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The stannide Eu2 Au2 Sn.i was prepared by high-frequency melting of the elements in a sealed
tantalum tube. The structure of Eu-iAu^Sn^ was refined from single crystal X-ray data: P2\/m,
a = 928.6(2), b = 465.8(2), c = 1042.9(3) pm, ß = 92.28(2)°, wR2 = 0.0653, 1220 F2 values and
56 variables. The structure of Eu2 Au2 Sns is of a new type, it can be considered as an ordered
defect variant of the BaAU type. Due to the ordered defects, the coordination number (CN) of
the two crystallographically different europium sites is reduced from CN 16 to CN 14. The gold
and tin atoms in Eu2 Au2 Sn_s form a complex three-dimensional [A ^Sns] polyanion in which
the europium atoms are embedded. Within the polyanion short Au-Sn and Sn-Sn distances
are indicative of strongly bonding Au-Sn and Sn-Sn interactions. A detailed group-subgroup
scheme for various ordered and defect variants of the BaAU family is presented. EuiA^Sn?
shows Curie-Weiss behavior above 50 K with an experimental magnetic moment of 7.90(5)
/ub/Eu, indicating divalent europium. Antiferromagnetic ordering is detected at 5.8(5) K at low
fields and a metamagnetic transition occurs at a critical field of 1.4(2) T. Eu2Au2 Sns is a metal
with a specific resistivity of 150±20 p f i cm at room temperature. The results of l:i|Eu and
119Sn Mössbauer spectroscopic experiments are compatible with divalent europium and show
complex hyperfine field splitting with a transferred magnetic hyperfine field at the tin nuclei at
low temperature.

Introduction
The equiatomic europium transition metal stannides EuTSn (T = Cu, Zn, Pd, Ag, Pt, Au, Hg) have
been intensively investigated in recent years with re
spect to their crystal structures and greatly varying
physical properties [1 - 101. Two remarkable com 
pounds in this structural family are the metamagnet
EuZnSn [1, 5] which at low temperature exhibits a
large transferred magnetic hyperfine field of 12.8 T
at the tin nucleus [10], and EuAuSn which crystal
lizes with a quintupled superstructure of the KHg 2
type.
In the tin-rich parts of the respective ternary
systems, so far only the stannide EuIrSn 2 [11]
with an ordered Re3 B type structure has been re
ported. The tin substructure of EulrSm is derived

from the structure of hexagonal diamond,
lonsdaleite [12]. Each tin atom has a dis
torted tetrahedral environment. These tetrahedra are condensed via common edges form
ing a three-dimensional network of distorted
and puckered hexagons in an ABAB stacking
sequence.
We have now extended our investigations on such
tin-rich stannides with respect to other transition
metals. In the present paper we report on the new
stannide Eu 2Au 2 Sns which crystallizes with a de
fect variant of the BaAU type [13]. Besides the crys
tal chemistry we have investigated the magnetic and
electrical properties and the 119Sn respectively 151 Eu
M össbauer spectroscopic data. A brief account of
some of this work was given recently at a confer
ence [14].
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Experimental

Physical properties

Synthesis

The magnetic susceptibilities of polycrystalline pieces
of Eu2 Au2 Sn5 were determined with an MPMS SQUID
magnetometer (Quantum Design, Inc.) in the tempera
ture range 4.2 - 300 K with magnetic flux densities up
to 5.5 T. The specific resistivity was measured on small
irregularly shaped blocks (about 1 x 1 x 2 mm3) using
a conventional four-point technique over the temperature
range 4.2 - 300 K. Cooling and heating curves were iden
tical within the error limits and were reproducible for
different samples.
1l9Sn and 151Eu Mössbauer spectroscopic experiments
were performed on polycrystalline samples of Eu2 Au2 Sn5
at absorber temperatures between 300 and 4.2 K. The
samples for the Mössbauer experiments were taken from
the same batch as for the susceptibility and resistivity
measurements. The Cam SnC>3 and l'’lSm:EuF3 sources
were held at room temperature while the temperature of
the absorber was varied between 4.2 and 300 K. For the
ll9Sn measurements a palladium foil of 0.05 mm thick
ness was used to reduce the tin K X-rays concurrently
emitted by the source.

Starting materials for the preparation of Eu2 Au 2 Sns
were ingots of europium (Johnson Matthey), gold wire
(Degussa, 0l mm), and a tin bar (Heraeus), all with stated
purities better than 99.9 %. The larger europium ingots
were cut into small pieces in a Schlenk tube under ar
gon and kept under inert gas prior to the reactions. The
argon was purified over molecular sieves and titanium
sponge (870 K). The gold wire and the tin bar were cut
into smaller fragments. Subsequently the elemental com
ponents were weighed in the ideal 2:2:5 atomic ratio and
sealed in a small sized tantalum tube (about 1.5 cm ’) in a
miniaturized arc-melting apparatus [15].
The tantalum tube was then placed in a water-cooled
sample chamber of quartz glass [16] and annealed by in
ductive coupling through a water-cooled induction coil
with a KONTRON ROTO-MELT high-frequency gener
ator of 1.2 kW power output, fn a first step, the tube was
heated with the maximum power output (ca. 2000 K).
The occurrence of the strongly exothermic reaction was
evident from a heat flash that lasted for about two sec
onds. The annealing temperature was then lowered to
about 1000-1100 K for one minute and then raised to
the maximum possible once more. Subsequently the
tube was annealed at about 600 - 700 K for another
hour.
The reaction resulted in a polycrystalline product
which could easily be separated from the tantalum tube.
No tantalum contamination could be detected by EDX
analyses. EuiAuiSn^ is light gray in compact form, while
single crystals are silvery with a metallic lustre. Pow
ders and compact pieces of Eu2Au2 Sn5 are stable in air;
no deterioration was observed over a period of several
months.
X-ray investigations
The sample was characterized through a Guinier pow
der pattern (CuKcv 1 radiation) using a-quartz (a = 491.30,
c = 540.46 pm) as an internal standard. The index
ing was facilitated by comparison of the observed pat
tern with a calculated one [17] taking the atomic po
sitions of the structure refinement. Single crystal in
tensity data were collected at room temperature us
ing a four-circle diffractometer (Enraf-Nonius, CAD4)
with graphite-monochromatized MoKa radiation (A =
71.073 pm) and a scintillation counter with pulse height
discrimination. The scans were taken in the uj / 29 mode
and an empirical absorption correction was applied on the
basis of psi-scan data.

Structure Refinement
Irregularly shaped single crystals of Eu2 Au2 Sns were
isolated from the annealed sample by mechanical frag
mentation. The quality of the crystal was established by
Laue and rotation photographs. A suitable single crystal
was mounted on the four-circle diffractometer and the
primitive monoclinic unit cell (Table I) was found during
the automated peak search. An analysis of the collected
data set showed OK) with k = 2n as the only system
atic extinction, compatible with space groups P2\/m and
P2\, of which the centrosymmetric group was found to
be correct during the structure refinements. All relevant
crystallographic data and details for the data collection
are listed in Table I.
The starting atomic parameters were deduced from an
automatic interpretation of direct method with SHELXS97 [18] and the structure was successfully refined with
anisotropic displacement parameters for all atoms using
SHELXL-97 [19]. A separate refinement of the occu
pancy parameters revealed full occupancy for all sites
within one standard deviation (Table II). In the final cycles
the ideal occupancy values were assumed. A final differ
ence Fourier synthesis was flat and revealed no significant
residual peak. The highest residual density of 5.28 e/A3
was too near to the Sn4 position (147 pm) to be suitable for
an additional atomic site. It most likely resulted from an
incomplete absorption correction of this strongly absorb
ing compound. The atomic coordinates and interatomic
distances are listed in Tables II and III. Listings of the
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Table I. Crystal data and structure refinement for the stan
nide Eu2 Au 2 Sn5 .
Empirical formula
Molar mass
Space group
Unit cell dimensions
(Guinier powder data)

Calculated density
Crystal size
Transmission ratio (max/min)
Absorption coefficient
F(000)
6 range for data collection
Range in hkl
Total no. reflections
Independent reflections
Reflections with I > 2cr(I)
Data/restrai nts/parameters
Goodness-of-fit on F2
Final R indices [I > 2<r(I)]
R indices (all data)
Extinction coefficient
Largest diff. peak and hole

Eu2Au2Sn5
1291.31 g/mol
P2\/m (No. 11)
a = 928.6(2) pm
h = 465.8(2) pm
c = 1042.9(3) pm
ß = 92.28(2)°
V= 0.4507(2) nm3
9.51 g/crrr
15 x 15 x 20 /im3
1.35
59.6 mm-1
1068
2° to 28°
±12, -5 < £ < 6, ±13
3190
1220 (flint = 0.0528)
885 (fisigma = 0.0569)
1220/ 0 1 56
1.019
R 1 =0.0289
wR2 = 0.0581
R 1 =0.0582
wR2 = 0.0653
0.00055(6)
5.28 and -2.38 e/A3

Table II. Atomic coordinates and isotropic displace
ment parameters (pm2) for E uiA ^Sns. All atoms occupy
Wyckoff site 2e (x 1/4 z) in space group P2\/m. Ueq is
defined as one third of the trace of the orthogonalized
Ujj tensor. The occupancy parameters were obtained in a
separate series of least squares cycles. In the final cycles
the ideal values were assumed.
Atom

Occupancy

Eul
Eu2
Aul
Au2
Snl
Sn2
Sn3
Sn4
Sn5

1.00(2)
1.01(3)
1.00(2)
1.00(2)
1.02(3)
1.00(3)
0.99(3)
0.99(3)
1.00(3)

x

z

Ueq

0.64107(9)
0.0963(1)
0.14392(7)
0.82242(8)
0.1068(1)
0.3826(1)
0.3925(1)
0.6307(1)
0.8654(1)

0.75257(9)
0.7532(1)
0.37326(7)
0.02705(8)
0.1129(1)
0.9828(1)
0.5202(2)
0.2416(2)
0.4781(1)

108(2)
126(2)
133(2)
133(2)
108(3)
147(3)
186(3)
173(3)
119(3)

Table III. Interatomic distances (pm), calculated with
the lattice constants taken from X-ray powder data of
Eu 2 Au 2 Sn5 . Standard deviations are all equal or less than
0.2 pm. All distances shorter than 505 pm (Eu-Eu, EuSn), 390 pm (Eu-Au, Au-Au, Au-Sn) and 370 pm (Sn-Sn)
are listed.
Eul:

Eu2:

Au2:

1
1
2
2
1
2
1
2
2
1
2

Au2
Sn3
Aul
Sn4
Sn2
Snl
Sn5
Sn2
Sn3
Eu2
Eul

326.3
328.0
336.8
343.7
346.2
355.2
360.6
362.5
368.0
422.7
465.8

2
2
2
2
2
1
1
1
1
1
2

Au2
Snl
Sn5
Sn4
Aul
Sn2
Sn5
Sn3
Snl
Eul
Eu2

333.3
333.8
338.2
344.1
345.0
350.7
351.2
374.2
374.9
422.7
465.8

1
1
2
1
2
2

Sn3
Snl
Sn5
Sn5
Eul
Eu2

271.9
272.4
280.1
284.8
336.8
345.0

1
2
1
2
1
2

Snl
Snl
Sn4
Sn2
Eul
Eu2

275.4
283.9
291.4
300.7
326.3
333.3

Snl:

1
1
2
1
2
2
1

Aul
Au2
Au2
Sn2
Eu2
Eul
Eu2

272.4
275.4
283.9
294.6
333.8
355.2
374.9

Sn2:

1
2
2
2
1
1
1
2

Snl
Au2
Sn2
Sn4
Eul
Sn4
Eu2
Eul

294.6
300.7
320.1
330.1
346.2
347.9
350.7
362.5

Sn3:

1
2
1
2
2
2
1

Aul
Sn3
Eul
Sn5
Sn4
Eul
Eu2

271.9
310.7
328.0
334.1
341.8
368.0
374.2

Sn4:

1
1
2
2
2
2
1

Au2
Sn5
Sn2
Sn3
Eul
Eu2
Sn2

291.4
322.5
330.1
341.8
343.7
344.1
347.9

Sn5:

2
1
1
2
2
2
1
1

Aul
Aul
Sn4
Sn3
Eu2
Sn5
Eu2
Eul

280.1
284.8
322.5
334.1
338.2
343.4
351.2
360.6

Discussion
Crystal chem istry o f Eu 2 A u 2 Sri5

structure factor tables and the anisotropic displacement
parameters are available. Details may be obtained from:
Fachinformationszentrum Karlsruhe, D-76344 Eggenstein-Leopoldshafen (Germany), e-mail: crysdata@fizkarlsruhe.de, by quoting the Registry No. CSD-410884
(Eu2Au2Sn5).

The structure of Eu 2Au 2 Sn 5 is of a new type.
A projection is presented in Fig. 1. The two crystallographically different europium sites build a
slightly monoclinically distorted (ß = 92.3°) bodycentered tetragonal subcell which reminds of the
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ElUoAUtSOe

BaZn,Sn,

Ba (4mm)

Zn2 (4mm)

Fig. 1. Projection of the Eu2 A ^Sn? structure (space group
P2\lm) onto the xz plane. All atoms lie on mirror planes
at v = 1/4 (thin lines) and y = 3/4 (thick lines). Atom des
ignations and the heights of the gold atoms (in hundredth)
are given. The three-dimensional [AuaSn«*] polyanion is
outlined.

well known BaAU type [13]. The [Ai^Sn-O net
work in E^A ubSn^, however is strongly distorted,
when compared with the aluminium network of
BaAU. This mainly results from the Sn4 position.
In Eu 2Au 2 Sn 5 we find only an isolated tin atom on
this site, while in BaAU there occurs an aluminium
dumb-bell. These strong distortions are clearly vis
ible in the projection of the structure (Fig. 1). Due
to the isolated Sn4 atoms, the coordination number
(CN) of Eu 1 and Eu2 is reduced from CN 16 (BaAU)
to CN 14 with 3 Au + 11 Sn for Eu 1 and 4 Au + 10 Sn
for Eu2. The three nearest europium neighbours are
at Eu-Eu distances between 423 and 466 pm. The
europium atoms are well separated from each other,
and the Eu-Eu interactions are only weakly bonding.
In elemental bcc europium (a = 458.21 pm) [12],
each europium atom has eight nearest europium
neighbours at 397 pm and six further neighbours
at 458 pm.
The europium atoms as the most electropositive
component of Eu 2 Au 2 Sn 5 have transferred their two
valence electrons (see magnetic and 15,Mössbauer
data below) to the three-dimensional [A^Sn-s] net
work. To a first approximation the formula of our
compound may be written as [2 Eu2+]4+[Au 2 Sn 5 ]4~.
Within this polyanion we observe a number of dif
ferent coordinations. The Aul atoms have a square
pyramidal tin coordination with A ul-Sn distances
ranging from 272 - 285 pm. The tin coordination of
Au2 may be considered as a distorted trigonal prism

Zn1 (4m2)

Sn2 (4mm)

Sn5

Fig. 2. Coordinations in the structures of Eu2 Au2 Sn5 and
BaZn2 Sn2 [21] (CaBe2 Ge 2 type). All atoms in the Eu2 Au 2 Sn5 structure have the site symmetry m; for BaZmSm
the different site symmetries are listed.

with Au2-Sn distances ranging from 275 to 301 pm.
The average A ul-Sn and Au2-Sn distances of 278
and 289 pm, respectively, are slightly longer than the
sum of Pauling's single bond radii [20] o f274pm for
Au and Sn. Similar Au-Sn distances have also been
observed in the [AuSn] polyanion of equiatomic
EuAuSn [9]. The coordination spheres of the gold
atoms in Eu 2 Au 2 Sn,s are completed by four (A ul),
respectively three (Au2) europium neighbours. For
Au2 we observe the typical coordination of a tri
capped trigonal prism. The gold atoms are well
separated from each other and in contrast to the
EuAuSn structure [9], we observe no gold-gold in
teractions in the structure of E ^ A ^ S n j .
Also the five crystallographically different tin
atoms in Eu 2 Au 2Sn<s show significantly differ
ent coordination within the polyanionic network:
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CaGa4

CeNio teSb

BaMg2Sn2

La3AI^D

Dy3Co6Sn5D

Rb5Hg19D

BaNiSn3

c

;b
BaCu2Sb2

Eu2Au2Sn5D

LaPt2Ge2

CaCu015Ga385

l_u2Co3Si5

4Au + 1Sn for Sn 1, 2Au + 6Sn for Sn2, 1Au + 6Sn
for Sn3, lA u + 6Sn for Sn4, and 3Au + 5Sn for
Sn5. In addition the tin atoms have between four
and five europium neighbours. Within the polyan
ion, the Sn-Sn distances range from 295 to 348 pm.

Ce3Pd6Sb5D

Fig. 3. Crystal structures
of compounds derived
from the BaAU type. For
most structures, the al
kaline earth, rare earth
or actinoid atoms are
drawn as large gray cir
cles, the transition metal
atom as black filled cir
cles, and those of the
main group elements as
medium open circles, re
spectively. Small gray
circles represent mixed
occupancy. □ indicates
that the respective struc
ture has defects with re
spect to the aristotype
BaAL*. For details see
text and Fig. 4.

Each tin atom has at least one short Sn-Sn contact.
The latter are in the range of the Sn-Sn distances in
ß-Sn (4 x 302 pm and 2 x 3 1 8 pm) [12].
The various coordination polyhedra in EU2AU2 Sng are shown in Fig. 2. For the gold and tin atoms,
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|U2Co3Si5|
t2
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I

11 2/c 1
|Lu2Co3Si5|

P 2 1/m 2 1/m 2/n

J

Pm m 2
I Yb3A u55G a55D|

Fig. 4. Group-subgroup relationship in the Bärnighausen formalism [25, 26] for some BaAU superstructures. The
indices of the translationengleiche (t), klassengleiche (k), and isomorphic (i) transitions, as well as the unit cell
transformations are given. □ indicates that the respective structures have defects with respect to the aristotype BaAU.

also the nearest europium neighbours are drawn. At
the right hand side of this Figure we also present
the polyhedra of the structurally related stannide
BaZn 2 Sn 2 [21] which adopts the more highly sym
metrical CaBe 2 Ge 2 structure [21], The comparison
of the respective polyhedra nicely reflects the dif
ferent ordering and the distortions in monoclinic
Eu2Au2Sn5.

The BaAU fam ily
The structure of Eu 2 Äu2Sn 5 belongs to a large
family of compounds which are derived from the
well known BaAU type. The structure of BaAU
consists of a three-dimensional [AU] polyanionic
network in which the large barium atoms are em
bedded (Fig. 3). Most of these structures are pre
sented by Parthe and coworkers in the TYPIXHandbook [22] and some review articles [23, 24]. In
the meantime, however, further new structure types
of this family have been reported in the literature. In
Fig. 3 we have summarized these structures empha
sizing the relationships with the aristotype BaAUFrom a group-theoretical point of view, these differ
ent structure types are related by a group-subgroup

scheme [25, 26]. This is outlined for the first time in
Fig. 4.
The aristotype BaAl4 [13] crystallizes in space
group I4/m2/m2/m (Z = 2) and has two crystallographically different fourfold aluminium sites.
In ternary compounds like ThCr 2 Si2 [27] and
TlCu 2 Se2 [28], these two sites of the polyanionic
network may be occupied by two different atoms
leading to a large family of interesting compounds
with greatly varying physical properties. The large
number of compounds with the ThCr 2 Si 2 type struc
ture has recently been reviewed by Just and Paufler
[29] and most physical properties of the rare earth
containing compounds have been summarized by
Szytula and Leciejewicz [30]. Due to the differences
in size, the ThCr2 Si2 and TlCu 2 Se2 structure have
significantly different c/a ratios of the tetragonal
body-centered cells, leading to different bonding
patterns. Electronic structure calculations were per
formed for several alkaline earth metal based com
pounds [31 - 34, and ref. therein].
The structure of CaBe 2 Ge 2 121] shown in Fig. 3
has a different colouring of the beryllium and ger
manium atoms on the aluminium sites of the BaAU
structure. This causes a klassengleiche symmetry
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T[K]

Fig. 5. Temperature dependence of the reciprocal mag
netic susceptibility of Eu 2 Au 2 Sn5 determined at a mag
netic flux density of 3 T. The low temperature behavior at
0.1 T is presented in the insert.
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T[K]

Fig. 7. Temperature dependence of the specific resistivity
p(T) for Eu2 Au2 Sn5 .

v [mm/s]

Fig. 6. Magnetic moment vs magnetic flux density at 2 K
and 50 K for Eu2 Au2Sns.

reduction of index 2 (k 2 ) from space group
I4/m2/m2/m to PM n2\lm2lm (Fig. 4). Also the struc
tures of LaPdo.58Pti.42Ge2 [35] and CeCu 2_ xIri2-y
[36] crystallize with this structure type, however,
some sites show mixed occupancies.
Stackings of ThCr 2 Si 2 and CaBe 2 Ge 2 related
slabs are observed in the structures of BaCu 2 Sb2
[37] and BaM g 2 Sn 2 [38]. In the antimonide we ob
serve a stacking sequence A BA 'A BA ' of CaBe 2 Ge 2
(A and A') and ThCr 2 Si2 (B) related slabs. The
slab A ’ is inverted with respect to the A slab. In
BaMg 2 Sn 2 (Fig. 3) the stacking sequence of these
slabs is AB AB. W hile the structure of BaCu 2 Sb 2
can directly be derived from the aristotype BaAl4 by
an isomorphic symmetry reduction of index 3 (i3)
upon tripling the c-axis (Figure 4), the BaMg 2 Sn 2
structure derives from the CaBe 2 Ge 2 type by an iso
morphic transition of index 2 (i 2 ) upon doubling the
c-axis.

v [mm/s]

Fig. 8. Experimental and simulated ll9Sn and 151Eu
Mössbauer spectra of Eu2 Au2 Sns at various temperatures.

Within the BaAU family also some monoclinically distorted variants occur. The structure of the
germanide LaPt2 Ge 2 [39] may be considered as a
monoclinically distorted derivative of the CaBe 2 Ge 2
structure. The monoclinic distortions are even more
pronounced for the structures of CaGa 4 [40] and
CaCuo.15Ga 3.s5 [41]. The binary gallide is a direct
distortion variant of BaAU, while CaCuo.15Ga 3.g5 is
derived from the ThCr 2 Si2 type.
CeNi2.30S b 1.64 [42], BaNi2 Si2 [43], BaNiSn 3
[44], and CePt 0.95Ga 3.05 [45] crystallize all with
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lower symmetry space groups. The respective sym
metry reductions result from different site occupan
cies and slight distortions (Figures 3 and 4). This
is also the case for the silicides l^ Q ^ S is [46] and
LuiCo^Sis [47]. Both compounds have a transition
metal to silicon ratio that is different from 1 : 1 , re
sulting in a modified site occupancy variant o f the
polyanion. The structure o f UoCo.^Sis contains four
BaAl 4 related subcells. L^C o^Sis may be consid
ered as a m onoclinically distorted version o f the ura
nium compound. For detailed comparison o f both
structure types we refer to the original paper by
Chabot and Parthe.
Eu2Au 2 Sn 5 Ü, presented in the present paper, be
longs to the last group o f BaAl 4 related struc
tures, together with La^AlnD [48], Dy^CoftSn^D
[49, 50], C e 3Pd 6Sb5ü [51], Rb 5 H g |9n [52], and
Yb 3Au 5.5 Ga 5.5 D [53]. The small rectangle □ in
the respective formulae indicates that these com 
pounds have defects when compared with the
BaAl4, ThCr2 Si 2 or CaBe 2 Ge 2 structure (Fig. 3).
In all these structures we observe isolated atoms at
the place o f dumb-bells like in the ThCr2 Si 2 struc
ture. This causes strong distortions in the polyan
ions. The group-subgroup relationship for the rubid
ium amalgam Rb^Hgig was presented recently by
Biehl and Deiseroth [52]. The structure o f La.^Alii
is derived from the BaAl 4 structure and the stan
nide D y 3Co 6 Sn 5 may be considered as a site occu
pancy variant o f the La3A ln type (Fig. 3). The antimonide C e 3Pd6Sb 5 is derived from the CaBe 2Ge 2
type by tripling o f the b -axis. The structure of
Y b 3Au 5.5Ga 5.5 is even more complex. The com 
pound crystallizes in a subgroup o f P 2 I/m 2i/m 2/n
(Fig. 4). Eu 2Au 2Sn 5 also has, besides the ordered
defects, a m onoclinic distortion and thus a [Au 2 Sn5]
polyanion o f low symmetry. The distortions in the
polyanions in the group o f defect structures have a
drastic effect on the coordination o f the rare earth
or the alkaline earth metal atoms. In Fig. 3 we
have marked the two crystallographically different
lanthanum and dysprosium atoms, respectively, in
the structures o f La3Alj 1 and D y 3Co 6Sn 5 . Although
both o f these positions have CN 16, the coordination
polyhedra are distinctly different. In Eu2Au 2 Sns the
distortions are even more pronounced and the co
ordination number o f the two europium sites is re
duced to CN 14.
In a nutshell, the BaAl4 related atomic arrange
ments can give rise to a variety o f different crystal
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structures. It is noteworthy, that the rare earth and
alkaline earth atoms remain almost at the ideal po
sitions (tetragonal bcc subcells), while the atoms
forming the polyanion show significant distortions,
thus enabling the large structural diversity.
M agnetic and electrical properties
The temperature dependence o f the reciprocal
susceptibility of Em A ^Sm ; is shown in Fig. 5.
Eu 2AuTSn5 shows perfect Curie-Weiss behavior
above 50 K with an experimental magnetic moment
o f 7.90(5) //ß/Eu, in excellent agreement with the
free ion value o f 7.94 //ß/Eu for Eu2+. The param
agnetic Curie temperature (Weiss constant) of (9 =
—10( 1) K was determined by linear extrapolation of
the \ / \ vs T plot to l / \ = 0. The low temperature
behavior is presented in the insert o f Fig. 5. As ex
pected from the negative paramagnetic Curie tem
perature, Eu2Au 2Sn 5 orders antiferromagnetically
at Tn = 5.8(5) K at low external flux densities.
The magnetization behavior is presented in Fig. 6 .
At 50 K well above the ordering temperature, the
magnetization increases linearly with increasing
flux density as expected for a paramagnetic com 
pound. At 2 K we first observe a linear increase.
At the critical field of Be = 1.4(2) T the increase is
stronger. This is most likely due to a metamagnetic
transition (antiparallel to parallel spin alignment).
However, at 2 K and 5.5 T, the experimental mag
netic moment is only 3.7(1) //ß/Eu, significantly
smaller than the maximum calculated saturation
magnetization of 7.0 //ß/Eu according to ^caic(sm) =
g • J [30], Full parallel spin alignment may be ob
tained only at high external flux densities. In view
of the two crystallographically different europium
sites and the monoclinic distortion, the magnetic
structure of E^A ^Sn«; is most likely very com 
plex. A similar magnetic behavior was recently also
observed for equiatomic EuAuSn [9], however at
the higher Neel temperature o f Tn = 12 K.
In Fig. 7 we have plotted the temperature de
pendence of the specific resistivity o f E ^ A ^ S m ,.
As is typical for a metallic conductor the specific
resistivity decreases with decreasing temperature.
The room temperature value o f the specific resis
tivity is 150±20 //i?cm . The standard deviation of
± 2 0 //i?cm accounts for the values obtained for dif
ferent samples. At low temperature the specific re
sistivity has dropped to 18±5 //i?cm . No anomaly
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Table IV. ll9Sn- und l?lEu-Mössbauer fitting parameters for E^A^Sn*; as a function of temperature“. The three
different tin sites have a ratio of about 3:1:1, while the europium sites occur in a ratio of about 1:1. Parameters without
standard deviations were kept fixed during the fitting procedure.
T
[K]

<5,
[mm/s]

r,
[mm/s]

1|ySn-Mössbauer data
40
2.35(1)
1.0
4.2
2.35(1)
1.0
151Eu-Mössbauer data
6
-10.2(2)
2.2
4.2
-10.2(2)
2.3

AEq
[mm/s]

IBI,
[T]

6l
[mm/s]

r2
[mm/s]

IBI2
[T]

1.23(3)
1.23(3)

1.02(4)

2.48(3)
2.48(3)

1.0
1.87(1)

3.4(1)

17.9(8)

-11.8(2)
-11.8(2)

2.2
2.5

8.8(8)

a 6: isomer shift; f : experimental line width;

_A E q :

[mm/s]

r 3
[mm/s]

2.17(3)
2.17(3)

1.0
1.15(1)

<*>3

ibi3

[T]

3.8(2)

electric quadrupole interaction; B: magnetic hyperfine field.

is observed at 4.2 K since the magnetic ordering
temperature of 5.8 K is rather low.
119Sn and 151Eu M össbauer Spectroscopy

The ll9Sn and 151Eu Mössbauer spectra of
Eu 2Au 2 Sn 5 at various temperatures are shown in
Fig. 8 together with transmission integral fits. The
fitting parameters are listed in Table IV. Due to the
two crystallographically different europium and five
tin sites we observe very complex spectra. The 40 K
1l9Sn spectrum is best fitted with three different tin
sites in a ratio of 3:1:1 (Table IV) with slightly vary
ing isomer shifts. Due to the large correlations, the
line width was fixed at a value of 1.0 mm/s for the
three independent signals. Only the main compo
nent of this spectrum shows quadrupole splitting of
zAEq = 1.23(3) mm/s. At 4.2 K, slightly below the
Neel temperature, we observe a broadering of the
spectrum as a result of transferred magnetic hyper
fine fields from the magnetically ordered europium
nuclei. These transferred fields range from 1.0 to
3.8 T. This is the typical range for such stannides.
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