rare cases of isomorphic distribution of P and Si atoms in
oxygen tetrahedra in crystal structures of mineral and synthetic solids. Most often, if these elements
together are part of one crystal, they occupy different structural positions.

The Russian Foundation for Basic Research (grant No. 18-29-12076) is acknowledged.
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B Tteopun ha3zoBBIX TMEpexomOB M3BECTHBl TaK Ha3bIBaeéMble TPUKPUTUYESCKUE TOYKH,
COOTBETCTBYIOIIIME MPEBPALICHUIO B OMHAPHBIX cHcTeMax (ha30BBIX MEPEX00B BTOPOTO poja B (ha3oBbie
Mepexoibl TIEPBOTO pojia C MOPOXKIACHUEM 001acTU paccianBanus pactBopa [1]. Takas TpukpuTHUYeCKast
TOYKa XOpOILIO M3BECTHA JUIsI CHUCTEMBI M3 HM30TOIOB renus [2], a Takxke peanusyercs, HalpuMep, B
pacriaBe CHCTEMBbI cepa-andeH.

HenaBuue wuccnenoBaHusi, NMPOBEJEHHBIE C HCIIOIB30BAaHHUEM BBICOKOTEMIEpaTypHOro PDA,
BBISIBUJIM HAJIMUME TAKUX TPUKPUTHUECKUX TOUEK B TBepaoM cocTossHuu B cucteMe NaNO3-KNO; (Touka
X Ha pucynke) [3], u, mo-Bunumomy, B cucteme Li>SOs-NaSO, [4].
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The internal structure of Co304, and its magnetic behavior has been the subject of many
investigations. Because of the unique magnetic properties of CosOaspinel, as well as their potential use in
technological applications, the study of the magnetic structure of such compounds have been drawing
much attention [1,2]. The magnetism of antiferromagnetic particles has attracted interest because it
exhibits superparamagnetism and ferrimagnetism. Néel suggested that antiferromagnetic fine particles
induce permanent magnetic moments, which he attributed to uncompensated spins in two sublattices [2].

As an important magnetic p-type semiconductor, the spinel cobalt oxide Cos04 is of special
interest in a variety of technological applications and heterogeneous catalysts due to its surface redox
reactivity properties [3]. The Co304 as solid-state sensor is reported to be sensitive to the isobutene, CHa,
Hz, NHs, CO and NO; gases at low temperature. CozO4 shows high-catalytic activity for the oxidation of
CO, N2O catalytic decomposition. Cos04 nano-materials have been used as lithium batteries and gas
sensors [3].

Further understanding of the properties of CosO. bulk and its surface is crucial to potential
development of the technological performance and efficiency of Co3O4-based materials applications.
Co30. is readily accessible and is the thermodynamically stable form of cobalt oxide under ambient room
temperature and oxygen partial pressure. Although, it is well-known that at room temperature CosO. has
the spinel structure, there is still uncertainty about the distribution and valence of the ions in the
tetrahedral and octahedral interstices of the oxygen lattice. Moreover, during a study of cobalt oxides it
was found that the interionic distances in Co3;04 were not well established. In addition, high-pressure
effect on the crystal and magnetic structure of such compounds remain poorly explored.

Therefore, the crystal and magnetic structures of the Co304 spinel oxide have been studied by
means of neutron diffraction on the diffractometer DN-12 of pulse high-flux reactor IBR-2 (Dubna,
Moscow region) at high pressures up to 8.7 GPa in the temperature range 5 — 300K. At ambient pressure,
the long-range ordered antiferromagnetic (AFM) phase is formed below Ty = 33K. An additional
magnetically disordered phase was also found at low temperatures. At high pressure, the Néel
temperature of the AFM phase increases drastically in 1.5 times from 33K (0 GPa) to 51K (8.7 GPa) with
a pressure coefficient dTn/dP = 2.1 K/GPa. The disordered phase is suppressed for P > 2GPa. The
microscopic mechanisms of the observed phenomena are discussed in terms of competing magnetic
interactions.

The work was supported by the Russian Foundation for Basic Research, grant RFBR 18-02-
00359-a.
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Theoretical and experimental findings of the last decade have revolutionary changed our vision of
carbonates crystallchemistry at extreme pressures. The most radical structural change of carbonates at
high pressure is the transition from sp? to sp* hybridisation of carbon, which results in transition from
COa3 triangle to CO4 tetrahedron.

Since the first theoretical prediction of CaCOs; with pyroxene-like chains of tetrahedrons the
question about possibility of silicate-like crystallchemistry for carbonates was stated [1]. Due to more
rigid character of C-O bond in comparison with Si—O, this scenario was considered as unlikely. However,
the further experiments reveal the bunch of structures, which state this question again. There were
synthesised orthocarbonates or island carbonates of four different types: 1) with isolated CO4
tetrahedrons in FesC3012 [2], 2) with tetrades of CO4 tetrahedrons linked by vertices in FeoFe,CsO13 [2],
3) with threefold C309 carbonate rings in MgCOs-11 [3] and dolomite-1V [4]. Carbonates with chains of
CO4 tetrahedrons, which by analogy with silicates can be called inocarboantes, were predicted and
synthesised for both CaCO3; and MgCOs [5]. Fylosilcates with sheets of CO4 tetrahedrons have not been
revealed theoretically or experiemntally. However, carbonate CaC.Os with framework of CO4
tetrahedrons was predicted theoretically by Yao and Oganov [5]. Thus, all the structural types of silicates,
except of phylosilicates, is also typical for carbonates at high pressure.

However, whether the class of tetrahedrally coordinated carbonates is comparable in number of
representatives with silicates, or the found structure are only some exotic cases. To answer this question,
the systematic experimental investigation of different compositions at pressure 50-100 GPa and
temperatures above 2000 K with the use of single crystal X-ray diffraction technique is necessary. Due to
extreme laboriousness of such experiments and limited availability of experimental technique the
systematic theoretical investigation is completely necessary first step on the way of solution of this
complex problem.

In the present work we present the result of such an investigation with the use of evolutionary
(USPEX) and random (AIRSS) crystal structure predictions techniques. With this techniques we
performed the search of sp3-hybridised structures in M.O-CO, and M'O-CO, systems, where M=Li, Na,
K, M'=Mg, Ca, Sr, Ba. As the result the sp® hybridised carbonates M,CO; are found for all the alkaline
metals except of Li. As well as in the case of alkaline-earth carbonates, found sp*-hybridised structures
MCO3 became stable above 100 GPa. The difference, is that in case of alkaline carbonates transition is
not reconstructive. Steady deformation of CO3 triangles produces chains of CO4 tetrahedrons. M4CO.
and M',CQO, orthocarbonates were found for all alkaline and alkaline-earth metals (M=Li, Na, K; M'=Mg,
Sr, Ba). The structures became more energetically favourable then the mixture of corresponding
carbonate and oxide at pressures above 15-30 Gpa. This is sufficiently lower than the pressure of 75-100
GPa, at which sp3-hybridised structures was observed before.

For the investigation of more complex compositions we used the so-called data-minig approach.
The initial structures were constructed based on the analogy with silicates, phosphates and borates. The
systematic search of appropriate structures in ICSD database was performed with TOPOSPro package.

As the result, new stable structures, which will be discussed on conference were, revealed.

The investigation was financially supported by the project of RFBR 20-03-00774.
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In the present work with the use of ab initio molecular dynamic (MD) simulation, we investigate
the rotation disordering of CO3 groups in crystal structures of calcite-like (MgCOs, CaCOs, FeCO3) and
aragonite-like (CaCOs;, SrCQOsz, BaCOs;) carbonates. Up to now, this poorly investigated phenomena
occurs at pre-melting or pre-decomposition temperatures, is known only for calcite. At 1000 K, the CO3
triangles start to flip 30°, and on further heating start to undulate in umbrella-like manner around threefold
axis [1]. As this transition takes place at a temperature sufficiently higher than the temperature of calcite
decomposition the dense CO, atmosphere of nearly 0.4 Mpa is necessary. Due to the experimental
difficulties in permance of such an experiments, around a century was necessary to competely elucidate
this sort of disordering in calcite. Thus, the absence of findings of similar phenomena on other carbonates
with calcite structure can be attributed to the lack of experimental data. The similar investigations of
aragonite-like carbonates are absent at all. In the last case, the situation is complicated by the necessity to
apply pressure, as at ambient pressure aragonite (CaCQ3), strontianite (SrCO3), and witherite (BaCO3)
transforms to calcite-like structures. This is still an open question whether dynamically disordered
aragonite can be formed in subducting slab within transition zone or lower mantle. The same is true about
high-pressure phase of alkaline-earth carbonates post-aragonite, which high-temperature structural
changes have not be investigated et all. This was the motivation for us to determine the PT boundaries
between normal and disordered phases for aragonite and post-aragonite phases of CaCOs, SrCOs, and
BaCOs; and analyse the possibility of their appearance in the Earth’s interiors.

With MD simulations (VASP package) and evolutionary metadynamic calculations (USPEX
package), we also predict the intermediate phases, realised during aragonite to calcite transformation.
These are structures with different numbers of close packed (cp) Ca-layers. Their enthalpy is lower than
that of aragonite but higher than that of calcite (Fig.1). For the structures with number of cp layers higher
than three, the enthalpy per formula unit remains the same (Fig.1). Our transition electron microscopy
(TEM) experiments confirm the formation of 8-layered polytype during mechanical grinding of aragonite,
in consistence with theoretical predictions. The realisation of predicted hexagonal 2-layered structure
(called hexarag) during aragonite heating is disputable. Performed high-temperature XRD experiment
does not give any arguments for its formation.

Microstructure is one of the main factors, determing the temperatures and even mechanism of
phase transition. The effect of microstructure on aragonite to calcite transformation has not been analysed
before. In our work, we present the result of microstructural investigations with TEM of aragonite crystals
from different localities and show their inherent
twinning by {001}. With differential thermal analysis
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Buonoruueckne 0OBEKTH 1 OMOMHMETHKHA MHTEPECHBI KaK ¢ TOYKH 3peHusl (yHIaMeHTaIbHBIX
WCCIIEIOBAaHMM, TaK U JJIS CO3/IaHUS HOBBIX JIEKApCTB U MaTepuasoB. ['yaHWH — a30THCTOE OCHOBAaHME,
Bxogsmiee B cocra JIHK u PHK. OcoOyro OHOIOrHYecKyr0 Ba)KHOCTh MPEACTABISAIOT COCIUHEHUS C
(¢parMeHTaMH «TyaHUH — KATHOH IIEJIOYHOr0 MeTajuia», (0COOCHHO ¢ Kamuem). M3-3a HU3KOH
pacTBOPUMOCTH B OOJILIIMHCTBE PACTBOPUTENEH, H3BECTHO OTPAaHUYCHHOE KOIMYECTBO COCTMHEHHI
TyaHWHA, OTJIEbHYIO MIPOOJIeMY MPEeACTaBISAET MOTy4YeHHE MOHOKPHCTAIIIOB.

Hamu MeromamMu MOHOKpUCTaNbHOM peHTreHoBCKOM nudpakumu u KP-cnekrpockornuu, B ToM
YHclie TIPU TepeMeHHBIX Temreparypax (oT komHaTHOM 10 100 K) u BBICOKMX TaBIEHHUSX MPOBEAECHO
CPaBHUTENIbHOE HCCIIeIOBAaHIE MOHOKPHCTAJIOB THIPATOB HATPUEBOW M KaJIMEBOM COM T'yaHHWHa, BTOpas
13 KOTOPHIX IMOSTydyeHa Hamu BrepBble. COMOCTaBIeHBI CaMH KPUCTAJUTNIECKHNE CTPYKTYPHI, aHU30TPOIHS
WX CKaTusi, 00sacTH ()a30BBIX IEPEXOJIOB U XapaKTep CTPYKTYPHBIX H3MEHEHUH B XOJIE OTHX ITEPEXOJIOB.

Pabora BrmonHena B pamkax rocyaapcrseHHoro 3aganus UK CO PAH (mpoekt AAAA-A19-
119020890025-3).
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High pressures can influence the structure of different materials leading to a number of interesting
phenomena like phase transitions, changes in conductivity, amorphisation, metallisation etc. Pressures can
also be used for chemical synthesis and often lead to formation of previously unknown solvates and
clathrates. In order to understand all these phenomena one needs to know exact structure changes caused
by high pressures. X-ray diffraction with diamond anvil cells (DACSs) is widely used to determine crystal
structures for most organic, inorganic and biological crystalline samples. The quality of diffraction data is
critically important for obtaining reliable information on atomic coordinates and intermolecular distances.
The recent improvements in high-pressure X-ray diffraction were related not only to technical aspects of
diffraction experiment (new DAC designs, fast and sensitive detectors, brilliant X-ray sources), but also
to development of a new software for sample centering, absorption correction, recognizing and excluding
unwanted reflections that do not belong to the sample, data reduction, finding the orientation matrices for
several crystallites in the same diamond anvil cell. The recent developments in instrumentation and
software allowed even determination of electron charge density distribution for such a samples.

All types of high-pressure studies require rigorous experimental planning and special methods of
X-ray diffraction data treatment since the crystal is not “free” but located in confined environment in
hydrostatic liquid inside DAC with certain construction with limited opening windows for X-ray probe. A
lot of questions can arise on planning the experiment: which pressure transmitting media to choose? how
fast the pressure should be increased? Is not it better to perform all the experiments at synchrotron rather
than at lab source if | have this opportunity? which factors should be taken into account on data collection
and reduction? This list of issues is quite far from being complete. The aim of my contribution is to give a
brief overview of the most interesting and useful generally arizing questions and ty to answer them. |
would also like to highlight the importance of considering some “hidden” factors like choice of pressure
transmitting media, pressure variation protocol and diffraction equipment while planning and performing
the diffraction measurements to obtain the most reliable results of high-pressure experiment.

The work was supported by a grant from RFBR (19-29-12026 mkK).
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In situ behavior of titanium (111) oxideTi.Os structure at temperatures up to 1200 K
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Titanium-oxygen (Ti-O) system is an important object from both fundamental and applied
viewpoints since titania compounds, depending on nonstoichiometry, possess properties which show
much promise for the application in metallurgy, nanoelectronics, data and energy storage, photocatalysis.
The crystal structure, microstructure, morphology and the electronic structure in the Ti-O system strongly
correlate with stoichiometry, which enables compounds with desired functional properties to be produced
[1, 2]. The aim of this work is to study the thermal stability and chemical transitions in Ti.O3 micro- and
nanocrystals in the temperature interval from 300 to 1200 K using magnetic susceptibility method.

In situ studies of the thermal stability and transformations in titanium (111) oxide Ti.Os with
corundum structure by using magnetic susceptibility method in the temperature range from 300 to 1200 K
revealed that the crystal size had a large effect on the magnetic susceptibility value, structure and
transformations in Ti.Os. Analysis of the experimental data showed that Ti,Os microcrystals and
nanocrystals is weak paramagnets. In addition, the in situ temperature dependences of magnetic
susceptibility showed that the crystal size greatly affects the value of magnetic susceptibility; the
magnetic susceptibility value of nanocrystals is twice as small in absolute magnitude as that of
microcrystals.

The structure of Ti,O3 microcrystals is stable during long-term annealing in vacuum, according to
the analysis of X-ray diffraction patterns, the crystal structure of Ti,Os microcrystals with corundum
structure (sp. gr. R3c) remains trigonal, the intensity of diffraction reflections of Ti.O3 phase increases in
the X-ray diffraction patterns. Analysis of reflection intensity variation revealed that the structural-phase
state, namely the degree of Ti,Os3 crystallinity, changed during long-term annealing in vacuum.

Vacuum annealing of Ti>Os nanocrystals in the temperature range from 300 to 1200 K
demonstrated that the system was not stable. In the temperature region from 300 to 400 K, the structure of
initial Ti,O3 nanocrystal remains trigonal; annealing of Ti.O3 nanocrystals at temperature above 400 K
leads to phase transformations and, as a result, to magnetic susceptibility enhancement. X-ray diffraction
analysis shows that after annealing to 673 K the powder contains additional phases of TigO10 (Sp. gr.
Immm), TieO17 sp. gr. 11), Ti;Os phase (sp. gr. R3c). In the temperature interval of 673-873 K, an
insignificant increase in the magnetic susceptibility value is observed. According to XRD data, upon
annealing to 873 K the TigO1o (sp. gr. Immm), Ti,Os (sp. gr. R3¢c) and TisO7 (sp. gr. A1) phases are
observed. When the temperature rises above 873 K up to 1200 K, stable oxide TizOs (sp. gr. 12/c) is
formed. Thus, the experimental results show that the phase stability and phase transitions in Ti,O3 are
greatly affected above all by the crystal sizes.

The reported study was funded by RFBR according to the research project No. 19-03-00051a.

Andersson S., Collen B., Kuylenstierna U., Magneli A. Phase-analysis studies on the titanium-
oxygen system. Acta Chem. Scand. 1957. Vol. 11. P. 1641-1652.

Valeeva A A., Rempel S.V., Schroettner H., Rempel A.A. Influence of the degree of order and
nonstoichiometry on the microstructure and microhardness of titanium monoxide. Inorg. Mater. 2017. V.
53. P. 1174-1179.
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Structure and phase composition of silicon nitride ceramics and powders plated with yttrium-
aluminum garnet
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One of the modern methods of creating refractory ceramic nanocomposites based on SisN4 is
application of ultra-thin coatings of oxides on silicon nitride powder particles of various dispersity and
their subsequent compaction by spark plasma sintering (SPS) method.

The development of the plating technology of nanopowders with ultra-thin layers of oxides
requires optimization of deposition modes, including the solution of the SisN4 pre-agglomeration
problem.

Powder compositions were obtained in three ways: (1) Pechini method (with the addition of citric
acid) and (2) deposition in gelatin matrix, and also (3) the vacuum dispersal method. The intermediate
products obtained from the syntheses were annealed in stages for 2—8 hours at 300, 500, 800, 1000°C with
grinding in the agate mortar between stages.

Powder samples annealed to 1000°C and their intermediates, which annealed for 3 hours at 300°C,
were compacted by spark plasma sintering method.

Sintering was carried out on the “Dr. Sinter model SPS-625” (SPS Syntex, Japan) in vacuum in a
graphite mold with an inner diameter of 12 mm. The heating speed was 50°C/min, pressure was 70 MPa,
the sintering temperature varied between 1200-1680°C.

Control of phase composition of powders and ceramics was carried out on X-ray diffractometer
“Shimadzu XRD-7000” (CuKa, A=1.54 A). The microstructure of the powders and ceramics was studied
by scanning electron microscopy technique on the JEOL JSM-6490.

The reported study was funded by RFBR, project number Ne19-33-60084.
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PenkozemenbHbie QocdaTbl MOXKHO OTHECTH K TpPEM Pas3IHYHBIM MPHPOJHBIM MHHEpaIaM:
MoHAIUT, pabmodpan u kceHormMm [1]. Marepuassl Ha WX OCHOBE MPHUMEHSETCS B KayecTBE
JTOMUHO(OPOB, TepMOOAPbEPHBIX TOKPHITHI, KepaMuKH. [Ipr HarpeBaHuM CTpyKTypa pabmodana tepsier
BOMly, TepexoAs B METacTaOMIBbHOE COCTOSHHE C IOCTEIYIONMM HEOOPAaTUMBIM CTPYKTYPHBIM
MPEBpAIICHUEM B MOHAIUT UM KCEHOTHUM B 3aBHCHMOCTU OT UCXOmHOro katuoHa [2]. Lleiar pa®orer —
MOJyYEeHHE C WCIIOAB30BAHUEM THAPOTEPMATbHO-MUKPOBOIHOBOH 00pabotku [3] HaHOpasMepHOro
Lao15Y0.85PO4, M3yueHHE €ro KPUCTAINTUIECKON CTPYKTYPhI M TEPMHUUYECKOIO TTOBEICHUSI.

CrHTe3 HAHOYACTHII TMPOM3BOAMIM METOJOM COOCRXJECHUS W3 BOJAHBIX  PacTBOpPOB
La(NOs3)3-6H20 Y(NO3)3-5H.0 u NH4H:PO, npu komuaTHO# Temriepatype u pH=1. T'uaporepmanbHas
obpaborka (I'TO) ¢ MHKpOBOJHOBBIM HArpeBOM OCYIIECTBIsIack B peaktope Monowave 400 (Anton
Paar) mpu T=180°C u BpemeHH H30TEepMHUYECCKOW BbiAEpKKH T=120 MHHYT, mOcie dYero obpaserl
MPOMBIBAJICS TUCTUITMPOBAHHON BOJOM, BBICYIIUBAJICS U PACTUPAJICS B CTYIIKE.

Cpemka mudpakTorpamMm ocyiiecTBisuiack Ha  audpakromerpe  Shimadzu  XRD7000,
ocHaieHHOM TepmonpuctaBkoii Anton Paar HTK 1200 N, B guanazone temmepatyp 100 — 1000°C ¢
marom 100°C. Ilosenenue odpasua Taxke uzydain merogoM ATA, ICK u TT' Ha npubope CHHXPOHHOTO
tepmuueckoro anammza NETZSCH 449 F3Jupiter B mmatmHoBOM THIIE B aTMocepe BO3ayXa CO
CKOpOCTBhIO HarpeBa 10°/MuH.

I[lo panaeiM P®A ocaxaennsiii optodpochar P3D mo I'TO mnpeacrasiasier coOoi
pertreHoamopdusiit ocazok. [Tocie I'TO wnu criekanuu Ha Bo3ayxe 10 800°C ocamok KpHUCTALIU3YeTCs
B FeKCaroHaJbHOW CHHT'OHMH, COOTBETCTBYIOIICH MuHepainy padnodan. Ha JITA kpuBoit peructpupyercs
SHAOTEpMHUYECKUH MUK npu 772°C, COOTBETCTBYIOIIMH KPHCTA/UIM3al[MM MOHAIMTA M3 aHajau3a
TG paKTOrpaMM CIICYEHHBIX MOPOIIKOB. Pa3smep kpuctamiutoB pabdmodana mociae I'TO okomao 60 HM,
JabHEHIIee MOBBIIICHHE TeMIepaTyphl MPHUBOAUT K YaCTUYHOW TpaHC()OpManud B MOHOKIMHHYIO U
TeTparoHaibHYIO CTpYKTyphl. st cnedennoro mpu T=1000°C moporika meron PutBenbiaa mokaszan
coJiepKaHNe MOHOKIMHHONM M TeTparoHambHOW cTpykTypsl — 40% u 60%, coorBerctBeHHo. Ha
midpakTorpaMMax MOKHO OTMETHTh HpHOpHTETHOe HampaBienune h00 pocra wactwmm. Mopdomorus
gactun padnodana, uccineqopannas Ha COM, — MIECTHYTONBHBIE IPU3MBI, KOTOPBIE TPaHCHOPMHUPYIOTCS
C POCTOM TEMIIEpaTyphl B HIJIOMOAOOHBIE YaCTHIIH MOHAIHTa. [0

W3 TBepmoro pacTBopa Ha OCHOBE MOHAIIUTA MOTYT OBITH TOXYYEHBI ABYX(a3HbIE KEpaMUIECKHE
Matepuansl. PaGnodan, comepxkammii 85% Y (oT obmiero umcia KATHOHOB) SBISETCS OOIIMM
MPEeKypcopoM il Kepamudeckux oprodochaTtHbix marepuanoB. Tepmopentrenorpadueit m JICK
MoKa3aHo, 4ro coemauHeHue LagisYoesPOs kpucrammusyercs B MoHamuT-kKceHOTHM mipu 1>800°C.
Kepamudeckne wmaTepuaibel Ha OCHOBE MOHAIIUTA-KCEHOTHMa OO0NAalal0T BBICOKOW TeMIIepaTypoit
IJIaBJICHUS, YAAPOIIPOYHOCTHIO, paO0TOCIOCOOHBI IPH IIUTENBHBIX TEMIEPATYPHBIX BO3ICHCTBHSIX.

Pabora BemmonHeHa mpu noaepxkke rpanta POOU Ne 18-29-12119.

1. Ondrejka, M., Bacik, P., Sobocky, T., Uher, P., Skoda, R., Mikus, T. et al. Minerals of the
rhabdophane group and the alunite supergroup in microgranite: products of low-temperature alteration in
a highly acidic environment from the Velence Mountains, Hungary. Mineralogical Magazine. 2018. V.
82(6). P. 1-46.

2. Shelyug A., Mesbah A. Szenknect S., Clavier N., Dacheux, N., Navrotsky A. Thermodynamics
and Stability of Rhabdophanes, Hydrated Rare Earth Phosphates REPO, - nH,0. Frontiers in Chemistry.
2018. V.6. P.604.

3. EnukeeBa M.O., Kenec K.M., IIpockypuna O.B., Janunosuu [.I1., I'ycapos B.B. Bnusnue
YCIOBUH THIpoTepMabHOW 00paboTKu Ha ¢opmupoBanue opTodochaTa JlaHTaHa CO CTPYKTYypOH
monanuTa // XKIIX. 2020. T.93. Bei. 4. C. 529-539.
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In recent years, iron oxide nanoparticles are very popular materials in many fields of science,
medicine, industry and agriculture, due to their unique properties such as biocompatibility, magnetic
properties, and environmental safety [1]. Applications in a specific field of research require that
nanoparticles have certain properties, structure, morphology, and phase composition. It is known that
these characteristics are significantly influenced by the choice of the synthesis method, and, in addition,
the conditions for its implementation. Currently, there are many works devoted to the study of the effect
of synthesis conditions on certain characteristics of the obtained iron oxide nanoparticles separately (for
example, only on the phase composition or shape), but there are still no works describing the complex
study of the effect of synthesis conditions on various characteristics and properties of the obtained iron
oxide nanoparticles.

Therefore, the aim of this work is to study the effects of conditions for the synthesis of iron oxide
nanoparticles on their structure, morphology, phase composition and surface properties.

Iron oxide nanoparticles were obtained by co-precipitation from aqueous solutions of iron salts.
During the synthesis process, such synthesis conditions as the synthesis time (17 and 32 min), the method
for separating the sediment from the mother solution (filtration, decantation), the drying method (drying
cabinet, rotary evaporator), the presence or absence of a surfactant (oleic acid) were changed. The phase
composition, morphology, structure, and surface properties of synthesized iron oxide nanoparticles were
studied using x-ray phase analysis, SAXS, scanning and transmission electron microscopy, low-
temperature nitrogen adsorption, infrared spectroscopy and Raman spectroscopy.

The results of a comprehensive study showed that the conditions for the synthesis of iron oxide
nanoparticles have a significant impact on the phase composition, structure, size and shape of the
resulting iron oxide nanoparticles, as well as on their specific surface area, pore shape and size.

The study was funded by a grant from the Russian Science Foundation (Project No. 19-13-
00442).

1. Cornell R.M., Schwertmann U. The Iron Oxides. 2003, 694. Wiley-VCH Verlag GmbH & Co.
KGaA.
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Proton-conducting composite materials based on superprotonic crystals

Komornikov V.A., Grebenev V.V., Timakov I.S., Makarova I.P., Selezneva E.V., Zainullin O.B.

Shubnikov Institute of Crystallography, Federal Scientific Research Centre “Crystallography and
Photonics,” Russian Academy of Sciences, 119333, Leninskiy, 59, Moscow, Russia.

Perspective materials for the development of hydrogen fuel cells (hydrogen energy) are
compounds of the family with the general formula MmHn(XO4)m+ny22yH20 (M = K, Rb, Cs, NH4; XO4 =
S0O., SeO4, HPO4). Unique properties of crystals of this family (called superprotonics), is the abnormally
high proton conductivity at a relatively low temperature, which manifests itself as a result of a phase
transition. Moreover, the superprotonic conductivity in them is associated only with the structural features
of these compounds and does not depend on humidity, defects in the real structure, or the influence of
dopants.

One of the most promising crystals in this family is superprotonic crystals Csa(HSO4)3(H2PO.)
and CsgH(HSO4)3(H2PO4)s. These compounds exhibit increased proton conductivity at temperatures of
414 and 390 K, respectively. Moreover, a non-trivial technical problem is the use of these superprotonic
crystals in the form of a thin membrane suitable for a hydrogen-air fuel cell. The solution to this problem
was achieved by using special techniques for the preparative synthesis of composite materials. Two
groups of composite materials were synthesized using inorganic and organosilicon components.

With an inorganic reinforcing component over a wide range of compositions, composite materials
XCSa(HSO4)3(H2PO4) + (1-X)AIPO4 and xCssH(HSO4)3(H2PO4)4 + (1-X)AIPO, were obtained. A feature of
the approach used in the synthesis is the formation of a proton-conducting phase and a reinforcing
polyaluminophosphate additive in one volume. The application of this technique at the macro level allows
one to obtain the mentioned materials in the form of relatively thin transparent films with a given
geometry and adjustable mechanical properties (strength, elasticity, transparency, etc.).

As the organosilicon reinforcing component, we used a two-component silicone compound for
the synthesis of composite materials xCss(HSO4)3(H2PO4) + (1-X)[R2SiO]n and xCssH(HSO4)3(H2PO4)4 +
(1-X)[R2SiO], in a wide range of compositions.

A comparative study of the main properties of the obtained materials was carried out by methods
of x-ray phase analysis, DSC/TGA, impedance spectroscopy and scanning electron microscopy.

The reported study was funded by RFBR according to the research project Ne 18-32-20050.

The experiments were performed using the equipment of the Shared Research Center of the
Institute of Crystallography, Russian Academy of Sciences.
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Oxyborates with general formula M*M3*BO,, which are isostructural to the mineral
“warwickite”, contain equal amounts of divalent and trivalent metal ions, and in a similar manner to
magnetite FesO4 [1] it might undergo a charge ordering (CO). Three known mixed-valence warwickites
Mn;BO, [2], Fe:BO4 [3] and V2BO,4 [4] demonstrate a temperature-induced CO transitions, which is
accompanied by the orthorhombic — monoclinic symmetry lowering. The Fe;BO4 shows a rich electronic
phase diagram with commensurately and incommensurately modulated charge ordered states at T<Tco =
340 K and the valence fluctuating state above Tco. The CO in iron warwickite is supposed to be driven by
electrostatic repulsion between the charges (Wigner crystallization), while the CO in manganese
warwickite Mn,BO, is associated with the orbital ordering in the presence of a x*y? hole localized at
Mn**. The nature of CO in warwickites is the subject of hot discussions for two decades.

In this work we studied the long-range crystal structure, valence states and local structure around
Mn atoms in Mn;BO. through the temperature dependent X-ray powder diffraction (XRPD), Mn K-edge
X-ray absorption (XAFS) spectroscopy, and heat capacity (HC) measurements. The XRPD, XAS and HC
measurements were carried out in temperature ranges 298-973 K, 9-500 K, and 2-773 K, respectively.

The monoclinic symmetry (P21/n) was found to persist up to highest temperature measured. The
a-lattice parameter shows negative thermal expansion in the T range 300-500 K. The BVS calculations
were revealed large valence difference between two manganese sites that strongly supports the presence
of CO up to high temperatures. The above estimations suggest that the Mn1 site is filled exclusively by
Mn** ions, whereas the Mn2 site is occupied by Mn?* ions. The pronounced temperature dependence of
the Debye-Waller (DW) factor corresponding to the Mn-O coordination shell was found from the
extended Xx-ray absorption fine structure (EXAFS) analysis and was associated with variations in the local
distortions in MnOs octahedra and emergence of short-range magnetic correlations at low temperatures.
Magnetization and heat capacity measurements establish the formation of an antiferromagnetic order at
Neel temperature Tn=26 K. No any other anomalous were observed in the temperature dependence of
HC, which could indicate structural phase transitions. In conclusion we discuss possible mechanisms of
CO in Mn2BO4and compare it with the CO observed in Fe;BO..

The reported study was funded by RFBR, project number 20-02-00559.

1. Verwey, E.J.W. Electronic conduction of magnetite (FesO4) and its transition point at low
temperatures. Nature 144, 327-328 (1939), https://doi.org/10.1038/144327b0

2. N.V. Kazak, M.S. Platunov, Y.V. Knyazev, et al., Uniaxial anisotropy and low-temperature
anti-ferromagnetism of Mn;BO, single crystal, J. Magn. Magn Mater. 393, 316-324 (2015),
https://doi.org/10.1016/j.jmmm.2015.05.081

3. I.P. Attfield, AM.T. Bell, L.M. Rodriguez-Martinez, et al., Electrostatically driven charge-
ordering in Fe;OBO3, Nature 396, 655-658 (1998).

4. EM. Carnicom, K. Goérnicka, T. Klimczuk, R.J. Cava, The homometallic warwickite
V20BO03, J. Solid State Chem. 265, 319-325 (2018), https://doi.org/10.1016/j.jssc.2018.06.021
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Fe(l1,111)-containing borates exhibit a number of wuseful properties such as magnetic,
magnetoacoustics, resonance and other. However, there is a lack of high-temperature crystal chemical
investigations of iron borates in general. There a few works known devoted to such investigations
(Shimomura et al., 2007; Biryukov et al., 2016; Biryukov et al., 2018).

This work reports on the investigation of thermal behavior of Fe(ll,111)-containing borates by in
situ low- and high-temperature X-ray diffraction methods, M&ssbauer spectroscopy and thermal analysis.
A combination of the methods in the revealing of magnetic phase transitions, investigation of the Fe** to
Fe** oxidation occur with an increase in temperature using data of these methods showed a good
compatibility between each other. Thermal expansion of the borates is described from a viewpoint of
crystal chemistry of compounds containing cation- and oxocentred polyhedra.

The following funding is acknowledged: Russian Foundation for Basic Research (grant No. 18-
29-12106).

1. Shimomura S., Nakamura S., lkeda N., Kaneko E., Kato K. & Kohne K. Journal of Magnetism
and Magnetic Materials. 2007. V. 310. P. 793-795.

2. Biryukov Ya. P., Bubnova R. S., Filatov S. K. & Goncharov A.G. Glass Phys. Chem. 2016. V.
42. P. 202-206.

3. Biryukov Y. P., Filatov S. K., Vagizov F. G., Zinnatullin A. L. & Bubnova R. S. J. of Struct.
Chem. 2018. V. 59. P. 1980-1988.
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ONEHUT — MHUHEPaJ, OTHOCSINUHCS K KaJbI[MEBBIM Pa3HOBHIHOCTSAM HAIIPYIIbl aMpuOona c
obrmert popmynoit AB2CsTg022Wo, rie ocHOBHBIMEU KOMIIOHEHTaMu sBsitoTes Na B mosunuu A, Ca — B,
Mg — C, T = SiAl, W = OH. Musepain Obl1 0OOHapyKeH MpH MPOXOJKE CKBAXKHUHBI B TOJIIE TJIHH (Ha
rIIyOMHE OKOJIO 2.5 MeTpa), MOKPHIBAIIIMX OBEpXHOCTh BocTouHo-ITayxerckoro repManbHOrO moms (II.
[Mayxerka, roxHas Kamuarka, Poccus). CornacHoO [OaHHBIM 3IIEKTPOHHO-30HJIOBOTO aHANIHM3a st
MHHEpaJa  XapaKTepHO BBICOKOE cojepkanume Fe®*,  xummueckas ¢opMyna  creayromas
(Nao.47Ko 04)(Car. 70F €% 0.20M o 05) (M s 00F €%* 1. 09F €3+0.46 Tio.21Alo.15) (Si6.88Al1.12) O22(OH1.6600.34).

BricokoTemmepaTypHasi CheMKa 37CHUTA MPOBOAMIIACH HA TIOPOIIKOBOM JudpakTomerpe Rigaku
Ultima IV (u3nyuenrne CoKa), 0CHAIIIEHHOTO BRICOKOTEMIIEPATYPHOH KaMepoi, B IUara3oHe TeEMIIEpaTyp
or 25 mo 1000 °C. CornacHo TpOBEIECHHOMY HCCICIOBAHUIO, TU(PpaKIMOHHAS KapTHHA HEMHOTO
W3MEHSETCS C HarpeBoM, mpociexuBarorca 3 atama: 1) 25-500 °C — sgenut, 2) 500-700 °C
BbIcOKOTemIiepaTypHas moaudukanus |, 3) 700-1000 °C — BeicokoTemneparypHas moaudukarms 1.

Jnst  uccnenoBaHUS TMPOUCXOJSIIMX C POCTOM TEMIIepaTypbl CTPYKTYPHBIX HM3MEHEHUH
KPHCTAJUIB 3JeHUTa TpoKaauBamuch mpu temmeparype 670 u 800 °C (obosnauens! manee kak ed670,
ed800) B mydenpHON mMmeun. 3aTeM KpucTaibl uUcxomHoro smenura, €d670 m ed800 wmsywamuce c
MOMOIIBI0 MOHOKPHCTAJILHOTO peHTreHoBckoro audpakromerpa Bruker SMART APEX (usnyuenue
CoKa), o00paboTka [maHHBIX BKJIIOYaja BBEACHHE HEOOXOMUMBIX IIONPAaBOK W YTOYHCHHUE
KpHCTAUTMYECKON CTPYKTyphl. MccienoBanue ¢ MOMOIMIbIO PEHTTEHOCTPYKTYPHOTO aHalk3a MOKa3aio
COKpAIllCHHE TapaMeTpoB DJIEMEHTApHOW sdelkm »dACHWTa B pe3yibTaTe mporpea. I[lozumums C
XUMAYEeCKOU (HOPMYIIBI TPECTABIICHA TPEMsI MO3UIHUAMHU KPHUCTAIUIMYECKOW CTpyKTypel M1, M2, M3,
XapaKTepU3yIolMXCsl, KaK IOKa3aHo BbIIIE, CMEMAaHHOH 3aceneHHocthio (Mg, Fe’*, Fe**, Ti, Al).
OCHOBHBIE U3MEHEHUSI, KOHTPOJIHPYIONIHE COKPAIICHNE TapaMeTPOB IIEMEHTAPHON STYEHKH, OTHOCATCS K
M3MEHEHHIO JUTHH cBsi3eil M1-O n M3-O ¢ pocToM TeMIepaTypsl, Tak oHM cocTaBisioT 2.086 u 2.080 A
mns anennta; 2.074 m 2.069 A nns BeicokoremmepaTyproi Mommdukarmmm I 2.060 u 2.052 A ana
BBICOKOTeMITepaTypHoii Momudukanuu |l. 3aperucTpupoBaHHbIE CTPYKTYPHBIE M3MEHEHHS TO3BOJIIOT
mojaraTh, 4TO JUIi W3yYEHHOTO 3JICHUTA XapaKTepeH MpOIeCC OKHCICHHUsS JKene3a MPH COXPaHEHUHU
CTPYKTYPHOT'O THTIA, TPOMCXOASAIIECT0 C POCTOM TEMITEPaTyphI

Hccnenosanne BeIMoMHEHO pu (hrHAHCOBOW moaepxke PODH B paMkax HaydHOTO TIpoekTa No
20-35-70008.
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Mixed valence oxoborates have attracted much attention of scientists recently. This is due to the
fact that rather unusual magnetic properties are realized in them. The reason for this is the structural
features of these compounds, which determine magnetic ordering of reduced dimension. For example, for
a structure like ludwigite, quasi-one-dimensional ordering is observed, and for a structural type of
pinakiolite, to which the hulsite refers, quasi-planar magnetic ordering is characteristic. Meanwhile,
researchers note that oxoborates with a pinakiolite structure have been studied much less than others. In
mineral deposits hulsite is found, as a rule, in the form of an iron-based mineral with tin impurity [1].

Mossbauer spectroscopy allows obtaining important information about the local environment, the
valence state of resonant nuclei in a solid, and also about the magnetic ordering in it. This makes it
possible to study the microscopic properties of solids in the vicinity of resonant atoms even when they are
distributed in several crystallographic positions [2].

In this work we report the results of >’Fe and '°Sn Mossbauer effect studies of natural hulsite
with idealized formula Fe**,Fe**(BO3)O.. The mineral was collected from the Titovskoe boron deposit,
Tas-Khayakhtakh Range, Polar part of Sakha (Yakutia) Republic, Russia. Mdssbauer experiments were
performed in transmission geometry using a conventional spectrometer (WissEl, Germany) operating in
constant acceleration mode equipped with a Mossbauer Furnace MBF-1100 and temperature controller
TR55. Measurements were provided within the temperature range of 295-745 K in air atmosphere. The
Co (Rh) with an activity of about 50 mCi and the ***"Sn (CaSnOs) with an activity of about 15 mCi
(both RITVERC GmbH, Russia) were used as a source of resonance radiation. The spectrometer velocity
scale was calibrated using thin metallic iron foil (at room temperature). SpectrRelax software [3] was
used for experimental data processing. Isomer shifts were measured relative to a-Fe at room temperature
for >'Fe Mossbauer spectra and SnO, at room temperature for ***Sn Méssbauer spectra.

The room temperature 5’Fe Mossbauer spectrum of hulsite was processed by sum of three
components, namely, one magnetically splitted component and two paramagnetic doublets. This fact
means a partial magnetic ordering of iron atoms in the hulsite. It should be caused by two-dimensional
character of magnetic interaction. Hyperfine parameters of magnetically splitted component are
characteristic for ferric ions, while the parameters of other components — for ferrous ions. With an
increasing of temperature, hyperfine field of magnetically splitted component decreases, and magnetic
splitting disappears at about 383 K. At the temperatures above 600 K, new magnetically splitted
component appears. This component is related with hematite (a-Fe;Os3), and its appearance is connected
with the start of oxidation of the hulsite.

The room temperature °Sn Mossbauer spectrum is doublet with hyperfine parameters
characteristic for Sn** ions. The absence of magnetic splitting shows that exchange interaction of ferric
ions is not transferred through tin ions in hulsite structure.

The reported study was funded by RFBR according to the research project Ne 18-33-00644.

1. Medrano C. P. C., Freitas D. C., Passamani E. C., Resende J. A. L. C., Alzamora M., Granado
E., Galdino C. W., Baggio-Saitovitch E., Continentino M. A., Sanchez D. R. Magnetic frustration in low-
dimensional substructures of hulsite Nis 15Sng.ss(02B03)2.Phys Rev B. 2018. V.98. N 054435.

2. Wertheim G.K. Mossbauer Effect: Principles and Applications, 2™ ed. Academic Press. 1964.
116 pp.

3. Matsnev M.E., Rusakov V.S. SpectrRelax: an application for Mdssbauer spectra modeling and
fitting. AIP Conference Proceedings. 2012. V1489. N10. P. 178-185.
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The discovery of unusual dielectric properties (ferroelectricity) led to the study of a large number
of ferroelectric oxides of various structural families to identify new materials and/or compositions for use
in devices. Among all these materials, serious attention has been attended on various lead-free
multiferroics (exhibiting ferroelectric/antiferroelectric and ferromagnetic/antiferromagnetic properties in
the same phase) with unique properties can be applied for a wide range of applications.

BiFeOs; Bismuth ferrite (BFO) modified with WOs is one of such magnetoelectric material,
exhibiting antiferromagnetic and ferroelectric properties in the same crystal structure. As WOs; has
ferroelectric properties at low temperature, it is expected that addition of a small amount of this
compound to BFO will result in some interesting multiferroic properties, including a shift of their
transition temperature. The Fe** ions in BFO like multiferroics provide an effective approach in creating a
weakly ferromagnetic state in ferroelectric phase. Therefore, for the most complete understanding of the
effects occurring in this compound, detailed studies of the structural and magnetic properties of Bix-
«FexWOs are necessary. Exposure of high pressure is directly method of controlled changing the magnetic
interactions by the variation of the interatomic distances and angles, in comparison with other
experimental methods.

The present work focuses on detailed studies of the crystal and magnetic structure of BizxFexWOs
by means of neutron diffraction on a DN-6 diffractometer of a pulsed high-flux IBR-2 reactor (FLNP,
JINR, Dubna, Russia) using a high-pressure cell with sapphire anvils in the wide pressure and
temperature range. The pressure and temperature dependences of the unit cell parameters, the volume and
the interatomic bond lengths of the BixFexWQOs compound were obtained. The calculated compressibility
coefficients indicate anomalies in the behavior of interatomic lengths.

The work was supported by the Russian Foundation for Basic Research, grant RFBR N19-52-
45009 IND_a.
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Multiferroics have been intensively studied in recent decades. These compounds have a close
relationship between magnetic and electrical properties. It makes them promising materials for wide
technological application: permanent magnets, microwave devices, spintronics and etc. M-type barium
hexaferrites (BaixSrxFei2019) are ones of these compounds. They have remarkable physical properties:
high coercive force, large magnetocrystalline anisotropy, high Curie temperature, relatively large
magnetization, as well as excellent chemical stability and corrosion resistance.

A significant improvement of the intrinsic magnetic properties of hexaferrites can be obtained by
the partial substitution of Sr?* ions. Thus, the concentration of Sr?* ions in BaixSrxFei2019 compounds
determines the magnetic properties of the material such as magnetization, Curie temperature and the
magnetocrystalline anisotropy.

The neutron diffraction method allows to study simultaneously crystal and magnetic structure of
compounds. Also, this method allows to determine light elements or elements with close atomic numbers.
The former is especially important when studying complex oxides, where the formation of magnetic
ordering is carried out through oxygen ions.

Our work presents the results of study of hexaferrites Bai«SrxFe12019 (X = 0, 0.25, 0.5, 0.75) by
means of neutron diffraction method at room temperature. The structural parameters and magnetic
moments of Fe ions were calculated. Their dependences on concentration of Sr?*ions were also obtained.
The lattice parameters and bond distances have an anisotropic behavior with increasing of Sr**
concentration. Doping of Sr** ions have not changed the type of the magnetic structure among the studied
samples.

This work was supported by the Russian Foundation for Basic Research (project no. 20-02-
00550-«a»).
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Double manganites RBaMn.Os (R = Nd, Pr) demonstrate magnetic phase transitions near room
temperature being perspective magnetocaloric materials. Except magnetic phase transitions they also
demonstrate a change of a/c ratio of tetragonal unit cell constants (Fig. 1a). We established that this
change of crystal structure is not connected with magnetic phase transitions [1], the origin of crystal
structure change is not clear up to now.
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Fig. 1. Temperature dependence of lattice Fig. 2. The components of the tensor of thermal
parameters a (black) and c/2 (white) for expansion below structural transition (left) and above
Nd1-«PrBaMn,Os solid solutions with x= the transition (right) for Ndo.2sPro.7sBaMn2QOs.

0.25; 0.5; 0.75.

The components of the tensor of thermal expansion were calculated using Rietveld to Tensor
program [2] and are shown in Fig. 2 for Ndo.2sPro7sBaMn2Os. For other compounds the results are similar.
At high temperature the tensor has almost isotropic shape while below the transition the components
along ab-plane become either very small or even negative.

The work is supported by RFBR, grant No 19-29-12013.

1. Titova S.G., Sterkhov E.V., Uporov S.A. Crystal structure and Magnetic Properties of A-Site
Substituted Ndi-xPrBaMn,Os Double Manganite. Journal of Superconductivity and Novel Magnetism.
2020. Doi: 10.1007/s10948-020-05445-X.

2. R.S. Bubnova, V.A. Firsova, S.K. Filatov, S.N. Volkov. Rietveld To Tensor: Program for
Processing Powder X-Ray Diffraction Data under Variable Conditions. Glass Physics and Chemistry.
2018, 44(1), 33-40.
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Among the mineral phases, there are those that have flexible crystal structures showing the ability
to broad isomorphic substitutions. This flexibility may be the key to creating new materials with
technologically important properties. One of the attractive structural motif for chemical modifications is
the type of ellenbergerite, (Mg, Ti)Mgs(Mg,Al)s(OH)s[HSiO4][Ho33SiO4]z [1]. The incorporation of
transition metals in ellenbergerite-like crystal structures allows the synthesis analogs with non-trivial
magnetic behavior, such as metamagnetic [2], canted antiferromagnetic [3], multiferroic [4].

The novel phase (Na,Ni)1xNis(OH)s[HPO4][Hx/sPO4]s was prepared under hydrothermal

conditions. A mixture of chemically pure Ni(NO3), 6H,0, Na,COs was grounded and directly loaded into

a 25 mL Teflon-lined stainless steel autoclaves with adding 85% HsPO, to achieve molar ratios of
Ni:Na:P=7:1:4. Finally, the autoclave was filled with distilled water up to 83% of the volume and heated
at 220°C for 7 days. Green powder were washed and dried. The powder XRD (ADP diffractometer,
CoKal radiation, L = 1.7890 A) shows that ellenbergerite type compound was formed. Its crystal
structure was refined with the Rietveld method using the JANA2006 software [5]. The refined cell
constants for (Ni,Na):.xNis(OH)3[HPO4][Hx/sPO4]s (a = 12.4710(2) A, ¢ = 4.9436(1) A, V=665.84(2) A3,
Z=1, space group P6smc) were found close to the data reported by A. Le Bail [Crystallography Open
Database, #350056] for nickel phosphate. Both structures are based on a 3D framework built from NiOs
octahedra and PO, tetrahedra and differ by a composition of octahedra, (Ni) or (Ni, Na), in the hexagonal
channels.

Magnetic susceptibility measurements of (Na,Ni)1-xNis(OH)s[HPO4][Hx/3PO.]s revealed a strong
antiferromagnetic interaction and magnetic transition to low temperature spin-canted phase at Ty = 67 K.

The reported study was funded by RFBR according to the research project Ne 18-03-00908.
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Cation-deficient transition metal (M) chalcogenides M-Xs (X — chalcogen) with a layered crystal
structure of the NiAs type have a wide variety of physical properties. The presence of cation vacancies
and their ordering leads to the appearance of various superstructures, which substantially affects the
physical properties of the compounds. Another feature of the M7Xg compounds is the possibility of the
formation of solid solutions upon substitution in both anionic and cationic sublattices. Thus, continuous
substitutional solid solutions were observed in the (CoixFex)7Ses system at the replacement of cobalt by
iron [1] and in Co7(S1-ySey)s [2] when sulfur was replaced by selenium. Because of the difference in ionic
radii such substitutions result in the expansion of the crystal lattice. In (CoixFex)7Ses, the negative
chemical pressure arising with increasing iron concentration leads to an increase in the average interlayer
distance ¢ (up to ~ 10 % at x = 7) and a slight change in the parameter a. While CosSes (x = 0) exhibits
Pauli paramagnetic properties, an increase in the Fe concentration up to x = 4 leads to the appearance of
the long-range ferrimagnetic ordering in (Coi.xFex)7Ses. In the Co7(S1ySey)s system, the substitution leads
to an increase in the lattice parameter ¢ by 2 %, however, it does not lead to significant changes in the
properties. It is of interest to create a significant negative chemical pressure in the CosSes compound by
substituting selenium with tellurium.

Polycrystalline Co7(Sei.yTey)s samples were obtained by solid-phase synthesis in evacuated
ampoules at T = 1000 °C. The X-ray diffraction analysis was carried out using a Bruker D8 ADVANCE
diffractometer equipped with an NTK-16 Anton Paar thermal camera for studies in the temperature range
of 25 — 500 °C. The thermal expansion of the samples was measured on a DL-1500 RHP dilatometer
(ULVAC-SINKU RIKO) in the same temperature range.

It was found that the continuous solid solution with hexagonal symmetry is formed upon
substitution in the anion sublattice of the Co7(Se1.yTey)s compounds. X-ray diffraction analysis showed
that even insignificant substitution of selenium by tellurium (y > 0.2) leads to disordering of vacancies in
the cation sublattice, which is accompanied by a transition from the 3C superstructure to the 1C structure.
Substitution is also accompanied by changes in space groups.

Contrary to expectations, an anisotropic increase in the lattice parameters with an increase in
tellurium concentration is observed, since the complete replacement of selenium with tellurium leads to
an increase in the lattice parameter a by 8.3%, while the lattice parameter c increases by 2% only. Due to
a small change in the lattice parameter c, no significant changes in the properties were detected, although
a decrease in electrical resistivity, i. e. an increase in metallicity, was observed with increasing Te
concentration in Cos(SeiyTey)s. The analysis of X-ray diffraction patterns measured at different
temperatures has shown that phase separation occurs in samples with high tellurium contents (y > 0.5) at
temperatures of about 450 °C. The phase separation was confirmed by the thermal expansion
measurements, since dilatometric data have shown a pronounced anomaly in the tellurium-rich
compositions (y > 0.55). In the compounds with a low tellurium content (y < 0.2) was also observed an
anomalous behavior of thermal expansion associated a phase transition of the «order-disorder» type upon
heating.

This work was financially supported by the Ministry of Education and Science of the Russian
Federation (project Ne FEUZ-2020-0054
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Anhydrous copper sulfate minerals with additional alkali cations are the most abundant species in
the - famous for its mineral diversity - Second Scoria Cone (SSC hereafter) of the Great Tolbachik
Fissure Eruption (1975-1976), and likewise in the Naboko scoria cone of the 2012-2013 Tolbachik
Fissure eruption (FTE) of the Tolbachik vulcano on Kamchatka peninsula, Far East region, Russian
Federation. When exposed to humid atmosphere, let alone wet environment, these minerals react rapidly
and convert to a wide range of hydrated sulfate minerals. The extent and the exact nature of these
transformations depend on a combination of many, partly interrelated, parameters, e.g. the seasonal
changes of atmospheric conditions and precipitations (temperature, relative humidity, rain, snow, fog).
Due to the high temperature of the exhausting gases from the fumaroles some of the hydration processes
of the minerals are reversed.

Hydration/dehydration experiments combined with powder X-ray diffraction reveal a complex
behavior of studied minerals: euchlorine KNaCus3(SO4)30, chalcocyanite CuSQO4, dolerophanite
Cu(S04)0, alumoklyuchevskite KzCus(Al,Fe*")(SO4).0; and itelmenite NasMgsCus(SO.)s. Remarkably,
upon heating stepwise dehydration occurs whereby the complex mixture of hydrated sulfates gradually
reverses and becomes again essentially either single-phase or in rare cases changes to the phase
structurally unrelated to the initial mineral.

The current study is also interesting in terms of methodology as it has demonstrated the
possibility of studying the phase formation in the highly moisture-sensitive sulfate systems during
hydration using conventional in house X-ray powder diffractometers, without being obliged to wait a long
time for short experimental shifts at high-end instruments of synchrotron sources.

This work was financially supported by the RSF grant Ne16-17-10085.
Siidra O.1., Borisov A.S., Lukina E.A., Depmeier W., Platonova N.V., Colmont M., Nekrasova
D.O.

Reversible hydration/dehydration and thermal expansion of euchlorine, ideally KNaCuszO(SOa)s //
Physics and Chemistry of Minerals. 2019. Vol. 46 P. 403-416.
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IMouck HOBBIX BhICOKOI((dekTuBHBIX momuHOQopoB B  cucteMe REE>O3-BaO-B,0s
Ha CCTOJHSAINHWUN  JIGHb SIBJISICTCS  aKTyaJbHOM  3ajadedd. JlomupoBaHHBIE  0OOpaThl  3TOM
CHICTEMBI SIBIISTIOTCS XOpOIIMMH JTroMuHO(Mopamu st npumeHenns B LED u PDP mucrnesx [1].

[Mpu memneHHOM oxNaxJeHWU OT TemrepaTypbl 1350 °C ObuM MOJTYyYeHBI MOHOKPHCTAJLIBI
6opatoB BasEu;B401, u BazY2B4O12, oTHOCsIIMECST K cemelicTBy AsREE2(BOs)4, rie A = Ca, Sr, Ba [1-
4]. Taxke OBIIO MTPOBEAEHO HomupoBanue bopara BasY:B4012 mo dopmyme: BasYoxEr(BOs)s (x = 0.01,
0.05, 0.1, 0.15, 0.2, 0.25, 0.3), 1 moMy4EHBI FTOMOI€HHBIE 00PA3IIbI.

MoHokpucraibHas audpakToMeTpus npoBoauiack Ha audpakromerpe Bruker Smart APEX II.
PenTtreHoda3oBblii aHaM3 1 TEPMOPEHTreHOorpaduueckrue dKCIepuMenHThl — Ha audpakTomerpe Rigaku
Ultima IV. Kpucramiuaeckas crpykrypa BaszY2B4O12 BriepBbie yrouHeHa B aHH30TPOITHOM TIPHOJIMIKEHUH
METOJIOM PEHTTEeHOCTPYKTYPHOTO aHanmu3a Jo 3HaueHus R-¢akropa R = 0.037. O6a Oopara
KPHUCTAJUTU3YIOTCSI B pOMO. CHHT., Tip. rp. Pnma. [lapamerpsl anemenTapHOl stueiiku 6opata BasY:Bs012:
a=7.7013(22), b = 16.5172(51), c = 8.9853(30) A, V = 1142.97(40) A3, Z = 4.

Kpucranxniueckne CTpyKTYypbl JaHHBIX OOpaTOB COJEPKAT IUIOCKHE TPEYrOJbHBIC paJnKajbl
BOs, mnpennouTUTebHO OPUEHTHPOBAaHHBIE B IIOCKOCTH DC. B cTpykType ecTh Tpu HeE3aBHCHMBIC
KpHcTaiiorpapuueckue MO3UIMK JUI KaTHOHOB, JIBE M3 KOTOPBIX oOmiue, a onHa dactHas. [lo3unmun
KaTHOHOB KOOPJIMHHPOBAHBl BOCEMBIO aTOMaMH KHCIOPOAA, a KAaTHOHBI Pa3ylopsIOYeHbl 10 TpeM
TTO3UITUSIM.

Paccuntanbl  KOP((UIIMEHTHI  TEPMHYECKOTO  pacHIMpPeHHs B  INIHPOKOM  HHTEpBAJe
Temnepatyp mias BasY:BsO1, u BasEu:BsO12. KoadduimeHThl TepMHUYECKOro pacuUIMpeHus Oopara
BasY2B4012 npu Temmeparype 25 °C: aa = 10.5(9), ap = 13.0(1), ac = 12.9(5), av = 36.4(5) x 10° °C™.
IIpu Temmeparype npubmusutenbHo 700 °C  OpoucXoAuT H3rM0 Ha 3aBHCHMOCTH IAapaMETpPOB
DJIEMEHTApHOH s4eiikn oT Ttemrepatypbl. Koaddumumentsl TepMudeckoro pacmuperus Oopara
BasEu;B4O12 ipu Temmepatype 25 °C: oa = 14.1(2), ap = 6.0(7), 0c = 12.4(1), av = 32.5(3) x 10° °C™,
[Ipu temmeparype mpubnusurensHo 800 °C Takxke MPOUCXOAWT M3rHO Ha 3aBHUCHMOCTH IapaMeTpOB
3JIEMEHTAPHON STYEHKH OT TEMIIEpaTyphl.

HccnenoBanne TIOMHUHECIIEHTHBIX CBOMCTB HAXOAMUTCS B TIPOIIECCE.

Pabora BeimonHena mpu noaaep:kke PODU (mpoekt Ne 18-03-00679). TepmopeHTrenorpadus
BeimoiHeHa B Pecypcaom nentpe CIIOI'Y «PeHTreHOAn(ppakinOHHBIE METOBI NCCIIEIOBAHUY.
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Apatites are one of the broadest mineral family. This fact is made possible by different
isomorphic substitutions in the chemical composition of the apatites. In the common case, the general
formula of the apatites may be represented as follows: Ms(AQO,)sL, where M — mono-, di-, tris- and
tetravalent cations and their combinations; A — atoms, which can form tetrahedra as coordination
polyhedra (Si, Ge; P,V; S; etc); L — is the position for halogen and different groups of atoms such as OH,
COs; and others. Moreover, in all of the positions various types of defects can be observed.

Thermal expansion of apatites with pentavalent atoms in tetrahedral positions has several
features. First of all, thermal dependence of unit cell parameters of such apatites can be approximated
primarily by the second-low polynomial. This situation is typical for close-packed structure in
comparison to structures with lower density layout of polyhedra in a unit-cell. Thermal expansion of s-
element-containing phases is more isotropic in comparison with Cd- and Pb-apatites. Another conclusion
is that for phosphates and vanadates crystallographic axis ¢ is the primary direction of the thermal
deformations whereas for Mn and Cr-containing apatites it is the a axis. It can be explained by the
different ratio of bonds energy between layers formed by AQO, tetrahedrons and within them.

Also, we have shown for the first time that there is a polymorphic transition in some apatites
which is accompanied by the lowering of unit-cell symmetry from hexagonal P63z/m to monoclinic P2:/b
(Pbs(PO4)sF, Pbs(PO.)sCl, Pbs(VO4)sCl). Further studies have shown that there is a group of apatites
(Cas(PO4)sCl, Cas(VO4)sCl, Cas(CrOa4)sCl, etc) which also has transitions, but the high-temperature
modification may be called pseudohexagonal. In this case crystallographic axis a of hexagonal
modification almost matches with axis b of monoclinic modification, b2 = 2al, y = 120°. In some apatites
(Cas(PO4)sCl, Srs(CrO4)sCl, NasCdx(SO4yCl, etc) negative volumes of thermal expansion coefficients
were observed. Apatites have high isomorphic capacity, which causes necessity of investigation not only
individual compounds, but various binary systems. In case of Pbs(PO.)sF«<Clix in the range of 0<x<0.5
volume thermal expansion coefficient doesn’t depend on the composition for all temperatures, while in
the range of compositions 0.5<x<1 we observed an increased thermal sensitivity of the structure. Thus,
position 2b of apatite structure is more tolerant to the content of the larger atoms. In the case of Pbs(PxVa-
x04)3Cl we found that there is the independence of av(T) at x=0.5. We assume that this phenomenon is
connected with the formation of superstructure in the solid solution due to the ordering of the P- and V-
atoms in the 6h position. Also, we used HTXRD for investigating Cag.2xPbaxBi2(P04)s02 (x =0, 1, 2, 3, 4)
solid solution series. The main feature of such system is that PbsBi.(PO.)sO, despite its isoformality,
crystallizes in the Pnma space group of orthorhombic system, which is not characteristic of the structural
type of apatite. Thus, the phenomenon of morphotropy was observed (a sharp change in the crystal
structure in a regular series of chemical compounds while maintaining a quantitative ratio of structural
units). The crystal structure of PbgBi2(PO4)sO2 is framework, with independent positions for Bi and Pb
atoms. Moreover, in this structure coordination numbers are smaller for both cations in comparison with
apatite structure.

The absolute values of thermal expansion coefficients for apatites in Cas.o«Pb2xBi2(PO4)sO2 range
(x = 0-3) are agree well with previously founded for substances with the same structural type: thus, all of
them can be described as highly-expanded. Moreover, we have shown, that Ca-apatites have relatively
isotropic expansion, while Pb-apatites have pronounced predominance of expansion along one c-axis over
expansion along the a-axis. This fact is also a good reason to call apatite structure quasi-layered, not
framework: during the heating layers formed by AO, tetrahedrons and M® polyhedra moves from each
other along c-axis.

Addition of p-elements (Bi and then Pb) into structure of pure calcium-apatite (Caio(PO4)sO)
leads to an increase in the rate of growth of parameter ¢ during heating compared to changes in parameter
a. And the more lead in the composition, the greater this difference.

It also should be noted that for PbgBi»(PO4)sO. as for framework compound changes in
anisotropy during heating is not so critical, and its expansion stays relatively isotropic in spite of absence
of calcium.

The research was financially supported by the Scholarship Program of the Grants Council under
the President of the Russian Federation.
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Within the last few years, uranium mineralogy and crystal chemistry has witnessed a true
Rennaissance, due to the discoveries of exceptional suites of new uranium minerals in Jachymov, Czech
Republic and San Juan County, Utah, U.S. The diversity of new natural species is of particular interest
since most of them do not have direct synthetic analogues and therefore are new to the synthetic inorganic
chemistry as well. Most of the new uranium minerals are the products of secondary low-temperature
hydrothermal processes, which are often associated with crystallization of very complex mineral species
such as ewingite, MgsCas(U0O2)24(CO3)3004(0OH)12(H20)138, the most structurally complex mineral known
today. The structural architectures of novel natural phases, for instance, uranyl sulfates, show many
similarities to synthetic uranyl sulfates, chromates, molybdates and selenates. In most of them, uranyl
ions are interlinked via tetrahedral TO4 groups (T = S, Cr, Se, Mo) into finite clusters, chains or layers, in
which interaction between adjacent uranyl groups is mediated by the hexavalent T cations.

A family of actinyl-bearing isotypic compounds Cs,[(AnO2)2(TO4)3] (where An = U, Npand T =
S, Se, Cr, Mo) is the only known to date example of structural type preservation with such a large
diversity in chemical composition [1]. Vertex-sharing way of the polyhedral linkage leaves great
opportunity for the structure to reflect the substitution in the oxyanion or actinyl-ion parts. However, the
conservation of the structural motif doesn’t mean the maintaining of chemical and physical properties. In
the absence of definite dependencies between the angles at the bridged O atoms or volume of Anand T
polyhedra, which are usually regarded as the most sensitive structural fragments, the coordination of
cesium atoms remains the only significant factor. Alteration in the oxyanion composition of the An-
bearing layers results in change of the Cs™ cations local environment, which in turn leads to the increase
of its influence on the layered substructural units and on the stability of the structure itself. Such
substitution mechanisms could be regarded as an interesting and valuable example of the chemical
composition selection for the preparation of compounds with the desired properties.

This work was supported by St. Petersburg State University and Russian Science Foundation
(grant 18-17-00018). X-ray studies were carried out at the Research Center for X-ray structural studies of
St. Petersburg State University.
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Chemistry. 2020. V. 282. P. 121077.

62



The high-temperature crystal chemistry of technogenic mineral phases from the burned dumps of the
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Burned dump formations of Chelyabinsk coal basin continue to attract significant attention due to
a large variety of mineral species and their immediate connection to the processes of technogenesis [1-3
and references within]. Herein we report on the results of HT-XRD studies of number technogenic
mineral phases from the burned dumps of the Chelyabinsk coal basin.

The mineral phases “redikortsevite” NH4MgCls-6H,O and (NHJ).Fe**Cls-H.O [1, 3] are
isostructural with natural minerals novograblenovite [4] and kremersite [5], respectively.
NH4MgCl;-6H20 is stable up to 90 °C and then transforms to the less hydrated phase isotypic to f-
Rb(MnCl3)(H20), (i.e., NH:MgCls-2H,O) [6], the latter phase being stable up to 150 °C.
(NH,)2Fe**Cls-H20 is stable up to 120 °C and then transforms to an X-ray amorphous phase. Hydrogen
bonds provide an important linkage between the main structural units and play the key role in determining
structural stability and physical properties of the studied phases. Fluoroellestadite Cas(Si04)1.5(SOa4)15F is
sulphato-silicate mineral which belongs to ellestadite group of apatite supergroup [7]. The thermal
expansion of fluorellestadite is almost isotropic in the temperature range 25-800 °C. The similar thermal
behavior had been observed for fluorapatite [8]. The technogenic mineral phases “korkinoite” is close to
mineral rapidcreekite Cax(S04)(COs3)-4H,0 [9]. The “korkinoite” phase is characterized by rather strong
anisotropy of thermal expansion. Under heating phase is stable up to 200 °C.

Acknowledgments: this research was funded by the Russian Foundation for Basic Research (grant
No. 19-05-00628). The X-ray diffraction studies were performed in the X-ray Diffraction Resource
Centre of St. Petersburg State University.
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Copper trimolybdate CuMo3010xH,0 crystals were obtained by hydrothermal synthesis as a
result of the reaction of (NH4)sM07024x4H,0 and Cu(CH3;COO), for 7 days at T = 220 °C. The crystal
structure of CuMo3010xH>0 contains ribbons of edge-sharing MoOs octahedra parallel to the b axis [1].
The ribbons are connected by CuOgs octahedra to form three-dimensional framework. The high-
temperature crystal chemistry of the compound has been studied by high- and low-temperature X-ray
powder diffraction in the temperature range of -100 — 900 °C and single crystal X-Ray diffraction in the
temperature range -180 — 27 °C.

CuMo03010xH20 is stable up to 300 °C and decomposes to MoO3 and a-CuMoO4 at T > 300 °C by
the reaction scheme:

CuMo03010xH20 — a-CuMo00QO4 + 2M00Os + H,0.

The nature of thermal behavior changes smoothly at the temperature range -100 — -50 °C. A slight
compression of the crystal structure occurs at low temperatures up to -100 °C according to the single
crystal X-Ray diffraction results. Thermal expansion is anisotropic and positive at T > -100 °C up to
dehydratation. Thermal expansion coefficients 011, 022, oz at T = 100 °C are 28.5, 6.1, 13.3 °C* x 10,
respectively.

The low-temperature compression along the a axis occurs due to the most intense shortering of
the Mo-O bond lengths in this direction up to -100 °C. The high-temperature anisotropy is determined by
the changes in the interatomic angles in the CuO¢ octahedra leading to elongation or reduction of the
lengths of its edges.

Thus, trimolybdate units are rigid structural units in the high-temperature range > -100 °C, and
thermal behavior of the structure of CuMo3;010xH,0 is determined by CuOg octahedron geometry
alignment. Nevertheless, MoOs octahedra are more flexible units than CuOs for the low-temperature
range -180 —-100 °C.

The reported study was funded by the research grant of the president of the Russian Federation
for leading scientific schools (Nsh-2526.2020.5). This research was carried out using the facilities of the
XRD Resource Centre of St. Petersburg State University and the Russian Foundation for Basic Research
(20-35-90007).
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Murmanite is widespread in the Lovozero massif both in pegmatite bodies and in rocks [1]. It was
first found by Wilhelm Ramsay in 1890. In the reports of the expedition by A.E. Fersman in 1923, this
mineral was referred as "viophyllite", and after a detailed description of N.N. Gutkova was named for the
area - Murmanite [2]. It was noted that upon heating of murmanite has three endothermic peaks observed
at 165, 315, and 730 ° C, the first one corresponds to loss molecular water from the structure [3].

The first description of murmanite crystal structure was given by A.D. Khalilov et al. (1965) in
space group P1. ¢ =5.50, b = 7.00, c = 11.94 A, a = 96°00°, p = 100°26°, y = 88°55°, the mineral formula
was defined as Na:Mn[Ti2(OH)4(Si207)2](H20)a. Later, the general formula of the mineral was refined as
NasTis(Si207)204(H20)s, in which the overestimated role of manganese was noted earlier [4]. Recently
the murmanite structure refined by F. Camara et al. [5] in the space group P-1 and the mineral formula
proposed by Khalilov [4] was confirmed.

The crystal structure of murmanite at the room conditions were refined at the P-1 space group
with Ry = 0.077 for 1660 independent reflections a = 5.3822(6), b = 7.0538(8), ¢ = 11.6477(15) A, a =
86.385(9)°, B = 81.967(10)°, y = 89.970(9)°, V = 436.98(9) A3 Generally, the modular structure of
murmanite based on TS block consist of two types of layers parallel to (001) called HOH modules. The
HOH modules have a three-layered structure consisting of a central sheet of octahedra (O sheet) and two
adjacent heteropolyhedral sheets (H sheets). Each Ti-octahedra has one long bond, which correspond to
H>O molecule. The formula according refinement can be written as Naa(Tiz.60Nbo.40)£4(Si207)204 - 4H20.

The structure of the dehydrated phase at 150 °C was refined in the P-1 space group with an R; =
0.096 for 1643 independent reflections a = 5.3089(9), b = 7.0373(13), ¢ = 9.822(4) A, 0. = 81.74(2)°, B =
80.60(2) °, y = 89.862(14)° V = 358.18(17) A3. The dehydration causes a change in the coordination of
titanium in the H layer from the octahedral to the five-coordinated. The collapse of HOH modules with
simultaneously migration of sodium cations into the interlayer space exists without loss of material
crystallinity. The dehydrated murmanite formula can be written as NasTi(Si2O7)204.

The research is supported by the Kola Science Center of Russian Academy of Sciences (0226-
2019-0011) (study of the chemical composition and spectroscopic characteristics) and by grants of the
Russian Science Foundation (19-17-00038) and the Russian Foundation for Basic Research (18-29-
12039) (X-ray structural studies).
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Recent studies have shown that nickel subtellurides, known from the beginning of 1960s [1], may
find application in electrocatalysis and sensing of biological molecules [2, 3]. Yet, their crystal and
thermochemistry remain contradictory. Complex phase relationships between several compounds of
similar Nis«Te, composition (x < 0.1) and slightly different Cu,Sb-related structures have been reported
which are yet not fully clear. Some of high-temperature polymorphs are known to be selectively
stabilized by Fe doping, yet nothing is known about possible doping by Co, the nearest neighbor of Ni,
and other 3d transition metals.

Low-temperature studies of undoped Nis.«Te, confirmed existence of two individual compounds,
monoclinic Niz«Tez (P2:/m) and tetragonal Nis«Te, (P4m2), the latter structure determined from single-
crystal data. Both structures correspond to slightly different motifs of Ni/vacancy ordering in the Ni-
deficient Cu,Sb lattice. On heating to 130 — 150°C, both compounds convert into a single, relatively
broad solid solution with a mean orthorhombic symmetry (Pmmn(0b0)00s) which is stable until 350°C.
Above, a disordered tetragonal Cu,Sb structure (P4/nmm) is stable which in its turn converts to a
disordered FCC structure above 800°C.

The Co doping of NisTe,, which is observed for the first time, stabilizes the orthorhombic
polymorph in the entire Nis.,Co,Te, compositional range (y < 1) at room temperature. Surprisingly, the
transition temperature to the P4/nmm form remains insensitive to the Co content (325+10°C). The phase
sequence changes for the Co-richest composition where a new rhombohedral (R3m) phase exists in a very

narrow range between P4/nmm and Fm3m. The dependence of lattice parameters vs. temperature is
complex suggesting several subtle transitions within the same symmetry.

The NisyFe,Te, exists in a more narrow compositional range of y < 0.8. At low Fe content, also
the orthorhombic Pmmn form is stabilized, with transition temperature to P4/nmm being slightly lower
(=275°C). At highest Fe content, the P4/nmm form is stabilized at room temperature. Thermal studies also
indicate intermediate formation of R3m phase which is stable in a wider temperature range. Hence, both
Co and Fe doping is equivalent to increasing temperature, yet the effect is sensitive to the nature of
dopant and not to doping level.

1. Kok R.B., Wiegers G.A., Jellinek F. The system nickel-tellurium 1. Structure and some
superstructure of the Nis:«Teo. Recl. Trav. Chim. Pay-B. 1965. V. 84. P. 1585-1588.

2. De Silva U., Masud J., Zhang N., Hong Y., Liyanage W.P.R., Zaeem M.A., Nath M. Nickel
telluride as a bifunctional electrocatalyst for efficient water splitting in alkaline medium. J. Mater. Chem.
A 2018 V. 6. id. 7608.
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Quasi-two-dimensional transition-metals dichalcogenides have gained growing interest in the last
decades [1]. The structural type of such materials is widely known in literature as "1T" (s.g. P-3m1). Iron
atoms introduced into the interlayer space between sandwiches occupy the sites octahedrally-coordinated
by chalcogen atoms, similar to the titanium sites inside the sandwich [2]. Increasing Fe concentration up

to 50% lead to change space group to 12/m with (2o > ~f3ag = 2CO) superstructure formation. Existence
of a region of retrograde solubility, observed in the phase diagram of the Fe — TiSe2 system [3] are
introduce additional uncertainty. It can be expected that heating would lead to the disintegration of any
ordered superstructure and to the increase of the symmetry class. This may be due to a simple increase in
the kinetic energy of iron atoms, similar to a melting process, or it might be a consequence of the possible
iron precipitation [3], which lowers the iron concentration below that required to form the superstructure.
To address this question, we carried out an extended in-situ investigation of the crystal structure of
FeosTiSe; in the temperature range of 25 — 1000 °C by means of synchrotron powder diffraction.

Polycrystalline FeosTiSe, was synthesized by iron intercalation into preliminary synthesized
TiSe,. The in-situ synchrotron radiation X-ray powder diffraction SR-XRPD experiments were performed
in-situ (lambda = 1.0332 A) at the MCX beamline at the Elettra Sinchrotron, Trieste (Italy) [4]. The
crystal structure refinement was performed using GSAS (General Structure Analysis System) [5].

The disordering of the intercalated iron has been ascribed to a second-order phase-transition
associated with a change in the symmetry-class from monoclinic to trigonal and it is not caused by the
extraction of iron. The critical temperature of the order — disorder phase transition in the two-dimensional
ferromagnetic Ising model is 422 °C and the critical exponent (in the scaling law n=|T-Tc|*Sc) for our
experimental data is ;. = 0.169.

The transition is related only to the iron sublattice and does not affect the TiSe, lattice. This
ultimately indicates that the FexTiSe; system can be considered as intercalation system rather than a triple
chalcogenide. The monoclinic-to-trigonal phase-transition manifests itself mainly as 2D disorder
associated with the destruction of chains of intercalated atoms within the van der Waals gap. However,
the 2D iron-chain sublattices appear to be not completely independent due to week out-of-plane
interactions, thus suggesting a non-negligible 3D character.

The research was carried out with partial financial support of the RFBR (project 18-32-20141).
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Solid-phase synthesis of Na;SO4-K>SO4 sulfates on a thermo-x-ray equipment and the subsequent study of
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The object of the study was a mechanical equimolar mixture of Na,SO, — Fddd phase [1, 2] and
K>SO, — Pmcn phase [3] in the ratios 1:3, 1:1 and 3:1. All samples were heated from room temperature to
800 °C with subsequent cooling, the temperature step — 20 °C.

The research was carried out using a Rigaku Ultima IV diffractometer (CuKaai+2, 40 kV, 30 mA,
geometry for reflection, high—speed energy-dispersive detector DTEX/ULTRA) with a high-temperature
camera "SHT-1500". The range of 29 diffraction angles was 10-80°. The preparation was prepared on a
substrate by precipitation from a heptane suspension.

An example of the study is shown in figure 1. The experiment was performed by heated from 30
°C to 800 °C and then cooled to room temperature (from bottom to top in figure 1). Horizontal solid lines
indicate the temperatures of phase transitions. The unit cell parameters of various phases, including in
heterogeneous mixtures, were refined at different temperatures by the Rietveld method, the temperature
dependences of these parameters were approximated by 2nd-degree polynomials, and the coefficients of
thermal expansion were calculated using the RietTensor [4] and ThetaToTensor-TTT [5] software
complexes. The investigations were performed using the equipment of the Saint-Petersburg State
University Resource Center «X-ray diffraction studies».

The authors appreciate the financial support provided by the Russian Fund for Basic Research
(project 19-35-90094).

1Naz504:1K2504 T°C

KNaSO,
(P3m1)

KNaSO4
(P63/mmc)

K2S04 (Pmcn) +
Na;SO04 (P63/mmc)

K2SO4  (Pmcn)
Na;SOs (Fddd)

20

Fig. 1. Thermal phase transformation upon cooling in a belomarinaite. The horizontal line
indicates the phase transition temperature.
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Novel red phosphor CaBi,B4O10:EU**: synthesis, crystal structure, luminescence and thermal
expansion
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In recent years, phosphors converted white LED have replaced traditional fluorescent light
sources due to high efficiency, long serving time, chemical stability and environmental friendliness. As it
was found [1], Bi-containing compounds have some advantages as a host matrix for Eu®* ions, especially
when the crystal structure contains a few crystallographically independent sites for alkali earth metals and
Bi** ions. For the first time CaBi,B4010 was obtained and studied by the DSC method in the CaO-Bi,Os-
B203 system [2]. In our work, The CaBi>xEuxB4O10 (x = 0; 0.01; 0.05; 0.1; 0.15; 0.2; 0.25; 0.3) solid
solutions were synthesized by solid state reactions. Then the pressed mixture were placed in a Pt crucible
and heated at 630 °C for 20 h in air, and the pellets of CaBi» xEuxBsO10 Were heated at 650 °C for 25 h in
air. Single crystals of CaBi,B4O10 were obtained at 700 °C for 0.5 h. The CaBi,B4O1 crystal structure
was solved and refined from single crystal X-ray diffraction data to R, = 0.029. The compound is
isotypical to the borate of SrBi,B4O1o [3]. CaBi:B4O1o crystallizes in triclinic space group, P-1 (a =
6.6704 (1), b = 6.8317 (1), ¢ =9.5775 (1) A, a = 94.33, # = 108.48, y = 101.34 °, V=401.37 A3, Z = 2)
[4]. Crystal structure contains [B4Og]® isolated tetraborate groups (4B:3Ao: <2Ao>A), Bi-O chains and
interstitial Sr atoms. Tetraborate group consists of the triborate ring [BsO-] > and branched BOjs triangle.
CaBi;B4019 was studied using Rigaku “Ultima IV” powder diffractometer (CoKa radiation, 26 = 10-70°,
temperature range 25-700 °C, step 25 °C). Thermal expansion is sharply anisotropic. The coefficients and
parameters of the thermal expansion tensor at 25 °C: a1 = 3x10°%, azn = 1510, ags = 7x107%, a, =
-3x107%, az= 5x10"% a,= 3x10°%, ay = 25x07° °C"".The temperature dependencies of triclinic unit-cell
parameters demonstrate that the thermal expansion of the structure along a and c crystallographic
directions is greater than along b direction. We observed the increase of y (from 101.3 to 101.8) angle,
decrease of  (from 108.65 to 108.25) angle and insignificant increase of « (from 94.2 to 94.4) angle.

The emission spectra of CaBi:B4O10:EU®* spectra include characteristic narrow intra-
configurational 4f-4f transitions from °Dy level to 'F; (J = 0, 1, ..., 4) levels. The most prominent band
centered at 612 nm corresponds to the forced electric dipole transition *D¢—'F.. Prevalence of this
transition over magnetic dipole one (*Do—'F1) displays that Eu®* ions occupy site without inversion
symmetry in the CaBi.B4O1o crystal structure. The concentration dependence of integrated emission
intensity data presents linear increase of emission intensity along with growth of doping concentration in
studied range. No evidence of concentration quenching was observed. The CIE chromaticity coordinates
of CaBi1sEuo.2B4010 phosphor were calculated from emission spectrum and were found to be (0.63, 0.35).

X-ray studies were performed at the St. Petersburg State University Resource Center “X-ray
diffraction methods of research”. The study was supported by RFBR (Project No. 18-03-00679 ).
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Thermal expansion of calcium borates
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The high-temperature behaviour of four calcium borates (CasB.0s, Ca:B.0s, CaB,04, CaB40Oy)
has been studied by in situ high-temperature powder X-ray diffraction (HTXRD), differential scanning
calorimetry and thermogravimetry.

The tendency of decrease in the volume expansion is observed with an increase in the B,O3
content in the CaO-B,03 system as a result of the degree of polymerization increase. High anisotropy of
the expansion is observed for CasB,0s, Ca2B,0s (0D) and CaB,04 (1D) based on the BOs triangles only:
the structure highly expands perpendicular to the BOs planes, i. €. along the direction of the weaker bonds
in the crystal structure.

CasB20s (0D). In the trigonal structure, isolated triangles BO; are arranged perpendicular to the ¢
axis. Oxygen and boron atoms oscillate perpendicularly to strong B—O bonds. Therefore, the maximum
amplitude of vibration is perpendicular to the plane of the triangle.

CayB20s (0D) undergoes two reversible polymorphic transitions at about 500 and 516 °C. The
structure expands intensively along the a axis, in a direction perpendicular to the plane of borate triangles.
Minimal expansion occurs along the boron-oxygen chains parallel to the ¢ axis since the strongest bonds
are realized in the chains.

CaB:04 (1D). The structure contains the chains of BOs triangles that are located along the ¢ axis.
Planes of the triangles are approximately parallel to the (001) plane. The structure expands intensively
along the a axis, in a direction perpendicular to the plane of borate triangles. Minimal expansion occurs
along the boron-oxygen chains parallel to the c axis since the strongest bonds are realized in the chains.

a-CaB4O- (3D). The crystal structure is characterized by a boron-oxygen polyanion consisting of
four crystallographically independent BOs triangles and four BO, tetrahedra linked via common vertices.
The eight triangles and tetrahedra form a [BgO14]* -unit, which is repeated throughout the structure. The
maximal direction of thermal expansion in the structure coincides with an acute angle bisector of the ac
parallelogram and the minimum expansion occurs along the other diagonal. The structure expands along
the monoclinic axis less intensely. Such sharply anisotropic behavior could be explained using shear
deformation of the monoclinic plane.

High-temperature powder X-ray diffraction experiments were performed in Saint-Petersburg

State University Research Centre for XRD Studies.
The study was supported by the Russian Foundation for Basic Research (No. 18-03-00679).

70



6. Structural analysis of modulated,
disordered structures and nano-sized
objects

71



The first bismuth borate oxyiodide, BisBO-l: commensurate or incommensurate?
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The first bismuth borate oxyiodide, BisBO-I, has been prepared by solid-state reaction in
evacuated silica ampoules. Its crystal structure (s.g. Immm(00y)000) is comprised of litharge-related
layers of edge-sharing OB, tetrahedra; the interlayer space is filled by I and [BO3s]*". These anions are
ordered in a complex sequence along [001], —<-BO3-BOs—I-I-> = 26— 1-1-1-<-BO3-BOs—1-1->, = 25—
BO3;-BO3;-BOs- leading to a structural modulation. The wave vector, q = 0.242 (3)c*, is very close to the
rational value of c*/4, yet refinement based on commensurate modulation faces essential problems
indicating the incommensurate nature of the modulation. The latter’s principal feature is the presence of —
I-I-1- and —BO3-BO3-BO3— sequences that cannot be accounted for in the a x b x 4c supercell (Fig. 1).
Two BisBO-X (X = ClI, Br) halide borates were briefly mentioned in a preprint (Egorova, 2011), yet their
crystal structures remain unknown. The new compound, BisBO-I, was found to be structurally close to a
commensurately modulated rare-earth oxyantimonide, Pr.SbO, (Magdysyuk et al., 2013) which can be
described within an a ~ 13.58, b ~ 15.93, ¢ ~ 4.00 A supercell in a Pmnm space group. The thermal
expansion of BisBO-I is weakly anisotropic (aa= 8, an= 15, ac= 17 x 10° K" at 500 K) which is caused
by preferential orientation of the borate groups.
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Fig. 1. BisBO-I crystal structure projected along the a-axis. The shown supercell has a size of a x
b x 42¢, where a, b and ¢ are the unit-cell parameters of BisBO-l. It is seen that after every 28 “normal”
cells come the (I-1-1) or (BO3)—(BO3)—(BOs3) “inclusion”, while the “normal” sequence is <—I-I—(BO3)—
(BO3)—>. The abundance of the iodide and borate “inclusions” is assumed to be equal to maintain the
overall electroneutrality.

This work was supported by the Russian Foundation for Basic Research (18-29-12106)
1. Egorova B.V. (2011). Sintez, poisk i diagnostika slozhnykh borat galogenidov Pb(Il), Sn(ll),
Bi(lll) [abstract]. In: Proceedings of the Lomonosov-2011 conference; 2011, Moscow, 49.

2. Magdysyuk, O. V., Jirgen, N. Jansen, M. Modulated crystal structure of ProSbO.. Acta Cryst.
2013. B69, P. 547-555.
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Synthesis and thermal stability of silicon-containing calcium phosphates
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The development of biomaterials necessary for the restoration and replacement of bone tissue is
an important area of medical materials science. Biogenic material for bone replacement based on
carbonate-containing non-stoichiometric hydroxylapatite (HA) and collagen protein is unique in its
properties and composition. It is characterized by high mineralization of the intercellular matrix and
contains 50 wt. % inorganic compounds, 25 wt. % organic and 25 wt. % water.

Minerals give it hardness, organic - elasticity and resilience. The results of clinical studies
showed that, along with the advantages of HA-based materials, they have such disadvantages as a low
bioresorption rate and a weak stimulating effect on the growth of new bone tissue. Modification of GA by
various biologically active ions due to isomorphic substitutions makes it possible to purposefully change
the properties of GA and to obtain materials based on it with an elemental composition close to human
bone tissue. One of these dopant ions is silicon - a vital trace element for bone formation and maintenance
of its structure is normal. It has been established that the composition of human interstitial fluid includes
silicions. When bone tissue is damaged, silicon is localized in the area of formation of a new bone
framework and is spent on the formation of the main substance of bone and cartilage.

Synthetic calcium-phosphate biomaterials, the structure of which includes silicon, have increased
biological activity compared to unsubstituted HA, promote the growth of extracellular matrix and
accelerate bone mineralization. Si-HA is a biocompatible material and does not cause rejection when
introduced into the tissues of a living organism. Thus, silicate ions are very promising for improving the
biological activity of HA. The synthesis of HA was carried out by precipitation when draining solutions
of calcium nitrate Ca (NOs), * 4H,0, disubstituted ammonium phosphate (NH4);HPO, and an aqueous
solution of ammonia NH4OH. Silicate ions were introduced as Na»SiOs* 9H,O. The concentrations of the
starting reagents were calculated so that Ca (NOgs)a/ (NH.):HPO. = 1.70. The concentration of silicate
ions was varied in the range from 1 to 30%. The synthesis time was 24 and 48 hours.

For thermogravimetric analysis, samples weighing 0.1000 + 0.0002 g were heated in an LF-7/13-
G1 LOIPLF muffle furnace at a temperature of 600 to 1000°C with an interval of 100 ° C for 1 h (after
the furnace entered operating mode). After calcination, the samples were cooled in air to room
temperature, weighed on an analytical balance and transferred to labeled containers. The mass difference
before and after calcination was used to calculate the mass loss of the substance as a result of heat
treatment. Three experiments were performed for each sample.

Bioceramics, in the production of which HA is used, is widely used in medicine for the treatment
of dental and bone defects. Ceramics is also used in conjunction with polymers in order to fill bone
cavities during restoration. Therefore, an attempt was made to create ceramics by exposing the
synthesized silicon-containing samples to temperatures in the range of 600-1000°C. After heat treatment,
an increase in the total mass loss with an increase in the calcination temperature was observed for all
samples. In the temperature range 25-230°C, unbound and adsorption water is removed from the
composition of the samples. At t> 600 ° C, CO leave the KHA structure. Modestration begins at a
temperature of about 800°C. As a result of the release of CO from the structure, KHA decomposition and
the formation of two phases occur: B-TCP (tricalcium phosphate) and Si-HA. The XRD results confirm
the presence of two phases in the precipitation after calcination. As the initial concentration of silicate
ions increases, the intensity of the diffraction peaks increases, and their width decreases, which indicates
a greater degree of crystallization of the solid phase in comparison with the pure sample. X-ray powder
diffraction data are consistent with IR spectroscopy data. The spectra of samples obtained after
calcination at t = 800 ° C exhibit absorption bands characteristic of the vibration of the P — O bond in the
PO tetrahedron. Absorption bands at 450-550 cm ~ ! indicate the presence of silicate ions in the structure
of synthesized calcium phosphates. After heat treatment, the peaks at 1383 and 873-880 cm ~* disappear,
which corresponds to stretching and deformation vibrations of the C = O bond. With an increase in the
concentration of silicate ions in the samples, the intensity increases and the peak expands at 1096 cm %,
which is characteristic of P — O bond vibrations and Si — O stretching vibrations.
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Calcium oxalates are represented in nature by three hydrated forms: whewellite (CaC.0. H0;
COM), weddellite (CaC,04-(2.5-x)H.0; COD) and caoxite (CaC.04-3H,0; COT). Calcium oxalates are
notably common biominerals and can be found, e.g., in coal basins, bituminous shale, bottom sediments,
on the contact of rocks with guano, lichens, fungi, or some higher plants, and even on a surface of
monuments. Thermal stability, structural evolution pathways and phase transition mechanisms of the
calcium oxalates whewellite, weddellite and caoxite have been analyzed using single crystal and powder
X-ray diffraction (XRD) [lzatulina et al., 2018]. The reduction of H2O content in the structures increases
dimensionality from dimers and chains to the layered structural units and from rarefied to denser sheets
within the compounds whose structures are based on the 2D units. While studying the phase transitions
pathways within the calcium oxalate family, two crystalline compounds have been structurally
characterized for the first time (a-CaC204 and CaC,04-H20), among which the novel COM modification
has been obtained for the first time as well. The highest thermal expansion of these compounds is
observed along the direction of the hydrogen bonds, whereas the lowest expansion and even contraction
of the structures occur due to the displacement of neighbor layered complexes towards each other and to
an orthogonalization of the monoclinic angles. Within the calcium oxalate family, whewellite should be
regarded as the most stable crystalline phase at ambient conditions. Weddellite and caoxite transform to
whewellite during dehydration-driven phase transition promoted by time and/or heating.

This work was supported by the Russian Science Foundation (no. 19-17-00141). The XRD
measurements have been performed at the X-ray Diffraction Centre of St. Petersburg State University.

1. Izatulina A.R., Gurzhiy V.V., Krzhizhanovskaya M.G., Kuz’mina M.A., Leoni M., Frank-

Kamenetskaya O.V. Hydrated Calcium Oxalates: Crystal Structures, Thermal Stability and Phase
Evolution. Cryst. Growth Des, 2018, 18, 5465—5478.
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Combined X-ray and neutron diffraction study of Zn/Mg substitution in Zn,SiO.-based solid solutions
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Due to the thermal and chemical stability, Zn:SiO4 zinc silicate has found technical application as
a special-purpose pigment, and the introduction of dopant ions into its structure significantly expanded
the scope of its use. Currently, Zn,.xMg\SiO4 solid solutions are most actively studied, which are
promising as crystalline phosphors of green luminescence.

There are two different crystallographic positions of Zn in Zn,SiOs-structure. It is difficult
enough to define occupancies each of Zn/Mg position from Rietveld-analysis of X-ray diffraction only.
We performed high-resolution TOF-neutron diffraction experiment on Zn,.«MgxSiOs with x= 0.1, 0.2,
0.28, 0.36 at HRFD, Dubna. Then we treated the results of both X-ray and neutron-diffraction using
FullProf [1]. Crystallography data [2] were used as started, atoms of Mg were equally distributed between
Znl and Zn2 positions. In the Figure 1 experimental, calculated and difference curves for
Zn; 64MQo.36S5104 and occupation of Zn/Mg-1 position are shown as result of the calculations.
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Figure 1.

Left: experimental (red), calculated
(black) and difference (blue) curves of
TOF-neutron  (upper) and X-ray
(down) for Zn1.64M(o.36SiO4.

Right: Occupations of Znl-position
with atoms Mg (left axis, red) and Zn
(right axis, purple).

We have found that magnesium is distributed mainly in the Zn2-position.
The work was supported by RFBR, grant No 19-03-00189.
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The petrovite holotype was collected in the fumarole located on the west side of the micrograben
of the Second scoria cone of the Northern Breakthrough of the Great Tolbachik fissure eruption that
occurred in 1975-1976 on the Tolbachik volcano, Kamchatka, Far-Eastern Region, Russia. The specimen
was found in 2000. The temperature of the surface of the fumarole was ~200°C. The mineral is a product
of exhalative fumarolic activity. The mineral is named in honour of Prof. Dr. Tomas Georgievich Petrov
(b. 1931), a former chairman of the Crystallogenesis Laboratory of the Department of Crystallography,
St. Petersburg State University. The scientific activities of Tomas Petrov were devoted to the modelling
of crystal growth of minerals. He was the first to develop the industrial technology of fabrication of
jewellery malachite back in 1977. Tomas Petrov is the author of the two-parameter Alphabet for the
Coding of Structural-Chemical Information and RHAT-catalogue of modal mineral compositions of
magmatic rocks [1].

The mineral occurs as blue and green globular aggregates of tabular crystals up to 0.2 mm in
maximal dimension, generally with gaseous inclusions. The streak is white and the lustre is vitreous.
Fracture is conchoidal. No cleavage or parting was observed. The Mohs’ hardness is 4. The calculated
density based on the empirical formula and single-crystal unit-cell parameters is 2.80 g/cm®. The mineral
is optically biaxial (+), with a = 1.498(3), fcac = 1.500, y = 1.516(3) and 2V = 20(10) (A = 589 nm). No
dispersion or pleochroism was observed. Petrovite is monoclinic, space group P2i/c, a = 12.6346(8), b =
9.0760(6), ¢ = 12.7560(8) A, S = 108.75(9)°, V = 1385.1(3) A3, Z = 2. The chemical composition of
petrovite was studied using a TESCAN “Vega3” electron microprobe, operated at 20 kV and 700 pA,
with a beam size of 220 nm — NapO 25.03, KO 0.80, Ca0 3.91, CuO 12.64, MgO 0.59, SO; 55.98, total
98.97 % (wt.%). The crystal structure of petrovite belongs to a new structure type. It contains four
symmetrically independent SO4 tetrahedra with the average <S—O> bond lengths in the range 1.45-1.47
A, in general agreement with the average value of 1.475 A given for sulfate minerals [2]. The short S-O
bonds in several tetrahedra can be explained by libration effects, typical for the crystal structures with
statistical or dynamical disorder. There are six Na and one Cu sites with different occupancies. The Cu
atom forms five Cu—O bonds in the range 1.980-2.180 A and two long bonds =~ 2.9 A resulting in the
formation of the CuO7 polyhedra with [5+2] coordination of Cu. The CuQOy polyhedra share corners with
SO, tetrahedra to form isolated [Cu2(SO.)s]** anionic clusters, which are the fundamental building blocks
for the structure of petrovite. The four Na sites, Na2, Na3, Na4 and Na5, are fully occupied by Na. In the
Nal site, the essential amount of Ca is present (ca. 47%). The Na6 site is only partially occupied (53%).
The petrovite structure can also be described as a threedimensional framework, taking into account the
essential occupancy of the Nal site by Ca?* cations. In this description, the [Cux(SO4)s]** clusters are
linked by NalOs octahedra, forming a porous three-dimensional framework with cavities occupied by
Na* cations [3].

This work was financially supported by the Russian Found of Basic Research, grant no. 18-29-
12106. Technical support by the SPhSU X-ray Diffraction Centre is gratefully acknowledged.
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Dobrovolskyite, NasCa(SOa4)s [1], is a new sulfate mineral from the Great Tolbachik fissure
eruption. It occurs as aggregates of tabular crystals up to 1-2 mm in maximal dimension, with the
abundant gas inclusions. Dobrovolskyite was found in close paragenesis with petrovite NaioCaCuz(SQO4)s
[1]. Single finds of grains of euchlorine NaKCusO(S0O.)s, tenorite CuO, anhydrite CaSQO4, and anglesite
PbSO, were established by electron microscopy data in pyroclastic material of magnesian basalt scoria.
The empirical formula calculated on the basis of ) = 12 is
(Naz.90Ko.10)z4(Cao.4sMgo.16CUo.12Na0 10)50.8353.08012.  The crystal structure of dobrovolskyite was
determined using single-crystal X-ray diffraction data; the space group is R3, a = 15.7223(2) A, ¢ =
22.0160(5) A, V = 4713.1(2) A3, Z = 18 and Ry = 0.072. The Mohs’ hardness is 3.5. The mineral is
uniaxial (+), with = 1.489(2) and £ = 1.491(2) (A = 589 nm). The seven strongest lines of the powder X-
ray diffraction pattern [d, A (I, %) (hkl)] are: 11.58(40)(101); 5.79(22)(202); 4.54(18)(030);
3.86(88)(033); 3.67(32)(006); 2.855(50)(306); 2.682(100)(330). The mineral is named in honor of Prof.
Dr. Vladimir Vitalievich Dolivo-Dobrovolsky (1927-2009), who was one of the leading Russian
scientists in the field of petrology, crystal optics and crystal chemistry. The main results of these studies
are presented in more than 100 articles, including fundamental work “The crystallography of the Earth's
shells”, where he gave a numerical characterization of the symmetry of various Earth shells [2]. The
dobrovolskyite crystal structure is composed of three symmetrically independent rods elongated along the
¢ axis. The rods consist of six octahedral-tetrahedral [Na(SOa4)s]** or [Ca(SOa4)s]** clusters compose of
NaOs octahedron which share corners with six SOy tetrahedra. Crystal structure of metathénardite
contains parent FBB for these octahedral-tetrahedral clusters. The parent FBB consists of octahedron
surrounded by six disordered tetrahedra Minerals similar to dobrovolskyite were formed upon cooling of
the high-temperature phase containing the parent FBB. The cluster that will be inherited from the parent
FBB is determined primarily by the ionic radius and charge of the cations in the mineral.

This work was financially supported by the Russian Found of Basic Research, grant no. 18-29-
12106. Technical support by the SPbSU X-ray Diffraction Centre is gratefully acknowledged.
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This work is devoted to the characterization of several systems containing alumina using X-ray
diffraction methods. Such systems are extensively applied in catalysis as adsorbents, catalysts, and
catalyst support. Alumina properties, as well as properties of obtained from them catalysts, depend on
various factors, including synthesis conditions. The appearance of novel methods of alumina synthesis
requires research on their structure and properties. In the case of supported catalysts, the investigation
often starts from the consideration of precursors of catalyst support and active component and ends with
the study of prepared and tested in reaction catalysts. Such materials as alumina and based on them
catalysts exist often in nanoscale view. Therefore, they are interesting objects for research and require
special methods for their investigation, including structure investigation. We can extract the most reliable
structural information from direct structural diffraction methods. In the case of disperse alumina
containing materials the use of special methods that take into account the specific features of X-ray
scattering from small objects is required.

The catalyst's composition may include various modifications of alumina. In this work, we
considered aluminas obtained in different ways and having different compositions. Structural features of
alumina-containing systems are examined using the complex of diffraction methods: XRD phase analysis,
full profile analysis, modeling of diffraction patterns, pair distribution function (PDF) analysis.

The work was supported by the Russian Foundation for Basic Research (project #19-03-00595)
and by the Ministry of Science and Higher Education of the Russian Federation (project # AAAA-A17-
117041710079-8).
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Crystal chemistry and high-temperature X-ray diffraction of hydrated iron sulfate minerals.

Abdulina V.R. **, Siidra O.1.%%3

! Department of Crystallography, St. Petersburg State University, 199034, University Emb. 7/9,
St. Petersburg, Russia.
2 Kola Science Center, Russian Academy of Sciences, 184200, ul. Fersmana 14, Apatity, Russia.
3 Grebenshchikov Institute of Silicate Chemistry, Russian Academy of Sciences, 199053, Makarov Emb. 2,
St. Petersburg, Russia.
* Correspondence author email: abdnik@yandex.ru

Hydrated iron sulphate minerals, coquimbite Fe**2(SO4)s-9H,0, romerite Fe?*Fe**2(S04)4 14H,0
and copiapite Fe?*Fe**4(SO4)s(OH)2-20H,0 are found as secondary minerals in the oxidation zones of iron
sulfide deposits in arid regions of the Earth. Noteworthy, the experimental mineralogy of sulfates has
intensified in the last decade due to the new data obtained via satellites and rovers on Mars surface. The
sulfate content reaches up to 30% at some sampling points on Mars surface. Many of the sulfate minerals
are hydrated, which indicates the existence of water on Mars in the past [1].

Thermal behavior of the coquimbite, romerite and copiapite samples from Alcaparossa mine
(Chile) has been studied in air by means of a Rigaku Ultima X-ray diffractometer (CoKa radiation). The
samples were prepared from heptane's suspension on a Pt-Rh plate. Unit-cell parameters at different
temperatures were refined by least-square methods. Main coefficients of the thermal expansion tensor
were determined using linear approximation of temperature dependences by the ThetaToTensor program.

The diffraction maxima of coquimbite gradually disappear at approximately 175°C. The structure
of romerite is stable up to 85°C. Copiapite is the most unstable mineral and decays at 14°C. All three
minerals become amorphous after dehydration. At 275°C mikasaite Fey(SO4)s starts to crystallize.
Thermal expansion features for all three minerals will be discussed.

This work was financially supported by the Russian Science Foundation through the grant 16-17-
10085. Technical support by the SPbSU X-ray Diffraction and Geomodel Resource Centers is gratefully
acknowledged.
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Monocrystal Progs(CaosSro2)ossMnOs: structure, magnetothermal and magnetoelectrical properties
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Modern technology companies strive to improve devices - make them compact and energy-
saving. For this it is necessary that the same element in the microcircuit simultaneously performs several
functions. Magnetic semiconductors, in particular, manganites with a perovskite-like structure (Ri-
AxMnOs, where R = La, Pr, Nd, Sm, etc., A = Sr?*, Ca®*, Ba*" etc.) can claim this role. Manganites are
characterized by a strong interconnection between the crystal lattice with electronic and magnetic
subsystems, which leads to a number of unusual properties. In the temperature region of the magnetic
phase transition giant values of  magnetoresistance, = magnetostriction,  thermopower,
magnetothermopower, magnetocaloric effect etc. are observed.

The aim of this work is to establish the relationship between the structure and physical properties
(resistance, magnetoresistance, thermopower and magnetothermopower) of the Proes(Cao.sSro2)o.3sMnOs
monocrystal.

The electrical resistance and magnetoresistance, thermopower and magnetothermopower of the
studied monocrystal were measured in the temperature range 90-300 K in magnetic fields of 1-15 kOe.
The temperature and field dependences of these parameters are analyzed. It was found that the resistivity
of the sample increases with decreasing temperature. Starting from a temperature of 120 K it sharply
increases and at 104 K it passes through a maximum. Influence of a magnetic field leads to a decrease in
resistivity. Negative magnetoresistance passes through a maximum at 104 K and reaches a value of 45%
in a magnetic field of 15 kOe. We emphasize that the maximum of resistance and magnetoresistance are
observed at the temperature exceeding the temperature of the magnetic phase transition (85 K) by about
20 K.

When approaching the temperature of the magnetic phase transition from the high temperature
side, a sharp increase in the thermopower was found. So, at the temperature of 98 K, the thermopower
reaches 250 uV/K, which is comparable with the thermopower of widely used thermoelectric materials
based on bismuth telluride. When a magnetic field is applied, the thermopower decreases, and the
magnetothermopower reaches 50% in a magnetic field of 15 kOe at 98 K.

A feature of this compound is its magnetic and structural heterogeneity. The charge-ordered
antiferromagnetic phase coexists with the ferromagnetic phase, and these phases have a different
crystalline structure. It is assumed that the detected large values of thermopower and
magnetothermopower are caused by these inhomogeneities.
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Fluorellestadite, Cas(SiO4)1.5(SO4)1.5F, is a sulfate-silicate, which belongs to the ellestadite group
along with chlorellestadite, Cas(SiO4)15(SO4)15Cl, hydroxylellestadite, Cas(SiO4)15(SO4)150H, and
mattheddleite, Pbs(SiO4)1.5(S04)1.50H. All these minerals are members of the apatite supergroup with the
general chemical formula *M1,"""M25("VTO4)sX, where M = Ca*, Pb**, Mn?*, Ba®*, Sr**, Na*, Ce**, La*",
Y, Bi¥; T = P™, As™, V*, Si**, S%, B; X = F, CI, OH" [1]. Fluorellestadite was first described in
burned coal dumps of the Chelyabinsk coal basin by Chesnokov et al.[2]. Later fluorellestadite was found
in a number of natural localities associated with the ultrahigh-temperature — low-pressure
pyrometamorphic and combustion metamorphic metacarbonate rocks such as Hatrurim Formation
(Israel), Mottled Zone (Jordan), Shadil-Khokh volcano (South Ossetia), Bellerberg volcano (Germany),
etc. [3-4].

Thermal behavior of fluorellestadite was studied in air by the high-temperature powder X-ray
diffraction (HTXRD) method using a Rigaku Ultima IV (CoKal+2 radiation, 40 kV/30 mA, Bragg-
Brentano geometry, PSD D-Tex Ultra) diffractometer with a high-temperature attachment. The
temperature range of the measurement was 20 - 800 °C with temperature steps of 20 °C. Thin powder
sample was deposited on a Pt sample holder (20x12x2 mma3) using an ethanol suspension. Silicon was
used as an external standard. The calculated thermal expansion coefficients indicate that fluorellestadite,
Cas(Si04)15(S04)15F, expands almost isotropically in the temperature range 25-800 °C with the a./o. ratio
changing from 0.98 to 1.00. The observed almost isotropic thermal expansion of fluorellestadite is very
similar to that observed for fluorapatite, Cas(PO4)sF. This could be explained by the similar chemical
composition, which differs only in the occupancy of the tetrahedral sites. According to Chernorukov et al.
[5] the thermal expansion anisotropy in hexagonal apatite-structured compounds directly depends on the
s-element content with the anisotropy increasing in the raw Ca < Sr < Ba < Pb < Cd.

The study was supported by the Russian Foundation for Basic Research (grant Ne 19-05-00628).
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A new approach to time-resolved X-Raay experiments implementation at both laboratory X-Ray
sources and synchrotron facilities is presented. Proposed X-Ray diffraction method is based on adaptive
X-ray optics and applied for investigation of irreversible deformation processes in crystalline materials
under external loading with time resolution. This method allows receiving information about changes in
atomic structure recording rocking curves (dependence of X-ray radiation intensity in the vicinity of
Bragg angle) and reciprocal space maps (RSM) by fast tunable X-Ray optical element. This element
consists of a piezoelectric monolithic bimorph lithium niobate (LiNbO3) single crystal and a silicon plate
attached to its face. When electrical signal is applied to the lithium niobate, it is possible to control the
spatial position of the diffracted X-ray beam [1]. Time resolution of proposed method scales up to
milliseconds for rocking curve record and up to hundreds of milliseconds in RSM case, and mainly
depending on brilliance of X-ray.

The presented approach makes it possible to obtain information about changes in crystal structure
with a lower time delay compared to existing methods [2].

The evolution of the defective structure of crystalline materials subjected to controllable and
measured uniaxial mechanical compression (load up to MPa range) was investigated using the proposed
method. The essence of such evolution is defect multiplication, displacement and shifting of atomic
planes, which can be easily determined by changes in rocking curve and RSM parameters. This structural
process is of great interest, as it is possible to observe defects behavior in a crystal during elastic
deformation with time resolution.

The reported study was funded by RFBR and DFG 19-52-12029 and by RFBR according to the
research project Nel18-32-20108.
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The results of studying the structure of Fe — Cr oxide catalysts supported on carbon-carrier
“Sibunit” and MgAl,Oy (“Puralox MG 30 Spinel” from Sasol) are presented before and after the chemical
oxidative dehydrogenation reaction of ethylene at 650° C and normal pressure. Data on the structure of
the systems were obtained by TEM, XRD, and thermomagnetometry.

Catalyst samples with concentrations of 5 wt.% Fe and 5 wt.% Cr were prepared by the method of
single impregnation of the carrier with water by solutions of Fe(NO3)s - 9 H.O and Cr(NOs)s - 9 HO salts.
After impregnation, the samples were dried in air for 12 hours. To decompose the deposited metal
nitrates, the samples were calcined in a helium flow (= 60 ml / min) for four hours at 450 ° C.

The following phase transformations can occur on the surface of Fe-containing catalysts in a
reducing medium: Fe.O3; -> Fe;04 -> FeO -> Fe. Sibunit exhibits reducing properties. It was found that
the initial catalyst on sibunit (system Fe-Cr/C, Fig. A) is a polyphase sample in which, along with metal
(1) oxides Fe;0s, Cr,03, FeCrOs, also FeO and metal phases are detected. The catalyst particles are in a
finely divided state. Under the reaction conditions, an inhomogeneous multiphase catalytic system is
formed: the magnetometry method indicates the existence of a metal phase, carbides and iron oxides. The
catalyst supported on Puralox (Fe-Cr/MgAIQy, Fig. B) is also polyphase, however, it is characterized by
a higher degree of crystallinity of the supported particles. During the reaction, there is an increase in the
degree of crystallinity of the catalysts and particle size (Fe-Cr / C Fig. C, Fe-Cr / MgAI Oy Fig. D), while
in the Fe-Cr / MgAIOy system, the predominant formation of phases with spinel structure occurs, while
carbide phases were detected on Fe-Cr / C.

The principal difference in the catalytic effect of two polycrystalline Fe-Cr / MgAIxOy and Fe-Cr
/ C samples is a significant methane emission in the case of the last sample. The results of our work show
that this is due to the formation of a catalytically active carbide phase (Hagg carbide).
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The lithium borate system is widely used in crystal growth technique and glasses production [1].
Glassy lithium borates are used as gamma and neutron scintillators, at the same time crystalline lithium
borates are used as piezoelectric and nonlinear optical materials. Phase formation in the system Li,O-
B2Os is completely unexplored and there are a number of unsolved problems. Particularly, phase
formation near lithium triborate Li,BsO1o (LiB3Os) is of great practical importance.

Lithium triborate, which is also known as LBO crystal, has unique optical properties and it is
widely known as one of the most attractive materials of nonlinear optics. One of the difficulties is that
Li,BsO19 compound melts incongruently and can be grown only by the flux method. Therefore,
investigation of binary and ternary systems, containing the lithium triborate, is an important practical task.
A large number of works on the study of the ternary system Li,O — B,O; — MoOs have been published,
however, to date, the compositions of the forming phases and the temperatures of their phase transitions
have not been determined.

A ternary system Li,O — B,O3; — MoOs; was studied, namely, dynamics of interaction and phase
formation along LiB3Os — LisM0sO17and LiB3Os — LisM0sO17 system sections.

This work was carried out by methods of solid-phase synthesis and X-Ray phase analysis. To
study the interaction of the components of the cross sections, samples of components mixtures were
prepared with boric acid HsBOs (chemically pure), lithium carbonate Li,COs (chemically pure) and
ammonium molybdate tetrahydrate (NH4)sM07024+4H,0 (analytical grade).

Synthesis technique: samples of substances were prepared based on the calculation of the
components of quasi-binary sections LiB3Os — LisM0s017 and LiB3Os — LisM0sO17. The test-charges were
carefully ground in an agate mortar and placed in a muffle furnace at a temperature range 350-575°C for
hardening. The samples tempered were investigated with X-Ray phase analysis.

The synthesis of lithium borate samples showed that, depending on the composition of the
sample, the reaction proceeds differently: the larger the composition of boron, the earlier the reaction
begins to proceed.

The reaction in the mixture of the starting components proceeds sequentially: first, boric
anhydride is consumed in the reaction with lithium carbonate, then molybdenum oxide reacts with the
formed borates. The composition of the reaction products — a mixture of intermediate lithium borates —
reacting with molybdenum oxide to form molybdates, moves along the connode in the direction of the
MoO; peak of the Li:O — B2Os; — MoO; concentration triangle, crossing several crystallization fields of
different phases, which can affect the formation of structural fragments of boron-oxygen frame in the
composition.

Along both LiB30s — LisM0sO17 and LiB3Os — LisM0sO17 System sections at a temperature range
500-575°C two unidentified phases are formed, perhaps real composition of the first phase is located
away from the section in the direction of the apex of the Li,O concentration triangle Li,O — B,O3 — M0OQs.
The second phase is found in small quantities and can be characterized as a low-temperature phase or as
an intermediate product of solid-phase synthesis.

The study made it possible to determine the nature and sequence of interaction of components in
systems, that is, the sequence of reactions, which is of great interest, as it helps with further decoding and
interpretation of diffraction patterns.

1. Rousse G., Baptiste B., Lelong G. Crystal Structures of LigB4Og and LisB1:01s and Application
of the Dimensional Reduction Formalism to Lithium Borates. 2014. V. 53. P. 6034-6041.
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Perovskites of rare earth elements Ln,BaMn,O; (Ln=Rare Earth) with the homological series
AO(ABO3), and structural type SrsTi-O; have a number of unique properties, one of which is the
manifestation of the effect of colossal magnetoresistance (CMR) [1-2]. The synthesis of single-phase
oxides is much complex, due to a number of phase structural transformations are observed in them during
heating, which depend on the partial pressure of oxygen in the gas atmosphere during heating, the cooling
rate of samples, and the other factors. Changes in the crystal structure may affect to the functional
properties of manganites. Therefore, it is important to design conditions for the synthesis of Ln,BaMn,O;
manganites and study their stability when changing external parameters. Synthesized at T=1300°C and

partial pressure of oxygen PO = 10°arm homogeneous Nd;BaMn,O; has an orthorhombic crystal
2

structure (mp.rp. Fmmm) at room temperature. When the sample is heated, its crystal structure
changes.The temperature region of the phase transition were determined by high-temperature radiography
(HFA): Fmmm—14/mmm in the Nd.BaMn,O; manganite. The transition starts at a temperature of 250°C,
and when it reaches 300°C, the cell parameters are fixed, which are typical for the tetragonal crystal
structure (of the 14/mmm type).The obtained data were confirmed by differential scanning calorimetry
(DSC). The refinement of the structure by the Rietveld method using the GSAS software package
revealed the main difference between the two structures: in the orthorhombic four planar oxygen atoms in
the MnOg bipyramid form a rectangle with a manganese atom in the center, and in a tetragonal one, a
square.
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This work was carried out as part of the implementation of the RFBR project Ne 19-29-12013
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2. Missyul, A. B., Zvereva, I. A., Palstra, T. T. M. The formation of the complex manganites
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Rare earth zircoates Ln,Zr,O7 (where Ln is rare earth element) have been intensively investigated
over the last decade as promising candidates for various applications such as thermal barrier coatings,
catalysts, solid oxide fuel cells, host material for radioactive nuclear waste storage, etc [1].

It has been well known that ceramics prepared from nanocrystalline Ln.Zr,O; powders ofers
major advantages over the coarser-grained ceramics due to unique thermal, mechanical, electrical, and
other characteristics [2].

For preparation of nanocrystalline Ln,Zr,O7 apply a number of approaches such as sol-gel,
hydrothermal, Pechini method, hydroxide coprecipitation—calcination and solid-phase synthesis. The last
two methods are recognized as the most effective. The main advantages of the hydroxide coprecipitation—
calcination are the simplicity, reproducibility of the results, and the absence of the need to use organic
reagents. It is necessary note that this method is sensitive to changes in external conditions (mixing speed,
pH value), as a result of which, upon further calcination, single-phase products are not always obtained
[3]. But at the same time, one of the most common methods for producing Gd.Zr,0y is the solid-phase
synthesis due to a number of primary factors, such as the absence of liquid phases, which significantly
reduces the possibility of contamination and loss of the reaction mixture. Also, the absence of liquid
phases eliminates the need to dispose of liquid effluents and chemical synthesis products. But despite the
advantages, this method also has a number of disadvantages, such as: synthesis from oxides requires
much more stringent synthesis conditions (an increase in sintering temperatures, sintering pressure, the
use of mechanical activation of the reacting components, which increases any costs, and therefore the cost
received material.

The mechanical activation of the reaction mixture significantly accelerates the formation of
Gd2Zr,07 during subsequent calcination.

Compared with ceramics with a microcrystalline structure, nanosized ceramics based on rare-
earth zirconates have increased radiation resistance, reduced thermal conductivity, and higher oxygen-ion
conductivity [4].

1. Popov V.V., Petrunin V.F., Korovin S.A., Menushenkov A.P., Kashurnikova O.V., Chernikov
R.V., Yaroslavtsev A.A., Zubavichus Y.V. Formation of nanocrystalline structures in the Ln,O3-MO;
systems (Ln = Gd, Dy; M = Zr, Hf). Russian Journal of Inorganic Chemistry. 2011. V. 56. P.1538-1544.

2. Mandal B.P., Dutta A., Deshpande S.K., Basu R.N., Tyagi A.K. Nanocrystalline
Nd,-,GdyZr,07 pyrochlore: facile synthesis and electrical characterization. Journal of Materials Research.
2009. V. 24 P.2855-2862.

3. Zhou L., Huang Z., Qi J., Feng Z., Wu D., Zhang W., Yu X,, Guan Y., Chen X., Xie L., Sun
K., Lu T. Thermal-driven fluorite—pyrochlore—fluorite phase transitions of Gd.Zr,O7 ceramics probed in
large range of sintering temperature. Metallurgical and Materials Transactions A. 2016. V. 47 P.623-630.

4. Zhang J.M., Lian J., Fuentes A.F., Zhang F.X., Lang M., Lu F.Y., Ewing R.C. Enhanced
radiation resistance of nanocrystalline pyrochlore Gdz(TioesZrOo,35)207. Applied Physics Letters. 2009. V.
94. P. 243110.
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Thermal analysis and thermal expansion of volborthite CusV207(OH),-2H.0O
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Volborthite [tricopper(Il) divanadium(V) heptaoxide dihydroxide dihydrate] is an uncommon
secondary mineral formed in the oxidized zone of vanadium-bearing mineral deposits. The studied
sample of volborthite originated from the occurrence at Tyuya-Muyun Cu-V-U deposit (Radium Mine),
Kyrgyzstan.

Single crystal of studied volborthite CusV207(OH)»-2H,0 selected for X-ray diffraction (XRD)
data collection was tested on a Bruker APEX 1l DUO X-ray diffractometer with a Mo-IuS microfocus X-
ray tube (A = 0.71073 A). The refined unit cell parameters of the studied volborthite for monoclinic space
group, C2/m, a = 10.617(3), b = 5.8842(15), ¢ = 7.2042(18) A, B = 94.559(5)°, R; = 0.0542 are
comparable with the data published for this phase. The results of chemical analyses lead to empirical
formula (CU2,34, ZNo.2, Nio,os)m_1V1,907(OH)1,7'2H20 on the basis of (Cu+Zn+Ni+V) =5 apfu.

The crystal structure of volborthite consists of corrugated layers located in the (001) plane,
formed by Cu-centered octahedra. The layers are combined with each other by pyrovanadate groups
[V20-]*. Water molecules are located in the interlayer space. The volborthite layers are arranged in a
symmetrical kagome lattice. This feature affects the manifestation of interesting magnetic properties.

A selected sample of volborthite CusV-07(0OH),-2H,0 was examined on a Rigaku "Ultima V"
diffractometer with a low-temperature attachment "R-300". The temperature range was set from -180 °C
to 300 °C. The temperature step was 20 °C. Thermal X-ray data were processed using the Topas software.
Generally volborthite CuzV207(0OH),-2H.0 exhibits weakly anisotropic thermal expansion with
increasing temperature. Features of the thermal behavior of volborthite will be reported.

This work was financially supported by the Russian Science Foundation, grant Ne16-17-10085.
Technical support by the SPbSU X-ray Diffraction and Geomodel Resource Centers is gratefully
acknowledged.
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The global bioceramics demand on the market currently reaches ~40 billion euros per year, the
estimated annual growth rate is of 7-12% and the required amount of the material to meet the demand is
estimated at tens of tons. The number of patients in need of surgery to restore the integrity of the bone is
increasing every year: in the US, the annual number of patients exceeds more than 1 million people (of
which over 300 thousand people need hip and knee prosthetics, the same holds true for dental implants).

Materials based on hydroxyapatite Caio(PO.)s(OH). are analogs of the mineral component of
bone, and they are considered the most promising biocomposites to be used as substitutes for bone defect
repair due to their high bioactivity.

It is known that the main components of bone are type I collagen (~ 20%), a mineral phase (~
60%), water (~ 9%) and non-collagenous proteins (~ 3%), the rest being polysaccharides and lipids. The
organic part of bone is composed of collagen fibers and proteins, such as osteocalcin, osteonectin and
fibronectin. Gelatin is a natural polymer formed through hydrolysis of collagen. In contrast to the latter, it
is more stable and exhibits less antigenicity, thereby can be effectively used as a calcium phosphate based
organic matrix biomaterial. Gelatin contains biologically active functional amino acid groups, and it is an
advanced material for bone regeneration, including its combination with hydroxyapatite. Since gelatin is a
denatured form of collagen and it contains significant amounts of biologically functional amino acid
groups, the investigation of properties of hydroxyapatite synthesized in the gelatin matrix
(HAG) under near-physiological conditions is a challenging and relevant physicochemical problem.

The SBF was used as a model solution of extracellular fluid. A solid phase was prepared by
precipitation from aqueous solutions; the starting components of the system were CaCl,, MgCl,, KoHPOy,
NaHCO3;, Na;SO4, NaC [15] solutions and 3 wt.% gelatin.

Thermal effects were studied by isothermal thermogravimetric analysis. Hydroxyapatite samples
synthesized in the presence of gelatin were placed in dry ceramic crucibles. Then the samples were placed
in a muffle furnace and kept for 2 h. The calcination temperature was varied from 200 to 800°C by
increment of 200°C. After that, the crucibles were allowed to cool to room temperature, and then weighed
on an analytical balance. The solid precipitates were analyzed by FT-IR spectroscopy and X-ray
diffraction (XRD) — qualitative and quantitative phase analysis, measurement of the crystallite sizes
(coherent scattering regions — CSR). The IR spectra were recorded using a FT-801 spectrometer (the
samples were prepared in the form of KBr pallets). The XRD of the powder samples was performed with
the Bruker D8 Advance X-ray diffractometer, and the diffraction patterns were identified using the
software package EVA (developed by Bruker AXS).

The TGA diagram demonstrates the highest weight loss at 200°C and 400°C that can be
attributed to adsorption and removal of the chemically bound water from the HAG samples. An increased
weight loss at 400°C can be caused by burn out of the organic phase (gelatin) in the HA samples. At
600°C, the weight decreases insignificantly, while at 800°C, the weight loss increases by 2 times
(compared to that at 600°C), which indicates the removal of the carbonate groups from the HA structure.
These data is consistent with the results obtained by FT-IR spectroscopy.

The X-ray diffraction patterns of the HAG samples subjected to heat treatment show peak
splitting at 400°C. In our opinion, this is caused by degradation of the gelatin components (amino acids),
and thereby release of the carbonate component that has been partially released in the form of carbon
dioxide, and partially entered the calcium phosphate structure.

At 600°C and 800°C, the intensity of peak splitting did not increase and remained at the same
level. This is most likely due to the fact that no orbitals are left vacant to bind carbonate ions in calcium
phosphate as compared to that in case of unsubstituted hydroxyapatite.

The isothermal thermogravimetric analysis revealed four stages of thermal decomposition of
composite materials: 1) removal of water and easily volatile impurities (t=25°C-280°C); 2) gelatin
pyrolysis (t=280°C—400°C); 3) calcium pyrophosphate phase formation (t=400°C—600°C); 4) removal of
carbonate ions from the HA structure and its decomposition (t > 600°C).
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HccnemoBanne KpPeMHE3EMHBIX IUICHOK, JOMHMPOBAHHBIX HaHoudacThuiiamu Pt/Pd, BeI3BIBacT
OONBIION WHTEpPEC B CBSI3M C WX BO3MOXXHBIM TPHMEHEHHEM B KayeCTBE KATAJIMTUYECKHX CIIOCB.
Karanutnueckue cBoiicTBa OMMETAJUIMYECKMX HAHOYACTHUI[ B TUIEHKAX OIMPENENAIOTCA MX pa3MepaMu,
CTPYKTYpOM, M IIPEUMYIIECTBEHHOW OpHUEHTAlUEH, KOTOPhIE B CBOIO OUYEPE/b 3aBUCAT OT METOJA MX
nonydenus. OIHUM K3 HauOoJNiee TEXHOJIOTMYECKH MPOCTHIX M Maljlo 3aTPaTHBIX METOJIOB TONY4YEeHHUS
TaKHX TIEHOK SBJISIETCS HAHECEHME 307151 ¢ TOMOIIBIO eHTprdyrupoBanus (Spin-coating method).

B mammx mpenpiaynmx HMcCiIeNoBaHUSAX ObUIM M3Y4eHbl TOHKHE KPEMHE3eMHbIE IUIEHKU
tonumHoi ~30 HM, jonupoBaHHbIe HaHodactuiiamu Pt/Pd [1, 2]. [ns dhopMupoBaHus KpeMHE3EMHON
MaTpHIbl B KadyecTBe Ipekypcopa ucmonb3oBain TOOC, mis cuHTe3a JIETHPYIOUMX KOMIIOHEHTOB —
Heoprauwdeckne coequHenus miatuael u mamnagus (Hz[PtClg]*6H,0 u PdCly). Ilnenku moiydanu u3
30JIell METOJIOM IIEHTPU(YTUPOBaHUS C IMOCeaylome Tepmodukcamnueii. B pesynbrare uccieaoBanuit
ObLJIO YCTaHOBJICEHO, YTO HaHOo4YacTuipl Pt/Pd mmeroT oO0IIyr0 KpPHCTaJUTMYECKYIO PEHIeTKY MO THITY
TBEPJIOr0 PACTBOPA 3aMEIICHHSI, C XapaKTEPHBIM Pa3MepoOM KpHCTaLTUTOB 3-8 HM [2].

B nacrosiieli pabore mpejcTaBieHbl pe3yibTaThl WCCIEIOBAHHUS TEKCTYPUPOBAHHS B TOHKUX
KPEMHE3EeMHBIX IUICHKaX, MOMMPOBAHHBIX HaHouacTuiamu PU/Pd, myrem u3mepeHus MOIIOCHBIX (GUryp.
Pe3ynbTaThl M3MEpEHH MMOKA3ald HAJIWYME MPEHMMYIICCTBEHHON OpHEeHTanuu Kpucramumros Pt/Pd
OTHOCHTEIHHO TIOBEPXHOCTH TUIEHKH.

1. Shilova O.A., Gubanova N.N., Matveev V.A., Ivanova A.G., Arsentiev M.Y., Pugachev K.E.,
Ivankova E.M., Kruchinina I.Yu. Processes of film—formation and crystallization in catalytically active
‘spin—on glass’ silica films containing Pt and Pd nanoparticles. Journal of Molecular Liquids, 2019, 288,
P. 110996.

2. Gubanova N.N., Matveev V.A., Shilova O.A. Bimetallic Pt/Pd nanoparticles in sol-gel-
derived silica films and xerogels. Journal of Sol-Gel Science and Technology. 2019, P. 1-9.
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In the current study, an ultrafine-grained (UFG) structure of the PT3V titanium alloy was formed
by Rotary Swaging.

Phase composition study requires locality due to the microstructure heterogeneity (the grain size
gradient in the cross section of the swaged rod after annealing). Traditional polycrystal research methods
— the method of X-ray diffraction in Bragg-Brentano geometry cannot meet this requirement.

Obviously, areas with different grain sizes can differ in phase composition both qualitatively and
guantitatively and therefore have different physical properties: electrical conductivity, thermal stability,
magnetic properties [1].

It is supposed to solve the problem of local analysis using X-ray technology with a narrow
primary beam technique. One option is to use an Oxford Diffraction single crystal diffractometer
equipped with an X-ray tube with a copper anode, a graphite monochromator and collimator that
generates a primary beam with a diameter of 0.3 mm and a CCD detector.

This work was supported by the Russian Science Foundation (Grant Ne19-73-00295).

1. Faraji G., Kim H. S., Kashi H. T. Severe plastic deformation: methods, processing and
properties. — Elsevier, 2018.
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A new water-containing borophosphate of aluminum and lithium obtained by hydrothermal
synthesis in a borophosphate system, has been studied by X-ray diffraction analysis. Tetragonal cell
parameters are as follows: a = 8.7549(4), ¢ = 16.256(2)A, V = 1951.2(4)A3 sp.gr. P4:22. The
investigated borophosphate is characterized by the crystal chemical formula (Z = 4) Lis{Al;[BP4O16]}
2H,0, where the composition of the borophosphate anion is shown in square brackets, and the
composition of the heteropolyhedral framework is shown in the curly ones. The framework is formed by
AlO¢ octahedra and PO4 and BO, tetrahedra, while Li* cations and H,O molecules are located in the
framework channels. The presence of channels creates the preconditions for high mability of lithium ions,
which can be used in the development of new Li-conducting materials. Due to the performed topological
analysis of mixed tetrahedral (TTT) and heteropolyhedral (MTT and TrTTT) frameworks in the structures
of borophosphates, a number of structural features have been established, which allows us to take a fresh
look at the crystal chemistry of borophosphates.

b
Crystal structure of Lis{Al2[BP4O16]}-2H20
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HecMotps Ha TO, 4TO MOJNEKYIISIPHBIE MEXaHU3MBI TIEPEPOXKACHUST OOBIYHBIX KIIETOK OpraHh3Ma B
PaKoBbIE 10 CHX IOp OCTAIOTCS HE COBCEM SICHBI, B HACTOSIIIEE BPEMsl MMPOBOIUTCS TOMCK 3((EKTUBHBIX
JIEKapCTB M CPEACTB JAMArHOCTUKU OT JAHHOTO 3a0osieBaHus. TepaHOCTHYECKHE areHThl — BEIIECTBa,
KOTOpble MO)KHO HCIOJb30BaTh Kak Ui BHU3yaJM3alUMd, TaKk W JUId TeparneBTUYEeCKHX Iiernei
MPEACTABIISIOT MHTEPEC ISl PEUICHUS TAHHOMW MPOOIEMBI.

Wonsl Er*, Ho* B onpenenenHoif maTpume SBISIOTCS MEPCHEKTHBHBIMU aKTUBATOPAMH B
KadecTBe OMONIOrMYeCKON MeTKU. MHTepecHON KpHCTaIIMUecKOi MaTpuIled s JOMMPOBAHUS MOHAMU
P30 sBsrorcs hochaThl co CTPYKTypoit MuHepana ButiokuTa. Pochatsl cocraBa CagxZnyLa(POq)7:Ln*
(Ln = Ho, Er) u3ocTpyKTypHBI MHHEpally BUTIOKUTY M KpUCTaM3ytoTcss B mnonspHor (R3C) mmm
nenTpocuMmerpryHoii (R3C) denopockux rpynmax, B 3aBHCHMOCTH OT COJEPXKAHHS KaTHOHOB Zn2',
JlaHHbIE COEIMHEHUS pacCMaTPUBAIOTCA KaK IMEpPCIEeKTHBHBIE MaTepHalbl JUIs JU3aifHa MaTepHalioB,
CIIOCOOHBIX JIFOMUHECIMpOBaTh B OmmkHeM WK-amanazoHe, 4YTO TO3BONUT B JIANBHEHIIEM WX
WCIIOTIB30BATh JUTSI TEPAHOCTUYECKHX IIENEH.

B Hacrosmeil pabore McCiIeoBaNIM BIMSHHE KaTHOHOB ZN*" m Sr’* Ha IIIOMHMHECIICHTHBIE
CBOICTBA BHTJIOKHTONOAOOHBIX TBEPABIX PACTBOPOB, JONMPOBAHHBIX KaTtmoHamu Er¥', Ho®.
[TonyueHHsle 0o0Opasiibl oxapakrepu3oBaHbl MerogoM P®A, I'BI' u jgromunecieHnuu. KcciemoBaHbl
JMANEKTPUYECKHE CBOMCTBA cocTaBoB ¢ Er** s Gonmee eTaibHOrO yCTAaHOBIIEHHS MPOCTPAHCTBEHHOM
IPYIIBl CUMMETPUM — HeleHTpocUMMeTpuuHoi R3C, mnm medtpocummerpuunoii R3C, Tak Kak
peHTreHorpadMyecku JaHHbIE TPYNIBl CHMMETPHUH HEpas3IMdMMbl B YCIOBHUSX JIaOOPaTOPHOTO
peHTreHorpaduyecKoro IKCepuMeHTa.

Wavelength (nm) Wavelength (1m)
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Ha mnpencraBieHHBIX pPHUCYHKAaxX BHUAHO H3MEHEHHE (OPMBI CIIEKTpa B 3aBUCHMOCTH OT
KOHIIGHTPAIMH MOHOB ZN>*. BUIHBI MHOKECTBEHHBIE TIHKM JUIS OCHOBHBIX TIEPEXOJIOB, YTO CBS3AHO CO
IITapKOBCKOH  CTPYKTYpOH OCHOBHOIO M BO30YXXIEHHOIO COCTOSHHSI KaXIOro W3 LEHTPOB
JoMuHecHentuy (3 B citydae rpymnmsl R3C u 2 B citydae rpynmsl R3¢). MoHOTOHHOE epepacripeieieHue
pacIIenyIeHUi MMepexoa0B CBS3aHO C PA3IMYHBIM BIMSHHEM KPHCTAJUIMYECKOTO IOJS, KOTOPOE TaKKe
MeHSIeTCS B 3aBUCMMOCTH OT KOHIIEHTPAIUU MOHOB Zn®",

Pabora BeimonHeHa npu GpuraHCOBOM Nojep:kke PODU, npoekt 20-03-00929.
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Multiferroic materials exhibiting the magnetism-driven ferroelectricity, where ferroelectricity is
induced by magnetic ordering, have been attracting continuous attentions in scientific research due to
their application potential as well as from the fundamental science angle. It is worth to note that the
magnetism-induced ferroelectricity is commonly observed in magnetically frustrated systems such as
BaYFeO., since spin frustration induces spatial variation in magnetization, which leads to the loss of the
lattice inversion symmetry, thereby resulting in the occurrence of ferroelectricity. The geometric
magnetic frustration due to its structural complexity gives rise to their peculiar physical properties, raising
from the complex interplay among magnetic frustration due to competing superexchange interactions and
spin, lattice, charge and orbital degrees of freedom. To better understanding the nature of magnetoelectric
phenomena in the sample, we have performed high pressure effect on the crystal and magnetic structure
of BaYFeQ, by using a combination of neutron diffraction and Raman spectroscopy up to 5.2 and 18
GPa, respectively. It has been established that BaYFeO. possess two long-range magnetic transitions: one
at 55 K corresponding to a formation of the spin density wave antiferromagnetic (AFM) order (SDW),
which then transforms to the cycloid AFM order at 36 K. The latter one is supposed to be the origin of
ferroelectricity of the sample. It has been observed that application of pressure, P > 2 GPa, tends to
convert the lower-temperature cycloid order to the SPW one, pointing a pressure-induced suppression of
ferroelectricity. The Neel temperature Ty of the SPW order almost linearly decreases upon compression
with pressure coefficient of -1.4 K/GPa. Moreover, at P ~ 5 GPa a structural phase transformation
accompanied by anomalies in pressure behavior of vibrational modes was observed. The observed
phenomena have been discussed using the DFT calculations.

The work has been supported by the Russian Foundation for Basic Research, grant 20-52-54002
Brer_a
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OT TeTpadAprYecKoii KOOPIMHAIMH ATOMA KPeMHHUS K TPUTOHAIbHO-OMIIMPAMHIAIBHOM

3ens6er D.A. 1, Anamosua C.H.%, O6opuna E.H.%, Moucee A.A.!

enaroruueckuii nECTHTYT PKYTCKOr0 TOCYIapPCTBEHHOTO YHUBEPCUTETA
2 UpxyTckuit mactutyT Xumun um. A.E. ®asopckoro CO PAH
*Correspondence email: zelbst@rambler.ru

Kpemuuitopranudeckue CoeAMHEHHUS, CoOJepiKalllieé TEeTEepOLMKI W THUIEepPBaJICHTHBI aToM
KpEMHHUSI, MPEACTABISIIOT OONBIIONH TEOPETUYECKUI WHTepec. 3HaHWE WX MOJICKYJSIPHOH CTPYKTYPBI
MO3BOJISIET PACHIMPUTH MPEICTABIICHHS O CTPOSHUN TAKUX COCAMHEHUI U TAKKE YCTAHOBUTH CHEU(pHUECKOe
BIMSIHUE Si-OpraHMYecKuX 3aMECTHTENIeH Ha pPEeaKIMOHHYIO CIOCOOHOCTH rerepouukia. Kpome Toro,
Takde COCJUHEHHUS YacTo O00JaJaloT BBICOKOW OHOJIOTHYECKOW aKTHBHOCTBIO U SIBJISIOTCS
[IEPCIEKTUBHBIMU B KAYECTBE JIEKAPCTBEHHBIX IIPENAPATOB U CPEICTB XUMHU3ALMUH CEIIBCKOr0 XO35MCTBA.
O pacuMpeHnu KOOPIMHAIMOHHON c(hepbl aTOMa KPpeMHHS B CHJIaTpaHaX M3BECTHO JIABHO, HO CTPOCHHE
TaKUX MOJICKYJI BCE €Il BhI3bIBaeT 00MbIoi nHTEpec [1].

Hpyroi KJ1acc COEIMHEHUN IIEHTAaKOOPAUHUPOBAHHOIO KpEMHUs -
(reTepuin)adKUITPUPTOPCHUIAHBl — KaK M CHJIaTpaHbl IIMPOKO HCCIEIO0BAH (PU3UKO-XUMHUUYCCKUMU
METO/IaMH.

ad
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VYCTaHOBIIGHO, YTO [TMHA KOOPAMHAIMOHHOW CBsism O—Si, BXomdmielr B ISTHWICHHBIH
TETepPOINKI, 3aBUCHUT OT TOTO, HACKOJIBKO 3TOT TeTepOIUKiIa TUIOCKUA. Ha mpemraraemMmoM cTeHIie MBI
OIMCHIBACM BEPOSTHYIO NPHYMHY IIepexoja arTomMa KpeMHHs B (opraHwi)rpudropcuiaHax B
MEHTAKOOPIMHUPOBAHHOE COCTOSIHUE, & TAKKE CIOUCTHIM XapaKTep YIMaKOBKU MOJIEKYJ B OJTHOM W3 HHX -
(unaHamommokcumeruin)rpudTopcraane - CsHiCH=CHCOOCHSIF.

F

F H

t .

TonmmHaa cnost — oHa e NPUMEPHO YABOCHHAS CyMMa KOBAJIEHTHBIX PaIMyCOB aTOMa KPEMHHS
u $TOpa — OYEHb Majla MO0 CPABHEHHWIO C €ro JJIWHOW W IMpPHHOW.  PaccTosHMe MeXIy ciosMu
coctapysier 3,42 A. O61uK Takoil yakoBKH MOXKHO HA3BaTh «PadeHO-MOT00H 0.

TakuMm KpHCTamgaM NPUCYIIM caMble HEOXHIAHHBIC CBOWCTBA, Hauboiee 3aMedaTeNbHOH HX
OCOOCHHOCTBIO SBJISIETCSI AHU30TPONHA. DTO IMO3BOJSIET PEKOMEHIOBATh WX KaK IOJUIOH AJsl CaMbIX
Pa3HO00pa3HbIX (YU3NYECKUX MCCIIEIOBAHMIM.

Uccnenosanne BeimonHeHo npu (puHaHCOBOM mojuepkke PODU u IlpaButenscrBa UpkyTckoit
obnacty B pamkax HaydHoro npoekrta Ne 20-43-380001.

1. G.Singh,G.Kaur, J.Singh // Inorganic Chemistry Communication. 2018.- V.88. — P.11-22.
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Synthesis, characterization and morphotropic transitions in a family of M[(UO_)(CH3;COQ)s](H-0)x
(M =Na, K, Rb, Cs; n=0-1.0) compounds.

Kalashnikova S.A. **, Kornyakov 1.V."?, Gurzhiy V.V.!

! Saint Petersburg State University, 199034, Universitetskaya nab., 7-9, St.Petersburg, Russia.
? Kola Science Center, the Russian Academy of Sciences, 189209, Fersmana str., 14, Apatity,
Russia.
*Correspondence email: kalashnikova.soff@gmail.com

Single crystals of NaJUO,(CH3sCOO)s] (1), K[UO2(CH3COO)3](H20)05 (2), Rb[UO2(CH3COO)s]
(3) and Cs[UO,(CH3COO0)s](H20)05 (4) have been prepared by evaporation from 3 ml aqueous solution
of uranyl acetate dihydrate, ammonium carbonate, and sodium chloride, potassium chloride, rubidium
chloride or cesium chloride for I, I1, 111 and 1V, respectively. Single crystal X-Ray Diffraction data had
been collected at 100 K for 11, 111, 1V and 296 K for I using Bruker Kappa Apex Il Duo diffractometer.

The unit cell parameters were determined and refined by least squares method [0]. The crystal
structures were solved by direct methods and refined using the Shelx programs incorporated in Olex2
program package. I: P2:3, a = 10.721(6) A, V = 1232.4 (19) A%, Z = 4, Ry = 0.041. 11: 14//a, a =
14.222(5), ¢ = 25.715(8) A, V = 5201(4) A%, Z = 16, Ry = 0.037. I11: 144/a, a = 13.787(3), ¢ = 27.511(7)
A, V =523003) A3 Z = 16, Ry = 0.037. IV: P1, a = 8.353(4), b = 11.008(5), ¢ = 15.354(7) A, a =
108.409(11), B = 100.140(9), y = 96.370(9) °, V = 1297.5(10) A3, Z = 4, R; = 0.036.

Structures I, Il and 11l contain one symmetrically nonequivalent uranium atom each. The
structure of 1V contains two independent uranium atoms. Each uranyl ion is coordinated by six oxygen
atoms in the equatorial plane, which belong to three acetate groups. Resulting hexagonal bypiramids
(coordination polyhedrons of U®" atoms) share three common edges with (CH;COO) groups, forming
uranyl-three-carbonate clusters, which are a core unit of structures 1-1V.

The amount of symmetrically nonequivalent acetate groups increases from one in the structure of
I to three in the structures of 11 u 111 and six in the structure of 1V. The number of nonequivalent uranium
atoms also increases with the decreasing of symmetry (from cubic in I to triclinic in 1V).

The main structural differences within  morphotropic transitions in family of
M[(UO2)(CHsCOO0)3](H20), (M =Na, K, Rb, Cs; h =0-1.0) compounds are associated with changes in
the ionic radii of alkali metal cations. The first structural transformation is induced by the Na-to-K
substitution and results in the symmetry decrease from cubic P2:3 to tetragonal 144/a. It happens due to
the significant difference in the ionic radii of Na u K (~0.44 A). The K-to-Rb substitution does not lead to
any significant structural changes, because of the less significant difference in the ionic radii (~0.06 A).
The Rb-to-Cs substitution again causes structural changes due to large difference in the ionic radii (~0.17
A), resulting in the symmetry decrease to triclinic.

The research was supported by SPBU and Russian Scientific Foundation grant Ne 18-17-
00018. XRD studies have been performed at the X-ray Diffraction Resource Centre of St
Petersburg State University.

1. Kornyakov L.V. Synthesis, characterization and morphotropic transitions in a family of

M[(UO2)(CH3COO0)3](H20)» (M=Na, K, Rb, Cs; n=0-1.0) compounds. Zeitschrift fir kristallographie.
2020. V. 235(3). P. 95-103.
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Novel complex copper phosphate chlorides: disordered structures and crystal chemistry

Kiriukhina G.V. *?, Yakubovich 0.V.%, Dovgaliuk I.N.?, Simonov S.V.*
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Two novel copper phosphate chlorides, deep-green small isometric crystals (I) and turquoise-
colored thin plates (I1), have been obtained under the middle-temperature hydrothermal conditions. Their
complex and disordered crystal structures have been established based on the low-temperature X-ray
diffraction and crystal chemical analysis: (I) (Na,Cs,K)s[Cus(PO4)4Cl1]-3.5H,0, sp. gr. C2/m, a =
19.3951(8)A, b = 9.7627(3)A, ¢ = 9.73834) A, T = 150K, A = 0.71073; (Il
|(NH.4)9Cus5(VO)o.5[P207]4Cl3|(PO4)o5Ca0.4(H.0,0H)s, sp. gr. 14/mcm, a = 17.9007(3)A, ¢ = 13.5442(5)
A, T =100 K, synchrotron radiation, A = 0.64066.

Both crystal structures include similar tetrameric Cu-centered clusters, (CuO3)4Cl or (CuQ4)4Cl,
as the main building blocks (Fig. 1). In these units four copper pyramids share apical CI vertices. These
clusters are combined through phosphate groups and additional copper-centered polyhedra to form a 2D
layer (1) or 3D open framework (1) structures, both mostly ordered. Between the 2D blocks and inside the
3D framework channels, alkaline and ammonium ions, HO molecules or OH groups are statistically
distributed. Crystals (1) present a novel synthetic modification of mineral sampleite, a member of the
lavendulan mineral group of copper phosphates and arsenates [1]. In previous work [2], we have
published the crystal structure of another synthetic analogue of mahnertite, a member of this group. The
modular approach was used to describe the structures of natural and synthetic compounds as various
polysomes, all containing two-dimensional [CusX(TO4)4]. modules (T = As, P; X = CI, O). Inside the 3D
framework (I1) small amounts of [PO4]* complexes and Ca®* ions are trapped by large, flexible, one-
dimensional channels of 5.5 A in diameter. Similar complex ionic inclusions were found in homeotype
crystal structures of copper diphosphates, i.e. RbgCug[P207]4Cl3-CuCl4 [3].

This study was supported by the Russian Science Foundation, project no. 19-77-00081.
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Figure 1. Crystal structures of two novel complex phosphates chlorides:
(Na,Cs,K)3[Cus(PO4)4Cl1]-3.5H20 (1) (a) built of (CuOs)4Cl tetrameric clusters (b), and
|(NH4)QCU5,5(VO)0,5[P207]4C|3|(PO4)0,5C8.0,4(H20,0H)5 (“) (C) with (CUO4)4C| units (d)

1. Giester, G., Kolitsch, U., Leverett, P., Turner, P. & Williams, P. A. The crystal structures of
lavendulan, sampleite, and a new polymorph of sampleite. Eur. J. Mineral. 2007. V. 19. P. 75-93.

2. Yakubovich, O.V., Steele, I.M., Kiriukhina, G.V. & Dimitrova, O.V. A microporous potassium
vanadyl phosphate analogue of mahnertite: hydrothermal synthesis and crystal structure. Z. Kristallogr.
2015. V. 230(5). P. 337-344.

3. Williams, E.R, Leithall, R.M., Rajab, R. & Weller, M.T. Complex anion inclusion compounds:
flexible anion-exchange materials. Chem. Commun. 2013. V. 49. P. 249-251.
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Features of crystallization of cristobalite in quartz glass obtained on plasmatrons of JSC "'DINUR"
from quartz sand of the Ramenskoye Deposit
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At the present stage of its development, humanity is faced with global problems: the lack of
energy resources, the need for rational use of minerals using energy-saving technologies. Currently,
special attention is focused on obtaining materials from domestic raw materials (import substitution). JSC
DINUR specializes in production of quartz glass from quartz sand of the Ramenskoye Deposit (Russia,
Moscow region). It is known from the literature that quartz glass can be obtained in various ways: electro
thermal, gas-flame, plasma, steam-phase, each of which has many options and modifications, advantages
and disadvantages. At JSC DINUR, sand melting is performed in plasmatrons. The operating current of
the reactor arc is about 1300 A at a voltage of 300-400 V. The Current-Voltage characteristics of the
melting process depend on the specific reactor and the quality of the Sands (the content of impurity
components, such as aluminum and iron oxides). The resulting ingot is a rod several meters long, about
half a meter in diameter and weighing more than 600 kg.

In this paper, we studied the features of obtaining, crystallization, and properties of quartz glass
synthesized by the plasma method. Complex studies (chemical analysis, RFA, dilatometry, thermal
analysis) of the properties of quartz glass and its products were carried out in the Central factory
laboratory of DINUR. The main crystalline phases found in quartz glass are cristobalite and quartz ("'non-
melt"). For quantitative determination of cristobalite, x-ray phase analysis was used based on changes in
the intensity of diffraction reflection depending on the content of cristobalite. In General, the problem of
quantitative determination of cristobalite in the resulting quartz glass is the simplest problem of x-ray
phase analysis. The basic equation for this case is: C=(Ic/lo)x100%, where C is the concentration of
cristobalite in the material; Ic, lo-intensity of the selected cristobalite reflex in the sample under study
and in pure cristobalite (quartz glass firing at 1600 °C with an exposure time of at least 4 hours),
respectively. The most intense cristobalite reflex 101 (d=4.04x10-10 m) was chosen as the analytical
reflex.

It was found that the product of melting quartz sand has a reduced resistance to crystallization.
The chemical (Al.O; content 0.25 Fe Fe;Os less than 0.05%) and x-ray phase composition of the ingot
from the center to the periphery were found to be constant. The proportion of cristobalite in the samples
under study increases with increasing temperature and holding time and is maximum 23% for isothermal
exposure for 5 hours at 1400 degrees and 35.5%, respectively, after 10 "heating-cooling" cycles up to
1400 degrees with a heating rate of 2.5 degrees per minute. In a dense crust on the surface of the ingot
(coat), 10 to 12% of quartz was found, and the content of cristobalite in the crust did not exceed 2.0%. At
the same time, the mineralogical composition of most of the studied samples of quartz glass, purified
from the surface crystal crust, is represented by pure quartz glass. Quartz and cristobalite were not
detected by RFA and microscopy in most samples. In those samples where the presence of cristobalite
was established by the RFA method, petrographic research confirmed the origin of crystals on foreign
impurities.

1. Kolobov A. Yu., Sycheva G. A. // Physics of the Solid State. 2019. V. 61. N 12. R. 2359.
2. Kolobov A. Yu., Sycheva G. A. // Glass Physics and Chemistry. 2020 (In print).
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Crystalline inorganic borates and borosilicates are promising and interesting objects of study as
they possess a variety of different structural and therefore physical properties. Their special features such
as transparency for a wide range of radiation, a large forbidden electron band, chemical and thermal
stability, optical stability and laser damage resistance determine their value for use as optical materials. In
particular boron containing compounds activated by rare-earth ions are effective converters of high-
energy radiation into visible light. In this work attention is paid to such REE borosilicate minerals as
tadzhikite and stillwellite, quite rare and poorly studied minerals. The paper presents the results of studies
of chemical composition, high-temperature crystal chemistry, and luminescent properties.

The chemical composition was determined in energy-dispersive mode by means of a Hitachi S-
3400N scanning electron microscope equipped with AzTec Energy X-Max 20 energy dispersive
spectrometer. Accoeding to microprobe stillwellite (general formula REEBSIOs) contains Ce, La, Nd, Pr,
Sm and tadzhikite (CasREE*"2(Ti,Fe,Al)(B4SisO22)(OH).) has Y, Ce, Nd, La as rare earth cations and no
Al in the composition. Photoluminescence properties were studied at modular fluorescence spectrometer
Horiba Fluorolog-3 equipped with 450 W Xe lamp as an excitation source. At room temperature powder
samples have been measured with a Rigaku Ultima IV diffractometer (CuKa radiation, 40 kV/30 mA,
PSD detector DtexUltra). PDF-2 database (2016) and PDXL program package have been used for the
phase analysis.

The high-temperature powder X-ray diffraction (HTPXRD) has been carried out in air in the
temperature range of 25-1100°C with a Rigaku Ultima IV (CoKa radiation, 40 kV, 30 mA, temperature
step 30°C) equipped by a high-temperature attachment. Stillwellite as its synthetic analogue [1]
undergoes polymorphic transformation at 600°C and decomposes at 990°C with the formation of new
phases. Presumably tadzhikite undergoes a similar polymorphic transformation in the same temperature
region and decomposes earlier at about 870°C.

Emission spectra were recorded in 400-800 range with 10 nm slits and increment of 1 nm. The
measurements were carried out at room temperature. A low-intense luminescence was obsereved for
stillwellite and tadzhikite in the blue and red light regions, respectively.

The authors acknowledge the Resource Center of X-ray diffraction Studies, Center for Optical
and Laser Materials Research and “Geomodel” Resource Centre of Saint Petersburg State University for
instrumental and computational resources. The authors are grateful to Professor 1.V. Pekov for mineral
samples.

This work was supported by the Russian Foundation for Basic Research (18-29-12106).

1. E L Belokoneva et al 1998 J. Phys.: Condens. Matter 10 9975

99


https://english.spbu.ru/

Ti-bearing hydroxyapatite: synthesis, crystal chemistry, photocatalytic properties
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According to a number of researchers, Ti-bearing hydroxyapatite wields photocatalytic activity,
comparable to activity of anatase TiO,, main component of several commercial photocatalysts [1,2]. This
modification significantly improves bactericidal properties of hydroxyapatite, which makes it perspective
material for biomedical applications.

The regularities of the incorporation of Ti-ions into apatite are not well-studied yet, as well as
origin of photocatalytic activity of apatite. According to Ribeiro [3], titanium can incorporate in
hydroxyapatite, replacing Ca or P ions resulted in decreasing or increasing a parameter, respectively.
Synthesis of monophasic samples of hydroxyapatite is problematic due to one-time formation of anatase,
which is possible in wide range of pH and concentrations.

Three series of syntheses were carried out in presence of Ti-ions in solutions (T=90-95 °C, pH=8-
11) When preparing solutions of the 1°* and the 2™ series we used CaNO;, (NH4),HPO, and TiCl; (with
different order of mixing), of the 3™ series — Ca(OH),, H;PO4 and C12H2304Ti. Ti/Ca ratio varied from
0.01 to 0.60 in all series. Synthesized precipitates were studied with a wide set of methods (X-ray powder
diffraction, Raman spectroscopy, SEM, EDX, TEM, diffuse reflection spectroscopy and other) in order to
confirm that precipitates are monophasic, make sure that titanium ions entered into apatite and estimate
their photocatalytic properties. According to XRD studies, all precipitates consist of hydroxyapatite only.
However, Raman spectroscopy revealed presence of anatase in precipitates of 1% series (all samples) and
2" series (Ti/Ca in solution >0.05). Anatase peaks appear at XRD patterns of the precipitates of 3" series
after annealing samples (Ti/Ca>0.03) at 700 °C for 6 hours. This indicates that amorphous TiO, which
was formed in the synthesis and confirmed by EDX data transformed into anatase.

Unit cell parameters of hydroxyapatite of 1% series increase significantly with growth of Ti
concentration. However, these changes can be explained by substitution of [OH] by H,O and [PO4*] by

[CO4*], confirmed by IR spectra.

In 2" series parameter a of hydroxyapatite decreases slightly with growth of Ti/Ca ratio, and rises
sharply at Ti/Ca = 0.40 — 0.60, while parameter ¢ does not change significantly. Along with that H,O and
CO3* IR bands strengthen, which should have brought to increase of both parameters. This confirms
incorporation of Ti ions into hydroxyapatite (basically, at Ca site).

In 3" series parameter a increases, while parameter ¢ does not change significantly. As H.0 IR
band does not strengthen, this change is probably linked to incorporation of Ti into P site.

As Ti/Ca ratio increase, diffuse reflectance spectra of received precipitates change, becoming
more similar to anatase spectra. The value of band gap decreases, becoming closer to anatase band gap
(3.2 eV). Ti-modified apatite of 3" series (Ti/Ca = 0.01 — 0.03) decomposes phenol under Hg-Xe
irradiation slightly faster, that non-modified apatite, but much slower than TiO; photocatalyst.

The obtained data confirm that Ti incorporates into hydroxyapatite. This process is usually
accompanied by formation of nano-particles of TiO,, and/or  other Ti-compounds that significantly
boosts photocatalytic properties of precipitates and hardens estimation of photocatalytic properties of Ti-
bearing apatite itself. According to our data, photocatalytic activity of Ti-bearing hydroxyapatite is much
weaker than activity of TiO2-based commercial photocatalysts.

1. Wakamura, M., Hashimoto, K., Watanabe, T. Photocatalysis by Calcium Hydroxyapatite
Modified with Ti(IV): Albumin Decomposition and Bactericidal Effect. Langmuir, 2003, 19, 3428-3431.

2. Tsukada, M., Wakamura M., Yoshida, N., Watanabe, T. Band gap and photocatalytic
properties of Ti-substituted hydroxyapatite: Comparison with anatase-TiO2, J. Mol. Catal. A: Chem.,
2011, 338, 18-23.

3. Ribeiro C.C., Gibson I., Barbosa, M.A. The uptake of titanium ions by hydroxyapatite particles
structural changes and possible mechanisms // Biomaterials, 2006. 27, 1749-1761
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Crystals of the new uranyl selenite(IV)—selenate(VI1), (UO)(Se0.)(H2Se0s)][(Se0.)(CsHsNs)]
(1), were obtained by isothermal evaporation at room temperature from aqueous solution of uranyl
nitrate, selenic acid and melamine.

X-ray diffraction experiment was performed using a Bruker Smart diffractometer equipped with
an Apex Il CCD detector. The unit cell parameters were determined and refined by the least-squares
method on the basis of 26413 reflections with 28 in the range 5.32°-65.00°. Compound crystallizes in the
monoclinic system, a = 16.247(4) A, b = 8.680(2) A, ¢ = 13.347(3) A, 5= 90.615(5) °, V = 1882.1(8) A°.
From the systematic absence laws and statistics of reflection distribution, P2i/c space group was
determined. The absorption correction was introduced taking into account the shape of the crystal. The
structure was solved by the direct methods and refined to R: = 0.0317 (WR» = 0.0388) for 4068 reflections
with |Fo| > 4or. The crystal structure of 1 contains one symmetrically independent U®* cation that forms
two short (1.749(4) and 1.752(4) A) U**—O?% bonds resulting in a linear uranyl cation, [UO,]*. This
basic uranyl entity with 5 longer (2.348(3) — 2.476(3) A) bonds in the equatorial plane forms a pentagonal
bipyramid. Compound 1 contains 2 crystallographically unique Se** and Se®* cations. Hexavalent
selenium atoms are tetrahedrally coordinated by four O% atoms each [<Se-O> = 1.609(4) — 1.649(3) and
1.623(3) — 1.639(3) A for Sel and Se4, respectively]. The Se(1V) positions have a trigonal pyramidal
coordination with the apex occupied by the Se(IV) atom. These trigonal pyramids are heavily distorted:
one short bond [1.711(4) A and 1.648(3) A for Se2 and Se3, respectively], and two longer bonds
[1.711(4) A, 1.739(4) A and 1.713(4) A, 1.742(4) A nns Se2 and Se3, respectively]. The observed
elongation is the result of the presence of OH™ groups at these posmons
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Figure 1. U-Se layer (b) of the structure 1 (a) and its corresponding graph (c)

The structure of 1 is formed by the modular principle, which can be described as follows. The
structure of 1 is based on electro-neutral layers [(UO2)(Se04)(H.Se03)]° arranged parallel to the plane
[100]. These layers in turn are separated by another electro-neutral organic-inorganic complexes
[(Se04)(C3HsNe)]%, in which selenate tetrahedra connected to melamine molecules via hydrogen bonds
with protonated amino groups of organic molecules. Analysis of the uranyl selenate layers in the structure
of 1 (Fig. 1c) using black-and-white graphical approach indicates that it’s topology is new not only for
uranyl compounds, but also for oxysalts in general (cc2-1:2-22).

This work was supported by St. Petersburg State University and Russian Science Foundation
(grant 18-17-00018). X-ray studies were carried out at the Research Center for X-ray structural studies of
St. Petersburg State University.

101



Tepmmyeckue coiictBa D, L-acnaparuHoBoil KNCJI0TBI

Kycyrkuna A.M. , KusizeB A.B., Kusizea C.C., I'ycaposa E.B., AmocoB A.A., llununosa A.C.

Hwxeroponckuii rocynapctBenbsiii yausepcuter uMm. H.M. Jlo6auesckoro, 603950 Huxuuit
Hogropon, Poccus
*Correspondence email: kotovasya2017@gmail.com

Baxwnyto poIb B mo60oM KHBOM OpraHu3Me UTPAIOT AMHUHOKHCJIOTHI.
AcmaparuHoBasi KHCJIOTa SIBISICTCS OJHWUM W3 OCHOBHBIX CBIPHEBBIX MATEpPHAOB JJIsl TMOTYYCHHUS
MOJICIACTUTENSI acrapTaMa M MPOMEXKYTOYHOro L-acmaparun moHoruapata B (apmanetuke [1]. Omna
BBIIIOJIHSIET POJIb HEHPOMEINATOPA B LIEHTPAIBHON HEPBHOM CHCTEME U OKAa3bIBAET IIPSIMOE BO3JEHUCTBUE
Ha €CTeCTBEHHYIO KOH(QUTYpaluio U (YHKIIMOHAIBHOCTh OCJIKOB, YTO OBUIO MPOJCMOHCTPUPOBAHO Ha
npuMepe HECKOJbKHUX HeBpalbHbIX maroioruii [2]. Mcmoms3ys MeroJ HH3KOTEMIIepaTypHOIl
peHTreHorpaduu, OLCHWIH TEIUIOBOE pAaCHIMpPEHHE HCCIEYyEeMOro BEIIeCTBa BJONb Pa3IMYHBIX
KpucTaiiorpapuueckux — HampasiieHnd. Omnpenenunu  Ko3(QQHUIMEHT  TEMIOBOTO  pacIIMpeHus
HCCIIElyeMOr0 COCAMHEHHS, YTO SIBJISIETCS KOJMUYECTBEHHON XapaKTEPHCTHKON TEIIOBOIO PaCHIMPEHUSI.
Pentrenorpammbl obpasiia 3anuceiBain Ha gudpakromerpe XRD-6000 Shimadzu (CuK-usnydenue,
reoMeTpusi CheMKu Ha oTpaxkenue) ¢ marom 0.02°, B uatepnaie 20: 10+60° npu temneparype ot 150 K
10 450 K (mar 25K). [Tocne o0OpaOOTKH pe3ysbTaToOB SKCIIEpUMEHTa ObLIM IONydeHbl KOI(DPHUIIMCHTHI
TEIIOr0 PaCIIUPEHHsI TPEX U3YUEHHBIX a30THCTHIX OCHOBAHHH, MTpe/ICTaBICHHbIE B TabmIe 1.

Tabmuma 1. KoaddummenTts! TemmoBoro pacumpenus ucenenyemoit D, L-acnaparaaoBoit

KHCJIOTEI.
Coenunenue T 5 1 5 a 5 1 5 1
K 10°, K 10°, K 10°, K 10°, K
D, L-acmaparmHOBOH 300 - 5.3 1.6 5.4
KHCIIOTBI 1.66 5 2 1

Breuto o0HapykeHo, YTO aHM30TPOIUS TEIJIOBOTO PACHIMPEHHUS BO3PACTACT C IOBBIIICHHEM
Temmepatypsl (puc.l), HanOosbIIKe TEII0BbIE HehopMallii HaOIIOAA0TCA 10 OCH b, YTO 00YCIIOBIEHO
HAJIMYMEM HU3KODHEPTeTUYECKHUX BOJOPOJHBIX CBS3ed BJONb 3TOrO0  KpUCTALIOrpaduyeckoro
HaTIPaBJICHHUSI, TIO OCH & TIPOUCXOJIUT CKATUE CTPYKTYPHI.

Ha ocHoBaHMW MOMYYEHHBIX JAHHBIX OBUIM MOCTPOCHBI JIBYMEPHBIEC (QHUTYphl KOI(QPUIIMEHTOB
TEIJIOBOTO  PACHIMPEHHUS TIPU  Pa3IUYHBIX ~ TEMIepartypax JUIsi  HCCIEIMyeMOro  COSMUHEHUS,
JIEMOHCTPHUPYIOIIHE PHOPUTETHBIC HATIPABIICHHUS ITPHU TEIIIOBOM paciiupenuu [3].

Puc. 1. 2 D ¢urypsr ko3 HUIINEHTOB TEIIIOBOTO PACIINPEHNS aCTIAPaTHHOBOM KHCIIOTHI.

a%-l 0, K1

(293 to 343) K. / J. Wang, J. Liu, S. Wang, J. Pei // Journal of Chemical & Engineering Data. — 2010. —
V. 55(4). — P. 1735-1738.

2. Fisher G.H. Free D-aspartate and D-alanine in normal and Alzheimer brain / G.H. Fisher, A.
D’Aniello, A. Vetere, L. Padula, G.P. Cusano, E.H. Man // Brain Res. Bull., —-1991. — V. 26(6). —P. 983—
985.

3. benoycog, P.1. Anroput™m pacuera TeH30pa H MOCTPOEHUS QUTYp KOIPPHUIIMEHTOB TEIIIOBOT'O

pacummpenus B kpuctayax / P.M. benoycos, C.K. ®unartos // ®usnka u xumus crexna. — 2007. — T. 33. —
Ne3. - C. 377-382.
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At present time, the creation of new functional materials based on nanocomposites is a
perspective and important scientific task. Single-walled carbon nanotubes (SWCNT) are one of such
perspective materials because of their extraordinary physical, electrical and chemical properties.

One can get a material with unique characteristics by embedding substances with different
properties inside the carbon nanotube channel because compounds incorporated can behave as electron
donors or acceptors and also change nanotube properties. One of the most widespread methods of
nanocomposites of incorporation synthesis is filling from the melt due to its simplicity and the large
number of substances that can be introduced by this method. The essence of this method is the exposure
of SWCNTs in a melt of the compound to be incorporated at temperatures exceeding the melting
temperature of the introduced compound by 30-50°C, with the subsequent cooling, which leads to the
crystallization.

At the same time it is interesting that geometric limitations of the carbon nanotube channel (its
diameter is usually in a range 6-25 A) distort the three-dimensional crystal structure of the inserted
compound at the atomic level.

There are many works dedicated to investigation of nanocomposites, which contain narrow-gap
semiconductors, but not many works about wide-gap semiconductors. It is interesting to synthesize a
nanocomposite, which consists of the nanotube and a wide-gap semiconductor. One such compound is
antimony sulfide Sb,Ss, whose bandgap value is approximately ~1.7 eV. Antimony sulfide has promising
optical, photoelectronic and electrochemical characteristics. It is unique semiconductor material with a
wide range of practical applications, such as solar cells, lithium-ion and sodium-ion batteries, optical
arrays, etc.

In this work we synthesized a nanocomposite Sb,S;@SWCNT. Nanotubes were filled by
capillary method. We used Sh,Ss (chemically pure grade) and carbon nanotubes (1S090626, China).
During the synthesis, needle crystals of Sb.S; were formed in the ampoule. According to the results of the
X-Ray diffraction and Energy-dispersive X-ray spectroscopy analyses there weren’t found foreign
impurities in the sample. Micrographs of transmission electron microscopy in the channels of the
nanotubes revealed the presence of crystalline matter.

To construct the structural model of the Sb,S:@SWCNT we used the structural data for the Sb,S3
(space group Pbnm, a =11.23(9) A; b = 11.32(0) A; ¢ = 3.834(7) A). The structure of antimony sulfide is
represented by ribbons of (ShiSe)n along the crystallographic direction b. The ribbons have a distorted
structure under the influence of the dimensional factor of the internal channel SWCNT. Due to the high
charge of the atomic nucleus, Sb atoms have a high contrast in the microscopic image, while S atoms are
practically indistinguishable. Depending on the diameter of the carbon nanotube, a fragment of the ribbon
of the initial Sh,S; structure enters its channel. Thus, a ribbon with the composition (ShzSs), enters the
nanotube with a channel diameter of ~ 1 nm. This structural fragment of the ribbon is obtained by turning
its axis 30 degrees from the original direction. At the same time a ribbon of composition (SbeSo)n is
included in a wide CNT with a channel diameter of ~1.3 nm. The structure of (SbsSo). is obtained by
adding an extra number of antimony atoms to the composition (Sb.Ss), ribbon. It is likely that the entry of
an antimony sulfide ribbon into the channel of a SWCNT changes its channel shape from an ideal
cylindrical one; therefore, the diameter of a carbon nanotube is not determined correctly. To place the
initial Sh,Ss structural tape in the channel of a carbon nanotube, its diameter should be more than 1.4 nm.
In this sample, SWCNTSs of this diameter were practically not contained.

Thus, Sh;Ss@SWCNT nanocomposite was synthesized for the first time by a capillary wetting
technique. Antimony sulfide particles almost completely filled the channels of carbon nanotubes, which
was confirmed my XRD, EDX analyzes and electron microscopy. The structural model of the
nanocomposite was constructed in full accordance with electron microscopic images.
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The pyrochlore structure (A2)B20s(0O') forms in many oxide systems; it is renown for a number of
interesting electrophysical properties. The pyrochlore-structured compounds can be ferroelectrics,
ferromagnets, antiferromagnets, multiferroics, dielectrics, semiconductors and ionic conductors. Often,
pyrochlores are the phases of variable composition and have a flexible crystal structure, which makes it
possible not only to vary the A and B cations ratio in the structure, but also to perform their isomorphic
substitution with other elements. The nature of the elements from which the pyrochlore structure is
formed, as well as their relative content and position in the structure, determine properties of the
compound.

In our previous work [1] the hydrothermal synthesis method application has for the first time
resulted in producing and characterizing a pyrochlore-structured phase with the variable composition
Biy+0.675FeyW2yO60's in two-phase mixtures. The preparation of BFWO-based single-phase samples with
a specified composition has encountered a number of synthesizing difficulties that require a systematic
study of the influence of phase formation conditions on the composition and structure of the target
product [2].

The present study is devoted to the investigation of the formation process of the Bi-Fe-W-O
pyrochlore nanoparticles via microwave synthesis. A series of samples has been successfully synthesized
via microwave technique. At a temperature of 180 degrees centigrade the time of isothermal exposure
changed as follows: 0 (cooling immediately after heating), 15, 30, 45 sec., 1, 2, 3, 4 and 5 min. The
obtained sample were examined by a variety of methods of physical-chemical analysis. Among them
powder X-ray diffraction technigque, transmission and scanning electron microscopy, local energy
dispersive X-ray microanalysis and Mossdauer spectroscopy.

The work was financially supported by the Russian Science Foundation (Project No. 16-13-
10252).

1. Lomakin M.S., Proskurina O.V., Danilovich D.P., Panchuk V.V., Semenov V.G., Gusarov
V.V., Hydrothermal Synthesis, Phase Formation and Crystal Chemistry of the pyrochlore/Bi,;WOQOs and
pyrochlore/a-Fe,Os Composites in the Bi.Os-Fe;0s-WO3 System. J. Solid State Chem., 2020, 282,
121064 DOI: 10.1016/j.jssc.2019.121064

2. Lomakin M.S., Proskurina O.V., Gusarov V.V. Influence of hydrothermal synthesis conditions
on the composition of the pyrochlore phase in the Bi,Os-Fe203-WO3 system, Nanosyst.: Phys. Chem.
Math., 2020, 11 (2), P. 246-251. DOI: 10.17586/2220-8054-2020-11-2-246-251
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The multilayer systems FeCo/TiZr and NiMo/Ti used as elements of polarizing and non-
polarizing neutron-optical devices [see eg. 1-3]. These elements multilayer systems by magnetron
deposition of multilayer structures on glass or silicon substrates. An important parameter of these
elements is the coefficient of reflectivity of neutrons, what depends on the interlayer roughness of
multilayer systems [4]. The sizes and orientation of crystallites determine the interlayer roughness of
multilayer structures.

In this work, we studied of interfacial roughness and sizes of crystals in periodic multilayers
coatings NiMo/Ti and FeCo/TiZr. The samples were prepared by magnetron sputtering on float-glass (the
surface roughness os = 0.5+0.2 nm, as measured by XRR before deposition). The interfacial roughness
were measured by X-ray reflectometry, the sizes of crystals were examined by grazing incidents X-ray
diffraction. The interlayer roughness increases from the lower layer to the upper layer, while the
crystallite size in the metal layers remains practically unchanged.

1. Ul'yanov V.A., Boni P., Khamov V.N., Orlov S.P., Peskov B.G., Pleshanov N.K., Pusenkov
V.M., Schebetov A.F., Serebrov A.P., Sushkov P.A. and Syromyatnikov V. G., The Effect of Large
Irradiation Doses on Polarizing and Non-polarizing Supermirrors. Physica B. 2001. V. 297. P. 136-139.

2. Syromyatnikov V.G., Schebetov A.F., Lott D., Bulkin A.P., Pleshanov N.K., Pusenkov V.M.
PNPI wide-aperture fan neutron supermirror analyzer of polarization. Nuclear Instruments and Methods
in Physics Research Section A. Accelerators Spectrometers Detectors and Associated Equipment. 2011.
V. 634. P. 126-129.

3. Syromyatnikov V., Ulyanov V., Lauter V., Pusenkov V. Ambaye H., Goyette R., Hoffmann
M., Bulkin A., Kuznetsov I., Medvedev E. A new type of wide-angle supermirror analyzer of neutron
polarization. Journal of Physics: Conference Series. 2014. V. 528. P. 012021.

4. Pleshanov N.K., Kolyvanova N.G., Metelev S.V., Peskov B.G., Pusenkov V.M.,
Syromyatnikov V.G. Ul’yanov V.A., Schebetov A.F. Interfacial roughness growth and its account in
designing CoFeV/TiZr neutron supermirror with m=2.5. Physica B Condensed Matter. 2005. V. 369. P.
234-242.
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The report presents the results of the action of shock waves (SW) generated by the Plasma Focus
setup on the structure and critical current Jc(B) of Bi-2223. The studies showed the possibility of an
increasing the critical currents (Jc) up to 15-25% in transverse and longitudinal magnetic fields to 2-3 T
after plasma impact due to changes in the microstructure of the superconducting phase, including: grain
refinement, interlayer compaction, microdeformations and appearing of additional crystal lattice defects.

The change in the microstructure of the superconducting core after SW is also consistent with the
XRD data. For samples after SW, compared with the peaks in the X-ray diffraction patterns obtained
before exposure, broadening of the X-ray peaks was established, and in some cases, with an increase of
SW intensity, the formation of an amorphous phase has been found (5-10 wt.% ). The lattice constants for
initial samples and samples after treatment were calculated by Rietvield method, the sizes of the CSR (D)
and microstresses (€) were specified by Winfit program.

The formation of additional defects can contribute to an increase of the pinning force of magnetic
vortices, which, according to the accepted theory of superconductivity begin to attach to them and, as a
result, prevent the penetration of an external magnetic field into the bulk of the superconductor.

This work was supported by the Russian Science Foundation, grant No. 16-12-10351 in the part
of processing samples at the Plasma Focus installation and in the framework of the State task No. 075-
00947-20-00 in the part of conducting structural studies.
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Framework phosphates with crystal structure related to NaZr,(POa)s (NZP) are characterized by
resistance to high temperatures, aggressive media and radiation. One of practically important properties of
the NZP-materials is their controlled thermal expansion. The behavior of the NZP-structure as a whole
under thermal effects depends on the nature, the ratio of the sizes and the number of cations filling the
crystallographic positions of various types, as well as the number of vacant positions and the symmetry of
the unit cell.

In the present study, thermal expansion of Cd- and Sr-containing systems was studied on a
Shimadzu XRD-6000 X-ray diffractometer (CuK,-radiation, A = 1.54178 A). X-ray diffraction patterns
were obtained within 26 = 10 — 60° in the temperature range 173 — 473 K. The unit cell a and ¢
parameters were calculated at different temperatures, and their temperature dependences were
approximated as linear functions.

The studied phosphates Cdos«MgxZr.«(PO4)s were characterized by low average linear thermal
expansion coefficients, but their expansion anisotropy was quite large (figure 1a). Temperature
dependence of thermal expansion coefficients for the phosphates Sros«MgxZrox(PO4)s allowed us to
predict the composition of the solid solution (x = 0.18) with near-zero anisotropy, keeping small average
expansion coefficient (figure 1b). The thermal expansion coefficients of the phosphate
Sro7Mgo2Zr18(PO4)s (x = 0.2) of the nearest composition were a, = 3.73-10°°, o = 4.28:10°, 0y = 3.92:10°
® | da— ac| = 0.55-10° K™,
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Figure 1. Linear thermal expansion coefficients vs. composition for the phosphates:
Cdo5:xM@xZr2x(POa)s (2) and Sros+xMgxZrax(POs)s (b).

Thus, the studied phosphates Mos+MgxZr.x(PO.)s (M — Cd, Sr) are characterized by low values
of the average coefficients of thermal expansion, which allow us to hope for success in the development
of ceramics based on them that are resistant to thermal shock.

Acknowledgments: The reported study was funded by RFBR, project number 19-33-90075.
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Cubic pyrochlores A2B>O7, in which A and B cations form infinite interpenetrating sublattices of
tetrahedra connected by vertices, have been the subject of persistent interest for many decades for several
important reasons. If A or B site is occupied by magnetic ions competing spin interactions within and
between different magnetic sublattices can cause important physical properties to appear, such as large
magnetoresistance, negative thermal expansion, and magnetoelastic effects. Such properties are observed,
for example, in Cr-based spinels, but there are no published works concerning the chromium-containing
pyrochlores. In this work, we studied the effect of magnetic properties on thermal expansion of new
complex Cr-containing pyrochlores Ln,CrTaO7, Ln =Y, Sm, Gd.

Pyrochlores Ln,CrTaO; were synthesized by the coprecipitation method with subsequent
annealing. The Rietveld refinement showed that all synthesized Ln,CrTaO; compounds relate to the
spatial group Fd-3m and have a cubic structure of pyrochlore. The lattice parameter a increases along
with the RE ionic radius increase in compounds of different composition. The refined Ta- and Cr- site
occupancy is very close to the stoichiometric one. It should be noted, that there is no ordering in the
distribution of Ta and Cr by their B-site. The analysis of the Sm,CrTaO; XANES spectrum at the Cr K-
edge showed that chromium oxidation state is +3. Study of the temperature dependence of the lattice
parameter revealed presence of negative thermal expansion region in Y,CrTaO- (Fig.1a). Upon cooling
from 300 K up to ~ 150 K the lattice parameter a decreases. However, the lattice expansion is negative in
the range from 150 to 100 K. Temperature dependence of the thermal expansion coefficient is a flat
curve. This indicates that the observed effect is most likely related to second-order transition. In addition,
X-ray patterns registered in this temperature range were characterized by broadening of the Bragg peaks,
which is due to the development of microstrain upon cooling. No negative thermal expansion regions
were detected in the temperature dependences of the Sm.CrTaO; and Gd.CrTaO; lattice parameters
(Fig.1b). At the same time the temperature dependence of the parameter a of Gd>CrTaO; has a subtle
inflection in the region of 160-170 K. The detailed study of Ln,CrTaO; magnetic properties allows us to
conclude that magnetic behavior is caused by the ferromagnetic (FM) interactions of the Cr®" sublattice,
which is characterized by the presence of FM transition in the 150 K region. So a negative coefficient of
thermal expansion in Y,CrTaO-is detected due to magnetoelastic effects in the lattice. The appending of a
RE magnetic cation (along with chromium) into the pyrochlore lattice gives rise to a competition between
AFM and FM interactions of the two sublattices, which significantly changes the magnetic behavior of
pyrochlores. As a result, additional magnetic phase transitions appear in Sm,CrTaO7 and Gd.CrTaO. At
the same time, the probability of lattice deformation associated with spontaneous magnetization in the FM
transition region, as well as the appearance of negative thermal expansion, is reduced. Thus, -the
important role of the Cr-sublattice in the formation of low-temperature thermal expansion was shown.
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Fig. 1. Variation of the cell parameter a with T and the thermal expansion coefficients a (the
inset) for Y,CrTaOy (a), and for Sm,CrTaO; and Gd,CrTaOy (b).
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The discovery of the carbon transition to an unconventional fourfold coordinate state in high-
pressure phases of magnesium and calcium carbonates [1] served us as the motivation for the search for a
new class of compounds — orthocarbonates. The aim of this study is to determine the stable phases of
magnesium and calcium orthocarbonates and to calculate their PT stability fields.

Density functional theory calculations for new stable phases of MgsCOs, Mg.COas, MgsC.07,
CasCOs, CaxCO4, and CasC,07 were performed at pressures of 10, 25, and 50 GPa using the ab initio
random structure searching (AIRSS) technique. In the MgO-MgCO; system, all the most favorable
predicted structures turned out to be thermodynamically unstable with respect to decomposition. In a
similar system with calcium, we found a new structure of calcium orthocarbonate Ca,COs-Pnma which
energetically favorable with respect to decomposition above 13 GPa. The result of the search for the
stable phase CasCOs-Cmcm is in agreement with the results of [2]. The predicted structure of the
CasC,07-P24/c is unfavorable over the entire pressure range.

The basis of the calcium orthocarbonate structure Ca.CO4-Pnma is a heteropolyhedral framework
of interconnected Ca polyhedra and isolated [CQ.] tetrahedra. There are two structurally distinct calcium
positions in the phase: the Ca(l) is surrounded by nine oxygen atoms and formed a distorted three-cap
trigonal prism, while the Ca(2) atoms is located in a distorted five-cap trigonal prism coordinated by
oxygen. The average Ca-O distances in both of the calcium polyhedra in Ca2CO. smoothly varies from
2.25 A t0 2.86 A at 25 GPa. Each carbon atom is surrounded by four oxygen atoms (C—O distances 1.38 —
1.40 A at 25 GPa), and polyhedron — almost regular tetrahedron.

The calculated phase diagram of Ca.CO, is shown in Fig.1. We determined that the stability
region of calcium orthocarbonate covers the thermodynamic parameters of the transition zone and the

lower mantle of the Earth.
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Fig.1. Phase relations in Ca,CO, phase.
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Amino acids are one of the most actively synthesized organic compounds. They are widely used
in pharmaceuticals and food industries. Currently, much attention is paid to the study of chiral binary
systems in which the components are the enantiomers of different amino acids [1-3]. This work presents
results of studying 1) solid phases relations in the system L-serine—L-alanine and 2) thermal
deformations of L-serine (L-ser) CsH/NO3 (SG P212121) and L-alanine (L-ala) CsH/NO; (SG P212121).

The initial reactants L-ser and L-ala having 99% purity were obtained from Sigma-Aldrich
Chemie GmbH (Buchs, Switzerland) and were used to prepare mixtures with various proportions of the
components (mol. %): L-ser/L-ala = 0/100, 7/93, 10/90, 15/85, 25/75, 35/65, 50/50, 65/35, 75/25, 85/15,
90/10, 93/7 and 100/0. To obtain samples, the mixture was first dissolved in distilled water and then
crystallized via the isothermal evaporation method. The 13 samples were studied by the PXRD method
(Rigaku MiniFlex Il diffractometer, Cok,, 20 = 5-60 °). In addition, L-ser, L-ala and the sample of
composition L-ser/L-ala = 90/10 mol. % were studied by the TRPXRD method (Rigaku Ultima IV
diffractometer, Cok,, 20 = 5-60 °); temperature range 23-200 °C, with steps of 10 °C. The X-ray
diffraction patterns obtained were processed and unit cell parameters were calculated using the programs
PDXL and Topas respectively. Calculation of the thermal deformation tensor was carried out using the
program TEV. According to the results of the PXRD study, solid solutions in the L-ser—L-ala system are
not formed. All samples are physical mixtures of L-ser and L-ala with different quantitative proportions.
Peaks of both phases are present in all PXRD patterns. According to TRPXRD data, no polymorphic
transformations were detected for L-ser and L-ala in the range 23-200 °C. Both components undergo
thermal deformations only. During the heating the parameter a decreases while the values of the b and ¢
parameters and the volume V of orthorhombic cells increase. These data were used to calculate the
thermal deformation tensor for L-ser and L-ala. The crystal structure of L-ser undergoes the greatest
thermal expansion along the directions of the crystallographic axes b and c. A negative (anomalous)
thermal expansion is observed in the direction of the a axis; this is due to the location of strong N-H...O
and O-H...O hydrogen bonds along this direction. In the bc plane, in addition to N-H...O hydrogen
bonds, van der Waals contacts are present between methylene groups CH.. These groups are directed
towards each other in neighboring molecules.

Thermal deformations of the L-ala crystal structure are similar to those of L-ser, but for L-ala the
anisotropy of thermal expansion is also observed in the bc plane. In the crystal structure of L-ala, only
one system of hydrogen bonds N-H...O is present in the direction of the a axis. N-H...O hydrogen bonds
and van der Waals contacts in the bc plane are the same as in the bc plane of L-ser. Strong compression in
the direction of the a axis up to negative thermal expansion was observed in the similar study of L-
threonine (S.G. P2:2:2;) and L-allothreonine (S.G. P2:2:2;) [4]. The composition L-ser/L-ala = 90/10
mol. % is a physical mixture of L-ser and L-ala up to a temperature of 200 °C. When this temperature is
reached, the L-ala peaks disappear in the X-ray diffraction pattern, but the L-ser peaks remain. This
occurs despite the fact that the sublimation temperature of L-ala (315 °C) is significantly higher than that
of L-ser (228 °C). This suggests that near a temperature of 200 °C, L-ser and L-ala form a solid solution.

This work was supported by the Russian Foundation for Basic Research (16-05-00837).

1. Dalhus B., Gorbitz C.H. Molecular aggregation in selected crystalline 1:1 complexes of
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2. Kotelnikova E.N., Isakov A.l., Lorenz H. Non-equimolar discrete compounds in binary chiral
systems of organic substances (Highlight). CrystEngComm. 2017, 19, 1851-1869.

3. Isakov A.l., Lorenz H., Zolotarev A.A. Jr., Kotelnikova E.N. Heteromolecular compounds in
binary systems of amino acids with opposite and same chiralites. CrystEngComm. 2020, 22, 986-997.

4. Taratin N., Lorenz H., Binev D., Seidel-Morgenstern A., Kotelnikova E. Solubility equilibria
and crystallographic characterization of the L-threonine/L-allo-threonine system. Part 2: crystallographic
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137-144.
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Hard alloys based on WC — Co are characterized by high resilience and wear resistance, which
allows them to be used as metal cutting tool. Increasing physical and mechanical properties of these
materials is associated with the problem of their phase composition homogeneity.

Spark plasma sintering (SPS) is promising method of hard alloys” manufacturing [1]. The surface
of the WC powder particles is always oxidized, so that carbon deficiency can occur in the sintering
volume at heating due to CO and CO. formation. Violation of stoichiometry leads to the formation of
brittle n-phases (CoxWyC;) [2]. Carbon diffusion from the graphite mold in which the powder is poured
reduces this effect: the surface layer of the sample will not contain n-phases, but at some distance from
the surface these phases may exist.

The objects of this study were 3 hard alloy samples sintered from plasma chemical WC powder
and cobalt (10% wt.) applied to the surface of WC particles by deposition method [3]. SPS of powder
compositions was performed at “Dr. Sinter model SPS-625” in a vacuum (heating speed was 50°C/min,
pressure was 70 MPa, sintering temperature was 1050°C). Degassing exposure at 850°C for 10 minutes
was conducted during the sintering process of two samples. The surface of the samples was subjected to
consecutive mechanical grinding with diamond discs and mechanical polishing with diamond paste to a
particle dispersion of 1/0 um. The sample height was controlled by a micrometer.

X-ray diffraction experiments were performed on a powder diffractometer “Shimadzu XRD-
7000” (CuKa, A = 1.54 A). Qualitative phase analysis demonstrated the presence of a-WC, B-Co and n-
phase — CosWsC in studied samples. The dependencies I, s11/lwe (112 on the total value of the remote
layer were constructed to determine the carbon diffusion depth (fig. 1).
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Fig. 1. Distribution of ratio I, si1y/lwc (111 by depth of hard alloy samples sintered at 1050°C

n-phase (CosWsC) is not detected in the surface layer which thickness does not exceed 100 pm. It
should also be noted that the degassing exposure during the sintering process had no significant impact on
the formation rate of n-phase (CosWsC).

The work was financial supported by Russian Science Foundation, grant Ne18-73-10177.
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High-temperature XRD studies of some new compounds of Dion — Jacobson series
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Dion — Jacobson family of layered
perovskites phases, first described by Dion et al.
and Jacobson et al., is drawing much attention
recently, mostly because of their abilities for
photocatalytic water splitting under UV and visible
light irradiation. General chemical formula for
such compounds can be written as A’[ An-1BnOsn+1],
where A’ = (Li*, Na*, K*, Rb*, Cs*, H*, Ag*, NH.",
CuCl', FeCl"), A = (Ca*, Sr*, Ba*, Bi*, Ln*)
and B = (Nb*, Ta™, Ti*, Mn*). The crystal
structure of such phases consists of n stacking
octahedral perovskite-like layers alternating with
A’ (usually alkali) cation in the interlayer space.
lon — exchange soft chemistry reactions to replace
A’ ion are used to obtain metastable Dion —
Jacobson phases that can’t be synthesized directly.

Dion — Jacobson homologous series of
phases RbLaNa,.2Nb,Ozq+1 consisted of only n=2
phase for a long time, n=3 and n=4 members were
discovered quite recently and their properties have
§ not been properly studied yet. To fill this gap,
e RbLaNb,O7 (n=2), RbLaNaNbzOp (n=3) and
RbLaNa;NbsO13 (n=4) were synthesized using
conventional solid-state reaction between RbNOs3,
La,0s, NaNOs and Nb,Os with 50% molar excess
of RbNO; to compensate its volatility at high

Fig. 1 Unit cell parameters vs. temperature and a-c  [€mperatures. The phase purity of the obtained
figures of thermal expansion for a) RbLaNb,0- compounds was determined by qualitative XRD

(n=2), b) RbLaNaNbsO1 (n=3), ¢) RbLaNa;Nb,O13 analysis and chemical purity was determined using
guantitative XRF analysis.

RbLaNb,O; crystallizes in orthorhombic Imma space group with unit cell parameters a = 0.54952
nm, b = 2.1986 nm and ¢ =0.54992 nm. However, the next two members are tetragonal with P4/mmm
space group: for RbLaNaNb3;O1 a = 0.38897 nm, ¢ = 1.5138 nm; for RbLaNa:Nb4O13 a = 0.38853 nm, ¢
= 1.9018 nm. High-temperature X-ray diffraction measurements were carried out using PANalytical
Empyrean diffractometer with Anton Paar HTK 1200 high-temperature camera attachment. The radiation
was CuKas. (1 kW), 26 range — 5-60 ° at scan speed 2°/min with 0.02° step, temperature range — 298-
1373 K with 100 K step. Thermal expansion plots and 2D figures are presented on Fig. 1. All phases
show close to linear expansion in the examined range and no signs of phase transitions. While it’s
common for tetragonal perovskites, polar orthorhombic layered perovskite structures usually undergo a
high-temperature phase transition to non-polar one [1]. It’s not happening in the case of RbLaNb,O-
probably due to the high stability of the two-layer structure. The other noteworthy feature is low
expansion coefficients along the c¢ axis of RbLaNa;NbsO13 (Fig. 1 ¢). This could be explained by the
resistance of stacking non-tilting octahedra layers to expand along the densest direction in the anisotropic
crystal structure.

1. Knyazev A.V., Krasheninnikova O.V., Syrov E.V., Kyashkin V.M., Lelet M.1., Smirnova N.N.
Thermodynamic and X-ray studies of layered perovskite KCa;NaNb4O:3, Journal of Chemical
Thermodynamics, 2019, V. 138, P. 255-261
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Nucleation of tin pyrophosphate crystals under the influence of x-ray radiation
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Glasses in the SnO-ZnO-P,0s system with different contents of WO3;, MoOs; and H,O were
synthesized. The chemical composition of glass was determined using wet chemistry using
complexometric, gravimetric and redox methods. The nucleation of tin pyrophosphate crystals in tin-zinc-
phosphate glass was studied by the development method. The parameters of the origin of tin
pyrophosphate crystals are determined: the stationary rate of crystal nucleation and the time of non-
stationary nucleation. The influence of x-ray radiation on the parameters of nucleation was established.
Glasses were synthesized from phosphoric acid (HsPO.), zinc carbon dioxide and tin dioxide. MoO3; was
added to the charge as molybdenum acid, and WO; as monovolframic acid. All the reagents were of the
brand "analytical grade". The charge was dried and then mixed in a ball mill for 10 hours. The glass was
cooked in a platinum crucible at a temperature of 1170 °C for 2 hours with automatic stirring for 30
minutes Glass was produced by rapidly cooling the melt on a massive metal mold.

When performing chemical analysis, classical methods of analysis were used: complexometric,
gravimetric and redox methods. Previously, it was found that these glasses are easily dissolved in
hydrochloric acid when heated, and tin is completely oxidized to Sn (IV). To determine the content of the
components, the sample suspension was dissolved in 10 ml of HCI and the resulting solution was
carefully (to avoid tin polymerization) diluted in a 250 ml measuring flask with 0.5 n. HCI solution. In
aliquot portions of this solution, the gross content of tin, phosphorus, and zinc was determined. A
complexometric titration method was used to determine tin.

When studying the effect of reducing the degree of crystallization from the time of isothermal
exposure at a temperature of 500 °C, it was found that this effect was more strongly manifested for a
sample of glass subjected to x-ray irradiation. Visual inspection of the samples revealed that the areas of
glass that were not exposed to radiation crystallized, while the irradiated part of the samples remained
transparent after holding the samples at 400 °C for 2300 hours and developing at 420 °C for 10 minutes.
The estimated rate of crystal generation in the trained zone is one order of magnitude lower compared to
the rate in the non-irradiated zone. In this case, we should talk about the suppression of crystallization
centers by radiation. A similar phenomenon was discovered by us when studying the origin of crystals in
sodium-zinc phosphate glass in the Na,O-ZnO-P,0s system [1].

1. Sycheva G.A., Golubkov V.V. Reduction of the crystallization ability of sodium-zinc-

phosphate glass under the action of x-ray radiation. Journal of the Physics and chemistry of glass. 2012.
V. 38. No. 3. P. 350-362.
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Martepuansl Ha ocHoBe BiVOs HaxomaT mOpuMeHEHHE B TaKMX 00JacTAX, Kak KaTajius,
(doTokaTanus, akKKyMyJUpOBaHWUE SHEpruu. BaHamaT BuUCMyTa SBJSETCS MOJYNPOBOAHMKOM N-THUIIA,
00J1a1aeT CerHeTodIacCTUYHOCTHI0 M XUMUYECKOW CTa0MIIbHOCTBIO, HETOKCHYEH.

HaubGonee wmpoko wu3ydeHbl Tpu MNONMMOpGHBIE MOIUGHUKAIMKM BaHaJaTa BHCMYTa!
MOHOKIIMHHass ¢a3za co CTPYKTypoW IIeeNuTa, TETparoHajbHas CO CTPYKTYpOH IIeenuta |
TeTparoHajbHas CO CTPYKTYpoH nupkoHa. [lepcriekTuBHON a1 (poTOKaTanIM3a SBISETCS MOHOKJIMHHAS
¢daza co cTpykTypoil mieenuTta Omaromapsi BO3MOXKHOCTH 3JICKTPOHHO-JBIPOYHON MPOBOJMMOCTH TIOJ
HeﬁCTBHeM BHUIUMOTI'O CIICKTpa IJICKTPOMArHUTHOI'O U3JIyYCHU .

OOpatuMblii Tiepexo MeXIy JAByMs (hazaMi MOHOKITMHHOM CHHIOHHH MPOHCXOoauT mipu 255 °C;
HEOOpAaTUMBIA MEPEeX0J]] U3 TeTparoHaibHOW (Dasbl CO CTPYKTYpOM IMPKOHA B MOHOKJIMHHYIO (a3y co
CTPYKTYpO#H IIeenuTa gocturaercs Beiaepskkoi mpu 400-500 °C [1].

B pabGore paccMmaTtpuBaercsi BO3MOXHOCTh THIPOTEPMAIILHOTO CHHTE3a MOHOKIWHHOM (ha3bl co
CTPYKTYpO# IieenuTa (majee S-M) 1 TerparoHanbHON (asel Co CTPYKTYpoOit mupkoHa (maee z-t), a Taxoke
B3aMMHBIC IIEPEXOAbI MEXKAY HUMU.

Kak ykazaHo BblIIIIe, JUisi TIONyYeHUs] MOHOKJIMHHOW (ha3bl CO CTPYKTYpPO# Ieenuta HeoOXoauMa
BBICOKOTEMITEpaTypHass 00paboTKa MOpOIIKa TETparoHalbHOM (a3l CO CTPYKTYpod mmpkoHa. [lpm
ocaxxaennn BiVO4 u3 cunbrokucoro pacrsopa (pH=0.5, 25 °C) npoucxomut obpasoBanue (z-t) dassr co
cpemHuM pa3mepoM KpucTauuToB 40 HM. [Ipu ocakJeHUM B TeX K€ YCIIOBHSX, HO B TPUCYTCTBUU
STHUIIOBOTO CIHPTA, KaK MOBEPXHOCTHO-aKTUBHOIO BelIecTBa, (hopMupyroTcs Be (a3bl — MOHOKIMHHAS
(aza co cTpykTypoii meeanrta (S-M) U TerparoHaNbHas co CTPYKTypoil meenuta (S-t) — B COOTHOIIEHUH
48 macc.% u 52 macc.% coorBercTBeHHO. CpemHMil pasMep KPHCTaUIMTOB cocTaBisieT 1o 30 HM st
KaKJI0U (asbl.

[pu 140 °C B NpUCYTCTBUM MATOYHOIO CHIIBHOKHCIIOTO PacTBOpa B TUAPOTEPMAILHOM (irom e
n3 (z-1) da3er HaOmMIOmaercs mepexom B (S-M) co cpemHuM pasMepoM KpuctammutoB 60 HM. [lpm
THAPOTEpMaIbHONH 00paboTke oOpas3a, MOMYyYeHHOrO0 B MPUCYTCTBHU TIOBEPXHOCTHO-AKTHBHOTO
BelecTBa, HaOmomaercst mepexon u3 cMecd (S-M) u (S-t) da3 B (z-t) dasy co cpeanum pasmepom
kpuctauuToB 100 HM.

Takum 00pa3oM, B THAPOTEPMATBHBIX YCIOBUSX CTAHOBHTCS BO3MOXEH TEpEXOl U3
TeTparoHaj bHON (Da3el CO CTPYKTYpO# IUpKoHA (Z-t) B MOHOKIMHHYO a3y CO CTPYKTYpoi mieenuTa (S-
M) TOpd OTHOCHTEIBHO HHU3KOM Temrieparype. IIpuMeHEHHe IMOBEPXHOCTHO-aKTHBHOTO BEIICCTBA
(3THIIOBOTO CHIMPTA) MO3BOJSIET MONYYUTh U3 MOHOKIIMHHOW (ha3bl TETPAaroHaIbHYIO a3y co CTPYKTYpor
mupkoHa  (z-t). OcymnecTBieHHe TaHHBIX (Pa30BBIX IMEPEXOMOB JAeT BO3MOKHOCTH CHHTE3a
MEPCIEKTUBHBIX ~ TETEPONEPEXOAHBIX  HAHOKOMIIO3MUTOB C  TMOBBIIMICHHOH  (DOTOKATATUTHICSCKON
aKTUBHOCTBIO Ha OCHOBE (Z-t) m (S-m) a3 in-situ Ge3 mpuMEHEHUS MHUKPOBOJIHOBOTrO oOmydeHus [2].
Cpennue pa3Mepbl KPUCTAILTUTOB OMPENENUTUCh MeTo/IoM Xamepa-Baraepa ¢ moMoIso nporpaMMHOTO
obecnieuenus SmartLab Studio II or Rigaku.

Pa6ora BemmonHena npu nopaep;xxkke PODOU, mpoekrt Ne 18-29-12119.
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Yan M. et al. Microwave-assisted synthesis of monoclinic-tetragonal BiVO 4 heterojunctions
with enhanced visible-light-driven photocatalytic degradation of tetracycline //RSC Advances. — 2015. —
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KTm[B4Os(OH)4]-3H:0, a new member of the layered borate family with a high degree of disorder
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Crystals of the new borate KTm[B4Os(OH)4]-3H,0 (a = 4.5472(7), ¢ = 12.151(3) A, sp. gr. is
P31m) was synthesized hydrothermally at the T = 280°C and P = 100 atm. in a system Tm;03:B,05=1:1.
K*, CI" and COs* ions were added to the solution as mineralizers, pH=10. Crystal structure consists of
polar mica-like tetrahedral layers [B4Os(OH)s]. parallel ab (Fig. la, b). Two layers of different
orientations are connected by isolated TmOs octahedra into the packet. K atoms and water molecules in
two positions have statistic occupancy and fill inter-packet space. The Tm position is also characterized
by disordering in the direction of c axis and split into several with less occupancy (Fig. 1b).

The same layers were observed in KTa[BsOs(OH)s](OH)>1.33H,0 (mp. rp. P62m) [1],
peprossiite and its synthetic analogue NdAl;07[B4010]Qos (ip. Tp. P62m) [2]. In these borates, heavy
atoms are in the trigonal prisms. The inter-packet space is filled by K atoms, OH-groups and water
molecules in K,Ta-borate, and by Al and O atoms in Nd,Al-borate. In KGd[BsO10(OH)] (1p. rp. P62m)
and KHo[BsO10(OH),] (p. rp. P31m) [3], additional BO,(OH) triangles join to the polar tetrahedral layer
to form a polyborate layer [BsO10(OH)2]* . Ho atom in K,Ho-borate is located in the octahedron as in
the new structure. In the K,Gd-borate, a variant of the trigonal prism is realized. In new compound is
realized a novel variant of the packet with octahedra as in K,Ho-borate, but without additional triangles in
the layers.

For all these structures, the most stable part is a packet from octahedra (prisms) and tetrahedral
layers, however K,Tm-borate also has disordering in octahedral position. Perfect cleavage and poor
quality of the crystals are typical for layered structures and connected with disordering in the inter-packet
space.

(a) (b)
Figure 1. KTm[B4Os(OH)4]-3H.0: mica-like layer in ab-projection (a), crystal structure in side
projection (b).

Belokoneva E.L., Stefanovich S.Yu., Dimitrova O.V. New nonlinear optical potassium iodate
K[10s] and borates Ks[BsO10]Br, KTa[B4Os(OH).](OH)21.33H,0 — synthesis, structures and relation to
the properties. J. Solid State Chem. 2002. V. 195. P. 79-85.

Pushcharovskii, D.Yu., Karpov, O.G., Leonyuk, N.I., Belov, N.V. Crystal structure of
nonstoichiometric Nd,Al-dimetaborate Nd Alo7 (B2010)Oo.6. Dokl. AN SSSR. 1978. V. 241. P. 91-94.

Belokoneva E.L., Topnikova A.P., Stefanovich S.Yu, Dobretsova E.A., Volkov A.S., Dimitrova
0.V. New isoformula borates with similar structures and different properties — acentric nonlinear optical
KGd[BsO10(OH),] and centrosymmetric KHo[BsO10(OH),]. Solid State Sci. 2015. V. 46. P. 43-48.

115
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Nanostructured heterolayered organic-inorganic compounds based on molybdenum disulfide
show promise for many applications ranging from electronics to nanosensors and catalysis. They are
obtained by self-assembly of the negatively charged single MoS; layers and guest organic cations in
liquid medium [1] and are characterized by turbostratic disorder in layer stacking. Attractive properties of
such systems stimulate the profound studies of their structure, which necessitate application of specific
methods intended for structural studying of low-ordered materials.

In the present communication, we report the structure and binding interaction pattern for new
layered nanocrystals, containing protonated forms of guanidine (GUA), and 1,1,3,3-tetramethylguanidine
(TMG) in-between the MoS; layers. Atomic structure of the host and guest layers was determined from
powder X-ray diffraction data, using an original approach previously developed for related compounds,
which implies PXRD pattern modeling (Fig. 1) coupled with DFT calculations [1,2]. The structural
results confirmed by FTIR and TEM data showed that the organic—inorganic hydrogen bonding is an
important structure-forming factor in the present compounds. In the compound with GUA, the main
contribution to structure stabilization is provided by the strong NH...S contacts, while in the structure
with TMG (Fig. 1), the weaker but more numerous CH..S interactions contribute mainly to stabilization,
accounting for 75% of the total cation-MoS; binding energy. The geometry of MoS; layers in both
studied layered compounds was found to be modified by the charge transfer to the sheets of initial 2H-
MoS,, resulting in its transformation to 1T structure type with Mo atoms arranged in zigzag chains. The
obtained results are hoped to be useful for structural design of other MoS.-organic compounds.

The funding of the work by the Russian Science Foundation (grant Ne 20-13-00241) is gratefully
acknowledged.
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Fig. 1. Fitted XRD pattern (left) and structure of TMG-MoS; with indication of the shortest
CH...S contacts (right).

1. Goloveshkin A.S., Lenenko N.D., Zaikovskii V.1., Golub A.S., Korlyukov A.A., Bushmarinov
1.S. RSC Adv, 2015, V. 5. P. 19206-19212.

2. Goloveshkin A.S., Bushmarinov I.S., Korlyukov A.A., Buzin M.I., Zaikovskii V.I., Lenenko
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Tourmaline is the most widespread boratosilicate with the general formula XY3ZsTsO13(BO3)3VsW
and great variety of ionic substitutions in all structural sites. It belongs to the polar symmetry class (space
group R3m). The search for linear pyroelectrics with spontaneous polarization in the entire temperature
range of the existence of the crystalline state, and stable to the effects of electrical fields is relevant. The
prospect of using synthetic tourmalines for these purposes is associated with the possibility of targeted
synthesis of tourmalines of the required composition. The aim of this work is to study the influence of
temperature to the crystal structure and pyroelectric properties of synthetic Ni- and Cu-bearing
tourmalines [3,4]. The crystal structure of Ni (1) - and Cu (2) -bearing tourmalines (Table 1) was refined
at temperatures of -170, 20, and 120 ° C by single crystal X-ray diffraction analysis.

Table 1. Crystallochemical formulae of Ni- and Cu-bearing tourmalines

No Formula
1 Nao.s0(Nios516Al0.484)3(Alo.gssNio.134)6(Sis.27B0.73018) (BO3)3(OH)4
2 Nao.91(Cuo s565Al0.435))3(Alo.933CU0 067)6(SisO18) (BO3)3(OH)3(Oo.813[ OH]0.187)

The value of pyroelectric coefficient of the investigated tourmalines (y) in the temperature range of
25-100 ° C was determined by the dynamic method [1], which allows obtaining the value of the primary
pyroelectric coefficient. The results of the study showed that an increase in temperature significantly
affects the unit cell parameters (especially parameter ¢) of tourmalines. In addition, oxygen O1, located
on the threefold axis, is displaced, which leads to a significant lengthening of the X-O1 bond (Table 2).
The pyroelectric coefficient values of synthetic tourmalines at room temperature are close to those given
by Hawkins et al. [2] and increase as the temperature do. Based on the above structural data, it can be
assumed that a significant contribution to the pyroelectric coefficient is made by the displacement of
oxygen O1, which requires further refinement for samples of other compositions.

Table 2. Structural characteristics of tourmalines at different temperatures

T, °C Ni-tourmaline Cu-tourmaline
a, A c, A X-01, A a, A c, A X-01, A
-170 15.868(1) 7.159(1) 3.763(6) 15.868(1) | 7.085(1) | 3.07(1)
20 15.872(1) 7.169(1) 3.377(7) 15.873(1) | 7.097(1) | 4.00(1)
120 15.880(1) 7.176(1) 3.785(6) 15.864(1) | 7.103(1) | 4.01(1)
P
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Fig.1. Pyroelectric coefficient (y) of natural [2] and Ni-, Cu-bearing tourmalines vs temperature:
black — Ni-tourmaline, dark-grey — Cu-tourmaline, light grey — natural tourmalines [2]
The study of the tourmaline crystal structures was carried out at the Centre for X-ray Diffraction Studies
(Resource Center of St Petersburg State University).

1. Golovnin B.A. et al. Technosphera Publishers. 2013. p. 271.
2. Hawkins K.D. et al. Am. Min. 1995. V. 80. P. 491-501.

3. Vereshchagin et al. Am. Min. 2013. V. 98. P. 1610-1616.

4. Vereshchagin et al. Min. Mag. 2015. V. 79. P. 997-1006.
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TepmopenTreHorpagusi coeMHeHHUI €O CTPYKTYpPoii MAHepaia IMPoXJIopa

IlTBapeBa A.T. * Kuszes A.B.}, Kk M.B.2, XKakymnos P.M.!

! HanmounanbHeii nccnenosaTenbekuil Huskeropoackuii Tocy1apcTBeHHBINH YHHBEPCUTET UM.
H.U. Jlobauesckoro, 603950, Huxeroposnckas obnacts, ropoa Hikuuit HoBropon, mpocnekr ["arapuna,
oM 23, Poccus
2 HamuoHambHBIH MCCiIenoBaTenbCKuii MopIoBCKuii rocyiapcTBennblil yausepcuter um. H. I1.
Orapéga, 43005, Pecniyonuka Mopnosus, ropox Capasck, yiuna bosnbiieBucrckas, oM 68, Poccus
blokhinaO8ag@gmail.com

OnHMMHU M3 TIEPCIECKTUBHBIX KJIACCOB HEOPraHUYECKUX MATEPHAIIOB SIBJISIOTCS CJIOMKHBIC OKCHJIBI
BolbpaMa M TEWIypa CO CTPYKTYpoil MHHepaia mnupoxyiopa. [laHHBIE COCAMHEHHs OTIMYAIOTCS
Pa3HOOOpa3HbIM COCTABOM OJIaroaps 3HAUMTEIBHONH EMKOCTH K Pa3JIMYHBIM H30MOP(GHBIM BKIFOUCHHUSIM.,
3T0 00CTOATENBCTBO MO3BOJISIET B IIMPOKUX Tpefenax BapbHpPOBaTh MX COCTaB, @, CIEIOBATENbHO, U
cBolicTBa. Martepualibl CO CTPYKTYpPOM MHUHEpaia MUpoxjiopa HaXOIAT IUPOKOE MPUMEHEHUH, BKIIFOUast
MX HUCIIOJIb30BaHUE B KAUECTBE aJICOPOCHTOB, MOHHBIX IPOBOHUKOB, TIOMUHECIICHTHBIX MaTEPHAJIOB.

B mocneanee Bpemsi BO3poc MHTEpEC K COEAMHEHHUSIM CO CTPYKTYpPOH MHHepasla THpOoXJopa ¢
obmeit popmynoit A'B"'ysMY's206 (A'- K'Y B A% Cr3, Fe™, Mn*™; MY'- Te™, W'®), xoropsie
SIBJISFOTCSL  TIEPCIICKTUBHBIMU MaTepUalaMy, JUIsl HUCIOJNB30BaHMS B KAueCTBE KaTaJIM3aTOPOB JIs
(hOTOKATATMTHYECKOTO PACHICIIIICHHUS BOJBI U OPraHMYECKUX COCIMHEHMH. Vcronb30BaHUE MaTeprasioB
CO CTPYKTYPO# MUHEpaJia MUPOXJIopa B JAHHBIX aCIEKTaX COIPSDKEHO ¢ paOOTON B YCIOBHSIX M3MEHCHHS
TeMIIEpaTypHOro pekuMa. TakuM 00pa3oM, U3ydeHHE CBOMCTB COSAMHEHUI JaHHOTO Kjacca B YCJIOBHSIX
BBICOKUX TEMIIEPATYP, SIBISETCS aKTyaJIbHOM 3a/1adyei.

B nanHoii pabote npuBeneH pe3yibrar ucciaenoBanus coenuneHuit KCrysTessOs 1 KFe1sWs306
METOJIOM BBICOKOTEMIIEPATYpPHOH M HH3KOTeMIepaTtypHoi peHTreHorpaduu. CoenuHeHus ObUIH
MOJIy4YEeHBI ¢ MOMOIIBI0 TBepaodasHbix peakiuil npu temieparype 1803K msa KFeysWs 306 u 773K ais
KCrysTes306. Kpucramiusyrorcs B KyOMueckoi cMHroHuu ¢ np. rp. Fd3m, mapamMerpsl 3jeMeHTapHbBIX
SJ4YeeK a= 10,351 A (KF61/3W5/305); a= 10,311 A (KCr1/3Tes/306).

Ipu wm3ydyenun  coemuueHuit  cocraBa: KFeysWs306 u KCriysTessOs  Meromom
BBICOKOTEMITEPATYPHON U HU3KOTEMIIEpaTypPHOH peHTreHorpaduu B uHTepBasie temmneparyp 198- 773 K,
YIIANOCh YCTAHOBHUTH PsIJl aHOMAIILHBIX SIBIICHU, TIPOUCXOJAIINX C COCMHEHHSIMH MPH HarpeBaHuu. B
uaTepBane Temmepatyp 198-398K (KFeysWsi306) u 198-498 K (KCrysTes30s) Habmromaercss peskoe
YMEHBIIICHHE TapaMeTPOB DSJEMEHTAPHBIX SYEeK C POCTOM TEMIIepaTypbl HE XapaKTepHOe JUIs
KPHCTAJJIOB KyOMUYECKON CHHTOHHH, JaJiee TIPU YBENUYeHUH TeMrepaTypbl, coeannenus KFeysWs:0s
KCry3Tes30s JEMOHCTPUPYIOT KIIACCUYECKOE MOBEJCHUE B YCIOBHSAX POCTa TEMIIEPATYPhl XapaKTepHOE
JUISL COSMMMHEHUH TPYIIBI MAPOXJIOpa- MOCTEICHHOE YBEIWYCHUE MapaMeTpOB JJIEMEHTApHBIX sUECK B
unrepBaje 398-773K s KFeysWs30s u 498-773 K mist KCrysTess0e.
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Pucynok 1- TemneparypHasi 3aBUCHMOCTH IapaMETPOB JJIEMEHTapHBIX SUEEK OT TEeMIIePaTyphI
coequnaennit a- KFeysWs306 u 6- KCrysTes30s B mHTEpBane Temmepatyp 198-773 K.

Paccuntannsie B mporpammHoM Komiiekce DTC koapduumeHTH TEmIoBOro pacmmpeHus

CBUJICTENIbCTBYIOT O HAJIMYMU OTPULATENBHOIO TEIUIOBOI'O pacliupeHus B uHTepBaie 198-398K ansa
KFe1sWs30s 1 198-498 K I KCry3Tes30s.
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HuskoreMmnepaTrypHasi peHTreHOrpagusi a30TUCTHIX OCHOBAHMIA

MMununosa A.C. , KuszeB A.B., Kusizea C.C., I'ycaposa E.B., AmocoB A.A., Kycyrkuna A.M.

Hwxeroponckuii rocynapctBenbsiii yausepcuter uMm. H.M. Jlo6auesckoro, 603950 Huxuuit
Hogropon, Poccus
*Correspondence email: 28_stasy@bk.ru

OueHb BaXXHYIO pojib B JIOOOM >KMBOM OpraHH3Me HWIParoT a30THUCThie OcHOBaHMA. OcoObIit
WHTEpEC MPENCTAaBISIOT HE CTONBKO MUPUMHUAWH W IypHH, CKOJIBKO BEIIECTBA C HMX XapaKTEpPHOU
CTPYKTYpOH — NHUPUMHUAMHOBBIE M ITYPUHOBBIE OCHOBAHHs, KOTOPBIE BXOISAT B COCTAaB MPHPOTHBIX
BBICOKOMOJICKYJISIPHBIX BEIIECTB — HYKJICWHOBBIX KHCJIOT, KOTOPBIE OCYIIECTBISIOT CHHTE3 OENKOB B
OpraHu3Max.

TepmopeHTreHOrpadust B HIMPOKOM JMalla30HEe TEMIIEpaTyp JaeT BO3MOXKHOCTh OILIEHHUTH
TEIJIOBOE  PACHIMPEHUE HCCIEAyeMOro BeIecTBAa BJOIb Pa3IMYHBIX  KpHCTaLIOrpadguyeckux
HanpaBieHnid. KonnyecTBEHHOW XapaKTEPUCTHKOH TEMIOBOTO DPACHIMPEHHs sIBISETCS KO3( QUIEHT
TEIJIOBOTO paciupeHus. s n3ydeHuss TepMHYECKUX CBOWCTB MypPHHA, TEOPWUIMHA W TEOOpOMHHA
HCTIOJIb30BAITN HU3KOTEMITEPaTypHYIO MOPOIITKOBYIO peHTreHorpaguio. Pentrenorpammel
MOJMKPUCTAJUTNYEcKOro odpasia 3anuceiBany Ha qudpakromerpe XRD-6000 dupmbr Shimadzu (CuK-
W3Iy4eHHe, TEOMETPHUsI CheMKH Ha OoTpaxkeHue) ¢ marom ckanuposanus 0.02°, B muaTepBaie 20: 10+60° B
temrepatypaoM uHTepBasie ot 150 K mo 450 K ¢ marom B 25 K. Tlocne oOpaboTku pe3ynbTaToB
9KCTIIEpUMEHTa OBLIM IMONY4YeHbI KOA(PQHUIMEHTHI TEIUIOr0 PACHIMPEHUs TPEX H3YYEHHBIX a30THCTHIX
OCHOBAaHW, TIPEICTaBICHHBIC B Ta0OHIIC 1.

Tab6auua 1. KosdpuimerTs! TEMI0BOro pacmmpeHus HCCIeyEeMbIX a30THCTRIX OCHOBAHUM.

C Qa Ob Oc Oy
OCOINHCHHC , K . 105’ K.]_ . 105’ K—]_ . 1051 K—l . 105, K-l
0. - 1 0.
[ypux [1] 0 06 0.63 00 43
3. 7 - 8.
Teopummn 0 75 16 2.05 84
_ 1 1 - 2.
cobpoMHH 00 12 80 0.08 81

TemnoBoe pacmmpeHne BCeX UCCICAYEMBIX COCTUHEHUN aHN30TPOIHO. [l myprHa HanbobIIee
TEILIOBOE PacIIMpeHne HabIOaaeTCs BAOIb OCH ¢, [T TeO(PHUUTHHA BIOIBL OCH a, TeoOpoMHHA — D.

o

Puc. 1. 3 D durypst k03 PUIIHEHTOB TEIUIOBOTO PACIIUPEHUS: & — MypHHa, D — TeodumumHa, C —
TeoOpoOMHHA.

Ha ocHOBaHWMM TONYy4YeHHBIX JAHHBIX OBLTM TOCTPOCHBI IBYX- W TPEXMEpPHBIE (UTYpPEI
KO3((HUINEHTOB TEIJIOBOI'0 PACIIMPEHHS IPH PA3IMYHBIX TEMIIepaTypax Ui HCCIIeTyeMbIX COSJHHEHNUH,
JEMOHCTPHPYIOIINE MPUOPUTETHBIC HAMpaBieHHs NpH TeruioBoM paciupenun [2, 3]. Ha pucynke 1.
npuBeneHsl 3D GUryphI TEMIIOBOrO paclIMpeHHs BCEX TPEX MCCISTYEMbIX BEIIECTB.

1. Amosov A.A. X-ray studies of purine in a wide range of temperatures. A /.A. Amosov, A.V.
Knyazev, A.S. Shipilova, S.S. Knyazeva, E.V. Gusarova, V.N. Emel’yanenko // Applied solid state
chemistry. — 2019. — V. 1(6). — P. 49-52.

2. benoycos, P.J. Anroputm pacyera TeH30pa U OCTpoeHHs (GUryp K03 PHUIMEHTOB TEIIIOBOTO
pacummpenus B kpuctayuax / P.M. benoycos, C.K. ®unaros // ®usnka u xumus crexna. — 2007. — T. 33. —
Ne3. - C. 377-382.

3. Maple 2016.0. Maplesoft, a division of Waterloo Maple Inc., Waterloo, Ontario, 2016.
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Thermal stability of the Cu-ZrTe2 intercalation compounds

Shkvarin A.S. , Titov A.A., Postnikov M.S., Titov A.N., Shkvarina E.G.*

YInstitute of Metal Physics, Russian Academy of Sciences-Ural Division, 620990 Yekaterinburg,
Russia.
*Correspondence email: shkvarina@imp.uran.ru

The M-TiX; (M = Ag, Cu, Fe etc .; X = S, Se, Te) intercalation compounds have been widely
studied in the past [1]; it has been shown that the type of phase diagrams of these systems is determined
by the nature of the chemical bond of the intercalated metal within the host lattice [2]. A change in the
density of states near the Fermi level can cause a shift of the Fermi level, stabilizing or, conversely,
destabilizing the single-phase state. This feature is likely most pronounced in the ZrTe2, as the most
polarizable lattice of this homologous series. The Cu atoms " ‘ /
can occupy crystallographic sites with different coordination 20°C \ Cu3d/Cu4s/Zr4d
by chalcogen [3] which leads to the possibility of the 3
formation of different covalent complexes.

The CuxZrTe; polycrystalline samples were
synthesized in the range of 0 < x < 0.4 using previously \
prepared ZrTe, and metallic copper. The CuxZrTe, samples 250 °C _
were obtained by usual thermal intercalation procedure. The \ / Cu3d/Cuds/Zrdd
structure and phase composition of obtained samples were ’
studied by the quenching method — polycrystalline samples ; : - = =
of CuxZrTe; (0 < x < 0.4) were annealed at a given ‘ Cu3d/Cuds/Tedp
temperature (250 °C, 400 °C, 600 °C, 750 °C, 900 °C, 1000° / ‘
C, 1050 °C), quenched and studied using the X-ray :
diffraction. The in situ time-resolved (temperature dependent) 750 °C | j
SR-XRPD experiments of Cuo2ZrTe, were performed at the \ /

MCX beamline of Elettra Sincrotrone Trieste (Italy) [4] in - / =
transmission mode, with a monochromatic wavelength of 7N

0.827 A (15 KeV) and 1x0.3 mm? spot size. The crystal
structure refinement was performed using GSAS (General
Structure Analysis System) [5] with space group P-3m1, Itis - \
shown that in the temperature range of 250 — 750 °C the Cu 1000 °C |
atoms predominantly occupy tetrahedral sites in the interlayer \
space. In this temperature range composition of main layered
CuxZrTe2 phase are various from x=0.25 to x=0.33 (from
250 and 750 °C respectively). At the temperatures above 900
°C, octahedral sites are predominantly occupied. At the high \
temperature CuosZrTe; phase are observed. A scheme for the / \ CadafCute/Tolp
band structure formation is proposed, which explains the temperature dependence of the copper solubility
in CuxZrTe; intercalation compounds.

Funding for this research was provided by: Russian Science Foundation (project No. 17-73-
10219)

1 Enyashin A.N. et al. Interatomic interactions and electronic structure of NbSe2 and Nb1.25Se2
nanotubes // J. Struct. Chem. 2004. Vol. 45, Ne 4. P. 547-556.

2. Chemical Physics of Intercalation / ed. Legrand A.P., Flandrois S. Boston, MA: Springer US,
1987. Vol. 172.

3. Guilmeau E., Bréard Y., Maignan A. Transport and thermoelectric properties in Copper
intercalated TiS 2 chalcogenide // Appl. Phys. Lett. 2011. Vol. 99, Ne 5. P. 052107.
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4, Rebuffi L. et al. MCX: a Synchrotron Radiation Beamline for X-ray Diffraction Line
Profile Analysis // Zeitschrift fiir Anorg. und Allg. Chemie. 2014. Vol. 640, Ne 15. P. 3100-3106.
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COBPEMEHHOE PEHTIEHOBCKOE an
OBOPY[IOBAHUE o

HacTonbHbIM peHTreHOBCKUI aucpakTomeTp
D2 PHASER

u KayecTBEHHbIN U KONMMYECTBEHHbIV (ha30BbI aHanu3

u OnpepnenexHve cTeneHn KpUucTanmM4HoCcT1

m Xapaktepuctuku asbl (napaMeTpbl S4ENKK, pa3Mep KpUCTannmTos,
MUKPOHaNPsHKeHWs1)

= OnpeneneHve KpucTannMyeckux CTpyKTyp

u LLinpokuit cnektp npoboaepxartene CTaHAapTHOrO NPOMbILLNIEHHOTO
pa3mepa (D 51.5 Mm) Ansi pasnuyHbix 3agay

:

PenTtreHoBckun audpakrometrp D8 ADVANCE

u KayecTBEHHbIN 1 KONMYECTBEHHbIV aHanu3 KpucTannmyeckux gas

= Onpegenexue paaMepoB KpUCTanMToB

= AHanu3 ha3oBbIX NEPEXoA0B NPU U3MEHEHUM TeMNepaTypbl, BAAXHOCTU U
[aBlieHUs C UCMONb30BaHWEM COOTBETCTBYIOLLMX Kamep

u OnpegeneHve oCTaTo4HbIX HanpsHKeHW

m BbicTpas cbemMka npy NOMOLLM NO3ULMOHHO-YYBCTBUTENBLHOIO AeTeKTopa

= ABTOMaTUYeCKuii pexum cbopa AaHHbIX 1 fanbHellas obpabotka
pesynsTaToB NporpamMMHbIM naketom DIFFRACP™S

PeHTreHonyopecueHTHbIN
BONHOAUCNEPCUOHHbIN cnekTpomeTp S8 TIGER

= OnpegeneHne XMMMYECKOro CocTasa CblpbeBbiX
maTepuanos, OrHeynopos

u [NpocTas u 6eicTpas npobonoaroToBka TBepAbIX U
nopoLuKoobpasHbix Matepuanos

m AHanu3 anemMeHToB oT 6epunnus 4o ypaHa

= [Inana3oH namepsieMblX KOHLEHTpaLii
ot goneu ppm o 100%

= Bocnpoussogumocts 0,05 % OTH.

m BbICTPbIN 0630pHBIN aHanu3 1 nonyyexHue
NonyKoNM4YeCTBEHHbIX pedynsTatoB 6e3 ncnonb3oBaHUs
cTaHgapTHbIX 06pa3LoB

= CoBpemeHHOe nporpammMmHoe obecneveHne
SPECTRAPS

xray.ru@bruker.com ® OOO «Bpykep»
Mockea, yn. MNatHuuykasa 50/2, ctp. 1

www.bruker.com
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Hosblit mommin apcenoBaraeputa-Mabc Mgx(AsOs)F ¢ Byikana Tonbaunk, Kavuarka

[a6auuckuit A.ILY Bepracosa JL.I1.%, ®unatos C.K.%, Mockanesa C.B.>

! Mucruryr xumun cumukatos uM. M.B. Tpebenmuropa PAH, 199053, Habepesxnas MakapoBa
2, Cankr-IlerepOypr, Poccusi.
*MuctuTyT BynKaHonoruu u ceiicmonoruu JIBO PAH, 683006, Bynspap ITuiina 9,
[TerponaBnosck-Kamuarckuii, Poccusi.
%Canxr-Tlerep6yprckuii rocyapcTBenHblii yauBepeurer, 199034, Yuupepcurerckas
Habepexxnas 7 — 9, Cankr-IlerepOypr, Poccusi.
*Correspondence email: shablinskii.andrey@mail.ru

ApcenoBarueput Mgz(AsO4)F Obut BriepBbie o0HapykeH B 2014 rony B ApceHatHoil ¢pymaporie,
u onyonmukoBan B [1]. TTommtunm apcenoBarmeputa-MabC Haiien Ha BTOpOM KOHyce BombImoro
TpemunHoro TonbaunHckoro n3Bepskenus. [lpoda Obuia otoOpana B 1983 r. mpu temmeparype 600 °C).
B MuHepanmorunueckod acconuany MpeoOsiajaloT MOHOMApEeBUT, MHUUAMUT W CHIBBUH, a apCeHAaTh
npezcTaBieHsl GpunaropuroM [2], palitutoMm [3] u o3epoBantoM [4]. JIaHHBIH MONUTHIT apcEHOBAarHepUTa
00pa3yeT mIacTHHYATBIC IPO3PavHbIe OCCIIBETHBIC KPUCTAILIBI CO CTEKJITHHBIM OJIECKOM.

MuHepasl TOJHOCTBIO HW30CTPYKTYPEH TPHUILIMTY: MOHOKIMHHAS CuHTOHus, mp. rp. C2/c, a =
12.9943 (10), b = 6.4817 (10), ¢ = 9.8428 (10) A, f#=116.63(2) °, V = 741.1(2) A3, Z = 8. Xumuuecknii
COCTaB OBLI OINpeJIeNieH 110 JaHHBIM PEHTIeHOCIeKTpalibHOro aHanm3a (macc. %): MgO 41.12, CaO 0.15,
As,05 52.03, V205 0.93, P20s 0.20, SOz 0.18, cymma 103.61%. DMnupuueckas hopmyJia, pacCYMTaHHAS
Ha 9 orpunatensHbiXx 3apsanoB  (Mg205Ca001)y2.06(AS0.91V0.02P0.01S0.01)50.9504F005, HaeanuzupoBannas
Mg>AsOsF. Kpucrammdeckass CTpykTypa apceHoBarHeputa-Mabc yrounena no R-dakropa 5.5 %.
Kpucrammnueckast CTpyKTypa apceHoBarHeputa-MabC comepXuT JBe CHMMETPHUYHO HE3aBUCHMBIC
MO3HMIIMU JUII aTOMOB MarHus, OJHY JUIsSi aTOMa MBIIIbsIKA, YeThIpe JUIi aTOMOB KHCIOPOJA W JIBE JUIS
aToMOB ()TOpa C YACTHYHOW 3aCEICHHOCTBIO, KoTOopbie GopmupyioT MgOsF, momusaper, u ASO4
TeTpa’p.

PabGora BeimonHeHa mnpu nozguepkke PDODU  (mpoekt Ne 18-29-12106). Pentrenorpadus
BeITIONTHEHA B PecypcHom 1ieHTpe CIIOIY «PentreHonudpakinoHHbIE METOABI UCCIICTOBAHMS.

1. Pekov I.V., Zubkova, N.V., Agakhanov, A.A., Yapaskurt, V.O., Chukanov, N.V., Belakovskiy,
D.l., Sidorov E.G., Pushcharovsky, D.Yu. New arsenate minerals from the Arsenatnaya fumarole,
Tolbachik volcano, Kamchatka, Russia. VIII. Arsenowagnerite, Mg.(AsO.)F // Mineralogical Magazine.
2018. V. 82(4). P. 877-888.

2. Vergasova L.P., Krivovichev S.V., Britwin S.N., Burns P.N., Ananiev V.V. Filatovite, K(Al,
Zn)2(As, Si)20s, a new mineral species from the Tolbachik volcano, Kamchatka peninsula, Russia //
European Journal of Mineralogy. 2004. V. 16(3). P. 533-536.

3. Shablinskii A.P., Filatov S.K., Vergasova L.P., Avdontseva E.Yu., Moskaleva S.V. Wrightite,
K2ALLO(AsO.),2, a new oxo-orthoarsenate from the Second scoria cone, Northern Breakthrough, Great
Fissure eruption, Tolbachik volcano, Kamchatka peninsula, Russia // Mineralogical Magazine. 2018. V.
82(6). P. 1243-1251.

4. Shablinskii A.P., Filatov S.K., Vergasova L.P., Avdontseva E.Yu., Moskaleva S.V.,
Povolotskiy A.V. Ozerovaite, Na:KAI3(AsO4)4, new mineral species from Tolbachik volcano, Kamchatka
peninsula, Russia // European Journal of Mineralogy. 2019. V. 31(1). P. 159-166.



Homogenization of a mechanical mixture of lithium, sodium, and potassium sulfate’s during heating
and subsequent cooling

Shorets 0.U.*?, Filatov S.K.>*, Bubnova R.S.!

! Grebenshchikov Institute of Silicate Chemistry, Russian Academy of Sciences, 199053,
Makarov Emb. 2, St.Petersburg, Russia.
2 Department of Crystallography, Institute of Earth Sciences, Saint Petersburg State University,
University Emb. 7/9, 199034, Saint Petersburg, Russia.
*Correspondence email: filatov.stanislav@gmail.com

Lithium sulfates are widely used in the manufacture of various materials, used for the
manufacture of detector heads in ultrasonic flaw detection and as a component of phosphors. Several
phase transitions are described in LiNaSO,s and LiKSO, sulfates [1, 2] that occur with temperature
changes.

To study thermal phase transformations and expansion for LiNaSO4, samples obtained by
mechanical mixing of Li2(SO4) and Na»(SOas) in a ratio of 1:1 were used; for LiKSO., samples obtained
by mechanical mixing of Li»(SO4) and K»(SOs) in a ratio of 1:1 were used.

The unit cell parameters of various phases, including in heterogeneous mixtures, were refined at
different temperatures by the Rietveld method, the temperature dependences of these parameters were
approximated by 2nd-degree polynomials, and the coefficients of thermal expansion were calculated
using the RietTensor [3] and ThetaToTensor-TTT [4] software complexes.

The LiNaSO, sample at room temperature and up to 240 °C contains a mechanical mixture of
lithium and sodium sulfates. Then there is a phase transition of the low-temperature modification of
sodium sulfate to the high-temperature one. And already at 480 °C, the sample is homogenized into the
LiNaSO4 modification (P3ic).

The LiKSO4 sample at room temperature and up to 400 °C contains a mechanical mixture of
lithium and potassium sulfates. Then there is a phase transition of the low-temperature modification of
lithium sulfate to the high-temperature one. And already at 550 °C, the sample is homogenized in the
high-temperature modification of LiKSO..

In the course of the work, the main values of the thermal expansion tensor of all polymorphs were
obtained for all the studied lithium sulfates. The ayv values for the high-temperature LiKSO, modification
and LiNaSO4 modification increase sharply with increasing temperature.

The investigations were performed using the equipment of the Saint-Petersburg State University
Resource Center «X-ray diffraction studies». The authors appreciate the financial support provided by the
Russian Fund for Basic Research (project 18-29-12106).
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4. Bubnova R.S., Firsova V.A., Filatov S.K. Software for Determining the Termal Expansion
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