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9-12; with Sm — 9-10; 1. e. the homogeneity ranges are between the sections RCoSn,—
RSn; and RSn;—RCos.

The homogeneity range of the nickel compounds includes the composition 1, 3-5, 8—
10 for La and Ce; the homogeneity range for the compounds with Pr and Nd includes
the composition 1, 3-5, 8-11, and for Sm only the alloys 5, 9-11 are homogenous.

In the systems with copper, the compounds are formed only with La (4, 5, 9,
10 compositions), Ce, Pr (3, 4, 9 compositions), Nd (3-5, 9 compositions). They do not
form with Sm.

Only the compounds with nickel have the stoichiometric RMSn; composition.
Moreover, these compounds have the greatest homogeneity range. A tendency towards
decreasing homogeneity range was observed in the series of compounds with the same M
with increasing atomic number of the R element.

The common formula for the solid solutions is RNi;_,Sn;_,. They are complex solid
solutions in which the formation of the vacancies and the statistical distribution of the
M and Sn atoms are combined. These solid solutions were described in more detail by
Skolozdra (1993).

The calculation of the structure of the alloys with iron and manganese leads to the
composition RMg4Sn;79 (M=Fe, Mn). The distribution and the atom sites of some
RM;_,Sn;_, compounds are as follows:

CeMng4Sni g NdCog.9Sn; 4 NdCoq30Sn, 72
Atoms G /b Atoms G y/b  Atoms G yib
Ce 40(0) 097(3) Nd 4000) 0.0752) Nd 400)  0.083(1)

Mnl 1.05)  0.33(1) Col 13(3) 0.24(1) Co2 1.133)  0.41003)
Snl 3.0(5) 0.445(2) Co2 0.5(2) 0.410(3) Co3 0.2(2)  0.724(2)
Sn2 4.0(0) 0.754(3) Snl 3.5(2) 0.410(3) Snl 2.9(2)  0.410(3)

Sn2 4.000) 0.725(2) Sn2 3.82)  0.724(2)
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Some of the M—Sn distances are significantly shortened as a consequence of the
presence of vacancies. The shortened distances (A) are listed as follows (Skolozdra et al.
1988b):

SmFeq245n; 79 CeMnyg 245n1.7¢ SmMng 245n1.75 NdCog39Sn 34

Fe-1Snl 2.09 Mn-18nl 2.02  Mn-1Snl 235 Co-2Sn2 2.26
Fe-28n2 224 Mn-2S5n2 2.61 Mn-2Sn2 238 Co-2Sn2 2.32
Fe-2Sn2 248 Mn-25n2 264 Mn-2Sn2 240

The ternary tin compounds of this type also exist with Ru, Rh, Pd, Ir.

3.2.33. HogNi;Ga structure type (Gladyshevsky et al. 1983)
ErgNi,Sn, SG Immm, Z=4, a=9.189, b=9.292, ¢=9.750 A (Sichevich et al. 1984).

Atoms Wyckoff notation x/a yia z/c
8Erl 8(n) 0.197 0.208 0
8Er2 &) 0 0.285 0.288
8Er3 8(m) 0.208 0 0.313
4Col 4(h) 0 0.106 0.5
4Co2 4(i) 0 0 0.146
2Snl 2(d) 0.5 0 0.5
2Sn2 2(b) 0 0.5 0.5

In this structure the R atoms form a space framework in which there are two
icosahedral, two cubooctahedral, eight tetragonal-antiprismatic and eight octahedral
vacancies. The icosahedral and cubooctahedral vacancies are occupied by the larger atoms
(Ga and Sn); the smaller atoms of the transition elements (Co and Ni) are placed in
the tetragonal-antiprismatic vacancies. The octahedral vacancies are not occupied. The
analogous framework is formed by the Al atoms in the WA, structure, where the
W atoms occupy the icosahedral vacancies. The R¢M,Sn stannides can be obtained by
the insertion of 2 Sn atoms and 8 Co (Ni) atoms in the unit cell of a hypothetical Rj2Sn
(R34Sny) structure.

Recently, studying the phase compositions of the ErgNi, Sn alloy, Gschneidner Jr et al.
(1995) came to the conclusion that the correct composition of the ErgNi;Sn compound
is somewhat higher in tin or that this phase is formed during a solid state reaction, or
both.

3.2.34. Sc5Co04Si;y structure type (Braun et al. 1980)
CesRh,Snyg, SG P4/mbm, Z=8, a=14.053, c=4.621 A (Venturini et al. 1982).
The coordinates of atoms have not been determined for this type of stannides.
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Braun et al. (1980) consider the structure of ScsCo4Si)y as constructed from isolated
columns which consist of linked pairs of trigonal prisms with Si atoms inside; the trigonal
prisms are parallel to the Z axis. The mutual placing of the prisms is analogous to the
position of the prisms in the U;3Si; structure but in the latter structure the linked pairs
of trigonal prisms are not isolated but connected by ribs. The second fragment in the
structure of Sc3Co4Sig is a deformed tetragonal antiprism which is placed in such a way
that every free edge of the linked pairs of trigonal prism is common for both polyhedra.

The RsRh4Snjg (R=Ce, Pr, Nd, Sm) and RslrsSnjo (R=La, Ce, Pr) compounds
crystallize in this structure type.

3.2.35. CrsBj structure type (Bertaut and Blum 1953, Parthé et al. 1955)
CesNij sSny s, SG [4/mem, Z=4, a=7.975, c= 13.59 A (Skolozdra 1993).

Atoms Wyckoff notation x/a yla zlc
4Cel 4(c) 0 0 0
16Ce2 16(1) 0.171 0.5 0.141
4Nil (Nig47Sngs3) 4(a) 0 0 0.25
&Ni2 (Nig.47Sng53) 8(h) 0.365 0.865 0

The compounds of this structure type form with La, Ce and Pr. They are characteristic
of the statistical distribution of the Ni and Sn atoms.

3.2.36. Structure types of the RM,Sn, phases (I, 11, 11, V VII)
In the R-M~Sn systems, where M=Co, Ru, Rh, Os, Ir, single crystals of the RM,Sn,
stannides have been synthesized from the melt of the tin (Cooper 1980, Espinosa 1980,
Espinosa et al. 1980, 1982). The obtained compounds are very interesting because among
some of them there is superconductivity and magnetic ordering. According to the X-ray
data of Cooper (1980) there are five types of structures indicated as phases 7, II, I, ¥/
VIIL

The crystal structure of the / phase has been investigated for PrRh,Sn, by powder
method by Vandenberg (1980) and for YbRh,Sn, by single crystal method (Hodeau et al.
1980). The formula RsRhgSnys (i.e. 2-SnR3RhsSnyz) and the following characteristics
correspond to the / phase.

YbsRhgSny, SG Pm3n, Z=1, a=9.676 A (Hodeau et al. 1980).

Atoms Wyckoff notation x/a yla zle
6Yb (Ybg.o155n0.095) 6(d) 0.25 0.5 0
8Rh 8(e) 0.25 0.25 0.25
2Sn1 2(a) 0 0 0
(Sng 943 Ybo os7)

248n2 24(k) 0 0.30570 0.15333
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Fig. 14. Projection of the Gd;CogSn,4 structure on
the XY plane and atom coordination polyhedra.

The structure of the / phase can be presented as a three-dimensional array of corner-
sharing trigonal prisms which have Rh atoms in the center. Snl and Rh atoms occupy the
icosahedral and cuboctahedral holes of this array, respectively. Yb and Snl atoms form a
sublattice which is such as in the structure of the Cr;Si (A15) type. Thus the structure of
SnYb;RhsSny; is described as consisting of two substructures namely Yb3Snl (motif of
the Cr;Si type) and RhSn2; (framework from the trigonal prisms) (Hodeau et al. 1980).

On the base of the analysis of the interatomic distances and the coordinations of atoms
it was concluded that the Snl, R and Rh atoms have a behaviour which is similar to
cations, the Sn2 atoms have a behaviour which is similar to anions, and in the compound
there is an ionic-covalent type of the bond (Hodeau et al. 1980, Miraglia et al. 1986).
The authors draw a parallel between the Sn;R3;RhsSnj, structure and the structure of the
ternary oxides A’ A’ B4O;, similar to perovskite.

The RgCosSny¢ phases have been obtained by Skolozdra et al. (1983) independently
from Espinosa et al. (1982). The refining of the structure carried out for the Ce and
Gd compounds testifies that they have the structure of the / phases. The projection of the
GdsCogSnye structure is presented in fig. 14.
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The structure of RgCogSnyg compounds can be considered as a derivative of the AuZn;
type. The AuZn; structure (SG Pm3n, a=7.903 A) (Giinzel and Schubert 1958) contains
two kinds of Au atoms (Aul and Au2) and one kind of Zn atoms. There are also 8 empty
trigonal prisms occupying the 8(e) sites % L’—‘ % and 6 empty tetrahedra [6(a), %O %] in unit
cell. The insertion of 8 atoms of cobalt in trigonal prisms and an exchange of Aul, Au2
and Zn atoms by R, Sn2 and Snl atoms, respectively, leads to the R¢CogSny¢ structure.

As a result of the slight deformation of the / phase Miraglia et al. (1986) consider the
I’ phase with @’ =2a in cubic aspect, or a’ =2a, ¢=a for the tetragonal aspect. A detailed
investigation of single crystals of the Rh phases shows that RgRhgSny¢ (where R =Eu,
Yb, Ca, Sr, Th) has the structure of the / phases and the compounds with R =La-Gd
really have the deformed /' structure. The refining of the structure showed that the larger
axis of the temperature ellipsoid of the / phase was on the average bigger by 0.06 A than
for the / phase. Such an anomaly is explained by the statistical shifting of the Sn2 atoms
along the Snl-Sn2 bond, and the deformation of the structure is manifested by a decrease
of the symmetry of the Sn1Sn2;, polyhedron.

The /7 phase is tetragonal; the structure for the first time was determined for ErRh,Sn,
(Hodeau et al. 1984). The crystallographic data are as follows:

(Sny_,Er )EryRheSng, SG 14i/acd, Z=8, a=13.733, ¢=27418 A (Hodeau et al.
1984).

Atoms Wyckoff xla yla zlc
notation

8Erl (~Erg33Sng.¢7) 8(b) 0 0.25 0.125
32Er2 32(g) 0.13343 0.13765 0.30658
16Sn1 16(f) 0.1765 0.5735 0.375
16Sn2 16(f) 0.3266 0.5766 0.125
16Sn3 16(e) 0.7111 0 0.25
32Sn4 32(g) 0.08725 0.33851 0.41909
328n5 32(g) 0.32578 0.25919 0.46208
328n6 32(g) 0.0047 0.57420 0.46223
16Rh1 16(d) 0 0.25 0.24745
32Rh2 32(g) 0.24391 0.25120 0.37501

The 11 phase is similar to the / phase and contains layers of trigonal prisms linked at
the top. The Rh atoms are in the centers of them. But the stacking of layers is different
in the two structures.

On the basis of structure analysis it was concluded that the atoms (Sn;_Er,), Er2 and
Rh are similar to cations, but Sn2 and Sn3 atoms are similar to anions. The Sn4 atoms
take part as anions in the coordination polyhedron of the Er2 atoms, but they are not
similar to the anions in the net of prisms.



462 R.V. SKOLOZDRA

The /Il phase according to the X-ray data has a cubic structure with a=13.7 A and
formula TbsRheSn;g (Vandenberg 1980). Gladyshevsky and Bodak (1984) showed that
the structure of TbsRheSn;g was a superstructure to the Cry;Cq type.

X-ray and electron diffraction investigations of the single crystals of the TbRh,Sn, and
DyOs,Sn, (/] phase) show that they can be considered as a disordered microtwinned
I phase. These compounds were named as 7/’ phases (Miraglia et al. 1987).

The V phase crystallizes in the Ir;Sn; structure type and contains a small quantity of
the rare earth. The VIl phase for which the structure has not been investigated is a relative
of the V' phase but has a lower symmetry (Espinosa 1980).

3.2.37. Ho;CosSny; structure type (Skolozdra et al. 1986b)
Ho7Co6Sny3, SG P3ml, Z=1, a=9.628, c=9.846 A.

Atoms Wyckoff notation x/a yla zlc
1Ho 1(a) 0 0 0

6Ho 6(i) 0.4790 0.5210 0.3064
6Co 6(i) 0.1677 0.8323 0.8015
2Snl 2(d) 0.3333 0.6667 0.8195
6Sn2 6(i) 0.2188 0.7812 0.5451
6Sn3 6(i) 0.1179 0.8821 0.2764
1Sn4 1(b) 0 0 0.5
6Sn5 6(g) 0.3478 0 0
2Sn6 2(d) 0.3333 0.6667 0.1150

The projection of the structure and the coordination polyhedra on the XY plane for the
Ho7CosSny; compound are presented in fig. 15.

The structure can be considered as related to the Mn3Al;g structure type. In the
Mn3 Al structure (SG P6s3/mmc) the Mn atoms are in the 6(h) sites, the Al0, All,
Al2 atoms are in 2(a), 6(h), 12(k) sites, respectively (Taylor 1959). The structure is
characterized by the existence of columns of empty trigonal prisms and octahedra (in the
ratio 1:2), placed along the 6-fold symmetry axis (Krypyakevich 1977). The columns are
linked to one another by empty octahedra. The Ho;CogSny; structure (fig. 16) is formed
upon substitution of the All atoms and half of the Al0 atoms by Ho atoms, the other
half of the AlQ atoms by Snd atoms, the Mn atoms by Co atoms, and the Al2 atoms by
Sn atoms (actually by two kinds of Sn atoms: Sn2 and Sn3), and insertion of the Sn1 atoms
into the trigonal prisms, the Sn6 atoms into half of the octahedral vacancies (in such a way
that the Snl and Sn6 atoms are divided by the octahedral vacancies), and the Sn5 atoms
into the vacancies between octahedra of the second kind. This substitution and insertion
of atoms leads to an increase of the a and c lattice parameters (the ¢ parameter becomes
approximately two times the ¢ parameter in the Mn3Alyq structure) and to a change of
symmetry (instead of SG P63/mmc, SG P3m1 appears).

The R;CosSny3 compounds exist with R=7Y, Tb—Er.
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Fig. 15. Projection of the Ho,Co4Sn,, structure on the XY plane and atom coordination polyhedra.
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Fig. 16. Projections of the (a) Mn;Al), and (b) Ho,CoySn,; structures on the XY plane.
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3.2.38. La3Co,Sn; structure type (Dorrscheidt and Schdfer 1980)
La3Co,Sn7, SG Cmmm, Z=2, a=4.59, b=27.60, c=4.60 A.

Atoms Wyckoff notation xla yla zlc
2Lal 2(e) 0.5 0 0.5
4La2 4(1) 0 0.1845 0
4Co 4()) 0 0.3717 0.5
2Snl 2(a) 0 0 0
4Sn2 4(i) 0 0.4095 0
4Sn3 4Gj) 0 0.0907 0.5
4Sn4 43 0 0.2822 0.5

Projections of La;Co,Sny and its coordination polyhedra on the XY plane are presented

in fig. 17.

This structure can be obtained by an insertion of the Co atoms into the vacancies of the
CaF, fragment of the Gd;Sny structure. As a result this fragment turns into the fragment
of the BaAly type. Besides La;Co,Sny, the phases R3Ni;Sny (R=La-Nd) also crystallize

in this structure type.

Fig. 17. Projection of the La,Co,Sn; structure on the XY plane and atom coordination polyhedra.
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Fig: 18. Projection of the Lu,NiSn, structure on the XY plane and atom coordination polyhedra.

3.2.39. Lu,;NiSngs structure type (Skolozdra et al. 1985)
Lu,NiSne, SG Cmmm, Z =2, a=4.301, b=22.278, c=4.366 A.

Atoms Wyckoff notation x/a yla zlc
4Lu 4(1) 0 0.1781 0
2Ni 2(c) 0.5 0 0.5
4Snl 4(1) 0 0.4291 0
4Sn2 4(3) 0 0.0709 0.5
45n3 4(j) 0 0.7018 0.5

Projection of the structure on the X7 plane and the coordination polyhedra of the atoms
are presented in fig. 18.

The structure is a linear combination of the fragments of the structures of the type
ZrGay and CaF,, which alternate along the Y axis (Lu;NiSng=2LuSn; xNiSn,). The
unit cell of Lu;NiSng contains two fragments of the ZrGa; type (2x 2LuSm,) and two
fragments of the CaF, type (2x1NiSn,), the fragments of NiSn, divide the 2LuSn,
fragments.

The structure of this type can also be presented as a derivative of the GdSn;_, type,
which can be obtained by the rearrangement of the Gd2 and Snl atoms and by shifting
the Sn4 atoms in the trigonal prisms formed by the Co atoms into the cubic vacancies of
the structure.

The RoNiSng (R=Ho, Er, Tm, Lu) compounds have this structure.
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Table 6

Structure types of ternary stannides obtained by inserting a third component into the structure of binary

compounds

Initial compounds

Atom inserted

Compounds obtained

Composition ST, SG Composition ST, SG
RNi; CaCu,, P6/mmm Sn RNi;Sn CeNi,Sn, P6,/mmc
RSn? NaCl, Fm3m 2Me RNi,Sn MnCu,Al, Fm3m
RSn, ® CuAl,, 14/mem 4Ni RNi,Sn, KAu,Sn,, 14c2
6(MSn) CoSn, P6/mmm R RM;Sng YCoxGeg, P6/mmm
HfFe,Gey, P6/mmm
2(Ry5Sny5)Sn,, # WAL,;, Im3 8R+24Ni+24Sn RyNiy, Snyg GdgNi,,Snyg, Im3
4{R;,Sn)* WALl,;, Im3 2M+1/28n RsM,Sn Ho,Co,Ga, Immm
R¢Sny,® AuZn,, Pm3n 8M R¢M;Sn,q Pr,RhgSnyg, Pm3n
(R¢Sn,Sny,) (phase 1)
2(R; 5Co4Sng5)? Mn,Al,,, P6;/mmc 10Sn R,;Co4Sn,;, Ho,Co,Sn,,, P3ml
R;Sn, Gd;Sn,;, Cmmm 2M R;M,Sn, La;Co,Sn;, Cmmm
2R Sn, GdSn, ;5, Amm2 Ni R;NiSn, Lu,NiSng, Cmmm

? Hypothetical compounds.

3.3. Interconnection of the structure types of stannides with the other types

As we have seen from the previous part, the structures of the stannides are connected in
some way with the structures of other groups of compounds. Analysis shows, that the
structures of the ternary stannides can be divided into three main groups. The first group
contains the stannides obtained by an insertion of the third component in the structure of
binary compounds. These types are presented in table 6.

The stannides with the structures of the binary compounds and their superstructures
form the second group (table 7). The formation of the superstructures of the ternary
stannides is connected with the change of the number of the components and ordered
placement of their atoms in Wyckoff sites which are occupied in the binary compounds
by one component. In most cases, M and Sn are the ordered atoms, and only in the
superstructures of the TiAs type (RPt,Sn stannides) and Cry3Ce (phases /1) do the R
and Sn atoms order. The structure of the RNi;Sn (MnCuy Al type) compound can be
considered as both a phase of insertion and as a superstructure.

The third group of the structure types contains structures which consist of the fragments
of structures of the binary or more simple ternary compounds (table 8).

The structure of CeNisSn, CeNiSi,, LazCo,Sn;, LuyNiSng types are also considered
as structures of insertion. In three latter types and in SmyCuySns the fragments alternate
along one direction (fig. 19) forming homologous series.

According to Krypyakevich’s classification of the intermetallic compounds on the
coordination polyhedra of the atom with the smaller size (Krypyakevich 1977), the
structure types of the stannides belong to six classes: rhombododecahedral, the class with
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Table 7
Structures of ternary stannides with the structures of binary compounds or their superstructures

Compound Structure type Space group Superstructure type Space group

R(Cu,Sn);5 NaZn,, Fm3c

LuNi,Sn AuBe; F43m MgCu4Sn F43m

RNi;_ Sny,, CeCug Pnma CeCuyqln, ¢, Pnnm

RCo,;Sn BalLi, P6,/mmc

Lu;Co,,,Sn, BaLi, P6;/mmc Lu,;Co; 1,Sn, P6;me

RM,Sn CsCl Pm3m MnCu,Al Fm3m

RPt,Sn TiAs P6;/mmc ZrPt,Al P6;/mme

RNi; Sn, CaCug P6/mmm HoGa, ;Ni, ¢ P6/mmm

RM,Sn, BaAl, [4/mmm CaBe,Ge, P4/nmm
BaAl, [4/nmm LaPt,Ge,* P2,

LaCuSn AlB,, P6/mmm ’

RCuSn Caln, P6,/mmc

EuZnSn CeCu, Imma

RMSn Caln, P6,/mmc LiGaGe P6;/mc

RMSn Fe,P P62m ZNiAl P62m

RMSn PbCl, Pnma TiNiSi Pnma

RAuSn CaF, Fm3m MgAgAs F43m

R,(Ni,Sn), Cr,B; 14/mcm

La,Rh;Sn; BaAl, 14/nmm U,Co,Si5? Ibam

RsMSn;s Cry G Fm3m Th;Rh,Sn,, F43m

 The structure can be obtained as a consequence of a deformation of the corresponding structure type.

Table 8

Structure types of ternary stannides wich consist of fragments of other structures

Structure type

Fragment types

Structure type

Fragment types

CeNi;Sn
La,Co,,Ga,
Y 13PdseSng,
YFe,Sng
TbFe,Ge,
DyFeGe,
HoFe,Ge,
ErFe,Ge,

CaCuy, RX;*
CrsB,y, U(NigeSigai

CaCu,, MnCu,Al, AlB,
HfFe,Ge,, ScFe,Ga,
HfFe,Ge,, ScFe,Ga,
HfFe,Ge,, ScFe,Ga,
HfFe,Ge,, ScFe,Ga,
HfFe,Ge,, ScFe,Ga,

Gd;CuyGe,
Sm,Cu,Sng
Y,Rh;Sn;
LuNiSn,
CeNiSi,
La,;Co,Sn,
Lu,NiSn

MgCuAl,, Mo,NiB,

a-Po, CaF,, BaAl,
NdRh,Sn,, TiNiSi

AlB,, BaAl,, AuCu,, a-Fe
AlB,, BaAl,

AlB,, BaAl,, AuCu,

AlB,, CaF, or ZrGa,, CaF,

* Hypothetical compound.

the defect rhombododecahedron, icosahedral, tetragonal antiprismatic, trigonal prismatic
and octahedral. The smaller atoms in stannides are the transition metal atoms. But in many
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of the compounds the Sn atoms have coordination number and coordination polyhedra
which are characteristic of the atoms of the smaller size. With the small content of tin and
R in the compounds, tin has crystal chemistry properties which are close to the properties
of the M component and are characterized by the high coordination number.

An increase of the tin concentration leads to a decrease of the coordination number
for part of the Sn atoms, while the coordination number for another part of the Sn atoms
remains high. Thus with increasing tin content two tendencies are revealed: to lower the
coordination number (as M atoms) and to preserve the high coordination number. This
and the statistical distribution of the M and Sn atoms in some stannides indicate the ability
of the tin atoms to change their radius depending on the composition of the compound
and its structure.

4. Properties of the ternary stannides

The magnetic and transport properties of the ternary stannides have not been investigated
to any great extent. Of these, the magnetic properties have been more completely
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Table 9

Magnetic and transport properties of RNisSn compounds (Skolozdra and Komarovskaya 1982a, Skolozdra
1993)

Compound 0, (K) Herr (t4y) p (WQcm) S (LV/K)

at 78K at 300K at 90K at 300K
LaNisSn Pauli paramagnet 4] 85 -2.0 -1.3
CeNi;Sn x~(T) not linear 30 88 54 4.0
PrNi;Sn -9 3.56 120 166 -39 -5.1
NdNi;Sn 0 3.69

investigated than the transport ones. For a majority of the compounds, the temperature
range of the measurements is between 78 and 360 K.
The magnetic and transport data of the compounds are listed in tables 9—412.

4.1. RNisSn compounds

The magnetic susceptibility has been measured for the RNisSn compounds, where R =La,
Ce, Pr, Nd, over the temperature range 80—400K by Skolozdra and Komarovskaya
(1982a). The La stannide is a Pauli paramagnet. The x(7) function for the Pr and
Nd compounds follows the modified Curie—Weiss law. The p.gi values are close to the
theoretical moments of the Pr’** and Nd** ions (table 9).

The magnetic susceptibility of CeNisSn at a temperature higher than 325K is
temperature-independent (¥ =2.17x107° cm?/g), below 325K x increases with decreas-
ing temperature and is equal to 3.21x 107 cm*/g at 78 K. The x(7’) dependence does not
exhibit Curie—Weiss behaviour.

The resistivity has been measured for LaNisSn, CeNis;Sn and PrNisSn (fig. 20, table 9).
The function p(7) is characterized by a negative curvature i.e., the resistivity strives
towards saturation at high temperatures. In fig. 20 the thermal dependence of the
thermopower measured in the range 80—400 K is presented as well. The thermopower of
CeNisSn has a positive sign contrary to LaNisSn and PrNisSn. A maximum is observed
at ~120 K, which is absent for LaNisSn and PrNisSn.

The Ce stannide is characterized by a significant deviation of the unit cell volume rela-
tive to its neighboring RNisSn compounds (fig. 21). This, and also the dependences x(7)
and S(T) suggest valence fluctuation for Ce. An investigation of the Ly spectra (fig. 22)
shows that the Ce valence is 3.14 (Samsonova et al. 1985).

? The magnitudes of resistivity and thermopower listed in the tables have been taken from the figures of the
corresponding articles, with the exception of the author’s data.
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Fig. 20. Temperature dependence of the re-
sistivity and thermopower of (1) CeNi;Sn,

0 100 200 300 (2) LaNi;Sn and (3) PrNisSn (Skolozdra
TiK) 1993).
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Fig. 21. Unit cell volume in the RNi;Sn series.

Fig. 22. The Ly; spectra of Ce in the compounds: . ' l
(1) CesNi;sSn, 5, (2) CeNiSn, (3) CeNisSn and 5720 5730 5740
(4) CeNi,Sn, (Samsonova et al. 1985). hv (eV)

4.2. RNis_,Sn;.y compounds

The magnetization measurements of the RNis_,Sny,, compounds have been carried out
in the temperature range 4.5--300K by Skolozdra et al. (1996b). The Gd, Tb, Dy, Ho,
Sm compounds are magnetically ordered at low temperatures, for the Y, Er, Tm stannides
no ordering is observed down to 4.5K.

The susceptibility of YNis_,Sn;;, does not depend on temperature above 100 K. For
the other compounds (except Sm and Yb) the susceptibility at high temperatures follows
the Curie-Weiss law, at low temperatures (lower than 60-90K for all and 140K for
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Fig. 23. Temperature dependence of the reciprocal susceptibility of (a) GdNis ,Sn,,, and (b) TmNi; Sn,,,
(Skolozdra et al. 1996b).

Dy) a deviation from the Curie—Weiss law is observed. The temperature dependence of
susceptibility of GdNis_,Sny., and TmNis_,Sny., is shown in figs. 23a,b, respectively.

YbNis_,.Sny,, differs from the other compounds. The temperature dependence of the
magnetization, M (T), exhibits a sharp maximum at about 140 K. At higher temperatures
(up to 300 K) M(T) weakly depends on the temperature and is nonlinear which suggests
the presence of an extra parasitic magnetically ordered phase. However, such a phase was
not observed in the X-ray powder diffraction.

The values of the moments (table 10) indicate that the nickel atoms are nonmagnetic.

Transition to the magnetically ordered state is observed in weak applied fields. Under
higher magnetic fields (3—5T), the transition to the ordered state becomes practically
invisible in the M(T) dependences; and only a decrease of the susceptibility below the
characteristic temperature indicates the existence of the phase transition.

Table 10

Magnetic properties of RNi;_.Sn,,. compounds (Skolozdra et al. 1996b)
Compound 6, (K) Bor (#t3) Ty (K)
YNi;_ Sny,, 0.4 0.31
SmNis_, Sn,,, ~11 0.92 24
GdNi,_,Sn,,, 7 8.4 34
TbNi,_, Sn,,, 2 10.24 26
DyNi,_,Sn,,, 9 11.35 15
HoNi,_,Sn,,, -3 10.78 35
ErNi;_,Sn,,, —-12 10.18

TmNis_ Sn,,, -17 7.69
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4.3. LuNiySn compound

This stannide is a Pauli paramagnet (Skolozdra and Komarovskaya 1983).
4.4. R(Cuy72Sng8)13 compounds

The susceptibility for La, Ce, Pr and Nd compounds has been measured between 78 and
293K by Komarovskaya and Skolozdra (1984). The x(7) dependence is in accord with
the Curie—Weiss law (except the La stannide). The La compound is diamagnetic at 300K
(x=-0.14x107° cm?/g) and paramagnetic at 78 K (¥ =0.56x107% cm?/g).

The resistivity of the La, Ce and Pr compounds increases with increasing temperature,
and the p(7T") function is characterized by a negative curvature. The thermopower has a
positive value which increases with increasing temperature (table 11).

Table 11
Magnetic and transport properties of R(Cug7,Sn,4); compounds (Komarovskaya and Skolozdra 1984,
Skolozdra 1993)

Compound 8, (K) Mo (4s) p (uQem) S (WV/K)
at 78K at 300K at 90K at 300K
La(Cuy 1,Sn444) 13 Pauli paramagnet 30 41
Ce(Cuy 7,50 24 )13 0 2.53 19 55 0.6 5.0
Pr(Cuy1,5n444) 15 10 3.54 48 96 03 3.8
Nd(Cuyg 7,5n9,34)13 5 3.52
Table 12

Magnetic properties of R¢M,;Sn compounds (Weitzer et al. 1993b)
Compound Tc (K) M, (ug/fu) U, (ug/Co)
La;Co;3Sn 190 143 1.1
PrgFe);Sn 250 2.4
NdgFe,3Sn 510 7.0

4.5. RsM;35n compounds

Magnetic properties of LagCo3Sn, PrgFe;3sSn and NdgFe;3Sn have been measured
from 5 to 600K (Weitzer et al. 1993b). LagCo;3Sn exhibits ferromagnetism, and the
magnetic moment of Co is equal to 1.1up (table 12). The temperature dependence of
the magnetization curves of PrgFe 3Sn and NdgFe 3Sn suggests that an antiferromagnetic
coupling of at least two magnetic sublattices is present. Some kind of antiferromagnetic
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ordering within the Fe sublattice is anticipated from a Mdssbauer study of the
Fe compounds as well (Wiesinger et al. 1994).

4.6. RCo3Sn and Lu3Co7.775n4 compounds

The magnetic properties of the RCos; Sn stannides were studied over the temperature range
78-1000 K under applied fields up to 1.5 T (Skolozdra 1993). The magnetization curves
of GdCo3Sn, TbCos3Sn, DyCo; Sn and HoCosSn show compensation points (7 ) between
117 and 238K (fig. 24). Perhaps, Tk of ErCo3Sn and TmCo;Sn lies below 78 K. The
Curie points (T'¢) are higher than 1000 K.

The magnetic moment of Co in YCosSn is equal to 0.4up and it is smaller than u
of Co in the YCo3z, YCos and Y>Coy7 compounds. The Yb in the YbCo;Sn compound,
for which dependence x(T) is similar to that for YCo3Sn, is ejther divalent or in an
intermediate valence state. There is a maximum at Yb in a plot of the unit cell volumes
vs. the atomic number of the RCo3;Sn compounds which reaffirms the lower, less than 3,
Yb valence.

Curves of the M(T) dependence for RCos;Sn show a ferrimagnetic ordering of the
Co and R sublattices, which is characteristic of the intermetallic compounds of the heavy
rare earths with Co. For GdCo;Sn the magnetic moment of Gd (6.1up) has been obtained
by an extrapolation of the M(T) curves to 0K.

The magnetic data of the RCo3Sn compounds are listed in table 13.

One reason for the high T¢ of the RCo3Sn phases, which have a low Co moment, can
be connected with peculiarities of their structure. In the RCo3;Sn compounds a statistical
mixture of (Col, Sn), the Co2 and Co3 atoms form nets in which a fragment similar to
the unit cell of the pure Co can be selected. At a particular local ordering of Col and
Sn atoms, which statistically occupy the 12(k) position, a ferromagnetic cluster which
contains only the Co atoms can appear (fig. 25). The clusters can be linked one with
another along the 6-fold symmetry axis or by the Co3 atoms with the other clusters

30+ "‘
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Fig. 24. Temperature dependence of the magnetization of
(1) GdCo,8n, (2) TbCo;8n, (3) DyCo;Sn, (4) HoCo,Sn,

0 200 400 600 800 1000  (5) ErCo,Sn, (6) YCo,Sn, (7) TmCo,Sn, (8) YbCo,Sn
TIK) (Skolozdra 1993).
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Table 13
Magnetic and transport properties of RCo,Sn compounds (Skolozdra 1993)
Compound Ty (K) u* (pg) p (nQcm) S (uV/K)
at 78K at 300K at 90K at 300K
YCo,Sn 1.4 216 312
GdCo;Sn 238 2.5 218 258 -4.6 -10.2
GdCo,¢Sn 140 198
TbCo,Sn 163 1.5
DyCo,Sn 163 1.0
HoCo;Sn 117 0.9 174 252
ErCo,Sn <78 0.8
TmCo;Sn <78 1.3
¥bCo,Sn 2.0 92 126

*T=T8K, H=14T.

which are at the same height. It can be speculated that the magnetic properties of RCo3Sn
compounds are due to the presence of the ferromagnetic Co-clusters, so that the Curie
temperatures are as high as in pure Co.

The resistivity of the RCo3;Sn stannides has high values and increases with increasing
temperature (table 12).

For the Lu3Co777Sny compound measurements of the bulk magnetization and suscep-
tibility were carried out over the temperature range 4-300K (Skolozdra et al. 1996a). It
turns gut that it is a very weak itinerant ferromagnet with 7¢ =63 K and the Co moment
of 0.19up at 4 K. Above 63 K x(T) follows the Curie—Weiss law (fig. 26), and the effective

o O/9% Y
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O R 6960 0.0 0
305080 085050
Op Yo%~ 0 0P80 P
e C2 Co OXOXOZO0 0020 P20
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OO0~ OX0 0
® Co3 020%0 o)der=dohde)
O~ 0Xo OOOOO
® Cob 0000 o0~ 0~0o
Z=0.5 Z:O

Fig. 25. The nets in the RCo;Sn and Co structures. The outlined atoms form the clusters (Skolozdra 1993).
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T (K} of Lu, Co, ,,Sn, (Skolozdra et al. 1996a).

paramagnetic moment reaches 0.67ug/Co. The LusCo; 77814 compound is similar to the
YNi; compound in its magnetic properties. It is supposed that the magnetic moments
are localized on the Co atoms with a partially filled 3d-band. This is due to the Col or

Co4 atoms which form chains from the tetrahedra which are parallel to the Z axis with
the shortened interatomic distances.

4.7. RNi;Sn; compounds

The magnetic susceptibility of the Ce, Pr, Nd compounds exhibit Curie-Weiss behaviour
between 78-293 K. LaNisSn, is a Pauli paramagnet. The x(7") function of SmNisSn;
weakly depends on the temperature, its susceptibility is determined by close separation
between the two energy levels of the multiplets Sm** of “Hs/, and ®Hyp (AE ~kT)
(Skolozdra et al. 1988d).

The resistivity and thermopower for CeNisSn, and LaNi,Sn, were measured. No
peculiarities were observed in their temperature dependencies. It is interesting to note
the high negative magnitude S of both compounds (table 14).

Table 14

Magnetic and transport properties of RNi,Sn, compounds (Skolozdra et al. 1988d, Skolozdra 1993)

Compound 8, (K) Preir () P (p€em) S (WV/K)
at 78K at 300K at 90K at 300K

LaNi,Sn, Pauli paramagnet 16 58 -12.5 -16.6
CeNi,Sn, -17 227 12 33 =15 -15.7
PrNi Sn, -2 3.77
NdNi,Sn, 14 3.76

SmNi,Sn, x~'(T) not linear
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4.8. RM;Sn compounds (MnCuyAl type)

The ScCo,Sn stannide is ferromagnetic below 238 K. It is thought that in the temperature
range 100-238 K and under weak applied fields ScCo,Sn has a helical structure, and at
lower temperatures it changes to a spin glass (Lin et al. 1992). Under higher applied fields
ScCo,Sn becomes ferromagnetic below 7'¢ (238 K). ScNi; Sn is weak paramagnetic down
to 1.2K. The resistivity of ScCo,Sn and ScNi;Sn has also been measured by Lin et al.
(1992). The resistivity of ScCo,Sn is higher than that of ScNi,Sn as a consequence of
the magnetic contribution to the resistivity. x(7') of YbNi,Sn is in accord with the Curie-
Weiss law. LuNi,Sn is a Pauli paramagnet (Skolozdra and Komarovskaya 1983).

Magnetic properties and Mdssbauer effect of the RPd;Sn compounds (R=Tb-Yb) were
investigated by Malik et al. (1985). The temperature dependence of y follows the Curie—
Weiss law, but for TmPd,Sn and YbPd;Sn the function y'(T) deviates from linearity
below 100K, which is explained by the effects of the crystal field. From an analysis of
the crystal field influence on the susceptibility it has been shown that the ground state of
Tm?*" ion is nonmagnetic. The Yb moment is smaller than that for Yb?* ion because the
ground state is characterized by the I'¢ or I'y doublet which gives a lower susceptibility.
TbPd;Sn, DyPd;Sn and YbPd;Sn are antiferromagnetic (table 15).

Nonelastic neutron scattering experiments on HoPd,Sn and ErPd, Sn have been carried
out by Li et al. (1989), and the crystal field parameters have been determined. The ground
states of Ho and Er are the magnetic triplet I'} and the magnetic quartet I’ with magnetic
moments of 5.49 and 6.31 ug, respectively.

Hodges and Jehanno (1988) have determined the hyperfine interaction parameters for
ErPd;Sn and YbPd;Sn and the magnetic moments. The moments are equal to 5.7up
for ErPd;Sn and 1.6ug for YbPd,;Sn. It was concluded that in both cases the local
environment of the R atoms is not cubic, which is explained by a partial nonordering
of the crystal lattice.

The magnetic structures of the DyPd;Sn and HoPd, Sn stannides have been investigated
at 1.2 and 300K by neutron diffraction (Donaberger and Stager 1987). Both compounds
are characterized by an antiferromagnetic ordering of the MnO type with the magnetic
unit cell which is two times bigger than the crystallographic one. The magnetic moments
are directed perpendicular to the [111] axis and lie in the (111) plane. The moments
of the Dy and Ho atoms (6.7 and 4.4uz, respectively) are significantly smaller than the
theoretical moments of the Dy*" and Ho** ions (10ug). Such lowering of the moments
is explained by crystal field effects.

Crangle et al. (1995) indicate a complex magnetic diagram of DyPd,;Sn below 10K.
The powder neutron diffraction measurements reveal an incommensurate structure. At
5.2K this structure undergoes a transition to a commensurate magnetic phase with the
moment direction confined in or close to the (111) plane.

The ErPd;Sn stannide is characterized by an antiferromagnetic structure with a double
cubic magnetic lattice (Stanley et al. 1987). But there are satellites in the neutron
diffraction pattern which indicate a long-range modulation of the diffraction magnetic
density component.
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Table 15
Magnetic properties of RM,Sn compounds

Compound Tc (K) Ty (K) it (i) 8y (K} ptor () To (K) Reference

ScCo,Sn 270 0.55 Malik et al. 1987
238 0.51 Lin et al. 1992
ScNi, Sn Pauli paramagnet
YbNi,Sn ~38 433 Skolozdra and Komarovskaya 1983
LuNi,Sn Pauli paramagnet Skolozdra and Komarovskaya 1983
ScPd,Sn 2.15 Malik et al. 1985
YPd,Sn 4.55 Malik et al. 1985
TbPd,Sn 9.0 -8.6 9.95 Malik et al. 1985
DyPd,Sn 15.0 -93 10.83 Malik et al. 1985
7.0 6.7 10.8 Donaberger and Stager 1987
—4.56 10.65 Crangle et al. 1995

HoPd,Sn -6.2 10.67 Malik et al. 1985

4.4 10.8 Donaberger and Stager 1987

5.49 Li et al. 1989
ErPd,Sn -7.6 9.59 Malik et al. 1985

6.31 Li et al. 1989

5.7 Hodges and Jehanno 1988

1.00 1.17  Shelton et al. 1986

TmPd,Sn 74 2.82  Malik et al. 1985
YbPd,;Sn 0.23 -4.3 4.34 242 Malik et al. 1985

1.6 Hodges and Jehanno 1988

2.46  Kierstead et al. 1985

LuPd,Sn 3.05 Malik et al. 1985
GdPt,Sn 20 645 -10 8.22 de Mooij and Buschow 1984
ErPt,Sn 19 9.79 de Mooij and Buschow 1984

The ErPd, Sn and YbPd,Sn show the coexistence of the superconductivity and magnetic
order (Sheiton ct al. 1986, Kierstead et al. 1985) (table 15).

4.9. RPt;Sn compounds

The magnetic properties of GdPt,Sn and ErPt;Sn have been studied (table 15).
The Gd compound is ferromagnetic below 20K. The Er compound does not order
magnetically down to 4.2 K. The x(T) dependence in the paramagnetic range exhibits
Curie—Weiss behavior (de Mooij and Buschow 1984).

4.10. RMsSns compounds

According to susceptibility measurements ErMngSng, TmMngSng, LuMngSng, ScMngSns,
YMnsSng are antiferromagnetic, and GdMngSng, TbMngSng, DyMngSng and HoMngSns
are ferrimagnetic (Malaman et al. 1988, Venturini et al. 1991). Magnetic structures have
been determined for the Tb, Dy, Ho, Er and Lu compounds (Chafik El Idrissi et al. 1991b,
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Table 16
Magnetic properties of RMn,Sn,; compounds

Compound Te Ty u 2 T, 6, o .y  Reference
K) (K) (pffu) (uy/Mn) (K) (K) (up/fu) (up/Mn)

ScMngSng 384 439 854 3.48  Venturini et al. 1991
YMn,Sng 333 394 885 3.61  Venturini et al. 1991
PrMngSng 340 128 335 8.9 3.3 Weitzer et al. 1993a
NdMn¢Sng 340 4.5°% 274 8.5 3.2 Weitzer et al. 1993a
SmMn,Sn, 380 8.0* 380 77 3.0  Weitzer et al. 1993a
GdMn4Sn, 435 42° 1.9° 139 12.24 3.80 Venturini et al. 1991
TbMn,Sn, 423 330 2,1b 330 125 13.07 3.58  Venturini et al. 1991

4.9¢ 2.0¢ Chafik EI Idrissi et al. 1991a

8.64 2,44 Chafik El Idrissi et al. 1991a
DyMngSn, 393 2.7° 21" 33 138 14.09 3.79  Venturini et al. 1991
HoMn,Sn, 376 3.7° 2.3% 200 157 1385 3.64  Venturini et al. 1991

4.7¢ 2.0¢ Chafik El Idrissi et al. 1991a

8.44 2.4¢ Chafik El Idrissi et al. 1991a
ErMngSng 352 4.2° 220 75 241 1291 3.52  Venturini et al. 1991
TmMn,Sn, 347 58 304 1142 3.48  Venturini et al. 1991
LuMn4Sn, 353 406  8.51 3.47  Venturini et al, 1991

1.33¢ Venturini et al. 1993

* At 5K ¢ At 300K.
®At42K and 2T ¢ At2K.

Venturini et al. 1993). The compounds with light lanthanides (PrMngSns, NdMneSng
and SmMngSng) order ferromagnetically (Weitzer et al. 1993a). The magnetic data of
RMn¢Sngs compounds are listed in table 16.

The study of the magnetic structure of TbMnsSns and HoMngSns by neutron diffraction
in the temperature range 2-300K reveals a collinear ferrimagnetic arrangement (Chafik
Fl Idrissi et al. 1991b). At 300K the R and M atoms form antiferromagnetic layers
with a coupling sequence Mn(+)R(-)Mn(-)Mn(+)R(—)Mn(+). At this temperature the
Mn, Tb, Ho moments are equal to 2.0, 4.9 and 4.7ug, respectively. For HoMneSns the
magnetic moments lie in the (00 1) plane, while in TbMngSns there is a deviation of the
moment by @=15° from the Z axis. As the temperature is lowered a spin rotation process
is observed in both compounds such that at 2K, the magnetic moments in TbMngSne
are oriented along the Z axis and in HoMneSne they are at an angle of 50° with this
axis. The moments Mn, Tb and Ho at 2K are 2.4, 8.6 and 8.4up, respectively. In the
LuMnSng compound only the Mn atoms are magnetic (Venturini et al. 1993). At 300K
ferromagnetic layers of Mn atoms (Mn moments lie in the (001) plane) are ordered
antiparallel to one another. Similar to the above compounds, a spin-reorientation process
takes place at low temperatures, which results in the formation of an incommensurate
antiferromagnetic helical arrangement.

It is reported that in the ScMngSns, YMngSns, ErtMngSng, TmMneSne stannides there
are also complex helical magnetic structures (Venturini et al. 1993).
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Table 17
Magnetic and transport properties of RFe,Sn, and RCo,Sn, compounds

Compound 0, (K)  for p (U cm) S (WV/K) Reference
(#5) 378K at300K at 90K at300K

YFegSng 122 218 -39 —7.8  Skolozdra 1993

LuFegSn, 298 480 -6.2 -7.8  Skolozdra 1993

Y CogSng Pauli paramagnet 63 80 ~-8.2 —8.6  Skolozdra and Koretskaya 1984
TbCo,Sng -15 9.6 Skolozdra and Koretskaya 1984
DyCosSng 2 10.7 Skolozdra and Koretskaya 1984
HoCogSn, ~3 10.6 Skolozdra and Koretskaya 1984
ErCo,Sng 3 9.6 Skolozdra and Koretskaya 1984
TmCo4Sn, 20 7.5 Skolozdra and Koretskaya 1984
LuCogSn, Pauli paramagnet 125 179 7.2 ~7.6  Skolozdra and Koretskaya 1984,

Skolozdra 1993

Dirken et al. (1991) studied "*>Gd Méssbauer effect in GdMngSns. A comparison
of these results with the results for GdCo3B,, a compound with a related structure,
indicated that the ¥, component of the electric field gradient tensor at the Gd site
was negative and its absolute value was more than 15 times smaller than that found for
GdCo3B;. The second-order crystal-field parameter 420 has a low value compared with
highly anisotropic materials. This shows the important role in anisotropic behaviour of
the parameters of higher order than A20.

Li et al. (1995) have measured by NMR at 4.2 K the zero field hypetfine spectra of ¥ Tb
in TbMngSng. The transfered hyperfine field from the transition metal sublattice is found
to be approximately 24 T. The susceptibility measurements of the RFesSng stannides
are complicated as a consequence of the presence of ferromagnetic impurities (iron
stannides or iron) (Skolozdra 1993). The susceptibility was measured for two alloys —
Lug sFeqq sSng7 o and LugFes3Snas, which have slightly more Sn and lie in the two-phase
region LuFesSns—LusFesSnig (the content of the later paramagnetic phase in this alloy
was insignificant). The susceptibility of both alloys is nearly the same and independent of
the applied field. With increasing temperature up to 240 K, the susceptibility decreases;
and as the temperature increases up to 293K it hardly changes. The obtained y value
is significantly higher than for a Pauli paramagnet. Evidently at the temperature of
investigation (78-293 K) LuFesSn; is a highly enhanced Pauli paramagnet.

The YCogSns and YbCogSng stannides are Pauli paramagnets, the temperature
dependence of the susceptibility for other Co compounds follows the Curie—-Weiss law
(Skolozdra and Koretskaya 1984).

The resistivity has been measured for the RFesSng and RCogSng stannides (R =Y, Lu).
The resistivity of the iron phases raises with increasing temperature more than that of the
phases with Co. The thermopower depends slightly on the temperature (Skolozdra 1993).

The magnetic and transport data of RFesSng and RCogSng compounds are listed in
table 17.
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Table 18
Magnetic properties of RNi,;Sn, compounds (Skolozdra et al. 1988a)

Compound 8, (K) Har (1) Compound 8, (K) Her ()
YNi,Sn, Pauli paramagnet GdNi;Sn, -9 8.0
SmNi, Sn, x7'(T) not linear TbNi, Sn, -14 9.9

4.11. RNi3Sn, compounds

In the temperature range 78-293 K the RNi3;Sn; compounds are paramagnetic (table 18).
The Y stannide is a Pauli paramagnet, ¥ of SmNi;Sn; from 200 to 300 K does not change.
The susceptibility of GdNi3Sn; and TbNi3Sn, exhibits Curie-Weiss behaviour (Skolozdra
et al. 1988a).

4.12. RM,S8n; (M =Ni, Cu, Rh, Pd, Ir, Pt) compounds

The magnetic and transport data of the RM;Sn; compounds are listed in table 19.

Among these compounds CeNi;Sn, has been studied the most. The magnetic
properties, resistivity and specific heat indicate that this stannide can be classified as a
heavy fermion system.

Takabatake et al. (1990) carried out measurements of magnetic susceptibility and
resistivity on a single crystal. The susceptibility is anisotropic and it can be fit to the
Curie~Weiss law taking into consideration splitting of the principal state by the crystal
field. The resistivity measured parallel and perpendicular to the Z axis is also anisotropic.
Temperature dependences of resistivity are similar in both cases. At temperatures above
50K the p(7) dependence is linear; at 7K there is a maximum in the resistivity and
below 2.1K the resistivity decreases sharply indicating an antiferromagnetic transition.
The Néel temperature determined by the specific heat is 1.8K. The y coefficient, as it
must in a heavy fermion system, has a high magnitude (650 mJ/(K? mol)).

In a study of powder samples Beyermann et al. (1991) have obtained a T value of
1.8 K. The temperature dependence x(7’) at high temperatures is in accord with the Curie—
Weiss law. At low temperatures the linear dependence of x(7T') is distorted by the presence
of ferromagnetic second phases.

A detailed investigation of the properties of annealed (800°C) and unannealed
CeNi,Sn, samples has been carried out by Liang et al. (1990). The observation of a small
splitting of the Bragg peaks indicated that a lowering of the symmetry takes place. The
p(T) dependences for both samples are almost the same, the temperatures of minima and
maxima differ: 7', &~ 34.4 K (36 K) and 7' .y = 6.9 K (8 K) for the unannealed (annealed)
sample. At 2.4 K there is a kink on the p(T") curve, which indicates an antiferromagnetic
phase transition. The temperature dependence of the susceptibility of both samples follows
the Curie-~Weiss law, but small differences are observed in their magnetic data which are
apparently caused by differences of symmetry.
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Table 19

Magnetic and transport properties of RM,Sn, compounds

Compound Ty wlw) 6, (K) fe p (u€dem) S (uV/K)  Reference
(K) (M) “78K 300K 90K 300K
LaNi,Sn, Pauli paramagnet 21 49 Kaczmarska et al.
1993
12#
-42 -12.7 Skolozdra 1993
CeNi,Sn," 48 2.50 Liang et al. 1990
CeNi,Sn,° 46.4 2.58Y Liang et al. 1990
6.2 2.24° Liang et al. 1950
CeNi, Sn, 1.8 -584 2.64 Beyermann et al. 1991
22 1.087 -9 2.54 39 55 Kaczmarska et al.
1993
4i°
PrNi, Sn, 0 3.59 Skolozdra 1993
NdNi,Sn, 0 3.73 Skolozdra 1993
SmNi,Sn, x"N(T) not linear Skolozdra 1993
LaCu,Sn, Pauli paramagnet 30 49 Kaczmarska et al.
1993
122
-0.9  -1.8 Skolozdra 1993
CeCu,Sn, 2.1 095" -12 254 47 62 Kaczmarska et al.
1993
35®
0 —0.2 Skolozdra 1993
PrCu, Sn, 7 3.57 Skolozdra and
Komarovskaya 1982b
NdCu,Sn, 4 3.63 Skolozdra and
Komarovskaya 1982b
SmCu,Sn, 10 0.74 Skolozdra and
Komarovskaya 1982b
CeRh,Sn, 0.47 -13.2  2.53 Beyermann et al. 1991
CePd,Sn, 0.50 -6 2.50 Beyermann et al. 1991
Celr,Sn, 4.1 Beyermann et al. 1991
CePt,Sn, 0.88 -25.1 2.59 Beyermann et al. 1991
P At42K. ¢ Annealed sample at 800°C. ® For4K <T <60K.

® Unannealed sample.

4 For 180K < T <300K.

TAt15Kand 7T

The Ce-Ly; absorption spectra in CeNi,Sn, have also been investigated by Liang et al.
{1990), the Ce valence value is equal to 3. Earlier, the same valence value for Ce was
obtained by Samsonova et al. (1985) from an investigation of Ly; spectra.

The tetragonal and monoclinic forms of CeNi;Sn; have been investigated by Kacz-
marska et al. (1993). For the tetragonal sample the susceptibility follows approximately
the Curie-Weiss law with 6, =—19K and s =2.7ug. The higher value of g than the
theoretical moment of the Ce** ion is explained by the influence of Pauli paramagnetism.
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L . Fig. 27. Temperature dependence of the resistivity
100 200 300  of (1) CeNi,Sn, and (2) LaNi,Sn, (Kaczmarska
T(K) et al. 1993).

If it is subtracted then pesr =2.535up and 0, =—9 K. The monoclinic sample contained
a ferromagnetic impurity phase. After correction for this impurity term, this sample
followed the Curie-Weiss behaviour with a moment close to the Ce*" ionic value and
0,=-7K. A large difference was found in comparison with the previously published
magnetic data. The authors explain this difference by the existence of spurious phases
in some of the annealed samples, the occurrence of a superimposed Pauli paramagnetic
contribution which was not taken into account in the analysis, and a large anisotropy.

A maximum (8 K) and minimum (30 K) are observed in the temperature dependence
of the resistivity; at 2.2K a kink connected with magnetic order (fig. 27) is observed.
Peculiarities in the p(T) dependence of CeNi,Sn, are explained by crystal field effects.

Pierre et al. (1994) determined the magnetic structure of CeNi,Sny at 1.4 K. As the
monoclinic distortion and the displacement of Ce atoms are small, the magnetic structure
is described in the parent CaBe,Ge;, cell. The magnetic structure is antiferromagnetic with
a propagation vector k=(3, %, 0). The moment lies in the basal plane and is at 45° from
the k vector that is along the X (or the Y) axis (fig. 28). The magnitude of the moment
is 0.9up at 1.5K. A peculiarity of the magnetic structure is the frustration between the
Ce moments.

LaNi;Sn; is a Pauli paramagnet, the x(7") dependence for Pr and Nd stannides follows
the Curie-Weiss law (Skolozdra et al. 1981b). The electrical resistivity for LaNi,Sn; is
shown in fig. 27.

Above 50K the temperature dependence of the magnetic susceptibility of CeCu,Sn,
follows the Curie—Weiss law (Liang et al. 1990, Kaczmarska et al. 1993). The subtraction
of the temperature-independent paramagnetism from the susceptibility leads to a value of
Uerr Which is close to the theoretical moment of the Ce** ion. At low temperature the
compound orders antiferromagnetically. The Ty value obtained from the measurement of
the specific heat is equal to 1.8 K (Liang et al. 1990), and from resistivity measurements it
is equal to 2.1 K (Kaczmarska et al. 1993). The resistivity of CeCu, Sn, increases steadily
with temperature, with a maximum slope at about 50 K (fig. 29). By a simple subtraction
of the La compound resistivity, the magnetic contribution to the resistivity was obtained.
The magnetic part of resistivity has a maximum at 75K and then a linear decrease above
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Fig. 29. Temperature dependence of the resistivity of
Fig. 28. Magnetic structure of CeNi, ,Sn, (1) CeCu,Sn, and (2) LaCu,Sn, (Kaczmarska et al.
(Pierre et al. 1994). 1993).

100K when plotted vs. the logarithm of the temperature. The resistivity of LaCu,Sn,
above approximately 50K changes linearly and at higher temperature it deviates from
linearity (Kaczmarska et al. 1993).

The LaCu;Sn; compound is a Pauli paramagnet. The magnetic susceptibility of
PrCu;Sn;, NdCu;Sn, and SmCu;,Sn;, follows the modified Curie—Weiss law (Skolozdra
and Komarovskaya 1982b).

Measurements of the magnetic susceptibility, resistivity and specific heat of polycrys-
talline samples of CeRh,Sny, CePd;Sn;, CelrySn, and CePt; Sn, have been carried out by
Beyermann et al. (1991). These compounds undergo an antiferromagnetic phase transition
at low temperatures. The x(7") dependence of the compounds, except Celr;Sn,, follows
the Curie—Weiss law, moreover there are two ranges of the y(7) curve: a high temperature
one (above 10K) and a low temperature one (below 10K). The compounds have high
magnitudes of the y coefficient and are heavy fermion systems, except Celr; Sny, for which
a Ce intermediate valence state is supposed. Maxima are observed for p(T") dependence
for Celr,Sn; and CePt;Sn, in low temperature range. In the opinion of the authors the
compounds are good models for the investigation of the competition between Kondo and
RKKY interactions.

4.13, CezNizSn

The magnetization and electrical resistivity reveal that Ce;Ni;Sn orders antiferromag-
netically at 7n=4.7K (Fourgeot et al. 1995). The reciprocal susceptibility above 120K
follows the Curie-Weiss law; below 120K the x7'(T) function deviates from linearity
(fig. 30). The magnetization curve versus temperature under an applied field 0.2 T has a
broad maximum around 8 K (fig. 31), followed by a sharp drop at lower temperatures,
suggesting the occurrence of antiferromagnetic ordering. It is thought that the broad
maximum near 8K is caused by the spin fluctuations intensified by the Kondo effect.
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The thermal dependence of the resistivity is characteristic of the magnetically ordered
Kondo systems. On the curve p(7") there is a kink at ~4.7K as a consequence of the
magnetic ordering and a broad maximum at 8 K associated with the Kondo temperature

(Fourgeot et al. 1995).
4.14. RsMgSng compounds (M = Mn, Cu)

The magnetic data of the R¢MngSng compounds are listed in table 20 (Weitzer et al.
1992¢). The compounds with Ce, Pr, Nd and Sm undergo antiferromagnetic transitions.
For PrgMngSng and NdsMngSng an onset of a spin-flip process is observed under a
magnetic field bigger than 2.5 T. Curie~Weiss behaviour is observed at high temperatures
with the exception of SmgMngSng. LagMngSng and CesMngSng show broad maxima at
approximately 300 K. The Mn atoms carry a localized effective moment, as shown in
table 20.

The x(T') dependence (78-293K) for the R¢CusSng stannides, where R=Gd-Tm,
follows the Curie-Weiss law. The paramagnetic Curie points are proportional to
the de Gennes function G=(gy—1)2/(J +1). Going from the Gd—Ho compounds to
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Table 20
Magnetic properties of R;MnySng compounds (Weitzer et al. 1992c¢)

Compound Ty (K) f, (K) Herr (pp/fu.) P (Hu/R) Herr (1/Mn)
La,Mn,Sn, —475 109 0 5.6
CegMn,Sny 50 -380 11.0 2.54 5.0
PreMngSng 16 —24 8.6 3.58 3.0
Nd¢MngSng 45 -50 8.5 3.62 3.0
SmgMn,Srig 32

Table 21

Magnetic and transport properties of RgCuySny compounds (Skolozdra et al. 1984a, Skolozdra 1993)

Compound 6, (K) Lo £ (uQcm) S (WV/K)

(1) at 78K at 300K at 90K at 300K
Y CuySny Diamagnet®
Gd,Cu,Sn, -29 8.0 18 48 0.1 -0.1
TbgCuySn, -18 9.7
Dy,CusgSn, -7 109 40 104 -1.0 -0.1
HogCu,Sng -6 10.4
Er,CuySn, 8 9.6
Tm,CugSn, 1 75 32 97 0 0.6

2 Thirion et al. 1983.

ErsCugSng and TmgCugSng the sign of , changes from positive to negative (table 21)
(Skolozdra et al. 1984a).

Resistivity of R¢CugSng in the 78-360K temperature range changes linearly with
the temperature. The magnitude of the thermopower is close to 0 and is essentially
temperature independent (Skolozdra 1993).

4.15. RCoSn compounds

The susceptibility of the RCoSn stannides (R=Y, Gd-Tm, Lu) has been measured
between 78 and 293K by Skolozdra et al. (1982). In this temperature range y obeys
the Curic—Weiss law, except for YCoSn which is a Pauli paramagnet. The cobalt atoms
are not magnetic. For LuCoSn x(7T) is in accord with a modified Curie—Weiss law with
ter =0.79up. Apparently the presence of a magnetic moment in LuCoSn is caused by
the presence of other lanthanides impurities (table 22).

Gérlich et al. (1994) have measured magnetization of the ThCoSn, DyCoSn, HoCoSn
and ErCoSn in the temperature range 4.2-300K. They also investigated the hyperfine
interaction of ''“Sn by means of the Méssbauer effect between 1.9 and 300K. The
compounds order antiferromagnetically and the Mdssbauer spectra suggest a complex
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Table 22
Magnetic properties of RCoSn compounds
Compound Ty (K) o (pg/fa) a, e (Up/R)  Reference
YCoSn Pauli paramagnet Skolozdra et al. 1982
TbCoSn 30 9.8 Skolozdra et al. 1982
20.5 15 9.8 Gorlich et al. 1994
DyCoSn 27 10.4 Skolozdra et al. 1982
10.0 5.63 9 10.5 Bazela et al. 1994
10.0 9 10.5 Gorlich et al. 1994
HoCoSn 9 10.5 Skolozdra et al. 1982
7.8 6.32 6.5 11.0 Bazela et al. 1994
7.8 7 10.4 Gorlich et al. 1994
ErCoSn 11 9.4 Skolozdra et al. 1982
5.0 6.07 0 9.8 Bazela et al. 1994
~4 0 9.6 Gorlich et al. 1994
TmCoSn 5 7.6 Skolozdra et al. 1982
LuCoSn 3.1 0.79 Skolozdra et al. 1982

non collinear magnetic structure. A change in the type of magnetic ordering of TbCoSn
has been observed at 11.6 K.

Bazela et al. (1994) and André et al. (1995a) have determined magnetic and crystal
structures of the compounds with Tb, Dy, Ho and Er by neutron diffraction. They
confirmed the crystal structure. Magnetization data indicate a magnetic phase transition
occurring at 4 =0.26 and 0.35 T in DyCoSn and HoCoSn, respectively. For TbCoSn two
additional phase transitions at 7,=5.4K and 11.6K are detected below TN, whereas for
HoCoSn only one is found at 7;=4K.

Neutron diffraction data indicate magnetic modulated structures for the compounds.
The magnetic structure of TbCoSn in the temperature range 1.4-5K is described by
the wave vector k; =(O,%,li2). With an increase of the temperature, the wave vector
changes at Ty =5K to k= (O,~%, 0). The R moments of other compounds form a square
modulated magnetic structure along the Y axis. The wave vector is k=(0,%,,0) with
k,=2 in DyCoSn, 2 in HoCoSn and 7 in ErCoSn.

4.16. RNiSn compounds

The magnetic and transport data of RNiSn compounds are listed in table 23.

Among the RNiSn compounds CeNiSn has been studied more completely. It is
characterized by interesting properties at low temperatures (Aliev et al. 1988a,b,
Takabatake et al. 1987). The resistivity of CeNiSn from 380 to ~300 K hardly change,
then it increases and at ~50 K it has a maximum (fig. 32). As the temperature decreases a
minimum is observed at ~25 K. In this temperature range the p(7T") dependence is typical
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Table 23
Magnetic and transport properties of RNiSn compounds

Compound Tn  p(ug) 0, (K) g p (nQcm) S (pV/K) Ref.
X) (h3) 78K 300K 90K 300K
YNiSn Pauli paramagnet Skolozdra et al. 1984b
LaNiSn Pauli paramagnet -85 ~9.5 Skolozdra 1993
42 132 Aliev et al. 1988a
5 a
CeNiSn %~ YT not linear 127 106 21 8.5 Aliev et al, 1988a
1802 30°

27X®  24x 28X 17X  Takabatake et al. 1990
27Y® 227 37Y 12Y
1724 14Z 192 147

32x2 23X+
26Y4 4y?
28Z2¢ 262°
PrNiSn 17 3.56 Skolozdra et al. 1984b
—~10 3.67 Routsi et al. 1992b
NdNiSn -15 3.50 Skolozdra et al. 1984b
-4 42 Routsi et al. 1992b
SmNiSn 9.3 %7 (T) not linear 29 83 -3.6 —6.5 Sakurai et al. 1995
5.64 0?
--40 1.37 Routsi et al. 1992b
GdNiSn 0 8.1 Skolozdra et al. 1984b
10.5 -3 8.8 Routsi et al. 1991
TbNiSn -2 9.8 Skolozdra et al. 1984b
6 11.27 Routsi et al. 1991
18.5 8.1 Furusawa et al. 1995
8.9 Kotsanidis et al. 1993
DyNiSn 0 104 Skolozdra et al. 1984b
8.2 -1 11.06 Routsi et al. 1991
7.3 7.2 Furusawa et al. 1995
HoNiSn 0 104 Skolozdra et al. 1982
<4.2 8.5 Yakinthos et al. 1994
-2 10.75 Routsi et al. 1991
ErNiSn S 9.5 Skolozdra et al. 1984b
9.85 Routsi et al. 1991
TmNiSn 8 7.6 Skolozdra et al. 1984b
-4 7.65 Routsi et al. 1991
YDbNiSn ~65 4.6 Skolozdra et al. 1984b
55¢ 04 ~-43 43 269 243 Kasaya et al. 1988
1052
5.65¢ 0.85 Bellot et al. 1992
LuNiSn Pauli paramagnet Skolozdra et al. 1984b

3 At4K. ® Along the X, ¥, Z axes. T,
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Fig. 32. Temperature dependence of the resis-
tivity of (1) LaNiSn and (2) CeNiSn (Aliev
et al. 1988a).

ta Ce Pr NdPmSm Eu Gd To Dy HoEr TmYb Lu Fig. 33. Unit cell volume of the RNiSn series.

of the compounds with a Kondo lattice. The existence of a maximum in the positive
thermopower at ~100K (Skolozdra 1993); the deviation of ¥ ~'(T’) from linearity at low
temperature; the valence of Ce as determined from Lyy-spectra, which is equal to 3.10
(Samsonova et al. 1985) (fig. 22); a deviation of the unit cell volume of CeNiSn compared
to the RNiSn compounds (Skolozdra et al. 1984b) (fig. 33) all indicate that at middle
temperatures CeNiSn is in a state of valence instability, and with decreasing temperature
it transforms to a Kondo lattice state.

Below 25K the resistivity increases and it follows the exponential law between 1.8 and
10K with an activation energy of ~5 K, indicates the appearance of a gap in the electron
spectrum at the Fermi level.

The formation of the dielectric gap leads to a sharp increase of resistivity below 10K
and to a decrease of the specific heat coefficient below 5K. The value of y for CeNiSn
is much bigger than that of LaNiSn (265 and 25 mJ/(K? mol), respectively, at 5 K) (Aliev
et al. 1988b).

Measurements of the susceptibility, resistivity and thermopower were carried out on
a single crystal in three crystallographic directions by Takabatake et al. (1992, 1994).
The anisotropy of these properties was established (fig. 34). The p(7T) (fig. 32) and x(T)
(fig. 34) curves in the direction of X axis show a peak at 12K, but such a peak is absent
in the specific heat curve. The band gap evaluated from the p(T) dependence is 2.4, 5.5
and 5.0K along the X, Y, Z axes, respectively. At ~3 K for Sx(T') and S)(T) sharp peaks
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are observed. The magnetic contribution in specific heat divided by 7 shows a maximum
at 6.7 K. It is thought that this indicates the development of antiferromagnetic correlations
at approximately 12 K, which induce the formation of a coherent pseudogap in the narrow
band of heavy particles.

It was established that the pressure leads to a violation of the coherent regime of
the electron spectra and the gap disappears at the 2.4 GPa pressure (Aliev et al. 1990).
Measurements of the thermal expansion coefficient (TEC) of the CeNiSn single crystal
showed that the anomalies in the temperature dependence of TEC are caused by the
disappearance of the gap at 0.8 GPa (Uwatoko et al. 1992). The authors suggest that
the pressure decreases the density of states of the Fermi level indicating that a necessary
condition for gap formation is an increase of the effective mass of electrons.

The magnetic field also influences the gap formation, with increasing applied field
the resistivity decreases: at 24 T the resistivity of CeNiSn decreases by ~75% at 1.7K
(Takabatake et al. 1988). The formation of the anisotropic gap which is dependent on the
applied field was studied by Hiess et al. (1994) during an investigation of the transport
properties at low temperatures and under high magnetic fields. It was established that
below 1K a metallic-like behaviour appears.

The dependence of the substitution of the components on the properties of CeNiSn
was reported (Aliev et al. 1990, Nishigori et al. 1993, Aliev et al. 1994). In all cases the
composition change by any component leads to the disappearance of the gap.

The main cause of the gap formation in CeNiSn is not completely clear. This may
be due to a development of the antiferromagnetic interactions (Takabatake et al. 1992,
1994, Adroja and Rainford 1994, Kadowaki et al. 1994) The competition between
local antiferromagnetic Kondo-type correlation at temperatures about 2-8 K and long-
range interactions of the Kondo-suppressed Ce magnetic moments below 0.5 K play an
important role in gap formation (Aliev et al. 1994).
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Magnetic properties of the rest of the RNiSn compounds at 78-300K were reported
by Skolozdra et al. (1984b). The x(7) dependence of the RNiSn compounds, where
R=Pr, Nd, Gd-Yb, follows the Curie~Weiss law. The stannides of Y, La, Lu are Pauli
paramagnets,

Routsi et al. (1992b) have measured the susceptibility of the light lanthanide stannides
in the temperature range 4.2-200K. PrNiSn, NdNiSn, SmNiSn are paramagnets with a
Curie-Weiss x(7T') dependence. SmNiSn orders antiferromagnetically at 9 K, PrNiSn and
NdNiSn do not order down to 4.2K. The dependence x(7) of CeNiSn does not follow
the Curie—Weiss law.

Magnetic data obtained by Routsi et al. (1992b) differ insignificantly from the data
obtained by Skolozdra et al. (1984b).

Magnetic susceptibility, resistivity, thermopower from 2 to 300K and specific heat (2
20K) of SmNiSn were measured by Sakurai et al. (1995). The dependence x'(T) is
not linear, the p(T') function has a negative curvature, and the thermopower has a small
negative value. A kink on the x'(7), p(T) and C(T) curves reveals an antiferromagnetic
transition at 9.3 K. The second magnetic transformation is observed at 4.1 K.

The susceptibility of RNiSn phases, where R equals Y and the heavy lanthanides, has
been also measured by Routsi et al. (1991) in the temperature range 4.2-200K. The
compounds are paramagnetic above 40K, YNiSn is a Pauli paramagnet. The compounds
of Gd, Tb and Dy undergo an antiferromagnetic ordering at low temperatures, the
compounds with Ho, Er, Tm do not order down to 4.2 K.

Measurements of the magnetization, magnetoresistance and Hall effect have been
carried out on the TbNiSn and DyNiSn single crystals under a magnetic field up to 8 T
at 1.4 K by Furusawa et al. (1995). A multistep magnetization process was observed. The
magnetoresistance in both compounds shows a complicated variation under magnetic field
which is associated with spin fluctuations.

Magnetic structures of TbNiSn at 12 K (Kotsanidis et al. 1993) and HoNiSn at 1.4K
(Yakinthos et al. 1994) have been determined. Both compounds have antiferromagnetic
incommensurate structures. The propagation vector for Tb is £=(0.313,0.325,0.0), and
the moments are directed along the Y axis. The propagation vector for HoNiSn is equal
to k=(~0.3593,0.3337,0.01), and the direction of the moments form an angle of 75° with
the Z axis.

Magnetic and electrical measurements for YbNiSn reveal that this compound is a
Kondo system with a ferromagnetic transformation below 5.5 K and a small ferromagnetic
moment ~0.4up (Kasaya et al. 1988). This conclusion is confirmed by specific heat
measurements (Kasaya et al. 1991). The magnetization measurements carried out on
a single crystal showed the orientation of the ferromagnetic moment along the Z axis
(Kasaya et al. 1991). The authors concluded that YbNiSn was a dense Kondo compound
in which a weak ferromagnetic order coexisted with the heavy fermion system.

Bellot et al. (1992) have studied this compound by the '7°Yb Massbauer spectroscopy
method and have carried out magnetization measurements on a single crystal. It was
found that the Curie point is equal to 5.65 K. There is a strong anisotropy of the magnetic
properties in different crystallographic directions. The magnetic moment of Yb lies along
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the Z axis and its saturated value is equal to 0.05ug. The reduced magnetic moment is
attributed to a hybridization of the 4f-electrons with the conduction electrons.

4,17. RCuSn compounds

The magnetic properties of GdCuSn have been studied by Oesterreicher (1977). It was
established that GdCuSn is an antiferromagnet with Ty =24 K. The y(7) dependence of
GdCuSn and the other RCuSn compounds (R =Ce-Nd, Gd-Tm) follows the Curie—Weiss
law, while SmCuSn may be described by the modified Curie—Weiss law (Komarovskaya
et al. 1983b). YCuSn, LaCuSn and LuCuSn are Pauli paramagnets (tabie 24).

Measurements of magnetization and specific heat reveal that CeCuSn undergoes an
antiferromagnetic phase transition at 8.6 K (Yang et al. 1991).

Table 24
Magnetic properties of RCuSn compounds

Compound Ty (K) (i) 6, (K) Lo (Hy) Reference
YCuSn Pauli paramagnet Komarovskaya et al. 1983b
LaCuSn Pauli paramagnet Komarovskaya et al. 1983b
CeCuSn 8.6 0.07* ~20 2.5 Yang et al. 1991

-13 2.56 Komarovskaya et al. 1983b
PrCuSn -9 3.64 Komarovskaya et al. 1983b
NdCuSn ~14 3.80 Komarovskaya et al. 1983b
SmCuSn 1 0.78 Komarovskaya et al. 1983b
GdCuSn 24 -32 8.0 Oesterreicher 1977

~44 8.0 Komarovskaya et al. 1983b
TbCuSn -33 9.8 Komarovskaya et al. 1983b
DyCuSn -17 10.7 Komarovskaya et al. 1983b
HoCuSn -6 10.7 Komarovskaya et al. 1983b
ErCuSn -2 9.7 Komarovskaya et al. 1983b
TmCuSn -3 7.8 Komarovskaya et al. 1983b
LuCuSn Pauli paramagnet Komarovskaya et al. 1983b
* At 1.6K.

4.18. RRhSn compounds

The x(T) temperature dependence of the RRhSn compounds (R=Y, Ce, Pr, Nd, Gd—
Er) follows the Curie-Weiss law. YRhSn is a Pauli paramagnet (Routsi et al. 1992a,b).
GdRhSn, TbRhSn, DyRhSn and HoRhSn order antiferromagnetically at low temperatures
(table 25). The temperature dependence of x for CeRhSn indicates it is a Kondo system
or a state with valence fluctuations.
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Table 25
Magnetic properties of RRhSn compounds

Compound Ty (K) 0, (K) U (Up) Reference
YRhSn Pauli paramagnet Routsi et al. 1992a
CeRhSn x~'(T) not linear Routsi et al. 1992b
PrRhSn 10 3.83 Routsi et al. 1992b
NdRhSn 12 3.55 Routsi et al. 1992b
GdRhSn 14.8 18 8 Routsi et al. 1992a
TbRhSn 18.4 4 9.9 Routsi et al. 1992a
DyRhSn 8 -12 8 Routsi et al. 1992a
HoRhSn 1.7 Routsi et al. 1992a
6 10.7 Routsi et al. 1992a
ErRhSn -4 9.7 Routsi et al. 1992a

4.19. RPdSn compounds

The magnetic and transport data of the RPdSn compounds are listed in table 26. Magnetic
and electrical properties of RPdSn, where R=La, Ce, Pr, Nd, Sm, Gd, Tb, Dy and
Ho, with the TiNiSi structure type have been studied by Sakurai et al. (1990a). The
compounds, except LaPdSn, are ordered antiferromagnetically, the highest 'y value is
characteristic of TbPdSn (23 K). For SmPdSn and DyPdSn a second phase transition
below T is observed. The susceptibility and resistivity of RPdSn were also measured by
Adroja and Malik (1992) in the temperature range 4.2-300 K. Additionally, the properties
of EuPdSn, ErPdSn (TiNiSn), TmPdSn (Fe,P) and YbPdSn (TiNiSi) were studied. In
both studies there was close agreement in the reported magnetic and transport data
(table 26). EuPdSn and TmPdSn ordered antiferromagnetically. The susceptibility of
YbPdSn follows the Curie-Weiss law only above 150 K. The magnitude of the EuPdSn
moment indicates it is divalent. A divalent or a mixed valence state is suggested for Yb.

The p(T) dependence of the compounds is typical of an antiferromagnet. Except
CePdSn, the magnitude of thermopower of the RPdSn phases is small and is almost
temperature independent.

The magnetic and electrical properties of CePdSn have been also investigated by Adroja
et al. (1988) and Kasaya et al. (1988). Zygmunt and Szytula (1995) have determined
the magnetic properties of RPdSn compounds as well. The temperature dependence of
the CePdSn properties indicate that it is a dense Kondo system with antiferromagnetic
ordering. The magnetic structure of CePdSn has been determined by Kohgi et al.
(1992) on a single crystal. CePdSn has an incommensurate magnetic structure with the
propogation vector k= (0, 0.437,0) and magnetic moment of about 1ug. The valence band
photoemission spectra were studied by Nohara et al. (1993). It was established that Ce
is in three valence state and the Kondo state is mainly caused by a hybridization of the
Ce 4f-states with the Sn 5p-states.
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Table 26
Magnetic and transport properties of RPdSn compounds

Compound Tx g 0, Ky g p (uQcmj S (wWV/K) Reference
K () (hs) 42K 300K 42K 300K
LaPdSn Pauli paramagnet 27 290 0 -39 Sakurai et al. 1990a
CePdSn 7 68 457 -2.9 1.8 Sakurai et al. 1990a
7.5 —68 2.67 180 696 Adroja and Malik 1992
1 Kohgi et al. 1992
6 02 —63 27 Zygmunt and Szytuta 1995
PrPdSn 3.5 75 457 -0.5 —-2.1 Sakurai et al. 1990a
-2 3.60 Adroja and Malik 1992
43 14 =55 3.51 Zygmunt and Szytuta 1995
NdPdSn 3.2 17 170 0.4 —2.9 Sakurai et al. 1990a
-8 493 5.5 59 Adroja and Malik 1992
24 095 11 3.68 Zygmunt and Szytula 1995
SmPdSn 12 8 98 0.6  —=2.1 Sakurai et al. 1990a
11 22 194 Adroja and Malik 1992
12.2 19 183 13 -2.0 Sakurai et al. 1995
EuPdSn 13 5 8.27 i1 124 Adroja and Malik 1992
GdPdSn 15 1 102 0.4 —0.7 Sakurai et al. 1990a
14.5 -27 8.16 32 175 Adroja and Malik 1992
TbPdSn 23 8.1 127 0.2  -0.1 Sakurai et al. 1990a
23.5 -16 10.17 87 1l6 Adroja and Malik 1992
21 72 —11 101 Gillot et al. 1995
19 76 André et al. 1993
19 2.1 -1 10.1 Zygmunt and Szytula 1995
DyPdSn 10 8.8 90 0.1 1.5 Sakurai et al. 1990a
11.4 -2 1Ll 5.6 43 Adroja and Malik 1992
10 4.65 -7 105 Zygmunt and Szytuta 1995
HoPdSn 6 2.8 47 0.4 0.1 Sakurai et al. 1990a
-7 11.07 Adroja and Malik 1992
3.7 6.6 -7.5 10.7 Zygmunt and Szytuta 1995
ErPdSn 5.6 -03 951 45 57 Adroja and Malik 1992
(TiNiSi)
52 9.0 André et al. 1995b
52 9.0 3.0 9.62 Zygmunt and Szytuta 1995
TmPdSn
(Fe,P) -0.1 7098 Adroja and Malik 1992
(TiNiS1) -19 75 Zygmunt and Szytula 1995
YbPdSn -5 145 Adroja and Malik 1992
(TiNiS1)

Sakurai et al. (1995) have established that 7'y of SmPdSn is equal to 12.2K. At 4.2K
there is a second phase transition which is apparently connected with a change of the
SmPdSn magnetic structure.

André et al. (1993) have investigated the magnetic structure of TbPdSn. Below Ty this
structure is characterised by a sine wave modulated magnetic spin arrangement, which
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below 7= 10K changes to a spiral cone. The magnetic structure and magnetic properties
of ErPdSn has been determined by André et al. (1995b). Under applied field up to 0.2T
in the antiferromagnetic state the magnetization changes linearly, above this field a sharp
jump of magnetization to the ferromagnetic state is observed. In the ordered state at 2.5 K
a magnetic transition is observed. Below this temperature a modulated square structure
with a propogation vector k=(1, 1, 1) exists. Above 2.5K a modulated sine structure with
a propogation vector k= (ky, ky, k) forms.

4.20. RAgSn compounds

The magnetic susceptibility, resistivity, thermopower and '**Sn Mossbauer absorption of
RAgSn, where R =Ce, Pr, Nd, Sm, Gd—Er, have been studied by Adam et al. (1990) be-
tween 4.2-300 K. Most compounds at low temperatures are ordered antiferromagnetically
(table 27). Above Ty the reciprocal susceptibility follows the Curie~Weiss law. On the
p(T) curves there are kinks corresponding to magnetic transitions. For the compounds
with Ce, Pr, Sm, Gd, Td, and Ho the thermopower is positive (table 27) and changes
almost linearly with increasing temperature. The thermopower of ErAgSn does not depend
on the temperature. The S(7) curve of NdAgSn reveals a broad minimum around 100 K.
In SmAgSn below T’y (28 K) a magnetic transition is observed at 8 K.

Table 27
Magnetic and transport properties of RAgSn compounds
Compound Tn  uus) 6,(K)  py p (uQcm) S (uWv/K) Reference
(&) (45) 42K 300K 42K 300K
LaAgSn 23 48 Adam et al. 1990
CeAgSn 5.5 Curie—Weiss law* 58 111 0 13.5 Adam et al. 1990
578 Sakurai et al. 1992
PrAgSn Curie-Weiss law® 15 47 0.2 13.1 Adam et al. 1990
NdAgSn Curie-Weiss law* 47 44 0 -2.3 Adam et al. 1990
9 2.3 Bazela et al. 1995a
11.5 1.6 -20 3.95 Gillot et al. 1995
SmAgSn 28 x~YT) not linear 75 194 0.7 11.7 Adam et al. 1990
84 Sakurai et al. 1992
GdAgSn Curie-Weiss law* 0.2 6.3 Adam et al. 1990
TbhAgSn Curie-Weiss law* 7.8 113 0.5 8.3 Adam et al. 1990
33 8.5 Bazela et al. 1992
35 8.5 Bazela et al. 1995a
35 5.0 —42 9.33 Gillot et al. 1995
DyAgSn Curie—Weiss law* Adam et al. 1990
HoAgSn 9.5 Curie—Weiss law* 83 151 0 4.0 Adam et al. 1990
15 8.8 Bazela et al. 1992
9.5 8.8 Bazela et al. 1995a
10.5 8.3 —11 10.69 7.5 Sakurai et al. 1992
ErAgSn Curie—Weiss law* 17 88 0 —-0.2 Adam et al. 1990

* 6, and w,; were not listed.
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Bazela et al. (1992, 1995a) determined the magnetic structures of NdAgSn, TbAgSn
and HoAgSn. The compounds have collinear antiferromagnetic structures with moments
along the hexagonal axis. The magnetic ordering corresponds to the 4, mode. Magneti-
zation curves under magnetic fields up to 20 T show metamagnetism.

4.21. RPtSn compounds

Magnetic properties of the RPtSn stannides (R =Y, Ce-Nd, Gd-Tm) have been measured
over the temperature range 4.2-200K by Routsi et al. (1992a). The YPtSn stannide
is a temperature independent paramagnet, and CePtSn, TbPtSn, and DyPtSn are
antiferromagnets. The reciprocal magnetic susceptibility in the paramagnetic range
follows the Curie-Weiss law. The magnetic data are given in table 28. According to
Sakurai et al. (1995) the Néel point of SmPtSn is 3.5K. A second phase transition is
observed at 2.1 K.

Investigations of the CePtSn properties have shown that this compound is a Kondo
system with antiferromagnetic ordering (Sakurai et al. 1990b, Nishigori et al. 1993).
The measurements of resistivity and thermopower have been carried out on a single
crystal by Bando et al. (1994) (fig. 35). Anisotropy of the properties in three directions is

Table 28
Magnetic properties of RPtSn compounds
Compound Ty (K) 1 (1) 6, (K) oy (up)  Reference
YPtSn Pauli paramagnet Routsi et al. 1992a
CePtSn 5.5 -28 2.5 Routsi et al. 1992a
6.2 0.6* Kadowaki et al. 1993
T =38 0.84°
8 0.97 Bazela et al. 1995b
PrPtSn —8 3.78 Routsi et al. 1992a
NdPtSn -10 4.05 Routsi et al. 1992a
SmPtSn 35 see text Sakurai et al. 1995
T,=2.1
GdPtSn 32 8.9 Routsi et al. 1992a
TbPtSn 12 -6 10.2 Routsi et al. 1992a
13.8 44 Bazela et al. 1995b
T=10
DyPtSn 8 —4 10.77 Routsi et al. 1992a
HoPtSn 4 10.7 Routsi et al. 1992a
9.2 8.5 Bazela et al. 1995b
T,=3
ErPtSn 10 10 Routsi et al. 1992a
TmPtSn 22 7.93 Routsi et al. 1992a

* At 4.8K. b At 2K.
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Fig. 35. Temperature dependence of the resistivity and
thermopower of single crystal CePtSn directed along the

it NS (a) X axis, (b) Y axis and (c) Z axis. The arrows
1 10 100 indicate the ordering temperatures 7, and T, (Bando
TI(K) et al. 1994).

observed. There are maxima on the p(T) and S(T') curves at 150-170K and minima at 30—
40K. Also, kinks are observed on the p(T) curve at the magnetic transitions (Tx=7.5K
and T;=5.0K). The magnetic structure of CePtSn was determined by Kadowaki et al.
(1993) using a single crystal sample. According to these data the phase transitions are at
Tn=6.3 K and T, =3.8 K. The magnetic structure is a single-Q-type with incommensurate
modulation vectors k=0.466b in the region between 7'y and T'n.

Nohara et al. (1993) have shown that, as in CePdSn, the Kondo state in CePtSn is
caused by the hybridization of the Ce 4f-states with the Sn Sp-states.

The magnetic structures of CePtSn, TbPtSn and DyPtSn were also investigated by
Bazela et al. (1995b). Their data agree with the results obtained by Kadowaki et al. (1993)
for CePtSn. However Bazela et al. (1995b) did not find the phase transition below T'x.

Magnetic structures of TbPtSn and HoPtSn are also sine modulated magnetic
structures. The propogation vector is £=(0,0.275,0) and k=(§, %,%) for TbPtSn and
HoPtSn, respectively. In both magnetic structures there are phase transitions at 7, = 10K
for HoPtSn and 7 =3 K for TbPtSn.

4.22. R;CuySns compounds

The susceptibility measurements of R,CusSns (R="Pr, Sm, Gd, Tb) have been carried out
from 78 to 293 K by Komarovskaya and Skolozdra (1992). The x(T') dependence follows
the Curie-Weiss law for R="Pr, Gd and Tb. The magnetic susceptibility of Sm decreases
with increasing temperature, but the law of x(T)-change for SmyCuySns has not been
established (table 29).
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Table 29
Magnetic properties of R,Cu,Sn; compounds (Komarovskaya and Skolozdra 1992)
Compound 8, (K) Har (y/R)  Compound 0, (K) ter (/R
Pr,Cu,Sn; -3 3.78 Gd,Cu,Sn; -10 7.8
Sm, Cu, Sng x7(T) not linear Tb,Cu,Sn; ~-18 9.8
Table 30

Magnetic and transport properties of R¢Niy,Sn, compounds (Komarovskaya and Skolozdra 1985,
Skolozdra 1993)

Compound 9, (K) e (M) p (uQcem) S (uV/K)

at 78K at 300K at 90K at 300K
Yo Niy Snyg Pauli paramagnet 44 88
LagNi,,Snyy Pauli paramagnet
CeyNi,, Snyg =27 2.56 96 156 ~2.0 0.8
PrgNi,, Sny, -12 3.76
NdgNi,, Snyg -18 3.68
SmyNi,, Sny, x~'(T) not linear 70 120 ~1.6 2.0
GdyNiy,Sny, -21 7.9 82 146 ~4.2 -2.8
TbyNiy,Sny, -17 9.9

4.23. RoNir4Snyg compounds

The magnetic and transport data of RgNipSnyg compounds are listed in table 30. The
YoNipsSnyg and LagNiyySnyg stannides are Pauli paramagnets. The y(7T) dependence of
the rest of the compounds, except Sm, follows the Curie—Weiss law (Komarovskaya and
Skolozdra 1985).

The resistivity, measured for the compounds with Y, Ce, Sm, Gd in the temperature
range 78-360K, increases with increasing temperature, and p(T) is characterized by a
negative curvature. The thermopower changes insignificantly with temperature (Skolozdra
1993).

4.24. RNiSn, compounds (LuNiSn, structure type)

The reciprocal susceptibility for the RNiSn, compounds (R=Gd-Tm) follows the
Curie-Weiss law in the temperature range 78-293 K. YNiSn, and LuNiSn, are Pauli
paramagnets (Skolozdra et al. 1988a).

For some compounds the resistivity and thermopower were measured from 78 to 360 K.
The Seebeck coefficient decreases with increasing temperature, while the resistivity
exhibits the normal temperature dependency (table 31).
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Table 31
Magnetic and transport properties of RNiSn, (LuNiSn, type) compounds (Skolozdra et al. 1988a,
Skolozdra 1993)

Compound 6, (K) Yot (U) p (& cm) S (LV/K)

at 78K at 300K at 90K at 300K
GdNiSn, —44 8.0 36 70 -0.8 ~0.5
TbNiSn, -15 9.7 22 53 0.2 -5.8
DyNiSn, -16 10.4 ‘
HoNiSn, -6 10.6 21 52
ErNiSn, -9 9.7 58 83
TmNiSn, -5 6.9
LuNiSn, Pauli paramagnet

4.25. RMSn; (M = Mn, Fe, Co. Ni, Cu} compounds (CeNiSi, structure type)

The magnetic susceptibility has been measured for the RM;_,Sny_, compounds, where
R=La, Ce, Pr, Nd, Sm, M=Mn, Fe, Co, Ni in the temperature range 78-293K
by Komarovskaya et al. (1988) and Skolozdra et al. (1988b,c). The samples were
annealed at 770K. Only four of the Mn and Fe alloys did not have ferromagnetic
impurities (LaMn0‘24Sn1‘79, CCMH0‘24SI'11‘79, PI‘MI]()_24SI]1.79 and PrFe0.24Sn1.79). The
x(T) dependence of these alloys follows the Curie-Weiss law. The Mn atoms possess
a local magnetic moment which is equal to 4.18, 3.49 and 3.96up in the La, Ce
and Pr compounds, respectively (table 32). The value of the moment of PrFeg,4Sn; 19
corresponds to the theoretical moment of Pr’* ion, which indicates the absence of
magnetic moments on the iron atoms. All alloys of LaM,_,Sn,_, (M= Co, Ni) compounds
are Pauli paramagnets. The LaCu;_,Sn,_, compound is diamagnetic.

The reciprocal susceptibility of the Ce, Pr, Nd compounds with Co, Ni and Cu obeys
the Curie~Weiss law. The magnetic moments do not differ much from the theoretical
moments of the R*" ions. For the RCo_,Sny_, and RNi;_,Sn,_, alloys in the homogeneity
range a wide range of 0, values (table 31) are observed. In the alloys with a constant tin
content 8, decreases with increasing R content for the Co alloys, and for Ni alloys it rises.
A change of sign at the transition from one composition to another is observed. In the
RCu;_,Sn,., alloys 8, changes significantly less with composition than in RCo;_,Sn;_,
and RNi,_,Sny_, series. Moreover, the magnitude of 6, for RCu;_,Sny, is higher than
in the corresponding Ni compounds. It is also seen, that there is a tendency for 08, to rise
with an increasing number of vacancies.

The susceptibility of Sm alloys is characterized by a temperature dependence which
does not follow the Curie—Weiss law.

The magnetic susceptibility of the RMn;_,Sn,_, (R=La, Ce, Pr, Nd, Sm) alloys,
annealed at 1073 K, has been measured over a large temperature range, 5-800K, by
Weitzer et al. (1992¢). The authors have reaffirmed the moment of the Mn atoms
(table 33). The CeMn;-,Sny, compounds are ferromagnetic with T¢=320K for
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Compound 6,(K) o ()  Compound 6 (K)o (n)
LaMny,,Sn; 5y -118 4.18*% CeNij 351, 49 -12 2.54
CeMng ., Sn, 44 -36 3.28 CeNig ¢Sty ¢ -3 2.73
PrMng ,,Sn, 4 0 4.11 CeNig 345D, 74 -10 2.67
PrFeq4Sn; 44 0 3.51 CeNiy 5,Sn, 5, 4 2.63
CeCog 44Sn, -9 2.71 PrNiSn, -2 3.6
CeCoq 4,51, -3 2.52 NdNiSn, -3 3.73
CeCoq34Sn; 4 -15 2.54 LaCuy ¢, Sn, 43 diamagnet
CeCoq+,Sn, 4, =20 2.71 CeCuyq SN 43 1 2.40
PrCoy;;Sn, -2 3.52 PrCuy e Sn, g3 10 3.62
NdCoy;;Sn, -7 3.63 NdCuy5,Sn, g —~6 3.80
LaNiSn, Pauli paramagnet NdCuy,;Sn, g 0 3.56
CeNiSn,* -2 2.45 NdCug ¢, Sn, g3 -2 3.60
CeNij 5 Sn, =23 2.76 NdCuys,Sn; 4 0 3.79
CeNig44Sn, y¢ -6 2.66
* For Mn atom.
® Ty 4K; 0, 69K, ey, 2.564, (Pecharsky et al. 1991).
Table 33
Magnetic properties of RMn,_ Sn, , compounds (Weitzer et al. 1992b)
Compound T, (K) Ty (K) H 6, (K) Her M
(t4/fu.) (pp/fou) (pp/Mn)
LaMng,,Sn, 4y ~95 430
CeMnSn, 320 0.4 117 4.03 3.12
CeMnysSn, 520 0.55 369 3.80 4.04
PrMn, ¢,Sng g5 16 14 4.18 3.00
PrMng4;Sn, 4 20 -5 4.16 363
PrMng 5. Sn, g 16 ~15 4.17 413
NdMng 55, 4 20 -39 4.43 3.76
NdMng 5580, g -12 4.07 3.00

CeMnSn, and 7T¢=520K for CeMngysSn;.

The x(7") dependence of the Ce compounds

follow the Curie-Weiss law above the T points, and the x(7') dependences of the
LaMn,,Sn; ,, PrMn; ,Sn,_,, NdMn;_,Sn, , and SmMn,_,Sn,_, compounds obey the
Curie-Weiss law above the liquid nitrogen temperature. The Pr, Nd and Sm compounds

undergo an antiferromagnetic phase transition at low temperatures.

The magnetization versus magnetic field curves up to 3 T have been measured at 5 K.
The PrMn;_,Sn,_, compounds exhibit metamagnetic behaviour under applied field above
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2.5T. The authors assume for RMn;_,Sn,_, the narrow band formed by the 3d-electron
lies close to the Fermi level. They suggest that magnetism of these compounds preferably
arises from weak R—Mn and R-R interactions, i.e. Mn atoms only couple via a RKKY
mechanism.

Leithe-Jasper et al. (1994) report on the ''?Sn Mdssbauer spectra of the RMnSn,
(R=La, Ce, Pr, Nd, Sm) stannides. The compounds order magnetically close to room
temperature. At the two tin sites there is a transferred hyperfine field of 3-6 T at 15K,
which depends on the rare-earth partner, especially at the Sn2 sites.

The low temperature heat capacity and magnetic properties of CeNiSn, were measured
by Pecharsky et al. (1991). The susceptibility follows the Curie~Weiss law from ~40 to
300K, at 4K CeNiSn; undergoes an antiferromagnetic transition.

The resistivity of the RM;_,Sn,_, alloys increases with increasing temperature. It is
necessary to indicate that the p(T) dependence of the alloys with copper is nearly linear,
and the biggest deviation from this is observed for the Mn and Fe alloys. The dependence
of the thermopower on the composition is not observed.

An analysis of the homogeneity ranges, magnetic and transport properties, a phe-
nomenoclogy model which explains the limits of homogeneity ranges and properties of
the compounds RM;.,Sn;_, was presented by Skolozdra (1993). This model proceeds
from two factors — the atoms size and the structure of the energy electron spectra near
the Fermi level.

4.26. RsNi;sSn; s compounds

The magnetic susceptibility has only been measured for CesNiy sSn; s. The x(T') depen-
dence follows the Curie—Weiss law (Skolozdra 1993). The investigation of the Lyj-spectra
for CesNi; 5Sn; s showed that the valence of Ce in this stannide is equal to 3 (Samsonova
et al. 1985) (fig. 22).

4.27. RM,Sn, phases

The magnetic properties of the RM,Sn, phases were investigated mainly at low temn-
perature for the determination of the superconducting transition temperature (tables 34—
36). The SnErsRhsSn;; and (Sng 53Ero 42)ErsRhsSnig compounds were studied by neutron
diffraction (Bordet et al. 1986). The first compound orders antiferromagnetically below
12 K with magnetic wave vector k =(%, %, 0). In the second compound magnetic reflections
are observed at 0.4 K. The magnetic moments of Erl (3.91ug) are oriented along the
Z axis; and the moments of Er2 (1.5up) are aligned along the pseudoternary axis which
is truncated in the cubooctahedra with Er2 atoms in the middle faces. The resistivity of
the 7 and I’ phases has been measured on single crystals.

The transport data of the RM,Sn, compounds are listed in table 37. The temperature
dependence of the resistivity of the GdRh, 7Sn42; compound obeys four different power
laws: p~ T¥? between 2 and 7.2K, p~ T? between 7.2 and 11.6K, p=T from 16 to
44K, and p ~InT above 4 K (Rojek et al. 1986). These dependences are explained in
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Table 34
Magnetic (T,,) and superconducting (T',) ordering temperatures of phases / and I’ (Espinosa et al. 1982)
RM,Sn, T (K) T, (K) RM,Sn, T (K) T, (K)
R M R M
La Co - 8 Eu Rh 11 -
Yb Co - 2.5 Gd Rh 11.2 -
La Ru - 3.9 Yb Rh - 8.6
La Rh - 32 La Ir - 2.6
Table 35
Magnetic (T,,) and superconducting (T.) ordering temperatures of phase // {Espinosa et al. 1982)
RM,Sn, T, (K) T, (K) RM, Sn, T, (K) 7. (K)
R M R M
Dy Co 5.6 - Dy Rh 2.1 -
Ho Co 29 - Ho Rh 1.7 -
Lu Co - 1.5 Er Rh 0.6 1.2
Sc Ru 3.7 - Tm Rh - 2.3
Y Ru 13 - Lu Rh - 4.0
Sc Rh - 4.5 Sc Ir - 1.1
Y Rh - 32 Yb Ir - 22
Tb Rh 3.8 - Lu Ir - 32
Table 36

Magnetic (T,,) and superconducting (7T,) ordering temperatures of phases /I’ (//I) (Espinosa et al. 1982)

RM, Sn, T (K) T. (K) RM,Sn, T, (K) T, (K)
M R M

Y Ru 1.3 - Tb Os - 1.4
Tb Rh 3.8 - Ho Os - 1.4
Dy Rh 2.1 - Er Os 0.5 1.3
Ho Rh 1.7 - Tm Os 0.6 1.1
Er Rh 0.6 1.2 Lu Os - I8
Tm Rh - 23 La Ir - 2.6
Sc Os - 1.5 Y Ir - 2.2
Y Os - 25

Dy ir 1.55 -
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Table 37
Transport properties of RM, Sn, compounds

Compound £ (pQcm) S (uV/K) Reference
at 78K at 293 K at 90K at 300K

(Lug4Sny ¢ )Lu,FecSn,, 290 260 -4.2 ~10.7 Skolozdra 1993
Lu,Fe,Sny, 480 590 Skolozdra 1993
Tm,FesSny, 410 660 Skolozdra 1993
GdgCoySny 80 195 -1.0 2.0 Skolozdra 1993
TbgCoySny 70 170 2.0 4.0 Skolozdra 1993
Tb,Co4Snyg 100 190 -3.0 ~10.5 Skolozdra 1993
Ho,Co4Sn, 45 145 -5.0 -14.5 Skolozdra 1993

pat 10K pat300K

YRh,Sn, 28* 290 Remeika et al. 1980b
PrRh,Sn, 54 114 Remeika et al. 1980b
EuRh, ;Sn,, 16 133 Rojek and Sutkowski 1987
GdRU, ;Sn, 5 842 610 Rojek et al. 1986

HoRh, ,Sn,, 369 310 Remeika et al. 1980b
ErRh,,Sn, ¢ 400 340 Remeika et al. 1980b
ErRh,Sn; 605° 515 Rojek and Sutkowski 1986
TmRh, ;Sn,, 304 286 Remeika et al. 1980b
YbRh, ,Sn, ¢ 9.7 90 Naushad Ali et al. 1985
LuRh, ,Sn,, 941° 800 Rojek and Sufkowski 1986
*At42K. PAL2K.

terms of the coexistence of a local moment antiferromagnetism of the Gd atoms and a
localized spin fluctuation or an itinerant electron ferromagnetism of the Rh atoms.

The EuRh; 5Sny; and YRhj 4Sn, ¢ phases have a high resistivity (Naushad Ali et al.
1985). The p(T") curve of EuRh; sSny, has two rectilinear ranges — from 170 to 300K
and above T (13 K) to 50K. The p(T') function of the Yb stannide below 20K to 7.18 K
is described by p=po+AT?. At high temperatures p has a tendency to saturation.

The resistivity of ErRh; ;Sn; ¢ and LuRh; ;Sny g decreases with rising temperature. The
P(T) function of LuRh, ;Sny is logarithmic with a broad minimum around 210K (Rojek
and Sutkowski 1986).

The (Sn;_,Lu,)LusFesSn;s and (Snj_,Tm,)TmyFesSn;g phases have a high resistivity
as well (fig. 36). The substitution of a part of Sn atoms by Lu atoms [i.e. the composition
(SnggLug 4)LusFesSny ] leads to a negative temperature coefficient of the resistivity
(Skolozdra 1993).

SmRuSn; (SmgRugSny4, phase /) is a valence fluctuating compound with antiferro-
magnetic ordering below 6 K (Fukuhara et al. 1992).
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One of the causes of the high R values of phases / and /7 is the presence of a significant
ion-covalent contribution to the bonding.

4.28. RsCo,8n and RsNi,Sn compounds

The temperature dependence of magnetic susceptibility has been measured for all
RsCoySn compounds (Koretskaya et al. 1988b) and for some R¢Ni2Sn compounds
(Sichevich et al. 1984) in the temperature range 78-293 K (table 38). All stannides except
GdgCo,Sn are paramagnetic in this temperature range, the Y and Lu compounds are Pauli
paramagnets. The x '(T) function of GdgCo,Sn is linear below 120K, and above this
temperature it is characterized by a negative curvature. This suggests a ferrimagnetic
ordering in compound below 120 K.

Gschneidner Jr et al. (1995) have prepared and studied the ErgNi;Sn compound [as
well as ErgNi;Pb, ErgNiz(Sng75Gag1s) and 50:50 ErgNi,Sn/ErsNi}. These alloys have

Table 38
Magnetic and transport properties of R¢M,Sn compounds (Koretskaya et al. 1988b, Sichevich et al. 1984)

Compound 6, (K) Uer (1) p (nQcm) S (WV/K)
at 78K at 300K at 90K at 300K
YCo,Sn Pauli paramagnet
GdgCo,Sn x~Y(T) not linear
TbeCo,Sn 38 9.4
Dy¢Co,Sn I5 10.6
Ho,Co,Sn 10 10.5
ErsCo,Sn 7 8.6
TmyCo,Sn 1 7.4 160 240 -0.4 -1.4
LusCo,Sn Pauli paramagnet 40 180 0.3 -1.4
TbeNi, Sn 42 10.0
Dy¢Ni,Sn 24 10.7
ErgNi,Sn ~17%
TmgNi,Sn 3 7.6

¢ Ferrimagnetic ordering temperature (Gschneidner Jr et al. 1995).
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been investigated as potential candidate materials for the lower temperature stage of
Gifford-McMahon (G-M) cryocooler. The heat capacity of ErgNi,Sn alloy in the as cast
and annealed conditions was measured in the temperature range 1.5-40K. The thermal
dependence of heat capacity is characterised by a major peak at 17-18 K. There is also
a small peak at ~2.5K and a slightly larger one at ~8 K. These two peaks were due to
transformations in additional phases because the ErgNi, Sn alloy was multiphase. The peak
at 17-18K corresponds to a ferrimagnetic ordering in ErgNi,Sn with Tc =~ 17K.

The authors indicate that the ErgNi, X phases (X=Sn, Pb) and ErgNiy(Sng75Gag s)
would be good cryogenic regenerator materials for a G-M cryocooler which operates
down to ~10K.

4.29. R;CosSny; compounds

For all R7Co4Sny3 compounds the magnetic susceptibility between 78 and 293 K has
been measured by Skolozdra et al. (1986b). The compounds with Tb, Dy, Ho, and Er
are paramagnetic, their x(7) dependence obeys the Curie~Weiss law (table 39). The
Y;Co¢Sny; compound is diamagnetic.

Table 39
Magnetic properties of R,Co4Sn,; compounds (Skolozdra et al. 1986b)
Compound 6, (K) Mo (i) Compound 6, (K) Moy (i)
Y,Co4Sny, diamagnet Ho,Co,Sn,, 1 10.7
Tb,CosSn,y, -14 9.8 Er,Co4Sn,, 5 9.7
Dy,CoSn,, -4 10.5

4.30. R3Ni»Sn; compounds

The magnetic and transport data of R3Ni;Sn; compounds are listed in table 40. The
La;Ni,Sn; stannide is diamagnetic ( 293 =—0.14x107¢ cm®/g). The x(T) dependence of
Pr;Ni,Sn; and Nd;Ni,Sn; follows the Curie-~Weiss law. For Ce3Ni,Sny the x~1(7) func-
tion is linear in the range 170-293 K, at lower temperature it deviates from the linear one
(Skolozdra et al. 1987). The temperature dependence of the resistivity and thermopower
of Ce3Ni,Sn, also differs from that of LasNiSn; and PrsNi»Sn;. On the basis of
the Ce3Ni,Sn; properties an intermediate Ce valence behaviour was suggested for this
compound. For Ce;Ni,Sn, the b lattice parameter lies below the straight line established
by the other R compounds in a plot of b vs. the lanthanide atomic number.
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Table 40

Magnetic and transport properties of R;Ni,Sn, compounds (Skolozdra et al. 1987, Skolozdra 1993)

Compound 8, (K) terr (Ma) p (UQcm) S (WV/K)
at 78K at 300K at 90K at 300K

La,;Ni,Sn, diamagnet 66 90 ~2.0 ~2.0
Ce,Ni,Sn, 39 2.47 68 140 9.2 14.0
PryNi, Sn, —6 3.58 78 100 -1.6 -1.0
Nd,Ni,Sn, -5 3.73

4.31. R,NiSngs compounds

The temperature dependence of the magnetic susceptibility of the R;NiSng compounds
(R=Ho, Er, Tm) is described by the Curie law (8, =0). LuyNiSng is a Pauli paramagnet.
The resistivity has a low magnitude, the p(T) dependence is almost linear, and the
thermopower is not dependent on temperature (Skolozdra et al. 1988a) (table 41).

Table 41
Magnetic and transport properties of R,NiSn, compounds (Koretskaya et al. 1988a, Skolozdra 1993)
Compound 0, (K} Perr (Ba) p (uQcm) S (UWV/K)
at 78K at 300K at 90K at 300K

Ho,NiSng 0 10.7 13 44 ~0.6 0.4
Er,NiSny 0 9.6

Tm,NiSng 0 7.5 18 68 ~0.6 1.0
Lu,NiSn, Pauli paramagnet 12 43 -0.8 0.2

4.32. Brief discussion of the magnetic and transport properties

Mainly the investigated ternary stannides can be divided into three groups from the point
of view of their magnetic properties. The first group consists of the compounds, which
contain a magnetic rare-carth atom that defines their magnetism. At high temperatures
(above 50-100 K) susceptibility of the compounds of this group follows Curie-Weiss law
and at low temperatures R-sublattice is ordered magnetically. The second group includes
the compounds of the non-magnetic rare-earth metals (Sc, Y, La, Lu) which are Pauli
paramagnets. The compounds with high magnetic ordering temperatures (near or above
room temperature) caused by the ordering of the M sublattice form the third group of the
stannides.

The first group contains the largest number of stannides. The effective magnetic
moments of the compounds of this group are close to the theoretical moments of
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Fig. 37. The ¢, dependence of the de Gennes function of
some stannides.

the corresponding R3* ion, which suggests the R atoms are trivalent except for some
compounds of Ce, Yb. The magnetic susceptibility of stannides with Fe, Co, Ni and Cu
depends only on R, and the contribution of the transition metal atoms is insignificant. The
Pauli paramagnetism of the isostructural compounds of Y, La, Lu indicates that there is
little if any contribution from the transition metals to the susceptibility for these phases.
In view of the fact that the Mn atoms have a local magnetic moment, the susceptibility
of the Mn compounds contains two constituent parts. The paramagnet Curie points range
from positive to negative values, which suggests different types of magnetic ordering.

For the compounds of the light R elements no regularity in change of the 6, dependence
on the lanthanide metal is observed as it is in the compounds of the heavy lanthanides.
For the series of the isostructural RCoSn, RsCugSng and R;CosSny; compounds the
6, magnitude is proportional to de Gennes function G=(g;—1)>J(J + 1) and there is a
change in sign for 8, for the R¢CugSng and R7CosSny3 compounds (see tables 21 and 39,
and fig. 37).

In the frame of the RKKY theory the paramagnetic Curie point is given (Rocher 1962)
as follows:

3nz?

6y =~ thr’s (8 ¢ (g5 - )J(J+1)ZF(2) (1)
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where Q2 is the atomic volume, Z is the number of conduction eclectrons, Jgr is the
exchange integral between the localized lanthanide spin S and the conduction electrons
spins. The function F(z) is defined as

F(z) = (zcosz —sinz)z ™, 2)

where z=2kpr;,, and r;, is the interatomic distance between magnetic atoms (i =0) and
any other atoms (i = 0).

The F(z) function is an oscillating function and depends on kg. It follows from eq. (1)
for a series of isostructural R compounds in the case of the RKKY exchange interaction
that 8, is proportional to the de Gennes function, while the other parameters of eq. (1),
based on the similarity of the electron structure of rare earths, do not change significantly.
An inversion of the 0, sign as observed for R¢Cu3Sng and R7CosSny; can be realized
only by the function F(z) which changes from one sign to the opposite sign as kr varies.
An increasing or decreasing kr can be realized by a change of the conduction electron
concentration (CEC) or as a consequence of a modification of the energy band structure.

We suggest that the inversion of the 6, sign for RsCugSng and R7CosSn,3 is caused by
a change of the band structure because CEC in an isostructural series of the compounds
does not change. Apparently in the RgCugSng and R7CosSny3 compounds as the atomic
number of R increases the electron energy spectrum changes with an accompanied shifting
of ky. If ky lies near the Brillouin zone, where a break of the function E(k) occurs, the
transformation in the electron energy spectrum can cause a deformation of the crystal
structure or it can lead to the appearance of another structure. The 6, sign inversion
at the transition from HogCugSng to ErgCugSng and from Dy;Co4sSny; to Ho7CogSnys
supposes such change of the electron energy spectrum. This can explain the absence
of the YbsCusSng, LusCugSng and Tm;CosSny3, Yb;Co06Sn,3, Lu,CogSnys compounds
because a transformation in the band structure leads to the unstability of the compounds
with GdgCugGeg and Ho;CogSny; type structure. The example of TmgCugSng confirms
this explanation, where a monoclinic deformation has been determined by single-crystal
diffraction method (Thirion et al. 1983). So, on the basis of the strong change of the
band electron spectrum, which is displayed in a change of the 8, sign, it also explains a
structural change in a series of compounds.

The 0,(G) dependences of the R¢Co,Sn, RNiSn and RCuSn compounds (fig. 37)
are quite interesting. For these stannides there is a significant difference in 0, values
between neighbouring lanthanides for the beginning of the heavy lanthanides element,
which becomes quite small for the second half of the series. Instead of intersecting with
the G-coordinate and changing sign, the function 6,(G) approaches the 6, coordinate
asymptotically. Apparently, in this case instead of additional transformations when one R
is substituted for another R, the electron energy spectrum is stabilized, the 8, function
does not cross the G coordinate, and the compound does not change structure type, and
this why isostructural compounds exist up to Lu.

The absence of a regularity of the 6, change for many series of other compounds and
also for the light lanthanides may be due to the following considerations: (1) some of
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the factors which have been simplified in the RKKY theory, (2) crystal field effects, and
(3) the contribution of the 5d-electrons.

The stannides of the second group are the Pauli paramagnets. Among the ternary
stannides, the smallest x values are characteristic of the Ni stannides, and the copper
compounds are diamagnetic. This is due the construction of 3d-electron level of their
respective atoms. With increasing Sn contents the susceptibility of the Co and Ni stannides
decreases, and some of them become diamagnetic. Apparently, in the case of the complete
filling of the 3d-band, the Fe, Co, and Ni compounds must be diamagnetic as for the
Cu stannides. The presence of the paramagnetic susceptibility of the Co and Ni stannides,
which slowly decreases with increasing tin content supposes the 3d-band is unfilled.
Apparently, the state with an almost filled 3d-band is very stable, because it is clear from
susceptibility that 3d-band is filled only at large tin contents. In order for the 3d-band
to remain unfilled the band structure must change continuously with increase of the tin
contents causing the crystal structure change.

From this point of view Skolozdra (1993) has made an explanation for the larger
number of compounds in the R-Ni—Sn systems in comparison with the R—Fe—Sn and
the R—Co-Sn systems.

In the copper systems a tendency for a decreasing number of compounds is observed,
and is caused by another structure in the band spectrum. In this case the Fermi level
lies in a region with a low density of states and an almost empty conduction band.
Perhaps, at such an electronic structure of the stannides, a displacement of Fermi level is
caused by a composition change and leads (with the aim of preserving the stability of the
electron energy state) to the formation of a long range hybrid structure of the CeNiSi,,
La;CoSny, LuyNiSng, and Sm;CuySns structure types. These structures are formed by
certain fragments of more simple structures. The ternary stannides with such crystal
structures have a low density of states at the Fermi level, and this is confirmed by the
diamagnetism not only of the copper and nickel compounds but of the cobalt compounds
as well.

The magnetic properties of the compounds of the third group in the main are
determined by the transition metals i.e. the M—M interaction is stronger than the other
interactions. These are the RgM13Sn, RCo3;Sn and RMngSng compounds.

The resistivities of the ternary stannides have different values and temperature
dependences because of the variety of their composition and crystal structures. Skolozdra
(1993) classified the stannides by their resistivity behaviours from the curvature of the
p(T) function in the range 80-360K. A tendency that stannides with large M contents
have a bigger curvature has been found. A comparison of the influence of different metals
(Fe, Co, Ni, Cu) on curvature indicated that as the transition of M from iron to copper
occurs, the curvature of the p(T) function decreases and all practically studied copper
stannides have a linear p(T") dependence.

An explanation of the temperature dependence p(T) for stannides is based on two
models. According to them, the curvature of the p(T') function is determined either by
the band structure in the region of the Fermi level (Mott 1964), or it is caused by the
unordering of the atoms in the crystal structure which results in the mean free path of the
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electrons approaching the interatomic distances (Fisk and Webb 1976). The R atoms in the
ternary stannides do not make significant contribution to the curvature from the point of
view of their electronic structure. A linear p(7) dependence above the magnetic ordering
temperature of the binary compounds of the rare earth with nonmagnetic elements (Gratz
and Zuckermann 1982) testifies to that. In total view point, the greater curvature for the
compounds with high contents of Fe, Co in comparison with Ni, Cu is explained by the
influence of the s—d scattering, which is not displayed in the copper alloys and in the
alloys with high tin content. The second model explains the presence of the curvature in
the p(T) function in the compounds with statistical distribution of atoms in the crystal
structure.

The temperature dependence of the thermopower for metals and alloys in the free
electrons approximation is defined by the expression (Ziman 1962):

2127
G KT dlno(EF)> ’ )
E=E¢

3e dE

where 0(E) is the electrical conductivity of the electrons with an energy Ef.

It follows from eq. (3) that the thermopower must change linearly with the temperature.
In most ternary stannides the dependence S(T) is complex. Analysis carried out by
Skolozdra (1993) shows that the deviations from linearity mainly correlate with the ones
in the p(T) dependence and are caused by the same type of mechanisms of the electron
scattering. The main causes of the anomalous S(7") are the peculiarities of the structure
of the electron band spectrum in the region of the Fermi level, a strong electron—~phonon
interaction, and the presence of a statistical distribution of atoms in the crystal structure.

4.33. Superconductivity of the ternary stannides

From the point of view of superconductivity the RMn, Sn, phases have been investigated
to a greater degree. Many of these phases undergo a superconductive transition in the
temperature range 1.1-8.6 K (see tables 34-36). The RPd,Sn compounds (R=Sc, Y, Tm,
Yb, Lu) of MnCu, Al type are also superconductors, with a 7, in the range 2-5K (see
table 15).

The (Er;—;Sn,)ErsRh¢Sng stannide at low temperature orders ferromagnetically with
the destruction of the superconductive state, i.e. it is a reentrant superconductor (Remeika
et al. 1980a, Andres et al. 1981) with 7,=1.36K and T¢=0.46K. Measurements of
susceptibility, magnetization and resistivity of a single crystal (Er;,Sn,)ErsRhsSn;q
have shown that the superconductivity is destroyed by the onset of long-range ferro-
maghnetic order at low temperature (Genicon et al. 1985). Studies of single crystals
(Er;xSn;)ErsRhsSnyg of different compositions have been carried out by Miraglia et al.
(1984). The temperatures of magnetic and superconducting transitions depend on the ratio
of Sn and Er atoms at the 2(a) site, i.e. on x. Single crystals are superconducting for
x=0(T.=13K), are reentrant superconductors for x = 0.30 (7. =1.24K, T¢=0.34K),
and undergo a single magnetic transition for x 2 0.75 (T¢ =0.68 K).
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With the aim of determining the mechanism of both orderings, properties of the solid
solution Er,Y.,Rhy Sn; ¢ were studied by Houwman et al. (1987). The substitution of
Y by Er atoms suppresses the superconducting transition temperature from 3.13K for
YRh; ;Sn; ¢ to 1.1 K for ErRh; 1Sn3¢. The reentrant superconductivity has been found
for x >0.6. For x=0.4 the suppression of the superconductivity of the yttrium phase can
be described by the Abrikosov and Gor’kov theory, considering elastic scattering of the
conduction electrons by isolated spins. For the high concentration of Er T is reduced
more than it was predicted by the Abrikosov—Gor’kov theory. This additional decreasing
of T is attributed to an additional scattering rate, due to parallel alignment of nearest
neighbour spins in coupled spin pairs, as is described fairly well by the model of Roshen
and Ruvalds. The temperature of the magnetic ordering as a function of concentration is
described by the model of Ogushi and Ovo model with an effective coordination number
Zerr = 6.1 and an exchange constant J =0.30K (Houwman et al. 1987).

Two reentrant superconductors have been found with osmium by Fisk et al. (1982).
There are the ErOs,Sn, and TmOs,Sn, compounds with 7. =13 K, T¢=0.5K for the
first stannide and with 7.=1.1K, T¢=0.6 K for the second one.

The coexistence of superconductivity and magnetic order has been found in the
Heusler phases ErPd,Sn and YbPd,Sn. As a consequence of the measurements of
the heat capacity, magnetic susceptibility, and resistivity it was established that the
superconducting transition temperature in ErPd,Sn is 1.17K (Shelton et al. 1986).
A further decrease of the temperature leads to long range magnetic order at 7¢=1.00K,
moreover, superconductivity is not destroyed down to 40 mK (the lowest temperature to
which the measurements were carried out).

Elastic and inelastic neutron scattering measurements were carried out on ErPd;Sn
by Stanley et al. (1987). They have found that antiferromagnetic correlations developed
below T, with an antiferromagnetic transition occurring at ~1.0 K. The magnetic structure
is of the type /I, in which the fcc Er unit cell doubles along all three crystallographic
directions. But the magnetic structure has not been determined completely because there
are additional satellites indicating a modulated component of the magnetization density.

Measurements of heat capacity, resistivity and magnetic susceptibility have shown that
YbPd,;Sn compound undergoes a superconducting transition at 2.46K and a magnetic
transition at 0.23 K. The magnetic order does not destroy the superconductivity which
coexists with the magnetic ordered phase (Kierstead et al. 1985). It is suggested that the
ground state of Yb* ion is a I'; magnetic doublet.

So, there are two types of compounds among the ternary stannides which are
characterized by superconductivity and magnetic ordering. Compounds with a high tin
content form one type — reentrant superconductors — in which long range ferromagnetic
ordering destroys superconductivity. In the Heusler phases at the formation of the
magnetic order superconductivity does not disappear. This can be explained by the
antiferromagnetic ordering for ErPd;Sn and, apparently, for YbPd;Sn as well.
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electronic properties of 98, 115

elevated-temperature strength 173

elongation of 93, 126, 128, 136, 165, 171,
175

embrittlement of 151, 203

empirical factors for glass formation 100

empirical rule for formation of 148

endothermic reaction in 184, 211

energy-dispersive X-ray spectroscopy of 181

enthalpy of 102, 205

equilibrium supercooled liquid state in 128

eutectic composition of 87, 149

eutectic temperature of 91

eutectic-type 190

excess endothermic peak in 196, 205

excess free volume in 203, 209, 211

exothermic energy in 138

exothermic heat in 90, 184

exothermic peak in 196

exothermic reaction in 211

extrusion of 130, 133, 137, 169-173

extrusion temperature of 130, 170

faceted plane in 139

failure of 140

fatigue limit of 135

fatigue strength of 138

Fermi level in 118, 120

Fermi surface of 115

first-stage glass transition in 198

flow stress in 165

forging of 137

formation range of 86, 110

fracture behavior of 98, 124

fracture of 97, 150

fracture strength of 114, 171

fracture surface of 151, 176, 206, 214

— appearance 108

free-electron model for 109, 115

free electrons in 109

- concentration 117

free volume in 203

grain size refinement in 135

growth in 142, 157, 190, 214

growth morphology in 181

Hall coefficient of 109, 114-118

— hardness of 90, 151, 187
— heat of crystallization of 93, 213
— heat resistance of 135



heat-resistant hardness of 132
heat treatment of 65-67, 125

- crystallite size 66

- crystallization 66

— grain growth 66

heavy d electrons in 99
high-angle diffraction peak of 89

high-pressure die casting of 148, 161, 169,

212, 215
high-speed deformation of 211
high-strength materials 85, 132
high-temperature hardness of 132
hybridization in 94, 108, 118
hydrostatic stress in 208
hypereutectic side of 87
incident energies of K edges 111

intensity profile of X-rays in 105, 111, 160

interatomic distance in 193
interface

— effectin 140

— energy in 140, 158

— structure in 140

interference function in 159, 191, 207
internal defects in 138

internal energy in 88, 205

internal equilibrium in 197, 198
internal friction in 198

- frequency 198

interparticle spacing in 140, 174
irreversible enthalpy in 205
irreversible structural change in 90

irreversible structural relaxation in 125, 164,

186
iso-configurational structure in 200
isostatic internal stress field in 140
lanthanide metal in 108
lattice parameter of 139
light weight 138
liquid-like structure in 140
liquid quenching of 85
liquid/solid interfacial energy in 157
local ordering clusters in 160
local rearrangement in 90
local structure in 112, 178
local unit in 104
long-range rearrangement in 156
loss modulus in  197-202
— frequency dependence 200
— Gaussian distribution 201
— master curve 201

SUBJECT INDEX

— loss tangent in 197

low-energy absorption edge in 113
low-temperature annealing in 141, 194
low-temperature specific heat in 120
machinery parts 137

maximum diameter in 215

maximum shear plane in 140, 171
mechanical polishing of 137

561

mechanical properties of 107, 108, 123-125

mechanical relaxation in  198-202
mechanical strength of 108, 153, 173
melt spinning of 86, 95, 148, 183

melting temperature of 87, 102, 150, 153

metal-metal 95, 149, 195
metal-metal pairs in 197
metal-metalloid 86-94, 149, 195, 197
metallic mold casting of 148, 156, 161
metalloid concentration in 87
Mg-R-M 148, 153, 156, 173, 177
Mg-R systems 148

Mg-Zn-R 177

Mg-based 85, 148-176

—- bulk 169

Mg particles in 174

microtrac analysis of 130

minimum cooling rate in 190
mirror-zone axis in 178

mixed phase 139, 173

mixing energies of 102

mixing enthalpy of 101

mixing rule for 139

nanocrystalline 132-138

nanoscale particles 138, 141, 174-176
— Al 138,147

- Mg 173-176

near-neighbor atom in 104
near-neighbor region in 113
nearest-neighbor distance in 111, 194
nearest-neighbor region in 159, 208
necking in 130

negative heat in 148, 190

neutron irradiation of 203
noncrystallinity of 103, 158

novel 85

nucleation in 142, 157, 190, 214
outer electronic structure of 116
outer electrons in 119, 121

— d-shell 94

oxide glass 104

packing density in 133



562 SUBJECT INDEX

amorphous alloys (contd)

— packing fraction in 158

— particle size effect in 140

— particle size in 138, 174

— peak position in 105, 160

— perfect crystal effect in 140

— perfect crystalline structure in 138

— phase boundary in 139

— phase separation in 94, 199

— plastic elongation of 131

— pores in 162, 214

— — coalescence and anmnihilation at surface

163

— porosity of 163, 214

— powder 130, 148

— powder metallurgy of 136

— pre-existing Al nuclei in 142

— precipitation in 175

— prepeak in 103, 158

— proof strength of 175

— quenched-in “defects” in 90, 164, 187

— quenching-induced phases in 99

— RDF (radial distribution function) of 103,
191-195

— — environmental 111, 113, 159

— — Gaussian fitting 111

— — ordinary 104, 111

— — partial 104, 111, 113

— rapid cooling of 166

- rapid heating of 166

— rapid solidification of 101, 136

— reduced glass transition temperature of 157,
187

— reductilization of 203-212

— — treatments 203

— relative density of 130, 203

— relaxation mechanism in 198

— relaxation peaks in 199

— relaxation spectrum of 201

— relaxation time of 197, 198, 211

— relaxed structure in 205

— reversible process in 205

— reversion in 205

— ribbon 148

— scattering intensity in 192

~ scattering profile of 112, 193

— scattering vector in 88

— second neighbor in 194

— second-stage glass transition of 198

— semiconducting liquid 104

— semiconducting nature 93

— semiconductor 89

— shear deformation in 140, 176

— — band 140

— — region 140

— shear plane in 124

— shear sliding in 124, 151, 175, 206

— shell-like pattern in 206

— shift factor in 201

— short-range cluster in 104

— short-range ordering in 89, 108, 126, 152, 164,
187

— single-stage crystallization process in 157

— small-angle peak in 89

— solid solubility in 96

~ solidification mode in 144

— solidus temperature in 100

— solute-poor 100

— spatial isotropy in 115

— specific heat of 128, 164, 185, 187, 196, 203
— specific strength of 123, 125, 151, 173

— splitting phenomenon in 94

— stability of 189

— static strength in 123

— storage modulus of 197

— strain rate in 136, 209

— strain rate sensitivity (m value) of 136

— strengthening mechanism in 135

— stress distribution in 208

— stress fluctuation in 208

— stress (strain) relaxation in 140

— stress—strain curve of 131, 142, 165, 175,

214

— structural environment in 191
— structural parameters in 193, 194

— structural relaxation in 89, 187, 192, 195-198,
205, 211

— structural relaxation process in 207

— structural skeleton of 122

— structural stability of 126

— structure analysis of 158-161

— structure of 158

- superconducting properties of 98, 118-121

— supercooling ability of 177

— supercooling in 190

— superlattice peaks in 183

— superplasticity of 136

— supersaturated solid solution in 99, 174

— temperature coefficient of resistivity of 93
— tensile fracture strength of 93, 187



SUBJECT INDEX

— tensile strength of 97, 98, 108, 124, 134, 139,

148, 150, 214

— theoretical strength of 139

— thermal expansion of 128, 136

- thermal history of 196

~ thermal stability of 96, 105, 106, 121-123,
154

— thermal vibration of 187, 196

— thermograms of 125, 164, 185, 195

— thermomechanical treatment of 135, 168

— time—temperature superposition process in
201

— topological short-range ordering in 212

— transformation in 189

— transition temperature in 118

— two-stage

— — crystallization process in 138

— — glass transition in  198-202

— — reduction in 198

— — relaxation process in 197

— ultimate tensile strength in 175

— ultrafine mixed structure in 133

~ ultrahigh mechanical strength in 140

— unlike-atom pair in 103

— upper critical magnetic field in 98

— upset deformation of 166-169

— upsetting ratio of 168

— vein pattern in 171, 176

— vibrational specific heat in 187

— viscoelasticity in  197-202

— viscosity in 96, 128, 168, 190, 198, 211

— viscous flow deformation of 209

— viscous flow of 130, 165, 176

— voids in 146, 170

— volume fraction in 138

- volume mismatch in 101

— warm consolidation of 148

— warm extrusion of 133

— water quenching of 190, 203-209

— weak coupling superconductor 121

— wear resistance of 136

— wetting effect in 139

— whisker in 138

— work hardenability of 165, 171

— work-hardening of 97, 123

— X-ray photoemission of 118

— yield phenomenon in 165

— yield strength of 97, 123, 172

— yield stress of 165

— Young’s modulus of 97, 134, 151, 171, 188

amorphous phases 53, 85-142, 148-176,
183-215

amorphous powders 130-132, 171

amorphous structure 60, 88, 103105, 111-i14

amorphous superconductors 99, 120

amorphous—crystalline mixtures 61, 62

anisotropic gap in CeNiSn 489

anisotropy energy 367

anisotropy in Gd films 34

annihilation of

~ defects 90, 126, 139, 186

— pores 163

antiferromagnetic alignment of films 27

antiferromagnetic correlations in ternary R—Sn
compounds 489, 510

as-milled powders 57

— amorphous 57

— crystalline 57

— metastable 57

— nanoscale 57

atomization to prepare amorphous alloys 130
148, 169-173

AwAg, _:Yb 309

Au, _,EBr, 241

AwEr 241,242

Auw:Gd 237

Au:Yb 294, 309

3

ball mills 50, 51

— attntion 51

— planetary 50

— tumbling 50

— vibratory 50

band structure 414

— CeSn,; 414

— LaSn, 416

Bames-Plefka theory 235, 236
Bloch bandwidth 20

Bloch equations 226

boride alloys 391

bottleneck behavior 227, 231, 247, 251, 277
Brillouin zone 507

bulk alloys

— amorphous 166-171, 183, 209, 212
— — Mg-based 161, 173

— amorphous + crystailine 132
— crystalline 171-173

— icosahedral base alloy 146
bulk anisotropy 30

563
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C15 compounds 315

— see also compounds with Laves phases
Campbell’s model 350, 351, 385
canting of surface magnetization 28
carrier 118

carrier density 117
Ce—Fe-Zr 57

CeAl;:Gd 302, 303
CeBe;;:Gd 314
CeCo,:Gd 256

Ce(Cu, _,Ni.),:Gd 305
CeCu,Si, 301
CeCu,Si,:Gd 299, 302
Ce:Dy 246

Ce:Er 246

Ce, _,Gd, 238

Ce, _,Gd,Pd; 260

Ce(Ir; _,0s,),:Nd 313
Ce(Ir, _,Pt,),:Nd 313
Celr,:Gd 313,314
Celr,;:Nd 313

Ce,La, _,0s,:Gd 311
Ce:La0Os,:Gd 311

CeP 279

Ce(Pd, _ ,Ag,),:Gd 312
Ce(Pd, _,Rh,);:Gd 312
CePd,:Er 257

CePd;:Gd 310, 311, 314
CePd;:Mn 312
CePd,:Yb 259

Ce resonances

— LaBi 262

- YAs 262

- YBi 262

Ce(Rh,Pt; _,),:Er 314
CeRh,:Gd 313, 314
CeRh,:Nd 313
CeRh;:Yb 257,259
CeRu,:Gd 315, 316
CeRu,:Nd 316

Ce, _,Sc,Pd;:Gd 312

Ce Y, _ Al, 300

Ce, Y, _,Pd;:Gd 311
chalcogenides 279
charge densities 20
Chevrel phases 315, 316
Co-induced moments 347
coalescence of pores 163
collinear phase 366
collinear-noncollinear phase transitions 366

SUBJECT INDEX

Collver-Hammond rule 119

Co-magnetic moment 377

combustion reactions 49, 56

compensation point 371, 373

compensation temperature 360, 371, 372

compounds with AB, cubic structure 253-255

compounds with AuCu, structure 257

compounds with CsCl structure 248, 249

compounds with Laves phases 249-253, 315

conduction electrons 94, 117

— concentration (CEC) 507

coordination number 104, 111, 113, 159, 193,
468

coordination polyhedra 466

correlation energies 28

coupling S5, 18, 20, 35

— Ruderman—Kittel-Kasuya—Yosida (RKKY)

18

covalency parameter 263

critical fields 366, 367, 369

critical phenomena 31-35

— critical exponents 31, 35

— power law dependence 32

— scaling relations 33

crystal field effects 508

crystal structure and atomic parameters

of binary stannides

— — Ce-Sn 403, 404

— — CeSn, 402

— — Ce,Sn; 408

— — Ce,Sn 402

— — Ce;Sn; 402

— — Ce;Sn, 408

~ — Dy-Sn 405, 406

— — Dy;Sn, 407

— — Er-Sn 406

— — Eu-Sn 404, 405

— — EuSn 402

— — Gd-Sn 405

— — GdSn,,; 409

— — Gd;Sn, 408

— — Ho-Sn 406

— — La—Sn 403

— — LaSn 402

LaSn, 402

~ — La;Sn 402

— — La;Sny 402

Lu-Sn 407

LusSn, 434

— — Nd-Sn 404



NdSn, 402, 407, 408
Nd;Sn 402
Pr-Sn 404
PrSn, 402

Pr;Sn 402
Pr;Sny; 402

RSn 402

RSn, 402, 407
RSny ., 407
RSn, 407

R,Sn; 407

R;Sn 402

R,Sn, 407
RsSn; 402
RsSn, 402
Sc-Sn 403
Sm-Sn 404
SmSn, 402
Tb-Sn 405
TbySn; 407, 408
Tm-Sn 406
Tm,Ge, sGays 409
Y-Sn 403
Yb-Sn 406, 407
YbSn 402

— of ternary stannides

Ce-Co-Sn 432
Ce-M-Sn 419, 420
Ce-Ni-Sn 433
CeMngSny 4 458
CeMny,Sn,q 457
CeNiSn 448

CeNi, ,Sn, 446
CeNi,Sn, 445
CeNi,Sn, 441
CeNisSn 436, 437
Ce,Ni,Sn 443
CesNi, sSn, s 459
CeNi,Sn,(LT) 446
CePdSn 448
CePtSn 448
CesRh,Sn,, 458
Dy-M-Sn 426, 427
DyOs,Sn, 462
Er-M-Sn 428, 429
ErCoSn 447
Er¢Co,Sn 458
ErgNi,Sn 458
ErPt,Sn 442
ErRh,Sn, 461

SUBIJECT INDEX

Eu-M-Sn 424
EuCdSn 449
EuZnSn 448
Gd-Co-Sn 433
Gd-Cu-Sn 435
Gd-M-Sn 424, 425
Gd-Ni-Sn 434
GdCo,¢Sn,, 439
GdCo,Sn 439, 473
GdgCo,Sny, 460
GdgCugSng 446
GdMngSng 442
GdNi,Sn, 445
GdNi;Sn, 443
Gd,Ni,Sn,y 453
Gd¢Ni, Sny 453
GdPt,Sn 441, 442
groups of structures
— first 466

— second 467

— third 467
Ho-M-Sn 427, 428
HoAuSn 449
Ho,CocSn,; 462, 463
HoFesSng 442
HoNi, oSn,, 438
HoPdSn 449
La-Fe-Sn 431
La-M-Sn 418, 419
La,Co,Sn, 464
LacCoy3Sn 439
LaCuSn 448
LagFe;;Sn 439
LaNiSn, 456
La,Rh,Sn, 452
Lu-Co-Sn 433
Lu-Cu-Sn 435
Lu-Fe-Sn 432
Lu-M-Sn 430, 431
Lu-Ni-Sn 434
Lu;Co,,SN, 440
Lu;Co,5;Sn, 440, 441
Lu,Co4Sn,; 507
LuCuSn 448
LugCugSn, 507
LuFe;Sn, 443
LuNiSn, 455, 456
LuNi,Sn 441
LuNi,Sn 438
Lu,NiSn, 465

565
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crystal structure and atomic parameters — of ternary

stannides (contd)

— — Nd-Fe-Sn 432

— — Nd-M-Sn 422, 423
— — Nd-Mn-Sn 416

~ — NdCoy4Sn, ,, 457
— — NdCoy;,Sn; 5 458
— — NdCoy4Sn,, 457

— — NdMn,Sn, 443

— — NdRh,Sn, 454, 455
— — Pr-Cu-Sn 435

— — Pr-M-Sn 420, 421
— = Pr(Cug7,Smgpe)1; 439
— — PrCuy,sSn, 55 448
— — PrMn,Sn, 443

— — PrRh,Sn, 459

— — RAgSn 448

— — RAuSn 448, 450

— — RCoSn 448

— — RCo;Sn 439, 440, 473, 474

— — RCo4Sny 443

— — RsCogSn,, 460, 461
- — R;Co4Sn,; 462

— = R(Cuy7,Sngz5)1; 439
— — RCuSn 448

~ — RCu,Sn, 445

- — R,Cu,Sng 451

— — R¢Cu4Sny 446

—~ — RFey33Sn, 456

— — RFesSn, 443

— — R¢Fe;3Sn 439

- — RIr,Sn;, 459

- — RM,Sn, 459

~ — — I phase 461

— — — I’ phase 461

— — — II phase 46l

— — — IIl phase 462
— — — V phase 462

— — VII phase 462
—~ — — I structure 461
— = RMySny,; 457
- — RM, _,Sn;_, 457
-~ RM,_,Sn,_, 457
— — RMSn 447, 449
— — RMSn, 457

— — RM¢Sn, 442

— — R¢M,Sn 458

— — RMng3;Sn, 456
~ — RMnSn, 455

- — RMngSng 443

SUBJECT INDEX

— R¢MngSn, 446

— RNi, _,Sn, _, 457
- RNiSn 448

— RNiSn, 455

— RNi,Sn, 445, 446
— RNi;Sn, 444

— RNi,Sn, 441

— RNi;_,Sn;,, 438
— RNisSn 437

- RyNi,Sn, 464

— Ry;NiSn, 465

— RPdSn 448

- RPd,Sn 441

— RPtSn 448

— RRh,Sn, 455

— R,Rh;Sn; 451

~ RsRhSn,, 459
RgRheSn,, 459, 461
Sc—Cu-Sn 435
Sc-M-Sn 417
ScCo,Sn 441
ScNi,Sn 441
ScPt,Sn 441
Sm—Co-Sn 433

— Sm-M-Sn 423, 424
— Sm,Cu,Sn; 450, 451
— SmFe;,,Sn; 4 458
SmMn,,,Sn; 4, 458
SmMngSn, 443

Sn, _ Er, )Er,Rh¢Sn;
— SnR;Rh,Sn;, 459
— Sn;R,Rh;Sn;;, 460
— SnYb;Rh,Sn;, 460
— Tb-M-Sn 425, 426
~ TbPt,Sn 442

— TbRh,Sn, 462

— TbRheSnj; 462

— Tm-M-Sn 429, 430
— Tm,Co¢Sn,; 507

— TmgCugSn; 446, 507
— TmFe Sn, 443

— TmPt,Sn 442

— Y-Co-Sn 432

— Y-Cu-Sn 435

— Y-Fe-Sn 431

- Y-M-Sn 417, 418
— Y-Ni-Sn 433

— Y-Pd-Sn 435

~ YCo,Sn 439

— YMnSn, 455

!

461



SUBJECT INDEX

- — YNiSn 447

— — Y3PdgSn, 444

~ — Y,3Pd,Sn,; 445

— — YPt,Sn 442

— — Y,Rh;Sns; 451, 452

- - Yb-M-Sn 430

- — YbCdSn 449

~ = Yb;CogSny; 507

— — YbsCusSng 507

— — YbNi,Sn 441

~ - YbRh,Sn, 459

— — YbgRhgSn,, 459

— — YbZnSn 449

crystailine electric field 228, 229

crystallite sizes 52

CsCl structure 248, 249

Cu,Au structure 248

Cu, _, Dy, 248

Cu,(Dy,S3), ., 58

Cu, _,Er, 247

Cu,Mg structure 248

Curie~Weiss law 358

Curie constant 357, 358

curvature of the p(T) 508

Czochralski technique for growing quasicrystals
142

3d band 94, 117

— band splitting 345

— magnetic moments 375-377

— magnetism 374

— susceptibility 357, 358

3d-3d exchange coupling

— relations 358

— strength 378

3d-3d exchange integral 351

3d-5d energy separation 344

3d-5d exchange integral 350

3d-5d hybridization 343

— Sd-electron concentration dependent 345

— 3d magnetic moment dependent 380

— different roles of the external and internal fields
349

— effect of combination of local 4f-exchange and
3d-band splitting 349

— effect of 3d-band splitting 345, 351, 380,
381

— effect of early transition elements 392

— effect of external fields 346

— effect of lanthanide contraction 384

— effect of molecular fields 347, 351
— formation 343

— volume effect 349

3d-p hybridization 377, 391

5d

— bandwidths 16-18, 20, 25, 30
- bulk moment 19, 20, 23

— electrons 110

— exchange splitting 24-26

— moment 24

— surface moment 20, 25

— surface states 18, 23

de Gennes factor 357, 484, 506
de Haas-van Alphen effect 413
— CeSny 413

— LaSn, 416

“dead” layers 30

5-Er,S; 58

§-Tm,S; 58

§-Y,S; 58

density of states 508
dimensionality cross-over 33
4d-induced moments 346
disordering 49

displacement reactions 52, 54
disproportionation 48, 49, 64
Dy-Fe 57

Dy-Fe-Zr 57

DyCo; 371

DyCo,, 372

Dy,(Co, _,Ni};; 390
DyCo,,Bs 368

Dy,S; 58

dynamic magnetic susceptibility 229
dynamic structure factor 230
dynamic susceptibility 230, 298, 317, 320
Dysonian line 241, 266, 322

effective paramagnetic d moment 358, 377

electric field gradient 243

electric resistivity

— of amorphous alloys 93, 98, 109, 110,
114-118

— of binary stannides

— — CeSn; 412,414

— — Ce,Sn; 412

Ce;Sn 412

Ce,Sn, 412

— — CesSn; 409, 412

— — EuSn, 412

567



568 SUBJECT INDEX

electric resistivity — of binary stannides (contd)
— — GdSn,,; 412, 415
— — GdSn; (Cu;Au) 412
— — HoSn, 412, 415

— — LaSn, 412

— — La,Sn, 412, 415

— — La;Sn, 412,415

— — LasSn;, 412

— — NdSn, 416

— — RSn,; 416

-~ SmSn, 416

— — SmSn, 412

— of ternary stannides

— — CeCu,Sn, 482, 483
— — Celr,Sn, 483

— — CeNiSn 486, 488
— — CeNi,Sn, 480, 482
— — CeNi;Sn, 475
CeNi;Sn 469, 470
— — Ce,Ni,Sn 483

— — CePd,Sn, 483

— — CePtSn 495, 496

— — CePt,Sn, 483

— — CeRh,Sn, 483

— — ErPdSn 492

— — ErRh;;Sn;¢ 502

— — EuPdSn 492

— — EuRh;;Sn,, 502

— ~ GdRh, (;Sn,5 500
— — LaCu,Sn, 483

— — LaNiSn 488

— — LaNi,Sn, 482

— — LaNi,Sn, 475

— — LaNisSn 469, 470
— — Lu,FesSn;g 503

— — LuRh,,Sn,, 502

— — (Lug4Sny¢)Lu,FesSn 503
— — PrNisSn 469, 470
- — RAgSn 494

— — RCoSn 487

— — RCo;Sn 474

— — RCo4Sng 479

= = R(Cuy7nSngashy 472
— — RCu,Sn, 481

— — R¢Cu,ySng; 485

— — RFe4Sn, 479

- — RM,Sn, 500, 502
-~ RM,; _,Sn, _, 500
- — RM,Sn, 480, 481
— — R¢gM,Sn 503

— — RNiSn 486

— — RNi,Sn, 481

— — RNi,Sn, 475

- — RNisSn 469

- — RyNi;Sn, 504, 505

— — RyNiySn,, 497

— — RNiSn, (LuNiSn, type) 498

- — R,NiSn; 505

— — RPdSn 492, 493

— — SmNiSn 490

- — (Sn, _,Lu)Lu,Fe,Sn;; 502

— — (SngLug4)Lu,FesSnyg] 502

- — (Sn; _,Tm,)Tm,FesSn;; 502

— — Tm,FesSn,y 503

~ — TmPdSn 492

— — YRh; ,Sn,, 502

— — YbNiSn 490

— — YbPdSn 492

electron phase coherence 25

electron scattering 509

electron spectroscopy 1-36

— electron capture spectroscopy 35

— electron spin polarization 4

— inverse photoemission 21, 24, 25

— photoemission 6, 15-22, 25

— secondary electron polarization 28

— spin-polarized electron capture 3

— spin-polarized low-energy electron diffraction
(SPLEED) 4

— spin-polarized photoemission 4, 18, 19, 23, 24,
27,29

— spin secondary electron spectroscopy 4

- XPS 6

electron spin resonance 33, 221-327

— concentrated metallic systems 275-283

- Gd films 33

— heavy fermions 295-309

— intermediate valence 295-297, 309-315

— Kondo systems 294-298

— lanthanide impurities in compounds

— — chalcogenides 261, 262

— — hexaborides 272-275

— — metallic 248-260

— — pnictides 262-271

— lanthanide impurities in metals 233-248

— spin glasses 290-294

— superconductors  315-325

— van-Vieck systems 283-290

electron—phonon interaction 509

electronic structure 5-22



- bulk 5,6, 18, 21, 23, 24, 27
Er(0001) 17

- - bulk 18

- Eu(110) 17

gadolinium 6

- Gd(0001) 15-21

~ — inverse photoemission 2022
— Ho(0001) 17

~ — bulk 18

— image state 21

La(0001) 17

— bulk 18

— localization 18, 20
Lu(0001) 18

multiplets 6

Pr(0001) 18

— — bulk 18

- Sc(0001) 15

- — surface state 15

— surface resonances ©
surface states 6-18, 23-27
~ — bandwidth 16

Th(0001) 16

~ — bulk 18

— — inverse photoemission 20-22
Tm(0001) 17

- Y(0001) 18

- — bulk 18

Yb(111) 17

electronic Zeeman energy 241
elevated-temperature strength
- of amorphous alloys 173
— of quasicrystals 147
enhanced surface 7. 3-5

— gadolinium 3

- Gd(0001) 4

— tetbium 4

e-Lu,S; 58

e-Yb,S; 58

(Er,Y)Co, 370

Er-Fe-Zr 57

Er-Fe compounds 379
ErCo, 370

ErCos, 372

Er,Co,B; 387

ErFe, 386

Er,Fe;; 369

Er,Fe,C, 391

ErN 60

Er,Ty; 386

SUBJECT INDEX 569

ErY,_ ,Fe, 386

EuBe;:Gd 285

EuS 35

Eu,Sr, _,S 291, 294

exchange constant 225

exchange coupling 339-394

— see also strength of 4f-3d exchange coupling

exchange energy 353-355, 367

exchange field 347-350, 356, 369, 372, 373

exchange interaction 35, 225

exchange-narrowed spectrum 234, 236, 237, 241,
281

exchange splitting 22, 24, 346

4f

- bandwidths 6

— electrons 108

— local moment 18, 23, 25

4f-3d exchange integral 350

4f-3d ferrimagnetic spin ordering 343

— effects of 3d-band splitting 345

— effects of external magnetic fields 346

— effects of lanthanide (internal) molecular
magnetic fields 347

4f-3d intersublattice exchange coupling 379

3d magnetic moment dependent 381, 390

— Sd-electron density dependent 382

— effect of lanthanide contraction 384

- effective parameter 352

— effects of 3d—p hybridization 391

— mechanism 350

— rare-earth concentration dependent 379

— rare-earth element dependent 379, 383

— relations 352, 355, 358, 385

— ternary compounds 388

— transition-element dependent 379, 386

— volume effect 382, 384

4f—4f exchange coupling

— relations 357, 385

— strength 360, 370

4f-5d exchange integral 352

4f-5d exchange interaction energy 352

Fe,Er 60

Fe,Nd,,B 64

Fermi level

— of amorphous alloys 118, 120

— of ternary stannides 508, 509

Fermi liquid 308

ferromagnetic alignment 2, 27, 28
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ferromagnetism

— strong 375, 376

— weak 376, 377

fine-structure relaxation narrowing 290
finite-temperature magnetism 22-26
form factor 414, 415

— CeSn,y, 415
— CeSn, 414, 415
— CeSn,; 415

Fourier transformation 113

Frank—Kasper system 181

Frank—Kasper type icosahedral phase 178
free energy 64

frustrated magnetic interaction 291

F(z) function 507

Ty454 351

I'yysq 350, 353

Iysq 350-353

g 352

Tye 352

Tgy 5 351,352

gap 488

gas atomization to prepare amorphous alloys 132,
148, 169

— high-pressure 148

Gd(0001)

— bulk 18, 21, 23, 24, 27

— bulk bands 25

— bulk moment 19, 20

— exchange splitting 19-21, 23-26

— moment 24

— photoemission 22

— surface moment 19, 20, 25

— surface state 15, 18, 24-27

— surface to bulk core-level shift 27

- temperature dependence 4, 22, 23, 25, 26, 28,

34

Gd 275, 348

— clusters 33

— films

— — ac susceptibility 33

— — anisotropy 34

— temperature dependence 28§, 33, 34

(Gd,Nd),,Ni, 360

(Gd,Y)(Co,Al), 370

(Gd,Y)Co,B 377

Gd—-Co 57, 58, 377

Gd-Fe 377

Gd-Ni 377

GdAg, _,In, 279
GdAgIn 275

GdAl, 275, 348
GdAl;, 303

Gd(Al, _ Nip), 277
GdAs 281, 282
GdB,Cu,0, 322
GdBa,(Cu, _,Co,);0, 323
GdBa,(Cu, _,Fe,);0, 323
GdBa,(Cu, _,Ni,);0, 323
GdBa,Cu, 04,5 323
GdBi 281, 282
Gd,Ce, _,Cus 304
Gd4,Ce, _ ,Cus 278
Gd,Coy _,, 62

GdCo, 60

GdCo, 62, 377

GdCos; 372

Gd,Co, 63,372
Gd,Co;; 62, 373, 377, 383
Gd,Co; 60

Gds,Cos, 60

Gd(Co Al _,), 277
Gd(Co,Al, _,); 279
Gd(Co,Ir, ), 279
Gd(Co,Ni; _,), 276
Gd,CozAl;, 279
GdCo,B, 376, 377
GdCo,B 374, 376, 377
GdCo,Bs 377
Gd,Co,B;, 376
Gd,Co,,B 369
Gd;Co B, 376
Gd,Co,B, 376
Gd(Cos _,Ni,) 390
GdCug 278, 304

Gd, _,Dy,Al, 278
Gd,sDy,Yos5_,Ir, 277
GdFe, 360, 383
Gd,Fe; 373, 383
GdFe B 360
Gd,Fe;,B 373

Gd,La, _  Al, 277
Gd,La, _,Cuy 304
Gd,La, _,S 261
Gd,Lu, _,Al, 277
GdMn,Al, _, 279
GdNi, 348

GdNi, 276

GdNi; s 276
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GdNi; 276
GdNig; 276
Gd,Ni, _ Al, 279
GdP 281

GdS 282

GdSb 281, 282
Gd,Sc, P 280

GdSe 282

Gd, _,Sm.Al, 278
Gd,T,; 369

Gd, _,Tb Al, 278
Gd to Er 371

Gd, Y, . AL, 277

Gd, Y, _,As 280, 282

Gd, Y, ., )Cu 277

(Gdygy Yoou)Ni, 276

(Gd, _, Y Ni, 276

Gd. Y, . ,P 280,282

Gd,Y,_,S 261

GdY,_, Sb 282

Ginzburg-Landau—Abrikosov-Gorkov (GLAG)
theory 120

glass-forming ability 87, 93, 96, 99-103, 148,
149, 152, 156-158, 179, 183, 184, 190, 191,
212

glass transition 125-130, 153, 163, 168, 185,
195, 198

~ temperature 125, 166

Goldschmidt radii 207

g-shift 225

gun quenching technique for preparing amorphous
alloys 86

HFFP (high-field free-powder method) 360,
370-373, 379

H, gradient 120

HRTEM (high-resolution transmission electron
microscopy) 139, 181, 182

Hall effect 109, 114-118, 490

Hamiltonian 352, 353

Hasegawa equations 227

heavy-fermion systems 295, 327, 409

— CesSn, 409

Hebel-Schlichter peak 316

Heisenberg systems 34

Heusler phases 450, 510

hexaborides 272

high-field ESR 323

high-field free-powder method, see HFFP

high-pressure gas atomization, see gas
atomization

high-resolution transmission electron microscopy,
see HRTEM

high-field magnetization 360

high-field susceptibility 377

HoCo, 349, 360, 370

HoCo,s 372

Ho,Co;, 367

HoFe;, 371

HoFe, _,V, 392

HoFe,, _,V, 374

HoNi, 360

homologous series 466

hybridization 94, 108, 118, 296, 305, 413, 414,
496

— gap 304, 311, 327

hydrogen, effect on surface magnetization 30,
31

hydrogen storage alloys 77

hydrogenation kinetics 77

hydrostatic pressure, effect on ESR 303

hyperfine interaction 241

hyperfine resonance line 241, 272

hyperfine splitting 232

icosahedral
— see also quasicrystalline alloys and
quasicrystals

— alloy 142, 144

— lattice 178

— particles 144, 176

- phase 142,176

— structure 142

ignition temperature 55

ignition time 55

“imperfect” alignment of surface and bulk magnetic
moments 28

in-plane magnetization 27

inelastic neutron scattering 230, 360, 373, 414

- Ce,Sn; 413

— ErPd,Sn 476, 510

— HoPd,Sn 476

interconnection of the structure types 466

intermediate valence 413

— Celr,Sn, 483

— CeNiSn 488

— CeNigSn 469

- Ce;Ni,Sn; 504

— CeSn,; 413
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intermediate valence (contd)

— SmRuSn; (SmgCugSn,,) 502

— YbPdSn 492

intermediate-valence compounds 295, 327

internal oxidation 242

internal strain fields 242

intersublattice molecular-field coefficient 353,
355, 367

intra-atomic exchange integral 346

intra-sublattice molecular-field coefficients 353,
356

Ising systems 5, 20, 32-35

itinerant electron metamagnetism 346

Jahn—Teller effect 274

kg 507

Kissinger equation 200
Kondo

— impurity 294, 296

— insulators 315, 327

— interaction 483, 489
— lattice 296, 409

— — CeNiSn 488

— — Ce,Ni,Sn 483

— — CePdSn 492

— — CePtSn 495

— — CeRhSn 491

~ ~ CeySn 409

— — SmSn,; 416
temperature 296, 304
— — YbNiSn 490

— system 409

Korringa ratio 248
Korringa relaxation 226

Ly spectra

~ CeNiSn 470, 488
— CeNi,Sn, 470, 481
- CeNisSn 470

— CesNi, sSn, s 470, 500
La, _,Gd, WO, 282
La—-Al-Ni 58

La-Au 58

LaAg:Gd 249
LaAl,:Eu 250
LaBe;,:Gd 306
LaBi:Er 264
LaBi:Gd 265-267, 289
La,_,Ce,Al,;:Gd 295

LaCu,Si, 301
LaCu,Si,:Gd 299
La,CuO, 321, 322

La, _,Er, B, 272

La, _, Eu, 235

La, ,Eu, 236

La, _ Eu Al, 249

La,Eu, _,Bg 282

La, . Gd, 235,236
La:Gd 235

La, _,Gd,Al, 249

La, _,Gd,B; 272

La, _.Gd,Pd, 260

La, _,_,Gd,PrAl, 285
La, _,Gd, S 288

La, _,Gd,Se 288

La, _,Gd, Te 288
LayIn:Gd 315

Lalr,:Gd 253, 313

LaNi 58

LaNi; 77

LaOs,:Gd 251

LaP:Gd 268, 289
LaPd,:Gd 310, 311
LaPd;:Yb 259

LaRh,:Gd 313

LaRh,:Nd 255

LaRu,:Gd 315

LaS:Er 262

La,S;:Gd 261

La,S,;:Gd 261

LaSb:Ce 262

LaSb:Dy 262-264
LaSb:Er 264

LaSb:Gd 265-267, 289, 290
LaSb:Yb 264

La, _,Sr,CuQ,:Fe 325
La, _,Sr,Cu0,:Gd 325
La, _,Sr,Cu0O,:Mn 324
lanthanide beryllides 314
lanthanide contraction 384
Laves-phase compounds 276, 369
linewidth of resonance absorption 226
local exchange splitting 22
localized moment 2
long-range hybrid structure 508
Lorentzian line 319
LuAlL,:Gd 254

LuBi:Er 264

LuBi:Gd 267



LuCo, 347, 358
LuCo,:Gd 256
LuFe, 345

Lu:Gd 236

Lu, _,Gd Al, 252
Lu, _,Gd Pd, 260
Lulr,:Gd 255
Lulr,:Nd 255
LuPd;:Yb 259
LuSb:Er 264
LuSb:Gd 267

M-M interaction 508

magnetic circular dichroism 27
magnetic correlation length 25

magnetic moment

- R atom 355

— T atom 355
magnetic properties
— of binary stannides
— — CeSn,y 415

— — CeSn; 410, 413415

— — CeSn;, 415
- — Ce,Sns 410, 413
— — Ce;Sn 410
- — Ce,Sn, 410, 413

- — CesSn,; 409-411, 415

— — CesSn, 410, 411
— — DySn; 411, 415
~ — Dy;Sn; 410

- — EuSn 410, 415

— — EuSn; 411, 416

— — GdSn,,; 411,415

— — GdSn, 411

— — Gd;Sn, 410

— — HoSn; 411, 415
- — HosSn; 410

- — LaSn, 410

- — LaSn; 415

- — La,Sn; 410

— — LaySn, 410

— — LasSn, 410, 415
- — LusSny; 410, 415
— — NdSn 410

— — NdSn, 410, 415
—~ — NdSn; 411, 415

- - Nd,Sn, 410, 415
~ = Nd,Sn; 410, 415
— ~ Nd,Sn, 410, 415

— — NdSn, 410

SUBJECT INDEX

Nd;Sn, 415
Nd;Sn, 410, 415
Nd;;Sn,, 410, 415
PrSn, 410, 415
PrSn, 410
Pr,Sn; 410, 415
Pr,;Sn 410
Pr;Sn; 410, 415
Pr;Sn, 410
R-Sn 410, 411
RSn, 415

RSn; 415, 416
R,Sng 415
R,Sn; 415
SmSn, 410, 415
SmSn, 411, 415, 416
Sm;Sn; 410
TbSn, 411, 415
Tm;Sn,; 410
YsSn; 410, 415
YbSn, 411, 416

of surfaces 1-36
of ternary stannides

CeCuSn 491
CeCu,Sn, 481, 482
Celr,Sn, 481, 483
CeMng,,Sn, ;498
CeMn;sSn, 499
CeMn, _,Sn, , 498
CeMnSn, 499
CesMngSn, 484
CeNiSn 489, 490
CeNiSn, 499, 500
CeNi,Sn, 480, 481
CeNi,Sn, 475
CeNisSn 469
Ce,Ni,Sn 483, 484
Ce;Ni,Sn, 504
CesNi;sSn; s 500
CeNi,Sn, (LT) 482
CePdSn 492
CePd,Sn, 481, 483
CePtSn 495
CePt,Sn, 481, 483
CeRhSn 491
CeRh,Sn, 481, 483
DyCoSn 485
DyCo,Sn 473
Dy,Co4Sn,; 507
DyMnSn, 477

573
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magnetic properties — of ternary stannides

(contd)

DyPdSn 492
DyPd,Sn 476
DyPtSn 495
DyRhSn 491
ErCoSn 485
ErCo,Sn 473
ErgCu,Sn; 485, 507
ErtMn,Sn, 477
ErgNi;Sn 504
ErPdSn 492
ErPt,Sn 477
EuPdSn 492
GdCo,;Sn 473
GdgCo,Sn 503
GdCuSn 491
GdMngSn, 477
GdNi;Sn, 480
GdNi; _,Sn; ., 471
GdPt,Sn 477
GdRhSn 491
HoCoSn 485
HoCo,Sn 473
Ho,Co4Sn,, 507
Ho,CugSng 507
HoMn¢Sn, 477
HoRhSn 491
LagCo;3Sn 472
LaCu; _,Sn, , 498
LaCuSn 491
LaCu,Sn, 481, 483
LaM, _,Sn,_, 498
LaMn,,,Sn;,, 498
LaMn,; _,Sn,_, 499
La;MngSng 484
LaNi,Sn, 481, 482
LaNi,Sn, 475
La,Ni,Sn, 504
LagNiy,Sn,, 497
LaPdSn 492
LuCoSn 485
Lu,Co,,,Sn, 474, 475
LuCuSn 491
LuFe,Sn, 479

Lug sFey, sSny; 479
LugFe,;Sn,g 479
LuMn,Sn, 477
LuNi,Sn 476
LuNi,Sn 472

SUBJECT INDEX

- — Luy,NiSng; 505

— — NdCu,Sn, 481, 483
— — NdgFe,;8n 472

- — NdMn, _,Sn,_, 499
~ — NdMnySn, 478

— — NdMn,Sn, 484

— — NdNiSn 490

— — NdNi,Sn, 48]

~ — Nd,Ni,Sn, 504

- — PrCu,Sn, 481, 483
— — PrPFe,,Sn;,, 498

~ — PrgFe;;Sn 472

— — PrMng,Sn;,, 498

— — PrMn, _,Sn, _, 499
~ — PrMn,Sn,; 478

— — Pr;Mn,Sn; 484

- — PiNiSn 490

— — PrNi,Sn, 481

- — P5,Ni,Sn, 504

— ~ RAgSn 494

~ —RCo, _,Sn,_, 498
— — RCoSn 485-487, 506
— — RCo;Sn 473, 474, 508
~ - RCo,Sn, 479

- - R4Co,Sn 503

— — R;Co4Sn,, 504, 506, 507
— = R(Cuq7,Smgp5); 472

-~ RCy,_,Sn, _, 498

— — RCuSn 491

— - R,Cu,Sn; 496, 497

— — R¢CuySny 484, 485, 506, 507

— — RFesSn, 479

— — RM,Sn, 500

— — — I (Iy phase 501
— — — II phase 501

— — — II' (IIl) phase 501
~ — RM, _,Sn, _, 498, 499
- — RM,Sn 477

-~ — RM,Sn, 480, 481
- — RgM,Sn 503

- — RgM3Sn 472, 508

- — RMn,_,Sn,_, 498-500

- — RMn,Sn, 478, 508

— — RgMn,Sn, 484, 485

~ — RNi; _,Sn,_, 498

— — RNiSn 486, 490

- — RNiSn, 497

- ~ RNi,_,Sn,_, 498
— RNi,Sn 477

— — RNi,Sn, 480



RNi,Sn, 475

RNi; ,Sn,,, 470,471
RNi;Sn 469
R;Ni,Sn, 504, 505
RgNi;Sn 503
RyNi,,Sn,, 497
RNiSn, (LuNiSn, type) 498
R,NiSn, 505
RPdSn 492, 493
RPd,Sn 476, 477
RPtSn 495

RPt,Sn 477

RRhSn 491, 492
ScCo,Sn 476, 477
ScMn¢Sng 477
ScNi,Sn 476
SmAgSn 494
SmCuSn 491
SmCu,Sn, 481, 483
Sm,Cu,Sn; 496
SmMn; _ Sn, _, 499
SmMn,Sn, 478
SmygMngSn, 484
SmNiSn 490
SmNi,Sn, 481
SmNi;Sn, 480
SmNi,Sn, 475
SmPdSn 492, 493
SmPtSn 495
SmRuSn, (SmgCuySn,,) 502
TbCoSn 485
TbCosSn 473
TbMn,Sn, 477
TbNi,Sn, 480
TbPdSn 492
TbPd,Sn 476
TbPtSn 495
TbRhSn 491
TmCo,Sn 473
TmgCugSny 485
TmMnSn, 477
TmNi; _,Sn,,, 471
TmPdSn 492
TmPd,Sn 476
YCoSn 485
YCo,Sn 473
YCo.Sn, 479
Y;Co¢Sn,; 504
YCuSn 491
YMngSn, 477

SUBJECT INDEX

— — YNiSn, 497

- — YNi; _,Sn,,, 470
- — Y Ni,,Sn,, 497

- — YPtSn 495

— — YRhSn 491

~ — YbCo,Sn 473

- — YbCo4Sn, 479

~ — YbNiSn 490

-~ — YbNi,Sn 476

- — YbNi;_,Sn,,, 471
— — YbPdSn 492

- — YbPd,Sn 476
magnetic structure

— CeNi, 4Sn, 483

- CeNi,Sn, 482

- CePdSn 492

— CePtSn 496

- Ce,Sn; 413

— Ce;ySn; 413

— CesSn; 411

- CesSn, 411}

—~ DyCoSn 486

— DyPd,Sn 476

— DyPtSn 496

— ErCoSn 486

— ErMn,Sn, 478
ErPdSn 494

— ErPd,Sn 476

— HoAgSn 495

— HoCoSn 486

— HoMn,Sng 478

- HoNiSn 490

- HoPd,Sn 476

— HoPtSn 496

— LuMn¢Sng 478

— NdAgSn 495

— SeMngSng 478

— (Sng44Ery 4 )Er,RhSny, 500
— SnEryRh,Sn;, 500

~ TbAgSn 495

— TbCoSn 486

— TbMn4Sng 478

— TbNiSn 490

— TbPdSn 493

— TbPtSn 496

— TmMngSng 478

- YMnSn, 478
magnetic valence model 375, 376
magneto-optic Kerr effect MOKE) 4
magnetocrystalline anisotropy 34
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magnetoresistance 490

magnon dispersion 35

mean-field description 353, 367
mean-field models 32

mean-field models of ferromagnetism 2
mean free path of the electrons 509
mechanical alloying 47-78

— amorphous 61

— amorphous-—crystalline mixture 61, 62
~ contamination 60, 61

— — NaCl-type phases 60

— magnetic properties 72, 73

— mechanism 52

— microstructural evolution 52, 53

- nanocrystalline phases 61

— reaction kinetics 51

— reaction mechanism 51

- solid-state reactions 51

— structures 60, 67, 70-73

mechanical milling 48, 49, 56-67

— disproportionation 62—64
mechanically activated reactions 54
mechanically alloyed systems 57
mechanically milled rare-earth systems 58
mechanochemical reactions 48, 54

— by-product phases 55

— combustion 55, 56

— product phases 54

— reactivity 55

melt-quenched phase 100

metallic bronzes 282

metastable phases 59

Mg-based amorphous alloys 85, 148-176
Mg-based quasicrystals 176183
Mg:Gd 236

microstructural evolution 52, 53
molecular field 346, 347, 353, 370, 373, 377
monochalcogenides 260-262
monopnictides 260, 262-271
Mossbauer effect 476

- DyCoSn 485

— ErCoSn 485

— ErPd,Sn 476

— GdMn¢Sng 479

— HoCoSn 485

— RMnSn, 500

— RPd,Sn 476

— TbCoSn 485

— YbNiSn 490

—~ YbPd,Sn 476

Méssbauer spectroscopy 360
multiplets Sm® * 475

NMR 479

nanobeam electron diffraction pattern 145
nanocomposite magnets 74-77

— exchange coupling 74

nanocrystals 74, 132-138, 141, 147, 173176
nanostructure 147

Nd-Fe-B 57, 58, 75

Nd-Fe-Ti 57

Nd, _,Ce,Cu0,, 5;:Gd 325

Nd,CuQ, 325

Nd(Fe,Mo);,N, 73

Nd,Fe;,B 2, 61, 63, 71, 73

Nd, Feg,B; 64

NdFeCoB 75

Nd,0,-Fe;0, 57

NdTbFeNb 75

nearest neighbors 354, 356, 369, 372, 373
Néel temperature 34

— anisotropy 34

negative 4d magnetic moments 345, 346
negative 5d moments 350, 351

nitrogen, effect on surface magnetization 30
non-collinear phase 366

non-equilibrium crystalline phases 58, 59
non-equilibrium phase alloys 215
non-equilibrium phase powders 170, 171
non-equilibrium structures 53, 54, 146
normalized molar volume 382-384
nuclear magnetic resonance (NMR) 229
nuclear Zeeman energy 241

Orbach process 255

ordering temperatures, relations 357
oscillation 104

out-of-plane magnetization 28

Overhauser rate 226

oxygen, effect on surface magnetization 30, 32

p-band 94

p electrons 99

3p electrons 121

5p® electrons 108

Pauli-spin susceptibility 296, 313
PbMo,S;:Gd 316

Pd:Er 245, 246

Pd:Fe 232

Pd:Gd 233, 234



Pd, _,Gd,H, 234
Pdy9sGdgep Sy, 234
periodic atomic configuration
permanent magnets 72-74
phase diagrams

— of binary stannides

— — Ce-Sn 401

— — Dy-Sn 401

- — Gd-Sn 401

- — La-Sn 401

- — Nd-Sn 401

Pr-Sn 401

— — R-Sn 401, 402

- — Sc-Sn 401

- — Sm—-Sn 401

— — Tb-Sn 401

- — Y-Sn 401, 402

— — Yb-Sn 401

— of ternary stannides

- — Ce—Co-Sn 432

— — Ce-Ni~Sn 433, 434
- — Gd-Co-Sn 433

— — Gd—Cu-Sn 435, 436
— — Gd-Ni-Sn 434

— — La—Fe~Sn 431, 432
— — Lu-Co-Sn 433

— — Lu—Cu-Sn 435

— — Lu-Fe-Sn 432

— — Lu-Ni-Sn 434

— — Nd-Fe-Sn 432

— — Pr-Cu-Sn 435

— — R-Co-Sn 432, 508
- — R-Cu-Sn 435

— — R-Fe-Sn 431, 456, 508
- — R-M-Sn 416, 459
~ - R-Mn-Sn 416, 456
— — R-Ni-Sn 433, 508
— — R-Pd-Sn 435

— — RCoSn,—RSn, 457
— — RSn,—RCo, 457

— — Sc—Cu-Sn 435

- — Sm-Co-Sn 433

- — Y-Co-Sn 432

- — Y-Cu-Sn 435

- — Y-Ni-Sn 433

- — Y-Pd-Sn 435
phason 143, 144, 178

— defects 143

— linear 143

— strain 178

143

SUBIJECT INDEX

piston—anvil method 86
plasmons 35
pnictides 279
PrAs:Gd 289
PrBe;;:Gd 285
PrBi:Gd 289
Pr:Er 284
Pr(Fe,Mo);,N, 73
Pr:Gd 284

Pr, _,Gd,S 287
Pr,_,Gd,Se 287
Pr, _,Gd, Te 287
Prin,:Gd 285
Pr(Mo,Fe),N, 73
PrNi;:Gd 286
PrP:Gd 289
PrPb,:Gd 286
PrS:Ce 287
PrS:Dy 287
PrSb:Gd 289, 290
prism faces 36
projection 181
Pt:Gd 234, 235

quasicrystalline alloys 85, 142-147, 176-183
— see also icosahedral and phason

— Al-based 142-147

— Mg-based 176-183

quasicrystals 142

- approximate crystalline phase in 143
— bending ductility in 144

— close-packed plane 143

— decomposition temperature of 147

— deformability 142

— deformation-induced deviation in 143
— deformation of

- — bands 142

— — mode 143

~ dislocations in 142

— disordered icosahedral structure in 145
— ductility of 142, 147

- elevated-temperature strength 147

- elongation of 142

- extrusion of 146

- face-centered icosahedral lattice 181
— fivefold atomic configuration 145

- fivefold axis 178

— fivefold diffraction pattern 178

- fivefold plane 143

— fivefold symmetry 146

577



578

quasicrystals (cont d)

— fracture of 142

— high-angle grain boundaries of 145
— high-strength Al alloys 147

— internal strain in 177

— internal structure of 145

— long-range icosahedral structure in 146
— long-range quasiperiodicity in 147
— Mackay icosahedral clusters 142
— mismatch in 143

— nanoscale structure control in 144
— penrose tiling pattern 143

— pentagon 181

— pentagonal dodecahedral morphology 181
— pentagonal shaped precipitates 143
— peritectic reaction in 180

— rapid solidification of 146

— short-range disorder in 146

— shrinkage cavity 181

— single quasicrystal 142

— slip plane in 146

— specific modulus of 147

— specific strength of 147

— spheroidization 176

— stable icosahedral phase in 179

- strengthening mechanism in 147
— structural modifications in 176

— structural relaxation in 146

— subnanoscale control of 142

— tensile strength of 144, 176

— thermodynamic stability of 180

— threefold axis in 178

- tiling in 143

— toughness of 142

— transformation in 143

— twofold axis in 178

— Young’s modulus of 142, 147
quasilattice 178

quasiperiodic lattice 142

R.Y),Co, 371, 387

(R,Y),Ni, 388

(R,Lu)(Co,Al), 370

(R, Y)(Co,Al), 370

(R,Y)Fe, 371

R-Al-M alloys 212

R-Al-M amorphous alloys 191
R-Al-M systems 183

R-Co systems 380

R-Fe systems 380

SUBJECT INDEX

R—Ni systems 381

R-T distance 383

R-T interaction parameter 352

RAL, 370

RCo, 346, 348, 349, 358, 360, 371, 374, 377,
379, 382

RCo, 377
R,Co, 377, 385
R,Co,, 372

RCo,B 377, 382, 384, 391
RCo,B, 360, 374, 377, 378, 382, 391
R,Co,B 373

R,Co,B, 391

RCo,, ., X, 374

RFe, 352,371, 384

RFe, 371, 385

R,Fe,; 372

R,Fe,B 373, 384, 385

R,Fe,C 373

RFe,, .M, 392

RFe;, _ X, 374

RKKY (Ruderman-Kittel-Kasuya—Yosida)
- interaction 350, 483, 500

— theory 506

RMn.Ge, 393

RNi, 358, 360, 382

RNi; 374

R,Ni;; 382

R,(Ni,Co); 382

RsSn; 415

RT, 369

R,T,; 360

R, T, 368,379

R,T,,B 360

R,T,X, 368

(R, Y,_,)Fe, 386

(R,Y,_Fe; 386

radial distribution function, see RDF
rare earth alloy reduction reactions 70
R-based amorphous alloys 183-215
reaction milling 48, 49, 54, 55
reduction, see solid-state reduction
reentrant superconductors 509, 510
refining 67-72

— of alloys 70-72

— — DyFe, 70

— — Nd,Fe;,B 70

— — Sm,Coy;, 70

— - SmyFe,, 70

— of metals 67-69



remanence-enhanced magnet alloys

remanence enhancement 74-77

repulsive interaction

92

residual linewidth 226

resistivity 508

restored ductility 206
Rhodes-Wohlfarth plot 378

5s* electrons 108
s—d electrons 108

s—d scattering 117, 509

s—p electrons 108
(s,p) electrons 117

(s,p)—d scattering 117

ScAg:Gd 249
ScBi:Gd 267

Scy ., -,Ce,Gd,Al,
ScCu:Gd 249

Sc, _,Er,Pd, 257
Sc:Gd 236

Sc, _,Gd,Ag 249
Se, _,Gd,Cu 249
Sc, _,Gd,H,;, 236
Sc, _,Gd,Ir 249
Sc, _,Gd,Pd, 260
Sc, _,Gd,Rh 249
Sc, _,Gd,Ru 249
ScIr:Gd 249
ScPd,:Er 257
ScPd:Gd 249
ScPd,:Gd 257
ScPd,:Yb 257, 259
ScRh:Gd 249
ScRu:Gd 249
ScSh:Ce 263
ScSb:Gd 267

254

second moment linewidth 262
second-order hyperfine-splitting 247

shape anisotropy 34

75

singlet-ground-state system 271, 283

Sm 358, 61
Sm-Co 57
Sm-Co-Fe 57
Sm-Fe 57,58
Sm-Fe-C 58
Sm—Fe—-Ga-C 58
Sm-Fe-Ti 57
Sm-Fe-V 57
Sm-Fe-Zr 57
SmBy 273

SUBJECT INDEX

SmB,:Er 273, 274
SmB,:Eu 273, 274
SmB,:Gd 273, 274
SmCl, 70

SmCos 2, 70, 73
Sm,Co,; 65,70, 73
Sm;Coq, 65, 75
Sm,(Co,Fe); 65
Sm,(Co,Fe),; 65
SmysCoysFesy 75
Sm,;,Co; Fe,s 75
Smy, sCogsgFeyy 75
SmF; 70

Sm,Fe,, 61
Sm,Fe,;, 61, 63
Sm(Fe,Ti);, 73
Sm(Fe,V),, 73
Sm,Fe,,C, 73
Sm,Fe,C, 73
SmyyFe,,CoyMoy, 73
SmFeGaC 75
Sm,Fe,,Ga,C, 73,76
Sm, Feg,Mo,, 73
Sm,Fe,;N, 66, 73, 74
SmyFe;;,N,5 73
Sm,Fe;,N,, 74
Sm,Feg;N, ¢ 75
Sm,Fey; N; 75
SmyFe, Tiyy, 73
SmyeFesTiy 73
Smy, Fey, Ti;sN, 73
SmFe;,; Vs 73
SmN 66

Sm,0; 70
SnMogS;:Gd 316

solid-state reduction 67-72

- ECl; 67
- GdCl, 67
- Nd,0, 70

— removal of reaction by-products

~ SmCl, 68,70, 71
~ SmF, 70
- Sm,0; 70

solidification morphology

Sommerfeld coefficient
specific heat

— CeCu,Sn, 482

- Celr,Sn, 483

— CeNiSn 488

~ CeNiSn, 500

71,72

579



580 SUBIJECT INDEX

specific heat (cont d) - R,Co,B 373

— CeNi,Sn, 480 — RFe, 370, 387

— CePd,Sn, 483 — RFe,, 374

— CePt,Sn, 483 - R,Fe,, 372

— CeRh,Sn, 483 - RgFe,; 372

— CeSn, 414 - RFe,B 373

— Ce,Sn; 413 - R,Fe ;B 373

- Ce;Sn, 409 — RNi; 371

- Ce,;Sn,, Ce,Sn; 413 - R,Ni, 372

— ErgNi,Sn 504 - R,Nij; 373

— LaNiSn 488 — TbFe; 371

— NdSn, 416 structure types

— of amorphous alloys 128, 164, 185, 187, 196, — AIB, 402, 407, 442, 447, 448, 455, 456
203 - a-Po 407, 451, 455

— SmSn, 416 — AuBe; 438

spin fluctuations 297, 317, 320, 326 — AuZn, 46}

spin gap 320 — BaAl, 407, 445, 451, 452, 455, 456, 464

spin-lattice relaxation rate 230 - Bali, 439

spin-lattice relaxation time 326 — BiF; 441

spin mixing 22, 24-26 — CaBe,Ge, 445, 482

spin waves 5, 22, 25, 35 — CaCuy; 442444

spin—orbit scattering 226 — CaF, 407, 450, 451, 464, 465

spontaneous magnetization 31 — Caln, 448

Sr,Eu, _ B, 282 — CeAl,Ga, 445

stannides — CeCu, 448

— crystal structure 401408, 416468 — CeCu, 438

— electric resistivity 407-416, 468-510 — CeCuyqln ¢, 438

— magnetic properties 407-416, 468-509 — CeNiSi, 456, 466, 468, 508

— phase diagrams 416-468 ~ CeNisSn 436, 466

— structure types 403407, 417-431 — Ce,Sn; 407, 408

— superconductors 509, 510 — Ce;Sn;  407-409

~ thermopower 407-416, 468-509 — CoSn 442

Stoner model 22-25 - CrB 402

strength of 4f~3d exchange coupling — Cr;B; 459

— DyFe; 371 — Cr,Cy 462, 466

~ ErFe, 371 - CrySi 460

- Er,T,; 386 —~ CuAl, 441

— GdFe; 371 — CuAu 402

- HoFe, 371 — CuAu, 455

- HoFe,, 392 - Cuy;Au 407, 414, 415

— NdCo, 369 — DyFe(Sn, 443

— R-Co, 369 — ErFesSn, 443

- RCo, 369 — Fe,P 449, 492

— RCo; 371 — GdgCu,Ge, 446, 447, 507

- RCo; 372 — GdygNi,,Snyy 453

- RCo,, 374 —~ GdSn,,; 407, 409, 412, 415

— R,Co, 1371 — GdSn, _, 465

- R,Co,; 372 - Gd,Sn, 407, 408, 464

- RCo,B 373 — Hf Fe,Ge; 442,443

- RCo,,B, 373 ~ Ho,Co.Sng; 462, 507



— HoFesSng 443

— HoGa, Ni,, 443, 444

— Ho,,Ge,, 402

— HogNi,Ga 458

- Ir;Sn, 462

— KAu,Sn, 441

- La;Co,,Ga, 439

— La;Co,Sn, 464, 466, 468
— La,CoSn; 508

— LaPt,Ge, 446

— LaPtS1 447

— LiGaGe 449

- Lu,Co,4,Sn, 440

— LuNiSn, 455

— Lu,NiSns 465, 466, 468, 508
— MgAgAs 449

- MgCu, 438

— MgCuAl, 446, 447

~ MgCu,Sn 438

— Mn,Al,, 462, 463

— MnCu, Al 441, 444, 450, 466, 476, 509
— MngSi; 402

— Mo,NiB, 443, 446, 447
— NaZn,; 439

— NdNiGa, 407

— NdRh,Sn, 454

— NdSn, 402, 408

- PbCl, 447

- Pu;Pd; 402

- RM,Sn, 459

— — I phase 459, 460

— — I’ phase 461

— — Il phase 461

— — II' phase 462

— — Il phase 462

— — V phase 462

— — VII phase 462

~ R,Sn 458

— ScsCo,Siy, 458

~ ScFecGa, 443

— Sm,Cu,Sn; 450, 451, 466, 468, 508
— Sm;Ge, 402

- Sn, _ Er)Er,RhSn;; 461
— SnYb;Rh,Sn,, 460

— TbFe,Sn, 443

— TbsRheSn,, 462

- Tb,Sn, 408
— ThMn,, 443
— ThSi, 447

— TiAs 442, 466

SUBJECT INDEX

— TiMnS1, 455
TiNiSi 447, 448, 492
~ TiNiSn 492

- Tm,Ge,sGa,; 407
- U,Co,Si; 452

- UNi,Si; 451

- U,Si, 402,459

— WAL, 453,454,458
- W,CoB, 443

- W,Si; 402, 409, 411
— YCoGe, 442, 443

— YFe,Sn, 443

— Y 3PdgSn,, 444

-~ Y,Rh,Sn, 451, 455
- Y,Sn; 409

— YbgRhySn,, 459

- Zr,Aly; 442

— ZrCrSi, 455

— ZrGa, 407, 465

— ZINiAl 449

- ZrPt;,Al 44]

—- ZrSt, 402, 456
structures of insertion 466
superconductivity

— ErOs,Sn, 510

— ErPd,Sn 477, 510

— ErRh;,Sn;, 510

~ (Er, _,Sn,)Er,RhSnig 509
- Er, Y, _,Rh;;Sny; 510
— LaSn, 415

— LaSn, 415

— La,Sny 415

— RM,Sn,

— — I (I") phase 501

— — Il phase 501

— — II" ({ll) phase 501
— RPd,Sn 509

— TmOs,Sn, 510

- YRh, Sn;, 510

— YbPd,Sn 477, 510

!

581

supercooled liquid 96, 103, 126, 154, 163, 166,

184, 189, 190, 203-209, 212

supercooled liquid region 148, 153, 189, 198,

209
surface anisotropy 30, 34
surface magnetism 1-36
surface to bulk core-level shift
symmetry 15, 16
- 5d,, 22
- 5d 22

Xopz



582 SUBJECT INDEX

symmetry (contd)
-5dy2_ 2 IS

—dy2_,2 15,16

— Ajand A, 22

~ AsorAg 22
synchrotron radiation 103

Tb(0001), temperature dependence 25

Tb, temperature dependence of surface magnetism
4

TbhAs 279

TbCos, 372

TbP 279

TbSb 279

Th, _ Er, 247

thermal expansion coefficient (TEC) 489

thermopower 509

— of binary stannides

— — CeSn; 412,414
— — EuSn,; 412

— - GdSn, ;5 412, 415
— — GdSn; 412

— — HoSn; 412, 415
— — LaSn, 412,413
— — NdSn; 412

— — PrSn; 412

— — RSn; 416

— — SmSn, 412,416
— of ternary stannides
— — CeNiSn 488

— — CeNisSn 469, 470
- — Ce3Ni,Sn, 504

— — CePtSn 495, 496
— — ErAgSn 494

— — LaNisSn 469, 470
— — La;Ni,Sn, 504

— — NdAgSn 494

— — PrNi;Sn 469, 470
- — P;Ni,Sn, 504

— — RAgSn 494

— — RCoSn 487

— — RCo;Sn 474

— — RCo¢Sn, 479

— = R(Cuy7Sng59)15 472
— — RCu,Sn, 481

— — R¢CuySn; 485

— — RFesSn, 479

- — RM,Sn, 502

~ — RM,Sn, 481

— — RgM,Sn 503

— — RNi,Sn, 481

- — RNi,Sn, 475

— — RNi;Sn 469

— — RyNi,Sn; 505

— — RgNiySn, 497

— — RNiSn, (LuNiSn, type) 498

— — R,NiSn, 505

— — RPdSn 492, 493

— — SmNiSn 490

0,(G) dependencies 506, 507

thickness dependence of Curie temperature
33

three-sublattice model 393

three-sublattice system, RMnGe, 393

tight-binding approximation 346

tin compounds, see stannides

Tm 35

(Tm,Lu)(Co,Al), 370

TmBe,;:Gd 285

TmBi:Gd 290

TmCd:Gd 286

TmP 279

TmP:Gd 290

TmS:Gd 269

TmSb:Gd 290

TmSe:Gd 269

TmTe:Gd 269

transverse relaxation time 229

two-band-model 248

two-sublattice model 353

UAlL, 309

UBe;:Dy 306
UBe,;y:Er 306
UBe,;:Gd 285, 306
UCo,:Gd 309

U(Pt, _,Pd,);:Er 314
U(pt, _,Pd,),:Yb 314
UPt,:Dy 306

UPt;:Er 306

UPt;:Gd 306
URh,:Gd 309
URuy,Si,:Er 307
URy, Si,:Gd 307
uniaxial anisotropy 34
unit cell volume 469, 470, 488
unrelaxed structure 205

valence fluctuation 469
van-Vleck beryllides 285

32,



van-Vleck compounds 283
van-Vleck monopnictides 288-290
van-Vleck paramagnets 284

very weak itinerant ferromagnet 474

Wigner—Seitz sphere 20

Y-Co 58

Y~Fe compounds 380
YAg:Gd 249

YAL:Er 252

YAL:Gd 254

YAs:Ce 263

YAs:Yb 264
YBa,Cuy,O,, 5 318, 319
YBa,Cu,0, 318
YBa,Cu,0, , 5:Fe 324
YBa,Cu,O¢ , 5:Gd 322, 323
YBa,Cu; Ogg,:Gd 323
YBi:Gd 267

YCo, 346, 347, 349, 358, 375, 378
YCo; 60

YCos 60, 375

Y,Co, 60

Y,Cop; 60

Y(Co,Al), 391
Y(Co,Si), 391

YCo,B 377

YCu:Gd 249

Y, _,Er,Pd; 257

YFe, 345, 346

SUBJECT INDEX

Y:Gd 236
Y,_,Gd,Ag 249
Y, _,Gd,Pd;, 260
Y,_,Gd,Rh 249
YNi, 375

YNis 378

Y,Ni, 372,374,375
YPd;:Er 257
YPd,:Gd 257,310
YPd,:Yb 257,259
YRh:Gd 249

Y,S, 358

YSb:Ce 262
YSb:Dy 263
YSb:Er 264
YSh:Gd 267
YSb:Yb 264
Yb+Ce 57
YbAL:Dy 251
YbAL:Er 251
YbAl,:Eu 251
YbAL:Gd 251
YbAlL,:Nd 251
Yb:Eu 239, 240
Ybg4lng(Cu, 309
Yb, _,In,Cu, 310
YbInCu, 310

Zr, _,Gd*1Ir, 259
Zr,  N&*1Ir, 259
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