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PREFACE

Karl A. GSCHNEIDNER Jr., Jean-Claude G. BUNZLI, and Vitalij K. PECHARSKY

These elements perplex us in our rearcfeg], baffle us in our speculations, and haunt us
in our very dreams. They stretch like an unknown sea before us — mocking, mystifying, and
murmuring strange revelations and possibilities

Sir William CrookegqFebruary 16, 1887)

This volume of theHandbook on the Physics and Chemistry of Rare Eaattds five new
chapters to the science of ragarths, compiled by researcheemowned in their respective
fields. Volume 34 opens with an overview of ternary intermetallic systems containing rare
earths, transition metals and indium (Chex218) followed by an assessment of up-to-date
understanding of the interplay between ordergmetism and superconductivity of intermetal-
lic compounds formed by rare earth and actinide metals (Chapter 219). Switching from metals
to complex compounds of rare earths, Chapter 220 is dedicated to molecular structural stud-
ies using circularly polarized luminescenc@sposcopy of lanthanide systems, while Chap-
ter 221 examines rare-earth metal-organic frameworks, also known as coordination polymers,
which are expected to have many practical applications in the future. A review discussing re-
markable catalytic activity of rare earths in site-selective hydrolysis of deoxyribonucleic acid
(DNA) and ribonucleic acid, or RNA (Chapter 222) completes this book.

A new feature to thédandbookseries has been included in this volume. An abbreviated
subject index to the contents of the 222 chapters published to date. This index appears right
after theContents of Volumes 1-33. We kept its size to a minimum by including only the
most general terms and plan to update the index with every new volume.

Chapter 218. Rare Earth-Transition Metal-Indides

by Yarosav Kalychak, Vasyl' Zaremba

Ivan Franko National University, Lviv, Ukraine

Rainer Péttgen, Mar’yana L ukachuk, and Rolf-Dieter Hoffmann
Westfalische Wilhelms-Univer sitéat, M linster, Ger many

The opening chapter of thdandbookreviews synthesis conditions, isothermal sections of
phase diagrams, crystallography and basic ayproperties of ternary intermetallic com-
pounds consisting of rare-earth taks, transition metals and indium. Some of these inter-
metallic compounds — indides (so named becangiim is usually the most electronegative
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component in these ternary systems) — have been known for nearly forty years, others re-
cently emerged as hot subjects for condensed matter physics research, especially with the dis-
covery of heavy fermion superconductivity in@wf cerium-based indium-rich intermetallics.
Today, the rare earth-transition metal indideave been transformed into a playground for
solid state chemists and condensed matter iplsgs because chemical bonding and crystal-
lography, and therefore, physical properties of these compounds can be controlled by small
changes of stoichiometry. Many systems are known to form in excess of ten individual chem-
ical compounds. Although for the most part doated by metallic bondig, indium-rich al-

loys often form well-defined clusters of indium atoms, and also a variety of low-dimensional
transition metal-indium networks and chaimdjich just about ensures future discoveries of
unusual physics, especially with respect to electronic transport and magnetic behaviors. In
addition to a critical review of the up-to-date literature on the subject, Kalychak and co-
authors offer the reader a challenging but very interesting subject of structure-property re-
lationships.

Chapter 219. Unconventional Superconductivity and Magnetism in Lanthanide and
Acinide Intermetallic Compounds

by Peter Thalmeier

Max-Plank-I nstitute fir Chemische Physik fester Stoffe, Dresden, Germany
Gertrud Zwicknagl

Technische Univer sitét, Braunschweig, Germany

The f-elements in general and rare earth metals in particular are celebrated for the non-
conventional superconductivity, and thus this chapter oHiedbookrevisits the last decade
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of research uncovering some of the mysteries of the superconducting state, especially those
related to heavy fermion superconductivitydazo-existence of the superconducting and ex-
otic magnetically ordered states. Thalmeier and Zwicknagl first introduce the reader to the
basics by reviewing the nature of heavy quasipkes, Kondo lattice, Fermi liquid, and spin
fluctuation theory, followed by the consideration of order parameters in strongly correlated
electron systems and experimental techniquestreffective in detecting relevant order pa-
rameters. Justifiably, the majority of this chapter is dedicated to both the well-known un-
conventional superconductors, such as CSEy UPt, UBe;3, and others, as well as to the
newly discovered CeCoin(hence complementing Chapter 218 in this volume), holmium-
and erbium-nickel borocarbides, and skutterides. The latter is a great addition to Chap-
ter 212 that was written by Brian Sales and appeared last year in volume 33 ldatite

book

Chapter 220. Circularly Polarized L uminescence Spectroscopy from Lanthanide
Systems

by JamesP. Riehl and GillesMuller

University of Minnesota, Duluth, Minnesota, USA

The phenomenon of circularly polarized luminescence, i.e., emission of partially polarized
light during —f transitions of the rare-earth ions in optically active, chiral molecules (mole-
cules existing in two different modifications whose structures cannot be superimposed over
one another), is reviewed by Riehl and Muller. They begin with the general theory, thus giv-
ing the reader a background needed to better understand experimental techniques that are used
today to study the effect, followed by a critical assessment of the important structural infor-
mation that has been and can be deduced while using the technique. The authors pay special
attention to details and also provide their views on the future of the method as a reliable tool
for probing molecular stereochemistry of lanthanide complexes both in pure forms and in
mixtures.
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Chapter 221. Lanthanide-Containing Coordination Polymers
by Olivier Guillou and Carole Daiguebonne
Institut National des Sciences Appliquées Rennes, France

Metal-organic frameworks, also known as coordination polymers, hold a great potential as
working bodies for opto-electronic and magnetic devices, microporous materials for a variety

of uses, such as size- and shape-selective
separations and catalyst support, and more
recently, as hydrogen storage materials.

A variety of physical properties that are
largely defined by the 4-f electrons of lan-
thanide ions combined with a similarity of
their chemical properties offer an unprece-
dented flexibility in designing coordination
polymers that are chemically similar but
functionally different. The subject of this
chapter is truly one of the emerging fields

in rare-earth science. Guillou and Daigue-
bonne begin with a brief introduction to
transition metal-based frameworks and then
quickly move to the core by reviewing vari-

ous rare earth-containing coordination poly-
mers based on different ligands, paying spe-
cial attention to those compounds that were
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synthesized with a practical application innd. Polymeric complexes based on benzene-
poly-carboxylates are described in the greatest detail.

Chapter 222. Cutting DNA and RNA
by Makoto Komiyama
University of Tokyo, Tokyo, Japan

Likely the best known application of rare earths,
which is related to living organisms, are the remark-
ably effective contrast agents in magnetic resonance
imaging, yet this chapter shows that site-selective cut-
ting (scission or hydrolysis) of deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA) may be the next
big use for lanthanides in genetic engineering. Both
DNA and RNA are biological polymers that store
genetic information and pass it on via synthesis of
protein molecules. Accoidg to Komiyama, future
biotechnology may well rely on the use of rare-earth
ions as unique catalysts that can slice DNA and RNA
in order to allow their reprogramming, and thus lead
to more effective bioengineered processes. The author begins with a historical overview of
how the catalytic effect of C& in the hydrolysis of DNA was discovered, and then gives the
current state-of-the-art in understanding of the hydrolysis mechanism. Similarly, he describes
catalytic effect of lanthanide ions in hydrolysis of RNA, followed by a review of various strate-
gies that can be employed to improve site-selectivity in the hydrolysis of both DNA and RNA.
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Symbols and abbreviations

AF  antiferromagnetism K Bloch—Grineisen fitting parameter

B¢ critical magnetic field LT  low temperature

Bh  magnetic hyperfine field M metal

C, Cp heat capacity MM  metamagnetism

CF  crystal electric field

CN  coordination number
CP  coordination polyhedron
d d-electron

DOS density-of-states

Ep  Fermienergy

f f-electron

F ferromagnetism

IV intermediate valence

J magnetic coupling constant
k magnetic propagation vector

NCW non-Curie-Weiss behavior

NQR

xS

rf

nuclear quadrupolar resonance
paramagnetism

pressure

specific electrical resistivity coefficient
rare earth metal

radio frequency

RT  room temperature

S thermoelectric power
SG  space group
T transition metal
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Tc  magnetic Curie temperature; superconducting\Eq quadrupole splitting parameter

transition temperature €] paramagnetic Curie tempéuae (Weiss constant)
Tn  magnetic Néel temperature ®p Debye temperature
Torg 'mMagnetic ordering temperature ug  Bohr magnetons
Tsg magnetic spin fluctuation temperature Mexp €xperimental magnetic moment
X main group element of the 3rd, 4th, or 5th group usm experimental magnetic saturation magnetization
XPS X-ray photoemission spectroscopy v valence
y electronic specific heat coefficient po  electrical resistivity
r experimental line width X magnetic susceptibility; absolute electronegativ-
8 isomer shift ity

1. Introduction

Intermetallic rare earthR)-transition metal T)—indium compounds, i.e. indides have at-
tracted considerable interest recent years due to their peculierystal chemistry and in-
triguing physical properties. More than thirty years ago, the ternary indides with uranium and
thorium as electropositive componentT’U (7 = Pd, Pt) and Ti'In (7T = Ni, Pd, Pt), have

been synthesized by Dwight et al. (1968). The first series of rare earth metal-based ternary
indides, i.e.RNiln, RRhIn, RPdIn, andRPtIn, have been synthesized in Genova by the Ferro
group (Ferro et al., 1974a, 1974b) and characterized with respect to metallography and X-ray
powder diffraction.

More detailed investigations of the ternary systeRag'—In including construction of the
complete isothermal sections, determination of crystal structures, and chemical bonding have
been performed in the last 20 years by the groups of Kalychak in Lviv and Péttgen in Min-
ster. The phase relations in the systems withalt, nickel, and copper as transition metal
component have recently been reviewed byykhak (1997, 1998a, 1999a). Especially the
nickel-based systems are extremely rich in compounds. With the early rare earth metals, more
than ten different intermetallics form in these systems. Physical properties of indides have
been investigated by various groups of researchers.

The crystal chemistry and chemical bonding of tRel'—In compounds strongly depend
on the composition. The rare earth metal-reimpounds exhibit typical intermetallic struc-
tures with relatively large coordination numbers, as found in close packed arrangements.
Compounds with a high transition metal contendw a tendency for transition metal clus-
ter formation (Kalychak et al., 2001). In the indium rich parts of the ternary phase dia-
grams, compounds with interesting indium substructures exist (Hoffmann and P&ttgen, 2000;
Hoffmann et al., 2000). In the case of a low raaath metal content, the transition metal and
indium atoms form two- or three-dimensionl[n,] networks, in which the rare earth metal
atoms fill cages or channels. Many of these ciystiraictures are very complicated, however,
in some cases they can easily be described by an intergrowth of various slabs of simple binary
and/or ternary structure types.
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The rare earth transition metal indides have not only attracted interest in the chemists
community, but also the physicists have intensively investigated such materials, mainly with
respect to the largely varying magnetic and electrical properties. The primary interest con-
cerns ferromagnetic, intermediate-valent, and heavy fermion materials. Prominent examples
are the 22 K ferromagnet EuRhIn (Péttgen et al., 1999c), mixed-valent CeRhin (Adroja et
al., 1989), valence-fluctuating CeNiln (Fuijii et al., 1989; Kurisu et al., 1990), or the inter-
mediate heavy-fermion system £Dégln11 (Tang et al., 1995). Gadolinium based indides are
currently under investigation due to their potential technological applications for magnetic
refrigeration (Canepa et al., 2002b). Finallyis worthwhile to mention the very recent in-
vestigations on the new heavy fermion materialsTag and Cd&'Ins (T = Co, Rh, Ir).

These indides have been thoroughly investigated in the last two years (Hegger et al., 2000;
Moshopoulou et al., 2001). Precise and detailed physical property investigations have been
performed on large single crystals.

With an increasing interest in hydrogen storage materials, various ternary indides have
been studied with respect to their hydride formation. The hydrogen absorption has a strong
influence on the physical properties. A prominent example is valence fluctuating CeNiln that
exhibits ferromagnetic ordering upon hydrogenation to CeNilatChevalier et al., 2002).

In this chapter, we review the synthesis tecjugs and the crystal chemistry of rare earth—
transition metal-indides. Furthermore, weefis on phase relations and physical properties
and discuss structure-property relationships.

2. Synthesis conditions

Rare earth—transition metal-indides can be prepared directly from the elements. In view of
the highly electropositive character of the rare earth metals, the use of large rare earth metal
pieces is highly recommended in order to avoidate contaminations, mostly by oxides. The

air (humidity) sensitive rare earth metals lanthanum, cerium, praseodymium, neodymium,
samarium, europium, and ytterbium must be kept in Schlenk tubes under dried argon. The
argon can easily be dried by standard procedures (Brauer, 1981; Brauer and Herrmann, 2000).
The transition metals are used in the foripieces or wires, while most noble metals are
available as powders or foils. Indium is commercially available in the form of tear drops or
granules. These are very soft and ductile and can be easily cut mechanically. The reactions
of the rare earth metals with a transition mleind indium are strongly exothermic. The rare
earth metals are often available in the form of sublimed ingots. Direct use of such ingots can
lead to shattering during the reaction. In manyesast is useful to arc-melt pieces of the rare
earth metal first in order to reduce the shattering.

A very fast and efficient synthesis technique is arc-melting. This technique can be used
for most rare earth—transition metal-indides. On the laboratory scale, arc-melting can easily
be performed on water-cooled copper chills dthin a water-cooled conical copper crucible
(Pottgen et al., 1999b). A non-consumable cerium dioxide doped tungsten electrode is used
and the welding generator should be equipped with a high-frequency supply. This avoids
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touching the crucible or the s®le allowing a contact-free ignition of the arc. With a minia-
turized arc-melting furnace, samples of2tg can be synthesized. Larger copper crucibles can
be used in order to melt small bars for physicagerty investigations. If only polycrystalline
samples are obtained by arc-melting, annealing of the arc-melted buttons in a water-cooled
silica ampoule in a high-frequency furnace (pleann et al., 2000) can significantly increase

the crystallinity. This annealing technique is especially useful for high-melting temperature
products.

Many of the ternary indides directly crystallize from the melt. Often small single crys-
tals already form during the solidificatiorrqress. As an example, in fig. 1 we present a
scanning electron micrograph of an arc-melted button from the solid solution {hpiNi_,
(Lukachuk et al., 2003). In most cases, however, the arc-melted buttons are annealed in evac-
uated, sealed silica tubes at temperatures between 700 and 1300 K in order to achieve ho-
mogenization. The samples can be wrapped in tantalum or zirconium foil in order to avoid
a reaction with the ampoule material. These annealing procedures are very important for the
study of the isothermal sections of the phase diagrams. Compounds that form peritectically
can only be obtained this way as single phase materials.

If one of the reaction components has a compeestilow boiling temperature, significant
evaporation can occur during the arc-melting procedures. This is especially the case for the
rare earth metals samarium (boils at 2050 K), europium (1870 K), thulium (2000 K), and

Fig. 1. Scanning electron micrograph of an arc-melted button taken from the solid solution TaML , .
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ytterbium (1470 K), and the transition metals manganese (2235 K), zinc (1180 K), and sil-
ver (2485 K). In these cases, the preparatenhhique needs to be modified.One possibility

is high-frequency melting of the elements in ater-cooled sample chamber (KulZmann et

al., 1998). Alumina, zirconium dioxide, or glassy carbon are suitable crucible materials. This
special sample chamber is equipped with an observation window, which allows a direct obser-
vation of the reaction process. A large advantdghis technique is the relatively fast reaction
procedure, which is nearly as fast as arc-megltiTypical annealing times are between one to
four hours. In most cases, however, the high-frequency techniques lead to a better crystal
quality.

In the case of europium and ytterbium as rare earth metal component, the synthesis con-
ditions need to be more sophisticated. A significant problem arises, if europium or ytterbium
with relatively low boiling temperatured 870 K for Eu and 1470 K for Yb) are reacted with
the high melting noble metals (e.g. melting temperature is 2045 K for Pt and 2240 K for Rh)
and indium. In these cases, during an arc-melting procedure, europium or ytterbium might
have already been evaporated before the noble metal melts. This leads to a significant loss of
the rare earth metal component in such a quasi-open system. Europium and ytterbium based
indides are therefore synthesized in sealed inert metal tubes, mainly made of molybdenum,
niobium, or tantalum (Corbett, 1983). Such tubes have small volumes (122 cm

Two different heating procedures can be ugadreaction of the elements. The tantalum
tubes can be sealed in evacuated silica tubesameleded in conventional resistance furnaces.
The better procedure is the annealing of the tubes in a water-cooled sample chamber of a high-
frequency furnace (Poéttgen et al., 1999d). Again, the high-frequency annealing produces the
better crystals. This way, the series offHn and YbT'In indides (P6ttgen and Johrendt, 2000;
Pottgen et al., 2001) have been synthesized in tifadike yields for structure determination
and measurements of physical properties.

Each synthesis technique discussed above mostly yields polycrystalline samples. Single
crystals have only a size of several tenths to a few hundreds of um; they can be used for single
crystal structure determination. Larger single crystals for physical property investigations are
not available with these techniques. They can be obtained in a different way. On a millimeter
scale, single crystals can be grown in a tig-&urnace equipped with the Czochralski tech-
nique. Suitable pieces can be cut from the cigstath a diamond wire saw. Crystal growth
with the tri-arc technique isnly possible for compounds that directly crystallize from the
melt and where all components have congtde and high boiling temperatures.

A second technique is the growth of single crystals in an indium flux. Here, two dif-
ferent strategies may be applied. First it might be important to grow small single crys-
tals from polycrystalline samples for X-ray structure determination. Suitable crucible ma-
terials for such indium fluxes are niobium, tantalum, and alumina or zirconium diox-
ide. Well-shaped single crystals of CeNilifZaremba et al., 2002b), §Bt2lny3, and
Dy,Pt7In1g (Zaremba et al., 2002d) have recently bedtained with this technique. Larger
single crystals can be grown by various metal flux techniques (Canfield and Fisk, 1992;
Kanatzidis et al., 2004).
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3. Ternary systems—compounds and phaserelations

The ternary rare earth metal—transition metal-indium systems contain a vast number of in-
dividual intermetallic compounds. In this secatiove summarize the crystallographic data
(lattice parameters) of all known indisleThe compounds are grouped with respect to the

d element component.

3.1. R—3d-metal-In systems

To date, the system®—{Co, Ni, Cu}-In have been studied most exhaustively. The isothermal
sections of the systemB—Cu—In have been constructed and published (Kalychak, 1998a).
Other systems were investigated for the existence of isostructural compounds. With iron as
transition metal component, only the Pr—Fesyistem has been studied. In the titanium, vana-
dium, and chromium systems Kalychak (2003) has studied only some alloys, which indicated
that the components do not mix in the region of low contents of rare earth elements. The
Pm-3/-metal-In systems have not been studied at all.

3.1.1. The R—-Mn- n systems

The compounds with equiatomic compositiBMnIn (Dhar et al., 2002b) crystallize with the
cubic MgCu type (SGFd3m, a = 8325 pm for NdMnlIn) and the hexagonal MgZitype
(SGP63/mmc,a =5778,c =9412 pm for GdMnIn;a = 5734,¢c = 9309 pm for DyMnin;

a =5686,c=9260 pm for ErMnIn, and: =574.1, ¢ = 9345 pm for YMnIn). The isother-
mal sections of the phase diagrams of these ternary systems have not been investigated.

3.1.2. The R—Fe-In systems

Weitzer and Rogl (1990) proposed the partial isothermal section of the Pr-Fe—In phase
diagram (fig. 2) and found the indide gFeisIn (structure type NgFei3Si; SG 14/mem,

a = 81032(14), ¢ = 235275(89) pm). The otherR—Fe—In systems have been investi-
gated in order to find isotypi®eFe;3ln indides. Two additional compounds, i.e. §fa 3ln

(a =8088(1), c =23431(9) pm) and SrgFe13ln (a = 806.5(1), ¢ = 23202(2) pm) with the

same crystal structure have been found (Weitzer et al., 1993).

3.1.3. The R—Co-In systems

The ternary phase diagram Ce—Co-In has been constructed by investigating the isothermal
section of the system at 870 K in the region of 0—33.3 atomic percent cerium and at 670 K
in the region of 33.3—-100 atomic percent cerium. According to Kalychak (1999b), only two
ternary compounds, CeCglrand CeColng, exist in the region with high indium content

(fig. 3). In the otherR—Co-In systems, the compounds with similar compositions were in-
vestigated and more than 120 ternary compounds have been found. The crystal structures for
68 of them have been determined by X-ray détaas generally observed that in all ternary
systems no solid solutions based on binary compounds exist, and ternary compounds form
at constant stoichiometry showing practigaio homogeneity ranges. The basic crystallo-
graphic data of all known terna#®, CoyIn; compounds are listed in table 1.
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Fig. 2. Isothermal section of the phase dia-
20 40 60 80 gram in the Pr—Fe—In system at 1050 K. 1 —
atomic-% In PrgFei3in.

Ce

CeCo,
CeCo; 4
Ce,Coy
CeCoy 870K  Fig. 3. Isothermal sections of the
Ce,Coyy phase diagram in the Ce—Co-In sys-
tem at 870 K and 670 K. 1 —
Co In CeColr; 2 - CeColng.

3.1.4. The R—Ni—In systems

The isothermal sections of the phase diagram of the ternary Ce—Ni—In system at 870 K and
at 670 K in the region of 0-33.3 and of 33.3—-100 atomic percent cerium, respectively, have
been built. Twelve ternary indides have beenrid in the Ce—Ni-In system (fig. 4) (Kaly-
chak, 1998b). A small range of homogeneity was found for GBMNi ,, x = 0.2—-0.3 (#9 in

fig. 4), which is characteristic for the indides with the AlBtructure. Furthermore, the crys-

tal structure for ten more compounds has been studiegNi@kmg exists only above 870 K.

The crystal structures efCesNilno and~Ce;Nilng are unknown. The ranges of homogene-
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Table 1
Crystallographic data of terna®—Co-In compounds
Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
YColng HoCoGg P4/mmm 4551(1) 7433(2) 1
Y2Colng Hoy,CoGyg P4/mmm 457.4(2) 12013(4) 1
YCosln PrCopGa Pmma 5027(2) 4038(2) 7108(2) 2
YCo.14IN0.86 HogCopyGa Immm 950.6(5) 9511(4) 9992(3) 3
Y 14CopIng Luy4Colng P4, /nmc 9530(3) 23269(8) 4
LaColrg HoCoGg P4/mmm 46399(4) 76151(6) 5
LagCo3In NdgFe; 3Si 14/mem 8102 23576 6
LajoCogln SmyoNigin Im3 10165(3) 7
CeColry HoCoGg P4/mmm 460.1(1) 754.0(2) 1
CeyColng HooCoGg P4/mmm 464.0(1) 12251(3) 1
PrColry HoCoGg P4/mmm 4596(2) 750.3(3) 1
Pr,Colng HooCoGg P4/mmm 4605(1) 12193(4) 1
PrColn PrCoGa Pmma 5119(3) 4089(3) 719.7(3) 2
Pry5Cogln SmyoNigin Im3 9920(2) 7
NdColng HoCoGg P4/mmm 459.0(2) 750.2(3) 1
NdyColng HooCoGg P4/mmm 4608(1) 1217.2(3) 1
NdCoIn PrCoGa Pmma 509.6(3) 4082(2) 715.8(4) 2
Nd;2Cogln SmyoNiglin Im3 9866(2) 7
SmpCaoglng SmpCaoglng Cmmm 22834(4) 5020(1) 40842(8) 8
SmColry HoCoGg P4/mmm 457.7(1) 746.3(3) 1
SmpColng Ho,CoGg P4/mmm 4583(1) 12101(4) 1
SmColn PrCopGa Pmma 5080(3) 406.0(3) 7127(3) 2
SmgCoIn HogCopyGa Immm 954.9 9583 10068 9
Smy2Cogln SmyoNiglin Im3 9786(3) 7
GdColny HoCoGg P4/mmm 456.7(1) 746.1(2) 1
GdyColng HooCoGg P4/mmm 456.9(1) 12021(4) 1
GdCaxlIn PrCopGa Pmma 5052(2) 4055(1) 7124(2) 2
GdsCo 14IN0 86 HogCopyGa Immm 954.4(5) 9597(5) 10041(5) 3
GdgCop 2lng g HogCopyGa Immm 9501(3) 9623(3) 10090(2) 10
Gd14Coylng Luy4Coplng P45 /nmc 9615(2) 23336(6) 4
Gdi4Co3lny 7 Gdi4Co3lnz 7 P4, /nmc 9619(2) 23291(4) 11
TbColry HoCoGg P4/mmm 454.9(1) 7425(2) 1
ThoColng Ho,CoGg P4/mmm 456.8(1) 12008(2) 12
TbCopln PrCoGa Pmma 5033(1) 405.0(2) 7122(2) 13
TbeC0p.14IN0.86 HogCopyGa Immm 942.8(6) 945.0(8) 996.9(6) 3
Tb14Coplng Lu14Coping P4, /nmc 954.4(3) 23225(9) 4
DyColng HoCoGg P4/mmm 4545(1) 7418(2) 1
DyCogln MgCusSn F43m 7087(1) 14
Dy»,Colng HooCoGg P4/mmm 456.1(2) 11994(5) 1
DyColIn PrCopGa Pmma 499.8(4) 4034(4) 706.0(3) 2
Dy3Coplng LuzCop g7Ing P6 7867(2) 364.5(4) 15
DygCo0p.14IN0 86 HogCopyGa Immm 940.1(5) 9438(5) 9938(7) 3
Dy14CoplIng Lu14Coping P4, /nmc 950.0(3) 23002(9) 4
HoColny HoCoGg P4/mmm 454.7(1) 7411(2) 1
HoCyln MgCusSn F43m 706.8(2) 14
HooColng HooCoGg P4/mmm 454.0(2) 11984(4) 1
HoCaoplIn PrCoGa Pmma 499.3(3) 4029(4) 705.4(3) 2

continued on next page
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Table 1,continued

Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
HozCoplng LuzCoy g7ing P6 7866(1) 3605(3) 15
HogCo».14IN0 86 HogCoyGa Immm 934.8(6) 9430(6) 9906(9) 3
Ho14CoyIn3 Lu14Coping P4, /nmc 9459(2) 22913(8) 4
ErgCo17.92N14 LugCo017.92n14 Pm3 8663 16
ErCqln MgCusSn F43m 704.9(1) 14
EryColng Hoy,CoGyg P4/mmm 456.0(1) 11958(4) 1
Er10Coglnog Ho1oNiglnag P4/nmm 13253(2) 907.8(4) 17
ErzCoplng LuzCo g7Ing P6 7850(1) 3583(2) 15
Eri4Colng Luq4Coplng P4, /nmc 9413(3) 22793(9) 4
TmColng HoCoGg P4/mmm 4532(1) 7387(3) 12
TmgCo17.92N14 LugCoi7.9Jn14  Pm3 8655(4) 18
TmCaqln MgCusSn F43m 704.2(1) 14
TmyColng Ho,CoGg P4/mmm 454.4(1) 11934(4) 1
TmygCoglnyg Ho1oNiglnag P4/nmm 13166(5) 9097(4) 17
Tm3Coylng LuzCoy g7Ing P6 7843(1) 3556(2) 15
TmgCop.14IN0.86 HogCopyGa Immm 9288(3) 930.1(6) 9793(4) 3
Tm14Coplng Luq4Coplng P4, /nmc 936.8(3) 22691(9) 4
YbColng HoCoGa P4/mmm 455.90(7) 7433(1) 19
LuColng HoCoGg P4/mmm 4527 7359 1
LugCo17.92n14 LugCoi7.9Jn14  Pm3 8652(3) 16
LuCo4ln MgCusSn F43m 7029(1) 14
Lu10Caglnzg HoygNiglnyg P4/nmm 13160(1) 9106(1) 17
LuzCoy g7ing LuzCop g7Ing P6 7814(2) 3521(1) 15
LugCoy.14IN0 86 HogCo,Ga Immm 9238(3) 924.1(4) 9727(% 3
Lu14Coplng Lu14Coplng P4, /nmc 9333(2) 22633(4) 4
References: 7. Kalychak et al. (1998) 14. Sysa et al. (1988)
1. Kalychak et al. (1989a) 8. Baranyak et al. (1993) 15. Zaremba et al. (1989)
5 Kalvehak otal (19930 " 20-Canpa etal (20028 16. Zarembaet al. (1990
. Kalychak et al. . Canepa et al. a -
4. Zaromba o ol (1992) 11. Canega et al. (2002b) 17. Dubenskil et al. (1998)
5. Macaluso et al. (2002) 12. Kalychak (1999a) 18. Dubenskii et al. (1999)
6. Weitzer and Rogl (1990) 13. Kalychak et al. (1993a) 19. Zaremba et al. (2003b)

ity of the compounds with AIB type structure have been established by Baranyak (1991).
The compound®Nip.33in1.67 (R = La and Pr) show no homogeneity range, while the com-
pounds with neodymium and samariumrRsomponent have small homogeneity ranges with
the compositions as stated in the formulB&lig 30 dn1.7-1.8

In other ternary system®—Ni—In, compounds with the same compositions as in the Ce—
Ni—In system have been studied. In contrast to the cobalt systems some compoundg-in the
Ni—In systems have variable composition, i.e. they have extended homogeneity ranges or they
form solid solutions. The equiatomic indides in the {Y, La, Ce, Pr, Nd, Sm, Gd, Th, Dy, Ho,
Er, and Tm}-Ni—In systems have been investigated by Ferro et al. (1974a). The other ternary
indides R, Ni,In, have been prepared for the first time by the Kalychak group. Nearly 180
ternary compounds exist at the thermal conditionstioeed above and the crystal structures
have been determined for 127 of these nickel-based indides (table 2).
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Ce

Fig. 4. Isothermal sections of the
phase diagram in the Ce—Ni-In sys-
g7o0K tem at 870 K and 670 K. 1 — Ce-
Niglny; 2 — CeNglIng; 3 — CeNgln;
4 — CeNjln; 5 — CeNilry; 6 — Ce;-
Niglny1; 7 — CeNilrp; 8 — CeNiln; 9 —

Ni Nizln / € \ Niln  NiyIng In CeNip.3-04n1.7-1.§ 10 — CeNi»ln;

NisIn Niy3lng 11 —~Ce3Nilny; 12 —~CesNilns.
Table 2
Crystallographic data of terna®@—Ni—In compounds
Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.

ScNiln MgCusSn F43m 687.2(1) 1
ScNbin MnCuAl Fm3m 6256 2
SoNisln MosFeB, P4/mbm 71679(1) 333154(8) 3
YNigin, YNigln P4/mbm 8222(2) 482702 4
YNigln MgCusSn F43m 7034(1) 1
YNilno MgCuAl, Cmem 4314(2) 10406(5) 727.6(3) 5
YNiln FeoP P62mn 7486 3784 6
YNi1_gs5dni_150 ZrNiAl P62m 7474-7566 377.3-3805 7
Y5Nisln MnoAIB Cmmm 3900(1) 14186(2) 3694(1) 8
Y5Nis_In MosFeB, P4/mbm 7365(3) 367.93) 9
Y 1oNigIn SmyoNigln Im3 9711(2) 10
LaNi7Ing LaNi7Ing Ibam 8066(2) 0248(2)  12465(2) 11
LaNigIny YNigln P4/mbm 8339(3) 4877(2) 4
LaNizIng LaNigIng Pmmn 4388(2) 7574(4)  12110(7) 12
LaNiglIn CeNigSn P63/mmc 4957(2) 19969(5) 13
LaNigIny HoNip 6Gap 4 P6/mmm 9334(4) 4356(2) 14
LaNilng YNIAl 4 Cmem 4484(4) 16885(4) 7199(2) 15
4482(1) 16895(4) 7221(1) 11
LayNi7Ing CesNi7Ing Cmmm 14757(5) 24187(7) 4398(1) 16
LasNiglng1 PrsNiging1 Cmmm 14640(8) 14674(8) 4439(2) 17
1465(1) 146%4(9) 444.1(3) 18
LaNisIn PrCopGa Pmma 5254(1) 4131(1) 716.9(1) 19
LaNiln FeP P62m 7613 4035 6

LaNigsln 5 AB> P6/mmm 4837(1) 4036(2) 20,21
LaoNisln MoaFeB, P4/mbm 7611(3) 3918(2) 9
7627(3) 3905(1) 22
LagoNigln SmyoNigln Im3 10209(1) 10

continued on next page
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Table 2,continued

Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
CeNiplny YNigln, P4/mbm 8250(2) 4851(2) 4
82597(1) 484.66(2) 23
CeNilng LaNizIng Pmmn 4385(4) 7537(4)  12060(1) 12
CeNigln CeNigSn P63/mmc  4894(2) 1987.8(5) 13
CeNiln MgCwSn  F43m 7056(1) 1
CeNilry YNiAl 4 Cmem 4460(2) 16788(5) 7220(2) 15
4459(1) 16767(2) 7193(1) 24
CeyNi7ing CeNizlng  Cmmm 14752(2) 24184(3) 43951(8) 16
CesNigingy PrsNiging;  Cmmm 146Q0(4) 146Q1(3) 4413(1) 17
1457(1) 14584(9) 4412(3) 18
CeNilmp PrNilny Cmem 44078(4) 18343(1)  21788(2) 25
CeNiln FeP P62m 7523 3973 6
CeNpsiny s AB, P6/mmm  4834(1) 3928(2) 20
CeNig3o0dni7-18 AB> P6/mmm  4849-4868(1) 3959-3929(1) 26
CeNislIn MoyFeB, P4/mbm 7499(2) 3751(2) 9
75305(3) 37223(2) 22
PrNigIn, YNigln, P4/mbm 8275(2) 4871(2) 4
PrNizlng LaNizlIng Pmmn 4336(6) 7539(2)  12043(6) 12
ProNi1g glng.4 ThyNiq7 P63/mmc 8353 8141 27
PrNisIn CeNigSn P63/mmc 491.9(1) 19936(6) 13
PrNigIn MgCwSn  F43m 7137(1) 1
PrNilng YNiIAl 4 Cmem 4443(1) 16681(4) 7193(2) 15
PisNi7Ing CeNizlng  Cmmm 14756(4) 24189(6) 439.4(1) 16
PrsNiglng1 PrsNiging;  Cmmm 1457.9(6) 1457.9(6) 4400(1) 17
PrNipIn PrcoGa Pmma 5180(3) 4105(2) 7100(3) 19
PrNilny PrNilny Cmem 4400(2) 18339(6)  21646(5) 28
PrNiln FeP P62mn 7541 3950 6
PrNig.5In1 5 AB, P6/mmm  4836(1) 386.1(2) 20,21
ProNisIn Mo,FeB, P4/mbm 7526(2) 3817(1) 9
PrioNigin SmoNign - Im3 9993(2) 10
NdNigIn, YNigln, P4/mbm 8262(3) 4847(3) 4
NdNizIng LaNizlIng Pmmn 4343 7522 12054 12
NdNigIn CeNigSn P63/mmc  4911(1) 19899(6) 13
NdNizln MgCwSn  F43m 7118(1) 1
NdNilng YNiAl 4 Cmem 4430(2) 16656(6) 717.8(2) 15
NdsNi7Ing CesNizlng  Cmmm 14754(4) 24189(6) 4394(1) 16
NdsNiglng 1 PrsNigingz  Cmmm 14509 14517 4380 17
14559(3) 14533(3) 4383(1) 29
NdNizIn PrcoGa Pmma 5164(3) 409.4(3) 7088(3) 19
NdNilny PrNilny Cmem 4380(1) 18335(4)  21516(5) 28
NdNiln FeP P62mn 7537 3922 6
NdNig 5Ny 5 AB, P6/mmm  4810(1) 3782(2) 20
NdNig3 9dni7-18 AIB> P6/mmm  4810-4836(1) 3782-3795(1) 21
NdoNisln MoyFeB, P4/mbm 7514(2) 3757(2) 9
Ndq2Nigin SmyoNigin + 1m3 9938(2) 10
SmNigln, YNiglny P4/mbm 8236(3) 4833(3) 4
SmNigin CeNisSn P63/mmc  4888(1) 19827(3) 13
SmNjIn MgCwSn  F43m 7081(1) 1
SmyNi7Ing CesNizlng  Cmmm 14756(4) 24177(7) 439.3(1) 16
SmNilny PrNilny Cmem 4349(2) 18184(6)  21436(7) 28

continued on next page
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Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
SmNiln FeP P62m 7503 3880 6
SmNi g0 AN10-13 ZrNiAl P62m 7487-7630 3872-3870 7
SmNipsiny 5 AlB> P6/mmm  4791(1) 3736(1) 20
SmNip4-04n16-1.7 AlB» P6/mmm  477.8-4811(1) 3741-3733(1) 21
SmpNisIn MnoAIB » Cmmm 3961(1) 14370(4) 377.1(2) 8
SmpNio_,In MooFeB, P4/mbm 7448(2) 3728(2) 9
SmyoNigln SmyoNigln Im3 9800(2) 10
EuNizIng LaNi7Ing Ibam 8045 9162 12396 30
EuNigln, YNigln, P4/mbm 8246(3) 4840(2) 4
EuNizlng LaNisIng Pmmn 4338(2) 7616(5)  117Q7(7) 30
EuNisln CeNigSn P63/mmc  4875(2) 19791(4) 13
EuNilng YNIAl 4 Cmem 4463(2) 16942(5) 7202(2) 15
44731 169588 72236 31
EuNiln, MgCuAly Cmem 4390(1) 10644(2) 767.3(2) 32
EuNig 5Iny 5 AB> P6/mmm  4960(1) 3933(1) 20
GdNiglny YNigln P4/mbm 8232(4) 4834(4) 4
GdNiglny CeMrgNis P4/mbm 8212 4821 33
GdNigln MgCuwSn F43m 7059(1) 1
GdNilny MgCuAl, Cmem 4335(2) 10452(5) 7327(3) 5
GdNiln FeP P62m 7467 3845 6
7489 3832 34
GdNiy_g gdn1-1.35 ZrNiAl P62m 7483-7699 3840-3852 7
GdpNisIn MnoAIB » Cmmm 3930(1) 14240(3) 3717(2) 8
GdpNio_,In MooFeB, P4/mbm 7429(1) 370.7() 9
GdyoNigin SmyoNigln Im3 9743(1) 10
TbNigIny YNigln P4/mbm 8212(4) 4821(3) 4
TbNigln MgCusSn F43m 7034(1) 1
TbNilny MgCuAl, Cmem 4328(2) 10423(2) 7303(2) 5
TbNiln FeP P62m 7472 3776 6
TbNi1 g_0dn1.0-15 ZrNiAl P62m 744.7-7656 38Q1-3777 7
ThoNisln MnoAIB » Cmmm 3921(1) 14217(4) 369.4(1) 8
ThoNio_,In MooFeB, P4/mbm 737.2(3) 3682(3) 9
DyNigln, YNigln, P4/mbm 8200(4) 4815(3) 4
DyNigln MgCusSn F43m 7012(1) 1
DyNiln, MgCuAly Cmem 4315(2) 10391(3) 7306(3) 5
DyNiln FeoP P62m 7462 3770 6
DyNii g 0dn10-14 ZrNiAl P62mn 7433-7625 3771-3745 7
Dy>NisIn MnoAIB » Cmmm 3899(1) 14144(4) 366.2(2) 9
Dy,Nio_,In MosFeB, P4/mbm 7350(3) 367.2(3) 9
HoNigln, YNigln, P4/mbm 8190(3) 4801(3) 4
HoNigln MgCuwSn F43m 7004(1) 1
HoygNiglnyg HoqgNiglngg  P4/nmm 13286(3) 9083(3) 35
HoNiIn FeP P62m 7629 3749 6
HoNi1_g sin1_15 ZrNiAl P62m 7442-7661 3746-3832 7
HooNisln MnoAIB » Cmmm 3899(1) 14139(4) 3658(2) 8
HooNio_In MosFeB, P4/mbm 7345(4) 366.7(3) 9
HosNiolng LugNialng Pbam 17768(5) 7888(3) 356.8(2) 36

continued on next page
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Table 2,continued

Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
ErNiglny YNiglny P4/mbm 8190(4) 4801(3) 4
ErNigln MgCusSn F43m 699.6(1) 1
ErqoNiglnog HogNiglnyg  P4/nmm  13250(2) 907.5(3) 35
ErNiln FeP P62mn 7441 3723 6
ErNi1_g.dn1-1.4 ZrNiAl P62m 7412-7656 3730-3693 7
EryNizln Mn2AIB » Cmmm 3893(1) 14110(4) 3639(2) 8
ErpNio_In Moy FeBy P4/mbm 7310(3) 3654(3) 9
ErsNizlng LusNizlng Pbam 17722(8) 786.6(4) 3558(3) 36
TmNigln MgCusSn F43n 699.3(1) 1
TmqoNiglngg HoygNiglngg  P4/nmm  13251(2) 906.0(2) 35
TmNiln FeP P62m 7426 3704 6
TmNi1—g.dN1-1.4 ZrNiAl P62n 7388-7659 3705-3672 7
TmyNisln Mn,AIB » Cmmm 3886(2) 14041(3) 3613(2) 8
TmaNio_In Moy FeB, P4/mbm 7293(4) 3644(4) 9
TmgNizlng LusNizlng Pbam 17653(6) 784.3(3) 3542(3) 36
Tmg_,Nizlng_, MosB,Si 14/mem 75216 13159 37
x=0.18

Tmyg— . NizIng; own P45 /nmc 93922 22512 37
x=0.52

YbNigln MgCusSn F43m 697.5(1) 1
YbNilng YNIAIl 4 Cmem 4398(1) 16606(5) 727.8(2) 15
LuNigln MgCusSn F43m 699.7(1) 1
LugoNiglnyg HojgNiglngg  P4/nmm  13155(2) 8993(2) 35
LuNiln ZrNiAl P62m 7408(1) 3693(1) 38
LuNiy 1-069n0.9-1.35 ZrNiAl P62m 7381-7490 3691-3742 7
LuoNisln Mn,AIB » Cmmm 3855(1) 14005(4) 367.0(2) 8
LuaNio_,In MooFeBy P4/mbm 7282(4) 3636(3) 9
LusNizlng LusNizlng Pbam 17568(5) 7798(2) 3522(1) 36
References 13. Baranyak et al. (1992) 26. Kalychak (1998b)

1. Zaremba et al. (1984) 14. Zaremba et al. (1993) 27. Kalychak (1997)

2. Dwight and Kimball (1987) 15. Kalychak et al. (1988b) 28. Zaremba et al. (2000c)
3. Pottgen and Dronskowski (1996) 16. Baranyak et al. (1988a) 29. Pottgen et al. (1999a)
4. Kalychak et al. (1984b) 17. Kalychak et al. (1987) 30. Zaremba et al. (2004)
5. Zaremba et al. (1987a) 18. Tang et al. (1995) 31. Poéttgen et al. (1996)
6. Ferro et al. (1974a) 19. Kalychak and Zaremba (1994) 32. Kalychak et al. (1997)
7. Kalychak et al. (1995) 20. Baranyak et al. (1988b) 33. Mulder et al. (1998)
8. Zaremba et al. (1988) 21. Baranyak (1991) 34. Buschow (1975)

9. Kalychak et al. (1990) 22. Kaczorowski et al. (1996a) 35. Zaremba et al. (1987b)
10. Kalychak et al. (1998) 23. Moze et al. (1995) 36. Zaremba et al. (1991)
11. Kalychak et al. (2001) 24. Pottgen (1995) 37. Lukachuk et al. (2002)
12. Kalychak et al. (1985) 25. Zaremba et al. (2002b) 38. Sysa et al. (1988)

3.1.5. The R—Cu-In systems

Isothermal sections of the phase diagrams of e&eBu—In system have been built for the
whole area of compositions. Only the Sc—Cu-In system has not been investigated. The {La,
Ce, Pr, Nd, Sm}-Cu-In systems have been investigated at 870 K in the region of 0-33.3
atomic percenR and at 670 K in the region of 33.3-100 atomic perceniThe {Eu, Yb}—
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Cu-In systems have been investigated at 670 K and the {Y, Gd, Tb, Dy, Ho, Er, Tm, Lu}-Cu—
In systems have been investigated at 870 K. The existence of 13 compounds with equiatomic
compositionRCuln is confirmed (Kalychak et al., 1998), which were first investigated by
Dwight (1976) in each system. ¥kCuwIng ¢ reported by Felner and Nowik (1987) is also
confirmed. The formation of homogeneity ranges is typical forRR€u—In systems and they

are much broader than in the-Ni—In systems. There exist 102 ternary compounds in the
copper based systems under the thermal conditimeistioned above. The crystal structures
have been investigated for 92 of them (table 3).

Table 3
Crystallographic data of terna®—Cu—In compounds
Compound Str. type S.G. a(pm) b(m) ¢ (pm) Ref.
ScCuyln MnCuwAl Fm3m 636.2(2) 1
SeCuwlin UoPbSn P4, /mnm 722.36(6) 68955(9) 2
YCus 1Ing.9 ThMn12 14/mmm  9158(2) 5398(1) 3
YCugln MgCusSn F43m 7191(1) 4
YCuy.64-4.00N0.36-1.00 MgCusSn F43m 707.5-7191(2) 3
YCuzIn MnCwAl Fm3m 6601(1) 15
YCuln ZrNiAl P62m 7439(1) 3946 4
YCug 53-0.33N1.47-1.68 AlB> P6/mmm 469.0(1)-4709(1) 366.8(1)—-3653(1) 3
Y2Cuwpln Moy FeB, P4/mbm  747.0(2) 3765(2) 6
LaCus slng 5 NazZm3s Fm3c 12492(3) 1
LaCuwlny YNiglny P4/mbm 8597 5077 7
LaCus 23-4.28N0.77-1.75 CeCuy 3gIn1. 62 Pnnm 16533-17062 10502—-  4968-5180 7.8
10880

LaCwln MnCuwAl Fm3m 684.5(1) 1

6854 59
LaCuln ZrNiAl P62m 755 428 10
LaCuslini s AIB 2 P6/mmm 4821(1) 4025(2) 11
LaCuy 50-0.28N1.50-1.80 AIB 2 P6/mmm 4821-4870 3996-4032 7
LayCwpIn Moy FeBy P4/mbm  7789(2) 3983(3) 6,7

7964 3906 12
Cey.72Cug goln3.84 NaZm3 Fm3c 12482(1) 1314
CeCu 1lng.9 ThMnq2 14/mmm  926.3(2) 5423(1) 15
CeCuy 0-8.dN2.0-3.0 YNiglny P4/mbm 847.6-8631(2) 4988-5117(2) 14
CeCuy 38In1.62 CeCuy 3gn1.62 Pnnm 17169(6) 10908(4) 5202(2) 8
CeCl 1440 9-1.8 CeCuy 3gn1.62 Pnnm 16720-17019(4) 10600-  5074-5189(1) 14

10809(3)

CeCuln MnCuwAl Fm3m 6785(1) 1,9
CeCuln ZrNiAl P62m 749 424 10

7490(1) 4249(1) 14
CeCysing s AIB2o P6/mmm 4818(1) 3899(1) 11
CeCly.g_04n1.2-16 AIB» P6/mmm 4804-4835(1) 3837-3917(2) 14
CeCuwln Moy FeBy P4/mbm  7728(1) 3916(2) 6,14

77368 39240 12
CeCyp_xInp_y CaBeGe, P4/nmm  4245(19 10550(2) 1314
(x=y=0.5)
PrCus.1Ing.9 ThMng2 14/mmm  924.6(1) 5415(1) 15
PrCuw o-g.1n2.0-2.9 YNiglny P4/mbm 8586-8597 5089-5107 16
PrCu 3gln1 .62 CeCuy.3gln1 g2 Pnnm  16948(4) 107929(3) 5154(1) 8

continued on next page
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Table 3,continued
Compound Str. type S.G. a(pm) b(pm) ¢ (pm) Ref.
PrCus.1-44n09-1.8 CeCuy 3gln1 g2 Pnnm  16667-16948 10591- 5050-5160 16
10800
PrCuwln MnCuAl Fm3m 6757(1) 1,9
PrCuln ZrNiAl P62n 746 420 10
PrCysing s AIB2o P6/mmm 4789(2) 3812(3) 11
PrCws_02dn150-1.80 AlB2> P6/mmm 4782-4853 3958-3789 16
PrCuwlin Moy FeBy P4/mbm 767.8(1) 3893(1) 6
NdCus 1Ing.9 ThMng2 14/mmm  9239(1) 5423(1) 15
NdCuw 0_8.4N2.0-2.6 YNiglny P4/mbm 8521-8537(2) 5034-5056(2) 17
NdCu 3gIn1 62 CeCu 3gln1.62 Pnnm  16958(5) 1077.(3) 5131(2) 8
NdCw 9_4.dn1.1-2.0 CeCuy.3gln1 g2 Pnnm  16675-16924(5) 10605- 5023-5118(1) 17
10812(4)
NdCuwyln MgCusSn F43m 7293(1) 4
NdCuwln MnCuwAl Fm3m  6735(1) 1,9
NdCuln ZrNiAl P62n 747 414 10
7459(2) 4159(3) 17
NdCuw 5lny 5 AIB» P6/mmm 4784(1) 3800(2) 11
NdCw.7-0.4n1.3-1.7 AIB» P6/mmm 477.3-4813(1) 3764-3805(2) 17
NdoCuwoIn Moy FeBy P4/mbm 7638(2) 387.7(1) 6
SmCuy; 1Ing.g9 ThMn12 14/mmm  920.2(1) 5396(1) 15
SmCuw 0-8.dN2.0-3.0 YNiglny P4/mbm 8497-8561(1) 5000-5094(1) 17
SmCu 3gIn1 62 CeCuy 3gln162 Pnnm  16580(7) 10582(4) 4996(2) 17
SmCuyln MgCusSn FA3m 7224(1) 4
SmClg_4dnoi1-10 MgCwSn F43n  7132-7243(1) 17
SmCuln MnCuwAl Fm3m  6732(1) 1
6685 59
SmCuln ZrNiAl P62n 748 407 10
7421(1) 3950(1) 4
SmCuysini s AIB» P6/mmm 4704(1) 364.7(1) 11
SmCy 6-0.4N1.4-1.8 AIB 2 P6/mmm 4747-4813(1) 3725-3699(1) 17
SmpCuwIn Moy FeB, P4/mbm 757.1(2) 3823(1) 6
EuCu 5lng 5 NazZm3s Fm3c  12581(7) 1
EuCuslns 5 YNiglny P4/mbm 864.3(2) 5156(2) 18
EuCulry YNIAIl 4 Cmem 4493(2) 16935(5) 737.3(5) 19
EuCwsing 5 AIB2o P6/mmm 494.2(1) 3935(2) 11
GdCus 1lng g ThMnq» 14/mmm 9186(2) 5412(2) 15
GdCuw 0o-8.38N2.00-2.64 YNiglny P4/mbm 8492-8565(2) 504.7-5100(2) 20
GdCuyln MgCusSn F43n  7227(1) 4
GdCuy,.70-4.0dN0.30-1.00 MgCusSn F43m 709.0-7227(2) 20
GdCuwln MnCuwAl Fm3m  6641(2) 1
664.3 59
GdCuln ZrNiAl P62m 7463(1) 3996(1) 4
GdCuy 59-0.33N1.41-1.65 AlB» P6/mmm 4730-4770(1) 3692-3675(1) 20
GdCwoln MooFeBy P4/mbm 7528(2) 3798(2) 6

continued on next page



RARE EARTH-TRANSITION METAL-INDIDES

17

Table 3,continued
Compound Str. type S.G. a(pm) b(pm) ¢ (pm) Ref.
ThCus.1Ing 9 ThMn1» 14/mmm 917.2(2) 5394(2) 15
ThCus_4Ing_1 MgCusSn F43m 7199(1) 4
ThCus_4lng_1 AuBes—MgCwSn F43n  7041-7199 21
ThCwlin MnCupAl Fm3m  6615(3) 1
6613 59
TbCuln ZrNiAl P62n 745 397 10
7454(1) 3964(2) 4
TbCuw 56-0.33N1.44-1.68 AlB2 P6/mmm 4717-4750(2) 3666-3638(2) 21
ThyCulng AB2 P6/mmm 470.2(1) 3682(2) 22
ThoCulng (at 3.8 K) own Cmmm  4699(2) 8139(2) 3668(1) 22
ThyCupIn MooFeBy P4/mbm 7487(2) 377.2(2) 6
DyCus 1lng g ThMnq2 14/mmm  916.3(2) 5395(2) 15
DyCuyin MgCusSn F43m  7184(1) 4
DyCus_4lng_1 AuBes—MgCwSn F43n  7027-7184 21
DyCuwlIn MnCuAl Fm3m 659.3(1) 1
6594 59
DyCuln ZrNiAl P62m 744 394 10
7438(2) 3943(2) 4
DyCug 65-0.33N1.35-1.68 AIB2 P6/mmm 470.6-4738(1) 364.8—-3633(1) 21
Dy>Cuwpln MooFeBy P4/mbm 746.6(3) 3746(2) 6
HoCus 1Ing.9 ThMn1» 14/mmm 9154(2) 5387(1) 15
HoCuwln MgCusSn F43m 7183(1) 4
HoCus_4lng_1 AuBes—MgCwSn F43m 7016-7169 23
HoCuwln MnCuAl Fm3m 6511(1) 1
657.6 59
HoCuln ZrNiAl P62mn 7432(1) 3894(1) 4,10
HoCuy 41-0.2dn1.59-1.71 AIB2 P6/mmm 469.0-4709 3627-3610 23
HoyCuwln MooFeBy P4/mbm 744.1(2) 3731(2) 6
ErCus 1lng g ThMnq2 14/mmm 9152(2) 5390(2) 15
ErCuyln MgCusSn F43m 7159(1) 4
ErCus_4lng_1 AuBes—MgCwSn F43m 700.3-7159 23
ErCwlin MnCuAl Fm3m 6581(1) 1
656.2 59
ErCu 0-0.64N1.0-1.36 ZrNiAl P62mn 7408(1) 3983(1) 4,23
ErCuw 44-0.34n1.56-1.65 AlB2 P6/mmm 4697 3598 23
ErpCwln MooFeBy P4/mbm 7414(3) 3723(2) 6
TmCus 1Ing 9 ThMny2 14/mmm 9150(21) 5383(1) 15
TmCuwyln MgCusSn F43m 7153(1) 4
TmCus_4lng_1 AuBes—MgCwSn F43m 6991-7153 24
TmCuwlin MnCuAl Fm3m 6539(2) 1
TmCuln ZrNiAl P62mn 7398(1) 3868(1) 4
TmCuw 0_05dN1.0-1.44 ZrNiAl P62m 7399-7391 3868-3943 24
TmCw4-0dn16-17 AlB> P6/mmm 4694 3595 24
TmoCuwpln Moy FeB, P4/mbm 7393(1) 3696(1) 6
YbCus 1Ing g ThMnq2 14/mmm 9219(2) 5389(2) 15
YbCuwln MgCusSn F43nm  7146(1) 4
71575(6) 25
YbCuy g8—4.dno.2-1.0 MgCusSn F43m 7036-7145(3) 26

continued on next page
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Table 3,continued

Compound Str. type S.G. a(pm) b(pm) ¢ (pm) Ref.

YbsCupln W,CoB, Immm  4388(5) 57430(6) 87337(9) 27

YboCwpoln MooFeBy P4/mbm 7473 3892 28

LuCus 1lng.g ThMny 14/mmm  9140(2) 537.7(2) 24

LuCuyln MgCusSn FA43m 714.4(1) 4

LuCus_4lng_1 AuBes—MgCwSn F43m 697.0(1)—7144(1) 24

LuCwln MnCuwAl Fm3m  6509(2) 1

6514 59

LuCuln ZrNiAl P62n  7388(1) 3789(1) 4

LuCuy 0-0.414n1.0-1.59 ZrNiAl P62n  7388(1)-7364(1) 3826(1)-3923(1) 24

LupCpln MosFeB, P4/mbm 7364(1) 3682(1) 6

References 10. Dwight (1976) 20. Bakar and Kalychak (1990)

1. Kalychak et al. (1984a) 11. Baranyak et al. (1988b) 21. Kalychak et al. (1989b)

2. Hulliger (1996) 12. Kaczorowski et al. (1996a) 22. Siouris et al. (2001)

i. galychitakla?fggg;ar (2989) 12 garanyallz et 3I.K (1|99r(1)) < (199 23. Kalychak and Bakar (1994)
.Sysaetal. . Baranyak and Kalychal

5. Dwight and Kimball (1987) 15. Sysa et al. (1989) zg E;'ﬁzaekt Zrd( lE;"’;ko"’;r (1996)

6. Kalychak et al. (1990) 16. Kalychak (1998a) ' '

7. Dmytrakh and Kalychak (1990)  17. Baranyak and Kalychak (1993) ~ 26- Kalychak et al. (19892)

8. Kalychak et al. (1988a) 18. Sysa et al. (1994b) 27. Giovannini et al. (2001)

9. Felner (1985) 19. Sysa and Kalychak (1993) 28. Tsuijii et al. (2001)

Six ternary compounds exist in the Y-Cu—In system (fig. 5); (Kalychak and Bakar, 1989).
The crystal structures are all known. Y£44-4.06n0.36-1.00and YCuw 53-0.33N1.47-1 6ghave
extended homogeneity ranges.

Fig. 5. Isothermal sections of the
phase diagram in the Y-Cu—In sys-
tem at 870 K. 1 — YCy1lngg; 2 —
YCUg 64-4.dN0.36-1.6 3 — YCIN; 4

—YCuln; 5-YClh.53-0.34N1.47-1.68
6 — YoCuwln.
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Eight ternary compounds exist in the La—Cu-In system (fig. 6) (Dmytrakh and Ka-
lychak, 1990). The crystal structure efLaCuwlns is unknown. LaCyg2-44ng.s-1.7 and
LaCuw 5-0.4n1.5-1. ghave homogeneity ranges as statedhie formulae. A small homogene-
ity region is also characteristic for Laglny.

Nine ternary indides have been discovered in the Ce—Cu—In system (fig. 7) (Baranyak
and Kalychak, 1991). So far, only the crystal structure~@@eCu olns g has not been de-

Fig. 6. Isothermal sections of the
phase diagram in the La—Cu—In sys-
tem at 870 K and 670 K. 1 — La-
Cug5lng 5, 2 — LaCwlny; 3 — La-
Cus 23-4.24N0,.77-1.75 4 —~LaClp-
Ing; 5 — LaCyln; 6 — LaCuln; 7 —
CaCws5-0.dn15-1.8 8—LapCuwln.

Fig. 7. Isothermal sections of the
phase diagram in the Ce—Cu—In sys-
tem at 870 K and 670 K. 1 —
Ce;+(Clpeging32)12CU—y (x =
0.22; y = 0.36); 2 — CeCy1lng.9;

3 — CeCy p-g.dn2.0-3.0 4 — ~Ce-
Cuy 2ing g 5 — CeCy1-4.4N0.9-1.8

6 — CeCuyln; 7 — CeCuln; 8 — Ce-
Cu g-0.4n1.2-1.6 9 — CeCuyin.
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Fig. 8. Isothermal sections of the
phase diagram in the Pr-Cu-In
system at 870 K and 670 K.
1- PrCy1lngo; 2 — PrCyo-g 1
In2.0-29 3 — PrC6.1-44n0.9-1.8

4 — PrCuyin; 5 — PrCuln; 6 —
PrCu 50-0.2dn1.50-1.86 7 — Pb-
Cuwln.

Nd

g70k Fig. 9. Isothermal sections of the
phase diagram in the Nd-Cu-In
system at 870 K and 670 K.
1 - NdCu 1lngg; 2 — NdCw o g 4
In2.0-2.6 3 — NdCu.9-4dn1.1-2.0
4 — NdCyln; 5 — NdCwln; 6 — Nd-

In  Culn; 7 - NdCy¢70dn13-1.7 8 -

B € NdpCupin.

Cu

oo
d

termined. Homogeneity regions are present in Gagldn2.0-3.0 CeCw.1-4.4np.9-1.8 and
CeCu.g-0.4n1.2-1.6 CeCuy_,Iny_, is stable only above 870 K (Baranyak et al., 1990). A ho-
mogeneity range CeGu,In, (x = 0-1.75) has been reported by Kasaya et al. (1996).

In the Pr—Cu—In system (fig. 8), seven ternary compounds and their crystal structures
are known (Kalychak, 1998a). The indides P§Gus 1n2.0-2.9 PrCu.1-44npo-1.8 and
PrCw.s-0.4n1.5-1.shave homogeneity ranges as indicated in the formulae.
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Smylng Fig. 10. Isothermal sections of
the phase diagram in the Sm-—

4
//‘ 870K Cu-In system at 870 K and
SmCus //7/\ 670 K. 1 — SmCyilngg 2 —

SmCu SMCu,0-8.dn2.0-3.6 3 —SMCuU 35
Jri =

Inte2 4 — SmCu.g-4dNno.1-1.0

5 — SmCygln; 6 - SmCuln;

In 7 — SmCygodnis-18 8 -
B8 e SmpCuwln.

Fig. 11. Isothermal section of the
phase diagram in the Eu—-Cu—In sys-
tem at 670 K. 1 — EuCisings;

2 - EuCygsiny s, 3 — ~EuCwyln;

4 — ~EuCwlnz; 5 — EuCulny; 6—
~EuCulrp; 7 — EuCyslny s 8—
~EwCuwlIn; 9 —~EwCuln.

In the Nd-Cu-In system (fig. 9), eight ternary compounds with known crystal struc-
tures exist (Baranyak and Kalychak, 1993). Nd@Qu 4n2.0-2.6 NdCu.9-4.dN1.1-2.0 and
NdCuw.7-0.4n1.3-1.7have extended homogeneity ranges with respect to Cu/In mixing.
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Fig. 12. Isothermal section of the
phase diagram in the Gd—Cu—In sys-
tem at 870 K. 1 — GdGylng.g;
2 - GdCu go-8.3dN2.00-2.64 3 — Gd-
Cuy.70-4.08N0.30-1.00 4 — GACuln;
In 5 — GdCuln; 6 — GdCyi5g_0.35
B8 e In1.41-1.65 7 — GCulpIn.

GdCus 4/, i \4 \
I e —

— 2

Fig. 13. Isothermal section of the
phase diagram in the Tb—Cu—In sys-
tem at 870 K. 1 — ThGil1Ing.g; 2 —
TbCus_4lng_1; 3 — ThCwln; 4 — Th-
Culn; 5 — TbCip 56-0.34N1.44-1.68

6 — ThCuyIn.

Eight ternary indides have been found in the Sm—Cu-In system (fig. 10) (Baranyak and
Kalychak, 1993). The crystal structures of these indides have been determined. Homogeneity
regions are present in Sm&Lg.dn2.0-3.0 SMCuy.9-4.dn1.1-2.0 and SmCue-04dN1.4-1.8
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Dy

Fig. 14. Isothermal section of the
phase diagram in the Dy—Cu—In sys-
tem at 870 K. 1 — DyCslqlng.o;

2 - DyCus-4inp-1; 3 — DyCuw-
In; 4-DyCuln; 5 — DyCyg5-0.32
In1.35-1.68 6 — Dy2CipIn.

Fig. 15. Isothermal section of the
phase diagram in the Ho—Cu—In sys-
tem at 870 K. 1 — HoG1lng.g;

2 — HoCu_4lng_1; 3 — HoCuyln;

4 — HoCuln; 5 — HoCy.41-0.29
In1 59-1.73 6 — HRCuplIn.

Nine compounds of practically constant stoichiometry in the Eu—Cu-In system (fig. 11)
are known (Kalychak, 1998a). The crystal structures have been investigated fog £Hog3)
EuCuw 5ln2 5, EuCulny, and EuCysing 5.

In the Gd-Cu-In system (fig. 12), seven ternary compounds exist (Bakar and Kalychak,
1990) and their crystal structures are known. Ggl§gd An2 0-2.6 GACuw.7-4.dNo.3-1.0 and
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Fig. 16. Isothermal section of the
phase diagram in the Er—Cu-In
system at 870 K. 1 — ErGQulng.g;

2 — ErCu_4lng_1; 3 — ErCuln;
4 - ErCu.0-064n1.0-1.36

- ErCw.a44-03dn156-165 6 -
ErnCupln.

Fig. 17. Isothermal section of the
phase diagram in the Tm—Cu-In sys-
tem at 870 K. 1 — TmGllng.g;

2 — TmCu_4lng-1; 3 — TmCuln;

4 - TmCu-0s5dN1.0-1.44 5 —
TmCulp.4-0.4n1.6-1.7 6 — TMpCipln;

7 —~TmgCuln.

GdCuw 6-0.4n1.4-1.6 have homogeneity ranges. Six ternary indides have been found in the
Th—Cu—In system (fig. 13) (Kalychak et al., 1989b) and their crystal structures have been
determined. Binary TbGudissolves up to 16.7 atomic percent indium and a homogeneity
range is present in Tb@Q&e—0.33N1.44-1.68
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/ bIn2
// /_\ Fig. 18. Isothermal section of the
= phase diagram in the Yb—Cu-In
YbyCuqj y 7 \(/ system at 670 K. 1 — YbGpylng g;
/ e 2 - YbCwgadnoz-10 3 -
e — YbyCpln; 4 — ~YbsCulrp, 5 —

5 e ~Yb,Culn.

Fig. 19. Isothermal section of the
phase diagram in the Lu-Cu-In
system at 870 K. 1 — LuGpqlng.o;

2 — LuCus_4lng_y; 3 — LuCuwln;
4 - LuCuo-o04dn1o0-159 5 —
LuoCuwpoln; 6 —~LugCuln.

The Dy—Cu-In system (fig. 14) is very similar to the system with terbium (fig. 13) (Ka-
lychak et al., 1989b), except for the difference in the limits of the homogeneity range of

DyCuo.65-0.3%N1.35-1.68
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In the Ho—Cu-In system (fig. 15) five ternary indides have been found (Kalychak and Bakar,
1994) and their crystal structures have been established. $di€solves up to 16.7 atomic
percent indium, while the homogeneity range for HoG1Lo. 24n1.59-1.71iS smaller.

Six ternary indides have been found in the Er—Cu-In system, whose phase diagram is shown
in fig. 16 (Kalychak and Bakar, 1994). The crystal structures have been established for all
compounds. Binary ErGudissolves up to 16.7 atomic percent indium and homogeneity re-
gions are present in ErGd_o.64n1.0-1.36and ErCuy 44-0.38N1.56-1.65

Seven ternary compounds form in the Tm—Cu—In system (fig. 17; Kalychak and Bakar,
1996). A solid solution based on Tmgextends up to 16.7 atomic percent indium into
the ternary system. The crystal structures of all Tm—Cu—In indides have been determined.
TmCu 0-0.58N1.0-1.44 With ZrNiAl type structure has an extended homogeneity range.
TmCuw 4-0.4n1.6-1.7With AlB2 structure, however, has a limited homogeneity range. The
crystal structure of~TmgCuln is unknown.

In the Yb—Cu—In system (fig. 18; Kalychak, 1998a), the crystal structures of Y9Gy
INg.2-1.0 YbCus 1lng 9, and YirCuzIn (Giovannini et al., 2001; Tsujii et al., 2001) have been
investigated. The crystal structures of two other compounds are still unknown.

In the Lu—Cu-In system (fig. 19), five ternary compounds (Kalychak and Bakar, 1996)
exist with known crystal structures. Lugulissolves up to 16.7 at. percent indium and
LuCuy 0-0.41n1.0-1.50has an extended homogeneitpga. The crystal structure efLugCuln
is not known.

3.1.6. The R—Zn—In systems

In the R—Zn—In systems only the compounds of equiatomic composition have been investi-
gated and they crystallize in the Calor CeCuy (KHg?2) type. Their crystallographic data are
listed in table 4.

Table 4
Crystallographic data of terna®—Zn—In compounds

Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
LaZnln Calnp P63/mmc 4796(3) 776.8(5) 1
CeZnin Caln P63/mmc 4787(3) 7631(5) 1
Prznin Calnp P63/mmc 4786(3) 7537(5) 1
NdZnin Calnp P63/mmc 4719(3) 7531(5) 1
SmZnin Calp P63/mmc 469.7(3) 7414(5) 1
EuZnIn KHgp Imma 4823(1) 780.7(2) 827.6(2) 2
GdZnin Calnp P63/mmc 467.6(3) 7335(5) 1
DyZnin Calnp P63/mmc 464.9(3) 7239(5) 1
HoZnin Calnp P63/mmc 4636(3) 7214(5) 1
ErZnin Calnp P63/mmc 4616(3) 7184(5) 1
YbZnin Calnp P63/mmc 4725(3) 7382(5) 1
YbZnin KHgy Imma 4734 7370 8191 3
References

1. Mazzone et al. (1982) 2. Péttgen (1996a) 3. Dhar et al. (1995)
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3.2. R—4d-metal-In systems

The isothermal sections of the phase diagrams oRth&/-metal—-In systems have not been
studied prior to our own experimental investigations. Only the ternary compounds with
equiatomic compositions in thR—{Rh, Pd, Ag, Cd}-In systems were known in the literature.
The systems with zirconium, niobium, molybdenum, and technetiund aslelment compo-
nent have not been studied to date. The Panmktal—In systems have not been investigated
at all.

3.2.1. The R—Ru-n systems

The phase diagrams of tie-Ru-In systems have not been studied at the present time. Ac-
cording to Kurenbaeva et al. (2002), only CeRulvith MgCuAl» type structure, S&mcm,

a =45358(17), b = 100Q027(23), c = 767.73(12) pm is known.

3.2.2. The R—-Rh-In systems

Several compounds with equiatomic and other simple stoichiometries have been studied. The
isothermal sections of the phase diagrams for these ternary systems have not been investigated.
The crystallographic data for the known compounds are listed in table 5. The structurally
most peculiar compound in the La—Rh—In system is 1g®hsIn, (Esmaeilzadeh et al., 2002),

which crystallizes with an incommensurate structure.

Table 5
Crystallographic data of terna®®—Rh—In compounds
Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
YRhing HoCoGg P4/mmm 4596(2) 7435(4) 1
YRhIn FeP P62mn 748 388 2
747.7(1) 3889(1) 3
LaRhirg HoCoGg P4/mmm 467.5(1) 7596(4) 1
467.68(3) 75988(12) 4
LaoRhing HooCoGg P4/mmm 4699(4) 12336(7) 5
469380(2) 123440(4) 6
LaRhInp MgCuAl, Cmem 4482(1) 10257(1) 7951(1) 7
LaRhIn FeP P62mn 7618 4123 2
7610 4129 8
LayRhpIn Moy FeB, P4/mbm 76362(8) 39970(8) 9
7810(9) 394.3(1) 10
CeRhliny HoCoGg P4/mmm 464.9(1) 754.0(3) 1
4652 7542 11
4656(2) 754.2(1) 12
CeRhing Ho,CoGg P4/mmm 466.5(1) 12244(5) 13
466.70(4) 12247(4) 6
CeRhinp MgCuAl, Cmem 446.0(1) 1017.3(2) 7927(1) 5
CeRhlIn FeP P62n 7555 4055 14
7547 4050 8
CeRhpIn Moy FeB, P4/mbm 75874(3) 377.09(3) 9
75884(2) 377.09(1) 10
PrRhirg HoCoGg P4/mmm 464.2(1) 7531(3) 1
PrRhirp MgCuAl, Cmem 44403(1) 10131(1) 7925(1) 4

continued on next page
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Table 5,continued

Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
PrRhin ZrNiAl P62m 7556(2) 404.8(1) 15
PrbRhpIn Moo FeBy P4/mbm 75344 39383 9
NdRhlng HoCoGg P4/mmm 4636(2) 7510(4) 1
4630(3) 750.2(6) 16
Nd>Rhing Ho,CoGg P4/mmm 464.0(3) 12171(6) 16
NdRhIn, MgCuAl, Cmem 44249(5) 10127(1) 7893(1) 7
NdRhIn FeP P62m 7534 4028 2
NdyRhpIn MosFeB, P4/mbm 75147(3) 39117(3) 9
SmRhirg HoCoGg P4/mmm 4619(1) 7458(1) 1
461.8(4) 747.0(8) 5
SnpRhing HooCoGg P4/mmm 4621(4) 12106(9) 5
SmRhIn MgCuAl, Cmem 4381(1) 10093(1) 7883(1) 7
SmRhin ZrNiAl P62n 75093(8) 397.52(4) 3
SmpRhpIn MosFeB, P4/mbm 74589(5) 38849(6) 9
EuRRpIng CaCoAlg Pbam 16118(2) 13817(2) 43644(6) 17
EuRhInp MgCuAl, Cmem 4322(1) 10588(1) 8055(2) 17
EuRhIn TiNiSi Pnma 7444(1) 434.15(9) 8455 18
GdRhling HoCoGg P4/mmm 4601(1) 7445(3) 1
4609(4) 744.5(3) 5
GhRhing Ho,CoGa P4/mmm 4604(4) 12060(9) 5
GdRhinp MgCuAl, Cmem 4350(1) 10133(3) 7836(2) 19
GdRhin FeP P62m 7498 3936 2
TbRhIng HoCoGa P4/mmm 4592(2) 7426(4) 1
TbRhIn ZrNiAl P62m 7480(2) 3904(1) 3
DyRhing HoCoGg P4/mmm 4585(2) 7414(3) 1
DyRhiIn FeP P62m 7470 3881 2
HoRhlng HoCoGg P4/mmm 4583(2) 7399(3) 1
HoRhIn ZrNiAl P62m 747.21(6) 38572(3) 3
ErRhirg HoCoGg P4/mmm 457.6(2) 7396(4) 1
ErRhin FeP P62m 7461 3837 2
7465(1) 384.01(9) 3
TmRhing HoCoGg P4/mmm 457.4(1) 7376(2) 1
YbRhIng HoCoGa P4/mmm 4605(1) 7457(3) 1
45952(6) 7442(2) 20
YbRhiny LaCoAls Pmma 8637(2) 4225(1) 7431(1) 19
YbRhIn TiNiSi Pnma 694.0(2) 4135(2) 8491(3) 3
LuRhIn TiNiSi Pnma 690.3(1) 41312(8) 8482(2) 3
References 7. Zaremba et al. (2002a) 14. Rossi et al. (1983)
1. Zaremba et al. (2000b) 8. Adroja et al. (1989) 15. Zaremba et al. (2000c)
2. Ferro et al. (1974b) 9. Hulliger (1995b) 16. Pagliuso et al. (2000)
3. Lukachuk et al. (2003) 10. Kaczorowski et al. (1996a) 17. Po6ttgen and KuRmann (2001)
4. Macaluso et al. (2002) 11. Hegger et al. (2000) 18. Pottgen et al. (1999c)
5. Pagliuso et al. (2001a) 12. Moshopoulou et al. (2001) 19. Hoffmann et al. (2000)
6. Macaluso et al. (2003) 13. Thompson et al. (2001) 20. Zaremba et al. (2003a)

3.2.3. The R—Pd—In systems
Giovannini et al. (2003) have built the isothermal section of the Ce—Pd-In phase diagram at
1023 K (fig. 20). Besides the known ternary indides CePdIaRRgpe), CePdln(MgCuAl;
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Fig. 20. Isothermal section of the phase dia-
gram in the Ce—Pd-In system at 1023z{—
left branch Ce,Pdy gsiny_; 77 — right
branch Ce g5sPth (In1_y; 72 — CegPahaln;

3 — CgPdyIng; 14 — CePdlIn; 5 — Ce-
PdsIny; 1 — CePdIn;z7 — ~Cey7Pd;7In3g;

g — CePdlIny; tg — CePdIn; 119 — ~Cero-
Pdginso; 111 — ~CePalng; t12 — ~Ceys-
Pdy7Insg; 713—~CeoPd3plnsg. Taken from
Giovannini et al. (2003).

type), CePdin (GdPpSn type), CePchygln (CesPd4Sb type) and double-branched solid so-
lutions Cq gsPd42cIN1—x and Ce,,Pdi gsin1—,, eight novel ternary compounds were re-
vealed in the system. The isothermal sections of the phase diagrams of the other ternary sys-
tems have not been investigated, however, many ternary indides have been discovered. The
lattice parameters of thesernpounds are listed in table 6.

3.2.4. The R-Ag-In systems

Only the quasi-binary sections between the isostructural compa#gand RIn with CsCl

type structure have been investigated. According to lhrig et al. (1973), a continuous solid
solution between the isostructural compounds LaAg and Laln (CsCl type) occursin the system
La—Ag-In. Within the solid solution, a cubic-to-tetragonal distortion at low temperatures is
observed. The transition temperature is a function of the composition and is the highest at
180 K for LaAg, s5lng 5. The structural deformation has been confirmed by Maetz et al. (1980).
According to lhrig and Methfessel (1976) the solid solution between CeAg and Celn also
shows a tetragonal distortion at low temperatures(40 K). The structures and physical
properties of the alloys within the solid solutions betwgdhg and RIn were studied by
various authors (Sekizawa and Yasuaki, 1964; Buschow et al., 1972). Data fBr= Gd
(Yagasaki et al., 1978b, 1980%,= Th and Dy (Lal and Methfessel, 1981), and ®& Ho,

Er, and Tm, show that above 8 K they have the cubic CsCl structure. According to Lal (1982),
a tetragonal deformation occurs below 8 K for G@atno 5. The crystallographic data of the
other known compounds are given in table 7.
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Table 6
Crystallographic data of the ternaR~Pd—In compounds
Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
ScPalIn MnCuAl Fm3m 6723(2) 1
SePdIn UsPbSn Pdy/mnm  7498(2) 677.3(2) 2
Sc_ Pdin, CsCl Pm3m 3282-3246 3
(x =0-0.1)
YPdIn MnCuAl Fm3m 6723 4
YPdIn FeP P62m 7649 3819 5
Y,Pchin MosFeB, P4/mbm 767.23(3) 36888(2) 6
LayPdiglnyy  HosNijgGap;  C2/m 23143(2) 45470(7) 19408(2) 7
B =1334(1)°
LagPdhaln CegPh4Sb Pm3m 84940 8
LaPdIn MgCuAl, Cmem 46379(7) 10743(2) 746.4(2) 9
LaPaIn GdPbSn P6g/mmc  464.45(7) 935.4(2) 10
LaPdIn FeP P62mn 7729 4133 5
LayPdbin MosFeB, P4/mbm 78595(4) 397.48(3) 6
7869(1) 396.3(1) 11
CeyPdiglny ~ HogNigGapr  C2/m 23082(1) 45252(7) 194484(9) 7
B =1334(1)°
CegPdhyln CegPh4Sh Pm3m 84457 8
CePdIn MgCuAl, Cmem 46210 10694 7455 12
CePdglIn GdPbSn P63/mmc  46272(5) 919.75(5) 13
CePdin FeP P62m 7698 4079 5
CePdhin MooFeB, P4/mbm 77972(3) 39237(3) 6
7813(4) 3916(2) 11
PraPdigingy  HogNipgGapy  C2/m 23038(1) 450.78(4) 19406(9) 7
B =1334(1)°
PrPdin HfNiGay I4mm 13977(1) 9255(1) 9
PrPdIn ZrNiAl P62mn 7679 4043 5
PrPdIn MosFeB, P4/mbm 77754(5) 38877(5) 6
77804(2) 38815(1) 14
NdsPdiging; ~ HogNiqgGapy  C2/m 23002(2) 4498(6) 19378(2) 7
B =1333(1)°
NdPdInp HfNiGay 14mm 13919(1) 92242(9) 9
NdPdin ZrNiAl P62m 7683 3997 5
NdyPdIn MosFeB, P4/mbm 77527(5) 385.84(5) 6
77492(2) 386.78(2) 14
SmyPdiglny ~ HogNipgGapr  C2/m 22956(2) 44707(4) 19357(1) 7
B =1334(3)°
SmPdin HfNiGay 14mm 13838(1) 9186(1) 9
SmPdin FeP P62m 7656 3934 5
SmpPdIn MooFeB, P4/mbm 77098(4) 38044(3) 6
77009(5) 380.85(3) 14
EuPdiry YNIAIl 4 Cmem 454.8(2) 17032(8) 7380(3) 15
EuPdInp MgCuAl, Cmem 4536(1) 10543(3) 7853(2) 16
EuPdIn FeP P62mn 8309 3957 5
TiNiSi Pnma 7474 4464 8529 17
74830(13) 447.20(8) 85350(14) 18
GdsPdiginyy  HogNigGapy  C2/m 22933(2) 444.49(3) 17175(1) 7

B = 12455(1)°

continued on next page
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Table 6,continued
Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
GdPdInp HfNiGay 14mm 13765(1) 9156(1) 9
GdPdgIn MnCwAl Fm3m 6756(2) 1
GdPdin FeP P62m 764.9 3886 5
7647 3886 19
GhPhIn Moy FeB, P4/mbm 76860(7) 37552(6) 6
76829(3) 37617(2) 14
TbPdInp HfNiGay 14mm 13685(1) 9128(1) 9
TbPdin ZrNiAl P62m 7647 3843 5
764.16 38434 20
ThoPcbIn Moz FeB, P4/mbm 765.95(5) 37243(4) 6
766.36(2) 37239(1) 14
DyPdIm HfNiGay 14mm 136863(7) 91209(4) 9
DyPdIn MnCwAl Fm3m 6720(2) 1
DyPdIn ZrNiAl P62m 7638 3819 5
DyoPdbin Moy FeBy P4/mbm 764.38(4) 369.60(3) 6
76532(4) 369.37(2) 14
HoPdIn HfNiGay 14mm 136555(6) 91100(8) 9
HoPdIn ZrNiAl P62m 7629 3788 5
HooPdbiIn Moy FeB, P4/mbm 764.50(4) 366.55(4) 6
764.04(3) 367.13(2) 14
ErPdInp HfNiGay 14mm 136209(8) 909.98(9) 9
ErPalIn MnCwAl Fm3m 6680(2) 1
ErPdin FeP P62n 7632 3754 5
ZrNiAl P62m 7631 3755 17
ErPdIn Moy FeBy P4/mbm 76243(4) 364.47(4) 6
76329(2) 364.46(1) 14
TmPdInp HfNiGay 14mm 135680 90837 9
TmPalIn MnCwAl Fm3m 666.9(2) 1
TmPdin FeP P62m 7628 3726 5
TmyPdin Moy FeBy P4/mbm 76162(5) 36197(5) 6
76225(2) 36241(1) 14
Yb,yPdsIng3 Yb,yPdsIny3 C2/m 16770(1) 43817(4) 13397(1) 21
B =1185(1)°
YbPdIny YNIAl 4 Cmem 4458(2) 16660(3) 747.3(2) 15
YbPdInp MgCuAl, Cmem 4443(1) 10312(2) 7799(2) 16
YbPdIn FeP P62m 757.4 3932 5
ZrNiAl P62m 757.3 3933 17
YboPdhIn MosFeB, P4/mbm 759.78(3) 364.05(2) 14,22
LuPdInp HfNiGay 14mm 135366(9) 906.9(1) 9
LuPdIn MnCwAl Fm3m 6623(2) 1
LuPdin FeP P62m 7629 3684 5
LuoPdbin Moy FeBy P4/mbm 760.32(5) 35834(5) 6
760.46(4) 3585(2) 14
References 8. Gordon and DiSalvo (1996) 16. Galadzhun et al. (1999a)
. Dwight and Kimball (1987) 9. Zaremba et al. (2004) 17. Cirafici et al. (1985)
. Hulliger (1996) 10. Xue et al. (1992) 18. Péttgen (1996b)

. Savitskiy et al. (1980)

. Ferro et al. (1974a)
. Hulliger and Xue (1994)
. Zaremba et al. (2002a)

1
2
3
4. Jorda et al. (1983)
5
6
7

11. Kaczorowski et al. (1996b)
12. ljiri et al. (1996)
13. Xue et al. (1993)
14. Giovannini et al. (1998)
15. Hoffmann et al. (2000)

19.
20.
21.
22.

Buschow (1975)

Danis et al. (2002)
Zaremba et al. (2002c)
Giovannini et al. (2001)
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Table 7
Crystallographic data of terna®y—Ag—In compounds

Compound Str. type S.G. a (pm) ¢ (pm) Ref.
ScAglIn MnCuAl Fm3m 6720 1
YAg35ino 5 YbAgoIng Im3 15167 2
YAg>In MnCupAl Fm3m 6914(15) 3
YAging Calrnp P63/mmc 4749(2) 7330(2) 4
LaAgs.4lng.6 ThMny» 14/mmm 967.6(4) 5745(3) 5
LaAgyIn MnCwAl Fm3m 7156(15) 3
LapAging Calrp P63/mmc 4915(1) 7716(5) 4
LagAgin CsCl Pm3m 3875 6
LagAgsin LagAgsin 14/mmm 752 7812 7
758 779 7
CeAgs 4lng.6 ThMny» 14/mmm 9629(3) 569.9(5) 5
CeAgpln MnCuAl Frm3m 7108(15) 3
CeAging Calmp P63/mmc 4901(2) 759.2(6) 4
CeyAgIn® CsCl Pm3m 3833 8
CeZAgInd §-CuTi P4/mmm 3732 3944 8
PrAgs 4lng ThMny» 14/mmm 966.9(3) 5708(3) 5
PrAgIn MnCuAl Frm3m 707.5(15) 3
ProAging Calmp P63/mmc 486.0(3) 754.8(5) 4
PrAg;_, Iny CsCl Pm3m 3723-3838 2
(x=0-0.7)
NdAgs 4Ing.6 ThMny» 14/mmm 9650(2) 5722(2) 5
NdAgIn MnCupAl Fm3m 704.4(15) 3
NdyAging Calrnp P63/mmc 4839(2) 7501(3) 4
SmAGg 4Ins.6 ThMny2 14/mmm 9634(5) 5714(5) 5
SmAg sins 5 YbAg2Ing Im3 15261 9
SmAgIn MnCuAl Frm3m 7001(15 3
SmpAging Calmp P63/mmc 4813(3) 737.1(5) 4
EuAgs.4lng 6 ThMnq2 14/mmm 976.0(7) 5710(4) 5
EuAgying EuAgsing P6/mmm 9925(6) 9727(5) 10
EuAgysing s CsCl Pm3m 3904(3) 11
GdAgz 5lno 5 YbAg2Ing Im3 15217 2
GdAgIn MnCupAl Fm3m 6965(15) 3
GdyAging Calrp P63/mmc 4802(3) 7323(%) 4
GdAg;_, Iny CsCl Pm3m 3660-3718 12
(x =0-0.5)
GdAg;_, Iny §—CuTi P4/mmm 374.2-3830 3711-3640 12
(x=0.6-1)
TbAgz 5In5 5 YbAg>Ing Im3 15162 2
TbAgoIn MnCupAl Fm3m 6934(15) 3,13
ThyAglng Calrnp P63/mmc 4776(3) 7309(5) 4
4793(2) 7322(3) 14
TbAg;_,Iny CsCl Pm3m 361-369 15
(x =0-0.6)
ThoAgIn CsCl Pm3m 3702 16
DyAg3 5ins 5 YbAg>Ing Im3 15147 2
DyAgain MnCwAl Fm3m 6910(15) 3,13

continued on next page
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Table 7,continued
Compound Str. type S.G. a (pm) ¢ (pm) Ref.
Dy»oAging Calrnp P63/mmc 475.6(4) 7291(54 2
Dy,AgIn CsCl Pm3m 3685 16
HoAg3 5Nz 5 YbAgoIng Im3 15114 5
HoAgyIn MnCuAl Fm3m 689.3(15) 3
HooAging Calrnp P63/mmc 4753(2) 726.7(3) 4
HopAgIn CsCl Pm3m 366.6 16
ErAgasiny 5 YbAg>Ing Im3 15113 2
ErAgoin MnCuAl Fm3m 688.2(15) 3
Er,Aging Calrnp P63/mmc 474.6(1) 7218(3) 4
ErpyAgin CsCl Pm3m 3651 16
TmAg3 5ins 5 YbAg>Ing Im3 15095 2
TmAg;In MnCuAl Fm3m 686.7(15) 3
TmpAging Calrnp P63/mmc 4731(2) 7195(2) 4
TmyAgin CsCl Pm3m 3629 16
YbAgs 4lng.6 ThMny» 14/mmm 9734(% 5709(3) 5
YbAgIng YbAg2Ing Im3 15362(3) 17
LuAgs 5ins 5 YbAg>Ing Im3 15072 2
LuoAging Calrnp P63/mmc 4720(4) 7207(5) 4
3__attice parameters at 20 K.
b| attice parameters at 100 K.
CRT modification, CeAginy_,, x = 0.3-1,a = 3860-378.0 pm at 300 K.
dLT modification, CeAgling_y, x =0.3-1,a =3741-377.1c = 4000-377.1 pm at 40 K.
References 6. lhrig et al. (1973) 12. Lal (1982)
1. Dwight and Kimball (1987) 7. Maetz et al. (1980) 13. André et al. (1992)
2. Yagasaki et al. (1985) 8. lhrig and Methfessel (1976) 14. Semitelou et al. (1999)
3. Galera et al. (1984) 9. Galadzhun et al. (2000c) 15. Cable et al. (1965)
4. Sysa and Kalychak (1992) 10. Sysa et al. (1994a) 16. Lal and Methfessel (1981)
5. Sysa (1991) 11. Sysa et al. (1994b) 17. Sysa et al. (1998)

3.2.5. The R—Cd-In systems

In the R—Cd—In systems, 10 ternary compounds with equiatomic composition have been found
(Rossi et al., 1981). They crystallize with the hexagonal €afpe structure. The basic crys-
tallographic data are listed in table 8.

3.3. R-5d-metal-n systems

No information has been found the literature for phase equilibria and isothermal sections of
ternary R—54-metal-In systems. Only a few cqounds with ideal compositions have been
investigated. The systems with hafnium, tantalum, tungsten, rhenium, and osmiu# as 5
element have not been studied. The Parrietal—In systems have not been investigated at
all.
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Table 8
Crystallographic data of ternafy—Cd—In compounds according to Rossi et al. (1981)
Compound Str. type S.G. a (pm) ¢ (pm)
LaCdin Caln P63/mmc 493.6(3) 765.2(5)
CeCdin Caln P63/mmc 494.3(3) 780.9(5)
PrCdin Caln P63/mmc 490.7(3) 760.9(5)
NdCdin Calp P63/mmc 488.9(3) 757.2(5)
SmCdin Calp P63/mmc 486.6(3) 746.9(5)
GdCdIn Caln P63/mmc 484.5(3) 739.8(5)
DyCdln Caln P63/mmc 481.9(3) 731.8(5)
HoCdlIn Calp P63/mmc 480.5(3) 730.1(5)
ErCdin Calp P63/mmc 479.6(3) 725.3(5)
YbCdin Calnp P63/mmc 494.8(3) 730.2(5)
Table 9
Crystallographic data of terna®—Ir—In compounds
Compound Str. type S.G. a (pm) ¢ (pm) Ref.
Lalring HoCoGg P4/mmm 471.0(4) 7625(6) 1
468.97(6) 750(1) 2
Laolring Ho,CoGg P4/mmm 470.3(4) 12314(7) 1
470.60(1) 12320(4) 3
Celring HoCoGa P4/mmm 467.4(1) 7501(5) 4
466.8(1) 7515(2) 5
Celring HooCoGyg P4/mmm 467.1(2) 12214(6) 5
468.97(6) 121%(1) 3
NdIring HoCoGg P4/mmm 464.8(3) 7471(6) 6
NdalIring Ho,CoGg P4/mmm 464.7(3) 1213(6) 6
Smiring HoCoGg P4/mmm 463.4(3) 7446(7) 1
Snplring HooCoGyg P4/mmm 462.6(4) 12088(7) 1
Gdlring HoCoGg P4/mmm 462.2(4) 7413(8) 1
Gdplring Ho,CoGg P4/mmm 461.5(4) 12034(7) 1
References
1. Pagliuso et al. (2001a) 3. Macaluso et al. (2003) 5. Thompson et al. (2001)
2. Macaluso et al. (2002) 4. Moshopoulou et al. (2001) 6. Pagliuso et al. (2000)

3.3.1. The R—lr-In systems
So far, only some ternary indides of compositiatisins and R>IrIng are known. Their crys-
tallographic data are listed in table 9.

3.3.2. The R—Pt—In systems

The ternary equiatomi®PtIn indides are known for a long time. They have been originally
investigated by Ferro et al. (1974b). Crystallographic data of all known ternary compounds
are presented in table 10.
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Table 10
Crystallographic data of terna®—Pt—In compounds
Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
ScPpin MgCAl Frm3m 6512 1
ScPtin ZrNiAl P62m 7546(1) 34831(8) 2
YPtIn GdPbSn P63/mmc 4539 8919 3
YPtin FeP P62mn 7583 3846 4
YoPblIn MoyFeB, P4/mbm 765.86(4) 367.68(4) 5
LagPylny3 PraRhySmy 3 Pm3n 9812 6
LaPyln MgCuSn F43m 7648 7
LaPtiry YNiAl 4 Cmem 4551(2) 1687.5(5) 7383(2) 8
LaPblIn, CePplIn, P21/m 10243(3) 4499(1) 10259(3) 9
B=11697(1)°
LaPting LaRuSr Pm3n 9804(2) 8
LaPtin FeP P62mn 7695 4125 4
LayPblIn MoyFeB, P4/mbm 787.35(4) 394.33(4) 5
7881(1) 3938(1) 10
Ce3Pying3 PrsRhsSmy 3 Pm3n 9771 6
CePyln MgCusSn F43m 7602 7
CePplny CePplIn, P21/m 10189(6) 4477(4) 10226(6) 9
B =117.00(5)°
CePtln LaRuSR Pm3n 977.0(2) 8
CePtin ZrNiAl P62mn 7657 4069 11
CePblin MooFeBy P4/mbm 780.38(3) 38830(2) 5
78048(3) 38808(2) 10
7798(1) 3885(1) 8
CeoPt7in CeoPt7In 14/mem 12102(1) 14542(2) 12
PrPyIn MgCusSn F43m 7601 7
PrPpiny CePplIn, P21/m 10152(4) 4462(1) 10204(4) 9
B=11678(2)°
PrPtirg LaRuSR Pm3n 9756(1) 8
PrPtin ZrNiAl P62n 76522 40455 13
PrPbIn Mo,FeB, P4/mbm 7776 38695 5
PrioPt7In CeoP7in 14/mem 1197.6(1) 1447.8(2) 12
NdPyln MgCu,Sn F43m 7590 7,14
NdPblny CePplIn, P21/m 10127(1) 4446(1) 10193(1) 9
B=116711)°
NdPting LaRuSn Pm3n 9731(1) 8
NdPtlin FeP P62mn 7636 4010 4
NdoPtIn MoyFeB, P4/mbm 77639(3) 38331(3) 5
Nd1oPt7In CeoPt7In 14/mem 11901(1) 14471(2) 12
SmPygln MgCuSn F43m 7574 7
SmPtir LaRuSR Pm3n 9709(1) 8
SmPtin ZrNiAl P62n 75895 39540 13
SmpPblin Mo,FeB, P4/mbm 77108(7) 37896(5) 5
EuPyln MgCuSn F43m 7666 7
EuPtin TiNiSi Pnma 74694(8) 447.27(6) 84346(9) 15
GdsPying GdzPylngo P3m1l 9905(1) 15295(3) 16

continued on next page
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Table 10continued

Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
GdPyln MgCusSn F43m 756.4 7
GdPpIn GdPpSn P63/mmc 4551 8997 3
GdPtin FeP P62m 757.3 3917 4
GdrPtoIn Moy FeBy P4/mbm 77009(7) 37348(6) 5
GdyoPt7in CeoPt7in 14/mem 116Q1(3) 14472(4) 12
ThgPti2ln23 ThgPt12lno3 C2/m 28346(4) 440.05(7) 14771(3) 17
11237(1)°
Th3Pylngo GdzPylingo P3ml 98865(9) 15240(1) 16
TbPyln MgCuwSn F43m 7550 7
TbPbIn GdPHSn P63/mmc 4545 8940 3
TbPtin ZrNiAl P62n 759.3(1) 387.6(1) 2
ThyPtIn Moy FeBy P4/mbm 767.72(4) 37051(4) 5
DyoPt7Inig Dy,Pt7Inqg Cmmm 12111(2) 1997.8(3) 43950(6) 17
DyPtIn MgCuwSn F43m 7537 7
DyPblin GdPpSn P63/mmc 4539 8907 3
DyPtin FeP P62m 758 385 4
DyoPbin Moy FeBy P4/mbm 76511(6) 367.67(5) 5
HoPyln MgCusSn F43m 7524 7
HoPbIn GdPpSn P63/mmc 4536 8878 3
HoPtin ZrNiAl P62mn 75813(1) 38162(1) 2
HooPblin Moy FeB, P4/mbm 765.45(6) 365.06(6) 5
Ho1,Pt7In CeoPt7in 14/mem 11369(2) 14462(2) 12
ErPyln AuCug Pm3m 4059 7
ErPyln MgCusSn F43m 7459 7
ErPtin FeP P62m 756.9 3790 4
TmPyln AuCug Pm3m 4045 7
TmPtin FeP P62mn 756.0 3780 4
YbPtiny YNIAIl 4 Cmem 4445(1) 16550(1) 7516(1) 18
YbPtIn ZrNiAl P62mn 7538 3765 19
754.8(1) 376.6(1) 20
LuPtin FeP P62m 754.2 3756 4
References 7. Malik et al. (1990b) 14. Blazina (1994)
1. Dwight and Kimball (1987) 8. Galadzhun and Péttgen (1999) 15. Péttgen (1996a)
2. Galadzhun et al. (2000b) 9. Zaremba et al. (2000a) 16. Rodewald et al. (2002)
3. Dwight (1987) 10. Kaczorowski et al. (1996a) 17. Zaremba et al. (2002d)
4. Ferro et al. (1974b) 11. Rossi et al. (1983) 18. Zaremba et al. (2003b)
5. Hulliger (1995a) 12. Galadzhun et al. (2003) 19. Kaczorowski et al. (2000a)
6. Hundley et al. (2001) 13. Zaremba et al. (2001) 20. Trovarelli et al. (2000)

3.3.3. The R—Au-In systems

According to Marazza et al. (1975), the indidRAuzIn crystallize with tungsten (or CsCl)

type structure. However, the latest investigations by Besnus et al. (1985, 1986) showed that
these indides belong to the MngAl type. YbAuln has a pronounced homogeneity range
(Péttgen and Grin, 1997). The crystallographic data are given in table 11.
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Table 11
Crystallographic data of ternaly—Au—In compounds
Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
ScAwlIn MnCuAl Fm3m 6692 1
SoAuIn UsPbSn P45 /mnm 756.69(6) 69563(9) 2
YAusIn CsCl MnCyAl Pm3m 3443 3
Fm3m 689.3 45
YAuIn FeP P62mn 769.1(2) 390.7(1) 6
YoAuzIn MoyFeB, P4/mbm 7835(2) 375.2(1) 7
78367(3) 374.40(2) 2
LagAugliny LagAuyliny 12/m 460.42(5) 13895(1) 10396(2) 8
a=9077(1)°
LaAuyln w Im3m 3560 3
tetragonal - 708 7318 45
LaAuln FeP P62m 7727(2) 4315(1) 6
LapAuzlIn Moy FeB, P4/mbm 809.63(6) 39998(5) 2
809.9(1) 400.3(1) 9
CeAu 5inz 5 YbAg>Ing Im3 15297 10
Ce)Auslng Ce)Auslng Pmn2, 46527(8) 53483(9) 7405(2) 11
CeAwln w Im3m 3544 3
MnCuAl Fm3m 7090 4
tetragon.-LT - 699 7268 5
CeAuln FeP P62mn 769.8(2) 4256(1) 6
CeAupin MoyFeB, P4/mbm 804.27(4) 39459(3) 2
804.74(3) 394.07(2) 9
Pr,Ausing Ce)Auslng Pmn2, 46181(6) 5350Q7(9) 7422(1) 11
PrAwIn w Im3m 3524 3
MnCuwAl Fm3m 7055 4
tetragon.-LT - 6938 7184 5
PrAuln FeP P62n 7700(2) 4195(1) 6
PrAusIn MoyFeB, P4/mbm 800.25(4) 39200(4) 2
NdyAuzing CeAuzing Pmn2; 459,98(6) 53382(8) 7407(1) 11
NdAusIn w Im3m 3516 3
MnCuwAl Fm3m 7030 4
tetragon.-LT - 692 7060 5
NdAuln FeP P62n 7719(2) 4124(1) 6
NdoAusln MoyFeB, P4/mbm 797.60(4) 38863(3) 2
SmpAuzing CeAuzing Pmn2; 456.40(7) 53325(9) 739.4(1) 11
SmAwIn w Im3m 3488 3
MnCuwAl Fm3m 697.3 45
SmAuln FeP P62n 7716(2) 404.3(1) 6
SmpAusIn MoyFeB, P4/mbm 79302(4) 38282(3) 2
EwAuzlng anti-Hf, CosP3 P62m 14897(3) 454.90(7) 12
EuAulnp MgCuAl, Cmem 4681(2) 11055(4) 7535(4) 13
EuAuln TiNiSi Pnma 755.2(2) 4722(1) 8423(2) 14
GdAwIn w Im3m 3469 3
MnCuwAl Fm3m 694.0 45
GdAuln FeP P62n 769.3(2) 399.1(1) 6
ZrNiAl P62n 769.8(3) 397.8(2) 15

continued on next page
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Table 11 continued

Compound Str. type S.G. a (pm) b (pm) ¢ (pm) Ref.
GdAU 44IN1 56 Calrp P63/mmc 4789(1) 7403(1) 15
GdrAuyIn Mo,FeB, P4/mbm 787.9(1) 3799(1) 7
786.88(6) 38113(6) 2
TbAUsIn W Im3m 3455 3
MnCupAl Fm3m 6913 45
ThAuln FeP P62m 769.1(2) 395.1(1) 6
ZrNiAl P62m 77018(11) 39355(7) 16
ThyAusIn MoyFeB, P4/mbm 785.1(1) 376.8(1) 7
785.35(6) 376.58(6) 2
DyAusIn W Im3m 3449 3
MnCupAl Fm3m 6885 45
DyAuln FeP P62m 7686(2) 390.2(1) 6
ZrNiAl P62m 767.67(15) 39219(10) 16
DyoAuszlIn MoyFeB, P4/mbm 784.1(1) 3739(1) 7
782.48(6) 375.25(7) 2
HoAusIn W Im3m 3437 3
MnCupAl Fm3m 687.0 45
HoAuln FeP P62m 7683(2) 3877 6
ZrNiAl P62n 767.55(8) 389.20(5) 16
HopAusln Mo,FeB, P4/mbm 7826(2) 3717(1) 7
78134(3) 37195(4) 2
ErAuyin CsCl Pm3m 3430 3
MnCupAl Fm3m 6964 45
ErAuln FeP P62m 767.4(2) 3847(1) 6
ErpAusin MoyFeB, P4/mbm 7812(3) 3704(2) 7
77886(3) 370.86(3) 2
TmAuzIn MnCuAl Fm3m 6856 45
TmoAuzIn UoPbSn P4, /mnm 7791(1) 734.8(2) 7
777.95(4) 734.37(8) 2
YbAusIn CsCl Pm3m 3428 3
MnCupAl Fm3m 6822 45
YbAuln, MgCuAl, Cmem 4559(2) 10764(3) 755.2(2) 17
YbAuln FeP P62m 7708(2) 4027(1) 6
ZrNiAl P62m 769.8(1) 4027(1) 18
YbAuz 27Ing 73 ZrNiAl P62n 7723(3) 3947(1) 18
YhoAuIn Mo,FeB, P4/mbm 78303(5) 385.95(4) 2
784.2(3) 3847(2) 19
LuAuzIn MnCupAl Fm3m 6822 45
LusAuzln UoPtSn P4 /mnm 7755(1) 7287(1) 7
References 7. Pottgen (1994) 14. Poéttgen (1996b)
1. Dwight and Kimball (1987) 8. Galadzhun et al. (2000a) 15. Péttgen et al. (1998)
. Marazza et al. . Galaaznun et al. C
4. Besnus et al. (1985) 11. Galadzhun et al. (1999b) 17. G?Iadzhun et a!. (19993)
5. Besnus et al. (1986) 12. Hoffmann et al. (1999) 18. Péttgen and Grin (1997)

6. Rossi et al. (1977) 13. Hoffmann et al. (2000) 19. Giovannini et al. (2001)
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4. Structuretypesof ternary indides of rare-earth and transition metals

The various ternank—d-metal—-In indides, the corresponding structure types, and the lat-
tice parameters have been listed in the previous section (tables 1-11). These ternary indides
crystallize with 58 different structure types. 24 of them represent new structure types of in-
termetallic compounds. They have been detea first for these indium compounds. In the
following paragraphs, we list the atomic cdarates and details on the coordination polyhe-

dra.

4.1. Structure type NazZniz (Shoemaker et al., 1952) (fig. 21). SBn3c; Z =8; a =
12492(3) pm for LaCwslnes. 8La: & 1/4 1/4 1/4; 8M1: 8 00 0; 9642: 96 O y 7

(y =0.1810,z7 = 0.1217,M1 = M2 = Cupslngs) (Kalychak et al., 1984a). The CP of the
lanthanum atoms have 24 vertices (ENe4), for theM 1 andM 2 atoms of the mixed Cu—In

sites the CP are icosahedra (ENL2). The shortest distances are la-361.3 pm and/—M

272.7 pm. The isotypic compound with cerium shows defects on the cerium and copper sites:
6.14Ce: &; 96(Cw.6dlno.32): 96i (y =0.1810,z = 0.1223); 5.18Cu: 8. The composition of

this compound is described by the formula;Cg(Cup gglng.32)12Cuy—, with x = 0.22 and

vy =0.36 (Baranyak et al., 1990).

4.2. Sructure type LaNi7Ing (fig. 22). SGlbam; Z = 4; a = 806.6(2), b = 9248(2), ¢ =
12465(2) pm. 4La: 4 0 0 1/4; 4Nil: 44 0 1/2 0; 8Ni2: 8/ x y 0 (x =0.0758,y = 0.2388);
16Ni3: 16t x y z (x = 0.6245,y = 0.08896,z = 0.17140); 16Inl: 16 (x = 0.17351,

y =0.69254,z = 0.13737); 84: 8; (x = 0.17391,y = 0.95635,M = 0.180Ni+ 0.820In).

The CP of the lanthanum atoms have 20 vertices (€R0). The CP of the Nil atoms
are icosahedra (CMN 12) and the Ni2 and Ni3 atoms are situated in defective icosahedra

Fig. 21. Projection of the LaGsIng 5 structure on thery plane and coordination pgdiedra of the atoms: La (a),
M (b, ¢) M = Cup5Ing 5).
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Fig. 22. Projection of the LaMIng structure on theyz plane and coordination polytie of the atoms: La (a), Ni
(b—e) and¥ (f) (M = Nig 18Ing.g2)-

(CN =10 and 11, respectively). The CP of the indium atoms and the mixed site are dis-
torted icosahedra with one additional atom (ENL3). The shortest distances are La—In
(346.6 pm), La#M (344.1 pm), Ni—Ni (249.2 pm), Ni—In (259.9 pm), Ni- (266.1 pm),
M—-M (291.9 pm)M—In (298.1 pm), and In—In (324.6 pm) (Kalychak et al., 2001).

4.3. Sructuretype ThMny2 (Florio et al., 1952) (fig. 23). SG4/mmm; Z = 2; a = 9152(2),

¢ =5390(2) pm for ErCu 1lne.g. 2Er: 22 00 0; 84 1: 8f 1/4 1/41/4;8In: & x 00 (x =
0.3397); 842:8j x 1/2 0 (x = 0.2968) (M1 = Cup g50lno.150; M2 = Cug 4221No 578) (Sysa et
al., 1989). The CP of the erbium atoms have 20 vertices£20), the CP of thé/1 atoms
are icosahedra (CN 12), the CP of/2 atoms are polyhedra with 13 vertices, which derive
from icosahedra (CN= 12+ 1). The indium atoms have polyhedra with 14 vertices, which
can be described as hexagonal antiprisms with capped bases (ICN- 2). The shortest
distances are Er—In (310.9 pm), In—In (293.4 pm), and-M2 (263.0 pm). Isostructural
YbAGgs 4lne 6 has the following distribution of the atoms: 2Yh:;28Ag: 8 (x = 0.339); 8In:

8j (x =0.289); 8(Ag.35N0.65): 8f (Sysa, 1991).

4.4. Sructuretype EuAgalng (fig. 24). SGP6/mmm; Z = 3; a = 9925(6), c = 9727(5) pm.
1Eul: 2 000; 2Eu2: 2 2/3 1/3 1/2; 12Ag: 1D x 2x z (x =0.1670,z = 0.2416); 2In1:
2¢007 (2=0.3434);4In2: 4 2/3 1/3 7 (z = 0.1487), 6In3: 6 1/2 0z (z = 0.2764); 6In4:

6k x 0 1/2 (x = 0.3008); 6In5: § x 0 0 (x = 0.3469) (Sysa et al., 1994a). The europium CP
are face capped hexagonal prisms (€140), the silver CP are icosahedra (ENL2), the CP
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Fig. 23. Projection of the ErGuIng g structure on thery plane and coordination pgiedra of the atoms: Er (a),
M1 (b), M2 (d) and In(c) /1 = Cup.gsINo.15. M2 = Clg 422IN0 578)-

Fig. 24. Projection of the EuAdng structure on thery plane and coordination polytea of the atoms: Eu (a, b),
Ag (c), and In (d-h).

of the In1, In2 and In5 atoms are base capped hexagonal antiprisms (@) and the CP
of the In5 atoms are similar to the CP of the indium atoms in the ThiMype. The CP for
the In3 atoms are hybrids of the CP for the Cu2 atoms in the g€atucture and icosahedra
(CN=12). The In4 CP are distorted icosahedra (€N2). The shortest distances are Eu—In
(334.0 pm), Ag—Ag (287.1 pm), Ag—In (288.2 pm), and In—In (289.3 pm).

4.5. Sructure type Dy2Pt7Inge (fig. 25). SGCmmm; Z = 2; a = 12111(2), b = 1997.8(3),
¢ =43950(6) pm. 4Dyl: 4 x 0 1/2 (x = 0.82979); 2Pt1: 21/2 0 1/2; 4Pt2: 4 0y 1/2
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Fig. 25. The projection of the DyPt;In1g structure on thery plane and coordinatiopolyhedra of the atoms: Dy
(a), Pt (b—d) and In (e—i).

(y =0.27558); 8Pt3:  x y 0 (x = 0.27619,y = 0.39055); 4In1: 4 x 0 0 (x = 0.63185);

8In2: & x y 1/2 (x = 0.13008,y = 0.38679); 8In3: & (x = 0.13473,y = 0.27644); 8In4:

8¢ (x =0.12466,y = 0.16317); 4In5: 40 y 0 (y = 0.92644) (Zaremba, 2003d). The CP for
Ptl and Pt2 are cubes (CAN8) and trigonal prisms for Pt3itin four additional equatorial
atoms (CN= 10). For the indium atoms, In1 and In5, the CP are tetragonal prisms with three
additional equatorial atoms (CN 11). The 11-vertices polyhedron of In2 is similar to the
In2 coordination in the structure of HoCeglnnl and In2 have 11-vertices polyhedra and a
trigonal prism with four adiional equatorial atoms (CM: 10) occurs for the In4 atoms. The
shortest distances are Pt—In (270.6 pm), In—In (298.5 pm), and Dy—Pt (316.7 pm).

4.6. Structure type YNiglny (fig. 26). SGP4/mbm; Z = 2; a = 8222(2), ¢ = 4827(2) pm.

2Y: 24 000; 8Nil: & x y 1/2 (x =0.195,y = 0.061); 2Ni2: 2 0 1/2 1/2; 8Ni3: & x,
1/2+4x,z (x =0.326,7 = 0.252); 4In: 4 x,1/2+x,0 (x = 0.111) (Kalychak et al., 1984b).

The CP of the yttrium atoms have 20 vertices and they are similar to the thorium polyhedra
in the ThMn 2 type (CN= 20). The CP of the Ni1, Ni2, and Ni3 atoms are icosahedra£CN

12). The indium atoms have 15 neighbors. The CP can be described as hexagonal antiprisms,
in which one of the bases is capped by one atom and the opposite one by two atom4 6FN

The shortest distances are Y=Ni (294.0 pm), Ni—Ni (235.1 pm), Ni-In (269.0 pm), and In—In
(258.2 pm).
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Fig. 26. Projection of the YNin, structure on thery plane and coordination polyhedra of the atoms: Y (a), Ni
(b—d) and In (e).

4.7. Sructuretype CaCozAlg (Czech etal., 1983) (fig. 27). SBbam; Z = 4;a = 16118(2),
b = 13817(2), ¢ = 436.44(6) pm for EuRRkIng. 4Eu: & x y 1/2 (x = 0.68057,y =
0.15683); 4Rh1: 4 (x = 0.90356,y = 0.34646); 4Rh2: & (x = 0.59524,y = 0.46552);
4Inl: 4g x y 0 (x =0.12249,y = 0.16704); 4In2: 4 (x = 0.31621,y = 0.44956); 2In3: 2

Fig. 27. Projection of the EuRIng structure on the'y plane and coordination polytie of the atoms: Eu (a), Rh
(b, ¢), and In (d-).
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00 0; 4In4: 4 (x = 0.32275,y = 0.24019); 4In5: 4 (x = 0.95555,y = 0.16029); 4In6:

4g (x =0.01161,y = 0.33048); 4In7: 4 (x = 0.74642,y = 0.39938); 2In8: 2 0 1/2 1/2;
4In9: 4¢ (x = 0.36626,y = 0.02000) (Poéttgen and Kul3mann, 2001). The europium CP are
pentagonal prisms, which are capped onlihses and on three rectangular faces €€hb).

The Rh1 and Rh2 CP are trigonal prismith capped rectangular faces (ENB). The In5 CP

has a pentagonal prism with three addital atoms on the rectangular faces (EN3). The

CP of the other indium atoms are distorted cuboctahedra=£QR). The shortest distances
are Eu-In (336.2 pm), Eu-In (325.1 pm), Rh—In (260.2 pm), and In—In (288.0 pm).

4.8. Sructure type YboPdslniz (fig. 28). SGC2/m; Z =2;a = 16770(1), b = 43817(4),

¢ =13397(1) pm, 8 =11853(1)°. 4Yb: 4 x 0z (x =0.17731,z = 0.27207); 2In1: 2 0

0 0; 4In2: 4 (x = 0.51062,z = 0.17241); 4In3: 4 (x = 0.79906,z = 0.46081); 4In4: 4

(x =0.40763,z = 0.40093); 4In5: 4 (x = 0.29942,7 = 0.12454); 4In6: 4 (x = 0.65290,

7z =0.07570); 4In7: 4 (x = 0.99902,z = 0.32852); 4Pd1: 4 (x = 0.81896,z = 0.26369);
4Pd2: 4 (x = 0.88380,z = 0.08234); 4Pd3: &(x = 0.61206,z = 0.40484) (Zaremba et al.,
2002c). The CP of the ytterbium atoms are pgotal prisms with five additional atoms on the
equatorial rectangular faces (GN15). The CP for the palladium atoms are trigonal prisms
with four additional atoms (CM:= 10). For the indium atoms the CP are distorted cuboctahedra
(CN=12)forIn1l-In3 and In6. Tetragonal prismwith five additional equatorial atoms (GN

13) are found for In4, while pentagonal prismgiwfive and four additional atoms occur for
In5 and In7, (CN= 15 and 14), respectively. The shortest distances are Yb—In (323.0 pm),
In—In (296.5 pm), and Pd—In (265.9 pm).

Fig. 28. Projection of the Y#PdsIny3 structure on thez plane and coordination polytie of the atoms: Yb (a), Pd
(b—d) and In (e—k).
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Fig. 29. Projection of the LaNIng structure on thez plane and coordination polytea of the atoms: La (a), Ni
(b, c), and In (d—Q).

4.9. Sructure type LaNizIng (fig. 29). SGPmmn; Z = 2; a = 4388(2), b = 757.4(4), c =
12110(7) pm. 2La: 21 1/4 1/4 7 (z =0.32187); 2Nil: 2 1/4 3/4 7 (z = 0.46597); 4Ni2: 4
1/4y z (y =0.37642,z = 0.06560); 2Inl: 2 (z = 0.25114); 2In2: 2 (z = 0.01173); 4In3:

4e (y=0.44791 7 = 0.58362); 4In4: 4 (y = 0.54299z = 0.83908) (Kalychak et al., 1985).
The CP of the lanthanum atoms are face capped pentagonal prisms {ZN Nil and Ni2
have trigonal prisms with three and four additional atoms ¢€8land 10). In1 and In2 have
tetragonal prisms with five additional equatorial atoms (€13) and In3 and In4 are situated
in strongly distorted cuboctahedra (GN12). The shortest distances are La—Ni (338.0 pm),
La—In (332.7 pm), Ni—In (256.0 pm), Ni—Ni (263.0 pm), and In—In (299.8 pm).

4.10. Structure type ThoNig7 (Florio et al., 1956) (fig. 30). S®63/mmc; Z = 2; a = 8353,

¢ =8141 pm for PpNi1e on10. 2Prl: 2/ 1/3 2/3 3/4; 2Pr2: 2 00 1/4; 12M1: 12 x 2x

0 (x =0.1666); 1212: 12j x 0 1/4 (x = 0.3300); 63: 6g 1/2 0 0; 4M4: 4f 1/3 2/3 ¢

(z =0.1100) (M = Nip.94lno06) (Kalychak, 1997). The CP of the praseodymium atoms are
face capped hexagonal prisms (ER20). The CP of the¥1 and M3 atoms are distorted
icosahedra (CN= 12). The CP of the/2 atoms have 13 vertices (CN13) and theM 4 CP

are base capped hexagonal antiprisms €M), The shortest distances are Pr—Ni (289.5 pm)
andM-M (244.1 pm).

4.11. Structure type HosNi1pGap1 (Grin et al., 1979b) (fig. 31). S&2/m; Z =2; a =
23143(2), b =45470(7), c = 194Q8(2) pm, 8 = 13343(1)° for CesPdioln21. 4Cel: 4 x 0
z (x =0.90482,7; =0.67701), 4Ce2: &4(x = 0.71229,7 = 0.83395), 4Pd1: 4(x = 0.13471,
z = 0.88679), 4Pd2: A4(x = 0.9115,z = 0.8865), 4Pd3: 4 (x = 0.26770,z = 0.61427),
4Pd4: 4 (x = 0.47021,z = 0.60646), 4Pd5: 4 (x = 0.18294,z = 0.68821), 2Inl1: 2 0
1/2 0, 4In2: 4 (x = 0.06148,z = 0.95035), 4In3: 4 (x = 0.33085,z = 0.87224), 4In4:
4i (x =0.76707,z = 0.70270), 4In5: 4 (x = 0.06836,z = 0.6986), 4In6: 4 (x = 0.5841,
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Fig. 30. Projection of the BNi1g glny o Structure on they plane and coordination polytie of the atoms: Pr (a, b)
and M (c—f) (M = Nig g4Ino,06)-

Fig. 31. Projection of the G&dyglny; structure on thez plane and coordination polytiea of the atoms: La (a, b),
Pd (c—g) and In (h—q).
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z = 0.5936), 4In7: 4 (x = 0.54379,z = 0.79579), 4In8: 4 (x = 0.41472,z = 0.8021),

4In9: 4 (x = 0.10453,z = 0.50274), 4In10: &4 (x = 0.69682,z = 0.49612), 4Inl11l: &

(x =0.70030,z = 0.99949) (Zaremba et al., 2003a). The CP of both cerium atoms are pen-
tagonal prisms with five additional indium atgntocated on opposite rectangular faces and
three additional palladium atoms located on opposite edges (CN 18). Trigonal prisms with
three or four additional atoms are characteristic for the palladium atoms (CN 9 and CN 10).
For the indium atoms, distorted and defect icosahedra (CN 12 and CN 11) and 13-vertices
polyhedra are typical. The shortest distances are Ce—Pd (331.3 pm), Ce—In (321.3 pm), Pd-In
(269.4 pm), and Pd—Pd (312.4 pm).

4.12. Structure type CeNisSn (Skolozdra et al., 1981) (fig. 32). SB63/mmc; Z=4;a =
489.4(2), c = 1987.8(5) pm for CeNiIn. 2Cel: 2 1/3 2/3 1/4;2Ce2: 2 00 0; 12Nil: 12

x 2x 7 (x =0.8347,z =0.1473); 4Ni2: 4 1/3 2/3 z (z = 0.5460); 2Ni3: 2/ 1/3 2/3 3/4;

2Ni4: 2b 0 0 1/4; 4In: 4f (z = 0.0856) (Baranyak et al., 1992). The CP of the Cel atoms are
face capped hexagonal prisms (EN0), the Ce2 polyhedra have 18 vertices (€N8) and

the Nil CP are icosahedra (CN12). The Ni2 atoms have a 10-vertices polyhedron, which
may be considered as a combination of an icosahedron and a trigonal prisea {CN The

Ni3 and Ni4 atoms have coordination number 12, while the indium atoms have a 14-vertices

Fig. 32. Projection of the CeNlin structure in the orthohexagonal settingdacoordination polyhedra of the atoms:
Ce (a, b), Ni (c—f) and In (g).
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Fig. 33. Projection of the SpCogln3 structure on they plane and coordination polytie of the atoms: Sm (a), Co
(b—e), and In (f, g).

polyhedron (CN= 14). The shortest distances are Ce—Ni (282.5 pm), Ce—In (326.8 pm), Ni—
In (261.6 pm), and Ni—Ni (242.7 pm).

4.13. Structure type SmCoglns (fig. 33). SGCmmmM; Z = 2; a = 22834(4), b = 5020(1),

¢ =40842(8) pm.4Sm: 4 x 00 (x =0.3166); 2C01:21/2 0 1/2; 4C02: 4 (x =0.1212);

8C03: 8 x y 1/2 (x =0.0931,y = 0.2490); 4Co4: 4 (x = 0.4390); 2In1: 2 000; 4In2: 4

x 01/2 (x =0.2022) (Baranyak et al., 1993). The CP of the samarium atoms are face capped
pentagonal prisms (CM 17). The Col (Co3) and Co4 atoms have a 12-vertices polyhedron
similar to the Cu2 and Cul atoms in the CaGtruct