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a b s t r a c t

The compound EuAg4In8 has been obtained as single crystals in high yield from reactions run in liquid
indium. X-ray diffraction on single crystals suggests that EuAg4In8 crystallizes in the CeMn4Al8 structure
type, tetragonal space group I4/mmm with lattice constants a¼b¼9.7937(2) Å and c¼5.7492(2) Å.
Crystal structure of EuAg4In8 is composed of pseudo Frank–Kasper cages occupied by one europium
atom in each ring, which are shared through the corner along the ab plane resulting in a three
dimensional network. The magnetic susceptibility of EuAg4In8 was measured in the temperature range
2–300 K, which obeyed Curie–Weiss law above 50 K. Magnetic moment value calculated from the fitting
indicates the presence of divalent europium, which was confirmed by X-ray absorption near edge
spectroscopy. Electrical resistivity measurements suggest that EuAg4In8 is metallic in nature with a
probable Fermi liquid behavior at low temperature.

& 2015 Elsevier Inc. All rights reserved.

1. Introduction

Among the rare earths intermetallics, the Eu-containing com-
pounds deserve particular scientific interest as they can exhibit two
energetically similar electronic configurations; the nonmagnetic Eu3þ

(4f6) and the magnetic Eu2þ (4f7). Eu based compounds exhibit
various important properties such as intermediate valency, heavy
fermion behavior, Kondo behavior, unusual magnetism [1–6] and
superconductivity at low temperature [7,8]. These properties are
generally believed to arise from the strong hybridization (interaction)
between the localized 4f electrons and the delocalized s, p, and d
conduction electrons [9,10].

Structural aspects of many intermetallic compounds interest-
ingly depend on the way the compound is synthesized, which in
most of the cases may indirectly affect the physical properties of
the material as structure and property are intriguingly related to
each other. Metal flux method has not only been proved to be a
tremendous tool to grow single crystals of already known poly-
crystalline compounds for studying detailed physical properties
but also been an effective way to explore completely new phases
[11–21]. A classic example in this case is EuInGe. Mao et al. [22]
reported that this compound crystallizes in orthorhombic Pnma
space group when the compound was synthesized in high fre-
quency induction heating; we in our previous work, however,
found out that this compound crystallizes in monoclinic P21/c

space group [23]. Similarly, YbCuGa3 was previously reported to
have crystallized in tetragonal I4/mmm structure when synthe-
sized by the arc melting method [24]; however it was later found
to have monoclinic structure (space group, C2/m) when synthe-
sized using Ga as an active flux [25].

Here we report another compound EuAg4In8 which was pre-
viously reported by Sysa et al. [26] in the hexagonal crystal system
with space group P6/mmm, which is unusual in the RET4X8 (RE¼Rare
earths, T¼Transition metals, X¼p-block elements) family. Based on
the literature and our previous reports on YbCu4Ga8 [27], YbCu6In6
[28] and SmCu6In6 [29], we know that the family of these compounds
crystallizes mostly in the tetragonal crystal system with space group
I4/mmm. Sysa et al. have synthesized the compound by arc-melting,
which is not an efficient technique for the synthesis of Eu based
compounds due to high vapor pressure of Eu. They have reported the
divalent state of Eu in EuAg4In8 with the help of X-ray absorption LIII-
spectra analysis. In continuation to our studies in the RET4X8 family
and related compounds in this series, we found that EuAg4In8 exists
in tetragonal phase as well. The other motivation of this work is that
the compounds having general formula RET4X8 (RE¼La–Nd, Sm–Lu
and U; T¼Cr, Mn, Fe, Cu and Ag; X¼Al, Ga and In) are generally well
known for their interesting physical properties like high temperature
antiferromagnetic ordering (TN) in GdFe4Al8 [30] (TN¼155 K) along
with two low temperature transitions at T1¼21 K and T2¼27 K, high
temperature magnetic ordering (163.5 K) in TbFe4Al8 [31], anisotropic
magnetic properties of single crystals of UFe4Al8 [32] and the
antiferromagnetic–paramagnetic transitions at TN¼6.50 and 6.75 K
in GdCrxAl12�x (x¼3.5 and 4.0) [33].
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As per Inorganic Crystal Structure Database (ICSD) [34] and
Pearson's Crystal Data (PCD) [35], EuAg4In8 is the only compound
so far reported in the Eu–Ag–In system [26]. In addition, among the
large number of RET4X8 compounds, only a few Eu based com-
pounds were reported so far. The examples are EuCu4Al8 [36,37],
EuFe4Al8 [38] and EuMn4Al8 [37]. All these compounds crystallize in
the tetragonal ThMn12 structure type (space group I4/mmm).
Though there is a slight variation in composition, EuFe6Al6 [39,40]
is another compound reported in the same structure type.

We also focused our research to develop the intermetallic
chemistry of Eu based compounds [17,23,41–44], which in fact
cause a few interesting properties. The single crystals of EuAg4In8

were grown using In as the active metal flux. The use of indium
flux has been proved to be an excellent tool to produce many novel
ternary and quaternary intermetallic phases [45–49]. A few new
polyindides with an impressive set of diverse structures and
compositions have been synthesized using In as solvent [45,46].
The crystal structure of EuAg4In8 was studied using single crystal
X-ray diffraction data. Magnetic susceptibility and electrical resis-
tivity studies were performed on the single crystals obtained by
the metal flux method.

2. Experimental section

2.1. Reagents

The following reagents were used as purchased without further
purification: Eu (in the form of metal pieces cut from metal chunk,
99.99% Alfa Aesar), Ag (powder, 99.99% Alfa Aesar) and In (pieces,
99.999%, Alfa Aesar).

2.2. Synthesis

2.2.1. Metal flux synthesis of EuAg4In8
Single crystals of EuAg4In8 were obtained by reacting europium

metal (0.3 g), silver (0.28 g) and indium (2 g) in an alumina crucible.
The crucible placed in a 13 mm fused silica tube was flame sealed
under a vacuum of 10�3 Torr, to prevent oxidation during heating.
The reactants were then heated to 1000 1C over 10 h, maintained at
that temperature for 5 h to allow proper homogenization, then cooled
to 850 1C in 2 h and kept at this temperature for 48 h. Finally, the
sample was allowed to slowly cool down to 30 1C over 48 h. The
reaction product was isolated from the excess indium flux by heating
at 400 1C and subsequently centrifuging through a coarse frit. Any
unreacted flux was removed by immersion and sonication in glacial
acetic acid for 24 h. The final crystalline product was rinsed with
water and dried with acetone. Small (0.5 mm) rod-shaped single
crystals of EuAg4In8 were selected for the elemental analysis, struc-
tural characterization and property studies. Our attempts to synthe-
size the compound in bulk polycrystalline form using high frequency
induction heating also resulted in the formation of EuAg4In8 as major
product along with unreacted indium and AgIn2 impurity phases
(XRD pattern of the sample synthesized by induction furnace is
shown in the Supporting information, Fig. S1).

2.3. Elemental analysis

Semi-quantitative microanalyses were performed on the single
crystals obtained from the flux techniques using a Leica 220i scaning
electron microscope (SEM) equipped with Bruker 129 eV energy
dispersive X-ray analyzer (EDS). Data were acquired with an accel-
erating voltage of 20 kV and 90 s accumulation time. SEM image of a
typical single crystal of EuAg4In8 is shown in Fig. 1. The EDS analyses
were performed on visibly clean surfaces of the single crystals
obtained from the flux method. The atomic composition obtained

is 8(1):30(2):62(3) for Eu:Ag:In indicating that the atomic composi-
tion was close to 1:4:8, which is in good agreement with the
composition obtained from the single crystal X-ray data refinement.

2.4. Powder X-ray diffraction

Phase identity and purity of the EuAg4In8 sample obtained from
the metal flux method and high frequency induction heating were
determined by powder XRD experiments that were carried out
with a Bruker D8 Discover diffractometer using Cu-Kα radiation
(λ¼1.5406 Å). The experimental powder pattern of EuAg4In8

obtained from the metal flux method was found to be in good
agreement with the pattern calculated from the single-crystal X-
ray structure refinement of the tetragonal structure (Fig. 2). The
high frequency induction heating produced a mixture of hexago-
nal and tetragonal phases (Fig. S1).

2.5. Single-crystal X-ray diffraction

X-ray diffraction data were collected on a selected single crystal of
EuAg4In8 at room temperature using a Bruker Smart Apex 2-CCD
diffractometer equipped with a normal focus, 2.4 kW sealed tube X-ray
source with graphite monochromatic Mo-Kα radiation (λ¼0.71073 Å)
operating at 50 kV and 30mA, with ω scan mode. A crystal of suitable
size (0.05�0.05�0.1 mm3) was cut from a rod shaped crystal and
mounted on a thin glass (�0.1 mm) fiber with commercially available
super glue. A full sphere of 120 frames was acquired up to 75.681 in 2θ.
The individual frames were measured with steps of 0.51 and an
exposure time of 60 s per frame. The program SAINT [50] was used

Fig. 1. SEM image of typical EuAg4In8 single crystal grown from In flux.

Fig. 2. PXRD comparison of simulated tetragonal and hexagonal systems with
experimental EuAg4In8 (a) star mark corresponds to unreacted indium peak,
(b) star peak corresponds to hexagonal crystal system and (d and e) correspond
to two extra peaks (103 and 203 planes) are highlighted from hexagonal system.
The peaks marked with * correspond to AgIn2 phase.
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for integration of diffraction profiles and absorption correction was
made with SADABS program [51]. The systematic absences led to the
centrosymmetric space group I4/mmm. However, the Platon program
with WinGx system, ver. 1.80.05 [52] was used to check the additional
symmetry, which confirms the final structure refinement. The struc-
ture was solved by SHELXS 97 [53] and refined by a full matrix least-
squares method using SHELXL with anisotropic atomic displacement
parameters for all atoms. Packing diagrams were generated with
Diamond [54]. As a check for the correct composition, the occupancy
parameters were refined in a separate series of least-squares cycles. All
bond lengths are within the acceptable ranges compared to their
theoretical values.

Since the structure was previously reported in the hexagonal
system, our next intention was to collect the single crystal XRD
data on available temperature range in our instrument. We have
carried out the temperature dependent single crystal XRD studies
using Bruker Photon 100 CMOS detector in shutter less mode
equipped with a micro-focus, 5 kW sealed tube X-ray source with
graphite monochromatic Mo-Kα radiation (λ¼0.71073 Å) operat-
ing at 50 kV and 1 mA, with ω scan mode at various temperatures
100 K, 200 K, 350 K and 450 K.

2.6. Structure refinement

The crystal structure of EuAg4In8 was refined using Shelxl-97 (full-
matrix least-squares on F2) [53] with anisotropic atomic displacement
parameters for all atoms. As a check for the correct composition, the
occupancy parameters were refined in a separate series of least-
squares cycles. The first step of refinement showed that EuAg4In8
crystallizes in a body centered tetragonal lattice (I4/mmm) within the
CeMn4Al8 structure type with lattice constants a¼b¼9.7937(2) Å and
c¼5.7492(2) Å. This refinement resulted in four crystallographic
positions in the EuAg4In8 structure where one europium atom
occupies 2a site, one silver atom occupies 8f site and two indium
atoms occupy 8i and 8j sites. During the isotropic refinement of
EuAg4In8, unacceptable highest difference peak and deepest hole
(412 and �11 e Å3) were observed. The refinement residual value
(R1) also was found to be slightly high (8%). Since the scattering
power of Ag and In atoms to X-ray is close due to only two electron
difference, we also attempted to refine the structure with Ag and In
mixing; however, we did not improve the refinement parameters. To
overcome all these problems observed in the refinement EuAg4In8,
we have recollected the data with long exposure time (60 s) andmore
number of frames (120). This revised data collection overcame the
problems associated with the initial data collection (10 s and within
30 frames).

The details of data collection and structure refinement are listed in
Table 1. The standard atomic positions and isotropic atomic displace-
ment parameters of this compound are given in Table 2. The
anisotropic displacement parameters and important bond lengths
are listed in Tables 3 and 4, respectively. Further information on the
structure refinements is available : by quoting the Registry No. CCDC
1002249.

2.7. Magnetic measurements

Magnetic measurements of EuAg4In8 were carried out on a
Quantum Design MPMS-SQUID magnetometer. Measurements
were performed on single crystals, which were ground and
screened by single crystal and powder XRD to verify phase identity
and purity. Temperature dependent data were collected for field
cooled mode (FC) between 2 and 300 K in an applied field (H) of
1000 Oe. Magnetization data were also collected for EuAg4In8 at 2 K
and 300 K with field sweeping from �60 kOe to 60 kOe.

2.8. Electrical resistivity

The resistivity measurements were performed in the absence of
magnetic field on the single crystals of EuAg4In8 with a conventional

Table 1
Crystal data and structure refinement for EuAg4In8 at 296(2) K.

Empirical formula EuAg4In8

Formula weight 1502
Wavelength 0.71073 Å
Crystal system Tetragonal
Space group I4/mmm
Unit cell dimensions a¼b¼9.7937(2) Å

c¼5.7492(2) Å
Volume 551.44(3) Å3

Z 2
Density (calculated) 9.04528 g/cm3

Absorption coefficient 28.826 mm�1

F(000) 1285.9
Crystal size 0.05�0.05�0.10 mm3

θ range for data collection 2.94–45.351
Index ranges �19rhr19

�15rkr17
�8r lr11

Reflections collected 3286
Independent reflections 686 [Rint¼0.0485]
Completeness to θ¼45.351 100%
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 686/0/16
Goodness-of-fit 1.181
Final R indices [42σ(I)] Robs¼0.036, wRobs¼0.086
Extinction coefficient 0.012793
Largest diff. peak and hole 2.728 and �4.887 e Å�3

R¼Σ||Fo|� |Fc||/Σ|Fo|, wR¼{Σ[w(|Fo|2� |Fc|
2)2]/Σ[w(|Fo|4)]}1/2 and calc w¼1/[σ2(Fo2)þ

(0.0359P)2þ6.1794P] where P¼(Fo2þ2Fc2)/3.

Table 2
Atomic coordinates (�104) and equivalent isotropic displacement parameters
(Å2�103) for EuAg4In8 at 296(2) K with estimated standard deviations in
parentheses.

Label Wyckoff site x y z Occupancy Ueq
n

Eu 2a 0 0 0 1 8 (1)
Ag 8f 2500 2500 2500 1 12 (1)
In1 8i 3471 (5) 0 0 1 12 (1)
In2 8j 2880 (9) 5000 0 1 20 (1)

Table 3
Anisotropic displacement parameters (Å2�103) for EuAg4In8 at 296(2) K with
estimated standard deviations in parentheses.

Label U11 U22 U33 U12 U13 U23

Eu 8 (1) 8 (1) 9 (1) 0 0 0
Ag 14 (2) 14 (2) 8 (1) 1 (1) 3 (1) 3 (1)
In1 11 (2) 10 (2) 15 (2) 0 0 0
In2 42 (2) 7 (1) 11 (2) 0 0 0

The anisotropic displacement factor exponent takes the form: �2π2[h2a*2U11þ…þ
2hka

n

b
n

U12].

Table 4
Selected bond lengths [Å] for EuAg4In8 at 296(2) K with estimated standard
deviations in parentheses.

Label Distances Label Distances

Eu–In1 3.4001 (5) In1–In1 2.9935 (10)
Eu–In2 3.5458 (5) In1–In1 3.5699 (3)
Eu–Ag 3.7491 (1) In1–In2 3.1649 (4)
Ag–Ag 2.8746 (1) In1–In2 3.1934 (8)
Ag–In1 2.9944 (2) In1–In2 4.9310 (2)
Ag–In2 2.8635 (1) In2–In2 2.9359 (9)
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AC four probe set-up. Four thin copper wires were glued to the pellet
using a strongly conducting silver epoxy paste. The data were
collected in the range 3–300 K using a commercial Quantum Design
Physical Property Measurement System (QD-PPMS). The results were
reproducible for up to three batches.

2.9. X-ray absorption near edge spectroscopy (XANES)

X-ray absorption near edge spectroscopy (XANES) experiments at
300 K on EuAg4In8 were performed at PETRA III, P06 beamline of
DESY, Germany. Measurements at the Eu LIII edge and at ambient
pressure were performed in transmission mode using gas ionization
chambers to monitor the incident and transmitted X-ray intensities.
Monochromatic X-rays were obtained using a Si (111) double crystal
monochromator which was calibrated by defining the inflection point
(first derivative maxima) of Cu foil as 8980.5 eV. The beam was
focused employing a Kirkpatrick–Baez (K–B) mirror optic. A rhodium
coated X-ray mirror was used to suppress higher order harmonics. A
CCD detector was used to record the transmitted signals. The sample
was prepared by mixing an appropriate amount of finely ground
powder with cellulose and cold pressing them to a pellet (Fig. S2).

3. Results and discussion

3.1. Crystal chemistry of EuAg4In8

The powder XRD of EuAg4In8 on crushed single crystals is com-
pared with the simulated data obtained from the single crystal
structure refinement on the tetragonal and hexagonal systems (shown
in Fig. 2). It is well evident that the pattern is perfectly matching with
simulated tetragonal crystal system. There are a few additional peaks
observed in the hexagonal pattern (marked with n), which are absent
in the powder XRD of our sample. The absence of a couple of
prominent peaks (103) and (203) expected in the hexagonal system
(shown in inset of Fig. 2) clearly suggests that our compound was not
formed in the reported hexagonal phase. The hexagonal phase reported
by Sysa et al. was formed probably due to the difference in the
synthesis methods. However, we could not repeat their synthesis
method due to the non-technical way of dealing Eu in the arc-
melting chamber, which may lead to the Eu deficiency in the resulted
product. Another possibility is formation of the hexagonal phase as a
metastable phase, which probably resulted due to the rapid quenching
of sample from high temperature. Our attempts to synthesize the
compound by high frequency induction heating also led to the
formation of the mixed phases of tetragonal and hexagonal systems
along with unreacted indium and unknown phase (Fig. S1).

The crystal structure of EuAg4In8 along the c-axis is shown in
Fig. 3. EuAg4In8 crystallizes in the CeMn4Al8 structure type (space
group I4/mmm), which is an ordered superstructure of the ThMn12

type. Crystal structure of EuAg4In8 is composed with pseudo
Frank–Kasper cages of 8 Ag atoms and 12 In atoms, which form
[Ag8In12] cages with one europium atom occupied in each ring.
These cages are shared through the corner Ag-linkage along the ab
plane resulting in a three dimensional network. Since the com-
pound was reported in a different structure, it is worth comparing
the structures in detail to understand the relations between them.
The tetragonal structure consists of only four atomic positions,
while hexagonal system is packed with eight atomic coordinates.
The crystal structures of tetragonal and hexagonal systems are
compared in Fig. 3a (along the c-axis) and b (along the a-axis),
respectively. In order to understand the detailed relations, the
structure should be checked layer by layer as drawn in Fig. 3c–g.
The tetragonal system is composed of two different types of layers,
[EuIn4] and [Ag4In4], while the hexagonal system is composed of
three different layers, [EuIn6], [Eu2In6] and [Ag12In12]. The layers

are arranged in ABABAB and ABCBAB fashion in tetragonal (along
the c-direction) and hexagonal (along the a-direction) systems,
respectively. The layer [EuIn4] in the tetragonal phase and layers
[EuIn6] and [Eu2In6] in hexagonal phase are compared in Fig. 3c, d
and e respectively. In all these layers, the Ag and In atoms form
hexagons and Eu atoms are statistically distributed at the center.
The notable difference between the structures is in the arrange-
ment of hexagon rings. In the case of the tetragonal systems, the
hexagons are edge shared and propagated along the c-direction
(Fig. 3c). These layers are well separated with the bond distances
of 4.151 Å of In2–In2 atoms and one layer of Eu atoms is
sandwiched between them. On the other hand, in the hexagonal
system, the hexagons are discrete in one layer C (Fig. 3e) with the
bond distance of 3.954 Å of In4–In4 atoms and only dimers in layer A
(Fig. 3d). In layer C of the hexagonal system, the Eu atoms are
occupied in a triangle trap of three hexagon rings. The appearance of
the layers [Ag4In4] and [Ag12In12] in the tetragonal and hexagonal
systems, respectively shown in Fig. 3f and g are similar with the
formation of 4 membered rings of Ag and In atoms. However, a close
look at the coordination environments of Ag atoms in the layers
suggests that they are substantially different (Fig. 3h and i). In the
case of tetragonal system, there is presence of inversion symmetry
with equal bond distances of Ag–In1 (2.994 Å) and Ag–In2 (2.863 Å)
along with similar In1–Ag–In2 bond angle (65.362 Å). On the other
hand, in the case of hexagonal system, the inversion symmetry is lost
due to the slight distortion of Ag–In bond (Fig. 3i) angle from
61.792 Å (Ag–Ag–In1) to 64.111 Å (In2–Ag–In3). Overall, the struc-
tures are closely related, but as we mentioned earlier, the different
synthesis parameters lead to different crystal systems.

In order to check the phase transition from tetragonal to hexagonal,
we have done temperature dependent SCXRD studies in the tempera-
ture range 100–450 K. Althoughwe have not seen any phase transition
in the temperature range 100–450 K, an increment in the lattice
parameters and cell volume of the structure was observed (Fig. 4).

The local coordination environments of all atoms in the crystal
structure of EuAg4In8 are presented in Fig. 5. The coordination
environment of Eu atom is formed as cages of 20 atoms are
composed of 8 Ag and 12 In The coordination environment of Ag
atom is made up of a cuboctahedron of [Eu2Ag2In8]. Coordination
environments of In1 and In2 are composed of [EuAg4In3] and
[Eu2Ag4In6]. The average Ag–Ag bond distance in the EuAg4In8

crystal structure is 2.8746(1) Å, which is close to the sum of the
atomic radii of two Ag atoms (2.871 Å) and is close to the value
observed in the previously reported hexagonal EuAg4In8 structure
as well [26]. The average bond distance of Eu–In (3.4729(5) Å) is
close to the theoretical distance of 3.44 Å [55]. The bond distance
between Eu and Ag atoms is 3.7491(1) Å, which is also close to the
radii sum of Eu–Ag atoms (3.75 Å) observed in EuAg4In8 [26].

3.2. Physical properties

3.2.1. Magnetism
The temperature dependent molar magnetic susceptibility (χm)

and inverse susceptibility (1/χm) of EuAg4In8 at an applied field of
1000 Oe are shown in Fig. 6. The inverse susceptibility curve obeys
Curie–Weiss law, χ¼C/(T�θ), above 50 K with an effective magnetic
moment of 8.26 mB/Eu atom, which suggests the existence of divalent
nature of Eu atoms. The estimated experimental meff value is slightly
larger than that expected for a free Eu2þ ion moment (7.96 mB/Eu),
which can be attributed to the conduction electron polarization [56].
However, it is not uncommon that the slight higher values are
reported in many rare earth based intermetallic compounds, for
example in EuIrIn4 [41], the magnetic moment of Eu ions shows
8.45 mB/Eu and Tb2CuGe3 the magnetic moment of Tb ions shows
9.72 mB/Tb [56]. The divalent nature of Eu was further confirmed by
X-ray absorption near edge spectroscopy at Eu LIII edge (Fig. S2 of the
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Supporting information), which is again in corroboration with the
hexagonal phase [26]. Magnetic susceptibility curve of EuAg4In8
shows an antiferromagnetic ordering around 5.4 K (TN) (showed in
inset Fig. 6).

The field dependence of the magnetization M(H) for ground
sample of EuAg4In8 measured at 2 K and 300 K has been shown in
Fig. 7. The data measured at 300 K exhibits linear behavior upto
higher magnetic moment obtained at 0.02 emu/mol. The magnetiza-
tion curve taken at 2 K shows a slight field dependent response up to
�10 kOe and continues to rise slowly up to the highest obtainable
field (60 kOe) without any further saturation.

3.2.2. Electrical resistivity
The normal state temperature dependent resistivity (ρ) of EuA-

g4In8 continuously decreases linearly with decreasing temperature

(shown in Fig. 8), which is typical for metallic systems [57,58]. A
weak dip at 4.5 K in the resistivity data shown in inset is in
corroboration with the magnetic susceptibility data. The low tem-
perature data (5–10 K) were fitted with power law equation,
ρ¼ρ0þATn (ρ0 is the residual resistivity and A and n are the fitting
parameters) [59], which yielded a residual resistivity of 1.0 mΩ cm
and an n value of 2.11. Thus for this compound at low temperature ρ
varies with T2 which establishes the fact that this compound shows
Fermi-liquid behavior at low temperature [31,60,61].

Fig. 3. Crystal structure of EuAg4In8 (a) tetragonal system along the c-axis, (b) hexagonal system along the a-axis, unit cell outlined as blue solid lines, (c and f) EuIn4 and
Ag4In4 two layers are present in tetragonal system, (d, e and g) EuIn6, Eu2In6 and Ag12In12 three layers are present in hexagonal system and (h and i) coordination
environment of Ag atoms in the layers of tetragonal and hexagonal crystal systems.

Fig. 4. Temperature dependent single crystal data of EuAg4In8, lattice parameters
and cell volume.

Fig. 5. Coordination sphere of all atoms in the crystal structure of EuAg4In8 is
presented.
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4. Concluding remarks

The flux method proves to be an excellent tool for growing
intermetallic compounds to understand the complex crystal struc-
tures. EuAg4In8 single crystals were obtained from reactions in
molten In over a broad range of synthetic conditions. The crystal
structure was studied using single crystal X-ray diffraction. The room
temperature structure was refined from single crystal diffractometer
data revealing tetragonal structure type, which is in contrast to the
hexagonal system previously reported. The argument on the exis-
tence of the hexagonal phase might have been due to the metastable
or superstructure of the well known tetragonal I4/mmm space group,
which in fact may be associated with the different synthesis method.

The compound EuAg4In8 features divalent Eu confirmed by magnetic
and XANES measurements. Since Eu is expected to show the valence
fluctuation, we also attempted to see any phase transitions within the
probable window of temperature range 100–400 K, but resulted in a
stable phase. A systematic temperature and magnetic field dependent
structural and physical property measurements on EuAg4In8 might
bring out some other interesting physical phenomena.

Supporting information available

Crystallographic information files (CIF), supporting file with
powder XRD of the sample synthesized by high frequency induc-
tion furnace method and XANES at Eu LIII edge. This material is
available free of charge via the Internet.
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