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a b s t r a c t

The layered oxysulfide Sr3Fe2O5Cu2S2 was prepared, and its crystal structure and magnetic properties
were characterized by synchrotron X ray diffraction (XRD), powder neutron diffraction (PND),
Mössbauer spectroscopy measurements and by density functional theory (DFT) calculations. In addition,
the spin exchange interactions leading to the ordered magnetic structure of Sr3Fe2O5Cu2S2 were com
pared with those of its selenium analogue Sr3Fe2O5Cu2Se2. The oxysulfide Sr3Fe2O5Cu2S2 adopts a G
type antiferromagnetic (AFM) structure at a temperature in the range 485 512 K, which is comparable
with the three dimensional (3D) AFM ordering temperature, TN � 490 K, found for Sr3Fe2O5Cu2Se2.
Consistent with this observation, the spin exchange interactions of the magnetic (Sr3Fe2O5)2+ layers
are slightly greater (but comparable) for oxysulfide than for the oxyselenide. Attempts to reduce or oxi
dize Sr3Fe2O5Cu2S2 using topochemical routes yield metallic Fe.
1. Introduction

In recent years, layered oxychalcogenides in which oxide layers
alternate with chalcogenide layers have received much attention
because of their tunable properties [1 3], from optical properties
[4,5] as found for the wide gap p type semiconductors LaCuOQ
(Q = S, Se) [6,7] to various magnetic behaviors [8]. Since a specific
layer can be chemically modified, the properties of these com
pounds are more readily tuned compared with those of three
dimensional (3D) compounds [9,10]. As demonstrated for the ser
ies Srn+1MnO3n-1Cu2mQm+1, which consists of Cu2mQm+1 chalco
genide and Srn+1MnO3n-1 oxide (n = 1 3) layers [9,12], the oxide
sublayer can be modified in a topochemical manner. The reduction
of Sr4Mn3O8Cu2Q2 (n = 3, m = 1) by oxygen de intercalation using
hydrides or by oxidation using fluorination modifies the Sr4Mn3O8

magnetic layer [11]; the reduction destroys the magnetic long
range order through an increased chemical disorder whereas the
fluorination strengthens the AFM interactions without changing
the chalcogenide layers. The magnetic properties of Srn+1MnO3n-1

Cu
2m
Qm+1 depend on the values of n and m, i.e., the thickness of

the chalcogenide and oxide layers. The iron based oxysulfide Sr3
Fe2O5Cu2S2 was first prepared by Zhu et al. [13]. As depicted in
Fig. 1, it is related to this family (i.e., n = 2 and m = 1). A subsequent
study showed that the (Cu2S2) layers can be replaced with (Cu2Se2),
(Ag2S2), (Ag2Se2) or (Zn2P2) layers [14]. The selenide analogue Sr3
Fe2O5Cu2Se2 was synthesized and fully characterized. A 57Fe Möss
bauer study combined with PND measurements revealed the onset
of an AFM order at TN � 490 K [14]. This high TN falls well above
the ordering temperature range expected for a 2D magnetic com
pound, in good agreement with the 3D magnetic behavior deduced
from the value of b � 0.3 fitted for M(T) a C(1 T/TN)

b. It suggests
the presence of long range dipole dipole interactions due to the
separation between the blocks. In contrast, the magnetic properties
of the sulfur analogue Sr3Fe2O5Cu2S2 have not been characterized
yet. In the present work, we explore the magnetic properties of Sr3
Fe2O5Cu2S2 by PND and Mössbauer measurements and compare
them with those of Sr3Fe2O5Cu2Se2, after examination of the spin
exchange interactions of both compounds on the basis of density
functional theory (DFT) calculations to account for their ordered
magnetic structures below TN.







Table 1
Atomic positions of Sr3Fe2O5 xCu2 yS2 from synchrotron/neutron data refinement.

Atom x y z Beq or Biso Occ_site

Sr1 0 0 0.5 0.98 eq/0.95(5) iso
* 1_2(b)

Sr2 0 0 0.6414(1)/0.64168(6)* 0.78 eq/0.53(2) iso
* 1_4(e)

Cu1 0 0.5 0.25 1.42 eq/1.12(4) iso
* 0.934(1)/0.94(1)*_4(d)

Fe1 0 0 0.0715(1)/0.07142(4)* 0.83 eq/0.41(2) iso
* 1_4(e)

S1 0 0 0.1959(1)/0.1958(2)* 1.022(23) iso/0.42(6) iso
* 1_4(e)

O1 0 0.5 0.0812(1)/0.08114(5)* 0.624(28) iso/0.74(2) iso
* 1/0.997(6)* _8(g)

O2 0 0 0 0.624(28) iso/0.74(2) iso
* 1/0.95(1)* _2(a)

* From PND refinement; Unit cell parameters from synchrotron/neutron: a = 3.9211/3.9182(1)Å and c = 26.3739/26.3617(7)Å in space group I4/mmm.

Table 2
Anisotropic thermal parameters for the title compound from synchrotron data
refinement in Å2. By symmetry we have: b11 = b22 and b12 = b13 = b23 = 0.

Atom b11 (�104) b23 (�104)

Sr1 85(2) 6.8(1)
Sr2 94(2) 3.8(1)
Cu1 246 (3) 4.5(1)
Fe1 81(33) 5.4(1)
The resistivity of Sr3Fe2O5Cu2S2 measured as a function of tem
perature is shown in Fig. 5, typical of a semiconductor behavior.
Two weak anomalies at 100 and 330 K are detected. The intrinsic
origin of the one at 330 K is questionable, but is far below the mag
netic ordering, TN being in the range 485 512 K. Then, the origin of
Fig. 3. Room temperature 57Fe Mössbauer spectrum of Sr3Fe2CuS2O5. The main magn
calculated using the distribution of the hyperfine magnetic field (H) and the quadrupole
this anomaly is difficult to assess in the present study because of
the ferromagnetic Fe3O4 impurity that is present in low amount
despite our efforts. To overcome this issue, alternative synthesis
routes should be investigated to avoid its formation and thus
obtain clean physical measurements but are out of the scope of this
work.

The second one at 100 K is assigned to the Verwey transition of
the Fe3O4 second phase. This transition is visible in our low tem
perature magnetic measurements with a shape of v versus tem
perature typical of those reported for Fe3O4, see Supplementary
information. At both sides of this transition, data are well repro
ducing an Arrhenius law with similar calculated activation ener
gies above and below 100 K, i.e. Ea = 0.08 and 0.06 respectively.
etic component D1 and the non-magnetic (at room temperature) signal D2 were
splitting (D), respectively.







tion parallel to the ab plane is more stable than that perpendicular
to the ab plane by 0.33 and 0.25 meV/unit cell (i.e., two FUs) for
Q = Se and S, respectively. This is in agreement with the experi
mental observations.

5. Conclusion

In summary, the oxysulfide Sr3Fe2O5Cu2S2 shows a Cu
deficiency in the (Cu2S2) layer leading to the stoichiometry Sr3Fe2
O5Cu1.89S2, as found for other members of the homologous series
Srn+1MO3n-1Cu2mXm+1. The calculated spin exchange parameters
reveal that the magnetic structures of Sr3Fe2O5Cu2Q2 (Q = Se, S)
are dominated by the two Fe O Fe spin exchanges J1 and J2
(Fig. 6). The stronger exchange J2 forms a spin dimer for each
Fe2O9 dumbbell, and these spin dimers are antiferromgnetically
coupled by the intra layer exchange J1 to form a G type AFM slab.
The spin exchanges values J1 and J2 are slightly stronger but com
parable for Sr3Fe2O5Cu2S2 than for Sr3Fe2O5Cu2Se2, which is consis
tent with their comparable TN. The ||ab spin orientations observed
for Sr3Fe2O5Cu2Q2 (Q = Se, S) are well reproduced by DFT+U+SOC
calculations. From this study emerge the very comparable behav
iors of isomorph layered oxy selenide and oxy sulfides. Their very
close electro negativities (2.4 for Se vs. 2.5 for S), but different anio
nic radii (1.98 Å for Se2 vs. 1.84 Å for S2 ) imply different polariz
ing powers on the magnetic paths. It follows in such disconnected
crystal structures that the effect of dipole dipole magnetic interac
tions beyond the through bond interactions is significant and
responsible for tight Néel temperatures in these 2D structural
topologies.
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Supplementary data associated with this article can be found, in
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