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Abstract
By first-principles calculations we found the magnetic ground state of LiFeAs is striped
antiferromagnetically with the Fe layers antiferromagnetically coupled along the z axis in the
orthorhombic Cmma structure. This Cmma structure can be obtained from a structural
distortion of the striped antiferromagnetic tetragonal P4/nmm structure. The lattice dynamics
calculations suggested the orthorhombic Cmma is stable. The density of states at the Fermi
level is mainly from the contribution of Fe 3d orbitals. These results suggest that LiFeAs has
similar magnetic, structural and electronic properties to NaFeAs at low temperature.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

The recently discovered high temperature superconductors—
layered iron pnictides—have received a great deal of
research interest. These discovered parent compounds of
iron pnictides can be divided into four different classes:
ReOFeAs [1–6] (Re = rare earth elements) (abbreviated
as 1111), AeFe2As2 [7–10] (Ae = alkali earth metals) (122),
AFeAs [11–15] (A = Li, Na) (111) and FeSe [16, 17] (11).
They share a similar Fe2As2 tetrahedral layer structure and
become superconducting by properly doping or applying
pressure. The low temperature phase transition (from the
tetragonal to orthorhombic) and SDW ordered state with the
striped antiferromagnetic order had been found in 1111, 122
and 11 compounds [18–22]. In 111 type iron pnictides, the
nearly stoichiometric NaFeAs had been found to undergo
a structural phase transition from tetragonal P4/nmm to
orthorhombic Cmma structure at ∼50 K [23, 24] and turn
out to be antiferromagnetic ordering at 41 K [23]. However,
there is no experimental evidence about the SDW and the phase
transition reported in LiFeAs at low temperature [11–13].
Only a weak spin moment was detected by electron spin
resonance (ESR) as the temperature was lowered below
50 K [25]. Some theoretical studies suggested a magnetic
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ordered structure is energetically favored [26–28]. But the
magnetic ground state of LiFeAs at low temperature was not
confirmed by experiments up to now. It is well known that
the magnetic, electronic and structural properties are the keys
to understanding the underlying superconducting mechanism,
especially in iron-based superconductors. Thus it is highly
desirable to study such basic issues of LiFeAs.

In this paper, we report the ab initio calculations on
the magnetic, structural and electrical properties of LiFeAs.
We found the striped antiferromagnetic tetragonal P4/nmm
structure distorted to an orthorhombic Cmma structure that
is similar to the low temperature structure of NaFeAs
and LaOFeAs. By comparing the total energy of several
possible magnetic ordered configurations in this orthorhombic
Cmma structure, we confirmed the striped antiferromagnetic
configuration, with the Fe layers coupled antiferromagnetically
in the z direction to be the most stable.

2. Calculation details

The calculations of the magnetic properties and electronic
structures were performed within the generalized gradient
approximation (GGA) [29] using Perdew–Burke–Ernzerhof
(PBE) as implemented in the Vienna ab initio simulation
package (VASP) code [30]. The projector augmented wave
(PAW) [31] method was adopted and the PAW potentials were
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Figure 1. The crystal structures and magnetic configurations. (a) and (d) are the unit cells of the P4/nmm and Cmma structure, respectively.
(b) and (c) are the top view of Fe layers in AFM-1a and AFM-1b configurations of P4/nmm. Fe layers in AFM-1a, AFM-1b, AFM-2a and
AFM-2b configurations of Cmma are shown in (e), (f), (g) and (h), respectively. The red and black balls represent the two antiparallel Fe
spins, respectively. The optimized lattice parameters of orthorhombic Cmma structure are a = 5.26 Å, b = 5.41 Å and c = 6.24 Å with
atomic positions: Li at 4a (0, 0.25, 0.66424), Fe at 4g (0.25, 0, 0) and As at 4a (0, 0.25, 0.2364).

Table 1. The magnetic moment and total energy of various magnetic configurations (per formula unit) relative to NM P4/nmm structure.
Previous theoretical results from [26–28] are also shown for comparison.

P4/nmm Cmma

M (μB)

E (meV/f.u.) This work Other calculations E (meV/f.u.) M (μB)

NM 0 — — −0.032 —
FM −3.165 0.4 0.38a, −3.197 0.402
AFM-1a −56.110 1.514 1.50a, 0.62b, 1.76c, 0.7d −61.878 1.507
AFM-1b 1.782 1.102 1.11a 2.175 0.433
AFM-2a −57.913 1.571 1.58a, 0.63b −62.967 1.562
AFM-2b −0.122 0.009 0.01a 2.957 0.258

a Reference [27]: LAPW-GGA calculation.
b Reference [27]: LAPW-LSDA calculation.
c Reference [26]: LAPW-GGA calculation.
d Reference [28]: LAPW-LDA calculation.

taken from the VASP library [32], where the 2s1, 3p64s13d7

and 4s24p3 are treated as the valence for Li, Fe and As atoms,
respectively. The energy cutoff of 500 eV was used. The
Monkhorst–Pack (MP) grids of 8 × 8 × 6 for NM, FM and
AFM-1b configurations in the P4/nmm structure, 4 × 4 × 4,
4 × 4 × 2, 8 × 8 × 3 for the AFM-1a, AFM-2a and AFM-2b
configurations in the P4/nmm structure, 8 × 8 × 6 for the NM
and FM configurations in the Cmma structure, and 6 × 6 × 4,
6×6×2 for the AFM-1a (1b) and AFM-2a (2b) configurations
in the Cmma structure, respectively, were used to ensure the
total energy converged to 0.2 meV/f.u. For all structures, we
have optimized the volume, geometry and internal position
parameters. The phonon frequencies of the nonmagnetic
P4/nmm and Cmma structures were calculated using the
Parlinski–Li–Kawazoe method and FROPHO program [33].

3. Results and discussions

At room temperature, LiFeAs adopts the tetragonal P4/nmm
structure, as shown in figure 1(a). To explore the possible
magnetic state in the P4/nmm structure, we considered six
different configurations: nonmagnetic configuration (hereafter

we denoted it as NM), ferromagnetic order (FM) with
all the Fe atoms having the same parallel spins, and
four antiferromagnetic configurations (AFM). Two kinds of
antiferromagnetic orders in the Fe layers are striped-type
and checkerboard-type, as shown in figures 1(b) and (c),
respectively. By coupling the striped-type Fe layers
ferromagnetically and antiferromagnetically, respectively, we
get the AFM-1a and AFM-2a. In the same way, for the
checkerboard-type Fe layer, we obtain the AFM-1b and AFM-
2b configurations. The total energy of the six possible
magnetic configurations with respect to the NM tetragonal
P4/nmm structure was calculated and labeled in table 1.
It can be clearly seen that the AFM-2a configuration has
the lowest energy, which is in agreement with the previous
calculations [27]. We note that the total energy of AFM-1a is
only ∼1.8 meV higher than AFM-2a and much lower than the
other magnetic configurations, which indicate the striped-AFM
coupling in Fe layers is energetically favored in LiFeAs.

After optimization, both AFM-1a and AFM-2a config-
urations showed a structural distortion from tetragonal to
orthorhombic structure with the γ angle deviating from 90◦,
the distance of two nearest parallel Fe spins decreasing and
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Figure 2. The total energy per cell versus the angle γ for AFM-1a
configuration of P4/nmm in LiFeAs and NaFeAs. The inset shows
the distorted Fe layers of LiFeAs when γ = 91.458◦. It can be seen
that the total energy is lowest when γ ≈ 90.5◦ in NaFeAs, which is
consistent with experiment (γ ≈ 90.3◦). The ferromagnetically
aligned Fe spins get closer while the antiferromagnetically aligned
Fe spins move apart, which finally induced a and b not equal in the
orthorhombic Cmma structure.

the antiparallel Fe spins increasing. The total energy of
the AFM-1a configuration with the change of γ angle was
calculated and shown in figure 2. It is evident that the
structure indeed has the lowest energy when γ = 91.458◦,
corresponding to the orthorhombic Cmma structure. The
relationship between the AFM-1a magnetic cell and the Cmma
unit cell is shown in figure 3. It can be seen that the distorted
AFM-1a structure is basically the

√
a2 + b2 × √

a2 + b2 × 1
supercell of orthorhombic Cmma. Besides, our calculations
for NaFeAs suggested that the tetragonal P4/nmm distorted
to the orthorhombic Cmma structure (figure 2) at 0 K, which
agrees well with experiment [23, 24].

It is not hard to understand this structural distortion in
view of that the AFM-1a and AFM-2a configurations are
magnetically frustrated [34]. In these structures, each Fe has
four nearest Fe atoms forming a square with two pairs of
antiparallel spins to minimize the interactions. The Fe spin in
the middle of a square, whichever direction it points in, could
not keep all the interactions minimized simultaneously—that
is, the Fe spins will not exist in their lowest energy states
simultaneously. Previous investigations have shown that a
structural distortion, thermal or quantum fluctuations will help
to remove the frustration in the system and make it more
stable [34–36]. Thus, the structural distortion occurring in the
AFM-1a and AFM-2a configurations of tetragonal LiFeAs is
reasonable during a structural optimization at 0 K. The similar
structural distortion of striped antiferromagnetic configuration
in tetragonal P4/nmm had also been observed and analyzed in
LaOFeAs [34].

At zero temperature a stable crystalline structure requires
all phonon frequencies to be positive. The phonon dispersion
relations were calculated for the Cmma structure. No
imaginary phonon frequency was observed in the whole of the
Brillouin zones, indicating the dynamical stability. We have

Figure 3. The AFM-1a magnetic cell of P4/nmm and its relation to
orthorhombic Cmma unit cell. The AFM-1a magnetic cell and
orthorhombic Cmma unit cell are outlined by blue solid lines and
black dashed lines, respectively. The

√
a2 + b2 × √

a2 + b2 × 1
supercell of orthorhombic Cmma is basically the AFM-1a magnetic
cell.

to note that the calculation for the phonon frequencies of the
Cmma structure was done without considering the magnetism.
Based on this dynamically stable Cmma structure, we continue
to discuss the magnetic and electronic properties.

For this orthorhombic Cmma structure, we also
investigated the possible magnetic configurations: NM, FM
and four different AFMs: AFM-1a, AFM-1b, AFm-2a
and AFM-2b. Figures 1(e) and (f) show the Fe layer
in the AFM-1a and AFM-1b configurations, respectively.
Figures 1(g) and (h) depict the AFM-2a and AFM-2b
structures, respectively. The calculated total energies of these
six possible magnetic configurations in the Cmma structure
were shown in table 1. Among these configurations, AFM-
2a has the lowest total energy compared to the other magnetic
configurations indicating that it is the magnetic ground state
of LiFeAs. We note that the AFM-2a configuration in the
orthorhombic Cmma structure is the magnetic ground state of
NaFeAs at low temperature [24].

The magnetic moment of the Fe atom in each magnetic
structure is given in table 1. Besides, the calculated Fe moment
in striped antiferromagnetic NaFeAs is 0.78 μB, which is much
larger than that of the experimental value (0.09±0.04 μB) [24].
The magnetic moments in our calculations are in good
agreement with previous GGA results, whereas it is larger
than that of LDA, as shown in table 1. It is well known that
the DFT calculations on iron-based superconductors always
overestimated the magnetic moment [28, 34, 37, 38]. One
possible reason for the small magnetic moments in the iron-
based superconductors was suggested to be the hybridization
of the iron 3d and the arsenic 4p orbitals [39]. Therefore, the
real experimental magnetic moment of Fe in LiFeAs may be
smaller than our calculated value. More investigations are in
need to give the accurate magnetic moment of Fe.

The total density of states in the NM tetragonal P4/nmm
structure and the one in the AFM-2a configuration in the
orthorhombic Cmma structure were calculated and shown in
figure 4. It seems that the AFM-2a state of the orthorhombic
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Figure 4. The density of states of AFM-2a configuration of Cmma
structure and nonmagnetic P4/nmm structure. Fermi energy is set
to 0.

Cmma structure is more stable due to shifting of the Fermi
energy (Ef) into a valley in the density-of-states curve. In both
of these structures, the contribution of Li orbitals to the states
near Ef is rather small and not depicted in our picture. The
density of states at Ef is mainly from the contribution of Fe
3d orbitals. The weak hybridization of Fe 3d orbitals with
As 4p orbitals between −4 and −2 eV indicates the bonding
between Fe and As. We also found that the valence charge
density distributed mainly around the FeAs layers by charge
density distribution calculations.

4. Conclusions

In conclusion, by first-principles calculations we found the
striped antiferromagnetic configuration with the Fe layers
antiferromagnetically coupled in the orthorhombic Cmma
structure is the magnetic ground state of LiFeAs. This
Cmma structure is derived from a distortion of the striped
antiferromagnetic configuration of the tetragonal P4/nmm
structure. In NaFeAs, the similar structural distortion was
found in our calculation. Thus, LiFeAs, NaFeAs, BaFe2As2

and LaOFeAs have similar low temperature structural and
magnetic properties. We believe that our findings can help
understanding the basic physical properties in these iron-based
superconductors.
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