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New intermetallic compounds EuAgCd and YbAgCd were synthesized in quantitative yield
by reaction of the elements in sealed tantalum tubes in a high-frequency furnace. Both com
pounds were investigated by X-ray diffraction on powders and single crystals: KHg 2 type, Imma,
a = 490.41(8), b = 771.0(1), c = 834.4(2) pm, wR2 = 0.0624, 255 F values, 12 variables for
EuAgCd, and MgZn 2 type, Pb^/mmc, a = 584.66(5), c = 946.83(9) pm, wR2 = 0.0502, 187 F 2
values, 11 variables for YbAgCd. Owing to the very small difference in scattering power, no
long range ordering of the silver and cadmium atoms is evident from the X-ray data, although
Ag-Cd ordering is expected. The silver and cadmium atoms randomly occupy the mercury and
zinc positions of the KHg2 and MgZn2 type structures, respectively. In EuAgCd the [AgCd]
substructure consists of strongly puckered, orthorhombically distorted Ag3 Cd 3 hexagons, while
a three-dimensional network of face- and comer-sharing tetrahedra is observed in YbAgCd.
The rare earth atoms fill the space between the Ag3 Cd3 hexagons (EuAgCd) or within the
three-dimensional tetrahedral network (YbAgCd). Magnetic susceptibility measurements in
dicate Pauli paramagnetism for YbAgCd and Curie-Weiss behavior above 60 K for EuAgCd
with an experimental magnetic moment of 7.82(3) /j b/Eu indicating divalent ytterbium and
europium. Ferromagnetic ordering at Tc = 28.0(5) K is observed for EuAgCd. At 2 K and 5 T
the saturation magnetization is 5.85(5) /iß/Eu.

Introduction

Experimental

Recent investigations have shown that the indium
or tin atom s in interm etallic rare earth m etal (RE)
transition m etal (7) indides and stannides can fully
be substituted by m agnesium or cadm ium atoms
[1 - 17]. This way one can reduce the electron count
o f such com pounds and thus influence the m ag
netic behavior o f the rare earth m etal atoms. To
give som e exam ples, in the series o f the isotypic
europium com pounds E uA uIn [18], EuA uC d [12],
and E uA uM g [9,17], the m agnetic ordering tem per
ature significantly increases from 20 K (EuA uIn) to
36 K (EuA uM g). O n the other hand, from G dPdln
[19, 20] to G dPdC d [15], the ordering tem perature
abruptly decreases from 102 to 62.5 K.
We have now started a m ore system atic investiga
tion o f these interm etallic m agnesium and cadm ium
com pounds in order to shed light on the structure
property relations. H erein we report on the synthe
sis, the structure determ ination, and the m agnetic
properties o f E uA gC d and YbAgCd.

Synthesis
Starting materials for the preparation of EuAgCd and
YbAgCd were sublimed ingots of europium and yt
terbium (Johnson Matthey), silver wire (Degussa-Hüls,
0 2 mm), and a cadmium rod (Johnson Matthey, 0 8 mm),
all with stated purities better than 99.9%. The larger in
gots were cut into smaller pieces in a glove-box and stored
under argon prior to the reactions. The argon was purified
over titanium sponge (900 K), silica gel, and molecular
sieves.
Pure samples of EuAgCd and YbAgCd were prepared
in sealed tantalum tubes. Pieces of the rare earth metal, the
silver wire and the cadmium rod were mixed in the ideal
1 : 1 : 1 atomic ratio and sealed in small tantalum tubes (tube
volume about 1 cm3) under an argon atmosphere of about
800 mbar [21]. The tantalum tubes were placed in a watercooled quartz glass sample chamber in a high-frequency
furnace (KONTRON Roto-Melt, 1.2 kW) under flowing
argon [22]. They were first heated for 1 min with the
maximum power output (about 1500 K), cooled to about
1100 K and heated again to the maximum. Subsequently
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Table 1. Crystal data and structure refinement for EuAgCd and YbAgCd.
Empirical formula
Molar mass
Unit cell dimensions

Space group
Calculated density
Crystal size
Transm. ratio (max/min)
Absorption coefficient
F(000)
0 Range
Range in hkl
Total no. reflections
Independent reflections
Reflections with I > 2a(1)
Data/parameters
Goodness-of-fit on F 2
Final R indices [I > 2er(/)]
R Indices (all data)
Extinction coefficient
Largest diff. peak and hole

EuAgCd
372.23 g/mol
a = 490.41(8) pm
b = 771.0(1) pm
c = 834.4(2) pm
V = 0.3155 nm 3
Imma (No. 74)
3
7.84 g/cm
20 x 40 x 40 yum3
2 .0 1

32.1 mm " 1
632
3° to 30°
+5, ±10, ±11
904
255 (Rint = 0.0741)
205 {Ra = 0.0522)
255 / 12
1.063
R \ = 0.0275; wR2 = 0.0567
R\ = 0.0436; vvR2 = 0.0624
0.0020(5)
1.65 a n d -1.25 e/A 3

the tubes were annealed at about 900 K for another 4 h.
After the annealing procedures the samples could easily
be separated from the tantalum tubes. No reactions of the
samples with the tubes could be detected. Compact pieces
are light gray with metallic luster. EuAgCd and YbAgCd
are not stable in moist air. Already after several days a
dark cusp is observed on the samples, most likely due to
hydrolyses. The samples were therefore kept under dry
argon in Schlenk tubes.

YbAgCd
393.31 g/mol
a = 584.66(5) pm
b =a
c = 946.83(9) pm
V = 0.2803 nm 3
P6?,/mmc (No. 194)
9.32 g/cm'
15 x 15 x 70 /urn3
1.74
47.2 mm - 1
660
4° to 30°
± 8 , - 8 < k < 2,+13
1042
187 (Rim = 0.0638)
131 (R ct =0.0333)
187/11
1.074
R 1 =0.0245; wR2 = 0.0446
R 1 =0.0474; wR2 = 0.0502
0.0051(5)
1.19 and-1.48 e/A 3

Since silver and cadmium differ only by one elec
tron, it is impossible to distinguish these two elements
by X-ray diffraction. We have therefore analyzed some
polycrystalline pieces of EuAgCd and YbAgCd by in
ductively coupled plasma atomic emission spectrometry
(ICP-AES) [23] using a VARIAN VISTA RL CCD Si
multaneous ICP-AES. The samples were dissolved in
half-concentrated nitric acid (Merck, p. a.) using 40 ml
teflon autoclaves and a MLS-ETHOS-PLUS microwave
generator. Analyses of three different samples of both
compounds showed a silver/cadmium ratio of exactly 1 : 1
and no tantalum contaminations.

parameters (Table 1) were obtained from least-squares
fits of the powder data. The correct indexing of the pat
terns was facilitated by intensity calculations [24] taking
the atomic positions from the structure refinements. The
lattice parameters determined from the powders and the
single crystals agreed well.
Silvery, irregularly shaped single crystals of EuAgCd
and YbAgCd were isolated from the annealed samples
by mechanical fragmentation. They were examined on a
Buerger precession camera equipped with an image plate
system (Fujifilm BAS-2500) in order to establish both
symmetry and suitability for intensity data collection.
Single crystal intensity data were collected at room
temperature by use of a four-circle diffractometer
(CAD4) with graphite monochromatized Mo-KQ radia
tion (71.073 pm) and a scintillation counter with pulse
height discrimination. The scans were performed in the
uj/26 mode. In order to check for a possible Ag-Cd or
dering, we collected all possible reflections for EuAgCd
in half of the reciprocal space (see below). Empirical ab
sorption corrections were applied on the basis of '/'-scan
data. All relevant crystallographic data and experimental
details for the data collections are listed in Table 1.

X-ray investigations

Structure refinements

The samples were characterized through powder
diffractograms (Stoe StadiP) using Cu-K Q 1 radiation and
silicon (a = 543.07 pm) as an external standard. The lattice

Analyses of the systematic extinctions led to space
group Imma for EuAgCd and P ^lm m c for YbAgCd. The
starting atomic parameters were then deduced from auto-

ICP-AES analyses
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Table 2. Atomic coordinates and anisotropic displacement parameters (pm2) for EuAgCd and YbAgCd. Ueq is defined
as one third of the trace of the orthogonal ized Uij tensor. The 8 /2, 2a, and 6 h positions denoted as M. M l, and M2 were
refined with occupancies of 50% Ag and 50% Cd.
Atom Wyckoff position jc

y

EuAgCd (space group Imma):
Eu
Ae
0
M
8h
0
YbAgCd (space group Pöj/mmc):
Yb
4f
1/3
Ml
2a
0
M2
6h
0.8312(2)

u„

z

U 22

U 33

U 23

1 /4
0.5493(1)
0.0561(1) 0.1638(1)

212(6) 216(4) 218(4)
0
173(6) 336(5) 221(5) 55(3)

2/3
0
2x

154(3)
158(7)
166(5)

0.05974(9)
0
1/4

Ui,
u„
125(7)

183(4)
136(8)
176(5)

0
0
0

U 13

U ,2

u eq

0
0

0
0

215(3)
244(3)

0
0
0

77(2)
79(3)
62(3)

164(3)
151(5)
160(3)

Table 3. Interatomic distances (pm), calculated with the
lattice parameters taken from X-ray powder data of Eu
AgCd and YbAgCd. All distances within the first coor
dination spheres are listed. Standard deviations are equal
or less than 0.3 pm. The positions M, M l, and M2 are
occupied by 50% Ag and 50% Cd.
EuAgCd (KHg 2 type)
Eu: 2
4
4
2
2
2
M: 2
1
1
1
2
2
1

M
M
M
M
Eu
Eu
M
M
M
Eu
Eu
Eu
Eu

336.2
337.8
353.5
354.7
394.2
415.1
284.3
286.7
299.0
336.2
337.8
353.5
354.7

YbAgCd (MgZri2 type)
Yb:

3
3
6
3
1

M2
Ml
M2
Yb
Yb

337.3
342.3
343.4
356.0
360.3

M l: 6
6
M2: 2
2
2
2
4

M2
Yb
M2
Ml
M2
Yb
Yb

292.0
342.3
288.6
292.0
296.0
337.3
343.4

matic interpretations of direct methods with SHELXS97 [25]. Both structures were refined using SHELXL-97
(full-matrix least-squares on F02) [26] with anisotropic
atomic displacement parameters for all atoms. On the ba
sis of the single crystal data it was not possible to distin
guish between silver and cadmium atoms. Consequently
we refined the 8 /j site for EuAgCd and the 2a and 6h sites
for YbAgCd with a fixed mixed occupancy of 50% Ag
and 50% Cd. This is in agreement with the ICP-AEC anal
yses discussed above. Final difference Fourier syntheses
revealed no significant residual peaks (see Table 1). The
positional parameters and interatomic distances of both
refinements are listed in Tables 2 and 3. Listings of the
observed and calculated structure factors are available*.

EuAgCd

Ag / Cd

YbAgCd

Fig. 1. The crystal structures of EuAgCd and YbAgCd.
The europium and ytterbium atoms are drawn as gray
circles and the mixed occupied Ag/Cd sites as black cir
cles. The two- and three-dimensional [AgCd] networks
and some relevant interatomic distances are indicated.

e-mail: crysdata@fiz-karlsruhe.de, by quoting the Registry No's.
CSD-411841 (EuAgCd-CIF), CSD-411842 (EuAgCd-FCF),
* Details may be obtained from: Fachinformationszentrum CSD-411839 (YbAgCd-CIF), and CSD-411840 (YbAgCdKarlsruhe, D-76344 Eggenstein-Leopoldshafen (Germany),
FCF).
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Magnetic measurements
The magnetic susceptibilities of polycrystalline pieces
of EuAgCd and YbAgCd were determined with a MPMS
XL SQUID magnetometer (Quantum Design) in the tem
perature range 2 to 300 K with magnetic flux densities up
to 5 T. The samples were enclosed in a small silica tube
and fixed at the sample holder rod. They were then cooled
to 2 K in zero magnetic field and slowly heated to r. t. in
an applied external field.

Discussion
Crystal chem istry
The crystal structures o f E uA gC d and Y bA gC d
are presented in Fig. 1. The europium com pound
crystallizes w ith the orthorhom bic K H g 2 type struc
ture [27] w ith a m ixed A g/C d occupancy on the
8 h m ercury site. In the follow ing discussion, these
m ixed occupied sites are denoted as M. Each M
atom in E uA gC d has four M neighbors in the form
of a strongly distorted tetrahedron at M -M d istances
ranging from 284 to 299 pm. T hese M -M distances
are larger than the sum o f Pauling's single bond radii
[28] o f 275 pm for silver and cadm ium .
Parallel to the ac plane, the M atom s form layers
of puckered Mö hexagons. The intralayer M -M d is
tances o f 284 and 287 pm are sm aller than the short
est interlayer M -M distances o f 299 pm. In view
o f these relatively long contacts we consider the
[AgCd] netw ork in E uA gC d as tw o-dim ensional.
The europium atom s have a near-neighbor environ
ment o f tw elve M atom s, i. e. tw o puckered Mö
hexagons.
Due to the very sim ilar scattering curves, it was
not possible to determ ine an ordering o f silver and
cadm ium . This was also the case for isotypic EuZnG a [29]. N evertheless, we expect a signifcant
degree o f short-range ordering. T his is already evi
dent from the anisotropic displacem ent param eters
of the 8 h position. The U 2 2 displacem ent p aram e
ter is larger than the U n and U 3 3 param eters. On
the other hand, the europium atom s show no pro
nounced anisotropic displacem ent. The ±_y d irec
tion o f the K H g 2 type structure is the m ain d isplace
m ent axis for the distortion o f the [Hg 2 ] netw ork
(;. e. the [AgCd] netw ork in E uA gC d) in going to
the ordered TiNiSi type [30]. T his behavior was re
cently observed also for EuZ nG a [29], the stannides
EuCuSn and EuA gSn [31], and E uZ nln [32].

A lso the binary interm etallic E uA g 2 [33] adopts
the orthorhom bic body-centered K H g 2 type struc
ture. Since the atomic radius of cadm ium (149 pm)
is larger than that o f silver (144 pm ) [34], all
three lattice param eters of ternary EuA gCd increase
w ith respect to EuA g 2 . A com plete solid solution
E uA g 2 -.v Cd.v seems possible. For m ore details con
cerning the structural chem istry o f K H g 2 related
com pounds we refer to a recent review [35].
Y bA gCd crystallizes with the structure o f the
hexagonal Laves phase M gZn 2 [36, 37]. A lthough
tw o crystallographically independent zinc sites exist
in this structure type, for Y bA gC d it was not possi
ble to detect any silver/cadm ium ordering. The sil
ver and cadm ium atoms form rows o f face- and cor
ner-sharing tetrahedra along the c axis, as displayed
in Fig. 1. These rows are interconnected via M -M
contacts at distances ranging from 289 to 296 pm,
sim ilar to the europium com pound. The ytterbium
atom s are located in larger cages w ithin the threedim ensional [AgCd] network. They have tw elve M
neighbors. A ccording to the m agnetic data (see be
low), the ytterbium atom s are divalent in Y bA gCd,
resulting in a valence electron count o f 14. The
dependence o f the stability o f cubic and hexagonal
Laves phases on the electron count was investigated
by Johnston and Hoffm ann [38].
B inary Y bC d 2 [33, 39] also crystallizes w ith the
structure o f the hexagonal Laves phase. The a and c
lattice param eters of the binary com pound are larger
than those observed for ternary YbAgCd. This is
ju st the reverse trend w hen com pared w ith E uA g 2 .
A lso for the ytterbium com pound, a solid solution
YbAg.vC d 2 - jCm ost likely exists.
M agnetic properties
The tem perature dependence o f the m agnetic sus
ceptibility o f Y bA gCd (IT data) is displayed in
Fig. 2. A t r. t. the susceptibility has a very small
value o f 0.6(1 )• 10 ~ 9 m 3 /m ol. Down to about 100 K
the susceptibility is more or less independent of
tem perature. This behavior is com patible w ith Pauli
param agnetism . The increase o f the susceptibility
below 100 K is attributed to a trace am ount of
param agnetic im purities. Such a behavior is fre
quently observed in related ytterbium interm etallics
[12,40],
The inverse m agnetic susceptibility o f EuA gCd
(3T data) is displayed in Fig. 3. Above 60 K we
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T [K]

Fig. 2. Temperature dependence of the magnetic suscep
tibility of YbAgCd measured at an external flux density
of 1 T.

T[K]

Fig. 4. Low-temperature susceptibility of EuAgCd mea
sured at an external field strength of 0.002 T in the zerofield-cooling (ZFC) and field-cooling (FC) modus. The
insert shows the derivative d \/d T of the FC data which
has a sharp peak at Tc = 28.0(5) K.

T[K]

Fig. 3. Temperature dependence of the inverse magnetic
susceptibility of EuAgCd determined at an external flux
density of 3 T. The low-temperature behavior at 0.1 T is
presented in the insert.

Fig. 5. Magnetization vs external field strength of Eu
AgCd measured at 2 and 50 K.

observe Curie-W eiss behavior affected by a small
tem perature independent contribution w hich leads
to a very sm all convex curvature o f the l / \ vs. T
plot. A fit o f the data w ith a m odified Curie-W eiss
expression \ = xo + (C / T - 0 ) resulted in a tem per
ature independent part xo = 0.45(1) • 10 9 m 3/m ol,
a param agnetic Curie tem perature 0 = 28(1) K
and an experim ental m agnetic m om ent o f /iexp =
7.82(3) ^b /E u . The latter is close to the value of
7.94 /iB for the free E u2+ ion [41]. The tem perature
independent contribution is in the order o f m agni
tude o f a Pauli param agnet and most likely results
from the conduction electrons o f this m etallic com 
pound.
The positive W eiss constant and the vanishing
inverse susceptibility at low tem peratures indicate
predom inantly ferrom agnetic interactions. The pre
cise C urie tem perature o f T c = 28.0(5) K was de
term ined from the derivative d \/d T o f a kink-point

m easurem ent (insert o f Fig. 4) at a m agnetic flux
density o f 0.002 T. The m agnetization vs. external
m agnetic field dependence is alm ost linear at 50 K
(Fig. 5) as expected for a param agnetic m aterial. At
2 K we observe a strong increase o f the m agnetiza
tion, even at very low field strengths. The m agneti
zation curve shows only a very sm all hysteresis with
negligible coercivity and rem anent m agnetization
classifying EuA gC d as a soft ferrom agnet. At the
highest obtainable m agnetic field o f 5 T the m ag
netization is 5.85(5) /iß/E u, significantly reduced
w hen com pared w ith the m axim um value o f 7 ^ b /E u
according to g x S [41]. Such reduced m agnetic m o
m ents in the m agnetically ordered state have also
been observed for various other equiatom ic Eu!DT
interm etallics [42].
Finally it is interesting to note that binary EuA g 2
is ordered antiferrom agnetically at T N = 12 K with
an experim ental m agnetic m om ent o f 7.60 /^b/Eu in
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the param agnetic state [43]. In ternary EuA gCd,
h alf o f the silver positions are occupied by the
larger cadm ium atoms. This isotropically expands
the structure and consequently leads to larger Eu-Eu
distances, resulting in a significant increase o f the
m agnetic ordering tem perature in EuA gC d.
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