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We report the evolution of structural and magnetic properties in La2O3(Fe1−xMnx)2Se2. Heat
capacity and bulk magnetization indicate increased ferromagnetic component of the long range mag-
netic order and possible increased degree of frustration. Atomic disorder on Fe(Mn) sites suppresses
the temperature of the long range order whereas intermediate alloys show rich magnetic phase
diagram.

PACS numbers: 74.25.Wx, 74.25.F-, 74.25.Op, 74.70.Dd

I. INTRODUCTION

Parent materials of cuprates and iron-based supercon-
ductors are layered transition-metal compounds (TMP’s)
with antiferromagnetic (AFM) ground state due to a
dissimilar magnetic mechanism and with rather differ-
ent electronic conductivity.1 Local environment of TM
is intimately connected with this since puckering of iron
pnictide crystallographic layers promotes higher conduc-
tivity in parent materials of iron superconductors, as op-
posed to cuprates.2,3 Recently, a family of layered TMP
oxychalcogenides Ln2O3TM2Ch2 (Ln = rare earth, TM
= transition metal, and Ch = S, Se) and its analogues
A2F2TM2OCh2 (A = Sr, Ba)(2322) has received more
attention.4–16 They have anti-CuO2-type [TM2OCh2]

2−

layers and the local environment of TM bears much
more resemblance to manganites or cuprates than to
iron based superconductors. This typically results in
semiconducting or Mott insulating ground state with
AFM transition.5,8 Within the [TM2OCh2]

2− layers tran-
sition metal atoms are located at the distorted octahe-
dral environment due to the different distances of TM-Ch
and TM-O, whereas the TM-Ch(O) octahedrons are face
sharing. This distortion lifts the degeneracy of eg and
t2g levels in a non-distorted octahedral crystal field. The
[TM2OCh2]

2− layers in the crystal structure harbor three
principal competing interactions: the nearest neighbor
(NN) J3 interaction of the closest TM atoms in the crys-
tallographic ab plane, next nearest neighbor (NNN) su-
perexchange interaction J2 of nearly 90◦ TM-Ch-TM,
and (NNN) J1 superexchange interaction of 180◦ TM-O-
TM.4,6,8,14 Theoretical calculation and neutron diffrac-
tion results indicate that the AFM transition stems from
the competition of three interactions in an unusual frus-
trated AFM checkerboard spin-lattice system.6–10,14,16

Frustrated magnetic order on checkerboard lattices hosts
rich magnetic ground states and could be relevant to
physics of colossal magnetoresistance manganites and
iron based and cuprates superconducting materials.17–21

Therefore it is of interest to address the nature of mag-

netic order and frustration in 2322 materials since it
shares some characteristics of all the above mentioned
compounds.
Among 2322 materials, La2O3Mn2Se2 (Mn-2322) ex-

hibits a faint specific heat anomaly at AFM transition
and two dimensional (2D) short range magnetic corre-
lations that lock magnetic entropy far above the tem-
perature of the bulk long range AFM transition.14,15

Weak ferromagnetic (FM) component superimposed on
the paramagnetic background in M(H) loops at 2 K pro-
posed to arise due to spin reorientation and/or spin cant-
ing below the AFM transition,14 might also come from
magnetic impurities such as Mn3O4.

16 Mn-2322 has a
G-type AFM structure with the ordered moment along
the c axis direction and where NN Mn ions have oppo-
site spins with dominant AFM J3 < 0 and fully frus-
trated |J1| < J2 with J1 < 0 and J2 > 0.14,16 On
the other hand, La2O3Fe2Se2 (Fe-2322) adopts magnetic
structure similar to FeTe where half of the J3, J2 and
J1 are frustrated9,16,22 and different from the theoreti-
cal predictions.8 This is different from other compounds
with same structure, in which J1 is the dominant term.10

In this work we tuned the magnetism on
Fe/Mn checkerboard lattice by varying TM con-
tent and examined the magnetic ground states of
La2O3(Fe1−xMnx)2Se2 series. We find that Mn substi-
tution lead to the increase of activation energies for the
electrical transport energy gap Ea and has strong effect
on magnetic phase diagram and the spin entropy release
above the temperature of the long range magnetic order.

II. EXPERIMENT

La2O3(Fe,Mn)2Se2 ((Fe,Mn)-2322) polycrystals were
synthesized by solid state reaction from high purity ma-
terials (> 99%). Dried La2O3 powder, Mn lump, Fe and
Se powders were mixed and ground in an agate mor-
tar. The mixture was pressed into pellets and sealed in a
quartz tube backfilled with pure Argon gas. The ampule
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was heated to 1273 K and reacted for 24 h followed by
furnace cooling. This was repeated several times to en-
sure homogeneity. The color of final product is yellowish
green for Mn-2223 and black for Fe-2322.

Powder X-ray diffraction (XRD) patterns of the
ground samples were taken with Cu Kα = 0.1458 nm
using a Rigaku Miniflex X-ray machine. The structural
parameters were obtained by Rietveld refinement using
RIETICA software.23 Single crystal X-ray data were col-
lected in a Bruker Kappa Apex II single crystal X-ray
diffractometer at the room temperature with Mo Kα =
0.071073 nm on a 20 µm single crystal isolated from the
polycrystalline powder. Single crystal unit cell refine-
ment was performed with Bruker APEX 2 software pack-
age. Time-of-flight neutron diffraction measurements
were carried out at 300 K on the high intensity powder
diffractometer (HIPD) of the Lujan Neutron Scattering
Center at the Los Alamos National Laboratory. Pulver-
ized samples were loaded in extruded vanadium contain-
ers in helium atmosphere and sealed. Data were collected
for 1 hour for each sample. Rietveld refinements of the
data were carried out using GSAS software24,25 within
the I4/mmm space group.

Mösbauer spectra were taken in transmission mode
with 57Co(Rh) source at 294 K and the parameters were
obtained using WinNormos software.26 Calibration of the
spectrum was performed by laser and isomer shifts were
given with respect to α-Fe.

Thermal, transport and magnetic measurements were
carried out in a Quantum Design PPMS-9 and MPMS-
5. The samples were cut into rectangular parallelepipeds
and thin Pt wires were attached for four probe resistivity
measurements. Sample dimensions were measured with
an optical microscope Nikon SMZ-800 with 10 µm reso-
lution.

III. RESULTS AND DISCUSSIONS

Crystal structure of (Fe,Mn)-2322 and principle mag-
netic interactions J1-J3 are shown in Fig. 1(a,b). Both
XRD and neutron reflections can be indexed using a
tetragonal unit cell (Fig. 1(c,d)), indicating a continu-
ous solid solution between Mn-2322 and Fe-2322. Unit
cell of Mn-2322 single crystal determined from the single
crystal X-ray experiment was I4/mmm with a = 0.417(3)
nm and c = 1.89(2) nm, in agreement with the pow-
der data. Powder X-ray and neutron lattice parame-
ters are shown in Fig. 1(e) and details of the crystal
structure extracted from the neutron data, listed in Ta-
bles I-III, are consistent with the reported values.8,14

For Mn-2322, using obtained Mn-Se and Mn-O bond
lengths (shown in Table 1), we calculate the valence of
Mn ions using the bond valence sum (BVS) formalism
in which each bond with a distance dij contributes a va-
lence vij = exp[(Rij −dij)/0.37] with Rij as an empirical
parameter and the total of valences of atom i, Vi equals

Vi =
∑

vij
j

.27,28 The calculated valence of Mn ions is

+2.03, consistent with the apparent oxidation state (+2)
for Mn atoms. With increase in Mn content, the lat-
tice parameters increase gradually for both a and c axes,
hence the unit cell of Mn-2322 is larger than Fe-2322,
which itself is larger than the unit cell of La2O2Co2OSe2
(Co-2322).4,7 This trend can be explained by the larger
ionic size of Mn2+ when compared to Fe2+ and Co2+ ions,
giving some insight in the spin state of Mn2+ ions. The
lattice parameters should be proportional to the ionic
size, rTM2+ , of transition metals TM2+ (TM = Mn, Fe,
and Co). Therefore from the observation aMn = 0.41334
nm > aFe = 0.40788 nm > aCo = 0.40697 nm and cMn

= 1.88221 nm > cFe = 1.86480 nm > cCo= 1.84190 nm
we conclude that rMn2+ > rFe2+ > rCo2+ . Mösbauer
spectra and theoretical calculations for Fe-2322 and Co-
2322 suggest that Fe2+ and Co2+ are in the high spin
state.6,10 This is in agreement with rFe2+ (0.0780 nm) >
rCo2+(0.0745 nm) for high spin (HS) state (coordination
number = 6). Therefore, the Mn2+ ions should be in
the HS state since rMn2+ (LS) = 0.067 nm (LS = low
spin) and rMn2+(HS) = 0.083 nm for Mn2+ with 6-fold
coordination.

Mösbauer isomer shifts δ are sensitive on the electron
density on a nucleus. Electric quadrupole splitting ∆
arises due to interaction between electric field gradient
and nuclear quadrupole moment. The δ and ∆ pro-
vide information of the oxidation, spin state, chemical
bonding and site symmetry. Mösbauer spectra of Fe-
2322 (Fig. 2(a)) shows a single doublet, consistent with
a single inequivalent 4c position of Fe in I4/mmm space
group of the unit cell. Isomer shifts δ = 0.895(1) mm/s
and quadrupole splitting (∆ = 1.952(1) mm/s) are well
in agreement with the high spin S = 2 of Fe2+ in the D2h

symmetry site of FeO2Se2 octahedra.11 However, the v
= 0.3 mm/s discrepancy between the experimental and
theoretical fits and the mild asymmetry of peak intensi-
ties suggest that another interaction is superimposed on
the main doublet. The Fe2+ experiences either an addi-
tional doublet or sextet due to an impurity phase or a
high temperature magnetism in the sample with mag-
netic dipole interaction of µ0H ≪ eVzzQ magnitude.
However, no known impurity phase, including LaFeO3

was able to explain the experimental spectra. In con-
trast, Mösbauer spectra in both La2O3(Fe0.5Mn0.5)2Se2
and La2O3(Fe0.8Mn0.2)2Se2 detected Fe-Se phase impu-
rity with δ = 0.45(7) mm/s, ∆ = 0.8(1) mm/s. When
Mn substitutes Fe in 1:4 ratio (Fig. 2(b)) there are 8
Fe2+ ions in the first two coordination spheres which
contribute to 10 different combinations after the substi-
tution if all combinations are of equal probability. The
most important contribution to hyperfine interactions
is from the first coordination sphere. With 1:4 Mn to
Fe ratio there are 3 different combinations: with 0, 1
or 2 Mn on four Fe sites. The ratio of these combi-
nations is 17:20:3 respectively. Distribution of electric
quadrupole splittings centered at 1.756 mm/s, with 0.309
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mm/s standard deviation and pronounced tail near the
smaller values confirms uniform distribution of Mn. The
main doublet and minority phase (or interaction) are also
present when one half of Fe2+ is replaced by Mn2+ in
La2O3(Fe0.5Mn0.5)2Se2 (Fig. 2(c)). The atomic posi-
tions where half of Fe ions were substituted by Mn are
symmetric within the first coordination sphere around
Fe2+ that contains FeO2Se2 and four closest Fe ions in
the Fe-O planes (Fig. 1(a)). This is confirmed by the
rather small widening of the doublet lines (Γ = 0.309
(7) mm/s). Decreased values of isomer shift δ suggest a
change in the charge density on the Fe2+ and substantial
decrease of the octahedra.4

In order to complement the Mössbauer measurements,
we performed density functional theory (DFT) calcu-
lations using the WIEN2K all-electron full-potential
APW+lo code.29 For La, Fe, Mn, Se, and O atoms the
muffin-tin sphere radii were set to 2.38, 1.86, 1.86, 2.5
and 1.62 a.u.. The basis set functions were expanded
up to RmtKmax = 7. We used the LDA-Fock-0.25 hy-
brid functional,10,30 which provides a viable alternative
to the LDA+U approach in describing the electron corre-
lations in this system. Starting from the Fe-2322 andMn-
2322 pure structures, we constructed 2×2×1 supercells
of La2O3(Fe0.25Mn0.75)2Se2, La2O3(Fe0.5Mn0.5)2Se2 and
La2O3(Fe0.75Mn0.25)2Se2 to approximate the mixed Fe-
Mn systems. Figure 3 shows the total density of states
(DOS) as calculated for the FM state of the investigated
compounds.

The LDA-Fock-0.25 hybrid functional calculations cor-
rectly predict the Mott-insulating behavior of (Fe, Mn)-
2322. The band gaps are similar but decrease some-
what from pure Fe-2322 (about 0.4 eV) to pure Mn-
2322 (about 0.25 eV). The overall shape of the DOS
across this group is very similar, one significant distinc-
tion being the band gap shift of the minority DOS to-
wards lower energies with increased Mn content. In our
checkerboard AFM LDA-Fock-0.25 calculations (carried
out only for the end compounds, not shown here), the
band gaps of Fe-2322 and Mn-2322 are found to be 1.85
and 0.99 eV, respectively. Our calculations indicate that
the AFM state is more stable than the FM state by 0.75
eV in Fe-2322 and 0.43 eV in Mn-2322. The supercell
approach also enabled us to calculate the electric field
gradient (EFG) and isomer shift (IS) at Fe situated in
several different local coordinations. In Figure 4 we com-
pare the results of our calculations with the values ex-
tracted from Mössbauer spectroscopy. While our calcu-
lations were able to reproduce the values of the measured
EFGs, the ISs are found to be smaller than the experi-
mental values by up to 20 percent. The discrepancy is
because experimental Mössbauer includes second order
Doppler shift and chemical isomer shift due to electronic
density whereas the theoretical parts involves only the
latter. The calculated EFG of 11.6 × 1021 V/m2 in pure
Fe-2322 agrees very well with the EFG obtained in simi-
lar DFT calculations.31

Neglecting grain boundaries, Mn-2322 resistivity at

room temperature is about 2×104 Ω · cm. This is two
orders of magnitude smaller than Co-2322.7 The resis-
tivities of (Fe,Mn)-2322 exhibit activated behavior, ρ =
ρ0 exp(Ea/kBT ), where ρ0 is the prefactor, Ea is the ac-
tivation energy, kB is the Boltzmann’s constant and T
is temperature (Fig. 5(a) and (b)). By fitting the ρ(T )
data from 210 to 320 K we obtain the activation energy
Ea = 0.2425(2) eV for Mn-2322. This is substantially
smaller than the activation energy of Co-23227 and con-
sistent with the recently reported value.16 The Ea de-
creases rapidly by x = 0.5 (0.1814(3) eV), then gradually
as the Mn/Fe ratio is tuned to Fe-2322 (0.1796(3) eV).
The value of Ea for Fe-2322 is close to that reported in
the literature.8 The residual resistivity values (ρ0) exhibit
the same trend. These results indicate that the band gap
of (Fe,Mn)-2322 decreases with the contraction of lattice
parameters. The narrowing of band gap is also consis-
tent with sample color changes from yellowish green in
Mn-2322 to black in Fe-2322. Gap values obtained for
Mn-2322 are in agreement with LDA calculations (Fig.
3), however for Fe-2322 and for intermediate alloys there
is a disagreement. This suggests increased importance of
strong electronic correlations for increased Fe site occu-
pancy of Fe/Mn site in (Fe, Mn)-2322 alloys.

Temperature dependence of dc magnetic susceptibil-
ity χ(T ) = M/H taken in 50 kOe magnetic field for
(Fe,Mn)-2322 with zero field cooling (ZFC) is shown in
Fig. 6(a). For Fe-2322, there is AFM transition at TN =
90 K, consistent with previous results.8 With Mn doping,
this AFM transition shifts to lower temperature quickly
and disappears in Mn-2322. On the other hand, there is
other FM-like transition emerging and shifting to higher
temperature when Mn enters the lattice. Finally, for Mn-
2322, The χ(T ) curves of Mn-2322 (inset of Fig. 6(a))
exhibit three features: one broader maximum, TMax and
two anomalies, TM1 and TM2. TMax (∼ 275 K) with no
Curie-Weiss behavior up to 350 K implies that there is
a stronger two-dimensional short-range spin correlations
in Mn-2322 than in Fe-2322 at high temperature, reflect-
ing the frustrated nature of the magnetic structure in
Mn-2322.14,16 From the sharp minimum of the d(χT )/dT
curves (Fig. 6(b)) we extract TM1 ∼ 164 K, in agreement
with previous results.14–16 The TM1 anomaly is field in-
dependent and therefore should have considerable ferro-
magnetic component due to canting and/or magnetocrys-
talline anisotropy possibly induced by frustration.14 The
second anomaly (minimum in d(χT )/dT at TM2 = 122
K (inset of Fig. 6(a))) is also field independent, however
it is strongly suppressed in high fields. This is in agree-
ment with its proposed spin reorientation origin.14 The
ZFC and field cooling (FC) χ(T ) curves split at TM1,2

but gradually overlap with magnetic field increase (Fig.
6(c)). This implies the presence of either magnetic frus-
tration or magnetocystalline anisotropy. On the other
hand, χ(T ) of Mn-2322 show a hump around TN = 42
K at 1 kOe with ZFC mode (blue curve), similar to pre-
vious results.14,16 It could be due to superparamagnetic
Mn3O4 nanoparticles contamination below our diffrac-
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tion resolution limit.16 Overall, the substantial shift of
the cusp with x and evolution of FM-like increase of mag-
netization above the cusp temperature points to develop-
ment of intrinsic magnetic interactions from Fe-2322 to
Mn-2322. With Mn doping, the part of magnetic en-
tropy that contributes to long range order rapidly shifts
to lower temperature whereas frustration-induced FM (or
canting, anisotropic exchange interactions) component
of magnetization increases and high temperature two-
dimensional short range magnetic order becomes stronger
as the magnetic system is tuned toward the lattice with
full Mn occupation.
Specific heat of (Fe,Mn)-2322 (Fig. 7) approaches the

value of 3NR at 300 K, where N is the atomic num-
ber in the chemical formula (N = 9) and R is the gas
constant (R = 8.314 J mol−1 K−1), consistent with the
Dulong-Petit law. On the other hand, Fe-2322 specific
heat shows a λ-type anomaly at T = 89 K for Fe-2322
in agreement with the result in the literature.11 This
anomaly is due to a long-range 3D antiferromagnetic
(AFM) ordering of the Fe2+. After subtraction of the
phonon contribution (Cph) fitted using a polynomial for
the total specific heat, we obtain the magnetic contri-
bution (Cmag) and calculate the magnetic entropy us-

ing Smag(T ) =
∫ T

0
Cmag/Tdt. The derived Smag is 3.23

J/mol-K at 120 K, which is much smaller than the ex-
pected value (∼ 24% Rln(2S + 1) = Rln 5) for Fe2+

ions with high spin state (inset of Fig. 7). Note that
only about half of that value is released below TN . It
suggests that substantial fraction of magnetic entropy is
locked at high temperatures due to possible 2D short-
range magnetic order before long range correlations de-
velop at TN .14 In contrast, there is no λ-type anomaly
for Mn-2322 at the temperature of magnetic transitions
(TM1 = 164 K and TM2 = 122K), which is consistent
with the previous result and can be ascribed to the over-
whelming release of magnetic entropy due to existence
of 2D short-range order above magnetic transitions.14

The 20% Mn doping in Fe-2322 has already resulted in
complete release of magnetic entropy above TN . If the
entropy is released via the high temperature frustration
mechanism, this suggests that frustration effects are con-
siderably enhanced with Mn doping. This could explain
the absence of Curie-Weiss law in M(T ) above TN (Fig.
6(a)).

IV. CONCLUSION

La2O3(Fe1−xMnx)2Se2 compounds are magnetic with
the high spin state for Fe2+/Mn2+. Intermediate al-
loys exhibit long range magnetic order and release mag-
netic entropy at high temperature due to possible mag-
netic frustration. Further neutron scattering experiments
are necessary to provide microscopic information on how
principle competing interactions evolve in this alloy se-
ries. FM component of magnetically ordered ground
state and possibly the degree of magnetic frustration

both raise rapidly as Mn enters the lattice. In (Fe,Mn)-
2322 compounds long range magnetic order competes
with disorder induced by geometric spin frustration.
Atomic disorder on Fe/Mn sites tips this balance and
promotes frustration. Since the balance of all 3 princi-
ple interactions J1-J3 can be tuned by Fe/Mn ratio, this
system might be mapped to the 2D pyrochlore where
charge order and metal to insulator transition have been
predicted at half filling.32,33
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FIGURES

FIG. 1. (a) Crystal structure of (Fe,Mn)-2322. (b) TM-O
planes shown for TM = Fe. Se atoms (green) are puckered
above and below the plane, with Se-Fe-Se angle 97.04◦ along
both a and b crystallographic axes. (c) and (d) XRD and
neutron powder diffraction results at room temperature for
the Mn-2322 polycrystal, respectively. (e) Lattice parameters
for (Fe,Mn)-2322 determined from neutron diffraction (stars)
and XRD (circles).

FIG. 2. Mösbauer spectra of La2O3(Fe1−xMnx)2Se2 for x =
0 (a), x = 0.2 (b), and x = 0.5 (c), respectively. Vertical
arrows denote relative positions of peaks with respect to the
background. The data were shown by open circles and the fit
is given by the red solid line. The doublets of the main (blue)
and impurity (green) phases are offset for clarity. Inset shows
the distributions of the electrical quadrupole splitting at the
57Fe spectrum of La2O3(Fe0.8Mn0.2)2Se2.

FIG. 3. Total DOS per formula unit for the FM state of (Fe,
Mn)-2322. The Fermi level is set to zero energy. There is a
band gap shift of the minority DOS towards lower energies as
Mn substitutes Fe in the lattice.

FIG. 4. Calculated (solid triangles) and measured (open
squares) EFGs and ISs plotted as a function of the number
of (in-plane) neighboring Fe atoms. Our 2×2×1 supercells
did not allow for geometries with 1 and 3 Fe atoms. The
experimental EFGs and ISs are plotted against the average
number of neighboring Fe atoms in La2O3(Fe0.5Mn0.5)2Se2,
La2O3(Fe0.8Mn0.2)2Se2 and Fe-2322.

FIG. 5. (a) Temperature dependence of the resistivity for
(Fe,Mn)-2322 polycrystals. (b) Activation energies using
ρ = ρ0 exp(Ea/kBT ) and the relation between ρ0, Ea and
xnominal.
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FIG. 6. (a) Temperature dependence of the magnetic suscep-
tibility χ(T ) for (Fe,Mn)-2322 taken in 50 kOe. Inset shows
enlarged χ(T ) for Mn-2322. (b) d(χT )/dT of Mn-2322 at var-
ious magnetic fields for ZFC magnetization. (c) ZFC and FC
curves of Mn-2322 near magnetic transitions.

FIG. 7. Temperature dependence of specific heat for (Fe,Mn)-
2322 polycrystals. Inset shows the specific heat of Fe-2322
data between 50 K and 130 K. The solid curve represents the
phonon contribution fitted by a polynomial. The right axis
and its associated solid curve denote the magnetic entropy
related to the AFM transition of Fe-2322.

TABLES

TABLE I. Structural parameters for La2O3Fe2Se2 at 300 K.

Chemical Formula La2O3Fe2Se2

Interatomic Distances (nm) Bond Angles (◦)

dFe−O 0.20413(1) O-Fe-O 180

dFe−Se 0.27129(8) Se-Fe-Se 97.61(4)/82.39(4)

dFe−Fe 0.28869(1) Se-Fe-O 90

Atom x y z Occ Uiso (10−2nm2)

La 0.5 0.5 0.1843(1) 1 0.0026(2)

O1 0.5 0 0.25 1 0.0059(3)

O2 0.5 0.5 0 1 0.0124(5)

Fe 0.5 0 0 1 0.0059(2)

Se 0 0 0.0962(1) 1 0.0032(2)

TABLE II. Structural parameters for La2O3(Fe0.5Mn0.5)2Se2
at 300 K.

Chemical Formula La2O3(Fe0.5Mn0.5)2Se2

Interatomic Distances (nm) Bond Angles (◦)

dFe/Mn−O 0.20528(1) O-Fe-O 180

dFe/Mn−Se 0.27641(12) Se-Fe-Se 95.92(6)/84.08(6)

dFe/Mn−Fe/Mn 0.29031(1) Se-Fe/Mn-O 90

Atom x y z Occ Uiso (10−2nm2)

La 0.5 0.5 0.1851(1) 1 0.0057(3)

O1 0.5 0 0.25 1 0.0051(5)

O2 0.5 0.5 0 1 0.0100(7)

Fe 0.5 0 0 1 0.0058(8)

Se 0 0 0.0987(1) 1 0.0044(4)

TABLE III. Structural parameters for La2O3Mn2Se2 at 300
K.

Chemical Formula La2O3Mn2Se2

Interatomic Distances (nm) Bond Angles (◦)

dMn−O 0.2667(1) O-Mn-O 180

dMn−Se 0.28030(1) Se-Mn-Se 95.01(1)/84.99(1)
dMn−Mn 0.29227(1)) Se-Fe-O 90

Atom x y z Occ Uiso (10−2nm2)

La 0.5 0.5 0.1866(2) 1 0.0042(5)

O1 0.5 0 0.25 1 0.0057(7)

O2 0.5 0.5 0 1 0.0015(8)

Mn 0.5 0 0 1 0.0086(8)

Se 0 0 0.1006(1) 1 0.0020(5)

TABLE IV. Mösbauer isomer shifts δ and electric field
quadrupole splittings ∆EQ for La2O3(Fe1−xMnx)2Se2 at 294
K.

Chemical formula δ(mm/s) ∆EQ(mm/s) Γ(mm/s)

La2O3Fe2Se2 0.895(1) 1.952(1) 0.287(2)

La2O3(Fe0.8Mn0.2)2Se2 0.90(4) 1.756 0.309

La2O3(Fe0.5Mn0.5)2Se2 0.812(6) 1.60(1) 0.309(7)
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