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CHEMICAL BONDING IN INTERMETALLIC COMPOUNDS:  

POSITION SPACE APPROACH 

 

Yuri Grin 

Max-Planck-Institut für Chemische Physik fester Stoffe, Dresden, Germany 

 

Application of the modern techniques of quantum chemistry operating in positional space is 

the basis for the development of a self-consistent system of categories necessary for the 

systematic investigation and description of atomic interactions in intermetallic compounds. 

The shape and volume of the interacting species (atoms) and their charge can be established 

analyzing the topology of the electron density (one-electron function, Bader’s Quantum 

Theory of Atoms in Molecules, QTAIM). Involving into the analysis two-electron functions, 

like the Electron Localizability Indicator (ELI), opens the way to visualize the chemical 

bonding and its localization within the crystal structure. Combination of both functions  

(Electron Localizability Approach, ELA) yields a quantitative description of bonds in the 

form of number of QTAIM atoms participating, their electron-localizability-based oxidation 

numbers, number of bonding electrons, and bond polarity [1]. Using the Interacting Quantum 

Atoms Approach (IQA) enables calculating the energetic characteristics for each bond in a 

solid [2]. 

Systematic application of the new techniques is able to deliver new insights into 

different chemical and physical properties. It reveals the appropriate combination of bond 

types for appearance of the semiconducting state [3], a necessary condition for a 

thermoelectric material. Furthermore, it yields the spatial distribution map of different 

bonding types within the crystal structure, revealing also the anisotropy of their distribution 

[4]. The latter correlates with the anisotropy of the lattice thermal conductivity in the material 

[4,5]. Moreover, application of partial ELI techniques sheds lights even on the anisotropy of 

the Seebeck coefficient. On the other hand, the new strategies for bonding analysis allow 

predicting the mechanical behavior (e.g. cleavage) of solids [6]. The latter is a basis for 

understanding of role of intermetallic compounds in heterogeneous catalysis [7-9]. 

 

[1] F.R. Wagner, Yu. Grin, In: J. Reedijk, K.R. Poeppelmeier (Eds.), Comprehensive 

Inorganic Chemistry III, Elsevier, 2023, pp. 222-237. 

[2] D.M. Crespo et al., J. Phys. Chem. A 125 (2021) 9011-9025. 

[3] A. Amon et al., Angew. Chem., Int. Ed. 58 (2019) 15928-15933. 

[4] Yu. Grin, J. Solid State Chem. 274 (2019) 329-336. 

[5] K. Guo et al., Mater. Today Phys. 21 (2021) 100480. 

[6] X. Shi et al., Nat. Mater. 17 (2018) 421-426. 

[7] I. Antonyshyn et al., Sci. Technol. Adv. Mater. 20 (2019) 902-916. 

[8] A.M. Barrios Jiménez et al., ACS Appl. Energy Mater. 3 (2020) 11042-11052. 

[9] A. Ormeci et al., ChemistryOpen 11 (2022) e202200185. 
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RARE-EARTH METALS IN INTERMETALLIC COMPOUNDS:  

FROM FUNDAMENTAL TO APPLIED CHEMISTRY 
 

R. Freccero, P. Solokha, and S. De Negri 

Department of Chemistry and Industrial Chemistry, Università degli Studi di Genova,  

via Dodecaneso 31, I-16146 Genova, Italy 

riccardo.freccero@unige.it 

 

Intermetallics constitute the largest group of inorganic compounds [1], often displaying 

intriguing and unprecedented structural features and physical properties. Among them, those 

containing rare-earth metal (RE) components enabled relevant breakthroughs and are set to 

play a key role in future technologies, required to address emerging challenges. The rational 

design of such materials is still hampered by the lack of understanding of the structure–

bonding relationships, as classical valence rules cannot be effectively applied [2]. Thus, 

relevant achievements may only stem from systematic experimental and theoretical 

investigations. In this work, the preparation and structural characterization of several  

RE–M–Tt (M = s, p or transition metals; Tt = Si, Ge, Sn) with more than 50 at.% Tt are 

presented. The interatomic distances were in all cases compatible with the formation of 

covalent Tt interactions, building up polyanionic dumbbells, chains, layers, and frameworks; 

for some representative, like RE2MgGe6 and RE2Pd3Ge5, the Zintl rules were still fulfilled. 

Aiming at overcoming the approximation that the interactions between the polyanions and the 

surrounding metals are of the ionic type, in-depth chemical bonding analyses were performed, 

mainly applying position-space techniques [2]. Particular attention was also devoted to the 

nature of the interactions between the RE and the M metals. For these purposes new tools and 

techniques were introduced or extended, namely the Penultimate Shell Correction (PSC0), the 

Electron Localizability Indicator (ELI-D) fine structure and the 8–N
eff

 rule [3,4]. 

Independently of the intermetallic stoichiometry, the following trends were described: RE 

metals turned out to be always involved in multi-atomic covalent bonds with the polyanions 

through the Tt “lone pairs”; RE are involved in polar covalent interactions with late transition 

metals, particularly those of the 4
th

 and 5
th

 period. These outcomes clearly suggest that the 

chemical role of the RE as large cations lying in the biggest cavities must be abandoned. 

Recent results on some intermetallics only formed by elements to the left of the p-block, like 

LaAuMg2 and RENi5, surprisingly revealed RE-Au/Ni bonds analogous to those described for 

the tetrelides. Then, the chemical behavior of LaNi5 and CeNi5 was investigated testing them 

as Sabatier catalysts in the hydrogenation of CO2 to CH4. The knowledge of the chemical 

bonding in the bulk phases enabled the understanding of surface phenomena taking place 

during the catalytic experiments. 

 

RF acknowledges the University of Genova for funding the “COMET – CO2 METhanation 

through interMETallics” project through “Curiosity Driven 2021”, funded by the European 

Union – NextGenerationEU. 

 

[1] R. Nesper, Angew. Chem. 30 (1991) 789-817. 

[2]  F.R. Wagner, Yu. Grin, In: J. Reedijk, K.R. Poeppelmeier (Eds.), Comprehensive 

Inorganic Chemistry III, Elsevier, 2023, pp. 222-237. 

[3] R. Freccero, P. Solokha, S. De Negri, A. Saccone, Yu. Grin, F.R. Wagner, Chem. Eur. J. 

25 (2019) 6600-6612. 

[4] R. Freccero, Yu. Grin, F.R. Wagner, Dalton Trans. 52 (2023) 8222-8236. 
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NEW (AND SOME NEWS ABOUT OLD) POTASSIUM MERCURIDES 

 

Timotheus Hohl
1
, Lukas Nusser

1
, Constantin Hoch

1
, Volodymyr Baran

2
, MarcoWendorff

3
,  

and Caroline Röhr
3
 

1
 Department Chemie, Ludwig-Maximilians-Universität München, Germany 

2
 Deutsches Elektronen-Synchrotron (DESY), Hamburg, Germany 

3
 Institut für Anorganische und Analytische Chemie, Albert-Ludwigs-Universität Freiburg, 

Germany 
 

The thermoanalytical (DSC, ’in-situ’ synchrotron powder diffraction) and (single crystal, s.c.) 
structural reinvestigation of the binary phase diagram K–Hg revealed the three new incongruently 
melting compounds KHg4, KHg5 and KHg8 [1,2], in addition to the known phases KHg and K5Hg7 ([3] 
and [4], updated s.c. data), KHg2 [3], 
K2Hg7 [5], K3Hg11 ([6], not reproduced), 
K7Hg31 ([6], composition and structure 
corrected), KHg6 [7] and KHg11 [8]. 
According to the revised phase diagram, 
KHg4 and KHg5 were obtained from 
melts of the elements using appropriate 
Hg-richer sample compositions. The Hg-
rich compound KHg8 was synthesized by 
slowly unfreezing a 7:31 mixture of 
K:Hg from -70 °C to r.t. In the structures 
of KHg8 [triclinic, P-1, a = 630.0(2), 
b = 897.2(2), c = 1263.7(3) pm, 
α = 99.30(3), β = 91.34(3), γ = 98.36(3)°] 
and KHg5 [monoclinic, P21/c, 
a = 1148.3(1), b = 1758.6(2), 
c = 1031.5(1) pm, β = 116.687(1)°], 
similar to KHg6 [6] and related alkaline-
earth compounds [9], the Hg atoms form flat nets with 8/7-membered rings (yellow), pentagons (blue), 
squares and triangles (red). The potassium cations are always centered in the 8/7-membered rings, 
which are completed by two nearly regular 5-membered rings (dark blue) of the shifted (cf. arrows) 
adjacent nets to form 18/17 [5:(8/7):5] cation coordination polyhedra (ccp). The space inbetween the 
columns of ccps, which increases with the Hg-content, consists of distorted trigonal prisms, octahedra 
and tetrahedra (red). These latter pure mercury polyhedra are formed by the smaller rings of the Hg-
nets. The orthorhombic structure of KHg4 [Cmcm, a = 937.4(3), b = 873.5(3), c = 645.6(2) pm] 
contains similar ccps and [Hg6] trigonal prisms, but an alternative structure description emphasizing 
flat square pyramids (green) relates this structure to those of other alkali and alkaline-earth mercurides 
in this composition range (e.g. K3Hg11, Rb5Hg19 [10]). The calculated electronic structures show the 
expected metallic character of the compounds, but also a distinct electron transfer from K to Hg, 
which justifies to denote them ’mercurides’. 
 

[1] T. Hohl, PhD thesis, LMU Munich, 2023. 
[2] M. Wendorff, C. Röhr, Z. Kristallogr. Suppl. 41 (2021) 79-80. 
[3] E.J. Duwell, N.C. Baenziger, Acta Crystallogr. 8 (1955) 705-710. 
[4] E.J. Duwell, N.C. Baenziger, Acta Crystallogr. 13 (1960) 476-479. 
[5] E. Biehl, H.J. Deiseroth, Z. Anorg. Allg. Chem. 625 (1999) 1337-1342. 
[6] E. Todorov, S.C. Sevov, J. Solid State Chem. 149 (2000) 419-427. 
[7] F. Tambornino, C. Hoch, J. Alloys Compd. 618 (2015) 299-304. 
[8] E. Biehl, H.J. Deiseroth, Z. Anorg. Allg. Chem. 625 (1999) 1073-1080. 
[9] M. Wendorff, C. Röhr, Z. Kristallogr. 233 (2018) 515-529. 
[10] E. Biehl, H.J. Deiseroth, Z. Anorg. Allg. Chem. 625 (1999) 389-394. 
[11] T.B. Massalski, H. Okamoto, P.R. Subramanian, L. Kacprzac (Ed.) Binary Alloy Phase Diagrams, ASM International, 

Materials Park, Ohio, USA, 1990. 
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REVISITING THE U–Fe–C TERNARY SYSTEM 
 

M.S. Henriques
1,2

, A. Silva
1
, L. Havela

3
, and A.P. Gonçalves1

 
1
 C

2TN, DECN, Instituto Superior Técnico, Universidade de Lisboa, Campus Tecnológico e 
Nuclear, 2695-066 Bobadela, Portugal 

2
 Institute of Physics of the Czech Academy of Sciences, Na Slovance 1999/2,  

182 00 Prague, Czech Republic 
3
 Department of Condensed Matter Physics, Faculty of Mathematics and Physics, Charles 

University, Ke Karlovu 5, 121 16 Prague, Czech Republic 

apg@ctn.tecnico.ulisboa.pt 

 

The energy crisis and climate changes have promoted a growing interest in non-fossil sources, 

such as nuclear, with uranium carbides being potential fuel candidates for Generation IV 

nuclear reactors. However, a detailed understanding of the high-temperature thermokinetic 

and thermophysical characteristics of the fuel, as well as its relationship to steel, is required. 

Here we revisit the U–Fe–C system, presenting a systematic experimental study of its 

isothermal section at 1100°C by means of powder X-ray diffraction and Scanning Electron 

Microscopy, coupled with Energy Dispersive Spectrometry. 

 The U–Fe–C isothermal section is characterized by the formation of two compounds, 

twelve ternary domains and twenty binary domains. Two ternary compounds, UFeC2 (1) and 

a phase with 27 at.% U – 29 at.% Fe – 44 at.% C average composition (2) were confirmed to 

form at this temperature and crystallize in structures related to the binary uranium carbides. 

UFeC2 crystallizes in the ScCoC2 structure-type (space group P4/nmm), with lattice 

parameters a = 3.4846(6) Å and c = 7.380(6) Å. 2 has a crystal structure related to the 

Th11Ru12C18 structure-type (space group I-43m) with the lattice parameter a ≈ 10 Å. 
Furthermore, an island of a UC2-based phase was found inside the ternary isothermal section, 

pointing to the inclusion of Fe in this binary compound. 
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R’yR’’1-yScGe: MAGNETIC COMPENSATION IN MIXED-LANTHANIDE 

INTERMETALLIC COMPOUNDS 

 

Y. Mudryk
1
, T. Del Rose

1
, A.K. Pathak

2
, K. Dixon-Anderson

1,3
, and D. Haskel

4
 

1
 Ames National Laboratory of US Department of Energy, Iowa State University,  

Ames, IA, United States 
2
 Department of Physics, SUNY Buffalo State, Buffalo, NY, United States 

3
 Department of Materials Science and Engineering, Iowa State University,  

Ames, IA, United States 
4
 Advanced Photon Source, Argonne National Laboratory, Argonne, IL, United States 

 
Compensated ferrimagnetic materials are prime candidates for advanced technological 
applications, such as spintronics. Traditionally, magnetic compensation is achieved in 
ferrimagnetic compounds where different magnetic elements occupy specific atomic sites 
while their magnetic moments align antiparallel, producing zero net magnetization despite 
having a strong magnetic coupling. The well-known examples are binary compounds of 
heavy lanthanides with 3d metals that, to this day, remain a popular choice in spintronics 
research. 

Here, we report how magnetic compensation can be readily designed by mixing heavy 
and light lanthanides, for example in the series of R’yR’’1-yScGe compounds, where R’ – 
heavy lanthanide and R’’ – light lanthanide. Depending on R these systems can form 
continuous solid solutions crystallizing in either the CeFeSi or CeScSi type crystal structure 
with R’ and R” occupying the same atomic site. Magnetically compensated states are achieved 
at certain values of y that depend on the choice of R’ and R”. The thus created magnetic 
compensation results in several fundamentally interesting and potentially useful phenomena, 
such as exchange bias and magnetic memory. Polycrystalline Pr1-yGdyScGe and Nd1-yTbyScGe 
compounds were synthesized and characterized by x-ray powder diffraction (XPD), x-ray 
magnetic circular dichroism (XMCD), x-ray absorption near-edge spectroscopy (XANES), 
magnetic, transport, and heat capacity measurements. They were found to crystallize in the 
CeScSi-type of crystal structure, revealing magnetic compensation near y ~0.25. In addition to 
uncovering their intrinsic physical properties, we also show that the magnetic behaviors of 
these compounds are strongly affected by extrinsic factors (e.g., bulk vs. powder) and 
hydrogenation [1-3]. Considering the relatively high magnetic ordering temperatures of 
RScGe intermetallics, the observed phenomena may lead to exciting technological 
opportunities in spintronics, sensing, memory storage, and related fields. 
 
This work was performed at Ames National Laboratory and was supported by the Division of 
Materials Science and Engineering of the Office of Basic Energy Sciences of the U.S. 
Department of Energy (DOE). Ames Laboratory is operated for the U.S DOE by Iowa State 
University under Contract No. DE-AC02-07CH11358. Use of the Advanced Photon Source 
was supported by the U.S. Department of Energy, Office of Science, Office of Basic Energy 
Science, under contract DE-AC02-06CH11357. The authors dedicate their effort to the 
memory of the late Prof. V.K. Pecharsky who was guiding this research for many years. 
 
[1] T. Del Rose, Y. Mudryk, D. Haskel, A.K. Pathak, V.K. Pecharsky, Phys. Rev. Mater. 6 

(2022) 044413. 
[2] T. Del Rose, A.K. Pathak, Y. Mudryk, V.K. Pecharsky, J. Mater. Chem. C 9 (2021) 181. 
[3] T. Del Rose, R. Choudhary, Y. Mudryk, D. Haskel, A. Pathak, G. Bhaskar, J. Zaikina,  

D. Johnson, V.K. Pecharsky, J. Alloys Compd., submitted. 
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STRONGLY CORRELATED RARE-EARTH INTERMETALLICS 

 

Silke Paschen 

Institute of Solid State Physics, Vienna University of Technology 

 

Intermetallic compounds that contain rare-earth elements – in particular Ce or Yb – are a wide 

playground for research on strong correlation physics. I will discuss several directions: 

unconventional quantum criticality associated with strange metal behavior, topological 

semimetals enforced by crystal symmetries, and correlation-enhanced thermoelectricity. The 

Kondo effect that plays a role in all of them leads to extreme band narrowing, thereby 

boosting responses and making novel phenomena highly tunable. 
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HIGH-SPIN SUPERCONDUCTIVITY 
 

Dariusz Kaczorowski 

Institute of Low Temperature and Structure Research, Polish Academy of Sciences, 

Okólna 2, 50-422 Wrocław, Poland 

d.kaczorowski@intibs.pl 

 

Topological superconductors (TSC) hosting Majorana bound states have been established as a 

milestone that might shift our scientific trajectory from fundamental research to practical 

applications in topological quantum computing. Recently, promising TSC hosts have been 

identified among superconducting materials with electronic structures near the Fermi level 

characterized by fermions with angular momentum j = 3/2, which can result in the emergence 

of novel pairing types, such as even-parity quintet (J = 2) or odd-parity septet (J = 3) [1-2]. 

Prime candidates for such unconventional superconducting states are non-centrosymmetric 

half-Heusler compounds RTBi (R = rare-earth element, T = Pd or Pt), where strong 

asymmetric spin-orbit coupling leads to inversion of the electronic bands [3-7]. In the course 

of our studies, we have shown that superconductivity in the bismuthide LuPdBi can be 

described as a mixture of isotropic singlet and anisotropic septet states, whose ratio can be 

tuned by electron irradiation [8]. By means of magnetotransport and penetration depth 

measurements, we found that carrier concentrations and impurity scattering both increase with 

irradiation, resulting in a non-monotonic change in the superconducting gap structure. Our 

results shed new light on the fundamental understanding of unconventional superconducting 

states in TCS materials. 

 

This study was supported by the National Science Centre (Poland) under research grants 

OPUS 2011/01/B/ST3/04466, MAESTRO 2015/18/A/ST3/00057 and SHENG 

2021/40/Q/ST5/00066. 

 

[1] P.W. Brydon et al., Phys. Rev. Lett. 116 (2016) 177001. 

[2] H. Kim et al., Sci. Adv. 4 (2018) eaao4513. 

[3] B. Nowak et al., J. Phys. Chem. C 119 (2015) 2770; ibid 120 (2016) 21797. 

[4] O. Pavlosiuk et al., Sci. Rep. 5 (2015) 9158. 

[5] O. Pavlosiuk et al., Phys. Rev. B 94 (2016) 035130. 

[6] O. Pavlosiuk et al., Sci. Rep. 6 (2016) 18797. 

[7] M.M. Hosen et al., Sci. Rep. 10 (2020) 12343. 

[8] K. Ishihara et al., Phys. Rev. X 11 (2021) 041048. 
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NEW QUANTUM MATERIALS BY TOPOTACTIC INSERTION  

OF LIGHT ELEMENTS IN INTERMETALLIC COMPOUNDS 
 

S. Tencé 

CNRS, Univ. Bordeaux, Bordeaux INP, ICMCB, UMR 5026, F-33600 Pessac, France 

 

Intermetallics represent an important family of compounds, in which insertion of light 

elements (hydrogen, boron, carbon, nitrogen) has been widely explored for decades to 

synthesize novel phases and promote functional materials such as permanent magnets, 

magnetocalorics or materials for hydrogen storage. 

 In this talk, I will present the LaFeSiXx (X = H, O, F) phases we obtained by 

topochemical synthesis routes and demonstrate that these methods are effective to provide 

novel quantum materials [1]. In particular, I will introduce a new method to intercalate 

fluorine atoms into intermetallics, using perfluorocarbon reactant with covalent C-F bonds 

[2]. This novel approach is very efficient to synthesize mixed anion (Si-F) LaFeSiFx single-

crystals in which we observe the coexistence of ionic and metallo-covalent blocks in 

interaction through inductive effects. Interestingly, we show the emergence of 

superconductivity across this series, as well as in LaFeSiO1-δ, that thus extends the family of 

iron-based superconductors to novel FeSi-based materials beyond the conventional 

ferropnictides and chalcogenides. 

 

[1] F. Bernardini, G. Garbarino, A. Sulpice, M. Nuñez-Regueiro, E. Gaudin, B. Chevalier, 

M-A. Méasson, A. Cano, S. Tencé, Phys. Rev. B 97 (2018) 100504(R). 

[2] J-B. Vaney, B. Vignolle, A. Demourgues, E. Gaudin, E. Durand, C. Labrugère,  

F. Bernardini, A. Cano, S. Tencé, Nat. Commun. 13 (2022) 1462. 

[3] M.F. Hansen J.-B. Vaney, C. Lepoittevin, F. Bernardini, E. Gaudin, V. Nassif,  

M.-A. Méasson, A. Sulpice, H. Mayaffre, M.-H. Julien, S. Tencé, A. Cano,  

P. Toulemonde, npj Quantum Mater. 7 (2022) 86. 
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ELECTRONIC STRUCTURE OF f-METAL ZINTL PHASES:  

BETWEEN PHYSICS AND CHEMISTRY 
 

L. Havela
1
, V. Buturlim

1
, K. Miliyanchuk

2
, A. Kolomiets

1,3
, O. Koloskova

1
, F. Honda

4
,  

D. Legut
1
, I. Turek

1
, D. Kaczorowski

5
, E. Svanidze

6
, J. Prchal

1
, J. Kolorenč7

, I. Halevy
8
,  

and M. Diviš
1
 

1
 Charles University, Faculty of Mathematics and Physics, Prague, Czech Republic 

2
 Department of Inorganic Chemistry, Ivan Franko National University of Lviv, Lviv, Ukraine 

3
 Department of Physics, Lviv Polytechnic National University, Lviv, Ukraine 
4
 Institute for Materials Research, Tohoku University, Oarai, Ibaraki, Japan 

5 
Institute of Low Temperatures and Structural Research, Polish Academy of Sciences, 

Wroclaw, Poland 
6
 Max Planck Institute for Chemical Physics of Solids, Dresden, Germany 

7
 Institute of Physics, Academy of Science of the Czech Republic, Prague, Czech Republic 

8
 Ben Gurion University, Be’er Sheva, Israel 

ladislav.havela@matfyz.cuni.cz 

 

The crossover between metallic, semi-metallic, and semiconducting behaviour can be 

systematically explored over a large group of polar compounds called Zintl phases, which 

have a simple cation, which contributes by electrons to stabilize covalent bonding in a 

polyanion. We focus on layered Zintl phases of the 122 stoichiometry, crystallizing in the 

trigonal CaAl2Si2 structure type. It is particularly interesting to compare isotructural 

compounds based on 4f (Eu) with 5f (U) elements. The Eu compounds are AF semicondutors 

with a narrow gap modulated by the arrangement of Eu
2+

 moments [1]. UCu2P2 is a semi-

metallic Ising-like ferromagnet [2]. Its TC = 216 K steeply increases with hydrostatic pressure 

and reaches room temperature. Calculations reveal that the spin-up – spin-down splitting of 

the 5f band with only spin-up electrons at the Fermi level EF brings to EF (due to mutual 

hybridization) also practically full spin-up polarization of light electrons. Hence UCu2P2 is a 

combination of semi-metal and half-metal, which needs phonon assistance to electronic 

transport if magnetic fluctuations randomize the orientation spin-up channel in the 

paramagnetic state. The degree of localization of the 5f states will be discussed in the light of 

available experimental data, which include studies of crystal structures and magnetic and 

transport properties under elevated pressures. 

 

This work was supported by the Czech Science Foundation under the grant No. 21-09766S. 

 

[1] T. Berry et al., Phys. Rev. B 106 (2022) 054420. 

[2] D. Kaczorowski, R. Troc, J. Phys.: Condens. Matter 2 (1990) 4185-4196. 
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NOVEL ZINTL PHASES Na2CaCdSb2, Na2SrCdSb2 AND Na2EuCdSb2 

 

Svilen Bobev 

Department of Chemistry and Biochemistry, University of Delaware, 

304A Drake Hall, Newark, DE 19716, USA 

 

This talk will detail the synthesis and the crystal structures of the new quaternary Zintl phases 

Na2CaCdSb2, Na2SrCdSb2 and Na2EuCdSb2. They are isostructural and their non-

centrosymmetric structure is with the space group Pmc21 (Pearson code oP12). All structural 

work is carried out via single-crystal X-ray diffraction methods. The structure features 

[CdSb2]
4–

 layers of corner-shared CdSb4 tetrahedra, which are stacked along the 

crystallographic b-axis and are separated by cations. The results from the structure 

refinements suggest that in addition to full cation ordering, which is typical for this structure, 

there also exists a possibility for an accommodation of a small degree of cation disorder. 
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FROM ISOLATED U-ATOMS TO 2- AND 3-ATOM CLUSTER SYSTEMS: 

URANIUM ALUMINIDES AS PLAYGROUND TO INVESTIGATE MAGNETIC 

FRUSTRATION? 

 
M. Pasturel1 and A. Pikul2 

1 University of Rennes, CNRS, Rennes Institute of Chemical Sciences – UMR6226,  

35042 Rennes, France 
2 Institute of Low Temperature and Structure Research, Polish Academy of Sciences, ul. 

Okólna 2, 50-422 Wrocław, Poland 

mathieu.pasturel@univ-rennes.fr 
 
The aluminium-rich sides of U–T–Al (T = transition element) phase diagrams contain ternary 
phases with different crystal structures and very different uranium atom environments, 
providing an extended playground for studying magnetic interactions in such systems. 

Among them, the UT2Al20 (T = Ti, V, Nb, Ta, Cr, Mo, W, Mn) [1,2] and UT2Al10  
(T = Fe, Ru, Os) [3-5] series are described as cage compounds because the actinide-ligand 
distances are significantly larger than the sum of the metallic radii. The U-U distances are 
larger than 5 Å, i.e. well above the Hill limit (dU-U ∼ 3.5 Å) for the occurrence of direct 5f 
orbitals overlap. Accordingly, none of these compounds order magnetically (but UMn2Al20 
thanks to the Mn-network [6]) but rather show paramagnetic behaviours (from Pauli-like to 
spin fluctuations-like). 
 Within the U6T4Al43 (T = V, Nb, Ta, Cr, Mo, W) isostructural family [7], the U-atoms 
form dumbbells (dU-U ≈ 3.4-3.5 Å) that are separated from each other by more than 5.5 Å in 
all directions. Thus, they can be considered as a Shastry-Sutherland derivative network with 
competing intra- and inter-dumbbell interactions. The multiple magnetic transitions observed 
in U6Nb4Al43 are attributed to frustrations induced by this network [8]. 
 Finally, the U-sublattice in the U3T4Al12 (T = Fe, Ru, Co) compounds is described as a 
highly distorted planar (also called breathing) kagome network where “small” [U3] triangles 
(dU-U ≈ 3.5-3.6 Å) are connected by much larger ones (dU-U > 5 Å). Such a 2-neighbor 
network is also conducive to magnetic frustrations, which can explain the spin-glass 
behaviour of the Fe- [9] and Co-members [10] or the original and complex AF-magnetic 
ordering of the Ru-aluminide [11,12] with unusual behaviour of the anomalous Hall 
coefficient [13]. 
 We will review the structural/magnetic/electrical and specific heat properties of these 
phases and discuss them in terms of the above-described structure-property relationships [14]. 
 
[1] S. Niemann et al., J. Solid State Chem. 114 (1995) 337-341. 
[2] I. Halevy et al., J. Alloys Compd. 319 (2001) 19-21. 
[3] R. Troć et al., Phys. Rev B 92 (2015) 104427. 
[4] R. Troć et al., J. Alloys Compd. 742 (2018) 656-669. 
[5] R. Troć et al., Intermetallics 107 (2019) 60-74. 
[6] P. Wisniewski et al., Phys. Rev. B 86 (2012) 054438. 
[7] S. Niemann et al., J. Solid State Chem. 116 (1995) 131-135. 
[8] C. Moussa et al., J. Alloys Compd. 691 (2017) 893-905. 
[9] A.P. Gonçalves et al., Intermetallics 17 (2009) 25-31. 
[10] O. Tougait et al., J. Solid State Chem. 177 (2004) 2053-2057. 
[11] R. Troć et al., Phys. Rev. B 85 (2012) 064412. 
[12] D.I. Gorbunov et al., Phys. Rev. B 99 (2019) 054413. 
[13] T. Asaba et al., Phys. Rev. B 102 (2020) 035127. 
[14] M. Pasturel, A. Pikul, Rep. Prog. Phys., submitted. 
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Mercury, in both elemental form and as part of amalgams has played an important role in 

solid-state chemistry and condensed matter physics [1-3]. However, much care must be taken 

both during synthesis and during characterization of this peculiar element and its compounds 

– from toxicity concerns to high chemical reactivity – these systems pose several 

experimental challenges. In this talk, I will showcase that, nonetheless, mercury-based 

materials offer unique crystallographic motifs and, as a result, peculiar physical properties  

[4-7]. In particular, I will concentrate on the binary compounds of mercury and lanthanide as 

well as actinide elements, which have so far been under-investigated. Using a unique 

laboratory environment, we were able to synthesize single crystals of several binary phases 

(Fig.) and study their chemical and physical properties in detail. Some of these compounds 

display low-temperature superconductivity while others order magnetically below a certain 

temperature. By looking at the evolution of the crystallographic complexity across several 

series of compounds, I will discuss how intrinsic crystal chemistry affects the resultant ground 

states. 

 

 
Fig. Single crystals of amalgams grown in our laboratory. 

 

[1] F. Merlo, M.L. Fornasini, J. Less-Common Met. 64 (1979) 221-231. 

[2] F. Tambornino, C. Hoch, Z. Anorg. Allg. Chem. 641 (2015) 537-542. 

[3] C. Hoch, A. Simon, Angew. Chem., Int. Ed. 51(13) (2012) 3262-3265. 

[4] E. Svanidze, A. Amon, R. Borth, Yu. Prots, M. Schmidt, M. Nicklas, A. Leithe-Jasper, 

Yu. Grin, Phys. Rev. B 99 (2019) 220403. 

[5] Yu. Prots, M. Krnel, Yu. Grin, E. Svanidze, Phys. Rev. B 106 (2022) L060412. 

[6] Yu. Prots, M. Krnel, Yu. Grin, E. Svanidze, Inorg. Chem. 61(39) (2022) 15444-15451. 

[7] K. Witthaut, Yu. Prots, N. Zaremba, M. Krnel, M. Schmidt, A. Leithe-Jasper, Yu. Grin, 

ACS Org. Inorg. Au (2023) in press. 
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The richness of the perovskite family of metal oxide compounds provides solid-state chemists 

with an important playground for finding the winning combination of elements. What’s more, 

the development of these materials, which are perovskites based on alkaline-earth stannates 

doped or substituted with transition metals, metalloids and rare earths, would have a triple 

benefit: (i) to generate electricity; (ii) to treat substances that are difficult to biodegrade or 

toxic (e.g. dyes rejected from the textile industry); and (iii) to increase resource availability by 

recycling as much wastewater as possible. 

The combination of different ions by co-doping and/or co-substitution leads in most 

cases to a structural rearrangement, changing the structure from a single perovskite to a 

multiple perovskite: double perovskite, triple perovskite or even quadruple perovskite. By 

substituting or doping SrSnO3 while maintaining good transparency, the symmetry of the 

crystal structure could be increased by reducing the inclinations of the octahedra in the Glazer 

configuration. Considerable effort has gone into developing highly efficient, air-stable tin-

based perovskite solar cells and SOFCs. The choice of dopant as well as its concentration in 

the SrSnO3 host matrix, known as an insulator, leads to good electrical conduction 

achievement. Despite its large band gap, SrSnO3 has an absorption in the visible when heavily 

doped with n-type. Some studies confirm that SrSnO3 exhibits absorption due to inter-band 

transitions of carriers close to the conduction band minimum to the upper conduction band. 

We have already focused on SrSnO3 perovskite, substituted or doped with metalloids (In, Ga, 

Al), or 4f elements to ensure good transparency and transition metals (Cu, W) for best 

conductivity. These stannates are proving to be among the best candidates for applications in 

electronics, as they often feature very low dielectric losses. 
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Zintl phases as a sub-group of intermetallic compounds reach high attention since their 

structures are well understood applying a formal charge transfer and valence rules. NaTl, a 

textbook example for understanding Zintl phases, is assumed to have complete valence 

electron transfer from the more electropositive Na to the more electronegative Tl atoms 

formed in four covalent bonds between Tl atoms. This allows in many cases a good 

understanding of structure property relationships. Zintl phases are in general semiconducting 

and have therefore been discovered as a very important class of material comprising 

thermoelectrica, topological insulators or magnetoelectronics [1,2]. 

In this lecture the Zintl concept is discussed on the basis of the original idea of Eduard 

Zintl put to front by Laves and based on the 8-N rule up to recent developments of related 

electron precise intermetallic compounds comprising other concepts such as Wade rules, 

intermetalloid clusters including also the spherical atom approach [3,4]. 

 

 
 

[1] M.O. Ogunbunmi, S. Bobev, J. Mater. Chem. C 11 (2023) 8337-8357. 

[2] S.M. Kauzlarich, Chem. Mater. (2023) doi.org/10.1021/acs.chemmater.3c01874. 

[3] T.F. Fässler, S.D. Hoffmann, Angew. Chem., Int. Ed. 43 (2004) 6242-6247. 

[4] W. Klein, A. Schier, T.F. Fässler, Molecules Meet Solids: From Wade-Mingos Clusters 

to Intermetalloid Cluster, In: Structure and Bonding, Vol. 188, Springer, Cham, 2021, 

DOI: 10.1007/430_2021_82. 
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The formation and crystal structure of the binary Cu3As phase have been re-investigated by 
differential thermal analysis, single-crystal and powder X-ray diffraction. Then, some 
physical properties were measured on both single crystal and polycrystalline bulk. 

In agreement with literature data, Cu3As melts congruently; however the melting point 
determined in this work (835°C) is slightly higher than that previously reported (827°C). At 
room temperature (RT) the compound was found to crystallize in the hexagonal Cu3P 
prototype (hP24, P63cm, No. 185), with lattice parameters: a = 7.1393(1) Å and  
c = 7.3113(1) Å, rather than in the anti HoH3-type (or anti LaF3-type) (hP24, P-3c1, No. 165) 
as indicated in literature. A slight under-stoichiometry was found in one out of the four Cu 
atomic sites, which leads to the final refined composition Cu2.882(1)As. A compositional range 

of 74.0-75.5 at.% Cu (26.0-24.5 at.% As, estimated  0.5 at.%) was found for samples 
synthesized at 300 and 400°C and slowly cooled. The present results disprove a change in the 

crystal structure (from ′ to  on heating) above RT, previously reported in the phase diagram. 

Instead, below RT, at T  243 K (-30°C), a first-order structural transition to a trigonal low-
temperature superstructure, LT-Cu3-xAs (hP72, P-3c1, No. 165) was found. The LT 
polymorph is metrically related to the RT one, having a three times larger c lattice parameter 
with respect to that at RT: a = 7.110(2) Å and c = 21.879(4) Å. Both the high- and low-
temperature polymorphs are characterized by the presence of a tridimensional (3D), 
uncommon and rigid Cu sublattice of the lonsdaleite type (built up by the Cu2 and Cu3 atoms 
only, with each Cu atom tetrahedrally bonded to four other atoms); this lonsdaleite network 
remains almost unaffected by the structural change(s). On the contrary, the transition 
influences characteristic layers of triangular ‘Cu3As’-units (each unit is formed by only Cu1 
and Cu4 atoms and hosts one As atom at the center; the units are interconnected to each other 
by sharing the three vertexes), and how these peculiar layers are placed with respect to each 
other within columnar cavities present in the aforementioned more rigid 3D network. This 
first-order transition is then likely to be followed by an additional structure change/reordering 
when lowering the temperature [T = 155 K (-118°C)] which, this time, induces doubling of 
also the lattice parameter a. 

The first low-temperature structural change occurring at T  243 K is nicely detected by 
a distinct thermal event on the differential scanning calorimetry curves collected on both 
single crystal and polycrystalline material, with an associated enthalpy difference, ΔH(TR), of 
approximately 2 J/g (0.53 kJ/mol). 

The low-temperature electrical resistivity shows typical metallic behavior with clear 
anomalies corresponding to the solid-state transformations. Moreover, analyzing the Seebeck 
coefficient as a function of temperature, besides proving again the structural transition, 
conduction of the n-type was determined. The temperature dependence of the magnetic 
susceptibility, measured on both a single crystal and a polycrystalline sample of Cu3As, 
displays an overall constant diamagnetic response. 
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The LaFe12B6 compound has been known for a few decades already as the only stable 

representative of RFe12B6 compounds (R being a rare-earth element) [1]. It crystallizes in the 

rhombohedral SrNi12B6-type structure, space group R-3m. In our recent studies [2-4] we 

revealed the existence of ultrasharp steps in the magnetization process at low temperature, 

giving rise to a staircase-like behavior. This unique and unusual avalanche-like transitions 

phenomenon has triggered a large regain of interest for the LaFe12B6 compound. 

Here we focus our attention on the La1-xCexFe12B6 system as investigated by means of 

temperature- and magnetic field-dependent x-ray diffraction. The itinerant-electron system 

La1-xCexFe12B6 exhibits an antiferromagnetic (AFM) ground state and multiple magnetic 

transitions, AFM-ferromagnetic (FM) and FM-paramagnetic (PM), triggered by changes in 

both temperature and magnetic fields. At low temperatures, the field-induced first-order 

AFM-FM metamagnetic phase transition is discontinuous, manifesting itself by extremely 

sharp steps in magnetization. Such a boride has a stable crystal structure, which does not 

transform under applied pressure but remains of R-3m symmetry. In contrast, diffraction data 

reveal a magnetic-field-induced structural phase transition associated with the AFM-FM and 

PM-FM transformations. The lattice distortion is driven by magnetoelastic coupling and 

converts the crystal structure from rhombohedral (R-3m) to monoclinic (C2/m) [2,4]. The 

AFM and PM states are related to the rhombohedral structure, whereas the FM order develops 

in the monoclinic symmetry. A huge volume magnetostriction of ∼1 % accompanies this 

symmetry-lowering lattice distortion. Meanwhile, a highly anisotropic lattice expansion as 

well as giant negative thermal expansion with a volumetric thermal expansion coefficient  

αV = -195 × 10
-6

 K
-1

 are observed. These results point to the significance of magnetoelastic 

effects in this metamagnet and illustrate the strength of the coupling between lattice and spin 

degrees of freedom in the La1-xCexFe12B6 intermetallic compound. 

 

[1] Yu. Kuz’ma, G.V. Chernyak, N.F. Chaban, Dopov. Akad. Nauk. Ukr. RSR 12 (1981)  

80-83. 

[2] L.V.B. Diop, T. Faske, M. Amara, D. Koch, O. Isnard, W. Donner, Phys. Rev. B. 104 

(2021) 134412. 

[3] L.V.B. Diop, J. Prokleska, O. Isnard, Appl. Phys. Lett. 122 (2023) 19240. 

[4] L.V.B. Diop, T. Faske, W. Donner, O. Isnard, Phys. Rev. Mater. 5 (2021) 104401. 
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Nanocrystals of intermetallic compounds are a large family of emerging materials with highly 

promising catalytic, plasmonic, magnetic, and energy storage and conversion applications. 

However, generalized synthetic approaches for intermetallic nanocrystals are lacking. Here 

we report the development of a colloidal synthesis based on amalgamation of monometallic 

nanocrystal seeds with low-melting point metals [1]. We use this approach to achieve 

crystalline and compositionally uniform intermetallic nanocrystals of Au–Ga, Ag–Ga, Cu–Ga, 

Ni–Ga, Pd–Ga, Pd–In, and Pd–Zn compounds. We demonstrate compositional tunability 

across phases (e.g., AuGa2, AuGa, Au7Ga2 and Ga-doped Au nanocrystals for the bimetallic 

Au–Ga system), while each phase can be prepared with accurate size control and excellent 

size uniformity. The figure illustrates the applicability of amalgamation seeded growth 

towards intermetallic nanocrystals with unprecedented quality and flexibility of materials 

design. Our new synthetic method is simple, predictive, and generalizable, giving access to a 

large family of size and composition controlled intermetallic nanocrystals, thus opening up a 

multitude of possibilities for these materials. 

 

 
Fig. Electron microscopy analysis of intermetallic NiGa nanocrystals (STEM imaging and 

EDX-STEM composition maps), showing excellent size distribution and composition 

uniformity across the batch. 

 

[1] J. Clarysse, A. Moser, O. Yarema, V. Wood, M. Yarema, Sci. Adv. 7 (2021) eabg1934. 
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The high-entropy shape-memory alloys discovered in [1,2] are in fact multicomponent 

TiZrHfCoNiCu intermetallics with a distorted B2 structure that undergoes a B2-B19` 

transformation accompanied by a shape memory effect. In addition to the mentioned 

multicomponent system, a new one was discovered, namely CoNiCuAlGaIn, which exhibits a 

B2-L10 transformation [3]. These facts constitute a physical regularity that consists in the 

formation of multicomponent intermetallic compounds with distorted ordered structures 

unstable to the diffusionless shear phase transformation called martensitic. It has been shown 

that the mere fact of their multicomponent design leads to a prolonged crystallization 

temperature interval and, consequently, to significant dendritic liquation [4]. A comparison of 

the dendritic liquation in TiZrHfCoNiCu and CoNiCuAlGaIn revealed a strong separation of 

the constitutive elements between dendrites and interdendritic regions. In the former case, the 

dendrites showed stronger interatomic interaction, while in the latter case stronger interatomic 

interaction was observed in interdendritic regions. Martensitic crystals grew exactly in these 

regions and did not penetrate neighbouring ones, despite the absence of any clear boundary 

between dendrites and interdendritic regions [4]. The observed behaviour indicates that shear 

associated with martensitic crystals cannot breach the barrier where the interatomic 

interaction undergoes drastic changes and which is free from defects. It means that shear, 

associated with dislocations (full or partial) or twins will also not be allowed to propagate 

through this area. This phenomenon, which ought to help us prevent functional fatigue in the 

case of high-entropy shape-memory alloys, will be considered closely together with the 

changes in structure and composition within the obvious homogeneity range of the 

intermetallic compounds in question. 

 

[1] G.S. Firstov, T.A. Kosorukova, Yu.N. Koval, V.V. Odnosum, Mater. Today: Proc. 2S 

(2015) S499-S504. 

[2] G.S. Firstov, T.A. Kosorukova, Yu.N. Koval, P.A. Verhovlyuk, Shape Mem. 

Superelasticity 1(4) (2015) 400-407. 

[3] G. Gerstein, G.S. Firstov, T.A. Kosorukova, Yu.N. Koval, H.J. Maier, Shape Mem. 

Superelasticity 4(3) (2018) 360-380. 

[4] T. Kosorukova, G. Gerstein, V. Odnosum, Y. Koval, H.J. Maier, G. Firstov, Materials 

12(24) (2019) 4227. 
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The disposal of nuclear waste is one of the most challenging issues facing the nuclear power 

generation industry. One method for handling spent nuclear fuel (SNF) is the utilization of 

underground repositories for long-term storage. Safety of these repositories remains a concern 

due to the potential hazards posed by the radioactivity of the waste, which can endure for 

thousands of years. To address this issue, novel materials like Zr-based ceramics are being 

developed to immobilize highly radioactive actinides and to secure their long-term storage. 

The objective is to minimize the risks associated with the release of radioactive elements from 

nuclear waste storage and to ensure the well-being of future generations. 

 In underground repositories, designed for long-term storage lasting around one million 

years, waste-containing phases are exposed to high temperatures and pressures. Depths of up 

to 15 km have been considered for such installations [1], resulting in temperatures of up to 

400˚C and pressures of 0.4 GPa. In addition, pressure within the SNF matrix can reach locally 

10 GPa as a result of radioactive decay and formation of pockets with He bubbles [2]. 

Therefore, extreme temperature and especially pressure conditions must be taken into account 

when evaluating phases for potential applications as hosts for radioactive elements. In this 

study, we present experimental findings obtained through synchrotron radiation diffraction 

experiments, where extreme temperatures and pressures were applied in situ to phases 

intended for the long-term immobilization of tetravalent actinides. 

 Our investigation focuses on Zr-based systems, which are synthetic and enhanced 

versions of natural rocks. Notably, Y-stabilized ZrO2 (YSZ) has demonstrated a significant 

capacity for incorporating tetravalent actinides [3]. Furthermore, these phases exhibit 

exceptional stability when subjected to elevated temperatures and pressures [4]. In particular, 

the concentration of incorporated tetravalent ions remained constant until at least 12 GPa in 

the tetragonal YSZ despite transition toward higher symmetry at 9 GPa. 

 We will also discuss the study of another group of compounds, which are derivatives of 

the mineral zircon ZrSiO4. In this system, the phase diagram is significantly influenced by the 

synthetic procedure. Additionally, the application of high pressure induces different responses 

in the corresponding phases, as concluded from P-dependent diffraction studies. Specifically, 

Th-doped ZrSiO4 phases synthesized hydrothermally at low pH were found to be less stable 

compared to phases synthesized at higher pH when subjected to high pressure. Detailed 

insights into the phase and structural behavior will be presented, along with essential technical 

specifications of the BM20 ROBL diffraction station used for this research. 

 

[1] L. Krall, T. McCartin, A. Macfarlane, Environ. Sci. Technol. 54 (2020) 629-646. 

[2] L. van Brutzel, A. Chartier, NuFuel and MMSNF 2015, Nov2015, Karlsruhe, Germany. 

[3] V. Svitlyk, S. Weiss, C. Hennig, J. Am. Ceram. Soc. 105 (2022) 5975-5983. 

[4] V. Svitlyk, S. Weiss, C. Hennig, J. Am. Ceram. Soc. 105 (2022) 7831-7839. 
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Magnetic materials with sizeable magnetocaloric effect (MCE) have attracted global interest 
due to their potential application as solid magnetic refrigerants. The RE5Pd2In4 (RE = Tb-Tm) 
intermetallics crystallize in orthorhombic crystal structures of the  
Lu5Ni2In4-type (Pbam space group, No. 55). Magnetocaloric measurements of the RE5Pd2In4 
(RE = Tb-Tm) rare-earth compounds were examined with the use of the Vibrating Sample 
Magnetometer (VSM) option of the Physical Properties Measurement System by Quantum 
Design. The maximum magnetic entropy change (−Δ𝑆𝑀𝑚𝑎𝑥) at magnetic flux density change 
(Δ𝜇0𝐻) 0-9 T was determined to be 3.3 J ∙ kg−1 ∙ K−1 at 62 K for Tb5Pd2In4, 7 J ∙ kg−1 ∙ K−1 at 
22 K for Dy5Pd2In4, 12.6 J ∙ kg−1 ∙ K−1 at 22 K for Ho5Pd2In4, 12.1 J ∙ kg−1 ∙ K−1at 17 K for 
Er5Pd2In4 and 11.9 J ∙ kg−1 ∙ K−1 at 9 K for Tm5Pd2In4. The temperature-averaged entropy 
change (TEC) for each compound with a 5 K span was also calculated, leading to the values 
of 3.19, 6.96, 12.63, 12.16, and 11.84 J ∙ kg−1 ∙ K−1 for RE = Tb-Tm, respectively. The 
relative cooling power (RCP) and refrigerant capacity (RC) equal 258 and  
215 J ∙ kg−1 in Tb5Pd2In4, 498 and 325 J ∙ kg−1 in Dy5Pd2In4, 489 and 403 J ∙ kg−1 in 
Ho5Pd2In4, 403 and 314 J ∙ kg−1 in Er5Pd2In4 and 234 and 184 J ∙ kg−1 in Tm5Pd2In4. The 
magnetocaloric performance of RE5Pd2In4 is comparable to that of other well below room 
temperature magnetocaloric materials, reaching the highest values in the case of RE = Ho and 
Er, which show good magnetocaloric performance over a wide range of temperatures. 
Furthermore, RE5Pd2In4 (RE = Tb-Tm) have the highest RCP and RC among other transition 
metal compounds RE5T2In4 (T = Ni, Pt) [1,2]. 
 

This research was supported in part by the Excellence Initiative – Research University 
Program at the Jagiellonian University in Kraków. 
 

[1] Z. Zhang, X. Dong, Q. Wang, L. Li, Intermetallics 100 (2018) 136-141. 
[2] A.R. Hayyu, S. Baran, A. Szytuła, arXiv:2212.07171 [cond-mat.mtrl-sci] (2022) 1-15. 
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Alloys of ternary aluminum systems with titanium and d-metals of the VI-VIII groups are 

promising for practical application in various fields of modern technology, from medicine to 

aviation and aerospace vehicles. One of the main tasks of materials science regards these 

alloys is to increase their heat resistance while simultaneously preserving plasticity at room 

temperature and heat resistance (primarily resistance to oxidation). A promising way to solve 

the problem of heat resistance is the creation of multicomponent intermetallic alloys based on 

the titanium aluminides Ti3Al (α2) and TiAl (), which are widely known as the basis of 

structural materials. To improve the properties of materials of this class, complex alloying of 

Al–Ti alloys is used, in particular with d-metals of the VI-VIII groups (Cr, Mn, Pt group 

metals, etc). To develop high-temperature structural and functional materials based on these 

alloys, understanding of the phase equilibria in the corresponding systems is essential. 

We carried out experimental investigations of the phase equilibria during solidification 
in the ternary AlТіCr (Rh, Pd, Pt) systems [1-4]. The alloys were prepared by arc or 

levitation melting and studied in as-cast and annealed states using optical microscopy, 

scanning electron microscopy, electron probe microanalysis, differential thermal analysis, and 

X-ray diffraction. Solidus and liquidus surfaces, melting diagrams as their superpositions, and 

Scheil diagrams for solidification, as well as a series of isopleths of the listed systems, were 

constructed. 

Based on literature data and the obtained experimental results, it was concluded that 

ternary phases are formed in 12 of the 15 Al–Ti–dM
VI-VIII

 systems (all except the systems with 

W, Tc and Re). A total of 40 ternary phases were found in the listed systems; most of them 

(11) in the Al–Ti–Pt system. The fewest ternary phases (one in each) are formed in the 

systems with participation of a d-metal of the VI group: Al–Ti–Cr (AuCu3-type structure, 

from a liquid) and Al–Ti–Mo (CrFe-type structure, in the solid state). Three ternary phases 

were determined in the Al–Ti–Mn system (Mn is dM
VII

): an AuCu3-type structure phase 

taking part in equilibria with liquid and two Heusler phases (TiCuHg2- and MnCu2Al-type 

structures) existing only in the solid state. As for the systems involving dM
VIII

 (Fe, Co, Ni, 

Ru, Rh, Pd, Os, Ir, Pt), they all contain phases of the AuCu3- and Th6Mn23+1-types. A ternary 

phase of the MgZn2-type (Laves phase) is formed only in systems with metals of the nickel 

subgroup (Ni, Pd, Pt). In addition, in the systems with Ni and Pt there are ternary phases with 

chemical compositions and structures unique to each of them (2 and 8, for the Ti–Al–Ni and 

Ti–Al–Pt systems, respectively). Therefore, the number of ternary phases increases as in 

periods with increasing atomic number of the dM
VI-VIII

 (which corresponds to an increase in 

Σe (s, d)dM
VI-VIII

 / dM
VI-VIII

 atom), and in the subgroups of the VIII group 

(Σe (s, d)dM
VIII

 /
 
 dM

VIII
 atom remains unchanged). 

 

[1] K.Ye. Korniyenko, et al., J. Phase Equilib. Diffus. 43 (2022) 427-447. 

[2] K.Ye. Korniyenko, et al., Powder Metall. Met. Ceram. 50 (2012) 726-739. 

[3] O.V. Zaikina, et al., Powder Metall. Met. Ceram. 51 (2012) 463-473. 

[4] O.V. Zaikina, et al., Powder Metall. Met. Ceram. 58 (2019) 81-88. 
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The problems of application of physico-chemical methods for modeling the processes of 

Relaxed Optics are discussed. Experimental data on the formation of laser-induced surface 

and volume phase transformations are presentated. The cascade model of laser-induced 

excitation in the regime of saturation of excitation of the corresponding chemical bonds is 

analyzed. 

This model has been used for the two-dimensional lattice of sphalerite and phase 

diagram of silicon [1, 2]. The two-dimensional lattice of sphalerite was used for the 

explanation of laser-induced phase transformations in indium antimonide and indium arsenide 

[1]. The phase diagram of silicon was used for the explanation of the laser-induced generation 

of hedgehog-like surface structures on silicon and the formation of hexagonal surface 

structures on cubic germanium. The role of the excitation saturation problem of the 

corresponding type of chemical bonds and its influence on phase transformations in irradiated 

materials is shown. It was these assumptions that were included in the cascade models of step-

by-step excitation of the corresponding chemical bonds in the modes of excitation saturation. 

The role of physico-chemical processes in the processes of laser-induced optical 

breakdown is shown [3]. We show that physico-chemical processes have an influence on the 

formation of the final stage of the corresponding cascade process. A comparative analysis 

with Nonlinear Optical methods of modeling is also presented. It is shown that physico-

chemical modeling methods are more universal than electrodynamic (non-linear-optical) 

methods [3]. 

In conclusion, the perspective of these studies for solving the problems of Relaxed 

Optics and laser technologies is shown. 

 

[1] P.P. Trokhimchuck, Role Physical-Chemical Processes in the Generation of Laser-

Induced Structures, In: A.K. Acharya (Ed.), Research Trends in Chemical Sciences,  

Vol. 11, No. 7, AkiNik Publications, New Delhi, 2020, pp. 109-140. 

[2] P.P. Trokhimchuck, Int. J. Adv. Res. Phys. Sci. IJARPS, 10(3) (2023) 19-34. 

[3] P.P. Trokhimchuck, Relaxed Optics: Modeling and Discussions 2. AkiNik Publications, 

New Delhi, 2022, 206 p. 
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Compounds with kagomé-lattice arrangement of antiferromagnetically-coupled magnetic 

moments have long served as experimental and theoretical testbeds of spin-frustration 

phenomena, leading to extensive inquiry into physics of spin glass, spin ices, and spin liquids. 

Such studies, however, focused mainly on insulating materials with localized magnetic 

moments. In recent years, studies of metallic kagomé-lattice materials have revived interest in 

this structural topology. The strong coupling between the electronic structure and magnetic 

properties of metallic magnets allows manifestation of unique properties due to intrinsic 

frustration of electronic wavefunctions on the kagomé lattice. In this contribution, we report 
our recent theoretical and experimental work on two types of kagomé-lattice intermetallics, 

Fe3Sn2 [1] and YFe6Ge6 [2]. We demonstrate that chemical modifications, guided by 

electronic structure calculations, can be used as a powerful handle to tune magnetic properties 

of such materials for the potential discovery of complex non-collinear spin textures. 

 

[1] M. Adams, C. Huang, M. Shatruk, J. Phys.: Condens. Matter 35 (2023) 265801. 

[2] V.M. Li, M. Adams, M. Shatruk, manuscript in preparation. 
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Machine learning algorithms have been applied successfully in many areas of materials 

chemistry. An ongoing challenge is to make accurate predictions of the crystal structures of 

inorganic solids, their site preferences, and their physical properties.  We have previously 

developed machine learning models to predict structures within the large family of 

intermetallic compounds known as Heusler compounds (used as thermoelectric materials, 

ferromagnets, magnetocaloric materials, and catalysts), followed by experimental validation.  

Nevertheless, skeptics rightfully criticize many of these models as being too “black box,” 
with little chemical insight and explainability. We demonstrate our efforts to generate more 

interpretable machine learning models, using the structures of binary rare-earth intermetallics 

RX as an example, to illustrate that it is possible to gain insight and practical guidance to 

prepare new materials. 
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In the course of our systematic investigation on Eu–Pd–Sn, several new compounds were 

discovered, namely Eu2Pd2Sn [1], EuPd2Sn4 [2] and EuPdSn2 [3]. A common feature of these 

(and other analogous) compounds is the complex magnetic behavior and magnetic anisotropy, 

although these systems have L = 0 and no crystal electric field effects. Neutron diffraction is 

by far the best method for determining magnetic structures. However, in the case of 

europium, these measurements are hampered by the rather large absorption cross section for 

thermal neutrons. To overcome this problem a large-area-flat-plane geometry was used in our 

study to collect neutron diffraction patterns. Here, we combine 
151Eu Mössbauer spectroscopy 

and neutron powder diffraction to show that antiferromagnetic and ferromagnetic domains 

compete and coexist in the ground state of EuPdSn2, which is also confirmed by theoretical 

calculations. This study is complemented by a chemical bonding analysis in positional space, 

which revealed unusual features such as polar Eu-Pd covalent interactions forming graphite-

like distorted honeycomb layers and an almost neutral Sn as indicated by QTAIM effective 

charges [3]. 

 

[1] M. Giovannini, I. Curlik, R. Freccero, P. Solokha, M. Reiffers, J. Sereni, Inorg. Chem. 60 

(2021) 8085-8092. 

[2] I. Čurlik et al., Acta Phys. Pol. A 131 (2017) 1003-1005. 

[3] A. Martinelli, D. Ryan, J. Sereni, C. Ritter, A. Leineweber, I. Curlik, R. Freccero,  

M. Giovannini, J. Mater. Chem. C 11 (2023) 7641-7653. 
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Mixing of different alkali metals with main group metals of the p-block has been proven to be 
very fruitful for the formation of new intermetallic compounds. In our investigations, we 
concentrate on heavy trielides, as the trielide substructure is highly dependent on the alkali 
metal employed [1]. The obtained materials of large alkali metal content (≥ 50%) are 
exceptionally sensitive towards air and moisture and naturally suffer from large absorption 
coefficients for x-rays, which makes the characterization of these kind of materials often 
challenging. We recently succeeded in preparing a compound crystallizing in the new 
structure type Na7RbTl4 including Tl4 cluster anions [2]. The same type of structure is 
observed when potassium is employed instead of rubidium in Na7KTr4 (Tr = Tl, In) [3]. Here, 
Na7KIn4 represents the only second alkali metal indide including In4 clusters. 

23
Na solid state 

NMR allowed for the detection of a signal derived from the different Wyckoff sites of 
sodium. The first dissolution studies of Na7KIn4 and Na2In in liquid ammonia suggest 
oxidation under formation of NaIn and alkali metal amide.  

For binaries ATl, different structure types are reported in literature (A = Na, K, Cs) 
according to the alkali metal involved [4]. While in NaTl the Tl substructure is a 
threedimsional thallium network, CsTl and KTl include Tl6

6–
 clusters. At ambient conditions, 

no RbTl has been reported yet. In order to gain further insight in the role of the alkali metals 
involved, we prepared mixed alkali metal thallides ATl (A = K, Rb and Rb, Cs). For (K,Rb)Tl, 
the KTl structure type is observed, while the largest amount of Rb was observed in 
K0.54Rb0.46Tl (Cmce, a = 15.4681(11), b = 15.1269(9), c = 8.2196(5) Å, V = 1923.3(2) Å3

). 
Mixing of rubidium and cesium did not yield the CsTl type structure (Fddd)  
but instead monoclinic Cs0.58Rb0.42Tl was obtained (C2/c, a = 14.2465(2), b = 11.1014(2),  
c = 27.5403(5) Å, α = γ = 90 °, β = 104.063(2) °, V = 4225.12(13) Å3

) [5]. 
Mixing of potassium and cesium in (K,Cs)Tl allowed for the formation  

of electron-precise Tl7
7–

 clusters in the compound Cs3.41K3.59Tl7 (I41/a; a = 13.6177(2),  
c = 25.5573(8) Å). In Cs7.29K5.71Tl13 (C2/c, a = 30.7792(9), b = 11.0000(2), c = 14.0291(4) Å; 
β = 112.676(4) °) both Tl6

6–
 and Tl7

7–
 clusters are formed within one compound. 

 

This research was funded by the German Science Foundation (DFG): GA2504/1-1 and  
M. Janesch by a beginning doctorate scholarship (promotion of women in science) of the 
University of Regensburg. 
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[5] V.F. Schwinghammer, S.A. Khan, J. Minar, S. Gärtner, in preparation. 



 

30 

 

O12 

 
INFLUENCE OF IMC ADDITIONS ON THE HYDROLYSIS PROPERTIES OF MgH2 

 

Ihor Zavaliy, Vasyl Berezovets, Oleksandr Kononiuk, Andrij Kytsya, and Volodymyr Yartys 

Karpenko Physico-Mechanical Institute of the National Academy of Sciences of Ukraine,  

Naukova St. 5, 79060 Lviv, Ukraine 

 

Magnesium hydride has a hydrogen capacity of 7.6 wt.% and is much cheaper than other 

metal hydride materials. However, the practical use of MgH2 in hydrogen storage systems is 

limited due to a number of significant disadvantages: high hydrogen sorption-desorption 

temperatures, low sorption-desorption rates, difficulty of activation, low cyclic stability. 

Improvement of hydrogen sorption-desorption parameters can be achieved by 

mechanochemical milling with various catalytic additives. Another application of this hydride 

is their use in hydrolysis reactions to obtain hydrogen and supply it to fuel cells (FC). MgH2 

hydrolysis reactions in water were characterized by a low yield of hydrogen and very slow rate 

of hydrolysis process. To increase the speed and yield of hydrogen, hydrolysis is carried out in 

solutions of acids or salts [1]. Therefore MgH2 is often synthesized by mechanochemical 

milling, which allows obtaining a nanostructured hydride with uniform inclusion of catalyst 

particles, increasing the effective reaction area and concentration of defects. 

This report will present an overview of the works carried out with the author’s 

participation in order to show the catalytic effect of the oxygen-stabilized η-phases Zr3V3O0.6,  

Ti4-xFe2+xOy, Ti3Fe3O on the mechanochemical synthesis of hydride composites, their 

sorption-desorption properties and hydrogen generation in hydrolysis reactions. In our recent 

studies, it was shown that the use of Zr3V3O0.6 suboxide and C as catalytic additives is an 

effective way to obtain composites based on MgH2 with dual applications: for hydrogen 

storage and for obtaining hydrogen by hydrolysis [2]. Our recent studies also show the 

influence of Ti3Fe3O and C additions on the hydrogen sorption properties of the composites 

and on the generation of hydrogen by hydrolysis. For the same purpose, composites with 

additions of the oxygen-stabilized compound Ti4Fe2O0.3 and graphite were studied. 

 It was shown that the rate of hydrogen absorption depends on the quality and dispersion 

of the original magnesium. The use of finely dispersed magnesium reduces the time of 

hydride formation by 5 times compared to shavings. Prolonged ball milling increases the 

reaction rate and hydrogen yield in hydrolysis reactions. The influence of catalytic additives 

on the yield of hydrogen in hydrolysis reactions in distilled water in the first 2000 s has the 

following sequence: Ti3Fe3O > Ti4Fe2O0.3 > Zr3V3O0.6. When using MgCl2 solution the 

degree of conversion increases significantly. A strong dependence of the conversion rate on 

the concentration of MgCl2 was observed. For a concentration of 0.05 M MgCl2, the degree of 

conversion for all composites was in the range 70-80 %. It is shown that the proposed MgH2 – 

η-phase – C composites can be used both in hydrogen storage systems and in hydrolysis 

devices for powering FCs. 

 

[1] V. Berezovets, A. Kytsya, Yu. Verbovytskyy, I. Zavaliy, V. Yartys, Hydrolysis of MgH2 

in MgCl2 solutions as an effective way for hydrogen generation, In: Hydrogen based 

energy storage: Status and recent developments, Lviv, 2021, pp. 38-52. 

[2] I. Zavaliy, V. Berezovets, R. Denys, O. Kononiuk, V. Yartys, J. Energy Storage 65 

(2023) 107245. 



31 

 

O13 

 
STRUCTURAL AND HYDROGENATION PROPERTIES OF MgT2Al (T = Co, Ni) 

 

N. Pavlyuk, G. Dmytriv, and V. Pavlyuk 

Department of Inorganic Chemistry Ivan Franko Lviv National University, 

Kyryla i Mefodiya St. 6, 79005 Lviv, Ukraine 

nazar.pavlyuk@lnu.edu.ua 

 

During recent years, magnesium and magnesium-based compounds have been tested as 

hydrogen storage materials. During a systematic study of the Mg–Т–Al (where Т = Co, Ni) 

ternary systems, we discovered a new MgТ2Al class of ternary phases, which is formed by 

substituting magnesium atoms for aluminum in the parent CoAl and NiAl binary phases, 

which belong to the CsCl structure type. The unit-cell dimensions of the cubic lattice  

(Pm-3m) determined by X-ray diffraction are a = 2.856(3) Å for MgСо2Al and а = 2.904(4) Å 
for MgNi2Al, respectively. 

We also carried out hydrogen gas absorption and desorption (T = 80 °C, pmax = 25 bar). 

The hydrogen absorption and desorption measurements for MgСо2Al and MgNi2Al alloys 

were performed using an IMI-COR (Hiden Isochema, UK) manometric hydrogen storage 

analyzer. The maximal weight percentage of hydrogen for MgСо2Al is 1.34 % and for 

MgNi2Al it is 1.38 %. Thus, the compositions of the respective hydrides are MgCo2AlH2.3 and 

MgNi2AlH2.4. As a result of the absorption of hydrogen into octahedral voids, the unit-cell 

dimensions increased to a = 3.247(4) Å for MgCo2AlH2.3 and а = 3.250(3) Å for MgNi2AlH2.4 

(Table 1). Considering the desorption process, both alloy-hydrides fully release the hydrogen 

(the H2 content goes down to 0 wt.% H2), thus both phases are applicable for practical use. 

 

Atomic coordinates and isotropic displacement parameters (Å2
) of the atoms  

in MgCo2AlH2.3 and MgNi2AlH2.4 

MgCo2Al 

Atoms Site  x y z Biso Occ. 

Mg/Al 1a 0 0 0 0.96(1) 0.50(3)/0.50(3) 

Co 1b 1/2 1/2 1/2 1.03(2) 1.00 

H
*
 3c 1/2 1/2 0 2.0 0.39 

MgNi2Al 

Mg/Al 1a 0 0 0 1.09(2) 0.51(4)/ 0.49(4) 

Ni 1b 1/2 1/2 1/2 1.74(3) 1.00 

H
*
 3c 1/2 1/2 0 2.0 0.40 

* located by geometrical constraints 
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Since their discovery decades ago, Fe-based Laves phases have attracted a lot of attention due 

to their unusual magnetic and electronic properties and their technologically important 

multifunctionalities such as giant magnetoresistance, colossal magnetostriction, and giant 

magnetocaloric effect [1-2]. Indeed, they have been used as model compounds to investigate 

the itinerant-electron behavior of Fe 3d electrons as well as the localized character of rare-

earth elements magnetism. In these intermetallics, it is well established that the iron 

magnetism is highly sensitive to the local environment of the Fe atoms (coordination number, 

short-range order, nature of the near neighbors, bonding type and atom location in the crystal 

sites) [2-3]. Here we focus our attention on the pseudo-binary compounds (Sc,Nb)Fe2 and 

their hydrides (deuterides), which crystallize in the hexagonal MgZn2-type structure (C14, 

space group P63/mmc). Interestingly, ScFe2 is a ferromagnet whereas NbFe2 is an itinerant 

system exhibiting a quantum critical point (QCP) [4-5]. The identification of QCP in NbFe2 

opens up the new phenomenon of quantum tricriticality for experimental studies in a whole 

class of systems with buried or avoided ferromagnetic QCP. 

We present a thorough experimental study of the magnetic and structural properties of 

the (Sc,Nb)Fe2 alloys and their hydrides (deuterides) by combining magnetization, neutron 

and X-ray powder diffraction experiments. Magnetization results have demonstrated an 

extreme sensitivity of the Fe magnetism to the substitution of Nb for Sc and also to the 

hydrogen (or deuterium) insertion. Nb for Sc substitution induces dramatic changes on the 

magnetic properties such as a strong decrease of the ordering temperature and a significant 

reduction of the Fe magnetic moment. The insertion of hydrogen (deuterium) has huge effects 

on the structural and magnetic properties. X-ray diffraction results show a large volume 

expansion ranging from 15 to 20% upon increasing H/D content. In addition, the magnetic 

measurements show a doubling of the saturation magnetization for ScFe2H3.58 and ScFe2D3.14 

compared to the parent compound ScFe2. At low temperatures, Sc1-xNbxFe2 and their 

deuterides exhibit ferromagnetic (FM) ordering of Fe moments. In most Sc1-xNbxFe2 

compounds, the magnetic moments for Fe(2a) and Fe(6h) atoms are aligned along the c-axis 

at low temperatures. By contrast, neutron powder diffraction (NPD) measurements performed 

(D1B CRG instrument at ILL) on deuterides have revealed that Fe magnetic moments lie 

within the basal-plane of the hexagonal lattice. The easy magnetization direction changes 

from axial to basal-plane upon deuterium insertion. Furthermore, peculiarly anisotropic lattice 

expansion as well as large negative thermal expansion (NTE) were discovered in some 

compositions. 

 

[1] F. Stein, A. Leineweber, J. Mater Sci. 56 (2021) 5321-5427. 

[2] L.V.B. Diop et al., J. Alloys Compd. 643 (2015) 239-246. 

[3] V. Paul-Boncour, S.F. Matar, Phys. Rev. B 70 (2004) 184435. 

[4] S. Friedemann et al., Nat. Phys. 14 (2018) 62-67. 

[5] A. Alam, D.D. Johnson, Phys. Rev. Lett. 107 (2011) 206401. 
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Due to the thermodynamically non-equilibrium nature of the deposition process, the 

preparation of uranium hydride in thin film form opens access to a wider range of phase 

compositions (in particular, UH2 only exists in thin film form [1]), or a higher solubility of an 

alloying element (for hydrides with modified structure [2]). In addition, large strains in films 

work as a tuning force for the physical properties of the compounds. 

There is a long list of deposition parameters (working and reactive gas pressure, target 

current and voltage, substrate type and temperature) that affect the phase composition of an 

obtained film. Then the question of phase determination arises. 

The most obvious choice of method for phase identification would be X-ray diffraction 

using parallel beam geometry with a few angles of the incident beam. Knowing the crystal 

structures of β-UH3 with a = 670.3±0.4 pm and UH2 (CaF2 crystal structure type) with  

a = 535.98±0.14 pm, performing a phase composition analysis should not be a problem. 

Nonetheless, the broadening of diffraction lines, caused by the combination of microstrain 

and limited grain size (down to 5 nm), together with very strong texture, significantly restricts 

the ability of the method to solve the task.  

Another option is in situ photoelectron spectroscopy. This technique is good for 

controlling sample quality (presence of unwanted elements, such as oxygen or carbon) and 

distinguishing films of uranium metal from hydrides. However, XPS spectra of UH2 and UH3 

are similar [1,3]. Hence this method is not suitable for proper phase identification. 

Surprisingly, the temperature dependence of magnetization is quite “sensitive” to phase 
composition. Considering the ferromagnetic nature of UH2 and UH3 (Curie temperatures 

120 K and 165 K, respectively), two transitions will be visible on the curve measured for the 

sample with mixed phase composition. Some peculiar results of resistivity and magnetization 

measurements and details of the experimental setup of the sample preparation will be 

presented. 

 

This work was supported by the Czech Science Foundation under the grant No. 21-09766S. 
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Over a decade ago, several half-Heusler compounds were put forth as potential topological 

materials [1] and interest in this group of materials has grown over time. Among them, one of 

the most intensively examined materials is GdPtBi, which is the pioneer example of a 

topological Weyl semimetal, wherein an external magnetic field induces Weyl nodes [2]. The 

primary indication for the presence of Weyl states in this material comes from observations of 

negative longitudinal magnetoresistance and the anomalous Hall effect [2, 3]. 

 In this study, we employed the high-energy electron irradiation technique to tune the 

Fermi level in GdPtBi, consequently modifying its electrical transport properties. High-

quality GdPtBi single crystals grown from Bi-flux were subjected to controlled irradiation 

with doses ranging from 1.5 to 7 C/cm², resulting in out-of-equilibrium doping by charged 

point defects and Fermi energy shift. Subsequently, we examined the electrical resistivity, 

magnetoresistance, and Hall effect of the irradiated samples. We observed that the values of 

transverse and longitudinal magnetoresistance (which is negative) decrease as the irradiation 

dose increases. Furthermore, the results of the Hall effect measurements confirmed the shift 

of the Fermi level in the irradiated samples, as the carrier concentration changes with 

increasing dose of irradiation. Remarkably, each sample exhibits the anomalous Hall effect, 

and its magnitude depends on the irradiation dose. Taken together, the observed features 

consistently suggest a decreasing effect of the chiral magnetic anomaly on the 

magnetotransport properties of GdPtBi as the position of the Fermi level is shifted. 

 

This work was supported by the National Science Centre (Poland), grant no. 
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Series of equiatomic RAuIn intermetallics [1,2] with the non-centrosymmetric hexagonal 

ZrNiAl-type structure attract attention due to intriguing magnetic properties with potential 

magnetic texture formation. In the present work, we report on the growth, a DFT study and 

magnetic properties of NdAuIn and SmAuIn, and a detailed characterization of the new 

ScAuIn compound. 

A crystal of NdAuIn was successfully grown using the optical floating zone technique. 

Single-crystal and powder XRD and SEM/EDX analysis confirmed that NdAuIn adopts a 

hexagonal ZrNiAl-type structure (space group P-62m) with almost equiatomic composition. 

The NdAuIn phase melts congruently at 1136°C and has a thermal expansion coefficient (α) 

of 4.1(3)×10-5
 K

-1
 and a density of 10.53(4) g/cm

3
 (98.9% of the theoretical value). 

A new representative of the RAuIn series was discovered in the Sc–Au–In system. It 

crystallizes in a HfRhSn-type structure (space group P-62c), which can be derived from the 

ZrNiAl-type through group-subgroup relations (P-62m → k2 → P-62c). 

The DFT-derived enthalpy of formation of NdAuIn (-742.846 meV/atom w/o soc,  

-774.192 meV/atom w/ soc) is close to that of ScAuIn (-910.315 meV/atom) [3]. A substantial 

deficit of the charge density on the Nd atoms and an excess on the Au1 and Au2 atoms, 

forming strong bonds with the nearest In atoms, are observed. Analysis of the density of the 

electronic states of ScAuIn, NdAuIn, and SmAuIn revealed metallic type of conductivity. 

Magnetization measurements of the NdAuIn crystal revealed Curie-Weiss behavior 

down to 25 K with an effective magnetic moment of 3.61(1) μB/Nd (H || c) and 3.64(1) μB/Nd 

(H  c) and a paramagnetic Curie temperature θp of -0.562 and -17.044 K, respectively. The 

compound orders antiferromagnetically at 2.3 K (H || c) and 2.5 K (H  c). Crystals of the 

SmAuIn intermetallic also revealed Curie-Weiss behavior with TN = 7.1 K, while ScAuIn is a 

Pauli paramagnet. 

 

The authors thank U. Nitzsche for technical assistance in running DFT calculations on the 
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(01DK18002), DFG Collaborative Research Center SFB1143 (project B01, project-id 

247310070), M.L.A. acknowledges support from the Alexander von Humboldt Foundation 

through the Georg Forster program. L.T.C. is funded by the DFG (project-id 456950766). 
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Intermetallic compounds ANiy (A = rare earth, Mg; 2 ≤ y ≤ 5) can absorb reversibly hydrogen 

and have been investigated as potential negative electrode materials due to their interesting 

electrochemical properties [1-3]. These compounds crystallize in polymorphic rhombohedral 

(3R) or hexagonal (2H) structures depending on the stacking of the A2B4 and AB5 units along 

the c axis [2]. Hexagonal La2Ni7 is a weak antiferromagnet whereas rhombohedral Y2Ni7 is a 

weak ferromagnet. Their magnetic properties have been related to their electronic properties, 

in particular their density of state at the Fermi level [4,5]. A recent neutron diffraction study 

on a La2Ni7 single crystal has revealed a complex magnetic phase diagram with different 

commensurate and incommensurate magnetic phases [6]. The difference of magnetic ground 

state between La2Ni7 and Y2Ni7 has been related to the difference of symmetry between 

hexagonal and rhombohedral structure as confirmed by band structure calculations [5]. To 

understand more deeply the relationship between crystal structure and magnetic properties we 

have investigated three pseudobinary La2-xAxNi7 (A = Y, Sm, Gd) solid solutions. The La-rich 

compounds preserve the hexagonal structure. For a certain fraction of A for La substitution a 

mixture of hexagonal and rhombohedral phase is obtained. 

The study of La2-xYxNi7 compounds has shown that the hexagonal phases in La-rich 

compounds (x  1) are antiferromagnetic at low temperature, whereas the presence of a 

rhombohedral phase for x > 1 stabilizes the ferromagnetic structure [7]. For La2-xAxNi7 

compounds with magnetic rare earths (A = Sm, Gd) two different magnetic ordering 

temperatures are observed, the lower one being attributed to the 2H hexagonal structure and 

the higher one to the 3R rhombohedral structure in agreement with the fraction of 2H and 3R 

phases. In addition, at low temperature Sm compounds behave as hard ferromagnets whereas 

Gd compounds are soft ferromagnets, showing the strong influence of the nature of the 

magnetic rare-earth element. The magnetic properties of binary A2Ni7 (A = Y, La, Sm, Gd) 

and pseudobinary La2-xAxNi7 (A = Y, Sm, Gd) compounds will be presented and discussed in 

relation with their polymorphic structures, the nature and size of A atoms and their 

preferential substitution in A2B4 and AB5 units. 
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The zinc-antimony phase space has been heavily investigated due to the structural complexity 

and abundance of high-performing thermoelectric materials. Consequentially, the desire to 

use zinc and antimony as framework elements to encage rattling cations to achieve Phonon 

Glass Electron Crystal properties has remained an enticing goal. Guided by the Zintl electron 

count prediction we explored the A–Zn–Pn (A = cation; Pn = As, Sb) phase space via in-situ 

powder X-ray diffraction. In-situ studies reveal two “hidden” compounds which can only be 
synthesized in a narrow temperature range. The ex-situ synthesis and crystal growth exposed 

that compositionally and structurally unique new clathrate-like compounds formed. Single 

phase synthesis-enabled exploration of the transport properties confirming rattling of guest 

cations and revealed high Seebeck coefficients and low thermal conductivity. Further 

optimization of the figure of merit by aliovalent substitutions is computationally analyzed. 
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The recent discovery of unconventional superconductivity in UTe2 [1] has sparked a keen 

interest in conducting thorough investigations into compounds with different U to Te ratios. 

Our work focuses on studying the formation and properties of U–Te thin films prepared by 

the dc sputtering technique. Here, we are presenting the subset of our work involving a 

particular U:Te composition. Specifically, we will discuss the preparation conditions, in-situ 

(XPS and UPS) and ex-situ (XRD, magnetic and transport) studies of a U3Te4 thin film. In our 

comparative analysis, we are relying on U3Te4 bulk data. U3Te4 crystalizes in a bcc cell (space 

group I-43d) with a lattice parameter of a = 9.412 Å. The compound exhibits ferromagnetic 

behavior with semiconducting electrical properties [2]. The Curie temperature (TC) of bulk 

U3Te4 was found to vary drastically across literature, ranging from 105 K [3] to 38 K [4]. For 

production of the polycrystalline thin film, we used a (0001)-cut Al2O3 substrate (hexagonal 

lattice, a = 4.81 Å, c = 12.99 Å lattice parameters). The magnetization and resistivity studies 

revealed a TC close to 100 K, which aligns well with Chechernikov et al. [3] despite strain due 

to lattice mismatch. The UPS results reveal localization [5] of the 5f electrons in the U3Te4 

thin film, while XPS 4f core level spectra agree well with the general behavior of mixed-

valence uranium systems [6].  

 

We acknowledge the support of Czech Science Foundation under the grant no. 18-02344S. 

The samples were prepared in the framework of the EARL project of the European 

Commission Joint Research Centre, ITU Karlsruhe. Physical properties measurements were 

performed in the Materials Growth and Measurement Laboratory (http://mgml.eu/) 

supported within the program of Czech Research Infrastructures (project no. LM2018096).  
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The intermetallic compounds R2Ni1.78In (R = Tb, Ho, Er, Tm) crystallize in the P4/mbm space 

group. Their crystal structure was confirmed and their magnetic structures determined, based 

on neutron diffraction patterns collected at the E6 line in the Helmholtz-Zentrum Berlin für 

Materialien und Energie GmbH at 1.6 K and above the Néel temperature [1]. The possible 

magnetic structures were obtained by a symmetry analysis performed with the use of BasIreps 

[2] and tested by Rietveld refinements in FullProf [2]. All the investigated compounds are 

antiferromagnets and their magnetic structures are described by the propagation vector  

k = [kx, kx, ½]. For R = Tb, Er, Tm, it is a commensurate structure with kx = ¼, while for  
R = Ho, the structure is incommensurate with kx = 0.3074(4). The magnetic moments, 

localized on the R atoms, are oriented along the c-axis for R = Tb, Ho, while for R = Er, Tm 

the moments are constrained to the ab-plane. The change of orientation of the moments can 

be explained by different signs of the Stevens coefficients (negative for Tb, Ho and positive 

for Er, Tm [4]). The magnetic structures of R = Er, Tm must be described by two propagation 

vectors, namely k = [¼, ¼, ½] for the R atoms at (xR, xR + ½, ½), (1 − xR, ½ − xR, ½) and 
k
’’’

 = [−¼, ¼, −½] for the R atoms at (xR + ½, 1 − xR, ½), (½ − xR, xR, ½). The magnetic 
moments for R = Tb, Er, Tm and the modulation amplitude for R = Ho at 1.6 K equal  

7.55(5) μB, 6.5(1) μB, 6.09(4) μB, and 7.93(8) μB, respectively. The result for R = Tb confirms 

the magnetic structure determined previously with no symmetry analysis [4], available also in 

the MAGNDATA database [5]. 
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The rare-earth R5Pt2In4 (R = Tb-Tm) intermetallics crystallize in orthorhombic crystal 

structures of the Lu5Ni2In4-type. The structures have two-dimensional character, and may be 

considered as a sequence of alternating atomic nets made of the R atoms at z = 0 

(monoatomic) and atomic nets formed by the Pt and In atoms at z = 0.5. The rare-earth atoms 

are situated at three different sites: one 2a site (R1) and two 4g sites (R2 and R3) with 

different atomic positional parameters, and have different coordination polyhedra 

(coordination number 12 for R1, 16 for R2 and 14 for R3). The distribution of the R atoms 

among the different sites leads to different R-R distances, the shortest ones found for R1-R1 

and R1-R3. 

Magnetic macroscopic data indicate complex magnetic properties with ferro- or 

ferrimagnetic ordering below the critical temperature, followed by additional magnetic 

transitions at low temperatures [2]. Neutron diffraction data confirmed the complex magnetic 

ordering. In R5Pt2In4 (R = Tb-Er), the magnetic order appears first at the R1 (2a) and R3 (4g2) 

sites below the critical temperature of the magnetic order, while the moments at the R2 (4g1) 

site order at lower temperatures. This behavior is strongly correlated with the distribution of 

the rare-earth atoms in the crystal unit cell and is correlated with the interatomic distances, 

which are shorter for R1-R3 (ca. 3.4 Å) than for R2-R3 and R1-R2  

(ca. 3.7 Å and 4.4 Å, respectively). The results suggest that the exchange interactions within 

the ab-plane between the R1 and R3 moments are mostly driven by the Campbell model [3]. 

The magnetic order in the R2 site, observed at low temperatures, probably results from 

RKKY-type interactions, which have long-range character [4]. 

The thermal evolution of the lattice parameters a, b and c, as well as of the unit-cell 

volume, revealed a magnetoelastic effect and confirmed coupling between the magnetic and 

crystal structures. 
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The Ho11Pd4In9 compound crystallizes in an orthorhombic crystal structure of the Nd11Pd4In9-

type (space group Cmmm) with the rare-earth atoms occupying five non-equivalent sites [1]. 

 Dc magnetic measurements, carried out using the vibrating sample magnetometer 

(VSM) option of the Quatum Design PPMS platform, revealed that: 

- the reciprocal magnetic susceptibility obeys the Curie-Weiss law above 50 K, 

- at low temperatures a broad maximum in the magnetic susceptibility vs temperature 

dependence is observed at 15.4 K (ZFC) or at 12.3 K (FC). 

 Neutron diffraction data disclosed the coexistence of two magnetic phases at low 

temperatures: an antiferromagnetic one (described by the propagation vector k = [0,0,1/2]) 

and a ferrimagnetic one (k = [0,0,0]). With increasing temperature the antiferromagnetic 

phase disappears at 11.7 K, while the ferrimagnetic one vanishes near 20 K [2]. 

 In order to explain the nature of the magnetic phase transitions, additional ac magnetic 

measurements of the magnetic susceptibility were performed. Temperature dependencies of 

the real and imaginary components were collected at several selected frequencies between 

100 Hz and 5 kHz in the temperature range 1.9-60 K. The real component shows two maxima 

at 12 and 21 K, which coincide with the disappearance of the antiferro- and ferrimagnetic 

orderings, respectively. An additional anomaly at 30 K is probably due to the disappearance 

of short-range magnetic order. The imaginary component of the magnetic susceptibility has 

two maxima at 16 and 26 K. The maxima move toward higher temperatures with increasing 

frequency, suggesting a dynamical process. The origin of this behavior can be understood 

using the phenomenological classification based on the Mydosh parameter           (  ) [3]. 

The obtained values, 0.0063 and 0.0077, are typical of conventional spin glasses, suggesting 

that the magnetic phase transitions are related to relaxation processes. 

 The Ho-Ho interatomic distances are relatively long (3.454 and 4.575 Å), indicating 

magnetic interactions of the RKKY-type. The competition between ferro- and 

antiferromagnetic interactions leads to the appearance of a spin glass phase. 
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One of the most fascinating areas of modern science and technology is the study of 

nanomaterials and their potential applications in various industries [1]. One particularly 

captivating research direction is the synthesis and investigation of titanium dioxide nanotubes, 

which possess unique properties and offer a wide range of possibilities in different 

applications [1,2]. 

However, most catalysts involved in cathodic processes have limited stability during 

reverse current or at high anodic polarization, especially in the presence of chloride ions [11]. 

Current collectors made of carbon materials are rapidly destroyed, and metal and TiO2 are 

passivated. 

To address all the above-mentioned limitations, we propose a combined 

electrochemical-pyrolytic method of nanotube synthesis. This method can create a template 

with a porous developed surface for subsequent electrodeposition of catalytic layers of 

platinum, which can be heat-treated in air atmosphere. The high number of cationic vacancies 

in the matrix and the deficiency of oxygen ions will significantly increase the mobility of 

platinum atoms during heat treatment, resulting in a composite with practically metal 

conductivity, high catalytic activity, selectivity, and extended service life. 

The morphology of the TiO2 nanotubes showed nanotubes with an inner diameter in the 

range of 70-100 nm with a wall thickness of about 15-20 nm. One can see a nanocombed 

pattern of growth. The resulting nanotubes exhibit uniform size distribution and high aspect 

ratios. 

X-ray diffraction data revealed that the resulting nanotubes exhibit a significant amount 

of X-ray amorphous compounds on their surface, most likely hydrated titanium oxides. The 

primary crystalline phase is titanium dioxide, present in the anatase form. There are trace 

amounts of metallic titanium on the surface. Thermal treatment of this material at 500°C for  

3 hours in an air atmosphere leads to an increase in the proportion of the crystalline phase.  

In this case, the content of metallic titanium significantly increases, reaching 

approximately one-third of the composition. It should be noted that attempts to deposit 

metallic platinum on the surface of TiO2 nanotubes via electrolysis were unsuccessful. Even 

after thermal treatment, only localized coating deposition was observed in specific areas. 

Therefore, we performed a partial electrochemical reduction of nanotubes to obtain more 

electrically conductive titanium suboxides. As a result, a considerable amorphization of the 

material surface occurred. Subsequent thermal treatment increased its crystallinity and the 

proportion of metallic titanium in the coating. As expected, there was a decrease in the 

oxygen content of the composite material, which should enhance its electrical conductivity 

and facilitate the application of a metal coating on the surface. 

 

[1] V.R.A. Ferreira, P.R.M. Santos, C.I.Q. Silva et al., Appl. Catal. A 623 (2021) 118243. 

[2] S. Palmas, L. Mais, M. Mascia, A. Vacca, Curr. Opin. Electrochem. 28 (2021) 100699. 

[3] O. Shmychkova, D. Girenko, A. Velichenko, J. Chem. Technol. Biotechnol. 97 (2022) 

903-913. 
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https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7003315154&zone=
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The continuous development of the electronic industry and the corresponding requirements 

for the miniaturization of solder joints require the development of new lead-free solders (LFS) 

with improved thermophysical and mechanical properties [1], among which Sn–Ag–Cu 

(SAC) alloys of eutectic or near-eutectic compositions occupy an important place. It is very 

important to constantly improve the thermophysical and mechanical properties of these alloys, 

such as electrical and thermal conductivity, heat resistance, resistance to fatigue and creep, 

yield strength. The reliability of solder joints is especially determined by the intermetallic 

compound (IMC) layer formed at the joint interface. Unlike traditional lead-tin solders, SAC 

solders generally have a higher melting point and tin content. Therefore, formation and 

growth of the IMC layer occur faster in the SAC solder joints, which leads to brittle fractures 

and a decrease in the service life of the joints due to thermal fatigue. To improve the 

properties and strengthen the base solder matrix, various nano-sized admixtures, in particular 

ceramic and carbon, are added [2]. In contrast to metal nanoparticles, they are non-wettable 

by metal melts. To solve this problem, metallic coating is applied to their surface to form 

core-shell structures and to improve adaptation to the solder matrices. As a result, the metal-

coated layer forms a strong “bridge” that reacts with the LFS matrix to form an intermetallic 

layer during soldering. Another important requirement for the LFS application is their 

reliability in a wide range of operating temperatures, including sub-zero temperatures. In the 

present study, the influence of different metal deposited carbon and ceramic nanosized 

admixtures on the properties and microstructure of the solder joints at room and sub-zero 

temperatures was investigated. 

 

[1] S. Cheng, C.M. Huang, M. Pecht, Microelectron. Reliab. 75 (2017) 77-95. 

[2] M. Li, L. Zhang, N. Jiang, L. Zhang, S. Zhong, Mater. Des. 197 (2021) 2-34. 
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Nanoporous (np) metal-based catalysts/electrocatalysts exhibit highly active performances in 
accelerating very useful chemical processes such as the HER, OER, ORR, and CO2RR [1]. At 
present, the studies on the fabrication and application of np-alloys are mainly focused on 
noble metals like Au, Ag, and Pd due to their excellent catalytic activity and stability during 
chemical/electrochemical dealloying of precursor alloys. High-entropy alloys (HEAs) may 
possess good electrocatalytic activity even though individual elements are known to be poor 
catalysts. Considering the high cost of noble metals, the fabrication of porous 3d-transition 
metal-based HEAs and the detailed study of their microstructure is very important for 
developing and full understanding of this new class of functional materials [2]. 

Porous multicomponent alloys were prepared by evaporation of Zn from rapidly 
quenched TM7Zn93 and TM4Zn96 (where TM is a mixture of Mn, Fe, Co, Ni, and Cu) ribbons 
using home-made equipment for vapor phase dealloying (VPD) [3]. It may be noted that the 
as-quenched ribbons are very brittle in contrast to the resulting porous alloys, which exhibit 
considerably better ductile behaviour. After the dealloying process the surface of the material 
is significantly more oxidized in comparison with the precursor alloys. Phase content, phase 
composition, and microstructure of the as-quenched ribbons and the resulting porous alloys 
were investigated using X-ray diffraction (XRD), scanning electron microscopy (SEM), 
transmission electron microscopy (TEM) and aberration-corrected scanning transmission 
electron microscopy (STEM) in combination with energy-dispersive spectroscopy (EDS). 

The SEM micrographs of the fabricated HEAs revealed a spongy microstructure with 
bimodal pore size. The larger pores were in the range of around 1 μm and the small pores 
exhibited size dispersion of around 100-200 nm. XRD and TEM analysis of the precursor 
ribbons showed that their microstructure is very complex based on many intermetallic 
compounds and corresponding solid solutions. XRD and TEM investigations indicate the 
formation of a single-phase solid solution with FCC structure during VPD treatment. STEM-
EDS analysis of the porous HEAs revealed a nanoscale phase separation into Co-, Ni-, and 
Cu-rich FCC solid solution regions. The chemically distinct regions/phases form coherent 
interfaces across the individual crystalline grains of the FCC phase. These have been 
confirmed by means of electron nano-diffraction and further confirmed by high-angle annular 
dark field (HAADF) imaging and STEM-EDS mapping down to the atomic scale. These FCC 
solid solution regions have similar lattice parameters, making it difficult to distinguish them 
by the XRD analysis. 
 
[1] L. Lu, Microchim. Acta 186 (2019) 664. 
[2] T. Löffler, A. Ludwig, J. Rossmeisl, W. Schuhmann, Angew. Chem., Int. Ed. 60 (2021) 

26894-26903. 
[3] O. Yakovenko, V. Sokolskii, N. Golovataya, T. Kulik, G. Cieslak, O. Roik, Mater. Lett. 

331 (2023) 133486. 
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High-entropy carbide (HEC) ceramics are defined as single-phase solid carbide solutions with 

a random arrangement of five or more different cation elements in near-equiatomic ratios, 

showing the characteristics of crystallographic order but chemical disorder. In recent years, 

they have attracted considerable interest among physicists and materials scientists for their 

unique properties. In particular, HECs display high melting points, high hardness, strength 

and wear resistance, as well as good anti-corrosion performance. 

A new route for the synthesis of (NbTa)0.67(TiHfZr)0.33C and (NbTa)0.67(MoHfW)0.33C 

high-entropy carbide powders by mechanical alloying is presented. Namely, pure metal 

powders were wet-milled in toluene using a planetary mill under an argon atmosphere. 

The synthesized alloys crystallized with a single-phase rock-salt structure (space group 

Fm-3m). X-ray diffraction (XRD) and positron annihilation (PALS) experiments showed 

significant reduction in structural defects with annealing of the samples. 

Physical characterization (specific heat measurements, magnetization measurements), in 

turn, showed simple metallic properties of the studied alloys without any trace of magnetic or 

superconducting phase transitions. 
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Noncentrosymmetric ternary and quaternary chalcogenides are studied as promising non-

linear optical (NLO) materials in the mid-infrared region. Here, we report the synthesis of a 

new material BaCu2SiS4 in the A
II
B

I
2M

IV
Q4 family (A = divalent metal; B = monovalent 

metal; M = tetrel; Q = chalcogen), and discuss its crystal structure, thermal stability, optical 

behavior, and electronic structure. BaCu2SiS4 crystallizes in the noncentrosymmetric chiral 

space group P3221 with the lattice parameters a = 6.1440(3) Å, c = 15.3542(8) Å,  
V = 501.95(6) Å3

, Z = 3. The structure features helical channels formed by corner-sharing 

[CuS4] and [SiS4] tetrahedral units. Synthesis was carried out in a molten salt flux, as opposed 

to a traditional solid-state route from elements, to minimize the formation of a competing 

ternary phase, Ba2SiS4. BaCu2SiS4 is a semiconductor with an experimentally determined 

direct bandgap of ~2.2 eV. The material exhibits second harmonic generation (SHG) activity, 

confirming the noncentrosymmetric nature of the structure. Analysis of the reported 

A
II
B

I
2M

IV
Q4 crystal structures pointed out a correlation between the structure types and the 

radii of the constituent elements. Total energy calculations were carried out to explore the 

relative stability of several reported crystal structures in this family of compounds. 
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UCu2P2, a Zintl phase with the trigonal CaAl2Si2 structure type, is a 5f ferromagnet with 

record-high Curie temperature among U compounds, TC = 216 K [1]. While the size of the 

magnetic moment, 2.0 μB/U, is not surprising due to U-U spacing exceeding the Hill limit, the 

reasons for the high TC are less understood. Ab-initio calculations reveal only very weak 

hybridization of the U-5f states with the 6d states as well as with electronic states of Cu and P. 

It seems that a transfer of U-6d states to the P-3p states is an important ingredient, which was 

highlighted by a rapid increase of TC under hydrostatic pressure, so that room-temperature 5f 

ferromagnetism could be demonstrated. Besides magnetization, transport, and heat capacity 

studies on single crystals we also performed characterization of a polycrystalline material, 

which has TC = 219 K. Thermal expansion studies revealed a moderate increase of both lattice 

parameters just below TC, so we can exclude that the pressure enhancement of TC is driven 

simply by thermodynamics (via the Ehrenfest relation).  Hence the reasons must be attributed 

to the enhancement of specific U-U couplings upon compression. Indeed, ab-initio 

calculations probing the energy enhancement upon moments reversal gave a semi-quantitative 

account of the observed tendency of TC. 

 

This work was supported by the Czech Science Foundation under the grant No. 21-09766S. 

 

[1] D. Kaczorowski, R. Troc, J. Phys.: Condens. Matter 2 (1990) 4185. 
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Finding the way to interlink heat transport with crystal structure and order/disorder 

phenomena is crucial for designing materials with ultralow lattice thermal conductivity. Here, 

we revisited the crystal structure and explored the thermoelectric properties of several 

compounds from the family of the filled -Mn-type phases M
n+

2/nGa6Te10 (M = Pb, Sn, Ca, 

Na, Na+Ag). The strongly disturbed thermal transport observed in the investigated materials 

originates from a three-dimensional Te-Ga network with lone-pair-like interactions, which 

results in large variations of the Ga-Te and M-Te interatomic distances and substantial 

anharmonic effects. In the particular case of NaAgGa6Te10, additional presence of different 

cations, leads to bonding inhomogeneity and strong structural disorder resulting in the 

dramatically low lattice thermal conductivity (0.25 W m
-1 

K
-1 

at 298 K), being the lowest 

among reported -Mn-type phases. This study offers a way to develop materials with ultralow 

lattice thermal conductivity by considering bonding inhomogeneity and lone-pair-like 

interactions. 

 

The research was funded by the Foundation for Polish Science (TEAM-TECH/2016-2/14 

Grant “New approach for the development of efficient materials for direct conversion of heat 
into electricity”), co-financed by the European Union under the European Regional 

Development Fund. T.P. acknowledges support from the program “Excellence Initiative – 

Research University” for the AGH University of Science and Technology. 
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Multicomponent alloys, the component (or basis) of which is the Ni–Zr binary system, have 

been intensively studied. This is due to properties of the binary alloys to absorb hydrogen and 

easily transform in a glassy state in a wide concentration range. Small additions of REM (Sc 

is known to possess the metallochemical properties of REM) affect the thermal stability, 

crystallization, and mechanical properties of amorphous alloys. The positive effect of 

scandium on the implementation of an amorphous state by alloys containing zirconium was 

noted in [1]. To understand the influence of scandium additions on the properties of Ni–Zr 

alloys in the amorphous state, the interaction of the components must first be investigated. 

 In this report, literature information and data obtained by us regarding the phase 

equilibrium and crystallization of alloys in the Zr–ZrNi–ScNi–Sc region of the Ni–Sc–Zr 

ternary system will be considered and analyzed. 

 The Zr–ZrNi–ScNi–Sc alloys were prepared by melting in an arc furnace with a 

tungsten electrode on a water-cooled copper hearth in an atmosphere of purified argon 

directly from the components: iodide processed zirconium, nickel and scandium with a purity 

of 99.95 wt.%. Losses during melting were about 1.5 wt.%. The alloys were homogenized at 

subsolidus temperatures (850-900°C) and investigated (in as cast and annealed states) by 

XRD, DTA, EPMA, and microstructure analyses. In addition to the three components of the 

system, oxygen was detected in the annealed alloys,  amount of which varied from 1 to 

~7 at.% depending on the phase. 

 No ternary phases were found in the Zr–ZrNi–ScNi–Sc system. There are six solid 

phases based on the binary compounds at the solidus temperature: ZrNi (δ2, СrB-type 

structure, Сmcm), Zr2Ni (θ, Al2Cu-type, I4/mcm), ScNi (δ, CsCl-type, Pm-3m), Sc2Ni (η, 
Ti2Ni-type, Fd-3m) and solid solutions based on (Zr, Sc): β (W-type, Im-3m) and α (Mg-type, 

P63/mmc). 

 The liquidus surface of the Zr–ZrNi–ScNi–Sc system consists of the primary 

crystallization areas of the θ, η, β, α, and equiatomic phases. The modification of the latter 

with CrB-type structure was observed in the ZrNi–ScNi alloys up to 23 at.% Sc, and the other 

modification with CsCl-type structure in the rest of the alloys. 

 Some features of the crystallization and phase equilibria of the alloys of the Zr–ZrNi–
ScNi–Sc system are explained by the metatectic character of the transformation in the binary 

Ni–Sc alloys based on scandium, when phases of both modifications of scandium, α and β, 
are crystallized from the melt. As a result of the stabilization of the α phase by nickel in the 
binary alloys, equilibria with its participation are observed in a wide concentration interval on 

the surface of the solidus of the Ni–Sc–Zr ternary alloys. This necessarily causes the 

appearance of single-phase fields of both these phases on the solidus surface and of the 

corresponding fields of their primary crystallization on the liquidus surface of the ternary 

system. 

 

[1] L. He, J. Sun, Y. Li, J. Chin, Nonferrous Met. 16 (2006) 35-40. 
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The quasibinary system NdGe2–TmGe2 has been studied at 600°С. The alloys were 
synthesized by arc melting of pure metals (all with stated purity better than 99.9 wt.%) in an 
arc furnace under argon atmosphere. The alloys were annealed at 600°С in evacuated quartz 
ampoules for 720 h, subsequently quenched in ice water, and then examined by powder X-ray 
diffraction (DRON-4.07 diffractometer, Fe Kα radiation). 

The binary compound NdGe2-x (structure type α-ThSi2) dissolves up to ~10 at.% Tm 
and the binary compound TmGe2 (structure type ZrSi2) dissolves up to 4 at.% Nd. Two 
ternary phases with TbGe2- and DyGe1.85-type structures were found in the NdGe2–TmGe2 
quasibinary system. There is no two-phase region between these ternary phases. This 
indicates possible concentration polymorphism [1]. 

The crystal structures of these compounds have now been determined from X-ray 
powder diffraction data (DRON-4.07). Rietveld refinements of the powder diffraction data 
were performed with the FullProf program [2]. Details of the structure refinements for 
Nd0.21Tm0.79Ge1.85 and Nd0.39Tm0.61Ge2 are given in the Table. 
 

Details of the structure refinements for the Nd0.21Tm0.79Ge1.85 and  
Nd0.39Tm0.61Ge2 compounds 

Compound Nd0.21Tm0.79Ge1.85 Nd0.39Tm0.61Ge2 
Structure type DyGe1.85 TbGe2 
Space group Cmc21 Cmmm 

Pearson symbol oS24 
Lattice parameters, Å a = 4.0980(4) 

b = 29.5381(10) 
c = 3.9063(7) 

a = 4.1314(5) 
b = 29.891(1) 
c = 4.0195(4) 

Cell volume V, Å3 472.9(2)  496.4(2)  
Density, g/cm3 8.346  8.921  
Formula units per cell Z 8 
FWHM parameters U; V; W 0.1283;   0.0159;  0.0230 0.1337;   0.01257;  0.1150 
Mixing parameter η 0.32(2) 0.29(3) 
Asymmetry parameter CM -0,13(2) -0.12(4) 
Reliability factors RB, %; Rp, 
%; Rwp, %; Rexp, %; χ2 

9.22; 4.79; 6.91; 2.99; 5.34 10.3; 5.72; 8.15; 2.93; 7.72 

 
[1] G. Didokha, Z. Shpyrka, N. German, V. Pavlyuk, Coll. Abstr. XІХ Lviv Chem. Read.,  
 Lviv, 2023, p. H21 (in Ukrainian). 
[2] J. Rodriguez-Carvajal, Program FullProf. 2k (Version 2.90. 2004. LLB JRC). 
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Heusler and half-Heusler intermetallic compounds, which form in ternary systems of two 

transition metals with one p-element, are a class of very promising materials with wide 

potential applications. They are of interest as magnetic, spintronic and thermoelectric 

materials. Therefore, the Ti–Co–Sn system is of both practical and fundamental importance as 

a background for functional materials based on the intermetallics involved. The liquidus and 

solidus projections, as well as the melting diagram and a Scheil diagram of the Ti–Co–Sn 

system were already given by us in earlier works [1,2]. Stadnyuk et al. [3] reported the phase 

equilibria in this system at 597°C (above 50 at.% Sn) and 797°C (below 50 at.% Sn). 

However, there are no experimental data on the character of the phase equilibria in the  

Ti–Co–Sn system between the solidus temperatures and 797°C. In the present work, the phase 

equilibria in this system at 1200 and 1000°C in the whole concentration range are presented in 

order to address those deficits and improve the description of the system. 

The ternary phase diagram Ti–Co–Sn was studied using X-ray diffraction, scanning 

electron microscopy and electron probe microanalysis. Two complete isothermal sections, at 

1000 and 1200°C, were determined experimentally for the first time. Thirteen three-phase 

regions were found at 1000°C and ten at 1200°C. In addition, the vertical sections at 10, 20 

and 30 at.% Sn were evaluated based on the abovementioned methods and DTA analysis.  

The main feature of the Ti–Co–Sn system is the existence of the ternary compound 

TiCo2Sn (Heusler phase, ), which has a wide homogeneity region, extending both along the 

line 50Ti50Sn–Co from 41.1 to 54.1 at.% Co and in the direction of the binary TiCo 

compound up to ~14 at.% Sn at 1000°C. Except for the Heusler phase TiCo2Sn (τ), no other 

ternary compound was found at the investigated temperatures. The ternary half-Heusler 

compound TiCoSn reported in [3], was not observed in the present study, which indicates 

formation at temperature below 1000°C.  

Another striking feature of the system – besides the occurrence of the ternary phase τ – 

is the wide homogeneity ranges of the binary compounds Ti5Sn3 and TiCo. Note here, that the 

solubility of almost all the phases remained approximately the same from 1000°C to 1200°C. 

According to EPMA data Ti5Sn3 dissolves ~10 at.% Co at 1000 and 1200°C, forming an 

interstitial solid solution, which orders at the composition Ti5CoSn3 (Hf5CuSn3-type structure) 

[1]. The solubility of Sn in TiCo is at least 10 at.% at 1000 and 1200°C. The regions of 

homogeneity of the other phases are smaller. 

 

[1] I. Fartushna, M. Bulanova, R.M. Ayral, J.C. Tedenac, N. Zhludenko, K. Meleshevich,  

Y. Romanenko, J. Alloys Compd. 673 (2016) 433-440. 

[2] I. Fartushna, M. Bulanova, R.M. Ayral, J.C. Tedenac, K. Meleshevich, J. Solid State 

Chem. 244 (2016) 93-99. 

[3] Yu. Stadnyk, L. Romaka, A. Horyn, A. Tkachuk, Yu. Gorelenko, P. Rogl, J. Alloys 

Compd. 387(1-2) (2005) 251-255. 
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The Dy–Zn–Al phase equilibrium diagram was investigated by X-ray diffraction and, in part, 

X-ray spectroscopy, and an isothermal cross-section of the phase diagram was constructed at 

500°С. 
Samples for the study were synthesized by sintering powders of the original 

components obtained by spraying compact metals pressed into a tablet. The tablets were 

placed in corundum crucibles and sealed in pre-evacuated quartz ampoules filled with argon 

at a pressure of 50 kPa. The ampoules were slowly heated to 550°С, kept for two hours, 
cooled, and broken. The samples were rubbed to fine powder, re-pressed and the synthesis 

procedure was repeated. Homogenization annealing was performed at 500°С for 500 hours. 

Structural studies were conducted by X-ray diffraction (powder diffractometers DRON-3M 

(Cu Kα radiation) and STOE Stadi P (Cu Kα1 radiation)). X-ray spectral analysis was 

performed on an X-ray Fluorescence analyzer Elvax Pro. All calculations were made using 

the package for structural analysis WinCSD [1]. 

It was established that on the basis of the binary compounds DyAl2 (MgCu2-type 

structure), DyZn12 (ThMn12-type structure), Dy2Zn17 (Th2Zn17-type structure), DyZn2 (KHg2-

type structure), and DyZn (KCl-type structure) substitutional solid solutions are formed: 

DyAl2-хZnx (x = 0.24, a = 0.78375(4) nm), DyZn12-xAlx (x = 1.1, a = 0.88818(7), 

c = 0.52409(5) nm), Dy2Zn17-xAlx (x = 0.72, a = 0.89870(3), c = 1.31422(5) nm), DyZn2-хAlx 

(x = 0.37, a = 0.44797(7), b = 0.7096(1), c = 0.7668(1) nm) and DyAl1-хZnx (x = 0.35, 

a = 0.35956(4) nm). The other binary phases do not dissolve noticeable quantities of the third 

component. 

We have confirmed the existence of ternary compounds with structures of the types 

HoZn5Al3 (space group I4/mmm) [2] and La3Al11 (space group Immm) [3]. The crystal 

structures of the two ternary compounds Dy1.72Zn16.05Al0.95 (space group P63/mmc, 

a = 0.89987(5), c = 0.87640(5) nm) and DyZn0.4Al2.4 (AuCu3-type structure, space group  

Pm-3m, a = 0.41756(5) nm) were investigated for the first time. 

The crystal structure of the new compound Dy1.72Zn16.05Al0.95 is close to the structure of 

the type Th2Ni17, Dy2-xAgy(Ag0.44Al0.56)17, but is characterized by the presence of additional 

crystallographic positions in the channels centered at 0 0 z and 1/3 2/3 z, partially filled with 

zinc atoms. The structures of the ternary compounds are characterized by statistical 

distribution of the smaller atoms (zinc and aluminum), which causes the formation of small 

areas of homogeneity. 

 

This research was in part supported by the Simons Foundation (Award Number: 1037973). 
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The ternary system La–Cu–Si was investigated using X-ray diffraction for phase and 

structural analysis in the region up to 33.3 at.% La. The isothermal section of the phase 

diagram was constructed in the region up to 33.3 at.% La at 870 K. The ternary system  

La–Cu–Si had not been investigated until now. 

Fifty ternary alloys with a total weight of 1 g each were synthesized by arc-melting on a 

water-cooled copper bottom under a purified argon atmosphere using a tungsten electrode. 

Metals of the following purity were used: La 99.5 wt.%, Cu 99.99 wt.%, Si 99.99 wt.%. 

Titanium sponge was used as a getter. The samples were annealed at 870 K for 900 h, with 

subsequent water-quenching. Phase analysis was performed using X-ray powder diffraction 

patterns recorded on DRON-3M and DRON-2.0 diffractometers (Cu Kα and Fe Kα radiation, 

respectively). The crystal structures of the ternary compounds were refined from X-ray 

powder diffraction data obtained on a Huber G670 Imaging Plate Guinier camera (Cu Kα1 

radiation). All the calculations were performed using WinCSD software [1]. 

At the temperature of investigation only Cu (structure type (ST) Cu) dissolves up to  

6 at.% Si. Visible solubility of the third component in the binary compounds in the systems 

Cu–Si, La–Si and La–Cu was not observed. Four binary silicides of copper were found in the 

two-component system Cu–Si: Cu3Si (ST Li7Pb2), Cu15Si4 (own ST), Cu0.83Si0.17  

(ST Mg3Ru2), and Cu0.88Si0.12 (ST Mg). Three and one binary compounds – LaCu6 (ht)  

(ST CeCu6), LaCu5 (ST CaCu5), LaCu2 (ST AlB2), and LaSi2-1.95 (ST α-ThSi2) – are formed in 

the La–Сu and La–Si systems in the investigated regions, respectively. 

Eight ternary silicides are formed in the three-component system La–Cu–Si  

(0-33.3 at.% La) at 870 K. We confirmed the existence of such compounds as: LaCu2Si2  

(ST СeGa2Al2, space group (SG) I4/mmm) and LaCuSi (ST ZrBeSi, SG P63/mmc), and found 

another six new ternary phases. New compounds were discovered up to 25 at.% La: 

LaCu9.61Si3.39 (ST NaZn13, Pearson symbol (PS) cF112, SG Fm-3c, а = 11.52278(8) Å), 

LaCu8.37Si4.63 (ST CeNi8.5Si4.5, PS tI56, SG I4/mcm, а = 8.05844(5), c = 11.53445(9) Å) [2], 

LaCu1+xSi2-x (ST CeNi1.64Si1.36, PS oS16, SG Сmcm, а = 4.1979(2), b = 17.0616(6),  

c = 4.1916(2) Å), LaCuSi2 (ST CeNiSi2, PS oS16, SG Сmcm, а = 4.2437(9), b = 16.846(3),  

c = 4.1735(2) Å). Three ternary phases are formed on the section 33.3 at.%. La: one 

compound with fix composition – LaCuSi (ST ZrBeSi), and two new compounds with large 

homogeneity ranges – LaCu0.82-0.42Si1.18-1.58 (ST AlB2, PS hP3, SG P6/mmm,  

а  = 4.13174(6)-4.08283(3), c = 4.32270(8)-4.39693(4) Å) and LaCu0.24-0.08Si1.76-1.92  

(ST α-ThSi2, PS tI12, SG I41/amd, а = 4.28848(3)-4.30825(3), c = 13.9247(1)-13.8734(1) Å) [3]. 

 

[1] L. Akselrud, Y. Grin, J. Appl. Crystallogr. 47 (2014) 803-805. 
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Half-Heusler RNiSb phases with MgAgAs-type structures are intensively studied as starting 

substances for the preparation of thermoelectric materials. The thermoelectric properties of 

half-Heusler compounds strongly depend on heat treatment, impurities, and structural 

disorder. Recent investigations of (Gd,Lu)NiSb half-Heuslers [1] revealed their off-

stoichiometry, which has a noticeable impact on their thermoelectric properties. The 

corresponding system with Dy was examined to check the constitution of other RNiSb phases. 

The phase equilibria in the Dy–Ni–Sb ternary system were studied at 870 K in the 

whole concentration range using X-ray powder diffraction (XPD) and electron probe 

microanalysis of binary and ternary alloys. The samples were prepared by arc-melting the 

constituent elements under a purified, Ti-gettered, argon atmosphere with a non-consumable 

tungsten electrode on a water-cooled copper hearth. Depending on the composition, 3-5 wt.% 

excess of Sb was added to compensate for evaporative losses of antimony during arc melting. 

The alloys were annealed at 870 K for 720 hours in evacuated quartz ampoules and finally 

quenched in cold water. The Dy–Ni–Sb system is characterized by the formation of four 

ternary antimonides: Dy5Ni2Sb0.85 (Mo5SiB2-type), DyNi1-xSb (MgAgAs-type), Dy3Ni6Sb5 

(Y3Ni5.8Sb5-type), DyNi1-xSb2 (HfCuSi2-type). In the ternary part, the formation of a solid 

solution Dy5NixSb3-x (Mn5Si3-type) up to ~10 at.% Ni was observed. The solubility of Ni in 

the DySb binary (NaCl-type) extends up to ~10 at.% by filling the vacant 8c site of the 

structure with smaller Ni atoms, giving the formula of the solid solution DyNixSb. The most 

prominent is the homogeneity region of the off-stoichiometric half-Heusler DyNi1-xSb phase. 

It extends from 32 to 20 at.% of Ni towards the DyNixSb solid solution and was confirmed by 

DFT modeling. The crystal structures of DyNi1-xSb and DyNixSb are very similar, as are their 

diffraction patterns. Nevertheless, doubling of the diffraction peaks from both phases in the 

two-phase region was observed at high 2θ angles. The electrical resistivity ρ and the 

thermopower coefficient α (pure copper as a reference material) for the half-Heusler DyNiSb 

compound were measured in the temperature range 80-400 K. The temperature dependencies 

of the electrical resistivity ln ρ(1/T) and thermopower coefficient α(1/T) for DyNiSb are 

typical for doped and compensated semiconductors with high- and low-temperature activation 

regions. The thermopower coefficient of the studied sample is characterized by positive 

values, indicating the dominance of p-type conductivity. 

 

This work was supported by the Ministry of Education and Science of Ukraine under Grant 

No. 0121U109766 and partly supported by the Simons Foundation (Award Number: 

1037973). The authors thank U. Nitzsche for technical assistance in running DFT 

calculations on the ITF/IFW computer cluster. 
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Frustrated magnets offer a fertile ground for topological phases, where geometry and 

interactions conspire to give rise to unconventional ground states. Metallic systems with 

Shastry-Sutherland lattice based on rare-earth elements have the potential for more complex 

magnetic phase diagrams and open up the possibility of studying the interplay with 

conduction electrons. Relatively new representatives of the metallic SSL systems are 

compounds that crystallize in the anisotropic Mo2FeB2 (space group P4/mbm) structure type 

and represent a 2D Shastry-Sutherland lattice with magnetic ions of the R metals. The present 

work reports the formation, stability, crystal structure, DFT study, and magnetic properties of 

the new R2Pt2Sn series of intermetallics. 

Alloys of the R2Pt2Sn compounds were synthesized by conventional arc-melting 

technique followed by annealing and water quenching with further characterization 

employing X-ray powder diffraction, SEM/EDX, and DTA techniques. A detailed analysis of 

microstructures revealed the presence of a ternary phase with a composition corresponding to 

the R2Pt2Sn compounds. In some parts of the as-cast alloys, signs of R2Pt2Sn decay into RPt 

and RPtSn were observed. Powder XRD analysis of the as-cast alloys revealed that all the 

R2Pt2Sn phases crystallize in the Mo2FeB2-type structure. The unit cell volume increases 

almost linearly with the ionic radii of the rare-earth metals. 

The most intriguing appeared to be the Sm2Pt2Sn and Ce2Pt2Sn phases, which are 

characterized by a two-branch homogeneity region similar to that reported for Ce2Pd2In in [1]. 

The unit cell volume ranges from 0.2246 to 0.2268 nm3, depending on the composition. 

Optimization of the synthesis procedure allowed us to obtain almost single-phase samples of 

Sm2Pt2Sn and Ce2Pt2Sn. 

DFT modeling of the R2Pt2Sn compounds was performed w/ and w/o spin-orbit 

coupling (SOC) using PAW and FP-LAPW methods. The unit cell volume obtained after 

geometry optimization agrees with experimental data and shows comparable dependence on 

the rare-earth ionic radii. The enthalpy of R2Pt2Sn is mostly slightly above the tie-line that 

connects RPtSn and RPt, which is consistent with experimental observations. However, off-

stoichiometry could be the factor that additionally stabilizes these phases at higher 

temperatures. A substantial deficit of charge density on the rare-earth atoms and excess 

charge density on Pt and Sn are observed. Magnetic measurements of some R2Pt2Sn 

compounds revealed Curie-Weiss behavior with antiferromagnetic ordering at low 

temperatures. 

 

This work is funded by the Deutsche Forschungsgemeinschaft (DFG project RO 6386/2-1). 
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The quasi-ternary system Cu2S–GeS2–P2S5 is promising because of the ternary compounds 

Cu8GeS6, Cu7PS6, and Cu2GeS3, which are used as semiconductor functional materials. Solid 

solutions with considerable extension exist in the system at 500 K based on the compounds: 

Cu2S (α’), Cu7PS6 (β), Cu3PS4 (γ), Cu8GeS6 (δ), Cu2GeS3 (ε). There are thirteen two-phase 

equilibria:  α’ + β, β + γ, γ + P2S5,   α΄ + δ, δ + Cu4GeS4, Cu4GeS4 + ε, ε + GeS2, GeS2 + P2S5, 

  

 

β + δ, β + Cu4GeS4, β + ε, γ + ε, γ + GeS2 

(Fig. 1). There is a wide solubility range 

based on Cu3PS4 (Cu2GeS3–Cu3PS4 section 

in the range 50-100 mol.% Cu3PS4, where is 

the Cu3-(х/3)Ge4/3хP1-xS4 solid solution (γ) of 
the substitution type). The substitution of 

Ge atoms for P atoms in the γ-solid solution 

(space group Pmn21) leads to an increase of 

the lattice parameters within the range: 

а = 0.72238(2)-0.7320(2),    b = 0.62258(8)-  

0.6369(2),   c = 0.60012(1)- 0.61009(9) nm; 

the change is rectilinear. The range of the ε-solid solution is up to 10 mol.% (for Cu2GeS3). 

The crystal structure of the Cu3-(х/3)Ge4/3хP1-xS4 

(х = 1/3) composition of the solid solution has 

been investigated by X-ray diffraction. Fig. 2 

shows experimental and theoretical 

diffractograms and the difference between them 

for the Cu3-(х/3)Ge4/3хP1-xS4  (х = 1/3)  composition. 
 

 
 

The phase diagram of Cu7PS6–Cu8GeS6 has 

been constructed (Fig. 3) [1]. The section is not a 

quasi-binary system in the full temperature range 

due to the peritectic nature of Cu8GeS6, which 

leads to the crystallization of the solid solution 

based on HTM-Cu2S (α’’) in the range  

0-70 mol.% Cu7PS6. The Cu8-xGe1-xPxS6  

(х = 0-1) solid solution of the HT-modification 

has a cubic structure (SG F-43m). At 300 K, it is 

in a two-phase equilibrium and is characterized by 

significant solid solutions based on  

LT-modifications: Cu7PS6 (β) up to 30 mol. % 

inclusive (SG P213). Cu8GeS6 (SG Pmn21) (δ) has 

a solubility of less than 5 mol. %. 

[1] O. Bereznyuk, O. Smitiukh, L. Piskach, Probl. Khim. Stal. Rozvytku 4 (2022) 3-16. 
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The interaction of the components in the Nd–Si–In ternary system was investigated by X-ray 

powder diffraction (DRON 2.0M, Fe Kα radiation and STOE Stadi P, Cu Kα1 radiation) and, 

partially, scanning electron microscopy with energy-dispersive X-ray spectroscopy (TESCAN 

VEGA3 LMU scanning electron microscope, equipped with an X-MaxN20 silicon drift 

detector). The isothermal section of the phase diagram at 870 K was constructed in the full 

concentration range. 

Three new ternary compounds, isostructural to known types, exist in this system at the 

temperature of annealing. Their crystal structures were determined using powder diffraction 

data: Nd2Si2In (Mo2FeB2-type structure, space group P4/mbm, a = 0.73607(14), с = 

0.43516(9) nm, Rp = 0.0496, Rwp = 0.0647); Nd3Si0.87In1.13 (La3GeIn-type structure, space 

group I4/mcm, a = 1.19311(6), c = 1.56058(15) nm, Rp = 0.0378, Rwp = 0.0489); 

Nd11Si3.24In6.76 (Sm11Ge4In6-type structure, space group I4/mmm, a = 1.174826(1), 

с = 1.654916(3) nm, Rp = 0.0400, Rwp = 0.0512). 

Single crystals of the binary compound NdSi were synthesized using a special 

temperature mode. Experimental data were obtained on a STOE IPDS-II diffractometer (Mo 

Kα radiation) and a Zeiss EVO MA10 scanning electron microscope was used for single 

crystal studies. NdSi crystallizes in a FeB-type structure, space group Pnma,  

a = 0.81949(16), b = 0.39272(8), c = 0.58814(12) nm (R1 = 0.0137, 406 F2 values, 14 

variables) and the refined parameters are in good agreement with literature data [1]. 

The studied Nd–Si–In system is most similar to the Nd–Ge–In system by the nature of 

the phase equilibria, as well as by the composition and crystal structure of the compounds. All 

the ternary compounds of the investigated system, as well as those of the previously studied 

ternary systems {La,Ce,Pr,Sm}–{Si,Ge}–In, crystallize in tetragonal symmetry. 

 

This work was partially supported by the Simons Foundation (Award Number: 1037973). 
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Calcium and indium can serve as useful additions to magnesium alloys known for their use in 

the automotive and aerospace industries due to their lightness and strength. Unfortunately, 

most of the experimental work on alloys of this system dates back to the 1960s and 70s. This 

work is devoted to the experimental and theoretical study of the properties of melts of the  

CaïIn system. The study of a wide range of systems of this type, in particular InïSr, BaïIn 

and InïLn, will make it possible to establish patterns of changes in the interaction of the 

components in a number of indium systems with active metals of the second and third groups. 

The partial and integral enthalpies of mixing of melts of the CaïIn system were obtained by 

calorimetry at 1140-1240 K approximated by polynomial dependencies (kJ/mol): 

( ) ( )43221140

3.18449.27276.5938.2093.1071 InInInInInIn xxxxxH -+----=D ; 

( )43221140

3.18443.42035.26399.1854.2 InInInInInCa xxxxxH -+-+-=D ; 

( )( )4321140 9.3686829.1979.1043.1071 InInInInInIn xxxxxxH -+----=D . 

It has been established that the minimum enthalpy of mixing of these melts, -36.9Ñ1.1 kJ/mol, 
corresponds to xCa=0.5 at 1140Ñ3 K, which correlates with their behavior in the solid state. 

The integral excess entropies are approximated by the dependence 

( )( )4321140, 7.4292.8791.4745.186.71 InInInInInIn

ex
xxxxxxS -+-+--=D , J/(mol K). 

The activities of the components in the melts of the CaïIn system, calculated by the 

model of an ideal associated solution (IAS), show significant negative deviations from 

Raoultôs law. Like the enthalpies of mixing of melts, they are characterized by an almost 

symmetrical form, with a very small shift of the minima towards calcium as well. According 

to the IAS model, the highest concentrations in the melts are achieved for the simplest 

associate CaIn. The concentrations of some other associates (Ca3In, Ca2In, CaIn2) are also 

quite high in certain ranges of melt composition. Using this model, the positions of the 

liquidus and solidus lines on the phase diagram were also calculated and are in good 

agreement with experimental data in the literature over the entire concentration range. 

It is hoped that the ab initio estimates of the enthalpies of formation of intermetallic 

compounds, and even more so the enthalpies of mixing of melts measured by us in this work, 

will help to obtain a reliable model. However, further experimental investigation of the CaïIn 

system is desirable, in particular the possibility of thermodynamic stability of the Ca2In 

intermetallic and the type of melting. 

As a result, complete information on the thermodynamic properties of all the phases and 

phase equilibria in CaïIn alloys was obtained, that is, a thermodynamic description of the 

system was made. 
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