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The crystal structure of all the Sn(l)&Rh$n(2),r compounds (M = La-Gd, Yb, Ca, Sr, and Tb) have 
been refined from single crystal X-ray diffraction data. Although the compounds with M = La, Ce, Pr, 
Nd, Sm and Cd have the phase I’ structure the refinements have been carried out by the use of the 
phase I unit cell. The only significant difference between the two sets of structures lies in the thermal 
ellipsoid of the Sn(2) atoms. With the exception of the Th compound the major axis of the Sn(2) 
thermal ellipsoid is on the average 0.06 A longer for the structures of phase I’ than for those of phase I. 
The structure of the Th compound exhibits the longest major axis for the Sn(2) thermal ellipsoid, it 
must contain thus the phase I’ distortion. The absence of the superstructure spots can be explained by 
a structural disorder. This anomalously long axis has been interpreted as due to a static displacement 
of the Sn(2) atoms along the Sri(l)-SnQ) bonds. The distortion from phase I to phase I’ consists thus in 
a loss of point symmetry of the Sn(l)Sn(2)r2 polyhedra. A detailed analysis of the variation of the 
interatomic distances across the series shows that the chemical bonds in these compounds have a 
covalent/metallic-metallic character as the second-nearest-neighbor interactions are rather strong. 
However, an electron transfer takes place in these compounds indicating that the bonds have also an 
appreciable ionic character. The loss of symmetry which takes place when going from phase I to phase 
I’ is accompanied by a loss of ionic character of the Sn(l)Sn(2),, polyhedra. The Eu2+ and Yb*+ 
compounds contain some appreciable amount of Eu3+ and Yb3+ cations, respectively. 8 1986 Academic 

Press. Inc. 

Introduction perconducting and magnetic properties; 
they become superconducting or undergo a 

Compounds with formulae SnM3Rh&r12 magnetic transition at temperatures lower 
(M = La-Gd, Ca, Sr, Th) and SnM&h&rls than -10 K; the compound with M = Er 
(M = Tb-Lu, Y, SC) have remarkable su- exhibits reentrant superconductivity (T, - 

i Permanent address: division E.F., CERN, 1211 1 K, Tm - 0.5 K) (I). Four different phases 
Geni?ve 23, Switzerland. (I, I’, II, and II’) exist in this system; 
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phases I and I’ correspond to the chemical 
formula Sn(l)M3Rh&r12 (2-4). Phase I is 
cubic (space group Pm3n, ar = 9.7 A) and 
exists for M = Eu, Yb, Ca, Sr, and Th. 
Phase I’ is a distortion of phase I and exists 
for M = La-Gd; the symmetry is either 
body-centered cubic with al, - 2ai or te- 
tragonal with aI, - aIa and cr, - aI. Since 
the distortion of phase I’ with respect to 
phase I is very small, the two phases have 
similar structural arrangements. Phases II 
and II’ correspond to the chemical formula 
Sn(l)Z&Rh$nrs; in these phases some or 
all Sn(1) atoms may be replaced by M at- 
oms. Phase II is tetragonal with aI1 - 13.75 0 
A and cII - 27.4 A and exists for M = Ho- 
Lu, Y, and SC; phase II’ is a disordered 
microtwinned phase II and exists for M = 
Tb-Tm (5, 6). 

The structures of all these phases contain 
a three-dimensional network of corner- 
sharing RhSn6 trigonal prisms. In the struc- 
ture of phases I and I’, this network gener- 
ates icosahedral and cubooctahedral sites 
which are occupied by the Sn(1) and M at- 
oms. These two atoms form a sublattice 
having the arrangement of an Al5 struc- 
ture. Since the 1Zcoordinated icosahedral 
and cubooctahedral sites have approxi- 
mately the same size, a disorder between 
the Sn( 1) and M atoms could take place. As 
stated above the distortion of the phase I’ 
structure with respect to that of the phase I, 
is very small. Exposure times greater than 
200 hr were necessary to observe the su- 
perstructure reflections by the use of a sin- 
gle crystal, a precession camera, and 
MoKa radiation (4). It is, thus, a good ap- 
proximation to describe the structure of 
phase I’ compounds by using the phase I 
unit cell (a1 - 9.7 A) and its space group 
(Pm3n). This article reports the results of 
the structural refinements for all the com- 
pounds having either the phase I or the 
phase I’ structure. These refinements have 
been carried out by assuming that the com- 
pounds have the phase I structure. A com- 
parison between these structures has al- 

lowed us to infer the main features of the 
phase I’ distortion and to have a qualitative 
view about the nature of the chemical 
bonds. 

Experimental 

All single crystals of the compounds de- 
scribed herein were grown by dissolving the 
constituents in an excess of tin with a con- 
trolled temperature held at - 1050°C for -2 
hr; a cooling rate of 5- lO”C/hr was initiated 
down to -550°C. Details about the crystal 
growth process are reported in Ref. (7). 

The symmetry of the crystals as well as 
their quality were checked by a precession 
camera and MoKcv radiation. It was con- 
firmed that the compounds with M = ELI, 
Yb, Ca, Sr, and Th crystallize with the 
phase I structure, namely all reflections 
could be indexed on a cubic cell of -9.7 A, 
and the systematic absences (hhl for I = 2n 
+ 1) corresponded to the Pm3n space 
group. Instead, the precession photographs 
for the compounds with M = La, Ce, Pr, 
Nd, Sm and Gd showed that the corre- 
sponding crystals had the phase I’ struc- 
ture. They contained weak superstructure 
spots which could be indexed on either a 
body-centered cubic cell with a1 - 2ur or a 
tetragonal cell with aI, - urV’? and ct, - ur. 
The systematic absences lead to the space 
groups given in Ref. (4). In the case of the 
tetragonal indexing the sample would con- 
sist of a triple-twinned crystal in which the 
twinning elements would correspond to the 
four threefold [ 1111 axes of the pseudocubic 
cell. Form the intensity distribution of the 
superstructure reflections in the X-ray pho- 
tographs it can be concluded that the phase 
I’ distortion is mainly a displacing distor- 
tion. 

The intensity data collections were car- 
ried out by the use of spherical samples and 
a four-circle diffractometer equipped either 
with AgKcu or MoKa radiation and graphite 
monochromator. The sample radii are given 
in Table I. They represent the average val- 
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TABLE I 

INTENSITY COLLECTIONANDREFINEMENTPAFZAMETERS 

M La Ce PJ Nd Sm Gd Th EU Yb Ca ST 

Radiation M&a A&x AgKa Aerr A& MOKCV 
scan type 
Sped variable 

(de&c) 
{ii Kl ;,;r ;3 ;.oj ;I 

Scan width A 1.5 1.6 1.0 1.4 1.4 1.5 
Scan width B 0.2 0.2 0.45 0.2 0.2 0.2 
Detector apertwe A 1.0 2.0 2.0 1.0 1.0 1.0 
Detector aperture B 1.5 1.5 2.0 1.5 1.5 1.5 
e range 5-35 3-32 5-25 13-32 13-32 5-35 
No. of collected 3886 2207 6217 2482 2268 3525 

reflections 
No. of independent 459 577 369 539 500 443 

reflections (m3m) 
No. of reflections used 268 120 177 354 283 229 

in the refinement 
ti 4.8 1.65 1.32 1.45 1.48 3.9 
Radius (cm) 0.0176 0.0114 0.009U 0.0096 o.co93 0.0120 
R 0.028 0.026 0.036 0.030 0.024 0.024 
WR 0.029 0.028 0.028 0.034 0.027 0.023 

a (A) 9.745(l) 9.708(l) 9.698(2) 9.675(3) 9.656(2) 9.638(l) 

MOKCX 

0.0: 
0.04 
1.5 
0.2 
1.0 
1.5 

5-35 
5060 

MoKa ABKa “Ma AgKa 
0 0 lo 0 

0.01 0.02 0.02 0.02 
0.04 0.08 0.06 0.06 
I.5 I.5 1.4 1.4 
0.2 0.2 0.2 0.2 
1.0 1.0 1.0 1.0 
I.5 1.5 1.5 I.5 

5-35 3-30 3-31 13-32 
3679 15932 9086 3244 

458 454 37s 620 529 

214 248 269 306 366 

3.6 3.8 2.4 1.06 1.44 
0.0080 0.0124 0.013 0.0096 0.0095 
0.025 0.018 0.016 0.017 0.022 
0.024 0.019 0.015 0.016 0.024 
9.692(l) 9.749(l) 9.6760) 9.705(2) 9.801(2) 

ues as the sample sphericity varied within 
10%. The integrated intensities were mea- 
sured by the w-scan technique with a vari- 
able scan width given by 68 = A + B tan 0 
and a variable speed according to the inten- 
sity. For all compounds only the reflections 
corresponding to the phase I cell were mea- 
sured. The detailed experimental condi- 
tions for each compound are reported in 
Table I. The integrated intensities were first 
averaged in the m3m point group and then 
converted into structure factors by apply- 
ing the Lorentz, polarization, and absorp- 
tion corrections. A comparison between 
observed and calculated structure factors 
revealed that strong reflections occurring at 
low angle 8 values were highly affected by 
extinction. Since the number of parameters 
to be refined was rather small (one scale 
factor, two positional parameters, nine 
temperature factors, and eventually two oc- 
cupancy factors), the number of indepen- 
dent reflections was quite large, and the 
form factors of all atoms were about the 
same order of magnitude, the extinction ef- 
fects were minimized by excluding from the 
refinements all reflections occurring at low 
0 angles. The limits of 0.54 and 0.40 for 

sinO/h were taken for the compounds with 
M = Ca, Yb, Pr and M = La, Ce, Nd, Sm, 
Gd, Th, Sr, Eu, respectively. Moreover, 
the weak reflections corresponding to F2 < 
10a(F2) were also excluded from the refine- 
ments. The weighting scheme ~/(T(F)~ was 
used throughout the refinements. As the co- 
ordination number and the size of the Sn(1) 
and M sites are the same, a disorder be- 
tween these two atoms is possible. In the 
last stage of the refinement the disorder was 
simulated by varying the occupancy factor 
of the two sites. The departures of the two 
occupancy factors from unity were in all 
cases smaller than three times the standard 
deviations, which indicated that if a substi- 
tution takes place between these two sites, 
it is rather small. An upper limit for the 
disorder of about 3% can be estimated as 
variations of the occupancy factors within 
this limit do not correspond to any varia- 
tions of the R and WR factors. The final 
positional and thermal parameters for all 
compounds are reported in Table II while 
the R and WR factors are reported in Table 
I. 

The lattice parameters were determined 
by X-ray powder data and their values were 
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reported in Table I. Furthermore for each 
crystal mounted on the four-circle diffrac- 
tometer, the 8 values of 25 high-angle re- 
flections were measured; the lattice param- 
eters determined by least-squares are in 
good agreement with the values reported in 
Table I and with those reported in Ref. (I) 
determined from X-ray powder data. Val- 
ues reported in Table I were used together 
with the positional parameters to calculate 
the interatomic distances and angles re- 
ported in Table III. The thermal data are 
given in Table IV. 

Discussion 

There are no appreciable shifts in the po- 
sitional parameters between the com- 
pounds having the phase I structure and 
those having the phase I’ structure. They 
all agree very well with the positional pa- 
rameters of Sn(l)Yb3Rh&2 reported in 
Ref. (3). Consequently the interatomic dis- 
tances and angles vary less than 2% and 2” 
(in most cases less than l”), respectively, 
on going from one compound to the next. 
On the other hand, small but significant dif- 
ferences exist in the thermal data of these 
compounds. Their analysis allows the de- 
termination of the important features for 
the phase I’ distortion. 

It can be seen from Table IV that a signifi- 
cant difference exists for the major axis of 
the Sn(2) thermal ellipsoid between the 
compounds with M = Eu, Yb, Ca, and Sr 
(phase I) and those with M = La, Ce, Pr, 
Nd, Sm, and Gd (phase I’). It is on the aver- 
age 0.15 A for the former compounds and 
0.21 8, for the latter. The compound with M 
= Th is unique, as it crystallizes with the 
structure of phase I, but the major axis of 
the Sn(2) thermal ellipsoid is the largest 
(0.242 A) among the eleven compounds re- 
ported in this article. The other thermal 
data are practically the same for all com- 
pounds. Since the structure of the phase I’ 
compounds has been refined in a more sym- 

metrical space group (the superstructure 
spots have not been taken into account), 
the 40% increase of one of the thermal-el- 
lipsoid axes correspond to a static distor- 
tion rather than to an actual increase of the 
thermal motion. 

In the phase I’ compounds the major axis 
of the Sn(2) thermal ellipsoid makes an an- 
gle of about 18” with the 6 axis and one of 
about 12” with the direction of the Sn(l)- 
Sn(2) bond. In the phase I compounds the 
corresponding angles are 14” and 16”, re- 
spectively. Figures la and b show the pro- 
jections on the xy plane of phase I’ and I 
structures while Fig. lc shows that of the 
Th-compound structure. The atoms are 

FIG. 1. Three-dimensional arrangement of the 
Sn(l)k&Rh&(2),, structures: the Sri(l) polyhedron is 
shown (a) for phase I’ (kf = Gd), (b) for phase I (M = 
ELI), and (c) for the Th compound. Atoms are repre- 
sented by their thermal ellipsoids. 
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TABLE IV 

THERMAL DATA: ROOT-MEAN-SQUARE VALUES (A) 

La Ce Pr Nd Sm Gd Th Eu Yb Ca Sr 

SW r .121 ,116 ,119 ,123 ,125 ,127 ,124 .128 .I37 .131 ,123 
M rl .lOO .094 .102 .105 .lll .114 ,108 .103 .112 .114 .109 

r2 .085 ,085 .085 .087 .093 ,097 ,094 ,092 ,100 .104 .094 
r3 ,085 .085 .085 .087 .093 ,097 .094 ,092 ,100 .104 ,094 

Rh rI ,077 .077 .076 .078 ,082 ,082 .091 ,082 .086 .084 .082 
r2 .077 .073 .076 .078 ,082 ,082 .091 .082 ,086 ,084 .082 
r3 ,077 .073 .074 .078 .075 .082 .089 ,078 .082 ,076 .076 

W2) f-1 .219 .215 .210 .207 ,205 ,208 .242 ,153 .158 .151 ,157 
r2 .084 .080 .082 ,085 ,089 ,090 .094 ,092 .095 .093 ,091 
r3 .075 .070 ,071 ,074 ,080 ,079 ,083 ,080 .082 .081 ,079 

Sn(2) x 90 90 90 90 90 90 90 90 90 90 90 
major axis y 18.2 19.3 18.3 18.6 18.6 18.9 25.1 14.0 14.6 12.6 14.1 
angle with x 71.8 70.7 71.7 71.4 71.4 71.1 64.9 76.0 75.4 77.4 75.9 

M valence 3+ 3’ 3+ 3+ 3+ 3+ 4+ 21 2+ 2+ 2+ 

represented by their thermal ellipsoids. It In Fig. 2 the lattice parameters of SnM3 
can be seen that in general the major axis of Rh&i2 compounds with M = La-Gd, Yb 
the Sn(2) atoms is perpendicular to the Rh- are plotted as function of atomic number. It 
Sn(2) and it4-Sn(2) bonds. Therefore, the is clear that the Eu and Yb atoms are in a 
distortion of the phase I’ structures consists different valence state than the other rare 
mainly in the displacement of the Sn(2) at- earth atoms. This observation and the way 
oms along the Sri(l)-Sn(2) bonds. The the coordination polyhedra are arranged in 
Sn(2) icosahedra around the Sn(1) atoms the structure lead to the conclusion that 
lose the m3 point symmetry and the 12 these compounds have a strong covalent/ 
Sri(l)-Sn(2) distances are not equal any- ionic character rather than a pure metallic 
more. one. The Sri(l), M, and Rh atoms have 

By comparing the results of the Th com- 
pound with those of the other compounds it 
can be surmised that the structure of SnTh3 
Rh&ru has the phase I’ distortion. The ma- 
jor axis of the Sn(2) thermal ellipsoid of the 
Th compound is -25% larger than the cor- 
responding value of the La, Ce, Pr, Nd, 
Sm, and Gd compounds and it forms an an- 
gle of -5” with the direction of the Sn(l)- 
Sn(2) bond. The absence of the superstruc- 
ture spots can be explained if in the Th 
compound the distortion is not long range. 
Furthermore, since electron diffraction --L!! Sn Eu Go TB DY Ho ER TM YB Lu 

photographs failed to reveal the presence of 
any diffuse scattering streaks, it can be con- FIG. 2. Lattice parameters of the Sn(l)M3Rh,Sn(2),, 

chided that the distortion is completely dis- 
compounds (M = rare-earth cations) as functions of 
atomic number. The sunerstructure for the M3+ com- 

ordered. pounds has not been taken into account. 
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a cation behavior while the Sn(2) atoms 
have an anion behavior. It is reason- 
able to assume that the ELI, Yb, Ca, and Sr 
atoms are in the divalent state, the La, Ce, 
Pr, Nd, Sm, and Gd atoms are in the triva- 
lent state, and the Th atoms are in the te- 
travalent state. The structural analysis of 
the entire series corroborates the idea that 
an electron transfer takes place between 
the different sites. Figure 3 shows the varia- 
tion of the Rh-Sn(2), %(1)-&t(2), and M- 
Sn(2) distances across the series. The varia- 
tion of the shortest Sn(2)-Sn(2) distance is 
also shown. The values of these distances 
are plotted against the lattice parameters of 
the various compounds. For the Rh-Sn(2) 
distances there exists a curve for each va- 
lence of the M atom, which means that the 
Rh-site size depends upon the valence of 
the M atoms. This strongly indicates that 
the Rh atoms carry a cation charge. The 
most stable valence states for the Rh atoms 
are the trivalent and the tetravalent states. 
As the M valence increases the number of 
Rh4+ decreases while that of Rh3+ increases 
and consequently the value of the Rh-Sn(2) 
distance increases. It can be seen from Fig. 
3 that the variation of the Rh-Sn(2) and 
Sri(l)-Sn(2) distances across the series is 
not the same. The Rh-Sn(2) distance in- 
creases and the Rh valence decreases on 
going from M2+ to M3+ and to M4+. The 
Sn( I)-Sn(2) distance increases and the 
Sn(1) valence decreases only when the M 
valence increases from 2+ to 3+, while 
they remain constant on going from M3+ 
to M4+. In fact the Sri(l)-Sn(2) distance 
of the Th4+ compound falls on the curve 
of the M3+ compounds. This means that in 
the Th4+ compound, the additional elec- 
tron transfer takes place only toward the 
Rh sites. In truly ionic compounds the 
average cation-anion distance does not 
vary appreciably if a third constituent of the 
structure is substituted. For example, in the 
rare-earth orthoferrites, REFe03, the aver- 
age Fe-O distance across the series re- 

mains practically unchanged (8). In the 
stannides, the cation-anion distances 
Sri(l)-Sn(2) for M3+ and Rh-Sn(2) for 
M3+ and M*+ increase with increasing rare- 
earth atom radius, which indicates that the 
interactions between second-nearest neigh- 
bor have an appreciable effect on the inter- 
atomic distances. Such behavior is typical 
of covalent/metallic compounds. On the 
contrary, in ionic compounds second-near- 
est-neighbor interactions (cation-cation) 
have a negligible effect on first-nearest- 
neighbor distances (cation-anion) because 
of the screening effect due to the anion net- 
work. It is worth pointing out that the 
Sri(l)-Sn(2) distances for the M*+ com- 
pounds exhibit a unique variation across 
the series. The same value (3.301 A) has 
been found for the compounds of the two 
alkaline-earth cations (Ca*+ and Sr*+) while 
3.308 and 3.309 A have been found for 
those of the two rare-earth cations Eu*+ and 
Yb*+, respectively. Such a behavior can be 
interpreted as an indication that the Sn(l)- 
Sn(2)u polyhedra in these compounds have 
an ionic character and that the Eu and Yb 
compounds contain a certain amount of 
Eu3+ and Yb3+ cations. The distortion from 
phase I to phase I’ is accompanied by a 
decrease of the ionic character of the 
Sn( 1)Sn(2)i2 polyhedra. The two points cor- 
responding to the alkaline-earth cations are 
on one side of the curve whereas those cor- 
responding to the two rare-earth cations are 
on the other for most of the other distances. 
The separation is clear-cut only for the 
Sri(l)-Sn(2) distances while for all the 
others it is about within one or two stan- 
dard deviations. With only four points it is 
rather difficult to see this difference; how- 
ever, it should be noticed that the values 
corresponding to the divalent rare-earth 
cations are always in between those corre- 
sponding to the trivalent rare-earth cations 
and those corresponding to the divalent al- 
kaline-earth cations. This strongly corrobo- 
rates the assumption that the Eu and Yb 
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FIG. 3. Variation across the series of the Sri(l)-Sn(2), the Rh-G(2), the M-%(2), and the shortest 
Sn(2)-Sn(2) distances. The primitive cubic lattice parameters are reported along the abscissae. 

compounds contain some Eu3+ and Yb3+ 
cations, respectively. 

M-Sn(2) distances comprise two groups of 

The M atoms occupy cubooctahedral 
four and eight equal distances, respec- 

sites having a 42m point symmetry. The 12 
tively. For both groups of distances there 
exists a curve for each valence of the M 
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FIG. 4. The A15 sublattice of Sn(l)M3. The coordi- 
nation polyhedra around one Sn(1) and two M atoms 
are represented. The shortest Sn(2)-Sn(2) distances 
are indicated by heavy lines. 

atoms. The value of the eight M-Sn(2) dis- 
tances decreases with increasing valence of 
the M atoms which is a normal behavior as 
cation size decreases with increasing va- 
lence. On the contrary, the value of the four 
M-Sn(2) distances increases with increas- 
ing valence of the M atoms. This anoma- 
lous behavior is due to second-nearest- 
neighbor interactions. As can be seen from 
Fig. 3 the average of the 12 distances de- 
creases with increasing valence of the M 
atoms, however, the value of the Th com- 
pound falls on the curve of the M3+ com- 
pounds. 

The variation of the shortest Sn(2)-Sn(2) 
distance is shown in Fig. 3. This distance 
varies between 2.955 and 3.007 A while all 
the other Sn(2)-Sn(2) distances are greater 
than -3.20 A. It forms two edges of each 
rectangle shared by the infinite M-cubooc- 
tahedron chains and it is also a shared edge 
between the M cubooctahedra and the 
Sn(1) icosahedra (Fig. 4). The variation of 
this distance across the series gives rise to 
three curves, one for each M valence, how- 
ever, the sequence of the three curves is 
not as expected. The shortest Sn(2)-Sn(2) 

distance decreases on going from the M3+ 
to the M*+ and to the M4+ compounds. The 
Sn(2) atoms are coordinated to one Sri(l), 
three M, and two Rh atoms. The valence 
variations of the M and Sn(1) atoms have 
opposite effects on the Sn(2)-Sn(2) short 
distances. When the M valence increases 
from 2+ to 3+ the M-site size decreases 
and the Sn(2)-Sn(2) edges tend to decrease. 
At the same time, because of the electron 
transfer, the Sn(1) valence decreases, the 
Sri(l)-site size increases, and the Sn(2)- 
Sn(2) edges tend to increase. This indicates 
that on going from M *+ to M3+ the increase 
of the Sri(l)-site size prevails over the de- 
crease of the M-site size. As stated above 
the valence of the Sn(1) site does not 
change when going from M3+ to M4+. In 
this case only the decrease of the M-site 
size has an effect on the Sn(2)-Sn(2) dis- 
tances and a decrease of the shortest Sn(2)- 
Sn(2) distance is observed. We have not 
taken into account the variation of the Rh- 
site size. Since the shortest Sn(2)-Sn(2) 
distance is not an edge of the trigonal 
prisms surrounding the Rh atoms, the size 
variation of the Rh sites has a negligible 
effect on this distance. 

The valence of the M sites is a very im- 
portant factor for the crystal chemistry of 
the SnM3Rh4Snlz series. As stated above 
the structure of the M3+ compounds is dis- 
torted with respect to that of the M2+ com- 
pounds and the structure of the Th4+ com- 
pound is also distorted, but the distortion is 
not ordered. The main feature of the distor- 
tion is a loss of point symmetry for the 
Sn(1) sites. When the M*+ atoms are re- 
placed by M3+ or M4+ atoms, the Sn(1) va- 
lence decreases. Consequently the Sn(l)- 
Sn(2) bond strength decreases, the Sn(1) 
polyhedron undergoes a distortion, and the 
crystal symmetry decreases. 

The increase of the Sn( l)-Sn(2) distances 
when going from M2+ to M3+ is -0.025 A 
while the corresponding increase of the 
Rh-Sn(2) distances is only 0.005 A. The in- 
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crease of the former distances is larger be- 
cause in the I’ structures, that is, the com- 
pounds with M3+ and M4+, the distortion of 
the Sn(1) sites brings about an additional 
site-size increase. It is well known that dis- 
torted coordination polyhedra correspond 
to larger average interatomic distances. 

The analogy from the structural point of 
view between the SnM3Rh&2 and the 
A’AI;BJOQ compounds has been discussed 
in Ref. (3). The latter compounds have a 
perovskite-like structure in which an order 
1 : 3 exists on the 1Zcoordinated sites. By a 
simple mechanism similar to that by which 
a NiAs structure transforms into a NaCl 
one, the Rh$ni2 network can be trans- 
formed into the B40i2 network. The stan- 
nides can then be considered as the 
covalent counterparts of the A’A”B40i2 
perovskites. The isostructural relationship 
between Na[Mn:+](Mn:+Mn:+)Ou and 
Ca[Cu:+](Mn:+)0i2 (9, IO) is similar to that 
existing between SnLa:+Rh&i2 and Sn 
Eu$+Rh&ri2. This isormorphism by elec- 
tron transfer which can exist in both series 

is another point of analogy between the two 
series. 
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