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We present the results of paramagnetic LDA band structure calculations: band dispersions, densities of

states and Fermi surfaces, for the new iron based high-temperature superconductor LiOHFeSe. Main struc-

tural motif providing bands in the vicinity of the Fermi level is FeSe layer which is isostructural to the bulk

FeSe prototype superconductor. The bands crossing the Fermi level and Fermi surfaces of the new compound

are typical for other iron based superconductors. Experimentally it was shown that introduction of Fe ions

into LiOH layer gives rise to ferromagnetic ordering of the Fe ions at TC = 10K. To study magnetic proper-

ties of [Li0.8Fe0.2OH]FeSe system we have performed LSDA calculations for
√
5 ×

√
5 superlattice and found

ferromagnetism within the Li4Fe(OH) layer. To estimate the Curie temperature we obtained Fe–Fe exchange

interaction parameters for Heisenberg model from our LSDA calculations, leading to theoretical value of Curie

temperature 10.4 K in close agreement with experiment.

DOI: 10.7868/S0370274X15010105

1. Introduction. Novel iron based high-

temperature superconductors [1] have been stimulating

lots of experimental and theoretical studies since 2008

(extended reviews can be found in [2–6]). There are two

large groups of iron-based superconductors: pnictides

[2, 3] and chalcogenides [5]. Electronic band structures

of these superconductors, as well as some related

systems, were compared in Refs. [7, 8].

Among recently synthesized systems particularly in-

teresting is [Li1−xFexOH](Fe1−yLiy)Se (x ≈ 0.2, y ≈

≈ 0.08) compound with [9] the temperature of super-

conducting transition Tc = 43K and ferromagnetic or-

dering at Curie temperature TC = 10K [10].

In this paper we present LDA calculated electronic

structure, densities of states and Fermi surfaces for

LiOHFeSe system in paramagnetic phase. To investigate

ferromagnetism of Fe ions introduced into LiOH layer we

performed LSDA calculations for the [Li0.8Fe0.2OH]FeSe

compound. Corresponding values of Heisenberg model

exchange parameters obtained from LSDA results were

used to calculate Curie temperature, producing a nice

agreement with experiments.

2. Electronic structure. The crystal structure

of [Li1−xFexOH](Fe1−yLiy)Se belongs to the primitive

tetragonal P4/nmm space group (see table S1 in supple-

mentary materials of Ref. [10]). The LiOHFeSe system

has quasi two-dimensional crystal structure of alternat-
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ing LiOH and FeSe layers. In Fig. 1 we present an ide-

Fig. 1. Crystal structure of LiOHFeSe
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Fig. 2. LDA calculated band dispersions (right) and densities of states (left) of paramagnetic LiOHFeSe. The Fermi level EF

is at zero energy

alised crystal structure of [Li1−xFexOH](Fe1−yLiy)Se.

Here we neglect the presence of Li ions in FeSe layers as

well as the presence of Fe ions in the LiOH layers. Also

we took Li ion in the 2a Wyckoff position instead of 4f

one. LiOH layer is formed by square lattice of Li ions

with OH forming tetrahedra around them. FeSe layer

consists of square lattice of Fe ions which are surrounded

by tetrahedrally coordinated by Se ions. Actually, this

FeSe layer is isostructural to bulk FeSe material [5].

For these idealised crystal structure we have per-

formed LDA band structure calculations within the lin-

earized muffin-tin orbitals method (LMTO) [11] using

default settings.

In Fig. 2 we show the calculated LDA band disper-

sions (on the right) and densities of states (DOS) (on

the left). Electronic bands crossing the Fermi level are

mostly formed by Fe-3d orbitals and have bandshapes

similar to previously studied BaFe2As2 and FeSe sys-

tems (see Refs. [7, 12, 13]). Surprisingly O-2p states are

quite close to the Fermi level, beginning just below the

Fermi level and going down in energy up to −2 eV. How-

ever, there is almost no hybridization between O-2p and

Fe-3d states. The Se-4p orbitals form bands at energies

below −3 eV. Hybridization between Fe-3d and these Se-

4p states is also rather small.

The value of LDA calculated total density of states

of LiOHFeSe system at the Fermi level is N(EF) =

= 4.14 states/cell/eV. Performing simple BCS-like esti-

mates of superconducting critical temperature along the

lines of Ref. [7] we obtain Tc = 36K, which is somewhat

lower than the experimental value of Tc = 43K [10].

In Fig. 3 LDA present the LDA calculated Fermi sur-

faces (FS) of LiOHFeSe. In general a shape of the FS of

Fig. 3. LDA calculated Fermi surfaces of LiOHFeSe within

the first Brillouin zone

LiOHFeSe is typical to iron pnictides or chalcogenides

[7, 12, 13]. It has well established cylinders around Γ-
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Fig. 4. Possible distributions of Fe ions in Li4Fe layer. Large circles mark Fe ions, small – Li. Solid line shows
√
5×

√
5 unit

cell

and M-points. Around Γ point there are two large al-

most degenerate ideal hole cylinders. Electron cylinders

around M-point are slightly corrugated. Also near the

Γ-point there is a tiny hole pocket. Some rather small

FS sheet appears also around the Z-point.

3. Magnetic structure. As reported in Ref. [10]

the introduction of Fe ions into LiOH layer leads to

the appearance of ferromagnetism within the layer with

Curie temperature about 10 K. To mimic the experimen-

tal chemical composition with doping level x about 0.2

we performed LSDA calculations for
√
5 ×

√
5 super-

lattice, analyzing the several possible magnetic struc-

tures, corresponding to different distributions of Fe ions

in Li4Fe layer displayed in Fig. 4. With five formula units

for
√
5×

√
5 superlattice there can be two ions of Fe in

the unit cell with three possible distributions of Fe ions

with respect to each other. Corresponding Fe ions are

marked as large circles in Fig. 4. Explicit LSDA calcula-

tions were made for the most symmetric case shown on

the panel (a) of Fig. 4. The other two distributions of Fe

ions produce the smaller values of Curie temperature, as

was shown for similar situation in Ref. [14].

This LSDA calculation for (Li4Fe)(OH)5(FeSe)5
gives the ferromagnetic solution in agreement with

LSDA calculation presented in Ref. [10], with the value

of magnetic moment on iron within Li4Fe layer µFe =

3.51µB. Corresponding densities of states for 3d states

of Fe ion within Li4Fe(OH)5 layer (solid line) and Fe-

3d states in FeSe layer (dashed line) are plotted in

Fig. 5. We can see that 3d states of Fe ion within

Li4Fe(OH)5 layer produce rather narrow spikes in the

density of states, which correspond to small amount of

Fe ions in the layer. However, the introduction of Fe

ions into LiOH layer increases the value of N(EF) up

to 4.55 states/cell/eV, and in accordance with the esti-

amtes of Ref. [7], this leads to the increase of Tc up to

45 K. Thus, the introduction of additional Fe ions into

LiOH layers is important to obtain better agreement

with experimental value of Tc = 43K [10].

Fig. 5. LSDA calculated densities of states of

(Li4Fe)(OH)5(FeSe)5. Solid line corresponds to 3d

states of Fe ion within Li4Fe(OH)5 layer, dashed one –

Fe-3d states in the FeSe layer. The Fermi level EF is at

zero energy

To estimate the Curie temperature we have calcu-

lated the values of exchange parameters for the clas-

sical Heisenberg model at T = 0, using the method

proposed in Ref. [15]. The value of nearest neighbor ex-

change integral obtained for Fe configuration, shown

in on Fig. 4a is J = 1.3K. Employing this calculated

value of exchange parameter J along with the spin value

S = 2 (corresponding to experimental observation of

Fe2+ Mössbauer line in Ref. [10]) we obtain the Curie

temperature TC = Jz S(S+1)
3 = 10.4K (where z = 4 is

the number of nearest neighbors), which is quite close

to experimental value of TC = 10K [10].

4. Conclusion. In this paper we have stud-

ied the paramagnetic band structure of the

new iron-based high-temperature superconductor

[Li1−xFexOH](Fe1−yLiy)Se (LiOHFeSe) with Tc = 43K

[10] by means of LDA band structure calculations,

presenting the band dispersions, densities of states and

Fermi surfaces. These LDA calculated bands in the
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vicinity of the Fermi level as well as Fermi surfaces are

typical to other iron – based superconductors. This is

obviously due to fact, that the FeSe layers of LiOHFeSe

are isostructural to those in the bulk FeSe.

Doping the LiOH layer with Fe ions leads to ferro-

magnetic ordering of these ions in the layer. Our LSDA

calculations confirmed the formation of ferromagnetic

structure in LiOH layers and calculated value of ex-

change interaction has produced the theoretical value

of Curie temperature TC = 10.4K, which agrees rather

well with the experimental value of 10 K [10].
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