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One-dimensional (1D) structures provide a unique platform to study the correlated quantum interactions
and phase transitions such as unconventional magnetism and superconducting states. Here, we report that
iron chalcogenide K;Fe,Se, exhibits an unusual block-type canted antiferromagnetic (AFM) order with a
clear single chain quasi-1D structure, which is structurally different from the two-leg ladder BaFe,Se;,
through both experimental measurements and density matrix renormalization group (DMRG) calculations.
The narrow bandgap semiconductor K;Fe,Se, has a quasi-1D edge-shared FeSe, tetrahedra chain structure
and orders antiferromagnetically below 110 K. The magnetic moments couple antiferromagnetically along
the quasi-1D chain direction of the b axis and form an up-down-down-up (1-|-|-1)-like spin structure
with a commensurate propagation vector k = (0,0, 0), where block-type spin 1-1 or |-| coupling are
between the longer Fe-Fe bonds of the quasi-1D chain. DMRG results show that block antiferromagnetic
state is stable in K;Fe,Se, and reveal that the block-ordered arrangement of Fe>>* ions spins arise from the
competition between ferromagnetic and AFM interaction in the presence of strong electronic correlation.
Our research results not only report the discovery of a clear block-type canted antiferromagnetic structure
in a real quasi-1D chain material but also provide a theoretical approach to understand the block-type
antiferromagnetism in quasi-1D iron chalcogenides.

DOI: 10.1103/g8zx-gc2t

Introduction—One-dimensional (1D) material systems
with correlated quantum interactions have attracted sig-
nificant attention due to the intricate interplay among
charge, orbital, spin and lattice degrees of freedom in
low-dimensional phase space, resulting in rich physical
phenomena. An extraordinary array of exotic states has
been found in quasi-1D systems, such as charge density
wave [1,2], Luttinger liquid [3,4], and quantum phase
transition, etc. [5,6]. Quasi-1D spin chain systems provide
ideal experimental platforms to test theoretical models such
as classical Heisenberg ferromagnet and Ising-like anti-
ferromagnet, as exemplified in CsNiF; [7], StM,V,0g4
(M = Mn, Co) [8], CsCoCl; [9], and BaCo,V,04 [10], etc.
The stripe-type or block-type antiferromagnetic (AFM)
state is a plausible and often energetically favorable pattern
in many correlated systems within approximate treatments.
But so far strictly speaking it has not been realized in the
real single chain quasi-1D materials, as it generally fails as
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an exact eigenstate of realistic Hamiltonians with full
quantum many-body interactions due to fluctuations,
competing energy scales and symmetrical constraints,
etc. [11-13]. However, quasi-1D magnetic systems can
exhibit stability through interchain coupling across the 1D
and 2D dimensionality. One particularly interesting class
of such systems is the ladder phase, which bridges the
dimensional crossover from chains to square lattices by
assembling chains side by side, as an alternative platform
to study the competing electronic and magnetic orders
[14,15]. The prime examples of such ladder phases are
SrCu, 03, Sr,_Cu, 10,, family, and BaFe,X; (X =S,
Se) phases, which stay in between 1D and 2D [16-20].
Among these, the quasi-1D two-leg spin ladder BaFe,Se;
hosts an exotic Fe, block state, and such state could be
changed to stripe-type AFM orders observed in the
BaFe,S; [20]. The block-type magnetic order highlights
the strong low dimensional characteristics, localized
electronic behavior, and complex magnetic interactions
inherent to these systems. Understanding such block state
is crucial for exploring magnetic transitions and potential
superconductivity in iron-based materials. Therefore, it is
particularly compelling to investigate block state in 1D

© 2026 American Physical Society
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iron chalcogenides dominated by a single iron chain
beyond the ladder phases.

In this Letter, we first report a true block-type AFM order
in quasi-1D single-chain K;Fe,Se, through a combination
of experimental measurements and density matrix renorm-
alization roup (DMRG) calculations. K;Fe,Se, belongs to
the ion mixed valence state iron chalcogenides A;Fe,X,
(A=Na, K, Tl, X=S8, Se) [21-25]. Interestingly, the
magnetic order in these quasi-1D iron chalcogenides is
rather intriguing. NasFe, S, and NasFe,Se, have a 1D AFM
order within the chain, exhibiting a ferrimagnetic structure
between the chains below 149 and 179 K, respectively [22],
while Tl;Fe,S, has a collinear AFM structure below 90 K
[21]. To date, only the structural determination has been
reported for the compound K;Fe,Se, [25]. We found that
this narrow bandgap semiconductor orders antiferromag-
netically below 110 K. Moreover, neutron powder diffrac-
tion (NPD) experiments reveal the Fe?>* ions spin exhibit an
exotic up-down-down-up (1-]-|-1) arrangement along the
single quasi-1D chain direction of the b axis, forming a
block-type canted AFM structure results from the competing
FM and AFM interactions in the presence of strong
electronic correlations. Experimental and theoretical calcu-
lations details can be found in Supplemental Material [26].

Crystal structure and physical properties—K;Fe,Se,
crystallizes in the centrosymmetric orthorhombic space
group Pnma (No. 62) as with the two-leg ladder phase
BaFe,Se; but contains 1D zigzag chains of edge-linked
distorted FeSe, tetrahedra [24,25], mimicking the funda-
mental building blocks for Fe-based superconductors
[52-56]. The good Rietveld refinement results from powder
x-ray diffraction (XRD) confirmed that the K5Fe,Se, crys-
tallizes in the orthorhombic crystal structure of space
group Pnma with a = 7.427(7) A, b = 11.347(2) A, and
¢ =12.015(1) A. The XRD pattern for the K;Fe,Se, and
the corresponding structural refinement results are shown in
Fig. S1in Supplemental Material [26]. As shown in Fig. 1(a),
the quasi-1D chains of Fe atoms are arranged along the b
axis, with each Fe atom connected to the four nearest Se
atoms to form a distorted FeSe, tetrahedra. Significantly, the
bond lengths of adjacent Fe atoms on the quasi-1D Fe atom
chain are not the same, which may lead to changes in the
magnetic interaction between neighboring spins, resulting
in competing magnetic interactions among them. Unlike
the two-leg ladder chain in BaFe,Se;, K;Fe,Se, has a quasi-
1D zigzag single chain of FeSe, tetrahedra [21-24]. In
K;Fe,Se,, the magnitude and coupling of spins in the Fe-Se
tetrahedral are strongly influenced by Fe-Fe interactions
within edge-sharing tetrahedra. The bond length of adjacent
Fe-Fe in zigzag single chain K;Fe,Se, are different; the Fe
atoms are connected in sequence with a short bond length of
2.833 A and a long bond length of 3.037 A, indicating the
type of magnetic interaction between adjacent Fe spins may
change as a result.
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FIG. 1. (a) Crystal structure of quasi-1D single chain K;Fe,Se,.
The pink and blue lines represent longer and shorter Fe-Fe bonds
in the zigzag iron chain, respectively. (b) Temperature-dependent
electrical resistivity of K;Fe,Se,. The inset shows the fitting
result using the thermal activation model. (c) Temperature
dependence of the ZFC and FC mode magnetic susceptibility
with an applied field of 0.1 T. (d) Magnetic hysteresis loops at
20 K. Sketches of magnetic patterns with different electron
occupations, corresponding to (e) Fe>* (3d°), (f) Fe*>>* (3d°?),
and (g) Fe’t 3d).

The temperature dependence of electrical resistivity from
room temperature down to 190 K is shown in Fig. 1(b).
Resistivity increases with decreasing temperature, indicat-
ing semiconducting behavior. The room-temperature value
p(300 K) is about 10.4 Q cm, which is comparable to other
quasi-1D iron compounds with similar crystal structure,
BaFe,Se, and BaFe,Se; [57,58]. The high temperature
region of p(T) was fit using the thermal activation model
p = poexp(E,/kgT), where kg is the Boltzmann constant,
po 1s the prefactor, and E,, is the thermally activated energy
[57,58]. The inset of Fig. 1(b) shows that the linear fitting
of In (p) vs 1/T, resulting in E, = 334.5 meV in the
temperature range above 190 K, which is larger than in
BaFe,Se, and BaFe,Se; [57,58], indicating K;Fe,Se, has
stronger insulating properties.

The temperature-dependent magnetic susceptibility y(7')
from 2 to 300 K under zero-field cooled (ZFC) and field
cooled (FC) procedures is shown in Fig. 1(c). In the high-
temperature region, both the ZFC and FC y(T) curves are
identical. With decreasing temperature, the magnetic sus-
ceptibility shows a nearly liner decrease in amplitude with
temperature, in stark contrast to the Curie-Weiss behavior
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FIG. 2. Rietveld refinement of NPD data of K;Fe,Se, at (a) 200 K > Ty and (b) 2 K < T, respectively. The green circle indicates
the first magnetic peak (0 0 1). (c) The intensity of the first magnetic peak (0 O 1) as a function of temperature. The green dotted line
represents the antiferromagnetic transition temperature of 110 K. (d) Magnetic peaks evolved at 7 = 2 K as compared to no magnetic
peaks at T = 200 K. (e) Zero-field magnetic structure of KsFe,Se, at 2 K. (f) The spin structure of Fe couples in a unit cell of (0 0 1)
plane. (g) Spin structure at magnetic Fe sites in a unit cell in-plane perpendicular to chain direction of b axis. (h) Block-type canted AFM

spin alignment along the quasi-1D chain direction of b axis. The pink and blue dotted lines represent the parallel arrangement of Fe

2.5+

spins in each block-type structure. Black lines represent the crystal structure unit cell and red arrows represent the magnetic moment

direction.

typically observed in localized spin systems. This unique
feature is reminiscent of several two-leg ladder SrCu,O5 and
BaFe,Ses, quasi-2D LaO,_,F,|FeAs and BaFe,As,, and
quasi-1D RbFeSe,, KFeS,, and NasFeSe; [16,18,59-63],
which arises from distinct physical mechanisms despite their
similar phenomenology. SrCu,05 exhibits an exponential
suppression of y(7) due to a spin-gapped singlet ground
state, while the Fe-based ladder, quasi-2D and quasi-1D Fe-
chain systems display a gradual decrease of y(7') driven by
the growth of short-range AFM correlations or spin density
wave fluctuations that transfer magnetic spectral weight
away from the uniform channel. For an itinerant, multi-
orbital quasi-1D KjFe,Se,, the enhancement of AFM
correlations upon cooling primarily occurs at finite wave
vectors, which suppresses the uniform magnetic suscep-
tibility due to a redistribution of magnetic spectral weight,
rather than enhancing it as in the localized-spin case. The
quasi-one-dimensionality further strengthens short-range
correlations without stabilizing long-range order, resulting
in a gradual, nearly linear decrease of y(7') over a broad
temperature range. This experimental information also
reminds us that K;Fe,Se, may become superconducting
upon chemical doping or under pressure [18,64,65]. On
further cooling, long-range AFM ordering appears below
Ty =110 K. The FC and ZFC curves have different
behaviors below T, similar to K, Fe,Se, and BaFe,Se;
[66,67], and the FC curves upturn in the low temperature is

due to the magnetic moment increases with decreasing
temperature, which will be discussed later. The isothermal
magnetization curves M (B) measured at 20 K, presented in
Fig. 1(d), exhibits no hysteresis within the measuring
magnetic field range. The magnetization rapidly increases
with increasing magnetic field and tends to saturate under a
low field of +0.6 T. The value of magnetization at 4 T
obtained from the isothermal magnetization curve is approx-
imately 0.031u5/f.u., which is significantly reduced from
g,J = 5 up that is expected from a localized Fe** ion. This
result is similar to BaFe,Se; [57], indicating a strong
itinerant character of the d electrons of the Fe atom in
K;Fe,Se, [68], and this phenomenon also shows that the Fe
ion in K;Fe,Se, does not occupy the trivalent state.
Magnetic mechanism—Here, we present the magnetic
mechanism of the iron chain system of our focus. In
the quasi-1D iron chalcogenide family, as shown in
Figs. 1(e)-1(g), there are three typical magnetic patterns
with different electron occupations, corresponding to Fe?*
(3d®), Fe*3* (3d>d), and Fe’* (3d°), respectively. As
displayed in Fig. 1(e), Fe’* (3d°) is more conductive to
stabilizing FM interaction along chain direction, such as
Ce,O,FeSe, [69], which is caused by the recently proposed
half-full mechanism [70]. Fe3* (3d°) is more conductive to
promoting the formation of AFM coupling along the chain
direction, such as BaFe,Se, [57], which is induced by
typical Anderson superexchange interaction [71]. As for the
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intermediate case K;Fe,Se, in this Letter, both the half-full
FM mechanism and Anderson AFM superexchange mecha-
nism are potentially important [70-72], and their competi-
tion leads to the exotic block-type canted order with the
M-J-4-1 pattern, which will be explained later.

NPD and block-type magnetic order—To determine the
magnetic structure of K;Fe,Se,, temperature-dependent
NPD experiments were carried out on HB-2A of the High
Flux Isotope Reactor (HFIR) at the Oak Ridge National
Laboratory (ORNL) using an incident wavelength of 2.41 A
[73,74]. NPD patterns collected at 200 and 2 K (i.e., above
and below Ty) are illustrated in Figs. 2(a) and 2(b),
respectively. The structural Rietveld refinement at 200 K
confirms the orthorhombic structure of K;Fe,Se,, resulting
in lattice parameters a = 7.414(7) A, b= 11.316(1) A,
and ¢ =11.984(2) A. This is consistent with room-
temperature XRD results and indicates no extra structural
transition with lowering temperature. During the Rietveld
refinement of the NPD pattern, we found several structural
peaks in the high-temperature NPD pattern unindexed by
the main phase which can be indexed with a second
minority phase with a different stoichiometry, K¢Fe,Seg,
denoted as Imp, as shown in Fig. 2(a). Note that incorpo-
rating the Imp phase could improve the fitting quality, but it
does not affect the determination of the magnetic structure.
Where in the 2 K NPD pattern [Fig. 2(b)], we see the
appearance of additional Bragg peaks due to long-range
magnetic order. The position of the magnetic peaks can be
seen in the partially enlarged neutron diffraction pattern in
Fig. 2(d). As shown in Fig. 2(c), the temperature-dependent
intensity of the first magnetic peak (0 O 1) presents a
steep change at about 110 K, corresponding to the para-
magnetic (PM) state to block AFM state transition. The
Sarah and Bilbao Crystallographic Server were employed
to determine the magnetic structure of K;Fe,Se, [75-78].
All the magnetic peaks could be indexed with the nuclear
unit cell indicating a commensurate propagation vector
k= (0,0,0). All allowed magnetic models were tested in
Rietveld refinements, and magnetic space group Pn’ma’
(BNS No. 62.448) was found to provide the best fit both
visually and by statistical measurements, with the good-
ness-of-fit parameters Rp = 16.0%, Ryp = 18.4%, and
% = 5.64%. Meanwhile, we also determined the magnetic
structures at 110, 50, and 40 K through Rietveld refinement
of the NPD data and found that the results are consistent
with those observed at 2 K, as shown in Fig. S4 and Table
S2 in Supplemental Material [26]. The magnetic structure
of K5Fe,Se, is visualized in Figs. 2(e)-2(h), K;Fe,Se, has
a block-type AFM structure, where the magnetic moments
exhibit a 1-|-|-1 arrangement along the quasi-1D chain
direction of the b axis. It is worth noting that the block-type
spins -7 or |-| are located between the longer Fe-Fe
bonds, as shown in Fig. 2(f). At 2 K, the value of the
magnetic moment of each Fe atom is 3.33u5/Fe and lies in
the ac plane, which is larger than that in the sister material

Tl;Fe,S; [21]. In the ac plane, the adjacent spin of
each layer is perpendicular to each other, and the tilting
angle between each spin and the a/c axis is 46°, as shown
in Fig. 2(g). As shown in Fig. 1(c) and Table S2 in
Supplemental Material [26], the y(7) in the FC mode
shows an unusual increase below Ty, which agrees to the
conclusion obtained by NPD experiments that the magnetic
moment gradually increases with decreasing temperature in
the magnetically ordered state. It should be noted that in
this process, the tilting angle of the magnetic moment with
the a/c axis gradually increases with decreasing temper-
ature. As depicted in Fig. 2(h), the magnetic moments
are arranged in an 1-|-|-1 sequence along the 1D zigzag
iron chain of the b axis. The magnitude of the magnetic
moment obtained by NPD is between the high spin states of
a free Fe3T and low spin states of a free Fe’* [57,79],
indicating a single state intermediate between Fe’* and
Fe’* in K;Fe,Se,. This block-type AFM order arrange-
ment in the 1D zigzag single chain of K;Fe,Se, is quite
different compared to typical block-type, stripe-type, or
canted-type magnetic structures in quasi-1D linear chain
iron chalcogenides [16,20,80-83]. In the two-leg spin
ladder BaFe,Se;, the magnetic moments are in the ab
plane, with every four spins arranged alternately as a block
along the b axis [67,84]. Unlike the case of other alkali-
metal analogs and TlyFe,S, [21] where magnetic orders
usually show FM or AFM interactions, the AFM and FM
interactions exist alternately along the 1D chain direction of
KsFe,Se,, and a remarkable feature is that the FM spins
arrangement are between longer curved Fe-Fe bonds of the
folded iron chains. The longer Fe-Fe bond length creates
conditions for the emergence of FM interactions. Unlike
the Tl;Fe,S, whose magnetic moment is along the a axis
[21], the magnetic moment of K;Fe,Se, is along the ac
plane and has a tilting angle of 46° to the a/c axis, forming
a block-type canted AFM structure. The different magnetic
interactions may originate from changes in the Fe?>*
bonding configuration or the folded 1D chain here in the
K;Fe,Se,. Specifically, in K;Fe,Se,, the dominance of
selenium as a mediator in superexchange interactions may
change to some extent.

DMRG calculation—As shown in Fig. 3(a), the conven-
tional Anderson superexchange interaction arising from
intraorbital hopping produces a strong AFM coupling in the
half-filled system, leading to canonical staggered AFM
state observed in the Fe?* chain, such as BaFe,Se, [57] and
RbFeSe, [61] with d° configuration. However, the inter-
orbital hopping could lead to a FM state [see Fig. 3(b)]
between half-filled and full orbitals via Hund’s coupling
Jy, as recently discussed in the Fe?* system Ce,O,FeSe,
with d® configuration [70]. Here, our K;Fe,Se, case,
with an average of 5.5 electrons of the iron d orbitals, has
sizable intraorbital and interorbital hoppings, suggesting
both AFM and FM tendencies could develop. From the
Fe?* to Fe? T, the “effective” hole-doping effect in the
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fully occupied orbitals reduces the FM tendency, leading
to the strong competition between FM and AFM cou-
pling, and to the possible block-type order with 1-]-]-1
pattern.

To better understand the block-type antiferromagnetic
order [see Fig. 2(h)] in our NPD experiment of the Fe?>*
chain system K;Fe,Se,, we also constructed a canonical
three-orbital Hubbard model defined on a 1D chain lattice,
by including the kinetic energy and interaction terms given
by H = H, + H;,. The tight-binding kinetic component is

Hy = _th’(CjayCiHvy’ +He)+ ZAYH’V"’ (1)
P iyo

where the first term 7,/ represents the alternating nearest-
neighbor (NN) hoppings t;y, and t}%y, (see the detailed
hopping matrix in Supplemental Material [26]) along the
chain direction, starting from site i = 0, in the orbital space
y.Here, 1) (> ) denotes the NN hoping from site i to i + 1

on old (even) sites i. cjay(cit,y) is the standard creation
(annihilation) operator, y and y’ indicate the different
orbitals, and o is the z-axis spin projection. A, is the
crystal-field splitting of different orbital y.

The electronic interaction portion of the Hamiltonian
includes the standard intraorbital Hubbard repulsion U, the
electronic repulsion U’ between electrons at different
orbitals, the Hund’s coupling J, and the on-site interorbital
electron-pair hopping terms. Formally, it is written as

J
Hint = UZn,»Tynil}, -+ (U/ - 7H> Zniyn,»y/
iy i

—204Y Siy-Siy+JIyy (PiPy+He). (2)

r<r' r<r

where the standard relation U’ = U — 2J is assumed and
the interorbital pair hopping P;, = ¢;,¢;y,. The relation
U’ = U - 2J follows from the rotational invariance of the
local Coulomb interaction in multiorbital systems and was
originally derived within the Kanamori parametrization,
which has been widely used in model calculations (see
Ref. [85] for a discussion in the context of manganite as an
example).

To confirm the above discussion, we measured the spin-
spin correlation S(r) = (S; - S;) and the spin structure factor
S(g) in our DMRG calculations, where the hoppings and
crystal field splitting were obtained from K5Fe, Se, with two
hopping matrices (more details can be found in Supplemental
Material [26]). Here, we consider an electronic filling density
n = 3.5 in our three-orbital DMRG calculations, rather than
the nominal electronic configuration @ of Fe?>3*. This
choice follows the established theoretical treatments of iron
chains, ladders, and layered superconductors with similar
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FIG. 3. Sketches of the superexchange picture between nearest

neighbor sites for (a) half-half case with intraorbital hopping and
(b) half-full case with interorbital hopping. Red arrows in the blue
dashed circles indicate virtual hopping processes. Here, in the
K;Fe,Se, case, both cases are potentially important, leading the
block-type order with the 1-|-|-1 pattern. (c),(d) The DMRG
results for K;Fe,Se, with chain lattice length L = 16: (c) spin-
spin correlation S(r) = (S; - S;) (with r = |i — j| in real space)
and (d) the spin structure factor S(g), for different values of
electronic correlations U/W, all at J5/U = 0.25. (e),(f) The
DMRG results for the uniform hopping [70] with chain lattice
length L = 16: (e) spin-spin correlation S(r) and (f) the spin
structure factor S(g), for different values of electronic correla-
tions U/W, all at J/U = 0.25.

edge-sharing FeX, tetrahedron structure [70,86-91]. Such
an approximation has been widely used in the theoretical
studies of the real iron-based superconductor systems with
Fe?* or Fe’* and is known to provide a good description of
the physical properties [49,86,92,93].

As displayed in Fig. 3(c), the spin-spin correlation S(r)
rapidly decays as the distance r increases at weak electronic
correlation U/W region [see U/W = 0.4 as an example],
where the distance is defined as r = |i — j|, with i and j site
indexes. Correspondingly, the spin structure factor S(g)
does not show any obvious peaks in the reciprocal space,
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indicating PM behavior in this region [see Figs. 3(c)
and 3(d)]. By increasing U/W, the spin-spin correlation
S(r) shows clearly the formation of the block-type AFM
with the antiferromagnetically coupled FM spin clusters
(1-1-1-1 pattern), as displayed in Fig. 3(c). Moreover, the
spin structure factor S(g) also indicates a sharp peak at
q = /2, corresponding to the block-type AFM, as shown
in Fig. 3(d). Our DMRG results suggest the block-type
AFM state is robust in K3Fe,Se,.

In addition, to better understand the possible origin of the
block order in this Fe?>* chain, we performed DMRG
calculations for the chain model with a uniform NN
hopping matrix [70] along the chain direction, using the
same electronic filling n = 3.5 in the three-orbital model.
The explicit form of the uniform hopping matrix can be
found in Supplemental Material [26]. As displayed in
Figs. 3(e) and 3(f), both spin-spin correlation S(r) and
spin structure factor S(g) clearly indicate a block-type
AFM magnetic coupling with 1--/-1 pattern along chain
direction. This behavior is consistent with the results
obtained in the three-orbital model within two bond
alternation. Therefore, our results suggest that bond alter-
nation is not the primary driving force for the formation of
the block-type state in K;Fe,Sey; rather, the block-type
order of Fe>>* originates from the competition between
FM and AFM tendencies with electronic correlations.
Thus, the bond alternation may result from the magneto-
striction of the block-type order and is likely a secondary
effect.

Notably, some quasi-1D ladder materials exhibit super-
conductivity under high pressure. For example, the two-leg
ladder Sr4Ca;;¢Cu,y,0,4; shows a superconducting tran-
sition temperature ~12 K under high pressure [94,95].
Similarly, pressure-induced superconductivity has been
observed in the two-leg ladder compounds BaFe,S; and
BaFe,Se; [18-20], spurring growing interest in quasi-1D
iron chalcogenides. Beyond superconductivity, other in-
triguing phenomenon have been observed in ladder sys-
tems, such as spin density nodes [96], orbital ordering [96],
ferroelectricity [97,98], orbitally selective Mott phases
[99], and Peierls distortions, etc. [100,101]. In the future,
it will be particularly interesting to explore the super-
conducting and related physical properties of quasi-1D
single-chain As;Fe,X, and its element-substituted nonstoi-
chiometric compounds.

Conclusion—Our Letter clearly demonstrates block-type
AFM structure in the single chain quasi-1D K;Fe,Se,.
K;Fe,Se, is a narrow bandgap semiconductor and orders
antiferromagnetically below 110 K. The Fe>>* ions spin
shows an 1-|-|-1 arrangement along the b axis in the
direction of the quasi-1D chain to form a block-type canted
AFM structure with a commensurate propagation vector
k = (0,0,0), which is due to the competition between FM
and AFM interactions in the presence of electronic corre-
lations. This Letter provides a platform for future in-depth

exploration of more exotic physical phenomena, e.g.,
whether superconductivity can emerge upon carrier doping,
isovalent substitution, or under hydrostatic pressure in this
family phases.
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