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Single-phase samples of REAgMg (RE �La, Ce, Eu, Yb) and
EuAuMg were prepared by reacting the elements in sealed tanta-
lum tubes in a high-frequency furnace. LaAgMg and CeAgMg
adopt the hexagonal ZrNiAl-type structure, while EuAgMg,
YbAgMg, and EuAuMg crystallize with the orthorhombic
TiNiSi type. Chemical bonding was exemplarily investigated
for EuAgMg and EuAuMg on the basis of TB-LMTO-ASA
calculations. Magnetic susceptibility measurements indicate
Pauli paramagnetism for LaAgMg and YbAgMg with room-
temperature susceptibilities of 2.4(1)�10�9 and 1.5(1)�
10�9 m3/mol, respectively. CeAgMg remains paramagnetic down
to 2 K. The experimental magnetic moment of 2.52(2) �B/Ce
above 50 K is compatible with trivalent cerium. EuAgMg and
EuAuMg are paramagnetic above 50 K with experimental
magnetic moments of 7.99(5) �B/Eu for the silver and 7.80(5) �B/
Eu for the gold compound, indicating divalent europium.
Ferromagnetic ordering is detected at TC � 22.0(3) K (EuAgMg)
and TC � 36.5(5) K (EuAuMg). At 4.2 K and 5 T the saturation
magnetizations are 7.1(1) and 7.3(1) �B/Eu for EuAgMg and
EuAuMg, respectively. According to the very small hysteresis,
EuAgMg and EuAuMg may be classi5ed as soft ferromagnets.
All compounds are metallic conductors. For EuAgMg and Eu-
AuMg freezing of spin-disorder scattering is observed below TC.
At 78K 151Eu MoK ssbauer spectra show isomer shifts of �9.00(4)
and �8.72(8) mm/s for EuAgMg and EuAuMg, respectively.
Full magnetic hyper5ne 5eld splitting is detected at 4.2 K with
hyper5ne 5elds of 17.4(1) and 18.3(2) T at the europium nuclei of
EuAgMg and EuAuMg. � 2002 Elsevier Science (USA)

Key Words: magnetism; moK ssbauer spectroscopy; electronic
structure.

INTRODUCTION

The structures of the equiatomic intermetallic RE¹Mg
(RE"rare-earth element; ¹"Pd, Ag, Au) and RE¹Cd
(¹"Cu, Pd, Au) compounds have recently been studied
and some physical properties were reported (1}8). These
201
intermetallics crystallize with the hexagonal ZrNiAl struc-
ture (9}11) in the case of trivalent rare-earth metals and with
the orthorhombic TiNiSi type (12) when the rare-earth
element is divalent, i.e., europium and ytterbium.

First magnetic investigations of these materials revealed
a nonmagnetic ground state for YbAuMg and YbAuCd (6),
while ferromagnetic ordering is detected at 28 and 62 K in
EuAuCd (6) and GdPdCd (7). CePdMg (3) contains stable
trivalent cerium; however, no magnetic ordering is evident
down to 2 K.

We have now extended our structure}property investiga-
tions of theRE¹Mg intermetallics with respect to the silver-
containing compounds. Herein, we report on susceptibility
and resistivity measurements on LaAgMg, CeAgMg,
EuAgMg, YbAgMg, and the related gold compound
EuAuMg. For both europium compounds we also studied
the magnetic hyper"ne interactions by ���Eu MoK ssbauer
spectroscopy and we investigated the chemical bonding by
TB-LMTO-ASA band structure calculations.

EXPERIMENTAL

Synthesis

All samples were prepared from the elemental compo-
nents by reactions in sealed tantalum tubes in a high-frequency
furnace as described previously (8). The compounds were
obtained in amounts of about 1 g. The purity of the samples
was checked by X-ray powder di!ractograms (Stoe Stadi P)
using CuK�

�
radiation and silicon (a"543.07 pm) as an

external standard. The experimental patterns were com-
pared with theoretical ones which were calculated with the
LAZY-PULVERIX program (13).

Physical Property Measurements

The magnetic susceptibilities were determined with a
MPMSX¸ SQUID magnetometer (Quantum Design, Inc.)
0022-4596/02 $35.00
� 2002 Elsevier Science (USA)
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FIG. 1. Projection of the CeAgMg structure onto the xy plane. All
atoms lie on mirror planes at z"0 (thin lines) and z"�

�
(thick lines). The

silver-centered trigonal prisms are emphasized.
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in the temperature range 2 to 300 K with magnetic #ux
densities up to 5 T. Resistivity measurements were per-
formed on polycrystalline pieces (edges up to 2 mm) of
LaAgMg, CeAgMg, EuAgMg, YbAgMg, and EuAuMg us-
ing a four-probe technique. A constant current (Keithley
Source Meter 2400) was applied to the sample and the
resulting voltage was measured with a Keithley nano-
voltmeter 2182. The four copper contacts were glued to the
samples with a well-conducting silver paste. The samples
were "xed on a closed-cycle cooling system (Cryodyne 22
CP, CTI-Cyrogenics) using a low-temperature paste
(Cryophysics, 7031 insulating varnish and adhesive). The
temperature was controlled by a silicon diode (Lake Shore,
model 330) between 8 and 320 K with an accuracy better
than $0.1 K. In each measurement the temperature was
varied up and down in steps of 2 K. Since the polycrystalline
pieces had quite irregular shapes, we could only determine
the temperature dependence of the resistivity. Speci"c resis-
tivities could not be determined reliably.

151Eu MoK ssbauer Spectroscopy

The 21.53 keV transition of ���Eu with an activity of
130 MBq (2% of the total activity of a ���Sm:EuF

�
source)

was used for the MoK ssbauer spectroscopic experiments. The
measurements were performed with a commercial helium
bath cryostat. The temperature of the absorber could be
varied from 4.2 to 300 K and was measured with a metallic
resistance thermometer with a precision better than
$0.5 K. The source was kept at room temperature. The
material for the MoK ssbauer spectroscopic investigation was
the same as for the susceptibility measurements. The sample
was diluted with sugar and placed within a thin-walled PVC
container at a thickness corresponding to about 10 mg of
Eu/cm�.

Electronic Structure Calculations

Self-consistent band structure calculations were exemp-
larily performed for EuAgMg and EuAuMg using the
LMTO method in its scalar-relativistic version (program
TB-LMTO-ASA (14)). A detailed description may be found
elsewhere (15, 16). Reciprocal space integrations were per-
formed with the tetrahedron method using 105 k-points
within the irreducible wedge of the Brillouin zone (17). The
basis sets consisted of 6s/6p/5d/4f for Eu, 5s/5p/4d/4f for Ag,
and 3s/3p/3d for Mg. The 6p orbitals of Eu, 4f of Ag, and 3d
of Mg were treated by the down-folding technique (18). To
achieve space "lling within the atomic sphere approxima-
tion, interstitial spheres are introduced to avoid too large
overlap of the atom-centered spheres. The empty spheres
positions and radii were calculated automatically. We did
not allow overlaps of more than 15% for any two atom
centered spheres. Owing to the magnetic properties of the
Eu 4f shell, spin-polarized calculations were performed
using the exchange-correlation potential by Barth and
Hedin (19). The COHP (Crystal Orbital Hamilton Popula-
tion) method was used for the bond analysis (20). COHP
gives the energy contributions of all electronic states for
a selected bond. The values are negative for bonding and
positive for antibonding interactions. With respect to the
well-known COOP diagrams, we plot COHP(E) to obtain
positive values for bonding states.

RESULTS AND DISCUSSION

Crystal Chemistry and Chemical Bonding

LaAgMg and CeAgMg crystallize with the ZrNiAl-type
structure (9}11). As an example, we present a projection of
the CeAgMg structure in Fig. 1. The silver atoms adopt two
crystallographically di!erent sites Ag1 and Ag2. The Ag1
atoms have a trigonal prismatic coordination of cerium
atoms, while the Ag2 atoms have six magnesium neighbors
in the same arrangement. These [Ag1Ce

�
] and [Ag2Mg

�
]

prisms are capped by three magnesium and cerium atoms,
respectively. Apart from this purely geometrical description,
we can descibe the CeAgMg structure by a three-dimen-
sional [AgMg] network in which the cerium atoms are
located in distorted hexagonal channels. For a more de-
tailed description we refer to our previous work (8).

EuAgMg, EuAuMg, and YbAgMg adopt the ortho-
rhombic TiNiSi type (12). An examplary view of the
EuAuMg structure approximately along the y axis is dis-
played in Fig. 2. The gold and magnesium atoms form
a three-dimensional network of strongly puckered and
orthorhombically distorted Au

�
Mg

�
hexagons. The Au}Mg



FIG. 2. View of the EuAuMg structure approximately along the y
axis. The europium, gold, and magnesium atoms are drawn as gray, black,
and open circles, respectively. The three-dimensional [AuMg] network is
emphasized.

FIG. 4. Electronic density of states (DOS) of EuAgMg. Dotted line,
total DOS; dashed line, silver contribution; solid line, magnesium contribu-
tion. The energy zero is taken at the Fermi level.
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distances within these Au
�
Mg

�
hexagons are 284 and 294

pm, slightly longer than the sum of Pauling's single-bond
radii of 270 pm for gold and magnesium (21). Due to the
strong puckering, we observe even the shortest Au}Mg
distances (284 pm) between the layers (Fig. 3). Along with
the puckering we observe the formation of Au

�
Mg

�
rec-

tangles between the layers. These Au
�
Mg

�
rectangles tilt to

move the more electronegative gold atoms away from each
other (22, 23). Consequently, the magnesium atoms come
closer together at a Mg}Mg distance of 327 pm, slightly
longer than that in hcp magnesium (320 pm) (24). Already,
the comparison of these Mg}Mg distances implies the
formation of weak Mg}Mg bonds in EuAuMg.

Figure 4 shows the total electronic density of states (DOS,
dotted line) and the contributions of silver (dashed line) and
magnesium (solid line) of EuAgMg. The band structure
calculation con"rms the metallic properties as found experi-
mentally by the electrical conductivity measurements (see
Fig. 11). At the Fermi level, the DOS of EuAgMg is roughly
composed of 60% europium states and each 20% states
FIG. 3. Coordination of the europium atoms in EuAuMg. Relevant
interatomic distances within the [AuMg] network are indicated.
from magnesium and silver. From the spin-polarized calcu-
lation we obtain a magnetic moment of 7.99 �

�
, in excellent

agreement with the magnetic measurements and con"rming
the divalent state of europium. The sharp peaks located
at !5.5 and !0.5 eV originate from localized Ag 4d and
Eu 4f orbitals, respectively. A particular feature of the Eu-
AgMg DOS is the substantial occupation of magnesium
states, which may not be expected from electronegativity
reasons. As seen from the solid line in Fig. 4, the Mg 3s
states are around !5.5 eV and mix with the Ag 4d states.
The Mg 3p states extend from !5 eV to the Fermi level
and play about the same part to the DOS as the silver states,
whereas the europium contribution is small in this energy
range. Thus, the silver and magnesium states form a valence
band that is not much di!erent as those from isostructural
compounds with more electronegative elements instead of
magnesium (25). From this point of view it is reasonable to
FIG. 5. COHP diagram of the Ag}Mg bonds in EuAgMg. Dotted line,
COHP integration.



FIG. 6. COHP diagram of the Mg}Mg bonds in EuAgMg. Dotted line,
COHP integration.
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describe EuAgMg with a covalent [AgMg]�� polyanionic
network, separated and charge-balanced by positively po-
larized europium atoms. This view is supported by the
COHP diagram of the Ag}Mg bonds shown in Fig. 5.

For clarity, the slightly di!erent contributions from each
of the four bonds are merged. Solely bonding states are
occupied, but the number of valence electrons is not su$-
cient to "ll them completely. As we have reported for com-
parable compounds (26), even 18 electrons per formula unit
would "ll all bonding states. The idealized formula splitting
Eu��[AgMg]�� gives 15 electrons within the polyanion
and consequently the bonding levels can only be partially
"lled. From the COHP diagram in Fig. 5 we see that
maximum bonding would be reached if the states up to
&1.6 eV would be occupied. If we count the number of
states in the corresponding DOS (Fig. 4) up to this energy,
we "nd about three additional electrons per formula unit
would be necessary. This shows clearly that the bonding
FIG. 7. Au 5d DOS of EuAuMg, calculated by using relativistic terms
(solid line) and by neglecting them (dotted line).
picture as derived for compounds with more electronegative
elements than magnesium remains valid for EuAgMg and
the related ¸n¹Mg compounds.

The Mg}Mg distances within the [AgMg] network of
335 pm are only slightly longer than the average Mg}Mg
distances of 320 pm in hcp magnesium, which may indicate
Mg}Mg bonding. Figure 6 shows the Mg}Mg COHP dia-
gram for EuAgMg. Rather weak bonding interactions dis-
cern up to the Fermi level. However, the integration of the
COHP gives a Mg}Mg bond energy of &0.4 eV/bond.
This is at least 60% of the energy we obtain by the same
calculation method for one Mg}Mg bond in hcp magne-
sium. From this we conclude that the contacts between the
magnesium atoms contribute perceptible to the stability of
EuAgMg.

Despite the same covalent radii of silver and gold
(134 pm, (21)), we "nd longer Ag}Mg distances of 291}
302 pm in EuAgMg than Au}Mg distances of 284}294 pm
in EuAuMg. This may have electronic reasons, and also
relativistic e!ects might account for this situation (27). To
show this e!ect, we have calculated the DOS of EuAuMg
with and without regard to the relativistic terms. As seen
from Fig. 7, the gold 5d-orbitals are strongly a!ected; their
energy increases by more than 1 eV and they become
broadened. At the same time, the 6s energy decreases and
both e!ects together lead to stronger 6s}5d hybridization.
Consequently, the gold 5d orbitals can contribute more to
Au}Mg bonding than the silver 4d orbitals do for Ag}Mg
bonding.

Magnetic and Electric Properties

The temperature dependence of the magnetic suscetibility
of LaAgMg is displayed in Fig. 8. Down to about 50 K, the
susceptibility is nearly independent of temperature with
FIG. 8. Temperature dependence of the magnetic susceptibility of
LaAgMg and YbAgMg, measured at "eld strengths of 1 and 3 T, respec-
tively.



FIG. 9. Temperature dependence of the inverse magnetic susceptibility
of CeAgMg (upper part) at 3 T. The low-temperature behavior is shown in
the insert. In the lower part the magnetization isotherms at 2 and 100 K are
presented.
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a room temperature value of 2.4(1) ) 10�� m�/mol. This is
compatible with Pauli paramagnetism in agreement with
the metallic behavior discussed below. The small increase of
the susceptibility at low temperature may be attributed to
trace amounts of paramagnetic impurities.

In Fig. 9 we present the inverse susceptibility of CeAgMg
as a function of temperature. CeAgMg remains paramag-
netic down to 2 K. No magnetic ordering is evident in this
temperature range. A small convex curvature is observed for
the 1/� vs ¹ plot, indicating a temperature-independent
contribution to the total susceptibility. We have therefore "t
the experimental data to a modi"ed Curie}Weiss expres-
sion, �"�

	
#C/(¹!�), resulting in an experimental

magnetic moment of �
���

"2.52(2) �
�
/Ce, a paramagnetic

Curie temperature (Weiss constant) of �"!13(1) K and
a temperature-independent term, �

	
"2.3(1)�10�� m�/mol.

The experimental magnetic moment is in good agreement
with the free ion value of �

���
"2.54 �

�
/Ce. This magnetic

behavior is consistent with trivalent cerium, in agreement
with the course of the cell volumes (8). The stronger
deviation of the inverse susceptibilitiy from Curie}Weiss
behavior below 50 K may be attributed to crystal "eld
splitting of the J"5/2 ground state of the Ce�� ions.
Crystal "eld e!ects may also account for the broad shoulder
in the electric resistivity (see Fig. 11).

The magnetization data are plotted in Fig. 9. At 100 K the
magnetization isotherm is linear, as expected for a paramag-
netic material. At 5 T the magnetization is very small, i.e.,
0.11 �

�
/Ce. Some curvature is observed for the magnetiz-

ation curve at 2 K. The magnetization value of 0.66 �
�
/Ce at

5 T, however, is signi"cantly smaller than the theoretical
saturation magnetization for Ce�� of 2.14 �

�
/Ce. The slight

increase of the magnetization at 2 K may be attributed to
a partial parallel spin alignment. The reduced value also
expresses the crystal "eld splitting e!ects on the J"�

�
ground state. Very similar magnetic behavior has recently
been observed for isotypic CePdMg (3) and for the stannide
Ce

�
Pd



Sn

�
(28).

EuAgMg and EuAuMg show Curie}Weiss behavior
(Figs. 10a and 10b) above 60 K with experimental magnetic
moments of 7.99(5) �

�
/Eu for the silver and 7.80(5) �

�
/Eu for

the gold compound, close to the free ion value of 7.94 �
�

for
Eu��. The low-temperature behavior is shown in the inserts.
The vanishing 1/� behavior is indicative of ferromagnetic
ordering. The exact Curie temperatures were determined
from kink-point measurements (Figs. 10c and 10d). We have
therefore measured the susceptibility in a very low external
"eld at 0.002 T in the zero-"eld-cooling (zfc) and "eld-
cooling (fc) mode. The derivatives d�/d¹ of the "eld-cooling
measurements (inserts of 10c and 10d) resulted in Curie
temperatures of ¹

�
"22.0(3) K and ¹

�
"36.5(5) K for

EuAgMg and EuAuMg, respectively.
The observed di!erence between the magnetization

curves taken upon cooling the specimens in zero (ZFC,
zero-"eld-cooling) and non-zero (FC, "eld-cooling) mag-
netic "eld may be attributed to domain e!ects. The "eld-
cooling measurements yield considerably higher values of
the magnetization in the ordered region because it corres-
ponds to probing of the response to the magnetic "eld of
a nearly single-domain sample.

The magnetization data are plotted in Figs. 10e and 10f.
Both compounds show saturation at 2 K and 5 T with
saturation magnetizations of �

������
"7.1(1) �

�
/Eu for

EuAgMg and �
������

"7.3(1) �
�

/Eu for EuAuMg, slightly
higher than the theoretical value of �

�����	�
"7.0 �

�
accord-

ing to �
�����	�

"gJ �
�

(29). This is similar to the magnetic
behavior observed recently for isotypic EuAuCd (6) and
other equiatomic Eu¹X intermetallics (25, 30). In view of
the very small hysteresis and coercivity, both compounds
may be classi"ed as soft ferromagnets.

The susceptibilities of YbAgMg were almost identical at
3 and 5 T, indicating very minor amounts of ferromagnetic
impurities. We therefore present the 3 T data in Fig. 8. At
room temperature, the susceptibility is 1.5(1)�10�� m�/mol



FIG. 10. Magnetic properties of EuAgMg and EuAuMg: (a) and (b), temperature dependence of the inverse magnetic susceptibilities with the
low-temperature behavior presented in the inserts; (c) and (d), low-temperature susceptibilities measured in the zero-"eld-cooling (zfc) and "eld-cooling (fc)
mode (kink-point measurements); the Curie temperatures of 22.0(3) K (EuAgMg) and 36.0(3) K (EuAuMg) were obtained from the derivatives d�/d¹
(inserts of (c) and (d)); (e) and (f) magnetization isotherms at 2 K.
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and it increases to 11.5(1)�10�� m�/mol at 4 K. The increase
below about 100 K may be attributed to a paramagnetic part
of the total susceptibility. We have therefore "tted the experi-
mental data to a modi"ed Curie}Weiss expression, resulting
in a temperature-independent term, �

	
"1.3(1)�10��
FIG. 11. Temperature dependence of the electrical resist
m�/mol, a Weiss constant of 33(1) K, and a small experi-
mental magnetic moment of �

���
"0.17(1) �

�
/Yb. This be-

havior is typically observed for equiatomic Yb¹X
intermetallics with divalent ytterbium (nonmagnetic ground
state). For details we refer to a recent review (31).
ance of REAgMg (RE"La, Ce, Eu, Yb) and EuAuMg.



FIG. 12. Temperature-dependent ���Eu MoK ssbauer spectra of
EuAuMg. Solid curves denote simulations (see text and Table 1).

FIG. 13. Temperature-dependent ���Eu MoK ssbauer spectra of
EuAgMg. Solid curves denote simulations (see text and Table 1).
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The temperature dependence of the electrical resistance
of all compounds is displayed in Fig. 11. The resistance
decreases with decreasing temperature, indicating metallic
behavior for LaAgMg, CeAgMg, EuAgMg, EuAuMg,
and YbAgMg, in agreement with the electronic structure
calculations. At about 20 and 36 K the resistance curves
of EuAgMg and EuAuMg show discontinuities that are
attributed to freezing of spin-disorder scattering below the
Curie temperature. The transition temperatures agree with
those determined from the susceptibility measurements.

151Eu MoK ssbauer Spectroscopy

The ���Eu MoK ssbauer spectra of EuAgMg and EuAuMg
at various temperatures are presented in Figs. 12 and 13
together with transmission integral "ts. The corresponding
"tting parameters are listed in Table 1. The "tting para-
meters for the 26 and 7.6 K measurements of EuAgMg (not
shown in Fig. 13) are also listed in that Table. The spectra
show no signal around 0 mm/s, indicating purely divalent
europium in EuAgMg and EuAuMg. The 78 K spectra
show single signals at �"!9.00(4) mm/s (EuAgMg) and
�"!8.72(8) mm/s (EuAuMg), subject to quadrupole
splitting of 8.5(7) mm/s (EuAgMg) and 16.8(5) mm/s. The
single signals are in agreement with the single europium site
observed in the TiNiSi-type structures of EuAgMg and
EuAuMg (5, 8). The experimentally determined linewidths
are close to the usual linewidth of 2.3 mm/s of europium.
For the spectra recorded in the paramagnetic range a small
asymmetry parameter was included in all "ts (see Table 1).

In a recent systematic investigation of the 151Eu isomer
shifts in Eu¹X (¹"transition metal, X"In, Ga, Si, Ge,
Sn, P, As, Sb, Bi) compounds we revealed a linear correla-
tion with the electron count (30). The isomer shift decreases
with increasing electron count. Also, the recently reported
compound EuAuCd (�"!9.33(5) mm/s at 78 K) (6) and
the two compounds reported herein with a total of 15
valence electrons per formula unit perfectly "t in this cor-
relation.

The onset of magnetic ordering is detected around 22
K for the silver and around 37 K for the gold compound.
The magnetic ordering temperatures are in good agreement
with the Curie temperatures determined from the suscepti-
bility data. Slightly below the ordering temperature the
static magnetic #ux density at the europium nuclei is small



TABLE 1
Fitting Parameters of 151Eu MoK ssbauer Measurements on

EuAgMg and EuAuMg (Numbers in Parentheses Represent
the Statistical Errors. Parameters without Parentheses Were
Kept Fixed during the Fitting Procedure)

¹ (K) � (mm s��) � (mm s��) �E
�

(mm s��) � B (T)

EuAgMg
77.8 !9.00(4) 2.1(1) 8.5(7) 0.2(1) 0
26 !8.98(3) 2.2(1) 8.5(7) 0.3(1) 0
23.3 !9.00(4) 2.3(2) 8.5(7) 0.4(1) 0
21.1 !8.9(1) 3.5(6) !1.0(5) 0 4.6(6)
19.1 !8.7(2) 2.8(3) !1.8(9) 0 9.8(2)
15.5 !8.86(5) 2.5(1) !0.5(3) 0 12.2(1)
11.1 !8.84(5) 2.4(1) !0.5(3) 0 15.0(1)
7.6 !8.85(4) 2.4(1) !0.5(3) 0 16.2(1)
4.2 !8.88(4) 2.4(1) !0.5(3) 0 17.4(1)

EuAuMg
77.8 !8.72(8) 2.1 (2) 10.3(5) 0.2(1) 0
41.1 !8.70(7) 2.3 (3) 9.3(9) 0.2(1) 0
37.1 !8.7(1) 2.3 12(2) 0 1.8(8)
34.4 !8.7(1) 2.3 (4) 11(2) 0 5.4(4)
28.4 !8.7(1) 2.3 9(1) 0 10.3(3)
20 !8.6(1) 2.3 (3) 9.1(9) 0 15.0(3)
4.2 !8.64(8) 2.3 (2) 9.3(8) 0 18.3(2)

Note. �, isomer shift; �, linewidth; �E
�

, electric quadrupole interaction;
�, asymmetry parameter; B, magnetic hyper"ne "eld.

FIG. 15. Temperature dependence of the internal magnetic hyper"ne
"eld at the europium nuclei in EuAuMg. It approximately follows the
Brillouin function for J"�

�
.
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and the uncertainty of the absolute value is relatively high.
The #ux density then increases with decreasing temperature.
Full magnetic hyper"ne "eld splitting is observed at 4.2
K with static magnetic #ux densities of 17.4(1) T (EuAgMg)
and 18.3(2) T (EuAuMg), as frequently observed in related
Eu¹X compounds (25). The temperature dependence of the
FIG. 14. Temperature dependence of the internal magnetic hyper"ne
"eld at the europium nuclei in EuAgMg. It approximately follows the
Brillouin function for J"�

�
.

internal magnetic hyper"ne "eld at the europium nuclei
approximately follows the Brillouin function for J"7/2
(Figs. 14 and 15) for both compounds.

In EuAgMg the onset of magnetic ordering is associated
with a drastic reduction in the magnitude of the electrical
"eld gradient (EFG) parameter used to optimize the least-
squares "t to the data, suggesting that the angle de"ning the
EFG principle axis is close to the magic angle. This behav-
ior is similar to that in EuPdIn (32) and Eu

�
Si

�
N

�
(33). No

change is observed for the electric "eld gradient in Eu-
AuMg, indicating that the hyper"ne "eld and the EFG are
almost parallel.

CONCLUSIONS

The ternary intermetallic magnesium compounds
REAgMg (RE"La, Ce, Eu, Yb) and EuAuMg have been
investigated by magnetic susceptibility, electrical resistance,
and ���Eu MoK ssbauer spectroscopic measurements. Chem-
ical bonding in EuAgMg and isotypic EuAuMg was studied
by TB-LMTO-ASA band structure calculations. LaAgMg
and YbAgMg are Pauli paramagnetic while CeAgMg dis-
plays Curie}Weiss behavior (trivalent cerium) but no mag-
netic ordering down to 2 K. EuAgMg and EuAuMg order
ferromagnetically at the relatively high Curie temperatures
of ¹

�
"22.0(3) and 36.5(5) K, respectively. Full magnetic

hyper"ne "eld splitting is detected at 4.2 K in the ���Eu
MoK ssbauer spectra.
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