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Fig. 13. The compositions of the RME_xSn2: ~ 
alloys (Skotozdra et al. 1988b). 

9-12; with Sm - 9-10; i. e. the homogeneity ranges are between the sections RCoSnz- 
RSn2 and RSn2-RCo2. 

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 Sin. 

Only the compounds with nickel have the stoichiometric RMSn2 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 RNil-xSn2-y. 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 RMo.24Snl.79 (M=Fe, Mn). The distribution and the atom sites of some 
RMl-xSnl-y compounds are as follows: 

CeMno.4Snl.9 NdCoo.gSnl.4 NdCoo.30Snl.72 

Atoms G y/b Atoms G y/b Atoms G y/b 

Ce 4.0(0) 0.97(3) Nd 4.0(0) 0.075(2) Nd 4.0(0) 0.083(1) 

Mnl 1.0(5) 0.33(1) Col 1.3(3) 0,24(1) Co2 1.1(3) 0.410(3) 

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 4.0(0) 0.725(2) Sn2 3.8(2) 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): 

SmFe0.24Snl.79 CeMn0.24Snl.79 SmMn0.24Snl.79 NdCo0.39Snl.84 

Fe- lSnl  2.09 Mn- lSnl  2.02 Mn-lSnl  2.35 Co-2Sn2 2.26 

Fe-2Sn2 2.24 Mn-2Sn2 2.61 Mn-2Sn2 2.38 Co-2Sn2 2.32 

Fe-2Sn2 2.48 Mn-2Sn2 2.64 Mn-2Sn2 2.40 

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

3.2.33. Ho6Ni2Ga structure type (Gladyshevsky et aL 1983) 
Er6Ni2Sn, SG Immm, Z=4 ,  a=9.189, b=9.292, c=9.750A. (Sichevich et al. 1984). 

Atoms Wyckoff notation x/a y/a z/c 

8Erl 8(n) 0.197 0.208 0 

8Er2 8(1) 0 0.285 0.288 

8Er3 8(m) 0.208 0 0.313 

4Co 1 4(h) 0 0.106 0.5 

4Co2 40) 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 tetragonat-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 AI atoms in the WAIl2 structure, where the 
W atoms occupy the ieosahedral vacancies. The R6M2Sn stannides can be obtained by 
the insertion of 2 Sn atoms and 8 Co (Ni) atoms in the unit cell of a hypothetical R12Sn 
(Rz4Sn2) structure. 

Recently, studying the phase compositions of the EroNi2Sn alloy, Gschneidner Jr et al. 
(1995) came to the conclusion that the correct composition of the Er6Ni2Sn compound 
is somewhat higher in tin or that this phase is formed during a solid state reaction, or 
both. 

3.2.34. ScsCo4Silo structure type (Braun et aL 1980) 
CesRh4Snl0, SG P4/mbm, Z=8 ,  a = 14.053, c=4.621 ,~ (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 ScsCo4Sil0 as constructed from isolated 
columns which consist of linked pairs oftrigonal 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 U3Si 2 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 Sc3Co4Sil0 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 R5Rh4Snlo (R=Ce, Pr, Nd, Sin) and Rslr4Snlo (R=La, Ce, Pr) compounds 
crystallize in this structure type. 

3.2.35. CrsB3 structure type (Bertaut and Blum 1953, Parth~ et al. 1955) 
CesNil 5Snl.5, SG I4/mcm, Z=4,  a=7.975, c = 13.59A (Skolozdra 1993). 

Atoms Wyckoff notation x/a y/a z/c 

4Cel 4(c) 0 0 0 
16Ce2 16(1) 0.171 0.5 0.141 
4Ni 1 (Nio.47 Sno.5?) 4(a) 0 0 0.25 
8Ni2 (Nio.47Sno 53) 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 RMxSny phases (I, II, Ill, V, VII) 
In the R-M-Sn systems, where M=Co, Ru, Rh, Os, Ir, single crystals of the RMxSny 
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 I, II, llI, V, 
VII. 

The crystal structure of the I phase has been investigated for PrRhxSny by powder 
method by Vandenberg (1980) and for YbRhxSny by single crystal method (Hodeau et al. 
1980). The formula R6RhsSn26 (i.e. 2.SnR3Rh4Snl2) and the following characteristics 
correspond to the I phase. 

Yb6RhsSn26, SG Pm3n, Z = 1, a=9.676A (Hodeau et al. 1980). 

Atoms Wyckoff notation x/a y/a z/c 

6Yb (Ybo.gls Sno.095) 6(d) 0.25 0.5 0 
8Rh 8(e) 0.25 0.25 0.25 
2Snl 2(a) 0 0 0 
(Sn0.943 Yb0.057) 
24Sn2 24(k) 0 0.3 0570 0.15333 
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Fig. 14. Projection of the Gd6CosSn26 structure on 
the XY plane and atom coordination polyhedra. 

The structure of  the I phase can be presented as a three-dimensional array of comer- 
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 Cr3Si (A15) type. Thus the structure of 
SnYb3Rl~Sn12 is described as consisting of two substructures namely Yb3Snl (motif of  
the Cr3Si type) and RhSn23 (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 Snt R3RI~Sn12 structure and the structure of  the 
ternary oxides A' A" B4012 similar to perovskite. 

The R6CosSn26 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 I phases. The projection of the 
Gd6CosSn26 structure is presented in fig. 14. 
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The structure of  R6CosSn26 compounds can be considered as a derivative of the AuZn3 
type. The AuZn3 structure (SG Pm3n, a=7.903 A) (Gianzel and Schubert 1958) contains 
two kinds of  Au atoms (Aul and Au2) and one kind of Zn atoms. There are also 8 empty 

i ! I and 6 empty tetrahedra [6(a), ½ 0 ¼] in unit trigonal prisms occupying the 8(e) sites ~ ~ 
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 R6CosSn26 structure. 

As a result of  the slight deformation of the I phase Miraglia et al. (1986) consider the 
I '  phase with a '  = 2a in cubic aspect, or a '  = 2a, c = a for the tetragonal aspect. A detailed 
investigation of single crystals of  the Rh phases shows that R6RhsSn26 (where R=Eu,  
Yb, Ca, Sr, Th) has the structure of  the I phases and the compounds with R = L a - G d  
really have the deformed I ~ structure. The refining of the structure showed that the larger 
axis of  the temperature ellipsoid of  the 1' phase was on the average bigger by 0.06 A. than 
for the I 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 Snl Sn212 polyhedron. 

The 1[ phase is tetragonal; the structure for the first time was determined for ErRhxSny 
(Hodeau et al. 1984). The crystallographic data are as follows: 

(Snl_xErx)Er4Rh6Sn18, SG 141/acd, Z = 8 ,  a=13.733, c=27.418A (Hodeau et al. 
1984). 

Atoms Wyckoff x/a y/a z/c 
notation 

8Erl (~Er0.33 Sn0.67 

32Er2 

16Snl 

16Sn2 

16Sn3 

32Sn4 

32Sn5 

32Sn6 

16Rhl 

32Rh2 

8(b) 0 0.25 0.125 

32(g) 0.13343 0.13765 0.30658 

16(f) 0.1765 0.5735 0.375 

16(t") 0.3266 0.5766 0.125 

16(e) 0.7111 0 0.25 

32(g) 0.08725 0.33851 0.41909 

32(g) 0.32578 0.25919 0.46208 

32(g) 0.0047 0.57420 0.46223 

16(d) 0 0.25 0.24745 

32(g) 0.24391 0.25120 0.37501 

T h e / / p h a s e  is similar to the I 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 (Snl-xErx), 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. 
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The III phase according to the X-ray data has a cubic structure with a = 13.7 A and 
formula TbsRh6Snl8 (Vandenberg 1980). Gladyshevsky and Bodak (1984) showed that 
the structure of TbsRh6Snl8 was a superstructure to the Cr23C6 type. 

X-ray and electron diffraction investigations of the single crystals of  the TbRhxSny and 
DyOsxSny (III phase) show that they can be considered as a disordered microtwinned 
/ /phase .  These compounds were named a s / / i  phases (Miraglia et al. 1987). 

The V phase crystallizes in the Ir3Sn7 structure type and contains a small quantity of 
the rare earth. The I l l  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. Ho7Co6Sn23 structure type (Skolozdra et al. 1986b) 
Ho7Co6Sn23 , SG P3ml, Z = 1, a=9.628, c=9.846A. 

Atoms Wyckoff notation x/a y/a z/c 

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) 0.1 179 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 
Ho7Co6Sn23 compound are presented in fig. 15. 

The structure can be considered as related to the Mn3All0 structure type. In the 
Mn3All0 structure (SG P63/mmc) the Mn atoms are in the 6(h) sites, the A10, All,  
A12 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 Ho7Co6Sn23 structure (fig. 16) is formed 
upon substitution of the All atoms and half of the AI0 atoms by Ho atoms, the other 
half of  the AI0 atoms by Sn4 atoms, the Mn atoms by Co atoms, and the A12 atoms by 
Sn atoms (actually by two kinds of Sn atoms: Sn2 and Sn3), and insertion of the Snl 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 c parameter becomes 
approximately two times the c parameter in the Mn3All0 structure) and to a change of 
symmetry (instead of SG P63/mmc, SG P3ml appears). 

The R7Co6Sn23 compounds exist with R = Y, Tb-Er. 
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Fig. 1 5. Projection of the HOTCO6Sn23 structure on the XY plane and atom coordination polyhedra. 
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Fig. 16, Projections of the (a) Mn3Al~0 and (b) HoTCo6Sn23 structures on the XY plane. 
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3.2.38. La3Co2Sn7 structure type (D6rrscheidt and Schdfer 1980) 

La3Co2Sn7, SG Cmmm, Z=2,  a=4.59, b=27.60, c=4.60.A. 

Atoms Wyckoff notation x/a y/a z/c 

2Lal 2(e) 0.5 0 0.5 

4La2 4(i) 0 0.1845 0 

4Co 4(j) 0 0.3717 0.5 

2Snl 2(a) 0 0 0 

4Sn2 4(i) 0 0.4095 0 

4Sn3 4(j) 0 0.0907 0.5 

4Sn4 4(j) 0 0.2822 0.5 

Projections of La3Co2Sn7 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 
CaF2 fragment of the Gd3 Sn7 structure. As a result this fragment turns into the fragment 
of the BaA14 type. Besides La3Co2Sn7, the phases R3Ni2Sn7 (R = L a N d )  also crystallize 
in this structure type. 

0® ® @  -Sn 
@ Co 

X 

Snl Sn2 

Sn3 Sn 4 

Fig. 17. Projection of the La3Co2Sn7 structure on the XY plane and atom coordination polyhedra. 
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Fig: 18. Projection of the Lu2NiSn,, structure on the XY plane and atom coordination poJyhedra. 

3.2.39. Lu2NiSn~ structure type (Skolozdra et al. 1985) 
Lu2NiSn6, SG Cmmm, Z=2,  a=4.301, b=22.278, c=4.366,~. 
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Atoms Wyckoff notation x/a y/a z/c 

4Lu 4(i) 0 0.1781 0 

2Ni 2(c) 0.5 0 0.5 

4Snl 4(i) 0 0.4291 0 

4Sn2 4(j) 0 0.0709 0.5 

4Sn3 4(j) 0 0.7018 0.5 

Projection of the structure on the XY 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 
ZrGa2 and CaF2, which alternate along the Y axis (Lu2NiSn6=2LuSn2xNiSn2). The 
unit cell of  Lu2NiSn6 contains two fragments of the ZrGa2 type (2x2LuSn2) and two 
fragments of the CaF~ type (2×lNiSn2), the fragments of NiSn2 divide the 2LuSn2 
fragments. 

The structure of this type can also be presented as a derivative of the GdSn3-x 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 R2NiSn6 (R = Ho, Er, Tin, Lu) compounds have this structure. 



466 R.V. SKOLOZDRA 

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 5 CaCus, P6/mmm Sn RNisSn 

RSn a NaC1, Fm3m 2Me RNi~Sn 

RSn 2" CuAI2, 14/mcm 4Ni RNi4Sn z 

6(MSn) CoSn, P6/mmm R RMaSn ~ 

2(RasSn0.5)Snl2 a WAll2, lm3 8R+24Ni+24Sn RgNi24 Sn49 

½(Ri2Sn) a WAll2, Im3 2M+I/2Sn R~M2Sn 

R6Sn26 a AuZn3, Pm3n 8M R6MsSn26 
(R6Sn2 Sn24 ) (phase I) 

2(R3.sCo3Sn6.5) a Mn3All0, P63/mmc 10Sn RTCO6Sn23 

R3Sn 7 Gd3Sn7, Cmmm 2M R3M2Sn 7 

2RSn 3 GdSnz75, Amm2 Ni R2NiSn 6 

CeNisSn, P63/mmc 

MnCu2AI, Fm3m 

KAu4Sn2, I4c2 

YCo6Ge6, P6/mmm 
HfFe6Gee, P6/mmm 

GdgNi24Sn49, Ira3 

Ho6Co2Ga , Immm 

Pr6Rh8Sn26, Pm3n 

Ho7Co6Snz3, P3ml 

La 3 Co 2 SnT, Cmmm 

Lu2NiSn6, 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 (RPt2Sn stannides) and Cr23C 6 (phases 111) do the R 
and Sn atoms order. The structure of the RNi2Sn (MnCu2A1 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, CeNiSi2, La3Co2Sn7, Lu2NiSn6 types are also considered 
as structures of  insertion. In three latter types and in Sm2Cu4Sn5 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 
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Compound Structure type Space group Superstructure type Space group 

R(Cu, Sn) l 3 NaZnl3 Fm3c 
LuNi4Sn AuBe 5 F43m MgCu4Sn F3,3m 

RNis_~Sn~+ ~ CeCu~ Pnma CeCu4.3sln~x z Pnnm 

RCo3Sn BaLi 4 P63/mmc 

Lu3 C07.77 an4 BaLi 4 P63/mmc Lu3 C07. 77 Sn4 P63 me 

RM2Sn CsCI Pm3m MnCuzAI Fm3m 

RPt2Sn TiAs P63hnmc ZrPt2AI P63/mmc 

RNi 3 Sn 2 CaCu 5 P6/mmm HoGaz4Niz6 P6/mmm 

RMzSn 2 BaA14 I4/mmm CaBezGe 2 P4/nmm 

BaAI4 I4/nmm LaPt2Ge z" P2 I 

LaCuSn A1B2, P6/mmm 

RCuSn Cain 2 P6~/mmc 

EuZnSn CeCu 2 Imma 

RMSn Cain z P63/mmc LiGaGe P63/mc 

RMSn Fe2P P62m ZrNiAI P62m 

RMSn PbCl 2 Pnma TiNiSi Pnma 

RAuSn CaF2 Fm3m MgAgAs F2~3m 

R 5 (Ni,an)3 Cr 5 B 3 14/mcm 

La2Rh3Sn 5 BaAI 4 14/nmm U2Co3Si 5 ~ Ibam 

RsM6Snl8 Cr23C~ Fm3m Tb 5Rh~Snl8 F43m 

a 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 

CeNisS n CaCus ,  e x  7 a 

La3Cou Ga 3 CrsB3, U(Nio.c,88i1,.32)1 t 

Yt3Pd40Sn3t CaCus, MnCu~AI, A1B 2 
YFe~Sn~ Hf Fer, Ge~, ScFer~Ga~ 

TbFe~G% HfF%Ge~, ScF%Ga(, 

DyF%Ge 6 HfF%Ge~, ScF%Ga 6 

HoF%Ge6 HfFe6Ge ~, ScF%Ga 6 

ErF%Ge 6 HfF%Ge~, ScF%Ga~ 

Gd~CusGe8 MgCuA12, Mo2NiB2 

Sm2Cu4Sn 5 ot-Po, CaFz, BaAI 4 

Y2Rh3Sns NdRh2Sn4, TiNiSi 

LuNiSn 2 A1Bz, BaAI4, AuCu 3, a-Fe 

CeNiSi2 AIB2, BaAI 4 

La3CozSn7 AIB 2, BaAl4, AuCu 3 

Lu2NiSn 6 AIB2, CaF 2 or ZrG~2, CaF 2 

Hypothetical compound. 

t h e  d e f e c t  r h o m b o d o d e c a h e d r o n ,  i c o s a h e d r a l ,  t e t r a g o n a l  an t i p r i sma t i c ,  t r i gona l  p r i s m a t i c  

a n d  o c t a h e d r a l .  T h e  s m a l l e r  a t o m s  in s t a n n i d e s  are  t he  t r a n s i t i o n  m e t a l  a toms .  B u t  in  m a n y  
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Fig. 19. Stacking of different fragments in 
the CeNiSi2, Lu2NiSn6, Sm2Cu4Sns, and 
La3Co2Sn 7 structure types. 

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 (Skotozdra and Komarovskaya 1982a, Skolozdra 

1993) 

Compound Op (K) #~n" (/~l~) p (~tQcm) S (~tV/K) 

at 78 K at 300 K at 90 K at 300 K 

LaNisSn Pauli paramagnet 41 85 -2,0 -1.3 

CeNisSn X -~(T) not linear 30 88 5,4 4.0 

PrNisSn -9 3.56 120 166 -3.9 -5.1 

NdNisSn 0 3.69 

investigated than the transport ones. For a majority of  the compounds, the temperature 
range o f  the measurements is between 78 and 360 K. 

The magnetic and transport data o f  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 z(T) function for the Pr and 
Nd compounds follows the modified Curie-Weiss law. The ~eff values are close to the 
theoretical moments o f  the Pr 3+ and Nd 3+ ions (table 9). 

The magnetic susceptibility of  CeNisSn at a temperature higher than 325K is 
temperature-independent (Z = 2.17 x l 0 6 cm3/g), below 325 K Z increases with decreas- 
ing temperature and is equal to 3.21 x 10 .6 cm3/g at 78 K. The x(T) dependence does not 
exhibit Curie-Weiss behaviour. 

The resistivity has been measured for LaNisSn, CeNisSn and PrNisSn (fig. 20, table 9). 
The function p(T) 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 z(T) 
and S(T) suggest valence fluctuation for Ce. An investigation of  the Lm spectra (fig. 22) 
shows that the Ce valence is 3.14 (Samsonova et al. 1985). 

2 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. 22. The L m spectra of Ce in the compounds: 
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4.2. RNis-xSn~+x compounds 

The magnetization measurements of the RNis-xSnl+x 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 4.5 K. 

The susceptibility of YNis-xSnl+x does not depend on temperature above 100K. 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_xSnl, x and (b) TmNis_~Snl+ x 
(Skolozdra et al. 1996b). 

Dy) a deviation from the Curie-Weiss law is observed. The temperature dependence of 
susceptibility of GdNis_xSnl+x and TmNis_xSnl+~ is shown in figs. 23a,b, respectively. 

YbNis_~Snl+x 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 (3-5 T), 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 5 xSn~+:, compounds (Skolozdra et al. 1996b) 

Compound 0v (K) /~n (~r~) T m (K) 

YNis=~ Sn m. 0.4 0.31 

SmNis_,Snt+ ~ -11 0.92 

GdNis_ xSnJ+, 7 8.4 

TbNis_xSnl+ x 2 I0.24 

DyNis_xSnl+ , 9 11.35 

HoNis_xSn~+x -3 10.78 

ErNis_xSnL÷ x - 12 10.18 

TmNis_xSnl+ x - 17 7.69 

24 

34 

26 

15 

35 
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4.3. LuNi4Sn compound 

This stannide is a Pauli paramagnet (Skolozdra and Komarovskaya 1983). 

4.4. R(Cuo.72Sno.28)13 compounds 

The susceptibility for La, Ce, Pr and Nd compounds has been measured between 78 and 
293 K by Komarovskaya and Skolozdra (1984). The z(T) dependence is in accord with 
the Curie-Weiss law (except the La stannide). The La compound is diamagnetic at 300 K 
( X = - 0 . 1 4 x  10 -6 cm3/g) and paramagnetic at 78 K (X = 0.56x 10 -6 cm3/g). 

The resistivity of  the La, Ce and Pr compounds increases with increasing temperature, 
and the p(T) 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(C%.72Sn0.28)l 3 compounds (Komarovskaya and Skolozdra 1984, 

Skolozdra 1993) 

Compound O r (K) #on- (#~) p (~tf2 cm) S fftV/K) 
at 78 K at 300 K at 90 K at 300 K 

La(Cu0.72Sn0.28)l 3 Pauti paramagnet 30 41 
Ce(Ctlo.72Sno.zs)t 3 0 2.53 19 55 0.6 5.0 
Pr(Cuo 72Sno.28)t 3 10 3.54 48 96 0.3 3.8 
Nd(Cuo.72Sn0.28)l 3 5 3.52 

Table 12 
Magnetic properties of R6M~3Sn compounds (Weitzer et al. 1993b) 

Compound T c (K) M~ (#B/f.u.) #,~ (#h/Co) 

La~ Col3 Sn 190 14.3 1.1 
Pr6Fe~3Sn 250 2.4 
Nd6Fe13Sn 510 7.0 

4.5. R6M13Sn compounds 

Magnetic properties o f  La6Col3Sn, Pr6Fel3Sn and Nd6Fe13Sn have been measured 
from 5 to 600K (Weitzer et al. 1993b). La6Col3Sn exhibits ferromagnetism, and the 
magnetic moment of  Co is equal to 1.1/~B (table 12). The temperature dependence of  
the magnetization curves of  Pr6Fe13 Sn and Nd6Fe13 Sn 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 M6ssbauer study of the 
Fe compounds as well (Wiesinger et al. 1994). 

4.6. RCo3Sn and Lu3Coz77Sn4 compounds 

The magnetic properties of the RCo3 Sn stannides were studied over the temperature range 
78-1000K under applied fields up to 1.5 T (Skolozdra 1993). The magnetization curves 
of  GdC03 Sn, TbC03 Sn, DyC03 Sn and HoCo3 Sn show compensation points (Tk) between 
117 and 238K (fig. 24). Perhaps, Tk of ErCo3Sn and TmCo3Sn lies below 78K. The 
Curie points (Tc) are higher than 1000 K. 

The magnetic moment of Co in YCo3 Sn is equal to 0.4/~B and it is smaller than/~ 
of Co in the YCo3, YCo5 and Y2C017 compounds. The Yb in the YbCo3Sn compound, 
for which dependence x(T) is similar to that for YCo3Sn, is either 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 RCo3Sn 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 GdCo3 Sn the magnetic moment of Gd (6.1/tB) has been obtained 
by an extrapolation of the M(T) curves to 0 K. 

The magnetic data of the RCo3Sn compounds are listed in table 13. 
One reason for the high Tc of the RCo3Sn phases, which have a low Co moment, can 

be connected with peculiarities of their structure. In the RCo3Sn compounds a statistical 
mixture of (Co 1, 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 
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Fig. 24. Temperature dependence of the magnetization of 
(1) GdCo3Sn, (2) TbCo3Sn , (3) DyCo3Sn , (4) HoCo3Sn , 
(5) ErCo3Sn , (6) YCo3Sn, (7) TmCo3Sn , (8) YbCo3Sn 
(Skolozdra 1993). 
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Table 13 
Magnetic and transport properties of RCo3Sn compounds (Skolozdra 1993) 

Compound T k (K) #a (#n) p (~tf2cm) S ([xV/K) 

at 78K at 300K at 90K  at 300K 

YCo3Sn 1.4 

GdCo3Sn 238 2.5 

GdCoz6Sn 

TbC%Sn 163 1.5 

DyCo 3 Sn 163 1.0 

HoCo3Sn 117 0.9 

ErC% Sn <78 0.8 

TmCo s Sn <78 1.3 

YbCo 3 Sn 2.0 

216 312 

218 258 

140 198 

174 252 

92 126 

-4.6 -10.2 

T=78 K, H= 1.4T. 

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 Lu3COT.77Sn4 compound measurements of  the bulk magnetization and suscep- 
tibility were carried out over the temperature range 4-300 K (Skolozdra et al. 1996a). It 
turns out that it is a very weak itinerant ferromagnet with Tc = 63 K and the Co moment 
of  0.19/~B at 4 K. Above 63 K x(T) follows the Curie-Weiss law (fig. 26), and the effective 
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Fig. 25. The nets in the RCosSn and Co structures. The outlined atoms form the clusters (Skolozdra 1993). 
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Fig. 26. Temperature dependence of the 
magnetization and reciprocal susceptibility 
of  Lu3COT.77Sn 4 (Skolozdra et al. 1996a). 

paramagnetic moment reaches 0.67#B/Co. The Lu3Co7.77Sn4 compound is similar to the 
YNi3 compound in its magnetic properties. It is supposed that the magnetic momeets 
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. RNi4Sn2 compounds 

The magnetic susceptibility of  the Ce, Pr, Nd compounds exhibit Curie-Weiss behaviour 
between 78-293 K. LaNi4Sn2 is a Pauli paramagnet. The X(T) function of  SmNi4Sn2 
weakly depends on the temperature, its susceptibility is determined by close separation 
between the two energy levels o f  the multiplets Sm 3+ of  6H5/2 and 6H7/2 (zSd~; ~ kT) 
(Skolozdra et al. 1988d). 

The resistivity and thermopower for CeNi4Snz and LaNi4Sn2 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 RNi4Sn 2 compounds (Skolozdra et al. 1988d, Skolozdra 1993) 

Compound 0 v (K) #err (#l*) p (gf~ cm) S (pN/K) 

at 78 K at 300 K at 90 K at 300 K 

LaNi4Sn 2 Pauli paramagnet 
CeNi4 Snz - 17 2.27 
PrNi4 Sn 2 -2 3.77 
NdNi4Sn 2 14 3.76 
SmNi4Sn 2 X -I(T) not linear 

16 58 -12.5 -16.6 
12 33 -7.5 -15.7 
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4.8. RM2Sn compounds (MnCu2AI type) 

The ScCo2Sn stannide is ferromagnetic below 238 K. It is thought that in the temperature 
range 100-238 K and under weak applied fields ScCozSn has a helical structure, and at 
lower temperatures it changes to a spin glass (Lin et al. 1992). Under higher applied fields 
ScCozSn becomes ferromagnetic below Tc (238 K). ScNi2Sn is weak paramagnetic down 
to 1.2K. The resistivity of ScCo2Sn and ScNi2Sn has also been measured by L ine t  al. 
(1992). The resistivity of ScCo2Sn is higher than that of ScNi2Sn as a consequence of 
the magnetic contribution to the resistivity, x(T) of YbNi2Sn is in accord with the Curie- 
Weiss law. LuNi2Sn is a Pauli paramagnet (Skolozdra and Komarovskaya 1983). 

Magnetic properties and M6ssbauer effect of the RPd2Sn compounds (R = Tb-Yb) were 
investigated by Malik et al. (1985). The temperature dependence o f z  follows the Curie- 
Weiss law, but for TmPdzSn and YbPd2Sn the function X-I(T) deviates from linearity 
below 100 K, 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 3+ ion is nonmagnetic. The Yb moment is smaller than that for Yb 3+ ion because the 
ground state is characterized by the F6 or F7 doublet which gives a lower susceptibility. 
TbPd2Sn, DyPd2Sn and YbPd2Sn are antiferromagnetic (table 15). 

Nonelastic neutron scattering experiments on HoPd2Sn and ErPd2Sn have been carried 
out by Li et al. (1989), and the crystal field parameters have been determined. The ground 
states of rio and Er are the magnetic triplet F~ and the magnetic quartet F 3 with magnetic 
moments of 5.49 and 6.3 l #B, respectively. 

Hodges and Jehanno (1988) have determined the hyperfine interaction parameters for 
ErPd2Sn and YbPd2Sn and the magnetic moments. The moments are equal to 5.7/~ 
for ErPdzSn and 1.6/~B for YbPd2Sn. 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 DyPd2Sn and HoPd2 Sn stannides have been investigated 
at 1.2 and 300 K 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 [1 1 1] axis and lie in the (1 1 1) plane. The moments 
of the Dy and Ho atoms (6.7 and 4.4/~B, respectively) are significantly smaller than the 
theoretical moments of the Dy 3+ and Ho 3+ ions (10#B). Such lowering of the moments 
is explained by crystal field effects. 

Crangle et al. (1995) indicate a complex magnetic diagram of DyPdzSn below 10K. 
The powder neutron diffraction measurements reveal an incommensurate structure. At 
5.2 K this structure undergoes a transition to a commensurate magnetic phase with the 
moment direction confined in or close to the (1 1 1) plane. 

The ErPd2Sn 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 RM2Sn compounds 

477 

Compound T c (K) T N (K) It~ (#t~) 0 v (K) #clr (#~) T~ (K) Reference 

ScCo2Sn 270 0.55 Malik et al. 1987 
238 0.5I Lin et al. 1992 

ScNi2Sn Pauli paramagnet 
YbNi2Sn 
LuNi2Sn 
ScPd2Sn 
YPdzSn 
TbPd2Sn 
DyPd2Sn 

HoPd2Sn 

ErPd2Sn 

Pauli paramagnet 

9.0 
15.0 
7.0 

1.00 
TmPd2Sn 
YbPd2Sn 0.23 

LuPd2Sn 
GdPt~Sn 
ErPt 2 Sn 

20 

-38 4.33 Skolozdra and Komarovskaya 1983 
Skolozdra and Komarovskaya 1983 

2.15 Matik et al. 1985 
4.55 Malik et ak 1985 

-8.6 9.95 Malik et al, 1985 
-9.3 10,83 Malik et al. 1985 

6.7 10.8 Donaberger and Stager 1987 
-4.56 I0.65 Crangle et al. 1995 
-6,2 10.67 Malik et al, 1985 

4.4 10.8 Donaberger and Stager 1987 
5.49 Li et al. 1989 

-7.6 9,59 Malik et al. i985 
6.31 Li et al. 1989 
5.7 Hodges and Jehanno 1988 

1.17 Shelton et al. 1986 
7.4 2,82 Malik et al. 1985 

-4,3 4,34 2.42 Malik et al. 1985 
1.6 Hodges and Jehanno 1988 

2.46 Kierstead et al. 1985 
3.05 Malik et al. 1985 

6.45 -10 8.22 de Mooij and Buschow 1984 
19 9,79 de Mooij and Buschow 1984 

The ErPd2Sn and YbPd2Sn show the coexistence of the superconductivity and magnetic 
order (Shelton et al. 1986, Kierstead et al. 1985) (table 15). 

4.9. RPt2Sn compounds 

The magnetic properties of GdPt2Sn and ErPt2Sn 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 z ( T )  dependence in the paramagnetic range exhibits 
Curie-Weiss behavior (de Mooij and Buschow 1984). 

4.10. RM6Sn 6 compounds 

According to susceptibility measurements ErMn6Sn6, TmMn6Sn6, LuMn6Sn6, ScMn6Sn6, 

YMn6Sn6 are antiferromagnetic, and GdMn6Sn6, TbMn6Sn6, DyMn6Sn6 and HoMn6Sn6 
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 E1 Idrissi et al. 1991b, 
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Table 16 
Magnetic properties of RMn6Sn 6 compounds 

Compound T c TN It It Tt O r #on" /tc~ Reference 
(K) (K) (#B/f.u.)(#JMn) (K) (K) (#n/f.u.)(#a/Mn) 

ScMn6Sn 6 384 
YMn6Sn 6 333 
PrMn6Sn 6 340 
NdMn6Sn 6 340 
SrnMn6Sn 6 380 
GdMn6Sn 6 435 
TbMn6Sn 6 423 

DyMn6Sn 6 393 
HoMnrSn 6 376 

ErMn 6 Sn 6 352 
TmMnrSn ~ 347 
LuMnrSn 6 353 

439 8.54 3.48 Venturini et al. 1991 
394 8.85 3.61 Venturini et al. 1991 

12" 335 8.9 3.3 Weitzer et al. 1993a 
4.5 a 274 8.5 3.2 Weitzer et al. 1993a 
8.0 a 380 7.7 3.0 Weitzer et al. 1993a 
4.2 b 1.9 b I39 12.24 3.80 Venturini et al. 1991 
3.3 b 2,1 b 330 125 13.07 3.58 Venturini et al. 1991 
4.9 c 2.0 c Chafik E1 ldrissi et al. 1991a 
8.6 d 2,4 d Chafik E1 Idrissi et al. 1991a 
2.7 b 2.1 ~ 33 138 14.09 3.79 Venturini et al. 1991 
3.7 b 2.3 b 200 157 13.85 3.64 Venturini et al. 1991 
4.7 c 2.0 ~ Chafik E1 Idrissi et al. 1991a 
8.4 ~ 2.4 d Chafik E1 Idrissi et al. 1991a 
4.2 b 2.2 b 75 24l 12.91 3.52 Venturini et al. 1991 

58 304 11.42 3.48 Venturini et al. 1991 
406 8.51 3.47 Venturini et al. 1991 

1.33 ~ Venturini et al. 1993 

a At 5K. c At 300K. 
b At 4.2 K and 2 T. ~ At 2 K. 

Venturini et al. 1993). The  compounds  with light lanthanides (PrMn6Sn6, NdMn6Sn6 

and SmMn6Sn6)  order  fe r romagnet ica l ly  (Weitzer  et al. 1993a). The  magnet ic  data o f  

RMn6Sn6 compounds  are l isted in table 16. 
The  study o f  the magnet ic  structure o f  TbMn6Sn6 and HoMn6Sn6 by neutron diffract ion 

in the tempera ture  range 2 - 3 0 0  K reveals a col l inear  fer r imagnet ic  a r rangement  (Chafik 

E1 Idrissi et al. 1991b). At  3 0 0 K  the R and M atoms fo rm ant i fer romagnet ic  layers 

wi th  a coupl ing  sequence  M n ( + ) R ( - ) M n ( + ) M n ( + ) R ( - ) M n ( + ) .  At  this temperature  the 

Mn,  Tb, Ho  momen t s  are equal  to 2.0, 4.9 and 4.7#B, respectively. For  HoMn6Sn6 the 

magnet ic  momen t s  lie in the (0 0 1) plane, whi le  in TbMn6Sn6 there is a deviat ion o f  the 

m o m e n t  by q9 = l 5 ° f rom the Z axis. As the temperature  is lowered a spin rotation process  

is observed  in both compounds  such that at 2 K, the magnet ic  moments  in TbMn6Sn6 

are or iented a long the Z axis and in HoMn6Sn6 they are at an angle o f  50 ° wi th  this 

axis. The  m o m e n t s  Mn,  Tb and Ho at 2 K are 2.4, 8.6 and 8.4#B, respectively. In the 

LuMn6Sn6 c o m p o u n d  only the Mn  atoms are magnet ic  (Venturini et al. 1993). At  3 0 0 K  

fe r romagne t ic  layers o f  M n  atoms (Mn moments  lie in the (00  1) plane)  are ordered 

antiparallel  to one another. Similar  to the above compounds ,  a spin-reorientat ion process  

takes p lace  at low temperatures ,  which results in the format ion o f  an incommensura te  

an t i fe r romagnet ic  hel ical  arrangement .  
It is repor ted  that in the ScMn6Sn6, YMn6Sn6, ErMn6Snr ,  TmMn6Sn6 stannides there 

are also complex  helical  magnet ic  structures (Venturini et al. 1993). 
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Table i7 
Magnetic and transport properties of RF%Sn~ and RC%Sn 6 compounds 
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Compound 0p (K) #og p (gg2 cm) S (~tV/K) Reference 
(PB) at 78K at 300K at 90K at 300K 

YFe6Sn 6 122 218 -3.9 -7.8 Skolozdra 1993 
LuFe6Sn 6 298 480 -6.2 -7.8 Skolozdra 1993 
YCoaSn 6 Pauli paramagnet 63 80 -8.2 -8.6 Skolozdra and Koretskaya 1984 
TbCo6Sn 6 -15 9.6 Skolozdra and Koretskaya 1984 
DyCo6Sn ~ 2 10.7 Skolozdra and Koretskaya 1984 
HoCo6Sn~ -3 10.6 Skolozdra and Koretskaya 1984 
ErCo~Sna 3 9.6 Skolozdra and Koretskaya 1984 
TmCo6Sn ~ 20 7.5 Skolozdra and Koretskaya 1984 
LuC%Sn 6 Pauli paramagnet 125 179 -7.2 -7.6 Skolozdra and Koretskaya 1984, 

Skolozdra 1993 

Dirken et al. (1991) studied 155Gd M6ssbauer effect in GdMn6Sn6. A comparison 
of  these results with the results for GdCo3B2, a compound with a related structure, 
indicated that the Vzz 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 
GdCo3Bz. The second-order crystal-field parameter A20 has a low value compared with 
highly anisotropic materials. This shows the important role in anisotropic behaviour of  
the parameters o f  higher order than A20. 

Li et al. (1995) have measured by NMR at 4.2 K the zero field hyperfine spectra o f  t59Tb 
in TbMn6Sn6. The transfered hyperfine field from the transition metal sublattice is found 
to be approximately 24T. The susceptibility measurements o f  the RFe6Sn6 stannides 
are complicated as a consequence o f  the presence of  ferromagnetic impurities (iron 
stannides or iron) (Skolozdra 1993). The susceptibility was measured for two alloys - 
Lu8.5Fe44.5Sn47.0 and Lu9Fe43Sn48, which have slightly more Sn and lie in the two-phase 
region LuFe6Sn6-Lu4Fe6Snl9 (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 293 K it hardly changes. The obtained X value 
is significantly higher than for a Pauli paramagnet. Evidently at the temperature of  
investigation (78-293 K) LuFe6Sn6 is a highly enhanced Pauli paramagnet. 

The YCo6Sn6 and YbCo6Sn6 stannides are Pauli paramagnets, the temperature 
dependence o f  the susceptibility for other Co compounds follows the Curie-Weiss law 
(Skolozdra and Koretskaya 1984). 

The resistivity has been measured for the RFe6Sn6 and RCo6Sn6 stannides (R = Y, Lu). 
The resistivity o f  the iron phases raises with increasing temperature more than that o f  the 
phases with Co. The thermopower depends slightly on the temperature (Skolozdra 1993). 

The magnetic and transport data o f  RFe6Sn 6 and RCo6Sn6 compounds are listed in 
table 17. 
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Table 18 
Magnetic properties of RNi3Sn 2 compounds (Skolozdra et al. 1988a) 

Compound 0 n (K) #jr (#10  Compound 0 v (K) /~cfr (/~B) 

YNi3Sn 2 Pauli paramagnet I GdNi3Sn2 -9 8.0 
SmNi3Sn 2 X-~(T) not linear [ TbNi3Sn 2 -14 9.9 

4.11. RNi3Sn 2 compounds 

In the temperature range 78-293 K the RNi3 Sn2 compounds are paramagnetic (table 18). 
The Y stannide is a Pauli paramagnet, X of SmNi3 Sn2 from 200 to 300 K does not change. 
The susceptibility of GdNi3 Sn2 and TbNi3 Sn2 exhibits Curie-Weiss behaviour (Skolozdra 
et al. 1988a). 

4.12. RM2SFI 2 (M=Ni, Cu, Rh, Pd, It, PO compounds 

The magnetic and transport data of the RM2Sn2 compounds are listed in table 19. 
Among these compounds CeNi2Sn2 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 
50 K the p(T) dependence is linear; at 7 K there is a maximum in the resistivity and 
below 2.1 K the resistivity decreases sharply indicating an antiferromagnetic transition. 
The Ntel temperature determined by the specific heat is 1.8 K. The y coefficient, as it 
must in a heavy fermion system, has a high magnitude (650 mJ/(K 2 mol)). 

In a study of powder samples Beyermann et al. (1991) have obtained a TN value of 
1.8 K. The temperature dependence z(T) at high temperatures is in accord with the Curie- 
Weiss law. At low temperatures the linear dependence ofx(T)  is distorted by the presence 
of ferromagnetic second phases. 

A detailed investigation of the properties of annealed (800°C) and unannealed 
CeNi2Sn2 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: Tmi n ,~  34.4 K (36 K) and Tma x ~ 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 RMzSn 2 compounds 

48! 

Compound TN # (#B) 0 n (K) #cJv p (gf2cm) S (gV/K) Reference 

(K) (/h0 78 K 300 K 90 K 300 K 

LaNi2Sn 2 

CeNi2 Sn 2 b 

CeNi 2 Sn 2 

CeNizSn2 

Pauli paramagnet 21 49 Kaczmarska et al. 

1993 

12 ~ 
-4.2 -12.7 Skolozdra 1993 

4.8 2.50 Liang et al. 1990 
46.4 2.58 d Liang et at. 1990 

6.2 2.24" Liang et al. 1990 

1.8 -58,4 2.64 Beyermann et al. 199! 
2.2 1.08 f -9  2,54 39 55 Kaczmarska et al. 

1993 

4i ~ 

PrNi2Sn 2 0 3.59 Skolozdra 1993 

NdNizSn 2 0 3.73 Skolozdra 1993 

SmNiESn 2 X-~(T) not linear Skolozdra 1993 

LaCu2Sn 2 Pauti paramagnet 30 49 Kaczmarska et al. 

1993 

12 a 

-0.9 -1.8 Skolozdra 1993 

CeCu2Sn 2 2.1 0.95f -12 2.54 47 62 Kaczmarska et al. 
1993 

35 . 
0 -0,2 Skolozdra 1993 

PrCu2Sn 2 7 3.57 Skolozdra and 
Komarovskaya 1982b 

NdCuESn 2 4 3~63 Skolozdra and 
Komarovskaya 1982b 

SmCu2Sn 2 10 0.74 Skolozdra and 

Komarovskaya 1982b 

CeRhESn 2 0.47 -13.2 2.53 Beyermann et al. 1991 

CePdzSn 2 0.50 -6  2.50 Beyermann et ak 1991 

CeIr2Sn2 4.1 Beyermann et al, 1991 

CePt2Sn 2 0.88 -25.1 2.59 Beyermann et al. 1991 

a At 4.2 K. c Annealed sample at 800°C. e For 4 K < T < 60 K, 
b Unannealed sample, d For 180K< T <300K. f At 1.5 K and 7T, 

The Ce-Lm absorption spectra in CeNi2Sn2 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 Lm spectra. 

The tetragonal and monoclinic forms of CeNi2Sn2 have been investigated by Kacz- 
marska et al. (1993). For the tetragonal sample the susceptibility follows approximately 
the Curie-Weiss law with 0p = -19  K and/~eff = 2.7~B. The higher value of #elf than the 
theoretical moment of the Ce 3+ ion is explained by the influence of Pauli paramagnetism. 
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Fig. 27. Temperature dependence of the resistivity 
of (1) CeNi2Sn 2 and (2) LaNi2Sn 2 (Kaczmarska 
et al. 1993). 

If it is subtracted then ~eff = 2.535/~ and 0p = - 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 3+ ionic value and 
0p = - 7  K. 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 2.2 K a kink connected with magnetic order (fig. 27) is observed. 
Peculiarities in the p(T) dependence of CeNi2Sn2 are explained by crystal field effects. 

Pierre et al. (1994) determined the magnetic structure of CeNi2Sn2 at 1.4K. As the 
monoclinic distortion and the displacement of Ce atoms are small, the magnetic structure 
is described in the parent CaBe2Ge2 cell. The magnetic structure is antiferromagnetic with 
a propagation vector k = (½, ½,0). 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 0.9/zB at 1.5 K. A peculiarity of the magnetic structure is the frustration between the 
Ce moments. 

LaNi2Sn2 is a Pauli paramagnet, the x(T) dependence for Pr and Nd stannides follows 
the Curie-Weiss law (Skolozdra et al. 1981b). The electrical resistivity for LaNi2Sn2 is 
shown in fig. 27. 

Above 50 K the temperature dependence of the magnetic susceptibility of CeCu2Sn2 
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 
/zefr which is close to the theoretical moment of the Ce 3+ ion. At low temperature the 
compound orders antiferromagnetically. The TN 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 CeCu2Sn2 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 75 K and then a linear decrease above 
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Fig. 28. Magnetic structure of CeNiLgSn 2 
(Pierre et al. 1994). 
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Fig. 29. Temperature dependence of the resistivity of 
(1) CeCu2Sn2 and (2) LaCu2Sn2 (Kaczmarska et al. 
1993). 

100K when plotted vs. the logarithm of the temperature. The resistivity of LaCu2Sn2 
above approximately 50 K changes linearly and at higher temperature it deviates from 
linearity (Kaczmarska et al. 1993). 

The LaCu2Sn2 compound is a Pauli paramagnet. The magnetic susceptibility of 
PrCu2Sn2, NdCu2Sn2 and SmCu2Sn2 follows the modified Curie-Weiss law (Skolozdra 
and Komarovskaya 1982b). 

Measurements of the magnetic susceptibility, resistivity and specific heat of polycrys- 
talline samples of CeRh2Sn2, CePd2Sn2, CeIr2Sn2 and CePt2Sn2 have been carried out by 
Beyermann et al. (1991). These compounds undergo an antiferromagnetic phase transition 
at low temperatures. The x(T) dependence of the compounds, except CeIr2Sn2, follows 
the Curie-Weiss law, moreover there are two ranges of the x(T) curve: a high temperature 
one (above 10K) and a low temperature one (below 10K). The compounds have high 
magnitudes of the 7 coefficient and are heavy fermion systems, except CeIr2Sn2, for which 
a Ce intermediate valence state is supposed. Maxima are observed for p(T) dependence 
for CeIr2Sn2 and CePt2Sn2 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. Ce2Ni2Sn 

The magnetization and electrical resistivity reveal that CezNi2Sn orders antiferromag- 
netically at TN =4.7 K (Fourgeot et al. 1995). The reciprocal susceptibility above 120K 
follows the Curie-Weiss law; below 120 K the x<(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 8 K is caused by the spin fluctuations intensified by the Kondo effect. 
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Fig. 30. Temperature dependence of the re- 
ciprocal susceptibility of Ce2Ni2Sn. The line 
follows the Curie-Weiss law (Fourgeot et al. 
1995). 
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Fig. 31. Temperature dependence of the magneti- 
zation of the CezNi2Sn compound (H = 0.2 T, the 
arrow indicates the N~el temperature) (Fourgeot 
et al. 1995). 

The thermal dependence of the resistivity is characteristic of the magnetically ordered 
Kondo systems. On the curve p(T) there is a kink at ~4.7 K 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. R6MsSn8 compounds (M= Mn, Cu) 

The magnetic data of the R6MnsSns compounds are listed in table 20 (Weitzer et al. 
1992c). The compounds with Ce, Pr, Nd and Sm undergo antiferromagnetic transitions. 
For Pr6MnsSns and Nd6Mn8Sn8 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 Sm6MnsSns. La6MnsSn8 and Ce6MnsSn8 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 R6CusSn8 stannides, where R=Gd-Tm,  
follows the Curie-Weiss law. The paramagnetic Curie points are proportional to 
the de Gennes function G=(gj - 1)2j ( j+  1). Going from the Gd-Ho compounds to 
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Table 20 
Magnetic properties of  RaMnsSn 8 compounds (Weitzer et al. 1992c) 

485 

Compound T N (K) 0p (K) /~cfr (#~/f.u.) ktefr ( g JR)  #eft (,uB/Mn) 

La6MnsSn8 -475 10.9 0 5.6 

Ce6MnsSn ~ 50 -380 11.0 2.54 5.0 

Pr6MnsSn 8 16 -24  8.6 3.58 3.0 

Nd6MnsSn 8 45 -50  8.5 3.62 3.0 

Sm6MnsSn 8 32 

Table 21 
Magnetic and transport properties of  R6CusSn 8 compounds (Skolozdra et al. 1984a, Skolozdra 1993) 

Compound 0p (K) ~tor r p (Ftf2 cm) S (~tV/K) 

(/~) a t 7 8 K  at 300K a t 9 0 K  at 300K 

Y6CusSn 8 Diamagnet a 

Gd6CusSn8 -29  8.0 18 48 0.1 -0.1 

Tb6CusSns -18  9.7 

Dy6CugSn 8 - 7  10.9 40 104 -1.0 -0.1 

Ho6CusSns - 6  10.4 

Er6CusSn 8 8 9.6 

Tn~CusSn 8 11 7.5 32 97 0 0.6 

a Thirion et al. 1983. 

Er6CusSn8 and Tm6CusSn8 the sign of 0p changes from positive to negative (table 21) 
(Skolozdra et al. 1984a). 

Resistivity of R6CusSn8 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 293 K by Skolozdra et al, (1982). In this temperature range Z obeys 
the Curie-Weiss law, except for YCoSn which is a Pauli paramagnet. The cobalt atoms 
are not magnetic. For LuCoSn z(T) is in accord with a modified Curie-Weiss law with 
#eff = 0.79#B. Apparently the presence of a magnetic moment in LuCoSn is caused by 
the presence of other lanthanides impurities (table 22). 

G6rlich et al. (1994) have measured magnetization of the TbCoSn, DyCoSn, HoCoSn 
and ErCoSn in the temperature range 4.2-300 K. They also investigated the hyperfine 
interaction of ll9Sn by means of the M6ssbauer effect between 1.9 and 300K. The 
compounds order antiferromagnetically and the M6ssbauer spectra suggest a complex 
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Table 22 
Magnetic properties of RCoSn compounds 

Compound T N (K) kt (/,tB/f.u.) 0p #~rr 0tB/R) Reference 

YCoSn Pauli paramagnet Skolozdra et al. 1982 
TbCoSn 30 9.8 Skolozdra et al. 1982 

20.5 t5 9.8 G6rlich 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 G6rlich et al. 1994 

HoCoSn 9 10.5 Skolozdra et al. 1982 
7.8 6.32 6.5 11.0 Ba2ela et al. 1994 
7.8 7 10.4 G6flich et al. 1994 

ErCoSn 11 9.4 Skolozdra et al. 1982 
5.0 6.07 0 9.8 Ba~ela et al. 1994 

-4 0 9.6 G6rlich 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 o f  magnetic ordering of  TbCoSn 
has been observed at 11.6 K. 

Ba/~ela et al. (1994) and Andr6 et al. (1995a) have determined magnetic and crystal 
structures o f  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 H = 0.26 and 0.35 T in DyCoSn and HoCoSn, respectively. For TbCoSn two 
additional phase transitions at Tt = 5.4 K and 11.6 K are detected below TN, whereas for 
HoCoSn only one is found at Tt = 4 K. 

Neutron diffraction data indicate magnetic modulated structures for the compounds. 
Th e magnetic  structure of  TbCoSn in the temperature range 1.4-5 K is described by 
the wave vector kl  =(0 ,  ¼, ~2)" With an increase o f  the temperature, the wave vector 

changes at Tk = 5 K to k2 = ( 0 , - 1 , 0 ) .  The R moments of  other compounds form a square 
modulated magnetic  structure along the Y axis. The wave vector is k=(O, ky, O) with 
ky= 5 in DyCoSn,  ~ i n  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(T) dependence is typical 
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Table 23 

Magnetic and transport properties of RNiSn compounds 
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Compound TN /~ (#B) 0 r (K) #°n- p (~tQcm) S (gV/K) Ref. 

(K) (gt~) 78 K 300 K 90 K 300 K 

YNiSn 

LaNiSn 

CeNiSn 

PrNiSn 

NdNiSn 

SmNiSn 

GdNiSn 

TbNiSn 

DyNiSn 

HoNiSn 

ErNiSn 

TmNiSn 

YbNiSn 

LuNiSn 

Pauli paramagnet  

Pauli paramagnet  -8 .5  

Z I(T) not l inear 

9.3 

10.5 

18.5 

8.2 

7.3 

<4.2 

17 3.56 

- 1 0  3.67 

-15  3.50 

- 4  4.2 
X 1(T) not linear 

8.1 

8.9 

7.2 

8.5 

5.5 c 0.4 

- 4 0  1.37 

0 8.1 
-3  8.8 
- 2  9.8 

6 1 t.27 

0 

-1 

- 2  

5 
6 
8 

- 4  

- 6 5  

-43  

10.4 

l 1.06 

10.4 

10.75 

9.5 

9.85 
7.6 
7.65 
4.6 

4,3 

5.65 ~ 0.85 
Pauli paramagnet  

42 132 

5 . 

127 106 21 

180 a 30 a 
27)( h 24X 28X 

27Y b 22Y 37Y 

17Z ~ 14Z 19Z 

32X a 23X ~ 

26Y a 4Y" 
28Z ~ 26Z a 

29 83 -3 .6  

5.6" 0" 

269 243 

105 a 

-9 .5  

17)( 
12Y 

14Z 

-6 .5  

Skolozdra et al. 1984b 

Skolozdra 1993 

Aliev et aL 1988a 

8.5 Aliev et al. 1988a 

Takabatake et al. t990 

Skolozdra et al. 1984b 
Routsi et al. 1992b 

Skolozdra et al. 1984b 

Routsi et al. 1992b 
Sakurai et al. 1995 

Routsi et al. 1992b 

Skolozdra et al. 1984b 

Routsi et al. 1991 

Skolozdra et al. t984b 
Routsi et al. 1991 

Furusawa et al. 1995 
Kotsanidis et al. t993 

Skotozdra et at. 1984b 

Routsi et al. 1991 

Furusawa et al. 1995 

Skolozdra et al. 1982 
Yakinthos et al. 1994 

Routsi et al. 1991 

Skolozdra et al. 1984b 
Routsi et al. 1991 

Skolozdra et al. t984b 
Routsi et al. 1991 

Skolozdra et al. 1984b 

Kasaya et al. 1988 

Bellot et al. 1992 
Skolozdra et al. 1984b 

a At 4 K. b Along the X, Y, Z axes. c Tc ' 
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Fig. 32. Temperature dependence of the resis- 
tivity of (1) LaNiSn and (2) CeNiSn (Aliev 
et al. 1988a). 

270 

250 

230 

, , , 1 i i i i ; , i , i 

La Ce Pr Nd Pm Sm Eu 6cl Yb y 14o E r Tm Yb 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 o f z - l ( T )  from linearity at low 
temperature; the valence of Ce as determined from L1n-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 25 K the resistivity increases and it follows the exponential law between 1.8 and 
10 K 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 10 K 
and to a decrease of the specific heat coefficient below 5 K. The value of y for CeNiSn 
is much bigger than that of LaNiSn (265 and 25 mJ/(K 2 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(T) (fig. 32) and z(T) 
(fig. 34) curves in the direction of X axis show a peak at 12 K, 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 5.0 K along the X, Y, Z axes, respectively. At -3 K for Sx(T) and Sy(T) sharp peaks 
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Fig. 34, Temperature dependence of the reciprocal 
susceptibility of the CeNiSn single crystal directed 
along the (a) X axis, (b) Y axis and (c) Z axis 
Takabatake et al. 1992). 

are observed. The magnetic contribution in specific heat divided by T 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 2.4GPa 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 24T the resistivity of CeNiSn decreases by ~75% at 1.7 K 
(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 1 K 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 78-300 K were reported 
by Skolozdra et al. (1984b). The z(T) 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 4.2-200 K. PrNiSn, NdNiSn, SmNiSn are paramagnets with a 
Curie-Weiss x(T) dependence. SmNiSn orders antiferromagnetically at 9 K, PrNiSn and 
NdNiSn do not order down to 4.2 K. The dependence x(T) 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 300 K and specific heat (2- 
20K) of SmNiSn were measured by Sakurai et al. (1995). The dependence X-I(T) is 
not linear, the p(T) function has a negative curvature, and the thermopower has a small 
negative value. A kink on the Z -1 (T), p(T) and C(T) curves reveals an antiferromagnetic 
transition at 913 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 40 K, 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 k = (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 ~0.4ktB (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 17°yb Mrssbauer 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 0.05#B. The reduced magnetic moment  is 
attributed to a hybridization o f  the 4f-electrons with the conduction electrons. 

4.17. RCuSn compounds 

The magnetic  properties o f  GdCuSn have been studied by Oesterreicher (1977). It was 
established that GdCuSn is an antiferromagnet with TN = 24 K. The x(T) 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 (table 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 T N (K) /~ (#10 0p (K) ILcff (/~B) Reference 

YCuSn 
LaCuSn 
CeCuSn 

PrCuSn 
NdCuSn 
SmCuSn 
GdCuSn 

TbCuSn 
DyCuSn 
HoCuSn 
ErCuSn 
TmCuSn 
LuCuSn 

8.6 

24 

Pauli paramagnet Komarovskaya et al. 1983b 
Pauli paramagnet Komarovskaya et al. 1983b 

0.07 ~ -20 2.5 Yang et al. 1991 
-13 2 .56 Komarovskaya et al. 1983b 
-9 3 .64 Komarovskaya et al. 1983b 

--14 3.80 Komarovskaya et al. 1983b 
1 0.78 Komarovskaya et al. 1983b 

-32 8.0 Oesterreicher 1977 
-44 8.0 Komarovskaya et al. t983b 
-33 9.8 Komarovskaya et al. 1983b 
-17 10.7 Komarovskaya et al. I983b 
-6 10.7 Komarovskaya et al. 1983b 
-2 9.7 Komarovskaya et al. 1983b 
-3 7.8 Komarovskaya et al. 1983b 

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, G d -  
Er) follows the Curie-Weiss  law. YRhSn is a Pauli paramagnet (Routsi et al. 1992a,b). 
GdRhSn, TbRbSn,  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 T N (K) 0p (K) gc~ (#~)  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 18A 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 TN value is 
characteristic of  TbPdSn (23 K). For SmPdSn and DyPdSn a second phase transition 
below TN 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 (Fe2P) 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 Szytuta (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 1/~B. 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 
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Compound Ts ~ 0v (K) #on p (gf2 cm) S (~tV/K) Reference 

(K) (~tl~) (~l~) 4.2K 300K 4.2K 300K 

LaPdSn 
CePdSn 

PrPdSn 

NdPdSn 

SmPdSn 

EuPdSn 
GdPdSn 

TbPdSn 

DyPdSn 

HoPdSn 

ErPdSn 
(TiNiSi) 

Pauli paramagnet 27 290 
7 68 457 
7.5 -68 2.67 180 696 

1 
6 0.2 -63 2.7 
3.5 75 457 

-2 3.60 
4.3 1.4 -5.5 3.51 
3.2 17 170 

-8 4.93 5.5 59 
2.4 0.95 - i l  3.68 

12 8 98 
11 22 194 
12.2 19 183 
13 5 8.27 11 124 
15 l 1 102 
14.5 -27 8.16 32 175 
23 8.1 127 
23.5 -16 10.17 8.7 116 
21 7.2 -11 10.1 
19 7.6 
19 2.1 11 i0.1 
10 8.8 90 
! 1.4 -2 I I, 1 5.6 43 
10 4.65 -7 10.5 
6 2.8 47 

-7 11.07 
3.7 6.6 -7.5 10.7 
5.6 -0,3 9.51 4,5 57 

0 -3.9 Sakurai et al. 1990a 
-2.9 1.8 Sakurai et al. 1990a 

Adroja and Malik 1992 
Kohgi et al. 1992 
Zygmunt and Szytula 1995 

-0.5 -2.1 Sakurai et al. 1990a 
Adroja and Malik 1992 
Zygmunt and Szytuta 1995 

0.4 -2.9 Sakurai et al. 1990a 
Adroja and Malik 1992 
Zygmunt and Szytuta 1995 

0.6 -2.1 Sakurai et al, 1990a 
Adroja and Malik 1992 

1,3 -2.0 Sakurai et al. 1995 
Adroja and Malik 1992 

0.4 -0.7 Sakurai et al. I990a 
Adroja and Malik 1992 

0.2 -0.1 Sakurai et al, 1990a 
Adroja and Malik 1992 
Gillot et al. 1995 
Andr~ et al. 1993 
Zygmunt and Szytuta 1995 

0.1 1.5 Sakurai et al. 1990a 
Adroja and Malik 1992 
Zygmunt and Szytuh 1995 

0.4 0.1 Sakurai et al, 1990a 
Adroja and Malik 1992 
Zygmunt and Szytuta 1995 
Adroja and Malik 1992 

5.2 9.0 Andr~ et al. 1995b 
5.2 9.0 3,0 9.62 Zygmunt and Szytuta I995 

TmPdSn 

(FezP) -0,1 7.98 Adroja and Malik 1992 
(TiNiSi) -1,9 7.5 Zygmunt and Szytu[a 1995 
YbPdSn -5 1.45 Adroja and Malik 1992 
(TiNiSi) 

Sakurai  et al. (1995) have es tab l i shed  that  TN o f  S m P d S n  is equal to 12.2K.  At  4 . 2 K  

there  is a s econd  phase  t ransi t ion wh ich  is apparent ly  connec ted  wi th  a change  o f  the  

S m P d S n  m agne t i c  structure.  

Andr6 et al. (1993) have inves t igated the magne t ic  structure o f  TbPdSn.  Be low TN this 

s t ructure  is charac te r i sed  by a s ine wave modu la ted  magne t ic  spin a r rangement ,  w h i c h  
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be low T t = 10 K changes  to a spiral cone. The  magnet ic  structure and magnet ic  propert ies  

o f  ErPdSn  has been  de termined  by Andr~ et al. (1995b). Under  applied field up to 0.2 T 

in the an t i fe r romagne t ic  state the magnet iza t ion  changes  linearly, above this field a sharp 

j u m p  o f  magnet iza t ion  to the fe r romagnet ic  state is observed.  In the ordered state at 2.5 K 

a magne t ic  transi t ion is observed.  Be low this temperature  a modula ted  square structure 

wi th  a propogat ion  vec tor  k = (½, ½, ½) exists. Above  2.5 K a modula ted  sine structure wi th  

a propogat ion  vec tor  k = (kx, ky, kz) forms.  

4.20. RAgSn compounds 

The  magne t i c  susceptibility, resistivity, the rmopower  and l l9Sn M6ssbauer  absorpt ion o f  

RAgSn ,  where  R - - C e ,  Pr, Nd, Sm, Gd-Er ,  have been studied by A d a m  et al. (1990) be- 

tween 4 . 2 - 3 0 0  K. Mos t  compounds  at low temperatures  are ordered ant i ferromagnet ical ly  

(table 27). Above  TN the reciprocal  susceptibil i ty fol lows the Cur ie -Weiss  law. On  the 

p(T) curves  there are kinks corresponding to magnet ic  transitions. For  the compounds  

with Ce, Pr, Sm, Gd, Td, and Ho the the rmopower  is posi t ive (table 27) and changes 

a lmost  l inearly with increasing temperature.  The  the rmopower  o f  E r A g S n  does not  depend 

on the temperature .  The  S(T) curve  o f  N d A g S n  reveals a broad m i n i m u m  around 100 K. 

In S m A g S n  be low TN (28 K) a magnet ic  transition is observed  at 8 K. 

Table 27 
Magnetic and transport properties of RAgSn compounds 

Compound Tu # (#n) O r (K) #of: p (g~ cm) S (~tV/K) Reference 

(K) (#~) 42 K 300 K 4.2 K 300 K 

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 Ba~ela et al. 1995a 
11.5 1.6 -20 3.95 Gillot et al. 1995 

SmAgSn 28 X-~(T) 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 
TbAgSn Curie-Weiss law a 7.8 113 0.5 8.3 Adam et al, 1990 

33 8.5 Bazela et al. 1992 
35 8.5 Ba2ela 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 Ba~ela et al. 1992 
9.5 8.8 Ba2ela 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 

" 0 v and #~n" were not listed. 
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Ba~ela 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 Az 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 N4el 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 T N (K) /~ (#~) 0 v (K) ¢*~Jr (gi~) Reference 

YPtSn 

CePtSn 

PrPtSn 

NdPtSn 

SmPtSn 

GdPtSn 

TbPtSn 

DyPtSn 

HoPtSn 

ErPtSn 

TmPtSn 

5.5 

6.2 

Tt =3.8  

8 

3.5 

T, =2.1 

12 

13.8 

Tt=  10 

8 

9.2 

T t = 3 

Pauli paramagnet 

- 28  2.5 

0.6 ~ 

0.84 b 

0.97 

- 8  3.78 

- 1 0  4.05 

see text 

32 8,9 

- 6  10.2 

4.4 

- 4  10,77 

4 10.7 

8.5 

Routsi et al. 1992a 

Routsi et al, 1992a 

Kadowaki et al. t993 

Ba2ela et al. 1995b 

Routsi et at. 1992a 

Routsi et al. 1992a 

Sakurai et al. 1995 

Routsi et al. 1992a 

Routsi et al. 1992a 

Ba±ela et al. 1995b 

Routsi et al. 1992a 

Routsi et al. 1992a 

Ba2ela et al. 1995b 

10 10 Routsi et al. 1992a 

22 7.93 Routsi et al. 1992a 

~' At 4.8 K. b At 2 K. 
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Fig. 35. Temperature dependence of the resistivity and 
thermopower of single crystal CePtSn directed along the 
(a) X axis, (b) Y axis and (c) Z axis. The arrows 
indicate the ordering temperatures T N and T m (Bando 
et al. 1994). 

observed. There are maxima on the p(T) and S(T) curves at 150-170 K and minima at 30- 
40 K. Also, kinks are observed on the p(T) curve at the magnetic transitions (TN -- 7.5 K 
and Tt = 5.0 K). 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 Tt = 3.8 K. The magnetic structure is a single-Q-type with incommensurate 
modulation vectors k = 0.466b in the region between Tt and TN. 

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 5p-states. 

The magnetic structures of  CePtSn, TbPtSn and DyPtSn were also investigated by 
Ba2ela et al. (1995b). Their data agree with the results obtained by Kadowaki et al. (1993) 
for CePtSn. However Ba~ela et al. (1995b) did not find the phase transition below TN. 

Magnetic structures of  TbPtSn and HoPtSn are also sine modulated magnetic 
k _ [ 2  2 1~ structures• The propogation vector is k = (0, 0.275, 0) and .~ - ~ ,  3, ~ for TbPtSn and 

HoPtSn, respectively. In both magnetic structures there are phase transitions at Tt = 10 K 
for HoPtSn and Tt = 3 K for TbPtSn. 

4.22. R2Cu4Sn 5 compounds 

The susceptibility measurements of R2 Cu4 Sn5 (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 Sm2Cu4Sn5 has not been 
established (table 29). 
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Table 29 
Magnetic properties of R2Cu4Sn s compounds (Komarovskaya and Skolozdra 1992) 
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Compound 0p (K') P++n- (#u/R) Compound 0p (K) /teu (pmlR) 

Pr2CuaSn 5 -3  3.78 Gd2Cu4Sn 5 -10 7.8 

Sm2CunSn 5 X -1 (T) not linear TbzCu+Sn s -18 9.8 

Table 30 
Magnetic and transport properties of RgNi24Sn49 compounds (Komarovskaya and Skolozdra 1985, 

Skolozdra 1993) 

Compound 0 v (K) #err (gq+) p (~tC2 cm) S (btV/K) 

at 78 K at 300 K at 90 K at 300 K 

YgNi24Sna9 Pauli paramagnet 44 88 

LagNi24Sn49 Pauli paramagnet 

Ce9Niz4Sn49 -27 2,56 96 156 

PrgNi24 5n49 -12 3.76 

NdgNi24 Sn49 - 18 3.68 

SmgNi24Sn49 x-t(T) not linear 70 120 

Gd9Niz4Sn49 -21 7.9 82 146 

TbgNi24Sn49 - 17 9.9 

-2.0 0.8 

-1.6 2.0 

-4.2 -2+8 

4.23. R9Ni24Sn49 compounds 

The magnetic and transport data of R9Ni24Sn49 compounds are listed in table 30. The 
Y9Niz4Sn49 and La9Ni24Sn49 stannides are Pauli paramagnets. The z(T) dependence of 
the rest of the compounds, except Sin, follows the Curie-Weiss law (Komarovskaya and 
Skolozdra 1985). 

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

4.24. RNiSn2 compounds (LuNiSn2 structure type) 

The reciprocal susceptibility for the RNiSn2 compounds (R=Gd-Tm) follows the 
Curie-Weiss law in the temperature range 78-293 K. YNiSn2 and LuNiSn2 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 2 (LuNiSn 2 type) compounds (Skolozdra et al. 1988a, 

Skolozdra 1993) 

Compound 0 r (K) #crf (/~) p (bt~ cm) S (~tV/K) 

at 78 K at 300 K at 90 K at 300 K 

GdNiSn 2 -44 8.0 36 70 
TbNiSn 2 - 15 9.7 22 53 
DyNiSn z - 16 10.4 
HoNiSn 2 -6 10.6 21 52 
ErNiSn 2 -9 9.7 58 83 
TmNiSn 2 -5 6.9 
LuNiSn z Pauli paramagnet 

-0.8 -0.5 

0.2 -5.8 

4.25. RMSne (M= Mn, Fe, Co. Ni, Cu) compounds (CeNiSie structure type) 

The magnetic susceptibility has been measured for the RMl-xSn2-y 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 (LaMn0.24Snl.79, CeMno.24Snl.79, PrMn0.24Sn1.79 and PrFe0.24Snl.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 3.96/~B in the La, Ce 
and Pr compounds, respectively (table 32). The value of the moment of PrFe0.24Snl.79 
corresponds to the theoretical moment of  Pr 3+ ion, which indicates the absence of 
magnetic moments on the iron atoms. All alloys ofLaMl_xSn2_y (M=Co,  Ni) compounds 
are Pauli paramagnets. The LaCul_xSn2_y 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 3+ ions. For the RCOl-xSn2-y and RNil_xSn2-y alloys in the homogeneity 
range a wide range of 0 o values (table 31) are observed. In the alloys with a constant tin 
content 0p 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 
RCul-xSn2-y alloys 0p changes significantly less with composition than in RCol_xSnz_y 
and RNi2_xSn2_y series. Moreover, the magnitude of 0 o for RCul_~Sn2_y is higher than 
in the corresponding Ni compounds. It is also seen, that there is a tendency for 0p 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~_xSn2_y (R=La,  Ce, Pr, Nd, Sin) alloys, 
annealed at 1073 K, has been measured over a large temperature range, 5-800K, by 
Weitzer et al. (1992c). The authors have reaffirmed the moment of  the Mn atoms 
(table 33). The CeMnl-xSn2-y compounds are ferromagnetic with T c = 3 2 0 K  for 
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Table 32 
Magnetic properties of RM~ .,Sn2~ v compounds (Skolozdra et al. 1988b,e, Komarovskaya et aL 1988) 
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Compound Op (K) #o~ (#10 Compound 0 v (K) /~,~ (/ZB) 

LaM%.z4 Sn~.79 - 118 4 .18  ~ 

CeMno.24Snl  79 -36 3.28 

PrMno.a4Snl.79 0 4.11 

PrFe0.24Snl.79 0 3.51 
CeCoo.48Sn 2 -9  2.71 

CeCoo.33Sn 2 -3 2.52 
CeCoo.39 Sn~.s - 15 2.54 

CeCo0.3oSnlm -20 2.71 

PrCoo.33 Sn 2 -2 3.52 

NdCoo.33Sn 2 -7 3.63 
LaNiSn~ Pauli paramagnet 

CeNiSn 2 b --2 2.45 

CeNio s 1Sn z -23 2.76 

CeNio.74Snl.96 -6 2.66 

CeNi0 43 Snl.90 - 12 2.54 

CeNio 62Sn1.83 -3 2.73 
CeNio.34SnL7 ~ -10 2.67 
CeNio.s2Snt.71 4 2.63 
PrNiSn 2 -2 3.69 

NdNiSn z -3 3.73 

LaCuo 62Snl.83 diamagnet 

CeCuo 62Snt.83 1 2.40 

PrCuo.62Sn~.83 10 3.62 

NdCuo.74Snl.96 -6 3.80 

NdCuo 43 Snl.9~ 0 3.56 

NdCuo.6zSnt.83 -2 3.60 

NdCuo 52Snl.71 0 3.79 

For Mn atom. 
b TN, 4K; Or, -6.9K; /Gll, 2.56~t~ (Pecharsky et al. 1991). 

Table 33 
Magnetic properties of RMn~_xSn2= ,, compounds (Weitzer et al. 1992b) 

Compound To (K) T N (K) #~ 0v (K) #off Men 
(lq/t~u.) (#n/f.u.) (/~B/Mn) 

LaMn o 27Sn~.8~ -95 4.30 
CeMnSn2 320 0.4 l 17 4.03 3.12 

CeMno.sSn 2 520 0.55 369 3.80 4.04 

PrMno.5oSno.83 16 -14 4.18 3.00 

PrMn0.33Snl 88 20 -5 4.16 3.63 
PrMn0.z6Snl.ss 16 -15 4.17 4.13 

NdMno.5oSn~ s 3 20 -39 4.48 3.76 
NdMno.25 Snl.85 -12 4.07 3.00 

CeMnSn2 and Tc  = 520 K for CeMno.sSn2. The  z(T) dependence  o f  the Ce compounds  

fo l low the Cur i e -Wei s s  law above the Tc  points, and the x(T) dependences  o f  the 

LaMnl_xSn2~ ,  P rMnl~Snz_y ,  NdMnl_xSnz_y and SmMnl_xSnz_y compounds  obey the 

Cur i e -Wei s s  law above the l iquid ni t rogen temperature.  The Pr, N d  and Sm compounds  

undergo  an an t i fe r romagne t ic  phase transit ion at low temperatures.  

The  magne t i za t ion  versus magnet ic  field curves up to 3 T have been  measured  at 5 K. 

The  PrMnl-xSn2_y compounds  exhibi t  metamagne t ic  behaviour  under  applied field above 
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2.5 T. The authors assume for RMnl_zSn2_y 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 119Sn M6ssbauer spectra of the RMnSn2 
(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 15 K, 
which depends on the rare-earth partner, especially at the Sn2 sites. 

The low temperature heat capacity and magnetic properties of CeNiSn2 were measured 
by Pecharsky et al. (1991). The susceptibility follows the Curie-Weiss law from ~40 to 
300K, at 4 K CeNiSn2 undergoes an antiferromagnetic transition. 

The resistivity of the RM~_xSn2_y 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- 
nomenology model which explains the limits of homogeneity ranges and properties of 
the compounds RMl_zSnz-y 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. RsNil.sSnl.5 compounds 

The magnetic susceptibility has only been measured for CesNil.sSnL5. The x(T) depen- 
dence follows the Curie-Weiss law (Skolozdra 1993). The investigation of the Lm-spectra 
for CesNil.sSnl.5 showed that the valence of Ce in this stannide is equal to 3 (Samsonova 
et al. 1985) (fig. 22). 

4.27. RMxSny phases 

The magnetic properties of the RMxSny phases were investigated mainly at low tem- 
perature for the determination of the superconducting transition temperature (tables 34- 
36). The SnEr3Rh4Sn12 and (Sn0.58Er0.42)Er4Rh6Sn18 compounds were studied by neutron 
diffraction (Bordet et al. 1986). The first compound orders antiferromagnetically below 
12 K with magnetic wave vector k = (½, ½,0). In the second compound magnetic reflections 
are observed at 0.4K. The magnetic moments of Erl (3.91/zB) are oriented along the 
Z axis; and the moments of Er2 (1.5/~B) are aligned along the pseudoternary axis which 
is truncated in the cubooctahedra with Er2 atoms in the middle faces. The resistivity of 
the I and I ~ phases has been measured on single crystals. 

The transport data of the RMxSny compounds are listed in table 37. The temperature 
dependence of the resistivity of the GdRhl.07Sn4.21 compound obeys four different power 
laws: p,~ T 3/2 between 2 and 7.2K, p ~  T 2 between 7.2 and l l .6K,  p ~  T from 16 to 
44 K, and p ~ In T above 44 K (Rojek et al. 1986). These dependences are explained in 
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Table 34 

Magnetic (Tin) and superconducting (To) ordering temperatures of  phases I and I' (Espinosa et al. 1982) 

RMxSn v T m (K) T~ (K) RM~.Sn v T m (K) T c (K) 

R M R M 

La Co - 8 

Yb Co - 2.5 

La Ru - 3.9 

La Rh - 3.2 

Eu Rh 11 - 

Gd Rh 11.2 - 

Yb Rh - 8.6 

La Ir - 2.6 

Table 35 

Magnetic (Tin) and superconducting ( i t )  ordering temperatures of  phase 1I (Espinosa et al. 1982) 

RM~.Sn v T m (K) T~ (K) RMxSnv T m (K) T~ (K) 

R M R M 

Dy Co 5.6 

Ho Co 2.9 - 

Lu Co - 1.5 

Sc Ru 3.7 - 

Y Ru 1.3 - 

Sc Rh 4.5 

Y Rh - 3.2 

Tb Rh 3.8 

Dy Rh 2.1 - 

Ho Rh 1.7 - 

Er Rh 0.6 1.2 

Tm Rh - 2.3 

Lu Rh - 4.0 

Sc Ir - 1.1 

Yb lr - 2.2 

Lu Ir - 3.2 

Table 36 

Magnetic (T,,)  and superconducting (T~) ordering temperatures of  phases 1I' (III) (Espinosa et al. 1982) 

RMxSnv T m (K) T¢ (K) RMxSn v T m (K) T~ (K) 

R M R M 

Y Ru 1.3 - 

T b  Rh 3.8 - 

Dy R1l 2. I - 

Ho Rh 1.7 - 

Er Rh 0.6 1.2 

T m  Rh - 2.3 

Sc Os - 1.5 

Y Os - 2.5 

Dy Ir 1.55 - 

Tb Os - 1.4 

Ho Os 1.4 

Er Os 0.5 1.3 

Tm Os 0.6 1.1 

Lu Os - 1.8 

La lr - 2.6 

Y lr 2.2 
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Table 37 
Transport properties of RMxSny compounds 

Compound p (Izf2 cm) S (~V/K)  Reference 

at78K at 293 K at90K at 300K 

(Luo 4Sno 6)Lu4Fe6Snl~ 290 260 -4.2 -10.7 Skolozdra 1993 

Lu4Fe6Snt9 480 590 Skolozdra 1993 

Tm4Fe6Sn19 410 660 Skolozdra 1993 

Gd6CosSn26 80 195 -I.0 2.0 Skolozdra 1993 

Tb6CosSn26 70 170 2.0 4.0 Skolozdra 1993 

Tb4Co6Snl9 100 190 -3.0 -10.5 Skolozdra 1993 

Ho4Co6Snl9 45 145 -5.0 -14.5 Skolozdra 1993 

p a t  10K p a t 3 0 0 K  

YRhxSnv 28 ~ 290 Remeika et al. 1980b 

PrRhxSn ~ 5.4 114 Remeika et al. 1980b 

EuRhl.sSn42 16 ~ 133 Rojek and Sulkowski 1987 

GdRht 07Sn421 842 610 Rojek et al. 1986 

HoRh~.2Sn~9 369 310 Remeika et al. 1980b 

ErRhHSn36 400 340 Remeika et al. 1980b 

ErRht.~ Sn3. 6 605 b 515 Rojek and Sulkowski 1986 

TmRhL3Sn4. o 304 286 Remeika et al. 1980b 

YbRhl.4Sn46 9.7 90 Naushad Ali et al. 1985 

LuRhl.zSn40 941 h 800 Rojek and SuIkowski 1986 

" At 4.2K. h A t 2 K .  

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 EuRhl~sSn4.2 and YRhl.4Sn4.6 phases have a high resistivity (Naushad Ali et al. 
1985). The p(T) curve of EuRhl.sSn4.2 has two rectilinear ranges - from 170 to 300K 
and above TN (13 K) to 50 K. The p(T) function of the Yb stannide below 20 K to 7. l 8 K 

is described by p =Po +A T2. At high temperatures p has a tendency to saturation. 

The resistivity of ErRh 1. l Sn3.6 and LuRh 1.2 Sn4.0 decreases with rising temperature. The 
p(T) function of LuRhL2Sn4.0 is logarithmic with a broad minimum around 210 K (Rojek 
and Sutkowski 1986). 

The (Snl-xLux)Lu4Fe6Sn18 and (Snl-zTmx)Tm4Fe6Snl8 phases have a high resistivity 
as well (fig. 36). The substitution of a part of Sn atoms by Lu atoms [i.e. the composition 
(Sno.6Lu04)LuaFe6Snls] leads to a negative temperature coefficient of the resistivity 
(Skolozdra 1993). 

SmRuSn3 (Sm8RusSn24, phase l )  is a valence fluctuating compound with antiferro- 
magnetic ordering below 6 K (Fukuhara et al. 1992). 
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Fig. 36. Temperature dependence of the resis- 
tivity of (I) Tm4FerSnm, (2) Lu4FeaSn18 and 
(3) (Lu0.4Sn0.6)Lu4FerSn (Skolozdra 1993). 

One of the causes of the high R values of phases I and H is the presence of a significant 
ion-covalent contribution to the bonding. 

4.28. R6Co2Sn and R6Ni2Sn compounds 

The temperature dependence of magnetic susceptibility has been measured for all 
R6Co2Sn compounds (Koretskaya et al. 1988b) and for some R6Ni2Sn compounds 
(Sichevich et al. 1984) in the temperature range 78-293 K (table 38). All starmides except 
Gd6Co2Sn are paramagnetic in this temperature range, the Y and Lu compounds are Pauli 
paramagnets. The X l(T) function of Gd6Co2Sn 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 Er6NizSn compound [as 
well as Er6Ni2Pb, Er6Ni2(Sn0.TsGa0.15) and 50:50 Er6Ni2Sn/Er3Ni]. These alloys have 

Table 38 
Magnetic and transport properties of RrM2Sn compounds (Koretskaya et al. 1988b, Sichevich et al. 1984) 

Compound O r (K) /~cg (ItJ~) p (~tf2 cm) S (gV/K) 

at 78 K at 300 K at 90 K at 300 K 

YrCo2Sn Pauli paramagnet 

GdrCo2Sn x-t(T) not linear 

Tb6CozSn 38 9.4 

DyaCo2Sn 15 10.6 

Ho~Co2Sn 10 10.5 

ErrCozSn 7 8.6 

Tm6Co2Sn 1 7.4 

Lu6Co2Sn Pauli paramagnet 

Tb6NizSn 42 10.0 

DyrNi 2Sn 24 10.7 

ErrNi 2 Sn - 17 ~ 

Tm~Ni2Sn 3 7.6 

160 240 -0.4 - 1.4 

40 180 0.3 -1.4 

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 Er6Ni2Sn alloy in the as cast 
and annealed conditions was measured in the temperature range 1.5-40 K. The thermal 
dependence of heat capacity is characterised by a major peak at 17-18 K. There is also 
a small peak at ~2.5 K and a slightly larger one at ~8 K. These two peaks were due to 
transformations in additional phases because the Er6Ni2 Sn alloy was multiphase. The peak 
at 17-18 K corresponds to a ferrimagnetic ordering in ErrNi2Sn with Tc ,-~ 17 K. 

The authors indicate that the EroNi2X phases (X=Sn, Pb) and Er6Ni2(Sn0.75Ga0.15) 
would be good cryogenic regenerator materials for a G-M cryocooler which operates 
down to ~ 10 K. 

4.29. R7Co6Sn23 compounds 

For all RTCo6Sn23 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(T) dependence obeys the Curie-Weiss law (table 39). The 
YTCo6Sn23 compound is diamagnetic. 

Table 39 
Magnetic properties of RTCO6Sn23 compounds (Skolozdra et al. 1986b) 

Compound 0p (K) /z~j~- (/~) Compound 0p (K) /~efr (#B) 

YTCO6Sn23 diamagnet Ho 7C0 6Sn23 1 1 0.7 
Tb 7C0 6Sn23 -14 9.8 Er 7C0 6Sn23 5 9.7 
DyTCo~Sn23 -4 l 0.5 

4.30. R3Ni2Sn 7 compounds 

The magnetic and transport data of R3Ni2Sn7 compounds are listed in table 40. The 
La3Ni2 Sn7 stannide is diamagnetic (X293 = --0.14 × 10 -6 cm 3/g). The z(T)  dependence of 
Pr3Ni2Sn7 and Nd3Ni2Sn7 follows the Curie-Weiss law. For Ce3Ni2Sn7 the Z-l(T) 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 Ce3Ni2Sn7 also differs from that of La3Ni2Sn7 and Pr3Ni2Sn7. On the basis of 
the Ce3Ni2Sn7 properties an intermediate Ce valence behaviour was suggested for this 
compound. For Ce3Ni2Sn7 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 R3Ni2Sn 7 compounds (Skolozdra et ak 1987, Skoiozdra 1993) 

505 

Compound 0 v (K) #~Jr (kq~) p (gf2 cm) S (mxV/K) 

at 78 K at 300 K at 90 K at 300 K 

La3Ni2Sn 7 diamagnet 66 90 -2.0 -2.0 

Ce3Ni2Sn 7 39 2.47 68 140 9.2 14.0 

Pr3Ni2Sn 7 - 6  3.58 78 100 -1.6 -1.0 

Nd3Ni2Sn 7 -5  3.73 

4.31. R2NiSn6 compounds 

The temperature dependence of the magnetic susceptibility of the R2NiSn6 compounds 
(R = Ho, Er, Tin) is described by the Curie law (0p = 0). Lu2NiSn6 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 R2NiSn ~ compounds (Koretskaya et al. 1988a, Skolozdra 1993) 

Compound 0p (K) #~n" (#~) p (~tQ cm) S (gV/K) 

a t 7 8 K  at 300K a t 9 0 K  at 300K 

Ho2NiSn6 0 10.7 13 44 -0.6 0.4 

EhNiSn ~ 0 9.6 

TmzNiSn 6 0 7.5 18 68 -0.6 1.0 

Lu2NiSn ~ 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-earth atom that defines their magnetism. At high temperatures 
(above 50-100K) susceptibility of the compounds &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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O:l(gj-1)2JiJ*ll) Fig. 37. The 0p dependence of the de Gennes function of  
some stannides. 

the corresponding R 3+ 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 0p dependence 
on the lanthanide metal is observed as it is in the compounds of the heavy lanthanides. 
For the series of the isostructural RCoSn, R6CusSn8 and R7Co6Sn23 compounds the 
0p magnitude is proportional to de Gennes function G = (g j -  1) 2 J(J + 1) and there is a 
change in sign for 0p for the R6Cu8Sn8 and R7Co6Sn23 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: 

3~Z2 (gj 1 ) 2 J ( J +  1)~-~ F(z) (1) 
O p  -- k E F g 2 2 J s f  - 

i 
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where g2 is the atomic volume, Z is the number of conduction electrons, Jsf is the 
exchange integral between the localized lanthanide spin S and the conduction electrons 
spins. The function F(z) is defined as 

F(z) = (z cos z - sin z) z -4, (2) 

where z = 2kFrio , and rio 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 kF. It follows from eq. (1) 
for a series of isostructural R compounds in the case of the RKKY exchange interaction 
that 0p 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 0p sign as observed for R6Cu8Sn8 and RTCo6Sn23 can be realized 
only by the function F(z) which changes from one sign to the opposite sign as kF varies. 
An increasing or decreasing kF 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 0p sign for RrCusSn8 and RTCo6Sn23 is caused by 
a change of the band structure because CEC in an isostructural series of the compounds 
does not change. Apparently in the R6CusSn8 and R7Co6Sn23 compounds as the atomic 
number of R increases the electron energy spectrum changes with an accompanied shifting 
of kF. If kF 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 0p sign inversion 
at the transition from Ho6CusSn8 to Er6Cu8Sn8 and from Dy7Co6Sn23 to Ho7Co6Sn23 
supposes such change of the electron energy spectrum. This can explain the absence 
of the Yb6CusSn8, Lu6Cu8Sn 8 and Tm7Co6Sn23 , Yb7Co6Sn23 , Lu7Co6Sn23 compounds 
because a transformation in the band structure leads to the unstability of the compounds 
with Gd6CusGe8 and HoTCo6Sn23 type structure. The example of Tm6CusSn8 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 0p sign, it also explains a 
structural change in a series of compounds. 

The 0p(G) dependences of the R6Co2Sn, RNiSn and RCuSn compounds (fig. 37) 
are quite interesting. For these stannides there is a significant difference in 0p 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 0p(G) approaches the 0p 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 0p 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 0p 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 2' 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 starmides. 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 CeNiSi2, 
La3CoSnT, Lu2NiSn6, and Sm2Cu4Sn5 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 R6MI3 Sn, RCo3 Sn and RIVIn6 Sn6 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 80-360 K. 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(T) 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): 

zc2k 2 T [ dlno(EF)'~ 
S - 3 e  ~ ~ J e=EF ' (3) 

where ~y(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(T) 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 ternatT stannides 

From the point of view of superconductivity the RMnxSny 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 RPd2Sn compounds (R= Sc, Y, Tm, 
Yb, Lu) of MnCu2A1 type are also superconductors, with a Tc in the range 2-5 K (see 
table 15). 

The (Erl-xSnx)Er4Rh6Snl8 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. 198l) with Tc = 1.36K and Tc=0.46K.  Measurements of 
susceptibility, magnetization and resistivity of a single crystal (Erl-xSnx)Er4Rh6Sn~8 
have shown that the superconductivity is destroyed by the onset of long-range ferro- 
magnetic order at low temperature (Genicon et al. 1985). Studies of single crystals 
(Erl-xSn~)Er4Rh6Sn18 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~ = 1.3 K), are reentrant superconductors for x ~ 0.30 (Tc = 1.24 K, Tc = 0.34K), 
and undergo a single magnetic transition for x ~ 0.75 (Tc = 0.68 K). 
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With the aim of determining the mechanism of both orderings, properties of the solid 
solution ErxYl-xRh2.lSn3.6 were studied by Houwman et al. (1987). The substitution of 
Y by Er atoms suppresses the superconducting transition temperature from 3.13 K for 
YRhl.lSn3.6 to 1.1 K for ErRhl.lSn3.6. 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 To is reduced 
more than it was predicted by the Abrikosov-Gor'kov theory. This additional decreasing 
of Tc 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 
zeft" = 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 ErOsxSny and TmOsxSny compounds with Tc = 1.3 K, Tc = 0.5 K for the 
first stannide and with Tc = 1.1 K, Tc = 0.6 K for the second one. 

The coexistence of superconductivity and magnetic order has been found in the 
Heusler phases ErPdzSn and YbPd2Sn. As a consequence of the measurements of 
the heat capacity, magnetic susceptibility, and resistivity it was established that the 
superconducting transition temperature in ErPd2Sn is 1.17K (Shelton et al. 1986). 
A further decrease of the temperature leads to long range magnetic order at Tc = 1.00 K, 
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 ErPd2Sn 
by Stanley et al. (1987). They have found that antiferromagnetic correlations developed 
below Tc with an antiferromagnetie transition occurring at -1.0 K. The magnetic structure 
is of the type II, 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 
YbPd2Sn 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 3+ ion is a F7 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 ErPd2Sn and, apparently, for YbPd2Sn as well. 
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light weight  138 

liquid-like structure in 140 

liquid quenching of  85 
- l iquid/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 20i  

- - master  curve 201 

- 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 

- max imum diameter in 215 

- maximum shear plane in 140, 171 

- mechanical polishing of  137 

mechanical properties of 107, 108, 123-125 
mechanical relaxation in t98-202  

mechanical strength of 108, 153, 173 

melt  spinning of 86, 95, 148, 183 

- melting temperature of  87, 102, 150, 153 

- metal -meta l  95, 149, 195 

- metal -metal  pairs in 197 

metal-metal loid  86-94, 149, 195, 197 

- metall ic  mold casting of  148, 156, 161 

metalloid concentration in 87 

M g - R - M  148, 153, 156, 173, 177 

- M g - R  systems 148 

- M g - Z n - 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- t76  

- - A 1  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 

- noncrystall inity of 103, 158 

- novel 85 

- nucleation in 142, 157, 190, 214 

outer electronic structure of l 16 

- outer electrons in 119, 121 

- - d-shell 94 

- oxide glass 104 

packing density in 133 
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amorphous alloys (cont'd) 
- packing fraction in 158 

- particle size effect in 140 

- particle size in 138, 174 

- peak posit ion in 105, 160 

- perfect crystal effect in 140 

- perfect crystall ine strucmre in 138 

- phase boundary in 139 

- phase separation in 94, 199 

- plastic elongation of  131 
- pores in 162, 214 

- - coalescence and annihilation at surface 

163 

- porosity of  163, 214 

- powder 130, 148 

- powder  metal lurgy of  136 

- pre-existing A1 nuclei  in 142 

- precipitation in 175 

- p r e p e a k i n  103, 158 

- p roofs t rength  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 solidifieation of  101, 136 
reduced glass transition temperature of  157, 

187 
- reducfilization of  203-212 

ù treatments 203 
- relative density of  130, 203 

- relaxation mechanism in I98 

- relaxation peaks in 199 

- relaxation spectrum of  201 

relaxation t ime of  197, 198, 21I  

- relaxed structure in 205 

- reversible process in 205 

- reversion in 205 

- r ibbon 148 
- scattering intensity in I92 

- scattering profile of  112, 193 

scattering vector in 88 

- second neighbor in 194 
- second-stage glass transition of  198 

- semiconducting l iquid 104 

- semiconducting nature 93 

- semiconductor 89 

shear deformation in 140, 176 

ù 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 10Õ 

- spatial isotropy in 115 

- specific heat of  128, 164, 185, 187, 196, 203 

- specific strength of  123, I25, 151, 173 

- splitting phenomenon in 94 

- stability of  189 
- static strength in I23 

- 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 
- structurat environment in 191 

- strucmral parameters in 193, 194 

- structural relaxation in 89, 187, 192, 195-198, 

205, 211 

- structural relaxation process in 207 

- stmctural skeleton of  122 

- stmctural stability of  126 

- structure analysis of 158-161 

- structure of  158 

- superconducting properties of 98, 118-121 

supercooling ability of  177 

- supercooling in 190 

- supeflattice peaks in 183 

- superplasticity of  136 
- supersaturated solid solution in 99, 174 

temperature coefficient of resistivity of  93 

- tensile fracture strength of  93, 187 
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- 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 

- thermogrmns 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 

- rein pattern in t71, 176 
- vibrational specific heat in 187 

viscoelasticity in 197-202 
- viscosity in 96, 128, 168, t90, 198, 211 
- viscous ftow 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 
- yietd 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 strueture 60, 88, 103-105, 111-i 14 
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 

AuxAg I _x:Yb 309 
Au t xErx 241 
Au:Er 241,242 
Au:Gd 237 
Au:Yb 294, 309 

ball mills 50, 51 
attrition 51 
planetary 50 

- tumbling 50 
- vibratory 50 
band structure 414 

- CeSn 3 414 
LaSn 3 416 

Barnes-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 + crystalline 132 
- crystalline 171-173 
- icosahedral base alloy 146 
bulk anisotropy 30 
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C15 compounds 315 

see  also compounds with Laves phases 

Campbell 's  model  350, 351 ,385  

canting of  surface magnetizat ion 28 

carrier 118 

carrier density 117 

Ce-Fe-Zr  57 

CeA13:Gd 302, 303 

CeBe~3:Gd 314 

CeCo~:Gd 256 

Ce(CUl _ xNi~)z:Gd 305 

CeCuzSi 2 301 
CeCuzSi2:Gd 299, 302 

Ce:Dy 246 

Ce:Er 246 

Ce l_xGd~ 238 

Ce 1 _xGdxPd3 260 
Ce(Irl _ ,Osx)2:Nd 313 

Ce(Irl _ xPtx)2:Nd 313 
CeIh :Gd  313 ,314  

CeIh :Nd  313 

CexLa I _xOS2:Gd 311 
Ce:LaOs2:Gd 311 

CeP 279 

Ce(Pdl _ xAgx)3 :Gd 312 

Ce(Pd 1 _ xRhx)3:Gd 312 
CePd 3 :Er 257 
CePd3:Gd 310, 3 1 1 , 3 1 4  

CePd3:Mn 312 

CePd 3 :Yb 259 
Ce resonances 

- Laß i  262 

- YAs 262 

- YBi 262 

Ce(RhxPtl _ ~)2:Er 314 
CeRh2:Gd 313 ,314  

CeRh 2:Nd 313 

CeRh 3:Yb 257, 259 

CeRu~:Gd 315, 316 

CeRu2:Nd 316 
Cel _ xScxPd3:Gd 312 

CexY ~ _xA12 300 

CexY l _xPd3:Gd 311 

chalcogenides 279 

charge densities 20 

Chevrel phases 315, 316 

Co-induced moments  347 
coalescence o f p o r e s  163 

collinear phase 366 
col l inear-noncoll inear  phase transitions 366 

Col lver -Hammond rule 119 
Co-magnetic moment  377 

combustion reactions 49, 56 

compensation point 371,373 

compensation temperature 360, 371 ,372  

compounds with AB 2 cubic structure 253-255 

compounds with AuCu 3 structure 257 

compounds with CsCI structure 248, 249 

compounds with Laves phases 249-253,  315 

conduction electrons 94, 117 

- concentration (CEC) 507 

coordination number 104, 111, 113, 159, i93, 

468 

coordination polyhedra 466 

correlation energies 28 

coupling 5, 18, 20, 35 

- Ruderman-Ki t te l -Kasuya-Yosida  (RKKY) 

18 

covalency parameter 263 

critical fields 366, 367, 369 

critical phenomena 31-35 

- critical exponents 31, 35 

power law dependenee 32 

- scaling relations 33 

crystai field effects 508 
crystal structure and atomic parameters 

of  binary stannides 
ù Ce-Sn 403 ,404  

- - CeSn 2 402 

ù Ce2Sn 5 408 
ù Ce3Sn 402 

ù Ce3Sn 5 402 

ù Ce3Sn 7 408 
- - Dy-Sn  405, 406 

- - Dy3Sn 7 407 
- - Er-Sn 406 
- - Eu-Sn 404, 405 

- - EuSn 402 

- -  Gd-Sn 405 

- GdSnz75 409 
ù Gd3Sn 7 408 
- - Ho-Sn 406 

- - La-Sn 403 

- - LaSn 402 

LaSn 2 402 

- -  La3Sn 402 

- - La3Sn 5 402 
Lu-Sn 407 

- Lu 5Sn 4 434 
- - Nd-Sn  404 
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- - N d S n z  4 0 2 ,  4 0 7 ,  4 0 8  

- - N d 3 S n  4 0 2  

- - P r - S n  4 0 4  

- - P r S n 2  4 0 2  

- P r 3 S n  4 0 2  

- - P r 3 S n  5 4 0 2  

- - R S n  4 0 2  

- R S n  2 4 0 2 ,  4 0 7  

- R S n 3 - x  4 0 7  

- R S n  3 4 0 7  

- - R 2 S n  s 4 0 7  

- R 3 S n  4 0 2  

- - R 3 S n  v 4 0 7  

- - R » S n  3 4 0 2  

- - R s S n  4 4 0 2  

- -  S c - S n  4 0 3  

- S m - S n  4 0 4  

- - S m S n  2 4 0 2  

- - T b - S n  4 0 5  

- - T b 3 S n  7 4 0 7 ,  4 0 8  

- - T m - S n  4 0 6  

- - T m 2 G e 4 . s G a 0 .  õ 4 0 9  

- Y - S n  4 0 3  

- - Y b - S n  4 0 6 ,  4 0 7  

- - Y b S n  4 0 2  

- o f  t e r n a r y  s t a n n i d e s  

- - C e - C o - S n  4 3 2  

- - C e - M - S n  4 1 9 ,  4 2 0  

- - C e - N i - S n  4 3 3  

- - CeMno.24Snl .v9  4 5 8  

. C e M n o . 4 S n l .  9 4 5 7  

- - C e N i S n  4 4 8  

- C e N i l . 9 S n  2 4 4 6  

- - C e N i 2 S n  2 4 4 5  

- - C e N i « S n  2 4 4 1  

- - C e N i s S n  4 3 6 ,  4 3 7  

- C e 2 N i 2 S n  4 4 3  

- - C e s N i ~ . s S n l .  s 4 5 9  

- C e N i z  S n 2 ( L T  ) 4 4 6  

- - C e P d S n  4 4 8  

- - C e P t S n  4 4 8  

- C e s R h 4 S n l o  4 5 8  

- D y - M - S n  4 2 6 ,  4 2 7  

- - D y O s x S n y  4 6 2  

- E r - M - S n  4 2 8 ,  4 2 9  

- E r C o S n  4 4 7  

- - E r ö C o z S n  4 5 8  

- - E r ö N i 2 S n  4 5 8  

- - E r P t 2 S n  4 4 2  

- - E r R h x S r l v  4 6 1  

- - E u - M - S n  4 2 4  

- E u C d S n  4 4 9  

- - E u Z n S n  4 4 8  

- - G d - C o - S n  4 3 3  

G d - C u - S n  4 3 5  

- G d - M - S n  4 2 4 ,  4 2 5  

- G d - N i - S n  4 3 4  

- - G d C o z s S n L 2  4 3 9  

- G d C o 3 S n  4 3 9 ,  4 7 3  

- G d ö C o s S n 2 6  4 6 0  

- - G d ö C u s S n  8 4 4 6  

- G d M n 6 S n  6 4 4 2  

- - G d N i 2 S n  2 4 4 5  

- - G d N i 3 S n ;  4 4 3  

- - G d z N i 2 4 S n 4 9  4 5 3  

- - GdgNi24Sn49  4 5 3  

- G d P t 2 S n  4 4 1 , 4 4 2  

- g r o u p s  o f  s t r u c t u r e s  

- - - f i r s t  4 6 6  

- s e c o n d  4 6 7  

- - - t h i r d  4 6 7  

- H o - M - S n  4 2 7 ,  4 2 8  

- H o A u S n  4 4 9  

- H o 7 C o ö S n 2 3  4 6 2 ,  4 6 3  

- H o F e 6 S n  6 4 4 2  

- - H o N i 4 . g S n H  4 3 8  

- - H o P d S n  4 4 9  

- - L ~ F e - S n  4 3 1  

- - L a - M - S n  4 1 8 ,  4 1 9  

- - L a 3 C o z S n  7 4 6 4  

- L a 6 C o l 3 S n  4 3 9  

- - L a C u S n  4 4 8  

- - L a ö F e l 3 S n  4 3 9  

- L a N i S n  2 4 5 6  

- - L a z R h 3 S n  s 4 5 2  

- - L u - C o - S n  4 3 3  

- L u - C u - S n  4 3 5  

- - L u - F e - S n  4 3 2  

- - L u - M - S n  4 3 0 ,  4 3 1  

- - L u - N i - S n  4 3 4  

- L u » C o z 7 S N 4  4 4 0  

- Lu3Co7 .77Sn  4 4 4 0 ,  4 4 1  

- LuTCoöSn2s  5 0 7  

- - L u C u S n  4 4 8  

- - L u ö C u s S n  8 5 0 7  

- - L u F e ö S n  6 4 4 3  

- - L u N i S n  2 4 5 5 ,  4 5 6  

- - L u N i 2 S n  4 4 1  

- - L u N i 4 S n  4 3 8  

- - L u 2 N i S n  6 4 6 5  
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c r y s t a l  s t r u c t u r e  a n d  a t o m i c  p a r a m e t e r s -  o f  t e r n a r y  

s t a n n i d e s  ( c o n t ä )  

- - N d - F e - S n  4 3 2  

- - N d - M - S n  4 2 2 ,  4 2 3  

- - N d - M n - S n  4 1 6  

- - N d C o a 3 o S n l . 7 2  4 5 7  

- - NdCoo.39Snl .84  4 5 8  

- - N d C o o . g S n l .  4 4 5 7  

- - N d M n ö S n  6 4 4 3  

- N d R h 2 S n  4 4 5 4 ,  4 5 5  

- - P r - C u - S n  4 3 5  

- - P r - M - S n  4 2 0 ,  4 2 1  

- - Pr(CUo.TzSrlo.zs)l 3 4 3 9  

ù PrCuo.25Snl.25 4 4 8  

ù P r M n ö S n  6 4 4 3  

- - P r R h x S n y  4 5 9  

- - R A g S n  4 4 8  

- R A u S n  4 4 8 ,  4 5 0  

- - R C o S n  4 4 8  

- - R C o 3 S n  4 3 9 ,  4 4 0 ,  4 7 3 , 4 7 4  

- - R C o ö S n  6 4 4 3  

- - R ö C o s S n z 6  4 6 0 ,  4 6 1  

- - R 7 C o ö S n 2 3  4 6 2  

- - R(Cuo.7zSno.28)i  3 4 3 9  

- - R C u S n  4 4 8  

- - R C u 2 S n  2 4 4 5  

- - R 2 C u 4 S n 5  4 5 1  

- - R ö C u s S n  8 4 4 6  

- RFeo.33Sn 2 4 5 6  

- -  R F e ö S n  6 4 4 3  

ù R ó F e I 3 S n  4 3 9  

- - R s I r 4 S n l o  4 5 9  

- - R M x S n y  4 5 9  

- - I p h a s e  4 6 1  

- - - I '  p h a s e  4 6 1  

- - / / p h a s e  4 6 1  

- - - I I I  p h a s e  4 6 2  

ù - V p h a s e  4 6 2  

- - V I I  p h a s e  4 6 2  

- - I '  s t r u c t u r e  4 6 1  

- - RMo.24Snl .79 4 5 7  

- R M I  _ x S n l _ y  4 5 7  

- R M  l _ x S n 2 _ y  4 5 7  

- - R M S n  4 4 7 ,  4 4 9  

- - R M S n  2 4 5 7  

- - R M ö S n  6 4 4 2  

- - R ö M 2 S n  4 5 8  

- - R M n o . 3 3 S n  2 4 5 6  

- - R M n S n 2  4 5 5  

- - R M n ö S n  ~ 4 4 3  

- - R 6 M n 8 S n  8 4 4 6  

- -  R N i  l _ x S n z _ . v  4 5 7  

- - R N i S n  4 4 8  

- - R N i S n  2 4 5 5  

- - R N i 2 S n  2 4 4 5 ,  4 4 6  

- - R N i 3 S n  2 4 4 4  

- - R N i 4 S n  2 4 4 1  

- - R N i s - x S n l  +x 4 3 8  

- - R N i s S n  4 3 7  

- - R 3 N i 2 S n  7 4 6 4  

- - R ~ N i S n  6 4 6 5  

- R P d S n  4 4 8  

- - R P d 2 S n  4 4 1  

- - R P t S n  4 4 8  

- - R R h z S n  4 4 5 5  

- - R 2 R h 3 S n  » 4 5 1  

- - R s R h 4 S n l o  4 5 9  

- - R ö R h s S n z 6  4 5 9 ,  4 6 1  

- - S c - C u - S n  4 3 5  

- S c - M - S n  4 1 7  

- - S c C o 2 S n  4 4 1  

- - S c N i z S n  4 4 1  

- S c P t 2 S n  4 4 1  

- -  S m - C o - S n  4 3 3  

- S m - M - S n  4 2 3 ,  4 2 4  

- - S m 2 C u 4 S n  » 4 5 0 ,  4 5 1  

- -  SmFeo.24Snl.79 4 5 8  

-- -- SmMno.24Snl .79  4 5 8  

- - S m M n ö S n  6 4 4 3  

_ _ S n  1 _ x E r x ) E r 4 R h ö S n l 8  

- - S n R 3 R h 4 S n l z  4 5 9  

- - S n I R 3 R h 4 S n I 2  4 6 0  

- - S n Y b 3 R h 4 S n  n 4 6 0  

- - T b - M - S n  4 2 5 ,  4 2 6  

- T b P t 2 S n  4 4 2  

- T b R h x S l l v  4 6 2  

- T b 5 R h ö S n 1 8  4 6 2  

- T m - M - S n  4 2 9 ,  4 3 0  

- - T m 7 C o ö S n 2 3  5 0 7  

- T m 6 C u 8 S n  8 4 4 6 ,  5 0 7  

- T m F e  6 S n  6 4 4 3  

- - T m P t z S n  4 4 2  

- - Y - C o - S n  4 3 2  

- Y - C u - S n  4 3 5  

- - Y - F e - S n  4 3 1  

- - Y - M - S n  4 1 7 ,  4 1 8  

- - Y - N i - S n  4 3 3  

- - Y - P d - S n  4 3 5  

- Y C o 3 S n  4 3 9  

- - Y M n S n 2  4 5 5  

4 6 I  
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- - YNiSn 447 

Yi3Pd40Sn 3 444 

- - Yi3Pd40Sn31 445 
ù YPt2Sn 442 

- YzRh3Sn5 451 ,452  
- - Y b - M - S n  430 

- - YbCdSn 449 

- - Yb7CoöSn23 507 

- YböCusSn 8 507 

- YbNi2Sn 441 

- - YbRhxSny 459 

- Yb6RhsSn26 459 
YbZnSn 449 

crystall ine electric field 228, 229 

crystalli te sizes 52 

CsCI structure 248, 249 

Cu3Au structure 248 

Cu I_xDyx 248 

Cux(Dy2S3)I -x  58 

Cu l_xErx 247 
CuzMg 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 splitt ing 345 

- magnet ic  moments  375-377 

magnet i sm 374 

- susceptibil i ty 357, 358 

3d-3d  exchange coupling 

- relations 358 
strength 378 

3d-3d exchange integral 351 

3d-5d energy separation 344 

3 & 5 d  exchange integral 350 
3d-5d  hybridization 343 

- 5d-electron concentration dependent 345 

- 3d magnet ic  moment  dependent 380 
different roles of  the external and internal fields 

349 

effect of  combinat ion of  local 4f-exchange and 

M-band splitt ing 349 

- effect of  3d-band splitt ing 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-t8,  20, 25, 30 

- bulk moment 19, 20, 23 

electrons l 10 
- exchange splitting 2 4 3 6  

- moment  24 
- surface moment  20, 25 

- surface states 18, 23 

de Gennes factor 357, 484, 506 

de Haas-van Alphen effect 413 

- CeSn 3 413 

LaSn 3 416 
"dead" layers 30 

~-Er2S 3 58 
6-Tm 2S 3 58 

6-YzS 3 58 
density of  states 508 

dimensionali ty cross-over 33 

4d-induced moments 346 
disordering 49 

displacement reactions 52, 54 

disproportionation 48, 49, 64 

Dy-Fe 57 

D ~ F e - Z r  57 

DyCo 3 371 

DyC%2 372 

Dy2(Co t _ xNix)17 390 
DyCol ;B 6 368 

Dy2S 3 58 
dynamic magnetic susceptibitity 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 3 412, 414 

CeaSn s 412 

Ce3Sn 412 

- - Ce3Sn 7 412 
C%Sn 3 409, 412 
EuSn 3 412 
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electr ic  r es i s t iv i ty  - o f  b ina ry  s tannides  (cont ä) 
- - GdSnz75 412,  415 

- G d S n  3 (Cu3Au)  412  

- - H o S n  3 412,  415 

ù L a S n  3 412  

- - La2Sn 5 412,  415 

ù La3Sn 7 412,  415 

- - L a s S n  3 412  

- - N d S n  2 416  

ù R S n  3 416 

- - S m S n  2 416  

- - S m S n  3 412 

- o f  ternary  s tannides  

- CeCu2Sn  2 482,  483 

ù C e l h S n  2 483 

- - C e N i S n  486,  488 

ù CeNi2Sn  2 480,  482  

- - CeNi4Sn  2 475  

ù C e N i s S n  469,  470  

ù Ce2NiŒSn 483 

- - CePdzSn  2 483 

- - C e P t S n  495,  496  

- - CePt2Sn 2 483 

- -  CeRh2Sn  2 483 

ù ErPdSn  492  

- - ErRhHSn3.  6 502 

- E u P d S n  492  

- - EuRhx.sSn4. z 502 

- - GdRhl.07Sn4.21 500 

- LaCu2Sn  2 483 

L a N i S n  488 

- - LaNi2Sn  2 482  

- - LaNi4Sn  2 475 

- - L a N i s S n  469,  470  

- - Lu4Fe6Snl8 503 

- - LuRhl.2Sn4. o 502 

- - (Luo.4Sno.6)Lu4F%Sn 503 

- - P rN i sSn  469,  470  

- - R A g S n  494 

- - R C o S n  487  

- - RCo3Sn  474  

- - RCoöSn  6 479 

- - R(Cu0.72Sno.28)l 3 472  

- RCu2Sn  2 481 

- RöCusSn  8 485 

- - RFeöSrl 6 479  

- - RMxSny 500,  502 

- R M  l _ x S n 2 _ y  500 

R M 2 S n  2 480,  481 

RöM2Sn 503 

- R N i S n  486  

- - RNi2Sn  2 481 

- - RNi4Sn 2 475 

- - R N i s S n  469 

- - R3Ni2Sn 7 504, 505 

- RgNi24Sn49 497 

- - R N i S n  2 ( L u N i S n  2 type) 498 

- - R2NiSn  6 505 

- - R P d S n  492, 493 

- - S m N i S n  490 

- - (Sn I _xLu~)Lu4F%Sn18 502 

- - (Sn0.6Lu0.4)Lu4Fe6Sn18 ] 502 

- - (Snl _xTmx)Tm4Fe6Snl8 502 

- Tm4FeöSrlt9 503 

- - T m P d S n  492 

- YRhl.4Sn4. 6 502 

- - Y b N i S n  490  

- - Y b P d S n  492 

electron phase  coherence 25 

electron scat ter ing 509 

electron spect roscopy 1 -36  

- electron capture spect roscopy 35 

- electron spin polar iza t ion  4 

- inverse  pho toemis s ion  21, 24, 25 

- pho toemis s ion  6, 15-22,  25 

- secondary  e lect ron polar iza t ion  28 

- spin-polar ized  etectron capture 3 

- spin-polar ized  low-energy  electron d i f f rac t ion  

(SPLEED)  4 

- sp in-polar ized  pho toemis s ion  4, 18, 19, 23, 24, 

27, 29 

- sp in  secondary  e lect ron spect roscopy 4 

- XPS 6 

electron sp in  resonance 33, 2 2 1 - 3 2 7  

concentra ted  meta l l ic  sys tems 2 7 5 - 2 8 3  

- G d  f i lms 33 

- heavy  fe rmions  2 9 5 - 3 0 9  

- in termedia te  va lence  2 9 5 - 2 9 7 ,  309 315 

Kondo  sys tems 2 9 4 - 2 9 8  

- lan thanide  impur i t i e s  in compounds  

- - cha lcogenides  2 6 1 , 2 6 2  

- - hexabor ides  2 7 2 3 7 5  

- - meta l l ic  2 4 8 - 2 6 0  

- - pnic t ides  262-271  

- l an thanide  impur i t i es  in meta ls  2 3 3 - 2 4 8  

- spin glasses  2 9 0 - 2 9 4  

- superconductors  3 1 5 - 3 2 5  

- van-Vleck  sys tems 2 8 3 - 2 9 0  

e l ec t ron -phonon  interact ion 509 

electronic structure 5 - 2 2  
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- bulk 5, 6, 1 8 , 2 1 , 2 3 , 2 4 , 2 7  

Er(0001) 17 

- - bulk 18 
- E u ( l l 0 )  17 

gadolinium 6 
- G d ( 0 0 0 1 )  15-21 
- - inverse photoemission 20-22  

- H o ( 0 0 0 1 )  1 7  

- bulk 18 

- image state 21 

La(0001) i7  

- bulk  18 

- localization 18, 20 

Lu(0001) 18 

mult iplets  6 

Pr(0001) 18 

- - bulk 18 

- Sc(0001) 15 
- - surface state 15 

- surface resonances 6 

surface stares 6-18,  23-27 

- - bandwidth 16 

Tb(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 T c 3-5 
gadol inium 3 

- G d ( 0 0 0 1 )  4 

- terbium 4 

e-Lu 2S 3 58 
e-Yb2S 3 58 

(Er, Y)Co2 370 
Er -Fe-Zr  57 

Er-Fe compounds 379 

ErCo 2 370 

ErC% 9 372 

EhCOTB 3 387 
ErFe 2 386 

Er2 Fel7 369 
Er2Fel7Cx 391 
ErN 60 

Er2TI7 386 

ErxY 1 _xFe2 386 

EuBe13:Gd 285 

EuS 35 

EuxSr 1_xS 291 ,294  

exchange constant 225 
exchange coupling 339-394 

- s e e  a l s o  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 integraI 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  
5d-electron density dependent 382 

- effect of lanthanide contraction 384 

- effective parameter 352 

- effects of  3 d ~  hybridization 391 

- mechanisrn 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 

Fe2Er 60 

Fe2Ndl4B 64 
Fermi level 

of  amorphous alloys 118, 120 
- of  ternary stannides 508, 509 

Fermi liquid 308 

ferromagnetic atignment 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 
- CeSnz9 415 
- CeSn 3 414, 415 

- CeSn3. t 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 

F3a 30 351 
F3d_»e 350, 353 
B4f-sd 350-353 
F«4p 352 

F4f_6~ 352 
Fsd_3d 351, 352 
gap 488 
gas atomization to prepare amorphous alloys 

148, 169 
- high-pressure 148 
ad(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 susceptibitity 33 
anisotropy 34 

- temperature dependence 28, 33, 34 
(Gd,Nd)mNi,, 360 
(Gd, Y)(Co,A1)2 370 
(Gd, Y)Co4B 377 
Gd-Co 57, 58, 377 
Gd-Fe 377 
Gd-Ni 377 

132, 

GdAg I _xInx 279 
GdAgIn 275 
GdA12 275, 348 
GdAI 3 303 
Gd(AI 1 _xNix) 2 277 
GdAs 281,282 
GdB2Cu307 322 
GdBa2(Cu I _xCox)307 323 
GdBa2(Cu I _xFex)307 323 
GdBa2(Cu t _xNix)307 323 
GdBa2Cu306 + ~ 323 
GdBi 281,282 
GdxCel _xCu6 304 
GdyCet_yCu6 278 
Gd~Co(1 _~.~ 62 
GdCo 2 60 
GdCo 3 62, 377 
GdCo 5 372 
Gd2Co 7 63, 372 
Gd2Coi7 62, 373, 377, 383 
Gd4Co 3 60 
Gd»0Cos0 60 
Gd(CoxAI~ ,)2 277 
Gd(C%Alt -x)3 279 
Gd(Coxlrj -x)2 279 
Gd(CoxNiI -x)2 276 
Gd2CoöAIII 279 
GdCo3B 2 376, 377 
GdCo4 B 374, 376, 377 
GdCoI2B 6 377 
Gd2CoTB 3 376 
Gd2Col4B 369 
Gd3Coliß 4 376 
Gdm Co,,B k 376 
Gd(C%_xNix) 390 
GdCu 6 278, 304 
Gd~ _xDyxAl2 278 
Gdo.sDyyY0. 5 _yIr; 277 
GdFe 2 360, 383 
Gd2Fel7 373, 383 
GdFeI4B 360 
Gd2Fel«B 373 
Gd xLa l_xAl 2 277 
GdxLa t_xCu 6 304 
Gd~Lal ~S 261 
Gd~Lut _~AI 2 277 
GdMn~A12_« 279 
GdNi; 348 
GdNi 3 276 
GdNi3. s 276 
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GdNi» 276 
GdNis. » 276 
Gd2Ni17 _xA12 279 
GdP 281 
GdS 282 
GdSb 281,282 
Gd~Sc I _x P 280 
GdSe 282 
Gd 1 _xSm~Al2 278 
GdS17 369 
Gdl _xTbxAl2 278 
Gd to Er 371 
GdxY ~_xAl2 277 
Gd~Y I _xAs 280, 282 
GdxYl _ x)CU 277 
(Gdo.0;Y0.98)Ni z 276 
(Gd I xYx)Ni2 276 
GdxY l_x P 280, 282 
GdxY I_xS 261 
GdxY l_xSb 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 

//~2 gradient 120 
HRTEM (high-resolution transmission electron 

microscopy) i39, 181, 182 
Hall effect 109, 11~118, 490 
Hamiltonian 352, 353 
Hasegawa equations 227 
heavy-fermion systems 295,327, 409 
- CesSn 3 409 
Hebel-Schlichter peak 316 
Heisenberg systems 34 
Heusler phases 450, 510 
hexaborides 272 
high-field ESR 323 
high-field free-powder method, s e e  HFFP 

high-pressure gas atomization, s e e  gas 
atomization 

high-resolution transmission electron microscopy, 
s e e  HRTEM 

high-field magnetization 360 
high-field susceptibility 377 
HoC% 349, 360, 370 
HoCos. s 372 
Ho2Col7 367 
HoFe3 371 
HoF%_xVx 392 
HoFet2_xV~ 374 
HoNi 2 360 
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 24I, 272 
hyperfine splitting 232 

icosahedral 
- s e e  a l s o  quasicrystalline alloys a n d  

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 
- C%Sn 5 413 
- ErPdzSn 476, 510 

HoPd2Sn 476 
interconnection of the structure types 466 
intermediate valence 413 
- CeIr2Sn 2 483 

CeNiSn 488 
- CeNisSn 469 
- Ce3NizSn 7 504 
- CeSn 3 413 
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interrnediate valence (cont'd) 
- SmRuSn 3 (SmsCu8Snz4) 502 
- YbPdSn 492 
intermediate-valence compounds 295, 327 
intemal oxidation 242 
intenaal 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 

k F 507 
Kissinger equation 200 
Kondo 
- impurity 294, 296 
- insulators 315, 327 
- interaction 483,489 

- lattice 296, 409 
- CeNiSn 488 

- Ce2Ni2Sn 483 
- - CePdSn 492 

- - CePtSn 495 
- - CeRhSn 49t 
- - Ce3Sn 409 

- -  SmSn 3 416 
- temperature 296, 304 
- YbNiSn 490 
system 409 

Korringa ratio 248 
Korringa relaxation 226 

L m spectra 
- CeNiSn 470, 488 

- CeNi2Sn 2 470, 481 
- CeNi»Sn 470 
- Ce»Ni~.»SnL» 470, 500 
La x_yGdywO 3 282 
La-A1-Ni 58 
La-Au 58 
LaAg:Gd 249 
LaA12:Eu 250 
Laße~3 :Gd 306 
LaBi:Er 264 
Laßi:Gd 265-267, 289 
La I _xCexAl~:Gd 295 

LaCu2Si 2 301 
LaCu2Si2:Gd 299 
La2CuO 4 321,322 

La I _xErxB6 272 
La I xEux 235 
Lal_xEU x 236 
La I _xEuxA12 249 
LaxEu I xB6 282 
La I ~Gd x 235, 236 
La:Gd 235 

La x _ xGdxA12 249 
La I _xGdxB 6 272 
La I _xGd~Pd 3 260 
La1 - x-yGdxP[~A12 285 
La 1 xGdxS 288 
La1 _ xGdxSe 288 
Lal _ xGd«Te 288 
La3 In:Gd 315 
Lalr2:Gd 253,313 
LaNi 58 
LaNi s 77 
LaOsz:Gd 251 
LaP:Gd 268, 289 
LaPd3:Gd 310, 311 
LaPd 3 :Yb 259 
LaRh 2:Gd 313 
LaRh 2:Nd 255 
LaRu2:Gd 315 
LaS:Er 262 
La2S3 :Gd 26i 
La3S4:Gd 261 
LaSb:Ce 262 
LaSb:Dy 262-264 
LaSb:Er 264 
LaSb:Gd 265-267, 289, 290 
LaSb:Yb 264 
La2_xSrxCuO4:Fe 325 
La 2_xSrxCuO4:Gd 325 
La 2_xSrxCuO4:Mn 324 
lanthanide beryllides 314 
lanthanide contraction 384 
Laves-phase compounds 276, 369 
linewidth of resonance absorption 226 
local exchange splitting 22 
Iocalized moment 2 
long-range hybrid structure 508 
Lorentzian line 319 
LuAI2:Gd 254 
LuBi:Er 264 
LuBi:Gd 267 



S U B J E C T  I N D E X  573 

L u C o  2 347,  358 

L u C o 2 : G d  256 

LuFe 2 345 

L u : G d  236 

Lut  _xGŒAI2  252 

Lul  xGdxPd3 260  

Lu l r2 :Gd  255 

Lu l r z :Nd  255 

L u P d  3 :Yb 259 

L u S b : E r  264 

L u S b : G d  267 

M - M  in terac t ion  508 

magne t i c  c i rcular  d i c h r o i s m  

magne t i c  cor re la t ion  l eng th  

magne t i c  m o m e n t  

- R a tom 355 

T a tom 355 

magne t i c  p roper t ies  

- o f  b ina ry  s tannides  

- - CeSnz9 415 

- - C e S n  3 410,  4 t 3 - 4 1 5  

- CeSn31 415  

- - Ce2Sn 5 410,  413 

- - Ce3Sn 410  

- - Ce3Sn 7 410,  413 

- - CesSn  3 4 0 9 - 4 1 1 , 4 1 5  

- CesSn  4 410,  411 

- D y S n  3 4 1 1 , 4 1 5  

- D y s S n  3 410  

- - E u S n  410,  415 

- EuSn3 4 1 1 , 4 1 6  

- GdSnz7 » 4 1 1 , 4 1 5  

- G d S n  3 411 

- G d s S n  3 410  

- -  H o S n  3 4 1 1 , 4 1 5  

- -  HosSn  3 410  

- L a S n  z 410  

- LaSn» 415 

- La2Sn » 410  

- - La3Sn 7 410  

- La~Sn 3 410,  415 

- - L u s S n  3 410,  415 

- N d S n  410  

- - NdSn~ 410,  415 

- N d S n  3 4 1 1 , 4 1 5  

- - N d z S n  » 410,  415 

- - Nd3Sn  » 410,  415 

- -  Nd3Sn 7 410,  415 

- - Nd5Sn  3 410  

27 

25 

- N d s S n  3 415 

- N d s S n  4 4 1 0 , 4 1 5  

- N d l l S n t 0  410, 415 

- PrSn 2 410,  415 

- - PrSn 3 410 

- - Pr~Sn 5 410, 415 

- - Pr3Sn 410 

- Pr3Sn 7 410,  415 

- PrsSn ~ 410  

- R - S n  410, 411 

- RSn  2 415 

- RSn  3 415, 416 

RzSn 5 415 

- - R3Sn 7 415 

- S m S n  2 410,  415 

- S m S n  3 4 1 1 , 4 1 5 ,  416 

- - Sm3Sn 7 410 

TbSn  3 4 1 1 , 4 1 5  

- - T m s S n  3 410 

- Y»Sn 3 410, 415 

- YbSn  3 4 1 1 , 4 1 6  

o f  suffaces I ~ 6  

o f  ternary s tannides  

- C e C u S n  491 

- CeCu2Sn 2 4 8 1 , 4 8 2  

- CeIr2Sn 2 4 8 1 , 4 8 3  

- - CeMnoz4Snl.79 498 

- CeMno.»Sn 2 499 

- C e M n  I _ xSn2 y 498 

- - C e M n S n  2 499 

- CeöMnsSn8 484 

- - C e N i S n  489, 490 

- - C e N i S n  2 499,  500 

- CeNi2Sn z 480,  481 

- CeNi4Sn  2 475 

- CeNisSn  469 

- CezNi2Sn 483, 484 

- Ce3Ni2Sn 7 504 

- CesNit .sSnl.  5 500 

- CeNi2Sn 2 (LT) 482 

- C e P d S n  492  

CePdzSn z 4 8 1 , 4 8 3  

- CePtSn  495 

- - CePt ;Sn2 4 8 1 , 4 8 3  

- - C e R h S n  491 

- CeRh2Sn 2 4 8 1 , 4 8 3  

- -  D y C o S n  485 

- DyCo3Sn 473 

- - Dy7CoöSn23 507 

DyMn~Sn  6 477 
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m a g n e t i c  p r o p e r t i e s  - o f  t e r n a r y  s t a n n i d e s  

( c o n t ' d )  

- - D y P d S n  4 9 2  

- - D y P d z S n  4 7 6  

- -  D y P t S n  4 9 5  

- - D y R h S n  4 9 1  

- - E r C o S n  4 8 5  

- - E r C o 3 S n  4 7 3  

- - E r 6 C u s S n  8 4 8 5 ,  5 0 7  

- E r M n ö S n  6 4 7 7  

- - E r ö N i z S n  5 0 4  

- - E r P d S n  4 9 2  

- - E r P t 2 S n  4 7 7  

- - E u P d S n  4 9 2  

- - G d C o 3 S n  4 7 3  

- - G d 6 C o 2 S n  5 0 3  

- G d C u S n  4 9 1  

- - G d M n ö S n  ó 4 7 7  

- - G d N i 3 S n  2 4 8 0  

- - G d N i  s _ x S n l  +x  4 7 1  

- - G d P h S n  4 7 7  

ù G d R h S n  4 9 1  

- -  H o C o S n  4 8 5  

- - H o C o 3 S n  4 7 3  

- - H o 7 C o ó S n 2 3  5 0 7  

- - H o 6 C u s S n  8 5 0 7  

- - H o M n ~ S n  6 4 7 7  

- - H o R h S n  4 9 1  

- - L a ö C o 1 3 S n  4 7 2  

- - L a C u t _ x S n 2 _ y  4 9 8  

- - L a C u S n  4 9 1  

- - L a C u 2 S n  z 4 8 1 , 4 8 3  

- - L a M ~ _ x S n 2 _ y  4 9 8  

- -  LaMn0.z4Sn~ .79  4 9 8  

- - L a M n l _ x S n z _ y  4 9 9  

- -  L a 6 M n 8 S n  8 4 8 4  

- - L a N i 2 S n  z 4 8 1 , 4 8 2  

- L a N i 4 S n  2 4 7 5  

- - L a 3 N i / S n  7 5 0 4  

- -  L a g N i 2 4 S n 4 9  4 9 7  

- - L a P d S n  4 9 2  

- - L u C o S n  4 8 5  

- -  - -  L u 3 C O T . 7 7 S n  ~ 4 7 4 ,  4 7 5  

- - L u C u S n  4 9 1  

- - L u F e o S n  6 4 7 9  

-- -- Ll18.sFe44,5SI147.o 4 7 9  

- - L u g F e 4 3 S n 4 8  4 7 9  

- -  L u M n ö S n  6 4 7 7  

- - L u N i 2 S n  4 7 6  

- L u N i ~ S n  4 7 2  

- -  L u 2 N i S n  6 5 0 5  

- - N d C u 2 S n  2 4 8 1 , 4 8 3  

- - N d ö F e 1 3 S n  4 7 2  

- - N d M n j  _ x S n 2 _ . v  4 9 9  

- - N d M n 6 S n  6 4 7 8  

- - N d ö M n s S n  8 4 8 4  

- - N d N i S n  4 9 0  

- - N d N i z S n  2 4 8 1  

- - N d 3 N i 2 S n  7 5 0 4  

- - P r C u 2 S n  z 4 8 1 , 4 8 3  

- - PrFe0.24Snl .79 4 9 8  

- - P r ö F e 1 3 S n  4 7 2  

- - P rMno .24Sn i .79  4 9 8  

- - P r M n l  x S n 2  v 4 9 9  

- - P r M n ö S n  6 4 7 8  

- - P r ö M n s S n  ~ 4 8 4  

- - P r N i S n  4 9 0  

- - P r N i 2 S n  z 4 8 1  

- - P r 3 N i Œ S n  7 5 0 4  

- - R A g S n  4 9 4  

- -  R C o ~ _ ~ S n 2 _ y  4 9 8  

- - R C o S n  4 8 5 ~ 4 8 7 ,  5 0 6  

- - R C o 3 S n  4 7 3 ,  4 7 4 ,  5 0 8  

- -  R C o ö S n  6 4 7 9  

- - R 6 C o 2 S n  5 0 3  

- - R 7 C o ö S n 2 3  5 0 4 ,  5 0 6 ,  5 0 7  

- - R(Cuo .72Sno .zs ) l  3 4 7 2  

- - R C U l _ ~ S n z _ y  4 9 8  

- -  R C u S n  4 9 1  

- - R 2 C u 4 S n s  4 9 6 ,  4 9 7  

- - R ö C u s S n 8  4 8 4 ,  4 8 5 ,  5 0 6 ,  5 0 7  

- R F e 6 S n  6 4 7 9  

- - R M x S n y  5 0 0  

- - - I ( I ' )  p h a s e  5 0 t  

- - H p h a s e  501  

- - I I '  ( l I I )  p h a s e  5 0 1  

- -  R M  I _ x S n 2 _ y  4 9 8 ,  4 9 9  

- - R M z S n  4 7 7  

- - R M 2 S n  2 4 8 0 ,  4 8 1  

- -  R 6 M 2 S n  5 0 3  

- R ö M I 3 S n  4 7 2 ,  5 0 8  

- - R M n  l _ x S n z _ y  4 9 8 - 5 0 0  

- - R M n ö S n  6 4 7 8 ,  5 0 8  

- R 6 M n s S n  8 4 8 4 ,  4 8 5  

- - R N i  I x S n 2 _ y  4 9 8  

- - R N i S n  4 8 6 ,  4 9 0  

- R N i S n Œ  4 9 7  

- - R N i 2 _ ~ S n 2 _ y  4 9 8  

- - R N i 2 S n  4 7 7  

- - R N i 3 S n  2 4 8 0  
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- RNi4Sn  2 475 

- - RNi  s_~Sn~ +x 470,  471 

- - R N i , S n  469  

- - R3Ni2Sn 7 504, 505 

- - R6Ni2Sn 503 

- - RgNi24Sn49 497 

- R N i S n  2 ( L u N i S n  2 type)  498 

- R2NiSn  6 505 

- - R P d S n  492,  493 

- - RPd2Sn  476,  477 

- RPtSn  495 

- RPt2Sn 477 

- RRhSn. 4 9 1 , 4 9 2  

- ScCo2Sn  476,  477 

- ScMn6Sn  6 477 

- ScNi2Sn  476  

- S m A g S n  494  

- S m C u S n  491 

- - S m C u 2 S n  2 4 8 1 , 4 8 3  

- Sm~Cu4Sn s 496  

- - S m M n  l _ x S n 2 _ y  499  

- S m M n ö S n  6 478 

- - S m ö M n s S n  8 484  

- - S m N i S n  490  

- S m N i 2 S n  z 481 

- S m N i 3 S n  2 480  

- S m N i 4 S n  2 475 

- - S m P d S n  492,  493 

- - S m P t S n  495  

- - S m R u S n  3 (SmsCusSn24)  502 

- - T b C o S n  485 

- - T b C o 3 S n  473 

- - T b M n ö S n  6 477  

- - TbNi3Sn  2 480  

- - T b P d S n  492  

- - TbPd2Sn  476  

- T b P t S n  495 

- T b R h S n  491 

- - T m C % S n  473 

TmöCu8Sn  8 485  

- T m M n ö S n  6 477 

- TrnNi5 - ~Snl + x 471 

- - T m P d S n  492 

- - TmPd~Sn  476  

- Y C o S n  485 

- Y C o  3 Sn 473 

- - YCo~Sn 6 479 

- - YTCoöSn23 504 

- - Y C u S n  491 

Y M n ö S n  6 477  

- Y N i S n  z 497 

- Y N i » _ ~ S n  1 +x 470 

- YgNi24Sn49 497 

- - YP tSn  495 

- Y R h S n  491 

-- YbCo3Sn  473 

- - YbCoöSn 6 479 

- - Y b N i S n  490 

- - YbNi2Sn  476 

- Y b N i s _ ~ S n  ~ +~ 4 7 i  

- Y b P d S n  492 

- YbPdzSn 476 

magne t ic  s tmcture  

- CeNi~.gSrl 2 483 

- CeNi2Sn  z 482 

- C e P d S n  492 

- CePtSn  496 

- CezSn 5 413 

- Ce3Sn 7 413 

- Ce»Sn 3 411 

- CesSn « 411 

- D y C o S n  486 

DyPd2Sn 476 

- DyPtSn  496 

E r C o S n  486 

- ErMn6Sn 6 478 

ErPdSn 494 

- ErPd2Sn 476 

H o A g S n  495 

H o C o S n  486 

HoMnöSn  6 478 

- H o N i S n  490 

- HoPd~Sn 476 

- H o P t S n  496 

LuMn~Sn  6 478 

- N d A g S n  495 

- ScMnöSn 6 478 

(Sn0.58Ero.42)Er4 Rh6 Sn18 500 

- SnEr3Rh4Snl2 500 

- T b A g S n  495 

T b C o S n  486  

- TbMn6Sn  6 478 

T b N i S n  490 

TbPdSn  493 

TbPtSn  496 

T m M n 6 S n  6 478 

- YMnöSn  6 478 

magne t ic  va lence  m o d e l  375, 376 

magne to-op t ic  Kerr  effect  ( M O K E )  4 

magne tocrys ta l l ine  anisot ropy 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 patb 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 
mechanochemieal 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 176-183 
Mg:Gd 236 
microstructural evolution 52, 53 
molecular field 346, 347, 353,370, 373, 377 
monochalcogenides 260-262 
monopnictides 260, 262-271 
Mössbauer effect 476 
- DyCoSn 485 

ErCoSn 485 
- ErPd2Sn 476 

GdMn 6Sn 6 479 
- HoCoSn 485 

RMnSn 2 500 
RPd2Sn 476 

- TbCoSn 485 
YbNiSn 490 

- YbPdzSn 476 

Mössbauer spectroscopy 360 
multiplets Sm 3 + 475 

NMR 479 
nanobeam electron diffraction pattern 145 
nanocomposite magnets 74-77 

- exchange coupting 74 
nanocrystals 74, 132-138, 141, 147, 173-176 
nanostructure 147 
Nd-Fe-B 57, 58, 75 
Nd-Fe-Ti 57 
Nd 2 _xCexCuO 4 + ~:Gd 325 
Nd~CuO4 325 
Nd(Fe,Mo)lzN x 73 
Nd2Fel«B 2, 61, 63, 71, 73 
NdloFe84B ~ 64 
NdFeCoß 75 
Nd 203-Fe 3 04 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-equilibfium 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 6 electrons 108 
Pauli-spin susceptibility 296, 313 
PbMoöS 8:Gd 316 
Pd:Er 245, 246 
Pd:Fe 232 
Pd:Gd 233, 234 
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Pd I _.yGc~H~ 234 

Pd0.96 Gdo.o2 Smo.o2 234 
per iod ic  a tomic  conf igt t ra t ion 

p e r m a n e n t  m a g n e t s  7 2 - 7 4  

phase  d i a g r a m s  

- o f  b i n a r y  s tannides  

- C e - S n  401 

- D y - S n  401 

- G d - S n  401 

- - L a - S n  401 

- - N d - S n  401 

P r - S n  401 

- - R - S n  4 0 1 , 4 0 2  

- - S c - S n  401 

- S m - S n  401 

- - T b - S n  401 

- - Y - S n  4 0 1 , 4 0 2  

- - Y b - S n  401 

- o f  t e rna ry  s tann ides  

- -  C e - C o - S n  432  

- - C e - N i - S n  4 3 3 , 4 3 4  

- - G d - C o - S n  433 

- - G d - C u - S n  435,  436  

- - G d - N i - S n  434  

L a - F e - S n  4 3 1 , 4 3 2  

- - L u - C o - S n  433 

- - L u - C u - S n  435 

- - L u - F e - S n  432 

- - L u - N i - S n  434  

- - N d - F e - S n  432 

- P r - C u - S n  435 

R C o - S n  432,  508 

R - C u - S n  435 

- - R - F e  Sn 4 3 1 , 4 5 6 ,  508 

- - R - M - S n  416,  459 

- - R - M n - S n  416,  456  

R - N i - S n  433,  508 

- R - P d - S n  435 

- -  R C o S n 2 - R S n ;  457 

- -  R S n 2 - R C o  2 457 

- - Sc C u - S n  435 

- - S m - C o - S n  433 

- - Y C o - S n  432  

- - Y - C u  Sn 435  

- - Y - N J  Sn 433 

- - Y P d - S n  435 

phason  143, 144, 178 

- defec ts  143 

- l inear  143 

strain 178 

143 

p i s ton-anv i l  m e t h o d  86 

p l a smons  35 

pnict ides  279 

P r A s : G d  289 

PrBe13 :Gd 285 

P rBi :Gd  289 

Pr:Er  284 

Pr(Fe,Mo)~2Nx 73 

Pr :Gd 284 

Pr I _xGdxS 287 

Pr l _ x G d x S e  287 

Pr 1 ~GdxTe 287 

Prln 3 :Gd 285 

Pr(Mo,Fe)12N x 73 

PrNi 5 :Gd 286 

PrP :Gd  289 

PrPb 3 :Gd 286 

PrS:Ce  287 

PrS :Dy  287 

P rSb :Gd  289, 290 

p r i sm faces  36 

projec t ion  181 

Pt :Gd 234, 235 

quas icrys ta l l ine  alloys 85, 142-147 ,  176-183  

see also i cosahedra l  and phason  

- A l -based  142 -147  

M g - b a s e d  176-183  

quasicrysta ls  142 

- approx ima te  crys ta l l ine  phase  in 143 

bend ing  duct i l i ty  in 144 

c lose-packed  p lane  143 

decompos i t i on  t empera tu re  o f  147 

deformabi l i ty  142 

- de fo rma t ion - induced  devia t ion  in 143 

de fo rma t ion  o f  

- - bands  142 

m o d e  143 

- dis locat ions  in 142 

d isordered  icosahedra l  s t ructure  in 145 

duct i l i ty  o f  142, 147 

- e leva ted - t empera tu re  s t rength  147 

- elongat ion  o f  142 

- ext rus ion o f  146 

- f a c e - c e n t e m d  icosahedral  lattice 181 

f ivefold a tomic  conf igura t ion  145 

f ivefold axis 178 

f ivefold  diffract ion pa t te rn  i78  

- f ivefold  p lane  143 

f ivefold  s y m m e t r y  146 
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quasicrystals (cont ä) 
fracture of 142 

- high-angle grain boundaries of 145 
- high-strength A1 alloys 147 

- intemal 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 
- penmse 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 t46 
- 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)zCo 7 371,387 
(R,Y)2Ni 7 388 
(R,Lu)(Co,A1)2 370 
(R,Y)(Co,A1)2 370 
(R,Y)Fe 2 371 
R ~ I - M  alloys 212 
R-A1-M amorphous alloys 
R-AI-M systems 183 
R-Co systems 380 
R-Fe systems 380 

191 

R-Ni systems 381 
R-T distance 383 
R-T interaction parameter 352 
RAI 2 370 
RCo 2 346, 348, 349, 358, 360, 371, 374, 377, 

379, 382 
RCo 3 377 
R2Co 7 377, 385 
R2Col7 372 
RCo4B 377, 382, 384, 391 
RCo12B 6 360, 374, 377, 378, 382, 391 
R2Co14B 373 
R,,,Co,,B h 391 
RCol2_xXx 374 
RFe2 352, 371,384 
RFe 3 371,385 
R2Fel7 372 
R2Fet4B 373, 384, 385 
R2FeI4C 373 
RFe12_xM, 392 
RFe~2_,X x 374 
RKKY (Ruderman-Kittel-Kasuya-Yosida) 
- interaction 350, 483, 500 
- theory 506 
RMnöGe 6 393 
RNi 2 358, 360, 382 
RNi 5 374 
R2NiI7 382 
R2(Ni,Co)t 7 382 
R»Sn» 415 

RT 2 369 
R2T17 360 
R,~T,, 368, 379 

R2TI4 B 360 
RmTnX k 368 
(RxY 1 _x)Fe2 386 
(RxYl_x)Fe3 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 2 70 

Nd2Fej4B 70 
- -  Srn2Col7 70 
- - Sm2Fel7 70 
- of metals 67-69 
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remanence-enhanced magnet alloys 75 
remanence enhancement 74-77 
repulsive interaction 92 
residual linewidth 226 
resistivity 508 
restored ductility 206 
Rhodes-Wohlfarth plot 378 

5s 2 electrons 108 
s~t  electrons 108 
s-d scattering 117, 509 
s ~  electrons 108 
(s,p) electrons 117 
(s,p)-d scattering 117 
ScAg:Gd 249 
ScBi:Gd 267 
Scl -x-.vCe~GdyAl2 254 
ScCu:Gd 249 
Sc I _xErxPd3 257 
Sc:Gd 236 
Sc~ _~GdxAg 249 
Sc I _xGdxCu 249 
Sc~ _xGdxHI.9 236 
Sc1 _ xGd~.Ir 249 
Sc t _xGd~Pd3 260 
Scl _~GdxRh 249 
Sc 1 xGdxRu 249 
ScIr:Gd 249 
ScPd3:Er 257 
ScPd:Gd 249 
ScPd3:Gd 257 
ScPd 3:Yb 257, 259 
ScRh:Gd 249 
ScRu:Gd 249 
ScSb:Ce 263 
ScSb:Gd 267 
second moment linewidth 262 
second-order hyperfine-splitting 247 
shape anisotropy 34 
singlet-ground-state system 27t, 283 
Sm 58, 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 
SmB 6 273 

SmB6:Er 273, 274 
SmB«:Eu 273, 274 
SmB6:Gd 273,274 
SmCt a 70 
SmCo5 2, 70, 73 
Sm2C%7 65, 70, 73 
Sml3Co87 65, 75 
Sm2(Co,Fe)7 65 
Sm2(Co,Fe)t 7 65 
Sm10.sCo49.sFe40 75 
Sm~3C%l Fe26 75 
Sm14.4 Co65.6 Fe20 75 
StuF 3 70 
Sm2Fel4 61 
Sm2Fe~7 61, 63 
Sm(Fe,Ti)l 2 73 
Sm(Fe,V)I z 73 
Sm2Fel7C x 73 
Sm2FelTC ~ 73 
SmloFëvoC%oMOlo 73 
SmFeGaC 75 
Sm2Fel4Ga3C 2 73, 76 
Sm8 FesoMol2 73 
Srn2Fe~7N ~ 66, 73, 74 
Sm2FejTNzs 73 
SmzFelTNz, 6 74 
Sm7Fe9~Nz6 75 
Sm7Fe93 N 3 75 
Sm2oFeToTilo 73 
Sm26Fe65Ti 9 73 
Stau Fes4TilsN~ 73 
Sm12Fe73V15 73 
SmN 66 
Sm203 70 
SnMoöSs:Gd 316 
solid-state reduction 67-72 
- ErCl 3 67 
- GdCI 3 67 
- Nd~O 3 70 

removal of reaction by-products 
- SmC13 68, 70, 71 

SmF 3 70 
- SmzO 3 70 
solidification morphology 180 
Sommerfeld coefficient 296 
specific heat 

CeCu2Sn• 482 
- CeIr2Sn 2 483 
- CeNiSn 488 
- CeNiSn 2 500 

71, 72 
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specific heat  (cont'd) 
- CeNi2Sn 2 480  

CePd2Sn 2 483 

- CePtaSn 2 483 

- CeRh2Sn 2 483 

CeSn 3 414  

- Ce2Sn » 413 

- Ce5Sn 3 409  

- Ce3SnT, Ce2Sn 5 413 

EröNi2Sn 504 

- LaNiSn  488 

- N d S n  2 416  

- o f a m o r p h o u s  alloys 128, 164, 185, 187, 196, 

203 

SmSnz 416  

spin f luctuations 297, 317, 320, 326 

spin gap 320 

spin-latt ice re laxat ion rate 230 

spin-latt ice re laxat ion t ime 326 

spin mix ing  22, 2 4 - 2 6  

spin waves  5, 22, 25, 35 

sp in -o rb i t  scat ter ing 226 

spontaneous  magnet iza t ion  31 

SrxEu I xB6 282 
stannides 

crystal  s tructure 4 0 1 - 4 0 8 ,  4 1 6 - 4 6 8  

- electric resistivity 4 0 7 - 4 1 6 ,  4 6 8 - 5 1 0  

- magne t ic  proper t ies  4 0 7 - 4 1 6 ,  4 6 8 - 5 0 9  

- phase  d i ag rams  4 1 6 - 4 6 8  

- structure types  4 0 3 - 4 0 7 ,  417-431  

superconductors  509, 510 

- the rmopower  4 0 7 - 4 1 6 ,  4 6 8 - 5 0 9  

Stoner model  22 25 

strength o f  4 f - 3 d  exchange  coupl ing 

DyFe 3 371 

- ErFe 3 371 

- Er2Ti7 386 

GdFe 3 371 

- HoFe 3 371 

- HoFe12 392 

N d C o  2 369 

R - C o  2 369 

- RCo  2 369 

- RCo 3 371 

- RCo  s 372 

- RColz 374 

- R2Co 7 37I 

R2COl7 372 

- RCo4B 373 

- RCoI2B 6 373 

- R2CoI4B 373 

- RFe 2 370, 387 

- RFet2 374 

RzFel7 372 
- RöFeœ3 372 

- RFe4B 373 

- R2FeI4B 373 

RNi 3 371 

- R2Ni 7 372 

- R2Nil7 373 

- TbFe 3 371 

structure types 

- AIB z 402, 407, 442, 447, 448, 455, 456 

- c•-Po 407, 4 5 1 , 4 5 5  

Auße» 438 

A u Z n  3 461 
- BaAI 4 407, 445, 4 5 1 , 4 5 2 ,  455, 456, 464  

- BaLi  4 439 

- BiF 3 441 

- Caße2Ge~ 445, 482 

- CaCu  5 4 4 2 - 4 4 4  

CaF 2 407, 450, 4 5 1 , 4 6 4 ,  465 

- CaIn 2 448 

- CeAI2Ga 2 445 

CeCu 2 448 

- CeCu  6 438 

CeCu4.3slnl.6z 438 
- CeNiSi 2 456, 466, 468, 508 

- CeNisSn 436, 466 

- Ce2Sn s 407, 408 

- Ce3Sn 7 4 0 7 - 4 0 9  

CoSn 442 

CrB 402 

- CrsB 3 459 

- Ch3C 6 462, 466 

C h S i  460 

- CuA12 441 

- C u A u  402 

C u A u  3 455 

- Cu3Au 407, 414, 415 

- DyF%Sn~ 443 

- ErF%Sn~ 443 

Fe2P 449, 492 

GdöCusGe 8 446, 447, 507 

- GdgNi24Sn49 453 

- GdSn2.75 407, 409, 412, 415 

- G d S n 3 - x  465 
- Gd3Sn 7 407, 408, 464 

- H f F % G e  6 442, 443 

Ho7Co681123 462, 507 



SUBJECT INDEX 581 

- HoFe6Sn 6 443 

- HoGaz4Ni2.~ 4 4 3 , 4 4 4  

Holl Gelo 402 
- Ho6Ni2Ga 458 

- Ir3Sn 7 462 

- KAu4Sn 2 441 

- LaöCol~Ga 3 439  

La3Co2Sn 7 464,  466, 468 

La3 C o S n  7 508 

LaPtzGe 2 446 
- LaPtSi  447 

- L i G a G e  449  

- Lu~Coz77Sn 4 440  

LuNiSn  2 455 

Lu2NiSn 6 4 6 5 , 4 6 6 ,  468, 508 

- M g A g A s  449  

- M g C u  2 438 

MgCuA12 446,  447 

- MgCu4Sn  438 

- Mn3All0 462,  463 

- MnCu2AI 4 4 1 , 4 4 4 ,  450, 466, 476, 509 

- MnsSi  3 402 

Mo2NiB 2 4 4 3 , 4 4 6 ,  447 

NaZn~3 439 

NdNiGa2 407 

NdRh2Sn  4 454  

NdSn  2 402, 408  

- PbCI 2 447 

- Pu3Pd 5 402 

- RMxSn~ 459 

- I phase  459,  460 

- - I '  phase  461 

- - H phase  461 

- - / / '  phase  462 

l I I  phase  462  

- - V phase  462 

- - V I I  phase  462  

- Rj2Sn 458 

8c5Co4 Nil0 458 

- ScFe6Ga 6 443 

Sm2Cu4Sn s 450, 4 5 1 , 4 6 6 ,  468, 508 

- SmsGe  4 402  

Sn I _~Er~)Er4RhöSnl~ 461 

- SnYb3Rh4Snl2 460  

- TbFeöSn 6 443 

- TbsRhöSnl8 462 

- Tb3Sn 7 408 

ThMnl2 443 

- ThSi 2 447 

TiAs 442, 466  

TiMnSi 2 455 

- TiNiSi 447, 448, 492 

- TiNiSn 492 

- TmzGe4.sGa0. 5 407 

U2Co3Si s 452 

- UNizSi 3 451 

- U~Si 2 402, 459 

WAll2 453, 454, 458 

W2CoB 2 443 

WsSi 3 402, 409, 411 

YCoöG % 442, 443 

YFeeSn~ 443 

Yi3Pd~0Sn3l 444 

- YzRh3Sn s 4 5 1 , 4 5 5  

- Y2Sns 409 

Yb~Rh~Sn26 459 

Zr4A13 442 

- ZrCrSi2 455 

- Z r G a  2 407, 465 

ZrNiA1 449 

- ZrPtzAI 441 

- ZrSi;  402, 456 

structures o f in se r t i on  466 

superconduct ivi ty  

ErOsxSnv 510 
ErPd2Sn 477, 510 

ErRhl ISn3 ~ 510 

- (Er t _,Snx)Er4Rh~Snl8 509 

- ErxY t _xRh21Sn36 510 

LaSn 2 415 

LaSn 3 415 

- La2Sn 5 415 

RM x Sny 

- 1 ( I ' )  phase 501 

H phase 501 

- - 1 1 '  ( I I I )  phase  501 

- RPdzSn 509 

TmOsxSn~ 510 

- YRht~Sn»6 510 

- YbPd2Sn 477, 510 

supercooled iiquid 96, 103, 126, 154, !63,  166, 

184, 189, 190, 203-209 ,  212 

supercooled liquid region 148, 153, 189, 198, 

209 

surface anisotropy 30, 34 

sufface magne t i sm 1-36  

surface to bulk  core-level shift 6, 28 

symmet ry  15, 16 

- 5dxv 22 

5d x 22 



582 S U B J E C T  I N D E X  

s y m m e t r y  (cont ä) 
- 5d3:2_rz  15 

- d3_-2_,.2 15, 16 

- A~ and  A 2 22  

- A s or  A 6 22  

s y n c h r o t r o n  r ad ia t ion  103 

Th(0001) ,  t e m p e r a t u r e  d e p e n d e n c e  25 

Tb ,  t e m p e r a t u r e  d e p e n d e n c e  o f  su r f ace  m a g n e t i s m  

4 

TbAs 279 

TbC%.  1 372  

T b P  279  

T b S b  279  

T h  l _ x E r x  247 

t h e r m a l  e x p a n s i o n  coe f f i c i en t  ( T E C )  489  

t h e r m o p o w e r  509 

- o f  b i n a r y  s t a n n i d e s  

- C e S n  3 412 ,  414  

- - E u S n  3 412  

- - GdSn2.75 412 ,  415  

G d S n  3 412  

H o S n  3 412,  415 

- L a S n  3 412 ,  413 

- - N d S n  3 412  

- - P r S n  3 412  

R S n  3 416  

- - S m S n  3 412 ,  4 1 6  

- o f  t e rna ry  s t ann ides  

- - C e N i S n  488 

- CeNi•Sn 469 ,  470  

- - Ce3Ni2Sn  7 504  

- - C e P t S n  495,  496  

- - E r A g S n  4 9 4  

- - L a N i ù S n  469,  4 7 0  

- - La3Ni2Sn  7 504  

- - N d A g S n  494  

- - P r N i » S n  469,  470  

- - Pr3Ni2Sn 7 504 

- - R A g S n  494  

- - R C o S n  487  

- - R C o 3 S n  474  

- - R C o ö S n  6 479  

- - R(Cu07zSn0.28)B 472  

- - R C u 2 S n  z 481 

- R 6 C u s S n  8 485  

- - R F e a S n  6 479  

- - RMxSr~v 502 

- - RMœSn 2 4 8 i  

- - RöM2Sn  503 

- - R N i z S n  2 481 

- - RNi4Sn  2 475 

- - RNi5Sn  469  

- - R3Ni2Sn 7 505 

- - RgNi24Sn49 497  

- - R N i S n  2 ( L u N i S n  2 type )  498  

- - R z N i S n  6 505 

- - R P d S n  492,  493 

- - S m N i S n  490  

Op(G) d e p e n d e n c i e s  506, 507 

th i ckness  d e p e n d e n c e  o f  Cur ie  t empera tu re  32, 

33 

th ree-subla t t i ce  m o d e l  393 

three-subla t t i ce  sy s t em,  R M n ö G e  6 393 

t i gh t -b ind ing  a p p r o x i m a t i o n  346 

t in c o m p o u n d s ,  see s t ann ides  

T m  35 

(Tm,Lu)(Co,A1)2  370 

TruBel3 :Gd  285 

T m B i : G d  290  

T m C d : G d  286 

T m P  279  

T m P : G d  290  

T m S : G d  269  

T m S b : G d  290  

T m S e : G d  269 

T m T e : G d  269 

t r ansve r se  re laxa t ion  t i m e  229 

t w o - b a n d - m o d e l  248 

two-subla t t i ce  m o d e l  353 

UA12 309 

UBe13 :Dy  306 

UBe13:Er  306 

UBe13 :Gd  285,  306 

U C o 2 : G d  309 

U(Pt l  _ xPdx)3:Er 314 

U(Pt l  _ xPdx)3:Yb 314 

U P t 3 : D y  306 

UPt3 :Er  306 

U P t 3 : G d  306 

U R h 3 : G d  309 

URu2Si2 :Er  307 

U R u 2 S i 2 : G d  307 

uniax ia l  an i so t ropy  34 

uni t  cell  v o l u m e  469,  470,  488  

unre laxed  s t ructure  205 

va l ence  f luctuat ion 469  

v a n - V l e c k  be ry l l ides  285 
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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 
YA12:Er 252 
YAI2:Gd 254 
YAs:Ce 263 
YAs:Yb 264 
YBa2Cu30~+ ~ 318, 319 
YBa2Cu307 318 
YBa2Cu306 + ~:Fe 324 
YBazCu306÷ ~:Gd 322, 323 
YBa2Cu3 O6.02:Gd 323 
YBi:Gd 267 
YCo z 346, 347, 349, 358, 375, 378 
YCo 3 60 
YCo s 60, 375 
Y2Co 7 60 
YzCol7 60 
Y(Co,AI)2 391 
Y(Co,Si)2 391 
YCo4B 377 
YCu:Gd 249 
Y1 -~ErxPd3 257 
YFe z 345, 346 

Y:Gd 236 
Y~ xGdxAg 249 
Y~ _xGd~Pd3 260 
YI -~.Gd~Rh 249 
YNi 3 375 
YNi s 378 
Y2Ni7 372, 374, 375 
YPd 3 :Er 257 
YPd3:Gd 257, 310 
YPd3:Yb 257, 259 
YRh:Gd 249 

Y2S3 58 
YSb:Ce 262 
YSb:Dy 263 
YSb:Er 264 
YSb:Gd 267 
YSb:Yb 264 
Yb + Ce 57 
YbAlz:Dy 251 
YbA12:Er 251 
YbAI 2 :Eu 251 
YbAlz:Gd 251 
YbAI 2:Nd 251 
Yb:Eu 239, 240 

Ybo.4In0,6Cu 2 309 
Yb l_xIn~Cu 2 310 
YbInCu 4 310 

Zr 1 xGd 3 ÷ Ir 2 259 
Zr I xNd~ ÷ lr 2 259 
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