
PHYSICAL REVIEW B 108, 195114 (2023)

Electronic and magnetic structures that hinder the superconducting state
in the collapsed phase of SrCr2As2
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The lack of superconductivity in the family of materials AB2As2 (A = Sr, Ba and B = Cr, Mn) under doping
or pressure is an intriguing issue, considering the resemblance of these materials to their cousin materials and
superconductors (Ba, Sr)Fe2As2. In this context, the suppression of magnetism together with the presence of
electron and hole pockets in the Brillouin zone seem to be fundamental ingredients to explain superconductivity.
In this paper, we report a tetragonal to collapsed-tetragonal phase transition in SrCr2As2 under high pressure with
the appearance of hole and electron pockets in the Brillouin zone. In this collapsed-tetragonal phase, a residual
local magnetic moment in the Cr-ion site and a finite global magnetic energy are derived. This scenario would
suggest why superconductivity is prevented in this compound. Our observations were obtained from the analysis
of synchrotron x-ray diffraction measurements of polycrystalline samples of SrCr2As2, and using first-principles
simulations, under pressures P in the range 1.4 GPa < P < 20 GPa at room temperature.
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I. INTRODUCTION

In 2008, iron pnictides generated renewed enthusiasm
and activity in the area of non-phonon-mediated supercon-
ductor materials [1]. Chemical substitution in the structure
AFe2As2 (A = alkali metal, earth alkaline, or rare earth)
yields superconductivity when electrons [2–4] and holes [5,6]
are placed in the iron and A sites, respectively. The par-
ent compounds also present superconductivity under applied
pressures [7–9]; however, hole doping (Cr, Mn) in the iron
sites does not trigger superconductivity even under pressure
[10,11]. The magnetism is markedly different in these two
classes of compounds. Whereas the superconductors suppress
a stripe antiferromagnetic order with spins aligned on the
ab plane, the (Mn, Cr)-substituted materials present G-type
antiferromagnetic order below a high temperature around
600 K with the spins aligned parallel to the c axis. Although
charge-nematic fluctuations were required to explain super-
conductivity [12–16], spin-nematic fluctuations also seem to
be an essential ingredient to trigger superconductivity in these
compounds [17–23].

A common trend in these systems is the development of
a collapsed-tetragonal (cT) phase under pressure. The cT
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transition occurs well above the optimum Tc dome in
EuFe2As2 and BaFe2As2, at pressures of PcT = 8 and 27 GPa,
respectively [24,25]. From neutron-diffraction measurements,
it was found that CaFe2As2 undergoes an antiferromagnetic
orthorhombic to nonmagnetic collapsed-tetragonal phase
transition at 0.35 GPa and 50 K, and this structure is un-
altered in the superconducting state. Spin fluctuations are
not observed in the nonmagnetic cT and nonsuperconducting
phase of this compound. At room temperature the cT phase
appears between 1.7 and 2 GPa [26–29]. Electrical resistivity
and x-ray diffraction (XRD) measurements in KFe2As2 show
a Tc increasing from 3.5 to 12 K between ambient pressure
and 12 GPa, respectively. Although PcT is around 15 GPa,
the upturn in the lattice parameter a occurs in the vicinity of
12 GPa. An interesting change in the dominant carriers was
observed in this compound above the superconducting phase
at 20 K around PcT [30]. This charge carrier switching and
the boost in the superconducting Tc was explained through
a Lifshitz transition with minor correlation effects and the
development of electron pockets nested to the hole pock-
ets, which might allow for spin fluctuations [31]. Although
nesting and spin fluctuations seem to be key ingredients to
superconductivity in the pnictides, LiFeAs is a nonmagnetic
superconductor material, which presents no nesting and spin
fluctuations. Apparently, superconductivity in this compound
comes from a Van Hove singularity close to the Fermi level,
which is a common fact among the pnictides [32].

A tetragonal to collapsed-tetragonal phase transition was
also reported for SrCo2As2 at pressures higher than 6.0
and 6.8 GPa at 7 K and room temperature, respectively,
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without any sign of superconductivity down to 1.8 K in the
tetragonal phase [33]. Recently, XRD in BaCr2As2 presented
a tetragonal to cT phase transition at 18.5 GPa and room
temperature with no sign of zero resistivity up to 45 GPa
down to 1.5 K [34]. In that study, an increase in the density
of states suggested that the collapsed phase is electronically
driven. Here we investigate the SrCr2As2 compound, which is
isostructural to body-centered tetragonal AFe2As2 and, as in
Ba(Cr, Mn)2As2, does not present superconductivity [10,11].
We used synchrotron XRD measurements under applied pres-
sure up to 20 GPa, and we also performed a theoretical
analysis using density functional theory (DFT) simulations.
We observe a collapsed-tetragonal phase occurring at PcT =
15 GPa associated with a Fermi surface topology change with
possible formation of electron pockets. These observations,
added to an increase in the density of states with residual local
Cr magnetic moment and global magnetic energy, open space
to discuss whether or not superconductivity should appear in
SrCr2As2.

II. EXPERIMENTAL AND COMPUTATIONAL DETAILS

A polycrystalline sample of SrCr2As2 was synthesized
through solid-state reaction as described in Refs. [35,36].
Synchrotron x-ray diffraction measurements were performed
at the XDS beamline of the Brazilian Synchrotron Light
Laboratory, Brazilian Center for Research in Energy and Ma-
terials (LNLS-CNPEM). An x-ray beam energy of 20 keV
(λ = 0.6199 Å) was selected through the combination of a
vertical focusing Rh mirror (VFM), a Si(111) double-crystal
monochromator (DCM), and a vertical collimator Rh mir-
ror (VCM), respectively. A beam size of 80 × 50 µm2 was
focused at the sample position by a Kirkpatrick-Baez (KB)
mirror. Diamond-anvil cells with 350-µm culet were used with
Re gaskets and Ne gas as the pressure-transmitting medium.
A hole of 100 µm diameter was drilled in the center of the
gasket indentation, and this chamber was loaded with sample
powder with space left in the chamber for Ne gas loading. The
luminescence of Chervin ruby balls was used to monitor the
pressure inside the chamber. A two-dimensional (2D) Mar-
CCD detector was employed to capture the diffraction rings
in the transmission geometry, and it was calibrated through
the XRD profile of a National Institute of Standards and
Technology (NIST) LaB6 powder. All diffraction images of
SrCr2As2 as a function of pressure were taken with 600 s of
acquisition time. After each pressure increment, scans in the
vertical and horizontal directions, perpendicular to the x-ray
beam incidence, were performed to guarantee that the beam
spot was in the center of the gasket hole.

The simulations were performed based on density func-
tional theory (DFT) as implemented in the QUANTUM

ESPRESSO package [37]. The generalized gradient approxi-
mation (GGA), in the form proposed by Perdew, Burke, and
Ernzerhof [38], was used to describe the exchange-correlation
functional. The Kohn-Sham orbitals were expanded in a
plane-wave basis set with an energy cutoff of 48 Ry. The
electron-ion interactions were taken into account using the
projector augmented wave (PAW) method [39]. All ge-
ometries were relaxed until atomic forces were lower than
10 meV/Å. The Brillouin zone (BZ) was sampled according
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FIG. 1. X-ray diffraction profile of SrCr2As2 (black circles) and
its calculated curve (red curve) through a Le Bail analysis at P = 1.4
GPa. The difference between the calculated and experimental data is
plotted at the bottom as a blue curve. Vertical magenta bars are at the
angles calculated for the tetragonal phase with space group I4/mmm.

to the Monkhorst-Pack (MP) method [40], using a 12 × 12 ×
12 mesh for geometry optimizations. Fermi surfaces were
plotted using the FERMISURFER package [41].

III. RESULTS AND ANALYSIS

Figure S1 of the Supplemental Material (SM) [42] shows
the 2D diffraction images of four different pressures up to
20 GPa. In addition to the main phase, one phase from the
Re gasket, one from solid neon, and a single peak of an
unidentified phase were highlighted. In Fig. S2, the inten-
sity as a function of the 2θ diffraction angle was obtained
by integrating the diffraction rings along the azimuth angle
between 0 and 2π rad for all diffraction images up to 20 GPa.
The integrated diffractogram at 1.4 GPa, together with the
calculated profile, the 2θ positions of the tetragonal-phase
reflections with I4/mmm space group, the difference between
the measured and calculated profiles, and the hkl index of
each peak as obtained from Le Bail refinement, are presented
in Fig. 1. The lattice parameters a and c, the ratio c/a, and
volume V as a function of pressure were obtained through
a Le Bail refinement and are presented in Figs. 2(a)–2(d).
The Le Bail fitting curve, observed profiles, their subtraction,
and the expected phases of SrCr2As2 and secondary phases
for four selected pressures are shown in Fig. S3. Such a
procedure was adopted due to the diffraction profile quality,
which in this case was affected by the presence of secondary
phases of the Re gasket and Ne pressure-transmitting medium.
Additionally, other factors such as low grain size distribu-
tion, nonperfect hydrostaticity (see Fig. S4), and preferential
orientations under pressure can also affect the quality of the
diffraction profile.

It is clearly observed from Figs. 2(a)–2(d) that an upturn
in the a parameter, a discontinuity in the c parameter, a slope
change in the ratio c/a, and finally a change of 6% of the
unit-cell volume as a function of pressure occur around the
same pressure of 15 GPa. These features are signatures of a
tetragonal (T) to collapsed-tetragonal (cT) phase transition,
as observed in similar compounds [29,34], and determine the
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FIG. 2. Results from Le Bail fittings for the lattice parameters (a)
a, (b) c, (c) c/a, and (d) unit-cell volume V as a function of pressure
P. Solid curves are fits of the volume to the second-order Birch-
Murnaghan equation of state before and after the cT transition [43].
Dashed vertical lines mark the transition pressure PcT = 15 GPa.
Errors smaller than the point sizes are not visible in the plots.

critical pressure as PcT = 15 GPa for SrCr2As2. A second-
order Birch-Murnaghan (BM) equation [43], as presented in
Eq. (1) in the SM, was employed as the fitting curve of the
pressure-volume data in the T and cT phases. The bulk moduli
(68 ± 3) and (124 ± 83) GPa and initial unit-cell volume V0

parameters (198 ± 1) and (176 ± 11) Å3 were obtained from
the fitting for the T and cT phases, respectively. In general,
there is a bulk modulus stiffening in compounds with similar
structure to SrCr2As2 between the T and cT phases. Such
hardening in B0 is captured by our data analysis, and the
bulk modulus values in both phases are within the intervals
reported before for similar compounds [25,34,44,45].

Next, we performed DFT simulations for the SrCr2As2

structure represented in Fig. 3(a). The relaxed equilibrium
atomic positions result in the following values for the lattice

FIG. 3. (a) Body-centered tetragonal SrCr2As2 crystal structure
and (b) its primitive-cell Brillouin zone.

FIG. 4. Interatomic (a) dAs–As, (b) dCr–As, and (c) dCr–Cr distances,
(d) α and β angles, (e) magnetic moment per Cr atom, and (f)
magnetic phase energy as a function of the applied pressure. The
vertical dashed lines represent the structural transition pressure PcT.

parameters: a = b = 3.93 Å and c = 13.08 Å, with a small
difference of ∼1% from experimental measurements [35].
The effect of the applied pressure is simulated by using the
lattice parameters obtained from Le Bail refinement. Thus the
unit-cell dimensions are fixed for each pressure value, and the
atomic positions are further relaxed. The interatomic As–As,
Cr–As, Cr–Cr distances and As–Cr–As angles α and β as
a function of pressure from DFT simulations are shown in
Figs. 4(a)–4(d). The As–As distance decreases monotonically
with increasing pressure up to PcT. Above this pressure, there
is a larger drop in dAs–As; however, the compression rate is
virtually the same as before the transition. In agreement with
other pnictides, a distance of approximately 3 Å is achieved at
PcT, which may be used as a parameter to define the structural
transition [46]. From the room-temperature parameters to the
maximum applied compression, dAs–As decreases by approxi-
mately 24%, reaching atomic separation distances of ∼2.5 Å.
This distance approaches the As–As covalent bond distance
of ∼2.4 Å, which is an indication that interlayer As–As bonds
begin to develop in the system [34]. This indicates the emer-
gence of the cT phase at P > PcT.

A decrease in the Cr–As distance as a function of P up
to PcT is also observed, although at a much smaller rate
compared with the evolution of dAs–As. Above PcT, the com-
pression is stabilized as inferred from the simulation data,
which show a decrease of about 5% in total. Meanwhile,
the dCr–Cr interatomic distance decreases with applied pres-
sure from 2.78 to 2.66 Å and then from PcT increases up
to ∼2.72 Å. Finally, the angles As–Cr–As can occur with
Cr linking the As ions in the same or adjacent planes. They
are labeled as angles α and β, respectively [see Fig. 3(a)].
While these quantities obtained from the simulations tend to
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FIG. 5. SrCr2As2 band structure (a) for equilibrium system at P = 0 and (b) for the system compressed at P = 16.8 GPa. Fermi surfaces
are shown at (c) P = 0 and (d) P = 16.8 GPa, for the bands represented by blue, red and green curves in (a) and (b). The color scale in (c) and
(d) represents the magnitude of the Fermi velocity vF. Degenerate spin-up and spin-down projected density of states (PDOS) at (e) P = 0 and
(f) P = 16.8 GPa.

a common value at very high pressures as shown in Fig. 4(d),
a different behavior was reported for the isostructural com-
pound BaFe2As2, which starts from common angles around
109◦ which becomes separated above 10 GPa [29] at room
temperature. Nonetheless, studies on Fe-based thin films show
that superconductivity is induced when such angles approach
the regular tetrahedron value [47].

Further insights into the SrCr2As2 electronic and mag-
netic properties were also obtained through first-principles
simulations. For the magnetic configuration, we have consid-
ered the experimentally-observed G-type antiferromagnetic
(AFM) order between the Cr atoms [35,36]. The AFM phase
is energetically more favorable than the ferromagnetic (FM)
phase by 0.35 eV, and by 0.61 eV when compared with the
nonmagnetic (NM) phase, as presented in Fig. 4(f). The AFM
phase remains the most stable throughout the applied pressure
range, although the energy difference EAFM − EFM steadily
decreases from the equilibrium system to PcT, becoming 25%

smaller at that point. Beyond PcT the difference decreases even
more, and becomes approximately constant around an energy
difference of 0.1 eV. On the other hand, EAFM − ENM steadily
decreases up to PcT (by 41%), and from that point the energy
difference becomes constant at ∼0.2 eV. For the equilibrium
system, we find a magnetic moment of 2.49μB/Cr atom,
which is larger than the experimental value of 1.9μB/Cr atom
but in agreement with other DFT simulations [48,49]. In
Fig. 4(e) the Cr magnetic moment μ is plotted as a function
of P. We observe that initially μ decreases as P increases, and
upon the structural phase transition it has a larger decrease;
beyond that point the magnetization shows only a small in-
crease, remaining nearly constant around 1.8 μB/Cr atom at
higher pressure values.

The electronic band structures for P = 0 and P = 16.8 GPa
captured from the DFT simulations are presented in Figs. 5(a)
and 5(b), respectively, along the highly symmetric BZ lines
presented in Fig. 3(b). For the equilibrium geometry at P = 0
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[Fig. 5(a)] we observe three holelike Fermi-level crossing
bands, which are mostly composed by Cr-3dxy/xz and Cr-
3dx2−y2 orbitals, as shown in Fig. S5 of the SM [42]. In
Fig. S5 we can also observe that the As-4p states are mostly
localized in the region below −2 eV relative to EF, which is
also captured in the As-4p projected density of states (PDOS)
plot presented in Fig. 5(e). Moreover, in Fig. 5(a) there is
one crossing band in the Z� − N direction with a maximum
at � (blue), whereas three crossing bands in the �� − X
direction present two maxima (blue and red) and a local
minimum (green) at �, all above EF. Above PcT [Fig. 5(b)],
two bands (blue and red) lower their energy towards EF, while
the third band (green) is pushed to higher energies. The band
structure along Z� − N presents a maximum and a minimum,
which touch each other at the Fermi level. The band with
maximum (minimum) along this symmetric path presents
a minimum (maximum) band along �� − X , creating two
saddle-point-type Van Hove singularities. It is worth noting
that this structure would, in principle, increase the density
of states (DOS) available at the Fermi level. Additionally,
the presence of electron pockets above PcT can be suggested
by the observation of a small parabolic band with a mini-
mum around � − X� and a larger near-parabolic band around
X − ��, both in close proximity to the Fermi level.

In Fig. 5(c) we present the Fermi surface (FS) for the
equilibrium system. In Fig. 5(c), a small cushion-type hole
pocket is formed around the � point, and one cylindrical
hole pocket is extended around the entire � − Z axis. The
third structure is a corrugated hole pocket around the � − Z
axis, although less extended in this direction, with higher vF

magnitude concentrated along the �X direction. In the Fermi
surface above PcT shown in Fig. 5(d), the dimensions of the
cushion and cylindrical pockets are reduced around the �

point. A clear increase in the magnitude of vF is observed
with a periodic distribution along the surface of the cylindrical
pocket. The most significant change occurs for the corrugated
pocket, which develops into localized pockets in the boundary
of the BZ. If the center of the presented BZ in Fig. 5(d) is
translated to the � and X points, corrugated cylindrical pock-
ets and four-leaf-clover-type pockets are formed. Remarkably,
such a topological change in the Fermi surface at the collapsed
phase might be attributed to a Lifshitz transition that allows
for the presence of electron pockets around symmetric points
of the BZ boundary.

More insights can be gained from the PDOS around
the Fermi energy for P = 0 [Fig. 5(e)] and P = 16.8 GPa
[Fig. 5(f)]. For the equilibrium system, we observe that above
−2 eV, most of the DOS contribution comes from Cr-3d
states. Between −4 and −2 eV there is a hybridization of
Cr-3d and As-4p states; below −4 eV the contribution of the
As-4p states increases compared with that of the Cr-3d states.
Above PcT, the two peaks in Fig. 5(f) around −1.25 and −3 eV
are broadened and extended to lower energies. Beyond EF we
observe a sharp peak in Fig. 5(e) at 1.0 eV, coming mostly
from Cr-3d states, which above PcT is displaced to 0.5 eV in
Fig. 5(f) with a reduced intensity. Most remarkable is the huge
increase (∼50%) of the DOS around the Fermi level, which
is consistent with the formation of Van Hove singularities
predicted by the band structure. In Figs. S5 and S6 of the
SM [42] we project all the As-4p and Cr-3d orbitals on the

band structure. Above PcT, the intensities of the orbitals with
projections along the z direction of the unit cell are enhanced
compared with the orbital occupation in the xy plane. This
observation also supports the idea of the formation of an
interlayer As–As bond in SrCr2As2 in the collapsed phase.

IV. DISCUSSION

A simple model describing the formation of an As–As
covalent bond in the c direction in systems similar to SrCr2As2

takes into account the packing of Cr2As2−
2 layers. This pack-

ing develops a density of states composed by bonding As-4p
and Cr-3d orbitals and antibonding As-4p orbitals as the
energy is increased [46,50]. As the distance between As and
As decreases to the covalent value, a shift in the Fermi level
should occur, emptying the antibonding states, which allows
for the chemical bond and, as a consequence, the collapsed
phase. The interaction between Cr2As2−

2 layers together with
the presence of the cation Sr2+ increases the bare As–As
covalent length by 0.5 Å, which explains the occurrence of
the collapse around 3 Å in Fig. 4(a). From another point
of view, a maximization in the DOS at the Fermi energy
associated with a higher degree of Cr-As hybridization would
imply an electronically-driven lattice instability [34]. In fact,
there is a maximization of the DOS in SrCr2As2 due to Cr-As
hybridization observed in Fig. 5(f). Another point to be noted
is the predominance of orbitals with z component (Cr and As)
above PcT (Figs. S5 and S6 in the SM [42]).

A suppression of the magnetism of SrCr2As2 up to PcT

is captured from our DFT results for both local and global
scenarios. In the first picture, there is agreement between the
decreasing of the Cr magnetic moment and the reduction in
dCr–As, which is an additional probe of local magnetic moment
as discussed in Refs. [51,52] for BaFe2As2. In comparison,
the compression rate of the Cr–As distance is around 0.006
Å/GPa below PcT, which is smaller than the compression rate
observed for the Fe–As distance in BaFe2As2 [52]. In fact, a
slight magnetostriction effect at the Cr site was observed in
SrCr2As2 through a magneto-Raman experiment [53]. From a
global point of view, the suppression is characterized by the
reduction in the absolute value of the difference EAFM − ENM.
Above PcT there is a residual Cr magnetic moment and a finite
difference EAFM − ENM. In this case, spin fluctuations could
be one mechanism for magnetism suppression, which would
open room for the development of superconductivity.

It can be noticed that above PcT the Fermi surface of
SrCr2As2 in Fig. 5(d) assumes a similar shape to that found
in other pnictides [54] with the formation of pockets around
the boundaries of the BZ. An inspection of the band structure
above the transition suggest that these new localized Fermi
surfaces are electron pockets. As a consequence, there are
possible paths for nesting between hole and electron pockets
within the BZ in the collapsed phase of SrCr2As2. Although
superconductivity has not been observed in SrCr2As2, its
structure (collapsed-tetragonal phase and regular tetrahedron
angles), FS topology, and DOS in the cT phase would allow
superconductivity if magnetism were completely suppressed.
Such suppression could occur in the presence of spin fluctua-
tions or higher applied pressure as indicated in Ref. [34].
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V. CONCLUSION

In this paper we address the structural, electronic, and
magnetic properties of SrCr2As2 under high pressures through
a combined analysis of synchrotron x-ray diffraction and
simulations employing density functional theory. From this
approach, bond distances, angles between bonds, the mag-
netization (2.49 μB/Cr atom), and the most stable magnetic
phase (AFM) were determined. The Cr magnetic moment
and the magnetic energy of the system are suppressed up
to PcT and remain essentially constant above this transition.
The signatures in the lattice parameters and band structure
as a function of pressure suggest an electronically-driven
tetragonal to collapsed-tetragonal transition in a SrCr2As2

polycrystalline sample. Most noteworthy is the emergence of
electron pockets at the edges of the Brillouin zone, which

creates opportunities for the emergence of superconductivity,
possibly following the suppression of magnetism.
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