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Synthesis, crystal structures, and magnetic properties of melilite-type oxides A;MSio O (A = Sr, Eu; M = Mg, Mn) were
investigated. These compounds crystallize in the melilite structure with space group P42,m. The "*'Eu Mdssbauer
measurements show that the Eu ions are in the divalent state. The Eu,MgSi>0- is paramagnetic down to 1.8 K. Long-
range antiferromagnetic ordering is observed at 3.4 K for Sr,MnSi;O,. On the other hand, the Eu,MnSi,O; shows a
ferrimagnetic transition at 10.7 K. From the magnetization and specific heat measurements, it is found that the Eu?"
(14 ug) and Mn?" (5 ug) sublattices order antiferromagnetically. This result indicates that an interaction between f-d
electrons (Eu—Mn) predominantly operate in this compound.

1. Introduction

The melilite-type oxides have the general formula
A>MM’,0; (A = larger cations such as alkali earth ions and
lanthanides; M, M’ = smaller divalent to tetravalent cations).
Many of them crystallize in a tetragonal structure with space
group P42;m, and this structure can be described as a two-
dimensional network consisting of MO, and M'Oy, tetrahedra
in the ab-plane and larger A ions located between these
networks.' * For this structural feature, magnetic properties
of A,MM',0; compounds (A =Ca, Sr, Ba; M =Mn, Co, Cu;
M’ =Si, Ge) have been attracting interest. They show anom-
alous behaviors derived from the two-dimensional arrange-
ment of magnetic M ions. For example, Ba,MnGe,O; be-
haves as a square lattice Heisenberg antiferromagnet (7 =
4.0 K),* and Ba,CuGe,O- has a spiral spin structure below
3.26 K.°> Two compounds A,CoSi,O (A = Ca, Sr) show both
antiferromagnetic and dielectric anomalies, and are regarded
as new candidates for multiferroic materials.® On the other
hand, the melilite-type oxides in which the magnetic ions fully
occupy the A site are very few. Among them, A,GeBe,O,
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(A = ;’r, Sm, Gd, Dy, and Er) are paramagnetic down to
5K

To explore further interesting materials, we have paid our
attention to the melilites containing magnetic ions in both A
(= lanthanides) and M (= transition metals) sites. Such
compounds are expected to show magnetic behavior, reflecting
both d-d interactions and f-d interactions. To our best knowl-
edge, however, no previous investigations were carried out.

In this study, we investigated the syntheses, crystal struc-
tures, and magnetic properties of new Eu-containing melilites
Eu,MnSi,O7 (M =Mg, Mn). Because the ionic radius of Eu**
is very close to that of Sr**, it should be possible to prepare
such compounds. The results of the powder X-ray diffraction
(XRD), ! Méssbauer spectrum, magnetic susceptibility, and
specific heat measurements are discussed.

2. Experimental Procedures

2.1. Synthesis. Polycrystalline samples (0.5 g) of A,MSi,O4-
(A =Sr, Eu; M =Mg, Mn) were prepared by the standard solid-
state reaction. For starting materials, SrO, Eu,O5, MgO, MnO,
SiO,, and Si were used. Before use, Eu,O3 and MgO were heated
at 900 °C overnight. The SrO was prepared by the decarbona-
tion of SrCOj at 1400 °C for 12 h. These starting materials were
weighed out in a stoichiometric ratio and well mixed in an agate
mortar. The mixtures were pressed into pellets and wrapped in a
molybdenum foil, and then they were sealed in evacuated quartz
tubes. These ampules were heated at 1100 °C for 36—48 h.

2.2. XRD Analysis. Powder XRD measurements were per-
formed at room temperature using a Multi-Flex diffractometer
(Rigaku) with a Cu Ko X-ray radiation source equipped with a
curved graphite-monochromator. The data were collected by
step-scanning in the angle range of 10° < 26 < 120° at a step size
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0.02°. The XRD data were dndlyzed by the Rietveld method
using the program RIETAN- FP and the crystal structures
were drawn by VESTA program.’

2.3. 'S'Eu Mossbauer Spectroscopy Measurements. The
STEy Méssbauer spectra were measured at room temperature
with a Mossbauer VT - 6000 transmission spectrometer (Labo-
ratory Equipment) using a radiation source '*'SmF;(1.85 GBq).
The spectrometer was calibrated with a-iron at room tempera-
ture, and the isomer shift (I.S.) was determined relative to the
shift of europium trifluoride (EuF3). The y-ray was detected by a
Nal scintillation counter. The powdered sample was wrapped in
an aluminum foil (1.5 cm x 1.5 cm) with the density of 15 mg
(Eu)/cm?.

2.4. Magnetic Measurements. The temperature dependence
of the magnetic susceptibilities was measured with a SQUID
magnetometer (Quantum Design, MPMS-5S). The measure-
ments were performed under both zero-field-cooled (ZFC) and
field-cooled (FC) conditions over the temperature range 1.8—
300 K in an applied magnetic field of 0.1 T. The field dependence
of the magnetizations was measured with a commercial physical
property measurement system (Quantum Design, PPMS) over
the magnetic field range between —9 and 9 T at 1.8 K.

2.5. Specific Heat Measurements. The specific heat measure-
ments were performed using a relaxation technique with the
PPMS in the temperature range of 1.8—300 K. The pelletized
sample was mounted on a thin alumina plate with Apiezon
N-grease for better thermal contact.

2.6. Calculation of the Quadrupole Coupling Constant. The
calculation of the quadrupole coupling constant was carried out
by the WIEN2k program using the full potential linearized
augmented plane wave + local orbitals (FP-LAPW + lo) method
based on the density functional theory (DFT) with the generalized
gradient approximation (GAA)."

3. Result and Discussion

3.1. Crystal Structure. The melilite-type oxides Sr,-
MSi,O; (M = Mg, Mn) and their new analogues Eu,-
MSi,057 (M = Mg, Mn) were successfully prepared. They
were obtained as white (A = Sr) or light-green (Eu)
colored polycrystalline samples. The trial to synthesize
other Eu,MSi,O; compounds (M =Fe, Co, Ni, Cu) ended
in failure because the M>* ion was reduced to the metal by
the introduction of the Eu®" ion (the major products were
M metal and apatite-type oxides EusSizOy3).

The XRD profiles for Sr,MnSi,O; and Eu,MnSi,O,
are shown in Figure 1. The observed peaks were indexed
on a tetragonal unit cell (@ ~ 8 A c~5 A) with the space
group P42,m, which is typical for the melilite-type com-
pounds.? Among the compounds prepared in this study,
only the SroMnSi>,O; contains a small amount of SrSiO;
(~ 1%) as an impurity. The XRD data were analyzed by
the Rietveld method using the structural parameters of
Sr,MgSi,O- as a starting model.!! The calculated profiles
are also plotted in Figure 1. The refined structural parameters
and reliability factors are summarized in Table 1.

The schematic crystal structure of the title compounds
is illustrated in Figure 2, and some selected interatomic
distances of A—O, M—0, and Si—O are listed in Table 2.
In this structure, both the M and Si ions are coordinated
by four oxygen ions, forming MO, and SiOy4 tetrahedra,
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Figure 1. Powder XRD profiles for (a) Sr,MnSi,O; and (b) Eu,-
MnSi,O;. The calculated and observed profiles are shown on the top
black solid line and red cross markers, respectively. The vertical marks in
the middle show positions calculated for Bragg reflections. The lower
trace is a plot of the difference between calculated and observed inten-
sities. For (a), the second vertical marks show an impurity phase (SrSiOs).

Table 1. Structural Parameters for A,MnSi,O;7 (A = Sr, Eu)

atom site X v z B(A2)

SrzMnSi207”

Sr 4e 0.3333(1)  0.1667 0.5068(2)  0.82(1)
Mn 2a 0 0 0 0.51(4)

Si 4e 0.1361(2) 0.3639 0.9399(4) 0.50(1)

ol 2c 12 0 0.1420(1) 0.92(7)

02 4e 0.1420(5) 0.3580 0.2454(9) 0.92

03 8f 0.0767(4) 0.2007(5) 0.7939(8) 0.92
Eu,MnSi,O;”

Eu 4e 0.3342(1) 0.1658 0.5055(2) 0.37(2)

Mn 2a 0 0 0 0.54(6)

Si 4e 0.1366(3)  0.3634 0.9422(7)  0.30(1)
o1 2 12 0 0.1421(1)  0.30(1)
02 4e 0.1432(7)  0.3568 0.2501(1)  0.30
03 8f 0.0791(6)  0.1946(7)  0.7980(1)  0.30

. “Space group P42,m (No. 113), Z=2,a = 8. 1315(1)1& ¢= = 5.1589(1)

A, Ryp = 9.22%, R, = 6.80%, R. = 2.99%, Ry = 1.90%. b Space group

P421m(No 113), Z 2,a=8.1390(2) A, ¢ = 5.1635(1) A, Ryp = 9.87%,
R,=7.05%, R, = 752A],R, = 2.28%.

respectively. These MO, and SiOy4 tetrahedra are linked
by sharing corner-oxygen ions, and thus they build a two-
dimensional layer consisting of five-membered rings in
the ab-plane. Beneath these rings, the A ions are located in
the eight-coordinated sites, forming another layer. These
two kinds of layers are alternately stacked along the
c-axis. In the AOg polyhedron, there are six kinds of
A—O distances between 2.54 A and 2.83 A, and its shape
is highly distorted. Reflecting almost the same ionic radii
between Sr>* (1.26 A) and Eu>* (1.25 A),'? these six dis-
tances are very close among four compounds in Table 2.

The bond valence sums (BVS)'**'* are calculated from the
interatomic distances, and they are also listed in Table 2.
These values indicate that the A and M ions are in the
divalent state and the Si ion is in the tetravalent state.

(12) Shannon, R. D. Acta. Crystallogr. 1976, A32, 751-767.
(13) Brown, I. D.; Altermatt, D. Acta Crystallogr., Sect B. 1985, B41,244-247.
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Figure 2. Schematic crystal structure of melilite-type oxides A,MSi,O;
(A = Sr, Eu; M = Mg, Mn). (a) Viewed from the c-axis, (b) projection of
the structure in the ac-plane.

Table 2. Selected Interatomic Distances (A) and Bond Valence Sums Determined
by X-ray Diffraction Measurements

Sr;MgSi,O;  SroMnSi,O;  Eu,MgSi,O;  Eu,MnSirO4

A-02 2.582(5) 2.580(5) 2.542(7) 2.565(7)
A-03x2  2.588(4) 2.573(4) 2.572(6) 2.579(6)
A-Ol 2.606(1) 2.686(5) 2.634(7) 2.679(7)
A-02 x2  2.749(4) 2.825(4) 2.736(5) 2.820(6)
A-03 x2  2.792(4) 2.736(4) 2.802(5) 2.780(5)
BVS (A*") 1.80 1.76 1.77 1.87

M-03 1.945(3) 2.045(54) 1.947(5) 2.002(5)
BVS (M?*)  2.05 2.01 2.01 2.26

Si—02 1.573(5) 1.577(5) 1.640(8) 1.590(8)
Si—03 x2  1.594(3) 1.600(4) 1.602(5) 1.630(5)
Si—01 1.624(3) 1.622(3) 1.619(4) 1.631(4)
BVS (Si*f) 4.9 4.25 4.07 4.03

3.2. 'S'Eu Mossbauer Spectrum. Figure 3 shows the
SIEy Mossbauer spectra for Eu,MgSi,O; and Eu,-
MnSi,05 at room temperature. In both spectra, an ab-
sorption peak appears at about 13 mmy/s, indicating the
presence of the divalent Eu ions. On the other hand, no
absorption peak was observed at 0.5—1 mm/s corre-
sponding to the trivalent Eu ion.'® Therefore, the Eu ions
in both compounds are in the divalent state. The observed
peak is strongly asymmetric because of the quadrupole
interaction. The quadrupole Hamiltonian is given by

g0

0 = g1t BE- U+ D +n@ 1) (1)

(14) Brese, N. E.; O’Keeffe, M. Acta Crystallogr., Sect B.1991, B47,192-197.
(15) Mossbauer Spectroscopy Applied to Inorganic Chemistry ; Long, G. J.,
Grandjean, F., Eds.; Plenum Press: New York, 1986; Vol. 3, p545.
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Figure 3. Mossbauer spectra for (a) Eu,MgSi>O; and (b) Eu,MnSi,O;.
The observed spectra are shown on the red circles.

Table 3. Mossbauer Parameters for Eu,MSi,0; (M = Mg, Mn)

compound LS. (mm/s™") Q.S.(mm/s™ ") n I'(mm/s™ ")
Eu,MgSi,04 —12.81(1) —13.65(2) 0.26(3) 2.82(4)
Eu,MnSi,O, —12.84(5) —14.91(4) 0.29(4) 2.19(4)

where 7 is the nuclear spin, Q is the quadrupole moment,
eq=Vzz,andn=Vxx — Vyv)/Vzz (V;is theelectric field
gradient tensor). The 12 possible transitions (eight al-
lowed transitions and four forbidden transitions) due to a
quadrupole interaction were taken into account; the
observed data were fitted with the sum of these Lorenzian
lines. To derive these Lorenzian equations, the results by
Shenoy and Dunlap were used, and the ratio of the excited
and ground state %uadrupole moments (Rg = Q./0y) Was
taken as 1.312.'%'" The fitting curves are shown in
Figure 3, and determined fitting parameters are listed in
Table 3.

The large Q.S. (—13 ~ —15mmy/s) and non-zero 7 (~0.3)
values indicate that the Eu ion is in a greatly distorted
coordination environment in these compounds. In fact, this
ion is located in the distorted EuOg polyhedron with
various Eu—O lengths (Table 2). The Q.S. and # values
are also calculated by the electronic structure calculation
using the structural parameters for Eu,MgSi,O;. They
(Q.S.cat = —11.1 mmy/s, 5., = 0.46) are in good agreement
with the experimental data, which corresponds to the observed
ones. Such a large Q.S. value has been found in EuZrO;
perovskite containing divalent Eu ion (Q.S. = —12.64 mmy/s
and 7 = 0.46)."*

3.3. Magnetic Properties. 3.3.1. Sr,MnSi,0~. Figure 4
shows the temperature dependence of the reciprocal mag-
netic susceptibility for Sro-MnSi,O,. The data were fitted by
the Curie—Weiss law between 100 and 300 K, using an
equation

IM = (Tige)‘klnp (2)

(16) Shenoy, G. K.; Dunlap, B. D. Nucl. Instrum. Methods 1969, 71, 285.

(17) Robinson, J. W. Handbook of Spectroscopy; CRC: Boca Raton, FL,
1981; Vol. 3, p 464 .

(18) Zong, Y.; Fujita, K.; Akamatsu, H.; Murai, S.; Tanaka, K. J. Solid
State Chem. 2010, 183, 168-172.
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Figure 4. Temperature dependence of the reciprocal magnetic suscept-
ibility of SroMnSi»O;. The red-solid line is a result of fit with the
Curie—Weiss law. The inset shows the susceptibility versus temperature
curve at low temperatures.

where C, 0, and yp mean the Curie constant, Weiss
constant, and temperature independent paramagnetic sus-
ceptibility, respectively. The effective magnetic moment (¢.gy)
and Weiss constant were determined to be 5.78(3) ug/f-u. and
—6.0(3) K, respectively. The value of z,ucff is close to the
magnetic moment of 5.92 ug for the Mn”" ion in a high-spin
configuration (3d>, S = 5/2). The negative 6 value indicates
that the predominant magnetic interaction between Mn ions
is antiferromagnetic, and actually an antiferromagnetic
transition is observed at ~4 K (see the inset of Figure 4).

Figure 5 shows the temperature dependence of the
specific heat for SroMnSi,O,. The data show a A-type
anomaly at 3.4 K, indicating the occurrence of the long-
range antiferromagnetic ordering of Mn”" ions. The mag-
netic entropy (Smae) due to the magnetic ordering was
calculated from the specific heat data. To evaluate the
lattice specific heat (C,,) of Sro-MnSi>O-, specific heat data
for the nonmagnetic SroMgSi,O; were used. However, the
specific heat of Sr,MgSi,O7 showed a poor fit to the C,, of
Sr,MnSi,O; above the magnetic transition temperature.
Then, the Cj,, of Sr;MnSi,O, was obtained from the sum of
the Debye and Einstein models:

_ TN [T (0 T) /T
Cm—9R( )/0 @1 d(0p/T)

ef/T —1)

ZET
+ZGE/T0/ ()

01‘/]‘_1

where 6p is the Debye temperdture and Og; ~ Og; are the
Einstein temperdtures  The calculated Cy,, values are
shown as a solid line in Figure 5a. The magnetic specific
heat (Ciag) Was obtained by subtracting the lattice specific
heat (Cy,) from C,. Then, the magnetic spemflc heat was
determined by using the equation Sy, = f Cinag/T dT.
The magnetic specific heat below 1.8 K was extrapolated by
the relation Cpn,, o< T° from the spin-wave model for an
antiferromagnet.”® The temperature dependence of the
magnetic specific heat divided by temperature (Cpag/T)

(19) Grimvall, G. Thermophysical Properties of Materials in Selected
topics in solid state physics; Elsevier/North-Holland: New York, 1986; Vol. /3,
pp 65—115.

(20) Joshua, S. J.; Cracknell, A. P. Phys. Rev. Lett. 1969, A28, 562-563.
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Figure 5. (a) Temperature dependence of specific heat (Cp), and (b)
magnetic specific heat divided by temperature (CiaeT ~1y and magnetic
entropy (Smag) for Sro,MnSirO5.

and magnetic entropy (Smag) 1s plotted in Figure 5b. The
Smag Vvalue reaches 12.5 J mol~ ! K1 at 100 K, which is
close to the theoretical value R 1n(2S+1) =RIn6=1490J
mol ' K™' (R = gas constant). This result shows that the
observed magnetic transition is due to the antiferromagnetic
ordering of the Mn?" ion in a high-spin configuration (S=5/2).

3.3.2. Eu,MgSi,0. Figure 6 shows the temperature
dependence of the reciprocal magnetic susceptibility for
Eu,MgSi,O5, in which only A site ions (Eu®") are mag-
netic. The susceptibility above 100 K was fitted with the
Curie—Weiss law (eq 2). The effective magnetic moment
and Weiss constant were determined to be 11.02(4) ug/f-u.
and —1.2(4) K, respectively The uegr value is in good
agreement w1th the spin-only value (11.23 ug) for two
Eu’" ions (S = 7/2). The small negative Weiss constant
may indicate the existence of the antiferromagnetic inter-
action between Eu ions; however, no magnetic transition
is observed down to 1.8 K. The temperature dependence
of the specific heat for Eu,MgSi,05 is plotted in Figure 7.
Below ~10 K, the specific heat increases with decreasing
temperature, which shows the onset of magnetic ordering
of the Eu ions. Figure 8 shows the field dependence of the
magnetization for Eu,MgSi,O; measured at 1.8 K. The
magnetization (M) increases with magnetic field (H) and
shows a saturation behavior. The value of the saturation
magnetization (13.2 ug) is reasonable for two Eu ions
(7 upx2). The observed M—H curve is below the Brillouin
curve. Therefore, we fitted the data using a modified
Brillouin function:*

gSugH
M = gSB; (kB (TE To)) (4)

(21) Zielinski, M.; Rigaux, C.; Lemaitre, A.; Deportes, J. Phys. Rev. B.
1996, 53(2), 674-685.
(22) Néel, L. Ann. Phys. Paris. 1948, 3, 133-198.
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Figure 6. Temperature dependence of the reciprocal magnetic suscept-
ibility of Eu,MgSi,O;. The red-solid line is a fitting result by the
Curie—Weiss law. The inset shows the susceptibility versus temperature
curve at low temperatures.
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Figure 7. (a) Temperature dependence of specific heat (Cp) and (b)
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where parameter 7 accounts phenomenologically for the
magnetic interaction between Eu”" ions. The fitting curve
is shown in Figure 9. The negative value of T, (—1.0 K)
agrees with the Weiss constant (—1.2 K), and it indicates
that the ground state of Eu,MgSi,O5 is antiferromag-
netic.

3.3.3. Eu,MnSi,0,. Figure 9 shows the temperature
dependence of the reciprocal magnetic susceptibility for
Eu,MnSi»O4. In this compound, both the A and M sites
are occupied by magnetic ions, that is, Eu>" (4f’) and
Mn?>" (3d), respectively. The effective magnetic moment
determined from the data above 100 K is 12.32(1) ug/f-u.,
which is in good agreement with the calculated value
terr = Qe + tmn-)"? = 12.69 ug from the para-
magnetic moments of Eu>" (S =7/2) and Mn*>" (S=5/2)
ions. The negative Weiss constant (—29.5(2) K) suggests

Inorganic Chemistry, Vol. 49, No. 23,2010 10813
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Figure 9. Temperature dependence of the reciprocal magnetic suscept-
ibility of Eu,MnSi,O,. The green-solid line is a fitting curve by eq 5 (see
text.). The inset shows the susceptibility versus temperature curve at low
temperatures.

the presence of the antiferromagnetic interaction. How-
ever, this compound shows a ferromagnetic-like anomaly
below12 K.

To obtain furthermore information about this mag-
netic behavior, specific heat measurements were carried
out. The specific heat C,, data (Figure 10a) show a A-type
anomaly at 10.7 K, indicating the occurrence of the long-
range magnetic ordering. The magnetic specific heat Cpye
is calculated by subtracting the lattice specific heat Cj,,
(eq 3) from the C, data. In a similar way to the case for
Sr,MnSi,05, the C),, data were estimated from the sum of
the Debye and Einstein models. The total magnetic
entropy change (Figure 10b) is 43.5 J mol~' K~ ' at
100 K, which is close to the value 49.48 J mol ! K™!
expected from the sum of 2R In 8 for Eu?* and R In 6 for
Mn?*. Therefore, this magnetic transition is due to the
magnetic ordering of both Eu and Mn ions.

The negative Weiss constant may indicate that the
observed magnetic transition is attributed to a ferrimag-
netic ordering rather than a ferromagnetic one. Accord-
ing to the molecular field theory, the temperature
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dependence of the reciprocal magnetic susceptibility for a
ferrimagnet is represented by

1 _T+1_ o
X — XTIp C x T-0

(5)

where the parameters y,, 6, and o are related to the
molecular field magnetic coefficients.>! For EuzMn81207,
the Curie temPerature Te{= (60— Clyo+ 10— Clyo)” +
4C(O/x0 + 0)]"'»/2} and the Curie constant C (= Cg, +
Cwy) are determined to be 10.69(1) K and 18.99(4) emu K
mol ', respectively, by fitting eq 4 to the yp; ' — T curve
as shown in Figure 9. The T¢ value agrees with the tem-
perature at which magnetic susceptibility and specific
heat measurements show an anomaly (10.7 K).

The field dependence of the magnetization for Eu,.
MnSi,0; measured at 1.8 K is also shown in Figure 8. The
magnetization increases quickly with magnetic field and
shows a saturation behavior. The saturation magnetiza-
tion ~9.0 ug is much smaller than the value 19 ug expected
from the fully ferromagnetic ordering of both Eu’"
(7 ug x 2) and Mn*" sublattices (5 up) and rather close
to 9 up for a ferrimagnetic ordering between sublattices.
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3.3.4. Magnetic Interaction in A,MSi,O7 (A = Sr, Eu;
M = Mg, Mn). From the magnetic measurements of
Sr,MnSi,05, an antiferromagnetic ordering of Mn*" ions
is observed at 3.4 K. The interatomic distances of Mn ions
are 5.75 A (= a/+/2 ) in the ab-plane and 5.16 A (= ¢)
along the c-axis (see Figure 2 and Table 1). Recently, the
exchange integral |J| values for two interaction pathways
in the analogous compound Ba,MnGe,O; (T = 4.0 K)
were determined by the inelastic neutron scattering ex-
periment: 27.8 ueV (the Mn— Mn distance is 6.01 A) and
1.0 ueV (5.53 A), respectively.* Thus, it is expected that
the antiferromagnetic interaction between Mn—Mn ions
in the ab-plane is predominant also in Sr,MnSi,O;. On
the other hand, the experimental results on Eu,MgSi,O,
indicate that the magnetic interaction between A sites
(Eu*" ions) is also antiferromagnetic. Nevertheless, Eu,.
MnSi,0 shows a ferrimagnetic transition at 10.7 K. The
data of specific heat and magnetization measurements are
explained well by the antiparallel arrangement of the
Eu and Mn sublattices, that is, the ferromagnetic Eu>"
(14 ug) layer and ferromagnetic Mn>" (5 ug) layer, in
contrast to the expected antiferromagnetic Mn—Mn and
Eu—Eu interactions, are alternately stacked along the
c-axis. In this structure, the interatomic distance between
Eu and Mn ions is 3. 97 4.00 A, which is shorter than
those of Mn—Mn ions (5.74 A) and Eu—Euions (4.29 A)
This result indicates that an antiferromagnetic interaction
between Eu and Mn ions is predominant in this com-
pound.

4. Conclusions

We here report synthesis, crystal structures, and magnetic
properties of quaternary compounds A,MSi,O; (A =Sr, Eu,
M = Mg, Mn). They crystallize in a tetragonal melilite-type
structure with space group P42;m. The '"'Eu Mdssbauer
spectrum measurements show that the Eu ions are in the
divalent state in these compounds. SroMnSi>O; shows an
antiferromagnetic transition at 3.4 K. On the other hand,
Eu,MnSi»O- shows a ferrimagnetic transition at 10.7 K.
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