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Iron-based superconductors have sparked a large amount of research, but the comprehensive studies on the 112
family are still lacking. BaFeAs, has been predicted as a promising candidate of an iron-based superconductor.
Here we systematically study its stability, electronic structures, and magnetic orders from the first-principles
calculations. According to the stacking manners and As distortion in the [Ba,As,] layer, four possible BaFeAs;
structures with P4 /nmm, P2, /m, 14/mmm, and I2mm symmetry are constructed. The calculations demonstrate
that the most stable structure is determined to be /2mm symmetry, with the structure and valence state in [Fe,As;]
layers closely resembling the characteristics of iron-based superconductors, as well as the electronic properties
and stripe antiferromagnetic ground state. These findings are helpful for further research and comprehensive
understanding of the 112-type iron-based superconductors.

DOLI: 10.1103/PhysRevB.110.085128

I. INTRODUCTION

The discovery of LaFeAsO;_,F, with high superconduct-
ing transition temperature (7;) attracts enormous interest in
iron-based superconductors [1-3]. Up to now, iron-based su-
perconductors have been realized in multiple prototypical
structures, mainly including the 1111 family with the high-
est . =55 K in SmFeAsO [4,5], the 122 family AFe;As;
with A = Ca, Sr, or Ba, and T, around 38 K [6], the 111
family LiFeAs with T, = 18 K [7,8], and the 11 family FeSe
with 7, achieving 65 K in its monolayer film [9,10]. These
parent compounds of iron-based superconductors are all of
similar basic fluorite-type [Fe,Pn,] layer, with a square lat-
tice of Fe layer surrounded by the Pn tetrahedron (Pn =
P, As, Sb, and Se). The quasi-two-dimensional [Fe;Pn;] is
mostly separated by the space layers, e.g., [La;O;], and can
obtain electrons from the space layers to ensure a similar
chemical filling and electronic structures, which leads the sim-
ilar quasi-two-dimensional Fermi surfaces (FSs) with several
holes FSs around the I" point and electron FSs around the M
point. Moreover, most parent compounds of the iron-based
superconductors form a long-range stripe antiferromagnetic
(SAFM) order at low temperatures due to the spin density
wave instability, which can be suppressed to realize the super-
conductivity by electron or hole doping. These commonalities
have become important evidence for the exploration of new
higher T iron-based superconductors theoretically and exper-
imentally.

One usual way to explore new iron-based superconductors
is to replace the space layer with other atoms or structural
units. The BaFeAs; (named the 112 family) is first predicted
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by replacing the [La,O,] layer in the LaOFeAs with the
[Ba;As;] layer as shown by the green rectangle in Fig. 1(a),
which owns the same space group P4/nmm as LaOFeAs [11].
Shim et al. report that the [Fe, As;] layer in P4/nmm BaFeAs,
gives rise to similar electronic structures to other parent com-
pounds of iron-based superconductors, but the [Ba; As,] layer
will contribute some strong dispersive bands and additional
FSs near the X point. In 2013, Yakita et al. found 7, around
20 K and 45 K in the rare earth doped monoclinic (Ca,
Pr)FeAs; and Ca;_,La,FeAs, with P2; (No. 4) and P2;/m
(No. 11) symmetry, respectively [12—-18]. Such monoclinic
phases have a similar structure to the P4/nmm BaFeAs,,
except that the zigzag distortion occurs in the As square net
of the [BayAs;] layer as shown in Figs. 1(b) and 1(d). More-
over, Kang et al. report that BaFeAs, may adopt the stable
I2mm structure as shown in Fig. 1(h) by structural search
method, which can be obtained by the 74 /mmm BaMnSb; [see
Fig. 1(g)] with a zigzag distorted As net [19-24]. We note that
the main difference between P4/nmm (P2,/m) and 14/mmm
(I2mm) structure is the staking manners of the [BayFe,As4]
unit as marked by red and blue rectangles in Figs. 1(a), 1(b)
and Figs. 1(g), 1(h). It is clear that the [Ba,Fe;Ass] units
are stacked directly along the ¢ axis in P4/nmm or P2,/m
structure (named as AA stacking below), while there is a (0.5,
0.5, 0) translation between two adjacent [Ba,Fe, Asy] units in
Figs. 1(g), 1(h) (named as AB stacking below). As a result,
different stacking leads to different [Ba,As,] configurations.
As marked by the green rectangles in Figs. 1(a), 1(b) and
Figs. 1(g), 1(h), the Ba atoms in AA stacking crystals are
staggered on both sides of the As net with a PbO-type struc-
ture, while the Ba atoms in AB stacking crystals face opposite
each other across the As net. The different stacking manners
and the As net distortion portend different stability and elec-
tronic properties for BaFeAs;. The comprehensive studies on
their stability, electronic structures, and magnetic order play

©2024 American Physical Society
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FIG. 1. Crystal structures of BaFeAs, with (a) P4/nmm, (b) P2,/m, (g) I14/mmm, and (h) I2mm symmetry. The top view of [Ba,As;]
layer with (c) P4/nmm, (d) P2,/m, (e) I4/mmm, and (f) 12mm symmetry. The Ba, Fe, and As atoms are denoted by blue, red, and yellow
spheres, respectively. The red and blue rectangles represent [Ba,Fe, As,] units and the green rectangles represent the space layer. The structural

distortion occurs in all structures that are fully optimized by DFT.

important roles in understanding the physical properties of the
112 family including the mechanism of their superconductiv-
ity, but are still lacking now.

In this paper, we systematically study the stability, elec-
tronic structures and magnetic orders of four BaFeAs;
structures with P4/nmm, P2, /m, I4/mmm, and I2mm sym-
metry from the first-principles calculations. The density of
states (DOS), band structures, and FSs show that the [Fe,As;]
layer is similar to other parent compounds of iron-based
superconductors. The stacking manners and As distortion sig-
nificantly influence the electronic structures of the [BayAs;]
layer. The As square net exhibits some Dirac-type bands
near the Fermi level, resulting in several discontinuous
diamond-shaped FSs in P4/nmm and I4/mmm structures.
Our thermodynamic and dynamic calculation found that the
I2mm structure is the most stable one, in which the Dirac-
type dispersion is broken by zigzag As distortion, making the
corresponding FSs disappear. In addition, the magnetic orders
are identified to be stripe antiferromagnetic, similar to other
parent compounds of iron-based superconductors.

II. COMPUTATIONAL DETAILS

The Vienna ab initio simulation package (VASP) is used for
performing the first-principles calculations based on density
functional theory (DFT) [25-28]. The generalized-gradient
approximation of Perdew, Burke, and Ernzerhof (PBE) is
employed to treat the exchange-correlation potential [29]. In
this work, the cutoff energy of the plane wave basis is set
as 520 eV. Throughout the primitive cell of the Brillouin
zone, the ['-centered k meshes are sampled as 9x9x3 in
P4/nmm and P2 /m structures and the I4/mmm and 12mm
structures are sampled as 12x12x12. Structures are fully
optimized until the maximum ionic forces are below a thresh-
old of 0.001 eV/A and electronic self-consistent calculations
are within 107® eV per unit cell. The analysis of the lattice
dynamics of all structures is done by PHONOPY based on

the Parlinsk-Li-Kawasoe method [30]. We also performed
DFT+U calculations and found that the Coulomb correla-
tion brings nearly no influence to the spatial, electronic, and
magnetic structure of BaFeAs, (see Appendix A for de-
tail). This agrees with the previous literature [31-34] that
the DFT results based on the nonmagnetic structure in iron-
based superconductors fit the angle-resolved photoemission
spectroscopy (ARPES) measurements very well. Hence we
concentrate on the DFT results based on nonmagnetic struc-
ture in the following and disregard the impact of different
magnetic configurations on the structure.

III. RESULTS AND DISCUSSION

A. Structures and stability

As introduced above, four crystal structures of BaFeAs;
with P4/nmm [Fig. 1(a)]l, P2,/m [Fig. 1(b)], 14/mmm
[Fig. 1(g)], and I2mm [Fig. 1(h)] symmetry are constructed
and the fully optimized parameters are summarized in Table I,
where As atoms are named Asl1 in the [BayAs;] layer and As2
in the [Fe;As,] layer. It is worth noticing that the changes
of the [Fe,As;] layers in four structures, including the Fe-Fe
length and Fe-As2 length, are very weak after the optimiza-
tion, as listed in Table 1.

The total energy is first calculated to study the stability
of four structures. As listed in Table I, the I2mm structure
shows the lowest total energy in BaFeAs;. Detailed com-
parison shows that the energy of the zigzag distorted 12mm
(P2{/m) structure is 165 meV (175 meV) lower than that
of the undistorted /4/mmm (P4/nmm) structure. The energy
reduction caused by the zigzag distortion of the Asl net can
be interpreted as the Peierls instability [35], which commonly
occurs in the square net of the group VA elements and tends
to dimerize the square net to form the stable chains, just
as reported in the isomorphic compounds SmAuAs, [36],
CaFeAs, [12-14], and BaMnSb, [23,24]. On the other hand,
the 12mm (I14/mmm) structure with AB stacking is 16.1 meV

085128-2



STRUCTURAL, ELECTRONIC, AND MAGNETIC ...

PHYSICAL REVIEW B 110, 085128 (2024)

TABLE I. Lattice constants, atom coordinates(fractional), bond lengths of Fe-Fe and Fe-As2, bond angles of As2-Fe-As2, and total energy
for P4/nmm, P2, /m, I4/mmm, and I2mm BaFeAs,.

Parameter P4 /nmm P2,/m 14/mmm 12mm

a(A) 3.9803 4.0715 3.9861 4.0593

b(A) 3.9803 3.9789 3.9861 3.9871

c(A) 11.7260 11.6016 23.3423 23.1719

a,y, B a=y=p=90° a=4=90°y =914504° o=y =B=90° a=y=p=90°

Ba 2¢ (0.2500, 0.2500, 0.2334)  2¢ (0.7331, 0.2500, 0.2353)  4e (0.0000, 0.0000, 0.1157)  4d (0.0084, 0.0000, 0.1168)

Fe 2b (0.7500, 0.2500, 0.5000)  2e (0.2499, 0.2500, 0.5015)  4d (0.0000, 0.5000, 0.2500)  4d (0.2505, 0.0000, 0.5098)

Asl 2a (0.7500, 0.2500, 0.0000)  2e (0.2427, 0.7500, 0.3962)  4¢ (0.0000, 0.5000, 0.0000)  2a (0.0217, 0.5000, 0.5000)
2b (0.4224, 0.0000, 0.5000)

As2 2¢ (0.2500, 0.2500, 0.6048)  2e (0.2000, 0.7500, 0.0039)  4e (0.0000, 0.0000, 0.6975)  4d (0.0099, 0, 0.6980)

Fe-Fe (A) 2.8145 2.8478/2.8455 2.8186 2.8450

Fe-As2 (A) 2.3392 2.3561/2.3339 2.3396 2.3540/2.3361

As2-Fe-As2 (°)  116.5912 119.5286/116.9558 116.8311 119.1013/117.1603

Energy (eV) —43.6388 —43.8139 —43.6653 —43.8300

(26.5 meV) lower than that of the P2 /m (P4/nmm) structure
with AA stacking. The reason for lower energy in AB stacking
may be that the oppositely placed Ba ions weaken the dipole
interactions between adjacent dipoles in AA stacking [37-39].
Different ions and pressure may lead to different structures.
Appendix B further investigates the ground state structure
stability of BaFeAs, under various pressures, revealing that
the ground state transitions from /2mm to the P2, /m structure
under in-plane stress.

The dynamic stability of these structures is further checked
by phonon spectrum calculations. As shown in Fig. 2, there
are two negative optical phonons in P4/nmm and 14/mmm
structures, while the two negative optical phonons disappear
in P2;/m and I2mm structures. It manifests that the two neg-
ative optical phonons are originated from the instability of the
Asl square net, consistent with the study of total energy. Fur-
thermore, the P2 /m structure and /2mm structure in different
stacking manners are dynamically stable, indicating that the
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FIG. 2. Phonon spectrum of BaFeAs, with (a) P4/nmm,
(b) I4/mmm, (c) P2, /m, and (d) I2mm symmetry.

different stacking manners have little effect on dynamic insta-
bility. All these results demonstrate that the /2mm BaFeAs; is
stable thermodynamically and dynamically.

To investigate the chemical bonding properties, the differ-
ential charge density of 12mm BaFeAs; is calculated using the
following formula:

ey

As shown in the distribution in Fig. 3, the green regions
have little change in charge density and the red regions rep-
resent the charge accumulation and form the chemical bond.
As shown in Fig. 3(a), the green regions on both sides of
the [Fe,As;] layer ensure their quasi-two-dimensional prop-
erty and the strong charge density accumulation along the
Fe-As2 direction demonstrates that Fe atoms and As2 atoms
are strongly bonded to form the stable [Fe,As;]. As a result,
the differential charge distribution on the [001] plane of Fe
and As2, as plotted in Figs. 3(b) and 3(c), exhibits similar

AP = PBaFeAs, — PBa — PFe — PAs-
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FIG. 3. Differential charge density on (a) [100] plane, (b) [001]
plane of Fe layer, and (c) [001] plane of As2 layer in /2mm BaFeAs,.
(d) The charge density on the [001] plane of Asl layer in /2mm
BaFeAs,.
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FIG. 4. Total and projected DOS of BaFeAs, with (a) P4/nmm,
(b) 14/mmm, (c) P2;/m, and (d) I2mm symmetry. The inset fig-
ures display the corresponding p./p, and p, orbitals of Asl near the
Fermi level.

bonding properties to the [Fe,As;] layer in other parent com-
pounds of iron-based superconductors [40,41]. Thus the Fe
and As2 ions are inferred to be +2 and —3 valence, respec-
tively, where As23~ receives two electrons from Fe?* and one
electron from Ba’". In addition, the charge aggregation on
the p, orbital of Asl, as shown in Fig. 3(a), indicates that the
Ba®* ions contribute another electron to the p, orbital of As].
Therefore, the Asl ions exhibit —1 valence and their half-full
px and p, orbitals are going to form covalent bonds with the
adjacent Asl atoms. Such covalent bonds usually tend to form
a zigzag-shaped distortion to lower the total energy, as shown
in Fig. 3(d) [42].

B. Electronic structure

In this section, we discuss the electronic structures of four
kinds of crystal structures, including their DOS, band struc-
tures, and FSs. Figure 4 shows that the total and projected
DOS (PDOS) of four structures exhibit similar shapes. The

3d orbitals of Fe dominate the total DOS near the Fermi level
from —2 eV to 2 eV and a pseudogap of about 0.5 eV appears
slightly above the Fermi level. The 3p orbitals of As2 are pre-
dominantly distributed in the occupied state from —3.5 eV to
—2.5 eV and are considerably hybridized with the 3d orbitals
of Fe. These features are consistent with the DOS observed
in other parent compounds of iron-based superconductors,
indicating similar bonding structures in the [Fe,As;] layer.
However, the Asl atoms in four structures are in contrary
to the insulating [La,O;] layer of LaOFeAs, exhibiting an
extensive energy distribution in PDOS. While the p, orbital
of Asl exhibits almost the same metallic properties in four
structures, the p./p, orbital is distinct, as shown by the orange
(p;) and purple (py/p,) lines in the inset of Fig. 4. Compared
with the case in the Asl square net, the zigzag distorted Asl
net leads to a noticeable decrease of the p,/p, orbital near the
Fermi level, as shown in the insets of Figs. 4(c) and 4(d), with
an energy gap of about 0.4 eV in AB stacking.

The projected band structures of Fe and As orbitals
can further reveal such features. As shown by the red
square in Figs. 5(a)-5(d), the 3d orbitals of Fe atoms
form two electron-type pockets near the M and A points
and two hole-type pockets near the I" and Z points. The
band dispersion along the I'-Z path is very weak, reveal-
ing the quasi-two-dimensional feature of [Fe,As;]. These
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FIG. 6. Total FSs and individual FSs for /2mm BaFeAs,.

properties are consistent with previous research on parent
compounds of iron-based superconductors.

In contrast, the bands of space layer for four structures
behave distinctly. The 4p orbitals of Asl exhibit numerous
Dirac-type dispersion near the Fermi level before the zigzag
distortion, as indicated by the blue circle in Figs. 5(a) and
5(b). These band structures cross the Fermi level leading
to several discontinuous diamond-shaped FSs connecting X
points, as analyzed in Ref. [15]. With the zigzag distortion,
the Dirac-type dispersions are destroyed with a band gap of
at least 1 eV in the distorted direction (a axis), as shown near
the X and R points in Figs. 5(c) and 5(d). In the undistorted
direction (b axis), the Dirac-type dispersion is preserved in
AA stacking, while a band gap of 0.4 eV is opened in AB
stacking, as shown by the blue points in Figs. 5(e) and 5(f).
These different band dispersions contributed by the [Ba;As;]
layer give rise to different FSs.

The FSs of the stable I2mm BaFeAs, are shown in
Fig. 6, with three hole-type FSs around I' points and two
electron-type FSs along the M-R path. These FSs are mainly
contributed by the [Fe,As;] layer, with the exception of the
FS shown in Fig. 6(f), where significant hybridization of p,
orbitals of Asl occurs [refer to Fig. 5(f)]. It suggests the
occurrence of self-doping through charge transfer between
[Ba;As,] and [Fe;As;]. Such FS exhibit moderate dispersion
along the I'-Z direction, probably caused by the p, orbital of
Asl, which weakens the quasi-two-dimensional properties in
BaFeAs,. It is obvious that the fully gapped p,/p, orbitals

TABLE II. Total energy of four structures for BaFeAs, in three
magnetic orders (NM, CAFM, and SAFM).

Energy P4 /nmm P2,/m 14/mmm 12mm
NM (eV/f.u.) —43.6388 —43.8139 —43.6653 —43.8300
CAFM (eV/fu.) —43.6694 —43.8509 —43.6964 —43.8668
SAFM (eV/fu.) —43.7350 —43.9249 —43.7675 —43.9459
Ji (meV/fu.) 31.70 37.00 33.32 38.18
J> (meV/f.u.) 24.05 27.75 25.55 28.98

of Asl in the I2mm structure do not contribute any FSs in
the Brillouin zone, different from the FSs in BaFeAs, before
zigzag distortion. Furthermore, due to the breaking of fourfold
rotation (Cy,) symmetry in the zigzag distorted Asl net, the
FSs are no longer symmetric between the distorted and undis-
torted directions, as manifested by Fig. 6(e) and Fig. 6(f).

C. Magnetic properties

Conventionally, iron-based superconductors exhibit spin
density wave in their parent phase, implying the important
role of magnetic order in iron-based superconductors. The
total energy of four structures with nonmagnetic (NM), check-
board antiferromagnetic (CAFM), and SAFM configurations
are displayed in Table II (all four magnetic configurations
are based on the same structure as the NM configurations).
The ferromagnetic (FM) order is found to be unstable and the
energy is converging to the NM state. Similar to most iron-
based superconducting parent materials, the SAFM state is the
ground state for all the structures with an energy advantage of
about 100 meV/70 meV over the NM/CAFM state, and is
minorly affected by the stacking manners and distortion.

The exchange interaction strength is also calculated. The
Ji-J, model is widely used to assess various possible or-
dered states in iron-based superconductors, where J; is the
nearest-neighbor exchange coupling and J, is the next-
nearest-neighbor exchange coupling. According to mean-field
theory, the energy per Fe of CAFM can be expressed as
Ey = —2J; 4+ 2J, and the total energy is 2E;. Energy per Fe
of SAFM can be expressed as E, = —2J, and total energy
is 2E,. Therefore, when J, > J; /2, the next-nearest-neighbor
exchange coupling dominates, leading to a SAFM order in
the system. As shown in Table II, all four structures satisfy

(@, . (),
/ ® Fe(d) V ® Fe(d)
i H H As(p) W As(p)
1 /| Pyl ! /| 1
i H i
% i : | %
> ] H i H >
550 PR --HF - - - Ay VO 1 A -4 80 OfaN\---4--- g S P - J—
) 5 g
s &
-1 i -1 4
) X M TZ R A z T X M T Z R A Z

FIG. 7. DFT+U method calculated projected bands of BaFeAs, with (a) /4 /mmm and (b) I12mm symmetry. The red square and blue circle

represent the 3d orbitals of Fe and the 4p orbitals of As, respectively.
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TABLE III. Total energy of four BaFeAs, in four magnetic or-
ders (NM, FM, CAFM, and SAFM). Each magnetic order structure
is optimized and the parameter of DFT+U is U = 2.5 eV and
J=02eV.

Energy (eV/fu.) P4/nmm P2, /m 14 /mmm 12mm

NM —38.4811 —38.6578 —38.5065 —38.6742
FM —39.9225 —40.1648 —39.9425 —40.1750
CAFM —40.1227 —40.3574 —40.1816 —40.3679
SAFM —40.4723 —40.7330 —40.5665 —40.7564

J» > Ji/2, indicating that the magnetic ground state of all
these structures is of SAFM order. This is consistent with
observations in parent compounds of iron-based superconduc-
tors, particularly BaFe,As, [43].

IV. SUMMARY

To summarize, we construct four possible BaFeAs, struc-
tures to study the 112 family iron-based superconductor. The
calculated results reveal that /2mm structure with AB stacking
and zigzag distorted Asl net is the most stable one. Com-
paring to square Asl net, the zigzag distortion opens the
gap in the Dirac-type bands and thus erases the discontinu-
ous diamond-shaped FSs. Additionally, the magnetic ground
states of I2mm BaFeAs, exhibit SAFM order. These prop-
erties exhibit great similarities to most parent compounds of
iron based superconductors, indicating the /2mm BaFeAs, to
be the parent compound of the 112 family. Hence the further
experimental exploration of this parent compound is meaning-
ful. Considering the self-doping effect between Asl and Fe
atoms, the superconductivity is strongly expected. Otherwise,
alternative explanations should be proposed to complement
the understanding of iron-based superconductivity.
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TABLE IV. Lattice constants (a, b, and c¢) of four BaFeAs, in
three magnetic orders (NM, CAFM, and SAFM). Each magnetic
order structure is optimized and the parameter of DFT+U is U =
25eVandJ =0.2eV.

Parameter (A) P4 /nmm P2,/m 14/mmm I2mm

anm 3.9811 4.0747 3.9860 4.0669
bywm 3.9811 3.9807 3.9860 3.9922
CNM 11.6862 11.5562 23.2742 23.0361
acarm 4.1126 4.3087 4.1151 4.2163
bearm 4.1126 4.0665 4.1151 4.1108
CcaAFM 11.7968 11.6167 23.5068 23.2715
asarm 4.1034 4.2196 4.0926 4.1652
bsarm 4.1034 4.0772 4.0926 4.0985
CSAFM 11.8649 11.7466 23.7131 23.5192

TABLE V. Total energy of four BaFeAs; in different hydrostatic
pressure.

Energy (eV/fu.) P4/nmm P2,/m 14 /mmm 12mm

—10 Gpa —43.6383 —43.8131 —43.6631 —43.8295
0 GPa —43.6388 —43.8139 —43.6653 —43.8300
10 Gpa —32.7650 —32.8428 —32.8103 —32.8835
20 GPa —22.9096 —22.9411 229776 —22.9780
30 GPa —13.7277 —13.7277 —13.8202 —13.8202

APPENDIX A: INFLUENCE OF CORRELATION AND
MAGNETIC STRUCTURE ON THE ELECTRONIC,
SPATIAL, AND MAGNETIC PROPERTIES OF BaFeAs,

The DFT+U method is calculated to see the influence
of the electron correlation effect. We apply U = 2.5 eV and
Hund’s coupling J = 0.2 eV, and show the projected bands in
Fig. 7, the total energy in Table III, and the optimized lattice
constant in Table IV [44,45]. Comparing to the results in
Figs. 5(b) and 5(d) of the main text, the bands near the Fermi
level remain unchanged. The structural and magnetic ground
states remain in /2mm and SAFM. The lattice constants con-
sidering DFT4U (the nonmagnetic state in Table IV) show
only about a 0.02% variation compared to the DFT results
(Table I in the main text).

In addition, we use the DFT+U method to optimize the
structure of each magnetic state and check its influence on
spatial structure, as shown in Tables III and IV. An increase
of the lattice constants by approximately 4% can be observed
as the result of the relaxation of the magnetic configuration.
Nevertheless, the magnetic ground state of each structure re-
mains in the /2mm structure.

APPENDIX B: STRESS INDUCED POSSIBLE PHASE
TRANSITION FROM I2mm to P2, /m

To see the possible transition of the ground state structure
in BaFeAs, under stresses, hydrostatic pressure and uniaxial
strain are applied in this section. While the hydrostatic pres-
sure from —10 GPa to 30 GPa is applied to find the possible
structural phase transition in BaFeAs,, it remains in the 12mm
phase (see Table V). At 30 GPa, the zigzag distorted As2 con-
verge to the square net. Further tests involving compression or
stretch along the ¢ axis up to 10% showed no trend of phase
transition. Nevertheless, when the ab axis was compressed to
10%, the P2, /m structure became the ground state, as shown
in Table VI. Thus increasing pressure along the in-plane
ab direction can induce the structural transition from /2mm
to P2{/m.

TABLE VI. Total energy of four BaFeAs, in different in-plane
strains.

Energy (eV/fu.) P4/nmm P2,/m 14/mmm 12mm

ab-2% —43.5865 —43.7682 —43.6125 —43.7837
ab-5% —43.2666 —43.48064 —43.2976 —43.5004
ab-8% —42.5905 —42.8959 —42.6262 —42.9006
ab-10% —41.9049 —42.3042 —41.8951 —42.2955
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