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a b s t r a c t

The electronic structure of the strained FeSe 0.5Te0.5 superconductor has been investigated from first prin- 
ciples. Our calculation results indicate that the influence of hydrostatic, biaxial or uniaxial compressive 
stress on the density of states at the Fermi level is insignificant. The overall shape of the Fermi-surface 
(FS) nesting function for FeSe 0.5Te0.5 at ambient pressure resembles that of its parent compound, FeSe,
but under the ab-plane compressive strain. In these two systems, changes of their FSs under various 
stress conditions are qualitatively almost the same. However, in FeSe 0.5Te0.5 the intensity of the perfect 
Q = (0.5,0.5) � (2p/a) nesting vector is more diminished. These findings are in good agreement with for- 
mer experimen tal data and support the idea of spin-fluctuation mediated superconductivity in iron 
chalcogenides.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction 

Iron chalcogenide supercondu ctors are extensively investigated 
because of their simple crystal structure which enables promising 
applications . The supercondu cting transition temperature Tc =8 K
in the pure FeSe [1] but it is risen up to 15 K in the FeSe 1�xTex solid
solutions for x = 0.5 [2–4]. Furthermore, the maximum Tc of 37 K
has been reported for the pure FeSe under as high hydrostatic pres- 
sure as 9 GPa [5–9]. Then, Tc reaches more than 30 K for the AxFe2-

Se2 ternaries with the alkali metals atoms A(=K, Rb, Cs) located 
between the Fe–Se layers [10–13]. In FeSe 0.5Te0.5, the Tc reaches
its maximum value of 26 K at lower pressure (2 GPa) [14]. An 
enhancement of Tc, among such systems containing tellurium, is 
achieved in Mn-doped FeSe 0.5Te0.5 crystals [15]. In turn, non- 
hydrostatic strains also modify Tc of the 11-type supercondu ctors 
as it was revealed in lattice mismatched epitaxial films where ten- 
sile strain suppresses supercondu ctivity (SC) [16,17]. It was an 
opposite effect to that of the compressive biaxial (ab-plane) [17–
19] or uniaxial (c-axis) [20] strain, causing the increase of the Tc’s.

The strong influence of both chemical and external pressure on 
supercondu cting properties of iron chalcogenides can be partly ex- 
plained by changes of the structural properties. The optimal condi- 
tions for SC are closely related to the imperfect tetrahedral 
coordinatio n of an Fe atom, tuned by a chalcogenide anion height 
(free ZSe/Te position) [9,17,19].

The electronic structure investiga tions of supercondu cting iron 
chalcoge nides, both theoretical [21–26] and experime ntal 
[8,22,28,27,29] , have shown that the multi-gap nature of their SC 
may be connected with interband interactions between the hole- 
like b and electronlike d Fermi surface (FS) sheets. In particular,
SC can be mediated by antiferroma gnetic spin fluctuations (SF), ob- 
served experimental ly by e.g. NMR [30,31], which are driven by the 
imperfect nesting with the q � (p,p) vector, spanning the above FS 
sheets in iron chalcogenides [21,23,24,26].

On the one hand, magnetic fluctuations, observed in NMR 
experime nts [31], are stronger in the pure FeSe compared with 
those in FeSe 0.5Te0.5 while the Tc of the latter compound is much 
higher. On the other hand, for both compounds, these fluctuations
are developing with the external pressure and, at the same time,
their Tc’s increase. Since the nesting properties that can determine 
these phenomena are very subtle, their modifications can be de- 
scribed, both qualitatively and quantitative ly, by theoretical stud- 
ies. Our previous results for the pure FeSe [26] showed precise 
nesting function changes under different pressure and strain con- 
ditions being connected with either suppression or enhancement 
of the SC in this parent compound for all iron chalcogenide 
supercon ductors.

In this work, we focus on studying changes of both the crystal 
paramete rs and electronic structure of FeSe 0.5Te0.5 with setting 
various kinds of strain in the unit cell (u.c.). In particular, densities 
of states (DOS) and FS details are examine d. By the use of an 
estimate d nesting function, the FS features of FeSe 0.5Te0.5 are
compare d with those of the pure FeSe. The relation between the 
FS-nesting modifications and SF-mediated SC propertie s in iron 

0925-8388/$ - see front matter � 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.jallcom.2013.02.106

⇑ Corresponding author. Tel.: +48 71 3954 322; fax: +48 71 344 10 29.
E-mail addresses: m.samsel@int.pan.wroc.pl, Malgorzata.sc@interia.pl (M. Sam- 

sel-Czekała).

Journal of Alloys and Compounds 566 (2013) 187–190

Contents lists available at SciVerse ScienceDi rect 

Journal of Alloys an d Compound s

journal homepage: www.elsevier .com/locate / ja lcom

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.jallcom.2013.02.106&domain=pdf
http://dx.doi.org/10.1016/j.jallcom.2013.02.106
mailto:m.samsel@int.pan.wroc.pl
mailto:Malgorzata.sc@interia.pl
http://dx.doi.org/10.1016/j.jallcom.2013.02.106
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jalcom


chalcogenides is discussed based on available experime ntal data.
We show both a qualitative and quantitative description of the 
q � (p,p) nesting vector intensities that implicitly explain the 
dependence of Tc’s in the considered 11-type systems under chem- 
ical pressure and/or strains.

2. Computationa l details 

Band structure calculations for FeSe 0.5Te0.5 have been carried 
out in the framework of the density functional theory (DFT). A full 
optimization of the atomic positions and geometry of the tetrago- 
nal u.c. of the P4 mm-type (No. 99) under various stress conditions 
was performed with the Abinit package [32,33], using Projector 
Augmented Wave (PAW) pseudopotenti als, generated with Atom- 
paw software [34]. The local density approximation (LDA) [35],
employed here, seems to be adequate for electronic structure cal- 
culations for the 11-type systems, as discussed earlier [26]. The 
3s3p3d;4s4 p states for both Fe and Se atoms as well as the 
4s4p4d;5s5 p states for the Te atom were selected as a valence- 
band basis. The following three types of compressive strains were 
considered: hydrostatic pressure , biaxial in the ab-plane as well as 
uniaxial in the c-axis direction compressive stress. Based on these 
results, the full potential local-orbital (FPLO) band structure code 
[36] was used in the scalar-relativi stic mode to compute the DOSs 
and Fermi surfaces. Since the FS nesting features of the 11-type 
compounds are tiny, very dense k-point meshes in the Brillouin 
zone (BZ) had to be used, i.e. 64 � 64 � 64 and 256 � 256 � 256
for the self-consistent field (SCF) cycle and FS maps, respectively .

Finally, a nesting function was determined numerically by the 
formula:

fnestðqÞ ¼ Rk;n;n0

1� Fb
nðkÞ

h i
Fd

n0 ðkþ qÞ

Eb
nðkÞ � Ed

n0 ðkþ qÞ
�� �� ; ð1Þ

where Fb
n and Fd

n0 are the Fermi–Dirac functions of states n and n0 in
bands b and d, (F = 0 or 1 for holes or electrons ), respectivel y. Eb

n and
Ed

n0 are energy eigenvalues of these bands . The studied fnest(qjjQ),
were Q = (0.5,0.5) � (2p/a) is the ideal nesting vector, represe nts a
frequency of an occurrence of a given vector q � (p,p) (having its 
length close or equal to that of Q) in the k-space, spanni ng the FS 
sheets originating from the b and d bands.

3. Results and discussion 

The structural paramete rs calculated for the unstraine d FeSe 0.5-

Te0.5, compared with other theoretical and experimental results,
available in the literature, are collected in Table 1. As this table 
indicates, structural parameters, presented here, differ somewhat 
from results of our former LDA study [23]. This effect is related 
to the size of a valence basis of PAW pseudopotenti als. In this work,
additional 3s3p states for Fe/Se atoms and 4s4p states for a Te 
atom were included into calculations , leading to slightly higher 
values of a and significantly enhanced values of c parameters. In 
general, LDA lattice parameters have usually lower values than 
correspondi ng experimental data, thus an underestimate d by 
3.2% value of a is a standard result. Meanwhile, almost an ideal 
LDA value, obtained for the c parameter can be explained by the 

layered character of the iron chalcogenides structure, where a
metallic bond is formed mainly by the Fe d-electrons, whereas 
the interlayer , covalent bond is connected with p-electrons coming 
from Se and Te atoms. Here, more complete PAW pseudopote ntials 
describe better only the covalent bond in the c-axis direction with- 
out changes made in the ab-plane with respect to the previous LDA 
results. Hence, theoretical optimizations of forces, considered here,
may be affected by systemati c, anisotropi c discrepancies between 
a description of the ab-plane and interplane interactions.

Electroni c structure changes (particularly the Fermi surface 
nesting), investiga ted here, are closely related to the Se/Te anion 
heights and Fe–Se/Fe–Te bond lengths. Calculated here free atomic 
positions , ZSe and ZTe, for the unstrained FeSe 0.5Te0.5 deviate from 
experime ntal ones by �7.49% and 2.85%, respectively . The least 
satisfying result, obtained for ZSe, is also reflected in significant
underest imation of the Fe–Se bond length, despite that the Fe–Te
bond length, determined here, is perfect. All these effects lead to 
a description of structura l and electronic properites that are related 
to stronger compressive ly strained (in ab-plane) systems than the 
real FeSe 0.5Te0.5. However, these disadvantag es of the LDA method 
performanc e in such an anisotropic system are meaningles s to for- 
mulate main conclusions of this study that have rather a qualita- 
tive character.

For the FeSe 0.5Te0.5 supercondu ctor, stress depende ncies of its 
optimized lattice parameters a and c, as well as free atomic ZSe/Te

positions are displayed in Figs. 1 and 2. It appears that the effect 
of particular strains on the above parameters is very similar to that 
in FeSe [26]. Namely, the lattice parameter a (associated with the 
Fe atoms network) only slightly changes while the c/a ratio de- 
creases. As is seen in Figs. 1 and 2, the most significant variation s
of the lattice parameters and free ZSe/Te positions are caused by 
the c-axis compressive stress.

It is known that Tc of iron chalcogenides increases up to its max- 
imum value for pressure of 2 GPa and decreases monotonica lly for 
higher pressure [14]. Interestin gly, the changes of the anion height 
caused by any kind of stress are similarly nonlinear , as seen in 
Fig. 2. At the same time, the relation between the Tc and ZSe/Te

(and also Fe–Se and Fe–Te bond lengths) is clearly linear, as was re- 
ported for FeSe 0.5Te0.5 thin films deposited on e.g., LaAlO 3 or SrTiO 3
[18,19]. Hydrostati c pressure of 2 GPa, investiga ted here, is related 
just to the maximum of bulk Tc [14], whereas other values of stress 
were chosen arbitrarily . However, some combinati on of compres- 
sive biaxial and uniaxial stress conditions, considered in this study,
can lead to structural changes analogous to those present in real 
thin films. The results of this work may be also a good approxima- 
tion of electronic structure of strained FeSe 0.5Te0.5 systems.

As is visible in Fig. 3, the DOSs at the Fermi level, N (EF), are sta- 
ble under various stress conditions. Therefore, changes of Tc in
FeSe0.5Te0.5 cannot be associated with modifications of N (EF).
Meanwhi le, in the spin-fluctuation mediated SC scenario, the FS 
nesting q � (p,p), schematically presented in Fig. 4, is crucial for 
the supercon ducting pairing.

In supercondu cting FeSe 0.5Te0.5, chemical pressure introduce d
by the Te-atom substitution into FeSe, leads to the overall shape 
of the nesting function being similar to that of the pure FeSe under 
ab-plane compressive strain of 3 GPa, as illustrated in Fig. 5a and e
(see also Fig. 7c of Ref. [26]). On the one hand, this effect is related 

Table 1
Calculated lattice parameters a and c, free atomic positions, ZSe/Te and corresponding bond lengths (dFe�Se/dFe�Te), in unstrained u.c. of FeSe 0.5Te0.5.

Reference a (nm) c (nm) ZSe ZTe dFe�Se (nm) dFe�Te (nm)

This work (LDA) 0.3681 0.6008 0.227 0.293 0.2290 0.2549 
Theor. Ref. [23] 0.3655 0.5684 0.238 0.289 0.2375 0.2570 
Exp. Ref [37] 0.3800 0.5954 0.244 0.285 0.2392 0.2547 
DLDA�exp (%) �3.22 0.90 �7.49 2.85 �4.27 �0.04
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