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Introduction

The Ce-Cu-In ternary system was investigated and isothermal sections were constructed at 600°C in the
concentration range from 0 to 33.3 at.% Ce and at 400°C in the concentration range from 33.3 to 100 at.%
Ce [1991Bar]. Crystal structures and lattice parameters of the ternary compounds of the Ce-Cu-In system
were determined by [1976Dwi, 1984Kal, 1985Fel, 1988Bar, 1988Kal, 1988Takl1, 1989Sys, 1990Bar,
1990Kal, 1991Bar, 1996Kac, 1998Kam, 1999Tak, 2005Bob]. Almost all investigators prepared alloys
using pure compacted metals, arc-melted under argon or helium. After melting, the samples were sealed in
evacuated silica capsules and annealed at different temperatures for prolonged times followed by quenching
into water or slow cooling in the furnace. [2005Bob] used another method of alloys preparation. Mixtures
of the elements were loaded into evacuated alumina crucibles, which were heated at a temperature of
1100°C for 4 h, followed by slow cooling (3 K-h™") to 800°C. At this temperature, the molten flux (Cu-In
eutectic) was removed by centrifuge. The recovered product consisted of relatively large and well defined
crystals which were later identified as a ternary compound.

Information concerning investigations of phase relations, structures and thermodynamics in the Ce-Cu-In
system is summarized in Table 1.

[1998Kal, 2005Kal] reviewed literature data and the results of their own experimental investigations of the
R-Cu-In systems and presented the isothermal sections of the Ce-Cu-In system and crystal structures of
ternary Ce-Cu-In compounds. [2003Luk] has reviewed the crystal chemistry, chemical bonding and
physical properties of the tetragonal U;Si, type compounds, in particular, Ce,Cu,In. A series of works were
devoted to the investigation of the magnetic and electrical characteristics of the different ternary
compounds. This information is summarized in Table 3.

Binary Systems

The Ce-In binary system is accepted from [Mas2]. Cu-In is from [2000Goe], based mainly on [1972Jai].
The Ce-Cu system is accepted from [2002Per].

Solid Phases

Crystallographic data of the binary and ternary compounds that are formed in the ternary Ce-Cu-In system
are shown in Table 2. There are ten ternary compounds [1991Bar, 1998Kal].

[1990Bar] discovered the compound 7y {Ce;_(Cuy g3lng 32)1,Cu_, atx=0.22; y =0.36} and estimated its
crystal structure in a sample annealed at temperature 600°C and subsequently quenched. [1989Sys]
determined the crystal structure of the compound t, (CeCus ;Ing ¢) in as-cast samples. [1991Bar] found the
compounds 13 (CeCuglny) and t4 (~CeCuy,lngg) in the isothermal section for 600°C. [1991Bar]
determined the crystal structure of T3 and found that the compound has a homogeneity range from ~16 to
25 at.% In along 8.3 at.% Ce section. The crystallographic characteristics of the T4 compound have not been
determined. [1988Kal] investigated the crystal structure of the compound t5 (CeCuy 3gIn; ¢,) and estimated
that this compound crystallizes with the space group Pnnm and belongs to a new structure type derived from
the parent CeCug compound through the doubling the a axis of the unit cell. On the other hand, [2005Bob]
carried out detailed structural studies of this compound and showed that it belongs to the orthorhombic
CeCug structure type (space group Pnma). [2005Bob] considered that such differences could arise from the
differences in samples production - arc-melting and subsequent annealing [1998Kal] or growth in a Cu-In
flux [2005Bob]. The CeCug structural type of the T5 compound was expected by [1995Kas, 1998Kam]. The
75 compound has a homogeneity range from 13 to 26 at.% In [1991Bar] or from 8 to 29 at.% [1995Kas]
along the 14.3 at.% Ce section. Further investigations are required in order to obtain more exact information
about the crystal structure and the homogeneity range of this compound. The crystal structure of the tg4
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(CeCu,lIn) compound was reported by [1985Fel]. The lattice parameters of T, were determined by [1985Fel,
1987Lah, 1988Tak1]. The crystal structure of the t; (CeCuln) compound was estimated by [1976Dwi] and
the lattice parameters were given by [1991Bar]. The crystal structure of the tg (CeCugsln; 5) was
determined by [1988Bar]. According to [1991Bar], this compound has a homogeneity range from 40 to 55
at.% In along the 33 at.% Ce section. The crystal structures of the T (Ce;Cus 1Ing g) and 71 (CeCuy_,In; )
compounds were described by [1990Kal] and [1990Bar], respectively. [1990Bar] showed that the
compound T is found only after casting but not after subsequent annealing at 600°C.

Isothermal Sections

[1991Bar] constructed isothermal sections of the Ce-Cu-In system at 600°C in the concentration range 0 to
33.3 at.% Ce and at 400°C in the concentration range 33.3 to 100 at.% Ce, on the basis of experimental data.
Information of these sections is also reported in [1998Kal] and [2005Kal]. The isothermal sections of
Ce-Cu-In system shown in Fig. 1 were constructed on the basis of data from [1991Bar] with the addition of
the CeCuy compound taken from the accepted Ce-Cu binary system [2002Per].

Thermodynamics

Specific heat investigation of the CeCu,In compound (Heusler phase) was reported in [1987Lah, 1988Takl1,
1988Tak2, 1992Sat, 1995Kas]. CeCu,ln is a heavy fermion compound. It has a large specific heat
coefficient indicating a large effective mass. According to [1987Lah], no magnetic transition is visible for
CeCuyln, and the C/T variation only shows a broad maximum of 2 Jrmol K™ near T=2.5 K. According
to [1988Tak1], the low-temperature specific heat of CeCu,ln has an enormous electronic contribution, with
C/T=1.2 J-mol K2 below 1.2 K and shows a broad maximum at around 2.2 K. In [19928at], the magnetic
specific heat of the CeCu,In compound and its entropy changes were recorded. Anomalous behavior due to
a dense Kondo effect was observed. This indicates that CeCu,In undergoes an antiferromagnetic phase
transition at 7y = 2.3 K. Similar results were obtained by [1988Tak2]: the low temperature specific heat
coefficient C/T shows a maximum at 0.9 K; the maximum value is 1.4 J-mol K 2. [1995Kas] measured
specific heat vs T for the CeCuq_,In, compound at x = 0.5, 1.0, 1.25, 1.5 and 1.75. The specific heat
measurements revealed that the samples with x up to 1.0 did not show any anomaly owing to magnetic
ordering within the temperature range investigated (from 1.7 to 15 K). The specific heat coefficient for
CeCusln (x=1.0) was 0.2 ] -mol "K~2. However, C(T) curves for the samples with x above 1.0 suggested
the onset of magnetic order: 7Ty is 2.2 K for x = 1.5 and ~1.5 K for x = 1.75.

Notes on Materials Properties and Applications

Measurement of the magnetic and electrical properties of the CeCu,In compound, specifically the
temperature and pressure dependencies of magnetic susceptibility and electrical resistivity were made by
[1985Fel, 1987Lah, 1988Tak1, 1988Tak2, 198900m, 199200m, 1992Kag, 1996Kac, 2000Sio, 2002Mil].
Information regarding investigations of material properties is summarized in Table 3.

The magnetic behavior of the CeCu,In compound was studied by [1985Fel] over the temperature range
from 2 to 300 K. CeCu,ln exhibited normal paramagnetic behavior and adhered closely to the Curie-Weiss
law of over the major portion of the measured temperatures.

[1987Lah] constructed magnetic isotherms for a CeCu,In single crystal along the {100} axis at 7= 1.5, 4.2
and 8 K. The magnetization anisotropy was found to be extremely small. The reciprocal susceptibilities for
the CeCu,In were constructed by [1987Lah], also in the temperature range from 1.5 to 100 K. [1988Tak?2]
reported that for CeCu,In, the ground state is antiferromagnetic. There exists disordering between the Ce
atoms and the In atoms in the Heusler structure. The order parameter is 0.8. CeCu,In undergoes an
antiferromagnetic phase transition at 7y = 2.3 K [1988Tak1].

The thermal expansion coefficient, «, of single crystalline CeCu,In has been measured between 4.2 and
300 K [198900m]. o along the {110} direction is very large at temperatures below 100 K. There is a large
contribution from the 4f electron in CeCu,In.
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The effect of the magnetic field on the electrical resistivity of CeCu,ln at pressures up to 2 GPa was
measured over the temperature range from 2 to 60 K [199200m]. The coherent temperature was found to
increase with pressure.

[1992Kag] reported the dependence of the lattice parameters of the CeCu,In compound as a function of
pressure at room temperature. The temperature dependence of electrical resistivity was also determined in
[1992Kag]. It was found that the maximum in the p(7) curve due to Kondo effect disappears at high
pressure.

The magnetic behavior of the Ce,Cu,In and Ce,Culn; compounds were shown in [1996Kac] and
[2000Si0], respectively. The magnetic susceptibility of Ce,Culny was measured in [2000Sio]. It shows that
compound does not have any ordering temperature down to 4.2 K and remains paramagnetic. The Ce,Cu,In
compound was found to order antiferromagnetically below Ty = 5.5 K [1996Kac]. The temperature
dependence of the electrical resistivity for this compound has a metallic character. [2002Mil] has shown
that hydrogenation weakens the magnetic exchange interactions in Ce,Cu,In, which turns from an
antiferromagnet with 7y = 5.5 K, into a paramagnet.

Miscellaneous

[1997Ple] studied the effects of Al, Ga, Sn or Fe, Ni, Pd and Pt doping of the cubic CeCu,In compound. At
least 20% In or 10% Cu can be replaced by respective metalloid or transition metal atoms without changing
the crystal structure. The main influence of the substitutions on the physical properties of CeCu,ln is to
change the Kondo temperature and crystalline electric field splitting. Using X-ray diffraction, [1999Tak]
detected residual short-range order in the CeCu,ln compound. In spite of the long-range order of this
substance, diffuse scattering exhibiting short-range order was observed at room temperature. [2002Mil]
investigated the interaction of the Ce,Cu,In compound with hydrogen. The synthesis of the hydrides was
performed at a hydrogen pressure of 0.8 bar and temperature of 593 K. The formation of the Ce,Cu,InH; 5
hydride was estimated. It has the structure type Mo,FeB, (space group P4/mbm) with lattice parameters a
=780.50 + 0.20 pm and ¢ =410.40 + 0.11 pm.

References

[1941And] Andrews, K.W., Hume-Rothery, W., “On the o/ Brass Type of Equilibrium”, Proc. Roy.
Soc. A, 178, 464-473 (1941) (Crys. Structure, Experimental)

[1951Rey] Reynolds, J., Wiseman, W.A., Hume-Rothery, W., “The Equilibrium Diagram of the
System Copper-Indium in the Region 25-35 at.% Indium”, J. Inst. Met., 80, 637-640
(1951-1952) (Experimental, Crys. Structure, Phase Diagram, Phase Relations)

[1972]ai] Jain, K.C., Ellner, M., Schubert, K., “On Existance of Phases near CugyIn; Composition”,
Z. Metallkd., 63(8), 456-461 (1972) (Crys. Structure, Phase Diagram, Experimental, 6)

[1976Dwi] Dwight, A.E., “Rare Earth-Au(Cu)-X Compounds with the Fe,P-, Caln,-, and
MgAgAs-Types”, Proc. Rare-Earth Research Conference, Vail, Colorado, II.(1976),
Denver Research Institute (preprints), 12(1), 480-489 (1976) (Crys. Structure,
Experimental, 7)

[1980VTro] Vrolijk, J.W.G.A., Wolff, L.R., “Crystallography of Aligned Cu-In Eutectoid”, J. Cryst.
Growth, 48, 85-92 (1980) (Phase Diagram, Crys. Structure, Experimental)

[1984Kal] Kalychak, Ya.M., Dmytrakh, O.V., Bodak, O.1., Ogryzlo, M.M., “The Crystal Structures of
LaCu,ln and LaCug sIng 57 (in Russian), Dop. Akad. Nauk Ukr. RSR B, Geol., Khim. Biol.,
1, 34-36 (1984) (Crys. Structure, Experimental, 2)

[1985Fe¢l] Felner, 1., “Magnetic and Structural Characteristics of the RInCu, Compounds inthe
Heusler L2, Structure”, Solid State Commun., 56(4), 315-317 (1985) (Crys. Structure,
Experimental, Magn. Proper., 7)

[1987Lah] Lahiouel, R., Pierre, J., Siaud, E., Galera, R.M., Besnus, M.J., Kappler, J.P., Murani, A.P.,
“Kondo Lattice and Heavy Fermions in Heusler Phases: CelnAg,_,Cu,”, Z. Phys. B, 67B,
185-191 (1987) (Crys. Structure, Magn. Prop., Experimental, 19)

® Landolt-Bornstein
MSIT New Series IV/11C2



Ce—Cu-In 95

[1988Tak1]

[1988Tak2]

[1988Bar]

[1988Kal]

[1989Sys]

[198900m]

[1990Bar]

[1990Kal]

[1991Kag]

[1991Bar]

[1992Kag]

[199200m]

[1992Sat]

[1994Sub]

[1995Kas]

Landolt-Bornstein
New Series IV/11C2

Takagi, S., Kimura, T., Sato, N., Satoh, T., Kasuya, T., “Evidence for Magnetic Ordering in
the Heavy-Electron Compound CeCu,In”, J. Phys. Soc. Jpn., 57(5), 1562-1565 (1988)
(Crys. Structure, Magn. Prop., Experimental, 15)

Takayanagi, S., Woods, S.B., Wada, N., Watanabe, T., Onuki, Y., Kobori, A., Komatsubara,
T., Imai, M., Asano, H., “Magnetic and Transport Properties in the Cubic Heavy Fermion
System CeInCu,”, J. Magn. Magn. Mater., 76-77, 281-282 (1988) (Crys. Structure, Magn.
Prop., Experimental, 5)

Baranyak, V.M., Dmytrakh, O.V., Kalychak, Ya.M., Zavalii, P.Yu., “Ternary Intermetallic
Compounds with AlB,-Type Structure in La(Ce,Pr,Nd,Sm,Eu)-Ni(Cu)-In Systems”, Izv.
Akad. Nauk SSSR, Neorg. Mater., 24(5), 739-740 (1988) (Crys. Structure, Experimental, 6)
Kalychak, Ya.M., Baranyak V.M., Bel’skii, V.K., Dmytrakh, O.V., “Crystal Structure of
CeCuy 33Iny 4 Compound and Affinitive Compounds” (in Russian), Dop. Akad. Nauk Ukr.
RSR B, Geol., Khim. Biol., (9), 40-44 (1988) (Crys. Structure, Experimental, 5)

Sysa, L.V., Kalychak, Ya.M., Bakar, A., Baranyak, V.M., “Crystal Structures of
TRCus Ingg (TR =Y, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb)”, Sov. Phys.
Crystallogr., 34(3), 443-444 (1989), translated from Kristallografiva, 34(3), 744-745
(1989) (Crys. Structure, Experimental, 5)

Oomi, G., Okamoto, A., Onuki, Y., Komatsubara, T., “Thermal Expansion Coefficient of a
New Heavy Fermion Substance, CelnCu,”, J. Phys. Soc. Jpn., 58(7), 2235-2237 (1989)
(Magn. Prop., Experimental, 13)

Baranyak, V.M., Kalychak, Ya.M., Zavalii, P.Yu., Bel’skii, V.K., “Crystal Structure of
CeCuz,xInz,y ()C =y = 050) and Celfx(Cu0.681n0.32)12Cu17y (X = 022, y= 0.36)”, [I’lOl"g.
Mater., 26(11), 1985-1987 (1990), translated from Izv. Akad. Nauk SSSR, Neorg. Mater.,
26(11), 2316-2318 (1990) (Crys. Structure, Experimental, 5)

Kalychak, Ya.M., Zaremba, V.I., Baranyak, V.M., Zavalii, P.Yu., Bruskov, V.A., Sysa,
L.V., Dmytrakh, O.V., “Crystal Structure of the Compounds R,Ni,In, R,Ni,_In, and
R,CuyIn (R =La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu or Y”, Inorg. Mater., 26(1),
74-76 (1990), translated from Izv. Akad. Nauk SSSR, Neorg. Mater., 26(1), 94-96 (1990)
(Crys. Structure, Experimental, 4)

Kagayama, T., Oomi, G., Takahashi, H., Mori, N., Onuki, Y., Komatsubara, T., “Valence
Transition of Heavy Fermion Compound CelnCu, at High Pressure”, Japan. Inst. Met.,
129-133 (1991) (Magn. Prop., Experimental, 4)

Baranyak, V.M., Kalychak, Ya. M., “The Ce-Cu-In System”, Inorg. Mater., 27(6),
1038-1041 (1991), translated from Izv. Akad. Nauk SSSR, Neorg. Mater., 27(6), 1235-1238
(1991) (Crys. Structure, Phase Relations, Experimental, 15)

Kagayama, T., Oomi, G., Takahashi, H., Mori, N., Onuki, Y., Komatsubara, T., “Crossover
from Concentrated Kondo to Intermediate Valence State in Cerium-Indium-Copper
(CelnCuy)”, J. Magn. Magn. Mater., 108, 103-104 (1992) (Magn. Prop., Experimental, 13)
Oomi, G., Kagayama, T., Onuki, Y., Komatsubara, T., ‘“Magnetostriction and
Magnetoresistance of the Heavy Fermion Compounds CeCug and CeInCu,”, Physica B
(Amsterdam), B 177, 185-189 (1992) (Magn. Prop., Experimental, 16)

Sato, K., Isikawa, Y., Mori, K., “Magnetic Specific Heat of Light Rare Earth Heusler
Compounds RInCu,, (R = La, Ce, Pr, Nd and Sm)”, J. Magn. Magn. Mater., 104-107,
1435-1436 (1992) (Magn. Prop., Thermodyn., Experimental, 7)

Subramanian, P.R., “Cu-In (Copper-Indium)”, in “Phase Diagrams of Binary Copper
Alloys”, Subramanian, P.R., Chakrabarti, D.J., Laughlin, D.E., (Eds.), ASM International,
Materials Park, OH, 218-229 (1994) (Crys. Structure, Phase Diagram, Thermodyn.,
Review, 50)

Kasaya, M., Satoh, N., Miyazaki, T., Kumazaki, H., “Appearance of a new Coherent Kondo
State by In Substitution for Cu in CeCug”, Physika B, 206-207, 314-316 (1995) (Crys.
Structure, Experimental, Electr. Proper., Magn. Prop., Thermodyn., 10)

MSIT®



96 Ce—Cu—In

[1996Kac] Kaczorowski, D., Rogl, P., Hiebl, K., “Magnetic Behavior in a Series of Cerium Ternary
Intermetallics Ce,T,In (T=Ni,Cu,Rh,Pd,Pt, and Au)”, Phys. Rev. B, 54(14), 9891-9902
(1996) (Crys. Structure, Experimental, 46)

[1997Ple] Plessis P.D.V., Tran V.H., “Influence of Substitutions on the Physical Properties of
CelnCu,”, J. Phys.: Condens. Matter, 9, 8527-8537 (1997) (Crys. Structure, Magn. Prop.,
Experimental, 31)

[1998Kal] Kalychak, Ya.M., “Isothermal Cross Sections of Phase Diagrams and Crystal Structure of
the Compounds for REM-Cu-In Systems”, Russ. Metall., (4), 138-148 (1998), translated
from Metally, (4), 110-118 (1998) (Crys. Structure, Phase Relations, Review,
Experimental, 32)

[1998Kam]  Kamiyama, T., Oikawa, K., Izumi, F., Kosaka, M., Onodera, H., Yamaguchi, Y., Kasaya,
M., Kojima, K., “TOF Neutron Powder Diffraction Studies on f-Electron Systems”,
Physica B (Amsterdam), 241-243, 376-378 (1998) (Crys. Structure, Experimental, 6)

[1999Tak] Takahashi, 1., Kagayama, A., Oomi, G., Onuki, Y., Komatsubara, T., “Residual
Short-Range Order in the Heavy Fermion Compound CeInCu,”, Acta Crystallogr., Sect. B:
Struct. Crystallogr. Crys. Chem., B55, 31-34 (1999) (Crys. Structure, Experimental, 8)

[2000Goe] Goedecke, T., Haalboom, T., Ernst, F., “Phase Equilibria of Cu-In-Se. II. The
In-1,Se5-Cu,Se-Cu Subsystem”, Z. Metallkd., 91(8), 635-650 (2000) (Experimental, Phase
Relations, 13)

[2000Si0] Siouris, .M., Semitelou, I.P., Yakinthos, J.K., “Susceptibility Measurements of R,Culns
Compounds (R = Ce,Pr,Nd,Tb,Dy,Ho,Er)”, J. Alloys Compd., 297, 26-29 (2000) (Crys.
Structure, Magn. Prop., Experimental, 7)

[2002Mil] Miliyanchuk, Kh.Yu., Bulyk, LI, Trostianchyn, A.M., Kolomiets, A.V., Galadzhun, Y.V.,
Kalychak, Y.M., “Hydrides of R,Cu,In (R=Ce,Gd) Intermetallic Compounds”, Abstract,
VII Int. Conf. Crys. Chem. Lviv., 140 (2002) (Crys. Structure, Magn. Prop., Experimental, 1)

[2002Per] Perrot, P., Ferro, R., “Ce-Cu (Cerium-Copper)”, MSIT Binary Evaluation Program, in MSIT
Workplace, Eftenberg, G. (Ed.), MSI, Materials Science International Services GmbH,
Stuttgart; Document ID: 20.16303.1.20, (2003) (Phase Diagram, Assessment, 25)

[2003Luk] Lukachuk, M., Pottgen, R., “Intermetallic Compounds with Ordered U;Si, or Zr;Al, Type
Structure - Crystal Chemistry, Chemical Bonding and Physical Properties”, Z. Kristallogr.,
218, 767-787 (2003) (Crys. Structure, Electr. Prop., Magn. Prop., Review,
Thermodyn., 197)

[2005Kal] Kalychak, Ya.M., Zaremba, V.I., Péttgen, R., Lukachuk, M., Hoffmann, R., “Rare
Earth-Transition Metal-Indides” in “Handbook on the Physics and Chemistry of Rare
Earths”, 34, 1-133 (2005) (Crys. Structure, Phys. Prop., Phase Relations, Experimental,
Review, 402)

[2005Bob] Bobev, S., Bauer, E.D., “CeCus_Iny, {x = 0.17 (1)} with the Orthorhombic CeCugq
Structure”, Acta Crystallogr., E61, 189-190 (2005) (Crys. Structure, Expermental, 8)

Table 1: Investigations of the Ce-Cu-In Phase Relations, Structures and Thermodynamics

Reference Method/Experimental Technique Temperature/Composition/Phase Studied

[1976Dwi] X-ray diffraction Annealing at 800°C / CeCuln/Crystal
Debye-Scherrer method structure and lattice parameter

[1984Kal] X-ray powder diffraction/ Annealing at 800°C for 700 h / CeCu,In/
DRON-2.0 Lattice parameters

[1985Fel] X-ray powder diffraction As-cast samples / CeCu,In / Lattice
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Reference Method/Experimental Technique Temperature/Composition/Phase Studied
[1987Lah] Specific-heat measurements 1.5-300 K / CeCu,In / Specific heat, lattice
Neutron scattering experiments/ parameters at room temperature
IN4 spectrometer
[1988Takl] X-ray powder diffraction As-cast samples, 0.22-20 K / CeCuyln /
Specific-heat/adiabatic calorimeters and  Specific heat, latter parameters at room
Cu NMR measurements/phase-coherent  temperature
NMR spectrometer
[1988Tak2] X-ray powder diffraction As-cast samples / CeCu,In / Crystal
structure and lattice parameters
[1988Bar] X-ray single crystal and powder Annealing at 600°C for 750 h /
diffraction/HZG-4A CeCuy 5In; 5 (single crystal) / Crystal
Laue’s method structure and lattice parameters
Weissenberg method
[1988Kal] X-ray single crystal diffraction/Syntex P1 ~Annealing at 600°C / CeCuy 3glny ¢,
Laue’s method (single crystal) / Crystal structure and
Weissenberg method lattice parameters
[1989Sys] X-ray single crystal and powder Annealing at 600°C /CeCus (Ing ¢ / Crystal
diffraction/DRON-3.0 structure and lattice parameters
Laue’s method
Weissenberg method
[1990Bar] X-ray single crystal diffraction/Syntex P1 ~Annealing at 1030°C for 24 h /
Laue’s method CeCuy_Iny_, (x =y =0.50)
Weissenberg method (single crystal) / Crystal structure and
X-ray powder diffraction/ lattice parameters
DRON-3.0 Annealing at 600°C for 750 h /
Cey_(Cug gsIng 32)12Cuyy,
(x=0.22;y=0.36)/
Crystal structure and lattice parameters
[1990Kal] X-ray analysis Annealing at 600°C / Ce,Cu,ln / Lattice
parameters
[1991Bar] X-ray powder diffraction Annealing at 600°C for 750 h and
Debye-Scherrer method/APOC quenching / Ce-Cu-In at 0 to 33.3 at.% Ce/
DRON-2.0, DRON-3.0 Annealing to 400°C for 1500 h/ Ce-Cu-In
Microstructural analysis/Neophot-30 at 33.3 to 100 at.% Ce/ Isothermal sections
at 600 and 400°C, crystal structure and
lattice parameters
[1992Kag] X-ray diffraction Single crystal (Czochralski method)/
CeCu,lIn/ Lattice parameters at room
temperature and pressure up to 15 GPa
[1992Sat] Specific-heat measurements Single crystal (Czochralski method)/
Adiabatic standard method CeCu,ln/ Specific heat
[1995Kas] X-ray analysis Single crystal and polycrystalline samples/

CeCug_,In, (x=0.5, 1.0, 1.25, 1.38, 1.5,
1.75, 2.0), annealing at 530°C for 5 days /
Crystal structure and lattice parameters
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Reference Method/Experimental Technique Temperature/Composition/Phase Studied

[1996Kac] X-ray single crystal/STOE Nicolet Annealing at 650°C for 2 weeks /
four-circle diffractometer and powder Ce,Cuyln / Lattice parameters
diffraction/Guinier camera, Siemens
D5000 diffractometer

[1997Ple] X-ray powder diffraction As-cast samples, at room temperature /

CeCuyln / Lattice parameters

[1998Kam)] Neutron powder diffraction/TOF versatile Annealing at 530°C for 5 days / CeCuslIn/
diffractometer Crystal structure and lattice parameters

[1999Tak] X-ray single crystal diffraction/four-circle Single crystal (Czochralski method) /
diffractometer (Photon Factory at the CeCuyln/
National Laboratory for High Energy Crystal structure
Physics) Czochralski crystal-pulling
method

[2000Si0] X-ray analysis Annealing at 480°C for 30 days /

Ce,Culn; / Lattice parameters

[2002Mil] X-ray powder diffraction/Siemens D500,  Annealing at 600°C / Ce,Cu,ln / Lattice
DRON-4.0, HZG-4a parameters

[2005Bob] X-ray analysis Cooling with 800°C/ CeCus_,In;

(0 <x <0.75)/
Crystal structure and lattice parameters

Table 2: Crystallographic Data of Solid Phases

Phase/ Pearson Symbol/ Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
(Cu) cF4 dissolves up to ~11 at.% In at 574°C
<1084.62 Fm3m [Mas2]
Cu a=361.46 at 25°C [Mas2]
a=367.27 for 5.9 at.% In [V-C2]
a=370.665 for 10 at.% In [V-C2]
(6Ce) cl2 dissolves up to 0.55 at.% Cu at 708°C
798 - 726 Fm3m [2002Per]
w and ~10 at.% In at 730°C [Mas2]
a=412 [Mas2]
(yCe) cF4 dissolves up to 0.4 at.% Cu at 708°C
726 - 61 Fm3m [2002Per]
Cu and 4 at.% In at 650°C [Mas2]
a=>510.10 [Mas2]
(BCe) hP4 a=308.10 at 24°C [2002Per]
61-(177) P63/mm c=1185.7
ala
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Phase/ Pearson Symbol/ Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
(aCe) cF4 a=485 at —196°C
<-177 Fm3m [2002Per]
Cu
(In) t2 a=3245+0.6 [Mas2], [V-C2]
< 156.634 14/mmm c=4942 + 0.6
In
CeCu oP8 a=737.0 [2002Per]
<516 Pnma b=462.3
FeB c=564.8
CeCu, oll12 a=442.9 [2002Per]
<817 Imma b="706.1
KHg, c=747.4
CeCuy oP20 a=458 [2002Per]
<796 Pnnm b=2810
CeCuy c=935
CeCus hP6 a=>514.8 [2002Per]
<798 P6/mmm c=410.8
CaCu5
BCeCug oP28 a=2810.88 at 22°C [2002Per]
938 - (-43) Pnma b=510.04
BCeCug c=1016.21
a=810.09 at —23°C [2002Per]
b=1509.78
c=1015.48
aCeCugq mP28 a=>509.5 at —73°C [2002Per]
<-43 P2,/c b=1014.66
aLaCug c=809.31
B =90.485°
a=>508.92 at —173°C [2002Per]
b=1013.26
c=807.89
B=091.148°
a=>508.41 at —263°C [2002Per]
b=1012.79
c=807.31
B=91.442°
Cesln cP4 24 to ~25 at.% In [Mas2]
<910 Pm3m a=1506.1 [V-C2]
AuCu;
CeyIn hP6 32 to 33.3 at.% In [Mas2]
<960 P63/mm a=>555.7 [V-C2]
InNi, c=690.8
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Phase/ Pearson Symbol/ Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
CeqyIn - - 43 to 47 at.% In [Mas2]
<1140
Celnyy,, - - [Mas2]
~1070 - ~ 890
Ce;lng 0(C32 60 to 63 at.% In [Mas2]
<1170 Cmcem a=1025 [V-C2]
PdsPus b =831
c=1054
Celn, oll12 [Mas2]
<1130 Imma a=474.0 [V-C2]
CeCu, b=761.0
c=901.8
Celn; cP4 [Mas2]
<1180 Pm3m a=468.93 £ 0.02 [V-C2]
AuCu;
o, Cuyln cl2 a=301.40 20.50 at.% In at 625°C [1994Sub]
710 - 574 Im3m a=304.61 18.64 at.% In at 672°C [1941And]
W
B, Cuyln, aP40 a=107.1 30.0 at.% In [1980Vro]
<631 P1 b=913.1
Cuyln; c=672.6
a=90.2°
B =90.4°
y =106.82°
a=1000 29.6 at.% In [1994Sub]
b=910
c=0672
oa=289.9°
B=282.6°
vy =106.9°
Y, Cuglny cP52 a=925.03 29.6 at.% In at 650°C [1951Rey]
684 - 631 PA3m
InMnj; or Al4Cug
01, CupIn hP6 a=412.0 [V-C2]
667 - 440 P6s/mmc c=526.3
NizIn
0y, CuyIny(hy) oP55 a=21375 [1972]ai] superstructure of the Ni,In
480 - 350 ? b=1740.5 type
c=521.8
03, Cuqlng(h)) oP88 a=3419.4 [1972]ai] superstructure of the Ni,In
450 - 298 ? b=1739.5 type
c=526.2
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Phase/ Pearson Symbol/ Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
04, CuyIny(r) - - [1972]ai]
<389
05, Cuy;sIng - - [1972]ai]
<350
* 1, cF112 x=0.22;y=0.36 [1990Bar]
Cel,x(Cu0.681n0.32)1ZCuI,y Fm§C at 58Ce—655Cu-287In (at.%)
NaZn; after annealing at 600°C
a=12482 +0.1 atx=0.22;y=0.36 [1990Bar]
after annealing at 600°C
a=12483 +0.1 atx=0.22;y=0.36 [1991Bar]
* 15, CeCus 1Ing ¢ 26 at 7.7Ce-39.2Cu-53.11n (at.%)
14/mmm a=9263+0.2 for as-cast [1989Sys] and annealed at
ThMn,, c=5423:0.1 600°C samples [1991Bar]
* 13, CeCug ggolp 939 P24 a=847.6to 863.1 after annealing at 600°C
P4/mbm +0.2 at 8.3 at.% Ce
YNigln, c=498.8t0 511.7 75.0 to 66.7 at.% Cu
+0.2 16.7 to 25 at.% In
[1991Bar]
* 14, ~CeCuy 5Ing g ? ? after annealing at 600°C
[1991Bar, 1998Kal]
N Ts, CeCu5_1_4_ZIn0_9_1'8 oP56 [1988Kal]
Pnnm a=1716.9 + 0.6  single crystal, after annealing at
CeCu4.381n1_62 b=1090.8 + 0.4 600°C for CCCU4.381111~62
c=5202+02 at 14.3Ce-62.6Cu-23.11n (at.%)
[1988Kal]
or
a=1672.0to after annealing at 600°C for
1701.9 CCCU4.381I1L62
b=1060.0 to at 14.3 at.% Ce,
1080.9 72.8 to 60.1 at.% Cu,
c=507.41t0518.9 12.8t025.7 at.% In [1991Bar]
oP28 a=837.605 + after annealing at 530°C for CeCusln
Pnma 0.015 at 14.3Ce-71.4Cu-14.31n (at.%)
CeCug b=506.975 + [1998Kam]
0.009
¢=1062.490 =+
0.019

a=840.56 + 0.07
b=509.39 + 0.04

for CeCu4_83In1b17 at
14.3Ce-69.0Cu-16.71In (at.%)

c=1073.80 + 0.08 [2005Bob]
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Phase/ Pearson Symbol/ Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
* 14, CeCuyln cF16 a=678.5+0.1 after annealing at 600°C [1984Kal]
Fm3m
MnCu,Al a=679.8 for as-cast sample [1985Fel]
a=6784 for as-cast sample at room
temperature [1987Lah]
a=:679.1 for as-cast sample at room
temperature [1988Tak1]
a=679.06 for as-cast sample [1988Tak2]
a=6789+03 for as-cast sample [1997Ple]
* 14, CeCuln hP9 a=749 after annealing at 800°C
P62m c=424 [1976Dwi]
ZrNiAl
a=749.0 + 0.1 after annealing at 600°C [1991Bar,
c=4249 + 0.1 1998Kal]
* 1g,CeCupgglny ¢  hP3 a=481.8 + 0.1 after annealing at 600°C for
P6/mmm c=3899 0.1 CeCug 5In; 5at
AlB, 33.3Ce-16.7Cu-50.01In (at.%)
[1988Bar]
a=480.4 to 483.5 after annealing at 600°C
+0.1 at 33.3 at.% Ce
¢=383.71t0391.7 26.7 to 13.3 at.% Cu
+0.1 40.0 to 53.1 at.% In
[1991Bar, 1998Kal]
a=482.1 after annealing at 470°C for
c=3852 CCCUO.SIHLS at
33.3Ce-16.7Cu-50.01In (at.%)
[2000Sio0]
* 19, Ce,Cupln tP10 a=773.34 + 0.17 after annealing at 600°C [2002Mil]
P4/mbm c=39291 + 0.01
MOzFCBZ
(ordered UsSi;, a=773.520.3 Polycrystalline sample [1996Kac,
type) c=3924+02 2003Luk]
a=1773.68 + 0.06 Single crystal sample [1996Kac]
¢=392.40 + 0.03
a=772.8 + 0.1 after annealing at 600°C [1990Kal,
c=391.6 +0.2 1991Bar, 1998Kal, 2003Luk]
* 110, CeCuy_yIny_, tP10-2.0 x=150,y=0.50,
P4/nmm a=4245+ 0.1 at 25Ce-37.5Cu-37.5In (at.%)
CaBe,Ge, c=1055.0+ 0.2 only in cast alloys [1990Bar,

1991Bar, 1998Kal]
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Table 3: Investigations of the Ce-Cu-In Materials Properties

Reference Method/Experimental Technique Type of Property
[1985Fel] Magnetic measurements Magnetization and reciprocal susceptibility
for CeCuyIn
[1987Lah] Magnetic and electrical measurements Magnetic susceptibility and magnetic
Neutron scattering experiments/ resistivity / 1.5 - 300 K / CeCu,In
IN4 spectrometer
[1988Tak1] Cu NMR measurements/phase-coherent ~ Magnetization for CeCu,In at low
NMR spectrometer temperatures
[1988Tak2] Magnetic and transport investigations Magnetic susceptibility and electrical
resistivity/
for CeCu,lIn at low temperatures
[198900m] Thermal expansion measurements Thermal expansion coefficient of single
Strain gauge method crystalline CeCu,ln at 4.2 to 300 K
[1991Kag] Magnetic investigation CeCuyIn
[199200m] Magnetostriction and magnetoresistance ~ Magnetostriction of single crystalline of
measurements, thermal expansion and CeCuylIn up to 60 K. Magnetoresistance of
electrical resistance measurement CeCuyln at pressure up to 2 GPa and 2 to
Strain gauge method 60 K.
Standard four-probe method
[1992Kag] Electrical measurements Resistivity of CeCu,lIn at high pressure up
Standard four-probe method to 8 GPa
[1995Kas] Magnetic and electrical measurements Magnetic susceptibility and electrical
resistivity/
for CeCug_,In, at 1.7 to 300 K
[1996Kac] Magnetic and electrical Magnetic susceptibility and electrical
measurements/Quantum Desing MPMS-5  resistivity of Ce,Cu,lIn at 1.7 to 300 K
superconducting quantum interference
device magnetometer, Lake Shore ac
susceptometer
[2000Si0] Magnetic measurements/SQUID High and low temperature magnetic
magnetometer susceptibility at 4.2 to 160 K for Ce,Culny
[2002Mil] Magnetic investigation/SQUID Magnetic susceptibility of Ce,Cu,lIn at 5 to

magnetometer

300K
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In Data / Grid: at.%
Fig.1: Ce-Cu-In. Axes: at.%
Isothermal section at
400 (above 33.3 at.%
Ce) and 600°C (below

33.3 at.% Ce)
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