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Local structure of Mott insulating iron oxychalcogenides La2O2Fe2OM2 (M= S, Se)
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We describe the local structural properties of the iron oxychalcogenides, La2O2Fe2OM2 (M = S, Se), by using
pair distribution function analysis applied to total scattering data. Our results from neutron powder diffraction
show that M = S and Se possess similar nuclear structures at low and room temperatures. The local crystal
structures were studied by investigating deviations in atomic positions and the extent of the formation of
orthorhombicity. Analysis of the total scattering data suggests that buckling of the Fe2O plane occurs below
100 K. The buckling may occur concomitantly with a change in octahedral height. Furthermore, within a typical
range of 1–2 nm, we observed a short-range orthorhombiclike structure suggestive of nematic fluctuations in
both of these materials.
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I. INTRODUCTION

Iron-based superconductors (FeSCs) have attracted a large
amount of attention due to the high transition temperature
Tc at which they become superconducting. Although the pre-
cise pairing mechanism in these materials remains unknown,
it is thought that electron-electron interactions play an im-
portant role. Such unconventional superconductivity is in
contrast to the conventional electron-phonon coupling [1,2]
present in BCS superconductors. In order to examine the
strong-Coulombic postulate for Fe pnictides and chalco-
genides, studies were conducted [3–8] to find iron-based
Mott insulators that could be driven into the superconduct-
ing phase [9,10]. The iron oxychalcogenides La2O2Fe2OM2

(M = S, Se) emerged as candidate materials because they are
Mott insulators with structural similarities to the iron pnic-
tides. The possibility of inducing SC in La2O2Fe2O(S, Se)2

has been contemplated [12]; however, to date, there are no
published reports of SC in these systems [11]. Neverthe-
less, studying nonsuperconducting Mott insulators such as
La2O2Fe2OM2 can enhance our understanding of the Mott
insulating region of the iron-chalcogenide electronic phase
diagram [1].

Investigating the Mott insulating phase in iron oxychalco-
genides might enhance our understanding of the strongly
correlated scenarios that lead to high-temperature supercon-
ductivity [12]. Superconductivity in the cuprate superconduc-
tors is based on an electron or hole doping of a strongly
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correlated, Mott insulating phase [13]. Hole-doped cuprates
are prone to a variety of different type of electronic ordering
like charge ordering and nematic ordering [14]. The electronic
nematicity breaks rotational symmetry while preserving the
translational symmetry; this phase has been observed in the
FeSCs.

The Mott insulating iron oxychalcogenides La2O2Fe2OM2

were first reported as antiferromagnetic (AFM) by Mayer
et al. [15]. This layered mixed anion material consists of
a body-centered tetragonal crystal structure (I4/mmm) with
fluoritelike [La2O2]2+ layers and [Fe2O]2+ sheets separated
by M2− anions [16]. In this structure, [Fe2O]2+ consists
of an anti-CuO2 arrangement with an Fe2+ cation coordi-
nated by four M2− (above and below the plane) and two
in-plane oxygen atoms, forming a tilted Fe-centered FeO2Se4

octahedron [12,15,17–20]. Figure 1 shows the crystal struc-
ture of La2O2Fe2OM2 and its octahedra. While an AFM
ordering was observed at Néel temperatures TN of 107.2
and 90.1 K for La2O2Fe2OS2 and La2O2Fe2OSe2, respec-
tively [16], structural studies using x-ray [19] and neutron [16]
powder diffraction studies did not observe a structural phase
transition in La2O2Fe2O(S, Se)2. Inelastic neutron-scattering
experiments have indicated the AFM order to be consistent
with a 2-k magnetic structure in which two spin stripe phases
are oriented 90◦ with respect to each other [16,17,21,22].

Therefore, the structural and magnetic behaviors do not
have the same correspondence that is observed in some
iron pnictides and iron chalcogenides in which the magnetic
and structural phase transitions are in very close proxim-
ity. The absence of a structural phase transition in the
La2O2Fe2O(S, Se)2 Mott insulators motivates us to study
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FIG. 1. The crystal structure of La2O2Fe2OM2 (M = S, Se) is
shown in the left panel. The right panel shows FeO2Se4 octahedra,
where the Fe atom is surrounded by four M = S, Se atoms, and two
O(2) atoms. The black solid lines show the angle formed by Fe-O-Fe
atoms, while the dashed lines show the M-Fe-M angle.

the local structure in order to determine whether their short-
range lattice symmetries undergo changes near the magnetic
transition temperatures. In particular, we are interested in
understanding whether local deviations from the average
tetragonal structure occur and we seek to characterize lattice
correlations with physical properties.

For perspective, most magnetic, electronic or struc-
tural studies have focused on long-range ordering rather
than short-range investigations. To date, several studies of
FeSCs [23–28] have revealed the presence of a long-range,
nonsuperconducting state called the nematic phase [24] that
precedes the superconducting phase transition. The long-
range nematic phase, which has been observed in both
iron pnictides and iron chalcogenides, develops at a struc-
tural phase transition temperature Ts higher than a magnetic
transition temperature TN [29]. This nematic ordering is man-
ifested by spontaneous rotational symmetry breaking while
the translational symmetry is preserved [30,31]. In iron pnic-
tide superconductors symmetry is broken between x and y
directions in the Fe plane [24]. This reduces the rotational
point-group symmetry from tetragonal to orthorhombic while
preserving the translational symmetry [28,30]. A hallmark
feature of the nematic phase in the FeSCs is the presence
of large anisotropies of electronic properties, such as the
resistivity, along the x and y directions. These anisotropies
are larger than would be expected from the magnitude of
the structural distortion alone, suggesting that the nematic
instability exists in the electronic system, while the structural
symmetry breaking is simply a consequence of the underlying
electronic symmetry breaking. Similar electronic nematicity
has also been observed in other electron fluids such as those
observed in the cuprates or quantum Hall systems [28,32].
This electronic nematicity is related to, but distinct from, other
types of nematicity, such as the original use of the term to
describe the directional alignment of molecules in liquid crys-
tals [32], or a purely structural nematic order that is unrelated
to any instabilities of an electron fluid.

In the case of FeSCs, the nematic state is suppressed on
doping, and superconductivity eventually emerges out of the
nematic phase [33,34]. Sometimes, nematic ordering persists
into the superconducting state, as in LiFeAs [35]. The origin
of the electronic nematic ordering is not yet fully understood.
In the pnictides, it appears to be related to the magnetism, but
this may not be the case in iron chalcogenides such as FeSe,
which does not show long-range magnetic ordering [29].

Recently, the pair distribution function (PDF) tech-
nique [36,37] has been used to study the short-range (local)
atomic arrangement and structural fluctuations frequently as-
sociated with orthorhombic fluctuations in FeSCs for both
normal and superconducting phases. PDF methods can be
used to measure local scale deviations from the global crystal
symmetry of a material [24,38]. In FeSe1−xTex systems, PDF
investigated the reduction of local crystal symmetry which
enhances the local moment formation leading to magnetic
instability [39]. X-ray and neutron PDF on FeSe and (Sr,
Na)Fe2As2 revealed the presence of short-range orthorhombic
distortions at temperatures well above the static nematic and
orthorhombic ordering temperature Ts [30,31,34,38]. These
short-range orthorhombic fluctuations of the structure were
interpreted as consequences of fluctuations of the underlying
electronic nematic phase. The observation of structural ne-
matic fluctuations in FeSCs, by using neutron and x-ray PDF
analysis, provided evidence that nematic degrees of freedom
exist near the superconducting phase [30]. PDF analysis has
also been used by Horigane et al. [40] to probe the local
structure of La2O2Fe2OS2 and found a large anisotropic ther-
mal displacement parameter for the O(2) atom along the c
axis (U33). That study concluded that the crystal structure is
strongly coupled to the magnetism in this system.

In this work, we report the use of the neutron PDF tech-
nique to study the local structure of La2O2Fe2O(S, Se)2.
The experimental methods are discussed in Sec. II, the re-
sults of this study are presented in Sec. III, Sec. IV includes
the discussion, and the conclusions are presented in Sec. V.
Our results indicate the presence of short-range orthorhombic
distortions suggestive of short-range nematicity in both mate-
rials La2O2Fe2O(S, Se)2, despite the persistence of tetragonal
symmetry in the average structure at all temperatures. We
discuss the behavior of these fluctuations as a function of
temperature. It appears that the change in the chalcogen, from
S to Se, does not affect this behavior.

II. EXPERIMENTAL METHODS

A. Synthesis

La2O2Fe2O(S, Se)2 samples were prepared by a solid-
state reaction method [15] from stoichiometric amounts of
high purity La2O3, S, Se, and Fe powders. The appropriate
mixture of these powders was grounded thoroughly, pel-
letized, and then heated in an evacuated quartz tube at 1030 ◦C
for 72 h. This process was repeated three times. After being
pulverized into fine powders, laboratory-based x-ray powder
diffraction showed the materials to be of high quality and
single phase [12,15,16].
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B. Neutron powder diffraction

Time-of-flight neutron powder diffraction measurements
were performed at the POWGEN diffractometer of the
Spallation Neutron Source (SNS) at Oak Ridge National
Laboratory (ORNL). Five grams of La2O2Fe2OS2 and 4.5 g
of La2O2Fe2OSe2 powders were placed in vanadium cans.
Room-temperature (300 K) measurements were performed,
on each sample, for approximately 1 h. The center wavelength
and d-spacing range of neutrons in this experiment were 1.5 Å
and 0.49664–13.50203 Å, respectively. Rietveld refinements
were conducted using GSAS-II software [41].

C. Pair distribution function

Neutron total scattering data were collected using the
Nano-scale Ordered Materials Diffractometer (NOMAD)
beamline at the SNS in ORNL. La2O2Fe2O(S, Se)2 powders
were loaded and sealed in the vanadium cans inside a glove
box and were placed in an orange cryostat. A total of 16
measurements were performed on each sample at various
temperatures ranging from 2 to 300 K. A higher number of
data points was taken, in small steps, around the Néel tem-
perature. Data were collected for approximately 2 h at each
temperature. In order to obtain structural information relevant
to the samples, an empty vanadium sample can was measured
for 2 h for background subtraction.

The reduced PDF G(r) is obtained experimentally by
Fourier transforming the total scattering data as follows:

G(r) = 2

π

∫ Qmax

Qmin

Q(S(Q) − 1)sin(Qr)dQ, (1)

where S(Q) is the normalized structure factor, and Q is
the scattering vector, defined as Q = 4πsin(θ )

λ
in which λ

and θ are the neutron wavelength and scattering angle, re-
spectively. PDF data were refined and analyzed using the
PDFGUI [37] program and the DIFFPY-CMI [42] suite. For the
PDF analysis, values for Qmin and Qmax were 0.1 and 31.4 Å,
respectively. The calculated reduced PDF Gc(r) is obtained
from the structural model using equation (2) [43].

Gc(r) = 1

r

∑
i

∑
j

[(
bib j

〈b〉2

)
δ(r − ri j )

]
− 4πrρ0, (2)

where bi, b j , and 〈b〉 are the average scattering power of
constituent atoms of the sample. The summation is over all
atoms i and j in the model, where the distance separating any
given pair of atoms is ri j .

III. RESULTS

A. Average and local structure

We confirmed the crystal structure of our samples through
the neutron powder diffraction. The Rietveld refinement of
neutron powder diffraction data was performed using GSAS
II software [41]. Figures 2(a) and 2(b) show the Rietveld
refinement of neutron powder diffraction data measured at
300 K using neutrons of central wavelength 1.5 Å. Both M =
S, Se materials show similar nuclear structures having space
group I4/mmm (space group No. 139), which is consistent
with the previous studies [15,16]. Our findings show that

FIG. 2. Neutron Rietveld refinement of the nuclear model of
(a) M = S and (b) M = Se at 300 K as a function of momentum
transfer Q. The details of the fit are provided in the text.

the lattice parameters of La2O2Fe2OSe2 [a = 4.0887(5) Å,
c = 18.6081(3) Å] are larger than that of the La2O2Fe2OS2

[a = 4.0439(9) Å, c = 17.8945(6) Å], as expected for
the larger Se atoms. Rietveld refinement parameters of both
M = S, Se are tabulated in Table I including lattice parameters

TABLE I. Refined parameters from Rietveld analysis of neutron
powder diffraction data of La2O2Fe2O(S, Se)2 at T = 300 K.

La2O2Fe2OSe2 La2O2Fe2OS2

a (Å) 4.0887(5) 4.0439(9)
c (Å) 18.6081(3) 17.8945(6)
La - U11(Å2) 0.0028(8) 0.00123(9)
Fe - U11(Å2) 0.0065(4) 0.00729(5)
O(1) - U11(Å2) 0.0038(4) 0.00013(4)
O(2) - U11(Å2) 0.0037(7) 0.00510(6)
M-U11(Å2) 0.0066(3) 0.00319(8)
La - U33(Å2) 0.00722(5) 0.01718(6)
Fe - U33(Å2) 0.01077(5) 0.02258(8)
O(1) - U33(Å2) 0.00998(8) 0.02049(9)
O(2) - U33(Å2) 0.02226(9) 0.04643(5)
M-U33(Å2) 0.00522(5) 0.02124(9)
Volume (Å3) 311.08(8) 292.64(1)
Space group I4/mmm I4/mmm
Rw(%) 6.74 6.79
RF (%) 2.71 6.57
Goodness of fit 4.73 6.57
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TABLE II. Atomic site, occupancy, and fractional atomic coordinates of La2O2Fe2O(S, Se)2 at T = 300 K extracted from Rietveld analysis.

La2O2Fe2OSe2 La2O2Fe2OS2

Atom Site Occupancy x y z Atom Site Occupancy x y z

La 4e 0.97(5) 0.5000 0.5000 0.1845(6) La 4e 0.94(7) 0.5000 0.5000 0.1806(7)
Fe 4c 0.94(5) 0.5000 0.0000 0.0000 Fe 4c 0.92(7) 0.5000 0.0000 0.0000
Se 4e 0.95(6) 0.0000 0.0000 0.0963(6) S 4c 0.92(8) 0.0000 0.0000 0.0945(13)
O1 4d 0.98(6) 0.5000 0.0000 0.2500 O1 4d 0.94(9) 0.5000 0.0000 0.2500
O2 2b 0.97(7) 0.5000 0.5000 0.0000 O2 2b 0.96(6) 0.5000 0.5000 0.0000

(a and c), as well as the anisotropic thermal displacement
parameters U33 for all atoms. It was observed that U33 for
O(2) site is much larger than all the other sites. For complete-
ness, Table II presents the atomic positions of constituents
La2O2Fe2OM2 (M = S, Se) with their respective Wyckoff
symbols and occupancies. The quality of the presented fits
was characterized by the listed Rietveld parameters: R-whole
pattern Rw, crystallographic factor RF , and goodness of fit
tabulated in Table I.

Having obtained a confirmation of the global lattice
symmetry for our samples, we then investigated the lo-
cal symmetry [30,34,44–47]. The local structure data of
La2O2Fe2OM2 (M = S, Se) were analyzed by using the
PDF refinement program PDFGUI [37] to determine the lattice
parameters, scale factor, atomic positions, and the thermal
parameters. In order to allow for local orthorhombic sym-
metry breaking, we parameterized the lattice constants as
a = amid(1 + δ) and b = amid(1 − δ), where amid = a+b

2 and
δ = | a−b

a+b |. Orthorhombicity parameter, δ was refined with a
pseudo-orthorhombic model, while in the tetragonal model,
δ is 0 as lattice parameters a and b were equal. All re-
finements were performed on the Nyquist grid. Instrumental
parameters qdamp and qbroad, which are the parameters that
correct the PDF envelope function [48,49] for the instrument
resolution [37,43], were fixed by using an independent mea-
surement of a standard Si sample. A direct comparison of
quality of fit parameters of pseudo-orthorhombic symmetry
and tetragonal symmetry PDF fits of room-temperature data
of La2O2Fe2OM2 (M = S, Se) is shown in Table III and
Fig. 3. It is clear that the pseudo-orthorhombic model provides
a significant improvement to the fit over the tetragonal model.
This suggests that the local structure undergoes short-range
orthorhombic distortions, while the average structure captured
by Rietveld refinement against the Bragg peaks is purely
tetragonal.

The lattice constants were obtained as a function of
temperature using PDF analysis. Figure 4 shows the temper-
ature dependence of the lattice parameters a and c for both

La2O2Fe2O(S, Se)2 samples in the range of 1.8 to 49.99 Å,
where the Einstein model was superimposed to such obtained
a(T ) and c(T ) dependencies. Following previous work [19],
the Einstein fitting model was calculated using Eqs. (3)
and (4) under the assumption that the thermal expansion is
proportional to the internal energy of a quantum mechanical
oscillator [50]. Figure 4 also shows that the lattice parameter
a increases with increasing temperature and fits well with
the Einstein model of thermal expansion [50]. However, the
lattice parameter c shows a kink near 90 K in the case of M =
Se (see Discussion).

a(T ) = a0

[
1 + α θE fE

(
θE

T

)]
(3)

fE

(
θE

T

)
= 1

exp
(

θE
T

) − 1
. (4)

Here, a is the lattice constant, a0 and c0 are lattice constants
at low temperature (2k for M = Se and 30 k for M = S
system) obtained from PDF fits, α is the high-temperature
thermal expansion coefficient, and θE is the characteristic
Einstein temperature. In our plots, we have used θE = 211 K
as reported by Free and Evans [19].

B. Temperature dependence of thermal
displacement parameters

Figure 5 shows the temperature dependence of the
anisotropic thermal displacement parameters U11 and U33 for
both M = S, Se from PDF fits. We note the relatively high
values of U11 parameter for the M = S, Se sites and the U33

parameter for the O(2) site. The large U33 parameter for the
O(2) site agrees well with the neutron powder diffraction re-
sults (see Table I). The large anisotropic thermal displacement
parameter U33 corresponds to the O(2) displacement above
and below the Fe2O plane. This particular displacement can be
accompanied by a distortion of the Fe-O-Fe angle (see Fig. 1
where this angle is highlighted by a solid black line in the
octahedra). Another possible movement along the c axis is

TABLE III. Comparison of the PDF fit quality parameters of pseudo-orthorhombic and tetragonal models of room-temperature data within
the range 1.8 Å � r � 20.0 Å.

La2O2Fe2OSe2 La2O2Fe2OS2

Pseudo-orthorhombic Tetragonal Pseudo-orthorhombic Tetragonal

χ 2 24.20 43.77 41.45 74.13
Reduced-χ 2 0.03 0.05 0.05 0.09
Rw 0.11 0.16 0.14 0.20
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FIG. 3. Room-temperature PDF fits of (a) M = S and (b) M = Se
fitted with both tetragonal and pseudo-orthorhombic models within
the range of 1.8 Å � r � 10.0 Å.

that of sulfur/selenium atoms with respect to the Fe atoms
in the octahedra. This motion would affect the M-Fe-M angle
in the octahedra (see Fig. 1 where this angle is highlighted by
dashed black lines in the octahedra).

Figure 6 provides views of the atomic displacements under
discussion. Panel (a) shows a view along the a axis, while
panel (b) provides an isometric perspective view by present-
ing slight rotations about the a and c crystal axes. In panel
(b) solid black lines show the Fe atom movement and black
dashed line shows the movement of O(2) atom. When the O(2)
atoms in the Fe2O plane move up or down the angle Fe-O-Fe
changes causing buckling of the Fe2O plane. O(2) atoms are
displacing out of the plane by ∼0.015 (2) Å. Allowing the z
coordinates of the two O(2) atoms to displace opposite to each
other results in the U33 parameter for the O(2) site dropping
down to a value that is in line with other atomic sites. This
result suggests that local buckling of the Fe2O plane may
occur through small displacements of the O(2) atom above
and below the plane.

C. Local orthorhombicity

The use of prewritten macros allows PDFGUI to fit data sets
through a series of boxcar refinements that differ one from
another by corresponding fitting ranges [37]. Since we have
collected PDF data sets over a wide range of temperatures, we
used the PDFGUI T -series and r- series macros to study details
of the local to average structure crossover in our materials.
These macros allow the setup of boxcar fits, in which the same

FIG. 4. Lattice parameters as a function of temperature for
M = S, Se determined from temperature-series sequential PDF re-
finement. (a) The a- and (c) c-lattice parameters are shown for M =
S and (b) a- and (d) c-lattice parameters are shown for M = Se. Blue
dotted lines represent an Einstein model of lattice thermal expansion
(see text).
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FIG. 5. The temperature dependence of the anisotropic ther-
mal displacement parameters (a) U33 and (c) U11 for M = S and
(b) U33 and (d) U11 for M = Se for all atomic sites determined
from temperature-series sequential PDF refinement within the range
1.8 Å � r � 20.0 Å.

FIG. 6. Panel (a) shows possible Fe and Se/S atomic movement
within the La2O2Fe2O(S, Se)2 octahedra that result in the bucking
of the Fe2O plane. (b) The dashed lines show Fe atom movement in
the Fe2O plane and the solid lines show Fe movement with respect
to M.

model is fitted over different real-space intervals (r- ranges)
for different temperatures of the PDF data [51]. We have
performed extensive T - and r- series PDF fits to determine
the atomic structure as a function of temperature and length
scale [30]. The evolution of the orthorhombicity of the local
structure (short-range) to the average structure (long range) is
presented in the color maps of Fig. 7.

We did the T - series refinement by performing the PDF fits
on low temperature data at first, then we ran the sequential
PDF fits for all of our data collected at various temperatures.
For each temperature data, we have performed the r- series
refinement in a sliding 20 Å data window from [1.5–21.5
Å] to [29.5–49.5 Å] in 1 Å steps, resulting in 29 fits per
temperature. Orthorhombicity (δ) was extracted from all of
these fits for all temperatures to produce the color maps. Color
maps were made using the ORIGIN software [52]. In these
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FIG. 7. Color maps of the refined orthorhombicity determined
from neutron PDF analysis for (a) M = S and (b) M = Se. (c) Tem-
perature dependence of short-range (1.5–21.5 Å) orthorhombicity.

color maps, the midpoint of the fitting range rmid is shown
on the x axis, the temperature is shown on the y axis, and
orthorhombicity is shown on the color bar as indicated by the
brightness of the colors from light blue to dark blue. The dark
blue color denotes high orthorhombicity, light blue represent
zero orthorhombicity i.e., tetragonality. The maps indicate
that at short ranges, over all temperatures, the presence of
orthorhombicity is observed, but it diminishes over longer
length scales. Figure 7(c) shows the temperature dependence
of short-range orthorhombicity for La2O2Fe2O(S, Se)2. It was
observed that orthorhombicity is independent of temperatures
below ∼150 K, and at higher temperatures, orthorhombicity
decreases slightly with temperature.

Figure 8 presents the local orthorhombicity δ as a function
of the midpoint of the fitting ranges for two representative
temperatures. Data were fitted with exponential decay func-

FIG. 8. Orthorhombicity as a function of fitting range for
(a) M = S and (b) M = Se at low and high temperatures.

tions,

f (x) = A1exp

(−x

t1

)
+ Constant, (5)

where decay length is defined as ln2 × t1.
Figure 8(a) shows the orthorhombicity of M = S at 28.45

and 214.0 K. At both temperatures, the orthorhombicity is
largest at short fitting ranges and it asymptotically approaches
zero at larger fitting ranges. A solid black (dashed) line shows
the exponential fitting function for 28.45 K (214.0 K) with
decay lengths of 6.4(2)Å [3.5(9)Å], respectively. Figure 8(b)
displays the orthorhombicity at different fitting ranges for
M = Se at temperature 2.57 and 211.47 K. A solid black
(dashed) line shows the exponential fitting function for 2.57 K
(211.47 K) with decay length of 7.5(3)Å [7.9(6)Å], respec-
tively. Figures 8(a) and 8(b) provide evidence of the greater
orthorhombicity at shorter ranges.

IV. DISCUSSION

Neutron powder diffraction experiments confirmed the av-
erage crystal structure of La2O2Fe2O(S, Se)2 to be tetragonal
systems with space group (I4/mmm) (see Fig. 2), in agree-
ment with the previous studies on these materials [12,15–19].
Unlike many iron pnictides which undergo a structural phase
transition from tetragonal to orthorhombic symmetries near
Ts, La2O2Fe2O(S, Se)2 lattice symmetries are not observed to
change with temperature. However, both La2O2Fe2O(S, Se)2

undergo magnetic transitions from paramagnetic (PM) phases
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to AFM phases at respective Néel temperatures TN . Neutron
powder diffraction (Fig. 5 and Table I) showed that the ther-
mal displacement parameter for the O(2) atom along the c axis
was larger than all the other thermal displacement parameters.
This was the finding for both materials M = S and Se.

In order to probe the local structure, we employed the
neutron PDF technique to investigate the local changes in
the atomic positions and c axes of La2O2Fe2O(S, Se)2. The
PDF analysis revealed similar thermal displacement behavior
on short length scales. In addition, the temperature depen-
dence of the c-lattice parameter showed a kink near the Néel
temperature for M = Se (see Fig. 4). However, no discon-
tinuity was observed in the case of M = S. Such a finding
is consistent with previous reports of c-lattice discontinuities
in oxyselenides [19,53,54] and the less prominent occurrence
of this behavior in the oxysulfides [18]. The discontinuities
were attributed to magnetostrictive effects in the oxyselenides.
In the case of oxysulfides, a relatively reduced amount of
c-lattice discontinuity was argued to be due to shorter c lat-
tices [18]. According to Horigane et al. [40], deviations in the
c-lattice parameter from the average crystallographic structure
are due to the fact that the thermal displacement parameter
U33 for O(2) along the c axis grows rapidly with the increase
in temperature. A similar O(2) trend, in SrFeO2 [55], was
reported to be related to Fe2O planar buckling.

For La2O2Fe2O(S, Se)2, buckling of the Fe2O plane may
occur when there is distortion in either the Fe or O(2) sites.
In the case of M = Se, a high U33 value for O(2) (see Fig. 5)
suggests that the largest distortions should occur for that site.
A distortion in the Fe site can lead to two Fe-Se correlations
since each Fe atom is surrounded by four Se atoms of the
octahedra [see Fig. 6(b)]. Overall, these findings for M = Se
suggest that there is a distortion either in the Fe or O(2) sites
and both are implicated as possible reasons for Fe2O buckling.

Our analysis of the local structure of La2O2Fe2O(S, Se)2

reveals the presence of short-range orthorhombic distortions
on a length scale of 1–2 nm over a temperature range from
2 to 300 K. These distortions are very similar to those found
in FeSe [34,38] and (Sr, Na)Fe2As2 [30,31], which have been
attributed to short-range, structural nematic fluctuations that
persist up to temperatures well above the magnetic and/or
structural transition temperatures. Given the structural and
magnetic similarities between these iron oxychalcogenides
and the superconducting iron pnictides and chalcogenides,
we suggest that the local orthorhombicity observed here is
likewise related to fluctuating, short-range electronic nematic
distortions. The short-range orthorhombicity observed up to
high temperature (∼300 K) in these systems may reflect a
similar large nematic energy scale as was observed in FeSCs
such as FeSe [56] and (Sr, Na)Fe2As2 [38]. The occurrence of
such distortions across a variety of pnictide superconductors,
and the incoherent electronic systems presented here, raise the
question of how these short-range orthorhombic distortions
are related to the superconducting mechanism. We note that
inquiry into the role of electronic nematicity has become
the key focal point of the field of iron-based high-Tc su-
perconductivity. Future studies of short-range orthorhombic

fluctuations, may provide information about the origin of
electronic nematicity and its relation to the superconducting
mechanism [34,38,57–62].

The presence of local orthorhombicity that appears to be
ubiquitous in FeSCs. This may be suggestive of nematic
degrees of freedom being broadly active in these layered
iron-based systems. It also indicates that nematic degrees
of freedom are not sufficient to guarantee superconductiv-
ity, although they may well be necessary. For example, it is
conceivable that orthorhombic fluctuations and another phase
must conspire to produce high-temperature superconductivity
in iron-based systems. The energy-integrated nature of the
PDF measurements means we are probing fluctuations on a
time scale of 10−13 s or slower. However, we were unable
to extract any other temporal information using the PDF data
alone [31]. Complementary probes such as NMR or Möss-
bauer spectroscopy could help clarify the situation [63].

V. CONCLUSIONS

The local structure of Mott insulating iron oxychalco-
genides was studied using neutron powder diffraction and pair
distribution techniques. Neutron powder diffraction showed a
similar nuclear structure of M = Se and S with the only dif-
ference in the atomic radii of two chalcogens. Pair distribution
function analysis indicated the presence of the local distor-
tion between tetragonal and orthorhombic symmetry. These
findings suggest the presence of orthorhombic fluctuations
suggestive of short-range structural nematicity with a typical
length scale of 1–2 nm in both of these materials.
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