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1. Simplification of KxFe2Se2 superstructures 

The example about the minor energy difference of superstructures due to different 

arrangements of K ions along c axis is shown in Figure S1(a) and S1(b). The example 

about supercells with different lattice constants in ab plane have higher ΔEI compared 

to those with the same lattice constants is shown in Figure S1(c) and S1(d). 

2. The proposed structures of KxFe2Se2 (x ≈ 0.3 and 0.6) 

The possible structures of KxFe2Se2 with uniform K distribution are proposed, 

K0.25Fe2Se2 and K0.5Fe2Se2. For x ≈ 0.3, K0.25Fe2Se2 with K ion layers in a 
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superstructure of 2 × 2 is proposed and the arrangement of K ions is shown in Figure 

S2(a). In Figure S2(b), KxFe2Se2 (x ≈ 0.6) is with the superstructure √2 × √2 of K ion 

layers, which is actually with composition of K0.5Fe2Se2. This may be the structure 

mentioned in previous reports 
[1, 2]

. ΔEI of K0.25Fe2Se2 (-0.87 eV/unit cell) is higher 

than that of K0.5Fe2Se2 (-1.62 eV/unit cell), implying that K0.25Fe2Se2 should be less 

stable than K0.5Fe2Se2 at the ground state. 

3. The electronic structures of KxFe2Se2 (x ≈ 0.3 and 0.6) 

Calculations of total and partial density of states (DOS) are performed to 

investigate the effects of superstructures on the properties. In Figure S3(a) and S3(b), 

Fe 3d and Se 4p orbital hybridization is located between -7 to -3 eV, which is 

responsible for the formation of FeSe layers in both K0.25Fe2Se2 and K0.5Fe2Se2. Part 

of Fe 3d orbital is located around the Fermi level and decides the properties of both 

structures. As shown in Figure S3(c), the main difference among total DOS of 

K0.25Fe2Se2, K0.5Fe2Se2, and KFe2Se2 is the locations of their Fermi levels. If the 

Fermi level of KFe2Se2 is set to zero, the values of Fermi levels for K0.25Fe2Se2 and 

K0.5Fe2Se2 are about -260 and -200 meV, respectively. So the properties of K0.25Fe2Se2 

and K0.5Fe2Se2 should be basically the same with that of KFe2Se2, while their carrier 

concentrations are different so that they may have different transition temperatures in 

terms of superconductivity. 

4. Methods 

All the first-principles calculations employ generalized gradient approximation 

based on density functional theory in the form of Perdew-Burke-Ernzerhof function 
[3]

 



for exchange-correlation potential, which are performed in the Cambridge Serial Total 

Energy Package 
[4]

. The self-consistent field method is used with a tolerance of 5.0 × 

10
-7

 eV/atom, which is in conjunction with plane-wave basis sets of cutoff energy of 

330 eV and ultrasoft pseudopotentials in reciprocal space 
[5]

. According to 

Monkhorst-Pack special k-point scheme 
[6]

, the first Brillouin zone is sampled with 

grid spacing of 0.04 Å
-1

. Fully optimization of the atomic positions and lattice 

parameters of all compounds is done until the remanent Hellmann-Feynman forces on 

all components are less than 0.01 eV/Å. The finite displacement method is used to 

calculate density of phonon states. In order to examine the dynamic stability of the 

structures, we perform first-principles finite temperature molecular dynamics 

simulations with time steps of 10 femtosecond under pressure of 0.1 MPa. Free 

energies are calculated as a function of temperature using the quasiharmonic 

approximation based on phonon dispersion 
[7]

.  

The initial model of KFe2Se2 is isostructural to BaFe2As2 
[8]

. Superstructures due 

to different arrangements of K ions along c axis are not considered for the minor 

energy difference. For example, the difference of ΔEI between two kinds of 1 × 1 × 2 

supercells with composition of K0.5Fe2Se2 [see Figure S1(a) and S1(b)], is only 0.4 

meV/unit cell. Superstructures containing one K layer and one FeSe layer due to 

different arrangements of K ions perpendicular to c axis are the main concerns. The 

ΔEI of 4 × 1 × 1 supercell with composition of K0.5Fe2Se2 [see Figure S1(c)] is 26 

meV/unit cell higher than that of 2 × 2 × 1 supercell with the same composition [see 

Figure S1(d)]. Hence, supercells with different lattice constants in ab plane, like 3 × 1 



× 1, 3 × 2 × 1 and so on, are not discussed in this work for their higher ΔEI compared 

to those with the same lattice constants in ab plane. Supercells √2 × √2 × 1, 2 × 2 × 1, 

√5 × √5 × 1 and 2√2 × 2√2 × 1 are built accordingly with uniform K distribution as 

the Coulomb repulsion between K ions dominates K distribution. To study the 

formation of Fe vacancy, a 2√2 × 2√2 × 1 supercell (a = b > 10.3 Å and c > 13.5 Å), 

which is large enough to accommodate a single Fe vacancy while keeping the 

tetragonal symmetry, is therefore chosen. In this case, the Fe content corresponds to y 

= 0.06. The above structures are only designed to obtain different K contents in 

KxFe2-ySe2 (y = 0 or 0.06), which shall not represent the real ones. As K ion ordering 

cannot guarantee the tetragonal symmetry in the structures, the obtained lattice 

constants or bond lengths will be the average values. The bond angles are obtained 

using the average coordinates of Fe and Se atoms. Besides, when we calculate ΔEI, 

the total energy of K0Fe2Se2 is used instead of that of FeSe so as to offset the 

additional energy, tens of meV per unit cell induced by the change of cell volume. 
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Figure S1 (a) (b) The structures of two kinds of 1 × 1 × 2 supercells with composition 

of K0.5Fe2Se2. The former structure always has a vacancy between two K ions while 

the K ions in the latter appear in pairs along c axis. (c) The structure of 4 × 1 × 1 

supercell with composition of K0.5Fe2Se2. (d) The structure of 2 × 2 × 1 supercell with 

composition of K0.5Fe2Se2. Violet (largest), grey (smallest) and orange spheres 

represent K, Fe and Se atoms, respectively. 



 

Figure S2 The possible K ion arrangements in K0.25Fe2Se2 (a) and K0.5Fe2Se2 (b). 

Violet big spheres represent K ions and orange small spheres represent vacancies. 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S3 (a) (b) The partial DOS of Fe 3d and Se 4p in K0.25Fe2Se2 and K0.5Fe2Se2. 

The Fermi level is set to zero. (c) The comparison of total DOS details around the 

Fermi levels of K0.25Fe2Se2, K0.5Fe2Se2 and KFe2Se2. The Fermi level of KFe2Se2 is 

set to zero and others are set accordingly. 

 


