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We report the canted antiferromagnetic (AFM) structure together with a spin reorientation in a single chain
quasi-one-dimensional (Q-1D) iron chalcogenide Ba,FeSes;. Ba,FeSe; crystallizes in Prma (No. 62) orthorhom-
bic structure with linear single iron chains consisting of corner-shared distorted FeSe, tetrahedra along the b axis.
Ba,FeSe; is a narrow-gap semiconductor and orders AFM below 60 K. Modeling of neutron powder diffraction
data reveals a canted AFM ground state of magnetic space group Pa21/c (BNS No. 14.80) with commensurate
propagation vector k = (0, %, 0), where the Fe ion spins are AFM aligned with up-down-up-down (1 - | - 1 - |)
sequence along the Q-1D chain direction of the b axis. In the magnetically ordered state, the canting of magnetic
moments reorients from the ac plane to the ab plane below 30 K, with a 10° tilting angle toward the a axis, and
the magnetic moment does not induce a net moment in either orientation. The density functional theory results
indicate that an 1 - | - 1 - | AFM state is stabilized along the chain direction. In this work, we elucidate the
unique canted AFM of the iron chalcogenide and pave the way for searching exotic physics in Q-1D Ba,FeSe;.

DOI: 10.1103/1b28-p1fr

I. INTRODUCTION

The discovery of iron-based superconductors [1-4] trig-
gered significant research interest in studying the intriguing
interplay between superconductivity and magnetism [5-9].
Many parent compounds of iron-based superconductors are
poor metals exhibiting antiferromagnetic (AFM) ordering at
low temperatures [5—12], with magnetic order manifesting in
various forms [13—15]. Despite the central role of stripelike
magnetic orders in the physics of high-temperature super-
conductors [16,17], the inherently three-dimensional (3D)
or two-dimensional (2D) nature of their crystal structures
presents significant challenges for experimental investiga-
tion [2,3,18-21]. The Fe-based superconducting phases are
typically stabilized within quasi-2D (Q-2D) layers com-
posed of FeAs or FeSe structural units, where Fe atoms are
tetrahedrally coordinated, forming FeAss or FeSes; motifs
[2,3,10,18,19,22,23]. Therefore, exploring iron-based com-
pounds in lower dimensions, e.g., quasi-one-dimensional
(Q-1D) forms that incorporate the same tetrahedra struc-
tural building blocks and meanwhile simultaneously exhibit
AFM order, will offer a promising strategy for understanding
high-temperature superconductivity and potentially discover-
ing superconducting phases [24-26].
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1D materials, due to their strongly constrained spin-chain
interactions and pronounced quantum fluctuations, can exhibit
physical behaviors rarely observed in conventional high-
dimensional magnets, such as Luttinger liquid states, charge
density waves, exotic polaron resonances, and distinctive spin
transport phenomena [27-30]. Q-1D materials have attracted
considerable attention due to their structurally simpler frame-
works, which offer an ideal platform for exploring strongly
correlated electron phenomena. The two-leg ladder BaFe, S5
is a Mott insulator, exhibits stripe-type AFM order below
250 K, and undergoes a Mott transition followed by super-
conductivity under high pressure [31]. In contrast, the two-leg
ladder BaFe,Se; exhibits a robust block-type AFM order [32].
Notably, BaFe,;Se; distinguishes itself by its capability to
host a rare type of orbital-selective Mott phase (OSMP), a
characteristic absent in its isostructural counterpart BaFe,S3
[13,33-35]. Similarly, BaFe,Ses; can also be induced into
a superconducting phase under high pressure [32]. Strictly
speaking, the crystal structure of these two-leg ladder mate-
rials lies between 1D and 2D, which increases the structural
complexity between interchain and intrachain. More recently,
a canted AFM structure has been reported in Q-1D BaFe,Se,,
which reduced the structural complexity of the two-leg ladder
in BaFe,Se; to a real single iron-chain configuration [36].
This edge-sharing single chain structure shows the evolution
from the block-type AFM state in BaFe,Ses to a canted AFM
structure with a net moment along the b axis, driven by en-
hanced electronic correlations and reduced dimensionality. In
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addition to BaFe,Ses, it has been reported that Q-1D edge-
shared single chain K3Fe,Se; exhibits a block-type AFM
structure [37]. All of the above materials, including the ladder
phase and the single chain phase, contain edge-shared FeSey4
chains. However, due to the geometric connectivity of the
edge-shared FeSe, tetrahedra, there is still significant orbital
overlap along the chain direction. In this context, a Q-1D
material with a corner-shared FeSes single chain structure
would serve as a more suitable model system for elucidating
the evolution of magnetism in iron chalcogenides, owing to its
reduced orbital overlap and enhanced 1D character.

In this work, we extend the family of Q-1D iron chalco-
genides by investigating the magnetic structure and physical
properties of the corner-shared FeSe, linear single chain
Ba,FeSe;. We demonstrate the narrow gap semiconductor
Ba,FeSe; orders AFM below Ty ~ 60 K and have a canted
AFM structure with a commensurate propagation vector of
k = (O, %, 0). The Fe ion spins are arranged antiparallel
along the Q-1D iron chain direction of the b axis, forming
a robust up-down-up-down (4 - | -1 -J) AFM structure,
in good agreement with density functional theory (DFT)
calculations.

II. EXPERIMENTAL DETAILS

A. Sample synthesis, crystal structure,
and physical property characterization

Ba,FeSe; was prepared via the solid-state reaction method
under ambient pressure. The high-quality polycrystalline
powder sample of Ba,FeSe; was synthesized using FeSes
precursor and Ba pieces (99.9%, Alfa Aesar) in a stoichio-
metric ratio inside an argon glove box with a total moisture
and oxygen level <0.1 ppm. The FeSes precursor was syn-
thesized first using Fe granules (99.98%, Alfa Aesar) and
Se shot (99.999%, Alfa Aesar) in a 1:3.06 ratio which was
mixed and flame-sealed under vacuum. The 2% extra Se was
to make sure no trace of elemental Fe remains unreacted.
The ampoule was then heated to 800 °C for 1 d in a box
furnace. The FeSe; precursor was then mixed with Ba pieces
in a stoichiometric ratio, and the mixtures were transferred
into a graphite crucible, followed by a vacuum seal inside a
quartz tube. To slow down the exothermic reaction between
Ba and residual Se, the ampoule was held at 200 and 500
°C for 5 h, respectively, and then reacted at 900 °C for 72 h.
This black powder was reground and annealed at 750 °C for 1
wk and two times, to ensure the homogeneity of the sample.
No Fe-based binary phases were presented in the sample,
while a trace of highly stable phase BaSe existed, which is
nonmagnetic and does not interfere with the magnetic struc-
ture determination. The polycrystalline powder sample was
characterized by room-temperature x-ray diffraction (XRD)
using a Rigaku Smartlab diffractometer of Cu K radiation. The
crystal structural Rietveld refinements were carried out using
GSAS-II packages [38]. Note that BayFeSejs is air sensitive, so
some nonreactive grease was used to protect the sample during
the XRD measurement, and the peaks from the grease have
been removed from the raw data before the refinements. VESTA
software was used to plot crystal and magnetic structures. The
DC magnetic susceptibility x (7)) and magnetization M (B)

were measured using a Quantum Design Magnetic Property
Measurement System (MPMS) with the temperature down
to 2 K and the magnetic field up to 5 T. The electrical re-
sistivity p(T') was measured with Quantum Design Physical
Property Measurement System (PPMS) using the standard
four-wire method on an annealed pellet made from the powder
of Ba,FeSes.

B. Neutron powder diffraction

The temperature-dependent neutron powder diffraction
(NPD) data were collected on 2 g fine powder using HB-2A
with Ge (113) monochromator reflection, giving a wavelength
of 2.41 A at the High Flux Isotope Reactor (HFIR), Oak
Ridge National Laboratory (ORNL) [39]. Magnetic structure
determination was performed by Rietveld refinement of the
NPD data by using FullProf Suite software, combined with
representational analysis as implemented in the SARAH code
[40] and the Bilbao Crystallographic Server.

C. DFT calculation

The first-principles DFT calculations were using the
projector augmented-wave method, as implemented in
VASP[41-43]. The generalized gradient approximation with
the Perdew-Burke-Ernzerhof functional [44] was used to treat
electronic exchange and correlation. To incorporate on-site
Coulomb interactions in the Fe 3d orbitals, we employed
the LSDA+U method in the Dudarev formalism [45]. The
plane-wave energy cutoff was set to 500 eV, and the smallest
allowed spacing between k points in the Brillouin zone sam-
pling was set to 0.2 A~!. All calculations were performed on
the experimentally determined crystal structure from neutron
diffraction measurements.

III. RESULTS AND DISCUSSION

A. Crystal structure, resistivity, and magnetic properties

Ba,FeSe; crystallizes in the centrosymmetric Pnma (No.
62) orthorhombic structure [46,47], as shown in Fig. 1(a).
The XRD pattern for K,CuCl;-type Ba,FeSes; powder mea-
sured at room temperature and the corresponding structural
refinement results are shown in Fig. 1(b) and Table S1 in the
Supplemental Material [46]. Incorporating the minor impurity
phase of BaSe in Rietveld refinement gives the errors of the
profile factor R, = 2.60%, the errors of the weighted pro-
file factor R,,, = 2.30%, and the reduced X2 = 3.43 with
all the peaks indexed accurately. The Rietveld refinement
result suggests orthorhombic structure with a = 12.525(2)
A, b = 44078) A, and ¢ = 12.869(6) A. As shown in
Fig. S1 in the Supplemental Material [46], contrary to the
edge-shared FeSe, single chain BaFe,Ses and two-leg ladder
BaFe,Se;, BayFeSe; has a linear 1D single chain of corner-
shared FeSe, distorted tetrahedra along the b axis separated
by Ba atoms. The corner-shared chain configuration results
in longer Fe-Fe bonds, which in 1D systems reduces elec-
trical conductivity and tends to induce structural distortions,
thereby giving rise to unusual magnetic behavior. The inter-
chain distance between neighboring Fe—Fe atoms is 6.831(2)
A along the ¢ direction and 6.325(3) A along the a direction,
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FIG. 1. (a) Schematic crystal structure of the Ba,FeSe; con-
ventional unit cell, where green atom represents Ba, brown atom
represents Fe, and yellow atom represents Se, respectively. (b) The
powder XRD pattern of Ba,FeSe; measured at room temperature and
the Rietveld refinement results. (c) Temperature-dependent electrical
resistivity of Ba,FeSe; and the inset showing linear fitting of In(p)
vs 1/T. (d) Temperature-dependent magnetic susceptibility x (7) of
Ba,FeSe; measured with ZFC and FC modes. Inset shows the first
derivative of the FC mode temperature-dependent x (T') curve, indi-
cating the AFM transition temperature of 60 K. (e) Magnetization as
a function of temperature in the FC (closed) and ZFC (open) mode
at various applied fields. (f) Magnetic hysteresis loop at 5 K.

significantly longer than other single chain phases BaFe,Se,
[36] and K3Fe,;Ses [37]. However, the intrachain distance
between Fe—Fe atoms is 4.439(2) A and constant along the
b-axis chain direction. This structure indicates that the intra-
chain interaction is dominant, while the interchain interaction
has a weak influence. The tetrahedral unit is also not sym-
metric concerning the Fe—Se distance. The two Fe—Se bonds
along the chain direction are 2.563(9) A, while the remaining
two are 2.381(8) and 2.435(1) A. The intrachain Fe-Fe bond
distances are around 50% larger than those of edge-shared sin-
gle chain BaFe,Se,4 or two-leg ladder BaFe,Se; [32-34,36],
indicating lesser overlap of tetrahedral units consistent with
the corner-sharing model.

The temperature-dependent electrical resistivity of poly-
crystalline Ba,FeSe; is shown in Fig. 1(c). The electrical
resistivity shows semiconducting behavior approaching the
upper limit of the measurement range in our PPMS instrument
around 200 K. The inset of Fig. 1(c) shows the results of linear
fitting of In(p) vs 1/T, which is consistent with the standard
activation model p = pg exp(E,/kgT) [36,48]. The activation
energy E, estimated from the fitting is £, = 290.9 meV, which

is higher than the reported gap value of Q-1D linear iron chain
BaFe,Se4 (~142.5 meV) and Q-1D two-leg ladder BaFe,Se;
(~180 meV). The room temperature electrical resistivity is
~9.1 Qcm of BajFeSes, which is much higher than Q-1D
two-leg ladder BaFe,S; ~0.35 Q2cm [13] but lower than
Q-1D two-leg ladder BaFe,Se; ~17 Qcm and Q-1D edge-
shared linear iron chain BaFe,Se;, ~35.5 Qcm [36,48,49].
Note that this is the polycrystalline powder electrical resis-
tivity, and a large anisotropy in direction-dependent resistivity
of a single crystal is expected due to its Q-1D structure.

The temperature dependence of magnetic susceptibility
x(T) from 2 to 350 K under zero-field-cooled (ZFC) and
field-cooled (FC) procedures is shown in Figs. 1(d) and 1(e).
We observe that x(T') at low applied fields is similar to that
at applied fields up to 5 T. In the higher-temperature region,
x(T) gradually increases as the temperature decreases and
does not conform to the Curie-Weiss law. The broad hump
observed around ~125 K is reminiscent of similar behavior
observed in Ba,CoS3, Ba,MnSs3, and Ba,FeS3 [50-53], which
is typical of Q-1D AFMs with short-range interactions. This
may indicate intrachain short-range AFM interactions preced-
ing the long-range magnetic order, and the detailed origin of
this hump is discussed later in the neutron diffraction analysis.
In the lower-temperature region, x(7") gradually increases
but does not show any sharp abnormality. The derivative of
the magnetic susceptibility vs temperature curve shows that
Ba,FeSe; undergoes a paramagnetic (PM)-to-AFM transition
at 60 K, as shown in the inset of Fig. 1(d). When the ap-
plied field increases, the broad hump still exists but moves
toward higher temperature, as shown in Fig. 1(e). As shown
in Fig. 1(f), we do not observe any hysteresis in the mag-
netization as a function of field M (B) curve. However, it is
important to note that magnetization values in the M (B) curve
follow a nonlinear trend consistent with the x (7') curve. The
magnetization value is approximately 0.042 up/Fe at 3 T,
which is much smaller than the theoretical saturation value
of the Fe ion, indicating the magnetic moments still maintain
AFM alignment.

B. NPD and magnetic structure

To further investigate the magnetic properties, we have per-
formed NPD measurements at several temperatures between
200 and 2 K to determine the magnetic structure of Ba,FeSes.
Figure 2(a) and Fig. S2(b) in the Supplemental Material [46]
illustrate the diffraction pattern of HB-2A measured with a
wavelength of 2.41 A at 200 and 100 K, respectively. It cor-
responds well to the nuclear crystal structure, indicating that
no structural transition occurs. Figures 2(b) and 2(c) represent
the diffraction pattern measured at 40 and 2 K, in which the
additional Bragg peaks unindexed by the nuclear unit cell
indicate long-range magnetic order with a nonzero k vector.
The position of magnetic peaks at 40 and 2 K is consistent,
and the position of magnetic peaks can be clearly seen in the
partially enlarged diffraction pattern in Fig. 2(d). Figure 2(e)
shows the intensity of the new low Q magnetic peak as a
function of temperature, showing that the peak intensity arises
below 60 K, consistent with the AFM transition feature ob-
served in the magnetization measurements. SARAH and the
Bilbao Crystallographic Server were employed to determine
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FIG. 2. NPD pattern and Rietveld refinement results of Ba,FeSe;
at(a) T =200K, (b) T =40 K, and (¢) T = 2 K. (d) Magnetic
peaks evolved at T = 2 K as compared with no magnetic peaks
at T = 200 K. (e) The intensity of first magnetic peak (0 0.5 0)
as a function of temperature. The brown dotted line represents the
AFM transition temperature of 60 K. (f) The components of the
Fe magnetic moments along the a, b, and ¢ axes as a function of
temperature obtained from NPD data.

the magnetic structure of Ba,FeSes; [40]. Considering the
nuclear unit cell, the magnetic peaks are all indexable by a
doubling of the b lattice parameter, indicating a commensurate
ordering wave vector k = (0, %, 0). We performed a full
representational analysis for NPD data at 2 K to determine
possible irreducible representations (irreps) and basis vectors
(BVs) that describe the magnetic structure using the SARAH
code. For k = (0, %, 0) in the Pnma space group with the
magnetic Fe ion on the 4c Wyckoff position case, there are
two possible irreps, each having six BVs, where Fel, Fe2,
Fe3, and Fe4 are the four symmetry-related Fe sites in the
nuclear unit cell; the detailed irreps and BVs are categorized
in Table S2 in the Supplemental Material [46]. For each irrep
I, linear combinations of the BVs were used to correlate the
irreps with maximal symmetry magnetic space groups. This
produced four possible magnetic structures with three BVs per
structure. For the magnetic space groups Pamn21 (BNS No.
26.71) and Pamc21 (BNS No. 31.128) cases, the symmetry
constrained two of the Fe positions to have moments only
along the b axis and the other two positions to have moments
in the ac plane. The remaining two structures were both of
magnetic space group Pa2l/c (BNS No. 14.80) and allowed

©d ©e

4%

FIG. 3. Schematic magnetic structure of Ba,FeSe;. Canted AFM
structure at (a) and (c) T = 2 K and (b) and (d) T = 40 K. The
-1 -1 - }-type spin alignment along the 1D iron chain direction
of the b axis at (e) T = 2 K and (f) T = 40 K. Black lines represent
the magnetic unit cell, which is twice as large as the crystal unit cell.

all the Fe positions to have moment components in both a and
c directions. Of these, only the latter adequately modeled the
observed intensities with the best fitting structure belonging
to I', with Pa2l/c, and the obtained magnetic structure at
2 K is shown in Figs. 3(a) and 3(c). The refined magnetic
moment at 2 K estimated from NPD data is 3.57 up/Fe, and
the magnetic mode of Ba,FeSe; at 2 K is shown in Table S4 in
the Supplemental Material [46]. The total magnetic moment
value lies between the high-spin Fe>* state and the low-spin
Fe?* state according to crystal field theory, which suggests
a mixing of states in Ba,FeSe;, as observed in BaFe,Ses;
and BaFe;Se4 [36,54,55]. In the ac plane, the tilting angle
between adjacent Fe ion moments is 20°, and each spin de-
viates from the a axis by 10°. As shown in Fig. 3(a), the
I', fitting suggests the intrachain nearest-neighboring (NN)
AFM interaction (J;) along the b axis and the interchain FM
interaction (J,) along the a axis, which indicates Ba,FeSes;
has canted AFM with AFM and FM spin alignment along
a perpendicular direction. Each Fe ion spin is coupled with
AFM along the chain direction of the b axis and canted AFM
alignment along the ¢ axis but canted FM alignment along
the a axis, showinga 1 - | - 1 - | -type canted AFM structure
with zero net magnetization. These kinds of FM and AFM
interactions emphasize the dominance of short-range interac-
tions of the NN and next-NNs (NNNs) [35]. These short-range
interchain and intrachain exchange interactions exist before
the onset of long-range AFM orders in 3D, corresponding to
the broad hump that occurs in the high-temperature region of
the x (T) curve. Even though our system is an isolated chain of
FeSe, tetrahedra, the magnetic interactions due to the NNNs
cause deviation from the Curie-Weiss behavior above Ty ~
60 K, similar to the Heisenberg AFM system Ba,CoS3 [56].
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FIG. 4. Sketches of some magnetic configurations studied in DFT calculations. (a) AF1 state with J; < 0, J, > 0, and J5 < 0. (b) AF2 state
with J; < 0, J, > 0, and J3 > 0. (c) AF3 state with J; > 0, J, > 0, and J3 < 0. (d) AF4 state with J; < 0, J, < 0, and J3 < 0. DFT results for
Ba,FeSe; as a function of the Hubbard U, coupling. (e) Energies of various magnetic orders. The AF1 configuration is taken as the reference.
(f) Band gaps for the many magnetic states analyzed. (g) Local magnetic moments of Fe, integrated within the default Wigner-Seitz sphere as
defined by VASP. (h) Magnetic exchange couplings as a function of the Hubbard U, coupling.

Note that, in the order parameter scan, we do not see clear
evidence of a change in intensity below Ty shown in Fig. 2(e),
which corresponds to the x (T') curve not showing significant
change in intensity at the transition temperature, as shown in
Fig. 1(d).

Interestingly, although no anomalies were observed in the
M(T) curve, we do see evidence of spin-reorientation in
our Rietveld modeling of the full neutron diffraction pat-
terns, i.e., nonmonotonic behavior of spin orientation below
40 K. First, we observe this behavior in raw intensities of
the temperature-dependent magnetic peaks, specifically the
second peak, as seen in Fig. S3 in the Supplemental Material
[46]; the intensity of 30 K is less than that of both 40 and 2 K.
Furthermore, an interchange between m, and m,, is observed
with decreasing temperature, signifying a nonmonotonic be-
havior where the canted spins reorient from the ¢ axis to
the b axis on further cooling [see Figs. 2(f) and 3(a)-3(d)].
However, the spin arrangement at 30 and 2 K is basically the
same, as shown in Fig. 3 and Table S4 in the Supplemental
Material [46]. The 1 - | - 1 - |-type canted AFM structure
in Ba,FeSe; is different than the typical block- or stripe-type
AFM structure observed in two-leg ladder Q-1D BaFe,Ses
and BaFe,S; [32,34,57]. In addition to the two-leg spin-ladder
material, for comparison, the Q-1D edge-shared iron chain
magnet BaFe,Se, has a canted AFM state at 2 K with the
magnetic moment AFM alignment along the b axis, while
the tilting angle is 18.7° from the a axis [36]. The Q-1D
edge-shared iron chain K3Fe,Se4 exhibits a block-type canted
AFM structure below 110 K [37]. When the perspective shifts
to the corner-shared chain magnet with enhanced 1D features,
compared with Q-1D corner-shared Co chain Ba,CoSs, it has
a collinear AFM structure with commensurate propagation

vector k = (0, 0, %), where the spins lie in the ac plane and
the neighboring spins in each Co chain of the ¢ axis couple
AFM [56]. Q-1D corner-shared Mn chain magnet Ba,MnS3
has a commensurate AFM structure with propagation vector
k = (0, % 0); the nearest spin chains are FM coupling, while
the next nearest spin chains are AFM coupling [58]. The spin-
reorientation phenomenon in Ba,FeSes is different than other
corner- and edge-shared chain materials; it is closely related
to the corner-shared configuration and reflects the strong 1D
characteristics in Ba,FeSes. Further studies such as inelas-
tic neutron scattering experiments are required to unveil the
exchange interactions for a deep understanding of the canted
AFM structure and spin reorientation in Q-1D single chain
Ba,FeSe;.

C. DFT calculation and magnetic ground state

To better understand the magnetic ground state, both FM
and several AFM configurations were considered using a 1 x
2 x 1 supercell, as illustrated in Figs. 4(a)—4(d). For simplic-
ity, only the collinear patterns are considered. The AF1 state,
staggered 1 - | - 1 - | AFM state along chain direction, is
consistent with our NPD experiment. As shown in Fig. 4(e),
the AF1 and AF2 magnetic configurations are nearly degener-
ate and consistently have the lowest energy among all tested
states, regardless of the value of Ug. As illustrated in Fig. 4(f),
all AFM orders are insulators, and the band gap increases with
Uk, with the experimental gap of 290.9 meV falling between
the values U = 0 and 1 eV. As shown in Fig. 4(g), the Fe
magnetic moment in the AF1/AF2 states increases from 3.105
to 3.491 pupg/Fe as U increases, in good agreement with the
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experimental value of 3.57 up/Fe at 2 K obtained from NPD
data.

To extract magnetic exchange parameters, we mapped the
DFT energies of various magnetic configurations into a clas-
sical Heisenberg model

H=—1) 8:S;=hY S8 —J» S-S, (1)
(@.j) {m,n}

[k.1]

Here, J; denotes the intrachain exchange interaction be-
tween NN Fe—Fe spin pairs, while J, and J3 correspond to two
types of interchain NN interactions, as illustrated in Figs. 3(a)
and 4(a). The extracted values of J;, J,, and J5 as a function
of U are shown in Fig. 4(h). As expected, J; is dominant,
confirming that Ba,FeSe; favors the AFM pattern along the
chain direction, while interchain couplings J, and J3 are sig-
nificantly weaker. For example, at Uss = 1 eV, J; = —18.1, J,
= 1.9, and J3 = —2.8 in units of meV/S?, implying weakly
competing FM and AFM interactions between and within
iron chains. Our DFT results suggest the dominant staggered
1 -1 -1 -] AFM state along the chain direction is stable at
many values of U, and this situation is similar to the previous
studies on the high-pressure phase of Ba,FeSs3 [59].

IV. CONCLUSIONS

In summary of our experimental and theoretical calculation
results, we found the canted AFM state together with spin
reorientation in Q-1D iron chalcogenide with corner-shared
FeSe, single chain of Ba,FeSe;. The narrow-gap semiconduc-
tor Ba,FeSe; exhibits weak short-range magnetic coupling
in the PM region and orders AFM below 60 K. Neutron
diffraction results reveal that Ba,FeSe; has a canted AFM
structure of space group Pa2l/c (BNS No. 14.80) with the
commensurate propagation vector k = (0, %, 0), forming a
dominant staggered 1 - | - 1 - | spin alignment along the b
axis. The spin structure exhibits a slight spin reorientation
upon cooling in the magnetically ordered state, with the spins
reoriented from the ab plane to the ac plane upon cooling. The
DFT calculation results suggest the dominant 1 - | - 1 - |
AFM state is stable at many values of Ueg. The corner-shared

FeSe, tetrahedra and linear single iron chain Q-1D structure
with very little orbital overlap in this compound provides an
ideal platform to explore the interplay between magnetism,
electrical transport, Fe-valency, and exotic physical behavior
under high pressures.
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