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To understand the competition between magnetic ordering and
superconductivity at low temperature in (Sn12xErx)(1)Er(2)4
Rh6Sn(2)18 compounds the variation as function x of the a.c.
susceptibility and the magnetic structure, as determined by
single-crystal neutron di4raction, were investigated. For increas-
ing x, the low temperature properties change from coexistence of
magnetic ordering and superconductivity (x 5 0) to reentrant
superconductivity (x++0.4) and to magnetic ordering only
(x++0.6). The neutron di4raction experiments at low temper-
atures carried out for three samples of compositions x 5 0, 0.42,
and 0.6 allowed us to determine the variation of the low-tem-
perature magnetic structure as a function of the mixed
(Sn12xErx)(1) site composition. Our results indicate that the
changes in the low-temperature physical properties are essential-
ly related to the increase in coherence length of the magnetic
ordering for increasing x. For x 5 0, only short-range magnetic
order of the Er(2) sublattice is present, with a correlation length
of only a few unit cells large. For the intermediate x 5 0.42
sample, superconductivity appears and is suppressed at lower
temperature due to magnetic ordering. For x 5 0.6, long-range
magnetic order is established for one of the two Er sublattices,
preventing the appearance of superconductivity. This allows the
coexistence of superconductivity and short-range magnetic
order. ( 1999 Academic Press

Key Words: magnetism; superconductivity; erbium rhodium
stannide.

INTRODUCTION

The compounds belonging to the rare-earth transition
metal stannide series were synthesized for the "rst time in
1980 (1). From the physical property point of view, the main
interesting feature of this series lies in the existence of
superconductivity and/or magnetic ordering at low temper-
atures. The research e!ort devoted to these materials was
essentially motivated by the study of the appearance of
superconductivity in compounds containing a sublattice of
magnetic rare-earth metal atoms. It was thought in the past
that superconductivity and magnetism were two mutually
incompatible cooperative phenomena. For example, Mat-
39
thias et al. (2) showed that the introduction of magnetic
impurities in a superconducting material led to the
msuppression of superconductivity, or at least to a drastic
decrease in the superconducting transition temperature. In
the 1970s the "rst superconducting ternary compounds con-
taining a sublattice of magnetic rare-earth metal atoms,
such as ErRh

4
B

4
, or HoMo

6
S
8
, were discovered. It was

shown in these materials that superconductivity was de-
stroyed by the appearance of a ferromagnetic ordering.

Short after the discovery of the rare-earth transition
metal stannide series, the reentrant superconductivity phe-
nomenon was also observed in the erbium member with
chemical formula (Sn

1~x
Er

x
) (1)Er(2)

4
Rh

6
Sn(2)

18
, and ex-

tensive physical as well as crystallographic studies were
devoted to the study of this peculiar e!ect (3}5). Further-
more, large single crystals were available for this compound,
which allowed accurate physical characterizations and pre-
cise determination of the crystallographic and magnetic
structures using neutron and X-ray single-crystal di!raction
techniques. Ott et al. (4) showed that, depending on the
synthesis conditions, the samples could behave di!erently.
By measuring the low-temperature physical properties of
three di!erent single crystals, these authors observed for the
"rst one only a superconducting transition, for the second
only a magnetic ordering transition, and for the third two
successive superconducting and magnetic transitions on
cooling, characteristic of the reentrant behavior. Without
the precise knowledge of both the crystal structure and the
chemical composition of their samples, they were unable to
explain their observations.

The crystal structure of this compound (known as phase
II of the rare-earth transition metal stannides) was later
determined by Hodeau et al. (6). The symmetry is tetrag-
onal, space group I4

1
/acd, with a"13.733 As , c"27.418 As ,

and Z"8. The structural study led to the following
chemical formula: (Sn

1~x
Er

x
) (1)Er(2)

4
Rh(1)

2
Rh(2)

4
Sn(2)

4
Sn(3)

12
Sn(4)

2
, where numbers in parentheses refer to di!er-

ent crystallographic sites in the unit cell. The framework of
the structure is built up by a network of RhSn

6
trigonal

prisms, to which only the Sn(2) and Sn(3) atoms contribute.
9
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It comprises layers of corner-sharing prisms with two suc-
cessive layers being separated by a layer of isolated prisms.
The prisms belonging to the separated prism layers share
their corners only with those from the layers above and
below. This three-dimensional network is represented in
Fig. 1. It generates three types of large cavities centered at
the 8b (0 0 1/4), 16e(1/4 x+1/4 1/8), and 8a (0 0 0) positions
of the I4

1
/acd space group (with the origin taken at

(0 1/4!1/8) from the center of symmetry), respectively. The
8a position remains empty, while the 8b one is occupied by
Er(1) and Sn(1) atoms, in a slightly distorted cuboctahedral
coordination of Sn(3) atoms. The 16e position is occupied
by Sn(4) atoms, with two Er(2) atoms as "rst nearest neigh-
bors, forming a doublet. The coordination polyhedron of
these Er(2) atoms is a truncated cuboctahedron of 10 Sn
atoms (average distance, 3.22 As ), three Rh atoms lying near-
FIG. 1. Three-dimensional network of RhSn
6

trigonal prisms. Two succe
prisms. (a) Projection on the (001) plane; (b) projection on the (100) plane.
er (average distance, 3.03 As ) in front of the three rectangular
faces of the Sn polyhedron.

The Er(2) sublattice is made of large distorted tetrahedra
centered about the 8a positions, the Er(2)}Er(2) average
distance being 5.28 As . The above-mentioned doublets are
formed by pairs of Er(2) atoms connecting two adjacent
Er(2)

4
tetrahedra. The distance between two Er(2) atoms

forming such doublets is 4.376 As , shorter than the bond
distance inside the tetrahedra. The (Sn

1~x
Er

x
) (1)Er(2)

4
sub-

lattice, shown in Fig. 2, can be described as two interpenet-
rating pseudo-face centered cubic sublattices formed by
the Er(2)4 tetrahedra and the (Sn

1~x
Er

x
) (1) mixed sites,

respectively.
For the compounds crystallizing in phase II, the c/a ratio

is close to 2. Consequently, twinning by pseudo-merohedry
is likely to occur about a pseudo threefold axis, leading to
ssive A layers of corner-sharing prisms are separated by B layers of isolated



FIG. 2. Representation of the (Sn
1~x

Er
x
) (1) (full circles) and Er(2)

(empty circles) sublattices. The Er(2) doublets are outlined.
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a 2a]2a]c pseudo-cubic cell. The dimensions of the twin
individuals change from sample to sample and have been
estimated to vary between 1 and 100 lm.

By solving the structure of this compound, Hodeau et al.
showed that the chemical composition could be varied by
changing the composition of the mixed site (Sn

1~x
Er

x
) (1).

Miraglia et al. (7) then demonstrated that the three samples
studied by Ott et al. presented di!erent compositions of this
site, with x+0.6 for the magnetic sample, x+0 for the
superconducting one, and x+0.4 for the reentrant one.

We present herein a detailed study of the chemical
composition of selected samples of (Sn

1~x
Er

x
)(1)Er(2)

4
Rh

6
Sn(2)

18
, the low-temperature properties, and the inter-

play between crystal and magnetic structures based on
single-crystal neutron di!raction data at low temperature.

SAMPLE PREPARATION

The samples used here were synthesized by using the tin
melt technique (8, 9). A mixture of erbium, rhodium, and
excess tin was heated at 10503C in an evacuated quartz
ampoule, then cooled down to 5503C at a rate varying
between 3 and 253C/h, and taken out of the furnace. Mil-
limetric-size single crystals had metallic aspect and in gen-
eral cuboctahedral shape. They were extracted from the
melt by electrolysis. The precise chemical composition of
each crystal was determined by single-crystal X-ray di!rac-
tion on a small piece of each sample (10).

LOW-TEMPERATURE PHYSICAL MEASUREMENTS

A.c. susceptibility and magnetization measurements were
carried out down to 10 mK at the C.R.T.B.T.-CNRS
(Grenoble) in collaboration with J.L. GeH nicon and M.
Giroud. In Fig. 3 the a.c. susceptibility curves for three
samples of compositions x"0, 0.41, 0.57, and 0.61 are
shown (11). The evolution of the superconducting and mag-
netic transition temperatures are reported in Fig. 4. The
x"0.61 sample only presents a ferromagnetic transition at
0.64 K, and no trace of superconductivity. The x"0.57
sample presents a superconducting transition at 0.97 K
in a 3 mOe "eld. The superconducting state is quite fragile
and is almost destroyed in a "els as small as 300 mOe.
The magnetic transition appears below ¹

.3.O%
"0.5 K,

which is accompanied by the disappearance of the super-
conducting state. Below this temperature, the magnetic state
does not change with applied magnetic "eld. In the case
of the x"0.41 sample, the superconducting transition ap-
pears at ¹

#3.O%
"1.0 K, and the superconducting state

is merely sensitive to the increase of applied magnetic "eld.
The ferromagnetic transition at ¹

.3.O%
"0.5 K destroys

the superconducting state. The magnetic state is sensitive
to the increase in applied magnetic "eld, which increases
the magnetic transition temperature as well as the max-
imum susceptibility value. Finally, in the case of the x+0
sample, the superconducting transition takes place at
¹

#3.O%
"1.32 K and the superconducting state is not

a!ected by the applied magnetic "eld increase. A weak
magnetic transition, whose magnitude is very sensitive to
the applied magnetic "eld, appears at ¹

.3.O%
"0.34 K.

Nevertheless, the susceptibility remains diamagnetic below
this temperature, indicating the coexistence between super-
conductivity and an ordered magnetic state for temper-
atures below 0.3 K.

The evolution of the transition temperatures as function
of chemical composition (x) and applied magnetic "eld
summarized in Fig. 4 indicates that an increase in x at
constant "eld leads to an increase in the magnetic transition
temperature and a decrease in the superconducting
transition temperature. Above x"0.6 a further increase in
x leads to the suppression of the superconducting state.
On the other hand, for constant x value, ¹

.
increases

and ¹
#

decreases with increasing applied magnetic "eld.
These evolutions reveal a progressive weakening of the



FIG. 3. Low temperature a.c. susceptibility curves for the x"0.61
(top), x"0.57, 0.42, and 0 (bottom).

FIG. 4. Variation of the magnetic and superconducting transition tem-
peratures as function of x and applied magnetic "eld.
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superconducting state for increasing x value and applied
"eld, while the magnetic state is reinforced.

Magnetization and resistivity measurements at low tem-
perature (12) on the x"0 sample also revealed the existence
of a ferromagnetic state below ¹
.
, while the resistivity

remains zero below a "eld of 20 mT. The saturation magnet-
ization measurement leads to a value of 6.85 l

B
for the

magnetic moment of the Er atoms. The coherence length of
the superconducting state was estimated by Andres et al. (5)
to be +1000 As . These results con"rm the coexistence be-
tween ferromagnetic ordering and superconductivity with
zero resistance below ¹

.
+0.3 K in the x"0 compound.

THE MAGNETIC STRUCTURE OF THE ERBIUM
RHODIUM STANNIDE: EXPERIMENTAL

To understand the reentrant superconductivity phenom-
enon in erbium rhodium stannide, we decided to determine
its magnetic structure. We carried out three single-crystal
neutron di!raction experiments at low temperatures, with
three samples having x"0.42, 0.61, and 0, respectively, and
whose physical properties have been described above. This
would allow us to "nd out whether the modi"cations of
these physical properties with the chemical composition of
the (Sn

1~x
Er

x
)(1) site were related to changes in the mag-

netic structure. The experiment was carried out using a dilu-
tion refrigerator installed on D15 of I.L.L., set in the normal
beam geometry mode with a 1.17 As wavelength. The pre-
oriented samples were tin-soldered on a copper holder at-
tached to the cryostat cold stage. They were centered in the
neutron beam, and the crystal orientations were re"ned by
measuring the position of 20 Bragg re#ections.

To determine the twin ratios, several sets of equivalent
re#ections were measured for those re#ections which do not
belong to the a]a]c/2 pseudo-cubic subcell. This class of



TABLE 1
Atomic Positins at 2.5 K for the Compound (Sn12xErx)(1)Er(2)4 Rh6Sn(2)18, x 5 0.42

Atom Pos. x y z Atom Pos. x y z

Er/Sn(1) 8b 0 1/4 1/8 Er(2) 32g 0.1327(8) 0.388(1) !0.1933(5)
Sn(2) 32g 0.086(1) 0.3387(8) !0.0800(6) Sn(31) 16f 0.181(1) 1/4#x 1/8
Sn(32) 16f 0.322(1) 1/4#x 1/8 Sn(33) 32g 0.331(1) 0.2591(1) !0.038(1)
Sn(34) 32g 0.005(1) 575(1) !0.038(1) Sn(4) 16e 0.230(3) 0.465(1) !0.010(2)
Rh(1) 16d 0 0 0.001(1) Rh(2) 32g 0.02420(9) 0.2528(9) !0.1251(7)

Note. Isotropic thermal parameters are "xed to 0. The value of x is "xed at 0.42, as found by X-ray di!raction.

FIG. 5. Intensity variation with ¹ for the (4 4 8)
#

re#ection across the
magnetic transition for x"0.42.
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re#ection belongs only to one twin individual. The ratios
between the intensity of equivalent re#ections were taken
equal to the volume ratios of the twin individuals in the
samples. For the three samples, two intensity data collec-
tions were carried out in the pseudo-cubic 2a]2a]c super-
cell, above and below the magnetic transition temperature.
This cell will be designated with subscript c, while the
a]a]c tetragonal cell will be designated with subscript t.
The intensities of a few magnetic peaks were measured as
function of temperature across the magnetic transition. The
re"nements were carried out with the MXD software (13).
The twins and magnetic domains were taken into account
by considering that each re#ection was the weighted sum of
re#ections coming from the di!erent individuals or do-
mains. The weights were related to the individuals volume
fractions, which were variable parameters.

STUDY OF THE REENTRANT SUPERCONDUCTOR
(Sn12xErx)(1)Er(2)4Rh6Sn(2)18, x 5 0.42

Crystal Structure at 2.5 K

The re"nement of the crystal structure was carried out on
the intensities of 247 re#ections measured at 2.5 K, with
a weighting scheme w"1/(p#0.02I

0"4
)2. An absorption

correction was applied, using the Cooper and Rouse for-
mula (14) for a sphere and lR"0.15. All positional para-
meters and twin ratios were re"ned while the isotropic
thermal factors were "xed to zero. The compositional
x parameter was taken equal to the 0.42 as determined by
X-ray di!raction analysis. The "nal reliability factors were
wR"10.17%, R"7.2%, and X2"2.15. The re"ned twin
ratios (38.1(6)%, 34.4(6)%, and 25.5(6)%) were in good
agreement with those determined from the intensity ratios
of equivalent re#ections as described above. The re"nement
of the isotropic thermal parameters yielded values equal to
zero within two standard deviations and did not modify the
other results. The atomic positions obtained at 2.5 K are
reported in Table 1. They hardly di!er from those of the
room temperature crystal structure reported by Hodeau
et al. (6).
Magnetic Structure at 70 mK

The thermal evolution of the (4 4 8)
#
re#ection intensity is

shown in Fig. 5. The nuclear part of this intensity is the sum
of the (2 2 8)

5
, (4 2 4)

5
, and (2 4 4)

5
re#ections from the three

twin individuals. The magnetic transition temperature
taken at the in#ection point is estimated at 0.35 K.

By subtracting the intensities measured below and above
the transition, it appeared that only about 30 re#ections
presented a nonnegligible magnetic contribution. Almost all
of them were indexable on the pseudo-cubic a]a]c/2
body-centered cell. Since the phase II structure unit cell
contains 32 Er(2) and 8 (Sn

1~x
Er

x
) (1) sites, it was not

possible to re"ne independently the moduli and directions
of all magnetic moments. Therefore, we used the Bertaut's
macroscopic theory (15) by imposing on the magnetic mo-
ments the restrictions brought about by symmetry condi-
tions. For each representation of the space group, a set of
relations constraining the moduli and directions of the Er
magnetic moments on crystallographically equivalent sites
were applied. The remaining independent variables describ-
ing the magnetic moments were re"ned, while the positional



FIG. 6. Projection on the (001) plane for atoms with !0.05(z(0.21. The dotted line indicates the local pseudo threefold axis at the Er(2) site. The
Er(2) moments are indicated by arrows. The # and ! signs indicate the direction of the Er(1) moments along the c axis.
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parameters, twin ratios, and scale factors were "xed at the
values determined at 2.5 K. All representations for the
I4

1
/acd space group were tested, and satisfactory conver-

gence could only be obtained for the !2` one (16, 17). In
this representation, the Er(1) magnetic moments have the
same direction parallel to the c axis of the a]a]c tetrag-
onal cell. The Er(2) moments are not collinear, and have
a resultant parallel to the c axis. The magnetic moments of
the Er(2) atoms were described in polar coordinates, with
the cartesian coordinates Mx, My, Mz given by

Mx"lEr(2) sinu cos s

My"lEr(2) sin u sin s

Mz"lEr(2) cosu.

The re"ned variables were lEr(1), lEr(2), u, and s. Since the
sample was not submitted to external "eld during the ex-
periment, the presence of magnetic domains had to be
introduced in the re"nement. Since for the !2` representa-
tion the resulting magnetic moment is oriented along the
c-axis, three domains, related by the pseudo-threefold axis
of the a]a]c/2 cell, were introduced.

The re"nement carried out on the total (nuclear#mag-
netic) intensities yielded lEr(1)"3.9(5) l

B
, lEr(2)"

1.5(1) l
B
, s"37(10)3, and u"301(4)3, with the following

reliability factors: wR"13.26%, R"7.02%, and X2"

3.32. A re"nement carried out on the intensity di!erences
between 70 mK and 2.5 K (i.e., only the magnetic contribu-
tions) led to the same results within one e.s.d. The values of
the Er magnetic moments are markedly less than those
obtained by MoK ssbauer spectroscopy (7.6 l

B
) (3) or magnet-

ization measurements (8.13 l
B
) (5) on reentrant samples

with unknown composition.
The projection onto the (001) plane of the magnetic and

crystallographic structure is presented in Fig. 6. One can see
that the orientation of the Er(2) atom moment is close to the
direction of the pseudo-threefold axis passing through the
Er(2) site, for which s"453 and u"305.263. Re"ning the
magnetic moment moduli with s and u "xed at these values
led to similar results as above. It can then be stated that the
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magnetic moments of the Er(2) atoms are oriented along the
local pseudo-threefold axis.

The magnetic structure of the Er sublattices is presented
in Fig. 7. Inside each Er(2)

4
tetrahedron, the magnetic

moments of the four Er(2) atoms are oriented along the four
pseudo-threefold axes, with a resultant along the c axis
having a direction opposite to that of the Er(1) sublattice
magnetic moments. The total magnetic moment per unit cell
is 14(5) l

B
and is directed along the c axis.

The observed magnetic contributions to the Bragg peaks
always exhibited a full width at half maximum (FWHM)
markedly larger than that of the nuclear contribution. For
example, Fig. 8 shows the "tted pro"les of the (4 4 8)

#
re#ec-

tion at 0.7 K and 70 mK (above and below ¹
.
), as well as

the "tted pro"le of the di!erence, corresponding to the
magnetic contribution only. Using the Scherrer formula,
and considering the FWHM of the Bragg contribution as
the instrumental width, the coherence length of the mag-
netic ordering can be estimated at about 65 As .
FIG. 7. Orientations of the magnetic moments for the two Er(1) and
Er(2) sublattices.

FIG. 8. Pro"le "tting for the (00-8)
#
re#ection (x"0.42). From top to

bottom: above, below the magnetic transition, and di!erence between the
two.
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STUDY OF (Sn12xErx)(1)Er(2)4Rh6Sn(2)18 WITH x 5 0.61

Figure 9 represents the thermal evolution of the (8 4 4)
#
,

(0 0 8)
#
, and (2 2 2)

5
re#ections across the magnetic transition.

The transition temperature taken at the in#ection point is
0.4 K. Two data collections have been carried out at 1.4 K
and 100 mK, under the same conditions as described above
for the x"0.42 sample. The re"nements of the nuclear
and magnetic structures also yielded similar results, with
lEr(1)"2.4(2) l

B
and lEr(2)"3.65(9) l

B
, corresponding

to an increase of +2l
B

of the Er(2) magnetic moment. The
magnetic resultant per unit cell is 34(3) l

B
, directed along

the c axis.
As for the reentrant compound, the magnetic contribu-

tions are noticeably broader than the nuclear ones. The
results of pro"le "ttings for the (0 0 8)

#
re#ection are shown

in Fig. 10. Interestingly, the purely magnetic contribution
obtained by the di!erence between the re#ections measured
below and above the transition must also be "tted with two
Gaussian components with FWHM 0.27(1)3 and 1.04(5)3,
respectively, while the nuclear contribution exhibits
a FWHM of 0.264(5)3. These two magnetic contributions
could be attributed to the two magnetic sublattices present
in the structure. The FWHM of the narrow one is similar to
the FWHM of the nuclear contribution, and therefore cor-
responds to a long-range ordered magnetic sublattice. The
FWHM of the broad one corresponds to a magnetic coher-
ence length of +60 As , very close to the value found for the
reentrant sample. Thus, in this compound, two magnetic
sublattices coexist, one being long-range ordered and the
other being short-range ordered with a coherence length of
the order of a few unit cells.
FIG. 9. Intensity variation with ¹ for the (8 4 4)
#
, (0 0 8)

#
, and (2 2 2)

#
re#ections across the magnetic transition for x"0.61

FIG. 10. Pro"le "tting for the (008)
#
re#ection (x"0.61). From top to

bottom: above, below the magnetic transition, and di!erence between the
two.
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STUDY OF Sn(1)Er(2)4Rh6Sn(2)18 WITH (x 5 0)

Figure 11 shows the thermal evolution of the (4 4!8)
#
,

(0 0 8)
#
, and (2 2!2)

#
across the magnetic transition. The

transition temperature taken at the in#ection point is
0.35 K. Note that this compound is still superconducting
below this temperature which con"rms the coexistence of
magnetic ordering and superconductivity in this sample.
The re"nement of the nuclear and magnetic structures from
the 2.5 K and 85 mK data leads again to results similar to
both previous samples, with the di!erence being that in this
case only the Er(2) sublattice was introduced in the mag-
netic structure re"nement, which yielded lEr(2)"
2.28(8) l

B
. The magnetic resultant per unit cell is 32(4) l

B
and is directed along the c axis. This high value compared to
the one found for the reentrant sample is due to the fact that
the contribution from the Er(2) sublattice is no longer partly
compensated by the contribution from the Er(1) one.

As for the other two samples, the magnetic contribution
to the Bragg peaks showed noticeable broadening. The
pro"le "ts for the (0 0 8)

#
re#ection is shown in Fig. 12. The

nuclear peak at 2.0 K is described by a Gaussian curve with
FWHM"0.245(8)3, while for the magnetic contribution,
a FWHM of 1.7(2)3 is obtained, corresponding to a quite
short correlation length of +40 As .

DISCUSSION

Our results indicate that for the sample with x"0 the
magnetic order is established with coherence lengths on the
order of a few unit cells and consequently does not destroy
the superconducting state. The short-range nature of the
magnetic order cannot be attributed to structural disorder
on site (1), since it is only occupied by Sn atoms. It should be
related, instead, to the arrangement of the Er(2) sublattice.
FIG. 11. Intensity variation with ¹ for the (4 4!8)
#
, (0 0!8)

#
, and

(2 2!2)
#

re#ections across the magnetic transition for x"0.

FIG. 12. Pro"le "tting for the (00!8)
#
re#ection (x"0). From top to

bottom: above, below the magnetic transition, and di!erence between the
two.
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It is interesting to note that a spin glass behavior has been
reported by Blank et al. (18) for erbium rhodium stannide
and by Lazaro et al. (19) and van de Pasch (20) for isostruc-
tural holmium rhodium stannide. These observations and
the short-range nature of the magnetic ordering for x"0
suggest that the erbium rhodium stannide could be a spin
glass system even in the absence of the structural disorder
on site (1). Since the Er(2) sublattice is pseudo-cubic, the
magnetic resultant can be oriented along the three major
unit cell directions leading to the formation of magnetic
domains of sizes corresponding to the coherence length
determined by neutron di!raction experiments. The pres-
ence of such microdomains could be generated by structural
defects of the same type as those which are systematically
observed in phase II', a microtwinned and disordered ver-
sion of phase II (20). It is known that the erbium rhodium
stannide can crystallize in either of these two phases. It is
thus highly probable that a nonnegligible number of such
defects may exist in phase II samples, leading to a disorder
of the magnetic Er(2) sublattice. Magnetic frustration re-
lated to the di!erent possible orientations of the magnetic
resultant in the vicinity of such defects could be at the origin
of the spin glass behavior of the system.

For x'0, Er atoms are present on site (1). For su$-
ciently high occupancy of this site by Er (x"0.6), the
neutron di!raction data revealed the presence of two mag-
netic contributions, one long-range ordered and the other
short-range ordered, which can be attributed to the two
magnetic sublattices. It is di$cult to imagine that the short-
range ordered sublattice be that of Er(2), as in the case of the
x"0 sample. It is unlikely that the magnetic orientation
disorder of this sublattice would coexist with the long-range
ordering of the Er(1) sublattice. The orientation of the Er(1)
moments along the c axis direction suggests that the crystal-
"eld e!ects should play a relevant role in this case. The
presence of magnetic moments on the Er(1) sublattice could
lead to an increase in the size of magnetic domains, which
would become larger than the di!raction correlation length
(about a few hundred As ) for x"0.6. The Er(2) sublattice
would then appear as long-range ordered, while the short
range contribution to the magnetic di!raction peaks would
be brought about by the substitutionally disordered Er(1)
sublattice. For the x"0.42 sample, the e!ect of the Er(1)
moments would be insu$cient to lead to long-range order-
ing of the Er(2) sublattice, both types of disorder would be
present, leading to the observation of a single, broad mag-
netic contribution to the Bragg re#ections.

The coexistence of magnetic ordering and superconduc-
tivity in the x"0 sample could be explained by the short-
range nature of the former, for which the magnetic correla-
tion length (+40 As ) is considerably smaller than the super-
conducting coherence length, known to be about +1000 As .
The net magnetic "eld, resulting from averaging over many
small magnetic domains of such dimensions, would prob-
ably be close to zero. The a.c. susceptibility behavior ob-
served below ¹

.
would result from the superposition of the

dimagnetic signal due to superconductivity and the ferro-
magnetic signal due to short-range magnetic ordering.

When x increases, the magnetic correlation length de-
creases, and the magnetic "eld is established over larger
distances. Despite the decrease in the resulting magnetic
moment per unit cell, the increase in the correlation length
leads to the disappearance of superconductivity, whose criti-
cal "eld Hc2 is only +100 Oe. The material is now a reen-
trant superconductor. However, superconducting islands
might remain below ¹

.
, which might explain the dependence

of a.c. susceptibility with applied magnetic "eld. An increase
in the applied "eld would lead to an increase in the magnetic
correlation length, which would contribute to the decrease
in the superconducting islands. For w+0.6, the magnetic
coupling is strong enough to lead to long-range magnetic
ordering of the Er(2) sublattice. The resulting increase in
magnetic transition temperature prevents the appearance of
superconductivity in this sample. The coherence length of
the Er(2) sublattice is increased by increasing the propor-
tion of magnetic erbium cations in the mixed site (1).

CONCLUSION

The magnetic structure of the erbium rhodium stannide
has been investigated as a function of the mixed site com-
position x by means of very low temperature single-crystal
neutron di!raction. Our results indicate that the changes in
the low-temperature physical properties are essentially re-
lated to the increase in coherence length of the magnetic
ordering for increasing x. For x"0, only short-range
magnetic order of the Er(2) sublattice is present with a cor-
relation length of only a few unit cells large. For the inter-
mediate x"0.42 sample, superconductivity appears and is
suppressed at lower temperature due to magnetic ordering.
For x"0.6, long-range magnetic order is established for
one of the two Er sublattices, presenting the appearance of
superconductivity. The coherence length of the Er(2) sublat-
tice is increased by increasing the proportion of magnetic
erbium cations on the mixed site (1).

In this system, the complex competition between magnet-
ism and superconductivity appears to be governed by the
relative sizes of the magnetic and superconducting coher-
ence lengths. On increasing the former by progressively
increasing the erbium occupancy of site (1), the supercon-
ducting state is weakened and con"ned to small domains,
before disappearing for su$ciently high erbium concentra-
tion and magnetic coherence length.
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