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1. Introduction

The iron-based compounds are one of the top research fields 
in the condensed matter physics, owing to their interesting 
physical properties and unique quasi 1D structure [1]. Great 
efforts have been made in studying the interplay among crystal 
structure, magnetism and superconductivity of the iron-based 
compounds [1–6]. Recently, Takahashi et al [7] have assessed 
the superconductivity of an iron-based quasi-1D compound 
BaFe2S3 under high pressure generated in a diamond anvil 

cell (DAC) and a cubic anvil press, and found that this com-
pound exhibited a metal-insulator transition at about 11 GPa. 
Motivated by this discovery, tremendous research efforts have 
been focused on the structural, magnetic and superconduc-
tive properties of BaFe2S3 and opened up an interdisciplinary 
research field.

Arita et  al [8] have studied the electronic structure of 
BaFe2S3 from the first principles calculations, and analyzed 
the full Fe orbital model, which revealed that the Fermi sur-
faces are represented only by the two Fe orbitals, i.e. wxz and 
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stimulate future experiments to synthesize these new phases.
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wx2−y2. They have also suggested that the superconductivity 
is mediated by spin fluctuations. Suzuki et al [9] have studied 
the magnetic, structural and electronic properties of BaFe2S3 
based on density functional theory (DFT) with the general-
ized gradient approximation (GGA). Their results indicated 
that the applied pressure strongly suppressed the energy gap 
and leaded to an insulator-metal transition. Yamauchi et  al 
[10] have performed high pressure study of BaFe2S3, by 
measuring dc-resistivity and ac-susceptibility up to 15 GPa. 
They have found that the antiferromagnetic insulating state 
at the ambient pressure could transformed into a metallic 
state at the critical pressure of 10 GPa. The metal-insulator 
transition boundary of BaFe2S3 terminates at a critical point 
around 10 GPa and 75 K. Using neutron diffraction, Chi et al 
[11] have studied the pressure effects on the antiferromagentic 
orders in iron-based ladder compound BaFe2S3. They have 
confirmed that BaFe2S3 undergoes a quantum phase trans-
ition where an abrupt increase of Néel temperature by more 
than 50% occurs at about 1 GPa, accompanied by a jump in 
the ordered moment. Wang et al [12] have measured the spin 
wave spectra of a BaFe2S3 powder sample using the inelastic 
neutron scattering, and demonstrated that the antiferromagn-
etic spin excitations are a common characteristic for the 
iron-based superconductors. Using the x-ray absorption and 
resonant inelastic x-ray scattering spectroscopy, Takubo et al 
[13] have studies the electronic structure of BaFe2X3 (X  =  S 
and Se) and CsFe2Se3. They have revealed that the direct 
exchange interaction along the legs of the Fe ladder stabilizes 
the orbital and antiferromagnetic orders in BaFe2S3.

Although numerous studies are reported on BaFe2S3, 
very little is known on the structural evolution and electronic 
properties of BaFe2S3 under high pressure, especially above 
20 GPa. Several important questions about BaFe2S3 are still 
unanswered: (1) As the pressure increases, will structural 
phase transition occur and produce new phases? (2) What 
are their structural properties? (3) Are these phases semi-
conducting or metallic phases? To answer these questions, 
we here report an extensive structure search based on the 
Crystal structure AnaLYsis by Particle Swarm Optimization 
(CALYPSO) structure search method combined with first-
principles calculations. The paper is organized as follows: In 
section 2, a brief description of the theory and method details 
are displayed. The calculated structural and electronic proper-
ties are discussed in section 3. Conclusions are summarized 
in section 4.

2. Computational methods

The structure search of BaFe2S3 are performed by using an 
unbiased structure search method based on the particle swarm 
optimization algorithm as implemented in the CALYPSO 
code [14, 15], which has the capability of finding stable or 
metastable structures with only the knowledge of the chemical 
composition at given external conditions (for example, pres-
sure) as input. The efficiency of this method has been dem-
onstrated on a variety of systems, ranging from elements to 

binary and ternary compounds [16–26]. In the present work, 
the evolutionary variable-cell structure predictions are per-
formed using unit cells containing up to four form ula units 
and at pressures of 0, 10, 20, 50, 100 GPa. In the first step, 
random structures with certain symmetry are constructed 
in which atomic coordinates are generated by the crystal-
lographic symmetry operations. Each generation of trial 
structures contains 30 candidates, 70% of the structures are 
generated by the particle swarm optimization, while the other 
30% will be generated randomly; 50 generations are followed 
to achieve the converged structures. The geometry optim-
ization and electronic structure calculations are carried out 
in the framework of DFT using the Perdew–Burke–Ernzerh 
functional with exchange and correlation treated within the 
GGA [27] as implemented in the Vienna ab initio simulation 
package (VASP) [28]. The projector augmented wave [29] 
method is adopted with 5s25p66s2, 3d54s2 and 3s23p4 treated 
as valence electrons for Ba, Fe and S atoms, respectively. To 
obtain reliable results, we have chosen a kinetic cutoff energy 
of 800 eV and appropriate Monkhorst–Pack k-meshes with a 
grid spacing of 0.02 Å−1 to ensure the convergence of total 
energy calculations within 1 meV/atom. The phonon disper-
sion curves are calculated by using a supercell approach as 
implemented in the PHONOPY code [30]. The electron local-
ization functions (ELF) [31, 32] are calculated by VASP and 
plotted by using the VESTA software [33].

3. Results and discussion

To explore the structure evolution of BaFe2S3 under high pres-
sure, we have performed extensively structural searches of 
BaFe2S3 at the pressure range of 0–100 GPa. Ultimately, we 
have obtained eight low-energy candidates with space groups 
P2221, P21, Imm2, C2/m, Pm, Pmmm, C2/c, and Cmcm [7], 

Figure 1. The selected stable phases for BaFe2S3. (a) Structure of 
Cmcm at 12 GPa. (b) Structure of C2/m at 100 GPa. (c) Structure of 
P2221 at 40 GPa. (d) Structure of Imm2 at 50 GPa.
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which are depicted in figures  1 and S1 (see the supporting 
information at stacks.iop.org/JPhysCM/31/115401/mmedia), 
from 1500 structures of BaFe2S3 through the structure 
searches. The structural information of BaFe2S3 at ambient 
pressure, including the lattice parameters and atomic coordi-
nates, are listed in table S1 (see the supporting information), 
together with the available experimental values [7] for com-
parison. It can be seen from table S1 that our calculated lattice 
parameters of Cmcm phase are in good agreement with the 
experiment values, which give us confidence in the applica-
bility of the calculated method to BaFe2S3.

The enthalpy-pressure relations of the selected candidate 
structures are plotted in figure 2. From figure 2, we can seethat, 
the Cmcm phase is the most stable structure at ambient pres-
sure, which is accorded well with the result of experiment [7]. 
For Cmcm phase at 12 GPa, the atomic positions of Ba (4c), 
Fe (8e), S (4c), and S (8g) are (0.500, 0.161, 0.750), (0.339, 
0.500, 0.500), (0.500, 0.639, 0.750) and (0.192, 0.352, 0.750), 
respectively. Each Fe atoms are surrounded by four nearest 
neighboring S atoms, which form a tetrahedron (see figure 1). 
Fe atoms in Cmcm phase exhibit four-fold coordination of S 
atoms. The Cmcm phase is stable up to about 31.6 GPa, and 
then transforms into P2221 phase. In P2221 phase, one Ba 
atom locates at 2b (0.137, 0.500, 0.500) site, two Fe atoms 
occupy on two inequivalent Wyckoff sites 2a (0.303, 0.000, 
1.000) and 2d (0.500, 0.700, 1.250), and three S atoms locate 
at 2a (0.093, 0.000, 1.000), 2a (0.369, 0.000, 0.500) and 2b 
(0.343, 0.500, 1.000) positions. Interestingly, Fe atoms in this 
orthorhombic P2221 phase exhibit mixed four-fold and five-
fold coordination of S atoms. With further pressure increasing, 
the P2221 phase transforms into Imm2 phase at 47.4 GPa. In 
Imm2 phase, each Fe atom is 5-fold coordinated with S atom. 
Fe atom occupy on the 4d site (0.500, 0.651, 0.158), S atom 
occupy on the 4d sites (0.500, 0.208, 0.875) and 2b sites 
(0.000, 0.500, 0.027), while Ba atom locates on the 2a site 
(0.000, 0.000, 0.145). Upon further compression, Imm2 phase 
transforms into C2/m phase at 57.0 GPa, which is stable up to 
at least 100 GPa. The C2/m phase contains one Ba atom occu-
pied on the 4i site (0.445, 0.500, 0.773), two Fe atom occupied 
on the 4i at (0.241, 0.500, 0.707) and (0.362, 0.500, 0.351), and 

three S atoms also occupied on the 4i at (0.195, 0.000, 0.965), 
(0.325, 0.000, 0.635) and (0.565, 0.00, 0.741), respectively. 
From figure 1, we can see that each Fe atom in the C2/m phase 
is surrounded by 5 or 6 S atoms. Significantly, the coordination 
of Fe atom in BaFe2S3 change from four-fold coordinated S 
atoms (Cmcm) to mixed four and five-fold coordinated S atoms 
(P2221), and then to five-fold coordinated S atoms (Imm2), and 
further mixed five and six-fold coordinated S atoms (C2/m).

At 0 K, the Cmcm phase is the most stable structure at 
ambient pressure and then transforms into P2221 phase at 
31.6 GPa. Upon further compression, the P2221 phase trans-
forms into Imm2 phase at 47.4 GPa, which remains the most 
stable phase up to 57.0 GPa, and then transforms into C2/m 
phase. However, the three intermediate phases of BaFe2S3, 
Cmcm, P2221 and Imm2, have very similar energies around 
40 GPa. Some of them maybe not observed experimentally, as 
there are many other important features, for example, vibra-
tional, temperature and kinetic effects. Some of them maybe 
coexist in an even wider range of pressure [34]. Thus, more 
work is needed to gain insight regarding their phase bounda-
ries, which is an interesting topic for further study. The cal-
culated pressure dependence of unit-cell volume of BaFe2S3  
are presented in figure 3. We can find that Cmcm  →  P2221  →  
Imm2  →  C2/m phase transitions are discontinuous changes in 
volume at the transition pressure points, which indicate that 
the three transitions are first order phase transitions.

To determine the thermodynamic stability of BaFe2S3, 
we have optimized the structures of Cmcm phase and three 
other new phases of P2221, Imm2 and C2/m, and calculated 
the formation enthalpies of BaFe2S3 under high pressure. 
The formation enthalpy per atom ∆H is calculated by using  
the reaction route as ∆H  =  [H(BaFe2S3)  −  H(Ba) – 2 * H(Fe) 
– 3 * H(S)]/6, H represents the enthalpy per formula unit of the 
most stable structure for each composition at a specific pres-
sure. The optimized lattice parameters and formation enthal-
pies of Cmcm, P2221, Imm2 and C2/m phases for BaFe2S3 at 
considered pressures are listed in table 1. It can be seen from 
table  1 that the formation enthalpies of the four phases are 
negative, which indicate the four phases of BaFe2S3 are ther-
modynamically stable.

Figure 2. Enthalpy-pressure relations of BaFe2S3. The enthalpies 
are shown per atom and relative to the P2221 phase.

Figure 3. Volume per formula unit for BaFe2S3 as a function of 
pressure.
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To provide more guidelines for future experimental 
synthesis,we have simulated the x-ray diffraction (XRD) 
spectra of BaFe2S3. We show in figure 4 the calculated XRD 
spectra of the four phases of BaFe2S3 at ambient pressure and 
12 GPa, we can see that the simulated XRD spectra of Cmcm 
phase overall agree with the measured XRD spectra of Cmcm 
phase, again validating our structure search and DFT calcu-
lated method in application to BaFe2S3. Moreover, it is easy 
to find that the simulated XRD spectra of P2221, Imm2 and 
C2/m phases are sufficiently distinct from the experimental 
observed Cmcm phase. Thus, the three new phases of BaFe2S3 
can be easily experimental identified with the current high 
pressure capability of diamond anvil cells (DAC). However, at 
high pressure, there is no available XRD data compared with 
our calculations. Experimental data of BaFe2S3 based on the 
DAC is needed to accurately determine their true structures.

In order to study the mechanical stability of BaFe2S3, we 
have calculated the elastic constants by using the stress–strain 
relations. The results are listed in table 2. The Cmcm, P2221 
and Imm2 phases of BaFe2S3 are all orthorhombic structures, 
which have nine independent elastic constants of C11, C22, C33, 
C44, C55, C66, C12, C13 and C23, and the correspond mechanical 
stability criteria are given by [35]:

C11 > 0, C22 > 0, C33 > 0, C44 > 0, C55 > 0, C66 > 0,
[C11 + C22 + C33 + 2 (C12 + C13 + C23)] > 0,

(C11 + C22 − 2C12) > 0, (C11 + C33 − 2C13) > 0,
(C22 + C33 − 2C23) > 0.

The C2/m phase is a monoclinic structure, which has thirteen 
independent elastic constants C11, C22, C33, C44, C55, C66, 

Table 1. Predicted lattic constants (Å, deg), atomic coordinates 
(fractional) and relative formation enthalpy (eV) per atom as 
referred to the conventional unit cells of Cmcm phase at 12 GPa, 
P2221 phase at 40 GPa, Imm2 phase at 50 GPa and C2/m phase at 
100 GPa.

Phase Lattice constants Atomic coordinates ∆H

Cmcm a  =  7.391 Ba 4c(0.500, 0.161, 0.750) −1.125
b  =  7.676 Fe 8e(0.339, 0.500, 0.500)

c  =  4.703 S 4c(0.500, 0.639, 0.750)

a  =  β  =  γ  =  90 S 8g(0.192, 0.352, 0.750)
P2221 a  =  10.041 Ba 2b(0.137, 0.500, 0.500) −1.305

b  =  4.101 Fe 2a(0.303, 0.000, 1.000)

c  =  4.062 Fe 2d(0.500, 0.700, 1.250)

α  =  β  =  γ  =  90 S 2a(0.093, 0.000, 1.000)
S 2a(0.369, 0.000, 0.500)
S 2b(0.343, 0.500, 1.000)

Imm2 a  =  3.151 Ba 2a(0.000, 0.000, 0.145) −1.326
b  =  8.295 Fe 2a(0.500, 0.651, 0.158)

c  =  6.054 S 4d(0.500, 0.208, 0.875)

α  =  β  =  γ  =  90 S 2b(0.000, 0.500, 0.027)
C2/m a  =  18.474 Ba 4i(0.445, 0.500, 0.773) −1.353

b  =  3.030 Fe 4i(0.241, 0.500, 0.707)

c  =  4.851 Fe 4i(0.362, 0.500, 0.351)

α  =  γ  =  90 S 4i(0.195, 0.000, 0.965)

β  =  82.6 S 4i(0.325, 0.000, 0.635)
S 4i(0.565, 0.000, 0.741)

Figure 4. The experimental and simulated XRD patterns of 
BaFe2S3. (a) Cmcm phase at ambient pressure, (b) Cmcm phase at 
12 GPa, (c) P2221 phase at 40 GPa, (d) Imm2 phase at 50 GPa, and 
(e) C2/m phase at 100 GPa.

Table 2. Calculated elastic constants Cij (GPa) and sound velocities 
of Cmcm phase at 12 GPa, P2221 phase at 40 GPa, Imm2 phase at 
50 GPa and C2/m phase at 100 GPa.

Cmcm P2221 Imm2 C2/m

C11 143.00 296.28 370.06 591.73
C22 114.10 372.94 365.39 578.08
C33 273.68 336.35 412.35 595.29
C44 40.43 124.17 134.71 173.17
C55 61.13 87.68 178.05 78.55
C66 42.31 76.69 112.94 242.28
C12 66.62 188.10 209.71 414.98
C13 74.73 161.27 291.93 276.82
C23 59.98 183.08 242.68 327.90
C15 20.40
C25 11.37
C35 16.19
C46 −45.22
VP 5.38 7.09 7.66 8.38
VS 2.92 3.57 3.75 3.97
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C12, C13, C23, C15, C25, C35 and C46, and the elastic constants 
should satisfy the following inequalities [35]:

C11 > 0, C22 > 0, C33 > 0, C44 > 0, C55 > 0, C66 > 0,
(C22 + C33 − 2C23) > 0, (C33C55 − C2

35) > 0, (C44C66 − C2
46) > 0,

[C11 + C22 + C33 + 2(C12 + C13 + C23)] > 0,
[C22(C33C55 − C2

35) + 2C23C25C35 − C2
23C55 − C2

25C33] > 0,
2[C15C25(C33C12 − C13C23) + C15C35(C22C13 − C12C23)

+C25C35(C11C23 − C12C13)]− [C2
15(C22C33 − C2

23)

+C2
25(C11C33 − C2

13) + C2
35(C11C22 − C2

12)]

+C55C11C22C33 − C11C2
23 − C22C2

13 − C33C2
12 + 2C12C13C23 > 0.

The calculated elastic constants, shown in table  2, clearly 
reveal that the four phases of BaFe2S3 at the considered pres-
sures satisfy the mechanical stable criteria, confirming their 
mechanical stability.

To probe the pressure dependence physical behavior of 
BaFe2S3, we have calculated elastic constants depending on 
pressure. From the calculated elastic constants, we can obtain 
the bulk modulus B, shear modulus G and Young’s modulus 
E of BaFe2S3 at high pressure by using the Voigt–Reuss–Hill 
method. The results are illustrated in figure 5. From figure 5, 
we can observe that the bulk modulus, shear modulus and 
Young’s modulus of BaFe2S3 all increase monotonically with 
the increasing pressure. In addition, we can separate the duc-
tile and brittle materials from the critical value of B/G, which 
is about 1.75. The four phases of BaFe2S3 at high pressure 

all have the B/G ratio values larger than 1.75, indicating their 
ductile nature.

To further validate the dynamical stability of BaFe2S3, we 
have calculated the phonon dispersion curves along the high-
symmetry directions of the Brillouin zones for Cmcm phase 
at 12 GPa, P2221 phase at 40 GPa, Imm2 phase at 50 GPa, and 
C2/m phase at 100 GPa, respectively. The calculated phonon 
dispersion curves are illustrated in figure 6. In fact, according 
to phonon theory [30], a solid phase with negative phonon fre-
quencies would be unstable and tend to transform to a lower 
energy structure. However, if a system is located at its local 
minima on the potential energy surface, no negative frequen-
cies will appear. As shown in figure 6, no imaginary frequen-
cies modes are found in the whole Brillouin zones, indicating 
that the four phases of BaFe2S3 are dynamically stable at the 
given pressures.

To gain a deeper understanding of the electronic proper-
ties of BaFe2S3 under high pressure, we have calculated the 
electronic band structure and the density of states of BaFe2S3 
at different pressures. The calculated results are shown in 
figure  7. From figure  7, we can see that all the phases of 
BaFe2S3 at the given pressures exhibit metallic character due 
to the finite electronic DOS at the Fermi level. In addition, the 
projected DOS show that the four phases of BaFe2S3 have the 
similar electronic distributions and the total DOS are largely 
contributed by 3d states of Fe atoms and 3p states of S atoms, 

Figure 5. Calculated (a) bulk modulus B (b) shear modulus G and (c) Young’s modulus E of BaFe2S3 at different pressures.
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while both the p and s states of Ba atoms make a negligible 
contribution to the total DOS at whole levels.

To visualize the bonding character in BaFe2S3, we have 
calculated the ELF of the four phases at the considered pres-
sures. The results are depicted in figure 8. The strong cova-
lent bonding between Fe atoms and neighboring S atoms 
in the four phases of BaFe2S3 can be seen from the ELF. 
Furthermore, we have also assessed charge distribution in 
BaFe2S3 by computing the Bader charges using the atom in 
molecules approach [36]. The calculated results are listed in 
table 3. From table 3, we can see that the partial charges of 
Cmcm phase at 12 GPa are  +1.40 e and  +0.48 e for Ba and 
Fe atoms and  −0.79 e for S atoms, respectively. As for the 
P2221 phase at 40 GPa, the corresponding values are  +1.25 
e and  +0.44 e for Ba and Fe atoms and  −0.71 e for S atoms. 
For the Imm2 phase under 50 GPa, the Ba atoms and Fe 
atoms are positively charged with  +1.13 e and  +0.47 e,  
while the S atoms are negatively charged with  −0.69 e. In the 
C2/m structure at 100 GPa, Ba atoms and Fe atoms are posi-
tively charged with  +1.05 e and  +0.40 e, while S atoms are 
negatively charged with  −0.62 e. These results seem to sug-
gest that the similar amounts of charge transfer in all the four 
phases of BaFe2S3 at different pressures.

Ba, Fe and S are common elements, which are widely dis-
tributed in Earth’s surface and interior. The sound velocity 

behaviors of related compounds, composing by Ba, Fe and 
S elements, are important for understanding the evolution 
processes in the Earth’s crust and upper mantle. In order to 
establish the complete shape of anisotropy and understand 
the evolution of seismic anisotropy of BaFe2S3 as a function 
of pressure, we have calculated P-wave velocity (VP) and S-
wave velocity (VS) of the four phases under high pressure. 
The obtained sound velocities are also listed in table 2. The 
percent age of P-wave and S-wave anisotropies are defined as 
AVX  =  100%  ×  (VXmax  −  VXmin)/[(VXmax  +  VXmin)/2] (X  =  P, 
S) [34, 37]. Selected sound-velocity profiles of Cmcm phase 
at 12 GPa, P2221 phase at 40 GPa, Imm2 phase at 50 GPa, and 
C2/m phase at 100 GPa, are shown in figure 9. It can be seen 
from figure  9(a) that the extremal P-wave propagations of 
Cmcm under 12 GPa occur in the basal plane with the fastest 
velocity (VPmax  =  7.00 km s−1) in the 〈0 0 1〉 direction and the 
slowest (VPmin  =  4.52 km s−1) in the 〈0 1 0〉 direction. The 
corresponding AVP and AVS are 43.06% and 28.60%, respec-
tively. In contrast to the Cmcm phase, the three new phases 
(P2221, Imm2, and C2/m) show drastically different sound 
velocity profiles. Under 40 GPa, the fastest P-wave of P2221 
(VPmax  =  7.59 km s−1) distribute in the 〈0 3 1〉 direction and the 
slowest P-wave (VPmin  =  6.57 km s−1) prop agates along with 
the 

〈
1 0 0

〉
 direction, with an AVP of 14.38% (see figure 9(b)). 

The fastest velocity of Imm2 at 50 GPa is 8.48 km s−1  

Figure 6. Calculated phonon dispersions of BaFe2S3 under high pressure. (a) Cmcm phase at 12 GPa, (b) P2221 phase at 40 GPa, (c) Imm2 
phase at 50 GPa, and (d) C2/m phase at 100 GPa.
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in the 〈1 0 1〉 direction and the slowest velocity is 7.10 km 
s−1 in the 〈0 1 0〉 direction (see figure  9(c)), respectively. 
Remarkably, the fastest and slowest VP of C2/m phase at 
100 GPa are 9.36 km s−1 in the 

〈
1 1 0

〉
 direction and 7.48 km s−1  

in the 
〈
1 0 1

〉
 direction, respectively with a AVP of 22.31% 

(see figure 9(d)). The maximum S-wave anisotropy is 55.90% 
in the 

〈
1 0 1

〉
 direction, which increases by double compared 

to the Cmcm phase. The fascinating sound velocity behaviors 
in the four phases of BaFe2S3 under high pressure provide 
useful information for interpreting the evolution processes 
in the Earth. However, up to now, no experimental data are 
available for comparison, and further experimental work is 
required.

Figure 7. Calculated electronic band structures density of states of BaFe2S3 under high pressure. (a) Cmcm phase at 12 GPa, (b) P2221 
phase at 40 GPa, (c) Imm2 phase at 50 GPa, and (d) C2/m phase at 100 GPa.

Figure 8. ELF of BaFe2S3 under high pressure. (a) Cmcm phase at 
12 GPa, (b) P2221 phase at 40 GPa, (c) Imm2 phase at 50 GPa, and 
(d) C2/m phase at 100 GPa. The ELF isosurfaces value is 0.75.

Table 3. Calculated Bader charges of Cmcm phase at 12 GPa, 
P2221 phase at 40 GPa, Imm2 phase at 50 GPa and C2/m phase at 
100 GPa. ω is the charge transfer from Ba or Fe to a S atom.

Phase atom Charge value (e) ω (e)

Cmcm Ba 8.60 1.40
Fe 7.52 0.48
S 6.79 −0.79

P2221 Ba 8.75 1.25
Fe 7.56 0.44
S 6.71 −0.71

Imm2 Ba 8.87 1.13
Fe 7.53 0.47
S 6.69 −0.69

C2/m Ba 8.95 1.05
Fe 7.60 0.40
S 6.62 −0.62
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4. Conclusion

In summary, we have performed a comprehensive compu-
tational study of BaFe2S3 under high pressure by CALYPSO 
structural search method and first-principles calculations. We 
have uncovered three intriguing P2221, Imm2 and C2/m phases 
of BaFe2S3 at 0 K under high pressure. Our results indicate that 
BaFe2S3 undergoes a structural phase transition of Cmcm  →  P2
221  →  Imm2  →  C2/m with the transition pressures around 31.6, 
47.4 and 57.0 GPa, respectively. Accurate elastic constants and 
phonon dispersion curves of BaFe2S3 show that the four phases 
are mechanically and dynamically stable at dominating pres-
sures. The large variations of the sound velocity behaviors in 
the four phases at different pressures provide insights for inter-
preting the seismic signatures of BaFe2S3 under high pressure. 
We hope that the three new phases of BaFe2S3 can be exper-
imentally identified with future high pressure experiments.
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