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Materials science

Materials science is a syncretic discipline hybridizing metallurgy, ceramics, solid-
state physics, and chemistry. It is the first example of a new academic discipline
emerging by fusion rather than fission (source: Wikipedia).
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New materials change our
_lives
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Traditional (experimental) materials

The Venus of Dolni Véstonice, ceramic
statuette dated to 29,000-25,000 BCE.
The oldest known ceramic articles in the
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Theoretical materials science

Characterization

Synthesis
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Theoretical materials science.
_DFT

This paper deals with the ground state of an interacting electron gas in an external potential »(r). It is
(1 ) proved that there exists a universal functional of the density, F[»(r)], independent of »(r), such that the ex-
pression E= [v(r)n(r)dr+ F[»(r) ] has as its minimum value the correct ground-state energy associated with

o(r).

f 2(r}n(r) dr-}-— f f ni(:)_n(r’) dr dr'}-G[» ],
(2) L (2.0 DFT: 1964-1965 za.

where n(r) is the density and G[u] is a universal fune-
tional of the density. This expression, furthermore, is a

minimum for the correct density function #(r). In this
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DFT calculations
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Modeling of ion conduction in solids

D = DO exp(—E " / kT ) Mg3V(5104)3
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Modeling of ion conduction in solids

Ep1.28 eV
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Simulation of phase transition. Ice |
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Experimental verification
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YTO Y Hac ecTb?
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ANroputmbol
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JKCNnepuMeHTaNbHaA 4YacTb
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Inorganic Chemistry

pubs.acs.org/IC

A Collection of Topological Types of Nanoclusters and Its Application

to Icosahedron-Based Intermetallics

Arina A. Pankova,” Tatiana G. Akhmetshina," Vladislav A. Blatov,®" and Davide M. Proserpio ™

"Samara Center for Theoretical Materials Science (SCTMS), Samara State University, Ac. Pavlov St. 1, Samara 443011, Russia
*Dipartimento di Chimica, Universita degli Studi di Milano, Via Golgi 19, 20133 Milano, Italy

© Supporting Information

ABSTRACT: In this study, we carried out a topological and
geometrical analysis of more than 27 000 intermetallics. More
than 2000 topologically different nanodusters were deter-
mined and stored in an electronic database as the Topological
Types of Nanodlusters (TTN) collection. Besides the topology
of the nanoclusters, the TTN collection contains the informa-
tion on their occurrence as well as on motifs of their assembly
in intermetallics; it is included to the set of the ToposPro
topological collections. With the TTN collection we analyzed
the topology of local binding and overall topological motifs in
the 1528 intermetallics assembled with icosahedron-based
building units. Taking the TTN collection as a starting point,

1@ico

we present the concept of a knowledge database and an expert system that can be used to process a huge set of data to find
general regularities in the crystal structures of intermetallics and to predict some of their features.
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YTO y Hac ecTb?

Inorganic Chemistry
\

A Collection of Topological Types of Nanoclusters and Its Application
@3bl pla HH bD to lcosahedron-Based Intermetallics

< c @ v a https://topospro.com/databases/ B e o

-

nanoclusters in intermetallics. What are the possible coordination modes of cyanogroup and which of them is the most
preferable? What is the volume of benzene molecule in crystals? What number of hydrogen bonds the hydroquinone

An ro p MTM bl molecule usually forms? These are the questions the ToposPro Topological Collections can answer!

Databases
Demo databases

The ToposPro program package includes free demo databases.

TTD (Topological Types Database)

]
3 KC " e p M M e H Ta n b H a ﬂ LI a c TTD collection contains the information on topological types of simple periodic nets and finite graphs.

TTO (Topological Types Observed)

TTO collection matches topological types of abstract nets and graphs collected in the TTD with examples of real
crystal structures.

artkabanov@mail.ru 14



YTO Yy Hac ecTtb?
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BatteryMaterials 13

€ > Home Upload new data Release Notes
Combining topological methods, high-performance supercomputing and density functional theory-based calculations, the

Battery Materials project provides an open-access to databases of known and newly predicted ion-conducting crystals and
their properties.

Search

ANroputmbol

@ ICSD (O Battery Materials Database
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You chose: Ca-Fe
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JKCnepuMeHTaNIbHaA 4YacTb
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BatteryMaterials 13

Home Upload new data Release Notes

Combining topological methods, high-performance supercomputing and density functional theory-based calculations, the
Battery Materials project provides an open-access to databases of known and newly predicted ion-conducting crystals and
their properties.

Search
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CcC @
Samara Carbon
Allotrope Database

General information | SACADA | Check your allofrope | Contacts | Links
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Welcome to SACADA - Samara Carbon Allotrope Database.

Nowadays the modeling of new carbon allotropes is very popular. Mistakes in classification and naming of carbon allotropes are 140
almost inevitable due to vast amount of unorganized data. Additionaly, a lot of allotropes were re-discovered many times by different
research groups. Inspired by this problems we created SACADA - Samara Carbon Allotrope Database [1]. Here we gathered together
all available data about 3-periodic carbon allotropes based on more that 500 papers from scientific databases Web of Science and 100
Scopus.

We have extracted the data of crystal structures and physical properties for 522 (updated 02 May 2017) unique 3-periodic carbon
allotropes (corresponding to 494 topological types). The topological characteristics of the structures were calculated by ADS program
implemented in ToposPro [2]. The maximal symmetry embeddings of the nets corresponding to 328 topological types were obtained
by Systre program [3]. Some physical properties are also included in SACADA.

[1] R. Hoffmann, A/A. Kabanov, A A Golov, D.M.Proserpio, Angew. Chem. Int. Ed_, 2016, 565, 10962-10977 doi: 10.1002/anie.201600655
[2] VA Blatov, A P. Shevchenko, D.M. Proserpio, Cryst. Growth Des. 2014, 14, 35676-3586 doi: 10.1021/cgb00498k
3] O. Delgado-Friedrichs and M. O'Keeffe, Acta Crystallogr., Sect. A: Found. Crystallogr., 2003, 59, 351-360 doi: 10.1107/30108767303012017

Release
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] E. V. Alexandrov, V. A. Blatov, A. V. Kochetkov and D. M. Proserpio, CrystEngComm, 2011, 13, 3947-3958, doi- 10.1039/c0ce00636] 1
[6] M. O'Keeffe, M.A. Peskov, S.J. Ramsden, O.M. Yaghi, Acc. Chem. Res_; 2008, 41, 1782-1789, doi: 10.1021/ar800124u

2
SACADA content: 3
A

Number of articles about “novel”
carbon allotropes by year

1975 1985 1995 2005 201¢

SACADA history:

Date # Allotropes  # Nets
18/01/2016 280 256
14/10/2016 315 287
10/03/2017 356 328
NDYINEMNMNAT [=ele] ADA
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Mg3V2(SiO4)3

Ey=0.90 ¢V 0 VOs b, -SiOy
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Databases Consulting

5 a 3 b I Aa H H bl x To POS P RO A comprehensive system for geome;rical \

and topological analysis of crystal structures \

\

\\

An ro p M TM bl On this new ToposPro website we offer the

following products and services:

Software Databases Consulting

You
ToposPro software is free for non-commercial use. If you are going to use ToposPro for commercial purposes you have to buy a license for commercial use. O o o

Topcryst.com © - free service for determining the underlying topology of your crystal structure

JKCnepuMeHTaNIbHaA 4YacTb
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Databases Consulting

A hensi tem fi t>(
ba3bl AaHHbIX TOPOSPRO and topologa nayss o cystal sucures

<« c ﬁ} U & httpsy//toperyst.com

ANroputmbol

topcryst The Samara Topological Data Center Sign In L 4

Find topology Database o
o

Upload CIF file and get the topological type of your crystal structure.

JKCnepuMeHTaNIbHaA 4YacTb
cif

Drop CIF File with one structure here
or
Choose file

Maximum file size - 2 MB

artkabanov@mail.ru

A video lesson of how to work with the TopCryst service is available here.
We use the full and actual version of the TTD collection to determine the topological type.
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Kakas pabota y Hac ectb?

C6op paHHbIX (aHaNM3 cTaTen, aHaInU3 pe3y/IbTaToB PACYETOB U Np.)
O6paboTKka n NnoaroToBKa AaHHbIX (CO34aHME PA3/IMYHbIX CKPUNTOB U
np.)

AHann3 gaHHbIX (HEMPOHHbIE CeTU, MalLMHHOEe 0byyeHune,
BM3yann3auma AaHHbIX U Np.)

MoarotoBKa AaHHbIX ANA cauToB (HaNnONHEHWe CanToB)

NpoBepneHue pacuétoB metogamm DFT, mon. guHaMUKKU U Np.
Co3paHue U peanmsauma «B Koae» mogeneun Gpus.-Xxmm. NpoL,eccoB
JKcnepumeHTanbHana paborta
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